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Abstract. The increase in the worldwide consumption of carbon steel and special alloys has been encouraging the modern
industry to adopt marketing and product design strategies, ensuring greater competitiveness. In order to reduce costs,
intensify productivity and improve services to meet consumer needs, processes must also be increasingly efficient.
Quality management in maintenance is a technique that has been widely used by companies, which continuously seek
better performance and distinguished results. The objetive of this work is to draw up an effective maintenance and best
practices plan for the Manrod milling machine, model MR-205, by means of the exploit of quality tools, providing greater
reliability in the organization with little technical intervention. The implementation of the maintenance plan, which is
the outcome of this work, has not only reduced by 34 % the average time between failures, but also contributed to remedy
recurring problems at operational and administrative levels.
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1. INTRODUCTION

Since the industrial revolution, machines have become indispensable in manufacturing processes, which has
stimulated better automation levels. Automated equipment is now a common trend in all major stages of the production
process, ranging from the receiption of the raw material, manufature, packaging and delivery (Madu, 2000).

The maintenance of machinery and equipment, although rudimentary, has always existed and has been evolving in
quality as the technical knowledge of humanity advances (Otani et al., 2008). It was with the beginning of the industrial
revolution that the first generation of large-scale optimization emerged: the corrective maintenance, the origin of which
can be traced back at the eighteenth century and the beginning of the nineteenth century. In current industrial standards,
all workers performing machine maintenance should receive specific training as regulated by the NR 32 (2011), a decisive
factor in ensuring the reliability and the quality of services. Most training campaigns often outline topics related to
personal hygiene, biological and physico-chemical risks, preventive 5S labeling and signaling, the use of PPE,
accessibility, among others that positively contribute to the organizations’ good operational performance (Mucida, 2017).

The preventive maintenance plan is characterized by focusing on operational routine, directing component inspections
and replacements at specific intervals, thus, maintaining the desired productivity (Harrington, 1997). To accomplish that,
safeguarding a timeline of equipment interventions is of vital importance for the continued improvement of the existing
technology and the development of future contributions. The characteristics of these contributions depend on how the
system's maintenance is carried out. In order to make the global economy and the production cycles move, it is necessary
to pave the way by implementing a supportive and good maintenance plan (Teixeira, 2019). Table 1 shows the main types
of current industrial maintenance.

The milling operation is a manufacturing process characterized by a continuous rotary movement of mechanical
cutters that generate machined surfaces, resulting from the progressive removal of a pre-established quantity of material
(Dormer, 2013). Figure 1 illustrates examples of milling operations (Machado et al., 2009).

This work objectives the creating of a preventive maintenance plan for Manrod milling machines, Model MR-205 by
using quality tools that provide not only operational reliability and security, but favour the build up of useful resources
for an acertive mechanical intervention.
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Table 1 - Maintenance T

pes (Almeida, 2017; Lichtenberg, 2017)

Type

Description

Advantage

Disadvantage

Corrective
Maintenance

Replaces parts and components
that wear out or fail unexpectedly,

Leverages parts and
components until the end

Presents a catastrophic failure,
resulting in a very high cost of

shuting down operations of their lifespan repair
. It follows, at periodic intervals, a | Reduces failure risks, | Decreases production and
Preventive : S . L
. pre-established guideline, based | ageing and premature | profitability
maintenance : ! ) .
on the equipment lifespan equipment degeneration
Monitors actual conditions in | Reduces  costs by | Involves a high investment,
Predictive order to program strategies for | frequent and constant | specially in the purchase of
. preventing failures and | equipment monitoring equipment or training, which is not
Maintenance . . .
breakdowns that arise from always possible at all times

operating machines

Figure 1 - Examples of milling operations

2. METHODOLOGY

The Manrod milling machine, model MR-205, as depicted in figure 2(a), was chosen for having a high incidence of
technical problems. Machines that had similar production volumes were short listed for maintenance adequacy and their
components dismembered in three main sets: upper, column and board - figure 2(b). This division has provided the best
way to carry out group maintenance of components and contributed to a more holistic perspective of the installation site,
as shown in table 2.

Upper set

Column set

Board set

(b)

Figure 2 - (a) Manrod miller, model MR-205; (b) Selected milling regions

(@)

Each component had been duly identified with regard to the maintenance frequency and inventory while issuing
service orders. This has made possible to better quantify the duration of repair and the amount of inflicted damage.
Table 3 shows the major failures attributed to the component and maintenance times
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Table 2 — Identifiable component group
Upper set Column set Board set
Engine

Table and base guides

Securing screw X-Y trapezoidal axles

Oil cover retainer Z-trapezoidal fuse P -
. X-Y trapezoidal nut
Transmission gear Fuse wheel -
. X-Y Step Engines
Tree flywheel Back bearing
- : - Table and base rulers
Z-tree axis Horizontal guides

