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Abstract

Medical devices suffer from malfunctions and sudden stops during work. Device
malfunctions in general have become increasing, especially after the policy of factories
producing these devices has become to rely not on the selling price of this device, but rather on
the price of spare materials. Limits can be set for sudden malfunctions using a genetic
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algorithm to improve reliability. devices, increasing the value of the reliability function of the
devices under study, and reducing the total maintenance costs, which in turn contributes to
prolonging the life of the beneficiary. The exponential distribution was relied upon to build the
reliability system, and it was considered that vacation and operating times are distributed
according to the exponential distribution. Data related to the devices in the research sample,
which numbered four devices, were analyzed to calculate the reliability of these devices during
the period of field living, and then a preventive maintenance plan was designed for each device.
The reliability of the exponential distribution of the system was estimated based on the genetic

algorithm method, being the best estimation method.

Keywords: genetic algorithm, reliability, exponential distribution, Maximum Likelihood

Estimation , failure time.
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Ledaa Aual ) o3 5 Aall ans ol 3 LS 88y ST 5 555 S0y Lo alaef el puriall alae W) S Ally Jan ) gl

CTPPLIS) o a1 i) 33k e Ay )

Frta ) =2 O tew |-Gy
ool ()
Log L = nlog B — nBloga + (8 — 1) Zn: log(ti) — zn: (g)ﬁ
= =
aL;Z L —%+ afﬂiz:(ti)ﬁ =0 w (10-2)
aLaOg L %— nLoga + Zn: Log (ti) — =1 tl:BLog i, Loge i:‘n:l t?

=1
clilall ha g

il i e el g Agilanill Aisey ualdl) Jan) 5 Aaa Ay jiae (50 5 eVl Aualll Ul e Jpasl) 5
(2021 43 12 e A 2012 4 J Y gl ()
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clilad) Judas
il LS il Fse ) 5 e S il 5 clil) Japhads lea alall il Jilasieq

e aUaill (Julaat 330 (1) Jsaadl

Machine 1 2 3 4 5 Machine 1 2 3 4 5
1 5.804 1.76 0.36 4568 | 2.066 31 2552 |1.202 |3.725 |0.487 |0.817
2 0.741 |1.132 |3.454 |1559 |3.149 32 0.269 0.91 0.221 |0.266 |2.684
3 1.277 5.25 3.229 1939 |0411 33 2525 | 2772 |2608 |2929 |2.703
4 2631 |3999 |0909 |1.132 |1.744 34 2.869 |5.009 |0.726 |2.861 |0.884
5 0.625 |2.017 |2519 |4.117 |1.303 35 0.374 | 0.901 1.74 1.625 | 4.538
6 2353 2139 |3591 |0.534 |2.688 36 1.783 | 0.283 0.23 0.403 | 2.799
7 0.776 | 0.604 |2962 |1.238 |0.248 37 1.801 |2.348 |0.378 |[299 |1.724
8 0.281 |1.632 |2.278 0.25 0.647 38 3.226 | 0512 |1503 |1.768 |3.462
9 3.076 1372 |0.854 |1.999 |1.019 39 1.632 |1.111 0.52 2331 | 2.984
10 1166 |3.433 |3.797 |0.969 |0.337 40 2.761 |5.142 |0.804 |0.251 |0.799
11 2.787 | 2458 |3.456 |0.485 |0.838 41 0.827 2.83 4158 | 3.033 3.9
12 0.618 |3.725 |1.711 |1.167 |1.341 42 0.706 | 2.559 0.52 0.45 0.49
13 3.798 |1.134 2.01 0.533 | 1.554 43 3.574 |0.887 |4.177 |1.157 |1.132
14 1.407 |0.315 | 0.403 3.31 4.083 44 2447 |3.681 |0.457 |3.946 |1.118
15 2151 |4.829 |0.527 |0.343 |0.578 45 3.003 |4.382 |0502 |0.606 |1.906
16 1467 |1584 |0.776 |1.822 |1.008 46 1.395 |1.843 |2.003 |1.748 |2.952
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17 2174 10.703 |3.116 |2461 |2.407 47 0.281 |0587 [1931 |0.944 |0.548
18 3.542 |0.789 0.92 1.312 |0.911 48 0.468 |0.216 |1.481 1.457 | 0.485
19 0.934 |5.254 | 0.586 1.344 | 1.024 49 3.703 |0.261 |3.021 |4.568 0.7

