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Abstract

High speed machining of low rigidity structures is a widely used process in the aeronautical industry. Along the machining of this type of

structures, the so-called monolithic components, large quantities of material are removed using high removal rate conditions, with the risk of

the instability of the process. Very thin walls will also be milled, with the possibility of lateral vibration of them in some cutting conditions

and at some stages of machining. Chatter is an undesirable phenomenon in all machining processes, causing a reduction in productivity, low

quality of the finished workpieces, and a reduction of the machine-spindle’s working life.

In this study, a method for obtaining the instability or stability lobes, applicable when both the machine structure and the machined

workpiece have similar dynamic behaviours, is presented. Thus, a 3-dimensional lobe diagram has been developed based on the relative

movement of both systems, to cover all the intermediate stages of the machining of the walls. This diagram is different and more exact than

the one that arises out of the mere superposition of the machine and the workpiece lobe diagrams. A previous step of rejecting resonance

modes that are not involved in the milling at the bottom zones of the thin walls must be previously performed.

Finally, the proposed method has been validated, by machining a series of thin walls, applying cutting conditions contrasted with the limits

previously obtained in the three-dimensional lobe diagram.
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1. Introduction

The manufacturing process of monolithic components is

widely used in the aeronautical sector for the manufacturing

of airframe components. The great number of these

workpieces are manufactured by high speed milling,

where problems can arise related to the breakage of the

tools, instability in the process and dimensional errors in the

workpieces. The instability of the process is a vibration

phenomenon known as chatter, which causes the above-

mentioned effects. Chatter phenomena appear in the high

removal rate roughing, as well as in the finishing of low

rigidity airframe components.

Taylor made first evidence and description of chatter in

1907. However, the study of chatter goes back to the 1950s

when Tobias [1] established the basis of the regenerative

chatter theory. In the 1970s other authors concentrated on

the study of the nonlinear aspects of the process. Sexton [2]

established that the two main nonlinear phenomena of the

process are the variation in cutting forces and temperature

with time, and proposed the search for stability varying the

spindle speed. At the end of the 1970s and along the 1980s,

Tlusty et al. [3–5] carried out several studies in this field

focusing on the determination of cutting forces, machine

design and chatter detection. These studies led to the

proposal of a nonlinear milling model and the stability

compared with the modal coupling technique was exam-

ined. They proposed a monitoring and control system [6]

consisting of an active control system implemented in a

computer with communication to the numerical control of

the machining centre, where a algorithm for detecting the

breakage of the tool is implemented along with a chatter

detection system.

Weck [7], performed an in depth study on the dynamic

behaviour of the machines, in which constructive and

analytical solutions were presented for the prevention of
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