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The interfaces between the Arithmetic Unit and a
GE-PAC* 4010 computer system's peripheral
devices and communications channels are provided
by the I/O Buffer. The I/O Buffer consists of a
basic buffer module, one control (or drive) module
for each input channel, and one control module for
each output channel.

The basic buffer contains data control logic, test and
alarm logic, and a parity check/generate circuit. The
control modules contain logic and circuitry necessary
to operate the attached peripheral device or to com-
municate through the communications channels. Each
control module incorporates a holding register which
stores each data character while input channels await
access to the AU, or while awaiting access to output
devices or channels,

This publication describes both the 4800AS14
Standard CSU Basic I/0O Buffer and the 4822ASID
Optional CSU 1/O Buffer. One of these two basic
buffers will be contained in each system. The
4800AS14 Basic Buffer is prewired to accommodate
the most common used complement of peripheral
drives. The 4822ASID Basic Buffer is wired unique
for each system, permitting a wider range of periph-
eral drives to be implemented. ILogic for both of
these basic buffers is contained in 70C180909.

This publication provides generalized information
which applies to the complete I/0 Buffer, and the
theory of operation of the basic I/O Buffer., The
theory of operation for the control modules
(4820BSXX) is provided in the publications which
follow this basic description. Maintenance informa-
tion for the I/O Buffer is included in the publications
covering the peripheral devices and communications
channels, in the Computer Maintenance Manual.

INSTRUCTIONS

In normal on-line operation, virtually all data trans-
fers through the 1/O Buffer are accomplished by the
TIM/TOM feature. Once the program has set up a
TIM or TOM table, configured the control words in
the appropriate API response addresses, and set a
buffer channel busy, data records are exchanged via
TIM/TOM, with no further interference with the run-
ning program, and using very little AU time.

When the control module determines that the final
character in a record has been transferred, or when
a TIM table becomes full or a TOM table becomes
empty, an end-of-record API is generated for the
channel, which informs the program that the channel
is ready for the next operation. Refer to the descrip-
tion of the Arithmetic Unit in Volume I of this bookset
for a detailed description of TIM /T OM operation.

In addition to the TIM/TOM feature, seven GEN 2
instructions affect the I/O Buffer as described in the

* Registered Trademark of General Electric Company
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following paragraphs. Refer to the AU Theory de-
scription in Volume I for a more detailed description
of these instructions.

OPR - Operate

OPR sets the addressed channel (Fig. 1) busy (not
ready) and may transfer the contents of the 7 least
significant bits of the A Register to the addressed
control module. If transferred, the A Register data
is decoded to determine a required channel configu-
ration or action to be taken. The A Register remains
unchanged, If set, the channel error flip-flop is
cleared. :

JCB - Jump If Channel Busy

If executed while the addressed channel (Fig. 1) is
busy, program control '"jumps'' to the second sequen-
tial location. If the addressed channel is not busy,
program control is transferred to next sequential
location (no jump)., A channel is normally busy when
a data record transfer is in progress, when an input
demand signal from the device or channel is present,
and, in some cases, when the companion channel in

a dual (input /output) channel is busy (as for an 1/0
Typer). The K1 bits of the instruction word are
decoded in the control module to differentiate between
JCB and JDR.

JDR - Jump lf Data Ready

If, when JDR is executed, the addressed channel

(Fig. 1) is busy and is holding a data character

for transfer to the AU (input channels), or is ready to
accept a data character from the AU (output channels),
program control is transferred to the second sequen-

tial location. If the channel is not ready to transfer a
data character to, or from, the AU, program control

is transferred to the next sequential location. The K1
bits of the instruction word are decoded in the control
module to differentiate between JDR and JCB.

IN - Input

IN transfers a data character from the addressed in-
put channel to the A Register in the AU. The data is
right justified (12 bits, max.) and unused bits of A are
set to zero. IN resets the data ready test line from
the addressed channel. The TIM function has the same
effect except that the character is transferred to core
through the B Register, leaving the A Register un-
disturbed.

OUT - Output

OUT transfers the contents of the A Register in the

AU (12 bits, max.) to the addressed channel. OUT
resets the data ready test line from the addressed
channel., The TOM function has the same effect except
that the character is transferred from core through the-
B Register, leaving the A Register undisturbed.

CSU BASIC 1/0 BUFFER 1
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2g = OPR
3g = ABT

4g = OUT

5g = IN

6g = JCB, JDR
Tg = JNE

Fig. 1 GEN 2 Instruction Word Format

Buffer Address

l__‘ Device Address

fe————Error Test Line<
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01, - JCB
Ready Test Line‘{
104 = JDR

JNE (Line 1)
JNE/20 (Line 2)
JNE/40 Line 3)

JNE/60 Line 4)
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JNE - Jump If No Error

If, when JNE is executed, the error test line from the
addressed channel indicates no error, program control
is transferred to the second sequential location, If the
test line indicates that there is an error, program
control is transferred to the next sequential location.
Bits 5 and 4 of the instruction word (K1) are decoded
in the control modules to differentiate between up to
four types of error conditions (see Fig. 1).

These conditions are defined in the descriptions of the
control (drive) modules which follow this publication,

ABT - Abort

ABT initializes the addressed channel, The busy,
data ready, and error test lines are all reset. Push-
ing the ON/INIT pushbutton on the Programming and
Maintenance Console while the console is enabled and
in MANual mode, (hardware initialize) has the same
effect as ABT on all channels.

CHARACTER CODING

The characters exchanged between the Arithmetic
Unit and the devices and communications channels
are normally coded or decoded by the program to
determine their meaning. For example, if the pro-
gram wants to print the letter "A'" on a teletype-
writer, a line printer, or on a video display, it may
execute OUT while the A Register contains the code
101g (on-line programs normally use the TOM func-
tion). The device attached to the addressed channel
decodes the 101g bit pattern to determine that "A"

is to be printed or displayed.

In addition to graphic character coding, such as
for the letter "A'", some channels employ control
character coding., Control characters are used to
cause predetermined responses in the devices or
terminals receiving the character. For example,
STX (002g) indicates the start of text in paper tape
records and in some communications channel mes-
sages. STX indicates that all of the characters
between STX and ETX (003g) are in the text of the
message.

In some channels, the control character codes cause
some specific action by the attached device or by
the I/O Buffer control module. These codes and

the responses to them are defined in the descriptions
of the control modules which follow this publication,

Tables 1 and 2 list the character codes in the two
principal formats used with GE-PAC equipment.

The first table is a partial list of USASCII codes

and, in general, is applicable to teletypewriters,
line printers, DATANET* Video Display Subsystems,
and the communications channels (ACD and SCU),
The second table applies to Fixed Carriage Typers.
Refer to the control (drive) module descriptions for
further definition of the codes and formats used.

*Trademark of Honeywell Information Systems, Inc.
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LOGIC DESCRIPTION

The basic CSU I/O Buffer logic appears on GE
drawing number 70C180909. Fig, 2 is a block
diagram of the basic buffer with references to sheet
numbers on the logic drawing. The basic buffer is
comprised of four printed wire boards: PTCAIl,
2-PBCJ1's, and PJBAl. These boards are located
in slots 13 through 16, respectively, in the CSU M
panel. The control (drive) module PWB's are
located in slots 17 through 32 of the M panel. Only
those control module boards required for imple-
mented devices or channels are installed in any CSU.

The interface between the I/O Buffer and the Arith-
metic Unit is through the 4078 1/0O Expander. This
interface is a high speed GEN 2 interface.. The K3
bits in all buffer addresses equal 7g, the basic
buffer address is specified by (K2), and the device/
channel addresses are specified by the K1 and K0
bits as illustrated on Fig. 1. To trace signals
between the basic I/O Buffer and the AU, refer to
the 1/0 Expander logic drawing, 70C180899,

The interface between the I/O Buffer and the attached
devices is depicted on sheet four of the basic buffer
logic, 70C180909, and with greater detail on an inter-
face summary sheet on each of the logic drawings for
the control modules. All of the attached devices are
plug-connected to jacks on the C panel as indicated
on the table on sheet 4 of the - 909 logic.

The wiring between the basic buffer boards and 16
control module slots requires far more wire-wrap
connections than can be accommodated by the back
panel pins on the boards containing the basic buffer
logic. The PJBA1 board in slot 16 is a jumper
board which distributes the signals as shown on the
slot 16 fan-out illustration at the right hand edge

of sheet 4 of the - 909 logic. Connectors A through
K on slot 16 provide adequate wire-wrap pins to
accommodate the wiring to the control modules.

Instruction Decoding

The GEN 2 instruction decoding logic appears on
sheet 5 of the - 909 logic. The purpose of this logic
is to distribute GEN 2 instruction pulses to the
control modules when the basic buffer is addressed.

Jumper pins are provided on the two PBCJ1 boards
to select the basic buffer addresses. References in
this description to logic terms K3 and K2, infer

K3, and K2 are "true' when the buffer is addressed.
Decoding of the six GEN 2 instructions is as follows:

e OPR - When a GEN 2 instruction with S=2 is
decoded in the AU, the EXMO0XGS2 signal
from the expander goes ''true'’, making
N1GOPR on sheet 5 'true'. If the basic
buffer was addressed, driver DOGOPR is
enabled, applying a zero volt OPR pulse to
the control modules.

DOGOPR = K2:-K3:OPR

CSU BASIC 1/0 BUFFER 3



Octal Octal

Code Char, Definition Code Char, Definition
000 NUL Null 063 3
001 SOH Start of Header 064 4
002 STX Start of Text 065 5
003 ETX End of Text 066 6
004 EOT End of Transmission 067 i
005 ENQ Enquiry 070 8
006 ACK Acknowledge 071 9
007 BEL Bell 072 :
010 BS Back Space 073 H
011 HT Horizontal Tab. 074 <
012 LF Line Feed 0875 =
013 vT Vertical Tab. 076 S
014 FF Form Feed 077 ?
015 CR Carriage Return 100 @
016 SO Shift Out 101 A
017 SI Shift In 102 B
020 DLE Data Link Escape 103 C
021 DC1 Device Control 1 104 D
022 DC2 Device Control 2 105 E
023 DC3 Device Control 3 106 F
024 DC4 Device Control 4 107 G
025 NAK Negative Acknowledge 110 H
026 SYN Synchronize 111 1
027 ETB End of Trans. Block 112 J
031 EM Entry Marker 113 K
032 SUB Substitute 114 L
033 ESC Escape 115 M
036 RS Record Separation 116 N
040 SP Space (graphic) 117 (0]
041 ! 120 P
042 " 121 Q
043 # 122 R
044 $ 123 S
045 % 124 T
046 & 125 U
047 ! 126 v
050 ( 127 w
051 ) 130 X
052 * 131 Y
053 + 132 Z
054 133 [
055 134 \\
056 . 135 ]
057 / 136 A
060 0 137

061 1 177 DEL Delete
062 2

Table 1 USASCII Codes -
CSU BASIC 1/0 BUFFER 4822A-T



Octal Octal Octal

Code Character Code Character Code Character
000 0 030 H 060 +
001 1 031 I 061 /
002 2 032 & 062 S
003 3 033 063 T
004 4 034 ] 064 U
005 5 035 ( 065 ‘V
006 6 036 < 066 w
007 7 037 \ 067 X
010 8 040 + 070 Y
011 9 041 J 071 VA
012 [ 042 K 072 <
013 # 043 L 073 ,
014 @ 044 M 074 %
015 045 N 075 =
016 > 046 O 076 "
017 ? 047 P 077 !
cz0 Space 050 Q 100 CR
021 A 051 R 120 DC4
022 B 052 - 130 Backspace
023 C 053 $ 140 HT
024 D 054 * 150 Line Feed
025 E 055 ) 160 BLK
026 F 056 H 161 RED
027 G 057 ! 171 STX

177 DEL

CR: Carriage Return RED: Print red

DC4: Terminate output message STX: Enable input operation

HT: Horizontal Tab DEL: Delete ‘

BLK: Print black

Table 2 Fixed Carriage Typer Codes
4822A-T CSU BASIC | /O BUFFER 5
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e JCB, JDR, and JNE - The S bits for these
instructions are decoded in the AU and are
used in the expander to enable test line gates
which transfer the status of the buffer test
lines to the AU when the instructions are
executed. The K1 and KO bits are decoded
in the basic buffer and the control modules
as described under '"Tests And Alarms''.

e TIM or IN - When a GEN 2 instruction with
S = 5 1s decoded in the AU, the EXM0XGS5
signal from the expander goes 'true', mak-
ing N1GGIN on sheet 5 "true". If the basic
buffer was addressed, driver DOGGIN is
enabled, producing a positive going pulse at
the output of D1GGIN, which is applied to
the control modules.

DOGGIN = K2 K3 GIN

° TOM or OUT - When a GEN 2 instruction
with S = 4 is decoded in the AU, the
EXMO0XS4 signal from the expander goes
"true', making N1GOUT on sheet 5 "true'.
If the basic buffer was addressed, driver
DOGOUT is enabled, producing a zero volt
pulse, which is applied to the control
modules.

DOGOUT = OUT- K2+K3

e ABT or Initialize - When a GEN 2 instruc-
tion with S = 3 is decoded in the AU, the
EXMO0XS3 signal from the expander goes
"true", making N1GABT on sheet 5 "true'.
If the basic buffer was addressed, driver
DOGABT is enabled, producing a positive
pulse at the output of DIGABT, which is
applied to the control modules, D1GABT is
also made 'true" when the ON/INIT push-
button on the Programming and Maintenance
Console is pushed while the console is
enabled and in MANual mode, which makes
EXMOCINI "true'.

DOGABT = ABT < PHA- K2+ K3
G1GPHA = GEN 2 phase A pulse

1/O Data Gates

The I/O data gates, depicted on sheets 7 and 8 of the
-909 logic, control the flow of data between the AU
and the I/O Buffer and between the attached devices
and the I/O Buffer. Logic is provided to control up
to 12 data bits plus a parity bit. Most devices or
channels use only 7 data bits plus a parity bit. Only
the card reader uses gates 107 through I11, or the
full 12 bits.

Data bits are transferred from the AU to the output
control modules when either an OPR or OUT instrue-
tion is executed (or a TOM transfer is effected). The
seventh bit, bit 06, is used in the following example.

4822A-T

The operation is the same for all other bits, 00

through 11:

e If bit 06 of the A Register is set (or the B
Register if TOM) while OPR or OUT is
executed, EXMO0XAO06 from the expander will
be 'true''.

This makes G1DO06 "true'.
G1DO06 = IN + A06

e Input gate G1DIO6 will have a "true' output
because OPR or CUT has enabled GOGBL B,

G1DI06 = BLB + Input bit 06
GOGBLB = OPR + OUT (sheet 5)

e Driver DODBO06 is enabled, applying a
negative going bit 06 pulse to all output con-
trol modules. The output data character will
be gated into the holding register of the
addressed control module,

DODB06 = K2+K3* 006106

Data bits are transferred from input control modules
to the AU when IN is executed (or a TIM transfer is
effected), The seventh bit, bit 06, is used in the
following example, The operation is the same for all
other bits, 00 through 11:

e If bit 06 of the holding register in the ad-
dressed control module is set while IN is
executed, the bit 06 line from that module
to gate G1DIO6 (one of 7 input lines) will be
"true" (zero volts). Since neither OPR nor
OUT are being executed, G1DIO6 can be
"true' only if one of the input lines is 'true'.

G1DIO6 = BLB + Input bit 06
GOGBLB = OPR + OUT

e Output gate G1DO06 will have a "true' out-
put because IN is being executed.

G1DO06 = IN + A06

o Driver DODBO06 is enabled, applying a
negative going bit 06 pulse to EXG1ZD06 in
the expander, from which it is transferred
to the A (or B) Register in the AU.

DODB06 = K2+K3- 006-106
Parity Check And Generate

As has been shown, the DODBxx drivers are enabled,
according to the data, whenever a data character is
being transferred to the control modules (output) or
to the AU (input). This permits the use of the same
logic to generate a parity bit for each output
character and to check parity on each input character.

CSU BASIC 1| /O BUFFER 7



Since no parity bit is read by the card reader, only
the seven least significant bits plus the parity bit

are used for the parity check. The parity check
error signal, DODPAB, is applied to all input control
modules, but only those associated with a channel
which read a parity bit use the error signal.

The seven least significant output bits are used to
generate an even output parity bit for all output
characters. Only those control modules associated
with output devices or channels which punch and/or
check the parity bit, supply the parity bit to the
attached device.

An analysis of the parity check and generate logic
on sheet 6 of the -909 logic drawing will show that,
if an even number of bits are set, of bits DOB00
through DOBO06 and the input parity bit DODPTY, the
output driver DOPPAB will be enabled, If an odd
number of bits are set, DOPPAB is disabled.

Note that for an output data transfer, DODPTY
(sheet 8) is always enabled because the output signal
line to gate G1DOPT is grounded, holding the OPT
output perpetually "true''. The output of driver
DODPTY then, is representative of parity bits from
input channels only, DODPTY will always be 'true"
for an output character transfer, and will be "true"
on input character transfers only when the input
parity bit is "true'.

DODPTY = K2-K3* OPT - PTY

G1DPTY = BLB + Input parity bit

i

GOGBLB = OPR + OUT

As an example of even parity generation, assume that
when OUT is executed, the A Register in the AU
contains 1028; an odd number of 1-bits. DODPAB,
then, is enabled (0V) because the DODBxx bits are

odd and DODPTY is "true'', making the total of eight
parity circuit inputs, even. The output parity bit
driver, D1DPDO, is enabled (0V) in this case, making
an even number of 1-bits (0V) on the lines to the out-

* put control modules.

As an example of parity checking, assume that when
IN is executed, the holding register in the addressed
control module contains 1028, an odd number of 1-bits,
but that due to some malfunction, the parity bit input
line to G1DPTY is ''false'. Of the eight parity circuit
inputs then, there is an odd number of 1-bits, and
DODPAB is disabled (+3.6V). The PAB signal sets
the parity error flip-flop in the addressed control
module. The I/O Buffer alarm light on the Program-
ming and Maintenance Console will be illuminated

and the error condition may be detected by executing
JNE.

Tests And Alarms

As is indicated on Fig. 1, the K1 bits in the GEN 2
instruction words are used to differentiate between

8 CSU BASIC 1/0 BUFFER

JCB and JDR, and both the K1 and KO bits are used

to differentiate between four possible JNE test con-
ditions. The logic within the control modules decodes
the K1 and KO bits, both to determine when a module
has been addressed and to differentiate between these
test and alarm instructions.

The K1 and KO bits are routed through logic in the
basic I/O Buffer as shown on sheet 9 of the - 909
logic drawing. In addition to providing signal drive
and distribution, this logic makes all of the K1 /K0
outputs 'true' when the hardware initialize signal is
"true', This is to cause all control modules to
appear to be addressed when the initialize signal is
present.

The JNE and JNR test line logic is also depicted on
sheet 9 of the -909 logic. When the outpus of G1AJNE
or G1AJNR are at 0V during the execution of JNE or
JNR, respectively, program control in the AU does
not jump, but is transferred to the next sequential
location,

In the case of a JNE instruction, if no alarm or error
condition exists in the addressed control module, one
of the 16 input lines to G1ALAL and G1AMAL will go
to 0V, GlAJNE will then be enabled (0V) during
execution of the instruction, holding the test line in
the ''no jump' state, If an error or alarm condition
does exist, GI1AJNE will be disabled (+3.6V), causing
the program sequence to 'jump''.

G1AJNE (no jump) = LAL ' GK2 + MAL *GK2
NODGK2 = K3* K2 (basic buffer addressed)

If, in the case of a JCB instruction, the addressed
channel is not busy: or in the case of a JNR instruc-
tion the addressed channel is not ready for data ex-
change, one of the 16 input lines to GIALNR and
G1AMNR will go to 0V. G1AJNR will then be enabled
(0V) during execution of the instruction, holding the
test line in the "no jump' state. If the addressed
channel is busy or ready for data exchange, G1AJNR
will be disabled (+3.6V), causing the program sequence
to jump.

G1AJNR (no jump) = LNR.GK2 + MNR. GK2

CLOCK GENERATOR AND
COUNTDOWN

A crystal controlled clock generator and frequency
countdown logic are provided on the PTCA1 board in
slot M13. The outputs of this board are used in timing
the operations of the teletypewriter drives, the Asyn-
chronous Communications Drive (ACD), and the
Synchronous Communications Unit (SCU).

The ACD or the SCU may be used to operate a
DATANET Video Display Subsystem, or if not imple-
mented for that purpose, either or both may interface
with a data set (modem) for communication with a
distant terminal. One of the clock generator outputs
must always be selected to provide the basic timing
signal for the ACD, When the SCU is operated through

4822A-T



a data set, the timing pulses are normally supplied
by the data set, and the PTCA1 outputs are used
only for test purposes. When an SCU is directly
connected to a DATANET Display Controller, the

9. 6KHz output of the PTCA1 board is normally used
for SCU timing at 4800 baud. However, if the
Display Controller incorporates a Direct Timing
Source, that source is used for the interface timing.

Refer to the ACD and SCU maintenance instructions
in the Communication Drive Section of the Computer
Maintenance manual for instructions for selecting
the timing signals.

Clock Generator

The clock generator circuit, QIQCLK, is a discrete
component circuit consisting of an emitter-coupled
crystal oscillator, Q1 and Q2, and two pulse shaper
stages Q3 and Q4. The oscillator operates at 633.6
KHz. Pulse shaper stage Q3 is biased near cut-off.
The resultant negative going pulses at the collector
of Q3 are coupled to the base of Q4. Q4 is normally
biased on and is turned off by the pulses. The posi-
tive half-microsecond pulses at the collector of Q4
are applied to F1QCLK, which is toggled by each
pulse.

Each of the outputs of F1IQCLK is a square wave of
one half of the crystal oscillator frequency, or
316.8 KHz. The duration of each cycle is 3,157
microseconds, and each half cycle is 1.58 micro-
seconds. The "1'" output of FIQCLK is inverted by
driver DOQCLK and applied to the high frequency
countdown circuits. The "0" output of FIQCLK is
inverted by DIQCLK and applied to the low frequency
countdown circuit.

Countdown Circuits

Counter stages F1H11A, 11B, 11C, and 11D are
interconnected such that GOHC11 is enabled at the

4822A-T
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trailing edge of every eleventh 316, 8 KHz DOQCLK
pulse, and disabled at the trailing edge of the next
DOQCLK pulse. The C11 pulses are divided by 2 by
F1H22A and the output of that stage is applied to the
14. 4 KHz output driver, DOHF04, which is enabled by
every twenty-second DOQCLK pulse (316.8 KHz /22 -
14, 4 KHz).

DOHF04 = CLK*H22A " Cl11

Counter stages F1L15A, 15B, 15C, and 15D are

_ interconnected such that GOL.C15 is enabled at the

trailing edge of every fifteenth 316.8 KHz
DIQCLK pulse, and disabled at the trailing edge
of the next DIQCLK pulse. The C15 pulses are
applied to 21,12 KHz driver, DOLF03 which is.
enabled by every fifteenth DOQCLK pulse (316. 8
KHz/15 = 21.12 KHz).

DOLF03 = CLK* C15

The remaining countdown outputs are generated
in a similar fashion. The rate at which any
counter or gate operates can be determined
from the logic name in terms of a ratio between
the basic clock rate, 316.8KHz, and the count
rate. Table 3 provides a tabulation of each
countdown output driver and the logic elements
which enable them.

Driver DOHF04 may operate at 4.8 KHz or 1,2 KHz,
as determined by a jumper between a pair of pin
jacks on the PT CA1l circuit board. If the green pin
jacks are jumpered, gate G1H264 is disabled, pro-
ducing a continuous +3. 6V at its output. DOHF02
will then operate at a countdown rate of 66:1, If the
black pin jacks are jumpered, G1H264 is allowed to
operate and DOHF02 operates at a rate of 264:1.
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Pulse-to-

Frequencies Pulse Spacing
28.8 KHz 34, 7 usec.
21.12 KHz 47, 3 usec.
14.4 KHz 69. 4 usec,
9.6 KHz 104.1 usec,
4.8 KHz 208. 2 usec.
2.4 KHz 416. 4 usec,
1.20 KHz 833. 3 usec.
1,32 KHz 757 usec.
0.88 KHz 1136 usec,
Output | Countdown Driver Logic
Frequency Ratio Equation
0.88 KHz 360:1 DOLF01 = CLK- F01-L120
1.20 KHz 264:1 DOHFO02 = CLK - H264 C66 - C11
1,32 KHz 240:1 DOLF02 = CLK* L240°L120
2.4 KHz 132:1 DOHF01 = CLK* C66+ H132°C11
4.8 KHz 66:1 DOHFO02 = CLK *C66° C11
9.6 KHz 33:1 DOHF03 = CLK*33A°Cl11
14,4 KHz 22:1 DOHF04 = CLK-22A-C11
21.12 KHz 15:1 DOLF03 = CLK* C15
28.8 KHz 11:1 DOHFO05 = CLK *C11

Table 3 Countdown Outputs

CSU BASIC 1/O BUFFER

4822A-T
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READER CONTROL DRIVE

The Reader Control Drive provides input channel
interface logic (70C180344) linking the Basic I/O Buff-
er with the 4244D Card Reader or the 4212D Paper
Tape Reader (one drive per channel).

This publication describes the hardware associated
with the following GE-PAC* model numbers:

4DP4820AS01 - Reader Drive for the I/O Buffer
in a GE-PAC 4010A System.

4DP4820BS01 - Reader Drive for the Basic Cen-
tral Systems Unit (CSU) 1/0
Buffer in a GE-PAC 4010B Sys-
tem.

4DP4821AS01 - Reader Drive for the Auxiliary
Systems Unit (ASU) 1/0 Buffer
(4823A8ID) in a GE-PAC 4010B
System.

4DP4821BS01 - Reader Drive for the Second
Central Systems Unit (CSU) 1/0
Buffer (4824 ASID) in a GE-PAC
4010 System.

The logic for the Reader Drive associated with all of
these model numbers is provided in GE drawing,
70C180344.

Input operations are performed in a record format.
Both reader devices are started (card or tape move-
ment) by program (OPR instruction) and data (char-
acters) are read in as a result of IN instructions or
the TIM function. The card reader stops after each
card feed cycle. The paper tape reader stops when
the DC3 code is read from the tape.

|
NN

PERIPHERAL BUFFER

This reader control drive circuitry is contained on
the PX1000PBCBI printed wiring board.

TRANSFER FORMAT
4244D Card Reader

Data from the card reader enters the CPU as illus-
trated in Fig. 1. Row 9 is transferred to the least
significant bit of the A register and row 12 goes to
Aj1 position. When the TIM function is used, row 9
goes to either bit position 0 or 12, depending on the
character packing mode.

4212D Paper Tape Reader

Data from the paper tape reader enters the CPU as
illustrated in Fig. 2. The incoming record will con-
tain the following data in the format and sequence
shown in the next column.

Name Octal Code Function
NUL Tape L.eader

OPR 021 Device Enable Code
STX 002 Start of Text Code
TEXT

TEXT

ETX 003 End of Text Code
DC3 023 Device Digable Code
CR 015 Inter-Record Code
LF 012 Inter-Record Code
DC4 024 Inter-Record Code
—————— 1

poopoc oo 0 ————» 11 ————» 11 or 23
g 0 00— 10 ———» 10 ——'———’ 10 or 22
0 0 g Lol 5 o | > 9 —_oor i B REG. IF
o g —;——:——’ 8 ————» 8 ——|——§ 8 or 20 TIM
od ] 0 ——» 7 ——————P 7 ————»  7or 19
0 0 o 1 -—~3|—P 6 ———— P 6 —I—-—-’ 6 or 18
0 —‘4"‘|—"" 5 IEmm— 5 —"':——‘—’ 5o0r 17
0 0 -2 4 L » 4 I—’ 4 or 16 A REG. IF
0 - 3 ———» 3 ——I——’ sor15 | GENZ IN
0 —L’ 2 ——————P 2 —l——P 2 or 14
0 —g—'l'—" 1 - 1 ——T‘—’ 1or 13
0 0o o —g—l—i 0 P 0 —-—I—-——D 0or 12
| DATA REGISTER DATA DRIVERS | ARITHMETIC
CARD ! | UNIT

Fig. 1 Card Reader Data Transfer

*Registered Trademark of General Electric Company

4820/4821X01-T
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I_ PERIPHERAL BUFFER _i
8 @ | |
T @ [ Even Parity P 7 | . -
T 6 —» 6 6
6 o \I, | . - B REG. IF
5@ b [ 5 » 5 | TIM
4 @ | 4 —» 4 “——l——’ 4
T —————>
e o Sprocket o ! 3 > 3 | 3 A REG. IF
3 @ | » 2 b 2 —l———b 2 GEN 2, IN
v 1 > i 1
> 9 | N I — 0
I e | 0 0 i
|
TAPE I DATA REGISTER DATA DRIVERS | ARITHMETIC
UNIT

Fig, 2 Tape Reader Data Transfer

SPECIAL CHARACTER
DEFINITIONS

4244D Card Reader

The card reader and control drive do not recognize
any special character codes. The OPR instruction
initiates the operation that causes one card feed
cycle, When the OPR instruction is executed, the
contents of the A register can be any code,

4212D Paper Tape Reader

As shown in the transfer format, several special char-
acters are required on tape or in the program. These
characters are defined below.

e NUL - The NUL code is used as tape leader
and does not get read into memory.

® STX - The Start of Text code enables the
Data Exchange Ready line which means data
-is to follow.

o ETX - The End of Text code serves no func-
tional purpose on paper tape input. The ETX
‘code is read into memory.

° DC3 - The Device Control 3 code disables or
turns off the reader and generates the End-
of-Record signal. The DC3 code must follow
the ETX code.

After the DC3 code is detected, the reader

will stop, ready to read the next character

which is the CR code, When the next OPR

instruction is executed, all characters pre-
ceding the next STX are ignored by the I/0O

Buffer and, therefore, serve only as inter-
record codes on paper tape input.

® CR-LF-DC4 - Serve as inter-record codes.

INTERRUPTS

Two interrupts are generated by the reader control
drive logic: A data exchange interrupt (DEI) is used
to inform the AU that a character is available for in-
put. An end-of-record interrupt (EOR) is used to in-
form the AU that all data in a record has been read
and transferred.

2 1/O BUFFER

For the card reader, EOR is enabled when the card
reader makes a light check at about column 84. For
the tape reader, EOR is enabled when the DC3 char-
acter is read and decoded. Both devices can simulate
the EOR interrupt by depressing then releasing the
demand switch.

The DEI is normally non-inhibitable and the EOR is
normally an inhibitable interrupt.

ALARMS

Properly encoded JNE instructions, addressed to the
desired input device (D) will detect the following alarm
conditions:

Alarm Line 1 - Device off line - K1 = 00Dy

Alarm Line 2 ~ Device failure - K1 = 01Dg

Alarm Line 3 - Bin Alert - K1 = 10Dy (card
reader only)

Alarm Line 4 - Timing error - K1 = 11Dy
- Device not plugged in

- Parity error (tape reader only)

4244D CONTROL
LOGIC DESCRIPTION

The 4244D card readers are capable of reading 80
column, 12 row cards at speeds of 100 or 300 cards
per minute, depending on the model option. Char-
acters are read as a result of IN commands; one is
required for each of the 80 characters. Each time

a character passes over the photocells of the reader
device, it is gated from the punched card to the A-reg-
ister of AU, This action continues until the entire
card has passed over the photocells and the end of the
card is detected. Continuous card reading is made
possible by properly spacing the OPR instructions in
the program.

Model 4244D card readers are fully described else-
where in this manual. The following text is devoted
to the logic and timing of the reader input cycle, ref-
erenced to the timing diagram of Fig. 3, and to the
logic schematics of GE drawing, 70C180344.

4820/4821X01-T
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*READER SIGNALS

Fig. 3 Card Reader Timing Diagram

Initially, the channel must be ready (not busy). The
channel busy flip-flop, F1CCBY, normally had been
cleared at the end of the previous record. The ABT
instruction will also clear the channel busy condition.

A channel test is made by the program via the JNR
instruction. If the channel is not busy, the test line
1 gate, GOATLI1, is enabled and the program will
step to the next sequential instruction.

GOATL1 = CBY - DEN- K12+ ADD

F1DDEN = No manual or prior demand
A demand for an interrupt can be manually initiated
by momentarily depressing the DEMAND pushbutton
on the card reader device. Flip-flop FIDDEN sets,
the channel busy flip-flop resets, and a channel
ready interrupt occurs.

F1DENV = BIDENV - CLK

F1DDEN = FIDENV - CLK

GODRCB = FIDDEN: F1DENV - CLK

GOAEOR = FICCBY * F1DDEN

il

4820/4821X01-T

Card MediaEnable

The next sequential instruction is OPR, addressed to
the input channel. Any code that may exist in the A-
register is disregarded by the reader control logie.
OPR sets the input channel busy flip-flop, F1CCBY,
which sets clutch flip-flop FICCLH, if the device is
on-line, and clears test line 1. The program is re-
leased to await an interrupt.

F1CCBY = OPR * PHB * ADD
F1CCLH = CBY * ONL

i

Card DataEnable

Relay driver DOCCLH activates the reader's card
feed mechanism. The timing hole on the reader's
clock belt that is associated with each data column
generates a signal (DCLKO) that is used as one of the
timing signals in the reader control logie.

1/O BUFFER 3



When the first column passeg over the photocells of
the reader, its clock signal, at zero volts, sets
sequence flip-flop F1DSEC on the next DIDCLK
clearing the data register. Window driver D1DWIN
is enabled with the setting of F1DSEQ.

F1DSEQ - BIDSEQ * F1CCLH * DIDCLK
F1DSEC = FIDSEQ - DIDCLK

D1DWIN = F1DSEQ

DODCRD = DIDCLK - F1DSEQ * FIDSEC

The first data character is gated into the data register.

DR SET = DATA * D1DWIN

Data ready enable flip-flop F1CDRE is set continu-
ously, the only condition being that the card reader
device is connected to the control module, Data
ready flip-flop FICDRY sets with a control pulse
that is generated as a result of the space between
clock holes on the reader clock belt being sensed.
Data exchange interrupt gate GOADEI is enabled,

F1CDRY = F1CDRE * N1DCPL
N1DCPL = F1DSEQ - FIDSEC - DIDCLK
GOADEI = F1CDRY - FIDSEC

The computer responds to the interrupt with an IN
command. The data is transferred from the data
register, through the I/O Buffer, to the AU. Flip-
flop F1CDRY is cleared to await the next character.
All 80 characters are transferred to memory in a
like manner, i.e., an IN command is required for
each character,

Card MediaDisable

At the end of a card (approximately column 84), the
card envelope signal BIDENV goes to zero volts,
This condition clears the channel busy flip-flop,
clears the clutch flip-flop, and generates an end-of-
record interrupt. The computer must respond with
another OPR before the next card will feed.

4212D CONTROL LOGIC
DESCRIPTION

The 4212D paper tape reader is capable of reading
8-channel (maximum) tape at a speed of 100 characters
per second. Characters are read as a result of the
IN command. One character at a time is gated from
the tape to the A register of the AU each time a
character passes over the photo-diodes of the reader
device. This action continues until the media-disable
code (DC3) is detected. The ETX code that precedes
the DC3 code is read into memory as data, Tape
movement ceases so that the frame following the DC3
code is positioned for reading.

The basic IN command is discussed earlier in this
section. The 4212D reader is fully described else-
where in this manual. The following text is devoted
to the logic and timing of the reader input cycle,

4 1/OBUFFER

referenced to the timing diagram of Fig. 4 and to the
logic schematics of GE drawing, 70C180344.

Initially, the channel must be ready (not busy). The
channel busy flip-flop, F1CCBY, is normally cleared
(reset) by the media-disable code (DC3) from the
previous input operation. The Abort instruction will
also clear the channel busy condition.

A channel test is made by the program via the JNR
instruction. If the channel is not busy, the test line 1
gate, GOATL1, is enabled and the program will step
to the next sequential instruction:

GOATL1 = CBY - DEN * K12+ ADD
DEN = No Manual Demand.

A demand for an interrupt may also be manually
initiated by momentarily depressing the READ push-
button on the paper tape reader device. Flip-flop
F1DDEN sets, the channel busy flip-flop resets, and
a channel ready interrupt occurs.

FIDENV = BIDENV - CLK
F1DDEN = FIDENV * CLK

GODRCB = FIDDEN - F1DENV - CLK
GOAEOR = FI1CCBY * F1DDEN

H

Tape Media-Enable

The next sequential instruction is OPERATE, ad-
dressed to the input channel, The DC1 code (021g),

if present in the A register, is disregarded by the
reader control logic. OPR sets the input channel
busy flip-flop, F1CCBY; clears the data ready enable
flip-flop, F1CDRE; sets the clutch flip-flop, F1CCLH,
if the device is on-line; and clears test line 1. The
program is released to await an interrupt.

FI1CCBY - OPR* PHB * ADD
F1CCLH = CYB*® ONL

Tape Data-Enable

Relay driver DOCCLH activates the tape feed mech-
anism. The sprocket hole associated with each
frame of information is used as one of the timing
signals. All inter-record codes prior to the STX
code are gated to the data register but are discarded
because only the STX code can set the data ready
enable flip-flop which is necessary to generate a data
exchange interrupt.

When the STX code passes over the photo diodes of

the reader, its sprocket signal, RT1 at zero volts,
sets sequence flip-flop F1DSEQ. Sequence control

4820/4821X01-T
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Fig. 4 Tape Reader Timing Diagram

flip-flop F1DSEC sets at the following clock pulse and
the data register is cleared. Window driver D1DWIN
is enabled with the setting of F1DSEQ.

FI1DSEQR = BIDSEQ * FICCLH * DIDCLK

F1DSEC = F1DSEQ * DIDCLK

DIDWIN = F1DSEQ

DODCDR = DIDCLK * F1DSEQ * F1DSEC

The STX code (002g) is gated to the data register.
DR SET = CODE - D1DWIN.

The STX code is decoded by gate GOCSTX and the
signal is inverted by N1CSTX., The data ready enable
flip-flop F1CDRE sets, indicating that the next data
received from the reader will be meaningful.

F1CDRE = NI1CSTX * F1ICCBY * N1DCPL
N1DCPL = FI1DSEC : F1DSEQ -D1DCLK

Data ready flip-flop F1CDRY sets at the next control
pulse, enabling data exchange interrupt gate GOADEI.
By this time the first data character has set the data
reg1ster

GOADEI = F1CDRY - F1DSEC

The program is interrupted and either an IN command
is executed or a TIM operation is started. The data
is transferred from the data register, through the
1/0 Buffer, to the AU. Flip-flop F1CDRY is cleared
to await the next character,

4820/4821X01-T

Each data character, including the ETX code, is trans-
ferred to memory in a like manner, i.e., an interrupt
and an IN command are required for each character.

Tape Media-Disable

When the DC3 code (023g) has been detected by the
reader and is in the data register, it is decoded by
gate GOCDC3, Channel busy flip-flop, F1CCBY, and
clutch flip-flop, F1CCLH, are cleared. With
F1CCBY cleared, gate GOAEOR is enabled and its
output goes from 3.6V to 0V. This signal is recog-
nized by the AU as the End-of-Record interrupt.

PARITY ERROR (4212D)

In addition to the seven data characters on the paper
tape, there is an even parity bit., This bit, like data,
is gated to the data register and subsequently to the
1/0 Buffer. If the parity checking circuitry of the
1/0 Buffer detects a parity error, signal DOPPAB
will be 3.6V, Alarm gate GOAALM is enabled and
the alarm flip-flop, F1AALM, is set.

GOAALM = DOPPAB "NIRPTR * N1COIN

TIMING ERROR

Alarm gate GOAALM is also enabled if a timing error
has occurred.

GOAALM = SEC* SEQ * DRY

If, for any reason, the AU has not serviced the Data
Ready interrupt, the alarm condition can indicate
that a data character has been lost.

1/OBUFFER 5
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PAPER TAPE/CARD PUNCH DRIVE
INTRODUCTION

The Punch Drive is an optional part of the 1/O Buffer
that can be used to drive the 4253 Paper Tape Punch
or the 4283 Card Punch. Its primary functions are
to provide a holding register and program selectable
data formating (USASCII or EIA Standard) for output
information being sent to the punch. This frees the
basic control portion of the 1/0 Buffer for communi-
cation with other optional drive logics. Information
held in the holding register is transferred to the re-
spective device through transformer coupled AC drive
lines, providing isolation of the device's inherently
noisy power supplies from those of the computer.

This publication describes the hardware associated
with the following GE-PAC* model numbers:

4DP4820AS02 - Punch Drive for the I/O Buffer
in a GE-PAC 4010A System.

4DP4820BS02 - Punch Drive for the Basic Cen-
tral Systems Unit (CSU) I/0O
Buffer in a GE-PAC 4010B
System.

4DP4821AS02 - Punch Drive for the Auxiliary
Systems Unit (ASU) I/O Buffer
in a GE-PAC 4010B System.

4DP4821BS02 - Punch Drive for the Second
Central Systems Unit (CSU)
1/0 Buffer in a GE-PAC 4010B
System.

*Registered Trademark of General Electric Company '
* * Trademark of General Electric Company

4820/4821X02-T

The logic for the Punch Drive associated with all of
these model numbers is provided in GE drawing,
70C180346 (Transformer Coupled Drive I).

All necessary circuitry for the drive is contained on
one standard-size GEAPS** printed wiring board
(PX1000PBCF1), When installed as part of the I/O
Buffer it is hard-wired to the Basic I/O Buffer and
to the output connector jack. Since control and data
requirements vary slightly between the two devices,
signal connections at the device end differ according
to which particular one is connected. Also, signifi-
cance of the alarms sent back to the drive logic from
the device differ according to which device is connect-
ed to the drive.

Further device distinction is accomplished by decod-
ing the K1 bits of the OPR command, used to initiate
device operation. The status of the K1 bits during
execution of an OPR command determines which data
format will be used and automatically enables the
logic to detect the correct end-of-record code for the
corresponding device.

Although the logic (drawing number 70C180346) is
virtually the same, regardless of the device connect-
ed to it, differences in the format, interrupt usage,
alarm significances and actual device operation re-
quire an independent description of the logic for each
device. For this reason there are two separate
descriptions, one for each possible device, following
this introduction. If desired, the description not re-
lating to the drive as implemented for your system
can be removed.

t/O BUFFER INT-1



PAPER TAPE PUNCH DRIVE

The 4253 Paper Tape Punch connects to the 1/O Buffer TRANSFER FORMAT

through the Punch Drive Logic to provide an output

medium for permanently recording programs and data Data are transferred from the central processor to the
on paper tape. By specifying Ky = 00X during the paper tape punch as illustrated in Fig, PTP, 1. When
OPR command, ensuing data is punched in the USASCIIL the TOM function is used, the least significant bits of
code. EIA standard RS-244 code will be punched fol- the B-register are transferred.

lowing the execution of an OPR with Kj = 01X. Although

the tape punches incrementally, by punching the trans- SPECIAL CHARACTER DEFINITIONS

mitted code and spacing the tape ready for the next
character, output operations to the punch are per-
formed in a record format.

As shown in the record format, several special char-
acters are recorded in the tape record. These speci-
al characters are defined below:

INTERRUPTS . NUL - The NUL code is used as tape leader.

Paper tape interrupts require two program interrupt
points. The data-exchange interrupt signals the com-
puter each time data is required by the punch and the
end-of-record interrupt informs the computer when
the record has been completed. The data-exchange
interrupt is normally non-inhibitable and the end-of-
record interrupt is usually inhibitable.

) DC2 - The Device Control 2 code has no func-
tional purpose on paper tape output but is used
to be consistent with TTY punch requirements.
The DC2 code is not punched.

e STX - The Start-of-Text code has no functional
purpose on paper tape output but is required by

RECORD FORMAT tape readers. The STX code is punched.

® ETX - The end-of~Text code has no functional
purpose on paper tape output but is required
to be consistent with TTY punch software when
using ASCII code. The ETX code is punched.

The outgoing data should contain the following data in
the format and sequence shown:

Name Octal Code Function
OPR K1:=00X 022 Media enable-ASC II Code [ ] DC3 - The Device Control 3 code has no func-
1 " tional purpose on paper tape output but is re-
Kq=01X 033 Medi ble-EIA Cod quired by tape readers when using ASCII code,
1 eala enable Code The DC3 code is punched.
OUT-RUL* 000 Tape Leader e CR/LF - The Carriage Return and Line Feed
STX 002 Data Enable Code (not used codes have no functional purpose on paper tape

ith d output but are used to be consistent with TTY
with EIA Standard) Punch software requirements. The CR and
TEXT LF codes are punched. i

TEXT e DC4 - The Device Control 4 generates the
End-of-Record signal when outputting ASC II

ETX 003 iti
Software recognition (not format. The DC4 code is punched.

used with EIA Standard)
e ESC - The Escape code signals the control

DC3 02
< 3 (For paper tape reader) module that the EIA Standard data is to be
CR 015 Software Standard punched. Tape channels are switched as shown
in Fig. PTP.1l. The ESC code is not punched.
LF 012 dard
v ! Software Standar ) DEL - The Delete code generates the End-of-
34 Record signal when punching EIA Standard
T-DC4 024 dia disable f . d
ou < Media disable for ASC II Code data. The DEL is not punched.
-DEL 177 Media disable for EIA Std.
Code CONTROL LOGIC DESCRIPTIONS
* Contents of A-register during OPR. Not signifi- Model 4253 Paper Tape Punches are capable of punch-
cant for this device; ensures program compatabi- ing 8-channel (maximum) tape at a speed of 120 frames
lity with TTY punch. per second. Characters are punched as a result of OUT
commands. One character at a time is sent from the
NUL Code repeated until desired amount of tape central processor to the punch each time the punch signals
leader has been generated. that it is positioned ready to receive the next character.

4820/4821X02-T I/0 BUFFER PTP-1
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(a) ASCII Format
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. SR .
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Data Drivers Holding Register Paper Tape

(b) EIA Standard Format

Fig. PTP. 1. Transfer Formats

This action continues until the media-disable code is
detected by the control logic. Tape movement then
ceases with the frame following the media-disable
code positioned for punching.

A description of the OUT command is contained in the
Arithmetic Unit portion of Volume I. The Model

4253 Paper Tape Punch is fully described elsewhere
in this volume. During the following description, re-
ference should be made to the flow chart of Fig. PTP.
2, the timing diagram of Fig. PTP. 3, and to the logic
schematics of GE Drawing 70C180346.

Alarms

The following alarm conditions can be detected by
using properly encoded JNE commands addressed to
the drive logic:

e Text Line 0 - Test Line 0 is "true' when
the punch is in the off-line
condition.

) Test Line 1 - Test Line 1 is '"true' when

the punch is out of tape or the
tape has broken.

PTP-2

I/O BUFFER

Both alarm lines are sampled at gate GOATL2 in the
drive logic., The specific line sampled during the
JNE command's execution is determined by the status
of the JNE's K1 bits:

° K1 = 00X - Text Line 0

e Kl =01X - Test Line 1

The output of GOATL2 is routed through the Basic
I/O Buffer to the AU where the decoded JNE causes
the line to be sampled. Should the test line being
sampled be "true'", the corresponding AND input is
enabled and GOATL2 yields zero volts. A zero volt
output during the JNE's execution causes the program
to step to the next sequential location, indicating an
error condition. If the test line being sampled is
"false', the AND gate is disabled and GOATL2's out-
put is plus five volts. A plus five volt output indicates
that there is no error and the program jumps to the
second sequential location.

GOATL2 = CADD (K14-K12-TLO + K14-K12-TL1)

Test lines two and three are not connected to the
punch.,
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Busy Tests

A JDR (Jump if Data Ready) or JCB (Jump if Channel
Busy) test can be addressed to the drive logic to
determine the respective data ready or channel busy
status of the channel. Both commands are variations
of the JNR command; the JDR is a JNR (25064) with
K1=4 and the JCB is a JNR with K1=2.

When the channel is addressed with K1=2, the status
of the channel busy flip-flop is sampled by an AND
input to GOATL1 of the drive logic. This line is
routed through the Basic I/O Buffer to the AU where
the decoded JCB causes the line to be sampled. Should
the channel-busy (CCBY) or data-ready-enable (CDRE)
flip-flops be set, the AND input is disabled and
GOATL1's output is plus five volts. A plus five volt
output indicates that the channel is busy and the pro-
gram jumps to the second sequential location. If the
channel-busy and data-ready-enable flip-flops are
both cleared, the AND input to GOATL1 is enabled

and GOATL1's output is zero volts. The zero volt
output during the JCB's execution causes the program
to step to the next sequential location.

Addressing the channel with K1=4 causes the data-
exchange-interrupt gate (CDEI) to be sampled by the
other AND input to GOATL1. The decoded JDR causes
the line to be sampled in the AU. Should the data-ex-
change-interrupt gate be at zero volts, indicating data
is not ready, the AND input to GOATL1 is disabled and
GOATL1's output is plus five volts. A plus five volt
output indicates that the channel is busy and the program
jumps to the second sequential location. If the data-
exchange-interrupt gate is at plus five volts, indicating
a data ready condition, the AND input to GOATL1 is
enabled and GOATL1's output is zero volts. A zero
volt output indicates the channel is ready to accept

new data and the program steps to the next sequential
location,

Media Enable

Channel action is initiated with the execution of an Op-
erate (OPR) instruction, addressed to the output
channel. OPR sets the channel-busy flip-flop (F1CCBY)
which cycles the data-exchange interrupt, clears the
end-of-record flip-flop (F1CEOR), and gates the eight
least significant bits of the A-register to the column
counter (via the holding register).

DOCOPR = OPR-PHA-ADD

GOCOPR = OPR-PHB-ADD

F1CCBY = GOCOPR
F1CEOR = GOCOPR

GOCDEI = OUT-EOR-ABT-CBY-DRY

D1ROPR = GOCOPR

4820/4821X02-T
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Data being gated to the column counter is held temp-
orarily in the holding register. At phase A of the
OPR, the column counter is preset to ""ones' and the
data from the A-register is gated to the holding reg-
ister.

At phase B of the OPR command, a single-ended
transfer of the information in the holding register is
made to the clear side of the column counter's flip-
flops. This transfer is not significant for the paper
tape drive function, but is used for the card punch
drive.

Data Enable

As a result of the negative transition of signal
GOCDEI, when the channel busy flip-flop (CBY) was
set by the OPR command, an API is generated to
inform the computer to initiate data transfers to the
paper tape punch. These data transfers are accomp-
lished using GEN II OUT commands. During phase A
time of the OUT command, the load-data-register
gate, DICLDR, is enabled and the eight bits, includ-
ing parity, from the basic I/O Buffer are gated to
the holding register of the control drive:

]

DICLDR = GOCLDR

GOCLDR = PHA-K24.0UT

The transfer format (USASCII or EIA Standard) for
the entire record was established by the status of the
K1 bits during the OPR's execution. Mode 01 (K1 =
01X8) establishes the EIA format; mode 00 (K1 =
00Xg) provides USASCII format. The corresponding
translation is performed by gates at the output of the
holding register.

