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B cTaTbe onuMcaHa TexHosiornusa o6paboTkum
TBEpAOCMN/IaBHbIX MYaHCOHOB C JINHENHbIM
napa6oaunyeckum npodunem. NpepcraBneHa
KMHeMaTuka o6paboTkm paccmaTpmBaembix
noBepxHocTen. ins obecnevyeHus
Heo6Xxo04NMOI KNHEMATUKU HA UMetoLLLeMCS

B Ha/Inuum o6opyaoBaHUU paspaboTaHa
AOMNOJIHUTEe/IbHasA IMHeNHas oCb cTaHKa. Takxe
paspaboTaHa MeToAMKa NpaBKU KPOMKU
WwndoBaibHbIX FO/I0BOK Ha onpepesieHHbIN
paauyc. MNpeacrtaBneHa MeToAMKa KOHTPOJIS
o6pa6oTaHHoro npoguns. NpreeaeHbl
pesyabTaTbl NPUMEHEHUS pa3paboTaHHbIX
MeToAuK Ans 06paboTKU NyaHCOHOB

C UCNONb30BaHUEM pas/INYHbIX WANPOBabHbIX
roJioBoK.
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BBEOEHWE

Mcnonp3oBaHHe  PeHTI€HOBCKOM  IIPeIOMIISIO-
Ier ONTHKHU [/ Pa3sBUTHUS MeTonoB QOKYCHPOBKHU
M HMMHIKHHIA PeHTreHOBCKOro usnydeHus (PH)
C LN HUCCIeNOBAHUN MHMKPO- U HAaHO-0OBEKTOB
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The article describes the processing technology
for hard-alloy punches with a linear parabolic
profile. The processing kinematics for the
surfaces considered is presented. In order to
provide the required kinematics using the
available equipment, an additional linear
machine axis has been developed. The dressing
method for the grinding head edges to a certain
radius has also been developed. The processed
profile control method is explained. The results
of the developed method application for
processing of punches using various grinding
heads are presented.
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INTRODUCTION

The use of refractive X-ray optics for the development
of methods of X-ray focusing and imaging in order
to study the microscopic and nano-scale objects has
been successfully performed for 25 years [1]. Since
the first experimental demonstration of their use,
the X-ray refractive lenses have been permanently
included in the toolkit of up-to-date specialized syn-
chrotron radiation sources due to a number of advan-
tages: they are easily adjusted, relatively insensi-
tive to misorientation and mechanical vibrations,
and are also able to withstand high thermal and
radiation loads [2-4]. In comparison to the X-ray
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yCIlemHo BefeTcsa yxke 25 jieT [1]. C MOMeHTa I1epBoi
3KCIIePUMEHT/IBHON JeMOHCTPALlMH HX KCII0/b30Ba-
HHS PEHTTeHOBCKHE IIPeJIOMIISIOIINEe JTUH3bI IIPOYHO
BOIIJIM B MHCTPYMEHTapHUI COBPeMEHHBIX CIIellHa-
JIM3HUPOBAHHBIX HCTOYHMKOB CHHXPOTPOHHOIO H3JIy-
yeHUsl Onarofgapsi psoy NpPeHMYIIecTB: OHH JIETKO
HaCTPauBalOTCSl, OTHOCHUTEIBHO HEYYBCTBUTEIbHEI
K Pa3OpUeHTAllUHd U MeXaHHU4YeCKHM KojebaHHSIM,
a TaKkkKe CIIOCOOHBI BBIJEP)KHMBATh BBICOKHE TePMH-
YeckrMe W pafiMallMOHHBIe Harpysku [2-4]. Ilo cpas-
HEHMIO C PEeHTTeHOBCKMMHM 3€pKajlaMH M KPHCTaJl-
JMYEeCKUMH MOHOXPOMAaTOpPaMHM, JIMH3bl He MEHSIOT
HaIlpaBjeHUsl PACIPOCTPaHEeHHs MIePBUYHOrO ITy4yKa
PEHTTeHOBCKHUX JIydeH, UTO CyLIeCTBeHHO YIIpOILaeT
OIITHYECKYIO CXeMy CHHXPOTPOHHBIX CTAHLIUH .

IlepBrie IpeIOMIIAIONINE JIMH3BL IIPEACTaBIISIN
coboil PN LUMIMHAPUYECKHUX OTBEPCTHH, BBIIION-
HEHHBIX B 6JI0Ke QTIIOMUHUS, GOPMUPYS COCTABHYIO
npenomsiomyto nuH3y (CIDI). Bonblloe Koau4de-
CTBO OTBEPCTHI I103BOJIM/IO KOMIIEHCHPOBATb C/1abBIM
3QPeKT IIpeIoM/IEHHSI PeHTIreHOBCKOTO H3/y4YeHHs
M, KakK ClIeACTBHE, IIONYYHUThH IIpuemiieMoe (OKyc-
HOe pacCTOSIHHe B AHAIla30He 3Hepruu ot 5 1o 40 k3B.
CornacHO TeOpPHH BOTHOBOM OITHKHU, I10f06HAsT POKy-
CHUPpYIOIAs THMH3a HMeeT CHIbHBEIe cheprueckue abep-
pallii, BbI3BaHHBIE KPYIJIBIM IIPOQHIeM OTBepCTHH.
PemeHuneM mpobiemel cdepruueckux abeppaluit
SIBJISIETCS MCII0JIb30BaHHeE I1apaboIniecKkoro mpoduis
nuH3 [5].

[IpuHOUI paboTbl PeHTIeHOBCKOM JHMH3bl aHAJIO-
TUYeH MNPUHLUIY PpaboThl KIaCCHYeCKOHM OITHYe-
CKOHM JIMH3Bl U OCHOBaH Ha 3ddeKTe Ipe/loM/IeHHUS,
HO IIpY 3TOM IIOKa3aTe/ib IIPeIOM/IeHUS MaTepHajioB
[/l PEeHTIeHOBCKOIO H3/yYeHHs MeHbIIe eIHHHIIBI,
4TO OIlpefe/sgeT BOTHYTHIM IMPodUIb GOKYCHPYIOIIen
OIITUKH. B 3aBHCHMMOCTH OT GOpMBI HPOPHUISL OJH-
HOYHBIX JHUH3, ¢opmupylomux CILI, MOXHO BbIfie-
JTUTh ABa TUIIA — A1 OJHOMEPHOHM WM [BYMepHO
¢oxycupoBku PH. CrnemoBaTenbHO, $opma HpodHIIs
yraybieHUsl 1isi OGHOMepPHOM (QOKYCHPOBKH HMeeT
JTUHEMHBIN MapabonndecKUd HpodUIb, a IS ABY-
MepHOU POKyCHPOBKU GpopmMa podUIs MpeCcTaBiIseT
cobort mapabosmous BpalleHHUs. HemmocpeacTBeHHOe
BIMsSHHE Ha IpeJe/bHOe paspelleHHre JHUH3bI U Kaye-
CTBO IlepelaBaeMOro JHMH30M H300paskeHHS OKa3bl-
BaeT He TOJbKO BHYTPEHHsS CTPYKTypa MaTepHaia,
HO M COBEPILNEHCTBO FeOMETPHUELCKUX XapaKTePUCTUK
JIMH3bI ~ TOYHOCTb IIPOQUIISA TMH3bL U LI€POXOBATOCTh
OITHYEeCKOM IT0OBepXHOCTH [6].

