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Note: An inrerface occurs when two systems come together and interact, or communicate. In the
case of the PLC, the communication or interaction is between the inputs (limit switches, push but-
tons, sensors, and the like), outpuis (coils, solenoids, hights, and so forth), and the processor. This
interface happens when any input voltage (AC or DC) ar current signal is changed to a low-
voltage DC signal that the processor uses internally for the decision-making prm‘fis;

PLCs are designed to be operated by plant engineers and maintenance personnel with limited know!-
edge of computers. Like the computer, which has an internal memory for ils operation and storage of
a program, the PLC also has memory for storing the user program. or LOGIC, as well as 4 memory
for controlling the operation of a process machine or dnven equipment. But unlike the computer. the
PLC is programmed in RELAY LADDER LOGIC, not one of the computer languages. It should be
stated, however, that some PLCs will use a form of Boolean Algebra to enter the RELAY LADDER
LOGIC:. A brief description of Booleéan Algebra will be covered in Chapter 18,

The PLC is also designed to operate in the indusirial environment with wide ranges of ambient
temperature, vibration. and humidity, and is not usually affected by the electrical noise that is in-
herent in most industrial locations.

Note: Electrical noise is discussed in Chapier 2.

Maybe one of the biggest. or at least most significant. differences between the PLC and a com-
puter is that PL.Cs have been designed for installation and maintenance by plant electricians who
are not required to be highly-skilled electronics technicians. Troubleshooting 1s simplified in most
PLCs because they include fault indicators. blown-fuse indicators, input and output status indica-
tors. and written fault information that can be displayed on the programmer.

Although the PLC and the personal computer are different in many ways, the personal computer is
often used for programming and monitoring the PLC. Using personal ¢computers in conjunclon
with PL.Cs will be discussed in later chapters.

A typical PLC can be divided into four components. These components consist of the processor
unit, power supply. the input/output section (interface), and the programming device.
The processor unit houses the processor which is the decision-maker. or “brain” of tbc system.
The brain is a microprocessor-based system that replaces control relays. counters, Umers, se-
quencers, and so forth, and is designed so that the user can enter the desired program in RELAY
LADDER LOGIC. The progcessor then makes all the decisions necessary 10 carry out the user pro-
gram, based on the status of the inpuls and outputs for control of a machine or process. It can also
perform arithmetic functions, dala manipulation, and communications bex:.vccn the Iqq_;al mpm::
output section, remotely located [/O sections. and/or other networked PLC systems. Figure 1-2
shows an Allen-Bradley PLC-5/40 processor unit.

Note: Some manufacturers refer (o the processor as da CPU or central processing unit.
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Figure 1-3 Allen- Figure 1-4 Modular (Plug-in) Power Supply
Bradley Separile (Courtesy of Gl Fanue Awlonmation)
Power Supply
(Courtesy of
Allen-Bradley)

The power supply ean be broken down into four basic parts as shown in Figure 1=5, The firsi
block, or section, of the power supply consists of a step-down transformer, The step-down trans
former reduces the voltage level of the incoming AC power. Many power supplies use a step-down
transformer that is also a constant voltage rransformer. A constant voltage transformer mantains @
constant outpul ‘ﬂ‘.l]l:lgu, gven il the meoming power 15 Nuctuatng. The second portion of the
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analog sensors, thumbwheels, selector swilches. etc.. while the real-world output devices (0) can

be hard-wired to motor starter cojls, solepoid valves, indicator liehts. positionine valves, and the
like. The term real world is used 1o separate actual devices that exist and must be physicalls _*:
as compared 0 the mtemal functions of the PLC system that duplicate the Jr*"|_
timers, counters, and so on. even though none physically exists. This may seem a bit rance znd
hard to understand at this point. but the distinction between what the processor can do '.'ﬂ.*:::-"r;.‘-l .-—
which eliminates the need for all the previously-used control !'EL";}*. Limers, counters ',_..—_'{ <0

forth—will be graphically shown and readily understandable later in the text.

Real-world mnput and output devices are of two types: discrete and analoe. Divcrere VO devices
are etther ON or OFF. open or closed. while analog devices have an infinite number of p

values. Examples of analog input devices are temperature probes. and pressure indic tors. The
input from an analog input device (varying yoliage or current) is converiad
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to-Digital Convernter (ADC). The conversion value is propomnional to the anal
stored 1n memory for later use or comparison. Limit switches. push buttons, and
amples of discrete inpui devices.
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Examples of discrete outpur devices are motor starter coils, solenoids. and indicator lamps. Analog

output devices require varying voitage or current fevels to control the anzlog output. The varying
value will be accomplished using a Digital-to-Analog Convenier (DAC). The analog oalpul nos-

mally is isolated from the output logic circuitry by means of optical coupling.

Note: Opiical coupling will be discussed in detail in Chapier 2.

A reference was made earlier in this chapter to the I/O section as an interiace. Alinough not a com-
mon reference. it is an accurdte one. The DO section contains the circuilrn) D Convert
input voltages of 120-240 V AC or 024 V DC, eic.. from discrete mpul devices 1o lov level DC
voltazes (typically 5 V) that the processor uses internally to represenl the status o2 condition 0
OFF). The /O section can also convert 420 milliampere (mA) input signals to low-level DC volt-

ages for the processor. Similarly. the output moduie changes low-level DC signals fiom the proces-
sor to 120-240 V AC or DC voltages required [o operate the discrete output devices. This is a bret
red to LL) AL
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overview of the I/O section and its function. How input and output devices a
ules and more information about the module circuitry itself is covered in Chapler
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The programming device is used 1o enter the desired program or sequence of operation 1010 1he
PLC memory. The program is entered using RELAY LADDER LOGIC. and it is this program that
determines the sequence of operation and ultimate control of the process equipment or dnVea
chinery. The programming device can be any one of three types: hand-held: dedicated: or personal
computer. The personal computer, or PC, is the most commaon programming device.
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The hand-held programmer uses either LED (light emitnng diode) or LCD (liguid erysial _Jz.-—
play). The hand-held programmers are small, lichtweight, and convenient 10 use in e held
(Figure 1-7). The small size. however. limits the display capabilities. which 1n tum limats its effec-

tiveness for reviewing the program or using the programmer for troubleshooting.
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Figure 1-8 Programming Terminal
(Courtesy of Allen-Bradley)

Figure 1-9 Laptop Computer Connected to a Siemans
SIMATIC T1305
(Courtesy of Siemens Industrial Automanon)
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Objectives

After completing this chapter, you should have the knowledee 1o
* Describe the I/O section of a programmable controller. :
* ldentify DIP switches.
* Describe how basic AC and DC input and output modules work.
* Define oprical isolarion and describe why it is used.
Describe the proper wiring connections for input and output devices and their corre-
sponding modules.
Explain why a hardwired emergency-stop function is desirable.
Define the term interposing.
Describe what /O shielding does.
List environmental concerns when installing PLCs.

aX ¢ computer language.
m over the traditional hard-wired control system’ /O SECTION

-omp ponents of a typical DC power supply. The input/output section, or I/0 section. is the major reason that PLCs are so versatile when used
with process machines or driven equipment. The I/O section has the ability to change virually any
type of voltage or current signal into a logic-level signal (tvpically 5 V DC) that is i_-ﬁmp;;ti":‘l-:
with the processor. The /O section automatically makes the conversions necessary for the proce
Sor {o inlerprel mput signals and to activate output devices. even when the input and output de-
vices are of various voltage and current levels,

A DC input module, for example, can be used with a 12V DC proximity switch 1o tum on a 240 V
AC molor starter coil that is connected to an AC output module. The conversion and interfacing is all
accomplished automatically in the 1/O section of the PLC, and it is the ease with which the interiac-
ing is accomplished that has made the PLC such a viable ool in industnal and process control

The input modules of the 1/0 section provide the status (ON or OFF) of push buttons, limit
switches, proximity swilches, and the like, to the processor so decisions can be made (0 control the
machine or process in the proper seguence. Qutputs, such as motor-starter coils. indicator lights,
and solenoids are interfaced to the processor through the output section of the VO. Once a decision
has been made by the processor, a signal 1s sent to the output section (o control the flow of current
to the output device. In general, the statos of the inputs are relayed o the processor and h-“_’-"d o
the lﬂgi{' of the pragram that has been wrilten, a decision 15 made o turn the oulpuls 1O ON or

11
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If more /0O Eii:piiblill}’ 18 required or different voltages are needed. expansion units with varions
/O uunf!gumlmn can be added. Figure 2-2 shows an Allen-Bradley SLC 500 20 fixed /O con-
troller with an optional two-slot expansion chassis. :

Figure 2-2 SLC 500 Fixed I/0 Chassis with Optional Two-Slot Expansion
{Courtesv of Allen-Bradley)

Small PLCs with fixed [/O wypically have a discrete mput and output seciion. As discussed 1
Chapter 1. discrete-type I/O signals are ON or OFF and do not vary in level. When a 120 'V Iinut
switch ¢loses or is ON, the signal to the input section will be 120 V and 0 V when the switch is
open (QFF). Discrete 1/O is sometimes referred to as digital VO, whereas digital signals are either
@N or OFF. and do not vary in magnitude once the signal is established. An analog-type signal,
on the other hand. will vary in magnitude and be constantly changing based on control variables in
the process. A pressure transducer that sends a 20-milliampere signal at 500 psi or a 10-
milliampere signal at 250 psi is an example. Many manufacturers offer analog expansion units that
can be added 1o their fixed /O PLCs.

While these PLCs are small in size. they are big on features. Most include full-feature instruction
sets that include timers. counters. sequencers, shift registers, word moves. data compare, and
much more. One should consult the specific dealer for a full list of features,

As the cost of these compact units have decreased. their use has increased. The OIS are S0 com-
petitive that any control processes that use only a small number of relays and/or imers can now be
accomplished using a small PLC. The use of a small PLC not only saves mongy. but also gives
added reliability and flexibility,

Because of their shape and size, the term “shoebox™ or “brick™ is often used by manufacturers and
users alike when referring to PLCs with fixed //O. Figure 2-3 shows the Modicon Micro and the

expandable Modicon A120. Note the relative size com pared to the ball-point pen.
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Figuﬁ: 2-5 Local Back with Processor and Three Remotle O Barks
(Courtesy of Allen-Bradiey)

Whether local or remote, racks normally have jumpers of switches that have to be set or conlig-

ared in order for the racks (o commMUNICate with the processor. A common switch nsed for rack
configuration is referred 10 as a DIP switch. DIP is short for Dual-In-Line Packase. a COMITON
electronic package design, or style, for use on printed circuit boards. These DIP swiiches are €
ther ON or OFF, and when set in the proper sequence, are used to assign an address 10 a rack. suc
an Rack 1. Rack 2, Rack 3, etc. DIP swilches are aley used Lo set fault parameters as well as other
processor funetions, DIP-switch settings will be specified b) the PLC manufacturers and are found
in the installation manual.

-

Note: Under no circumsiance should a pencil be used to change a DIP-swich F”“”"I'”- .T’:‘:’
yraphite in the pencil tip can break off. causing the switch 1o chort. Instead. wuse the tip of @ DA-
poini pen or ather nonconducting pointed abject 10 change swilch postions.

4 1/0) Rack with Processor

DIP switches are generally mounted on a printed circuil board located in the back of the /O rack
ar chassis. This printed circuit board is often referred 1o as the backplane. Figure 2-6 shows a
backplane printed cireuil board and a DIP-switch group assembly.

| odules Installed
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Figure 2-9 shows how the input module (Figure 2-8h) s installed in the VO rack

LOCKING BAA PN,

Figure 2-9 Installing a Module in an /O Rack
( Couriesy of Allen-Bradley)

After the input modules have been installed in the /O rack. they are r
input device connected (o their terminals or % inng arms (Figure Z—| H-

Figure 2-10 /O Module Field Wiring Arm
(Courtesy of Allen-Bradley)
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neutral, or grounded potential (L.2), for AC modules and the negative (—) for DC modules. Consult the
literature that comes with each input module to ensure that the correct wiring connections are made.

Figure 2-12 shows two simplified circuits. In the first. or traditional circuit, the input device (single-
pole swatch) is connected to, and controls, the light. In the PLC circuit, the input device is con-
must be connected ! nected to the input module instead of the light. The module converts the 120 V AC input signal to
the line in ungrounded applications or for

the e 5 V DC, and communicates the status of the single-pole switch to the processor which, in turn,
additional filtering of nolsein grounded systems controls a light that 1s connected to an output module.

Terminal A must be connected to L1 to balance

| L1 L1 12 L1

~

+— OO D:: T—O’ O—

F

TRADITIONAL
A

PLC(B)

Figure 2-12 Traditional Wiring for Single Pole Switch (A) Compared to PLC Wring (B)
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i | @201 Figure 2—1;# shows a-‘simpliﬁed diagram for a.t;ﬁ?ical DC input module. With the exceplion qt’ the
.|ﬁ"f-**1r?;}I , M.- ']' I bridge rectifier used in the AC h_mm:lule. _{hv:-: Pnnmple_s_ are the same, REﬁlstnFﬁ are used m lower, .G-Ir
nputi3: IIT_— drop, the incoming voltage. Filtering circuits condition the low-voltage signal and add un_ad-.h-
DUt 14 ik ' tional delay in the response time. This period of delay is slightly less than the delay used in the
AC input module, but it is also used to verify that the signal received 15 a valid signal of a proper

duration. and not a signal caused by electrical noise, voltage transients, or the like.
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Figure 2-13 Simplified Circuit for DC Input Module with Indicator Light
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Discrete Output Modules

The purpose of a discrete output module is 1o control the current flow to real-world devices such
as motor starter cotls, pilot lights, control relays. and solenoid valves, As was true for the discrete
input module, the discrete outpul module also works on a digital, or ON and OFF. basis. When the
processor has made a'decision (o turn a specific device ON. the processor places a | in the mem-
ory location assigned to that output device, and later in the process, the informalion is communi-
cated by way of the backplane of the /O rack to the output module, and the required real-world
device will be turned ON. Similarly, when the processor determines thal a device needs 10 be
turned OFF, a 0 1s placed in the device’'s memory location and the device will be tumed OFF, The
putput module acts like a remote control switch that s controlled by the processor for wrming out-
put devices ON and OFF. - .

QOuiput modules are generally classified as AC and DC. Both types offer a wide range of voltages.
typical for the input modules discussed earlier. Read the information sheets carefully to determine
that the module selected is appropriate for the load (output device) that is 1o be controlled.

Output modules are sized by the number of output devices that can be connected 1o them. The
number of terminals, or points, for connecting output devices are typically 8. 16, and 32. Output
modules have a current rating for each terminal or connection point. as well as an overall raning
for the module. The individual terminal rating indicates the maximum current. or load, that can be
controlled. This rating is a continuous duty rating. A surge rafting is usually provided. indicating
the maximum current that can be controlled and the length of time. The time raling may be given
in milliseconds or in cycles. A typical current rating for a 120 V AC output module would be: 1.5
amperes maximum continuous duty, with a surge current rating of 4 amperes for 8.3 msec (12
cycle).

The surge current rating is necessary for the inrush, or “pull-in.” current that 1s present when
motor starter coils. solenoids, and other inductive loads are initially energized. Once the load has
been energized. the “hold-in,” or “seal-in." current is much less. and the continuous duty rating of
the module is sufficient.

