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Photo 1: The complete
setup of the IBM Selectric
Keyboard Printer, typing
under the control of a
KiM-1  microcomputer
with a 4 K memory expan-
sion, The Selectric inter-
face described in this ar-
ticle is housed in ihe
equipment case in  the
center of this photo.

Interfacing the IBM

Onc of the most desirable forms of
computer output is high qualily typewritten
text suitable for preparing letiers, reports
and other documentation. A word proc-
essing system which speeds up the process of
writing and revising text would be a very
useful and feasible application for a small
microprocessor based system, provided (hat
a sujtable hard copy oulput device can be
found at a reasanable price.

An ideal output medium for such a word
processing system would be an 1BM Selectric
office typewriter. Selectrics are moderately
expensive when compared 1o ordinary type-
writers ($630) to $830 depending on the
aptions chasen), but they are ubiguitous in
the office cnviranment, produce very high
quality typed output, and can be used to
print in many different type styles simply by
changing the ball shaped 1yping element.
Special typeballs are available for printing
mathematical symbois and Tor the APL
character set (sce “Whal is APL?", by Mark
Arncld, November 1976 BYTE, page 20).
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Unfortunately, the job of converting a
Sclectric office typewriter is made somewhat
more difficult by the fact that {contrary to
popular belief) the Selectric mechanism s
entirely mechanical and not electronic in
nature. The only use of electric power in an
ordinary Selectric is for the motor which
turns the drive shaft and various gears and
cams, |1 is necessary to use solencids Lo push
fevers and “'baits” in the base of the mech-
anism to achieve printing under computer
contral. Similarly, contact switches must be
installed in order to use the keyboard for
computer input.

There is another alternative, however. A
variety of computer terminals and other de-
vices based on the Selectric mechanism are
becoming availabie on the surplus market,
often at a fraction of their original prices.
These machines have their own built-in sole-
noids or other means for mechanical control,
and present some sort of electrical or elec-
tronic interface to the outside world, The
simplest, most commaonly available, and of-



Selectric Keyboard Printer

ten the cheapest of these are the Selectric
Input/Output Keyboard Printers, Models 73,
737, 735 and others. They were manufac-
tured by [BM, typically for use as [0 devices
in other companies’ computer systems. As
these systems have become obsolete, the Se-
lectric Keyboard Printers have found their
way into surplus channels.

As a business school student and experi-
enced user of computers, | have always
wanted to build a word processing system
around my own home computer. Hence |
seized a chance to acquire a Model 73
Keyboard Printer for $450 from the Com-
puter Warchouse Store in Boston. (These
units were sold oul in a few weeks; | have
heard of prices ranging from $250 to $1500
through other channels, but as interest in the
units increases, their typical prices are bound
to rise.) Armed with a couple of old I1BM
manuals provided by the Computer Ware-
house Store, | set out to accomplish what |
expected would be a straightforward inter-
facing process.

(Teaching KIM to Type)

This article is a report of my experience,
and a detailed description of the interface
which | built. Bricfly, the interfacing proc-
ess, while simple in principle, was not al all
straightforward in practice. But it was suc-
cessful, even for such a mechanically inept
person and relative novice in electronics as
me. For about $50 in parts (including such
extravagances as a prelly cabinet and a $20
IBM connectlor to plug into the Selectric's
peculiar 50 pin receplacle}, and lots of labor,
| produced the unit shown in photo 1. It’s
only an interface to the Selectric printer,
since I'm content to use my existing ASCII
keyboard for input. 1t has its limitations, but
it works.

This, of course, is hardly the last word on
Selectric  Keyboard  Printer  conversion,
As a BYTE reader, | would be delighted to
see information on more comprehensive
interface designs, as well as actual experi-
ences with several of the units currently on
the market. Since most of them are sold on
an “‘as is" basis, these machines can bring
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Photo 2: A closeup of the
1BM Sefectric ball mech-
anism on its moving car-
rigge within the printer.
The Courier 72 ball shown
here Is one of many
balls available with the
“Correspondence” coding
arrongemelt.
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you a lot of grief {read on), So it’s wise 10
report on problems, and how you overcame
them.

The Selectric Mechanism

To appreciate what the interface must do
(and what can go wrong), it is first necessary
to understand basically how the Selectric
mechanism works. The typing element is a

deeer Paal
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Photo 3: This diggram, from the I1BM manual number 241-57159-3, shows how
the various bails of the mechanism are connected in @ lypical case. The IBM
manuafs for the typewriter output unit are valuable reference materials and
can be oblained by caliing vour local 1BM office.
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golfball sized hollow sphere embossed with
up to 88 characters, arranged in four hori-
zontal rings of 22 characters each. Photo 2
illustrates the ball in its rest position in the
mechanism. All the lower case or unshifted
characters appear on the ‘“‘western hemi-
sphere,” the side normally closest to the
paper. The upper case characters are in
corresponding positions on the back side or
“eastern hemisphere.” Pressing the shift key
causes the whole typeball to rotate 180°,
thereby allowing the upper case characters
to be printed. Hence, the actual typing
operation can select any of 44 characters,
four haif rings of 11 characters each, with
five to the left and five to the right of the
center or “home” position on each ring. A
particular character is selected by causing
the typeball to tilt up or down and rotate
right or lefi; then the ball jumps forward to
sirike the ribbon and paper. These move-
ments account for the peculiar “dancing”
motion seen when the Selectric is typing
continuously. The typeball is mounted on a
carriage which moves across the page, as
opposed to Iraditional pre-IBM Lypewriters
where the paper carriage moves and the
typing mechanism remains stationary.

The actual tilting and rotation of the
typeball is accomplished by an incredibly
complicated system of latches, pulleys and
levers which are driven by six moving
“bails,” or rods in the base of the machine.
Although we neced not understand the de-
tailed mechanical linkages, we should
appreciale the roles played by these six



moving bails. Two of the bails, referred to as
TI and T2, are moved or not moved in onc
of the four possible combinations to provide
the proper degree of lilt necessary Lo select
one ol the four rings. Three more bails,
called R1, R2 and R2A, are moved or not
maved in various combinations Lo provide 1,
2, 3, 4 or 5increments of counterclockwise
rotation, normally to sclect one of the live
characlers to the right of center on the given
ring {as seen from above). Finally, when the
bail named R3 is moved, Lhe Lypeball rolates
90° clockwise so that the counterclockwise
mavement provided by R1, R? and R2A can
select one of the five characters o the lefl of
cenler on the ring. {When none of the rotate
bails is invalved the center position on each
ring is selected.)

