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SYSTEM OF COMPUTER MODELLING OF SKIP DYNAMICS IN SHAFT

Summary. M ath em atica l s im u la t io n  m odels a re  T in a x n g  a t  p r e se n t  
a w id er  a p p l ic a t io n  i n  th e  sp h eres  w here a n o th er  mode o f  in v e —s t i — 
g a t io n  i s  n o t  p o s s ib l e  or  i t ' s  to o  d i f f i c u l t .  That i s  a l s o  th e  
c a s e  i n  p r o c e s s e s  o f  v e r t i c a l  h o i s t in g  th rough  a s h a f t  w here a com
p u te r  i s  becom ing th e  o n ly  e a s i l y  a v a i l a b le  means f o r  a n a ly s is  and 
p r e d ic t io n  o f  th e  a c t io n s  o c c u r in g  i n  th e  s y s te m s .

T h is  p ap er d e c r ib e s  n o t  o n ly  su b system  conveyan ce -  s h a f t  eq u ip 
ment b a sed  on th e  system  o f  n o n lin e a r  d i f f e r e n t i a l  eq u a tio n s  th a t  
e x p r e s s  th e  dynamic b eh a v io u r  o f  th e  s k ip  in  th r e e  d im en sio n a l 
sp a ce  b u t a l s o  w hole com puter a p p l ic a t io n  system  o f  a n a ly s i s .

1 . INTRODUCTION

H o is t in g  equipm ent r e p r e s e n t s  one o f  th e  m ost s e n s i t i v e  component o f  
a m in esystem  w ith  reg a rd  to  i t s  fu n c t io n  o f  in t e r c o n n e c t io n  o f  under
ground su b s y s te m s . The r e s u l t  i s  th a t  th e  r e l i a b i l i t y  o f  o p e r a t io n  o f  
h o i s t in g  equipm ent has a s i g n i f i c a n t  in f lu e n c e  upon th e  o v e r a l l  r e l i a b i -  

th e  o p e r a t io n  o f  a  m in e. The n e c e s s i t y  o f  p la n n in g  in  m ines w ith  
g r e a t  d ep th  o f  c o a l  rain ing r e q u ir e s  th e  know ledge o f  th e  dynamic phenomena 
o c c u r in g  d u r in g  h o is t in g  in  w in d in g  s y s te m s .

H o is t in g  equipm ent r e p r e s e n t s  a sp h ere  w here m ath em atica l m odels may, 
above a l l ,  p rove t h e i r  e f f e c t i v e n e s s  w ith  reg a rd  to  th e  c o m p lic a t io n s  
r e s u l t in g  from e x p e r im e n ta l approach . I t ' s  m a in ly  th e  problem  o f  h igh  
c o s t s  and th e  n e c e s s i t y  o f  e n su r in g  the s a f e t y  o f  measurement in  the  

sh a f  t .

