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PenpedHas ¢panepa ckiemBacTcs B pasHOTONIIMHHON mpecc-(hopMme, B pe3yiabTaTe 4ero Ha
ee JINIEBOW MOBEPXHOCTH IMONydaeTcss PUCYHOK. OIBIT ITOKAa3bIBAaET, UYTO B psIC CIydacB
IIpU CKJICMBAaHUM IIMOHA BO3HUKAET paspyllieHue JHUIEBOrO JIUCTA. B CBs3M ¢ 3TUM mpen-
CTaBJISIETCS aKTYaJIbHBIM OIpe/eJIeHUe MapaMeTpoB mHpecc-(popMbl, 00ECHEeYHBAIOIINX CO-
XpaHeHHe LEeJOCTHOCTH M3roTaBIrBaeMoro uaenus. Hamu paspaborana MeToanka pacuera
HAaIpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHMS ITaKeTa CJIOEB IIIOHA. YUNTHIBaeTCs (HU3MYe-
CK{ HEJIMHEHHOE MOBEICHUE MAaTepPHajoB, FCOMETPUYUCCKAsT HEITMHEHHOCTD, 00YCIIOBICHHAS
BIMSIHAEM OOJIBIIMX MEepeMEIleHNH Ha TeOMETPHIO paccMaTpUBAeMON CHUCTEMbI, U KOH-
CTPYKTHBHASI HEIHMHEHHOCTD, CBSA3aHHAsS C IEPEMEHHOCTHIO KOHTAKTA Tpecc-(hOpMBI H IITIO-
Ha. AHaMIBHPYIOTCA NedopManni S5-cioifHOTro makeTa GaHepsl, H3roTaBIuBacMoil U3 Oepe-
30BOro mmoHa. [Ipy 3ToM mmTa BepXHEeH TpaBepChl U PACIOI0KEHHAS IO JIHCTAMH [ITTIOHA
npecc-popma cuHMTAlOTCI aOCONIOTHO JKeCTKUMH. PaccmaTpuBaeTcss KHHEMAaTHYeCKOE
HaArpy>XCHUE MaKeTa B YCIOBHSX IUIOCKOTO 1e()OPMUPOBAHHOTO COCTOSHUS. Pacuer BBIMOJI-
HSETCS B HECTAI[MOHAPHOW MTOCTAHOBKE C MIOMOMIBIO METOIa KOHEYHBIX JIEMEHTOB. B cooT-
BETCTBUH C NpuHIUNOM [lenamOepa cTpouTcsi cucTeMa HeJIMHEeWHBIX TuddepeHmanbHbIX
YpaBHEHUH, OMUCHIBAIOIINX JTUHAMUYIECKOE PaBHOBECHE JIJISl TUCKPETU3UPOBAHHOTO 00BEK-
Ta. PernieHne HavaapbHOW 3a7a4M OCHOBBIBAETCSI HA MPENNOCHIIKE MeToga Hpromapka o mo-
CTOSSHHBIX 3HAUCHUAX yCKOPEHHﬁ Ha KaXXIOM IIare MHTErpupoBaHUs. IIJ'ISI peaiusanu Ta-
KOT'0 TIOJIX0/a K MCCJIEJIOBAHUIO HEJTMHEWHOTO MPOIIECCa YYUTHIBAETCS T€OMETPHUS CHCTEMBI
B Ae(opMUpOBAaHHOM COCTOSHHH. [Ipy 3TOM HCIONB3yeTCs KacaTellbHas MaTpHUIla JKECTKO-
CTH KOHEYHO-3JIEMEHTHON MOJICIH, BRIYHCIIAeMas KaKk CyMMa KacaTeIbHOW MaTPHIBI JKeCT-
KOCTH OECKOHEYHO MaJbIX IedopMalnii, MOCTPOCHHON C yueToM (pH3MIecKoi U KOHCTPYK-
TUBHOW HEJNIMHEIHOCTEH, M MAaTPHIBl HAYaIIbHBIX HampsbkeHU. Ha ocHOBe MaTeMaTHdecKo-
T0 MOJCITUPOBAHUS YCIOBUH HArpyKEHHs JHCTa (aHephl OIpeesicHbl XapaKTCPHCTUKU
HATPSKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUSI CKICUBAEMBIX CJIOCB IPU YCIOBUH NPHMEHE-
HUS IPSIMOYTOJIBHBIX U CKPYTJIEHHBIX KPOMOK Hpecc-pOpMBI B 30HE H3MEHEHHS BBICOTHI €€
paboueil MOBEpPXHOCTH. YCTAHOBJIEHO, YTO HamOoJee OMACHBIMU 30HAMH C TOYKH 3PEHUS
MaKCHUMAaAJIbHbBIX Hal'IprKeHI/Iﬁ ABJIAIOTCA YYaCTKHW KOHTAKTa JIMCTOB HINIOHA C KpassMH BBICTY-
moB mpecc-popmbl. OnpeneneHsl napaMeTpsl pacCMaTPUBAEMOr0 TEXHOJIOTHYECKOTO MPo-
1iecca, MO3BOJIIONINE TTONTydaTh TpeOyeMble penbedsl Ha TOBEPXHOCTH M3TOTABIMBAEMOTO
W3JeNUs IPH COOJIOIEHIH €T0 IETOCTHOCTH.

