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PREFACE

This manual has been prepared to permit separa‘tion of the first three
sections, which then form an operator's manual. Material for these
sections has been scaled to the requirements and training of computer
and off-line system operators.

Sections IV and following are addressed to the engineer responsible
for setting up and maintaining this equipment on site. Material
covered includes:

Installation of the tape system in system cabinets
Checkout procedures and requirements
Interconnection of the tape and data systems
Principles of design and operation

Module replacement and adjustment.
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SECTION I

GENERAL DESCRIPTION

This manual describes the operation and maintenance of the
WANGCO . Mod 10 digital magnetic tape transport system.

PURPOSE

The system provides the equipment necessary to:

A. Move half-inch magnetic tape across a read-write head in
response to commands from remote equipment or to signals
generated from the operator's control panel located on the

transport;

B. Read or write data on magnetic tape and transfer this data
between the transport and the controlier.

DESCRIPTION

The Mod 10 is shown in Figure 1 of this section.

In a computer or other data processing system, the magnetic tape
units are used to store very large amounts of data. Recovery of the
data without errors depends on proper installation and maintenance
of the tape units and the tape itself. The Mod 10 has been designed
to permit easy operation and simple maintenance; it also has ample
safeqguards to protect the tape from damage during its use with the
tape unit.

In its standard versions, the Mod 10 uses half-inch computer-grade
tape, on reels up to 10-1/2 inches in diameter. The file or supply
reel mounts on a hold-down knob that is the same size as the knobs
on IBM units. Data on the tape is written so that it may be read



by IBM systems; tapes written with IBM equipment may also be
read on'the Mod 10. Seven or nine tracks of data are written on
the tape at densities of 200, 556, 800, or 1600 characters per
inch. In the Mod 10, two NRZI densities are provided in the
following combinations of the three standard formats: 200 and
556, 556 and 800, 200 and 800 for the seven-track format, and
800 for the nine-track format. When data is written on tape at
a density of 1600 characters per inch, it is phase encoded and
only the single density is provided in the system.

Tape speeds that are standard to the Mod 10 are 10, 12.5,
18,75, 25, 37.5 and 45 inches per second. With all the com-
binations of tape speed and data densities considered, data may
be transferred into or out of the tape system at rates from 2000
to 72,000 characters per second.

During normal operation of the tape unit with the data system, tape
motion and the reading or writing of data are controlled by the
system. When the tape system is not under computer control

(i.e., when it is off line), tape motion can be controlled by the
operator through pushbuttons on the front of the machine. Indicator
lights are also provided to show the conditions under which the
equipment is operating. Complete details about these functions
and indications are provided in Section II.

When the system is operating, the speed and direction of the tape
are determined by the capstan. As it turns, the capstan pulls the
tape past the head assembly so that it may be either written or

read. TFor the tape system to operate efficiently, the tape must be
started and brought up to speed as quickly as possible. The weight
of the tape on the reels prevents the reels from starting as rapidly

as the capstan, so a small length of tape is held by buffer arms

near the supply and takeup reels. When the capstan starts quickly,
the buffer arms are either pulled in or released by the tape motion.
Changes in the position of these arms result in the supply and takeup
reels either feeding tape to the capstan or taking up the slack created
by the capstan motion.

Reflective markers at either end of the tape prevent it from being
pulled completely from either the supply or takeup reels, except
when the operator wants to change the reel. A sensing post near

the read/write head assembly illuminates the tape and issues a stop
signal when the marker reflects the light into a photocell, Markers
for the beginning and end of the tape are on opposite sides, providing
to the computer or data system an indication of which end of the tape
has been reached. :



To provide the greatest assurance that data on the tape will be read
correctly, the tape is cleaned just before it gets to the head assembly.
The tape cleaner has small holes into which loose dirt or oxide is de-

posited as the tape is drawn across the cleaner. For best system oper-

ation, the dirt must be removed from the cleaner periodically, as

fla~nad 2 o TTT Lo 2L - 2 - [ A 1 ..
described in Section III for the important operator maintenance functions

of head assembly and tape guide cleaning.

SPECIFICATIONS

Transport specifications are listed in Table 1.

Table 1. Mod 10 Specifications

Data Density: 9-track--800 cpi, 1600 cpi
7-track--800/556, 556/200, 800/200 cpi

Tape Velocity: 10, 12.5, 18.75, 25, 37.5, 45 ips

Rewind Speed: | 150 ips Nominal

Total Speed Variation: +4% maximum

Start/Stop Distance: | start distance = .17 + .02 in.

stop distance .19+ .02 in..

Start/Stop Time: 37.5 + 2.5 millisec at 10 ips
30.0 + 2.0 millisec at 12.5 ips
20.0 + 1.3 millisec at 18,75 ips
15,0 + 1.0 millisec at 25 ips
10.0 £ 0.7 millisec at 37.5 ips

8.3 + 0.6 millisec at 45 ips
Head: dual gap or single gap
Number of Tracks: 7 IBM~compatible

9 ANSI-compatible

Recording Mode: NRZI - IBM and ANSI-compatible



Table 1. Mod 10 Specifications, cont'd.

Static Skew, WRITE: electronic skew compensation
supplied on dual gap units

Static Skew, READ FORWARD: 100 micro-inches, maximum
Dynamic Skew: 75 micro-inches, maximum
Tape Specifications: computer grade, 0.5" wide, 1.5 mil

thick Mylar base

Reel Size: up to 10,5-inch diameter, IBM hub
compatible

Tape Tension: 8.0+ 0,5 oz,

Electronics: " silicon solid state and 930 series
DTL logic

Tape Unit Interface: DTL logic {low true)

Weight: 100 lbs.

Height: 24" ‘

Width: 19"

Depth: 11" (from mounting surface)

Power: 110-125VAC + 10 %,
: 2.3 amps/220-250VAC + 10%,
1.2 amps, 48-60 Hz
Operating Environment

Temperature: 60° to 90° F.

Relative Humidity: 20 - 80 %, non-condensing

ct

Non-Operating Environmen

Temperature: -30° to 140°TF.
Relative Humidity: 15 - 95%, non-condensing
Altitude: 0 - 20,000 feet



(A) Tape System for Speeds of 25 IPS or Less

(B) Tape System for Speeds of 37.5 and 45 IPS
Figure 1. Mod 10 Tape System - Front View
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SECTION IT

SYSTEM OPERATION

Operation of the Mod 10 tape system requires only a few
simple procedures. These include tape loading and unload-
ing, manual rewind, power failure recovery, and possible
other special operations required by the data processing
system using the tape equipment.

POWER ON the tape unit by setting the power switch located
on the power supply chassis to the ON position. Depress the
POWER pushbutton switch located on the operator's control
panel. At this point, power will be available to all
assemblies and the power indicator will illuminate.

TAPE LOADING is made particularly easy by the toggle-action hold-
down knob (Figure 2) designed for the Mod 10, Positive indication
is provided by the knob for installation of the reel and for the locked
condition., To prepare the knob for installation of the reel, depress
the toggle at the end marked PRESS. It will remain in that position.
Place the tape reel on the knob, with the write enable ring, or the
slot provided for it, toward the tape unit. This will automatically
position the end of the tape on the reel for proper threading. After
pressing the reel firmly against the knob, using the fingertips against
the REEL HUB ONLY, press the extended end of the toggle tab until it
is flush with the face of the hold-down knob. The snap action of the
knob will be distinctly felt, and the knob is then firmly locked. It is
not necessary to hold the reel against the knob when the knob is being
locked. Care should also be taken to avoid pressing the reel flanges
against the tape pack when loading the tape or locking the knob.
Pressure of the flange against the tape edges causes two types of
damage: oxide is dislodged from the film, causing potential read
errors; deformity of the edge of the tape results in misalignment of

the tape as it passes the head, with an increased possibility of errors.

To thread tape on 10, 12.5, 18.75 or 25 ips Mod 10 systems (Figure 3),
follow this procedure:
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Figure 2. Tile Reel Mounting Hold-Down Knob in
Locked (Top) and Unlocked (Bottom) Positions
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1. Lead the end of the tape over the buffer arm guide
and down through the slot guide in the head assembly
cover. The passage of the tape through the slot causes
the small shield over the head assembly to move away
from the head. The tape then tracks properly over the
read/write heads and other elements in the head assembly.

2. At the capstan end of the head cover slot, lead the tape
around the capstan and over the top of the other buffer

guide.
3. Pass the tape over the top of the fixed takeup reel.
4. Press the end of the tape against the hub through one

of the openings in the reel flange.

5. Holding the tape against the hub, turn the reel until the
end of the tape is overlapped and secured by the next
tape lavyer.

[4)]

R hanA
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7. To complete the loading operation, firmly press the LOAD
pushbutton on the operator's control panel (Figure 4).
Both buffer arms will move to their normal operating
positions and the capstan will pull the tape forward
until the beginning-of-tape (BOT) marker reaches the
photosense assembly, Control of the tape system will
then be turned over to the data system tape controller
automatically, and the ON-LINE indicator and LOAD indi-
cator will light up. No operator action is needed to put
the tape system on line,

8. If the on-line mode is not desired, the tape unit may be
taken off line, for control from the operator's control panel,
by pressing the RESET pushbutton.

To thread tape on 37.5 ips or 45 ips Mod 10 systems (Figure 3), follow

the previously described procedure for 25 ips units, except that the tape
must be led across both rollers of each buffer arm guide assembly,

-4



At the conclusion of a tape system operation with the computer, or at
other times when it is necessary, the tape will be rewound onto the

supply reel. Normally, the computer or data system will issue a re-

wind command without operator participation. Other conditions will
sometimes require the operator to rewind the tape by pressing the
REWIND pushbutton on the operator control panel. This will result
in high-speed reverse operation. When the beginning-of-tape marker
reaches the photcsense unit, the rewind will be ended, and the tape
unit will advance the tape until the reflective marker is at the photo-
sense head.

TO UNLOAD THE TAPE, push the REWIND pushbutton again. The tape
will be pulled through the tape path and returned to the supply reel.
The tape reel may then be removed from the machine by pressing the
knob toggle to the unlocked position. Again, care should be taken to
avoid damage caused by pressing the reel flanges against the sides
of the tape.

To POWER OFF the unit, depress the POWER switch on the
operator's control panel.

In the event of power failure while the system is on line, the buffer
arms will extend and tension on the tape will be relaxed, preventing
any possible tape damage. When power has been restored, tape system
operations may be resumed by first taking up the tape slack and then
pressing the LOAD pushbutton. When the buffer arms have returned to
their operating positions, press the RESET pushbutton to stop tape
motion. Then press the REWIND or ON-LINE pushbutton, depending

on the requirements of the system with which the Mod 10 is operating.

In the following list, the other operator control functions and indicators
(Figure 4) are described, with a review of those already mentioned:
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POWER

LOAD

ON LINE

FILE
PROTECT

REWIND

This is a combination pushbutton switch and
indicator. The indicator is on when regulated
power has been supplied to the Mod 10. For the
convenience of the maintenance or customer
engineer, a power switch is provided on the
power supply chassis at the rear of the machine.
It is accessible only when the tape unit is swung
open for service. '

After threading the tape, press this combination
pushbutton switch and indicator to complete the
tape loading operation. Tape is automatically
advanced to the load point, or beginning-of-tape
marker, and then the tape system goes on line.
LOAD and ON LINE will be lit when the action is
completed. The LOAD light will go out when the
tape is advanced from the load point or rewound.
The LOAD light will be lit any time that the tape
is positioned at the load point. After this sequence
of operations is completed the switch becomes
functionally disabled and can only be re-enabled
by loss of tape tension.

This is a combination pushbutton switch and
indicator. As previously mentioned, it is lit when
the system is under control cof the computer or
data system. If the system is off line and if con-
trol is to be turned over to the computer, press

the ON-LINE pushbutton. The system will be
returned toc the CFF-LINE mode if the system inter-
locks are lost, an OFF-LINE controller command is
sensed, or the RESET pushbutton is depressed.

This is an indicator that is 1lit when, a write enable

ring is not installed on the file reel. When a supply

reel is put on the machine with the write enable ring

in place in the slot at the back of the reel, the FILE
PROTECT light will be off. This indicates that data

may be written on the tape. With the ring not
in place, protective circuits in the tape sys-
tem prevent data from being written on the tape.

Pressing this pushbutton switch will result in rewind

of the tape at high speed. The operator can stop this
reverse motion by pressing the RESET pushbutton. If
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REWIND
(cont'd.)

FORWARD

REVERSE

RESET

UNIT SELECT

RESET is not pressed, the tape will go beyond
the beginning-of-tape marker, stop, and then
automatically return to the load point. If the
REWIND pushbutton is then again pressed, the
tape will be drawn out of the tape path and the
unload sequence will be completed. If the tape
system is under computer control, the REWIND
pushbutton is disabled., This safety feature pre-
vents accidental tape damage.

This is a combination pushbutton switch and
indicator. The pushbutton will function only
when the machine is off line. If the ON-LINE
indicator is on, pressing the FORWARD push-
button will have no effect. If the ON-LINE
indicator is off and the FORWARD pushbutton is
pressed, the indicator will light up and the tape
unit will move tape in the forward direction at
the normai tape speed. To stop the machine,
when it is running in this mode, press the RESET
pushbutton.

If the ON-LINE indicator is on, the REVERSE
pushbutton is disabled. If the tape unit is off
line, pressing this combination pushbutton switch
and indicator will light the light and move the
tape in reverse at the normal tape speed. To

stop the machine when it is running in this mode,
press the RESET pushbutton.

This switch is used only on NRZI units. All tape
motion, except UNLOAD, will stop when the RESET
pushbutton is pressed. Pressing RESET clears all
read, write and control functions. It also removes
the tape unit from on-line operation with the computer
or data system and turns off the ON-LINE indicator.

This switch is optional on NRZI units.
When this switch is used, the REVERSE
switch is not installed. This is a
4-position switch used to make the trans-
port assignment in a daisy chain config-
uration. A particular drive in the
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DENSITY
SELECT

daisy chain is automatically selected if
the switch identification number corres-
ponds to the controller select line which
has been conditioned TRUE. See Figure 4(C).

This alternate action switch is optional
for NRZI units. When it is used, the
REVERSE switch is not installed. When
depressed to select High Density, it
conditions the data electronics to operate
at the high data transfer rate and also
causes the indicator to light. When the
switch is again depressed, the lower data
rate capability is selected and the light
is extinguished. See Figure 4 (B).
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Care and Handling of Digital Magnetic Tape. Satis-
factory performance of any digital magnetic tape
system depends very heavily on the use of good mag-
netic tape and upon proper handling of the tape by
computer operators. Most data reliability problems
begin with improper or careless handling of magnetic
tape during the loading of the tape on the tape sys-
tem or in removing the tape. Reliable performance of:
magnetic tape systems can be, to a great extent,
assured by observing a few simple rules and adopting
proper procedures in the handling of tape.

Whenever magnetic tape is handled it should be borne

in mind that the Mylar or polyester base on which the
magnetic coating is applied is only 1 or 1.5 thou-
sandths of an inch thick. The magnetic coating is only
a fraction of that thickness. Several things happen
when tape is improperly handled. One of the most
serious tvpes of damage is that in which the tape is
bent, stretched, or otherwise physically deformed so
that part of the magnetic coating is dislodged. This
results in two possibilities for data errors. In the
first case, the area from which the magnetic coating
has been removed will no longer accept data when it

is written in the area, and of course data cannot be
recovered from that area. The second potential data
error results from the redepositing of the loose oxide
at some other location where it can cause the tape to
be lifted from the head as the tape passes over the
head. This again results in improper writing or reading
of the data.

Because of the fragility of the tape, it is important
that it be handled as little as possible when putting
the tape on the tape drive or removing it. At no
time should the tape be handled in any area other than
that ahead of the beginning-of-tape (BOT) marker.
Should it be necessary, because of power failure or
some other malfunction, to handle the tape at?any
other point in its length, extreme care should be
~ exercised to be sure that the edges are not deformed
in any way and that no dirt, lint, or other potential
contaminants be deposited on the oxide surface or back
of the tape. Particles of dust or other material create
potential errors in the same way that oxide dislodged
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from the surface does, by lifting the tape away from
the read and write heads.

When handling the tape in any area, including the
length used in threading or loading it on the tape
drive, the tape should not be permitted to touch the
floor or other surfaces where dust or dirt may be
transferred to it. Only that length of tape actually
required to thread the tape drive should be removed
from the reel in the process of threading. Any extra
length of tape that dangles or drops from the machine
in the threading process will be likely to pick up
dust or other contaminants. Care should be taken to
prevent grease from the fingers from being transferred
to the tape, and foods should not be brought into the
area where computer tapes are used. :

When handling the reel upon which the tape is wound,
the flanges of the reel should never be pressed against
the tape wound on the reel. This is one of the most
common sources of damage to tape. When the reel flanges
are pressed against the tape, the tape edges protruding
from the tape pack will be bent, curled and deformed

so that oxide is dislodged and proper guiding of the
tape is prevented. To handle the reel properly, it
should be grasped with both hands at the outer edges

so that any pressure required to hold the reel is
directed toward the center opening. When mounting the
reel on the hold-down knob of the tape drive, proper
seating of the reel can be accomplished by pressing
with the fingertips against the area within half an
inch of the reel opening. There is a solid ring at
this point; no tape is wound in the area and no tape
damage to the tape can result. It is extremely impor-
tant that the reel not be pressed on the tape drive

in any way other than that described. If the flexible
part of the reel flange is pressed to seat the reel
properly, damage to the tape will result.

In removing the tape from the tape handler, these same
precautions should be observed. After unlocking the
hold-down knob, the tape reel should again be grasped
at the outer edges and extreme caution must be used
to prevent the reel flange being brought forward to
the edge of the tape pack. The tape handler does not
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discriminate between damage to the front edge or rear
edge of the tape. Damage to either edge of the tape
results in the same eventual data unreliability.
Cannisters used for storing the tape should always be
handled carefully, with no abrupt motions or hard
impacts. After the tape reel is removed from the
cannister to load it on the tape drive, the tape
cannister should immediately be closed and locked so
that dust will not be introduced into the cannister
while the tape is on the drive. Broken, chipped, or
cracked cannisters should be discarded immediately.
The cost of a cannister is small compared to the value
of the data on a reel of magnetic tape.

When tape has been in use for a long time and data
errors begin to occur frequently, it is possible to
have the tape cleaned and recertified for additional
use. If recertification does not restore the tape to
a satisfactory level of reliability, it should be dis-
carded. Most modern digital magnetic tape, if proper-
ly handled, will give long and reliable service. It
will not last idefinitely, however, and a regular
program of tape recertification will help to establish
which tapes must be discarded to prevent costly errors
and data processing system down-time.

When tape is not in use, it should be stored in cannis-
ters under temperature and humidity conditions pre-
scribed by the tape manufacturer. Tape should never
be stored or placed near electric motors, transformers,
or any other device that may be expected to generate
heavy magnetic fields.
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SECTION III

OPERATOR MAINTENANCE FUNCTIONS

Proper and regular maintenance of the Mod 10 tape handler will assure
operation at the high levels of data and mechanical reliability that
have been designed into the system. Particularly important are the
operator maintenance functions that are intended to keep the system
free of dirt and contaminants. At the high densities of data on tapes
written or read with the Mod 10, extremely small particles of dust or
oxide from the tape are capable of causing data errors. Careful
attention to the cleaning procedures described in this section will
assure the greatest possibility of trouble~free operation.

TRANSPORT AND HEAD CLEANING should be performed after every eight
hours of system use. Following are the steps to be carried out:

1. Remove tape from the tape unit, as described in Section II.

2. Remove the head covers by pulling both pieces,
one at a time, directly away from the front of
the machine. The covers will come off with a
gentle, steady pull.

3. Moisten a soft, lint-free cloth or Q-tip applicator
with isopropyl alcohol. After the head surfaces,
including the surface of the erase head, have been
carefully swabbed, they should be dried with a
separate clean and lint-free cloth. See Figure 5.
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Figure 5. Cleaning the Read/Write Head Assembly
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4, Clean the face of the tape cleaner, following the
same procedure described in step 3.

5. Clean the head guides and head guide blocks, shown
in Figure 5. The guide blocks are immediately in
back of the guides. Dry all parts with a clean, lint-
free cloth.

6. Clean the roller guides (Figure 6), rotating them to
be sure all surfaces are cleaned. Dry with a clean,
lint-free cloth.

7. If it has been removed, replace head cover by aligning
the holes in the cover with the mounting pins on the
transport and pressing firmly into place.

CAPSTAN CLEANING should be performed after every eight hours of use,
following this procedure:

1. Moisten a cloth with water.

2. Rotate the capstan slowly with one hand, without touching
the rubber surface.

3. At the same time, clean the surface of the capstan with
the moistened cloth. Make a visual inspection of the
capstan surface for abrasion or polish; if defects are

cobserved, contact the maintenance engineer.

4, Dry the capstan with a separate clean and lint-free
cloth.

Additional cleaning requirements are carried out at longer intervals.
Every four months the entire surface of the tape unit should be
cleaned, making sure that accumulations of dust around the hold-
down knobs and in the head area are removed. Head covers should be
removed and cleaned on the inside and outside, making sure that all
deposits of dust and other possible tape contaminants are removed.

Any periodic maintenance functions beyond those described here are
suggested for performance by customer engineers. Details of these
additional procedures are described in Section VI.
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Figure 6. Cleaning the Roller Guides
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SECTION IV

INSTALLATION AND INITIAL CHECKOUT

This section provides installation instructions for the Mod 10 magnetic
tape system. Information on unpacking the system and on the procedure
for electrically connecting and checking out the system is included.

UNPACKING AND INSPECTION

Inspect the shipping container for evidence of in-transit damage.
Contact the carrier and manufacturer if damage is evident. Specify
nature and extent of damage.

Open shipping container and remove contents. (See Figure
7, page IV—2‘.) Check items removed from shipping list to
verify container contents. Contact a company representa-

tive in the event of a packing shortage.

Remove protective padding and covering from the tape system. Verify
that the serial number of the unit corresponds to that shown on the
shipping invoice.

Visually inspect the exterior of the enclosure for evidence of physical
damage that may have occurred in transit.

Check major component assemblies to determine if any assemblies or
screws have been loosened. Tighten any loose screws or mounting
hardware. Inspect input/output connectors.
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UNPACKING PROCEDURE:

SAVE ALL PARTS FOR FUTURE USE.

1.
2.
3.
4.
S.

OPEN SHIPPING BOX & REMOVE 4 CORNER BLOCKS.

REMOVE TOP BASE FROM BOX.

REMOVE TAPE TRANSPORT FROM BOX.

REMOVE STRAPPING & PROTECTIVE PADDING FROM TAPE TRANSPORT.
REMOVE SHIPPING FRAME, : !

DO NOT REMOVE BOTTOM BASE OR CORNER BLOCKS FROM BOTTOM OF BOX.

REPACKING PROCEDURE:

ASSEMBLY SHIPPING FRAME TO TAPE TRANSPORT USING SCREWS PREVIOUSLY
REMOVED.

SECURE STRAPPING & PADDING AROUND TAPE TRANSPORT.

PLACE TAPE TRANSPORT IN SHIPPING BOX.

PLACE TOP BASE IN BOX.

PLACE 4 CORNER BLOCKS & RESEAL SHIPPING BOX.

Figure 7. Tape Transport Unpacking/Repacking Procedure
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INITIAL CHECKOUT PROCEDURES

To check the proper operation of the transport before placing it in the
system, follow the specified procedure.

1. For applications not employing 115 VAC line power,
verify that the appropriate primary power transformer
wiring is correct. This can be accomplished by
swinging out the power supply chassis and checking
the wiring against the voltage decal mounted on the

deck of the transport. See Figure 43.

2.  Turn the transport power on by setting the power
switch located on the power supply chassis to the
ON position and pressing the POWER pushbutton
switch located on the operator's control panel. At
this point the POWER indicator should light up.

3. Load tape on the transport as described in Section II.

4. Press the LOAD pushbutton to initiate the load sequence.
The tape will move forward until it reaches the BOT
tab. The ON-LINE indicator should light when the
BOT reaches the photosensor. At this point, there
will be no action when the LOAD pushbutton is
pressed. To remove the system from the on-line
mode, press the RESET pushbutton. The system is
now in the off-line mode.

5. With the transport off line (ON LINE indicator not
illuminated), press the FORWARD pushbutton. Run
several feet of tape onto the takeup reel and press the
RESET pushbutton to stop the tape. Be sure that when
the transport is on line, the action of the FORWARD
pushbutton is inoperative.

6. Press the REVERSE pushbutton., Tape will move backward
until the BOT tab reaches the photosensor. Be sure that
the action of the control is inoperative when the transport
is on line.

7. Using the FORWARD pushbutton, run several feet of tape
onto the takeup reel. Press the REWIND pushbutton to
initiate the rewind mode. The tape will rewind past
the BOT tab, return to the BOT tab, and stop with the
LOAD indicator lit. If the REWIND pushbutton is now
pressed, the tape will rewind until tape tension is lost.
This action is used to unload tape. The reel can be
removed as outlined in Section II.
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RACK MOUNTING THE TRANSPORT

The transport may be mounted in a standard 19-inch RETMA or Universal
rack with a minimum panel space of 24 inches. A depth of 11 inches
minimum is required behind the rack mounting surface. The procedur
for mounting (see Figures 8 & 9) is as follows:

1. Remove safety blocks from below hinges then
lift transport off shipping frame.

2. Remove hinge-half off shipping frame and install
same on rack in desired position.

3. Hang transport on rack and lock in the closed
position by tightening catch screw in front of
the deck.

4, Replace safety blocks.

18.312

S TET
[ ]

hag—P—4— 11.00 MAX.

Y

— ] 3.69

15.750

i

d@//\@//u

b
\———- MOUNTING SURFACE

Figure 8. Tape System Rack Mounting
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MAKE NECESSARY ADJUSTMENTS WITH THESE SCREWS

NO. 1/4 FLAT WASHER (REDUCED 0.D.) BONDED TO THIS HALF OF HINGE

~eU 8.
1y
x— NO. 10 SCREW

RACK L—‘NO. 10 LOCK WASHER
NO. 10 FLAT WASHER (RED. 0.D.)

Figure 9. Tape Transport Installation
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INTERFACE REQUIREMENTS

CABLING

The interface cables shall be twisted pairs with returns grounded.
Wire shall be #24 or #26 AWG conductor with minimum insulation
thickness. Cable twist shall be approvimately 30 twists per foot.
Maximum cable length shall be 20 feet. The ground side of each

pair shall terminate within a few inches of the line receiver or
transmitter ground. Connectors shall be Transitron 600-061-18-SL
or equivalent. Cables should be wired and strain relieved as shown
on Figure 10.

J 16

| CONTROL INPUTS

—4J6
READ DATA

i\
]

r—7

\N
Figure 10. Interface Cable Installation
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DAISY CHAINING (Units using 200632 Control Board and
201142 Data Board)

Up to four units can be daisy chained on the same buss without
any modification to any of the tape units tied in the daisy chain
configuration. When the Unit Select option is installed, it is

feasible to add or delete tape units from the buss and re-assign

JO Y L [P PO,
tape unit addresses,

=
o
3

The following features incorporated into the Mod 10
Transport allow daisy chaining to become a simple operation.

1. Parallel Connectors

Parallel Connectors are provided for all interface
cables (Control, Write, and Read). The advantages
of such a system are as follows:

a) It allows all interface signals including the
four select lines to enter and leave all the
tape units in the daisy chain,

b) It eliminates the requirement of using "T"
cables. This facilitates daisy chaining since
a drive may be added or removed by simply
adding or removing a cable, thus eliminating
the requirement of modifying a cable to add

another "T." In additicn, system reliability
is optimized since only the necessary cabling
is used.

2. Floating Line Terminators

The line terminating resistors, rather than being
mounted on the individual tape units, are packaged

on a special terminator board assembly., This assembly
is pluggable on any unit thereby facilitating a change
to a different drive when a unit is added or removed
from the chain. Regardless of what unit the termina-
tor board is mounted on, as long as any unit on the
line is energized, power will be supplied to it.
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4,2.1

4,2.2

4.2.2.1

Daisy Chaining Cable Configuration Without a Unit Select Switch

The following method is recommended when daisy chaining without
the unit select option. (See Figure 11 .) With this method, the
select lines are rotated in the "tape unit to tape unit" cable.

Pin J of the tape unit will always be the active select line of the
tape unit. If a tape unit is physically removed from the daisy
chain, and a 1 to 1 adapter (Wang P/N 200749) is placed in place
of the tape unit, the address of the tape units will remain
unchanged. (In all following discussions, 1 to 1 implies a pin
for pin connection.) (See Figure 11A,) However, if the tape unit
and cable are removed, then the address of the tape units follow-
ing the removed tape unit will all be reduced by one. (See

Figure 11B,) In any case, the address of the tape unit is fixed
by its physical position if no adapter is used.

The Read cable and the Write cable do not require any signal
rotation, and therefore are 1 to 1 cables.

Daisy Chaining With Unit Select Switch

When daisy chaining with the unit select option, all the cables
(Control, Read, Write) are 1 to 1 cables. (See Figure 11C.) With
the unit select switch installed, the operator has the freedom to
give each of the four units in the daisy chain the logical address
desired, regardless of its physical position on the buss. However
the address for each drive must be unique. That is, each select
line should select a different drive.

T Cables
The parallel connectors on the tape drive do not exclude the use
of "T" cables. The connections would be identical to Figure 11,

11B when used without the unit select option. If the unit select
option is used, the connection would be as shown in Figure 11C.
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4.3 INPUT REQUIREMENTS
Input voltage requirements, a diagram of input load
configuration, and a list of input control and data

functions are shown below:

Input Requirements

FALSE (Logic 0) +2.5 to +5.5V
TRUE (Logic 1) 0.0 to +0.5V
+5v
+5V '
IN4OO3
SIGNALO SIGNALO
ORDTL936 ORDEESSG
3300 EQUIV. 4300 utv.
GRD o_ﬁ GRD o__‘_j-
P = P =
(A) Internal - Single Tape Unit (B) External - Multiple Tape Unit

Figure 12. Input/Output Termination Configuration
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Input Functions

Input Control Lines Input Data Lines
Select (1 line) Write Data (7 or 9 lines)
Unit Select (4 lines) Write Data Strobe (1 line)
(Option) Write Reset (1 line)
Forward/Reverse (1 line) Read Permit (1 1line)
Run/Stop (1 line) Write Permit (1 line)
Rewind , (1 linej Low Read Threshold
Density Select (1 line) Select* (1 1line)
Off-line¥* (i line)

15N

*These functions are not required for proper operation;
therefore, they may be left disconnected.

[\

The following on-line input signals (sections 4.4 and
4.5) control operation of the Mod 10 tape transport
only after power is on, the on-line mode has been
initiated, ready status has been established, and the
unit has been selected. (Table 2 shows the pin connec-
tions required to achieve correct interface with the
tape controller.)

INPUT CONTROL FUNCTIONS
Select

When this becomes TRUE, it enables all the write and
read circuitry, the on-line transport control commands,
and the status output lines if the ready status line is
TRUE and if the unit is in the on-line mode. When the
level goes FALSE, the above transport functions are
disabled.

Unit Select

Four Select lines are provided such that when the one
which is TRUE corresponds to the unit select switch
position, the unit will be selected.
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Forward/ Reverse

The state of this line will determine the direction of
tape motion upon receipt of a run command. When TRUE,
the unit will be conditioned for forward motion. When
FALSE, it will be conditioned for reverse motion. A
transition shall not occur on this line while the Run/
Stop signal is TRUE, but may occur simultaneously to a
change on it.

Run/Stop

A TRUE level on this line will cause tape motion in the
direction conditioned by the Forward/Reverse line. A
FALSE level on this line will stop tape motion. ’

Rewind

A 2 psec minimum pulse on this line shall cause the tape

transport to drive tape, at 150 ips, in the reverse direc-

tion and stop at the Load Point, illuminating the Load
indicator. The transport will remain in the On-Line

mode. If already at Load Point when the rewind command

is given, the command will be ignored. All other motion
commands are inhibited until the rewinding sequence is
complete.

Density Select

A TRUE level on this line conditions the MTT to operate
at the higher packing density. A FALSE level selects
the lower data packing density. This line is internally
tied TRUE for 9-track systems. This line is inoperative
when the Density Switch option is used.

