






















































































































































4-18 PC Operation

 When the verify is complete without error. the  will display End in the Address/Data
display.

15. Stop the recorder and depress the CLR (Clear) key on the
16. The  operation will require approximately the same

Loading A Program
1
2

3
4

6

7
8

9

10

11

12

Programmer to end the  operation.
time as the record operation.

Install the Programmer and apply AC power to the PC.
Turn the mode switch on the Programmer to the LOAD position.

Apply AC power to the tape recorder and insert the cassette containing the required program.
Adjust the volume control to the setting determined during the verify operation. Adjust the tone
control to its highest setting.
Connect the Programmer (TAPE port) to the tape recorder (EAR input) with the audio cable (gray
with red tracer).
Rewind the tape to the beginning of a previously recorded program. Tape
area prior to the program, but not on another program.
previously recorded).
Select the READ key on the Programmer to establish
Start the tape recorder by depressing the PLAY key.

Enter the program

the load operation.
The load operation

can also be on the blank
identification number (if

now

If the CPU detects a program number different than the one  step 6, the programmer will
beep and the display will show PA

If the wrong program has been selected, the load operation can be aborted by stopping the recorder
and powering-down the CPU or remove the programmer  the CPU, then reattach and depress
the CLR key.
Any errors detected during the load operation are indicated by an error code being displayed on the
Programmer’s Address/Data display. Error code E21 indicates the tape has an internal parity error.
A steady E28 indicates the play level is wrong and the load should be stopped, volume adjusted, and
the operation restarted (step 6 above).
When the load is complete with no errors, the Programmer will display End in the Address/Data
display and the ON/OFF LED will be off. Stop the recorder and depress the CLR (Clear) key on the
Programmer to end the load operation.
The load operation will require approximately the same time as the record operation.

Printer Interface Unit
The Printer Interface Unit (catalog number  provides an interface between a Series One
or Series One Plus PC and a printer for the purpose of providing a convenient means of obtaining a
hard-copy printout of the program residing in the PC’s user memory. It can also be used with a Series
One Junior PC. The format of the printout is switch selectable and can be either Boolean (mnemonic) or
ladder diagram format. Many readily available, inexpensive printers can be used with the Printer
Interface Unit.

A 6’  Printer Interface cable and an external power supply cable are included with the Printer
Interface Unit. Printer Interface Unit Specifications are listed below in table 4-3
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Table  Printer Interface Unit Specifications

Operating Temperature
Storage Temperature
Humidity
Required Operating Power

 Interface
 Capacity

(maximum)

 to  C (32” to 
 to  C  to 

 to 95%
 V dc +  300  (minimum)

(Supplied either  from  CPU or from an
 power supply)

5.7“  4.7” x 1.5“ (145 x 120 x 38mm)
11.68  (330 

 (Parallel)
Ladder
13 contacts and 1 coil per line
16 lines per page

Boolean Listing
200 steps per page (4 lines with 50
steps in each line).
700 steps maximum

Table 4-4 lists the requirements that a printer must meet for use with the Printer Interface Unit.

Table 4-4. Printer Requirements

Must have a Centronics interface
Able to  code 7CH (Hexadecimal) as a  (slash).
Must respond to control codes: OE H (SO)  Expanded print ON
OF H (SI)  Compressed print ON
12 H  Compressed print OFF

Must be capable of printing 132 columns; however, if an 80 column printer can respond to the  (OF  control
code to allow 132 or more characters per line, it can be used. This type of printer, when used with the Printer
Interface Unit, will print compressed characters. Choice of normal (132 column) or compressed (80 column)
print is switch selectable.
The following printers have been tested for operation and can be used with the Printer Interface Unit.

 Personal Computer Printer, model 3-8100
Epson model RP-100
Hewlett Packard  HP 
IBM Personal Computer Graphics Printer
Seiko  GP-500

Hardware Description
The Printer Interface Unit is a compact unit that attaches to the Series One or Series One Plus PC.
Electrical and physical  to the PC are made through a  connector located on the back
of the Printer Interface Unit. The Printer Interface Unit is attached to the PC by placing its 
connector directly over the mating  on the PC and gently pushing down on the unit  it is
securely in place.
Connection  the  Interface Unit to the selected printer is made through the Printer Interface
Cable,  to a  connector on the  of  unit. Power to the unit can be supplied
directly through the rear panel connector  the CPU power supply or  an external power source



PC Operation

GEK-90842

capable of supplying  V dc  300  The power source, either internal  or external  is
selected by a  switch located on the rear panel. Connection to an  power source is
made through a  cable supplied with the Printer Interface Unit.
The sequence for operation of the Printer Interface Unit is initiated by depressing pushbutton switches
on the front panel. Two indicator lights on the  panel provide a visual status of the Printer Interface
Unit operation. There are also 2 indicators that provide operating status of the PC. Figure 4-5 is an
illustration of the Printer Interface Unit showing-the features mentioned above.

 1  1 

Figure  Printer Interface Unit

Hardware Features
The Printer Interface Unit front panel has two  located in the upper right comer used for visual
indication of system status. The purpose of the indicators is described below.

CPU

ON CPU failure  been detected.
OFF CPU operation is normal.

PWR  is an indication of the status of dc power being supplied to the Printer Interface Unit.
ON If power is being supplied by the  One or Series One Plus  supply, tbis indicates that  V dc

is  properly produced by the supply.  Printer Interface Unit is being powered  an extemal 
the  V  being supplied is within  tolerance.
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OFF  V dc not being supplied or not in tolerance.

The  connector located on the lower right of the front panel, provides a connection from the
Printer Interface Unit to the selected printer through the Printer  cable, 
Immediately to the left of the connector are 4 pushbuttons used to initiate operation of the Printer
Interface Unit to get a hard copy printout. There are also 2  used as status indicators during the
set-up procedure.

FORM

PROD

PRNT
STOP

This pushbutton is used to select the fomat of the printout, either a ladder diagram or Boolean listing of the user
program. The pushbutton is an alternate  switch. Each time it is depressed,  selected 
will change.
As the pushbutton is depressed, the color of the LED will  between green and  The LED, when 
indicates a ladder diagram printout; when red, indicates a Boolean listing printout.
This pushbutton is also an alternate function switch. Each time it is  either a Series One Junior PC or
the Series One/Series One Plus PC is altemately selected as the program listing  The  must agree
with the PC to which the  Interface Unit is attached.
As this pushbutton is  the color of the LED  between  and  The LED, when red,
indicates selection of Series One Junior, when green, indicates selection of Series  One Plus.
When depressed, this pushbutton causes the printer to begin  the user program in the selected
When depressed, this pushbutton causes the  operation to stop.

 Column Selection Switch
On the right side-panel is a  toggle switch used for selection of either 80 column printing
format (compressed print) or 132 column printing format (normal print). The 80 column compressed
print format is typically used with printers designed for use with personal computers. The selected
printer column format corresponding with the switch position is printed on the right edge of the front
panel, either 80 (towards the top of the unit) or 132 (towards the bottom of the unit). If desired, the 80
column compressed print format can be selected for use with a 132 column printer. The unused space to
the right, beyond the 80th column, could be used for adding comments.

External Power Supply Connector

.