Kniouesvie cnosa: cnoucras apeBecwHa, mpecc-popma, ckiieMBaHue, penbed, MPOYHOCTS,
muddepeHnmanbHble ypaBHEHHS, HEIMHEWHOCTD, TapaMeTphI.
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Penbedras danepa ckinewBaeTcs B Pa3HOTOIIIMHHON mpecc-hopme, B pe-
3yJIbTaTe Yero Ha ee JIMLEBOH MOBEPXHOCTH MOJydaeTcs pucyHok [3, 5]. OnbIT us-
TOTOBJICHUSI TaKOH (aHepbl MOKa3bIBAaCT, YTO B psle CIy4aeB MPH CKICHBAHHUU
IITIOHA BO3HHMKAET pa3pylIeHue IuieBoro aucra [4]. B cBsa3u ¢ atum mpezacraBis-
€TCsl aKTyaJbHBIM OTpefelieHHe MapaMeTpoB mpecc-popMbl, 00ECTIEINBAIOIINX CO-
XpaHEeHHE ETOCTHOCTH M3TOTaBINBAEMOT0 H3IEIHSI.

B macrosmeit pabote mgaHHas 3amava pemraeTcs IS HPSAMOYTOJIBHOW B
ITane 1IUTHl  (aHepbl. Pa3paboraHa MeToquka pacueTa  HampsHKEHHO-
JIe(pOPMUPOBAHHOTO COCTOSHHS ITaKeTa CJIOEB WIMOHA. YUWUTHIBAETCS (pH3MUYECKH
HEeNMHEeWHOe TIOBE/ICHUE MAaTepHaloB, T€OMETpHYECKas HEIMHEHHOCTh, O0YCIIOB-
JIeHHAsI BIWSIHUEM OOIBIIHX IepeMEeNIeHI Ha TEeOMETPUIO0 pacCMaTPUBAEMOMN CH-
CTCMbl, U KOHCTPYKTUBHAaA HCJ'II/IHCI\/'IHOCTL, CBsA3aHHasd C ICPEMCHHOCTHIO KOHTAKTa
paboueii TpaBepchl U mimona. OCHOBBI MATEMAaTHUECKOTO anmnapara il TaKoro Mo-
JIeTMPOBAHUS U3JI0KEHBI B padote [6].

AHanmm3upyroTcs aeopManiuy NATUCIOWHOTO TakeTa 2 ¢aHephl, H3TOTaB-
TMBaeMO W3 Oepe30BOro IIMOHA, KaXKIbIH JIMCT KOTOPOTO HMEET pa3Mephl
120x1000x1,75 mm. Ilaker cxxumaercs IUMTOW 1 BEpXHEW TpaBepChl M Ipecc-
¢dopmoit 3 HkHEH TpaBepckl (puc. 1).

/\
ﬁ

Puc. 1. ITaker mmona B npecce: 1 — nuiura BepxHeil TpaBepchl; 2 — 5-CII0MHBIN
nakeT ¢aneps; 3 — mpecc-hopMa HIDKHEH TpaBepchl (S — HampaBieHHe
KUHEMaTHYECKOTO Harpy>KeHUsI)

[Ipecc-popma nmeet BBICTYIIBI M BIaguHy. [I[pHHUMaeTcs KUHEMaTHYECKOE
Harpy»>k€HU€ IaKeTa CJIOEB M0 BEPTUKAIN BepxHeH Tpasepcoil. IIpu sTtom mumra
BEpXHEW TpaBepchl U mpecc-(hopMa CUUTAIOTCS aOCOIIOTHO KECTKUMH. B3anmonei-
CTBHE MaKeTa MINOHA C TelaMu 1 1 3 B TOpU30HTAILHOM HAIlPaBJICHUN HE yYUTHIBA-
eTcsl.