Off-Line

This is a level or a 2 psec minimum pulse which resets
the On-Line flip-flop to the ZERO state, placing the
transport under manual control. It is gated only by
Select in the transport logic, allowing an Off-Line
command to be given while a Rewind is in progress.
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Table 2. Input/Output Pin Assignments
Connector
Transitron 600-061-18-SL Signal Nomenclature Signal Pin Ground Pin
(or equivalent)
I-16 (SELECT 0 ] -
SELECT. 1 Option 8 -
SELECT 2 7 -
CONTROL SELECT 3 9 -
INPUTS { SELECT ) 8
FROM FORWARD/REVERSE C 3
CUSTOMER RUN/STOP E 5
REWIND H 7
(See Figures B-23 OFF-LINE L 10
and B-25) \ DENSITY SELECT D 4
[ READY STATUS T 16
ON-LINE STATUS M 11
STATUS REWINDING STATUS N 12
OUTPUTS EOT STATUS U 17
TO § BOT STATUS R 14
CUSTOMER WRITE ENABLE STATUS P 13
HI/LO DENSITY STATUS F 6
*SPEED STATUS A 1
45V TERMINATOR POWER S
(Option)
J-1 WRITE WRITE PERMIT B 2
DATA READ PERMIT E 5
INPUT LOW READ THRESHOLD D 4
CONNECTOR WRITE DATA STROBE A 1
) WRITE RESET o] 3
(See Figures B-32, WRITE DATA PARITY L 10
B-33, B~35 and WRITE DATA 0 M 11
B-36) WRITE DATA 1 N 12
WRITE DATA 2 P 13
WRITE DATA 3 R 14
WRITE DATA 4 S 15
WRITE DATA 5 T 16
WRITE DATA 6 U 17
WRITE DATA 7 \' 18
+5v TERMINATOR
POWER (Option) K
J-6 READ READ STROBE 2 B
DATA READ DATA PARITY 1 A
OUTPUT READ DATA 0 3 (o]
CONNECTOR READ DATA 1 4 D
(See Figures B-32, READ DATA 2 8 J
B-33, B-35 and READ DATA 3 9 S
B-36) READ DATA 4 14 R
READ DATA 5 15 S
READ DATA 6 17 U
READ DATA 7 18 Y
NRZI STATUS 10 L
7 TRACK STATUS 11 M

*Available only on Daisy Chain Assembly 200632.
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Write Data

One line is required for each bit in a character. The
wri 'l'p r’l:a'l';q lineg egtablich the contreolling condition

=St R et T |

for the NRZI write register. When TRUE, the state of
the corresponding fllp—flop will be changed at the time
of the write data strocbe. W*«/ I:LJ.S will -..,uauxjc the direc-
tion of the current through the write head and establish
a flux reversal (ONE) on the tape. When FALSE, the _
state of the flip-flop will not be changed at the time
of the write data strobe. This will result in no change
in the direction of write head current, hence no flux
reversal (ZERO) will be on tape. These_data lines must
be_held steady through the time interval from 0.5 usec
before to 0.5 upsec after the write data strobe. _A mini-

T e U

mum of one data llne must be TRUE for, evenstt;ghe

o } 4 FIaeT ’?, AT P

Write Data Strobe

A 2 psec pulse on this line causes a change in the state

of any NRZI write register cell for which the correspon-
ding write data line is TRUE. One pulse is required for
each character to be recorded. The recording density is
determined by the_tape speed and the frequency of the
pulses. The frequency will be stable within_ 0. 25 _per

cent. ?/é

Write Reset

A 2 pysec pulse on this line resets the NRZI write register.
This pulse is used to write the longitudinal parity check
(LPC) character at the end of each block of data, creat-
ing an even number of flux reversals (One s) in each

track of tbe block.

In a seven-track system, this pulse occurs four charac-—
ter times after the last write data strobe of every block
of data.

In a nine-track system, this pulse occurs eight charac-
ter times after the last write data strobe of every
block of data.
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4.5.4

Read Permit

The read permit line is used to enable all the read
circuitry. When this line goes FALSE, the strobe
generator is disabled and the read register is DC
reset. This line can be tied permanently TRUE.

Write Permit

When a write enable ring is on the file reel and write
permit is TRUE, the tape transport is placed in the
write mode.

Low Read Threshold Select

A TRUE level on this line selects a low threshold level
(12 percent) for the read signals, allowing for the
detection of marginal areas of tape. A FALSE level on
this line selects the normal read signal threshold level
(25 percent). This line is active only in the read mode
on dual gap machines since the threshold level in the
write mode is fixed at 45 percent.

OUTPUT REQUIREMENTS
Output requirements, output current levels, and a list

of output control and data functions are displayed
below.

Output Requirements

FALSE (Logic 0) User terminates line
as shown in Figure 12 (3)

TRUE (Logic 1) 0.0 to +4+0.5V

Output Current Level

FALSE level Open collector

TRUE level 40 milliamp max sink
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Output Functions

Write Enable Status (1 line)
Hi/Lo Density Status (1 line)
Speed Status (1 line)

Output Control Status Lines Output Data Lines
Ready Status (1 line) Read Data (7 or 9 lines)
Rewinding Status (1 1line) Read Strobe (1 line)
EOT Status (1 line) *NRZI Status (1 line)
BOT Status (1 line) *7 Track Status (1 line)

*On daisy chain data board assembly 201142 only.

4.7.3

4.7.4

The following on-line output signals (sections 4.7 and
4.8) provide the data functions when the unit is ready
and selected. The control status functions are acti-
vated when on-line and selected. (Refer to Table 2
for pin connections.)

OUTPUT CONTROL FUNCTIONS

Ready Status

This line is TRUE when the transport interlocks are
made and the unit is on-line.

On-I.ine Status

When TRUE, this line indicates that the on-line flip-
flop is set and the transport is under remote control.

Rewinding Status

When TRUE, this line indicates that the tape transport
is rewinding. The rewinding function is completed
when the tape stops at the Load Point.

EOT Status

When TRUE, this line indicates that the tape transport
is sensing the EOT reflective marker.

BOT Status

When TRUE, this line indicates that the tape transport
is sensing the BOT reflective marker.
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Write Enable Status

A TRUE level on this line indicates that a write
enable ring has been installed on the supply reel.

Hi/Low Density Status

When this line is TRUE, the transport has been set for
low-density operation, and the read circuitry has been
conditioned accordingly. This line is used only for
seven-channel systems.

Speed Status

When this line is TRUE, it indicates to the system that
the selected tape unit operates at the lower one of

two tape speeds. This line is utilized when two or more
drives of different tape speeds are used in a daisy
chain system.

OUTPUT DATA FUNCTIONS

Read Data

One for each bit in a character. The data is in the form
of pulses. occurring simultaneously and coincident with
the Read Strobe pulse. The presence of a pulse indicates
a ONE and the absence of a pulse indicates a ZERO., These
pulses shall be 2 psec wide.

Read Strobe Pulse

The Read Strobe line shall provide a pulse of 2 usec for
each data character read from tape. This pulse shall be
coincident with the data pulses.

NRZI Status

This line is TRUE whenever the tape unit is Selected and
On-Line, and indicates to the controller that the selec-
ted tape unit is a NRZI drive as opposed to a PE (Phase

Encode) drive. This line is available only on the daisy
chain data board assembly 201142.

7 Track Status

When this line is TRUE, it indicates to the controller
that the selected tape unit has a 7 track head. This
line is available only on the daisy chain data board
assembly 201142.

Iv-18



SECTION V

PRINCIPLES OF OPERATION

For best understanding of the principles of operation of the Mod 10
tape system, the major subassemblies are described separately.
The functional separation of system operations relates conveniently
to the actual physical packaging of the subassemblies. Following
are the major subassemblies, in the sequence in which their operation
is explained:

1. Power supply

2. Capstan drive and servo system

3. Reel drive and servo systems

4, Control electronics

5. Data electronics

POWER SUPPLY

A single assembly supplies power toc the entire system, handling the
needs of the capstan and reel drive systems, the data electronics and
the option electronics. As shown in Figure 13, AC power to the system
is controlled by a double-pole, single=-throw switch on the power supply
chassis and by a single-pole, single-throw pushbutton switch on the
operator's control panel. The switch on the power supply chassis must
be switched on to use the operator's control panel switch to control
power. A three-wire cord is used with the ground line connected directly
to the power supply chassis. A circuit breaker is provided in the hot
side of the primary. power line,



T OPERATOR CONTROL
| PANEL POWER SWITCHI

| WA R P

CIRCUIT
BREAKER
(1)

DPST
SWITCH
-0 TO
|
i
LINE |
VOLTAGE ]
-—0 O
GND

et

125v

+12V

10V RMS

10V RMS

~= TO SERVOS

# TO SERVOS

+5V REG.

i,

TO
SERVOS
/
Fl
+iov A +12 v
+I REG.
30,000 WF L/ +12V REG.
3300 a5v
3w GND
\
1 +
H 330017 30,000 pF
3w 25V
-9V F2 F3
10A 10
—0d\O0—
+5v
ADJ.
Fa
+ 13V 4A
@ ()
3w 20V OVERVOLTAGE
PROT. CKT.
GND L
330N 100,000 PF
3w 20v £5
—i3v 10A
O——\ O———————— TO SERVOS

Figure 13. Mod 10 Power Supply



Unregulated DC from the power supply is sent to the regulators, which
are on a separate printed circuit board mounted to the power supply
chassis; this DC is also used to drive the capstan and reel motors,
Voltages supplied unregulated are +19 volts, -19 volts, +13 volts, and
-12, and +5 voltages.

Each voltage regulator consists of a linear integrated circuit amplifier
plus power output transistors. The output voltage tolerance for the
regulators is 5 per cent and each is potentiometer adjustable. The
+12 and -12 volt regulators can supply up to 1.5 amperes and the

+5 volt regulator, up to 3.5 amperes.

The output level of the +5 volt regulator is prevented from rising above
+8 volts to protect the integrated circuits used in the system from over-
voltage stress that could occur under abnormal conditions. If the voltage
on the +5 volt line goes above +8 volts, an SCR will conduct, shorting
the +13 volt unregulated input line to ground until the fuse opens, thus
protecting the circuits,

CAPSTAN DRIVE AND SERVO SYSTEM

All tape motion in the Mod 10 is initiated by the capstan, which is
driven by a DC motor. When the motor is running, a tachometer
generates a DC voltage that is used to control the tape velocity through
the capstan servo system (see Figure 14.)

The strobe disc will be on the front of the capstan and will have two
patterns, one for 50 Hz and one for 60 Hz. The inner pattern will be
for 60 Hz. It is to be viewed with the corresponding AC light (such
as fluorescent) the pattern on this disc appears to stand still when
the capstan motor of the tape transport is operating at the correct
The strobe pattern will be present only on machines operating at 1
25, or 37.5 inches per second, Thus, proper operation of this
component of the tape transport can be under continuous visual inspec-
tion by the operator. Any departure from a stationary pattern (i.e.,
precession of the strobe lines in either a clockwise or counterclock-
wise direction) indicates a speed variance of the capstan drive. (See
Section VI for calculating the percentage of such variance.)

nand
peea.

spe
2.5,

Two ramp generators are used in the capstan servo. One controls the
forward and reverse speeds at nominal velocity, and the other controls
the rewind speed. The forward/reverse ramp generator uses a Zener
diode as a precise voltage reference. The rewind ramp generator uses
the regulated +5 volt level as a voltage reference. Resistors R1 and
R2 in Figure 14 in combination with R3 and R4 , function as a
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summing network to control the capstan speed. Current through R3 is
generated in the tachometer and R4 provides feedback from the capstan
motor, proportional to the motor current. The current feedback is
generated by sensing the voltage across a 0.1 ohm resistor (R5) in
series with the motor. When the motor is running, the sum of currents
in R3 and R4 is equal to the sum of the currents in R1 and R2.
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Either a forward or reverse command to the ramp generator preceding

VIBM-compatible interrecord gap is generated Forward and reverse

commands generate currents through Rl having opposite polarities.
Symmetry of the start and stop times and distances is readily achieved
through the potentiometers in the forward and reverse inputs to the ramp
generator. A potentiometer is also used to adjust the capstan drive
servo amplifier offset so that no tape motion occurs unless the tape
transport has received a motion command.

Figure 15 shows the relative timing of commands to the capstan servo,
the ramp function generated, and the resulting tachometer output seen
by the servo amplifier.

In the rewind ramp generator, the rise time has nominally a 1 second
time constant. This provides a time interval that permits the tape to
accelerate to 150 ips without exceeding the storage capacity of the
servo arms, Fall time is nominally a 0.5 second ramp and it assures
that the storage arm capacity is not exceeded as the tape slows and
halts. '

When the system is in the ready state, the tape is held motionless

by the balanced tension (eight ounces) in the storage arms and the
friction in the capstan drive motor. Although the wrap on the capstan
varies slightly with the arm position for the takeup reel, it is nominally
180 degrees. The area of tape in contact with the capstan and the
tension on the tape prevent any relative motion between capstan and
tape.

REEL SERVO SYSTEM

Two identical servo systems control the supply and takeup reels in

the Mod 10, Storage of appropriate lengths of tape to permit accel-
eration and deceleration is provided by the buffer arms, which permit
the capstan to start and stop the tape without having to start and stop
the reels in the same short time. Storage of tape by the arms is suf-
ficient to permit the system to operate at the nominal tape speed without
program restrictions.,
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QOperaticon of the reel serve system is diagrammed in Figure 16, A
light-sensing circuit provides arm-position information to the servo
amplifier, which drives the reel motor. As tape is delivered to the
arm or taken from it, the arm moves up or down and the position of
the mask between the light source and the light-sensing element
changes. When the mask is at the appropriate position, the output
of the light-sensing circuitry no longer provides an error signal to
the amplifier. Enclosure of the light source prevents ambient light
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Reel motors are driven by linear amplifiers, stabliized for all operating
situations and sequences. During the Rewind mode the amplifier gain

is increased and the output stage operating voltage is raised to offset

the increase in back emf generated by the reel motors at higher rpm.

An offset signal is fed to each servo amplifier during the unload cycle

to bias each servo swing arm close to its respective stop. This assures
gentle handling of tape as it unloads from the fixed reel. It also prevents
violent impact of the arms against their stops.

Spring tension on the servo arms is balanced at all times by torque in

the reel motors. Should power fail or servo operation be interrupted, the
springs pull the arms out and into contact with limit switches that turn
off all reel servo and capstan functions. If power fails during high-speed
rewind, the reel motors are shorted by contacts on the ready relay. The
resulting strong dynamic braking effect stops the reels without damage

" or spiiling of the tape.

Potentiometer adjustments are provided on the transport board to permit
proper setting of each swing arm position. A potentiometer adjustment

is also provided to set the gain of each reel servo amplifier, compensating
for the normal manufacturing tolerances in components.

CONTROL ELECTRONICS

The control portion of the transport electronics printed circuit board
(see Figure 17) receives its primary inputs from the operator's control
panel or the remote controller. In addition, it responds to control
signals from the photosense assembly and from the servo amplifiers
(during the rewind sequence).

The internal control circuitry outputs signals to the remote tape con-
troller and to the operator's control panel (in the form of indicator
lights). Within the transport, it provides signals to the servo ampli=~
fiers and to the data electronics printed circuit board.



FARM SENSE 1 serine
| ASSY. |

LAMP _@_

"—‘l ‘

R L

L e \— — —

| I |
& '
l TO FIXED REEL

I SERVO AMPLIFIER
|

>
o
<
owEE e s wmmm wn| e s SE SaS. WS

FILE REEL -
: AMPLIFIER  UNREG. POWER SUPPLY SUB-ASSY.
POSITION
ADJ.
-5V

Figure 16, Reel Servo System



FROM

MOTION

REMOTE
CONTROLLER

READY

RELAY

Figure 17.

DATA
BOARD

OUTPUT
DRIVERS

Transport Control Electronics

SET WRITE )
MOTION WRITE WRITE
sELECT > 1 enaBLE | ENABLE
INPUT LOGIC
BUFFER ‘
_ RESET ON LINE
REMOTE MOTION f
COMMANDS
PHOTO
AMP
|
MOTION PB. _F moTiON READY
CONTROL) o5% LOGIC
oce FORWARD |-MOTION _ |
B. REVERSE
OCP ENABLE REWIND T
SET ON LINE ol'_‘olé','ée
[ )
RESET

—

| __TO REMOTE
CONTROLLER

~fi-
} SERVO CONTROL



4.1

BRING-TO-READY SEQUENCE & SYSTEM INTERLOCK

When power is applied to the tape transport, it activates the arm
retract motor, returning the servo arms to the load position. With
the arms in the load position, the ready relay (K1) is unenergized
and all three servo motors are shorted to ground. Interlock
switches, S11 and S13, are also open, thus preventing latching of
the ready relay (see Figure 18). The operator may then mount tape
on the reel as specified in the instructions in Section II. When
the operator pushes the LOAD pushbutton at the control panel, he
initiates the following automatic load sequence (see Figure 19).

The retract motor is energized; its motion releases the servo arms
from their retract position, and the series string of interlock
switches (810, S11, S12, S13) will be in their N.C. position. As
the retract motor continues to turn, the load cam detent will be
seen by the load cam switch S14, and a momentary ground will be
transmitted to the ready relay terminal, K1-10. This energizes

the ready relay, thus providing power to the servo motors which
then maintain tension on the servo arms. The series string of inter-
lock switches provide an unbroken circuit to ground for the ready
relay K1, thus holding the ready relay energized. If any one of the
switches S10 through S13 is opened, the ready relay (K1) is de-
energized. When the ready relay is energized, it sends a ground
signal to the ready delay circuitry, which -- after timing out --
gives an internal ready signal. (This signal does not reach the
tape controller unit.) If the tape is not already at BOT, a set for-
ward and on-line command is generated that sets the forward and
on-line flip-flops. The tape moves forward, seeking BOT, and the
ON-LINE indicator at the operator's control panel is illuminated.
(Ready status to the tape controller unit is still inhibited.)

If the tape is already at BOT (or when it reaches BOT, after search-
ing):

Tape motion stops (or is not initiated if at BOT)

A delay network times out and then the ready status

line to the tape controller unit goes TRUE.

The LOAD indicator at the operator's control panel
is illuminated.

vV - 10
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In summary, ready status output to the tape controller will not

be TRUE, unless there is no locally initiated forward or reverse

T S T

‘motion, there is no rewind in progress, and mechanical ready,

on-line status, and selected status are all TRUE.

BRAKE LOGIC (OPTIONAL)

igure 19A diagrams the brake logic. When power is injtially

turned on and if the retract position input is high (open), the

flip-flop is set, and the retract relay driver I is held off. The

load cam driver I, and the brake relay driver D are also held

off at this time if the input term Load P.B. is at ground. (Under
normal system operation this input is depressed). When the Load
P.B. input is High gate A is enabled and turns on Iy, which initiates
a load cycle. Gate A also enables gate D which releases the brakes.
If the load operation is successful, the Ready {-) input will go High
and the power on flip-flop will be reset. If during the power on cycle,
the retract position input is Low, the power on flip-flop is held reset,
When the power on flip-flop is in the reset state, only the retract
relay driver I, is on. This allows normal loading and unloading

with the arms retracting automatically.

V-12A
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4.3

4.4

In summary, ready status output to the tape controller will not

be TRUE unless there is no locally initiated forward or reverse
motion, there is no rewind in progress, and mechanical ready,

s

on-iine status, and selected staitus are all TRUE.

RESET AND ON-LINE LOGIC

~are
IRThAan ~ +h
VY [ e

TRIT 1
i U 4

s P . - 11 Tl s
i=ilne status is IRV L, aii pusnbuiion switcnes a

operator's control panel are disabled except RESET.

o

Pressing RESET at the control panel DC resets the terms Rewind,
Motion (Forward or Reverse), and On-Line to FALSE. Remote con-
trol of the transport can be restored after a RESET action by
pressing the ON-LINE pushbutton. The on-line command from the
operator's control panel is gated through two cross-coupled OR-
gates, and the transport is then ready to accept any remote com-
mand.

The transport can always be put in the off-line state by the remote
off-line command if the tape unit is selected.

MOTION LOGIC (FORWARD AND REVERSE)

A diagram of the logic governing forward and reverse motion is
given in Figure 20. Forward and reverse motion commands to the
servos are initiated locally from the operator's control panel
when the transport is in the off-line mode or from the remote con-
troller when the transport is on-line.

The OCP-enable line must be TRUE (low) to initiate local motion .
from the operator's control panel. When the FORWARD pushbutton
is pressed, the motion latch is set (U207A, U207B, and U208 in
Figure 20), and the output of U207A will be TRUE (low). This output
is transmitted through NOR-gate U213B, which OR's the local and
remote forward commands and presents a forward (+) signal to the
capstan servo.

Local reverse motion is initiated by pressing the REVERSE pushbutton
on the operator's control panel. The reverse switch is interlocked
in such a way that a reverse command cannot be initiated simultane-
ously with a forward command. With the motion latch set by the
REVERSE pushbutton, the output of U207B will be TRUE (low). This
output is transmitted through NOR-gate U214, which OR's the local
and remote reverse commands and presents a reverse (+) signal to
the capstan servo.

vV - 13
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Local reverse or forward motion is terminated if a RESET ACTION is
taken, if the transport is mechanically not ready, or if the terms
EOT, BOT, or Rewind are TRUE.

When the transport is in the on-line mode, the OCP-enable line will
be FALSE (high), thus disabling the FORWARD and REVERSE pushbutton
inputs to the motion latch. The NAND-gates labeled U209A and
U209B in Figure 20 are enabled by the terms Ready and On-Line, and
any subsequent forward or reverse motion commands from the remote
controller will be transmitted to the capstan servo control through
U213B or U214.

The NAND-gate labeled U209B has an additional term (NOT BOT) on
its input. This term prevents reversing off the BOT marker during
the on-line mode of operation.

REWIND AND UNLOAD LOGIC

The rewind sequence is not internally different, whether it stems
from an action at the operator's control panel or from a remote com-
mand. A logic diagram of this function is given in Figure 21.

The rewind sequence is mechanized with a series of three flip-flops,
U210A, U210B, and U211A. The flip-flop labeled U210A in the dia-
gram is set initially either by the REWIND pushbutton through NAND-
gate U208, or by the remote rewind command through NAND-gate U209.
The NAND-gate labeled U212 decodes the outputs of flip~flops U210A
and U210B and presents a rewind (-) command to the capstan rewind
ramp generator. A reverse-for-rewind is alsoc sent toc the capstan serve
control through U214. When the capstan servo receives the rewind (-}
and reverse-for-rewind signals, the tape drive ramps to rewind speed
and runs until either BOT is reached or a RESET pushbutton action is
taken at the operator's control panel. If no RESET action is taken,

the leading edge of the BOT tab loads flip-flop U211A and the trailing
edge loads flip-flop U210B. With U210B set, the inputs to U212 are
no longer TRUE, and the rewind signals to the capstan servo are ter-

minated. The capstan ramps to a stop, a set-forward pulse is generated,

and the tape drive begins searching forward for BOT. When BOT is
reached, the series of three flip-flops (U210A, U210B, and U211) is
reset and tape motion ceases.

At this point, two actions may be used to unload the tape. A RESET
action takes the transport off-line, and a subsequent REWIND action
causes tape to rewind until tape tension and mechanical interlocks
are lost. During the process of unloading, a regular rewind command

V-15
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4.6

4.7

is distinguished from a rewind-to-unload command by the gating to-
gether at U215B of the terms Off-Line and Ready, BOT, and Rewind.
Under these conditions, the easy unload latch, comprising U205 and
U214, is set, and an unload (-) signal is sent to the fixed reel servo.
The fixed reel servo is biased to a position very close to the stop,
and the shortened stroke of the servo arms when tape tension is lost
prevents accidental damage to the tape as it unloads. The unload
latch is reset only by the term Not Mechanically Ready; thus, once
an unload is initiated, it must complete its cycle. (Note: If a
second BOT tab is sensed during an unload cycle, the tape drive
will attempt a-gearch for load point cycle, and will in most cases -
loop-out, causing the ready relay to drop out.)

WRITE ENABLE LOGIC

Figure 22 diagrams the write enable logic which comprises a flip-flop
(U211) and a positive pulse generator (U219A and U219B). The flip-

flop is set when the write enable line from the controller is TRUE (high),

enabling the J input of U211, and when either a forward or reverse
motion command is initiated. The T input positive pulse is generated
by U219A and U219B. The pulse is generated when motion goes TRUE
(high). The output of U219A goes to ground after a time delay set by
R264 and C217, This negative transition initiates a positive pulse

at the output of U219B. The trailing edge of this pulse causes the
flip-flop to change states. The pulse width is determined by R265,
R266, and C218. When the write enable flip-flop is set, the trans-
port is conditioned to write.

The write enable flip-flop is reset when the write enable line from the
controller is FALSE (i.e., when the K input of U211 goes high after
inversion by U201), and when either a forward or reverse motion com-
mand is initiated.

FILE PROTECT LOGIC

The file protect logic is mechanized such that there will be a minimum
of scraping of the write enable ring during the initial loading cycle of
the transport.

The mechanization is shown in Figure 23. When a reel of tape is ini-
tially loaded, the file protect switch is closed, and the logic latches
the write enable solenoid, thus retracting the solenoid pin to prevent
scraping of the write enable ring.
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4.8

When the LOAD pushbutton is pressed, the logic releases the solenoid.
This is done to sample if there truly is a write enable ring in place, and
that the solenoid was not accidentally energized. When the loading
cycle is completed, the transport ready signal is the holding signal.

READY LOGIC

The ready logic, diagrammed in Figure 24, provides three basic ready
signals:

a) Select & Ready (+) from U205, which conditions the
data electronics to accept and transmit information
to the controller.

b) Ready & On Line from U201, which is transmitted to
the controller via an output driver. This line informs
the controller that the transport is ready and not re-
winding, and therefore able to accept any command
from the controller.

c) Ready & Off Line from U208, This is an internal ready
signal that enables the operator control panel so that
any motion command generated by the operator control
panel will be accepted by the transport.

The ready signal is generated by the following logic equation:

READY = (DELAYED MOTION) - (REWIND)-(RESET + MECH. READY + RESET REWIND)

and is mechanized by U215, If all the inputs to U215 are TRUE (high)
the output will be low, This low signal is inverted by U205A and gated
with the terms Select & On-Line by U212 to provide the Select & Ready
term. The low output of U215 is also inverted by U205B and gated with
the term Off-Line by U208 to provide the Ready & Off-Line term. U205A
and U201 are collector-OR'd to provide the Ready & On-Line term.

DATA ELECTRONICS

Data electronics described in this manual pertain to NRZI mode recording
only. Phase encoding requires additional special data electronics and
is described in a separate manual.

in the NRZI mode of recording, a 1% is represented by a change oi
direction of magnetization between positive and negative saturation
levels, and a "0" is represented by no change of magnetization. The

data electronics subsystem provides a format that is compatible with

the IBM 727-729, 7-track format, at data densities of 200, 556, and 800
cpi. The subsystem also provides compatibility with the IBM 2400 series,
USASCII-compatible 9-track format at data densities of 800 cpi. Figures 25
and 26 present the 7 and 9-track location and space specifications.
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At the end of each data record, check characters must be recorded

and an inter-record gap inserted. Figures 27 and 28 present the 7-and
9-track IBM inter-record gap and tape mark formats. As indicated by
these figures, in the 7-track format the longitudinal redundancy check
character (LRCC) only is written, whereas in the 9-track format, both
a cyclic redundancy check character (CRCC) and an LRCC are written,

The CRC character is supplied together with a single write data strobe_

. signal by the customer to the transport interface. It is separated by
' / four character spaces from the last data _character of the previous re-
bl cord. In the 9-track system, the LRC character is written four character
spaces after the CRCC character, whereas in the 7-track system, the
LRC character is written four character spaces after the last data
character of the previous record. The LRC character is written by

S A T

the customer transmitting the WRITE AMPLIFIER RESET signal, (leading.
edge) at the proper time, This signal resets the write flip-flops causing
the total number of magnetization transitions in any track to be an even

number.

The Inter-record Gap (IRG) displacement is nominally 0.6 inch for
9-channel systems and 0.75 inch for 7-channel systems. The IRG is
established by the sum of the following component distances:

Stop Distance - Stop distance is the distance traveled by a
point on the tape from the time a stop command is issued
until the tape velocity is zero,

Stop Delay Distance - Stop delay distance is the distance
traveled by a point on the tape from the time the IL.RCC charact

is placed on.ta.paum‘.il,a stop command. is. issued. In dual gap
systems, if the read data is used to sense the end of the record,
the stop delay distance is the distance traveled_from the time the
LRCC is sensed at the read bus until the stop command is issued.

The stop delay time is generated in the customer's controller.

Start Distance - This is the distance traveled by a point on the
tape from the time a forward command is issued until the first

data character is placed on tape. The Write Delayv time appropriate
to the start distance is generated in the customer's controller.

A tape mark is used to separate files of information recorded on tape.

The tape mark configuration for 7- and 9-track systems is shown in
Figures 27 and 28 respectively. Tape mark timing is established and
provided by the customer's controller. The command sequence for in-
serting a tape mark is as follows: . a forward command is issued, followed
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at the proper time by the tape mark character together wi its write

o on Vo e e it

fgg; gharacter spaces later in a 7-track system and 8 character spaces

later in a S-irack system.
5.1 DATA ELECTRONICS, DUAL GAP SYSTEMS
5.1,1 Read-After-Write Head Assembly

A dual-gap read-after-write head is optionally available in either a
nine-channel or a seven-channel format. A full-width erase head is
located on the oxide side of the tape, positioned 0.34 inch from the write
stack head gaps. The write stack is center-tapped and it operates at

50 milliamps of current per leg. The voltage output of the read stack

is proportional to the speed of the tape; at 25 ips, it provides 18 to 20
millivolts peak to peak. The erase head operates at 50 milliamps.

Two auxiliary components are mounted adjacent to the read/write head
on a common base--the photocell and lamp assembly that detects be-
ginning and end of tape, and the tape cleaner. The photosense assembly
is a self-contained unit that is directly cable-connected to the transport
electronics printed circuit board. The tape cleaner, whose operation

is entirely mechanical, is ideally positioned adjacent to the head so
that the cleaned tape passes directly to the read/write head, minimizing
the chance of contamination that might result in deterioration of data
reliability.

5.1.2 ‘Write Data Flow

Figures 29 and 30 present a block diagram and timing diagram of the flow
~ of write data through the system, (Only one data line is shown. The
components for the channel represented schematically in these diagrams
are, of course, duplicated for each of the other write data channels,)
Data enters through line receivers whose function is to invert the low-
TRUE levels. Each receiver has a terminating impedance of 130 ohms.

A pulse on the write strobe line clocks information from the data lines
into the system, If a given data line is TRUE, the write strobe pulse
passes data on that line through the data strobe reset logic gates, which
consist of two NAND-gates, OR'd together (see the block labeled A in
the figure). If a given data line is FALSE, the pulse is gated out.

At the block labeled B (Figure 29), electronic correction is made for the

static skew characteristics of the write head. The leading edge of the
gated data pulse triggers the write deskew single-shot, whose pulse width
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5.1.3

has been preset and is adjustable by means of a potentiometer.

The trailing edge of the pulse loads the write register, whose contents
are then converted into currents by the head drivers. The head drivers
operate the write heads, which put the data on tape.

At the end of each block of data, a write reset pulse enters the system.
In the nine-channel configuration, this pulse enters eight character
times after the last strobe of the data block; in the seven-channel
configuration, it enters four character times after the last strobe.

The function of this pulse is to reset any head drivers remaining in the
set state at the end of a data block, thereby generating the longitudinal
redundancy check character on tape.

The write register is DC reset at certain times and under certain con-
ditions to ensure that information is not recorded on tape unless re-
cording is deliberately intended. The logic created for this is such
that if any one of the terms Motion, Write Enable, Select, and Ready
is FALSE, the write register will be DC reset.

The flow of power to the write heads is controlled through the write
power gate [see Pigure 21), Thig ig an AND-gate function that com-
prises the terms Write Enable (or Write Permit), Select & Ready, and
File Protect. (Write power enters the data electronics printed circuit
board from the transport electronics printed circuit board if the file
protect switch on the deck has been energized.)

Read Data Flow

Figure 32 presents a block diagram of the flow of read data through the
system. (As in Figure 29, only one channel is indicated.) The read
head generates a low-level analog signal of approximately 10 to 20
millivolts peak to peak. The read amplifier, which has a differential
input and single-ended output, picks up this signal and amplifies it
to a suitable level, then sends it to a phase splitter, which generates
the complementary signals required for full-wave rectification. The
phase splitter output signal level is adjusted to 12 volts peak to peak
by the attenuator control potentiometer at the output of the read amplifier.
A clipping level DC bias is fed into the input of the full-wave rectifier
with the result that positive peaks above the clip-level threshold are
observed at the output of the circuit, This signal is then sent to the
peak detector, which in turn generates a digital pulse whose trailing
edge is synchronous with the peak of the analog signal and is used to
load the read register at that time. The contents of the read register
are sent to the output driver and then to the customer's data line.
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Auxiliary to this general flow of read data, several other functional
circuits complete and control the read data generation and transfer
process., These auxiliary functions are described in the subsections
following. :

Sirobe Generation Circuitry, As in most other NRZI read systems, the
OR'd data method of read strobe pulse generation is used in the Mod 10
(see Figure 33). The first arriving bit sensed at the read register

is used to trigger the read strobe delay single-shot. This is imple-
mented by taking the complement outputs of the read register and feeding
them into a nine-way OR-gate whose output goes to the single-shot. The
pulse width of the single-shot is controlled by adjusting a potentiometer
and is set to approximately one-half frame time.

At the end of the variable time delay period, a read strobe pulse is
generated (see the block labeled T in the diagram) and sent to the

tape controller. The leading edge of this pulse also triggers the

read register delayed reset pulse network, allowing 500 nanoseconds
for scanning of the data lines by the controller before the read registers
are reset. A summing function (data staircase) is provided at the output
of the read registers so that interchannel time displacement can be
measured.

A timing diagram for both read data flow and strobe generation is given
in Figure 34.

High-Low Density Select., Data can be recorded on tape at either a high
or low density (more or fewer characters per inch). An input from the high-
low density select function changes the pulse width of the read strobe

delay single-shot to correspond to the density of character generation,

Read Permit. This system function allows the remote tape controller

unit to enable or inhibit read data at any time., Read permit is conditioned
by the terms Select and Ready. If either of the two terms is FALSE, the
read registers and output drivers are disabled.

Clipping Level Circuitry. This circuitry, shown in Figure 32, generates
the clipping levels through which the read signals must pass before
reaching the peak detectors. In the write enable mode, approximately
45 per cent of the read signal amplitude is clipped. In the read-only
mode, the level is decreased so that only 24 per cent of the read signal
amplitude is clipped. A provision has been implemented via the low
threshold select remote input line so that an even lower threshold level
(12 per cent) can be selected when reading marginal output tapes. The
state of this line has no effect on the clipping level while in the write
mode of operation.
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5.2

5.2.1

5.2.2

Rewind Inhibit. This system function prevents the reading of data
if the tape is rewinding. The relevant circuitry prevents current flow
in the phase splitter, disabling its operation during rewinding.

