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PREFACE

This manual has been prepared to permit separation 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
e Checkout procedures and requirements

) Interconhection of the tape and data systems

® Principles of design and operation

° Module replacement and adjustment.

Users of WANGCO equipment may reproduce this manual
to any extent necessary to satisfy their own requirements.
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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

apre

between the transport and the controller.

DESCRIPTION

The Mod 10 is shown in Figures 1 - 3 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
safeguards 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 svystems; 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. For 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.



o] ecatest assurance that data on the tape will be read
orrectly, the tape is cleaned just before it gets to the head assembly.
he 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
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:l 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 USASCII-compatible

Recording Mode: NRZI or PE - IBM and USASCII compatible



Table 1.

Mod 10 Specifications, cont'd.

Static Skew, WRITE:

Static Skew, READ:
Dynamic Skew:

Tape Specifications:

Reel Size:

Tape Tension:

Electronics:

Tape Unit Interface:
Weight:

Height:

Width:

Depth:

Power:

Operating Environmgnt
Temperature:
Relative Humidity:
Non-Operating Environment
Temperature:
Relative Humidity:

Altitude:

electronic skew compensation
supplied on dual gap units

100 micro-inches, maximum

75 micro-inches, maximum

computer grade, 0.5" wide, 1.5 mil

thick Mylar base

up to 10.5-inch diameter, IBM hub

compatible

8.0 + 0.5 oz.

silicon solid state and 930 series

DTL logic
DTL logic (low true)
100 libs.

24"

. ].9"

11" (from mounting surface)

110-125VAC + 10 %,
2.3 amps/220-250VAC + 10%,
1.2 amps, 48-60H=z

60° to 90° F.

20 - 80%, non-condensing

-30° to 140°F,
15 - 95%, non-condensing

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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Figure 3. Front View with Overlay Removed



SECTION II

SYSTEM OPERATION

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

TAPE LOADING is made particularly easy by the toggle~action hold-
down knob (Figure 4 ) 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 5),
follow this procedure:

II-1
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Figure 5.

Tape Threading Path for 25 IPS or Less System (Left) and
37.5 and 45 IPS System (Right)




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 properliy 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. Holdiﬁg the tape against the hub, turn the reel until the
end of the tape is overlapped and secured by the next
tape layer.

6. By hand, wind three full turns of tape onto the takeup reel.

7. To complete the loading operation, firmly press the LOAD
pushbutton on the operator's control panel (Figure 6).
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 5), 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.
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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 resuit

in high-speed reverse operation. When the beginning-of-tape marker
reaches the photosense unit, the rewind will be ended, and the tape

[ S w1e L O § L) z 2221 W2illld

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.

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 6) are described, with a review of those already mentioned:
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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 of 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 to the OFF-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 let 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 in place,
protective circuits in the tape system 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

II-7



REWIND RESET is not pressed, the tape will go beyond
(cont'd.) 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.

FORWARD 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 normal tape speed. To stop the machine,
when it is running in this mode, press the RESET
pushbutton.

REVERSE 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.

RESET 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.

RESET/UNIT This switch is used only on all Phase Encoding units
SELECT and replaces the normal RESET switch described above.
This switch performs all the functions of the RESET
switch but in addition, it houses the UNIT SELECT
INDICATOR. This indicator is illuminated if the
unit has been selected. See Figure 6-D.
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UNIT SELECT This switch is standard on all Phase Encoding
units and 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 transport assignment in a daisy chain
configuration. A particular drive in the daisy
chain is automatically selected if the switch
identification number corresponds to the controller
select line which has been conditioned TRUE.

See Figures 6~-C and 6-D.

DENSITY This alternate action switch is optional for NRZI

SELECT 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 6-B.
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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 7.
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Figure 7. Clzaning the Read\Write Head Assembly
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Clean the face of the tape cleaner, following the
same procedure described in step 3.

i s ead guide blocks, shown
in Figure 7. The guide blocks are immediately in

Py L3 |

(& 10}

iges. Dry all parts with a clean, lint-

Clean the roller guides (Figure 8 ), rotating them to
be sure all surfaces are cleaned. Dry with a clean,
lint-free cloth.

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.

4.

Moisten a cloth with water.

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

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
observed, contact the maintenance engineer.

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 e .gineers. Details of these
additional procedures are described in Section VI.
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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. Check items removed
from the shipping list to verify container contents. Contact a company
representative 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.

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

- e s o

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.

~

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.

INTERFACE REQUIREMENTS

The interface for NRZI only is given in this section. Phase Encoding
interface information will be incorporated in a special Addendum.

v -2



3.2

3.3

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, Cabhles should be wirad and strain reli

aiclils CLULT o SaicUwa v i Oalil Ligil

on Figure 9.

o~ T
eved as shown

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 procedure
for mounting (see Figures 10 & 11) 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.

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) +2.5to +5.5 v

TRUE (Logic 1) 0.0 to +0.5 v
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Figure 9. Tape System Interface Cable Installation
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INTERNAL - SINGLE TAPE UNIT
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\

TL 936
OR EQUIV.

EXTERNAL- MULTIPLE TAPE UNIT

Input Termination Configuration

Input Data Lines

Input Functions
Input Control 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 Line)
Run/Stop (1 Line)

Write Permit (1 Line)
Rewind (1 Line)

Low Read Threshold
Density Select (1 Line) Select* (1 Line)
Off-line* (1 Line)

*these functions are not required for proper operation; therefore, they

may be left disconnected.



3.4.2

3.4.3

3.4.4

3.4.5

3.4.6

The following on-line input signals (sections 3.4 and 3.5) con-
trol 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 connections required to achieve correct interface with
the tape controller.) '

INPUT CONTROL FUNCTIONS

Select (1 Line). 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 (option - 4 Lines). 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.

Forward/Reverse (1 Line). 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 (1 Line). 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 (1 Line). A 2 uysec 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 (1 Line). 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.




Table 2. Input/Output Pin Assignments

Connector #

ELCO-00-6007-036-980-002 Signal Nomenclature Signal Pin Ground Pin
{or equivalent)
I-16 (SELECT 0 ]/ -
SELECT 1 e 8 -
SELECT 2 I 7 -
CONTROL SELECT 3 J 9 -
INPUTS SELECT 7 8
FROM FORWARD,/REVERSE C 3
CUSTOMER J RUN/STOP E 5
| REwIND H 7
OFF-LINE L 10
| DENSITY SELECT D / 4
( READY STATUS TV 16
Ty
ON-LINE STATUS M 11
STATUS REWINDING STATUS N 12
OUTPUTS EOT STATUS U 17
TO 94 BOT STATUS R 14
CUSTOMER WRITE ENABLE STATUS P 13
| HI/LO DENSITY STATUS F 6
“45v, TERMINATOR
POWER (Option) S
-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 C 3
WRITE DATA PARITY L 10
WRITE DATA 0 M 11
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
7-6 READ READ STROBE 2 B
DATA READ DATA PARITY 1 A
OUTPUT READ DATA 0 3 C
CONNECTOR READ DATA 1 4 D
READ DATA 2 8 J
READ DATA 3 9 K
READ DATA 4 14 R
READ DATA 5 15 S
READ DATA 6 17 U
READ DATA 7 18 v




3.4.7

W
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3.5.1

3.5.2

3.5.3

3.5.4

Off-Line (1 Line). This is a level or a 2 usec 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

PR IR, A L e = PN md o den s e o
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Write Data (9 or 7 Lines). One line is required for each bit in

a character. The write data lines establish the coniroliing con-
dition for the NRZI write register. When TRUE, the state of the
corresponding flip-flop will be changed at the time of the write
data strobe. This will change the direction 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 usec after the write
data strobe. A minimum of one data line must be TRUE for every
strobe.

Write Data Strobe (1 Line). A 2 usec pulse on this line causes

a change in the state of any NRZI write register cell for which
the corresponding write data line is TRUE. One pulse is required
for each character to be recorded. The recording density is de-
termined by the tape speed and the frequency of the pulses. The
frequency will be stable within 0.25 per cent.

Write Reset (1 Line). A 2 usec 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,
creating an even number of flux reversals (ONE's) in each track
of the block.

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

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

Read Permit (1 Line). 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.

IV - 10



3.5

3.5.

3.6

«S

6

Write Permit (1 Line). 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 (1 Line). A TRUE level on this line
selects a low threshold level (12 per cent) 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 per cent). 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 per cent.

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 Fig. 12-A.

TRUE (Logic 1) 0.0 to +0.5 v.

Output Current Level

FALSE Level Open Collector

TRUE Level 40 milliamp max. sink
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Qutput Functions

Output Control Status Lines

Output Data Lines

Ready Status (1 lin
On-Line Status (
Rewinding Status ( "
EOT Status (¢ "
BOT Status ¢ "

Write Enable Status ("

Hi/Low Density Status( "

e)

Read Data (7 or 9 lines)

Read Strobe (1 line)

3.7

3.7.1

3.7.2

3.7.3

3.7.4

3.7.5

3.7.6

The following on-line output signals (sections 3.7 and 3.8)
provide the data functions when the unit is ready and selected.
The Control Status functions are activated when on-line and
selected. (Refer to Table 2 for pin connections.)

OUTPUT CONTROL FUNCTIONS

Ready Status (1 Line). This line is TRUE when the transport
interlocks are made and the unit is on-line.

On-Line Status (1 Line). When TRUE, this line indicates that
the on-line flip-flop is set and the transport is under remote
control.

Rewinding Status (1 Line). When TRUE, this line indicates that
the tape transport is rewinding. The rewinding function is com-
pleted when the tape stops at the Load Point.

EOT Status (1 Line). When TRUE, this line indicates that the
tape transport is sensing the EOT reflective marker.

BOT Status (1 Line). When TRUE, this line indicates that the
tape transport is sensing the BOT reflective marker.

Write Enable Status (1 Line). A TRUE level on this line indicates
that a write enable ring has been installed on the supply reel.

v -12
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3.8

3.8.1

3.8.2

Hi/Low Density Status {1 Line). , 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.

AT ~ e Ind~ 12em n 2~ MDT
When this line is TRU

3

OUTPUT DATA FUNCTIONS

Read Data (9 or 7 Lines). One for each bit in a character. The

si form of pulses occurring simultaneously and coin-
cident with the Read Strobe pulse. The presence of a pulse indi-
cates a ONE and the absence of a pulse indicates a ZERO. These

pulses shall be 2 usec wide.

Read Strobe Pulse (1 Line). 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.
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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 to 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,
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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 x5 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 speed.
The strobe pattern will be present only on machines operating at 12.5,
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.)

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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Figure 14, Capstan Drive and Servo System



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 Rl and R2,

Either a forward or reverse command tc the ramp generator precedir
R1 establishes tape motion, in the appropriate direction. The dis-
tances traveled during acceleration or deceleration are such that an

IBM -compatible interrecord gap is generated. Forward and reverse
commands generate currents through R1 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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Figure 15, Timing Diagram of Commands to Capstan Servo



Operation of the reel servo 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
from affecting system performance,

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 spilling 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.
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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 (S10, 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
motion, there is no rewind in progress, and mechanical ready,

1; . A 1 A ~11 TRITE
on-liine status, anda SeLeCLeu status are aii TRUE.

BRAKE LOGIC (OPTIONAL)

Figure 19A diagrams the brake logic. When power is initially

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 I,, 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.
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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
motion, there is no rewind in progress, and mechanical ready,
on-line status, and selected status are all TRUE.

RESET AND ON-TINFE 1TOCIC
ANdans A % s ASL AN Ad LINI\AlNT

i 4 is 4% &

When on-line status is TRUE, all pushbutton switches at the
operator’s control panel are disabled except RESET.

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 lin .

be FALSE (high), thus disabling the FORWARD and
inputs to the motion latch. »
U209B in Figure 20 are enabled by the terms Ready and On-Line, and
any subsequent forward or reverse motion commands from the remote
controiler will be transmitied 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 UZ210A
and U210B and presents a rewind (-) command to the capstan rewind
ramp generator. A reverse-for-rewind is also sent to the capstan servo
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
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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 siop,
and the shortened stroke of the servo arms when tape tension is lost
prevents accidental damage to the fape as it unioads. The unioad
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 search 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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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.

4.8 READY LOGIC

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

ctmen =1
S1gnais:

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.

S. 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 of
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 S-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 3-track format, both
a cyclic redundancy check character (CRCC) and an LRCC are written.

kr\ f“ h - s o ~ v s
signal by the customer to he transport mterface Iti separated by
four character spaces from the last data character of the previous re-
cord. In the 9+4rack 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
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 LRCC character
is placed on tape until 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 Delay 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 with its write
data strobe, which in turn is followed by the LRC character written
four character spaces later in a 7-track system and 8 character spaces
later in a 9-track 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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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 puise 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 Figure 31). This is 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.)

5.1.3 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. :

Strobe 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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5.2.2

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

LinlNIUoS, i G5 V

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 miliiamps.

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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If the data line is FALSE at the time of write strobe, since this causes
both the J 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
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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
pulse whose trailing edge corresponds to 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 thence to the customer's
data line.

Auxiliary to this general flow of read data, several other functional
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 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 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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KEY TO LOGIC SYMBOLS

In several portions of this Manual, primarily in this section and

nandi R nois cumhale ara 11ead +4
in nppcuu.lzx D, .I.U\d.l. a]uluu;o arc usea to represent certain 1Cglcal

functions or integrated circuit elements. The accepted integrated
h

~ - 3+ £ + .
circuit manufacturer's industry standard symboc

Since DTL and TTL logic is being mployed, it is
inverting type, utilizing NAND-NCR ele i
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:

bD=A+B+C

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.
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SYNCHRONOQUS OPERATION

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:

Designation Function

Synchronous set input
Synchronous reset input
Clock input

Direct set input

Direct clear (or Reset) input
Set output

Reset output

O~ )R
WY

The following truth tables are applicable to these devices:

ASYNCHRONOUS OPERATION

BEFORE CLOCKS AFTER CLOCK

OQUTPUTS | INPUTS QUTPUTS 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

Synchronous

H| L X H L H H H Oneration
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TABLE 3

SYMBOL NAME LOGICAL EQUATION
>
A B =
NEGATIVE INVERTER B=A
A B —
—Bo— POSITIVE INVERTER B=A

"
>
(@]

A__ 1t -
a——Do—D POSITIVE NAND GATE b
C ‘

A —_—
sﬂ)—o NEGATIVE NOR GATE D=A+B+C
c

Ao—
D NEGAT IVE ]

B o—7 WIRED OR GATE D= A+B+C
co—n

iy

SEE
—qT FLIP=FLOP (J-K) TRUTH
TABLE
. S

|‘—
SEE
j)j SS SINGLE SHOT EXPLANATION

7—o(_| DLy )——é TIME DELAY NETWORK B= A°.[DLY]

vV - 45



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.

Table 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 cioth
Cotton swabs
Isopropyl alcohol

FOR THE SERVICE ENGINEER

Equipment

Model or Type

Socket wrench set
Socket wrench set

Open-end wrench
Long-nose pliers
Screwdriver set
Screwdriver set

Soldering aid

Soldering iron

Tape Tracking Fixture
Voltmeter

Reel hub alignment fixtures
Oscllloscope

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 4-40, 6-32, 8-32, and 10-32
cap screws

For 4-40, 6-32, and 10-32
set screws

For 7/16-in. bolts

Phillips
Standard blade

Wang P/N T-00010

Triplett Model 800 or equivalent
Wang P/N T-00002

Tektronix 547 or equivalent
Tektronix 1Al or equivalent
Tektronix

Wang P/N 200203

IBM #432640 or 432641

IBM #461108 or 432152

VI - 2



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. S5.2
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1.1

1.2

1.3

1.4

POWER SUPPLY MAINTENANCE

CHECKING UNREGULATED POWER SUPPLY

A check ay be made of the unregulated power supply by testing
h m

id~A +1 A
r at test yuints providea 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
+13V 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 voit line. F3 is a 10 amp fuse
in the +13 volt line supplying all loads except the +5 volt regulator.
F4 is a 4 amp fuse in the +13 velt line supplying current to only the
+5 volt regulator. 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 v

GRAY —r N i !
| 1" IS5V RMS
O
120V |
VIOLET 0, '
' AI2 IOV RMS
l N/
1oV
BLUE l
GREEN ov -0 l
| 13 CENTER TAP
| O
vELLOW ——23Y I
120V § l
ORANGE O
| 14 IOV RMS
1| C I
|
\Y
RED 10 '
| 15 ISV RMS
| N
oV
BROWN 0O _l.
4~ SHIELD BLACK
Figure 42. Mod 10 Power Transformer Lead Identification
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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 voitage,
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 TB1l 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, Swing out the transport.

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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tc prevent damage when screws are removed. The

module is now free to remove.

5. After installation of the new module, perform the
transport module adjustments described in sub-
section 15.
4, 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,

S. 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
transport chassis in the OFF position.
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6.1

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.
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to the replacement

5. 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.

3. Perform the arm sense module adjustments in sub-
section 14 after replacement is completed.
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7.

1

HEAD ASSEMBLY REPLIACEMENT

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

P
.

Perform step 2 of paragraph 7.

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 Fl

Lilla CCLT 4SS aiTT .

onnector.

et
Q

Replace photosense unit and reinstall read/write
head assembly. Adjust R215 as described in
paragraph 15.1 to ensure proper operation of the
photosense unit.

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.

l.

2.

5.

Remove read/write head assembly covers (both sides).

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

Blow into the face of the cleaner.
Clean the tape cleaner, magnetic head, and base
plate according to regular maintenance instruc-

tions (Section III).

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‘

2.

Remove read/write head assembly covers.

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

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

reposition the tape cleaner.)

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 foliowed:

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 configuration have the three
screws through the cover, ignore step 1 and remove
these screws holding the reel in place. Remove reel.

8.2 REMOVAL OF FIXED GUIDE POST ASSEMBLIES

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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CAPSTAN AND CAPSTAN MOTOR 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 crientation 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.
CAPSTAN 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:

i. Remove overlay.

2. 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,

3. Remove motor leads at terminal board at rear.

4, Remove four screws holding motor to transport deck.
S. Screw new motor into place.

6. Replace motor hub using reel hub alignment fixture,

which sets the position of the outer flange 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.

7. 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.)

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

3. Insert new bearing(s).
4. Replace guide roller.

S. Replace retaining ring.
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Figure 50.

Guide Bearing Replacement

(B) Self Aligning Guide

(C) Fixed Eccentric Guide

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
5 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
1 Washer, Belleville 100256
18 Sleeve, Bearing 200752
19 Shaft 200766




12.

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

3 3 v 133 ~
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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Figure 51.

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
tool by pressing against the roller guide as this

1 o ol Y o o

simulates the effect of tape tension on the arm.

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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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
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OBSERVE TAPE AS IT
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TROUGH FOR SCUFFING
OF EDGES.

W—

FILE REEL FIXED A

ROLLER GUIDE (REF)

FILE REEL SWING ARM
ROLLER GUIDE (REF)

’,

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 itracking 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 sec/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 f
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. el L

4, Load the scratch-pad tape and run tape in the forward
direction under manual control. Record Tl (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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13.

