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METHODS FOR ENHANCING PRODUCTIVITY
AND WORK EFFICIENCY IN THE WORKSHOP

The use of computer numerical controls (CNC) enables to the transfer the set-up function from the machinists to
computer programmers and manufacturing engineers. The workshop productivity increasingly depends on skills
and knowledge of whole workshop team. Different equipment and competencies are needed depending on
complexity of production. The humans' impact on productivity and the methods for enhancing the productivity
and efficiency of work in the machinery workshop environment are described in this paper. The data covering 75
Estonian metalworking and machinery companies has been analyzed. A novel expert tool is introduced, where
during the evaluation guess values are assigned onto machinery, products, and staff members of the workshop,
reflecting existing and needed levels of competence and machinery, thus helping further process planning.

1. INTRODUCTION

Nowadays production is characterized by large number of orders, continually
shortening order times, rise in prices of the resources, and customers’ higher demands to
quality. This means that pressure to the companies to survive and to be successful. For that
reason companies should continually search for possibilities and methods to assure its
competitiveness. Productivity is one of the key factors affecting the overall competitiveness
of a company.

Productivity can be managed on national, sector or enterprise level. In the enterprise
level there are also different possibilities for productivity management, e.g. different
measures of productivity can be used or different levels regarded. In this paper parameters
influencing productivity on workshop level are analysed, taking under main consideration
labour, equipment, and work organization methods, and how these factors influence
productivity of workshop.
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2. BASIS FOR PRODUCTIVITY

2.1. ORGANIZATION’S STRUCTURE AND MANAGEMENT

A company is a technologically and legally independent organizational system that
uses labour and equipment for manufacturing products or rendering services that respond to
special demands. This organizational system is the best described by its structure.
The company’s structure has to be expedient for realizing business chain in the company.
Business chain realizes through the organization’s structure. The company’s strategy
determines the essence of the realization of the business chain and therefore the company’s
structure (see Fig. 1).
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Fig. 1. Business chain as carrier of the company’s strategy

2.2. ORGANIZATION AS A SYSTEM

According to the system approach, system is defined in a following way:
System is a whole that is constitutive of many components (parts);

System (sub-system) has definable objective;
Every part of the system contributes to the achievement of the system’s objective, but

none of the parts is capable to achieve this objective unwittingly or separately;

Every part has its own objective, but affecting the total system, it depends on other

parts. Thus, the parts of the system are mutually dependent;
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- It is possible to understand or evaluate single part by its suitability to the system as
a whole. But we cannot understand the system by exploring all its parts separately,
without forming a whole of them;

- Study about the co-operation of the parts could help us understand, how the system
works, but to understand, why this system exists, we have to look outwards the
system;

= Looking at the organization, we look at complex social, as well as technical system
[4].

Without determining the objective of the system, it is not possible to determine
whether the system functions well, poorly or not at all. Company with its fixed structure,
departments and management schemes fulfils established objectives in the process
of transforming inputs to outputs in effective and efficient way. As presented in Fig. 2,
transformation processes proceed by fixed operating processes that take places in different
departments [2]. The system can be thought of as a transformation T on inputs I which
produces outputs O, this input-output relationship is expressed symbolically by means of the
following equation (1):

TM=0 or T:I—0 (1)

where T — transformation; I - input; O — output.
Focusing on this equation (1) and Fig.2, questions concerning a system usually fall
into one of the following categories:
a)  System analysis: Clarify contents of T, I, and O;
b)  System operation: Given T and I, find O;
¢) System inversion: Given T and O, find I;
d)  System synthesis or identification: Given I and O, determine a suitable T;
System optimisation: Pick I, O, or T so that a specified evaluation criterion is
optimised.
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Fig. 2. Organization as a system with measurable value
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Departments are the most important elements of the company’s structure. Departments
may be comprised of some subunits, e.g. various workshops may belong under
manufacturing department, These subunits usually have different functional tasks;
workshops may have different technological capabilities and automation level.