To prinL a particular character, then, we
need to know Its position on the typeball
{which can vary from ball 1o ball}, as well as
what combination of bail movements — T1,
T2, R1, R2, R2A and R5 — will take us to
thal position, Figure | presents Lie coordi-
nates” of each characier in terms of the six
bail mevements for the Lwo most common
character arrangements, the ones used on the

“gCD"
lypeballs.

and  “Correspondence’ encoded

The Keyboard and Print Magnets

In an ordinary Selectric typewriter, the
keys are mechanically finked to the various
bails, as shown in photo 3. Striking a key
depresses an interpaser” bar with a particu-
lar combination of fingers which arrest the
motion of some of the bails. The interposer
also moves a “‘cycle bail” which relcases the
drive shaft and ailows it to turn 180°. On
the drive shafl are a number of cams which
conlrol the series of movements necessary to
print a character, as selected by the tilt and
rolale bails, At the end of Lhe cycle every-
thing is back Lo normal, waiting for anather
key to be struck.

In a Selectric Keyboard Printer, the LilL
and rotate bails are also mechanically linked
to six eclectromagnels. The magnets pull
down armatures which otherwise would
arfesl the motion of the bails. To print a
character, some combination of the six
magnets musl be energized, the particular
tilt and rotate “code” for that character as
found in figure 1. In addition, something
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Home Position of Ball

Tilt Rotate Command Bits

Figure |: The graphic fonts of the BCD and Correspondence typewriter codes. The location of each charocter on the Selectric
ball is described by a wnique combination of case, tilt and rotate commands. The upper case versus lower case choice is made by
a mechanical latch set up before printing, so the chart is broken down into twoe main sections far each code, The home position
of the typeball is flagged in each case by a color shading. The binory command information for each matrix position is given by
the rows jn the center Jabeled “"ROTATE” and the columns at ihe right labeled “TILT." Thus, to form the Correspondence code
for the letter S, the tilt command bits are 01, and the rolate cormand bits are 0110 for a tilt rotate command code of 070170
to be used in the format described in figure 7,
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Tt Ratate Bails

Drive Shal s

Photo 4: A detail of the
underside of the Selectric
Keyboard  Printer  with
housings  removed,  The
overlay shows severgl of
the key points such as the
location of various mag-
nets, the switch contacts
gnd interconnection
receptacle,

Keyboard

i Theck & RzA "

Print Magnets
50 Pin Receptacla

must acluate the ‘“‘cycle bail" Lo start the
printing process. Hence a trip mechanism is
provided which moves the cycie bail when-
ever any of the armatures is pulled down.
However, there is one character on each
hemisphere which should be printed when
none of the magnets is energized, for the
code 000000, Hence the trip mechanism is
connected Lo a seventh magnetl, called
“check,” which provides an odd parily
function for the other six magnets. It is
energized whenever necessary to ensure thal
the total number of magnets energized is
odd. Thus the check magnet is energized on
the code 000000, and this serves Lo actuate
the cycle bail. (I didn’t realize this when
building my interface, so | can’t print those
two characters yet. Don’L make the same
mistake!)

Besides (he print magnels, Lhere are a
number of other magnets and armatures
inside the Keyboard Printer which control
special functions such as space, backspace,
tab, carriage return, index {je: advance paper
withoul returaing}, ribbon shift, and upper
and lower case shift. Many of these magnets
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Keyboard Lock

Solenoid

Llpper and Lower
Case Shift

Wiagieis

Eontrol Magnats

{tab, backspace, index, space, cartiage return)

can be seen in photo 4, which exposes the
underside of the machine and outlines the
positions of many components, The upper
and lower case shift magnets are latching,
and hence they lock the machine into the
new case until the opposite magnel is ener-
gized. Mole that the operator cannot shift
the machine back inte lower case when the
upper case magnet is latched! By Murphy's
Law this is bound Lo happen whenever you
are lesting the interface, but it can be
remedied by fooling around with the shift
cam at the end of the drive shaft.

No eleclric power is provided for any of
these magnels inside the Keyboard Printer,
bul the coil connections are brought out o
the 50 pin receptacle at the back of the
machine. The magnets are rated for 43 1o
53 VDC a1 125 10 300 mA, applied for at
least 10ms in order to pull down the
armatures and cause the desired action.

Switch Contacts

The other major addition to the basic

Caontinued on page 133



Continued from paga 52

Selectric mechanism found in the Keyboard
Printer is a set of switch contacts which are
closed by movement of the tilt rotate bails,
and by movement of the cams in various
stages of the printing cycle. These contacts
can also be seen in pholo 4. Again, no
electric power is applied to these confacts
inside the Seclectric, but six of them, called
Cl 1o C6, are wired together thru certain
pins in the receptable at the back of the
machine (more on this later). For printed
vuiput, Lhese contacls can be tested Lo
determine  when the printing cyele s
complete. For keyboard input, lhere is
another sct of cantacts which must be tested
at the proper instant in order lo capturc the
code for the key just depressed. Cther
contacts are provided which make it possible
lo determine whether the machine is cur-
rently locked in uwpper or lower case,
whether the end of line margin stap has been
reached, and so on. According lo the
documentation, the contacts are rated for
40mA al 10V (minimum) w 300 mA at
48 V {maximum),

BCD and Cerrespondence Machines

At this point, | should c¢lear up ihe
mystery  surrounding  the  differences  be-
tween the so-called "BCD" and “'Corre-
spondence’ versions of the Selectric Key-
board Printer. There are differences in three
areas;

I. The arrangement ol characters on the

typeball that is used.

