Technological Complexes Nel/2 (12), 2015

UDC 621.9.022.01

Veremey G., Sapon S.

Chernihiv National University of Technology / Ukraine

AN EXPERIMENTAL RESEARCH OF THE ACCURACY OF OVERHAULED VALVE
SEATS WITH THE VARIABLE CUTTING CONDITIONS

OKCIIEPUMEHTAJIbHOE UCCJ/IEJOBAHUE TOYHOCTU BOCCTAHOBJTMBAEMbIX
CELEJ KITATTAHOB l1PU USMEHEHWUN PEXXUMOB PE3AHUS

Abstract: One of the most important quality
indicators in the valve seats overhauled process of
the timing gear in the internal combustion engine is
a parameter of deviation from roundness which is
formed during their machining in a car repairing
industry. In this work variation influence of the
process conditions on the geometric precision valve
seats during their formation was experimentally
researched. According to the results of the
ivestigation the rational cutting conditions were
defined, that allows to provide a minimal deviation
from the roundness of the valve seats.
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INTRODUCTION

The efficiency increasing of the valve seats
overhauled process is dictated by the need to
provide the accuracy engineering parameters of
processing by precision increasing of formation in a
car repairing industry. The consummation of the
prescribed precision parameters is an actual
problem in the metal-cutting sphere and especially
in case of domestic companies, where the usage of
the main production technological equipment for the
goals is economically inexpedient

A perspective direction to increase the precision
of the geometrical shape is to determine the
necessary cutting conditions within processing of
the valve seats on the new car repairing equipment.

PROBLEM STATEMENT

Accumulated experience and implemented
researches in the sphere of the overhauled repairs
for timing gear (TG) parts in the internal combustion
engine (ICE) show that an existing car repairing
equipment doesn’t allow to provide the constancy of
required accuracy parameters within machining
valve seats [5]. The reason to this is, mainly,
unstable cutting forces and rigidity absence of the
machining system within the hand devices applying
and metal-cutting portable equipment.

The solution to this problem was considered in
the works [6, 8], where the mathematical modeling
results of the overhauled valve seats process were
represented and an ability to provide the required
parameters of accuracy with the oriented slab —
cutting tool (CT) by copy method of boring out was

AHHomauusi: OOHUM u3 Hauboriee 8aHbIX oKa3a-
meneli kayecmea 8 80CCMaHO8UMEIbHOM pouecce
céO0ern KnanaHoe 2a3opacrpedesiumesibH020 MexaHU3-
Ma e dsusamersie 8HYyMPEHHE20 C20paHus s18rsiemcsi
napamMemp OMK/IOHEHUs1 om Kpyanocmu céden, ¢hop-
mupyemblli nipu ux obpabomke 8 asmMopPeMOHMHOM
npouszsodcmee. B pabome skcriepumeHmarbHO uccrie-
008aHO 6/uUsIHUE U3MEHEHUSI pexumos obpabomku Ha
2e0MempuYeCcKyt0 moYyHocms cé€Oesi KranaHoe 8 rpo-
uecce ux gpopmoobpasosaHusi. B pesynbmame uccrie-
0o8aHUsI 8bIsIBNIEHbI PaUUOHalbHbIE PEXUMbI Pe3aHusl,
rossornsawue obecrieqyums MUHUMAJIbHOE OMKIIOHE-
Hue om Kpyanocmu cédeni KnarnaHoe npu ux eoccma-
HOBJIEHUU.

Knroueenbie cnoega: moyHocme obpabomku, eoccmaHo-
eumeribHbIli PeMOHM, OMKIIOHEHUEe Om Kpyarnocmu,
npouecc hopmMoobpasosaHusi, PEXUMbI pe3aHUsl.

