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The Printer Project
• Restore printer to operational condition
• Build a Printer Controller that interfaces to a 

PC and drives the 1403-N1 printer
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• Received printer Spring, 2013
• Printer undergoing refurbishment
• Prototype printer controller 

developed under 2013-2014 WCP



1403 Project
System Overview

Final Objective 3

PC Host Printer Interface IBM 1403-N1 Printer

Printer Controller



IBM 1403-N1 Printer Controller
Challenges

• Sparse documentation
• But we’ve got experienced and talented engineers and 

students
• Spare parts

• We’ve been able to build or scrounge what we need
• Maintaining µsec synchronization with the printer

• Replace SMS technology with cheap but powerful 
microcomputers

• Coordinating multiple teams
• Make it fun!
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• Center for Technology & Innovation
– Client
– Printer refurbishment
– Technical and Program Management

• Watson School Senior Undergraduates
– Software
– Hardware safety interlocks

• Triple Cities Makerspace
– Chassis, hardware & software development

• IEEE Binghamton Section
– WCP sponsor & Technical Advisor

Team 
Members
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IBM 1403-N1 Printer Controller
Print Train Assembly

Print Train moving 
@ 206.4 “/sec



Drive Gear
34.992 msec/rev

144 PSS Pulses

Extra Pulse

Idler Gear
29.16 msec/rev

Universal Character
Set (UCS) Pulse

Drive Gear:Idler Gear
5:6

Train Home Pulse
(174.96 msec

once per 240 chars or
once around the chain)

243 µsec
(1/3 char width)

121.5 µsec

“Anding” done in SW although 
it could be done in HW
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• At initialization:
• Establish detection and tracking of PSS pulses
• Determine PSS – PSS timing are within expectations
• Detect Train Home Pulse to establish position on chain

• During operation:
• Verify correct PSS detection and timing
• Issue synch error if anomalous conditions detected

Dropbox\IBM 1403 Project 2014-15\TechWorks Project Artifacts\1403-N1 Printer Operation Summary.pptx



Events & Timescales
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PC Host Cmd seconds

0 sec N sec

Print time (≤ 34.55msec) +Carriage move time (=20msec)

0 54.55 msec

Print line msec

Event Timescale

PSS # 144 Extra 1 2 3

Hammer # 1     4     7     10      …      130 2     5     8     11 …           131 3     6     9     12 …

243 µsec

5 µsec

121.5 µsec 121.5 µsecPrint char µsec

X msec

Space Start/Stop
Solenoid

Start: On
Stop:  Off

Start: Off
Stop:  On

1 Space     X= 5 msec       (4.6 to 6.8 msec) 
2 Spaces   X= 9.8 msec    (tbd to tbd msec)
3 Spaces   X= 13.8 msec  (tbd to tbd msec)

Carriage space msec

UCS Pulse

Coincident every 
train revolution of

174,960 µsec29.16 msec

Train home pulse msec 174.96 msec

E1 carriage pulse msec 1.7 msec pulse interval @ 8 in/sec or 2.2 msec pulse interval @ 6 in/sec
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PSS # 144 Extra 1 2 3 4

Hammer # 1     4     7     10      …      130 2     5     8     11 …           131 3     6     9     12      …      132 1     4     7     10 …

…
243 µsec

5 µsec

121.5 µsec

chipKit

121.5 µsec

…  H E L L O  W O R L DPrint Line

…  %  J  K  L  M  N  O  P  Q  R  - $  *  A  B  C  D  E  F  G  H  I+  …Print Train

ChipKit ⇒ Atmel Interface
(timing relative, not to scale)

Print Train Character Alignment

Determines via that a 
hammer needs to be fired

Pulse Timing

Atmel

7     8     9    10      …      132

7                                                                                                                            10

5 µsec

Hammer PCB

• Determine Hammer PCB and Hammer Line to energize
• Determine which hammers to de-energize after 1170 µsec

Hammer # (1-132) or
Idle

Hammer 
Signal

Printer Hammer Hammer coil energized
60v 5 amps

Hammer energizes within 
±0.5 µsec of computed time



chipKitHost PC

Power Supply

Amplifier Card Tr
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T-Casting

Train Installed

Thermal Safety

Form Jam 1

Form Jam 2

Form Jam 3

Form Jam 4

EOF

Carriage

Hammer on

UCS Pulse

PSS/Extra Pulse

Home Pulse

Carriage Pulse

UCS Pulse

I

D

PSS/Extra Pulse

Ha
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HW Safety 
Interlock

SM
S 

Co
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ec
to

r
SM

S 
Co
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Even 
Shoe

60 V 
Power Supply

Contactor

+5 V
-5 V

Gnd

Odd 
Shoe

Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card

Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card
Paddle Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Hammer Driver Card

Spare Slot

Spare Slot

Spare Slot

Carriage Driver Card

USB Port

SD Card

Carriage
Carriage Pulse

Inside or outside of 
Printer Controller 

chassis?

Not used

Printer Controller

Printer

Correct?

Bus Bar

Power Cable
17 pairs

60V & Gnd



Host PC

Software

chipKit µProc
Amplifier

PCB

Hammer Driver
PCB 1

Carriage Driver
PCB

o
o
o

Hammer Driver
PCB 8

Hammer Driver
PCB 9

Hammer Driver
PCB 16

o
o
o

HW Safety
Interlocks TBD

1403 Printer

PSS/Extra Pulse

UCS Pulse

Carriage Pulse1

Space Start

Space Stop

Skip Start

Skip Stop

Odd hammers

Even hammers

Even hammers

Odd hammers

8

8

8

8
Address /Idle/Reset

SD Card 
Slot

Printer Interface

Note 1: Carriage Pulse implementation TBD

Responsibility Key
CT&I                     Refurbish/Mod
Watson Seniors  New/Mod
TC Makerspace   New
TC Makerspace   Mod

Unmodified

C:\Projects\TechWorks\2014 Printer Controller\Diagrams\1403 Project Context Diagram v2.pptx

USB

Printer Controller

Software

Atmel

Atmel

Atmel

Atmel

Atmel

Hammer Driver
PCB 17

129 – 132
hammers4Atmel
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Software Components 12

Power
Applied

POR
Mode

Idle
Mode

Active
Mode

Error
Mode

GO

Command
ReceivedGO

NO
GO

NO
GO

POR Command Received

PSS
Interrupt

Wait for
Command

Reply to
Command

To Active
Mode

To Error
Mode

NO
GO

GO

GO

Active
Completed

POR
Completed

Interrupt
Received

Check
Pulse
Type
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“Start

Hammer”
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“Start

Character”

End
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Command

Send
Info

Print
Text

Info
Request

Print
Request

Command
Received

To
Idle

To
Error

GO
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Check
Line

Line
Received

Set
Start

Hammer

Throw
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Increment
Belt and
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Pointers

Wait for
5us Passed

Loop
44

Times

Space 0-3
Lines

Get next
Line

If <55ms
Wait for 
>55ms

Loop
For
All

Lines

Line Done

Loop
Until
Line

Done

To Idle
Mode

Done

Send Reset
Command

Errors
Detected

Notify
Host PC

Wait for 
POR 

Command
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Power
Applied
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Print
Train
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USB
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Hammer Driver Card Layout
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Hammer Driver Card
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Latest Test Results
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