Each module also has a total current rating. The total current rating must be delermined from the
manufacturer’s literature, not by simply adding the ampere rating per point. To further clarfy this
point, consider the rating of one manufacturer’s 16-poini 120 V AC output medule. Each point Is
rated for 2 amperes continuous duty, yet the maximum current rating for the module is only 8 am-
peres. Why is the total rating not 2 amperes times 16 points, or 32 amperes? The answer has o do
with the way the module dissipates the heat generated by the current flow in the module. Normally.
no fans or other external methods of cooling are used, and the heat that is generaled W ithin the mod-
ule is dissipated using heat sinks. Heat sinks work on convection alone, and this limits the amount of
heat that they can effectively dissipate. The total current rating that a module is given. therefore. s
determined by the ability of the module 1o dissipate heat. Thus. the lower current rating of the 16-
point 120 V. AC module shows that the module can only satisfactorily dissipate the heat from 8 ani-
peres of contindous current How, not the full 32 amperes that would be possible if all loads were
operating at the maximum 2 amperes rating. In reality, however, how likely is 1t that all 16 loads con-
nected to the module would be on and operating at their full Z-amperes capacity”
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butlds up 1n the circuit. If the voltage rises oo fast. the capacitor absorbs. and the resistor dissi-
pates, excess voltage. The metal oxide varistor (MOV) is designed to break down, or conduct, at
certain voltage levels. Ina 120 V AC circuit, the peak voltage is approximately 170 V. The MOV
would typically be sel to break down at 190 V. When the MOV conducts, it i:l"tph' the excess volt-
age and thus prevents damage 1o the module,

Triacs constructed of a solid “block of material™ have some charactenstics that are not found with
standard relay contacts. The Triac, rather than having ON and OFF states, actually has low- and
high-resistance levels, respectively. In its OFF state (high resistance), a small leakage current still
flows through the Triac. This leakage current, which is usually only a few milliamperes or less, nor-
mally causes no problem. When low-resistive pilot lights are connected to AC output modules, a
faint glow of the filament may be detectable, even when the medule is OFF. Similarly, the coils of
some small control relays or solenoids may produce a detectable hum dug 1o the Tnac leakage cur-
rent, even though the Triac is technically OFF. This small leakage current also causes false readings
in some digital and analog meters. Troubleshooting techniques for triacs are covered in Chapter 20,

While Triacs are capable of carrying surge currents higher than their continuous current ratings,
such surges must be of short duration (1/2 to 1 eycle) and not repetitive. Exceeding the manufac-
turer’s listed surge values or the maximum continuous current rating, usually referred 10 as maxi-
mum RMS on-state current, results in a permanent short circuit.

After an output module is installed in the [/O rack, the actual real- world output deviees are con-
nected, Figure 216 shows the proper termination for an 8-circuit AC output module. Each output
device has two wires; one wire from each output device is wired to the L2 [‘It}lt.['l{ld] The other wire
from each device is wired to one terminal of the output module, as shown in the figure. L1 18 then
connected to a common terminal on the module to supply the other potential for the output devices.

L1 L2

L

—*&‘L—o—

—O¢| -0

Figure 2-16 Field Wiring for AC Output Madule
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?Ew;? MODULE ACTIVE INDICATOR (GREEN)
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Figure 2—18 AC Output Module with Blown-Fuse Indicator Light
(Courtesy of Allen-Bradley)
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L FUSE BLOWN INDICATOR (RED)

As you may expect, access to the fuses for changing blown fuses varnes with the manufacturer.
Some modules must be removed from the /O rack and a cover removed before the fuses can be
changed, while other modules provide direct access to the fuses on the front edge of the module.
For modules that must be removed to change fuses, electricians or technicians must be sure (o tum
the power OFF before removing or reinserting the module.

It is important that when a blown fuse is removed, its replacement fuse be of the same voltage rat-
ing, amperage rating, interrupting rating, response time, and physical size, as recommended by the
manufacturer.

To speed troubleshooting and fuse replacement, many plants now add additional fuses to each out-
put eircuit. Terminal blocks are available that have built-in fuse holders and individual blown-fuse
indicators., A separate fuse can then be wired in series with each output device. external to the out-
put module. The fused terminal blocks are then mounted in a convenient location for easy access

and troubleshooting.

Status Lights

Status lights are provided for each output point (o indicate when that point has been turned ON.
For troubleshooting purposes, it is important to understand how these Status hights are wired. .” the
power for the lights comes from the processor side of the module, an illuminated light indicates

that the: processor has sent a signal [o tum ON the output attached ta that particular point. It is not

anindication that current is flowing to the output device. If the status light is powered from the dc-
tual output power, then itis an indication that current is flowing to the output device.

Some modules have two status lights. One is referred Lo as the _tugi-f: light, and the other as l‘ht: out-
put H‘ght. When the logic lamp is lit, it indicates that the logic to turn on the output device has
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There are some manufacturers that do not use the physical Keying system, bul rely on software
configuration to prevent inadvertent or accidental replacement of a wrong module, Each module is
given a unique “signature” that is relayed (o the processor. If the signature does not match the soft
ware configuration, a fault will occur and prevent the PLC from operating.

DC Output Modules

DC output modules are basically the same in operation as AC output modules. The dilference is
the use of a power transistor instead of a Triae for the control of output current. The power transis-
tor has a quicker switching capability than the Triac; therefore, the response time for DC modules
is faster than for AC modules. The RC circuit and MOV used in the AC output module is replaced
DS dicl) with a diode to provide protection from electrical noise and spikes, A typical DC output CIreut 15
] R Wi T TR e R J 1 14T » -L_,_j‘j
3. Protective cover shown in Figure 2-22.
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Figure 2-22 Simplified DC Output Module Circunl
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Figure 2-20 Backplane Connector Keyving
Diagram
(Courtesy of Allen-Bradley)

There are some manufacturers that do not use the physical keyving system. but rely on software
configuration (o prevent inadvertent or accidental replacement of a wrong module. Each module s
oiven a unique “signature” that is relayed to the processor. If the signature does not match the soft-
ware configuration. a fault will occur and prevent the PLC from operating.

DC Qutput Modules |
DC output modules are basically the same in operation as AC output modules. The difference is
the use of a power transistor instead of a Triac for the control of output current. The power transis-
tor has & quicker switching capability than the Triac: therefore, the response time for DC modules
is faster than for AC modules. The RC circuit and MOV used in the AC output module is replaced
with a diode to provide protection from electrical noise and spikes. A typical DC output circuit is

p I T

shown in Figure 2-22.
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Figure 2-22 Simplified DC Output Maodule Circult
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Figure 2-25 Input Module Sinking Application Figure 2-26 Output Module Source Capability

Figure 2-27 shows an output module wired negative, and the output device wired positive. When the
output device (outside world) provides the current to the module. the module is referred to as sinking.

There is always a great deal of confusion surrounding sourcing and sinking as it applies to input
and output modules and devices. As a general rule. sinking modules are used with output modules
when interfacing with electronic equipment (TTL or CMOS compatible). while sourcing modules
are used for such DC loads as solenoids. The safest way to make sure that connections to DC de-
Vices are correct is to ignore the terms sink and source, and select a module that works for the ap-
plication, based on the manufacturer’s specifications and wiring diagram.

DC OUTPUT
CONVENTIONAL S
CURRENT FLOW
(+) <
LOAD
N
< {\H - <« (+)

Figure 2-27 Qutput Module Sink Capability
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Heed Relay Output Module
The recd relay pe output module is used when dry reed relays are desirable They may be used
for low-level swilehing (small current - low voltsge), misltplexing analog signals. or for interfa ing
controls with different voltage levels. The vollage range of the reed relay contacts are nnr:rm!t; f:l
the range of 0130 V AC or 0-125 V DC with a current rating of | ;;rnpr:r-.* Reed relay output
modules are cheaper than normal solid-state ACIDC output modoles and are H*-.lid“‘.'rr:;gnm—
mended when indicator lamps are the output devices, Reed relay modules are available :.r.nh nor-
mally open (N.O.) contagts, normally closed (N.C.) contacts, or 4 combination of both N.O, and
NLCL contaets, again depending on the manufactures

Transistor-Transistor Logic (TTL) I/0 Modules

TTLE Input modules are designed to be corpatible with other solid-state controls, sensing instry-
ments, many types of photoelectric sensors, and some 5 V DEC level control devices, TTL ouiput
madules are used for interfacing with discrete or integrated circuit (1) TTL devices, LED dis-
plays, and various other § V DC devices.

ANALOG I/O MODULES

/'Hl}lhlg input moddules are used 1o convert analog signals from analog devices that sense such variables
b temperature, light intensity, speed, pressure, and position o 12-Bit Binary or o 3-digit Binary-
Coded Decimal (BCD), depending on the manufacturer, for use by the processor. The conversion [rom
analog to digital is accomplished with an Andlog-to-Digitsl Converter, or ADC. The analog outpu

module changes the 12-Bit Binary or A-digit BCD value used by the processor into analog signals using
o Digitalo-Analog Converter, or DAC, These danalog signals can be used for speed controllers, signal
amplifiers, or valve positioners, Binary and Binary-Coded Decimal (BCD) is covered in Chapter 6,

Figure 229 shows an analog input module and how the anals g signal source 15 wired.

e

CHANNEL 1 |TTIELT () =
CHANNEL 2 || SIGNAL
CHANNELS |l — SOURCE
CHANNEL 4 || jf .......
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SUPPLY COMM/SIC BTN
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A5V

vV
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ALIN THIS USER POWER
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Figure 2-29 Analog Input Module (Courtesy af Allen-Bradley)
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Figure 2-32 Rack Fans Mounted Under Rack to Aid Cooling

When the temperature is expected to go below 32°F. a thermostatically-controlled heater is used
inside the enclosure to prevent condensation.

Dust can also cause a problem in the I/0 rack when it accumulates on the electronic components
of the modules, power supply, or processor, Accumulated dust prevents the compenents from dis-
sipating heat effectively. A dust-tight enclosure with a cover and gasket can be used to prevent
problems that too much dust can create. It is important to remember that any enclosure nsed to
house PLC components must be large enough to allow for proper air circulation and heat dissipa-
tion. If the enclosure is too small, the heat will build up inside the enclosure and have a detrimen-
tal etfect on the electrical or electronic components. The installation manual usually specifies the
minimum size of enclosure that can be used.

Excessive vibration can also lead to early component failure. It is important 10 mount PLC equip-
ment on solid, nonvibrating surfaces. Vibranon affects from equipment must be minimized 1o as-
sure proper longevity for the equipment.

Humidity, while normally not a problem, must be considered when installing a PLC. Allen-Bradley,
for example, rates their PLCs for operation in & humidity range of 3%—95% (without condensation).
Some manufacturing processes, however, create high humidity (high moisture content) conditions.
Exposing electronic equipment to extremely high humidity environments over an extended period
of time can reduce component life and affect operation, Evaluate the environment carefully and

mount equipment inan area that minimizes the exposure to high humidity and moisture.
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iﬂpﬂl&ﬂd ouput modyle. Isolation ﬂf the electrical noise is accomplished by installing an isolation transformer for the PLC
system (Figure 2-34) to supply the power for the controller and the input circuits. The figure

shows a constant voltage transformer. but 2 standard step-down transformer of the proper size also
effectively isolates electrical nojse.
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ays, vidual motor starters, motors, and solenoids, These suppression devices can consist of an RC cir-
- { - W - : = =

'-+ aoEsc Mﬂlﬂr ez, and cuil (resistor/capacitor), a Metal Oxide Varistor (MOV) or a MOV und RC combination for AC

3 W,

| .HI 1'_}'3' ﬂljid i onuacts loads and a diode for DC coils. The collapsing magnetic field of the inductive dcvic‘e 5. in 4 se:]:fe.

(e can b R s e (he dissipated by the suppression network and reduces the effects of EML Figure 2-35 shows typical

s wwlh Jllld Rty e o installations of the various types of suppression devices,
I..”I'it :1 Eﬂlddﬂiu}:,[- (O '
“"|~”“ [ipise The type of surge suppressor to use depends on the size and type of load. An equipment represen-
"_"'Iir:;"l; ::iir' i ';‘;ﬁ:" o, re- tative or local electrical distributor should be consulted for help with selection and application.
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Figure 2-36 Typical Equipment Grounding Configuration
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Figure 2-37 Detail of Grounding Lug Attachment to PLC

. 1/0 Shielding

Certain /0 modules such as TTL, analog, and thermocouples require shielded cable to reducg the
Iéffecté- of electrical noise. The cable shield, which surrounds the cable conductors, shields the con-

ductors from electrical noise.

When installing shielded cable, 1L1s important that the shield only _be erounded at u:-!m::- en:j‘Llit 1;?;
Sﬁiéld .is-'gll‘nunde:l at both ends, a ground lopp is created and can introduce ground currents

may result in faulty operation of the processor.
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Figure 2-39 Shields Connected to Ground at One End Only

Additional methods of noise reduction are as follows:

* Mount equipment in steel metal enclosures, when possible, because metal helps proteet
against electromagnetic interference (EMI)

* Separate I/O and PLC wiring from the motor and other large loads to reduce the possi-
bility of induction in the control circuits. This is usually accomplhished by installing the
control wiring in one raceway, or cable-tray, and the power circuits in another raceway
or cable-tray with physical distance or separation between the two

Chapter Summary

The I/O rack houses the individual input and output modules that are connected to real-world devices.
The input modules act as an interface between the actual input devices and the processor, while the
output modules act as an interface between the actual output devices and the processor. The status
(ON or QFF) of the input devices is communicated to the processor; the processor makes a decision.
and in turn communicates to the output modules to tum ON or QFF the output deyices that are con-
nected to the output module. The processor may be connected to the VO rack by way of an intercon-
necting cable(s). through a bus duct. or it may be mounted in the same rack as the VO,

The I/O section is divided into two categories: fixed and modular. Discrete VO modules operate on
digital, or ON and OFF signals, whereas analog /O operates on a variety of signal levels and
types. Input and output medules are available in a variety of voltages and normally can control §.
16, or 32 individual input or outpur devices. Optical coupling, or 1solation, is used to protect the
low-voltage (5 V DC) side of the processor from the line-voltage input and output signais that can
be as high as 240 V.

AC output modules typically use Triacs for switching ON and OFF the actual output devices.
Triacs when in the high-resistive, or OFF state, have a small leakage current that flows through the
output device. When Triacs fail, they normally fail in the ON condition. Fuses used for protection
of output modules are carefully selected by the manufacturer for current and time chariclenstics.
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1'l. E-Stop refers to

d. extra stop

b. emergency stop
C. every slop

d. elevator stop

e. energy stop

12.T F Elf:urcnrn.:tgnenr: interference (EMI) can be reduced with the proper srounding of
equipment.

13. Solid-state output devices tend to

a. never fail
b. fail'in the open or OFF condition
¢. fail in the shorted or ON condition
d. not be affected by overload
14. List three environmental considerations when installing PLC equipment.
15. What type of tool or object should be used to change the position of DIP switches?




e

_— Processor Unit 47

Processors a:g available that control as few as 8. or as many as 40,000, real-world inputs and/or
outputs. -Thﬁ size of the processor unit to be used is dependent on the size of the processies) or dri-
ven equipment to be controlled. The larger the number of input and output devices that are re-
guired for the process, the more powerful the processor must be 1o properly control the number of

R - o I/O that will be connected. One PLC can control more than one machine or process line and is
o nrlilr - limited only by the I/O required. phy

ysical distance, and memory capacity of the PLC used.
Note: It is difficulr 1o discuss Processor umit ¢
Jfrom the various manufucturers. The dis

onfiguration due 1o the differences in PLC hardwere

cusston that follows is general and is not intended 1o cover
all the PLCs on the market today, It should also be noted that when pictures are used 1o illustrate o

given configuration or concept, one of a particular manufacturer's models is illustrated: ho
the manufacturer also has other models lareer and/or smaller and in different

should have he know lex e 10 THE PROCESSOR

WEVETR

configurations.

The processor may be a self-contained unit. or may be modular in design, and plug directly into the
T scan. I/Oirack as shown in Figure 3-2. Whatever the configuration, the processor consists of a micro-
pe -;'Ea_u';:jﬁi:_’gfl.-".i Lt processor, memory chips, circuits necessary to store and retrieve information from the memory. and
e watchdog timer. communication circuils required for the processor to interface with the programmer. printer. and
e 1gns.. - other peripheral devices. The memory and communication circuits can be modules separale from
wo broac calegones of mi ry use. the microprocessor module. The actual hardware configuration will depend on the PLC.
al devices that are used with a programmable controller.

processor. memaory modulels), and the communications cir-

yperate and commaunicate with the /0 and other periphera
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Figure 3-2 Allen-Bradley SLC 500 with a SLC 5/01 Processor (CPU) Installed
gurat o (Courtesy of Allen-Bradley)
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The scan 5 conlinuous and the four-step process is repeated over and over every few milliseconds
To summanze, the four steps of the scan are: . I

L. Determine the status of the input devices (ON or OFF).

2, Read and solve the logic of the program (ladder logic),

3. Update the output devices (turn ON or OFF).

4. Evaluate communications and housekeeping procedures.

The time it takes (o complete one scan will vary from a fraction of a millisecond to 100+ millisec-
onds, depending on the size of the program. Each manufacturer lists the scan time based on the
use of IK of program memory. A typical scan time is 3-5 msec per 1K (1,024 words) of memory
used. Scan time is also affected by factors other than just the amount of memory that was used in
the program. IF a program that 1s written to control a particular piece of cquiiamcm uses 1K of
memory with a 5 msec scan time, the program 1s scanned approximately 200 times each second.
Increasing the size or complexity of the cireuit uses additional memory, and extra words (memory)
inerease the scan time. A program with 3K of memory takes approximately 15 msec for each scan.

