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ABSTRACT

The proposed hierarchical arrangement of the copper plant control is presented. The hierar-

chical control in copper manufacture and the recent computer advances in this area are dis-

cussed. It is also described how a hierarchical computer network can provide a means for effec-

tive integrated central control in this article.
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1 INTRODUCTION

An extensive computer control svstem
which constantly monitors and adjusts thou-
sands of process control variables is neces-
sary for production automation in a modern
copper plant. The development of effective
control strategies is requisite to correct the
process through time. These process control
correction must often be madc in real time to
realize the benefits proposed by schedulers.
The utilization of a hierarchical computer
network configuration enables management
to obtain order status in real time. thereby
obtaining maximum benefit from on- line
control system. Such a network would not
only be arranged in a ring structure but
linked at their respective levels. The hierar-
chical computer network would best satisfy
the requirements of reliability and coat sav-
ing for the modern copper manufacturing fa-
cility.

‘1 Manuscript received January 6, 1993

2 THE MEANING OF HIERARCHY

There are three properties common to
any hierarchy; namelyv. vertical decompasi-
tion. priority of action and performance in-
terdependence, Vertical decomposition means
that the cntire system can be broken down in-
to arcas of inputs and outputs where each set
of Inputs and outputs represents a subsys-
tem. which can be used to process the inputs
cffected on the outputs. and after decomposi-
tion change occurs at what would be thought
of as the lowest level. Priority of action indi-
cates that the operation at any level is direct-
ly and cxplicitly influenced by higher level-
s. performance interdependence can be
viewed as feedback responses to associated in-
terventions. Fig. | shows the three concepts
and their relationships.

3 HIERARCHICAL ARRANGEMENT
OF COPPER PLANT CONTROL

Since production areas of modern cop-
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per manufacture are distinguished by differ- hierarchy is the production and maintenance
ent physical inventories, we can divide the of the overall plant production schedule.
‘hasic sample copper plant into three produc- This computer will be a large, fast main-
fion areas. The proposed hierarchical ar- frame computer capable of performing the
rangement of the copper plant control is necessary production control calculations in
shown in Fig. 2. The layout of the actual a very short time and permitting the plant to
computer control system is then dictated by operate in a real time. The computer at this
physical process constraints rather than pre- level (1A ) carries out the master production
" determined process control function. The scheduling tasks to make a dynamically
computer -hierarchy layout is thereby in- changing system maintain high productivity
stalled by the actual layout of the plant coupled with low production cost.
rather than specific computer capabilitics. Level (3B) computer must take aggre-
gate schedule developed by level (1A) com-
Input Subsystem Output puter and turn it into heat- ingot- slab re-
Level N quests which must also be feasible on a facili-
Intervention Performacce Feedback ty by facility basis and should be determined

in an optimal fashion. This disaggregate

schedule will be given to the next lower level

Subsystem where detailed sequencing is performed.

Level N— 1

Input Qutput

» The system architecture described incor-
porates several small computer subsystems in
Pertormance feedback a hierarchical control configuration. Fig. 3
i ' shows the resulting hierarchical structure.

Intervention

Subsystem
Level 1

Input Output 4 CENTRAL PLANNING AND TOTAL

AUTOMATION IN COPPER PRODUC-
TION

Fig. | Basic characteristic of

a multilevel system _ ) )
In the above section. configuration of

The management structure in a modern the hierarchical control in copper manufac-
copper plant was also developped around the ture was described. This section gives an
plant’ s physical structure, so the architec- overview of automation in copper produc-
ture of the computer system is coincident tion systems. High-temperature blooms are
with the today’ s management structure. transported by computer-controlled vehicles

The basic control system is composed of from the casting plant (Area | )to the billet
a distributed set of small and cheap comput- mill (Area 2).
ers which provide redundant communication Control using sophisticated process con-
links to avoid potential shutdown due to sys- trol models is carried out in the reheating fur-
tem failure. The lowest levels of the hierar-  naces and rolling mills. The line is provided
chy will comprise micro-computers monitor- with on-line sensors to detect flaws and mea-
ing and contolling the production. sure the shape of products in order to assure

A primary function of the top level quality. It is also equipped with efficient

(4A) scheduling computer in the proposed robots that perform marking and labelling.



Multiple local optical data ways in loop form
are installed to provide lateral data transmis-
sion among the process computers, micro-
computers, sensors and robots.

