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MONI TORI NG OF MACH I N I NG PROCESS 

MON I T OROVÁNÍ OBRÁBĚ C Í HO PROCESU 

Má-dl J .  

P�i spěvek po j edná-vá- o moni t orová-ni obrá-běc i ho proces u .  
z e j ména o mon i t orová-ni opot �ebe n i . resp . dest rukce b�i t u  
�ezného nás t ro j e . Tento z pOsob mon i t orová-ni l z e  re a l i zovat 
dynamome t ry na bá-z i pol ovod i č ovýc h  tenzometrO ve s po j eni s 
urč i t ou soi twareovou s t rat eg i i .  Takto l z e  �eě i t  dva k i č ové 
probl émy opt imal i ace a s po l e h l ivost i obrá-běc i ho procesu . 

Keywords : Moni tori ng .  t oo l  wear . t oo l  bre akage . mac h i n i ng .  

1 .  I n t roduc t i on 

Dur i ng the l as t  y ears mach i n i ng processes have ma de much 
progre s s . The i nvestments assoc i at e d  �l i t h  the use of  e x pens i ve 
mach i ne tools caus e t hat f or these machi nes i t  i s  important t o  
s e l ec t  t he cut t i ng cond i t i ons much more care f u l l y  t han - - f or the 
use - o f  conve nt i onal mach i n i ng .  otherw i s e  mac h i n i ng costs w i l l  
rise e normous l y . 

Bes i des . there are number of d i f f erent reasons whi ch l e ad to 
t he i ns t a l l at i on o f  mon i t or i ng and control systems in an 
i ndus t r i a l  machi n i ng proc e s s : Mon i tori ng systems improve process 
cont rol by sav i ng costs by reduc i ng the non- produc t i ve t i me of  
machi ne t ool s .  they are necessary to obt a i n  sat i s f y i ng res u l t s  
even under cr i t i c a l  cond i t i ons . t hese systems c a n  support an 
operator work i ng w i t h  mac h i ne t o o l s  runn i ng ot high speed and 
us i ng a l ot o f  coo l ant ( i t makes human moni tor i ng and adequate 
cont rol i mposs i bl e ) . new cutt i ng mater i a l s  have been i nt roduced 
( e .  g .  c e ramics . C BN ) . mate r i a l s  have been deve l oped which are 
di f f i c u l t t o  mac h i ne and so on . 

For t hese reasons t he pre d i c t abi l i ty o f  cut t i ng process has 
decreas e d . But . i ndus t r i a l  mac h i n i ng needs syst ems wh i ch detect 
tool f ract ure . the e nd o f  tool l i f e  and the systems wh i c h  real i z e  
reg i s t rat i on of t re nds i n  runn i ng o i  machi n i ng process . 

2 .  Mon i t or i ng of mac h i n i ng proces s 

Moni tori ng and cont rol syst ems are necessary to obtai n 
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s at i s f y i nq res u l t s  o f  mac h i n i nq proc ess even unde r cr i t i c a l  

cond i t i ons . 

Duri nq proce s s  p l an i nq c ut t i nq parame t e rs are usua l l y  

c a l c u l ated w i t h  the a i d  o f  mat hemat i c a l  mode l e . T h e  systemat i c  

dev i at i on w h i c h  ari s e  betwe e n  t he c a l c u l at e d  and t he ac t ua l  

val ue s  o f  t o o l  l i f e c a n  b e  u s e d  t o  adapt t h e  empi r i c a l  

coe f f i c i en t s  u s e d  i n  t h e  mode l . Mon i t o r i nq may he l p  i n  t h i s  way 

i n  c o l l e c t i nq data f or t he opt i m i z at i on o f  c u t t i nq condi t i ons . 

Mon i t o r i nq o f  t he mach i n i nq proc e s s e s  re l ates mac h i ne ( C NC 

c ont ro l , c o l l i s i on ,  accuracy , t he rm a l  de f ormat i on l , t ool ( t ool 

wear , t o o l  breakaqe , t oo l  approac h , t oo l  pres ence ) ,  t oo l  

c ondi t i on i nq ( t ool c ompe nsat i on ,  dres s i nq ) , workp i e ce ( raw s t oc k  

d i me ns i on ,  workp i e c e  mat e r i a l , d i m e ns i on ,  s hape , surf ace 

i nt eqri ty ) and proces s ( c o o l ant , c h at t e r , c h i p  bui l d i nq ,  f orce , 

t orque , powe r ) .  