3. PRODUCTIVITY ON WORKSHOP LEVEL

Productivity on workshop level is largely influenced by following three factors:
1) machine tools used,
2) work organization and management in the workshop and in the company;
3) human resources, employees performing certain tasks.
As follows, influence of these factors to productivity on workshop level is investigated.

3.1. ESSENCE OF PRODUCTIVITY

Productivity is one of the key factors affecting the overall competitiveness of a
company. Although the term “productivity” is- well-known nowadays, it is often misused
and sometimes confused with the term “production”. In spite of the various perceptions of
productivity, it is universally recognised that most organizations — including firms and non-
profit organizations — are input-output systems. This is true also in the case of subsystems in
an organization, since any process can be seen as an input-output system. For any process
regardless of the scale, inputs i.e., resources are needed to produce the outputs (see Fig. 2).
Most productivity models and definitions for productivity aim to consider the efficiency
of these systems either directly or indirectly. In this paper, productivity is defined as
follows:

“Productivity is a relationship (usually a ratio or an index) between output (goods
and/or services) produced by a given organizational system and quantities of input
(resources) utilized by the system to produce that output.” [5].

Based on the above-said, productivity can be shortly defined as:

p=2
! 2
where P — productivity.

Productivity is concerned with the effective and efficient utilization of resources
(inputs) in producing goods and/or services (output) [6].

Productivity is an essential factor affecting the profitability and overall
competitiveness of a firm. Improving productivity, or any other important factor, is difficult
without knowing the impact of the decisions taken. This is why we need tools for measuring
productivity [1].
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3.2. EQUIPMENT

Technological capabilities of automatcd manufacturing system evolve on the basis
of technological capabilities of machinery (muchine tools, presses, casting equipment €tc).
Technological capabilities can be defined as set of characteristics {TBrp} where entities (b,
b,... by) represent both in qualitative and quantitative way the functional characteristics
of this machine tool. The range of production to be manufactured, complexity and quality
of products are general measures of technological capabilities. This can be defined as set
of technological capabilities needed for processing the details {TBp}. This means that, as
a rule, for manufacturing simple and uniform products it is not rational to use too
complicated machinery (see Eq. 3).

TB=TB,, -TB, (3)

The unrealized technological capabilities may take quite a big part if manufacturing
simple product using complicated machinery. Use of complex machine tool for
manufacturing a simple detail is uneconomic. Set of technological capabilities of the
machine is determined by analysis of the machine’s structure (construction) and parameters
characterizing that machine. Therefore, technological capabilities are determined for each
machine separately and on the basis of technological capabilities of separate machines
belonging into system are formed capabilities of the whole system. In accordance with
technological capabilities of machine tools, from the viewpoint of production process,
the production systems may be categorized into following groups:

a) single-staged;
b) multi-staged.

Manufacturing systems with single-staged production process usually consist of poly-
functional machine tools (processing centres, flexible manufacturing modules) that can
replace each other by their technological capabilities. In this case, technological capabilities
of the machines belonging to the system are wide-ranging and by use of these machines it is
possible to perform large amount of main operations (milling, turning, boring etc) that are
needed for machining the detail.

Majority of manufacturing systems are with multi-staged production process. Such
production systems are realized by use of mono-functional machine tools (e.g. drilling
machines, boring lathes, grinding machines, milling machine tools etc). Mono-functional
machine tools are complementing each other, for total processing of the detail several
operations have to be performed and the detail processed passes several processing positions
in its technological route.

Thus, technological capabilities play important role in designing operational and route
technologies but also in management of whole production process.

3.3. TOOLS FOR THE PRODUCTION SYSTEMS TO RAISE EFFICIENCY AND PRODUCTIVITY

To be effective and efficient, nowadays production systems have to turn attention to
continual improvement. There are different methods for continual improvement. Companies





