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Figure 38. Wiring Diagram - Auxiliary Card Count Device, Type 82
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SORT SUPPRESSION DEVICE

THE SORT suppression device may be installed on a
Type 75, 80 or 82 Sorter. This device is controlled
externally by means of a toggle switch which is
mounted below the start and stop buttons in a recess
in the upper right front cover assembly (Figure 35).
When the sort suppression switch is off, regular sorting
is accomplished in the normal manner.

This device permits the segregation of cards into
either the reject pocket or the 12 pocket without dis-
turbing the sequence of the cards within the two
groups. It is useful in the segregation of unpunched
cards because, when sorting is suppressed, blank cards
are rejected while all other cards fall into the 12
pocket in their original sequence. It is also useful in
_conjunction with the contact bars on the selector com-
mutator if cards containing one of two or more digits
are to be separated without disturbing the sequence of

WIRING CODE

STANDARD o
ADDED

either the selected or the unselected cards. For example,
with sort suppression on, and the 1 and 3 contact bars
on the selecting commutator retracted towards the
center, all cards punched 1 or 3 will be rejected while
all cards punched with other digits will fall into the
12 pocket. The sequence of the cards in both pockets
will remain undisturbed. With the 12 contact bar on
the selecting commutator in the out position, cards
punched 12 will always sort into the 12 pocket, re-
gardless of the setting of the sort suppression switch.

CIRCUIT DESCRIPTION

THE FOLLOWING circuit description applies to a Type
82 sorter equipped with a sort suppression device.
Figure 39 is a reproduction of the sorting suppression
wiring diagram 270093-A. All circuit description per-
taining to sort suppression will refer to this figure.
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Figure 39. Wiring Diagram - Sort Suppression
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Device, Type 82
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Sort Suppression Commutator

In addition to the sort suppression switch, there is
a sort suppression commutator which is mounted on
the card feed crankshaft (Figure 36). This is a split
commutator which can be fastened to the shaft with-
out having to remove any basic parts. Two brushes,
mounted in a holder fastened to the right end frame
assembly, ride the surface of the commutator and are
electrically connected each time the metal segment on
the cam passes under the brushes. This commutator
completes one revolution per card cycle. It is timed
to make contact when the card is g5 to 3%” under
the 11 chute blade (12 time).

Energizing the Sort Magnet

During sort suppression, sensing of any value of
punching in the card fires the OA4G trigger tube in
the normal manner. Once fired, the OA4G remains
ignited until the center brush on the selector commuta-
tor breaks near the end of the card cycle. Although
firing of the OA4G immediately removes the normal
negative grid bias from the 25L6 power tubes, the
sort magnet is not energized until 12 time when the
sort suppression commutator makes. When the com-
mutator makes, it shunts around the .5 megohm re-
sistor connected between the cathodes of the 25L6

tubes and the negative side of the line. This .5 megohm
resistor is connected across the DC circuit in series with
a 1 megohm resistor to form a voltage divider and
provide additional bias for delaying the firing of the
25L6 tubes.

The voltage drop across the .5 megohm resistor is
applied to the cathodes of the 25L6 power tubes
through octal pin 8. This voltage is of a positive value
in respect to the zero or negative side of the DC circuit
and, as such, drives the cathodes of the 25L6 power
tubes positive in respect to the negative side of the
DC circuit. When the cathodes are driven positive in
this manner, they become more positive than their con-
trol grids. This, in effect, means that the control grids
are then negative with respect to their cathodes; there-
fore, the 25L6 tubes fail to go into conduction even
though the normal negative grid bias is removed when
the OA4G fires. When the sort suppression commuta-
tor makes to shunt around the .5 megohm resistor, the
additional bias is removed, thus allowing the 25L6
tubes to energize the sort magnet for sorting the card
into the 12 pocket.

If the card brush does not sense a value in the card
because that column is blank or because the selecting
commutator contact bar for that value is retracted, the
OA4G will not fire and the card will pass to the reject

pocket.



CARD MATCHING DEVICE

A TYPE 75, 80 or 82 Sorter may be equipped with a
card matching device and may be used for regular sort-
ing as well as for card matching. When it is desired to
do card matching, it is necessary to turn the two card
matching switches at the front of the machine to the
ON position. When regular sorting is desired, these
switches must be OFF.

The card matching device is primarily used to sense
a previously filed pack of master and detail cards and
to reject those master cards which are not preceded by
one or more detail cards. In the following discussion
of card matching, detail cards will be considered as
those cards whose file may be incomplete in quantity,
while master cards will be considered as those cards
which constitute a complete file.

Each detail card or group of detail cards precede
their master card or cards in the sorter. These cards
are sensed by a special demountable rail brush which
can be mounted on the front or rear rail of the machine
(Figure 40). This brush should be timed in the same
manner as the card brush. The rail brush is used to
sense corner cuts or a 12 or 9 punch in columsns 1 or
80 of the detail cards.

Detail cards may be fed into the machine 12 or 9
edge first, face up or face down, depending upon
whether the detail cards are filed in their storage cabi-
net in front of or behind the master cards. The method
of feeding used should be that method which will allow
the detail cards to be fed ahead of the master cards

Figure 40. Card Matching Rail Brush
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and which will place the hole or corner cut at the lead-
ing edge of the detail card.

The 9 contact bar and the zone contact bar on the
selector commutator must be in the out (contacting)
position. All other contact bars should be retracted to-
wards the center. The master cards are identified by
means of a significant punch in a specified column or
a corner cut on the opposite end of the card from which
the corner cuts occur in detail cards. Significant punch-
ing in a master card is sensed by the regular card
brush. This punching, however, must not occur in
either of the two columns next to the rail brush. A
special offset brush holder for the card brush is pro-
vided if it is desired to use a contrasting corner cut to
identify master cards.

If the identifying punch in the master card is other
than a 9 punch or a 12 punch, the corresponding com-
mutator contact bar must be in the out position in
addition to the 9 and zone contact bars. All other con-
tact bars should be retracted.

If master cards are being fed 12 edge first, the proper
commutator contact bar for sensing significant punch-
ing must be selected in reverse order, i. e., an eight
contact bar for 11 punching, a seven contact bar for
0 punching, etc.

Operation

Although it is possible to match detail cards with
groups of master cards, the operation described below
deals with only one master card for each group of
detail cards.

The first detail card with a punched hole or corner
cut which is read by the rail brush is sorted into the 9
pocket. This sets up an automatic holding circuit to
sort successive detail cards into the 9 pocket also. Those
detail cards following the first detail card may or may
not have the detail identification punching or corner
cut in them. As soon as a master card is sensed by the
card brush, it is automatically sorted into the 9 pocket
and the holding circuit to sort 9’s is interrupted before
the next card is sensed. This master card is identified
by means of a significant punch or a corner cut which
contrasts those on the detail cards.

Once the holding circuit for sorting 9’s has been
interrupted by sensing a master card, any succeeding
master cards are passed into the reject pocket until
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the advent of a detail card which again causes sorting
into the 9 pocket. Thus, it can be seen that if two
master cards occur in direct succession, the first master
card will follow its group of detail cards into the 9
pocket while the second master card will be rejected.
As long as each master card is preceded by one or more
detail cards, both the detail cards and their master
card will sort into the 9 pocket.

If it is desired to match a group of detail cards with
more than one master card, the master card identifica-
tion must occur only in the last master card of each
group. If the identifying punch or corner cut were to
occur in all master cards, the first master card of each
group would follow its detail cards into the 9 pocket
but the latter master cards of the group would be re-
jected.

Cards which have no punching or no corner cut
which can be read by either the card brush or the rail
brush will sort into the same pocket as the preceding
card. If such a card is the first card fed into the machine,
it will reject.

Those cards having a corner cut or significant punch-
ing which is read by the card brush will reject, unless
they are preceded by a detail card.

The arrangement of the cards as well as the identify-
ing punching or corner cuts in the cards is a factor
that governs matching. However, it should be remem-
bered that matching with this device should be done
only with a master deck that is known to be complete.

CIRCUIT DESCRIPTION

THE FOLLOWING circuit description for card matching
covers the operation of a Type 82 Sorter with a card
matching device. The circuits described refer to wiring
diagram 270094. A reproduction of this wiring dia-
gram is shown in Figure 41.

An additional relay chassis, which accommodates
the circuit components necessary for card matching, is
mounted on the inner side of the main relay gate at
the top (Figure 42). The two card matching switches
are located directly below the start and stop keys in a
special recess in the right upper front cover assembly.

