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Abstract. The article presents new highly effective methods of milling shaped surfaces, which are 

implemented on four-and five-coordinate CNC machines. For their implementation, three simultaneously 

coordinated movements of the machine's organs are used. To implement the proposed milling methods on 

CNC machines, an electric drive is proposed, built on the basis of a Permanent Magnet Synchronous Motor 

(PMSM) with a vector control system with a proportional P-speed controller. For this purpose, an ecstatic 

control information and measurement system with zero static error is proposed. Comparative results of 

mathematical modeling of transient processes in electric drives with the standard and proposed control 

systems are presented. 

1 Introduction 

In mechanical engineering, controlled electric drive 

systems are widely used on CNC machines, while the 

requirements for drive and control systems are becoming 

more complex in terms of ensuring high speed and 

accuracy of working out control actions. In these 

conditions, AC electric drive systems based on a 

Permanent Magnet Synchronous Motor have proved to 

be the best. 

An urgent problem in mechanical engineering is the 

search for ways to improve the efficiency of machining 

processes, increase labor productivity, tool life and 

cutting quality. Milling is one of the most productive 

processing methods due to the high concentration of 

cutting edges simultaneously involved in the cutting 

process, and at the same time high cost due to the high 

cost of equipment and tools. In addition, milling is 

associated with large volumes of cut material, especially 

when processing complex shaped surfaces, which affects 

the cost of the tool: disk shaped or end radius cutters. 

One of the most effective ways to increase the 

durability of a cutting tool, as shown by recent research, 

is the constant displacement of the cutting edge tip 

during processing relative to the cutting surface, which 

leads to an increase in the active length of the cutting 

edge and a decrease in thermal stresses. For example, 

milling of a complex profile surface with convex 

sections of profiles such as Cams of couplings and gears 

is carried out with a tool with two conical producing 

surfaces that roll over the nominal surface of the part 

with nonlinear coordination between the three 

elementary movements of the workpiece (Fig. 1) [1].     

One of them, the rotational wx1, is carried out in such a 

way that the straight forming tool is consistently tangent 

to each point of the processed profile, and the other two 

Sz and Sy agree with the rotational ωx1, so when 

processing cross sections of a straight profile, the 

forming rolls are applied to the workpiece. 

The screw milling method is used for processing 

complex shallow narrow and wide grooves (Fig. 2) [2, 

3]. When milling wide grooves, the workpiece rotates 

around the Y axis and simultaneously moves in the 

direction of the Y axis until the nominal surface is 

reached and a lenticular surface area is selected. Then 

three movements are made simultaneously in the 

direction of rotation of the movement in the direction of 

the formation of the groove, i.e. X and Z. 
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Fig. 1. Scheme of nonlinear rolling of a complex profile of a 

part with a complex mill. 
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Fig. 2. The scheme of formation of the spiral groove for 

moving the cutter. 

When milling narrow grooves, a lenticular area is 

formed after milling, which is bounded by the edges of 

the groove. The mill performs a relative reciprocating 

motion until the processing surface touches the sides of 

the groove, continuing to sink to its bottom. The 

advantage of this method is the displacement of the 

upper part of the cutting edge (CE) along the entire 

length of the RC, starting from the right side of the cutter 

and ending with the left in one section. The cutting zone 

moves quite intensively relative to the CE, providing a 

good heat sink and low thermal load on the cutting 

edges. 

Theoretical studies have confirmed a significant 

increase in processing productivity and tool life due to 

an increase in the number of teeth simultaneously 

involved in the work, increasing the length of the cutting 

edges due to their constant displacement, i.e., the 

working contact of the vertices of the cutting teeth 

relative to the cutting surface. 

CNC machines are currently widely used in 

engineering production for processing complex shaped 

surfaces, but their capabilities are already used by 10%... 

20 %, for example, when processing pockets of complex 

shapes, the end and disk radii of the cutters move along 

an equidistant surface, which significantly reduces the 

processing performance and tool life. 

The developed milling methods require a fairly 

complex kinematics of forming-three or more complex 

coordinated movements of the machine's organs, and the 

movements are usually non-linearly coordinated, i.e. the 

quantitative ratio between individual movements 

changes, constantly obeying nonlinear laws. The 

provision of such kinematics is possible only with the 

use of CNC machine tools with four or five 

simultaneously controlled coordinates. 

2 Relay-vector control 

To ensure high performance of the machine drive, it is 

advisable to use a PMSM motor that has a minimum 

moment of inertia of the Rotor. An electric drive based 

on a PMSM motor with a vector control system with a 

proportional P-speed controller (Fig.1), provides typical 

transients when starting and adjusting the output 

coordinates of the drive. 

At the same time, to implement the proposed high-

efficiency milling methods on CNC machines, it is 

advisable to perform an astatic system with zero static 

error and a reduction in over-regulation at the time of 

transition from the start-up mode to the steady-state 

mode. As a result of the research, a control system with a 

nonlinear speed controller (NLRS) and flexible speed 

feedback was developed, shown in Fig.3 with a dotted 

line. 

 

Fig. 3. Functional diagram of a PMSM electric drive. 

3 Vector control with sinusoidal PWM 

The results of mathematical modeling of transient 

processes in electric drives with standard and proposed 

control systems are shown in Fig. 4. the graphs show that 

the electric drive system with a nonlinear speed 

controller and flexible speed feedback is more suitable 

for use on CNC machines that implement the proposed 

innovative milling methods. 

 

Fig. 4. Comparative results of transient modeling: a – M(t), b - 

ω(t) electric drive start mode. 
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