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Abstract:

Every company must ensure that the production process proceeds without interferences. Within this article, the author
uses the term “interferences” in reference to unplanned stoppages caused by breakdowns. Unfortunately, usually due
to machine operators’ mistakes, machines break, which causes stoppages thus generating additional costs for the com-
pany. This article shows a cause and effect analysis of a breakdown in a production process. The FMEA as well as quality
management tools: the Ishikawa diagram and Pareto chart were used for the analysis. Correction measures were pre-
sented which allowed for a significant reduction in the number of stoppages caused by breakdowns.
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INTRODUCTION

The goal of every company in the market is quick, dy-
namic development, which will cause the company to be
noticed, bring profits, and become competitive. As a result
of these as well as other, not quality-related actions, the
company will keep its regular clients and gain new ones. To
meet the ever increasing client expectations, the company
has to ensure that the production process proceeds with-
out interferences. Unplanned interferences in the produc-
tion process affect the quality and timeliness of the tasks
performed. Unplanned production stoppages include stop-
pages caused by machine/equipment breakdown. Each
breakdown means additional costs incurred by the compa-
ny.

Economic changes over the recent years caused the
quality of products and services to become the key criteri-
on affecting a company’s success. That is why, in their pro-
duction practice, companies use quality management sys-
tems increasingly often. The principles, methods and tools
used in quality management allow us to easily and effec-
tively determine the cause of a breakdown and subse-
quently introduce measures aimed at preventing such
breakdowns in the future.

Quality management has been used in the general com-
pany management system. The goal is to improve the com-
pany’s market position as a result of increased product and
service quality. This is connected with a certain manage-
ment approach, a type of company culture. In order to
properly, effectively manage quality, the management staff
requires information which needs to be reliable, up to date
and correct. Therefore, quality management tools are used
to gather and process information, supervise processes,
detect errors, defects and anomalies in processes, products
or services.

The advancement of information technologies utilising
mechanical-electronic systems introduced a “new quality”
in the construction and use of machines. The application of
control, monitoring and regulating units and systems allows
for properly carrying out production tasks. It has become
the standard to monitor the status of machines before,
during and after work. As a result of this, the number of
stoppages during the production process was reduced
quite significantly, which translates into economic results of
companies.

QUALITY PRINCIPLES, METHODS AND TOOLS

The principles of quality management define the rela-
tionship of the company and its employees with the broad-
ly-defined quality problems. The influence on quality is long
-term and determines the company’s development strate-
gy

Quality management principles (QMP) and quality man-
agement tools (QMT) are used at all stages in the product's
life cycle, while quality management methods (QMM) are
directed precisely at particular stages of that cycle.

Quality management methods are characterised by a
planned, repeatable method of conduct based on a scien-
tific basis for carrying out tasks connected with quality
management. It is assumed that impact on quality is medi-
um-term, allows for shaping the project and delivery quali-
ty.

Quality management tools are used for gathering and
processing data connected with various aspects of quality
management — the impact on quality is short-term.

Table 1 presents in a simplified manner the principles,
methods and tools of quality management [1, 2].
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Table 1
Principles, methods, tools of quality management
Characteristics and impact on quality Examples
QUALITY MANAGEMENT general guidelines for conduct, DEMING's guidelines,

PRINCIPLES (QMP)

their scope goes beyond the company itself.

QUALITY MANAGEMENT planned method of conduct based on algorithms,
METHODS (QVIM) for shaping project

and delivery quality, “medium-term” impact.
QUALITY MANAGEMENT used for fathering and processing data,
TOOLS (QMT) the results can be used almost immediately,

effectively used along with quality management

continuous process improvement principle,
“zero defects” principle,

teamwork principle.

Teamwork method (quality circles, task
teams),

QFD,

value analysis,

FMEA (AMDEC),

SKO,

SPC.

flowchart,

Ishikawa diagram,

Pareto chart,

methods.

— histogram,
— control sheets,
— control cards.