The operation control system permits
the synchronization of the billet mill and the
casting plant. The central computer (level
4A ) prepares the optimum plans based on
the product specifications and manufacturing
instructions from the head office for, for ex-
ample, lot combination and process sched-
ule. Information on manufacturing instruc-
tions is transmitted to process computers via
optical data ways transmitting between the
upper and lower levels in a hierarchy which
controls production facilities. Operation re-
sults on the other hand are transmitted from
the lower to the higher level and the central

computer forms operation data bases.
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Level 4A and level (4B)
Overall
Level (3B) Level (3B) Level (3B)
Area 1 Area 2 Area 3
(melting) (Hot Rolling) (Cold Rolling)
LCVC[(SA) Leve](BA) LCVCI(SA) LCVCI(SA) LCVCI(3A) Level(3A)
other nonferrous| | Copper Slabs Hot Bands Cold Bands Finishing
metal making Making
Level(2) Level(2) Level(2) Level(2)
Reheat Roughing Finishing Down Coilers
Furnace and inventory
Level{])
Stand Control
Fig. 2 Hierarchical Arrangement of The Copper Plant Control

The computers at the head office (Lev-
el 1A and 1B) has a sales and production
control system that controls the whole cycle
from receiving orders to production and de-
livery. The basic function of this system,
such as business negotiation, receiving order-
s. quality design. Production scheduling, de-
livery and collection of bills, are executed
on these data bases.

In general, central planing and control
provides a framework for control that can be
effectively aided with a hierarchical comput-
er network. The computers help direct all
the activities of the organization in a coordi-
nated manner that strives to achieve the
goals established by management. Feedback
information, such as the production perfor-
mance and productivity . flows upward to
the central computer. The central computer
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then reacts through its control algorithms
and sends the appropriate control instruction
downward to the lower level computers.

Level (4B)
1. Management Information;
Z. Management dala presentation ;

bh

Bs 3. Sales orders.

Yy

o !

k-]

8 Level (4A) . )

T 1. Production scheduling and operation
management ;

2. Operational and production supervision.

? o

Level (3B)
1. Intra-area coordination;
2. detailed scheduling;
3. Communications with adjacent areas.

l L

. \ Level (3A)
‘ 1. Supervisory control ;
2. Communications
wilh adjacent units in same area.

i !

Level(2)
1. Direct digital control; 2Z.- Communica-
lions with adjacent units in same area.

Level (1)
Specialized dedicated
digital controllers

L Process

Fig. 3 Hiecrarchy Structure

5 CONCLUSION

The object of this article is to elucidate
the outline of a hierarchical computer con-
trol in copper plant.

Since computer has come to light, one
can implement more complex and advanced
effective control strategies, such as adaptive
control, selfstudy control, robot control. ap-
plication of artificial intelligence, to im-
prove the product quality and to stabilize the
operatic_)n of t\he plant close to optimal operat-

ing conditions. Control systems using micro-
computers and minicomputers have been con-
structed in rapid succession. Mathematical
models based on rolling theory, metallurgy
and thermodynamics and control algorithms
based on control theory are incorporated in
these systems. As a result, model algorithms
have been gradually replaced by those based
on theory. This will become increasingly
marked in the future. Large-scale system in
which a control system and a business com-
puter are connected have been developed at
integrated metallurgy works. These systems
perrhit the production of high- quality prod-
ucts at iow cost while rapidly coping with or-
ders for many items in small lots. This ten-
dency will become increasingly prominent in
The functions of hierarchical
computer control system will be further de-

the future.

velopped in copper industry and more produc-
tion systems for computer-integrated manu-
facturing constructed.

REFERENCES

1 Mesarovic. M. D. ; Macko, W. G. ; and Tak-
abara K. G. Theory of Hierarchical Multilevel
Systems. Academic Press, New York. 1970.

2 Mesarovic M. D. In. Proc of the IEEE.

1970, 58, 1, 111—116.

3  Mackulak., G T and Moodie, C L. A Produc-
tion Control Strategy For Hierarchical Multi-
Objective Scheduling With Specific Application
To Steel Manufacture. Purdue University,
PLAIC Report 1979. NO. 112.

1 Rispoli. L M. Hierarchical Computer Control

Systems. J. , Instraments and Control System-

s, 1970, 92. 5. 117—119.

Steel Industry Project Proposals. PLAIC Re-

port, Purdue University, 1976.

6 Williams, N J. J of the Iron and Steel Institu-
te. 1967, 116. 8. 832—836.

7 Ohshima, M. In.; JIPDEC Symposium on In-
formation Based Industries. Japan 1985.

o




