
A NEW THEORY CONCERNING CUTTING STABILITY, BASED ON 
PROCESS CHAOTIC DYNAMICS AND ITS APPLICATION TO 

STABILITY INTELLIGENT CONTROL 
- Project objectives - 

 
 
The starting points for defining the objectives of this project are: 

1. Instability phenomena are definitively compromising mechanical manufacturing 
processes, because the product resulted in such conditions is unacceptable from 
quality point of view and the machining system is in danger; as consequence, only 
working in conditions of stable functioning is acceptable. 

2. To a certain technological system (machine-tool – device – piece – cutting tool) found 
in a given functioning point, passing from unstable domain to stable domain is 
anytime possible, by reducing cutting speed and/or cutting depth. Between these 
parameters limit values there is certain interdependence. This means a reduction of 
cutting process intensity, which leads to a loss (sometimes dramatic) of productivity. 

3. The stability limit of a certain process depends on its parameters but also on the local 
characteristics of technological system (dynamical stiffness, own frequencies etc.), the 
last ones modifying permanently during manufacturing process. It follows that also the 
stable functioning domain, respective the unstable functioning one are permanently 
changing during machining. Although this things, working regime doesn’t follow 
stability domain evolution because, when a manufacturing process is programmed, 
cutting speed and depth are kept constant, at a level low enough to avoid instability. 
This inconvenient is amplifying in the case of reconfigurable manufacturing systems, 
where the necessity of rapidly adapting the machine to the product leads to an 
essential change of machine hardware architecture (and thus, of its dynamical 
behavior) due to reconfiguration. 

4. In the conditions of current materials used to build cutting tools, that allow working 
with extremely intense cutting regimes, the main obstacle in increasing cutting 
processes efficiency is their instability. 

The aim of this project is to increase the efficiency of mechanical manufacturing 
processes, by completely using the domain of machine-tool – device – piece – cutting tool 
system stable functioning, based on process stability control in real time. The project 
intends to develop a new class of technological systems, which will be named 
technological systems with stability control. Being equipped with an intelligent system 
of stability control, they will have stability guaranteed in any conditions of functioning 
and thus they will be more competitive on machine-tools market. 

Key ideas to develop this project are the following: 
1. Stability limit modifies between broad limits, by changing the worked piece, the device 

or the cutting tool, but also when tool moves along programmed trajectory. Those’s 
why machining processes are, almost permanently, far from stability limit and, thus, 
remain significant resources to increase their efficiency, which could be capitalized by 
conceiving and implementing an intelligent system to do stability control in real time. 



2. To detect the permanent modification, in time and space, of the stability limit, it is 
necessary to do technological system on-line identification, based on the idea that 
machine functioning during manufacturing a specimen is the best experience to realize 
the identification. Processing with data-mining techniques the results outgoing from 
this experience can lead to the conception of an intelligent control system, with high 
standards of performance. 

3. Because to a given system machine-tool – device – piece – cutting tool, eliminating 
instability implies, obviously, process efficiency diminution, maximum level of 
efficiency is reached when the functioning point is placed in the stable domain, but as 
close as possible to the stability limit. In other words, more the functioning point is 
away from the stability limit, the manufacturing process is less efficient. 

4. According to the observations of this project research team members, the position of 
machine current functioning point can be evaluated respect to the stability limit, by 
modeling with chaotic models the evolution in time of technological system 
characteristic parameters (see Fig.5, where F means the cutting Force, F’ means its 
derivative, F’- F is phase portrait  and λ – Lyapunov exponent). 

 
Fig.5 – Analysis of Cutting Process Dynamics by Using Chaos Theory Tools: a – 

unstable, b – stable process 
Project objectives This project aims the development of a new theory 

concerning cutting stability, based on chaotic dynamics of the system process – machine 
and its application to stability intelligent control, in real time, by on-line re-identification, 
with data-mining techniques. To achieve tis purpose, it is necessary to reach the 
following objectives: 
1. Elaboration, at conceptually level, of a new theory of mechanical manufacturing 

processes stability, based on considering cutting as chaotic process. As it is known, 
cutting processes stability classic theory is based on a linear dynamics approach, 
developed starting from the block-scheme shown in Fig.2, where transfer function Y1 
(characterizing the cutting process) is a constant and transfer function Y2 
(characterizing the technological system) is a linear function. This approach can’t 
explain stability limit dependence to machining speed and feed. On the other hand, 
there are situations when instability appearance can’t be understood by using the 
classic theory. Researches already done by this project collective lead to the idea that 
cutting should be treated as chaotic process, with bifurcation points, attractors and 
limit cycles, Fig.6, and this could further lead to a better understanding of the 
conditions to pass from stability to instability and to create the conditions of realize 



stability control. Obviously, under these conditions, Y1 and Y2 are non-linear. 

 
Fig.6 – Dependence Chatter Frequency / Cutting Speed, Suggesting the Existance of Two 

Limit-Cycles 
 

2. Choosing the models families to properly describe cutting processes chaotic 
dynamics. Inside Chaos Theory, there are presented a large number of models to 
describe non-linear behavior, typical to diverse systems. Starting from here, the 
models possible to be applied, after adapting them, to characterize cutting processes 
dynamics, must be identified. An important aspect is their simplicity, to enable a 
process simpler identification, in real time. 

