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Life-Cost-Cycle Evaluation Analysis of the Shunting Locomotive

5Y - uopy

Jong-Duk Chung - Dae-Sung Bae

Abstract

The deterioration of a shunting locomotive was characterized for the lifetime assessment. The locomotive has been
used for shunting works in steel making processes, and in this investigation, various types of technical evaluation
methods for the locomotive parts were employed to assess the current deterioration status and to provide important
clue for lifetime prediction. Unlike other rolling stocks in railway applications, the diesel shunting locomotive is
composed of major components such as diesel engine, transmission, gear box, brake system, electronic devices, etc.,
which cover more than 70 percent of the total price of the locomotive. Therefore, in this paper, each part of major
components in the diesel locomotive was analyzed in terms of the degree of deterioration.

The life-cycle-cost (LCC) analysis was performed based on the maintenance and repair history as compared with
economical cost to provide the cost-effective prediction, i.e., to assess either repair for reuse or putting the locomotive
out of service based on cost-effective calculation.

Keywords : 1.CC(Life-Cycle-Cost), NPV(Net Present Value), RAMS(Reliability, Availability, Maintanability and Safely)
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= 9gF 140.00 140.00 118.37 140.25 124.00 662.62 132.52
e 9% 20.50 20.54 18.00 18.00 100.00 177.04 35.41

A A o] 9% 24.00 28.91 24.83 30.00 45.00 152.74 30.55
A7 A=A 9% 16.00 16.00 16.00 16.00 18.00 82.00 16.40
2 2 7]epAA] 9% 35.00 43.00 32.00 28.88 40.00 178.88 35.78
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Table 4. =]A}-&A] LCC £4 (Discount Rate : 1% : Discount Rate : 2%)

9] ;oY

A ESucI R Discount Rate : 1 % Discount Rate : 2 %
A s | G| | s s sy e 2| e | %P%Y T80 g | 2 | =2 %P%Y
()| — T EL (43D Ao | A e ulg | g ;qx-i iy = Blg | ug ;ﬁ?

