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125.01 1 0.924 0.963 1 0.890
130 0.975 0.902 0.957 0.736 0.619
130.01 0.975 0.902 0.957 1 0.842
140 0.952 0.874 0.928 0.736 0.568
140.01 0.952 0.874 0.928 1 0.772




A e
Time(Hr) ) i) Vs Y s ¥ gigess) | S olebl coll
0 1 1 0.995 1 0.995
5 0.975 0.991 0.994 0.736 0.707
5.01 0.975 0.991 0.994 1 0.960
10 0.952 0.984 0.993 0.736 0.684
10.01 0.952 0.984 0.993 1 0.930
15 0.898 0.966 0.981 0.736 0.626
15.01 0.898 0.966 0.981 1 0.851
20 0.846 0.949 0.969 0.736 0.573
20.01 0.846 0.949 0.969 1 0.778
25 0.779 0.925 0.963 0.736 0.511
25.01 1 0.924 0.963 1 0.890
30 0.975 0.902 0.957 0.736 0.619
30.01 0.975 0.902 0.957 1 0.842
35 0.952 0.874 0.928 0.736 0.568
35.01 0.952 0.874 0.928 1 0.772
40 0.898 0.847 0.9 0.736 0.504
40.01 0.898 0.847 0.9 1 0.685
45 0.846 0.816 0.863 0.736 0.438
45.01 0.846 0.816 0.863 1 0.596
50 0.779 0.786 0.827 0.736 0.373
50.1 1 1 0.995 1 0.995
55 0.975 0.991 0.994 0.736 0.707
55.01 0.975 0.991 0.994 1 0.960
60 0.952 0.984 0.993 0.736 0.684
60.01 0.952 0.984 0.993 1 0.930
65 0.898 0.966 0.981 0.736 0.626
65.01 0.898 0.966 0.981 1 0.851
70 0.846 0.949 0.969 0.736 0.573
70.01 0.846 0.949 0.969 1 0.778
140 0.898 0.847 0.9 0.736 0.504
140.01 0.898 0.847 0.9 1 0.685
145 0.846 0.816 0.863 0.736 0.438
145.01 0.846 0.816 0.863 1 0.596
150 0.779 0.786 0.827 0.736 0.373
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Time(Hr) ViobgesSd | VP 0 sgeesd | S5 pliabl clilé
0 0.995 1 0.997 0.992
10 0.968 0.999 0.993 0.960
20 0.91 0.993 0.96 0.867
25 0.865 0.971 0.93 0.781
25.01 0.995 0.971 0.93 0.899
30 0.981 0.95 0.9 0.839
40 0.939 0.865 0.82 0.666
50 0.865 0.767 0.725 0.481
50.1 0.995 1 0.997 0.992
60 0.968 0.999 0.993 0.960
70 0.91 0.993 0.96 0.867
75 0.865 0.971 0.93 0.781
75.01 0.995 0.971 0.93 0.899
80 0.981 0.95 0.9 0.839
90 0.939 0.865 0.82 0.666
100 0.865 0.767 0.725 0.481
100.01 0.995 1 0.997 0.992
110 0.968 0.999 0.993 0.960
120 0.91 0.993 0.96 0.867
125 0.865 0.971 0.93 0.781
125.01 0.995 0.971 0.93 0.899
130 0.981 0.95 0.9 0.839
140 0.939 0.865 0.82 0.666
150 0.865 0.767 0.725 0.481
150.01 0.995 1 0.997 0.992
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C e
Time(Hr) ¥ 559098 Olsebl co L
0 : 1
10 0.963 0.963
20 0.884 0.884
25 0.833 0.833
25.01 | 1
30 0.981 0.981
0 0.924 0.924
>0 0.833 0.833
50.1 : 1
60 0.963 0.963
70 0.884 0.884
75 0.833 0.833
75.01 : 1
50 0.981 0.981
%0 0.924 0.924
100 0.833 0.833
100.01 : 1
10 0.963 0.963
120 0.834 0.884
125 0.833 0.833
125.01 : 1
10 0.981 0.981
140 0.924 0.924
150 0.833 0.833
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(1-R) S
Time(Hr) | R(A) 1-R(A) R(B) 1-R(B) R(C) 1-R(C) e A IS ekl el
0 0.995 0.005 0.992015 0.007985 1 0 0 1
5 0.706875 0.293125 0.975119 0.024881 0.981 0.019 0.000138572 0.999861
5.01 0.960428 0.039572 0.975119 0.024881 0.98 0.019 1.87075E-05 0.999981
10 0.684341 0.315659 0.960263 0.039737 0.96 0.037 0.00046410 0.999536
10.01 0.930211 0.069789 0.960263 0.039737 0.963 0.037 0.00010261 0.999897
15 0.626326 0.373674 0.912798 0.087202 924 0.076 0.002476467 0.997524
15.01 0.850986 0.149014 0.912798 0.087202 0.924 0.076 0.000987566 0.999012