PemreHue 3amayu IIOJy4YeHHsSI BBICOKOKAYeCTBEH-
HOro Iapabonuyeckoro Mmpoduist THUH3BL B IEPBYIO
ouepenpb HAOCTUTAETCS 3a CYET H3TOTOBJIEHMS CIIeLM-
aJIbHBIX TBEPAOCIIABHAIX IIpecc-GOopM C MaJIBIM paju-

=

mirrors and crystal monochromators, the lenses do
not change the direction of the primary X-ray beam
propagation that significantly simplifies the optical
circuit of synchrotron stations.

The first refractive lenses were a series of cylin-
drical apertures made in an aluminum block while
forming a compound refractive lens (CRL). A large
number of apertures made it possible to compensate
for the weak X-ray refraction effect and, as a result,
to obtain an acceptable focal distance in the energy
range from 5 to 40 keV. According to the wave optics
theory, such a focusing lens has strong spherical
aberrations caused by the circular aperture profile.
The solution to the problem of spherical aberrations
is the use of a parabolic lens profile [5].

The operating principle of an X-ray lens is similar
to that of a classical optical lens. It is based on the
refraction effect, but at the same time, the refrac-
tive index of X-ray materials is less than one that
determines the concave profile of focusing optics.
Depending on the profile shape of single lenses
forming the CPL, two types can be distinguished -
for one-dimensional and two-dimensional X-ray
focusing. Therefore, the recess profile shape for
one-dimensional focusing has a linear parabolic
profile, while the profile shape for two-dimensional
focusing is a rotational paraboloid. The ultimate lens
resolution and the quality of the image transmitted
by the lens are directly affected not only by the inter-
nal material structure, but also by the perfection
degree of the geometric lens specifications, such
as the lens profile accuracy and the optical surface
roughness [6].

The solution to the problem of obtaining a high-
quality parabolic lens profile is primarily achieved
by producing the special hard-alloy molds with
a small bending radius (up to 50 pm), a small pro-
file shape error (less than 1 pm), and high surface
purity (RMS ~10 nm) using the ultra-precision CNC
lathes [7]. Moreover, the manufacture of punches
with the rotational paraboloid shape does not require
any changes in the kinematic machining flow dia-
grams, while the manufacture of punches with
a linear parabolic profile requires changes in the pro-
cessing procedure for the parts. This paper presents
the results of the developed processing technology
for punches with a linear parabolic profile.

The workpiece (Fig. 1) is a hard-alloy rod with
a diameter of 6 mm, on one end of which there is
a protrusion, having a parabolic shape in its section.
The linear parabolic protrusion also has recesses on
both sides and its length is 4 mm. Moreover, the flat-
tened surface is available along the entire rod.
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ycoM 3akpyriaeHust (4o 50 MKM), MaJIOH OIIHO6KOM
dopmel mmpodruist (MeHee 1 MKM) K BBICOKO YHCTO-
TOH IT0BepxHOCTH (RMS ~10 HM) C HCIIO0JIIB30BaHHEM
YIBTPANPeliM3MOHHBIX TOKAPHBIX CTaHKOB ¢ YIIY [7].
IIpy 3TOM /711 HU3rOTOBJIEHHS IYaHCOHOB ¢ GOpPMOL
napabonousa BpalleHUs He TpebyeTcs H3MeHEHMUS
KHMHeMaTH4YeCKUX CXeM MeXaHH4eckol 06paboTKH.
B To Bpemsa KaK IJIsl H3LOTOBJIE€HHS IIyaHCOHOB
C JTHUHEHHBIM IapaboruyecKUM mpoduneM Heob-
XOJMMO H3MeHeHHe TeXHOJOTHYeCKoro Ipolecca
obpaboTku fetaner. B maHHOM paboTe IpencTas-
JIeHBI pe3y/IbTaThl pa3paboTaHHOM TeXHOJIOTHH obpa-
6OTKH I1yaHCOHOB C JIMHEMHBIM IapabonnuecKUM
mpoduiem.

ObpabateiBaemasi geTanp (puc. 1) mpemcTaBiser
coboi1 TBepAOCIIABHBIN CTepsKeHb JUaMeTpPoM 6 MM,
Ha OfIHOM TOPLie KOTOPOIO BBIIIOJHEH BBICTYII, KMeIO-
MU B ce4eHUH $opMy Iapabonbl. JIMHEHHBIH Iapa-
6onMmyecKUI BBICTYII TaKKe HMeeT OOHKKeHUS C IBYX
CTOPOH, U €ro JJKHa CcoCTaBasgeT 4 MM. TakKe BJO/Ib
BCEro CTep>KHSI HMeeTCs JIbICKA.

[Tapabonudeckuil podUIb (PHUC. 2) OMMCBIBAETCS
crenyoIen GopmMyJsIon:

z=ax?,

I7ie a - ImapaMeTp, KOTOPHIM OTBe4YaeT 3a KPHUBH3HY
napabosbl U ompefensieTcss moTpebuTesIeM H3JemHs.
OcHoBaHHe Mapabosbl JOMKHO HMETh PAfHYC CKpY-
reHus He 6oee 0,1 MM,
K meTany mpembsiBISIOTCS Cllefyoniye TpeboBaHUS
I10 TOYHOCTH B KauecTBY:
* IIEepOXOBATOCTh IIOBEPXHOCTH Iapabonudye-
CKOTO ITPOMIISL IOMKHA COCTaB/IATh Ra He 6oree
0,01 MKM;
* TOYHOCTb GOPMBI IapaboIHuecKoro MpodHIs
COCTaBJIsIeT 1 MKM;
* TOpell Ha KOTOPOM BBIIIOJTHEH BBICTYII HO/DKEH
HMMeTh OTKJIOHEHHE OT IIOCKOCTHOCTH 1 MKM
U [IIepOX0BaTOCTh He 6osiee Ra He 6oree 0,01 MKM;
+ mapabonuvecKUi NpoPUIb AOIKEH OBITH Mapa-
JIeJIeH IUIOCKOCTH JIBICKH C TOYHOCTBIO 1 MKM.

OCOBEHHOCTU KMHEMATUKHA
OBPABOTKW U3AENNN

O6paboTka TBepAOCIUIABHBIX IIyaHCOHOB C ITapaboiu-
YeCKMM IpodriieM THIIA Tela BpalleHHs Obplia pac-
CMOTpeHa B cTaThksix [8, 9]. Ho mjs U3roTOBIEHHUS
IIyaHCOHA C JMHEHHBIM IapabonudyecKuUM Ipodu-
7eM KHHeMaTHKa 0OpaboTKM, ONHMCAHHAS B CTAThSX,
He MOAXOOUT. BMeCTo ABYX JTHHEHHBIX U ABYX Kpy-
TOBBIX OCEHl HeoOXOOHWMO HCIIONB30BATh TPU JIMHEH-
Hble U OHY KPYrOBYIO 0Cb. /ISl 5TOr0 HeoOXOAHMO
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Puc. 1. 3D-mo0enb nyaHcoHa
Fig. 1. 3D punch model

The parabolic profile (Fig. 2) is described by the fol-
lowing formula:

z=ax2,

where a is a parameter used for the parabola curva-
ture and is determined by the product consumer. The
parabola base shall have a rounding radius of no more
than 0.1 mm.
The following requirements for accuracy and quality
are imposed on the part:
« the parabolic profile surface roughness Ra shall
be not more than 0.01 pm;
« the parabolic profile shape accuracy is 1 pm;
« the end on which the protrusion is made shall
have a flatness deviation of 1 pm and a rough-
ness Ra of not more than 0.01 pm,;

Z=ax?

