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Abstract 

 

The trend of today is to manufacture even highly-intricate parts in the least number of technological steps. With this 

strategy, it is necessary to finish complex 3D surfaces with the best qualitative results. Where mill finishing is the last 

operation (e.g. in making a forging die), it is essential that the quality of the finished surface is acceptable without the 

need for other finishing technologies. This paper deals with the influence of the chosen finishing strategy on dimensional 

accuracy. In many types of production, dimensional accuracy is more fundamental than, for example, the quality of the 

finished surface. Also, efforts to meet very narrow tolerance limits for complex 3D surfaces with milling are becoming 

more and more common. Another aspect analysed here is the use of constant cutting speed in mill finishing with the aim 

to increase the efficiency of finishing operations. 
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1. Introduction 

 

Operations planning is being increasingly dominated by CA (computer-aided) systems. Advanced CAD/CAM systems 

offer a number of functionalities with a broad range of operations and upgrades which contribute to machining quality. 

[6] Their strengths are best manifested in tasks that involve complex tool paths. Such paths, which are typically used in 

machining three-dimensional intricate-shaped surfaces, are mostly associated with milling. 

 

Milling has seen major developments in the recent decade. A majority of innovation efforts, whether involving 

improvement in the cutting performance of tools or upgrading the functional properties of machines and clamping 

equipment, aim to enhance the productivity and reduce the production costs of milled surfaces.CAM systems and their 

milling strategies are a potent tool for increasing the efficiency of preparation of both NC programs and the actual 

production. This applies particularly to roughing and semi-finishing strategies. 

 

- 0575 -



28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

CAM systems offer superior solutions for these machining stages. The main reasons are the adaptive control of the 

tool and the growing use of trochoidal tool path generation. As a result, near-constant tool loads can be achieved. More 

aggressive cutting conditions can be applied with these strategies to improve productivity. 

 

This article describes an investigation which focused on the finishing stage. The finishing strategies available in 

today’s CAM systems are relatively powerful and of reasonable quality. One disadvantage is that tools for aggressive 
cutting conditions are not available for finishing strategies, unlike in the previous two stages. 

 

Today, efficiency can only be improved by selecting a different machine, cutting tool, clamping method or by other 

alterations to the machine-tool-workpiece-fixture system. Finishing thus becomes rather time-consuming and costly, 

particularly with intricate-shaped surfaces. 

 

Several scientific studies were therefore devoted to investigating the potential for improving the finishing efficiency. 

An example of how finishing strategies compare is presented in [10]. The paper compared finishing strategies in 5-axis 

operations but mainly from the productivity perspective. 

 

More interesting information can be found in article [11] which dealt with machined surface accuracy but only in 

terms of interpolation of the surface and not as a result of a particular strategy. 

 

Nevertheless, there are studies which are closer to the issue of our interest. The paper “The Influence of Different 
Types of Copy Milling on the Surface Roughness and Tool Life of End Mills” [7] focused on the impact of the finishing 

strategy on tool wear and on the dimensional accuracy of the finished surface. 

 

In terms of certain parameters, these studies correspond with the topic discussed here. However, none of them explores 

the relationship between a machining strategy and the use of a constant cutting speed, the dimensional accuracy, and the 

geometric accuracy of the finished surface. The purpose of this article is to present the current results of research into 

these aspects. 

 

CA Computer Aided 

CAM Computer Aided Manufacturing 

CAD Computer Aided Design 

CNC Computer Numerical Control 

CMM Coordinate-measuring machine 

Z Linear Z axis 

ap Stepover 

fz Feed per tooth 

vc Cutting Speed 

DIN Deutsche Industrie-Norm (German Industrial Standard) 

Dtool Tool diameter 

 

Table 1. Symbols 

 

2. Finishing strategy 

 

The key distinction between finishing operations and roughing and semi-finishing is in the requirement for achieving 

specified dimensional accuracy and quality of surface, ideally within the shortest time. These requirements are reflected 

in the operations offered by CAM systems.  

 

In finishing, the main difference is in the choice between parallel machining and flow-line machining. For illustration, 

Figure 1 shows the results of the research report presented in [9] which covered this topic. They clearly indicate that the 

choice of strategy has an impact on the dimensional accuracy of the finished surface. [8] 
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Fig. 1. Examples of stepover calculation strategies: A) Parallel machining strategy, B) Flow-line machining strategy, C) 

Results of parallel machining strategy, D) Results of flow-line machining strategy. [9] 

 
 

However, this research did not deal with curve-based stepover calculation, and therefore it was not quite clear whether 

this parameter had an impact on the finished surface. 

