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Figure 1-1. Card Reader, Three-Quarter Front View (Typical)

Card Reader, Three-Quarter Rear View (Typical)

Figure 1-2.
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SECTION 1
INTRODUCTION

1.1 GENERAL

This technical manual contains operation, maintenance, interface, and repair information
to properly set up, operate, and maintain the Documation Model M200 Card Reader. An
Illustrated Parts Breakdown is included in Section 12 to aid in locating and identifying
parts if replacement becomes necessary,

The M200 Card Reader shown infigures 1-1 and 1-2 is designed to read standard 12-row,
80 column punched cards., The hopper capacity is adequate to hold approximately 550
cards of ,007" thickness., These are separated from the stack sequentially and moved
past a phototransistor read station where the data is recognized in a serial, column-by-
column manner., Thc cards are then stacked into the output hopper in the same order as
they were originally put into the reader. The reading cycle is externally controlled for
single card selection or continuous run. In the continuous mode, the reader will read

285 cards per minute.

1.2 DESCRIPTION

The entire reader is constructed around a mainframe, figure 1-1. Mounted within the
mainframe are the input hopper and output stacker, card track mechanism and control and
indicator panel and printed circuit card cage. All logic circuitry is contained on printed
circuit boards within the card cage. Located on the underside of the mainplate assembly
are the drive motor, drive train, and a portion of the card pick mechanism. The bottom
area of the mainframe contains the vacuum pump motor assembly and the remainder of
the electronics.

Located on the rear of the reader, figure 1-2, are three controls, a circuit breaker, the
power input, the I/O connector, and a cooling fan,

1.3 SPECIFICATIONS

READING SPEED: 285 cards per minute maximum in continuous run.
Single Card Cycle: 200 milliseconds.

CARD TYPE: Standard 80 column cards.,

CONTROL: Demand feed, one card-at-a-time under external
program control, Reader will continuous run as
long as the Pick Command remains TRUE.

INPUT:

Pick Command (PC) Logic True for 1usec
» -15 MaDC @ 0.8 VDC Max.
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OUTPUT:

Data Lines and TTL Type 7404 or Equivalent.
Interface Signals I Source 2.2 MaDC
I Sink -15 MaDC @ 0.4 VDC Max.
HOPPER SIZE: 4,0 inches (approximately 550 cards of 7 mil
thickness).
STACKER SIZE: . 4.0 inches (approximately 550 cards of 7 mil
POWER REQUIREMENTS: thickness).
Voltage: 115 VAC * 10%, single phase, 60 Hz (standard model).
230 VAC t 10%, single phase, 50 Hz (export model).
Power: \ 1650 VA (MAX) starting load for 3 sec
' 570 VA (MAX) running load
SIZE:
Height: 11 inches 27.9 cm
Width: 19-1/4 inches 48.9 cm
Depth: 14 inches 35.5 cm
WEIGHT: 60 pounds 27.3 Kg

OPERATING ENVIRONMENT:

Dry Bulb Temperature 50 to 100°F.

Relative Humidity 30 to 90% non-condensing

Wet Bulb Temperature 80°F. maximum

Thermal Shock 15°F. per hour

Altitude 1000 feet below to 6000 feet above sea level

STORAGE ENVIRONMENT:

Dry Bulb Temperature -25 to +135°F.

Relative Humidity 5 to 95% non-condensing

Altitude 1000 feet below to 12, 000 feet above sea level
CARD STOCK

The card must meet American National Standard's specification ANSI X3.11-1969,
Specification for General Purpose Paper Cards for Information Processing.

PUNCH DATA

Punch data must meet American National Standard ANSI X3. 21-1967 specifications.
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SECTION 2
UNPACKING AND INITIAL CHECKOUT

2.1 UNPACKING

The M Series Card Readers are packed in a cardboard container, figure 2-1, with
cushioning and padding to protect the equipment from damage during shipment. Inspect
the outside of the container and report any physical damage to the carrier immediately.

Included in the container are the power cord and technical manual. After removing these
items, lift the card reader straight up and place on a flat, sturdy, support area. Inspect
the reader for any physical damage and report any damage to Documation Incorporated.
Locate a Phillips screwdriver and with the reader tilted in an upright position, remove
the two red 8 x 32 screws in the bottom plate. These screws lock the blower motor plate
in a solid position to prevent damage to the motor plate vibration isolators during ship-
ment. If the reader is reshipped, these screws must be installed.

2.2 INITIAL CHECKOUT
Use the following instructions to test reader readiness.

a. Make sure input voltage and frequency are correct. Plug in the AC power
cord.

b. Set the MODE switch (rear panel) to LOCAL,

c. Set the SHUTDOWN switch (rear panel) to AUTO.

d. Place the AC power (rear panel, top left) to ON to energize the reader.
The POWER indicator illuminates and, after approximately a 3-second

delay, the STOP and HOPPER CHECK indicators illuminate.

e. Depress and hold momentarily the LAMP TEST switch (rear panel) and
observe that all front panel indicators illuminate. Release switch.

1. Pull the hopper follower back with one hand and load approximately 3
inches of unpunched cards into the hopper area.

g. Depress the RESET switch, The RESET indicator will illuminate and the
STOP indicator will extinguish. The drive motor and vacuum/blower
should come on and, after approximately a 3-second delay, the cards
should be picked and stacked. The drive motor and vacuum/blower will
then shut off and the STOP and HOPPER CHECK indicators illuminate.

h. Place the AC power to OFF. All indicators are extinguished.

i. Pull the stacker plate down with one hand and remove the cards.

je This completes the initial off-line test.
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SECTION 3
OPERATION

3.1 LOADING THE INPUT HOPPER

Load the input hopper with punched cards to be read as follows:

a.

