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Abstract: This paper aims to present ways to streamline production by implementing methods
of analysis and continuous improvement of an important company in the Romanian car market,
based on technology which produces various components, especially car wiring used by many
manufacturers of important cars. The production and processes within the company are designed
from a lean and ergonomic point of view, taking into account the latest trends specific to the field.
Supported by the company’s management, the continuous improvement activity, along with the
basic methods, enjoys the involvement of all employees, trained in this process by various means.
Employee involvement is not just about decision-making on the part of the staff, but starts with
simple operators, who are encouraged and motivated to express their ideas for improvement and get
involved in their implementation.
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1. Introduction

Technological progress has streamlined the production process, lowered costs and put the
human factor in difficulty—employees have always had to adapt to new technologies or change their
specialization. The production line, machines and equipment of any kind that have brought a certain
level of automation or computers and mobile devices are some of the most recent stages of technological
progress in business. Beyond automation, there are also technologies that support employees and can
fully contribute to employee efficiency.

The production company must represent the image of a well-oiled machine, perfectly organized
and controlled in order to meet customer expectations. By choosing a suitable production management
system, everything that happens in the factory can be found in real time, and you can intervene to adjust
different production lines or solve any problems that may arise [1]. Once the production operations
are automated, the quality level of the operations and products can be measured and tracked even
during the manufacturing process, thus ensuring the automatic archiving of information in the system.

A modern system that supports communication and data transfer can improve the accuracy
of information and visibility on all production processes, so as to reduce costs and respect delivery
data [2]. Reducing manufacturing defects, order preparation time and operating with a minimum
required stock synchronized with production are other elements that lead to lower costs, all of which
can be achieved through the use of an efficient production management system.

A production management system can lead to a more efficient workflow, due to the reduction of
human errors and the maximum use of resources. At the same time, it improves the accessibility of
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data that support better decision-making, increases quality standards, increases production efficiency
and makes better use of equipment whose maintenance is automatically planned and managed [3].

Consequently, a system for production management provides real-time knowledge of the situation
in the production area, allowing for immediate action when the situation requires adjustments.
The improper management of production challenges often leads to irreparable situations.

This paper aims to present ways to streamline production by implementing methods of analysis
and continuous improvement of an important company in the Romanian car market, based on
technology which produces various components, especially car wiring used by many manufacturers
of important cars. The production and processes within the company are designed from a lean and
ergonomic point of view, taking into account the latest trends specific to the field. Supported by
the company’s management, the continuous improvement activity, along with the basic methods,
benefits from the involvement of all employees, trained in this process by various means. Employee
involvement is not just about decision-making on the part of the staff, but starts with simple operators,
who are encouraged and motivated to express their ideas for improvement and get involved in
their implementation.

2. Theoretical Foundations

In order to have an overview of performance at a given time and to be able to analyze the evolution,
it is necessary to monitor some key performance indicators, called in the business environment Key
Performance Indicators (KPI). For the departments in which mainly automated activities are identified,
it is necessary to introduce a performance indicator that reflects reality as fully as possible. One such
indicator is Overall Equipment Efficiency (OEE) [3]. In order to be determined, it is necessary to
establish a system that collects production data that allows for the calculation of the OEE, which has
become the main performance indicator of the production department.

The OEE provides a measurement method that gives a correct perspective of the performance of
the equipment. The OEE also shows where opportunities for improvement can be identified.

The parameters to be followed in the calculation of the OEE are:

1. availability—takes into account the time lost with the stops;
2. performance—takes into account the speed losses, in particular, and represents the ratio between

the quantity of parts that should have been produced in the time interval (theoretical quantity)
and the realized quantity (real quantity);

3. quality rate—takes into account the quality losses and is calculated as the ratio between the
number of compliant parts and the total number of parts made.

The OEE provides three numbers that are useful and individual as the situation changes and help
to visualize performance in simple terms—a very practical simplification [4].

Studies conducted worldwide show the following level of performance (Table 1), achieved by
some of the most famous companies:

Table 1. World Class Overall Equipment Efficiency.

OEE Factors World Class OEE

Availability 90.0%
Performance 95.0%

Quality 99.0%

Source: Vorne Industries, 2020 [4].

