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Abstract:

The paper presents the problem of manufacturing process flexibility in view of a company’s material and information
flow stream management. The author of the article has described the functions of a production process control system
and presented the characteristics of production capacity intensive and extensive reserves. The MRP II/ERP, MES and APS
class IT tools supporting the process of production planning, organization and control have also been discussed.
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INTRODUCTION

Currently, changes in production systems are deter-
mined by customers’ requirements [9, 27], technological
advances [16, 28] and the implementation of IT solutions in
processes [22]. The basic direction of production systems
development is to increase the flexibility of a production
process and to improve the quality of products. Decisions in
this regard are taken at various levels of the organization
[5, 10, 14, 17, 19, 26]. The achievement of satisfactory re-
sults in production activity is determined by the coordina-
tion of tasks carried out on three levels: changes in the op-
erations of a technological process as a component of the
primary production process, modification of the whole pro-
duction process and company’s organizational transfor-
mations.

Changes in the area of technological operations are
among others related to the construction of technological
equipment and the type of tool materials used. These
changes are evolving towards complete and precise ma-
chining. Activities within the scope of the whole production
process modification include integrating the basic produc-
tion processes with auxiliary ones and are related to the
process of product distribution, customer sale and mainte-
nance service as well as the process of market research and
production preparation [1].

On the other hand, organizational transformations of a
company include activities focused on optimizing the busi-
ness processes and company’s organizational structures [4].
For the effectiveness of adjusting a production company to
the changing conditions of the environment depends on
the efficient control of the quantity and type of the compa-
ny’s material and information flow.

FUNCTIONS OF A PRODUCTION CONTROL SYSTEM

The production flow control process is carried out by
using the following functions: planning, manufacturing,
recording and coordination of activities [6]. The coordina-

tion of activities, however, should be considered in three
stages [7]: tactic, strategic and analytical (Fig. 1). Tactic
planning is related to both the process of production tech-
nical preparation and the establishing of the company’s
production capacities. This stage results in a definition of
the product technology and structure as well as a descrip-
tion of the availability of defined machine and human re-
sources in relation to the qualifications or possibilities of
completing particular production tasks.

Strategic planning determines the direction of economic
activity development based on the sale quantity and value
data from previous periods or on the size of the orders
placed and the planned production. On the other hand, the
coordination of activities at the analytical stage involves
determining the cause-and-effect relationships of the pro-
duction process completion. The correct interpretation of
signals from the environment and proper concluding are of
vital importance in the process of adjustment and elimina-
tion of departures. The reason for departures among others
include: breakdowns, defects, untimely deliveries of materi-
als as well as untimely collection of products, order priority
and others.

Production flow monitoring makes it possible to com-
pare the size of the projected production with the actually
obtained one, providing a basis for decisions related to:
technological and workstation directives, quantitative cor-
rection of the current plans as well as the construction of a
production planning operational algorithm.

COORDINATION OF ACTIVITIES

The literature quotes a number of definitions of the
notion of production capacity. Its synonyms include: manu-
facturing system productivity, production output or capabil-
ity [3, 11, 20, 21]. In general understanding, production
capacity is a capability to manufacture products or provide
services the value of which is accepted by a customer, at a
specific time and in the amount resulting from the availabil-
ity and production possibilities of the system resources.
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Fig. 1 A general diagram of a production flow control system
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Production capacity is established on the basis of optimal
technical and economic standards which define the real
and maximum use of equipment and the production area,
while taking into consideration the best conditions of the
production and work organization process. The calculations
of a production capacity are based on components of a
basic manufacturing process. The factors which determine
the size of production capacity include:

— production factors consisting of:

— machine resources with technical characteristics,
— human resources with qualifications and skills,
— the size of a production area,
— the structure of assortment, which is determined by:
— physical and mechanical properties of direct pro-
duction materials,
— the offered assortment range,
— the organisation of production defined by:
— the technology and structure of a product,
— the time of machines and technical equipment use,
— the type of production,

— demand expressed in the quantity, assortment and

quality of products needed,

— disruptions resulting among others from [13, 15]:

— the scope of external cooperation,

— the scope of failure and machines repair time,
— changes in employment,

— substitute modification of products,

— price diversification,

— changes in the intensity of marketing activities,
— the use of bookings and order priorities.

All the above mentioned factors are changeable. Due to
the risk and uncertainty of economic processes, it is neces-
sary to have production capacity reserves [6, 8, 12]. They
are a difference between the size of a calculated produc-
tion capacity and the obtained size of the enterprise pro-
duction. The size of reserves should be optimised, taking
into account the maintenance costs and a change in market
demand. The knowledge of reserves in particular produc-
tion cells is important from the point of view of the proper
division of production tasks between organisational units as
well as the specialization of work cells and workstations
and the establishing of a proper direction of the company’s
modernization and investment. Reserves fall into two basic
categories [21]:

— intensive,

— extensive.