USASCII format = GOAMO1

EIA Std format = N1AMO1

N1AMO1 GOAMO1 = MX1-M1X
MX1 =K1 equal to 2 during
execution of OPR

The data are transferred to the device through the-
output drivers. Accompanying the data is a clock
signal, X1RCLK, to gate the data into the device's
holding register. Both the clock signal's generation
and the gating of data from the holding register to the
output driver are accomplished by the gate-data-out-
put signal, DICGDO. D1CGDO is enabled upon re-
ceipt of the OUT command and remains "true" until
a data received signal (Ready) is received from the
device.

X1RCLK = DICGDO

D1CGDO = GOCGDO = NOCDRY-FOCDRE

NOCDRY = FICDRY

F1CDRY = GOCCDR = OUT:-DEL-PHB-K22

PTP-5



F1CDRY = FOCDRE going negative

(FOCDRE remains "true" during receipt
of Ready signal from device)

The first X1RCLK signal activates the punch motor
and when the motor is up to speed the first character
is punched. Following the punch operation a ready
signal (M1CRDY) is sent to the punch drive logic. The
output of M1CDRY appears as a positive pulse at line
receiver output ''C'" that corresponds to the leading
edge of the ready signal from the device, followed by
a positive pulse from "D'" that corresponds to the
trailing edge of the ready signal. The pulse from
point C sets FICDRE, which again clears when the
pulse from point D is received. The output of the
data-ready-enable flip-flop, F1CDRE, is used to set
the data-ready flip-flop, F1CDRY, which enables the
data-exchange-interrupt gate, GOCDEI, causing an
API requesting new data,

The punch motor continues to run. With each OUT
command that responds to the data exchange interrupt,
characters are transferred to the punch in the manner
described by the foregoing text until a media-disable
code is recognized by the drive logic.

Media Disable

When punching in the USASCII format, the DC4 code
(0248) follows the data and inter-record codes, is de-
coded in the drive logic, and is recognized as the end-
of-record signal. The end-of-record flip~flop sets

as soon as the DC4 code is recognized by the decode
logic. However, the actual end-of-record interrupt
is not generated until the character has been punched
on the tape and the punch ready signal returned to the
drive logic.

The end-of-record flip-flop, when set, enables the

"clear'' input to the channel-busy flip-flop, F1ICCBY,
which actually is triggered to the reset condition by

PTP-6
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the trailing edge of the ready signal from the device.
As F1CCBY clears, it enables GOCEOR to generate
the end-of-record interrupt,

GOCERO = FICCBY.FOCDRE

FICCBY = FICEOR*F1CDRE going
negative
FICEOR = GOCCER = DC4

F1CDRE goes negative on the trailing
edge of the Ready signal from the punch.

When punching in the EIA Standard format, the DEL
(no operation) code (177,) is used at the end of the
record in place of the DC4 code. The DEL is decoded
at phase A time of the OUT command that delivers it
and prevents clearing of the data-ready flip-flop.

This prevents the gate-data-output gate (CGDO) from
being enabled and the character is not transmitted to
the punch. At phase B of the same OUT command,
the DEL code is used to clear the channel busy flip-
flop, via GOCCBY. The clearing of FICCBY enables
the end-of-record gate, GOCEOR, generating the end-
of-record interrupt.

F1CDRY = GOCCDR

GOCCDR = GOADEL
GOCEOR =F1CCBY-DRE
FICCBY = GOCCBY = OUT*K24*MO1*DEL

MO1 = EIA Standard Code established
at OPR execution.

Regardless of which format is used, the device logic
turns off the punch drive motor when there have been
no X1RCLK (activate) signals from the control module
for approximately one second.
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CARD PUNCH DRIVE

The 4283 Card Punch connects to the I/O Buffer
through the Punch Drive Logic to provide an output
medium for permanently recording programs and

data on 80-column cards. This is the only one of

the two devices described in this publication that re-
quires the use of the K1 = 4 bit when addressing the
drive with an OPR command. As a result of the OPR's
execution, the contents of the A-register are transfer-
red to a column counter in the drive logic. Ultimately,
this count determines the point at which the end-of-
record interrupt is generated. This occurs when the
column counter, decremented once with each data trans-
fer that follows the OPR command, changes from zero
to minus one,

Each card that is to be punched requires the execution
of an OPR command to initiate a card punch operation.
This is followed by the desired number of data transfers,
established by the column count sent with the OPR com-
mand and requested by the device at the proper times,

Data are transferred to the punch in eight-bit bytes
containing six information bits, one filler bit, and one
parity bit. The parity bit is inserted by the basic 1/0O
Buffer before it reaches the drive logic and is sampled
when it reaches the device.

The format of the data punched on the card is established
by the arrangement of the bits in the corresponding
register of the AU at the time of their transfer to the
punch. Transfers are binary and, except for the addi-
tion of the parity bit, the bits are unchanged. The
transfer sequence is such that the first data transfer
appears in rows 12, 11, 10, 1, 2 and 3, while the second
transfer appears in rows 4 through 9 of column one.
Succeeding column transfers are in the same order.

No special characters are utilized for communicating
with the card punch. The record format sequence and
the logical description of the drive's operation follows.

RECORD FORMAT

The outgoing record contains the following information
in the format and sequence shown.

Name Octal Format Function
OPR Kl = 11X Media
Enable

OUT - column 1 (12-3)
- column 1 (4-9)
- column 2 (12-3)

- column 2 (4-9)

- column X* (12-3)
OUT - column X (4-9)

* X = last column requested to be punched.

4820/4821X02-T
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INTERRUPTS

Model 4283 Card Punches utilize two interrupts.

A data-exchange-ready interrupt signals the computer
each time data is required by the device and an end-
of-record interrupt signals the computer after a punch
cycle is completed. The data-exchange-ready inter-
rupt is normally non-inhibitable and the end-of-
record interrupt is usually inhibitable,

LOGIC DESCRIPTION

This description covers the logic that appears on
drawing 70C180346, as it pertains to interfacing the
card punch with the Basic I/O Buffer. The descrip-
tion of the Basic I/O Buffer precedes this publica-
tion in this section of the manual. The device des-
cription is also found in this volume under publication
number 4283. Reference should be made to the
simplified block diagram, Fig. CP.1, the flow chart,
Fig. CP.2, and the timing diagram, Fig. CP.3.

Alarms

The following alarm conditions can be detected by
using properly encoded JNE instructions addressed
to the drive logic:

. Test Line 0 - Test Line 0 is designated the
""Halt" line by the Serial Card
Punch Logic. It is "true"
whenever any detectable punch
problem occurs or the punch
is switched to the off-line
mode.

° Test Line 1 ~ Indicates an interlock open,
a punch error, registration
error, or a jam.

° Test Line 2 - Indicates that either the input
hopper is empty or the output
stacker is full.

° Test Line 3 - Indicates a data parity error,
a card eject late, or a data
late condition.

Definitions of the individual alarms can be found in
the 4283 Serial Card Punch Theory publication.

All four alarm lines are sampled at gate GOATL2 in
the drive logic. The specific line sampled during the
JNE command's execution is determined by the status
of the JNE's K1 bits:

° K1 = 00X - Test Line 0
) K1 = 01X - Test Line 1

n
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e Kl =10X - Test Line 2

"

n

e K1 =11X - Test Line 3

The output of GOATL2 is routed through the Basic
1/0 Buffer to the AU where the decoded JNE causes
the line to be sampled. Should the test line being
sampled be "true', the corresponding AND input is
enabled and GOATL2 yields 0V. A 0V output during
the JNE's execution causes the program to step to
the next sequential location, indicating an error
condition. If the test line being sampled is ''false",
the AND gate is disabled and GOATL2's output will
be +5V. A +5V output indicates that there is no error
and the program jumps to the second sequential
location.

GOATL2 = CADD ( K14*K12-TLO0 + K14-K12¢*
TL1 + K14°K12+TL2 + K14°K12e
ALM)

F1AALM = CBY*TL3

Test line 3 going "true'" sets the drive logic's alarm
flip-flop. While set, the output drives an alarm dis-
play. This flip-flop is cleared, turning off the dis-
play, when the clear alarm switch is depressed, or
when an Operate or Abort command are sent to the
drive logic.

Busy Tests

A JDR (Jump if Data Ready) or JCB (Jump if Channel
Busy) test can be addressed to the drive logic to
determine the respective data ready or channel busy
status of the channel. Both commands are variations
of the JNR command; the JDR is a JNR (2506g) with
K1 = 4 and the JCB is a JNR with K1 = 2.

When the channel is addressed with K1 = 2, the
status of the channel busy (CCBY) flip-flop is sampl-
ed by an AND input to GOATL1 of the drive logic.
This line is routed through the Basic I/O Buffer to
the AU where the decoded JCB causes the line to be
sampled. Should the channel-busy (CCBY) or data-
ready-enable (CDRE) flip-flops be set, the AND input
is disabled and GOATL1's output is +5V. A+5V out-
put indicates that the channel is busy and the program
jumps to the second sequential location. If the chan-
nel-busy and data-ready-enable flip-flops are both
cleared, the AND input to GOATL1 is enabled and
GOATL1's output is 0V. The 0V output during the
JCB's execution causes the program to step to the
next sequential location.

Addressing the channel with K1 = 4 causes the data-
exchange-interrupt gate (CDEI) to be sampled by the
other AND input to GOATL1. The decoded JDR
causes the line to be sampled in the AU. Should the
data-exchange-interrupt gate be at 0V, indicating
data is not ready, the AND input to GOATL1 is dis-
abled and GOATL1's output is +5V. A +5V output
indicates that the channel is busy and the program
jumps to the second sequential location. If the
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data-exchange-interrupt gate is at +5V, indicating a
data ready condition, the AND input to GOATL1 is
enabled and GOATL1's output is 0V. A 0V output
indicates the channel is ready to accept new data and
the program steps to the next sequential location

Media Enable

Channel action is initiated with the execution of an
OPERATE (OPR) instruction, addressed to the output
channel. OPR sets the channel-busy flip-flop
(F1CCBY), which cycles the data-exchange interrupt,
clears the end-of-record flip-flop (FICEOR), and
gates the eight least significant bits of the A-register
to the column counter (via the drive's holding register).

DOCOPR = OPR'PHA°ADD

It

GOCOPR = OPR-PHB-ADD

F1CCBY = GOCOPR
F1CEOR = GOCOPR

GOCDEI = OUT-EOR-ABT-CBY:DRY
DIROPR = GOCOPR

During phase A of the OPR command, the column
counter is preset to '"ones' and the data from the 1/0
Buffer is gated into the drive logic's holding register.
A direct transfer of the eight bits from the basic I/0O
Buffer is made to the holding register. Bit seven

is gated into the holding register's parity flip-flop
while the parity bit from the Buffer is ignored due to
the enabling of GOCBIN. GOCBIN is enabled through-
out the execution time of the OPR command.

At phase B time, the data is gated from the holding
register to the clear sides of the column counter's
flip-flops. In each case where there was a ''zero"

in the corresponding bit of the holding register, the
column counter flip-flop is DC cleared. This estab-
lishes the column count for the card and will deter-
mine the point in the card where punching will termi-
nate.

Data Enable

As a result of the negative transition of signal GOCDEL,
when the channel busy flip-flop (CBY) was set by the
OPR command, an API is generated to inform the
computer to initiate data transfers to the card punch.
These data transfers are accomplished using GEN II
OUT commands. During phase A time of the OUT
command, the load-data-register gate, DICLDR, is
enabled and the eight bits, including parity, from the
basic 1I/O Buffer are gated to the holding register of
the control drive:

DI1CLDR = GOCLDR

PHA+K24-0OUT

n

GOCLDR

Although the transfer of information during the execu-
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tion of the OPR was strictly binary, with the parity
bit being ignored, data transfers during OUT com-~
mands will be binary with the parity bit included.
The parity will be checked in the punch upon its re-
ceipt of the data from the drive logic.

The data are transferred to the device through the
drive logic's output drivers. Accompanying the data
is a clock signal, X1RCLK, to inform the punch logic
that the data is available. Both the clock signal's
generation and the gating of data from the holding
register to the output drivers are accomplished by
the gate-data-output signal, DICGDO. DI1CGDO is
enabled upon receipt of the OUT command and re-
mains "true' until a data-received signal (Ready) is
received from the punch.

X1RCLK = D1CGDO

D1CGDO = GOCGDO

NOCDRY'FOCDRE

NOCDRY = F1CDRY

F1CDRY = GOCCDR = OUT.DEL+sPHB-K24
F1CDRY = FOCDRE going negative

Upon recognition of the data from the drive logic,
the punch's ready flip-flop, FICRDY is 'cleared'.
(The punch's ready flip-flop should not be confused
with the drive logic's flip-flop, FICDRY.) When
the punch's ready flip-flop goes ''false'’, it causes

a pulse to be transmitted through transformer coup-
led drive lines to line receiver M1CRDY in the drive
logic. The resulting positive pulse from pin ''C'" of
M1CRDY ANDs with GOCHLT to cause the output of
G1CSDE to go to zero volts. This sets the data-
ready~enable flip-flop, FICDRE. FOCDRE, going
to zero volts, disables the gate-data-out gate (CGDO)
and causes the drive logic's ready flip-flop (CDRY)
to set., The setting of F1CDRY causes the data-ex-
change-~interrupt line (CDEI) to go to zero volts, ini-
tiating an interrupt request for new data,

GOCDEI = COUT+*CEOR*CABT*CCBY*CDRY

CDRY

FOCDRE going negative
CGDO = FOCDRE
CDRE = GICSDE at zero volis

CIDSE at zero volts = CHLT and positive
pulse from "C' of
M1CRDY

Positive pulse at ""C" of MICRDY =

Punch's ready line going ''false”

If the data transfer is the first one for a column, the
punch's ready line returns 'true' approximately 3
microseconds later, the time necessary for the data
to be stored in the Punch Register. However, if the
data transfer is the second for the column (two data
transfers per column), the ready line does not return
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"true" until the punch action for that column takes
place, If it is the final column, the second data
ready for that column does not return 'true' until
348° of the punch's feed eject cycle.

When the punch's ready line returns ''true", another
pulse is sent through the transformer coupled drive
lines to M1CRDY. This time a positive pulse is
generated at pin "D'' that causes GICCDE to go to
zero volts. GICCDE, at zero volts, clears the data-
ready-enable flip-flop, F1CDRE,

F1CDRE = G1CCDE at zero volis

G1CCDE at zero volts = Positive pulse
from '"D" of
M1CRDY

Another data transfer is normally sent in response to
the data exchange interrupt. It is decoded at phase B
time of the OUT command by GOCCDR. When GOCCDR
goes to zero volts it clears the drive logic's ready
flip-flop. This again enables the gate-data-out gate,
CGDO, and the data from the drive logic's holding
register is gated out to the punch. This action is
repeated until the total number of transfers equals
that of the column counter at the beginning of the
transfers.

Media Disable

The media disable occurs when the column count
reaches zero. Originally containing a count received
during the execution of the OPR command, the column
counter decremented once for each data transfer that
occurred during the punch cycle for that card. Since

a K1=4 bit (K1=11X) was present during the execution
of the initial OPR command, flip-flop F1IAMIX remains
set. This allows the count-equals-zero signal,
N1RCEZ, to enable DORCEZ during the last transfer
for the card. DORCEZ enables line driver X1RCEZ to
to send a count-equals-zero pulse to the punch to term-
inate data requests.

Signal GOCRNT is enabled during the period that the
column count is equal to zero. GORCNT enables
GICTRM, which ANDs with DICGDO to enable GOCCER
to set the end-of-record flip-flop, FICEOR. FI1CEOR,
set, enables the clear side of the channel-busy flip-
flop, FICCBY, The clearing of the data-ready-en-
able flip-flop at approximately 348° of the feed/eject
cycle clocks the channel-busy flip-flop, FICCBY, to
the cleared condition. This causes the end-of-record
interrupt gate, GOCEOR, to go to zero volts, generat-
ing an end-of-record interrupt.

GOCEOR = CCBY -CDRE
CCBY = CCER

RCNT

CEOR

RCNT = Column count equal to zero
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SYNCHRONOUS COMMUNICATIONS UNIT Ii

The Model 4820B/4821AS06 Synchronous Communications
Unit II (SCU 1I) provides a communications link between
the Central Processor and a serial bit, synchronous,
bidirectional, data communications device. Such de-
vices use modulator-demodulators (modems) for data
transmission to distant points over telephone lines and
other communications media. Typical of devices used
with the SCU II are American Telephone and Telegraph
Co. Data Set Models 201A3 and 201Bl. The SCU II may
also be connected directly to a Display Controller
(760-786).

The SCU II operates with and is functionally a part of

1/0 Buffer Model 4202. The basic 1/O Buffer must
include option 102 or 103. These options provide a
crystal controlled clock pulse generator circuit board
which generates timing pulses necessary for the operation
of the SCU II.

The SCU 1I is installed in the same panel as the basic 1I/O
Buffer. All communications with the Central Processor
is through the basic I/O Buffer. Inter-connections be-
tween the SCU II and the communications devices are
made by a multiconductor cable, a maximum of 50 feet
in length.

Communication through the SCU II may be simplex, half-
duplex, and full-duplex, as determined by the external
communications device and the implemented program.

SCU Model 4820BS06 is the version implemented in the
Central System Cabinet of 4010B process computer sys-
tems. Model 4821AS06 is implemented in the Auxiliary
System Unit of a 4010B system. These versions are func-
tionally identical to Model 4202X466/566. Maintenance
information for these versions is provided in Publication
No. 4820B/4821A06-M. The logic drawing is 70C180349.

INTERRUPTS

Four interrupts are produced by the SCU II. Each of the
two channels produces a data exchange interrupt and an
end-of-record interrupt. The interrupts signify the
following:
Transmitter Channel:
Data Exchange - The holding register is ready
for the next character.
End-of-Record - Data set is ready with carrier
on, Data set is ready with
carrier off, the final charac-
ter in a message has been
transmitted, or this station
has been called.
Receiver Channel:
Data Exchange - The receiver holding register
contains a complete character.
End-of-Record - An "End-of-Message'' char-
acter has been received, or
"ine turn-around" is re-
quired or is completed.

TRANSFER FORMAT

Data are transferred to, and from, the seven least sig-
nificant bits of the A register in the case of OUT, ODL
and, IN, IDL instructions. When the TIM/TOM func-
tions are used, data are transferred to and from the
seven least significant bits of the B register.

4820B/4821A06-T
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Special character recognition is provided which allows
the transmission or reception of seven or eight bit
binary data in a "Transparent Text' mode. In this
mode, all end of message character recognition is dis-
abled, and the program must determine the character
with which the message is ended. The SCU II trans-
mitter goes to Transparent Mode when a DLE (020g)
character is detected in the output data stream, followed
immediately by an STX (002g) character. The SCU II
receiver goes to Transparent Mode when DLE followed
by STX is detected in the input data stream.

Odd parity is normally transmitted by the SCU II, and
the reception of odd parity is expected. The trans-
mitted parity bit is generated in the basic I/O Buffer or
the Central Processor, as determined by a jumper on
the transmitter circuit board, PSTB1. If the jumper
is connected between the green pin jacks marked "P"
the parity bit is supplied by the Central Processor. If
the "S" pin jacks are jumpered, an even parity bit is
generated in the basic I/O Buffer and converted to odd
in the SCU II. In both channels, the parity bit is always
contained in character channel 8, or the last bit in the
serial data.

The received data is converted to even parity in the

SCU 1I for checking by the basic I/O Buffer parity check
circuit. The received parity bit may be transferred in
to A (or B) register bit 07 of the Central Processor or
it may be applied to the parity check circuit only. If a
jumper is connected between the green pins jacks on the
receiver circuit board, PSRBI1, labled "P", the parity
bit is transferred into the Central Processor. If the
"P'" pin jacks are not jumpered, zero will be transfer-
red to bit 07 of the Central Processor A (or B) register.

The transmitter channel converts the eight bit parallel
character from the Central Processor to an eight bit
serial character. Each bit of the serial character
occupies one unit of time. The reciprocal of the dura-
tion of the bit time is the baud rate of the SCU II and the
external communications device. There must be no
time interval separating data characters in such syn-
chronous communications systems. After answering a
call and turning the transmitter carrier on, the SCU II
and the communications device transmit a minimum of
four SYN (026g) characters before the first character
in a message.

The receiver channel converts the serial characters
from the external communications device to an eight bit
parallel character. There must be no time interval
separating the data characters. While no data transfer
is in progress, the receiver channel is continually ex-
pecting to receive SYN characters. After answering a
call and detecting the received carrier ''on', the SCU II
receiver requires at least two SYN characters before
the first character in a message.

Normally, any data character, with parity, following
two or more SYN characters, is recognized by the re-
ceiver as the first character in a message. As an
additional safeguard against line noise distorting SYN
characters and causing them to look like a data charac-
ter, a Front End Protection (FEP) feature is available
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under program control. The FEP feature causes the
receiver to recognize only an SOH, STX, or DLE char-
acter as the first character in a message.

ALARMS

Properly encoded JNE instructions will detect the
following alarm conditions:

Transmitter Channel

Alarm Line 1 (K1 = 00X3) - Not used
Alarm Line 2 (K1 = 01X3) - Not used
Alarm Line 3 (K1

10X3) - DSR from data set does not
agree with DTR from SCU II
(DSR # DTR).

Alarm Line 4 (K1 = 11X3) - CTS from data set does not
agree with SCU II control
register (CTS # B04)

Receiver Channel

Alarm Line 1 - Not used
Alarm Line 2 - Received carrier is not on
Alarm Line 3 - Not used

Alarm Line 4 - Received carrier dropped out during
message reception, a parity error was
detected, or a data character was lost.

FUNCTIONS

Each of the SCU II channels accomplishes specific
major functions as described in the following. Detailed
theory of operation of the SCU II logic is provided under
"Logic Description' '

Transmitter Channel

[} Converts baud rate timing pulses from the
basic I/O Buffer, the communications device,
or the receiver channel, to character rate
timing pulses.

e Detects incoming calls (ring) and provides
automatic answer capability, under program
control,

° Provides line "turn-around', under program
control, for alternate transmission to, and
reception {rom, half-duplex communications
devices.

. Converts output characters from parallel to
serial form.

. Converts to Transparent Mode for, binary
data transmission, upon detection of DLE
followed by STX.

e Inverts the parity bit supplied by the Central

SCU -2

1/0 BUFFER

Processor or the I/O Buffer, so that odd parity
is normally transmitted.

° Recognizes end-of-message characters in the
transmitted data, and produces an end-of-
record interrupt as the final character in a
message is transmitted, except in Transparent
Mode.

[} Causes calls to be abandoned under program
control,

. Provides SCU II and communications device
condition and alarming signals to the Central
Processor, to permit monitoring of the oper-
ation.

Receiver Channel

. Converts baud rate timing pulses from the
transmitter channel, or the communications
device, to character rate timing pulses.

e Detects a requirement for line "turn-around"
for alternate transmission to, and reception
from, half-duplex communications devices,
by detecting modem ''carrier on/off'",

° Converts to Transparent Mode, for binary data
reception, upon detection of DLE followed by
STX.

° Converts input characters from serial to
parallel form.

) Provides optional input of parity bit to Central
Processor A (or B) register bit 07,

® Recognizes '""end-of-message' characters in
the input data, and produces an end-of-record
interrupt as the final character in a message
is received.

e Provides "Front End Protection' (FEP), under
program control, to allow only SOH, STX, or
DLE character to be recognized as the first
character in a received message.

° Provides SCU II and communications device
condition and alarming signals to the Central
Processor, to permit monitoring of the oper-
ation,

LOGIC DESCRIPTION

Operation of the SCU 1II is under the control of the
Central Processor through the OPR, OUT, IN, and ABT
instructions. Transfer of communications data may be
implemented by means of the TIM/TOM or IDL/ODL
functions, which appear at the SCU II as IN and OUT
functions.

The principal calling and answering functions of the

4820B/4821A06-T
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SCU II are controlled by the receiver and transmitter
control registers. Control register contents are
changed by Operate commands (OPR) issued by the
Central Processor, in response to SCU II and communi-
cations device conditions monitored by the Central
Processor, or in response to program requirements,

The control registers and associated logic control the
operation of the communications device, activate, and
deactivate the data transfer logic. Control register
contents and the implementation of the SCU II features
are determined by special characters contained in the
A register of the Central Processor, at the time when
an OPR command, issued to the channel involved, is
executed.

When following the theory of operation provided in this

Logic Description, frequent reference should be made

to Figure SCU II . 1, Block Diagram, and to the SCU II
logic schematic, GE drawing no. 70C180349,

In the discussion which follows, the SCU II timing, con-
trol registers, automatic answering, and line "turn-
around" are covered first. This is followed by a de-
scription of the data transfer processes. Next the
monitoring and alarming features are covered. Finally,
the effect of the Abort (ABT) command is covered.

All of the logic elements in the SCU II are contained on
two circuit boards: PSTBI - transmitter channel, and
PSRBI1 - receiver channel.

Timing

The SCU II can accomodate communications devices
which operate at baud rates up to 20, 000 baud (baud =
bits per second). Normally, the transmitter and the
receiver operate at the same rate, but this is not man-
datory. The primary timing signal for either the trans-
mitter or the receiver channels may originate at any of
three places: (1) The basic I/0 Buffer, (2) the com-
munications device,or (3) the opposite channel. When
connected to a data set or to a directly connected Dis-
play Controller, the baud rate timing signals are de-
rived from the connected device in nearly all cases.

If the primary timing signal is derived from the basic
1/0 Buffer, as is the case when testing the SCU II, a
jumper pin is connected between one of five pairs of
black pin jacks, F1 throught F5, on the transmitter
circuit board, PSTB1. The crystal controlled clock
generator is contained on a basic I/O Buffer board,
PTCA1 or PTCBI, located in slot B32 of the 1/O Buffer
panel. The crystal controlled clocks are connected
from the generator board to the F1 through F5 pin jacks
on the SCU II transmitter board. The frequencies ap-
plied to each input pin, and the baud rates resulting
from the jumpering of each pin pair are as follows:

Fl-2.4 KHz; 1200 baud.

F2 - 4.8 or 1.2 KHz; 2400 or 600 baud.
F3 - 9.6 KHz; 4800 baud.

F4 - 14,4 KHz; 7200 baud.

F5 - 28.8 KHz; 14, 400 baud.

SCU li—4
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If used, the crystal controlled clock is applied
through N1QCLA to F1QSCT. The flip-flop is toggled
by each input clock, and the F1QSCT output is at one-
half the input frequency and at the baud rate.

If the jumper is connected between the transmitter pin
jacks labled "FR" or "FE", one of the two DC clear
inputs to F1QSCT is grounded, holding the flip-flop in
the clear state, and preventing its operation. With "FR"
jumpered, a +3.6V signal is developed by NIQEFR
which partially enables an AND gate on G1QSCT which is
enabled by the timing pulses from the receiver channel,
With "FE'" jumpered, a +3. 6V signal is developed by
N1QEFE which partially enables an AND gate on G1QSCT
which is enabled by the timing pulses from the external
communications device., GlQSCT, then, produces baud
rate clock pulses which originate in one of the three
available sources, The SCT signal is used for baud rate
timing in the transmitter channel., The SCT signal is
also applied to the receiver channel for optional use as a
timing source. The SCT clock is available to the com-
munications device through line driver X1QSCT, when
the jumper is in any pin jack pair except "FE".

X1QSCT = SCT*FE

Two pairs of black pin jacks are available on the re-
ceiver circuit board, PSRBI, for selecting the receiver
timing source. If the "FT" pin jacks are jumpered,
NIQEFT partially enables an AND gate on GOQSCR,
which is enabled by the transmitter baud rate clock from
G1QSCT. If the "FE' pin jacks are jumpered, NIQEFE
partially enables another AND gate on GOQSCR which is
enabled by the timing pulses from the external device.
GOQSCR, then, produces baud rate clock pulses which
originate in one of two sources. The SCR clock is used
for baud rate timing in the receiver channel. The
signal is applied to the transmitter channel, through
G1QSCR, for optional use as a timing source,

Each channel has an identical character rate clock gen-
erator which divides the baud rate clocks from DOQSCT
and D1QSC1 by eight to produce the character rate timing
pulses at the outputs of the D1QSCO drivers in each
channel. The operation of the countdown circuits is
illustrated on Figure SCU II . 2. The receiver count-
down circuits operate only if at least one synchroni-
zation, SYN, character has been received on the input
data line, and they continue to operate only if the re-
ceiver channel is activated.

Line Receivers

Four line receivers are included in the transmitter
channel to accept signals from the communications
device, which indicate the operating configuration. They
are: MOTCTS, logic sheet 5; MODTSR, sh, 5;
MOBRNG, sh. 6; and MOQSCT, sh. 9. Three line re-
ceivers are used in the receiver channel to accept
"carrier on/oft", timing, and data signals. They are:
MOTCON logic sheet 13; MOQSCR, sh. 17; and
MI1DMRL, sh. 18. Each of the line receivers operates
in conjunction with a gate which inverts the incoming
signal, and the inverted signal is connected to a second
input on each line receiver. The OR symbol (+) shown
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on each line receiver indicates that in the case of a
momentary drop out of an input signal, the second input
will hold the line receiver enabled. However, the OR
condition on the line receiver input is temporary, and if

8:1 Counters

004g or 006g - Activate data.
100g - Deactivate data.

the input signal remains off for more than a few micro-
seconds, the line receiver is disabled. This "hystere-
sis OR' connection eliminates false drop outs of the
inccming signals due to noise on the incoming lines.

Control Register Instructions

Table SCU II . 1 indicates the A register data required

A Register Contents

[——Control——l ’—Activate -—]

to make both transmitter and receiver channel control
register changes, as an OPR instruction is executed.
The control sections of each control register set up the
communications device and SCU II configurations
necessary to implement the required operations. The
data activate sections set the appropriate channels busy,
and enable data transfer.

In the transmitter channel, no change in control register
bits 04 and 03 is made unless bit 05 is set when the OPR
command is executed. Bits 04 and 03 may not both be
set when OPR is issued to the transmitter channel with
bit 05 set. In both channels, no change in control
register bits 01 and 00 is made unless bit 02 is set when
the OPR command is executed. The receiver control
register does not use bits 04 and 03. When an OPR
command is issued to the receiver channel, control
register bit 02 may not be set if bit 05 is set. In both
channels if bit 06 is set, no other bit may be set., Under
these restrictions, the following A register control
words are available to set up the SCU II and the com-

T&R T T T&R R T&R
05 04 03 02 o1 00
l__|0 in all cases
0 = Reset FEP
Il = Set FEP
0 = No Change
1 = Enable FEP
Change and Activate Data
= No Action

—
—; -

Answer and Turn Carrier Off

No Action
Answer and Turn Carrier On

0 = No Change (Transmitter)
1 = Change Data Set Configuration (Trans. )
0 = Sense Carrier On (A02 = 0) (Rcvr.)

1 = Sense Carrier Off (A02 = 0) (Rcvr.)

munications device (data set):

° Transmitter Channel

T&R: Transmitter and Receiver
T: Transmitter Only
R: Receiver Only

064g or 066g - Answer call with carrier on.
050g - Answer call with carrier off.

040g - Disconnect call.

452013/4821A06-T
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Table SCUII. 1 Control Register Instructions
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° Receiver Channel

0044 - Activate data without FEP.

006g - Activate data with FEP.

0008 - Sense carrier on.

040g - Sense carrier off,

1008 - Deactivate data.

140g - Deactivate data and sense carrier off.

Transmitter Control Register

The transmitter control register consists of gates
G1BEOR, GICLNC, and GICACT, and flip-flops
F1CB04, and B03. The effect of the control register
instruction on the control register, the SCU II and the
data set are as follows. ("X" in the place of a digit’
indicates any allowable numeral, ):

) 06Xg - Answer call with carrier on,

1.

SCU -6

The program issues an OPR command with
this instruction in response to an end-of-
record interrupt caused by an incoming
ring signal, or because the test and alarm
logic has detected a condition requiring
that the modem transmitter carrier be
turned on, or because the program re-
quires that the carrier be turned on. In
half-duplex operation, this instruction is
used to initiate or answer a call in which
the SCU II transmits data. In full duplex
operation, this instruction is used for
transmission and reception,

Gate GOCOPR is enabled at phase A of the
OPR command. With data bit B05 set, a
positive pulse is produced by GICLNC.

GOCOPR = OPR* PHA.
GICLNC = OPR-BO05.

Data bit B04 is set and B03 is not set.
The LNC pulse sets F1CB04, and clears
F1CBO03.

"Data terminal ready' is applied to the
data set by X1TDTR.

X1TDTR = GITDTR = B03 + B04.

In response to DTR, the data set applies
"data set ready' to the SCU II, enabling
MOTDSR.

""Request to send' is applied to the data set
by line driver, X1TRTS.

X1TRTS = B04- DSR.

In response to RTS, the modem carrier is
turned on, and the data set then applies

1/0O BUFFER

8.

9.

""clear to send" to the SCU II, enabling
MOTCTS.

The data set and the SCU II have now
acquired the condition requested by the
instruction. GOTCHB is therefore dis-
abled, having been enabled from the time
the instruction was received. An end-of-
record interrupt is developed at the output
of G1BCHB, unless the instruction also
activated data transfer.

GIBCHC = CB1-RNG-CB2. CHB- OPR.
GOTCHB = CTS- DSR.

GOTCTS = B04.CTS.

GOTDSR = DTR- DSR.

Flip-flop F1BSN1 is set by the first charac-

ter rate, SCO, clock after receipt of CTS.

F1BSN2 is set at the next SCO clock.
+3. 6V appears at the output of G1BSNC so

long as either of SN1 or SN2 is set, and the

SNC signal maintains the DTR and RTS sig-
nals, in the event of any control register
change, until the data set removes CTS,

F1BSN1 = SN2- B04: CTS- SCO.
F1BSN2 = SN1- CTS- SCO0.
FIBSN1 = SN2- CTS* SCO.

° 0508 -~ Answer call with carrier off

1.

N

The program issues an OPR command with
this instruction in response to an end-of~
record interrupt caused by an incoming
ring signal, or because the test and alarm
logic has detected a condition requiring
data reception, or because the program
requires that a call be initiated and data
received. This instruction is used only for
half-duplex operation.

Gate GOCOPR is enabled at phase A of the
OPR command. With data bit B05 set, a
positive pulse is produced by GICLNC.

Data bit B04 is clear and B03 is set. The
LNC pulse clears FICB04 and sets F1CBO03.

"Data terminal ready' is applied to the
data set by X1TDTR.

In response to DTR, the data set applies
""data set ready'' to the SCU II, enabling
MOTDSR.

B04 is not set, and ''request to send' is
not applied to the data set. The modem
carrier is not turned on, and 'clear to
send' is not applied to the SCU II.

The data set and the SCU II have now
acquired the condition requested by the
instruction. GOTCHB is therefore dis-
abled, having been enabled from the time
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the instruction was received. An end-of-
record interrupt is developed at the output
of GIBCHB,

GOTCHB = CTS- DSR.
GOTCTS = B04- CTS.
GOTDSR = DTR- DSR.

040g - Disconnect call

1. The program issues an OPR command with
this instruction in response to an end-of-
record interrupt caused by an end-of-
message character in the transmitter or
receiver data stream, or because the test
and alarm logic has detected a condition
requiring that a call be abandoned, or be-

cause the program requires that the call be
abandoned.

2. Gate GOCOPR is enabled at phase A of the
OPR command. With data bit B05 set, a
positive pulse is produced by GICLNC.

3. Data bits B04 and B03 are clear. The LNC
pulse clears F1CB04 and F1CBO03.

4, The "data terminal ready’ signal is turned

off,
XITDTR = GITDTR = B04- BO3.
5. The data set turns off "'data set ready' and
"clear to send.

6. The data set and SCU II have now acquired
the condition requested by the instruction.
GOTCHB is therefore disabled, having
been enabled from the time the instruction
was received, An end-of-record interrupt
is developed at the output of GIBCHB,

GIBCHB = CB1-RNG- CB2: CHB- OPR.
GOTCHB = CTS- DSR.

3. F1BSN2 should be set, '"clear to send"
applied by the data set, and F1BSN1 clear.
(See "Answer call with carrier on").

F1BSN1 = SC0- SN2- CTS.

4. When the conditions of 4, above, have been
met, F1BCB2 is set, at least one character
times later than CBI1.

F1BCB2 = SN1- CB1-SN2- SCO.

5. The setting of CB2 sets FIBDER, through
its DC set terminal, via a differentiating
network. GOBDER is enabled, producing
the first data exchange interrupt.

1008 -~ Deactivate data

1. This instruction is used to deactivate the
transmitter channel, when the channel is
in Transparent Mode, and no end of mess-
age character detection is possible. Data
bit B06 is set and the output of GIBEOR
goes "true' during the OPR pulse.

G1BEOR = OPR' B0S6,

2. The EOR pulse enables GOXETX, which
sets FIXETX. This makes GIXTRM
"true", FIBCBI clears at the next SCO
pulse, and F1BCB2 clears at the follow-
ing SCO pulse. The transmitter channel
is thereby made "not busy' after the ''de-
activate data' instruction is issued.

3. Since the program may not issue an OUT
instruction or a TOM may not be allowed
after the "deactivate data' instruction,
provision is made to clear F1BDER, should
it have been left set,

F1BDER = CB1*5C0

GOTCTS = B04* CTS.

CTS Receiver Control Register
GOTDSR = DTR* DSR.

The receiver control register of gates GOBEOR,
G1COPR, and GICACT, and flip-flops F1CB05, and
F1CBO01l. The effect of the control register instruc-
1. This instruction must be issued only with tions on the control register and the SCU II are as
or after an "Answer Call'" instruction, follows:
Gate GOCOPR is enabled at phase A of the
OPR command. Data bit B02 is set and a
positive pulse produced by GICACT.

e 0X4g or 0X6g - Activate data

®  004g - Activate data without FSC and FEP

1, The program issues an OPR with this
instruction after 06Xg or 050g - "answer
call" - has been issued to the transmitter
channel, and after the transmitter channel
has developed an end-of-record interrupt,
indicating that the SCU II and data set have
acquired the requested condition.

G1CACT = OPR- B02.

2. The ACT pulse, inverted by GOBACT, sets
F1BCBIl. With CBI1 set, gate, GIBCHB, is
disabled, holding the channel busy line
"true". 2. Gate GOCOPR is enabled at phase A of the

OPR command The OPR pulse is invert-

GOBACT = ACT: B04. ed by GICOPR. With data bit B05 clear,
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3.

4.

5.

the positive OPR pulse clears F1CBO05.

With data bit B02 set, the zero volt OPR
pulse is inverted by GICACT.

G1CACT = OPR- B02.

Data bits B0l and B0O are clear; F1CB01
and F1CBO0O are cleared by the ACT
pulse.

GOBACT = G1BACT- B05.

The positive ACT pulse is inverted by
GOBACT, and the negative going ACT
pulse sets FIBCBI through the DC set
terminal. The negative going waveform
from the "zero" side of F1IBCBI is delayed
50 nanoseconds through delay line, DL1,
After the delay, G1BCHB is disabled,
holding the channel busy line in the "true"
state.

006g - Activate data with FEP

1.

2.

3.

The same action as steps 1,2, 3, and 5,
under '"'004g", above, takes place, setting
the channel busy.

Data bit B0l is set and F1CBO01 is set by
the ACT pulse.

With F1CBO01 set, G1XSOR is partially en-
abled, such that only SOH, STX, and DLE
characters are recognized as the first
character in a message. For further an-
alysis, see ""Front End Protection'.

000g - Sense carrier on

1.

The program would normally use this in-
struction in half-duplex operation, in which

the received "carrier on' signal is used to

indicate if line turn-around is completed.
The instruction could be issued after 0508
was issued to the transmitter channel to
turn off the local transmitter carrier.
When the distant transmitter carrier is
received, a receiver end-of-record inter-
rupt is produced as follows.

The positive OPR phase A pulse from
G1COPR clears F1ICB05, as data bit B05
is clear. Data bit B02 is also clear and
no ACT pulse is produced.

For the duration of any OPR phase A

pulse in the receiver channel (approx. 2 or
8 usec.), GIBCHB is disabled, holding the
channel busy line "true'. Each OPR pulse
also attempts setting F1BCON.

If the received carrier is on, or when it
comes on, line receiver MOTCON is en-
abled. GITCON then enables GOTCON,
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clearing F1BCON, if there was sufficient
time between OPR and CON for the flip-
flop to set. The end-of-record interrupt
is then produced.

GIBCHB - CB2' CB1-OPR' FIBCON.
GOTCON = B05- CON.

° X408 - Sense carrier off

The program would normally use this in-
struction in half-duplex operation, when
an end-of-record interrupt is required to
signal the program that the distant station
has turned its carrier off and is now ready
to receive a transmission. If this instruc-
tion is issued to a busy receiver channel,
the channel will be deactivated and set not
busy when the carrier is turned off.

The positive OPR phase A pulse from
G1COPR sets F1CB05, as data bit B05 is
set. Bit B02 is clear and no ACT pulse is
produced.

For the duration of any OPR phase A pulse
in the receiver channel, G1BCHB is dis-
abled, holding the channel busy line "true'.
Each OPR pulse also attempts setting

F1BCON.

If the received carrier is off. or when it
goes off, line receiver MOTCON is disabled.
MOTCON then enables GOTCON, clearing
F1BCON, if there was sufficient time be-
tween OPR and CON for the flip-flop to set.
The end-of-record interrupt is then pro-
duced.

GOTCON = B05* CON

If the instruction is issued to a busy re-
ceiver, F1BCBI is immediately cleared,
and F1BCB2 is cleared when the carrier
goes off.

FIBCBI = GOBCB1 = B05.
F1BCB2 = GOBCBR.
GOBCBR = CB1° G1BCBR.
GIBCBR = RBC = B05° CON.

° 1X08 - Deactivate data

1.

This instruction is used to deactivate the
receiver channel, when the channel is in
Transparent Mode, and no end of message
character detection is possible. Data bit
BO06 is set, and GOBEOR is enabled by the
OPR pulse.

GOBEOR = OPR" B06,

The EOR pulse clears both channel busy
flip-flops which inhibits any further set-
ting of F1IBDER. When G1BCHB goes

"not true'', if DER was left set, it is clear-
ed by CHB,
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Automatic Answer

When the data set has been called from a distant point,
a momentary ring signal, of approximately 600 milli-
seconds duration, is applied to the ring indicator line,
which is connected to line receiver MOBRNG, in the
SCU II transmitter channel. The RNG signal disables
and then enables G1BCHB, if the transmitter channel
is not busy and if no OPR pulse is present. When CHB
is enabled, a. end-of-record interrupt is produced, in-
forming the Central Processor that an incoming call is
present, and an answer is required.

In response to the interrupt, the program issues an OPR
command to the transmitter channel with an "answer
call" instruction.

The program may determine if transmission or recep-
tion is appropriate by monitoring the test and alarm
lines through the JNE logic.

Line Tum - Around

"Line turn-around" is an automatic change from recep-
tion to transmission or from transmission to reception.
When the SCU II i8 used with half-duplex data sets, the
requirement for a change in the direction of data flow is
detected in the receiver channel and is implemented by
the program and the transmitter channel. When full
duplex communications devices are in use, no such
feature is required.

The following conditions indicate that ""turn-around" is
required or is completed:

1. The received carrier is turned off while the
receiver channel is not busy.

2. The received carrier is on while the receiver
channel is busy, and subsequently the receiver
channel goes not busy, as the last character in
a message is received.

3. The received carrier is turned on while the
receiver channel is not busy.

Conditions 1 and 2 indicate that a change from reception
to transmission is required. Condition 3 indicates that
the distant station has completed a turn-around. Each
of these conditions causes a receiver channel end-of-
record interrupt. The program may determine which
condition caused the interrupt by monitoring the test
and alarm lines through the JNE logic.

Conditions 1 and 3 are detected by the receiver channel
as described under the Receiver Control Register head-
ing, sub-headings, '"000g - Sense carrier on', and
""X40g - Sense carrier off'’. Condition 2 produces an
end-of- record interrupt as described under "Receiver
End of Message Detection'.

Data Transmission

The transmitted data line from the SCU II to the data
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set is always held in the marking (true or one) state if
the 'clear to send', CTS, signal from the data set is

not on. In the absence of the CTS signal, the trans-
mitted data line driver is disabled, holding the trans-
mitted data line at a negative voltage level. A schematic
of the line driver, X0DMRK, appears on sheet 20 of the
logic drawing, 68C9382325.

The data set turns on the CTS signal in response to an
"answer call with carrier on'' instruction from the
Central Processor, and after the data set transmitting
carrier has been turned on. Between the time when
CTS comes on and the transmission of the first charac-
ter in a message, the SCU II provides for the trans-

mission of at least four SYN, 026g, characters. SYN
characters are transmitted from the time when CTS

comes on, until the first message character is trans-
ferred from the transmitter holding register to the
shift register. As will be shown, this takes at least
four character periods.

Figure SCU II . 3, SYN, 0265, Character Transmission
illustrates the transmission of the first SYN character
after CTS is turned on. Line driver X0DMRK is en-
abled and produces a positive-space output, only, when
CTS is present and shift register stage F1DSR1 is clear.
The character to be transmitted is gated into the shift
register by arming each shift register stage to clear
with the positive character-rate clock from D1QSCO.
Those shift register stages, which correspond to a
binary zero in the character, are cleared at the trailing
edge of the baud rate clock from DOQSCT. The remain-
ing shift register stages remain set. A set or clear
signal is provided to FIDSRI1 as that stage is the only
shift register stage not assured of being set by the end
of a character transmission period, and must be set or
cleared as required by the next character.

Gates GOXSYN and GOXSRP are enabled from the time
CTS comes on, until both channel busy flip-flops have
been set.

GOXSYN, GOXSRP = CBY-CTS
GOBCBY = CB1 + CB2

Note that the SYN character has binary bits 01, 02, and
04 set, and that these correspond to character channels
2, 3, 5, respectively. The SYN and SRP signals dis-
able GIDSR8, SR7, SR6, SR4, and SR1, such that the
corresponding shift register stages are armed to clear
and are cleared by the SCO and SCT pulses. Shift
register stages F1DSR5, SR3, and SR2 remalin set.
When the positive D1QSCO0 pulse has passed, the
DO0QSCO output becomes positive and the register is
armed to shift at the trailing edge of each baud rate
clock from DOQSCT. The 026g character is thereby
shifted through the register, producing the serialized
output from XODMRK. The next DIQSCO clock, and
each thereafter, so long as GOXSYN and GOXSRP re-
main enabled, gates a new SYN character into the shift
register, and no interval occurs between the serial
characters.

The timing of a typical Non-Transparent Mode message
transmission is shown on Figure SCU II . 4. In the

SCU -9
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Logic Sheet
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Fig. SCUII. 3

illustration, the transmitter data activate instruction
occurs some time after CTS is received from the data
set. The activate instruction could have been issued

by the program at any time, from coincident with the
"answer call" instruction, to anytime later. As des-
cribed above, and as shown on Fig. SCU II . 4, SYN
characters are transmitted during the character periods
between SCO pulses, until the first character in a
message has been gated into the shift register. The first
character in a message is normally STX, 002g, or SOH,
001g.

The transfer of the first character in a message from
the basic 1/O Buffer to the transmitter channel shift
register is accomplished as follows:

1. The "activate data' instruction causes the
channel to go busy and the first data exchange
interrupt to be generated, in a minimum of 3

SCU i1—-10
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4 5 6 7 ! 8

SYN, 026g, Character Transmission

character periods, as shown on Fig. SCUII. 4
and as described under "Transmitter Control
Register'',

5

2. The program issues an OUT instruction with the
first character. Normally, the QUT arrives in
the I/O Buffer in less than one character period
after the interrupt. The positive pulse from
G1COUT is inverted twice, to produce a posi-
tive pulse out of DICOUT.

G1COUT = OUT- ADD.
ADD = Transmitter channel addressed.

3. The D1COUT pulse partially enables holding
register gates G1DHRS8 through G1DHR1, Each
holding register flip-flop corresponding to an
1/O Buffer data line containing a logical one is
set. All other holding register stages are
cleared.
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Fig. SCU IL 4,

4, FI1BDER is cleared at phase B of the OUT in-

struction.

F1BDER = PHB.
GOCPHB = OUT" PHB,

5. GOXXFR is enabled by the next D1QSCO pulse,
The same SCO pulse again sets FICDER. The

XFR pulse is inverted and partially enables

register transfer gates GODSR8 through GODSRI1.

Those transfer gates connected to a holding
register stage containing a binary zero are

en-

abled and the character is transferred to the
shift register. GOXNUL, SRP, and SYN are all

disabled at this time. The enabled transfer gates

arm the corresponding shift register stages to

clear at the trailing edge of the SCO pulse.
remaining shift register stages remain set.

4820B/4821A06-T
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Message Transmission

GOXSYN = CBY.

GOXXFR = DER- CTS- SC0- SYN.
GOXSRP = CBY- DER.

GOXNUL = DER.

As was described in the case of the SYN characters, the
first character in the message is shifted through the
shift register, and through XODMRK. The eight bit shift
is accomplished by the eight baud rate clock pulses,
SCT, which occur between each pair of character-rate,
SCO0, clock pulses. The serialized character is thereby
placed on the transmitted data line to the data set,

So long as no terminate signal is present, and while CB2
is set, each SCO pulse sets F1BDER, producing another
data exchange interrupt. The remaining characters in
the message are transferred to the holding register by
OUT instructions, in response to the interrupts. At the

SCU i1



next SCO pulse, the holding register contents are trans-
ferred to the shift register by the XFR pulse. Note that
while a character is being serialized by the shift regis-
ter, the holding register acquires and stores the next
character to be serialized.

F1BDER = CB2- CB1- TRM: SC0- CB1.

Each character in the holding register is accompanied by
an even parity bit in FIDHR8. The parity bit is supplied
to HR8, either by the parity generator in the basic I/O
Buffer, or by the Central Processor, through the basic
1/O Buffer data gates. The source of the parity bit is
selected by a jumper connected between one of the two
pairs of green pin jacks on the PSTBI1 circuit board. If
the pin jacks labled ''"P' are jumpered the parity bit is
supplied by the Central Processor. If the jacks labled
"S" are jumpered, the basic I/O Buffer supplies the
parity bit is inverted, and an odd parity bit, therefore,
always accompanies the transmitted data.

Should the program not be able to respond to a data ex-
change interrupt before the trailing edge of an SCO pulse,
which marks the start of the next character period, the
entire shift register is cleared and a NUL, 000g, char-
acter is transmitted. If, after an SCO pulse sets
F1BDER, producing a data exchange interrupt, no OUT
instruction is issued, DER remains set at the next SCO
pulse. In such a case, GOXSRP and GOXNUL would re-
main enabled at the trailing edges of the SCO pulse and
the coincident SCT pulse, Each of the shift register
stages would be armed to clear by the resultant positive
voltage at the outputs of GIDSR7 through G1DSR1, and
each stage would be cleared at the trailing edge of the
SCT pulse. All zeros would then be transferred through
XO0DMRK, during the following character period, re-
placing the missed data character with NUL. GOXSYN
is not enabled at this time, and GI1DSR8 would remain
set, providing the odd parity bit in the NUL character.

