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BO3MOKHOCTD YJAYYIIEHUA KOHCTPYKIIUHU
JJEHTOUYHOINWJIBbHBIX CTAHKOB

C. CokonoBcku, H. lenuncku

OcywecmeﬂeH AHAJIU3 HACPYIHCEeHUA OCHOBHOCO 6ald JNEeHMOYHONUIbHbIX CMAHKOE6. HpoeedeHbl npoeKmHbsle

NPOYHOCMHbIE  BbIYUCIEHUSL OCHOBHOCO  6aAJjd

CmaHKa.

Ipeonosiceno  KOHCmMpyKmueHoe peuietue,

YMeHbluaroujee uzeud KOHCOIbHOU Yacmu 0CHOBHO20 8ad. Brnedpenue npednodiceHno2o pewleHus npueedent K
VAYYUeHU0 pabomol IEHMOYHOU UL U KIUHOPEMEHbHell nepedadu CmaHKa.
Knrouessle cnosa: 1enmoyHONUIbHbIL CMAHOK, OCHOBHOU 841, PEMEHbHSS Nepedayd, NPOYHOCMHOLL paciem

Analysis of the load on the main drive shaft of band saw is provided. Validating test strength calculations of
the main band saw shaft are made. Constructive solutions to reduce the bending in the console parts of the
main drive shaft which will improve the work of the saw band and the V-belt transmission are proposed.
Keywords: band saw, main drive shaft, belt transmission, strength calculations

KoncTpyknuu pexynmx MexaHW3MOB JICHTOY-
HOMUJIBHBIX CTAHKOB HE OTJIMYAIOTCS MPUHIUIHAIb-
HO Jpyr OT JApyra NpU OTAEIbHBIX THUIAX CTaHKOB.
OHU cOCTOAT U3 JBYX KOJIEC C JICHTOYHOW MHIION U
OCHOBHOI'O Baja, IPUBOJMMOIO B JBUYKEHHUE DJIEK-
TPOABHUTATENEM NPHU MOMOIIM PEMEHBHON INepenayu
(puc. 1). OcHOBHOII BaJl cTaHKa MojBepraercs 00ib-
MM H3THOAIONINM HAMPEKEHUSIM, TOPOXKICHHBIM, C
OJIHOWM CTOPOHBI, CHUJION HATSXKEHUSA JEHTOYHOW IH-
JIbI U, C APYTOM CTOPOHBI, CUJION HATSHKEHHSI pEMHEH.

Puc. 1. Pexywmn mexaHn3mMm NeHTOYHONMUITIbLHOrO CTaHKa

B Hacrosmieil cratbe NpoBEAEH aHAIN3 IPUBOAA
PEXYHICTO MCEXaHU3Ma JICHTOYHOIMWIIBHBX CTAaHKOB
1, B YaCTHOCTH, HArPY>KEHMsI UX OCHOBHOI0 Bayia. Ha
OCHOBE pe3yJbTaTOB aHAIM3a IIPEUIaraloTcs [Ba
HOBBIX KOHCTPYKTHUBHBIX PCIICHUA MOJAUIMITHUKOBBIX
Y3J10B OCHOBHOTI'O BaJjla JICHTOUYHONMUIbHBIX CTAHKOB.

Ilpounocmnoti  pacuem o0cHO8HO20 6and
JEHMOYHONUNbHO20 CIMAHKA.

Haepyocenue sana. OCHOBHOM Ball CTaHKa Ha-
TPYKEH TONEPEUYHBIMU CIJIAMH W KPYTAIUMU MO-
MEHTaMHU.

[Tonepeunbie CHIIBI, KOTOPBIC HATPYXKAIOT Bal,
TaKOBBI: F) OT HATSKEHHS JEHTOYHOM IMHIEI, FR OT
HATSDKEHUS PEMHEN U [} OT KpyTSIIEr0o MOMEHTA.

[Ipu Gonee TOUHOM pacuere HEOOXOIUMO YUH-
TBIBATh TAK)KE CHIIBI TSDKECTH Kosieca Gy M BOAMMOTO
pemusMu 1mkuBa G, B KAa4eCTBE IMOMEPEUHBIX CHII
(puc. 1).

Kpyrsammii moment M,y (B N.m), nepenaBae-
MBIH BaJIOM, paBEH KPYTAIIEMY MOMEHTY, OIpee-
JIIEMOMY TI0 YPaBHEHHUIO

M = 9554Pnd , ’ )
p

nd.,,
rjae P) — MOIIHOCTE 3JIeKTpoABUraTens, KW;
3 — K.ILJI. TIPUBOJIHOTO MexaHu3Ma (0ObIYHO TPUHH-
maercsa 1 = 0,9);
71|~ YaCTOTa BPAILCHHUS 2IEKTPOABUIATENs, min
duy M dy - TMaMeTpsl COOTBETCTBEHHO BEAYIIErO U
BEZOMOT0 IIKWBOB, MM.

Cuna HatskeHMs JeHTouHOM muiel [y (B N)

paBHa

F,=2Bso, )
rae B — mupuHa pexyllen JIEHThl, M; § — TOJNIIUHA
peXYILEH JeHThI, M; y — HaNpsKEHHE PacTsHKEHHS
OT HATsDKEHHS ML, N.m™,

Jyis HOpMaNbHOM pabOThl PEXKYILEH JIEHTHI 3TO
HAMpsUKEHHE JODKHO paBHaTes [2]: y = (30+40)10°
N.m” — ans oOb4HBIX cTaHKOB, y = (50+70)10°
N.m> — Jns  JeNMTENBHBIX  CTAaHKOB] Yy =
(80+-100)10° N.m™— 15 pacIHIOBOYHBIX CTAHKOB.