2 . MATHEMATICAL MODEL 01 TRAVEL OF SKIP THROUGH SHAFT

The s im u la t io n  m a th em a tica l model o f  th e  su b system  sk ip  -  s h a f t  eq u ip 
ment s im u la te s  th e  dynamic phenomena in  th e  h o r iz o n t a l  p la n e  o f  the sk ip  
where th e  so u rce  o f  o s c i l l a t i n g  movement i s  form ed m a in ly  by random d e
v ia t io n s  o f  th e  tr a c k s  g u id in g  th e  sk ip  i n  th e  s h a f t  from an id e a l  v e r t i 
c a l .  From th e  p o in t  o f  v ie w  o f  co m p le ten a ss  o f  th e  e v a lu t io n  o f  th e  h o r i
z o n ta l  dynam ics o f  th e  s k ip  i t  i s  n e c e s s a r y  o c o n s id e r  n o t  o n ly  th e  phe
nomena o c c u r in g  in  th e  fa c e  p la n e  -  the p la n e  c o n n e c t in g  th e  axes o f
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o p p o s ite  t r a c k s ,  b u t a ls o  th e  phenomena o c c u r in g  i n  th e  l a t e r a l  p la n e  
w hich  i s  p e r p e n d ic u la r  to  th e  fa c e  p la n e .  O nly a th u s c o n c e iv e d  model 
can be u sed  f o r  v a r io u s  n u m er ica l e x p e r im e n ts , a n a ly z in g  in  g e n e r a l th e  
dynamic b eh a v io u r  o f  th e  s k ip  in  h o r iz o n t a l  d i r e c t io n .  The diagram  o f  
su ch  m odel i s  shown i n  f i g ,  1 , w here th e  s p r in g s  in d ic a t e  th e  w h eel guides 
o f  th e  s k ip .  The so u r c e s  o f  th e  random h o r iz o n t a l  movement are  th e  
u n e v e n e sse s  o f  th e  s k ip  tr a c k s  d e s c r ib e d  by th e  fu n c t io n s  u ^ ( t )  and 
u2 ( t )  in d ic a t in g  d e v ia t io n  o f  tr a c k s  in  th e  fa c e  p la n e  and b y  fu n c t io n s  
q ̂  ( t )  and d g i* )  in d ic a t in g  d e v ia t io n  o f  tr a c k s  in  l a t e r a l  p la n e s .  Skip  
so  r e le a s e d  h as f i v e  d e g r e e s  o f freedom  and i t s  movement i s  d e sc r ib e d  by  
f i v e  secon d  -  o rd er  d i f f e r e n t i a l  e q u a t io n s  in  th e  fo l lo w in g  form :

i ,J = 1

2

i ,J = 1

2

VrfiP = °
i ,  j  = 1

2

i , j = 1

2

+ (” 1) i + 1*hi ' ^ kb iJ * y iJ  + bb i j * y iJ  + Fp rb ij^  = 0

i ,  j =1

2

2

V i  + 2  i _ l ) J  *r  *(,tr i j * y iJ  + W y iJ  + Fp r f i J 5 *
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2
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l,j = 1



Syatem of computer modelling of... 163

where

i  = 1 -  head o f  s k ip  
i  c  2 -  bottom  o f  sk ip

j  = 1 -  l e f t  a id e  o f  sk ip  
J = 2 -  r ig h t  a id e  o f  sk ip

bi j ’bf i j ’bb i j
Fp r ( f , b ) i J

ki j ’kf i j ,k b i j

mass
moments o f  i n e r t i a
e q u iv a le n t  e l a s t i c  c o e f f i c i e n t  f o r  w h eel i j  and 
s h a f t t r a c k  i n  fa c e  and l a t e r a l  p la n e s  ( f  -  fr o n t  
w h e e l, b -  back w h ee l)  
damping
p r e lo a d  on w h eel i j
d e fo rm a tio n  o f  th e  w h eel i n  p o in t  i j

■ *ij [*»▼• uj(t>] 

y i j  = y i j  ! > » * ' * •  « J Î O ]

A part from th e  in f lu e n c e  o f  th e  u n ev en o a ses  cf th e  tr a c k s  i t ’ s a ls o  
n e c e s s a r y  to  r e s p e c t  th e  v a r ia b le  r i g i d i t y  o f  th e  tr a c k s ,  th e  p o s s i b i l i t y  
o f  l o s s  o f  th e  w h eel q u id e  w ith  th e  tr a c k  o r  p o s s i b i l i t y  o f  hard c o n ta c t
o f  th e  s k ip  w ith  th e  tr a c k  and a ls o  th e  im p ortan t in f lu e n c e  o f  e c c e n t r i 
c i t i e s  o f  in d iv id u a l  w h ee l g u id e .

