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Summary. The article presents the results of a research of the influence of magneto-abrasive machining
duration on the precision of HSS taps with various diameters. Magneto-abrasive machining of taps under correctly
selected conditions does not leads to a critical change in diameters, which during operation can lead to discarded
parts. The reduction of diameter occurs in the first 3—6 minutes of machining. The reason for this is the removal
of burrs from the tops of the teeth, grinding defects and rounding of the cutting edges of the tool. The reduction of
diameter is cyclically repeated. This is due to the cyclic change in the physical and mechanical properties of thin
surface layers of the material of tool and their periodic removal.
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Statement of the problem. Modern production uses the advanced technology, systems
with numerical control. It is characterized by high efficiency and productivity of metal
machining, therefore it requires a reliability, high-quality and precision cutting tools. To obtain
internal threads in mechanical engineering, various methods are used, such as cutting with a
cutter and taps, milling, knurling on machine. Cutting with taps in modern production is the
main type of technological operations in the manufacture of internal threads, especially in holes
of small and medium diameters [1]. The quality of the tool substantially depends on the shape
of the cutting edges, roughness and physical and mechanical characteristics of the surface layers
of its working elements, which in most cases are formed at the finish stages of manufacturing
using new, integrated technologies in tool production. It is important that after the finish stages
of tool manufacturing the geometry and precision of the working parts do not change, but take
the necessary shape and characteristics. Otherwise, there is a high probability of discarded parts
during their production, which will lead to significant financial losses.

Magneto-abrasive machining (MAM) is one of the promising finish manufacturing
operations in the production of high quality taps. This method allows carrying out the complex
influence on the state of the surface layer, controlled change its physical and mechanical
properties, microgeometry of the working surfaces and cutting edges of the cutting tools [2-8].

Analysis of the available investigations. One of the first, who began researching the
process of magneto-abrasive machining of cutting tools, was Baron Yu. M. In his work [8] are
described the main process parameters, that influence on the size precision and shape of the
machined surface. These include fraction and composition of magneto-abrasive powder (MAP),
material of the workpiece and the shape of its surfaces, the magnitude of the magnetic field in
the working area and its type, the speed of relative moving of particles and the surfaces ant time
of machining. The average value of the removed allowance was 4 um [8] for 30 s of polishing
of ground rollers made of UBA (AISI W108) steel on the setup with small gaps in the working
area. The author notes that for parts with complex shape determine the productivity of
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manganito-abrasive machining, that is the amount of material removal per time unit, is possible
only by an experimental method.

The results of the research of the productivity of the magneto-abrasive machining as the
dependence of the dimensional removal of material on the machining time are presented in the
works [9, 10]. Wherein the machining time is a key factor. The intensity of the MAM process
was studied on the outer diameter of the gear in [9]. Was determined, that the main removal of
material from the surface of the gear wheel occurs in the first 2-4 minutes, when there is an
active removal of microroughnesses. Further, the process of material removal is reduced. The
outer diameter of the gear wheel reduces by 40 um in 8 minutes of active machining.

Studies of the effect of MAM on the size changing of high speed steel drills along the
length of the working part showed, that a decrease in the diameter of the drill from the
machining time is (1-5)-107 mm/s and it is almost identical along the all length of the tool [2,
11]. The change in diameter after 10 min of machining in various sections along the axis does
not exceed 10 pum.

The question of influence of the MAM on the precision of taps was partially considered
in works [8, 12 and 13]. However, the results of their researches are based on the mass fraction
of the removed material and aimed more at achieving specific characteristics of the working
surfaces. The results of these studies do not allow to evaluate the influence of the process on
the geometric precision of the working part of the tap and to select the machining time, which
will ensure the preservation the working capacity of tool.

The Objective of the work was researching of the effect of magneto-abrasive
machining duration on the precision of HSS taps and determining the time, which is advisable
for machining.

Statement of the task. To perform magneto-abrasive machining of taps of various
diameters with different machining times. To measure the change in tool diameter after
machining and make conclusions about the effect of the MAM process duration on the precision
of the HSS-taps.

Conditions of experimental research. The researches were carried out on HSS taps of
three different diameters: M12x1.75-6H Walter Prototyp PARADUR, M10x1-6H Walter
Prototyp PARADUR, M6x0.75-6H Narex (Figure 1).
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Figure 1. Appearance of taps

Magneto-abrasive machining was performed on an experimental machine [2], which
provides the ability to rotate parts with reverse around the axis of the working area and around
its own axis with adjustable speed. This machine provides also the possibility of variable
angular location of parts relative to the plane of the working area — p and relative to the tangent
to the circle of rotation around the axis of the working area — . The angles of taps location in
the working area of the machine and the machining conditions were selected according to the
results of calculations in [14] and recommendations in [2]. MAM of taps were carried out using
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a Polymam-T magneto-abrasive powder, which showed an effective result of machining the
tools from high-speed steel [2, 3, 6, 8, and 11]. The nonmagnetic rod element with a diameter
of 8 mm was used to restore the shape of a magneto-abrasive tool during machining. «cKAC®OJI»
was used as a cutting fluid.

