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DESIGN AND PERFORMANCE ASSESSMENT BASED  

ON FAILURE DATA

SYNOPSIS

In achieving the s a t i s f a c t o r y  performance  of a. mining 

s yst em  the role of reliability e va l u a t i o n  and a s s e s s m e n t  has 

a l ready  be en  acknowledged.  The failure  p r o c e s s .  interval

b e t w e e n  fai lures  and the repair  policy a re  the important 

pa r a m e t e r s  which form the basis  of reliability e va l u a t i o n  of 

any mechanical  system.

La rge  scale  mechanical sy st e ms  vis-a-vis a  longwallcoal 

mine may find use ful  applications of reliability analys is  in 

the a r e a s  viz. engineering design,  qual ity  control ,  

mai ntenance .  spare  allocation  and i nventory ,  de c is i on  making 

in aqui si ti on .  reliability as  a  s a f e t y  and e st i ma t io n  tool 

and enhancement  of reliability by condition monitoring etc.  

The a b o v e  f e a t u r e s  have  b ee n  amply d i s c u s s e d  in the f i rs t  

c hap te r  which in tro duc es  reliability c on ce pt s  an d  highlights 

t hrough  examples.

The problem of engineering  reliability in mining 

equipments  and s y s t em s  has b ee n  looked in the pa st  in 

d i f f e r e n t  ways  primarily due to the v ar yi ng  n a t u r e  of 

r e q u i r e m e n t s  a s s o c i a t e d  w i t h  e a c h  s y s t e m .  T h e  a p p l i c a t i o n ,  

r e l i a b i l i t y  i n  g e n e r a l  and  t h e  r e f e r e n c e s  i n  p a r t i c u l a r  

d e s c r i b e d  i n  c h a p t e r  X I  an d  I I I  r e s p e c t i v e l y .
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Equipment  reliability is determined from the primary 

f unct ions  of h azard  rat a  and fa.ilure rate .  The f a i lures  of 

mechanical  equipments  a.t identical environenta.l  conditions  

are  d e p e n d e n t  on  the time they have  s u rv i v e d  without a 

failure .  Thus  i n s t a n ta ne o us  failure rata  or h az ard  rate  is 

d ep en den t  linearly or non linearly with time. Weibull

d ist r i bu t io n  of h azard  rate  e ncompasses  the linear or non 

linear d ep en de nc y  with time. Considering  that  the

reliability d e c r e a s e s  exponentially over  time, the hazard  

rate  is u s e d  to find the original e x p r es s io n  of reliability.  

It must  be noted  that  the failure  f igures  are  d er i ve d  from 

the d a t a  logs which are  relatively  r e ce nt  and thus 

reliability e x p r e s s i o n  only gives the c u r r e n t  s t a t e  of 

pe rfo rman ce  unlike the e x pr ess io n  of a bath-tub c urv e  which 

spans  o ve r  the life of an  equipment.  A ca.se s t u d y  has  be en  

d i s c u s s e d  to determine  the reliability e x p r e s s i o n  for a  group 

of e qui pments  in a longwall mining system.

H e u r i s t i c  model to determine  the e l ect ro ni c  s ys t em  

optimal reliability has  been  in vogue  for quite  some time. 

The model with su i table  changes  may also  be applied to design  

a mine s y s t e m  at  its optimal configuration .  To apply this 

mode 1 in a  mine,  the f irst  s t e p  is to d e v e l o p  a minimal 

c on f ig u r a t i o n  of a mine. The mine in example has  four



longwall f a c e s  and  t hre e  c on ti nuo us  miner s e c t i o n s  to s u pp ort  

the development  work n eed ed  for carryi ng  o ut  f u rt hu r  

exploitation .  Four  a l t e r n a t i v e  options  of avai labi l ity

improvement  viz .unit r edu nda nc y .  component  r edu nda nc y ,

proximal s p a r e / r e p a i r  facility  and  con dit io n  monitoring 

faci l i ty  have  b e e n  tr ied  to d e s i g n  a n  optimal c on f ig u r a t i o n  

of a n  u n de r gr o un d  mine. The c o n s t r a i n t  f unct ions  a re

u n de r gr o un d  s p ac e ,  development  and i nst al lat io n  c o st  etc.  

The total  b u d g e t o r y  a l lo cat i on  for optimal size  is t r e a t e d  as  

one c o n s t r a i n t  fun ct ion .  The r esu lt  of s uc h  a n  e x e r ci s e

shows  that  at  near ly  1 %  of e xt ra  e x pe ndi tu re  over  minimal 

c o n f i g u r a t i o n  c o s t  it is po ss i ble  to a c h ie v e  near ly  2 0 %  

i n c r e a s e  in the s y s t e m  availabil ity .