The wear and t o o l  breakaqe mon i t o r i nq are t he ma i n  prob l ems 

of mon i t or i nq o f  mac h i n i nq process . The most i mport ant way f or 

t o o l  wear and breakaqe mon i t or i nq i s  based on t he meas ureme n t  o f  

c ut t i nq f orce c omponent s .  I t  i s  poss i b l e  t o  d e s i qn dy namome t e r s  

us i nq p i esoe l ec t r i c ,  ree i s t ive , capac i t i ve ,  i nduc t i ve a n d  o t h e r  

systems . Dynamome t e rs f or cut t i nq f orce measurement i n  

l aborat o r i e s  a r e  o f t e n  re a l i z e d  w i t h  s t ra i n qauqe s . 

Semi conduc t i nq s t ra i n  qauqes are e s p e c i a l l y  ava i l ab l e  f or 

des i qn i nq dy namometers f or t o o l  mon i t or i nq researc h . 

I n  pract i c e ,  f oree s e nsors w i t h  s em i c onduc t i nq s t r a i n  gauges 

are r e a l i z e d  f or tool m on i t o r i ng t asks . F i gure 1 s hows as an 

e x amp l e  a s i mp l e  one - c ompone nt dynamome t e r  f or t oo l  wear 

mon i tori nq in t u rn i nq . I t  eons i s t s  o f  f ou r  semi conduc t i ng s t ra i n  

qauqes f or measuri nq resu l t ant o f  rad i a l  and f ee d  f orce . 

Dy namome t e rs f or t o o l  mon i t or i nq may be d e s i gned as 

addi t i on a l  dev i e e  f or maeh i ne t oo l s . These dy namometers i s  

poss i b l e  rea l i z e  a s  o n e - c ompone nt ones and f or two-compone nt 

meas ureme nt it is poss i b l e  t o  p l aee two one-component 

dy n amom e t e rs on a mac h i ne t o o l . 

The preeent deve l opme n t s  of t o o l  wear and t o o l  bre akage 

mon i t or i nq and cont r o l  systems are s t i l l  not f u l l y  s o l ved . New 

s o f tware s t rateq i e s  of t h i s  k i nd have been de s i qned a t  TU Praque . 

For t he tool wear mon i t or i nq when maeh i n i nq s t e e l t he rad i a l  

o r  f e e u  f oree ( or t he i r  r e su l t ant ) are usabl e .  T he b i gger t o o l  

w e a r  i s , t he l arqer f or c e  c hanges a r e  o b t a i ned , as s e e n  i n  F i g . 

2 .  Whe n mac h i n i ng c a s t  i ron t h i s  p r i nc i p l e  i s  u s ab l e  t o o . But t he 

rat i o  o f  rad i a l  and p r i n c i p l e  c ut t i nq f orce i s  more re l i ab l e  

( F iq .  3 1 . 
F or t he tool bre akaqe mon i t or i nq t he rat i o  o f  rad i a l  t o  

pri nc i p l e  cut t i ng f orce i s  poss i b l e  t o  use . F og . 4 shows a n  

e x amp l e  o f  t he c hanqes o f  both c ompone n t s  when breakaqe o f  t he 

c u t t i nq t o o l . 

3 .  Conc l us i on 

Mon i t o r i nq systems may decrease mach i n i nq costs and i nc rease 

t h e  re l i ab i l i ty o f  mac h i n i nq proc e s s e e . For mon i t or i nq t asks i t  

i e  poes i b l e  t o  use s t re s e  ana l y s i s  o f  t he de f ormat i on e l ement e . 
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F i g .  2 .  Ty p i c a l  c hanges o f  radi a l  F y , f e e d  Fy f o rc e w i t h  

c ut t i ng t i me t ( s t a r t , c e n t r e , e nd o f  t o o l  l i f e l  
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Cast i ron . s i n t e re d  c a r b i de . c u t t i ng speed 1 6 9 . 6 

m/ m i n  . •  f e e d  0 . 2  mm/ rev . •  dept h of c ut 2 mm . 
F i g . 3 .  Re l at i on o i  pr i nc i p l e Fz • rad i a l  Fy . i ee d  f orce 

Fx w i t h  c ut t i ng t i me t .  
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Cast i ron . s i nt e re d  c a r b i de . c ut t 1 ng s peed 7 3 . 6  
m/ m i n  . •  f e e d  0 . 4 2 5  mm/ re v  . •  d e p t h  o f  cut 1 mm . 

F i g .  4 .  Re l at i on of pri nc i p l e  Fz • rad i a l  Fy . f ee d  Fx 

f orce and cutt i ng t i me t .  
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