Table Bearing

Tree axis scroll Table Rear Ring

Bracket with head guides

Table 3 - Measured failures of model MR-205

Failures Idle time (min) Percentage ratio (%0)
Machine setting 1404 24
Lubrication 1216 21
Breakage 762 13
Slide or wear 640 11
Systemic breakdown 558 10
Temperature increase 414 7
Rework 299 5
Tool replacement 178 3
Power outage 162 3
Lack of raw material 121 2

TOTAL 5760 100

Figure 3 represents the information given in table 3, where it is clearly noticeable the impact of each failure affecting
the total machine downtime.
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Figure 3 - Pareto chart of identified faults

While the adjustments made in the miller, making it more productive by the increased combination of movements
and faster executions were positive, on the other hand, they culminated in lubrication failures, even for short intervals.
The development of applications that manage and store large amounts of information in databases has made it possible to
create ever more complete maintenance plans. The Excel spreadsheet editor was used as an additional resource. Each
defective component had been studied and mapped. The Failure Mode and Effect Analysis technique (FMEA) was
employed to structure immediate maintenance actions and predict potential interrupts, from material purchase to
functionality testing, whilst letting exposed each step of the assembly analytical framework - table 4.
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Table 4 - FMEA of the Manrod miller, model MR-205

Process = Detection Prevention =%
. . 7] 2 i
Step Failure Effect % Cause g Control control 3 & Action
Poor machine, . Keep the plan up Check if
] Extrapolation of . - component
Exchange with over During to date with :
6 componente 3 . . 4 72 lifespan has
frequency cycles and no . disassembly equipment
. - lifespan RIS been
inspection working time
exceeded
Refer to component
g Component Incorrect Wrong purchase During manufacturer's P
= R L 7 - 4 3| 84 model
S Specification substitution of material assembly catalog and check change in
T listing Y
plan
Every
Component will improvement to Add
Inclusion of No referencing | 6 operate Wl_thout 2 During the equipment is 4| a8 improveme
components preventive disassembly required to be nts to the
inspection included in the plan
plan
Correct
Schematics Mach_me parts Insufficient _During Check all machine strategy
- without 8 - 3 inspection S . 41 96 control of
design - planning h critical points -
Inspection check-list machine
= parts
E Partial During List all
N Definition of : - Complete lack of : : Check all machine unidentified
S assemblies implementation | 9 plan 2 Inspection critical points 3| o4 machine
> of plan check-list
5 parts
. ] Investigate
Identification of Incorrect Equipment will - . Implement visual failures and
. - . . operate under During failure
inspection inspectionof | 8 4 - controlsand make | 5 | 160 analyze
: . unknown identification
points equipment L them apparent damage
conditions
extents
Insufficient When L Contact
. . financial integrating During initial support
Systemic Schedule time tests, perform all
. 9 resources to 2 components 5 90 team for
Implementation loss - . system
implement into software inteqrations software
changes database 9 tuning
- . Correct
. During the Track failures :
. Work in Recurrence of - g failure and
c
k5 Evidence of unwanted 5 Fault 4 | revision co_ntrol perlodlcally_, as 6| 120 check for
=] Problems L for historical per mechanical L
5] conditions Appearance - - historical
) problems inspection
i problems
Schedule
Aggregate all run control
Incorrect . . items required for strategies
Action setting maintenance 7 LO.S s of repair 3 I_Durmg maintenance 8 | 168 | according to
- timeframe maintenance -
duration according to the the
periodicity preventive
timetable

Table 5 shows the classification criteria used for sorting out severity, occurrence and defect detections.

Table 5 - FMEA criteria for the classification of preventive maintenances
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Class. Severity Class. Ocurrence Class. Detection
Perfect implementation of the plan No setbacks during plan execution Correct implementation of the plan. with a
1 and full compliance  with 1 and no impact on other repair 1 clearl visiFt))Ie maintenance eripodi(;i that
inspection points schedules cover()e/d all components P b4
2 Very low difficulty in maintenance 2 Low setbacks during plan 2 P
implementation. A single failure execution, with very few problems Easv to inspect. but leaves some few
was found, but had an effective that could be overcome and Y pect, .
3 - - - 3 - - 3 components without preventive control.
action plan that did not impact caused no impact on other repair Has an action plan
other repair schedules schedules. Has an action plan P
Very low difficulty in maintenance Easy to inspect, but leaves some few
4 implementation. A few failures 4 4 components without preventive control.
were found, but had effective Has an action plan
5 action plans that did not impact 5 5
other repair schedules Moderate severity, with schedule
Moderate difficulty in delay and reduced equipment cep .
maintenance implementation. performance. Has an action plan Moderate d'mm.my on the preventive
. control of the lifespan of two or more
6 Found up to three points that 6 6 components
diverge from what had been
planned, yet did not impact other
repair schedules
High difficulty in maintenance
implementation. Found more than Cers . - .
three points that diverge from what . . . .. leflcult){ n f|nd|n_g evidence  of
7 7 High severity, with productivity 7 preventative control in two or more
had been planned and needed losses. Has an action plan components. Corrective actions negativel
immediate action, compromising ' P im zfct the sbhedule g Y
other repair schedules P
8 High difficulty in maintenance 8 8
implementation. Found more than
three points that diverge from what Several components are not included in
had been planned and needed . . . . por - .
9 - - : - 9 Very high severity and did not 9 preventive listings, making corrective
immediate action, compromising take int Cthe mini actions difficult
other repair schedules. The action ta ? ;nro naccouPt r: irr?tmrmum
plan was not concluded in full 00'S TOr an accurate maintenance.
- - Did not follow the priority listing
Failure to implement schedule. - .
- of components. No action plan Remote chance to comply deadlines and
Repair tools not adapted to the L ] - .
10 reventive maintenance routines 10 periodicity. No corrective actions to either
p : ) include or delete items from the list
No further actions taken