BBEOEHUE

MoBblweHns achdeKTUBHOCTM NpoLecca BOCCTaHOB-
neHuss cépen knanaHoB NPOAMKTOBaAHO Heobxoau-
MOCTbIO 0GecneyveHnst KOHCTPYKTOPCKUX napamMeTpoB
KayectBa 006paboOTKM 3a CYET yBENUYEHUSI TOYHOCTMU
¢dopmoobpasoBaHns B aBTOPEMOHTHOM MPOU3BOACTBE.
JocTukeHne 3aaHHbIX NapamMmeTpoOB TOYHOCTU NOBEPX-
HOCTeW ceana KnanaHa siBNAeTCa akTyanbHOW 3agaven
B obnactn MetannoobpaboTkm u, ocobeHHo, B ycro-
BMAX OTEYECTBEHHBLIX aBTOPEMOHTHbIX MPEANPUSATUIA,
rae Mcnosnb3oBaHMe TEXHOMOMMYeckoro oGopyaoBaHus
OCHOBHOIO MpPOM3BOACTBA ANS1 MOCTaBMEHHbIX Lienew
ABNAETCA SKOHOMUYECKM HeuenecoobpasHbiM. [lep-
CMEKTUBHBIM HaMpaBfeHWEM MOBbILLIEHNS TOYHOCTU
reoMeTpu4eckon opmbl SBMSIETCA OnpeaeneHne He-
06X0aMMbIX PEXMMOB pesaHus npu obpaboTke mno-
BEPXHOCTEW ceana kKnanaHa Ha HOBOM aBTOPEMOHTHOM
obopynoBaHuu.

NMOCTAHOBKA 3AO0AYU

HakonneHHbI onbIT 1 NpoBeAEHHbIE UCCNeaoBaHWsA
B 00nactM BOCCTaHOBUTENbHbIX PEMOHTOB AeTanen
rasopacnpegenutensHoro mexaHnsma (FPM) B aBura-
Tene BHyTpeHHero cropaHusa (OBC) nokasbiBaloT, 4TO
CyllecTBylLlee aBTOPEMOHTHOE OOOpynoBaHWE He
nossonsetT obecneunTb MOCTOSHCTBO Tpebyembix
napaMmeTpoB TOYHOCTM Mpu 06paboTke cémen knana-
HoB [5]. MpuynMHamm aToro ABMAKTCA, B OCHOBHOM, He-
CTabuNbHOCTL YCUNWMI  pe3aHns W HeJocTaToyHast
XE&cTkocTb obpabaTbiBatoLLel cMcTeMbl NpU NpUMeHe-
HUW PY4YHbIX MPUCNOCOBNEHNI 1 pexyLlero obopyaosa-
HWSA NopTaTUBHOIO TUMa.

PeweHune ganHon npobnemel paccmMoTpeHo B pabo-
Tax [6, 8], roe npeacTaBneHbl pesynbTatbl MaTemMaTu-
YecKoro MoAenupoBaHusi npolecca BOCCTaHOBIEHUS
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shown. In the work [4] the problem of optimization
was solved in the choice of the rational conditions
for the valve seats machining according to the
results of the flaw detection process. In the work
[3], according to the results of the mathematical
modeling experiment the theoretical dependences
of the investigated quality parameters on the
varying conditions of the valve seats machining
were obtained.

To identify received theoretical regularities in
this work the experimental research of the influence
of cutting conditions on the precision parameters in
the forming process of the valve seat surfaces with
the usage of modern measuring facilities was
conducted.

MAIN ARTICLE

One of the main TR function in the ICE is the
combustion  chamber  pressurization,  which
implemented by contact of the conical surfaces of
the seat and its valve. Quality of the pressurization
is defined by quality parameters of the contacting
surfaces in the conjugation bush-valve-seat (Fig. 1,
a). Within valve seats processing the quality of their
working surfaces is imposed high requirements of
precision, one of them is deviation from roundness
Ar for D2 diameter surface (Fig. 1, b).
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céfen knanaHoB M MokasaHbl BO3MOXHOCTM obecneye-
HUS TpebyeMbiX NapaMeTpoB TOYHOCTU OpUEHTUPYe-
MbIM  MHCTPYMEHTOM METOAOM KOMWPOBaHMS  Npu
pactaumBaHun. B pabote [4] pelwleHbl 3agayum onTumm-
3aumm npu BbIbOpe paumoHanbHbIX pexMMoB obpaboT-
KM cégen KranaHoB MO pesynbTatam npouecca MX
pedektaumn. B pabote [3] no pesynstatam matemaTu-
YECKOro MOAENuMpPOBaHUSA 3JKCNEpUMMEHTa MOMy4YeHbl
TeopeTnyeckne 3aBUCUMOCTUN UCcredyeMbix napamet-
pOB KayecTBa OT BapbUpyeMbIX PexXnmoB obpaboTku
céaen KranaHoB.

[ns nogTBepXXAeHWs MONyYeHHbIX TeopeTUYeCKMX
3aKOHOMEpPHOCTEN B JaHHOW paboTe C MCnonb3oBa-
HMEM COBPEMEHHBIX CPEACTB U3MEpPEeHUs MpoBedeHO
3KCMEpPUMEHTanNbHOE WCCrnefoBaHUE BIUAHUSA PEXU-
MOB pe3aHus Ha napameTpbl TOYHOCTU B Mpouecce
dopmMoobpa3oBaHUs NOBEPXHOCTEN ceana KnanaHa.