A connector located on the lower right side of the unit provides the connections to an external power
supply. A mating  connector with attached wires which are 3 feet (lm) in length, is provided with
the Printer Interface Unit for connection to the external supply. The color code for the external power
supply cable and specifications for the power supply are as follows:

 V dc,  at 300  minimum)
Power  logic ground
Common system 

Power Supply Select Switch
This is a two-position switch located on the  of the unit,
This switch is used for selection of either internal or external dc
The top switch position is labeled  (External) and the bottom
the Printer Interface Unit is to be powered by an external  V
Select switch must be set to EXT.

 above  connector.
power for the Printer Interface 
position is labeled INT (Internal). If
dc power  Power Supply
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Sequence of Operation
As a convenience to the user, instructions for using the Printer Interface Unit are printed on the 
panel of the unit. The sequence of operation is described below. If a Series One Plus program is to be
printed and a password is in effect, the password must be changed to 0000 before mounting the Printer
Interface Unit.

Power-up Sequence
The following power-up sequence should be followed after the Printer Interface Unit has been properly
configured.

1
2
3
4

6

Power to be supplied by the internal PC supply or an external power supply.
Place  switch in the INT or  position as required.
Turn off power to the PC.
Mount Printer Interface Unit onto the PC.
Attach Printer Interface cable  connector on front panel of unit to printer.
Turn on power to the PC.
Turn on power to the external power supply, if used.

User Program Transfer From PC To Printer Interface Unit
Immediately after the power-up sequence has been completed, the user program stored in the PC’s user
memory will automatically begin transferring to a buffer memory in the Printer Interface Unit. This
program transfer will take about 1.5 minutes. When the program has been successfully transferred, the
FORM and PROD LED indicators will turn on green. If the program transfer is not successful, the LED
indicators will either flicker on and off red or neither LED will illuminate. If after 2 minutes, neither
LED turns on, repeat the power-up procedure  the beginning of the sequence.

Selection of Printout Format and Type of PC
Select the printout format, either ladder diagram or Boolean, and the PC model, either Series One Junior
or Series One/Series One Plus by depressing the FORM and PROD switches as shown in the following
table.

Table  Format and PC Selection

FORM PROD
PRINTOUT TYPE LED ON PC LED ON

Ladder series one/be Plus
Ladder Series  Junior

Red series one/one Plus
Red Series  Junior

Start Printer Operation
Depress PRNT pushbutton. The ladder diagram or Boolean program listing will begin to print and
continue printing until the complete program has been listed or has been stopped by the operator.
If at any time, the program listing is to be stopped, depress the STOP switch. When this is done during
a ladder diagram printout, the printout will stop. When the STOP switch is depressed during a Boolean
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listing printout, the  listing printout will stop, the printer will formfeed, and the complete
OUTPUTS USED TABLE will be 

Printing Of Error Messages During Ladder Diagram Listing
If any errors in the printing process are detected by the Printer Interface Unit during printing of a ladder
diagram listing, an error message will be printed and the printing may stop, depending on the type of
error. Table 4-6 lists the error messages and their definitions.

Table 4-6. Ladder Diagram Listing Error Messages and Definitions

ERROR MESSAGE DEFINITION

ROW OVER
COLUMN OVER
STACK ERROR (SR)
STACK ERROR 
STACK OVER
STACK OVER 
MC ERROR
PROGRAM ERROR

One rung of  exceeds 16 lines.
More than 13  elements in line
Clock or Reset line  proved in Shift Register logic.
Reset line not
Pushdown sta

 Counter logic.
using AND STR and OR  functions exceeds 8 levels.

 of MCS control exceed 8.
MCR functions exceed MCS 
Any error not listed in tbis table.

NOTE

When the ROW OVER or COLUMN OVER error messages are printed, the printout of the
ladder diagram will continue. When any other error messages are printed, a  STOP
message will be printed, paper will  and printing will stop.

Printing Of Error Messages During Boolean Listing
If any errors in the printing process are detected by the Printer Interface Unit during printing of a
Boolean program listing, an error message will be printed and the printing may stop, depending on the
type of error. Table 4-7 is the Boolean listing  messages and their definitions.

Table  Boolean Listing Error Messages and Definitions

ERROR MESSAGE

DEFINITION

???
Not a valid 

 operand

Cross Reference Printout
When the ladder diagram or Boolean printout of the user program has been completed, the printer will

 then begin to print a cross reference printout of all outputs. The heading of this printout is,
OUTPUTS USED TABLE. The outputs  in the user program (real world  internal
relays,  registers and timers/counters) will have an annotation  to the right of the reference
number.
The outputs used table will continue printing until  output references have been printed. This printout
cannot be stopped, as can the ladder diagram and Boolean listing printouts.
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Expanded Print Format
When a more complex ladder diagram, using MCS and MCR functions, is to be printed out, an
expanded print format is used. The starting point of each MCS function is denoted by a letter, the first is
A, then B, etc. The letter is carried through to the end of each page and the beginning of the next page,
providing a ready reference to the continuation of the ladder logic within the bounds of each 
control. As multiple MCS functions and the logic under their control are printed, each succeeding group
of logic is shifted to the right. When a group of logic under  control is ended by an MCR
function,  is printed in the last column to the right and the letter corresponding to that 
logic to its right.

Printout Annotation Explanation
Several items appearing on the printouts in figures  and 4-7  explained for clarification. The ladder
diagram printout in figure 4-6 has a circled number (l-5) next to each annotation, which corresponds to
the number preceding the explanation of each annotation. The circled number 6 appears before an
annotation on the Boolean printout in  4-7. The circled numbers (1-6) are for discussion purposes
only and do not normally appear on a printout.

1

2

3

4 .

.

6

The type of printout on each page appears on this line, either LADDER  PRINTOUT,
BOOLEAN PRINTOUT, or CROSS REFERENCE PRINTOUT.
This annotation, V X.X, is the version of the system operating software contained in PROM
memory in the Printer Interface Unit.
The model of PC selected by the user as the program listing source will be on this line. The
annotation will be either SERIES ONE  for a Series One Junior PC or Series One, One

 SR-21 for a Series One or Series One Plus PC.
‘The page number of the ladder diagram printout or Boolean printout will appear here as a 
decimal number, starting with PAGE 
Refers to ladder diagram printout only. This  decimal number is the user program memory
address at the start of each rung of logic. The  element in the rung is stored  that address. In
the example in figure 4-6, the memory address of the start of the first rung is 0000. The first element
in that rung is a normally open contact referenced as  (reference number is printed directly
above the contact). The memory address at the start of the second rung is 0013, the first element in
this rung is a normally open contact referenced as 040.
Refers to Boolean printout only (figure 4-7). The  sign immediately following a numerical value in
the Boolean printout listing, indicates that the value is a reference assigned to an element at the end
of a rung.

7 A symbol preceding a numerical value in a Boolean printout, indicates that the value is a constant.
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Sample Printout
A sample of each of the previously described printouts is shown in the following group of figures. For
this group of printouts, a program was entered into a Series One Plus PC.

