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PRECISION OF HOLE PROCESSING BY REAMER-BROACHING

To process holes in bushings, flanges, pulleys and other similar parts, various
types of metal-cutting tools are used: drills, countersinks, reamers, broaches, and
others. The use of a particular tool depends on the required accuracy, roughness and
type of production.

Unfavorable cutting conditions cause an increase in the mechanical load on
the blade section, where the chips separate from the main layer of material and its
deformation, which is accompanied by significant heat release and low tool life.

This article proposes the processing of high-precision holes — a reamer-
broaching, the design of which is confirmed by the patents of the Republic of
Kazakhstan, and structurally combines the features of a reamer and a broach. This
design provides favorable cutting conditions, which contributes to high machining
accuracy and low surface roughness.

In cross-section, the profile of the helical teeth of the reamer-broaching can
be of the following versions. standard profile of the reamer teeth, equal-wide tooth
profile, like a broach with a helical equal-wide tooth, cutting-deforming.

The results of production testing of samples are given, the analysis shows that the
accuracy of the diametrical dimensions of the holes after processing with a reamer-
broaching increased by 1.2 quality compared to a machine standard reamer; the
roughness decreased by 1, 2 classes.

Keywords: processing, hole, accuracy, quality, roughness, reamer, broach.

Introduction

One of the urgent problems of mechanical engineering is the processing of holes,
which are subject to high requirements for the accuracy of size, shape and location.

Hole processing is carried out with metal-cutting tools: drills, countersinks, reamers,
broaches, boring cutters, blocks and boring heads. Depending on the requirements for
the accuracy of the holes, appropriate tools are used. Drilling and countersinking are
preliminary operations, the rest are finishing operations.

When processing holes in body parts, bushings, flanges and similar machine parts,
countersinking and unfolding operations are widely used. However, the countersink, the
most common tool for processing holes after drilling, casting, forging, like any other
tool with a short and therefore mechanically and thermally heavily loaded cutting part,
has a limited cutting speed and relatively low durability. Wear is concentrated in the
local area along a small length of the cutting part.

The unfolding is carried out with significantly lower cutting speeds, however, the
cutting part also has a relatively short length and undergoes significant wear during
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operation. The reamer has small cutting edges in length that are constantly in operation,
and the penetration of coolant into the cutting zone, where the material being cut at
a high cutting temperature and a greater degree of deformation is in conditions of
comprehensive hydrostatic compression, is difficult, which contributes to an increase in
the intensity of wear. In addition, the rigidity of the spindle assembly of drilling machines
is insufficient. With a large length of the processed hole, a longer length of the cutting
tool, for this reason, the processing accuracy decreases and the roughness increases.

Materials and methods

Unwrapping and broaching are finishing operations. The disadvantage of unfolding
is that the cutting work is focused on a relatively short cutting part and does not correct
or poorly corrects the position and shape of the axis.

Unfavorable cutting conditions cause an increase in the mechanical load on the
blade section, where the chips are separated from the main layer of the material and
its deformation occurs, which is accompanied by significant heat generation, although
less than during countersinking. Mechanical and thermal stresses lead to a relatively
low resistance of cutting tools [1-10].

At the Department of Mechanical Engineering and Standardization, the analysis
of methods and methods of processing cylindrical holes, parameters of the cut layer
during cutting, geometry and designs of existing metal—cutting tools (reamers, broaches,
combined tools) has been carried out, new metal-cutting tools have been developed to
improve processing accuracy, surface quality of parts and productivity, patents of the
Republic of Kazakhstan have been obtained [11-14].

Results and discussion

The advantages of broaching are used in the new design of the cutting tool: relatively
low cutting speed, processing quality (size accuracy, roughness), reduction of abrasion.

Scanning-broaching allows to significantly reduce the breakdown of holes that
occurs when processing with drills and countersinks, as well as to reduce the roughness
of the treated surface and increase the durability of the tools themselves [4-5].

The sweep-broach is structurally constructed according to the following principle:
in the axial section it has design features corresponding to the broach: the front shank,
neck, front and rear guides, cutting and calibrating parts, and in the cross section the
signs of the sweep: the shape and number of teeth, the geometry of the cutting part, and
when working it rotates like a sweep (Figure 1).
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Figure 1 — 3D model of the sweep-broach

In cross-section, the profile of the helical teeth of the sweep-broach can be of the
following versions: the standard profile of the teeth of the sweep, the equi-wide profile
of the teeth, like a broach with a helical equi-wide tooth, cutting-deforming [13].

The use of an equidistant profile of teeth allows you to increase the durability of
the sweep-broach, the number of overflows, and, consequently, to increase the service
life due to overflowing along the back surface, unlike broaching with circular teeth,
and recreate the state of the back surface after overflowing to the state of a new tool,
which improves the quality of processing.