3. RESULTS AND DISCUSSIONS

The maintenance plan was developed to promote durability for the machine's moving components and, thus, eliminate
failures caused by lack of lubrication, joint locking, overheating and increased friction. Table 6 shows the main lubrication
actions in order of priority.

Table 6 - Main aspects to be addressed according to the assembly and the lube frequency

Group components

Upper set

Column set

Board set

m Check transmission gear housing
oil level;

m Lubricate tree flywheel;

m Lubricate Z-tree axis

m Lubricate Z-trapezoidal fuse;

m Lubricate Z-tree flywheel axis;
m Lubricate vertical guides of the
column/head

m Lubricate table and base guides;
m Lubricate X-Y trapezoidal axles and nut;
m Lubricate X-table bearing e Y-table rear ring

The preparation of a lubrication plan started from the identification of non-conformities and thorough analysis of the
maintenance history, have the equipment manuals as the initial parameter. For a complete identification of critical
lubrication points and maintenance periodicity, a Power Bl visual aid structure was implemented. As a result, it was
possible to further describe every important action necessary for the deployment of a successful preventive maintenance

activity - figures 4 to 6.
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Figure 4 - Labbeling system for the preventive maintenance control

Table 7 shows the component preventive maintenance routine, the service order and the inspection periodicity.

Table 7 - Preventive maintenance control and routine

Component Activity Duration
Securing screw Inspect the integrity of the thread
Table ruler Monthly
Table rearward ring Inspect loss of tolerance
Base ruler
Motor MW 1100W — 60Hz Inspect vibration and alignment
Securing screw Inspect the integrity of the thread
Guide support Perform tests for dial indicator / clamping elements

P — Quarterly
Step engine ‘X
Step engine ‘Y’ Inspect vibration and alignment

Step engine ‘2’
Oil cover retainer
Back bearing
Transmition gears Inspect wear and cracks

Inspect diameter and cracks

- - Semi-annual
Horizontal guides
- > Perform free run tests
Vertical guides
Table bearing Inspect wear and cracks
Tree fvayheeI Inspect diameter and cracks
Z-tree axis
Z-trapezoidal fuse Inspect alignment and slack
Fly nut
Back bearing Perform free run tests Anual
Trapezoidal Fuse ‘X’ Inspect alignment and slack
‘X’ axis trapezoidal nut Inspect clearances
Trapezoidal Fuse ‘Y’ Inspect alignment and slack
“Y’-axis trapezoidal nut Inspect clearances

With all the results presented in the form of tables and graphs, it was made possible to import this information into
another more intuitive graphical display platform: Power BI. This application has enabled a managerial control of multiple
action plans that corresponded to specific processes and components present in our database. Figures 5 and 6 illustrate a
complete set of guidelines to be followed by the maintenance team while performing checks on the milling machine.
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Figure 5 - Maintenance plan for inspection-lube procedure (a) and head assembly (b)
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4. CONCLUSIONS

The initial phase of the project corresponded to a period of adaptation, organization, understanding of the
manufacturing process and motivation of the team, more specifically, in the maintenance sector.

The solutions proposed were the implementation of little but solid improvements in the criteria previously adopted,
adequating outdated practices for measuring results. New goals and objectives were defined by the observation of the set
of failures. Indicators have been established and periodically monitored for all maintenance services; fact that had let to
the construction of a database that portrayed the most important technical characteristics of the major defective
components. At the same time, all of the equipment maintenance management was reviewed and consolidated by applying
the ERP's programs and the quality tools (FMEA). The initiatives have helped to improve existing actions and deploy
new routines in the maintenance plan, which has made possible to change the lubrication system as well as the inspection
periodicity, generating greater machine reliability due to the increased gap between failures. In general, the control of
maintenance management was fundamental for the efficiency of the process of reducing failures in the components of the
milling machine, also reducing problems at the operational and administrative levels.

Finally, the adopted actions contributed to an overall increase in technical knowledge of our technitians, a better
understanding of our machinery, facts that greatly contributed to speed up maintenance activities by assertive decisions
with consistent information as supportive background.
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