Transmitter End of Message Detection

When the final character in a message has been trans-
mitted, the transmitter channel goes not busy and an
end-of-record interrupt is produced. The characters
shown on Table SCU II . 2 are either the final character
in a non-transparent message, or indicate that the final
character is about to be transferred. Since the binary
data in transparent text can be in any form, the end of
message detection circuits, shown on sheet 7 of the
logic drawing, 68C982325, are disabled in Transparent
Mode. The program determines when the final charac-
ter is transferred and issues a ''deactivate data' instruc-
tion to the transmitter channel, which has the same
effect as the detection of an end of message character,
when transparent text is transmitted.

Fig. SCU II . 4 shows the timing for a typical complete
non-transparent message transmission, where the
nessage starts with an STX character, several text
characters follow, then an ETX character is transferred
followed by a block check character (BCC).

The analysis of the end of message detection logic is
simplified by considering that detection of any of the end

SCU H-12
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of message characters, or receipt of a ''deactivate data'"
instruction, leads to developing a "true'' positive output
from G1XTRM during the character period just pre-

ceeding the transmission of the final character in a
message. The TRM signal arms channel busy flip-flop

F1BCBI1 to clear, and CB1 is cleared by the SCO0 pulse
which marks the beginning of the character period during
which the final character is transmitted. At the end of
that character period, FIBCB2 is cleared, producing
the end-of-record interrupt. FIBDER is cleared by

the same SCO pulse.

FIBCBI = CB2' TRM-SCO
F1BCB2 = CB1:SCO0
G1BCHB = CB1° RNG- CB2° CHB- OPR.

Table SCU II . 2 lists each of the possible end of mess-
age characters with the "true' logic terms, when the
character is in the holding register and when the trans-
parent mode flip-flop, FIXTSP, is clear. Note that
EOT, ENQ, ACK, and NAK make G1XTRM true when
they are in the holding register, and the channel goes
not busy immediately after these characters are trans-
mitted.

Characters ENQ, ACK, and NAK are not detected if
they are preceeded by an SOH or STX character, which
sets F1XSOH.

The ETX and ETB characters cause F1XETX to be set
by the SCO pulse which marks the beginning of the
character period during which ETX or ETB is trans-
mitted. These characters are always followed by a
BCC character, and the channel remains activated for
one additional character period, to allow transmission
of the BCC.

F1XETX = BCC- ETX. XFR- SCO.
FIXETX = XFR- FIXETX
G1XTRM = ETX.

The DLE character causes FIXDLE to be set by the
SCO0 pulse which marks the beginning of the character
period during which DLE is transmitted. This charac-
ter is always followed by a sequence of characters
which ends with any octal numeral from 060 to 077.
GOXNUM is enabled by the final character in the
sequence, producing the TRM signal.

F1XDLE =ETX- DLE. XFR- SCO.
GOXNUM = DLE- HR6- HR5- HR7 = DLE -

(060g through 077g)
GIXTRM = NUM

The Transparent Mode is set up if a DLE character in
the holding register is immediately followed by an STX
(002g) character, as follows:

1. DLE (020g) enables GOXDLE and GOXCCC.

GOXDLE = HR5- HR3- HR2- HR1,
GOXCCC = HR7- HR6- HR4- TSP.

2. G1XDLE becomes ''true' and F1XDLE is set
by the XFR pulse which transfers the DLE
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character to the shift register.
F1XDLE = ETX- DLE: XFR* SCO.

3. The next character in the holding register is
STX, which enables GOXSTX, CCC, and makes

G1XSTX "true".

GOXSTX = HR2- D0O.
G1XSTX = GOXSTX- CCC.

4. The XFR pulse which transfers STX to the shift
register, clears F1XDLE and sets F1XTSP.

FIXTSP = SEQ STX' XFR- SCO.
GIXSEQ = DLE'SEQ. ___
FIXDLE = XFR- HR7- DLE- SCO.

5. While TSP is set, GOXCCC is disabled. As in-
dicated in Table SCU II . 2, CCC must be "true"

to enable any end of message character detection.

TSP has therefore, disabled all end of message
character recognition, and the program must
deactivate the transmitter when appropriate by
issuing ''deactivate data', which sets FIXETX
via GOXETX.
F1XSEQ, F1XTSP, and F1XSOH is cleared when
the transmitter channel goes "not busy'.

FIXETX, DLE, SEQ, TSP, SOH=CBY=CB1-CB2

Octal
Character | Code ""True Logic Terms"
ETX 003 D03, D00, G1XETX, CCC
F1XETX, TRM
EOT 004 EOT, CCC, TRM
ENQ 005 EOT(SOH), CCC, TRM
ACK 006 EOT(SOH), CCC, TRM
DLE 020 DLE, CCC, G1XDLE, F1XDLE
06
072} F1XDLE, NUM, TRM
NAK 025 EOT(SOH), CCC, TRM
ETB 027 D03, D24, GIXETX, CCC,
F1XETX, TRM

Table SCU II . 2. Transmitter End of Message Characters

Data Reception

The local data set receiver is enabled after one of the
two "'answer call'' instructions is issued to the SCU II
transmitter channel. In full-duplex systems, '06Xg -
answer call with carrier on'" is normally used. In half-
duplex systems, "'050, - answer call with carrier off"

is used. After one of these instructions has been issued,
the data set makes the connection to the communications
line and the received carrier detection circuit is enabled.

4820B/4821A06-T

If set, each of FIXETX, F1XDLE,
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If the '"'sense carrier on' instruction has been issued to
the receiver channel, detection of the received carrier
by the data set causes the SCU II to generate a receiver
channel interrupt which indicates to the Central Pro-
cessor that data is about to be received and that the re-
ceiver channel should be activated.

An "activate" instruction may be issued to the receiver
at any time. If no message has been received, data
exchange interrupts will not occur until the first mess-
age character is received. Fig. SCU II. 5, Data
Reception Timing illustrates a reception sequence in
which "'sense carrier on' has been issued to the receiver
in response to the interrupt. Fig. SCU II. 5 is appli-
cable to any of the two available "activate' instruc-
tions. See '"Receiver Control Register' for a descrip-
tion of the effect of the "'sense carrier on" and "activate"
instructions.

When the distant data set has turned on its carrier and
begins transmitting, the SCU II requires at least two
SYN characters on the received data line before the
first character in a message. There need be no SYN
characters between successive messages when the re-
ceived carrier remains on, but any character periods
between messages should contain SYN characters.
Prior to the reception of the first of two SYN characters
after the received carrier is detected, two of the re-
ceiver baud rate clock drivers and the clock countdown
circuit are disabled, as GOTSNC is enabled because the
synchronization flip-flops F1TSN1 and F1TSN2 have not
yet set.

D1QSC1, SC2 = GOTSNC
GOTSNC = SN1-SN2

With the received carrier on, GIDMRK and the most
significant receiver shift register stage are partially
enabled. Marks on the received data line arm F1DSR8
to set and spaces arm SR8 to clear., All of the shift
register stages are triggered by the receiver baud rate
shift clock from DIQSCR and the received characters
are shifted through the register. If the data set is not the
timing signal source for the SCU II, the SCR pulses may
not be in exact synchronism with the incoming data bit
periods, but they will be close enough to assure that
each bit is shifted into its respective position in the shift
register by every eighth SCR clock pulse.

With an SYN character, character channels 2, 3, and 5
are set (026g). When a complete SYN character is held
by the shift register, F1DSR2, SR3, and SR5 are set,
and all other shift register stages are clear. This con-
dition holds for one bit period, as the next SCR pulse
shifts the first bit on the next character into the register.
As shown on Fig. SCU II. 5, receipt of SYN causes the
output of GIXSYN to become ''true', as GOXCCP and
GOXSYN are enabled when the shift register holds the
character.

G1XSYN = CCP-SYN = 026g
GOXCCP = SR7' SR6- SR4- SR8 = 00Xg or 02Xg
GOXSYN = SR5- SR3- SR2:- SR1 = 026g or 036g
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The SCR clock at the trailing edge of the SYN pulse sets
F1TSNL.

F1TSN1 = SYN. CON- SC0: SCR.

With SN1 set, GOTSNC is disabled. As the GOTSNC
signal swings positive, the outputs of D1QSC1 and SC2
are driven in a negative direction, releasing the count-
down flip-flops and incrementing the count from zero to
one. As is shown on Fig, SCU II ., 5, positive D1QSCO0
character-rate pulses are developed during the first bit
period of each incoming character. The SCO pulse is
present during the periods when the shift register holds
a complete character.

The synchronization sequence is shown in greater detail

on Figure SCU II. 6. The counter operation and genera-
tion of SCO pulses is illustrated on Fig., SCU II . 2.

Logic Sheet.

F1TSN2 is set upon receipt of a second SYN character.
F1TSN2 = SYN-SN1-SC0- SCR.

The output of GITSNC becomes ''true' when both SN1
and SN2 are set. The first channel busy flip-flop,
F1BCB1, was set by the ACT pulse when the "activate"
instruction was issued to the receiver. F1BCB2 has
been awaiting receiver synchronization and receipt of
the first character in a message with valid parity sense,
before it sets and allows data transfer. The SNC signal
indicates synchronization. In the case shown in Fig.
SCU II . 5, the output of start of record gate G1XSOR
becomes ''true' when the shift register holds the STX
character.

If the Front End Protection (FEP) feature is enabled, the
first character in a message must be SOH, STX, or

N1TCON 13
\ I L ¥ TSttt TSI oo
M1DMRK 18 ' SYN!SYN | STX :TE&(TE ETX{BCC, SYN or Start of Next Message
G1XSYN 15 H J_L
SYN—
T
D1QSCO 17 |_L U ﬂ H H Liosadban
F1TSN1 13 | . SYNTa_
F1TSN2 13 | L SYNS
GOTSNC 13 | L__SYNTw _
GIBCB2 14 | ]
ACT
F1BCBI1 14 Na 1
FIBCB2 14 | |
STX TEXT"/ ETX BCC
DIXXFR 16 I—r
Data Exchange Interrupts
GOBDER 14
Carrier ''on'" Interrupt End of Record Interrupt
G1BCHB 14
50 ns Delay ¢ ‘e ¢
7 777 7
GOCOIN 12 |>\ i L\ L\
STX TEXT ETX BCC
G1XTRM 15

Fig. SCUII. 5.
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DLE, in which case, the sequence described under
"Front End Protection' leads to the SOR signal. Other-
wise the first non-SYN character is detected as des-
cribed in the following.

__’1 J—| sh. 15

GIXSYN
GOTSNC | sh. 13
D1QSCR | _U M7l UL sh. 17

2 345617012
DIQSC1, sc2 |l HI H I | Hsh. 17

_—l [_l sh. 17

D1QScCo

Fig. SCU II . 6. Receiver Synchronization

All characters shifted through the shift register are
checked for odd parity sense by F1TODD, The opera-
tion of this circuit is illustrated on Fig. SCU Il . 7.

As shown in the illustration, receipt of a character with
an even number of bits set causes ODD to equal SR8
during the SCO pulse following the character reception.
If the parity sense is correct, ODD does not equal SR8
during SCO0. During SC0, SR8 contains the character
parity bit,

With FEP not enabled, two of the four AND gates on
G1XSOR are disabled. The remaining two AND gates
on SOR are both disabled, driving the output to +3. 6V,
when SR8 is not equal to ODD, If incorrect parity is
transmitted by the distant data set, or if noise or some
fault scrambles the data in a character such that a bit
is lost and an even number of bits set, one of the two
AND gates is enabled, driving the SOR output to zero
volts. Under these conditions, then, any character
(including SYN) with odd parity causes the output of
G1XSOR to be "true' during SCO.

G1XSOR = B01-(SR8- ODD+SR8- ODD)

F1BCB2 sets when the receiver is synchronized and a
valid non-SYN character at the start of a message is
received,

F1BCB2 = CB2:SC0-SC1
N1BCB2 = GOBCB2 = SOR*SYN: SNC* CB1.

The GOBCB?2 signal which helped set F1BCB2, is in-
verted by G1IBCB2. When F1BCB2 sets, the GIBCB2
signal is continued. This signal is "true' from the
time of the SCO pulse representing the first message
character, until CB2 clears. Each SCO pulse then
enables GOXXFR. The XFR pulses gate the characters
from the shift register to the holding register.

4820B/4821A06-T
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G1BCB2 = GOBCB2+F1BCB2
DIXXFR = GOXXFR = SC0- CB1- G1BCB2

The same SCO pulse which set FIBCB2, sets FIBDER
for the first time. GOBDER is then enabled, producing
the first data exchange interrupt.

F1BDER
GOBDER

G1BCB2- CB1-SC0°SC1
ACT' DER.

In response to the interrupt, the program issues an IN
instruction to the receiver. The IN instruction enables
GOCOIN, and the zero volt OIN pulse clears F1BDER.

GOCOIN = PHB- GIN
GICPHB = ADD- PHB

The ADD pulse, produced on receipt of the IN instruc-
tion, partially enables each of GODDO7 through GODDOO,.
Each of these gates which is connected to a set holding
register stage is enabled, transferring the character on
parallel data lines to the basic I/O Buffer. The parity
bit contained in F1DHRS is transferred through GODD07
to the parity check circuit in the basic I/O Buffer. The
shift register always receives odd parity, and the
polarity of the parity bit inverted as it is transferred
from SR8 to HRS.

If required, the parity bit from GODDO7 is fed through
the basic I/O Buffer to the Central Processor with even
parity sense, as the green pin jacks labled "'P'" are
jumpered. If these pin jacks are not jumpered, only
the seven data bits from GODDO06 through GODDO0O are
transferred to the Central Processor.

The receipt of message characters, transfer from the
shift register to the holding register, generation of

data exchange interrupts, and transfer of parallel data
from the holding register to the Central Processor
through IN instruction continues until an end of message
character is detected in the input data, or until a
"sense carrier off" or ''deactivate' instruction is issued
to the receiver,

Should the Central Processor not respond to a data ex-
change interrupt, FIBDER remains set into the next
SCO pulse time. This condition sets the receiver
channel alarm flip-flop, turns on the I/O BUF alarm
light on the operator's console, and enables a test line
when a JNE command with K1 = 11X is issued to the
receiver channel. This 'loss of data' alarm condition
is described in more detail under "Tests and Alarms -
Receiver".

If the received carrier drops out while the receiver
channel is activated, carrier off flip-flop, F1TCOF, is
set, creating the same alarm condition as for ''loss

of data". F1BCBI is cleared under this condition,
inhibiting shift to holding register transfers and data
exchange interrupts. Marks (binary ones) are continu-
ously shifted through the shift register with no received
carrier. If the received carrier comes back on, the
alarm condition may be cleared by a new "activate
data'' instruction. Since F1TSN1 and SN2 are cleared
where there is no carrier, at least two SYN characters
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GOTSCO

N1XSR8
026g

F1TODD M I_—

N1XSR8
101g

Odd Number of Data bits
SR8 # ODD

Even Number of Data bits

F1TODD : :——J

N1XSR8
101

SR8 # ODD

Parity bit is Lost
SR8 = ODD

FlTO%D | :""'—,

. Fig. SCU II . 1. Parity Check Timing

must be received before new data can be received.

F1BCBI = GOBCB1 = CB2- CON

F1DSR8 = G1DMRK:- SCR

G1DMRK = CON
If, for some reason, the receiver channel goes 'not
busy' (F1BCB1 followed by F1BCB2 at the next SCO
pulse) while F1BDER is set, and before DER can be
cleared by the next IN instruction or TIM operation,
provision is made to clear F1BDER with the same SCO
pulse which clears FIBCB1. For example, after "'sense
carrier off'' has been issued to the receiver, and the
received carrier goes off, the channel may go ''not
busy'' while DER is set and awaiting another IN.

FIBDER = SC1 SCO CB1

Front End Protection

Front End Protection (FEP) is enabled if, when the
"activate data' instruction is issued to the receiver
channel, Central Processor A register bit B0l is set.
As described under '"Receiver Control Register', an
OPR command with such an instruction, sets control
register flip-flop, F1CBOl.

As is described under data reception, every character
received should have odd parity sense, in which case
F1DODD will not equal F1XSR8 during the SCO pulse
which follows the reception of each character. With FEP
not enabled, this logic alone disables each of the four
AND gates on G1XSOR, driving its output "true'. When
FEP is enabled, F1CBOl partially enables two additional
AND gates on G1XSOR, making it necessary that, in
addition to having odd parity sense, the first message
character must be SOH (001g), STX (0028) or DLE
(020g). When any of these characters is held in the
shift register, during SCO, both GOXCCC and GOXSOH
or both GOXCCC and GOXDLE are enabled, making SOR
"true', if parity is correct, and the receiver is not in
Transparent Mode.

SCU 1116
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G1XSOR = B01- CCC. SOH- (SR8 #ODD)+
B01' CCC* DLE- (SR8#0DD)

With FEP enabled then, gate GOBCB2, (which enables

F1BCBI1 to set and begin data transfer) is not enabled
on any non-SYN character, but only when the character
is SOH, STX or DLE.

"

GOBCB2 = SOR- SYN- SNC- CB1
F1BCB2 = CB2: SC0-SC!

Receiver End of Message Detection

When the final character in a message has been received
in the Central Processor, the receiver channel goes not
busy and an end-of-record interrupt is produced. The
characters shown on Table SCU II . 3 are either the
final character in a non-transparent message, or indicate
that the final character is about to arrive. Since the
binary data in transparent teéxt can be in any form, the
end of message detection circuits, shown on sheet 15 of
the logic drawing 68C982325, are disabled in Trans-
parent Mode. The program determines when the final
character has been received and issues a ''deactivate
data' instruction to the receiver channel, which has the
same effect as the detection of an end of message char-
acter, when transparent text is received.

The analysis of the end of message detection logic is
simplified by considering that detection of any of the end
of message characters, or receipt of a "deactivate data"
instruction, leads to a "true' output from GIXTRM
during the XFR pulse which transfers the final message
character from the shift register to the holding register.

Fig. SCUII. 5, shows the timing for the reception of a
typical complete non-transparent message, where the
message starts with STX, several text characters
follow, then an ETX character is received, followed by
BCC.
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The TRM signal deactivates the receiver channel in the
following manner:

1. The SCO pulse and TRM arm F1BCBI to clear.

F1BCBI1 = EOR' TRM: SC0° SC1
G1BEOR = CB2.

2. The IN pulse which transfers the final character
to the Central Processor clears F1BCB2 and
generates an end-of-record interrupt.

FIBCB2 = CBR = CBI- G1BCBR.
G1BCBR = RBI = COF- OIN.
G1BCHB = CB2- CB1' OPR- CON.

If neither SYN nor a valid SOR character is received
following an end of message character, the following
takes place:

3. If the channel is not reactivated and a new SOR
character received before the next SCO pulse,
F1TSN1 clears.

FITSNI = SCO- SYN- SNR* SCR..
G1TSNR = GOTSNR = CB2- SOR.
GOTSOR = SOR+CBI1.

4, If SN1 clears, F1TSN2 clears at the next SCO.
FITSN2 = SCO- SN1- SYN- SCR.

5. When SN2 clears, GOTSNC is disabled and the
clock counter is disabled.

Each of the possible end of message characters is listed
in Table SCU II . 3, with the logic terms which are
"true' when the character is held in the shift register
and when F1XTSP is clear. Note that EOT, ENQ, ACK,
and NAK make G1XTRM true during the SCO pulse when
they are held in the shift register, and the channel goes
not busy immediately after the character is transferred
to the Central Processor.

Characters ACK and NAK are not detected if they are
preceeded by an SOH or STX character which sets
F1XSOH.

The ETX and ETB characters cause FIXETX to be set
by the XFR pulse which transfers these characters to
the holding register. These characters are always
followed by a BCC character, and the channel remains
activated for one additional character period, to allow
reception of the BCC.

F1XETX = ETX- XFR-SC1
F1XETX = XFR' FIXETX
G1XTRM = ETX

The DLE character causes F1XDLE to be set by the
XFR pulse which transfers DLE to the holding register.
This character is always followed by a sequence of
characters which ends with any octal numeral from 060
to 077. GOXNUM is enabled by the final character in the
sequence, producing the TRM signal.

4820B/4821A06-T

1/0 BUFFER

F1XDLE = ETX' DLE- XFR- SC1
GOXNUM = DLE- SR7' SR6-SR5 =
DLE- (060g through 077g)

The transparent mode is set up if a DLE character in the
shift register is immediately followed by an STX charac-
ter, as follows:

1. DLE enables GOXDLE and GOXCCC.

GOXDLE = SR6- SR3- SR2- SR1.
GOXCCC = SR7- SR6* SR4: TSP.

2. GIXDLE becomes "true' and FIXDLE is set by
the XFR pulse which transfers the DLE charac-
ter to the holding register,

F1XDLE = ETX+ XFR- SC1

3. The next character in the shift register is STX,
which enables GOXSTX, CCC, and makes
G1XSTX "true".

GOXSTX = SR5- SR3- SR2- SR1.
GIXSTX = GOXSTX- CCC.

4. The XFR pulse which transfers STX to the shift
register, clears FIXDLE and sets F1XTSP.

FIXTSP = SEQ- STX- XFR- SCL.
GIXSEQ = DLE-SEQ. __
FIXDLE = XFR* SR7- DLE- SC1.

5. While TSP is set, COXCCC is disabled. As in-
dicated in Table SCU II . 3, CCC must be "true'
to enable any end of message character detec-
tion. TSP has therefore, disabled all end of
message character recognition, and the program
must deactivate the receiver, when appropriate
by issuing ''deactivate data''.

Octal
Character| Code "True Logic Terms"
ETX 003 GOXETX, CCC, GIXETX,
F1XETX, TRM
EOT 004 EOT, CCC, TRM
ENQ 005 EOT, CCC, TRM
ACK 006 EOT(SOH), CCC, TRM
DLE 020 DLE, CCC, G1XDLE,
F1XDLE
060
077 F1XDLE, NUM, TRM
NAK 025 EOT(SOH), CCC, TRM
ETB 027 GOXETX, CCC, GIXETX,
F1XETX, TRM

Table SCU IT . 3. Receiver End of Message Characters
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If set, each of FIXETX, F1XDLE, F1XSEQ, F1XTSP,
and F1XSOH is cleared when the receiver channel goes
"not busy''.

FIXETX, DLE, SEQ, TSP = CBY = CB1-CB2
Tests and Alarms - Transmitter

The following test and alarm conditions may be detected
in the Central Processor when properly encoded JDR,
JCB, JNR, and JNE instructions are addressed to the
SCU II transmitter channel. In each case, the test or
alarm condition which causes the test line gate to be
enabled is given. An enabled test line gate causes the
alarm or ready lines from the basic 1/O Buffer to the
Central Processor to go to the "true' or ""no jump"
condition.

e The transmitter channel is not busy. JCB en-
ables GOTTL1 (K1 = 01X9).

GOTTL1 = CHB' K14- ADD
° The holding register is not ready to accept a
new character. JDR enables GOTTLI,
(K1 = 10Xg).

GOTTL1 = ADD- DER- K12
GOBDER = DER+ACT

e The transmitter is not in Transparent Mode.
JNR enables GOTTL1 (K1 = 11X3),

GOTTL1 = TSP*K14-K12- ADD

e 'Clear to send' from data set does not agree
with control register. JNE enables GOTTL2
(K1 = 10X3).

GOTTL2 = CTS-K14-K12- ADD
GOTCTS = CTS- B04+CTS- B04

e DSR from the data set does not agree with DTR
from the SCU 1I. JNE enables GOTTL2
(K1 = 11X9).

GOTTIL.2 = ADD- DSR- K14- K12
GOTDSR = DSR: DTR+DSR- DTR

L

Tests and Alarms- Receiver

The following test and alarm conditions may be detected
in the Central Processor when properly encoded JDR,
JCB, JNR, and JNE instructions are addressed to the
SCU II receiver channel. In each case, the test or
alarm condition which causes the test line gate to be
enabled is given.

An enabled test line gate causes the alarm or ready
lines from the basic I/O Buffer to the Central Processor
to go to the "true' or 'no jump" condition.
e The receiver channel is not busy. JCB en-
ables GOTTL1 (K1 = 01Xs).

SCU I1—18
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GOTTL! = CHB- K14 ADD

e No received character is held by the holding
register. JDR enables GOTTL1 (K1 = 10X,).

GOTTL1 = ADD- DER- K12

GOBDER = ACT+DER

° The receiver is not in Transparent Mode. JNR
enables GOTTL1 (K1 = 11X9).

GOTTL1 = TSP-K12-K14- ADD

° The received carrier is off. JNE enables
GOTTL2 (K1 = 01Xs).

GOTTL2 = K14-K12- CON: ADD.

. The carrier off flip-flop, F1TCOF, or the
parity flip-flop, F1ITPTY, is set. In addition
to enabling the alarm line, each of these flip-
flops, when set, causes the I/O BUF light on
the operator's console to be lit. JNE enables
GOTTL2 (K1 = 11Xs).

GOTTL2 = ADD- K14+ K12.- ALM.
GITALM = COF+PTY

The two alarm flip-flops, COF, and PTY, are cleared
each time an OPR command with a new control register
instruction is issued to the receiver channel. They
may also be cleared by depressing the ALARM CLEAR
pushbutton on the operator's console or with an ABT
command. Each of these flip-flops is normally clear
during data transfer.

If, while the receiver channel is activated, the received
carrier drops out, F1TCOF sets.

F1TCOF = GOTCOF = CB2:CON

If, during an IN instruction, the parity check circuit in
the basic I/O Buffer detects an odd number of bits set,
FITPTY is set.

F1TPTY = GOTPTY = PAB' PHA- GIN- DER.

If F1BDER remains set until the trailing edge of the next
SCO pulse, a new character has replaced the contents of
the holding register and the previously held character
has been lost. This condition sets FITPTY.

GOTPTY = DER- CB1-SC0-SC1

Abort

An abort command, ABT (S = 38), addressed to either
SCU II channel causes any operation in progress to be
terminated. Depressing the ON pushbutton on the oper-
ator's console with the console enabled and the computer
on manual operation, has the same effect as the ABT
command.
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An abort command issued to the transmitter channel
enables GOCABT (Logic sheet 4). If set, the GOCABT
pulse clears the following flip-flops: F1BCB1, F1BCB2,

F1BDER, F1CB04, and F1CB03. With CB1, CB2, and
DER clear, data transmission is terminated. With B04
and B03 clear, the ''data terminal ready' signal is re-
moved from the data set, and the data set goes to the
disconnected state.

GOCABT = ADD* ABT

4820B/4821A06-T
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An abort command issued to the receiver channel enables
GOCABT (Logic sheet 12). If set, the GOCABT pulse
clears the following flip-flops: F1BCB1l, F1BCB2,
F1BDER, FI1TPTY, FITCON, F1CBO05.

When issued to either channel, while the channel is busy
an end-of-record interrupt is produced when the ABT
command has set the channel not busy. The transmitter
channel interrupt may be held up until the data set dis-
connects,
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INPUT/OUTPUT TYPER DRIVE

The Input/Output Typer Drive controls, monitors and
operates the Model 4270D Input/Output Typewriter,
and synchronizes the transfer of data between the
typer and the Arithmetic Unit. The typer prints or
transmits characters on an incremental basis. How-
ever, the data is transferred between the typer and
the Arithmetic Unit in a record format. That is, a
complete block of data, consisting of several char-
acters or words is transferred before the control and
typer are released and made ready for the next rec-
ord.

The Model 4270D typer is capable of printing data
transferred from the Central Processor, or trans-
mitting data from the keyboard to the Arithmetic
Unit. When printing data from the Arithmetic Unit,
the typer is operated through the output channel of
the control module, in the same manner as the
Model 4221D (output only) Typer is operated, via its
output drive, When transmitting data from the key-
board to the Central Processor, data is transferred
“through the input channel of the control module.

This publication describes the theory of operation
for the hardware associated with the following model
numbers:

4DP4820AS09 - Input/Output Typer Drive for the
I/O Buffer in a GE-PAC* 4010A
System.

4DP4820BS09 - Input/Output Typer Drive for the
Central Systems Unit (CSU) 1/0

Buffer in a GE-PAC 4010B System.

4DP4821AS09 - Input/Output Typer Drive for the
Auxiliary Systems Unit (ASU)
1/0O Buffer (4823ASID) ina
GE-PAC 4010B System.

4DP4821BS09 - Input/Output Typer Drive for the
Central Systems Unit (CSU)
Second I/O Buffer (4824 ASID)
in a GE-PAC 4010B System.

Detailed theory of operation for the output channel
of the I/O Typer Drive is provided in publication
4820/4821X10-T. Logic for the I/O Typer Drive is
provided in GE drawing, 70C180348.

INTERRUPTS

Four interrupts are produced by the control module.
A data exchange interrupt is developed to signal the
computer when the typer and the output channel of
the control module are ready to accept an increment
of data., An end-of-record interrupt is developed to
signal the computer that all of the data in an output
record has been transferred and typed. A data ex-
change interrupt is developed to inform the computer
that the input channel buffer contains a data incre-
ment ready for transfer to the Central Processor.
An end-of-record interrupt is developed to inform
the computer that the last character in a record has
been transmitted from the keyboard.

*Registered Trademark of General Electric Company
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TRANSFER FORMAT

The data transferred through the output channel are
the seven least significant digits of the A register
when an OUT command is used, or from the B regis-
ter when the TOM function is used. No parity bit is
transferred through the output channel.

Data is transferred from the input channel to the
seven least significant digits of the A register when
an IN command is used, or to the seven least signifi-
cant digits of the B register when a TIM function is
used. A parity bit is transferred through the input
channel to the parity checking circuit in the 1/0
Buffer,

RECORD FORMAT

The output format will contain the following data in
the sequence shown:

Name Octal Code Function
OPR-DEL 177
TEXT TEXT
TEXT TEXT
CR 100 Increment
Vertical Format
120 End-of-Record

The input format will contain the following data in the
sequence shown:

Name Octal Code Function

OPR-STX 171 Unlock keyboard,
light Input lamp

TEXT TEXT

!
TEXT TEXT
CR 100 End-of-Record
ALARMS

Properly encoded JNE instructions will detect the fol-
lowing alarm conditions:

Output Channel
Alarm Line 1 - Typer Off-Line
Alarm Line 2 - Not Used
Alarm Line 3 - Not Used
Alarm Line 4 - Not Used

Input Channel

Alarm Line 1 - Typer Off-Line
Alarm Line 2 - Not Used
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Alarm Line 3 - Not Used

Alarm Line 4 - Parity or Timing Error

LOGIC DESCRIPTION

Both the input and output typer channels operate at a
maximum rate of 15.5 characters per second., For
an output operation, data are transferred through the
drive and characters printed as a result of an OUT
command, or a simulated OUT command due to a
TOM function. For an input operation, data are
transferred into the Arithmetic Unit by an IN com-
mand, or a simulated IN command due to a TIM
function. The IN instructions are generated in re-
sponse to interrupts generated, or tests of the data
ready line (JDR), when the input channel data regis-
ter contains a character, transmitted from the key-
board.

When a complete record has been transferred

through the output channel, an octal 120 code is trans-
ferred by an OUT instruction. The 120g code is not
printed, but rather causes the output channel to go
"not busy", and be released, ready to accept the

next operation.

When the RETURN key is depressed during an input
operation, returning the carriage to the left hand
margin, a 100g code is transferred through the

input channel. This code causes the control module
to generate an end-of-record interrupt, to go ''not
busy', and be released, ready for the next operation,

The OPR and OUT instructions are described earlier
in this section. The 4270D I/O Typer is fully de-
scribed elsewhere in this manual., The operation of
the output channel is identical to that of the output
drive for the Model 4221 Fixed Carriage Typer. For
a discussion of the output channel refer to publication
no. 4820/4821X10-T, which is included in this section,
The discussion which follows pertains to the opera-
tion of the input channel. Reference is made to the
block diagram Fig. 1, the flow chart Fig. 2, the
timing diagram Fig. 4, and to the logic schematic,
General Electric drawing 70C180348.

When following the Logic Description of the output
channel in publication no. 4820/4821X10-T, reference
should be made to sheets 15 through 19 of drawing
70C180348. These sheets depict the logic for the
output channel, which is contained on a single PBCD1
printed wire board. This board is installed in the

B panel of the computer cabinet,

The logic elements for the input channel are contained
on a single PBCBI printed wire board, which is in-
stalled adjacent to the PBCD1 board, in the B panel,
The discussion which follows pertains to the logic for
the input channel.

The operation of the input channel will be covered in
the order in which a typical input operation would
occur, This sequence is shown on the flow chart
Fig. 2. The data ready, parity, and timing error
tests are covered at the point in the input operation
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at which, if used, they would occur. The off-line
and channel busy tests are covered near the end of
the discussion, and finally the effect of the ABT com+
mand is discussed. -

20 KHz Clock

A clock generator consisting of a free running bist-
able multivibrator (Q2 and Q3) and an inverter (Q4)
is contained within circuit 2, QIDCLK, as shown on
the logic drawing. This non-adjustable circuit is
designed to operate at approximately 20 KHz. The
output of Q1DCLK is inverted by gate GODCLK, and
again by clock driver DIDCLK. The output of the
driver is a positive pulse; one microsecond in dura-
tion. The clock pulses are approximately 50 micro-
seconds apart. These pulses are used for timing
within the input channel of the control module.

Input Demand

With the I/O Typewriter connected to the computer,
and with its primary power connected and turned on,
but prior to any enabling function, the keyboard will
be locked. Output operations (printing) may take place
if implemented by the program, but transmission to
the Arithmetic Unit will not be possible.

The operator depresses the INPUT key on the key-
board to initiate an input operation. The simplified
schematic of the input demand circuit, Fig. 3, illus-
trates the effect of depressing the key. Normally,
the ENV line is returned to ground through a resistor
network, while the DMD line is returned to a positive
DC voltage through the normally closed contacts on
the INPUT key. Depressing the key removes the
positive voltage from the DMD line and applies a
similar positive voltage to the ENV line. This arms
flip-flop FIDENV to set at the next 20 KHz clock
pulse. F1DENV will remain set until the first clock
pulse after the key is released.

F1DENV, when set, arms F1DDEN to set, and when
clear arms DEN to clear. F1DDEN therefore, sets
one clock pulse after ENV sets and clears one clock
pulse after ENV clears, as shown on the timing dia-
gram, Fig. 4.

The input channel busy flip-flop F1CCBY, would nor-
mally be clear at this time, but under some circum-
stances, it may be set. If so, it is necessary to clear
it. This is accomplished by a zero volt pulse from
reset channel busy gate, GODRCB, during interval
when ENV is clear, while DEN is set. (DEN clears
on the trailing edge of the clock pulse. )

GODRCB = DEN-ENV-CLK

When the input and output channels are not busy,
channel ready interrupt gate, GOACRI, is enabled.

GOACRI = CBY (input ch. ) GOADMD

GOADMD = DEN-.CBI1 (output ch.)

4820/4821X09-T
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Fig. 2 Typer Input Flow Chart

To produce a negative going interrupt signal, CRI
must first be disabled, and then again enabled. This
occurs when the DEN gate is produced after the typer
INPUT key is depressed. With the output channel not
busy and the DEN gate present, GOADMD is enabled,
inverting the gate. With the input channel not busy,
GOACRI will again invert the gate. The negative
going trailing edge of the positive gate at the output
of CRI, is the channel ready interrupt signal.

Keyboard Enable

In response to the interrupt, the program executes
an OPR command, normally with 171g in the A regis-
ter. The A register contents however, are not used
by typer nor the control.

A zero volt pulse from gate GOCOPR sets channel
busy flip-flop F1CCBY, at phase B of the OPR com-~
mand,

GOCOPR = OPR+PHB- ADD

ADD This channel addressed.

Flip-flop F1CEOR, which was set through its DC set
terminal when the channel was not busy, is cleared
through its DC clear terminals by the zero volt pulse
from GOCOPR. Clutch flip-flop F1ICCLH, is set when
the channel goes busy. With EOR clear, and CLH
set, relay driver POCCLH is enabled.

POCCLH = F1CCLH:EOR

The enabled relay driver provides a ground return
for a relay in the typer which unlocks the keyboard.
The driver also provides a ground return which lights
a lamp within the INPUT key. The illuminated lamp
informs the operator that the computer is ready to
accept keyboard data.

Character Transmission

Synchronization of the control module with the typer
operation is accomplished by means of cycling gates
generated in the typer!s cycling circuit, and connected
to cycling flip-flops F1CCNO, and F1CCYC, in the
output channel. A typer cycle synchronization gate °
from the zero side of F1CCYC is applied to sequence
gate GODSEQ. This gate is enabled during most of
the typerts 64.5 millisecond cycle period, but when
valid data is present on the eight data lines from the
typer, GODSEQ is disabled for several milliseconds.

The typer data lines, CH1 through CH8, may not
pick up valid data immediately as the operator
depresses a key. Appropriate contacts in the typerts
input translator will be properly positioned however,
providing valid data, by the time the cycle gate
disables GODSEQ. The positive gate from SEQ is
inverted twice and arms FIDSEQ to set, and it sets
at the next 20 KHz clock pulse.

1/0 BUFFER 4820/4821X09-T



Each stage of the data register is preset to zero, by
a zero volt pulse from driver DODCDR, after SEQ
sets, and before FIDSEC sets.

DODCDR = CLK.SEQ-SEC

The gate from the zero side of SEQ is inverted by
D1DWIN, and the resultant positive gate partially
enables data input gates, GORS00 through GORSP7.
Those input gates connected to data lines containing

a logical one (positive voltage), will be enabled,
causing the corresponding data register flip-flops to
set. (In this application of the PBCBI1 circuit board,
data register stages F1B08 through Bl1l are not used,)

When SEQ sets, FIDSEC is armed to set, and it sets
at the next clock pulse. When the typer cycle gate
terminates, F1DSEQ is armed to clear, and it clears
at the next clock pulse, With SEQ clear, F1DSEC is
armed to clear, and it clears at the next clock pulse.
The gates produced by SEQ and SEC are initiated by
the typer cycle, are in synchronism with the 20 KHz
clock, and SEC sets and clears one clock pulse
period later than SEQ.

A control pulse used to trigger the data ready and
end-of-record flip~flops is produced by gate GODCPL
and inverted by N1DCPL, during the interval when
SEQ is clear and SEC is set.

GODCPL = CLK-SEC.SEQ

With EOR clear, the CPL pulse sets data ready flip-
flop F1CDRY, through gate GOCDRE. The DRY gate
is coupled to data exchange interrupt gate GOADEI,
through N1ICDRY. With SEC clear, and DRY set,

TYPER| CONTROL

GOADEI is enabled, producing the data exchange
interrupt.

Data Ready Test

If the Automatic Program Interrupt system is not
used, the Arithmetic Unit may test the data ready
status by means of test line one, which is routed to
the AU via the JNR circuit in the basic I/O Buffer.
A JDR command addressed to the input channel will
enable test line one gate, GOATL1, if GOADEI is not
enabled, indicating that data is not ready. If data is
ready, TL1 will be disabled,

GOATL1 = ADD-Kl4+DEI
GOATL1 = ADD +Kl4 + DEI

Character Input

In response to the data exchange interrupt, the pro-
gram executes an IN command, or a simulated IN
command is produced by the TIM function. Gate
GOCOIN is enabled at phase B of an IN instruction,
addressed to the input channel,

GOCOIN = ADD-PHB.IN

The zero volt pulse from OIN, clears DRY, which in
turn, disables DEI, to await the next interrupt.

The address pulse, produced by GOCADD, and inverted
by driver D1CADD, enables those data output gates
which are connected to register flip-flops containing

a one bit., Data is thereby transferred to the Arith-
metic Unit, via the basic 1/0O Buffer.

| 20 KHz
CLK
INPUT ENV :
[ o—{R ] | BiENV GODENV NIDENV [
= l
: |
; |
| l
+28V . |
1
: |
1
lg ! o [R} DV l Al |a
| BODDMV ; ”
| F1DENV
1 0
l
Fig. 3 Simplified Schematic, Input Demand Circuit
4820/4821X09-T 1/O BUFFER 5



¥Input Key
' Depressed

)
ook U LA LA L LI LI L] LLLAL) L]
Input Key
NIDENV ___I'—ﬁ'] Released
g
F1DENV TL N , E
I
F1DDEN ——r l—s Channel Ready Interrupt & End of Record
5f 35 —4— u § 7 I'/ Interrupt
GOACRI g
..__——55-—-, S & 4§ ,f; I
FICCBY e g — g 2
£
¢
NiCOPR -ﬂ————l 8
=]
FICECR ” ’_| £ [
vl 5 clg 5 ;2 ¥ i
POCCLH *5 s H
’—L 27 7 :g: L4 ’.’ﬁ [ﬁ
GODSEQ 5 %9 ’—‘ ’J—ff—"'f [ ]
Timing Determined by Typer -~ gn L—_"’J
a
3
F1DSEQ e 1a #—-r_l ’_l—-—s % J l -z
— 2
FIDSEC p 53 55 L, & ,_J——, ’__Lq,______._
n
I £ I
NIDCPL T 15 +5 15 15 5 g $ 55— s
FI1CDRY ' kg 5 1; rﬂ-l 7 [:: L4 r24 ’.I
S
[]
GOADEI 27 a4 3] °7
Data Exchange Interrupt / L,,.l ’ § ’ I__,J
GOCOIN "U-—‘ 5 f] [_—‘—"
GOCOCR ks 5 la 45 y /
I"——/; Fr—
N N N U _
Input Demand Keyboard Character Character Enda,aecord
Enable Transmission Input '

Fig. 4 Timing Diagram, Input Channel

Timing, Parity Error Tests

If with a character in the data register, an IN in-
struction is not executed before a new character is
fed into the data register, DRY will remain set when
the next typer cycle gate sets SEQ. This condition
will enable gate, GOAALM. '

GOAALM SEC- SEQ- DRY

When the typer is modified to operate with GE-PAC
computers, circuitry is added to the typert's input
translator to insure that with valid data, an even
number of data lines will be true (positive voltage).

1/0 BUFFER

If a parity error occurs (odd number of bits set), the
parity check circuit in the basic I/0 Buffer will
enable GOAALM, when the IN instruction is executed.

GOAALM DOPPAB- N1COIN

If GOAALM is enabled, flip-flop F1AALM is set, and
will remain set until it clears at the beginning of
another record by an OPR command, or until it is
cleared by an ABT command, or by a clear alarm
signal,

With F1AALM set, a JNE command encoded to test
alarm line four, will enable test line two gate,
GOATL2.

GOATL2 K14-K12- ALM- ADD

4820/4821X09-T



End-of-Record

Character transmission and inputs will continue until
the operator depresses the RETURN key. The typer
carriage is then returned to the left hand margin,
and 100g is placed on the data lines. When this code
is placed in the data register, gate GOCOCR is
enabled. The data exchange interrupt is developed
and the IN instruction executed as before, placing
the CR (100g) character in the AU. In addition, the
sequence of events which make the channel go not
busy, and generate the end-of-record interrupt,
begins.

The CR code is placed in the data register after the
first clock pulse, during the SEQ gate. GOCOCR is
then enabled, and its output is inverted by N1COCR.
The OCR signal and CBY arm the end-of-record flip-
flop F1CEOR to set, and it is set by the CPL pulse.
When EOR sets, the CLH relay driver is disabled,
the keyboard is locked and the INPUT lamp goes out.

The OCR signal and the CPL pulse enable GOCEOR,
and the zero volt pulse from that gate clears F1CCBY.
When CBY clears, GOACRI is enabled, producing the
end-of-record interrupt.

Off Line Test

A +28V DC signal is connected from the typer, through
the output channel data cable, to a test circuit in the
output channel, and to termination circuit BLCONL,

in the input channel. If the typer is on line, with its
primary AC power turned on, a positive DC voltage
from ONL will enable the CLH flip-flop to operate as
described above, and will enable gate GILAHLT.

4820/4821X09-T

Should the typer go off-line, HLT will be disabled,
producing +3. 6V at its output. With HLT disabled, a
JNE command addressed to the input channel, and
encoded to test alarm line one, will enable test line
two gate, GOATL2.

GOATL2 = HLT-*K12-K14. ADD

Channel Busy Test

Gate GOACRI is enabled when there is an input demand
(DEN) or when the input or output channels are busy.
CRI is inverted by busy or demand gate, G1ABOD.

A JCB command, addressed to the input channel, will
enable test line one gate, GOATL1, if there is an
input demand, or if the input channel is busy and the
output channel is not busy.

GOATL1 = BOD-CBY (output ch.)-K12. ADD

Abort

An ABT command, addressed to the input channel
enables gate, GOCABT. If an input demand is occur-
ring at that time, the demand flip-flops ENV and DEN
are cleared by the zero volt ABT pulse, terminating
the demand.

If the channel is busy, the ABT pulse clears F1CCBY,
terminating the input operation,

If the alarm flip-flop, FIAALM, is set, the ABT pulse
clears it.
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FIXED CARRIAGE TYPER OUTPUT DRIVE

The Output Typer Drive decodes and transfers data
from the I/0 Buffer to a Model 4221D or 4270D Fixed
Carriage Typer, and synchronizes the transfer of
data from the Arithmetic Unit through the I/O Buffer
and to the typer, with the operation of the typer. Al-
though the fixed carriage typer prints characters on
a incremental basis, the data is processed into the
typer in a record format. That is, a complete mes-
sage or block of data is typed before the output drive
and typer are released and made ready for the next
record.

This publication describes the theory of operation
for the hardware associated with the following model
numbers:

4DP4820AS10 - Output Typer Drive for the I/0O
Buffer in a GE-PAC* 4010A
System.

4DP4820BS10 - Output Typer Drive for the Cen-
tral Systems Unit (CSU) I/0O
Buffer in a GE-PAC 4010B Sys-
tem.

4DP4821AS10 - Output Typer Drive for the Aux-
iliary Systems Unit (ASU) I/0
Buffer (4823ASID) in a GE-PAC
4010B System.

4DP4821BS10 - Output Typer Drive for the Sec-
ond Central System Unit (CSU)
1/0 Buffer (4824ASID) in a

GE-PAC 4010B System.

4DP4820AS09 - Output Channel** of this I/O
Typer Drive in a GE-PAC 4010A
System.

4DP4820BS09 - Output channel** of this 1/0
Typer Drive for the CSU 1/0
Buffer in a GE-PAC 4010B Sys-
tem.

4DP4821AS09 - Output channel** of this I/O
Typer Drive for the ASU I/0O
Buffer (4823A§!12) in a
GE-PAC 4010B System.

4DP4821BS09 - Output channel** of this 1/0
Typer Drive for the CSU Second
1/O Buffer (4824ASID) in a
GE-PAC 4010B System.

Logic for the Output Typer Drive is provided in GE
drawing, 70C180345. Logic for the output channel
of the I/O Typer Drive is provided on sheets 12-19

of 70C180348.

*Registered Trademark of General Electric Company

#*The input channel for the I/0 Typer Drive is de-
scribed in the 4820/4821X09-T publication,

4820/4821X10-T

INTERRUPTS

Two interrupts are produced by the output drive. A
data exchange interrupt is developed to signal the com-
puter when the typer and drive are ready to accept the
next increment of data. An end-of-record interrupt

is developed to inform the computer that all of the

data in a record has been transferred and typed. The
data exchange interrupt is normally noninhibitable

and the end-of-record interrupt is normally inhibitable.

TRANSFER FORMAT

The data transferred from the processor to the out-
put drive are the seven least significant digits of the
A register in the case where an OUT command is
used. When the TOM function is used, the seven
least significant digits of the B register are trans-
ferred. No parity bit is transferred.

RECORD FORMAT

The output format will contain the following data in
the sequence shown.

Name Octal Code Function
OPR~DEL 177
TEXT TEXT
TEXT TEXT
CR 100 Increment
' Vertical
Format
120 End of
Record
ALARM

A properly encoded JNE instruction will detect off-
line condition. Alarms 2, 3, and 4 are not used.
Alarm 1 - Device off line, will be detected if the typer
is turned off or is disconnected from the driver.

LOGIC DESCRIPTION

The typer operates at a maximum rate of 15.5 charac-
ters per second. The maximum operating rate using
API interrupts is 15 characters per second. Data

are transferred through the drive, and characters
printed by the typer as a result of the OUT command,
or a simulated OUT command due to the TOM function.
After the drive and typer are enabled by an OPR
command, each OUT command causes the transfer of
a single character.

1/0 BUFFER 1
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Fig. 1

When a complete record has been transferred, an
octal 120 code is transferred by an OUT command.
The 120g code is not printed, but rather causes the
drive and typer to go ''not busy', and be released,
ready to accept the next record.

The OUT and OPR commands are described earlier
in this section. The typewriters are fully described
elsewhere in this manual. The following text is de-
voted to the logic and timing of the typer output drive.
Reference is made to the block diagram of Fig. 1,
the flow chart Fig. 2, the timing diagram Fig. 3,

and the logic schematic, General Electric Drawing
70C180345 or sheets 12-19 of 70C180348.

The typical sequence of events in the operation of the
typer output is shown in the flow chart Fig. FC TYP.
2. The following paragraphs discuss the logic in the
order of events shown on the flow chart. (The JDR
instruction is discussed under '"Channel Busy Test"
and the discussion of the ABT instruction follows
'""Media Disable''),

2 /O BUFFER
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Block Diagram, Typer Output Drive

Off-Line Test

The off-line test is made by means of a JNE command.
The output of GOCTL2, test line two, is monitored in
the AU, via the I/O Buffer. A disconnected or off-
line typer disables gate NOCAUT. With NOCAUT
disabled, and a properly encoded JNE command pre-
sent, GOCTL2 is enabled:

GOCTL2 = ADB-K14-K12- AUT

ADB = this channel addressed

Channel Busy Test

When a properly encoded JCB command is present,
the output of GOCTL1, test line one, is monitored in
the AU, via the I/O Buffer. Test line one is also
monitored when a JDR command is executed. In the
case of the JCB command, the condition of GOCTL1
is determined by the busy flip-flop F1CCBY:

4820/4821X10-T



GOCTL1 = ADA-CBY-Kl12
ADA = this channel addressed

The JDR command is used to test the readiness of
the channel to accept a new increment of data when
API interrupts are not used. In this case the condi-
tion of the data exchange interrupt gate, GOCDEI,
determines the condition of test line one:

GOCTL1 = DEI.Kl14.ADA

Media-Enable

Execution of the OFR instruction causes the transfer
of octal code 177 to the I/O Buffer, however, this
data is not gated into the typer drive, and no charac-
ter is printed.

The channel busy flip-flop, F1CCBY, is set a phase
B of the OPR command. At the trailing edge of
Phase B, a data exchange interrupt is generated by
gate GOCDEI:

F1CCBY = GOCOPR

GOCOPR = OPR- PHB- ADA

GOCDEI = CBY-OUT.OPR. F1CDEIL
Data-Enable

The OUT instruction gates data into the output regi-
ster and sets in motion the chain of events which
cause the typer to print a character or execute a
function called for by the data. At the completion
of the typer operation, another data exchange inter-
rupt is generated.