[epudepnas cuna F, (8 N) paBHa



2M_,
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rae D — nuaMerp JIGHTOBOJHOIO KoJieca, m.

Cxema TpuBeACHHS CUJI, ICHCTBYIONUX HAa JICH-
TOYHYIO MUY, K T€OMETPUYECKOH OCH OCHOBHOTO
Bajla CTaHKa MoKa3aHa Ha puc. 2. IlepneHaukynsapHo
OCH Baya JIelcTBYIOT nepudepHas cuna Fy (Ha pac-
crosiaue 0,5D) U cuja HaTSDKEHUS JICHTHI F.

Puc. 2. Cxema npuBefeHUs CUNn K reoMeTpU4yeckom ocu oc-
HOBHOro Bana

Cocmasnenue eviuuciumenvnou cxemsl. Ilpu
COCTaBJICHUH BBIUMCIIMTENRHOM CXEMBI Baja paau-
anpHas cuia F mepeHocuTes Ha Och Balia (puc. 20) u
oHa Oyner u3rubath Bas B Tuiockoctu V. Iepudep-
Has cuia Fy NelCTBYeT MONEPEYHO Bajdy, M3rubaer
ero B IUIOCKOCTH V M co3/laeT KpyTAIIUH MOMEHT
M= 0,5F.D, xoTophIil AeUCTBYET B IJIOCKOCTH W 1
oOycnaBimBaeT cKkpy4yuBaHue Bana (puc. 2B). U3
puc. 2r BuaHo, uro B T. C neiicTByeT o0Ias more-
pedHas cwia F, KoTopasi paBHa

F=F+F -G, 4)
rae Gy — cuia TSHKeCTH HHYKHEro kKojeca, N.

Ota cuna F uwsrubaer Bajd B BEPTHKAILHOM
mIockoctu V.

Cuna KIMHOPEMEHBHOT 0 pHUBoAa Fr AeCTByeT
Ha TIPOTHUBOMNOJOXKHYIO CTOpOHY Baia (puc.l). Ee
HaIpaBJlieHHe 3aBUCUT OT PACIOJIOKEHUSI ITOTO MPH-
Boga (ot BeprmKaimpHOro o = 0° M0 TOpPHU30H-
TanpHOrO 0 = 90°). OHa paBHa [2]

Fy, =3F,, %)
rne F, — nepudepHas cuiia, KOTopasi ONpenesercs
1o ypaBHeHUO (3).

IIpy momomm FRr BBIYHCISAIOTCS €€ COCTaBIISAO-
e Fp, = Fy sinG — B TOPU30HTAIBHOM IJIOCKOCTH

u F,, =F;cos0 — B BEPTUKAIBHOH IJIOCKOCTH,
IZI€ 0. — YTOJI MEXy IPSIMOM, CBSI3bIBAOILEH LIEHTPHI
KpY4CHUS IIKHBOB C BEPTUKAJbIO; MPH BEPTHUKAIb-
HOM NpuBoJE Fry = Fr U Fg,=0.

Ha puc. 3 mokazaHa TuUNHWYHAs KOHCTPYKIUS
HOAIUIMITHUKOBOTO y37a OCHOBHOT'O Bajla JIGHTOYHO-
NUIBHBIX CTaHKOB, a Ha pHc. 4 JaHa IOCIeIoBa-
TEIIBHOCTh pacyeTa OCHOBHOT'O Bajla HAa IPOYHOCTb.

Puc. 3. KOHCprKLl,VIﬁ noAWUNHUKOBLIX Y3J51IOB OCHOBHOIO
Bana B CyuweCcTBYHLWUX NMEHTOYHONMUNbHbIX CTaHKax
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Puc. 4. BbluucnutenbHasa cxema, AgvarpaMmmbl usrubatouiero
U CKpPyYMBawLEro MOMEHTOB U KOHCTPYKLMSI OCHOBHOIO
Bana B CyLEeCTBYOLWUNX JIEHTOYHONUIbHbIX CTaHKaXx

Hcxons n3 KOHCTPYKIMH U pa3MEpOB, IMOKa3aH-
HBIX Ha puc. 4a, cOCTaBlieHa BBIUUCIUTEIbHAS CXE-
Ma, KoTopas JaHa Ha puc. 40. B 1. C Ha puc. 46 neii-
CTBYET OmpeneieHHas mo ypasHeuto (4) cuna F, a B
T. D neficTByeT BBIYHCIEHHAS TI0 YpaBHEHUIO (5) cH-
na Fr. Onopsl pacnojioxeHsl B T. 4 u T. B. O0e cuitbl
JIEUCTBYIOT Ha Ball B BEPTUKAJIBHOM IUIOCKOCTH W
HMMEIOT MPOTHUBOIOIOXKHBIC HanpaBjieHus (puc. 40).

