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O06paboTKy pe3ynbTaTOB U3MEPEHHUI YCIOBHO MOXHO
NOZEJINTh HA J[Ba dTaIa:

— ompeieNicHHe OCTaTOUHbIX Jedopmaruii pediekTopa;

— ompenencnue aedopmaiuii pediekTopa BO BpeMs
BO3ICHUCTBUSI TEMIIEPATYPBI H BaKyyMa.

IIpu npuHSTOM cXeMe paccTaHOBKH (pHC. 2) 000pyIo-
BaHMA (OOBEKT M3MEPEHHH W CKaHep), PacCTOSHHS [0
H3MEPSIeMBIX TOYEK COCTaBSIT OT OAHOTO JI0 TPEX METPOB.
CrenoBarenbHO, TOTPEHIHOCTh H3MEPEHUs] KOOPAWHAT
PENEPHBIX TOUEK MOXKET JOCTUTATh +30 MKM.

OKCHEepUMEHTAIBHO —IIOJIyYeHHbIE —TeMIIepaTypHbIe
nedopmanum SBISIOTCS UCXOAHBIMU JIAHHBIMH JIJIsL BEPH-
(¢uKanuy pacueTHBIX Mojeiel peduiekropoB. [laHHBIC
UCHBITAHUS TIPELU3UOHHBIX Pe(IIEKTOPOB MO3BOJIST KOH-
TPOJNMPOBATh KAuyeCTBO H3rOTABJIMBAEMbIX Pa3MepoCTa-
OMIIBHBIX pedIeKTOPOB Ha cooTBeTCTBHE TpeboBanmsM K1,
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METHODS FOR HIGH-ACCURACY MEASUREMENTS OF PRECISION STRUCTURES
FOR MOBILE AUTOMATIC SPACECRAFT IN THERMAL VACUUM CONDITIONS

The technique of for high-accuracy measurements of precision structures for mobile spacecraft is developed.

The evaluation of deformation measurement error is made.
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ABTOMATU3AIIUA TEXHOJIOI'MYECKOI'O ITPOLECCA ITPOU3BOJCTBA ITPECC-®OPM
JIJISI U3TOTOBJIEHUSI MAHXKETHBIX YIIOTHEHUI

Ilpusedena memoouxa a8mMoMamu3ayuu MexHoI02UYECK020 NPoYeccd NPousgo0Ccmaea npecc-opm 0iist U320mog-
JIeHUSI MAHHCEMHbIX YNJIOMHUmMenel 3d cuem NOoCMpOoeHUs Napamempuyeckux Mmooeieli KOHMAKMHLIX YHIIOMHEeHUU
MAHIHCEMHO20 TUNA, GKTIOHUAIOWUX ONMUMUZAYUIO UX NPOEKMHBIX NAPaAMempos U GOopmbl 8 3A6UCUMOCINU OM KOH-
KPEMmHbIX 3a0AHHbIX YCI08ULE NOCAedylouell IKChiyamayuu 0st obecnedyenus 3a0anHo20 2apaHmupo8aHozo pecypca

pabomocnocobrocmu.

Kniouegvie cnosa: ynnomnumens, Y201 packpolimus MAHICEmMbl, NApamMempuieckas mMooenb Yniomuumens, napa-

Mempuyeckas Mooenb npecc-gpopmul.

IIporeccsl aBTOMAaTH3AIMHA TPOCKTHPOBAHUS HEpas-
PBIBHO CBSI3aHBI C MAaTE€MaTHYECKHM MOJCIHPOBAHUEM
00BEKTa TPOEKTUPOBAHUS. YIIOTHUTEIH HPUMEHSIOTCS
B THJIPOITHEBMOBAKYYMHBIX CHCTEMax Ul TepMETH3ALUN
COEJIMHEHUI, W MOJEIUpOBaHHE padovero Ipolecca
U ONTHMH3AIUS KOHCTPYKTHBHBIX TAPAMETPOB BBIMTOJIHS-
€TCsl C YUeTOM BCeX YCIOBUH 3KCIUTyaTalluH COEIMHEHUS
1 BUJIa MaTepHalla, U3 KOTOPOTO M3TOTOBIICH YIUIOTHUTEIb.

I'epmern3upylomue ycTpoicTBa KOHTaKTHOTO THIIA
HETIO/IBM)KHBIX COIPSIraeMbIX MOBEPXHOCTEH THIpoarpe-
ratoB pabOTaIOT MO MPHHLIHWIY MPOKIANOK. B 3TOM City-
yae I TepMETH3alWN COCNUHEHHS ITOCTATOYHO TaKOi
BEJIMYMHBI KOHTAKTHBIX HAIPSDKEHHUH, KOTOpas CocoOHa
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neopMupoBaTh Marepuand IPOKIaJKH A0 MOJHOTO
HCYE3HOBEHHS 3a30POB.

