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Abstract. The article presents a methodology for experimental investigation of the boring process of non-
rigid helical machine parts. Based on an analysis of recent research in this field, requirements are estab-
lished for the physicomechanical properties of the workpiece material, technological and design param-
eters of helical parts, and their manufacturing technologies. Experimental results are described, particu-
larly focusing on boring forces. During the machining of holes with small internal diameters in non-rigid
helical workpieces made of materials that form continuous chips, friction between the chips and the
machined surface and chip jamming inside the hole are observed. Accordingly, the quality of the ma-
chined surface depends on the chip curling behavior. A special boring tool setup with strain gauge sen-
sors was developed for precise cutting force measurement. A tool with a replaceable cubic boron nitride
(CBN) insert was used to create different internal profiles and to study the influence of tool geometry on
the boring process. To ensure measurement accuracy, the strain gauges were calibrated on a custom
test rig using lever systems in a static position. The experimental study established and optimized rec-
ommended feed values relative to specified surface roughness and cutting depth parameters. The re-
search also revealed that cutting speed must be maintained within certain limits; otherwise, the helical
surface may deform or bend. Resulting graphs demonstrated patterns of boring parameters: cutting
forces decrease with increasing cutting speed, while forces increase with higher feed rate, cutting depth,

and spiral thickness.

Key words: cutting modes, boring, non-rigid helical parts, strain gauge sensor, deformation.

Introduction

The development of new designs for non-
rigid screw workpieces in machines expands the
scope of mechanisms utilizing screw devices and
places increased demands on the technological
and structural parameters of finished screw parts,
as well as their manufacturing technology. This
has led to their increasingly widespread applica-
tion across various sectors of the economy. Their
nomenclature and design features are determined
by the specific operational requirements, which
are driven by the performance of diverse techno-
logical operations, their combinations, and many
other conditions.

Modeling of cutting processes depends on
numerous factors: the material’s physical and me-
chanical properties, feed rate, depth of cut, nature
of loads, and so forth [1,2]. Since these factors are
stochastic, it is necessary to conduct a comprehen-
sive set of experimental studies to identify the
dominant factors that significantly influence the
boring process [3]. To perform a statistical analy-
sis of the obtained results, empirical dependencies
should be introduced into the selected mathemati-
cal model. These dependencies will illustrate the
change in cutting force as a function of both depth
of cut and feed rate.

Analysis of foreign and domestic research
and publications

The development of novel designs for non-
rigid machine workpieces broadens the applicabil-
ity of mechanisms incorporating screw devices.
This also imposes more stringent requirements on
the technological and structural parameters of fin-
ished screw components, as well as their manufac-
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turing processes. Consequently, these components
are finding increasingly widespread use across
various sectors of mechanical engineering. Their
specific nomenclature and design characteristics
are dictated by the unique operational demands,
which arise from the execution of diverse techno-
logical operations, their combinations, and nu-
merous other influencing factors.

Non-rigid screw workpieces are manufac-
tured from alloy structural steels, plastics, and
other materials. Typically, steels of grades CT3
(Fe37-3FN — European Union analogue), 08 KII
(DC04 — European Union analogue), and 10 KIIT
(DCO1 — European Union analogue) are used in
their production. When necessary, their working
surfaces are subjected to chromium plating, nickel
plating, and the application of other electroplated
coatings. Additionally, technological methods are
often employed to increase the hardness of the
screw helix's outer diameter. To understand the
mechanism of interaction of the tool with coated
parts, it is useful to study the response of
functionally gradient ceramic [4,5,6,7] and
chromium [8,9,10,11] coatings to local loading.

The specifics of forming and machining this
type of workpiece are primarily determined by its
geometric shape and manufacturing precision.
Numerous methods for machining non-rigid screw
workpieces are known [12]. These methods differ
in terms of technological process characteristics,
as well as the sequence and number of operations
involved. During the boring of holes with small
internal diameters in non-rigid screw workpieces
made from materials that produce continuous
chips, chip friction against the machined surface
and chip jamming within the hole may occur.
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Consequently, the quality of the machined surface
depends on the nature of chip curling [13]. Also,
screw surfaces are cut in the hole of the steel nip-
ple of a fiberglass sucker rod with an adhesive-
press connection [14]. Their geometric parameters
and accuracy significantly affect the strength of
the connection [14].

Therefore, it is necessary to propose
measures to reduce the chip curl radius (Rc) to
satisfy condition: R.<R;, where R}, is the radius of
the hole being machined. Experimental studies on
boring holes in these workpieces have enabled a
more accurate understanding of the chip curling
characteristics. The proposed theory refines exist-
ing theories [15] by considering the specific fea-
tures of the cutting process for boring this type of
workpiece.

