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This study focuses on the analysis and solution of thread production in thin-walled profiles. It explores
three different threading technologies, including cutting, forming, and extrusion. The issue of a screw
joint in a thin-walled component is complex due to the stiffness of the joint and the short length of the
thread. Hence, the careful choice of a suitable manufacturing process for producing inner threads in thin-
walled components holds significant importance. The study entails monitoring the hardening of surface
layers of materials after thread production, in conjunction with the acquisition of microstructure images
of the experimental material. The outcome is a comparative evaluation of different individual thread

production technologies.

Keywords: thread cutting, thread forming, thread pressing, thin-walled profile

1 Introduction

Throughout history, inner threads and screws have
been key mechanical components that have
contributed  significantly to the evolution of
technology and equipment [1]. Unquestionably, the
use of threads is the most common way to connect
components in numerous industries. Furthermore,
there are vatrious thread applications available that
allow for the smooth transfer of rotational or
translational movements [2]. Threaded connections
are widely used in technical construction, with
prominent applications in the aerospace, medical, and
dental industries [1,3,4]. Taking all of this into
account, the industry has developed several models
that incorporate numerous aspects such as thread
pitch, profiles, and geometries [1, 3]. Screwed joints
are frequently used due to their inherent advantages in
terms of both installation and disassembly, which
allow for faster maintenance procedures while
maintaining joint integrity [5,6,7,8]. Despite these
advantages, screw joints are frequently used as key
components in equipment subjected to vatiable loads.
This emphasises the significance of the fatigue
resistance inherent in the joints for the reliability of
screw-jointed machinery [9].

When considering threaded joints, where the screw
is directly threaded into the component material, it is
clear how important the material strength of the
component is to the number of threads needed to

keep the screw from shearing off [10].

Currently, almost all engineering companies are
equipped with production machinery that includes
thread production. Despite its underappreciation, this
procedure is recognised as one of the most
technologically difficult machining processes. The
major goal of manufacturers is to develop a
manufacturing process that is highly effective,
accurate, and capable of generating high-quality
products,  hence  ensuring  their = market
competitiveness.

To produce threads in thin sheets, various
technologies, such as thread cutting, thread forming,
and thread extrusion can be employed.

Thread cutting is a chip-removal machining
process in which the thread is gradually cut by the
cutting edges of a tap, removing a significant volume
of chips during the threading process [11,12].

Thread forming is a cold plastic deformation
process that produces threads with enhanced
mechanical properties, optimal microstructure, high
surface quality, and higher productivity [13,14,15].
This process results in faster, higher-quality, longer-
lasting  performance, and more cost-effective
production. This type of manufacturing can be carried
out using a variety of specialised equipment employing
different technological methods [15,16,17].

Disassembleable and high-load-bearing screw
joints can be difficult to install in thin-walled
components, particularly hollow profiles. Flow drilling
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followed by thread-forming technology is an
economically and technically appealing manufacturing
option. During flow drilling, a rapidly rotating carbide
conical tool creates a sleeve, and in the subsequent
production process, a highly resilient inner thread can
be fabricated [18,19].

The primary aim of every manufacturer is to
optimise their manufacturing process in terms of
efficiency, accuracy, and quality, thereby producing a
product that is competitive in the market.

This study aims to create inner, right-hand metric
threads labelled as M6x1 within thin-walled profiles
using three distinct technologies (cutting, extrusion,
and forming) and then perform a variety of
measurements and evaluations to reveal the benefits
and drawbacks of each individual technology.

The decision to address this topic emerges from
the fact that in most manufacturing companies,
threading process technology is underestimated,
resulting in frequent tool damage and substandard
thread quality. The research will help us understand
and explain which of the selected technologies for the
production of M6x1 threads in 5mm thick sheets is
the most suitable and at the same time economically
optimal.

2 Experiment Description

The experimental material was S235]R steel, which
belongs to the group of structural steels manufactured
following the international standard STN EN 10025.
These particular steels are characterized as being low-
carbon, non-alloy, and high-quality variants suitable
for applications in environments with diminished
atmospheric temperatures, specifically below -20°C.
Notably, they possess a minimum yield strength of
235 MPa [20].