IIpy OTHOCHTENILHOM NEPEMEIEHHN CONPATAEMBIX
MOBEPXHOCTEH TPEOYIOTCS AOTOIHUTENbHBIE KOHTAKTHBIE
HaMpsDKeHUs, TaK KaKk B IUIEHKE pabodel *KHUIKOCTH, 3aTs-
rMBAacMOU B YIUIOTHAEMBII 3a30p, BO3HUKAET TUAPOAMHA-
MHUYECKOE JIaBJIEHHE, KOMIICHCHPYIOIIEE HEKOTOPYIO
4acTh KOHTAKTHBIX HAPSKEHUN.

B nanHOM ciyyae Ui IHOBBIIIEHHS T'€PMETUYHOCTU
Ba)kHa (hOpMa SIIOPHI paclperesieHUs] KOHTaKTHBIX Ha-
OpsDKEHWH, HCKIIOYAKOas WM CHIDKAIOINAs BeposT-
HOCTb BO3HHUKHOBEHHUSI THAPOJUHAMUYECKOTO JABIICHHUS,
a Take oOecleymBaromas BO3BpAT YTEUKH paboueit
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KHUAKOCTH B YIUIOTHSAEMYIO IMOJOCTh. [IprdnHOil 0TKa30B
4acTo OBbIBAET YCTAIOCTHBII aOpa3MBHBINA W3HOC, a TAKXKe
HEJIONYCTUMOE CHIDKEHHE J(PQEKTUBHBIX KOHTaKTHBIX
HaIpsDKeHUI B MaTepuaie BCIEICTBUE MPOLIECCOB CTape-
HUS M PENIAKCALMU HAMPSHKCHHUI.

[Mox 5¢eKTUBHBIMH KOHTAKTHBIMH HAPSHKEHHSIMU
MMOHUMAIOTCA Ha4YaJIbHBIC KOHTAKTHBLIC HAIIPSAXKCHUA, CO3-
JlaBaeMble TPH MOHTaXE M 00ECHEeYMBAIONINE T€pPMETHY-
HOCTb IPH OTCYTCTBUH JIaBJICHUS pabOUeH KUIKOCTH WIN
Mainoil ero BenM4MHBL. ['€pMETUYHOCTh TMPH HOMHHAIb-
HBIX JaBICHUSIX pabodell KHUIKOCTH O0ecIedYnBaeTCs
CHOCOOHOCTBIO  DIIACTOMEPHBIX MAaTEPHAJIOB IMOIO00HO
BSI3KOW JKMIKOCTH TepelaBaTh STH JABICHUS Ha YIUIOT-
HSIEMYIO ITOBEPXHOCTS 32 c4eT IPeKTa caMOyIUIOTHEHHSI.

B cooTBeTCTBHM € 3THM YCIOBHEM MOXKHO 3aIIHCaTh

()

I1€ 6 — KOHTaKTHOE HaIIpsDKEHHUE Ha YIUIOTHSEMOH IIO-
BepxHOCTH, MIla; 6y — HauabHOE KOHTAKTHOE HaIlpsiKe-
nue, MIla; B — oTHOCUTEnbHAsS OCTATOYHAS 3JACTHUY-
HOCTB; k; — K03(D(GUIIMEHT MOPO30CTONKOCTH TIO 3JIACTH-
YECKOMY BOCCTAHOBJICHUIO; P, — JABJICHUE YIJIOTHAEMOMN
cpensl, MIla; ¢ — ko3 duiuenT mepenauu gaBIcHAS cpe-
JIbl Ha YIUIOTHSEMYIO TIOBEPXHOCTb, SIBIITIONIHIACS (PYHK-
mueit koadduuuentoB IlyaccoHa, TpeHHS, >KECTKOCTH
KOHCTPYKIIMU YIUIOTHUTEINS W NABJICHUS Cpensl (U pe-
3uH ¢ = 0,85...0,98).

HauanbHble KOHTAKTHBIE HANPSXKEHUS! Gy 3aBUCAT OT
CTereHu AeopMarui € MOyl yIPYroCTH Marepuaia E
u ko3 durmenta Gopmbl yrutoTHUTENSE K M BBIPKAIOTCS
COOTHOIIEHUEM

6=0yB k,+c py,

6, =K-¢-E. )

JUI yIUTOTHUTENBHBIX KOJIEI] KPYTIION U MPSIMOYTOJb-
HOM (opMbI ceueHHs mapaMeTpbl K U € ONpeAesIsioTCs
W3 CIEYIONINX BRIpakeHnH [1]:

K =1+(1/2h), 3)

rac [ - JJIMHa yHHOTHS[IOIHei/‘I KPOMKH KOJIbLA; h — BBICOTA
CCUYCHM KOJIbLIA,

(4)

rie h. — BBICOTA CEUYCHHS yCTAaHOBOYHOTO THE3/A.