Puc. 2. ®opma napaboauyeckozo npopuas
Fig. 2. Parabolic profile shape
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[ A6pa3suBHBIN UHCTPYMEHT

3aroToBKa

Puc. 3. Kunemamuka 06pabomku nyaHcoHa
Fig. 3. Punch processing kinematics

BBIIIOJIHATH 06paboTKy Ha 3-X KOOPAMHATHOM CTaHKe.
ITlo xoopauHaTtaM X U Z IPOU3BOOUTCI GOPMHUPOBa-
HHe Tpodu/Isi apabosisl, a 1o 0cH Y MHCTPYMeHT KK
IeTanb IOJDKHBI COBEpUIATh KojebaTelbHbIe IBHKe-
HHUS, [IPY 3TOM Ha OFMH JIBOMHOM XOJ I10 OCH Y IpH-
XOJIUTCS CMellleHHe Ha 1 mar 1o KoHTypy (puc. 3).
Tak Kak K obpabaTsIBaeMBbIM ITOBEPXHOCTSIM ITyaH-
COHA MPeBSBISIOTCS BBICOKHE TPebOBaHUS II0 TOU-
HOCTM M KadecTBY IIOBEPXHOCTH, TO He0OXOAHMO
HCIIO/Ib30BaTh Y/IbTPAIIPEI[M3HOHHOe 0bopyJoBaHMUe.
B ctanoyHoM mapke OOO «HIIO Acpepuka» HMeeTCs
YAbTPAIlpPeLIM3HOHHBIN CTaHOK C YITY «Acdeprra-P3»,
KOTOPBIH 06/71a1aeT CIefyOIUMU KOHCTPYKTHBHBIMU
0COBeHHOCTSIMU ;
¢ a’poCTaTHYecKkue HaIpaBgiollde Ha JHHeH-
HBIX OCSIX X U Z;

* CTaHWHA CTaHKA YCTAaHOBJIEHA Ha BHUOPOM30TH-
PYIOIIMX OIIOPaXx;

* HCIOTb30BaHHUeE IIPSIMBIX JIMHENHBIX IIPUBOJIOB;

* MHHHMAQJIBHO IIpOrpaMMHpyeMoe IlepeMellle-
HHe 10 HM.

Tak Kak CTaHOK HMeeT BCETO /iBe JIMHEeLHHble 0CH
nepemelnenus (X, Z), To B CTaHOAPTHOM KOMIUIEK-
TallUM CTaHKa IIyaHCOHBI C JIMHEMHBIM Iapabonude-
CKUM IpodunieM 06paboTaTh HEBO3MOXKHO. [JIs TOTO,
4TOOBl BBIIIOTHUTH 00paboTKy, 6bLIa paspaboTaHa
IOIONMHUTeNbHAs och Y (puc. 4), Kotopas 6sl obe-
CrieyrBasa KonebaTe/bHEIE ITepeMelleHHUs 3aT0TOBKU
B BePTHKAJIbHOM HallpaBleHHH. Tak KaK K 3aroToB-
KaM IIPe/IbsIBISIIOTCS BBICOKHE TPebOBaHMS K Ka4eCTBY
06paboTku, TO IOMIOMHUTENbHAs OCh Y TaKKe OCHa-
IleHa a9POCTATUYeCKUMH HAITPaB/ISIOIHMHU.

Ocb Y COCTOUT M3 C/Ie[yIOLUIUX OCHOBHBIX 31eMeH-
TOB: OCHOBaHMe, a3pocTaTH4ecKHe HaIlpaB/sollHe,
IIMII, IHeBMaTH4YeCcKUH LWIMHAP. LIum mepeme-
IIAeTCsl Ha adPOCTAaTUYeCKMX HaIPaB/ISIONHX BBEpPX-

i g

« the parabolic profile shall be parallel to the flat-
tened surface plane with an accuracy of 1 pm.

FEATURES OF THE PRODUCT
PROCESSING KINEMATICS
Processing of the hard-alloy punches with a para-
bolic rotation body profile was considered in the arti-
cles [8, 9]. In order to manufacture the punch with
a linear parabolic profile, the processing kinematics
described in the articles are not suitable. Instead of
two linear and two circular axes, three linear and
one circular axes shall be used. For this purpose, it is
necessary to perform processing using a three-axis-
controlled machine. The parabola profile is formed
based on the X and Z coordinates, and the tool or part
shall oscillate along the Y axis, while there is a one-
step displacement along the contour per one double
move along the Y axis (Fig. 3).

Since the high requirements are set for the machined
punch surfaces in terms of accuracy and surface qual-

TIHeBMaTHUYECKUI
LIYUTUHAD

Iun

AspocTaTUyecKkue
HaIlpaBIdgonirue

OCHOBaHUe

Puc.4.0OcbY
Fig. 4. Y-axis
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BHHM3 IpHU [OMOIIM ITHEeBMAaTHYECKOIo LMIMHAPA,
IIPY 3TOM CyMMAapHBIN XOf, COCTaBsgeT 25 MM. IlnaB-
HOCTb IIepeMeIleHHs 3aTOTOBKH I10 OCH Y TOCTHUTaeTCs
3a CYeT MCII0/Ib30BAHM THEBMATHUYeCKOT0 IUIHHApPA
B IIPELIM3HOHHOM HCIIOTHEHHH .

TakuM o06pa3oM 3a CUeT AOIONHHUTENBHOM och Y
Ha cTaHKe «Achepura-®3» MokHO obecrieduTsh 0bpa-
60TKy IyaHCOHOB C JIMHEMHBIM I1apaboiHyuecKUM
npoduiem. CaMa 3aroToBKa 3aKpeIliseTcs B OIIpaBKe,
3aKpeIyIeHHON Ha IIHIIe OCH Y, M COBepIlaeT Koje-
baTenpHble ABMKeHHS. lITH(OBAaJBHBIN NINKH/IEb
C abpasUBHBIM HHCTPYMEHTOM YCTAaHAaBIHBAaEeTCS
Ha KapeTKe OCH Z CTaHKa, a 0Ch Y —~ Ha OCH X CTaHKa.

TEXHOJ1IOI NS NMPABKW

ABPA3NBHOIO MHCTPYMEHTA

[t 06paboTKU TBEPAOCIUIABHBIX I1yaHCOHOB HCIIOJIb-
30BaHBl aJMasHble IMUTH()OBaJbHbIE TOJIOBKU C pas-
JIMYHOM 3epHUCTOCTBIO U CBSI3KAMHU.

Jyist Toro, 4To6BI BRIIIOTHUTH 06paboTKy I1apabonu-
YEeCKOM ITOBEPXHOCTU C TOYHOCTBIO GOPMEL 10 1 MKM,
HeobX0qHMMO 3HATh PaJUyC IUTHGOBaIbHOM FOIOBKH R
(puc. 5). IIpu 5TOM paguyc Ao/DKeH 6bITh 0,1 MM KK
MeHbIle (st obecriedyeHUs] pafiniyca y OCHOBaHHS
11apabosibl) ¥ He BAPbHPOBAThCS, & UMETh OfIMHAKOBOE
3Ha4YeHHe BIOJIb BCEro IepUMeTpa.

