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ABSTRACT

Distributed digital control systems have appeared structurally desirable for many years.
The concepts of hierarchial control and distributed risk were advanced as necessary
structural considerations in the control of large scale systems almost coincidentally with
the advent of modern electronic instrumentation and digital process control computers.

The logarithmic growth patterns of semiconductor technology over the last two decades
and the availability of microprocessors and other manifestations of large scale integrated
circuitry have finally converted the distributed digital control system from a structurally
desirable nicety to an economic inevitability.

This paper examines the relevance of distributed digital control systems in the rigorous
industrial environment of energy, utility, and process control applications. Design
considerations leading to minimization of total installed system costs while retaining the
necessary system flexibility to allow user reconfiguration to meet changing process or
product needs are delineated.

The twin problems of reliability and maintainability are examined in the context of
allowable structural degradation concepts which must be inherent in the design of any
distributed system.

I.   INTRODUCTION

During the period 1960 through 1973, the U.S. demand for energy and energy related raw
materials (oil, gas, and metallurgical coal) in terms of their energy equivalents increased at
a steady rate of 4% per year 1. This increase is closely correlated with similar increases in
standard of living enjoyed by the American public during this period. The oil embargo of
1973 has caused revolutionary changes in operating practices, production economics, and
control needs of both the feedstock dependent process industries and the energy converting
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and distributing utility companies. The initial impact of these changes is the escalation of
energy and feedstock costs and a corresponding emphasis on conservation and optional
utilization. The result of these conservation moves has been an initial decrease in absolute
energy consumption in 1974 and early 1975 with a projected continuing demand growth at
a more modest 3% compound rate. The supply/demand picture is summarized graphically
in Figures 1 and 2.

Conventional conservation measures have obviously not been enough to allow us to
continue to support an expanding standard of living at our historical rate. In the process
industries, the typical refinery still consumes as much as 20% of its feedstock as an
internal process energy source. For a large 800,000 barrel per day refinery, this loss
represents as much as $1,600,000.00 per day at a crude price of $10 per barrel. If this is
projected to a total 1976 base of 21 million barrels per day, the U.S. refinery energy losses
alone exceed $33,600,000.00 daily. Similar inefficiencies in conservation, transportation
and processing of other feedstocks and energy sources are readily identified.

Improvements in overall plant and control station efficiency are being approached from
two equally important directions: optimization of plant design and, secondly, optimization
of plant operation through enhanced control and information systems. The former
technique involves increased use of process vessel insulation, recycle heat and heat
recovery schemes in process plants and various design enhancements to improve the
overall thermal efficiency of steam and power generation equipment.

It is this change in environment coincident with the continuing evolution of
microelectronics, particularly the advent of the true microcomputer that has forced the
development of today’s new generation of control systems with distributed digital
architecture.

II.   CONTROL SYSTEMS NEEDS

Regardless of system structure, process and energy management control systems have
certain elemental needs. These needs are shown in tabular form in Figure 3. The basic
requirements of providing safe operation, plant regulation, and information is notably
overlaid by a fourth requirement: that of reliability. One of the main contributory factors to
the net efficiency of any operating plant, regardless of industry, is the availability of the
plant itself and its inherent ability to operate uniformly in the face of a widely varying
environment. To fully serve these plant reliability needs, the availability of the control and
information system must be at least an order of magnitude better than the plant itself. An
illustration of this requirement is shown in Figure 4, a plot of relative utility (subjective/
worth) of a control or information system to its users versus downtime 2.
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This plot implies a corresponding reduction “value” to less than half of a fully available
“ideal” system with 1-1/2% downtime for fully redundant control systems or with as little
as 0.25% downtime with non-redundant configurations. This plot represents the views of
operating personnel where the process itself has a characteristic availability of between 80
and 95 percent. Note that the systems studied did not include safety related functions
where the reliability demands are even more significant.

