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Abstract 

This paper presents a study about the workpiece force components (Fx, Fy, Fz) changes in face mill-

ing, which results from changing the depth of cut and the feed rate values. The values of the three 

force components in the face milling operation were found through the FEA-software AdvantEdge by 

Third Wave Systems. This program is uniquely intended for modelling of cutting processes. 

Simulations were carried out within five different cutting depth of cut and feed rate, to compare the 

obtained values and find out the results of the impact of changes on the three force components. 
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1. Introduction 

Machining is one of the most expansively and effectively used part shaping methods. Competent mod-

els are needed for explaining the machining process accurately. Models are the scientific expectations 

of the machining process as reality, in terms of technical and industrial sides. Milling operations are 

the most common machining operations, which can be used in the industry. It is used for material re-

moval, face finishing, edge finishing, etc. Several parameters can influence the acting forces on the 

cutting tool in milling. The forces may become unpredictable and result in larger dimensional because 

of those parameters [1]. 

In industrial practice, the increase in cutting speed has technical limitations especially with consid-

ering the value of the tool life; the machining tools have low tolerance in the revolutions number of the 

spindle. The feed rate increase is only made by choosing the appropriate tool geometry. With increas-

ing the feed rate, the shape of the undeformed chip cross section Ac also changes, which influences the 

cutting forces and the roughness of the machined surface. By increasing fz (feed per tooth), while us-

ing constant depth of cut ap, the medium chip thickness hm increases and changes the ap/fz ratio. Con-

sequently, several cutting technical parameters are changed in addition to the cutting forces [2]. 

Face milling process is an important manufacturing process, which is always used. Identifying the 

force values that are used in this operation would help to optimise the parameters in this process, in 

order to reach the best values, which lead to get the best performance with the longest tool life. 

The depth of cut and feed rate have a direct influence on the cutting forces in milling. Therefore, 

there were many investigations on their impact on the forces. Korkut and Donertas [3] found that the 

cutting forces are getting bigger by increasing the feed rate and depth of cut. Dikshit, et al. [4] found 

that the axial depth of cut is a dominant parameter that affects the tangential and radial forces and ra-

dial depth of cut has more influence on radial and axial cutting forces in comparing to feed per tooth. 
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Kadirgama, et al [5] found that the milling parameter axial depth, feed rate and cutting speed have an 

important influence on producing the high friction force, coefficient, angle and stress. Sequeira, et al. 

[6] found: 

1. The depth of cut had a greater static influence followed by feed rate and spindle speed on work-

piece cutting force component Fx. 

2. The spindle speed had greater static influence followed by feed rate and depth of cut on work-

piece cutting force component Fy. 

3. The feed rate has greater static influence followed by the depth of cut and spindle speed on 

workpiece cutting force component Fz. 

4. The feed rate has greater static influence followed by spindle speed and depth of cut on surface 

roughness. 

2. Methodology 

Two programs were used in order to get the results; AdvantEdge program to simulate the face milling 

operations and obtain the results and Tecplot 360 program to show the three force components and 

analyse them. 

1. AdvantEdge 

AdvantEdge is the premier Finite Element Analysis (FEA) product used to understand the metal 

cutting process. It is a powerful tool for designing, setting up, improving and optimizing machining 

processes. It enables users to determine machining parameters and tooling configurations that can 

reduce cutting forces, temperatures, and part distortion, all off-line. This reduces the need for testing, 

which costs money and valuable production time [7]. It was used in this research to simulate five face 

milling operations with different parameters for each one. The used AdvantEdge version is 7.3.  

2. Tecplot 360 

Tecplot 360 has a data visualization and post-processing tools help to discover, analyse and com-

municate complex data from numerical simulations. It was used in this research to show the resulted 

three force components Fx, Fy, Fz in both of the experiments and simulation. 

3. Simulation parameters 

For using the AdvantEdge program, many parameters are needed. Table 1 shows all the parame-

ters, which were used for the five operations. A symmetrical arrangement was applied in the tests. 

Different depth of cut ap and feed per tooth fz values were used for each one of the five operations 

while the undeformed chip cross section was Ac = 0.1 mm
2
 in all cases. Table 2 shows fz, ap and SV 

for each operation. SV is a relation between the undeformed chip width b and the undeformed chip 

thickness h [8], it can be calculated as SV = ap / fz. 

It is noticed that No 4 and No 5 operations are made with inverse cutting technology since SV for 

them is less than one. Inverse cutting has some differences than the conventional cutting, where in-

verse cutting technology make:  

1. Increase of the dynamic stability in the milling process by: 

- Maximizing of passive force and its impact on the machine spindle. 

- Minimizing of feed force and a decrease of radial tool defluxion. 