A commutator is mounted on the card feed crank-
shaft and is timed to make at 9 time and break after
12 time of each card cycle. This commutator consists
of a split cam which can be setscrewed to the shaft
without removing any basic machine parts. A pair of
brushes, mounted in a holder which is attached to the

. This chassis od’dedykk'.,k

for card matching
- L 3

Figure 42. Card Matching Tube Chassis

right end frame assembly, ride on the surface of the
cam and are electrically connected once each card
cycle when the metal section of the cam passes under
the brushes.

As previously stated, the rail brush is timed to make
at the same time as the card brush. By means of the
thumb screw on the rail brush assembly (Figure 40),
the rail brush may be positioned properly for track-

ing.

Sorting Detail Cards (Figure 41)

When the corner cut or 12 or 9 punching in the
first detail card of a group is sensed by the rail brush
at 9 time, a circuit is completed as follows to apply
4150 volts to the starting anode of the OA4G trigger
tube: from the plus DC circuit terminal 13, to the
TD-A point, through contact roll cover switch 1, card
lever contact 1, to R-1, through the outer selector com-
mutator brush, the inner commutator brush on the 9
spot, the contact roll common brush, contact roll, the
hole in the card (or corner cut), rail brush, card match-
ing switch 1 ON, octal plug terminal 5, 47,000 ohm
resistor, to the starting anode of the OA4G trigger
tube. Applying this voltage to the starting anode
causes the OA4G trigger tube to fire, thus removing the
grid bias from the 25L6 power tubes and energizing



58 SPECIAL DEVICES

the sort magnet at 9 time through the card matching
commutator. This sorts the detail card into the 9 pocket.

Under regular sorting conditions, the OA4G trigger
tube ceases to conduct when the center brush on the
selector commutator opens its main anode circuit after
12 time each cycle. In this instance, however, the
N/c A point of the card matching relay A shunts
around the outer and center commutator brushes via
MCM-R2, thus keeping the OA4G trigger tube con-
tinuously ignited. This automatically sorts all successive
detail cards into the 9 pocket along with the first detail
card.

Although the OA4G trigger tube remains contin-
uously ignited while successive detail cards are passing
through the machine, the sort magnet is de-energized
between 12 and 9 time on each cycle so that there will
be no conflict with the mechanical armature knockoff.
This de-energization is accomplished by introducing an
additional bias voltage in the cathode circuit of the
25L6 power tubes which control the circuit to the sort
magnet.

This voltage is obtained from a voltage divider con-
sisting of a 1 megohm resistor and a .5 megohm re-
sistor connected in series across the DC machine circuit.
By referring to Figure 41, it can be seen that any volt-
age drop across the .5 megohm resistor is applied to
the cathodes of the 25L6 power tubes through octal
plug pin 8. This voltage is of a positive value in re-
spect to the zero or negative side of the DC circuit and,
as such, drives the cathodes of the 25L6 power tubes
positive with respect to the negative side of the DC
circuit. When these cathodes are driven positive in this
manner, they become more positive than their control
grids. This in effect means that the control grids are
then negative with respect to their cathodes; there-
fore, the tubes cease to conduct and the sort magnet
is de-energized. (See principle 7 in the Type 82 Circuit
Description.)

The .5 megohm resistor is shorted by the card match-
ing commutator between 9 and 12 time, thus removing
the bias from the cathodes by connecting them directly
to the negative side of the circuit. This allows the
25L6 power tubes to conduct and energize the sort
magnet at 9 time of each cycle as long as the OA4G
trigger tube remains ignited.

Sorting Master Cards

When a master card is sensed by the card brush,

the starting anode of the MCM OA4G tube is driven
positive, thus firing the tube and picking up the card
matching relay A (Figure 41). This relay then holds,
through the 500 ohm resistor, the N/o relay A points,
and the center and outer brushes on the selector com-
mutator. The starting anode circuit of the MCM OA4G
tube is interrupted when the hole in the card passes from
under the card brush. Transfer of the A relay points
shunts the main anode circuit of the MCM OA4G tube,
lowering the potential across it greatly and causing it
to go out. (See principle 9 in the Type 82 Circuit
Description.)

Transfer of the A relay points places the sort trigger
OA4G tube under control of the center and outer
selector commutator brushes via MCM-R2. When the
center brush on the selector commutator breaks after 12
time, the hold circuit for relay A is interrupted and the
main anode circuit of the OA4G sort trigger tube is
opened. Opening of the main anode circuit of the OA4G
trigger tube causes it to go out, thus de-energizing the
sort magnet and restoring the sorting circuits to normal
by placing the normal negative grid bias on the 25L6
power tubes.

Once the sorting circuits have been restored to nor-
mal in the foregoing manner, any succeeding master
cards are rejected until the advent of a detail card
which is read by the rail brush. When a detail card
is sensed, this card and all successive detail cards are
sorted into the 9 pocket as previously described, until
a master card is encountered.

Purpose of Miscellaneous Circuit Components

The 8 mfd. capacitor across the A relay coil increases
the dropout time of this relay sufficiently to insure that
the MCM OA4G tube will go out before anode voltage
is again applied.

The 47,000 ohm resistor in the starter anode cir-
cuit of the MCM OA4G limits the starter anode cur-
rent when the tube fires.

The .001 mfd. capacitor between the starter anode
and cathode of the MCM OA4G serves to bypass high
frequency transient pulses which might otherwise fire
the tube at the wrong time.

The .5 megohm resistor in the cathode circuit of the
MCM OA4G connects the starting anode to its cathode,
thus keeping the starter anode at its own cathode po-
tential as long as the card insulates the card brush from
the contact roll.



MULTIPLE COLUMN SELECTION DEVICE

THE MULTIPLE column selection device may be in-
stalled on a Type 75, 80 or 82 Sorter and can be used
for either multiple column selection or zero elimina-
tion. This device has no effect upon machine speed.

Externally the device consists of a demountable ten-
position brush which permits reading from any ten
adjacent card columns in one pass of the card through
the reading station. In addition, the machine is ex-
ternally equipped with a small control panel, ten
switches for the selection of brushes for sorting, and
the necessary operational control switches. On a Type
82 machine there are three operational control switches;
two zero-eliminate switches which are connected by a
common bar and operate together, and one multiple
column selection switch, On Type 75 and 80 machines
there are two operational control switches; one zero-
eliminate switch and one select switch.

On a Type 82 machine, the operational control
switches are mounted directly below the start and stop
keys in a special recess in the right upper front cover
assembly. The control panel and brush selection
switches are mounted on a special cover plate on the
right end of the machine as shown in Figure 43. A
holder is provided on this cover plate to accommodate
the ten-position brush holder and cable assembly when
it is not in use. The plastic cover over the control panel
and brush assembly operates a microswitch to open
the main machine circuit when this cover is raised. In.
addition, there is a contact in the brush holder assembly
which is open at any time the brush holder is not
mounted in its reading position or is not properly
mounted on its holder near the control panel. This
brush holder contact also opens the main machine cir-
cuit, thus protecting the operator from shock while
handling the brush assembly.

Figure 43. Multiple Column Selection Device, Type 82
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On a Type 75 or 80 machine, the control panel,
the brush selection switches, and the operational control
switches are all mounted on a special inclined cover
plate on the right end of the machine.

Operation of all multiple column selection external
controls, including the layout and wiring of the con-
trol panel, is similar for the Type 75, 80 and 82
machines.

Control Panel

A diagram of the control panel is shown in Figure
44. The brush positions, 1 through 10, are labelled on
the top row of hubs. Brush position 1 denotes the rear
brush on the brush unit.

The two upper rows of hubs, which are commoned
together vertically at each position and are labelled
ZONE PUNCHING, emit impulses for their respective
brush position when a 0, 11 or 12 punch in the card
is sensed by that brush position. The third and fourth
rows of hubs, which are commoned together at each
position and are labelled LOWER PUNCHING, emit im-
pulses for their respective brush positions when a digit
punch in the card, 1 through 9, is sensed by that brush
position.

The lower row of selector hubs, 9 through 12, are
entry hubs for the reception of impulses emitted from
the brush hubs. These selector hubs are internally wired
to a selecting commutator which acts as a rotary switch
to direct impulses to perform the proper function with-
in the machine, depending upon the timing of the
impulse received.

The SC hub is an entry hub for the reception of im-
pulses emitted from the brush hubs. It is usually used
to permit selection of a common digit or digits from
one or a multiple number of columns within the span
of the ten position brush.