 Unit

USER PROGRAM 

 5  I 
I

 F---l  F---l  L-----l  l---l  r-1 F---l  c-1 f--l  
I

A
I  [ - - - - -- - - - - - -

I I
I

I

I - -
I - t

I I

 ------- 
I

I

I

 [ - - - -

I

 RI-;
I

I

w - - 1 _ _ . - - - - - - _ - - -
I
I

I

I

I I
I

I

I
 - -1

I
I

I I

I

I t - - - - - - . _ _

I I

I I
I I

Figure  Sample Ladder Diagram Printout
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Figure  Sample Boolean Printout
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PROM Writer Unit
The PROM Writer unit (catalog number  version B replaces version A and can be used
with Series One Plus as well as Series One and Series One Junior) is a compact, easy to use device that
connects directly to and mounts on a Series One or Series One Plus PC. When mounted on a PC , the
PROM Writer unit is used to write the contents of user memory to a  PROM (Series One), or a

 for a Series One Plus, thereby providing a non-volatile means of user program storage. After
being written to, the appropriate PROM can be installed in any Series One or Series One Plus PC as
required. Programs stored in PROM memory will not be lost during no-power conditions.
An additional feature of PROM memory is that  programs can be stored on individual PROMS
for use as required by various applications. Another function of the PROM Writer unit is to transfer the
user memory contained in a PROM to the CMOS memory in a Series One or Series One Plus.
On a Series One or Series One Plus PC, the PROM Writer unit physically mounts on the right of the
front panel, in the same manner as the programmer. A connector on the lower left rear of the PROM
Writer unit attaches to the connector on the  panel of the Series One or Series One Plus PC. The
source of power for the PROM Writer unit is switch selectable and can be  the internal supply of
the PC or  an external source of 5 V dc. Figure  is an illustration of the PROM Writer showing
the location of its features, which are described in the text following the illustration.

Figure  PROM Writer  Features
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Front Panel Features
The front panel has two  in the upper right comer which are visual indicators of system status. The
purpose of the each indicator is described below.

PWR
ON

OFF
CPU

The  PWR LED monitors the status of dc power being supplied to the PROM  unit.
If power is being supplied by the CPU rack, this indicates that  V dc is being produced by the supply. If the
PROM Writer unit is being powered  an external source, the  V dc being supplied is within the specified
tolerance.
5 V dc not being supplied or not in tolerance.
The red CPU LED monitors the operating status of the CPU module. Identical to the CPU LED on the Series
One or Series One Plus CPU module.

ON
OFF CPU operation is normal.

The socket on the lower right of the panel is used to contain the PROM being written to. The socket is a
zero insertion force socket. To insert a PROM into the socket, push the locking handle up, insert the
PROM, then lock the PROM in place by moving the handle down to the horizontal position. The
PROM should be placed in the socket with the notch towards the end of the socket closest to the PWR
LED as indicated by the figure on the panel next to the socket. Even though the spacing of the slots in
the socket allows easy insertion of a PROM, care should be taken to ensure that leads on the PROM are
not damaged.
Immediately to the left of the socket are 4 pushbuttons and their associated LED indicators. These
pushbuttons are used to initiate operation of the PROM Writer unit and the  are indicators for each

 of the operation.

BLANK

ERR

When  initiates checking of the PROM inserted in the socket for verification  PROM does not
have any  written into it. To initiate a blank check, the pushbutton is  light will turn
on, then off, indicating a successful blank check. If the light remains on, and the ERR light turns on, the PROM

 BLANK  then off during the normal operation of writing to a PROM as indicated by
the instructions printed on the lower left of the 

When depressed, the WRITE pushbutton initiates the sequence of events that causes the user program in the
Series One or Series One Plus CMOS memory to be  to the PROM. When the WRITE pushbutton is

on, then off. Next, the WRITE  program entry is executed,
then  WRITE light  off. A blank check and  performed  when the WRITE
pushbutton is 

During the sequence for writing to a PROM, this  on while the contents of  PROM are being
compared to the contents of user memory in RAM. The CMPR light  off  the compare is completed

 I n
addition, the contents of a PROM inserted in tbe PROM Writer unit socket can be  to the contents of
user  the CMPR pushbutton is depressed.

This light is a visual indication that the PROM writing operation has not been  If tbe  on
during any portion of the  an error has  If this does happen, depress  ERR pushbutton and

As a convenience to the user, the PROM Writer unit instructions for writing the contents of user
memory to a PROM  printed on the lower  of the 
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Sequence of Operation
The sequence of operation for writing the contents of user RAM memory to PROM memory is as
follows:

WRITE OPERATION SEQUENCE
 WRITE pushbutton

Blank check performed

Write to PROM

Verify contents of PROM with contents of RAM memory

INDICATION
WRITE light turn on
WRITE light  off
BLANK light tums on
BLANK light tums off

WRITE light tums off
CMPR light 

Write sequence successful CMPR light tums

The sequence of operation for transferring the contents of PROM memory to
follows (the CMOS memory should be cleared first):

on
Off

CMOS memory is as

PROM TO RAM OPERATION SEQUENCE INDICATION
Depress WRITE and  pushbutton at the same time. Contents of WRITE light and CMPR

PROM  be  to RAM memory in the PC.  on.

Contents of PROM and  memory are compared. WRITE light turns off.

 good. Sequence of operation complete.

*If an error is detected during the compare operation, the CMPR light will remain on and the ERR light will turn on..
The error can be cleared by depressing the ERR pushbutton.  this is done, the ERR and CMPR rights will
tum off. If an  is  repeat the operation.

External Power Supply Connector
A connector located on the right side of the PROM Writer  provides the connections to an external
power supply. A mating  connector with attached wires 3 feet (lm) in length, is provided with the
PROM Writer unit for connection to the external supply. The color code for the external power supply
cable and specifications for the power supply are as follows:

 V  at 0.5 amps)
Power  logic ground
common  ground

Power Supply Select Switch
This is a two-position switch located on the bottom of the PROM Writer unit, directly above the 
connector. The switch is used for selection of either internal or external dc power for the PROM Writer
unit. The top switch position is labeled EXT (External) and the bottom position is labeled
(Internal). When used with a Series One or Series One Plus PC mounted in a high-capacity rack, power
can be supplied internally and the Power Supply Select Switch  set to INT.
If erratic  observed when attempting a data transfer using the PROM Writer, it is recom-
mended  an external source of  V dc be used.
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Timer/Counter  Unit
The Timer/Counter  Unit  provides an alternative method for entering a timer or
counter preset value in a Series One Plus program. This unit can also be used with a Series One Junior.
A Timer/Counter  Unit mounts on the Series One Plus rack that contains the CPU and plugs into
the same connector as does the hand-held programmer. The Timer/Counter  Unit can also be
connected remotely by using the 5 foot (1  remote programmer cable,  With the 
mounted on the PC, the hand-held programmer can then be mounted on top of the Timer/Counter

 Unit, thereby providing a convenient way to monitor the operation of timers or counters. The
physical size of the unit is the same as the Data Communications Unit, Printer Interface Unit and the
PROM Writer Unit.

a41 673

Figure  Timer/Counter  Unit

There are four  switches on the unit, which provides a convenient way to enter a
 BCD value into each of 4 specific internal locations in the Series One Plus PC for use as

Timer/Counter preset values. These values are simultaneously entered into data registers (two 
registers for each BCD digit) for use as preset values or for other data operations. When the BCD preset
values have been entered into the PC, they are retained in the PCs memory as  even though
power is removed  the PC and the unit is removed.
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Timer/Counter  Unit Specifications
The following table contains general specifications for the Timer/Counter  Unit.

