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INTRODUCTION

Programmable Logic Controllers were first introduced to industrial control in the early
1970’s as replacements to hard wired relay systems. They did, and still do, consist of three
major functional components: A Central Processing Unit; the Input Output structure; and a
Programming Device. (See Figure #1) Originally there were four major benefits to utilizing
Programmable Controllers (PC’s).

1. Hardware industrially rated
i.e., 0-60EC 5-95% humidity
NEMA ICS 2.230.4
ANSI C-37.90

2. Programmed in Relay Ladder Logic.

3. Multiplexing I/O (Input/Output) signals from field devices.

4. Re-programmable.

At this time, PC systems consisted of discrete (digital) control with limited
communications capability.

Interfacing to a PC system was solely through discrete field devices hardwired to the PC
input/output modules up to a maximum of a few hundred feet from the Central Processor.

Since 1979, a number of options have been added to PC’s giving them increased flexibility
and contribution to telemetry networks.



Numerous additions to the types of I/O interfaces available have significantly expanded the
range of applications for PC’s. Direct analog, themocouple and RS232 serial Inputs and
Outputs to name just a few. With these features, and corresponding upgrades/additions to
programming instructions, PC’s are now quite successfully replacing analog controllers
and mini computers as well as relays and drum sequencers.

Two other major advances have enabled PC’s to be utilized as powerful additions to
telemetry and SCADA systems. These additions are remote I/O structures and flexible
communications.

Input Output Structure

The I/O structure of a PC acts as a mechanical and electrical interface to the various
signals received from or provided to system field devices.

As such, a PC I/O network can be modeled as being comprised of five layers. (See
Figure #2.)

The physical layer of interface to the system is layer #1. At this point, mechanical
terminations are made to the PC and line conditioning is provided. A to D and D to A
conversions, and thermocouple junctions are at this level. These signals are then filtered,
multiplexed and typically optically isolated from the I/O bus. At this level, transmission to
the CPU depends upon the specific I/O structure being used.

Both a parallel and serial I/O configurations are available with larger PC’s today. The
more common configuration being a serial I/O bus over twinax, coax or two twisted pair
cable. The parallel PC I/O bus is unique to the GE Series Six PC and is diagrammed in
Figure #3.

The I/O control of each CPU has sufficient power to drive up to 50 feet of I/O cable (16
pair) and up to ten racks. If additional racks are utilized or if racks are to be located some
distance from the CPU, I/O transmitters are utilized. These transmitters can drive up to
500 feet to the same type receiver used adjacent to the CPU. Again, up to ten I/O racks
placed within 50 feet can be daisy chained at the end of the cable connected to the
transmitter. As many transmitters as required can be placed in any single rack or group of
racks. This parallel bus can be continued in this fashion up to 2000 total cable feet in any
direction from the CPU.

Data transmission along this bus is at 57.6 K baud.



In addition to this high speed “local” parallel bus, a serial remote bus is available. By the
addition of a remote transmitter in any local I/O rack, remote serial I/O links can be added.
(See Figure #4) If hardwired, these links can be located up to 10,000 feet from the local
unit via two twisted pair.

Remote I/O structures hardwired to 10,000 feet such as diagramed in Figure #4 are
common in the industry today. In this configuration, all logic processing is done at the
central processing unit. The remote I/O modules gather and transmit data only. Typical
installed applications have been in pipeline system, waste water treatment water delivery,
material handling, and large continuous process installations.

The major benefit of a hardwired PC remote I/O system is that all hardware is an integral
part of the PC being utilized. This keeps the system very simple to implement. The speed
of communications, although it varies between PC vendors, is also most often extremely
fast. Data and control signals can be transferred on the GE system at rates from 110 to
57.6 K baud. This feature has been of particular benefit in high speed material handling,
and critical process control applications.