The use of remote 1/0O racks also increases the scan time. The added time 1s required because the sta-
tus of the input devices must be transmitted from the remote 1O location to the processor location.

Note: As part of the processor's internal self-diagnostic system, a watchdog timer is used. The
warchdog timer is preset te.an amount of time that is slightly longer than the scan time would be
under normal conditions. At the start of each scan, the watchdog timer is turned ON and starts (o
accumulate time. If the program is correct, the program scan will be complered prior 1o the rime
set on the watchdog timer, and ar the end of each scan, the watchdog timer s reser to 0. If for
some reason the program scan is not completed in the allotted rime, indicating thar there is a
problem with the program, the watchdog timer will time out, which puts the processor nito a
faulted condition. The range of the timer is software selectable (adjustable) on many PLCs.

Normally, before any output devices can be turned ON or OFF, the processor has (o scan the entire
program that is in user memory. The program may be only a few rungs long or it may be hundreds
of pages in length, depending on the equipment that is being controlled. Some input devices oper-
ate so fast that by the time the user program can be read and solved and outpuis updated; the inpul
device may have changed positions more than once since the processor originally determined 1ts
status at the start of the scan. The same may be true for an output device that needs 1o be updated
sooner than a regular scan will allow. To solve this problem, miny PLCs have special proggam in-
structions that allow critical or high-speed input and output devices to be updated sooner than
would be possible under normal scan conditions. ‘The special instructions u-.:ttuully mnterrupt the
scan when it is reading the program and allow /O devices to be updated immediately.

Scan time of & given PLC and its ability to provide special function programming to accommodate
high-speed or eritical input and output devices must be a consideration when initially selecting a
REGC

Note: Additional information, and a more defailed discussion on lhow the processor scans the user
program, is covered in Chaprer 10.
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BATTERY

BATTERY CABLE
CONNECTS TO
EITHER CONNECTOR

|

\

GUIDE TAB SHOULD

BE AWAY FROM LITHIUM BATTERY (ICBY3ACC301)
CIRCUIT BOARDS MOUNTED ON BATTERY CLIPS
ON BACK OF BATTERY COVER

Figure 3—4 Lithium Battery with Leads
(Courtesy of GE-Fanuc Automation)

* Caution: As a general rule, a copy 1s made of the current program prior (o changing the bat-
teries. This copy is referred to as a “backup” copy, and 1s used o replace the onginal pro-
gram if for some reason the program in memory is lost. The batteries in several PLCs can be
changed without turning off the main power. The processor unit of the GE Fanue PLC,
shown in Figure 3-5, uses a single lithium battery that protects the volatile memory. Note
that a second battery connector has been added and wired in parallel. The new battery is at-
tached to the second connector in order to protect the memory before the old battery is re-
moyed. Changing batteries is one of the few maintenance requirements of a PLC. Failure (o
change the batteries in a timely manner may have serious consequences if a backup copy of
the program 1s not made. Common sense dictates that a backup copy be made of every PLC
program.

MEMORY PHDJEBT/E

KEY SWITCH

OPEN REPLACEMENT
BATTERY CONNECTOR

3
|

BATTERY

CURRENTLY INSTALLED
BATTERY CONNECTOR

Figure 3-5 Parallel Battery Connection used with GE Fanue 90-70 CPU
(Courtesy of GE Fanue Automation)
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'ljhe gcluul s1ze of the memory required depends on the application. In the event that future expan-
S101 18 plgnned. there are two options: buy a PLC with more memory than is presently HEC';s[:uw
to allow for futun_: expansion: or buy a PLC that meels present needs and mid mémnr;.f (o :radéi
when the need arises. Depending on the manufacturer. adding memory may be as _\-iﬁp}i’:ﬁg re-

pl:fce_ment of the memory module, or it may require that additional memory chips be added to the
1 : X _ . [ | 2 - -

existing memory module. Some processors have no provisions for memory expansion and must he

replaced if the memory needs to he increased -

GUARDING AGAINST ELECTROSTATIC DISCHARGE (ESD)

A n;:aju:r cause of failure of memary chips and other sensitive electronic components is electro-
static discharge, ESD is simply the discharge of static electricity. Static electricity can build up on
the surface of a workstation. on clothing, the carpet on the floor of the xx'{:rkplac.é. on plastic cups.
styrofoam, cellophane, and other such materials. To reduce the possibility of damace from ESD.
the foliowing precautions should be taken: - F

I. Use nonstatic floor coverin £s.

2. Handle chips correctly.

3. Ground the work surface.

4. Wear a wrist strap.

Grounding the work surface and wearing a wrist strap are the two most important precautions fo
take. Be sure to put on the wrist strap before starting to handle memory chips. Make sure it fits
snugly, that the metal pad of the strap is touching your skin, and that the wrist strap ground wire is
securely fastened to ground.

Although some manufacturers indicate that ESD is not a problem with their products, this is mis-
leading; always follow the ESD precautions when handling memory chips and other sensitive
electronic components.

For PLCs in which the memory can be expanded by adding volatile RAM chip(s) to the memory
module, the following procedures should be used:
I. Record a copy of the current user program on disk or magnetic tape, depending on the system.
2. Remove main power from the PLC.
3. Remove the memory module and take to a clean area.
4, Carefully remove any screws necessary to gain access to the printed circuit board where the
extra RAM sockets are located. If the backup battery is located on the module, disconnect
the battery before removing or installing memory chip(s).

NOTE: The RAM chip(s) will conme packaged in a conductive plastic bag (often referred 1o as a
“static" bag). Within the bag, each RAM chip will be inserted into a conductive sponge-like mate-
rnal. The conductive, ver highly resistive, material is used to keep all the pins of the chip at the

same electrical potential.
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MEMORY STRUCTURE

As indicated earlier, the processor memory is divided into two general classifications: user mem-
ory and storage memory.

Lser memory contiuns the ladder diagram instructions programmed by the user. The instructions
are entered either by a programming device, hand-held or desktop-type, 4 magnetic tpe, or a sys-
tem computer. Progeamming can also be accomplished by using a telephone inferface from a re-
mote computer, tape loader, or programming device, The user memory may also store user
programmed messages that are recalled or activated by contaets in the ladder diagram. Upon acti-
vation, the message(s) is displayed on the VDT of the programming device or other remote VDT,
op can be printed out on o compatible printer.

Message storage and recall can be used to alert an operator if a bearing is heating up. A typical
programmed message might be: “Bearing hot on Motor #4.7 A thermocouple at the bearing of
Motor #4 would be tied to one input cireuit of a thermocouple input module. When the lempera-
ture of the bearing exceeds a predetermined value, the thermogcouple causes that cireuit of the ther-
macouple input module to close, or turn ON. The corresponding contact of the input device
programmed in the ladder diagram closes, and the message is generaled.

Storage memory is where the status (ON or OFF) of all input and output devices is stored.
Numeric values of timers and counters (preset and accumulated), numeric values forarthmetic m-
structions, and the status of internal relays alsoare stored in this memory.

While the information presented in this section applies generally to all PLCs, more specific infor-
mation and memory structure can only be obtained by reviewing the specifications and literature
of individual manufacturers. In subsequent chapters, the memory structure of specific PLCs will
be discussed and illustrated. but the text does not cover all the PLCs on the market today.

PERIPHERALS

Peripherals are defined as devices connected 10 a processor that provide an auxilidry or support

funetion,

A prinier (Figure 3-9) for producing hard copy printouts of the user program and/or other proces-
sor information is an example of a peripheral, The printer may be activated by a keyed sequence
the processor itself. The mode of
printer communication (serial or parallel) und the cables that are required vary, based on the hard-
ware and/or software used. The connector for connecting the printer may be mounted on the back
of the programming device, on the processor, or both. Figure 310 shows a connector on the huuk
of n programmer, To avoid the frustration of having the printer and processor nol communicate
with each other, consult the installation manual(s) for the PLC that is being installed.

Lsing a compatible compuler terminal and the appropriate software enables the user progrsi and
data files to be stored on floppy disk and/or the hard drive. Figure 3=11 shows an Allen-Bradiey
T6O industrial terminal.
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Another peripheral device is the magnetic tape loader. The tape loader is used to record and store

the user program orto load preprogrammed instructions into the processor. Data quality cai‘ﬂflle

tapes or data cartridges are used by the tape loader, depending on the type. to record and store the

USer prograrm. Recording the user program provides a backup prt:&uran; in the event the ‘rucea«;-r

e program is lost due to memory failure or accidental erasure. L i)
hgum&-gﬂutamm'yﬁmﬁf A standard casselte recorder can be used with some smaller PLCs for recording and loading pro-
[DATA) grams. Expense s greatly reduced when an ordinary cassette recorder or player can be ﬁhcci. L

Dedicated tape I.{}Hdl’:[" and cassette recorders, while still in use in many plants, are not as popular
as blhey were a few years ago. The increased use of E2PROM, UVPROM, and EAROM memory
chips, as well as the increased use of the personal computer for programming PLCs, has elimi-
nated the need for tape loaders, because the program can automatically be Rl(.‘I:ﬂfj on the memory
chip, or stored on the computer floppy disk or hard drive. ] :

Another peripheral device is the MODEM (MOdulator and DEModulator). The MODEM can be
usf:d to connect the processor via'telephone lines to a programming deyice, computer, tape loader,
printer, or to another PLC. Figure 3—12 shows a typical MODEM hookup from a PLC processor 1o
a remote programming device,

PROGRAMMING DEVICE

DATA QUT DATA IN

for Printer/Cassette | 8 VAL L R

?'!ﬂf [}, Tj’

—— = # | TELEPHONELINE

F
| 4

TRANSMIT MODEM RECEIVE MODEM PROCESSOR ©

/
Figure 3-12 Typical MODEM Hookup

Chapter Summary

The processor contains the circuitry necessary 1o monitor the status (ON or QFF) of all inputs and
control the condition (ON or OFF) of all outputs. It also has the ability to solve and execute the in-
dividual program steps. in the user program, has a memory for storing the user program and other
numeric information. and has the ability to retrieve and use any and all information stored 1n
memory. The processor not only communicates with /O racks and the programming device, bul
also communicates with any peripheral device(s) that may be connected to it. The memory used in
PLCs is of two distinct groups: volatile and nonvolatile. Volatile memory requires a batiery
backup to prevent the program from being lost due to a power failure; nonvolatile memory holds
the program when power is lost or turned off. Programs can be stored on various types of memory
chips, as well as on floppy disks or on the hard drive of a compuler programimer.

id'Hard Drive Peripherals such a printers, tape laaders. and MODEMSs are devices that ¢an be connected to the
B PLC to provide various support funetions,

b
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CHAPTER

Programming Devices
(Programmers)

Objectives

After completing this chapter, you should have the knowledge to:

« Describe the function of a programming device.

« Describe the three types of programming devices.

e Listadvantages and disadvantages of the three types of programmers.
« Explain the term on-line and off-line programming.

PROGRAMMING DEVICES

A programming device 1S needed to enter, modify. and troubleshoot the PLC program. or {0 check
the condition of the processor. Once the program has been entered and the PLC is running, the
programming deyice may be disconnected. It is not necessary for the programming device 10 be
connected for the PLC to operate, but it can be used to monitor the PLC program while the pro-
gram is running.

Programming devices, Or programimers as they are most often called. come in three types: hand-
held. dedicated desktop. and computer (Figures 41, 4-2a, and 4-2b).

Figure 4-1 Hand-Held Programmer
(Courtesy of Modicon Inc.)
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Figure 4-2b IBM'
Computer

Figure 4-3 Sealed Touchpad Keyboard and Keyboard Overlays
(Courtesy of Allen-Bradley)

Keyboards on dedicated programmers vary quite a bit. depending on the manufacturer. Most dedi-
cated programmer keyboards have electrical symbol keys for normally open contacis, normally
closed contacts. timer contacts, and the like. The various symbols are also referred to as instruc-
tions. The normally open contact sy mbol key. when pressed. is an 1o struction to the processor that
oreates a contact in the user program. Other symbol keys could include: outpul symbol. timer.
counter. etc. These dedicated keys make programming easier for those electricians or technicians
who are intimidated by computers or compuler-like devices. The keyboard also has special Tunc-
tion keys that are used for program development, along with numeric (number) keys for address-
ing the various components used in the circuit. The address of a device tells the processor the type
of device it is (input or output) and its location. Most keyboards also have alpha (letter) keys for
writing program notations, labeling the devices in the program. report generation, and OIheT Spe-
¢ial programming functions.

2 424 are primarily designed for Video Display Terminals Video display terminals give the user a visual display of the pro-
| performir g other computer func- gram and range in screen or rube sizes from 3 inches to 12 inches, measured diagonally. The video
1eels. but are. however. de- screen allows the user (O display multiple lines or rungs of the progrank The ability to view SEV-

eral lines of the program at once is @ poweriul troubleshooting aid.

Video brightness and contrast adjustments are found either on the front or rear of the programmer
A video jack 1s available on the rear of most programmers for conneclng an additional video
‘terminal), and (he monitor. VTDs are sometimes referred (0 as CRTs (cathode ray tubes).
e -

lifying, and loading @

Once the program has been entered into user memory, the PLC is ready to control the circut.
When the processor 1s placed in the RUN mode and the circuil sctivated. the programmer V DT
' il - Ve -1 display of the circuit condition.

4-3). The sh. sealed 2 : . e e e
- met -,;,'. ;’fllt{::l'ldf S 10 Actual circuit condition is shown on the VDT display in basically w0 ways: SCITE PLCs mntensily.
HCidll par 1 L Eb | -

or make brighter, all contacls, interconnecting lines, and coils that are passing current of have
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power - flow: others intensify or USe reverse video to indicate which conticts and coils have

| . ars before the START button is pushed for :“ L_IH‘ oW,
Figure 4-4b shows the VDT 'LII‘-III;H.

flow. Figure 4—4a illustrates how a circuit appears bet
Mmmﬁ&mm.. interconnecting lines, and_--_cu_lls;
the START buttan is pushed and the holding conlacts close.

10004 O'ﬂﬁ'i?

g O

Figure 4—4a VDT Display Prior to START Button Being Depressed

10003 10004
} 00017

Figure 4—h VDT Display After START Button is Depressed and Holding Contacts Close

i e T, et e eI OUEDs From Hardwired ircuits [n fact. the
LHEWs as we normally think of it; rather, it is logic continuity or log|

pﬂlﬂmgﬂi'? gnes wﬂ%m’mﬂudlmewﬁm uld'be turned ON or go true. When ou!
] Cr o S R N BRI, T B e e el l?mn!rt!i“g cnﬂlactﬁ) wi“ bchmE true. e an 4l

PE0s, Or goes false,

Figure 4-5a illusteates how 1 cligs -
HIEUTE S-an T Osmies nwa di LAY USINg reverse video Toake hofer ..
mﬂ;ﬂm 4-5b shows the ¢ ]j & ‘?Eﬁr‘ T, *mm"mgkﬁ“ﬂ?ﬂfﬂfﬁr!hﬂ_-STHRT button is pushed

00017

— 00—

—
e =

VIdeo D .F.; l . 1..".‘;, ' ;‘,’;ﬁﬂ, & 9T - B
b S U '."-'}.’rl{"rf?l‘_t{f#' “ Hon Rai s ™
 Bilton Being Depregsed

s IS
1

cally true statements, The Jogie of the eiretit shown in Fion e -
1y lrue statements, _.ﬂﬂﬁwﬂﬂm eireuit shown in Figure 4-4a is as follows: if input 10003

40pens, or 0005 and ©0017 are true. output 00017 will remair

,F": RT =Y Y
Hbutton is depressed and the holding contacts
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Figure 4-5b Reverse Video Display After START Button is Depressed and Holding Contacts Close

Nl'l matler which method 1s used. this feature of dedicated 1{;3-.!-_11';[1 FF{T'L_'T"LIIHTHL'TH 15 4 P':""-"-'Crtlj]
troubleshooting aid. By viewing the display on the VDT, the electrician or technician can deter-
mine which contacts are closed and which outputs are tumed on

Nﬂf&.‘ An outpul cotl thal 1s mn'n_u_fh'd un.‘_x indicates that the autpul macule circuit 1s ON. It does
not guarantee thar the actual outpur device is ON. However, if the output device and associared
wiring are complete, the output device will be ON any time the auipul module circuit is ON.