Thin-walled profiles made from S235 steel are
among the most employed materials in manufacturing,
To meet operational demands, the profiles were cut to
dimensions that ensure enhanced manoeuvrability, as
shown in Figure 1. The thin-walled castings utilized in
this study fall within the category of welded closed
profiles with a square cross-section. These profiles are
manufactured following the EN 10219 standard. The
samples employed for the study possess dimensions
of ax bx += 40 x 40 x 5 [mm)] with a length of 170
mm, effectively enhancing their handling capabilities.

; — m.

Fig. 1Samples - Thin-walled castings

Tools made from hard alloy materials, sourced
from reputable manufacturers, were employed. The
drilling operations were carried out on a 3-axis CNC
machining center bearing the DECKEL MAHO
DMU 80E brand. Pre-threading was accomplished
using spiral drill bits manufactured by WALTER, as
shown in Figure 2. For the creation of M6x1 threads
through cutting, 5 mm drills were implemented. In
the case of thread forming, ©5.55 mm drill bits were
employed following the specifications outlined in the
DIN 13-50 standard. After the initial hole pre-drilling
phase, the thread manufacturing process commenced,
employing M6 cutting and forming taps from the
HOFFMANN brand, as de

Delbitby WALTER =) i

Cutting tap M6x1 from —

Hoffmann company i
Forming tap M6x1 from .
Hoffmann company ma———" 2 )

Fig. 2 Milling, drilling, and tapping tools with description
[21,22]

In the thermal drilling process, the prescribed tool
known as the flow drill was employed, along with a
paste to facilitate a smoother tool-material transition,
as depicted in Figure 3.

Fig. 3 Tool for thermal drilling, also known as FLOW
DRILL

To obtain the cutting parameters of the drilling
tools, a pivotal role was played by the specialized
WALTER software, denoted as GPS. This software
enables the exact derivation of cutting parameters,
meticulously factoring in variables like material
composition, drilling depth, and stability conditions
through its capabilities. The specific parameters are
listed in Table 1. The values of revolutions for thread
cutting were precisely defined at 180 min-!, while for
the thread-forming process, a consistent velocity of
250 min! was employed.
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Tab. 1 Cutting parameters of WALTER drilling tools [21]
Drill Bit
Cutting speed [m.min-']
Spindle revolutions|[min-']
Feed [mm]

2.1 Thread Manufacturing Technique for Thin-
Walled Profiles

The techniques employed for producing internal
threads in this study, specifically cutting and forming
techniques, are currently regarded as the most
commonly employed and widespread approaches.
The thermal drilling technology, which involves pre-
drilling holes using the flow-drill tool, is currently less
utilized due to its replacement by more advanced and
rapid drilling tools employed in CNC machining
centres.

Before commencing the actual machining
procedure, 3D models were generated using
SolidWorks software to depict the thin-walled profiles
post-threading, alongside sectional models (Fig. 4).
These models proved to be invaluable aids during the
preliminary design stages and played a pivotal role in
guiding the machining process.

Fig. 4 a) Thin-walled profile afz‘er threading + half-section

cuty; b) Thin-walled profile after thermal drilling + half-section
ot

As previously indicated, the production of internal
threads encompassed the initial step of pre-drilling
holes through the application of hard alloy drill bits
and the deployment of the flow-drill tool, integral to
thermal drilling. For the cutting of M6x1 threads (with
a standard pitch), a normalized hole of 5 mm in
diameter was drilled. The procedure of forming M6x1
threads necessitated pre-drilled holes with a diameter
of 5.55 mm. Both drilling and threading operations
were carried out utilizing the machining software,
Heidenhain iTNC 530, as well as its preceding version,
ITNC 430.

[J 5 mm [1 5.5 mm
132 132
8400 7560
0.148 0.158

3 Evaluation of Thread Quality

In the comprehensive control of thread
parameters, callipers are commonly employed in both
regular serial and mass production. A roller calliper is
specifically employed for examining smaller diameters.
To facilitate the inspection, individual threads were
carefully cleaned to prevent any scoring of the roller
calliper during the screwing process. The roller calliper
consists of two sides — the correct and the incorrect -
distinguished by a red ring. When the calliper size is
correct, the incorrect side of the calliper cannot enter
the hole during the screwing operation.
Comprehensive  controls ~ were  meticulously
performed for all three of the utilized techniques. The
use of the roller calliper for thread control is depicted
in Figure 5. Roller callipers showcase impressive
precision, effectively mitigating significant issues
during the control process. However, with the
utilization of more precise thread control methods,
deviations from tolerance may be identified. This
phenomenon is further explored in the subsequent
sections.