The hierarchial aspects of control and information system needs are also shown in
Figure 3. An arbitrary assignment of three levels is utilized with the first, or reflexive, level
encompassing such functions as safety systems, interlocks, direct modulating control,
indication and display systems, and from a reliability need standpoint, those aspects of the
system structure that yield inherent availability. On the highest, the third, level are the
needs that require more “intelligent” functions or design features such as incipient plant
failure predication, fault diagnosis, optimizing and self organizing control, management
information and plant performance calculations. It is on this level that the systems
designers requirement to “predict possible system failure modes and provide for them”
meets its greatest challenge in the implementation of system structures that meet the
criterion of graceful degradation or allowable system failure levels to enable planned
maintenance concurrent with continued near-optimal plant operation.

III.   CONVENTIONAL SYSTEM STRUCTURE

A conventional centralized analog control system structure is illustrated in Figure 5.
Modular (by loop or control function) instruments of either a unitized (display and control
electronics together) or split architecture, are mounted in a control panel which
incorporates (in addition to the analog modulating control equipment) thermocouple
scanners, recorders, displays for analyzers such as gas chromatographs, annunciators and
alarm systems, controls for interlock and safety systems, and perhaps displays and control
consoles for higher level computer systems. The operating burden on plant staff due to the
diverse nature of this operator interface is enormous. Furthermore, even rudimentary
engonomic factors are often ignored in the system design: operators are asked to make
quantitative comparisons or judgements from data displayed in analog format and make
qualitative judgements and project trends from digital displays (e.g., thermocouple scanner
digital read-outs). This difficulty has been treated in depth in the literature 3 4. The
desirability of a consistent single interface system which satisfies both needs is
uncontested. The inefficiency of most current operator interface systems has limited the
ability of an operator to manage a process to a plant sector or group of unit operations
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consisting of at most 100 control loops. A unified interface system effectively utilizing
human factors principles can multiply this “operational bandwidth” to the extent that 200-
300 loops per operator is not inconceivable.

Another problem relative to centralized systems of this type is shown in Figure 6: the high
cost and complexity of wiring, termination, and interface to higher level computer control
systems. These costs are tabulated in Figure 7, a summary of material and labor costs for
various elements of process and utility field wiring systems. The costs of this type of
architecture in terms of field wiring is most graphically illustrated when computer
supervisory control is exercised, and may easily exceed $2,000.00 per loop even at modest
distances. This cost in itself forced the adoption of distributed digital multiplexing systems
at an early date. The cross-over point for distributed digital multiplexing was (as early as
1973) less then 64 loops at 200 ft. separation from the computer 5. Recent escalation in
material and labor costs have driven this cross-over even further down.

IV.   DISTRIBUTED DIGITAL ARCHITECTURE & APPLICATION

A conventional computer system particularly in conjunction with a remote multiplexing I/O
system provides a solution to many of the problems inherent in a conventional analog
control system.

The remote multiplexing reduces wiring costs.

The flexibility afforded by programmability, particularly in higher level languages,
allows system configuration and loop interconnection with no unique interconnect
hardware costs, and minimal documentation and design costs.

The capability for reconfiguration allows system field modification for plant changes
at minimal cost as well as correction of inevitable system configuration, wiring, and
design errors.

The computer readily supports both graphic and alphanumeric CRT based display
packages allowing optimization of displays for human factors requirements as well
as integration of digital and analog display needs.

Why, then, hasn’t the digital process control computer totally displaced conventional
analog systems since its introduction some 18 years ago? The answer lies in the
catastrophic failure mode of large centralized DDC systems and, even with full digital
back-up, the level of technician and plant engineer required for the initial design and
continued maintenance of the conventional computer.



The microprocessor and declining electronic costs have allowed a new “distributed risk”
approach that retains many of the good features of a DDC system without the failure mode
compromises and specialized support requirements of a large DDC system. A system
architecture based on this concept is shown in Figure 8. The heart of this concept is a
serial communication system. As illustrated, it incorporates single or multiple loops (multi-
level redundancy being essential for high reliability requirements such as those found in
exothermic batch reactor control or nuclear data systems) with inherent error checking and
correction features. For nuclear requirements, this system must function at a data rate of at
least 6000 16-bit transmissions per second. For this reason, Tl format was chosen with a
1.544 megahertz bit. The serial communication system is supported by an individual node
structure built around a universal bussing system (the nodebus) consisting of a single
multilayer printed circuit assembly. Both active and passive modules of a wide variety of
types can be connected to this bus. A hypothetical configuration for a modulating control
application is shown in Figure 9.