To provide 4 dependable backup of the program in case the memory fails or is inadveriently
cleared or altered. an E2PROM chip, floppy disk. or a cassette tape is used (o record and/or load
the user program. Data quality tapes should be used to ensure accurale transfer of data.

Hand-Held Programmers
Hand-held programmers are smaller, cheaper, and more portable than dedicated desktop program-
mers. While the portability is a real plus, the hand-held programmer has some limitations.

Unlike the desktop programmer that can display a complete circuit network on the VDT, hand-
held programmers have limited display capabilities. Some hand-held programmers display a Rung
of logic with up to four horizontal lines, W hile others only display one line or one element at a
time. The display is either LEDs or liquid crystals. Figure 4-6 shows an Allen-Bradley hand-held

programmer with liquid crystal display.

Figure 4-6 Hand-Held Programmer
(Courtesy of Allen-Bradiey)
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When software for a specific brand of PLC is developed by a company other than the manufac-
turer of that PLC, the software is referred (o as “third party software.” These software programs
can generally be used with most personal computers in either a DOS® or Windows® environment.

Using a personal computer for programming provides many of the advantages of the dedicated desk-
top programmier, but also provides features not available on most dedicated deskiop programmers,

The personal computer usually has a color monitor (VDT), and the monitor shows multiple rungs
of program logic, as well as highlighting the circuit elements 1o indicate status, just like the dedi-
cated desktop programmer. The computer has the added ability to mterface the PLC software pro-
gram with other software programs for “cut and paste” program development and ediing. PLC
software usually provides more documentation capabilities than does the dedicated desktop proces-
sor. The documentation may be in the form of labeling each element, or wriling mng comments.
Added graphic capabilities are also normally a part of a PLC software program. The addition of

graphics allows the electrician or technician to develop flow diagrams of the controlled equipment

(Figure 4-8), provide operator alarms and messages, and utilize other useful process informaton.

— WATER SUPFLY CURRENT RECIFE

i [ : CARBONATED GRAPE DRINK

CARBONATION

BATCH TANK

AGITATOR

e P e

Figure 4-8 Flow Diagram Using ControlView — Soltware
(Courtesy of Allen-Bradley)
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While dedicated deskiop programmers can be networked with multiple PLC processors, they typi-
cally do not have the flexibility and networking capabilities of a personal computer

Using Personal Computers for Programming—Disadvantages

One disadvantace of

using a personal computer for programming 1s that the programming is not as user- or electrician-
friendly as a dedicated desktop programmer with its symbol keys. It's not that the programming is
hard using a computer; it just takes longer to learn how the programming is done. In other words.
the learning curve is longer. Another, and probably the biggest disadvantage of using a personal
computer as a programmer, is that the computer is not designed for the industnal environment.
The personal computer is affected by electrical noise, and high and low temperatures as well as
high humidity, conditions that dedicated desktop programmers are designed (o handle.

The ideal programmer, then, appears to be a mix of the dedicated desktop programmer and the
personal computer. That is exactly what a number of the PLC manufacturers thought. so they de-

veloped industrial-rated computer programmers. Allen-Bradley. Siemens T.1., Modicon Inc..
GE-Fanuc Automation are several of the companies that offer these highbred programmers. Figure

4 9 shows the Modicon Inc. P23
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Figure 4-9 Modicon Inc. P230 [ndustrial Programming Panel
(Courtesy of Modicon Inc.)

The P230 is a 25 Megahertz (Mhz) computer w ith

4 120MB self-parking hard drive. Sell- parking

means that the computer automatically parks the hard drive each ume “1“ shut off. Parking the
hard drive prevents damage during transportation of the compuler. The P230
jal communication ports, one parallel port, and VGA momtor port.

As might be expected, this type of programmer 1§ more ¢

graminer or personal computer. For

the money, though, one gets the best fe

comes with two sSer-

xpensive than the dedicated desktlop pro-

atures of both. Is the
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ction can oaly be answered afte . _ . P
11 incide. but not be limited to: O, e - Ll
iGN - Kensive documentation capabilities; Rung comments, labels, and so forth.
) l Cut and paste editing capabilities.

E“‘*’Ifﬂﬂd‘r"’hﬂﬁ compared (o a dedicated desktop programmer.
irements . . mall and portable when laplo A r g

far other software, i.¢., spreadsheets. WO m 2esSIing. Ban ity make Sopies of P * P or ﬂllFt.MH‘.:L_l} pe are U:ﬁt,{l_.

for other software. 1.¢.. SPreaustictiz: LIRS - P program on floppy disk or hard drive.

_ ar Sof
sility. e iﬁ)ﬁwarc can be upgraded without changes in hardware.
ing abiity . iew multiple Rungs in any numeric order for troubleshooting.
i
 the advantages and disadvantages of each type of programmer folloy . LISUEVANAGES
> advaniages ai - B : - * Must operate in normal environment, not industrial rated.
 NEcKTAD DROCRAMI - * Initial s drc COSIS
UEoRN "‘-’;::';.-‘{. °RC L*'_]..n_'r.-?.‘usi.l.ﬁt|_:’::_3E{:_.'- Initial software costs.
RS « Software updates or license renewal costs.
- e u = More difficult to program. longer learning curve.
DT o0 display nultiple rurigs of the progra n = May require special communication card.
of programming, user-lriendly
| i 1 1ire :f:lf."‘['" . I ; i AT cie afF ATICT - r - s [ = - - E;
gned for industria] use In I.]'IE; final analysis, if money is not a consideration, or the specific application warrants the differ-
orabiliy. ence in cost, the industrial computer programmer is the most versatile and serviceable of all the
us of cirewit highlig ited (intensified or reverse video) types of programmers that are available.

Chapter Summary

||-_'-| st
s N - [hat can be progra “ ned. The programming device, Or programmer, is used to enter. modify. and monitor the user prograt.
g A A Sraphics capabiiities. Which type of programming device (o use will vary with each application, and what 1S approprate
ySICal sire. for one application may not be the most appropriate for another. The program (ladder diagrami) 18

T S entered by pushing keys on the keyboard in a subscribed sequence. with the resultant circuii(s)
"RUGHAMMERS displayed on the VDT of a desktop programmer, and with a LED or liquid crystal display for the
hand-held programmer. The visual display can be used as an aid to test the circuit pnor to entry
into user memory, or for troubleshooting after the circuit is entered into memory and 1S opera-
tional. Contacts and coils are either intensified or displayed in reverse video (o indicale power
flow or logic continuity. Programming the PLC is not difficult, but time must be spent o become

familiar with the specific PLC and its programming techniques.

Rungs or instriotions Review Questions

|. Briefly describe the function of the programming device:
What does the acronym VDT stand for?

- PLC :I.:__',- }. Define the term o line.
| e i List the three type of programming devices and give advantages and disadvantages for each.
-~ SESRIOp programmer. Define the term off line.
" s R

R Riceo. 5. What is a hardware key?
7. What is meant by the term ““third party software™?
What is the advantage of a scaled touch pad-type Keybourd over 4 standard raised key key-
board? =
" In the context of this chapter, what do the terms passing cwrrent and power flow indicate?
Hand-held programmers usually have what type(s) of displays?
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[f'a memory ‘-liﬂ 18 256 words, then it can actually store 4,096 bits of information using 16-bit words
(256 words = 16 bits per word) or 2,048 bits using an 8-bit word (256 words X 8 bits per word).
When comparing memory sizes of different PLC systems, it is important (o know the number of bits

per word of memory. Bits can ulso be grouped within a word into bytes. A byte is a group of 8 bits.

AamorL SO ldeFlal V4 So that information stored in each word can be located, each word is numbered or given an ad-

ez L -y . e dress. Addressing words in the mémory serves the same function as the addresses used for homes
or apartments. Word 100, for example, represents a specific word location in memory, just like N.
100 Lincoln represents the address of an apartment building. The bits in word 100 are found by

L E. referencing a given bit number, just like the occupant of the apartment complex is found by a
Ve given apartment number.

. ‘Since a bit of information can only be a | or a 0 (ON or OFF). how is the status of bits within a

: word determined? Words that store the status of individual bits for input devices are set 1o | (ON)
. \-'I. "l . - 5 o | 1 L . f e 2 i Aavirpe L ¢ I 18 . - _
”“,..jr*q* o bro ,«h - J__Mﬁ of T ‘l‘-:““.kff mﬁ.f,m“ he'the function of each. or 0 (OFF), n_iepcndmg on the status (ON or OFF) of the input devices that the bit locations repre

| 1|j5 o Lypes ¢ ”“mm mation stored in each category TBIEHJDW sent. Other b“;S are set to | or ::'lt:'.ared 10 0 by the PrOCESSOr in response to the logic of the user pro-
"-"T"-':.‘-?*:._} 1 ’”M“U gram, RELAY LADDER LOGIC, or special instructions. which. in turn, control the status (ON or
Nefine the acs w}_ ”L.f m b OFF) of other bits that represent output devices.

fing ,,, gisters. A simple example of how this works is illustrated in Figure 5-2.
rf : r1| |' tH ‘l "Hl ""| :*H': .

'!
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The firs! }E.“’:_r = "F‘CI‘] 10 indicate the type of file (inpul. output, timer, counter. elc.) The lett
represents an input device. and the letter O represents an output.

erl

The next two dlgus‘ identify the rack number. One rack can control 128 1/0 poimts. Rack numbers
starl_ at 00. A rack is different than a chassis. The chassis is the physical frame that actually holds
the input and output modules that make up a rack. Depending on the density of the VO rr.mdule;'.
used, a rack may require a 16-slot chassis or only 4 slots. If E-“pnim /O are being used, it will l:lk;‘
16 slots of 8-point VO modules 10 make 128 18 points (8 % 16 = 128), \k'here::uhif i-. point VO
are being used. it will only take a 4-slot chassis to make a rack (32 % 4 = 128). .

The next number tdﬂnﬁﬁt‘:ﬁ l'ty: module group within the rack. This is always a number from 0
through 7. The last two digits identify the actual terminal number to which the deyice 1s wired.

Figure 5-4 reviews the concept using the address of the limit switch 013/12.

/O RACK NUMBER —; MODULE GROUP
\, — TERMINAL NUMBER

NPUT—y | b
I: 013/12

Figure 5 Limit Switch Address 1:013/12

avice. The next two digits, 01, ell us that
further identifies the lo-
actual terminal (12) on

The letter I tells us that the address represents dn input d
the device is located in 1/O rack number 01. The next digit, which 1s a 3

cation as module group number 3. The last two digits, 1 and 2, identify the

the input module to which the limit switch is connected.

n in Figure 5-5. The limit switch address [013/12 gives
ck 01, module group 3, terminal 12. This same ad-
FF) or state of the limit switch is reflected by bit

Another example of this concept is show
us a hardware location for an input device in ra
dress. 1:013/12, tells us that the status {(ON or 0
12 of word 013 in the input image table.

This same addressing scheme gives us a hardware location for the indicator lamp addressed
0:012/06, The letter O indicates an output device. The next two digits, 01, tell us that the /O rack
Tocation is 01, The next digit identifies the module group as group 3 The last two digits locate ter
minal 06 as the terminal on the output module to which the indicator lamp is wired. Again, the ad-
dress 0:012/06 also locates the memory word and bit location that reflects the status (ON or OFF)

of the indicator lamp as showi in Figure 5-0.
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The ﬁratall:?;ﬁ: terof the address identifies the file type. The typical file types used are:
input
Status
Bit
Thimer
Counter
Control
Integer
Float
String

A" ASCII
‘Only available on selected processors.

-
"] n

mmZAROSE=w —0

—

In the address shown in Figure 5-7 the [ indicates that the file type is an Input file and also indicales
this is the address of an input device. The 0 after the =, which is the element delimiter, indicates that
the inpul device is connected to slot 0. The period (1) after the slot number indicates that the inputs
exceed 16 and require two words in the input image table. The number 1 indicates that this is word |
in alot 0. The number 6 after the forward slash is the bit number.

Note: The SLC 500 and MicroLogix do not use rhe actal numbering system like the PLC-5 family,
but insteacd use the decimal numbering sysrent.

For 16 inputs, the bits are numbered 0-15. The address, by using the period word delimiter (), indicares
that there are more than 16 inputs installed slot 0. Bit 6 is actually input device 22 (16 +6 = 22),
Recause we started with bit 0, input device 22 is in reality the 23rd input device. Likewise, input address
1:0.1/7 is the 24th input device.

The SLC 500 controlleris available in either fixed or modular VO. The fixed I/O units have fxed VO
of 20 (12 inputs and 8 outputs), 30 (18 inputs and 12 outputs). and 40 (24 inputs and 16 outputs).

For fixed /O controllers, all of the VO are in slot 0. Figure 5-8 shows a fixed VO controller that has
24 inputs and 16 outptts. Also shown are the input and output image tables for Data File U (output)
and Data File | (input). Note that for 24 inputs, the Input Image table uses two words for slot 0. Al 16
bits of word 0 (1:0) are used. whereas only the first 8 bits of word | (1:0.1) are used (bits O through/ 7).
The unused bits of word 1—bits 8 through | 5—are marked invalid and are not available for use.

An ourput address of 0:0/4 indicates that this is the address of an output deyice in slot U, terminal
4. This address also indicates that this is bit 4 of word 0:0 in the Output Image table data file O as
indicated by the X under bit 4 of output word O:0 (Figure 5-8).

An input address of [:0/15 indicates controllerinput 13 ‘1 <lot 0. This address is indicated by the X
placed under bit 15 of input word 140 in the input image table (Figure 5-8).

An address of 1:0.1/7 indicates an input device in slot 0, word 1, bit 7. This address is indicuted by

‘the X placed under bit 7 of input image Data File 1. word | in Figure 5-8. This address ulm_mdli-
‘eates that this is input device 23 As we started with 0 as the first input device, the 23rd UevICE IS
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Figure 5-9 SL.C 500 Modular Controller (Seven-Slot Chassis Connected 10 a Ten-Slot Chassis)
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‘and Data File | (the input image 1abje) .
‘that wherever 32-point /O miodules ;.
2 has a 32-point input module, ang the

yrough 15) and word 1:2.1 (word 1 for i,
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0:5
ol | 0:5.1
_II | 0:9
|__':i :. | | 0:10

111
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€5 an output device |5
| by an X under bil
vice 3 of word 1 in
0int input module
1(1:2.1) shown in
F.llt number 8 10

ut image table.
uts. While only
cannot be used

Figure 5-11 shows an SLC 500 seyen-slot chassis connected to a four-slot chassis using an Allen-
Bradley 1746-CY communications cable. The processor is installed an slot O of the first chassis
which 15 adjacent to the power supply. Figure 5-11 shows an exploded view of the output/input
module installed in'slot 3. The output/input module is shown with the door that covers the terminals
open. The inside of the door shows a pictorial view of the terminal layout. The first vertical row of
terminal screws are for the six outputs plus an AC common connection. The second vertical row of
terminals 1s for the six input devices and an AC common connection. The normally open pushbul-
ton that is shown would have an address of 1:3/0. I is for input. the 3 indicates that the input device

Memory Organization 5 B3

is installed 1n slot 3, and the O indicates the input device is connected to input termuinal (.
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Figure S-11 SLC 50
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mbﬂ -:ﬂ | | FH.S. .Thr: frst or shows a sensor connected to the module at terminals 3 and 4. As connected, the address of the

OUPOIINDIELS. £ temate from Qut , 1, analog sensor s 1:10/1. From the layout on the terminal door, we can see that terminal 3 and 4 are

_%;Ef%r common, _Qn::ngutral connection. Ty, identified as Input 1+ and Input 1,

se O:8/12. The O indicates an output .

