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Abstract: - The paper  presents a new method for online identification of the dimensional dynamics to be used 
for the dimensional control of reconfigurable machining systems. The dimensional control is designed as 
adaptive and predictive.  
  The dimensional control of the reconfigurable machining system is a key action in order to achieve the 
quality desired for the finite product. As a diminishing deviation presents the disadvantage that reducing 
deviations are accompanied by high costs, the deviation compensation implies a better control of the process. 
            The deviation compensation emerged during the working process requires knowledge of a model which 
describes the dimensional dynamics of the machine tool, which is the relation between the dimensional 
changing of the processed part and the parameters of the process. On the other hand the behavior of the 
machining system evolution changes significantly in time even during the processing of a small number of parts 
processed. This is the reason that dimensional dynamics must reveal the changing in time of the relation 
between dimensional variation of the parts and the process parameters.  
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1   Introduction 
The dimensional control of the processing is a key 
action to obtain the needed quality for the finite 
product. There are used two techniques for 
controlling the dimensional deviation: 

a) the diminishing of the deviation by reducing 
the values of the process parameters and the use 
several consecutive processing; 

b) the deviation compensation by modifying the 
programmed trajectory of the tool.  

As reducing the deviation presents the main 
drawback that leads to the increase of the cost, the 
deviation compensation is a more suitable solution.  

The deviation compensation emerged during the 
processing requires prediction based on a model that 
describes the dimensional dynamics of the machine 
tool ([1], [2], [4]), meaning the relation between the 
modifying dimension of the part processed and the 
processing parameters. On the other hand, the 
behavior of the machining system evolves 
significantly in time, even during the processing of a 
small part batch. This is the reason dimensional 
dynamics must comprise changing in time of the 
relation between dimensional part variation and the 
processing parameters.  

In literature there are presented several 
compensation techniques as it follows: 

a) all the parts are measured before and after 
the processing; the compensation is represented by 
the difference between the target surface and the 
obtained one [1]; 

b) the compensation of some of the components 
of the error [4], [5] is performed;  

c) the processing parameters are kept constant 
in order to obtain a uniform deviation. 

All the papers presented identify and compensate 
the components of the error and not the error itself 
[3], [7], [8].  

The purpose of the paper is to develop a new 
method for online identification of the dimensional 
dynamics to be used in the dimensional control of the 
Reconfigurable Machining Tool (RMT). This 
dimensional control is designed as being adaptive 
and predictive.  

The proposed method is experimentally tested in 
order to evaluate the performance when applying to 
an actual case; in chapter 2 it is described the 
identification algorithm of the dimensional 
dynamics; in chapter 3 it is shown the experimental 
research of dimensional dynamics; finally, chapter 4 
comprises discussions and conclusions concerning 
the obtained results. 
 
 



2 The Algorithm for online 
identification of the dimensional 
dynamics 
We  considere that a RMT has been configured and 
the tooling is changed to be able to process another 
part of the same product family. As a consequence of 
these changes the RMT behaviour has modified and 
the model that describes its behaviour is no longer 
valid [6]. It is neccessary that RMT should be re-
identified, representing an important part of the 
ramp-up-time. We consider, that the RMT  processes 
the part number n of the batch. We need to identify 
the relation between  the dimensional deviation 
occurred during the processing of a part, and the data 
resulted from the monitoring of the RMT during the 
processing all of the previous n-1 parts. 

In order to describe the stationary state of the 
system coresponding to a certain bin of the tool 
trajectory the following variables will be used:  
- variables that describe the mechanical field; these 
may represent components of the cutting force; F(1), 
F(2), F(3) (average values of these in a bin width); 
- variables that describe the  thermical field; these 
may be average values T(1), T(2), T(3) of the 
temperature from certain position of the RMT, 
- variable i represents the count number of the bin 
corresponding to the tool trajectory, 
- variable j representing the count number of the 
parts group processed that due to the shape and 
position error  and wear can be considered 
unchanged.  
The numbering of the part processed, considered 
with the wear unchanged, has its origin in the current 
part, e.g. during processing the second part wear can 
be considered unchanged, then n, n-1 parts  represent 
such a group with numbering k=1, and the parts n-2, 
n-3 form a second group  for k=2 and so on. This 
variable characterises the tool wear and the RMT 
behaviour corresponding to the processing period of 
time for the current part, 
- deviation  corresponding to the bin order i 
number. 

