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ABSTRACT 

These are the physical entities involved in the machining process: Machine tools: Provide the necessary 

energy and movements (e.g., lathes, milling machines). Cutting tools (Tools): Must have higher hardness 

than the workpiece and a suitable cutting-edge geometry. Workpiece (Machining material): The object 

from which excess metal needs to be removed. Fixtures: Used to position and clamp the workpiece, 

ensuring accuracy during machining. Cutting movements (Movements) The surface shaping process only 

occurs when there is relative movement between the tool and the workpiece: Main movement (Cutting 

movement): This is the movement that creates the cutting speed and consumes the most power (e.g., 

workpiece rotation in turning, tool rotation in milling). Feed movement: This is the movement that moves 

the cutting edge to new areas of metal for continuous cutting (e.g., tool translation along the longitudinal 

or transverse direction). Cutting Parameters (Quantitative) To optimize the process, the operator needs 

to determine 3 main parameters: Cutting speed. Relative speed of the cutting edge on the workpiece 

surface (m/min). Feed rate: Distance the tool moves after one revolution or one workpiece stroke 

(mm/revolution). Cutting depth: Thickness of metal removed in one movement of the tool (mm).        

Keywords: Depth of cut, cutting speed, cutting width, cutting area. 
 

 

 

1. INTRODUCTION 

Milling is a machining method in which chips are removed from the workpiece by a rotating cutter, and 
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the cutting process is maintained by the workpiece's translational movement. The axis of rotation of the 

milling cutter is perpendicular to the direction of the feed motion. 

 

 
 

Figure 1. Image of the actual milling process. 

 

The cutting tool used in milling is the milling cutter. Based on their structure, milling cutters include 

various types: face milling cutters, cylindrical milling cutters, end milling cutters, disc milling cutters, 

profile milling cutters, etc. 

 

 
 

Figure 2. Cutting tools used on a milling machine. 

 

Milling is performed on various types of milling machines, such as vertical milling machines, horizontal 

milling machines, etc., and can also be done on other types of machines. 

 

 

 

 

 

 

 

2. METHOD 
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Figure 3. Cutting elements in milling under different machining conditions. 

Depth of cut t: 

This is the distance between the machined surface and the unmachined surface, measured perpendicular 

to the machined surface after a single cut. 

 

When milling, the feed rate is classified into 3 types: - Tooth feed rate Sz: the feed rate determined after 

the cutter rotates a tooth angle θ. Symbol: Sz, mm/tooth. - Rotational feed rate Sv: the feed rate 

determined after the cutter rotates one revolution. Symbol: Sv, mm/revolution. - Minute feed rate Sph: 

the feed rate determined after one minute. Symbol: Sph, mm/minute. The following relationship exists 

between them: 

               SV = Z . Sz      (1.1) 

                Sph = n . Sv = n . Z . Sz         (1.2) 
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Figure 4. Depth of cut, feed rate during milling. 

Cutting speed V: During milling, due to the feed motion of the cutter, the relative cutting trajectory of a 

point on the cutting edge with respect to the workpiece is an elongated cycloid curve. The cutting speed 

is determined by the equation: 

        (1.3) 

 

 

 

Figure 5. Cutting speed during milling. 

 

In practice, the feed rate of the cutter has a very small value compared to the main cutting speed.  

Usually Vs = (0.5 ÷ 1%) Vn. Therefore, when calculating the cutting mode, VS is often ignored. That is, 

approximately, the relative cutting motion trajectory during milling is considered a circle. Therefore, the 

cutting speed is calculated as: (m/min) (1.4) Where: D - diameter of the milling cutter, mm. n - number 

of revolutions of the cutter in one minute, rev/min.  
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Milling Depth t: This is the size of the metal layer cut, measured perpendicular to the cutter axis, 

corresponding to the contact angle . 

When milling with straight-toothed cylindrical milling cutters, helical milling cutters, disc milling 

cutters, profile milling cutters, or angle milling cutters, the milling depth t coincides with the cutting 

depth. 

When milling grooves with end milling cutters, the milling depth equals the cutter diameter. When 

milling perpendicular surfaces, the milling depth t equals the cutting depth. 