5. The value of T, should be related to Ty by the
following equation:

2f a4 n

Udie

where V represents the transport speed. If this
condition is not met, then either there is tape walk
on the capstan, or the file reel swing arm gquide is
improperly set. Retrack the unit per the procedure
described in subsection 12.1 and 12.2

< T, T,
. REVERSE - FORWARD vy
72N\ |_pmecion /]| NDIRECTIONFR

/RN \WIW//AL\\
J/ \

U |\ / \ Wl RE
TRREERNY, /| RN
(// Ji \
1 Vi TN de

/, W /A M

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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14.1

14.2

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.)

Tha nower + ha ON
111T UV MIOD L W \siv

control panel before startmg the ad;ustment pr
should be loaded on the machine.

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 B23,)

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.
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 B23.)

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

15.2.2

TRANSPORT MODULE ADJUSTMENTS

EOT/BOT PHOTOSENSE ADJUSTMENT

1. Connect a voltmeter between test point 201
and ground. (Reference Figure B23.)

2. Adjust potentiometer 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 B23 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 TPS5 (S/G module).

P = l%ég usec

where S is machine speed.
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15.2.3 Reverse Motor Speed

1. Repeat the procedure of step 1 while running in
reverse using potentiometer R411.

2. Duplicate the procedure of step 2 while running in
reverse using potentiometer R411.

15.2.4 Start/Stop Ramp Time

The start/stop ramp times can be properly adiusted 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 alsoc adjusts the
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 Motion test point 204 and observe 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 = 340 milliseconds

S

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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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.

VI - 33



15.3.1 Gain

1. Mark off four inches of arc along the path traveled
by the swing arm tip.

2. Connect an oscilloscope to the servo amplifier
output test peoint 418 for {ile reel or test point

410 for the fixed reel. (Reference Figure B23.)

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 ocutermost
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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16.1

DATA ELECTRONICS DUAL GAP SYSTEMS ADJUSTMENTS

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
FigureB32 for 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.
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16.2

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

tha following seaguence:
the Iollowing sequence:;

1 Phase gplitter quiescent level adjustment

2. Read amplifier gain adjustment

3. Crossfeed shield

4, Read strobe delay adjustment

S. 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.
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. Scope controls:
a) Mode--Channel 1; DC.
b) Sensitivity--0.05 V/cm.
c) Trigger--Internal, automatic stability.

2. Connect Channel 1 probe to test point 102.

3. Without running tape, adjust potentiometer R27 until
+ 1.0 VDC is observed at test point 102,
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4, Scan test points 202 to 902 to ensure that the quiescent

point of all the phase splitters fails within +1.0 + 0,3 VDC.

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

The following prescribes the adjustment procedure for nine-channel

. . R
tape itransports. For seven-channel systems, set R218 and R318 fuiiy

counterclockwise.
1. Scope controls:
a) Mode--Channel 1; AC.
b) Sensitivity--0.2 V/cm.
c) Trigger--Internal, automatic stability.
2. Load Standard Level Qutput 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.

3. Connect Channel 1 scope probe to test point 102 and run
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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Figure 57. Read Amplifier Gain Adjustment, Dual Gap Systems
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Table 6. Data Electronics Adjustment Points - Dual Gap Systems

Alignment Section
Channel Read Anp Gain Write Deskew Comments
Test Point Pot, No, Test Point Pot. No
P TP-102 R-118 TP-103 R-104
TP-202 R-218 TP-203 R-20k Not used in
T7-Channel systems.
1 TP-302 R-318 TP-303 R-30L Not used in
7-Channel systems.
2 TP-LO2 rR-418 TP-403 R-Lok
3 TP-502 | E-518 TP-503 R-50L
L TP-602 R-618 TP-603 R-60L4
5 TP-702 R-718 TP-703 R-TO4
TP-802 R-518 TP-803 R-804
B TP-902 R-918 TP-903 R-904 i

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. This can be observed by scoping
test points 101 to 901.

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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4, 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.

S. 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.

.5 READ STROBE DELAY
1. Scdpe controls:
a) Mode--Channel 1, DC.

b) Sensitivity--0.1 V/cm.

c) Trigger--Internal (+) trigger mode.
2. Connect Channel 1 scope probe to test point 3.
3. Verify that the transport is selected for high

density operation and write all ones as des-
cribed in paragraph 16.4, step 2.

4. 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_1 , where V is the transport velocity

angDD is the operating data density.
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READ 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 read stack is
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 shaft,
and re-assembling the guide on the base plate. The shims are 0.0002
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--External (+) 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’é‘;s_tems.

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. A
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-
placement corresponds to a distance less than 25 micro-
inches (1 usec at 25 ips), no shimming is required:

Distance ( uinch) = Velocity A(ips) X Time (usec).

If the time displacement corresponds to a distance greater
than 25 m'icro—inches, 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
Y REFERENCE CHANNEL
\\ - .
T
I
TS TSNS U I AN U A AU TTU AN N A AU Sl L1
v T TTrir T irrror ittt rITIJL"'] T11{71 USR] 1. RREAI
e
T
~4— ‘l
T i
l { b l \
T TIME DISPLACEMENT (usec) BETWEEN
QUTSIDE CHANNELS

Figure 1. Head Stack Shimming, Dual Gap Systems
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Number of Time Displacement for Speed Indicated (usec)
hims
Shims 12.5 ips | 25 ips 37.51ps | 45 ips
1 0.7-1.8 |0.4-0.910.3-0.6 {0.2-0.5
2 1.9-3.0011.0-1.5/0.7-1.0 {0.6~-0.9
3 3.1-4.2 1.6 -2.1{1.1-1.4 |1.0-1.2
4 4.3-5.4 12.2-2,7}11.5-1.8 |1.3-1.5
) 5.5-6.6 12.8-3.3{1.9-2.2 |1.6-1.8
6 6.7-7.8 13,4-3.912,3-2.6 11.9-2.2
7 7.9-9.0 |4.0-4.512.7-3.0 |2.3-2.5
8 9.1-10.2}4.6-5.1}3.1-3.4 |2.6-2.8

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 to 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 Scop ontro

1a
i CUOC wuidinivia

0

[}

a) Mode--Chop
b) Sensitivity--0.2 V/cm, DC, both channels

c) Trigger--External (+) AC mode connected to
CH1 Trigger out jack.

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

3. Set Channel 1 scope probe on TP103 and the Channel 2
probe on TP102. Set the scope sweeptime at 1 x sec/cm.
One of the patterns shown in Figure 62 will be observed
on the screen:

|
)y

A B
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,
friggering 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.
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Move

If the display of Figure 62-C is observed,
triggering again is incorrect because it is
occurring on every bit. To correct this

ces .
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

Jd
(=]

[e0]

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

1.

2.

VERIFICA

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 triggering method is used.

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

TION--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
unning in the forward direction.

1.

Scope controls:

a) Mode--Channel 1, DC.

b) Sensitivity--0.1 V/cm.

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

‘L —
Connect scope trigger probe to test point.3”and
Channel 1 probe to test point Z~

B
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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 shouild not exceed:

100
Tape Speed

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.

— T —]

DYNAMIC SKEW EFFECTS
( EXAGGERATED FOR ILLUSTRATION )

s 4

Figure 63. Staircase.Waveform, Dual Gap Systems
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17. DATA ELECTRONICS SINGLE GAP SYSTEMS ADJUSTMENTS

17.1 ADJUSTMENT 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 B28for the location of test points and adjustments on the
module.
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17.2

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

nerforming the data electronics aﬂxutquonfe Recause of the inter-

Mlirlliiiiaiey wiie UWGel TaT v m i [SAR R e S WwT Qs T WiAT AiieTd

relationship ameng the circuits, 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.
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.

2. 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.

3. Rewind and then run forward in a Read mode.

4, 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.)

S. 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

O 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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17.3 READ STROBE DELAY

1. Scope controls:
a) Mode--Channel 1, DC.

o

) - it:.-'

c) Trigger--Internal (+) trigger mode.
2. Connect Channel 1 scope probe to test point 5.

3. Verify that the transport is selected for high
density operation and read all ones.

4, A positive pulse will be observed at test point 5.
(See Figure 65.) Adjust R28 for a pulse width of
approximately one-half frame time. At 25 ips this
should be 25 usec, at 37.5 ips, 17 usec, and at
45 ips, 14 usec. A frame time is defined as 1

>

where V is the transport velocity and D
is the operating data density.

4

=
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x
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ADTUs S FHp
—— 25 USEC AT TP5 ——

Figure 65. Read Strobe Delay Adjustment, Single Gap Systems
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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 gquide 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 to the head edge track located

closest to the transport. This test point is 605 for
nine-channel systems and 105 for seven-channel systems.

w
°

Place 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)

hi

Shims 12.5 ips | 25 ips 37.5 ips | 45 ips
1 0.7 -1.8 0.4-0.910.3-0.6 0.2 -0.5
2 1.9-3.0 1.0-1.5}10.7-1.0 0.6 -0.9
3 3.1 -4,2 1.6 -2.1711.1-1.4 1.0-1.2
4 4.3 - 5.4 2.2-2.711.5-1.8 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 1.9-2.2
7 7.9 -9.0 4,0-4.512.7-3.0 2.3 -2.5
8 9.1 -10.2}14.6~-5.113.1-3.4 |2.,6-2.8

S. 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.

6. 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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Connect scope trigger probe to test point 5 and
hannel 1 probe to test point 6.

Q

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

100

—2¥Y . uysec. (T<4 usec at 25 ips)
Tape Speed

[ 1 h | s s 2 4 3 — 2
nclude the effects oif dynamic skew,

(el
b
wn
Py
e
[o)]
[
[
vy
=
o~
P

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

Figure 67.

DYNAMIC SKEW EFFECTS
( EXAGGERATED FOR ILLUSTRATION)

Staircase Waveform, Single Gap Systems
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18.0

TROUBLESHOOTING

The following System Troubleshooting Chart provides a means
of isolating faults by citing symptoms, providing probable
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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96 - 1A

TROUBLESHUOTING 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 QOFF
position.

+5 volts missing.

CB1 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 +S 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.

Check outlet with voltmeter for
the proper AC voltage.

S16 micro switch open on cam
retract assembly.

Check J19 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

B13

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. §

B13

B3

Sec, VI
Para, 1.1

Sec. II. , Fig. 5

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,

B23 & B24
B23 & B24
B23 & B24
Sec, VI,
Para. 15.1.
B13

B13
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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.

1 Write command given

but no data being
recorded.

No ready status from trans-

port.

Interface cable fault.

No forward input commcjmd.

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

B22 & B23

B22 & B23

B22 & B23

B22 & B23

Bl2
Fig. 23.

B31 & B32

B27 & B28
B22 & B23

B27 & B28 (S/G)
B31 & B32 (D/G)

B27 & B28
B31 & B32

(S/G)
(8/G)
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TROUBLESE™ TING GUIDE

Symptom

Probable Cause

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
for proper analog waveforms,
Check TP103 through TP903 for
proper digital waveforms.

On single gap units, read all
one's and check TP103 through
TPI03 for proper analog wave-
forms. Check TP105 through
TPI05 for proper digital wave-
forms.

Check staircase.

B31 & B32 (D/G)
B27 &B28 (S/G)

B31 & B32 (D/G)
B27 & B28 (5/G)

B3l &B32 (D/G)

B27 &B28 (S/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 Read amplifier gains are Check read amplifier gains, Sec. VI, Par. 16.3
cannot be read, cont'd, incorrectly adjusted. (Dual Gap)

Sec. VI. Par. 17.2
(Single Gap)

Read Strobe Delay Check read strobe delay Sec. VI. Par. 16.5

adjustment not correct. adjustment, (Dual Gap)

' ' Sec. VI. Par. 17.3

(Single Gap)

Head & guides need Clean head & guides.

cleaning.

Head cable not plugged in. Plug in head cable. B28 & B32

Tape cleaner needs Empty head cleaner. Sec. VI. Par. 7.2.

-
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Appendix A

Recommended Spare Parts List

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

WANG MOD 10 TAPE SYSTEM
(DUAL- AND SINGLE-GAP, 25 IPS)

b iotion Wangco Oty Commercial
escriptl Number ) Equivalent
SUBASSEMBLIES

Head Plate Assembly, 9 Ch., D/G 200043-001

Head Plate Assembly, § Ch., 8/G 200227-001

Head Plate Assembly, 7 Ch., D/G 200115-001 1
Head Plate Assembly, 7 Ch., S/G 200226-001 )|
Photosense Assembly 200057 1
Reel Motor Assembly 200063 1
Retract Motor Assembly 200119 1
Capstan Motor/Tach. Assembly 200547 1
Write Enable Switch Assembly 200378 1
Arm Sense PWB Assembly 200475 1
Lamp Holder Assembly 200794 1
Regulator, PWB Assembly 200495 1
Assembly, Regulator Cable 200858 1
Transport Electronics, PWB., Assy. D/G  200488-004 1
Transport Electronics, PWB., Assy. S/G 200488-016 1
Data Electronics, PWB., Assy. D/G 200521-004 1
Data Electronics, PWB., Assy. S/G 200347-002 1
Self Aligning Guide Assembly 200425 1
Deck Mounting Guide Assembly 200036 1
File Reel Roller Guide Assembly 200810 1
Deck Mounting Guide Assembly 200217 1

FAB. PARTS & PROC. SPECS.

Arm, Door Stop 200031 1
Bracket, Door Stop 200032-001 1
3dracket, Door Stop 200032-002 1
Capstan 200039 1
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Wangco Commercial

Description Number Qty. Equivalent
Door Front 200030 1
Transformer, Power 200011 1
Cam, Arm Sense 200021 1
Cap, Head Tape Guide 200045 1
Washer, Head Tape Guide 200046 2
Shim, Head Tape Guide 200203 24 002~ 3025
Spring, Head Tape Guide 200047 2 002-H4C72
Brush, Reel Motor 100190 2
Drum, Head Tape Guide : 200096 1
Brush, Capstan Motor 100186 2

ELECTRO-MECHANICAL COMPONENTS

Capacitor 100020-008 1 Sangamo 500-1943-01
Capacitor 100020-014 1 Sangamo 500-1949-01
Circuit Breaker 100014 1 Wood Electric, 375-205-=101
Fuse, 4 amp 100028-023 1 Littlefuse, 31100,4 -
Fuse, 5 amp 100028-024 1 Littlefuse, 311005
Fuse, 10 amp 100028-027 1 Littlefuse, 3110710
Indicator, File Protect 100105-002 1
Relay, Power Supply 100030 1
Relay, Arm Retract 1100215 1
Switch, Snap Action 100012 1 Micro 15MI-T/JSS Actuator
Switch & Indicator, Forward 100104-001 1
Switch & Indicator, Load 100104-002 1
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Wangco Commercial
Description Number Qty. Equivalent
Switch & Indicator, On-Line 100104-003 1
Switch & Indicator, Reverse 100104-004 1
Switch & Indicator, Power 100179-001 1
Switch & Indicator, Densit 100179-005 1
Switch, Rewind 100130-001 1
Switch, Reset 100130-002 1

ELECTRONIC COMPONENTS

IC Hex Inverter 100084 2 Motorola MC-836P
IC Quad. 2 Input NAND 100085 2 TI SN15846N
IC Quad. 2 Input NAND 100086 1 TI. SN15858N
:C 10 Input NAND 100087 1 Motorola MC-1804P
IC Dual Flip-Flop 100088 2 TI SN158093N
IC Operational Amplifier 100089 1 Fairchild, U6A7739393
IC Monosta'ble 100090 1 Fairchild, U6A960159X
IC Dual Flip-~Flop 100095 2 Motorola MC-852P
IC Triple Input NAND 100107 1 Motorola MC-862P
IC Voltage Regulator 100108 1 FPairchild, U6A7723393
IC Operational Amplifier 100109 1 Fairchild, U6A7741393
IC Operational Amplifier 100167 2 Motorola, MC-1437L
Transistor, NPN 100080 6 2N4123
Transistor, PNP 100081 2 2N4125
‘ransistor, Dual NPN 100082 2 TD 101, Sprague



Wangco Commercial
Description Number Qty. Equivalent
Transistor, PNP 100083 1 Motorola, MPS-U51
Transistor, NPN 100112 1 TI P29
Transister, PNP 100113 1 TI P30
Transistor NPN 100125 1 2N2219
Transistor, PNP 100158 1 2N3053
Transistor, NPN 100159 1 2N3055
Transistor, PNP 100160 1 2N4037
Transistor, NPN 100173 1 2N3771
Semiconductor, SCR 100162 1 RCA 40654
Diode, Rectifier Bridge 100018 1 Motorola MDA 962-1
Diode, Signal 100091 6 IN914
Diode, Zener 100118 1 1N752
Diode, Rectifier 100127 1 1N4003
Diode, Zener 100161 1 1N4736A
Diode, Power 100174 1 1N3208
Resistor, Variable, 50 ohm 100069-500 1 CLPA 50
Resistor, Variable, 20 K 100069-203 2 CLPA 20K
Resistor, Variable, 5K 100069-502 2 CLPA 5K
Resistor, Variable, 500 ohm 100163-501 1 Dale P/N 2487
Resistor, Variable, 1K 100163-102 1 Dale P/N 2487
Resistor, Variable, 5K 100163-502 1 Dale P/N 2487
Resistor, Variable, 10 K 100163-103 1 Dale P/N 2487
Resistor, Variable, 20K 100163-203 1 Dale P/N 2487
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SPARES REQUIRED FOR SPEEDS OTHER THAN 25 IPS

Wangcoe Commercial

Description Number Qty. Equivalent
S5/G Data Electronics PWB., Assv.

12.5 ips 200347-001 1

37.5 ips 200347-003 1

45 ips 200347-004 1
D/B Data Electronics PWB., Assy.

10-13 ips 200521-001 1

13-17 ips 200521-002 1

17-23 ips 200521-003 1

30-40 ips 200521-005 1

40-45 ips 200521-006 1
S/G Transport Electronics, PWB, Assy.

10 ips 200488-013 1

12.5 ips 200488-014 1

18.75 ips 200488-015 1

37.5 ips 200488-017 1

45 ips 200488-024 1
D/G Transport Electronics, PWB. Assy.

