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1- Purpose and background

Precision machining of complex industrial parts requires special machines, one of
the best of which is the CNC milling machine. These machines have flexibility,
constant accuracy and high production efficiency. Failure of machines can cause
the production line to stop, while repairs to these machines can be time
consuming and costly when they fail without prior possibility, and the provision
of spare parts is costly due to the need to import them. Therefore, it is necessary
to calculate the availability and reliability of the device from the collected failure
data and to develop and implement a proper maintenance and repair plan. In order
to develop an effective maintenance plan, it is necessary to use the collected
failure data to predict reliability and availability with appropriate accuracy in the
future so that we can build on this based. The main subsystems of CNC milling
machine include; The Hydraulic System, Cooling, Spindle, Bed & Axis, and
Panel Control (Figure 1).

| CNC Machine |
| CNCMachine |
[

|
Colling | H‘_:_.rdrau]_{c| Panel Control

BedfAxis

Head |

Figure 1: The main subsystems of CNC milling machine

Various methods have been used in research to determine reliability, maintenance
and availability. Some of these methods include: event tree, error tree analysis,
reliability-center maintenance (RCM), fuzzy reliability measurement, and Markov
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Estimating the availability of CNC milling machine using Markov chain 120

modeling. Continuously renewable or repairable systems are simulated
using random processes such as Markov and Semi-Markov. Markov's
analysis is based on mathematical modeling, the failure states of which
depend only on the current state of the sample. In this analysis, a transfer
matrix is formed that connects the current state and the next state, the
future, with a fixed failure / repair rate. Most electronic components fail at
a fixed failure rate; Therefore, they can be modeled using the Markov
chain. Anil Kumar Agraval et al (2019). Used the Markov model to analyze
the reliability of the road tunnel drilling rig (EPBTBM). They have
increased it by 70%, and they have done so through preventive
maintenance. In this study, the analysis data were collected in a short
period of time, but a comparison between MTBF and MTTR indices was
not investigated. It has not been studied. Zhao-Jun et al (2013). Reviewed
the optimization of maintenance policies to improve the reliability of the
machining Process. The components of the preventive maintenance
program have been proposed periodically and consecutively (daily, etc.). In
this article, no study has been done on the availability of the device and
MTBF and MTTR indicators. Rajkumar Bhimgonda et al (2017) used data
from time to failure and time to delay to estimate the maintenance and
repair parameters of the CNC lathe, and with proper maintenance and
repair planning, the reliability of the CNC machine has increased by about
45%, and the initial costs The improvement of 0.25% has an increasing
trend, but instead the total cost over the life cycle has decreased by 25%. In
this paper, we seek to fill the research gap in improving the reliability and
availability of the CNC milling machine by implementing a reliability-
center maintenance method with machine failure data for a period of seven
years and index analysis of MTBF, MTTR and availability using Markov
chain.
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2- Research method

In this article, the failure of the device is extracted annually from the
failures recorded in the repair and control sheets of the device, which have
been prepared by the maintenance and repair personnel. Then, using
Markov chain, four-axis CNC milling machine was used in 2011 to
estimate the reliability, maintainability and availability. Then, this
information was considered as a basis for implementing the reliability-
center maintenance method (RCM) and calculating the availability for the
years 2012-2018.

2-1- Markov transition diagram and modeling

The transition- diagram for the milling machine is shown in Figure (2) and
the task mode with 0 and the fail mode with (i = 1,2,3,4,5) are shown.

Head

15

QT -m
L

Colling | #_ /" CNCMachine \ %%, | Panel Control
Py a— Py
FI Hs
it
).//:r; A'\:\.L
Bedd Axis Hydraulic

Figure 2: Machine transition state diagram and its main subsets

At the beginning of turning on the machine (t = 0), the machine is in
working condition and the subsystems reach a non-functional state or
unavailable state and vice versa. Transition mode represents only two
modes of availability and unavailability, and vice versa.

