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Abstract

Purpose: This study aims to improve diesel engine reliability estimation by using a risk-based model that
incorporates key environmental factors, especially wear particles in engine oil, for more accurate analysis
than traditional time-based methods.

Methodology: The Proportional Hazards Model (PHM) was used to assess engine reliability based on oil
wear particle counts. The Harrell and Lee test checked model assumptions, and the Wald test validated
coefficients. Reliability was then compared across two engine groups under different conditions.
Findings: The study's results showed that incorporating tisk factors, such as the level of wear particles in
engine oil, increases the accuracy of reliability estimation for diesel engines. Specifically, it was found that
engine age, maintenance status, and operational conditions significantly impact reliability, such that worn-
out engines reach lower levels of reliability more quickly. The proposed model, by providing a more precise
analysis, can serve as an effective tool for optimizing maintenance scheduling and preventing unexpected
failures in industrial systems.

Originality/Value: This research's primary distinction lies in integrating qualitative data on the internal
condition of the engine (wear particles in oil) with advanced PHM models. This approach has been less
addressed in previous studies. This approach, by linking condition-based data analysis with reliability
analysis, opens new horizons for condition-based maintenance planning.

Keywords: Reliability, Proportional hazards model, Condition monitoring of diesel engines, Oil analysis,
Weibull distribution, Operational condition assessment of diesel engines.
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Figure 1- Estimating reliability using risk factors [3].
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Table 1- Sample data collected.
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Figure 2- Evaluation of the proportionality assumption for 16 variables.
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Figure 3- Assessment of the proportionality assumption for the remaining 13 variables.
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Figure 4- Risk factor coefficients for the first group of equipment.
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Figure 7- Risk factor coefficients for the second group of equipment after the parent test.
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Figure 8- Reliability diagram for two equipment groups.
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Table Al- Table 1- Changes in reliability of the first group.
obmebl calli by s,  laebloolls by @,

0.8757 633 26 1.0000 282 1
0.8757 677 27 0.9907 298 2
0.8638 681 28 0.9907 332 3
0.8520 682 29 0.9813 341 4
0.8520 683 30 0.9813 348 5
0.8520 684 31 0.9813 371 6
0.8520 689 32 0.9813 376 7
0.8520 701 33 0.9813 395 8
0.8390 712 34 0.9712 407 9
0.8259 739 35 0.9712 437 10
0.8259 764 36 0.9712 438 11
0.8125 765 37 0.9610 473 12
0.8125 770 38 0.9610 476 13
0.8125 787 39 0.9507 477 14
0.8125 788 40 0.9403 487 15
0.7980 793 41 0.9403 501 16
0.7980 799 42 0.9299 526 17
0.7833 815 43 0.9299 532 18
0.7686 825 44 0.9193 535 19
0.7540 826 45 0.9088 537 20
0.7393 834 46 0.9088 561 21
0.7245 854 47 0.8980 589 22
0.7096 873 48 0.8871 590 23
0.7096 881 49 0.8871 592 24
0.7096 885 50 0.8757 624 25
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alsl V-l Jou
Table Al-Continued.
Obzeblcabll  ploy o,  glgebleabls  gloy o,

0.4150 1193 76 0.6937 888 51
0.4150 1223 77 0.6779 895 52
0.4150 1224 78 0.6779 911 53
0.3908 1225 79 0.6620 915 54
0.3664 1236 80 0.6620 919 55
0.3421 1244 81 0.6620 936 56
0.3421 1266 82 0.6620 954 57
0.3421 1280 83 0.6620 970 58
0.3158 1281 84 0.6446 993 59
0.2893 1293 85 0.6446 997 60
0.2893 1308 86 0.6265 1019 61
0.2893 1321 87 0.6086 1020 62
0.2580 1342 88 0.5908 1023 63
0.2580 1345 89 0.5732 1032 64
0.2263 1354 90 0.5732 1043 65
0.1953 1356 91 0.5732 1051 66
0.1619 1376 92 0.5546 1052 67
0.1267 1393 93 0.5363 1075 68
0.0933 1411 94 0.5181 1087 69
0.0933 1424 95 0.4987 1094 70
0.0603 1445 96 0.4987 1133 71
0.0339 1485 97 0.4785 1161 72
0.0000 1499 98 0.4785 1163 73

0.4573 1179 74
0.4361 1182 75

293 09,5 yLivalol ColilB &l i -Y-Cill Jgim
Table A2- Changes in reliability of the second group.

Obgobl el loy s, pluebledlB gloy s,
0.9624 722 26 1.0000 259 1
09624 726 27 1.0000 294 2
09522 756 28 0.9942 368 3
09522 790 29 0.9942 378 4
0.9410 832 30 0.9942 391 5
09410 851 31 0.9942 415 6
0.9410 863 32 0.9942 419 7
0.9410 874 33 0.9942 420 8
09270 896 34 0.9942 444 9
09116 914 35 09942 466 10
09116 918 36 0.9878 507 11
09116 947 37 0.9878 508 12
0.8956 952 38 0.9878 531 13
0.8956 954 39 0.9878 537 14
0.8956 959 40 0.9878 568 15
0.8956 973 41 09878 571 16
0.8956 974 42 0.9878 584 17
0.8956 975 43 09878 593 18
0.8956 977 44 0.9878 595 19
0.8956 995 45 0.9878 656 20
0.8956 1002 46 0.9878 666 21
0.8956 1006 47 0.9878 688 22
0.8956 1016 48 0.9807 699 23
0.8956 1018 49 0.9807 707 24
0.8956 1026 50 09723 714 25
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Table A2-Continued.

Olebl cabll  ploy s, olaeblealls oloy s,
0.6886 1283 68 0.8746 1036 51
0.6481 1315 69 0.8535 1037 52
0.6481 1326 70 0.8322 1046 53
0.6031 1332 71 0.8105 1048 54
0.6031 1341 72 0.7867 1053 55
0.6031 1343 73 0.7867 1063 56
0.5394 1352 74 0.7867 1109 57
0.4740 1354 75 0.7867 1143 58
0.4740 1355 76 0.7560 1159 59
0.4740 1366 77 0.7257 1164 60
0.4740 1367 78 0.7257 1169 61
0.4740 1374 79 0.7257 1175 62
0.4740 1392 80 0.7257 1181 63
0.4740 1406 81 0.7257 1218 64
0.4740 1409 82 0.7257 1246 65
0.4740 1417 83 0.6886 1256 66

0.6886 1278 67