10 ips 200488-001 1

12.5 ips 200488-002 1

18.75 ips 200488-003 1

37.5 ips 200488-005

45 ips 200488-006 1
Transformer, Power Supply

37.5 - 45 ips 200487 1
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Schematic Drawings




APPENIDX B

List of Drawings
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2 | Spee. Pewer Transformer. 200011 1 n. 3l | wire
b) 35 | Wire
h | Breaksr, Circuit. 10001k 1 CB-1 36 | wire
S | Switch, Teggls. IPST. 100015 1 8i. 37 | Tors
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22 | Clamp, Cable. 100152-001 1 Power Cord. Sk | Waal
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30 | Comnector, Female. 100010007 2 | N8, N3, 2

N | Connector, Female. 100010-009 1 Pl;. 63 | 1is

32 | T oceeter, kamell, M I LR 1 S, 8L
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ASSY, POWER SUPPLEK REGULATORS, P/N 200495

REF COMPO NENT WCP ZONE REF COMPONENT - WCP | ZONE
DES TYPE PART NO, [SCHEM [ ASSY | IES TYPE PART NO., [SCHEM | ASSY
Ul |I.C.Voltage R. 100108 B-3 D-3 R1 Resistor, 100156-751| E-3 C-3
U2 |I.C.Voltage R. 100108 B2 B-3 R2 " Var,] 100163-501| E-3 D-3
U3 |I.C.Voltage R. 100108 B-1 B-3 R3 " 100156-222 | E-3 D-3
RY " 100156-101| B-3 C=3
Q1 | Transistor, 100113 c-3 D=2 RS " 100156-560 | C-3 C-3
Q2 " 100159 c-3 D=2 R6 " 100156-222| C=3 C-3
G " 100113 C=2 C-2 R7 " 100111-R15{ C=3 D=3
&L " 100159 c-2 B-2 R8 " 100156-102 | D=3 C-3
B " 100081 C-1 A-3 R9 " 100156-101| B=2 B-3
Q6 " 100113 C-1 A-2 | R10 " 100156-560| C=2 B-3
Q7 | Transistor. 100159 c-1 A-2 |R11 " 100111-0R2 | C=2 C-3
R12 " 100156-152 | B-2 B-3
CR1 | Diode, Signal 100091 D-3 D-3 |R13 " 100156-202 | C=2 B-3
CR2 | Diode, Rect, 100127 c-1 A-3 | R1L " Var.[100163-102] C-2 Cc-3
R15 " 100156-302 | C-2 B-3
VRl | Diode, Zener 100161 D-3 Cc-3 |R16 " 100156-222 | C-2 B-3
VR2 |Diode, Zener 100118 B-1 B-3 |R17 " '1100156-332| B-l A-3
R18 " 100156-302| B-l A-3
SCR1 |S.C.R. 100162 D-3 D-3 |R19 " 100111-151] C-1 A-3
R20 " 100156-331| C-1 A-3
Cl |Capacitor. 100072 A=3 C-3 |R21 " Var.| 100163-501| B-1 A-3
c2 " 100073-102 | B=3 D-3 |R22 " 100156-560| C-1 A-3
C3 " 100078-103| C=3 Cc-3 |R23 " 100156-222 | B-1 A=3
cl " 100135=-476 | C=3 D-3 |R24 " 100156-302 | B-1 A-3
cs " 100136-155 | D-3 C-3 |Res " 100156-0R2| C-1 B-3
o " 100136-155 | A-2 B-3
c? " 100078-103 | C-2 B=3
c8 " 100073-102 | B=2 c-3
c9 " 100135-L476 | Cw2 C-3
C10 " 100136~155 | A-1 | A-3
c11 " 100135-476 | A-1 B-3
c12 ® 100073-102 | B-l A=3
B-7 Component Zoning Chart

Power Supply Regulators
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R 7

1 —— UoTion (+) HC

2 QEwiND (=) <2

) SELECT ¢ READNY (+) <3

44— WRITE CBUABLE (+) s
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. e o

TH—— WRITE PWR aaTe -1 L. IDENTIFY PER WCP SPEC (o TAG
EXT—— WRITE PWR &mD (s UNLESS OTHERWISE SFECIFIED;

L —P9
L./

NOTES UNLESS SPECIFIED [oRAwn % 50
MATERIAL  LIST [ML otaving xo. [nev} b URIMEE  ncouan [
o 20050k C XxXE - t MATERIAL

o wE 2 SRLAK ALL AR -

'.ume - L no. " v . APPROX. O10

m: ¥ ASSL. DATA CONTROL CABLE, woocecwo. M oareU28/30 seer d_ or 2 . ———— ] ASSEMRLY, 1G4
NO. ORAWING TITLE DwG, ND, lNOv REQ. REMARKS ON CKT. CENIG. o AL DIMS IN INCHES, : ‘:;ATA CO"'—‘TQOL. :a BL E m

1 | Connector, Male. 100010009 2 P7.8. |

2 | Pin, Female. 100021006 | 15 SCALE SZE

3 | Pin, Male. 100021007 | 2 MOD 18 2
L | Wire, Insulsted. 100053018 | aR Cc 200504

200499 B A A, R T P-v 20,2
h'g. [on e —op=y - = )
B-19 Assembly, Data Control Cable
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g esame Tt e iranes ov e ne
Sracket.Switch hig. Tzoo017 2
Wrachet Switeh mg. 201170 2

~ | suiteh mero 00013, 2 s11.80

4 \poo)o-006 | 3 m1
nx. tale 009021:9081 2

Wire. Ingolaced 1000%3-024 § AR

i tch godmin o022 | 2 ez

Siyap. Cable 00031003 | ¢

Siyap. Cable hooods-sexl 3
L S0a0. PR lasd. 000 - 106 a ) Sh A8
:
2 yashar. Int. Tookh Lack [i000969.1460 A Mo %

MARK REF DESIGNATION AS SHOWN COLOR
BLACK, PER WC P SPEC 100013,
SWITCH NUMBERS SHOWN FOR REF ONLY,

m IDENTIFY PER wep SPEC 00037
NOTES ! UNLESS OTHERWISE SPECIFIED

wiplyinl~-

2 OMLAK ALL SNAR
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sSoL S1M-NC) S0 L SOL 1o e 1. TOLERANCES v
Xne
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«
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I BRamNG wooeL wo. 18 oare LL/A2/TLsueer 1. o b i mooeLwno. A8 oate DAL Tgueer 5 or OrTee MM““OOEL vo. M oarddBL1) sweer 1. of ONATES _ PwB. Type'P! 25ips. DI/G, 9Ch. wope vo. 3 oarelMA8/T] smeer 9 oF ur.
: ‘,"5" DRAWING TITLE DWG. NO. ]NO. ch.l REMARKS ON CKXT. DESIG. '.:n" ORAWING TITLE DwG. NO. ]m). REQ. REMARKS ON CKT, DESIG. ‘,"5" CRAWING TITLE OwG,_ ND, NO. neo.] REMARKS ON CKT, DESNG. ','.5“ DRAWING TITLE OWG. NO. NO. REQ., REMARKS OM CKT. DESIG.
: 50_|Resistor. 5%. iv. 2.7 100156-2R7 | 2 | R260.261. 99 | Pin, Connector. Male. 100022007 | 30 131 | Capecitor, Tantalus.  10uf | 1%0070-106 | 1 JczoL. 131 | Cepacitor, Tantalum.  1.5uf | 100136-155 [ 1 [caokh.
51 |Reaistor. " Jw. L7 | 100068-iT0 1 R271. ° 100 | Pin, Connector. Female. 100021008 p11 132 i 132 i
3( 2 {Resistor. * jw. 100 | 100156-101 | 18 | R2L),255.256.257.258.427.LLO. 101 133 {Resistor, 5%. iv. 750 | 100156-751 1| R23. 133 | Rasistor, 5%. {v. 750 | 100156-751 1 |R23.
] Rk, Lbd LS. LLT LS55 LS6.L82, 102 13 | Reststor, ™ 3w. L7 | 100068470 1 |RaL3. 13 | Restator, " 3w, L7 | 100068-4710 1 | RS,
| B483.4,89.528,525. 103 | Pad, Transistor. 100223 5 1Q10.L17.L18.LLO.LL3. 135 | Resistor, * jw. 750 | 100156751 1 | R268. 135 | Resister, * iu. 750 | 100156-751 1 | R268,
] 53 | Restator. 5%. Jw. 150 | 100068-151 1 | ’u96. 104 | Insuletor, Transistor. 100151 7 {T0-3. 136 | Resistor, * * 270 | 199186-273 1 | &io1. 136 | Resister, * « 15K | 100256-153 1 | a2,
] Sy | Resistor, " iw. 200 | 100156-201 & | RT3.L7h.479.480.519.520.525. 105 137 | Reeistor, = * 100K | 130156-104 1 R 137 | Resistor, * " S1K | 100156-513 1 | Ri3l.
] 8526, 106 | Wire, Insulated. 100053-916 | A/R | From item 21 to hole B. 138 | Resistor, " " 12K | 100156-123 1 |Ru32. 138 | Reststor, * * 13| 100156-133 1 | Bud2.
55 | Resistor. S5. jw. 220 | 100156-221 | 11 | 2200,202.20L.206.208.200. 212 107 |Wire, Selid Insulated. 1002,8-92 | 4/R { Jumper J12. From SS to IT. 139 | Restztor, " * 680K | 13015668k 1 | Rué6. 139 | Resistor, * * 680K | 100156684 1 | Rués.
] 8235.239.269.273. 108 | Serew, Pan Head. 100036206 | 10 | 440 x 3/8" 1 e ; S5 296156251t ? 300 |wrvor; VIR EVURPIRPD EEPRIE $YU P
S6 | Resister. 5%. 4w. 300 | 100156-301 1 jRao0, 109 |Screw, Pan Head. 100036-21% | 16 | L-b0 x¥a" 11 | Resistor, * * 390K | 190156-39k 1 | Ru68. 241 | Resistor, % *® 390K | 100156-39 1 | aués.
Z 57 [Restster. ™ = 330 | 100156-331 9 | R201.203.205.207.209.211.213. (10 142 [ Resistor, * * 1.5M | 100156-155 1 {Rsoe. 1i2 | Reststor, * * 1.5% 100156155 1 | Rsos.
S, R218.215. 131 | Washer, fiat. 1000uT-200 | 26 jHe.k. Tis3 | Sooiatory—i e et S aeiivirs 143 it oSt T S FR—
B. | S8 | Resistor. 5%. Iw. 330 | 100068-331 | 1 |Rsoz. 112 {Washer, Int. Tooth Lock. 100059-200 | 26 | No.k. 1L, | Restator, * 390K | 100356-39k | 1 | mSil. 1l | Fasistor, + - 390k | 10015639k | 1 | msu.
5. ] 59 |Restator. * iu. 360 | 100156~361 | 2 | Ruh2.kké. 113 | Vesher, Nylon Shoulder. 100063012 | 1k 145 | Resistor, 5%. jv. 3.3M| 100156-335 | 1 | RS36. 145 | Rasistor, 5f. iv. 3.3M] 100156-335 {1 IRS36.
] 60 |{Resistor. * " 1430 | 100156431 2 | R251.252. 4114 | Wakher, Nylon Shoulder. 100063-008 1 |Use with CRL32. 1L6 W6
M. | 61 |Resistor. * 3w. 470 | 200068-L71 b RLYL35.L36.L3T. 15 | Mut, Hex. 100043-200 | 26 ] L-liO. 17 { Wire, Solid Insulated. 100246-92 { A/R | Jumper J1. From JJ to KK. L7 | Wire, Solid Insulated. 2002i8+92 | A/R | Jumper J1. Frem JJ te XK.
n. | 62 | Resistor. * 1w, $10 | 100156511 2 |BES33.53. 16 Jumper J2, " U “V, | |JumperJ2 * U 2V,
] 63 | Resistor. " * 560 | 100156=-561 3 | R2M,.216. b8, 4117 Jumper Js. * PP * RR. Jdumper Ju « pPp ® 2R,
] & |Reststor. " 1X | 100156-102 | 20 | B2L0.278.L01.L02.LEL9.LT2.47T. 118 | Specification, Test. 200532 Ref, : Jumper 5. " F %G, Jumper J5, * F "G,
| Ru?8.LBL.LAS.LSL. kL. k9T 501, 19 | Jumper J6. * GG * HH. Jumper J6. * QG " HH.
] B513,515.516.522.524..521. 120 Jumper 97, *  H *J yowper 3T, " H_* 4,
— . 121 _ - Jumper J8. * EE " FF. Jumper JB, " IER T PF,
—_ 65 !Reststor. S%. iv. 1.2k | 100156-122 1 Irag, 122 Juper J9. * D “E, Jumper J9. " D " K.
_S____ 66 i Resistor, " * 1.5K | 100156-152 1 iR270. Tis Jumper J10. * Ak " CC. Jumper J10, * - AL * CC.
] 67 |Reststor. " * 2K | 100156-202 3 | Ri18.L63.504. 12 ! Jusper Jl1. " W " X. Jumper J11. * W * X,
. 68 'Restator. " * 2.2 | 100156-222 ' "6 ! Ra7;.225.231.237.265.493. 125 ! Jumper J19. * DD " TP208. Jumper J19. * DD * TPROB,
g 69 | Reststor, 5%. iw. X | 100156-302 L BLOB.LSB.495.535. 127
] 70 |Resistor. * * 3.6 | 100156-362 5 | R222,223.232.238.266. 128
] 71 |Resistor. * * 3.9 | 100156-392 6 | RU19,L39.L11.u90.498. 499, 129
| ( . 1% ;
T‘i‘ ‘ MATERIAL  LIST IML ;:;"_“u:; nev. MATERIAL  LisST ]ML ‘;;;‘;‘;‘: ;:1 ney. MATERIAL! LIST IML :;;;"i ;o‘; ":"' MATERIAL _ LIST lML 2‘;;:;8'":0;;‘ =
—_— D‘v‘ﬁw . BiTe pou % mooeLno. 10 oate WAL Thsmeer U or_ °$?r?'é° lSSY.TRN?P?m‘ mnogzcs « mooeLwo. M oare L1/28/Thsmeer 6 or o:ﬁv:gc ASSY-TBAN?P?‘T m‘-mmlcs . ;:IODSL NO. ._IL_ oare 11/16/71 suger 8 o D::‘{:‘ ASS!-TRA!‘?P?M oo /0. o o wmooeLno. _AE ons)mu sueer 10 or
'Ls:‘ ORAWING TITLE DG, NO. NO. REQ. o REMARKS ON CKY. DESIG. ';'.ou DRAWING TITLE D¥G. NO. RO. REQ. REMARKS ON CKT. DESIG. IIOEM DRAWING TITLE l D¥G. NO. NO. REQ. REMARKS ON CKT, DESIG. ',“'5" DRAWING TITLE OWG. NO. ]so REQ. REMARKS ON CKT. DESIO.
206, 72 { Reststor. S%. %v. LK | 10018632 | 1 R429, 131 | Capacitor, Tantalum. 10uf | 100070-106 1 jceok. 131 [Capacitor, Tantalum. 10uf | 100070-106 1 |caoi. 131 | Capacitor, Tantalum,  1.Suf { 100136-155 1 |caa.
.03, 73 | Reststor. " * L.x ) 10005672 | 2 | RM12.M16. 132 132 ' 132
o, | 7k | Resistor. * ¢ 5.1k ] 100156-512 | 21 | R230.233.236,253.254.259.262. 133 | kesistor, 5%. iv. 750 | 100156-751 1 | R23. 133 |Resistor, 5%. fw. 750 | 100156-751 1 |rea. 133 | Reststor, 5%. jv. 750 | 100156-751 1 R,
.17, 263,264 .247.272.279.L07 409 134 | Resistor, * 3w. 47 | 100068-L70 | 1 [R2LS. 13 |Resistor, * 3v. 47 | 100068-L70 1 |RaL8. 13 | Reststor, " 3w. L7 | 100068-470 1 | Rau8.
a2l RBU13.L1) L2k .25, 428 L6k 505, 135 | Resgstor, * jw. 750 | 100156-751 | 1 | R€8. 135 |Resintor, * iw. 750 | 190156-751 | 1 |R268. 135 | Ressstor, * jw. 750 | 100156-751 [ 1 | =R268.
.| X 136 | Resistor, " * 33K | 100156-333 1 |ALa. 136 |Resistor, " * 18K | 100156-183 1 R, 13 | Reststor, * " 10K | 100156-103 1 | Ru21.
] 75 | Reeistor. S5%. 2w. 6.8K | 100156-682 | S R226,228.229.2L7.450. 137 | Resistor, " * 120K | 100156-12k T |RLA. 137 | Reststor, * 68K | 100156-683 1 RLAL. 137 | Resistor, " " 33K | 100156-333 1 | Rin.
] 76 | Reststor. * * 8.2K| 100156-822 | 1 R227. 138 | Resistor, " * 12K | 100156-123 1 | RL32. 136 |Resistor, " * 13K | 100156-133 1 |32, 138 | Restator, " " 15K | 100156-153 1| Ry,
] 77 | Reststor. " * 10K | 100156~103 | 10 | R2L5.276.403.L0L.420.422.452. 139 | Resistor, * * 680K | 100156-68k 1 BL66, 139 |Resistor, * * 680K | 130156-68L 1 |russ. 139 | Restster, * * 300K | 100156~304 1 | Rus6.
] RS 61-L92, 10 | Seskobeory 21—t el Wt ol SRS R U0 |fevtvory 45039035 6—ib it RiceFr 10 | Revtevors $O{ 05t —
T | 76 | meetster._+ - 11K | 100156-113 | 2 | Ru86.L88. 11 | Resistor, * 390K | 100156-39L | 1 | RuGE. 11 |Resistor, * * 390k | 100056-3%k | 1 |Rues. Ul | Reststor, " " 390k | 100156-33 | 1 | Ru6s.
] 79 | Reetator. * ® 12K | 100156-123 | 1 | BuX0. 142 | Resistor, * * 1.5H [ 100156-155 | 1 | Rs0s. U2 |Resistor, " " 1.5M | 100156-155 | 1 |Rs03. 142 | Resistor, * " 680k | 100156-#8L | 1 {Rsos.
7 80 | Resistor. * * 20k | 100156-203 | 2 R27h.L6T. 13 | Reeiebomyde. i o5 Rl 13 |feetoreny YNSRI — R FTRY Porar—— o 20015620345
: 81 | Resistor. * # 22K | 100156-22) 2 RS06.531. 1Lk | Resistor, * * 390K | 100156-35k 1 R311. 1) |Resietor, * * 390K | 100156-3%h 1 RS11. 1l | Raststor, " * 390K | 300156~394 1 RS11.
82 | Reststor. * * 27k ! 100156-273 | 2 RU7S5.521. LS | Resistor, 5%. 4. 3.34| 100156-335 1| R536. 1S |Resister, 5%. gv. 3.34 | 100156-335 1 [Rs36. S
] 83 | Reststor. * * 33k | 100156-333 | 3 RU60.514.516. 16 b : 6 .
] 8 | Reststor. * * 39K | 100156-393 | 1 | RSoO. 147 | Wire, Solid Insulated. 200248-92k | A/R | Jumper J1. From JJ to KK. L7 |Wire, Solid Insulated, 100248-52 | A/R | Jumper T1. From JJ to KK. U7 | Wire, Selid Insulated. 10028-92, | A/R | Jumper J1. From 47 te XK.
] 85  Resistor, * " L3 100156433 1 | RZTS. Jumper J2. * U - V. Jusmper J2. Y U "V, Jumper J2. * U " V.
] o6 | Reetator. + -+ LTK]| 100156473 | 3 | Ri05.k06.kS3. uper J. * PP * RR. Semor .+ 77+ mR. Tmper b < 77 ER.
] 67 | Resistor. " " 100K | 100156-104 | § R242.277.4L33.L51.532. Jumper J5. * F* G, Jumper JS. * F "G, Jumper 5. * F * @,
;5_.— 88 | Reststor. * 2206 | 100156-22L | 1 Reb1. Jumper J6. " 0G " HH. Jumper Jé. " GG " HAH. Jumper J6. " GG * HH.
] 89 | Hesistor. " * 270K | 100156-27L | 1 RL59. Jumper J7. *  H % J. Jumpsr JT. " H *J. Jumper J7. " W _*J.
I;.— 90 | Resistor. " " 300K | 100156-304 | 3 RL17.4L71.517. Jumper J8. “ "EE " FF. Jusper J8. * EE " FF. Jurper J8. * EE " FF,
T 91 | Reeistor, = * 330K | 100156-334 2 R220.221. Jumper J9. " D" E. Jumper 9. * D *E. Jumper J9. * D *°B.
92 | Reetstor. * " 390K | 100156-394 | & R246. . .1469.LT0.4T76. .1.512. Jumper J10. " AL " CC, Jumper J10. * AL * CC. Jumper J10. * AL * OC.
-] RS523. Jumper J11. * W " X. Jumper J11. * W %I, Jumper J11, * W * X
T 93 | Resiator. * * 1Meg.| 100156-105 | 1 RSO7. Jumper J19. = DD ¢ TP208. Jumper J19. * DD *~ TP208. Jumper J1§. ° D * TReOS.
T 9% | Reststor. " " 150 | 100156-151 | 2 RU67.510.
: 95 | Reststor. * " 390 | 100156-391 2 R2li9.250. !
. 96 | Hesteink. 100096 2 T0-5. Use with QL17.lL18. ;
: 97 | Pim, Test Point.  Male. 100098 35 | Ineludes J6-L. j

