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PREFACE

This reference manual provides information for the
setting up, operation, and operator adjustment of the
DPC Chaintrain Line Printer Models CT-4964, CT-6644,
and CT-7484. Pertinent printer features are described;
procedures for forms loading, ribbon changing, format
tape preparation and mounting are set forth; and print
quality adjustment information is presented.

The manual is sectionalized for convenient access to
operating, set-up, and tape preparation information.
Reference information concerning chaintrain character
arrangements, format tape characteristics, and paper-
feed command coding is contained in an Appendix to the
manual.

Customer specified reproducible copies of this
manual are available from Data Printer Corp.

Orders for copies of DPC manuals should be directed
to your DPC representative or to DPC at the address
indicated below.

A form for readers’ comments is provided at the back
of this manual. If the form has been removed, comments
may be sent to DPC at the address indicated below.
Comments become the property of DPC.

DATA PRINTER CORP

600 MEMORIAL DRIVE, CAMBRIDGE, MA 02139
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Figure 1. DPC Chaintrain Line Printer, Models CT-4964, CT-6644, CT-7484
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GENERAL INFORMATION

The Data Printer Corp Model CT-4964, CT-6644, and
CT-7484 CHAINTRAIN Line Printers (Figure 1) are
complete computer-driven impact printer systems, fea-
turing a lateral chaintrain type carrier. Hardcopy print-
out is produced a line at a time from stored digital data,
transferred to the printer in the form of print character
and paper advance instruction codes from an external
device. Printout is recorded in fully-formed character im-
prints on single-part or multiple-part continuous,
sprocket-fed forms.

The standard printer is provided with 132 print posi-
tions (columns) horizontally spaced ten (10) to the inch
(2,54 cm). Standard vertical spacing is six (6) lines per
inch. Vertical spacing and skipping are performed under
independent program control for each paper advance
operation. Spacing is controlled by the printer buffer;
skipping is controlled by a standard 8-channel vertical
format unit. A single-line paper advance requires 20
milliseconds: multiple-line spacing and skipping are
performed at the rate of 20 inches (50,8 cm) per second.
Various form widths from 3-1/2 inches (8,89 cm) to
19-1/2 inches (49,5 cm) over-all are readily accommo-
dated.

The basic character arrangements for the printer are
the standard 64-Character (upper case), or the
96-Character (upper and lower case), USASCII Printable
Subset arrangements. With either arrangement, any of
the different characters provided can be printed in each
print position. A variety of other print character
arrangements can be provided to meet specific
applications.

GENERAL DESCRIPTION

The printer system consists of an electro-mechanical
printing mechanism; intimate printer drive, control and
line buffer electronics; printer power supply; and all
necessary operator controls, indicators, and adjustments
contained in a free-standing steel enclosure that is de-
signed for maximum safety and significant enhancement
of the visual and aural printer environment. The printing
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mechanism consists of two major subassemblies: a sta-
tionary frame. and a yoke that pivots away from the
frame for access to the print area. The paper feed com-
ponents and the print hammers are mounted on the sta-
tionary frame at the back side of the paper path. The
ribbon feed components and the chaintrain are mounted
on the yoke at the front side of the paper path.

Operator access to the printer is shown in Figure 2. A
hinged. balanced canopy at the top of the printer
manually opens for access to the yoke, mechanism
controls, and the Alarm Indicator Panel. The yoke
manually opens and swings forward and down for full
access to the print area for forms loading and ribbon
changing. Vertical forms-positioning controls are
collectively arranged in a protective well at the upper left
side of the printer. A sliding panel manually opens for
access to this .area for vertical forms positioning and
format tape loading.

The printer system includes a test panel that provides
for operation in a local mode, permitting operator
adjustments to be performed on the printer independ-
ently of the external device. An opening at the lower rear
of the printer enclosure (insert) provides access to the test
panel controls.

Forms enter the printer at the front from an enclosed
space directly below the yoke, and exit the printer at the
rear onto a detachable shelf.

PRINTING METHOD

Printing is accomplished by an electromagnetically-
actuated print hammer in each print position impacting
the form from behind, pushing a small area of the form
against a ribbon and a character type face of the chain-
train in front of the form. The chaintrain is composed of
384 fully-formed character type faces arranged in
muitiple identical arrays (sets) on 48, 8-character links
that are mounted end-to-end in an endless loop. This
arrangement permits all of the character type faces to be
presented for printing in every print position repeatedly
as the motor-driven chaintrain laterally revolves at a
constant speed in front of the print hammers.

Introduction



A complete line is printed in one array-segment of a print position, until all stored print data has been printed

chaintrain revolution, during which time the form is sta- out. Upon completion of the printing of a line, the form
tionary. Printing occurs only when a comparison shows is advanced under buffer or tape control to the program-
that the character in alignment opposite a print hammer designated position for the next line of print. Ribbon
is identical to the stored data for that print position. The feeding is continuous, and ribbon reversing and tracking
compare-print process is repeated for all print positions are automatically performed to maximize ribbon life.

as each successive character on the chaintrain moves into
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Figure 2. Operator Control Locations
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OPERATOR’S CONTROL PANEL

The pushbutton switches and indicators on the front
control panel (Figure 3) provide operator control of the
printer and visual indication of printer status during
setup, local test operation, and print-run interruptions
that require the attention of the operator.

ON (Green)

Pressing the ON indicating pushbutton switch turns
on power in the printer, illuminating the switch push-
button and index’s the paper tractors to the next strobe
position, provided that:

a. Primary power is applied,
b. The main circuit breaker is in the ON position. and
¢. No power alarm condition exists.

OFF (Red)

Pressing the OFF indicating pushbutton switch turns
off power in the printer, illuminating the switch push-
button. When power is on, the OFF switch pushbutton is
also illuminated whenever the printer is in a stand-by
state with power to the chaintrain and ribbon feed drive
motors turned off.

ALARM (Red)

The ALARM indicator is illuminated in the event of
an alarm condition that inhibits continued operation in
the RUN mode, and which requires operator, or main-
tenance, attention (see ‘‘Printer Status Indications™).
During power turn-on and turn-off, the ALARM indi-
cator is momentarily illuminated, providing a lamp
check: this should be disregarded unless unduly pro-
longed.

RUN (Green)

Pressing the RUN indicating pushbutton switch
enables the printer for operation with the external device,
and illuminates the switch pushbutton, provided that:

a. Printer power is on,
b. The REMOTE/LOCAL switch on the test panel is
in the REMOTE position, and

OPERATOR CONTROLS

Figure 3. Operator’s Control Panel and
Alarm Indicator Panel
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c. No alarm conditions exist (ALARM indicator is
off).

A paper low (last form) condition inhibits continuous
operation in the RUN mode. In the event of a paper low
condition, manually holding the RUN switch depressed
permits continued operation for the form currently in
printing position; that is. until the next Top-of-Form
{TOF) position is detected.

Upon becoming enabled, the printer remains in a
stand-by state with the power to the chaintrain and
ribbon feed drive motors turned off (both the ON and
OFF indicators illuminated) until the transfer of the first
print command from the external device. Similarly, the
printer automatically switches to the stand-by state if a
print command is not transferred within approximately
one minute of the last print operation to conserve power
and enhance the aural environment. (Note - Paperfeed
commands are executed independently of print
commands and have no effect on the stand-by state of the
printer.)

STOP (Red)

Pressing the STOP indicating pushbutton switch
inhibits continued operation at the completion of the
current operation.

If a data transfer is in progress at the time STOP is
depressed. operation with the external device is con-
tinued for approximately 50 milliseconds to allow for
completion of the transfer. At the end of this time, if the
transfer has not already been completed, the printer
automatically initiates the appropriate operation for
whatever data has been transferred at the time, and sub-
sequently inhibits continued operation upon completion
of that operation.

ONE LINE (Yellow)

When the printer is in the STOP mode, depressing
the ONE LINE pushbutton switch advances the paper
tractors, and forms, one linespace.

HOME (Yellow)

When the printer is in the STOP mode, depressing the
HOME pushbutton switch advances the paper tractors
and forms to the next “home”, or Top-of-Form (TOF)
position as designated by a punched hole in Channel 1 of
the format tape. (Note - If no format tape is installed, the
paper tractors and forms will be advanced a single line-
space only.)

Slew Paper Controls

When the printer is in the STOP mode, depressing
the ONE LINE and HOME pushbutton switches
together continuously advances the paper tractors, and
slew-feeds the forms, as long as both switches are held
down.

Chaintrain Line Printer

PRINTER STATUS INDICATIONS

Visual indication of printer status is provided by the
indicating pushbutton switches and indicator on the
front control panel, and by the lamps on the Alarm
Indicator Panel. Depending upon the condition(s)
detected, the indicating pushbutton switches and
indicator are illuminated individually or in combinations
(Table 1).

OFF (Red)

The OFF indicating pushbutton is illuminated for
any of the following conditions:

a. Printer power is turned oft,

b. A printer power supply voltage is not present,

c. A hammer driver overcurrent condition is
detected,

d. Yoke is open,

e. Yoke latch lever is open, or

. Printer is in stand-by state (chaintrain and ribbon
feed drive motors oft).

A hammer driver overcurrent condition is indicated
whenever hammer driver supply current is sensed to be
flowing anvtime other than during a print operation, to
protect the printer from potential damage while mini-
mizing the possible loss of data. In the event of a hammer
driver overcurrent condition. or the loss of a printer
power supply voltage, which require maintenance atten-
tion. power in the printer is automatically turned off and
operation is immediately stopped.

When the printer power is on. the OFF indicator
is also illuminated to indicate that operator attention is
required (ALARM indicator illuminated) or that the
printer is in a stand-by state (RUN switch pushbutton
illuminated).

ALARM (Red)

The ALARM indicator is illuminated for any of the
following conditions:

a. Yoke is open,
. Yoke latch lever is open,
Paper runaway condition is detected,
. Paper out condition is detected,
Paper jam/tear condition is detected.
A ribbon alarm condition is detected, or
. Hammer Driver circuit-board interlock circuit is
open.

e Ao o

To facilitate operator procedures, the foregoing alarm
conditions and the paper low condition, are separately
indicated on an Alarm Indicator Panel, located to the
right of the operator control panel (Figure 3). Normally,
the Alarm Indicator Panel is concealed when the canopy
is closed, but is fully accessible upon opening the canopy.

Y.
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A paper runaway condition is indicated whenever
paper is continuously advanced for several forms. Paper
runaway can occur if the format tape used is not punched
in all channels and the printer receives a Skip-to-
Channel instruction that designates an unpunched
format tape channel. This alarm condition can be
cleared by pressing either the ONE LINE or the HOME
pushbutton switch.

A paper-out condition is indicated when a paper low
(last form) condition is sensed and a punched hole is
detected in vertical format channel 1 (“Home’; or Top-
of-Form position). When paper is out, follow the pro-
cedure described under “‘Forms Loading” for loading
new forms and locating the first line of print.

A paper jam/tear condition is indicated whenever
paper is not sensed to be moving thru the print area
during a paper advance operation.

Table 1.

A ribbon alarm condition is indicated whenever
ribbon is sensed to be out of both the upper and lower
ribbon sensors.

In the event of any alarm condition listed above, the
printer immediately inhibits continued operation in the
RUN mode until the condition is corrected and the
ALARM indicator is turned off.

STOP (Red)

The STOP indicating pushbutton is illuminated for
any of the following conditions:

a. STOP pushbutton is pressed,

b. Any condition listed above that turns on the
ALARM indicator, or

c. A paper low (last form) condition is detected.

Front Panel Alarm Status Indications, DPC Chaintrain Line Printer

FRONT PANEL INDICATORS
OFF ON ALARM RUN STOP

CONDITION(s) DETECTED

CORRECTIVE ACTION(s)

Primary power not applied (1)

Check main circuit breaker;
primary service

Printer voltage not availabie

Normal if power OFF; otherwise

Hammer driver overcurrent

maintenance attention required

Printer in stand-by state (2) (1)

Generally normal; if prolonged,
check external device. program

Yoke open (3)

‘| Close yoke

O10|0]0
O10]0|0
O10]0 0
O 1000
O 10|00

Yoke latch open (3)

Close yoke latch

Paper out (2) (3)

Insert new forms

Paper jam/tear (1) (3)

Re-insert forms; check tractor positioning

O
O
O
O
O

Paper runaway (1} (3)

Press ONE LINE or HOME switch
to clear; check format tape program;
reposition forms as required

Ribbon alarm (1) (3)

Check that ribbon is threaded through
both upper and lower ribbon sensors

Hammer driver interlock

Maintenance attention required

circuit open (3)

Paper low (2) (3)

Press RUN to complete form

O 0O 0O O O
o O O

If no printing occurs and printer
does not revert to stand-by after
about 1 minute. check interface
cabling, interface, program

Printer ready (1)

Q O Normal operating status

Notes: - In the table, an open circle Q (light) denotes indicator is “'on’" and a filled circle

O {(dark) denotes indicator is *off"
- Momentary illumination of ALARM indicator during power turn-on/off is normal.
(1) Frequent recurrence or persistence of condition requires maintenance attention.

(2) Condition not sensed or normally occurring in local, internal test mode.
(3) Separately indicated on the Alarm Indicator Panel.
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A paper low condition is indicated when less than
$-1/2 inches (14 cm) of paper supply remains in the
printer. Operation with the external device is auto-
matically stopped upon detection of paper low. However,
manually holding the RUN pushbutton switch depressed
permits continued operation for the (last) form currently
in printing position until paper is out, that is; until a
punched hole is detected in vertical format channel 1. A
paper low condition overrides a paper jam indication.

MECHANISM CONTROLS AND ADJUSTMENTS

The printer mechanism controls and adjustments
(Figure 4) provide operator access to and adjustment of
the printer during setup, and provide operator control of
print quality during operation. In normal operation, the
canopy and the upper left side panel should be closed to
prevent inadvertent operation of the mechanism controls
and adjustments.

6/8 LINES PER INCH (Optional Feature)

The optional 6/8 LINES PER INCH switch is used to
select either six (6) or eight (8) lines-per-inch (2,54 cm)
linespacing.

INFINITE FORMS POSITION Control

This control permits the vertical position of the forms
to be adjusted independently of the vertical format unit
when the printer is in the STOP mode.

WARNING

DO NOT attempt to position forms while
the printer is operating. This control is
directly coupled to the paperfeed drive sys-
tem and turns as paper is being advanced
through the printer mechanism.

Lifting the clutch release lever in the center of the
control to the raised position decouples mechanical drive
to the paper tractors. The forms can then be repositioned
by turning the concentric knob either counter-clockwise
to raise the forms, or clockwise to lower the forms.

PAPER HOLDDOWN LATCHES (Upper Tractors)

Pushing upwards on each latch releases the respective
spring-loaded paper holddown plate (cover) to the open
position for forms removal or loading. The latches are
spring loaded to automatically engage the holddown
plates in the closed position.

TRACTOR LOCKING LEVERS

The tractor locking levers permit the paper tractors to
be individually positioned to accommodate forms of
different widths and to laterally position the print-line
location on a form. On the upper tractors placing the
lever in the raised position releases the corresponding
tractor which can then be manually slid to the desired

Chaintrain Line Printer

position. Pushing the lever down to its fully lowered
position locks that tractor in position for operation. On
the lower tractors, placing the lever in the lowered
position releases the corresponding tractor which can
then be manually slid to the desired position. Pushing
the lever up to its upper position locks that tractor in
position for operation.

YOKE LATCH LEVER

Pulling the yoke latch lever forward releases the yoke
latch, permitting the yoke to be manually pivoted for-
ward by pulling on the yoke handle, allowing full access
to the print area for forms loading and ribbon changing.
When opened beyond its maximum vertical position, the
yoke will continue to swing downward (gravity) to the
fully-opened position as shown in Figure 4. The yoke
action is dampened to prevent opening or closing too
abruptly.

The yoke should be opened only when the printer is in
the STOP mode, or when the printer power is off. The
yoke latch and the yoke are electrically interlocked to
disconnect power to the chaintrain and ribbon feed drive
motors when not fully closed. Releasing the yoke latch
while the printer is operating will immediately switch the
printer to the STOP mode, which might result in the loss
of print data, incorrect vertical formatting, and/or a false
power alarm indication.

With the yoke latch lever in the forward (yoke re-
leased) position, the yoke can be pivoted to the closed
position by pushing upwards, then inwards, on the yoke
handle until the yoke is fully closed. Pushing the yoke
latch lever back as far as it will go latches the yoke in the
closed position for printing.

PHASING CONTROL

The PHASING control permits operator adjustment
of the over-all lateral alignment of character imprints to
correct any left or right side cutoff. Rotation of this con-
trol advances, or retards, the timing of print hammer
actuation with respect to the position of the character
type faces on the moving chaintrain as they pass in front
of the print hammers. The control is cam-coupled to
permit continued rotation in either direction to adjust
the alignment in a reciprocating manner; that is, lateral
movement of imprints first in one, then the opposite
direction.

IMPRESSION CONTROL

The IMPRESSION control positions the chaintrain
closer to, or farther from, the print hammers to permit
adjustment of over-all print impression (darkness) with
forms and ribbons of different thicknesses and charac-
teristics. Print impression is adjusted by sliding this con-
trol either to the right, or to the left. Print impression is
darkest with the control at the most right-hand position,
and is lightest at the most left-hand position.
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GENERAL

The feeding of forms by the printer is performed
either by spacing under printer buffer control or by skip-
ping under tape control, as designated by bit position 7
of the Paperfeed Instruction transferred for each paper
.advance operation. When spacing, paper is fed in a
single, continuous operation until the printer buffer has
electronically counted off the number (from O [none] to
63) of line spaces designated in binary by the instruction.
To advance forms by spacing, the vertical format pro-
gram of each form must be provided by the external
device.