For a s e r i e s  p r o d u c t i o n  s y s t e m  eg.  a. longwall fac e  a 

bu f fe r  s t o r a g e  at  a n  optimal location  helps in improving the 

avai labi l ity  of the t ot al  s y st e m.  The  b u f f e r  c o n n e c t e d  in 

parallel  with the p r o d u c t i o n  s y s t e m  suppl ies  the input e ,g  

coal from its s t oc k  to the out  put  end.  A markov chain  model 

from a n  e s t a b l i s h e d  methodology  c a n  be u s e d  to det ermi ne  the 

e f f i c a c y  of the b u f f e r .  Such  an alyt ic al  s t u d y  sh ow s  that  at  a 

pa rt i cu lar  con dit ion  of fa i lure  and  repair  the  coal  t r a n s f e r  

e f f i c i e n c y  of mine c on ve y in g  n e t w o r k  c a n  be i mproved  as  high 

as  17 %  if it h as  a. bu f f e r  having  c a p a c i t y  to supply  coal 

for 15 hours  at  the e x p e c t e d  p r o d u c t i o n  rate .



It is a  well known f ac t  that  mean  time b e t w e e n  

f a i l u r e s ,  popularly  known as  MTBF (or f a i l u r e s  per month) is 

3 good m e a s u re  of ope rat iona l  reliability of 3 longwall 

mining e qu i pm e n t / s y s t e m ,  A qus.lity control  t echnique  viz

CUSUM model is u s e d  to t e s t  the e f f e c t i v e n e s s  of pred i ct i ons  

on  the fa i lure s  of a longwall mining s yst em .  Be s id es  rank 

e s t i m at i on  has  a l s o  be en  r e f e r r e d  and followed by a 

c om pa ri so n  of two methods .  It hs.s b e e n  f o u n d  that  CUSUM 

gives  b e t t e r  u n d e r s t a n d i n g  of i nse rvi ce  reliability of 

equipments  like that  in a  longwall system.

Mine main te nan ce  data  b a s e s  in India. a r e  r e s u l t s  of 

rout i ne  and humdrum e x e r c i s e s .  They  o f t e n  lack intuit ive

r e c og n it i on  of many important  p a r a m e t e r s .  The  in formation

i n s t e a d  of being p e r t in en t ,  c ompr eh e ns iv e  and  a c c u r a t e  

g en eral ly  s e r v e s  the  p u rp os e  of d ay  to day  filling up of the 

c u s t o m a r y  m a i nt en an ce  d a t a  log books .  The  p r e s e n t  work

a d d r e s s e s  the bas i c  n e ed  of a n  improved s y s t e m  and s u g g e s t s  

some new formats .  The  new f o rm a ts  o f f e r  a more sc i ent i f i c  

a p p r o a c h  in the r e c o r d  keeping in ad di t io n  to fac i l i tat ing  

u s e f u l  c om pu t at i on s  r e l a t e d  to the f ai lure  p r ed ict i on s .



The main findings of this  r e s e a r c h  c a n  be su mma ri sed  as

follows :

i) An  analyt ical  method to a s c e r t a i n  rel iabil ity  of the mining

s y s t e m  gives  a  b e t t e r  u n d e r s t an di n g  of p e r f o r m a n c e s .

ii> Optimal mine c on f ig u r a t i o n  a c h i e v e s  higher avai labi l ity  t h a n

minimal c o n f i g u r a t i o n  t hough  at  a little e x t r a  e x pe n di t ur e .  

But  the e x t ra  e xpendi ture  is o f f s e t  by the r e l a t i v e  

a d v a n t a g e  ga ined  in terms of higher avai labi l ity .

iii) B u f f e r  s t o r a g e  c o n n e c t e d  in parallel  with  a. s e r i e s  mining 

s y s t e m  c a n  s u b s t a n t i a l l y  improve the coal t r a n s f e r  

e f f i ci en cy .

iv) It c a n  be s a f e l y  concl uded  that  the new formats  for da ta  

logging and  methods  s u g g e s t e d  t h ro u gh  CUSUM and  rank  

e s t i m a t e  for  rel iability  pr ed ict ion s  are  qui te  encouragi ng .
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	Table :8.3a Recomended worksheet for failure report and action form.

	HTSHu	HTIHs


	! j

	n.