Material List, Transport Electronics, PWB (1 of 6)
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A e e g wooeewo. M gure 1A16/Thsmeer 13 or HTLE 'A' 254ps. D/0, 9Ch. wooe o 28 oarellAAB/T) sweer 23 or TTLE CR. wooer wo. 16 oardllAAB/I3 sweer AT or TUe® _Pub. Type'P' 124tpa, S/G, 90b-uooe no. _ 3 oate A/AHL meer 12 or
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13 131 131 131 | Capacitor, Tantelum, 10uf | 100070-206 1 |ocaok.
132 132 132 132
__‘ ] 133 | Resistor. 55. iv. 750 | 100156-751 1 |Red. 133 | Resistor. 5K. jw. 750 | 100156-751 | 1 R23L. 133 { Resistor. 5%. tw. 750 | 100156-751 1 |R23h. 133
1 13 | Resistor, " v, 47 | 100068-470 1 RS, <134 | Resistor. " 3w, L7 | 100068-470 1 R248. 13 | Restator. = 3w, k7 | 100068470 1 |RaLs. 13 N
135 | Resistor. " iw. 750 | 100156-51 1 | R268. 135 | Resistor. * jw. 750 | 100156-751 | 1 R268. 135 | Resistor. " gw. 750 | 100156-751 1 | R268. 135 |
136 | Resistor. * * 27% | 100156-273 1 |RL21. 136 | Resistor. " 15K | 100156-153 1 RL21. 136 | Resistor. * = 9.1K { 100156-912 1 {RL2Y. 136 | Resistor. 5%5. . 21K | 100156=273 1 jain.
137 | Resistor. " * 100K { 100156-1CH 1 R, 137 | Resistor. * * 51K | 100156~513 1 R31. 137 | Resistor. * * 27K | '100156-273 | 1 Ry31. 137 | Resister. * * 160K | 100156-10L 1 Ri31.
138 | Reststor. * * 12K | 100156-123 1 |m32. 138 | Resistor. * " 13 | 100156-133 | 1 Bl32. 136 | Reststor. " * 15€ | 100156-153 1 | Ru2. 138 | Resistor. & * 12K | 100156-123 1 |Bu32.
139 | Reststor. * * 680K | 100156-684 1 | Rusé. 139 | Resistor, * * 680K | 100156-68k | 1 RL6S. 139 | Resistor. * * 300 | 100156-30k 1 | Rué6. 139 | Resistor. " * 660K | 100156-68L 1 | Rués.
10 | & — 450-—H00ES i TRl 10 [Hertoverr—= A L o T B 10 . ¥5 e rm sroTy 10 | Rewi 4503003 5eut +
141 | Beststor. = " 390K | 100156-35k 1 | RS, 1Ll | Resistor. " * 390K | 100156-33k | 1 | aké8. 1k} | Resgetor, * * 330K | 100156-33 1 | Ru6B. 11 | Resistor, * * 390K | 100156394 1 -f BLéB.
142 | Reststor. * * 1.58 | 100156-155 1 BS09. 12 | Resistor. " " 1.58| 100156-155 1 R509. 142 | Restator. " * 680K | 100156-68L 1 BS09. * 142 | Resistor. * * 1.5M| 100156155 1 | &so9.
153 1 Reetetan—= 5RO s 13 | Hendeser S ire—d isie 1013 | Semiateeme it PR i3 . e G B
1l | Reststor. " * 390K | 100156-394 1 | RS 1Ll | Resistor. * * 390K | 100156-394 | 1 RS1l. 1kl | Resistor. " * 330K | 100156-33 1 |1, 1 | Resister. * * 390K | 100156-394 1 {RS1.
U5 | Resistor. " * 3.3 | 100156-335 1 |®S%. 145 | Resistor. * * 3.3M| 100156-335 | 1 8536. s 1,5 | Resistor. " * 3.3%] 100156-335 1 | BS36.
} 173 16 Wé 16
to KX, LT | Wire, Solid Insulated. 1002L8-92k | A/R | Jumper J1. From JJ to KK. U7 | Wire, Selid Insulated. 10028-92: | A/% | Jumper J1. Frem JJ to KK. 14T | Wire, Solid Insulated. 10026-92k | A/R | Jusper J1. From JJ to EK. 117 | wire, Solid Insulated. 10028-92 | /R | Jumper J1. Frem KX to LL.
-y, Jumper J2. * T "V, Jumper J2. * T "V, i Jumper J2. * T =V, Jumper J2. * g "v¥, . .
. Jumper 3. " L " M. Juper J3. % L "M, Jumper 43. * L "' Jusper Jk. * PP % ER.
v g, Jumper J5. * F "G, . Jumper J5. * F %@, Jumper JS. * F "a. Jumper J5. " r *qg.
* HH, Juper J7. " H "Jd. Jumper JT. " H " J. Jumper J7. " H "Jd, Jumper J6. * GG * HH,
L Jumper JB. * EE * FF, Jumper JB8, " EE ™ FF, Jumper J8. * EE ™ FF. Jumper JT. * . H *J.
“ FF. Jumper J9. " D " E. Jumper J9.° % D " E. Jumper J9. * D " BE. Jusper J8. " EE “TF,
Y Jumper J10. * AA * CC, 1 Jumper J10. * AA ™ CC. Jumper J10. " AL " CC, Jumper J7. " D *k.
-~ o, Jumper J11. * L Jumper J1l. * WX, Jumper J11. " W * X, Jumper J10, * - AL * CC,
s Jusper J13. * N “ P, Juaper J13. * N " P. Juaper J13. * N “ P, Jusper J11. * - W * X,
« TP208, .. Jumper J2hi, " R *8, Jumper J1i;. * R " 8, Jumper Jli. * R "S. Jusper J15. * A “C.
Jumper J19. * ID * TP208, Jumoer J19. * DD * TP208. | Jusper J19. * DD * TP208.. Jusper J16. " UU " W,
Jumper J17. " W " IX,
- Jumper J19. * DD * TP208.
—€ —
I .T DRAWING MO. REV. DRAWING NO. REV, DRAWING NO. AEv. MATERIAL LIST ' prRAWING NO. " [nevs
e MATERIAL LIST IML o086 —oo0 MATERIAL LIST IML o086 o MATERIAL LIST ]ML e ~ lML 200486 - 015
22 UM _Pup Trerkt 18 ton, W0, 9 uoseewo. 0 oxrcAA0/N ek o | | M _binr Teperae mhing. D6, 90 aooee o, 14 oxre AR wieer 16 or B B i St Coth. wooew o, 1 osre AT weer 18 or_ | | AT B Tepatee 18 oas SR Fneuooes vo. M onre ILAB/T) ecer 20 or
. DEMG, e DRAWING TITLE l DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. M DRAWING TITLE I D¥G. NO. ‘uo. REQ. REMARKS ON CKT. DESIG. T DRAWING TITLE ]y DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. e DRAWING TITLE J OWG. NO. NO. REQ. AEMARKS ON CKT. _jtuc.
131 131 131 {Cepaciter, Tantalum. 10uf| i100070-106 1 C20k. 131 |Capaciter, Tantalum, 10uf | 100070106 1 Jc20k.
132 132 132 |
133 | Resistor. S%. iw. 750 | 100156-751 1 | R23. 133 | Resistor. 5%. }v. 750 | 100156-751 1 | R2A. 133 ; 133
13 | Resistor. " 3w 47 | 100068-470 1 R248. 134 | Resistor. * Iw. k7| 100068-470 1 R248. 134 1%
135 | Resistor. * iw. 750 | 100156-751 | 1 | Ress. 135 | Resistor. " iw. 750 | 100156-751| 1 | R266. 135 e ws| J
136 | Resistor. * 18¢ | 100156-183 1 | Rk21. 136 | Resistor. * * 10K | 100156-103 1 Rk21. 136 |Resistor. 5%. §w. 33K | 100156-333 1 Rhai. 136 | Reststor. Sf. jw. 18K | 100156-183 1 |RL21.
137 | Resistor. * * 68K'| 100156-683 1 fRLL. 137 | Resistor. * * 33K | 100156-333 1 | AL3L. 137 |Reststor. " * 120K |,100156-12k 1 BL3L. 137 | Reststor. * * 68X | 100156-683 1 |RL31.
138 | Resistor. * * 13K | 100156-133 1 |3, 138 | Resistor. * ¥ 15K | 100156-153 1| Rid2. 138 {Resistor. " * 12€ | 100156-123 1 32, 138 | Resistor. * * 13K | 100156-133 1 | A3
139 | Raststor. * * 680K | 100156-68L | 1 | Ru66. 135 | Restator. " " 300K [ 100156-30k | 1 | Ruéé. 139 |Restster. " * 660K | 100156-66L | 1 | Ru66. 139 | Restator, * " 680K | 100156-68h | 1 .| Ru6G.
ko . g 150110015615t e e 110 | Revkos PR 20k~—200k56=203 2 Riybirp= 150 | Rentebere—i—n 5010056 4 vy W0 | Feoket - 3591300356352 &
11 | Besistor. * " 390K | 100156-39k | 1 | BuSS. 141 | Reststor, " " 390k | 100156-39L | 1 | Ru6B. Ul {Resistor. " * 390K | 100156~39k { 1 | Ru6B. 1l | Resister. * * 390K | 100156-39L | 1 | RuS.
142 | Resistor. * " 1.5M| 100156-155 | 1 | RSOS. 12 | Resistor. * * 680K | 100156684 | 1 | RS0g. 12 |Resistor. * " 1.54 | 1200156-155 | 1 | RS09. 142 [Resistor. * * 1.5 | 100150-185 | 1 | R509.
fTEY P — ase B W3 | @ " 10i—260156-103 shor 103 e — 50— —108156my5———{—tter 143 | fwwtwvors 5010085 (S ——d— RO
14k | Resistor. * " 390K | 100156-39L 1 | BsL. 1bk { Resistor, * * 390K | 100156-39% 1 RS1Y. 1l |Resistor. " " 390K [ 100156-39L 1 a511. s | Resistor., * * 390K | 100156-39) 1 | RS11.
145 | Reststor. " * 3.34 | 100156-335 1 | RS3% WS 1S |Resistor. * " 3.34 | 100156-335 1 RS36. US | Reststor. " 3.34 | 100156-335 1 |RSX%.
U6 116 6 L6
v oK, 17 | Wire, Solid Insulated. 100248-92k | A/R | Jumper J1. From JJ to KK. 147 { Wire, Solid Insulated. 10028-92k | A/R | Jumper J1. From JJ to KK. 1T |¥ire, Solid Insulated. 100246-92 | A/R | Jumper J1. From kK to LL. 147 | Wire, Solid Insulated. 100248-92 | A/R | Jumper J1. Frem KK te LI,
T Jumper J2. % T * V. Jumper' @, ¥ T "V, Juper J2. " U V. Jumper J2. " U " V.
L UK Jumper J3. " "M Jumper J3. * L "X Jumper Js. * PP " RR, Juxper Jy. * PP " ER,
L Jusper J5. * F " G. Junper J5. *. F G, Jumper J5. " F % G. Jusper J5. ¥ ° O
o ‘ Jumper J7. *  H " J, Junper J7. .*  H " J. Jusper J6. " GO " HH, Jwmper J6. " 00 " ML
st PR Jumer JB, " EE " FF. Jumper J8. * EE * FT. Jumper J7. " H " J. Jumper J7. " K _° 4.
3 K. Jumper J9. * D "E. Jusper J9. " D " E. Jusper JB. * EE T, Juzper J8. " EE " FF.
4 “ - Jumper J10. " AA " CC. Jumper J10. * AA " CC. Jumper J9. * D *E. Jumper 43. * D "E.
RS Juaper JU1. * W " X. Jumper J11. * W "X, ¢ Jumper J10. * AL * CC. Jumper J10. * AL " CC.
8P Jumper J13. * N * P, Jusper J13. * N " P, Jumper JLL, * VW " X. Jusper J11. * W * X.
& " 8. Jumper Jllj. " R "S. Jumper Jli. * R *S, Jumper J15, * A "C. Jusper J15. * 4 "¢
C " TP204. Jumper J19. * ID * TP208, Jusper J19. * DD * TP208, Jumper J16. * UD " VY, Jumper J16, *  UU “ WV.
Jumper J17. " W XX. Jumper J17. * W * II,
-1 Jusper J19. * DD * TP208. Jumper J19. * DD * TP208.
———————
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131 | Capacitor, Tantalum. 1.5uf.| 100136-155 1 c20L. 131 131 131
132 132 132 132
{ 133 133 133 133
T T T 13 134 %
135 135 135 135 .
13 | Reststor. S5. dw. 9.1k | 100156-912 | 1 Ri2l. 136 | Resistor. Sf. jv. 27K} 100156-2713| 1 21, 136 | Resistor. S%. jw. 15K | 136156-153 1 jra2l. 136 |Resister. 5%. fw. 9.1K | 100156-912 1 R, '
137 | Resistor. * * 27 100156-273 § 1 BLi3l. 137 | Resistor. " " 100K| 100156-10L | 1 RL31. 137 | Resistor. * " S1K | 100156-513 PO B 153 137 |Resistor, * " 27€ | 100156-273 1 Fiy31.
138 | Resistor. " * 15k | 100186153 | 1 lgu3e. 138 | Resistor. * * 1) 100156-123| 1 RL32. 138 { Resistor. * * 13K | 100186-133 | 1 | Ruda. 138 |Resistor, " " 15¢ | 100156-153 1| 2.
139 | Reststor. " ® 300K | 10015630k | 1 | lob. 137 ) Reststor. * " $80K; l00SEERL T 1 ]RGS, 139 . on 660K | 100156-68l | 1 I RL66. 139 |Resistor. " * 300K | 100156~304 | 1 | Bu6S.
1!‘0 Y oy o o L0 108308 103 24 ot g ]llo Kaat-ab - i A :51-3 B Vel L T S N et ] en M 11.\0 o N N -  cn Py o r‘u?; u.o o . . " L;q ;m;w"‘ 3 1 .
1 | Resistor. " * 330K | 100156-33L | 1 RL68. 1l | Resistor. " * 390k| 100156-3%4| 1 RL68. 11 | Resgstor. * = 390K | 100156-391 1 | Russ. 141 |Reaistor. * * 330K | 100156-33% 1 RLG8.
U2 | Reststor. * ® 680k | 100156-68L | 1 | g509. _ | |1b2 ] Resistor. ™ * 1.54] 100156-155| 1 | Rs09. 1L2 | Reststor. * * 1.5M| 100156-155 | 1 | RS09. 142 |Reetstor, * * 680K | 10015648 | 1 | BS09. L
) 143 | Pestyvors Y501 4094 56=E 5+ RS 13 | e v & B — 2535 103 | Resiet P T R T O E1ZYY 1;3 | Roeted e ~ustes
Uil | Resistor. * " 330K | 100156-33L | 1 ] msit. 1k | Remistor, * * 390K | 100156-39k | 1 RS11. 1) | Reststor. ® = 390K | 100156-39L RSLL. 1k {Reststor, = * 330K { 100156~33 1 RS1L.
" U | Resistor, + * 3.M| 100156335 1| 536, 1S | Reetotor, * 3.4 100156-335 7536, s .
146 pI7Y L6 pIN . L

tE to LL. AUs7 | Wire, Solid Insulated. 1002L8-92 | A/R | Jumper J1. From KK to LL. 147 | Wire, Solid Insulated. 1002L8-92 | A/R | Jumper J1. From JJ to KK. 17 | Wire, Solid Insulsted. 10028-92: | A/R | Jumper J1. From JJ to KK. 147 |Wire, Solid Insulated. 100248-92 | a/R | Jumper J1. Frem JJ to KX.

g v, Jumper J2. * u v, Jumper J2., * T *V. Jumper J2. * T %V, Jumper J2, * T N
P* " RR, Jumper Jdi. " PP " RR. Jumper J3. * L owM Jumper J3. * L w M. Jumper J3. * L M.

Fot . Jumper JS. * F "G. Jumper J5. * F Q. | Jumper J5. = F =G. Jumper J5, * N
i " WM. Jumper J6. " 0G * BH. Jumper J7. " H *J. dumper JT, * H "J, ¢ Jumper J7. " d "d.

J. Jumper JT. * K *J. Jumper J8. % EE * FF, Jumper J8. " EE "FF.  ° o Jumper J8. % EE % PP,

L2~ FF, Jumper J8, * EE " FF. Jusper J9. * D *E, Jumper 39, * D " E, Jumper J9. * D ",

s "E. Jusper J9. * D "E. Juwper J10, " AL * CC. Jumper J10. ® Ak * CC. Junper.J10. * -AL ¥ CCj
A " CC. H Jumper J10. * AA " CC, Jumper J11. * W "X, Jumper J11. * W "X, Jumper dil. * W " X.