For tape control, each application requires a vertical
format tape which corresponds in length to the number
of linespaces on one or more forms. This tape is prepared

with punched holes, arranged in channels, along the,

length of the tape. Each hole represents a selected line on
the corresponding form at which a paper advance is to
stop. The tape is read in synchronism with the moving
forms in the printer by a multi-channel photoelectric
vertical format unit (VFU). When skipping, paper is
continuously fed until the next punched hole is detected
in the tape channel designated in binary by the
instruction. Paperfeed Instruction bit patterns are given
in Table 6 of the Appendix.

A printer equipped with the Automatic Linefeed '

feature! can be programmed from the external device to

automatically advance paper either a single or double .

linespace after printing each line, permitting “list”
printout to be easily produced without the necessity
of programming a Paperfeed Instruction for each line of
print. Used in conjunction with an appropriately pro-
grammed tape, this feature also provides an automatic
paper skip to the Top-of-Form (TOF) position of the next
form when the Bottom-of-Form (BOF) position of the
current form is detected for. perforation step-over. This
automatic BOF-io-TOF paper skip is also provided when

VERTICAL FORMAT CONTROL

Automatic Linefeed is programmed in conjunction with
the execution of any spacing imstruction, or of a
Skip-to-BOF Channel instruction?. The portion of the
original spacing instruction remaining after an auto-

‘matic BOF-to-TOF paper skip is discarded. Except for a

Skip-to-BOF Channel instruction, all other Skip-to-
Channel instructions result in a paper advance to the
channel designated regardless of the state of Automatic
Linefeed.

FORMAT CONTROL TAPE

The tape used for format control depends upon the
VFU provided on the particular printer. The standard
8-Channel VFU accommodates standard one-inch (2,54
cm) wide perforated tape, whereas the optional
12-Channel VFU is designed to read 1-5/8 inch (4,13 cm)
wide carriage control tape. The recommended tapes for
format control of the printer are DPC Part No. A4524 or
equivalent for use on the 8-Channel VFU; or DPC Part
No. A4568 or equivalent for use on the 12-Channel VFU.
Detail format tape characteristics, and format tape sup-
plies and accessories are listed in Tables 7 and 8 of the
Appendix.

FORMAT TAPE PREPARATION

The following general instructions should be
observed when preparing a vertical format control tape-
loop:

1. At least one punch is required in each channel for
each form, to avoid the possibility of a paper run-
away which might otherwise occur if the’printer
should be instructed to skip to an unpunched
channel.

2. A Channel 1 punch is required for each form to
restore the paper tractors to the ‘“‘Home” posi-
tion, to stop the printer when it runs out of forms,
and to stop paper movement during an automatic

IThe Automatic Linefeed feature is provided only on printers equipped with the standard DPC printer 170 signal interface configuration.

2 Automatic linefeed is not recommended for use with input data formats in which the paperfeed instruction is transferred together with the stream of
print data characters for a line of print (*‘Last Character” mode; First Character Interface). Automatic linefeed will interfere with paperfeed instruc-

tions so transferred.

Vertical Format Control



BOF-to-TOF paper skip. The Channel | punch is
normally located to correspond with the first line
-of printout on a form (TOF).

3. A Channe! 8 punch or a Channel 12 punch, de-
pending upon the VFU configuration, is required
for each form to initiate an automatic BOF-to-
TOF paper skip when programmed.

4. Holes in the tape must be fully punched out (not
chadless) and should conform to the hole size and
pitch dimensions given in Table 7 of the Appendix.

S. Format tape-loops should be spliced using an over-
lap joint having an overlap of three feed holes. The
trailing end of the tape should overlap the leading
end so as to be on the outside of the loop to avoid
picking.

6. For best results, format tape-loops should be care-
fully stored to avoid creasing and contamination,
particularly from oil which might reduce tape
opacity, and lint particles and chad which might
obstruct the punched holes.

The tape preparation method differs in certain de-
tails depending upon the VFU configuration, 8 or 12
Channel, and the linespacing, 6 or 8 lines-per-inch (LPI),
on the form that a format tape is to be used with.

Eight-Channel, Six LPI Tape Preparation: Eight-
channel format tape (DPC Part No. A4524) is pre-
punched with round holes slightly to one side of the
center of the tape for the sprocket-feed drive that ad-
vances the tape in synchronism with the movement of
forms through the printer. Holes can be punched in up to
eight columns, called channels, throughout the iength of
the tape. Normally, three channels are arranged to the
left of the feed holes and are designated Channels 1, 2,
and 3 from left-to-right. The remaining five channels are
normally arranged to the right of the feed holes and are
designated Channels 4 through 8 (left-to-right).

The tape is first marked to an equivalent formf(s)
length. Mark the left end of the tape as shown in Figure S
to form a leader and to designate the position of the top
edge of the form. Determine the equivalent tape length
either by carefully counting feed holes (each feed hole on
this tape corresponds to one line on the form at a line-
spacing of six LP}), or by multiplying the form length in
inches (or centimeters) by six-tenths (x6/10ths). Starting
from the solid line representing the top edge of the form,
measure off, to the right, the equivalent tape length and
mark the tape with a second solid line through the feed
hole at this point. This second solid line represents the
bottom edge of a form.

The marking off of one form should be repeated as
many times as the nominal length of a tape loop allows
(6.6 inches or 16,76 cm, the equivalent of a standard 11-
inch [27,94 cm] fan-fold form). When a tape controls

Chaintrain Line Printer
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several forms in one revolution through the VFU, the ex-
pected life of the tape loop is increased. Cut the tape
about 2-1/2 inches (6,35 cm) to the right of the last solid
line to form a trailer for positioning the tape in the
punching equipment.

The tape should next be marked opposite each feed
hole where a hole is to be punched for each paper-skip
stop on the form. Each feed hole on tape represents one
line on the form at 6 LPI. A mark should first be made
for the first line of print position (TOF) on the form.
Marks should then be made for each additional paper-
skip stop and for the BOF position on the form. Holes
may be punched in more than one channel on the same
line, and may be punched in successive lines on the same
channel. A format tape may be prepared for use with
several different forms provided the linespacing, TOF,
and BOF are common. Any holes punched in the last
four positions on the tape should be repeated in the four
positions in the overlap splice section.

After the tape is punched, it is cut squarely on the last
solid line and the dashed line (refer to Figure 5), and then
looped into an endless belt with the trailing end over-
lapping the splice section as shown in Figure 6. The
mating surfaces of the tape should be cleaned with an
eraser to remove any material that might interfere with
proper cementing. The back side of the bottom end is
then cemented to the top side of the beginning end in the

THIS LINE REPRESENTS
THE TOP EDGE OF THE FORM

/
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THIS SECTION IS USED
FOR AN OVERLAP SPLICE

Figure 5. Eight-Channel Format Tape Leader



overlap splice section using a rubber-based contact
cement (DPC Part No. A4569 or equivalent). The last
solid line should coincide with the first solid line repre-
senting the top edge of the form, and the feed holes and
punched holes in the splice should coincide when the two
ends of the tape are cemented together. Any excess
cement should be removed and the holes in the splice
should be cleared.

Twelve-Channel, Six LPI Tape Preparation: Twelve-
channel format tape (DPC Part No. A4568) is preprinted
with guide lines to facilitate layout, manual punching,
and splicing. The tape has 12 columns, called channels,
indicated by numbered vertical lines. Round holes are
prepunched in the center of the tape for the sprocket-
feed drive that advances the tape in synchronism with the
movement of forms through the printer. A heavy
horizontal line through the fourth feed hole from the top
end (just below the section marked '‘glue’’) represents the
top edge of the form. Horizontal lines and feed holes are
spaced six to the inch (2,54 cm) along the length of the
tape. The horizontal lines are numbered consecutively
from the top edge line.

The tape is first marked in the channels on the line
opposite each feed hole where a hole is to be punched for
each paper-skip stop on the form. At a linespacing of 6
LPI, each horizontal line and feed hole on the tape cor-
responds to one line on the form. Marking can easily be
done by aligning the tape, printed side up, along the edge
of the form it is to control, with the heavy solid line even
with the top edge of the form. A mark should first be
made for the first printing position (TOF) on the form.
Marks should then be made for each additional paper-
skip stop and the BOF position on the form.

The marking off of one form should be repeated as
many times as the nominal length of a tape-loop (11
inches or 27,94 cm; the length of a standard fan-fold
form) allows, to maximize the expected life of the tape
loop. Next, the line opposite the feed hole corresponding
to the bottom edge of the last form should be marked for
cutting after the tape is punched. Any holes marked for
punching in the last four line locations on the tape
should be repeated in the overlap splice section. Holes
may be punched in more than one channel on the same
line, and may be punched on successive lines in the same
channel. A format tape may be prepared for use with
seseral different forms provided the linespacing, and the
TOF and BOF positions are common.

After the tape is punched, it should be cut, looped,
and cemented as shown in Figure 6 and as described
above for eight-channel tape.

Twelve-Channel, Eight LPI Tape Preparation: For a
linespacing of 8 LP1 on the form, every 1/8th inch (3,18
mm) on the tape corresponds to one linespace on the
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form. Consequently, the preprinted horizontal lines on
the tape, which are spaced six to the inch, are not appli-
cable and, generally, should be ignored when preparing a
12-channel tape for 8 LPI linespacing. Marking of the
tape can easily be done by aligning the tape, printed side
up, along the edge of either the form it is to control, if the
form is preprinted at the appropriate line positions, or a
properly graduated scale, keeping in mind that the heavy
solid line on the tape represents the top edge of the form.

Tapes for 8 LPI are prepared in much the same
manner as described above for 6 LPI, while observing the
following precautions:

1. With the top edge of the form even with the heavy
horizontal line, every fourth line location should
align with every third feed hole on the tape.

2. The bottom edge of the last form represented on
tape should align with a tape feed hole.

3. Rectangular holes should not be punched in suc-
cessive line locations.

Figure 6.

ormat Tape-Loop Over’ap Joint

Vertical Format Control






OPERATOR PROCEDURES

FORMAT TAPE MOUNTING should be on the left side of the loop, as viewed
from the front of the printer.
12-Channel VFU - Tape Channel 12 should be
outermost. Printing should be on the outside, and
the line position numbers should be on the left
side of the tape loop as viewed from the front of the
printer.

4. Insert the tape loop into the narrow gap between
the tape guides and place the top of the loop over

the tape drive sprocket so that the feed pins engage
8-Channel VFU - Tape Channel 1 should be outer- the feed holes in the tape. If the tape is for 8 LPI

most. The narrow, three-channel side of the tape linespacing, position the tape so that the feed hole
representing the top edge (not TOF) of the form is
engaged on a short, flat-topped feed pin to pro-
perly index the tape with the paperfeed
mechanism.
_ 5. Lightly holding the tape loop taut, lower the tape
hold-down (Figure 8).
6. Place the 6/8 LINES PER INCH switch in the ap-
propriate position.
7. Press the HOME switch to position the tractors,
and close the sliding panel.

1. Place the printer in the STOP mode and open the
sliding panel at the upper left side of the printer to
gain access to the VFU (Figure 7).

2. Raise the spring-loaded tape hold down (Figure 8)
to the open position and carefully remove the
move the “old” tape by lifting it up to clear the
feed pins. then out.

3. Orient the tape loop to be installed as follows:

FORMS LOADING

1. Raise the canopy to gain access to the printer yoke
and yoke latch lever, and open the front doors to
gain access to the paper supply area.

2. Unlatch and pivot the yoke to the open position by
pulling the yoke latch lever forward and then pul-
ling the yoke, by its handle, toward you.

3. Unlock and set the paper tractors (Figure 9) to ap-
proximate their final position. Normally, the left-
hand tractors should be positioned slightly to the
left of the first printing position.

4. Open the upper tractor hold-down plates (covers)
) . ' . by pushing the hold-down latches upwards until
Figure 7. Vertical Format Unit (Typical) the spring-loaded plates snap open. Open the
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Figure 8. Format Tape Mounting (Typical)

L.H. TRACTOR
[CLOSED POSITION]

R.H. TRACTOR
{OPEN POSITION]

Figure 9. Paper Tractors

Chaintrain Line Printer
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spring-loaded lower tractor hold-down plates by
gently pulling upwards and outwards on the hold-
down plates.

. Thread the forms, printing side up, up through the

opening between thz open yoke and the lower
paper platen (Figure 10) and place the form on the
paper tractors with the margin feed holes engaged
on the tractor feed pins. (Hint - When loading
multiple-part forms, fold the first page over before
threading so that the parts will not shift while
threading.) With the feed holes properly engaged
on the feed pins, close the paper hold-down plates.

. Swing the formscale into place over the form at the

printiine (Figure 11) by pushing the formscale
from the yoke toward the form until it is in place.

. Referring to the formscale, horizontally position

the paper tractors and forms to the desired print
location on the form. Lock the left-hand paper
tractors in their final position.

. Tighten the cross-tension on the form by carefully

positioning the right-hand paper tractors. The
form should be taut but without distortion of the
margin feed holes, which might interfere with
proper feeding. With the form at the desired cross-
tension, lock the right-hand paper tractors in their
final position.

Figure 10. Forms Threading



10.

. Open the sliding pane! at the upper left side of the

printer to gain access to the VFU and the Infinite
Forms Position control (Figure 12). Check that the
proper format tape-loop, if required, is installed in
the VFU, and that the 6/8 LINES PER INCH
switch, if provided, is in the proper position.
Turn printer power on and press the HOME push-
button switch to advance the paper tractors to the
next "Top-of-Form™ position.

. With the printer in the STOP mode, adjust the

vertical position of the forms by means of the In-
finite Forms Position control.

WARNING

DO NOT attempt to position forms while
the printer is operating. This control is di-
rectly coupled to the paperfeed drive system
and turns as paper is being advanced
through the printer.

Decouple the forms control by raising the clutch
release lever, and adjust the vertical position of the
forms by turning the control knob until the line on
which the first line of print is to appear is just visi-
ble above the top edge of the formscale. Re-engage
the paperfeed drive by pressing the clutch release

Figure 11. Formscale Position
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lever back into position against the control knob.
Close the upper left side panel.

12. Close and latch the printer yoke.

WARNING

BEFORE attempting to close the yoke,
check that the print area is free of any ob-
struction that might interfere with proper
operation or that might damage the mecha-
nism. KEEP hands and clothing away from
the print area while closing the yoke.

With the yoke latch lever in the forward (release)
position, pivot the yoke to the closed position by
pulling upwards. then pushing inwards. on the
yoke handle until the yoke is fully closed; then
push the yoke latch lever back as far as it will go to
lateh the yoke closed.

. Check for proper initial settings ot the IMPRES-

SION and PHASING controls, particularly if the
thickness or number of parts of the new form is
signiticantly different than that of the old form
(refer to “Print Quality Adjustments’ for details).
Close the canopy.

LOCKED
POSITION

Figure 12. Infinite Forms Position Control

Operator Procedures
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15.

Arrange the forms supply directly under the
printer yoke so that the forms will feed straight
into the printer. 1f the forms are fed from a carton,
take care that the tlaps or any ragged edge on the
carton will not snag the forms. Close the paper bay
doors.

Position the paper shelf in the mounting holes at
the lower rear of the printer. Check that the paper
shelf grounding cord is plugged in.

16. When printing begins. check for proper printing

and forms handling. The first forms fed out of the
printer should be guided onto the paper shelt so
that they fold properly and lay flat. During opera-
tion, the printout should be occasionally dressed
down by jostling the stack to lay flat and by press-
ing down on the paper to squeeze out trapped air.

RIBBON CHANGING

1. Raise the canopy. and unlatch and pivot the print-

er yoke to the open position to gain access to the
ribbon and ribbonfeed mechanism (Figure 13).

. Swing the formscale away from the yoke by push-

ing the formscale towards the forms area. and open
the hinged ribbon cover at the top center of the
yoke by swinging it towards the front to gain full
access to the ribbon and ribbon mandrels.

. Using the disposable plastic gloves supplied with

the new ribbon, push the upper ribbon mandrel to
the right, lift out the left end, and remove the man-
drel from the mechanism. Temporarily place it on
top of the formscale.

. Push the lower ribbon mandrel to the right, lift out

the left end. and remove the mandrel from the
mechanism. Grasping both mandrels, slide the rib-
ben slightly to the right to clear the upper and
lower ribbon sensors at the left side of the ribbon
path, and remove the ribbon from the printer.

- When instailing a new ribbon, load the full man-

drel onto the lower ribbon drive first. With the full
mandrel positioned so that ribbon winds from the
underside (see Figure 14), place the right-hand end
of the mandrel onto the lower right spring-loaded
idler hub, push the mandrel to the right and place
the left end of the mandrel onto the lower left
drive hub with one of the notches in the end of the

SPRING LOADED
.~ IDLER HUBS -

Figure 13. Ribbonfeed Mechanism

Chaintrain Line Printer



FORMSCALE —— RIBBON
[OPEN POSITION) -

NOTE: BOTH UPPER &
LOWER RIBBON SENSOR '\
ASSEMBLIES ARE AT THE
LEFT SIDE OF THE RIBBON

PATH.