O6pruHO mIIM(OBATBHEIE TOTOBKH He HMEIOT
KaKkoro-nubo KOHKPEeTHOIO pajghyca Ha KpOMKe

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
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Puc. 5. ®opma waudosanbHol 20108KU
Fig. 5. Grinding head shape

ity, it is necessary to use the ultra-precise equipment.
Scientific and Production Association “Aspherika” LLC
has an Aspherika-F3 ultra-precision CNC machine in
its fleet that has the following design features:

« aerostatic guides on the X and Z linear axes;

 the machine frame is installed on the antivibra-

tion mounts;

» use of the direct linear drive units;

« minimum programmable displacement is 10 nm.

Since the machine has only two linear axes of move-
ment (X, Z), then the punches with a linear parabolic
profile cannot be machined using the basic machine
configuration. In order to perform the processing, an
additional Y-axis was developed (Fig. 4) that would

InudoBanbHBIN
LITHUHAETb

KpoHuITernH .

Ocp X

BBICOKOCKOPOCTHOM a3pOCTaTUYECKUH
b OBaIbHBIH IIITUHAETH

Bupg A

IIpaBUIBHBIN KPYT
3ampasisgemas

urdoBaabHasI TOTOBKA
Ocb Z

Puc. 6. Hanadka Ha npasky waugosanbHol 20/08KU
Fig. 6. Setup for the grinding head dressing

[ ] |/
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U MMeIOT IlepeMeHHOe 3HadyeHHe BMOJb IlephMeTpa.
st obecmieyeHHs] HeOOXOZHMMOIO pajuyca HIIHPO-
BaJIBHOM TOJIOBKKM HeOOXOZMMO BBHIIIONIHUTB OIlepa-
LIMI0 [paBKU. Kak mpaBuio, s HITMGOBATbHBIX
TOJIOBOK BBIIIO/IHSIETCS IIPAaBKA 10 HAPY>KHOM LIMJIMH-
OpUYecKoll MOBEePXHOCTU IIPU IIOMOIIN IPaBHJIbHBIX
KapaHJalllel WIX PolHKOB. OmHako Isi 06paboTku
neTaner, pacCMaTpUBaeMbIX B CTaTbe, HEOOXOAHMO
BBIIIOJIHKTh IPOQMIbHYIO IIPAaBKYy NUIHM(GOBATbHEIX
TOJIOBOK I10 Pafuycy.

[ BBIIONTHEHHSI TaKOM IIpaBKU paspabo-
TaHa CHOelHaJbHAasg HajJajJKa, peaJM30BaHHas
Ha cTaHKe «Acpepuka-®3». CxeMa IpaBKH II0Ka3aHa
Ha puc. 6 ¥ 7. 3ampaBisieMas IUIM(OBaabHas FOJI0BKA
3aKpeIUIsijiach Ha BBICOKOCKOPOCTHOM a3pocTaTHye-
CKOM IINIH(OBAIBHOM LIIIHHJe/Ie, KOTOPEIM YCTaHaB-
JUBAJICS HA OCH Z CTaHKA. [IpaBH/IBHBIN KPYyT 3aKpe-
IUISUIA B IJIMQOBAJIbHOM LIMKMHE/Ie, YCTAaHOBIEHHOM
Ha KpoHIITelHe ocu X. IIpK 3ToM 0Cb BpallleHHUs IIpa-
BUJIPHOTO Kpyra PacIlojiarajiach IIepIleHIUKY/ISPHO
OCH BpallleHHsI 3aIllpaB/isieMOM FO/IOBKU. IIpy IpaBKe
IIPaBU/IBHBIN KPYT IPOXOAHUT BAONb 0Opasyromien
3alpaBisieMOH TO/I0OBKH IO 33aJaHHOM TPaeKTOPHH,
dopmMupyst HeobXOoUMBIH paguyc R (puc. 7).

B KayecTBe MPaBU/ILHOIO Kpyra KCIIONIb30BaH ILJIK-
bOBaNbHBIN KPYr C MHOLOCIOMHBIM KOMIIO3HIIHOH-
HBIM 3JIeKTPOJIMTHYECKMM IIOKPBITHEM Ha OCHOBe
HHUKeJIA. 3epHHUCTOCTh ajiMa3a IIPaBUJIBHOTO Kpyra
cocrasisia 125-160 MKRM.

[To pa3paboTaHHOM TEXHOJOTHH BBIIIOTHEHA
IpaBKa IIKH(OBAIBHBIX TOIOBOK (PHUC. 8), IPHUMeHeH-
HBIX JI/Isl YepPHOBOM K UK CTOBOK 06pabOTKH IIyaHCOHOB
C IMHEeHHBIM IapabonrueckyuM IpoduieM.

YepHoBast 06paboTKa IIyaHCOHOB BBIIIOTHEHA IIPU
IIOMOINY LITHQPOBATIBHOKM TOMOBKH C 3€PHHCTOCTBHIO
anmasa 100-125 MKM Ha MeTa/UIM4ecKOM CBsI3Ke
dupmsl Haefeli (IBerinjapust). Ilepen mpoBegeHHeM
OIlepallMH IPaBKH Ha PaJlyC IUIMPOBATIbHYIO TOJIOBKY
paccMaTpyBaId C IIOMOILBI0O MHKPOCKOIA C LIeJIbI0
oIpejie/leHHs. TeKYLIero COCTOSHHA KPOMKH, a TaKKe
C LIeJIBIO OIpelesieHHs] HeoOXOZMMOro CheMa MaTe-
puana mnpu npaske. Ha puc. 9a mokasaHo IIepBOHa-
YajIbHOEe COCTOSIHHE KPOMKHU IMIJIN(POBaIbHOL IOIOBKH.
BuaHO, 4TO KpOMKAa TOJIOBKHM M3HOIIEHA, TaK KakK
paHee ObUIa HCIIONb30BaHA Ha APYrHUX IIIHGOBaIb-
HBIX OIlepaliysax, M He HMeeT YeTKO BBbIPa’keHHOI'O
panuyca, Tpebyemoro st 06paboTKU ITyaHCOHOB.

[IpaBKa  4YepHOBOM TOJIOBKM  BBIIIOJIHEHA
3a HeCKOJIbKO IIPOXOZ0B, IIpHYeM CyMMapHBIH
ceeM coctaBusl 0,08 MM Ha AuameTp. PesKHMMBI
IIPaBKH:. 4YacToTa BpallleHHs IIPaBHJIBHOIO Kpyra
20000 o06/MHH, 4YacTOoTa BpallleHHS 3ampaBsise-
MOM IUIMGOBABHOM T0/0BKU 10000 06/MHH, CKO-
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TIpaBUTBHBIH [ HauyasnpHOe I10/I0KeHUe
Kpyr e
Puc. 7. Cxema npasku waugosaabHoli 20n08Kku (8Ud caepxy)
Fig. 7. Dressing diagram for the grinding head (top view)

oscillate the workpiece in the vertical direction. Since
the workpieces are subject to the high requirements
for the processing quality, the additional Y-axis is also
equipped with the aerostatic guides.

The Y-axis consists of the following basic elements:
a base, aerostatic guides, a slide, and a pneumatic cyl-
inder. The slide moves up and down on the aerostatic
guides with the help of a pneumatic cylinder, while
the combined stroke is 25 mm. The smooth workpiece
movement along the Y axis is achieved due to the use
of a precision pneumatic cylinder.