The use of a cutting-deforming profile allows for the cutting process and surface
plastic deformation. The formation of the treated surface of the cylinder is carried out by
the smoothing tape f, however, a sharp transition from a deformed to a non-deformable
state can cause a deterioration in the quality of the treated surface. To eliminate this
phenomenon, an angle of £<10° was introduced after the ribbon, providing a smooth
transition from the deformed to the undeformed state of the treated surface to improve
its quality.

The material of the cutting part of the sweep-broach can be both high-speed steel
R6MS5 and others, and soldered plates of a hard alloy.

The sweep-broach makes it possible to increase the efficiency of hole processing
compared to stretching and unfolding by combining in one tool the signs of the sweep
and broach: increasing durability, the total resource of the tool, the possibility of re-
drawing the sweep-broach along the back surface and improving the quality of the
surface to be processed, reducing the temperature and specific load on the cutting edges
in the cutting zone; execution with cutting and deforming teeth provides an increase in
the quality of processing.

The processing of the holes of machine parts with a sweep-broach is carried out on
a lathe in the following ways: by fixing the sweep-broach in the chuck and on the lathe
support with the left or right direction of the screw chip grooves [14].

The sweep-broach processing scheme when installing the workpiece on the lathe
support is more acceptable, because the error from the clamping forces of the lathe
chuck is excluded, which affects the shape of the hole being processed.
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To exclude the influence of geometric errors of the machine (radial runout of the
spindle, wear of the frame guides, etc.), a floating chuck has been developed, installed
in the chuck of the machine, and a device for installing the workpiece in the tool holder
on the caliper has also been developed.

Figure 2 shows the scheme of processing by a sweep-broach of a cylindrical hole on
a screw-cutting machine, where 1 is a sweep—broach, 2 is the workpiece, 3 is the chuck
of a screw-cutting machine, 4 is a device for installing the workpiece, 5 is a floating
chuck, V is the direction of rotation of the sweep—broach, S — the feed direction of the
workpiece.

Figure 2 — The scheme of processing by a sweep-broach

When equipping mass production, a simpler special aggregate machine can be used
for this operation.

Prototypes of the sweep-broach were manufactured at the machine-building
enterprise of the city of Pavlodar «FormatMachCompany» LLP and tested in the
educational and production workshops of the Faculty of Engineering at the Department
of «Mechanical Engineering and Standardization» (Figure 3).
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Figure 3 — Prototypes of the sweep-broach

Production tests were carried out at «The Plant of Non—Standardized Equipment»
LLP by comparing the results of hole processing with a machine standard sweep and
— sweep-broach.

Conclusions

The results of production tests of samples processed with metal—cutting tools —
machine standard sweep and sweep-broach are respectively as follows:

1) the accuracy of the diametrical dimensions of the holes according to 78 quality,
the roughness of the surface of the holes corresponds to grades 9 and 10.

2) the accuracy of the diametrical dimensions of the holes according to the 67
accuracy quality, the roughness of the surface of the holes corresponds to the 10 and
11 roughness classes.

The analysis of the results shows that the accuracy of the diametrical dimensions
of the holes after processing by the sweep-broach increased by 1-2 quality compared
to the machine standard sweep; the roughness decreased by 1-2 classes.
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*A. XK. KaceHoe
TopaiirsipoB yHuBepcuteti, Kazakcran Peciybnukacst, [TaBnonap k.
Marepuan 06.02.23. 6acnara TyCTi.

TECIKTEPII YHFBIVIAFBIII-TAPTAKOHFBIIITIEH OHAEY A9JIAITT

Tonkenepoezi, epnemexmepOeci, mezepaepdeci Jicone bOacka 0a yKcac
boemuexmepoesi mecikmepoi oyoey yuiin Memail Kecemin Kypanoapovly opKaHoail
mypaepi KonioanuLiaobl.: Oypauliap, yHeinep, ¢ YH2bLiaeblumap, mapmajicoHabiuumap
arcone backanap. Ocvl Hemece backa Kypanovl KOIOaHy Kaxcemmi 0910iKKe, Kedip-
OYOBIPILIKKA JHCOHEe OHOIpIc MypiHe OALIAHbLCHbL.

Kecyoin xonaticviz orcazoatinapvl Keckiui Kypanobly OiCY3iHIH YudcKeciHoe
MEXAHUKANBIK HCYKMEMEHIH JHCO2apblIayblHA 9Keaedl, OHOA Mamepuailobly He2isel
Kabamvinan OeniHin, OHblY Oehopmayusacel naroa Oonadvl, Oy1 aumapieiKmail
JHCHLTY WIBI2APYMEH JHCOHE KYPALOblH MOMEH MypPaKmulibiablMeH Oipee scypeo.

byn makanaoa orcosapvl  Oondikmeei mecikmepdi 6HOeY YCbIHbLIAObL —
YH2bLIAIU-MAPMAdICOH2bIUL, OHBIY Ou3atinbl KP namenmmepimen pacmanzam scone
YH2bLIAY MEH Mapmaxcoryobly bencinepin Koncmpykmuemi mypoe Oipikmipedi. by
KOHCMPYKYUsi KecyOiy KOAQUibl HCa20ailapblh KamMmamacei3 emeoi, 0yi1 eyoeyoiy
Jrco2apul 0o0izine JHcoHe beminiy Kedip-0yOblpabi2blHa bIKNAT emeoi.