W oX. ! Jumper J11. * W "X, Juwper J13. * K " P. Jumper J13. * N * P, ‘Jumper J13. * N *F,

A "C. Jusper J15. * 4 " C. Jumper Jli. ®* R " S. Jumper Jlk. * R *S, Jumper Jlli. * - R .8,
VY, Jusper J16. * W * V¥, Jumper J1§. * DD * TP208. Jumper J19. * DD " TP208. Jumper J19, " DD " 79208,
Wt X Jumper J17. " WW " XX.

oo ¢ Tr208. Jumper J19. * D *® TP208.
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131 131 121 131 [ Capaciter, Tantalum. 10uf | 100070-106 | & [ceok. L
132 1132 132 132
133 1133 {133 133 [ Resiator, SL. 3w. 750 | 100156-751 ] 1 | R23. -
13 13 13 134 | Restator, * 3v. L7 | 200068470 | 1 frols.
135 135 135 135 | Resistor, * v, 750 | 100156-751 | 1 | R268.
113 | Reststor. 5. 3v. 3| 100186-333 | 1 [ma. 13 | Reststor. Sf. iw. 18K} 100156-163 | 1 | Ruzl. 13% |Reststor. 5%. fv. 10k 100156-303 | 1 |Ru2L. 136 | Reststor, * * 3K | 100156-333 | 1 R, “
137 [ Resistor, * * 120K { 100156-12 1 RN, 137 { Resistor. " * 68K ¢ 100156~683 1 RL31. 137 Resistor. * " 33K} 100156-223 1 i, 137 | Resistor, " " 120K | 100156124 1 [dan.
13 | Resistor. " * 12K | 100156-123 1 Ru32. 138 | Resistor. " * 13K} 107156-133 1 AL32. 138 |Resistor, = * 15K| 100156-153 1 |RL32, 138 | Resistor, * * 12K { 100156-123 1 |RL32. ._;
139 | Resistor. * * 680K | 100156-68L 1} Rk6S. 139 | Resistor. " * 680K | 100156-68L 1 RL6G. 139 |Resistor. " * 300K| 100156-30L 1 |RLsS. 129 | Heststor, " * 680K | 120156-68L 1 | Russ. L
L0 | -Reetebor—it o Dt A A A et 1O | Restetors 1561001 50wrar—1—1—-Hirbir 1L0 [ fews — A b i R 140 | somrbory—a—se 150-+—teoisie I Bl
11 | Resistor. * * 390K | 100156-394 1 RuGE. 11 | Resfstor. * 3 100156394 1 168, L) |Reststor, * " 390k} 10015633k 1 |Rk6S. 141 | Gesimtor, * " 390K | 1X0156-39L 1 | RL6S. 4
12 | Reaistor.' * 1,54 | 100156-155 1 | RSO9. 1L:2 | Hesirtor. " * 1.5M} 100156-1S5 1 RS09. 142 [Resistor. " ™ 680K} 190156-68L 1 {R509. W2 | Resistor, * ¢ 1.5M | 170156-155 | 1 | RS509. ) ‘_4
13 | aesiet A o e T 1L3 | Seekes x S+ IRt ¥ 540 13 rebery * A S 13 Frestoteny—i—i— 50O NS et
1k | Resistor. * = 390K | 100156-39L RS11. Ul | Resistor. " 390K | 100156-394 1 RS11. Uy [Resietor. ™ * 390K| 300156-39L 1 (RS 1L | 2meietor, ¥ 3%K | 190156-39 1 ) B3,
145 | Resistor. ™ * 3.3M{ 100156-335 1 RG36. 145 | Resistor. * * 3.3M} 100156-335 1 R536. 15 115 | Rerivtor, 5. iv. 3.4} 120150325 1 |-R5¥.
16 I b 1L6

KX to LL. 147 | Wire, Selid Insulated, 1002.8-92; | a/R | Jumper J1. From JJ to KK. 17 | Wire, Solid Insulated. 1002L8-92 | &/R | Jumper J1. From JJ to KK. 1L7 |Wire, Solid Insulated. 2002L8-92 | A/R | Jumper J1. From JJ to KK. 1:7 | dire, Solid Inrulated. 102u5-72L } A/R | Jumper J1. From JJ te KK.

v oS Jumper J2. * T "V, . Jumper J2. * T vy, Jumper J2. " T " V. Jumper J2. * O % V..

P " RR. Jumper J3. " L "M Jumper J3. * L "N Jumper J3. * L "M Jumper Ji, v PP " RR,

F "G Jumper J5. * F %@, Jumper J5. * F " G. Jumper JS. " F "a. Jorper J5. ¢ F* Q.

3 * HH. Jumper J7. * H " J. Jumper JT. * H " J. Jusper J7. * H *J. Jumper J6. " 0G * M.
LS Jusper J8. * EE " FT. Juagér J8. % EE " FF. Jumper J8. * EE " FF. Junper JT. * M " J.

L DN Junper J9. * D *E. Jumper J9. * D "E. . Jumper J9. * D " E. Jumper J8, * KB * FT.
2 f — Jumper J10. " Ak " CC. Jumper J10. * AL * CC, o Jusper J10. * AA ¥ CC. Jumper J9. ° I E. __ﬁ*
Moo= R. Jumper 11, * Wo*X, Jumper J11. * W * X, ; Jumper J11. * W " X, Juwper J10. * AL " CC.

v I ‘ Jumper J13. * N " P. Jusper J13. " K " P. 1 Jumper J13. * N " P. Juwper J11. *  W." X -
4re Jumper Jlh. = R *S. Jumper Jih. " R * S, RS Jusper Jlj, * R *S. Jumper J3. % L' K.
wotw, Jumper J19. * DD " TP208. Jumper J19. * DD * TP2nB. | Jumper J19. * DD " TP208.

.vf_-_li'___a !

O " TP08. ;
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> s DIAMWG p, Tme'P! 251pe. WG, TG moce-wo. 1 pareWMAE/TE seer 31 of OrTle. _PWE. Type'P' LSiga, /G, TCh. w.ze: o 1@ oare 11/18/TLsweer 35 or e Type'd’ 5. /Gy Themooecne M oave MAAB/T seer 3T or PTTLEC _PWB, Type'A' 251ps. /G, TOh. wooeLwo. 3 oatdA/AB/T] seei-39 or—g ]
:__—_ ';é“ ORAWING TITLE Dwi, NC. ‘\0. REG. ngnnn‘s on CxT. DESIG. ‘:5" DRAWING TITLE DwC. NO, NO. REQ. REMARKS ON CKT, DESIC. ‘;gf‘ DRAWING TITLE I 2wC. NG, ‘no. REQ. REmaftxy OW CKT. DESIG. ':g" an-v'voG TITLE DaG. NO. NO. REQ.! REMARKE OM CTKXT, QIW. :
] 131 | Capacitor, Jantalum.  L.5uf | 120136-155 1 |coon. 131 [Capacitor, Tantalum.  1.5uf | 100136-155 1 {caok. 131 3
132 132 132 132
j 133 | Rertvvor, SL. . 750 | 10¢156-751 | 1 |83t 133 | Resistor. 5£. ov. 750 | 100156-751 1 {R23l. 133 | Resistor. SK. iw. 250 | 100156.751 1 | Red. 133 | Hestntor. SE. v 750 100156-751 | 1  pR23L.
1% | Hesister, * 3w, L7 ] 100068-479 1 Rab. 13 | Resistor. " 3w. LT | 100068-LT0 1 R2L8. 13 | Reaistor. " v L7 | 200068-470 1 R2LS8. 13, | Resivtor. * Jw. L7 | 100068-470 1 Rek8.
R B T e 750 | 106136751 | 1 | azes. 135 | Ressistor. = iw. 750 | 100156751 | 1 | ess. 135 | Reststor, = iw. 750 | 100156751 | 1 |meed. 135 | Rertotor, * ju. 750 | 0156751 | 1| R26A.
: 136 | Bestater, * * K| wle-sr | 1 |2 13 |Resistor. " ° 9.1K | 100156-912 | 1 [RL21. 136 | eststor. * * 27K | 100156-273 | 1 L2 136 | Reststor, * * 15K | 100150-153 | 1 | Ahal.
137 j &esictsr, . S 120156-513 i, 137 [ fesistor. " ¥ TR 1o 1 [Ru3l. 137 | Reststor. * 100K | 10156-104 1 R 137 | desiator, "= * SIK|[ 120156-313 § 1 RL3L.
e 133 [ iesistor, * ' 13 | 150156-13) 1 | mse. 138 | Resistor. " " 15K | 10C156-153 1 {®u32. 138 | Hesistor. = * 12K | 100156-123 1 | s 138 | vestator. = = 1% | 100156-133 | 1 RyI2.
IR E 139 | Resirzor, “* " 600K | 10C156-68L 1 | Rs6. 139 { Resistor. " " 300K | 100156-304 1 | RuGS. 13 | Resistor. * " 680K | 10015¢-664 1 |RLGS. 129 | datatar, * 4 680k | 100184L48L 1 ALh,
wola g 356-—100156-352 —d 63 U0 aee = N R 2 BIWL N 140 | eeker —— 15 2003l L 3 BebFr 140 | Festatormyit PR IRV 3 ey -
] 11 | Resister, "~ WK | 120156-3A4 1| M68. 1) | Resistor. * * 33K | 100156-33 1 | Bhof. 11 | Reststor. * * 390K | 107256=39L 1 | RuSB. 1L1 | Resistor. " * 390k | 100156-33L | 1 268 ,T
: 152 | Reststor, " " 1.5M| 120156-155 1 RSO9. 142 { Resistor. * " 660K 100156-68& 1 RS09. 1:2 | Resistor. = * 1.5M | 130136-155 1 RSO9. 142 | deeistor. * * 1.5 | 100150-155 1 R509. )
103l Beeiosen o » acn 1001 26-221 3. Bryn 153 | Bssbeton u RS A/na L are 3 oA 153 | Beatet . a azs b g any o aca 5 acias 1) | et L .',,- s e oy Yo
1, | zestster, * < 390K | 190156-39L 1 |Rsil. 1hk {Resistor. " * 330K | 190156-33L 1 |8’S1. U, | Reststor. = = 390K |! 1N156-394 1 | msn. 1kl | Revtatar, « * 390K | 100156-33L [ 1 RS11:
15 | Resistor, 51, iw. 3.3M | 100156335 1 | RS36. ) ws U5 | Resistor. = * 3,34 | 106156-335 1 | RS¥k. - 145 | xesistor, 0 * 3.3 | 10:156-335 1 8S536. T
b . 146 1 1hs o .
: AT | ¥ire, Solid lnsulated. 1002L5-92L | A/R | Jumper J1. From JJ te kK. 147 [wire, Solid Insulated. 10024¢-92% | 4/R | Jusper J1. From JJ te KX. 17 | Wire, Solid Iasulated. | 1002692k | A/R | Jumper J1. From JJ to KK. 147 | “ive, Solid Insulatec. 1002455-924 | A/2 | Jumper J1. From JJ té KK, )
Jusper 2 " U 2V, Jusper J2. * U "V, Jusper J2, ¢ T *V¥. Jumper J2. * T " V.
. i Juzper Ju__* PP " RR. ) Jumper Ji. * PP " ER. Jumper 43, * L "N 3 Jumper J3. Y L " M.
Jumper J5. " F *®G. Jumper JS5. " “F v g, Jumper J5. " F " Q.. Jumper JS. * F “ 4. ‘
. . Y umper J6. " GG *HH. Jumper J6, " 0G & MH. Jumper J7. * B *J. Jusper J7. * K " J.
Jmper J7. * K " J. dusper J7. * H *J. Jumper J§. " EE * FF, N Jusper J8. * .EE " P,
. - dunper J8. " EE " FF, Jusper J8. * EE = FF. i Jumper J9. " D K. Jumper 49, * D " K.
Jumper J9. * D " E. Jumper J9. * D " K. Jumper J10. * AL * CC, Jumper J10. " Ad * CC.
. Jumper J12. * AL " CC. Jumper J10. " 4AA " CC. Jumper J11. * L & Jumper Jil. * W o*K,
Jumper J11. * WX, Jumper J11, * "B & i Jumger J13, * N *P. Jumper J13. * XN *r  F
Jumper J3. * L *K. Jumper J3.. * L " K. Jusper Jli. * R *S. Jumper Jli. S R "8, J
- | d
S 1 N b
— i ‘ —
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__- 131 | Capacitor, fantalim 1.5uf { 127136-138 1 c0y. 1in 5> H 131

- 132 -132 132 132

133 | Reststor, 5A. iw. 750 | 100156-751 1 &L, 133 |Reeistor, 5k. 3w. 750 | 130156-751 1 {R23. 133 | Resistor. Sh. (w. 752 |' 100156-751 1 | R23. 133 | Reststor. 5%. gv. 750 | 100156-751 1 | R2). ;
13, | Resistor, * 3w. ur | 100066473 1 |R2ug. 13, |Reststor. " 3w. 47 | 100068-470 1 |Rak8. i 134 | nesistor. T 3w, L7 | 199068-L72 1 | Ra2kB. 134 | Resistor. * 3w. k7| 100068470 1 | a2h8.
135 | Resistor, " v, 750 | 100156-751 1 | R268, 135 |Resistor. * 3w. 750 | 100156-751 1 |R268. 135 | desistor. " jw 757 {11101 1 | Re68. 135 | Resistor. * . 750 | 100156-751 1 | R268. "
136 | tesistor, " * 10K | 100156193 1 a2 13% |Reststor. * 3K | 100156-333 1 |R.2. 136 | deststor. * * 186 | 107150103 1A 136 | testator. * " 1K | 100156-103 1 | 2.
137 | Resistor, " " 3K | 100156-333 1 {831 7 137 | Resistor, * " 120K | 100156-124 1 jRL. 137 | kestator, " " suK | 100150-6c3 1AL 137 | xestetor. " * 33k | 100156-333 1 JRLL. .
138 | Resietor, * * 15K 1 iM1%e-19d 1 | &3, 138 [Resister. " * 12K | 107156-123 1 |Ru32. 130 { Hesistor. " " 13K | 1901,6-133 1 .| /3e. 138 | Resistor. " * 15K | 100156-153 1 fR32. - ‘*
7| 137 | Restster, * * 300k | 22156-30k 1| R, 139 | Reststor. = ~ 680K | 100156-6th 1 | RL66. 139 | destetor. " * 6HOK | 17C156-0ch 1§ ithob. 139 | Resister " * 100156-39 1 | RuéS. ’ I ¢
1 140 | Reeketery—t—i L3k [P VT IR 7.0 e Rbv 140 |Resiss P T LU TTR T IN 3 Bbider 1.0 o s 193356352 + o U0 | woetes R PO BETV TS 3 AlebIe R
141 | Resistor, " " 390% | 190156-32 1 | 3h6s. "1l {Reststor. " 390K | 12C156-294 1 | Ru6S. 1L | Kesistor. ' * 397K | 100150-35k 1 RL6b. - 141 { Resistor. * % 390K | 100156-3%h 1 | Ru6B. ¥
12 | deeietor, ° - 6HOK | 1UC155-68L | 1 K05, 1L2 | Resistor. * ¥ 1.5 | 199156155 | 1 | RS09. W2 | teststor. * 1.5 [ 19015¢-155 | 1 | RSOS. 162 | resistor. * * 680K | 100156-664 | 1 | RSO9. ¥
1L3 | dewkowe,—i—a k10043031 3G 143 | Resiober—i—i 50 St—p—t—tiisro: 13 | Reaboter—i 350206t 1530 143 | Rowtetors + 1063561031 —1-R510:

. 1 | Restator, © * 320K | 100I56-3w | 1A bl | Resistor, * ® 390k | 100156-39k | 1 |Rsu. L | Restotor. * 370k | 196Lie-3L | 1 ] RSlL. Wk | Sestator. =~ 390K | 10156-39k [ 1 | msu. Y i

[ 1 ws LS | Reststor, * * 3.3¢| 100150-335 | 1 |RS%. 15 | zeister. * * 3.9% [ 12150-335 | 1 | RS36. w5 ) ' ' ¥
{ we W6 - 1L6 ‘ we| - 1
. 1T | 4ire, Solic lnsuleted. 10G2h5-92L L/H Juaper J1. From JJ to KK. 147 | wire, Solid Insulated. 1002h8-92k A/R | Junper J1l. From JJ teo XK. U7 | eire, Solir IneLlatec. 15023, 3-92i A/R | Jumper J1. From JJ to kK. 147 § Wire, Solid Inwulatec. 1002h8-92h A/R | Jusper J1," From JJ to KK. }

; Jumper J2, * U v, Jumper J2. * T *V. Jurper J2, " T V. ) Jumper J2, * T "V

. : Jumper k. * PP * RR, Jusper 93, * "L " M. ' Juwper J3. v L “ M Jusper J3. * L "N,
! dumper J5, " F "G. Jumper JS. * F "G, ) Jusper JS. * F "G . Junper-JS, * r *aQ.

. = Jusper Jb. v GG " MH. Jusper JT. " H *J, Jumper JT. * H *J. Jumper J7. * H %d.
\ Jumper J7. % H " J. Jumper JB. * EE " FF. Juacer JB. * EE * FF. - Jusper 8. " EE PP,

. ) Jurmer JB. * EE * FF. Jumper 'J9. * D "E. Jueper J9. " D “E. Jumper J9. * D "B,

‘ i Jurpsr J9, * D *E. Jumper J10. * AL " CC. Jumper J10. " AA * CC, Jumper J10.." AL 1 EC.
. ‘ v Jumper J10. * &4 * CC. Jumper J11. * W *I. Jusper Jil. * W " X. " Jdomper m. s W vr.C