Thus, due to the additional Y-axis, the Aspherika-F3
machine can ensure the processing of punches with

Puc. 8. A6pasugHbliii uHcmpymeHm (cAea Hanpaso: npa-
BUABHBIL KpYy2, YepHO8As WAUPOBAAbHAS 20/108KA, YUCMOBAS]
WAUOBAAbHAS 20108Ka).

Fig. 8. Abrasive tool (from left to right: dressing wheel,
roughing grinding head, finishing grinding head).
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pocTb 00paboTKH IO KOHTYPY
10 MM/MHH. 3a KaKIOBIH IIPOXOT,
C 3aIpaB/sieMOM TOJOBKH BBIIOJ-
Hsics cpeM 0,01 MM Ha IHUaMeTp.
Ilocme mHpaBKH C IIOMOIIBIO
MHKPOCKOIIA ITPOBOAMIMN KOH-
TPOJIb II0JIyUeHHOI'o pafiuyca M-
doBanbHOM romoBKU. Ha puc. 9b
[IOKa3aH IIpUMep 3aMepa 3aIlpas-
JIeHHON NIUIM(POBAIbHOM T'OJIOBKHU.
Kaxk BUIHO M3 PHUCYHKaA, HedeKTHl,
KOTOpble M3HAYaJIbHO IIPHUCYTCTBO-
BaJIM Ha TOJOBKe, OBIIM yCTpa-
HeHBbl, U IIOJy4YeHHBIH Ppaguyc

0,1 MM

—_—
RO,1

Puc. 9. YepHosas waugosanbHas zonoska do (a) u nocae npasku (b)
Fig. 9. Roughing grinding head before (a) and after dressing (b)

0,1 MM

CKpyI/eHHs cocTasisieT R=0,1 MM.

[Io aHaJOTUYHOM TEeXHOJO-
TMHU BBIIIOJIHEHA IIPaBKa YHCTO-
BOM IUIMQPOBAIIBHOM TOJIOBKH.
MInudoBanpHasg Tro0JIOBKA C 3ep-
HHUCTOCTBIO anmasa 7-10 MKM
Ha IIOJIMYPeTaHOBOK CBsI3Ke 6bLIA
HM3TOTOBJIEHA II0 CIIeJUAJIbHOMY
3aKka3y B OOO HIIK «3J1eKTpOKpH-
craum» (Poccus). Ha puc. 10a, b
TIOKa3aHBbl 3aMePbl YHCTOBOK NIIH-
OBIIBHOM TOJIOBKH [I0 U IIOCIIE
nmpaBku. IIpaBKa BHIIIOJIHEHA
Ha Tex ke peXXHMMaX, 4TO M I

0,1 MM

e —

4 RO,1
Puc. 10. Yucmoesas waudosarbHas 20n08ka do (a) u nocae npasku (b)
Fig. 10. Finishing grinding head before (a) and after dressing (b)

0,1 MM

YepHOBOU marboBaaTbHOU
roJ0BKU. [lonydyeHHBIH pagHycC
COCTaBUJI TakKe R=0,1 MM.

TEXHOJ1IOI'MAA OBPABOTKU NMYAHCOHOB
Jlist 06paboTKM IIyaHCOHOB C JHMHEHMHBIM Iapabo-
JIUYeCKUM IIpoduieM [ CTaHKa «Achepura O-3»
6bLIa CITPOEKTHPOBAHA CIIeIIMaTIbHAS Hajmaaka. CxemMa
06paboTKM IMoKa3aHa Ha puc. 1l. IlnudoBanpHas
ro/I0BKa YCTaHABIMBAIACh B BBICOKOCKOPOCTHOK aspo-
CTaTUYeCKUH WINHUHAENb, 3aKpeIUIeHHBIM Ha KpOH-
ITelHe KapeTku Z. O6pabaTeiBaeMas 3aroToBKa
3aKpeIlIsIach Ha OIIpaBKe, YCTAaHOBAEHHOM Ha IIHIIe
ocu Y. IIpu 06paboTKe 3aroToBKa COBeplIaia KoJie-
baTespHBIe IBUKEHHUSI B BEePTHKAJIbHOM IUIOCKOCTH,
IIPY 5TOM Ha KaXXIBIH ABOMHOH XOf, IIPOHCXOIUIO
CMellleHHe MIIKPOBAJIbHOM TI'OJIOBKHM OTHOCHUTEIBHO
3aroTOBKH I10 33afIAaHHOM TpaeKTopuu. Heobxomumas
TpaeKkTopusl obecriednBanach 3a C4eT OFLHOBPEMEH-
HOTO IIepeMelleHHsI KapeToK I10 ocaM X U Z. Ympas-
nsdomias mporpamma obecrieunBaeT paBHOMEPHBIH
IIar 1o npoduo napabosnsl. BMecTe ¢ JOMOTHUTENb
HOI BePTHKAJIBHOM OCBhIO Y Ha KapeTke ocH X TaKXKe
pacrionaranach HajaafKa Ha IIPaBKy MIIHPOBAIBHBIX
TOJIOBOK.
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a linear parabolic profile. The workpiece is fixed in
a mandrel installed on the Y-axis slide and executes
oscillations. The grinding spindle with an abrasive
tool is mounted on the machine Z axis slide, and the Y
axis is installed on the X axis of the machine.

DRESSING TECHNOLOGY

FOR AN ABRASIVE TOOL

The diamond grinding heads with various grain sizes
and bonds are used for processing the hard-alloy
punches.

In order to process a parabolic surface with a shape
accuracy of up to 1 pm, it is necessary to know the
grinding head radius R (Fig. 5), while the radius shall
be 0.1 mm or less (to ensure the radius at the parab-
ola base) and have the same value along the entire
perimeter.

Typically, the grinding heads do not have any par-
ticular radius at the edge, and are variable along
the perimeter. To ensure the required radius of the
grinding head, it is necessary to perform a dressing
operation. As a rule, dressing of the grinding heads
is performed on the outer cylindrical surface using
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BBICOKOCKOPOCTHOM

A3pPOCTaTUYEeCKU KapeTka ocu X

b11899%0291(3)9:8

KapeTka ocu Z A |

Ompaeka s
KpEIUIEHUS 3aTOTOBKU

A (yBenuueHo)

1InudoBanbHasE TONIOBKA 3aroToBKa

Vo

3aroTOBKH

Puc. 1.Cxema 06pabomiku nyaHcoHos
Fig. 11. Punch processing diagram

Hanazika Ha IIPaBKy
T GOBAIBHEIX TOTIOBOK

OcpY

e TlepeMelieHHE
3arOTOBKHU
BBEDX-BHU3

TpaekTopus 06paboTKU

the straightening sticks or rollers.
However, for processing the parts
considered in the article, it is nec-
essary to perform the profile dress-
ing of the grinding heads along
the radius.

In order to perform such dress-
ing, a special setup has been
developed, implemented for the
Aspherika-F3 machine. The dress-
ing diagram is shown in Figures
6, 7. The dressed grinding head
was mounted on a high-speed
aerostatic grinding spindle that
was mounted on the Z-axis of
the machine. The dressing wheel
was fixed in the grinding spin-
dle mounted on the X-axis bracket,
while the rotation axis of the
dressing wheel was perpendicular
to the rotation axis of the dress-
ing head. In the dressing process,
the dressing wheel passes along
the dressed head generatrix along
a given trajectory, forming the
required radius R (Fig. 7).