Ilpoexmmvlii pacuem oCHO8HO20 8a1A HA CLOiC-
HYl0O npouHoCmb. ITOT pacyer MPOU3BOAUTCS C
WCIIONIb30BaHUEM  TIOKa3aHHOM Ha  puc. 4
BBIYMCIUTEIBHON CXEMBI U THArpaMM HM3THOaroIIux
M, u cxkpyunBaronmx M, MmomeHToB. Ha Banm neii-
CTBYIOT cienyromue cuibl F, Fr u Gy, (puc. 1). Ban
PACITOJIOKEH Ha IBYX MOAIIAITHUKAX KAUCHUS.

e Onpeoenenue u3eubAOUUX MOMEHMOE:

Nzrubarommme MOMeHTHI B Toukax A, B u C (puc.
4B) paBHBI COOTBETCTBEHHO M5 o = Fly, Mys g = (FRr
+ Gm)l3 u Mer: 0.

e Onpedenenue CKpy4u8arouec0 MOMeHma:

Bais no Bceli ero aiumHe MOABEPKEH CKpy4HBa-
HHUIO TI€peaBaeMbIM KPYTAIIUM MOMEHTOM My,



(puc. 4r). DTOT MOMEHT OIpeneNnsercs M0 ypaBHe-
Huto (1), mocie 4ero cTposiTCs €ro AuarpaMMbl B
MOJXOJISIIIIEM MaciiTaoe.

e Onpedenenue ouamempos 8aia 8 xapaxmep-
HbIX CEeYEHUSIX:

Huametpsl Bama dc B T. C, THe 3aKperuisiercs
JIHTOBOJIHOE KoJieco U dp B T. D, Tlie 3aKpersiercs
MpHUBOIMMAs Iai0a, MOJBEPKEHBI TOIBKO CKPYYH-
BaHUIO KPYTAIIUM MOMEHTOM My, BBIYHUCICHHBIM
no ypaBuenuto (1). OHu ompenensoorcs (B m) 1o
cienyromniemMy ypaBHeHuto [1]:

d.=d,>1]1; , (6)

rae [T:(p ] — yMeHbIIIEHHOE JOITyCTUMOE HalpsKeHHe

ckpyuuBanus. [ cranu 45 [T:(p 1=20.10° N.m™.

Juamerpsl Bana B onopax T. A u T. B, rae 3a-
KPEIISIOTCS TOAIINITHAKY, U3 KOHCTPYKTHBHBIX CO-
oOpakeHHI BhIpabaTHIBAIOTCS C OJWHAKOBBIMH pa3-
MepaMH, PaBHBIMHU OOJIbIIIEMY U3 HUX, YUUTBIBAS TIPH
3TOM CTaHJapTHbIE BHYTPEHHHE JHaMETPhl MO/
IIMITHUKOB KadeHwus, T.e. da = dp. B ciydae Gonee
HarpyeHa Immelika Baja B T.A (puc. 4B). [Juamerp
Bajia B ornopax 4 W B, rie pacrnoniararoTcst MoJIIIHnII-
HUKH KaueHwus, paseH [1]:

M')KBA
XCHE (7)

rae M., , — SKBHBAJICHTHBII MOMEHT B OIOpPE T. A4,

12 2
N.m. OH PaBeH M p =My p + Mgy » TAC H3TH-

OaroIuii MOMEHT B T. A paBeH M, 4 = Fl1, a M.,

d,=dg =3

nu3r

BBIYUCIISIETCS 110 YpaBHEHUIO (1); [Gy,] - JOITycTHMOE
HanpsokeHne u3rnba, N.m™. Jlst cranu 45 [0yy] =
40.10° N.m”.

o Koncmpyxkmuegnoe oghopmierue saia:

Konctpyknus Bana (puc. 41) UMeeT CTyneHb4a-
Tyr0 (opMy, HAaUMHAS ¢ U300PKEHUS KPAWHUX IISeK
B ceueHusix C u D. [uamerp mieiixku B cedenun C
JIOJDKEH OBITh KaK MOXKHO Oonbire. CTyneHel Mexay
merikamu B cedeHussx C 1 A NOIDKHBI OBITH HEMHOT'O
MO KOJIMYECTBY M C HEOONBIIOH BBICOTOH.

Ha ocHoBe BbIIIENPOBEACHHOTO aHaIN3a ycTa-
HOBJIEHO, YTO MaKCHMaJlbHO€ Harpy:KeHue Bajia Ha-
XOAWTCA B €r0 CEYCHUHU NMPHU MOIMIMITHUKE PSAOM C
JICHTOBOJHBIM KojecoM. TaM aedcTByeT u3rubaro-
U MOMEHT, KOTOPBIA MOPOXKAAECTCS CWION HaTs-
YKEHMSI ICHTOUHOM THJIBL.

Jnst yMEHBIICHUS HW3THOAIONIMX MOMEHTOB B
KOHCOJIBHBIX YacTSX Baja Mpeaaraiorcs JABa HOBBIX
KOHCTPYKTHBHBIX PEIICHUS:

Ilepsoe peuwienue: M3rudAOIUE MOMEHTBI CHII
HATSKEHUA JICHTOYHOW MUJIbI U peMEHbHEN mepesa-
YU MPUHAMAIOTCS TOMIIUITHUKOM, 3aKPEIUIEHHBIM K
KOp-IIyCy cTaHka (puc. S u puc. 6).

