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Abstract

Although the bimodal mixed weibull distribution is used to developing burn-in model
widely, the failure times for a component or a system is often truncated at some time,
T, due to the obsolescence in the electronics industry.

In this paper, we will determine minimum total cost and burn-in time by using the
bimodal mixed weibull distribution and the truncated bimodal mixed weibull distribution
under the free warranty policy.

The results of this study are summarized as follows.

First, when products or system is not repairable, the width of the change of burn-in
time can be larger by B8,, 5,

Second, if burn-in time become longer, it will be impossible to consider the bum-in in
a long time, and in this case, the bumn-in time should be shorten by the acceleration
burn-in. A

Third, in case that opportunity loss cost or repair cost is exceed the warranty cost,
or the total cost of considering burn-in is larger than that of not considering burn-in, it
is not existed burn-in time which makes total cost to minimize.

Forth, the shorter life-cycle of product, the more burn-in times will be decreased and

the cost in considering burn-in will be increased
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<Table 1> Probability model for burn-in and warranty of replacement components

burn-in warranty main weak
pass (1= 2)Dsom 0
pass fail (1=2)Dym (Do + Do)
fail | (1~ 5)pm D0
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<Table 2> Cost function per item for burn-in and warranty

burn-in warranty main Cost weak cost
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<Table 3> Parameter estimate used of Jensen's method

parameter b B B, O 72
Jensen’s 6.7% 0.83 25 550hr | 1,4000hr
estimates
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<Figure 1> Total cost and time
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<Table 4> Burn-in time and total cost for p

’ burn—in time cost(bum—icl';;warranty) cost(wcax;anty)
0.1 142 983 998
0.2 470 1108 1221
03 741 1187 1443
0.4 974 1240 1665
05 1186 1275 1888
06 1386 1299 2110
07 1582 1313 2333
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<Table 5> Burn-in time and total cost for p(truncated at T)

20000 30000 50000

» burn-in Cp Cw |burn-in Ca Cw | burmn-in Cp Cw
0.1 124.0 | 1051.54 | 1065.91 142.0 | 98349 |1000.04| 142.0 082.62 | 999.19]
02 4440 | 1174.17 | 128092 473.0 | 1108.88 {1222.36( 473.0 | 1108.04 | 1221.62
0.3 7150 | 124731 | 149593 | 748.0 | 1186.62 | 144469| 7480 | 1185.84 |1444.04
0.4 9520 | 1293.31 {1710.94| 985.0 | 1238.65 |1667.02| 985.0 | 1237.95 | 1666.46
05 | 1167.0 | 1321.49 | 192595 1199.0 | 1273.94 | 1889.35| 1200.0 | 1273.33 | 1888.89
06 §| 13720 | 1336.55 [2140.96| 1402.0 | 1297.00 | 2111.68 | 1402.0 | 1296.50 | 2111.31
0.7 | 1573.0 | 1341.17 { 235597} 1599.0 | 1310.40 | 2334.01 } 1599.0 | 1310.01 | 2333.73

<Table 4>%} <Table 5>9 Z#E F3 p7} F7teo wet Bumn-ind AAsHA] @&
29 F143% Bum-ing& AASE AS-9 HEL BF FUkEn, AFe] FHo] k5
7+ T7F 5000041 7bel A AES] $o] Faa A$d 2HA detdn Aot webA o
FE9 07 A& E Bumn-in AlZto] ZASHA Ha FH[&o] AAsH, HgF FFY ¥
7t 2% Bumn-in€ 1@ H&3 1A e v&AdE 2 Aort Yyl wWEd
Burn-ind- &&= Re°] F3o

<Table 6> Bum-in time and total cost for warraty period

W burn—in time cost(burn ?;waxranty) COSt(WCaI;aHW)
3 259 207 218
6 141 335 344
9 72 076 081
12 41 923 925
15 31 1339 1340
18 34 1771 1773
21 50 , 2164 2167
24 86 2479 2485
27 147 2701 2711
30 226 2838 2854

<Table 7> Burn-in time and total cost for warraty period(truncated at T)

L 20000 30000 50000

burn-~in Cs Cw |bum-in Cs Cw |bum-in Cs Cw
2353.0 209.94 | 23054 262.0 206.71 | 22808} 263.0 206.66 | 228.05
129.0 349.81 | 359.98) 1420 336.15| 346371 142.0 33497 | 346.20
9 61.0 613.19 | 617903 720 576.52 | 58208 72.0 576.05 1 581.63
12 320 992.40 | 994.96| 41.0 | 92349 92667| 41.0 922.61 | 925.79
15 240 | 144836 | 145028 | 31.0 | 134034 | 1342774 31.0 | 1338.96 | 1341.40
18 26.0 | 1921.90 | 1923.97 34.0 | 1773.05 | 177567 340 | 1771.14 | 177377
21 400 | 235295 (2356.04| 49.0 | 2166.73 |217052| 49.0 | 2164.35 | 2168.15
24 73.0 | 269855 |2704.09) 85.0 |2482.12 | 248859 | 85.0 | 2479.35 | 2485.84
27 133.0 | 294222 | 2952.33| 147.0 | 270425 |271545] 1470 |2701.21 |271243
30 | 213.0 | 309260 [3109.06] 2250 |2841.23 |285869] 225.0 | 2838.02 | 2855.49
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<Table 6>3} <Table 7>9X BF7|zto] F7tgte] we Burn-ing HAdE 359
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<Table 8> Burn-in time and total cost for 7,
7 burn-in time cost(burn—xg;warranty) cost(wglv'yranty)
3000 4951 1553 2999
6000 8836 2019 2768
9000 9 1865 1865
12000 21 1196 1097
15000 55 820 824
18000 101 607 614
<Table 9> Burn-in time and total cost for p,(truncated at T)
i 20000 30000 50000
__?2_¥ —bum—in Cs Cy | burn-in Cy Cw | burn-in Cx Cw
3000 | 4951.0 | 1552.78 }3001.00}) 4951.0 | 1552.78 | 3001.00 | 4951.0 | 1552.78 | 3001.00
6000 || 8835.0 | 2018.84 | 276854 | 8834.0 | 201884 | 276854 | 8834.0 | 2018.84 | 2768.54
9000 9.0 | 1866.68 | 1867.46 9.0 | 186562 | 1866.40 9.0 | 1865.62 | 1866.40
12000 19.0 | 122493 | 122651 21.0 | 119647 | 1198.17 210 | 1196.42 | 1198.12
15000 400 | 913.73 | 916.82 54,0 | 82309 827.24 540 | 820.87 | 825.06
18000 59.0 | 764.80 | 769.38 970 | 61922 | 626.72¢ 101.0 | 607.14 | 614.96