The boring process of the internal (basic) sur-
face of a non-rigid screw workpiece is character-
ized by intermittent cutting accompanied by sig-
nificant dynamic loads. These loads arise within
the structural elements of the machine tool, the
tool holder, the cutting tool, and the workpiece
itself [16]. The presence of such dynamic loads
significantly deteriorates the machining process,
reduces the quality and accuracy of the internal
surface, and negatively affects tool wear re-
sistance.

To achieve a high-quality surface finish on
non-rigid workpieces during the cutting process, it
is essential to ensure stable movement of both the
workpiece and the tool along the theoretically cal-
culated trajectory. In practice, however, various
dynamic phenomena arise during the machining of
non-rigid screw workpieces. These phenomena
significantly affect both the process of geometric
form generation and the physical progress of the
machining operation [17]. Vibrations occurring
within the technological machining system [18]
during cutting substantially reduce machining
productivity and tool wear resistance. They also
negatively impact the quality of the machined sur-
face by decreasing dimensional accuracy and in-
creasing surface roughness.

Utilizing the developed and implemented
equipment, we performed boring operations on
non-rigid screw workpieces under a wide range of
parameter variations. This enabled us to more pre-
cisely identify the patterns and specific character-
istics of the cutting and boring processes in non-
rigid workpieces.

Purpose of the work and justification for
its implementation

The aim of this study is to investigate the
specific features of the boring process for non-

rigid workpieces and to determine the optimal cut-
ting parameters for such them. This study covers a
wide range of tasks, including the following: to
plot graphs for analyzing the dependence of cut-
ting force on feed rate and cutting depth based on
the results of experimental studies; to plot a graph
representing the optimization parameter — i.e., the
dependence of cutting force on the variation of
one input factor while maintaining the other two
factors constant. Another objective is to examine
the stability condition of non-rigid screw work-
pieces during machining. Finally, the study seeks
to experimentally determine the influence of force
parameters on the processes of form generation
and boring for this type of workpiece.

Presentation of the main material

The experimental research methodology in-
cluded both static and dynamic studies, along with
the measurement of technological, force-related,
and structural parameters during the boring of
non-rigid screw machine parts. Testing was con-
ducted under both laboratory and production con-
ditions to ensure compliance with required indica-
tors of accuracy, reliability, and operational tech-
nical specifications.

Using the developed and implemented
equipment, boring operations on non-rigid screw
parts were carried out across a wide range of pa-
rameter variations. This enabled a more precise
determination of the patterns and specific charac-
teristics of the cutting and boring processes for
non-rigid screw parts [19].

Experimental studies of the boring process
aimed to establish the relationships between forc-
es, moments, and the design parameters of non-
rigid screw machine parts and boring bars under
various boring setups. Based on these studies,
zone of plastic deformation was also identified.

The technological process for manufacturing
high-precision non-rigid screw parts includes op-
erations of turning the outer diameter and boring
the inner diameter. This improves the surface
quality of both the outer and inner helical edges of
the non-rigid screw workpiece and enhances the
operational characteristics of the finished screw
parts.

The boring process of non-rigid screw parts
(Fig. 1) was investigated using parts with the fol-
lowing parameters: material — 08KII steel (DC04
— European Union analogue); outer diameter range
—40-250 mm; helix thickness — 1-4.5 mm.

Experiments were conducted on a 1A616
lathe. Cutting forces were measured using strain
gauge tensometry. Strain gauges were affixed to
the cutting tool on both the upper and lower sur-
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a)

Figure 2 — a) Cutting tool with strain gauges; b) Sensor calibration in a static state

faces, at the beginning and middle of the insert,
using a half-bridge circuit. Boring force signals
were recorded using an amplifier and a recording
device.

A boring bar of type S32T-SCLCR12 with an
indexable carbide insert (CBN) was used as the
cutting tool (Fig. 2a) [20]. Five strain gauges were
mounted on the tool — both on the top surface and
on the side — in order to measure cutting forces
and force distribution at various points along the
tool [21]. The tool with the indexable insert was
used to form different internal workpiece profiles
and to study the influence of tool geometry on the
boring process.

Calibration of the strain gauges was carried
out using levers in a static setup (Fig. 2b).

Zubovetska at al.

During the experimental investigations, rec-
ommended feed rates for boring were determined
and optimized relative to specified surface rough-
ness parameters and depth of cut. The recom-
mended feed rate values are presented in Table 1.