3- Findings

The milling machine and its components, in a series of configurations, form
a system that interacts with each other. Because the useful life of CNC
milling machine is considered and on the other hand, researchers have
proposed an exponential distribution for the useful life period, this
distribution has also been used to calculate reliability. Figures (3) and (4)
show the reliability and maintainability of the subsets. Because the main
components of the milling machine are connected in series, the reliability
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of the milling machine decreases with time. This value is plotted in the
diagrams for the one-year operating time (2212 hours).

0 500 1000 1500 2000 2500 0 10 20 30 40 50 60 70 80 % 100
Time(hr) Time(hr)

Figure 3: Reliability of the main subsets of | Figure 4: Maintainability curve of the main
CNC milling machine in 2011 subsets of milling machine in 2011

According to Markov equation, the unavailability of the head assembly, cooling,
axis and bed, control panel and hydraulic in 2011 are 0%, 0.53%, 1.65%, 0.31% and
1.16%, respectively and availability is 96.34%(Figure 5).

Control panel Axis &Bed UNAVAILABILITY OF SUBSETS
0.31% 1.65% Colling
0.53% Head

hydraulic system
0%

1.16%

Figure 5: Availability and unavailability of CNC milling machine and its subsets in 2011
4- Reliability center maintenance (RCM)

Ensures the reliability, reliability and mission of the device during production by
implementing a maintenance plan. This tool provides optimal maintenance services
and time intervals and makes the device and critical parts accessible. As can be
seen in the figure above, in 2013, the availability of the device has become 63.8%
and has decreased by about 28% due to head failure and complete stop of the
device and production line, and the time required to supply the required parts from
the manufacturer. It has been about 704 working hours (Figure 6). Therefore, it is
necessary to consider the preventive maintenance program for the head as a critical
and sensitive part, and the forecast of the required part/spare parts should be
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considered and the RCM program should be fully implemented. Another reason for
stopping the production line in 2013 was the lack of sufficient attention and belief
in the implementation of RCM, which after the implementation of this method in
2014 compared to 2013, the availability has increased by 27.4% and in subsequent
years This process of improvement has continued. As can be seen in Figures (7)
and (8) in 2013, the lowest average time between failures, the reliability and
availability of the device due to the failure of the whole set of the device and the
average repair time of the device in This year is the highest and is 16.5 times
higher than the lowest MTTR recorded in these years and about 2 times higher than

the highest MTTR recorded.

Availability of CNC Milling Machine

1 !" f,j-m.-i..g--:

2011 2012 2013 2014 2015 2016 2017 2018 2019
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Figure 6: Comparison of the availability of
CNC milling machines in the years 2011-2018

Figure 7: MTBF milling machine from
2011to 2018
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Figure 8: MTTR milling machine from 2011to 2018

5- Conclusion

- In this paper, the reliability, availability and MTBF and MTTR indices are

examined using the Markov chain.
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- Customer demand for timely product delivery, good quality and performance and
high reliability, has increased the use of advanced production equipment. The high
availability and reliability of the devices, assures the manufacturer to meet
customer obligations. The manufacturer also enjoys economic benefits in the
continuous production by these devices.

- Using Markov analysis, the unavailability of the main subsets of the milling
machine for 0% for head, 0.53% for cooling, 1.65% for axles and bed, 0.31% for
control panel and 16.16 for hydraulic system, respectively. 1% was estimated in
2011 and the availability of CNC milling machine using Markov method was
estimated to be 96.3%.

- The policy of implementing RCM and performing planned maintenance actions
in the following years was targeted with the approach of improving reliability and
accessibility in order to improve the accessibility of the device and the production
line.

- In 2013, although the RCM method was implemented, but due to the head failure
of the device, which was a critical part of the set, the production line was stopped,
which due to insufficient training of maintenance personnel and insufficient belief
in participating in the implementation of this method, there was a 28% decrease in
device availability compared to 2011.Then, by implementing the RCM approach,
the trend of improving availability was observed from 68.63% to 99.28%.

- In 2013, MTBF was 78.62 hours and had a decreasing trend. This year, MTTR
has had an increasing trend of 34.6 hours. With the implementation of reliability-
based maintenance and repairs (RCM), in 2018, MTBF increased from 78.62 hours
to 375.48 hours and MTTR decreased from 34.6 hours to 3 hours in 2018, which
caused Improved device availability.
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