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Synopsis

With the development of coal industry in China, there are
more and more strict demands on the reliability of mine
ventilation system. In order to lower the occurrence of various
accidents and reduce the loss of the life property, it is urgently
requested that we should f)erfect the reliability evaluation
theories and technique system of mine ventilation system further
more, and should establish the evaluation model of ventilation
system which is much more coming close the actual of mine
production.

The purpose of research concerning theory and technique in
mine ventilation system is to increase the reliability level of mine
ventilation system and decrease the building and maintenance
costs, and prevent and reduce the happening of the disaster and
accident in the system, and ensure the fulfilling high yield and
high efficiency of mine. So it is the key of boosting up the actual
effect quality, feasibility, expanding and applying quality that
more perfecting and improving reliability theory mechanism of
mine ventilation system in existence, renovating the technical
and administrant means. And it also is one of the important
" tasks to optimize mine ventilation design and to improve safe
production.

This book covers parts of the author’s scientific research
production during engaging in the study on system reliability in
recent years. We hope that this book can develop the certain

function in the system the theories of system reliability
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engineering theories and application study realm.

Fundamental research work as follows:

a. Mine ventilation system reliability research based on
network stream theory

Basing on the characteristics of mine ventilation system
oneself, it can be considered as a repairable system made up of
two subsystem of the ventilated network system and main fanner
system. Making use of the network stream theory, aiming at the
topological structure of the mine ventilated network and the
speciality of ventilated buildings, the author sets up the
ventilated network reliability evaluation model with functional
style, and brings forward the minimizing path sets arithmetic to
solve network reliability indexes.In allusion to the repairable
speciality of the main fanner subsystem, applying Markov
process theory, basing on the repairable theory of cold reserve,
the author sets up reliability model of the main fanner subsystem
used in mine.

b. Research on mine ventilation system reliability based on
artificial neuron network theory

Mine ventilation system is a much sectors, dynamical,
random, and time-changing large system, the factors affecting
the system reliability are very complicated and numerous. After
completely analyzing factors that influence the reliability of mine
ventilated system, the author sets up an evaluating imitated
model about ventilation system reliability based on BP neuron
network technique; The Weibull process model is adopted to
analyze the process of the ventilated system’s failures. The fixed
amount describe of the mine ventilated system failures’
improvement and worsen basing on the influence factors’

attributes is brought up; Demonstrating the relations about the
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improvement or worsen with the failures intensity and the
cumulated {failures intensity during the ventilated system
failures’ process; The characteristic parameter model about the
mean time between failures and the first failures time was
deduced.

¢. Research on ventilation system reliability early-warning
based on rough set and artificial neuron network theory

Form the reliability early-warning imitating to mine
ventilated system with artificial neuron network technique, we
have found that with the much more characteristic parameters,
the ANN scale too is large, train time is too long. And it makes
the practicability function of the imitated model lower. So the
author puts rough sets method as the former system of BP nerve
network, and by means of characters pick-up as well as influent
factors reduction, optimizes the number of the importation nodes
in traditional nerve network, lowers the structural complexity of
it. Consequently the reliability early-warning imitate model of
mine ventilated system based on Rough Sets and artificial neuron
network comes into being, which is more accurate of the
precision , more fast of the speed of calculation then other before.
Basing on the foundation, the book also brings up the conception
of excavating reliability simulated system of the mine ventilated
system by layers based on rough sets and ANN. It makes us-
ers according to the different demands to their researched system
evaluate the reliability of the ventilated system in the different
levels.

d. Mine ventilation system reliability design based on the
cell” s characteristic

In foundation of the known reliability integrated index of the

system, the author sets up a reliability distribute model about
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mine ventilation system, which is based on the cell” s relative
easy-losing degree, the cell’ s importance degree and the complex
degree, and the cell’ s relative failures frequency. It is used in
main fanner subsystem investigating. By analyzing to the
variational rule about the air quantity of the main fanner, the
author sets up a reliability design model of main fanner based on
the efficiency reliability. According to this model, the author
calculates the reliability degree indexes of it in every running
phases and its influence to the reasonable work-status ranges.

The computer source programs about the analytic models
and simulated models which have set up above and about the
calculation of characteristic parameters hereinbefore had been
compiled and have run through in VC** 6.0 and Matlab6. 0
triumphantly.

Author
May, 2004



5
>

-1.1 E%Em

B AR IIRBA LTI woeoeeoerosssensnnnniancn
2201 TIEREEZEEAMOTIGEIUR oooooovrevrrcrsreenennnnunanne
2.2 MRHEEENKFRAR -
2.3 FEXFBEHHRRMARR -
2.4 ERMFHERRETRET R PAEAEE ooceeeeeee
T AL DT % & U LTI s PP RPN
03,2 EBIIGTHT R eocorrerrerrseorniesitiiiaiiin
KEEH -

2 ETFRERDLNT HBERBGTREETL o eeeeeroeee

2.1 ﬁ&%%Tﬁﬁﬁ%z&ﬁﬁ
211 MHTE s
2.1.2 ﬁﬂ-gmﬁ& 006000000000 000 000000 c0cctsssssessisssenentoe
2.2.2 M%g%mﬂﬁﬁ 400 0esses s ssssecsessnsene st srsses e
2.2.3 FSREA R QMATHEMA ooormeeeeees
2.3 &fﬂ%ﬁ&ﬁ%r*ﬁﬂ%%T*&
ﬁ,ﬁrﬁﬁ cesssssessacsscssocrne

e - B e

LR
W DN e

- 10

15

- 18

18
20

e 21

22

- 22
- 22

23

- 24

24

- 27
- 28

- 28



10 «

FHERAATERERERRAME

3 EF Markov SEMEEBRI KL AR DB -ororeveees

3.