<Table 8>3 <Table 9>%1A Burn-in& AAldtE #$9 £4]43 Bum-in AL B3
NRNA = F7HE s, 2 o]lFo] FH|82 724 Bum-in AlZHE F7MeY g7 B
Z712t2d 4& 9t Bum-inel fESAW %712 ZojxW Bumn-in Al3te]l o A
o]F& o 4 Ut

<Table 10> Burn-in time and total cost for B, 8,

8, 8, bum-in time cost(burn—lé};warranty) cost(wg;ranty)
0.20 0.75 5695.0 1035.65 1605.89
0.20 1.25 61.0 1327.63 1381.25
0.60 0.75 5653.0 1010.78 1605.89
0.60 1.25 221.0 1353.31 1381.25
1.00 0.75 5562.0 1008.40 1605.89
1.00 275 — — —
1.10 0.75 5562.0 1008.39 1605.89
1.10 275 — — —
1.50 0.75 5562.0 1008.39 1605.89
1.50 2.75 — — —
1.90 0.75 5562.0 1008.39 1605.89
1.90 2.75 — — —
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<Table 11> Burn-in time and total cost for B;, By(truncated at T)

i 20000 30000 50000
A f jburn-in| Cs | Cw |bum-in| Ca Cw |bum-in| Ca Cw
0.20 [0.75 | 3535.0 | 1601.48 | 2127.01 | 47440 | 131556 | 1893.73 | 5489.0 | 1133.21 | 1718.78
020(1.25] 510 | 1642.02 | 169427 580 | 1423.43 [147663| 61.0 | 1336.43 | 1390.02
0.60 [0.75 | 3553.0 | 1576.39 | 2127.01 | 4735.0 | 1290.30 | 1893.73 | 5451.0 | 1108.23 | 171878
060 [1.25| 168.0 | 1670.41 | 1694.27| 2040 | 144994 | 147663 | 219.0 | 1362.19 | 1390.02
1.00 [0.75 | 34730 | 1570.22 | 2127.01 | 4651.0 | 1286.74 | 1893.73 | 5366.0 | 110564 | 1718.78
1.00 275 — — — — — — | = — —

1.10 |0.75 | 34650 | 1570.04 | 2127.01 | 4649.0 | 128671 | 1893.73 | 5365.0 | 1105.63 | 171878
110275 — — — | — — — | - — —

150 (0.75 | 3459.0 | 1569.97 | 2127.01 | 4649.0 | 1286.71 | 1893.73 | 5368.0 | 110563 | 1718.78
150 [275| — — — | - — — | — — —

1.90 (6.75 | 34590 | 1569.97 | 2127.01 | 4649.0 | 1286.71 | 1893.73| 53680 | 1105.63 | 171878
190 2751 — — — | — — — | — — —

<Table 10> <Table 11> FFEF g;, £ A A¥ Bun-ind A= 25
o) Zu| &3 AAEA g A9 FuLy FAE e B2AM, FF £ A"
YEN5E S0 e 4 EEY Bumn-in At 34 93E n Y. F, B <1, <1
St AL, B A1 Bi<L, By01 R BOL, By >19 BAY welM Bum-in AlZES) Aol
AA 9FE vACh

E3], 51, B,>1Y W, v 8L A25sE Bun-in AIZHE EAEFE EAA &S
FZ 9o, ZAY F$AE Bun-in AlZto) wj$ A7) W HrE 1Y AFo F
A s},

<Table 12> Bum-in time and total cost for C3

c, burm—in time cost(burn-iéwwarranty) cost-(wgrranty)
B W
2000 50 617.29 1 61753
4000 82.0 122453 1234.06
6000 140.0 1823.07 1850.59
8000 176.0 241851 2467.12
10000 198.0 3012.59 3083.65

<Table 13> Burn-in time and total cost for Ca(truncated at T)

o 20000 30000 50000

| burn-in Ca Cw | burn-in Cs Cw | burn-in Cs Cw
2000 40 663.45 | 663.64 50 617.87 | 618.11 5.0 617.29 | 617.53
4000 67.0 | 131847 | 132628 | 820 | 122572 123522 82.0 | 122453 |1234.06
6000 | 1180 |1965.86 | 198892 140.0 | 1824.88 | 185233} 140.0 | 1823.07 | 1850.59
8000 | 150.0 | 261042 |265156) 1750 | 242094 {2469.45| 176.0 | 241851 |2467.12
10000 170.0 | 3253.74 {3314.21} 1980 | 3015.65 |3086.56| 198.0 | 3012.59 ;3083.65
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