Table 4-8. Timer/Counter  Specifications

Number of Circuits
Timer/Counter References
Register References

Preset values

Ambient Temperature
Storage Temperature
Humidity (non-condensing)

 Power Consumption

Units of Load

Environment Considerations

 BCD digits 
674, 675, 676, 677
564, 565  566, 567 (T/C 675)
570, 571 (T/C  572, 573 (T/C 677)
Timer: 0.1 to 999.9 seconds

 to 99.99 seconds
 One Plus 3.7 only)

Counter: 1 to 9999 events
 to  (32” to 

 to  to 185°F)
5% to 95%
5 V dc, 40  (maximum)

No  gases

Remote Mounting of Timer/Counter  Unit
A Unit Mounting Bracket,  is available which allows mounting of the Timer/Counter

 Unit on the outside of a panel or console. The Unit Mounting Bracket consists of a mounting
bracket, connector clamp and a cable clamp. The Timer/Counter  Unit mounts on the bracket,
secured by two captive screws on the unit. The unit connects to a Series One Plus PC through the round
5 foot (1  remote programmer cable, 

References for the Timer/Counter  Unit
The Timer/Counter  for the memory locations into which the BCD values are entered in the
Series One Plus  and 677. Each of the references refer directly to a memory location in
the CPU that accepts one  BCD value as it is entered with each  thumbwheel switch.
Each thumbwheel position represents one BCD digit, with the least significant digit being the position to
the right.
Each of the register references refers to an  data register. Two consecutive registers are  for
each  BCD number.
Since all four BCD values are read into the PC each scan, discretion must be exercised when changing
any values when the PC is running, since undesired intermediate values could be read by the CPU and
used during one or several scans. It is recommended that the following CAUTION be followed.

CAUTION I

When  or removing the Timer/Counter  Unit, be sure that power is turned
off. If a switch position  is  during operation, an incorrect value may
temporarily be read into the 
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Example of Using Thumbwheel Inputs
The following example of a ladder diagram rung shows how the Timer/Counter  Unit is used to
enter a preset value into a Timer or counter, or to enter data into data 

SW1
T674

STR 10

20 I
TMR 674

a421 86

 674 USES
TMR 674  DATA

WHEN SWITCH 2  CLOSED,
THE  READ

REGISTER, WHICH IS 
IN THIS EXAMPLE.

REGISTER (500) IS USED

COUNTER 601.
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51 Programming

SECTION
Introduction to Programming

General Information
The Series  and Series One TM Plus are easy to use small PCs with many advanced features. One
of the advantages of these PCs is the ability to be programmed or tailored specifically to the needs of an
application. Furthermore, if requirements change, the PC can be reprogrammed to fit the new applica-
tion. This chapter provides the information a user needs to develop or modify the logic within the Series
One or Series One Plus. It will discuss the basics of CPU operation necessary to develop a proper logic
program, the theory behind each function, examples of how that function could be used, and
step-by-step  of sample programs.

Planning a PC System
When planning a PC system, the first step should be to  the system by writing a description of the

 requirements for that system. A description would usually consist of block diagrams and
written descriptions of the various parts of the system. Input devices should be defined along with the
process or machines to be controlled. The next step would be to develop the program required to control
the system.

On a sheet of paper, layout each rung of your ladder diagram and assign references to inputs and
outputs. The program can also be written in mnemonic form (Boolean), which is how it will be keyed
into the Series One or Series One Plus when using the hand-held programmer. As an option, programs
can be entered in ladder diagram Format using the Portable Programmer. This applies to both the Series
One and Series One Plus. You can also enter programs with the  industrial computer
using  application software. For  on using the  industrial com-
puter for pro  refer to the  1 Pro  manual,  for Series One.
For Series One Model E, Series One Plus, and Series One Plus  refer to GFK-0075 which is the
Logicmaster 1 Family Programming Manual.

How to Use This Chapter
This chapter is divided  3  Section 1 is a description of the requirements for programming.
Included, are lists of all of the progr functions and a table of programming references assigned
to each slot for 8 point modules. The purpose and types of references are explained, including “real
world” use and internal use. A basic explanation of the scanning operation of the Series One and Series
One Plus PCs is given. The scanning process is the basis for operation of all PCs and the user should
have a good working knowledge of this operation.
The next 2 sections are devoted to programming. Section 2 describes and gives examples of the basic
ladder diagram functions. Section 3 provides the user with a  the data operation functions
for use with a Series One Plus PC. The data operations greatly  number and complexity of
applications possible with the Series One family.
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Table 5-l. Series One Model E/One Plus Basic Ladder Diagram Instructions  Continued

Execution Time

Memory , For  One 
Words Inactive Active

OR NOT CNT OR NOT COUNTER. Add a N.C. counter contact in parallel 1 91 9.1
with the previous 
AND STORE. Connects a logic group in series with the 1 38
logic group preceding it.

OR STR OR STORE. Connects a logic group in parallel with the 1 38
logic group  it.

MCS MASTER CONTROL START. Begin control of a block of 1 50
logic with a master control relay.

MCR MASTER CONTROL RESET. Ends control of a block of 1 30
logic with a master control relay.

OUT Defines a coil for a rung of logic, either an external output or 1 75.
an  coil.

SET  a coil as being  the coil will remain on until 1 17.5
tumed off by RST.

SET OUT IF ON, the coil will remain ON even under control of the 1 10.0
Output Disabler Coil (376).

RST RESET. Causes a coil that had been latched (SET) to be 1 93
 (Reset).

SET OUT RST SET OUT RESET. Defines a coil as being a one-shot (ON 1 19.3
for one  Plus Only)

SR

 Programs a Timer operation. Times up  zero
to a preset value. Elapsed time stored in an accumulate
register. Preset time range is 0.1 seconds to 999.9 seconds.
COUNTER. Programs an up counter. Counts up from zero
to a preset value which can be 1 to 9999. The  count
is stored in an accumulate register. Counters are retentive.

 2 rungs of logic;  rung enables the counter, the
second rung resets the counter.

 REGISTER. Programs a shift register which can be
128 steps in length or a number of shift registers of varying
lengths (128 bits total). Retentive. Requires 3 rings of logic;
(1)  (2)  (3)  can be  to shift

27.1 700.0

458.8 Register
27.1 706.8

465.6 Register

53.1 64.1
 For each

bit shifted

Note:  =  Points, IR =  Relay, SR  Shift Register

Table 5.2  a list of execution times for the Series One functions. Execution times are given in
microseconds.
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I/O

AND NOT
OR
OR NOT

STR NOT
SET
RST

Table  Series One Execution Times

36.5
36.3
38.7
40.8
42.0
38.1
38.1

 Timer Counter Inactive
32.7 37.5 36.0 84.0
35.1 39.9 40.8 88.8
34.5 43.5 36 84.0
36.9 45.6 40.8 88.8
39.6 48.0 89.4 89.4
432 50.4 97.2 97.2
42.6
42.6

MCS
MCR
SET OUT
OUT

SR
ANDSTR
OR

Inactive Active

35.2 35.2
37.8 37.8
49.8 49.8
43.8 43.8
69.6 115.8

103.5
55.2 66.9 + (1)
34.2 34.2
37.8 37.8

 N  number of bits shifted.
Table 5.3 is a  and description of the data operations that can be programmed, with a Series One Plus,
in addition to the basic ladder diagram functions listed in Table 5.1. A more detailed explanation of
each instruction is provided later in this chapter.

Table  Series One Plus Data Operation Instructions

Memory

DATA STORE. Loads accumulator with a binary or BCD 2
value which can be a 4 digit 
specified 2 byte reference.

DATA STORE 1.  the lower byte (least significant) of
 accumulator with the contents of a specified 1 byte

reference.