The needs for developing economic performance also refer to improving the skills of
the human factor [5] in areas such as work organization, design–sizing–measurement–control–
improvement–process management in companies, quality management [6], change management,
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risk management, project management, etc., with direct consequences on labor productivity [7] and
performance competitiveness.

Whether it is a design process or an execution process, or whether it seeks to apply a technical or a
non-technical process, the presence of the human factor is found in all, being substantially conditioned
by its possibilities and interests. The successful initiation and development of activities within the
company depends, to an overwhelming extent, on the degree to which the human factor is understood,
motivated and coordinated, the only resource endowed with the ability to know and overcome its own
limits [8].

3. Materials and Methods

Based on the data collected at the level of the production department, the OEE was calculated
in the first 20 weeks of 2016, obtaining an average of 58.21% (Figure 1). Compared to the global
performance at that time, the possibilities for improvement were significant, and actions were required
to increase the efficiency of the production activity.
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Figure 1. Evolution of the overall equipment efficiency (OEE) in the first months of 2016.

Consequently, the management team set as a major objective the efficiency of the production
activity by improving the OEE to 80% by the end of 2016 and 85% by the end of 2017.

In order to achieve the objective proposed in the company, a series of methods for continuous
improvement of the production activity were taken into account and implemented.

4. Results

4.1. Analysis of Disturbing Factors

In order to improve all the factors that contribute to the evolution of the OEE, an analysis of the
production department was carried out by the management team by making an Ishikawa Diagram.
The analysis revealed the following causes:

• Machine: applicators with technical problems, wires attached to the pull rollers, loosening of the
applicator discs while running;

• Method: cutting rules too high, unknown process parameters, long times to change products,
wrong entries in the collection forms, incorrectly saved programs;

• Material: long threads;
• Worker: ignorance of the role of parameters by the operator, process parameters not observed,

machine left unattended, programs not used by operators, when switching from long wires to short
wires parameters remain set to minimum, incorrectly completed data leading to calculation errors;

• Environment: no cause was found.

The causes with significant impact were analyzed by the method of “5 Why?” to get to the root
cause and be able to take action. For each case, up to 5 “why?” questions were asked.
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For the identified causes, actions were taken, each being assigned to a team member, with a
deadline. In order to assign actions and monitor the situation, an Action Plan (Figure 2) was used,
which allowed for the creation of graphs and monitoring actions (e.g., degree of closure of actions,
distribution by areas, etc.) [9].
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Figure 2. Action Plan.

4.2. Reducing Change Times: Pareto Analysis, SMED Method

Data on machine downtimes were analyzed using the Pareto Diagram. Thus, the main causes
identified were product changes and settings. Figure 3 shows that product changes are responsible for
22.09% of the total downtime, which causes an average of 70 h of downtime per week for all cars.
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Figure 3. Pareto analysis of causes of stopping.

In order to reduce product change times, the SMED Method (Single Minute Exchange of Die) was
also applied, the aim of which was to improve the method of changing tools/products so that the times
when the machine does not produce are as short as possible. This method was then standardized.

The process of changing tools and materials on the machine to achieve a new part of the product
was filmed for further analysis, because in real time certain aspects can escape observation. Moreover,
all the movements of the operator in the change process were plotted using “Spaghetti Diagram”
(Figure 4a).

After analyzing the filming of the process, a map of the value of the process was made—Value
Stream Mapping (VSM), in which each movement, action or verification was quantified in meters and
seconds (Figure 5). The internal operations (performed while the car is stationary) were also delimited
from the external ones (performed while the machine was producing).
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The principle of Eliminate, Combine, Rearrange and Simplify (ECRS) was applied on VSM: each
process step was analyzed, and unnecessary process steps were eliminated, operations that could be
done at the same time were combined, the location of the tools was moved closer to the operator and
difficult operations have been simplified. All operations that that did not require the machine to be
stopped were performed either before the machine was stopped or after the machine was started.

Thus, the new VSM was transposed into a change procedure, which, applied on the same machine
with the same operator, led to the results illustrated in Figure 4b and Table 2.

Table 2. Results obtained after applying the methods.