Common Digit Selection

It may be desired to sort out all cards which have
one or more common digit punches in any one of
a multiple number of columns. Figure 44 shows the
control panel wiring necessary to accomplish this.
When the SC hub is used, the brush selection for sort-
ing switches should be set to SELECT and all contact
bars on the sorting selector commutator should be re-
tracted towards the center, except for those necessary
to select the common digit or digits. Both the zero-
eliminate and multiple column selection control

Selection of a predetermined digit occurring in any one or more of

brush positions, 1, 2, 4, 9, or 10. Sel

t bar our

for digit value desired. All others IN. All brush selection for sorting
switches set fo SELECT. Zero-eliminate and MCS control switches — ofr.

Figure 44. Control Panel Wiring - Common Digit Selection
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switches should be off. All cards with a selected digit
in any of the selected columns will sort into the pocket
corresponding to the digit. All cards with no selected
punching in selected columns will pass into the reject
pocket.

Multiple Column. Selection

This operation selects automatically from a field of
cards, those cards which are punched with a predeter-
mined alphabetic, numerical, or combination indication
within any ten adjacent columns. In a single run,
selected cards of the desired classification are made to
fall in the reject pocket while the remaining cards are
deposited in the 12 pocket of the sorter. The sequence
of the unselected cards is not disturbed. By means of
this device, it is possible to select all the cards for a
specified branch, agent, product, date, part number,
man number, or other classification.

The control panel diagram illustrated in Figure 45
is wired for a combination alphaberic-numerical selec-

tion problem in which the indication is punched within

a range of ten columns, but not in adjacent columns.

Ordinarily, the brushes would be wired consecutively
for information punched in adjacent columns. The
digits representing a number, or the combinations of
digits and zones representing letters to be selected, are
wired from the selector hubs to the brushes which read
the indication from the card. Cross wiring is used as
illustrated whenever a digit or a zone is repeated. For
numerical multiple column selection, the zone punch-
ing and lower punching hubs are wired together as in
dicated. The zero-eliminate switches are turned off, the
multiple column selection switch is turned on, and the
series of brush selection switches are set to select. All
selected cards are deposited in the reject pocket, while
the remaining cards fall in the 12 pocket.

NotE: The multiple column selection device does
not recognize blank columns. If any one or several of
the selected columns are unpunched, the multiple
column selection device will not analyze these blank
columns as unselected information. In the event that
all the selected columns are blank, however, the card
will sort into the 12 pocket.

BRUSH SELECTION FOR SORTING
8 7

(/]

Information Selected

Alphabetic
cross wiring
('I'I Zone— P and N)’
(7 pigit—G and P

Numerical
cross wiring
for digit 3.

Combination Alphabetic-Numerical Selection.

Zero eliminate control switches off
Multiple column selection switch on
All brush selection switches set to setect

Figure 45. Control Panel Wiring - Multiple Column Selection
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Zero-Elimination

The multiple column selection device permits greater
speed in the completion of either alphabetic or numeri-
cal sorting operations through the automatic rejection
of cards which require a reduced amount of sorting.

Cards can be rejected during a numerical sorting
operation whenever the columns wired at the left and
the column being sorted all contain only 0’s, 11’s, 12’s
or are blank. These rejected cards do not require
further sorting because they contain sorting codes lower
than those in the remaining cards and, therefore, are
available for immediate report preparation or other
machine operations. If the column being sorted is
blank, punching from 1 to 9 in any column wired to
the left of the sorting position will cause the card to
sort into the 12 pocket. If 0, 11, or 12 punching occurs
in the column being sorted, and a value of 1 to 9
punching occurs in any column wired to the left of the
sorting position, the card will sort into the corresponding
0, 11, or 12 pocket. If punching from 1 to 9 occurs in
the column being sorted, the card will sort into the
corresponding pocket, regardless of what punching may
or may not be sensed in those positions wired to the
left of the sorting position.

R

S sonr ~ BRUSH SELECTION FOR SORTING  seLect
LLlio o s 7 6%5s 4 3 oW

Switches to the left of the units
position set to SELECT. As sorting

- proceeds for 10's, 100's position,
etc., these switches are successive-

ly set to sor1.

The zero-elimination operation requires the use of
the multiple brush in place of the standard card brush.
To avoid unnecessary wear on both the brush and the
cards, the multiple brush should be used only when
zero-elimination is of value.

Zero-elimination is made operative for numerical
sorting by cross wiring the lower punching hubs of the
field or fields and, in turn, connecting them to the zero
selector hub as shown in Figure 46. Columns may be
skipped in the right to left sequence by leaving them
unwired as shown. At the start of the operation, the
brush selection switch in the units position of the
columns being sorted is set to SORT. All other brush
selection switches to the left of the units position are
set to SELECT, even though some columns are skipped
in the right to left sequence. As sorting proceeds for
the 10’s, 100’s position etc., the brush selection switches
for those positions are successively turned to SORT in
order to advance the units reference point for deter-
mining which cards need no further sorting. Each
switch to the left, set to the sort position, takes pre-
cedence over those to the right. The zero elimination
operational control switches are turned on, while the
multiple column selection switch is turned off.

Units position Setting of switches to
switch set the right of the units
to SORT. position is immaterial.

Zero-Eliminate Control Switcheson

Multiple Column Selection Switch ofr.

Figure 46. Control Panel Wiring - Zero Elimination
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Alphabetic sorting can be accelerated considerably
by the zero-elimination operation. Cards with long
names or descriptions can be segregated from cards
with short names or descriptions. In the example below,
card 1 may be sorted on all 12 columns, while card 2
requires sorting on only 5 columns.

Card Col. 1 23456789 10 11 12
Cadl CHRISTIANS O N
Card 2 JONES

If columns 6 through 12 are wired for zero elimina-
tion, all cards with names as short or shorter than
JONES will be rejected on the first sort and need not
be sorted further until the regular sort on column 5 is
‘made. The operator’s knowledge of the data punched in
the sorting field will determine the best number of
columns to wire for zero-elimination on the first sort,
as well as whether or not smaller portions of the field
should be wired for elimination on successive sorts.
The wiring and switch settings are the same as for
zero-elimination in numerical sorting.

Normal Sorting

With the zero-eliminate and the multiple column
selection switches turned off, all sorting selector com-
mutator contact bars pushed out, and the single sort
brush replacing the multiple column brush, sorting can
be accomplished in the normal manner.

INTERNAL CONTROLS

IN ADDITION to the external controls, several internal
mechanical and electrical components must be added
to a standard Type 75, 80 or 82 Sorter to equip it with
a multiple column selection device. A selection com-
mutator, several additional electrical timing commuta-
tors, and a set of mechanically operated transfer con-
tacts are mounted inside the covers on the right end of
each machine. Figure 47 shows the location of these
units on a Type 82 machine. These units are located
in a similar position on the Type 75 and 80 machines.
All units are driven by gearing from a special card
feed crankshaft.

On a Type 82 machine, the standard electronic
chassis is replaced with a larger chassis to accommo-
date two type 2D21 thyratron tubes and the R-ZE
pluggable relay. A circuit cutout duo relay, with several
additional MCS resistors, is added on a panel on the
rear of the relay gate as shown in Figure 48. Type

o}rﬁmutd;ior Drive
Gear on Card

Figure 47. Internal Controls - MCS Device

82 machines equipped with the MCS device have larger
power supply rectifiers than do the standard machines.

On Type 75 and 80 machines, slate base relays are
used in place of tubes to complete the MCS circuits.

Figure 48. Type 82 MCS Relay Gate, 115 volt AC
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These relays, with several necessary additional resis-
tors, are mounted inside the standard relay cabinet. All
Type 75 and 80 machines have a circuit cutout relay
to open the machine circuit when the MCS brush is be-
ing handled by the operator. The location of these items
inside the cabinet is schematically shown on the wiring
diagram for each machine (Refer to the first paragraph
in the Circuit Description section for these wiring dia-
gram numbers.)

CIRCUIT DESCRIPTION

THE cIRCUITS described herein for multiple column
selection and zero-elimination pertain to a Type 82
machine equipped with a multiple column selection de-
vice. Figure 49 is a reproduction of the multiple column
selection wiring diagram 270096-A. All circuit de-
scription pertaining to multiple column selection and
zero-elimination will refer to this figure. (The wiring
diagram for a Type 80 machine with MCS is 181914-D;
for a Type 75 machine it is 181916-E.)

