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Petijumu aktualit ate

Daudzs tautsaimnigbas nozass, tai ska#t ai lauksaimnietba, tiek
izmantoti keédes konveijeri (piegram, lopu ferms, Kkalgs, graudu
transporéSanai u.c.), kaluj mehanizgt un automatiat razoSanas procesus.

Pasreiz vids standartiatajas konveijerukedes lieto sides berzes Samus.
leverojot to, kakedes razo masveigi, tad ideja par rites berzes ievieS&ades
Sarnros var tikt uzskata par nisdiengu un aktélu probeEmu kédes droSuma
un darbnaza kapinasanai.

Konveijeros lieto dadu standartiu un nestandartttu konstrukciju
vilkmes kédes.Kedes atRiras ar darbmZu, ekspludicijas droSumu, svaru un
izmaksim. Piepragums gc vilkmeskedem ir liels. Saj sakatba liela noime
japiekir kézu droSuma un darbrha lapinaSanai, & af izmaksu un
medtlietilpibas samazi$anai.

No visu veidukedem vilkmeskedes sagtla apndram 35%. Visvaiik lieto
plaksriSukedes, metiatas un izjaucaris kedes.

Zinatnieku galven vériba velitakedes @arvadu un konveijerigedes ielartu
teorijai, kas saigs ar sazobes, kinatikas, dinamikas, stifibas un
nodilumiztuibas jaudgjumiem.

Pasreiz, piesram, Kitsneslu transportieri TCH — 160, kopS 1977. g.)
parsvaé apdidati ar kalibEtu, termiski apstidatu apdloceu metirato kedi
(kalibrs
16 mm, solis 80 mm, [1]), kuru izgatavo tikai spdieEtajas mpricas.

Mazk petita principéli jaunu kédes ielartu konstrukciju izveide. Visos
gadjumos, ja pi¢auj konstrukcija, punkta kontaktsinpmaina ar ihijas
kontaktu, Inijas — ar virsmas kontaktuidés berze ar rites berzi.

Darbmiza palieliriSanas pa&umi sadrdzina konstrukciju, joaizmanto
kvalitaivi materali, jauni tehnolgiski procesi, nepiecieSami papildus
kapitalieguldijumi u.c. Tongr, lai paktinatu ma%nu, nav §zélo lidzeKi tadu
detdu petijumiem un izgatavoSanai, kuras nosaka imes darbrmZu un
droSumu.

Liela nodme ir jaunu perspekiu kedes konstrukciju izsidei ar jauam,
ieverojami augstkam ekspluatcijas ipa3bam. Perspekvas dais nozags
(pienmeram, lauksaimniabas magbive) ir izjaucamas pksrisu kedes, kuru
konstrukcija un izgatavoSana ir viemka. NodroSinot @&lu kézu pietiekoSu
darbnuzu, &s var Rat seviki izdevigas.

Konveijeru k&zu etijumi galvenolart saisis ar matetlu izveli, detdu
termisko apsadi un citiem nommigiem faktoriem, bet sles berzes Sam
palikusi gandiz bez ieegribas.

Rites berzes Saimu izmantoSana vilkmes (konveijerkddes nav konstata.
Visas standartiztas konveijerukédes lieto sides berzes Saimis. To vagtu



izskaidrot ar tehnigim gritibam realizt Sarnra riti pie liela phksriSu
savstarpja pagrieziena bgka, kas ir rakstigi Sadas kedes.

leverojot to, kakedes raZzo masveigi, tad ideja par rites berzes ievieSanu
kedes Sarmos var tikt uzskata par masdiengu un aktalu
probmu.

Petijumu hipotéze, nerkis un uzdevumi

Petfjumu hipotéze
Ir pamats uzsk#t ka konveijerikedes iesgjams aizstt slides berzi ar rites
berzi, kas var iitiski uzlabotkedes nodilumiztubu.

Zinatniska darba merkis

Izstradat jaunas konstrukcijas konveijerkedi, nomainot sbes berzes
Sarnrus ar rites berzes Sarem, lka an pieadit Sdaskedes darbspu un
ekonomisko efektiviiti.

Pettjumu uzdevumi
1. lzstadat izjaucamas pksriSu konveijer&edes konstrukciju ar rites berzes
Sarnriem.
2. Teostiski pamatot rites berzes Saankonstrukivos parametrus:
2.1. Sarfra detdu darhigo virsmu izngru noteikSanu;
2.2. awtes rakstugo punktu trajektorijas;
2.3. kedes sta izmaipu;
2.4. Sarira detdu rites procesu;
2.5. a®su vertikila novietojuma novirzesstonus.
3. Teoktiski izpetit kedes sazobi ar zvaig#am..
4. Eksperimenli parbaudt jauras un tradicionlas (ar sides berzes Sainem)
kédes nodilumiztubu.

