Chapter 8
Jacek Selejdadk

AN EFFECTIVENESS ANALYSIS OF A MACHINE
USED FOR MANUFACTURING OF CONSTRUCTION
EQUIPMENT COMPONENTS

Abstract: This chapter focuses on the analysis of the éffenéss of a machine used for
manufacturing of construction equipment componertise. TPM and PAMCO times were
measured and then used for computation of TPM &ld®O coefficients. The study
found that the overall equipment effectiveness (PiEEhe machine studied reached the
level of over 90%. Furthermore, PAMCO coefficiersached the value of over 96%.
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8.1. Introduction

TPM (Total Productive Maintenance) system is urtdexs to mean
a comprehensive or productive maintenance of mashiklowever, the
system is not universal for all the enterpriseSKBOwWSKI S., SELEJDAK
J. SALAMON S. 2006, GORALCZYK A. 1996, MACIEJEWICZ J. 1999,
ELLIOT B. R., HiLL G. 1999, BRKOWSKI S., ULEwWICZ R. 2009).
Implementation of the TPM system through e.g. tee of times and
coefficients provides information about performarafemachines and
equipment (APtATA S.2003,ULEwWICZ R., JusT K. 2012, KURZAK L.,
MAJORM., MAJORI. 2012,BORKOWSKI S. KRYNKE M., RUTKOWSKI W.
2011,JAGUSIAK M., KLIBER J.,KNOPK. 2010).
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This chapter also presents the analysis of -effectss
(CzAalKOWSKA A., MASZKE A., KNOP K. 2008) of a machine used for
manufacturing of construction equipment componeated on PAMCO
times and coefficients. Plant & Machine Control (P80O) allows for
application of uniform criteria for comparison afterprises with similar
profile of manufacturing and similar stock of mawdy. In 1990,
PAMCO definitions were simplified and unified folt the enterprises so
that their results could be easily and quickly camp. This system
reduces the number of previously used parameterp@vides the basis
for evaluation of the equipment that can be modif(&LEJDAK J.,
ULEwICZ R. 2005, BORKOWSKI S. KRYNKE M., SELEJDAK J. 2006,
BORKOWSKIS.,MIELCZAREK K. 2009).

8.2. Research results

The analysis discussed in this chapter focuseshemtachine for
manufacturing of construction equipment componémtthe enterprise
studied. For this purpose, the authors determiredvidual times
(BORKOWSKI S., SELEJDAK J. SALAMON S. 2006)) of operation of the
machine. The times obtained were used for calamdatf TPM and
PAMCO coefficients. All the measurements of timeasrevtaken under
industrial conditions during the process of mantufdog (MAZUR M.,
ULEWICZ R. 2007) of construction equipment components. rEisearch
period of the analysis was 12 months.

8.2.1. TPM times and coefficients
TPM times for the machine used for manufacturingafistruction
equipment components are compared in Table 8.1.8Flgpresents the

time of machine standstill in the month studied)(@Rided into planned
time (PP) and unplanned time (TA).
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Table 8.1. TPM timesfor the machine used for manufacturing of the
construction equipment componentsin the period of 12 months of the study
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1 744 19.0 5 24.0 720.0f 867400.008 0.0083
2 672 15.0 1 16.0 656.0f 790B00.008 0.0083
3 744 15.0 1 16.0 728.0f 877020.008 0.0083
4 720 15.0 4 19.0 701.0, 844550.008 0.0083
5 744 15.0 1 16.0 728.00 877000.008 0.0083
6 720 15.0 3 18.0 702.0f 845K680.008 0.0083
7 744 16.0 2 18.0 726.0f 874630.008 0.0083
8 744 12.0 0 12.0 732.0f 881B70.008 0.0083
9 720 18.0 0 18.0 702.00 845690.008 0.0083
10 744 19.0 1 20.0 724.00 872200.008 0.0083
11 720 14.0 0 14.0 706.0 850530.008 0.0083
12 744 13.0 3 16.0 728.00 877620.008 0.0083
Source: Own study
Unplanned machines standstill (TA) [h
» FA |8 Planned standstill time (PP) [h]
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Fig. 8.1. Time of machine standstill in the studied period of 12 months.

Source: Own study
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As Table 8.1 and Fig. 8.1 show, the longest timenathine standstill
(TP) occurred in the first research period and #&$ours. The longest
unplanned machines standstill (TA) - 5h was alson@ed in this month.
The unplanned machines standstill (TA) did not odnuhe &', 9" and
11" month of the study.