Remove the hopper follower and load the card deck into the hopper area;
the first card to be read must be placed at the front with the 9" edge down,
column "'1" to the left. Continue placing cards into the hopper until it is
loosely filled (approximately 550 cards). Replace follower.

CAUTION

DO NOT PACK THE INPUT HOPPER
SO FULIL THAT THE RIFFLE ACTION
AT THE AIR RIFFLE CAP IS INHIBITED

The hopper may be loaded while cards are being read if the operator is care-
ful to keep tension on the front portion of the deck while loading additional
cards at the rear. This is accomplished with the input hopper approximately
one-half to one-third full. Use just enough pressure to maintain the riffle
action.

Unloading the input hopper is the reverse of the loading procedure. Normally
all cards are processed through the reader; however, if it is necessary to
unload the hopper, remove the follower and remove the card deck. If the
cards are arranged in a particular order, exercise care in repacking them in
their storage container so that the order is maintained.

3.2 UNLOADING STACKER

To unload the stacker, perform the following steps:

a.

b.

Pull stacker follower down and remove the front or rear portion of the card
deck from the stacker area, being careful that deck order is maintained.

To unload stacker during operation, pull stacker down and remove portion
of deck taking care to allow stacker plate to return to its normal position
gradually.

3.3 CONTROL AND INDICATOR DESCRIPTION

Reader controls and indicators, figure 3-1, are located on the front control panel, the
rear of the card cage, and the rear subframe. Control and indicator descriptions are as

follows:

3-1
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READ ' PICK | STACK : HOPPER |
POWER GHECK ; GHECK | CHECK | CHECK | @
FRONT CONTROL PANEL
AC POWER
_ A _
@ LAMP TEST SHUTDOWN

@ MAN@AUTO

MODE
REMOTE( 9 LOCAL

REAR PANEL

Figure 3-1. Switch and Indicator Location

3.3.1 FRONT PANEL CONTROLS AND INDICATORS

Located on the front panel are two pushbutton type switches; STOP and RESET.



Located above these switches are lighted indicators showing reader status; they
are RESET (green), and STOP (red).

Five other indicators are located on the front panel.

3.3.2

POWER

READ CHECK
PICK CHECK
STACK CHECK
HOPPER CHECK

REAR READER CONTROLS

Located on the rear of the reader are two mode switches, a LAMP TEST switch
and the main AC power circuit breaker. The two mode switches are:

SHUTDOWN - MAN/AUTO
MODE - REMOTE/LOCAL

3.4 OPERATIONAL PROCEDURES

The following procedures explain both the operational sequence and some of the theory
associated with the controls and indicators.

a.

c.

Select the mode of operation, MANUAL or AUTO. When the MANUAL mode
is selected, the drive motor and vacuum/blower will run continuously when
AC power is applied. When the AUTO mode of operation is selected, all
motors will turn off after the last card is read.

The second mode switch is used to select either REMOTE or LOCAL oper-
ation. When LOCAL operation is selected, card reader operations are con-
trolled from the operator's control panel. In normal operation the card
reader is connected to the appropriate interface logic and the switches
should be in AUTO and REMOTE positions.

With the LOCAL mode of operation established, place the AC power circuit
breaker on the rear panel to ON to apply primary power to the reader. The
drive motor and vacuum/blower will not come on at this time due to the
input hopper being empty and AUTO shutdown selection. The POWER indi-
cator illuminates.

Depress the LAMP TEST switch and check that all front panel indicators are
lighted.
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i.

Load the input hopper and depress the RESET switch. The RESET switch is
a momentary action pushbutton switch used to clear any error conditions

and establish the card reader '"ready" condition. When the "ready" condition
is established, the RESET indicator will light green. All motors will start
and riffling action begins on the first half inch of cards.

As the cards are being read, the PICK CHECK indicator will light if a card
has failed to reach the read head after a pick command has been given. In-
spect the cards in the input hopper for excessive leading edge damage,
interlocked webs or cards stapled together. If no apparent card damage is
present, check for excessive card warpage.

The READ CHECK indicator will light and the '"stop'' condition will be
established when any of the following conditions are detected.

. Failure of leading or trailing edge dark check.
. Failure of trailing edge light check.

. Card slippage.

. Control logic failure.

W N -

The STACK CHECK will light if the previous card read has not reached the
output stacker. Check the card track to make sure it is clear and check the
output stacker for incorrectly stacked cards.

The HOPPER CHECK indicator will light when the input hopper is empty
or when the output stacker is full. This is normal operation.

The STOP switch is a momentary action pushbutton switch used to terminate
card reader operation at the end of a read cycle. The STOP indicator will
light red when the "stop' condition is established.

3.5 OPERATIONAL FLOW CHART

Figure 3-2 shows a flow chart of the sequence of events which may be encountered in
operating the reader. If trouble is experienced, refer to this check list before calling
for maintenance.
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Figure 3-2 - Operational Flow Chart
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SECTION 4
THEORY OF OPERATION

4.1 CARD FEEDING MECHANISM

The card feeding mechanism, figure 4-1, is designed around an air flow system that uses
air pressure to separate the cards and a vacuum to pick the cards. Pressurized air riffles
the first half inch of cards in the input hopper so that they stand apart, individually "air
cushioned" from the rest of the card deck and each other. This prevents the cards from
sticking together in case of static electricity, hole locking, or torn webs and eliminates
frictional forces between the cards. The vacuum picker pulls the bottom card in and holds
it against the picker's rubber surface. When a pick command is received, the reader's
electronics drives a rotary solenoid coupled to the picker sector causing it to rotate. As
the solenoid moves the picker sector, the card is accelerated due to the friction forces
caused by the vacuum between the picker's rubber surface and the card. The picker sector
rotates pulling the card toward and into the drive rollers. When the leading edge of the
card reaches the drive rollers, the rollers pull the card into the card track. The picker

is now returned to its rest position by spring tension. As the card in the track clears the
picker's surface, the next card is sucked down readv for the next pick command.