When milling asymmetrical surfaces with face milling cutters, the milling depth is measured 

corresponding to the contact angle , while for asymmetrical milling, the milling depth equals the 

workpiece width. 

 

Milling Width B: The milling width is the size of the metal layer cut, measured along the axial direction 

of the cutter. When milling with a cylindrical milling cutter, the milling width is equal to the workpiece 

width. When milling grooves with a disc milling cutter, the milling width is equal to the groove width. 

When milling grooves with an end milling cutter, the milling width is equal to the groove depth. When 

milling flat surfaces with a face milling cutter, the milling width is equal to the cutting depth. 

 

Contact Angle  This is the angle at the center of the cutter intercepted by the contact arc between the 

cutter and the workpiece. When milling with cylindrical milling cutters, end milling cutters, disc milling 

cutters, and profile milling cutters, the contact angle is calculated using the formula: 

            ,            

                         

 

Figure 6. Contact angle during milling 

a) Using a cylindrical milling cutter. b and c) Symmetrical and asymmetrical milling using a face 

milling cutter. 
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Cutting thickness a: The cutting thickness in milling is the distance between two consecutive positions 

of the relative cutting motion trajectory of a point on the cutting edge, measured perpendicular to the 

main cutting edge, corresponding to the tooth feed rate Sz. Since the relative cutting motion trajectory is 

considered approximately a circle, the cutting thickness in milling is measured in the radial direction of 

the cutter. 

3. RESULTS 

Cutting thickness when milling with straight-toothed and helical-toothed cylindrical milling cutters. 

 

 

Figure 7. Cutting thickness when milling with a cylindrical milling cutter. 

In Figure 7, the thickness of the cut at point M is represented by the segment MC. Approximately, the 

arc MN can be considered a straight-line segment. Then, triangle CMN will be right-angled at M. 

           aM = Sz.sinθ.                                                                           

      θ = 0o ; amin = 0.  

           θ =  ; amax = SZ.sin  

The shear thicknesses a is a function of the angle θ, θ varies from 0 to ψ. Therefore: 

 

 

 

Cutting thickness when milling with a face milling cutter: 

When the machine table moves by an amount SZ, the trajectory of the cutting edge will change from 

position 1 to position 2. The cutter will cut a layer of metal with a thickness aM that changes depending 
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on the position of point M, i.e., depending on the value of angle θ. Approximately, consider DMN as a 

right triangle at M. 

 aM = MD . sinφ ; MD = ND . cosθ = Sz . cosθ; aM = SZ sin φ cos θ                                                                   

 

 

Figure 8. Cutting thickness when milling with a face milling cutter. 

In Figure 8, the angle θ = 0 is conventionally defined at cross-section AA. The left side of cross-section 

AA corresponds to a positive θ value, and the right side corresponds to a negative θ value. With the 

cutter's rotation direction as shown in the figure, each cutter tooth successively participates in cutting at 

cross-section BB, corresponding to θ = ψ/2. Then, as the cutting-edge moves, the angle θ gradually 

decreases to θ = 0 at cross-section AA and then gradually increases again to ψ/2 as the cutter tooth exits 

the contact area with the workpiece at CC. 

4. DISCUSSION 

a) When milling with a straight-toothed cylindrical milling cutter: 

The cutting area cut by a certain i-th tooth is calculated by: 

fi = ai . bi; because: bi = B and ai = Sz.sini. Therefore: fi = Sz.B.sini 

The total cutting area due to n teeth simultaneously participating in cutting is calculated by: 

The average cutting area is calculated by:  
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And b = B and:  
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From the formulas for calculating the cutting area during milling, we see that the cutting area always 

changes during milling and depends on the angle θi. Straight-toothed cylindrical milling cutters have a 

cutting area that changes more during cutting than helical-toothed cylindrical milling cutters. The change 

in the cutting area changes the cutting force and causes vibrations during cutting, negatively affecting the 

surface quality, tool life, and reducing machining productivity. 

To improve the surface quality of the machined part, it is desired that the cutting area does not change 

during milling. A milling process where the cutting area does not change is called balanced milling. From 

the formulas for calculating the cutting area during milling, it can be seen that balanced milling can only 

occur with helical-toothed cylindrical milling cutters. 
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