/
//r“// CHAINTRAIN

/ |

oo LOWER RIBBON

Q\\ rs‘ SENSOR ASSY
. > [EDGE & END
Lot OF RIBBON]

A

SN

U

Figure 14.

INTO SLOT :

Figure 15.

RIBBON DRIVE
HUB PIN

Ribbon Drive Hub and Notched Ribbon
Mandrel End

UPPER RIBBON
SENSOR ASSY

[EDGE & END OF RIBBON] RIBBON REVERSING HOLE

[2 PLACES; EACH END]

RIBBON COVER
[{OPEN POSITION]

UPPER RIBBON MANDREL

PRINTER YOKE
[OPEN POSITION]

LOWER RIBBON MANDREL
[WITH FULL RIBBON SPOOL)]

Ribbon Path
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10.

mandrel engaged with the pin on the rim of the
drive hub (see Figure 15).

. Wind the ribbon over the chaintrain as shown in

Figure 14, taking care that the left edge of the rib-
bon is threaded into the slots of both the lower and
upper ribbon sensors.

. Place the right-hand end of the “‘empty”” mandrel

onto the upper right spring-loaded idler hub, push
the mandrel to the right, and place the left end of
the mandrel onto the upper left drive hub with one
of the notches in the end of the mandrel engaged
with the pin on the rim of the drive hub. (Note -
Ribbon should wind onto the top side of the upper
mandrel.)

. Manually turn the upper ribbon mandrel to take

up any slack in the ribbon from in front of the
chaintrain, and to ensure that the ‘““Ribbon End”
holes are located between the upper mandrel and
the upper ribbon sensor. Close the ribbon cover.

. Close and latch the printer yoke. Check for proper

settings of the IMPRESSION and PHASING con-
trols. Generally, when a fresh ribbon is installed,
the IMPRESSION control should be initially set
for light print density (refer to “‘Print Quality Ad-
justments’’ for details). Close the canopy.

When printing begins, check that the ribbon is
feeding properly.

Operator Procedutes



Generally, fully used or worn ribbons should be dis-
carded and replaced with freshly inked ribbons. How-
ever, in some applications when the majority of printout
utilizes only one half of the ribbon on either the left or
right side, the useful life of a ribbon can be prolonged
simply be re-installing the ribbon with the ribbon and
ribbon mandrels turned end-for-end, so that the unused
half can be utilized, providing the ribbon is not ex-
cessively worn and the left side, as installed, does not
have a ragged edge. A ragged left edge, or holes in the
ribbon, might result in improper ribbon reversing and
tracking, and might cause the ribbon to foul in the print
mechanism.

RIBBON SENSOR CLEANING

For best results, both the upper and lower ribbon
sensors (see Figure 14) should be cleaned on a routine
basis, preferably with each ribbon change while ribbon is
removed. During printing, small particles of ink and

Chaintrain Line Printer
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paper tend to accumulate on the ribbon sensing devices.
When this accumulation obscures the sensors, the ribbon
tracking and/or ribbon reversing functions of the printer
will be impaired.

The ribbon sensors can be cleaned either with a soft,
lint-free cloth or with the impregnated handcleaning
cloth supplied with each DPC ribbon. To clean a ribbon
sensor, fold the cloth into a strip and insert a folded edge
of the cloth strip into the slot of the ribbon sensor assem-
bly. Gently pull the cloth, from back to front, through
the slot to wipe the sensor. Repeat this process several
times while exerting a slight downward force on the cloth
strip to wipe the sensing devices on one side of the assem-
bly, and several times while exerting a slight upward
force on the cloth strip, to wipe the sensing devices on the
opposite side of the same assembly.



GENERAL

The IMPRESSION and PHASING controls on the
printer yoke permit operator adjustment of the over-all
print density (darkness of impression) and the over-all
horizontal alignment of the printed characters while the
printer is operating. It is important that these controls be
adjusted to suit each application to achieve the best pos-
sible results. To ensure satisfactory print quality, the
operator should check these adjustments each time a new
form and/or a new ribbon is installed. To ensure accept-
able print quality, certain precautions should be ob-
served, namely:

1. Use the ribbon and form(s) recommended for the

application.

2. Supervise and adjust the print density as required

during operation.

3. Replace the ribbon as required.

4. Clean the chaintrain as required.

When making print quality adjustments, it is im-
portant that the IMPRESSION control be adjusted first,
then the PHASING control may be adjusted, as these
adjustments are interactive.

PRINT DENSITY

Since the thickness of the form and ribbon, the
number of parts of the form, the quality and finish of the
paper, and the type and condition of the ribbon affect
print quality, the IMPRESSION control should be ad-
justed to provide the best impression obtainable for the
particular form and ribbon being used.

Generally, the IMPRESSION control should be
initially set to ““Light” for:

1. Thick forms in order to avoid smudging.

2. Very thin forms in order to avoid embossing.

3. Fresh ribbons in order to avoid extraneous inking.

The IMPRESSION control should be set to a position

intermediate between “Light” and “Dark” for average
form thicknesses and used ribbons as experience
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PRINT QUALITY ADJUSTMENTS

dictates. Because fresh ribbons contain more ink than
used ribbons, the initial print density will be relatively
heavy for a given setting of the IMPRESSION control.
The more a ribbon is used, the less ink it contains and
the lighter the print density becomes. Therefore, the
operator should check the print density at the beginning
of, and at intervals during, a print operation, and adjust
the IMPRESSION control as required to maintain the
best possible result. Owing to the wide variation in
papers, forms, and ribbons that might be used, and be-
cause each application might result in unique ribbon
usage, the operator should experiment with an adjust-
ment schedule that provides the optimum result for a
particular application.

CHARACTER PHASING

After the IMPRESSION control is adjusted, the
PHASING control should be adjusted to horizontaily
align the printout in all print positions for full-character
imprints while printing a full width character, as “M” or
“W’; to correct for any left or right side cutoff (see Table
2). When printing on multiple-part forms, the last, or
bottom part should be checked for proper PHASING
adjustment, as any cutoff will be more pronounced on
the bottom part than on the top part.

CHAINTRAIN CLEANING

For best results, the chaintrain should be cleaned
periodically according to the ribbon and paper(s) used,
and the print quality requirements. During printing,
small particles of paper and ink tend to accumulate in
the counters (open spaces) between the lands (raised por-
tion) of the type faces on the chaintrain. When this accu-
mulation fills the open spaces, the distinctness of the
printed character might be affected. Therefore, the
chaintrain should be cleaned (with the ribbon removed),
first with a vacuum cleaner, then with a soft wire brush
and a vacuum cleaner, on a routine basis. When cleaning
the chaintrain, it is recommended that a piece of paper
be placed between the open yoke, and the print and
paperfeed mechanisms to form a trough to catch the
material brushed off of the chaintrain.

Print Quality Adjustments



Table 2. Operator Correctable Printed Character Conditions

PRINTOUT CONDITION ADJUSTMENT
M M u Dark Print, Smudging, Decrease IMPRESSION ad-
Extraneous Inking justment.

MM W Light Print, Voids Increase IMPRESSION ad-
justment.

M M M Left Cutoff Increase PHASING adjust-
ment for full-character im-
print in ali positions.

MMN Right Cutoff Decrease PHASING adjust-
ment for full-character im-
print in all positions.

M M M Filled Characters Clean chaintrain

Chaintrain Line Printer
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GENERAL

The LOCAL, or internal test, mode of operation exer-
cises all printer functions (except the actual input and
output circuitry of the printer interface with the external
device) under local control, to permit operator adjust-
ments to be performed on the printer independently of
the external device. When operating in the LOCAL
mode, printing is automatically performed in a repetitive
print-then-feed manner, successively printing lines of a
single operator-selected character in all print positions.
Test printout can be either single-line or multiple-line
spaced by spacing or by skipping.

TEST PANEL CONTROLS

The printer test panel contains the controls necessary
to select the LOCAL, internal test mode of operation; the
test print character; and the test paper advance instruc-
tion. The test panel controls are arranged as shown in
Figure 16 at the outer edge of the Character Storage/
Control printed-circuit board in position 4 of the logic
electronics basket, and are accessible through an
opening at the lower rear of the printer.

REMOTE/LOCAL Switch

This switch selects the mode of printer operation.
When in the REMOTE (toggle up) position, printer
operation is controlled by the external device connected
to the printer interface, and all other test panel controls
are logically inhibited so as to be non-interfering while in
the REMOTE mode.

When the REMOTE/LOCAL switch is in the
LOCAL (toggle down) position, the printer interface with
the external device is logically inhibited, and the printer
is conditioned to operate automatically as designated by
the remaining test panel controls. Operation of the
printer in the LOCAL mode is controlled by the operator
by means of the RUN and STOP pushbutton switches on
the front control panel. The REMOTE/LOCAL switch
should be changed to the opposite mode only when the
printer is in the STOP mode; should the mode selection
be changed while the printer is in the RUN mode,
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operation will continue as it was prior to the switch
change, until the printer is switched to the STOP mode.

SS/PF [Single Space/Program Feed] Switch

This switch is enabled only in the LOCAL mode.
When in the SS position (toggle up), paper will be ad-
vanced a single (one) linespace after each print operation.
When in the PF position (toggle down), paper will be ad-
vanced according to the bit pattern set by the Test Data
Bit switches “b1” through ‘“b7'! (Standard paperfeed
command bit-patterns are listed in Table 6 of the
Appendix.)

TEST DATA BIT Switches

The test Data Bit switches are used to select a (1) bit
pattern which designates the character to be printed and,
if the Program Feed mode is also selected, the paper ad-
vance instruction to be executed, during operation in the
LOCAL mode. The Test Data Bit switches, designated
“b1” through “b7" (or optionally, “b8”), correspond to
the Data Bus In bit positions on the printer interface
with the external device. When a Test Data Bit switch is
in the “1” position (toggle up), the corresponding input
data bit will be true: conversely, when in the *“0” position
(toggle down), the corresponding input data bit will be
false. The character printed for a given bit pattern
depends upon the character sequence arrangement pro-
vided on the particular unit.

On printers equipped with the optional Input Parity
Check feature, Test Data Bit switch “b8” is used to
complete the parity, odd or even, of the test data
character code. Incorrect parity will result in the printing
of “blanks” (no printout) and, if the Program Feed mode
is selected, no paper advance.

INTERNAL TEST OPERATION

The pushbutton switches and indicators on the front
control panel provide operator control of the printer and
visual indication of printer status (except for paper low
and paper out conditions which are logically inhibited) as
described in “Operator Controls” when the LOCAL, in-
ternal test mode of operation is selected. Pressing the
RUN switch initiates printer operation, which will
continue automatically until the STOP switch is pressed.
Because Print Commands are generated internally in this
mode, the chaintrain drive and ribbon drive motors are
turned on immediately, and printing commences as soon
as the chaintrain comes up to operating speed. Except
for the REMOTE/LOCAL switch itself, all other test
panel controls may be manipulated to affect printout and
paperfeeding while operating in the LOCAL mode.

Chaintrain Line Printer
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The character printed and the vertical formatting of
test printout are determined by the combination of
settings of the SS/PF switch and the Test Data Bit
switches. The bit pattern to which the Test Data Bit
switches are set determines the character to be printed,
and when the Program Feed mode is selected, the paper
advance operation to be performed after each line of
print. When the Program Feed mode is selected and Test
Data Bit switch “‘b7" is set to the ‘0"’ position, paper will
be advanced the number (from none to 63) of linespaces
designated in binary by the remaining Test Data Bit
switches “b6” through “bl” (“bl” is least significant).
However, if Test Data Bit switch “b7” is set to the “1”
position, paper will be advanced under control of the
tape channel (1 to 8, or optionally 12) designated in
binary by Test Data Bit switches ‘b4’ through *‘b1”
(Is). (Note - Bit pattern 0000 will be interpreted as a
Skip-to-Channel 1 command and; if equipped with an
8-Channel VFU, bit patterns 1001 through 1111, or if
equipped with a 12-Channel VFU, bit patterns 1101
through 1111 will be interpreted as Skip 1-Line
commands.)

Example:  In Figure 16, the Test Data Bit switches are
shown set to the 000 0101 bit pattern (reading left-to-
right, “b7"-to-*b1”). With the standard 64-Character
USASCII chaintrain arrangement, this bit pattern re-
presents the upper-case letter “E” (print data bit b7 is
ignored). When the SS/PF switch is set to SS, the
printout will be of full lines of the letter “E” with the
form advanced a single (one) linespace after printing
each line. When the SS/PF switch is set to the PF
position, the printout will also be of full lines of the letter
“E” but, because “b7” is at “0’; the form will be ad-
vanced under buffer control for five (5) linespaces ac-
cording to the bit pattern 00 0101 on the remaining
switches ““b6” through “b1” after each line of print.

By changing the bit pattern to 100 0101, the printout
will continue to be of full lines of the letter “E’; and if
the SS/PF switch is set to the SS position, paper will be
advanced a single linespace after each line of print.
However, when the SS/PF switch is set to PF, with Test
Data Bit switch “b7” set to “‘1’; paper will be advanced
under control of format tape Channel 5 as designated by
the bit pattern 0101 set on the remaining Test Data Bit
switches “b4” through *‘b1” after each line of print.

Generally, the Single Space/Program Feed switch
should be left in the SS (Single Space) position, and the
Test Data Bit switches should be set to the bit pattern
that represents a full-width print character, as
upper-case letter “M”" or “W’; to facilitate operator ad-
justments for print quality.
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APPENDIX

Table 3 shows the characters printed from USASCII
input data with the standard 64- or 96-character
“ASCII” chaintrain arrangements. Space (SP) is repre-
sented on these arrangements by an Open Diamond ({)),
but its printing is suppressed.

Table 4 shows the characters printed from EBCDI-
Coded input data with the 48-character AN, HN or LC
chaintrain arrangement and appropriate code converter.

The characters provided by a particular chaintrain
arrangement are shown in Table 5. All bit patterns not
represented by a character on the chaintrain provided
are treated as a space character.

Note - The printer Data Bus In Line and the Test
Data Bit switch designations correspond to USASCII bit
positions. The EBCDIC-to-USASCII bit correspondency
is:

EBCDIC  USASCII EBCDIC  USASCII

T i, 1 I S
6 .......... 2 2 . 6
S o, 3 1.0 7*
4 ... 4 0.......... 8*

*Not used with 48-character arrangements.

Table 6 shows the standard Paperfeed Command
Codes and Instructions for the DPC Chaintrain Line
Printer.

Vertical Format Tape characteristics, and Format

Tape Supplies and Accessories are listed in Tables 7 and
8, respectively.

Appendix



Table 3. United States of America Standard Code for Information Interchange
(USASCII), 64 and 96-Character Subsets (for Character Arrangement
on Chaintrain, see Table 5)

b710 [0 |o o [1 [1 |1 |1

Bits 6|0 [ O 1 |1 |00 |1 |1

bS| o 1| o 1| of 1] ol 1

b4 [b3 [b2 | bl cot ol 1| 2| 3| 4| 5| 6| 7

ROW
olo|o]oO 0 SPl o| Q| P| | p
olofo]1 1 t) 1| Al Q| a| gq
o|lo|1]oO 2 " 2| Bl R| b ¢
olo|1]1 3 #1 3] c| S| cf s
of1]o]o 4 S| 4| D| T| a| t
oft1|o]1 5 %| S| E| U| e| u
of1[1]o0 6 &l 6| F| v| ] v
01|11 7 "l 7| G|l W g| w
i1|o|ofo0 8 (| 8| H| X| h| «x
11001 9 ) 9 IlY i| y
1|o]1]0 10 * Izl =
1|01 |1 11 + s | K[ L] x|
1|1]o0fo0 12 < L] N 1] |
1{t{of1] 13 — | ={M| 1 |m|)
1{1(1]0 14 >I N[ M n| ™
11|11 15 /1210l ol
64-Character
Subset
- 96-Character Subset

Graphics enclosed in heavy outlines correspond to the indicated subset.

Only bits b6 through b1 (Octal 00 through 77) are significant with the standard
64-Character chaintrain arrangement.

Only codes 2/0 through 7/15 (Octal 040 through 177) are significant with the
standard 96-Character chaintrain. Control codes 0/0 through 1/15 (Octal 000
through 037) are treated as SPace, and DELete, 7/15 (Octal 177) is treated as
a printable character ( ||| ).
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Table4. Extended Binary Coded Decimal Interchange Code (EBCDIC), 48-Character Sets, Arrangements AN,
HN and LC (IBM) (for Characters on Chaintrain, see Table 5)

b0 0 |0 |jo (o (0 |O |0 O |1 1 1 1 1 1 1 1
Bits bl 0 |0 |0 |0 |1 1 1 1 (0 [0 (0 |O |1 1 1 1
b2 001 1 (0|0 |1 11001 11001 1
b3 0] 1 o| 1| 0] 1| 0] 1| 0] 1 1{ 0] 1| 0] 1
CoL
b4 | bS (b6 | b7 0| 1 2| 3| 4| S| 6] 7| 8| 9| A| B| C| D| E| F
ROW
0{ojo0]|O0| O SP| & | - 0
ojojO0|1]1 / a| j Al ] 1
ofof[1]|0| 2 b| k]| s B| K| S| 2
ojof1 1|3 c i t C| L] T|] 3
0j1[{0]|O | 4 d| m| u D| M| U| 4
0O[1 ({01 ]S e n v E| N[ v| §
0|11 ]1[0] 6 fl o] w F| O| W| 6
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Graphics enclosed in heavy outlines correspond to bit patterns common to AN, HN and LC arrangements.