Normal Sorting and Common Digit Selection

When the machine is set up for normal sorting or
for selection of a common digit through the use of the
SC hub, the sorting circuit operates in a similar man-
ner to those circuits described in the Type 82 circuit
description section of this manual.

MULTIPLE COLUMN SELECTION

Static Circuit Conditions

A type 2D21 thyratron tube (MCS control) is con-
nected across the DC machine circuit with a 2000 ohm
resistor in series with its anode. Negative bias for this
tube is obtained from the standard bias oscillator and
rectifier and is applied across a voltage divider con-
sisting of a .5 megohm and 1 megohm resistor in series.
A schematic diagram of this wiring is shown in Figure
50. The voltage across the 1 megohm resistor is applied
between the control grid and the cathode of the tube
through another .5 megohm resistor, making the grid
approximately 25 volts negative with respect to the
cathode. This negative grid bias prevents the tube from
firing when anode voltage is applied through com-
mutator 2 at the beginning of each card cycle.

The control grid circuit of the tube is also connected
to the common brush on the A segment of the MCS
selecting commutator through the number 2 zero-
eliminate switch in the off position.

Sensing a Selected Value (Figure 49)

When a multiple column brush senses a value in the
card which corresponds to the value of the selector hub
to which the brush is wired, a positive voltage is ap-
plied to the grid of the 2D21 MCS control tube as
follows: from the positive DC terminal 13, through the
CCR-B point, contact roll cover switch 1, card lever
contacts, commutator 2, zero-eliminate switch 1-L OFF,
contact roll common brush, multiple column brush,
brush selection switch set to SELECT, transfer contact,
zone or lower punching hub, control panel wire, selector
hub to which the brush is wired, selector brush on the
A segment of the selecting commutator, A segment
common brush, zero-eliminate switch 2-L OFF, pin 7
on octal plug B, two 500K ohm resistors in series, to
the grid of the MCS control tube. This positive voltage
cancels the negative grid bias, causing the 2D21 to
fire and remain in conduction until its anode circuit is
broken after 12 time in the cycle when commutator 2
opens.

When commutator 3 makes at 12+ of each cycle,
a positive voltage is applied to the starting anode of
the OA4G trigger tube through the tollowing circuit:
from the positive DC terminal 13, through the CCR-B
point, contact roll cover switch 1, card lever contacts,
commutator 2, zero-eliminate switch 1-L OFF, pin 4
on octal plug B, 2000 ohm resistor, to pin 6 on the
MCS 2D21 tube, through the 47,000 ohm resistor, pin
6 on octal plug B, commutator 3, multiple column
selection switch 1-R ON, to the outer brush of the sort-
ing selector commutator, through pin 5 on octal plug
A, the 47,000 ohm resistor, to the starting anode of the
OA4G. If the MCS 2D21 has not been fired prior to
the time that commutator 3 makes, the full positive
DC voltage is applied to the starting anode of the OA4G,
thus causing the tube to fire and sort that card into the
12 pocket. If the 2D21 tube has been fired prior to
the time that commutator 3 makes, the positive voltage
applied to the starting anode of the OA4G is not suf-
ficient to fire the tube, thus causing that card to reject.
Current flowing through the 2000 ohm resistance, be-
cause of the firing of the MCS 2D21, causes a voltage
drop through this resistance, thus reducing the magni-
tude of the positive voltage available to the starting
anode of the OA4G when commutator 3 makes.

Sensing an Unselected Value
When a multiple column brush senses a value in
the card which does not correspond to the value of the

(
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Figure 50. Schematic Wiring of MCS Control Tube

selector hub to which the brush is wired, a positive
impulse is applied directly to the starting anode of the
OA4G trigger tube. This occurs, because when the
brush impulse is received in the selector hub, that se-
lector brush is not on the A segment but rather is on
the common of the MCS selecting commutator. The im-
pulse is then directed through selector brush 13, the
zero-climinate switch 1-R OFF, multiple column selec-
tion switch 1-R ON, to the outer brush of the sorting
selector commutator, through pin 5 on octal plug A, the
47K resistor, to the starting anode of the OA4G.
Application of this positive pulse fires the OA4G
immediately and the tube remains in conduction until
near the end of the cycle when commutator 2 breaks.
Although firing of the OA4G immediately removes the
normal negative grid bias from the 25L6 power tubes,
the sort magnet is not energized until 12 4+ 3% when
commutator 4 makes to shunt around the SO0K re-

sistor connected between the cathodes of the 25L6 tubes
and the negative side of the line. The 500K resistor is
connected across the DC circuit in series with a 1 meg-
ohm resistor. This connection is between pin 6 on octal
plug A and pin 3 on octal plug B. It serves to act as a
voltage divider which provides sufficient additional bias
to prevent the 25L6 tubes from energizing the sort
magnet even though the normal negative grid bias is
removed when the OA4G fires. When commutator 4
makes to shunt around the 500K resistor, the additional
bias is removed, thus allowing the 25L6 power tubes
to energize the sort magnet for sorting the card into
the 12 pocket.

After analyzation of the foregoing circuits, it be-
comes possible to make the following statements:

1. If any one or more of the multiple column
brushes sense a hole in the card which does not cor-
respond to the value of the selector hub to which the
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brush is wired, the card will sort into the 12 pocket.

2. If all the multiple column brushes read blank
columns in the card, the card will sort into the 12
pocket. If, however, one or more brushes sense selected
information, and one or more brushes sense blank
columns, the blank columns will not be analyzed as
unselected information and the card will pass into the
reject pocket.

3. If only selected holes are sensed by the multiple
column brushes, the card will pass to the reject pocket.

4. If one or more brush hubs are plugged to the
sorting common, the impulse from the brush hubs will
be applied directly to the starter anode through the
regular sorting commutator. In order to sort to the
value sensed by the brush, both the zero-eliminate and
multiple column selection switches must be off.

5. If a brush selection switch is set to SORT, and
that brush senses a hole in the card, the impulse will be
applied directly to the OA4G starter anode. This im-
pulse will pass through those switches directly below
the switch set to SORT and through the regular sorting
commutator. In order to sort to the value sensed by the
brush, both the zero-eliminate and multiple column
selection switches must be off.

ZERO ELIMINATION
Static Circuit Conditions

A 2D21 thyratron tube (zero-eliminate control) is
connected across the pC machine circuit with a 2000
ohm resistor and the R-ZE relay in series with its anode.
Negative grid bias for this tube is obtained in the same
manner as for the MCS control tube. The control grid
of the zero-eliminate tube is connected to the number
13 common brush on the MCS selecting commutator
through two 500K resistors.

Operation of the Zero-Eliminate Control Tube

When any brush in the multiple column brush unit,
with the exception of the units column brush, senses
significant digit punching (1 through 9) in the card,
a positive pulse is available at the lower punching hub
for that position. When wired for zero-elimination, this
impulse is directed into the zero selector hub and to the
common of the selecting commutator. The zero brush
contacts the A segment at zero time only. From the
common of the selecting commutator, the pulse is ap-

plied to the grid of the zero eliminate 2D21 tube
through common brush 13 and the two 500K resistors.
This pulse cancels the negative bias on the grid of the
2D21, causing it to fire and pick up the R-ZE relay.
The tube remains in conduction and the relay remains
energized until the end of the card cycle when com-
mutator 2 breaks. The N/o R-ZE relay points shunt
commutator 1 to allow this condition.

At & after 12 time, commutator 3 makes and ap-
plies the plus DC machine voltage to the starting anode
of the OA4G through the following circuit: from the
positive DC terminal 13, through the CCR-B point, con-
tact roll cover switch 1, card lever contacts, commutator
2, pin 3 on octal plug B, the R-ZE point, the 2000 ohm
resistor, to pin 6 on the MCS control tube, through the
47K resistor, pin 6 on octal plug B, commutator 3,
zero-eliminate switch 1-R ON, multiple column selec-
tion switch 1-R OFF, to the outer brush of the regular
sorting commutator, through pin 5 on octal plug A,
the 47K resistor, to the starting anode of the OA4G.
Application of this voltage fires the OA4G and causes
sorting of the card into the 12 pocket.

Zero-eliminate switch 2-L prevents the MCS con-
trol tube from firing even though some brushes may
have sensed a 0 punch in the card.

If none of the brushes to the left of the units posi-
tion sense a significant digit in the card, the zero elimi-
nate control tube is not fired and R-ZE is not picked
up. When commutator 1 breaks at 45 before 0, the
voltage is removed from the contact roll and the anode
circuits of both 2D21 tubes. This prevents any brush
from reading a 0, 11 or 12 hole in the card. It also
prevents the OA4G tube from firing when commuta-
tor 3 makes. If, under the above conditions, the units
position brush senses a blank column or a 0, 11 or 12,
punch, the card will pass to the reject pocket.