The cutting speed V is determined by the
formula:

V =230/(T%">- %25 - tO1)K,; (1)
Kv=Kb'Kf'Km,
where K}, — coefficient accounting for screw blade
thickness, K,=h/2,5; K; — coefficient accounting
for tool shape; K, — coefficient accounting for
workpiece material, for St3 steel K, = 0,9; for
08KP steel K,,= 1.

Hayxosuli gicHuk I®HTYHT, 2025, Ne 1(58) 91 |



Experimental study of the process of boring ...

Table 1 — Recommended feed rates (mm/min)

Roughness parameter
R, um

Depth of cut,

mm

Helix thickness at the inner edge, mm

0.5

1.0 1.5 2.0 2.5 3.0

0.63

0.5

0.02

0.03 0.035 0.04 0.045 0.05

1.6

1.0

0.09

0.13 0.15 0.18 0.2 0.23

3.2

1.5

0.25

0.37 0.41 0.5 0.55 0.63

6.3

1.5

0.65

0.98 1.21 1.39 1.55 1.7

Table 2 — Recommended values of coefficient K,

Rib thickness of the coil of the thin-strip workpiece 4, mm K,

0.5-1.0

1.5

1.0-1.5

1.38

1.5-3.0

1.2
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Then we get:

V =92/(T%1>-5%%5 . t013) - h - K; - K,y (2)
During the experiment, optimal values of K,

were determined depending on the workpiece’s

helix thickness (Table 2).

An analysis of the research results on the bor-
ing process of non-rigid screw workpieces at the
inner diameter revealed that increasing the cutting
speed leads to a reduction in cutting force (Fig. 3).
Conversely, the cutting force increases with higher
feed rates (Fig. 4) and greater depths of cut (Fig. 5).

| 92 Haykoeuli sicHuk I®HTYHT, 2025, Ne 1(58)



- 700

500 |

400 -———
01 ) )| e A

200 |-

100 !
0,5

B V=250 m/min; ¥ — V=300 m/min; % — V=500 m/min
Figure 5 — Dependence of cutting force P on depth of cut ¢

Q600 F—————1—————-

I =

Table 3 — Cutting modes
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No. Parameters of Rotational speed, rpm Depth of cut, Feed rate,
workpieces, mm mm mm/rev
1 95x55x3 120.0 0.5 6.0
2 95x55x3 150.0 0.4 6.0
3 95x55x3 180.0 0.3 6.0

FHd

t=1.0 mm: S=0,4 m/min: V=150 m/min: =400 N

Figure 6 — Oscillogram of the non-rigid screw parts boring process

The research results can be used for develop-
ing technological processes for manufacturing
non-rigid screw machine parts.

Cutting modes for boring processes using
the 1A616 machine tool are presented in Table 3.

Experimental studies indicate that cutting
speed must fall within specific ranges; otherwise,
the helical surface may deform or bend. The opti-
mal range of cutting speeds was determined em-
pirically. For instance, to achieve a surface quality
of R, = 20—65 pum and a precision of 7-9 quality
grades, if the helical surface thickness increases
by more than 0.5 mm, the cutting speed can be
reduced to 240-280 m/min. However, this reduc-
tion will result in a one to two order decrease in
machining quality. The time-dependent behavior
of the cutting force is pulsating, with a period
T = 60/n (where n is the number of helix revolu-
tions per minute). This is clearly evident in the
oscillograms (Fig. 6).

The obtained graphs enabled the identifica-
tion of patterns in the variation of boring parame-
ters: as the cutting speed increases, cutting forces
decrease, whereas they increase with higher feed
rates, greater depths of cut, and increased helix
thickness.

The cutting force values were determined
using the following formula:

B, =V-Cp, "% -5%-t075. K, (3)
where C,. — coefficient depending on the width of
the strip material; C,. = 3800—4500; V' — cutting
speed, m/min; S — feed per revolution, mm/rev;
t — depth of cut, mm; K, — coefficient dependent
on the helix thickness of the workpiece at the outer
edge, K.=(h/2,5)K,; K, K;— coefficient dependent
on the feed direction of the cutting tool (for boring
along the helical path K; = 1,1; in the case of
boring in the direction opposite to the helical path
K, = 0)9);, K, — wear-dependent coefficient,
K, =0,8-1.
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Considering these coefficients, we can write
the formula for determining cutting force as:
P, = 0374 h-Cp,, V038504075 (4
The obtained graphs allowed us to identify
patterns in the variation of boring parameters: cut-
ting forces decrease with increasing cutting speed,
while they increase with higher feed rates, greater
depths of cut, and increased helix thickness.