Lower-case letters print as corresponding upper-case letters when a lower-case letter bit pattern is accepted by a
Chaintrain Line Printer system with a 48-Character EBCDIC arrangement.

The graphics [T % @ # of the AN arrangement are dualed with the graphics ) (* = respectively of the HN arrangement.
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Table 6. Standard Paperfeed Command Codes For Systems With 8- Or 12-Channel Vertical Format Unit

Octal Bit Pattern Paperfeed Function
Bit 17 b6 b5 b4 b3 b2 bl
Pos.
000 0 0 0 0 0 0 O No Paper Advance [Overprint]
001 0 0 0 0 0 0 1 Space 1 Line
Thru Thru
077 o 1 1t 1 1 1 1 Space 63 Lines
100
120 . !
140 1 X X 0 0 0 0O Skip to Channel 1
160
101 1 X X 0 0 0 1 Skip to Channel 1
102 1 X X 0 0 1 O Skip to Channel 2
103 1 X X 0 0 1 1 Skip to Channel 3
104 1 X X 0 1 0 O Skip to Channel 4
105 1 X 0 1 0 1 Skip to Channel 5
106 1 X 0 1 1 0 Skip to Channel 6
107 1 X 0O 1 1 1 Skip to Channel 7
110
130 .
150 1 X X 1 0 0 0 Skip to Channel 8
170
8-Channel VFU: | 12-Channel VFU:
111 1 X X 1 0 0 1 Space 1 Line Skip to Channel 9
112 1 X X 1 0 1 0 Space 1 Line Skip to Channel 10
113 1 X X1 0 1 1 Space 1 Line Skip to Channel 11
114 1 X X 1 1 0 0O Space 1 Line Skip to Channel 12
8- or 12-Channel VFU:
115 1 X X 1 1 0 1 Space 1 Line
116 1 X X 1 1 1 0 Space 1 Line
117 1 X X 1 1 1 1 Space 1 Line
Note: X cenotes bit may be ‘1" or “‘0"’; state does not affect function
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Table 7.

Format Tape Characteristics and Channel Designations

FORMAT TAPE CHARACTERISTICS:

VFU Channels: 8 (Standard) 12 (Optional)
Linespacing: 6 LPI 6 LPI 8 LPI
Tape Width: 1.00 in. 1.625 in.
(2,54 cm) (4,127 cm)
Feed Hole Pitch: 0.100 in. 0.167 in.
(2,54 mm) (4,24 mm)
Feed Hole Diameter: 0.046 in. 0.103 in.
(1,168 mm) (2,616 mm)
Punched Hole Pitch: 0.100 in. 0.167 in. 0.125in.
(2,54 mm) (4,24 mm) (3,18 mm)
Punched Hole Size:
Diameter (preferred): 0.072in. 0.070 in. 0.070 in.
(1,829 mm) (1,778 mm) (1,778 mm)
Rectangular (Alternate): 0.070 by (*)
0.094 in.
(1,778 by
2,388 mm)

NOTE:

alternate positions within a channel.

* Corresponding hole size listed for 6 LPI may be used provided that punching is limited to

FORMAT TAPE CHANNEL DESIGNATIONS:

VFU Channels: 8 (Standard) 12 (Optional)
Channel Assignments: TOF ** BOF /M "'_"{
Numeric Designation: 123 45678 11,141,987 654321
S 3
(Tape Travel in Direction 8 S
Shown by Arrows) 'e)

NOTES: ** VFU Channel provided for *‘Special Function” for use with VFU output Drivers.

Except for TOF and BOF, all VFU channels are assigned as may be required by the user.

Chaintrain Line Printer
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Table 8. Format Tape Supplies and Accessories

DPC PART DESCRIPTION MANUFACTURER & CATALOG NO.
Ribbon:
D17500-4 5-mil nylon ribbon
14 inches (35,6 cm)
10 yards (9,14 m) long
Black record medium ink
Format Tape:
A 4524 1 inch (2,54 cm) wide
10-foot (3,04 m) rolls
perforated tape (8-chan)
A 4568 12-Channel Format Tape IBM Corp. P/N 429754
24.95 inch (63,3 cm) long MDS Corp. P/N 018772302
25 Lengths (Std package) (Box of 25)
Adhesive:
A 4569 Rubber-based Contact
cement; 3-oz. (88,5 cc)
Can (w/applicator)
Punches:
*A 4523 8-Channel, 6-LPI Format Burroughs Corp. Model 453
Tape Punch OEM Product Sales P/N 16226979
Los Angeles, CA
*A 4566 12-Channel, 6-LPI Format 1BM Corp. P/N 120910
Tape Punch Armonk, NY
SA 4567 12-Channel, 6 & 8-LPI Mohawk Data P/N 015238401
Format Tape Punch Sciences Corp. (See Note **)
Herkimer, NY

NOTES: ¢ DPC Part Number is for identification purposes only; for best delivery, format tape punches should
be ordered directly from the manufacturer, using the manufacturer’s catalog or part number.
## Formerly MDS Part No. 52384-G1. :
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PREFACE

This reference manual is one of four publications that describe the Model CT-4964, CT-6644 and
CT-7484 CHAINTRAINTM Line Printers manufactured by Data Printer Corp, Cambridge, Massa-
chusetts. This manual contains the mechanical and electrical principles of operation of the line
printer and provides general information concerning its characteristics, print character sets, options
and operating supplies.

The theory of operation described for the CT-6644 and related model DPC Line Printers is also
applicable to the CT-6643 and related model DPC Line Printers.

This manual is intended as a training aid and as a reference document. It is intended that the
theory of operation descriptions be used in conjunction with the Parts Breakdown & Circuit Dia-
grams manual listed below. Each description of the electrical theory of operation includes a sim-
plified block diagram which is referenced to the appropriate Circuit Diagram(s).

As a convenience to the user, information concerning the functions of the front panel controls,
test panel controls, and mechanism controls and operator adjustments is contained in a separate
manual; Operating Instructions listed below.

For operating instructions, installation and maintenance procedures, and reference diagrams,
refer to the appropriate DPC manual listed below:

Operating instructions; DPC Form No. 600-1
Maintenance;, DPC Form No. 600-3
Parts Breakdown & Circuit Diagrams; DPC Form No. 600-4

Customer specified reproducible copies of this manual are available from Data Printer Corp.

Orders for copies of DPC manuals should be directed to your DPC representative or to the ad-
dress indicated below.

A form for reader’s comments is provided at the back of this manual. If the form has been re-
moved, comments may be sent to DPC at the address indicated below. Comments become the
property of DPC.

DATA PRINTER CORP
600 Memorial Drive, Cambridge, MA 02139
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CHAPTER I

GENERAL INFORMATION

1.1 INTRODUCTION

This chapter contains a general description of the Data Printer Corp CHAINTRAINTM Line
Printer (hereinafter referred to as CT Line Printer). Specifications for the standard printer and asso-
ciated operating supplies are provided, as are optional printer features and configurations.

The information provided pertains to the complete CT Line Printer system in particular, and to
the printer mechanism, electronics, and power supply sub-systems as appropriate. Specific informa-
tion concerning these printer sub-systems for use as components in other printing systems is avail-
able from Data Printer Corp.

1.2 GENERAL DESCRIPTION

The CT Line Printer (Figure 1-1) is a complete computer-driven impact printer featuring a lateral
chaintrain type carrier. The printer produces hardcopy output a line at a time from stored digital
data, accepted in the form of print character codes and linefeed instructions from an external de-
vice. Printout is recorded in fully-formed character imprints on standard single-part or multiple-part
. continuous, sprocket-fed forms.

Storage is provided for a full line of print data, permitting this data to be transferred in a single
operation for a line of print at a rate considerably greater than the equivalent printout rate. The ex-
ternal device, being interlocked with the printer only during data transfer, is free to perform other
operations while the printer is busy printing a line from its storage, thereby increasing overall sys-
tem performance.

The printer interface is fully compatible with the universal DPC-S1003 interface provided on all
standard model DPC line printers. This universal bit-parallel, character-serial TTL interface allows
the CT Line Printer to be readily attached to an external device.

Printing is accomplished by electromagnetically-operated print hammers impacting the form from
behind, pushing a small area of the form against a ribbon and a type carrier that are located in front
of the form. The chaintrain type carrier is composed of 384 fully-formed character type faces ar-
ranged on 48, 8-character links that are mounted end-to-end on a moving, endless double-belt and
are restrained on a monorail track. This arrangement permits all of the character type faces to be
presented repeatedly to every print hammer as the chaintrain travels laterally, and assures proper
alignment of the characters. The lateral arrangement of the type carrier eliminates the possibility of
character imprints being displaced in the vertical direction.

A CT Line Printer’s rated print speed (see paragraph 1.3.2, Performance Specifications) is based
on the number of single-spaced lines that can be printed per minute (LPM). The actual print speed
also depends upon the character set provided and the time required for transferring data and ad-
vancing paper. Character sets having a large number of different characters can be repeated on a
chaintrain less often and, therefore, are presented for printing less frequently than character sets
having a small number of characters.

The basic character arrangements for the CT Line Printer are the standard 64-Character (upper
case) and 96-Character (upper and lower case) Subsets described in the ‘“United States of America
Standard Code for Information Interchange’ (ASCII), X3.4, 1968. With either arrangement, each
print position (column) can print anyv of the different characters provided.

A CT Line Printer can be provided with up to 136 (132 is standard) active print positions (col-
umns). An individual print hammer is provided for each active print position. Print hammers are
uniformly spaced ten (10) to the inch (2,54 cm). In normal operation, print speed is independent
of the number of active positions.



Forms are advanced through the printer by two sprocket-feed tractors that are driven by a step-
ping motor which provides accurate, maintenance-free paper positioning. The tractors are operator-
adjustable to accommodate forms of various widths from 3-1/2 inches (8,89 cm) to 19-1/2 inches
(49,48 cm) overall, and to permit the print location on the forms to be positioned laterally (see
Figure 2-1). Vertical form positioning is operator-adjustable over an infinite range. Standard verti-
cal linespacing is six lines per inch. Operator-selectable vertical linespacing of six or eight lines per
inch can be provided as an option.

Vertical linespacing and skipping are initiated under independent program control, permitting
either a feed-before-print or a feed-after-print sequence of operations. Automatic single or double-
space post-print linefeed and perforation step-over functions are program-selectable. A single line-
space requires 20 milliseconds; skipping (slewing) and multiple-line spacing is performed at a mini-
mum rate of 20 inches (50,8 cm) per second.

Vertical skipping is controlled either by the printer’s buffer (Skip 0 to 63 lines) or by a format
tape-loop (Skip to Channel) as designated by instruction codes accepted from the external device.
Eight vertical format channels are standard: twelve channels can be provided as an option. The stan-
dard eight-channel unit reads l-inch (2,54 cm) wide, ANSI X3.18 compatible perforated tape. The
optional twelve-channel unit reads 1-5/8-inch (4,13 cm) wide, IBM compatible carriage-control tape.

Ribbon feeding, reversing, and tracking are completely automatic. Full-line wide towel-form rib-
bon is skew-fed, distributing use and compensating for any lateral motion imparted by the moving
chaintrain while printing, to maximize ribbon life.

The CT Line Printer is complete with all necessary operator controls and indicators, intimate
printer drive and control electronics, print storage, interface, d-c power supply and automatic
power sequencer, and an alarm indicator panel. The complete line printer is mounted in a single,
free-standing sound deadening steel cabinet. The cabinet fully-encloses the printer mechanism,
electronics, power supply, and paper supply compartment. A hinged, balanced canopy manually
opens for access to the print area, printer yoke, printer mechanism controls and adjustments, and
the alarm indicator panel. A window in the canopy permits viewing of the printout appearing above
the print area when the canopy is in the normal closed position. The vertical format unit, linespace
selector switch (optional), and forms positioning control are arranged in a protective well at the up-
per left side of the printer. A sliding panel manually opens for access to the vertical format unit
area. The printer yoke, which contains the chaintrain and ribbon mechanisms, is hinged at both
ends for maximum stability. The printer yoke manually opens and swings down for full access to
the print area for forms loading and ribbon replacement. Two removable hinged doors at the lower
front of the cabinet provide access to the enclosed paper supply compartment directly below the
printer yoke. A detachable paper shelf is provided for use at the rear of the cabinet to receive print-
out from the printer. The cabinet covers are designed to provide maximum safety and to signifi-
cantly enhance the visual and aural environment of the printer system. All panels are easily removed
to provide full access to the printer mechanism, electronics and power supply for maintenance pur-
poses.

The complete CT Line Printer includes a test panel which exercises all standard printer functions,
permitting maintenance to be performed on the printer independently of the external device. Ac-
cess to the test panel is gained through an opening at the lower rear of the printer cabinet.

1.3 SPECIFICATIONS

This section summarizes the characteristics of the standard CT Line Printer and pertinent specifi-
cations for the printer system performance, signal interface, primary power, physical aspects, and
environment.

1.3.1 Characteristics (Standard Printer)

Print Positions (Columns): 132

Print Characters: 64 (mdl CT-6644) or 96 (mdl CT-4964)
Character Spacing: . 10 per Inch (2,54 cm)

Vertical Line Spacing: 6 per Inch (2,54 c¢cm)

Vertical Format Unit: 8 Channels

Character Set and Coding: USASCII (ANSI X3.4, 1968)

Type Carrier: Chaintrain

Printing Method: Back-printing Impact



Refer to paragraph 1.5, Options, for information concerning other available line lengths, charac-
ter sets, linespacing, vertical format unit, and coded character sets. For further information con-
cerning character sets and coding, refer to paragraph 1.6, Chaintrain Arrangements.

1.3.2 Performance Specifications

Rated Printing Speed:
with 64-Character Set:
with 96-Character Set:

Paper Advance Time:

Paper Skipping Rate:

NOTE

600 Lines per Minute

430 Lines per Minute

20 Milliseconds per Line

20 Inches (50,8 cm) per Second

Rated printing speed is based on the number of single-spaced lines that can be
printed per minute with a particular character set, as indicated. For further
information, refer to paragraph 4.2.1.1, Print Hammer to Chain Relationship,

and paragraph 4.3.5.9, Thru-put.

1.3.3 Signal Interface (Standard Configuration)

This section summarizes the salient features of the standard interface. For a complete descrip-

tion, refer to paragraph 4.3, Printer Interface.

Print Data Codes:

with 64-Character Set:
with 96-Character Set:

Paperfeed Instructions:

Commands:

Data Transfer Rate:

Signal Levels:
Input Signals:
Logic ““1”’ (True):
Logic ““0” (False):

Output Signals:

Logic “1” (True):
Logic ““0” (False):

Input Line Termination:

Signal Line Length:

6 Parallel Bits (ACSII b6 thru bl)
7 Parallel Bits (ASCII b7 thru bl)

7 Parallel Bits (DPC Std S1003)

Skip None to 63 Line Spaces

Skip to Channel 1 to 8

Print

Paperfeed (Immediate)

Automatic Single or Double Space
after Print

Automatic BOF to TOF Paper Skip
(Perforation Stepover)

Up to 500-K Externally-strobed
Characters per Second
(2.0 uSec per Character)

+2.0 V min; +5.5 V max.
(+3.3 V Typical)
+0.8V

+2.4 min.; +5.5 V max. (+3.3 V Typical)
+04V )

180 Ohms to Vcc
220 Ohms to Signal Ground

Up to 50 Feet (15,2 m)
Twisted-pair; Terminated



1.3.4 Primary (Mains) Power Specifications

The CT Line Printer is provided with a universal power supply that can be strapped to permit
operation with any combination of a line voltage and line frequency listed below. For field conver-

sion details, refer to the Maintenance manual.

Primary Voltage:

Line Frequency:
Primary Current:

Avg. Running:
Starting Surge:

Dissipation:

100, 115, 200 or 230 VAC * 10%,
Single-Phase

50 1 Hz or 60 +1 Hz
At 100/115 VAC At 200/230 VAC

*For 0.15 to 0.20 second, typical.

1.3.5 Physical Specifications: (See Figure 1-2)

Height:

Width:

Depth:
Printer Cabinet:
With Hood:
With Paper Shelf:

Weight:

1.3.6 Environment Specifications
Operating Environment:

Temperature Range:

Humidity Range:
Non-Operating Environment:

Temperature Range:

Humidity Range:

Temperature Change Rate:

6.0 ARMS “ ¢~ 3.0 A RMS
*15.0 A RMS ¥10.0 A RMS

2700 BTU per Hour

42 Inches (106,7 cm)
36-1/2 Inches (92,7 cm)

26 Inches (66 cm)
32 Inches (81,3 cm)
39 Inches (99 cm)

570 Pounds (258,5 kg)

40°F to 95°F
(4,4°C t0 35°C)

40% to 80% RH

25°F to +125°F
(-31,6°C to +51,6°C)

5% to 95% RH Non-condensing
60°F (33,3°C) per Hour max.

1.4 OPERATOR CONTROLS, INDICATORS, AND ADJUSTMENTS

All controls, indicators and adjustments necessary for normal operation of the CT Line Printer
are conveniently located in the upper portion of the printer and are arranged, in-so-far-as mechani-
cally possible, in function-related groupings that are readily accessible to the operator. The follow-
ing paragraphs contain a brief description of each control, indicator and adjustment. For further
aetails concerning function and operation, refer to the Operating Instructions manual.

1.4.1 Operator Control Panel

The switches and indicators on the front control panel provide operator control of the printer
during set-up, internal test (off-line), and print run interruptions that require the attention of the

operator.
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The switches and indicators provided on the front control panel are:

. Power ON — Turns ON power in the printer.

