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Abstract 
Total Productive Maintenance (TPM) is a very diffused industrial tool used to improve and guarantee efficiency of industrial 
plants. Significant financial savings are achieved by TPM, thanks to the involvement of all staff, from management till 
production operators, through all functions. It requires time and resources to be successfully implemented as a deep 
transformation  in conventional production mind it is needed, from productive to proactive. Nowadays the economical 
situation of the industries makes management reluctant about investing in projects that require long time to be implemented 
without showing rapid and evident results, by an economic point of view. In this context, the paper aims to  discuss the 
critical factors about implementing TPM in automated flow line manufacturing systems, by describing the main success 
points to make the TPM paradigm a factory reality. The focus of the study  is on  beverage and food sector. The main 
purpose is to identify a new methodological framework to support a successful and faster TPM implementation in these 
specific sectors. It proposes a first step of research that aims to identify ad hoc procedures capable of achieving results faster 
than traditional ways. Finally, the paper aims to investigate those activities which provide a clear economical and productive 
benefit in order to increase people trust in TPM paradigm. 
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1. Introduction 

The rapid evolution of technologies, the transformation of 
human role in automated production systems, and the 
increasing need to reduce wastefulness to improve 
factories efficiency have introduced a deep cultural 
transformation in industries.  
In this period of economical crisis, a company that aims 
to be world class manufacturing (WCM) needs to reduce 
production loss and maximize the utilization of its 
resources, by increasing machinery effectiveness and 
developing multi-skills operators. In this context, TPM 
(Total Productive Maintenance) is a useful industrial tool, 
designed primarily to maximize the effectiveness of 
equipment throughout its entire life by the participation 
and motivation of the entire workforce (Nakajima, 1988). 
Strategic investments in the upholding function can show 
to improved presentation of manufacturing arrangement 
and amplify the competitive market position of the 
organization (Jonsson and Lesshammar, 1999). Nakajima 
(1988) identified three main meanings for the word total, 
as: 

1.Total Effectiveness that indicates the TPM aim of 
maximize economic efficiency or profitability. 

2.Total Maintenance System that indicates the total 
involvement of maintenance prevention, maintainability 
improvement and preventive maintenance.   

3.Total Participation that indicates the importance of the 
involvement of all staff in TPM philosophy, especially a 
deep collaboration between maintenance and production, 
through autonomous maintenance.   

 

TPM paradigm include several objectives, as: 

 Maximize equipment effectiveness.  

 Establish a total Preventive Maintenance (PM) system 
for all the machinery, through prevention, preventive 
actions and improvements. 

 It requires the participation of all staff, especially of 
equipment designers, equipment operators and 
maintenance workers. 

 It involves every single employee, from the production 
operators till the top managers. 

 It is based on the promotion of autonomous small 
group activities.  

Companies that adopt TPM are seeing 50% reduction in 
breakdown labour rates, 70% in lost production, 50% - 
90% reduction in setup, and 60% reduction in costs per 
maintenance unit (Koelsch, 1993). By the way, nowadays 
the management is reluctant about investing in projects 
that require long time to be implemented, considerable 
economical resources and  deep cultural transformations, 
without showing rapid and evident results. The paper is 
set in automated flow line manufacturing systems in food 
& beverage sector. The company of the case study is 
leader in its sector and has many factories in all Europe. 
Maintenance in this area is very critical and incisive, and 
often, in a wrong way, it is view as a secondary function. 
For privacy reasons, the company of which it is referred in 
the paper is called Alpha S.p.A.. 

The paper is divided into three sections. There is a first 
part in which typical critical aspects of the food & 
beverage sector are explained, and principal success key 
factors and obstacles to TPM implementation are 
described. The second section proposes a methodological 
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framework about TPM implementation in the company, 
focusing on activities that arise faster results and increase 
employee involvement. Finally, in the last section, the first 
results of the framework are discussed.  