S SIS SIS

-2 Bk R 5 TR B R A T -

-3 E T P4 N E S B KBS T SR AR R 8 O
4 BRG] BET
-5
-6

wwwwwgo

ATREABRGRARMAZATHERR L

2.4.1 %Jﬁﬁﬂ@%%ﬁi*fi%ﬁd\%iﬁ&%

2.4.3 ERFSERG A RERE T HEF R

1 T & %69 Markov id A2 BEA ~oveeevennennens

3.1.2 FEFMarkov 3BHTBHBERESE

.2 & F Markov ::t:fmz% R A & %’Tﬁz

MG Hf e
3.2.1 FEFBXIARLERBE
3.2.2 FEBXMRLIT

3.3 HEHl 5 A

3.4 TR2BRMALY ’élﬂf‘f}*ﬁ'

3.4.1 MBREEFTHERERE -

3.4.3 &Fg}ﬁgﬁ? T T T U

3.4.4 FEEXNHEHEE

3.4.5 HEBPBEIELE coocrecrrorsontoriomimmeneninnn
3.4.6 FEFRMNEINEAREREE roveeeoreeecsnacnnne

1 Wﬁﬁm%gﬁﬂﬁﬁi?m{f%ﬁ@ tsecsscessesscncsennen

28

A

41

+ 45

ﬁﬂmgﬁg%ﬁ]‘ﬁg&%ﬁﬁ esscsesescsssresssnescsnnae
w‘#ﬁm;\ﬁﬁ]‘ﬁﬁﬁimﬁﬁ ®seessssscsssrnssscannee e

46

« 46

+ 48

ceee 48
2.4.2 BERMBRENRTIB/DEEEED: coeverreorceracens
wes 59

49

ees 54

+ 55

ceee 56
3.1.1 Markov ;3 EHYHEAMGIL ceveeeverrrreccecrtncicininnns

56

Y

vee 58

< 59
eee 59
ceee 61
cees 63
cees 63
3.4.2 WEBEFREE croveerreerercstetottntiiiiiioians

64

+ 64

* 65

+ 65

© 66



3.4.7 FRIGPHE coverrereererrsctsartosicistiitsiitoiiicicaicnnne G
3.4.8 FHAZBRREIE -ooorrervrrecrrerccicntinnicie 66
5 RHZTEBRMELTHEMHAGH L coeeeeeeeennee 66
3.5.1 EF. wEHRE R RLLE LI RILRLLEEEEL 66
3.5.2 MEIBEIBHIMEBIEIR covereerecoreerrretiitactiieiiiians 7
3.5.3 &Ei%ﬁmmﬁmm&ﬁﬂ B N ¥ 4
3.5.4 E%ié{%g&%g R LRI TR T P RR PR <

4 ETHERENT HERRETREBERReoemee 69

2 A TFBP MBI AGLTHEMRBAEIE overvennennnnns 72
4.2.1 gEBp M%ﬁ&:ﬁﬂ R L T LTI /]
4.2.2 FHFMatlab FRE T HBP HBREFFR  ooveeeereree 73
4.2.3 BTFBPNEMNERTTREBMBIRG TG crooveceecree 77
3 );E‘I"EJiiﬂ‘ﬁ”élﬁl%éﬁT*Iji'}ikéui;i’r---"---------- 81
4.3.1 BENMAMEERIZLH-- B S < 1
4.3.2 W-H2JHEN - A < & |
4.3.3 B{EMERL - ceseenne N -1
4 FHER A %é@’l‘fﬂ&‘ A5 75;&)& 87
44l FHERRETRERLSEE - reeseenaneens 87
4.4.2 SERAEG BT B HAGMER ~ococoveererrosrecececenes 94
4.4.3 BRBEGARER G R -ooocveeeverecreneacin 99
5 ATHEEARAGT FBARALTENR

5.1 BHBERRETEEEEBWERM ooeeeeeess 101
5.2 EFHRERAEORMTFREDBBEL e 105
5.3 B FRATEXE N RET REBFTEASH oo 107
F%ﬁﬂ%%gﬁ%ﬂﬁﬂTﬁ&ﬁ%% --------- 109
6.1 MR - N cesrecseses 109

