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EFFECTS OF IMPLEMENTATION OF TOTAL PRODUCTIVE MAINTENANCE (TPM)
STRATEGY IN THE CHEWING GUM PLANT

Summary

The use of after-failure equipment repair strategies in the chewing gum factory in the period 1996-2003 implied their low
efficiency and productivity; OEE during this period amounted to approximately 46%. The introduction of TPM contributed
to the increase, in the years 2004-2015, of indicator of equipment effectiveness OEE on average by 28%. MTBF, which is a
measure of the time between failures, has been extended to 142 minutes, i.e. failure in the factory occurs on average every
2-2.5 hours. MTTR indicator, specifying the time required to repair the damage that has already occurred was reduced
throughout the plant to 67 minutes, which should be considered as a good result, given that the earlier removal of failures
took on average 4 hours. OEE indicator of the most failure frequent line in the period 1996-2003, amounting to 38% then,
after modernization, through the process of introducing TPM, of its most unreliable component (feeder of trays) increased
the value to approximately 80%. Much lower failure frequency of technological equipment resulted in a significant increase
in productivity of the factory without having to invest in new production lines.
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EFEKTY WPROWADZENIA STRATEGII OBSLUGIWANIA TOTAL PRODUCTIVE
MAINTENANCE (TPM) W FABRYCE GUMY DO ZUCIA

Streszczenie

Stosowanie strategii napraw poawaryjnych urzqdzen technologicznych w fabryce gumy do Zucia w latach 1996-2003 impli-
kowato malg ich efektywnosé¢ i wydajnosé, wskaznik OEE wynosit w tym okresie Srednio 46%. Wprowadzenie TPM przy-
czynilo sig do zwigkszenia w latach 2004-2015 wskaznika efektywnosci wyposazenia OEE srednio o 28%. Wskaznik MTBF,
bedqgcy miarg czasu pomiedzy awariami, zostal wydtuzony do 142 minut, czyli awaria w fabryce wystepuje Srednio co 2-2,5
godziny. Wskaznik MTTR, okreslajgcy czas potrzebny do usuniecia awarii, ktora juz wystgpita, zostal skrocony w calej fa-
bryce do 67 minut, co nalezy uzna¢ za dobry wynik zwazywszy, iz wczesniej usuniecie awarii zajmowalo przecietnie 4 go-
dziny. Wskaznik OEE linii najbardziej awaryjnej w latach 1996-2003, wynoszqcy wtedy 38%, po modernizacji w trakcie
wprowadzania TPM jej najbardziej zawodnego podzespotu (podajnika tac) zwigkszyl sie do wartosci ok.80%. Duzo mniej-
sza awaryjnos¢ urzqdzen technologicznych spowodowata znaczgcy wzrost wydajnosci fabryki bez koniecznosci inwestowa-

nia w nowe linie produkcyjne.

Stowa kluczowe: produkcja gumy do Zucia, strategia TPM, awaryjnosé

1. Introduction

Total productive maintenance (TPM) is a strategy of
comprehensive, preventive operating the machinery and
equipment in the enterprise carried out by operators and
staff responsible for maintenance [1, 2, 3]. It is associated
with the name of Nakajama, who, through the analysis of
the problem of operating the machinery in the US and Eu-
ropean companies improved the concept of operation and
began to introduce it in the Japanese industry in 1971.

TPM assumes all employees of the plant's responsibility
for maintenance of the machinery in a good condition.
However, the key problem lies in evoking the interest and
involvement of operators in providing machines usability,
as these workers are the first to get the information enabling
effective avoidance of failure. TPM strategy considers han-
dling (maintenance, inspections) of machines as a priority
over the production plan [1].

The production is a joint undertaking of production and ma-
intenance departments of the company. It is a tool that allows to
measure various types of production losses and identify potential
areas of positive and negative changes- it is an indicator of over-
all equipment effectiveness (OEE) [5]. It is calculated as the
product of three indicators: the availability of equipment, their
use and the quality of the manufacturing process.
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This indicator, due to its versatility, overstepped beyond
the TPM strategy and has become the main measure of the
effectiveness of the production plants [5].