Puc. 5. O6a noAWMNHUKOBLIX y3rna 3akpenneHbl B Kopnyce
JNIEHTOYHOMUIILHOrO CTaHKa

[Ipu »>TOM pemeHur TOIIIUITHIKOBBIC Y3JIbI
HIKHErO JIGHTOBOJHOrO Kojieca 1 ¥ BOOUMOIO pe-
MEHBHEr0 IIKUBA 7 OTACICHBI OT MOIIIAITHIKOBBIX
y3510B Basia 5. [ToAMIMIHUKOBBIN y3€1 HUKHETO JIEH-
TOBOJHOT'O KOJIeCa COCTOMT M3 [IBYX paJualbHBIX
MOJIIIIMITHUKOB KavyeHus U QuisHena 2, KOTOpbId 3a-
KpEIUISETCS K MOAIIUITHUKOBOMY Tey 4 u Konecy 1.
[MommumnuukoBoe Teno 4 mpeacraBisieT co0OH To-
CTOCTEHHYIO TpYyOy, KOTOpas TOCpPEACTBOM TNpHBa-
pEHHOM K HEH IIUTHI 3 COEOUHSACTCS K KOPITYCY
CTaHKa MPH MOMOIIU 00nToB. [loAmuImHNKN 1ieneco-
00pa3HO 3aKPEIUIATh K KOPIYCY CTaHKa MPU TOMOIIN
OOJITOBBIX COEIUHEHUI.

IToammnHuKOBBIN y3€1 BOAUMOIO IIKKUBa 7 cOC-
TOUT U3 JIBYX PaAHaIbHBIX MOANIUITHUKOB KaUCHHUSI,
dasHena 6, 3aKperiIeMoro K IOIIIMITHUKOBOMY
Teny 4 u camoro mkuBa 7. CBsi3b Baja 5 ¢ HIDKHUM
JIEHTOBOJIHBIM KOJIECOM | CTaHKa M BOAMMBIM IIIKH-
BOM 7 OCYIIECTBJISETCS IPHU MOMOIIM IUIHUIIE-BOTO
coenuHeHud. Ban 5 pacnonaraercs B MOJIUIMII-
HHUKOBOM TeJie Ha JABYX paauaIbHBIX MOAIIHITHUKAX
Ka4eHUs.

KoncTpyknus Bana mokasaHa Ha puc. Or.

IIpy onucaHHON KOHCTPYKIIMU BaJl MOJIy4aeTCs
MEHBILIEr0 JuaMeTpa IO CPaBHEHHIO C CYIIECTBYIO-
IIUMH KOHCTPYKITUSIMU, CTYIHUIIA HIDKHETO JIEHTO-
BOJIHOTO KOJIeca YBEIMYMBAETCS, KOJIWYECTBO IOJ-
IIMITHUKOB Ha 4 OoJibllle U HeoOXoauMbl 2 disHera
JUTSI TIOJIIIUITHUKOBOTO Tenna. KOHCTPYyKIus BOIUMO-
r'0 IIKWBA HE U3MEHSIETCSI CYIICCTBEHHO.

Ban mo Bceil ero uiMHE HArpyXeH TOJbKO
CKPYYMBaHHEM KPYTAIMM MOMEHTOM M,y (pHC. 6B),
OIlpeNeNeHHbIM 1o ypaBHeHuio (1), a ero nuamerp
BBIYUCIIETCS 110 YpaBHEHUIO (6).

Bmopoe pewenue: N3rudaromuii MOMEHT CHIIBI
HaTSDKEHUS JICHTOYHOW THJIBI TPUHUMAETCS TOJ-
ITUITHUKOM, 3aKPETJICHHBIM K KOPITYCY CTaHKa, a U3-
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Puc. 6. BbluncnurenobHasa cxema, AuvnarpaMmbl CKpy4duBawLie-
ro MOMeHTa U KOHCTPYKUMA OCHOBHOIO Bana JieHTO4YHONUIb-
HOro ctaHka B COOTBeTCTBMUMU C pUC. 5

rUOAONM MOMEHT CHJIBI HATSDKCHHUS pPe-MEHBbHEH
repenayu mpuHIMaeTcs BajioM (puc. 7 u puc. 8).

W3 ananm3a nuarpaMMbl H3rHOAIOIIEr0 MOMEH-
Ta (puc. 4B) BUIHO, YTO M3TUOAIOIIMI MOMEHT CHJIBI
HaTsOHKeHUA peMHel (oropa B) 3HaYNTeIbHO MEHBIIIE
M3rubaroIero MOMEHTa CHIIBI HATSXKEHUS JICHTOY-
Hoii mimutel (onopa A). [loaTromy oka3bIBaeTCst BO3MO-
KHBIM BTOpPOE€ peIIeHne, IPU KOTOPOM MOXKHO Tpe-
JOCTaBHTh Bally NMPHHUMATh Ha ceOs M3THOaro-IIni
MOMEHT CHJIbI HATSDKEHUS peMHel (puc. 7 u puc. 8),
B TO BpeMs, KaK M3rHOaroMii MOMEHT CHJIBI HATs-
JKEHHS JICHTOYHOW MHJIbI Oy€T MPUHUMATHCS TEIIOM
MOJIIIMITHAKA, HEMOJBMKHO 3aKPElIeHHOro K KOp-
MyCy CTaHKa.

[Ipu 3TOM pemieHuu pacroiioKeHUue HIKHErO
JICHTOBOJIHOTO KOJIeca Ha MOMIIMITHUKAX OTIENEHO
OT pacroJIOKEHMs Bajla 5 Ha MOIIMITHUKAX.

IToammMnHUKOBBIN y3€1 HUKHETO JIEHTOBOAHOTO
KoJIeca COCTOUT U3 ABYX paJuaibHBIX MOAIINITHUKOB
KaueHwusl, koneca 1 u QusHena 2, KOTOPbIHA 3aKperuis-
ercd K moamunaukoBoMy teny 4. Teno 4 mpencras-
JIIeT COOO0H TOJNICTOCTEHHYIO TpYyOy, KOTOpas mocpe-
CTBOM TNPHUBAapPEHHOM K HEH IJIMTHI 3 MPUCOEAUHS-
ercsl K KOpIycy craHka mpu nomory 6onros. [on-
IIMITHUKA  1e7IecO00pa3Ho 3aKperIsTh K KOPIy-Cy
CTaHKa TPH ITOMOIIM OOJTOBBIX COCAMHEHHH.