Darba zinatniskas novitates

Promocijas darba Zitmiska novitate ir saisita ar sekojoSu jagjumu izpsti:
1. lzsthdata izjaucama rites berzes Smmn konveijera plksriSu kédes
konstrukcija ar vienpagu kedes posmu pagriezieniKedes konstrukciju
ipatribas atspodotas 4 patentos un vigpatenta pieteikum
2. Teostiski pamatota rites berzes Saen galvenogeometrisko parametru
noteikSana. Pie rites berzes 3mngeometriskajiem parametriem pieder
plaksrites un ages darigo virsmu &diusi, astes cilindriskis ddas diametrs,
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agtes biezums vidugSluma, agtes pagrieziena bgis un astes rakstugo
punktu trajektorijas.

3. Veikti kedes dethu rites procesa tegfiskie [Etijumi un iegitas sakabas
kedes s¢a izmahai pagrieZotiekedes posmiem. Seit aploti 2 gadjumi — ja
agtes darligas virsmas ir plakanas un jai@s darkgas virsmas ir iedobtas.

4. Veikti teogtiskie pEtjumi par kedes amu sagiebi vertikalaja plakre.
Noskaidroti ages sakiebes €loni un sekas.

5. Veikti izjaucamas konveijerikédes sazobes ar zvaigin teorctiskie
petijumi. Saldzinati divi kédes konstrukvie gadjumi: ar sides berzes
Sarfriem un rites berzes Sariem.

Zinatniska darba aprobacija

Petjumi veikti laika posm no 2008. gadaidz 2012. gadam Latvijas
Lauksaimniethas universittes Tehnisks fakulates Melanikas instifita.

Promocijas darbagfijumu rezuliti atspogloti 6 ziratniskajos rakstos, kuri
publiceti visparatatos recengamos izdevumos. Par rezilem zinots 5
starptautisks ziratniskas konferengs, kuras notika Latvdjun Krievija.

Publik acijas visparatzitos recenZjamos izdevumos.

1. G. Uzklingis, E. Pudans (201} crenoBanme pa3bopHO# TATOBOM IEMH 1T
HIapHUpAMHK TpeHus KaueHus. IN: IIpobimmbl cospemennux mexHonro2ui
U320MOBNeXUs U HA0EHCHOCMU nepeoay ¢ 2uOKoU c63bi0, MexITyHapoaHas
Hay4HO - TexHHUeckas koHpepenmms. Proceedings 19-21.12.2011,
TepHONOJbCKUI HAMOHAJIbHUM TEXHUUECKUM yHUBEpCUTET UMEHU VBaHa
[Tymntos, Tepxonoins, Ykpauna. p. 32.

2. V3kmuuruc I'. A., Iynanc E. T1. (2011)MccnenoBanue 3anemnieHus TSrOBOH

Hend ¢ [IapHUpAaMM  TPEHHMs  KaueHuss CO  3Be3j0ukod.  In:
Qynoamenmanvuble U NPUKIAOHblE  UCCTe008AHUS, paspabomka U
NpUMEHeHUe  GbICOKUX — MEXHOMo2Ull 6  npomvluiieHHocmuy, — 12

MEXIyHapoIHas Hay4dHO-TNpakTHyeckas KoHpepenuus. Proceedings " 8-10
nexabpst 2011.r. IHCTUTYT NPUKITAAHBIX WCCIEOOBAHUA W TEXHOJIOTHH,
Cankr-IlerepOypr, Poccus. p. 296

3. G. Uzklingis, E. Pudans (2010) Researches sihdiintable slide friction
pivot operation for conveyor chaim: Engineering for Rural Development.
10" International Scientific Conference. ProceedingayM6.-27.2011.
Latvia University of Agriculture, Faculty of Engiering, Jelgava. p. 476. —
479.

4. VY3kmuaruc I. A., Ilynauc E. I1. (2010)MccrnenoBanne n3MEHEHHUs HAKIIOHA
oceil B BEPTHKAJIBHOW IUIOCKOCTHM TArOBOH pa3dopHoit uenu. In:
HCC/ZedOGaHu@, pa3pa6om1<a u npumeHneHue 6blCOKUX mexHonocull 6
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npombvlidiieHHocmu, I[eCHTaH MEXAYHApOAHass HAYYHO - IIPAKTHYCCKasA
koupepenmms. Proceedings 09-1hexabpst 2010. MHCTUTYT TPUKIAIHBIX
uccnenoBanuii u rexuosoru#, Poccust, Cankr-IlerepOypr, p. 293. — 301.