Seven data bits from the 1/O Buffer are gated into

the output register when the data input gate, NOCGDI,
is enabled. This gate is enabled and its output
inverted at phase A of the OUT command, The pres-
ence of the resulting positive pulse at the input gates :
of the output register allows the data flip-flops,
F1RDO0O through F1RDO06, to be set, or cleared,
according to the data,

NOCGDI = OUT-:ADB. PHA

The data exchange interrupt flip-flop, F1CDEI, and
the enable data out flip-flop, F1CEDO are set at
phase B of the OUT command, provided the output
register does not contain 177g, nor 120g. These
flip~flops are set by gate G1CEDI.

G1CEDI = OUT-177.DC4

Appropriate data and function relay drivers are
enabled by the data in the output register and the
enable data out gate, DOCEDO. The relay drivers
enable solenoids in the typer which cause the typer to
execute the functions or to type the characters.

4820/4821X10-T

DOCEDO = AUT*EDO

The function solenoid drivers (red, black, tab, and
carriage return) are enabled when called for by the .
data and when +3. 6V is present at the output of GIDEFS
(data bit 6 is set for all function codes):

GIDEFS = GODB06 = D06« EDO

The data solenoid drivers, which cause characters to
be printed, are enabled when called for by the data
and when +3.6V is present at the output of GIDEDS:

GIDEDS = GODEDS = EDO-CCH-020. D06
The space solenoid driver, PODSSP, is enabled when

data octal code 020 is detected by GOD020, and when
+3.6V is present at the output of G1IDEDO.

N1DSSP GODSSP = EDO-SSP

G1DSSP GO0DO020

Function solenoid drivers, PODSLC (lower case), and
PODSUC (upper case), are enabled as required by the
data, and according to which solenoid was last ener-
gized. Upper case gate, G1DUPC, produces a +3.6V
output when the data corresponds to a special charac-
ter (such as @, ?, %, &), which requires that the
typer go to the upper case mode, If the typer was

OFF-LINE

EXECUTE JNE
FOR OFF-LINE TEST,
UBROUTINE
ON-LINE

EXECUTE JCB FOR\ BUSY
HANNEI BUSY TEST) EXIT

EXECUTE OPR WITH

1778 CODE

2

GO BUSY
2
GENERATE DATA
EXCIHANGE
INTEI;RUPT

PROGRAM OR
TOM EXECUTES
ouT

v

NO YES
IS THIS 120, CODE

S TYPER COM™N

PLETED THIS }—&o

ATA INCREMEN

GENERATE
END-OF-RECORD
INTERRUPT

Fig. 2 Typer Output Drive Flow Chart
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already in the upper case mode, the case change gate,
GODCCH, will not be enabled. GODCCH will be en-

abled if the typer is in a mode other than the one called

for by GIDUPC. The case change gate is combined
with the data output enabling signals and routed to the
enable case solenoid gate, NIDECS, The output of
N1DECS is applied to both case solenoid drivers. With
the typer in one case, and +3.6V present at the output
of N1DECS, the solenoid driver of the opposite case
will be energized, and the typer case mode changed.
Gates M1DUPC and M1DLOC convey the status of the
typer case mode to the case mode solenoid drivers.

Synchronization of the data transfer from the computer
to the operating cycle of the typer is accomplished by
means of the cycle flip-flops, FICCNO and F1CCYC.
Flip-flop FICCNO is clear throughout most of the
typer cycle period, due to a positive voltage from the
typer's normally closed contacts, applied through
BICCNC. The outputs from F1CCNO hold flip-flop
F1CCYC in the clear state also, When the typer has
reacted to a data increment, a positive voltage from
its normally open contacts will be applied through
Bi1CCNO, and both flip-flops will be momentarily set.
The resulting zero volt signal at the output of FOCCYC
clears both the data output flip-flop, F1ICEDO, and
the data exchange interrupt flip-flop, F1CDEI. When
F1CDEI goes clear, a data exchange interrupt is
produced at the output of gate GOCDEI,

4 1/O BUFFER

Timing Diagram

Should F1ICEDO not be cleared by the typer cycle
within 200 milliseconds of the time when it was set
by the OUT command, it will be cleared by GOCRDO.
Gate GOCRDO will be enabled approximately 200
milliseconds after the flip-flop sets, by the single-
shot circuit YICEDO. This prohibits the transfer
of data to the typer if it has not completed the cycle
within that time period.

Media-Disable

When an OUT instruction causes octal code 120 to
be gated into the output register, gate GODDC4, is
enabled. The zero volt output of this gate is applied
to G1CEDI, where it prohibits the setting of the data
output flip-flop FICEDO, and the data exchange
interrupt flip-flop, F1CDEI. The output of gate,
G1DDC4, is applied to the channel busy flip-flop
F1CCBY, causing it to clear, When the busy flip-
flop clears, gate GOCCRI is enabled, producing an
end-of-record interrupt at its output.

Abort

The execution of an ABT command enables gate
GOCABT. The output of this gate clears the channel
busy flip-flop, F1CCBY, and the data exchange inter-
rupt, F1CDEI.

4820/4821X10-T
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INTRODUCTION

The information in this section applies to the GE-PAC*
Model 4DP4212D /4213D Paper Tape Reader. The unit
consists of a Digitronics Model 2500 Perforated Tape
Reader Chassis mounted in a metal desk-top cabinet,
The cabinet contains a cooling fan (in addition to the
Digitronics fan) and a PDTA board. The optional tape
handler, including a supply reel and take-up spooler,
is mounted directly above the reader assembly as
shown in Fig. INT.1,

GENERAL

The Paper Tape Reader is a Process Computer System
on-line input device which photo-electrically converts
data punched into tape into electrical signals repre-
senting the punched data in a form which is acceptable
by the I/O Buffer. The following is a summary of
specifications:

e Input Speed 100 CPS(2), 200 CPS (3)

° Input Media Paper, Aluminum, or
plastic tape

Weight is 43 lbs.

Tape dimentions
Frames /inch
Channels /frame
Read Mode

Interrupts

Checking
Reel Capacity
Rewind Speed

Environment

Power Requirement

1 inch/. 005 inch
10

7 Data, 1 Parity
Character Serial

Data Ready & End
Record

of

Parity /Timing /Off-line

300 feet
100 1IPS

Class A - General
Industrial

60 Hz

REFERENCE DRAWINGS

70C179987
70D195093
70D195094
70C180018

Tape Handler

Reader Logic

4212D Reader Assembly
4213D Reader Assembly
Tape Handler Assembly

e

13-3

Fig. INT,1 Reader Dimensions

*Registered Trademark of General Electric Company
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OPERATION

LOADING TAPE

Fig., OP.1 shows the correct tape routing for a Paper
Tape Reader connected to the usual overhead tape
handler. The tape must be positioned with the sprocket
hole in the fourth position away from the front panel of
the reader. If this positioning reverses the indicated
exit path from the Feed reel (i. e., counter-clockwise
instead of clockwise), the tape is spooled backwards
and must be rewound before proceeding.

Rotate the Load switch fully clockwise to release the
brake and turn the tape spooler OFF. Pull enough tape
off the Feed reel to reach entirely across the reader
and up to the Take-up reel (about 2 feet); replace the
cover on the Feed spool to prevent further tape uncoil-
ing during the load process. Beginning at the right-
hand side of the reader, push the tape horizontally
under the spring guide, over the tape sensing arm, be-
tween the pressure plates of the brake, under the Load
switch and into the gap between the pinch roller and the
capstan. Loop the tape over the left-hand guide bars as
shown by Fig. OP. 1, place the end of the tape in the
slot of the Take-up reel and manually wrap the excess
tape on the reel.

With the tape spooler still OFF, manually position the
first character to be read over the photo-diode lenses.
Close the Load switch, pushing or pulling on the handle
to align the guide arm with the outside edge of the tape.
Turn the tape spooler and reader power switches ON.
The Paper Tape Reader is now ready for operation.

REMOVING TAPE

To remove tape from the reader simply turn the spooler
OFF, turn the Load switch clockwise, and pull the tape
horizontally from the reader. It helps to leave the
covers on the spooler reels to prevent the tape from un-
coiling. The Load switch may be left in LOAD or RUN,
as desired.

Feed

oOo\‘

Qo0
Ooo

& Load °

TAPE SPLICING

Due to the photo-electric nature of the Paper Tape Read-
er, a broken paper tape may be spliced simply by wrap-
ping the break with transparent tape (e. g. , Scotch brand
'""Magic Mending Tape' or equivalent); this method does
not apply to oiled paper tape, since transparent tape
will not adhere to the slick surface. If the light source
is weak or improperly adjusted, it may be necessary to
punch out the sprocket and data holes under the splice
with a sharp, pointed instrument. Any gaps caused by
missing fragments of tape may be eliminated by "paint-
ing" the area with dark ink (not pencil); this procedure
also works very well on areas of tape which are thin
enough to be translucent.

Transparent
Tape

Break

Fig. OP. 2.

PARITY PROBLEMS

The computer program normally monitors input parity
on reader data and disables its "'read" routine if an er-
ror is detected. When a ''parity halt' occurs, the error
character should be one position to the left of the photo-
diodes; remove the tape and check for the following:

Splicing Paper Tape Breaks

e Tape guide improperly adjusted.
e Dust accumulations on the photo-diode lenses.
e Torn tape.

e Translucent spots (thin tape, pin-holes, or oil
spots on tape).

e Imperfect punch (chad still in hole).
e Incorrect punch (even parity).
e Poor registration.

Translucent spots are most often a problem on light-
colored paper tape; only dark-colored paper tape is

- N
] U \_@ recommended for use in the Paper Tape Reader. For
. one cure for any existing translucent areas, refer to
. g ""Tape Splicing' above.
g i3 e R .
3 2 A z 8 & 2 If none of these checks point out the problem area, re-
2 5 S - 5 8 © 2 cord the binary configuration of the error character in
E‘ £ § 3 g E‘ & your log and continue with the program. Records such
“ = as this, gathered over a period of time, can be invalu-
able in the eventual maintenance effort which corrects
Fig. OP.1. Tape Routing the problem.
PAPER TAPE READER OP-1

4212D/4213D



THEORY OF OPERATION

As modified for use in General Electric Process Com- used by this particular unit.

puter Systems, the Paper Tape Reader will operate
either as a free - running device or in a single-char-
acter stepping mode, In the latter case, an automatic
stop is initiated each time a sproket hole is sensed

and the STEP (run) signal is no longer present. Free-
running operation is achieved by continuously applying
the STEP signal. The maximum reading rate is
determined by the slew speed of the tape which, in
turn, is fixed by the capstan speed reduction assembly

Light

Source (Q\%
> S
[ |
/

Read Head

o
5 Assembly
Qe\\{'b \ -\’d\
NN N W
GO o \ \_
(g =~ & ; Photo-diode

X o
¢
¢ 0“0&‘;&0
< -~ P To Computer

Fig. THEORY.1l. Simplified View of Read Station

when the reader is out of tape. The second control )

As shown by Fig. THEORY. 1, the read function is im-
plemented by passing the punched paper tape between a
light source and a row of photo-diodes so that light falls
on the photo-diodes only if a hole is present. The re-
sultant signal from the photo-diode is amplified and sent
to the controlling device as one of eight data signals
which make up a particular character, The sprocket
hole is sensed in an identical manner, but is used only
for timing and control. The photo-diodes are perma-
nently mounted in the read-head assembly, which also
includes a small focusing lens for each diode.

Fig. THEORY. 2, shows a view of the front panel compo-
nent arrangement. Tape movement is implemented by

a pinch roller which presses the tape against a con-
stantly-rotating capstan. Tape movement is stopped by
a brake mechanism which clamps the tape between two
pressure plates. The pinch roller and brake are con-
trolled by the opposite outputs of a flip-flop in the read-
er electronics, thus assuring that the two solenoids can-
not be energized at the same time.

In addition to the power On-Off switch, two control ele-
ments are mounted on the front panel of the reader. The
first of these, a sensitive snap-action switch designated

Tape Switch (54), is fitted with a small wire sensing

arm to detect the presence of tape in the reader. This

switch disables the pinch roller and energizes the brake

e A
DS1
POWER ON
To Tape @ S5 RC2 From
Handler S1 Tape
Load Handler
Switch .
Capstan % Zp‘llrl'cljr;g
Pinc
o } Roller
° DIGITRONICS o Brake
a : \
© } N R
ape
‘ L1 Read ® ® \\ Brake Switch
Pinch Roller __— | Head Solenoid
Solenoid @
. _J

NOTE: Pinch Roller shown energized and Brake de-energized.

Fig. THEORY.2. Front Panel Arrangement

4212D/4213D PAPER TAPE READER ~ THEORY-}



element, designated Load Switch, is made up of a rotary
tape guide assembly that is mechanically coupled to a
two-gang, roller-plunger actuated, snap-action switch
(S2A and S2B). The switch handle can be adjusted in
and out so that the tape guide can accommeodate 5,6, 7,
or 8-channel paper tape. The switch can also be rotat-
ed to the Load (manual) and Run (automatic) positions.
When the reader is on and the Load Switch is in the
Load Position (rotated clockwise), both the brake and
pinch roller solenoids are disabled, allowing insertion
or manual movement of the paper tape. Normal opera-
tion is implemented by placing the Load Switch in its
Run position with the reader on.

A fourth switch, located on the front panel, is a momen-
tary pushbutton type designated READ (S5). It is actua-
ted by the operator to demand a channel ready interrupt
so that the data on the paper tape can be read into the
computer as soon as the reader has been loaded. The
switch is rendered inoperative if the reader power is
off or if the reader is out of tape.

TAPE CONTROL

On/Off Sequencing

In Model 4212D/4213D Readers, the brake solenoid is
not energized when reader power is off or when the tape
switch (S4) is open and the Load Switch is in run. Inad-
vertent tape movement is pg‘evented when reader power
is initially turned on by virtue of the Run/Brake flip-
flop clearing, thus energizing the Brake, before the
slower acting relay, K1, fully energizes and signals
the computer that reader power is no longer off.

S2B informs the computer that the reader is On-Line
when the Load Switch is in Run position and that the
reader is Off-Line when the Load Switch is in the Load
position.

No-Tape Halt

When the input tape supply is exhausted, the reader locks
itself in a "'not-ready'' state awaiting manual interven-
tion. The Tape Switch (S4), located just ahead of the
Brake assembly, is helt closed by the presence of tape
in the reader. When this switch opens, K1A000 is de-
energized, informing the computer of the "not-ready"
condition and disabling the Read and Load switches.

Loading Tape

When the Load Switch is rotated fully clockwise, the
Brake and Pinch Roller are both released to allow in-
sertion or removal of tape. S2A opens the -158 line,
thus removing power from the Brake and Pinch Roller
solenoids and de-enertizing K1A000. Since the -15S
line is already open, the function of K1A000 is limited
to informing the 1/O Buffer of the "not-ready’ condition
(See Fig. THEORY.7). When the Load Switch is rotated
counter-clockwise to the ''Run" position control of the
Brake and Pinch Roller is returned to the Run/Brake
flip-flop

THEORY-2
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Normal Operation

Under normal operating conditions, the reader must
move one character past the read head for every com-
puter "'read” command issued. The read cycle begins
and ends with a character positioned directly over the
photo-diodes; the character read is the one initially
positioned over the photo-diodes.

Referring to Fig, THEORY. 6 and THEORY.7 at the
end of this section, the Run/Brake flip-flop is initially
in the reset state, holding the Brake energized and the
Pinch Roller de-energized. The execution of a compu-
ter IN command, in conjunction with the proper device
address, samples the character currently in the read
station and simultaneously issues the STEP signal.

STEP is routed through the PDTAL board to the Set
input of the Run/Brake flip-flop . The Brake is
released and, shortly thereafter, the Pinch Roller
presses the tape against the rotating capstan .
The tape is accelerated to slew speed and held there
until the next sprocket hole is sensed. At this time,
the negative-going PSP signal is coupled through
C2 to clear the Run/Brake flip-flop, @ . The Pinch
Roller is then released and the Brake energized,
stopping the tape with the next character centered
over the photo-diodes.

Thus the reader steps through the tape one character
at a time, under control of the IN command, If ""con-
tinuous' reading is desired, the STEP signal must be
received within about 0,5 msecs. after sensing the
sprocket hole. PSP would be true (-6V) during sprocket
hole time while the tape is being slewed. The signal,
applied to C2, produces only a negative spike at the
Clear input of the Run/Brake flip-flop. Due to the
presence of the STEP signal at the Set side, the flip-
flop is prevented from changing state. The Clear side
goes to zero volts only during the time of the negative
spike, which is of insufficient duration to energize the
brake solenoid.

CIRCUIT OPERATION

Three printed circuit boards are located inside the
reader assembly. A standard General Electric cir-
cuit board (PDTAL) implements the interface between
GE/PAC and Paper Tape Reader circuitry. Two Paper
Tape Reader boards (LAC and MPC) implement the
basic read and tape control functions. Refer to Fig.
THEORY.7 throughout the following discussion.

PDTA1 Board

This board, shown by Fig., THEORY. 3, contains the
following circuits:

e Sprocket Amplifier (Q1-2). This two-stage am-
plifier converts the PSP (sprocket) signal from
the LAC board to a voltage system compatible
with the Peripheral Buffer input circuitry. A
'1" (hole) input, nominally -7V , produces
a OV output . A"0" input, nominally 0V,
produces a +28V output.

4212D/4213D



® Data Amplifiers (Q3): Eight identical single-
stage smplifiers convert the Paper Tape Reader
data signals to a voltage system compatible with
the Peripheral Buffer input circuitry. A "1"
(hole) input from the LAC data amplifiers,
nominally -7V (9) , produces a +28V output.
A "0" input (0V) produces a 0V output.

e -15V Sensing Circuit (Q4-5): This circuit pro-
vides +28V at 150 ma. (max.) to an external
relay whenever the MPC -15V supply is more
negative than -10V. This function is required
during a reader power on sequence and as a
power failure protection device.

‘e STEP Amplifier (Q6): This circuit converts the
Peripheral Buffer STEP signal to a level accep-
table to the MPC Run/Brake flip-flop. When
STEP is false (+28V), the output is nominally
+7V. When STEP is true (0V), the output is
nominally -8V. The voltage divider in the Q6
base circuit, in conjunction with R8 and CR13,
completely disables the STEP output if the +28V
supply falls below +22V or, during a power on
sequence, until this supply reaches +22V.

e Miscellaneous Components: CR10 and CR11 are
used to clamp the Brake Solenoid to -15V and
0V, respectively. C2 serves as a transient fil-
ter for the +28V bus.

The PDTAI board is located behind a removable cover
at the left-hand side of the reader assembly. For fur-
ther details, refer to the circuit drawing, IC3600PDTAIL.

LAC Board

The LAC (Logic Amplifier Card) circuit board is located
at the right-hand side of the reader assembly. This
board contains the amplifiers which monitor the sproc-
ket and data channels of the paper tape. Refer

To Fig. THEORY. 4 for the LAC schematic and to Figs.
THEORY. 6 and THEORY. 7 for interconnection and
waveform information.

The Sprocket amplifier is made up of three circuits:
a biased amplifier (T1-2), a Schmitt Trigger (T3-4),
and an output inverter (T5). The input to T1 is taken
directly from the Sprocket photo-diode, At the begin-
ning of a read cycle, when the sprocket hole is posi-
tioned over the photo-diode, light breaks down the di-
odes back-resistance, coupling +4V to the base of T1;
R23 determines the amount of bias across the photo-
diode and thus its conduction point. The output of the
photo-diode is shaped and inverted by T1-2, applying
a negative signal to the Schmitt Trigger circuit .

In the quiescent state, T3 is off and T4 is on, holding
the output (pin S) at about -6V through voltage dividers
R10 and R11. When the sprocket hole is sensed, the
negative output of the sprocket amplifier begins to turn
T3 on. The resultant positive swing at the collector of
T3 is coupled through C3 to the base of T4; conduction
in T4 decreases, decreasing the current in the common

42120 /4213D
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emitter-resistance R11 and thus raising the emitter po-
tential of both T3 and T4. T3 is biased further on, and
the increased positive swing at its collector is coupled
through C3 to turn T4 further off; thus the circuit
"locks-in" on the sprocket pulse, producing a fast rise-
time output pulse @ . This pulse is inverted by TS,
producing the PSP output signal (pin V) ®.

Eight identical circuits shape and amplify the channel
1-8 data signals for transmission to the PDTA1 board.
Each amplifier is composed of an emitter follower stage
(T1)and two series inverters (T2-3). Inputs are ac-
cepted directly from the photo-diodes @ ; a 200K trim-
pot (R23) varies the reverse bias on each photo-diode
and thus its conduction point. The output of each stage,
when a hole occurs in the associated tape channel, is a
negative pulse @ .

On Fig. THEORY. 4, notice the diode D5 in the base
circuit of the second stage (T2) of each data amplifier.
This diode, in conjunction with the PSPG circuitry (T86),
makes up a standard Paper Tape Reader hardware option
known as ''gated' operation;the philosophy is simply that
the sproket hole, which lies exactly in the center of each
line of data holes, marks the best time to sample data.
To implement this option, the ''G1' output of the Sprock-
et amplifier (pin S) is jumpered externally to the PSPG
input (pin T). PSPG then holds the anode of D5 at +4V
except when the sprocket hole is present, preventing

the conduction of T2 and thus disabling the amplifier.

When the sprocket is sensed, PSPG swings negative to
about -7V, reverse-biasing D5 and allowing signals to
pass through the amplifier.

This option is not used on the GE /PAC version of the
Paper Tape Reader or, rather, is implemented in an
entirely different manner. The PSPG input (pin T) is
not connected; thus PSPG remains at a constant nega-
tive potential and the D5 diodes are ineffective. The
Sprocket signal, however, controls the Ready logic in
the Peripheral Buffer so that the reader is only con-
sidered "ready' if the sprocket hole is over its photo-
diode. Since the IN command is only effective if the
addressed device is ready, the effect is the same as
""gated"" operation.

MPC Board

The MPC board, shown by Fig. THEORY.5, is located
next to the LAC board at the right-hand side of the
reader assembly. It contains the following circuit ele-
ments:

e Run/Brake Flip-Flop (T1-2): This standard
diode-coupled flip-flop accepts set inputs
through D1-2 and clear inputs through D4-5.
One output of the flip-flop (T2 collector) con-
trols the Brake relay driver (T3-5). The other
output of the flip-flop (T1 collector) controls the
Pinch Roller relay driver (T4-6). Refer to the
"Tape Control' discussion earlier in this sec-
tion for a description of the various inputs.

THEORY-3



e Brake Relay Driver (T3-5): When the Run/
Brake flip-flop is cleared, this circuit closes
the positive (0V) connection to the Brake sole-
noid., A 2N1545 is used in the output stage to

handle the 1.5 amp surge current which occurs )

as the solenoid switches.

e Pinch Roller Relay Driver (T4-6): When the .

Run/Brake flip-flop is set, this circuit closes
the positive (0V) connection to the Pinch Roller -

solenoid. A 2N1545 is used in the output stage
to handle the 1.5 amp surge current which oc-
curs as the solenoid switches.

Full Wave Rectifier (CR3): This circuit is part
of the 15V power supply. See Fig. THEORY."7
for the complete schematic.

Filter Capacitors (C4-7): These capacitors aid
in removing transients caused by switching the
Brake and Pinch Roller solenoids.

MAINTENANCE

See Section 12 of the Computer
Maintenance Manual,

THEORY-4 PAPER TAPE READER
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TYPICAL DATA
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@ Sprocket Input
(LAC-S1)

Channel 1 Input
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INTRODUCTION

Two Fixed Carriage Typer models are available for
use in GE-PAC* 4010 computer systems. Model
4221D is the output only version which, when on-line,
types data transferred from the Arithmetic Unit,
through the 4820A 1/O Buffer. Model 4270D is the
input /output version which, when on-line, types data
transferred through the I/O Buffer, and generates
parallel binary-coded characters as the operator
strikes keys, for transfer through the 1/O Buffer to
the Arithmetic Unit. Both models may be operated
off-line,as normal electric typewriters.

Both models incorporate a special BCD version of an
IBM Series 72 typer mechanism. The basic machine
is an IBM Model 735, which uses a tilting/rotating
type ball on a carrier mechanism as the printing
device. The typer is modified by the Process Com-
puter Department for compatability with the GE-PAC
computer. The modification includes the exchange
of the computer interface connector at the rear of
the typer, the addition of a PTBAI1 printed wire
board in the base of the typer, the addition of AUTO
alternate action pushbutton, and in Model 4270D, the
addition of the INPUT alternate action pushbutton,
The modification is described on GE drawing no.
68D974220,

The two IBM publications which follow this intro-
duction describe the theory of operation of the Series
72 mechanism and the Series 72 as adapted for use

as an input/output typer, which becomes Series 73.
The GE logic drawings for the two typer models,
listed under references are virtually self explanatory.
Reference to the typer logic, the I/O Buffer logic, and
the appropriate I/O Buffer theory publications, should
lead to an understanding of the electrical operation

of these typers.

REFERENCES

Theory of Operation (all of the following which are
applicable to a system are in Volume III of this book
set):

Basic I/O Buffer - pub. no, 4820A

F.C. Typer Output Drive - pub., no. 4820A-10

Maintenance Instructions: Section 15 of the blue
Computer Maintenance Manual,

Logic Drawings:
Basic I/O Buffer - 70C180136
4820AS10 Output Drive - 70C180354
4820A09 I1/0 Typer Control - 70C180348
4221D Typer (as modified) - 68C972518

4270D Typer (as modified) - 68C972521

SPECIFICATIONS

e Input Speed: 15,5 chars, /sec. maximum,
e Output Speed: 15,5 chars. /sec. maximum,
e Keyboard: Special BCD, see Fig, INT. 1,
e Two-magnet latching ribbon shift.
e  Solenoid operated keyboard lock.
e 24V magnets and solenoids used throughout.
e Carriage: 15.5 inches with pin-feed platten.
e Carrier Return and Tab: 17" per second.
e  Start-up Delay: 2 seconds (maximum) after

AC power is applied (no program delay re-

quired).

e Input Power: 115 VAC + 10%, 60 Hz + 3%,
single phase.
e Current: 1 ampere. (nominal)

e Case and Ribbon Shift Magnets: 24V DC @
370 ma.

e  All Other Magnets: 24V DC @ 185 ma,
e Solenoids: 24V DC @ 240 ma.

e Environment: Class C per drawing no.

Input /Output Typer Control - pub, no., 4820A-09 68974933,
*Registered Trademark of Genera! Electric Company
4221D/4270D FIXED CARRIAGE TYPERS INT-1
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MOTOR AND DRIVE

Motor and Electrical

The motor used in the Series 72 Selectric Typewriter is a three-
inchshaded pole, induction type motor that requires 115 volts,
60 cycles A.C. (Fig. 1). It is rated at 1/40 h.p. The motor
ismounted at the left rear corner of the machine with the pulley
toward the right. Itisattached to anadjustable bracket at each
end by ring shaped spring retainers that encircle the rubber motor
mounts.

3" Shaded Pole Motor

Line Cord

Motor Pulley and
Clutch Mechanism

Switch Lever

FIGURE 1. Shaded Pole Motor

The motor may be removed easily after snapping the retainers
off the brackets. With the belt removed the right end of the
motor may be moved to the rear, and the motor may be removed
toward the right. With this bracket design, the force of the
motor in operation is against the bracket rather than against the
retaining clips.

The motor bearings are babbit inserts pressed solidly into the
motor end bells. Each bearing is completely surrounded by a
saturated oil wick. A small square wick fits into a notch in the
top of each bearing to supply oil directly to the rotor shaft.

[t should seldom be necessary to disassemble the motor; however,
care should be taken inreplacing either end bell that is not in-
verted wheninstalled. Theoil holein the left end bell and the
notch in the bearing would then be on the bottom.

The starting torque for the motor is provided by the shaded pole
principle. No capacitor isrequired asin motors used with pre-
vious models of IBM Electric Typewriters.

The motor has an internal circuit breaker to prevent damage to
the field coil in the event the switch is left ON with the ma-
chinesstalled. The circuit will openonly if the motor is allowed
to remain stalled for a period of time; therefore there is no
danger of an open circuit during normal operation. The motor
will stall only in rare cases where a maladjustment or parts
breakage causes the machine to lock. After the motor has re-
gained normal temperature, the circuit breaker will again close
the circuit. The circuit breaker will continue toopen and close
as long as the motor is stalled and the switch is left ON.

Because of its design, the shaded pole motor tends to run at a
higher temperature than other IBM typewriter motors. Care
shouldbe taken in handling the motor to prevent being burned.
Inorder to prevent over-heating, a cooling system is incorpo-
rated in the design of the motor. A fan attached to the right
end of the rotor pulls air through the left end bell and across
the field coils. The air is then discharged through a duct at
the right rear corner of the motor. The air escapes through a
grill in the rear of the machine cover. The hot air being dis-
charged pulls cool air with it from within the machine. The
air that ultimately emerges from the machine is cooled to near
room temperature so that no objectionable heat results.

Motr [ s S
Opfionai
Ground

—-=a

N 5

Solderless Connector %

FIGURE 2, Shaded Pole MotorDiagram

In two-wire, ungrounded systems the motor is insulated from the
powerframe by its rubber motor mounts. In order to convert to
a three-wire grounded system, the line cord must be replaced
with a three-wire cord and the ground lead must be attached
to the powerframe at the cord clip screw. To complete the
grounding a metal clip must be inserted in the motor mount so
as to contact the hexagon end of the motor and the metal ring
surrounding the rubber mount (Fig. 2).

In the early production Series 72 Selectric Typewriters, a
capacitor-start induction type motor is used (Fig. 3). A three
mfd. capacitor, in the starting winding circuit, provides a
starting torque for the motor and controls the direction of rota-
tation. The capacitor also remains in the circuit while the
motor isrunning. The capacitor is mounted in a vertical posi-
tion by a bracket at the right rear corner of the machine.
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FIGURE 3. Capacitor-Start Motor

Inungrounded systems, the capacitor is isolated from the power-
frame by afiber insulator and nylon mounting screws. The motor
is insulated from the powerframe by its rubber ring mounting.
To convert anungrounded system to a grounded one, three steps
must be taken: the two-wire line cord must be replaced witha
three-wire cord and the ground lead must be attached to the
powerframe at the cord clip, a short jumper wire must be con-
nected from the motor to the powerframe, and the capacitor
must be grounded to the powerframe by replacing the nylon
mounting screws with metal ones (Fig. 4).

. t
Green = Run Motor
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Gray - Common

Optit;nal
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FIGURE 4.

Capacitor-Start Motor Diagram

The switch and switch lever are mounted on the right side of
the keyboard. The switch lever operates the electrical switch
by means of a short link extending to the rear. |t is operated
by pressing down on the rear of the lever to turn the machine
ON and the front to turn the machine OFF. The switch lever
is labeled ON and OFF. When the switch lever is in the ON
position, a contrasting color at the front of the switch lever
shows just gbove the case. This calls attention to the fact that
the machine is ON to minimize chances of the machine being
left running when not in use.

Inaddition to operating the typewriter switch, the switch lever
also controls the keyboard lockout mechanism. This mechanism
is discussed in the keyboard section.

Drive

An eight-toothed motor pulley provides positive drive for the
operation of the machine. A positive-drive belt transfers the
rotation of the motor pulley to the cycle clutch pulley with o
speed reduction of 3-5/8 1o 1.

The shaded pole motor has slightly less starting torque than the
capacitor-start motor. To insure that the motor will be alliowed
tostart under a heavily loaded condition, a centrifugal clutch
has been incorporated in the motor pulled design. The motor
is allowed to approach normal operating speed, then the clutch
engages to drive the machine. The momentum developed by
the rotor causes the machine to start even though several mecha-
nisms may have been tripped with the machine ON while dis-
connected from the electrical outlet.

The motor pulley operates freely on the end of the rofor shaft
and isheldinplacebyagripring retainer. Three ratchet teeth
extend radially from the left end of the pulley (Fig. 5). A
clutchplate hub assembly is set=screwed fo the rotor shaft just
to the left of the motor pulley. Pivoted on the plate are two
clutch pawls (Fig. 5). When the motor is OFF, the pawls
are spring loaded against stop lugs on the clutch plate. When
the motor is turned ON, the clutch plate turns with the rotor.
Centrifugal force causes the clutch pawls to pivot on the studs
of the clutch plate so that the tip of one of the pawls engages
a tooth of the motor pulley (Fig. 5). The pulley is then caused
to rotate and drive the machine by means of the cycle clutch

pulley.

Motor Pulley Clutch Pawl

Clutch Plate Hub Assembly

FIGURE 5. Motor Pulley Clutch

The cycle clutch pulley is mounted to a hub in the center of
the powerframe. Thehub issupported by a porous bronze bear-
ingand is in continuous rotation with the pulley whenever the
motor is running.

Oneitherside of the cycle clutch pulley hub is a shaft extend-
ing into and supported by the hub (Fig. 6). The shaft to the
left of the hub is called the cycle shaft. The cycle shaft is
driven by means of a spring clutch. The clutch is allowed to
engage whenever a letter keylever is depressed. The cycle
shaft powers the positioning of the type head to the desired
character. lts rotation is restricted to 180° each time a char-
acter prints. After 180° roiation the spring clutch is disen-
gaged allowing the shaft toremain staticaary. The cycle clutch
is discussed fully in a later section.



Through a series of idler gears at the left, two other shaftsare
driven by the cycle shaft each time it operates (Fig. 6). They
are the filter shaft and the print shaft. The filter shaft oper-
ates the character selection mechanisms, the print escapement,
the shift interlock, and a spacebar lockout device. The print
shaft operates the print mechanism, type aligning mechanism,
and ribbon feed and lift mechanisms.

The shaft to the right of the cycle clutch pulley hub is the
operational cam shaft (Fig. 6). All powered functional oper-
ations are driven by its rotation. The functions involved are
spacebar, backspace, carrierreturn, indexing, and shift. The
shaft also controls the speed of the carrier during a tab operation.
Each of the functions is discussed in detail in its own section.

Print Shaft

Operational Cam Shaft

Drive Belt

Escapement Cam

P

P Filter Shaft
{ycle Clutch Pulley

Cycle Shaft

FIGURE 6. Drive Mechanism

Cycle Clutch Pulley Hub

Torque Limiter Hub

FIGURE 7. Operational Cam Shaft Drive Connection

The operational cam shaft is driven by the cycle clutch pulley
hub and is in continuous rotation whenever the motor is running.
The right end of the shaft operates in a self-aligning porous
bronze bearing. The left end extends into the cycle clutch
pulley hub where it is supported by a vinyl sleeve (Fig. 7).
The sleeve provides a snug fit for the shaft in the hub to pre-
vent any noise due to vibration. The driving connection be-
tween the cycle clutch pulley hub and the operational shaft is
made by two extensions of the hub that fit into cut-outs in the
left side of the torgue limiter hub. The torque limiter hub is
held in position at the extreme left end of the shaft by two set
screws. Two nylon inserts fit into the cut-outs of the torque
limiter hub (around the exten-ions of the cycle clutch pulley
hub). The inserts provide a noiseless driving connection be-
tween the two hubs.

Just to the right of the torque limiter hub are three spring
clutchesand two small pinicn gears. These components are part
of the carrier return and tab mechanisms and are discussed in
their particular sections.

TYPE HEAD

Carrier Assemblz

The printing element is o ball shaped type head containing
eighty-eight characters. The type head is supported in front
of the paper by a framework called the carrier. The carrier
is the box-shaped casting that moves laterally just in front of
the platen (Fig. 8). Its purpose is to transport the type head
and other related mechanisms along the writing line. Almost
the entire print mechanism is contained within the carrieras-
sembly. Inaddition, the carrier also supports the ribbon, rib-
bon feed and lift mechanisms, and a bracket that controls the
left and right margins on the paper.

At the front of the carrier, a sleeve fits into two bronze bear-
ings in the carrier (Fig. 8). The sleeve, called the print
sleeve, must rotate within the carrier. It also slides left to
right on the print shaft to provide the front support for the car-
rier. An oil soaked felt ring surrounds the print shaft and is
enclosed in a retaining cup at each side of the carrier. As
the carrier moves, the felt ring, called the print shaft wiper,
spreads a light film of oil on the shaft to lubricate the sliding
of the print sleeve. Qil from the print shaft wipers is also ab-
sorbed by the bronze bearings in the carrier casting to lubricate
the rotation of the print sleeve.

Escapement Rack

FIGT/RE 8. Front Carvier Support

Old Style Carrier Support

The front edge of the escapement rack serves as a rail on which
the rear of the carrier rides (Fig. 9). The escapement rack
islocatedon the powerframe just to the rear of the carrier. A
square block attached to the rear of the carrier slides along the
escapement rack. Asimilarblock beneath the escapement rack
prevents upward movement of the carrier., The mounting stud
for the upper block has an eccentric shoulder to provide an ac-
justment for the up and down play at ihe rear of the carrier.



Carrier

Carrier Shoe

Escapement Rack

FIGURE 9. Rear Carrier Support (old style)
New Style Carrier Support

The new style carrier support (Fig. 10) differs from the old
style in that the upper shoe fits loosely on its eccentric mount-
ing stud and is spring loaded against the top surface of the
escapement rack. This spring load, provided by a leaf spring,
removes the play between the lower shoe and the bottom of the
escapement rack thereby eliminating any vertical play at the
rear of the carrier during a print operation. The bottom shoe
is a nylatron block tenoned to a plate that is fastened to the
rear of the carrier by the same stud that mounts the upper shoe.
A stud, riveted to the plate, anchors the left end of the leaf
spring. The right end of the spring presses against the under-
side of the escapement bracket (Fig. 10).
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FIGURE 10. Rear Carrier Support (new style)

Rocker

The rocker is a pivoting platform located within the rear por-
tion of the carrier (Fig. 11). lts purpose is to carry the type
head to and from the platen for the print operation. Components
involved in the type head positioning and aligning operations
arealso contained within the rocker. The rocker pivots on the
rocker shaft at the rear of the carrier. Two bronze bushings,
pressed into therocker, pivoton theshaftand act as the bearing
surface for therocker. A C-clip on the right side of the rocker
shaft preventssideplay in the rocker. A steel thrust washer at
the left of the rocker acts as a lateral bearing surface for the
rocker,

Attached solidly to the top of the rocker platform is the yoke
(Fig. 11). The yoke has two arms that extend up to provide
a pivot mount for the tilt ring. Mounted at the top of the tilt
ring is the upperball socket to which the type head is attached.
As the rocket pivots up in front, the yoke moves the tilt ring
and the type head toward the platen.

FIGURE 11. Rocker Assembly
Type Head

Before printing canoccur, the desired character must be in po-
sition to strike the paper. The surface of the type head con-
tains four bands of raised characters with twenty-two in each
band (Figs. 12 and 13). Each band has eleven lower case
characters inthe hemisphere facing toward the platen and eleven
upper case characters in the hemisphere facing away from the
platen.

Lower Case Hemisphere

Platen

Upper Case

Hemisphere

FIGURE 12. Type Head and Platen - Top View

At rest, the position of the type head is such that the middle
character of the upper band is in position to strike the platen.
Thisisthe letter"z". [fany characterother than the "z" is de-
sired, the head must betilted upand/or rotated in either direc-

tion until the desired character is in the printing position. Any



"lower case character may be reached by rotating the type head
up to five positions in either direction and tilting the head as
much as three bands from the rest position. The type head
always rotates back to the "z" or rest position after a character
hasbeen typed. 1fan upper case character is desired, the head
must be rotated counterclockwise an additional 180° so that the
upper case hemisphere of the type head is toward the platen.
The single-unit type head has the advantage over conventional
typebars of being relatively inexpensive and easily detached
from the print mechanism. This enables the operator to change
quickly and easily from one type style to another merely by
replacing the type head.

Letter z

Spring Clip

Type Head
FIGURE 13. Type Head and Platen - Side View

The type head fits around a post called the upper bali socket
at the top of the rocker assembly and is held in place by a spring
clip. Thespringclipislocatedon top of the type head and fits
into a groove in the top of the post (Fig. 14). A convex disc,
covers the spring clip except for two ears (Figs. 12 and 13).
The ears of the spring clip are used in removing and installing
the head. By pressing the two ears together the spring clip is
disengaged from the groove in the mounting post allowing the
head to be slipped up and off.

Locating Pin

Type Head

FIGURE 14. Type Head Mounting

The type head may be installed by pressing the ears of the
spring cliptogetherandslipping the head into place. The type
head iskeyed to the upper ball socket by a pin so that it can be
installed in one position only (Fig. 14). The head must be
rotated as it is installed until it drops into position on the pin.
The springclip isthen released to lock the head in place. When
the mechanism is at rest, the type head is always in the "z"
position. When the shift mechanism is in the lower case posi-
tion, the ears of the head clip are toward the front of the ma-
chine.

TILT MECHANISM
Tilt Operation

The purpose of the tilt mechanism is to raise the rear of the
type head to the desired character band so that a character in
that band may be brought to the printing point.

The upper ball socket is attached to a platform=like part called
the tilt ring. The tilt ring pivots on two pins between yoke
arms that fit up inside the hollow of the type head. The yoke
assembly is fastened to the rocker to complete the type head
mounting (Fig. 11).

The tilt ring is located at about the center of the type head.
As the tilt ring pivots on its pins, it causes the type head to
tilt. Because the type head rests with the upper band in the
print position, all tilt operations are upward from the rest po-
sition.

Old Style

Movement of the tilt ring is accomplished by the operation of
two beveled gear sectors located directly beneath the tilt ring
(Fig. 15). One sector forms part of the tilt ring, while the
otherisa part of the tilt sector tube. Rotation of the tilt sec-
tor tube causes the tilt ring and type head to be tilted.

Tilt Sector Gears

Tilt Sector Tube

Tilt Pulley

FIGURE 15. Tilt Mechanism - Rocker Portion

The tilt sector tube operates through the yoke and extends be-
low the rocker. A pulleycalledthe tilt sector pulley is attached
to the bottom of the tube. The pulley is held to the tube by a
set screw that presses a small T-shaped block against a flat
surface on the tube. The pulley is held in a clockwise direc-
tion (looking from the top) by an extension spring. A small
steel tape encircles the pulley and has one end attached to it.
When the tape is pulled, it causes counterclockwise rotation
of the tilt tube and an accompanying tilt of the type head.
When the pull on the tape is relaxed, the tilt pulley is restored
by its spring causing the type head to return to the rest position.



From the pulley, the tilt tape is guided through the hollow left
end of the rocker shaft by a rounded tape guide block attached
to the bottom of the rocker. The tilt tape extends to the left
around a small pulley, back to the right around a similar pulley,
and is attached to the right side of the carrier. This arrange-
ment allows left to right movement of the carrier without dis-
turbing the position of the type head (Fig. 16).

When atilt operation is required, the distance between the two
side pulleys is increased by moving one of the pulleys away from
the other. This causes a pull on the tilt tape. The puliey on
the right is solidly mounted and is moved for adjustment only.
The left pulley isattached to a pivoting arm called the tilt arm.
Movement of the arm to the left exerts a pull on the tilt tape
to cause a rotation of the tilt tube and a tilt to the type head.

Tilt Tape

Tilt Arm

Tilt Bellcrank

Tilt-2 Latch
Tilt-1 Latch

New Style (Gearless Tilt)

The "gearless tilt mechanism" operates basically the same as
the early style mechanism. Movement of the tilt ring is ac~
complished by the operation of the tilt pulley (Fig. 17). A pull
on the tape causes the tilt pulley to rotate (about its mounting
stud) transferring motion to the tilt ring by means of the tilt
pulley link . When the pull on the tape is relaxed the tilt pulley
is restored to rest by its extension spring.

The tilt pulley link is fastened to the tilt pulley by a ball shoul -
dered rivet to allow the link to pivot in all directions. The
other end of the link is fastened to the tilt ring by a pin and
C-~clip.

Latch Bail

The cycle shaft has three double lobed cams on it that power
the positioning of the type head (Fig. 18). The three cams
are separated on the cycle shaft, one on the left and two
on the right. The left cam and the middle cam are paired to

operate the latch bail located just beneath the cycle shaft.

The right cam can be disregarded for the moment.

The cycle shaft powers the positioning of the type head by
operating the selector latch bail. The latch bail is a box-

Tilt Tape

Tilt Pulley Spring
FIGURE 17. Gearless Tilt

Tilt Pulley

FIGURE 16. Tilt Tape System

shaped frame located just beneath the cycle shaft (Fig. 18).
Two short arms of the frame extend forward where they pivot
on a shaft mounted to the powerframe. Each side of the latch
bail contains a roller that is constantly in contact with its
respective cycleshaft cam. An extension spring at the rear of
the latch bail applies a constant upward pressure to hold the
rollers against the cams. Each time the cycle shaft operates
180°, the bail is forced down at the rear pivoting about the
bail shaft.

Cycle Shaft

Bail Shaft

FIGURE 18. Cycle Shaft and Latch Bail




The rear of the latch bail is recessed at six points. Five of
the recesses contain selector latches. The sixth recess if for
special applications of the machine. Across the rear of the
latch bail is a plate attached by four screws. Each selector
latch has a lip formed to the rear just under the bail plate
(Fig. 19). An extension spring holds each latch to the rear.
The five selector latches are components of the differential
lever assembly that determines how much tilt and rotate the
head will receive. The two latches to the left are concerned
with tilting the head, while the three on the right deal with
rotating the head.

If the latches remain to the rear under the plate, they will be
pulled down when the bail is operated. If any latch is held
forward, it is not hooked under the bail plate and will not be
pulled down duringan operation of the latch bail. The method
of pulling the various latches forward isdiscussed in a later sec-
tion.

Positive Selector Cam

O

Latch Bail —

Latch Bail Plate

FIGURE 19. Latch Bail - Side View

Tilt Differential

The two tilt latches are attached at each end of a short lever
by ball shouldered rivets (Fig. 20). The ball shape of the
shoulders allows the latches to pivot in all directions. The lever
is attached by a double vertical link to the tilt bellcrank. The
bellcrank pivotson astudat the top of the differential bracket.
The connection of the double link is not in the middle of the
lever; therefore the leverage developed by one tilt latch is
greater than that of the other.

A horizontal link connects the top of the tilt bellcrank to the
tilt arm. Operation of the bellcrank forces the tilt arm tothe
left to exert a pull on the tilt tape. The tilt arm is sometimes
referred to as the tilt multiplying arm, because the movement
of the horizontal link is increased at the pulley due to the lever-
age developed.

The left hand tilt pulley is mounted to the tilt arm on a ball
shouldered pivotscrew. This allows the pulley to remain hori-
zontal regardless of the position of the tilt arm. It must remain
horizontal to prevent the tilt tape from coming off the pulley.

The tilt bellcrank isrotated by a pull on the tilt latches. When
the left latchis held tothe front while the right one remains to
the rear, only the right latch is forced down by the latch bail
(Fig. 21). As the latch pulls down on its attached lever, the
left end of the lever pivots against a stop lug formed out from
the differential bracket. The vertical link from the lever is

then pulled to operate the tilt bellcrank. The same action
occurs if the left latch is pulled down by the latch bail while
the right latch is held forward. The distance the vertical link
is pulled is not the same for both latches, because the link is
not connected to the middle of the lever.

' Tilt Tape

v

Tilt Bel
Tilt Pulley ilt Bellcrank

S

®

Tilt Arm

Tilt=2 Latch Tilt=1 Latch

FIGURE 20. Tilt Differential At Rest

—_—

FIGURE 21. Tilt - 1 Operation

When only the right latch is being operated by the bail, the
left end of the lever is not pulled down and acts as a pivot
point. The vertical link is attached to the lever one-third of
the distance from the pivot point to the right latch. This causes
the link to be pulled down only one-third as far as the latch is
pulled by the bail. The movement of the link is sufficient to
cause the type head to tilt a distance of one band of characters.
This places the second band from the top in the printing position.

When only the left latch is operated, the right end of the lever
actsas a pivot point (Fig. 22). The vertical link is then two-
thirds of the distance from the pivot point to the operating latch
and ismoved two-thirdsas much as the latch. This movement is
sufficient to cause the type head to tilt a distance of two bands
of characters. The third band is then in the printing position.



FIGURE 22. Tilt - 2 Operation

FIGURE 23.

Tilt - 3 Operation

When both latches remain to the rear under the latch bail, both
are operated. The lever moves straight down and neither end
actsasapivot point (Fig. 23). This causes the double vertical
link to receive the same motion as the latches, resulting in three
character bandsoftilt. The fourth band is then in the printing
position.

When operated by itself, the right tilt latch causes a tilt of one

character band; therefore it is referred to as the tilt-one latch.

Because the left latch causes a tilt of two character bands, it
is called the tilt-two latch. Both latches operated together
cause o tilt-three action.

ROTATE MECHANISM
Rotate Operation

The rotate mechanism positionsthe rear of the type head left or
right to the desired character within a tilt band.

The upper ball socket to which the type head is attached has a
shoulder at the bottom fitted into a hole in the tilt ring. The
fit is very close yet permits free rotary motion of the upper ball
socket. The upper ball socket is held in place by the tilt ring
spacer. The spacer attached directly to the tilt ring and fits
around a flange of the upper ball socket. The tilt ring spacer
isshimmedto allow rotation of the upper ball socket yet restrict
up and down play.

The underside of the upper ball socket is hollow and forms the
socket fora ball joint connection (Fig. 24). A dog-bone shaped
ball joint fits into the socket over a pin that extends through
the socket. The ball jointis identical at both ends. The lower
end fits over a pin in the lower ball socket. These two ball
and socket connectionsact asuniversal joints to permit the type
head to be rotated and tilted at the same time.

p —a Upper Ball Socket
\§_ S~/

Rotate T
otate fape Ball Joint

Rotate Pulley

Lower Ball Socket

FIGURE 24. Rotate Mechanism - Rocker Portion

The lower ball socket is part of a shaft called the rotate shaft.
The shaft operates inside the hollow of the tilt sector tube and
extendswell below the tilt sector pulley. (On the gearless tilt,
the tilt sector tube and the tilt pulley have been eliminated.
The rotate shaft operates directly inside the hollow of the yoke).
On both styles the bottom of the shaft pivots in a hole ina
plate attached to the bottom of the rocker. This plate acts as a
bearing for the bottom of the rotate shaft. Attached near the
bottom of the shaft is the rotate pulley similar in operation to
the tilt sector pulley (Fig. 24). By means of the upper and
lower ball sockets and the ball joint, the rotate pulley operates
to rotate the type head in either direction.

As on the tilt mechanism, the rotate pulley is operated by a
steel tape that passes around two side pulleys and attaches to
the carrier. When either of the side pulleys moves away from
the other, the type head isrotated counterclockwise by the pull
of the tape. When either side pulley moves toward the other,
the type head is rotated clockwise by the tension of the rotate
pulley spring (Fig. 25).



Rotate Arm

Rotate Link

FIGURE 25. Rotate Tape System

The rotate spring is of the mainspring type enclosed in a sta-
tionary cage, with the outer end of the spring attached to the
cage. The innerendof the spring is connected to a hub on the
rotate pulley. A spring of this type must be used here rather
than an extension spring as is used on the tilt sector pulley, be-
cause the type head is required to rotate almost a full revolution.