Intensive reserves are connected with the shortening of
working time needed to manufacture a unit of the product
and result from:

— the intensification of technological processes,

— areduction in auxiliary time owing to the automation

of activities,

— elimination of non-production use of machines relat-

ed to:

— production defects repair,

— additional works due to departures from the
planned technology,

— non-rational division of tasks among exchangeable
workstations,

— or improper use of machines.

On the other hand, extensive reserves are related to the
possibility of increasing the time of machines and technical
equipment use and increasing the production area capaci-

ty. Extensive reserves include the majority of downtimes
resulting from:

— organisational and technical shortcomings,

— the lack of workstation staff,

— and breakdowns or repairs of machines.

Machine downtimes caused by the lack of materials,
tools, electricity and production orders are dependent on
the adopted manner of planning and supplying the work-
stations. In many enterprises, short-lasting breaks which
occur during a working day due to the fault of an employee
are a considerable reserve of production capacity. They
include: coming late to work, finishing work too early, ab-
sence at a workstation etc.

A full evaluation of possibilities to increase the level of
production capacity use requires an analysis of intensive
and extensive reserves. Investigations into intensive re-
serve components allow determining the labour consump-
tion of the unit of a product, taking into consideration the
time of basic, auxiliary and supplementary production pro-
cess. On the other hand, the analysis of extensive reserves
involves assessing the production availability of manufac-
turing machines and equipment. The size of extensive and
intensive reserves indicates the rank of particular functions
of a production flow control system (Fig. 1), as the increas-
ing of production capacity by using the intensive reserves is
performed by an operational planning function, while the
management of extensive reserve size is carried out by the
function of work progress recording [3].

IT SYSTEMS SUPPORTING THE CONTROL OF PRODUCTION

Currently, the foundation of the production process
management and material flow control in the company as
well as a basic condition for the integration of economic
activities is the implementation of IT systems, which sup-
port the obtaining, processing and transferring of infor-
mation.

The obtaining of information

Information which describes the level of a manufactur-
ing process completion may be obtained:

— with the participation of workers employed in direct

production,

— as well as by means of the transfer of data obtained

directly from production machines and equipment.
Sources of information are (Fig. 1):

— the recording of working time,
the recording of warehouse documents,

— and the classification of production defects.

In the vast majority of cases, the standard functionality
of MRP Il (Manufacturing Resource Planning)/ERP
(Enterprise Resource Planning) enables the recording of
events only with the participation of a human factor. A so-
lution which makes it possible to obtain information direct-
ly from a production line by means of automatic identifica-
tion and industrial automation equipment (sensors, indus-
trial controllers, testing systems) is the implementation of
MES class systems (MES — Manufacturing Execution Sys-
tem). It should be noted that the recording of working time
as well as the recording of warehouse documents can be
carried out by means of both kinds of systems.

An important element which differentiates the applied
solution is the accuracy and relevance of data being a basis
for further analysis. It is obvious that unreliability and la-
bour consumption related to manual recording of events by
an employee is the main factor reducing the efficiency of a
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process organization. The incorrect input of data or exces-
sive workload imposed on employees within a short period
of time result in considerable delays in the recording of
data, distort the picture of work progress and make the
analysis of the current situation impossible [18, 19]. The
basic benefits of data recording process automation include
[18]:

— integrity of the material and information flow,

— and data update.

A direct consequence of the systematic recording of
work progress is:

— following the current level of production plans com-

pletion,

— follow-up control of the product quality and process
parameters,

— and shortening of the process completion time.

On the other hand, the proper interpretation of data
and effective concluding may among others contribute to
[16]:

— the identification of the causes of downtimes and

breakdowns,

— the identification of product genealogy,

— the reporting of process indicators, among others:
working time, efficiency of resources and product
quality,

— the identification of the degree of order fulfilment,

— the reduction of material defects, machine unreliabil-
ity or unavailability of employees,

— the influence on the quality parameters of a manu-
factured product,

— a more effective control over the condition and size
of warehouse stocks,

— a better use of the production potential,

— the analysis of real production costs and evaluation
of the profitability of undertaken tasks,

— and the improvement of customer service quality.