. Power OFF — Turns OFF power in the printer.

. ALARM Indicator — Indicates that an alarm condition exists at the printer.
. RUN Indicating Switch — Enables printer operation.

. STOP Indicating Switch — Stops printer operation.

. ONE LINE Switch — Advances paper a single linespace.

. HOME Switch — Advances paper to the next Top-of-Form position.

~ION R W N =

Operation of both the ONE LINE and HOME switches causes paper in the printer to be advanced
in a continuous, slewing manner. :

1.4.2 Alarm Status Indicator Panel’

The CT Line Printer is provided with an alarm status indicator panel which displays each of the
alarms listed below to facilitate operator procedures. The alarm status indicator panel is concealed
when the canopy is in the normal, closed position.

The alarm status indicators provided on the alarm status panel are:

1. Yoke/Yoke Latch — Indicates when the yoke and/or yoke latch are/is not closed.

2. Paper f.ow — Indicates when less than 5-1/2 inches (14 cm) of paper supply remains below the
typeline.

3. Paper Out — Indicates when a Top-of-Form position is sensed while a paper low condition
exists at the printer.

4. Paper Runaway — Indicates whenever paper in the printer is continuously slewed for several
form lengths.

5. Paper Jam — Indicates whenever paper is sensed not to be moving through the print area dur-
ing a paper advance operation.

6. Ribbon Alarm — Indicates whenever ribbon is sensed to be out of both the upper and lower
ribbon sensors. o

7. P.C. Interlock — Indicates whenever a Hammer Driver PCB is not fully seated in its respective
position in the printer electronics bay.

1.4.3 Mechanism Controls and Adjustments

The printer mechanism controls and adjustments are arranged in association with the devices they
control. In normal operation with the canopy closed, these controls and adjustments are protected
against inadvertent operation.

The controls and adjustments provided on the printer mechanism are:

1. Infinite Forms Position Control — permits adjustment of the vertical position of forms inde-
pendently of the vertical format unit while the printer is not operating (i.e.;in the STOP
mode).

2. Tractor Locking Levers — permit the paper tractors to be independently positioned to accom-

modate forms of different widths.

. Yoke Latch Lever — Latches the yoke in the closed position for printing.

. PHASING Control — Advances or retards the print hammer timing with respect to the posi-
tion of the characters on the moving chaintrain to provide control of the lateral position of
character imprints.

5. IMPRESSION Control — Positions the chaintrain closer to or farther from the print hammers

to provide control of the print impressions (density) with forms and ribbons of different
thicknesses and characteristics.

£

1.4.4 Test Panel Controls

The controls listed below are arranged on a test panel which is accessible through an opening at
the rear of the printer cabinet. These controls select the mode of printer operation and provide for
control of the printer while operating in the LOCAL (off-line) test mode.

(1) Available on CT-6644 and related model CT Line Printers only.
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The controls provided on the test panel are:

1. REMOTE/LOCAL Switch — Selects the mode of printer operation.

2. SS/PF (Single Space/Program Feed) Switch — Selects the mode of paper advance while
operating in the LOCAL mode.

3. Data Bit Switches — Used to select the bit pattern of the desired test paperfeed instruc-
tion and/or test print character.

1.4.5 Main Circuit Breaker

A circuit breaker, which disconnects primary power to the line printer, is provided to pro-
tect the unit and to permit the operator to enable or disable primary power. The circuit
breaker is accessible through an opening at the lower rear of the printer cabinet.

1.5 OPTIONS

The optional features available for.the CT Line Printer provide a wide variety of characteristics
that may be selected to best suit a given application. Options should be specified for a printer at
the time of order for factory installation, but may be ordered separately for field installation.

The CT Line Printer options are summarized below and described in the paragraphs that follow.

DPC CT Line Printer Options

Print Positions (Columns): 136
Print Characters: 48 (mdl CT-7484), 128 (mdl CT-31284)?
Vertical Line Spacing: 6/8 Lines per Inch (2,54 cm);

for units with 12-channel VFU’s
Operator-Selectable

Vertical Format Unit: 12 Channels
Character Set and Code: Special per customer requirement
Signal Interface: First-Character Configuration

0Odd or Even Input Parity Check
Extended Interfacing
Other: Static Eliminator
Paper Puller
Special Color(s)
Pedestal Configuration

1.5.1 136 Print Positions

This option provides four additional print positions (columns) for a total of 136. The additional
print positions are provided at the right end of the standard hammer bank so that the left-most
position, No. 1, is located as shown in Figure 2-1 for the standard 132 print positions. This arrange-
ment permits print position No. 1 to be located at the left side of the body (excluding the 1/2-inch
[12,7 mm] margins) of forms up to 16.85 inches (42,8 cm) wide overall, regardless of the number
of active print positions provided.

1.5.2 Print Character Sets

A CT Line Printer can be provided with a set of 48, 64, 96, or 128 different print characters,
either in an available arrangement (see paragraph 1.6, Chaintrain Arrangements) or in a special ar-
rangement (see paragraph 1.5.5, Special Character and Code Sets). The rated printing speed of a CT
printer is, for the most part, dependent upon the repeatability of the character set provided, as
follows:

(2) Different machine configurations (i.e. models).
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Character Set Rated Printing Speed

{No. of Characters) (Lines per Minute)
48 760
64 600
96 . 430
128 330

1.5.3 6/8 LPI Vertical Line Spacing

This option provides operator-selectable vertical linespacing of six or eight lines per inch (2,54
cm), and is normally provided in conjunction with the optional 12-channel VFU (refer to paragraph
1.5.4, below).

The format tape specified for use with the optional 12-channel VFU readily accommodates the
closer punch-hole pitch (spacing) required for eight lines-per-inch linespacing. However, because of
the dimensional requirements on the format tape, when eight lines-per-inch spacing is required with
rectangular punched holes, the format program should be contrived to avoid punching in successive
positions within a tape channel to ensure normal tape life. (For format tape preparation details,
refer to the Operating Instructions manual.)

1.5.4 12-Channel Vertical Format Unit

This option provides a 12-channel vertical format unit instead of the standard 8-channel VFU.
This optional VFU is designed to accommodate 1-5/8-inch (4,127 cm) wide IBM-compatible format
tape (DPC Part No. A 4568). With this option, vertical format Channel 12 is reserved for Bottom-of-
Form (BOF). (VF Channel is reserved for BOF on the standard 8-channel VFU.)

1.5.5 Special Character and Code Sets

Special print character designs, arrangements (sequences), and/or codes can be provided, subject
to DPC approval, in lieu of the standard character designs and basic chaintrain arrangements and
coding. For details, see paragraph 1.6, Chaintrain Arrangements.

1.5.6 First-Character Interface

This option provides a first-character interface configuration in place of the standard interface
configuration. With this option, the printer will accept the first character transferred for a line of
print as the post-print paperfeed instruction for that line. All data for a line of print is transferred
with a single Print Command: Paperfeed Command, Automatic Linefeed, and Automatic BOF-to-
TOF Paper Skip are not used in this interface configuration. For a complete description, refer to
paragraph 4.3, Printer Interface.

1.5.7 Input Parity Check

This option adds input character parity checking capability to the standard interface. With this
option, all input data (paperfeed instruction characters and print data codes) are checked for proper
character parity, either odd or even as specified at the time of order.

1.5.8 Automatic Linefeed Disabling

The standard interface is normally provided with automatic post-print single or double-space
linefeed and BOF-to-TOF paper skip functions that may be enabled at the printer interface under
program control. Depending upon customer requirements, these automatic linefeed functions can
be disabled on the printer side of the interface at the time of manufacture.

1.5.9 Special Colors

The CT Line Printer is normally provided in standard DPC beige and gray colors. Units can be
provided in special color paint(s) subject to DPC approval.
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1.5.10 Paper Puller

This option provides a paper puller on the upper rear panel at the printout outlet opening. The
paper puller assists the movement of forms above the print area.

1.5.11 Static Eliminator

Under conditions of low humidity, an electrostatic charge might accumulate on the paper and
interfere with normal paper handling. This option provides a high voltage air-ionizing type static
bar to neutralize this static charge as paper is fed through the printer.

1.5.12 Extended Interfacing

The standard CT Line Printer is capable of accommodating additional custom-designed front-end
interfacing electronics. Spare positions are available in the logic electronics basket for two DPC-type
mono or dual printed-circuit boards, or equivalent, and associated 44-position dual edge connectors.
D-c power, sufficient for a normal complement of standard TTL integrated-circuits (7400 Series), at
*15, +6.5, and -15 volts is available for custom connection to these spare positions.

Custom-designed front-end electronics must communicate with the printer by means of either the
standard interface or the optional first-character interface only, and must be fully compatible with
the mechanical, electrical, and functional requirements of the CT Line Printer. Specific information
and conditions concerning custom-designed attachments to the printer are available from Data
Printer Corp.

1.5.13 Pedestal Configuration

The printer mechanism, electronics and power supply can be provided in a compact, free-standing
steel pedestal configuration. This configuration is similar to the standard cabinet configuration de-
scribed in this manual except for differences in the enclosure, front control panel, and available op-
tions. Details concerning the optional pedestal configuration are available from Data Printer Corp.

1.6 CHAINTRAIN ARRANGEMENTS

This section contains information concerning print data codes and character arrangements for use
on the CT Line Printer.

1.6.1 Coded Character Sets
1.6.1.1 USASCII (mdls CT-6644 and CT-4964)

The standard coded-character sets for the CT Line Printer are the 64 and 96 Character Print-
able Subsets defined by the “United States of America Standard Code for Information Inter-
change” (USASCII), X3.4, 1968. Table 1-1 shows the characters printed from USASCII data
when the standard 64-character or 96-character chaintrain arrangement (character sequence) is
used. The characters provided by a particular chaintrain arrangement are shown in Figure 1-3.

Table 1-1 is arranged in the USASCII convention of eight columns of 16 rows each. The
graphics shown in columns 2 through 5 include the upper-case letters and are printed when the
standard 64-character USASCII chaintrain arrangement is used. The graphics shown in columns
2 through 7 also include the lower-case letters and are printed when the standard 96-character
USASCII chaintrain arrangement is used. Space (SP), Col. 2/Row 0, is represented on the stan-
dard chaintrain arrangements by a Diamond (Q) symbol, but its printing is logically inhibited.

1.6.1.2 EBCDIC (mdl CT-7484)

Any one of the Extended Binary Coded Decimal Interchange Code (EBCDIC) character
sets shown in Table 1-2 can be provided on a 48-character CT Line Printer (mdl CT-7484).

Table 1-2 shows the characters printed from EBCDI-Coded data when the 48-Character AN,
HN, or LC chaintrain arrangement and appropriate code converter are provided. The characters
provided by a particular chaintrain arrangement are shown in Figure 1-3.



Table 1-2 is organized in the conventional manner with 16 columns of 16 rows each. The 4-
bit patterns associated with each column and row are shown together with their identifying

hexadecimal notation.

All 48 characters on the AN, HN, and LC chaintrain arrangements are printable. Space (SP),
hexadecimal 40, is not represented on these arrangements but is separately detected by the
printer’s logic electronics to provide a blank space in the printed line for each Space code
recetved.

The AN arrangement has four special graphics 1% @ # where the HN arrangement has
) C =. The assigned EBCDI-Coding for the four special graphics in the AN arrangement are
different from the assigned coding for the four special graphics in the HN arrangement. How-
ever, if the EBCDI-Code for %, an AN character, is received by a printer equipped with the HN
chaintrain, then the dualed graphic ( is printed. Conversely, if the EBCDI-Code for =, an HN
character, is received by a printer equipped with the AN chaintrain, then the dualed graphic #
is printed. This double coding is provided for all four sets of dualed graphics on the AN and
HN chaintrain arrangements.

The entire first, second, and third quadrants of the EBCDI Code are effectively folded into
the fourth quadrant automatically by the printer. Consequently, hexadecimal codes 01, 41,
and 81 are recognized as Hex. C1, which prints as an upper-case letter A. This folding occurs
because the bits which define the quadrants are ignored by the printer’s logic electronics. This
arrangement permits incoming upper-case and lower-case print data to print out using an up-
per-case 48-character chaintrain.

1.6.2 Chaintrain Character Sequences

The character sequences of DPC chaintrain arrangements are depicted in Figure 1-3. DPC chain-
trains consist of an integral multiple of identical arrays of character links (type slugs) arranged end-
to-end, with eight characters per link. The number of character links in an array, and the number of
different characters provided, depend upon the particular arrangement selected. A complete chain-
train consists of 48, 8-character links (384 character positions).

In Figure 1-3, each chaintrain arrangement is depicted by a character sequence layout of one ar-
ray, showing all the different characters, by character link, provided. Characters are depicted as
printed and in the same sequence as they are arranged on the chaintrain, (Note — The characters
appear in mirror-images on the chaintrain itself.)

The graphic symbols used in these layouts serve only to depict the character to be printed and are
not representative of actual printout or character type.

1.6.3 Special Chaintrain Arrangements

Special character designs, character sequences, and coded character sets can be provided in place
of the standard chaintrain arrangement, subject to DPC approval. To ensure satisfactory results, re-
quirements for special chaintrain arrangements should be carefully reviewed with DPC.

New character designs are subject to certain limitations (height, width, land area, counters, etc.)
to achieve the best possible results. Depending upon the typographical characteristics of a non-
standard character, printing and ribbon life may be less satisfactory than with standard characters.

When non-standard type is required, particularly if for printing at eight (8) lines per inch (2,54
cm), careful attention should be given to the typographical characteristics of graphics such as dia-
critical marks, underscore, descenders of lower-case letters, etc. At 8-1pi, such characters may over-
lap with other characters when printed in successive lines.

Ordinarily, when a new character is substituted for a character in a chaintrain arrangement, the
new character assumes the print data code normally associated with the character it replaces. Nor-
mally, characters are arranged on a chaintrain in ascending binary coded order. This is necessary be-
cause the logic electronics incorporates a binary counting scheme to track the character positions on
a chaintrain. This arrangement requires that the input print data code bit patterns used to define the
characters of a given set be contiguous, with an “all ‘I’s” bit pattern assigned to the last character of
the set. USASCII is an example of such a print code structure.
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64-Character
Subset
96-Character Subset

Graphics enclosed in heavy outlines correspond to the indicated subset.

Only bits b6 through b1 (Octal 00 through 77) are significant with the standard
64-Character chaintrain arrangement.

Only codes 2/0 through 7/15 (Octal 040 through 177) are significant with the
standard 96-Character chaintrain. Control codes 0/0 through 1/15(Octal 000

through 037) are treated as SPace, and DELete, 7/15 (Octal 177) is treated as
a printable character ( ||| ).

Table 1-1. United States of America Standard Code for Information Interchange (USASCII), 64 and
96-Character Subsets (for Character Arrangement on Chaintrain, see Figure 1-3)
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Graphics enclosed in heavy outlines correspond to bit patterns common to AN, HN and LC arrangements.

Lower-case letters print as corresponding upper-case letters when a lower-case letter bit pattern is accepted by a
Chaintrain Line Printer system with a 48-Character EBCDIC arrangement.

The graphics [{ % @ # ofthe AN arrangement are dualed with the graphics ) (* = respectively of the HN arrangement.

Table 1-2. Extended Binary Coded Decimal Interchange Code (EBCDIC), 48-Character Sets, Arrange-
ments AN, HN, and LC (IBM) (for Characters on Chaintrain, see Figure 1-3)
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Some industry standard code structures (such as EBCDIC) are not contiguous in the bit pattern
asslgnments for the characters of all common character arrangements. Consequently, such code sets
require the additional conversion of input data codes to chaintrain print character codes. Generally
the input data code should provide the minimum number of bits necessary to define all of the char-
acters of a given set. (Note — The use of input data codes requiring eight significant bits precludes
the Input Panty Check option on the standard umt )



CHAPTER 2

OPERATING SUPPLIES

2.1 INTRODUCTION

This chapter contains pertinent information concerning standard ribbon, format tapes, and
recommended forms for use with the CT Line Printer.

2.2 STANDARD RIBBON

The standard ribbon for the CT Line Printer is a general purpose, inked-fabric, towel-form rib-
bon with either translucent screen-type leaders or integral reinforced ribbon-reversing holes. Each
ribbon is attached to two (2) disposable mandrels (scroll-form) and is provided with a pair of dis-
posable plastic gloves.

DPC Part Number: D17500-4

Fabric: 5-Mil (0,127 mm) Nylon
Width: 14 Inches (35,6 ¢cm)
Length: 10 Yards (9,14 m)

Ink: Black Record Medium

Information concerning ribbon *life’’ is contained in Chapter 3, Print Quality Considerations.

2.3 VERTICAL FORMAT TAPES

The standard format tapes for use on the CT Line Printer are made from a laminated paper-
polyester film — paper material having the required opacity, dimensional stability, and tensile
strength to provide proper operation over a long period. This material is easily written on and is
easily joined with readily available adhesives. Format tape for use with the standard 8-channel verti-
cal format unit (VFU) conforms with the applicable dimensional requirements as defined by ANSI
Standard X3.18 (1967) for ““One-Inch Perforated Paper Tape for Information Interchange”. Format
tape for use with the optional 12-Channel VFU is compatible with IBM carriage control tape. The
recommended adhesive (DPC Part No. A 4569) is a rubber-based contact cement that is quick-setting
and easily cleaned.