The right hand rotate pulley is attached to the shift arm and
moves only during the shift operation; therefore consider it to
be stationary for the present. The left hand rotate pulley is
attached to the rotate arm. When the arm moves away from the
side frame, it exerts a pull on the tape to rotate the typehead
counterclockwise. Thisdirection isknown asthe positive direc-
tion of rotation. ‘

When the left hand rotate pulley moves towards the sideframe,
the rotate spring turns the rotate pulley rotating the typehead
inaclockwise direction. This direction is known as the nega=
tive direction of rotation.

'Posifive Rotate Differential

The rotate differential is much the same as the tilt differential .
The latches are operated by the latch bail if they are allowed
toremain to the rear under the bail. Each operates with a dif-
ferent leverage for different amounts of rotation. Rotation of
upto five characters is sometimes required on either side of the
rest position. This requires more latches and levers than for a
tilt operation.

Consider the positive rotation of the type head first. Three
latches and a series of three levers are involved in positive
rotation (Fig. 26). The three latches are those farthest to the
right in the latch bail. All the latches are spring loaded to
the rear under the latch bail and are operated by the bail unless
they are pulled forward.

Rotate Tape

Rotate Pulley

Rotate Spring

Shift Arm

The two latches on the extreme right are mounted by balt shoul-
dered rivets to a short lever similar to the tilt latch mounting.
A flat double link extends vertically from the lever to a second
lever above it. The connection isat the right end of the second
lever and one=~third of the distance from the right end of the
first lever.

Rotate Tape

Rotate Bellcrank

Balance Lever

FIGURE 26. Rotate Differential At Rest

The third latch is connected by a ball shouldered rivet to the
left end of the second lever. Because its mounting point is
higher than the other latches, the third latch is much longer
than the othersto permit latching under the bail at the bottom.



A second vertical link connects the second lever to the left
endofthe third lever in the series. The link is attached to the
second lever two-fifths of the distance from the right end.

The third lever is an adjustable lever connected at the middle
tothe horizontal arm of the rotate bellcrank. It is referred to
as the balance lever, because its adjustment balances the amount
of motion between positive and negative rotation. The right
end of the balance lever is held stationary during positive ro-
tation. Adownward pull at the left end causes the rotate bell-
crank fo operate. A heavy link connects the bottom of the
rotate bellcrank to the bottom of the rotate arm. The rotate
arm is sometimes referred to as the rotate multiplying arm be-
cause the movement of the rotate link is increased at the pulley
asaresult of the leverage . Operationofthe bellcrank counter-
clockwise causes the rotate arm to pivot about its fulcrum point
and exert a pull on the rotate tape.

This Point Stationary On
All Positive Selections

|

FIGURE 27. Positive - One Rotate Operation

In order to operate the balance lever, one or more of the latches
must be pulled down by the latch bail. Consider the latches
one at atime starting with the middle of the three rotate latches.
When only the middle latch isallowed to remair under the latch
bail, it is the only one pulled down when the bail operates
(Fig. 27). As the middle latch is pulled down, its attached
lever moves down at the left and pivots at the right on a stop
lug formed out from the differential bracket. The vertical link
isattached to the lever one-third of the distance from the pivot
point to the latch. Thiscauses the link to be moved down one-
third as much as the latch.

The link exertsapull onthe right end of the second lever cqus-
ingitto pivot on its stop lug at the left end. The second ver-
tical link is attached to the lever three-fifths of the distance
from the pivot point to the operating end of the lever. The
second link moves three-fifths as much as the right end of the
lever. The right end of the second lever moves one-third as
much as the latch. Multiplying the two together, the second
vertical link moves three-fifteenths or one~fifth as much as the
latch. :

The second vertical link operates the left end of the balance
lever which, inturn, actuates the rotate bellcrank. This move-
ment is sufficient to cause a positive rotation of one character
onthe type head. The movement is caused by operation of the
middle rotate latch, so it is referred to as the rotate-one latch.
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When only the right hand latch is operated, the movement of
the rotate bellcrank is doubled, and a positive rotation of two
characters isobtained on the type head. The increased move-
ment is obtained at the first lever. When the right hand latch
moves down, the lever pivots on a stop lug at the left. The
vertical link is attached two-thirds of the distance from the
pivot point to the latch; therefore the link moves down two-
thirds as much as the laich. This is twice as much as for the
rotate-one latch. The right hand latch is referred to as the
rotate-two latch.

When both the rotate-one and rotate-two latches are operat-
ingtogether, the first lever moves straight down without pivot-
ing at either end (Fig. 28). This gives the same amount of
motion to the first vertical link as is given to the two latches.
Movement of the link is three times as much as when operated
by the rotate-one latch alone. The additional movement is
transferred to the rotate bellcrank to rotate the type head three
characters in the positive direction.

FIGURE 2%. Positive - Three Rotgte Operation

When addition:! rotation isrequired, the third rotate latch must
be used. The (=it hand latch is never used alone; but to clarify
its leverage in relaticn to the other latches, consider it to be
the only one in operciion. )

The left hand latch is attached directly to the end of the sec-
ond lever. Whenoperated, the latch causes the left end of the
second leverto move down. The right end of the lever cannot
rise so it acts as a pivot point. The second vertical link is
attached to the lever two-fifths of the distance from the pivot
point to the latch; therefore the link moves down two-fifths as
much as the latch.

Movement of the link is twice as much as when the rotate-one
latch isoperated alone. Therefore the movement obtained from
the left hand latch is sufficient to rotate the type head two
characters in the positive direction. Since the right hand latch
is called the rotate-two latch, the left hand latch is referred to
as the rotate-2A latch.

The 2A latchis never used by itself. When its motion is added
to that of one or both the other latches, rotation of four or five
characters can be obtained. The rotate-one latch is used for
one-character rotation and the rotate-two latch for two-



character rotation. Both are operated together for three-
character rotation. The rotate~two and rotate=-2A latches are
operated for a four-character rotation. The rotate-one, rotate-
two, and rotate-2A are operated for a five~character rotation
(Fig. 29).

FIGURE 29. Positive - Five Ectate Operation

Negative Rotation

Positive rotation of the type head is achieved, by operating
the rotate bellcrank counterclockwise so as to create a pull on
the rotate tape. It follows then that operating the rotate bell-
crank clockwise will allow the rotate pulley spring to rotate
in a negative direction.

The rotate bellcrank is controlled by the balance lever in the
differential series. Inorder for the bellcrank to operate clock -
wise, the balance lever must be raised. The left end of the
lever cannot rise, because the stop lugs on the bracket prevent
any upward movement in the leverseries. Therefore if the bell-
crank is to operate clockwise, the right end of the lever must
be raised.

The right end of the balance lever has a flat link connection
to the five-unit bail assembly (Fig. 30). The bail is a single
arm located under the cycle shaft and pivoted in front on the
bail shaft. When the five-unit bail is allowed to rise, the
right end of the balance leverrises to allow clockwise operation
of the rotate bellcrank.

5-Unit Drive Link
5-Unit Latch

5-Unit Cam
5-Unit Bail
|

=

FIGURE 30. Five Unit Bail At Rest

The five-unit bail is prevented from rising by the five-unit
latch at the rear (Fig. 31). The latch is mounted to the dif-
ferential bracket and pivots front torear. In the rest position the
latch is positioned above the head of an adjusting screw at the
rearofthe five-unit bail. When the latch is pulled forward the
bail is allowed to rise (Fig. 32). The force which raises the
bail comes from the rotate pulley spring and the spring attached
tothe rotate arm. These springs are applying a constant force
on the rotate bellcrank in the clockwise direction.

Latch Prevents Bail
From Rising

FIGURE 31. Five -Unit Bail During
Positive Rotate Cycle

Latch Allows Bail
f To Rise

FIGURE 32. Five Unil Bail During Negative
Rotate Cycle

" The five-unit bail is restored down by the extreme right hand

cumon the cycle shaft. The high point of the cam is 90° from
the high point of the other two cams. This insures that when
the latch bail isdriven DOWN in the active position, the five-
unit bail can be UP in the active position. Conversely, when
the latch bail is UP in the rest position, the five-unit bail will
be DOWN in the rest position.

7 Il il_immnm—..,

FIGURE 33. Negative-Five Rotate Operation



It should be noted that the five-unit bail is held down in the
rest position by the cam rather than by the five-unit latch.
Inthe rest position there is a clearance between the latch and
the adjusting screw in the five-unit bail. The clearance must
be present to.insure resetting of the latch at the completion of
a cycle. During a positive rotate or non-rotate cycle, the
five-unit bail rises slightly before being restricted by the five-
unit latch (Fig. 31). This upward movement of the five-unit
bail allowsaslight clockwise, or negative rotation of the type
head. The type head rotates from the rest position to a position
known as the "latched-home" position. Consider all positive
and negative rotations to occur from the latched-home position.

Movement of the five-unit bail from the latched~home point to
the low point of the cam allows sufficient clockwise movement
of the rotate bellcrank to permit a five character negative rota-
tion of the typehead (Fig. 33). If less than five units of nega-
tive rotation isdesired, it is necessary to pull down on the left
end of the balance leveras the right end goes up. This reduces
the amount of clockwise movement of the rotate bellcrank.
Operating one or more positive rotate latches down in conjunc~
tion with allowing the five-unit bail to rise allows different
amounts of negative rotation. The positive rotate-one and
negative-five combine to allow a negative-four rotation. A
positive~-two and negative~tive combination gives a negative-
three rotation (Fig. 34). A positive-three and a negative-five
operation permits a negative-two rotation. A positive-four
plus a negative -five combination gives a negative-one rotation.

KEYBOARD SECTION AND CHARACTER SELECTION

The keyboard section is a compact unit that is detachable as a
unit from the rest of the machine. Contained in the keyboard
section are all keylevers and allied parts, and a selection
mechanism for the differential latches. Depression of a letter
keylever prepares the selection mechanism for operation and
trips the cycle clutch latch to allow a cycle operation.

Selector Latch

Selector Bail

Keylever
Interposer
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FIGURE 34. Negative-Three Rotate Operation

Keylevers

The keylevers pivot on a fulcrum rod af the rear (Fig. 35).
A nylon rod at the top and the bottom of the guide comb slots
limit the travel of the keylevers in the front guide comb. A
lower extension on each keylever operates in the keylever bear=-
ing support to stabilize the keylever. .o

The keybuttons are designed in the shape of a pyramid to make
the use of a keyplate unnecessary. The tops of the keybuttons.
form a concave slope to the keyboard for ease of operation.
Keylevertensionissupplied by a set of flat spring fingers under
the front of the keylevers. The forward end of each spring
finger is cupped so that the spring will maintain its position
under thekeylever. Different spring tension is supplied to the
four rows of letter keylevers by auxiliary leaf springs under the
keylever springs. The auxiliary spring fingers vary in length
to offset the leverage difference among the four rows of key-
levers. This variation in spring tension results in a uniform
operating force requirement for all keylevers.

o

o

A
’-/

FIGURE 35. Keyboard Section and Character Selection



A shoulder rivet attaches a keylever pawl to each keylever at
the rear. Asmall spring attached from the pawl to the keylever
holds the paw! in the rest position. The pawl extends below
and is formed under the keylever in position to strike the top
of an interposer (Fig. 35).

Adjusting lugs at the rear of the keylevers make it possible to
adjust the relative height of each individual keylever and key-
lever pawl.

Interposers

Each keylever has a character interposer located just below it
(Fig. 35). The purpose ofthe interposers is to select the amount
of tilt and rotate needed to bring the desired character to the
printing point. A large fulcrum rod passes through an elongated
hole in the front of each interposer and provides a support on
which the interposers can pivot and slide. A guide comb at
the front and rear separates the interposers. The interposers
are allowed to move upand down in the rear guide comb as well
as front to rear. An extension.spring from each interposer to
the top of the rear guide comb loads the interposer to the rear
and up into the rest position.

The interposers ‘have several lugs extending from them, each
with its own operation to perform (Fig. 36). Each interposer
hasa lug on top in position to be struck by the keylever pawl.
On the bottom of the interposers are positions for eight lugs.
Seven of the lugs are selective lugs. The absence or presence
of these lugs in different position combinations makes the inter-
posersdifferent. There are no two alike. The rearmost selec-
tive lug is for special applications of the machine.

»

Keylever Pawl Contact Surface
Latching Surface

Filter Shaft
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Selector Lug Contact Surface

Cycle Clutch
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FIGURE 36. Selector Interposer

One lug on the bottom is common to all interposers. It is a
wide lug located at the middle of the interposers. Its purpose
is to release the cycle clutch for a cycle operation whenever
a keylever is depressed. Directly below the lug is the cycle
beil that pivots up and down (Fig. 35). Downward movement
of any character interposer forces down on the cycle bail to

release the cycle clutch latch and allow a cycle operation.

The cycle clutch release lug is cut at an angle on the bottom
to prevent inferference between the lug and the cycle bail as
the parts are restoring to the rest position.

Filter Shaft
When the interposer is depressed it pushes the cycle bail down

to unlatch the cycle clutch and allow a 180° rotation ofthe
cycle shaft (Fig. 35). Rotation of the cycle shaft 180° also
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rotates the filter shaft 180°. The filter shaft is a two-bladed
shaft located af the rear of the keyboard section and just below
the ends of the interposers. It pivots in a bronze bearing at
each end and is connected by a gear train on the left side of
the cycle shaft.

When an interposer is depressed, the rear of the interposer is
moved down in front of one blade of the filter shaft. As the
filter shaft turns, the blade drives the interposer forward to
operate the character selection mechanism.

Interposer Latch

Resting against the rear of each interposer is a spring finger
calledthe interposer latch spring (Fig. 37). The spring fingers
are slightly deflected to the rear when the interposers are at
rest. When any interposer moves down at the rear, the spring
snaps forward over the interposer and holds it down. The inter-
poser remains down until it is pushed forward enough to clear
the spring finger. At that time it is raised and restored by its
extension spring.

Selector Compensator Tube

Interposer A
Interposer Latch
Spring >

l E—
I Sleﬁc'ror Compensctorwr\ ‘i

B. INTERPOSER LATCHED

" A. INTERPOSER AT REST DOWN

FIGURE 37. Interposer Latch and Selector
Compensator
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An interposer must be latched down to insure that it will remain
in the path of the filter shaft blade until the cycle operation
occurs. Unless latched down, the interposer could restore up-
ward without being driven forward. This would result in an
erroneous character because of no character selection.

With this latching device, one interposer can be latched down
just as the previously depressed interposer is being operated
forward. The second interposer will then be operated forward
as soon as the cycle operation for the first interposer is com-
pleted. This is known as character storage and tends to even
erratic typing rhythm.

Selector Compensator

The selector compensator prevents simultaneous depression of
two keylevers insuring that only one interposer at a time can
be operated down and then forward. If more than one inter-
poser at a time were depressed, they would be operated for-
ward together and a selection error would result causing the
wrong character to print. A hook shaped lug at the rear of
each interposer operates in a device called the selector com-
pensator attached to the rear interposer guide comb (Fig. 37).
The compensator contains closely spaced steel balls that pre-
vent downward movement of two or more interposers simulta=-
neous!'y (Fig. 38a). When an interposer is down, the steel
balls shift in the tube of the compensator to block the down-
ward movement of any other interposer (Fig. 38b).



Selector

Compensator Ball Interposer Lug

A. Simultaneous Leylever Depression Blocked

B. Second Keylever Depression Blocked

FIGURE 38. Selector Compensator Action

The hook portion of the interposer lugs extends to the rear just
to the center line of the steel balls (Fig. 37). When an inter-
poser is driven forward after being depressed at the rear, the
lug will not be between the steel balls and another interposer
can be depressed. With this arrangement, the operator does
not have to wait until an interposer is restored upward before
actuating another.

An adjustable stop at each end ‘of the compensator tube keeps
the balls somewhat centered between the interposers. The balls
are thus prevented from shifting too far left or right. If the
balls were allowed to move too far under the interposer lugs,
they would partially block the depression of an interposer and
the keyboard touch would suffer. The stops are removable so
that the steel balls may be removed and cleaned if necessary.

Selector Bails and Links

Six selector bails are mounted between the side frames so they

can operate forward and back (Fig. 35). Each bail is in front
ofaselector lug position on the interposers. When an interposer
containing all its lugs is driven forward, all the selector bails
are moved forward. 1fany lug is absent from an interposer, the
bail for that position will not be operated forward by that
interposer.

Six sliding interposers called the latch interposers are located
under the left end of the selector bails (Fig. 35). These inter-
posers operate front to rear in the bottom of the interposer guide
comb.
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Each latch interposer has a lug that extends up directly in front
of a selector bail. As the selector bail is moved forward, the
latch interposer is moved forward by the bail. The bails and
latch interposers are paired so that each bail operates only one
interposer. An extension spring at the bottom of each latch
interposer loads the interposer and its selector bail to the rear.
The latch interposers rest against adjustable lugs at the rear to
prevent the bails from being forced against the selector inter-
poser lugs. This prevents the selector interposers from binding
against the bails as the interposers are depressed. The stop lugs
also help prevent the selector bails from bouncing as they are
restored to the rear.

An adjustable link connects each latch interposer to one of the
selector latchesof the differential mechanism (Fig. 35). When
alatch interposer is moved forward, the selector latch connected
to that interposer is pulled forward to prevent its being operated
downward by the latch bail .

Cycle Clutch Latch

Although not actually a part of the keyboard section, the cycle
clutch latch is directly related to the keyboard mechanisms.
It is through depression of a keylever that the cycle clutch is
allowed to operate.

The cycle clutch latch pivots on a bracket at the front of the
power frame. It pivots from the top and rests in a vertical po-
sition just in front of the cycle clutch sleeve. A thin metal
plate, mounted in rubber on the rear of the latch prevents rota-
tion of the sleeve thereby preventing the cycle clutch spring
from tightening on the cycle clutch pulley hub (Fig. 39). The
latchis held in this position by the cycle clutch latch pawl and
link assembly that extends forward from the latch. The cycle
clutch pawl pivots on the link. An extension spring between
the two parts rotates the front of the pawl up info a latched
position behind the cycle clutch keeper (Fig. 39). The cycle
clutchkeeper is an adjustable plate mounted, by means of the
cycle clutch keeper bracket, to the guide comb support under
the front of the keyboard section. An extension spring exerts
a pull toward the front on the cycle clutch latch link. The
pawl, being attached to the link, prevents the link from being
pulled forward.
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FIGURE 39.

Cy. Cl. Latch Link
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Restoring Arm

Cycle Clutch Latch Mechanism



When the keylever is depressed, the interposer beneath the key-
lever forces the cycle bail to pivot downward. The cycle bail
moves the cycle clutch latch pawl down disengaging it from the
keeper. The extension spring at the front of the link is then
allowed to snap the link and cycle clutch latch forward disen-
gaging the latch from the clutch sleeve. This allows the clutch
spring to tighten and begin a cycle operation.

A small lever, called the cycle bail damper, pivots dt each
side of the keyboard just above the cycle bail (Fig. 40). An
extension ofeach lever rests against the front of the bail. An
extension spring connected between the cycle bail and each
damper has the dual purpose of restoring the cycle bail upward
and holding the damper against the bail . The purpose of the
dampers is to lightly retard the upward movement of the cycle
bail so as to prevent the bail from bouncing as it reaches its
upward limit. Without the dampers the bail has a tendency to
bounce down and retripthe cycle clutch creating an additional
cycle.

Restoring Follower
Cycle Bail Damper

Filter Shaft

FIGURE 40. Cycle Clutch Latch Restoring

Operation (old style)

Old Style Restoring Mechanism

For a cycle operation, the cycle shaft must be limited to 180°
rotation. This means that the cycle clutch latch must be re-
stored and held to the rear into the path of the second step on-
the cycle clutch sleeve. A two-piece adjustable restoring de-
vice pivots on the cycle clutch latch bracket. As the filter
shaft rotates during a cycle operation, a blade of the filter shaft
forces the restoring follower to the rear (Fig. 40). The follower
and restoring arm acts asone piece; thus the restoring arm moves
to the rear and pushes the cycle clutch latch back into position
tostopthe cycle clutchsleeve. The latchis restored far enough
to the rear to permit the cycle clutch latch pawl to reset on the
cycle clutchkeeper and maintain the parts in the rest position.

FIGURE 41.

Cycle Clutch Latch Restoring
Operation (mew style)
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New Style Restoring Mechanism

The new style cycle clutch latch restoring mechanism consists
ofacam and a cam follower. The cam, called the cycle clutch
latch restoring cam, is a double lobed nylon cam mounted on
the cycle shaft (Fig. 41). The cam follower is an extension of
the cycle clutch latch which protrudes to the rear of the ma-
chine just above the restoring cam. The extension has a small
adjustable steel roller mounted on it which rideson the cam dur-
ing a restoring operation.

When the machine is at rest the low point of the restoring cam
is directly below (but not in contact with) the steel roller
(Fig. 41). When akeyleveris depressed the cycle clutch latch
pawl is pushed off its keeper allowing the cycle clutch latch to
swing forward releasing the cycle clutch sleeve. When the
cycle clutch latch swings forward the steel roller on the exten-
sion drops down onto the restoring cam. As the cam rotates
towards its high point the steel roller is forced up swinging the
cycle clutchlatchto the rear into the path of the cycle clutch
sleeve. The latch is restored far enough to the rear to permit
the cycle clutch latch pawl to reset on its keeper.

Operation

Depression of a letter keybutton causes the front of the key=-
lever to move down as the rearend pivots about the fulcrum rod.
Thekeylever pawl at the rear of the keylever contacts the top
lugofan interposer. Further movement of the keylever causes
the rear of the interposer to move down as the front pivots about
the interposer fulcrum rod. Asthe interposer moves down, a lug
on the bottom of the interposer forces the cycle bail and the
cycle clutch latch pawl down. Further movement of the inter-
poser allows the interposer latch spring to snap forward over the
topofthe interposer to maintain its downward position. At about
the same time that the interposer latches down, the cycle bail
trips .the cycle clutch latch pawl off its keeper to allow the
cycle clutch to begin an operation.

As the cycle shaft turns, the cams of the cycle shaft force the
latch bail down. However, the contour of the cams is designed
so that cycle shaft rotation does not cause immediate downward
movement of the latch bail. During the "dwell" on the cycle
shaft cams, the filter shaft is operated to drive the depressed
interposer forward.

As the interposer is driven forward, the selector lugs that are
present on the interposer push their respective selector bails
forward. The bails cause the latch interposersto pull the selec-
tor latches forward.

As the selector mechanism is being operated forward, the cycle
shaft cams start to force the latch bail down. All latches that
remain to the rear are operated down by the latch bail. This
does not apply to the negative=5 latch which must be pulled
forward in order to allow a negative rotation.

The latches are pulled forward only for an instant. As soon as
the interposer has been pushed forward far enough to clear its
interposer latch spring, it becomes free to restore vertically.
The fact that the interposer cannot move up instantly out of the,
path of the filter shaft allows it to be driven farther forward.
The interposer spring then raises the interposer and restores it to
the rear. Thisallowsthe latches to restore to the rear. By this



time the latch bail will have been forced down by the cycle
shaft cams far enough to prevent resetting of the latches under
the bail plate. The latches merely rest against the bail plate
until the cycle operation has been completed and the latch bail
hasrestored. The same action applies to the negative-5 latch
except that its bail is allowed to rise in the operated position.
The negative-5 latch resets above its bail when the bail has
been driven down fo its rest position.

If the keylever has been held down throughout the operation,
the rear edge of the interposer lug strikes the keylever pawl as
the interposer restores to the rear. The keylever pawl is then
deflected to the rear and remains in this position until the key~
leverisreleased (Fig. 42). At that time it snaps forward above
the interposer lug ready for the next operation. This arrange-
ment insures a single operation regardless of how long the key~
lever is held depressed by the operator.
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FIGURE 42. Keylever Held Depressed

Repeat/Non-Repeat Keylevers

A repeat/non-repeat operation is provided as a standard feature
in the hyphen/underscore position. The operation requires a
special, two-piece keylever (Fig. 43). One part of the key-
fever pivots about the keylever fulcrum rod at the rear and ex-
tends forward through the guide comb. It contains no keybutton
but has the keylever pawl attached similar to the normal key-
fever. The second part of the keylever is a short lever contain-
ing the keybutton. It pivots on a shouldered rivet at the rear
of the long keylever. The front of the short lever is restricted
by a shouldered rivet through an elongated hole. A compres-
sion spring between the two pieces acts to hold the short lever
up in its elongated hole.

When the keybutton is depressed, the two pieces act as one
and a single operation results. If the keylever is held down,
the keylever pawl is deflected to the rear as the interposer
restores (Fig. 43). Additional pressure appliedto the keybutton
overcomes the compression spring and causes the short lever to
pivot downward. Aspecial lugon the bottom of the short lever
forces the interposer down for a second operation (Fig. 44).
The special lug is wide enough so that the interposer is not al-
lowed to restore upward as long as the keylever is held in the
repeat position. The interposer merely travels front to rear.
As it does so, it prevents the cycle clutch latch pawl from re-
setting, and results in a continuous operation.

The repeat/non-repeat feature may be removed from the machine
by replacing the two-piece keylever with a conventional key-
lever.
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FIGURE 43. Repeat Keylever After Single Operation

FIGURE 44. Repear Keylever Held Depressed

Keyboard Lock

When the switch is turned OFF, the keyboard must be locked
to prevent mechanisms from being tripped while the motor is not
running. Thisisto prevent the motor from having to start under
aloadand to prevent an unwanted operation the next time the
switch is turned ON.

Operation of the switch lever controls the keyboard lock mech-
anism by rotating the lockout bail that extends across the bottom
of the keyboard section (Fig. 47). When the switch lever is in
the OFF position, the lockout bail is moved forward into posi-
tion below an extension of the cycle clutch latch pawl, and
prevents the cycle clutch from being released.

As additional insurance against an interposer being latched
down, a special bellcrank at the left side of the keyboard is
rotated into the selector compensator by a link from the lock=~
out bail. This forces the steel balls to shift in the tube and
block the downward movement of all interposers. When the
switchis ON, the keyboard lock bellcrank is spring-loaded out
of the selector compensator.

A link from the right side of the lockout bail rotates a D-shaped
shaft beneath the operational mechanism. The shaft locks the
backspace, spacebar, carrier retum and indexing keylevers
when the switch is OFF. The tab and shift keylevers are not
locked.



Keyboard Lockout
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Lockout Bail
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Cycle Clutch Latch Pawl

Selector Compensator

FIGURE 45. Keyboard Lock Mechanism - ON Position

SHIFT

The purpose of the shift mechanism is to rotate the type head
180° in the counterclockwise direction. This action places the
upper case hemisphere of the type head near the platen for typ-
ing capital letters. Each upper case character is in the same
tilt band as its lower case counterpart but 180° from it. Thus
depression of a keylever with the shift in operation couses an
upper case character to print.

The shift mechanism consists of a shift arm, shift cam, spring
clutch, clutch control mechanism and interlocks. The shift
mechanism takes its power from the right end of the operational
shaft. All the components are concentrated in that area.

Shift Operation

The shift operates by moving the right hand rotate pulley toward
the right (Fig. 46). The movement of the pulley creates suf-
ficient pull on the rotate tape to cause 180° type head rotation.
The pulley remains in this position as long as the shift keylever
is held depressed.

Two keybuttons, one at each front corner of the keyboard,” can
be used to actuate the shift mechanism (Fig. 47). A bail be-
tween the two keylevers causes both of them to move together
regardless of which one is depressed by the operator. If the
operator desires to keep the mechanism in the upper case posi-
tion, ashift lock is provided for this purpose. The shift lock is
attached to the left keytever and may be locked by depressing
the shift lock keybutton. The shift lock may be released by
depressing and releasing either shift keybutton.

The right hand rotate pulley is fastened to the top of the shift
arm. The arm pivots left to right on a pin at the bottom. A
strap from the shift arm to the pivot pin acts to stabilize the
shift arm to minimize front to rear movement of the pulley
(Fig. 48). In the lower case position, an adjusting screw near
the top of the arm rests against the head of a mounting screw
on the side of the powerframe.
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The shift arm must be forced to pivot outward for a shift oper-
tion. A disc-shaped shift cam fits around an extension of the
operational shaft bearing outside the sideframe. The cam oper-
ates between two rollers located at the rearofthe cam (Fig. 48).
The roller to the left of the cam is in a fixed position on the
powerframe and serves as a back=-up roller for the cam. The
roller on the right is attached to the shift arm and rides the
camming surface of the cam. The camming surface is on the
right side of the cam rather than on the perimeter. When the
low point of the cam is between the two rollers, the shift arm
is in lower case (Fig. 48a). The cam is operated 180° to the
high point inorder to force the arm into upper case (Fig. 48b).

The shift cam rotates only during a shift operation and receives
its motion from the operational shaft. Since the operational
shaft turns continuously when the motor is running, a clutch
mechanism is required to engage and disengage the shift cam
from the operational shoft when a shift operation is desired.
A spring clutch "madkes" and "breaks" the driving connection
between the operational shaft and the shift cam.

Shift Arm

Shift Cam

FIGURE 46. Shift Cam and Shift Arm



Shift Keylever

Shift Lock

N
N
Q

\w
v, >
Shift Bail \

Shift Clutch Ratchet

Shift Release Arm -

Shift Release Link

FIGURE 47. Shift Release Mechanism

The shift cam mounts on a shoulder on the right hand side of the
operational shaft bearingand is free to rotate about this shoul -
der(Fig. 49). The operational shaft extends through the center
of thisbearing beyond the right side of the shift cam. An arbor
(shift clutch arbor) is set screwed to the shaft just to the right

of the shift cam and turns with the shaft continuously (Fig. 49).

The driving force to the shift cam comes from this arbor by means
of aspring clutch that is fastened to the cam and encircles the
arbor. The spring clutch is undersized and wound in the same
direction that the arbor is turning. Therefore, anytime that the
springclutchisallowed to collapse about the arbor it will turn
with the arbor driving the cam. The camisdriven 180° each
time q shift operation occurs.

Shift Arm
Adj. Screw

Shift Cam Roller

Shift Cam

Shift Arm Brace

A, LOWER CASE POSITION B. UPPER CASE POSITION

FIGURE 48. Shift Opevation - Rear View

Usually a spring clutch is considered to be one that tightens
when itsdriving hubturns inthe direction that the spring clutch
iswound and slips if the hub stops or rotates back in the opposite
direction. This is not true of all spring clutches. In the shift
mechanism the driving hub (the shift clutch arbor) is rotating
continuously in the direction that the spring clutch is wound.
In order to stop the shift cam, the spring clutch must be allowed
to slip while the arbor continues to rotate. The only way to
dothisistoenlarge or expand the inside diometer of the spring
clutch so that the driving action will stop.

Enlarged Diameter

Spring Clutch - Unwinding Divection

In the shift mechanism, the shift spring clutch must be held in
the unwound position so that it will be enlarged enough to
allow the arbor to slip freely inside it. To enlarge the spring
clutch, one end of the spring must be held while the other
is rotated in the unwinding direction of the spring. The left



end of the spring is formed out and fits into an adjustable
plate attached to the cam (Fig. 49). The right end of the spring
is formed to the right and fits into a hole in the shift clutch
ratchet (Fig. 49). The shift clutch ratchet is a gear=like part
mounted on the end of the shift clutch arbor. A large C-clip
holds it in place. The arbor turns freely inside the ratchet
when the shift is not being operated. Rotation of the ratchet
counterclockwise causes the clutch spring to decrease in size.
Conversely, if the ratchet is held stationary while the cam is
rotated counterclockwise, the spring diameter is increased.

Shift Clutch Ratchet

Shift C
A —y Shift Clutch Spring

Operational Shaft
Bearing

Shift Clutch Arbor

FIGURE 49. Shift Clutch

The shift clutch ratchet has two lugs 180° apart on its left sur=-
face. One lugisnearer the center than the other and is refer-
red to as the inner lug. The other lug is called the outer lug.
The shift release arm pivoted just in front of the cam blocks

the movement of the ratchet lugs to stop the rotation of the
ratchet (Fig. 50).

The position of the shift release arm determines the lug of the
ratchet that will be stopped. The position of the shift-release
arm is controlled by a link from the arm to a lever attached to
the end of the shift bail (Fig. 47). When a shift keylever is
depressed, the bail rotates to force the link to the rear and
operate the shift release arm. When the keylevers are at rest,
the release arm is in position to stop. the inner lug of the shift
clutchratchet (Fig. 48a). Depression of a keylever causes the
release arm to rise out of the path of the inner lug into the
path of the outer lug (Fig. 48b).

Inner Lug Outer Lug

Shift Clutch Release Arm

Shift Clutch Ratchet

A, LOWER CASE POSITION

_ FIGURE 50. Shift Clutch Release Arm

B. UPPER CASE POSITION
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Whenthe inner lug is released, the clutch spring is allowed to
decrease indiameter by itsown spring tension. It then tightens
around the rotating shift clutch arbor and the hub of the cam to
drive the cam. Theshift clutchratchet rotates with the cam and
clutch spring 180°. The outer lug of the ratchet then contacts
the shift release arm, that has been raised into its path, and its
rotation is stopped. The momentum of the shift cam causes it to
rotate slightly farther. This further rotation causes the clutch
spring to unwind and increase in diameter to allow the shift
clutch arbor to slip freely inside the spring.

Once the shift cams momentum has carried the cam far enough
to properly disengage the spring clutch the cam must be re-
stricted from overthrowing its rest position. Overthrow is con-
trolled by the shift cam stop which is attached to the cam and

operates against the inner lug of the shift clutch ratchet (Fig.
51).

As long as the shift keylever is held depressed, the high point
ofthe shift cam remains to the rear holding the shift arm to the
right. When the keylever is released, the shift release arm
moves down out of the path of the outer lug and back into the
path of the inner lug. This allows the clutch spring to again
tighten and drive the shift cam and ratchet 180° back to the
lower case position. The inner lug of the ratchet then contacts
the release arm to disengage the spring clutch as before. The
shift cam stop again controls overthrow of the cam.

hiff Cam Stop

Shift Clutch Spring
Mounting Plate

Shift Detent Arm

FIGURE 51.

Shift Aym and Detent

Note that the shift cam stop always follows behind the inner
lug of the ratchet when the ratchet and cam are operating.
Whenever the ratchet is stopped by the release arm (on either
lug) the momentum of the cam carries the stop further until the
stop strikes the rearside of the innerlug. The horse shoe shaped
release arm absorbs the shock of stopping the overthrow of the
shift cam through the shift clutch ratchet.

Mounted on a pivot stud below and to the front of the shift cam
isa small arm called the shift detent arm (Fig. 51). Although
the detent arms primary function is to operate the character
interrupter mechanism, it is also used as a detent for the shift
cam. As cam approaches either the upper or lower case posi-
tion a nylon roller mounted on the shift detent arm is spring
loaded into corresponding detent notches located on the out-
side surface of the cam. This detenting action helps to place
the cam in its proper rest position for both upper and lower case.

Shift Cam

Shift Detent Roller



Cam overthrow is o greater problem in returning to the lower
case than in shifting to upper case. As the cam returns to the
lower case position, the roller of the shift arm is rolling from
the high point to the low point of the cam. The pressure of
the roller against the receding surface tends to accelerate
the movement of the cam. Excessive speed of the cam could
cause a noisy operation and parts breakage. To prevent cam
acceleration, a braking action is necessary the same as an
automobile must be braked indescendingahill. A heavy spring
steel shift arm brake operates just in front of the shift cam. A
nylon brake shoe, attached to the end of the brake, rides a
raised surface on the circumference of the cam (Fig. 52). The
friction applied by the brake prevents acceleration of the cam
and causes the shift action to be the same for both upper and
lower case .
Raised Braking Surface

Nylon Shoe

Shift Cam Brake

Shift Cam

FIGURE 52, Shift Cam Brake

Cycle Clutch Latch

Character Interrupter Pawl

Character Interrupter Bail

Character Interrupter

Ifthe shift is already in process when a letter key is depressed,
the character must be delayed until the shift is completed.
Otherwise the shift would be interrupted in mid-operation and
an erroneous character would result. The character is delayed
by blocking the cycle clutch release during a shift operation.
When the shift cam starts an operation, the detent must move
outoftherecessinthe cam. A forward extension of the detent
lever operates a bail under the right side of the keyboard
(Fig. 53). A small pawl on the left end of the bail is rotated
up into the path of the cycle clutch latch link. The pawl blocks
the forward movement of the link and prevents the release of
the cycle clutch. Thisinterlockingaction does not prevent the

depression of the keylever nor the interposer. The interposer
is merely latched down into storage. When the shift action is
completed, the detent enters the recess in the cam. The bail
is rotated back to the rest position and the pawl moves out of the
path of the cycle clutch latch link. The cycle clutch latch
link is then pulled forward by its extension spring and the
stored character is printed.

If the shift keylever and a character keylever are depressed
simultaneously, bothwill operate for an instant until the filter
shaft has a chance to actuate the shift interlock. Duyring that
time a collision will occur between the character interrupter
pawd and the bottom of the cycle clutch latch link. The char-
acter interrupter mechanism must yield in order to prevent
partsdamage . A torsion spring around the character interrupter
bail loads the interrupter pawl against an adjustable stop on the
bail. If a collision occurs, the interrupter pawl can yield by
overcoming the torsion spring as the interrupter bail rotates.

Shift Cam

Shift Detent Arm

FIGURE 53. Character Interrupler



Shift Interlock

Operating the shift mechanism when the type head is in the
process of printing would result in parts damage. The rotate
detent would be engaged in a notch of the type head and the
type head could be against the platen. At this time no rota-
tion of the type head can be allowed; therefore the shift must
be prevented from operating once the type head has started to-
ward the platen.

Shift Clutch Ratchet

Shift Interlock

Shift Interlock Cam ==

A, REST POSITION B. ACTIVE POSITION

FIGURE 54. Shift Interlock

We have seen that the shift spring clutch remains disengaged as
long as the shift clutch ratchet is prevented from rotating. An
interlock arm is operated by a cam on the right end of the filter
shaft (Fig. 54). The interlock engages the teeth of the shift
clutchratchet and prevents rotation of the ratchet. When the
cycle mechanism is at rest, a roller on the interlock rests near
the low point of the interlock cam allowing free operation of
the shift mechanism (Fig. 54a). As soon as a cycle operation
begins, the filter shaft rotates causing the interlock cam to
actuate the interlock into the teeth of the shift clutch ratchet
(Fig. 54b). This interrupts the shift operation until the cycle
operation is completed.

If an operator should operate the shift immediately after striking
a character, the shift cam could begin to rotate before the filter
shaft had sufficient time to actuate the shift interlock. This
could cause an erroneous character to print because the shift

arm had already begun to move. This is known as "beating the

shift". This condition occurs mostly in shifting from upper to
lower case. Shifting from lower to upper case is no problem
because the shift arm does not rest against the cam in lower case.
The cam must rotate somewhat before it begins to move the shift
arm, thereby allowing the filter shaft sufficient time to actuate
the shift interlock.

To overcome the problem of "beating the shift" coming out of
upper case a redesigned shift cam has been incorporated in the
Selectric. This redesigned cam has a longer upper case dwell
than the former style cam. The longer dwell allows the filter
shaft sufficient time to operate the shift interlock before the
shift arm begins to move, thus overcoming the problem.

The new style shift cam requires a different shift clutch ratchet
because the cam now rotates 220° going from upper to lower
case and 140° going from lower to upper case. With this longer
cam rotation when shifting from upper to lower case, the detent
notch in the cam (that operates the character interrupter) has
been elongated by 40°. This elongation of the notch allows a
character to come out of storage a short period of time before
the shift operation has completed. This can be done without
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any ill effects because under dynamic conditions there is a
time delay between cycle clutch release and cycle shaft oper-
ation. Without early storage release (going to lower case) the
operator's typing rhythm could be affected.

CYCLE CLUTCH OPERATION

The cycle operation occurs each time a character prints. Every-
thing concerned with printing a character on the paper is
powered by the cycle shaft either directly or indirectly.

The cycle shaft extends from the center of the machine out
through the left side frame. The left end of the shaft is sup-
ported by a self-aligning porous bronze bearing. The right
end fits into the cycle clutch pulley hub in the center of the
machine. Abronze sleeve inside the hub acts as a bearing for
the cycle shaft.

Cycle Shaft

5-Unit Cam

Cy. Cl. Restoring Cam

Cycle Clutch Sleeve

Hub On Cy. Cl. Pulley

FIGURE 55. Cycle Clutch - Exploded View

The cycle clutch pulley is in continuous rotation whenever the
motor is running, but the cycle shaft operates only during a
print operation. Aspringclutch called the cycle clutch spring
(Fig. 55) is the driving connection between the hub on the cycle
clutch pulley and a hub on the cycle shaft. The cycle clutch
spring provides a means of engaging and disengaging the cycle
shaft from the cycle clutch pulley. The cycle clutch spring
operates exactly the same as the spring clutch in the shift
mechanism.

The left end of the cycle clutch spring fits around the hub on the
cycle shaft and is clamped to this hub by the cycle clutch collar.
The tip of the spring is turned up so os to fit into a slot in the
coliar. Thisarrangement prevents any slippage at the left end
ofthe spring clutch and makes it possible to adjust the position
of the spring in relation to the shaft. (The collar does exactly
the same job as the spring clutch retaining plate on the shift
cam.)

Theright end of the cycle clutch spring encircles a hub on the
cycle clutch pulley (Fig. 55). (The hub on the cycle clutch
pulley functions the same as the shift clutch arbor on the shift
mechanism.) The inside diameter of the cycle clutch spring is
slightly less than the diameter of the hub on the cycle clutch
pulley so that the spring clutch will tighten when the hub ro-



tates. The right hand tip of the spring clutch projects into a
notchinthe cycle clutchsleeve . Thesleeve fits loosely around,
enclosing the spring clutch and acts as a control for the right
end of the cycle clutch spring. (The sleeve performs the same
function as the shift clutch ratchet.)

The cycle clutch sleeve has two steps on its exterior surface
180° apart. As the cycle clutch is driving the cycle shaft,
one of the steps on the clutch sleeve contacts a vertical latch
that is placed in the path of the sleeve (Fig. 56). This latch,
called the cycle clutch latch, stops the rotation of the clutch
sleeve thereby stopping the right end of the cycle clutch spring.
(The sleeve and latch operate the same as the shift clutch ratchet
and shift release arm.) The left end of the cycle clutch spring
rotates farther after the right end is stopped because of the mo-
mentum built upin the cycle shaft, filter shaft, and print shaft.
Thisadditional rotation given to the left end of the cycle clutch
spring is in the unwinding direction and causes the spring to
expand about the hub on the cycle clutch pulley. This un~
winding breaks the driving connection between the hub and
the spring.

Cycle Clutch Sleeve

Cycle Clutch Latch Brkt.

Cycle Clutch Latch

FIGURE 56. Cycle Clutch Latch - Side View

Since the shaft tends to travel beyond its rest position due to
momentum, anoverthrowstop is required. Two lugs on the side
of the nylon cycle «clutch restoring cam project into notches
in the left side of the cycle clutch sleeve and operate as an
overthrow stop (Fig. 57). When the sleeve is stopped by its
latch, the cycle shaft continues to rotate under momentum
{expanding the cycle clutch spring) until the nylon stop con-
tacts the lugson the sleeve stopping the overthrow of the shaft.

The shock of stopping the overthrow of the cycle shaft tends
to bounce the cycle shaft backwards. To prevent this from
occurring, a check pawl drops into a notch in a check ratchet
located on the left end of the cycle shaft (Fig. 58). The pawl
drops in when the clutch is disengaged. (It performs the same
function as the shift detent roller.)

Both the overthrow stop and the check pawl assure that the
cycle shaft will return exactly to its rest position at the com-
pletionofeach cycle operation. (The cycle shaft is in its rest
position when the positive selector cams are on their low dwells
and the working face of a notch on the check ratchet is against
the working face of the check pawl.)
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Cy. Cl. Collar
Cy. Cl. Restoring Cam

Cy. Cl. Sleeve

FIGURE 57. Cycle Clutch Stop

The shock of stopping the overthrow of the cycle shaft, filter
shaft, and print shaft, istransmitted from the cycle shaft through
the collar, the overthrow stop, the sleeve, and to the cycle
clutchlatch. Thisis why the cycle clutch latch is designed to
absorb shock (vulcanized rubber mounting.)

Cycle Shaft
Cycle Clutch
Check Ratchet

Cycle Clutch
Check Pawl

FIGURE 58. Cycle Clutch Check Pawl

The same effect is true in the shift mechanism. The shock of
stopping the momentum of the shift cam is transmitted from the
shift cam through the overthrow stop, the lug on the ratchet,
and to the shift release arm. The release arm is shaped like a
horseshoe so that it can absorb this shock.

The cycle clutch is allowed to engage by pivoting the cycle
clutch latch forward out of the path of the step on the clutch
sleeve. The clutch spring then quickly decreases in diameter
because of its own spring tension. The rotating clutch pulley
hub tightens the spring and drives the cycle shaft. The entire
clutch assembly rotates through 180°. The second step of the
clutch sleeve then contacts the cycle clutch latch which has
been moved back to the rear into its path. This causes the
cycle clutch to be disengaged again as previously described.



Detenting

The type head cannot be tilted nor rotated with the detents
engaged. They must be held out of engagement until the type
head has been completely positioned. They must also be removed
from engagement before the type head can be restored to rest
position. The rotate detent operates against the tilt detent.
Aslongasthe tilt detent isnot allowed to rise, the rotate detent
cannot enter the notches of the type head. The tilt detent is
controlled by a small lever called the detent actuating lever
located under the left side of the yoke (Fig. 65). The lever
pivots at the rear and extends forward along the right side of
a lower extension of the tilt deteni. When the detent actu-
ating lever is operated to the left, the tilt detent moves down
pushing the rotate detent down with it. When the actuating
lever moves to the right, both detents are allowed to rise.

Detent Actuating

Lever
Detent Actuating

Lever Support

Detent Cam
Follower

Detent Cam

FIGURE 65. Detent Mechanism

Active Position
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Movement of the detent actuating lever is controlled by the
detent cam through the detent cam follower (Fig. 65). The cam
follower is pivoted on a bracket below and to the rear of the
print sleeve and extends up alongside the detent cam in posi-
tion to operate the detent actuating lever. The camming sur-
face of the detent cam is on the left side so that operation of
the cam follower is toward the left against the detent actuating
lever.

The rotate detent does not pivot into engagement as the tilt
detent does. It contains an elongated hole at the front which
allows both the front and the rear of the detent to move up and
down (Fig. 66). A smalli flat link at the top stabilizes the detent.
If the rotate detent were pivoted at the front, the amount of
travel and timing of the detent would vary with the tilt selec-
tion. With the sliding arrangement, the rotate detent action
is approximately the same for all tilt selections.

Detent Link

Rest Position

FIGURE 66. Rotate Detent

While the type head is being positioned, the cam follower is
against the high part of the detent cam. This causes the detent
actuating lever to be held to the left to prevent the detents
from engaging their notches. During the positioning of the
type head, the detent cam is rotating, but it maintains the
same high point for the cam follower. As soon as the rotate
and tilt operations have been completed, the cam follower is
allowed to move to the right into a recess in the detent cam.
This allows the detent actuating lever to move to the right to
permit operation of the tilt and rotate detents. As the type
head is being moved toward the platen the detent cam continues
to turn, but it maintains the same low point for the follower.

As soon as the character has printed, locking the type head in
position is no longer necessary; therefore the detents can be
disengaged to allow the type head to restore to the rest position.
As the rocker is restoring to the rest position, the detent cam
moves the cam follower back to the left onto the high part of
the cam. This action causes the detent actuating lever to dis-
engage the detents from their notches. Timing of the detenting
is such that both detents begin to engage their notches just as
the type head completes its positioning and are disengaged just
as the type head starts to rotate and/or tilt back to the rest
position.



Wear Compensator

A wear compensator isa device that senses a position and makes
a correction whenever it detects any change from this position.
The rotate arm assembly is constructed so as to compensate for
wear in the differential system and related components. Be-
cause of this aspect of its operation, the rotate arm assembly
is referred to as the wear compensator.

Before going into the details of the operation of the wear com=
pensator, it is necessary to understand the alignment problem
created by wear in the rotate system.

The rotate pulley spring beneath the type head and the com-
pensating arm spring apply a constant pressure on the rotate
system in the negative direction. Whenever wear occurs at any
of the pivot points, bearings, stop pads, or linkage connec-
tions that oppose the combined tension of the rotate pulley
spring and the compensating arm spring, the play (caused by
wear) will be removed by these springs in a negative direction.

Removing the play (which is due to normal wear) allows the
rotate pulley spring to turn the type head (Fig. 67) slightly
in the negative direction. This is commonly referred to as

head "drift".
—#| ~— Drift
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FIGURE 67. Rotate System Drift

Aswear increases, head drift becomes excessive and failure of
course or fine detenting occurs. Detenting failure necessitates
a readjustment (re-homing) of the type head.

The wear compensator cannot prevent wear but it does prevent
head drift which is due to wear in the system. The wear com-
pensator is composed of three basic parts: the rotate arm, the
compensating arm, and a nylon roller between them (Fig. 68).
Other components are present that are indirectly involved in
the wear compensator action. At this time, consider only the
three ports mentioned.

The rotate arm (Fig. 68) pivots on a large pivot pin in a
bracket mounted to the left side of the power frame. The left-
hand rotate pulley operates at the top of the rotate arm. The
compensating arm pivots at the same point as the rotate arm and
extends in two directions from the pivot. The rotate link is
fastened to the lower extension of the compensating arm. The
upper extension of the compensating arm fits between the side~
frames of the rotate arm. The nylon roller operates in a long
vertical slot in the rotate arm. This slot and the upper exten-
sion of the compensating arm are at aslight angle to each other,
thus forming a V=-shaped wedging slot. The roller is retained
in position in the wedging slot by the rotate tape tension.
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Rotate Arm

Rotate Tape

Nylon Roller

V-Shaped
Wedging Slot

Pivot Pin

Compensating

Arm Rotate Link

FIGURE 68. Basic Components Of The
Wear Compensator

"The Basic Compensator Action of the Wear Compensator"

Figure 69-A shows the wear compensator in a zero rotate posi-
tion. Note the following in Figure 69-A:

a. The compensating arm spring is applying tension
on the upper extension of the compensating arm
in a negative direction.

b.  The rotate tape is applying tension (by means of
the rotate pulley spring) to the top of the rotate
arm in a negative direction also.

c¢. Therotate link attached to the lower extension of
the compensating arm is opposing the compensat-
ing arm spring tension. The rotate link is also
opposing the rotate tape tension through the com-
pensating arm and the nylon roller.

d.  The nylon roller is positioned near the top of the
V-shaped wedging slot.
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FIGURE 69A. Zero Rotate Position

Figure 69-B shows the wear compensator in the negative 5 posi-
tion. Nofe that the eccentric stud mounted on the top of the
rotate arm is just barely touching the machine sideframe when
the wear compensator is in the negative 5 position.

Figure 69-C shows the wear compensator in the zero rotate
position with wear introduced into the rotate differential sys-
tem.