OCHOBHOW TEKCT CTATbMU

OpHow 13 ocHoBHbIX hyHkumn MPM B [IBC asnsetca
repMeTn3aums Kamepbl CropaHus, KoTopas OCyLLecTB-
nseTcs NyTéM KOHTaKTa KOHUYECKMX MOBEpPXHOCTEN
cegna v ero knanaHa Ku, KavyecTBO KOTOpOW onpede-
naeTca napaMeTpaMu KayecTBa KOHTaKTUPYHOLLMX MO-
BEPXHOCTEW B COMPSXEHUN BTyNKa-KnanaH-ceano (puc.
1, a). Npwn obpaboTke céaen knanaHoOB K KayecTBy MX
paboymx NOBEPXHOCTEN NPEAbABNASIOTCA BbICOKME Tpe-
6oBaHMA NO TOYHOCTWU, OOHMM M3 KOTOPLIX ABMSETCA
OTKIIOHEHWE OT KPYrnoctu Ar noBepxXHOCTM AnameTpoM
D2 (puc. 1, b).
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Fig. 1 - The quality parameters of the contacting surfaces in the conjugation bush-valve-seat (a), the scheme of the valve seat
machining (b) / lNapamempbi kadecmea conpsixeHusi mogepxHocmeu emyrnka-KknanaH-cedsno (a), cxema obpabomku cedna
knanaHa (b): 1 — ICE body / bniok [IBC; 2 — valve seat / cedrno knanaHa, 3 — valve bush / emyrnka knanaHa; 4 — valve / knanaH; 5
— pilot / nunom; 6 — spindle / wnuHdenb; 7 — CT / PU; 8 — test element / KOHMPObHbIU 3r1EMeHm

According to the results of the flaw detection
process of the worn valve seats (based on the
interpolation model) in the work [8] and optimization
model (depending on the capacity of cutting

Mo pesynbTatam npouecca AedekTaumm
M3HOLLEHHbIX céaen (Ha OCHOBaHWW WHTEPMONSILIMOHHON
mMogenu) B paboTte [8] U oNTUMU3ALMOHHOM MoZdenu (B
3aBNCUMOCTN OT OOBEMOB cpe3aemoro matepuana) [4]
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material) [4] for the cutting conditions (n - rotation
frequency, min'; S - feed per one spindle
revolution, mm/rev; t - cutting depth, mm) the next
ranges were set up: 200 < n < 600; 0,02 < S <0,15;
0,05<t<1.

In the work [3], according to the results of the
mathematical planning experiment the dependence
of the deviation from roundness Ar on the cutting
conditions n and S of the valve seats surfaces was

ans pexvmoB ob6paboTkm céaen knanaHoB (N - YacToTa
BpalleHust wnuHaens, MuHY; S — nogava Ha opwH
obopoT wnuHaens, Mm/ob; t — rmybuHa pesaHuns, Mm)
ObInM ycTaHOBMEHbI criegytowme ananasoHsl: 200 < n <
600; 0,02<S<0,15;0,05<st=<1.

B pabote [3] mo pesynbTataM MaTemMaTU4eCKOro
NNaHMpOBaHWA 3KCMepMMeHTa MornyvyeHa 3aBMCUMOCTb
OTKIOHEHUs1 OT OKpyrrmocTu Ar obpabaTbiBaembix
NMOBEPXHOCTEN CEQen KnanaHoB OT PEXMMOB pe3aHus

(pyc.  2). [Ona  aKcnepuMeHTarnbHOro
noaTBepPXaeHNs apeKsaTHOCTH yCTaHOBMEHHOW
3aBMCHMMOCTU WCMONb30BaH KoMmniekc Ans obpaboTku
céden KnamaHoOB W COBPEMEHHas MW3MepuTenbHas
annapatypa (puc. 3).

obtained (Fig. 2). For an experimental confirmation n mn S
of the adequacy of the defined dependence the
valve seat processing complex and modern
measuring hardware was used (Fig. 3).

Ar, microns

n, min?