The data contained in Table 8.1 obliczone zostagpdhczynniki
TPM (BORKOWSKI S., SELEJDAK J. SALAMON S. 2006), presented in
Table 8.2.

Table 8.2. TPM coefficients for the machine used for manufacturing of the
construction equipment componentsin the period of 12 months of the study
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2 99.85 96.39 99.99 96.38 4.( 96.00 92.38
3 99.86 96.39 99.99 96.38 1.G 99.00 95.28
4 99.43 96.39 100.00 96.38 1.0 99.00 94.8B
5 99.86 96.39 99.99 96.37| 5.0 95.00 91.438
6 99.57 96.39 99.99 96.37| 5.0 95.00 91.1y
7 99.73 96.39 99.99 96.38 6.0 94.00 90.3b
8 100.00 96.39 99.99 96.38 2.0 98.00 94.4b
9 100.00 96.39 99.99 96.37 0.5 99.50 95.8P
10 99.86 96.39 99.99 96.38 3.( 97.00 93.3p
11 100.00 96.39 99.99 96.38 4.0 96.00 92.52
12 99.59 96.39 100.06 96.44 1.0 99.00 95.09

Source: Own study

Fig. 8.2 shows the profile of the quality coeffitie(WJ) in the
studied period.
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Fig. 8.2. The profile of the quality coefficient (WJ) for the machine used in the
study.
Source: Own study

As Table 8.2 and Fig. 8.2 the quality coefficieWJ) for the machine
reached the level ranging from 94.00% to 99.50%e Toefficient
reached the minimum value of 94% on tH&rdonth of the study. Its
maximum value of 99.50% was found on tffensonth of the study.

The profile of the most important TPM coefficiene.i overall
equipment effectiveness (OEE) is presented in&:R).
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Fig. 8.3. Overall effectiveness for the machine (OEE) evaluated in the study.
Source: Own study
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Overall effectiveness (OEE) of the machine used rf@anufacturing
of construction equipment components reached thel langing from
90.35% to 95.89% (Table 8.2 and Fig. 8.3). The kiwalue (90.35%)
of overall equipment effectiveness was found in #emonth of the
study, whereas the lowest level (95.89%) was regdash the 9 months.

8.2.2. PAMCO times and coefficients

The results of the study concerning PAMCO timestfa machine
used in manufacturing of construction equipment poments are
compared in Table 8.3.

Table 8.3. PAMCO times for the machine used for manufacturing of
construction equipment componentsin the period of 12 months of the study
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2 672 671 13,0 658 1 657 1 656
3 744 742 11,0 731 2 729 1 728
4 720 719 13,0 706 1 705 4 701
5 744 744 12,0 732 3 729 1 728
6 720 719 13,0 706 1 705 3 702
7 744 744 14,0 730 2 728 2 726
8 744 744 11,0 733 1 732 0 732
9 720 719 16,0 703 1 702 0 702
10 744 743 17,0 726 1 725 1 724
11 720 720 12,0 708 2 706 0 706
12 744 743 11,0 732 1 731 3 728

Source: Own study
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The times contained in Table 8.3 were used for edain of
PAMCO coefficients (BLEIDAK J. 2006), presented in Table 8.4.

Table 8.4. PAMCO coefficients for the machine used for manufacturing of
construction equipment componentsin the period of 12 months of the study
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2 99.85 99.70| 97.92| 100.00 99.85| 97.92| 97.77| 97.62
3 99.86] 99.59| 98.25| 100.00] 99.73| 98.25| 97.98| 97.85
4 99.43| 99.29| 98.06/ 100.00] 99.86| 98.06| 97.92| 97.36
5 99.86] 99.45| 98.39| 100.00| 100.00] 98.39| 97.98| 97.85
6 99.57| 99.43| 98.06/ 100.00] 99.86| 98.06] 97.92| 97.50
7 99.73] 99.45| 98.12| 100.00/ 100.00] 98.12| 97.85| 97.58
8 100.00 99.86] 98.52| 100.00/ 100.00] 98.52| 98.39| 98.39
9 100.00 99.86| 97.64| 100.00 99.86| 97.64| 97.50| 97.50
10 99.86] 99.72| 97.58| 100.00 99.87| 97.58| 97.45| 97.31
11 100.00 99.72| 98.33| 100.00| 100.00 98.33| 98.06| 98.06
12 99.59 99.45| 98.39| 100.00f 99.87| 98.39] 98.25| 97.85

Source: Own study

Fig. 8.4 and 8.5 are a graphical representatid®dCO coefficients for
the machine used for manufacturing of constructiequipment
components in the studied period of 12 months.

