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Abstract. This paper presents an application of thread milling and drilling models for prediction of 
forces generated by thrilling tools. The chip thickness and cutting force models are developed 
considering the unique geometry of the tool. The mechanics of cutting for drilling is applied for the 
first stage of cut and the thread milling model is applied on a helical path.  
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1. INTRODUCTION 
 

The increased use of CNC technology has created the conditions for a future-oriented 
technology for the production of internal and external threads. Thread milling is a very useful 
alternative to thread cutting or thread forming in a large number of work cases. It offers some 
advantages as: high cutting speeds and feeds, multi-functional designs reduce cycle times by 
combining drilling, chamfering and threading operations into one tool (the same tool for right-hand 
and left-hand threads), threads with excellent form, finish, and dimensional accuracy, easy 
machining of difficult materials, Eliminating the possibilities and consequences of tap breakage and 
reversal of the spindle is not required. 

The thrilling tool (Fig. 1) is used for threads in the size range from M4 to 3/4". The tool makes 
drilling into solid material, chamfering of the thread hole and thread milling in one work process 
without tool change producing a recess on the bottom of the hole. Mostly used in short-chipping 
materials. 

Mechanistic approach is based on the geometry of the process and relates the forces to the chip 
load through the specific forces. The specific forces are empirically related to the fundamental 
machining parameters and the coefficients for a given tool and work piece material combination 
determined from calibration experiments.  

Chandrasekharan (1997) used drilling force signal to determine the coefficients to predict end 
milling forces. Using the same tool and work piece materials, the specific cutting force is calculated 
based on the cutting velocities, geometry of cut and the mechanistic coefficients as the mechanistic 
coefficients are universal for all machining processes. 
The thrilling tool is used for both operations: drilling and thread milling. Using the same theory 
from Chandrasekharan (1997) and as drilling process it is well known, the method confirms the 
modeling of thread milling operation and also can be used to define the velocities before the 
machining via drilling measurement and thread milling prediction. 
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Figure 1. Thrilling Tool 
 

2. PROCESS MOTION 
 

The machining process of thread milling can be divided into seven stages. 
 

1. The first stage involves positioning the tool in the top of the piece. 
2. The tool goes down drilling to the depth of the hole on the second stage. (*) 
3. The tool comes up for the position of deepest part of the threads. 
4. In the same vertical coordinate, the tool goes into the work piece at the prescribed feed 

rate in a tangential path until reach the final radial depth of cut. In this stage there is also 
some chip removing. (*) 

5. Then, in the fourth stage, the tool is moved up at a given feed rate helically for one 
complete revolution. The number of threads generated in this one revolution corresponds 
to the number of threads engaged in the work piece. If generation of the threads for the 
full depth of the hole is achieved in several steps, the stages 2-3 are repeated until all the 
threads are generated. (*) 

6. Once the threads are generated, the tool moves back to the center of the hole. 
7. Finally, the tool is retracted out of the hole. 

 
(*) - Chip removing, machining forces 
 

 

 
 

Figure 2. Thrilling Process 
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As the tool is unique for the process, with the same material and same geometry is important to 
compare the mechanics of cutting during the different phases comparing parameters found in 
different operations. 
 
3. TOOL GEOMETRY 
 
The tool geometry is presented in Fig. 3 and 4. Compound of nf continuous flutes (normally two), 
each flute has a chisel edge, a drilling cutting edge and a milling cutting edge. The mechanism of 
thrilling process must be analyzed separately for those three regions. 
 

 
 

Figure 3. Tool Point Geometry 
 
3.1. Drilling point 
 

The Chisel edge does not cut but only spreads the material sideways by an indentation 
mechanism. Instead of using the laws of cutting, the mechanism of indentation must be used. It has 
a width of 2ω and an edge angle of ψc. The drilling cutting edge goes from the external diameter of 
the chisel edge until the diameter dd. In the tool front view (Fig. 3) the point angle that locates the 
chisel edge and the cutting lips is κ. The vertical distance from the bottom of the tool and the end of 
the drilling cutting edge is hd. Between the cutting lips and the thread cutting edge there is a vertical 
edge that separate the drilling part from the thread milling part. This edge will cut as an end milling 
tool. Its height is he 
 
3.2. Thread milling tool part 
 

The upper part of the milling cutting edge is a flute that makes the desired thread form (Fig.4). 
The thread geometry is characterized by the thread angle ξ and thread pitch p. The helix angle is λ 
and the rake angle for the thread milling cutting edge is αh. The maximum diameter of the tool 
thread is denoted as de and the minimum as di. Both parts cut together and the programmer should 
be careful not to machine the previous thread surface when making more then one pitch. 
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Figure 4. Thread Milling Part 
 
The thread milling part can be analyzed as a stack of disks. Each disk has ∆z thickness and a 
variable diameter d(z) as shown in Fig.4. The variable diameter d(z) can be written as a function of 
the disk height z measured from the bottom of the tool. 
 

    (1) 
 

         (2) 
 
The variation in the disk diameter along the tool causes radial depth of cut to vary for each disk. 

The angle between the flutes depends on the numbers of flutes Nf and is defined by the tool 
geometry as 

 

            (3) 
 
4. MODEL DEVELOPMENT 
 
A mechanistic oblique-cutting force model is used to develop a three-dimensional force model 

for the process. The calibration algorithm from Chandrasekharan (1997) is used to extract the 
oblique butting model coefficients from the drilling stage and it is applied to predict the thread 
milling forces and prevent from tool breakage and chip welding. This procedure is possible because 
for the same work piece and tool materials the specific cutting force is the same for any cutting 
process. 