If the units position brush senses a 1 through 9
punch in the card, this impulse is applied directly to
the starting anode of the OA4G. The circuit is through
the brush selection switches to the left of the units posi-
tion and the regular sorting selector commutator. Ap-
plication of this impulse to the starting anode of the
OAA4G causes it to fire and sort the card into the pocket
corresponding to the value of the punching sensed.
Significant digit values, which are sensed by the units
position brush as described above, are sorted to their
corresponding pocket regardless of whether or not the
zero eliminate tube has been fired.
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If the zero eliminate control tube has been fired and
the units brush senses a 0, 11 or 12 in the card, the card
will sort into the pocket corresponding to the value of
the punching sensed. If, however, the units column is
blank and the zero-eliminate control tube has been
fired, the card will sort into the 12 pocket under the
control of commutator 3.

Circuit Cutout Relay
The circuit cutout relay is controlled by an inter-

lock contact on the multiple column brush unit and a
microswitch which is operated by the plastic cover over
the control panel. This relay is de-energized when the
control panel cover is raised or when the multiple brush
assembly is not properly mounted in its reading posi-
tion or on its holder near the control panel. De-energiza-
tion of this relay opens the machine circuits to prevent
the operator from receiving a shock when handling the
raultiple column brush unit or the control panel wires.



GROUP SORTING DEVICE

IBM 80 and 82 Sorters may be equipped with the
group sorting device. This device permits sorting of en-
tire groups of variously punched detail cards, according
to the punching in a single master card which precedes
each group. Operation of the device is externally con-
trolled by two group selection switches. On a Type 82
machine, these switches are mounted below the start
and stop buttons in a special recess in the right upper
front cover assembly. On a Type 80 machine, these
switches are mounted on the front of the cover over
the card feed crankshaft mechanism.

When the group selection switches are on, the group
sorting device is operative; when they are off, group
sorting is rendered inoperative and regular sorting can
be accomplished in the normal manner. On a Type 82
machine, when the group selection switches are first
turned on, the machine is electrically interlocked under
control of a time delay relay and can not be started
for approximately one minute, until the group sort
tube filaments reach their proper operating tempera-
ture.

The use of the group sorting device does not affect
machine speed. This device can be furnished for opera-
tion in either one of two ways:

Single Master Card Method: The single master card
method requires only that each group of detail cards
be preceded by a master card. This master card de-
termines the pocket into which its detail cards will
sort, even though the detail cards may be punched
differently in the column being sorted. Master cards are
identified on their leading edge by a corner cut. This
corner cut is sensed by a special rail brush at a separate
sensing station located ahead of the contact roll on
either the front or rear side rail of the machine. Figure
51 shows the location of this brush on a Type 82
machine. On a Type 80 machine, this brush is located
on the front or rear card magazine side plate. On either
type of machine, the master card corner cut may
occur at the column 1 end or the column 80 end of the
card, depending upon whether the special rail brush is
mounted on the front or rear rail of the machine.
Machines may be equipped with both a front and a rear
rail brush. A front-rear switch controls the selection of
these brushes and must be set to correspond with the
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position of the corner cut in the master cards. The de-
tail cards need have no identification. They may have
corner cuts in them but these corner cuts must not be in
same postion as the corner cuts on the master cards.

Trailer Card Use: The double master card method
requires both a leader card and a trailer card for each
group. The master (leader) card controls the sorting
as in the single master card method, but a trailer card
is used to signify the end of each group. The master
card is identified by a corner cut on its leading edge;
the trailer card is identified by a corner cut on its trail-
ing edge; the detail cards require no identification.
Detail cards, however, must have no corner cuts which
would identify them as master or trailer cards. Two
rail brushes, one on the front rail and one on the rear
rail, are required on a Type 82 machine when the
double master card method is used. One rail brush is
used to sense master cards while the other rail brush is
used to sense trailer cards. On a Type 82 machine,
once the rail brushes are installed, the use of these rail
brushes is not flexible; that is, all master cards for all
group sorting applications on a particular machine must
have their corner cuts in the same position. All trailer
cards must have their corner cuts on the opposite edge
of the card.

Figure 51. Group Sort Rail Brush
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On a Type 80 machine, double master card opera-
tion may be accomplished by means of one or two rail
brushes. When only one rail brush is used, the trail-
ing corner cuts on trailer cards are placed on the same
end of the card as the leading corner cuts on master
cards. When two rail brushes are used, a special brush
switch is furnished to permit sensing trailer cards with
corner cuts on either end of the card. The special brush
switch can not be installed on machines equipped with
a front-rear switch.

INTERNAL CONTROLS

IN ADDITION to the external switch and rail brush con-
trols, several internal mechanical and electrical com-
ponents must be added to a standard Type 80 or 82
Sorter to equip it with a group sorting device. An im-
pulse emitter and several electrical timing commutators
are mounted inside the covers on the right end of each
machine. Figure 52 shows the location of these units
on a Type 82 machine. These units are located in a
similar position on Type 80 machines. All units are
driven by gearing from a special card feed crankshaft.

On a Type 82 machine, an additional electronic
chassis, time delay relay, and several necessary resistors
are mounted on the rear of the relay gate as shown
in Figure 53. Type 82 machines equipped with the

Figure 52. Internal Controls - Group Sorting Device

group sorting device have larger power supply recti-
fiers than do the standard machines.

On Type 80 machines, slate base relays are used in
place of tubes for storing the necessary information.
These relays, along with the necessary additional re-
sistors, are mounted in a special cabinet on the rear of
the machine. The location of these items inside the
cabinet is schematically shown on the Type 80 group
sort wiring diagram 292052-B. Type 80 machines
equipped with the group sorting device employ larger
power supply rectifiers than do the standard machines.

CIRCUIT DESCRIPTION

THE CIRCUITS described herein for group sorting pet-
tain to a Type 82 machine equipped with the group
sort device. Figure 54 is a reproduction of the Type 82
group sorting wiring diagram 270097-A. All circuit
description pertaining to group sorting will refer to
this figure. (The wiring diagram for a Type 80 machine
equipped with group sorting is 292052-B.)

When the machine is set up for normal sorting, the
sorting circuit operates in a similar manner to those

Rectifier for
Sort Device

iandard
~ Chassis

Tllv'avile ¢ Card
_Control Reloy

Figure 53. Type 82 Group Sort Relay Gate, 115 volt AC
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circuits described in the Type 82 circuit description
section of this manual.

Static Circuit Conditions
A 2D21 thyratron tube (master card control) is

connected across the DC machine circuit with a 2000
ohm resistor in the cathode circuit and a high speed
relay in the anode circuit. Negative bias voltage for
this tube is obtained from the standard bias oscillator
and rectifier and is applied to the grid in series with
two 500K resistors, making the grid approximately
40 volts negative with respect to the cathode. This nega-
tive bias prevents the tube from firing when anode vol-
tage is applied each cycle at the time commutator 2
makes.

The control grid of the tube is also connected to the
master rail brush through a .05 mfd capacitor.

Firing the MCC Tube

Shortly before a master card reaches the card brush
station, the rail brush senses a corner cut in the lead-
ing edge of the card (Figure 51). This applies a posi-
tive pulse to the control grid of the master card control
tube through commutator 2, the master rail brush, the
.05 mfd capacitor, and the S00K resistor. This positive
voltage cancels the negative grid bias and causes the
tube to fire since, at this time, anode voltage is also
applied to the tube through commutator 2.

Firing of the MCC tube picks up the MC relay in
the anode circuit, thus transferring the MCR points.
Opening of the N/c MCR point allows removal of the
anode voltage from all impulse storage tubes when com-
mutator 3 breaks. This allows any storage tube (12
through 9) which has been previously fired to de-ionize,
thus clearing the impulse storage section.

Closing of the N/o MCR point completes a circuit
as follows: from the positive side of the line, through
contact roll cover switch 1, the card lever contacts,
group sort switch 1, to commutator 2, commutator 3,
through A-3, MCR N/o, A-2, to the outer brush
on the selecting commutator. This permits placing
a positive potential on the contact roll when the
inner brush sweeps across the segments, thus allowing
the card brush to sense holes in the master card.