As a result of theoretical investigations, pat-
terns governing intermittent boring processes in
non-rigid screw workpieces have been identified.
The obtained optimal solutions made it possible to
determine the fundamental characteristics of bor-
ing non-rigid workpieces, understand the nature of
transient processes in tool-workpiece interaction,
and analyze the influence of machining parame-

ters on cutting forces.

Conclusions
The proposed method for thread cutting in
non-rigid workpieces and parts, along with the Gratitudes
None.

device for its implementation, ensures a reliable
and high-quality threading process for non-rigid
screw workpieces. This contributes to increased
productivity and operational reliability, while also
expanding technological capabilities.

Conflict of interest
None.
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AHoOTauifA. Y CTaTTi BUSHAYEeHO METOAUKY eKCNepuMeHTaNbHUX AOCNIAMKEHD NPOLECY PO3TOYYBaHHA FBUHTOBUX He-
YKOPCTKUX AeTaneit MawuH. Ha ocHOBI NpoBeAeHOro aHai3y OCTaHHIX AOCNiAXKEHb 3 AAHO TEMATUKOK BCTAHOB-
NIeHO BUMOTU A0 i3MKO-MeXaHi4YHMX BNaCTUBOCTEN MaTepiany 3aroTOBKM, TEXHOJIOTIYHUX | KOHCTPYKTUBHUX Napa-
30Kpema 3ycu/b NpoToYyBaHHA. B npoueci 06pobieHHA O0TBOPiB 3 HEBENMKMM BHYTPILLHIM AiaMeTpoM Yy HeXopCT-
KMX TBMHTOBMX 3aroTOBKax i3 maTepianis, siKi yTBOPIOIOTb 3/IMBHY CTPYMKKY, CMOCTEPIraeTbCca TepTa CTPYMKKU 40 06-
po6a1eHOT NoBepPXHi Ta 3aKNNHIOBaHHSA i B 0TBOPI. BianoBiaHoO, AKicTb 06p0o61eHOT NOBEPXHi 3a1€KUTb Bif, XapaKTe-
Py 3aKpydyBaHHsA CTPYKKWU. Po3pobieHo cneuianbHe OCHALLEHHA PO3TOYHOrO PisLA TEH3OMETPUYUHUMMK AaBadYamMu
AN TOYHOTO BM3HAYEHHA CUA pi3aHHA. Piseub 3 3MiHHOO TBepAocniaBHo naacTuHoto (CBN) BMKopMUCTOBYBaBCA
ONA YTBOPEHHA pi3HOro TMny npodinto BHYTPILWHbOT YaCTUHM 3aroTOBKU Ta AN AOCNIAXKEHHA BNANBY dopmu pisus
Ha npoLec po3TovyBaHHA. [nA [OCATHEHHA TOYHOCTI BUMIPIOBAHHA NPOBEAEHO TapyBaHHA TEH3OMETPUYHUX AaBa-
YiB Ha Po3pobAEHOMY CTEHAi, IKe NPOBOANNOCH 33 AOMOMOrOH BaXKeniB y CTaTUYHOMY NONOXKeHHi. Mig yac npose-
OEHHA eKcrnepuMeHTanbHUX AOCNiaKeHb By/n0 BCTAHOB/MEHO Ta OMNTMMI30BaHO PEKOMEHAOBAHI 3HayeHHA nogad
NpW PO3TOYYBaHHI BiAHOCHO 3aZaHMX NapamMeTpiB WOPCTKOCTI Ta IMMOUHK pisaHHA. 3aBAAKM UMM OOCAIAMKEHHAM
TAaKOXX BCTAaHOB/IEHO, WO LWBUAKICTb Pi3aHHA NMOBMHHA MaTW MEBHi 3Ha4YeHHA, iHaKWwe rBMHTOBA NOBEPXHA MOXKEe
nedopmyBaTuch Ta 3rMHaTUCL. OgeprKaHi rpadikM 403BOANAN BCTAaHOBUTU 3aKOHOMIPHOCTI 3MiHM MapameTpiB po3-
TOYYBAHHA, BIANOBIAHO 3 MiABULEHHAM LUBUAKOCTI Pi3aHHA 3yCUANA 3MEHLIYIOTLCA, @ i3 3pOCTaHHAM noAadi, ru-
6MHM pi3aHHA Ta TOBLMHW cripani 3ycMnna nigBuLLyOTbCA.
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