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Abstract

The threaded connections used in drilling machines operate under high axial loads and
torques. These elements ensure both the reliable fastening of the drill heads and their
centering relative to the other components of the structure. For fastening drill heads,
threads with specific profiles are used, such as trapezoidal profiles with asymmetric flanks.
A profile tool is typically used for manufacturing such profiles. This, in turn, limits the
flexibility of the process and increases costs in small-batch and repair production conditions.
This study proposes a methodology for machining a buttress thread, with trapezoid side
angles of 5◦ and 45◦, using a standard grooving insert. The profile geometry is described
analytically through the height of each pass of the threading cycle and the inclination angles
of the trapezoid flanks, and the implementation is carried out using a macro program based
on synchronized G92 cycles. The final profile is formed by the superposition of helical
surfaces with a constant pitch. The approach enables the realization of non-standard
trapezoidal profiles without the need for a specially profiled tool. The proposed model
serves as a foundation for subsequent research into the geometric accuracy and strength
characteristics of the thread profile obtained by this method.

Keywords: buttress thread; CNC thread machining; macro programming in CNC

1. Introduction
Threaded Connections in Drilling Machines: Requirements, Challenges, and a Manu-

facturing Methodology for Buttress Threads.
Threaded fasteners are one of the most common machine elements in mechanical

engineering [1,2]. In addition to their classic fastening functions, in modern mechanical
engineering, they are also used as elements for motion conversion, force regulation, and
displacement control [3,4]. Some of these functions lead to the necessity of using new,
non-standard profiles and thread angles.

Threaded fasteners for mounting drill heads operate under significant axial loads,
dynamic impacts, and cyclically varying stresses. In this type of assembly, threads do not
only perform fastening functions but are also responsible for ensuring coaxial alignment,
transmitting torque, and even controlling the torque [5]. This imposes higher requirements
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on geometric accuracy, load-bearing capacity, and the distribution of contact stresses along
the length of the thread.

Classic trapezoidal threads are characterized by a symmetrical profile where the angles
at the base are equal [6,7]. This symmetry guarantees an even distribution of force under
bidirectional loading. However, this is not the optimal option in cases where there is
predominantly unidirectional loading.

The aim of this article is to develop a methodology for machining a buttress thread
using a standard grooving insert with a rectangular cross-section [8], as seen in Figure 1.
Specifically, the buttress profile will have an angle of 5◦ on the loaded flank of the profile
and 45◦ on the opposite flank [9]. In this way, the large angle on the loaded side of the
profile ensures an increased contact area and better stress distribution. The thread pitch is
constant along the axis of the component and equals 6 mm.

Figure 1. Buttress thread.

Machining this thread requires the use of a specially developed tool—an insert man-
ufactured according to a specific tooling technology [10]. This, in turn, makes costs high
and minimizes the flexibility to reconfigure the technological system for a different type of
thread. In the conditions of single-part production or the repair of existing assemblies, this
is economically unjustified in most cases [11]. An alternative solution to this is to generate
the profile using the so-called generating method, employing a standard grooving insert.

For generating a tool path for thread cutting, standard CNC machine tools use the
so-called fixed cycles for thread cutting (G32, G76, G92). However, they lack the capability
to account for and generate a cutting path for the specific characteristics of this type of
thread, namely the different angles at the base of the profile. This is precisely the reason for
the necessity of a profile tool for machining these threads.

2. Materials and Methods
The methodology for developing the macro program is considered in three stages [12].

The first of these is the geometric model of the trapezoidal profile with asymmetric angles
( αL, αR). The geometry is defined in a longitudinal section, which corresponds to the
X-Z plane on the lathe, where the X-axis denotes the diametrical dimensions (typical
for standard ISO programming), and the Z-axis denotes the linear dimensions along the
direction of the work piece axis [13]. The program structure is shown in Figure 2 in the
form of a block diagram.
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Figure 2. Program structure.

The main input parameters for describing the profile geometry are the internal diame-
ter Din, external diameter Dout, the profile height h, and pitch P. At the beginning of the
macro program, their values are set by the user and stored in registers with local macro
variables as follows [14]:

Din = # 1 (1)

Dout = # 2; (2)

h = # 3 (3)

αL = # 4 (4)

αR = # 5 (5)

P = # 7 (6)

To describe the asymmetric inclination of the sides of the trapezoidal profile, we use
tangent functions of the form:

kL = tan αL (7)

kR = tan αR (8)

The axial offsets ∆ZL and ∆ZR for a given height h with different inclinations αL and
αR are calculated according to the model:

∆ZL =
h

tan αL
=

h
kL

(9)

∆ZR =
h

tan αR
=

h
kR

(10)

Thus, based on this logic, the generation of the asymmetric trapezoidal profile is
achieved, executed through multiple synchronized helical motions realized by the G92
cycle. The process can be described as an integrative approximation of the profile through
a series of helical surfaces. An important aspect is the discretization along the X-axis, or in
other words, along the diameter of the thread profile.