The external diameter of the taps was measured before and after MAM. The
measurements were carried out on the setup for dimensional adjustment and measurement of
cutting tools Venturion 450/6 («ZOM Oberflichenbearbeitung GmbH», Magdeburg,
Germany). The setup is equipped with a high-precision spindle, which allows to measure
diameter with an accuracy of 0.002 mm. The appearance of the setup is shown in Figure 2.
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Figure 2. Setup for dimensional adjustment and measurement of cutting tools Venturion 450/6

Research results. Machining conditions of M12 taps: speed of movement along the
ring-type working area of the machine — Vg = 2.5 m/s, the rotational speed around its own
axis — Vo = 700 rpm, value of the magnetic induction in the working area B = 0.25 T, angle
p = 70°. The results of measuring the outer diameter of the M 12 taps are presented in Table 1.

Table 1

The results of measuring the outer diameter of the M12 taps

Tap Total Outer diameter d, mm
Ne machining | GOST | Before | After
accuracy | . .
time, min | 16925.93 | MAM | MAM | A%MM | MAP

1 3 12.151 12.129 0.022

2 4.5 12.150 12.130 0.020 Po|ymam-T
400/315 pum

3 6H 6 1240060 12.137 12.128 0.009 u

4 7.5 12.153 12.121 0.032
Polymam-T

5 7.5 12.144 12.120 0.024 630/400 pm

The outer diameter of the taps decreased on average by 20 um after 3—6 minutes of
MAM and by 25-30 pm after 7.5 minutes. It is important to emphasize that the diameter almost
did not change between 3 and 6 minutes of machining. This can be explained by the fact that in
the first minutes of the process there is an intensive removal of the burrs and rounding of sharp
edges on the tops of the teeth. Also during this time the defective layer of material that was
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formed at the grinding stage is removed, stress concentrators are removed, carbides are crushed
and the tool surface is strengthened [15]. The internal stresses and the dislocation density at the
boundary reaches a critical value and they come to the surface in the form of microcracks and
material peeling [2, 16] after 6 minutes of machining as a result of shock interaction of
quasistable volumes of a magneto-abrasive tool with the tap surface. At this time, the material
is removed from the surface, which leads to increase of the radiuses of cutting edges rounding
and to decrease in the diameter of the tool. These processes are cyclically repeated after a certain
period of time, this process is similar to cascade wear during friction.

The machining conditions of the M10 taps are similar as for the M12 taps, except the
grit of the magneto-abrasive powder. The results of measuring the outer diameter of the M10
taps are presented in Table 2.

Table 2

The results of measuring the outer diameter of the M10 taps

“ Tap mazﬁgﬁz i Outer diameter d, mm

1 3 10.124 | 10097 | 0.027

2 45 10096 | 1009 | 0000 | pojymam-
3 6H 6 10s00s0 | 10.111 | 10.094 | 0.017 T 200/
4 10.147 | 10126 | 0.021 | 100um
5 75 10.125 | 10.097 | 0.028

After MAM of M10 taps by powder Polymam-T 200/100 um were obtained similar
results as for M12 taps. Sharp diameter decrease by 20 um occurs in the first 2-3 minutes of
the process and remains unchanged up to 7 minutes. For M10 taps the cycle of strengthening
the surface layer takes longer, since the contact area of the powder particles of the 200/100 pm
grit with the machined surface is less than using the 400/315 um grit [16]. A further increase in
machining time leads to the removal of a larger allowance and decrease in diameter on the next
minute to 25-30 pm.

Machining conditions of M6 taps: speed of movement along the ring-type working area
of the machine — Vg = 2.5 m/s, the rotational speed around its own axis — Vo = 500 rpm, value
of the magnetic induction in the working area B = 0.2 T, angle p = 70°. The results of measuring
the outer diameter of the M6 taps are presented in Table 3.

For M6 taps, which were machined according to dimensions with other conditions, the
results of the measured diameter have the same tendency as the previous ones. The diameter
decreased by 15 um in the first 3 minutes of the process and did not change until 5 minutes of
machining.
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Table 3

The results of measuring the outer diameter of the M6 taps

N Tap ma‘gﬁ?ﬁz i Outer diameter d, mm

| 2y | ine min' | 1gaonta | sani | aant |SGmm | MAP
1 15 6.097 6.097 0.000

2 25 6094 | 6090 | 0.004 | poymam-
3 6H 3 6+0.047 6.088 6.074 0.014 T 200/
4 6092 | 6.076 | 0016 | 100um
5 4.5 6.091 6.090 0.001