2. The arrangement of the fingers on the
interposers  connected 1o particular
keys,

3. The vode ablained for keyboard inpul
at the S0 pin receptacle when a key is
pressed.

lhe  Correspondence  version  is  the
simpler nf the two. All of the office type-
wrilers are built this way, and nearly all the
typebalis available from IBM use the Corre-
spondence arrangement of characters. In a
Correspondence encoded Keyboard Printer,
the Lilt and rotate bail contacts are wired
directly 1o the 50 pin receptacle, and so the
cade obtained when a key is pressed is the
actual Lilt rotate code. Note that the lill
rotate code is the same for, say, an upper
case A and a lower casc a, so the current
state of the shift cantacts must be checked
whenever « character is read,

Many Sclectric Keyboard Printers were
built for use in equipment which employed a
6 bil byte and the old BCO (hinary-coded
decimal) characier  code, and so IBM
devrloped the “BCD” version ol the Selec-

tric. In Lhis machine, the Lilt and rotate
contacts (there are several sels of contacls
for cach bail) are wired through a maze of
diades and shift contact connections to yield
a unigue 6 bil code for all of the essential
characters in the BCD set. Hence the code
which reaches Lhe 50 pin receptacle can be
read directly into a & hit byte, and the shift
contacts themselves need not be tested, Of
cotrse, a G bit byte can represent only 64
different characters, and after allowing for
the digits and various special characters,
there was room for only Lhe upper case
alphabetics. In Tact, because of the limila-
tions of wiring through diodes and switch
conlacts, only 48 distinet codes are actually
produced, Even so, in order to accomplish
this wiring leal, il was necessary Lo move
some of the essential characlers 1o con-
venient spols on the typebail, and hence the
inlerposers with certain finger combinations
also had 16 be moved around in order to
preserve the usual layout of the keyboard,
This is why the characlers are all mixed up
when you type manually on a BCD machine
with a Carrespondence typeball. Indeed, just
to make cvervihing fit together, 18M puts
only the upper case characters on most of
the typeballs intended for use with the BCD
machine. (An exception s the Model 963
typeball which is used in many timesharing
terminals.) But, in fact, the mechanism is
slill capable of tilting and rotating o any
character posilion,

What does all this mean for the computer
hobbyist? 1 you are using Lhe Scleciric as a
printer only, it mekes no difference whether
vou have a4 BCD or a Corresponcdence
maching, since in cither case you have direct
access 1o the Lill and rolate magnets. By
encrgizing the pruper combinations of the
seven magnels, you can use both BCD and
Correspondence  typebdlls  with  either
machine, {My Scleetric is a BCD muchine
and | regularly use it with 4 Correspondence
encoded Courier 72 1ypeball.)

If you want 1o use the Selectric keyboard
for computer inpul {and you want upper
and lower case), or if you wanl 10 use the
machine off line with a variety ol Corre-
spondence encaded typeballs, you are con-
siderably better ol wilh the Correspandence
version of Lhe Keyboard Printer. But, since
most of the units available through surplus
channels {al least al reasonable prices) are
BCD machines, you may have 1o settle for
one of these. With some mechanical and
electronic skill {and lots of courage), you
could convert a BCD machine into a Corre-
spondence version by:

|, rearranging the interposers 1o match the
Correspondence typeball wrrangement.
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Figure 2: A very simple
power source for the un-
regulaled DC  used fo
power the solenoids of the
Selectric Keyboard

17 VAC 4a8vAC

L 507
™ oovoe 312K

A

Printer.

2. tearing oul all the wiring for BCD code
generation and replacing it with direct
connections from the bail switch con-
tacis ta the 50 pin receplacle.

So much for the theory of operation of
the Seleciric mechanism. Now let's get on to
the design of an interface unit which will let
us controd the Selectric printer using stand-
ard TTL Jevel signals from a computer
output port. Mindlul always of our potential
exposure to Murphy's Law, we will keep Lhis
interface  as  simpleminded a5 possible,
Readers with more sophistication in elec-
tronics may use Lhis approach as 4 jumping-
off paint (so Lo speak) For their own designs.

Interface Design

To cantrol the operation of the Seleciric
printer we must provide three types of
functions:

1. Signal conversion of TTL levels to
mdgnel currents.

2. Code conversion of ASCII codes Lo Lilt
rotate code.

3. Control and timing to lype successive
characters, wait for cartiage return,
elc.

It seemed io me that the most appropriate
division of labor was to provide the [lirst
function in hardware, and the second une in
software, Signal conversion requires an ex-
ternal power source, while code conversion
requires some flexibility to accommodate
different typeballs. For the third function, |
have experimented with beth open loop
control {realized entirely in software) and
closed loop control {which uses a hardware
feedback signul); both approaches will be
discussed briefly here,

+*5Y +48y

F—————e———-

& Naoois
5VRR RELAY
IN2OOIA

RELAY DRIVE I

]

TILT-ROTATE
MAGNET
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Signal Conversion

For signal conversion, we simply need a
power source for the Selectric magnets and
means of swilching the power ol and ot
using TTL level signals. For the power
source, we need @ maximum of aboul | A of
DC (for seven simullaneously energized
magnets at 125 mA per magnet) in the range
of 43 1o 53 V. The source necd not be
regulated nor even. filtered. (See “Walts
Inside a Power Supply,” by Gary Liming,
January 1977 BYTE, page 42, for a further
discussion.) Figure 2 is a circuit diagram for
the power supply which | built around a $4
surplus transformer. The only really essential
element is the full wave rectifier. The
capacitor was included simply to jack up the
voltage of the particular transformer | was
using ta the point where it would energize
the magnets.

To switch power on and off, 1 used a set
of reed relays {optoisulalors or power Lran-
sistors could be used instead). These par-
ticular reed relays have a coil resistance of
290 obms, so they can be driven by an
ordinary TTL gate {17 mA at 4.8V, or
IGTTL loads). They are available from
Digi-Key Corporation, POB 677, Thief River
Falls. MN 56701, for $1.70 cach {part
number SVRR). | used a total of 12 relays,
six for the print magnets (since | forgol
about the “check” magnet) and six for the
mast important control functions {space,
backspace, tab, carriage return, and upper
and lower case shift).