20 0.572535 0.427465 0.867485 0.132515 0.884 0.116 0.00657089 0.993429
20.01 0.777901 0.222099 0.867485 0.132515 0.884 0.116 0.003414055 0.996586
25 0.510721 0.489279 0.781121 0.218879 0.833 0.167 0.017884536 0.982115
25.01 0.889812 0.110188 0.898515 0.101485 1 0 0 1
30 0.619442 0.380558 0.838755 0.161245 0.981 0.019 0.001165897 0.998834
30.01 0.841634 0.158366 0.838755 0.161245 0.981 0.019 0.00048518 0.999515
35 0.568051 0.431949 0.755892 0.244108 0.963 0.037 0.003901363 0.996099
35.01 0.772141 0.227859 0.755892 0.244108 0.963 0.037 0.002058027 0.997942
40 0.503825 0.496175 0.666033 0.333967 0.924 0.076 0.012593663 0.987406
40.01 0.684545 0.315455 0.666033 0.333967 0.924 0.076 0.008006716 0.991993
45 0438443 0.561557 0.573256 0.426744 0.884 0.116 0.027798349 0.972202
45.01 0.59571 0.40429 0.573256 0.426744 0.884 0.116 0.020013248 0.979987
50 0.372686 0.627314 0.481005 0.518995 0.833 0.167 0.054370657 0.945629
50.1 0.995 0.005 0.992015 0.007985 1 0 0 1
55 0.706875 0.293125 0.975119 0.024881 0.981 0.019 0.000138572 0.999861
55.01 0.960428 0.039572 0.975119 0.024881 0.981 0.019 1.87075E-05 0.999981
60 0.684341 0.315659 0.960263 0.039737 0.963 0.037 0.000464107 0.999536
60.01 0.930211 0.069789 0.960263 0.039737 0.963 0.037 0.00010261 0.999897
65 0.626326 0.373674 0.912798 0.087202 0.924 0.076 0.002476467 0.997524
65.01 0.850986 0.149014 0.912798 0.087202 0.924 0.076 0.000987566 0.999012
70 0.572535 0.427465 0.867485 0.132515 0.884 0.116 0.00657089 0.993429
70.01 0.777901 0.222099 0.867485 0.132515 0.884 0.116 0.003414055 0.996586
75 0.510721 0.489279 0.781121 0.218879 0.833 0.167 0.017884536 0.982115
75.01 0.889812 0.110188 0.898515 0.101485 1 0 0 1
80 0.619442 0.380558 0.838755 0.161245 0.981 0.019 0.001165897 0.998834
80.01 0.841634 0.158366 0.838755 0.161245 0.981 0.019 0.00048518 0.999515
85 0.568051 0.431949 0.755892 0.244108 0.963 0.037 0.003901363 0.996099
85.01 0.772141 0.227859 0.755892 0.244108 0.963 0.037 0.002058027 0.997942
90 0.503825 0.496175 0.666033 0.333967 0.924 0.076 0.012593663 0.987406
90.01 0.684545 0.315455 0.666033 0.333967 0.924 0.076 0.008006716 0.991993
95 0.438443 0.561557 0.573256 0.426744 0.884 0.116 0.027798349 0.972202
95.01 0.59571 0.40429 0.573256 0.426744 0.884 0.116 0.020013248 0.979987
100 0.372686 0.627314 0.481005 0.518995 0.833 0.167 0.054370657 0.945629
100.01 0.995 0.005 0.992015 0.007985 1 0 0 1
105 0.706875 0.293125 0.975119 0.024881 0.981 0.019 0.000138572 0.999861
105.01 0.960428 0.039572 0.975119 0.024881 0.981 0.019 1.87075E-05 0.999981
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110 0.684341 0.315659 0.960263 0.039737 0.963 0.037 0.000464107 0.999536
110.01 0.930211 0.069789 0.960263 0.039737 0.963 0.037 0.00010261 0.999897
115 0.626326 0.373674 0.912798 0.087202 0.924 0.076 0.002476467 0.997524
115.01 0.850986 0.149014 0.912798 0.087202 0.924 0.076 0.000987566 0.999012
120 0.572535 0.427465 0.867485 0.132515 0.884 0.116 0.00657089 0.993429
120.01 0.777901 0.222099 0.867485 0.132515 0.884 0.116 0.003414055 0.996586
125 0.510721 0.489279 0.781121 0.218879 0.833 0.167 0.017884536 0.982115
125.01 0.889812 0.110188 0.898515 0.101485 1 0 0 1