The article [4] shows the effects of TPM strategy on re-
ducing the failure rate and improving the efficiency of one
line of packaging of chewing gum and the goal of this study
is to determine the effects of the introduction of TPM in the
whole plant.

2. Technological process of chewing gum production

The chewing gum includes: gum base and the following
substances: sweeteners, humectant, thickening and glazing
agents, flavors, emulsifier and antioxidant.

The technological process of chewing gum preparation,
which is complicated and requires multiple operations is
schematically illustrated in Fig. 1.

The gum base is delivered to the plant as a ready raw mate-
rial and is sent through devices of pneumatic transport to indi-
vidual mixers. The mixers mix gum base (1.5 tons at a time)
with all kinds of flavors and the elastic material that has the
desired flavor is formed. During the unloading onto conveyor
belts, the mass is divided into chunks, which are sent to the
sheeter. The set of rollers in the machine forms a strip from the
mass and presses the grooves forming the dragees.
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Fig. 1. Technological process of chewing gum production

Source: own work / Zrédlo: opracowanie wiasne

Rys. 1. Schemat procesu technologicznego wytwarzania gumy do zZucia

Then the strip is divided into sheets that are stacked on pal-
lets by a robot and sent to the cooling tunnel for 24 hours.
Seasoning gum sheets in cooling tunnel is aimed at releas-
ing the gases that have accumulated in the mixing process
and increasing their susceptibility to breaking into individu-
al dragees. Subsequently, the dragees are coated with a
proper juice determining the taste and then they are trans-
ported to silos and wait for the packing.

3. Operating and failure of equipment before implemen-
tation of TPM strategy

Before the introduction of TPM strategy, machine
breakdown was removed only after it occurred. More and
more frequently, the maintenance personnel had to take
"firefighting"” rather than preventive measures. There was
no agreement between the technical department and the
production department on access to the equipment in order
to perform preventive services. Production department en-
forced continuous operation of the machines, which implied
frequent failures and degradation of technical objects. The
frequent failures have become a key issue for the function-
ing of the factory. Each year, the maintenance budget was
exceeded due to unscheduled maintenance and repairs -
Fig. 2. Operating the machine according to the strategy of
after-failure repairs made it impossible to increase the effi-
ciency of the factory - Fig. 3.
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Fig. 2. Exceeding the budget by the maintenance personnel
in individual years

Rys. 2. Przekroczenia budzetu przez stuzby utrzymania ru-
chu w poszczegolnych latach
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Fig. 3. Factory OEE in the years 1996-2003 (target effec-
tiveness - 72%)

Rys. 3. Efektywnos¢ wyposazenia fabryki OEE w latach
1996-2003 (efektywnosé docelowa — 72%)

The management of the factory had to take some steps

primarily to reduce the number of equipment failures and
reduce production losses, but also to increase safety and
improve the quality of products. It was decided to introduce
operating strategy of TPM in the factory.
In order to determine OEE, it is necessary for the operators
to record the factors which affect its value. These are main-
ly: failures, downtime and stoppages, quality errors and
changes in productivity (i.e. power losses). Fig. 4 shows the
overall effectiveness (OEE) of individual production lines
operated in the factory in 1996-2003.
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Fig. 4. OEE of major production lines in 1996-2003
Rys. 4. Efektywnos¢ OEE wazniejszych linii produkcyjnych
w latach 1996-2003
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LD-1 line, which is crucial for the functioning of the
plant had the lowest effectiveness of only 38%. Therefore,
it was decided that the implementation of the TPM strategy
would start from this line.