DATA ELECTRONICS, SINGLE GAP SYSTEMS

Read/Write Head Assembly

A single-gap read/write head is optionally available in either a nine-
channel or a seven-channel format. The head assembly is illustrated
in Figure 8. A full-width erase head is located on the oxide side of
the tape, positioned 0.34 inch from the head gaps. The stack has a
center tap configuration and is operated at 20 milliamps of current
per leg. The voltage output of the stack is proportional to the speed
of the tape; at 25 ips, it operates at 14 to 18 millivolts peak to peak.
The erase head operates at 50 milliamps.

Two auxiliary components are mounted adjacent to the read/write head
on a common base--the photocell and lamp assembly that detects
beginning and end of tape, and the tape cleaner. The photosense
assembly is a self-contained unit that is connected by cable to the
transport electronics printed circuit board. The tape cleaner, whose
operation is entirely mechanical, is ideally positioned so that the
cleaned tape passes directly to the read/write head, minimizing the
chance of contamination that might result in deterioration of data
reliability.

Write Data Flow

Figure 35 presents a block diagram of the flow of write data through
the system. (Only one data line is shown. The channel components
represented schematically in this diagram are, of course, duplicated
for each write data channel.) Figure 36 presents a write data flow
timing diagram, '

Data enters through line receivers whose function is to invert the low-
TRUE levels, Each receiver has a terminating impedance of approxi-
mately 130 ohms. The output of the data line receiver is used to
condition the J-K inputs of the write register cells. The write strobe
signal is sent to the clock inputs of the write register. If the data

‘line is TRUE at the time the write strobe pulse arrives, the write

register will switch states at the trailing edge of the pulse. This
in turn changes the state of the head driver which causes the current
in the head to reverse its direction.
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5.2.3

If the data line is FALSE at the time of write strobe, since this causes
both the T and the K inputs to be false, the register will not change
states; hence, no current reversal will occur at the head. Current
reversals at the heads cause data to be recorded on tape.

At the end of each block of data, a write reset pulse enters the system
and DC resets the write register. In the nine-channel configuration,
this pulse enters eight character times after the last strobe of the data
block; in the seven-channel configuration, it enters four character times
after the last strobe, The function of this pulse is to reset any head
drivers remaining in the set state at the end of a data block, thereby

generating the longitudinal redundancy check character on tape.

The write register is DC reset at certain other times to ensure that
information is not recorded on tape unless recording is deliberately
intended. The logic created for this is such that if any one of the

terms Motion, Write Enable, Select, and Ready is FALSE, the write
register will be DC reset.

The flow of power to the write heads is controlled via the Write Enable
and Select & Ready NAND-gate which sends a signal to the DC set inputs
of the write register. When either signal goes FALSE, the write register
is both DC set and DC reset, causing both its outputs to go to a high
level. This in turn disables both head driver outputs, hence removing
both current paths to the head. If both inputs are TRUE, the DC set
input to the register goes FALSE, allowing the head driver to drive
current into the head. (Write power enters the data electronics printed
circuit board from the transport electronics printed circuit board only

if the file protect switch on the deck has been energized (see

Figure 37.)

Read Data Flow

Figure 38 presents a block diagram of the flow of read data through the
system, (As in Figure 35, only one channel is indicated.) A timing
diagram for read data flow and strobe generation is given in Figure 39.

Input diodes protect the read amplifier during write operations. The

read head generates a low-level analog signal of approximately 14 to 18
millivolts peak to peak., The read amplifier, which has a differential

input and single-ended output, picks up this signal and amplifies it to

a suitable level, then sends it to an inverting amplifier which generates
the converted signal required for the full-wave rectifier. The amplifier
output signal level is adjusted to 12 volts peak to peak by the gain control
potentiometer. A clipping level DC bias is fed into the input of the

(Continued on page V-41)
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full-wave rectifier with the result that positive peaks above the clip-
level threshold are observed at the output of the circuit. This signal
is then sent to the peak detector, which in turn generates a digital

pu.:.ac whose uo.l.ll"xg ""’yc uuucapuudn to the peak of the aualug Sig“ H
and is used to load the read register at that time. The contents of the

med mdmon mamm o amde e -~ ademmen mom ] Ale o em R )

read 169151.0::1 are sent to the output driver and thence to the customer'
data line,

U)

Auxiliary to this general fiow of read data, several other functionai
circuits are implemented to complete and control the read data genera-
tion and transfer process. These auxiliary functions are described
in the subsections following.

Strobe Generation Circuifry. As in most other NRZI read systems, the
OR'd data method of read strobe pulse generation is used in the Mod 10
(see Figure 40). The first arriving bit sensed at the read register

is used to trigger the read strobe delay single-shot. This is imple-
mented by taking the complement outputs of the read register and feeding
them into a nine-way OR-gate whose output goes to the single-shot.

The pulse width of the single-shot is controlled by adjusting a poten-
tiometer and is set to approximately one-half frame time.

At the end of the variable time delay period, a read strobe pulse is
generated (see the block labeled T in the diagram) and sent to the
tape controller. The trailing edge of this pulse also triggers the
read register delayed reset pulse network, allowing 500 nanoseconds
for scanning of the data lines by the controller before the read
registers are reset. A summing function (data staircase) is provided
at the output of the read registers so that interchannel time displace-
ment can be measured.

High-Low Density Select. Data can be recorded on tape at either a
high or low density (more or fewer characters per inch). An input
from the high~low density select function changes the pulse width
of the read strobe delay single-shot to correspond to the density

of character generation.

Clipping Level Circuitry. This circuitry, shown in Figure 38, generates
the clipping levels through which the read signals must pass before
reaching the peak detectors. If the Read Threshold line is TRUE,
approximately 45 per cent of the read signal amplitude is clipped. When
this line is FALSE, the level is decreased so that only 25 per cent of the
read signal amplitude is clipped. A provision has been implemented

via the low-read-threshold remote input line so that an even lower
threshold level (12 per cent) can be selected when reading marginal output
tapes. The state of this line has no effect on the clipping level while

the Read Threshold line is TRUE.
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6.0

KEY TO LOGIC SYMBOLS

In several portions of this Manual, primarily in this section and
in Appendix B, logic symbols are used to represent certain logical

P~2—21 14

functions or integrated circuit elements. The accepted integrated

: 14
circuit manufacturer's industry standard symbols are used here,

Since DTL and TTL logic i
inverting type, utilizing NAND-NOR elements rather than AND-
OR devices.

Although the same device is used to implement both the NAND
and the NOR function, the symbol is shown to correspond to the
particular functional operation.

The input/output lines to the device are shown for the TRUE (active)
state of the function. A state indicator, shown as a small circle

at the input or output of the device, means that if that line is in
the TRUE state, it will be at zero volts. Lack of a state indicator
means that the TRUE state of the line is at +5 volts. The following
symbol and explanation will serve as a clarification and example:

A S ————————
B—< 2 D : D=A+B+C
o3

LOGIC SYMBOL LOGIC EQUATION

Figure 41. Logic Symbol Example

Figure 41 shows a logical NOR element that says that D will be

at +5 volts (TRUE state) if any one, or any combination of A,B,

or C, is at zero volts. Typically, the designation number of that
particular chip in the assembly is shown within the symbol, and
the corresponding chip pin numbers are shown on the lines external
to the symbol,

Table 3 shows all of the logic symbols used in this Manual with
their corresponding names and logical equations. The equations
shown are defined by the TRUE level of the input signal.



The single shot produced a positive going pulse at the "1"
output and a negative going pulse at the "0" output and these
are initiated at the time that the input pulse transitions to its

TRUE state.

The flip-flops are of the J-K type and their input/output functions

are as follows:

o T =3 R
HUOU

Designation

Function

Synchronous set input
Synchronous reset input
Clock input

Direct set input

Direct clear (or Reset) input
Set output

Reset output

The following truth tables are applicable to these devices:

SYNCHRONQOUS OPERATION

ASYNCHRONOUS OPERATION

BEFORE CLOCKS

AFTER CLOCK

OUTPUTS | INPUTS OUTPUTS INPUTS ] OUTPUTS
1] 0 ] K 1 0 SD| CD | 1 0
L|H | L |X L H L L H| H
L|H | H | X H | L L H H| L
H| L X | L H | L H | L L H
H| L X H L H H | H [ Synchronous
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TABLE 3

SYMBOL NAME LOGICAL EQUATION
k ]
A B -
NEGATIVE INVERTER B=1A
o
A B —
— POSITIVE INVERTER B= A
A D —_—
B — POSITIVE NAND GATE D=ABC
A D -
B@-— NEGATIVE NOR GATE D=A+B+C
c
A o—
D NEGAT IVE i
B o—— WIRED OR GATE D= A+B+C
cCo— 1
-
SEE
—qT FLIP-FLOP (J-K) TRUTH
TABLE
—K e,
" \Vee
l._.._
SEE
@D Ss SINGLE SHOT EXPLANATION
Op—
) S P
o[ 0LY] 5 | TIME DELAY NETWORK B= A [DLY]
|
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SECTION VI

MAINTENANCE ON SITE

Before any Mod 10 tape transport leaves the factory, each of
its components has been thoroughly tested and all adjustments
have been made to ensure reliable operation. However, in-
judicious handling in transit or the effect of long use may
necessitate the replacement of some parts or the readjustment
of some components.

Table 4 lists a basic set of maintenance tools and supplies
required for servicing the Mod 10. As the table suggests, some
supplies should also be available to the operator for daily or
shift-end cleaning.

able 5 offers a suggested schedule for preventive maintenance.
Again, some of these functions are the responsibility of the tape
transport operator. Procedures for performing them have been
specified in Section III. The remainder--preventive maintenance
tasks that must be performed by a service engineer--are described
in connection with the repair procedures for the subassembly to
which they pertain.

In the pages that follow, instructions are provided for replace-
ments, readjustments, and trouble shooting aids that can effectively
be made while the tape transport remains installed in the customer's
computer system. Some tasks of repair require test equipment not
normally available in the field, or special alignment and adjustment
tools that are not available to field engineers. Instructions for
repairs of this more complex kind are NOT included in this section.

As in the preceding sections, the maintenance instructions are
organized in terms of subassembly units.
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Table 4.

Maintenance Tools and Supplies

FOR THE OPERATOR

Lint-free cloth
Cotton swabs

Isopreopyl alcchol

FOR THE SERVICE ENGINEER

Equipment l Model or Type

Hex. wrench set

Spline wrench

Open-end wrench

Long-nose pliers
Screwdriver set
Screwdriver set

Soldering aid

Soldering iron

Tape tracking fixture
Voltmeter

Reel hub alignment fixtures
Oscilloscope

Dual trace plug-in

X10 scope probes (3)

Guide shims (as required)
Master alignment tape
Standard-level output tape
Scratch tape

Pulse generator or TCU

.

For #4, 6, 8, 10 and 1/4
cap screws and set screws

.
*» A £ + HA Al e
For six—-fluted Tr4 S&tC STrew

For 7/16-=inch bolts

Phillips
Standard blade

WANGCO P/N T-00010

Triplett Model 800 or equivalent
WANGCO B/N T-00002

Tektronix 547 or equivalent
Tektronix 1Al or equivalent
Tektronix

WANGCO P/N 200203

IBM #432640 or 432641

IBM #461108 or 432152
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Table 5. Suggested Schedule for Preventive Maintenance

Maintenance
Task

Interval
(in operating hours)

Procedure
Described in:

Clean Head, Tape 8 Section III
' Cleaner Face, Head (Daily)
PERFORMED Guides, & Head
Guide Blocks
Clean and Check 8 Section III
BY Roller Guides (Daily)
Clean and Check 8 Section III
Capstan (Daily)
OPERATOR
Clean Entire Tape (Approx. 4 months) Section III
Unit Surface
Clean Tape {as required) Section VI,
Cleaner Unit par. 7.2
PERFORMED Check Tape Tracking 2,000 Section VI,
par. 12.3
BY
SERVICE Replace Reel Motor 5,000
: Brushes
ENGINEER Replace Reel Motors 10,000 Section VI,
par. 10
Replace Capstan 10,000 Section VI,
Drive Assembly par. 9.2
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1.1

1.2

1.3

1.4

POWER SUPPLY MAINTENANCE

CHECKING UNREGULATED POWER SUPPLY

A check may be made of the unregulated power supply by testing
with a voltmeter at test points provided on the transport board.

The table below shows the voltages and corresponding test points.
The voltages should be within + 20 per cent of the nominal specified.
(See Figure B17 for test point locations.)

Voltage Test Point
+19V TP 419
-19V TP 422
+13 V TP 420
-13V TP 421

CIRCUIT BREAKER RESET

In the event of malfunction, an. automatic circuit breaker prevents
damage to the tape transport, The circuit breaker reset button is
located adjacent to the power switch on the power supply chassis.
The circuit breaker button will be in the OUT position after an
automatic circuit break has occurred. Pushing in the button re-
makes the circuit.

FUSES

Five fuses, in the unregulated power supply lines, are located on
the power supply subassembly. F1l is a 5 amp fuse in the +19 volt
line. F2 is a 10 amp fuse in the -19 volt line. F3 is a 10 amp fuse
in the +13 wvolt line supplying all loads except the +5 volt regulator.
F4 is a 4 amp fuse in the +13 volt line supplying current to only the
+5 volt reqgulator. FS5 is a 10 amp fuse in the -13 volt line. All
fuses are fast-blow types.

TRANSFORMER TAPS

The Mod 10 tape transport can accept power from sources of varying
voltage, depending on the power transformer primary terminal con-
nection chosen. Figure 42 shows the color coding of the transformer
primary wires attached to the terminal strip TB1 under the power
supply chassis.

VI-4



125 vV

GRAY - -~
120V
VIOLET
IOV
BLUE -0
oV
GREEN -0
YELLOW 125V -O-
| Vv
ORANGE 20
IOV
RED ° 0
Vv
BROWN 0 -0
Figure 42,

Q
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Mod 10 Power Transformer Lead Identification



For example, parallel connection to standard 115V power (plus

or minus 10 per cent) is made by connecting the gray and yellow
wires to one side of the line voltage and the blue and red wires

to the other side. Series connection to a 220V power source is
made by connecting the violet wire to one side of the line voltage,
connecting the blue to the orange wire on the terminal strip, and
connecting the red wire to the other side of the line. Unused wires
should be left attached to the terminal strip.

OPENING OF POWER SUPPLY ASSEMBLY

The opening of the power supply is necessary when trouble shooting
and component replacement is required in this area. It is also re-
quired when it is desired to access TBl to change power transformer
taps. The following procedure shall be used:

1, Turn power off of the unit with the toggle switch on
the power supply and disconnect the power cord from

the wall.
2 Quring ant +tho franennrd
2. Swing out the fransport,
3. Remove the 4 Phillips screws fastening the assembly

to the deck. These screws are shown flagged in the
photograph of Figure 43.

4, Swing assembly open.

TRANSPORT MODULE REPLACEMENT

The transport module which houses all the servo and control logic
electronics can be removed by following the steps below:

1. Turn power off of the unit with the toggle switch
on the power supply and disconnect the power cord
from the wall.

2. Remove all the connectors from the module using care
to avoid damaging connector pins on the module.

3. Swing open power supply assembly as described in
subsection 2,

4, Remove the 3 screws on the heatsink fastening the

module to the deck. These screws are shown in the
photograph of Figure 44. Be sure to support the assembly
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\.J POWER SUPPLY ASSY. MOUNTING SCREWS.
Figure 43. How To Open Power Supply
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(_) TRANSPORT ELECTRONICS PWB ASSY.
MOUNTING HOLES.

Figure 44. Transport Circuit Module Removal
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3 . - +
tc prevent damage when screws are removed. The
e

module is now free to remove,.

After installation of the new module, perform the
transport module adjustments described in sub-
section 15.

DATA ELECTRONICS MODULE REPLACEMENT

The Data Electronics module which houses all of the record and
read electronics can be removed by following the steps below:

1.

Turn main power off either at the control panel
or the power supply.

Remove connectors P3 and P4.

Remove the Winchester head cable connectors

from the module. IMPORTANT - use an appropriate
size screwdriver on the jackscrew fasteners. Loosen
the connectors evenly, alternating turns on each
screw. Attempting to loosen one side at a time will
cause the connectors to bind and possibly bend the
pins, Use of fingers instead of a screwdriver risks
the possibility of breaking wires on the connectors.

While supporting the module to prevent damage, remove
the 4 Phillips screws, holding the module mounting
brackets to the deck. The location of the bracket
screws are shown in the photograph of Figure 45,

After replacement of the new module, perform the
adjustments described in the appropriate data elec-
tronics alignment subsection,

OCP SWITCH REPLACEMENT

The operator's control panel pushbutton switches and indicators are
sealed assemblies. If either the switch or the indicator fails, the
whole sealed assembly must be replaced. (See the photograph in
Figure 46.)

1.

Put the utility power switch at the back of the
fransport chassis in the OFF position.
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DATA ELECTRONICS PWB ASSY.
MOUNTING HOLES (TYP).

Figure 45. Data Module Removal
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Figure 46. Control Panel Switch Removal
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6.1

6.2

2, Grasp the pushbutton at either side and pull it
directly away from the deck, rocking it gently
from side to side, using care that the attached
wires are not damaged.

3. Note the position of the push-on lugs before
removing them from their terminals.

4, Connect the push-on lugs to the replacement
switch in the noted positions.

S. Push the switch firmly into position.

ARM SENSE LAMP AND CELL REPLACEMENT

LAMP REPLACEMENT

The lamp and holder assembly is a plug-in unit.

To replace the lamp disconnect holder from module.
If the assembly is not the plug-in type, unsolder

the lamp lead joints at top of shroud and break
glyptol to free lamp. Solder and glyptol leads of
new lamp. Perform the adjustments of section VI-14,.

CELL REPLACEMENT

It is required to remove the arm sense module in order to
replace the photocell. The following steps specify the
mechanical procedure for removal:

1. Loosen the Allen screw on the collet clamp and
rotate the cam and clamp assembly until it is
free of the shaft.

2. Cut the cable harness tie wraps to separate the
cable from the rest of the harness.

3. Remove the three Phillips screws securing the
module to the main frame.

4, Remove the connector at the end of the module
cable located on the transport module. This will

be P12 for the file side or P13 for the fixed side.

5. Perform the arm sense module adjustments in sub-
section 14 after replacement is completed.
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7.1

HEAD ASSEMBLY REPLACEMENT

Read/Write head assemblies may be removed and replaced in
the field by using the following procedure.
CAUTION: SYSTEM POWER MUST BE TURNED OFF
PRIOR TO DISCONNECTING OR CONNECTING
THE HEAD ASSEMBLY.

1. Remove the head connectors from the data
electronics module located at the rear of the
machine using an appropriate size slot screw-
driver. Do not use fingers for this purpose so
that the possibility of damaging connector wires
is eliminated.

2. Remove both pieces of head cover and remove the
three large Allen screws fastening the head plate
assembly to the deck. These screws are shown
in the photograph of Figure 47.

3. Since it is not desirable to replace the photosense
assembly due to its cable dressing configuration,
disconnect this subassembly from the baseplate by
removing the two Phillips screws at the rear of the
plate.

4 . Remove head assembly.

5. Following the procedure in reverse, install the new
head assembly.

6. Perform the tape tracking check described in Section 12.3.
7. Perform the data electronics alignments described in
Section 16 for dual gap heads or Section 17 for single
gap heads.
REPLACING THE PHOTOSENSE UNIT
The EOT/BOT photosense unit is a sealed component. If either

lamp or photocell fails, the unit must be replaced in its entirety,
as follows:
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7.2

i. Perform step 2 of paragraph 7.

2. Remove both screws holding photosense unit to
read/write head assembly base plate, and move

it to rear of deck. Cut the cable harness so that
this cable is free. Disconnect F11l connector,

h e:n accomh 7. Adiust B
Nneald assemoii Gjuon i

paragraph 15.1 to ensure p
photosense unit.

2 s1 s s
a5 aescrioed in

roper operation of the

CLEANING THE TAPE CLEANER

-

A jet of air directed into the perforations of the tape cleaner
face will force the accumulation of particles through a vent
hole provided on the back of the tape cleaner.
1. Remove read/write head assembly covers (both sides).

2. Shield read/write head by inserting a piece of paper
or cloth between the tape cleaner and the head.

3. Blow into the face of the cleaner.
4, Clean the tape cleaner, magnetic head, and base
plate according to regular maintenance instruc-
tions (Section III).
5. Replace head covers.
If necessary, the tape cleaner can be removed from the head
assembly so that a more forceful air jet can be applied. It is
suggested, however, that frequent gentle cleaning is preferable
to infrequent forceful cleaning.

1. Remove read/write head assembly covers.

2, Remove the screw holding the tape cleaner to the
assembly base plate, and remove tape cleaner.

3. Clean by forcing air through the face perforations.
4, Replace tape cleaner and tighten screw. (Action of
the roll pin in conjunction with the screw will correctly

reposition the tape cleaner.)

5. Replace head covers.
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8. DECK OVERLAY REMOVAL

Removal and replacement of many components requires the
removal of the deck overlay. The following procedures must
be followed:

8.1 REMOVAL OF FIXED REEL

1. For fixed reel hub assemblies whose configuration
does not have three screws on the hub cover, in-
sert a flat blade screwdriver behind the chamfered
edge of the hub cover and pry it up; this releases
the three spring clips holding the cover in place.
(See Figure 48.) Remove the three screws holding
the reel in place and remove the reel.

2. For assemblies whose c_onfigurationv have the three
screws through the cover, ignore step 1 and remove
these screws holding the reel in place. Remove reel.
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CAUTION: Identify the top and bottom assemblies prior to removal
in order to return them to their correct location upon re~assembly.

1, Remove each guide post by unscrewing two Phillips -
screws accessible from the rear of the deck. Under
no circumstances should the small set screw that
holds the roller guide assembly be removed., Removal
of this screw destroys an adjusted setting and
necessitates laboratory or factory re-tracking.

8.3 REMOVAL OF OVERLAY

1. Remove covers from the read/write head assembly
by pulling in the direction perpendicular to the head
plate.

2. Loosen, but do not remove, the four overlay screws
accessible from the rear of the machine. These
screws are shown marked by arrows in the photograph
of Figure 49,

3. Support the overlay prior to total removal of the screws
to eliminate the falling hence possible damage to it.

4, Lift off overlay.
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Figure 49, Deck Overlay Removal
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9.1

9.3

CAPSTAN AND CAPSTAN MVOTOR REPLACEMENT
CAPSTAN ONLY

The capstan can be removed and replaced by releasing the Allen
screw on the top of the capstan motor shaft, holding the shaft
by the flats provided. Note the orientation of the capstan before
removing it, and ensure that it is replaced in the same position.
Capstan speed adjustments are specified in a later section.
JAPSTAN DRIVE ASSEMBLY

Replacement of the entire capstan drive assembly (capstan and

capstan motor) should be done in accordance with the following
procedure:

1. Remove capstan (see 9.1).

2. Remove motor and tachometer leads at terminal
board at rear.

3. Remove four screws holding motor to transport
deck.

4, Replace capstan drive assembly.
- 5. Replace capstan (see 9.1).

6. Perform the adjustments for speed and start/stop
ramps as described in subsections 15.2,2 - 15.2.4,

CALCULATING CAPSTAN SPEED ERROR

The 50/60 Hz strobe disc is inserted into each capstan. The inner
strobe is for 60 Hz and is marked such. It is to be viewed with the
corresponding AC light (such as fluorescent). The 50 Hz disc operates
with a 100 Hz source whereas the 60 Hz disc requires 120 Hz source.
The disc image will appear stationary at 12.5, 25 and 37.5 ips
only. The error from nominal for the mentioned speeds is:

624

E:
TxV

%

where V is nominal speed in ips, and T is the time in seconds for the
image to drift one revolution. If the error exceeds 1% re-adjust speed
per section VI-15.2,
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10.

11.

REEL MOTOR REPLACEMENT

The preventive maintenance schedule (Table 5) suggests that
reel motors be replaced after 10,000 hours of operation. Re-
placement is as follows:

1.

2‘

7.

Remove overlay.

Remove hub of motor to be replaced (two set screws).
NOTE: if WCP fixture # P/N T-00002 is not available,
measure and record the distance from the reference
boss to the hub outer flange prior to removal.

Remove motor leads at terminal board at rear.
Remove four screws holding motor to transport deck.
Screw new motor into place.

Replace motor hub using reel hub alignment fixture,
which sets the position of the outer fiange to a

distance 0.727 inch above the adjacent reference

boss. If fixture is not available, re-position the

hub to the distance measured in step 2. Tighten the two
set screws against the flats on the motor shaft.

Replace overlay.

GUIDE ROLLER BEARING REPLACEMENT

Roller guide bearings, with the exception of those on the file
reel swing arm guide, which control tape motion to the head,
can be replaced whithout destroying preset tracking adjustment
if appropriate care is exercised. (See Figures 50-A & B.)

1.

Note the position of the guide roller with respect

to its shaft. (The roller guide must be replaced with
the same flange nearest the overlay panel that it
originally occupied.)

Remove retaining ring at the shaft end and remove the
guide roller.

Insert new bearing(s).
Replace guide roller.

Replace retaining ring.
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(A) Fixed Guide (B) Self Aligning Guide (C) Fixed Ecceniric Guide
200036 200217 200425 200810
Item No. Description WCP Part No.
1 Ring, Retaining Ext. 100132-001
2 Washer, Shim 200077-001
3 Bearing, Roller 100006-001
4 Drum 200023
S Spring 200156
6 Shaft 200037
7 Ring, Retaining Ext, 100132-002
8 Washer, Shim 200077-003
9 Bearing, Roller 100006-002
10 Drum 200419
11 Sleeve, Pin Retaining 200423
12 Sleeve, Bearing 200420
13 Pin 200422
14 Spring 200421
15 Shaft 200418
16 Screw, Button Hd 2-56 x 3/16 100039-903
17 Washer, Belleville 100256
18 Sleeve, Bearing 200752
19 Shaft 200766
Figure 50. Guide Bearing Replacement

Vi-21



12,

12.1

12.1.1

Replacement of the file reel swing arm roller guide bearings
requires that the guide be re-set as described in paragraph 12.1.1.
The bearings are changed by removing the locking screw and
withdrawing the eccentric guide assembly from the shaft,

(See Figure 50-C.) ‘

TAPE TRACKING ALIGNMENT

Tape tracking is the mechanical adjustment of elements in the
tape path which contribute to the static and dynamic skew of the
tape over the read/write head. Also the proper alignment of the
tape edges between the file and fixed reels consistent with
proper tape handling (i.e., without damaging the tape.) If re-
tracking is found to be required, it is necessary to afterwards
re-check the Read Stack Azimuth alignment per the procedure
described in sections 16.7 or 17.4.

Forward tape tracking is controlled by guiding elements between
the file reel and the capstan. Reverse tape tracking is controlled
by guiding elements between the fixed reel and the capstan (see
Figure 51).

The following tracking procedure assumes that there is no gross
misalignment of guiding elements which would cause tape edge
damage. Initially all roller guides are set such that the inner
guiding edge is .837 inch from the transport component mounting
surface.

FORWARD TAPE TRACKING

File Reel Swing Arm Roller Guide

Basic mechanical alignment of this guide is simplified through

the use of a special tool, WCP # T-00010, the use of which
is illustrated in Figure 52. Alignment is as follows:

1. Remove the overlay (see subsection 8 for procedure).

2. Fasten the alignment tool to the head guides making
sure the outer surface of the tool is against the fixed
guide outer edges, with all shims removed from head guides.

3. - Adjust the position of the swing arm at the supporting

shaft #8 screw) such that the roller guide trough mates
with the alignment tool.
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FILE REEL SWING ARM
ROLLER GUIDE

____FILE REEL FIXED
ROLLER GUIDE

| e
I |

FIXED
HEAD GUIDE——
(A)

READ HEAD — &

FIXED
HEAD GUIDE
(B)

FIXED REEL

FIXED REEL SWING ARM
ROLLER GUIDE

FIXED REEL FIXED
ROLLER GUIDE

REVERSE TRACKING
ROLLER GUIDE

CAPSTAN

Figure 5>1. Tape Guide Diagram
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12.1.2

12.2

12.2.1

4, Adjust the tilt of the roller guide such that the
width of the drum is parallel to the alignment
tool. This is accomplished by slackening the
roller guide locking screw 1/2 turn and rotating
the eccentric guide by means of the hexagon.
(See Figure 53.) For the purpose of this adjust-

) .
ment the drum should be presented to the alignment

5. Shims should be replaced as required under
Paragraph 16.7 or 17.4.

File Reel Fixed Roller Guide

This guide must be aligned to the swing arm roller guide. This
may be done visually by rotating the file reel counterclockwise
against the servo, using old tape, under tape tension, until the
file reel swing arm reaches a point where the tape disengages the
file reel fixed roller guide (see Figure 54). At this point any mis-
alignment between the rollers is seen as a curling or scuffing of

- the tape edge against one of the file reel fixed guide flanges.

This may be corrected by adjusting the file reel fixed guide, using
the screw at the side of the guide support for this purpose.

REVERSE TAPE TRACKING

Reverse Tracking Roller Guide

1. Remove the reverse tracking roller guide by means
of the screw at the side of the guide support.

2, Run the tape forward and observe the lateral position
of the tape on the capstan. Now run in reverse and
see that there is no "tape walk".

3. If this condition is observed, adjust the position of
the fixed reel swing arm at its pivot #8 screw) and
align the adjacent fixed roller guide to the swing arm
roller guide. The procedure is the same as that for
the file reel fixed guide. Capstan "tape walk" between
forward and reverse should not be greater than .01 inch
with the reverse tracking guide removed.

4, Replace the reverse tracking guide and adjust the
forward/reverse “"tape walk" as close to zero as
possible by means of this guide only.

5. Now that all the alignments are complete, check the
results by following the procedure in the next section,
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LOCKING SCREW

HEXAGON FOR —
ECCENTRIC TILT
ADJUSTMENT

Figure 53. Tilt Adjustment ~ File Reel Arm Guide
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FILE REEL FIXED
ROLLER GUIDE

FILE REEL SWING ARM
ROLLER GUIDE

FIXED
HEAD GUIDE
(A)

OBSERVE TAPE AS IT
ENTERS FIXED GUIDE
: %

TROUGH FOR SCUFFING
OF EDGES.

FILE REEL FIXED
ROLLER GUIDE (REF)

FILE REEL SWING ARM
ROLLER GUIDE {REF)

e,

view A

Figure 54, File Reel Fixed Guide Adjustment
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12.3

CHECKING TAPE TRACKING

This procedure provides an electrical check to verify that tape

is tracking in the reverse direction within acceptable limits with
respect to the forward direction. The procedure compares the
time displacements of the analog signal peaks of the two outside
channels while running tape forward with the time displacement of
those peaks while running tape in reverse. If the transport is
perfectly tracked, the time displacements in both directions will
be the same, but the phase relationship between the two peaks
will be opposite. Since the accuracy of tape tracking is directly
dependent upon mechanical alignments and mechanical tolerance
build-ups, perfect tracking is usually not achieved; however,
limits are established that will guarantee reliable operation in
both directions.

Equipment required includes an oscilloscope, a dual trace plug-
in, and three 10X probes (see Table 4); also required is a scratch-
pad tape having all ones recorded on the outside channels.
Procedural steps are as follows:

1. Scope controls:
a) Mode~--Chop, AC.

b) Sensitivity--as required to get good resolution
of the peak time displacement.

c) Trigger--External (+), AC, trigger mode.
d) Sweeptime--5 psec/cm.

2, Place Channel 1 scope probe and trigger probe on the
test point corresponding to the head edge track located
closest to the transport. This test point is 602 for
nine-channel systems and 102 for seven-channel systems.

3. Place Channel 2 probe on the test point corresponding
to the channel farthest from the transport. This test
point is 702 for nine-channel systems and 902 for seven-
channel systems.

4, Load the scratch-pad tape and run tape in the forward
' direction under manual control. Record T, (usec). Run
tape in the reverse direction and record T,. (See Figure 55).
Since the read head azimuth angle can be in either
direction, the actual phase relation between the reference
channel and the other outside channel may be opposite to
that depicted in Figure 55.
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5. The value of T, should be related to T, by the
following equation:

75
Vv
where V represents the transport speed. If this

e mam L omea 2 cmad e ol Al e 2Ll oo L oo 08 . oa a1
COnQiLI0n 15 0L Mgy, uiell Siuner wuiefe is tape waixk
on the capstan, or the file reel swing arm guide is
improperly set. Retrack the unit per the procedure

described in subsection 12.1 and 12.2

Ty 2=T. + sec.

i

T2 re e Tl
< REVERSE ——f—~-FORWARD 1
// 74:'\\ | DIREGTION_/] \\DIRECZJT— i\;\:\
)
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7 \a AN
e ot

Figure 55. Checking Tape Tracking, Desired Waveform
REGULATED POWER SUPPLY ADJUSTMENTS

Three potentiometer adjustments are required to adjust the power
supply regulators to the proper operating voltage levels. These
potentiometers are located on the regulator subassembly module
(See Figure B6). A voltmeter having an accuracy of at least 2 per
cent should be used to make the adjustments. Each adjustment
should be made according to the following table:

Adjust By Connect Meter
Voltage Potentiometer Between
To: Test Points
+ 5 Volts R2 TP1(+) & TP4(-)
+12 Volts R14 TP2(+) & TP4(-)
-12 Volts R21 TP3(~) & TP4(+)
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14.. . ARM SENSE MODULE ADJUSTMENTS

Correct adjustment of the arm sense module position, cam position,
and two potentiometers is necessary to ensure the correct operation
of each servo swing arm. The adjustments must be -made in the
order in which they are specified below. (Either arm may be ad-
justed first.)