PRODUCTION SYSTEM, PRODUCTION PROCESS

By production system we understand a system of con-
stituent elements and their relations as well as the rela-
tions of transformation of input factors into output factors.
It is a purposefully designed and organised material, ener-
getic and information system used for the production of
products (goods, services) in order to satisfy the consum-
ers' needs [3]. A production process is an element of the
production system — it is the process of transformation of
an input vector of the production system into an output
one. Production processes can be observed everywhere
where broadly-defined production takes place, but also in
the service sector. That is why the following definition is
often used: a production process is an ordered series of
actions resulting in the consumer (user) receiving a product
(goods, services).

This article presents a production process of a two-part
toothed rim and the cause and effect analysis of this pro-
cess that has been conducted. To this end, methods and
tools of quality management were used.

Three machines are used in the production process of
the two-part toothed rim: plate-typed milling and boring
machine (Fig. 1), turning lathe (Fig. 2) and a toothed rim
machining tool (Fig. 3).

Fig. 1 Milling and boring machine
Source: [5].

| e

Fig. 2 Turning lathe
Source: [5].

Fig. 3 Toothed rim machining tool
Source: [5].
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The output material is a steel cast with surface surplus-
es which undergo processing. Upon checking that the cast
has been made properly on a surface plate, the cast is sent
forward for further operations. The first machine is the
board-typed milling and boring machine where the contact
surfaces and holes for the screws holding the rim together
(Fig. 1). Next, the inner diameter is lathed — this operation
is carried out on a turning lathe (Fig. 2). After a correctness
control, the element is passed onto the hobber (Fig. 3)
where the teeth are machined.

ANALYSIS OF MACHINE BREAKDOWN IN THE PRODUCTION
PROCESS

A failure frequency analysis has been carried out for the
turning lathe (Fig. 2) The failure was caused by the breaking
of the counterweight cable, which immobilised the ma-
chine. The lathe was completely excluded from the produc-
tion process for a period of five days — during this time the
slide was being dismounted (chart — Fig. 4).

After dismounting the slide, the machine worked with
one slide only, which allowed it to reach half of its opera-
tional capability (Fig. 4). Next, after completion of all the
parts and repair, the slide was mounted, which immobilised
the lathe for a further five days. The total duration of the
breakdown was 17 days and the repair costs amounted to
approximately PLN 17,000. These, however, are not the
only costs incurred by the company due to the machines
unsuitability for work. The production process was halted,
for 10 days no actions were performed. As a result of the
breakdown, delivery to the client was delayed by 17 days
[4].

In order to determine the cause for the breaking of the
counterweight cable, a team of employees was assembled
and a “brainstorm” conducted in order to identify the prob-
lem. Following that, an Ishikawa diagram [7, 9] was drawn
up, determining the primary as well as secondary causes
(Fig. 5).
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Fig. 4 Machine working efficiency chart
Source: [4].
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Fig. 5 Ishikawa diagram
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The aim of this method is to identify the causes of po-
tential or past endeavour failures. That is why the method
is also referred to as the cause and effect chart and, due to
its characteristic appearance — the fishbone chart.

The diagram is a result of the work of many employees,
as causes of failures often have their roots in multiple areas
of activity. That is why the team should consist of individu-
als with extensive specialist knowledge, who also want to
discover the causes of failures, including those they them-
selves caused. Using the heuristic method model when as-
sembling the team is very useful.

The Ishikawa diagram presented was created as a result
of work of many company employees, specialists with ex-
tensive knowledge on the operation and functioning of the
turning lathe. The diagram shows potential causes which
may have impacted the lathe’s failure. As a result of the
analysis conducted it was concluded that the direct cause
of the cable breaking was its natural wear and tear — the
cable was not replaced in time.

Following that, an FMEA (Failure Mode and Effects Anal-
ysis) was conducted — an analysis of the types and conse-
quences of potential errors [6, 8]. This method is aimed at
preventing the consequences of defects which may occur in
the design and production stages. Potential defects which

may occur and cause the breaking of the counterweight
line. the assessment was conducted using a ten-point scale
with three criteria were taken into account:

— risk of the defect occurring — R,

— possibility of detecting the cause of the defect — W,

— importance of the defect to the end user —Z.