CBs3p Baja 5 ¢ HIDKHUM JIGHTOBOIHBIM KOJle-
coM | cTaHKa OCYIIECTBISETCS MPU MOMOIIM IIUIH-
1eBoro coeauHenus. Ban 5 pacnonaraercsa B moj-
IIUITHU-KOBOM Telle 4 Ha JBYX paguaibHBIX TOJ-
IIUITHUKAaX KaueHus. BegoMbIilt KUB 6 3aKperuisier-
Csl K IpaBOMY KOHILY BaJsia IpY MIOMOIIH IITTOHKH.

IIpu 3TOI KOHCTPYKLMHU Bajl TOXKE IOJIy4aeTcs
MEHBILIEr0 JuaMerpa 1O CPaBHEHHIO C CYIIECTBY-
IOIUMH KOHCTPYKIMsIMU. CTymHITa HUXKHETO JIEHTO-
BOJIHOTO KOJIeca YBEIHMYMBAETCS, KOJIWYECTBO IOA-
IIMITHUKOB Ha JiBa OOJIbIIe ¥ HEOOXOAUM OJUH (iisi-

HEI[ IS TOAUIUITHUKOBOTrO Tena. KoHCTpyKmus Bo-
JIUMOTI'O IIIKUBAa HE U3MEHIETCS.

Puc. 7. Tonbko oAuH U3 NOALWMNHUKOBLIX Y3510B 3aKpenneH
B Kopnyce fIeHTOYHOMNUIIbHOro CTaHKa

[To ypaBHEeHUI0 (6) ONPEAEAIOTCS TOIBEPIKCH-
HbIE TONBKO CKPYYMBAHUIO KPYTAIIMM MOMEHTOM
M,y (puc. 8r) nuamerpsl Bana dc B T. C, rjie 3aKkper-
JIsieTcs JIGHTOBOAHOE Koieco U dp (B m) B T.D, T1e
3aKperIsieTcs MPUBOANMA Iaiida peMHei,.

Juamerps! Basa B onopax T. 4 u T. B (puc. 8x),
TJie pacronaraercsi MOAMMUITHAK KaueHHsI, OTpe/ens-
eTcsl B 3aBUCHMOCTH OT 00Jiee HarpyKEHHOW OIOpEI.
B paccmarpuBaemom cityuae Oonee Harpy»eHa Oro-
pa B (puc. 8B). M3rubaroiye MOMEHTHI B TOUKaX A U
B (puc. 88) paBHBI COOTBETCTBEHHO M ;3 o = 0, Myys: B
= FR 13.

Juametpsl Bana da U dp B onopax 4 u B omnpe-
JETISIFOTCS TI0 yPaBHEHUIO

M3KB B (8)

0.[y e |

rae M. - DKBHBaJ€HTHBH MOMEHT B OIope B,

N.m. OH paBeH M ,,p =1/M§3rB +M,%p2 .
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Puc. 8. BbluucnutenbHasa cxema, gvarpaMmmbl usrubatouiero
U CKpyuyMBawLlEero MOMEHTOB M KOHCTPYKUUSI OCHOBHOIO
Bana JIeHTOYHOMNWUIIbHOro CTaHKa B COOTBETCTBUM C puUc. 7



IIpoBeneHHBIN NPOYHOCTHON pacyeT OCHOBHOIO
BaJIa JICHTOYHOIIMJIBHOI'O CTaHKA ITO3BOJIMJI CHENIATh
aHaJIM3 HanOoJIee OMacHBIX ceueHui Baja. Pe3ynbpra-
THl aHAJIM3a JA0T OCHOBAHHUE UCKATh BO3MOXXHOCTHU
JUIsI YMEHBIIECHUS HarpyX€HHs OCHOBHOIO BaJia
craHka. [IpennoykeHbl ABa HOBBIX BapHaHTa pacro-
JIO)KECHHUSI MOAIIMITHUKOBBIX Y3J10B Baja. MIX MOXHO
WCITIOJIb30BaTh MPH Pa3paboTKe HOBOW KOHCTPYKIUH
Baja, KOTopasi 00eCIeYnT yayqilieHne SKCIUTyaTauu
PEXYLIEr0 MEXaHU3MA JIEHTOYHOIIMIIBHBIX CTAHKOB.
Viaydmurces: TakkKe HaTSKEHUE JICHTOYHOM MWl U
pemHeil.

Brenpenue npenioKeHHbIX peLIeHU TPUBENET
K TOBBILICHUIO HAJESKHOCTH JICHTOYHOIIMJIBHBIX
CTaHKOB.
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3D COMPRESSION MOLDING OF WOOD SURFACE
IN RELATION TO ITS PLASTICIZNING TREATMENT

Gaff Milan, Barcik Stefan, Kvietkova Monika

This paper deals with pressing problem — embossing of wood surface. We investigated a following influences
i.e. tool shape, depth of pressing, grain direction and type of plasticizing for dimensional change and quality
of embossed surface. The best results were obtained for 45° wedge point oriented parallel with grain direc-
tion, depth of pressing 2 mm with pre-treated wood surface by IR heating.