The power must be ON and the transport must be RESET at the
control panel before starting the adjustment procedure. No tape
should be loaded on the machine,

14,1 FIXED REEL ADJUSTMENTS

1. Mechanically position the swing arm in the center

’ of its normal operating arc and verify that the center
of the cam arc lines up with the photocell and lamp
housing. If the cam is improperly positioned, re-
position cam as specified in subsection 6.

2. Connect a voltmeter between test point 424 and
ground on the transport board. (See Figure B24)

3. Loosen the three screws that secure the arm sense
module to the main frame and adjust the position of
the module on the slotted holes until the voltmeter
reads 0 +0.2 volts. Tighten the three mounting screws
locking the assembly in place.

4, Adjust the fixed reel servo gain potentiometer R462 and
the swing arm position potentiometer R465 as outlined
in subsection 15.3.

14.2 FILE REEL ADJUSTMENTS
1. Perform Step 1 in 14.1 above.

2. Connect a voltmeter between test point 425 and ground
on the transport board. (See Figure B24,)

3. Perform Step 3 in 14.1 above.
4, Adjust the file reel servo gain potentiometer R503 and

the swing arm position potentiometer R508 as outlined
in subsection 15.3.
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15.

15.1

15.2

15.2.1

TRANSPORT MODULE ADJUSTMENTS

EOT/BOT PHOTOSENSE ADJUSTMENT

1. Connect a voltmeter between test point 201
and ground. (Reference Figure B24.)

2. Adjust potenticmeter R215 so that the voltmeter
reads 0.0V * 0.15V while tape is loaded on the
transport but neither photosense tab is being sensed.

CAPSTAN SERVO ADJUSTMENT

Five adjustments are required to ensure correct operation
of the capstan drive. The order in which these adjustments
are given below must be carefully followed since there is
interrelationship between some adjustments. Adjustments
should be performed with tape loaded on the transport.

Ramp adjustments require that the transport be under
program control so that the tape repeatedly starts and
stops. (See Figure B24 for potentiometer and test point
locations.)

Offset

1. Press RESET pushbutton.

2. Connect a voltmeter between test point 408 and
ground.

3. Adjust potentiometer R438 for zero volts, 100 mv.

Forward Motor Speed

The strobe disc is mounted on the front of the capstan and
has two patterns. The inner pattern is used for 60 Hz
units and the outer pattern is used for 50 Hz units.

1. For standard speed units (see VI-9.3) containing a
strobe disc, while running the unit in the forward
direction under manual control, adjust R415 until
the strobe pattern appears stationary.

2. For all other speed units, using an IBM skew tape,
adjust the potentiometer for a pulse repetition
period shown below. This will be observed at TP3
(D/G module) or TP5 (S/G module).

P = l%ég usec

where S is machine speed.
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15.2.3

15.2.4

Reverse Motor Speed

1. Repeat the procedure of step 1 (Sec. 15.2.2)
while running in reverse using potentiometer R411.

2. Duplicate the procedure of step 2 (Sec. 15.2.2)
while running in reverse using potentiometer R411.

Start/Stop Ramp Time

The start/stop ramp times can be properly adjusted only
after the forward-reverse speeds have been set up. Only
the forward and reverse stop ramps will be adjusted since
adjusting the stop ramp for one direction alsc adjusts th
start ramp for the opposite direction. The ramps will be
observed at the capstan tachometer output.

Forward Stop Ramp Time:
1. 1Initiate a start/stop forward motion program.

2. Trigger oscilloscope sweep on external negative
at the Mcticn test pcint 204 a2nd chkserve tach
signal of TP406. In order to maintain a clean
tach signal, pick up scope probe ground on TP403.
Use sufficient vertical sensitivity on scope to
cleanly measure where the signal reaches the

Zero axis.

3. Adjust potentiometer R423 so that the time for the
tach signal to reach zero output is as follows:

T = éig milliseconds

where T is the stop ramp in milliseconds and S is
the operating speed of the transport in ips (see
Figure 56). For example, a 25 ips transport would
have a stop ramp time as follows:

o = 340
25

= 13.5 milliseconds
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15.3
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figure 56, Stop Ramp Time

Reverse Stop Ramp Time:
1. Initiate a start/stop reverse motion program.

2. Using the same procedure as outlined in step 2 of \the
Forward Stop Ramp Time paragraph above, adjust
potentiometer R426 for the same stop ramp time estab-
lished in step 3 of the procedure.

REEL SERVO ADJUSTMENTS
Two potentiometer adjustments are required in each reel servo to
provide proper servo gain and swing arm operating position. These

adjustments vary depending upon the transport operating speed
and are specified below,
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1. Mark off four inches of arc aiong the path traveled
by the swing arm tip.

2. Connect an oscilloscope to the servo amplifier
output test point 418 for file reel or test point
410 for the fixed reel. (Reference Figure B24,)

3. With tape loaded and holding tension, move the
tip of the swing arm back and forth between the
end points of the four-inch arc marked off in
step 1. (This can be most easily accomplished
by moving the reel back and forth by hand rather
than the swing arm.)

4, Adjust the gain potentiometer so that the four-inch
arm movement in step 3 produces a total voltage
change on the oscilloscope as specified below,
Potentiometer R503 adjusts the file reel servo gain
and R462 the fixed reel servo gain.

a) For 45 ips machines adjust for a total
voltage change of 6.0 volts.

b) For 37.5 ips machines adjust for a total
voltage change of 5.0 volts.

c) For 25 ips and slower machines adjust for
a total voltage change of 3.5 volts.

15.3.2 Swing Arm Position

The swing arm position must be adjusted with tape loaded and
the machine operating at the proper speed. Both file and fixed
reel arm positions must be adjusted with minimum pack (less
than 1/16-inch of tape on reels). The file reel arm position is
adjusted by potentiometer R508 while running forward and the
fixed reel arm position is adjusted by R465 while running in
reverse. The correct operating arm positions for each speed
machine is as follows:
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45 and 37.5 ips machines should have the swing
arm adjusted so that the center of the outermost
roller guide on the swing arm is 3/16 of an inch
above (measured vertically) the top edge of the
fixed roller guide support bracket. .

25 ips and slower machines should have the swing

arm position adjusted according to the table below.

The distances given in the table are measured vertically
from the center of the swing arm roller guide to the top
edge of the fixed roller guide support bracket.

Machine Swing Arm Position Above
Speed Fixed Guide Bracket

25 ips 1/2 inch

18.75 ips 1.0 inch

12.5 ips 1-1/2 inches

10 ips 1-1/2 inches
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16. DATA ELECTRONICS DUAL GAP SYSTEMS ADIUSTMENTS

16.1 ADJUSTMENT SEQUENCE
All alignments are made at the factory prior to shipment of equip-
ment. Verify alignments if either subassembly has been replaced,
or if data electronics or heads seem to malfunction. Before per-
forming the adjustments, verify that the scope probes, plug-in
unit, and time base are calibrated.
All potentiometer and test point locations are identified by a silk-
screened designator adjacent to the component on the module. (See
FigureB32for the physical board location of test points and adjustments.)
WARNING: SYSTEM POWER MUST BE TURNED OFF
BEFORE DISCONNECTING OR CONNECTING

EITHER THE DATA ELECTRONICS MODULE
OR THE HEAD ASSEMBLY.

Tape transport and power supply adjustments must be verified before
performing the data electronics adjustments. Because of the inter-
relationship among the circuits, the adjustments must be made in
the following sequence:

1.  Phase splitter quiescent level adjustment

2. Read amplifier gain adjustment

3. Crossfeed shield

4. Read strobe delay adjustment

5. Read stack azimuth meaéurement and correction

6. Write stack deskew

a) Read stack profile measurement

b) Write deskew single-shot adjustment

7. Verification--staircase measurement.
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16.2

16.3

PHASE SPLITTER QUIESCENT LEVEL

The following prescribes the adjustment procedure for nine-channel
tape transports. The levels at test points 202 and 302 need not be
correct for seven-channel systems,

1.

S.

Scope controis:

a) Mode--Channel 1; DC.

b) Sensitivity--0.05 V/cm.

c) Trigger--Internal, automatic stability.
Connect Channel 1 probe to test point 102,

Without running tape, adjust potentiometer R27 until
+ 1,0 VDC is observed at test point 102,

Scan test points 202 .to 902 to ensure that the quiescent
point of all the phase splitters falls within +1.0 + 0.3 VDC,

If this condition cannot be attained, readjust R27 until the
condition is satisfied.

READ AMPLIFIER GAIN

The following prescribes the adjustment procedure for nine-channel
tape transports. For seven-channel systems, set R218 and R318 fully
counterclockwise.

1.

Scope controls:
a) Mode--Channel 1; AC.
b) Sensitivity--0.2 V/cm.

c) Trigger--Internal, automatic stability.
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Load Standard Level Cu tout

set the tape controller for a continuous write mode at
a frequency corresponding to 800 cpi and ones written
on all channels,

'"5

A ~n Fha $ra
ape Ol uie u

Connect Channel 1 scope probe to test point 102 and run

3 L]
tape forward. Adjust R118 so that the analog signal has
a 12-volt peak to peak amplitude. (See Figure 57.)
4, Repeat for all channels. See Table 6 for correct
potentiometers and test points.
; |
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b
Figure 57. Read Amplifier Gain Adjustment, Dual Gap Systems
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16.4

Table 6. Data Electronics Adjustment Points - Dual Gap Systems

Alignment Section

Channel Read Amp Gain Write Deskew Comments
Test Point Pot. No. Test Point Pot. No.
TP-102 R-118 TP-103 R-10k
TP-202 R-218 TP-203 R-20k Not used in
' ' T-Channel systems.
1 TP-302 R-318 TP-303 R-304 Not used in
T7-Channel systems,
2 TP-4O2 R-418 TP-L403 R-LokL
3 TP-502 | E&-518 TP-503 R-50L
L TP-602 R-618 TP-603 R-604
5 TP-702 R-718 TP-703 R-T0L
6 TP-802 R-518 TP-803 R-80L
7 TP-002 R-018 TP-903 R-90h4

CROSSFEED SHIELD

This is a mechanical alignment on the head gate assembly necessary

to minimize the write-to-read crossfeed signal.

If the complete head

assembly has been replaced, proceed starting with Step 1. If only
the crossfeed shield has been replaced, or if only a check is being
performed, skip Step 1.

1. Turn all write deskew single-shot potentiometers
(R104 to R904) so that all nine head drivers switch

simultaneously.

test points 101 to 901.

This can be observed by scoping

2, Place Channel 1 scope probe on test point 602 and

Channel 2 scope probe on test point 702,

If this is

a seven-channel system, place Channel 1 scope probe
on 102 and Channel 2 scope probe on 902, With scope
plug-in mode on alternate, set both scope channel

~ vertical gains to 0.01 V/cm.

3. Remove tape from capstan so that the tape will not

move when a run command is given,

This is to be

done by threading the tape, such as to wrap the guide
adjacent to the capstan, onto the fixed reel swing arm,
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Set the tape controller unit for a continuous write
mode, all ones on all channels. Run transport and
observe crossfeed on the two edge channels. If the
peak to peak amplitude of the crossfeed is less than
the following, no adjustment is required.

Null Voltage (MV - P-P) Speed (IPS)

750 10

600 12.5

500 18.75

400 25 and above

See Figure 59 for typical head gate wave forms.

If the amplitude is greater than the voltage resulting
from the table in item 4, loosen the two head gate
screws and reposition the gate by moving it in the

plane shown in Figure 58 until a null voltage is reached.
The edge of the ferrite should be approximately opposite
the Write gap. Be sure that the shield housing is resting
on the head block at front and back.

16.5  READ STROBE DELAY

1.

Scope controls:

a) Mode--Channel 1, DC.

b) Sensitivity--0.1 V/cm.

c) Trigger--Internal (+) trigger mode.
Connect Channel 1 scope probe to test point 3.
Verify that the transport is selected for high
density operation and write all ones as des-
cribed in paragraph 16.4, step 2.

A positive pulse will be observed at test-point 3.
See Figure 60 . Adjust R49 for a pulse width of
approximately one-half frame time. At 25 ips this

should be 25 ysec. A frame time is defined
as_1l , where V is the transport velocity

angDD is the operating data density.
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HEAD GATE ASSEMBLY
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Figure 58, Head Gate Adjustment, Dual Gap Systems
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Figure 59. Head Gate Adjustment Waveforms, Dual Gap Systems
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Figure 60. Read Strobe Delay Adjustment, Dual Gap Systems

READ STACK AZIMUTH MEASUREMENT AND CORRECTION

This adjustment is required only when the read/write head assem!
has been replaced. Its purpose is to ensure that the read stack i
perpendicular to the tape path. This is a mechanical adjustment
and is accomplished by shimming either (but only one) of the two
guides mounted on the head assembly base plate. The shims are
mounted by removing the guide, inserting a shim on the guide sh
and re-assembling the guide on the base plate., The shims are 0
inch thick and one shim will correct for 15 micro-inches of skew

1. Scope controls:
a) Mode--Chop.
b) Sensitivity--0.2 V/cm, DC, both channels,
c) Trigger——Ext'ernal (+) AC trigger mode.
d) Sweeptime~-Sufficient resolution so that the

positive-going edges of each trace can be
accurately measured.
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2, Place Channel 1 scope probe and trigger probe on the test
point corresponding to the head edge track located closest
to the transport. This test point is 603 for nine-channel
systems and 103 for seven-channel systems.

3. Place Channel 2 probe on the test point corresponding to
the channel farthest from the transport. This test point
is 703 for nine-channel systems and 903 for seven-channel
systems,

4, Load a master skew alignment tape, making sure that the
write enable ring is removed. Place the tape controller
unit in a read mode and observe the time displacement
between leading edges (see Figure 61). If the time dis-

L4 7 placement corresponds to a distance less than 25 micro-7 "
J“L,f_“;g}/« inches (1 usec at 25 ips), no shimming is required: Pl
25 jusee Distance (uinc1})6= Velocity (ips) X Time (usec). .
wz‘;ﬁ._,’ )J 25y = %gg‘& X X/erc ' -~ 55}

If the timg displacement corresponds to a distance greater -
than 25 micro-inches, the guide con the file recl side of

the head assembly must be shimmed. The number of shims
can be calculated as follows, where N represents the

number of shims:

N = (Tape SgeedHTime!
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Figure g1, Head Stack Shimming, Dual Gap Systems
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[
Number of Time Displacement for Speed Indicated (usec)
Shims
12.5 ips 25 ips 37.5 ips 45 ips
1 0.7-1.8 |0.4-0.91'0.3-0.6 10.2-0.,5
2 1.9-3,0 ]1.0~-1.5}0.7-1.0 |0.6~-0.9
3 3.1-4,2 |1.6~-2.1]11.1-1.4 {1.0-1.2
4 4.3 -5.4 y2.2-2.711.5-1.8 1.3-1.5
5 5.-6.6 {2.8-3,311,9-2,2 {1.6-1.8
6 6.7 -7.8 3,4-3.912.3~-2.,8 1.9-2.2
7 7.9-9.0 |4.0-4.5}|2.7-3.0 |2.3-2.5
8 9.1 -10.214.6~-5.1}13.1-3.4 12.6-2.8

Shim Table for Standard Tape Speeds

5. If the leading edge of the trace being triggered is
seen but not that of the other channel, place the
scope trigger probe on the opposite channel and
observe the time displacement between pulse leading
edges. In this case, the tape guide on the capstan
side of the head assembly must be shimmed according
to the instructions in step 4.

6. After the guide is shimmed, verify that the time
displacement between the outside channels corres-
ponds to a distance less than 25 microinches.

7. Measure and record the static data staircase using
the master skew tape utilizing the method described
in subsection 16.8. This data will later be used to
compare with the results of that section.

16.7 '~ WRITE STACK DESKEW

The method used tc ensure proper Write head deskewing is first to
plot the read stack gap scatter in the forward direction, referencing
each track to the leading track, and using an IBM Master Skew Tape.
Then the gap scatter plot is duplicated while writing all ones on

a scratch-pad tape by adjusting the potentiometers of the Write
Deskew single shots.

16.7.1 Read Head Stack Profile

The method used to measure and record the gap scatter is first to
locate the leading track and then to measure the time displacement
of each of the other tracks with respect to this track.
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16.7.1.1 How to Locate the Leading-Track:

The. leading track will be located by comparing all the tracks

to each other in the method described below. The digital data
compared, will be only that which corresponds to the negative
peaks of the analog signals observed at TP102 - TP902. By
taking this precaution, error due to the effect of the pulse pairing
phenomenon is eliminated.

1. Scope Controls
- a) Mode--Chop
b) Sensitivity--0.2 V/cm, DC, both channels

c) Trigger--External (+) AC mode connected to
CHI1 Trigger out jack.

2. Using the IBM Skew Tape, run the transport in the
forward direction in the ON-LINE mode.

3. Set C}*anr 1 1 scope probe on TP103 and the Channel 2
probe on TP102. Set th e scope sweeptime at 1 4 sec/cm,

One of the patterns shown in Flgure 62 will be observed
on the screen:

o | / J\‘i\
L i

A , B C
Figure 62, Triggering Method

4, If the display of Figure 62-A is observed, proceed to
step 5, since this indicates that correct triggering of
alternate bits generated by the negative analog signal
peaks has been achieved.

a) If the display of Figure 62-B is observed,
triggering is on alternate bits but created
by the wrong polarity analog signal peak.
To correct the triggering, lift and re-apply
Channel 1 probe to TP103. Normally, after
one or two tries, triggering will switch to
the correct polarity.

VI - 44



\S

c)

Move

a)

b)

If the display of Figure 62-C is cbserved,
triggering again is incorrect because it is
occurring on every bit. To correct this
condition, change to a faster or slower scope
sweep speed.

Once the display of Figure 62-A is obtained,

do not change the sweep speed for the re-
mainder of the procedure. If greater sweep .
speed resolution is required, use the Horizontal
Magnifier. Correct triggering will be main-
tained as long as the trigger probe is not moved
to another point or if the tape does not change
direction.

Channel 2 probe to TP203.

If it is observed that the positive going pulse of
TP203 follows the trigger pulse, move Channel 2
probe to TP303 since TP103 is the leading of the
two tracks, and it is required to maintain the
Channel 1 probe on the leading track. Repeat
the process until the signal on Channel 2 is not
observed.

If the signal on TP203 is not observed on the
screen, it is the leading track. Move Channel 1
probe to TP203. Since the trigger probe has now
changed location, verify that triggering is still
correct, following the method described in step 4
by observing TP102 with Channel 2. Move Channel
2 to TP303.

Repeat the process described in step 5 until all the tracks
have been scanned, making sure correct triggering is
maintained every time the Channel 1 probe is moved to
the newly~-found leading track.

To verify that the leading track has truly been located,
keep the Channel 1 probe fixed on that track and scan
the remainder of the tracks with Channel 2 probe. The
leading edge of the positive pulse will be observed at
all of the test points.
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16.7.1.2

16.7.2

16.8

Profile Plot:

Keeping Channel 1 probe on the Read register test point
corresponding to the leading track, use Channel 2 probe
on TP103 through TP903. Record the time displacement
between the leading edges of both pulses for each track,
making sure that the proper triggering method is used.

Write Single-Shot Deskew

This adjustment is performed while the transport is loaded with a

FoYaYa)

scratch tape for writing all ones on ail tracks at 800 cpi.

1.

2.

While running the transport continuously, display

the reference track on Channel 1 and the test track
using Channel 2 of the scope. Set the reference
track potentiometer to approximately one-third turn
from the counterclockwise position. Adjust the
corresponding write deskew potentiometer so that

the read profile of paragraph 16.7.1.2 is duplicated,
making sure that the proper iriggering method is used.

Repeat for all tracks. See Table 6 for correct test
point and potentiometer.

VERIFICATION--STAIRCASE MEASUREMENT

A quick verification of all the foregoing adjustments can be made
by checking the width of the data staircase when the transport is
running in the forward direction.

1.

Scope controls:

a) Mode--Channel 1, DC.

b) Sensitivity--0.1 V/cm.

c) Trigger--External (+) AC, Trigger mode.

Connect scope trigger probe to test point 3 and
Channel 1 probe to test point 2.
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3. While writing continuous ones, the waveform
should resemble that shown in Figure 63, Time T
should approximate the results of subsection 16.6,
step 7 and should not exceed:

usec (T <4 ysec at 25 ips)
Time T shall not include the effects of dynamic skew,

4, If this condition is not met, repeat the procedures
specified in paragraphs 16.6 through 16.7.

DYNAMIC SKEW EFFECTS
( EXAGGERATED FOR ILLUSTRATION)

Figure 63. Staircase,Wavéform, Dual Gap Systems
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17.

17.1

DATA ELECTRONICS SINGLE GAP SYSTEMS ADJUSTMENTS

DJUSTMENT SEQUENCE

All alignments are made at the factory prior to shipment of equipment.
Verify alignments if either subassembly has been replaced, or if data
electronics or heads seem to malfunction. Before performing the
adjustments, verify that the scope probes, plug-in unit, and time
base are calibrated.

All potentiometer and test point locations are identified on the module
by a silk-screened designator adjacent to the component. See
Figure B29for the location of test points and adjustments on the
module.

WARNING: SYSTEM POWER MUST BE TURNED OFF
BEFORE DISCONNECTING OR CONNECTING
EITHER THE DATA ELECTRONICS MODULE
OR THE HEAD ASSEMBLY.
Tape transport and power supply adjustments must be verified before
performing the data electronics adjustments, Because of the inter-
relationship ameng the cu'cu1ts the adjustments must be made in
the following sequence:
1, Read amplifier gain adjustment
2. Read strobe delay adjustment
3. Read stack azimuth measurement and correction

4, Verification--staircase measurement.
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17.2

READ AMPLIFIER GAIN

The following prescribes the adjustment procedure for nine-channel
tape transports. For seven-channel systems, Set R211 and R311
fully counterclockwise,

1.

Scope controls:
a) Mode--Channel 1; AC
b) Sensitivity--0.2 V/cm.

c) Trigger--internal, automatic stability.

NOTE: BE CAREFUL TO USE A STANDARD LEVEL
OUTPUT TAPE FOR THE READ AMPLIFIER GAIN
ADJUSTMENT.

Load standard level output tape on the transport and
set the tape controller for a continuous write mode at
a frequency corresponding to 800 cpi and ones written
on all channels.

Rewind and then run forward in a Read mode,

Connect Channel 1 scope probe to test point 103 and
run tape forward. Adjust R111 so that the analog signal
has a 12-volt peak to peak amplitude. (See Figure 64.)

Repeat for all channels, See Table 7 for correct
potentiometers and test points.
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Figure 64. Read Amplifier Gain Adjustment, Single Gap System

Table 7. Data Electronics Adjustment Points - Single Gap System

Alignment Section
Read Amp Gain
Channel Test Point Pot. No. Comments

P TP-103 R-111

0] TP-203 R-211 Not used in
7-channel systems

1 TP-303 R=-311 Not used in
7-channel systems

2 TP-403 R-411

3 TP-503 R-511

4 TP-603 R-611

5 TP-703 R-711

6 TP-803 R-811

7 TP-903 R-911
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READ STROBE DELAY

Scope controls:

a) Mode--Channel 1, DC.

b) Sensitivity--0.1 V/cm.

c) Trigger--Internal (+) trigger mode.

Connect Channel 1 scope probe to test point 5.

density operation and read all ones.

Verify that the transport is selected for high

At 25 ips this

x‘;y; N
‘; \'""\, 4, A positive pulse will be observed at test point 5.
\fj\ .« (See Figure 65.) Adjust R28 for a pulse width of
\S{?& approximately one-half frame time.
) _ - %\,l‘ 20 §€should be 25 usec, at 37.5 ips, 17 usec, and at
1ot et %} _;,3;‘;?1. 45 ips, 14 usec. A frame time is defined as
r vUoSee >
- g wiere V is the transport velocity and D
R | is the operating data density.
Tar PR =
PR f:— S PN
* -
=
pabuerlnraloru by il e letes b
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Figure 65. Read Strobe Delay Adjustment, Single Gap Systems

— 25 USEC AT TP5 —
@ 25 IPS
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17.4

HEAD STACK AZIMUTH MEASUREMENT AND CORRECTION

This adjustment is required only when the read/write head assembly
has been replaced, Its purpose is to ensure that the stack is per-
pendicular to the tape path, This is a mechanical adjustment and
is accomplished by shimming either (but only one) of the two guides
mounted on the head assembly base plate. The shims are mounted
by removing the guide, inserting a shim on the quide shaft, and re-
assembling the guide on the base plate. The shims are 0.0002 inch
thick and one shim will correct for 15 microinches of skew,

1. Scope controls:
a) Mode~--Chop.
b) Sensitivity--0.2 V/cm, DC, both channels.
c) Trigger--External (+) AC trigger mode.

d) Sweeptime--Sufficient resolution so that
the positive-going edges of each trace can
be accurately measured.

2. Place Channel 1 scope probe and trigger probe on the
test point corresponding tc the head edge track located
closest to the transport. This test point is 605 for
nine-channel systems and 105 for seven-channel systems.

3 lace Channel 2 probe on the test point corresponding to
the channel farthest from the transport. This test point
is 705 for nine-channel systems and 905 for seven-
channel systems.

[
.
=

4, Load a master skew alignment tape, making sure that the
write enable ring is removed. Place the tape controller
unit in a read mode and observe the time displacement
between leading edges. (See Figure 66.) If the time
displacement corresponds to a distance less than 25
microinches, no shimming is required.

Distance ( uinch) = Velocity (ips) X Time (usec.)
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Figure 66. Head Stack Shimming, Single Gap System
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17.5

If the time displacement corresponds to a distance greater
than 25 microinches, the guide on the file reel side of

the head assembly must be shimmed. The number of shims
can be calculated as follows, where N represents the
number of shims:

(Tape Speed) (Time)

N = 15
Number of Time Displacement for Speed Indicated (usec)
Shims 12.5 ips | 25 ips 37.5 ips | 45 ips
1 0.7-108 004-009 0.3_0.6 0.2-0.5
2 1.9-3.0 }1.0-1.5}0.7-1.0 |0.6-0.9
3 3.1-4,2 y1.6~-2.171.1-1.4 {1.0-1.2
4 4,3-5.4 }12.2-2,7}41.,5-1.8 |1.3~-1.5
5 5.5-6.6 |2.8-3.311.9-2.2 |1.6-1.8
6 6,7-7.8 {3.4-3.912.3~2.6 j1.9~-2.2
7 7.9-9.0 | 4.0-4.5}2.7~-3.0 |2.3~-2.5
8 9.1 -10.214.6~-5.1}13.1-3.4 12.6~-2.8
5. If the leading edge of the trace being triggered is seen

but not that of the other channel, place the scope trigger
probe on the opposite channel and cbserve the time dis-
placement between pulse leading edges. In this case,

the tape guide on the capstan side of the head assembly

must be shimmed according to the instructions in step 4.

After the guide is shimmed, verify that the time dis-
placement between the outside channels corresponds
to a distance less than 25 microinches.

VERIFICATION--STAIRCASE MEASUREMENT

A quick verification of all the foregoing adjustments can be made by
checking the width of the data staircase when the transport is running
in the forward direction.

1.

Scope controls:

a) Mode--Channel 1, DC.
b) Sensitivity--0.1 V/cm.
c) Trigger--External (+) AC, trigger mode,
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2, Connect scope trigger probe to test point 5 and
Channel 1 probe to test point 6.

3. While reading continuous ones that have just been
recorded, the waveform should resemble that shown
in Figure 67, Time T should not exceed:

100
Tape Speed

Time T shall not include the effects of dynamic skew,

usec, (T<4 usec at 25 ips)

4, If this condition is not met, repeat the procedures
specified in paragraph 17.4.

DYNAMIC SKEW EFFECTS
( EXAGGERATED FOR ILLUSTRATION)

Figure 67. Staircase Waveform, Single Gap Systems
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18.0

TROUBLESHOOTING

The following System Troubleshooting Chart provides a means
of isolating fauits by citing symptoms, providing probabie
causes and remedies and referencing descriptive sections with-
in the text. This chart in general must be used in conjunction
with applicable schematics, assembly drawings and wiring
diagrams. Refer to the system photographs in Figure 68 and
Figure 69 to help locate the various subassemblies.
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TROUBLESHOOTING; GUIDE

Symptom

Probable Cause

Remedy

Reference

Power indicator light does
not work when switch is
pressed on front panel.

-

When the LOAD button
is pressed swing arms
do not move.

-S1 power switch in OFF

position.

+5 volts missing.

CB1l Thermo breaker open.

Power Indicator Lamp burnt
out.

No AC voltage to transport.
Electro-mechanical retract

assembly not working.

+13V unregulated is
missing.

P19 connector not seated.

K1 relay coil open.

Switch S1 to ON position
located by AC cord input.

Check +5 volts at TP1 on
regulator circuit board which
is mounted. on the power supply.

Push in thermo breaker button
located by AC cord input.

Check the two outside terminals
for lamp continuity. You can pull
the switch out from the front.

(Dhéck outlet with voltmeter for
the proper AC voltage.

$16 micro switch open on cam
retract assembly.

Check 719 Pin 2 for +13V.

Check connection.

Pull out relay and measure for
continuity between pins 1 and 4.

Section 1, Figure 2

Section 6,
Paragraph 13

Section 1, Figure 2

Section VI,
Paragraph 5

Bl3 & Bl4

B3

Sec. VI
Figure 49
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TROUBLESHOOTING GUIDE

] Symptom

Probable Cause

Remedy

Reference

When the LOAD button

is pressed the swing arms
travel to their upper
limits and retract to the
load position.

When the LOAD button is
pressed tape tensions and
moves forward at a fast
speed.

When the LOAD button is
pressed tape tensions and
travels at a fast reverse
speed.

Tape threaded incorrectly.

Electro-mechanical retract
assembly not working,

K1 power relay not picking.

+13 volt missing.
-13 volt missing,

Tape not threaded correctly.

Fixed reel amplifier
defective.

Tape not threaded correctly.

File reel amplifier
defective.

Check threading diagram.,

S14 micro switch not closing
during a load cycle.

Check J19 Pin 2 for +13V.

Check TP 420.
Check TP 421.

Check threading diagram.

Remove tape, press load button
when swing arms reach their upper
limit, turn power OFF & ON. Now
the swing arms can be cycled by
hand and the voltages can be
checked.

Check threading diagram.

Remove tape, press load button
when swing arms reach their upper
limit, turn power OFF & ON. Now
the swing arms can be cycled by
hand and the plus and minus
voltages at TP425 and TP418 can
be measured,

Sec. II,, Fig. 5

B13, Bl4

B3

Sec. VI
Para. 1.1

Sec. II., Fig. §

Sec. VI.
Para. 15.3.

Sec, II., Fig. 5

Sec. VI,
Para. 15.3.
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TROUBLESHOOTING GUIDE

Symptom

Probable Cause

Remedy

Reference

When the LOAD pushbutton
is pressed, tape tensions,
but tape does not move
forward.

When the LOAD pushbutton
is pressed, tape tensions
and the tape moves for-
ward but does not stop at
the BOT marker.

Swing arms continually
cycle up and down after
unloading the tape.

No forward motion (forward
lamp not lit.)

Ramp generator circuit not
working.

Capstan amplifier not
working.

BOT tab dirty or tarnished.
Photosense lamp burnt out.

Photosense assembly not
adjusted correctly.

Microswitch on cam re-
tract not opening.

Defective microswitch,

Check TP402 for +5 volts.
Check TP404 for voltage output.

Check TP408 for voltage output.

Clean with IBM cleaner.
Remove head cover and check.

With tape loaded and not at BOT
TP 201 should be zero volts.

Remove overlay and check S15
microswitch by pressing LOAD
button and visually watching for
make and break action.

Test microswitch with power OFF
using an ohmmeter.

B24 & B25

B24 & B25

B24 & B25

Sec. VI.
Para. 15.1.

B13 & Bl4

B13 & Bl4
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TROUBLESHOOTING GUIDE

Symptom

Probable Cause

Remedy

Reference

Tape does not respond to a
forward or reverse com-
mand in an ON LINE
condition.

] Write command given

but no data being
recorded.

No ready status from trans-
port.

Interface cable fault.

No forward input command.

No select command

File protect logic not
working.

No write power.
No write enable command.
Missing write clock.

Heads not plugged in
correctly.

Check ready status J16 Pin T
for zero volts (low TRUE inter-
face.)

Check at controller cable and

for Ready Status zero volt level
input.

Check forward level J16 Pin C for
zero volts input.

Check J16 Pin J for zero volts
input. Check H and J jumper for
+5 volts.

Remove tape . Turn Power OFF. Turn
power ON and push in solenoid
plunger; it should stay in. Press
the LOAD button. The plunger
should now come out,

Check TP6 for +12V. (Dual Gap)
Check TP3 for +5V. (Single Gap)
Check TP207 for +5 volts.

Check J1 Pin A for negative going
clock.

Check J2 connector

B23 & B24

B23 & B24

B23 & B24

B23 & B24

Bl2
Fig. 23.

B31 & B32
B28 & B29

B28 & B29 (S/G)
B31 & B32 (D/G)

B28 & B29
B31 & B32

(5/G)
(s/6G)
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TROUBLESHOOTING GUIDE

Symptom

Probable Cause

I

Remedy

Reference

Written data is not
correct.

Correct written data
cannot be read.

Failure of one Write circuit.

Intermittent Write power,
motion, or write reset.

One of the read channels
is dead.

Tape tracking is not
adjusted correctly.