Just before 9 time at the start of the master card
cycle, the center and outer selector commutator brushes
make. This happens before commutator 2 breaks at
s2” before 9. In conjunction with the MCR N/0 point,
these brushes shunt around commutator 2, thus main-
taining a positive potential on the anode of the MCC

tube and keeping the MC relay energized until the end
of the master card cycle when the center brush breaks.

Commutator 3 makes at 3%” before 9, shunting the
N/c MCR point (now open) and applying anode volt-
age to the impulse storage tubes.

Sorting the Master Card

When the card brush senses a hole in the master
card, the full bC machine circuit voltage is applied to
the starting anode of the OA4G trigger tube. This
causes immediate firing of the OA4G and sorting of
the master card into the corresponding pocket. At the
same time, this positive voltage is applied through the
corresponding impulse emitter segment to a tube in
the impulse storage section.

Each impulse storage tube (2D21 thyratron) is con-
nected across the DC circuit with a 47K resistor in
series with its cathode. Negative grid bias for these tubes
is obtained in the same manner as for the MCC tube.
The positive pulse from the impulse emitter segment
is applied through a .05 mfd capacitor and a 500K
resistor to the control grid of the storage tube con-
nected to that emitter segment. This voltage cancels
the negative grid bias on the tube, causing it to fire.
Once fired by the action of a master card, the tube re-
mains in conduction until the following master card
(or a trailer card) is sensed. Since the voltage drop
across a conducting 2D21 is approximately 8 volts, the
voltage on the cathode of the storage tube during con-
duction rises almost to the full DC circuit potential. The
majority of the potential drop appears across the 47K
resistor in the cathode circuit.

At the end of the master card cycle, the center brush
on the selecting commutator breaks, de-ionizing the
MCC tube and dropping out the MC relay. The N/cC
MCR points close before commutator 3 breaks, thus
maintaining anode voltage on the impulse storage tubes
and keeping that tube in conduction that was pre-
viously fired by punching sensed in the master card.
The N/o MCR point breaks the circuit to the selecting
commutator and the contact roll to prevent sensing of
detail card information by the card brush.

-Sorting Detail Cards

If the card immediately following the master card is
a detail card, it will not be read by the sort brush
because of the condition of the N/o MCR point. How-
ever, when the impulse distributor makes on the seg-
ment corresponding to the value sensed in the previous
master card, a positive potential is applied to the start-
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ing anode of the OA4G trigger tube. This positive po-
tential is available from the cathode of the previously
fired impulse storage tube and is applied through the
500K resistor, octal plug, emitter segment, and on to
the starting anode of the OA4G. This immediately
fires the OA4G and sorts the detail card into the same
pocket as the preceding master card. In this manner,
all successive detail cards are sorted into the same pocket
as the master card which preceded them.

Trailer Card Operation

Trailer cards are sorted in the same manner as are
the detail cards. Between 0 and 1 time in a trailer card
cycle, however, the trailer rail brush senses the corner
cut on the trailing edge of the card. This applies a
positive pulse to the control grid of the trailer card
control tube through commutator 4, the trailer rail
brush, the .05 mfd capacitor and the 500K resistor.
The trailer card control tube (2D21) is connected
across the DC machine circuit in exactly the same man-
ner as the master card control tube. It is also biased in
the same manner.

Application of a positive pulse from the trailer card
rail brush cancels the negative grid bias on the TCC
tube, causing it to fire and pick up the TC relay. Pickup
of the TC relay opens the TCR points which break
the shunt circuit around commutator 3. This places
the anode circuits of the impulse storage tubes directly
under control of commutator 3. Therefore, when this
commutator breaks at the end of the trailer card cycle,
it de-ionizes any storage tubes which had been pre-
viously fired, thus clearing the impulse storage section.
Breaking of commutator 3 also opens the trailer card
control tube anode circuit and drops out the TC relay.

Any card which follows a trailer card in the machine
will be rejected unless it is a master card; in which
case, new master card circuits will be set up as de-
scribed in the foregoing circuit description.

Single Master Card Operation

When detail cards are immediately followed by a
master card instead of a trailer card, the master card
is sensed by the master rail brush before it reaches the
card brush station. Operation is identical to that de-
scribed under the heading Firing the MCC Tube. The
MC relay is picked up; all impulse storage tubes are de-
energized to clear out previous information; the MCR
point sets up a circuit to the selecting commutator and
the contact roll for sorting the master card; and com-

mutator 3 re-applies anode voltage to the impulse
storage tubes in preparation for storing information
sensed in the master card. The master card is sensed
by the card brush and sorted to its proper pocket, and
all detail cards following it sort into the same pocket
until the advent of another master card.

Purpose of Miscellaneous Circuit Components

The .001 mfd capacitors connected between the con-
trol grid and the cathode of each 2D21 tube serve to
by-pass transient impulses which may otherwise fire
the tube at the wrong time.

The 500K resistor, attached to and in series with
the control grid of each 2D21 tube, limits the grid cur-
rent to the proper value.

The 47K resistor in the cathode circuit of each
2D21 storage tube serves to limit the anode current
through the tube.

The 500K resistor between the cathode of each 2D21
storage tube and its impulse emitter segment is actually
connected in series with the 47K resistor in the cathode
circuit. These resistors are placed across the DC machine
circuit together and act as a voltage divider when a
hole is sensed in the master card, thus developing a
difference in potential between the cathode and grid
of the storage tube and causing it to fire.

The .05 mfd capacitor in the grid circuit of each
2D21 tube acts as a blocking capacitor which isolates
the —40 volt bias supply from ground (zero volts)

The rectifier in the OA4G starting anode circuit pre-
vents firing of additional lower value impulse storage
tubes after the OA4G trigger tube has been fired from
a value sensed in the master card. Without the rectifier,
additional impulse storage tubes could fire from the
inherent positive potential on the starting anode of the
conducting OA4G as the emitter brushes sweep across
their segments. Firing of excess tubes in this manner
would place a strain on the power supply.

The 500K resistors connected between the —40 volt
bias supply and the grid circuits of the 2D21 tubes
serve to improve the voltage regulation of the bias
source by preventing the bias source from rising to
cathode potential when a tube fires.

The 2000 ohm resistors in the cathode circuit of
the MCC tube and the TCC tube serve to limit the
anode current through these tubes.

GS-R1 limits the filament current and voltage of
the 2D21 tubes to the proper value.
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FUNCTIONAL PRINCIPLES

Introduction

The 978 is used with, and under the control of, the
82 Sorter for the purpose of counting cards. The
counter unit performs a pocket distribution count for
all cards with or without card sorting. For normal
operation, a count is made of the cards entering each
pocket with a total of all cards accumulated in the
subtotal counter. If the cards have multiple punches,
the counters count each hole present in the card column.
The subtotal accumulates the total number of cards
and not the number of holes read.

Two switches control the operation of the counting
unit. The counter switch is positioned ON whenever
cards are counted. When this switch is positioned ON,
the counting unit must be connected to the sorter. The
cable from the counting unit connects into an Elco
receptacle. If the cable is not connected to the Sorter
and the counter switch is positioned ON, the Sorter does
not operate. The count-only switch is positioned oN
to suppress sorting while cards are counted. Digit sup-
pression is used to suppress sorting cards with specific
punches without suppressing the count of the respec-
tive punches.

The counting unit consists of 14 separate counters:
12 counters to count the punches in the card, one
counter to count rejected cards, and one counter to
accumulate a total of all cards. The counters are
mounted in two rows across the length of the counting
unit. The counters are numbered to correspond with
the particular hole counted. The counters in the top
row consist of 0 through 5 and reject. The counters in
the lower row consist of 6 through 12 and subtotal.
Each counter has a capacity of 99,999.

Reset

The counters are reset manually by turning the crank
at the right side of the counting unit. It is necessary
to depress the detent lever located on the front of the
unit before the crank may be operated. The detent
lever serves as an interlock to prevent machine opera-
tion when the counters are not fully reset to zero.
When the detent lever is depressed, it operates a switch
that opens the machine start circuit.

The reset crank resets the counters by turning a
shaft to which all the counters are geared. At the com-
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pletion of the second crank revolution, a detent lever
engages in the counter reset shaft. This prevents further
movement of the reset mechanism until the detent
lever is again depressed.

Counters

The actual counting and accumulating in the count-
ers is done mechanically. Each hole is counted by im-
pulsing the proper counter magnet. As the magnet
armature is attracted, point A engages the counter
ratchet and moves the unit counter wheel (Figure 55).
This provides half of the ratchet movement necessary
to add 1. The armature is spring-returned when the
counter magnet is de-energized. As the armature re-
turns, point B drives the counter ratchet, completing
the action of counting 1 (Figure 56). The carry from
one position of the counter to the next higher position
is done internally. A carry wheel engages the counter
wheel when passing from 9 to 0 and mechanically con-
nects the motion to the next higher position.