Eccentric Stud
(Just Touches)

Side Frame

Nylon Roller

Rotate Arm

Compensating Arm

FIGURE 69B. Negative 5 Position
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Rotate Tape

Nylon Roller

Rotate Arm

Compensating Arm
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FIGURE 69C. Zevo Totate Position With Drift

Note that the wear compensator has drifted away from the zero
rotate position in a negative direction. The wear that wos
introduced into the rotate system was felt as play in the system.
The rotate tape tension and the compensating arm spring removed
the play in a negative direction which allowed the wear com-
pensafor to "drift" in a negative direction.

This places the rotate arm less than five units away from the
sideframe when the rotate differential systemisin the zero posi-
tion. The rotate differential system is not aware of this and
wants to supply five units of motion to the compensating arm
when a negative 5 character isselected. The rotate arm cannot
travel a full five units because this would carry it beyond the
sideframe. The sideframe limits the motion of the rotate arm
at exactly the rotate negative five position. Since there is
nothing to stop the motion of the compensating arm, it continues
to travel the full five unitsof motion supplied to it by the rotate
differential system. The V-=shaped wedging slot opens up and
the nylonroller drops lower in the slot (Fig. 69-D). When the
wear compensator returns to the zero rotate position, the drift
has been eliminated and wear has been compensated for.
Basically, this is how the wear compensator works. In order
for the wear compensator to operate efficiently, we must over-
come the effects of a changing spring load on the rotate dif-
ferential system as the eccentric stud on the rotate arm contacts
the sideframe.



Eccentric Contacts
Side Frame

Nylon Roller Drops
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FIGURE 69D. Negative 5 Position With Drift
( Nylon Roller Dvops )

In the zero rotate position, there are many parts in the rotate
differential system that are resisting the combined spring tension
of the rotate pulley spring and the compensating arm spring.
All the parts that are opposing this spring tension are being
stressed (flexed) slightly. Although steel parts appear to be
extremely strong and rigid, they do have a measurable amount
of elasticity when placed under a stress. Should the stress
(spring tension) be reduced, the steel parts will tend to return
to their original shape and position.

Duringanegative 5 selection, the eccentric stud on the rotate
arm contacts the machine sidefrome. The sideframe now starts
to oppose the rotate pulley spring tension; and the spring load
on the rotate differential starts to reduce to that of the com-
pensating arm spring. When the spring load on the rotate dif-
ferential starts to reduce (due to the rotate arm contacting the
sideframe), the flexing of the rotate differential begins to re-
duce also. Even though a portion of the rotate pulley spring
tension is being opposed by the sideframe, the rest of the rotate
pulley spring tension is still applying tension to the rotate dif-
ferential through the nylon roller. This keeps the system in a
flexed condition maintaining pressure against the nylon roller.
Under these conditions, a small amount of wear in the rotate
differential would not allow the rollerto drop. The wear would
only be absorbed in reducing the flexing of the rotate differ~
ential at the negative 5 rotate position. The wear compensator
would not compensate for wear and "drift" would be apparent
inall rotate positions except negative 5 (sideframe would pre-
vent drift at the negative 5 rotate position).

Tosummarize the above, let's simplify the situation by making
an assumption. Suppose that all the flexing in the rotate dif~
ferential could be placed at one point. Let's assume that the
nylon roller is made out of soft rubber that can be compressed
easily. With the wear compensator arm assembly in the zero

rotate position, the rotate pulley spring tension is squeezing
the rubber roller between the rotate arm and the compensating
arm. Pretend that the amount the rubber roller is squeezed is
the flexing of the differential system. Now, half cycle the
machine to a negative 5 position. The eccentric stud just
touches the sideframe and the rubber roller remains compressed.
Atthistime, let'sassume that a large amount of wear came into
the rotate differential system. (Wear shows up as play.) The
compensating arm spring would pull the top of the compensating
arm in a negative direction, removing the play from the dif-
ferential system. The rotate arm, restricted by the sideframe,
couldnot follow the compensating arm and the pressure on the
rubber roller would be relieved allowing it to expand. The
play (caused by wear) in the system was just enough to allow
the rubber roller to expand without dropping. Now, if the
rotate link startsto pull the arm assembly back to a zero rotate
position, some of the rotate link motion is going to be used to
compress the rubber roller before the rotate arm leaves the side-
frame. This means that the rotate arm will not receive suffi-
cient motion to return to the zero rotate position. Wear has
caused the rotate arm to drift in a negative direction.

Conclusion:
a. Flexing in the system is inherent.

b.  Anylost motion from the rotate differential to the
rotate arm will cause "drift".

c. The pressure on the roller must be relaxed before
compensation takes place.

"Wear Compensator Ratio Change"

In the wear compensator, there is a constant leverage ratio
between the amount of motion supplied to the bottom of the
compensating arm (by the rotate link) and that amount of motion
produced at the top of the rotate arm. (The movement of the
rotate arm directly depends upon the movement of the upper
extension of the compensating arm through the nylon roller.)

Ifthe pivot point of the compensating arm is changed to a lower
position (closer to the rotate link) the leverage ratio of the
compensating arm will increase. This will cause a greater
amount of motion to be produced to the top of the compensating
arm fora given amount of motion supplied to the bottom of the
arm. Whenthisoccurs, itis correct to say that the compensat-
ing arm has undergone a "ratio change". The ratio change is
required in ordertorelax the pressure on the nylon roller while
maintaining the correct output to the rotate arm at a negative 5
position.

- The ratio change begins approximately at the negative 4 posi-
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tion and occurs as the arm sweeps through to a negative 5 posi-
tion. It provides the upper extension of the compensating arm
with sufficient motion fo refax the pressure on the nylon roller
(without allowing it to drop so that it is ready to drop as soon
as the slightest amount of wear is felt in the differential system.
With the pressure relaxed on the roller, any wear coming into
the differential system allows the compensating arm spring to
pull the top of the compensating arm further in a negative direc-
tion opening up the V-shaped wedging slot. This causes the
roller to move down in the slot compensating for the wear.



In order to relax all of the pressure on the nylon roller when
the rotate arm contacts the machine sideframe, the sideframe
must oppose all of the rotate spring tension (plus the compen-
sator assist spring which will be covered later). This causes
the springload on the differential system to reduce to just that
of the compensating arm spring thereby causing the system, from
the nylon roller on down, to partially relax. This partial re=-
laxing of the differential system creates a slight amount of
motion to the rotate link in the opposite direction that the
link is moving, thus resulting in a reduction of output of the
rotate link to the bottom of the compensating arm between a
negative 4 and negative 5 rotate position. The ratio change of
the compensating arm overcomes this effect by producing more
motion to the topofthe arm for a reduced amount of motion from
the rotate link, thus the rotate arm reaches the negative 5 posi-
tion and the pressure on the nylon roller is relaxed.

Large Pivot Hole

Compensating Arm

FIGURE 70. Compensating Arm Pivot Hole

The compensating arm contains a large pivot hole (Fig. 70).
Fitted inside the large pivot hole is an eccentric shoulder which
is part of the rotate eccentric arm (Fig. 71). The compensating
arm and the rotate eccentric arm act as one solid piece as they
rotate about the pivot pin for all positive and negative rotate
positions up to approximately the negative 4 position. Ifa
negative five character is selected, the rotate eccentric arm
will be restricted from rotating (about the pivot pin) beyond the
negative 4 position and the compensating arm will then begin
to rotate about the eccentric shoulder on the rotate eccentric
arm.

Since the center of the eccentric shoulder is lower than the
pivot pin (closer to the rotate link) and the compensating arm
pivot point isshifted (between negative 4 and negative 5) from
the pivot pin to the eccentric shoulder, it is correct to say
that the compensating arm has undergone a ratio change.
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Lower Extension

Rotate Eccentric Arm

/ (Hole For Pivot

Eccentric Shouider

Eccentric Shoulder

FIGURE 71. Mounting Of Rotate Eccentric Arm

The rotate eccentric arm is spring loaded against the rotate arm
by means of the rotate eccentric arm spring (Fig. 72). The
rotate arm is spring loaded against the compensating arm by
means of the rotate pulley spring. Therefore, the rotate eccen-
tricarm, rotate arm, and compensating arm act as one solidarm
rotating about the pivot pin from a positive 5 to the nega-
tive 4 rotate position. Duringanegative 5 selection, the lower
extension of the rotate eccentric arm (Fig. 73) contacts the
stop lug on the wear compensator bracket (at the negative 4
position). The rotate eccentric armis stopped and the compen-
sating arm ratio change begins. The rotate arm continues to
follow the compensating arm because the rotate pulley spring
is stronger than the rotate eccentric arm spring. The rotate
arm is stopped by the machine sideframe when it reaches the
negative 5 position. The additional motion given to the com=~ -
pensating-arm (due to the ratio change) is used up in partially
relaxing the rotate differential system. Thus, wear can be
compensated for.

Rotate Eccentric
Arm Spring

Wear Compensator
Bracket

Stop Lug

FIGURE 72, Zero Rolate Position
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FIGURE 73. Negative 5 Position

The wear compensator compensates for drift due to the wear in
the system from the rotate arm down through the linkage to the
negative 5 cam and the cycle shaft bearing. Although wear
occurs throughout this whole area, the major portion of wear
comes from the differential system and related linkages. Com-
pensating for wear in these areas is the major requirement of
the wear compensator. Wear in the tape system constitutes only
a small portion of the total wear in the system.

Because there is some drift due to the wear in the tape system,
the type head is initially set ("homed") to favor the positive
direction, relative to the rotate detent. As wear comes into
the tape system, the type head will drift slightly in the nega~
tive direction. The type head notch will then tend to become
cenfered relative to the rotate detent.

Afterthe initial break-in period, the rate of wear levels off in
boththe differential system and the tape system. Although wear
still occurs, it progresses at a very slow rate.

The wear compensator cannot compensate for wear in the posi-
tive latches, the latch bail, and the positive cams because these
components are not in use during o compensating operation
(negative 5). Wear at these points constitute a portion of the
band width and must be considered when achieving an allowable
band width.

Figure 74 points out two other springs which have a direct bear-
ing on the wear compensator operation.

An extension spring called the compensator assist spring is con-
nected between the rotate armand the carriage side frame. The
purpose of thisspring is to keep the rotate arm in contact with,
and applying pressure against, the nylon roller throughout a
positive operation. Without the assist spring, the rotate arm
tends to overthrow beyond the positive position selected because
of a momentum built up in the rotate arm, tape system, rotate
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Compensator Damper
Spring

Compensator Assist
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Wear Compensator

FIGURE 74.

pulley, type head, etcetera. This overthrow allows the V-
shaped wedging slot to open up resulting in unwanted roller

droppage.

The compensator damper spring (Figure 74) is a leaf spring de-
signed to absorb the shock of stopping the rotate arm at the
negative 5 position. This prevents unnecessary stress on the
components and eliminates vibrations in the tape system that
would otherwise result. It also prevents the rotate arm from
rebounding off the side frame. Rebounding would cause the
V-shaped wedging slot to open, resulting in slight roller drop-

page.

Detent Timing

The timing of the print shaft with respect to the cycle shaft
controls the timing of the detents. Detent timing must be set
accurately in order to prevent damage from occuring in the tape
systemor the typehead. [f the rotate detent is allowed to en-
gage the typehead too soon, it may enter the wrong detent
notch. Ifthisoccurred during a negative rotation of the type-
head, the rotate tape would tend to slacken and jump off its
pulleys. This could lead to tape breakage or roller droppage
in the wear compensator. If the detent is allowed to engage the
typehead toosoon during a positive rotation, tape or typehead
breakage may result due to the continued pull on the tape.
Also, retarding the detent timing may lead to breakage orroller
droppage because the detent would remain in the typehead
notch when the head is trying to restore. Detent timing can



also affect print alignment, It is possible for the detents to
begin to withdraw before the typehead prints. For this reason
thedetent timing should be adjusted as late as possible without
restricting the typehead from restoring.

Several factorsaffect detent timing. Some of the most important
are: the adjustments of the rotate and tilt systems, typehead
homing, detent actuating lever and cam adjustments, and timing
of the print shaft relative to the cycle shaft. If any of these
are changed, the machine MUST ALWAYS be cycled by hand
to check the detenting action before it is operated under power.

It should be noted that the detents are spring loaded into en-
gagement, but they are driven out of engagement by the cam.
This is to prevent parts breakage should the type head not be
properly positioned when the detents try to engage.

Wear Potential

Wear potential in the tilt and rotate mechanism is defined as:
the ability of the tiltandrotate mechanisms to properly coarse
align the typehead after a measurable amount of uncompensated
wear is felt in either mechanism, Although wear potential is
designed into both mechanisms it will only be discussed in the
rotate mechanism,

A portion of the typehead play provides the rotate system with
asubstantial amount of wear potential. In order to explain how
this isaccomplished, it is necessary to understand the relation-
shipbetween typehead play, typehead homing and band width.

Figure 75 illustrates the typehead play by showing a single
detent notch (of the typehead) in the two positions as allowed
by the built in play.
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FIGURE 76. Typehead Homing

The typing element is "homed" to the rotate selection that will
coarsealign the most positive (with respect to the rotate detent)
when the head play is removed in the negative direction. It
is "homed" so that this rotate selection will detent .010" to
.020" on the negative side of the detent notch when the head
play is removed in the negative direction (Fig. 76).

The purpose of this adjustment is to slightly retard therestor-
ing of the typehead whenever it restores in the positivedirection
so that the rotate detent can begin to withdraw before the type-
head starts to restore. If the withdrawal of the detent did not

Rotate Selection

Head Play lead the restoring of the typehead, the detent would restrict
Removed lr.a the head from restoring causing breakage in the system. This
Tl?e N.egcmve homing adjustment uses up approximately 1/4 of the typehead
Direction play.
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FIGURE 75. Typehead Play To The Detent

The typehead play, which is approximately .060" measured at
the typehead skirt, can be separated into three sections orseg-
ments each having their own function. The firstsegment of
head play is spent for detent timing purposes by the typehead

homing adjustment (Fig. 76). FIGURE 77. Band Width
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The second segment of head play is spent on "band width". With
head play removed in the negative direction, Fig. 77 illus-
trates band width by showing the amount of variation (in coarse
alignment) between the rotate selection that detents the least
negative and the rotate selection that detents the most negative
with respect to the rotate detent.
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FIGURE 78. Band Width
Fig. 78 illustrates band width in relation to head play. The
allowable band width of the rotate system may utilize as much
as 1/2 of the typehead play. Note that almost 3/4 of the head
play isspent for typehead homing and band width (Fig. 76 and
78). Theremaining head play that is left is used for wear po~
tential (Fig. 79).
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FIGURE 79. Wear Potential
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When wear occurs in the system the typehead drifts in the nega-
tive direction with respect to the detent. This alsocausesthe
head play and band width to drift in the negative direction
withrespect to thedetent. Aslongas this drift does not exceed
the wear potential portion of the head play the detent will
continue to fine align the typehead. Once it has exceeded
the wear potential, the rotate selection that coarse aligns the
most negative with respect to the detent will fail to seat in the
detent notch. The detent will then fail to seat causing that
character to print out of alignment.

PRINT MECHANISM - OLD STYLE

The purpose of the print mechanism is to actuate the type head
against the platen and restore it to the rest position. The print
mechanism consists of the print shaft, print sleeve, print cam
and follower, velocity control plate, and rocker assembly. The
anvil and striker operate to limit the amount of character em-
bossing. A copy control mechanism allows the operator to select
the front to rear position of the platen to correspond to the
thickness of the typing material .

Print Shaft and Print Sleeve

The print shaft extends between the side frames just to the rear
of the keylever fulcrum rod. It is supported at each end by a
self-aligning porous bronze bearing.” A small gear outside the
left side frame connects the shaft, through idler gears, to the
cycle shaft gear. The ratio between the two gears is 2:1. This
means that each time the cycle shaft completes a cycle opera-
tion (180° rotation), the print shaft is rotated 360° (one com-
plete revolutien).

The print sleeve of the carrier assembly rides on the print shaft.
A keyway throughout the length of the print shaft provides a
rotary connection between the sleeve and the shaft yet permits
lateral movement of the carrier. A key fits through a hole in
the print sleeve and into the keyway of the print shaft (Fig. 80).
Whenever the print shaft is rotated, the print sleeve is rotated
by the key connection.

The print sleeve contains four cams (Fig. 80). The two middle
cams are the ribbon feed cam and the detent cam for the type
head alignment. Both of these cams are keyed to the print
sleeve by the same key that extends into the print shafi. Each
cam is secured to the sleeve by set screws.

Print Sleeve Print Key

Ribbon Lift Cam

Ribbon Feed Cam

Detent Cam Print Cam

FIGURE 80. Print Sleeve And Cams



The cam at the left is the ribbon lift cam. It is set-screwed to
the print sleeve causingthe cam to rotate with the sleeve. The
set screw mounting also prevents the print sleeve from shifting
toward the left.

The cam at the right is a double cam called the print cam. lts
function is to power the type head toward the platen and re~
store it to rest. Two camming surfaces are necessary for this
operation. The smaller surface to the right is called the print
cam and moves the type head to the platen. The larger cam
surface called the restoring cam restores the type head and
prevents it from rebounding. The print cam is also keyed to
the print sleeve to provide rotation with the sleeve. The print
cam is held in position by two set screws to prevent the print
sleeve from moving to the right and to provide a solid driving
connection between the sleeve and the cam.

Print Cam and Follower

The rocker assembly is powered by the print cam on the print
sleeve. A yoke=shaped part called the print cam follower pivots
on a stud inside the right side of the carrier (Fig. 81). The
two arms of the follower are operated by the print cam. The
rear of the print cam follower contains a forked slot. The
velocity control plate which is fastened to the right side of
the rocker has a stud that projects into and operates in this
forked slot (Fig. 82). When the print cam rotates, it forces
the front of the follower down causing the rear of follower (slot)
to move up creating a rising action to the front of the rocker
by means of the stud on the velocity control plate. This rising
action powers the typing element to the platen resulting in o
print operation.

When the machine is ot rest the high point of the print cam is
facing toward the front of the machine. This makes the print
operation occur late in the cycle which allows sufficient time
for the selection and differential mechanisms to position the
typing element before the print operation begins.

Ribbon Lift Cam

Velocity Control
Plate

Print Cam
Follower

Restoring Cam Print Cam

FIGURE 81. Print Mechanism
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The larger camming surface on the left of the print cam is called
the restoringcam (Fig. 82). Its purpose is to power the rocker
back to the rest position after the type head prints thereby pre-
venting any rebounding from occurring. This is accomplished
by the restoring roller on the upper arm of the cam follower.

FIGURE 82. Print Cam Action

The camming surface of the print cam is designed so that the
type head is powered to within a few thousands of an inch of
the platen. To prevent any choking action, the momentum of
the rocker carries the type head the remaining distance. The
contour of the rebound cam is such that it allows "free flight"
of the rocker and type head, when the type head is near the
platen. Because the type head is powered nearly all the way
to the platen, all the characters are forced to emboss the paper
slightly, even those with a large surface area.

Anvil and Striker

Because the type head is powered nearly all the way to the
ploten, it is necessary to restrict the amount of free travel of
the type head so that the amount of embossing for all choracters
will be the same. A heavy arm called the anvil striker attach-
ed to the bottom of the rocker acts as a stop for the rocker

(Fig. 83).

Just under the front of the carrier and extending

Platen

Anvil

FIGURE 83. Anvil And Striker



between the side frames is the anvil. It is an angle~-shaped
bar with the lip extending to the rear. As the type head em-
bosses the paper to the correct depth, the striker hits the bot-
tom of the anvil and prevents further travel of the rocker and
type head. This means that the impression for each character
will be consistent with little variation between characters.

Whenever the carrier prints in the middle of the writing line
on long carriage machines, downward flexing of the print shaft
occurs resulting in a loss of impression. Carrier buffers (Fig.
84) located on each side (at the front) of the carrier casting
limit this flexing action by operating against the top surface
of the anvil.

FIGURE 84. Carrier Buffers (long carriage)

Platen

The purpose of the platen is to feed the paper vertically and to
provide asolid backing for the paper during a typing operation.
The quality of type impression obtained is determined to a large
extent by the condition of the platen. Platen rubber may be
adversely affected by numerous factors such as light, heat,
chemicals, etc. An old or worn platen may be considerably
harder than a new piaten andmay also vary slightly in diameter.
Thismachine is equipped with a platen with a hardness density
comparable to the nuraber 2 platen used with the standard IBM
Electric Typewriter.

The plc -nisheldin position on the machine by a latch pivoted
atthe finnt on each carriage plate (Fig. 85). The platen may
be remc 7ed by pressing the rear of the latches down and lifting
the plat..- sut. It may be installed by snapping it into position
without dépressing the latches. The camming action of the
latches causes them to remove all vertical as well as horizontal
play from the platen.

Copy Control
Eccentric
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FIGURE 85. Copy Control Mechanism

Copy Control

The purpose of the copy control mechanism is to position the
platen forward or back for different thicknesses of typing mate-
rial . Positioning the platen maintains the correct relationship
between the anvil and the point of impact of the type head
with the paper.

The copy control isoperated by means of the copy control lever
located at the left end of the carriage (Fig. 85). The lever is
attached to the copy control shaft that extends out through the
sides of the powerframe. An eccentric collar at each end of
the shaft operates between adjusting parts attached to the car-
riage ends. When the lever is moved to the rear, the shaft
rotates causing the eccentric collars to contact the platen
eccentric retaining plaotes and force the carriage ends to the
rear. The platen and entire paper feed mechanism move with
the carriage. When the copy control lever is pulled forward,
the eccentric collars contact the platen adjusting plates and
force the carriage forward into the normal position.

The copy control lever can be set in five different positions.
A spring detent attached to the powerframe acts against a knob
on the copy control lever to hold it in place.

PRINT MECHANISM - NEW STYLE

The new style print mechanism contains an operator impression
control lever which permits the operator to regulate the impres-
sion for any application she may type. The operator may change
the over-all impression of the typehead by merely positioning
the impression control lever to one of five settings.

Inaddition, the new style print mechanism is equipped with an
automatic velocity selection mechanism. The purpose of this
mechanism is to provide a lighter impression for the periods,
commas, colon, semi-colon, quotation mark, apostrophe, hy-
phen, and underscore; regardless of where the impression control
lever may be set,

Before going into any detail on the impression control mecha-
nism it is necessary to first understand how the automatic veloc-
ity selection mechanism operates since both mechanisms are
directly related.



Automatic Velocity Selection - ("Dual cam")

The printing operationof all the upper and lower case charac-
tersin positions 32, 36, 38, 39, and 42 produce a lighter im=
pression on the typed copy than all the other positions. The
reason for this is to improve the general appearance of the typed
copy by producing a more uniform impression between all char-
acters, large or small. This is accomplished by using a print
cam that has two different camming surfaces (Fig. 86).

FIGURE 86. Print Cam (dual velocity)

The lowand high points of both camming surfaces are identical.
The only difference is in the contour (profile) between their
low and high points. The contour of one camming surface pro-
vides the type head with a lower impact velocity than the other,
Thus, a lighter impression is produced when this camming surface
isused. The differencein type head velocities producedby the
two camming surfaces remains proportional regardless of the
impression control lever setting.

A selection mechanism positions the print cam follower roller
under the proper camming surface of the dual velocity print cam
whenever a character is selected at the keyboard. The print
cam follower assembly (Fig. 87) is mounted on a pivot pin lo-
catedin the right side of the carrier below and to the rear of
the print cam (just as it is in the old style print mechanism).
The print cam follower roller mounts on a pin on the print cam
follower and is free to slide left or right on this pin.

Print Cam High Velocity Lobe

Low Velocity Lobe

Rolle

Follower

FIGURE 87. Print Cam Follower Assembly

The camming surface or lobe on the print cam that produces
the greatest impact velocity is called the high velocity lobe.
This is the right hand lobe on the print cam. The left hand
lobe- (producing less impact velocity) is called the low veloc-
ity lobe (Fig. 87).
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The roller is positioned (left or right) under either camming
surface of the print cam by the print cam follower roller yoke
which straddles the roller (Fig. 88). The yoke is mounted on
apin that protrudes from the tab cord anchor bracket assembly.
The yoke is also free to slide left or right on its mounting pin.

Print Cam Follower
Roller Yoke

(Roller)

Tab Cord Anchor
Bracket

FIGURE 88. Print Cam Follower Roller Yoke

A lever, which controls the lateral position of the yoke and
roller, mounts on the tab cord anchor bracket by a shouldered
rivet. This lever is called the yoke actuating lever (Fig. 89).

Yoke Actuating Lever
Tab Cord Anchor
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FIGURE 89. Yoke Actuating Lever And Spring



The yoke actuating lever is spring loaded at the rear in a clock-
wise direction (observed from the bottom of the machine) by
the yoke actuating lever spring. This spring tension positions
the roller directly beneath the high velocity lobe of the print
cam as shown in Fig. 89.

A sheathed cable called the velocity control cable fastens to
hooked portion of the yoke actuating lever (Fig. 89). When-
everapull is produced on the velocity control cable, theyoke
actuating lever will rotate counterclockwise, (stretching its
spring) shifting the print cam follower roller from the high ve-
locity lobe to the low velocity lobe of the print cam as shown
in Fig. 90.

Yoke Actuating Roller Shifts

Yoke Actuating | -~/
Lever Spring | .

FIGURE 90. Low Velocity Operation

When the pull on the velocity control cable is relaxed, the
yoke actuating lever spring shifts the roller back to the right,
positioning it under the high velocity lobe of the print cam
(Fig. 89).

Whenever a low velocity character is selected, (at the key-
board) a pull on the velocity control cable is produced to shift
theroller to the low velocity lobe on the print cam. This pull
on the cable is initiated gt the keyboard. When any one of
the selector interposers that are in positions 32, 36, 38, 39,
or 42 are powered forward by the filter shaft, a knob on the
forward end of that interposer contacts an upright lug on the
low velocity vane causing it to rotate forward (Fig. 91).

Selector Interposer

Vain Mounting
Bracket

FIGURE 91.

Low Velocity Selection
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The left end of the low velocity vane pivofs in a mounting
bracket fastened to the top surface of the front keylever guide
comb support. The right end of the vane pivots in a hole in
the right hand keyboard sideframe. (The vane extendsonly
half way across the keyboard.) The lateral position of the vane
is controlled by a C-clip located on each side of thevane
mounting bracket.

The low velocity vane bellcrank is fastened to the right end
of the vane outside the keyboard sideframe (Fig. 91). Rotation
of the vane and bellcrank, during a low velocity operation,
creates a pull on the link causing the low velocity latch to
rotate counterclockwise about its mounting stud. The rotation
of the latch swings it out of the operating path of an adjustable
stop on the low velocity cam follower. The com follower and
the adjustable stop operates as one piece pivoting about astud
on the keyboard sideframe (Fig. 92). Aheavy spring hooked to
the adjustable stop and anchored to the latch mounting stud,
spring loads the follower in a clockwise direction.

Low Velocity

Link
" Latch

Low Velocity
~ Cam Follower

Adjustable Stop

FIGURE 92. Machine At Rest

The velocity control cable is hooked to the lower extension of
the follower. The upper extension of the follower is spring
loaded against the low velocity cam which is a double-lobed
cam set screwed to the right end of the filter shaft directly to
the left of the shift interlock cam (Fig. 92). The radial position
of the cam is set so that the cam follower will be on the high
part of one of the cam lobes when the filter shdft is at rest.
Whenever the follower is allowed to follow the contour of the
cam towards its low point, a pull will be produced on the ve-
locity control cable by the heavy spring load on the follower.

—_——

FIGURE 93. Beginning Of A Low Velocity Operation



The cam follower will begin to follow the contour of the cam
towards its low point whenever the low velocity latch is rotated
out of the path of the adjustable stop as shown in Fig. 93. This
occurs each time a low impression character is selected at the
keyboard,

Figure 94 shows the low velocity cam follower riding down
toward the low dwell of the low velocity cam, thereby causing
apull tobe produced on the velocity control cable. Note that
the low velocity latch is attempting to restore back to its rest
position but cannot fully restore until the cam follower is pow-
ered back to itsrest position. The latchrestoring spring between
the latch and the adjustable stop provides the restoring action
not only for the latch but for the low velocity vane also,

Low Velocity
Cam

- \,

~

—

Low Velocity Ca
Follower

Latch Restoring Spring

—¢—— Pyi| Being Produced

FIGURE 94. Low Velocity Operation

As the low velocity print operation is completing, the follower
" restores back to the high part of one of the cam lobes on the
low velocity cam. Thisrelaxes the pull on the velocity control
cable so that the yoke actuating lever spring (Fig. 89) will
shift the print cam follower roller back to the right under the
high velocity lobe of the print cam.

If a high velocity character is selected at the keyboard, the
low velocity latch will remain at rest in the operating path of
the stop on the cam follower. The cam follower is restricted
from following the contour of the cam towards its low point
therefore, no pull is felt on the velocity control cable. The
print cam follower roller remains to the right under the high
velocity lobe of the print cam and a high velocity print oper-
ation results. :

To prevent the print cam from interfering with the print cam
followerrolleras it shifts from one cam lobe to the other during
avelocity selection operation, the print cam follower and roller
is held disengaged from the print cam until the roller has shifted.
This is accomplished by an adjustable stop screw located direct=
ly under the rear portion of the print cam follower (Fig. 95).
The stop screw, which is threaded through a triangular shaped
screws, disengages the print cam follower roller from the print
cam as the cam approaches its rest position. The shifting of
the roller occurs at the beginning and at the end of a low ve~
locity print cycle which is just when the print cam is leaving
or approaching its rest position.

The velocity control cable consist of a thin strand of wire (with
eyelets at each end) running through the center of a flexible
plastic-coated sheath. The wireslides freely within the sheath
transmitting motion form the low velocity cam follower to the
yoke actuating lever on the carrier. Both ends of the cable
sheath are clamped rigidly to their respective mechanisms by
cable clamps (Fig. 90and 92). Clamping the ends of the sheath
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Print Cam

Stop Screw

Print Cam Follower
And Roller

FIGURE 95. Print Cam Follower Stop Screw

allows the velocity control cable to operate efficiently as a
motion transmitting device.

The velocity control cable passes through a wire guide located
onthe left side of the carrier as shown in Fig. 96. The guide
retains the cable against the underside of the carrier so that the
cable will not hand down and rub on the dust shields (or catch
in the mechanism while the dust shields are removed.

e

o

Cable Deflector
Cable Guide

FIGURE 96. Cable Guide And Cable Deflector

Center Cable Clamp

FIGURE 97. Center Cable Clamp



A cable deflector attached to the escapement bracket (Fig. 96)
prevents the velocity control cable from getting behind the
carrier,

The cable isalso clamped along the rear edge of the dust shields
by a center cable clamp on the powerframe and o guide lug on the
right hand dust shield (Fig. 97). The center cable clamp
maintains the cable in its correct lateral position so that the
carrier is free to travel the entire length of the carriage without
being restricted by the cable.

Impression Control Mechanism - ("Stick Shift")

The impressior: made by the typing element is determined by the
velocity of the typing element upon impact with the paper,
the impression control lever is none other than a type head
velocity control. By increasing or decreasing the velocity of
the typing element with the impression control lever, the im-
pression for all characters can be changed equally regardless
of the automatic velocity selection mechanism,

The impression control lever may be positioned by the operator
to one of five different impression settings. The lever is held
initsselected position by detent notches cut into a detent plate
as shown in Fig. 98. Whenchanging the lever to a new setting
it must be pushed to the right (disengaging it from the detent
notches) before moving it forward or back. Do not ratchet the
impression control lever across the teeth on the detent plate as
this could cause the plate to become loose.

Impression
Control

Rocker Restoring
Spring

Print Cam Follower

FIGURE 98. Impression Control Mechanism

Changing the position of the impression control lever causes
the pin on the lower portion of the lever to move forward or
back to a new position in the forked slot of the print cam fol~
lower (Fig. 98). Just as in the early style print mechanism,
the front to rear position of the pin determines the amount of
powered travel that the typehead receives from the print cam
follower. This plus the amount of free flight that is in the
system determines the velocity of the typehead uponimpact
with the paper
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When the impression control lever is pulled forward to a new
position, the pinon the lower extension moves toward the rear
in the forked slot of the foliower thereby increasing the amount
of powered travel that the typing element will receive. The
forkedslot inthe follower is designed so that most of the change
in powered travel will be felt as a change in the rest position
of the type headand not as a change in the amount of free flight
{(determined by the limit of poweréd travel). Throughout the
entire range of the impression control lever the free flight of
the type head should change slightly (approximately .015).
This is necessary in order tomaintain the correct timing relation
between type head detenting and type head printing as the
velocity of the type head is increased or decreased by the im-
pression control lever. In other words, by increasing or de-
creasing the amount of free flight to compensate for a change
intype head velocity, the print time of the type head remains
constant in the machine cycle regardless of the impact velocity
of the typing element.

Note in Figure 98 that the anvil striker, the restoring cam,
and the restoring roller has been eliminated. The rocker is
now spring loaded back torest by a large extension spring (rocker
restoring spring). The dual velocity print cam eliminates the
need for the anvil and striker. The anvil is now used only as
a carrier support for long carriage machines (Fig. 99). The
carrier buffers have been eliminated and the bottom of the
ribbon feed bracket serves as a buffer,

Ribbon Feed Bracket’

Anvil

FIGURE 99. Carvier Support (723-725)



PRINT ESCAPEMENT

The escapement mechanism controls the movement of the car-
rier along the writing line. The print escapement mechanism
consists of the escapement bracket assembly, escapement rack,
escapement torque bar, escapement trigger lever assembly, and
the escapement cam and follower (Fig. 100).

&Stop Lug

Backspace Pawl

Escapement Pawl

Escapement Rack

Backspace Rack

E tric Coll
Filter Shaft ceeniric Lotiar

FIGURE 100. Print Escapement Mechanism

Escapement Bracket Assembly

The escapement bracket assembly isa plate attached to the rear
of the carrier so that it moves with the carrier. The escape-
ment rack is mounted solidly to the power frame just behind
the carrier and beneath the escapement bracket (Fig. 100). A
stud at the left rear corner of the escapement bracket mounts
the escapement pawl to the bottom of the bracket so that it
pivots front torear. Asmallspring from the pawl to the bracket
exertsa force to the right and forward on the escapement pawl.

Other components are present on the escapement bracket that
are only indirectly related to the escapement mechanism.
Pivoting on the same stud with the escapement pawl are the
backspace pawl, the tab lever, and the tab lever trigger. The
tab lever latch mounts on the right side of the escapement
bracket.

The escapement pawl contains an elongated hole at its mount -
ing point that allows .022" lateral movement in the pawl. While
the pawl is engaged in the rack, the force of the mainspring
holds the carrier to the right so that the pivot stud rests against
the end of the elongated hole (Fig. 101a).
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An escapement operation is obtained by forcing the escapement
pawl to the rear out of engagement with the rack teeth (Fig.
101b). Because it is relatively light in weight, the pawl is
snapped to the right by the pawl spring as soon as the pawl
clearsthe rack tooth. The escapement pawl is allowed to move
back to the front into engagement with the next tooth (Fig.
10ic). The carrier then moves to the right until it comes to
rest against the escapement pawl (Fig. 101d).

The amount the carrier is allowed to move is determined by the
distance from one escapement rack tooth to the next. This is
known as the pitch of the machine and is expressed in terms of
teeth or spaces per inch. Two pitches are available on the
Series 72. They are ten and twelve pitch. The type style to
be used isdetermined largely by the pitch of the machine, be-
cause the larger type styles require more space for each char-
acter. The pitch and type style together are determined by
the operator's preference and by the application for which the
machine is to be used.

Having the escapement rack stationary and the escapement
paw| moveable is directly opposite to the arrangement on con-
ventional machines. The carrier and escapement paw! must be
moved to the left for a backspace operation. Because the back -
space pawl is mounted to the escapement bracket, movement
ofthe backspace pawl to the left forces the carrier and escape-
ment pawl to the left.

FIGURE 101.

Escapement Pawl Operation



The backspace pawl is just above the escapement pawl, but
its tooth extends below the escapement pawl. It is held in
mesh with the backspace rack by a small extension spring
similar to that of escapement pawl. The backspace rack is
mounted to the rear of the power frame by shouldered screws
through elongated holes in the rack. This mounting arrange -
ment allows lateral movement of the rack. Movement of the
rack toward the left forces the backspace pawl to the left to
cause a backspace operation.

The backspace operation is pointed out here because of its
close association with the escapement mechanism. It is dis~
cussed more fully in the backspace section. The backspace
pawl is in mesh with its rack when in the rest position. This
means that both the backspace and escapement pawls must be
removed from their racks in order for the carrier to move to
the right.

Figure 101a illustrates a slight clearance between the working
surfaces of the backspace paw! and a tooth on the backspace
rack when the escapement pawl is holding the carrier. This
clearance is necessary for proper operation of the backspace
mechanism. The clearance insures that the backspace pawl
will properly re-enter the backspace rack at the completion of
each backspace operation during a repeat operation (this is
when the escapement pawl is holding the carrier and the back -
space rack is restoring back to its rest position).

The backspace pawl requires .022" of elongated motion in its
mounting hole so that it will operate in unison with the escape-
ment pawl duringan escapement operation. Without the elon-
gated motion, the backspace pawl could restore back into the
same rack tooth before the carrier began to move during an
escapement operation. Thiscould cause partial or half spacing
as the two pawls would alternate holding the carrier during an
escapement operation.

The backspace and escapement pawl are pinned together so that
they will always move together laterally but front to rear in-
dependently. The reason for this is covered in the backspace
mechanism.

Torque Bar

The torque baris a flat bar that pivots between the sides of the
powerframe just to the rear of the backspace and escapement
racks (Fig. 100). lts purpose is to trip the backspace and
escapement pawls out of their respective racks. The left end
pivots in a hole in the powerframe casting. A small C=clip
holds the right end in a large mounting plate on the powerframe.

The rest position of the torque bar on early Jevel machines is
determined by a lug on the left end of the torque bar that con-
tacts the tab rack. On late level machines, the rest position
is controlled by an adjustable stop which mounts on the right
hand tab rack mounting plate and contacts a lug on the right
hand end of the torque bar.

The pivot point of the torque bar is near the bottom of the bar.
When the torque bar pivots, the top of the bar moves to the
rear. The escapement pawl and backspace pawl each have a
lug that extends down just behind the torque bar. As the top
of the torque bar pivots to the rear, it forces the lugs of the
pawls to the rear causing the tips of the pawls to be tripped
out of their racks.
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Rotation of the escapement torque bar is instantaneous and just
sufficient to trip the pawls out of their racks. The torque bar
isimmediately rotated back to the rest position by an extension
spring located at the right end. This allows the pawls to re-
enter their racks to limit the carrier movement to one space.

Because of the force required to trip the pawls out of their
racks, the torque bar tends to bow toward the front instead of
pushing the pawls to the rear. The tendency increases as the
carrier moves toward the middle of the torque bar. Bowing of
the torque bar could result in a failure of the escapement trip
to occur. To overcome this, the pawl pivot stud has a large
head that extends down in front of the torque bar to stop any
bowing toward the front (Fig. 100). The torque bar actually
pries against the pawl stud to trip the pawls from the rack. The
head of the pawl stud is flat sided so that the escapement trip
in the center of the torque bar can be adjusted to be the same
as at the ends. (On late level machines the flat sided head
has been replaced with a stud that has an eccentric head.)

On long carriage machines additional support is given to the
escapement forque bar to prevent it from bowing to the rear
(Fig. 102). A back stop mounted to a stud in the machine
powerframe provides the necessary backing.

Escapement Torque
Bar

Torque Bar Back Stop

FIGURE 102. Torque Bar Backspace

Escapement Trigger

The escapement trigger operates to rotate the torque bar in
order to obtain an escapement operation. The right end of the
torque bar containsa lug that extends to the rear. The escape-
ment trigger hooks over the lug and pulls downward to cause
the torque bar to rotate (Fig. 103). The trigger pivots on the
escapement trigger lever and is held forward over the torque
bar lug by an extension spring between the bottom of the trigger
and a rear extension of the trigger lever. The trigger lever
pivots on a shaft on the operational latch bracket mounted to
the rear of the powerframe just below the right end of the torque
bar. Downward movement of the trigger lever carries the trig-
gerdown to rotate the torque bar. The trigger lever is restored
and held in the rest position by an extension spring from the
rearof the lever up to a rear extension of the operational latch
bracket .
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FIGURE 103. Escapement Trigger

Operation (old style)

The trigger lever is cam operated; therefore, it can only restore
as fast as the cam can rotate from the high point to the low
point. The torque bar must be allowed to restore more quickly
inorder to re-enter the escapement pawl into the correct rack
tooth. Delayingthe torque bar restoration can result in escape-
‘ment skipping, especiallyon 12 pitch machines. To insure that
the torque bar can restore quickly enough, the trigger is dis-
engaged from the torque bar lug just after the escapement trip
occurs. The operational latch bracket is formed to the rear ot
the right side. Attached to the inside of this rearward portion
isasmall plate called the trigger guide (Fig. 103a). The trig-
ger guide has a stud extending to the left just in front of the
escapement trigger. A beveled portion of the trigger contacts
this stud as the trigger moves down causing the trigger to be
cammed to the rear off of the lug on the torque bar (Fig. 103b).
The torque bar can then restore without waiting for the restora-
tion of the trigger and trigger lever.

The new style escapement trigger operation is basically the
same as the old style except that the trigger knockoff action
comes from a screw with an eccentric head that mounts on and
moves with the escapement trigger lever (Fig. 104).
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Escapement
Torque Bar

A, REST POSITION

Excapement

Trigger-Knockoff Eccentric Torque Bar

Forces Trigger To Rear

B. ACTIVE POSITION

FIGURE 104. Escapement Trigger
Operation (new style)

Escapement Cam

Because an escapement operation is necessary each time a char-
acter prints, the power to trip the escapement is taken from a
portion of the cycle mechanism. A small double lobed cam,
called the escapement cam, is attached to the right end of the
filter shaft just inside the powerframe (Fig. 100). Each time a
cycle operation occurs, the filter shaft operates the cam 180°.

The escapement cam follower pivots on a long pin located in
a bracket just to the rear of the filter shaft. A roller at the
bottom of the follower is operated to the rear by a lobe of the
cam each time a cycle operation occurs. This causes the link
at the top of the cam follower to pull forward on the bottom of
the escapement trigger lever. The link is connected to the
trigger lever below its pivot point; therefore a forward pull
causes the trigger to move down at the rear and operate the
torque bar.

Because the carrier is relatively light and moves quickly, the
escapement trip must not occur before the character prints. If
it did, the carrier might move before the character printed or
might be moving when the character is printing. This would
result in an uneven left margin or poor horizontal alignment and
possible smearing of the character depending upon the timing
of the trip. To eliminate this possibility, the escapement cam
is timed so that the escapement trip occurs just after the type
head leaves the platen to restore to rest.



Onthe 721 only, asmall eccentric collar on the pivot pin pre-
vents the pin from bowing forward due to the pull of the escape~
ment trip link. The collar braces the pivot pin by resting
against the bracket in which the pivot pin is mounted. With-
out the collar, some of the trip link motion would be lost in
the flexing of the pivot pin. Escapement failure would result,
if not enough trip link travel remained to remove the pawls
from the rack.

MAINSPRING

Any time the escapement and backspace pawls are removed
from their racks, the carrier is pulled toward the right. The
mainspring supplies the tension for all movement of the carrier
toward the right. It is located at the right rear corner of the
machine. Notched lugs of the mainspring cage fit into slots
in the backplate (Fig. 105). The cage is turned counterclock-
wise (facing the rear) so that it locks into position. Tension
of the mainspring is changed by turning the entire mainspring
cage to a new location. When working with the mainspring,
extreme care should be taken to keep it under control.

The center of the backplate contains a ball bearing assembly
that supports the rear end of the escgpement shaft. The shaft
extends to the rear into the mainspring where a hub is set-
screwed to the shaft. The inner end of the mainspring is rolled
so that it fits into a groove in the hub and supplies rotary force
to the hub and escapement shaft.

Carrier

Escapement/Tab Card

The escapement shaft extends forward through another ball
bearing assembly in the powerframe and has o drum attached
at the forwardend. This drum is called the cord drum gear and
is spirally grooved to accept the escapement/tab cord. The
grooves prevent the cord from piling up on the drum insuring
uniform tension and minimum wear.

The escapement /tab cord is asmall, round, nylon-covered linen
cord. The drum end of the cord is knotted and fits into a slot
at the rear of the drum. The cord makes several turns around
the drum and rides up over a guide roller before passing through
the right side of the machine (Fig. 105). Just outside the ma-
chine the cord passes around a pulley and extends back to the
left where it is attached to a hook on the carrier assembly. As
the mainspring turns the escapement shaft, the drum winds up
the cord to move the carrier to the right.

More than one operation is performed by the escapement shaft.
The gear teeth at the front of the cord drum are involved in both
the carrier return and tabulator operations. Between the power-
frame and the backplate is another cord drum with a cord at-
tached to it similar to the escapement/tab cord (Fig. 105).
This cord is attached to the left side of the carrier and exerts
a pull to the left during carrier return. These operations are
fully covered in their particular sections. However, the car-
rier return cord drum is significant in the escapement mecha-
nism, because it must pay out cord in order for the carrier to
move to the right. Likewise, the escapement/tab cord must
be paid out from its drum in order for the carrier to return to
the left.

Carrier Return Cord

Back Plate

Mainspring

Cord Tension Arm

FIGURE 105. Mainspring And Cord System
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The constant jerk and pull to which the cords are subjected
may tend to stretch them slightly. This could cause the cords
to become slack creating erratic movement of the carrier. A
method has been provided whereby the slack is automatically
removed from both cords. Outside the powerframe, the pulley
that guides the escapement cord is mounted to the cord tension
arm pivoted at the front (Fig. 105). A pair of spiral springs
arched between the arm and a pin on the powerframe apply a
constant pressure toward the right. The pressure is sufficient
to keep the slack out of the escapement cord. This, in turn,
rotates the escapement shaft enough to keep the carrier return
cord tight.

OPERATIONAL CAMS AND CONTROL MECHANISM

All powered service operations are driven by the operational
cam shaft located on the right side midway back in the machine.
The powered operations are the spacebar, backspace, carrier
return, indexing, and shift . The tabulator is manually operated
and the only non-powered service operation.

The spacebar, backspace, carrier return, and indexing mech-
anisms are operated by two cam assemblies mounted on the
operational cam shaft. The shift is driven by a spring clutch
at the right end of the shaft outside the powerframe.

Operational Cams

The two operational cams are located on the right side of the
operational shaft just inside the powerframe (Fig. 106). The
left hand cam is a double lobed cam that requires only 180°
rotation to complete one operation. |ts purpose is to power
the spacebar and backspace mechanisms. The right hand cam
is a single lobed cam requiring 360° rotation to complete one
operation. It powers the engaging of the carrier return mech-
anism and operates the indexing mechanism.

Each operational cam must power two functions. The mech-
anism to be operated is determined by a selection system re-
leased by depressing the desired keylever. The selection opera-
tion is discussed later in this section.

Operational Cam Shaft

Operational Clutch
Ratchet

Operational Shaft

Backspace/Spacebar
Cam

Carrier Return/
Indexing Cam

FIGURE 106. Operational Cams
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FIGURE 107. Operational Cams At Rest

Both the single and the double lobed cams have the same rise
from the low point to the high point. The double lobed cam
completes an operation sooner than the single lobed cam, be-
cause it requires only 180° rotation compared to 360° for the
single lobed cam. The faster double lobed cam is used in the
spacebar mechanism because the spacebar action must be as
fast as the print action in order to maintain typing rhythm. The
backspace operation must operate quickly in order to provide
rapid positioning of the carrier; therefore it also employs the
double lobed cam. Both the carrier return and indexing key-
levers have a repeat/non-repeat feature. When operated in
the repeat position, they cause rapid indexing of the platen.
Operatingtoo rapidly could create inaccurate indexing due to
platen overthrow and failure of the index pawl to restore quickly
enough; therefore the slower single lobed cam is used to operate
the carrier return and indexing mechanisms.

FIGURE 108. Operational Cam Active

Aratchet, called the operational clutch ratchet, is set=screwed
to the operational cam shaft (Fig. 106). The cam assemblies
are C -clipped into position on shoulders of the ratchet, one on
each end. The operational cam shaft and clutch ratchet are
allowed to turn while the cam assemblies remain stationary.
Steel sleeves fitted into the cam bodies act as bearings for the
cams.

A cam rotates only wheh a particular operation is desired. In
order for the cam to rotate it must be "locked" to the opera-
tional clutch ratchet. Each cam has a pawl mounted to it in
such a manner that the pawl can be pivoted into engagement
with the rotating operational clutch ratchet (Fig. 107). When-
ever the pawl is permifted to engage in the clutch ratchet, the
cam will rotate with the ratchet (Fig. 108).



The operational cam pawl is prevented from engaging the clutch
ratchet by a disc called the clutch wheel (Fig. 107). The
clutch wheel is attached to and forms a part of the cam assem~
bly. The disc is mounted to the cam assembly so that the cam
pawl operates through an oversized hole in the disc. The
clutch wheel is free to rotate on the cam assembly, but its
movement is restricted by contact with the cam pawl. A pin
at the tipofthe pawl fits into another hole in the clutch wheel
that has one side beveled (Fig. 108). Movement of the cam
while the clutch wheel is held stationary causes the pin on the
pawl to slide up the beveled side of the hole and disengage the
pawl from the ratchet (Fig. 109).

FIGURE 109.

Movement of the clutch wheel is controlled by the clutch re-
lease arm pivoted on a shaft below and to the rear of the cam
assembly (Fig. 107). The clutch wheel hasa tooth that contacts
the end of the clutch release arm as the cam assembly rotates.
The clutch release arm stops the movement of the wheel. Further
rotation of the cam causes the pawl to be disengaged from the
ratchet as described. When the clutch release arm is moved
down, the clutch wheel is released (Fig. 108). The com pawl
spring isthen allowed to pull the pawl into engagement with a
tooth of the clutch ratchet by merely rotating the clutch wheel
out of the way. As soon as the clutch release arm is allowed
to restore, it is pulled by its spring back up into position to
contact a tooth of the clutch wheel. There are only two such
teeth for the double lobed cam and only one for the single lobed
cam. The cam assembly is driven 180° for the double lobed
cam and 360° for the single lobed cam before the clutch release
arm contacts and stops a tooth of the clutch wheel. Rotation
of the double lobed cam through 180° and the single lobed cam
through 360° allows the high point of the cam to operate the
particular function involved.

Clutch Pawl Being Disengaged

The cam pawl spring tries to pull the paw! into engagement
with the clutch ratchet. Unless the cam is held in position
after the pawl is disengaged from the ratchet, the spring will
cause the cam to creep backward allowing the pawl to partially
engage the ratchet and create a loud buzzing sound. It cannot
fully engage the ratchet because it would be disengaged imme -
diately as previously described.