Write all one's and check
TP101 through TP901 for
Write signals.

Monitor Write TP6, (D/G) or
TP3 (S/G) motion TP204, Write
reset J1 Pin C. Look for level
changes.

On dual gap units real all one's
and check TP102 through TP902
fcr proper analog waveforms,
Check TP103 through TP903 for
proper digital waveforms.

On single gap units, read all
one's and check TP103 through
TP903 for proper analog wave-
fcrms. Check TP105S through
TP90S for proper digital wave~
forms,

Check staircase.

B31 &B32 (D/G)
B28 &B29 S/G)

B31 &B32 (D/Q)
B28 & B29(S/G)

B31 &B32 (D/G)

B28 & B29(3/G)

Sec. VI. Par. 16.8
(Dual Gap)
Sec. VI. Par. 17,5
(Single Gap)
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TROUBLESHOOTING CHART

Symptom

Probable Cause

Remedy

Reference

Correct written data
cannot be read, cont'd.

Read amplifier gains are
incorrectly adjusted.

Read Strobe Delay
adjustment not correct.

Check read amplifier gains.

Check read strobe delay
adjustment,

Sec. VI. Par. 16.3
(Dual Gap)

Sec. VI. Par, 17.2
(Single Gap)

Sec. VI. Par. 16.5
(Dual Gap)

Sec. VI. Par. 17.3
(Single Gap)
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APPENDIX A

RECOMMENDED SPARE PARTS LIST

' WANGCO MOD 10 TAPE SYSTEM

For resistors, capacitors, small hardware and
other items not included in the following list,

any equivalent in type, value, size, tolerance
and quality may be substituted.



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/
Wangco Commercial
Description Number oty Equivalent
HEAD ASSEMBLIES AND ASSOCIATED PARTS
Head Plate Assy, 9 Ch, D/G 200043 1
Head Plate Assy, 9 Ch, S5/G 200227 1
Head Plate Assy, 0.300", 7 Ch, D/G 200115 1
Head Plate Assy, 0.150", 7 Ch, D/G 200589 1
Head Plate Assy, 7 Ch, S/G 200226 1
Tape Cleaner Assy 200048 1
Cross Talk Shield Assy, 0.150",
7 & 9 Ch, D/G 200057 1
Cross Talk Shield Assy, 0.300", '
7 Ch. D/G 200461 1
Photosense Assy 200057 1
Head Cover 200277 1
Photosense Cover 200278 1
Tape Guide Washer 200046 1
Tape Guide Spring 200047 1
Tape Guide Drum 200096 1
Tape Guide Shim 200203 as req.
Spring Washer 100134-001 1
Tape Guide Cap 201311 1
Flat-Head Screw, 4-40 x 1%" 100040-220 1
MOTORS AND BRUSHES
Reel Motor Assy 200063 1
Reel Motor and Brake Assy 201021 1 Reel Brake Option

A-2



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/
Wangco Commercial
Descripticon Number Qty Equivalent
MOTORS AND BRUSHES {(continued)
Reel Motor Brake 100249 1 Reel Brake Option
Reel Motor Brush 100190 1 Use with motors
’ 200220, 200374-002
Reel Motor Brush 100379 1l Use with motor
. 200374-001
Reel Motor Brush 100397 1 Use with motor 201598
Auto Retract Motor Assy 200119 1
Auto Retract Motor Assy 200500 1 Reel Brake Option
Capstan Motor/Tach Assy 200547 1 Use with motors
' 200042, 201534
Capstan Motor Brush 100186 1 Use with motor 200042
Capstan Motor Brush 100430 1 Use with motor 201534

PRINTED WIRING BOARD ASSEMBLIES

Transport Electronics Assy, PWB 200488
Transport Electronics Assy, PWB 200632
Data Electronics Assy, PWB, S/G 200347
Data Electronics Assy, PWB, D/G 200521
Data Electronics Assy, PWB 201142
Regulator Assy 200495
Brake Logic Assy, PWB 200518
Arm Sense Assy, PWB 200475

Single Edge
Connectors

Dual Edge Connectors

Dual Edge Connectors

Reel Brake Option



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/
: _ Wangco Commercial
Description Number Qty Equivalent
TAPE GUIDE ASSEMBLIES
Deck Mounting Guide Assy 200036 1 25 ips and below
Deck Mounting Guide Assy 200075 1 37% ips and above
Deck Mounting Guide Assy 200217 1
Self Aligning Guide Assy 200425 1 - 3
Eccentric Guide Assy 200810 1
MISCELLANEOUS ELECTRO-MECHANICAL PARTS

_Arm Sense Lampholder Assy 200794 1
Write Enable Switch Assy 200378 1
Power Transformer 200011 1 25 ips, 115/240Vv
Power Transformer 200487 1 37% ips & above, 115/240V
Power Transformer 201067 1 25 ips, 100/200V
Power Transformer 200116 1 37% ips & above, 100/200V
Circuit Breaker 100014 1
Rectifier Bridge 100018 1 Sangamo 500-~1943-01
Capacitor, 100,000uf 100020~-008 1 Sangamo 500-1949-01
Capacitor, 30,000uf | 100020-014 1 rittlefuse, 311004
Fuse, 4 amp 100028-023 1 Littlefuse, 311005
Fuse, 5 amp . 100028-024 1 rittlefuse, 311010
Fuse, 10 amp 100028-027 1
Power Supply Relay 100030 1
Arm Retract Relay 100215 1 Two required with Reel

Brake Option



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/
Wangco Commercial
Description Number  Qty Equivalent
MISCELLANEQUS ELECTRO-MECHANICAL PARTS (continued)
Switch & Indicator, FORWARD 100104-001 1 Control Panel
Switch & Iﬁdicator, LOAD 100104-002 '1 Control Panel
Switch & Indicator, ON-LINE 100104-003 1 Control Panel
Switch & Indicator, REVERSE 100104-004 1 Control Panel
Switch & Indicator, POWER 100179-001 1 Control Panel
Switch & Indicator, DENSITY 100179-005 1 Contrl Pnl, Density
Select Option
Switch & Indicator, REWIND 100130-001 1 Control Panel
Switch, RESET 100130-002 1. Control Panel
Thumb Switch, UNIT SELECT 100245 1 Control Panel, Unit
Select
ELECTRONIC COMPONENTS USED ON- 200347 PWB
I.C. Hex. Inverter 100084 1 Motorola MC-836P
I.C. Quad, 2-Input NAND 100085 1 TI SN 15846N
I.C. Quad, 2-Input Power 100086 1 TI SN 15858N
I.C. 10-Input NAND 100087 1 Motorola MC-1804P
I.C. Dual Flip-Flop 100088 1 TI SN158093N
I.C. Monostable 100090 1 Fairchild U6A960159X
I.C. Dual Flip-Flop 100095 1 Motorola MC-852P
I.C. Operational Amplifier 100167 1 Motorola MC-1437L
Transistor, NPN 100080 5 2N4123
Transistor, PNP 100081 3 2N4125
Signal Diode 100091 12 1N914



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/
Wangco Commercial
Description Number Qty Equivalent
ELECTRONIC COMPONENTS USED ON 200488 PWB
I. C. Hex inverter 100084 Motorola MC-836P
I. C. Quad 2-Input NAND 100085 TI SN 15846N
I. C. Quad 2-Input Power 100086 TI SN 15858N
I. C. Dual Flip-Flop 100088 TI SN 158093N
I. C. Triple 3-Input NAND 100107 Motorola MC-~862P
I. C. Operational Amp 100109 Fairchild U6A77241393
Transistor, NPN 100080 2N4123
Transistor, PNP 100081 2N4125
Transistor, NPN 100112 TI-P29
Transistor, PNP 1001i3 TI-P30
Transistor, NPN 100125. 2N2219
Transistor, PNP 100158 2N3053
Transistor, PNP 100160 2N4037
Transistor, NPN 100173 2N3771
Signal Diode , 100091 1N914
Zener Diode, 5.6V 100118 IN752
Power Diode 100174 IN3208
Rectifier Diode 100127 1N4003
ELECTRONIC COMPONENTS USED ON 200495 PWB
I. C. Voltage Regulator 100108 Fairchild U6A7723393
Transistor, PNP 100081 2N4125
Transistor, PNP 100113 1 TI-EB30



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/
Wangco Commercial
Description Number oty Equivalent
ELECTRONIC COMPONENTS USED ON 200495 PWB (continued)
Transistor, NPN 100159 1 2N3055
Signal Diode 100091 1 1N914
Zener Diode ' 100118 1 1N752
Rectified Diode 100127 1 1N4003
Zener Diode 100161 1 1nN4736A
Silicoh C Rectifier 100162 1 40654
ELECTRONIC COMPONENTS USED ON 200518 PWB
Transistor, NPN 100080 1 2N4123
Transistor, PNP 100083 1 MPS-U51
Transistor, PNP 100125 1 2N2219
Signal Diode 100091 2 1N914
ELECTRONIC COMPONENTS USED ON 200521 PWB
I. C. Hex Inverter 100084 1 Motorola MC-836P
I. C. Quad 2-Input NAND 100085 1 TI SN 15846N
I. C. Quad 2-Input Power 100086 1 TI SN 15858N
I. C. 10-Input NAND 100087 1 Motorola MC-1804P
I. C. Dual Flip-Flop 100088 1 TI SN 158093N
I. C. Operation Amplifier 100089 1 Fairchild U6A7739393
I. C. Mono Multivibrator 100090 1 Fairchild U6A960159X
Transistor NPN 100080 7 2N4123
Transistor PNP 100081 2 2N4125
Transistor Dual NPN 100082 1 Tp 101



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks /
Wangco Commercial
Description Number oty Equivalent

ELECTRONIC COMPONENTS USED ON 200521 PWB (continued)

Transistor PNP 100083 1 MPS-US1
Signal Diode _ 100091 5 1N914

ELECTRONIC COMPONENTS USED ON 200632 PWB

I. C. Hex Inverter 100084 1 Motorola MC-836P
I. C. Quad 2-Input NAND 100085 1 TI SN 15846N

I. C. Quad 2-Input Power 100086 1 TI SN 15858N

I. C. Dual Flip-Flop 100088 1 TI SN158093N

I. C. Triple 3-Input NAND 100107 1 Motorola MC-862P
I. C. Operational Amplifier 100109 1 Fairchild U6A7741393
I. C. Dual 4-Input Power Gate 100261 1

Transistor NPN 100080 4 2N4123
Transistor PNP 100081 ©2  2N4125
Transistor NPN 100112 1 TI-P29
Transistor PNP 100113 1 TI-P30
Transistor NPN 100125 1 2N2219
Transistor NPN 100158 1 2N3053
Transistor PNP 100160 1 2N4037
Transistor NPN 100173 1 2N3771
Transistor PNP 100083 1 MPS~U51

Zener Diode, 5.6V 100118 1 1N752

Rectifier Diode ' 100127 1 1IN4003

Power Diode 100174 1 1IN3208



RECOMMENDED SPARE PARTS LIST

WANGCO MOD 10 TAPE SYSTEM

Remarks/

Wangco Commercial

Description Number Qty Equivalent
ELECTRONIC COMPONENTS USED ON 200632 PWB (continued)

Signal Diode

ot

-]
[ow]
(o]
0
pod

ELECTRONIC COMPONENTS USED ON 201142 PWB
I.C. Hex Inverter 100084 1
I.C. Quad 2-Input NAND 100085 1
I.C. Quad 2-Input Power 100086 1
I.C. 10-Input NAND 100087 1
I.C. Dual Flip-Flop 100088 . 1
I.C. Operational Amplifier 100089 1
I.C. Monostable 100090 1
Transistor, NPN 100080 7
Transistor PNP 100081 1
Transistor Dual NPN 100082 1
Transistor PNP 100083 1
Signal Diode 100091 4
Rectifier Diode 100127 1
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2N4123
2N4125
TD-101
MPS-U51
IN914

1N4003



APPENDIX B

This appendix contains the circuit schematics, assembly
drawings, and material lists for all assemblies and sub-
assemblies in the MOD 10 Tape Transport. These documents
are identified in the list on the following page.

The circuit schematics are complete representations of the
electronics circuitry. The user of this manual will want
to consult the schematics in conjunction with his study of
the text and the simplified circuit diagrams in the text
sections.

The assembly drawings identify every part on any given
assembly or subassembly. Parts are identified either by
item number (e.g., 1, 2, 3, etc.) or circuit reference
number (e.g., Rl, Cl, Ul, etc.). The associated material
lists incorporate these identification numbers, together
with the part description, WANGCO part number, and part
gquantity (i.e., the quantity of a particular part required
for the given assembly).
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“‘J :V* MATERIAL LIST IML 200511 G ‘“ MATERIAL  LIST IML 200511 G

DRAWING :s‘g?l‘ﬂils" 6oils. DRAMING A‘g-‘?;:mlﬁv. 60Hs .

TITLE R _SUPPLY ] mooeL no. .18 oare 8/10  smeer _X or 3 | °TALE POWER SUPPLY, 25 ips. [ oate BA/I0 gieer 2 5e 3
_‘:“_5:- DRAWING TITLE DWG, NO, lno. REQ. REMARKS ON CKT. DESIG. i DRAWING TITLE DWG. NO. NO, REQ. REMARKS ON CKT. DESIG.
1 | Chassis, Power Supply. 200509 1 13 —.S—c;;v, Pan Head. ] 100036-21s | .4 L Lo x 7/

2 Spec. Power Transformer. 200011 1 Tl. L4 | Screw, Pan Head. 100036303 2 6 - 32 x 3/16"

3 B 45 | Screw, Pan Heod. 100036-304 16 | 6~32x%"

4 | Breaker, Circuit. 107014 1 CB~1 b6 | Screw, Pan Head. 100036~310 L | 6-32x5/8"

5 Switch, Toggle. DPST. 100015 1 s1. 47 | Screw, Pan Head. 100036-508 12 10 -~ 32 x ¥

6 | Bridge, Rectifier. 100018 2 DB-1, DB-2, 48

7 Capacitor, Elect. 100,000uf. |100020-008 2 €3.Ch.) Remove Terminal Screws| L9 Washer, Flat. 100047-200 No.l.

8 | Capacitor, Elect. 30,000uf. |100020-01 | 2 | c1.c2.) §pd ¥pplase with 50 | Washer, Flat. 100047-300 No.6.

9 | Block, Terminal. 100023-010 1 TB.1. 51 | Washer, Flat. 100047-500 No.10.

10 | Clamp, Capacitor. 2" Dia.  |100025-003 2 | Use with item 8. s2 [

1 | Clemp, Capacitor. 3" Dia,  |100025-007 | 2 | Use with item 7. "I 53| Washer, Int. Tooth Lock. 100059-200 b | Nouk.
12 | Holder, Fuse. 100027 3 S | Washer, Iat, Todth Lotk, 100059-300 | 22 | No.6.
13 | Fuse. L amp.|100028-023 1 Fi. _| 55 | wesher, Int. Tootn Lock. 100059-500 L [ No.l0.
1 Fuse. i o S amp.|100028-02l 1 Fl. i ';ST_

15 | Fuse. 10 amp.|100028-027 3 F2.F3.Fi. ST | Mut, Hex, 1000L3-200 L | No.l.
16 Relay. 100030 1 K. 58 | Nut, Hex. 10004 3-300 8 No.6.
17 | Grommet. 100227-005 2 59 | Nut, Hex. 1000}43~500 L | No,20.
18 | Grommet. 100227-009 1 60 | Test Proceduve 201709-001] Ref,

19 | Strip, Marker. 100048-010 1 61 | Assy. Power Supply. 200498 Ref. | Drawing only.
20 | Strip, Terminal. 100149-007 2 TB.3. TBJk. 62

21 | Jumper, 2 Terminal. 100150 2 " 63 | List, Wire. 200511 Ref.

22 | Clamp, Cable. 100152001 1 Power Cord. 64 | test Procedure 1200311 Ref.

23 Cord, Pousr, 100076 1 65 | Pin, Connactor. Male, 100021-003 4

2i | Terminal, Ins, Stand-off. 100176-001 2 66 .

25 | Diods, Reotifier. 100127 9 CR.1. thru CR.9. 67 | Pin, " Female, | 100021-005 7

26 | Capacitor. 200uf. | 100183 2 5.C6. 68 | Pin, " Female. | 100021-006 | 11

21 | Resistor. 5%. 5w,  0.ln  |100111-00t 1 RS. 69 | Pin, " Male. | 100021-007 2

28 | Resistor. * 3w. 3300  |100068-331 L | Rl. thru R4, 70 | Pin, " Male, | 100021-010 3

29 | Connector, Female, 100010-005 1 P21, 71 | Wire, Insulated. 100053-018 | A/R

30 | connector, Female. 100010-007 2 J18. J19. 72 | Strap, Cable 1001M-001| 2

31 | Connector, Female, 100010~009 1 | P, 73 | strap,cable 100171-002 | 6

32 74 | Terminal ,Quick Disconnect  |100133-002 | 2

33 | Wire, Insulated, 100053-012 | A/R 75 | lasulator 100232-001] 2 |use witd wem 94

3l § Wire, Insulated. 100053-01h | A/R

35 | wire, Insulated. 100053-016 | A/R

36 | wire, Insulated. 100053-02l4 A/R

37 | Terminal, Ins. Ring Tongue. 100055-004 16 | Yel. No.l0,

38 | Termina2, * " " 100057-004 21 | Red. No.6.

39 | Temtna2, = ¢ " 100057-008 3 | Red.No.10.

U0 | Terminal, Quick Disconnect. 100139-001 2

41 | Lug, Solder. 100138004 8

42 | Terminal, Ins. Ring Tongue. | 100055-002 t | Yel. Wo.6. —

B-1., Material List, Power Supply
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Assembly, Power Supply




MATERI

AL LIST

ASSY. POWER SUPPLY

DRAWING NO.

REV,

IML

200495

H

MATERIAL  LIST

_DRAWING NO.

REvV,

ASEY. POWER SUPPLY

DRAWING

IML

200L95

A

ONLE® _REGULATORS. mobELNo. — 32 oareT/2L/I0 sweer 1 oF b nTLe _REJULATORS, mooeL vo. 2 . oate T/2L/T0 smeer 2 of b
EN DRAWING TITLE [ DWG. NO. l"°' nso.[ REMARKS ON CKT. DESIG. M DRAWING TITLE DWG. NO. l"°' neq.l REMARKS ON CKT. DESIG.
1 | Board, Processed. 200457 1 33 | Resiztor. 5%. }w. 1.2 | 100156-122 1 R23.
2 | Heatsink. 200510 1 34 | Resistor. * * 1.5 | 100156-152 1 R12.
3 | Bracket, Support. 200515 2 35 | Hesistor, % ® 2K | 100156-20% 1 R13.
L | I.C. Voltage Regulator. 100108 3 v1.2.3. 36 | Resistor. " ® 2.2 | 100156-22% 3 R3.6.16.
g 37 | Resistor. " " 3K | 200156-30p 3 R15.18.2k.
6 | Transistor. PNP. 284125 | 100081 1 &S, 38 | Resistor. * ¥ 3.3 | 100156-332 1 R17.
7 | Transistor, PNP, TI.P30 100113 3 GQl.3.6. 39
8 | Transistor. NPN, 2N3055 | 100159 3 Qle7. Lo
9 L1
10 1Le
11 | Diode, Zener. 1N752 100118 1 VR2, L3
12 | Diode, Rectifier. 1N,003 | 100127 2 CR2, CR} ju
13 | Diode, Zener. 1NG736A | 100161 1 VRL. LS | Pin, Male. 100021-001 9 Ja1 & J26.
1 | Rectifier, Silicon C. LOGSL | 100162 1 SCR1. 1 46 | Pin, Female. 100021-0CB 1 J21 & J26,
15 47 | ein, Test. 100098 L | TPL thru THY.
16 | Capacitor, Ceramic. .001uf] 100073~102 1 Jcia L3 Pad, Transistor. 100223 1 Use with Item.ll.
17 | Capacitor, Polyfilm. .Oluf] 100078-103 1 |cs L9 Insulator, Transistor. 100146 3 Use with Item.7
18 | Capacitor, Tantalum 1,5uf{ 100136-155 3 C5.6.10. S0 | Insulator, Transistor, 100151 3 Use with Item.8.
19 | Capacitor, " 10uf | 100070-106 1 c1. S1
20 | Capacitor,  ® h7ur] 100070-476 3 ch.9.11. £2 liasher, Flat 100253-4000 9 [No. 4.
21 | capacitor Polyfilm ,022vf}100078-223 ) 1 lc2 53 | Screw, Pan Head. 100036-308 2 |6~ 32x 38"
22 | Resistor, Variable. 500 | 100163-501 2 R2,21. Sh | Screw, Pan Head. 100036-219 9 b - 4o x 5/8v
23 | Resistor, " 1K | 100163-102 1 R1L. 55 | Spring Lock Washer 100042-400] 9 Nouk.
2L | resisTOR 5%, 50 .4 lroor1-004 | 1 R2S 56 | Washer, Flat, 1000L7-20b 9 No.k.
25 | Resistor. 5%. Sw. .15 | 100111-002 1 R7. S7 | Washer, Nylon Shoulder. 100063~012 9
26 | Resistor, " " .2 | 100111~003 1 R11. 58 ] Nut, Hex. 1000k 3-200 9 e k0.
27 | Resistor. " iw. 56 §100156-560 | 1 fr22 59 | Mut, Hex. 10004 3-3ch 2 | 6- 32
28 | Rosistor, ® ® 100 100156~101 4 RL.9.5,10. €0 Washer, Int, Tooth Lock, 100059-30b 2 No.6.
29 | Resistor. " 5w, 150 | 100111-151 1 R19, 61 | Artwork, Master. 200496 REF
30 | Resistor. " 4w. 330 100156-331 1 R20. 62 Test Procedure. 200180 Ref.
31 | Resistor, " * 750 | 100156751 1 Rl.
32 | Reststor., ® ® 1k | 100156-102 1 R8.
B-4. Material List, Power Supply Regulators




DRAWIRG

MATERIAL

LIST

ASSY, POWER SUPPLY

DRAWING NO.

REV,

200L95 H

ML

DRAWING

MATERIAL

LIST

kSEY, POWER SUPPLY

DRAWING NO. REV,

ML

200495 ~

nTee. _REGULATORS, mopeL no. — 18 oateT/2L/10 smeev _1 o b nTLE _BESULATORS, mooeL no. 1 . oare T/24/10 smeer 2. or b
Mg DRAWING TiTLE DWG. NO. l"°‘ nso.l RENARKS ON CKT. DESIG. N DRAWING TITLE DWG. HO. | INO- REQ. REMARKS ON CKT. DESIG.
1 | Board, Processed. 200L57 1 33 | Resistor. S5%. }v. 1.2 | 100156122 1 | Re3.
2 | Heatsink. 200510 1 3L | Resistor. * * 1.5k | 100156-152 1 R12.
3 | Bracket, Support. 200515 2 35 | Resistor. * ® 2K ] 100156202 1 Rr3.
h | 1.C. Voltage Regulator. 100108 3 Ui.2.3. 36 Resistor., " " 2,2K 100156222 3 R3.6.16.
5 37 | Resistor, " " 3K | 100156-302 3 | r5.18.2L,
6 | Transistor. PNP, 2N4125 | 100081 1 S. 38 | Resistor. " 3.3k ] 10015633 1 R17.
7 | Transistor. PNP. TI.P30 100113 3 Q.3.6. 39
8 | Transistor, NPN. 2§3055 | 100159 Q2.l.7. Lo
9 {n
10 L2
11 | Diode, Zener. IN7s2 | 100118 1 VR2, L3
12 | Diode, Rectifier. 1NL003 | 100127 Fl CR2, CR! LL
13 | Diode, Zener. INL736A | 100161 1 VR1. L5 | Pin, Male, 100021.-00% 9 J21 & J26.
1 | Rectirier, Silicon C, LOSSL | 100162 1 SCR1. 16 | Pin, Female, 100021--0CB s J2l & J26,
15 -47 | Pin, Test. 100098 L TP1 thru TFh.
16 | Capacitor, Ceramic. .001uf| 100073-102 1 Ccl2 48 Pad, Transistor. 100223 1 Use with Item.llh.
17 | Capacitor, Polyfilm. +Oluf| 100076-103 1 c8 L9 Insulator, Transistor. 100146 3 Use with Item.7
18 | Capacitor, Tantalum 1.5uf| 100136-155 3 C5.6.10. 50 Insulator, Transistor. 100151 3 Use with Item.8.
19 | Capacitor, " 10uf| 100070-106 1 Cl. 51
20 | Capacitor, n L7uf| 100070-476 3 Ch.9.11. £2 Jiasher, Flat 100253-400f 9 |nmo. 4.
21 | capacitor,polyfilm .022vfh00078-223 | 1 lca 53 | Screw, Pan Head. 100036-308 | 2 |6 - 32 x 3/8n
22 | Resistor, Variable. 500 | 100163-501 2 R2.21. €4 | Screw, Pan Head. 100036-219 | 9 b - 4O x 5/8"
23 | Resistor, " K | 100163-102 1 Rl 55 | Spring Lock Washer 100042-3000 9 | No.k.
2l | RESISTOR 59, 5W. .4 | r00111-004 / k25 56 | Washer, Flat, 100047--20h 9 No.li.
25 | Resistor. S5%. 5w, .15 | 100111-002 1 R7. 57 | Washer, Nylon Shoulder. 100063-012 9
26 | Resistor. " " .2 | 100111-003 1 RI1. 58 | Nut, Hex. 100043208 9 Lo k0,
27 | Resistor. " dw, 56 | 100156560 | 1 |Rr22 59 | tut, Hex. 2000u3~30b | 2 |6~ 32,
28 | Resistor, ® 0 100 100156-101 4 RL.9.5,10. €0 Washer, Int, Tooth Lock. 100059-300 2 No.6.
29 | Resistor. " Sw. 150 | 100111-151 1 R19. 61 Artwork, Master. 200496 REF
30 | Resistor., " iw. 330 | 100156-331 1 R20. 62 | Test Procedurs. 200180 Ref.
31 | Resistor. ™ * 750 100156-751 1 Rl.
32 | Reststor. * * 1K | 100156-102 1 R8.

B-4. Material List, Power Supply Regulators
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 B-9. Assembly, Cable OCP
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°:IA"I-’!““ MME‘_- MOUEL NO. __JLLD DuY!lﬁmg SHEEY _l. Ol‘.—z..
:‘E‘ DRAWING TITLE DWG. NO. NO, REQ. REMARKS O4 CKT. DEZMG,
1 | Bracket, Soleniod. 200145 L
2 | Actuator-Pin. 2001L4 1
3 [ spring. 200116 L
L | Bemts, Switch Mountdrg 200724 1
5 | Switeh, Micro.' . 100671 T
6 | Solenotd. 100062001 1
7 | Screw, Pan Heed. 100036-106 2 2 - 56 x 3/8
8 | Screw, Pan Head. 100036304 1 6-32x}/"
9 | Washer, Int. Tooth Leck. 100059100 2 No.2.
10 | Washer, * L 100059-300 [ No.6s
1 | Pin, Groove. 1000312-316 1
12 | Connector. Fomdle 100102-003 1 P8,
13 | Pin, Connecior. Female. | 100100-003 1
1 | Pin, . Male. | 200200-00k 13
15 | Wire, Insulated. 200063-022 | a/R
16 | Screw, Pan Head. 1000316=307 1 6= 32 x 7/16
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DRAWING NO. |REV, DRAWING NO. |REV.
MATERIAL  LIST ML PRSP = | MATERIAL LIST IML 500500 =
orawng  ASSY. KETHAGT MOTOR, ooeemg ASSY. RSTRACT MOTOR,
STiTLe RFFEL P RAKE OPTION, moDEL no. 1 oatel 212712 sweer ). or L TITLE IZZ], LOAKE GPTION. mooeL no. — 18 oatel2/27/7) sweer 2. or k.
IEm | DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. M DRAWING  TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
1 Ey. Brake Logic PWB. 200518 1 12 | Serew, set. Self Locking. 100022-606 1 1-20 x 3/8"
2 3h .
3 | Specer, Small. 200122 3 35 | Screw, Pan Head. 100036-108 k 2-56 x A
L |Stud, Retract Motor. 200123 3 36 | Scrow, * . 100036-114 2 2-86 x I/g"
5 | Plate, Switch Mounting. 200603, 1 37 | Screw, * ® 100036-206 | 3 L-k0 x 3/8»
6 | Crank. 20080k 1 33 | seruw, " 100036-207 1 L=4o x 7/16"
7 | Spacer, Shim. 200805 5 37 | Screw, Pan Head. 100036-508 2 10-32 x 3"
8 L2
9 L1 ) .
10 L2 | washer, Split Lock.. 100042500 2 No.10.
11 | Connector, Jack., 100010-002 2 JahiJaes. L3 { viasier, Split Lock, 1000L2-110 3 No.12.
12 | Connector, Plug. 100010-003 1 P10. | L';s | Washer, .Splitn:t Lock. 10004 2~100- 6. No.2.
13 | Connector, Plug. 100010-006 1 | ms. LS | washer, ::ite .~ Locks 200062-200 | 3 | No.k.
1 ] Pin, Connector. Male. 100021-003 8 LS o
15 | Pin, Connector. Female. 100021.-005 L L7 } Washer, Flat. 100047-200 2 No.k.
16 | Strap, Cable, 100031-001 1 | L3 | Washer, Flat, 1000k47~500 b H0.10.
LA T CL ' L7 D
18 { Wire, Insulated. 100053-924 AR €0 |} tiut, Yex, 10004 3-260 L=ho.
19 | Wire, Twisted Pair. 100054-02k | a/R - S1 | wut, Hex, 1000 3-500 No.10.
20 | Terminal, Ins. Ring Tongue. 100057-00L 3
21 | Socket, Relay. 100094 2
22 | Pin, Connector. Female. 100100-003 [
23 | Pin, Connector. Male. 100100-00k 3
4 | Connector, Plug. 100102-002 1 p2a.
25 | Connector, Plug. 100102-003 1 p23.
26 | Diode, Rectifier. 184003 | 100127 2 | cx. Cr2.
27 | Spec. Retract Motor. 1001LL-001 1
28 | Strap, Cable. 100171001 \7 N
29 | Relay. 100215 2 k2. K3.
30 | Switch, Snap Action. 100252 L S$12.13.1L.15.
31 | Varistor. 100392 1 VAR.1.
32 Tubing, Shrink. 100185-003 AR

B-15. Material List, Retract Motor, Brake Option
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DRAWING MO. REY,
'“) MATERIAL _ LIST IML 22 Z
OFATEC ASSY, BRAKE LOGIC PWB.  wopeLwo. M nﬂsm weer X or 3
?& DRAWING TI'TILI DWG. NO. NO. REQ.| REMARKS ON CKT. DESIO.
1 | Board, Processed. . 20052 1
@ 2 | Artwork, Mester. 200523 REF
GALS L‘RI! R20 RI® nze ) 3 | Trensistor. NPN, 2M,123 | 200080 H Ql.2,3.5.8.
—W_ A 4 | Transtetor, PP,  WPS,US1 | 100883 1 | o
\F: :%: :%: 5 | Transistor. PP, 22229 | 200128 3| 1.9,
6 .
(30) -] 7 | Diode, Stgnal. .91y | 200091 15 | CR.2.3.L.5.6.7.8.9.10.11.
8
9 | Capsoitor, Tantalum, 1.Suf | 100136-155 1 cl.
10 | Copacitor, * 10uf | 200070-106 [ 2 | c3.k.
11 | Capacitor, v LTuf | 10007%0-476 1 C2,
12 - :
13 | Reaistor, Sf. §v. 100 | 100064-101 1 R22,
U | Reststor, * » 220 | 200064222 { 1 | mes.
1S | Resistor. * {v. 220 | 100156-221 1 .
16| Resistor. * " 330 | 100156331 | 2 | ger.2e.
_ﬂ 17 | Resistor, " * 560- | 200156-561 | 1 | M2,
W%Aé_tggg 16 | Reststor. " dw. 680 | 10006k~681 | 1 | mu.
REF oMy 19 | Reststor. *  * ik | 10006102 | 1 | mer.
20 | Resistor. * }w. 1K | 100156-102 S R2.7.9.24.25.
21 | Resistor. * " 1,58 | 100156-152 1 M.
22 | Resistor. * " 1.8¢ | 100156-162 | 2 | m19.20.
23 | Restator. " * x| 100156-202 | 5 | R1.3.5.13.26.
2l | Resistor. * * 3K 100256=302 2 R23.29.
ﬂ 25 | Resistor. " " 3.9 | 100156392 1 R15.
26 | Resistor. * * 1x | 100056-103 | 5 | mu.6.10.17.18,
i L =
28 | Insulator, Transistor. 100223 3 Use with items S.
29 | Pin, Male. 100098 6
30 | Pin, Pemale. 100099 - 3
31 } Specification, Test. 200537 REF .
NOTES UNLESS SPECIFIED - [DRAWN | <> e [#8/5/5,
1. TOLERANCES oreck |54 7 Velr m
A el C T 7 72
2. BREAK ALL BHARP "CODE |
EDGES APPROX. .010 10/
3. MACH. SURFACES J‘ R ASSEMBLY,
4. ALL DIMS IN INCHES. BRAKE LOGIC T&F;
, “[SCALE SZE
MAD 0 | 2:] |C| 200518 B
INEXT ASSY
- 200500 DONThEANE  [weior ‘ Jweer 2 oF 3

B-19 Assembly, Brake Logic
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1 | Connector, Male. 100010-009 2 P1.3 - !

2 | Pin, Female. 100021-006 | 16 y X3 MZE .