S



12

FHBERAATERERELAAR

4.6.2
4.6.3
4.6.4

4.7

4.
4.7.2

4.7.3

E#ﬁmgﬁmmm&ﬁﬂﬁﬁﬁ stecssesssesesssnnsee
W#ﬁﬂ%ﬁ&ﬁﬁﬁ%&%ﬂ%% seesscsssvsssssses

EFHENHERNEMNT HERRE Y ME

E‘:% A T L R L L L T R L L 2

T ERRNTF AL G REKEHF R GLETE

JPH eeseeereereenees e s s s s et e e e s e
i%iﬁmmﬁ‘v{mﬁm%ﬁ-ﬁﬁ eessccersvssvessrscee

7.1

ETFBP M%N%%i%ﬁﬂﬂﬁ&ﬁﬁ
i (] A 2 L5 seneee

ETHEMHERE N EEERILEREE
ﬁﬁé&mﬂ- scssscssssevene

#iﬁgﬁ"“"""“““' ssessscesasssccancsransase

5 ETAKHERSNERRETRERBIR e

1" FHBREAATERFAEGEARMAR

wn

ceee 126

.11

THERRETREARNER

1.2 W#ﬁﬂﬁ%?ﬁﬁﬁ%%i%ﬂ%%&
FLHE TG AR eeeeeesenneanaanans

.3.1

HEBRRHEARRS -

.3.2 HBEEISMHRERE -
.3.3 g?ﬁﬁﬂﬁ%ﬁ%?ﬁﬁ&ﬁ%m
REBHTRE -

.4.2 BREMERALEE
.4.3 BHWHEBALLE -

%Tﬁ%#%ﬂ%ﬁf#ﬁﬂ%%T#ﬁ

ﬁ% é %;ij_ ceeosscessasssenss s vas

.5.1

R D T 7 s IR

110
113

115

121
121

- 122

- 122
v 124

125

125

eeee 127
ceseeses 128

ﬁ%g,@g@&*ﬁg B P T TR T TR T R
- 129
~ee 135
- 138
- 142
- 142
« 143

129

142

e 145
¢+ 146



:| * + 13-
5.5.2 EATHE-HZMENENRSERYE
ik E Y] + 148
5.5.3 ETHE-HEMENENRET R
5.5.4 ETHE WHLRENFHERNRETESE
mﬁﬂﬁ seessessssne sseescescesscss et sessscnsr s see 152
5.6 K%ﬁ%#%ﬂ%%ﬁ%ﬁﬂ%%Tﬁ&
ﬁ%?ﬁ. . escacsae ceesssees 156
5.6.1 ETFANN RFHBEBRRETRENE
ﬁ?ﬁﬂ‘]iﬂ 800000880000 0000000000000000s0000s0ssRssRIsoee 156
5.6.2 BETHE-HZMENERAETEAERE
j,—ﬁ:,&gg;ﬂ]‘ #0060 000 000000000000 000 000000000000 R000s000s000s 160
5.6.3 MZMELSHE- MEMEMESERER
BB - 169
5.7 EABBETREREHNNLE - e 171
5.7.1 WSMBREE - 171
5.7.2 4B R WM R4 IR - 172
6 BEFETRUMNT HERRETRERIT --ooommreeeeeenes 176
6.1 FHBRALTERRITGBGREL oooeeeeeer 176
6.2 HHABRAGLTERSEF EHR cooorerereeeceee 177
6.2.1 ETHRTAMBREMERNRETRESR ---o0eoe 178
6.2.2 EFTHTEERNELENEXNREAT R
ﬁ!ﬂ 006 046 080000800000 500006000000000000000000000scsscnssen ]78
6.2.3 ETHRTAHAMEEBENENRETRYE
ﬁ}m seessesesscn s s seccsscsense . 182
6.3 FRAELEBRMNTERSREHIN - - 184
6.4 AFHLRTEEGEZBRMIAEFT ooeveeees 189
6.4.1 FEBRIKTRERSHAREMNER ooveeeeeeer 189



.14 .

FHEBRFATEREZRER AR

6.4.2 FEEKXHLXE DA RRHHR

6.4.3 ETFARTEENIRERNSELRAE

- 191

.........

6.5 F EiB KA B EE G HLE] coorerrererrreronees
6.

7 %"D‘Q'—GEE ceeeescessetsetssetesesstessrscte besvesesseresn s

7.1

[>T e T = N = =2

-1 EZERYLERE R B R E
AT BEILITIE cveoveoseosecrecrattortaciannian
PEBE M 2R 2 G Y <vveevverreeenernonnensraettnietene.

Hh LR 4l PR
EEE ML AR R B B
EZEBRMN LRR 7B

(=2 S B -]

195
198

- 198

199
200

e 201
- 201
- 206

$ﬁg1‘5‘............................. T TSNP AP

L4 eeceernniitiinataiiiiiticicsttoticttiessiisetstssnrattsane
7.2 &f{ tessescescecsecsessessttantetncncaseennen

208

= 209

209

- 210

%&%j{ﬁ*...................................................... cesscsasnens

Bﬂ- 2=1<.... R TR T TR TR P TR PP R PP R P PR PR P PR PR P

212

« 219