3. Conceiving a method to determine in real time the stability limit. After choosing the 
typology of the models to be used to characterize cutting processes dynamics, they 
will be used to find, in real time, the stability limit, by analyzing the evolution of one 
or more process characteristic parameters. Probably, this analysis will bring the 
possibility of understanding the dependence between speed and feed, on one hand and 
cutting process stability limit, on the other hand. 

4. The simulation of the new theory concerning cutting processes stability application 
to main methods of manufacturing by cutting (turning, milling, grinding). Having in 
view the particularities of each fundamental cutting procedure, it is necessary to 
simulate the application of the new stability theory, to each case in particular. 
Depending on the results of these simulations, we shall decide on the possibility of 
conceiving a unitary system to control the stability, applicable to all manufacturing 
procedures or there will be necessary specific systems to each one of them. 

5. Conceiving and building an experimental stand to identify cutting processes chaotic 
dynamics. To realize adopted chaotic models experimental validation, in order to 
describe manufacturing systems stability, an adequate experimental stand will be 
conceived. It must will be able to allow on-line measurement of a sufficient number of 
parameters characteristic to cutting process, to enable the relieving the connection 
between manufacturing stability and the evolution of one or more of these parameters.  

6. Experimental identification of cutting processes chaotic dynamics, in different 
working conditions and to different categories of materials. Having in view the broad 
limits of modifying the stability limit, depending on the possible modifications in the 



technological system, it is necessary to realize the experimental identification in 
conditions of diverse working conditions and for diverse worked materials. This way, 
a very useful data base will be realized to instruct the intelligent system to control the 
stability.  

7. Conceiving an intelligent system to control mechanical manufacturing processes 
stability by their on-line identification with chaotic models, by using data-mining 
techniques. In other words, we are aiming, by monitoring the parameter(s) 
characteristic to stability chaotic model, to be able to evaluate the position of 
technological system current functioning point respect to the stability limit. By 
knowing this position, it will be possible to intervene, by intensifying cutting regime, 
in order to move closer to the limit, without overtaking it. This way, a maximization of 
cutting process efficiency will be done. Same time, the control system (as intelligent 
system) must memorize and interpret the typical situations encountered, to adequate 
react in similar cases. 

8. Realizing and experimentally applying the control system, in the case of turning 
processes. By considering the complexity which a stability control intelligent system 
supposes, and also the results already obtained by the members of this project 
collective in evaluating the chaotic character of turning processes, we suggest to 
effectively realize a first stability control system for this manufacturing method. 
Further, based on the results from this first application, it will be possible to realize 
control systems also in the cases of other technological procedures. 

9. Intelligent system to control cutting processes stability performances evaluation. The 
effects from using the intelligent system to control stability must be analysed to reveal 
with accuracy the performance level and the degree of competitiveness of a machine-
tool equipped with such a system. This thing will become possible based on 
experimental results obtained in different cases of applying the system, by using an 
appropriate system of (relevant) performance indicators. 

The original elements targeted in this project are, mainly, the following: 
- Approaching cutting processes dynamics as non-linear, chaotic type; 
- Identifying chaotic type models to describe main manufacturing processes by cutting 

(turning, milling, grinding) dynamics;  
- Delimitation of cutting processes stability/instability domains through parameters 

characteristic to chaotic type models; 
- Characterization of a certain manufacturing process efficiency by referring its current 

functioning point to the technological system stability limit; 
- Conceiving an intelligent system to control the stability by on-line identification with 

data-mining techniques. 
Project importance for the domain results, at one hand, from the fact that the 

new Cutting Stability Theory will open new horizons and will allow crystallisation of 
new research directions in the domain, because of considering on totally new basis of the 
problems concerning cutting process stability. On the other hand, the same importance is 
highlighted by the attention accorded by prestigious publications* and research teams** 
to the possibilities of applying nonlinear dynamics laws to realise technological systems 
behaviour modelling. 

  * E.g. International Journal of Advanced Manufacturing Technologies, Nonlinear 
Dynamics 



** E.g. research teams of prof. Francis C. Moon (Cornell University) or prof. 
Balakumar Balachandran (University of Maryland) 
The estimated impact of this project must be considered in both scientific and 
technological field. From scientific point of view, the impact will consist in a better 
understanding of phenomena connected to the cutting process, by explaining the 
dependences between cutting regime parameters (speed, feed) and process stability; also, 
by realizing the intelligent system to control the stability, the concept of controlling 
(stabilizing) a phenomenon with chaotic evolution is launched and it could be further 
extended to other processes different from cutting. On a larger horizon, the new theory 
concerning stability could be the first step towards developing a new theory concerning 
cutting process, which will be able to give a response to other problems that current 
theory can’t explain rigorously (e.g. thermic phenomena in cutting processes). From 
technological point of view, the major impact will be the development of a new class of 
technological systems, equipped with intelligent systems to control the stability, with 
performances superior to currently existing technological systems. 


