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! Air Conditioner

* Heaters
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0 1 1 1 1 1 1

5 0.9 0964 |1 0.99 1 0.858
5.01 1 0964 | 1 0.99 1 0.954
10 0.9 0.938 | 0.999 0954 |1 0.805
10.01 1 0.938 | 0.999 0954 | 1 0.895
15 0.9 0.916 | 0.998 0.909 | 0.999 | 0.747
15.01 1 1 0.998 1 0.999 | 0.997
20 0.9 0.964 | 0.994 0.99 0.996 | 0.85
20.01 1 0.964 | 0.994 0.99 0.996 | 0.945
25 0.9 0.938 | 0.99 0.954 | 0.984 | 0.785
25.01 1 0.938 | 0.99 0.954 | 0.984 | 0.872
30 0.9 0.916 | 0.983 0.909 | 0.972 ] 0.716
30.01 1 1 0.983 1 0.972 | 0.955
35 0.9 0.964 | 0.975 0.99 0.96 | 0.803
35.01 1 0.964 | 0.975 0.99 096 | 0.893
40 0.9 0.938 | 0.966 0.954 | 0.948 | 0.738
40.01 1 0.938 | 0.966 0.954 | 0.948 | 0.82
45 0.9 0.916 | 0.955 0.909 | 0.936 | 0.67
45.01 1 1 0.955 1 0.936 | 0.895
50 0.9 0.964 | 0.944 0.99 0.925 ] 0.75
50.01 1 0.964 | 0.944 0.99 0.925 | 0.833
55 0.9 0.938 | 0.932 0.954 | 0.913 | 0.686
55.01 1 0.938 | 0.932 0.954 | 0.913 | 0.762
60 0.9 0916 | 0.92 0.909 | 0.902 | 0.622
60.01 1 1 0.92 1 0.902 | 0.83
65 0.9 0.964 | 0.906 0.99 0.891 | 0.693
65.01 1 0964 | 1 0.99 1 0.954
70 0.9 0938 |1 0954 | 1 0.806
70.01 1 0938 | 1 0954 |1 0.895
75 0.9 0.916 | 0.999 0909 |1 0.749
75.01 1 1 0.999 1 1 0.999
80 0.9 0.964 | 0.998 0.99 0.999 | 0.856
80.01 1 0.964 | 0.998 0.99 0.999 | 0.951
85 0.9 0.938 | 0.994 0.954 | 0.996 | 0.799
85.01 1 0.938 | 0.994 0.954 | 0.996 | 0.887
90 0.9 0.916 | 0.99 0.909 | 0.984 | 0.73
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90.01 1 1 0.99 1 0.984 | 0.974
95 0.9 0.964 | 0.983 099 10.972]0.82
95.01 1 0.964 | 0.983 099 10.972]0.911
100 0.9 0.938 | 0.975 0.954 | 0.96 | 0.754
100.01 |1 0.938 | 0.975 0.954 | 0.96 | 0.838
105 0.9 0.916 | 0.966 0.909 | 0.948 | 0.686
105.01 |1 1 0.966 1 0.948 | 0.916
110 0.9 0.964 | 0.955 0.99 10.936 | 0.768
110.01 |1 0.964 | 0.955 0.99 |0.936 | 0.853
115 0.9 0.938 | 0.944 0.954 | 0.925 | 0.704
115.01 |1 0.938 | 0.944 0.954 | 0.925 | 0.782
120 0.9 0.916 | 0.932 0.909 | 0.913 | 0.638
120.01 |1 1 0.932 1 0.913 | 0.852
125 0.9 0.964 | 0.92 0.99 10.902 | 0.712
125.01 |1 0.964 | 0.92 0.99 10.902 | 0.791
130 0.9 0.938 | 0.906 0.954 | 0.891 | 0.651
130.01 |1 0938 |1 0954 |1 0.895
135 0.9 0916 | 1 0909 |1 0.749
135.01 |1 1 1 1 1 1
140 0.9 0.964 | 0.999 0.99 1 0.858
140.01 |1 0.964 | 0.999 0.99 1 0.953
145 0.9 0.938 | 0.998 0.954 | 0.999 | 0.803
145.01 |1 0.938 | 0.998 0.954 | 0.999 | 0.892
150 0.9 0.916 | 0.994 0.909 | 0.996 | 0.742
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0 1 1 1 0992 | 1 0.992
5 0.917 0.999 | 0.95 0972 | 1 0.846
5.01 1 0.999 | 0.95 0972 | 1 0.923
10 0.917 0.99 0.922 0946 | 1 0.792
10.01 1 0.9 1 1 1 0.9
15 0.917 0.983 | 0.95 0972 | 1 0.833
15.01 1 0.983 | 0.95 0972 | 1 0.908
20 0.917 0.961 | 0.922 0946 | 1 0.768
20.01 1 0.961 | 1 1 1 0.961
25 0.917 0.939 | 0.95 0972 | 1 0.796
25.01 1 0.939 | 0.95 0972 | 1 0.868
30 0.917 0.918 | 0.922 0946 | 1 0.734
30.01 1 1 1 1 1 1