IIpennonaraercs, 4To NAaKET U3 CIOEB IIIIOHA HAXOJIUTCS B YCIOBUSAX ILIOC-
KOTO J1e()OPMHUPOBAHHOTO COCTOSIHMSA. KpOMKM HEMOABMKHOW TpaBepChl B 30HAX
nepexosa OT BOaJWHBI K BBICTYIIaM MOTYT UMETh CKpyriieHue paguycom R. Cioyqaii
OTCYTCTBHS CKPYTJICHHUS TPAKTyeTcs Kak ycinoBue R = 0.

PaccmarpuBaeTcs HecTallMOHApHBIM Ipolecc MoBeaeHus: oobekTa. B coor-
BETCTBUU ¢ NpuHIUNOM Jlanambepa cucteMa HENWHEWHBIX JuddepeHnnantbHbIX
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ypaBHeHI/Iﬁ AUHAMUYCCKOI'0 pPAaBHOBECU ,Z[I/ICerTI/I?)I/IpOBaHHOﬁ CHUCTCMBI TMPCI-
CTaBJICHA B BUJIC

[m(izh)]{z}+[ezh) {2} +{r({z})} = {F}.
rae [M ({Z})], [C({Z})]I/I {R({Z})} — MaTpUIla Macc, MaTpuIa JeMrdupoBa-

HHSL ¥ BEKTOP Y3JIOBBIX PEaKIlnii, 3aBH-
csamme ot 000OIICHHBIX Y3JIOBBIX Tepe-

MEUICHUH, BBIPAXKAEMBIX BEKTOPOM {Z} ;

{ F} — BEKTOP, YUUTHIBAIOIINN BHEIIIHEE HAIPy-

JKEHUE.

[IpunHsATH HyJEeBbIC HaYaJbHBIC yCIOBHUA. PellleHne HayanpbHOU 3aadu OC-
HOBBIBAJIOCh Ha MPEANOChUIKE MeToga HbploMapka 0 MOCTOSIHHBIX 3HAYEHUSIX YCKO-
PEHUI Ha KaXXJIOM IlIare MHTEerpupoBaHud. s peanu3anuu Takoro moaxonaa K uc-
CJICIOBAaHUIO HEJIMHEWHOrO MIpOoIecca yYTeHa Te€OMETPHUSl CUCTEMBI B J1ehOpMHUPO-
BAHHOM COCTOSIHUHU. [Ipy 3TOM HCHOJB30BaHA KacaTeiabHash MaTpULa >KECTKOCTHU
KOHEUYHO-3JIEMEHTHOU MOJICIIH:

[K]=[Ko]+[Ko],
rue [Km] — KacaTellbHas MaTpHLA KECTKOCTU OECKOHEYHO MalbIX AedopMaluii,

MIOCTPOEHHAs C Y4eTOM (U3NIECKOW M KOHCTPYKTHBHOM HEIWHEHHO-
CTeH;
[KG] — MaTpHila HauaJ bHbIX HATPSHKEHUI, WM reoOMeTprYecKas MaTpuiia [7].

B 30nax comnpsbkenns ten 1 v 3 co CIIOSIMH IITIOHA IPUHUMAIOTCS YCIIOBUS
KOHTaKTHOH 3a7auu. CHUiIbl B3aMMOJEHCTBUS B 3a30pax He yuuThiBatoTcs. IIpu Bo3-
HUKHOBEHMH KOHTAKTa aBTOMATUYECKU BBOJSATCS JIMHEHHbIE CBA3H B BEPTUKAIBHOM
HaIpaBJIeHUH.