Fig. 2 - Theoretical dependence of the shape deviation Ar of the processed surface from the roundness on the cutting conditions
n and S / Teopemuyeckasi agucuMocCmb OMKIIOHEeHUs1 ¢hopmMbl Ar 06pabomaHHOU MO8EePXHOCMU 0OM OKPy2/10Cmu 0m PEXUMO8
pesaHusn u S

Fig. 3 — General view of the valve seat processing complex and hardware for spindle radial displacement control / Obwuti sud
Komrinekca Onsi obpabomku cé0er KnanaHos u annapamypbl 05151 KOHMPOss paduarnbHbIX nepemeuweHul wnuHoens: 1 — test
element / koHmponbHbIt 3nemeHm; 2 — laser sensors / nasepHble damyuku; 3 — computer / komneromep; 4 — spindle of the
machining appliance / wnuHdenb obpabamsigaroujezo npucrniocobrneHus; 5 — electric frequency variator / anekmpuyveckudi
sapuamop Yacmom; 6 — electronic tachometer / afiekmpoHHbIl maxomemp; 7 — valve seat/ cedno knanaHa;

8 — ICE body / 6riox JBC
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An experimental research of the different cutting
conditions effect on the precision of the valve seat
forming was carried out by controling the
magnitude of the spindle displacements in the
plane orthogonal to the axis of its rotation. This
investigation was implemented on the bases of the
designed technological equipment for valve seat
processing (Fig. 3) [3].

In this test hardware the complex for spindle
radial displacement control was used (Fig. 4, a, b):
two non-contact laser sensors, a digital
oscilloscope, a laptop with the software [7]. Scheme
of the spindle displacement determination is shown
in Fig. 4, c.

OkcnepuMeHTanbHoe uccrnefoBaHUe BrMSIHUS pas-
NWYHBIX PEXMMOB pe3aHus Ha TOYHOCTb hopmoobpa-
30BaHUsi CeAnia KranaHa OCyLWeCTBRsANOCb MyTEM
KOHTPONSA BENWYMHbI MEepeMELLeHNA LWNuHOens B
OPTOroHanbHOM MIOCKOCTU K OCWM  €ro BpaLleHus.
WccneposaHne npoBogunock Ha 6ase paspaboTan-
HOro TexHonornyeckoro obopynoBaHusi Ans o6paboTku
cépnen knanaHos (puc. 3) [3]. MNpwn aToM ucnoneb3osancs
KOMMIIEKC KOHTPONnbHOW annapaTypsl (puc. 4, a, b): aea
OECKOHTaKTHbIX  fadepHblX  AatyuMka,  umdposon
ocumnnorpad, HOyTOyK C NporpamMmMHbIM obecneyeHem
[7]. Cxema onpegeneHnss nepemMelleHni LWnuHOens
npeacrasneHa Ha puc. 4, C.

Interface / UnTepdeitc
RS 232

> ;
=
' Digital oscillograph /
! Lindposon ocumnnorpad
IRIS

Fig. 4 - General view of the: laser triangulation sensor (a); digital oscilloscope (b) and structural scheme of the spindle
displacement determination (c) / Obwul 8ud: nasepHbIX MpuaHaynsyUuoHHbIX 0amyukos (a); uughposozo ocyurnoepaga (b) u
cmpyKkmypHasi cxema ornpederieHusi nepemewieHul wnuHoesns (c)

This complex allows carrying out the
measurement of radial spindle displacements Ax
and Ay in two mutually perpendicular planes to its
axis of rotation. This makes it possible to determine
their maximum values within variable cutting
conditions and thereby to set up rational values of S
and n. Varying the spindle rotation and feed was
implemented with a certain step with the electric
frequency variator, and indicator devices. During
the experiment carrying out on the isolated rigid
rack two contactless triangulation, laser sensors
were installed of a model RF603.2-10/ 2-485-U-IN-
AL-CG, spaced 90° angle each to other and
directed to the outer cylindrical surface of a
precision spindle element (deviation of the surface
from the roundness is 1 micron). The working range
of the sensor is 2 mm, the linearity is £ 0,002 mm,
resolution ability is 0,2 microns, the maximum
sampling rate of 9.4 kHz [7]. Registration and
display of the signals from the laser sensors was
implemented with the IRIS digital oscilloscope via
an RS 232 interface [7].

Implementation of the planned research was
carried out by circuit (Fig. 5) and consisted of 20
runs (4 series of 5 experiments with sequential
spindle rotation of 100 min?' and feed of 0,04
mm/rev).