In addition to being able to hardwire the remote links up to 10,000 feet, we have the ability
to link most EIA RS232 compatible modems directly to an I/O remote transmitter. PC
systems have been implemented over microwave dedicated phone lines and infrared
transmissions using remote I/O. This flexibility extends the applicability of PC’s where
hardwired systems are not practical.

The IEEE Standard 518-1977 Guide for the Installation of Electrical Equipment to
Minimize Electrical Noise Inputs to Controllers from External Sources should be followed.
We recommend 22 AWG gage minimum, 15 PF/foot max., individually shielded, twisted
pairs. The connection to this remote link is two twisted pair and RS232C. The twisted pair
Interface consists of two unidirectional data lines (Transmit Data and Receive Data)
through which data and control signals can be transferred.

Communications

PC communications typically refer to an RS232 or RS-422 protocalled port(s) linked
directly into the bus of the Central Processing Unit. As such, these ports provide the
capability of creating a small network typically consisting of from 2 to 15 devices.



The flexibility of the PC communications relies basically on four factors:

1. The configuration and speed of communications
i.e., Master-Slave

Master-Multislave
Peer-to-Peer

Data throughput rate

2. The capability of the PC to emulate protocalls.

3. Available vendor supplied software packages to interface to external devices.

i.e., Process Controllers
Mini-computers
Intelligent color CRT’s

4. Available Compatible Local Area Networks
i.e., GENET

ETHERNET

Typical transmission rates for PC CPU communications range from 9600 baud to 250K
baud, single channel single level networks. (See Figure #5). Configurations are available
for master-slave, master-multislave, and Peer-to-Peer. These networks are all designed to
perform with a particular type of controller, i.e., a GE, Allen Bradley, Modicon . . PC. Any
device such as a CRT or minicomputer or process controller being linked to this network
would have to emulate the specific protocall or have its protocall emulated by the PC it is
connected to. Typically there are a maximum of two communications ports available. For
multiple access, high speed (to 5M bit/second) communications where good operator CRT
response times are required, a Local Area Network such as GENET would be
recommended. (See Figure #6)

CPU to CPU communications can either be hardwired or transferred through a modem set
such as diagrammed in Figure #5. In applications where remote processing is required, this
is an essential feature. Distributed control in a plant or interplant/processing centers can be
achieved in this manner.

A unique option to the GE PC family gives the user up to eight additional data
communications ports. The option giving us these capabilities is the GE Data Processing
Unit. (See Figure 7) The Data Processing Unit can be located up to 50 feet (hardwi red)
from the CPU. This slave processor can buffer up to 96K words or handle up to eight
asynchronous RS232 or RS422 data ports. For applications where report generation, Black



and White CRTs or multiple printers are required, the Data Processor offers a unique
solution.

Typically these types of interfaces would be done via ASC II I/O ports in other
Programmable Controllers connected directly to the Input Output structure.

Summary and Conclusions

Communications to a PC system can be achieved via

1. I/O hardwired to 10,000 feet or modems

2. Mini PC Highway

3. Access through a Local Area Network

The choice to utilize a PC in a telemetry or SCADA system depends primarily upon the
need for process control or monitoring, and the amount and type of data required at each
location. Typically, if less than 20 I/O points are required to be monitored and no process
control or sequencing is needed, a standard telemetry system would be more cost effective.

Where the features of a programmable logic controller would be of benefit, the flexibility
of their remote I/O and communications could supplant the need for other communication
systems. With the advent of flexible communications in mini and micro PC’s, the
advantage of having a small intelligent remote are becoming less and less costly.

Those systems having a need for remote PC’s can now take advantage of flexible I/O and
communications options built directly into the PC system.
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Figure #1
Programmable Controller Functional Components

 



FIGURE #2
I/O BUS FUNCTIONAL LAYERS



Figure #3
Local I/O



Figure #4   Remote I/O



FIGURE #5
PC “MINI HIGHWAY”





FIGURE #7
DATA PROCESSING UNIT