3 | Pin, Mele. looozi-ot | 2 J A MOD 18 Py C 200504 C

L | wire, Insulated. 100053-018 | AR ’

] 200499 " PLOEML |ymenr o hllv 2008
- = e — T — - — L

'B-20 Assembly, Data Control Cable
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| 12 | scaew, Pass werp book-lob| ¢ |2-5 x 3/8
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B-21 Assembly, Micro Switch Harness
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1 |Board, Processed. 200494 1 50 | Reststor. S%. iv. 2.7 100156~287 2 | R260.261. 99_| Pin, Connector.  Male. 100021007 | 30 131 | Capaeitor, Tantalua, 10uf | 100070-106 | 1 | c20k. 131 | Capaciter
"2 1 Reatetnk. 200512 1 S1 | Resistor. * Jw. k7 | 100068-L70 1 |R271, 100 |{Pin, Connector. Female. 100021008 | 1k 132 132
-3 | Bresket, Suppert. 200513 2 52 |Resistor. " 3w. 100 | 100156-201 | 18 | R2L3.255,256,257.258.427.LLO, 101 133 | Resistor, 5%. iv. 750 | 100156-751 1 |R23, 133 | Resistor,
i R 3ol LS. L7, LS5 56 kb2, 102 13 [ Reststor, * 3w L7 | 100068470 | 1 [mas. 13 [ Resistor,
-8 |1.C.Hex Inverter. 10008 S | U201.202.203.204.205. RLB3.489.528.529. 103 |Pad, Transistor. 100223 5 ]Q210.L17.Lk18.4LOLL3. 135 | Resistor, " jw. 750 | 100156-751 1 |Rre6s. 135 | Resister,
6: | 1.6.Quad.2 Input Nand, 100085 6 |U206.208.212.213.219.520. 53 | Resistor. 5%. w. 150 { 100068-151 1 | Rug6. ' 10, | Insulater, Transistor. 100151 7 |T0-3. 136 | Resistor, " * 27K | 100186-273 1 |Ri21. 136 | Resistor,
©'¥ |1.0.Quad.2 Input Power. 100086 2 ju26.217. 5L |Reeistor. * iw. 200 { 100156-201 8 | RUT3.L7h.479.L80.519.520.525. 105 137 | Resistor, " * 100K | 100156-104 1 |Re3. 137 | Resistor,
"8 }I1.C.Duad Flip-Flop. 100088 2 ju2i0.211. R526. 106 | Wire, Inpulated. 100053-916 | A/R | From item 21 to hole B. 138 | Resistor, " " 12K | 100156-123 1 |Ry32. 138 | Resistor,
- .9 {I.,0.Triple.3 Input Nand. 100107 4 |v207.209.22k.215. S5 | Resister. S5. w. 220 | 100156-221 | 13  {8200.202,20k.206,208.210.212.5 | :1107 |Wire, Solid Insulated. 100248=92k | A/R | Jumper J12. From SS to IT. 139 | Reststor, ™ " 680K | 100156-68L 1 | Ru66. 139 | Resistor,
"2+ 1.6 Operational Amplifier. 100109 3 |vaas.hor.koz. R235.239.269.273. 103 |Screw, Pan Head. 100036-206 | 10 | L-L0 x 3/8* | [ L — el it W ' 0 [etory
‘m. 56 | Resistor. 5%, 3w. 300 | 100156-301 1 {RNO. 1109 |Screw, Pan Head. 100036-210 | 16 | h-ho x¥3" 141 | Resistor, " " 390K | 100156-394 1 | Rué8. Liel | Resistor,
%2 ' Transistor, NPN. 2N4123 | 100080 32 | Q200.201.20k.209.231.212.L01. $7 |Resistor. ™ » 330 | 100156~331 9 | R201,203.205.207,209.211.213. 10 1,2 | Reststor, " " 1.5M | 100156-155 1 | Rsos. 12 | Reststor,
ERE Qu06.407.420.411 512 K1k, 41s . R218.219. 111 |Washer, Flat. 1000L7-200 | 26 | No.k. 143 | Reek il e e e s e ad 1,3 [Reskoton
v Q:21.1422.423.124 525126128 S8 | Resistor. 5%. Jw. 330§ 100068-331 | 1 [RS02. 112 |Washer, Int. Tooth Lock. 100059200 | 26 |No.b. 1; | Resistor, v ¢ 390K | 100156-39 | 1 [msu 1Ll | Resistor,
Q29.1430.1:36.437.438. 411 . LhS. $9 |Bestster. " 3w, 360 | 100156-361 2 | Ruk2.LL6. 113 |Washer, Nylon Shoulder. 100063-012 | 1b 145 | Resistor, 5%. 3w. 3.3M | 100156-335 1 |ms3%. 145 | Reststor,
QL6148 L9 LS50, &0 |Resistor. * " 430 | 100156-431 2 |Re51.252. 11, |Wamher, Nylon Shoulder, 100063-008 1 |Use with CRL32. 16 16
1% | Trensistor, PNP. 28h125 1 100081 18 | Q202.203.205.206.402.L03.L0k. 61 |Resistor. " 3w. 470 | 100068-471 L JRL3L.L35.L36.43T. 115 | Nut, Hex, 1000k3-200 | 26 | L-40. 117 | Wire, Solid Insulated. 100248-92% | A/R | Jwmwer J1. From JJ to KK. 147 | Wire, Sol
T Q05,.408.409.413.416.427 431, 62 |Resistor. * 3w. 510 { 100156-511 2 |EB533.53h. 116 Jumper J2. * U * 7V,
- QU39 Lkl .LL7.L51. 63 | Resistor. " * 560 | 100156=561 | 3 | R2k.216. . L8, {127 Juper Ji. " PP * R,
1 | Trensistor, NPN. TI.P29 | 100112 2 | Qu3k.LSk. 6l |Resistor. * * 1X | 100156-302 | 20 | R2L0.278.L01.LO2.4LY LT2.477. 118 |Specification, Test. 200532 Ref. Jumper JS. " F *a@,
15 | Transistor, PHP. 7I.P0 | 2100113 2 | qQi3e.ls2. | Ru78.1481.485.L91.49k. 497 501, Juy Jumper J6. " GG * HH.
16 { Transister, NPN. 202219 | 100125 3} Q207.208,210, R513.515.518.522.524.527. 120 Jumper J7. " H %4
17 | Transister, PNP. 203053 | 100158 1 |Qas. 121 Junper 38, " EE  FF.
| 18 | tvensiator, Prr. 205037 | 100160 3 | Qua7.LL0.LL3. 65 |Resistor. 5%. iv. 1.2k | 100156-122 1 {re7. 122 Junper J9. " D *E.
T 25 |rreneister, urn. 203771 | 100173 7 | 929.120.433.L35.Lk2.LS3.4S5. 6 |Beststor, * * 1.5k | 100156152 | 1 |m2vo. Tazs Jumper J10. " A4 CC.
«f . ) 67 |Resistor. * ® 2k | 100156202 3 |R418.L63.504. 124 Jumper J11. * W " X.
Diode, Zaner, S5.6v. IN752 | 100118 1 | vRho1. 68 |Resistor. * * 2.2 | 100156-222 | ~6 |Re2l.225.231.237.265.493. 125 Jumper J19. * DD " TP208.
Diods, Pewer, 103208 | 100174 1 | ceb32. 126 -
Trecas, mscteriar, monal r0mr 1 leeoro, 40 Vpestetor. 6F. 2. x | 100156-202 L |RBLOB.LSB.495.535. 127
70 |Restetor. " ® 3.6 | 100156-362 5 |Re22.223.232.238.266. 128
71 |Reststor. * * 3.9K | 100156-392 6 |RU19,L39.L141.L90.L498.L99. 129
12
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26 | Diode, Signal. 1N9LL | 100091 L7 | GR200.,201.202.203.204.205.206. 72 | Resistor. 5%. tw. 4.3k 100056-432 | 1 | BL29, 131 | Capacitor, Tantalua. 0uf | 100070-106 | 1 ]c20k, 131 |Capacitor, Tantalus. 10uf | 100070-106 | 1 |c2ok. ={';1 Capasite:
CR207.208.209.211.L01.402.403. 73 | Resistor. * * L.7K| 100156-472 | 2 Rl12.L16. 132 132 132
CRLOL. 405406407 .408. 409 k20, 7% | Resistor. * * S.1K | 100156-512 | 21 | B230.233.236,253.254.259.262. 133 | Resistor, 5%, jw. 750 | 100156-751 1 |R23h. 133 |Resistor, S%. jw. 750 | 200136-751 1 [re3h, 133 | Reststor,
CRL11.1412.413.L1L.115.426,L17. ' R263,26L.247 .272.279.L07.109 13 | Resistor, " 3w. L7 | 100068-L70 1 | R2L8. 134 [Resistor, * 3w. 47 | 100068-LT0 1 |RaL8. 134 | Resistor,
CRA18,L19.420.421.k22,L23.L2k. RU13. L2 L2k 125,528,461 508, 135 | Resistor, * v 750 | 100156-751 | 1 | R26. 135 |Ressstor, * iw. 750 | 100156-751 | 1 [mecs. i 135 | Restator,
CRL25.426.L27.428.129.430.4 3. . 136 | Resistor, " * 33K | 100156-333 1 |RL21, 136 {Resistor, " ¥ 18K | 100156-133 1 |Ru21. 136 | Resistor,
CRIi33.b3k k35,436,437, 75 { Reststor. 5%. %w. 6.8K | 100156-682 | S R226,228.229.2L7.L50. 137 { Resistor, ™ * 120K | 100156-12k T JRL3L. 137 {Resistor, " 68K | 100156-663 i {mam. 137 [ Reststor,
27 76 | Resistor, * * 8.2k | 100156-822 | 1 R227. 138 | Resistor, * " 12K | 100156-123 1 }RL32. 138 |Resistor, * " 13K | 100156-133 1 |RL32. 138 | Reaistor,
26 | Copaciter, Ceramie. 330pe | 100073-330 1 |c205.. 17 | Resistor. * *. 10K | 100156-203 | 10 | R2L5.276.L03.L0L.420.422.L52. 139 | Resistor, * " 680K | 100156-684 1 | RUG6. 139 |Resistor, * * 680K | 100156681 1 |Rrusé. 139 | Resistor,
29 |Capasitor, " .001uf | 100073-102 2 |cas.ar. RlSh.b61.b92. 140 | Heskstorny—t—u o s o Ty A—t-Risé? 0o | & ; M I . 0 | Revtever
j'” Capacitor, " .0022uf | 100073-222 1 jcas., 18 | Resistor. * * 1x| 100156~113 ] 2 RLB6.LBB. 11 | Resistor, ™ " 390K | 100156-39L 1 | Ru6B, 1l |Resistor, @ * 390K | 100156-39L 1 |RhS. 11 | Reststor,
3 |Capaciter, * .005uf | 100073-502 | 2 | CLO6.LOT. 79 | Reststor. * * 1| 100156-123 | 1 | A430, 142 | Resistor, * 1.5M] 100156-155 | 1 | R509. W2 |Resistor, * © 1.5 | 200156155 | 1 |Rsoy. 112 | Reststor,
32 80 | Resistor. " * 20K | 100156-203 | 2 R274.487. 143 | Reokebomymdiund. e . e e T Foorevenm— Y EVOSEe PR Y 13 | feotarer
33 | Capacitor, Polyfilm.  .Oluf| 100078-103 | 5 €200,201,202.110.426 . 81 | Resistor. " # 22K | 100156-223 | 2 R506.531. 1)y | Resistor, " * 390K | 100156-35L 1 | R51l. Uk [Reststor, * 390K | 100156-39k 1 {msu1. 1kl | Resistor,
3% |cepscitor, ° .duf | 100078-10k | 2 [c203.219. 82 | Resistor, * * 27k | 100156-273 | 2 | mu73.521. L5 | Resistor, 5%. %w. 3.34] 100156-335 | 1 | R536. 145 |Resistor, 58. iv. 3.34 | w0156-335 | 1 [ms36. U5
15 ) 83 | Reststor. * * 33K [ 100156-333 [ 3 RL60.51L.516. 16 w6 W6
36 | Capacitor, Polyfils. ASur | 100128-154 2 laya.nzo. 8l | Resistor. * * 39K | 100156-393 | 1 RS00. 147 | Wire, Solid Insulated. 100248-92L | A/R | Jumper J1. From JJ te KK, 17 |wire, Solid Inmuteted. 100248-92; | A/R |Jumper J1. From JJ to K. 17 | vtre, So:
31 | Copalsitor,  * s | 20002833 | 1 |k, 85 | Raststor. » LK | 100056-L33 | 1 | 215, Junper J2. * U " V. Jumper 42, " U % V.
3 |Capacitor, * obuf | 10012847 | 2 |claz.bg. 86 | Resistor, * * U7K | 100156-473 | 3 | RLO5.L06.LS3. Jumper Jk. % PP " RR. Jumper du. PP X R,
29 87 | Resistor. " * 100K | 100156-104 | S ] R2l2.277.L33.L51.532. Jumper J5. * F* Q. Juper 5. " F 4 G.
k0 |Capacitor, Tantslum.  1l.5uf | 100136-155 9 | Cho1.Lok.L05.L0B.u0Y, b1k, k1S, 88 | Resistor. " * 220K | 100156-224 § 1 | R2ll. Jumper J6. " 0OG * HH. Tumper J6. " QG " HA.
. ch2).he2. 89 | Resistor, " * 270K | 100156-27L | 1 RLS9. Jumper J7. " H* J. Jurper JT. " H " J.
11 | Capacitor, Tantalum. 10uf | 100070-206 | 12 | c206.207.208.209.220.211. 212, 90 | Reststor, " * 300€ | 100156-304 | 3 RL17.L71.517. Jumper JB, " 'EE " FF. Jusper J8. % EE * FF,
€213.214.215.402.403. 91 | Resistor. * * 330K | 100156-33 | 2 |m2s0.221. Jumper J9. * D" E. Joaper 9. * D * K.
42 |Capscitor, Tantalus.  L7uf | 100800-u76 | L |chll.l17.i28.L25. 92 | Resistor. * * 390K | ioo1s6-39u | 6 | m2U6.. . .b69.L70.L76. il.S12. Jumper J10. " AA " CC. Jumper J10. " Ak " CC.
) i RS23. Jumper J11. * W " X. Jumper J11. * W *I.
ki | Resistor, Varisble. 1k | 100163-102 1 | Ra2is, 93 | Resistor, * * 1Meg.| 100156-105 | 1 BS07. Jumper J19. * DD * TP208. Jumper J19. * DD " TP208.
k5 [Resistor, * © 5K | 100163-502 2 | Rl,las. 9% | Resietor. * 150 | 100156-151 | 2 RL67.510.
| 46 |Resistor, " 10K | 190163-103 5 | RL23,426,L38,465.508. 95 | Resistor, * " 390 100156-391 | 2 R2L,9.250.
L7 | Besistor, - 20K | 100163-203 2 | Ri62.503. 96 | Heatsink. 100096 2 70-5, Use with Qu17.L18.
‘u8 9T | Pin, Test Point. Male, . -100098 35 Includes JB-k.
L9 98 | Pin, Female, 100099 &
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50 |Resistor. 5%. dw. 2.7 | 100156~2RT 2 | Re60,261. 99 | Pin, Connector. Male. 100021-007 0 131 | Capeestor, Tantalum, 10uf | 100070-106 ©20L. 131 | Capaeiter, Tantalum.  1.Suf { 100136-155 1 |c20h.
51 |Reststor. " 3w. | L7 | 100068-k70 | 1 |memi. ® 100 |Pin, Connector. Female. 100021-008 | 1k 132 ] 132 )
52 | Resistor. * iw. 100 | 10015¢-10L | 18 | R2k3.255.256.257.258.427.4i0. 101 133 [ Resistor, 5%. iw. 750 | 100156-751 1 |R23kL. 133 | Resistor, 5%. iw. 750 | 100156-751 1 | B3, )
R:h3obbliobliS. k7,155 45682, 102 13k | Resistor, * 3w. L7 | 100068-470 1 |RaL8. 13k | Resistor, * 3w. L7 | 100068-4T0 1 {R28,
7483.439.528.529. 103 | Pad, Transistor. 100223 5 | Q220.L17.418.4k0.Gk3. 135 | Reststor, " jw. 750 | 100156751 1 | Res8. 135 | Resister, " Ju. 750 | 100156-751 1 | nzes,
53 | Resistor. 5%. Jw. 150 | 100068151 1 | Ru%6. . 104 [ Insulater, Transistor. 100151 7 |T0=3. 135 | Resistor, " ¥ 27K | 100156-273 1 | R:21. 136 | Resistor, * * 15K | 100156-153 1 | Rk21.
Sh | Resistor. * w. 200 | 100156-201 8 | Ru73.L74.LT79.180.519.520.525. 105 137 | Rextator; ¥ * 100k | 10m36-204 1 lmam. 137 1 Resister, * 7 si¢ | 100156-513 1 imy:,
R526. 106 | Wire, Inpulated. 100053-916 | A/R |From item 21 to hole B. 138 | Resistor, = *® 12K | 100156-123 1 ]R3z, 138 | Resistor, " 13K | 100156-133 1 {B432.
55 | Resister. 5%. 3w. 220 | 100156~221 | 11 | R200.202.204,206,208.210.212.5 107 |Wire, Selid Insulated. 100248924 | A/R | Jumper J12. From SS to IT. 139 | Resistor, " " 680K | 100156-68L 1 | Ru66. 139 | Resistor, * * 680K | 100156-68L 1 | Ru66.
R235.239.269.273, 108 | Screw, Pan Head. 100036-206 | 10 f kO x 378" BERE™ ——s P S . 20 | wstevors 156-1—260456m3 58—t
56 | Resistor. 5%. iv. 300 | 100156=301 1 |Rulo. 1109 | Serew, Pan Head. 100036-210 | 16 | L-lo x¥5" 11 | Resistor, = * 390K | 10015639k 1 | Rh68. " il [ Resister, " " 390K | 100156-39% 1 | Rué8.
4o1. 57 |Restster, ™ * 330 | 100156=331 9 | R201.203.205.207.209.211.213. fuo 12 [ Resistor, " " 1.5M | 100156-155 1 |Rsos. 12 | Resistor, " " 1.5M{ 100156-155 | 1 | Rsos.
115, R216.219. 111 | Washer, Flat. 100047-200 | 26 |Ne.h. 1L3 | Resknteryeties e S 5 a i 113 LRestntemnseti s T o o
428, S8 |Resistor. 58. w. 330 | 100068-331 | 1 | =rooa. 112 |Washer, Int. Tooth Lock. 100059-200 | 26 |MNo.l. 3L | Reststor, % * 30k | 100336-3%h | 1 [msu. 1 | Resistor, * * 390K | 100156-35h | 1 | &siL.
k5. 59 |Resistor. * }w. 360 | 100156-361 2 | Rub2.Ll6. 113 |Washer, Nylon Shoulder. 100063-012 | 1 145 | Resistor, 58. iw. 3.34 | 100156-335 1 |RS36. 15 | Resistor, 5%. iw. 3,3M| 100156-335 1 |RS3. .
8 |{Resistor. * " 1430 | 100156-431 2 R251.252. 115 | Wakher, Nylen Shoulder. 100063-008 1 Use with CRL32. 146 pIN) .
4Ok 61 |Resistor. " 3w. 470 | 100068-L71 | & RA.L35.L36.L37. 115 Tut, nex. 1000k3-200 | 26 jL-hO. 117 | Wire, Solid Insulated, 100248-924 | 4/R | Jwmer J1. From JJ to KX. 17 | Wire, Solid Insulated. 200248+52U | 4/R | Jumper J1. Frem JJ te K.
b31. 62 |Resistor. * jw. 510 | 100156811 | 2 |B533.534. jus Juper J2. ° U " V. , |dumpervz = U 2V,
63 | Resistor. * " 560 | 100156-561 3 |R2lh.216. .LL8. 17 Jumper Ji. * PP ¥ ER. Jumper Ji " PP * IR,
6 {Reststor. * * 1K | 100156-202 | 20 | R20.278.401.L02.LL9.k72.477. 118 | Specification, Test. 200532 Ref. fumper 5, " F " G. Jumper 5. * F " a.
© | Ru78.L81.1485.L91.Lok.L9T. 501, RETT) Jumper J6. " GG * HH. Jumper J6. * GG " HH.
R513.515.518.522.524.527, 120 Jumper J7. " H ®*J Jumper J7. * H % J.
121 Jumper J8. " EE * FF. Jumper J8. " EX " IF,
— 65 |Resistor. 5%. jv. 1.2k | 100156-122 | 1 |R2l7. 122 Juuper J9. " D " E. Jumper J9. * D " B.
K55, 6 |Resistor. " * 1.5K | 100156-152 1 |Rer0. 123 Jumper J10. " A4 * CC. Jumper J10. " - AL * CC.
) 67 |Resistor. " " 20 | 100156-202 3 R418.463.504. 12 Jusper J33. * W T X, Jusper Jl1. * W “X.
- 68 |Resistor. " " 2.2 | 200156-222 | "6 | R224.225.231.237.265.493. 125 Jumper J19. * DD ® TP208. Jumper J15. * DD ¥ TPOB;
126
69 | Resistor. 58. Iw. 3K | 100156-302 | L | Bk0B.L5B.495.535. 127
70 |Resistor. " * 3.6K | 100156-362 | 5 | R222.223.232,238.266. 128 i
T1 |Reststor. * * 3.9K | 100156-392 } 6  {Ru19.L39.L1.L90.L98.LSS. 129
1%
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7206, | [ 72 [ Reststor. 58, Iw, 4.3k | 100056432 | 1 | Ru29. 131 | Capacitor, Tantalus. 10uf | 100070-106 | 1 Jc2ok. 131 |Capacitor, Tantalum. 10uf | 100070-206 | 1 [c2ou. [ 131 [ Gapacitor, Tantalun. 1.5uf] 200136-155 | 1 |ced..
1,403, 73 |Resistor. " " L.7K| 100156-k72 | 2 Ri12.416. 132 132 132
130, 7 | Resistor. * * gax ) 10086512 | 1 1 R230.233.236,253.25h.259. 262, 123 ! Resistor, S%. iw. 750 | 100156-751 | 1 IRedl. 133 jResistor, 5%, iv. 750 | 100136-751 { 1 jRe3k, 133 | Resistor, 5%. iw 750 ] 300156751 | 1 jR23k.
17, §263.264.267 .272,279.107.409. 134 | Resistor, " 3w. u7 | 100068470 | 1 |R2k8. 134 [Resistor, " 3w. 47 | 100068-k70 | 1 |[R2LB. 13 | Besistor, " 3w. 47| 10006870 | 1 | RelS.
Jol2l. RU13.h3h L2k L25.k28. 464505, 135 | Resistor, * iw. 750 | 100156-751 1 | Res8. 135 |Resistor, " 3w. 750 | 199156~751 1 |R268. i 135 | Reststor, * {w. 750 { 100156-751 1 | R268,
1431, ’ . 136 | Resistor, " * 33K | 100156-333 | 1 |Ru2L. 13 |Resistor, * 18k | 100056-183 | 1 [mu21. 136 | Resistor, " * 10k | 100156-103 | 1 |21,
75 | Resistor. 58. iv. 6.8K | 100156-682 | S | R226.228.229.247.450, 137 | Resistor, " " 120K | 100356-32 | ¥ |RA3. 137 |Restator, " v 68k | 100156-683 | 1 |RLA. 137 | Resistor, " 33K | 100156-333 | .1 Ry;.
16 | Resistor. * * 8.2k | 100156-822 | 1 R227. 136 | Resistor, " * 12K | 100056~123 | 1 RL32. 1% |Resistor, * * 13K | 100156-133 1 |32, 138 | Resistor, * » 15K | 100156-263 1 1my3,
77 | Besiator. " . 10K | 100156-103 | 10 | R245.276.L03.L0k.L20.4k22.452. 139 | Resistor, " * 680K | 100156-68k 1 | BL66. 139 |Resistor, * * 680K | 100156-684 1 |Ru66. 139 { Resistor, " * 300K | 10015630k 1 | RUGS.
RSk L61.492. 10 | Reokobory—dii 25 OO Ut Sl ile b U0 | Revtyvory—t— 35000t ire o~ 140 { Rewtetory—i——iee———— 301065 E It Rl
78 | Resistor. " " 11X | 100156-113 2 RLB6.488. 1l1 | Resistor, * " 390K | 100156-35kL 1 RL68, 1kl | Resistor, * " 390K | 100156-39k 1 RL68. U | Resistor, " " 390K | 100156-3%Y4 1 RL68.
19 | Resistor. * * 1% 100156-123 | 1 [ &h30. 12 | Resistor, " " 1.5M] 100356-155 ; 1 | BS09. 12 [Resistor, " ° 1.5M | 100156-155 | 1 |RS09. 12 | Resistor, * * 680K | 100156-68L | 1 jRS09.
80 | Resistor. * * 20K { 100156-203 | 2 | R27h.L8T7. 113 | Resinbony—t-t el Bttt -5 143 | Reekerony - A5t PRI PPV 113 | Revrrbomy—i—s | eokseeion P
81 | Resistor, " K 22K} 100156-223 | 2 | RS06.531. 1Lk | Resistor, “ * 390K | 100156~39k 1 | 831, 1l [Resistor, * *© 350K | 100156-39L 1 |Rsu. 1kl | Resistor, * " 390K | 00156-354 | 1 | Rsui.
82 | Resistor. " * 27K | 100156-273 | 2 R475.521. 1S | Resistor, 5%. iv. 3.34| 100156-335 | 1 | RS36, 1S | Resistor, 5K. jw. 3,34 | 200156-235 | 1 |RS3%. WS
83 | Reststor. * * 33K | 100156-333 | 3 RL60,514.516. 146 W6 6 - -~
84 | Restistor, " * 39K | 100156-393 | 1 R500. 147 | Wire, Solid Insulated. 100248-92L | A/R | Jumper Jl. From JJ te KK. 147 |Wire, Solid Insulated. 100248-92k | A/R |Jumper J1. From JJ to KK. U7 | Wire, Solid Insulated. 10021i8~92 | A/R | Jumper J1. From 4J te XK.
85 | Reststor. * " L3k | 100156-433 | 1 | B275. Jumper J2. * U " V. Juaper J2, * U "V, Jumper J2. * U %V,
86 | Resistor. " * b7k | 100156-473 | 3 RUO5 .406.453 Jumper Ji. " PP " RHR, Jumper Jdy, * PP * BR. Jumper Ji. ¥ PP ¥ RR,
87 | Resistor. * * 00k | 100156-104 | 5 | R242.277.433.L51.532. Jumper 5. * F M G Jumper 5. * F " Q. Jumper 45, " F "G,
s, 88 | Resistor. " " 220k | 100156-22h | 1 | R2ll. Jumper J6. " 0OG " HH. Jumper J6. " GG " HA. Junper J6, * 0G * HH,
89 |Resistor. * * 270k | 100156-27h | 1 |=RuSs. Jumper J7. * H " J. Jumper JT, * H *J. Jumper 7. * H %3,
22, 90 | Reststor. * * 300K | 100156-30k | 3 [ BL17.L71.517. Jusper J8, " 'EE * FF. Junper J8. ® EKE * FP. Jumper J8. * I * FF,
91 | Resistor. * * 330K | 100156-334 | 2 R220.221. Jumper J9. " D" E. Juwper J9. * D " E. Juper'J9. " D * 3B,
92 | Resistor. " * 390K | 100156-3%k | & | R2L6.. . .L69.k70.476.. .1.512. Jumper J10. " A " CC. Jumper J10. ® AA " CC. Jumper J10. * AA *-0C.
523, ’ Jumper J11. % W " X, Jumper J11. * W X, Juxper J1L. * W _*X.
— 93 | Restator, " ® IMeg.! 100156-105 ! 1 | BSO7. Jusper J19. * DD " TP208. Jumper J19. ¥ DD _* TP208. Juzper J19. * ID " 78008,
1 .| % |Beststor. * = 150 100156-1511 2 | Ru67.510.
| 95 | Resistor, * * 390 | 100156-391 | 2 | R249.250.
96 | Heateink. 100096 2 |70-5, Use with QL17.L18,
R 97 | Pin, Test Polnt.  Male. _-100098 35 | Insludes JB-l.
QR Pin Famala 10090 b
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T.n Capaciter, Tantalem.  1.5uf | 100136-155 1 |c20h. 131 131 131 131 |
132 . 132 132 132 132
133 | Resistor. 5%. iw. 750 | 100156-751 1 |Real. 133 | Resistor. S5%. iw. 750 | 100156-751 1 {Rai. 133 { Resistor. 5%. 3v. 750 | 100156-751 | 1 R23L. 133 | Resistor. 5%. gw. 750 | 100156-751 1 {R23k. 133
‘A3 | Reststor. * 3w, L1 | 100068-L70 1 |raus. 1% !Resistor. * 3w. L7 | 100068-L70 1 |Ral8. - 134 | Resistor. " 3w, 47 | 100068470 | 1 R248. 134 | Resistor. * 3w, 47 | 100068470 1 {Rays. 13
135 {Ressistor. * }v. 750 { 100156-7S1 | +1 R268. 135 | Resistor. " j}w. 750 | 100156-,51 1 R268. 135 | Reststor. ™ iw. 750 | 100156-751 1 R268, 135 {Resistor. ® iw. 750 | 100156-751 1 }R268. 135
13% B.W. " o 9.1% | 100156-912 1 |Ru21. 136 | Resistor. " * 27K | 100156-273 1 |Rk21. 136 | Resistor. " " 15K | 100156~153 | 1 RL21. 136 | Resistor. * 9.1K | 100156-912 1 |BL2A. 136 |1
127 | Resistor, " * 27K | 100156-273 1 |BL3l. 137 | Resistor. " " 100K | 100156-10k 1 {3 137 | Resistor. " * 51K | 100156-513 | 1 RL31. 137 | Resistor. * » 27K | 100156-273 1 |RL31. 137
ila Resistor. " " 15K | 100156-153 1 RL32. 138 | Besistor. " " 12K | 100156-123 1 RL32. 138 | Resistor, " * 13X | 100156-133 1 Rh32. 138 | Reaistor. " » 15K { 100156-153 1 ‘{RL32. 138
139 {Resistor. " " 300K | 10015630k 1 [ REE, 139 | Resistor. * * 680K | 100156-684 1 |Rué6. 139 | Resistor. " " 680K | 100156-68L | 1 RL66. 139 | Resistor. * 300K | 100156-30k 1 | Ru6S. 139 |
10 | Aesies - PPN IRV o | & et 250120025 bwiSi—t—i——t=-Rir6%r 10 |Restatorr ~X56-—3063 5ot A2 RirbPr— 1ko = F50-—260056mdiA 2 . 40 |-
1) {Resistor, " * 330K | 100156~33 1 | Ru68. 141 | Resistor. " " 350K | 100156-394 1 | RuéS, 1LY | Resistor. " 390K | 100156-39L § 1 2468. 1) | Resistor. ™ v 330K | 100156-33Y RL6S. wil
2 {Resistor, * * 680K | 100156-68L 1 | R509.. 142 | Resistor. ™ " 1.5M | 100156-155 1 | RS09. 142 | Resistor. " " 1.5M] 100156-255 | 1 R509. 142 | Resistor. " " 680K | 100156-68L 1 | Rs0.: 2
143 {eotoborsy 250-1-100156w2 5 o 113 | Reskotonr—it 50420035 6mI S il 5307 13 - il i i e U3 | & —— 350+ L Racaiad w3 [-
- 1k | Resistor. " " 330K | 100156-33L RSL1. 1Ll { Resistor. " " 390k | 100156-39L 1 | RS11. 1l | Resistor. " ™ 390K | 100156-~39k RS11. 1h | Resiator. v v 330K | 100156-33L 1 |RS11. w0,
s 145 { Resistor. " * 3.3 ] 100156-335 1 RS36. 145 | Resistor. " " 3.34 | 100156-335 1 R536. 15 15
hé ~ W6 1.6 k6 Wé
347 |¥ire, Selid Insulated. 100248081, 2/2 lJumper J1. Frex 8 %o g_-gf‘ 147 | Wire, Solid Insulated. 10021i8-92h A/R | Jumper J1. From JJ to KK. 1h7 | Wire, Solid Insulated. 1002li8-92k | A/R Jumper J1. Frem JJ to KK. 1h47 | Wire, Solid Insulated. 1002L8-92h 4/R | Jumper J1. From JJ to XK. wr i
Jumper J2, * U "V, 3 Jumper J2. " T "V, Jomper J2. * T "V, Jumper J2. " T "V,
Jumper Ji;. * PP ¥ RR, Jumper J3. " L * M. Jumper J3. ' L % M. Jumper d3. " L " M. N
Junper J5. * F v G. Jumper J5. " F 3. . Jumper J5, " F va, Jumper JS5, " F "na.
Jumper J6, " GG * HH. Jumper J7. " H *dJ. Jumper J7. " H " J. Jumper J7. " H " J.
Jumper J7. * H *J. Jumper JB. ® EE " FF. Jumper JB. " EE “ FF, Jumper J8, " EE " FF,
Jumper JB, * EE * FF. Jumper J9. * D " E. Jumper J9. " D "E. Junper J9. U D " E.