[aHHbIn  KOMMMEeKC MNO3BOMSET  OCYLLIECTBMATb
U3MepeHue paguvanbHbIX MNepemMeLleHnn Ax un Ay
WINMHAENs B ABYX B3aUMHO MepreHauKynspHbIX Nioc-
KOCTSIX K OCM ero BpaleHusi. 3To A4aéT BO3MOXHOCTb
onpefenuTtb UX MakCcuMMmaribHble 3HayeHus, npu pas-
NNYHBIX pexuMax obpaboTku cépen u, TeMm cambiM,
YCTaHOBUTb  pauuoHanbHble 3HavyeHuss n u S,
BapbupoBaHne 4acToTbl BpalleHWst U nogayvn LUMUH-
Jens ¢ onpefenéHHbIM LaroM OCYLLEeCTBNSANOCh C
MOMOLLbIO YACTOTHOIO 3MEKTPUYECKOro Bapuatopa M
MHOMKATOPHbLIX npucnocobnenunin. lMpu nposegeHUn
3KCNEepUMEHTa Ha >XECTKON M30MNMPOBAHHOW CTOWKe
yCTaHaBNMBanNuUCb ABa OECKOHTAKTHbIX, TPWaHryns-
LMOHHbIX, NasepHbiX gatyuka Tuna P$603.2-10 / 2-
485-U-IN-AL-CG, pacnonoxeHHblx Apyr K Apyry noA
yrrnom 90° 1 HanpaBneHHbIX K BHELIHEN LnMHapuYec-
KO MOBEPXHOCTM MPELM3NOHHOIO 3fieMEHTA LUNUHAOe-
nsi (OTKNOHeHWe OT kpyrnoctn 1 Mkm). Pabouni
OuanasoH gaTyMKOB COCTaBmsieT 2 MM, JIMHENHOCTb *
0,002 wmm, paspewatowaa cnocobHoctb 0,2 MKM,
MakcumanbHas 4dactoTa guckpetusaumm 9,4 kly [7].
Peructpauusi u otobpaxeHne CUrHanoB C NnasepHbIX
[aTYMKOB peanunsoBbiBanacb C MOMOLLbIO LMPOBOro
ocumnnorpada IRIS yepes untepderic RS 232 [7].

MpoBeaeHne 3annaHMpPOBAHHOIO UCCNeAOBaHUS
OCYLLECTBNANOCH MO cxeme (puc. 5) n cocroano ns 20-
TM onbitoB (4 cepum nNo 5 SKCNepMMEHTOB C
nocrnenoBaTesfibHbIM M3MEHEHVMEM YacTOTbl BpaLleHus
wnuHaens Ha 100 muH? 1 nogaun Ha 0,04 Mm/06).
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Determination of the spindle displacements Ax and Ay on the coordinate axes with different processing modes /
Onpepenexune nepemeLLeHnn WnuHaens AX n Ay no KOOpAMHATHBIM OCAM Ha pasnuyHbIX pexmnmMax obpaboTkm

JL

Received data processing by software / O6paboTka nony4eHHbIX AaHHbIX MPOrpamMMHbIMKU cpeacTBamum

Il

OnpepeneHve BNUSHNUA BENUYMHBI NEPEMELLEHWIA LWNMHAENS HA NapamMeTpbl TOYHOCTY NPY BapbMpOBaHUn
pexnmammn pesanus / Determining the impact of spindle movements on the value of the precision parameters by
varying the cutting modes

iy

YTOYHEeHMe Ha3Ha4YeHHbIX paHee pexnmoB obpaboTku / Refinement of the processing modes previously assigned

Fig. 5 — Scheme of the planned research implementation / Cxema nposedeHusi nnaHupyemozo uccredosaHusi

At the beginning of each experiments series the
initial position xo, yo of the beam of each laser
reflection point of the of the sensors concerning to
the operating range S start was determined:

_Uox
Umax

where Uox, Uovy - arithmetic means values of the
laser sensor with a stationary spindle, V;

Umax - the maximum value of the laser sensor
output signal, Umax =10 V;

S - the operating range of the laser sensors, S =
2 mm.

The sensors operating principle is described in
the work [7].

In accordance to the scheme of the experiment
implementation the cutting equipment was adjusted
and a series of experiments of the processing valve
seats was carried out, fixing with the laser sensors
on a time interval a discrete set of values of the
spindle displacement in the orthogonal plane to the
axis of rotation. All experiments were performed
under the same environmental conditions and
climate disturbances.