OyHKIUS pacrpeielcHns KOHTAKTHBIX HATPsHKCHUN
[0 JUIMHE KOHTAaKTa OT MPEIBAapUTEIILHOIO HATATa JUIS
KPYTJBIX ¥ MPSIMOYTOJBHBIX KOJIEI] MOKET OBITH ompese-
JIeHa PacYETHBIM ITyTEM.

Just U-00pa3sHbIX MaH)XeT aHAJIMTUYECKOE BBIpAKEHHE
JUTS ompeneNieHus koddduimenta GopMbl J0 CHX MOp HE
HAMIEHO W TPUYUHOW TOMY SIBIIICTCS CJIOKHOE HAIpsi-
JKECHHOE COCTOSTHHE JIe(hOPMUPOBAHHON MaHKETHI.

B cBsa3m ¢ HEOOXOIMMOCTBIO 3KCIEPUMEHTAIEHOTO
M3MEPCHUS KOHTAKTHBIX HAINPSDKCHUH B Pa3IMYHBIX TOY-
Kax 10 IIMpWHE YIDIOTHSIOMEH KPOMKH YIUTOTHHUTENECH
W WCCIICHOBAaHUA BIHSHHUSA TEPEUUCICHHBIX BBIIIE IIPO-
IIECCOB Ha M3MCHEHHUE ITHX HANPSHKCHUH, OBUT M3TOTOB-
JIeH CHEIHaIbHBIM MpuOOp, TMO3BOJSIONINN 3aMepsITh
SMIOPHI KOHTAKTHBIX HANPSKEHUH Y IITOKOBBIX YILIOT-
HUTeNeH [2], B OCHOBY KOHCTPYKIIMU KOTOPOTO 3aJI0KEH
TPUHIMI KOMIICHCAIIUM HANpPsDKEHUH B UCHBITYEMBIX
o0pa3nax BHEIIHEeW Harpy3Koii.
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Beipaxkenue 111 onpenenacHus koddduneHra GopMel
K; s pabodeit yacTH MamXETHBIX YIUTOTHUTENEH HAaxo-
JIIM, MCTIONB3Ysl ypaBHeHue (2):

(¢

K, = .
E-g;

1

®)

BbicoTy ceueHusl YNMIOTHUTEN M YCTAHOBOYHOTO
THEe3/a AJIs1 MAHKETHBIX YIUIOTHUTENEH OMNpeNelisiin clie-
JTYIOLUM ypaBHECHHUEM:!

h=D, -D,; h =D,-D,, (6)

rae Dy; u Dy; — Hapy>XHBIN U BHYTPEHHUH JUaMeTphl pac-
CMaTpUBAaEMOI0 CEUYCHHMA | MAH)KETHOI'O YIUIOTHMTEIS;
D, — HapyXHBI TUaMeTp yCTaHOBOYHOTO THe3na; Dy, —
BHYTPEHHHUI TaMeTp yCTaHOBOYHOTO THE3/1a.

Hcmons3ys BeIpakenue (4), HaxomuM (GopMyity IS Ofl-
PEAENCHUS CTENEHN CKAaTHsI MAHKETHBIX yIUIOTHUTENEH:
_DumDu

b
D Wi D Bi

€

0

C 1enp0 YMEHBIIEHNS TOTPEMIHOCTH IPU U3MEPEHUU
Hapy>KHOTO U BHYTPEHHETO AUaMeTpa U UX U3MEHEHHUS M0
mHpHHE pabdovell KPOMKH HalIeM BBIPaKEHUS IS OTIpe-
JIETICHNS] HApYKHOTO W BHYTPEHHEr0 AWAaMETPOB B 3aBH-
CHUMOCTH OT PacCTOSHUS IO OOKOBOW OIIOPHOM IMTOBEPXHO-
CTH MaHXXETBhI /;, UCHOJB3Ys FEOMETPHUUECKHE COOTHOIIIE-
uus npuseneHasie B [OCT 14896—-84 (puc. 1) [3]:

D .—-D D —-D, -D..
Hi H:tgg: H I :DLLI DBI’ (8)
2(li_lo) 2 z(l_f_lo) 2(11'_10)
OTKyIa
D . —-D
D, =D, +(I, — 1)) ——2—. )
o ( 0) (l_f_lo)
i
-
I
:: \"\’
L S
S / f45"
ST
i .
S g
I
‘ =
PI/IC. 1. CelleHI/Ie MAaH>XETHOI'O YIIJIOTHUTEIISA
AHajgoru4Ho,
D —-D
D, =D, +(l.-1,)——, (10)
U=h) 672

rae f — pa3mep (acku Ha paboueil kpomke; [, — mIHMHA
OIIOPHOM YacCTH.
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AHaNTATHYECKH 3aBHCUMOCTH Ko3(dduimerta GopMer
OT paccTosiHUsL /; IO ONOPHOIO Topua Jisi paboyeil 4acTu
MaH)XeTHOTO yIuloTHuTens (mpu /; > l)) MoxkeT OBITh
IIPEe/ICTaBIICHA YPAaBHEHUEM MIPAMOIL:

K, =Ky (1 -1y). (11)

Jnst 9KCHEepUMEHTAIFHOTO W3MEpEeHHsI SMIOPHI pac-
MIpeeeHus] KOHTAaKTHBIX HAIlpsHKSHUH TpH IIUpUHE pa-
6oudeit KpoMKH ObLTH 0TOOpaHb! 12 00pa3OB MaHKETHBIX
ymmotauTene (70x55 mo T'OCT 14896-84) u3 pe3uHbI
HPIT 3012 ¢ moxynem ymnpyrocta E = 7 MIla [2]. B pe-
3ynbTaTe 00pabdOTKH SKCIEPUMEHTANBHBIX 3HAYCHUH KO-
a¢pduumenta Gopmbl ¢ UCMONB30BaHHEM ypaBHeHUs (5)
[0 METOAy HAMMEHBIINX KBaJIPaToOB JUIs 12 MCHBITAHHBIX
00pa3uoB nonay4yeHo 3Hadenue Ky = 0,18 MM .

C yderoM ypaBHeHus (8) mepenuchiBaeM ypaBHEHUE
(11) nnst pacuera koddduirienTa GOpMBI B BUIE

Dm _DBi

K. =K __m B
2-tg(o/2)

i =Ky 12)

Pacnpenenenre HaYanbHbIX KOHTAKTHBIX HATPSHKSHHUN
o AJrHe pabovell KPOMKH ISl IITOKOBBIX MaHXETHBIX
YIUIOTHUTEJIeW IPH OTCYTCTBUH JaBJIeHUs pabodeli cpe/ibl
MOXET OBITh PACCYMTAHO C YYETOM HAaH/JIEHHBIX 3aBHUCH-
mocTtedt (7) u (12), COOTBETCTBEHHO IJISl CTETICHU CHKATHs
€ u koo(dunmenta popmsr K;:

D, -D,
g, P T
20 =R g () 2)

Pa30uBasi MaHXKETHBIH YIUIOTHHUTENb HA ONOPHYIO U
pabodyio 4acTH, OTHENbHO IS KKTOH M3 HUX MOXHO
paccuuTaTh HayajlbHbIE KOHTAKTHBIE HANpsDKEHUS B i-X
TOUKAaX YIJIOTHSIOIIEN TTOBEPXHOCTH MaHKETHI G;.

[Tpn Hanuuuu NaBleHUs YIUIOTHAEMOW cpelbl Kodd-
(UIMEeHT Tepefadyy NaBJICHHS Cpeasl Ha IMOBEPXHOCTh
KOHTAaKTa Al ONOPHOH dYacTu omIpeaensercs Kak st
KOJbLA MPSIMOYTOJIBHOTO CEUEHHS, C YUE€TOM BBIPA)KEHUS,
MIPUBEICHHOTO B [4]:

D, —-D,

i Jiig

"D.-D

ui~ Bi

(13)

4- 1. -v~l-(n1 —i)
(Dyi =D, )-(1-v)
rZie 7| — TIOPSAKOBBI HOMEP TOYKH, ONpEeessIoel rpa-
HUIy JICJICHUS] CeYEHHs YIUIOTHUTENS Ha OIOPHYIO M pa-

00YYIO YaCTH.
Jist paboueii yacTh MaHXKETHOTO YIDIOTHUTEIS (i > 11)):

(15)

v

c= -exp| —

1-v

(14)

>

v
CcC=

1-v’
rae v — koaddunuent [lyaccona; f.; — cpenuuii k03¢ hu-
[UEHT TPEHHsI Ha TIOBEPXHOCTSIX KOHTAKTa yIJIOTHUTEIISL.