The grinding wheel with a mul-
tilayer composite electrolytic
nickel-based coating was used as
a dressing wheel. The grain size
of a dressing wheel diamond was
125-160 pm.

According to the developed tech-
nology, the grinding heads were
dressed (Fig. 8). Such heads were
used for roughing and finishing
the punches with a linear para-
bolic profile.

The punch roughing was per-

[Ipoduns mapabonsl popmupoBancs 06paboTKom
C IByX CTOPOH OTZEBHO, IIPHU 3TOM IS TOTO, YTOOBI
obecrie4yruTh OTCYTCTBHE HECTBIKOBOK Ha BepIIHHe
napabosibl, OCYIIeCTBIISIACh TOYHASI ITPUBSI3KA IIH-
($OBATTBHOM FOTIOBKH C IBYX CTOPOH 3arOTOBKH.
PazpaboTaHHAsE TEXHOTOTHS 06PabOTKH 3aroTOBOK
COCTOUT U3 CJIeAYIOMKX ITAIIOB:
1. YepHoBas 06paboTka 3arOTOBKH C LIe/IbIO BBIIION-
HeHMUSs OOHMKeHUS C ABYX CTOPOH OT I1apaborisl;
2. MeTponoru4eckKuil KOHTPOIb 3alOTOBKH U 4ep-
HOBOM IIUTM(HOBaIbHOM T'OJIOBKH ;
3. IIpaBKa 4epHOBOM IUIH(OBATBHOL TOMOBKH IS
BBIITOJIHEHHSI 06pabOTKHU I10 KOHTYPY;

formed using a grinding head with
a grain size of 100-125 pm on a metal bond by Haefeli
(Switzerland). Prior to the radius dressing operation,
the grinding head was examined under a microscope
in order to determine the current edge condition, as
well as to determine the required material removal
during dressing. Figure 9a shows the initial condition
of the grinding head edge. As can be seen from the
figure, the edge of the head is worn, since it has been
previously used for other grinding operations and does
not have a well-pronounced radius required for the
punch processing.
The roughing head is dressed in several passes, and
the total removal was 0.08 mm per diameter. The
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4. MeTpo/loruuecKUH KOHTPO/JIb 3aIIpaBlIeHHOH
1M POBA/ILHOM [OJIOBKH;

5. O6paboTka TpebyeMoro mpoduIsi 3ar0TOBKH IIPU
IIOMOIIIX YePHOBOM TN GOBATBHOM T'0JIOBKH ;

6. MeTpomoru4eckUuil KOHTPOIb 06paboTaHHOM

3arOTOBKM K KOPpeKLHs YIIpaB/soller IIpo-

rpammel B cucteme UIIY;

[IoBTOpeHMe MYHKTOB 5 M 6 OO JOCTHKEHHS

MHUHUMAaJIBHOTO OTKJIOHeHHUs 06paboTaHHOro

npoduas OT TeopeTHdecKkoro. IIpu Heobxomu-

MOCTH TpebyeTcsi [IOBTOPHO BBIIIONHSTH IIPABKY

1M POBaIbHOM [OJIOBKY;

ITpaBKa YKCTOBOM MIIM(OBAILHON [0JI0OBKH;

ObpaboTka TpebyeMoro IIpodus 3ar0TOBKH ITPH

[IOMOIIM YHCTOBOM IIIH(OBAIBHOM [OIOBKH;

10. MeTpoorUYeCcKUN KOHTPOAb 06paboTaHHOM
3arOTOBKH;

11. TloBTOpeHHe NYHKTOB 9 M 10 [0 AOCTHKEHHS
TpebyeMON IIEPOXOBATOCTH 0OpabaTbiBaeMOro
npobusd;

12. Pa3BopoT 3aroToBKU Ha 90° U 06paboTka 0b6HM-
SKeHUH JIMHEMHOI0 Iapabondeckoro mpodus
C IBYX CTOPOH.

>

O

PE3YJ/IbTATbl OBPABOTKU MYAHCOHOB

[To pa3paboTaHHON TeXHOMOrHMH ObUT 0bpaboTan psf,

IIyaHCOHOB C Pa3JIM4YHBIM MapabolndyecKUM IIpo-

¢mnem. ®opmysna, OMHCHIBAIOLIAS I1apaboTHYecKyio

[IOBEPXHOCTH, OBLIA 3a/IaHA 3aKA3YKUKOM H3/Ie/IHH.
O6paborka (puc. 12) BhIIONIHEHa Ha CJIeAYOMIMNX

PEeKUMAX:
* YaCTOTa BpaLleHHS UUIHGOBATIBHOM TOIOBKU
20000 06/ MuUH;

¢ BeJIHYHHA CMeIeHHs 10 MPOPHII0 Iapabossl
Ha JBOMHOM INAar: 5 MKM IIPH YepHOBOHM 0b6pa-
60TKe, 2 MKM IIPH YHCTOBOM 06paboTKe.

* JJIUTEIbHOCTb ABOMHOIO X01a 1,7 CeKyH/IbI.

IToc/e0BaTe/IbHOCTh GOPMHPOBAHUS ITPODHUIIS
napabouyecKor MOBEPXHOCTH ITOKa3aHa Ha pHC. 13.
KoHTponp o06pabaTsiBaeMBIX H3[EIUH  BBIIION-
HSJICS Ha BHJEOM3MepPHUTeNIbBHOM MHKPOCKOIIe.
2D-nipoduib TpebyeMor GOpPMBI IIOBEPXHOCTH IIPU
IIOMOIIM CIelHanbHOro II0 MHKpOCKOIlAa HaKIa-
OBIBAJICS Ha IIONydaeMoe H300pakeHHe, U TaKHUM
00pa3oM MpPOM3BOAM/IACH OLIEHKA OCTaBIIErocs MpH-
mycka. Ha puc. 13 mokasaHa IIOCIeI0BaTeIbHOCTDb
nonydeHus mnapabonel TMHa 1 1 2. ObpaboTaHHas
IeTasb 0 U Iocsie 06paboTKy 0OHIKeHU M ITOKa3aHa
Ha puc. 14,

BBEIXOOHOM KOHTPO/Ib IIyaHCOHOB OBLI BBIION-
HeH Ha YHUKJIbHOM Hay4HOH yCTaHOBKe «HayuHo-
00pa3oBaTeNbHBI MHOTOQYHKIHOHANIBHBIM KOM-
IIEKC TIOJITOTOBKU M ITPOBENEHMUS] CHHXPOTPOHHBIX
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dressing modes are as follows: the dressing wheel
rotational speed is 20,000 rpm, the dressed grinding
head rotational speed is 10,000 rpm, the contour pro-
cessing speed is 10 mm/min. 0.01 mm per diameter
was removed from the dressed head in one pass.

After dressing, the grinding head was also exam-
ined under a microscope in order to determine the
resulting radius. Figure 9b shows an example of meas-
uring the dressed grinding head. As can be seen from
the figure, the defects initially available on the head
were eliminated and the resulting rounding radius
was R=0.1 mm.

The finishing grinding head was dressed using
a similar process. The grinding head with a grain size
of 7-10 microns on a polyurethane bond was made
by special order by Research and Production Complex
“Electrocrystal” LLC (Russia). Figure 10 a, b shows the
measurements of a finishing grinding head before
and after dressing. Dressing was performed using the
same modes as for the roughing grinding head. The
resulting radius was also R=0.1 mm.