E. Pudans, G. Uzklingis (2010) Changes Of RgllFriction Link Chain
Step In Link Turning.In: Engineering for Rural Developmen®®
International Scientific Conference. ProceedingayM27.-28. 2010. —
Latvia University of Agriculture, Faculty of Engiering, Jelgava. p. 280. —
284.

Guntars Uzklingis, Emils Pudans (2009) Deteatiom of Rolling Friction
Link Chain geometrical and Kinematic Parameténs. Engineering for
Rural Development8th International Scientific Conference. Procagdi
May 28. — 29. 2009. Latvia University of Agriculey Faculty of
Engineering, Jelgava. p. 86.-92.

UzstaSaras starptautiskas zinatniskas konferenes.

1.

HccnenoBanue 3auenieHus TAMOBOM LIENU C LIAPHUPAMM TPEHUS KauyeHHUs
CO 3BE3J0YKOW. DynOameHmalbHble U NPUKIAOHBIE  UCCIe008AHUS,
pa3pa60mi<a U NPUMEHEeHUe 6blCOKUX MexHoNocUll 8 NpoMblULIeHHOoCmU, 12
MEKIyHapoiHasi Hay4HO-TIpakTnieckas kondepenuus. 8-10. 12.  2011.
Cankr-IlerepOypr, Poccust.

Researches of dismountable slide friction pieperation for conveyor
chain. Engineering for Rural Development.10" International
Scientific Conference. May 26.-27.2011. Jelga\atyia.
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Hay4HO - mpaktudeckas koHpepennus. 09-11. 12. 2010CankTt-IlerepOypr,
Poccus.

Changes Of Rolling Friction Link Chain StepLlink Turning. Engineering
for Rural Developmen@™ International Scientific Conference. May 27.-28.
2010.Jelgava, Latvia

Determination of Rolling Friction Link Chain geetrical and Kinematic
ParametersEngineering for Rural Developmer@th International Scientific
Conference. May 28. — 29. 2009. Jelgava, Latvia.
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G. Uzklipgis, E. Pudns. Izjaucama pksriSukede ar ritberzes Sainem un
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20.04.2011. Patenti un gre Zmes. Latvijas Republikas patentu valdes
oficialais vestnesis— Nr. 4, 2011. 490. Ipp.
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2009. 857 - 858. Ipp.

4. E. Pudns, G. Uzklpgis. Izjaucama pksriSu kede ar ritberzes Sainem.
Latvijas patents Nr. LV 13935 B. F16G13/00, 202089. Latvijas
Republikas patentu valdes ofilzis vestnesis- Nr. 5, 2009. 715 - 716. Ipp.
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Latvijas patents Nr. LV 13694 B. F16G13/00, 202048. Latvijas
Republikas patentu valdes ofilgis vestnesis— Nr. 4, 2008. 404. Ipp.

Citas aktivitates.

1. Dailba Latvijas lzgudrojumu izatle, 4.11.2011. ®Rya, Latvija.

2. Informacija par jaunas konstrukcijas izjaucamaskghiSu kedes izstidi
nodota Latvijas Tehnofiskajam Centram.

1. Teoretiskie petijumi

Teoktiskie pEtijumi izriet no diseficijas darba pirmajnodda izvirzitajiem
darba uzdevumiem. Tegtiskie petijumi ir atspogioti 2 noddas.

Teortisko pEtijumu pirmaj nodda aplikota izstadata rites berzes Sammu
keédes konstrukcija. lzstdata rites berzes Sam galveno geometrisko
parametru noteikSanas metodika, kura iekéeles piksntes un ages darfigo
virsmu #@diusu, aftes cilindriskis ddas diametra, &®s izngru, astes
pagrieziena lgka, astes rakstuigo punktu trajektorijas noteikSanu. Veikti
keédes dethu rites procesagijumi diviem gadiumiem — ja agies darkgas
virsmas ir plakanas un iedobtasstia asSu sakiebe vertikilaja plakre —
noskaidroti ages sakiebes €loni un sekas. Noda nostgta ar amsu un
plaksriSu stiptbas @arbaudes agkina metodikas izsidi.

Teortisko pEtijumu otd nodda velita kédes sazobes ar zvaigin
petijumiem. Rtijums veikts 2 gaumiem — konveijerikédei ar sides berzes
Sarnriem un konveijerukédei ar rites berzes Sariem. Rtijuma apskaiti
speki, kas darbojagedes Sarfra un sggki starpkedes zvaigzii un asti un to
ietekme uzkedes Sarfra darfibu.



