
C h a p t e r  1 

I n t r o d u c t  i o n

With large amounts of cap ita l being t ied  up in the metal 

cu tt ing  equipment, more a tten t ion  has been focused on the 

economics of operating such equipment. Presently, most of the 

methods used in f ind ing  the most economical metal cu tt ing  

condit ions, d isregard the development of Adaptive Control (AC).

In the machine tool contro l systems, AC is  mainly d iv ided 

into two c lasses: Adaptive Control Constra int (ACC) and Adaptive 

Control Optim ization (ACO). ACC contro l systems invo lve cu tt ing  

cond it ions that are always subject to l im its  provided by the 

machine too l, tool and/or workpiece. ACO systems are another type 

of con tro l systems. With these systems, cu tt ing  cond it ions are 

determined by using a performance index based on production 

economy.

The need fo r today’ ร complex manufacturing systems and 

wage structu re  requires the use of machine too ls  operated 

by means of an adaptive ly  con tro lled  system. Adaptive contro l 

provides a continuous monitoring of performance and ad justs the 

system var iab le s  in order to approach the optimum cond it ions 

for chosen performance objectives. There are b a s ic a l ly  three 

functions which determine an adaptive ly  con tro l led  system shown 

in Fig. 1.1:

1. Id en t i f ic a t io n ;

2. Ca lcu la t ion  and dec is ion; and,

3. M od if ica t ion .
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The id e n t i f i c a t io n  measures the actual state of the process 

performance without taking i t s  q ua l ity  in to cons iderat ion. In 

the second function, the received information is  the basis 

for the c a lc u la t io n  comparing the actual state of preformance 

with a des ired one. The dec is ions can be d irected  toward 

minimum or maximum process condit ions or any required values 

between these extreme points. The m odif icat ion function is  the 

co rrec t ive  ac t ion  needed to adaptive ly  contro l the process. The 

id e n t i f i c a t io n  function which measures the actua l performance 

r e l ie s  mainly on sensing devices to monitor some of the process 

var iab les such as the cutt ing  forces, power consumption, tool 

defection, too l wear, and so on.

Fig.1.1 Structure of adaptive control (1)
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Adaptive con tro l un its, which have been marketed, are 

mainly based on ACC systems. To develop ACO systems, there 

ex is ts  two d i f f i c u l t i e s ,  contro l strategy and sensor technology. 

These problems have never been s a t i s f a c t o r i l y  solved.

โท an ACO system developed by Centner and Idelsohn (1), i t  

was necessary to detect the tool wear rate. Takeyama, Sekiguchi, 

and Takada (2) developed a system which se lected the optimum 

cu tt ing  cond it ions by in-process measurement of cu t t ing  forces.

The optimum cu tt ing  conditions can be determined by 

means of a performance index such as machining cost or production 

rate, and Tay lo r ’ s too l l i f e  equation (3) as in the fo llow ing 

equation :

V F ' 1 T n c (1.1)

where V = cu tt ing  speed (m/min);

F = feed rate (mm/rev);

T = too l l i f e  (min)ะ 

a = exponent of feed rate;

ท = exponent of tool l i f e ;  and, 

c = constant in tool l i f e  equation.

Namely, i f  the parameters included in the equation 1.1 

are known exactly , i t  is poss ib le  to se lec t the optimum cu tt ing  

cond it ions. These parameters, however, take d i f fe re n t  values for 

various combinations of tool and workpiece. Therefore, many 

measurements are necessary to determine these values.

Although abundant too l l i f e  data have been reported in 

various pub lica t ions , such information is  not always app licab le  

fo r a p a r t ic u la r  job or s p e c ia l ly  for new work m ater ia ls  or tool
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materia ls. Therefore, the tool l i f e  equation has to be determined 

or estimated by some means for such s p e c i f ic  cases. The usual 

p rac t ice  to obtain a tool l i f e  re la t ion sh ip  is  to conduct an 

elaborate tool l i f e  tes t at a machinabi1i t y  laboratory under 

pre-designed tes t  cond it ions and tool l i f e  c r i t e r i a  which is 

usua lly  based upon e ithe r a predetermined f lank  wear l im i t  or 

c ra te r wear. These tool l i f e  tests are time consuming and 

expensive. Also there is no guarantee that these tool l i f e  data, 

under a laboratory tes t condition, can be re ad i ly  app lied  to 

actual production operations with a machine too l in a workshop. 

As a matter of fact, unless the tool l i f e  data is  reasonably well 

tested and adjusted fo r p ra c t ica l app lica t ions  subject to various 

r e s t r i c t i o n s , i t  is  a common experience to f ind  many d iscrepanc ies 

when the laboratory tested tool l i f e  data is  d i r e c t ly  app lied  to 

shop production operations.

To improve the poss ib le  discrepancy of such laboratory 

tested too l l i f e  data, Hitomi (4) proposed a method ca l led  

"Optimum Seeking Machining". His Method was used to estimate the 

tool l i f e  parameters with production data ava i la b le  from actua l 

workshop operations.

Yonetsu, Inasaki, and Kijima (5) app lied a recurs ive  

estimation method to estimate parameters included in Tay lo r ’ s 

tool l i f e  equation and extended the contro l method to adaptive 

contro l by app l ic a t io n  of the variance perturbation method.

For a concept re f in in g  the techniques with a su itab le  

computer program, the method ca l led  "Optimum Gradient Method" (6) 

is  proposed. The advantage of the optimum gradient method is  that 

in most problems i t  w i l l  be necessary to make exporation moves to 

f ind  the grad ient a f te r  every step move based on "Evo lu tionary
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O p e r a t i o n  M e t h o d " . '  

e a c h  e x p l o r a t o r y ,  

c o n s u m i n g  a n d  l e s s

S i n c e  t h e r e  i s  a  t i m e  a n d  c o s t  a s s o c i a t e d  w i t h  

t h e  o p t i m u m  g r a d i e n t  m e t h o d  c a n  b e  l e s s  t i m e  

e x p e n s i v e  t o  o p e r a t e  i n  m o s t  s e a r c h  p r o b l e m s .
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