The measurement results were recorded in the
IRIS software oscilloscope software in «.xls» file
format [7], and then by the Microsoft Office Excel
program the displacement of the spindle axis in
linear values was determined according to:

Xo 'S'yo=

UXi

I[Xi =
max
where Uxi, Uvi - sensor signal at the appropriate
time, V.

The variation of the spindle rotation in
accordance with the experimental plan provided
various processing time of the parts. Therefore, for
the same number of measurements per spindle
revolution, in the course of experiments the signal
sampling frequency on the oscilloscope was set
proportionally to the spindle rotation the range fq =
50-200 Hz on the basis of ensuring each sensor 50
measurements per one spindle revolution [7].

The results obtained in the form of sensors
signals Ul, U2 were processed in the Microsoft
Office Excel software (the formulas (1) and (2)) and

-S—X,

B Hauvane kaxgow cepumn OMbITOB ONpeaensnocb
UCXOOHOE TOMOXeHWe Xo, Yo, TOYKM OTpaxeHus
nasepHoro rnyya Kaxaoro M3 AaTYMKOB OTHOCMTENBHO
Havyana pabo4yero guanasoHa S:

U oY . S Y (1)
Umax

roe Uox, Uoy - cpegHeapudgmeTnyeckme sHadeHust
CUrHana nasepHoro pJatyvMka npwu  HENOABMXXHOM
wnuHaene, B;

Umax — MakcMmanbHO€ 3HayeHWe BbIXOOHOro

curHana nasepHoro gatymka, Umax = 10 B;

S — pabouyui ananasoH nasepHbIX AaTYuKoB, S = 2
MM.

MpyHUUN gencTena aaTtynkoB npuBenéH B paboTte
[7]-

B cooTBeTCTBMM CO CXEMOW  NpoOBeAEHUS
3KCMepUMEeHTa HacTpamBarocb MeTannopexylee
obopyaoBaHue 1 OCyLLECTBIANCS P SKCNEPUMEHTOB
npm obpabotke cépgen  knamaHoB,  OUKCMPYS
nasepHbiMu Jartynkamm Ha onpeaeneHHom
NPOMEXYyTKE BPEMEHM AOUCKPETHbIN HAbop 3Ha4YeHuin
CMELLEHUA LINMHOENs B MNIMOCKOCTX, OPTOroHanbHOMW
ocu BpalleHusi. Bce akcnepMMeHTbl NPOBOAUIUCE NPU
O[MHaKOBbIX BHELLHWNX YCIOBUSIX NOMEX W KnuMaTa.

PesynbTathl N3MepeHnn 3anucbiBanumcb B
nporpammHoe obecnedeHne ocuunnorpaga IRIS B
dann dopmarta «.xls» [7], nocne yero B nporpamme
Microsoft Office Excel onpegensinocb cmelieHne ocu
LWNUHAENS B JIMHEMHbIX BENUYMHAX NO 3aBUCUMOCTSAM:

U..
]——[yi_ s 'S_yo )

U
roe Uxi, Uyi - curHan gatyumka B COOTBETCTBYHOLLMMA
MOMEHT BpemeHu, B.

BapbupoBaHue 4acTOTbl BpalleHUs LWnMHOens B
COOTBETCTBUM C MITAHOM 3KCMEepUMeHTa obecneyvmBano
pasnMyHy0 NPOACIHKUTENBHOCTL 00paboTkn geTanen.
Moatomy ans obGecneyeHnss O4MHAKOBOrO KOMMYECTBA
N3MepeHUn 3a oavH obopoT WNMHAENs, B npouecce
npoBeAeHNs1 3KCMEePUMEHTOB 4acTOTy AMCKpeTusaumm
curHana Ha ocumnnorpade ycTaHaBnuBanu npornop-
LMOHanbHO YacToTe BpalleHus LWNUHAeNsa B npeaenax
fa = 50-200 Iy n3 pacdeTa obecneyeHuss KaxabM oat-
ynkom 50 namepeHuin 3a ognH obopoT wnuHaens [7].