The reed refays were each connected Lo a
computer output port and a Selectric
magnet through the circuit diagram shown in

Figure 3: Switching of the solenoid uctuutor
mdgnets in the Selectric Keyboard Prinier is
gccomplished by this busic circuit, A reed
relay which is within the drive capubilities of
TTL is driven from ¢ TTL logic gute, with
protection against buck EMF provided by
the diode A, The reed relay, in (urn, drives
the magnet in the printer from the 48 V
(nominat) supply of figure 2. Diode B
provides bock EMF protection for the relay
contacts o preven! arcing which would
sharten the life of the relay. The dotted line
outlines the detaifed circuit repeated many
times in figure 4,



figure 3. Here the IN4001 diodes prolect the
TTL gate and the reed switch lrom voltage
transients in the two coils. Since | needed a
standard TTL buffer to provide enough
current for each reed relay, and since |
wanted to economize on my use of oulput
ports, 1 used a seventh control line (o switch
between the six print magnets and the six
control  function magnets. The resulting
circuit diagram is shown in Tigure 4. The
lettered squares which terminate the reed
switch contact lines refer Lo pin designations
on the Selectric’s 50 pin receptacle (see
below). Photo 5 shows Lhe physical layoul
of the components of figure 4 in the
interface which | built. Most of the wiring is
Vector Slit n’ Wrapped on the other side of
Lhe square picce of Veclorboard.

This construction layoutl is nol recam-
mended! Allow yoursell much more room
for repairing, replacing or adding compo-
nents {iike a seventh pair of reed relays!). A
fength of scrapped telephone cable makes a
good connection between the interface and
the Selectric itself, Also shown in photo 5 is Photo 5: Physicol layout of the components of the interface box which
a 50 pin connector which plugs into the houses the circuit described i this urticle.
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Figure 4! The complete interface schematic. The 7400 NAND gate logic is used to select either the drivers for the misceflaneous
controf functions, or the drivers for the print commands. The basic drive circuit of figure 3 is repeated once for each magnet in

the printer.
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Pin Function

A = T2

B A Check

c b T

D « R2A

E « R1

£ hd R2

H ko R5

J h Magnet Comman
K A Keyboard Lock

L - Tab

[\l = Space

N = Backspace

P = Carriage Return
R ke Index

5 = Upper Case Shift
T * Lower Case Shift
u - Red Ribbon Shift
v - Black Ribbon Shift
w —* C1 N{C

X - Contact Common
a - Feedback N/C

b - Feedback N/O

e - End of Line N/C
i > End of Line N/Q
n - C1 N/O
rstuvw BCD Bit Lines

Figure 5: The Selectric Keyhourd Printer receptucte pin identifications. This
receptacle can be purchased as a spare part through an 1BM office, The urrows
in this table indicute direction of the signal: A left arrow indicates drive o
the printer (typically @ magnet) from o source in the interfuce; o right arrow
indicates a sensor contact in the printer,

OFFSET
{ASCII CHARACTER}

TABLE BASE POINTER

BASE » OFFSET

receplacle al the back of the Selectric, which
| abtained from my local IBM branch office
for $20 (IBM part number 1167134). The
more important pin designations on this
connector are shown in figure 5.

TILT-ROTATE
CODE

OUTPUT
PORT

araw

INTERFACE TO
SELECTRIC

Figure 6: Table structure for the conversion of ASCH to Selectric coding. The
table base pointer jdentifies the start of the table. There should be one table
for each different balf coding scheme employed. The ASCIHI character value Js
udded to the base uddress giving an uddress in the table. At this vddress is
found the code which is sent to the output port. The logic of sending the
code Lo the outpul port is given in detail by Figure 8,
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Code Conversion

Assuming that the ASCII code is used for
characters inside the compuler, the process
of code conversion is basically just a simple
table lookup: The 7 bit ASCH code is used
as an index into a 128 byte table 1o obtain
the 6 bit Lilt rotate code. Since the Lilt rotate
code for a given character may vary depend-
ing on the typeball that is used, it should be
possible Lo swilch between several 128 byte
tables. This is easily done by indexing from a
pointer to the base of the table as shawn in
figure 6.

The main complication in code conver-
sion is the handling of upper and lower case.
At any given time the Selectric Keyboard
Printer is locked into one case or the other,
If the machine is locked in upper case and
the pext character to be printed is an upper
case A, we need only send out the appro-
priate tilt rotate code. But if the next
character is a lower case a, we musl energize
the lower case shift magnet, wait for the
machine to shift into lower case, and then
send out the tilt rotate code, This is easily
accomplished by using a seventh bit in the
table entry byte for each ASCI| character
to indicate whether it is to be printed in
upper or in lower case.
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The last problem in code conversion is
the handling of control functions such as
carriage return, iab, backspace, ectc. Fortu-
nately, the ASCH character set assigns
unique 7 bit codes for functions such as
these. For example, the ASCIl carriage
return character (hexadecimal code 0D} can
be used for carriage return, and the ASCII
horizontal tab (hexadecimal code 09) can be
used for the tab function. Since in my
interface a special contral line determines
whether Lhe six output ports affect Lhe print
magnets ar the control function magnets, |
can use the eighth bit in each table entry
byte ta set the contro] line appropriately.
The table entries for the printable characters
have this bit set to 1, with six bits providing
the tilt rotate code; the entries for the
control characters have this bit set to 0, with
the bit corresponding to the given control
funciion magnet set to | and the other five
bits set to 0. This encading is illustrated in
figure 7.

Once we have this encoding of the infor-
mation needed Tor code conversion, the
actual program logic to accomplish the
conversion is straightforward. A flowchart of
the logic is presented in figure 8, and an

Figure 8: A flowchart giving the logic of o
simple open foop driver program which takes
o given ASCH character, looks up its tuble
entry, und then takes approprigte printer
actions. As an open loop progrem, each time
delay in this chart (the ATs) is picked to
reflect the worst case response time for the
gelion involved. This muwhkes the Selectric
tvpe successiully, but does nol optimize
vperation for the maximum speed, since us
everyvorne knows, the worst cuse is often not
identical  with the typical wvalue of o
parameter,

Figure 7: The coding scheme for each conversion table entry is given by the
general box at the top of this diagram. Bit 7 tells the software whether the
mechanism should be in the upper or lower case mode. {The need to shift
explicitly in o Sefectric is reminiscent of the shift requirements of Baudot
Teletypes.) The tilt rotate code contuined in bits @ thru 2 is derived from
figure | for each character in the tuble, {For other ball arrangements, o
version of figure 1 would need to be generated.) The low order bit of the
word is used to indicate to the logic of figure 4 whether a controf command
{0) or print conumand (1} is being sent.

SEND
CONTROL
CODE

[

WAIT AT
SUFFICIENT
TC COMPLETE
OPERATION

LOOK UP
ASCH)
CHARACTER
IN TABLE

CHARACTER
?