2

I
DATA  2. Loads  lower 4 bits of the accumulator 2

DATA STORE 3. Loads the lower 4 bits of the accumulator 2
with the lower 4 bits of a  1 byte 

Inactive Active

6 3

6 3

6 3

6 3

 Time

321.9
80.7 Register
14.3

140.9
63.8 Register

95.0 Register

 Register
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Table  Series One Plus Data Operation Instructions  Continued

 Time
Memory . (microseconds)
Words Active

DATA STORE 5. Loads accumulator with a binary or BCD 2 63 325.0 16 Point
value  tbe 2 byte contents of a 16 circuit (high density)
Input Module. Module

DATA OUT. The contents of the accumulator (2 bytes) 2 63 329.4
 to a specified 2 byte  (Output, Internal Relay, 52.6 Register

 Register Coils, Data Register or T/C Accumulate
Register).

DATA OUT 1. The contents of the lower byte of the 2 63. 160.1
accumulator are written to a  1 byte reference (Output, 39.1 Register

 Relay, Shift Register or Data Register.

DATA OUT 2. The contents of  lower 4 bits of the
accumulator are written to the upper 4 bits of a specified 1
byte reference (Output, Intemal Relay,  Register or Data
Register).

2 63 116.0
39.8 Register

DATA OUT 3.  contents of the lower 4 bits of the
accumulator are written to  lower 4 bits of a specified 1
byte reference (Output, Internal Relay, Shift Register or Data
Register.

2 63 108.1
SR

55.0 Register

DATA OUT 5. The contents of the accumulator (2 bytes) are
 to a specified 2 byte  Must be a 16 circuit

 Output module.

COMPARE.  contents of the accumulator are compared to
the contents of a specified 2 byte  (I,  SR, or DR)
or a 4  BCD constant.  coils turn on to reflect the
result of the comparison.

 772
Ace  777

 Data011 774

63 365.3 16 Point

Module

63 354.0
112.8 Register
57.0 constant

+ ADDITION  The contents of the accumulator are

2 byte reference which must be a valid BCD number (Input,
 Relay, Shift Register or Data Registers).

2 63 698.0
456.8 Register
262.0

 contents of a specified 2 byte
 (Input, Internal Relays,  Register, or Data

Registers) or a 4 digit BCD constant  the
 of the accumulator.

2 63. 557.0
3 15.8 Register
275.0 Constant

X  The contents of tbe accumulator
 multiplied by  contents of a specified 2 byte reference

(Input,  Relays, Shift  or Data Registers) or a 4
digit BCD  lower 4 digits of the result remain in
tk accumulator, the upper 4 digits  in registers 576
and 577 which is the  accumulator.

2 63 497 to 2851

(Register)
223 to 2576
(Constant)
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Table  Series One Plus Data Operation Instructions 

Memory .
Words Inactive Active

 The contents of the accumulator 
 by the contents of a  2 byte reference (I, 

answer  stored in the accumulator and the remainder is
stored in the remainder is stored in the auxiliary accumulator
(registers  and 577).

DATA AND (Logic product). The contents of the accumulator
are logically AND-ed with each corresponding bit of a
specified 2 byte reference (I,  SR, or DR) or a 4 digit BCD
constant. The result is stored in the accumulator.

63 1218 to 2851

742 to 2645

720 to 2577
(Constant

63 345.0
103.7 Register

 Constant

DATA OR (Logic Sum). The contents of the accumulator are
logically  with each corresponding bit of a specified 2
byte reference (I,  SR, or DR) or a 4 digit BCD constant.
The result is stored in the accumulator.

2 63 345.0
103.7 Register

 Constant

SHIFT RIGHT FUNCTION 80,  N BITS. Contents of
accumulator are shifted to the right by the specified number of
bits (l-15). Positions  which bits were shifted are filled
with

 81,  N BITS. Contents of the
accumulator are shifted to  by the specified number of
bits (l-15). Positions  which bits were shifted are filled
with

63 216 + 
of bits shified

63 220 + 13.4/N
of bits shifted

DECODE FUNCTION 82, DECODE. Decodes the lower 4 bits of the
accumulator to a decimal number  0 to  and places a 1
in  bit position in the accumulator which  to that
decimal number.

1 63 56.3

ENCODE FUNCTION 83, ENCODE. Encodes a bit in the accumulator
to a binary code representing the position  (0  and
places the binary  in the lower four bits of the
accumulator.

1 63 282.0

INVERT. The 16 bits of the accumulator  inverted; i.e., 1
to 0 and 0  1. Example:

1101 1001 0110 0111
inverted to

0010 0110 1001 1000

1 63 30.3

BIN BINARY. Converts a BCD value in the accumulator to a
binary code.

BINARY CODED DECIMAL. Converts a binary code in the
accumulator  a  value.

 2 0 ,  FAULT DIAGNOSIS. Allows
FAULT extemal &vices to be monitored for unwanted conditions. If a
DIAGNOSIS fault occurs a  4 digit  number is displayed on

the programmer. Multiple fault conditions can be monitored.

1 63 412.2

1 63 746.0

1 63. 355.3
114.0 Register
722 Constant

GEK-90842
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Programming Fundamentals
This section provides a guide for entering and using each of the instructions. The instructions are
presented in groups that correspond to their functionality. Table 5.4 lists the instructions grouped in this
manner.

Table  Series One/One Plus Instruction Groups

BASIC INSTRUCTIONS

STR, STR TMR,  NOT,

ANDNOTCNT
OR,ORTMR, ORCNT, ORNOT,ORNOTTMR,
ORNOTCNT
ANDSTR, ORSTR
MCS, MCR,
OUT, SET, SET OUT, RST, SET OUT RST (ONE PLUS ONLY)
TMR, CNT, SR

DATA OPERATIONS

SERIES ONE PLUS ONLY

MOVE

ARITHMETIC

LOGICAL

CONVERT

SPECIAL

 + 
 INV 

BIN  BCD  Shift Right 
 Left, 

 Fault Diagnosis 

Significance of References
Whenever programs are entered into any PC, they must be accompanied by reference numbers. These
references help to tell the CPU which function is specified. For example, which pushbutton controls the
starting of which motor? Which timer are you referring to? Reference numbers are a vital part of
programming, and in the Series One and Series One Plus are octal based; that is, they start at 0 and go
up to 7, then jump to 10; at 77 the next value is 100. They look like traditional decimal numbers, except
the digits 8 and 9 do not exist. Table 5.5 s the various reference values and their 
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Table  Summary of References

000-157  (Series One) 112 total
000-157 I/O points (Series One Plus) 168

(Series One Plus only)
Special Function Coils (Series  Plus only) 8

 Coils (Non-retentive) 112
Retentive Coils 28 (1)

374-377 Special Functions 4 (1)
Shift Registers 128 (1)

(4) Timers and/or 64 (2)
Counters

400-577 Data Registers,  (Series One Plus only) 64
124 Total if T/C references used as data registers

1. Retentive upon power failure.
2. Total maximum number of Timers and/or Counters.

 references are identical however, shift registers operate on bits, while data registers (located in a
 area of memory) operate on bytes.

4.  references  can be used as data registers, if they are not referenced as timers or counters.