[MonyyeHHble pesynbTaThl B BUAE CUTHANoOB AaTyu-
koB Ui, Uz 6binu obpaboTaHsl B cpeae Microsoft Office

@
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output as dependency graphs Ax, Ay - maximum
runout on the spindle rotation frequency n and
spindle feed S. Fig. 6, 7 show typical dependency
and graphs of this diagrams corresponding to
deviations from roundness Ar within a
predetermined tolerance of 0,01 mm.

n=300 min™; S=0,02 mm/rev

Excel (no cdopmynam (1) un (2)) n BbIBEOeHblI B BUAe
rpadumkoB 3aBucumocTenr AX, Ay — MakCUMarbHOro
OveHns WnuHAensa OT 4acToTbl BpalleHus N 1 nogaydv
S wnuHaensa. Ha puc. 6, 7 npeactaBneHbl TUMOBblE
avarpaMmMbl - M rpadvku  AaHHbIX  3aBUCMMOCTEMN,
COOTBETCTBYIOLUME 3HAYEHUSM OTKIIOHEHUS OT Kpyr-
noctu Ar B npegenax 3agaHHoro gonycka 0,01 mm.

n=400 min*; $S=0,06 mm/rev
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0,002 | S IR I ¥ I I
0
A% 4 6002 1
-0,004 ,
-0,006
-0,008
200 points; f4 =100 Hz; T, sec 250 points; fg =125 Hz; T, sec
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200 points; fg =100 Hz; T, sec

Fig. 6 - Typical dependency diagrams of Ax, Ay runout of

330 points; fg =167 Hz; T, sec

spindle on cutting conditions n and S / Tunoasle duaspammbi
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_Ax Ay, microns

9_Ax, Ay, microns

107 ] _
ra et
Fa “",'
8 85 e
N e
. -
sensor 1 et / sensor1 .| sensor 2
. Y (PRI . S o
sensor 2 / = /
4-"""--..___ — Ss /
S
n, min-? 5 mmy/rev
. . . I
200 280 360 440 520 600 001 0038 0066 0094 012 015

Fig. 7 - Dependency graphs of Ax, Ay runout of spindle on cutting conditions n and S / Ipagbuku 3asucumocmeli bueHusi Ax, Ay

wnuHAerns om pexumos pe3aHusi n u S

Of the 20 carried out tests on the according to
the analysis results of the valve seats processing
using laser sensors it was defined, that within the
processing surfaces with feed of 0,02 + 0,10
mm/rev and in the range of spindle rotation of 300 +
550 min! the maximum displacements of the
spindle stay within the deviation from roundness
tolerance, in the frequency range 500 + 550 min!
and feed 0,10 = 0,15 mm/rev rapidly approaches
the limit value, and for n > 600 mint and S > 0,15
mm/rev extremely increase. This behaviorcan be
explained, respectively, increasing the cutting
speed V, the cutting forces [1], the influence of the
centrifugal force and the increasing presence of
static imbalance of the spindle shaft.

For valve seats, machined in the range of S =
0,02 + 0,170 mm/rev and n = 300 + 550 min? the
daviation from roundness was carried out using
“Talyrond” equipment in metrology certified

M3 20-Tm npoBeAEHHbIX OMbITOB MO pesynbTaTtam
aHanunsa obpaboTku céaen KnanaHoB C UCMOSb30Ba-
HMEM Na3epHbIX AAaTYNKOB YCTAHOBIIEHO, YTO MaKcUma-
NbHblE CMELLEHMs WNMHAens npyu obpaboTke nosepx-
HocTen ¢ nogaden 0,02+0,10 mm/00 M B AmanasoHe
YyacToT BpauleHusa wnuHaens 300+550 muHt ocTatoTcs
B npegenax Jornycka Ha OTKIMOHEHWE OT KPYrnocTu, B
obnactu vactotr 500+550 MuH?! u nomay 0,10+0,15
MM/06 CTpeMUTENbLHO NPUBNWXKaTCS K NpeaenbHOMY
3HauyeHuo, a npu n > 600 muHt n S > 0,15 mMm/06
3KCTpeMarnbHO YyBenuuueBarTcs. [JaHHOoe mnoBeAeHue
MOSICHAETCH, COOTBETCTBEHHO, YBEITMYEHNEM CKOPOCTU
pe3aHusa V, cun pesanus [1], BnusHMemM pacTylien
LEHTPOGEXHON CUNbl U MPUCYTCTBUEM CTaTUYECKOTO
aucbanaHca Bana LNUHAens.

Ons cénen knanaHoB, 06paboTaHHbIX B Aunanaso-
Hax S=0,02+0,10 mm/06 1 Nn=300+550 MuH! BbINO U3-
MEpPEHO OTKITOHEHWE OT KPYrIIOCTU C UCMONb30BaHMEM
obopygoBaHua Tuna «Talyrond” B MeTponormyeckon
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laboratory (Fig. 8) [3]. cepTuduumpoBaHHoi nabopatopum (puc. 8) [3].