Konoenen kumada ynevliazvlu-mapmasxiconavli  OypaHoaibl  mMicmepiniy
npoguni xeneci scacaybinoa 601Ybl MyMKIH: YH2bLIA2bIW MICMEPIHIY CMAHOAPMMmbl
npoghuni, bypanoansl mey micmi mapmaniCoH2blu CUAKMbl micmepoiy SKGUBALEHMMI
npoguni, kecy-oeghopmayusinay.

Yreinepoi endipicmik cvinay nomuoicenepi kenmipineen, manday KepcemreHoel,
CanbLIAYIapObly OUAMEMPIIK OIUUEMOEPIHIH 001012l Y H2bLIAZbIUL-MADMANCOHSbIUNEH
oHOeyOeH KelliH MAWUHATLIK CIAHOapmmyl YHablid2blner canvlicmoipeanoa 1, 2
Keanumemxe ecmi, kedip-0youvipavix 1, 2 colHbInKa azauiob.

Kinmmi coe3zdep: enoey, mecik, 0010ix, Keanumem, Kedip-0yovip, YH2blid2blud,
MAapmMarCcoyebiiu.
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Marepuan noctynun B pegakuuio 06.02.23.
TOYHOCTBb OBPABOTKHU OTBEPCTUM PA3BEPTKOM-IIPOTSI)KKOMN

s obpabomku omeepcmuii 0 6MYAKAX, QAAHYAX, WKUBAX U OPYeUX NOOOOHBIX
0emansax NPUMEHSIOMC PAa3IudHble MUnbl MEeMAIIoOPeNCYWUx UHCMPYMEHMO8:
c6Epaa, 3eHKepbl, Pa3eepmKu, npomsdicku u opyeue. Ilpumenenue moeo uiu uHo2o
UHCIMpYMeHma 3a8ucum om mpedyemMol MOYHOCMU, WePOXO8amoCcmy Uumuna
npouseo0cmaa.

Hebnazonpusmuvle ycnogus pesanusi 6vi3u18ai0m NOGbIUEHUE MEXAHUYECKOU
HAaepy3KU HA Y4acmke 1e36uUs, HA KOMOPOM HPOUCXOOUM OMOeNeHUe CHMPYIHCKU
OM OCHOBHO20 ClO Mamepuanra u ezo Oeopmayui, 4mo CORPOBOHCOAEMCs
SHAYUMETLHLIM MENI08blOeIeHUeM U HUZKOU CMOUKOCIU UHCIMPYMEHmA.

B oannoti cmamve npeonacaemcs 06pabomka 6blCOKOMOUHBIX OMEEPCMUL —
PA3BEPMKOU-NPOMANCKOU, KOHCMPYKYUSL KOMOPOU noomeepaicoeHa namenmamu PK,
U KOHCMPYKMUBHO coyemaem 6 cebe NPpUsHaKu pazeeépmiu u npomsicku. /lannas
KOHCMpYKyust obecneuugaem 61a20npusimuvie YCa08Us pe3anus, 4o cnocoocmayem
8bICOKOU MOYHOCMU 0OPAGOMKY U HUBKOU WEPOXOBATNOCTY NOBEPXHOCTIU.

B nonepeunom ceuenuu npoghurs eunmosvix 3y66e€8 pazeEPMKU-HPOMAINCKU
Modcem Oblmb CLeOYIOUUX UCNOHEHULL: CIAHOAPMHBIN NPOPULL 3Y0be8 pazeeépmii,
PABHOWUPOKULL NPpopunb 3y0bes, KAK Vy NPOMANCKU C GUHMOBLIM DABHOUUDOKUM
3y00M, pedcyuje-0ehopmupyrowuil.

Tlpugedenvl pesyrvmamovl HPOU3BGOOCHBEHHBIX UCHBIMAHULL 00PA3Y08, AHAIU3
NOKA3bI8AeM, YO MOYHOCHb OUAMEMPATLHBIX PAZMEPO8 OMBEPCMULL NOCe 00pabOmMKY
PA3BEPMKOU-NPOMSNCKOU YBEUYUNACH Ha 1, 2 Kéanumema no CpagHeHuro ¢ MAUUHHOL
CMAHOAPMHOU PA36EPMKON, UEPOX0BAMOCHb YMeHbuunacy Ha 1, 2 knacca.

Kniouesvie  cnosa: obpabomxa, omeepcmue, MOYHOCb,  KEATUMEN,
wepoxo8amocmn, pa3eépmKa, NPOMINCKA.
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