UPPER CASE

SINGLE CHARACTER
PRINT ROUTINE
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RETURN ’

SEND CONTROL
CODE FOR
DOWN SHIFT
!
WAIT AT
SEND CONTROL SUFFICIENT
CODE FOR TO COMPLETE
UP SHIFT SHIFT
WAIT AT
SUFFICIENT
TO COMPLETE
SHIET
SEND e .
Cone JTATE | NOTE. SENBING A NONZERO |
b7 @7 patTeRN T0 THE inTER- |
| FACE PORT WILL ENERGIZE ONE
} | or MoRE SOLENDIDS, INTIATING |
| A MECHANIGAL DFERATION i
WAIT AT LSEE FIGURES | AND 7 §
surFicient | 0 0 Lb——m————— e ——
TO COMPLETE
PRINTING



CHARACTER OUTPUT ROUTINE FOR
SELECTRIC KEYBOARD PRINTER

QUTCH TAY

LSR
BCC CTL
ROL A
BMI LOWER
LDX #4
LDY CASE
BEQ OK
ING CASE
JMP  SHIFT
LOWER LDX #2
LBy CASE
BNE OK
DEC CASE
SHIFT STX PORT
JSR ENERG
LOY  #60
JSR WaAIT
QK STA PORT
JSR ENERG
LDY  #50
JSR WAIT
RTS
7L ROL A
STA  PORT
JSR ENERG
LDY #120
JSR WAIT
RTS
ENERG LDY  #10
JSR WAIT
oY #0
STY PORT
RTS
WAIT LDX #200
Loor DEX
BNE LOCGP
DEY
BNE WAIT
RTS

Listing 1 8502 assembly
lunguage source code of o
program  wihich  imple-
ments the logic of the
flowchart in figure 8. This
program is a subroutine
which will drive the Selec-
tric Keyboard Interface in
4 opent loop mode und is
run on a KiM-1 system,

LDA  {TABPT) Y
A

ASBCI| character ro index register
get code byte from table

test low order bit

0 means control character
test high order bit

1 means lowcr casc character
cotle for upper case shift
check current case

0 means upper case

indicate shift to upper case
yo initiata shift operation
code for lower case shift
check current case

—1 means lower case
indicate shift to lower case
send shift code to port

for 10 milliseconds

delay for B0 milliseconds
until shift operation is done
send tilt rotate to port

for 10 milliseconds

delay for 50 milliseconds
until print operation is done
return to calling program
restare control code

send to output port

for 10 milliseconds

delay for 120 milliseconds
untit control operation is done
rgturn 1o calling program

set up for 10 millisecand delay
loop for that long

send Os to autput part

1o turn off magnet current
return to ealler

number times thru inner loop
decrement inner loop count
loop until count is Q
decrement outer loop count
fgoo until count is 0

teturn to callec

equivalent assembly language program for
the MOS Technology 6502 used in my
system is shown in fisting 1. [n this simple
version of Lhe program, delay loops are used
for timing purposes, and suflicient lime is
allowed cither Lo prinl a4 character or to
complete the worst case control function
{carrfage returm across the enfire length of
the page). Of course, this version of the
program will operale the Selectric al far less
Ihan its maximum rated speed, and  will
monopolize the processor’s lime while wait-
ing for completion of cach eperation. In
orcler to improve on this, we turn nexl to
the subject of control and timing.

Control and Timing

Now thal we have a working Seleciric
interface, we can turn our allention to lwo
major improvements: driving the Selectric at
maximum raled speed, and minimizing use
ol the processor’s time for Selectric control.

To drive the Selectric at full speed we can
adopt an approach ol “open luop" control

r "closed loop” control. Open loop control
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involves keeping track of the carriage pasi-
tion, margin, tab stops and similar informa-
Lion in software (changing the margin and
tab stop information via software inter-
preted commands), and calculating Lhe delay
time necessary for each operation. Closed
loop contral involves testing the Keyboard
Printer’s switch contacts to determine when
each operation has been compieled. The
worsl case delay approach used in the
program ot listing 1 is a simplified version of
open loop control. For [ull speed operation,
the closed loop approach is much simpler
and more reliable; so fet's consider it here,
Nearly every mechanical operation opens
or closes some set of switch contacts inside
the Sclectric. Sets of contacts are wired lo
the 50 pin receptacle in a variety of ways o
reflect operations such as printing, tabbing,
backspacing, ctc. We will not consider all the
possible methods of achieving feedback con-
wvol using these contacts, but will oulline
one particularly simple approach, which
remains to be Lested in my own system. The
pin labeled a on the receplacie is wired
through a set of normally closed contacts,
and the pin b through corresponding nor-
mally open contacls, asseciated with the set
of common contacts connected o pin X,
Figure 9 shows how Lhese contacls may be
debounced o yield a clean TTL level signal
{ignoring the nominal voltage ratings for the
contacts). Here we use the last half of the
7400 package left over from figure 4. During
any printing or control function operation,
pin a4 will go from ground to +5 V and back
to ground again, while pin b does Lhe
reverse. Hence the {eedback line will go from
logic 1 ta O Lo [. By sensing Lhis change in
soltware through a loog testing the feedback
input port after energizing the magnets, we
can closely control the operation., When the
line goes to logic 0, we can turn off currem
10 the magnets, and when it returns to logic
1, we are ready {0 start the next operation,
The second problem we face in conlrol
and timing is how L minimize use ol the
processor’s lime for Selectric control. Here,
of course, is where the interrupl sysiem
comes inte play. If we are using the circuit
outlined in figure 9 for closed loop conlral,
we can tie the feedback line (o a processor
interrupt rather than to a data inpul port. If
we are relying instead on open loop control,
we can use a programmable interval timer
which is capable of causing an interrupt as
an alterpalive o delay loops. The software
to handle interrtipls from the Selectric is
slightly complicated by the need Lo shin
beiween upper and lower case prior 1o
typing the next character, but this can be
handled by initiating the shift operativn ant



then arranging to retry the character printing
operation on Lhe next interrupt, at which
time Lhe Selectric will be locked into the
proper case,

Actual Experience

Hopefully this article has given the reader
all the information he or she needs to build a
Selectric Keyboard Printer interface similar
to, or better than mine. Lest you are unduly
emboldened by the foregoing discussion,
however, consider what can go wrong.