Factor Before After Gain

Distance traveled [m] 429 151 284%
Total number of operations [pcs] 59 20 295%

Of which internal operations [pcs] 33 11 300%
Total time [min] 49.27 17.43 283%

From which internal time [min] 39.25 11.23 350%

4.3. Improving the Technical Condition of Machines: Autonomous Maintenance

In order to reduce unplanned maintenance times (machine failures), the concept of “Autonomous
Maintenance” has been implemented, making the machine operator responsible for a series of checks,
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cleaning, lubrication and tightening, performed regularly, in order to eliminate the causes leading to
machine failures and to provide specialized maintenance personnel with the time needed to carry out
Preventive Maintenance activities.

Thus, the points that require daily verification were identified for each machine, and an
Autonomous Maintenance form was created. Based on this, the operator performs daily checks
and, depending on the situation, cleans, tightens or lubricates the machine parts. In order for the
operators to be able to carry out these checks, it was obvious that they needed to be trained on the
functional aspects of the machines.

An intensive training program was started within the department [10], the transfer of knowledge
being done hierarchically, according to a weekly schedule in which the Process Engineer trains the
Technician and the Regulators, and they in turn train the operators (Figure 6a).
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The information was grouped into thematic modules and presented in Power Point and
on flipcharts. Where necessary, they were presented practically, on machines in production.
Topics included both general concepts (5 Senses, Mechanical Assemblies, Lubrication, Pneumatics)
and specific concepts of the machines on which the operators were working (Principles of operation,
Cutting process, Crimping process, Tinning process, Critical parameters and their influence, etc.).

Following the remediation of some problems with machines, a One-Point Lesson (OPL) was
created to standardize knowledge. It was originally made on the flipchart and contained the following
required fields: Problem Description, Effect, Causes, Corrective/Preventive Actions, Trained People,
Suggestive Photos. This OPL was presented to all those involved, explaining what the initial problem
was, what effects it had on the machine, process or product, why this problem occurred and what
actions to correct and prevent the recurrence of the problem were taken. An example of OPL made on
paper is shown in Figure 6b. Subsequently, an Access database was created that allows the creation,
distribution, storage and electronic management of these OPLs.

4.4. Reducing Quality Losses Due to Human Error

The waste rate is composed of technological waste and non-compliant products. The main
cause of the appearance of products made incorrectly is human error (wrongly set dimensions, mixed
material, etc.).
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Non-compliant products, expressed in pieces of non-compliant products per million products,
were monitored. The results were reported monthly, and for deviations from the limit or unfavorable
evolution analyses were performed and actions taken (Figure 7).
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The actions applied after these analyses required both managerial and leadership skills,
because they were focused not on the application of measures to sanction mistakes, but on the
involvement of operators in the strategy “0 Defects” and their motivation in the desire to achieve
product quality.

Some of the actions proposed and aimed at motivating operators to implement compliant products
were:

• awarding the operator with the best quality performances;
• monthly ranking with the evolution of mistakes on work shifts;
• introduction for two days in the retraining activity of operators with repeated mistakes;
• entrusting the operator with the reprocessing of the non-compliant product.

5. Discussion

Following the actions taken to improve the three parameters of the OEE (Availability, Performance
and Quality), the company managed to maintain a growing evolution of the OEE throughout 2017,
repeatedly exceeding the proposed target of 87% by the end of the year (Figure 8).
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The OEE not only provides a number, but also an overview of the situation, through its parameters.
From the representation of the averages of the indicators for 2017 (Figure 9) it is possible to determine
if the situation is the ideal one or if it deserves to be improved.
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The OEE not only reached the set target, but significantly exceeded it, with an average of 87,
74% in 2018 and 94.36% in the first four months of 2019. Consequently, the effects of the continuous
improvement actions carried out were visible in the evolution indicators at the level of the first semester
of 2019.

6. Conclusions

Today, important technologies are on the verge of making a major impact in production
processes and the work environment. Thus, a company will need its own high innovation capacity,
because without this element, even if it makes great efforts to capitalize on the material and human
resources at its disposal, it will lag behind in terms of quality.

The profound changes in the composition of modern production systems will affect both the
technical basis and the methods and techniques of management, organization and quality assurance.
The performance of a production company, its ability to adapt to the rigors of the competitive market,
to fully meet its requirements and at the same time to maximize its profit are dependent on investments
in new technologies and in retraining people, as well as the effectiveness of their use.

This will considerably increase the role of human resources, which, at all levels, will have to
face completely new problems regarding the continuous improvement of the production process and
manufactured products.

Funding: This research received no external funding.
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