AIR RIFFLE CAP ATR PRESSURE
SEPARATES CARDS

AIR VACUUM IN PICKER
SECTOR HOLES PULLS CARDS
IN AGAINST SECTOR AND
CARD MOVES TOWARD PINCH
WHEN SECTOR TURNS

FANS PRODUCE AIR
PRESSURE AND VACUUM

— AIR FLOW

Figure 4-1. Card Feeding Air Flow
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4.2 DATA RECOVERY
The logic block diagram for the M Series Card Reader is shown in Figure 4-2.

Data recovery is accomplished by the functions of Reader Control, Data Detection and
Data Storage. Reader Control synchronizes the electronic scanning of the card with the
mechanical actions of the reader. This provides card picking, card movement through
the read station, data flow control and card stacking. Data Detection converts the light/
dark conditions of the read station into usable digital signals for Data Storage. Data
Storage provides the data synchronization, buffering and retainment required for data
transfer from the reader.

4.2.1 READER CONTROL

Primary control timing is established by the 4.8 MHz Crystal Oscillator and the
Four-Phase Generator. These are used to shift, store and control other logic
operations.

When a PICK COMMAND is received from the controlling device, card processing
will begin provided no alarm conditions exist. The Pick Logic produces a PICK
signal to the Solenoid Driver, a PCIR signal, and a pick-command reset (PCR) to
the Control Logic. These actions initialize the various control circuits and energize
the solenoid to pick a card from the input hopper. If a card does not reach the read
station, the PICK CHECK alarm is raised.

The Read Station and Stacker utilize phototransistor sensors to read the card's
hole pattern and to monitor the card's movement. When a card is picked and
moved into the card track, the leading edge interrupts the light to the Read Station.
This produces a ONE DARK signal that is used by the Control Logic to generate a
Good Pick Reset (GPR) which initializes the synchronization of the card's move-
ment through the Read Station. The Column Counter then counts columns via the
Data Control and Sync Logic as the card moves past the Read Station, thus sync-
hronizing the mechanical card movement with the electronic circuits. The Column
Counter generates a DARK CHECK at Column 0 and 81 and a Light Check at Column
84. Figure 4-3, Timing Relationship for Standard Card, shows these check posi-
tions. These checks provide a quality check on both the Read Station and the
mechanical card movement.

4,2.2 DATADETECTION

As the card passes between the Light Emitting Diodes (LEDs) of the Light Station
and the Phototransistors of the Read Station the light and dark conditions are
sensed and amplified by the Read Station's phototransistors. The light (punched
hole)and dark conditions are converted to electronic signals at the Phototransistor's
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emitters and used to drive the Data amplifiers and inverters. Outputs of the Data
Amplifiers and Inverters pass through the One Light/One Dark inverters and pro-
vide detected data to the Data Register.

4.2.3 DATA STORAGE

To accomplish Data Storage, the Data Control and Sync Logic sends S ynchronized
Data Strobes (CSDS) to the Data Register at predetermined punched column posi-
tions. Synchronization is accomplished by a notched ferrous timing disc attached
to one of the drive roller shafts. As the timing disc rotates, a reluctance pickup
senses the movement of the disc's notches past the pickup producing timing signals.
These signals are used by the Data Control and Sync Logic to generate Data Strobes
(CSDS) for each of the 80 columns. Data Storage includes Data Drivers that pro-
vide buffering between the Data Register and the interface lines.

4.3 DETAIL OPERATIONAL .DESCRIPTION

The following gives a detailed description of each block shown in Figure 4-2, Block
Diagram - M Series Card Reader. The description is designed to give the reader an in-
depth understanding of how the card reader works without the usual logic gate-by-gate
description.

The reader should familiarize himself with the signal mnemonics used in the text descrip-
tion and contained in Section 11 since it will aid in interpreting both the description that
follows and the logic schematics in Section 10.

NOTES:

(1) DASHED LINES INDICATE PSEUDO HOLES IN CARD.

.
e 230" (2)  DC = DARK CHECK

: LC = LIGHT CHECK
GPR = GOOD PICK RESET

(3)  HOLE SIZE EXAGGERATED FOR EXPLANATION.
PRESET COUNTER a) HOLE SIZE = .055 IN.
INTERVAL b) WEB SIZE = .032 IN.
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Figure 4-3 - Timing Relationship for Standard Punched Card
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4.3.1

READER CONTROL

The following is a detailed description of each block shown under Reader Control
in Figure 4-2, Block Diagram, M Series Card Reader.

4,3.1.1 4.8 MHz Oscillator and Four-Phase Generator

The block diagram and timing diagram for the 4.8 MHz Oscillator and
Four-Phase Generator is shown in Figure 4-4. The oscillator is crystal
controlled and provides a TTL compatible 4. 8 MHz squarewave as an out-
put. The 4.8 MHz output is divided by ten in a decade counter and the
counter's 480 KHz output used to drive the Four-Phase Generator. The
Generator then divides the 480 KHz by four, generating signals (A, (B,
@C, @D and C1 as shown by the timing diagram of Figure 4-4.

@A, @B, GC, @D and C1 are used throughout the reader as a timing
source,

4,3.1.2 Control Logic

The Control Logic (Figure 4-5) contains the Ready/Stop Logic, Power On
Reset, Blower Control, Reset Control and Good Pick Sync Control. At
reader power turn on, a three-second Power On Reset (POR) is initiated.
See timing of Figure 4-5. The long POR allows the blower to come up to
speed before the controlling device or an operator can initiate a reader

[DA-

ﬂB.