] Jumper J11. * Wt X, Jumper 1% * A P, Jumper J13. " N~ P. Juwper J13. " N * P,

Jemper 43, * L " K. Jumper Jii, * R * 3. 1 Jumper Jli. * R " S. Jumper J1i, * . R "8,
—t
i i}
e
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TN _pwB. Toe's' LSipa. L/4aTCh. wmooeL no. 38, oATAL/IE/TY sweer L1 oF TITCE rpe P! 3, S/G,7Ch, movziwo. 3 oare LAAGMAmern 03 o o 2 bare B/22M g o TiTLe PwR, Type'P! LSips. /0. 7Ch.mooee ~o. —dw . o0atsld/22/1} sweer LY. of .
in ORAWING TITLE DWG. ND. Jno. REQ. REMARKS ON CKT. DESIG, o DRAWING TITLE l~o. reQ. REMARKS ON CTXT. DESIC, g DRAWING TITLE OxG. N3 [»o. HEQ,I REMARKS ON CKT. DESIG. s CRAWING TITLE l LA I'co. HEG. REmARKS ON CKT. DEWS. ;
131 13 | Capscitor, Tantalum. 10uf | 100072-106 1 jc20h. 131 [ Zanacitor, Tanta un. 20138158 1 C20L. 131 | Capacitor, Tastalua. 1.5%uf.| 100136-155 1 c20k.
132 132 132 132
133 | Resirtor. 55, 3. 750 | 100156-73) 1 |R23h. 133 3 ,_E
1% |Resistor. * Iv. u7 | 100068470 | 1 |&28. i = s
135 | Bentator, * ;w. 150 § 10C156-751 | 1 jR268. 135 135 B3
136 | Hestator, ® ® 9.1k | 100156-912 1 JRL2). 136 | Resisvor, 5%. 2w. ) 2K | 100156-273 2 jRa. 136 {husistor. Sk. w. 0l e-133 1 n:2l. 136 | Restator. SE. v, 9.1K | 100156-912 { 1 RL21.
137 | Resistor, * * 27K | 100156-273 1 | ®A. 137 | Resistor. * ¥4 T 100K | 100350=10k 1 jaloa. 137 | Besistor, ¥ ¢ ' 1501506413 1R 137 | 2esistor, " * 27K | 100156-273 | 1 RL31.
138 | Resistor. * * 15K | 100156-153 1 jRu32. 136 | Resastor. * * 12K [ 190156-123 1| Ra32. 130 | Resister. 1 fakca. ‘138 | Restetor. * " 15K | 100156-153 | 1 .32,
139 | Resistor. * » 300K | 100156-30k4 1 | Huds. 139 | Resistor. * " 600K | 100156-65L 1R, 135 | Amsirier 1 1albe. = 30k | 100186-30L | 1 Rhbb.
10 |Htwrtbor 350205356 AT —d—{ kT 140 |-Retintomm—ia—s 53 —aosise B T [ 10 | <ot R s S e P B ot Coms S e g
W1 | Rertotor. * * 530K | 300156-33 | 1 | Ru6h. 11 | Resisror, » * 390K | 100150=35k | 1 | BLOS. 1 | geatator. * 202156-394 | 1 11| Resiator. " 7 330K | 100056-33 | 1 | Mued.
-1h2 { Resistor. * * 680K | 100156-68L 1 R509. | 142 | nesistor. * * 154 | 10015¢-355 1 509, 112 | Resictor. * * 102150-153 . 1142 | Reetstor. * * 680K | 100156-66k 1 RS09.
W3 | demterors — 255 30015615 3 —PE30w L3 | Rebbet - N YV i N R R R N RYRY - R sooi sooase it 3 acae
bk | Resiator. " " * 330K | 106156-33h 1 A511. 1L, | Resastor, * " 390K | 100156-3% 3 #53a. Uiy | Resiezor, 1M 152126-254 3 1L | iieststor. " " 330K | 10015€-32L 1 RS11.
ws 145 { Resistor. » " )M 100156-335 1 | RS36. 1k |22 istor, * * TPV.80 330 i s
16 .6 16 {116 )
147 | wire, Solid Insulsted. 100248-92L | A/R | Jumper J1. From JJ e XK. LT | Wire, Solid insulated. 100243-92L | 4/R | Jumper J1. From 4X to LL. 1y §ire, Joid: in latec. aelt-th | on/R J1 Prom ki to LL {147 | ¥ire, Solid Insulated. 1720248-92 | A/R | Jumper J1. From KK to LL.
Jusper J2. * T *V. Jumper J2. * U * V. umer J2. 0% U sV, \ Jumper J2. * U *V,
Jumper J3. * L “n Jusper Jy. * PP * RR. Jumper .. " PP " MA. Jumper Ji. " PP " RR.
Junper JS. * F "G, Juaper J5. * F *G. Jumper J5. * F.m 6. Junmper J5. * F "0
Jusper JT. * R " J. Jumper J6. ® GG * QH, Jumper J5. " G " M. Juxper J6. * OG " HE.
Jumpsr 468. '* EL ~ FF. Jumper J7. 7 H »J. Jumrer o7, 0 H o »Jd. ! Jumper J7. *~ H *J,
Junper J5. " D " 5. Jumper JB. * EE = FF, Jurper jS. * EE " FF. Jumper JB. " EE % FP.
Jumper J10. * KA * CC. Jumper J3. * D " E. Jumper 99, " D B,  Jumper J9. * D "E.
Jumper J11. " W " X. Jumper J10. * AA * CC. Juzper J1v. " AL * CC. Jusper J10. * AL " CC.
Jumpor J13, " N veP. Jumper J11. L W Junger J11., * LD Jumper J11. * w "I
Jumper J1i, " R " S, Jumper J15. " 4 * C. Jusper-§15. * A *C, Juxper J15. * A *C,
. Jusper J1o. * U * W, Jumper J26. " GU % VV. Jumper J16. " LU " WF.
Juaper J)7. * WM ¥ XX Jumper J17. " W " XX, Jusper J17. " W " XX.
Jumper J3. " L " K. Jumper J3.. * L L. Jumper J3, * L K.
1 MATERIAL LIST: lML DRAWING wO. MATERIAL dRaNIne ~~ imgy, MATERIAL . LIST DRAWING NO. MATERIAL LIST DRAVING NO.
200188 - 017 A !ML 200L88 <039 | . - IML 200188 - oli1 LML 20088 - 0,3
D:IAY?!“ m!.!mgﬂfa wmnc?mo MUDEL NO _JJL__. DaTE Dﬂﬁal Mu'u oF-—.-1" ' °;I‘7"L=° _m‘ss_!.w% .m?oaécsc"l-moo& NO. __ﬂ_ DATE DAMI HEET th_ o b ‘D:I‘T'L':a ‘SLTR”S'P?EI frvett 5._70h. moDEL wO. _L DATE mﬂl SMEET _hé oF <b?fr'::° ASS!-TRA'B'P?RT EU'CMIC;Q- MODEL NQ. ___M___ om.ll&ﬂ.l sueet B o'—.‘*
.'.'.3:' ORAWING TITLE DwG. NO. IN°- REQ. REMARKS ON CKT. DESIC, ‘,‘;5f‘ DRAWING TITLE NO. REQ. REMARKS ON CXT. DESIG. ‘.'.S" DRAWING TITLE DWG, NO. NO. “TI REMARKS ON CKXT, DESIG. Em DRAWING TITLE DWG, NO. [uo, nm.[ - REMARKS ON CKT, DESIG. .
131 |Capacitor, Tantalum. 1%uf} 102070-106 1. | caoh. 131 [Capacitor, Tantalum. 1ouf | 100079-106 1 [c2okh. 131 |Capacitor, Tantalua. 100136-155 1 |c20L. 1131 -
2] 132 ¢ 132 132
133 133 133 33
13 1% 1% 13
135 — 135 135 35 X .
136 |Resistor, 5%. jw. 3K 10“:]5%333 1 HLal. 136 |Restistor. 5%, jw., 18K | 100:36-133 1 RL21. 136 | Resistor. 5%. iw. 100156-103 1 aL2l. 136 | seststor. 58. jw. 33K | 100156-333 1 RL21.
137 |Resistor. * " 120K | 19015612k 1 B3k, | 137 | Reptgtor. * » 68K | 100136683 1 =3, 137 | Resistor. * * 100156-333 1 |Ru3. 37 | Resistor. ™ 120K | 100256-124 1 L.
138 |Reststor. * " 126 | j00156-123 { 1 | a2, 138 | eststor. * * 13K | 100156-133 | 1 | R.32. 138 | Resistor. * * 100156-153 | . 1 [ mL32. 133 | Resistor. " * 126 100086-123 | 1 | RL32.
139 |Resister. * * 680K | 107156-66h 1 .66, 139 | deststor. * - 660K | 100156-68L 1 6. 139 | Resistor. * " . 107156-30L 1 | R:66. 39 | Resistor. ® " 680K | 100156-68L 1 RL6S,
140 “‘ 4 = 250—1—360356=33 * W6 10 | Geskas a2 25043 2 el 140 | Resbes P 200356303 3 bl C |+ P 2504 -2400456-353 3 Rirb?
Ll |Resistor. " * 390K | 10015630k ' 1 | RLSA. U | Resister. " * 350K | 100156-39% | 1 | RLES. L1 | Reststor. * * 100156-39L | 1 | RL6B. 1§ Heststor. v » 390K | 107156-39k | 1 | mues.
142 [Resistor. " " 1.54 ‘ 100156155 1 B509. Ui2 | Restator. " * 1.54 ] 100156-15% 1 | Rsos. 142 | Resistor. " * 100156-63L 1 | &so9. 32 | Resistor. " * 1.5 100156-155 1 R509.
1) | Revked —— Mo 2003::6_ 353 M T3 | memtetors ol tovica 13 - — 103 | Reatetore - 100356303 N P LI | < P PN BV 3 N
1Lk |Reaister. * * 390K | wasb-dok | 2 ] R Uil | Resissor, ® 390K | "cise-33k | 1 fmsu. AL | Reststor. * * 100056-396 | 1 {Bs11 . Wb | Peststor. * 390K| 100156-39k | 1 | RSML.
15 [Resistor, " ¥ 3.34 | 100156-335 1 R536. U5 | tesistor. * v- LM 100156235 31 RS 36, 15 145 | Reeistcr. " 3.3 100156-335 1 R536.
1h6 Wh W6 6 )
W7 j¥ire, Selid Inmlated. 10024t-92, | A/R | Jumper J1. Yrom KK to LL. 147 {wire, Solic Iivulated. 100243-92k { A/R | Jumper J1. From KK to LL. 147 | Wire, Solid Insulated. 1202L8-924 | A/R | Jusper J1. Froa KK to LL. 14,7 | Wire, Solid Inmulated. 1002Ld-924 | A/R | Jusper J1. From JJAo XK.
) . Jumper J2. * U *¥V, Jusper J2. * U V. > Jumper J2. " T "V, Juaper J2. *- K3 R
Jusper Js. " PP " MR, Jumper Ji. % PP * HR. Jumper Ji. * PP " RR. Jusper J3. " L * M,
Junper J5. " -F =G, Junpsr JS. ¥ F ooy, Jumper J5. * F "0 Junper JS. " F =0,
Jumper J6. " GO ™ WH.. Jumer 36, " GG . Jusper 36, " GO * HH. Jumper JT. * H " J.
Jumper J7. * H *J. Jumper J7. " H o#J. Jumper J7. * H *J. Jumper J8. * EE * FF.
Jumper JB. % £ v rF, Juzper /8, * EE " FT. Jumper JB. " EX * FF. Jumper J9. " D " 8.
Jumper J9. * D ¥E. Jumper J9, * B " E. Junper J9. * ~~D " B. Jumper J10. " AL ' CC.
Junper J10. * AL _* CC. Tomper 10, * ah * CC. Jusper J10. * A " CC. Jusper 1. * W L
Jumper J11. * W "X, Jusper 11, * W % X. Jusper J11. * W * K. Juaper J13. * ' N " P,
Jumper J15, * A *C. Jumper J15, * a2 »C. Jusper J15, * A "C. Jumper Jl, * R " 8.
Jusper J16. " UU * VY. Sumper 416, ° WU v VY. Jumper JY6. % WU_* WV,
Jumper J17. * WW * XX. Jumper J17. * W % XX, Jumpsr J17. " wWW * XX.
Jusper J3. " L * K. | Jumper 43, * L # K. h Jumper J3. " L XK.
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£S5Y. TANSPORT sLsc_;T"ﬂNécsm o e 2RTL w9 o OTATES _ oW, Tome'a' 25009, S/, 7Ch.. wooew wo. 1 pave JL/22/T1weer SL o4 | T Ch. sooew wo. 1 oate LU/Z2/71 smeer. 53 or
r:sn ORAWING TITLE Das. NO. INO REQ. REMARKS ON CKT. DESIG. '25‘_‘ DRAW:ING TITLE ] DaG. MO 'NO‘REOA REMARKS ON CKT, DESIG. 1TEM DRAWING- TIiTLE DWG, MO, Jvo. ﬂco.l REMARKS ON c:r.:o:uc.
i 131 13 [
e 132 132
123 133 133
™ 134 1%
135 135 135 )
13 | terirtor. Sk. .w. 27K] 120156273 ] 1 di:21. 136 | Resistor. 5. . 16 | 1515¢6-153 1 jR2. 1% |Resistor. 55, av. .15 | 100i5e-12 1 w21,
137 | Heristor. * * 179K 10015610k 1 RL3l. 137 | Sesistor. " " SIK | 13:156-513 i {aea. 137 |esistor. * ¢ 277 | 10M36-271 . Bl 31
138 | hestetor, ® ¥ 126 1a5e-123] 1 32, 138 | Resistor. * " 1% | 10156-133 1 ez, 138 | Bestator, » = 15¢ | 10r1ze 13 1o 1 s,
Y39 | tesistor. * * 680K| 17015¢-6%u | L 159 | Resistor. ¢ 6E0K | 103156-65L 1 | Russ. 139 |Reststor. " ° 209K | 100156-304 1 Rii66.
1.0 Lk X 2ol o83 0302 3 110 v i o e > o 2 o c Hrbr WG | et L. e Lt T - Al
2} | desistor. * " 3INK|  12015¢-3% 1 U1 | Resistor. " " 390K | 170156-39 1 RUGE. b1 Resistor. * " 33CK | 100I5e-23L 1 EL68.
1i:2  Sesistor. = % 1.541 1LULH-155 3L2 1} Hasirtor. 1.8 1D0156-153 1 | a503, b2 jHesistor, GEOK | 1iolSe-Eel 1 as09, -
L3 | Senins — e e o e e 13 | sweteanrr—iiL 35015 R L3 | eabos o S Bt A A SN Wit o
WL | aesictor. * * k] 1wlse-dti ] 1 W11, b | Beststor, v o 39es | 1eoste-2L | -1 | RSLa. 14 |Hest-zor, * " 330K | 197156-33L 1 R;L1.
15 | Resistor. * = 3.3 100156335 1 R536. ‘.'J.n_S Resistor. " ¥ 3.3 100150-325 1 RS¥. 15 ~
we | 1L6 ) Li6 .
147 | vire, folid Insulated. 1628-924 | A/& | Jumper J1. From JJ to KK. 17 | Wire, Yolid Insulatud, 1002L6-92k | AR | Jumper J1. From JJ to KK. 47 |wire, Solid L.=.latec. 10026-92L | 4/R | Jumper J1. Frem JJ to kK.
Jumper J2, * T v Jumper J2. " T -V, Jumper J2. * T v,
Jumper J3. " L "M Jumper J3. * L "N Jurper J3. ¢ L "M
Juscer 5. " F " 3. Jumper <5. " F G, Jumper JS5. * F "3,
Jumper J7. " H *J. Jumper J7. " H *J. Jumper J7. " H =J.
Jumper J6. " EE " FF. Jumper JS: "~ EE “.FF. Jumper ¢R, * EE * PF.
Jumper J9. * D . Jumper J3. * D *E. Jumper J9. * D »z.
| Juwper J10, * AA " CC. Jurper J10. * M " CC. Jumper J10, * AA °* CC,
| Jumper JL. * LI S Jumper J11. * W * X, Juwper J11. * W L.
! Jomper J1). * N " P Jumper J13. " N " P. Jumper J13. " N <P,
Jumper JWi. * & * 5. Jumper JLy. * R S, Jusper Jil, * B "S.
: . L}
MATERIAL LIST ’ WL 2";;‘;;"? ;h‘; nevi] MATERIAL  LIST IML DRANING Mo  jeev. MATERIAL _ LIST NL LLLLILLILLIS L0
_ - - i | 20088 - 047 BN 20086 - XXX
oramo Lssxmusr?ﬂ’r FLECTRONICS ‘ ; omamme  ASSY-THANSPORT ELECTRONICS 5 C ] omaemg ASST-TRANSPORT ELECTRONICS
TiTce e B 4p=,0/G, TCh. wooeuwo. 18 oare W/22/TY sweer 50 OF o TITLE = Ul S/ TER. wooeuwna. M oare E/_ﬂ” 1 sneer §2° L THLE P8, MAMUAL OH-LINE. wooeL no. AL pare A2/ T sneer 58 or
25:. DRAWING TITLE j L né. ReQ. REMARKS ON CKT, DESIC. ';%‘ DRAWING TITLE OwG, NO. NO. REQ. REMARKS ON _C.('..DIHG. "‘mu DRAWING TITLE DWG. NO. hO. REQ. REMARKS ON CKT., DESIG.
131 1 Use the appropiaste sheet
132 . 132 showing the combinatlon of
133 133 speed; type 'A' or 'Pt, end
13 13 7 or 9 Ch. Then change the
135 135 . first digit of the dast. No.
136 | Reetstar. SI. iv. 18K{ 100156-153 | 1 RL21. 136 [Hesietor. SE. 4v. 10k| 100156-103 1 [mu2. to letter E. -
237 | lextstor. v v 58K | 100150682 1 RL31. 137 |Rasistor. * * - 136 100156323 1 . EXAMPLE := 200468 - EOS
136 | Restotor. * * 13K | 100156-133 1 A32. 138 |Resistor, * * 15K| 100156-153 17 [mu3e. defines & Type 'P' LSips D/u.
. 13S | Resistor. " " 6HOK | 107156-58L 1 AL6S. 139 |Resistor. " * 300&] 100156-30L b3 RL6S. 9Ch. Trunsport PWB with the
LO | ~ookoborm—i—s T Iy Cr——— T T Manuel Un-Line Optior.
AL | fesietor. * ¢ 370K § 100156394 1 RL68. 1L1 |Resister. " " 39| 100156-39L 1 |Ru6S,
1L2 | Hestetor. " * 1.5} 100156-155 1 R509. 1k2 |Resistor. * ** 680K] 120156-€8L 1 |RS09. Also:-
3 sosint S Dt OO R bk + RO 1L3 | feotnd e IR0 - 4530 Jumper J9. From D to E, Delete.
1L | Reststor, * 370K { 107156-35L 1 RS11. M, |Restctor. " " 399K| 100156-394 1 |RS1.
15 | Reststor, = * J.m)aco1s6-335 | 1 | s w5 : )
b ) 146
7 | wire, Soltd lnsulsted, 1002Lb-92L A/R | Junper J1. From JJ Yo KX, 1LY !Wire, Solic Insulsted. 133248-92L a/2 [ Jumper J1. From 3¢ to XK.
Jumper J2. TV, Jumper J2. " T V.
Jumper J3. " L "M, Jumper J3, * L " M.
Jumper J§. r g, Jumper JS. * F " G.
Jumper J7. * H "Jd. Jumper J7. " H *J.
Juaper J&. .* EE * FF. Jumper J8, * EE " FF.
Jumper J9. D “E. Jumper J9. " D "E.
Jumper J1O0, * AA * CC. Jumper J10. * AA " CC.
Jumper JI1. " W "X, | Jumper J11. * W " X,
Jumper J13. * N P, Jumper J13. " N " P
Jusper” J1i. * B *3,- Jumoer Jli, B " S.
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DRAWING TITLE
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REMARKS ON CKT. DESIG,