2. Food and beverage - Success key factors and 
obstacles 

Food and beverage sector, that is characterized by high 
automated production systems, presents critical factors 
related to health, safety, quality and delivery of products, 
over the common criticalities related to  automated 
production. Typically products of this sector have short 
life time, with low possibility to stock, and requires 
specified characteristics of quality, related to security 
regulations. Roth et al. (2008) studied 6 principal aspects 
that characterize food & beverage sector, called "6Ts", as: 

 Traceability, that is the ability to track a product's flow. 
Behind traceability there are security, safety and quality 
reasons, regarding both the company and the 
customers. 
 

 Transparency, regarding the product and process 
information, like ingredients, treatments and packaging. 
  

 Testability, that is the possibility to verify a characteristic 
of the product, like freshness, contamination test, 
quality; often this tests are destructive. 
 

 Time, that is the duration of a process (production, 
delivery, etc.). 
 

 Trust, that is the relationship between partners in the 
supply chain, the expected information flow; this 
aspect is important for the efficiency and quality of the 
supply chain. 
 

 Training, that is  the continuous developing of skills, 
knowledge and attitudes regarding international 
standards of quality and food safety.   

These aspects deeply influence food and beverage 
production, increasing controls and hygienic regulations, 
that makes maintenance activities more critical and 
important. Moreover, the short lifetime of products and 
the changeableness of the demand make TPM an essential 
strategy to prevent equipment downtime and to increase 
the product quality (Heymans B.). 
By the way, TPM implementation it is not easy and fluent, 
as it requires specific attention to some critical aspects that  
can make the project fail. In general the failure of TPM 
implementation is due to lack of a support system to 
facilitate learning and transform learning into effective 
diffusion of the practices of TPM (Ahuja and Khamba, 
2008). The failure of an organization to successfully 
implement a TPM program has been attributed to various 
obstacles including lack of management support and 
understanding, lack of sufficient training, failure to allow 

sufficient time for the evolution (Bakerjan, 1994). Cigolini 
e Turco (1997) studied several Italian industries to 
individuate influential aspects in TPM implementation, 
related both to external and internal context; they 
identified three factors as the firm size, the manager's 

commitment to the project and the program promoter. 
In food and beverage sector all this aspects should be 
considered in relation to the 6 Ts, as they influence TPM 
and its implementation. Now it is described the major 
influential factors in TPM implementation. 

1. Management Support 
Management staff is the first division who embraces TPM 
philosophy, it is the promoter and principal supporter of 
the project. Its support is fundamental to the success of 
the project, both for financial and economical sustain, and 
as example of communication and synergy between 
departments. Structural and cultural transformation take 
place from management, so its support is an important 
success key factor, as it is argued in various case studies 
(Chan F.T.S. et al. 2003, Darabi M. et al. 2013, Hansson J. 
et al. 2002).  

2. Sufficient Time 
Time for implementation is a basic aspect to consider; as 

TPM is a cultural change, it requires time and time to be 

implemented, and often results are not immediate. After a 

step gets start, it needs time to be implemented and 

improved. Companies that does not gives TPM enough 

time to evolve, often fails in its implementation (Bakerjan, 

1994; Davis, 1997). Also Rodrigues and Hatakeyama 

(2006) affirmed that TPM implementation in a quick way, 

omitting some consolidation steps, is a failure influence 

factor.  

Figure 1: The 6 Ts 
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Sector criticalities

- Lack of traceability

-Need of trasparency

-High frequency testability

-Lack of time (low stock)

- High automated systems

TPM Influential Factor

-Lack of management Support

-Lack of Time

-Lack of sufficient training

-Lack of employee involvement

-Lack of comunication and collaboration

TPM Failure

3. Employee Involvement 

Management support is a success prerequisite as employee 

involvement and participation. Operators as first have to 

change their mindset from productive to proactive, 

embrace the project, and improve their control of the 

machines. Total employee involvement is indeed a pre- 

requite to successful TPM implementation and can be 

ensured by enhancing the competencies of employees 

towards the jobs, evolving the environment of the 

equipment and system ownership by the employees 

(Ahuja et al, 2008). Moreover TPM is a total cultural 

transformation, that must comprehend all the staff to 

success.  