4.8MHZ o— FOUR o TO PICK LOGIC, CONTROL LOGIC ANC
CRYSTAL ——3 =10 =250 pase 25 g» { DATA CONTROL AND SYNC LOGIC
0SCILLATOR GENERATOR | pp

——

ET Ve
————» T0 PICK LOGIC

sovized L LT LT LTI LT

}-——8.33 u S-——4|
—f jm—=]y S ]

fe—=]1y S

Figure 4-4 - Block and Timing Diagram, 4.8 MHz Oscillator

and Four-Phase Generator
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operation. POR is also used to initialize the Pick Logic and Column
Counter. POR OR'ed with RESET to form POR + RESET resets the
Error Logic. The reader is now brought to the ready state by the opera-
tor depressing and releasing the RESET switch. Note that while the
RESET Switch is depressed, RESET is routed to initialize the Pick -Logic
and Column Counter and RESET activates the POR + RESET signal to the
Error Logic. The Reset Control is designed to ignore all RESET switg_h_

signals while a read cycle is in progress. Signals PCLK and 84CR or CR
identify the beginning and end of a read cycle.

Reader READY is signalled to the controlling device by the Ready/Stop
Logic when the RESET Switch is released provided HOPPER CHECK is
not being presented by the Error Logic. (All other Error Logic Check
signals will be reset by POR or RESET.) Reader READY is indicated

to the operator by the RESET Switch lighting green. The controlling
device can now begin a read cycle by transmitting a PICK COMMAND to
the reader. READY will be reset upon receipt of any CHECK signal from
the Error Logic or if the STOP Switch is depressed by the operator and
RESET INHIBIT is not present. The Ready/Stop Logic gates the STOP

signal with RESET INHIBIT, preventing READY from being reset due to
STOP during a card read cycle. RESET INHIBIT, generated by the

Reset Control, is set by PCLK and reset by 84CR or CR. The Stop Condition
is indicated by the STOP switch lighting red.

The Good Pick Sync Control is initialized by Pick Command Reset (PCR).

During a card read cycle, the Good Pick Sync Control detects a ONE

DARK and processes this signal with clock phase @C and @D to produce

Good Pick Reset (GPR). GPR is used to:

a. Initialize the Column Counter.

b. Begin the data synchronization process by the Data Control and Sync
Logic.

c. Verify to the Pick Logic that a Pick Command has been successful.

The Blower Control provides signals to control AC power to the reader
blower motor and drive motor. These motors automatically shut down
when a HECK (Hopper Empty Check) condition exists and switch S1

is in the AUTO position. After the HECK condition is corrected by
reloading the input hopper, depressing of the RESET switch will cause
the Blower Control Logic to activate the 3-second (nominal) POR,

When the SHUTDOWN switch is in the MAN position, all motors remain
on as long as reader power is applied.

4.3.1.3 Pick Logic

Once the reader is brought to ready condition, a PICK CMD from the
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controlling device can be accepted by the Pick Control. (Figure 4-6,

see

The
1.

2.
3.
4,

5.

6.

The

diagram and timing.)

Pick Logic will then:

Generate PCLK

Initiate a PICK pulse that drives the picker solenoid.

Control the PICK pulse length. -

Wait out the interval while the card leading edge is accelerated to
the read station (14 to 27 ms).

If the leading edge has not arrived in 50 ms, generate another pick
pulse. _

Repeat the pick attempt six times and if the leading edge has not
appeared, generate a pick fail alarm (PSET).

Pick Control generates PCLK (Figure 4-6 timing) until a GPR is

received or READY goes false due to the pick fail signal (PSET). PCLK

gate

d from Pick Control is divided by two decade MSI counters to a fre-

quency of 1.2 KHz. The 1.2 KHz is then counted by the Pick Control
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Counter. At the count of one the Pick Control Counter sets the Pick Flip-
Flop (FF). This begins the PICK pulse interval. The Pick Control Coun-
ter continues to count the 1. 2 KHz until count 10 (for M200, 300 and 600)
or 6 (for M1000, M1200) is decoded generating a reset tothe Pick FF
ending the PICK pulse. PCR, generated by the Pick FF, is used by the
Control Logic to initialize the Good Pick Sync Control. The Pick Control
Counter continues to count the 1.2 KHz while awaiting a GPR. If no GPR
is received by the count of 63, the Pick Control Counter resets to all
zeros and begins its count cycle again generating another PICK and PCR
pulse. PICK and PCR pulses will continue to be generated until a GPR

is received or the PICK Attempt Counter counts six PCRs and the Pick
Control Counter reaches Count 56. When six PCRs have been counted
and count 56 is reached PSET is generated. PSET will cause READY to
go false terminating PCLK.

Upon receipt of a GPR, the Pick Control signals Busy (BSY) to the con-
trolling device to indicate a card has entered the read station. BSY
remains true until 84CR iindicating the card has left the read station
and another PICK CMD can be accepted.

The position of Switch S1 determines the source of the PICK CMD. In
LOCAL, the PICK CMD signal is held true so that whenever the reader
is READY, PICK CMDs are generated internally each time 84CR

is reached. When in REMOTE, only a PICK CMD from the controlling
device can initiate a read cycle.

4,3.1.4 Column Counter

The Column Counter (Figure 4-7) provides a record keeping control
function by counting and decoding columns as the card passes through
the Read Station. Following GPR, a ST@C followed by a STOD (Refer
to timing diagram of Figure 4-7) will be generated for each column by
the Data Control and Sync Logic. STOC is used to drive the Column
Counter and STOD to sample the Count Gating. The Column Counter
generates OCR (0 column reset), 1CR, 81CR, 84CR. These signals
are used by the Control Logic, Data Control and Sync Logic, Pick Logic
and Error Logic as follows:

COUNT USED BY
OCR 1. Error Logic for a Dark Check and set Stack FF.
1CR 1. Data Control and Sync Logic to set the Index

Mark Control Flip Flop IMFF).