Use the approplate sheet

showing the combination of
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w Thiee x| OB b Tk |ENG ;B lwgedn B3 0 ool I A e o ua | r sk Yoo | 5 | 45
Resisto: @50t 0w 100156~ B2 | Jub o B-6 M 23 [100156L
Reh) tesszror o] Joousen) 2 | &5 |mIL ?x' Tmgeai T3l ks |me| . Smjiondess| g 53 132 | aeniotes 10 b | 5% | 53
2ol ol wouse-pl b4 | o | mazi ot o g oo B 2 Eect gt B S7 | | Aadotes 1201200151k | 5 o]
mIol o P ot b4 o5 (ma S| mseion 3l few | 5~12:,‘ Isesiz] A3 | fee (M ) ) agies d0okioisell | D5 | B 4
mal ;Yo loseny 13 | d fma ol £1 ) k5 e | Bttrtratd Bl vl e ol bt e =
i) B 3 B Al 2 S ] ropair BRIl Ll B Ercer o Ber i w8 e B wie Sliootsees | bg | o
it I et Rl Bl - S B I A R ot S| I0OLSE512| D2 | H-s L Site |omienn| os | a3
HooosEma b LB EEBTEEEE S 8 b AR 2| B
. 1001 RS28 . - Jek D=2
Eor e R R A s i?.g’s‘"l"lr P2l fue | n dbie TS0 10056 D2 X6 jmx |z o dxlioiseda | o | b
B0 HERRE H B o R EoEmimER 2 a5
T k| owseioy pL o Tk | BN ke : 1| D2 » 1Bipe 1%[100156-1
O Rl w24 ra (55 (e o BB x| Cam i | 5
. 3 !Bl 21 | D1 ol 100] %
B e H R £ESN ) Kb 5 Re | R ASERR R B
« 100 | 1001861 oo | | A% |w2| - 70| B | 05 |m -
Ru8l| Missing. 5 1 | B ses 100156302 -3 ! Co§ 3 T iosatia] Fa | A [ |Rester look looiselou ]k
wecl Bosioror 1l Jomse-10d 4k | C5 B% 10 Stps 2| WOUSEB! bk e L st e & e P fooodadr ot |
1K) 100156-11) 4= i 1Bips LM, 1 Bh [r275 . Fb A3 00068471 | G-6 | A<
257 . = 3 lch |RE36| o | 100156-335: E- t B L3k[100156-4433 | D-6 100068-471
RB8 . 100256203 cd ) * Bips 334 10015638 B ! fo1ad . 10K | 200156-1 37 2 Fb 1 A<l
12k | 20015611, Hd R27T - 03] E-6 | r6 |mu38 00068-LT1 | G-6 | Aws
mes] 1w 3 43 | cu j | N 100K 200256-10k | -6 100163-10:
pioa|  ~ x| oazloy 43 | | I . < I prifeoirrare] Bodl vl il hoorsases | 7% | o
o - N orend a3 | ¢ i ; : ; 5.20[200156-512 | G-7 | J-7 [RUAL 100156-301 | 7-5 Fan
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2 I o a3 152 i i : o2 rEscrard w2 et 10015631 | P6 | cd
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DRASING NO. REY.
MATERIAL _ LIST ML 2';.‘;1:;.:;0;; ﬁ‘[_m- “] MATERIAL _LIST ML e ; MATERIAL  LIST ML zg:;“‘_":"go"'“ REY. MATERIAL _ LIST IML 2;;:7':;;03 R,
ANSY. UATA ELECTRONICS 53 SLECTHONICS c T ELECTRONICS
v\"ﬁ-k::r. ﬁy—'gfgz‘é géi’%?wlcs wODEL no 1 oare 1 1 e L s .,:u‘v'r.":m Dol P:gIC HOUARD. MCDE ~o,_._}L._.. Gatt _M weer 3 or 10 5,“!'"3;6 :;:z:\:‘ri_“;:?;;“;?u, wooe, o __1F :\”L,__Z\;,'{zl_ sueer 5 or_.:o_ 37,‘,"::6 ‘::!Sa!- Dh; ELE“.‘P‘)M:.'bG oot no. 18 care _'i/ﬁﬂl gizer T or 10
iy DRAWING TITLE I DwG. NO. l-«o. REQ. REMARKS ON CxT. DEsIGS o DRAWING TITLE l oG Ne. ]“C‘“‘L‘[ REMARKS ON CnT. DESIC. o DRAWING TiTLE l SwG. NG, l~o, a:aI REMARNS ON CKT. DESIC. M DRAWING TITLE L Dwi. NC. I--o n:c] REmaRxs ON Cx1. DESIG.
1 | Board, Processed. 20025) 1 51 [fesistor. 1X. gu. 1,626 |109155-309 | 18 | A307-967. R108-908. 113 | Capacitor, Mylar. oL 100185323 | 1 [ 5. 113 | Capacitor, “lsr. oot7er] 10165472 | 1 | cs.
_» | Bracket, Support} 200462001 | 1 52 |Resirtor, = = 1.9% | 100155317 1_|#3. 11i | capacitor, Tantalua. 22uf] 100168-226 | 9 | C101-901. 1y | Capacitor, Tantslum.,  L.7uf] 100070475 | 9 | cici-onl.
I ‘Bracket, Support. 200662002 | 1 | 53 |Renistor. 54, © 2.7 [ 190150272 2 | #3.6.7.19.20.21.26,30. 115 | Capoeitor, Ceraatc. sepf] 190072680 | 9 | Cl02-902. 115 | Copacitor, Ceramic.  12pf| 100073-101 | 7 | Cl02-92.
L R32.33.L6. 16 | capacitor, Polyfila.  .9lef| 1)18K-13 s | clou-eal. 116 | Capacitor, Polyfilm. .003Juf| 1701¢8-232 | 9 | C1ol-cbh.
5 | I.C.tex. Inverter. 10008 3 |uz.os. - 1128-928, K126-726. 17 | Canacitor, Mlar.  .0068uf| 1165682 | 9 | C135-905. 117 | capacitos, #rlar,  .20z2uf] 100165-222 | 9 | Cl05-905.
6 1 1.c.0004.2 Input mana, 100085 T | Ul Sk jSeistor. SE. gu. 2.8% 5 jrusnl 18 us |
7 | 1.C.Quad.2 Input Power. 100086 5 | v2s.au.25.26.30. 55 | Resistor. * - 2.2 |100l5e-222 | 9 | MI6HNE. 119 us
8 | 1.C.10 Input Naad, 100087 1 fuer. 56 [ Resistor, » . L7k J10050-072 | 20 | R3S.Lh. RA20:920. R125-925. 120 | eststor. Sf. :w. k| 1oxazz |1 | as 120 | Restston. £, 1 6.8K | 100256482 | 1 | RS,
9 | I.C.Dual Flip-Flop. 159088 s | us.19.20.21.22. 57 |Restcter, » * 6.5¢ | 100156682 | 4 RS2 121 | desistor. 1L " 18k | wm1s8-505 | 9 | suo-gro. 121 | Restator. 14. " 681 | 100155-k65 | » | Ruto-sno.
10 | I.G.Monostable, 100099 1 s, S8 [Resistor. » * b2k |loqse-822 | 9 | RL3-I3 122 122 )
1 | 1.c.uad M1p-Flop. 100095 5 U3.L.5.6.7. 59 | Resistor. 11, iw. 10K | 120155-385 15 | RI1L-SLL, ]115-515. 123 123
12 | 1.C.0perational Amplifier. 10m47, 10 [ u8,e.0.10.22,23.18, 60 | fesister. 1€ [200156-123 ; 18 | R117-917, R119-819. 12 | atre, Jolid Inmlatec. 100245-32 | A/R | Jumper J1. From A to 5. 12l | Wire, Solid Insulsted. 1002L8-92k | A/R | Junper J1. From A to E.
' 115.16.17. 61 | “esiator. @~ 28| 190156-7173 9 | ®}09-909. Junver 2. Yot used. Junper J2. Not used.
3 02 | Resistor, 1%, * 34.8¢ | 100155-L37 s | Ruz-912. usper J3. From F € W, Jurper J3. From F t. H,
1 | Transistor. NPN. 28,123 100089 50 @2.30.6.7. QU03-903, 2
B - A0L-500. QL06-906. 6l | Aesistor. 5%. fw. 100K [ 100156-10L | 18 | R12:-92h. R127-927. -
) Q107};07. 2108908, 65 | Resistor. * " 1M=g. | 100156-105 9 R122-922,
15 | Transistor. PP, 2M4125 | 100081 2 | w5 qo-so. &%
202-902. QL95-905. 67 | Wire, Insulatec. 100053-022 A/R
16 58
17 | Diode, Signal. 1891 | 107091 117 | CRI01-901. CR193-503. 65 | Artwork, Master. 200253 Ref,
i CH175-905, CR106=906. 79, |'Specification, Test. 200L36 Ref.
R CR107-907. CR108-508. 71 | Procedure, Test, Test Station| 200L28 Ref.
CA199-909. CRL10-910. ”
CR111-§11. CR112-912. 73 | Connector, Head. 100137 1 J2.
CRI13-913. CRLIL-91ly, CRIS-915.) 74 |'Pin, Connector. Male. 100098 53
18 | Capacitor, Ceramic. 10pf.{ 7.00073-100 9 C107-907. 75 | Connector. 130019-00k 1 Jh.
19 | Capacitor, Mica. 68pr.| 100243-6& 1 c8. 76 | Connector. 100019-N09 1 P,
20 | Capacitor, Mylar.  .0015uf | 100165-152 6. 77 | Pin, Connector, 100021-005 S
21 | Capacitor, Palyfylm. .00MSuf | 200225152 | 1 | ar. 18 _|Pin, Comector. 10021003 | b
22 | Capacitor, Polyfilm. .LTuf | 100128-47L Cl, »
'i i - . 50 | Strap, Cable. 100031-0C3 1
- . - G NO. v, e .
', MATERIAL LIST [ML zc:o.;.;.:co;o: rev. -m MATERIAL  LIST [ML 2::;7'"_:(';; REY ' WATERIAL  LIST ML ?;;h‘; :"m L MATERIAL  LIST ML 2;;;‘;':‘-0'01 "f"
smawmg  ASST. DATA BLECTRONICS omeemg  ASSY. TaTa DLECTAONICS ' oraemg  LSSY. DATA ELECTHONICS omwmg  ASST. DATA ELECTRGNICS
Tirie. __PWB, BASIC BOARD,  wmooeiwo M cuarelfB/71 sweer 2 or 3Q e Pk, da3IC HOART woceL o, I oate &/EBL7Y  sweer L or 1O_ TiTLE s/s wooeL w0 M oateWfB/TL sweer 6 or 1 TITLE Py ) s/a mooeL wo. M oate 6/30/70 sueer B_ or_10.
',lo"‘ DRAWING TITLE owG. NO. [foo. REQ. REMARKS ON CKT. DESIG. ‘_'55‘.‘_ DRAWING TITLE DG, NO. NO. R:o.l REMARKS ON CKT. DESIG. M i DRAWING TITLE I DwG. NO. lno, RzuAl REMARKS ON CKT. DESIG, ',7.5:‘ ODRAWING TITLE ] DWG. NO. NQ. REQ. REMARKS ON CKXT. DESIG.
2 [ Capacitor, Cersmic  .0033uf] 100157-332 1 cl. 81 v 113 | Capacitor, “%lar. .0082uf] 100165-822 1 cs. 113 |Capacitor, Mylar. . .00hTuf | 100165-472 [ 12 cs5.
25 | Capasitor, Polyfilm. O0LTuf | STAGRORT ¢ g C136-906 b2 ’-J,. Capacitor, Tantalum. L.7uf| 100070175 9 Cl’)l-?bl. ] 11 |Capacitor, Tantalum. L.Tuf | 100070-475 9 C101901 .
26 7Capuci'.or, Ceramic. 820p¢ | 100073-821 9 €106-908 83 115 | Capacitor, Cersmic. 68pf | 170972-660 9 C102-972. 115 |Capacitor, Ceramic. 100pf | 100073-101 9 €102-902%
21 | Capacitor, Polyfilm. Oluf| 100168-103 9 €1C2-503. 8, | Screw, Pan ‘ead, 130036-206 3 L=bo x 3/8" 116 | Capacitor, Polyfils. ,NOLTuf| 190188472 9 C104-9k, 116 |Capacitnr, Polyfilm. .00?2uf | 100186-222 9 C10L-50L .
28 | | 85 | Screw, Pan ‘ieac. 12003¢ =217 1 L=bd x 5/8% 117 | Capscitor, Mylar. JD033uf| 100165-332 9 CYo0-908, 117 {Capacitor, Mylar. .0013uf | 100165-182 9 €105-905.
29 | Capacitar, Tantalum, 1.5uf; 100136-155 1 cll. 86 wasiier, Iat. To~th Lock, 100053290 L s, 113 . 118
% | copacttor, , * 10u¢ ! 200070-206 | 33 12.3,9.20.11,12.13,15.15. ky ne 119
C16.17.18.19.  21.22.23.2h. 88 | warter, Fiat. 100047200 L 3.l 120 | Resistor. Sf. jw. 6.8K | 100156-682 1 RLS. 120 | kesistor. 5f. }w. 6.8k | 100156-662 1 5.
€25,26,27.28.29.30,31,32,33. 82 | warher, Flat drlon. 1005240 i 121 -| Resistor. 2. * 90.9K | 100155-4L77 9 RI10-510. 121 {Resistor, 1%, " 51.1K | 100155-L53 9 R110-910.
€3%4.35.36.37.38.39.L0. 9 | tut, Hex. 10004 3-202 1 Lo, 122 . 122
i 12) 123
32 | Resistor. 5% dw. 75 | 100156-750 9 RN-93A. 12l | wire, Solid Insulated. 1002k8-32L | A/R | Jumper J1. Fr = A to X, 12} [Wire, Solid Insulated. 100248-524 A/R Jumper J1. Frem A to B,
33 { Restotyr, Varieble. st | 100069-502 | 9 | mn-m. Jumper J2. Yot used. ‘ Junper J2. Not used. !
3 | Resistor, . 20K | 100069-203 1 R2B. Juaper J3. From F to M, Jumper J3. From F 2o He
35 | Resistor. 5%. %w. 91 | 100156-910 1 R39.
3 | Reststor, 5%, 4w. 2.7 | wo156-27 | 2 | ALLLAS
37 | Resistor. = = 220 | 100156-221 | 13 | R1.b.15.17. R10)-501.
38 | Resistor. * * 240 | 200156-241 | 19 R23. R105-$05, R106-906.
39 | Resistor. 1%. " 309 1100155-200 | 1 | R1L.
10 | Resistor. 5%, " 330 | 100156.331 | 15 | R2.5.9.16.18. .o,
. | r102-902.
L1 | Resistor. 5%, iw. Lo {100156-71 | 11 [*R22.37.m121-921.
42 | Resistor. 1%. * 511 | 100155-261 | 1 R10.
1 eststor. * " 63 | 200255-270 | 1 | A12.
L%} Resistor. * U | 100155-289 1 ]13.
4S5 | Resistor. 5%. d. 140 | 100156-181 1 ]38.
46 | Besistor. 5%, iw. 1K { 100156-102 3 RB.2L.3k.
47 | Restetor. 5%, v, 1X | 100064102 1 Rlk.
LB | Reststor. * jw. 1.5K | 100156-152 LS R123-92). R103-503. R10L-50k.
Le B ma mm mmm mmam Aas
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. DRAWING NO. REV.
MATERIAL  LIST NL P . HATERIAL  LIST
ORAWNG ASSY, DATA ELECTRONICS PWB. ASSY. DATA ELECTRONICS PWB.
e MODEL NO. W care 2/ st 1 o OG0 PIAVES _BASIC BOARD, DUAL GAP, mooeL no, I
e DRAWING TITLE DwG. NO. n‘oA REQ REMANKS ON CxT. DESIG. e DRAWING TITLE I DwG. KO, l«.o R0,
1 | Beard, Precessed. ‘200167 1 Sk | Resistor. 15. jw. 1.96&n | 10155-17 | 20 |R,
2 Brasksd, Mounting. 200016 2 55 Resimtor. 5%. * 2.4Kn 1 100156=242 33 R}
3 R
k | I.C.Hex. Inverter. 12008L 5 ¥1.2.6.9,31. S6 | Resistor, 1%. fw. 3.09Kn | 100155-336 1 |RL
5 I.C.Quad. 2 Input ¥and. 177088 [} U3.4.5.6.7.15. 57 Resistor. SE. " 3.3kKan{ 100156-332 ul R2
'3 I.C.Quad. 2 Input Power. 120086 3 U26,27.28. R
1 1.C.10 Input Nand. 100087 1 ne. 58
8 | 1.C. Dual Mip-Flop. 100088 10 U12.11.12.13.1k.21. S9 | Resistor. 5%. %w. L. 7Xn| 100156-L72 2[Ry
u22.22.25.25, &% | Resistor. " " S.En; 100156-612 1 18g
9. | 1.C.Operetional Amplifier. 100089 5 416.17.18.29.20. 61 | Reststor. ® " 6.8kn | 100156-682 | 20 [&u
20 "{ I.C.Menostable. 107092 1 U0, 62 | Resistor, * " 8.2n| 100156822 1 R2
1n 63 | Resistor. = " ~  10Ka| 100156-103 | 19 {RL
12 | Transistor, NPN. 2Mi123 100082 72 Q.2.5,8.9.11.13.14.15. & ’ ‘
Q101-201. Q102-902. & | Restator. * 18KN| 100156-183 1 [r3
£103-903. Q105-905. 66 | Resistor, ® " 39Kn| 100156-393 5 |m
! Q106-906. 5107-907. G1L09-909. " 61 | Resistor. ® * 88kn{ 100156-683 [ 10 |Ry
13 | Trensister. PNP. 25125 100081 U .6,7.10.12, Q108-908., 68 | Resistor. ® * 108K ] 100156-104 9 |[R6
U 6 | Reststor. " * 2200 ] 100156-224 s |m
15 | Transister. Deal NPN, TIOL. | 100082 9 | Qo9 10
16 Transistor. PNP. MPS-US1. 100083 1 B. 7
17 72
il. Diede, Signal. 1N9L. 100091 Lo CR1.CR101-901, 102-902. 73 Connector, Head. Male, 100137 2 J2.
kS CR103-903. 10L-50k, i Th Cengector. 9 pin, 100247-0C1 L Jz
. CR105~905. 75 | Conmecter. 5 pin. 100247005 1 ek
19 [q6 | Pin, Male. 100098 3 T
20 | Capeciter, Ceramic. 33pf | 100073-330 9 C19-909. 77
21 | Capseitor, MICA 68pf | 100215-455] 1 c36. {18
22 | Capsoiter, CERAMIC  100pf | 100073-101 9 C102-902. (19
25 | Capaeitor, *  330pf | 100073-331 | 9 | C105-90%. "80 | Screw, Pan Head. 100036-206 | & L -
@k | Capaeitor, Poly. .0025uf { 100077-152 ¢ 1 c25. 81 | Washer, Flat. 100047-200 6 |
25 | Capaciter, Cersmde, ,003uf | 100073-332 9 €103-903. 1 82 [ Vasher, Int. Tooth Lock. 100059200 ™
26 83
=
DRAWING NO. REY,
3 MATERIAL LIST !ML P TR b MATERIAL  LIST
AT _BISIC 200, WAL O wooreno 2 e LT e 2 o 20 | |opme AL DA KICTOMS BB,

'ﬁ. DORAWING TITLE DwG, NO. NO. REO.I REMARKS ON CXT. DESIG. ';&' DRAWING TITLE l DWG. NO. lno, atﬂ_
27 | Capacitor, Tantalum,  10uf.| 100070206 | L1 |c1.2.3.L.5.6.7.9.10.11.12,13. B | Mut, Hex. 100013200 s ¥
€14.15.16.17.1€.19.20,21.22.23. 3
€24.28,29.30.31.32.37.38.39.10. 86

. €149l . 87 | Artwork, Master. 200166 Ref.