Tube and Relay Storage

Actual counting of a hole in a card takes two ma-
chine cycles. On the first cycle when the hole is
sensed by the card brush, a 2D21 tube is driven into
conduction. Twelve tubes of this type are used, one
for each punch in a card column. The tube that is
driven into conduction serves as a memory device sig-
nifying that a hole has been read. Each hole drives a
separate tube into conduction. When the reading of

Counter Wheel
Units Position

Figure 55. Counter Magnet Energized
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Armature |
Pivot 7§

>

Figure 56. Counter Magnet Normal

holes 9 through 2 has been completed, the tube or
tubes in conduction pick the memory relays. Having
picked the memory relays, the tubes are extinguished
to allow them to be conditioned by the next card on

Remove for
230V Inp\ui

Alternate Wiring
for 230V Input

the following cycle. Memory of holes read in the card
is thus transferred from a tube to a relay. Tube mem-
ory is not necessary when holes 1, 0, 11, and 12 are
read in the card; in this case the tubes fire and imme-
diately pick the memory relays. The tube and relay
chassis is located under the stackers.

On the second cycle an impulse to the counter net-
work through the transferred memory relay points
energizes counter magnets, adding a 1 into the counter
corresponding to the digit read.

CIRCUITS

Power Supply

The power supply is located in the motor compart-
ment. Two transformers are used in the power supply
to provide the necessary voltages for machine operation.
The transformers may be wired for an input of 115,
208, or 230 volts Ac. Both have two primary windings,
wired in parallel for an input of 115 volts AC or wired
in series for 230 volts (Figure 57).

13} 14|15 16117} 18
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Figure 57.

T-31
AC 082 Term. 15
%——o\ 1-32
11 6.3V _<¢ 082 Term. 16
© N —O0—0 1-33
g
T-34
A . | s
TNR oV S 17
=3
_@ / — 48V e o
o o |
LT—O | 136
+ 48V
; /c o | 137
/ N +eov
/c o | 138
o—o | T3
[a)
o
=
o0—o0 | T-40
8
=4
o—0 | 14
0—0 | 142

Power Supply



78 SPECIAL DEVICES

c;
115V. AC

+10%
o—

Compensating

Q00

6.3 Volts £5%
115V. AC
+109%

o)

—0)

Secondary

oo

T
Resonant

Figure 58. Filament Voltage Transformer (Schematic)

FILAMENT VOLTAGE TRANSFORMER

A regulating transformer is used in the power sup-
ply to provide voltage regulation for the 2D21 tube
filaments (Figure 58). The regulating transformer is
designed to deliver an output of 6.3 volts == 5 percent
over a = 10 percent variation of rated line voltage
on the primary. It is especially constructed with a
compensating winding wound with the primary at one
end of the core (Figure 59). At the other end of the
core, a resonant winding and the secondary winding
are wound. In the design of the transformer, a space
is provided between the primary and secondary wind-
ings to change the reluctance of the transformer.

When the input voltage is applied to the primary
windings, magnetic lines of flux set up in the trans-
former core. In the path of the flux linkages, the air
space makes the normal magnetic path higher in re-
luctance (magnetic resistance) than that of a solid
core arrangement. The result of this design causes the

Compensating Coil
. >/
Primary q 9 >
Coils (2) d
115v
Ac 63V
°

Resonant Coil Seconc‘!ary Coil

Figure 59. Schematic of Filament Voltage Transformer

flux lines to travel around the core and up through
the center instead of across the area with the air spaces.

The flux lines through the lower center part of the
core induce a voltage into the resonant and secondary
windings. Connected in series with one of these wind-
ings is a capacitor (matched in rated size to the in-
ductance of the coil), that causes a high current to
flow (resonant). Only the DC resistance of the circuit
opposes the resonating current. The high current flow
in the resonant winding causes a magnetic field that
saturates the lower core area with magnetic lines of
flux.

With the resonant winding saturating the lower core,
more lines of flux are available than can pass through
the lower part of the core. Consequently, not all of
the primary flux linkages can go through the lower
core area because it is saturated. Part of the flux crosses
the air space as a path of less resistance.

Saturation is maintained at the lower core area by
compensating for the resistive losses of the resonant
coil. When the losses tend to cause the magnetic field
to fall below saturation, more of the primary flux can
enter through the lower core area. The additional pri-
mary flux induces voltage into the resonant winding
which increases the magnetic field and maintains sat-
uration of the lower core area.

By maintaining saturation, the secondary winding
output is maintained because the flux changes at the
secondary winding are not in proportion to variations
in primary voltage. Because of inherent conditions in
the transformer, however, there are small changes of
output voltage when the input voltage varies. The slight
changes ate regulated by the compensating winding.

The compensating winding is designed to cancel the
slight variations in secondary output voltage. It is
wound (positioned) with the primary windings and
wired in series with the secondary winding. The com-
pensating winding is wound so that its induced voltage
opposes that of the secondary winding (Figure 59).
Within the range of regulation, if the primary input
voltage rises, the induced secondary voltage rises
slightly. Also the voltage induced into the compen-
sating coil increases in proportion to the increase over
normal output of the secondary winding. The two
voltages oppose each other with the result that 6.3
volts remain impressed on the filament circuit (Figure
61). When the input voltage on the primary decreases,
the induced voltage of the secondary is lower, with a
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Figure 60. Schematic of Filament Transformer Output

corresponding reduction in the compensating winding
voltage. This produces a 6.3v output because less
compensating voltage opposes the secondary winding
voltage.

POWER TRANSFORMER (FIGURE 57)

The power transformer provides the voltage for the
pC supplies. One secondary winding provides 96 volts
AC for the 4-60v DC supply. The other winding pro-
vides 78 volts AC for the -48v and —48v DC supplies.

The 96 (rMs) winding is center tapped to provide
full wave rectification producing 60 volts DC across
R1 and Cl. The 4-60v supply provides the plate volt-
age for the 2D21 tubes.

The 78v (rRMS) winding is center tapped to provide
full wave rectification for both the -+48v DC supply
across R2 and C2, and the —48v DC supply across R3
and C3. The -+48v section is used to supply the relay
circuits for counting functions. The —48v supply pro-
vides the bias voltage for the twelve 2D21 tubes.

Assuming that post 18 is negative and post 16 is
positive at an instant of time, the circuit for the +48v
supply is: post 17, T35, C2, R2, T37, rectifier, post 16.
C2 charges and filters the rectified AC voltage across
R2 to +48 volts pc. With the polarity reversed, the
circuit is through the other half of the transformer
winding: post 17, T35, C2, R2, T37, rectifier, post 18.

With the same polarity (post 18 negative) the cir-
cuit for —48v DC supply is: post 18, rectifier, T36,
C3, R3, T35, post 17. Electron flow is through R3 to
the center tap of the secondary winding, which is at
zero-volt potential. Across R3, the rectified voltage is
filtered by C3 to —48 volts bc. T35 is at zero volts
and T36 is 48 volts more negative than T35, or
—48 volts.

Conditioning Circuits

To count cards, the count switch must be in the
on position. This provides a circuit to pick R51 (Fig-
ures 61 and 62). The points of R51 electrically con-
nect the counting unit into the circuits of the 82. The
R51BU points transfer and allow the pick of R113
and R118. A circuit to the time delay relay R52 is
also established allowing the pick of this relay when
the bi-metallic contacts make. Picking R52 completes
the circuit necessary to interlock the 978 with the 82
Sorter. It is now possible to start the 82 Sorter by
depressing the start key. The counter switch also picks
RS54 which isolates the counter network while the
machine is idle.

Sort Only (Figure 63)

The principles of sorting are in no way altered when
the 978 card counting unit is installed on the 82
Sorter. Three distinct operations are possible; sort only,
count only, and simultaneous sorting and counting.
When the machine is conditioned for a sort only opera-
tion, the circuit remains the same as the normal 82 sort
circuit with the exception of added normally-closed
relay points.

OBJECTIVE: A sort-only operation. The count switch is in the
OFF position.

1. A plus potential is applied to the main anode of the thyra-
tron tube through the following circuit: +150v, R113-5N/C,
commutator outer brush, commutator center brush, R113-
4N/c, octal plug pin 4, OA4G pin 5.