8. and the 12 indicates that the solenoid ;.
licates that the status of the outpur dey

Vice,
Lon-

ICC 15

SLOT 01 2 3 4586 SLOT 7 8 9 10

1 51 W— O O [D)
=—-.,-_HE"1'_..~= [6) [C} _ ".a-i'r.}- i T mEm

[ mEm | -

—-—[[::EEEEEE K

SlOT D1 2 3 456 SLOT 7 8 @ 1p

k. —8 53— 8§ —
s

il
mil

(T

LT
[T
[T
[T

LT

|
[
(0) INO +

(1)INO -

(2) ANL. COM

SN N

QNI

(B)IN1+

I = |

SENSOR

(4)IN 1=

(5) ANL COM
(6) IN 2 +
(71IN 2 -

NENNS

(8) ANL COM

(9)INS =

(10) IN'3 -

(11) ANL COM

== |

Figure 5-13 SLC 500 with Analog Input Device Connected
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Instead of being hardware-driven like the Allen-Bradley addressing scheme, the 984 is software-

driven and programmer-defined,

Discrete mput device addresses use a five-digit number beginning with a 1 (1XXXX). The remain-
ing fﬂur_ numbers that will make up the address are assigned by the programmer based on how the
system is configured. Input registers are used for analog devices, absolute encoders. thermocon-
ples, and the like, and these addresses will start with the number 3 (3XXXX).

Discrete output devices begin with the number () (OXXXX). For analog output devices such as me-

ters. l]‘ﬂﬂﬁd}ltﬁl‘ﬂ, and' variable speed drive motors. output registers are used and have addresses
that start with the number 4 (4XXXX).

Once you gain experience using the /O Map utilities portion of the Modicon programming soft-
ware to assign addresses, the process becomes quite easy and very understandable.

MEMORY ORGANIZATION

At this point, it should be no surprise to find out that not all PLC manufacturers have orgamzed
their memories in the same way, or that they do not all use the same terminology for the configu-
ration or make-up of their memories.

As discussed in Chapter 3, there are two general classifications of memory: storage memory and

user memory. (Figure 5-13).

STORAGE
MEMORY

USER
MEMORY

Figure 5-15 Two Broad Categonies of Memory

Storage Memory _ W a4 =
Storage memory is that portion of memory that will store information on the status of input an

output devices, preset and accumulated values of timers and counters. internal relruh}‘:‘-qli‘_‘-'i"lf;‘%
numerical values for arithmetic functions, and so on. The entire storage ﬂlt‘mt‘ll'?’llb t._,?llLd_a da'laj
table, a register table, or other names, depending on the PLC munuf.:mn..lrer, A rch;1_¢1rh1> deti'l«:-‘:-n .la:
an area for storing information (logie or NUMEric). Althnu_gh the names '_‘“ titles which are give
sections or subsections of the storage memory Vety, the principles involved do not.
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4 Words of an Allen-Bradley PLC-2/15 Memory
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Figure 5-17 PLC-5 File Structure

File 1 1s the input image file. This file, like file 0. has 32 words of memory and can store the status
of 512 input devices. The status (ON or OFF) of the input devices. like the output image file, is
updated once each scan and can be increased in size on many PLC-5 models.

Both files 0 and 1 use the octal numbering system. and the memory locations (bits) are also num-
bered using the octal numbering system (there are no 8s or 9s in the octal numbering system). The
digits are 0-7, 10-17, 20-27, and so forth.

A personal computer and soft-

erred Lo as files. not ta- File 2 is the status, or S file. This file is used to store information on general processor status, fault

are still two menmon codes. real time ¢lock and calendar, major and minor fault bits, and program scan fimes in MSECS.

i ' Information from this file is used or incorporated into the user program. The size of this file
;ﬁl}ﬂn_l_l_',l;&mm}' struc- changes depending on the processor that is being used.

‘user changes.

File 3 is the B. or bit file, and is used primanly for internat or dummy relays. The du;:fuult H?iﬂﬂ(if
this file is one word. but can be expanded to 1000 wordsaf needed, All addresses from this file
miust start with B3. Another B or bit file may be created using the other areas ol Lh; memory. A
B10 file could be created that would also have intemal or dummy relays. The addressing B 10 ver-
sus B3 is used for organization and ease of ‘dentification. The B3 file may be associated with one
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"DATA TABLE FILES

ENHANCED
PLC-5

PROCESSORS

B/ile + 1/word
6/file + 1/word

&/file + 1/word

6/file + 1/word
E/file + I/smucture

6/file + 3/structure
B6/file + 3A/structure

&/hle + 2/Mlcat word

B/iile + 1/2 per

&/flle + 1/word
Bfile « 6/structure

a/Mle + S6/structure

B/lle + B2/structure

6/file + 3/strucliura
8/Milg + 42/structura

MEMORY USED

CLASSIC
PLC-5
PROCESSORS

2/file + 1/word
2/file + 1/word
2/Mle + 1/ Word
2/file + 1/word
2/file + 3/structura
2/file + 3/structure
2/file + 3/structure

2/file + 3/word
2Mile + 2/Moat word

2/ila + 1/2 per

character

2/Mile + 1/word

MAXIMUM SIZE OF FILE (16-BIT WORDS)

PLC

PLC
-5/60,
-5/60L,

.5/80

PLC
-5/40,
-5/40E,

-5/a0L

PLC

-5/30

PLC:
=5/25

PLC.

'54”1|

-5/20,

-5/20E

-5/12,

=610,

-5/15

1000 structures of 3

1000 structures of 3

1000 structures of 3

1000 structures of 6

585 structuras of 56

399 structures of 82

1000 structures of 3

780 stnictures of 42

NUMBER
(Defaull

file)

3-999 (8)

3989

3-989

FILE

DESCRIPTION

B [3-9993)
T | 3-999 (4)
C | 3-999 (5)
R | 3-999 (6)

BIT (BINARY)

/

PLC-5
MEMORY
data table

COUNTER
CONTROL
INTEGER

F

FLOATING POINT

program

BLOCK TRANSFER! BT

MESSAGE!

MG

SFC STATUS]

ASCI STRING!
EXTHA STORAGE
'anhanced PLC-5 proceanars prly

\

|

\

=

-5 Family

Yigure 5-18 Data Table Map File Structure for the PLC

(Courtesy of Allen-Bracdley)
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Microl.ogix processors have
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the same program files as the SLC 300, and three additional files.
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MicroLogix 1000 and 1500 Program Files

System program file (file 0)

Used to store information about the processor and
the /O configuration.

Reserved file (file 1)

Reserved for internal use of the processor and is
not user accessible,

Main ladder program file (file 2)

lermine controller operation.,

| Stores the instructions entered by the user that de-

User Error Fault Routine (file 3)

File is executed when a recoverable fault OCCUrs.

High-Speed Counter Interrupt (file 4)

File is executed when a high-speed counter inter-

rupt occurs. Can also be used for a subroutine lad- |
caer program.

———=n

Selectable Timed Interrupt (file 5)

Executed when a selectable time interrupt occurs.

Can also be used for a subrouting ladder program.

Subroutine ladder program file (file 6-15)

Stores any subroutines that have been created in
the main ladder diagram.

Nate: The MicroLogix 1000 and 1500 are ser up ro ahways have IS5 files. These files cannoi be

deleted in the ladder program.

MicroLogix Data Files

-'El_utput (file 0)

Stares the status, ON ar OFF, of ocutput devices
wired to the controller.

Input (file 1)

Stores the status, open or closed, of the input de-

vices wired to the controlier.

Status (file 2)

Stores controller operation information. This fileis

useful for troubleshooting controller and program
operation,

Bit (file 3)

Stores the legic for internal or dummy relays.

Timer (file 4)

Stores the preset values, accumulated vaiues, and

status bits for timers.

Counter (file 5)

Stores the preset values, accumulated values, and

status bits for counters.

Control (file )

I

Stores information on sequencears and shift
registers.

|' Integer (file 7)

Stores numeric values.
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familiar with the specific PLC and its programming techniques.

Rungs or instriotions Review Questions

|. Briefly describe the function of the programming device:
What does the acronym VDT stand for?

- PLC :I.:__',- }. Define the term o line.
| e i List the three type of programming devices and give advantages and disadvantages for each.
-~ SESRIOp programmer. Define the term off line.
" s R

R Riceo. 5. What is a hardware key?
7. What is meant by the term ““third party software™?
What is the advantage of a scaled touch pad-type Keybourd over 4 standard raised key key-
board? =
" In the context of this chapter, what do the terms passing cwrrent and power flow indicate?
Hand-held programmers usually have what type(s) of displays?
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[f'a memory ‘-liﬂ 18 256 words, then it can actually store 4,096 bits of information using 16-bit words
(256 words = 16 bits per word) or 2,048 bits using an 8-bit word (256 words X 8 bits per word).
When comparing memory sizes of different PLC systems, it is important (o know the number of bits

per word of memory. Bits can ulso be grouped within a word into bytes. A byte is a group of 8 bits.

AamorL SO ldeFlal V4 So that information stored in each word can be located, each word is numbered or given an ad-

ez L -y . e dress. Addressing words in the mémory serves the same function as the addresses used for homes
or apartments. Word 100, for example, represents a specific word location in memory, just like N.
100 Lincoln represents the address of an apartment building. The bits in word 100 are found by

L E. referencing a given bit number, just like the occupant of the apartment complex is found by a
Ve given apartment number.

. ‘Since a bit of information can only be a | or a 0 (ON or OFF). how is the status of bits within a

: word determined? Words that store the status of individual bits for input devices are set 1o | (ON)
. \-'I. "l . - 5 o | 1 L . f e 2 i Aavirpe L ¢ I 18 . - _
”“,..jr*q* o bro ,«h - J__Mﬁ of T ‘l‘-:““.kff mﬁ.f,m“ he'the function of each. or 0 (OFF), n_iepcndmg on the status (ON or OFF) of the input devices that the bit locations repre

| 1|j5 o Lypes ¢ ”“mm mation stored in each category TBIEHJDW sent. Other b“;S are set to | or ::'lt:'.ared 10 0 by the PrOCESSOr in response to the logic of the user pro-
"-"T"-':.‘-?*:._} 1 ’”M“U gram, RELAY LADDER LOGIC, or special instructions. which. in turn, control the status (ON or
Nefine the acs w}_ ”L.f m b OFF) of other bits that represent output devices.

fing ,,, gisters. A simple example of how this works is illustrated in Figure 5-2.
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The firs! }E.“’:_r = "F‘CI‘] 10 indicate the type of file (inpul. output, timer, counter. elc.) The lett
represents an input device. and the letter O represents an output.

erl

The next two dlgus‘ identify the rack number. One rack can control 128 1/0 poimts. Rack numbers
starl_ at 00. A rack is different than a chassis. The chassis is the physical frame that actually holds
the input and output modules that make up a rack. Depending on the density of the VO rr.mdule;'.
used, a rack may require a 16-slot chassis or only 4 slots. If E-“pnim /O are being used, it will l:lk;‘
16 slots of 8-point VO modules 10 make 128 18 points (8 % 16 = 128), \k'here::uhif i-. point VO
are being used. it will only take a 4-slot chassis to make a rack (32 % 4 = 128). .

The next number tdﬂnﬁﬁt‘:ﬁ l'ty: module group within the rack. This is always a number from 0
through 7. The last two digits identify the actual terminal number to which the deyice 1s wired.

Figure 5-4 reviews the concept using the address of the limit switch 013/12.

/O RACK NUMBER —; MODULE GROUP
\, — TERMINAL NUMBER

NPUT—y | b
I: 013/12

Figure 5 Limit Switch Address 1:013/12

avice. The next two digits, 01, ell us that
further identifies the lo-
actual terminal (12) on

The letter I tells us that the address represents dn input d
the device is located in 1/O rack number 01. The next digit, which 1s a 3

cation as module group number 3. The last two digits, 1 and 2, identify the

the input module to which the limit switch is connected.

n in Figure 5-5. The limit switch address [013/12 gives
ck 01, module group 3, terminal 12. This same ad-
FF) or state of the limit switch is reflected by bit

Another example of this concept is show
us a hardware location for an input device in ra
dress. 1:013/12, tells us that the status {(ON or 0
12 of word 013 in the input image table.

This same addressing scheme gives us a hardware location for the indicator lamp addressed
0:012/06, The letter O indicates an output device. The next two digits, 01, tell us that the /O rack
Tocation is 01, The next digit identifies the module group as group 3 The last two digits locate ter
minal 06 as the terminal on the output module to which the indicator lamp is wired. Again, the ad-
dress 0:012/06 also locates the memory word and bit location that reflects the status (ON or OFF)

of the indicator lamp as showi in Figure 5-0.
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The ﬁratall:?;ﬁ: terof the address identifies the file type. The typical file types used are:
input
Status
Bit
Thimer
Counter
Control
Integer
Float
String

A" ASCII
‘Only available on selected processors.

-
"] n

mmZAROSE=w —0

—

In the address shown in Figure 5-7 the [ indicates that the file type is an Input file and also indicales
this is the address of an input device. The 0 after the =, which is the element delimiter, indicates that
the inpul device is connected to slot 0. The period (1) after the slot number indicates that the inputs
exceed 16 and require two words in the input image table. The number 1 indicates that this is word |
in alot 0. The number 6 after the forward slash is the bit number.

Note: The SLC 500 and MicroLogix do not use rhe actal numbering system like the PLC-5 family,
but insteacd use the decimal numbering sysrent.

For 16 inputs, the bits are numbered 0-15. The address, by using the period word delimiter (), indicares
that there are more than 16 inputs installed slot 0. Bit 6 is actually input device 22 (16 +6 = 22),
Recause we started with bit 0, input device 22 is in reality the 23rd input device. Likewise, input address
1:0.1/7 is the 24th input device.

The SLC 500 controlleris available in either fixed or modular VO. The fixed I/O units have fxed VO
of 20 (12 inputs and 8 outputs), 30 (18 inputs and 12 outputs). and 40 (24 inputs and 16 outputs).

For fixed /O controllers, all of the VO are in slot 0. Figure 5-8 shows a fixed VO controller that has
24 inputs and 16 outptts. Also shown are the input and output image tables for Data File U (output)
and Data File | (input). Note that for 24 inputs, the Input Image table uses two words for slot 0. Al 16
bits of word 0 (1:0) are used. whereas only the first 8 bits of word | (1:0.1) are used (bits O through/ 7).
The unused bits of word 1—bits 8 through | 5—are marked invalid and are not available for use.

An ourput address of 0:0/4 indicates that this is the address of an output deyice in slot U, terminal
4. This address also indicates that this is bit 4 of word 0:0 in the Output Image table data file O as
indicated by the X under bit 4 of output word O:0 (Figure 5-8).

An input address of [:0/15 indicates controllerinput 13 ‘1 <lot 0. This address is indicated by the X
placed under bit 15 of input word 140 in the input image table (Figure 5-8).

An address of 1:0.1/7 indicates an input device in slot 0, word 1, bit 7. This address is indicuted by

‘the X placed under bit 7 of input image Data File 1. word | in Figure 5-8. This address ulm_mdli-
‘eates that this is input device 23 As we started with 0 as the first input device, the 23rd UevICE IS
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Figure 5-9 SL.C 500 Modular Controller (Seven-Slot Chassis Connected 10 a Ten-Slot Chassis)
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‘that wherever 32-point /O miodules ;.
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e used: O:5 and O:5.1. '

0:1
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0:5
ol | 0:5.1
_II | 0:9
|__':i :. | | 0:10

111
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e e e

|
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hown in Figure 5-9

€5 an output device |5
| by an X under bil
vice 3 of word 1 in
0int input module
1(1:2.1) shown in
F.llt number 8 10

ut image table.
uts. While only
cannot be used

Figure 5-11 shows an SLC 500 seyen-slot chassis connected to a four-slot chassis using an Allen-
Bradley 1746-CY communications cable. The processor is installed an slot O of the first chassis
which 15 adjacent to the power supply. Figure 5-11 shows an exploded view of the output/input
module installed in'slot 3. The output/input module is shown with the door that covers the terminals
open. The inside of the door shows a pictorial view of the terminal layout. The first vertical row of
terminal screws are for the six outputs plus an AC common connection. The second vertical row of
terminals 1s for the six input devices and an AC common connection. The normally open pushbul-
ton that is shown would have an address of 1:3/0. I is for input. the 3 indicates that the input device

Memory Organization 5 B3

is installed 1n slot 3, and the O indicates the input device is connected to input termuinal (.
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Figure S-11 SLC 50
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Winl:t‘::;!?:; 'E?Ifl]:.”e Ilhm 1S 108t )og Figure 5-13 shows an analog input module installed in slot 10. The exploded view of the module
mbﬂ -:ﬂ | | FH.S. .Thr: frst or shows a sensor connected to the module at terminals 3 and 4. As connected, the address of the

OUPOIINDIELS. £ temate from Qut , 1, analog sensor s 1:10/1. From the layout on the terminal door, we can see that terminal 3 and 4 are

_%;Ef%r common, _Qn::ngutral connection. Ty, identified as Input 1+ and Input 1,

se O:8/12. The O indicates an output .
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Figure 5-13 SLC 500 with Analog Input Device Connected
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Instead of being hardware-driven like the Allen-Bradley addressing scheme, the 984 is software-

driven and programmer-defined,

Discrete mput device addresses use a five-digit number beginning with a 1 (1XXXX). The remain-
ing fﬂur_ numbers that will make up the address are assigned by the programmer based on how the
system is configured. Input registers are used for analog devices, absolute encoders. thermocon-
ples, and the like, and these addresses will start with the number 3 (3XXXX).