BrimosHeH aHanu3 OeBSTH PacyeTHBIX MOJEINEH IS BCeX COYeTaHUH 3Ha-
genuit L = 20, 40 u 80 mm; R =0, 1 u 2 Mm. Mexanudeckue mapamMeTphl IITIOHA
YCTaHOBJICHBI ¢ y4eToM [1, 2] U SKCIepUMMEHTANBHBIX JIAHHBIX, TOJYYCHHBIX MPHU
M3roTOBJICHUH (aHepsl Takoro Tuna. [Ipu 3Tom npenen npoyHocTH Oepe30BBIX 00-
PAa3LoB JYIIEHOTO IIMOHA BAOJb BOJIOKOH JApeBeCHHBI MpUHAT paBHbIM 130 Mlla,
npenen MPOYHOCTH MO KacaTeJIbHBIM HaNpsDKEHHUSM, HalpaBlIEHHBIM IOIEPEK BO-
JIoKoH, 4 MIla.

Ha puc. 2 mokazan Buj 1ehOpMHUPOBAHHOTO COCTOSHHS MaKeTa, MOTy4eH-
HBIH TpU €ro KOHEYHO-3JIEMEHTHOM MojenupoBanud st L = 40 mm, R = 0,
P = 2 Mlla, rae macmtad n300pakeHus EPEMEIICHUH YBEINYEeH IO CPAaBHEHHIO C
MacmTaboM npencrasiaeHus moaenu B 10 pas.

¢

Puc. 2. Xapakrep neopMHpOBaHHS HCCIIEAYEMOT0 00beKTa

79



ISSN 0536 — 1036. UBY3. «JIecHoii skypHaa». 2015. Ne 3

0.6 0,7

0,594
’ 0,663
0,6 /

05
0,5

04

0,363 0,392

0.4

0.3
4,243

0,2

03

0,209

[Mporué 1. T, MM
TMporud s 1. T, MM

02

0.1

0.1
0,002 0,093

05 10 15 2,0 05 1,0 1.5 2,0
Hasnenne P, MIla Jasnenne P, Mlla

a o0
Puc. 3. 3aBUCHMOCTH MaKCUMAIbHOTO NIEPEMEIICHUS OT JaBIeHUs P:
a—R=1wmm, | =20 mm; 6 — 1 MM, 40 MM

Ha puc. 3 npuBeneHsl TpaduKu 3aBUCHMOCTEH MaKCUMAaJIbHBIX BEPTUKAIb-
HBIX TIepEMEIeHII ITUTHI, BOZHUKAOMUX B T. T (cM. puc. 1) OT cpemHero aaBie-
Hus P Ha oty pu R = 1 MM, L = 20 u 40 mm. U3 puc. 3 BUIHO, 9TO TaKue 3aBH-
CHUMOCTH MMEIOT BBIPAKEHHBI HEIWMHEWHBIM Xapaktep. B pe3ynbraTe pacueToB
YCTaHOBJICHO, YTO HauOoJiee ONMACHBIMU 30HAMU C TOYKH 3PEHHUS MaKCHUMAaJIbHBIX
HANPSDKEHUH SIBIITIOTCS YYaCTKM KOHTAKTa JINCTOB MITIOHA C KpasMH BBICTYIIOB
rpecc-(pOpPMBI.

Ha puc. 4 npuBeneHbl 00beMHBIC TPAPUKU MaKCUMAJIbHBIX KAaCaTEeJIbHBIX U
HOPMAaJIBHBIX HANpPSHKCHUN B 3TOW 00JIACTH MPH pacCMaTPUBAEMbIX 3HAUYCHUAX R u
L mist cpenHux maBinenuit cxxartus npecca 0,5 u 1,5 Mlla.

AHanM3 TIOyYEeHHBIX Pe3yNbTaTOB TOKa3biBaeT, uTo mpu L = 20 MM u
40 MM TpOYHOCTH ¢Jios | 0 KacaTeabHBIM HANPSDKEHUSAM 00SCIIeUNBAETCS C CYIIe-
CTBEHHBIM 3aIacoM JUIs Bcex paccMarpuBaeMbix 3HadeHni R u P. Ilpu L = 80 mm
MPOYHOCTHh HAa Cpe3 00eCIieYrBaeTCs MPU BCEX YUUTHIBAEMBIX paJycax CKpyTie-
Husl, oqHako npu P = 2 MIla, R = 1 mm umeem t=3,1Mlla, npu P = 2 Mlla,
R =2 MM —t=3,8MIla, 9to cooTBeTcTBEeHHO cocTaBiser 78 u 95 % ot npeznena