Besides the modulating control module, this configuration consists of a communication
module interfacing to the serial communication system, a data controller module which
controls transmissions from elements on the nodebus to other nodes and also supports an
independent RS232C port. Because of its programmability, it serves as a general purpose
distributed intelligence element allowing execution of complex control functions involving
more than one module in a node. An example of this type of application of the DCM is
shown in Figure 10, a computer interface node. Here the processing capability of the DCM
is exercised to “preprocess” input for a higher level control and plant management
information system computer. The multiprocessor structure allows attainment of
throughput over an order of magnitude greater than more prosaic approaches to the
distributed data acquisition problem. The structure further supports graceful degradation
by virtue of the multi-DCM configuration.

An application requiring both sequential and discrete control capability is that of the burner
control system for a coal fired utility boiler. This application is shown in block diagram
form in Figure 11. The function of this system is to insure safety and to perform sequential
logic for control of coal pulverizers, feeders, and other miscellaneous equipment.

The system, as envisioned here, allocates one independent node per pulverizer since the
boiler has multiple pulverizers and can continue operation on failure of any one of these
units. Control and operator interface on a unit basis is independent of the serial
communication system which provides for central coordination, but is not essential to
individual unit operation.

Each node is directly connected to process transmitters, relays, switches, and actuators for
its particular burner group. The operator interacts with the node through a dedicated
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operator interface of conventional design. Coordination of each node with external analog
subsystems is also performed on a local node basis via transmitted permissives and
monitoring of associated external analog signals by the node.

In addition to vastly simplifying the implementation and execution of the complex
sequential logic needed for burner control, the structure depicted has the potential of
reducing wiring and terminator costs by 50% compared to historical approaches to this
problem. These wiring and termination cost reductions are similarly apparent in computer
supervisory applications as previously mentioned. Using the data of Figure 7, the unique
wiring and termination costs for such an application for a conventional supervisory digital
control system and for a supervisory distributed digital control system are tabulated in
Figures 12 and 13 respectively The difference is $1,936.38 per loop for the assumed
conditions (200 feet from junction box to termination racks (marshalling area) and 100 feet
from marshalling area to computer in the case of the conventional system; 50 feet from
node to transducers/valves in the case of the distributed system). Note that the distributed
cost does not include the fractional cost of the serial communication system overhJd-, node
overhead and twinax wire distributed on a per loop basis. It does indicate what those costs
must be to break even.

V.   CONCLUSIONS

Both the process and utility industries have a need for more advanced control systems
today, as they are faced with the scarcity and high cost of fuels, raw materials, and
feedstocks. More stringent environmental restrictions, higher labor costs, and massive
initial plant construction costs are demanding system architectures that respond to those
needs. A recent survey 6 conducted in February of 1976 of over 80 major chemical,
petroleum, and pulp and paper companies reflected the inevitability of the distributed
digital approach. The results of this survey indicated that those polled felt that over 50% of
new control installations for paper application would be distributed digital in nature by
1983. For chemical and petroleum applications, this cross-over point was felt to be most
probable in the time frame 1981-82. This expectation is reflected in Figure 14 that shows
the transition from conventional electric analog control technology to new distributed
digital control in terms of market share.



Figure 1
TOTAL U.S. ENERGY SUPPLY

Figure 2
U.S. ENERGY DEMAND BY CONSUMING SECTOR
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Figure 3

Figure 4
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CENTRALIZED ANALOG ARCHITECTURE
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Figure 7
CABLING COSTS (1976$)

Figure 8    DISTRIBUTED SYSTEM ARCHITECTURE
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Figure 9
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UNIQUE TERMINATION AND WIRING
COSTS CONVENTIONAL COMPUTER Figure 11  PULVERIZER/ BURNER CONTROL

Figure 12    SUPERVISORY CONTROL LOOP  APPLICATION
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Figure 13
UNIQUE TERMINATION AND WIRING
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