N Jumper J9. ¥ D " E. Jumper J10. *  AA ™ GC. Jumper J10. " A& " CC. Jumper J10. " AA * CC.
Jumper 910, * AA " CC. Jumper J11. " W "X, Jumper J1l. " W U X, Jumper J11. " W " X.
Jumper J11. * W “ X, Jumper J13. * N *P. Jumper J13. * © N " P. Jumper J13. * N *P,
Junper J19. " DD " TP208. ,| Jumper J2h, * R ¥ S, Jumper Jlh, * R * 3, Jumper J1i. * B S,
Jumper J19. * DD ™ TP208. Jumper J19. " DD " TP208. | Jumper J19. * DD " TP208..
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am = 131 131 |Capacitor, Tantalum. 10uf] 100070-106 1 C20k. ‘—_1——31—=(
132 132 132 132 132
133 | Bestator. 5%, 3v. 750 | 100156-751 | 1 |R23h. 133 | Resistor. 5%. 4w. 750 | 100156-751 | 1 |R23h. 133 | Resistor. 5%. iw. 750 | 100156-751 | 1 | R23k. 133 3
13 | Bestster. * 3w. 47 { 100068470 | ‘1 |R2L8. 134 | Resistor. " 3w. 47| 100068-L70 1 | R248. 134 | Resistor. " 3w, k7| 100068-470 1 | R248. 134 3%
135 |Resistor. " 3. 750 | 100156751 1 |Rre68. 135 | Resistor. * lw. 750 | 100156-751 1 | Res8. 135 | Reststor. * iw. 750 | 100156~751 1 | R268. 135 : 135
136 [Resistor. * * 33 | 100156-333 1 (R, 136 | Resistor. * * 18K | 100156-183 1 | RL2L. 136 | Resistor. " 10K | 100156-103 1 Ru21. 136 |Resistor. 5%. iv. 33K { 100156-333 1 Rh2l. 13%
337 | Beststor. * * 120K | 100156-124 1 |RLI. 137 | Reststor. " *® 68K'| 100156-683 1 |Ru3L. 137 | Resistor. * * 33¢ | 100156-333 1 | Ry, 137 |Resistor. " 120K | 100156-12L 1 RL3L. 137
138 | Resistor. " * 12K | 100156-123 1 RL32. 138 { Resistor. “ * 13K | 100156-133 1 |RL32, 138 | Resistor. " * 15k | 100156-153 1 | Ry32. 138 {Resistor. " " 12€ | 100156-123 1 RL32. 138
139 |Resistor. * * 680K | 100156-68L 1 | Rué6. 139 | Resistor. " ™ 680K | 100156-68L 1 | RL66. 139 | Resistor. ® T 300K | 100156-30L 1 | Ru6S. 139 |Reststor, " " 680K | 100156-68L 1 RL66. 139
150 | Revketor—s B 2 10 | Rovtwror 2501300 TSbutE Sret-Rirb 10 | Roek P 20k~ 100E56=10 o B and 140 |Rentebetsyims e e 1o |-
34l [Ressstor. ¥ * 390K | 100156-39L 1 |BUSS. 11 | Resistor, * * 390K | 100156-39k 1 ] Ru6E. 141 | Resistor. " * 390K | 100156-394 1§ Ru6S. i 11 | Resistor. " " 390K | 100156~39L 1 Ru68. JIRY
1,2 | Restator. " * 1.5¥ | 1001564155 1 |RS09. | Ww2| Resistor. " " 1.5M ] 100156-155 1 | R509. 1h2 | Resistor. * ™ 680K | 100156-684 1 | BSO9. 142 |Resistor. * " 1.5M | 100156-155 1 R509. 12
13 | Resdes P A501-AOORSbmiis - IRUEAL r R e 13 | Aevkebors a F0i6-+—200356 L i el 13 e 150200356352 Yt =30 w3}
bl | Restetor. * * 390K | 100156394 1 |RS1, 1 10 [ Reststor. 390K | 100156-39L 1 |Rs1i. 1hk | Resistor. * * 390K | 100156-39% 1 |msa. 1k |Resistor, " " 390K | 100156-3%k 1 R511. Tkl
A4S | Reststor. " " 3.3 | 100156-335 R536. 145 | Reststor. " " 3.34 | 100156-335 1 | R536. U5 U5 |Resistor, " " 3.3M | 100156-335 1 RS 36. s
6 : U6 w6 16 6
147 {Wire, Sclid Insulzted. 1002i8-92 | A/R ! Jumper J1. From JJ to KK. U7 | Wire, Solid Insulated. 100248-92l | A/R | Jumper J1. From JJ to KK. 147 | Wire, Solid Insulated. 10021:8-92 | A/R | Jumper J1. From JJ to KK. W7 |Wire, Solid Insulated. 100246-92k | A/R | Jumper J1. From KK to LL. W7
Jumpsr J2. * T "V, Jumper J2. " T " V. Jumper ‘§2. ¥ T v, Jumper J2. " U "V,
Juper d3. " L " M. Jusper J3. " L "M, Jumper J3. " L "X, Jumper Ji. " PP " RR.
Jumper JS5. " P "G, Jumper J5. " F "G, Jumper J5. ". F " @, Jumper J5. " F ¥G.
Juwper J7. " H *J, Jumper JT. * H " J, Jumper J7. " H " J, Jumper J6. " GG " HH.
Jumper J8. " EE " FF, Jumper J8. " EE " FF. Jumper J8, " EE ® FP, Jumper J7. " H o"J,
Jumper J9. * D "E, Jumper J9. * D "E. Jumper J9. " D "E. Jumper J8. " EE ¥ FF.
Jumper J10. " AA " GG, Jumper J10. * AR CC. Jumper J10. " AA " CC. Jumper J9. * D "E.
Jumper J11. * W * X, Jumper J11. " W " X. Jusper JI1. * W "X, ¢ ‘ Jumper J10. * AL “ CC.
Jumper J13. * N " P, Jumper J13. * N " P. Jumper J13. * N " P, Jumper J11, " W X,
Jumper Jli. * R " 8. Jumper Jlh, " R " S. Jumper Jlh. " R " 8., Jumper J15. * A *C,
K Jumper J19.* DD " TP208. Jumper J19. " DD " TP208. Jumper J19. " DD " TP208, Jumper J16. * UU * VV.
| o - Jumper J17. " WW * XX.
Jumper J19, " DD * TP208.
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% m 131 3 131 | Capacitor, Tentalum.  10uf | 100070206 | 1 | caok.
132 132 132 132
133 [Resistor. 5%. jw. 750 | 100156-751 1 [Ra. 133 | Resistor. 5%. 3w. 750 | 100156-751 | 1 R23h. 133 | Reaistor. 5%. jw. 750 | 100156-751 1 |Re3h. 133
13, | Resistor. " 3w, L7 | 100068-470 1 |BRaL8. .13k | Resistor. * 3w, 47 | 100068470 | 1 R2k8. 134 | Resistor. " 3w. 17 | 100068-470 1 |Ra248. 13 N
135 | Resistor. " jw. 750 | 100156-51 1 | R268. 135 [ Resistor. " iw. 750 | 100156-751 | 1 R268. 135 | Resistor. ® jw. 750 | 100156-751 1 |R268. 135
136 | Resistor. * * 27K | 100156-273 1 |Rk21. 136 | Resistor. " * 15K | 100156-153 | 1 RL21. 136 | Resistor. " * 9.1K | 100156-912 1 [RL23. 136 | Resistor. S%. iw. 27K | 100156-273 1 |RuZ.
137 | Remistor. " * 100K | 100166-10k 1 IRk, 137 | Restatar, " ® BIK i 100156-313 © 1 RLIL. 137 { Resistor. = * 7% 1 100156-273 1 jEM3L. 137  Resister. % & 180K | 10015616k 1 [Ru3I.
138 | Resistor. * °® 12K | 100156-123 1 |RL32. 138 | Resistor, " * 13K | 100156-133 | 1 Rli32. 135 | Resistor, * * 15K { 100156-153 1 ‘| Ru32. 138 | Resistor. ) * 12K | 100156-123 i }RE32.
139 | Resistor. " * 680K | 100156-684 1 | Ru6S. 139 | Resistor. " 680K | 100156~68L 1 RL6S. 139 | Resistor, ®* 300K | 100156-304 1 | RubS. 139 | Resistor. " * 680K | 100156-681 1 | russ.
10 | feet 350-—106¥56=25——F 140 |-Reetetorr 504001 56mi5E——d——tfirGP | 140 | Restebor ~50-—306356wi bt i . 140 | Removorr—i= YN EFPURET IR SO TP
11 | Resistor. = * 390K | 100156-39L 1 RL6B. 141 | Resistor. " *® 390K | 100156-33L | 1 468, 1k} | Resistor. " " 330K | 100156-33) 1 | RLES, 141 | Resistor. " * 390K | 100156+39) 1 o BLGS.
112 | Resistor. * *® 1.54 | 100156-155 1 R509. 12 | Resistor, " " 1.5M| 100156-155 1 R509. 142 | Resistor. " *® 680K | 100156-68L 1 R509. 12 | Resistor. * * 1.5M | 100156155 1 | &sos.
_ 113 | Beskosorr—ia - u3 - e e e 23 | wstotore—is 3500063t G20 YY) e — AT M
1k | Resgstor. " ® 390K { 100156-39) 1 | RS11. s | Resistor. * " 390K { 100156-3%4 | 1 RS11. 14 | Resistor. " " 330K | 100156-33L 1 |Asil. 1L | Resistor. " " 390K | 100156-394 1 s
145 | Resistor. " * 3.3M | 100156-335 1 |RS3%. 145 | Resistor. * 3.3M | 100156-335 § 1 R536. U5 145 { Resistor, " * 3.3 6=335 BS36.
. U6 pI piN 1 we L ‘\7
KK - O \ | 147 | Wire, Selid Insulated. 100248924 | 4/R | Jumper J1. From JJ to KK. 147 | Wire, Selid Insulated. 1002l8-92l | A/R | Jumper J1. Frem JJ to KK. 147 | Wire, Solid Insulated. 100246-92k | 4/R | Jumper J1. From JJ to KK, W= 1,7 [ Wire, Solid Insulajddy 200248-92) | A/R | Jumper Ji. Frem EX to LL.
. Iy '\ Jumper J2, * T "7V, Jumper J2. * T *V, L dumper d2. " T vv. ¥ ™% J‘g& Junper d2. * 0. MV, . i
R, v | Jumper J3. " L “M Jumper J3. * L "M j 7 | Jumper J3. " L ‘ w Y x——~ & Q Jumper Js. * PP * RR.
G, wee 1} Jumper J5. ® F " G. . Jumper J5, " F ¥ @, Jumper J5. " F n G, wm <o "% Jumper J5. " F G,
HE. Jumper J7. " H *J. Jumper J7. H "gJ, Jumper J7. " H " J, e N "& Jumper J6. * GG ™ HH,
7 - Jumper 48, % EE *® FF. Jumper J8, " EE * FF. Jumper J8. * EE  FF, wm — Sumper 97, " . H % 4.
e f Jumper J9. * D " E. Jumper J9.° " D " E, Jumper J9. " D " E. Jumper JS. ¥ EE M FF,
g, w- i Jumper J10. * Ad " GG, Jumper J10. " Ak " CC. Jumper J10. " AA ¥ CC. =] Jumper J3. * D wE.
. - Jumper J11. " W "X, Jumper JIL. " W v X, Jumper J11. " W "X, Jumper J10. " - AA * CG,
I. - Jumper J13. * N “P. J Jumper J13. * N " P. Jumper J13. " N %P, > Jumpar J11. ® - W v X, -
P208, = o Jumper J1L, * R *S. ! Jumper Jlh. ¥ R 38, Jumper J1L. * B "s, M Jumper J1S. * 4. ¥ c..
Jumper J19, * ID " TP208, H Jumper J19. " DD “ TP208, {Jumper J19. " Db " '1'1’208..a Jumper J16. " UY " VW.
T . Jumper J17. * WW * XX,
! Jumper J19. ™ DD " TP208,
; : I I (X =REMNE ‘
z ) ‘; 1 E 1
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131 131 131 |Capaciter, Tantalum. 10uf} 100070-106 1 Geols. 131 {Capaciter, Tantalunm, 10uf | 100070106 1 G204.
132 132 132 132 )
133 | Resistor. 5%. . 750 | 100156-751 1 IR23k. 133 | Resistor. 5%. iw. 750 | 100156-751 1 iRedh. 133 133
134 | Resistor. " 3w. L7 | 100068-L70 1 | R2k48. 13k | Resistor. " 3w. 47 | 100068-470 1 | R2d8. 13 1%
135 | Resistor. * iw. 750 | 100156-751 1 | R268. 135 | Resistor. " jw. 750 | 100156-751 1 | Rre68. 135 : 135 ]
136 | Resistor. " ¥ 18K | 100156-183 1 RL21. 136 | Resistor., " " 10K | 100156-103 1 RL21. 136 |Resistor, 5%. iw. 33K { 100156-333 1 RL21. 136 | Resistor. 5}. v, 18K | 100156-183 1 RL21.
137 | Resistor. " " 68K°| 100156-683 1 | RL3. 137 | Resistor. " " 33K | 100156-333 1 | R 137 |Resistor. " 120K | 100156-12L 1 RL31. 137 | Resistor, o v 68K | 100156-683 1 [BL31.
136 | Reststor. * * 13K | 100156-133 1 }R432. 136 { Resistor. ® 15K | 100156-153 1| Ry32. 138 |Resistor. " " 128 | 190158-123 1 7L22. 138 | Reaistor. " 13K | 100156-133 1 JRu32.
139 | Resistor. “ 680K | 100156-68L 1 | Rh66, 139 | Resistor, * * 300K | 100156-304 1 RL66. 139 |Resister. " 660K | 100156-66h 1 RL66, 139 | Resistor, “ " 680K | 100156-68L 1 . BLésS.
10 | & - IS0t S6mt T Fr—t-firbPr U0 | & o - e M + e 140 | Remtobery—i— 35 BORSEaRP 3 P | 1o o Al 561100256153 S——t-Rirb Py~
141 | Resistor. " *® 390K | 100156-3%L 1 | R468. 141 | Resistor. ©* 390K | 100156-39L 1 | Ru68. i 141 {Resistor. " " 390K | 100156-39k 1 RLS8. 1k | Resistor, * * 390K | 100156-39L 1 | RL6S.
1042 | Resistor. * 7 1.5H | 100156-15% 1 | RS05. 12 | Resistor. * ~ 680K | 1D0156-681 1 | E509. 142 |Resister. * " 1.5M | 100156-155 1 R509. 142 | Resistor. " * 1.5M | 100156-155 1 | R509.
143 | fememvorr R o e cscodiat 13 | Aeek 0466156103t W3 |# — 1563602565 t——t—t—hi30T 143 [ Rttt 50—t 3 04 iSO
14l | Resistor., " " 390K | 100156-39k 1 |R51. 1bk | Resistor, * * 390K | 100156-394 1 [ma. sk |Resistor. " 390K | 100156-39L 1 R511. 1l | Resistor. * v 390K § 100156~39k 1 | RS
145 | Resistor. " " 3.34 | 100156-335 1 | R536. 1L5 15 |Resistor. " ® 3.3H | 100156-335 1 RS 36. 1,5 | Resistor. * v 3.34 | 100156-335 1 |R536.
U6 L6 16 1hé .
> KK, U7 | Wire, Solid Insulated. 1002L8-92 | A/R | Jumper J1l. From JJ to KK. 147 | Wire, Solid Insulated. 100248-92) | A/R | Jumper Jl. From JJ to KK. 17 |Wire, Solid Insulated. 100246-924 ; A/R | Jumper Jl. From KK to LL. 147 | Wire, Solid Insulated. 100248-92l | A/R | Jumper J1. Frem KK te LL.
1y, Jumper J2. T "V, Jumper ‘2. * T nv, Jumper J2, " T v, Jumper J2. * U ¥V,
"N, Jumper J3. " L * M Jumper J3. * L * M Jumper Jiy. " PP " RR. Jumper Ji. " PP " HR,
' G, Jumper J5. " F "G, Jumper J5. ". F " Q. Jumper J5. " F 0. Jumper J5. " F *q,
vy, Jumper J7. % H 4. Jumper J7. " B " J. Jumper J6. " GG " HH. Jumper J6. " GG " HH.
* FF. Jumper 8, * EE " FF. Jumper J8, " EE *FF. Jumper J7. " H "J. Jumper J7. " H o4,
" E. Jumper J9. * D "E. Jumwper J9. " D "E. Jumper JB, " EE M FF. Jumper J8, ™ RE * FP,
" G, Jumper J10. " AA " CC. Jumper J10. " Ah " CC. Jumper J9. " D "E. Jumper J9. * D *E.
"X, Jumper J11. " W "X, Jumper J11. * W *X, ® Jumper J10. " AL ¥ CC. Jumper J10, " AL " CC,
" p, Jumper J13. " N ®P, Jumper J13. * X " P, Jumper J11, " LR Jumper J1l. ® W * X,
ng, Jumper Jlh, " R s, Junper J1;, * R “8. Jumper J15, " A "C. Jumper Ji5. % i " g,
" TP208, Jumper J19. * DD " TP208, Jumper J19, " DD “ TP208, Jusper J16. " UU " TV, Jumper J16. * U0 * ¥V,
Jumper J17. " WW " IL. Jusper J1T. * W % IX,
Jumper J19, " DD " TP208. Jumper J19. " DD * TP208.
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131 } Capacitor, Tantalum. 1.5uf | 100136-15% 1 c20k. 131 | Capacitor, Tantalum. 1.5uf.| 100136-155 1 caok. 131 131
132 132 132 132
133 133 133 133
1% 13 134 134
135 135 135 135
1% | Resistor. 5%. 2w. 15K | 100156-153 1 (M2 136 | Resistor. S%. w. 9.1K | 100156-912 | 1 Rh21. 136 | Resistor. 5. Zw. 27K| 100156-273| 1 RL21. 136 | Resistor. 5%. jw. 15K | 120156-153 1 |Ru21.
137 | Resistor. * * 51K | 100156513 1 |RL3L. 137 | Resistor. * * 27K | 100156-273 | 1 Ru31. 137 | Resistor. " " 100K | 100156-10L | 1 RL31. 137 | Resistor. " " 51K | 100156-513 1 |Ru3IL.
i” Resistor. " * 13K | 100156-133 1 {RL32. . 138 | Resistor. " * 15K | 100156-153 1 Rlu32, 138 | Resistor. " ® 12K| 100156-123 1 RL32, 138 | Resistor, " 13K | 100156-133 1 Ru32.
139 | Resistor. * * 680K | 100156-66k 1 | 3L66. 139 | Resister. " " 300K | 100156-30k | 1 RL66. 139 | Resistor. " " 680K | 100156-68 | 1 RL66. 139 | Resistor, " " 680K | 100156-68L 1 | Rus6.
B0 gt 150120856153 il 1O | Rewked: TR T e e S e Saas 10 | Resind e B o e g L0 |-Resiat - A50-1—100256ei5 P
11 | Resgstor, " * 390K | 100156-394 1 ]Rues. 141 | Resistor. " * 330K | 100156-33 | 1 Ru68. 11 | Resistor. " * 390K| 100156~39h | 1 RL6B. 141 | Resistor, » * 390K | 100156-39k 1 | Rues.
142 | Reetstor. " " 1.5M | 100156~155 1 R50%. 142 | Resistor. " " 680K | 100156-68L 1 R509. 142 | Resistor., * 1.5M| 100156-155 1 R509. 142 | Resistor., " 1.5M | 100156-155 R509.
13 |- — 3501t OGS bt S 13 T ¥50-—30" 5 R530r 143 | Fombeorp——i— A b R5ho 1035 | Resied P 150 L 300356253 N Py
his | Resistor. * *© 390K | 100156-39k 1 |RS1. 1Lk | Resistor. " * 330K | 100156-33L | 1 RSLY. 1k | Remistor. * °® 390K| 100156-39k | 1 RS11. bl | Resistor. " " 390K | 100156-39L 1 [R5,
145 | Resistors * " 3.3M | 100156-335 1 |#53. 15 15 | Resistor. " 3.3M| 100156-335| 1 RS536. 15 | Resiptor. " 3.3%| 100156-335 1 |R536.
w6 16 1k6 16
17 [ Wire, Selid Insulated, 100248-92k | A/R jJumoer Jl. Frem KK to LL. 147 | Wire, Solid Insulated. 100248-92L | A/R | Jumper J1. From XX ¢o LL, 147 | Wire, Solid Insulated. 1002L8-92k | A/R | Jumper Jl. From JJ to KX. 147 | Wire, Solid Insulated. 10028-524 | A/R | jumper J1. from Ji to Ki.
Jumper J2. *® U *y, Jumper J2. * U v, Jumper J2, * T "V, Jumper J2. * IR
Jumper Ji. " PP " BR. Jumper Jy. " PP * RR. Jumper J3. " L "M, Jumper J3. " L "M,
Jumper J5, * F "G, Jumper JS5. 7 F "a, Jumper J5. " F "a. Jumper JS. " F " G.
Jumper J6. * GG " HH, Jumper J6. " GG " BH. Jumper J7. " H " J. Jumper J7. " H " J.
Jumper J7. ¥ H %4, Jumper J7. " H " J. Jumper J8. " EE " FF, Jumper J§. " EE “ FF. K
Jumper J8. " EE " FF. Jumper J8, * EE * FF. Jumper J9. * D "E. Jumper J%. " D " E,
Jumper J9. " D "E, Jumper J9. " D "E. Jumper J10. " AA " CC. Jumper J10. " AL " CC,
Jumper J10, * A4 ¥ CC, Jumper J10. * AL ™ CC. Jumper J11. " W " X, Jumper J11. * W " X,
Jumper J11, ¥ W oeX, Jumper J11. * w "X, Jumper J13. N P, Jumper J13, " N *P,
Jumper J15. " A " GC. Jumper J15. * A *GC. Jumper Jli, * R " S, Jumper 1. ® R " 8,
Jumper J16. " UU * VV. Jumper J16. " UU % VV. Jumper J19. * DD " TP208. Jumper J19. * DD " TP208.
Jumper Jif. ®  WW ¥ K. Juspsr 4iT. * W§ ° X,
Jumper J19, " DD * TP208. Jumper J19. * DD * TP208.
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=§ Capacitor, Tantelum.  l.5uf.| 100136-155 1 |c20k. 11 131 131
1R 132 1132 132
133 1133 133 133
1% 13 1% 13
338 - 135 135 135
136 | Resister. S%. 1w. 10K | 100156-103 1 }Rh21. 1136 | Reststor. 5%. w. 33K | 100156-333 1 Ru21. 136 | Resistor. 5%. w. 18K | 100156-183 1 RL21, 136 |Resistor. 5%. iw. 10K| 100156-103 1 {m2,
137 | Raststor. = * 33K | 100156333 1 |Ru3L. 137 | Resistor. * * 120K | 100156~-12k 1 RL31. 137 | Resistor. * * 68K | 100156-663 1 RL31. 137 |Resistor. * = 33K] 100156-223 1 cjRL31.
138 | Resistor., " " 15K | 100156-153 1 |RE32, 138 | Resistor. " " 12K | 100156~123 1 RL32. 138 | Resistor. * 13K | 100156-133 1 32, 138 |Resistor. " " 15K[ 100156+153 1 |RL32.
139 | Resistor. * " 300K | 10015630k 1 |Ru6S, 139 | Resistor. * " 680K | 100156-68L 1 RL66. 1139 | Reststor. ® " 680K | 100156-684 1 RL6S. 139 |Resistor. * " 300K| 100156-30L 1 RL66.
R g o —— 3ON——100356mi0d I St 10 | -Reeted e 50420005 6=25k _ oo 10 | B T 1501200 SEwrSY T Riybe 1L0 | Revdobwry——iiei bt B aas ca e ]
1) |Resistor. * * 390K | 100156~35L 1 | Rk68. 11 | Resistor. " * 390K | 100156-394 | 1 | Rué8. 1L1 | Resistor. * * 390K | 100156-39h | 1§ Rl6S. 11 |Resistor, " " 390K| 100156-33L | 1  [RL6S.
142 | Resistor. " * 680K | 100156-668L 1 | RS09. 12 | Resistor.’ " 1,5M| 100156-155 1 - | R509. 1L2 | Resistor. " " 1.5M| 100156-155 1 RS09. 1L2 |Resistor. " 680K} 100156-68L 1 |RS09.
U3 et 2200k 5ui0d + 13 | deskes el T ol St oo 5 aa 50 i1 1L3 | Resiew Sl 2507200356151 ¥ Y0t 1h3 T 0300356202 3 HopOr
2hh | Resistor. * * 390K | 100156-39L 1 jRSM. s | Resistor. " * 390K | 100156-39L { 1 | RSMI. 1 | Resistor. * * 390K{ 100156-39k | 1 ] RS1L. Y [Restetor, " © 390K| 200156-39k | 1 |RS1L.
{as . 115 Tressotor. = 3.3} 100156-335 | 1 | R536. 15 | Resstor. * * 33| 100186-335 | 1| BS36. w3
6 16 1 1k6 16
" 1h7 {Wire, Seiid Insulated. 100248-924 A/R | Jusper Ji. Fres XX to LlL. 147 | Wire, Seiid Insulated. 1002u8-92h A/R Jumper J1. From JJ te KK. 1147 Wire, Selid Insulated. 1002L8-52L AR Jumper J1. From JJ to KK. 1it7 {Wire, Solid Insulated. 100245-923 A/R | Jumper Ji. From Ji to KK.
Jumper J2. * U "V, Jumper J2. * T nvy, J| Jumper J2. * T wy, Jumper J2. " T "V,
Jumper Ji.. * PP " ER, Jumper J3. " L "M, Jumper d3. " L " M. Jumper J3. " L " M.
Jumper J5. " F "G, Juiper J5. " F A @, Jumper J5. * F ", Jumper J5. " F "G,
Jumper J6. ® 0G * HH. Jumper J7. " H *J. Jumper J7. " H "J. Jumper J7. " H wJ.
Jumper J7. " H "d. Jumper J8. * EE " F!. Jumpep JE. # KE " FF. Jumper J&., * EE " FF.
Jumper JB6. ™ EE * FF, Jumper J9. * D " §. Jumper J$. * D " E, Jumper J9. * D "E.
Jumper J9. " D "E. Jumper J10. ™ AA " GC, Jumper J10. * A4 " CC. Jumper J10. ¥ AL " CC.
Jusper J10. * AL " CC, Jumper J11. " W X, Jumper J11. " W "X, Jumper J11. " W "X,
Jumper JL1. * LR 5 Jumper J13. " N =P, Jumper J13. N "P. Jumper J13. " N *P.
Jumper J15. * A "C, Jumper JL. * R "S, Jumper Jlk, " R *38, Jumper J1i, " R "8.
Jumper J16. " UU " VY, Jumper J19. " DD * TP208. Jumper J19. * DD “ TPM8. Jumper J19. * DD " TP208.
Jumper J17. * WWd ¥ IX,
- Jumper J19. * DD ™ TP208.
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£51G. [ DRAWING TITLE OWG. NO. NO. REQ. REMARKS ON CKT. DESIG. . DRAWING TITLE DWG, NO. NO. REQ. REMARKS ON CKT. DESIG. 3 DRA¥ING TITLE DWG. NO. NO., REQ. REMARKS ON CKT. DESIG. i DRAWING TITLE D¥G. NO. NO. REQ. * ‘REMARKS ON CKT., "ozs;,t.’ ) :
131 | Capacitor, Tantalum. 1.5uf.| 100136-155 | 1 c20k. 131 131 131 *‘*
132 132 132 132
133 133 133 133 IR
13 13 134 o -4
135 135 135 135 *
136 | Reststor. 5. 3w. 9.1K | 100156-912 1 RL21. 136 | Resistor. 5. w. 27K| 100156-273 1 Rrh21. 136 | Resistor. 5%. . 15K | 100156-153 1 Ru21. 1% |Resistor. 5%. }u. ok | oorsesnz T P _i,
137§ Resistoz. 7 * 27% ] 100156-273 1 231, 137 | Resistor. * ¢ 100K 100156~30k| 1 Ru31. 137 { Resistor, 4 ® S1K | 100156-513 1 [R. 137 {Resistor, " 27k | 100156-273 1 | ma.
138 | Resistor. " *® 15K | 100156-153 1 ry32. 138 | Resistor., " * 12K | 100156-123 1 RL32. 138 | Resistor. " * 13K | 100156-133 1 Rh32. 138 {Resistor. * * 15K | 100156-153 1 R432. B
139 | Resistor. " " 300K | 100156-30k | 1 RL66. 139 | Resistor, * " 680K| 100156-684 | 1 RL66. 139 | Resistor. " ¥ 680K | 100156-68% 1 | Rus6. 139 |Resistor, " n 0 | 10018620, 1 2148,
110 | Reeked S MEEYT VY- TR Y Tk Siebie 110 | Resinb Zodd LYV REEVV-S FTAETTN 2 140 | -Reskes Sl LYo Y- TSR 3 140 | Restebory " 5 x -L A
1l | Resistor. " * 330K | 100156-334 1 RL68. 11 | Resistor. " * 390K! 100156-39k 1 RL68, 11 { Resistor. " * 390K | 100156-3%4 1 RU6S. 1kl jResistor. " " 330K | 100156-334 1 RUGS,
142 | Resistor. " " 680K | 100156-68L | 1 R509. 142 | Resistor. * * 1.5M| 100156-155| 1 R509. 1L2 | Resistor. * 1.5 ] 100156-155 1 | R509. 142 |Resistor., " 680K | 100156-68L 1 R509.
w3 - B o L 13 | deetwtem—a— 2gelzcazceasal 3 Lasag, i3 2 2501100356355 s W3 I8 . 330 350 P
1Lk | Resistor. * ™ 330K | 100156-33k 1 Uk | Resistor. " * 390€| 100156-39h 1 R511. 1kl | Resistor. ® 390K | 100156-39L 1 R511. 1kl 1Resistor, " 330K | 100156-334 1l RS1Y. - "
s 1L5 | Resistor. " * 3.3M| 100156-335| 1 R536. 145 | Reeistor, " ¥ 3.3M} 100156-335 1 | RS3%. w5 B ~
106 106 1Lé L6 L
IL. 147 | Wire, Solid Insulated. 1002L,8-92: | A/R | Jumper J1. From KK to LL. 147 | Wire, Solid Insulated. 100248-924 | A/R | Jumper J1. From JJ to KK. 147 | Wire, Solid Insulated. 100248-92% | A/R | Jumper J1. From JJ to KX, 147 |Wire, Solid Insulated. 10621;8-921. 4/R | Jumper J. Frem J;V un ] ,i
V. Jumper J2. *® U "V, Jumper J2. " T "V, Jumper J2, " T "V, Jumper J2, " T AL
BR. Jumper Jih. " PP " RR. Jumper J3. * L vM Jumper J3. " L "M, Jumper J3. *. L ,A"-'HA;
. Jumper J5. * F "G. Jumper J5. " F " G. Jumper J5. " F * G. Junper J5. " F T,
HH. Jumper J6. " GG * WH. Jumper J7. " H " J. Jumper J7. " H "J, Juwper JT. * @ %4,
J. Jumper J7. * H "J, Jumper J8. " EE " FF, Junper J8, " EE * FF. 7, N Jamper J8. % EE .8 .
FF. Jumper J8, * EE ° FF, Jumper J9. * D "E, Jumper J3. " D "B, Jumper J9., ®* .p wB, © 0 -
E. Jumper J9., * D "E., Jumper J10, " AA ™ CC, Jumper J10, " AL " CC, Jumper.J10. * Ak Y m
CC. Jumper J10. * 4AA " CC. Jumper J11. " LIRS Jumper J11. " LI & Jumpsr J11. * W "X, u
£. Jumper J11. * W "X, Jumper J13, * N " P, Jumper J13. " N " P, Jumper J13. * K " F, ‘
3. Jumper J15. * A " C. Jumper Jik, " R "8, Jumper Jls. ® R " S, Jumper QL. * - R .8, .
. Jumper J16. * UU “ V¥, Jumper J1%. ® DD " TP208. Jumper J19. * DD * TP208. Jumper J19. ". DD ° m.
KX, Jumper J17. " WW " XX, -
TP208. Jumper J15. * DD " TP208.
0. REV. DRAWING NO. REV, DRAWING NO. REV. DRAWING NO. REV, N .
e MATERIAL  LIST lML e = MATERIAL  LIST |ML T e MATERIAL  LIST lML T T MATERIAL  LIST lML : 3
a OF e Dgﬁ'&m ‘Ssz‘m'B'P?RT YN * MODEL NO. —-l——— DATéw-l SNEET.&. OF e DglAT'L";G ﬁf.m?ﬁnr&ﬁm?gogms fle moODEL NO. _]L__ DATE ml SNEEY.ZQ OF e ] D?i‘t‘rlga ASSI.TEAJ?P?RT ELECTRO:?]:-CS * MODEL NO. _lg_ DATE Mﬂl SHEET lﬁ_ OF Dgﬁ!&n Wh' MODEL NO. ._JL— DATEM : t 0. o
ESIG." T’;gr" DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. ThEn DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. e DRAWING TITLE ] OWG. NO. ]’No. REQ. REMARKS ON CKT. DESIG. M DRAWING TITLE DWG. NO. NO. REQ.| “REMARKS ?qyj:.iW'
131 131 131 131 | Capacitor, Tantalum.  10uf | 100070-106 | .Y | cook. -