Significance of Input/Output References
 modules can be placed in any mix desired; however, once installed the exact reference used in

programming is established by their physical placement. In other words, references are assigned to each
location by the operating system in the CPU, and therefore  for each location. As shown in the
example in Figure 5.1, the modules are numbered  zero (adjacent to CPU) towards the  through
all racks until the last module is reached at the left of the last rack. The exact reference is obtained by
appending the circuit number  to the module number. Circuit numbers depend upon the terminal to
which the field device is wired as discussed in Chapter 6. Table 5.6 summarizes available  references
for 8 circuit modules for your convenience. This table can be reproduced locally to form a part of your
system documentation. Notice that whether reference 005 is an input or an output depends upon which
module is inserted into the  slot adjacent to the CPU. Refer to the Series One family compatibility
guide in Appendix C for additional valid  references per physical location of modules.
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a 4 0 7 9 7
T O
107 057 047

T O T O
147

130
T O
137

TO

070
T O
077

T O

T O
107

030 020
T O T O

037 027
T O
067

T O
057

T O

 

130 120
T O T O T O
147 137 127

7 . 5

10  RACKS
 SFRYS 

o-7

02

20-27 lo-17

110-117

 I

J
12

 RACKS
(EXAMPLE-SERIES ONE)

Figure  I/O References Per Physical Placement for 5 and  Racks

NOTE

The addressing of slot 10 in a  rack is determined by configuration of the two bridge
connectors on the rack backplane.
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Table 5-6. Summary of I/O References for 8 Circuit Modules

 No. Circuit No. Reference Device Name Wire No.
0
1
2 002
3
4
5
6
7

0 010
1 011
2 0i2

01 3 013
4 014
5 015
6 016
7 017
0 020
1
2 022

02 3 023
4 024
5
6 026
7 027
0
1 031
2 032

03 3 033
4 034
5 035
6 036
7 037
0 040
1
2
3
4
5
6
7

0 050
1 051
2

05 3
4
5 055
6 056
7 057
0
1 061
2 062

06 3
4
5 065
6
7
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Table  Summary of  References for 8 Circuit Modules  Continued

Module No. Circuit No. Reference Device Name Wire No.
0
1
2

07 3
4

6
7

070

0
1
2

10 3
4
5
6
7

100
101
102
103
104
105
106
107

0
1
2

11 3
4
5
6
7

110
111
112
113
114
115
116
117
120

125

0 130
1 131
2 132

13 3 133
4 134
5 135
6 136
0
1
2

14 3
4
5
6
7

140
141
142
143

145
146
147

0 150
1
2 152

15 3
4 154
5
6 156
7 157



Table  of I/O References for 8 Circuit Modules  Continued

 No. Circuit No. Reference Device Name Wire No.
0 700
1 701
2 702

70 3 703
4
5 705
6 706
7 707
0 710
1 711
2 712

71 3 713
4 714
5 715
6 716
7 717
0 720
1 721
2 722

72 3 723
4 724
5 725
6 726
7 727
0 730
1 731
2 732

73 3 733
4 734
5 735
6 736
7 737
0 740
1 741
2 742

74 3 743
4 744
5 745
6 746
7 747
0 750
1 751
2 752

75 3 753
4 754
5 755
6 756
7 757
0
1 761
2 762

76 3 763
4 764
5 765
6 766
7 767
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Internal Coils
The internal coils are control relays that can be used to control logic in the Series One or Series One
Plus user program. However, their status cannot be provided directly to the I/O section. Retentive
relays are specialized internal coils that have their ON or OFF status retained during time periods that
the PC is not operating such as during loss of AC power. They use dual operations (set and reset) similar
to hard-wired latching relays. A switch  on the CPU module must be set to the ON position in order
for the internal coils, 340 to 377, to be retentive upon loss of power. If the switch is not set properly,
these coils will function as non-retentive coils.

Use of the Special Function Coils
Internal coils 374 through 377 are special purpose coils, in that they always perform specific internal
functions and also provide useful internal system status. Coil 374 is a  scan reset or power-up
indicator. Coil 375 provides a convenient way to program a 0.1 second clock pulse. Coil 376 can be
used to inhibit all hardware outputs, that is, outputs that are connected to user devices (programmed with
an OUT  instruction). Finally, coil 377 is an indicator of the operating status of the back-up battery
for the CMOS memory devices. This coil could be used as a contact to  on an output connected to a
light, bell, etc. as a visual warning of a low battery.

Shift Register References
A group of references (400 to 577) are used by the shift register. A total of 128 stages are possible and
they can be used as one large shift register or a group of smaller shift registers (for example, 3  30
stages and 2  19 stages) as long as the total number of stages does not exceed 128. Additional details
on all these functions will be provided later in this chapter.

Timer and Counter References
Another group of  references (600 to 677) are used with timers and counters. Any mix of timers or
counters totaling 64 can be used in a Series One or Series One Plus PC. Counters provide an additional
function, in that they can also control a sequencer with up to 1000 steps. Counters are retentive upon
power failure. References 600 to 673 can be used as  data registers if they are not used as T/C
references. T/C references 674-677 are reserved for Thumbwheel Interfaces or Timer/Counter Set Point
use only.

Data Registers
Data registers are available only with a Series One Plus PC. This is a group of sixty four  registers
which can be used for storage of numerical data. Data can be written to or read from the data registers
for use by the data operation instructions. Additionally data stored in the  can be used as
Timer/Counter presets. The references to be assigned to these registers are 400 to 577. Note that these
references are identical to the shift register references. However, shift registers operate on individual
bits  etc.), while the data registers operate on bytes and are located in a totally 
area of memory. A byte in the Series One Plus PC is a group of 8 consecutive bits and each register is 2
bytes in length. By using available T/C references, the total number of data registers references can be
up
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Flexibility in Using References

Although references are assigned to specific functions as shown in Table 5.5, there is some flexibility in
their use. I/O references not used by the hardware I/O section (for example, no module inserted into
that slot or circuit not wired up) can be used as internal coils. However, if expansion is planned for the
future, sufficient references to support that expansion should be reserved and not used in the current
programming. Retentive coils can also be used as internal coils if their retentive function is not

 However, typically the unique value of retentive relays does not justify their sacrifice for a few
internal coils. The shift register references can be used as a source for additional retentive or internal
coils if they are not used for shift registers or sequencers.

Operating Principles
Before discussing the details of programming and the use of references, some details on the internal
operation of the CPU can be useful. The majority of Series One and Series One Plus applications can be
solved and the programs developed without consideration of the internal structure of the CPU. How-
ever, some applications can be more efficiently solved if knowledge of the CPU operation is applied
while the program is being developed. The basic operation of virtually all PCs is referred to as a
scanning function. There are many hundreds of decisions to be performed in any program, and the CPU
cannot do all of them simultaneously. Similar to any electronic processor, it performs its operations one
at a time. However, the speed of performance internally, makes the external results appear to have all
operations accomplished at once.

The term scan is a method of describing how the CPU performs its assigned tasks (see Figure 5.2). It
begins at the  function, such as a relay contact, entered into the beginning of memory (address 0000).
It proceeds sequentially through all memory addresses performing all functions entered by the user (for
example, relay contacts, timers, latching relays, counters, sequencers, shift registers, etc.) until it reaches
either the end of memory (address 1723) or the end of the program as entered by the user.

During the scan the logic sets or resets coils, according to the instructions entered into the logic program
by the user. The status of these coils is immediately available to the next logic function. At the end of
the logic scan, the CPU gets input data  the input modules and provides new data to output
modules.

Next, the programmer, if connected, is serviced by making logic changes and/or updating its display.
After servicing the programmer, the CPU performs a check of its internal hardware and resets the
watchdog timer. The watchdog timer is a hardware timer set at 180  (milliseconds) to ensure that
memory  circuit faults do not cause the CPU to enter  endless loop because of hardware
failure. If a scan is not completed at least once every 180  (typical maximum scan is 60 msec), the
hardware will shut the CPU down turning outputs OFF. Finally, any forced I/O  be entered. With
successful completion of the internal checks, the CPU goes back to the start of the scan and continues its
scanning sequence with the logic function entered at address  This repetitive scanning operation is
performed from the time power is applied to the CPU until it is removed.