DPC Part Number: A 4524 A 4568
Channels: 8 12
Width: 1 Inch 1.625 Inch
(2,54 cm) (4,127 ¢cm)
Feed Hole Pitch: 0.1 Inch 0.167 Inch
(2,54 mm) (4,24 mm)
Feed Hole Size: 0.046 Inch 0.103 Inch
(1,17 mm) (2,62 mm) -
Standard Package: 10-Foot Roll 25 Lengths per Package
(304,8 cm) 24.94 Inches per Length
(63,3 cm per Length)
DPC Adhesive: DPC Part No. A 4569
Type: Rubber-Based Contact Cement
Standard Package: 3-Ounce (88,5 cc¢) Can with Applicator
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For further information concerning format tape, tape-loop preparation, and tape punches, refer
to the Operating Instructions manual.

2.4 FORMS

The CT Line Printer is designed to accommodate tractor-fed forms. Accordingly, forms must be
continuous with standard sprocket-feed holes punched on both margins. Forms can be single-part
paper, regular 0.007 inch (0,18 mm) card stock, multiple-part paper with interleaved carbon paper,
or multiple-part carbonized or carbonless paper. Forms may be fan-fold or roll form.

2.4.1 Basic Requirements

The basic forms requirements are summarized below:

Forms Width: 3-1/2 Inches (8,89 cm) to 19-1/2 Inches
(49,48 cm) overall
Fold Length: " Up to 11 Inches (27,94 cm) between
folds with standard paper shelf
Weight: 15 Pound (56,3 grams per square meter)
minimum
Thickness: Up to 0.020 Inch (0,5 mm) with standard
tractor adjustment
Feed Holes:
Diameter: 5/32 Inch (3,96 mm)
Spacing: 1/2 Inch (12,7 mm) center-to-center
Location: 1/4 Inch (6,35 mm) to near edge of paper

The maximum overall form width that will allow a full line of print to be laterally positioned
anywhere on the body of the form (except for 1/2 inch [1,27 cm] on both margins) is deter-
mined by the number of contiguous active print positions, as shown in Figure 2-1 for the standard
132 print positions, and varies accordingly as shown below:

Contiguous Maximum Overall Form Width
Print Positions (to print anywhere on body)
80 11.65 Inches (29,59 cm)
120 15.65 Inches (39,75 ¢cm)
132 16.85 Inches (42,8 cm)
136 16.85 Inches (42,8 cm)

Fan-fold forms greater than 11 inches (27,94) long exceed the forms-length capability of the
enclosed paper supply compartment, and of the standard paper shelf at the rear of the printer,
precluding normal intended use. Roll form paper requires ancillary handling equipment (not pro-
vided by DPC).

The minimum weight of single-part paper is 15 pounds (56,3 grams per square meter); lesser-
weight paper will be embossed, and possibly cut through, when printing certain characters (as
Period [.], Comma [,], Hyphen [-], etc.) at normal print density, resulting in unsatisfactory print
quality and reduced ribbon life. The thickness of a form should not exceed 0.020 inch (0,5 mm);
otherwise, special printer adjustments will be necessary to ensure proper feeding of forms.

Forms should be free of mechanical fasteners (as staples, stitching, etc.) that may interfere with
proper feeding or become dislodged and fall into the printer, possibly damaging the printer mech-
anism. Multiple-part forms should be fastened by gluing at one location only (as at one margin).
Multiple gluing (as at both margins, between successive forms, at sub-divisions of a fan fold, etc.)
tends to restrict the escape of any air from between the parts, which cushions the impact of the
print hammers and thereby reduces image transfer. Gluing should be located outside of the re-
quired print image area on a form. Gluing tends to significantly alter the characteristics of a form
so that uniform print quality might be difficult to achieve on both the glued and unglued portions.
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Fan-fold forms must be laterally perforated, or rouletted, at uniform intervals along the length
of the paper, perpendicular to the edges of the paper, and centered between successive feed holes.

2.4.2 Recommendations

A wide variety of standard general-purpose forms meet the basic requirements cited in the pre-
ceding paragraph, and will provide satisfactory results with the CT Line Printer. However, because
of the possible variation in results obtained using combinations of different forms, papers, and
attachments, any form(s) under consideration should be carefully evaluated before making a sub-
stantial commitment for forms. The major suppliers of business forms are well acquainted with the
characteristics of computer printers and can provide a comprehensive variety of form constructions

for consideration.

To assure acceptable results, a variety of form constructions should be tested, especially if the
form is of four or more parts, or is a special purpose form (as combinations of paper and card stock,
envelopes, plastic cards, etc.).

The primary objective of evaluation tésting concerns the image transfer characteristic of a form.
However, the manner in which the forms, and parts of multi-part forms, are attached should also be
carefully evaluated.

The following is a partial list of recommendations for achieving best results:

1. Regardless of the number of parts in a multiple-part form, if one part is required to be of
heavier stock than the rest, it should be the bottom part for best results.

2. In multiple-part forms, the bottom part should be white for best legibility.

3. For best print alignment, the margin feed holes should be clean cut and should be 0.156
% 0.003 inches (3,96 = 0,0076 mm) in diameter.

4. Perforating, or rouletting, of forms should be consistent with normal bursting require-
ments. The removal (perforating) or incision (rouletting) of excessive material might result

- in the inadvertent bursting of forms while feeding.

5. Forms should be stored in sealed cartons in an environment consistent with that speci-
fied by the supplier. Documents should be fed directly from the carton in which they were
shipped.

6. Forms should be free of serrations, protrusions, or large openings to avoid picking while
feeding.

7. Forms should consist of new papers. Recycled papers generally exhibit stability, tensile
strength and absorption characteristics that are inadequate for impact printing purposes.



CHAPTER 3
PRINT QUALITY CONSIDERATIONS

The CT Line Printer is capable of providing excellent print quality over a wide range of applica-
tions: however, correct printer setup is important to achieve the best possible results. Precautions
that should be observed to ensure acceptable print quality include:

1. Use of recommended ribbon and form(s) for the application.

2. Supervision and adjustment of the printer for proper print density as required.
3. Replacement of the ribbon as required.

4. Cleaning of the chaintrain.

For general purpose applications, the DPC ribbon D17500-4, or equivalent, is recommended. The
forms used should conform to the basic requirements cited in the preceding paragraphs as appli-
cable. Since the quality of the paper and its finish, the number of parts of the form, and the type of
ribbon affect print quality, these items should be tested to ensure acceptable results.

In applications where print quality is critical, correct printer adjustment is important. The im-
pression control permits adjustment of the printer to the thickness of the form and ribbon, and to
the condition of the ribbon for proper print density (darkness of impression) and printed character
stroke width. Because each application may result in unique ribbon usage, it may be necessary to
experiment with an impression control adjustment schedule that provides optimum results for a
particular application.

Because fresh ribbons contain more ink than used ribbons, the initial print density is relatively
heavy for a given impression adjustment. The more a ribbon is used, the less ink it contains and the
lighter the print density becomes (and the narrower the printed stroke width becomes). Therefore,
print density should be checked at the beginning of, and at intervals throughout, a printout run, and
the impression control adjusted to maintain the best possible print density. When the required print
density can no longer be obtained, the ribbon should be replaced.

For best results, the chaintrain should be cleaned periodically according to the ribbon and
paper(s) used, and the print quality requirements. During printing, small particles of paper and ink
tend to accumulate in the spaces between the lands (raised parts) of type faces of the chaintrain.
When this accumulation fills the counters (small enclosed spaces) of a character (as the ‘white’
space in the letter “‘oh” [o], for example), the distinctness of the printed character may be af-
fected. Therefore, the chaintrain should be cleaned (with ribbon removed), first with a vacuum
cleaner, then with a soft wire brush and a vacuum cleaner, on a routine basis. (For complete clean-
ing instructions, refer to the Maintenance manual.)
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CHAPTER 4

PRINCIPLES OF OPERATION

4.1 INTRODUCTION

The DPC Chaintrain Line Printer is an electromechanical, chaintrain impact printer which accepts
data in the form of character codes from an associated external device, and produces hardcopy
printout a line-at-a-time. This chapter describes the principles of operation of the standard printers
in this series. The operation and interaction of the printer subsystems, some of which are either
entirely mechanical or entirely electronic, while others are electro-mechanical, to provide the
character code to printout conversion are explained.

Paragraph 4.2 provides a general description of the printer and its operation, starting with the
printing mechanism and continuing, in a direction opposite to that of data flow, to the printer
interface with an external device.

Paragraph 4.3 contains a detail discussion of the printer interface with an external device and
includes a timing diagram for a typical machine cycle.

Printer control functions are described in paragraph 4.4, commencing with the printer interface
and continuing, in the direction of data flow, to the printing mechanism.

4.2 GENERAL DESCRIPTION

DPC Chaintrain Line Printers basically consist of a chaintrain impact printer mechanism with
all necessary control, full-line buffer, and interface electronics. This section is principally concerned
with the method of presenting character type to the print hammers, the printing process, and the
functions of the various printer mechanisms as a prerequisite to understanding the interface and
control logic functions, which are fully described in paragraphs 4.3 and 4.4.

For the purpose of this discussion, the printer mechanisms are conveniently arranged into three
function-oriented groups:

Print System
Paperfeed System
Ribbonfeed System

The operation of each of these systems is described in turn in the subparagraphs that follow.

4.2.1 Print System

As shown in Figure 4-1, the print system consists of the chaintrain (hereinafter called the
“chain’), a chain character strobe generator, and a chain index generator all mounted on the yoke
assembly on the front side of the paper path; and a bank of print hammers and their actuators
mounted on the hammer bank mounting plate on the back side of the paper path.

Printing occurs when an electromagnetically-operated actuator pushes its corresponding print
hammer, compressing a small area of the sandwich of paper form(s) and ribbon from behind against
a character type face on the chain. The chain is composed of 384 characters arranged in a single row
on a moving, endless belt-loop. This arrangement permits all of these characters to be aligned with
every print hammer in the typeline repeatedly as the motor-driven chain travels at a constant speed.

The printing of a line is a quasi-serial process. To ensure proper print-out of data, the character
type that become aligned with the various print hammers are continuously tracked for comparison
with stored data. A print hammer is fired only when a comparison shows that the aligned character
is identical to the stored data for a given position. ‘
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The chain tracking and print hammer firing operations adhere to precise timing conditions, based
on the construction of the printer, which are derived from synchronizing signals generated by the
printer mechanism as the chain moves.

4.2.1.1 Print Hammer to Chain Relationship

The standard typeline consists of 132 individual print hammers uniformly spaced ten-to-
the-inch (nominally 0.100 inch, center-to-center) side-by-side in a hammer bank. One (1)
print hammer is associated with each print position (column) of printout.

The characters on the chain are arranged in ascending order according to their corresponding
contiguous chain character codes (which are not necessarily the same as the corresponding
input data codes). The character type faces are uniformly spaced 0.133 inch (3,38 mm),
center-to-center, in contrast to the print hammers which are spaced 0.100 inch (2,54 mm),
center-to-center. The 3-to-4 relationship of chain characters to print hammers provides align-
ment of every third (3rd) character with every fourth (4th) print hammer. This causes the
sequential alignment of successively higher groups of every third chain character with succes-
sively lower groups of every fourth print hammer, as the chain travels from left-to-right, or
from print hammer (column) No. 1 towards print hammer (column) No. 132 in front of the
bank of print hammers.

As shown in Figure 4-2A, when the character G is in alignment with print hammer No. 4,
the next third chain character, D, is in alignment with the next fourth print hammer, No. §;
similarly, character A is in alignment with print hammer No. 12, etc. At the same time,
characters H, E, B, etc., are almost in alignment with print hammers 3, 7, 11, etc., respectively;
characters I, F, C, etc. are progressively further away from alignment with print hammers
2, 6, 10, etc., respectively; and characters J, G, D, etc. are still further away from print
hammers 1, &, 9, etc., respectively, in increments of 0.033 inch (0,846 mm) for each group of
characters. This alignment positions some character for printing in front of one-fourth (1/4th)
of all print hammers at a time, such as chain characters G, D, A, etc. in alignment with print
positions 4, 8, 12, etc., respectively. This means that one character each is in printing position
at 33 print hammers of a 132 position (column) typeline at a time.

As the chain moves from left to right, the alignment of characters and print hammers
proceeds in the opposite direction, or right to left. The interval during which a group of
characters (such as G, D, A, etc. in Figure 4-2A) move into alignment with print hammers
4, 8, 12, etc. is designated Phase 4. At the end of the next interval, Phase 3, the chain has
moved to the right just far enough to again align every third character with every fourth
print hammer, except that now the entire alignment scheme is incremented by one (1) char-
acter and is decremented by one (1) print position (column). Thus, the next higher group of
characters (such as H, E, B, etc. in Figure 4-2B) are aligned with the next lower group of print
hammers; 3, 7, 11, etc. Likewise, the second next group of characters (such as 1, F, C, etc.
in Figure 4-2C) are aligned with print hammers 2, 6, 10, etc. during the following interval,
Phase 2; and finally, the third next group of characters (such as J, G, D, etc. in Figure 4-2D)
are aligned with print hammers 1, 5, 9, etc. during the fourth interval, Phase 1. At the end of
Phase 1, one character has been aligned with every print hammer in the typeline.

During the next interval in succession, the chain will have moved to the right just far enough
to again align a character with print hammers 4, 8, 12, etc. to begin a repeat of the foregoing
process for all print hammers, except that the alignment scheme will be advanced by one (1)
chain character. This means that the characters G, D, A, etc., as shown in Figure 4-2A, will be
replaced by the next chain character in succession, namely; H, E, B, etc.

Because a character is aligned with only one-fourth of all print hammers during a phase, a
print scan of four (4) successive phases is necessary to align some character with all print
hammers. Since all or some of the characters aligned during a print scan are not necessarily
the ones to be printed, a number of print scans may be required to print the character specified
by stored data for each print position. The number of scans required to align the entire set of
different characters on the chain depends upon the number of characters in a given set. This
relationship is depicted in Figure 4-3 by means of an illustrative twelve-position printer with a
ten-character set, 0-9. In this depiction, the characters that become aligned during a particular
phase are indicated by circles, squares, triangles, and diamonds, and the intersection of vertical
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lines and diagonal lines show that every character is aligned with every print position in the
course of ten print scans, or as many print scans as there are characters in the chain character set.

The chain is constructed of 48 type-slugs arranged end-to-end in a continuous loop and
mounted on a double belt. Each type slug contains the faces of eight characters for a total of
8 x 48 or 384 characters in a single row along the length of the chain. These characters are
organized into an integral number of identical arrays which are repeated along the length of
the chain. Each array contains all of the different characters of a given character set arranged
in ascending order according to their corresponding contiguous chain character codes.

As the chain traverses a distance of one array, or character set, one or more arrays are
presented to the typeline such that each of the different characters in a set become aligned
with every print hammer. Accordingly, a line of print, regardless of length, and consisting of
any or all of the different characters in a set, can be printed as the chain traverses the distance
of one array-segment, or the corresponding portion of a chain revolution.

The print speed of a chain printer is related, in part, to the repeatability of the character set
provided and the frequency with which that set can be presented to the bank of print hammers
and printed. A small character set can be repeated on the chain more often, and for a given
chain speed, can be printed more frequently than a large character set. The number of arrays
on a chain, or the repeatability of a character set depends upon the number of characters in
that set. For example: a 64-character set requires eight (&) type slugs; therefore, the entire set
can be repeated on a chain six (6) times for a total 6 x 64 or 384 characters. The repeatability
and nominal print speed associated with standard size DPC character sets are indicated below:

Characters Type-Slugs Arrays  Print Speed
per Set: per Array: per Chain: (See Note):

48 6 8 760 LPM
64 8 6 600 LPM
96 12 4 430 LPM
128 16 3 330 LPM

Note — Figures are nominal for continuous printing
with single linespacing and with a chaintrain
speed of 110 inches per second (nominal).

4.2.1.2 Chain Character Sets and Character Sequences

Standard chain character sets and their character sequences for DPC Chaintrain Line Printers
are shown in Appendix B.

Character type-face positions, and the characters that occupy them, within an array (char-
acter set) are identified in numeric form according to their sequence of appearance at the
typeline by means of a simple counting process. Accordingly, these positions are referenced
numerically 1, 2, 3. etc. from left-to-right on the chain as viewed from the print hammers (type
face side). Consequently, to facilitate tracking of the chain for comparison, the chain character
sequence is contrived such that the character type face appear in the same sequence as the
ascending order of their corresponding print data codes.

This scheme requires that a given character set be represented by a contiguous set of print
data codes; consequently, the print data codes are not necessarily the same as the corresponding
input data codes. Certain industry standard coded character sets, such as the 64-character and
the 96-Character Printable Subsets of USASCII, are directly compatible with the chain address
scheme requiring only the appropriate arrangement of characters on the chain. Depending upon
specific customer requirements, compatibility with other coded character sets may be achieved
by means of any or all of the following: translating of input data codes to appropriate chain
character codes at the printer, chain character substitution, or special encoding of input data
at the external device. The ramitications of achieving this compatibility are discussed in detail
elsewhere in this manual.