132 {132 132 132 )
A ET {13 133 133 | resintor, 5%, iw. 750 | 100156151 | 1 | R2dy.: ~1
134 13 13 13L | Resistor, " 3w. 47| 100068-470 | 1 |[reus. B .
l13 135 135 135 | Reststor, - ¥ u. 750 | 100156-751 | 1 | RosB. S
1136 | reststor. 5%. w. 33K | 100156-333 1 Rh21. 136 | Resistor. 5%. iw. 18K | 100156-183 1 RL21. 136 |Resistor. 5%. fw. 10K| 100156-103 1 |[Rh2d. 136 | Reststor, " * 33k | 100186-333 1 2. N N “j
137 | Resistor. * * 120K | 100156-124 1 RL31. 137 | Resistor. " * 68K | 100156-683 1 RL31. 137 Resistor. * " 33K| 100156333 1 C{RL3L. 137 | Reeistor, " " 120K | 100136-12) 1 A, j
138 | Resistor. " " 12K | 100156-123 1 RL32. 136 | Resistor, " 13K | 100166-133 1 aL32. 138 |Resistor. “ 15K] 100156-153 1 RL32. 138 | Reststor, " *® 12 | 100156-123 1 - 1 RL32.
139 | Resistor. * " 680K | 100156-68L 1 RL66. 1139 | Resistor. * 680K | 100156-68L 1 Rh66. 139 |Resister. " 300K| 100156~30L 1 RU66. 139 | Hesistor, “ ® 680K | 170156-664 by Ry66. .
10 |-Reeket — 250420005 bt e llri, 10 | Beetebors 4501-200156wrsr—t——r——4 6t 140 | Restet ——— w it remmi 0 | sevietvers 35010815t G i} ]
U1 | Resistor. " * 390K | 100156-354 1 RLSS, 1.1 | Resistor. * ¥ 390K | 100156-39L 1 HL68. 1Ll |Resistor, " " 390K| 100156-35L 1 | Ru6B. 1k | Ressator, * * 390K | 120156-39% 1 | RU6S.
142 | Resistor.' * * 1.54| 100156-155 1 ° | R509. 1L2 | Hesistor. ®* * 1.5M] 100156-155 1 R509. 1h2 |Resistor, * " 680K| 100156-68L 1 {R505. U2 | Resistor, * 1.5M| 120156-155 1 | RS09.
U3 | Reskes e o S i S ] 1L3 | Reoweb — A501-20056=15F ¥ R5¥OT 1L3 |Restebory OR300 S5m0 S vk aadl 11,3 |iestoteny—i—t ST T A Gt e
| 1k | Resistor. " * 390K | 100156-35L 1 RS11. b | Resistor., * * 390K | 100156-39) 1 R511. U, |Resistor. " " 390K 200156-39L 1 RS11. 1L | tesietor, * # 3%0K | 100156-3%k 1 R311,
| 145 | Resistor. * * 3.3M| 100156-335 1 R536. 145 | Resistor. * * 3.3M1 100156~335 1 RS36. L5 145 | Resistor, 5%, v 3.34 1 100156-335 1 RS%.
16 { e 116 106 ' .
LL. 147 | Wire, Selid Insulated. 100248~92 | A/R | Jumper J1l. From JJ to KK. | 147 | wWire, Solid Insulated. 1002L68-92 | A/R | Jumper J1. From JJ to KK. 147 | Wire, Solid Insulated. 100246-924 | A/R | Jumper J1. From JJ to KK. 147 | Wire, Solid Insulated. 100253-92k b A/R | Jumper J1. Frem JJ 1»_:}1_
V. Jumper J2. " T "V, | Jumper J2. " T "V, Jumper J2. " T "V, Jumper J2, * LIS
R, Jumper J3. " L " M, Jumper J3. " L "M, Jumper J3. " L "M, Jomper J, * PP ¥ BR.
3 Jumper J5. * F %G, Jumper J5. * F " Q. Jumper J5. " F "G, Jumper 5. * F R G,
. Jumper J7. " H "J. Jumper JT. * H "4, Jumper J7. " H 4, Jimper J6, * G * . j
' Junper 8. " EE " FF. Juagep J8. * EE " FF, Junper J8. * EE " FF. Jumper J7. " H*-d. |
FF. Jumper J9. * D "E. Jumper J9. * D "E, Jumper J9, * P "E. Jusper J8, % EE % -FF,
5. Jumper J10. ® Ak * CC. Jumper J10. ¥ AA * CC. Jumper J10. " AA * CC. Jumper 49, % < gPWEE;
3. Jusper J11. " W " X, Jumper J1l. * W "X, Jumper J11. * W " X. Jumper 410, * A *- €C. ‘——:‘i
L. Jumper J13. * N *P. Jumper J13. " N " P. Jumper J13. * N " P. Jumper J11. °  W.* "X,
c. Jumper Jili. " R *3. Jumper Jli, " R * 8. Jumper J1, R "S. Jumper J3. * L v K. ]
. Jumper J19. " DD * TP208, Jumper J19. * DD * TPM8. Jumper J19. * DD " TP208. .
.
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bgl.’l'l:=°’.__" gss.rgm___.m“'mz%fﬂ;ﬂm“gcj 7Ch mooEL No. ..1____ Dumﬁm sueeT I DF;-—" D?v‘t'v.“sm :ln"?"fﬁg ;L"c“'tcéf"?lm~ MODE. NO. _L._ D‘Tm SHEET 33 OF - D:v‘?“l.:c ASS!.TRAN?P?RT wraoum'?ﬂh. MUDEL N _..M___ DATE Wlsﬂ!ﬂ 35 or o 0#"'326 ASSY‘EA?'?:?M JS‘ESTH%NECSTCTI-W::EL NC. _._LL._ DATE m}lsn:n 37 cr_’ ’ n#;::c
“;g‘, DRAWING TITLE ' WG, NO. NO. REQ. REMARKS ON CKT. DEsiG. - | ’:gf‘ DRAWING TITLE DwE. NC. ~O. REG. REMARKS ON EKT. DESIG. ’,]5“' DRAWING TITLE OWG. NO. NO. REQ. REMARKS ON CKT. DESIG. ',’;OE“ DRAWING TITLE DwG. NO. NO. REQ. REMARKS ON CKT. DESIG. R ',Igf“
131 | Capaeitor, Tantalum. 10uf | 100U79-126 1 ek, 131 | Capacitor, Tantalum.  1.5uf | 100136-155 1 |c2oL. 131 | Capacitor, Tentalum.  1.5uf | 100136-155 1 lcaok. 131 13
132 132 | o] 132 132 . 132
173 | Resistor, 55. Mv. 750 | 190156-751 1 jR23%. 133 | Reriator, SF. qw. 750} 108256-751 1 a2, 133 | Reeistor. Sk. gw. 750 | 100156-751. 1 |R23L. 133 | Resistor. 5%. zw. 750 | 100156-751 1 |R23, 133 | ket
234 | Resistor, " 3w. L7 | 100068470 1 {RoLé. T resistor, * 3w. LT] 100068-L70 1 | Ra2LE. B | 13 |Resistor. * 3w. LT | 100066-L70 1 |RekS. 13 | Resistor. " 3w. L7 | 100066-470 1 jR2S. 134 | Res
335 | Reststor, " w. 750 | 100156-751 1 |R2oh. . E | 135 | weststor, " 4. 75C | 100136-751 1 | R268. 135 |Ressistor. " jw. 750 | 100156-751 1 | R268. 135 | Resistor. " iw. 750 | 100156-751 1 |ResR. X 135 | Res
"1% | Resistor, " 276 | 199156-273 PR EHE 136 | Resiztor, " ® 15K | 100150-253 1 | R:2). 3 136 | Resistor. " 9.1K | 100156~-912 1 jRL21, 136 | Resistor. * * 27K | 100156-273 1 |RLa1. 136 { Rer
237 | Besistor, " " 1008 | 100136-104 | 1 [H.31. 137 | Resistor, " ° 51K 100186-513 1 1 | L3l 137 |Resistor, " " 27¢ | 100056-273 | 1 [muoL. 137 | Resistor. " " 100K | 100156-10k | 1 | RL3L. 137 { ses
ZnaA Registor, " * 12K | 120156-123 1 | a3, J 138 sesistor, " 13K | 150156-13) 1 jeus. 138 | Resistor. * " 15K | 100156-153 1 | "3, 138 | Resistor. " * 12K | 100156-123 1 {Ru32. 138 | Res
5139 | Resistor, " " 680K | 1901356-6Bl 1 RL6O. ‘1 139} Resictor, " " 680K | 10C156-68L 1 BuGS. 139 | Reststor. " " 300K |. 100156-30k 1 RL66. 13y | Resistor. " *® 680K | 100156-66L 1 .| Ru6G. 139 | zer
150 | Aeiotony—i2 T001 £ 253 3 il 10 | Fosiotongmii 1Ea 200356 101 1 lalé 9 140 |-Resiat 1K PSRV YSV7a T2y 3 10 | eates i acal aacacc apo N 140 | ies
1011 | Resistor, * " 399K | 100156-39k 1| e, 11 | Resistor, 390K | 100156-37% 1 | Ru6S. 11 | Resistor, " " 330K | 100156-33L 1 |Rue8. 141 | Resistor. " v 390K | 107135639 1 | RubE. 1k | Res
32 | Reststor, " " 1.5M | 100150-155 1 RS- 142 | Resdstor, " " 1.5M] 150156-155 1 | RS09. 142 | Resistor. " " 680K | 10015666k 1 | RS09. 1k2 | Resistor. * " 1.5M | 100156-155 1 | Rsos. 112 | Res
J’JS n ,_A. gl 355 e S 13 | Rt oyl %_w:x 353 3 RpdOs 143 |Resies Sl 2O FECCTTaE T — i U3 | R o4 vy el LTV B VTN 3 153 | -Ree
‘3L, | Reststor, ¥ " 390K | 10U25L-39L PO RO 1wl | sesister, " 390K | 192156-39L 1 | &8s _ 1hbly {Resistor. " " 330K | 109156-33L 1 |msn. 1kl | Reststor. " 390K | 100156-394 1 |msu. 1k | Re=
" 103 | Resistor, 5%. Ju. 3.3 1 0156-335 1 |msse. n WS | Resistor, 5L, . 3.3M ) 100156-335 RS36. us 15 | Resistor. " * 3.3% | 100156~335 1 |RS36. - 145 | ies
14 : . L:6 . . 16 L6 i s
14} | wire, Solid Inaulsted. 10021:5-028 | A/R | Jumper J1. From JJ to KK. 147 | wire, 30l1é Inculated. 1002Lb-52 | &/R | Jumper Ji. From JJ to EK. 1i;7 [Wire, Solid Insulated. 1002ké-52u | A/R |Jumper Ji. From vd te EX. 147 [ Wire, Solid Insuiated. 1002hb-924 | A/R { Jumper Ji. From JJ %o Ki. 147 | Wiz
: Jumper J2. * U * VW, Junper J2  * U 2V. Jusper J2. * O "V, Jumper J2, * T "V,
Jumper Ji. " PP *RR, Jumper b * PP " RR. ) Jumper Ji. * PP % BR. Jumper J3. * L " M.
Jumper JS, " F " 4. Jumper 5. * F " G. Jumper J5. * P v @, Jumper J5. " F " G.
Cumper J6. " G * HH. Jusper J6. * GG " HH. 1 Jumper J6. " 0G " HH, Jumper J7. " H " J.
Soper 7. " H %4 Jumper $7. " K * J. Jumper J7. * H *J. Jumper J§. " EE ® FF. '
Jumper J8, * EE ° FF. Junper J8. ™ EE " FF, Jusper 38. " EE ® FF. Jumper J9. * D *E.
Jumper J9. " D * B. Jumper J9. " D *E. Jumper J9. " D "B, Jumper J10. * AA " GC.
Jumper J10. " -k % CC, Jumper J17. * AA ™ CC. Jumper J10. * AA " GC. Jumper J11. * W " X,
Jusper J11. * LD 9 Jumper J11. * LI 5 Jumper J11, * W X, Jumper J13, * N " P,
duwper J3, * L " K. Jumper J3. * L " K. 9 Jumper J3.. * L "K. Jumper Jl4. ® R S,
\ . Q 4
- MATERIAL  LIST ‘ML ;&'ﬁ;"i:;l ‘7'_" ! “] ‘nnsnm. LIST IML z‘;‘;:;;"_‘(";;h "‘7’_’? MATERIAL LIST IML :;h‘;';‘i:; ';‘_' MATERIAL  LIST |ML ‘;;&:’a';i ';;3 LA | “'
b;:"r'.k? Wﬁ%- MODEL Mo.._u__ DATE uﬂml weey 32 oFﬂr—ﬂ; D%‘TT:G m!.m-l-"g?? mg?u:ch' MODEL N°~_ﬂ___. Dﬂﬁmﬁm sueer 3k ':n‘---—a-,x D#'A;L':G ASS!-EMEmM Emmonc'?ch. MODEL NO.L oate L/A9/TU sueer 36, or - "'r‘.‘r'{"é“ ADEWLS’!;;"L[;;S'IT?RTISEL&#M Tgﬂilxécsn TCh e nu.___lﬂ.. — DAYEM sueer 38_ or L. \ °‘§:‘r‘!'€°
-E .nuAuum TITLE Dwa, NO. NO. REQ. REMARKS ON CKT. DESIS. [ DRAWING TITLE DWG, MO, NO. REQ. REMARKS ON CKT. DESIG. _* : e DRAWING TITLE ’ DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. g ORAY.NG TITCE O%G. NO. Jno, REQ REMARKS ON CKT. DESIG. o
‘ﬁf Capacitor, Tantalum. 10uf | 100070-306 1 c20L. _# 131 | Capaseitor, lantalim 1.5uf | 107136-105 1 c20k. . ) 11 131 131
12| | E 132 : -132 132 132
133 [Resister, 5%. w. 750 | 100156-751 1 R, 133 | Rentstor, 5%. iw. 750 | 100156-751 1 |Ra3k. 133 |Reeistor. 5%. ivw. 750 | 120156-751 1 JR23k. 133 | desistor, Sk, v, 750 | 100156-751 1 |Re3k. 133 | Ree
13h |Resistor, " 3v. 47| 100068470 | 1 " fR2LS. 135 [ Resistor, ™ 3w. LY 100068470 | 1 | R2LB. 13 |Resistor. " 3w. L7 | 100068470 1 |Rois. 134 | Hesistor. 7 3w, L7 | 190068-L70 | 1 | R2LB. 134 | Res
135 |Restster, * . iw. 750 | 100156-751 1 |R268. 135 | Resistor, " jw. 750 | 100156-751 1 | R268, 135 [Resistor. * 3w. 750 | 190156-751 1 | R288, 135 | Resistor. " gw 750 | 1m1z-T1 1 | Ross. 135 | Ree
136 |Restator, " ¥ 18K |- 100156-183 1 Rh21. 136 | Resistor, " * 19K | 100156-123 1 /lL2l. 136 | Resistor. * " 33X 10‘0156-3]3 1 R421. 136 | tesistor. % * 18K | 107150-153 1 RL21. 136 | des
137 | Resistor, " 8K | 100156683 LR 137 | Resistor, " " 33K | 100156-233 1 RN B 137 |Resistor, " " 120K | 100156-124 1 (R 137 | Resistor, " " 68K | T07150-6c3 1 | amn. 137 | see
136 |Ressstor, " " 13K | 100156-133 1 jRL32. . 138 | Resistor, " " 15K | 120156-253 1 }Ru32. 138 |Resistor. " " 12K | 100156-123 1 - |RL32. 138 | fesistor. ! " 13K | 1001,6-133 1 . |aL3e. 138 | Rel
139 [Resistor, ¥ " 680K | 120156-66h 1 K466, ] 139 | Resistor, * * 300K | 170156-20L 1 Rus6, 13% | Resistor. " " 680K | 100156-6tL 1‘ 266 139 | Restiator. 4 “ 680K | 17C1356-00L 1 BLob. 139 | Res
-J.EO 2eaa ‘...—,7‘ N 9 PEVXRrs :u 3 Py > n‘o RGind - Y %W} ¥ lho Laaiad Rl 1B0, I0N1L0 30 3, 1.0 | - 350~ Qo cg arn - Lo 10 | -see
1)) {Rasistor, * " 390K | 120156-3%% 1 jR46B. 141 | Resistor, " " 370X | 106156-334 1 | 3Les. "1 |Reststor. " " 390K | 120156-394 1 |RL6S. U1 | Kesictor. ¢ " 399K | 100156-35L 1 | Ru6. 131 | Ree
242 | Resiztor, " " 1.5M | 120156-155 1 |R509. 12 | Reaistor, " 630K }. 10C156-68L 1 | RSO3, 12 |Resistor. " " 1.5M | 1156-155 1 | RS09. 12 | esistor. * w 1.5 | 100156-155 1 | ®s09. 102 | Rer
13 | Revtorony—i 3501200150352 - 13 | Aeetotmny—i—u ryea - e §T 143 | esbot P e T ] 107 | Zeniet F ol tocnieze L1 1o 2 T | oo
2l {Resistor, " " 350K | 107156-394 1 |asa. - - 1kl | Resistor, " 390K | 130156-3% 1 2511. 1Lk | Resistor, " " 390K | 100156-39% 1 R511. 14 | Resietor. * 390k | 19%61Z0-35L 1 RS11. b | Rer
"5 |Reeistor, 5. iv. 3.3M | 100156-335 1 |R53. T s 145 | Resistor. " * 3.3 | 1001506-335 1 [IR536. 1L5 | decister, ¥ M 3.3M | 100156-335 "1 | RE36. 105
16 v — __4 1 we e - 116 ] 116
3h? {wire, Solid Insulated. 10024u8-92 | A/R waptr Ji. From JJ %o JK.. 4 17 | Wire, Solia Insulated. 1002ub-92, | A/R | Jumper J1i. From JJ to Ki. i 1y7 | Wire, Solid Insulated. 100248-92L | A/R Jmct Ji. From J¥ %o KK. 147 | vire, Solid Inmulatud. 13023-92 | A/R | Jumper J1. From JJ to kK. T | Wi
Juspar J2. " U "V, g Jumper J2. " U " V. Jumper J2. * T *V, Jumper J2. " T * W, -
Jumper Ji. * PP " ERR, ] Jumper dh. * PP " RR, Jumper 33. * "L M, _ ’ Jeper 43, v L v m
Jumper J5. * F " G. Jumper J5. " F " G. Jumper J5. * F "G, L Jumper JS. " F "G,
Jumper J6. " GG ™ MH. Junper J6. * GG * HH. Jusper J7. " H ", Jumper JT. " H * 4. b
. Jumper J7.° " B % da Jumper J7. * H ‘. Jumper J8. " KN ¥ PP, Jumper JB, " EE " FF,
Jusper JB. ¥ L0 Jurper J8. * EE * FF. Jumper J9. * D " E. Jumper J9. " - D "E,
Juspar 5. ¥ D * K. Juper J9. * D " E. Junper J10. * AL " CC, Jumper J10. " AA " CC.
< Jumper J10. " © M " 06, “_ﬂ Jumper J10. * AL " CC. Jumper J11. * W "I, Jumper Jil. * W " X.
Jumper J11. " LR % Jumper J11. * Wt X, § Jumper J13 . A “P, Jumper J13, " N P,
Jumpar J3. * L " XK. Jumper J3. * L " K. Jumper JMi, * R " 8. 7 Jumper J1h. * R " S,
i
s . F
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13 | Capaeiter, Tantalum. 1.5uf | 100136-155 1 |c2ok. 131 | Capacitor, Tantalum. 1.5uf | 100136-155 1 |c20k. 1131 B : H
132 ) - o} 132 - 7 - g 132 132 .
133 | Reristor, K. 3% 730 w00036-751 | 1 [323h. ] T T 133 [reetstor. s5. 3w 750 | 100156-751.] 1 [&23. 1 133 [Reststor. 52. 7w, 750 | 100356-751 | 1 | R23. i 1 133 Prestotor. st e, 750 | 100156-751 | 1 pR2dL.
13 | Resister, * 3w. L7 | 100068470 1 | RaB. . B | 13 |Resistor. * 3w. L7 | 100066-L70 1 |RabS. 134 | Resistor, " 3w, L7 | 100066-LT0 1 | R2k8. T 13 | eststor. " 3w, L7 | 100068470 | 1 Reh8. .
135 | Resistor, “ gW. 75¢ | 100136~751 1 | R268. ) 135 |Ressistor. * iw. 750 | 100156-751 1 | Ro68. 135 | Resistor. " iw. 750 | 100156-751 1 | R268. o b | 135 | Restotor, " jw. 750 | 100156-751 { 1 | R268.
136 | Beeistor, ® *® 15K | 190156-153 1 | ma. : k| 136 |Resistor. » * 9.1K | 100156-912 1 |ma. 136 | Resistor. * " 278 | 100156-273 1 |ALa. | 136 { Resigtor. * 15K | 100156-153 | 1 Rh21.
137 | Resistor, o v 51K | 190156-513 1 a3, 137 | Resistor, * °© 27K | 100156-273 1 [Ru31. . 137 | Resistor. " " 100K | 19C156-10k 1 | Ru3L. 137 | desistor. ® * S| 100256-513 ) 1 RL31.
133 | Hesistor, " 13K | 150156-133 1 RL32. 138 |Resistor. * ® 15K | 10C156-153 1 Rh32. j 138 | Resistor. " * 12K | 100156-123 1 RL32. 138 | Hesistor. * 13K | 100156-133 1 RyI2.
139 | Hestezor, " " 680K | 10C156~-68L 1 | Ruéb. . 139 |Resistor. " " 300K |. 100156-304 1 |Rk66, 13y | Reststor. " * 680K | 100156664 1 . | RL66. 139 { nesistor, * ¥ 680K | 100156681, 1 Rhbh. J
1D | Rosiabonymmi—i Sen w'quq 3 S 10 [-desbst " 25 ORI o o N 140 | Sieed AR 2 200 b2 3 ) 10 [Fentabemyiin— 250 OC IS i 2
11 | Resistor, * " 390K | 1001S6-k | 1 | RLGH. : | 141 [Resistor. " * 330K | 100156-33 | 1 {RuOB. - 1l | Resistor. " * 390K | 10M156-39h | 1 | Ru66. 1L1 | Resistor. " " 390K | 100156-32k | 1 | 868, L
12 | Resistor, " " 1.5M} 100156-155 | 1 | RS05. 142 | Resistor. " " 680K | 100156-68L | 1 |R509. 1:2 | Restator. * * 1.5 1 100156-155 | 1 | BS09. 1:2 | Resistor. " ® 1.5M] 100156-155 | 1 | R509. o
143 | Besicbeny—tu 350 Y T T 3 ST . pIS R YO PvS— aess il re Sihe 143 i Rasist 4o E AED, 200RE ik e e 153 | Rest u__n - 34 Y-V TRV - o ',l«
Ul | xesister, * * 390K | 200156-39L 1 | Rsil. 1k {Resistor. " " 330K | 10)156-33L 1 {Rsn, ) bk | Resistor. " " 390K | 100156-39k 1 |msnu. . 1 | k| Restator, v ow 390K | 100156-39L | 1 RS11. -
15 | Resistor, 54, jw. 3.34| 10025033 { 1 | RS36. R E™ . 145 | Resistor. " * 3.38] 100156-335 1 | R536. - . LS | kesistor. v 0 3.3 100156-335 [ 1 | BS536. : ’;
1:6 - _ 16 W6 : A ws - = R
107 | Wire, Solid Insulated. 1002L5-92L | 4/R | Jusper Jl. From JJ te £K. U7 |Wire, Solid Insulated. 1002,E-92 | A/R | Jumper J1. From JJ to #K. 17 | Wire, Solid Insulated. 1002L5-92 | A/R | Jumper J1. From JJ to KK. 147 | Wire, Solid Insulatsd, 1 o000k5-924 | A/3 | Jumper J1, Prom JJ té Kk.
Jusper J2 * U 2 V. ; ) Jumper J2. * U "V, Jumper J2. * T V. " Jumer 2, ¢+ T ¢ V..
Jumper Jb " PP W RR. Jumper Ji. " PP ¥ RR. Jumper J3. " L * M, ; Jumper J3. % L *M.
Jumper JS5. " F "G. i Jumper JS5. " ¥V G, IS B Jumper JS. F "G. ’ Jumper J5, " F % g, m
Jumper J6. * GG " HH. ' Jumper J6, " Q0 ¥ HH. . : Jumper J7. " H *J. . ) Jumper J7. * M Mg,
Jumper J7. * H ' J. - Jumper J7. * H " J. Jumper J§. " EE " FF, ) Jumper J6. " EE *FF, .k
Jusper J, * EE " FF, 4 Jusper J8. * EE " FF, Jumper J9. *° D *E. Jumper J9. ¢ D "E 3
Jumper J9. ® L " E, ) Jumper J9. " D "B, : Jumper J10. * AL " CC, N Jumper J10, ® Ak " (C. 4
Jusper J10. * AA % CC. ‘ Jumper J10. * AL * GC. Jumper J1L. * W " X, 1 - Sumper Jal. * . W O X,
Jumper J11. * W “ X, Jumper J11, " W "X, BE ' Jumper J13. * N " P, \ Jumper J13, * N % P, -
Jumper J3. * L "K. 1 Jumper J3.. * L " K. 1 Jumper Jli. * R *S. Jumper Jli, Aes R % 9,
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[ DRAWING " TITLE OWG. NO. NO. REQ. REMARKS ON CKT. DESIG. __* : (3 DRAWING TITLE ! DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. ) DRANING TITLE WG, NO. NO. REQ REMARKS ON CKT. DESIG. ) , ~ITEM DRAWING TITLE DWG. ND. NO. REQ. ;EMAIKS ON CKT. 'BESIG. 1
_T-;J. Capaeitor, Tantalum 1.5uf | 197136-135 1 | C20L. S 131 131 <L 4 13
132 i : BB : : ) ol 132 | 13 S
233 | Ranistor, 5%. iw. 750 | 100156751 | 1 | R23k. " F | 133 |resistor. SE. . 750 | 100156751 | 1 |R23. ' 133 | Aesistor. Sk, . 750 | 100156751 | 1 | Redk. 1 [ 193 [resiotor. 55. 4. 750] toouses2] 1 |re. . . .k
13L [ Resistor, " 3w LY | 100068-470 |- 1 | R2B. "k [ 13 [restator. * aw. 47 | 1o0066-i70 | 1 [Rel8. } 1 23 [resistor. » 3w, L7 | 100068-L79 | 1 | RakE. {13k [ Restator. * aw. L7 200068470 [ 1 | R2ls. ) j
135 | Resistor, " jw. 750 | 100156751 1 |R268. 135 |Resistor. ® 3w. 750 | 100156-751 1 |Re6B. 1 135 | Resistor. » jw. 750 10013-751 1 | reés. ) 135 | Resistor. " iw. 750 | 100156-751 1 | R2s8. -
136 Hesistor, " * 19K | 100156-103 1 /h21, T 136 | Resistor. * * 33 [ 100156-333 1 RL21. 136 | Resistor. * " 18K | 107150143 1 RL21. 136 | Resistor. ™ " 1K | 100156-103 1 . | Ri21.
137 | Resistor, * ¢ 33 | 100156-333 1 fR3. T | 137 |Restator, " © 120K | 2100156-12L 1 |Ro. 137 | Resistor, ' " 6K | 100150-6¢3 1| ak. 137 | xesistor. * 33| 100156-333 1| a3, 3
138 | Resistor, " " 15K | 10156-353 1 Rl 32. ' [ 138 {Resistor. " " 12K | 100156-123 1 - |Ra32. ) 130 | Resistor, * " 13K | 1901.6-133 1 .| RL32. 138 | Rekistor. " " 15K | 100156-153 1 | Ru32.
139 | Resistor, * " 300K | 190156-30L 1 | Rué6. b [ 139 [Reststor. n = 680K | 100156-6EL 1 | Ru66. . 1 139 | Restator. * 680K | 111 56-60L 1 | B, 139 | Resister " * 300K | 100156-30k4 1 | RL66.
110 | Aoskoteny—i— F00E56~103 3 Aybr ) . 1 140 |Gestss. P 20016 357 N 110 | Honiattmy—i—i NN 3 s ) 10 | -Rookot Lt o B etk T s 3 Sb7-
141 | Resgstor, * 370K | 106156-34 1) Ru6s. 141 |Resistor. " * 390K | 130150-39k 1 | RUSS. 1l { Kesictor. - " 399K | 100156~39k 1 | Ru6b. " 13| Reststor. v » 390K | 100156-39k 1 | Rye8,
12 | Resistor, " * 680K | 100156-68L 1 | RS09. 12 | Resistor. * " 1.5% | 190156-155 1 | RS09. 12 | desistor. " 1.5M | 100156-155 1 | RS0S. 1h2 | Resistor. n » 680K | 100156684 1 {8509,
13 | Aeskstany—i—u oD St oo A A3 St B ok T | 03] esioter——s A50-1—369356wtSip—t=—T518- B TR S rr— e e e s ] | 23] eentover—s———01 264} S6wio3—3
kb | Resistor, " ¢ 390K | 10I56-3% 1 | es1. 1Ly |Resistor, " * 390K | 100156-354 1 |Rs1, . : 1 | Resistor, o # 390K | 126150-35k 1 |Rs1l. : 1Ll | Resistor. = " 390K | 10015639k 1 [msm. Y
ws - | 15 |Reststor, * 3.3 ) 100256-335 | 1 |R536. WS | zecister. ton 3.4 1X156-335 | "1 |RS36. . 1 ws ‘ ) ' i
6 ' 4 W6 : . | ue ] 16 _
147 | Wire, Solic Insulated. 10026-92l | A/R | Jusper J1. From 4J to kK. [ 147 |#ire, Solid Insulsted. 1002h8-92l | A/R_|Jumper J1. From JJ to KK. 4 17 |vire, Solis Inmlated. 1502k3-924 | A/R | Junper J1. From JJ to kK. 147 | Wire, Solid Insulatec. 100248-52k | A/R | Jumper J1."From JJ to KX,
Jumper J2. * U " V. B Jumper J2. * T "V, | ] Jumper J2. " T MV, i r Jumper J2, * T %Y,
Jumper éli. * PP * RR, 2 . Jusper J3. * "L *M. . } Jumper d3. " L "M, ] . Jumper 33, * L "M,
Guaper ¥5. " F " G. Jumper J5, * F " 4, > Jumper JS. * F "G. ) . i Jumper-J5, * P 1.,
Junper J6. * GG " HH. ’ Jusper JT. " H *d, 1 Jumper JT. " H ¢4, 1. i i Jumper J7. * H ®d&.
Jumper J7. " H " J. i Jumper J8. * KB "FF, ! . Jumper J8, " EE "FF. “f° Jumpar J8. * EE VF¥,
Jurper J8. " EE * FF. K ) Jumper'J9, " D " E. - Jumper J9. " - D "E. i . Jumper J9. " D B, .
Jusper J9. " D "B. . Jumper J10. " Ak *CS. 4 | Jumper J10. " AA " CC. | ] Junper J10..* AL %9C. . _F
Jumper J10. * AL * CC. ; Jumper J11. * W I Jumper J11. * W " X. ’ T | jumper L. Y W K.
Jumper J11. ¥ We® X, . Jumper 1% * A *P. - -f Jumper J13. " N " P Jusper 3. * X *P, _
Jumer 33, * L "K. . Jumper Jli. * R " S. 1 _ Jusper Jik. * R S, Jumper Jlj. % - . B =8,
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1 : | 131 ] cspacitor, Tantalum. 0uf | 100070-206 | 1 | caok. __-,"1'5'1 Capaciter, Tanta.wi. 1.5+ | 23:130-155 1 Jczou. - . | 331 | Capacitor, Tastalun.  1.%uf.] 120136-155 [ 1 C20k. . S
132 . i Y . . A 12 v —1 |a» — 1 [
133 | Bestetor. 55. jw. 150 | 200156-751 1 | R23. A i %) 11 [ a3 133
12 | Baststor. * v, 57| 100068470 | 1 [mais. R 1w R : 1
135 | Reststor. * aw. 150 | 10056-71 | 1 [macs. 33 i i 58 _ ] s : . -l
136 { Resistor, * * 94K | 100156-512 1 |21, . |13 { testsor, 5%. qv. 21% | 130256-273 3 e, ) 136 | Rusistor. SE. v 188 | 10176133 1 |wax. 136 | Resistor. Sf. v 9.1K | 106156-512 { 1 RL2r. | ] 336 | Zes
137 | Resistor. ® = 2 | 100156-273 | 1 JRu3L. ) v 337 | Resistor. * ¥ 10 | 102520k | 1 fRL3L. 137 | Resistor, " ® si | 10ises13 |1 [mum i 137 [ qesistor. * * 276 | 1%0156-273 | 1 - R : o] 237 | Res
138 | Reststor. * * 15K | 100156-153 1 {Ru32, 135 | desistor. * ¢ 120 | 1X156-123 i |32, 130 { Hesistor. ¥ ® 23€ | 10156132 1 fakz2. 138 [ ertetor. » + 15K ] 100156-153 | 1 #h32. 136 | Res
139 | Resistor. * * 10015630k 1 | 8ués. N 139 | Resistor. " * 600K | 100156-634 1| &, .} 137 fResisvor.. * v otk | 17156-6th 1 {akos. 139 | Resictor. " " 302K |' 100156-30k | 1 ah66. C {139 | Res
W0 . Yoo 200A6mIt 3 rvry ; 100 |Rees N A 3 L ea ; - T 10 |swei - . i 6 ‘ 107 | Reskes P 25 FPNNP7EN I N T F | 140 |-ee
1l | Reedstor. * 330K | 200156-334 1 [ mues. *| 1] Resisror, * - 390K | 100156354 3| BLGE, 1. vafresistor, * = 2008 | 200136-73 v |R68. 1 ] 1] Resistor. = 330K | 100086-33L | 1 | s68. , f 20 | Res
V1h2 | Resistor. * * 6Rok | 10015668 | 1 {BS09. (jiu2 | dssistor, ¢ * 1.5M] 150156185 | 1 | RSog. ) 1 du2 | zesictor. = = 134 1omse-35 | o Pmos. ] 2| Resistor, " * 660k | 100156-66k | 1 | mso9. ~} 41:2 ] Res
W3 ——— 3501200356250 — 3| 530y i ) Er—— 50iods PO P 5 ) ee———— O EETEEI N F _ TR E—— PSP EPU PRV [ 143 | See
il | Resisto