4-9



STPC

FrRoM DATA | I

COLUMN
CONTROL & COUNTER &
SYNC LOGIC »D- STPD COUNT GATING

RESET
FroM | I>———

I

CONTROL ¢ gp—OR 1 or oR JDCKS
LOGIC GPR L____’
(o4 o (oo o
8 (&) (&) (&)
-l B &
»
2
»
COLUMNS O 1 2 80 81 82 83 84
stoc @,
\
\
S TN
' |
N | ,
! | l
! | |
|
| I |
: | | |
OCR & l ! e | I 5
! | ’ | 1
] I |
1 CRS ! o : : "
| |
81 CRS £ I ' =
84 CR S 5 | P
|

2>

TO ERROR LOGIC

TO DATA CONTROL &

SYNC LOGIC, PICK LOGIC,
ERROR LOGIC, AND
CONTROL LOGIC

Figure 4-7 - Block and Timing Diagram, Column Counter

COUNT

81CR

USED BY

1. Data Control and Sync Logic to Reset the IMFF,

2. Error Logic for a Dark Check.
3. Error Logic for a Stack Check.
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84CR 1. Control Logic to reset the RESET INHIBIT Flip
Flop.
2. Pick Logic to enable the Pick Control for the next
PICK CMD and reset BUSY.
3. Error Logic for a Light Check.
4, Data Control and Sync Logic to reset the Sync
Control Logic.
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The Column Counter counts until 84CR is generated. The Column
Counter is reset to zero by each GPR and RESET or POR.

4.3.1.5 Error Logic

The Error Logic of Figure 4-8 contains the error/alarm detection cir-
cuits.

Once a PICK CMD is accepted by the reader, the Error Logic is sampled
at intervals of card processing for error and reader conditions. These
error/reader conditions are referred to as CHECK CONDITIONS and
shown in the timing diagram of Figure 4-7. Should a CHECK CONDITION
occur the reader READY will be reset. The first test is Pick Check. I
a PSET is signalled to Pick Check, a Motion Check (MOCK) will be sent
to the controlling device. PSET will occur approximately 300 ms after
PICK CMD was received and reader READY will be reset. Pick Check
will be signalled to the operator by the PICK CHECK control panel indi-
cator. K PICK CHECK does not occur, a read cycle will be in process
and OCR will sample the Dark Check circuits. Should ONE LIGHT be
present during the check, indicating a failed LED, phototransistor, or

a torn card leading edge, an ERROR signal will be sent to the controll-
ing device and READY dropped. The reader control panel will indicate
READ CHECK.

The Hopper Empty circuit senses closure of the Hopper Empty micro-
switch, This switch is located under the riffle cap and senses when the
last card has left the Hopper. As shown in the timing for CHECK CON-
DITIONS the hopper empty switch will close between columns 18 and 22

- of the last card. Hopper Empty is signaled to the controlling device and
READY is reset. Hopper Empty is signalled to the operator by the
HOPPER CHECK indicator.

OCR will be followed by 81CR which samples the Stack Check circuits

and again samples the Dark Check circuits. The stack check sensor is
located at the exit of the card track and detects that the tail of a card is
clear of the card track (fully seated in the output stacker). The Stack
Check logic is designed to test the stack sensor light-to-dark transition
(i.e., track clear) between the time an OCR signal occurs (card entering
the read station) and the 81CR signal occurs. Should this transition not
have taken place, a STACK CHECK alarm is generated. This signal
generates a MOTION CHECK to the controlling device, resets the READY
line and lights the STACK CHECK indicator on the control panel.

84CR occurs next in the read cycle and samples the Light Check circuitry.
A ONE DARK present at 84CR indicates a failed LED phototransistor or
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excessive card slip in the read track. This error is signalled to the con-
trolling device as an ERROR and the READY line is reset. The reader
control panel will indicate READ CHECK. .

Since 84CR is also used to reset RESET INHIBIT, the Stacker Full circuit
will be checked for a closure of the Stacker Full Switch. If the switch is
closed, the Stacker Full circuitry will send STACKER FULL to the con-
trolling device, Reset READY, and light the HOPPER/STACKER Indicator.

All error conditions are cleared by the Reset Switch.
4,3.2 DATA DETECTION

The following is a detailed description of each block shown under Data Detection
in Figure 4-2 Block Diagram, M Series Card Reader.

4.3.2.1 Data Amplifiers and Inverters

The Light Station contains one infrared Light Emitting Diode (LED) and
the Read Station one Phototransistor for each of the 12 punched card rows.
Light emitted by the LEDs is allowed to pass to the Phototransistors by
the presence of punched holes inthe tab card. Figure 4-9 presents a
block diagram and typical waveform for the Data Amplifiers and Inverters.
Light reaching the Phototransistor (PT) is amplified by the PT and can-
verted into an electrical signal at its' emitter. A typical PT's emitter
waveform is ROW 12 (A). As the leading =dge of the card passes over

the PT lens, the received light is reduced causing a reduction in the PT's
output voltage. The emitter of the PT is coupled to pull down resistor R
and the input of a high impedance TTL inverter. When the PT's emitter
voltage drops through the switching threshold of the inverter (nominally)
1.4 volts) the inverter changes states. The High Impedance Inverters
output is amplified by the Inverter and then used to drive the One Light
and One Dark Logic. As can be seen from the waveforms each time the
High Impedance Inverters threshold is crossed the device switches states
driving the inverter to produce waveform ROW 12(B).

4,3.2.2 One Dark and One Light

In order to provide the Dark Check at OCR and 81CR and the Light Check
at 84CR, the outputs of the Data Amplifiers and Inverters are OR'ed in a
One Light nor gate and inverted and OR'ed in a One Dark nor gate. These
nor gates consist of 12 each open collector, TTL inverters in a wired OR
configuration. Figure 4-10 is a block and timing diagram for the One
Dark and One Light logic.
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The timing of Figure 4-10 shows the normal waveforms for ONE DARK
and ONE LIGHT. When OCR occurs, ONE LIGHT should be low indicat-
ing all PTs are dark. The same is true for 81CR. At 84CR, ONE DARK
should be low indicating light is being received by all PTs. If the fore-
going conditions are not met, a READ CHECK will result and the reader
READY will be reset.