δ

Variables F, T and  values will be scaled on 
their own variation in such a way that all the 
variables can be represented by integer values. For 
instance in fig.1  these variables have been scaled 
using 6 levels. 

δ

 
Fig. 1. Three representation ways of the  steady state 
of the system coresponding to the one tool path bin 

We define RMT state using an interger number 
set representing the thermical and mechanical fields, 
position and deviation.  

The RMT state in a certain step will be 
represented as it follows:  

 
where F(1), F(2), F(3) , representing the obtained values 
by signal processing of the data read by different 
sensors in different points of the system, T(1), T(2), 
T(3) , representing the temperatures measured in 
different points of the system, i is the order bin 
number from the tool trajectory corresponding to the 
processing of a part, and k is the current number of 
the parts group processed with shape and position 
error, can be considered unchanged. 

For the sake of simplicity let us consider that the 
mechanical field is evaluated in a single point on the 
machine. In this case four states can considered 

{ }   k i T FS 111111 δ= ,  { }   k i T FS 222222 δ= , 

{ }   k i T FS 33333 3δ= ,            { }   k i T FS 44444 4δ= .  
In the state field we define the following metrics. 

The difference between  S1 si S2 states is: 
( ) ( ) ( ) ( ),kk, ii ,TT ,FF{SS 2121212121 −−−−=−  

     ( )}21 δδ −      (1) 
The distance between the states is:  

2121212121 kkiiTTFF),( −+−+−+−=SSd (2) 

Several states are considered as  part of the same 
equivalence class if the input variables meet a certain 
condition. For instance, we consider the 
classification of states depending on their distance 
with an indicated state. States that have the distance 



a relative to the indicated state form an equivalence 
class of a order. peculiarly, if a=0, then the states are 
identical. 

The transition is defined as a pair of states, one is 
considered the initial state and the second is the final 
state and they are represented as it follows: 
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For given transitions we define the difference 
between two transitions:  

⎭
⎬
⎫

⎩
⎨
⎧

−−−−−
−−−−−

=−
4242424242

3131313131
(3,4)(1,2) δδkkiiTTFF

δδkkiiTTFF
ττ .   (4) 

We consider that two transitions are equivalent if 
the difference is: 
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Two equivalent transitions have the same 
variation of input values (mechanical field (F), 
thermical field (T) and position (i, k)). This is the 
reason that the same output variation will occur, 
represented by:  
( ) ( )sqrp δδδδ −=− .     (6) 

The identification algorithm is represented in  
figure 2: 
 

 
Fig.2. Data processing algorithm  

 
 

3 Experimental researches 
It has been processed a 70 parts batch (fig.3). The 

linear trajectory of the tool was divided in 5 regions. 
The dimensional control algorithm was operated 

separatly in each of the zones. During the processing 
the cutting force was measured. The average value of  
the corresponding cutting force was used for the 
dimensional control of a certain zone from the tool 
path.  

Using the proposed algorithm and taking into 
account the recent event emerged concerning the 
processing system evolution, we simulated the 
dimensional compensation and we obtained the 
following results:  

Initial state 

-the average value of the deviation decreased 
from 0.837014 mm to 0.0103 mm, meaning a 81 
times improvement;  

- standard deviation decreased from 0.249 mm to 
0.23 mm, that is a 1.1 time improvement. 

 
Fig.3 Blank work piece 

 
It is noted that the performance of the method is 

very good as the dimensional dynamics of the system 
is described sufficiently accurate.  

Applying this method is quite simple, with a 
small number of operations to complete the  
prediction, meaning that the speed of the prediction 
calculus is very high. The dimensional compensation 
is performed online from this deriving a low 
production cost. 

The precision can be improved by increasing the 
number of zones of the tool path, as well as the 
decreasing of width of the intervals of scaling for 
process variables. 

 
 

4 Conclusions 
We can state that the proposed method is able to 
improve the RMT behavior for mechanical cutting 
processing, improving the processing precision by 
compensating the errors.  

The novelty of the proposed method is that 
considering the whole error as an entity, it 
successfully achieves to differentiate deviation 

 
Final state 



compensation in  the process. 
 Using this method the time needed for the 

identification of the RMT is reduced. Taking into 
account the evolution in time of the RMT, the model 
is changing continuously, describing a real evolution 
of the system. 
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