2. Make gain in efficiency. 

3. Make the optimisation of chip formation and chip flow [8]. 
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Table 1. Simulation parameters 

Parameter name Value Unit 

Radial rake angle -7 degree 

Axial rake angle 0.4 degree 

Edge radius 0.08 mm 

Tool width 0.2 mm 

Number of teeth 1 tooth 

Cutting diameter 68 mm 

Spindle speed 986 rpm 

Angle of rotation 170 degree 

Workpiece hardness 236 BHN 

Workpiece width 59 mm 

Workpiece length 50 mm 

Workpiece height 50 mm 

Workpiece material Steel C45 ــــــــــــ 

Table 2. Operation parameters 

Operation No 1st 2nd 3rd 4th 5th 

ap 1 0.5 0.316 0.2 0.1 

fz 0.1 0.2 0.316 0.5 1 

SV 10 2.5 1 0.4 0.1 

 

The simulation process may take a long time depending on the used computer specifications. The 

first simulation process took eight days to be done. After the simulation is done, the results can be 

obtained by using Tecplot 360 program, which was used to obtain the results of the experiments pre-

viously. AdvantEdge software applies a simulation for the face milling operation. Figure 1 shows an 

illustration for the cutting simulation, it shows the insert tool simulation while it cuts the workpiece. 
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  Figure 1. AdvantEdge simulation 

4. Simulation results 

By using Tecplot 360 to show the resulted forces, it can be obtained as a graph for each simulation 

operation. The graph can be opened directly from AdvantEdge software or from Tecplot software by 

using Quick Analyser and choosing the wanted result. The graph shows one cutting period for each 

operation. Figure 2 shows the resulted graph for the simulated first operation. 

 

    Figure 2. Original first simulation operation graph 
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The simulation curve is not clear and it has a big distortion. One of the options in Tecplot is chang-

ing the curve type. Therefore, the curve type was changed to have more clear curves from Line Seg-

ment type to Polynomial Fit type.  

By applying the new curve type, the new resulted graph appears, Figure 3. 

 

    Figure 3. First simulation operation graph 

Different changes can be noticed for each one of the forces. Fx has increasing at the beginning of 

the cutting period then decreasing until reaching negative value at the end of the cutting period but the 

positive value for Fx stays bigger than the negative one. Fy is the biggest value even it starts from 

zero, it has the same traditional Fy shape where it starts to increase to reach the maximum value then 

return to zero. Fz has less value changes and it stays in the positive area, it has the smallest maximum 

value among the three forces. The curves show similar shape and characteristics to the traditional 

round insert results. For the other operations, from second to fifth, Figure 4 shows the resulted graphs. 

The second operation has almost the same characteristics of the first one with slight changes in the 

forces into bigger values. Fx has the conventional curve where it increases to reach more than 900 N 

then decreases to the negative value to reach almost -600 N then increases again to reach the zero val-

ue almost at the end. Fy starts from zero until it reaches the biggest value (more than 1000 N) in the 

middle of the cutting period then it decreases after the middle of the period to reach almost zero at the 

end. Fz starts with more than 800 N value almost than it is still almost stable until the end where it 

decreases to reach almost zero.  

The third simulation operation has almost the same characteristics of the previous operations with 

slight decreasing in the values of the force. 

The fourth simulation operation has a big decreasing in the values of Fx and Fy but Fz has just a 

slight decreasing.  

The fifth simulation operation shows huge decreasing in the values of Fx and Fy while Fz has a 

slight change in its value. That makes Fz has the biggest value among the three force components, 
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which in line with previous studies on the inverse cutting technology [8]. The inverse cutting is result-

ed in changing the feed rate and the depth of cut values. 

 

  

  
      Figure 4. Second to fifth simulation operation graphs 

The maximum forces values for the five simulation operations are summarized in Table 3. 

Table 3. Max forces values (N) 

Operation No 1st 2nd 3rd 4th 5th 

Fx 789 948 882 406 37 

Fy 836 1026 1005 537 60 

Fz 606 826 723 512 433 

The first and second operations use a conventional cutting method since SV for them is more than 

one while the fourth and fifth operations use inverse cutting technology since SV for them is less than 

one.  
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Figure 5 illustrates the force components changes from an operation to another. There are two dif-

ferent characteristic areas depending on SV value. Firstly, from 10 to 1, where the forces are increas-

ing slightly until they stabled, since the increasing of feed rate increases the  values of the force while 

the decrease of depth of cut decreases the values of the force, it appears that the feed rate has a strong-

er influence on the forces in this area, which makes the values of the force bigger. Secondly, from 1 to 

0.1, where the forces Fx and Fy are decreasing significantly while Fz has less decreasing, which 

makes Fz the biggest force among the three components, it appears that the depth of cut has a stronger 

influence on the forces change than the feed rate. Therefore, we can consider that the cutting parame-

ters affect the three force components Fx, Fy, Fz values directly but that effect is related to the cutting 

method, whether it is conventional or inverse technology. 

 

Figure 5. Fx, Fy, Fz changes 

5. Summary 

The simulation study showed different response to decrease the depth of cut ap and increase the feed 

per tooth fz where it was related to SV value whether it is conventional cutting (more than one) or in-

verse cutting (less than one). In the conventional cutting, the force components are increasing by the 

decrease of SV value. In the inverse cutting, the force components are decreasing by the decrease of 

SV value. This should be taken into consideration when using high feed rate in face mailing, to aim to 

work in inverse cutting conditions in order to be required fewer forces values, which may result in less 

power consumption for the used machine, more stability during the milling and longer tool life. 
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