The results of the study show (Fig. 8.4) that thefficient of asset
availability (AA) reached the maximum value of 10@Bsoughout the
period of 12 months of the study.

-96 -



100
_ i \//\
IS ~ N\ /\ // T———~
ol 28 QRN s N N
c
[ PE AA
;g 99 YA B X OE T
S /
o PR
o Py JISRN I
() - ’,/ ~ <. .’ ‘.\ o 7
= 98 e & e N :
k5 AU N
S
<
> 97

1 2 3 4 5 6 7 8 9 10 11 12

Research period [1 month]
Fig. 8.4. Coefficients of production efficiency (PE), operational efficiency
(OE) and asset availability (AA) and available utilization (AU) during the
period of the study.
Source: Own study
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Fig. 8.5. Coefficients of asset utilization (AUt), operational utilization (OU),
production utilisation (PU) and effective utilisation (EU).
Source: Own study

-97 -



The coefficient of production efficiency (PE) (F§4) had lower values
(99.31%+ 100%) than asset availability (AA), except for & 9" and
11" months of the study, when it also reached the mami levels of
100%. The lower values (98.63% 99.86%) than the two latter
coefficients were found for the coefficient of ogional efficiency (OE).
The coefficient of - available utilization (AU) rged from
97.58%+ 98.52%. The coefficient which reached the maxinwataes in
four months (8, 7", 8" and 11" month of the study) was the coefficient
of the asset utilization (AUt) (Fig. 8.5). Otherdh coefficients (Table
8.4 and Fig. 8.5) of operational utilization (OWyoduction utilisation
(PU) and effective utilisation (EU) showed the \edulower than the
coefficient of asset utilization (AUt). Their valkiexhibited the following
respective ranges: 97.58% 98.52%, 97.45% + 98.39% and
96.77%+ 98.39%.

8.3. Summary

The study demonstrated that among all the TPM miefits studied,
the levels recommended by the World Class systemE@®AK J.,
KRYNKE M. 2013) were not reached by the quality coeffiti@hld). The
values of this coefficient in the period studied fioe machine used for
manufacturing of construction equipment componeatged from 94%
to 99.50% compared to the recommended level of%89Kowever, it
should be emphasized that, despite the valueseofjtfality coefficient
(WJ) which were lower than the recommended leved, quality of the
manufactured construction equipment components Wwagh. The
availability coefficient (WD) ranged from 99.31% %00%, which
considerably exceeded the recommended value of 9MMé. utility
coefficient (WW) in the whole period studied alsached the values
(96.37% =+ 96.44%) higher than the recommended lenfel95%.
Reaching these high values by these coefficierdared that the overall
equipment effectiveness (OEE) of the machine usedcbnstruction
equipment components met the requirements of thed/\tlass system.
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This coefficient ranged from 90.35% to 95.89% while recommended
level is 85%.

Analysis of PAMCO times and coefficients revealkdttunavailable
time (UAT) in the whole period of the study was ®ich caused that
the coefficient of asset availability (AA) reachdge: maximum value of
100% for the whole period of the study. Furthermon® coefficients of
available utilization (AU) and operational utilizat (OU) in each of the
12 months of the study period reached the samésleliee lowest values
among the PAMCO coefficient were recorded for dffec utilisation
(EV). Individual coefficients showed very similaalues, ranging from
96.77% + 100%. The recommended levels of PAMCOfmoeffits have
been presented in the literatur&(8IDAK J. 2006, ELEIDAK J.,KRYNKE
M. 2013). All the PAMCO coefficients exceeded thecammended
values.

The results obtained lead to the conclusion thatettiectiveness of
the use of the machine for manufacturing of comsion equipment
components is very high. These high levels of coiefits were obtained
through very low machine failure rates, i.e. shartes of unplanned
stoppages (Fig. 8.1). However, using the selecatstiuiments of quality
management, one should identify the causes of dimecanformities of
the manufactured construction equipment component$ then take
corrective measures. Implementation of the comectineasures will
ensure the improvement in product quality and ledld to the increase in
quality coefficient (WJ) which was the only coei#iot that did not reach
the recommended levels.
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