(9421}_2) 8.700 8.700

11993100 0.000 | 0.000 | 0.000 | 8700 | 8.700 | 0.000 | 0.000 | 0.000 | 8.700 | 8.700
2 19944 100 0.000 | 0.000 | 0.000 | 8.700 | 8.700 | 0.000 | 0.000 | 0.000 | 8.700 | 8.700
3 11995 95 0.000 | 0.000 | 0.000 | 8.700 | 8.700 | 0.000 | 0.000 | 0.000 | 8.700 | 8.700
4 |1996\3 | 95 0.250| 0.000 | 0.250 | 0.250 | 8.950 | 8.950 | 0.000 | 0.250 | 0.250 | 8.950 | 8.950
5 11997d| 93 0.300 0.250( 0.000 | 0.550 | 0.800 | 9.500 | 9.498 | 0.000 | 0.550 | 0.800 | 9.500 | 9.495
6 19983 92 [0.300 0.094 0250{ 0.000 | 0.644 | 1.444 {10.144|10.134 | 0.000 | 0.644 | 1.444 | 10.144 | 10.124
7 11999 | 90 0250 0.000 | 0.250 | 1.694 [10.394]10.370 | 0.000 | 0.250 | 1.694 | 10.394 | 10.345
8 200011 88 0.400 | 0.400 0.050 0.250| 0.000 | 1.100 | 2.794 |11.494|11.453 | 0.000 | 1.100 | 2.794 | 11.494 | 11.412
9 {2001 | 87 |0300 0300 0300| 0.000 | 0.900 | 3.694 |12.394|12.325| 0.000 | 0.900 | 3.694 | 12.394 | 12.258
10 | 2002+ | 85 0300| 0.000 | 0.300 | 3.994 |12.694|12.589 | 0.000 | 0.300 | 3.994 | 12.694 | 12.487
11 {20033 83 0.094 0300 0.208 | 0.603 | 4.597 [13.297 | 13.153 | 0.208 | 0.603 | 4.597 | 13.297 | 13.014
12120043 | 80 |0.300 0300] 0.520 | 1.120 | 5.717 | 14.417|14.228 | 0.520 | 1.120 | 5.717 | 14.417 | 14.048
13 20054 | 78 1.000 0300] 0.728 | 2.028 | 7.746 | 16.446 | 16.202| 0.728 | 2.028 | 7.746 | 16.446 | 15.969
14 1200613 | 75 0.375| 1.041 | 1.416 | 9.161 [17.861 |17.542| 1.041 | 1.416 | 9.161 | 17.861 | 17.239
15 [2007+d | 80 |1.400 0.300 0.375] 0.520 | 2.595 | 11.756 | 20.456 | 20.049 | 0.520 | 2.595 | 11.756 | 20.456 | 19.664
16 (2008 | 90 1,500 1,000 0.094 2.000{0.375| 0.000 | 4.969 | 16.726 | 25.426 | 24.905 | 0.000 | 4.969 | 16.726 | 25.426 | 24.414
17 120094 | 90 0375| 0.000 | 0.375 | 17.101 {25.801 | 25.118 | 0.000 | 0.375 | 17.101 | 25.801 | 24.475
18 2010 | 85 0.300 0375] 0.000 | 0.675 | 17.776 | 26.476 | 25.629 | 0.000 | 0.675 | 17.776 | 26.476 | 24.834
19 [2011 | 85 0.469| 0.000 | 0.469 | 18.245 [ 26.945 | 25.928 | 0.000 | 0.469 | 18.245 | 26.945 | 24.980
20 |2012| 83 |0.300 0469| 0.208 | 0.977 | 19.221{27.921|26.733 | 0.208 | 0.977 | 19.221 | 27.921 | 25.631
21 2013w} 80 0.094 0.469| 0.520 | 1.083 [20.305 [29.005]27.636| 0.520 | 1.083 |20.305 | 29.005 | 26.376
22 20143 | 78 0.050{ 0.300 0.469| 0.728 | 1.547 |21.852[30.552 28.994 | 0.728 | 1.547 {21.852|30.552 | 27.570
23 |20151| 75 10.300]0.400)0.400 0.469| 1.041 | 2.609 | 24.461|33.161 | 31.400 | 1.041 | 2.609 |24.461 |33.161 | 29.802
24 201691 | 73 0610| 1.249 | 1.858 |26.320|35.02033.031 | 1.249 | 1.858 |26.320 | 35.020 | 31.238
25 12017 | 70 0.610| 1.561 | 2.171 {28.490 [37.190 | 34.959 | 1.561 | 2.171 | 28.490|37.190 | 32.958