The sy stem  o f  e q u a t io n s  d e s c r ib in g  th e  movement o f  th e  sk ip  in  s h a f t
can  s o lv e d  (ow in g  to  th e  random c h a r a c te r  o f  k in em a tic  d is tu r b a n c e  by 
u n e v e n e ss e s  o f  tr a c k s )  p r a c t i c a l l y  o n ly  by means o f  approxim ate and nume
r i c a l  m eth od s. In  t h i s  c a s e  th e  R unge-K utt fo u r - s t e p  method was a p p lie d ,  
w hich  i s  f u l l y  s a t i s f a c t o r y  f o r  g iv e n  ty p e  o f  ta s k s .

3 . COMPUTES APPLICATION SYSTEM DYCON

Computer a p p l ic a t io n  sy stem  DYCON ( Dynamics o f  CONvoyance) i s  the s y s 
tem o f  program m oduls th a t  r e p r e s e n t s  e f f e c t i v e  t o o l  fo r  a n a ly s is  o f  com
p le t e n e s s  dynamic b eh a v io u r  o f  su b sy stem . The system  envirom en t in c lu d e s  
b a se  modul f o r  n u m er ica l in t e g r a t io n  o f  d i f f e r e n t i a l  e q u a t io n s , moduls 
f o r  p r e p a r in g  o f  in p u t  d a ta , modul u s in g  com puter g r a p h ic s  and im portant 
m oduls f o r  a p p ly in g  c l a s s i c  and dynamic s t a t i s t i c s .

In p u t d a ta  a re  c r e a te d  in  th e  form o f  two f i l e s .  The f i r s t  -  f i l e  o f 
u n e v e n e ss e s  — can be g e n e r a te d  by  random g e n e r a to r  o r  by v a lu e s  measured  
in  th e  r e a l  c o n d it io n s  o f  s h a f t ,  th e  secon d  — f i l e  o f  param eters — in c lu 
des p aram eters o f  w in d in g  a s sp e e d , m ass, moment® o f  in e r t i a  e t c .

S t a t i s t i c  m oduls are  a b le  to  a n a ly z e  in d iv id u a l  p r o c e s s e s  or  r e la t io n s  
betw een  them by u s in g  th e o r y  o f  random p r o c e s s e s .  I t ’ s p o s s ib le  f o r  in d i 
v id u a l  p r o o e s s e s  to  d e v id e  i t  in t o  l e v e l s ,  compute and draw t h e ir  h i s t o 

gram o r  i t ’ s p o s s ib le  to  f in d  a u to - o o r r e la t io n  fu n c t io n  by th e  form ula!
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T - V  '
K xx(t) = J  x ( t )  . x ( t+ t )  d t

0
where:

T -  len g th  o f p r o c e s s ,
t  -  d ela y ,
x ( t )  -  random p ro cess  ( in p u t k inam atie d istu rb a n ce , a c c e le r a t io n s  o f

sk ip  e t c . )

a compute end draw frequ en cy spectrum  by the form ula:

S x x (f)  = I* J  Kxx(T) . cos(25tf1 i) d t

where:
f  -  frequ en cy .

By means o f  t h i s  m ethod m ain fr e q u e n c ie s  can be fo u n d . R e la t io n s  b e
tw een p r o c e s s e s ,  © s p a t ia l ly  b etw een  random in p u t  k in e m a tic  d is tu r b a n c e  
and o u tp u t m odel q u a n t i t i e s ,  a re  a n a ly z e d  by  fo rm u la s:

f 2 =
Sxy

S xx’ Syy

Ysyy'

Y s7 x

and

Im (Sxy)
0 x y ( f )  = a r c t a n -------------

R e( Sxy)

w here:
^  — c o h e r e n t f u n c t io n ,
Sxy -  c r o s s  -  sp ectru m ,
¡ H ( i f ) |  -  modulus o f  t r a n s f e r  c h a r a k t e r i s t i c s ,

@ ix y ( f)  -  p hase s h i f t  fu n c t io n .