Total scan time includes user logic solution time plus overhead. The overhead time includes monitoring
functions, I/O updates and housekeeping tasks. The typical scan times listed in the specifications in
Chapter 1 assume that only basic instructions have been programmed (AND, OR, STR, NOT, etc.), they
do not include overhead. The  time is about the same (4 to 5  for Series One and Series
One Plus. This time must be added to the logic solution time to obtain the total real scan time.
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In order to achieve the maximum scan time, the monitor function should be disabled for both Series One
and Series One Plus programs, since the monitor function adds about 2  of overhead time when it
is active. Also the overhead of a Series One Plus is increased slightly when communicating through the
DCM, since both the Series One Plus CPU and DCM have been designed to provide a much higher
throughput than the Series One  combination. Additionally, timer and counter instructions in
the Series One Plus are slower than in the Series One because of the ability to use registers for preset
values.
The scanning operation is very basic to PC operation and should not be overlooked. It provides a very
useful verification of the CPU’s reliability. For details on troubleshooting, refer to Chapter 7. The
scanning operation also provides a fixed and definable sequence of logic decisions. Functions are solved
in the order programmed. The results of one function (for example, coil, timer, shift register, etc.) are
immediately available internally to the next logic element. In larger complex logic programs, internal
races can be eliminated. The user does not need to be concerned with the time delay relays required to

 or activate nor their variations (for example, a 4 pole vs 8 pole relay).

LADDER

SERVICE

PROGRAMMER

WA TCHDOG

ADD FORCED Vb

Figure  CPU Scanning Sequence

Programmer Functions
The basic programming language of the Series One and Series One Plus PCs is a simple relay ladder
representation based upon standard Boolean functions (AND, OR, and NOT). Throughout the discus-
sion of programming, examples will be used to illustrate the function described. The illustration of the
Programmer (Figure 5.3) will be used as a reference for these examples and specific key sequences will
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be provided so that the user can follow and demonstrate the example. A short-hand notation will also be
provided that is recommended as a simple method to document your program. A complete discussion of
the programmer is provided in Chapter 4. A brief overview of important keys is presented below to aid
the user’s understanding of the examples.
The keyboard has both upper and lower case functions similar to a typewriter. The numerical keys for
most progr  steps are accessed by  selecting the SHF (Shift) key to the upper right. Once
depressed, the SHF LED is lit (display center right) and then the appropriate numerical digit(s) can be
selected. The shift function is latched and will be released only by selection of the ENT (Enter) or CLR
(Clear) key. The SHF key does not have to be held down. The display window in the upper left reflects
either address or data information (not both) as the operation progresses. Typically, as keys are selected,
their  will light to display the function selected. Other important keys are

KEY FUNCTION

AND referenced status with previously entered logic (Series)
OR OR referenced status with previously  logic (Parallel)

START new rung of a ladder diagram
NOT or invert (i.e. make normally closed) contact referenced

 logic status to a coil, either output or intemal
 is selected as desired function

COUNTER is selected as  function
SET latching relay or shift register status
Master Control Start  begin control of master control relay
Master Control Reset  end control of master control relay

SR Shift Register  establish range of shift register
RST RESET latching relay or shift register status

F FUNCTION  specifies a data operation (Series  Plus)
R REGISTER  specifies a data  or  entry (Series One Plus)

 follows:

a41

Figure  Programmer for Series One and Series One Plus



Programming

Basic Ladder Diagram Format
Figure 5.4 illustrates a typical ladder diagram. Between two vertical power rails to the extreme left and
right, contacts are placed in horizontal strings or lines. Adjacent lines can be connected between
contacts by a vertical line to allow logic to be solved in parallel. The horizontal strings (series) of
contacts  equivalent to  For example line 1 can be described as: A and B and C must occur
before coil X is energized; any one reference can prevent the coil from energizing. Similarly vertical
contacts are in parallel and programmed as  Thus, line 2 is described as: D or E or F will energize
coil Y. Any one reference can by itself energize coil Y.

In the Series One and Series One Plus PCs, there is no internal limit on how many contacts can be
placed in series, nor how many in parallel. However, as a practical limit for simple programming and
system documentation, it is recommended that a horizontal string be limited to nine contacts and one
coil; and a vertical array to seven parallel lines.

D

E

F

POWER RAIL

OUTPUT

Figure  Typical Ladder Diagram

Concept of Power Flow

a42342

POWER
RAIL

One key feature of PCs is power flow. This is a conceptual flow of power used to visualize the operation
of coils, timers, counters etc. Referring again to Figure 5.4, the left hand power rail can be envisioned as
“hot” (connected to 115 V ac or  V dc) and the right as its associated “neutral” (connected to 115
V ac or -24 V The coils (e.g. X and Y) will be energized if there is a path for power flow from the
left leg to the coil placing the full potential across the coil. If there is no power (electron) flow, the coil
will be de-energized (OFF).

Power always flows  the left towards the right and will pass through normally open contacts if their
references  energized (ON) or  closed with de-energized (OFF) references. Power flow is
also allowed vertically either up or down between adjacent lines where parallel connections are
programmed. However, power can NOT flow from right to left at any time through contacts or
horizontal shunts.  feature g and prevents undesired sneak paths. However,
if hard wired  are replaced by a Series One or Series One Plus PC, it is possible some adjustments
may be necessary to the logic to either simplify the pro or to add sneak paths that may be a
basis for the relays functioning.
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Unlimited References
Another difference between PC g and hardwired relays is that any reference such as an input
or coil can be used on relay contacts as often as necessary. Since references are merely a unique series
of bits in a word of memory, they can be programmed wherever and whenever necessary. Now with
PCs, there is no need to count relay contacts and try to limit individual references to four or less
contacts; no need to plan to use form C relay configurations to squeeze two contacts  one pole. Any
reference can be envisioned as a relay controlling many poles providing both normally open and
normally closed contacts  operate without any time delay from pole 1 (closest to the coil) to pole
1000 (furthest away from coil).
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SECTION 2
Basic Instructions

Basic Instructions
This group can be considered as the basic building blocks for a relay ladder diagram. The instructions
reference discrete bits that are to be part of an operation, that is, a conditional contact or the end of a
rung, which could be an output or an internal relay.

How to Begin Programming
The easiest way to begin feeling comfortable with pro a Series One or Series One Plus PC, is
to enter one rung of logic with contacts in series that control a single coil. Physically connect input
devices (pushbutton switches, limit switches, etc) and an output device (such as a lamp) to the
corresponding terminals on an input and output module in the PC, turn the inputs on and off, and observe
the result on the output device.

Entering a Rung With Series Contacts
In the following program sequence, a rung of ladder logic is shown, then the keystroke sequence
required for entering the logic. Notice that when entering a numerical sequence, the SHF key must be
depressed before the number or number sequence. In the example, each keystroke is separated by a
comma. Numbers with more than 1 digit are grouped together for ease of interpretation.

Turn the mode keyswitch to the PROG g) position in order to enter the logic.

Enter  normally open contacts (1 and 2) in series controlling the state of an output coil (17). Both
contacts must be closed to tum on the output.

a40347

When input devices  to inputs 1 and 2 are closed, output 17 will tum on. The operating state of the
inputs and outputs, either ON or OFF, can be monitored by observing the  on the Programmer’s
logic display that  to the input or output.