Discrete output devices begin with the number () (OXXXX). For analog output devices such as me-

ters. l]‘ﬂﬂﬁd}ltﬁl‘ﬂ, and' variable speed drive motors. output registers are used and have addresses
that start with the number 4 (4XXXX).

Once you gain experience using the /O Map utilities portion of the Modicon programming soft-
ware to assign addresses, the process becomes quite easy and very understandable.

MEMORY ORGANIZATION

At this point, it should be no surprise to find out that not all PLC manufacturers have orgamzed
their memories in the same way, or that they do not all use the same terminology for the configu-
ration or make-up of their memories.

As discussed in Chapter 3, there are two general classifications of memory: storage memory and

user memory. (Figure 5-13).

STORAGE
MEMORY

USER
MEMORY

Figure 5-15 Two Broad Categonies of Memory

Storage Memory _ W a4 =
Storage memory is that portion of memory that will store information on the status of input an

output devices, preset and accumulated values of timers and counters. internal relruh}‘:‘-qli‘_‘-'i"lf;‘%
numerical values for arithmetic functions, and so on. The entire storage ﬂlt‘mt‘ll'?’llb t._,?llLd_a da'laj
table, a register table, or other names, depending on the PLC munuf.:mn..lrer, A rch;1_¢1rh1> deti'l«:-‘:-n .la:
an area for storing information (logie or NUMEric). Althnu_gh the names '_‘“ titles which are give
sections or subsections of the storage memory Vety, the principles involved do not.
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4 Words of an Allen-Bradley PLC-2/15 Memory
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Figure 5-17 PLC-5 File Structure

File 1 1s the input image file. This file, like file 0. has 32 words of memory and can store the status
of 512 input devices. The status (ON or OFF) of the input devices. like the output image file, is
updated once each scan and can be increased in size on many PLC-5 models.

Both files 0 and 1 use the octal numbering system. and the memory locations (bits) are also num-
bered using the octal numbering system (there are no 8s or 9s in the octal numbering system). The
digits are 0-7, 10-17, 20-27, and so forth.

A personal computer and soft-

erred Lo as files. not ta- File 2 is the status, or S file. This file is used to store information on general processor status, fault

are still two menmon codes. real time ¢lock and calendar, major and minor fault bits, and program scan fimes in MSECS.

i ' Information from this file is used or incorporated into the user program. The size of this file
;ﬁl}ﬂn_l_l_',l;&mm}' struc- changes depending on the processor that is being used.

‘user changes.

File 3 is the B. or bit file, and is used primanly for internat or dummy relays. The du;:fuult H?iﬂﬂ(if
this file is one word. but can be expanded to 1000 wordsaf needed, All addresses from this file
miust start with B3. Another B or bit file may be created using the other areas ol Lh; memory. A
B10 file could be created that would also have intemal or dummy relays. The addressing B 10 ver-
sus B3 is used for organization and ease of ‘dentification. The B3 file may be associated with one
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"DATA TABLE FILES

ENHANCED
PLC-5

PROCESSORS

B/ile + 1/word
6/file + 1/word

&/file + 1/word

6/file + 1/word
E/file + I/smucture

6/file + 3/structure
B6/file + 3A/structure

&/hle + 2/Mlcat word

B/iile + 1/2 per

&/flle + 1/word
Bfile « 6/structure

a/Mle + S6/structure

B/lle + B2/structure

6/file + 3/strucliura
8/Milg + 42/structura

MEMORY USED

CLASSIC
PLC-5
PROCESSORS

2/file + 1/word
2/file + 1/word
2/Mle + 1/ Word
2/file + 1/word
2/file + 3/structura
2/file + 3/structure
2/file + 3/structure

2/file + 3/word
2Mile + 2/Moat word

2/ila + 1/2 per

character

2/Mile + 1/word

MAXIMUM SIZE OF FILE (16-BIT WORDS)

PLC

PLC
-5/60,
-5/60L,

.5/80

PLC
-5/40,
-5/40E,

-5/a0L

PLC

-5/30

PLC:
=5/25

PLC.

'54”1|

-5/20,

-5/20E

-5/12,

=610,

-5/15

1000 structures of 3

1000 structures of 3

1000 structures of 3

1000 structures of 6

585 structuras of 56

399 structures of 82

1000 structures of 3

780 stnictures of 42

NUMBER
(Defaull

file)

3-999 (8)

3989

3-989

FILE

DESCRIPTION

B [3-9993)
T | 3-999 (4)
C | 3-999 (5)
R | 3-999 (6)

BIT (BINARY)

/

PLC-5
MEMORY
data table

COUNTER
CONTROL
INTEGER

F

FLOATING POINT

program

BLOCK TRANSFER! BT

MESSAGE!

MG

SFC STATUS]

ASCI STRING!
EXTHA STORAGE
'anhanced PLC-5 proceanars prly

\

|

\

=

-5 Family

Yigure 5-18 Data Table Map File Structure for the PLC

(Courtesy of Allen-Bracdley)
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the same program files as the SLC 300, and three additional files.
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MicroLogix 1000 and 1500 Program Files

System program file (file 0)

Used to store information about the processor and
the /O configuration.

Reserved file (file 1)

Reserved for internal use of the processor and is
not user accessible,

Main ladder program file (file 2)

lermine controller operation.,

| Stores the instructions entered by the user that de-

User Error Fault Routine (file 3)

File is executed when a recoverable fault OCCUrs.

High-Speed Counter Interrupt (file 4)

File is executed when a high-speed counter inter-

rupt occurs. Can also be used for a subroutine lad- |
caer program.

———=n

Selectable Timed Interrupt (file 5)

Executed when a selectable time interrupt occurs.

Can also be used for a subrouting ladder program.

Subroutine ladder program file (file 6-15)

Stores any subroutines that have been created in
the main ladder diagram.

Nate: The MicroLogix 1000 and 1500 are ser up ro ahways have IS5 files. These files cannoi be

deleted in the ladder program.

MicroLogix Data Files

-'El_utput (file 0)

Stares the status, ON ar OFF, of ocutput devices
wired to the controller.

Input (file 1)

Stores the status, open or closed, of the input de-

vices wired to the controlier.

Status (file 2)

Stores controller operation information. This fileis

useful for troubleshooting controller and program
operation,

Bit (file 3)

Stores the legic for internal or dummy relays.

Timer (file 4)

Stores the preset values, accumulated vaiues, and

status bits for timers.

Counter (file 5)

Stores the preset values, accumulated values, and

status bits for counters.

Control (file )

I

Stores information on sequencears and shift
registers.

|' Integer (file 7)

Stores numeric values.
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familiar with the specific PLC and its programming techniques.

Rungs or instriotions Review Questions

|. Briefly describe the function of the programming device:
What does the acronym VDT stand for?

- PLC :I.:__',- }. Define the term o line.
| e i List the three type of programming devices and give advantages and disadvantages for each.
-~ SESRIOp programmer. Define the term off line.
" s R

R Riceo. 5. What is a hardware key?
7. What is meant by the term ““third party software™?
What is the advantage of a scaled touch pad-type Keybourd over 4 standard raised key key-
board? =
" In the context of this chapter, what do the terms passing cwrrent and power flow indicate?
Hand-held programmers usually have what type(s) of displays?
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[f'a memory ‘-liﬂ 18 256 words, then it can actually store 4,096 bits of information using 16-bit words
(256 words = 16 bits per word) or 2,048 bits using an 8-bit word (256 words X 8 bits per word).
When comparing memory sizes of different PLC systems, it is important (o know the number of bits

per word of memory. Bits can ulso be grouped within a word into bytes. A byte is a group of 8 bits.

AamorL SO ldeFlal V4 So that information stored in each word can be located, each word is numbered or given an ad-

ez L -y . e dress. Addressing words in the mémory serves the same function as the addresses used for homes
or apartments. Word 100, for example, represents a specific word location in memory, just like N.
100 Lincoln represents the address of an apartment building. The bits in word 100 are found by

L E. referencing a given bit number, just like the occupant of the apartment complex is found by a
Ve given apartment number.

. ‘Since a bit of information can only be a | or a 0 (ON or OFF). how is the status of bits within a

: word determined? Words that store the status of individual bits for input devices are set 1o | (ON)
. \-'I. "l . - 5 o | 1 L . f e 2 i Aavirpe L ¢ I 18 . - _
”“,..jr*q* o bro ,«h - J__Mﬁ of T ‘l‘-:““.kff mﬁ.f,m“ he'the function of each. or 0 (OFF), n_iepcndmg on the status (ON or OFF) of the input devices that the bit locations repre

| 1|j5 o Lypes ¢ ”“mm mation stored in each category TBIEHJDW sent. Other b“;S are set to | or ::'lt:'.ared 10 0 by the PrOCESSOr in response to the logic of the user pro-
"-"T"-':.‘-?*:._} 1 ’”M“U gram, RELAY LADDER LOGIC, or special instructions. which. in turn, control the status (ON or
Nefine the acs w}_ ”L.f m b OFF) of other bits that represent output devices.

fing ,,, gisters. A simple example of how this works is illustrated in Figure 5-2.
rf : r1| |' tH ‘l "Hl ""| :*H': .
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The firs! }E.“’:_r = "F‘CI‘] 10 indicate the type of file (inpul. output, timer, counter. elc.) The lett
represents an input device. and the letter O represents an output.

erl

The next two dlgus‘ identify the rack number. One rack can control 128 1/0 poimts. Rack numbers
starl_ at 00. A rack is different than a chassis. The chassis is the physical frame that actually holds
the input and output modules that make up a rack. Depending on the density of the VO rr.mdule;'.
used, a rack may require a 16-slot chassis or only 4 slots. If E-“pnim /O are being used, it will l:lk;‘
16 slots of 8-point VO modules 10 make 128 18 points (8 % 16 = 128), \k'here::uhif i-. point VO
are being used. it will only take a 4-slot chassis to make a rack (32 % 4 = 128). .

The next number tdﬂnﬁﬁt‘:ﬁ l'ty: module group within the rack. This is always a number from 0
through 7. The last two digits identify the actual terminal number to which the deyice 1s wired.

Figure 5-4 reviews the concept using the address of the limit switch 013/12.

/O RACK NUMBER —; MODULE GROUP
\, — TERMINAL NUMBER

NPUT—y | b
I: 013/12

Figure 5 Limit Switch Address 1:013/12

avice. The next two digits, 01, ell us that
further identifies the lo-
actual terminal (12) on

The letter I tells us that the address represents dn input d
the device is located in 1/O rack number 01. The next digit, which 1s a 3

cation as module group number 3. The last two digits, 1 and 2, identify the

the input module to which the limit switch is connected.

n in Figure 5-5. The limit switch address [013/12 gives
ck 01, module group 3, terminal 12. This same ad-
FF) or state of the limit switch is reflected by bit

Another example of this concept is show
us a hardware location for an input device in ra
dress. 1:013/12, tells us that the status {(ON or 0
12 of word 013 in the input image table.

This same addressing scheme gives us a hardware location for the indicator lamp addressed
0:012/06, The letter O indicates an output device. The next two digits, 01, tell us that the /O rack
Tocation is 01, The next digit identifies the module group as group 3 The last two digits locate ter
minal 06 as the terminal on the output module to which the indicator lamp is wired. Again, the ad-
dress 0:012/06 also locates the memory word and bit location that reflects the status (ON or OFF)

of the indicator lamp as showi in Figure 5-0.
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The ﬁratall:?;ﬁ: terof the address identifies the file type. The typical file types used are:
input
Status
Bit
Thimer
Counter
Control
Integer
Float
String

A" ASCII
‘Only available on selected processors.

-
"] n

mmZAROSE=w —0

—

In the address shown in Figure 5-7 the [ indicates that the file type is an Input file and also indicales
this is the address of an input device. The 0 after the =, which is the element delimiter, indicates that
the inpul device is connected to slot 0. The period (1) after the slot number indicates that the inputs
exceed 16 and require two words in the input image table. The number 1 indicates that this is word |
in alot 0. The number 6 after the forward slash is the bit number.

Note: The SLC 500 and MicroLogix do not use rhe actal numbering system like the PLC-5 family,
but insteacd use the decimal numbering sysrent.

For 16 inputs, the bits are numbered 0-15. The address, by using the period word delimiter (), indicares
that there are more than 16 inputs installed slot 0. Bit 6 is actually input device 22 (16 +6 = 22),
Recause we started with bit 0, input device 22 is in reality the 23rd input device. Likewise, input address
1:0.1/7 is the 24th input device.

The SLC 500 controlleris available in either fixed or modular VO. The fixed I/O units have fxed VO
of 20 (12 inputs and 8 outputs), 30 (18 inputs and 12 outputs). and 40 (24 inputs and 16 outputs).

For fixed /O controllers, all of the VO are in slot 0. Figure 5-8 shows a fixed VO controller that has
24 inputs and 16 outptts. Also shown are the input and output image tables for Data File U (output)
and Data File | (input). Note that for 24 inputs, the Input Image table uses two words for slot 0. Al 16
bits of word 0 (1:0) are used. whereas only the first 8 bits of word | (1:0.1) are used (bits O through/ 7).
The unused bits of word 1—bits 8 through | 5—are marked invalid and are not available for use.

An ourput address of 0:0/4 indicates that this is the address of an output deyice in slot U, terminal
4. This address also indicates that this is bit 4 of word 0:0 in the Output Image table data file O as
indicated by the X under bit 4 of output word O:0 (Figure 5-8).

An input address of [:0/15 indicates controllerinput 13 ‘1 <lot 0. This address is indicated by the X
placed under bit 15 of input word 140 in the input image table (Figure 5-8).

An address of 1:0.1/7 indicates an input device in slot 0, word 1, bit 7. This address is indicuted by

‘the X placed under bit 7 of input image Data File 1. word | in Figure 5-8. This address ulm_mdli-
‘eates that this is input device 23 As we started with 0 as the first input device, the 23rd UevICE IS
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Figure 5-9 SL.C 500 Modular Controller (Seven-Slot Chassis Connected 10 a Ten-Slot Chassis)
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Figure 5-11 shows an SLC 500 seyen-slot chassis connected to a four-slot chassis using an Allen-
Bradley 1746-CY communications cable. The processor is installed an slot O of the first chassis
which 15 adjacent to the power supply. Figure 5-11 shows an exploded view of the output/input
module installed in'slot 3. The output/input module is shown with the door that covers the terminals
open. The inside of the door shows a pictorial view of the terminal layout. The first vertical row of
terminal screws are for the six outputs plus an AC common connection. The second vertical row of
terminals 1s for the six input devices and an AC common connection. The normally open pushbul-
ton that is shown would have an address of 1:3/0. I is for input. the 3 indicates that the input device

Memory Organization 5 B3

is installed 1n slot 3, and the O indicates the input device is connected to input termuinal (.
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‘I'mmrmm "
: -
1 I 3
S
I
7
. /{/_{,?
QUTPUT  INPUT Li_/,/"’/
_ A
OE @@ | =
] 1] [5]
|2 (2]
[3]
=

L UTol——

P o

B QUT { ——

AT IN 1

@j OUT 2

——(-- ' IN2

: = OuT 3

@ L_;_"‘\ ; IN3

A — OuT 4

L Cj IN4

Ci = ouTs

w5 i INS

___'@ Teies 1)

/S ——

= B

=

—

Figure S-11 SLC 50
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Winl:t‘::;!?:; 'E?Ifl]:.”e Ilhm 1S 108t )og Figure 5-13 shows an analog input module installed in slot 10. The exploded view of the module
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Figure 5-13 SLC 500 with Analog Input Device Connected
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Instead of being hardware-driven like the Allen-Bradley addressing scheme, the 984 is software-

driven and programmer-defined,

Discrete mput device addresses use a five-digit number beginning with a 1 (1XXXX). The remain-
ing fﬂur_ numbers that will make up the address are assigned by the programmer based on how the
system is configured. Input registers are used for analog devices, absolute encoders. thermocon-
ples, and the like, and these addresses will start with the number 3 (3XXXX).