Pemast coBmectHO ypaBHenus (1)—(15), moxyuum BbI-
paXeHHe Al pacueTa pachpesesieHHss KOHTAaKTHBIX Ha-
MIPSDKEHUH G; 110 JUTMHE pabodeil KPOMKH JUIST MaHXETHBIX
yIuloTHUTENEH [5]:

D, -D, D,-D
=K, P e it St TN Y02
%m0 g (a)2) @ﬁgiﬁ“+u®
Ve _4~fci-v-l-(n1—i) .
S TR R (]
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MeToauKy ONTHMH3AIMH KOHCTPYKTHUBHBIX MapaMeT-
poB (HOPMBI MAH)KETHOTO YIUTOTHHUTEIS COCTaBHM JIJIS
yria pacKpeITUs MPOGUIS CCUCHHS MAH)KETHOTO YIUIOT-
HHUTEIIS Ol

3a KpuTepHil ONTUMHU3ALKN IPUMEM MUHUMAJIBHO He-
00X0JMIMOEe KOHTAKTHOE HAIpPSDKEHHE, 00CCIICUHBAIOIICE
T€PMETUYHOCTh COEIWHEHUSI C YYETOM JEHCTBYIOILETO
CTaTHYECKOTO W THUAPOJUHAMUIECKOTO IABIICHHUS YIDIOT-
HSIEMOU Cpeabl.

B mHOABIXKHOM COENMHEHWH BO3HUKACT THUAPOIUHA-
MHYECKOe JaBlieHHe pabodel KUIKOCTH Py, TOTAA ypaB-
HEHHE TEePMETHYHOCTH I MOJIBHKHOTO COEIWHEHHS
MIPUMET BU]T

Gizpr.zl-i_cp)x' (17)

Monyie yIpyrocTu OTHOCUTEIBHO MOAYJIS, 3aMEPEH-
HOT'O IIPU HOPMAJIBHBIX YCJIOBUSIX, OTPENIEIUTCS BbIpaXKe-
HUEM

_ (~0,00381+0,076)
E=E,-10

(18)
rae £ — Moaynp ynopyrocTd Ipu Temmeparype f; Epy —
MOJYJb YIPYTOCTH IIPH HOPMAJIBHBIX YCIIOBHSAX.

Pemmras coBmectHo ypaBrHeHus (16)—(18) oTHOCHTENH-
HO 0, TOJy4aeM

>

D,-D, ~0,0038¢+0,076
Kq)(Dm—DBi)[l—iD:’_ Bi]-s.k3~52010( 1+0,076)
v 4~féi-v~l‘(nl—i):|
+—-exp{77 - D
- D —D.)-(1- 19
aSzal‘Ctg v ( HI Bl) ( V) R ( )
v
. 1-—
P

rae ¢ — BpeMs (3aaHHas JONTOBEYHOCTh YIUIOTHEHHS);
v — koadurment [lyaccona; p, — naBieHHe KUIKOCTH;
T — temmeparypa; pr, — THIPOIUHAMHUYECKOE IaBJICHUE
KHIKOCTH B YIUIOTHSIEMOM 3a30pe.

I'maponuHamMuveckoe NaBlieHWE XUAKOCTH B YIUIOT-
HSIEMOM 3a30p€ MOJXKET OBITh OIPEAETICHO SKCHEpPHMEH-
TaNbHO JJISI KOHKPETHBIX THIPOATrPEraToB MO0 METOAaMH
MMHUTALHOHHOTO MATEMAaTHYECKOTO MOJESITHPOBAHHS, KaK
3TO clIeaHo B padorax [6; 7].

Takum o0pa3om, HaiffleHHas 3aBUCUMOCTH yTJa pac-
KPBITUST MAH)XETHOTO YIUIOTHHUTENS IIO3BOJIET CBS3aTh
pacueTHBle MOIYJIM CHCTEMBl aBTOMAaTH3HPOBAHHOTO
NPOEKTUPOBAHMS YILIOTHUTENEH C MPOEKTHBIMH MOZYJIS-
MU CHUCTEMBI NTPOEKTUPOBAHUsI Mpecc-hOpM AJIsl UX U3r0-
TOBJICHUSI.

[Monyuenusie ¢popmanbHble U (QakTHUECKUE 3HAYCHUS
1 GopMyIIBI 3aITMChIBaEM B TEKCTOBBIN (aidn (puc. 2).

r ~
" equations — EnokHor SRS X

Dain  [Ipaska

"Alpha"= 56
"alpha@npogunel”
"BbICOTa THEZ0a MaHKeThl
"WMPUHA THE3ILA MAHKETH"
"BHICOTa MaHxeTe" = 10
"OuameTp wTtoka" = 110
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[SENYSTSYNTS]

Puc. 2. Ilepemennsle 17151 BBOJA B IapaMETPHUUECKYIO
MOJIEIIb MaHKEThI
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Meroauka aBTOMaTH3aLUM TEXHOJOTHYECKOTO IIPO-
1jecca U3roTOBJICHUS Ipecc-(popM BKIIOYAeT HOATOTOBKY
TPEXMEpHOH NapaMeTpUYECKO MOJAENN MaHXKeThl H
ma0I0HOB/3ar0TOBOK Ipecc-popmel. IIpumeM uccnenye-
myto mamkety o 'OCT 14896-84 kak 6a3oByr0 Mojenb
JUIsl pa3paboOTKK HOBOH MapaMeTpUIecKoi MOJIENH.