I carefully tested the interface in stages,
by using an ohmmeter to verify that bit
palterns senl o my computier oulpul port
closed the proper combinations of reed
switches, and by testing the power supply on
some of the Scleclric’'s ragnet coil con-
nections. Nevertheless, when [ Tirsl lested
the entire setup, | thought ) saw a blue flash
around one of the reed relays when | tried ta
pulse the R2 magnet. Nothing seemed Lo

iried aonin avrcant that the

hannan whan |
e again, €XCept thatl ne

happen when |
R2 magnet wasn’t being energized. Then,
listening carefully, | heard a telltale sim-
mering sound that senl me leaping for the
electric outlet, The R2 reed relay had stuck
closed, and on further examination | found
that most of the arc suppressing diodes
inside  the Selectiic had been destioyed.
After painstakingly replacing the R2 reed
refay and installing the diodes visible in
phote 5, | tried again. This lime | found out
why the reed relay, like its replacernent, was
sticking ciosed! The R2 magnet in the unit |
purchased had been burned out and was a
short circuit. No wonder the unit was a
surplus jtem.

Not willing to give up, | managed Lo
remove the coil from the R2 magnet core,
and replace it with the coil from the unused
{by mec!) check magnet. Afier this feat, |
found that when | typed manually on the
keyboard, only @s, Os, and a few other
characters could be printed! Only alter
hours of reading and experimentation did |
discover that the adjustment of Lhe plate
holding the magnet armatures in  place
{which | had removed 10 change the coils)
was critical, and could be sct only by
considerable Lrial and error,

These are the kinds of things thal can go
wrong. You cannot be too carelul in playing
with these machines! Readers certainly
should investigate the possibility of an IBM
maintenance contract on at feast the mechan-
ical portion of the Keybeard Printer, which
need not be Loo expensive,

And, to conclude, although | probably
never would have undertaken this project
had t known at the outsel what it would
ultimately entail, it certainly is satisfying to
have that Seiectric typing away under the

SELECTRIC v
KEYEOARD
INTER
FEED BACK
CONTACTS FLUG PINS
<z] [E>
NE
NO '”
(B>

control of my home compuler. To anyone
else who is ready to undertake such a
project, | hope that this article has helped,
and | wish you the best of luck.®
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“IBM Selectric Input-Output Writer: An Exciting
Advance in the Field of (nput-Output Media,”
Form # §43-0033-1. This manual is absolutely
essential since it gives circuit diagrams, timing
charts, and and views of the magnets and switch
contacts.

INPUT PORT
R
INTERRUPT

Figure 9: A circuit for
debouncing the feedback
informution generated by
contacts in the printer
which are mechanicully
finked 1o the action. Using
the feedback pulse to drive
un input port or inlerrupt
line curt result in operution
speed since the timing is
rnow on an “each case”

basis rather than “‘worst
“IBM Selectric I/O Keyboard Printer: Customer case, '
Engineering Manual of Instruction,” Farm
#241-5159-3. This or a similar manual i very
valuable for understapding the mechanical func-
tivning of the Keyboard Printer,
The ®

For application in:

[JJHave Representative call

fabulous Phi-Deck family
of 5 cassette transporis
Under $100 in quantities of 10

Featuring.
+ Die-cast frames
» Remote controllable

= Precise, fast head

engage/disengage
« Quick braking
+ Search FF/rewind 120 ips
+ Speed ranges trom
4 to 20 ips
Electronic packages and mag heads for most applications

1. Micro processing 7. Security/automatic warning
2. Data systems
recording/logging/storage 8. Test applications
3. Programming 9. Audic visual/education
4. Instrumentation 10. Telophone inlerconnect
5. Industrial Control 11, Hi-Fi
6, R$232 Data starage 12. Polnt of sale
.
Tidple]l A Division of the Economy Co. b

4805 N. Stites P.O. Box 25308
Oklahoma City, Oklahoma 73125 (405) 521-8000
3+ am intarested in application no, —
[ Send application notes

Title

Name
Ci

pany Name
Address

City State

Zip

LPhone Number
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A 6800 Selectric 10 Printer Program

Listing 1. The listing of
the Selectric printer inter-
face routine for a 6800
system driving the 10 ver-
slon of the standard office
typewriter. This listing is
extracted from (wo os-
semblies done using the
Southwest Technical Pro-
ducts  Corporation’s ver-
sion of the M680Q self
assemnbiér, The first part of
the listing is the actual
code, and the second part
is a table of Selectric cor-
respondence codes which
/s referenced using ASCIH
codes as an index into the
table which Is computed at
CONVI.

SKTEC
ENTER
00001
aogoz
0Dl
ogoal
0oDos
DOOOE
ogooT
00008
@o609

40010
001l

00012
o1l
opola
G015
00016
abolT

00018
00019
00020
05021
a0022
aae3

o0azd
00025
00026

00027
uoo28
06029
00030

00031
00032
00033

00034
00038

oe036

00037
00038

00039
00D4D
00041
pagu2
00043
UoOKA
00au5
00046
0poN?
00048
oogug
00050
00051

00052
0B053

00054

m-ggun ABSLMBLLR

FaSS ¢

0100
0lap
a1z
212

GBET
QBFY

093U
Q93D
1306
1306
17cp
1740

7er
1702
1705
1707
1704
170D

170F
17E2
17ES
17E8
17EDb
17EE
17F1

1TEY
17F6
1779
17FH
17FD
17EF

2801
1803

1805
1608
160B
180E

1610
1812
1818
1817
1B1A
181¢
181E
1880
1880

1882
1884
1886

aAY. SBLECTRIC
$SELECTRIC

apt &

[

5P L

GRO 0100
TE 17ch JUF START

ORG $oz12
BL 1TF4 JGR STARTL

QRG $08K7
18FF Foi $18FF

CRG $0930
1900 rik $1900

ORG £1306
1960 FDB $1900

OhG $17CD
C6 FF START LPA B #3FF
Pt 8000 STh B PIAGUT
7F G002 CLR PIACHK
cé vk LDA B #$04
F7 Bool BIA B FIAGUT+L
F7 8003 STh B PIACHK+L
ct 81 LDA B #381
F7 8ong STA B PlaouT
F7 18CA 514 B CASE
Fi 1814 LDX couy
FF 18CE STX COUNTR
BU 1863 JOR  TIMER
7F Booo CLR FPIAVUT
TE 6300 JEE $300
B4 TP START1 Ak A F4TF
FF 18CD 51X SAVEX
81 10 CHE A& #8410
€ D2 BHE <R
20 D4 BRA CRl
B3 ob tR CHMP A 40D
26 o0 BNE 5¥
86 g4 CRI LDA & 4884
FE 1B1¢C LEX COUNTZ
FF 18CB STX COUNTR
TE 188A JMF EX3
81 20 sP CMP A #$20
26 05 BHE CONVO
86 BE LDA & #3$88
7E 1884 IMP EX2
TE 1880 CONVO JNP CONVRT
2000 LOUNTL FDB $2000
1000 COUNT2 FDB $1000
0i00  COUNTI FDB $olon