4. Training and education 

 TPM needs focused training and education sections for 

all the company's staff, from management till production 

department. Management needs training to deep 

understand TPM paradigm, how to manage and improve 

its development through the company; operators needs 

training both for the new cultural mindset and to achieve 

the required technical skills. This key factors it is not only 

discussed in various case studies, but it is a proper TPM 

pillar.  

5. Communication and cooperation (team work) 

Team work is the basis of TPM, in which maintenance 

and production functions have to cooperate and 

communicate to win. Production needs maintenance to 

reach its performance objectives, and have to 

communicate with it to improve its output. Operators and 

maintenance staff should work in team to follow the win-

win strategy; in fact operators should be multi-skills staff 

and maintenance staff should trust in them and delegate 

basic maintenance activities.  

6. Integration and visibility of TPM goals  

TPM is a paradigm, a cultural transformation, of which 

boundaries are hard to define. Define goals and measure 

TPM results is important to control and underline the 

project progress. Management needs TPM goals to check 

their investment and to manage future improvement; on 

the other side staff need to know the development of their 

actions, to improve motivation and gratification. TPM 

purpose and objectives necessitate to be entirely 

incorporated into the designed and commerce plans of the 

organizations, since TPM have an effect on the entire 

association, and is not restricted to manufacture (Darabi 

et al., 2014) 

In figure 2 it is shown the whole influential factors related 

both to the specified context of food and beverage and to 

TPM Implementation, that could make the project fail. 

3. TPM Framework - Case study 

The company Alpha S.p.A. has 23 automated production 

lines; each line is composed by 15-20 machines, related by 

internal transport systems, and for each line there are 3-4 

operators, that supervise a group of machines. Operators  

Figure 2 Factors related to TPM failure 
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are few and often do not have ownership of the 

machinery. The big maintenance activities are made 

during a specified period of 2 weeks, by a maintenance 

equipment, while, in the rest of the year, machines have to 

work with no stops. In fact this sector is characterized by 

a high seasonality and machines cannot stop in high 

period, while in the lower one a period of two weeks is the  

maximum allowed (the whole maintenance actions, 

usually, keep more than 2 weeks). In the figure 3 it is 

shown the company position respect the major key 

influential factors related to TPM. The management 

established an adequate budget to support TPM 

Implementation and a Maintenance Engineering Team. 

The company promotes synergy and collaboration 

between departments, in particular between production 

and maintenance; weekly meetings are planned between 

maintenance engineering staff to share the projects 

development. For the training and education key aspect, 

the company established periodic TPM training sections 

and placed production operators to support maintenance 

staff to improve their skills. Finally the company decided 

to measure TPM with two fundamental indexes, as the 

produced pieces and the OEE (Overall Equipment 

Effectiveness). 

As first, the maintenance structure has been reviewed, as 

shown in the figure 4; principally it had been introduced a 

maintenance engineering team and a TPM technicians 

team. The maintenance engineering team is composed by 

the TPM Project Manager, the Maintenance Planner and 

other TPM collaborators that provide to follow the 

project implementation. TPM technicians are three: there 

is the line technician, responsible of the efficiency of the 

line, the Mechanic and the Electric technicians that 

provide to more specific maintenance actions of the line; 

all three are supported by operators. 

The project of the paper is a part of the TPM 

implementation, that goes on all the factory. It aims to 

accelerate TPM results, to arise its benefits and to 

implement a more quickly diffusion of its culture.  

As it is shown in the framework (figure 5), there are 

several project steps. As first, it was required an analysis of 

all the factory’s production lines, based on the principal 

efficiency index (OEE - Overall Equipment 

Effectiveness), to individuate the pilot line. The pilot line 

was the one who has the lower OEE index.  