[TapameTrpudeckast MOZIENIb BKITIOYAET B CE0sI HECKOJIb-
KO (pOpPMaNBHBIX MIEPEMEHHBIX (CM. pHC. 2), KOTOpBIE TO-
cpencTBoM (haiima oOMEHa IMO3BOIIIOT MPHUCBAUBATh MM
(daxkTHueckue 3HAYEHMs, IONy4YeHHbIE B pe3yJbTare
MIpeaBapUTENbHBIX BbhluMciIeHUH. K Takum mapamerpam
OTHOCSITCSL YTOJI PacKpbITHSA «yCOB» MaHKETBI, pa3Mephbl
YITIOTHUTEIBHOTO THE3[]a U BBICOTA CEYEHHS MaH)KETHI.
OcranpHble MapamMeTpbl HYXHBI ISl CO3JaHHs Mpecc-
(OpPMBI MaHKETBI.

Co3mannM mapaMeTpryecKyl0 MOJAENb MAaH)KETHOTO
ymioTHATENS (pHc. 3), mapamMeTpbl KOTOPOTO MBI PacCUu-
Tany. Mojens MMeeT YNpaBISIOIMINE pa3Mephl, 0003Ha-
YEHHBIC 3HAKOM CYMMBI.

R50.75
R57,36
=56
D R52,68
05
1 y
[=]
2 . _
] - Wy
H I i
A
195 - R52,36
R64,5
IRSS

Puc. 3. TIpodwmis Moaean MaHKEThI

Hmnopripyem ypaBHEHHS, yIPaBISIOIINE pa3MepaMu
13 TIpeIBapUTENIHHO CO3/IAHHOTO TEKCTOBOTO (haiina (puc. 4).
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Puc. 4. Tabnuua ypaBHeHUH TapaMeTPUUECKON MOJIENIN

Co3pmaem TBepaoe TENo MOjeNH (pHc. 5), mocie 4ero
MOJTy4aeM 3aKOHYEHHYIO MOJIeNIb MamKeThl. UToOBI co3-
JlaTh 3arOTOBKY MAaHJKETBI, MPEATION0KHM, YTO yCajaka
PE3MHBI HAET PAaBHOMEPHO IO BCEM y4YacTKaM MAaHXKETbI,
ClIeZIoBaTeNbHO, MacirabupyeM aerams Ha 0,5...3 %, B
3aBHCUMOCTH OT BBIOpaHHOW HaMu pe3uHbl. JlaHHYIO
(YHKLHMIO TO’KE MOXKHO BKJIIOYATh B TaOJMILy YpaBHEHUI
Jul MaHKeThl. [lomydeHHy0 mapaMeTpU4ecKyro MOJENb
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MaHXXeThl UCIIOIBb3YyEeM B CO3JaHHBIX 3arOTOBKaxX Ipecc-
thopmbr mamxkersl o 'OCT 26619-85.

Uroroselit coopounslit Bug 3D-mMonenu npecc-popmbl
JUISL U3TOTOBJIEHUS MCCIEIyeMOM MaHKeThl IOKa3aH Ha
puc. 6.

Puc. 6. Ilapamerpuyeckast Moziesb mpecc-PpOpMbI MaHKETHI

W3meHsis mapaMeTpbl THe3la, WIM yria pPacKpbITHS,
MBI U3MEHSEM U caMy MOJENIb MaHKeThl, IOCIIe Yero 3Ta
MOJEJb MOXKET OBITh CIOJIB30BaHA I CO3JaHMUs KOHCT-
PYKTOPCKOM JOKyMEHTallUH B IOJyaBTOMAaTH4YECKOM pe-
KHME WIIM e JKCIOPTUPOBaHA Kak (aill TpexmMepHou
mogenu (Edrawings, IGESIS, STEP u apyrue mexayHa-
pozaHsle GpopMaTbl 0OMeHa TaHHBIMHU). BHOCS M3MeHeHHMs
B IIEPEMEHHBIE MTapaMETPUIECKONH MOJIENT MaHXeThl U ee
1a0JIOH, MOXKHO MOJYYUTh B aBTOMaTHYECKOM PEXUME
HEOOXOANMBIE TIEpEMEHHBIC, TaKue, HalpuMep, Kak ¢a-
MUJIMSI aBTOpa, THIT MaTepualla ¢ yKa3aHHEM €ro yCaJKu
B TIPOIEHTaX M aBTO3alOJHEHHE CrenuduKanum Ha
npecc-GpopMy MaHXEThl B KOHCTPYKTOPCKOW TOKYyMEH-
TaIHH.