The obtained results of deviation from roundness Mony4eHHble pe3ynbTaTbl OTKMOHEHUS OT Kpyr-
were processed using MathCad and "Kompas" nocTn Kkpyrnorpamm Gbinv 06paboTaHbl C MOMOLLBO
softwares and presented as dependency graphs on nporpammHoro obecneyennss MathCad u «Komnacy u
the machining conditions Ar n and S (Fig. 9). npeacTaBreHbl B BUde rpadukoB 3aBUCUMOCTU Ar oT

pexvMMoB pesaHus n u S (puc. 9).

(C)

(b)

Fig. 8 — Test of valve seats for the deviation from roundness (a), test results (b) /
KoHmponb akcriepumeHmarnbHbIx cé0er KanaHoe Ha OmKIIoHeHUe om oKpyanocmu (a), pesynsmamsi KoHmpossi (b)

Fig. 9 — Experimental dependence of the shape deviation Ar of the processed surface from the roundness on the cutting
conditions n and S / OkcriepumeHmarnbHas 3a8ucUMOCmb OMKIOHeHUs1 ghopMbl Ar o6pabomaHHOU MnogepxHocmu om
OKpya/10Cmu Om pexumos pesaHusin u S
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Fig. 10 — Comparison of theoretical and experimental dependences of the shape deviation Ar of the processed surface from the
roundness on the: spindle rotation (a); spindle feed S / CpasHeHue meopemuyecKkux u aKcrepuMeHmarbHbIX 3agucumocmel
OmKIroHeHus1 popmbl Ar 0bpabomaHHOU Mo8epXHOCMU OM OKPya2/10CmuU Om: Yacmombl 8pawieHusi wiuHdens n (a); nodaqu

wnuHdens S (b)
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The adequacy of the obtained mathematical
modeling dependences is confirmed by comparing
the theoretical and experimental results (Fig. 10).
The discrepancy between the modeled and
practical values is within a 10 to 20%.

CONCLUSIONS

The carried out experiments in this work using
laser sensors allowed to explore by practical
method a spindle value in the orthogonal plane to
its axis of rotation and thereby to determine its
influence on the form error of valve seats within
their processing.

Based on the analysis of dependency graphs
and roundness measurement results for the
reaching of valve seats deviations from roundness
values within 5,5+10 microns the recommended
spindle rotation and feed rate should be,
respectively, 300 + 550 min?! and 0.02 + 0.1
mm/rev. The depth of cutting on deviation from
roundness practically doesn’t effect in the above
specified ranges of the frequencies and feeds.
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AnexkBaTHOCTb, nony4YeHHbIX MaTeMaTn4eCkum
mogennposaHnem 3aBUCUMOCTEN, noatTeepXxnaeTca
CpaBHeHnem nony4YeHHbIX AKCNnepumMeHTarbHbIX

pesynbTaToB (puc. 10). PacxoxaeHve mexay mogenu-
PyEMbIMU ¥ NPaKTUHECKUMW 3HAYEHUSIMU HAxXOAUTCS B
npeaenax 10 go 20%.

BbIBOObI

MpoBeaéHHble B paboTe aKCnepuMeEHTbI C UCMONb30-
BaHMEM nasepHbIX OAaTYMKOB MO3BONWUMM UCCNEAoBaTb
NpaKTU4EeCKMM METOAOM BEMWUMHY CMELLEeHUS LWnuHae-
NS B MNMIOCKOCTM OPTOrOHanbHOM €ro OCWM BpalleHust 1
TeM cambiM OnpeaenuTb €€ BNUsiHWe Ha MOrpeLuHOCTb
dopmbl Npy 06paboTke céaen knanaHoBs.

Ha ocHoBaHuW npoBefEHHOro aHanusa rpadukos
3aBMCUMOCTEN M pe3ynbTaToB KpyrnorpaMm Ansi obec-
neyYeHUss 3Ha4YeHW OTKIOHEHWUsSI OT OKPYrNocTu céapen
KnanaHoB B npegenax 5,510 MKm pekomeHayembie
3HAYeHMs1 4YacTOTbl BpaLLlEHWs U MOJayYM LINUHAEenNs
[OOMKHbI COCTaBNATb, COOTBETCTBEHHO, 300+550 MuH?
n 0,02+0,1 mm/06. MMybuHa pe3aHusi Ha OTKMNOHEHUe
OT OKPYrIOCTU MPaKTUYeCKM He BMMSIET B YKa3aHHbIX
BblLLIE Anana3oHax 4YacToT 1 nogau.
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