35 0.917 0.999 | 0.95 0972 | 1 0.847
35.01 1 0.999 | 0.95 0972 | 1 0.923
40 0.917 0.99 0.922 0946 | 1 0.792
40.01 1 0.9 1 1 1 0.9
45 0.917 0.983 | 0.95 0972 | 1 0.833
45.01 1 0.983 | 0.95 0972 | 1 0.908
50 0.917 0.961 | 0.922 0946 | 1 0.768
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50.01 1 0.961 | 1 1 1 0.96

55 0.917 0.939 | 0.95 0972 | 1 0.796
55.01 1 0.939 | 0.95 0972 | 1 0.868
60 0.917 0.918 | 0.922 0.946 | 1 0.734
60.01 1 1 1 1 1 1

65 0.917 0.999 | 0.95 0.972 | 0.999 | 0.846
65.01 1 0.999 | 0.95 0.972 | 0.999 | 0.923
70 0.917 0.99 | 0.922 0.946 | 0.999 | 0.791
70.01 1 0.9 1 1 0.999 | 0.899
75 0.917 0.983 | 0.95 0.972 | 0.999 | 0.832
75.01 1 0.983 | 0.95 0.972 | 0.999 | 0.907
80 0.917 0.961 | 0.922 0.946 | 0.999 | 0.768
80.01 1 0.961 | 1 1 0.999 | 0.96

85 0.917 0.939 | 0.95 0.972 | 0.999 | 0.795
85.01 1 0.939 | 0.95 0.972 | 0.999 | 0.867
90 0.917 0.918 | 0.922 0.946 | 0.999 | 0.734
90.01 1 1 1 1 0.999 | 0.999
95 0.917 0.999 | 0.95 0.972 | 0.999 | 0.846
95.01 1 0.999 | 0.95 0.972 | 0.999 | 0.922
100 0.917 0.99 ] 0.922 0.946 | 0.999 | 0.791
100.01 | 1 0.9 1 1 0.999 | 0.899
105 0.917 0.983 | 0.95 0.972 | 0.998 | 0.832
105.01 | 1 0.983 | 0.95 0.972 | 0.998 | 0.907
110 0.917 0.961 | 0.922 0.946 | 0.998 | 0.767
110.01 | 1 0.961 | 1 1 0.998 | 0.959
115 0.917 0.939 | 0.95 0.972 | 0.998 | 0.795
115.01 | 1 0.939 | 0.95 0.972 | 0.998 | 0.866
120 0.917 0.918 | 0.922 0.946 | 0.998 | 0.733
120.01 | 1 1 1 1 0.998 | 0.998
125 0.917 0.999 | 0.95 0.972 | 0.998 | 0.845
125.01 | 1 0.999 | 0.95 0.972 | 0.998 | 0.921
130 0.917 0.99 | 0.922 0.946 | 0.997 | 0.79

130.01 | 1 0.9 1 1 0.997 | 0.898
135 0.917 0.983 0.95 0.972 0.997 | 0.831
135.01 1 0.983 0.95 0.972 0.997 | 0.906
140 0.917 0.961 | 0.922 0.946 | 0.997 | 0.766
140.01 | 1 0961 | 1 1 0.997 | 0.958
145 0.917 0.939 | 0.95 0.972 | 0.997 | 0.793
145.01 | 1 0.939 | 0.95 0.972 | 0.997 | 0.865
150 0.917 0.918 | 0.922 0.946 | 0.996 | 0.732
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ok | wli slaietle 4l Sgn el coblB | liebl c LB
(cely) | Y1y YV | YVes | YYev &> IS5k
0 1 0.987 1 0.992 1
5 0.63 0.59 0.858 | 0.846 0.997
5.01 0.97 0.951 0.954 | 0.923 1
10 0.582 | 0.686 0.805 | 0.792 0.995
10.01 0.996 | 0.987 0.895 | 0.9 1
15 0.626 | 0.702 0.747 | 0.833 0.995
15.01 0.963 | 0.95 0.997 | 0.908 1
20 0.577 | 0.656 0.85 0.768 0.995
20.01 0.986 | 0.888 0.945 | 0.961 1
25 0.618 | 0.702 0.785 | 0.796 0.995
25.01 0.951 | 0.95 0.872 | 0.868 1
30 0.569 | 0.655 0.716 | 0.734 0.989
30.01 0.974 | 0.887 0.955 | 1 1
35 0.609 | 0.7 0.803 | 0.847 0.996
35.01 0.938 | 0.948 0.893 | 0.923 1
40 0.561 | 0.654 0.738 | 0.792 0.992
40.01 0.959 | 0.885 0.82 0.9 1
45 0.599 | 0.698 0.67 0.833 0.993
45.01 0.922 | 0.945 0.895 | 0.908 1
50 0.551 | 0.651 0.75 0.768 0.991
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50.01 0.942 | 0.881 0.833 | 0.96 1
55 0.588 | 0.694 | 0.686 | 0.796 | 0.992
55.01 0.905 | 0.94 0.762 | 0.868 1
60 0.54 | 0.647 0.622 | 0.734 | 0.984
60.01 0.924 | 0.875 0.83 1 1
65 0.576 | 0.689 0.693 | 0.846 | 0.994
65.01 0.887 | 0.933 0.954 | 0.923 1
70 0.526 | 0.641 0.806 | 0.791 0.993
70.01 1 0.868 0.895 | 0.899 1
75 0.564 | 0.682 0.749 | 0.832 | 0.994
75.01 0.868 | 0.924 | 0.999 | 0.907 1
80 0.517 | 0.634 | 0.856 | 0.768 | 0.994
80.01 0.884 | 0.859 0.951 | 0.96 1
85 0.551 | 0.675 0.799 | 0.795 | 0.994
85.01 0.848 | 0.913 0.887 | 0.867 1
90 0.505 | 0.626 0.73 ]0.734 | 0.987
90.01 0.863 | 0.848 0.974 | 0.999 1
95 0.537 | 0.666 0.82 | 0.846 | 0.996