[IpoexkTpoBaHue KOHCTPYKTOPCKOM NTOKYMEHTaLlUU —
TPYJOEMKHI IpoLnece, HO er0 MOKHO 3HaYMTENBHO YCKO-
PHTb, CO3l1aBasi TPEXMEpHYI0 MoJenb u3aenus. Tpexmep-
Hasi MOJEbh MPEICTAaBIsIeT COOOW KOMIUICKCHBIA BUJ
W3ENHs, KOTOPhIH MOXKHO HCIIOJIb30BaTh KaK THUIIOBOW
MPOEKT.

IIpu sTOM BHECeHHE U3MEHEHUH B THUIOBOH MPOEKT
MOXET IPON3BOJIUTECS Ha 0a3e MpeAblIyIIei ero BEpCHuH,
YTO 3HAYUTEIILHO COKPATHUT BPEMsI BOCIIPON3BOJICTBA BCEH
TEeXHWYECKOH JOKyMEHTalli W3MEHEHHOTO BapUaHTa
m3zenmust. Mcnone3ys BEKTOPHYO rpaduKy, 3aJ0KeHHYIO
B OCHOBY OIIMCBHIBAEMOI MapaMeTpU3aliH, BBHIIOIHATH
YepTe)X MOXXHO M B HATYpaJbHOM MaciuTabe, 4yToObl 3a-
TeM IpH IedaTh Ha OyMary MacIiiTaOupoBaTh €ro o
HyxHOro (opmara. B coBpemennsix CAD-cucremax pa-
0oTa ¢ BEKTOPHOH rpaduKkoil MpeayCcMOTpeHa, U Haubo-
Jiee pacipOCTpaHEHHBIMU (OpMaTaMU SIBIISIFOTCS, HATIPH-
Mep, *.dwg, *.stp kpome cobcTBeHHBIX (opmatoB CAD-
CHCTEMBI.

3aroToBka cOOpPOYHOTO YepTeXka, BHITOJHEHHAS B Ta-
kere Solidworks, mpencrasiena Ha puc. 6.
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Puc. 7. CoopouHBIit 4epTex rnpecc-GpopmMbl

JlaHHas 3arOTOBKA IMOIyY€Ha B IOJyaBTOMaTHIECKOM
peXuMe, MpUYeM MpU W3MEHEHHH MapaMeTPOB MOJEIH
yepTex Oyarozapsi acCOLMATUBHON CBA3M H3MEHUTCS
aBTOMATHUYECKH C yYETOM H3MEHEHMIH (HaHECEHHE pe3b-
Obl, IEPOXOBATOCTH, THUII MaTepHaja) U BUI MapaMeTpH-
yeckoil Monenu. OJJHaKO HMCIOJb3Ysl CPE/CTBA Mepeaadn
JAHHBIX U CBOOOJHBIE BEKTOPHBIE (hOPMAThI, MBI MOXEM
repeaTh JaHHYIO 3arOTOBKY M B JPYTOHW MakeT sl pas-
pabOTKM KOHCTPYKTOPCKOH HoKyMeHTauuu. Ho npu sTom
TepsieTCsl acCOLMAaTUBHAs CBsI3b ¢ MOJENbl0. Ta ke 3aro-
TOBKa COOpOYHOTO dYepTexa Ipecc-(pOpPMBI, HO BBIIIOI-
HenHas B nakere KOMITAC u amantupoBaHHas OA €IH-
HYyI0 cUCTeMy KOHCTpykTopckort mokymenrarun (ECK]),
NpecTaBIeHa Ha pUC. 7.

[TapameTpuueckas MOJeIb JaeT BO3MOXKHOCTb CO3/a-
BaTh, XPaHUTh U IepenaBaTb MHGOPMALMIO HE TOJBKO
0 cOopouHOM uepTexe mpecc-Ppopmbl (cM. puc. 7), HO U
0 COCTaBJISIIOIIMX €€ YacTsIX, BXOJSIINX B COCTaB cOOpoU-
HOM emuHMIpBl. [lyaHcoH npecc-QpopMbl, BBIIOIHEHHBIN
B Buje pabouero ueprexa jgeramu B nmakere KOMITAC
u agantupoBanubiil nojg ECK]I, nokaszan Ha puc. 8.