Fig. 5 Detail of M6x1 thread inspection with a correct and
incorrect side of roller calliper

3.1 Metallographic Analysis of the Base Material

Figure 6 displays the microstructure of the base
material, clearly illustrating that the microstructure
comprises polyhedral ferrite grains with only a minor
content of pearlitic grains, consistent with the
chemical composition (0.17% C).

Fim
| = 4 5 50 . S0pm -
7T e D R Sy 1 b 2 = O ., |

Fig. 6 Microstructure of the base material of excperimental
samples, etchant 1% Nital
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3.2 Microhardness Measurement

The microhardness measurements adhered to a
procedural method standardized under the STN EN
ISO  6507-1 norm. The Zwick Roell ZHp
microhardness tester was utilized for measuring the
test samples. The HV 0.2 method was used, signifying
an applied load of 0.2 kp. The diamond indenter,
featuring a pyramidal angle of 136°, was utilized for
these measurements. This microhardness
measurement encompassed three distinct stages and
involved a total of six samples. These samples were
methodically categorized based on the specific
threading technique employed. These categories
encompassed samples featuring threads produced
through cutting, those with formed threads, and lastly,
those with threads produced by the thermal drilling
process, which involved machining into pre-drilled
holes.

3.3 Microhardness of Threads Produced by
Cutting

Figure 7 provides a microhardness measurement
detail, (transverse, from the crest, and at the root of
the thread), along with individual imprints in the form
of a regular tetrahedral pyramid. The image was
captured using the CLEMEX software.

nex L 1.3M #184555 [1272x1020]

_IWQQ%EI__LJI_JD~@_M

transverse
measurement

Fig. 7 Detail of imprints during the measurement of the
thread profile produced by cutting

Fig. 8 Images of the microstructure of threads produced by
cutting

Figure 8 illustrates that within the context of
thread-cutting technology, characterized by material
removal, there is no significant increase in plastic
deformation. This leads to a relatively small and
unobtrusive plastic zone, with the thickness of the
extensively plastically transformed layer measuring
approximately 10pm.

3.4 Comparison of Hardness Progression at the
Root and Crest of Cut Threads

As a first step, we will evaluate the samples with
threads produced using the cutting technology. The
graph presented in Figure 9 compares the hardening
progression of the material at the root and crest of the
thread profile. The graph indicates that differences in
surface hardening are marginal. Both curves display a
comparable pattern, where the hardening effect
extends to similar depths. The extent of plastic
deformation is nearly identical at both measuring
points (root and crest of the thread profile), resulting
in negligible differences.

180

= crest

170
~#— root

>

160
150 \\
140

150 %
120

~—

Hardness HV 0.2

110

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 o038
Distance from the surface h [mm]

Fig. 9 Microbardness profile from the crest of the thread
profile - cutting

3.5 Microhardness of Threads Produced by

Forming

Figure 10 provides a microhardness measurement
detail (transverse, from the crest, and at the root of the
thread).

| transverse
measurement

T

Fig. 10 Detail of imprints during the measurement of the
formed thread profile
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Threads produced by forming display superior
quality and strength when contrasted with their
thread-cut counterparts. This enhancement arises
from the surface hardening brought about by material
densification, which effectively safeguards the
integrity of the fibers within the thread profile from
disruption. This observation is confirmed by images
taken of the thread profile edge. In Figure 11, it can
be observed that the plastic zone extends to the
surface and operates unilaterally. The thickness of the
substantially plastically transformed layer measures
approximately 40um. The fibers in the thread profile
undergo uniform deformation.

100 pm

Fig. 11 Images of microstructures of threads produced by
Sforming

3.6 Comparison of Hardening Progression at the
Root and Crest - Forming

In this subsection, our focus is on comparing the
hardening progression at the root and crest of the
thread profile for thread-forming technology. Figure
12 illustrates that both curves follow a similar trend.
The discrepancy becomes evident in the HVO0.2
hardness values. In the root region of the thread
profile, the measured maximum hardness value
exceeded 210 HVO0.2, whereas, at the thread crest, it
reached 184 HVO0.2. Within the root region of the
thread profile, more significant material overheating
occurred compared to the crest of the thread profile,
resulting in more intense plastic deformation due to
variations in material plastic flow and an increase in
hardness values.