Keywords: pressing, embossing, surface quality, shape of wedge, shape stability

Hannas paboma noceaujena akmyanvbholl npobieme - muchenue nogepxHocmu opesecunvl. Mol ucciedosanu
GIUSIHUE CTEOVIOWUX NAPAMEMPOS, M.e. (POpMa UHCMPYMEHMA, 2YOUHA HANCAMUsl, HANPAGLeHUe 60J0KOH U
muna naacmugukamopa 05 UsMEeHeHUusi pasmepos U Kavecmea peave@roti nogepxnocmu. Haunyyuwue pe-
3ynomamol ObLIU NOTYYeHbl Ol 45 ° KIuH MOUKU OPUESHMUPOBAHbI NAPATIEILHO C 36PHOM HANpAGIeHUe, 2l1)-
buna nasicamusi 2 MM ¢ npeosapumenbho oopabomanHou nosepxHocmu opesecunvl npu Hazpesanuu UK.
Knrwouessle cnosa: npeccosanue, muchenue, Kauecmeo no8epXHOCmU, Qopmbl KIund, hopmoyCmouuugocnms

Wood pressing is method for wood shaping
which belongs to group of chipless — machining
operations [1]. Aim of our research is wood shaping
by pressing for achievement a decorative treatment
referred to as embossing. Nowadays, we know only
stationary process of wood surface shaping (em-
bossing). In this process, change of surface shape is
created by pressing profiled and heated plates on
material — wood. Embossing plates contains styluses
locally or continue created on surface.

Pressing process of surface shaping has 3
phases — plasticizing, pressing and conditioning.
Plasticizing includes an effect of plasticizing me-
dium, generally steam or chemical agent [2]. Press-

ing process creates embossment on wood surface
(pressing - embossing phase), which is stabilized by
effect of heat and pressure (stabilization phase).
During conditioning process the moisture and tem-
perature of wood are equalized, or chemical agent
evaporates to air. Disadvantage of discontinuous
process is long time running [4, 5].

The main concept of our research is creation
continuous process of pressing (embossing) and
provide for required depth of embossment and best
possible quality of treated wood surface. We sup-
pose suitable application for unpretentious emboss-
ing, for decorative treatment wood species with in-
expressive structure.



Methodics of experiments. Basis of objective
accomplishment were experimental tests. That is
investigation of influencing factors (method of plas-
ticizing, shape of device, wood grain direction, em-
bossing depth and initial moisture) on dimensional
changes and quality of treated wood surface [3].

Wood was plasticized by IR and resistance
heating for improvement of shaping. Effect of plas-
ticizing was monitored with comparison plasticized
and unplasticized experimental samples. Three
types of heated wedges (temperature 140 £ 5°C)
were pressed to surfaces of samples. The wedges
had a three different peaks 15°, 45°and 90°. Wedges
were pressed to tangential area of samples in three
different directions (parallel with grain, perpendicu-
lar to grain and angle-wise 45°), to three different
depths (2, 4 and 6 mm). For this purpose were used
an original pressing plates with mountable wedge
device, where is possible to change a random
wedge. This mountable wedge device is illustrated
at Fig. 1.

Fig.1 scheme of experimental equipment

Plates, fixed on experimental shredder ma-
chine, were heated by resistance heating during ex-
perimental tests. To upper pressing plated can be
inserted by different embossing wedges. To lower
pressing plate is inserted so-called stop bar, which
fixing a samples in required position.

Experimental samples were made up aspen
wood with dimensions 105 x 105 x 15 mm so that
the larger surfaces were tangential. Samples were
conditioned to moisture 8% and 16% before tests.
These suitable moistures were reached by wettabil-
lity principle which is based on wood ability to be-
come adapted with surrounding conditions. Re-
quired moisture was reached by conditioning deter-
mined from Culickeho diagram. Experimental sam-
ples were conditioned for 8% moisture in environs
with air temperature approximately t = 20°C and
with relative humidity of air approximately p = 40 -
45% (room conditions) and for 16% moisture in
environs with approximately t = 20°C and relative
humidity of air approximately p = 75%. Moisture
was verified with moisture meter and controlled by
gravimetric method.

Dimensional changes were evaluated by so-
called residual depth of embossment determined
from measurement of samples thicknesses. General
scheme represented the thickness change curve of
compressed material in selected time periods at uni-
axial pressing during after 48 hours from press re-
leasing (Fig.2).

Thickness values of samples [mm] in time pe-
riod t, a tg were measured by timing gauge with di-
mensional change device (Fig.3). From measured
values we calculated residual depth of embossment
by equation (1).

h, =h, —hg [mm] (1)

where: h, — residual depth of embossment [mm];

h, — thickness of conditioned sample before pressing
[mm]; hg — thickness of sample after 48 hours from
wedge releasing [mm]
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Fig.2 The curve change of embossment depth in uni-axial
process of pressing and stabilization and residual depth of
embossment after 48 hour from releasing (¢; — total deforma-
tion, &z — elastic deformation in time, €, — plastic deformation
(permanent), hp — initial thickness of sample)
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Fig.3 Fixing device wit so-called stop bar with timing gauge
for measurement of dimensional changes

For determination of device influence to resid-
ual depth of embossment and quality of embossed
area we selected three shapes of wedges (Fig.3):

e Wedge No.1 with cutting-wedge angle 15°,

o Wedge No.2 with cutting-wedge angle 45°,

e Wedge No.3 with cutting-wedge angle 90°.