Discrete output devices begin with the number () (OXXXX). For analog output devices such as me-

ters. l]‘ﬂﬂﬁd}ltﬁl‘ﬂ, and' variable speed drive motors. output registers are used and have addresses
that start with the number 4 (4XXXX).

Once you gain experience using the /O Map utilities portion of the Modicon programming soft-
ware to assign addresses, the process becomes quite easy and very understandable.

MEMORY ORGANIZATION

At this point, it should be no surprise to find out that not all PLC manufacturers have orgamzed
their memories in the same way, or that they do not all use the same terminology for the configu-
ration or make-up of their memories.

As discussed in Chapter 3, there are two general classifications of memory: storage memory and

user memory. (Figure 5-13).

STORAGE
MEMORY

USER
MEMORY

Figure 5-15 Two Broad Categonies of Memory

Storage Memory _ W a4 =
Storage memory is that portion of memory that will store information on the status of input an

output devices, preset and accumulated values of timers and counters. internal relruh}‘:‘-qli‘_‘-'i"lf;‘%
numerical values for arithmetic functions, and so on. The entire storage ﬂlt‘mt‘ll'?’llb t._,?llLd_a da'laj
table, a register table, or other names, depending on the PLC munuf.:mn..lrer, A rch;1_¢1rh1> deti'l«:-‘:-n .la:
an area for storing information (logie or NUMEric). Althnu_gh the names '_‘“ titles which are give
sections or subsections of the storage memory Vety, the principles involved do not.
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Figure 5-17 PLC-5 File Structure

File 1 1s the input image file. This file, like file 0. has 32 words of memory and can store the status
of 512 input devices. The status (ON or OFF) of the input devices. like the output image file, is
updated once each scan and can be increased in size on many PLC-5 models.

Both files 0 and 1 use the octal numbering system. and the memory locations (bits) are also num-
bered using the octal numbering system (there are no 8s or 9s in the octal numbering system). The
digits are 0-7, 10-17, 20-27, and so forth.

A personal computer and soft-

erred Lo as files. not ta- File 2 is the status, or S file. This file is used to store information on general processor status, fault

are still two menmon codes. real time ¢lock and calendar, major and minor fault bits, and program scan fimes in MSECS.

i ' Information from this file is used or incorporated into the user program. The size of this file
;ﬁl}ﬂn_l_l_',l;&mm}' struc- changes depending on the processor that is being used.

‘user changes.

File 3 is the B. or bit file, and is used primanly for internat or dummy relays. The du;:fuult H?iﬂﬂ(if
this file is one word. but can be expanded to 1000 wordsaf needed, All addresses from this file
miust start with B3. Another B or bit file may be created using the other areas ol Lh; memory. A
B10 file could be created that would also have intemal or dummy relays. The addressing B 10 ver-
sus B3 is used for organization and ease of ‘dentification. The B3 file may be associated with one
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"DATA TABLE FILES

ENHANCED
PLC-5

PROCESSORS

B/ile + 1/word
6/file + 1/word

&/file + 1/word

6/file + 1/word
E/file + I/smucture

6/file + 3/structure
B6/file + 3A/structure

&/hle + 2/Mlcat word

B/iile + 1/2 per

&/flle + 1/word
Bfile « 6/structure

a/Mle + S6/structure

B/lle + B2/structure

6/file + 3/strucliura
8/Milg + 42/structura

MEMORY USED

CLASSIC
PLC-5
PROCESSORS

2/file + 1/word
2/file + 1/word
2/Mle + 1/ Word
2/file + 1/word
2/file + 3/structura
2/file + 3/structure
2/file + 3/structure

2/file + 3/word
2Mile + 2/Moat word

2/ila + 1/2 per

character

2/Mile + 1/word

MAXIMUM SIZE OF FILE (16-BIT WORDS)

PLC

PLC
-5/60,
-5/60L,

.5/80

PLC
-5/40,
-5/40E,

-5/a0L

PLC

-5/30

PLC:
=5/25

PLC.

'54”1|

-5/20,

-5/20E

-5/12,

=610,

-5/15

1000 structures of 3

1000 structures of 3

1000 structures of 3

1000 structures of 6

585 structuras of 56

399 structures of 82

1000 structures of 3

780 stnictures of 42

NUMBER
(Defaull

file)

3-999 (8)

3989

3-989

FILE

DESCRIPTION

B [3-9993)
T | 3-999 (4)
C | 3-999 (5)
R | 3-999 (6)

BIT (BINARY)

/

PLC-5
MEMORY
data table

COUNTER
CONTROL
INTEGER

F

FLOATING POINT

program

BLOCK TRANSFER! BT

MESSAGE!

MG

SFC STATUS]

ASCI STRING!
EXTHA STORAGE
'anhanced PLC-5 proceanars prly

\

|

\

=

-5 Family

Yigure 5-18 Data Table Map File Structure for the PLC

(Courtesy of Allen-Bracdley)
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Microl.ogix processors have
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the same program files as the SLC 300, and three additional files.
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MicroLogix 1000 and 1500 Program Files

System program file (file 0)

Used to store information about the processor and
the /O configuration.

Reserved file (file 1)

Reserved for internal use of the processor and is
not user accessible,

Main ladder program file (file 2)

lermine controller operation.,

| Stores the instructions entered by the user that de-

User Error Fault Routine (file 3)

File is executed when a recoverable fault OCCUrs.

High-Speed Counter Interrupt (file 4)

File is executed when a high-speed counter inter-

rupt occurs. Can also be used for a subroutine lad- |
caer program.

———=n

Selectable Timed Interrupt (file 5)

Executed when a selectable time interrupt occurs.

Can also be used for a subrouting ladder program.

Subroutine ladder program file (file 6-15)

Stores any subroutines that have been created in
the main ladder diagram.

Nate: The MicroLogix 1000 and 1500 are ser up ro ahways have IS5 files. These files cannoi be

deleted in the ladder program.

MicroLogix Data Files

-'El_utput (file 0)

Stares the status, ON ar OFF, of ocutput devices
wired to the controller.

Input (file 1)

Stores the status, open or closed, of the input de-

vices wired to the controlier.

Status (file 2)

Stores controller operation information. This fileis

useful for troubleshooting controller and program
operation,

Bit (file 3)

Stores the legic for internal or dummy relays.

Timer (file 4)

Stores the preset values, accumulated vaiues, and

status bits for timers.

Counter (file 5)

Stores the preset values, accumulated values, and

status bits for counters.

Control (file )

I

Stores information on sequencears and shift
registers.

|' Integer (file 7)

Stores numeric values.




, = T P rrtreErs
0 Programi yable Controft 'f-'?_’i——

e
N SOl §rE .

—

MicroLogix 1000 and 1500

Program Files File Number

0

System Program

Heserved i

Main Ladder Program

User Error Fault Routine

=

|
!4] ‘File Number High-Speed Counter Interrupt
: :

Selectable Timed Interrupt

Subroutine Ladder Program

Data Files Identifier File Number

Output 0 0

Input 1

Status

Bit

‘Timer

Counter

Control

Integer

The MicroLogix 1000 and 1500 programmable controllers use both volatile RAM and nonvolatile
EEPROM memory. Program data downloaded into the processor from a programming device 1s
stored first in the RAM memory and then copied to the EEPROM memory where it is stored as
both backup data and retentive data. It is important to remember that all data in the RAM memory
is lost in the event of a power failure, whereas information stored on the EEPROM memiory is not

affected by power loss,

While the names of files are different for each PLC manufacturer, the flexibility of assigning file
areas and file size is lypical for all PLCs. As the names and structure vary, the only way ta really
understand the memory structure is 1© obtain the literature for the specific PLC that you are deal-
ing with, Salesmen, saleswomen and technical representatives are all invaluable resourees when
trying to gather information or clarification about a particular PLC.
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CHAPTER

Numbering Systems

mmgimmmmm sections or subsections are unigue to each PLC manufacture, but th
memories il work in basically the same manner.

or memory (storage and user) stores the /0 status, the user program, and numer;, |, Objectives

After LL’HIPIL“']” this t[ldp[i.l' you should have the know |L|ji'L 10
» Understand decimal. binary, octal. hexadecimal. and Bin: iry coded decimal (BCD) num
pering systems.

BT __l W] i{ﬁﬁfmﬁ?ﬁm&lﬁﬁnﬂ? mnffbﬂﬂd and/or stored in one of the PL ( § [\ Convert from one numbernng system to another.
Ll ;Lwﬁ’fm'ﬂndm—j Plilipcﬂn S(i’nrswmge memory) or a U (for user 1 Express negative numbers in 25 complement.

cimn

s

ﬁ'@w tlémtmmsmnmw ficate in which category it is normally found and/or Add signed numbers.

Convert a negative binary display to its decimal equivalent.
Complete a subtraction problem using 25 complement and addition.

AN elecmcian, technician; or other personnel who are required to program. modify. or maintain a
PLC must have a “working™ knowledge of the different numbering systems that are used. For ex-
ample, the input/output addresses may use the octal numbering system; the timer and counter addres-
Ses may use the decimal numbering system; accumulated and preset values of the Iimfn and

eounters may use the binary numbering system; operator interfaces, such as thumbwheels and se
. segment displays, may require information be sent and received using the BCD format; and the h: Xa-
=:.' '*{L'i'j,“ n iryte decimal system may be used for loading information into sequencers. The numbenng system used in
e H—ﬁfj 0 ‘What rack and module group numb gach area discussed varies with the different PLC manufacturers. but it is obvious that 1o fully under-

Whar wor  bi S g el d address 11103 be located” stand and program a PLC, an understanding of the various numbering systems is necessary,
-~ - G =l o - e @‘Blﬂlﬂl'l
2. Wwhat do the fc mﬁﬂ@m indicate? DECIMAL SYSTEM

The decimal numbering system is used every day by electricians and technicians. and it is a sys-
tem they are comfortable with. This system uses ten unigue numbers, or digits. which are 0
through 9. A numbering system that uses 10 digits is said to have a base of 10. The value of the
decimal number depends on the digit(s) used, and each’s place value. Each position can be repre-
= '~'_' oL Mmr'ﬁlsm lndICd[Eq' sented as a power of 10, starting with 10° as shown in Figure 6-1. In the decimal system. the firsi

Would address I D/ indicate? | |

- "'-'.Irrl- I'“ j J |

~ DECIMAL
POINT

THOUSANDS

| 3
*
109 |

HUNDREDS

Q
L
=
%

Figure 6-1 Place Value and Corresponding Power of Ten
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e b e Cian he —
e tens place; next is the L X : '
18 place; 15 the hundreds pliice Another example is shown in Figure 6-3 using

the decimal number 239

ending the capability of the decin '

al 2Ystem h

umber that uses an exponent af 0. such as 10% has a place value af 1. Exponent 1
. I
1

> expressed by adding the place values as shown in Figure ¢ -

- . - N .
=w e el B e R, (R U P e -tr';‘
ecihie decimal number ¢an b

1. DECIMAL NUMBER 2|3 \ 9
i L]

T

2. PLACE VALUES (100} {10) (1)

J. FLACE VALUES EXPRESSED 18 19" 109

AS POWERS OF 10 Lo
L |

4. PRODUCT OF STEPS 1AND3 200+ 30 + B

I =2

-

==

] 5. DECIMAL NUMBER (SUM OF PRODUCTS) — 239
(1000 100) (10) (1) e .
MESAIR0) (). Figure 6-3 Decimal Numbering System
(0% (109 (10", (100

t 4

" CCImal N umbering

BINARY SYSTEM

The binary system uses only two digits: 1 and 0. Since only two digits are used, this system has a
base of 2. Like the decimal system—and all numbering systems for that matter—each digit has a
cértain place value. The first place to the left of the starting point, or binary point, is the units or Is
location (base 2%). The next place, to the left of the units place. is the 2s place, or base 2! a8 shown
in Figure 6-4. The next place value is the 4s place, or base 2%, then the 8s place. or base 2°, and so
forth. A binary number is always indicated by placing a = in subseript 10 the n;_;.ht of the units
' digit, Figure 6-4 illustrates how a binary number is converted 1o a decimal equivalent '}"nlb_er'
Note the subscripted 2 at the lower right-hand corner ot the binary number line that indicates a

base 2, or binary number.

number fime:
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'ﬁngsyatem for that matter
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“lIIl the figure). Now di-
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2r (1) becomes the last di ol

———— eSS ‘Numbering Systems %103
[vis important to arrange the remainders correctly

The first digit placed in the Is position is called th
called the most significant digit. The
why it is called the most significant
comimon, and refers to the relative pos

when making the decimal-to-binary conversion:
all e least significant digit, whereas the last digit is
las_.t digil placed has the highest place value (128s ) which is
_d!gn. This reference to least and most significant digits is
1ihon of any given digit within a number.

The following steps summarize this decimal-to-binary conversion

Step 1. The decimal number is divided by 2 (base of the binary numbering system). The quo-
| tient 1s listed (119) as well as the remainder (1).
Step 2. D"'f‘de the quotient of Step 1 (119) by base 2. and list the new guotient (59) and the re-
~ mainder (1),
Step 3. {[IJI"'-'IdE the quotient of Step 2 (59) by base 2. and list the new gquotient (29) and remain-
der (1).
Step 4. Divide the quotient of Step 3 (29) by 2, and list the new quotient (14) and the remainder
(1).
Step 5. D?v!de the quotient of Step 4 (14) by 2, and list the new guotient (7) and remainder (0).
Sl_vEp_ 6. D!v!de the quotient of Step 5/(7) by 2, and list the new quotient (3) and remainder (1).
Step 7. Divide the quotient of Step 6 (3) by 2, and list the new quotient (1) and remainder (1).
Step 8. Divide the quotient of Step 7 (1) by 2, and list the new quotient (0) and remainder ( 1).

Note: When using a calculator to do the division, the value to the nght of the decimal must be
multiplied by the base to gei the actual remainder. For example, when 239 is divided by 2 (Step 1)
on a calewlator, the answer is 119.5. To find the actual remainder, the 0.5 is multiplied by 2, the
base, to find the remainder 1. This procedure is true for any numbering sysient. The base times the
value to the right of the decimal point equals the aciual remainder,

The binary numbering system is used 1o store information in the processor memory in the form of

bits (BInary digiTS).

2S COMPLIMENT

Virtwally all programmable controllers, compulers, and other electronic calculating equipment per-
form counting functions using the binary system. For those PLCs that are .pmgrummcd o perform
Arithmetic functions, a method of representing both positive (+) and negative (=) numbers must !‘*‘-‘-
\ised. The most common method is 2s complement. The 2s complement is simply a convention tor

binary representation of negative decimal numbers,

a discussion of 2s complement, a review of adding binary numbers

‘Before going any further with - :
e added according to an addition table. A partial

‘may be helpful. In decimal addition, numbers are
addition table is shown in Fig. 6-6.
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Nutmc thatif 1 and 1 are added. the table shows 1 0. n
ot 2,
representation of 2 (Figure 6-10). ESIUAHiEEspescCABISLE Huliry

8 4 2 1
0/0/1/0]

| =

Figure 6-10 Binary Representation of 2

Figure 6-11 shows how binary numbers 1011, and 110, are added.

_ ertical line, and the second .
ne. | -__ellf_u I;S';,ﬂ lmagmar}f lines intersect. Fo,
5 (as sh Figure 6-7).