4.2.1.3 Print Hammer Bank

One electromagnetically operated actuator and a print hammer are associated with each
print position (column) in the typeline. The actuators are constructed, in straight and offset
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configurations, to interlace in a four-way pattern in order to accommodate the necessary
geometry of the electromagnet coils. The interlace pattern forms four rows of 33 actuators each

for a typeline of 132 print hammers. Each row of actuators corresponds to every fourth print
hammer such as to also correspond with the phase (interval) during which chain characters are
aligned with the print hammers thusly:

Actuators Print Scan Print Hammers
Location Configuration (Phase) (Columns)
Top Straight 1 1,5,9, ...129, 133
Upper Middle Offset 3 3,7,11,...131,135
Lower Middle Offset 4 4,8,12,...132,136
Bottom Straight 2 2,6,10,...130, 134

As shown in Figure 4-1 each actuator is operated by its own electromagnet. When
actuated, the armature stroke is transferred through an arm to push the associated print
hammer, driving it forward to strike, in turn, the paper form from behind, thereby pushing a
small area of the form and ribbon against a type face on the chain resulting in a character
impression on the front side of the form. After the hammer impacts against the form, ribbon,
and chain, it bounces back against a rubber backstop and, restrained by its supporting flexures,
comes to rest.

4.2.1.4 Character Strobe and Index Generators

In normal operation, the chain travels by the bank of print hammers at a constant speed and
the firing of print hammers is accurately timed such that a print hammer impacts the paper and
ribbon against the moving chain at the same moment that the character to be printed is in
alignment opposite that print hammer. Because of the inductance of the actuator coil, and the
inertia of the actuator arm and the print hammer, the actuators are selected and energized in
advance of the exact time that chain characters come into alignment with the corresponding
print hammers. The timing of print hammer firing and the identification of chain characters are
derived from two streams of synchronizing pulses which are generated at the print mechanism
in conjunction with the moving chain, namely; Character Strobe pulses and Index pulses.

A Character Strobe pulse is generated for cach character of the chain by a timing ratchet that
has 72 evenly-spaced teeth. Arranged as an integral part of the chain drive gear, located at the
right-hand end of the chaintrain assembly, this ratchet rotates in conjunction with the moving
chain. The teeth are sensed by a variable reluctance transducer, the output of which is ampli-
fied and shaped by the Print Control electronics.

The Character Strobe pulse indicates the first alignment of every print scan, but not the align-
ments that occur during the four successive phases of a print scan. This means that at Character
Strobe time, some chain character is in position for firing print hammers 1, 5, 9, etc. The cor-
responding alignments that occur for the intervening print hammers during the subsequent align-
ment intervals (Phases 4, 3, and 2) are indicated by Auxilliary Strobe pulses derived from
Character Strobe, multiplied by 3, by the Print Timing electronics. The corresponding alignment
which is approached, but does not occur, during the last interval (Phase 1) of a print scan, is
indicated by the immediately following Character Strobe pulse.

An Index pulse is generated for each array (character set) on the chain by metal slugs ar-
ranged along the chain. Located, as an integral part, in the center of the top surface of certain
evenly spaced type slugs, designated Head-of-Font (HOF) slugs, the metal slugs represent the
chain Index pulses which are the primary synchronization pulses for the chain tracking and
comparison electronics. These metal slugs are sensed by a separate variable reluctance transducer,
located at the right-hand end of the chaintrain assembly, the output of which is amplified and
shaped by the Print Control electronics.

The Index pulse indicates the beginning of a chain character set. One HOF slug is associated
with each array on the chain, and is located such as to generate a single Index pulse between the
Character Strobe pulse for the last character of one array and the Character Strobe pulise for the
first character of the next array. This means that at the next Character Strobe time, the last
character of an array is in alignment with print hammer 1, and that the first character of the next
array will approach alignment with print hammer | during the ensuing print scan.
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Because of the necessary physical separation of print hammer 1 and the Index transducer,
the HOF slug for a particular array occupies a relative position in a preceding array. This sepa-
ration corresponds to 132 chain character positions, or 16-2 type slugs. Consequently, the
position of the HOF slug in an array is dependent upon the number of characters in that array,

as indicated below:

Characters Type Slugs HOF Slug
Per Set Per Array Location in
Array
48 6 2
64 8 8
96 12 8
128 16 16

Both the Index transducer and the Character Strobe transducer are mounted on a single
plate, the angular position of which is adjustable, about a common axis, with respect to the
chain and the character strobe ratchet. This arrangement permits the concurrent adjustment of
the phasing of both Index and Character Strobe for the exact pulse lead time to actual impact
time for proper character alignment. Both a coarse adjustment, for initia! factory (or main-
tenance) setting, and a fine adjustment control, for operator setting, of this phasing are
provided.

4.2.1.5 Print Control

The selection and firing of print hammers is performed under control of the Print Control
logic electronics which basically consist of two counters; one of which tracks the chain charac-
ters while the other tracks the print hammer positions. Because the print mechanism indicates
only the beginning of a print scan, the interval between two successive Character Strobe pulses
is divided into four uniform phase scans which correspond to the alignment intervals of chain
characters with print hammers. Accordingly, the output of the counter tracking the chain is
added to an auxilliary counter that generates character codes for those chain characters which
become aligned with print hammers during a phase scan. Selection of the print hammers to be
fired is determined by the comparison of these chain character codes with stored print data for
those print hammers at which alignment occurs during the same scan. Since alignment occurs
at the same moment at one-fourth of the available print hammers during a phase, each com-
parison is temporarily stored in a corresponding register for the simultaneous firing of the
selected print hammers at the end of the phase scan. This selection and firing of print hammers
is performed for each phase in succession with the chain character code generator and comparator
gates updated according to phase.

The principles of print control, briefly outlined in the preceding paragraph for continuity,
are fully described in detail in paragraph 4.4 of this manual.

4.2.2 Paperfeed System

The paperfeed system moves paper into position for printing and holds the paper stationary while
printing. As shown in Figure 4-1, the paperfeed system basically consists of the paper tractors loca-
ted above and below the bank of print hammers, a stepping motor mounted behind the left side
frame of the printer mechanism, and a step strobe generator, line strobe generator, and vertical for-
mat unit all located at the upper left end of the printer. A number of other devices that are associ-
ated with the paperfeed system are identified at the appropriate point in the description that follows.

Sprocket-fed, continuous-form paper is moved through the printer by the upper tractors which
are driven by a stepping motor. Drive from the motor is coupled through toothed pulleys and a
timing belt to a splined drive shaft that is common to both upper tractors. The stepping motor also
drives a motor step strobe generator, a 6-LPI (lines-per-inch) strobe generator (or a one-half inch
strobe generator if equipped with the optional 6/8 LPI feature), and a vertical format unit in syn-
chronism with the tractors.

Paperfeeding is a controlled process that is accomplished by phase switching the stepping motor
through an appropriate number of steps to advance the forms to the next desired linespace. To
ensure proper positioning of forms, the linespacing is tracked as paper is moving tfor recognition of
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the next desired linespace, which is specified by a stored command for each paperfeed operation.
Paper motion stops when it is recognized that the paper either has moved a given number of line-
spaces or has advanced to a specific linespace on a form. Specific linespaces on a form are identified
by a corresponding preprogrammed tape loop, which is read by the vertical format unit as paper is
advancing.

4.2.2.1 Stepping Motor

The stepping motor is a phase-switched d-c motor which moves in discrete steps, or angular
increments, of 1.8 each, for 200 steps-per-revolution. The motor is stepped by switching pairs
of its four phase windings. As with synchronous motors, the rotor seeks a position with respect
to the energized windings. In effect, each phase-switching operation acts in the same manner as
does one-quarter cycle of a-c excitation, advancing the rotor shaft one step.

The motor-to-tractor gear ratio is such that twenty-four steps move the tractors, and paper,
through a distance of one-half inch. Therefore, to move paper one linespace at a linespacing of
6-LPl, or one-sixth inch, eight steps are required. (Similarly, six steps are required to move
paper one linespace at 8 LPL.) During a paperfeed operation, the stepping motor is operated,
under control of the Paper Control logic electronics, through the appropriate multiple of 8
(or 6) steps necessary to advance paper to the next desired linespace.

To advance paper through the printer, from bottom-to-top, the rotor shaft is advanced in
the counter-clockwise direction (as viewed from the rotor shaft end). This is accomplished by
phase-switching the motor windings by pairs in the following order:

Step Motor Phase
- oL ¢2 ¢3 ¢4
1 X X
2 X X

3 X X

4 X X
1 X X

In a normal paperfeed operation, the stepping motor is operated in a synchronous manner at
speeds up to approximately 1000 steps-per-second (approx. 1.0 MS per step) to advance paper in
a single continuous motion. The commutation of motor winding pairs is performed in syn-
chronism with the rotating rotor shaft and is timed to lead the actual position of the shaft.
Because of the inertia of the rapidly rotating rotor shaft, the stepping motor is decelerated
through a number of steps when ending a paperfeed operation to properly stop paper motion.
A reduced “‘hold” power level, applied to the motor winding pair corresponding to the stop
step position, secures the rotor shaft, tractors, and paper in position when not feeding paper.
The timing of phase switching and the synchronization with linespacing are derived from two
streams of pulses generated by the paperfeed system while feeding paper, namely; the motor
Step Strobe commutation pulses and the 6-LPI (or %-Inch) linespace alignment pulses.

Motor Step Strobe pulses are generated by a timing disc which is attached to, and rotates
with, the stepping motor rotor shaft. The timing disc has 200 evenly-spaced apertures arranged
in a concentric band near its outer edge. Each aperture in this band represents a rotor shaft
step position. The apertures are sensed by an associated optical switch (Channel No. 1) which
straddles the disc and is aligned with the outer band of apertures. As the disc rotates, light
from a light emitting diode (LED) passes through the apertures, energizing a corresponding
photosensor, the output of which is amplified and shaped by a self-contained Schmidt Trigger
circuit.

The Step Strobe optical switch is mounted on a bracket that is adjustable with respect to
the timing disc. This arrangement permits initial factory (or maintenance) adjustment of Step
Strobe pulses for the proper lead time of phase switching to actual rotor shaft position for
optimum synchronous operation of the stepping motor.
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4.2.2.3 6-LPI Strobe Generator (Standard)

The standard DPC Chaintrain Line Printer is equipped to provide a basic linespacing of 6
LP1 only. Because of the gear ratio between the stepping motor and the paper tractors, eight
stepping motor steps correspond to 1/6th inch, or one linespace, of tractor, and paper, motion
at 6 LPI. Accordingly, in the standard printer, a 6-LPI Strobe pulse is generated for every
eighth step of the stepping motor by the same timing disc that is used to generate Step Strobe
pulses (see paragraph 4.2.2.2). This disc has 25 evenly spaced apertures arranged in an inner
concentric band. Each aperture in this band represents a linespace position on the form at 6
LPI, and is aligned with every eighth Step Strobe aperture in the outer band. The 6-LPI Strobe
apertures are sensed by an optical switch in Channel 2 of the associated dual optical switch
assembly (provided on standard units only).

4.2.2.4 Y-Inch Strobe Generator (6/8-LPI Option)

Printers provided with the 6/8-LPI option are equipped with a one-half Inch Strobe gener-
ator instead of the standard 6-LPI Strobe generator. The Y2-Inch Strobe generator consists of a
timing disc and an optical switch assembly located behind the vertical format unit (VFU)
mounting plate at the upper left side of the printer mechanism. A 6/8-LPI switch, located on
the function related VFU mounting plate, permits operator selection of the desired line-
spacing.

The %-Inch Strobe pulses are generated by the timing disc which is attached to and rotates
with the VFU tape-sprocket drive shaft. The gear ratio between the VFU sprocket drive shaft
and the tractors is such that 45°, or one-eighth, of a timing disc rotation corresponds to one-
half inch of tractor, and paper, advance. Accordingly, the timing disc has eight evenly spaced
apertures arranged in a concentric band near its outer edge. Each aperture represents a one-
half-inch increment of paper advance. The apertures are sensed by the associated optical switch
which straddles the disc and is aligned with the band of apertures. As the disc rotates, light
from a LED passes through the apertures energizing the corresponding photosensor, the output
of which is amplified and shaped by a seif-contained Schmidt Trigger circuit.

Because of the relationship of 6 and 8 LPI linespacing, each half-inch of paper advance cor-
responds to three linespaces at 6 LPI or four linespaces at 8 LP1. Accordingly, the %-Inch
Strobe pulses indicate, in effect, the linespace positions which are common to both 6 and 8
LPI, but not the intervening linespace positions. The intervening linespace positions are indi-
cated by internal Line Strobe pulses derived by the Paper Control logic electronics from motor
Step Strobe pulses, divided by either 8 or 6 according to the selected linespacing. Eight steps
are required per linespace at 6 LPI; six steps are required per linespace at 8 LPI.

4.2.2.5 Vertical Format Unit

When paperieeding in the VFU-controlled mode, the linespace positions in which printout is
to appear on a form are determined from a pre-punched format tape loop which is advanced
and read by the VFU while paper is being advanced. Signals from the VFU serve to identify
specific linespace positions and are used, in conjunction with Line Strobe, by the Paperfeed
Control logic electronics to decelerate the stepping motor and halt paper feed.

The VFU is a multi-channel photoelectric tape reader and drive mechanism that detects
fully-punched holes in a sprocket-fed endless tape-loop. Depending upon customer require-
ments, a particular printer may be equipped with either a standard eight-channel VFU or an
optional twelve-channel VFU. The 8-channel VFU is designed to accommodate one-inch (2,54
cm) wide perforated tape, which is compatible with the applicable requirements of ANSI X3.18
(1967); whereas the 12-channel VFU is designed to accommodate 1-5/8-inch (4,127 cm) wide
IBM-compatible carriage control (format) tape. (Refer to the Operating Instructions manual for
format tape details and channel designations.) However, the basic operation is the same for both
the eight and twelve channel units.

VFU signals are generated by the tape loop which is fed through the reader in synchronism
with the advancing tractors and paper. The tape loop is read at a read station consisting of an
optical switch for each VFU channel. As the tape loop is advanced, infra-red light from a LED
associated with each channel passes through the punched holes in the corresponding channel
and energizes a corresponding photosensor. The outputs from the photosensors are amplified
and shaped by associated self-contained Darlington-connected transistor circuits.
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In the standard buffered printer, VFU-controlled paperfeed is based on a skip-to-channel
scheme. Normally, holes are punched in predesignated tape channels according to related
formatting requirements. Each hole punched in a format tape represents a particular linespace
position on the corresponding form. Selection of the linespace position to which the advanc-
ing form is to be moved is determined by monitoring the VFU channel designated by the
Paperfeed Command Code (paperfeed instruction) stored for each paperfeed operation. When
a hole is detected in the designated channel, the paperfeed operation then in progress is stopped
with the desired linespace on the form in printing position opposite the typeline. The standard
DPC Paperfeed Command Codes (Skip-to-Channel instructions) for the VFU control of paper
advance are shown in Appendix C.

In the standard buffered printer, certain VFU channels are used in conjunction with local
controls for specific formatting operations. VFU Channel No. 1 is reserved for Top-of-Form
(TOF) and VFU Channel No. 8 is reserved for Bottom-of-Form (BOF) on the standard VFU.
(On the optional 12-channel VFU, Channels | and 12 are reserved for TOF and BOF, respect-
tively.) This arrangement permits the advance of paper to TOF under local, manual control,
and the automatic skip of paper from BOF to TOF (skip over the tear-line between forms)
when so programmed at the printer interface. VFU Channel 2, and the TOF and BOF VFU
channels are also provided at buffered outputs on the Printer Interface. VFU Channel 2 is
designated for a ““Special Function** as may be defined by the user.

In the absence of a tape in the VFU, the photosensors for all channels are energized con-
tinuously. Consequently, a ““Skip-to-Channel” paperfeed operation performed under a ‘no
tape’ condition is stopped upon advancing the tractors, and paper, one linespace. In the event
an unpunched, or malfunctioning, VFU channel is designated, paperfeeding is automatically
stopped by timing circuits in the Paperfeed Control logic electronics.

A spring-loaded tape hold-down lever, which is operator-opened to remove or install a
format tape, secures the tape in position on the tape drive sprocket. Tape guides, extending
from the tape read station to the tape drive sprocket, assure that the tape is properly posi-
tioned at the tape read station without the necessity for tape-loop tensioning, thereby eliminat-
ing a principle cause of excessive tape wear.

Because of the fixed gear ratio between the tape drive sprocket and the paper tractors, the
tape is advanced a different distance for a linespace of paper advance according to the selected
linespacing and, because of the different forms of tape used, the particular VFU configurations;
as follows:

VFU CHANNELS: 8 12

LINESPACING: 6 LPI 6 LPI 8 LPI
Tape Sprocket Arc: 15° 15° 11.25°
Punch Hole Pitch: .100” 167" 125"

This means that for proper operation, a format tape must be prepared using the appropri-
ate punch hole pitch (spacing) according to the particular VFU configuration and linespacing
with which that tape is to be used. Normally, a tape loop is prepared such as to correspond in
length with the number of linespaces, at the selected linespacing, provided by an integral multiple,
usually one, of the form(s) with which that tape is to be used.

4.2.2.6 Paperfeed Control

Paperfeeding is pertormed under control of the Paperteed Control and Paper Control (drive)
logic electronics which basically consist of two registers; one of which commutates the step-
ping motor, while the other either tracks the advancing forms or selects the required VFU
channel for monitoring according to the programmed mode of control — Linecount or VFU.

In the Linecount mode, the selection of the linespace position at which a paperfeed opera-
tion is to be terminated is determined by the examination of the tracking register. Initially
loaded with a count of the number of linespaces to be advanced in an operation, the tracking
register is updated with each linespace advanced to indicate the number of lines remaining to
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be advanced. Termination of a Linecount paperfeed operation is determined by the recogni-
tion of the final count state of the tracking register.