20 5.23 2903 1429 |0.756 |0.645 50 0474 2289 |0.791 |5576 |0.837
21 0.688 |1.173 |1.568 |0.287 1.561 51 2528 1251 |2363 |0.695 |0.852
22 0.821 2.26 0.35 154 0.461 52 2.697 |0.288 |0.985 2.46 4.662
23 2547 10561 |0.612 |2617 |0.944 53 0.37 5253 |0.678 |3.749 |0.457
24 0.487 |0.593 |0.759 |3.428 4.66 54 1887 |1.286 |1.449 |0.634 |5.199
25 0492 |0.881 |0.403 |205 |2291 55 2527 2507 |2.811 1.721 | 3.278
26 1615 0544 |0.935 |0.352 |0.354 56 1.45 0.838 |1.174 |2.713 |0.829
27 3.314 |0.353 |3.113 0594 |0.261 57 1.289 |2.681 |3561 |2286 |2.715
28 0.354 |0.855 |0.357 (0814 |1.769 58 0.299 |3.701 |1235 |2192 1.11
29 5.69 1811 |0.259 |4.489 1.97 59 0.73 0.312 | 3.682 1.76 0.249
30 0547 ]0.218 |0.359 |0.277 |3.641 60 0.394 | 3.025 0.36 0.778 |1.128

il A gra il —

b 5 ¢ 85 48 yla Jumdl L oS dia) dga 5l 530 45y 5a e slaie YU allaill oY) g 55l A gae a5 S
CailS 5 allaill A gaa (o Slmd 6 3eal) (e Olen IS Adsme i LUK S Y) (R dal gie i e alie YL
;L;_ﬂi_lusc_‘,um
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Al dae 5l a0l A0 sk e i VU 5508l 5 a3l s 1(2) Jpaa

Ti 1 2 3 4 5 System

0.00 1.00000 | 1.00000 | 1.00000 |1.00000 | 1.00000 |1.00000

0.33 0.86530 | 0.87004 | 0.84937 |0.86148 | 0.85675 | 0.47196

0.67 0.74874 | 0.75697 | 0.72143 | 0.74215 | 0.73402 | 0.22275

1.00 0.64789 | 0.65860 | 0.61277 |0.63935 |0.62887 | 0.10513

1.33 0.56062 | 0.57300 | 0.52047 | 0.55079 | 0.53879 | 0.04962

1.67 0.48510 | 0.49854 | 0.44207 |0.47449 |0.46161 | 0.02342

2.00 0.41976 | 0.43375 | 0.37548 | 0.40877 |0.39548 | 0.01105

2.33 0.36322 | 0.37738 | 0.31893 |0.35215 |0.33883 | 0.00522

2.66 0.31429 | 0.32833 | 0.27089 | 0.30337 | 0.29029 | 0.00246

3.00 0.27196 | 0.28566 | 0.23008 | 0.26135 |0.24871 | 0.00116

3.33 0.23533 | 0.24854 | 0.19543 |0.22514 |0.21308 | 0.00055

3.66 0.20363 | 0.21624 | 0.16599 | 0.19396 | 0.18256 | 0.00026

4.00 0.17620 | 0.18814 | 0.14099 |0.16709 |0.15641 | 0.00012

4.33 0.15246 | 0.16369 | 0.11975 |0.14395 | 0.13400 | 0.00006

4.66 0.13193 |0.14241 | 0.10171 |0.12401 |0.11481 | 0.00003

5.00 0.11416 | 0.12391 | 0.08639 | 0.10683 | 0.09836 | 0.00001

il A1y o A gl Al o AL 4 ki) dasal) e 38050 138 5 el ) 5 e il Al srall J 50 i o Jaa 30
2 On Jem o Jlaial 5 €0.47196 58 (o4l 10) e 0.33 53 Jlae e (e pUail) Jary o Jlial o Jaadli 3
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Oe Ag B Adlan) ) Jeat o ) ol 13885 60.10513 2 edl5 <0.22275 52 (a5 20) 0.67 b2al Jlae
omelall el yie jaall

eLE.'d! @}A s

by ¢ 85 48y yha Juml L oS dioa) A 5l 530 45y 5l e slaie YU allaill ) g 55l A gae a5 S
il g calaill A gaa e Slad 3 3eaY) (e Jlen JS Adgae il i B3 (R dal s galiy e dlaie YU