4.3.3 DATA STORAGE

The following describes the blocks shown under Data Storage in Figure 4-2 Block
Diagram, M Series Card Reader.

4,3.3.1 Data Control and Sync Logic

The Data Control and Sync Logic provides the synchronization and control
necessary for data storage. Figure 4-11 is the block diagram, timing
and illustration that should be referenced to fully understand the following
description.

Following a GPR, the Data Control and Sync Logic must measure by
means of logic counters two distances to determine where the Column
Storage Data Strobe should begin. As shown on the card illustration,

ONE DARK ONE DARK @ 10 ERROR LOGIC &
(NOR GATE) CONTROL  LOGIC

FROM DATA 12 DATA

AMPLIFIERS INVERTERS # - T0 DATA REGISTER
12 NE LIGI NE LIGHT
7~ (ONOR LGIATET) ———.TO ERROR LOGIC

| |
[==———-—CARD DATA FIELD—-——.i

I0 CR 81CR !

|
|

— _J——.WW
|

e WW
!

| |

LEADING EDGE
CORNER NOTCH

Figure 4-10. Block and Timing Diagram, One Dark
and One Light
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the first measurement is the PRESET DISTANCE. PRESET is the dis-
tance from the card's leading edge (GPR) to the point in column 0l where
the Column Storage Data Strobe (CSDS) should begin. This distance is
equal to . 063 inch. The PRESET DISTANCE is predetermined and a
PRESET count calculated by knowing the PRESET distance, card velocity
and the Preset Counter's input clock rate. The sole purpose of the
PRESET DISTANCE is to establish an end point for measuring OFFSET.

As the PRESET DISTANCE is being counted, the OFFSET DISTANCE is
measured. The OFFSET is the distance from the trailing edge of the
last Timing Disc tooth to pass the magnetic pickup to where the CSDS
should begin. Since there are precisely two timing disc teeth for each
Column on the card, the reader logic can now count the next two teeth's
trailing edges, add the Offset Count and again be positioned to provide
CSDS.

Because the Timing Disc's teeth rotate past the magnetic pickup asynch-
ronously with respect to the arrival of the card's leading edge in the
Read Station, the OFFSET DISTANCE is a variable and subsequently
measured and stored for each card read.

The Synchronization process is initialized when a GPR is received by the
Sync Control Logic and Preset Counter. GPR presets the predetermined
count in the Preset Counter and causes the Sync Control Logic to generate
PRCIK (see timing of Figure 4-11). A zero crossing amplifier (AMP)
converts the sine wave produced by the Magnetic Pickup to a TTL com-
patible squarewave TST1. Following GPR, the first negative transition
of TST1 (corresponds to tooth trailing edge) generates TST2 that causes
the Sync Control Logic to generate OSCLK (Offset Clock). OSCLK at

120 KHz drives the eight stage Offset Storage Counter, counting it up-
wards, while and until the Preset Counter reaches all ones. ZERO is
now generated by the Preset Counter terminating both PRCLK and OSCLK.
The OFFSET has now been measured electronically and stored in the
Offset Storage Counter.

The Sync Control counts two negative transitions of TST1 and generates
Offset Up-Clock (OSUCLK). OSUCIK is used to count the Offset Counter
up until the Comparator detects an equal value between the Offset Storage
Counter and Offset Counter. CSDS for Column 0 is now generated by the
Strobe Logic. The Strobe Logic's ST@B resets the Sync Control Logic,
ST@C resets the Data Register and ST@C and STOD are used to drive the
Column Counter. The Sync Control Logic repeats this cycle for every
other TST1 causing the Strobe Logic to generate CSDS, STOB, STOC

and STOD each time.
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1CR from the Column Counter sets the Index Mark Control Flip Flop (IMFF)
in the Strobe Logic. The Strobe Logic generates 6us Index Marks (IM) for
each Column. The IM indicates to the controlling device the beginning of the
guaranteed data period. When the 81CR is received by the Strobe Logic, the
IMFF resets preventing any further IM's from being sent to the Controlling
Device. The Data Control and Sync Logic will continue to generate CSDS
signals until 84CR resets the Sync Control Logic.

4.3.3.2 Data Registers

Data detected by the Data Amplifiers and Inverters is routed through the
One Dark and One Light circuitry to the Data Register for transfer to
the Controlling Device. Figure 4-12, Data Registers and Data Drivers
diagram and timing details this sequence.

The 12 bit Data Register is reset each time ST@C is generated by the
Data Control and Sync Logic. The 1 us STOC is followed in approximately
4 us by the Column Storage Data Strobe, CSDS. CSDS is synchronized
with the card movement by the Data Control and Sync Logic so that they
occur in the center of the card's data columns. Any ROW's input to the
Data Register that is low during CSDS will cause a '"'1" to be stored for

the row. When CSDS goes low, a period of guaranteed data occurs. This
period lasts until CSDS again goes true.

The data drivers provide the necessary buffering between the Data Regis-
ter and the Controlling Device.
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SECTION 5
INTERFACE

5.1 GENERAL

This scction covers the interface between the M Series punched card readers and the equip-
ment into which it transfers data.