Entering the Clear all Memory Sequence
After observing the operation of the series rung, the rung can be deleted by entering the clear all
memory sequence, or the rung can remain in memory, with the next rung starting  the next memory
address. The next memory address, assuming that  above rung was entered at address 0000, is 0003.
If you wish to clear tie contents of memory and start the next rung at address 0000, enter the following
key sequence.

 SHF, 348, DEL,
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When the clear all memory sequence has been successfully entered, the rung of logic that had been
entered will be cleared from memory. (Remember, whenever the clear all memory sequence is entered,
the entire contents of memory will be cleared).

NOTE

Be sure that you want to clear the complete contents of memory when using this sequence, there
is no recovery.

Entering a Rung with Parallel Contacts
Continue the simple program entry by entering a normally open contact (4) in parallel with a second

 open contact (20)  references the output coil (20). In series with these, add a normally
closed contact  then the output coil.

a40347

If an input device, such as a limit switch is wired to input 4, and the limit switch is closed, the output
would turn on. The normally open contact referencing the output would close and become a seal
contact, which would maintain the output in the on state, even if the limit switch wired to input 4 were
then opened. The output could be turned off, in this example, by momentarily closing a switch
connected to the closed contact, reference 5. Since this is a normally closed contact, it would open when
the switch is depressed, and the output would turn off. This logic is commonly used as a motor starter.

Entering a Simple Timer Rung
Next, enter two rungs of logic, the first ending with a timer, having a preset value of 30 
second  has an output controlled by the state of the timer coil. When input 11 is closed, the timer
begins  up from 0 towards the preset value of 30 seconds. When the accumulated value of the
preset reaches 30, the timer coil will turn on, contact  will close, and output 25 will turn on.

a40347
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Basic Relay Logic (Motor Starter)
With this background on the basics of pro a Series One and Series One Plus PC, Figure 5.5
provides a simple example to illustrate relay ladder programming. The references used were selected for
illustrative purposes and can be adjusted as necessary to meet your application needs.  is a simple
motor starter and seal circuit. An input module is assumed to be installed next to the CPU (005 = start
pushbutton input, and 006 = stop pushbutton). Adjacent to the input module is assumed to be an output
module (010 = output to motor starter). The program does not care whether these input and output
modules are 115 V ac or 24 V dc. The programmer keys to be depressed to enter this logic are also
shown in the figure. The start key begins a new rung of logic; this example and most that follow assume
an empty memory so the example begins at address 0000.
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Figure  Sample Relay Logic (Motor Starter)

Motor Starter Logic Description
The  reference is entered (STR, SHF, 5, ENT) and a normally open contact is established since the
NOT key was not depressed. Referring to Figure 5.5, the next function moving  the left (contact
005) to the right along the top line of the logic rung, is a parallel contact referenced as 010. Parallel
logic is represented by the OR function, which is selected followed by the desired reference (10) and the
Enter key to load the memory. Again moving to the right of the top line, the next contact is in series with
the logic completed so far. Thus the ANTI key is selected (for series logic). Since this contact is
normally closed, the NOT key is also selected followed by the reference 6 and the Enter key.
The final element of this logic is the coil or output of the rung. Selecting the Output key does not ensure
a “real world” output will be generated; it also must refer to an  reference and have an output
module inserted in the proper slot. To establish the rung output coil, the output key is selected followed
by the Shift key, the reference (10) and the Enter key. Outputs can be paralleled by entering additional
OUT functions immediately after the initial one.
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Normally Closed Input
After completing the logic of Figure 5.5, several features of progr  should be noticed. First, all
elements of the program are entered directly into CMOS memory as the Enter  key is depressed.
Thus, if power should be interrupted while a program is being entered or altered, it will be totally saved
except possibly for the one element being worked on. Second, there is feedback on the programmer for
all entries. Something happens (LED ON, display changes, error codes appear, etc) for each key
selected. Third, the logic is set up for inputs that are  normally open. If an input is wired normally
closed, an adjustment must be made to the symbol (NO or NC) used for that input. Referring to Figure
5.6, inputs sense voltage at their field terminals. They can not detect if a voltage is from a normally
open limit switch that is depressed or from a  closed pushbutton that is not depressed. Cover up
the two field devices wired to inputs  or 003. If you were the input module, and both applied voltage
to the field terminals, could you tell which was wired normally closed and which normally open?
Because of this, the programmer or system designer must compensate.

Figure 5-6. Example of Normally Closed Inputs

In a previous discussion, it was stated that inputs are like relays with many poles and you are selecting
which type of pole is to be used when you program. In the lower half of Figure 5.6, coil 002 is shown in
the de-energized position; however it is wired to a normally closed pushbutton. When you want power
to flow if the pushbutton is NOT depressed, which contact type do you choose, NO or NC? The answer
is normally open since coil 002 is always energized except when the pushbutton is depressed. There-
fore, in g with the Series One or Series One Plus PCs, a  open contact is
appropriate. If the stop button of Figure 5.6 were wired normally closed, its internal logic should be
normally open to compensate] However, this concept does not normally cause problems for the
programmer. Since PCs are  if an error is made and discovered when the system is
exercised, it is easy to correct
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Push-Down Stack
Two very useful functions are programmed using a  sequence, the AND STR and the OR STR.
The AND STR provides a common series connection between a block of logic and the OR STR
provides a common parallel connection for a block of logic. These instructions provide the connecting
links not allowed with any of the previously mentioned instructions. The logic used with this type of
operation is referred to as a push-down stack. The push-down stack can accommodate up to eight levels
(groups) of logic. A push-down stack can be thought of as a temporary storage  to allow the
combining of elements in series (AND) or parallel (OR) connections.  5.7 illustrates the use of
these functions.
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Figure  AND STR and OR STR Connections

The following pages contain a more detailed description of a pushdown stack and programming with
the AND  instructions.
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 Number The AND STR or OR  instructions logically AND or OR location number 1 in
the stack with location number 2 and writes the result into location number 1. In other words, these
instructions put one group of contacts in series or parallel with another group of contacts. This
instruction also moves the contents of positions 3 through 8 up one location.

 Number An OUT Y instruction sets Y to reflect the status of location number 1 in the stack. 
the status of location number 1 is ON  output Y will be turned off. If the status of location number 1
is  output Y will be  off.

NUMBER

1

2

Figure 540. AND  STR Example Number 1
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LOCATION

4
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Figure  AND  STR Example Number 2

Use of Retentive Coils as Latches
All coils referenced so far have not been retentive upon power failure. Thus if a non-retentive coil is ON
when power is removed  the CPU, it will be OFF upon reapplication of power (if Switch 1 on the
CPU module is ON).  special coil references  that  retained upon power
failure. Thus if they were ON prior to loss of power, they will be ON when power is restored; they will
be OFF while power is OFF since no scanning is being performed. In addition to these 28 references,
latches can be built using shift register references  that are not being used to perform shift
register functions. Either retentive coils  or shift registers  can be used to control
contacts, both normally open and normally closed wherever required.  special retentive function is
derived  their use as coils to complete or store the results of relay logic rungs.

Programming a Latched Relay
Latches require two separate functions or inputs similar to hard-wired relays, a SET  ON) and a
RESET  OFF). These functions are commonly referred to as latch and unlatch. If both are active,
the last one in the scan will be controlling the state of the coil. To turn on a latch, the function SET


































































