PUNCH PROCESSING TECHNOLOGY

A special setup was designed for the Aspherika F-3
machine in order to process the punches with a linear
parabolic profile. The processing outline is shown in
Fig.11. The grinding head was installed in a high-speed
aerostatic spindle mounted on the Z slide bracket. The
workpiece to be machined was fixed on the mandrel
mounted on the Y axis slide. During processing, the
workpiece made oscillatory movements in the vertical
plane, and the grinding head was displaced relative
to the workpiece along a given trajectory during each
double stroke. The required trajectory was provided by
the simultaneous movement of the slides along the X
and Z axes. The control program was prepared in such

TIpaBUIBHBIN
1 poBanbHBIN

KpyT — W -

O6pabaTreiBaemMast
3aroTOBKa

IInudoBanbHag
roJIOBKa

Puc. 12.06pabomka 3a20mosKu Ha cmake «Acepuka-d3».
Fig. 12. Workpiece processing using the Aspherika-F3 machine
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Puc. 13. [MocredosamenbHOCMb noAy4eHUs NPoGUAS NYaHCoHa: mun napaéoavl 1(a, b, c), mun napaboabl 2 (d, e, f).
Fig. 13. Work sequence for obtaining the punch profile: type 1 parabola (a, b, c), type 2 parabola (d, e, f).

uccineposanum» (YHY «SynchrotronLike») ¢ mpumeHe-
HHeM MeToJa BBICOKOpa3pellaroue paguorpaduu
Ha OCHOBE MHKPOQPOKYCHOTO J1abOpaTOPHOTO HCTOY-
HHKa PeHTreHOBCKOro msnydeHus Metaljet (c xapak-
TEePUCTUYECKOH THHUeN 9,251 k3B (Ga Ka) U cucTteMor
MOTOPH30BaHHBIX IOABIKKeK [10]). [nsi perucrpa-
LUK M300paskeHUH C BBICOKMM IIPOCTPaHCTBEH-
HBIM pa3pellleHHeM HCII0/Ib30Balach KaMepa Rigaku
C pasMmepoMm muKkcena 0,55 MKM. PacctosHue MexXmy
HMCTOYHHUKOM H3Iy4eHHS W 06pasroM (KOMILIEKTOM
IIyaHCOHOB) COCTAB/ISIIO 38,3 CM, a PacCTOSIHHE MeXKIy
obpastiom 1 Kamepor - 1,2 cM. OCHOBHBIMH KPHUTEPH-
SMH BblOOpa MeTOoZla M3MepeHHMsI XapaKTepHBIX Iapa-
MeTpoB 6pUIH BBIGPAHBI BOCITIPOM3BOAHUMOCTD U HOCTO-
BEPHOCTb Pe3y/IbTaTOB M3MEePeHHH, a TaloKe IIPOCTOTa
peanM3alMy M YHUBEPCAJIBHOCTh MeToda. Ha puc. 15
IpelCTaBlIeHO paguorpapuyeckoe H3obpakeHHe
KOMIUIEKTA IyaHCOHOB C HOMMKMHAJIbHBIM PafHuyCcoM

a way as to ensure the even pitches along the parabola
profile. The setup for the grinding head dressing was
also located on the X axis slide together with an addi-
tional vertical Y axis.

The parabola profile was formed by separate pro-
cessing on both sides, while the grinding head was
accurately attached on both sides of the workpiece in
order to ensure the absence of mismatches at the top
of the parabola.

The developed technology for workpiece processing
consists of the following stages:

1. Roughing of the workpiece in order to make

recesses on both sides of the parabola;

2. Metrological control of the workpiece and

roughing grinding head;

3. Dressing of the roughing grinding head for pro-

cessing along the contours;

4. Metrological control of the dressed grinding

head;

uzzomosneHus o6HuxeHul (b)

the recesses (b)

Puc. 14. O6pabomaHHbili NYyaHcoH Ha cmaxke (a) U 20moéblii NYaHCoH NocAe 9.

Fig. 14. Processed punch on the machine (a) and the finished punch after making

5. Processing of the desired work-
piece profile with a roughing
grinding head;

6. Metrological control of the pro-
cessed workpiece and adjust-
ment of the control program
in the CNC system;

7. Repetition of stages 5 and 6

until the minimum deviation

of the processed profile from
the theoretical one is achieved.

If necessary, the grinding head

shall be redressed;

Dressing of the finishing

grinding head;

Processing of the desired work-

piece profile with a finishing

grinding head;

10. Metrological control of the pro-
cessed workpiece;

‘ 8.
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Puc. 15. Paduozpaguueckoe u3o6paxkeHue Habopa u3 dgyx nyaHcoHos (a) U dHaAu3 mo4HOCMU U320mos/AeHust Napabonu4eckozo
npo¢uns (b—c)
Fig. 15. Radiographic image of a set of two punches (a) and analysis of the parabolic profile accuracy (b-c)

500 MKM (puc. 15a). AHa/nM3 MOTy4YeHHBIX HM300pasKke-
HUH U HU3MepeHHe TOYHOCTH I1apabolrdecKkoro IIpo-
¢uns nyascoHoB (puc. 15b, ¢) 6bUT BBIIIOTHEH C IIOMO-
IO METPOJIOrMYeCcKOro MOAX0/ia, IPHUMeHsIeMOro IS
OHUATHOCTUKU peHTreHoBCcKux CIT [11].

[To pe3ynbTaTaM MCCIeOBaHMUSI KauecTBa IIyaH-
COHOB U HX COOTBETCTBHS ITPOEKTHBIM TpPebOBAHHSIM
6BIIO SKCIIEPUMEHTA/IBHO I10KAa3aHO, YTO IIpe[JIosKeH-
Hasl TeXHOJIOIHsI 06pabOTKU IyaHCOHOB C JIMHEHHBIM
napabonuveckuM npoduieM obecrieyriBaeT HeobxXoqu-
MyI0 TOUYHOCTb I1apabo4ecKor MOBEPXHOCTH UHCTPY-
MeHTa /ISl U3TOTaB/IKMBAE€MbIX ITPeJIOM/ISIOIIUX JIHMH3,
IIOJTHOCTBIO Y/IOBTIETBOPSIIOIINX TpPebOBAaHHUSIM COBpe-
MEeHHBIX HCTOYHHKOB CHHXPOTPOHHOT'O U3/Ty4eHH .

BbiBO/ bl

PazpaboraHa M peanr30BaHA HA IPAKTHKE TEXHOJIO-
rusi 06paboTKH IyaHCOHOB C JIMHEHHBIM I1apaboru-
yecKUM IpoduneM. st obecreueHHsT KHMHEMAaTHUKH
06paboTKU Ha KMeIOLeMCS B HATMIHUU 000PyA0BAaHUU
paspaboTaHa [JONONHUTeNbHAs BepTHKAJIbHASL OChb Y
C a3POCTATUYeCKUMH HAIPaB/SIOMUMU. TakKe IIpef-
CTaB/IeHa TEeXHOJOTHsS IPaBKU IUIM(OBAIBHBIX TOJIO-
BOK C OITpe/le/IeHHBIM PaJlyCOM KPOMKH.