To prevent backward creep of the operational cams and the re-
sultingnoise, a cam check pawl is provided for each cam. The
check pawl engages a notch in the cam assembly as soon as it
has rotated far enough for the cam pawl to be disengaged from

Cam Check Ring
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FIGURE 110. Operational Cam Check Pawl

the ratchet (Fig. 110). The check pawls extend to the rear
from a pivot pin located just in front of the cams. An exten-
sion spring from each check pawl to the clutch release arm
maintains the two partsin the rest position. The notch engaged
by the cam check pawl is in a disc-shaped part called the cam
check ring. The ring is attached to the cam by two screws.
An eccentric collaron one of the screws facilitates the adjust-
ment of the cam check ring.

Operational Control Mechanism

The operational control mechanism is a compact unit contained
ina bracket located under the operational cams. The purpose
of the mechanism isto select the function to be operated, con-
trol the movement of the cam, and transfer the cam motion to
the selected operation. To fulfill these three purposes, each
cam requires four basic parts in its control mechanism. They
are: an interposer to select the operation and to help with the
cam control, a clutch release arm to control the cam, a re-
storingdevice for the interposer, and a cam follower to trans-
fer the cam motion to the operations. The principle of opera-
tion for both cam control mechanisms is the same; however, the
parts design differs slightly.

1. Interposers

Eachmechanism operated by the cams requires an interposer to
select the mechanism to be operated and to cause the cam to
be engaged. These four interposers operate front to rear through
slots in the operationa! control bracket and are latched forward
on an adjustable guide attached to the front of the bracket
(Figs. 111and 112). A position for a fifth interposer is present
in the operational control bracket. The fifth interposer is used
in special applications of the machine and is not normally in~
cluded inthe mechanism. The interposersare each spring loaded
to the rear by an extension spring between the interposer and
the rear of the operational control bracket. Attached to the
front of each interposer is a small pivoting latch. The latch is
spring loaded upward against the interposer so that the top por-
tion forms a‘hook for the interposer. The latch hooks under the
keylever pawl guide bracket to hold the interposer forward.
When the interposer is pushed down, the latch clears the bracket
allowing the interposer to be pulled to the rear to perform its
function. The latch pivots on the interposer so that the entire
interposer will not have to move down to allow the latch to
relatch on the guide bracket as the interposer restores to the
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FIGURE 111. Carrier Return/Indexing Operational Control Mechanism

front. This insures positive relatching as the latch can very
quickly snap back up into the latched position after it has been
cammed down by the guide bracket.

The carrier return, indexing, backspace, and spacebar key-
leverseach have a pawl attached at the rear that extends down
through a slotted guide stud to a position just above its own
particular interposer (Figs. 111 and 112). Depression of one
ofthe keylevers causes a lugat the bottom of the keylever pawl
to depress the interposer and release it to the rear.

Cam Follower

Keylever Pawl
Guide Bracket

2. Clutch Release Arm’

Two clufch release arms are present, one for each cam. The
arms are identical in operation but slightly different in design
to conform to their position in the machine. The release arms
pivot on a shaft at the rear of the cams (Fig. 107).

Each clutch release arm has three extensions from the pivot.
The forward extension blocks the clutch wheel to disengage the
cam pawl from the ratchet. The lower extension is contacted

Operational Latch

Clutch Release Arm

Interposer

FIGURE 112. Back / Spacebar Operational Control Mechanism



by an interposer. The interposer pivots the forward extension
down out of the path of the clutch wheel to allow the cam to
be driven. Inthe rest position, the rear extension of the clutch
release arm contacts the bottom of the operational control
bracket (Fig. 107). This controls the "bite" between the re-
lease arm and the clutch wheel to insure positive release action.

The clutchrelease arm is restored and held at rest by an exten=-
sion spring between the forward extension and the cam check
pawl (Fig. 107).

3. Cam Follower

Each cam has a cam follower designed to convert the rotary
motion of the cam info vertical linear motion at the rear. The
cam followers are bellcrank devices mounted just to the rear of
the cams (Figs. 111 and 112). The cam followers pivot about
the same pivot shaft that supports the clutch release arms. A
roller at the top of each cam follower is in continuous contact
with its particular cam.

The carrier return/indexing cam follower extends to the rear
where it isdesigned in the form of a bail (Fig. 111). When the
cam operates, the rear of the follower is moved down as the
roller is forced to the rear by the cam. A link attached near
the rear of the cam follower operates the indexing mechanism.
Each time the cam operates, an indexing action occurs. A re-
turn spring in the indexing mechanism restores the cam follower
and holds the roller against the cam.

Cam Follower

Interposer

Interposer
Restoring Lever

FIGURE 113. Interposer Restoring Operation

The backspace/spacebar cam follower is designed to operate
three mechanisms. Innormal applicationsof the machine, only
the backspace and spacebar are present. In input/output type-
writers the tabulator is also powered by the cam. Because it
has three positions to operate, the cam follower must be wider
than that of the carrier return. An extension spring from the
cam follower to the operational latch bracket acts to restore
the cam foilower and maintain the position of the roller against
the cam (Fig. 112).

Pressure of the cam follower roller against the cam is essential
for proper operationofeach cam. The spring tension forces the
cam follower from the high point to the low point of the cam.
This accelerates the cam enough to give the overthrow required
to disengage the cam pawl from the ratchet and to allow the
check pawl to engage the check ring.

4. Interposer Restoring Lever

After an interposer has been released to the rear to begin an
operation, it must be restored forward so that the clutch re-
lease arm may pivot back to its rest position to stop the action
of the cam.

The interposers are restored by a bail-shaped part that pivots
between the sides of the operational control bracket and is
located just to the rear of the interposers (Fig. 113). A lug atf
each side of the interposer restoring lever is in contact with the
cam followers. Operation of either cam follower pivots the
bottom of the restoring lever forward (Fig. 113). The restoring
lever, inturn, forces the interposer forward where it can latch
in the rest position.

5. Operational Selection

In addition to causing cam release, the interposer must set up
the mechanism to be operated. This is true of all except the
indexing interposer. Because the indexingmechanism isdirectly
connected to the cam follower (Fig. 111), merely releasing
the cam results in an indexing operation.

The backspace, spacebar, and carrier return interposers each
have a small, hook=-like latch resting against the rear of the
interposer (Figs. 111and 112). A small extension spring main-
tains the latch against the interposer. Each latch is suspended
from its own particular mechanism located above the rear of
the interposer. Pulling any one of the latches down causes it
to operate the mechanism involved. The hook portion of the
operational latchesrests just in front of the cam follower. When
one of the interposers is snapped to the rear, the latch for that
interposer is pushed to the rear where it hooks under the cam
follower. The cam follower is then operated to pull down on
the latch and actuate the selected mechanism (Fig. 113).

As the cam follower is operated, the interposer is restored to
the front by the restoring lever. This causes the spring between
the interposer and the operational latch to extend (Fig. 113).
Extending the spring tends to pull the latch out from under the
cam follower before the operation is completed. To insure a
complete operation, the latch is locked to the rear as soon as
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Cam Follower
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Interposer
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FIGURE 114. Operational Latch Locked To The Rear



the operation begins. As the latch is pulled down by the cam
follower, it moves down behind a lug of the operational con-
trol bracket (Fig. 114). The lug prevents any forward move-
ment of the latch until the operation is completed and the cam
followerrestores. The latch is then pulled forward into its rest
position against the interposer. The carrier return latch is not
locked to the rear, because its beveled forward edge permits
it to remain in contact with the interposer throughout the opera-
tion (Fig. 111).

6. Operating Sequence

Asthe desiredkeylever isdepressed, a lug of the keylever pawl
contacts an interposer forcing it down to release it from the
guide bracket. The interposer is pulledto the rear by its spring.
A lugon the interposer contacts the clutch release arm rotating
it down at the front to allow the cam clutch to be engaged.
At the same time, the interposer forces its selective latch to
the rear pushing it under the cam follower. The cam is driven
by the clutch ratchet causing the cam follower to move from
the low point to the high point of the cam. Movement of the
cam follower pulls down on the operational latch to power the
mechanism and, at the same time, actuates the interposer re-
storing lever to restore the interposer forward. The clutch re-
lease arm restores into the path of the clutch wheel ready to
disengage the cam clutch. The cam follower passes the high
point of the cam and restores to the rest position as it reaches
the low point. The operational latch is snapped ferward against
its interposer into the rest position and the operation is com-
pleted.

Repeat/Non Repeat

All four mechanisms operated by the operational cams ore
equipped with a repeat/non repeat feature. When the key-
lever is depressed to its first limit, only a single operation
occurs. Furtherdepression of the keylever causes the first limit
toyield and allow a repeating action. Three different methods
are used to determine the first limit for the keylevers. Each of
the methods is discussed in the mechanism to which it applies.

In order to obtain either a single or a repeating operation, two
lugs are needed on each keylever pawl. The front lug is just
above the tipof the interposer when both are at rest (Fig. 115a).
When the keylever is depressed, this lug causes the interposer
to be released. As the interposer snaps to the rear, it moves
out from under the lug of the keylever pawl. If the keylever
isheld depressed to its first limit, the end of the interposér will
contact the lug of the keylever pawl as it restores to the front.
The interposer will force the pawl forward and relatch on the
keylever pawl guide bracket (Fig. 115b). When the keylever
isreleased, the keylever pawl will then reset to the rear above
the interposer.

When the keylever is not released, the rear lug on the key-
lever pawl is now in position to release the interposer (Fig.
115b). Depression of the keylever past its first limit causes
the rear lug to trip the interposer from the latch bracket (Fig.
115¢). The interposer moves to the rear as before, but it can-
not move far enough to get out from under the rear lug of the
keylever pawl. Eachtime the interposer is restored to the front
it is prevented from latching because the lug of the keylever
pawl continuesto hold it down. Because the interposer cannot
latch, it is snapped back to the rear by its spring to operate
the clutch release arm and to push the operational latch under
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F[GURE 115. Keylever Pawl Operation

the bail of the cam follower. Each time the cam operates, this
action of the interposer is repeated causing a continuous opera-
tion. There isno operational latch for the indexingmechanism;
therefore the index interposer only operates the clutch release
arm to cause a continuous cam operation.

When the carrierreturnkeylever is operated in the repeat posi-
tion, it is always for the purpose of creating a repeat indexing
operation with the carrier at the left margin. This is more
convenient for the operator than using the index keylever which
wasdesigned primarily for indexing with the carrier away from
the left margin.

One operation of the carrier return interposer causes an index
operation plus a carrier return operation. Only an indexing
operation is desired thereafter. Each time the carrier return
interposer moves to the rear, the operational latch is moved
under the cam follower to cause a carrier return operation. |t
is undesirable and unnecessary to have a repeating carrier re-
turn action at the left margin, because of the shock of the car-
rierrepeatedly strikingthe left margin. Therefore, the carrier
return interposer is not used for a repeating operation.

When the carrier return keylever is depressed and held down
for a single operation, the interposer operates to the rear and
is restored as on the other mechanisms. The interposer forces



the keylever pawl forward slightly in order to latch. The rear
of the keylever pawl, instead of being above the carrier re-
turn interposer, is formed to the right above the index inter-
poser (Fig. 116). Depression of the carrier return keylever past
its first limit causes the keylever pawl to release the index in-
terposer and hold it down. The index continues to repeat as
long as the keylever is held in the repeat position.

FIGURE 116. Repeat Carrier Return Opevation

SPACEBAR

The spacebar mechanism provides the operator with a means of
moving the carrier to the right one space at a time without
typing a character on the paper. It is used mainly for spacing
between words, but it may also be used to space the carrier
quickly to any point toward the right on the writing line.

The spacebar operates by tripping the escapement pawl and
backspace pawl out of their racks as on a print escapement
operation. The two escapement operations are identical ex-
cept for the method of actuating the escapement trigger lever.

Spacebar Shaft

Spacebar

Early Style
Final Stops

Spacebar Tension
Spring

Spacebar Operating
Arm

Spacebar Lever Mechanism - Early Level

The spacebar mounts on the keyboard just in front of the key-
buttons. 1t is suspended on two arms extending forward from
the spacebarshaft (Fig. 117). The spacebar shaft is shouldered
at the left end and pivots in a hole in the left keyboard side-
frame. The right side pivots on a pivot screw in the right key~=
board sideframe. Vertical motion of the spacebar causes the
spacebar shaft to rotate .

The spacebar contains a metal stem pressed into the body of
the spacebar (at the center). The stem extends down into a
slot in the spacebar return spring. The spacebar return spring
isaflat, leaf-type spring that is mounted to the front keylever
guide comb support by two screws and performs the function of
restoring the spacebar to its rest position. This spring also
guides the bottom of the spacebar stem to prevent tipping of
the spacebar forward or back. Additional support is provided
by a lever that extends forward from the spacebar shaft. A
guide stud on the lever fits through an elongated hole in the
spacebar stem.

Attached to the right end of the spacebar shaft is the spacebar
operating arm which extends to the rear through a slot in the
front keylever guide comb (Fig. 117). When the spacebar is
depressed the operating arm is raised. The arm contains a slot
in the end that fits into a fork in the forward end of an inter-
mediate lever called the spacebar lever. When the spacebar
is depressed, the rear of the spacebar lever and the attached
spacebar lever pawl are lowered. The spacebar lever pawl
then pushes down on the spacebar interposer causing the inter-
poser to unlatch from the keylever pawl guide bracket. The
interposer snaps to the rear, releases the spacebar/backspace
cam, and pushes the spacebar operational latch under the cam
follower.

The spacebar latch is mounted to the spacebar latch lever by
a ball shouldered rivet to permit free movement of the latch
(Fig. 118). The spacebar latch lever is mounted on a pivot
pin on the operational latch bracket assembly which is attached
to the rear of the powerframe just in front of the mainspring.

Spacebar Lever

Spacebar Lever

FIGURE 117. Spacebar Lever Mechanism
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When the spacebar latch is operated down by the cam follower,
the spacebar latch lever pivots about its pivot pin. An adjust-
ingscrew on the latch lever contacts the trigger lever causing
the trigger lever to rotate about its pivot pin (Fig. 118). This
causes the trigger on the trigger lever to rotate the escapement
torque in the same manner as it does during a print escapement
operation.
moved from their racks and an escapement operation takes place.

Adjusting Screw

Torque Bar

Spacebar Latch X

Lever
Spacebar Lafch/&

FIGURE 118. Spacebar Latch Operation
Spacebar Stops

Trigger
Lever

Two styles of final stops have been produced and used on the
early style spacebar mechanism. Both styles attach to the
middle of the keylever guard at the front of the machine and
function by blocking the downward travel of the spacebar stem
(Fig. 117).

Upward travel of the spacebar is limited by the spacebar stem.
A step in the stem contacts the bottom of the spacebar shaft

Thus the escapement and backspace pawls are re~’

Spacebar
Operating Arm

Spacebar Repeat Spring
Repeat Spring Stud

FIGURE 119. Spacebar Repeat Stop - New Style

(Fig. 117). A vinyl sleeve on the stem cushions the spacebar
in the rest position to prevent noise.

The downward travel of the spacebar is limited at two positions.
The first limit allows a single operation only. Further depres-
sion of the spacebar causes the first limit to yield to permit a
repeat operation. A final limit prevents further depression.

An extension spring at the front of the spacebar lever acts as
a first limit for the mechanism (Fig. 119). The lower end of
the spring is formed into a long hook. The hook is connected
intoan elongatedslot in the repeat spring stud. As the space-
bar is depressed, the front of the spacebar lever and the repeat
spring are raised. The spacebar reaches the first limit when
the repeat spring contacts the top of the elongated slot in the
repeat spring stud. Further depression of the spacebar causes
the repeat spring to yieldand allow the spacebar lever to move
into the repeat position.

FIGURE 120. Spacebar Lever Mechanism - Late Level
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Spacebar Lever Mechanism - Late Level

The late level spacebar mechanism is basically the same as the
early level. The main difference is in the spacebar stem. A
stabilizing link has been attached to the bottom of the stem by
a shouldered rivet (Fig. 120). The rear portion of the link
mounts on and pivots about an adjustable guide stud. This stud
is fastened to a support on the front keylever bearing support
by two screws. The stabilizing link controls the bottom of the
spacebar stem to prevent the spacebar from tipping forward or
back.

The spacebar restoringaction issupplied by an extension spring
that isattached to the spacebar operating arm and anchored to
one of three holes in the carrier return/backspace repeat bail.
Inaddition, the spacebar guidestud and the final stop as found
on the early level mechanism has been eliminated from the late
level spacebar mechanism.

Spacebar Lockout - Old Style

As previously mentioned, both the spacebar escapement and
the print escapement operate by actuating the escapement trig-
ger lever to cause an escapement operation. Because of the
inter-relationship of these two mechanisms, operating both of
them together causes only one space of escapement:, Likewise
if they arealternately operated too rapidly in succession, only
one space of escapement will result. This happens occasionally
when the operator hits the spacebar too soon after striking a
letter keylever. As a result no space appears between the
words. The spacebar fails to operate the escapement trip be-
cause the escapement trigger does not have sufficient time to
reset above the lug on the torque bar before being actuated
downagain. Operator timing seldom causes the print escape-
ment to fail after a spacebar operation.

In order to insure that the spacebar will always actuate the
escapement following a print operation, it is necessary to place
the spacebar mechanism into storage until the print escapement
iscompleted. The spacebar can then operate to space the car-

Escapement Cam

Spacebar Lockout Cam

Lateral Clear~
ance With
Filter Shaft

Filter Shaft

Spacebar Interposer

Lockout Cam Guide
A. FILTER SHAFT AT REST

FIGURE 121a. Spacebar Lockout Mechanism
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FIGURE 121b. Spacebar Lockout Mechanism

rier. The spacebar storage feature greatly reduces the possi-
bility of spacebar failure during a letter~space-letter operation.
Failure results only if the spacebar operation is not stored.
The spacebar will fail to store only if thespacebarandietter
keylever are depressed simultaneously.

Spacebar storage is accomplished by blocking the rearward
movement of the spacebar interposer. The interposer travel is
blocked by the spacebar lockout cam on the filter shaft (Fig.
121). Thelockout cam isspring-loaded toward the right against
the escapement cam. In the rest position, the lockout camis
held to the left by the lateral camming surfaces on the two
cams. Inthisposition, the spacebar interposer is free to oper-
ate without interference (Fig. 121a).

During a character operation, rotation of the filter-shaft allows
the lockout cam to move toward the right because the high
points of the lateral camming surfaces are no longer in contact
(Fig. 121b). The lockout cam is prevented from rotating with
the filter shaft by a guide bracket that fits in a slot in the front
of the cam. As the lockout cam slides to the right an exten-
sion at the bottom of the cam moves into the path of a lug on
the spacebar interposer (Fig. 121b). If the spacebar interposer
istripped, itwill move to the rear slightly until it contacts the
lockout cam extension. The interposer will remain tripped
against the lockout cam until the print cycle has been com-
pleted. As the filter shaft approaches the rest position, the
lockout cam is forced back to the left by the escapement cam.
The spacebar interposer is then released to the rear for a space-
bar operation.

Spacebar Lockout ~ New Style

The spacebar interlock mechanism is mounted within the opera-
tional control bracket just below the filter shaft. It consists of
abracket, an interlock interposer (whichactsasa cam follower)
and an interlock cam mounted on the filter shaft (Fig. 122).

When the filter shaft is in its rest position the upper extension
of the interlock interposer is resting on the high point of one
of the lobes on the interlock cam. This allows the horizontal



lug on the lower extension of the interlock interposer to just
clear theadjustable stop on the spacebar interposer as it oper~
ates to the rear during a spacebar operation (Fig. 122).

Spacebar Interlock Cam
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FIGURE 122, Spacebar Lockout - New Style

Whenever a print operation occurs, the filter shaft and inter-
lock camwill begin to turn causing the rear portion of the inter-
lock interposer to rise into the operating path of the spacebar
interposer. If the spacebar interposer were then released the
interlock interposer would interrupt and store the rearward travel
of the spacebar interposer until the filter shaft completes its
cycle. At this time the spacebar interposer would be released
to finish its rearward travel and the spacebar operation would
complete. Note that the interlock interposer is spring loaded
into its active position and powered to its rest position. This
is to prevent breakage should both the spacebar and print oper-
ation be operated simultaneously.

BACKSPACE

The backspace mechanism provides the operator with a method
of positioning the carrier to the left one space at a time. It is
used primarily in error correction and in centering headings,
but it may also be used to position the carrier quickly to any
point toward the left on the writing line.

The backspace operates by forcing the carrier to the left until
the escapement pawl clicks from one tooth of the escapement
rack to the next. The backspace pawl is mounted on the es-
capement bracket with the escapement pawl so that movement
of the backspace pawl to the left also moves the carrier and
escapement pawl to the left (Fig. 123). The tip of the back-
space paw| engages the teeth of a sliding backspacerack located
on the back of the power frame justbelow the escapement rack.
Movement of the backspace rack to the left forces the back-
space pawl to the left to cause the backspace operation.

The backspace rack is spring loaded toward the right by an
extension spring between the rack and the operational latch
bracket. Upon completion of the operation, the backspace
rack restores to theright causing the backspace pawl to click
from one tooth to the next in preparation for the next operation.

The escapement paw! has a small stud on its upper surface that
fits into a slot in the backspace pawl (Fig. 124). The slot is
elongated front to rear to allow the escapement pawl to click
from one escapement rack tooth to the next as the backspace
rack forces the carrier to the left (Fig. 124a).
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FIGURE 123. Backspace Mechanism

Theslotalso permits the backspace pawl to click into the next
tooth as the backspace rack restores (Fig. 124b). Because of
the elongated pivot holes in the two pawls, the stud connec-
tion is necessary to insure that the pawls move together during
abackspace operation and to prevent the backspace paw! from
moving to the right as the backspace rack restores. Without
the stud connection, the backspace rack would require .044"
additional travel to compensate for the .022" elongation in
each pawl.

The backspace rack is actuated by a bellcrank pivoted on the
front of the back plate (Fig. 123). The bellcrank operates
the rack through an adjustable intermediate lever pivoted at
the top of the operational latch bracket. The backspace opera-
tional latch is mounted to the horizontal arm of the backspace
bellcrank by a ball shouldered rivet to permit free rotation of
the latch. The latch extends down into position to hook under
the bail of the operational cam follower. When the backspace
interposer is released, the latch is pushed to the rear under
the cam follower. Operation of the cam causes the cam fol-
lower to pull the lfatch downrotating the backspace bellcrank.
A largeheaded adjusting screw on the vertical arm of the bell-
crank operates the intermediate backspace lever to force the
backspace rack to the left.



The intermediate backspace lever is adjustable forward or back
to obtain the proper throw of the backspace rack. The inter-
mediate lever is adjusted farther forward on the 12 pitch ma=-
chines than on the 10 pitch. The 12 pitch intermediate lever
is shorter than the 10 pitch to prevent interference with the
power frame. |t is too short to be used on 10 pitch machines.
The 12 pitch intermediate lever is identified by a notch in the
right side. The 10 pitch lever is unmarked.

Thebackspace interposer isreleased by depression of the back-
space keybutton located at the upper right hand corner of the

keyboard (Fig. 125). The backspace keylever is mounted in
the keyboard assembly in the same manner as the letter key-
levers. Anextension spring between the keylever and the key-
lever guard restores the keylever to the rest position. A key-
lever pawl attached to the rear of the keylever extends down
through a slotted guide stud in position just above the back-
space interposer. Depression of the keylever causes the inter-
poser to be released to the rear to begin the operation.

The upward travel of the keylever is limited by a fulcrum rod
located at the top of the guide comb. A bail, located under
theright front corner of the keyboard, determines the first limit
for the keylever depression. The left end of the bail pivots in
asmall bracket attached to the bottom of the guide comb sup-
port. Theright end pivotsin a hole in the keyboard sideframe.
A lugon therightside of the repeat bail limits against the key-
board sideframe to determine the rest position of the repeat
bail. Anextensionspring inside the sideframe holds the repeat
bail in the rest position and offers a resistance to further de-
pression of the keylever.
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FIGURE 124. Backspace Operation

"Bockspace Rack Forces *

When the keylever is depressed, the front of the keylever is
forced down against the repeat bail, This stops the travel of
the keylever and allows a single operation of the mechanism.
Additional pressure on the keylever causes the repeat bail to
yield allowing the keylever to move into the repeat position..
Holding the keylever in the fully depressed position causes the
keylever pawl to hold the interposer down allowing a contin-
uous operation of the mechanism. The final travel of the key-
leverisreached when the keylever bottoms in the guide comb.

Backspace Interposer

FIGURE 125. Backspace Keylever Mechanism
CARRIER RETURN (721)

The carrier return mechanism provides the operator with a
powered return of the carrier to the ieft margin and an auto-
matic line spacing of the paper. Depressing the carrier return
keylever into the repeat position causes additional line space
operations, if so desired. This can be done while the carrier
isbeing returned making it unnecessary for the operator to wait
until the carrier reaches the left margin.

The carrier return operates by winding the carrier return cord
ontoadrumat the rear of the machine (Fig. 126). The carrier
return cord is hooked to the bottom of the carrier, passesaround
two pulleys at the ieft, extends back to the right over a guide
roller, and attaches to the carrier return cord drum. The drum
has spiral grooves for winding up the cord as on the escapement
cord drum. The carrier return cord drum is attached by set
screws to the escapement shaft just in front of the mainspring.
Rotation of the escapement shaft causes the drum to wind up
the cord and move the carrier to the left.

Movement to the left opposes the mainspring tension causing
the mainspring to tighten. The power to rotate the escapement
shaft in opposition to the manispring is taken directly from the
operational cam shaft. The escapement cord drum (at the front
of the escapement shaft) has a beveled gear molded on its front
(Fig. 126). This beveled gear meshes with a small pinion gear
on the operational shaft, The pinion gear pivots freely on the
shaft between two.C-clips. By means of a spring clutch the
pinion ismade torotate with the operational shaft. The pinion
geardrives the escapement cord drum in a clockwise direction
causing the carrierreturn cord to be wound onto its drum. The
carrier return pinion has a hub that forms a part of the spring
clutch. A second hub just to the left of the pinion is in con-
tinuous rotation with the operational shaft. A clutch spring
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FIGURE 126. Carrier Return Mechanism

fits around the two hubs to complete the spring clutch. Asteel
band clamps the left end of the spring around its hub so that no
slippage can occur at that point. The clamp causes the spring
to rotate with the operational shaft. The shaft turns in the
tightening direction of the spring; but no tightening occurs,
because the pinion hub is smaller than the inside diameter of
the clutch spring.

If the clutch spring is to tighten, friction must exist between
the springand the hub it is to drive. By pressing the loose end
of the carrierreturn clutch spring against the pinion hub, fric-
tion is applied causing the spring to tighten around the hub
and drive the pinion. The spring is pressed against the pinion
hubbya nylon shoe just to the rear of the carrier return pinion
(Fig. 126). The clutch spring decreases in diameter as it
tightens around the pinion hub. The tension of the spring re-
sistsany change in size; therefore, when the pressure from the
shoe is relaxed, the spring snapsback tonormal size and ceases
to drive the pinion.

In order to obtain a full carrier return, the carrier return shoe
must press the spring against the pinion hub and hold it there
until the carrierhasreached the left margin. It must then re-
lease the clutch spring to end the carrier return operation.

The power to operate the shoe against the clutch spring is taken
from thesingle lobed operational cam. Depression of the car-
rier return keylever sets the mechanism into operation. The
keylever operates at the right side of the keyboard beside the
backspace keylever. The keylever pivots around the fulcrum
rodat the rear and operates in the keylever guide comb at the
front. The limits of the keylever travel are the same as for
the backspace lever.

When the keylever is depressed, the keylever pawl attached
at therear of the keylever releases the carrier return interposer
to the rear (Fig. 111). The interposer causes the cam to be
engaged and pushes the carrier return operational latch under
the cam follower into position to be pulled down. When the
cam operates, the cam follower pulls down on the latch. It
alsopullsdown on the index pawl carrier link, attached at the
rear of the follower, causing a line space operation.

The carrier return operational latch is mounted on the carrier
return latch arm that pivots around a shaft on the operational
latch bracket at the rear of the powerframe (Fig. 127). The
shaft is called the pivot pin and alsoactsasa pivot point for
the 2scapement trigger lever and the spacebar latch lever.

Attached solidly to the right end of the pivot pin is a bellcrank
called the clutch latch actuating arm (Fig. 127). As the cam
follower moves the operational latch down, an adjusting screw -
at theright side of the carrier return latch arm rotates the clutch
latch actuating arm and pivot pin. This action causes three
things to occur.

1. The top of the clutch latch actuating arm forces a lug of
the escapement torque bar to the rear rotating it to remove the
escapement and backspace pawls from their racks (Fig. 127).
This prevents the pawls from dragging along their racks as the
carrier is returned.

Escapement Pawl

Escapement Torque Bar

C. R. Latch Keeper

Clutch Latch Actuating Arm

C. R. Lotch Arm

C. R, Operational Latch

Cam Follower

FIGURE 127. Carriev Return Latch Opevation (721)

2. The carrier return clutch spring tightens around the pinion
hub and drives the carrier return operation. An arm called
the carrier return clutch arm, at the left end of the pivot pin
pulls up on a heavy extension spring (Fig. 128). The lower
end of the spring is connected to a bellcrank=like part called
the carrier return actuatingarm. The upward pull on the spring
rotates the nylon shoe (at the top of the arm) against the clutch
spring forcing the spring to tighten and drive the pinion gear.
After the shoe is pressing against the clutch spring, the heavy
carrierreturn actuating spring is extended slightly to maintain
a constant pressure against the clutch spring.

51



C.R. Clutch Spring

C.R. Shoe

C.R. Clutch Arm

C.R. Actuating Arm

FIGURE 128. Carrier Return Cluich
Actuating Mechanism

3. The clutch latch actuating arm is latched in the operated
position to maintain pawl release and to continue the pressure
of the shoe against the clutch spring (Fig. 127). The rear of
the clutch latch actuating arm contains an elongated hole.
An eccentric adjusting screw connects the arm to the carrier
return clutch latch which pivots at the rear on the powerframe.
Asthe actuating arm moves down the clutch latch is also low-
ered. Spring loaded against the forward edge of the clutch
latch isa hook -like part called the carrier return latch keeper.
When the clutch latch has been pulled down into its active
position, the keeper hooks over the latch to hold it down (Fig.
127).

The carrier return mechanism remains latched in the active
position until the carrier reaches the left margin. At that time
the clutchis unlatched and the escapement pawl is restored to
the escapement rack ready for @ typing operation.

The margin rack is mounted between the side frames just in
front of the carrier. The margin rack has a small amount of
lateral movement. Whenthe carrier is away from the left mar-
gin, aspringlocated at the left end of the rack loads the mar-
ginrack tothe right. Asthe carriermovesto the left duringa re-
turn operation, the carrier strikes the left margin stop forcing the
margin rack to the left. The extreme right end of the margin
rack contains a roll pin. Movement of the rack to the left
causes the pin to operate the carrier return unlatching bell-
crank that pivots on a stud outside the right side frame (Fig.
129). Alink connects the belicrank to the carrier return latch
keeper at the rear. As the bellcrank operates, the unlcntch'ing
link pulls the keeper forward releasing the clutch latch. The
latch isrestored to the rest position by its spring and the action
of the escapement torque bar spring. A small spring connected
near the carrier return shoe holds the shoe away from the clutch
spring in the rest position (Fig. 128).

The clutch latch does not hold the cam follower in the active
position during a return operation; therefore the cam and fol-
lower immediately restore to the rest position ready for the next
operation. Depression ofthe keylever with the carrier in motion
releases the interposer to cause another carrier return operation.
Because the carrier isalready in motion, this reduces to nothing
more than another line space operation.
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Depression of the keylever into the repeat position causes the
repeat bail to yield and allows the rear lug of the keylever
pawl to release the index interposer to the rear. This causes
an index operation only, without operating the carrier return
clutchmechanism. A repeat operation can be achieved either
with the carrier at the left margin or as the carrier is moving
toward the left.

Carrier Return
Unlatching Bellcrank

Carrier Return
Latch Keeper

FIGURE 129. Carvrier Return Clutch

Unlatching Mechanism

If the carrier is already resting at the left margin when a car-
rier return operation begins, the clutchis prevented from latch-
ing. The cam is not prevented from operating, however, so a
carrier return operation must occur. The platen is indexed and
the carrier return spring clutch attempts to wind the carrier re-
turn cord onto the drum. The carrier cannot be pulled farther
to the left, because it is already against the left margin. The
pull continues to be exerted on the cord until the cam follower
passes the high point of the cam at which time it restores and
allows the shoe to move away from the clutch spring.

Cycle Clutch Pulley
C. R, Clutch

Torque Limiter
Hub Sleeve

Torque Limiter Hub

Torque Limiter Spring
FIGURE 130.

Torque Limiter - Cut Away View



Duringthe time the cord is being pulled without being able to
move the carrier, the carrier return clutch mechanism must be
allowed toslipin order to reduce the strain and prevent break-
age to the parts. The carrier return clutch arbor is indirectly
driven by the operational shaft. The large shoulder on the
arbor fits into a heavy clutch spring at the left called the tor-
que limiter spring (Figs. 130 and 131). The left end of the
spring is clamped to the torque limiter hub and the torque limit-
er hub is set screwed to the operational shaft. The carrier re-
turn clutch arbor is then driven by means of the torque limiter

spring.

The operational shaft turns in the unwinding direction of the
torque limiter spring. This tends to expand it allowing it to
slip. The spring is heavy and considerably smaller than the
carrier return clutch arbor over which it fits. The friction
present between the arbor and the spring tends to drive the
arbor even though it is in the unwinding direction of the spring.
However, insufficient driving force is obtained from this
arrangement .

Torque Limiter Hub Sleeve

& Torque Limiter Hub

Torque Limiter Spring

FIGURE 131. Tovque Limiter - Exploded View
The right end of the torque limiter spring is formed into an eye
to accept an extension spring connected from the eye to an
eccentric adjusting stud on the torque limiter hub (Figs. 130
and 131). The extension spring increases the force required to
unwind the torque limiter spring so that no slippage occurs dur-
ingnormal carrier return. The torque limiter spring slips when
the carrier cannot move to the left. It also slips at the begin-
ning of a carrier return operation to allow smooth acceleration
and prevent a jerky start.

Carrier Return (723 and 725)

The following section concerns the operational section of the
carrier return mechanism on the long carriage machines. This
section of the mechanism is different than that of the 721 be-
cause of the longer carriage.
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The carrier return operational latch is mounted on the carrier
return latcharm which pivots freely about a pivot pin mounted
in the right hand operational latch bracket at the rear of the
powerframe. The carrier return latch arm straddles the carrier
return lever (Fig. 132) which is tightly fastened to the same
pivot pin by a bristo screw. The bristo screw tightens against
a flat spot on the pivot pin. An adjusting screw threaded
through the top of the latch arm contacts the top of the hori-
zontal lugon the carrier return lever (Fig. 132). A spring be-
tween these two pieces loads them together. When the carrier
return latch is pulled down by the cam follower, the latch arm
forces down on the carrier return lever causing the pivot pin
to rotate.

Carrier Return Latch
Actuating Arm

Carrier Return

Carrier Return
Lever

Latch Arm
(Pivot Pin)

Carrier Return
Latch

Carrier Return

Clutch Arm

FIGURE 132. Carrier Return (723 & 725)

Riveted to the right hand end of the pivot pin and rotating with
itisanam called the carrier return latch actuating arm. This
arm performs the same function onthe long carriage machines as
it does on the 721. It rotates the escapement torque bar (re-
moving the escapement and backspace pawls from theirracks)
plus operates the carrier return clutch latch down to its latched
position.

The carrier return lever has a pin that projects to the left into
a forked arm located on the right hand end of the carrier re-
turn clutch arm pivot pin(Fig. 132). Thisprovidesasoliddriving
connection between the two pivot pins. Whenever the carrier
return latch is pulled down, the carrier return clutch arm pivot
pin rotates causing the clutch arm to produce a pull on the
heavy spring attached to the carrier return actuating arm. From
this point on the operation is the same on long carriage ma-
chines as on the 721.



INDEXING AND PLATEN VARIABLE
Indexing

The indexing mechanism operates to line space the paper ver-
tically. An indexing operation can be obtained by depressing
either the carrier return keylever or the special indexing key-
lever. Depressing the carrier return keylever also causes the
carrier to move to the left margin; whereas depressing the in-
dex keylever causes a line space operation only.

The index selector lever, located to the rear of the right end
of the platen, may be positioned so that the mechanism will
space either one or two spaces during each operation. With
the lever forward, single line spacing will occur. Double
spacing will take place if the lever is to the rear.

Indexingisachieved by a pawl that engages and rotates a rat-
chet at the right end of the platen. The ratchet is locked to
the platen so that the platen is also rotated. Two styles of in-
dexing mechanisms have been produced.

Early Style Indexing

The index paw! pivots on a bellcrank called the index pawl
carrier (Fig. 133). The carrier pivots just behind the platen
on the right hand carriage plate. A small extension spring at
the top of the index pawl spring-loads the pawl toward the
platen ratchet. The index pawl! is held clear of the ratchet in
the rest position by a lug on the upper index stop located just
to the rearof the pawl (Fig. 133). As the pawl carrier is oper-
ated down by the link attached at the rear, the index pawl
moves forward away from the index stop. The spring is then
allowed to rotate the paw! into engagement with the platen
ratchet. Further movement of the carrier causes the index pawl
to rotate the platen ratchet and platen.

The index detent lever located just below the platen has a
roller attached at the front that seats between two teeth of the
platen ratchet. The lever is spring-loaded to hold the roller
into the bottom of the teeth. The roller insures that the platen
will not creep out of position and that indexing will be accurate.
Asthe ratchet isrotated, the detent roller moves from one tooth
to the next. The detent lever spring forces the roller to the
bottom of the teeth to insure equal spacing on each operation.

Index Pawl Carrier

Upper index
Pawl Stop

Index Pawl

FIGURE 133. Index Pawl Rest Position

The index is operated by a link that extends down from the in-
dex pawl carrier to the rear of the operational cam follower
(Fig. 134). When the single lobed cam rotates, the cam fol -
lower pullsdownon the link to effect a line spacing operation.

Index Pawl Carrier

Paw! Carrier

Index Pawl |
C. R. /Indexing Cam Link
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Cam Follower
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FIGURE 134. Single Space Indexing Operation
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FIGURE 135. Double Space Indexing Operation



Whether a single or a double space operation occurs is deter-
mined by how far the index pawl carrier link is pulled. Be-
cause the cam follower always moves the some distance on each
operation, asystem of multiplying the leverage must be utilized.
The index paw! carrier link is attached to the front of the in-
dexmultiplying lever that pivots at the rear of the cam follower
(Fig. 134). A lug af the rear of the cam follower prevents the
multiplying lever from pivoting up in front. During a single
line spacing operation, the multiplying lever moves down the
same amount as the cam follower (Fig. 134).

When the index selector lever is pushed to the rear for a double
space operation, it pivots the multiply control lever forward
under the end of the multiplying lever blocking its downward
movement (Fig. 135). When the cam follower operates, the
multiplying lever pivots where it attaches to the cam follower.
This causes the front of the multiplying lever to pull down on
the index pawl carrier link sufficiently to cause two line spaces
of movement to the platen (Fig. 135).

A double andsingle space operation require the same time lapse,
because both are operated by the same rotation of the cam. The
platen rotation must be accelerated fordouble spacing, because
of the added distance it is to be rotated. This extra speed of
rotation tends to cause the platen to space too far because of
the momentum developed. To prevent overthrow, an index pawl
stop is provided at the end of the double spacing stroke (Fig.
136). Upon contact with the stop, the index pawl is stopped
and locked into mesh with the platen ratchet to block further
rotation of the platen.

Platen Ratchet

Index Pawl
Carrier

ndex Detent

.........

Platen Overthrow
Stop

Index Pawl

FIGURE 136. Platen Overthrow Stop
New Style Indexing

The new indexing mechanism is designed to improve the accuracy
and reliability of the indexing operation. It differs from the
earlier design mainly in the index pawl and the method of
selecting single or double spacing.

The indexmechanism is operated by the cam follower by means
of the index pawl carrier link connected to the front of the in-
dexmultiplyinglever. The rear of the multiplying lever is al-
ways in contact with multiplying lever stop attached solidly to
the powerframe (Fig. 137). As the cam follower operates, the
multiplying lever pivotson the cam follower and pulls down on
the index pawl carrier link (Fig. 138).
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The index pawl carrier link always receives the same amount
of motion each time it operates regardless of whether the mech-
anism is set for single or double spacing. The amount of travel
is sufficient to cause double space rotation of the platen.

Duringadouble space operation, the index pawl is allowed to
enter the platen ratchet immediately. The index pawl then
forcesthe ratchet tooth forward two spaces until the pawl con-
tacts the platen overthrow stop. The overthrow stop wedges
the pawl into the ratchet teeth to lock the platen in position
(Fig. 138).

Line Space Cam Lever

Mutltiplying Lever

Multiplying Lever

FIGURE 137. Index Mechanism - Rest Position

Ifonly asingle space operation is desired, the index pawl must
be prevented from entering the ratchet until it has passed one
tooth of the ratchet. The remaining travel after the index pawl
enters the ratchet is only sufficient to cause one tooth of rota~
tion to the platen. The index pawl contacts the platen over-
throw stop at the end of the stroke as on a double space opera-
tion.

The index pawl entry into the platen ratchet is controlled by
the line space cam lever attached to the index selection lever
(Fig. 139). The cam lever has two steps at the forward end in
position to contact a stud on the side of the index pawl. A
small spring between the index pawl and the paw! carrier
spring=loads the pawl toward the platen. With the index sefec-
tion lever to the rear in the double space position, the index
pawl stud contacts the l~wer step of the cam lever allowing



Platen Overthrow Stop
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FIGURE 138. Index Mechanism - Active Position

the pawl to rest near the platen ratchet (Fig. 13%9a). In the
single space position, the index pawl stud contacts the upper
step of the cam lever causing the index pawl to rest farther
from the platen (Fig. 139b). Thus in the single space position,
the index pawl stud maintains contact with the line space cam
lever longer and delays the entry of the pawl into the platen
ratchet.

The index selection lever is held in the single or double space
position by a toggle hairpin spring (Fig. 139). Movement of
the index selection lever is restricted by two extensions at the
bottom of the lever that contact the hairpin spring mounting
stud.

Index Selector Lever
Platen

Ratchet

Line Space Cam Lever

Index Pawl

A, DOUBLE SPACE POSITION
FIGURE 139a. Index Selection Mechanism
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Index Paw| Carrier

Platen Overthrow Stop

B. SINGLE SPACE POSITION
FIGURE 139b. Index Selection Mechanism

The index pawl is designed with an elongated pivot hole so
that it "floats" forward during a portion of the index stroke.
The pawl is spring-loaded forward in the rest position by an ex-
tension spring between the pawl and a hook on the platen over-
throw stop (Fig. 139). A heavier spring between the index
pawl carrier and the base tie rod holds the mechanism in the
rest position.

Asthe index mechanism operates, the paw! engages the ratchet
tooth. There isthen aslight delay until the pawl carrier reaches
the end of the elongated slot in the index pawl. The pawl car-
rier is operated so sharply that it actually "kicks" the platen.
The platen is thus caused to move ahead of the index stroke.
Without the elongated hole in the index pawl, the platen rat-
chet would reach the final position ahead of the index pawl.
With the floating index pawl, the pawl is spring-loaded for-
ward against the ratchet tooth. As the ratchet moves ahead of
the index stroke, the pawl is able to move with it and reach
the overthrow stop at the same time the platen reaches the
final position. The paw! is then able to wedge into the rat-
chet and block any further rotation due to the momentum of the
platen.

Index Keylever Mechanism

An indexing operation occurs any time the cam operates the
cam follower. The cam may be caused fo operate by releas~
ing either the index or carrier return interposer to the rear.
The carrier return operation has been discussed in another sec-
tion; therefore the index alone will be dealt with here. The
index keylever pivots on the keylever fulcrum rod at the rear
and extends toward the front only to the first row of keybuttons.
An offset in the keylever places the end of the keylever and
keybutton outside the right side frame (Fig. 140). A stud in
the side frame fits through an elongated hole in the keylever
to limit the overall travel of the keylever. An extension spring
from a lug on the keylever to the stud restores the keylever to
the rest position.

A small spring loaded arm called the index repeat lever oper~
ates in a slot in the side frame under the keylever and acts as
a first limit for the keylever depression (Fig. 140). When the
keylever is depressed to the first limit, the keylever pawl at
the rear of the keylever depresses the index interposer to re-
lease it to the rear. This releases the cam allowing the opera-
tion to occur. If additional pressure is applied to the key-
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button, the index repeat lever will yield allowing further de-
pression of the keylever. The rear lug of the keylever pawl
will then hold ithe interposer down so that it.cannot relatch
forward on the guide bracket. The interposer will continue to
operate forward and back creating a repeat cam operation ond
a repeat indexing of the platen.

Index Keylever

Keylever Pawl

FIGURE 140. Index Keylever Mechanism
Piaten Variable

The platen variable mechanism provides the operator with a
means of rotating the platen to a position other than the nor-
mal writing line. The variable is used for typing above or be-
low the writing line, locating the writing line after reinserting
the paper, and for typing on lines of other than six lines per
inch spacing.

The platen ratchet must remain stationary when selecting a new
writing line so that the detent roller will be seated between
two teeth of the ratchet at the new position. A clutch mech-
anism connects the ratchet to the platen so that it can be en-
gaged for line spacing and disengaged for the variable opera-
tion. The clutch can be disengaged by pushing the left hand
platen knob toward the right. As long as the knob is held to
the right, the platen can be rotated freely while the ratchet
remains stationary. When the knob is released, the clutch is
automatically re-engaged by spring tension.

The left side of the platen ratchet contains two heavy lugs that
formachannel (Fig. 141). The platen variable driver operates
left to right in the slot and always turns with the ratchet. A
compression spring between the ratchet and the driver loads
the driver to the left so that serrations on the outer surface of
the driver mesh with matching serrations inside the platen end
plug (Fig. 141). The meshingofthe serrations causes the platen,
the driver, and the ratchet to be locked together and turn as
a unit.

When the driver is disengaged from the platen end plug, the
platen can be turned to the desired position. The driver can
tHen engage different serrations and lock the platen in the new
position. The left hand platen knob is mounted to a shaft that
stides left orright inside the platen. A light compression spring
holds the shaft toward the right to prevent f{ee play. The shaft
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has two pins attached to the right end that operate through holes
in the platen end plug (Fig. 141). The pins on the push rod
extend through the end plug to the right and rest against the
platen variable driver. Movement of the platen knob toward
the right is transferred to the driver to disengage it from the
platen end plug.

Knob

Platen

' s
\ Push Rod \N%

Variable Driver

NEW STYLE
\

AN

~——

FIGURE '141. Platen Variable Mechanism

TABULATOR

The tabulator mechanism permits the operator to position the
carrier quickly to a predetermined point on the writing line by
depressing the tab keybutton one time. The tabulator is used
in typing columns of figures, indenting paragraphs, or any other
operation that requires positioning the carrier to a specific point
each time.

In order for a tabulator operation to take place, several basic
things must occur. The stopping point myst be predetermined.
The escapement and backspace pawls must be released to allow
carrier movement. The pawls must be latched in the released
position to continue the movement. The speed of the carrier
must be controlled. And the pawls must be allowed to restore
to their racks at the proper time. '

Tab Set and Clear - Old Style

A rack of tab stops located just to the rear of the escapement
rack, allows the operator to select the positions where the car-
rier will stopwhen the tab keylever is depressed. The tab stops
operafe friction tight in grooves of the tab rack -- one cor-
responding to each escapement position. The tab set and clear
button located at the left of the keyboard may be rocked for-
ward or back to set or clear a tab stop (Fig. 142). When the
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FIGURE 142. Tab Set And Cleay Mechanism

front of the button is depressed, the set and clear arm at the
rear operates torotate the front of the tab rack up. A tab stop
strikes a projection on the escapement bracket blocking the
movement of the tab stop (Fig. 143a). As the tab rack con-
tinues torotate, it is forced to rotate inside the tab stop. When
the set and clear button is released, the tab rack is restored to
the rest position leaving the set tab stop lower than the others
(Fig. 143b). A reverse operation causes the tab stop to strike
a stud at the bottom of the escapement bracket blocking its
movement while the tab rack is rotated further (Fig. 143c).
When the set and clear lever is released, the tab rack is re-
stored to the rest position leaving the tab stop in the cleared
position (Fig. 143d). Because it is the escapement bracket
that sets or clears the tab stop, the carrier must be positioned
to the desired tab stop before the set or clear action can occur.
The stop at the extreme right end of the tab rack is the tab
final stop and remains in the set position at all times to dis-
engage the tab mechanism at the right hand limit of travel.

Tab Set and Clear - "Gang Clear"

Both the tab rack and the tab clear mechanism has been re-
designed on late level machines so thot the tab stops may be
"gang cleared". Gang clearing tab stops is the term given to
the procedure for clearingall of the set tab stops in one opera=
tion. This is accomplished by positioning the carrier at the
extreme right hand margin, depressing the tab clear button and
(while holding the tab clear button depressed) actuating the
carrier return mechanism. As the carrier travels toward the
left hand margin it will clear every set tab stop across the en-
tire length of the tab rack.

L.

A. SET OPERATION B. SET POSITION

F::)

C. CLEAR OPERATION D. CLEAR POSITION

FIGURE 143. Tab Set And Clear Operation

Figure 144 illustrates a cross section of the tab rack. Notice
that the tab stops encircle and operate freely about a round
shaft that runs through the center of the tab rack. The tab rack
is a slotted tube that mounts on shouldered bushings which are
set screwed to each end of the shaft. The slots in the tube are
guide slots for each individual tab stop (Fig. 145). Sections
of spring fingers mounted across the entire length of the tab
rack operate against small detent lugs (projections) on each
tab stop. The function of the spring fingers is to detent each
tab stop in either its set or cleared position.

The tabset operation on the gang clear mechanism remains the
same as on the old style. The tab stop strikes a projection of
the escapement bracket blocking the movement of the tab stop
as the tab rack rotates top to the rear (Fig. 144a). The clear
operation is slightly different. A gang clear finger mounted

C. CLEAR OPERATION

D. CLEAR POSITION

FIGURE 144. Tab Set and Clear Operation
(sang cleavr)



Tab Rack

Escapement Bracket

FIGURE 145. Gang Clear Finger

to the top of the escapement bracket (Fig. 145) projects to the
rear just below the detent lugs on the tab stops (Fig. 144b).
When the rack rotates top to the front during a clear operation,
the gang clear finger which is in the path of the detent lug
restricts the tab stop from rotating with the rack thereby caus-
ingthe tabstop to rotate up to its cleared position (Fig. 144d).

During a gang clear operation the rack is held rotated in its
cleared position as the gang clear finger slides along the rack
(withthe carrier) cammingeach set tab stop back to its cleared
position. The angle on the left side of the tip of the gang
clear finger provides the means for this camming action.

The tabrack is restored to rest from either the set or clear opera-
tion by an extension spring on the set and clear arm (Fig. 142).
The spring pulls the arm down against two pins on the power-
frame so that it maintains a vertical position. The tab rack is
restored rather quickly when released and has a tendency to
flip past the rest position. This could partially clear a stop
that had just been set or partially set a stop that had just been
cleared. Toprevent the rack from restoring past the rest posi-
tion, a leaf spring at the left end of the rack applies a slight
braking action (Fig. 142).