Experiments were realized at influence of
wedge on tangential surface with 3 basic directions



of wedges — parallel, perpendicular and angle-wise

45°to grain direction, this is illustrated in Fig.6.
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Fig.6 Pressing directions of experimental samples during experimental tests. Pressing to tangential surface: a. in parallel with

grain, b. perpendicular to grain, c. angle-wise 45°

We choose qualitative groups for quality de-
scription of obtained surface: a — suitable quality
(shape of embossed surface is identical with wedge
shape, surfaces were without mechanical defects and
could contain cracks with length max. 1 mm); b —
partially suitable quality (shape of embossed surface
was partially different than wedge shape, allowed
small presence of defects which can't to invade a
optical integrity of embossed surface, allowed longi-
tudinal cracks with length max. 10 mm); ¢ — incon-
venient quality.

Quality of obtained surface — embossment was
evaluated by subjectively with magnifying glass and
according to size of cracks we classified embossed
surfaces to individual qualitative groups [6, 7].

Results and discussion. The main objective of
work was experimental verification of plasticizing
method by IR and resistance heating for achievement
residual depth of embossment and quality of surface
at 2 moistures of experimental samples and in 3
pressing depth. Other investigated factors, which
influenced basic factors, were pressing direction ac-
cording to anatomical grain direction and cutting-
wedge angle. Dimensional stability was evaluated
from measured and calculated values of residual
depth of embossment where results were obtained
after 48 hours from releasing. Measured and calcu-
lated values were evaluated statistically and graphi-
cally.

Values of residual depth of embossment are
shown in Tab.1. Comparison individual group we
can to assert that most suitable is plasticizing by IR

heating. In comparison with samples plasticized by
resistance heating and unplasticized was obtained
the highest values residual depth of embossment
(h,) during IR heating.

The results have shown that with increasing re-
sidual depth of embossment the values h, rises but
at pressing depths (6 mm) quality of surface layers
gets worse. Less positive results were obtained
without plasticizing utilization. We can to confirm
that increasing of moisture (16%) decreases values
of residual depth of embossment. Comparison re-
sidual depth of embossment values in relation to
anatomical grain direction we can to assert that the
highest values h, were achieved at parallel direction
with grain. Other factors — perpendicular direction
to grain and angle-wise 45° weren’t statistically dif-
ferent.

By basic statistical characteristics we evaluated
statistical signification of individual factors to re-
sidual depth of embossment and surface quality. We
used multifactor analysis of variance for evaluation
results. This multifactor analysis confirms or disal-
lows statistical signification of investigated factors
influenced on residual depth of embossment and
surface quality.

Tab. 2 and Fig.7 shows that moisture is statisti-
cally very significant factor which influences values
of residual depth of embossment. Better results h,
we obtained at 8% moisture what confirmed theory
that with decreasing moisture rises the values of



residual depth of embossment [2]. Tab. 2 and Fig.8
shows pressing direction parallel with grain is statis-
tically significant factor (in comparison with press-
ing direction perpendicular to grain and angle-wise
45°). Pressing directions perpendicular to grain and
angle-wise 45° are not statistically different. Tab.2
and Fig.9 shows the influence of cutting wedge an-
gles 45° a 90° on values of residual depth of em-
bossment is statistically non-significant. We thought
about 15° wedge but wasn’t technically possible to
measure values of residual depth of embossment
with our timing gauge. Tab.2 and Fig.10 shows the
pressing depth is statistically very significant factor.
The highest values of residual depth of embossment
we obtained at pressing depth 6 mm. Plasticizing
methods were statistically moderately significant
what is shown in Tab.2 and Fig.11. The most suit-
able plasticizing method was IR heating. At evalua-

tion of influencing factors wasn’t evaluated quality
of embossed surface. Experiments show that resid-
ual depth of embossment had higher values (espe-
cially at pressing depths 4 and 6 mm) at the expense
of worse embossed surface quality [8]. We used
five-factor analysis for evaluation of surface quality
and evaluative influences were moisture, pressing
direction, shape of wedge, pressing depth and plas-
ticizing method.

Tab.€.1 — The measured values of residual depth of em-
bossment. Where: K - Plasticizing by Resistance heating; |
- Plasticizing by IR heating; B — Without plasticizing;

Z — The highest measured values

PRESSING DEPTH [ mm
METI#)C]?Z(%I\SI (I}’LAS- > ” é GRA%TI‘TO%TSREC' USED WEDGE MOISTURE
[(mm] | (mm] | [mm]
K 0.75 2.34 4.26 i 45° 3
I 0.64 2.15 451 i 45° 8
B 0.64 1,44 3,00 I 45° 8
K 0.36 1,59 3.43 1 45° 8
I 0.47 1.84 3,40 1 45° 8
B 036 0,97 2.80 1 45° 8
K 0.37 121 3.19 45° 45° 8
I 0,43 1,66 3.29 45° 45° 8
B 033 0.72 2.36 45° 45° 8
K 0.86 1,61 3.38 0 45° 16
I 0,79 1,86 3.15 T 45° 16
B 0,70 1,70 3,46 I 45° 16
K 0.32 1,55 2.00 T 45° 16
I 0,71 1,30 1,98 N 45° 16
B 0.52 1,10 2,92 N 45° 16
K 0.54 1.49 2.32 45° 45° 16
I 0,59 132 2.36 45° 45° 16
B 0,44 0,89 2.36 45° 45° 16
K 0.79 2.22 3.44 0 90° 8
I 1.17 2.50 3,81 I 90° 8
B 0.67 2.31 4,02 I 90° 8
K 0,51 1.63 2.77 T 90° 8
I 0,64 1,95 2,99 N 90° 8
B 0.31 1.61 2.61 N 90° 8
K 0.37 121 3.19 45° 90" 8
I 0,49 1,66 3.29 45° 90° 8
B 033 0.72 2.36 45° 90° 8
K 0.75 1,52 2.96 0 90° 16
I 1,09 1.91 2.60 I 90° 16
B 1,01 1.91 3.39 I 90° 16
K 0.37 0,90 2.36 1 90° 16
I 0,69 113 1.82 N 90° 16
B 0,57 127 2.39 1 90° 16
K 0.40 1.39 2.47 45° 90° 16
I 0.54 135 1,82 45° 90° 16
B 0.58 122 2.21 45° 90° 16