4. TPM implementation on LD-1 line

LD-1 produces sheets of chewing gum. Its scheme is

shown in Fig. 5.
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Fig. 5. Scheme of LD-1 line which produces the sheets of
chewing gum
Rys. 5. Schemat linii LD- 1 produkujgcej arkusze gumy do zucia

TPM implementation plan for LD-1 line included the

following (most important) actions:

1. Identification of types of breakdowns:

a) introduction of system of breakdown data collection,

b) classification of breakdowns, making Pareto analysis.

2. Restoration of basic working conditions of machines
and the introduction of standards:

a) identification of critical elements and events,

b) identification and introduction of standards of cleaning,
control and lubrication,

¢) the restoration of all the standards at the workstation.

3. Elimination of recurring breakdowns:

a) defining the breakdowns of important elements and
mechanisms,

b) making the analysis 5why for individual breakdowns,

¢) defining and introducing preventive measures,

d) implementation of control system for recurring break-
downs.

4. Defining the reasons for occasional breakdowns:

a) introducing the definition of occasional breakdown,

b) introducing breakdown analysis sheets,

¢) training of all operators and mechanics working on the
machine,

d) introducing the system of breakdown analysis and de-
fining the reasons.

5. The introduction of the schedule of machines mainte-
nance:

a) determining the possible means of preventing break-
downs,

b) introduction of a system of planned inspections of ma-
chines and workers responsible for their execution (me-
chanic / electrician / operator).
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On the basis of analysis of breakdowns of lines (Pareto
chart, diagram of Ichikawa, 5 x why) critical points were
established and the improvement and modifications were
carried out. These actions achieved a significant increase in
the overall efficiency of the line - Fig. 6. The target value
(72%) of effectiveness indicator of the OEE line was
achieved six weeks after implementing TPM strategy.
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Fig. 6. The change of OEE indicator at the time of the im-
plementation of TPM on the LD-1 line

Rys. 6. Zmiana wskaznika efektywnosci OEE podczas wdra-
zania TPM na linii LD-1

5. Effects of implementation of TPM strategy in the
whole factory

Based on breakdowns data collected in the ORACLE
system, the change of the following indicators was analyzed
in the factory in the years 2003-2015:

- overall equipment effectiveness OEE - Fig. 7,
- mean time between failures MTBF - Fig. 8,
- mean time to repair MTTR - Fig. 9.
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Fig. 7. The change of equipment effectiveness indicator
OEE in the factory in the years 2003-2015

Rys. 7. Zmiana wskaznika efektywnosci wyposazenia fabry-
ki OEE w latach 2003-2015
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Fig. 8. The change of MTBF for the factory in the years
2003-2015
Rys. 8. Zmiana wskaznika MTBF dla fabryki w latach
2003-2015

6. Summary

1. In the years 1996-2003, due to the post-failure repair
strategy:

a) assumed effectiveness of technological equipment was
not achieved, and neither was the efficiency,

b) budget for the maintenance of equipment usability was
exceeded every year on average by 27%.

2. Inthe years 2004-2015, after TPM was introduced:

a) OEE increased by 28% compared to the years
1996-2003,

b) MTBF was extended tol42 minutes, i.e. the failure
throughout the plant occurs on average every
2-2.5 hours (before it was every 1.5 minutes),

c¢) indicator MTTR, specifying the time required to repair
the damage that has already occurred, was reduced
throughout the plant to 67 minutes, which should be
considered as a good result, given that the earlier re-
moval of failures took on average four hours.

d) OEE for the most failure frequent in the period 1996-
2003 LD-1 line, amounting to 38%, after modernization
in the process of introducing TPM of its most unreliable
component (feeder of trays), increased to the value of
approx. 80%.
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Fig. 9. The change of MTTR for the factory in the years
2003-2015
Rys. 9. Zmiana wskaznika MTIR fabryki
2003-2015

w latach

The results indicate that the introduction of TPM strate-
gy into the factory can be considered a big success. This
was achieved thanks to the efforts and commitment of the
entire staff. Much lower failure rate of technological
equipment has contributed to a significant increase in facto-
ry productivity without investing in new production lines.
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