Pawl Release

The main purpose of the tab lever is to remove the backspace
and escapement pawl from their racks during a tab operation.
The tab lever mounts at the rear of the escapement bracket on
the same mountingstud as the backspace and escapement pawls

do.

The tab lever is very easily operated to the rear by a manual
process. The tabkeylever operates at the left side of the key-
board the same as the letter keylevers. A lower extension
makes the keylever operate as a bellcrank (Fig. 146). When
the keylever is depressed, a link connected to the extension
operates the tab bellcrank located on the powerframe at the
rear. Throughavertical connectinglink, the bellcrank rotates
the tab torque bar. The tab torque bar is mounted the same as
the escapement torque bar. It pivots at each end and operates
just above the tab lever. The pivot point is near the top of
the torque bar so that depressing the keylever causes the bottom
of the bar to swing to the rear. The tab torque bar contacts a
lug of the tab lever trigger located just above the tab lever.
A lower lug of the trigger forces the tab lever to the rear as
the keylever is depressed further (Fig. 147). As the tab lever
pivotstoward the rear, a lug at the front of the tab lever con-
tacts the escapement and backspace pawls and forces them to
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Tab Torque Bar

Tab Keylever

Tab Bellcrank

FIGURE 146, Tab Keylever Mechanism

Tab Lever Trigger

Tab Lever Pawl

Tab Lever

FIGURE 147. Tab Latch Operation

the rear out of mesh with their racks (Fig. 148). A small latch
pivots on the escapement bracket at the right end of the tab
lever. When the tab lever has moved far enough to the rear
to release the pawls, the tab latch swings into a notch in the
tab lever assembly to hold it to the rear thus latching the pawls
out of their racks (Fig. 147). A tab lever overthrow stop is
mounted on the escapement bracket. It extends to the rear
and down behind the trigger (Fig. 149). The stop prevents
the tab lever from being thrown into the tab rack if the key-
lever is struck hard.



Backspace Pawl

FIGURE 148. Pawl Release Operation

Tab Torque Bar

Tab Overthrow Stop

FIGURE 149. Tab Overthrow Stop

Tab Governor

The carrier speed during a tab operation must be controlled to
insure an accurate tab, reduce the noise, and prevent exces-
sive wear and shock on the components. During a tab opera-
tion, the carrier is pulled to the right by the tension of the
mainspring asduring an escapement operation. The tab governor
operates by limiting the speed with which the escapement cord
drum winds up the cord.

The beveled gearon the escapement cord drum meshes with the
tab governor pinion located on the operational shaft to the right
ofthe corddrum (Fig. 150). The pinion gear operates between
two collars. The left collar and the pinion gear have hubs en-
closed by aclutchspring. The left collar is set-screwed to the
shaft and the pinion gear pivots freely on the shaft. The spring
is wound so that it slips when the pinion is held stationary
and the operational shaft is turning.
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Ifthe pinion gear is turned in the same direction as the opera-
tional shaft but at a faster rate of speed, the friction of the
clutch spring causes it to tighten around the two hubs locking
them together. During a tab operation, the cord drum drives
the pinion gear in the same direction as the operational shaft.
The mainspring tension causes the pinion to speed up and tighten
the clutch spring. The mainspring then tries to accelerate the
operational shaft. The mainspringdoes not have sufficient ten-
sion todrive the operational shaft, because of the drag present
in the system. The shaft must be driven by the motor; there-
fore the speed of the tab governor pinion can be no faster than
the normal speed of the operational shaft. The escapement
cord drum can wind up the cord only as fast as the pinion will
letit. The gearratio between the pinion gear and the escape-
ment cord drum allows the carrier to be moved at the proper
speed during atab operation. No governing action is obtained
during approximately the first inch of carrier travel, because
a short distance is required to tighten the tab governor clutch
spring.

The tab governor pinion is the same size as the carrier return
pinion gear. This makes the speed of the carrier the same for
both tab and carrier return.

Collar Turns With
Operational Shaft

Mainspring

Tension Rotates
Pinion Tries To
Exceed Speed of
Collar And Causes
Clutch Spring To

Tighten

FIGURE 150. Tab Governor Mechanism

Tab Unlatching

When the carrier reaches the desired stopping point, the es-
capement pawl must be allowed to re-enter the escapement
rack and stop the movement of the carrier. The tab lever is
mounted in an elongated hole at its pivot point. An extension
spring holds the tab lever to the right. As the carrier moves
toward the right, the tip of the tab lever contacts the set tab
stop and is prevented from moving further {Fig. 151a). The
carrier continues to the right carrying the pawls and the tab
latch with it. Movement is allowed by the elongated hole at
the tab lever pivot. Asthe escapement pawl moves to the right
in relation to the tab lever, a notch in the pawl allows it to
drop off the lug of the tab lever and restore to the escapement
rack (Fig. 151b). Further movement of the carrier moves the
tab latch to the right out of the notch of the tab lever (Fig.
151c). The tab lever then restores and allows the backspace
pawl to re-enter its rack.



Tab Lever

Tab Lever Lug Escapement Rack

Tab Lever Stopped
By Set Tab Stop

Carrier
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Escapement Pawl
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Tab Lever Lug
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Carrier Movement
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Tab Lever Unlatches And
Restores Toward The Front

C.

FIGURE 151. Tab Unlatching Operation

It should be noted that the escapement pawl is allowed to en-

ter the rack before the backspoce pawl. The escapement pawl

must be allowed to enter early to insure that it will enter the

correct tooth of the escapement rack. If the backspace pawl

were allowed to enter at the same time, the adjustment of the

backspace rack could allow the backspace pawl to enter its.
rack stopping the carrier slightly to the left of the desired

point. Delaying the entry of the backspace pawl prevents

this possibility.
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During a rapid tab/typing operation, it is possible for the
typist to delay releasing the tab lever until after a few char-
acters have been typed. |[f this happened, the carrier could
reach the right side of the elongated hole in the tab lever and
be stopped by the tab lever against the set tab stop. To pre-
vent blockingthe carrier in this manner, the tab lever and tab
lever trigger are designed to allow the tab lever to restore,
even though the keylever is held depressed. The trigger moves
to the right with the carrier during the unlatching travel of the
carrier. At about the same time the tab lever is released by
the tab latch, the tab lever trigger moves in front of a notch
in the tab lever (Fig. 152). The tab lever is then allowed to
move forward into the rest position. The tab lever is restored
by the action of the springs on the tab lever and the backspace

pawl .

Tab Torque Bar Holds
Trigger To The Rear

Trigger Enters Notch
Of Tab Lever Allowing
Tab Lever To Restore
Forward

FIGURE 152. Tab Lever Trigger Operation

When the tab lever trigger restores, the tab lever is allowed
to reset for the next operation. As the trigger moves out of
the notchinthe tab lever, the tab lever is snapped to the right
by its spring into position to be operated by the trigger. At
the same time, the tab lever lug resets to the right in front of
the escapement pawl ready for pawl| release on the next opera-
tion. A forward extension of the tab lever rests against the
escapement bracket. A lug at the rear of the tab lever trigger
rests against the tab lever to prevent the trigger from resting
against the tab torque bar. Improper rest position of the tab
lever can cause backspace problems if the backspace pawl is
not allowed to mesh deeply enough into its rack. The tab lever
will also fail to reset to the right in front of the escapement
pawl, ifthe tab lever rests too far to the rear. The tab mech-
anism would then be inoperative, because no pawl release
could be obtained.

Tab Interlock

The tab lever is prevented from latching to the rear during a
carriage return operation. |f the tab lever were allowed fo
latch, the tab lever pawl attached to the end of the tab lever
would strike the right side of a set tab stop locking the car-
rier. The tab lever is prevented from latching by restricting
the tab latch from rotating into its latching position. A lug
at the rear of the tab latch extends down behind the escape-
ment torque bar (Fig. 153). Whenever the escapement torque
bar is operated, as during a carrier return, the tab latch is ro=-
tated counterclockwise away from the tab lever. Thus, the tab
lever cannot latch.



Latch -Rotated
By Torque Bar

Tab Lever Cannot Latch
Although Operated To The Rear

Escapement Torque Bar

FIGURE 153. Carrier Return Tab Interlock
Carrier Return/Tab Interlock

The carrier return/tab interlock allows a tab operation to super-
sede or unlatch a carrier return operation. An operator can
use thisinterlock feature to obtain a partial carrier return that
will be followed by a tabulation operation to a desired set tab
stop. This gives the operator a helpful short-cut when typing

a column of figures or listing at the right side of the paper.

The operation isachieved by depressing the tab keylever imme=-
diately after the carrier passes the desired set tab stop as the
carrier isreturning toward the left hand margin during a return
operation.

This interlocking action is produced by a bellcrank, called the
carrier return/tab interlock, which mounts to the side frame
by ashouldered screw. The upper arm of the interlock extends
behind a clip on the tab torque bar while the lower arm ex~
tends behind the carrier return latch keeper (Fig. 154). When

Tab Torque Bar

W Carrier Return/Tab Interlock
\\ Cover Interlock
N

Cover Interlock Spring

Carrier Return Latch Keeper

FIGURE 154. Carrier Return / Tab Interlock

the tab torque bar is rotated it produces a push on the upper
arm of the interlock causing the lower arm to pull the keeper
forward to unlatch the carrier return.

(The additional arm mounted on the same shouldered screw is
for interlocking the carrier return whenever the top cover is
raised. This is a "safety” interlock:.)

MARGIN CONTROL

The term "margin" denotes the distance between the edge of
the paper and the typewritten material. The left and right
margins are determined by the position of the margin stops on
the margin rack. The carrier travel is restricted by contact-
ing the margin stops.

Margin Stops

The margin stops are mounted on the margin rack. The rack is
positioned horizontally in the machine in front of the carrier.
Eachmargin stop hasa slider and pin assembly that meshes with
teeth at the rear of the margin rack (Fig. 155). The number
of teeth per inch in the margin rack corresponds to the pitch
of the machine.

Each margin stop has a margin set lever attached to the slider
and pin assembly. The margin set levers extend through a slot
in the front case so as to be accessible to the operator. Either
margin stop may be repositioned by pushing the margin set lever
to the rear to disengage the pin from the rack and then by
sliding the margin stop along the rack to the desired location.
A scribe line on the margin set lever acts as a pointer to in-
dicate the position of the margin stop in relation to the scale
on the front of the case. A pointer on the front of the carrier
indicates the position of the carrier.

The left hand margin stop controls the left margin on the paper.
An extension of the stop is struck by the margin stop latch
pivoted on a bracket attached to the carrier (Fig. 155). This
action forces the margin rack to the left to unlatch the carrier
return leaving the carrier resting ot the left margin position.

Margin Set Lever

Slider and Pin

Margin Stop Latch

Line Lock Bracket

FIGURE 155. Left Margin Mechanism



Line Lock - (Old Style)

The purpose of the line lock mechanism is to lock the keyboard
when the carrier hasreached the right hand margin on the paper.
With the keyboard locked, the operator cannot inadvertently
continue typing at that position.

The line lock mechanism is operated by the right hand margin
stop. In addition to operating the line lock, the margin stop
alsoringsa bell several spaces before the line lock action oc-
curs. The bell warns the typist that the carrier is near the
marginstop. Inmost cases this allows sufficient space to com-
plete a word or phrase before the line lock occurs. The typist
can then return the carrier to begin the next line.

[f the typist continues typing after the bell rings, the keyboard
is locked after a few spaces to prevent typing on the margin.
The keyboard is locked by forcing a special bellcrank into the
selector compensator (Fig. 156). The keyboard lock bellcrank
forces the steel balls of the compensator to shift in the tube and
block the depression of any other interposer.

The keyboard lock bellcrank is actuated indirectly by an arm
welded to the bellringer bail near the left end. A camming
surface on the front of the line lock bracket forces the bail to
pivot farther forward after ringing the bell (Fig. 156). The
arm welded to the bail moves downward forcing down on the
keyboard lock interposer. The keyboard lock interposer and
the keyboard lock belicrank pivot on the character interposer
fulerum rod. The keyboard lock interposer and bellcrank are
connected at the rear by an extension spring. When the inter-
poser is forced down, the extension spring pulls the bellcrank
down into the selector compensator.

Because of the machine's character storage feature and the
speed with which the interposers can be depressed, it is not
always possible for the keyboard lock bellcrank to enter the
selector compensator. If a character is in storage when the
keyboard lock interposer is pivoted down, the keyboard lock
bellcrank stops against the top of the steel balls (Fig. 157).
The light spring connecting the interposer to the bellcrank is
extended slightly.

Keyboard Lock Interposer

Keyboard Lock
Bellcrank

Bellringer Bellcrank

To be sure that the keyboard is locked before another character
can enter storage, the keyboard lock bellcrank is driven into
position by the keyboard lock interposer. The interposer con=
tains an elongated pivot hole the same as a character inter-
poser. A stud in the interposer is in position just above a
spring-loaded arm on the keyboard lock bellcrank (Fig. 157).
The armisrelieved to permit downward movement of the inter-
poser. When the keyboard lock interposer is down, it is posi-
tioned in the path of the filter shaft (Fig. 157). As the filter
shaft operates the stored character interposer, the keyboard
lock interposer is also driven forward (Fig. 158). The stud on
the keyboard lock interposer cams the arm of the keyboard lock
bellcrank down. The heavy extension spring between the arm
and the bellcrank is extended and creates a strong downward
pull on the bellcrank (Fig. 158).

Keyboard Lock Bellcrank
Cannot Enter Compensator

Moves Down Into The Path
Of The Filter Shaft

Character Interposer
Blocking Compensator

FIGURE 157. Line Lock Blocked By Stored
Character Interposer

Liné Lock Bracket

D

Bell Ringer Bail

FIGURE 156. Line Lock Mechanism - Old Style
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The keyboard lock belicrank is then snapped into the selector
compensator at the earliest possible instant. The keyboard is
locked with the carrier at the margin stop position or one space
later depending upon whether or not a character has been
stored at the beginning of the line lock operation.

Both Interposers Driven
Forward By The Filter Shaft
Arm Cammed
Down By Pin

FIGURE 158. Keyboara Lock Interposer Operation

No type pilingwill occur as a result of a linelock failure, be-
cause the margin stop does not block the movement of the car-
rier. No operational keys are affected by the line lock. The
carriermay be moved through the line lock zone by use of the
spacebar, backspace, carrier return, or tabulator. The line
lock is usually released by operating the backspace or carrier
return or by depressing the margin release keylever. Moving
the carrier to the left or right allows all the line lock parts to
restore and unlock the keyboard. Depressing the margin re-
lease keylever rotates the margin rack to move the bellringer
bellcrank out of the path of the line lock bracket. This allows
the line lock parts to restore to rest unlocking the interposers.

Bellringer Bail

Bellringer Bellcrank

Keyboard Lock Lever

Keyboard Lock

Bellcrank

The keyboard lock interposer is restored up and to the rear by
an extension spring the same as a character interposer. The
stud on the interposer extends to the left under the keyboard
lock bellcrank in position to restore the bellcrank into the rest
position.

Line Lock - (New Style)

On the new style line lock mechanism the keyboard lock in-
terposer and its operation have been eliminated. It has been
found that a sufficient amount of spring tension can be placed
on the keyboard lock bellcrank, by the operation of the bell-
ringerbail, to snap the bellcrank into the compensator tube af
the earliest possible instant. The keyboard may still lock one
space late after the carrier reaches the right hand margin be-
cause of the character storage feature.

The new line lock consists of two pieces, the keyboard lock
lever and the keyboard fock bellcrank (Fig. 159). Similar to
the old style, the bellringer bail operates the keyboard lock:
lever down (as the carrier approaches the right hand margin)
causing the keyboard lock bellcrank to be ioaded into the
selector compensator tube by the tension of the spring between
the lever and the bellcrank. The mounting of the bellcrank
and lever remains the same as the old style.

Note in Figure 159 that the bellringer bellcrank hgs been re-
designed and is now one piece as compared to the old style in’
Figure 156. The new style helps to reduce lost motion between
the line lock bracket and the bellringer bail. Because of this
new style bellringer bellcrank, the entire margin rack must
tip each time the carrier is returned through the right hand
margin. The rear extension of the bellcrank must ride up and
overthe camming surface on the line lock bracket causing the
margin rack to rotate too.

Linelock Bracket

FIGURE 159. Line Lock Mechanism (new style)
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The line lock bracket assembly has also been redesigned to
simplify the margin release operation at the left margin. The
mounting hole in the margin stop latch has been elongated.
Thisallowsthe stop latch to float to the left under its restoring
spring tension whenever the margin release is operated while
the carrierisagainst the left hand margin stop. This eliminates
the necessity of holding the margin release button depressed
until the carrier is moved to the left.

Bell

The bell islocated on the left side of the keyboard section and
is rung by the bell clapper attached to a bellcrank above the
bell (Fig. 160). The bell clapper bellcrank is operated by the
action of the bellringer bail located across the machine just in
front of the margin rack. The bellringer bellcrank pivoted on
the right margin stop is contacted by the line lock bracket at-
tached to the front of the carrier (Fig. 156). As the carrier
moves to the right, the bellcrank pivots causing the bellringer
bail torotate forward. Asmall lever at the left end of the bail
operates the bell clapper into the active position (Fig. 160).
Further rotation of the bail causes the bail lever to slip off
the bell clapper bellcrank allowing it to restore. An arm of
the bellcrank contactsthe bell mounting stud causing the bell-
crank to stop suddenly. The momentum of the bell clapper
causes it to spring over and strike the bell one time. When
the bellringer bail is allowed to restore, the bail lever resets
above the bell clapper bellcrank ready for the next operation.

Bell Clapper Bellcrank Bell Ringer Bail

Bell Clapper Bellcrank Lever

Bell

FIGURE 160. Bell Ringer Mechanism
‘Margin Release

The purpose of the margin release mechanism is to allow typing
oneither margin of the paper without repositioning the margin
stops. The marginrelease operates by rotating the margin rack
so that the margin stops move upward out of the path of the
line lock bracket on the carrier.

The margin release keylever pivots at the left side of the key-
board (Fig. 161). A stud ot the rear of the keylever operates
inaslotin the margin release lever. The margin release lever
is attached to the margin rack. Depression of the keylever
causes the margin release lever to be raised. This action ro-
tates the margin rack raising the rear of the margin stops. A
lug on the left end of the margin rack remains in the path of
the carrier to unlatch the carrier return if it is operated with
the margin release keylever depressed.
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Margin Release Lever

Final Margin Stop

Margin Release Keylever

Margin Rack

FIGURE 161. Mavrgin Release Mechanism

An extension spring from the keylever down to a lug on the
keyboardside frame restores the mechanism and holds it in the
rest position.

PAPER FEED AND RELEASE MECHANISMS

Paper Feed

The purpose of the paper feed mechanism is to control both the
horizontal and the vertical positions of the paper in the ma-
chine and to feed the paper vertically.

The paper feed operates by pressing the paper tightly against
the platen so that it must move as the platen rotates. The paper
isheld against the platen by a front and rear feed roll assembly
located beneath the platen (Fig. 162). Each feed roll assembly
contains four rubber rollers equally spaced along the feed roll
shaft and molded to the shaft.

The front feed roll shaft rests in notches of the front feed roll
arms. The front feed roll arms pivot on the feed roll actuating
shaft. A heavy extension spring from each front feed roll arm
to the carriage tie rod supplies the pressure of the front feed
roll against the platen. Variousholesin the feed roll arms pro-
vide a means of adjusting the pressure.

Front Feed Roll Arm Platen

Feed Roll
Tension Spring

Deflector

Rear Feed

Feed Roll
Release Lever

Front Feed
Roll

Feed Roll Actuating Shaft Rear Feed Roll Arm

FIGURE 162. Paper Feed Mechanism



The rear feed roll shaft rests in notches of the rear feed roll
arms. The rear feed roll arms pivot on studs at the front of the
paper feed mounting arms that extend forward from the carriage
tierod (Fig. 164). A shoulder screw at each side connects the
rear feed roll arms to the front feed roll arms. Pressure of the
rear feed rolls against the platen is supplied by the front feed
roll arms.

The paoper deflector acts as a chute to guide the paper around
the platen (Fig. 162). It is supported beneath the platen by
the front and rear feed roll arms. A lug at each end of the
deflector fits over a stud on the paper feed mounting arm to
maintain the correct position of the deflector.

As the paper is inserted into the machine, an adjustable guide
mounted on the case at the rear of the platen serves to position
the paper for its left margin position. The paper deflector
guides the paper between the rear feed roll and the platen.
As the platen is turned, the paper is forced to move with the
platen. The deflector guides the paper around the platen into
position between the front feed roll and the platen.

As the paper is fed farther, the end of the paper is guided up-
ward by the line gage card holder attached at the rear of the
carrier(Fig. 163). The line gage card holder assists in holding
the typing material against the platen in the printing area. A
scale oneach side of the holder assists the typist in reinserting
material into the machine to a specific printing point. The
marks on the scale indicate the middle of a character space
and the horizontal line on the scale indicates the bottom of
the writing line. A single mark in the middle at the top of the
card holder indicates the middle of the next character to be
typed.

FIGURE 163. Line Gage Card Holder

Above the writing line the paper is engaged by two rubber
rollersmounted on the paper bail. These rollers ho.d the paper
against the platen above the writing line so as to reduce the
possibility of overprinting on the paper. The rollers also feed
the paper vertically after the bottom of the paper has left the
front feed roll.

The paper bail is supported by a lever at each end that pivots
front to rear on the side of the machine. A hairpin spring
operates each bail lever asa toggle to hold the bail rolls either
to the rear against the plaoten or forward in the released position.

The bail rollsare free to rotate around the bail shaft. A spring
band inside each bail roll grips the bail shaft to restrict the
lateral motion of the bail rolls. The bail rolls may be posi-
tioned along the bail shaft by exerting sufficient pressure to
overcome the friction of the spring band on the bail shaft.
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Paper Release

The pressure of the front and rear feed rolls is released from the
platen to allow the operator to position the paper more accurate-
ly and to allow easier insertion and removal of the paper. Paper
release isaccomplished by pulling forward on the paper release
lever located at the right end of the carriage (Fig. 164). The
front of the paper release lever cams the top of the feed roll
release arm forwaord to rotate the feed roll actuating shaft.

Paper Feed Braces

Feed Roll Release
Lever

Paper Feed
Mounting Arm

Front Feed
Roll Arm

Rear Feed
Roll Arm
Paper
Release
Feed Roll Release Arm Lever

FIGURE 164. Paper Release Mechanism

Two feed roll release levers are clamped to the feed roll actu~-
ating shaft and rest behind a lug of each front feed roll arm.
Asthe shaft rotates, the feed roll release levers rotate the front
feedroll arms down, away from the platen. The rear feed roll
arms are, in turn, forced away from the platen by their con-
nection to the front feed roll arms. When the paper release
lever has been pulled all the way forword, the end of the feed
roll release arm detents over the point at the front of the paper
release lever to hold it in the released position.

FABRIC RIBBON

The ribbon mechanism is divided into two separate distinct
mechanisms. They are the ribbon lift mechanism and the ribbon
feed and reverse mechanism. The ribbon lift mechanism raises
the ribbon to the printing point before the type head prints and
then lowers to allow a visible writing line. The feed and re-
verse mechanism moves the ribbon laterally past the printing
point to provide an unused portion for the next typing operation.
It also reverses the feeding direction when the end of the rib-
bon is reached.



The ribbon is a 9/16" fabric ribbon enclosed in a disposable
cartridge unit for clean handling. The cartridge unit contains
two spools on which the ribbon is wound. The ribbon is con-
stant |y fed from one spool to the other and back again until the
ink supply has been depleted. Replacing the ribbon is o clean,
effortless operation.

Ribbon Lift Cam Follower

Ribbon Lift Guide

A bl
Ribbon Lift ssembly

Control Link

Ribbon Lift
Control Lever

Ribbon Lift

Lever

Ribbon Load Lever

FIGURE 165. Ribbon Lift Mecharism

Located to the right of the pointer on the carrier assembly is
the ribbon load lever (Fig. 165).

When pushed to the right, the load lever forces the ribbon lift
guide into an extreme lift position for accessibility. The rib-
" bon load lever is detented to hold the ribbon lift guide in the
highlift position. The cartridge can be removed from the rib-
bon feed plate by simply lifting it off. The ribbon can then be
easily removed from the guide without touching the ribbon.

Installing a new ribbon is just the reverse of the above. With
the ribbon lift guide still in the extreme lift position, the rib-
bon can be inserted into the guide and the cartridge snapped
into place all in one motion. Tapered lugs on the sides of the
ribbon feed ratchet cores automatically guide the ribbon spools

" into the correct position. Guide lugs at each side of the feed
plate maintain the lateral position of the cartridge. Retainer
springs attached to the guide lugs hold the cartridge down to
prevent vibration. Aftertheribbon is installed, the load lever
is moved back to the left to allow the ribbon lift guide tore-
store to its normal position ready for a typing operation.

Ribbon Lift

The ribbon lift mechanism consistsof a cam, cam follower, con-
trol mechanism, and the ribbon lift guide assembly (Fig. 165).

The mechanism is mounted to the carrier assembly and is trans-
ported by the carrieralong with the type head. The ribbon lift
cam is a single lobed cam set-screwed to the left end of the
print sleeve. The cam has a punch mark on the right side that
must line up with the print sleeve key-way to insure that the

67

cam is not out of time with the print operation. Care must be
taken if the cam is replaced, to insure that it is not installed
in a reversed position.

The cam makes one complete revolution each time a cycle
operation occurs. The ribbon lift cam follower pivots on the
carrier casting above and to the rear of the cam (Fig. 165).
Each operation of the cam raises the cam follower. The cam
follower containsalong slot. In the slot is the end of the rib-
bon lift control link. The ribbon lift guide assembly rests
directly above the control link. As the cam follower is raised,
the control link forces up on the ribbon lift guide assembly.
The guide assembly pivots on the carrier casting at the front
causing the ribbon to be raised at the rear. A flat link from
each side of the ribbon lift guide attaches to two pins at the
front of the carrier to maintain the ribbon lift guide in a verti-
cal position.

The height to which the ribbon will be raised is determined by
the position of the ribbon lift control link in the slot of the cam
follower. When the link is in the extreme rear of the slot,
very little motion is obtained from the cam follower; con-
sequently the ribbon lift guide isnot raised at all. This is call-
ed the stencil position. It is so called because the ribbon is
not used in typing stencils.

As the ribbon lift control link is moved toward the front in the
slot, more and more motion is obtained from the cam follower.
The link is also moved nearer the pivot point of the ribbon lift
guide assembly so that the motion obtained from the follower
is more effective in raising the ribbon. The nearer the front
the link is moved, the higher the ribbon will be raised.

In addition to the stencil position there are three ribbon lift
positions which may be selected by the operator. The ribbon
lift control link is attached to the ribbon lift control lever
pivoted under the front of the carrier casting (Fig. 165). The
control lever is spring=loaded to the rear against a stud on the
ribbon lift lever. The ribbon lift lever has a button located
just tothe left of the carrier pointer. Moving the button to the
left causes the stud on the lever to force the ribbon lift control
lever and link toward the front. The stud of the ribbon lift
lever seats into notches in the control lever to maintain its
position until changed by the operator.

The extreme right hand position of the button is the stencil posi-
tionwhere no ribbon lift is available. The next position to the
left is the low lift position used for typing on the top half of
the ribbon. The third position allows typing in the middle of
a single colored ribbon to get maximum life from the ribbon.
The extreme left position of the button is the high lift position
and is used for typing on the bottom half of the ribbon.

The ribbon lift guide assembly is spring loaded into the rest
position to insure that it will restore rapidly and to prevent
overthrow of the ribbon due to the momentum of the lift mech-
anism.

Ribbon Feed and Reverse

1. Ribbon Feed
The ribbon feed and reverse mechanism isa compact unit mount-

ed at the top of the carrier just in front of the type head. The
mechonism is detachable as a unit for repair or replacement

purposes.



Each ribbon spool of the ribbon cartridge unit fits over the core
of a nylon ribbon feed ratchet (Fig. 164). Rotation of a rat-
chet causes the spool to turn and wind up the ribbon. The rat-
chets are operated by a pawl that moves front to rear between
them to force the ratchet teeth to the rear.

The position of the feed pawl determines which ratchet is fed
as the pawl moves to the rear. The feed pawl pivots on a pin
beneath the ribbon feed plate and extends up through a hole
inthe plate. The mounting of the pawl permits left to right as
well as front to rear movement. An extension spring attached
to the pawl restores the pawl to the rest position each time it
operates (Fig. 166). The spring also holds the pawl left or
right into engagement with the correct ribbon feed ratchet de~
pending upon the direction of pull of the spring. The forward
end of the spring is attached to a lever called the ribbon feed
detent lever. The detent lever pivots on the ribbon feed plate.

Ribbon Feed Ratchet

Ribbon Feed Pawl

Ribbon Feed Detent
Pawl

Ribbon Feed Detent Lever

FIGURE 166. Ribbon Feed Mechanism - Top View

When the lever is moved to the right, the feed pawl is pivoted
into engagement with the right hand feed ratchet (Fig. 166).
When the detent lever is moved to the left, the feed pawl en-
gages to feed the left hand ratchet.

The ribbon feed paw! is powered to the rear by the action of
the ribbon feed cam located directly in the middle of the print
sleeve. The cam is keyed to the sleeve and rotates one com=
plete revolution on each operation. A sliding cam follower
transfers the motion of the cam to the ribbon feed bellcrank
which actuates the feed pawl to the rear (Fig. 167). Sufficient
motion is available from the cam to cause a two teeth feed of
the ratchet. Thetiming of the ribbon feed cam causes the rib-
bon feed action to occur early in the cycle operation. At the
time the type head prints, the ribbon has completed its feeding
operation except for the restoring of the feed pawl. Care must
be taken in replacing the feed cam to insure that it is not in=
stalled in a reverse position. A V-shaped notch in the large
part of the cam must be toward the right. Reversing the com
will change the timing of the ribbon feed.

Asthe feed pawl restores to the front, it slides along the teeth
of the ratchet into the rest position. The drag of the pawl
alongthe teeth tends to rotate the ratchet backward and unwind
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the ribbon. To prevent any backward rotation, a detent pawl is
spring-loaded into the teeth of the ratchet to allow feed in one
direction only (Fig. 166).

Ribbon Feed Ratchet

Ribbon
Feed Pawl

1IIR N EEREEAN

Ribbon Feed
Bellcrank

FIGURE 167. Ribbon Feed Mechanism - Side View

In order for the ribbon to wind onto one spool it must be un-
wound from the other spool. Each ratchet has a detent pawl
to prevent rotation in the unwinding direction. The detent
paw! must be disengaged from the supply side in order for rib-
bon feed to occur. Each detent pawl has a long curved exten-
sion resting against a roller on the ribbon feed detent lever
(Fig. 166). Whenone detent pawl is engaged with its ratchet,
the other is disengaged depending upon the position of the rib~
bon feed detent lever.

Two flat springs are mounted to the ribbon feed plate at the rear
so that they rest against the ribbon feed ratchets. The slight
dragapplied by the springs prevents the jerk of the ribbon feed
operation from spinning the supply spool and spilling off ex~-
cessive ribbon.

2. Ribbon Reverse

The ribbon is fed from one spool to the other until the supply
spool is emptied. The ribbon feed pawl must then be moved to
the ratchet of the empty spool to begin feeding the ribbon in
the opposite direction. To achieve a ribbon reversing opera-
tion, it is merely necessary to move the ribbon feed detent
lever from one position to the other. The ribbon feed pawl!
spring then pulls the pawl into the reversed position. The re-
versing operation is the same for both sides except that the
direction of parts movement is opposite.

The reversing operation requires a sensing mechanism to deter-
mine when the reverse is to take place and a means of power-
ing the detent lever from one position to the other. Each rib-
bon feed ratchet core contains a small bellcrank called the
ribbon reverse trigger (Fig. 168). As long as there is ribbon



around the spool, the ribbon holds the reverse trigger into the
core in the inactive position. When the ribbon spool is emptied,
a hairpin spring forces the reverse trigger out of the core through
a slot in the ribbon spool. A portion of the reverse trigger
pivots down through a hole in the ratchet into position below
the ratchet.

Ribbon Feed

Reverse Trigger Ratchet Assembly

Reverse Trigger Spring

FIGURE 168. Ribbon Reverse Trigger

The empty spool rotates slightly farther causing the reverse
trigger to contact and actuate the reverse lever which pivots
just below the ratchet (Fig. 169). The reverse lever is con-
nected, by means of a flat link, to an arm of the reverse yoke
beneath the ribbon feed plate. The yoke is pivoted by opera-
tion of the reverse lever. A stud on the yoke at the rear of
the pivot point extends up through the feed plate into a slot
in the reverse interposer. Movement of the yoke positions the
front of the reverse interposer left or right depending upon
which ribbon spool is being emptied (Fig. 170).

Ribbon Reverse
Interposer

Ribbon Reversing
Lever

Ribbon Reverse ©
Yoke Q'
Ribbon Feed Detent

Lever

FIGURE 169. Ribbon Reverse Mechanism
- Rest Position

Positioning the reverse interposer does two things. A hook at
the front of the interposer hooks around a lug on the ribbon
feed detent lever (Fig. 171). The interposer lever, mounted
onthe interposer, ispositioned into the path of the ribbon feed
pawl. The next operation of the ribbon feed cam causes the
feed pawl to drive the reverse interposer to the rear. The hook
at the front of the interposer pulls the lug of the detent lever
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Pin Projects Through
Slot In Interposer

@
Ny

Pivot Point For
Ribbon Reverse Yoke

FIGURE 170. Ribbon Reverse Mechanism
- Active Position

to the rear causing the detent lever to pivot to the opposite
position. Movement of the detent lever disengages the detent
pawl at the full spool and allows the pawl to engage the rat-
chet at the empty spool. As the feed pawl restores, its spring
pivots it over into engagement with the opposite ratchet.

Ribbon Feed Ratchet

Interposer Lever

Ribbon Feed
Pawl

FIGURE 171. Ribbon Reverse Interposer and Lever

The purpose of the interposer lever is to prevent the motion of
the ribbon reverse interposer from being choked off during a
reversing operation by the ribbon feed pawl, if the feed pawl
should become trapped between the ribbon feed ratchet and the
interposer lever.



Stencil Lockout

When the ribbon lift lever is placed in its no lift or stencil
position, a latch called the ribbon feed latch is allowed to
interrupt and hold the ribbon feed cam follower from following
the ribbon feed cam back to its low point (Fig.172). This
causes the ribbon feed cam follower to become crippled thereby
locking out the ribbon feed operation. The ribbon feed latch
mountson a stud on the ribbon feed follower mounting bracket
and is spring loaded into its active position by a small hairpin
spring. The ribbon lift lever controls the position of the latch.
When it is pushed to the right into the stencil position, it al-
lows the latch to rotate against the top surface of a lug on the
cam follower. As the follower is operated forward by the feed
cam, the latch hooks behind the lug on the follower and pre-
vents the follower from following the cam back to its low .point.
This cripples the feed operation because the cam follower no
longerreceives enough motion to operate the ribbon feed pawl
effectively. Pushing the ribbon lift lever to the left (out of
the stencil position) cams the latch into its inactive position,
thereby releasing the follower so that it can be operated by
the feed cam.
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FIGURE 172. Stencil Lockout Mechanism

FILM RIBBON

The film ribbon mechanism in its entirety mounts on and moves
with the carrier in a similar manner as the fabric ribbon mech-
anism. The spool of ribbon, which consists of &pproximately
240 feet of film ribbon wrapped tightly about a plastic core,
mounts on a permanent supply spool on the left side of the car-
rier (Fig. 173). Matching flutes, between the plastic core of
the spool of ribbon and the permanent supply spool, causes both
the spool of ribbon and the permanent supply spool to rotate
together during a ribbon feed operation.
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Feed Roller
Take-Up Spool

Plastic Core

Supply Spool

FIGURE 173. Film Ribbon Mechanism

As the ribbon comes off the supply spool it threads ardund the
ribbon circuit to the take-up spool. The take-up spool is a
disposable transparent spool mounted on the right side of the
carrier (Fig. 173). Once the ribbon has been completely used
and fed onto the take-up spool, both the take-up spool and
the plastic core from the supply side are removed and dis-
carded. The new spool of ribbon, to be installed, comes
equipped with its own take=-up spool fastened to the end of the
clean leader.

Ribbon Feed

Clockwise rotation of the feed roller causes the ribbon to feed
from the supply spool to the take-up spool (Fig. 173). The
feedroller is directly connected to a star shaped wheel called
the feed and lift wheel (Fig. 174). This wheel, which is lo-

Feed Plate
Feed Roller

Feed & Lift
Wheel

Feed Powl

FIGURE 174. Ribbon Feed Operation



cated on the underside of the ribbon feed plate, fastens to the Feed Pawl (engaged)
bottom of the feed roller by a bronze hexagon-headed screw
that has a left handed thread.

Feed & Lift Wheel

The feed and lift wheel contains sixteen feed windows loid
out in a circular pattern, A feed pawl operates in these win-
dows in a manner similar to an index pawl operating in a
platen ratchet. Each time the feed pawl is powered forward,
it pushes on one of the feed windows causing both the wheel
and the feed roller to rotate.

The ribbon feed cam located on the print sleeve supplies the
motion to the feed pawl (Fig. 175). The motion from the cam
is transmitted to the feed pawl through a cam follower. A
barrel shaped roller mounted on the cam follower by an eccen-
tric stud rides against the ribbon feed cam. The follower
mounts on a bracket which is fastened to the front carrier cast-
ing by two hexagon headed screws. An extension spring,
anchored to one of these screws, loads the follower against
the cam. The feed pawl mounts at the top of the cam follower
by ashoulderedrivet and is spring loaded into engagement with
the feed and lift wheel.

Feed Pawl

(Roller resting on high point of
feed cam)

Cam Follower

(Barrel shaped
roller)

FIGURE 176. Feed Cam at Rest

Feed Pawl
(cammed out)

Feed & Lift Wheel

Follower Mtg. Ribbon Feed Cam
Bracket

FIGURE 175. Ribbon Feed Mechanism

Aribbon feed operation occurs in the following manner: When
the machine is at rest, the barrel shaped roller on the cam fol~
lower is on the high point of the feed cam (Fig. 176). In this
position the feed pawl is all the way forward, and is engaged
with one of the feed windows in the feed and lift wheel.

Feed Cam (rotating towards
As the feed cam begins to rotate clockwise towards its low low point)
point, the feed pawl will begin to move toward the rear of the
machine. This movement causes the feed pawl to be cammed
up and out of the feed window. The pawl then slides along the
top surface of the wheel towards the next feed window (Fig.

177).

FIGURE 177. Follower Approaching Low Point
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Slightly before the barrel shaped roller on the cam follower Feed Window

the feed cam back to its high point causes the feed pawl to
rotate the feed and lift wheel 1/16 of a turn resulting in a
ribbon feed operation.

reaches the low point of the feed cam, the feed pawl draps in-
to the next feed window (Fig. 178)., Continued rotation of Detent Spring
]

Notice that the timing of the ribbon feed cam causes the ribbon
feed actiontooccur late ina print cycle. At the time the type
head prints the ribbon feed pawl has just begun to rotate the
feed and lift wheel to cause a ribbon feed operation. By the
time the print cycle completes the feed pawl is in its extreme
forward position (Fig. 176) and the ribbon feed operation is
accomplished.

Feed Pawl
(drops into window)

Feed and Lift

Wheel
Feed Plate

FIGURE 179, Feed & Lift Wheel Detent Spring

Shock Spring

Cam Follower

(roller at low point of cam)
FIGURE 178. Follower at Low Point

During the early portion of a print cycle the feed and lift
wheel tends to rotate backwards with the feed pawl when the
feed pawlisbeing cammed out of the feed window as it travels
toward the rear of the machine. To prevent the feed aond lift
wheel from rotating backwards the wheel is detented in position
at the completion of each feed operation. This is accomplished
by a detent spring that fastens to the underside of the feed
plate and operates in the feed windows of the wheel (Fig. 179),

Beginning at the supply spool, let's trace the path of the rib-
bon tothe take-up spool. As the ribbon comes off the spool of
ribbon on the supply spool it immediately passes around a wire
shock spring (Fig. 180). This shock spring is mounted to the
top of the feed plate by a binding screw. Its purpose is to ab-
sorb the shock given to the ribbon during a feed operation plus
eliminate all slack in the ribbon during a ribbon lift operation. Supply Spool
The function of the black roller on the shock spring is to reduce

friction as the ribbon slides over the shock spring.

Feed Plate

FIGURE 180. Ribbon Shock Spring
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After passing around the shock spring the ribbon threads through
two plastic guides on the ribbon lift guide assembly (Fig. 181).
The guide assembly pivots about a fulecrum wire mounted at the
front of the carrier casting. The function of the guide assembly
istoelevate and guide the ribbon in front of the typehead dur-
ing aprint operation. A flat link running from each guide arm
is anchored to a pin at the front of the carrier. These links
maintain the plastic guides in a vertical position throughout a
ribbon lift operation. The plastic guides, mounted on the guide
arms, pivot freely on shouldered rivets. This type of mounting
permits the tension on both the top and bottom of the ribbon to
automatically equalize and remain equal throughout a ribbon
lift operation.

Plastic Guides

Guide Arms

Lift Guide Assm.

Fulcrum Wire
Flat Link

FIGURE 181. Ribbon Lift Guide Assembly

From the guide assembly the ribbon threads forward passing a-
round the right hand corner guide (Fig. 182). This corner guide
helps to dampen out the effects of the lift operation that is felt
‘on the ribbon as it leaves the lift guide assembly, The corner
guide stabilizes the ribbon before it enters the tracking post.

Before the ribbon enters the feed and pressure rollers it passes
over a flanged post called the tracking post (Fig. 182), The
purpose of this post is to make the ribbon engage the feed rol-
ler at the same angle throughout the use of an entire spool of
ribbon. As you can see in Figure 182 the ribbon is being de~-
flected between the corner guide and the tracking post by the
used ribbon that has accumulated on the take=up spool. With-
out the tracking post, the angle that the ribbon enters the feed
roller would be constantly changing as the diameter of the used
ribbon on the take-up spool increased. This condition could
cause ribbon tracking problems at the feed roller. The tracking
post aids the system in maintaining a constant ribbon tracking
characteristic at the feed and pressure rollers.

Corner Guide
Take=up Spool
Feed Roller

(Ribbon being
deflected)

Tracking Post

FIGURE 182. Corner Guide & Tracking Post

As the used ribbon leaves the tracking post and passes around
the feed roller, a small rubber roller called the pressure roller
loads the ribbon against the feed roller (Fig. 183). The function
of the pressure roller is to insure that there will be no ribbon
slippage at the feed roller during a ribbon feed operation.

(Ball shouldered Stud)
Feed Roller

Pressure Roller

Supply Spool
Pivot Stud Pressure Roller Lever

FIGURE 183. Pressure Roller Mig.
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The pressure roller mounts on a lever which pivots on the supply
spool pivot stud. A heavy extension spring fastened to the
lever loads the pressure roller against the feed roller. The
pressure roller mounts freely on a ball shouldered portion of its
adjustable mounting stud. This ball shouldered’type mounting
permits the rotational axis of the pressure roller to change as
the roller rides over the embossed portions of the used ribbon
during a feed operation. Bygiving the pressure roller the free-
dom to seek its own position, a better tracking characteristic
is achieved at the feed roller.

Once the ribbon leaves the feed and pressure roller, the used
ribbon is wound onto the transparent take-up spool. The take=
up spool receives itsmotion from the feed mechanism by a fric-
tion type drive system.

A drive pulley located directly below the feed roller rotates
withthe feed roller during a ribbon feed operation (Fig. 184).
This drive pulley supplies the motion to the take-up pulley by
means of a drive spring. The take-up pulley, driven by the
drive spring, rotates about the take=-up spool pivot stud and is
held in place by a "C"-clip. The shape of the belt groove in
the take-up pulley is designed slightly different as comparedto
that of the drive puliey. This is to permit all of the necessary
slippage of the drive spring to occur ot the take-up pulley and
not at the drive pulley. Twohooked lugs on the top face of the
take-up pulley project into corresponding slots in the bottom of
the transparent take-up spool. These lugs provide a locking
type connection between the take~up pulley and the disposable
take-upspool., Thus, a constant take=-up drive is insured at the
take-up spool.

Supply Spool

Pivet Stud

Drive Spring

Drive Pulley Drive Spring Retainer

FIGURE 184. Take-Up Spool Drive

The function of the drive spring retainer is to dampen the os-
cillations of the drive spring during an operation. Without the
retainer, oscillations of the drive spring would cause the spring
to strike other components mounted nearby. This would result
in damage to the drive spring which may lead to erratic take~
up tension.
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Tomaintain astable ribbon tracking characteristic from the sup-
ply spool to the feed and pressure rollers, the ribbon mustbe
kept slightly taut throughout the ribbon circuit. Any slackness
in the system will affect the tracking of the ribbon. Maintain=-
ing the ribbon taut is accomplished by means of the supply drag
leverin conjunction with the shock spring (Fig. 185). The sup-
ply drag lever is mounted on the feed plate by the same screw
that mounts the tracking post. The drag lever pivots freely a-
bout a shoulder on this screw and is spring loaded against the
spool of ribbon on the supply spool. Its function is to provide
a constant drag on the outer wraps of ribbon. This drag plus
the effects of the shock spring eliminate any slackness in the
ribbon circuit during a ribbon feed operation.

Shock Spring

Supply Spool \

Supply Drag
Lever

Feed P_lcte

FIGURE 185. Supply Drag Lever

To keep the spool of ribbon tightly wrapped on the supply
spool, a slight drag must be felt at the core of the ribbon sup-
ply. This is achieved by the supply spool drag spring which
fastens to the feed plate by the same screw that anchors the
shock spring. The drag spring provides a frictional drag to the
underside of the ribbon supply spool. Without this drag, both
the core and the inner wraps of ribbon would tend to turn with-
in the outer wraps of ribbon on the supply spool. The end re-
sult would be a tendency for the spool of ribbon on the supply
spool togrow in diameter which may eventually lead to ribbon
spillage. Thiseffect ismostly due to the momentum that is de=
veloped within the spool of ribbon during a ribbon feed opera-
tion,

The carrier vibrations that inherently occur during a repeat
spacebar or backspace operation causes the ribbon supply spool
to rotate in the unwinding direction, thereby permitting the
ribbon tobecome slack in the circuit, To prevent this from oc=
curring, a brake called the supply spool brake (Fig. 186) en-
gages the ratchet teeth on the supply spool whenever the rib-
bon mechanism isnot in a feed operation. The brake pivots on
a stud on the feed plate and is spring loaded into engagement
with the ratchet teeth on the supply spool.



Supply Spool

Supply Spool
Brake

Feed Plate

FICURE 186. Supply Spool Brake

During a feed operation the supply spool brake must be disen-
gaged from the supply spool. The mechanical motion required
todisengage the brake is taken from the ribbon lift mechanism.
Avertical lug, which is part of the lift guide plate on the lift
guide assembly projects up through a window in the feed plate
(Fig. 187). Each time the ribbon lift guide assembly is raised
the vertical lug on the lift guide plate operates the brake act-
uating lever which in turn disengages the brake from the sup-
ply spool. Since the feed operation does not occur until well
after the lift operation is underway, the brake will always be
disengaged from the supply spool at the beginning of a feed
operation.

Lift Guide
Assembly

Lift Guide Plate

Brake Actuating

Lever
Supply Spool
Brake
FIGURE 187. Brake Actuating Lever

Ribbon Lift

Because the entire ribbon mechanism is mounted on and moves
with the carrier, the diameter of the supply spool is necessarily
limited. To obtain the desired number of characters per spool
of ribbon, a 9/16" wide ribbon is used. By using a wider rib-
bon and varying the ribbon lift position for each character
(Fig. 188), a greater number of characters can be typed on a
given length of ribbon.

The 3121 polyethylene film ribbon used on the Model "71" Se-
lectric is a modification of the current 5121 ribbon used on
the Model "C" typewriter. Character yield is approximately
52,000 characters per spool of 3121 film ribbon as compared
toan average of 94,000 characters per spool of 5121 film rib-
bon on a Model "C" standard ET. This results in a consumption
ratio of 1.8 spools of 3121 to each spool of 5121.

"HHHHHH
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FIGURE 188. Lift Pattern

The lift mechanism for the film ribbon machines is similar to the
lift mechanism on the fabric ribbon machines. That is, the lift
motion issuppliedby a cam on the print sleeve and the amount
of lift that is produced is determined by the position of the con=-
trol link in the slot of the cam foliower (Fig. 189). The film
ribbon lift mechanism differs only in that the lift position is

-automatically changed to one of four different lift positions

during each print cycle,

Control Link
Lift Guide

Assm,

\

Cam Follower
Ribbon Lift Mechanism

Ribbon Lift Cam
FIGURE 189.



This is achieved by changing the location of the control link
in the slot of the cam follower. The four lift positions ob=~
tained by moving the control link are designated by "A", "B"
"C", and "D" (Fig. 190).

"A"and "C" are low lift positions while "B" and "D" are high
lift positions. These four lift positions occur in a definite order
during a typing operation. It takes four print operations to com=
plate a lift cycle which is from "A" to "B" to "C" to "D" (Fig.
190). On the fifth print operation the lift cycle would begin
all over again with lift position "A", Changing the location
of the lift control link in the slot of the cam follower produces
these lift positions.

Control Link

Cam Follower

The motion producedby the camming lobes on the feed and lift
wheel is transmitted to the control link by the lift control lever
(Fig. 192). The control lever is mounted to the front of the
carrier by a shouldered screw and is spring loaded against the
camming lobes of the feed and lift wheel. The steel roller "C"
clippedtoapinonthe control lever operates as a cam follower
for the control lever.

The selected ribbon lift position for each print operation is al-
ways established by the ribbon feed operation from the previous
print cycle., This is because the rotation of the feed and lift
wheel (which produces the change in the ribbon lift position)
does not occur until after the typehead has printed.

ABCD '

—

Life Guide Assembly

FIGURE 190.

When the control link is positioned near the rear of the slot in
the cam follower such as when it is in lift position "A", very
little motion is obtained from the cam follower. Also, when
the control link is in this position it is further away from the
pivot point of the lift guide assembly than the other lift posi-
tions. Therefore, when the control link is in this position the
least amount of motion is produced to the lift guide assembly
and the character prints near the top of the ribbon,

Rotation of the feed and lift wheel during a ribbon feed opera~
tion produces the change in the lift operation. The camming
lobes on the perimeter of the wheel governs the position of the
control link during each ribbon feed operation (Fig. 191).
These lobes which correspond to each feed window produce the
four lift positions in a consecutive order as the wheel rotates
1/16 of a turn for each ribbon feed operation.

Ribbon Lift Positions

Med. High
Lift
Low Lift

Med. Low
Lift

FIGURE 191.

Feed & Lift Wheel



Cam Follower

Steel Roller
Control Link
Lift Control Lever
FIGURE 192. Lift Control Lever

Stenc