Tab.2. The five-factor analysis of variance, evaluated the influence of moisture, pressing direction, shape of wedge, pressing
depth and used plasticizing method to residual depth of embossment
(Legend: 1- moisture, 2 — pressing direction, 3 - wedge, 4 — pressing depth, 5- plasticizing method)

Summary of all Effects
df MS df MS
Effect Effect Error Error F p-level
1 1 0,11019 324 0,00115 95,8393021 0,00000
2 2 0,15741 324 0,00115 136,902527 0,00000
3 1 0,00006 324 0,00115 0,04994241 0,82330
4 2 1,81481 324 0,00115 1578,42175 0,00000
5 2 0,00682 324 0,00115 5,93514395 0,00294

Tab.3. Five- factor analysis of variance, evaluative influence of moisture, pressing direction, shape of wedge, pressing depth
and plasticizing method on surface quality

Summary of all Effects
df MS Df MS
Effect Effect Error Error F p-level
1 1 0.006173 486 0.152263 10.04054054 0.84051
2 2 9.705247 486 0152263 63.7398643 0.00000
3 2 14,27932 | 486 0,152263 [93.7804031 0.00000
4 2 32.43673 486 0.152263 [213.030411 0.00000
5 2 0.075617 | 486 0.152263 10.49662161 0.60889
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Fig. 7. 95% intervals reliability of variance analysis for values of residual depth of embossment ( h is marked as Dx) at moisture
8% and 16%
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Fig. 8. % intervals reliability of variance analysis for values of residual depth of embossment ( h is marked as Dx) at investigated
pressing directions ( o parallel with grain, 45 — angle —wise 45, 90 — perpendicular to the grain)
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Fig. 9. 95 % intervals reliability of variance analysis for values of residual depth of embossment ( h is marked as Dx) at used
wedges with cutting-wedge angles 45° and 90°
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Fig. 10. 95 % intervals reliability of variance analysis for values of residual depth of embossment ( h is marked as Dx) at press-
ing depth (2, 4, 6 mm)
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Fig. 11. 95 % intervals reliability of variance analysis for values of residual depth of embossment ( h is marked as Dx) at plasti-

cizing method (K, |, B)

We needed evaluative key substituted by num-
ber values for statistical evaluation of influencing
factors.

Surface quality A — substituted by 1

B — substituted by 2
C — substituted by 3

Tab.3 and Fig. 12 shows statistically non-
significance of moisture. Fig.13 shows that pressing
direction is statistically very significant factor at
evaluation of analysis variance. The most suitable
pressing direction is direction parallel with grain for
wedge pressing to aspen wood surface. Fig.14 in-
scribes cutting-wedge angle than statistically very

significant factor which can to influence a surface
quality. The most suitable pressing direction for
surface quality is direction parallel with grain which
achieved the best surface quality. The least suitable
wedge was wedge with cutting-wedge angle 90°.
Fig.15 shows that the most suitable is pressing
depth to 2 mm which was statistically significant
different from others pressing depths. Figure shows
that surface quality get worse with increasing press-
ing depth. Plasticizing methods were statistically
non-significant factors in relation to surface quality
(Fig.16).
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Fig. 12. 95 intervals reliability of surface quality (Kp) at moisture 8% and 16%
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Fig. 13. 95 intervals reliability of surface quality (Kp) at pressing directions 0°, 45°, 90° ( parallel with the grain, angle-wise 45°,
perpendicular to the grain)
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Fig. 14. 95 intervals reliability of surface quality (Kp) at pressing to wood surface with cutting-wedge angle 15°, 45°, 90°
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Fig. 15. 95 intervals reliability of surface quality (Kp) at pressing depths 2, 4, 6 mm
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Fig. 16. 95 intervals reliability of surface quality (Kp) at plasticizing methods by resistance heating. , IR heating and without heat-

ing

In our work we dealt with embossing of wood
surface by pressing in relation to wood treatment
with IR and resistance heating. The basic evaluative
criteria of the influence plasticizing methods were
residual depth of embossment and surface quality.

Results confirmed assume that values of resid-
ual depth of embossment rise with decreasing of
moisture. Dimensional stability rises with moisture
decreasing, too. This fact is significantly influenced
by plasticizing method and pressing direction. The
most suitable plasticizing method is IR heating; the
most suitable pressing direction is direction parallel
with grain.

The second evaluated criterion of embossing
process was surface quality. Surface quality was in-
fluenced by these factors: pressing direction, press-
ing depth and pressing wedge angle. The best surface
quality was achieved at pressing direction parallel
with grain and cutting-wedge angle 45°.

This work was supported by the Slovak Re-
search and Development Agency under the contract
No.APVV-0282-06.
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