2. A hole in the card establishes circuit from +4-150v through
R113-5N/C, commutator outer brush, commutator inner
brush, R113-3N/C, common brush, contact roll, card brush,
R113-2N/C, octal plug pin 5, OA4G pin 7 (starting anode)
to cause the OA4G to fire and go into conduction.

Count Only (Figures 63, 64, and 65)

OBJECTIVE: A count-only operation. The count-only switch
(Figure 63) is in the ON position. The count switch (Figure 61)
is also in the ON position, conditioning the counting circuits and
transferring the normally-closed relay points in the sort circuit.

1. Reading a hole in the card establishes a circuit from the
+150v line, through Cl1, R113-3N/0, common brush, con-
tact roll, card brush, R113-1N/O to the number 2 grids of
all the counter tubes.

2. The emitter (same timing as inner segments of commutator )
conditions grid 1 of tubes 9 through 12 in succession.

3. The counter tube corresponding to the hole read in the
card conducts because both grids have been conditioned
positive.

4. Firing a tube permits the pick of a digit memory relay.

5. The counter magnet (Figure 65) is energized by Cl13
through a network of digit memory relay points.

6. The fact that the count-only switch is in the ON position
prevents a circuit to the commutator inner brush to prevent
sorting.
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Figure 64. Counting Operation (Sequence Chart)

Sort and Count (Figures 63, 64, and 65)

OBJECTIVE: A simultaneous sort and count operation. The
count-only switch (Figure 63) is in the OFF position, the count
switch is in the ON position. This changes the sort circuit, but
the principles remain the same.

1. A +150v through C1, octal plug pin 4, is applied to the

main anode (pin 5) of the OA4G.

2. Reading a hole in the card permits a circuit from -4150v,
Cl1, R113-3N/0, common brush, contact roll, card brush,
R113-2N/0, count only switch, commutator inner brush,
commutator outer brush, R113-5N/0, C6, octal pin plug 5
to pin 7 OA4G (starting anode). This causes the OA4G
to go into conduction.

3. At the same time a circuit is available from -4-150v, C1,
R113-3N/0, common brush, contact roll, card brush, R113-
IN/O to the number 2 grids of all the counter tubes.

4. Refer to items 2 through 5 in the preceding section for the
remainder of circuit.

PURPOSE OF CIRCUIT COMPONENTS
Wire Contact Relays

R101 through R112 (digit memory) are picked by
corresponding counter tubes. R101, R110, R111 and
R112 are picked as soon as the corresponding tube is
fired. R102 through R109 pick after 190° (C10) in
the cycle when the R115 (tube transfer) points close.
C8 (180°-130°) provides a hold for relays 101
through 112, until 130° of the following cycle.

—1 points of R102 through R109 provide a hold
circuit through C8.

—2 points are not used.

—-3N/o points close to provide a circuit to the cor-
responding counter magnets.

—4N/c points open to prevent the pick of the reject
counter magnet.

R113 (switch) is picked and held through 51BUN/0O
and the counter switch in the ON position. It is used to
condition circuits for counting operation.

RI113-IN/0 closes to provide a circuit to grid 2 of
all counter tubes.

R113-2n/c provides a circuit from the card brush
to the starting anode of the OA4G with the counter
switch off.

R113-2n/0 provides a circuit from the card brush
to the commutator inner brush when the counter switch
is on.

R113-3N/c provides a circuit from the commutator
inner brush to the common brush with the counter
switch off.

R113-3Nn/0 provides a circuit from Cl to the com-
mon brush with the counter switch on.

R113-4N/c opens the circuit from the main anode
of the OA4G to the commutator center brush when
the counter switch is on.
~ RI113-5N/c provides plus potential to the outer
brush of the commutator with the counter switch off.
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Figure 65. Counter Magnet Schematic

R113-5N/0 provides a circuit from the outer brush
of the commutator to the starting anode of the OA4G
with the counter switch on.

R113-6N/o0 closes to provide 60 volts to the com-
mon of the emitter used to condition grid 1 of the
counter tubes.

RI114 (card lever) is picked when card lever 2
closes and the counter switch is on. It is used to condi-
tion the circuits to the counter magnets from C13.

R114-1 is not used.

R114-2 and 3N /0 close to provide +48 volts from
C13 to the counter magnet network for as long as
card lever 2 is closed and the counter switch is on.

R114-4 is not used.

RI115 (tube transfer) is controlled by C10 (190°
—284°) with the counter switch on. R115 is used to
transfer digit memory from counter tubes to relays for
I digits 2 through 9.

R115-1 is not used.

R115-2 through 9N/O close at 190° to permit
counter tubes to pick corresponding digit memory re-
lays.

R115-10 through 12 are not used.

R118 (switch) is picked and held in the same man-
ner as R113 (switch).

R118-1 through 12N/0 close to complete a circuit
from the emitter to grid 1 of the corresponding counter
tube.

Duo Relays

R51 (counter switch) is picked and held by the
counter switch in the ON position. It is used to condi-
tion machine circuits for counter operation.

R51AU opens to place the motor relay under the
control of 53BU.

R51AL, in parallel with 51BL, provides a circuit to-
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counter tube filaments only during counter operation.

R51BUN/c opens to put the start circuit under the
control of 52BU and the counter reset switch. The N/0
point closes so that R114 (card lever) is picked only
during counter operation.

R51BL is in parallel with 51AL.

R52 (thermal delay) provides a time delay to assure
that the machine cannot be started until the counter
tube filaments reach operating temperature.

524 is the thermal delay point.

52BU prevents starting the machine until tube fila-
ments are at operating temperature.

52BL provides a circuit to the thermal delay heater
until 52A closes to pick the relay. 52BLN/O then
closes to provide a hold for R52.

R53 (run-out delay) is picked and held by Mc BU
when the counter switch is on. A resistor-capacitor net-
work in parallel with R53 keeps it energized for a
short time after the motor control relay drops.

R53AU provides a discharge path for the capacitor
(in parallel with R53) to keep R53 energized for a
short time after the motor control relay drops.

R53AL points are not used.

R53BU provides a circuit to the motor relay after
the counter control circuits are conditioned.

R53BL assures that R54 cannot be energized while
the machine is running.

R54 (interlock) is picked and held at any time the
machine is in a static condition with the counter
switch on.

R54AN/o provides a hold for R54 through C13.
The N/C point opens to prevent a circuit to the counter
magnets when the machine is in a static condition.

Cam Contacts

Electrical cams and index are located below the card
feed hopper. C1 (351° —276°) (installed if machine
is not equipped with Gs device or MCS) provides a cir-
cuit to the common brush of the contact roll that spans
9 through 12 time during counting. C1 also completes
the circuit to the main anode of the OA4G when
counting is taking place.

C6 (340° —265°) (installed if machine is not
equipped with Mcs device) is used with C1 as a make-

break combination to complete a circuit to the start-
ing anode of the OA4G during simultaneous sorting
and counting.

C7 (350° —300°) controls the plate citcuits of
2D21 counter tubes 9-2 to extinguish the tube after
memory has been transferred to digit memory relays.

C8 (180° —130°) controls the pick and hold of
the digit memory relays. The hold lasts until C13 can
energize the proper counter magnet.

C10 (190° —284°) controls the tube transfer relay
(R115) to permit memory to be transferred from tubes
to digit memory relays for digits 2 through 9.

C13 (300° —120°) provides the impulse to the
counter magnets through the network of digit memory
relay points.

Switches

Counter Switch. The counter switch conditions the
machine for counting operation. The counter switch
right in the ON position provides +48 volts to R51,
R52, R54, C13, C10, and R115. The counter switch
left in the ON position provides 48 volts to R113,
R118, and R53.

Count-Only Switch. The count-only switch in the
OFF position completes a circuit to the starting anode
of the OA4G to provide sorting while counting. The
ON position interrupts the circuit to the OA4G, starting
anode to cripple sorting but permit counting.

Rectifier

The rectifier between card lever 2 and MC-ALN/0
is to prevent the pick of R114 (Card Lever) until card
lever 2 is closed. Without the diode, when the start
key picks the MC relay, there is a circuit through MC-
ALN/o to pick R114.

Resistor

The 2500-ohm resistor in the circuit to grid 2 of
the counter tubes provides a voltage drop from 4150
volts to +60 volts. Voltages in excess of 460 volts
impressed on either grid of a 2D21 can cause the tube
to conduct even though the remaining grid is not con-
ditioned.
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Figure 66. IBM 82 Wiring Diagram and Time Chart
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