5.2 TIMING

In interfacing the M Series card readers to an external system or card reader controller,
three separate categories of interface signals must be considered. The firsi are the
signals which control and report the status of card processing, the second are the data
signals themselves with their associated index marks, and the third are the various
alarm signals provided. In the description following, refer to the timing diagram shown

in figure 5-1.
5.2.1 PICK CONTROL

The PICK COMMAND initiates the card read cycle, and depending upon its duration,
the card reader will either continuous run or operate in a card-at-a-time mode.
This signal can be presented to the reader at any time, but the reader will only
accept it when the READY line is TRUE. The READY signal indicates that the

card reader is cleared of errors and is ready to receive a PICK COMMAND from
the external program control. A visual indication of the READY line is the green
RESET indicator on the front control panel.

The conditions which must be present for the READY line to be TRUE are:

1. Power applied and the 3-second run-up completed.

2.  The input hopper has been loaded.

3. REMOTE is selected on the LOCAL/REMOTE MODE switch.
4. Depress and release of the RESET pushbutton.

Should all of the above conditions be satisfied, the presence of a PICK COMMAND
signal will generate the PICK pulse to the picker solenoid. The first card is intro-
duced into the card track, and after a delay (see A, figure 5-1), the leading edge
will arrive at the read station. The BUSY signal will go TRUE as soon as the lead-
ing edge of the card enters the read station.

To initiate the card pick cycle, the PICK COMMAND must be present for at least
1 microsecond (us) concurrently with the READY signal. Once the pick cycle is
initiated, the PICK COMMAND line is ignored until the BUSY signal goes FALSE,
indicating the end of the card read cycle. In card-at-a-time operation, it is sug-
gested that the PICK COMMAND be retained TRUE until receipt of the column 1
index mark. In the continuous run mode, the PICK COMMAND may be left in the
TRUE condition and a new PICK signal will be automatically generated within 1 us
of the BUSY signal going FALSE,
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Figure 5-1. Interface Timing Diagram



Should the picker fail to engage the card, the Pick Control logic will wait 50 milli-
seconds (ms) and automatically try again. It will continue to generate a PICK
pulse every 50 ms until 6 attempts have been made. After 6 attempts have been
unsuccessful (300 ms), a PICK CHECK alarm will be generated, disabling the
READY line.

5.2.2 DATA READOUT

The card read cycle starts with the recognition that the card leading edge has entered
the read station. At this time the BUSY line goes TRUE. Eighty equally spaced
Index Marks of 6 us duration are generated while the BUSY signal is present. The
time spacing of the Index Marks and the BUSY signal are shown by intervals, B, D,
and E on figure 5-1.

It can be seen from the timing diagram that data signals may appear on the data
output lines before the occurrence of the associated Index Mark. Since torn webs
are sometimes encountered which could partially obscure the hole, all Documation
card readers feature a wide data acceptance interval to provide greater tolerance

. to this damage. During this interval, any signal from the read station sensors
indicates a hole, and therefore is recognized as a valid data bit and is stored into
the Character Buffer. Since the contents of the Character Buffer are subject to
change throughout this interval, the data is not guaranteed until the end of the
acceptance interval. This period is terminated 2 us prior to the Index Mark.

By the time the Index Mark is generated, the data will have been read, stored, and
the data lines settled. Data levels are guaranteed to remain on the output lines
available for transfer to the external equipment for interval C.

5.2.3 ALARMS

A descripfion of the standard alarm signals provided in the M Series reader follows:

5.2.3.1 Hopper Check

The HOPPER CHECK signal remains FALSE during normal card reader
operation, but goes TRUE if either the input hopper is empty or the out-
put stacker is full. If the input hopper is empty and the SHUTDOWN
switch is in AUTO position, the motors are also automatically switched
off; when the input is reloaded and RESET depressed, the motors will
automatically turn on.
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When the last card leaves the input hopper, the switch which senses the
empty condition immediately signals a HOPPER CHECK and disables the
READY signal. This occurs at the 81st data column. The reader continu
the read cycle; however, when the BUSY line next goes FALSE the reader
is stopped. In the case of a full output stacker, the HOPPER CHECK
signal only appears at the end of the read cycle during which it occurred.

5.2,.3.2 Error

The ERROR signal is produced by failure of the LIGHT or DARK check.
This usually indicates that a card has a tear at the leading or trailing
edge (DARK CHECK). If the read station should experience an emitter/
sensor failure while reading a card, the LIGHT CHECK will pick it up.
Either type of failure will be signalled by the ERROR line going TRUE
and a READ CHECK indication on the front panel. '

5.2.3.3 Motion Check

The MOTION CHECK signal is a composite of the PICK CHECK and
STACK CHECK alarm. Both alarms are conditions requiring operator
intervention and are furnished to the interface as a single alarm line.
The condition is displayed on the front panel indicator lights as either a
PICK CHECK or a STACK CHECK. The MOTION CHECK signal will
occur within 300 ms of the initiation of an unsuccessful pick attempt or
in time to inhibit the picking of the second card after the stacker sensor
detects that a card is not completely clear of the card track.

5.3 CONNECTORS

The 38-pin output connector provides access for all control, data and alarm lines. The
output connector is Elco part no. 00-8016-038-000-707 and the mating connector is Elco
part no. 00-8016-038-217-704 with solder-type pins (#60-8017-0513). This mating con-
nector assembly is available from Documation and is shipped unassembled as a kit

(P/N 10139401).

The power connector is Hubbell part no. 7486. The mating connector is Hubbell part no.
7484. The mating AC power connector is supplied on the.standard accessory power cord;
however, it is identified if it is desired to fabricate a special power interface.