26 (20183 | 65 {0.300 0.094 1.000 0.610| 2.081 | 4.085 |32.576 |41.276 | 38.781 | 2.081 | 4.085 |{32.576 | 41.276 | 36.558
27 (201991 63 0.610| 2.289 | 2.899 | 35.475 | 44.175 | 41.380 | 2.289 | 2.899 | 35.475 | 44.175 | 38.900
28 /2020 | 60 0.610| 2.601 | 3.211 |38.686 | 47.386 | 44.264 | 2.601 | 3.211 | 38.686 | 47.386 | 41.507
29 1202191 55 [0.300 0.300 0.793] 3.122 | 4.515 | 43.201 [ 51.901 | 48.423 | 3.122 | 4.515 | 43.201 | 51.901 | 45.366
30 120223 | 50 0.793| 3.642 | 4.435 | 47.636 | 56.336 | 52.461 | 3.642 | 4.435 | 47.636 | 56.336 | 49.067
A 3.500 | 2.300 | 1.800 | 0.472 | 0.700 | 3.200 | 2,000 11353 22.060 47.636 56.336 | 52461 | 22.060 47.636 56336 | 49.067
W a4 |0117]0.077]0.060 | 0.016| 0.023| 0.107| 0.067 | 0378 | 0.735 1.588 1878 | 1749 | 0.735 1.588 1878 | 1.636
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Table 5. AIx}EJA LCC #4 (Discount Rate : 1% : Discount Rate : 2%) ol : olal
2 E=b Ry Discount Rate : 1 % Discount Rate : 2 %
i,} ae f WHE | #4) | @2} | 76 | Aee| Wzl | R I;I}’g peal Az | A ]ifg
’ oo | S ENEN B @) Ay | g | e | A ag | wg | e | Aeg| Y| wg | g | w4
Hlg ulg
(92]?2) 8.700 8.700
1 (199313 100 0.000 | 0.0000 | 0.000 | 8.700 | 8.700 | 0.000 | 0.0000 | 0.000 | 8.700 | 8.700
2 [1994:d | 100 0.000 | 0.0000 | 0.000 { 8.700 | 8.700 | 0.000 | 0.0000 | 0.000 | 8.700 | 8.700
3 1199531 95 0.000 | 0.0000 | 0.000 | 8700 | 8,700 | 0.000 | 0.0000 | 0.000 | 8.700 | 8.700
4 199613 | 95 0.250 | 0.000 | 0.2500 | 0.250 | 8.950 | 8.950 | 0.000 | 0.2500 | 0.250 | 8.950 | 8.950
5 11997d]| 93 0300 | 0.250 | 0.000 | 0.5500 | 0.800 | 9.500 | 9.498 | 0.000 | 0.5500 | 0.800 | 9.500 | 9.495
6 [1998d| 92 | 0.300 0.094 0.250 | 0.000 | 0.6444 | 1.444 | 10.144 | 10.134 | 0.000 | 0.6444 | 1.444 | 10.144 | 10.124
7 11999 | 90 0250 | 0.000 | 0.2500 | 1.694 | 10.394 | 10.370 | 0.000 | 0.2500 | 1.694 | 10.394 | 10.345
8 |2000d | 88 0.400 | 0.400 0.0 0250 | 0.000 [ 1.1000 | 2.794 | 11.494 [ 11.453 | 0.000 | 1.1000 | 2.794 | 11.494 | 11412
9 |2001d| 87 | 0.300 0.300 | 0.300 | 0.000 | 0.9000 | 3.694 | 12.394 | 12.325 | 0.000 | 0.9000 | 3.694 | 12.394 | 12.258
10 [ 2002+ | 85 0300 | 0.000 | 0.3000 | 3.994 | 12.694 | 12.589 | 0.000 | 0.3000 | 3.994 | 12.694 | 12.487
11 (20034 83 0.094 0300 | 0.208 |0.6025 | 4.597 | 13.297 | 13.153 | 0.208 | 0.6025 | 4.597 | 13.297 | 13.014
12 | 2004 | 80 |0.300 0300 | 0.520 | 1.1203 | 5.717 | 14.417 [ 14228 | 0.520 | 1.1203 | 5.717 | 14.417 | 14.048
13 {20054 | 78 1.000 | 0.300 | 0.728 | 2.0284 | 7.746 | 16446 | 16.202 | 0.728 | 2.0284 | 7.746 | 16.446 | 15.969
14 | 200613 | 75 0375 | 1.041 | 1.3406 | 9.086 | 17.786 | 17.467 | 1.041 | 1.3406 | 9.086 | 17.786 | 17.164