Conclusions. It was proved that MAM of taps under correctly selected machining time
does not leads to a critical change in diameters, which during operation can lead to discarded
parts. It was determined that sharp diameter decrease occurs in the first 3-6 minutes of
machining. The reason for this is the removal of burrs from the tops of the teeth, grinding defects
and rounding of the cutting edges of the tool. The outer diameter for the M12 and M10 taps for
the first 3-6 minutes of MAM decreased on average by 20 um, for M6 taps — by 15 um. The
reduction of diameter is cyclically repeated. This is due to the cyclic change in the physical and
mechanical properties of thin surface layers of the tool material and their periodic removal.
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BIIJIMB TPUBAJIOCTI MATHITHO-ABPASUBHOI'O OBPOBJIEHHSA
HA TOYHICTh MITUMKIB I3 HIBUJKOPIZAJIBHOI CTAJII
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2«ZOM Oberflichenbearbeitung Gmby, Mazoebype, Himeuuuna

Pestome. [Ipeocmasneno pesynomamu OOCHIONCEHHA 6NAUBY MPUBALOCMI MASHIMHO-AOPA3UBHO20
00pOONIeH s HA MOYHICb MIMYUKIE PISHUX OiaMempis, 8ULOMOBNIEHUX i3 WBUOKOpI3anbHoi cmani. JlocnioxcenHs
npooOUNY HA MIMUUKax i3 weuokopizanvroi cmani PO6MS5: M12x1,75-6H mapku Walter Prototyp PARADUR,
MI10x1-6H mapxu Walter Prototyp PARADUR, Mo6x0,75-6H mapku Narex. [Ipokormponbogaro 308HiwiHill
Odiamemp mimuuxie 0o ma nicia MAO. Bumiprosanns mouHocmi npoedeHo HA YCMAHOB8Yi 051 PO3MIPHO20
HAIAWMYSAHHS Ma SUMIPIOBAHHS pizaivhux iHcmpymenmie Venturion 450/6 («ZOM Oberflichenbearbeitung
GmbH», Mazoebype, Himeuuuna). Yemanosxa obraonana 6ucokomounum wnunoenem, o 00360J5€ npogooumu
sumiprosanns oiamempa 3 mouricmio 0,002 mm. Maenimno-abpasusre 00podIeHHS MIMYUKIE He NPU3B00UMb 00
KpUMUYHOI 3MiHU Olamempis, wo 6 npoyeci ekcniyamayii modce npuzeecmu 00 opaky oemaneu. Ilicns 3—6 xe
MAO 308niwnin diamemp mimuukie M12 ma MI10 3menwuscs ¢ cepeonvomy na 20 mxm, M6 — na 15 mxm.
Baoicnuso, wo diamemp matidice He sminuecs migie 3 ma 6 x6 06podnenns. Lle mosicna noscrumu mum, wjo 8 nepuii
XGUIUHU npoyecy 8i00Y8AEMbCS IHMEHCUBHE 8UOATICHHS PYOUUKIE MA OKPY2IEHH 20CMPUX KPOMOK HA 8ePUIUHAX
3y6yie. Taxodxc 3a yeil yac UOAIAEMbC OeheKMHULL wap Mamepiany, wo chopmyeascs Ha emani wiiiQy8anHs,
SHIMAIOMbCA KOHYEHMPAMmMopu HANpyx’ceHv, Gi00yeaemvcsi NOOpiOHenHs Kap0Oidie ma 3MIYHeHHs NOBepXHI
incmpymenmy. Ilicia 6 x6 0bpobaenHs, 8 pe3yrbmami yYOapHOI 83aemo0ii KeasicmabintbHux 06’ emie MacHImMHO-
abpasueHo2o IHCMPYMeHmy 3 NOBEPXHeI0 MIMYUKA, GHYMPIUWHI HANPYICEHHS MA WilbHICMb OUCLOKAYill HA
epanuyi 00cAa2ae KPUMUUHO20 3HAYEeHH S 1l BOHU BUXO0SAMb HA NOBEPXHIO Y 8USTIAOI MIKDOMPIWUH MA 8I0UADYEAHHS
mamepiany. B yeii momenm 6i06yeacmvcs eudanenuss mamepiany 3 NOSEPXHi, Wo NPU3g00uUms 00 30L1bUIEHHS
paoiycie OKpyeleHHs pi3aibHUX KPOMOK ma 3meHuieHHs Oiamempa incmpymenmy. ILleti npoyec yukiiuno
NOBMOPIOEMBCA, WO NO8 A3AHO 3 YUKIIYHOIO 3MIHOI0 (DI3UKO-MEXAHIYHUX 61ACMUBOCMEL MOHKUX NOBEPXHEBUX
wapie mamepiany iHCMpyMeHmy ma ix nepiooudHuUM 6UOAICHHIM.

Knrouosi cnoea: mimuux, mounicmo, macHimuo-abpasugne 00poOIeHHs.

https://doi.org/10.33108/visnyk_tntu2019.04.070 Ompumano 20.01.2020

76 ......... ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (96), 2019 https://doi.org/10.33108/visnyk_tntu2019.04


https://doi.org/10.33108/visnyk_tntu2019.0
https://doi.org/10.33108/visnyk_tntu2019.04.0