GRC $1880
Bl 20  CONVRT CMF 4 #$20
22 o7 BH1 CONVL
20 39 BRA EXIT
BT 1800 CONVLI STA A TABLEP+)
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1F,18,2F, 21,21

DRIVER PROGRAM FOR SWTPC €800 ASSEMDLIR

CALL DUTFLT(HEW]

MAKE HUOM FOR PATCH

IQITIALIZE PIA

START ALWAYS IN LOWLic TASE

SEVUP TIMER KGN SHIFT CYCLE

GUTO MAIN PRGM
RESET PARITY
BAYE ¥REG FOR WAIN PRGHM

TRAF HOME-UP

FRINT IT AS CR,L¥

TRAT LR

SLYUP TIMER FOR-CR,LF

TRAP SPACE

GO PRINT BUT DO NOT RESET MSD

IS IV A PRIRTING CHARACTELT
YLS
NO

CONVERT CODE



The following letter and listing T were re-
ceived from an ftalian reader of BYTE, Ful-
vio Guzzon of Rome. Fulvio purchased the
same print mechanism (I1BM Model 735 10
typewriter} which is described by Dan
Fylstra in his article in this issue. We're treat-
ing Fulvio's fetier as a short article, since jts
technical content is far above that of the
usuial letter, The listings photographically re-
produced here were typed on pin feed paper
using his printer mechanism. The text of his
letter was submitted using a text editor with
the Selectric 10 mechanism ags its output.

I understand there is some interest among
your readers in using a Selectric typewriler
for hard copy. As you can see | have fun-
neled an editor program (SWTPC) and an
assembler program (SWTPC, too} through a
Selectric lypewriter, [The original of this
note was typed on the Sefectric./ 1 bought
the machine on the surplus markel in Boslon
and i1 had some problems: |t was stuck in
upper case by a boll screwed on the right
side of the frame, it had some unrecoverable
backlash in the head rotate mechanism, and
many feedback and interlock conlacts were
missing or badly damaged. { had the machine
serviced here in Rome {ltaly) and at last,
with & new carviage, a new motor {here we
have 220 V 50 Hz power}, and 2 new set of
shift magnels, the printer was ready, | de-
cided to use it only as a printer in order 1o
reduce the hardware and software efforl to
a minimum.

On the underside of Lhe machine there
are seven printing magnets. In table 1 1 have
paired them with the bits from 0 to 6. Seven
transistors pravide lor the interface hetween
the PIA and the printer.

There are seven more magnets for the
machine commands: space, backspace, tab,
carriage return, index (line feed), upper case,
and fower case; S0 seven more wransistors are
required. Seven ouiput lines from the PIA in
slot 0 are switched between the 1wo sels of
magnets by digital logic. The various feed-
back and interlock contacts were wired in
series and filtered for bounce by a condenser
and a software loop. The conversion table
shown In the assembly listing provides for
the characlers used on the so called "Cor-
respondence’ balls. As | later found out,
there are minor variations between the balls
of this series.

The MSB in the table is sel when the
character to be printed is on the upper case
half of the ball. {The upper or lower case of
ASCI1 code bears no relation ta the upper
or lower side of Selectric golf balls). The
MSB of the output byle to the printer

Listing I, continued:

00055
Q0056
00057

00058
00053

Gndua
60061

00062
00063
00064

DOOBS
0006E

nooE?
[LLIS
DOG4Y
00076
00071
20872

00073
anoTH

08075

06076
06077
00078
G079
negBu
00081
0go82
00083
Q0084
apods
uboBe
o087
00084
00089
anaso
el Y
otg2
00093
00044
0085
00096
00097
00098
00059
(R
00101

Gole2
00103

o0luk
00105
vules

fole?

1889
188¢
1865

1890
1892
1894

1896
1E98
1894

1850
1891
1842
1844

1848
pLEL)
184D
1BBO
1882

1BBU

1857
1884

18HD
1887
18c2

18¢3
18c6
ey
1869

18¢Ca
16cB
18c0
18cF
18p1
18p3
1BD5
1808
1Epa
18LD
18pF
18E2
18E4

18EB

18E6
1BES

18EA
1888

rE
A6
26

20

ok

20
C6
Fl

27
1
7
IE
¥F
"

BD
L1

Faz

mw

]
]

26

£l
28
26
28

02
a1
18Ch

13

8o0o
18CA
1814

1808
18
Bnoo
1

181E
18¢2

8000

18co

18CB

18EC 20

1BEE
IBEE
18FY
18F1
1BP2
183
1874
1875
187§

20

FEFF
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Lpx
LDA 4
BHE
® THE BALLY
BRA
CASECK BFL
Lph B
BRA
CASELYW LDA B
SKIP CHP B

®AS THE PREVIOUS ONE?

BEY
5TA B

5Th B

TRINTL AKD A

Xz Lox

EX) STA A

EXIT LDX

TIMER LDX
LOOP  DEX

BNE
RTS

PIAOUT EQU
PIACHK EQU
CASE  FCB
COUNTR FDB
SAVEX FDB
WABLEF FDB
WAIT1 BSR
Lpa B

BiY B

WA1T2 BSR

0RO

70 NEXT FAOE
FCB
FCC

FUB

TABLEP
8%
CASECK

I
CALELYW
430

EKIP
1481
CASE

PRINT1
PIACUT
CASL

COUKTY

COURTR
TIMER
FIAOUT
TIMER
#37F

COUNTI

COUNTR
PLAOUT

WAITL
SAVEX

COUNTR

LOOP

58000
43002

$1800
TIMER
fl

PIACHK
WALTL
BLAOUT
TIMER
PIACHK

WAT12

S$1BE8

§C1
5y

SFFFF
sc2
3

3FFFF

1S 1T AVAILABLE SONEWHERL O}

KO, RETURH
MEB CLEAR?