The standard M Series pin assignment configuration is listed as follows:

PIN

f<cHUEIUZZECORSTAEHO QW >

SIGNAL

D12
D11

DO

D1

D12 (RET)
D11 (RET)
DO (RET)
D1 (RET)
D2

D3

D4

D5

D2 (RET)
D3 (RET)
D4 (RET)
D5 (RET)
D6

D7

D6 (RET)

J2 1/0 SIGNAL CONNECTOR PIN LIST

DESCRIPTION PIN SIGNAL
Row 12 Data X D7 (RET)
Row 11 Data Y D8
Row O Data Z . DI
Row 1 Data AA IM
BB RDY
CcC D8 (RET)
DD D9 (RET)
EE IM (RET)/GRD
Row 2 Data FF RDY (RET)
Row 3 Data HH ERROR
Row 4 Data JJ HCK
Row 5 Data KK MOCK
LL PC
MM BSY
NN Error (RET)
PP HCK (RET)
Row 6 Data RR MOCK (RET)
Row 7 Data SS PC (RET)
TT BSY (RET)

POWER CONNECTOR PIN LIST

PIN SIGNAL

W Safety Ground (green)
X Neutral (white)
Y 115 Volts (black)

DESCRIPTION

Row 8 Data
Row 9 Data
Index Mark
Ready

Signal Ground

Error

Hopper Check
Motion Check
Pick Command
Busy



5.4 SIGNAL CHARACTERISTICS

The standard interface is supplied as the output of TTL type 7404. Signal sense is speci-
fied as a Logical TRUE and is a positive level; logical FALSE is a ground level. Circuit
characteristics are shown in figure 5-2, Other output drive configurations are available.

5.5 GROUNDING

‘Grounding within the M Series card readers maintains AC power and signal ground separate.
Signal ground is the logic power return (Vcc return) and is transformer isolated from the
AC power distribution system. The chassis is protected by connection to the safety wire
(green) in the AC power cord. '

It is recommended that twisted pair cable be used to connect the M Series card readers to
external equipment. The signal returns should be terminated as close as possible to the
signal receivers. It should be noted that pin EE (Index Mark return) is designated as
SIGNAL GROUND on the pin assignment chart, I twisted pair interconnection is not used,
it is recommended that pin EE be connected to the external equipment signal return.

Vee
Output Drive
TTL type 7416
R Iload Logical TRUE
Ii0aqg = 400 ua @ 2.4V min(with R=5, 6K)
Logical FALSE
Iiink Toink = 16 ma @ 0.4V max
Vee
330 ohms
< Input Impedance
(PICK COMMAND)
1 DTL -
Load —~ .01 ufd
b

Figure 5-2. Circuit Characteristics
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SECTION 6
ADJUSTMENT PROCEDURES

6.1 GENERAL

The adjustment procedures necessary for proper reader operation are listed
separately in this section for ease in reference. These adjustments should be check
ed when minor malfunctions occur and before major repair is attempted. They will
also be used after major repair and replacement.

To perform any of the adjustment procedures in this section, it is necessary to
remove the top cover and/or the rear panel as follows:

a. Using a 5/64 Allen wrench, remove five screws @ , figure 6-1, which
hold the top cover.

b. Lift cover sufficiently to disconnect the control panel connector, figure
6-3, and remove cover.

c. Using a 5/64 Allen wrench, remove six screws @ , figure 6-2, which
hold the rear panel.

d. Move panel out slightly, disconnect fan connector and remove panel.

e. After adjustments have been completed, replace top cover and/or rear
panel removed.

6.2 TENSION ON THE MAIN DRIVE MOTOR BELT

a. Using a Phillips screwdriver, LOOSEN three motor mounting screws @ )
figure 6-3.

CAUTION

THE DRIVE MOTOR BELT TENSION IS CRITICAL. TOO
MUCH TENSION CAN CAUSE EXCESSIVE WEAR OF DRIVE
ROLLER BEARING. IT MAY ALSO CAUSE DEFLECTION

OF DRIVE ROLLER BEARING SHAFT RESULTING IN READ
CHECKS. TOO LITTLE TENSION MAY CAUSE BELT TO
JUMP A COG OR CREATE A NON-CONSTANT TRACK

SPEED RESULTING IN LOSS OF TIMING, INCORRECT DATA,
OR READ CHECKS.

b. Move motor back and forth to be sure it slides freely. Attach spring
scale to motor stand off so that pulling on spring scale from front of
card reader and in line with motor mounting slots will apply tension to
main drive motor belt. Pull on spring scale until it reads 24 ounces.
Hold tension at that level and tighten three motor mounting screws.
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Figure 6-1. Top Cover Removal

Rear Panel Removal

Figure 6-2.
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CONTROL PANEL PICKER

PICKER
CONNECTOR BUMPER .

SECTOR RIFFLE CAP EMPTY SWITCH

HOPPER EMPTY
SWITCH MOUNTING
SCREWS

HOPPER EMPTY
SWITCH LEADS

ATTACH PICKER SECTOR
SPRING SCALE SET SCREWS

PICKER STOP

Figure 6-3. Drive Motor Belt Tension Adjustment
6.3 MAGNETIC PICKUP ADJUSTMENT

The magnetic pickup is adjusted to ensure that timing pulses are developed
correctly. There are two adjustments: horizontal alignment and air gap. Refer
to figure 6-4.

a. Using a 5/64 Allen wrench, LOOSEN set screw that is holding timing
disc on drive roller shaft and position timing disc on drive roller shaft
so that it is in a horizontal plane with center of magnetic pickup tip.

CAUTION

IF THE TIMING DISC MUST BE REMOVED,
EXERCISE EXTREME CAUTION. DAMAGE
TO DISC WILL RESULT IN ERRONEOUS
MACHINE OPERATION.

-

SET SCREW L TIMING
DISK

MAGNETIC PICKUP SET SCREW
AIR GAP - .007 £ .001

Figure 6-4. Magnetic Pickup Adjustment
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b. Align disc in correct position and tighten set screw, making sure that
set screw is tightened on flat side of shaft.

c. To adjust air gap between magnetic pickup and timing disc, LOOSEN set
screw holding magnetic pickup in its mounting block and reposition

pickup. The air gap should be set to .007" * .001". (One punch card
may be used as gauge.)
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