[1]o0]

2

ojojo}1]

2
Figure 6~11 Adding Binary Numbers

In the Is column 1 +0=1I.
In the 2s column | + 1 = 0 with a carry over of |.
In the 4s column | + 0+ 1 =0, with a carry over of 1.
ion, a similar addition table is constructed. T ;In"_the 35 column 1 + 1 + 0 =0, with a carry over of 1.
two digits (1 a6d 0N (Bionre &8y 5%3111311 because the binan In the l6s column |l +0+0=1. : _ :
' e ' The sum (toral) of 1011, and 110, is, theretore, 10001,

To verify our results we can convert the binary numbers 1o decimal equivalent numbers and add
them as shown in Figure 6-12,

A
0|1

l

'.. ] E'JI]II;HI .I_;.II].IFI:F:'-E.

Figure 6-12 Converting Binary Numbers to Decimal Equivalents
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BINARY NUMBER DECIMAL

0 o7

0110 +6

0101 +5

0100 i

0011 .3

0010 S

0001

0000

1111

1110

1101

1100

1011

1010

1001

1000 =)

Figure 6-16 2s Complement Numbers for an Eight-Bit Word

Notice that the negative numbers go to -8 while the positive numbers only go to +7. In this case.
the signed bit is used for its place value, which is 8. The same holds true for 8- and 16-bit words.
The maximum negative number is always one number higher than the maximum positive number.

To display a negative binary number requires that the same value positive number be complemented

(all 1s changed to 0s and all Os changed to 15) and a value of 1 added. The result is 2s complement
of the number. Figure 617 shows the Steps [a EXpress _5.in 2s complement using a 4-bit word.

SIGNED PLACE VALUE
BIT 4 2 1

1. POSITIVE EXPRESSION OF THE NUMBER (+5) | O 1 0 1

2. COMPLEMENT 1 o 1
3. ADD 1

NEGATIVE BINARY DISPLAY 1 0 1

Figure 6-17 Expressing =5 in 25 Complement
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VALUE 128

1

'

|

—S—

SIGNED
BiT

Figure 6-20 Eight-Bit Word 2% Complement

In this j.:xample._ lhe_signed bit would have a value of 128 (27). whereas the numeric value of the
other bits would be 94 as shown in Figure 6-21.

SIGNED
B

Figure 6-21 Eight-Bit Word (2s Complement) with Bils Added Together

Subtracting the place value of the signed bit (123) Irom the numeric value of the other bi_u. (9]
gives us the decimal number: 94 — 128 = —34. To verify this answer. complement the original bi-
nary number 1101 1110 to get 0010 0001. Then add 1.

0010 OO0
|
0010 0010

The answer is 2° + 2! or 32 + 2 = 34: adding the negative sign gives us a final answer of =34. the
same answer we got when we subtracted the place value of the signed bit { 128) from the BuImenc
‘wvalue of the binary number 94.

Af the PLC system uses 25 complement for anithmetic, the highest positive number that 3 16-bif
‘word can represent is +#32.767 as shown in Figure 622,
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16,354
8,18
4,09z
2,048

1,024
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f 25
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=~ 128

1
24=16
—1x23=8

r —1x22=4 ;
r —1%x21=2

| ' 1x20=1 "
I e
1 :
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32,767

fr—

101
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b
I
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=5
=

l

ment 16-Bit Word

ord 1s 3?'-'32:,?68 as shown in

Word
I
mhﬂl'ﬁ 1S as fol-

5to and including
hows this aller

‘Note: When adding signed binary numbers, any ¢t

Once addition of signed numbers 18 possible, the other arithmetic funcuons
‘cation and division) are 4lso po

— - Numbering Systems =111

1. ORIGINAL POSITIVE NUMBER (+2) 0o 0 1 O
2. COPY UP TO FIRST 1 BIT 1 0
3. COMPLEMENT THEREMAININGEBTS 1 1 1 0

0

2S COMPLEMENT-2 1 1 1
Figure 6-24 Alternate Method of 2s Complement

A further example is shown in Figure 6-25 for 25 complementing the value 24 using an 8-bit
word.

1. ORIGINAL POSITIVE NUMBER (+24) O o0 o 1 1 0 0 O
2 COPY UP TO FIRST 1 BIT i 0 0 O
3. COMPLEMENT REMAINING BITS 1i 1 1 0 1 0 0 O

2S COMPLEMENT -24 1 1. 1+ o 1 0 0 ©O

Figure 6-25 2s Complement of —24 Decimal

Bﬁy using 2s complement, negative and positive values can now be added. The two steps for adding
-"?m and +35 m-using 2s complement with a 4-bit word is shown in Figure 6-26.

1. EXPRESS ~7 IN 25 COMPLEMENT aT 4 1

2
- i
2. POSITIVE EXPRESSION OF NUMBER (+7) | O | 1 | 1 | 1

b. COMPLEMENT 1 0O 0 O

c. ADD 1 1
NEGATIVE BINARY DISPLAY 1 0 O 1

2 ADD -7 AND +5 4 2 o

+0 1 0 1

BINARY SUM 1 1 1 0 =-2yp

Figure 6-26 Adding Positive and Negative Numbers

irry over from the signed bit column is discarded.

(subtraction, multipli-
<sible. because they are achieved by successive addition on a PLC.
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2 3 9

- 29 REMAINDER 7

rom 26 i accomplished by complementing 20 o o, . e = NUbEtnE Syslemsy 45 13
_ - - din = — -

-1u

3 REMAINDER 5

0 REMAINDER3 ——

3 |98 |7

8

Figure 6-30 Converting a Decimal Number ta an Octal Number

S T :- b o c -l__ :'F_-ﬁ 4 I
e 627 5ul hiraction by Addition: - :
B . B © o= Step 1. The decimal number 239 is divided by R (base for the octal numbering system). The
" TAl CVOCTCRA 1 15 lis 204 a6 well ac the remas - th
CTAL SYS’ -\ , quntle_nl 15 listed F"'g}.dh \.fm!l as the remainder (7). A calculator shows the answer as
W - 29.875. The quotient is 29, and the remainder 15 0.875 X 8, or 7.

'i.'-".'-'--."-"F"'II'-‘._.'."lIv‘l'i*l,itj'.?: 8. is made up o it digits: numbers /0 through 7. The first digit to the /e/; Step 2. Divide the quotient of Step [ (29) by 8, and list the new guotient (3) and the remainder

of 80 iﬁ!ﬁ-‘:‘i&ﬁﬂl-pl’aﬁe is eights (8 ESS). %calcululm gives the answer 3.625. The quotient is 3, and the remainder 1s 0.625 >
. or 5.
Step 3. Divide lh'e. quotient from Step 2 (3) by 8, and list the new quotient (0) and remainder (3).
The quotient 3 divided by § equals 0.375. The new guotient is 0. and the remainder is
().375 % 8, or 3.

The decimal number 239 is the same as octal number 357.

Since the largest single number that can be expressed using the octal numbering system IS seven
(7). each oetal digil can be represented by using only three (3) binary bits (base 2). Figure 6-31 il-
lustrates how 1o convert an octal number to a binary number. The figure shows three sets of binary
bits and the place value of each bit. For the leas significant digit (7), a one (1) must be placed in
the Is place, the 2s place, and the 4s place to equal 7. The middle digit (3), a [, is placed in the 1s
place and the 4s place, while a 0 1s placed in the 2s place. This combination equals 5. For the most
significant digit (3),a 1 1s placed in the Is place and the 2s place, and a 0 is placed in the 45 place.
This combination adds up to 3.

3

IS

I
=

/

2

D]

Figure 6-31 Conversion of Octal Number to Binary
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igiand for numbering worg Tite | e : "
t and output modules are Iiihclfij The decimal number 4,780 is converted to hexadecimal as illustrated in Figure 6-34.
Iﬁbethe. ease with decip, | DECIMALNUMBER 4 7 8 0
\ j‘ll\.l}s_l_n_g-.t_he actal numberiy,

o forth, whereas the bits are [ahf]\,:j

X e T sl Kote A , 4780 _
hows a memory word with the infer 1al bits addressed using . 1.2 = 298 REMAINDER 12

*10

2. = 1B REMAINDER 10

1 REMAINDER 2

4

298
16
18
3, =
1
" 16

0 REMAINDER 1
1 }

i 2 10 12
1|2 |A|C

16
Figure 6-34 Converting a Decimal Number to a Hexadecimal Number

Step 1. The decimal number is divided by 16 (base for the hexadecimal numbering system). The
| quotient is listed (298) as well as the remainder ( 12). A calculator provides the answer
298.75. The quotient is 298, and the remainder is 0.75 X 16, or 12. |
Step 2. Divide the quotient of Step | (298) by 16, and list the new quotient { I8) a'nd the remainder
" (10). The answer is 18.625. The quotient is I8, and the remainder is 0.625 X 16,0r10.
Step 3. Divide the quotient from Step 2 (18) by 16, and list lhe_n::u.: quotient (1) and Lhe I'EF‘I‘I;HH-
. der (2). Eighteen divided by 16 equals 1.125. The quotient is 1, and the remainder 1s
0.125 X 16..0r 2. : : T gt
Step4. Divide the quotient from Step 3 (1) by 16, and 1].5[ the new guatient (0) _a‘n t e-:‘ l:eTmn e | :
' One divided by 16 equals 0.0625. The quotientis 0. and the remainder is 0.0625 X 16, or 1.

15 However, only numbers

mn

D15, respectively. The place
i3

67, 4 0965—16°. and so on.

‘Converting a hexadecimal number o a decimal number is illustrated in Figure 6-33.

1. HEXADEGIMAL NUMBER {1 2| A|C LE

R

2 PLACE VALUES (4006) (256) (18) (1)

2 0
3. PLACE VALUES EXPRESSED 163 162 16" 186
AS POWERS OF 16 l l 1

1

4. PRODUCT OF STEPS 1 AND 3 4096 +512 + 160+ 12

‘ ‘ ~ 4096
~ 512
- 160
L 12

— 8 0
5. DECIMAL EQUIVALENT (SUM OF PRODUCTS) 4 7 *40

Figure 6-35 Converting a Hexadecimal Number 04 Decimal Number
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Thl: ﬁrst_ fﬁlf?} u: c:nn'jq'en_ing 16-bit binary 10 hexadecimal is to group the 16-bit binary s ineo
5’;‘2‘313 ila“h:t:;el;;ﬁa;n; - Ipﬂmm Coded Decimal (BCD}). Each group of four digits is con-
) - quivalent. In Figure 6-37. the hexadecimal numberis 92 B 5 .

The conversion of 9 2 B 5, to deci : _
1na it bi - gl | g 2 £ COMVEFsIOn 01 -
inal 16-bit binary number to its decimal tqunalanlt_ ymversion of the ong

—

—

| 37,557,

g A ~
1}{1:111
—2

Figure 6-38 Converting a 16-Bit Digital Number to a Decimal Number

BINARY CODED DECIMAL (BCD) SYSTEM

When large decimal numbers are to be converied to binary for memory storage, the process be-
comes somewhat cumbersome. To solve this problem and speed conversion, the Binary Coded
Decimal (BCD) system was devised. In the BCD system. four binary digits (base 2) are used 0
represent each decimal digit. To distinguish the BCD numbering system from a binary System. the
designation BCD 1s subscripted and placed to the lower right of the units place. Converting a BCD
number to a decimal equivalent is shown in Figure 6-39.

1. BCD NUMBER rﬂ

2. PLACE VALUES

3, PLACE VALUES
EXPRESSED AS
POWERS OF 2

4. PRODUCT OF
1AND 3

5. DECIMAL EQUIVALENT
(SUM OF PRODUCTS)

Figure 6-39 Converting a BCD Number (02 Decimal Number
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nexpressed in hexade
id character se with

vimal (base 16.) Figure 62 shows the [28
both the binary and hexadecimal numbe ring

MSB
MOST SIGNIFICANT BT

BINARY—~ nrr
| HEX*_*_WG | 001 610 | 011 | 100 | 101 | 110 | 113
=1 0_| 1 2 | 3 4 1 5 | 6 | 7
U | NUL | DiE | sp gl @ | P 1 A

0001 | 1 | et =
SOH |bC1 | 1 | 1 A |l o | |
G010 | 2 | s7x | | | - e
STX | bG2 L 2 1 B R | b r |

EHOLL L 3 lEX |oca| 2 [ 3 | ¢ s | ¢ s
Efi0 | 4 1EOTIDcs | s | 4 [ o I v 1 g | t ]
210101 1 5 |eNo[NaK ] % | 5 | ¢ U e y |

o201 6 Tack [swWi a | 6 [ F [ v [ 1 1 »
&= 0111 | 7 | BEL | E18 | 7 l e iwlalw|
@ | 1000 | 8 BS ICAN | | 8 | H X | n x|

& 11010 | = > : :

9 1 A | LF |sus | : J Z . z

w1011 I B | vi [esc | = | | K [ k | |

_’ ¥
1100 | © | FF | rs | <« I L e T
1M I D lcecrlIes | - 1T = | m ‘ | 1 |
| m i

1110 | E | so | mS = N n | -

1111 | F SI_| us ? 0 | - | o |lpEL

Figure 642 Standard ASCII Control Code and Character Set

The dlﬂlla! or hexadecimal number is determinad by first locating the vertical column where the
code or character is located, and then the horizontal line.

EXAMPLE: The letter A is in column 4. horizontal line 1. The binary number that transmits the

letter A is 100 0001. The hexadecimal number is 41. The symbol # is 010 0011 in bi-
nary and 23 in HEX.

An eighth bit is often used by programmers 1o provide error checking of information that is trans-
mitted. This eighth bit is called the parity bit.

FOr even parity, the parity bit (the eighth bit) is added to the seven bits that represent the ASCII
‘codes and characters so that the number of 1s will always add up to an even number.

EXAMPLE: The binary number for the # symbel is 010 0011. The Is add up to three, an odd

number. By adding an eighth bit and making it a I, the total of 1§ are now 4. or even.
as shown in Figure 643,

PARITY
BT | ASCIICODEBITS

1 ]0 io0011
Figure 6—43 Parity Bit Set (o 1 for Even Panty

EVEN PARITY
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me ?:i ﬁ;:]“fél:if;;?llﬂﬁﬂ‘léntl. “*—'.Eﬂlhkﬂ and Pt?l'::ili‘-'r: numbers can be added, subtracted, divided, and
multiplied: Inreality, however, all anthmetic functions are accomplished by successive addition.

Review Questions

] When information is stored using only Is and 0s. it is called a
A hit 1s an acronym for
_ The decimal numbering systemn uvses 10 digits. or a base of 10, List the base fore mLh of the

——

system.

following numbering systems.

a. binary base
b. hexadecimal base

Pqme

—
c:_':-ﬂ

T

12.

c. octal base
Convert binary number 11011011 to a decimal number.
Convyert decimal number 359 (o a binary number
Convert hexadecimal number 14CD to a decimal number.
Convert decimal number 3247 to a hexadecimal number.
Convert decimal number 232 to an ocral number.

How do we prevent binary numbers 10 and | 1 from being confused as decimal numbers?
Convert the following binary values to decimal.,

a. 10011000

b. 01100101

¢. 10011001

d. 00010101

Cnmferl the following BCD values 1o decimal.

a. 1001 1000

b. 01100101

¢. 1001 1001

d. 0001 0101

The BCD value 1001 0011 0101 1s not

a, 935 decimal

b. 0011 10100111 binary

¢. 647 octal

d. 3A7 hexadecimal

13. The hexadecimal value 2CB 1s not

14, Express the follow

a. 715 decimal

b. 1313 octal

¢. 00101100 1011 binary
d, 0111 0001 0011 BCD

Teo R-bi 15 w all
ng signed decimal numbears in Use 8-bit words. She

2s complement.
work.

A (=)7

b. (-4

c.(-)3
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Understanding and Using
Ladder Diagrams

Objectives

After completing this chapter. you should have the knowledge 1o
» [dentifv a wininz diagram,

» [dentify the parts of a winng diagram.

» Convert a winng diagram to a ladder diagram.

= List the rules that govern a ladder diagram.

There are basically two types of electnical diagrams: wining diagrams and ladder disgrams.

WIRING DIAGRAMS

The wiring diagram shows the circuil wiring and its associated devices (relays. mers, motor
starters. switches. and the like) in their relative physical location (Figure 7-1). While this type of
diagram assists in locating components and shows how a circuit is actually wired, 1t does not show
lhe circuit in its simplest form. To simplify understanding of how a circunt u'orks-_.md o ~__;h.:|'-.\. the
electrical relationship of the components (not the piy sical relationship). a ladder diagram is used.

1Y L2 LS

s

.

M

ml

T1

Figure 7-1 Winng Diagram