In the VFU-controlled mode, the selection of the linespace position at which a paperfeed
operation is to be terminated is determined by the examination of the selected VFU channel
which is designated by the Paperfeed Command Code loaded into the tracking register for each
operation. Termination of a VFU-controlled paperfeed operation is determined by the detection
of a hole in the corresponding channel of the format tape loop.

After recognition of the desired linespace, the stepping motor is decelerated through
three successive steps having successively longer commutation intervals of approximately 1.5,
2.0, and 3.0 MS., which slows the motor and moving paper to a smooth stop with the desired
linespace accurately positioned opposite the typeline. The stepping motor phase windings
selected in the final step are energized with a reduced “holding” current which secures the
motor, paper tractors, and paper in position when not paperfeeding. The stepping motor
phase windings, which correspond to paperfeed stopping positions, depend upon the selected
linespacing, as shown below:

Linespacing Motor Phase
o1 92 ¢3 ¢4
6 LPI: X X
8 LPI: Alternately X X
or X X

Because printers equipped with the 6/8 LPI option indicate the linespaces which are com-
mon to both 6 and 8 LPI only, the motor Step Strobe pulses generated between two successive
1/2-Inch Line Strobe pulses are divided into uniform groups which correspond to the positions
of the intervening linespaces at the selected linespacing. Accordingly, Step Strobe pulses are
tracked by an auxiliary counter which develops internal line strobe pulses that represent the
intervening linespace positions.

The 6 LPI Strobe (or 1/2-Inch Strobe if equipped with the 6/8 LPI option) is used to syn-
chronize the paperfeed control logic and the paperfeed mechanism. An infinite paper position-
control, located at the left end of the paper tractor drive shaft, permits operator adjustment of
the vertical position of paper with respect to the synchronized paperfeed system.

The principles of paperfeed control, briefly outlined in the preceding paragraphs for continu-
ity, are fully described in paragraph 4.4 of this manual.

4.2.3 Ribbonfeed System

The ribbonfeed system transports towel-form ribbon from one mandrel to another past the type-
line. As shown in Figures 4-1 and 4-4, the ribbonfeed mechanisms are all mounted on the yoke
assembly in front of the paper path. The ribbonfeed system consists of an upper ribbon mandrel
located ahead of the chaintrain and a lower ribbon mandrel located below the chaintrain, between
which ribbon is wound past the typeline; corresponding upper and lower ribbon drive motors and
clutches located at the left end of the yoke assembly; upper and lower ribbon sensor assemblies
located at the left side of the ribbon path; and a ribbon tracking mechanism located at the right
end of the yoke assembly.

Ribbon feeding is a controlled process that is accomplished by energizing the appropriate drive
motor to wind ribbon alternately onto one mandrel, then the other. The ribbon is monitored for
the physical end of ribbon, which is identified by reinforced holes , or translucent fabric leaders,
located at both ends of the ribbon. To ensure full use, the direction of winding is reversed when the
end of ribbon is detected. Ribbon life is maximized by continuously feeding ribbon during a print
operation and by skewing the ribbon feed, which causes the moving ribbon to wander laterally
along the typeline distributing ribbon use and compensating for any horizontal motion imparted
from the moving chaintrain while printing. To ensure that ribbon is properly positioned laterally
at the typeline, the ribbon is continuously edge-sensed. The direction of ribbon skew is reversed,
by actuating the appropriate skewing solenoid, when the left edge of ribbon is detected at an al-
lowable limit of ribbon wander.
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4.2.3.1 Ribbonfeed Mechanism

The ribbonfeed mechanism accepts 14-inch wide towel-form ribbon wound between two
standard 15/16-inch O.D. mandrels. Each mandrel is removable and is supported between
a drive hub and a corresponding spring-loaded idler hub. Ribbon is fed past the typeline by
winding the ribbon onto either one of the two mandrels which are independently driven by
an a-c motor associated with each mandre!. Mechanical drive from each motor is transferred
through a slip clutch and drive hub to the associated mandrel which is coupled by a match-
ing slot, located at the end of the mandrel, that engages a pin located on the rim of the drive
hub.

While feeding ribbon, only one ribbon drive motor is energized at a time. When the upper
drive motor is energized, ribbon is wound onto the upper mandrel, moving ribbon upwards
past the typeline. Conversely, ribbon is wound onto the lower mandrel, moving ribbon down-
wards past the typeline, when the lower drive motor is energized. The ribbon motors are
wired such that the upper drive hub is rotated in the clockwise direction and the lower drive
hub is rotated in the counter-clockwise direction (as viewed from the mandrels); consequently,
ribbon is wound onto the top side of the upper mandrel and onto the bottom side of the
lower mandrel. The slip clutch associated with the motor which is not energized, engages a
series of internal rings, applying a drag on the associated drive hub and mandrel from which
ribbon is unwound. Each clutch is factory set to provide the proper ribbon tension to keep
the ribbon taut at the typeline and to hold ribbon stationary when not ribbonfeeding.

In normal operation, ribbon is continuously fed whenever printing is required. Ribbon is
wound alternately onto one, and then the other, mandrel. The application of a-c power to the
ribbon drive motors is performed by the Ribbon Motor Control circuit board, located at the far
end of the yoke assembly, under control of the Ribbon Control logic electronics which operate
in conjunction with the End of Ribbon sensors.

4.2.3.2 Ribbon Reversing Mechanism

The ribbon reversing mechanism consists of two 5/8-inch diameter reinforced holes, or a trans-
lucent fabric leader, located at each end of the ribbon and two End-of-Ribbon photoswitches,
one located in the upper sensor assembly and one located in the lower sensor assembly,

As shown in Figure 4-4, the ribbon sensors are located on the left side of the ribbon path.
The upper sensor detects the end of ribbon, which is unwound from the upper mandrel, above
the typeline:similarly, the lower sensor detects the end of ribbon, which is unwound from the
lower mandrel, below the typeline. An End of Ribbon signal is generated at the respective sensor
by the hole, or translucent leader, at the left edge of each end of the ribbon. As an end of ribbon
feeds through the corresponding sensor, light from a LED passes through the hole, or translucent
leader, energizing an associated photosensor, the output of which is amplified and shaped by a
Darlington-connected transistor circuit. An End of Ribbon signal is used by the Ribbon Control
logic to cause the opposite ribbon mandrel to be driven by switching power to the corresponding
drive motor, reversing the direction of ribbon feed.

4.2.3.3 Ribbon Tracking Mechanism

The ribbon tracking mechanism skews the ribbonfeed mechanism such that the feeding
ribbon is gradually displaced laterally, between limits, as it passes the typeline (as opposed
to tracking ribbon straight). As shown in Figure 4-4, the ribbon tracking mechanism consists
of a solenoid-operated skew arm, and an inside and an outside ribbon skew solenoid, all located
at the right end of the yoke assembly; and an inboard and an outboard ribbon track sense
photoswitch in each of the upper and lower ribbon sensor assemblies located to the left of
the ribbon path.

The ribbonfeed mechanism and the feeding ribbon are skewed by the skew arm which is
pivoted to rotate to either an inside or outside position corresponding to the driving solenoid.
Drive from each solenoid is coupled by a plunger that is pinned to the corresponding side,
inside or outside, of the skew arm. As shown in Figure 4-4, the right end of both ribbon man-
drels engage corresponding idler hubs that are attached at opposite ends, equidistant from the
pivot point, of the skew arm. Rotation of the skew arm revolves the hubs in unison about the
pivot point displacing the right end of both ribbon mandrels from their true axial centers. This
displacement of the mandrels causes ribbon to be wound in a helical fashion on the winding
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mandrel. Because the mandrels are not free to move laterally, the winding ribbon is laterally dis-
placed as it “climbs” the helix. Consequently, ribbon is caused to feed along a continuously
changing oblique course, or skew, which laterally displaces the moving ribbon proportionately
throughout the ribbon path between mandrels and past the typeline. Ribbon is laterally dis-
placed in the direction of the end of the winding mandrel which is positioned nearer the feed-
ing (unwinding) mandrel and typeline. The skewing of both mandrels in unison maintains a
constant distance along the ribbon path beiween mandrels.

Ribbon tracking is a controlled process that is accomplished by energizing the appropriate
skew solenoid to skew the feeding ribbon alternately in one, then the other direction between
predetermined fixed limits. In the standard buffered printer, ribbon tracking is performed
automatically under control of the Ribbon Control logic electronics operating in conjunction
with the ribbon track sense photoswitches. These switches detect the presence of the left edge
of ribbon at the allowable limits of lateral displacement. Normally, the left edge of ribbon
occupies a position somewhere between the right-most limit, designated the Inboard Limit, and
the left-most limit, designated the Outboard Limit. The direction of ribbon skew, hence lateral
displacement, is reversed when the left edge of ribbon is detected at either limit.

A separate set of inboard/outboard ribbon track sense photoswitches is associated with each
ribbon mandrel. The ribbon track sense switches on the upper ribbon sensor assembly are used
in conjunction with the upper ribbon mandrel; whereas the ribbon track sense switches on the
lower sensor assembly are used in conjunction with the lower mandrel. The inboard and out-
board switches are arranged on a sensor such as to permit a total lateral displacement of ribbon
of approximately 0.1 inch. The sensor assemblies are located such that the inboard switches
are at least 1/4-inch to the left of print hammer 1 (left-most position) to ensure that ribbon is
always in position opposite the entire typeline.

Ribbon Track Sense signals are generated by the ribbon as it moves laterally between the
guiding arms of a sensor assembly. As shown in Figure 4-5, as the left edge of ribbon moves
laterally past a ribbon track sense switch, light from an associated LED passes (or is blocked,
depending on direction) through the opening between the guide arms energizing (or de-
energizing) a corresponding photosensor, the output of which is amplified and shaped by an
associated self-contained Darlington-connected transistor circuit. Because it is the edge of
ribbon that is detected, the sensing that ribbon has reached a limit is indicated by opposite
signal levels from the inboard and outboard switches. Normally, as shown in Figure 4-5B, light
is allowed to pass to an outboard sensor and is interrupted to an inboard sensor by the ribbon.
When the ribbon edge reaches an outboard sensor as shown in Figure 4-5C, light is interrupted,
turning that sensor off. However, when the ribbon edge reaches an inboard sensor, as shown in
Figure 4-5A, light is allowed to pass, turning that sensor on.

Selection of the skew solenoid to be energized is determined by the recognition of the limit
at which ribbon was sensed to have last reached and the direction of the ribbonfeed in progress.
Because the direction of ribbon skew is determined by the skew position of the winding mandrel,
the particular skew solenoid to be energized to laterally displace ribbon in a given direction
depends upon the direction of ribbon feed, as follows:

Mandrel Solenoid Displacement
Upper Inside Inboard
Upper Outside Outboard
Lower Inside Outboard
Lower Outside Inboard

(Note that, when the direction of ribbon feed is reversed, the direction of ribbon mandrei
skew must adlso be reversed to laterally displace ribbon in a given direction.)

4.3 PRINTER INTERFACE

The printer intertace provides the control and data communications path between the buffered
Chaintrain Line Printer and an external device. It controls the exchange of signals necessary to
transfer data across the interface, and indicates the status of the printer and of paper in the printer
to the external device. Remote control of the printer is provided basically by means of a print com-
mand and a paperfeed command for each line of print. A print command causes a line to be printed;
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a paperfeed command, executed alone, causes an immediate-feed operation. If a print command is
accompanied by a paperfeed command, printing and paperfeeding are combined automatically in a
delayed-feed after print mode of operation. Data for both print commands and paperfeed commands
are transferred across the same bit-parallel, character-serial input data channel at externally-strobed
rates of up to 500-K characters-per-second. Status and control signals are carried across the inter-
face on separate lines.

Print commands are executed in a burst-mode which transfers all print data for a line of print
before the mechanical action of printing the line takes place. Print data is transferred serial-by-
character in the same order as it is to appear, left-to-right, in the left-justified printed line. This
data is loaded into the printer’s line buffer that provides character storage for all print positions in
the typeline. The transfer of print data is stopped automatically when the printer buffer is full, or
when the external device removes the print command signal. Upon termination of a print command,
the mechanical action of printing is started and the external device is freed to perform other opera-
tions while the data stored in the printer’s buffer is being printed out, thereby increasing overall sys-
tem performance.

Upon completion of a printing-and/or paperfeeding operation, the printer indicates a ready status
to the external device which may then issue the command for the next operation at its convenience.
The ready status is indicated immediately upon completion of the mechanical portion of the last
operation so that the next command can be transferred during the machine delay interval(s) allowed
for print hammer recovery and paper settling to permit the maximum thru-put of the printer to be
achieved. Depending upon the required paper advance, delayed-feed (after print) operations are per-
formed, and immediate-feed commands can be transferred and executed, in their entirety, during the
print hammer recovery interval.

The printer interface can be provided in either of two basic configurations, namely; the Standard
Interface Configuration which provides for separate control of print and paperfeed (see paragraph
4.3.1), or a First Character Interface Configuration which provides for combined control of print
and paperfeed (see paragraph 4.3.2). Depending upon customer requirements, the printer
may also be provided with an Input Parity Check feature ! (see paragraph 4.3.3), a code con-
verter for EBCDI-Coded print dataZ,3 (see paragraph 4.3.4), or both. On the Chaintrain Line
Printer, the vertical position of the forms in the printer is indicated at the printer interface (Verti-
cal Format Output Drivers) as a standard feature on both the Standard Interface Configuration and
the First Character Interface Configuration.

The standard Chaintrain Line Printer interface is fully compatible (mechanically, electricaily,
and functionally) with the corresponding configuration of the inter_face4 provided on standard
DPC drum-type line printers; Models F-80, F-132, F-236, F-306, V-132, V-236, and V-306. Thru-
put is commensurate with the particular model of the Chaintrain Line Printer under consideration.

4.3.1 Standard Interface Configuration

The Standard Interface Configuration provides separate controls for print and paperfeed to per-
mit the remote control of printing with independent, automatic, or combined control of paper-
feeding. Paperfeed commands can be programmed separately from print commands, to provide an
immediate-feed type of operation that may be programmed either in a feed-before-print, or in a
feed-after-print sequence, whichever better suits the using system’s requirements.

An Automatic Linefeed feature provides separately programmable automatic single, or double
linespacing after each line of print, to permit “list” printout to be conveniently programmed with-
out the necessity of a paperfeed command for each line; and/or automatic BOF-to-next-TOF paper
skipping, to permit automatic perforation step-over operations (see paragraph 4.3.1.2.4).

Alternatively, a paperfeed command can be combined, in a ‘““Last Character”” mode, with the print
command for each line of print to provide an automatic delayed-feed after print sequence of opera-
tions (see paragraph 4.3.1.2.5).

(1) Optionally available on Standard Interface Configuration only.

(2) Standard featurc on 48-character machines provided with AN, HN, or LC chaintrain arrange-
ment; optional tfeature on all other models.

(3) Customer-specitied print data coding is optionally available on all models.

(4) Reference: DPC Interface Specification S-1003, Rev. C; June, 1973
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4.3.1.1 Interface Signal Line Definition

All printer interface signal lines, including those associated with the First-Character con-
figuration and standard options, provided for use in communication between the Chaintrain
Line Printer and an external device are depicted in Figure 4-6. The interface signal lines and
their use are summarized below and are described in detail in the paragraphs that follow.

The printer interface signal lines and their uses are:

Interface Line Use
RUN Out Controls — used to indicate operational
RUN Out status of printer and response to
PRINTER READY Out commands from external device.
SEND DATA Out
PRINT COMMAND In Commands — used by external device to
PAPERFEED COMMAND In (1) control print and paper advance
AUTOMATIC LINEFEED In (1) (2) operations.
DOUBLE LINE SPACE In (O
DATA BUS POSITION 1 In Data Bus In — used to transfer print data
DATA BUS POSITION 2 In and paperfeed instruction characters
DATA BUS POSITION 3 In from the external device to the
DATA BUS POSITION 4 1n printer, parallel-by-bit, serial-by-
DATA BUS POSITION 5 In character.

DATA BUS POSITION 6 In
DATA BUS POSITION 7 In
DATA STROBE In

PAPER LOW Qut Status — used to indicate status of paper
VFU CHANNEL 1 Out supply and position of forms in the
VFU CHANNEL 2 Out printer.

VFU CHANNEL 8 (or 12) Out
LINE STROBE Out

DATA BUS POSITION 8 In (Opt) (3) Parity Check Option — used to complete
PARITY ERROR Out (Opt) character parity of input data, and
CLEAR In (Opt) indicate and clear parity alarm.

(1) Not provided on First Character Interface Configuration.

(2) Not recommended for use in “Last Character’” mode.

(3) Used to complete 8-bit byte if required (Opt): such use precludes Input Parity Check
option.

4.3.1.1.1 RUN Out (J221-1/14)°

A line from the printer to the external device which, when high (logic “1” level),
indicates that the printer is “on-line”, that is; the printer is ready for operation and
the printer interface is enabled for communication with the external device.

4.3.1.1.2 RUN Out (J221-5/18)

A line from the printer to the external device which, when low (logic “O level),
indicates that the printer is “on-line”. This signal is the complement of the RUN
signal (J221-1/14) and is provided to permit the external device to sense the true
status of the printer interface when printer power is off or when the interconnecting
signal cable between the printer and the external device is disconnected. Depending

(5) The notation enclosed in parentheses ( ) denotes the interface connector and the pin con-
nections of the signal/return for the listed signal line.
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