Improvement actions on the pilot line will be more visible 

and effective, as it was the worst one, and this should 

increment TPM diffusion in the company. Then a study 

of the line is necessary to find the most critical machines 

and/or mechanical parts. With the support of the analysis, 

the maintenance engineering team and the TPM 

technicians team work together to implement three action 

Key factor 
 

Company situation 

1-Management Support 

 Adequate investment - budget 

 Establishment of Maintenance Engineering department 

 Management periodic meetings 

2-Sufficient Time  Necessity of immediate results 

3-Employee Involvement 

 Synergy between various departments as production, maintenance, purchase and 
tooling 

 Project sharing 

 Maintenance engineering periodic meeting 

4-Training and Education 

 Periodic training for production staff 

 Improving operators skills 

 Improving maintenance workers responsibility 

5-Communication and 
Cooperation 

 Maintenance and production operators work together 

 Line Team composed by both maintenance and production staff 

 Cooperation between maintenance and production department to plan 
production stops 

6-Integration and Visibility 
of TPM goals 

 OEE index 

 Output 

Figure 3 Key Factors - Case Study 

Maintenance Engineering TPM Technicians Other departments 

TPM Project Manager 

Maintenance planner 

TPM collaborators 

Line Technician 

Mechanic Technician 

Electric Technician 

Purchase department 

Spare parts warehouse 

Tooling department 

Figure 4 Company TPM Organization 

XIX Summer School "Francesco Turco" - Industrial Mechanical Plants

168



Factory Production 
Lines Analysis

Pilot LinesAnalysis

Lines Criticalities

Problem Solving
Continuous

Improvement

OEE Improvement

Input:
-OEE index

-Failures data
-Maintenance costs

-Set up data

Input:
-OEE index

Output:
-Pilot Line (lower

OEE)

Output:
-Critical machines

and/or parts

Autonoumous
Maintenance

Preventive 
Maintenance

Predictive
Maintenance

Action Paln
Maintenance activities that

requires long time, with
priority to those that have an

elevate OEE improving and 
lower costs

Action Plan
Periodic check and 
controls of critical

machines and parts

Action Plan
Cleaning and oiling

of critical parts

plans, based on three different maintenance approaches: 

1. Preventive Maintenance: Maintenance activities that require 

more than two days, or related to quality and security 

factors.  Activities with low costs that gave a remarkable 

OEE increment have higher priority. 

2. Predictive Maintenance: Checks and controls of critical 

machines and particularities, to plan needed maintenance 

actions.  

3. Autonomous Maintenance: Cleaning and oiling 

activities, made by the production staff, to implement 

their ownership of the machines and to make critical zone 

emerge. 

This part of the project required a strong collaboration 

between all staff, to plan activities, resources, spare parts 

and to schedule all the data. This step has no end, it is in 

continuous evolution and improvement.  

After this step it is expected that some criticalities raised, 

as lack of information regarding correct spare parts, 

correct appropriate scheduling time and resources. 

Moreover, with the analysis support and staff experience, 

the spare part warehouse will be involved to improve the 

right stock level of critical parts. 

After the first implementation, it will be necessary a 

periodic analysis of results, to focus on critical parts and 

activities, to solve problems emerged and to achieve new 

information.  

An increment of OEE index is expected.  

Conclusions 

The project is underdeveloped and clear results are not 

seen yet, especially from autonomous maintenance. The 

analysis of the line showed the most critical machines and 

zones, and, with production staff involvement, it had been 

possible to implement the action plans. The preventive 

action plan had been implemented and improved, while 

the predictive and the autonomous one are under 

development. The OEE index has grow up of one point, 

but the high season had not started yet. Some visible 

benefits had been seen, as the awareness of the line 

problems by the staff and the reorder of all correct spare 

parts and needed activities. As first it is expected an 

improvement of OEE and a complete involvement of all 

Figure 5: TPM Framework 
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production staff, that should change its mindset from 

productive to proactive. After the high season, a new 

analysis session will begin to better improve the first 

implementation.
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