220

‘\ i Crest
200
\ g 1OOL

180 2
o \
; 160
2
£ 140
=
Ll
I

120

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08

Distance from the surface h [mm]

Fig. 12 Comparison of the hardening progression at the root
and crest of the thread using the forming technology

3.7 Microhardness of Extruded Threads

Figure 13 presents a microhardness measurement
detail (transverse, from the crest, and at the root of the
thread).

L 1.3M #1B4555 [127;

EI [ 1561 ;J

a2l =) 200 IR Ol=t] #) 2] &

transverse
measurement

thread profile produced by extrusion.

As demonstrated in Figure 14 for the extrusion
technology, specifically thermal drilling, a significant
grain refinement occurs near the edge of the thread
profile. This phenomenon is attributed to plastic
deformation combined with significant heat
generation and subsequent rapid cooling, resulting in
increased surface hardness. The thickness of the
considerably plastically transformed layer measures
approximately 50 pm.

fpst gk ﬁ [ som ]
Fig. 14 Microstructure images of threads produced by

exctriusion

3.8 Comparison of Hardening Progression at the
Root and Crest - Extrusion

The third technology employed for thread
production is extrusion. Figure 15 illustrates a
comparison of the hardening progression at the root
and crest of the thread. The graph clearly shows that
the profiles of both curves exhibit different shapes
and diverge in the measured HV0.2 hardness values.
In the root region of the thread profile, the measured

931

indexced on biip:/ | www.webofscience.com and btip:/ | www.scopus.com



December 2023, 10l 23, No. 6

ISSN 1213-2489
e-ISSN 2787-9402

MANUFACTURING TECHNOLOGY

maximum hardness value exceeded 200 HV0.2, while
at the crest of the thread, a maximum of 169 HV0.2
was recorded. This phenomenon can be attributed to
thermal influence, specifically, greater material
overheating in the root region of the thread profile
compared to the crest, resulting in significantly higher
hardness.

220

== crest

200
== root
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[
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(=}

Hardness HV 0.2
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 038
Distance from the surface h [mm]

Fig. 15 Comparison of the hardening progression at the root
and crest of the thread using extrusion technology.

4 Comparison of Results and Discussion

4.1 Design and Feasibility of Thread Production
by Forming

For thread production by forming, the DIN 13-1
standard is not employed; instead, DIN 13-50 is used.
Notably, the permissible deviations outlined in DIN
13-15 exhibit substantial differences compared to
those in DIN 13-1. During thread forming, the fiber
direction is altered, resulting in distinct permissible
deviations.

4.2 Difference between Cutting and Forming of
Internal Threads

Table 2 compares and distinguishes between the
thread production technologies of cutting and
forming. Following the recommended pre-drilled
diameter has a small inner thread diameter, which falls
within the permissible deviation range for the small
inner thread diameter as defined by the DIN 13-50
standard. This presupposes the material-forming
process.

Tab. 2 Comparison and differences in thread production technologies: cutting vs. forming

Procedure Thread Cutting

Thread Forming

Fiber
direction

« Cutting of material fibers

angle

Properties

* Problems may arise with the thread profile

« Continuous fiber direction
+ Material cold hardening
» Undeformed small thread diameter

* Reduction of the yield load

Conseque
n-ces

» Unfavourable stress distribution
* Reduction of the load-bearing portion

« Higher resistance

4.3 The Impact of Pre-Drilling Diameter on
Small Inner Thread Diameter

In the process of forming threads, specific pre-
drilled diameters are required. These diameters
depend on the malleability of the material being
processed, tool geometry, and the intended thread
engagement depth. Table 2 offers a comprehensive
compilation of recommended pre-drilled diameters.
When possible, opting for the maximum achievable
diameter is advisable, as it prolongs the lifespan of the
tool and reduces cutting forces. Even with a thread
engagement depth of 50%, the continuous fiber
orientation ensures adequate thread load-bearing
capacity. This consideration acknowledges the
influence of the pre-drilled diameter on the resultant
small inner thread diameter.