The force signal has a different pattern from the entry of the tool to in the permanent drilling 
stage and from the end milling part. The interest is to predict the thread milling part based on the 
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drilling forces. As can be seeing in the Figure 5, the first step, when tool is already in the work 
piece with a pilot hole, is very stable. As the chisel edge it is not acting, the cutting lip is the only 
part that it is cutting and then the model is very simple to compare with the experimental forces to 
calculate the specific cutting force. 

 

 
 

Figure 5. Drilling Force (Chandrasekharan, 1997) 
 
4.1. Extracting Specific Coefficients from Drilling Stage. 
 

The approach used in simulating other processes, in which forces are calculated using the uncut 
chip area is not completely applied to drilling. Drilling forces are more effectively simulated by 
dividing the cutting edge into two parts: the part inside an indentation zone, that yield a plastic 
region of forces produced by the chisel edge due to the material removal by extrusion, and the part 
that follows the mechanics of cutting.  
 
4.1. Thread milling prediction. 
 

In Araujo (2005), the process has been simplified as a simple linear movement in order to 
develop and validate the model. In this work, the model is applied in the helical path movement, 
where the tool goes in x, y and z directions at the same time. Although it is important to consider 
that the z velocity is very small compared to the cutting velocity and the radius of the curvature of 
the hole is large compared to the chip thickness. The depth of cut b(Ω) changes, where Ω is the 
position of the tool in relation to the center of the hole. 

The force calculated by Araujo (2005), FtC, FrC and FzC, are described in the tool axis referential. 
In x, y and z directions the forces can be written as: 

 

         (4) 
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Figure 6. Tool Trajectory 
 
4.2. Chip Modeling. 
 

Tlusty concept of the contact interface between the tool and the work piece is used (Araujo, 
2003). It is considered two different types of cutting Type I and Type II. Type III (Yang et al, 2005) 
for low axial and high radial depth of cuts it is not used as in thread milling the associated radial 
depth of cut is small compared to the tool diameter. In the thread milling geometry e is the radial 
depth of cut and b(Ω) is the axial depth of cut. The difference between the initial and final axial 
depth of cut is normally one pitch.  

 

          (5) 
 
The action of one flute is projected in a plane and this plane is unfolded (unrolled). The cutting 

edge is then a thready line inclined by αh and it moves from left to right. The entire cutting action 
can be divided in three phases depending on the length of the cutting edge in contact with the work 
piece. The limits of each phase are indicated by ψn, where the subscript n goes from 1 to 4 
depending on the phase. For Type I cutting, the length of the cutting edge increases from 0 to the 
maximum depth b in phase A, and the rotational angle µ goes from the entry angle, θen (ψ1), to δ 
(ψ2), which is defined as 

 

          (6) 
 
In phase B, the cutting edge length in contact with the work piece remains constant and θ goes 

from δ to the exit angle θex (ψ3).  As the tool is going out of the work piece, the cutting edge length 
gradually decreases (phase C), and the tool is completely out of the work piece when θ is greater 
than ψ4 = θex + δ. 

The angular position of a point P on the cutting edge is denoted as φ(θ) and the points on the 
cutting edge span from φi to φf,. which values depend on the phase and the type of cutting. (Araujo, 
2005) The total cutting force can be calculated summing the elemental forces on each disk along the 
tool in contact with the work piece. 
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For the thread milling process θen = 0. Because of the thread, the diameter of the cutting edge 
varies as given in Eq. 1. This variation in the diameter causes changes in the radial depth of cut and 
consequently the exit angle, which can be written a  

 

,         (7) 
 

where ro=(dE-de)/2. 
In the presence of run out, each flute rotates at a different radius of rotation Rc. The runout is 

characterized by the parameters parallel axis offset run out ρ and its locating angle λ. ρ is the 
distance from the spindle axis to the tool axis and λ is the angle between an arbitrary flute and the 
direction of the run out. Since each disk element has different diameter, Rc for the cutting edge of 
nth flute and ith disk element is given as 

 

      (8) 
 

The chip thickness ate time t can be written as: 
 

  (9) 
 

where ft is the feed per tooth and the rotation angle of the cutting edge can be written as: 
 

        (10) 
 
4.3. Forces and Specific Pressure. 
 

The mechanistic modeling approach is taken for the cutting force model similar to that given in 
Kline and DeVor (1983). The elemental forces on each disk are expressed as (Araujo, 2005) 

 

  (11) 
 
where Kt, Kr and Kz are the specific cutting energies in the tangential, radial and axial directions, 
respectively, calculated as a function of the spindle speed, feed rate and the tool-piece material 
coefficients a0, a1, a2, b0, b1 and b2. 

 

        (12) 
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These directions are located on the cutting edge. The tool referential is located on the tool-piece 
contact moving with Ω in relation. 

 

         (13) 
 

5. RESULTS 
 

The results shown in Figures 7, 8 and 9 were calculated for an Aluminum work piece using the 
coefficients taken from previous experiments from Araujo (2006). Although, the experimental 
coefficients should be taken from the drilling stage to be applied into the thread milling stage. In the 
future work, experiments will be run to validate the procedure.  

 

 
 

Figure 7. Drilling Force. 
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Figure 8. Thread milling force 
 

 
 

Figure 9. Thread milling force – 10 revolutions 
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6. CONCLUSIONS 

 
The model for thrilling operations was developed based on the thread milling and drilling 

model. As the thread milling velocities secure range are not well known, the specific pressures 
taken from the drilling stage can be used to predict forces on the thread milling stage. 
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