130 0.619442 0.380558 0.838755 0.161245 0.981 0.019 0.001165897 0.998834
130.01 0.841634 0.158366 0.838755 0.161245 0.981 0.019 0.00048518 0.999515
135 0.568051 0.431949 0.755892 0.244108 0.963 0.037 0.003901363 0.996099
135.01 0.772141 0.227859 0.755892 0.244108 0.963 0.037 0.002058027 0.997942
140 0.503825 0.496175 0.666033 0.333967 0.924 0.076 0.012593663 0.987406
140.01 0.684545 0.315455 0.666033 0.333967 0.924 0.076 0.008006716 0.991993
145 0.438443 0.561557 0.573256 0.426744 0.884 0.116 0.027798349 0.972202
145.01 0.59571 0.40429 0.573256 0.426744 0.884 0.116 0.020013248 0.979987
150 0.372686 0.627314 0.481005 0.518995 0.833 0.167 0.054370657 0.945629
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Abstract

Reliability as an engineering index has many applications in operations control and
productivity of machinery. With regard to the high volume of operations in mines,
keeping the production power and machinery management are instances which may
seriously affect the economical and operational situation of the mine. The production
reliability of each mine depends directly on reliability of active machinery in that mine.
In a mechanized underground coal mines, the production and equipment includes four
main systems: compressed air production, ventilation underground network, excavation
and extraction equipment, and mine transportation.

Afterward, during a case study in coal mines of Eastern Alborz and Tazareh big mine,
failure data and production pauses for seven months have been used to model and
analyze the machinery reliability. The subsystems, comprising compressed air
production, ventilation of mine network, excavation and extraction of coal, have 100%
reliability, and modeling and analysis of reliability are only carried out for mine
transportation navy. After collection and classification of failure data, relating to
transportation navy equipments, the calculations of reliability were done by statistical
analysis. The results showed that failure behavior of locomotive 1, conveyor belt 1, and
locomotive 3 follow Weibull 2 parameter, conveyor belt 2, locomotive 2, and
locomotive 5 follow Weibull 3 parameter, Vinch 1600 follow Lognormal and
locomotive 4 follow generalized Gamma distribution.

In the next stage, with regard to the statistical analysis and considering series
combination for machines in each transportation route reliability of each route was
calculated. Having considered the parallel combination of routes, reliability of the mine
transportation navy was calculated. The result showed that the reliability of
transportation navy reduced to zero after 180 hours, to 80% after 43 hours, and to 50%
after 64 hours.

Finally, by using results obtained from reliability analysis, a preventive maintenance
plan based on reliability to improve performance of transportation navy in Tazreh big
mine was proposed. According to this plan, the reliability changes between 97% and
100%.

Keywords: Reliability, Coal, Transportation Navy, Maintenance, Tazreh big mine
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