NO,CHECK IF PRINTER IS 1IN L&

YES,CHECK IF PRINTER 18 In LU
NEW CHAR. SAME HALFBALL

YES GO AND PRINT IY
ND, ROTATE BALL 180 DEGRELS
AND RECORD IT

SLTUP TIMER FOR SHIFT CYCLE

RESET CASE BIT AHD

SETUF TIMER FOR PRIKT CYCLE

NOW FRINT

RESTORE X REQ

GO AND FEICH HEXT CHARACTLH

SETUP MABK
FRINT CYCLE STARTED?
Ko

YLS Ob I1'S WAY

KEADY FOR A KEW ONE?
HO
YES

SHIFT START OF SYMBOL TALLE



Listing 1, continued:

00108 18F8 DB
00109 18P3 20

18¥A 20

1878 20
18F¢ 20
18PD 20

00110 1BFE FFFF

00111

START
STARTL
CR

CR1

5P
CoNvo
GOUNTL
COUNTZ
COUNT
CONVRT
CONYL
“ASECK
CASELW
SKIP
FRIUTS
EX2
EX1
&x1IT
TIMER
Logop
PLAOUT
PIACHX
CASE
COURTR
BAVEX
TABLEP
WAIT1
WiIT2

TOTAL ERRORS 000CH

SUTEC M,

ENTER
ageel
00002
06003

176D
17Fh
17FF
1803
1808
1817
1814
181c
101E
1880
1886
1832
1898
1834
1882
1884
1884
18eF
18¢3
1806
Boan
doo02
18cA
18cB
18¢D
18cF
1801
180D

~6800

PASS

0004 1B21

00005 1821 FE
DQODE 1B22 BN
00007 1B23 BE
50008 182K CE
00009 1825 D6
w010 1626 od
00011 1§27 34
0oo1z 1828 86
D013 1829 CE
poglé 1B2a 9E
Dools 1828 B0
poo16 1B2c 1B
DOUiT 182D 01
Qop18 1B2E 34
00019 162F AR
00020 1830 46

A
1

FoB
END

R
p2L,2T

HAM
orT
OPT

408
kN

$FFFF

$9E

18
401
137
$48
[

BIT6
8ITs
BIT 4
BIT3
BIT2
BIT
BITO

00021
goo22
o023
ooo2k
00025
00026
o002y
00028
qo023
0030
00031
o032
00033
00034
o085
0on36
00037
ooulf
00039
DGOND
aooll
80042
00043
DoutY
00045
vooub
neauy
opous
00oh9
0RO50
00051
00052
40053
oungh
oanss
00056
00057
00058
a0asy
60060
00061
80062
00063
0006
G065
00064
00067
50068
00063
06070
6ooTl
oegye
80073
B00TH
0Q07s
o076
9uoTY
0007R
0079
ooRRo
oc0d1
00082
00083
LT

1831
1832
1833
1834
1835
1836
1837
1838
1839
1634
1838
183c
1830
183E
183F
1840
1841
1842
1843
1844
1815
1806
1847
1848
1849
1Bha
184p
184C
184D
1BYE
164F
15850
1851
1852
1843
1854
1855
1456
16857
1858
1659
185k
1858
185c
185D
185E
185F
1860
1B61
1862
1863
1B6H
1BES
1866
1867
1868
1869
1864
1868
1866
106D
1B6E
1B6F
1870

ROTATE+1
RCTATE+2

ROTATE+2A

ROTATE-S

TILT 1
TILT 2
CHECK

Table 1: Assignment of bits.

[13:]
FLB

FCI
FCH

¥CB
FUB
FCR

FCE
FCB
FCB
Fep
reB
rcB

3]
Feb
FCB
¥eB
e
ren

(a1

47E
436
$3E
$UE
856
$16
$5L
$1E
308
§08
458
$00
$30
$00
$cH
$BG
390
382
$9a
3DA
$p2
$BB

464
sKz
$BA
4BC
384
K2
300
$F6
$00
$00

300
181
$00
$iC
302
$14
354
$52
438
378
$uz
$14
470
$12
ha
$7C
432
$UC
350

interface is set to select a machine com-
mand. Only one input line of the PIA is used
to sample the status of the printer READY
or BUSY.

Since the shift feedback and interlock
contacts were missing, a timing loop pro-
vides for the timing here; however, for the
carriage return it has been necessary Lo build
an interfock contact to lock out the printing
function till the completion of a carriage
return which takes a variable time.

A commented assembler listing of the
pragram driving the printer was written for a
6800 and assembled with output to my
Selectric (see listing 7). It can be loaded
after the original SWTPC tape has been read
in. A refinement which could be added isto
provide for motor on or off via software as
the printer can be powered up only after the
program s running. This is because the
power up reset of the computer leaves the
PIA LINES all programmed as inpuls, ie:
oper circuited and this simultaneocusly turns
an all the machine magnets.

Another refinement sould be to sense via
an unused input line if the motor is on or off
and steer the output to a2 TV terminal when
the printer is off. Ta probe into undocu-
mented programs like the SWTPC assembler
or editor, | used a little program which
searches the memory for a particular string
of bytes and prints oul the address of the
first byte when and if found, | think it can
save lots of Llime.

Fulvie Guzzon

cfo L Alessio

Via Anassagora 63
Casalpalocco 00124
Rome ITALY®

00085 1871 10 kCH 310
0o0BE 1872 S5C FCB $5¢
0G087 1073 Ly Fey sub
00088 1874 T2 FCB 372
00083 1875 34 Ftp 834
o009e 1876 3¢ ] $3c
00091 1877 04 FCB 404
00092 1878 TA FCB $74
00093 1874 Lo FCR $40
00094 1874 76 FLB 376
q0095 END

TOTAL ERRORS 00COG

when energized removes the ROTATE+1 laich

when energized removes the ROTATE+2Z latch

when energized removes the ROTATE+2 supplementary latch

when energized activates the ROTATE-S latch

when energized remaves the TILT 1 latch

when energized remaves the TILT 2 tatch

this one unlatches the print clutch (and so does every one af the previous six)
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