15 [ 2007 | 70 0375 | 1.561 | 1.5609 | 10.647 | 28.047 | 27.640 | 1.561 | 1.5609 | 10.647 | 28.047 | 27.256
A=
16 | 2008+ | 100 0.000 | 0.000 | 0.0000 | 10.647 | 28.047 | 27.451 | 0.000 | 0.0000 | 10.647 | 28.047 | 26.885
17 20094 | 100 0.000 | 0.000 | 0.0000 | 10.647 | 28.047 | 27.263 | 0.000 | 0.0000 | 10.647 | 28.047 | 26.521
18 201041 | 95 0.000 | 0.000 | 0.2500 | 10.897 | 28.297 | 27.328 | 0.000 | 0.2500 | 10.897 | 28.297 | 26.415
19 [20110d | 95 0.250 | 0.000 |0.2500 | 11.147 | 28.547 | 27.392 | 0.000 | 0.2500 | 11.147 | 28.547 | 26310
20 |2012a ] 93 0300 | 0.250 | 0.000 | 0.5500 | 11.697 | 29.097 | 27.755 | 0.000 | 0.5500 | 11.697 | 29.097 | 26.508
21 |20133 | 92 | 0300 0.094 0250 | 0.000 | 0.6444 | 12.341 | 29.741 { 28208 | 0.000 | 0.6444 | 12.341 | 29.741 | 26.796
22 [2014d | 90 0250 | 0.000 |0.2500 | 12.591 | 29.991 | 28.263 | 0.000 | 0.2500 | 12.591 | 29.991 | 26.684
23 (2015 88 0.400 | 0.400 0.05 0.250 | 0.000 | 1.1500 | 13.741 [ 31.141 | 29218 | 0.000 | 1.1500 | 13.741 | 31.141 | 27.475
24 201613} 87 {03000 0300 | 0300 | 0.000 | 0.9000 | 14.641 | 32.041 | 29.913 | 0.000 | 0.9000 | 14.641 | 32.041 | 27.999
25 [2017a| 85 0300 | 0.000 | 0.3000 | 14.941 | 32.341 | 30.000 | 0.000 | 0.3000 | 14.941 | 32.341 | 27.913
26 20184 | 83 0.094 0300 | 0.208 | 0.6025 | 15.544 | 32.944 | 30.390 | 0.208 | 0.6025 | 15.544 | 32.944 | 28.131
27 20194 | 80 [0.3000 0.300 | 0.520 | 1.1203 | 16.664 | 34.064 | 31.293 | 0.520 | 1.1203 | 16.664 | 34.064 | 28.863
28 | 20204 | 78 1.000 | 0.300 | 0.728 | 2.1184 | 18.783 | 36.183 | 33.186 | 0.728 | 2.1184 | 18.783 | 36.183 | 30.578
29 |2021¢ | 75 0390 | 1.041 | 1.4306 | 20213 | 37.613 | 34.372 | 1.041 | 1.4306 | 20.213 | 37.613 | 31.571
30 {2021 | 70 0390 | 1.561 | 1.9509 | 22.164 | 39.564 | 36.066 | 1.561 | 1.9509 | 22.164 | 39.564 | 33.065
A 1.800 | 0.800 | 0.800 | 0.377 | 0.100 | 3.200 | 6.720 | 8.177 | 22.164 39.564 36.066 | 8.177 22.164 39.564 | 33.065
d BFug | 0,060 0.0267]0.0267/0.01260.00330.1067| 0.224 | 0.273 | 0.739 1.319 1.202 | 0.273 0.739 1319 | 1.102
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LCC A&
T . A-B
FEA-EA] (A) A2EHA] (B)
NPVAEAAE, 7128 K38 34.275 31.488 2.787
Discount Rate : 1% 31.439 28.607 2.832
Discount Rate : 2% 28.992 26.177 2.815
(1) NPV % & Discount Rate : 3% 26.876 24.094 2.782
Q) 7FEEA, Hlg KHE 2 : : :
Discount Rate : 4% 25.044 22.308 2.736
Discount Rate : 5% 23.453 20.773 2.680
Discount Rate : 1%
(1) NPV 28 02 AT . 85% 7]E 52.461 36.066 16.395
Q) 7154, vjg A8 Discount Rate : 2%
A5 NEE - 85% 7% 49.067 33.065 16.002
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