IIPOYHOCTH I10 KacaTelIbHbIM HAIIPSKEHUI.
HopmaiibHble HaIpsKEHMSI HE NPEBBIIIAOT MPEZAEIIa TPOYHOCTH HA PacTs-
JKEHHUE IIPU CIEAYIOIIUX ITapaMeTpax:

st L =20 mMm:
P<15MIla,R=0,1u2mm; P=2,0MIla, R =2 mwm;
st L =40 mMm:
P=05MIlIa,R=0,1u2mm; P=1MIla,R>1mm; P=1,5u2,0MlIla,

R =2 mm;
g L = 80 mm:
P=0,5MIIa,R=0,1u2Mmm; P=1,0MIla,R=0wu 1 mm.
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Puc. 4. MakcumanbHbie KacaTenbHble (¢, 6) U HOpMalbHbBIC (8, 2)
HaNpsOKEHUs. B HAMpaBJIeHUH Tonepek (a, 6) u BIONb (8, 2) BOJIOKOH:
a,6—P =0,5MIla; 6,2— P =1,5 MIla

Bui6o0wi

1. Ha ocHoBe wuccienoBaHus Ipolecca Harpy>kKeHusl Jucra (aHepsl Mmpu
cpenuux gasnenusx 0,5; 1,0; 1,5 u 2,0 MIla onpeneneHsl XapakKTepUCTUKH Harpsi-
KEHHO-1e(DOPMUPOBAHHOTO COCTOSIHHS (PUINUECKONW MOJETH MPU YCIOBHH TpUMe-
HEHMS TIPSIMOYTONBHBIX M CKPYTIIEHHBIX 110 paauycaM (R = 1 u 2 MM) KPOMOK HHX-
Hell TpaBepchl mpecc-hopMBbl B 30HE H3MEHEHHS BBICOTHI €€ paboueil MOBEPXHOCTH.

2. IlyreM 4HCIEHHOrO aHajM3a YCTaHOBJICHBI MapaMeTphl paccMaTpHhBae-
MOTO TE€XHOJIOTHYECKOTO TPOIIECCa, MO3BOJISIOIINE TTONTydaTh TpeOyeMble perbeds
Ha MOBEPXHOCTH M3TOTABIMBAEMOI0 H3/IENIUS IPH COOIIOJEHUHN €T0 LEJTOCTHOCTH.
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Relief plywood is glued in press mold with gage interference, what results in a picture on its
front face. The practice of such plywood production shows that front sheet is destroyed in a
number of cases of gluing veneer sheet. Therefore determination of press mold parameters
ensuring integrity of the production is of special value. The article considers a method used
to calculate stress-strain condition of a package of veneer layers. Physical non-linear behav-
ior of materials, geometric nonlinearity caused by the influence of great displacements on
geometry of the considered system and structural nonlinearity related to variability of con-
tact between press mold and veneer sheet is considered. Deformation of five-layer package
of plywood, produced from birch veneer is analyzed. Whereas the upper traverse plate and
press mold, located above veneer layers, are considered absolutely rigid. Kinematic loading
of the package is considered in plane flat deform condition. Calculation is made in a nonsta-
tionary formulation with the finite elements method. According D’Alembert’s principle a
system of nonlinear differential equations, describing dynamic balance for a sampled object
is built. Solution of the initial-value problem is based on prerequisite of Newmark method
about constant values of accelerations at every stage of integration. System geometry in de-
formed condition has been taken into account for realization of such approach to study of
non-linear process. Whereas tangential stiffness matrix of finite element model, calculated
as a sum of tangential stiffness matrix of infinitesimal deformation, built with regard to
physical and structural non-linearity and initial stress matrix has been used. Characteristics
of stress-strain condition of gluing layers have been determined on the base of mathematical
modeling of the plywood sheet loading with regard to application of rectangular and round-
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ed edges of the press mold in the place where height of its working surface is changed. It has
been established that areas of contact of veneer layers with edges of the press mold are the
most dangerous zones in terms of maximum stresses. Parameters of considered technologi-
cal process that enable obtaining required reliefs on the surface of fabricated produce, keep-
ing its integrity have been determined.

Keywords: plywood, press-mold, bonding, relief, strength, differential equations, nonlineari-
ty, parameters.
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