20 | Capecitor, Tantalum,  L7uf.| 100135-476 1 jc2t.
25 ]
3 Resistor, Variable. S0 100069=-500 1 327.
31 | Resistor, . 5k | 100069-502 9 |R¥-98,
32 | Restetor, * 206 | 100069-203 | 10 |Ru9. KI0L-90k.
33
.3 | Restator, 5%, iv. 10 | 100256-200 | 9 |R131-931.
35 | Resistor. 1f. " 61.9 | 100155-173 | 18 [m21-921. m122-922.
36 | Resistor, " * 75 100155-181 9 R125-925.
37 | Besistor. SX. * 120 | 100156-221 9 |R117-917,
38 | Resistor. " 1w, 120 | 100067-121 1 lneo,
39 | Resistor. 1&. jw. 162 | 100155-213 1 |R29.
LO | Resistor. S8. " 220 | 100156-221 | 15 1K1.3.5.7.9.51. R101-901.
bl. | Resistor. 2%. 1s. 220 | 1001,2-221 | 10 %26, 8112-912. .
h2 | Resistor. 1%. iw. 267 | 100155-23h4 1 {R73.
L3 | Resistor. 5%. lw, 270 | 100067-271 1 |R18.
Lhi | Resistor. " w. 330 | 100155-331 | 17 [R2.L.6,13.31.33.3¢.10.

R102-502.
LS | Besistor. 5%. dv. 390 | 10006L-391 1 [Ro8. ;
46 | Beststor. * v 470 ! 100155671 | 5 [R15.19.40.L7.52. —T
¥ | Reststor. 1% " 511 | 100155-260 | 3 |fE.L1.72. ?
48 | Resistor. 5% " 560 | 100356-561 | 19 |R7L. M10B-908. R109-909. +
bY | Besister. 18 * 63 | 100155270 ¢ 1 |R39.
Fy :
N | hesieter. 5%, }v. 1.2 | 200156-122 | 37 {R17.22.25.30.32.LL.53.57.70.
: R71. R203-903. R106-906,
52 B R107-907.
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ASSY. DATA ELECTRONICS PWB. ASSY. DATA ELECTRONICS PWwB. ASSY. DATA ELECTRONICS PWB. ASST, DATA EIXCTRONICS PWB. .

< PNTRS _BASIC BOARD, DUAL GAP, wooeL no. 1 oare M2UTL gueer 3 o 20 PTYCES _10w12,9 IPS, TYPE P. D/GAP.  wmopey wo. X e MM wweer 5 o 20 Ofiede 17-22.9 IPS. TYPE P. D/UAP. woreL no 1 oare MM e T o 20 STATES __30-39.9 IPS. TYPE P. DfGAP. . op o _ TP 3R/ g 9 or 28
: ’,“g" DRAWING TITLE L DwC. NO. Juo,agq,l REMARKS ON CKT. DESIG. ',',5" DRAWING TITLE T DG, NO. ]uc, nzﬂ REMARXS ON CXT. DESIG. '15"‘ DRAWING TITLE Dws. NO. I,,o_ qLQl REMARKS ON CKT. DESIG. ','.5" DRAWING TITLE DwG. NO. Iuc, a:o.[ REMARXS ON CXT. DESIG.
: Sk [ Resister, 1f. iv. 1.96Kn | 100155-317 | 20 | RL2,55.8120-920. R123-923. 716 | Capasitor, Mylar. +015uf | 100165153 1 Cik. 116 | Capaeitor, Poly. _0082uf | 100077-822 l Y Jcu. 116 | Capseiver, Pely. 00kTut | 100077472 1 .
. S5 1| Resistor. 5%. © Zh4Eny 100156-2k2 § 33 [RNLI2.1LDE21LS. N7 | Capacitor, “XNFILM  0OBeF| 100228152 1 cl. W7 | Capacitor, PULY.  .coiSwF | 100225152 | 1 |cLl. 117 | Capacitor, FULY.:. .00i8wF | 100225-452 1 cul.
] ‘ R105-905.K119-+919.B12;-924 . 118 | Capacitor, Poly. .0033af | 100077~332 9 €101-901. 118 [ Capacitor, Poly. L0022f | 100077-222 s |cioi-s01. 118 ] capseitor, Poly. .001af | 100077=102 9 C101-501.
|, o6 | Reststor. 1L, tw. 3.09n | 100155-336 T R 119 | Cepaciter, Tantalum. luf| 100136105 | 18 C106-906, C107-907. 119 | Capacitor, Tantalum. .G0uf | 20013648k | 18 |C106-906, C107-507. 119 | Capacitor, Tantalua. 33uf | 200136-33k | 18 C1D6=506. CLOT=907.
] 57 | Resistor, 5%. * 3.3 100156-332 | R24.5h.56.60.75.8113~-913, 120 | Capacitor, Polyfilm. LiTuf! 100128-47h 9 €108-908, 120 | Capacitor, Polyfilm, ,3Juf | 100128-33 9 1c108~508. 120 | Capesiver, Polyfilm. «18uf | 100128«38) 9 C108~508.
L i R1LL-91k . R129-929.8133-933. 121 12 121
] 58 122 122 122

59 | Resistor. 5%. iw. L.7Kn| 100156-L72 2 |RM.SB. 123 | Resistor. S5%. %w. 750Kn | 100156-754 | 18  |\RI15-915. R116-916. 123 | Resistor. S%. 4w. S60EN| 100156-56k | 1€ | R115-915, R116-916. 123 | Resister, 5%. 3w. 390Kn 100156~33% | 18 R115615, R116+916.
1 [0 | Reststor. = = S.Kn| 100156-51Z | 1 {RS0. 124 ) 12, 12}
] 61 | Resistor. ® ~ 6.8K0 | 100156-682 | 20  |RL6,.59. KL10-910, R111-911. 125 125 125
] 62 | Resistor. " * 8.26n| 100156-822 1 |R23. 126 126 126
] 63 | Resistor. » * " 10Kn| 100156-103 | 1% m.ms-m.mbm . 127 | Wire, Solid Bare. 100051024 | A/R | Jumper J1. From 4 to C 127 | Wire, Solid Bare. 10005102l | A/R | Juawper J1. From A to C 127 | Wire, Soclid Sare. 10005102 | A/R | Jumper J1. From A to C
] & ) N 128 | Tuding, Teflon. 100226-022 | 4/R | Juspsr J2. From M tc ¥ 128 § Todbing, Tsflen. 190226022 i &/R | Jumper J2. From ¥ to % 128 | Tubing, Teflen, 100226-022 | 4/2 | Jumper J2. From M to N
. 6 | Zestator, * " 18K} 100156~183 1 |R¥%. Jumper J3. From kA to BB 1 Jumper J3. From AA to BB, Jumper J3, From AA %o BB.
1 (6 | Resistor.* 39Kn| 100156-393 9 |R1)-930.
3. | 61 | Reststor. * » 68knt 100156683 | 10 [Ry7.R132-932.
] |68 | Reststor. * " 108K N} 200156-104 9 | R61.62463.64.65,66.67.68.69.
] 6 | Resistor. " * 220KN| 100156=22k 9 |R128-928, )
—— 70 -

7
1=
-] k) Connector, Head. Male, 100137 2 J2. J5.
1] Cengector, 9 pin. 100247 -0C1 b g2
— 75 | Conmacter. S pin, 12027005 PEC]
1 K6 | Pin, Male. 100098 33 | Test Points.
I
—] (18
1w
| 80 | screw, Pan Head. 100036-206 | 6 |l - Lo x 3/8°
] 81 | vasher, Mat. 100047-200 | &  |MNo.k.
_| |82 | vasher, Int. Tooth Lock. 100059200 | 6  [Ne.ki.
-1, 8
= \ , ,
- MATERIAL  LIST [K'“_ 2;5‘"'“' no. rev. MATERIAL  LIST IML 2;0;;;‘:‘;; ey MATERIAL  LIST [ML 2;;5‘2;“ Mo, [mev. MATERIAL  LIST [ML DRANING wo. A%
i1 2280000 } - oD4& 200521~ Q06

ASSY. DATA ELECTRONICS PWB. ASSY. DATR ELECTRONICS PWB. ) ASSY DATA ELECTRONICS PW3, ASSY. DATA ELECTRONICS PWB,

Q it wooeLno. — M oate WRTL . sweer b o 2O e _13-26,9 IPS. TIPS P. DAGAP. 55, vo.__ W oate ¥2/TL queer 5 20 o 23-29.9 1PS. TIPE P. D/GAP, PODEL NO. W oM e B or 20 HEe IEP < woveewo. M oare MM snwr_l.f: or 20
; 'g_. ORAWING TITLE T DWwG. NO. INO. REQ.] REMARKS ON CKT, DESIG. l:%_. DRAWING TITLE DwG, NO. _IVNOA REQ. REMARKS ON CKT. DESEG. IS'. DRAWING TITLE DwG. NO. NO. REQ. ‘R\gn;n‘s oM CKT, DESG, lg‘. b DRAWING TiTLE DwG, NO, JND. REQ. REMARXS ON CKT. DESIG.
[ B4 | Mat, Hex. 100043200 6 ¥ - Lo. . 116 | Capasttor, Poly. .0082uf | 100077~822 1 [ 116 | Capacitor, Pely. <0082uf| 100077-822 1 o3k, 116,] Capacitor, Poly. JO0k7uf | 100077472 1 C3h.
By (8 117 | Capacitor, FoLv.'. . .OOFRVF JoO22S-IS2 | 1 | dca. 117 | Capasiter, FOLY..  bisuf|joo2ds-f52 | 1 | . 117 | Capacttor, PoLy. . .00ISUF | looz2s-152 | 1 | .
0. 86 118 | Capaciter, ol, +0033uf | 100077-332 9 C101-901. 118 | Capacitor, Poly. +00Suf| 100077-152 9 C101-901, 1318 | Capaciteor, Poly. 001ef | 200077-102 9 CloL-501.
j 87 | Artwork, Master. 200166 Raf, 119 | Capscitor, Tantalum.  .66uf| 200136-68k | 18 C106-906, CX07-90T. 119 | Capacitor, Tantelum.  JLTuf| 200136-k7h | 18 6106-906, C107-907. 119 | Cepaciter, Tantalum, .22uf | 100136224 | 18- | C106506. C107«507
] 120 | Capacitor, Polyfils.  WATuf [-100128-h7k 9 | cao8-s08. 120 | Capasitor, Polyfilm.  ,27uf| 100128-27L 9 €108-908, 120 | Capacitor, Polyfila, .15uf | 100128-15k 9 108908,
] 1 Y5 122
| ‘123 122 122
] 123 | Resistor. 5%. jw. 560K 100156-56k | 18 | R115-915. R116-916. 12) | Resister, 53. iv. 30ENA| 100156-33L | 18 R15-91S, R116-916. 123 | Resiator, S%. 2w, 330kn | 100056-3% | 28 R115e915, R116w916.
] 12 124 124
] 125 125 125
—] 126 126 126
— 127.| Wire, Solid Eare. 100051-C24 | A/R | Jumper J1. From A %o C 127 | Wire, Solid bare, 1100051021 | A/R | Jurper J1. From A to C 127 j Wire, Solid Bare. 100951-92k ; A/R  jJusper J1. From L to C
—_ 128 | Tubing, Teflon. 100226-022 | A/R | Jumper J2, From M to K 128 | Tuting, Teflen. 100226-022 | A/R | Jumper J2. From M to N 126 { Tubing, Teflon, 100226022 | A/R | Jumper J2. From M te ¥
— Junper J3. From AA to BB, Jumper J3. From AA to BB Jumper J3. From AA te BB
—
— I
~ |
haaas h)
—
] -
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o PP P—— — luo, nso.l ——— ‘nu — M oae YU s LE= TITLE 30-39.9 IPS. TIPE A. B/GAP. uooe no. 18 oate YN eer 15 o 20 nTLE 23-29.9 IPS. TYPE 'A' T/G.  mooec vo. X8 oarel2/IN/T} sneer 11 or 2O
YT TR T T = = lp;os_ NG TITLE I D»G. NO. ]uo. REQ. REMARKS ON CKXT. DESIG, M CRAWING TITLE l DWG. NO. ]nu, ﬁEQT REMARKS ON CKT. DEsIG. 'y ORAWING TITLE l DWG. NO. lNo,nzo] REMARKS ON CKT. DESIG.
17 s Stpasitor, Polo +0082uf| 200077822 | 1 | G3k- 116 | Capacitor, Poly. ooL7af] 100077472 | 1 | C3k. 16 | Capacitor, Poly. 0082uf| 100077-822] 1 | C3L.
118 | Capacitor, Poly. L0033uf| 100077-332 | 9 | C101-501. 118 ' Capacitor, Poly. .0022uf | 100077-222 | 9 | Cl01-901 — m
119 | Capacitor, Tantalum, nf| 100136105 18 C106-906, C107-907. ;9 Capacitor, Tantalum. «S8uf ~100136-633§ 18 0106-—906. C107-907 18 | Gupeeyfor, Toye 00t | o2 4 el Zepacitor, To. R : S
120 | Capacitor, Polyfilm.  huf! 200128-47h | 9 | ci08-s08. 120 | Capacitor, Polyfila.  .3Juf| LOOI28-33 | 9 c108-9w. . - 19 | copasitor, Toaadua, IO OIIIR | 19| GOS8, SRR 19 |Cupacitor, Tanalun:  Maf] JOOVEITL | 9 | S
1 | = -t 120 | Capacitor, Polyfila.  .18uf| 100128184 | 9 | C208-503. F120 | Capacitor, Tantalum.  .A7uf| 100136-L7h { § | C107-907.
122 | Resistor, 5%, {w. 330N | 100156-331 1 R8. 122 | Resistor. 5%. }w. 330N | "200156-331 1 R8. 2 1.21 Copacitor, Polytie: 2Tur ] loonze-a : Clob 700
123 | Resistor, * * 750Kn.| 100156-7¢L | 18 | R215-915. R116-516. 23 | fasistor. + - sion e T ason mes i 122 | Resistor. 5%, iv. 330 | 100156-331 | 1 | R8. pis]
18 — . 123 | Resistor. " " 3306n | 100156-33L | 18 R115-915, R116-916, 123 | Resistor, 5%. pv. 330 100156-331 | 1 ’Y.
— 12 ) = 14 Drosisior, = 330k | 100156-3% | 9 | F15-515.
126 i:i 125 1% | Resistor, » * 330K | 200156-33L [ 9 | R116-916.
127 | Wire, Solid Bara. 100051-02 | A/R Jusper J1. Fron B to C 127 | Wire, Solid Pare. 10005102, | AR Jum;ve—r J1. From B to C 128 =
128 | Tubing, Teflon. 100226~022 | A/% | Jumper 3Z. {rom A o F 26| Tuing, Tertem, oz | a7 | dumer 7. Fren F ve ¥ 127 | Wirs, Solid Bare. 100051024 | AR | dumper d1. From B to C 1z
hd 128 | Tuding, Teflen. 100226022 | A/R | Jumper J2, From M to P RSB
129 | Fire, Solid Insulated. 10021892l | A/R Jumper J1. Prom B to C.
) Jumper J2. " Mto P. o
Jumper J10. * R tc S.
£ |
|
m L IML 2;(;;2;:060;0. - MATERIAL  LIST M DRAWING NO. |Rev. I DRAwING.NO. [REW.
-“] I LT MATERIAL _ LIST 'ML pRawing no. [eev. '“‘J MATERIAL  LIST IML
omaemg  A3ST. DATA ELECTRONICS PWE. WVILY 200cn-c2. T 200521-O1 4
THOE. _13-16,9 IPS. TIFE A. D/IAP. ool wo! 28 oare Y2/ wueer 12 or 20 | | onaec T Th s Caonn. . W s voamme | ASSY.'DATA ELECTRONICO PWB. v ASSI. DATA ELECTRONICS PVb.
3-29,9 1PS. - D/GAP, _f 32/T W LO-U5 IPS. . D/asp, . . .
e DRAWING TITLE DG NO. lna. REQ. REMARKS ON CXT. DESIG. e — - e o et or 0. nne 1PS. TYPE A. D/GAP -MopEL wo. I oare UM queer 26 o 20 JHILE 1PS. TYPE A. D/GAP wovee mo 2B oare AL sweer 38 or 20,
u6 cwi‘ol’, Poly. .wﬂm 100077.822 1 cj‘. u:. ING ITLE DwG. NO. NO. REQ.[ REMARKS ON CKT. DESIG, ';g? DRAWING TITLE DWG. NO, [NO. REQ.I REMARKS ON CXT. DESIG. ':gr DRAWING TITLE o DG, NO. ~O. REQ. REMARKS ON CXT. DESIG.
7 Capacitor, Poly. .0082uf | 200077-822- | 1 Ca. 116 | Capacitor, Poly. 0oy 7ut [ 100077472 1 cl. . 15 | Capseitor, Pol¥e 00k 7uf | 100077472 1 C3h.
118 [ Capacitor, Poly. .0033uf | 100077-332 9 | cro1-901. i: PTo—— 3 1?7 17 |caraaTeR, Pory.  .0015.4£]100225-152 v lem.
119 | Copaottor, Tantelua.  .6%uf| 1001%6-684 [ 18 | c106-906, C207-907. 19 cxiu:’ r..l.:m. oﬁ:‘:: ix;:j:ﬁ 1: 201—901. 118 | Capacitor, Poly. L00luf | 100077102 | 9 | Gl01-901. 118 | Capacitor, Poly. L001uf | 200077002 | 9 | caor-po1.
120 | Capscitor, Polyfils.  JiTuf| 10012667k | 9 | Gioo-sos. 2 . 06506, C107-507. 119 | Capacitor. Tantalum.  .22uf | 100136-22h | 18 | C106-906. C107-507. 105 | Capacitor, Tantalus.  .22uf | 20013622k | 18 | C206-906, C107-507.
2 . 120 | Capsoitor, Polyfila.  .27uf [100128-27R | 9 | C208-508. 120 | Capacitor, Polyfilm.,  .1Suf | 100128154 | § | ci08-08. 120 | Capacitor, Polyfila,  .1Suf 1 100128-15% | § | C108-508,
122)| Reststor, S%. {v. on| 10005631 | 1 | 8. = 121 12 i
123 | Besistor, *  * S60Kn | 100156~56k | 18 | B115-515, R116-926, ::2 — f” t:. B e 122 | Besistor, 5%. jw. 3on [100056-331 | 1 | BS. 122 | Resistor, S§. iw. 30M |100056-331 | 1 [ BS. . i
224 123 | Rontotor 30K0[100056-3% | 18 | RUS-H1S. RU6-516. 123 | Reststor, * 330kn | 100156-33 | 18 | R11S-91S. RA16-H16. @) | Restotor. = * 330Kn | 100156-33 1+ 18 | ANS-91S. KU6916
125 12 124 %
= 25 T I
T e Soid Jar: 30005102 | A2 | Jusper J1. Frem B te C ;;6 Wire, Solid Bare 150051021 ; . 126 125 )
128 | Tubing, Teflon. 100226-022 | A/R | Jumper J2. From M to P U . A2} Jumper Pxux J1. From B to C {227 | wire, Salid Bare. 190051024 | A/R | Jusper J1. From 2 to C 127 | wire, Salid Eare. 1005102 | A/R | Jumper J1. From 3 to C
1268 | Tubing Tefloa. 100226-022 | 4/4 | Jumper J2. From M to P. 128 | Tuting, Teflon. 100226022 | A/R | Jumper J2, From ¥ to P 128'| Tubing, Teflon 100226022 | A/R | dumpes J2. From M te N
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