4.4 Comparing the Progression of Hardening at
the Crest of Thread Profile

Comparing the hardening progression within the
crest region of the thread profile created through three
distinct technologies, as illustrated in Figure 16,
reveals the hardening progressions of each
technology. As established in previous subsections,
the crest region of the thread exhibits lesser hardening
compared to the root region of the thread. The
maximum HVO0.2 hardness value was achieved during
forming, specifically measuring 184 HV0.2, followed
by extrusion with a recorded value of 169 HVO0.2. The
lowest hardness was recorded during cutting,
measuring 160 HVO0.2. These observed values
distinctly underscore that the greatest hardness in the
crest region of the thread profile was attained during
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forming, whereas the lowest occurred during cutting.
An important aspect is that the process of thread
forming induces an intensive plastic flow within the
surface layer, resulting in deeper deformation
compared to other methods.

190
[ & =&— Cutting
180
\ ~@i— Forming
170 +—=
N o N \_ Extrusion
s ;
2 150 AN
8 140 AN —
Q
5 130 \-—-’"
£ 120
110
100 T T T ]
0 0.2 0.4 0.6 0.8
Distance from the surface h [mm]

Fig. 16 Comparison of the hardening progression at the crest
of the thread profile

4.5 Comparing the Progression of Hardening at
the Root of Thread Profile

The final compatison involves the analysis of the
hardening progression at the thread root, produced
using three distinct technologies, as illustrated in
Figure 17. In the thread root region, higher values of
hardness were achieved in contrast to the crest of the
thread. The maximum HV 0.2 hardness value of 211
HV0.2 was attained during the forming process,
followed by extrusion with a recorded value of 202
HVO0.2. The microhardness value within the thread
root region during forming was higher than that
achieved through the extrusion technique, although
the difference in values is not significant. The reason
for the higher hardness achieved at the thread root
during forming is due to the fact that the deformation
hardening was higher than thermal hardening — a
phenomenon known as local overhardening. The

lowest hardness was observed during cutting with the
value of 155 HVO0.2.

220
—m— Cuttin,
200 7¥0\\ g
—&— Forming
~ 180
2 \ Extrusion
T 160
a
g \
S 140 - ==
s —\-
E
120 \-\-\/
100
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Distance from the surface h [mm]

Fig. 17 Comparison of the bardening progression at the root
of the thread profile

5 Conclusion

Machining technology is in a constant state of
advancement and progress with each passing year.
This continuous evolution is fuelled by the widespread
availability of cutting-edge tools and techniques,
consistently providing us with opportunities to

enhance production efficiency and reduce economic
costs. However, when we delve into the realm of
utilizing various thread production technologies, a
complex interplay of advantages and disadvantages
emerges, intricately linked to their practical
implementation within manufacturers.

The fundamental aim of our experimental
verifications was to produce threads using three
distinct technologies, followed by an in-depth analysis
of the thread production process through
comprehensive measurements of both hardening and
thread microstructure. The thread production
procedure encompassed a careful selection of
appropriate materials and tools meticulously tailored
for precise machining purposes.

The results from our experimental verifications
have unveiled a multitude of intriguing findings, each
of which holds significant implications for selecting
the most appropriate thread production technology.
Among the assortment of methods investigated, the
cutting technology displayed the least hardening,
measuring 160 HV0.2. However, this advantage is
counterbalanced by the disruption of material fibers.
Remarkably, this technology retains its prominence
and popularity due to its potential for process
automation and the wide availability of cutting thread
taps in the market.

When comparing the hardening profiles of threads
produced through forming and extrusion, only
marginal discrepancies emerged. This prompted us to
focus our efforts on identifying the key factor that
could distinctly underscore the differences between
these two technologies. Broadly speaking, the
employment of extrusion technology, known as the
Flow Drill process, results in a more extensive thread
surface area, proving especially beneficial for thin-
walled components. However, it is important to
consider the substantial material hardening that could
harm the lifespan of the tool. The key contrast lies in
the fact that the extrusion technology exhibits limited
compatibility with process automation, particularly in
applications like CNC machining, leading to higher
production complexity.
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