The f i r s t  -  co h e r e n t fu n c t io n  -  e n a b le s  to  t e s t  l i n e a r i t y  o f  su b system  
sk ip  -  s h a f t  equipm ent th a t  i s  n o n lin e a r  in  g e n e r a l ,  b u t in  a c a s e  o f  
v a lu e  o f  co h eren t fu n c t io n  g o in g  up to  one i t  i s  p o s s ib l e  to  c o n s id e r  
t h i s  su b system  as a l i n e a r  and in p u t k in em a tic  d is tu r b  p r o c e s s  m u lt ip ly  
by b a lu e s  o f  am p litu d e  c h a r a k te r is  t i c s  | l l ( i f ) |  to  g e t  o u tp u t p r o c e s s e s  
vrith p hase s h i f t  0 x y ( f ) .  T h is  p r o p e r ty  i s  v e r y  u s e f u l  f o r  m easu rin g  in  
a c tu a l  s h a f t  v h ere  i t  i s  n e c e s s a r y  to  m easure o n ly  th e  in p u t  p r o c e s s  and 
the o u tp u t p r o c e s s  can be d eterm in ed  by com puted th e  fu n c t io n s *
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H ie r e s u l t s  o f  th e  n u m er ica l I n t e g r a t io n  a re  e x p r e sse d  by means o f  
com puter g r a p h ic s  f o r  th e  c l e a r  su r v e y  o f  a l l  k in em a tic  and dynamic 
v a lu e s  ( f i g .  2 ) .  The p ic t u r e  i s  d ev id o d  in t o  th r e e  b a s ic  p a r ts  -  f r o n t ,  
p la n  and s id e  v ie w  w here th e  s k ip  movement and th e  tra o k  u n e v e n e sse s  as  
w e l l  a s  th e  a c c e l e r a t io n  and f o r c e  v a r ia b le s  a re  shown.

The w hole sy stem  DYCON i s  w r it t e n  in  T u rb o -P a sca l on com puter PC AT, 
and o p e r a te s  a s  windows i n t e r a c t i v e  "user f r ie n d ly "  sy stem .

It. CONCLUSION

A lrea d y  d u r in g  i t s  s h o r t  e x i s t e n c e  th e  sy stem  DYCON u n v e ile d  some 
phenomena w hose c a u se s  had rem ained c o n c e a le d  so  f a r  a s f o r  in s ta n c e  
in f lu e n c e  o f  sp eed  on dynamic f o r c e s .  The m a th em a tica l m odel was a ld o  
compared w ith  e x p e r im e n ta l d a ta , and th e  d i f f e r e n c e  b etw een  th e  t h e o r e t i 
c a l  and m easured v a lu e s  was 10%. To be e n t i r e l y  em ployed in  p la n n in g  and 
d e s ig n  p r a c t i c e ,  i t  r e q u ir e s  fu r t h e r  com p arison s to  d eterm in e i t s  v a l i 
d i t y .
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SYSTEM KOMPUTEROWEGO MODELOWANIA 
DYNAMIKI KUBŁA SKIPOWEGO W SZYBIE

S t r e s z c z e n i a

M odele m atem atycznej sy m u la c j i  z n a jd u ją  o b e c n ie  s z e r s z e  z a s to so w a n ie  
w o b sza ra ch , g d z ie  in n e  t e c h n ik i  badań są  n ie m o ż liw e  lu b  z b y t tru d n e do 
w y k o r z y sta n ia . Tak j e s t  rów n ież  w przypadku p ionow ego w yciągu  p r z e z  sz y b .  
Komputer s t a j e  s i ę  jedynym ła tw o  dostępnym  środkiem  d la  a n a l i z y  i  p rzew i
dywania d z ia ła ń  w y stęp u ją cy ch  w u k ła d z ie .  '

N in ie j s z y  a r ty k u ł o p is u je  n i e  ty lk o  pod system  w ó zek -w y p o sa żen ie  szybu  
w o p a r c iu  o n ie l in io w e  rów nania o p is u ją c e  dynam iczne zach ow an ie  sk ip u  
w trójw ym iarow ej p r z e s t r z e n i ,  a l e  ta k ż e , p e łn y  komputerowy sy stem  a p lik a 
c y jn y  a n a l iz y .
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