[To pa3paboTaHHON TeXHONOTHH 0bpaboTaH psf
IIyaHCOHOB C JHMHEHHBIM IapabonuvyecKUM HPodH-
nem. HccmemoBaHMe KauecTBa KM TOYHOCTH 06pabo-
TaHHBIX ITOBEPXHOCTEH IIOKAa3alM, YTO HOCTHUTHYTA
HeobXoAMMasi TOYHOCTh M IIePOXOBATOCTh IIOBEPXHO-
ctu. Takke IMOATBepKAeHA BO3MOXKHOCTH BBIIIOJIHE-
HUS 3aIIPaBKU IUTHMOBAIBHBIX TOJIOBOK Ha Tpebye-
MBIH paguyc. HccnemoBaHYe TOYHOCTH 3aIIPaBIeHHBIX
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11. Repetition of stages 9 and 10 until the required
roughness of the processed profile is obtained;
12. Turning the workpiece by 90° and processing of

the recesses of the linear parabolic profile from
both sides.

PUNCH PROCESSING RESULTS

A number of punches with various parabolic profiles
were processed according to the developed technology.
The formula describing the parabolic surface was set
by the product customer.

Processing (Fig. 12) was performed in the following
modes:

« rotational speed of the grinding head was 20000 rpm;

 the displacement value along the parabola pro-

file per double step: 5 pm for roughing, 2 pm for
finishing;

+ the duration of double stroke was 1.7 seconds.

The profiling sequence of the parabolic surface
is shown in Fig. 13. The workpieces were controlled
using a video-measuring microscope. A 2D profile of
the required surface shape was superimposed on the
resulting image using the special microscope software,
and the remaining allowance was assessed. Figure 13
shows the sequence of obtaining a type 1 and type 2
parabola. The machined part before and after process-
ing of the recesses is shown in Fig.14.

The final inspection of the punches was performed
using a unique scientific installation “Scientific and
educational multifunctional complex for the syn-
chrotron research preparation and performance” (USI

“SynchrotronLike”), using the high-resolution radiog-
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T GOBAIBHBIX FOJIOBOK K TOUHOCTD ITPoduIIst 06pabo-
TaHHBIX ITyaHCOHOB BBHIIIOJTHEHO IIPH IIOMOIIU BHIEO-
HM3MepHUTebHOI0 MUKPOCKOIIA.

[lepCIrIeKTHUBOM Pa3BUTHS Pa3paboTaHHON TEXHOJIO-
ruy 06paboTKU ITyaHCOHOB SIBISETCS CO3AAHMUE YIbTPa-
IIPELIM3MOHHOIO CTaHKa, IT03BOJISIONIETO IIOBBICUTD
ABTOMATH3AIHI0 U ITPOM3BOAUTENBHOCTh. TaKoM CTa-
HOK JJOJDKEH UMeTh CJIeflyIolHe 0COOeHHOCTH :

* TpH JIMHeHNHbIe yIIpaB/sieMble OCH Ha a3pOCTaTH-

vyeckux onopax (X, Y, Z);

e ogHa KpyroBas och C, Takke BBIIIOJHEHHAs
Ha a9pOCTaTHYECKUX OIIOpax AJIS TOYHOIO I10BO-
pOTa ITyaHCOHa;

¢ HaJIM4YMe BBICOKOCKOPOCTHOI'O a3POCTATHYECKOrOo
U1 GOBAIBHOTO MITHHAENS (0Ch S);

s HaIM4YHMe IIMUHJEAS I IPaBKU IUIHPOBAIb-
HBIX TOJIOBOK (OCB S));

¢ HaJMYHe BCTPOEHHOTO MMKPOCKOIA IJIS KOH-
TPOJISL 3aroTOBOK M IITH(POBAIBHBIX TOJIOBOK
Ha CTaHKe.

Pa3paboTKOM M M3rOTOBJIEHHEM CTaHKOB TaKOIO

THUIIA [10 TEXHUYECKOMY 33IaHHIO 3aKa34HKa 3aHHMa-
etcg OO0 «HIIO Acdeprka.

BNATrOAAPHOCTDb

B pabote mcronb3oBaHo 0b60opynOBaHHE YHHKAJIbHOI
Hay4HOM YCTaHOBKM «HayuHO-06pa3oBaTebHBIM
MHOTOQYHKLHMOHAABHBIK KOMIIJIEKC IIOATOTOBKH
U [IPOBeJeHUsI CUHXPOTPOHHBIX HcCIefoBaHUN» (YHY
«SynchrotronLike»). OKcriepMeHTalIbHOe HCCIe[0Ba-
HHe BBICOKOTOYHOI'O MHCTPYMeHTa 6bLI0 MoJAepsKaHO
M3 CPeMCTB IIPOTPaMMBbI CTPATErHYeCKOro akafgeMuye-
ckoro nupepcrsa «IIproputer 2030» BOY M. M. KaHTa.
[IprobpeTeHre HeOOXOMMMBIX PACXOLHBIX MaTepHa-
J10B OBITIO BBITIONIHEHO ITPU MOAAepskKKe MUHHCTEPCTBA
HayKU M BbICHIEro 0O6pa3oBaHUS B paMKaX BBIIIOJIHE-
HHUS paboT o rpaHTy Ne 075-15-2021-1362.
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raphy method based on the MetalJet microfocus labo-
ratory X-ray source with a characteristic line of 9.251
keV (Ga Ka) and a motorized adjustment system [10].
A Rigaku camera with a pixel size of 0.55 pm was used
to record images with the high spatial resolution. The
distance between the radiation source and the sam-
ple (set of punches) was 38.3 cm, and the distance
between the sample and the camera was 1.2 cm. The
main selection criteria for the measurement method
of typical parameters were reproducibility and reli-
ability of the measurement results, as well as the ease
of method implementation and universality. Figure 15
shows a radiographic image of a set of punches with
a nominal radius of 500 pm (Figure 15a). The analysis
of the images obtained and measurement of accuracy
of the punch parabolic profile (Figures 15b-15c) were
performed using the metrological approach applied for
X-ray CPL diagnostics [11].

According to the results of the punch quality study
and their compliance with the design requirements, it
is experimentally shown that the proposed technology
for processing the punches with a linear parabolic pro-
file provides the required accuracy of the tool parabolic
surface for the produced refractive lenses that com-
pletely meet the requirements of up-to-date synchro-
tron radiation sources.

CONCLUSION

The processing technology for punches with a lin-
ear parabolic profile has been developed and imple-
mented. To ensure the processing kinematics using
the available equipment, an additional vertical Y-axis
with the aerostatic guides has been developed. The
dressing technology for the grinding heads with a cer-
tain edge radius is also presented.

A number of punches with a linear parabolic profile
were processed according to the developed technology.
A study of the machined surface quality and accu-
racy showed that the required accuracy and surface
roughness had been achieved. Possible dressing of the
grinding heads to the required radius has also been
confirmed. The study of the dressed grinding head
accuracy and the machined punch profile accuracy was
carried out using a video-measuring microscope.

The development prospects of the provided punch
processing technology provide for an ultra-precision
machine that allows increasing automation and
efficiency. Such a machine shall have the following
features:

 three linear controlled axes on the aerostatic

bearings (X, Y, Z);

 one circular axis C on the aerostatic bearings for

precise punch turning;
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« availability of a high-speed aerostatic grinding
spindle (S axis);
« availability of a spindle for the grinding head
dressing (S, axis);
« availability of a built-in microscope to control the
workpieces and grinding heads on the machine.
Scientific and Production Association “Aspherika” LLC
provides the development and manufacture of such
machines according to the customer’s terms of reference.
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