Do = Dout (11)

∆D = # 6 (12)

Di = D0 − i ∗ ∆D (13)

n =

[
Dout − Din

∆D

]
(14)
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Assuming that the initial machining diameter Do is equal to the external diameter of
the thread (11), and with ∆D (12) we define the depth of cut for each pass; then, the current
diameter for each pass will be determined by Formula (13), and, respectively, the number
of steps will be n which can be calculated by Formula (14).

The starting point for each pass is calculated for each iteration i in the X − Z coordinate
system, for the right flank, using Equations (15) and (16):

XR,i = Di − hd (15)

ZR =
hd

tan αR
(16)

The implementation of the motion is carried out with the following command line:

G92 X = XR,i, Z = ZR, F = P (17)

We perform analogous calculations for the entry points describing the trajectory of the
left flank. For them, we use Equations (18) and (19).

XL,i = Di − hd (18)

ZL =
hd

tan αL
(19)

The implementation of the motion is carried out with the following command line:

G92 X = XL,i, Z = ZL, F = P (20)

Table 1 summarizes the input data that the user must enter before running the program.

Table 1. Input values of program.

Parameter Macro Variable Physical Meaning

Din #1 Minimum diameter

Dout #2 Initial diameter

hd #3 Full profile height (in
diameter)

αL #4 Left flank angle (5◦)

αR #5 Right flank angle (45◦)

∆D #6 Depth of cut per pass

P #7 Thread pitch (feed for G92)

L #14 Thread length

Tool No. #20 Tool number

Spindle speed #21 Spindle speed

WCS #30 Work Coordinate System

Table 2 summarizes all calculations performed by the macro program during machining.
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Table 2. Parametric description of the formulas used.

Parameter Formula Macro Implementation

kL kL = tan αL #8 = TAN[#4]

kR kR = tan αR #9 = TAN[#5]

ZL
hd

tan αL
#13 = #3/#8

ZR
hd

tan αR
#11 = #3/#9

Di D0 − i ∗ ∆D #2 = #2 − #6

XR,i XR,i = Di − hd #10 = #2 − #3

XL,i Di − hd #12 = #2 + #3

3. Results
As a result of the proposed methodology, a macro program was developed. Using

this program, experimental samples were machined—the formation of the desired profile
can be observed, as well as profiles with different values of thread angles and diameters.
For machining the samples, a CNC turning center was used with the following main
parameters: main spindle power 11.2 kW and torque of 102.0 Nm at 1300 rpm, 6.5” chuck
size, X-axis travel 200 mm, Z-axis travel 200 mm, and maximum axis load 10,676 N (Max
Thrust) [15].

Figure 3 shows the starting points of the thread profile during program simulation.

Figure 3. Profile figure.

The formation of the desired profile can be clearly seen through successive starting
points beginning from the external diameter, which sequentially describes both flanks of
the thread profile before moving to the next diametrical level.

Figure 4 shows a photograph of a passage from the control program for thread cutting,
captured from the machine’s control unit.

Figure 5 shows a photograph of the machined thread on a test specimen.
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Figure 4. Passage from the control program.

 

Figure 5. The machined thread.

4. Discussion
The discussed methodology offers a practically applicable approach for machining

non-standard trapezoidal thread profiles using a standard grooving insert and parametric
programming on a CNC lathe [16]. The developed macro program enables the generation of
an asymmetric thread profile through a sequence of synchronized helical motions, realized
by the G92 threading cycle.

A significant advantage of the proposed method is the ability to machine various
thread profiles without the need for manufacturing a special profile tool. With conventional
methods, the tool geometry must correspond to the final thread profile, which requires
manufacturing a special tool and leads to increased production costs.

Another important aspect of the developed methodology is the parametric structure of
the macro program. The thread profile geometry is determined by a set of input parameters,
including external diameter, internal diameter, profile height, thread pitch, and flank
inclination angles. These parameters are set by the operator before starting the program
and are used to calculate the coordinates of the entry points for each successive pass. In this
way, the same program structure can be used to generate different thread profile geometries
by changing only the input parameters.
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The profile generation is accomplished through a series of successive passes, where
the current machining diameter is gradually reduced by a predetermined value. The final
thread profile is obtained as a discrete approximation of the theoretical trapezoidal profile
geometry, with the accuracy of the resulting profile form depending mainly on the selected
radial step between individual passes. Smaller values of this step lead to a more accurate
approximation of the theoretical profile but increase the number of required passes and
consequently the machining time.

The results obtained from the simulation and experimental machining of a test spec-
imen confirm the applicability of the proposed method. The observed geometry of the
resulting thread profile corresponds to the designed asymmetric form, indicating that the
analytical description of the profile and the trajectory generation strategy employed enable
the realization of non-standard thread profiles using standard cutting tools. However, the
accuracy of thread profile machining is precisely a topic with significant research potential.
As a continuation of the subject matter of this article, we plan to investigate thread profile
accuracy and surface roughness using a microscope profiler.

Another interesting aspect of the applicability of the presented method relates to
confirming the physico-mechanical characteristics of an assembly manufactured using this
method. It will be interesting to investigate whether the surface machined by this method
will exhibit reduced strength properties due to the greater number of stress concentra-
tors resulting from multiple machining passes, as stress concentration and crack growth
mechanisms significantly affect structural integrity and fatigue behavior [17–20].
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