For these three criteria a figure P was calculated, which
indicates what defect can occur the soonest and should be
treated with the most attention.

P=RW-Z
The FMEA for the counterweights cable breaking case was
shown in Table 2.

As a result of the FMEA conducted it was concluded
that the machine’s technical condition has a significant im-
pact on its failure frequency. Special attention should be
paid to all the sensors and switches, as the failure in this
case is caused only by the machine’s technical condition.
The human and material factors do not play a role in the
failure. Corrective measures introduced caused a reduction
of the P figure by almost a half for each of the defects. Ta-
ble 3 presents the results of the corrective measures.

Based on the data contained in Table 3, a Pareto [9]
chart was created in order to indicate which defects have
the biggest impact on failures (Fig. 6).

Table 2
FMEA for the broken counterweight cable

Defect  Potential de- Potential con- Potential Preventive R W Z P Measure rresults
No. fect sequences of causes of measures -
the defect the defect M?asures'almed Rwz »p
at improving the
detectability
of the defect
1 Cable wear Cable breaking, Cable not Replacing 2 3 5 30 Systematic periodical 1 3 5 15
and tear immobilisation  replaced the cable cable replacement
of the machine  intime in time
2 Low quality Cable chaffing, Bad choice  Choosing 3 1 8 24 Supplier selection 1 1 8 8
of the cable cable breaking,  of supplier  one supplier
material immobilisation  Attempt Buying 3 1 8 24 Original parts 1 1 8 8
of the machine  at cost original parts
reduction
3 Lack of Cable breaking, Machine Checking 4 2 9 72 Morefrequent 2 2 9 36
reaction halting system the ma- maintenance,
of the limit- the production  error chine’s con- checking the
switches process dition more machine’s technical
frequently condition
4 Improper Cable breaking, Machine Increasing 1 9 18 Control of operators’ 1 9 9
shutting down  machine operator’s the opera- qualifications,
of the shutting down mistake tors’ qualifi- employee trainings
machine cations
Table 3
Change in values after corrective measures
Number of Sum The cumulated
defects P value [%]
before after before after
1 30 15 18% 9%
2 48 16 29% 10%
3 72 36 42% 22%
4 18 9 11% 5%
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Fig. 6 Pareto chart for the counterweight cable

CONCLUSION

The production process of a two-part toothed rim ana-
lysed in this article is not a complex one. Nevertheless, the
final product, its quality as well as the proper functioning of
the entire technical system is affected by many factors.
Among them are both the material and other factors
affecting the proper operation of the machine. The article
analyses one type of failure (breaking of the counterweight
cable) in one of the three machines which take part in the
production process. As a result of this breakdown, the com-
pany suffered both financial and reputational losses. Deliv-
ery of the complete element to the client was delayed by
over two weeks, the entire production process was halted,
which resulted in a delay in the completion of all orders.

The conducted analyses (FMEA, Ishikawa diagram, Pare-
to chart) [9] allowed identifying the defects which have a
direct impact on breakdowns. The quality management
tools and methods used in the analysis can help to establish
what kind of defects and failures may occur, what was their
cause and what actions need to be taken to prevent shut-
downs resulting from failures. Preventive (corrective) ac-
tions have been taken so as to prevent failures in the fu-
ture. Furthermore, activities aimed at improving the detect-
ability of defects have been undertaken, which will consid-
erably reduce or minimize the risk of breakdowns.
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As a result of these activities, downtimes of machines in
the production process will be reduced, and, in conse-
quence, order delivery deadlines will be met. The image of
the company as a reliable contractor will improve, which
should translate into an increased number of orders.

This article was prepared within the statutory research
titled "Methods and tools for improving products
and services on the selected examples" work symbol
13/030/BK_17/0027 performed at Silesia University
of Technology, Institute of Production Engineering.
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