B urore nanHas nmapameTpuueckas MOJENb O3BOJISET
COKPAaTUTb BpEMs H3TOTOBICHUS KOHCTPYKTOPCKOHM J0-
KyMEHTAallMM Ha JaHHBIA TWUI Ipecc-(hopM, a cienoBa-
TENFHO, M BPEMsI Ha 3aIlycK Ipon3BoJcTBa. s mpoekTa,
IZle U3MEHSIOTCSI HEKOTOpbIE ITapaMeTpbl MaHXeThI (YroJl
PacKpbITHs, pa3Mep THE3[a MAH)XEThl, AUAMETP MaH¥kKe-
TBI), MapaMeTpudecKkas MOJEINb M03BOJIAET MOATOTOBUTh
YepTeXKU BCEX THUIOPA3MEPOB ISl OJHOTO THIIOBOTO
NPOEKTa, a BCE OCTaJbHBIE YEPTEIKU M MPOEKTHI, O1aro-
naps cucteme koHpuryparmii SolidWorks n aBycTopos-
HEl accOLMaTHUBHOM CBSI3M YepTexeil ¢ Monenbio, OymyT
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Puc. 8. Ilyancon mpecc-hopmbl

M3MEHATHCS B COOTBETCTBHU C HOBBIMH 33JaHHBIMH Ia-
paMeTpaMy, 4TO CYIIECTBEHHO COKPAaTHT BpEMs IOIrO-
TOBKH KOHCTPYKTOPCKOI JJOKyMEHTalUH.
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AUTOMATION OF PROCESS OF PRODUCTION OF MOLDS
FOR MANUFACTURE OF LIP SEALS

Lip seals are used to ensure the tightness of the executive units of hydraulic systems. An important role for improv-
ing tightness is played by form of distribution diagrams of contact stresses, which excludes or reduces possibility
of hydrodynamic pressure, as well as providing a return fluid leak in the sealing chamber. Currently used methods
of production of contact seals, with the help of injection molds are based on the sizing of the GOST 14896—84 on
the seals and the mold. However, the dimensions given in this document often do not guarantee the specified resource
because it does not take into account the operating conditions. The paper describes a method of automation of process
of production of molds for manufacture of lip seals, through the construction of parametric models of contact-type
lip seals, which include the optimization of their design parameters and shape, according to the specific set conditions
of subsequent operation, to provide a given guaranteed working capacity resource.

Keywords: seal, opening angle of the cuff, parametric model of the seal, parametric model of the mold.
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MATHEMATICAL MODELING OF MECHANICAL PROPERTIES
OF STRUCTURAL STEELS

On the basis of available published data and with the aid of a personal computer found equations of the dependence
of the yield strength oy, of reduction of area ¢ and of impact toughness a; of a group of a structural steels on their
tensile strength o, with correlation coefficients.

Keywords: structural steels, mechanical properties, mathematical modeling.

According to published data [1] there exists a certain- For a; was obtained the equation (type y = by- xb; with
dependence of the yield strength o, of reduction of area  r,, = 0,980):
¢ and of impact toughness a; of structural steels alloyed a;=10197977,89 o, **. 3)

with various elements on the tensile strength G,.

In article [1] processed the data of more than
400 publications with a computer by method of multiple
regression analysis and obtained quantitative dependences ) .
sul(i;table for calZulating the mecha?nical propertieI; of steels An evaluation (,)f the of .the error of the theoretical
(12 marques) from the known chemical composition. data compared with experimental ones showed that

On the basis of the data on the correlation between the ~ for the dependence oo, = f{c,) the range of the maximal
mechanical properties of metals [3] compare in the deviations lies in the range from + 12,93 % to — 9,3 %,

The curves of the experimental and of the calculated
dependences by equations (1)—(3) are presented
in fig. 1.

present work the results of [1] and [2] for ¢ = flo,) — from + 10,97 % to — 5,3 %, and
The data of [I] on the mechanical characteristics a; =f(c,)— from+ 18,1 % to — 23,1 % (fig. 2).
of steels were processed by methods of correlations Carried out a comparative analysis of the deviations of

and variance analysis so as to obtain mathematical models  the calculated data on mechanical properties (G5, @ and
of the dependences of yield strength ©y,, reduction of  a)) from experimental ones (fig. 2). It was established that
area ¢ and impact strength @; on ultimate resistance 6,.  the scatter of the values of these characteristics calculated
The calculations were with software presented in [4].  for the data [1] was somewhat larger than the data [2]
To make the programs suitable for the computer, they  pecause in the former case the values of &, were averaged
were analyzed and translated into Turbo Pascal-5. for an entire group of steels (in [1] neither the amount nor

For the dependences of G5, @ and a; on G, Were  (he marks of the of the steels was given). In [2] the
obtained the following equations (type y = a = bx) with 0 hanical properties were calculated from data obtained
the correlation coefficients 7, = 0,978 and 0985, ¢ 17 marks of steels, but each characteristic was

respectively: calculated separately and with a view to the principal
Gop =297,321 + 0,652 G, (1) factors affecting the mechanical properties (content
¢ = 85,724 -0,023 o, (2) ofalloying elements, conditions of heat treatment).
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