Lall dpe ) A 48k o slaie Yl 5384 3 jeaY) A gae 1(3) 52l

Ti 1 2 3 4 5 System

0.00 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000 | 1.00000

0.33 0.90332 | 0.89435 |0.90221 | 0.90003 | 0.87357 | 0.56287

0.67 0.80053 | 0.82346 | 0.87267 | 0.82383 | 0.85332 | 0.50086

1.00 0.79234 | 0.80084 | 0.81560 | 0.80035 | 0.82573 | 0.50003

1.33 0.76849 | 0.77356 | 0.80005 | 0.76894 | 0.80248 | 0.47697

1.67 0.72376 | 0.72214 | 0.72387 | 0.71598 | 0.72698 | 0.40081

2.00 0.69985 | 0.69824 | 0.67335 | 0.68245 | 0.68390 | 0.38966

2.33 0.67398 | 0.65478 | 0.62783 | 0.64893 | 0.66491 | 0.32665

2.66 0.57423 | 0.52765 | 0.43875 |0.47683 | 0.48256 | 0.28653

3.00 0.46288 | 0.43887 | 0.37689 |0.38797 | 0.38795 | 0.20009

3.33 0.36378 | 0.30097 | 0.29847 | 0.30091 | 0.32760 | 0.14386

3.66 0.27684 | 0.27684 | 0.26584 | 0.26587 | 0.26734 | 0.10065

4.00 0.23768 | 0.22587 | 0.20987 | 0.21865 | 0.23276 | 0.00768
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4.33 0.17653 | 0.17693 | 0.15476 | 0.18793 | 0.17683 | 0.00035
4.66 0.13658 | 0.12528 | 0.12657 | 0.11562 | 0.12685 | 0.00006
5.00 0.10081 | 0.10546 | 0.10096 | 0.00957 |0.00675 | 0.00002

Al 2l s A0 gaall Ay of AN L il A5aall aa (380 50 138 5 Cra 5y il A gaall 153 i o T3S
2 G dan O Jlainls €0.56287 5 (41 10) ek 0.33 5add Jlae e e Uil Jamy of Jlainl o a3l )
Oe Ay Allaa) ) duas o 1) il 1388 5 ¢0.50003 52 el s <0.50086 s» (a5 20) 0.67 sl Jhac

oslall e sl die el

:(conclusions) <laliiiuy)

G2 oY) sl ai S ke 3 jea) s LY 8 jead s 2 5 jeal g sl Jailads -*z;HVw\Q@}\@jjzgg
Cialzall

el 4 gra aliny (g2l Jlasia¥) g Dlpall cli gl Dgan o Jpanll & 2 il Dluall 73 gai) Gukai JMA e
Ll gl ydie 3aal A3 ylal) Cadlall Jlay

A8 ) Ayl A8IS Qi 8 Al 5l 028 (8 Alexitusal) Callual) Jumdl s Al 2 ) ) sl (S

:(Recommendations) <iua sil)

3oy j s CadlSil) Qs L) oo ol 13 (Y Tl A0 ) Ayl 538 o 3 Ayl Al sall e alaie V)
L5 e odgd e AE o) Asluall ¢ g st IO e 3 jea ) 3l

sanll 8 il 483 (laa (A& S IS0 5 agui Lgd 5S daliia 5 ) gacy Bl 5 Ailpall il ol dalal) clil) Joas
LS Al gl Blaall i e

(aadl a8 dallal Bl il el Jlexial

BeaY) A gre s 3 (A Allaial a5 58 fialll elai o) Ll
laaliall Jaaad dalee Jiged] Jlaia¥) g 43 o)) Alaall Gl Y davga sl Alad o 450 Agaa Jee Ky,

oo S il 3 eyl

s AY)

Al Glileall g
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