95.01 0.827 | 0.901 0.911 | 0.922 1

100 0.492 | 0.617 0.754 | 0.791 0.99

100.01 | 0.842 | 0.836 0.838 | 0.899 1

105 0.523 | 0.656 0.686 | 0.832 | 0.991

105.01 | 0.806 | 0.888 0.916 | 0.907 1

110 0.479 | 0.608 0.768 | 0.767 | 0.989

110.01 | 0.82 | 0.823 0.853 | 0.959 1

115 0.51 0.645 0.704 | 0.795 0.989

115.01 0.785 | 0.873 0.782 | 0.866 0.999

120 0.466 | 0.597 0.638 | 0.733 0.979
120.01 0.798 | 0.888 0.852 | 0.998 1
125 0.496 | 0.702 0.712 | 0.845 0.993

125.01 0.763 | 0.951 0.791 | 0.921 1

130 0.453 | 0.656 0.651 | 0.79 0.986

130.01 | 0.776 | 0.888 0.895 | 0.898 1

135 0.482 | 0.702 0.749 | 0.831 0.993

135.01 | 0.741 | 0.951 1 0.906 1
140 0.526 | 0.656 0.858 | 0.766 | 0.995
140.01 |1 0.888 0.953 | 0.958 1

145 0.468 | 0.702 0.803 | 0.793 0.994

145.01 | 0.72 | 0.951 0.892 | 0.865 1

150 0.427 | 0.656 0.742 | 0.732 0.986
150.01 0.884 | 0.887 0.991 | 0.996 1
155 0.551 | 0.700 0.836 | 0.843 0.997

155.01 0.848 | 0.948 0.929 | 0.92 1

160 0.505 | 0.654 0.77 10.789 ] 0.992

160.01 | 0.863 | 0.885 0.855 | 0.896 1

165 0.537 | 0.698 0.701 | 0.824 0.993

165.01 | 0.827 | 0.945 0.936 | 0.899 1

170 0.492 | 0.651 0.786 | 0.766 | 0.991

170.01 | 0.842 | 0.881 0.873 | 0.955 1

175 0.523 | 0.694 0.721 | 0.79 0.991

175.01 | 0.806 | 0.940 0.801 | 0.862 1

180 0.479 | 0.647 0.654 | 0.733 0.983
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Abstract

Failures of systems make distortions in different levels and it can be
considered as a threat to society. So, users expect that systems be
reliable and safe. To achieve this goal, research on reliability of
systems in all of industries are essential. Drilling equipment is the
most important operation unit in mine and mining industries and
failure of a part or all of them can be threatened as reduction in
production and mining profitability. As yet, many important
researches were done on reliability and availability of engineering
systems throughout the world, but these researches in drilling
operation and equipment aria were based on engineering judgment. To
avoid from unpredicted failures and improvements of drilling
operation, awareness of machines operating conditions and statistical
control of them was considered as a practical approaches. Statistic and
probabilistic evaluations are one of the powerful techniques for
prediction of failures and making a safe operation of machines.
Estimation of probability of failures and safety operation of machines
in determined time domain will be possible with using these
approaches. In this research, after presentation of probability concepts,
definition and reliability modeling in chapter 2 drilling machines have
been introduced in chapter 3. Operation subsystems of drilling
machines have been introduced in chapter 4. Based on this research,
Hydraulic, electrical, pneumatic, drilling and transmission subsystems
were introduced for the first time. Reliability modeling of any
subsystems of drilling machines and drilling fleet in Sarchechme

copper mine have been done and presented in chapter 5. Scheduling of



preventive maintenance for subsystems of drilling machines has been
done base on keeping reliability of subsystems at 90% and given in
chapter 6 of this research. Based on this presented maintenance
scheduling, reliability of drilling fleet of Sarcheshme copper mine will
be improved by 98%. Finally, details of preventive maintenance

schedules have been presented for any of subsystems.

Keywords: Reliability, Reliability Modeling, Preventive Maintenance

Scheduling, Drilling Machines, Sarcheshme copper mine.
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