 

 
 

Fig. 2. Comparison between strategies applied to a shaped surface [3] 

 

The topic is, however, described in the article “Tool-Path Scheduling for Free-Form Surface Based on MasterCAM” 
[3]. This study focused on the effects of stepover calculation but not on the impact on the accuracy of the finished surface, 

see Fig. 2. Nevertheless, it was clear that the type of stepover calculation had a fundamental bearing on the quality of the 

finished surface. In finishing of shaped surfaces, the choice of strategy is one of important aspects. 
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Details of the workpiece dimensions are given in Table 2. 

 

 
 

Fig. 4. Tested shaped surface [1] 

 

3.2. Tool selection 

 

A ball end mill was employed, which is used predominantly for finishing sculptured 3D surfaces. With such tools, the 

effective cutting diameter changes with the slope of the original surface. Therefore, the effective cutting speed varies 

when standard strategies are used in which rotation speed is based on the maximum diameter of the tool. 

 

 
 

Fig. 5. Effective cutting diameter in cutting a sloping surface 

 

Tool 

Supplier ISCAR 

Designation HCM D16-A-L130-C16 

Dtool [mm] 16 

Number of teeth 2 

Cutting conditions 

vc [m/min] 150 

ap [mm] 0,2 

fz [mm] 0,2 

 

Table 3. Tool and cutting conditions 

 

3.3. Choice of strategy 

 

In order to verify the assumptions, two tool path stepover calculation strategies were chosen: 

• constant Z  

• curve-based constant stepover calculation 
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Both strategies were implemented by manual programming. Therefore, any potential influence of a CAM system was 

eliminated and accurate stepover calculation for the tool path was obtained. Details of the experiment are given in Tables 

3 and 4. 

 

Cubes Strategy 

1 Stepover calculation along a curve – constant n 

2 Constant Z stepover calculation – constant n 

3 Stepover calculation along a curve – constant vc 

4 Constant Z stepover calculation – constant vc 

 

Table 4. Strategies chosen for individual cubes 

 

Cutting forces were measured using a Kistler load cell. Dimensional accuracy was evaluated using a CMM instrument 

(Carl Zeiss Prismo 7 Navigator). 

 

Evaluation of the experiment 

 

In order to obtain objective data on dimensional accuracy, readings along three section planes were collected from 

each surface under test. This translates into 9 points for each surface under test. This is sufficient for subsequent 

evaluation. A mean value was calculated from these readings. Hence, seven values were obtained for each cube, i.e. one 

value for each machined surface. 

The mean values from measured data for individual surfaces are plotted in the graphs. The graphs show that the total 

variance in cubes 2 and 4 is smaller than in cubes 1 a 3.  

In cubes 1 and 3, the amount of rest material above the nominal surface increases uniformly up to the 4th surface, 

beyond which it decreases uniformly. By contrast, the amount of rest material above the nominal surface varies 

considerably in cubes 2 and 4. 

 

 
 

Graph 1. Average distance of points from individual surfaces 

 

The cutting force values indicate that using a constant cutting speed can reduce the interval of cutting forces by up to 

several tens of newton’s [N]. This is a relatively significant advantage from the perspective of finishing, where the 

maximal cutting forces are not of key importance because the purpose is to machine the surface as uniformly as possible. 

 

Strategy Cutting force interval [N] Machine time for machining 

[min] 

Stepover calculation along a curve – constant n 48.439 77 

Constant Z stepover calculation – constant n 65.16 67 

Stepover calculation along a curve – constant vc 28.85 47 

Constant Z stepover calculation – constant vc 54.401 44 

 

Table 5. Cutting force values and machining times for individual strategies 
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4. Summary 

 

The measured data show that from the perspective of dimensional accuracy of the finished surface, the choice of 

strategy or tool path stepover calculation has a relatively significant impact. Both strategies used here, however, result in 

considerable deviations from the nominal surface. The research team considers the stepover calculation along a curve to 

be more favourable. This stepover calculation exhibits a uniform increase in the amount of rest material. In addition, it is 

easier to meet the prescribed dimensional tolerance with the stepover calculation along a curve. Better inaccuracy 

compensation is achieved with this strategy than with the other one where the profile varies considerably. 

The use of constant cutting speed leads to a narrower interval of measured cutting forces. In addition, machining times 

are significantly shorter at constant cutting speed. One can therefore conclude that this option improves the efficiency of 

finishing. 

The findings provide insight into the effects of finishing strategies which can lead to shorter machining times, better 

surface and, last but not least, control over dimensional accuracy. This article describes a pre-experiment which can be 

useful for developing a relevant methodology. The research team continues to explore this issue. Over a long term, further 

relationships between the parameters of finishing of shaped surfaces will be explored. On this basis, a methodology could 

be developed in future to simplify the choice of finishing parameters for specific requirements. 
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