The analysis of MRP II/ERP and MES systems functionali-
ty reveals that the areas of application of both systems
overlap. Some modules of MRP II/ERP class systems may
contain a part of MES system functionality, whereas an
MES class system can carry out certain basic tasks of MRP
II/ERP. Figure 2 presents the location of an MES system in
the general structure of information flow, taking into con-
sideration the production processes of an enterprise. An
important issue in the cooperation of both systems is the
integration of system data and the two-way direction of
data transfer. Integration applies to basic data, which maps
the structures and processes of a company, as well as
transactional data created in the process of economic
events recording [2, 24].

Data processing

The obtaining of an efficient material and information
flow control system in a company is not only connected
with the time of data recording or precise determination of
control and measurement points of the material flow
stream, but is also determined by the operational planning
of production activities (Fig. 2). The adequacy of a schedule
depends on [18]:

— the completeness of basic data describing the control

system elements,

— the degree of material flow stream description para-

metrization,

— the adopted criteria of production processes optimi-

zation,

— and the dynamics of changes in the control system

and environment.

The majority of MRP II/ERP class systems enable a com-
prehensive description of control system elements, but
unfortunately the implemented planning algorithms do not
offer a sufficient parametrization of material flow streams
and their criteria of process optimization are considerably
limited.

An alternative solution in production activities schedul-
ing and logistic processes planning is provided by APS
(Advanced Planning Scheduling) systems. Their advanced
algorithms enable automatic creation of production course
scenarios, taking into consideration the specific character
of processes in an enterprise [23]. APS class systems may
therefore perfectly complement MRP II/ERP systems [25]
(Fig. 2).

The performance of operational planning functions sup-
ported by tactic planning activities is in this context the
range of data processing and comprises the full area of pro-
duction capacity intensive reserve management. Another,
equally important, aim of data sets processing is the coordi-
nation of analytical activities (Fig. 2) carried out on three
levels [5]: changes in the area of technological operations,
modification of the whole production process and organiza-
tional transformations of a company. In the vast majority of
enterprises, the concluding and undertaking of adaptation
activities on each of the above mentioned levels is carried
out solely with the participation of a human factor. The IT
systems support in the area of changes is limited to the
preparation and updating of system data sheets.

Giving instructions

A differentiated approach in the manner of intensive
and extensive reserve evaluation, and in consequence, the
diversity of the implemented IT tools supporting the man-
agement of production capacity and production flow con-
trol is a key issue in activities which increase the flexibility
of the manufacturing process and improve the quality of a
product [6]. The main factors influencing the adopted solu-
tions quality include:

— the degree of material flow description parametriza-

tion,

— the planning process optimization criteria,

— the range of system data integration and the direc-

tion of data transfer,

— the dynamics of changes in the control system and

environment,

— and the direction of the modernization process and

company’s investment.

The manner of production activity mapping in IT sys-
tems, the scope of system data integration and the dynam-
ics of changes in a manufacturing process determine the
length of an information flow control cycle, within the
framework of which the task of obtaining, processing and
transfer of data is performed. The higher the number of
information flow control cycles in a production cycle, the
greater flexibility of the manufacturing process. The auto-
mation of information flow in a production control system
allows the production capacity to be increased and the size
of intensive and extensive reserves in an enterprise to be
optimized. The automated flow of information, however,
requires narrowing the scope of processed data to produc-
tion system changes which have a non-investment charac-
ter (Fig. 3).
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Due to the strategy of an enterprise economic activity
development, the increasing of production capacities,
which results from the use of additional financial sources,
should be carried out solely by the operator’s decisions.
Investment activities among others include:

— increasing the number of shifts,

— technological process modernization,

— increasing the production potential,

— or cooperation systems exchange.

The direction of a stream and the scope of available
data transfer in an automated flow of information have
been presented in Fig. 3. There are four transfer nodes
which are particularly important for the cyclic nature of an
information flow control process.

CONCLUSIONS

Changes in the modern environment force enterprises
to modify their behaviours. A solution which enhances the
flexibility of activities and the effectiveness of production
seems to be the implementation of IT systems which sup-
port processes. The production planning and control is sup-
ported by the functionality of MRP II/ERP, MES and APS
class systems. However, irrespective of the class of a sys-
tem that a company decides to implement, the introduc-
tion of IT solutions in the enterprise processes allows rival-
ling the competitors and is one of the ways an enterprise
can develop in the era of world economy globalization. The
automation of information flow in a production control
system makes it possible to increase the level of production
capacity use and optimize the size of the company’s inten-
sive and extensive reserves.

The article is the result of the registered work
with symbol 13/030/BK_16/0024 entitled
"Production engineering methods and tools for develop-
ment of smart specializations" carried out in the Institute
of the Production Engineering, Department of Organization
and Management at Silesian University of Technology.
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