1.1. Rites berzes Safinu keédes
konstrukcija

Izstradatas |zjaucaras pkksriSu rites berzes Sarn kedes konstrukcijas
ipatribas atspodotascetros patentos un viena patenta pieteik({in att.).
Visas konstrukcijas ir akédes posmu vienpigu pagriezienu. #la kede ir
defiga , ja konveijera visdgdes zvaigzties ir novietotagedes koniram tikai
viena pus. Tads variants ir praks biezk sastopamsKédes ar posmu
divpuggu pagriezienu Safros tfikums ir tas, ka konveijergedes taisnajos
posmos rodas divpigas posmu gwstibas no transpdajama materila
pretestbas spkiem, no raugu konsolveida piestiprijJumakedei un nokedes
nevienngrigas gaitas. Tas izraisa detgpapildus nodilumu un veicina dagb
virsmu matefila nogurumu. Turkdt Sadas kédes konstrukcijas pksriSu
platumam jbat lielakam (palieliris meilietilpiba), lai piksnites simetrijas ass
akas puss izveidotaj figurala cauruna izvietotu izliektu cilindrisku darigo
virsmu ar iespjami lielaku radiusu.

Rites berzes Sainu konveijeru
k&zu patenti, kuri iegti disertcijas
darba izsides gait
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1. att.Izjaucamu plaksniSu keZu, ar rites berzes Sarfriem, patenti
Fig. 1. Patents for dismountable plate chains with rollirfgction hinges
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Ja konveijera konta kedes zvaigziies izvietotas tikai vienpus, tad nav
nepiecieSam&edes posmu pagriesas) attietba pret phksrites garenasi, uz
abim pusgm (2. att.). Sda phksrisu konstrukcijalauj palielirat plaksrites
darhligas virsmas liekumaadiusu un idz ar to samazit kontaktspriegumus
Sarnra un kapinat kedes darbraZu.

3 1 14 7 FF 2 9(13) 4 EF

1/ A/ B/ 18 3]

2. att. Kedes elementu gtvoklis posmiem pagrieZoties uz zvaigates:
1 —kedes iek8jais posms; 2 kedesargjais posms; 3 kcdes piksrite; 4 —kedes agte;
7 — a%tes iedobtais loks; 9 —#ss loks; 11 —pksrites figuélais caurums;
13 - pkksrites figuila cauruma lokveida posms; 15 -ak#ntes figuéla cauruma
taisnais posms; F —aisrites figuéla cauruma rakstagie punkti; A, By, E; un
F, — astes rakstugie punkti

Fig. 2. Position of the chain elements, links being turned a sprocket:
1 —inner link of the chain; 2 — outer link of tbleain; 3 — chain plate; 4 — chain roller;
7 — concave arc of the roller; 9 — arc of the rojlé1 — figured aperture of the plate;
13 — arched link of the plate’s figured apertur®; 4 straight link of the plate’s figured
aperture; F — feature points of the plate’s figurggerture; A, B,, E; and R — roller
feature points

1.2. Rites berzes Sarna galvenogeometrisko
parametru noteikSana

Pie rites berzes Sara geometriskajiem parametriem piedegkdrites un
agtes darlgo virsmu &diusi, astes cilindriskis ddas diametrs, @®s biezums
vidus%keluma, agtes pagriezienaigis, astes rakstugo punktu trajektorija.

Turpnak izklastti izjaucamas pksriSu kédes Sarfra teogtiskie petfjumi,
ja rites berze veidojas starpakdrites 1 izliektu virsmu 3 un #@es 2 ieliektu
virsmu 4 (3. att.). Bksrnites 1 darfpas virsmas adiuss ir R, bet agtei 2 — R.
Sada 3arnra pagrieZoties pksritem, rodas rites berze un samasirkontakta
spriegumi.
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Asitei 2 vdoties bez stles pa pksrites darlbgo virsmu loki AM, un AM, bas
vienadi (3. att.);

vaiR ¥, = Ry, 1)

kur Ry unR;— plksntes un ages darligas virsmas radiusi,
%, un ¥ — lokiemAM; un AM; atbilstoSie leki.
Yi(Y2)
1 2

Vi

v

N3

d

3. att.Sarnira detalu stavoklis kédes taisnvirziena kustba:
1 — phkksrite; 2 — age; 3 — phksrites izlieks darhiga virsma; 4 — ages ielieks
darliga virsma; 5 — a$es centra Pkustbas trajektorija
Fig. 3. Positions of the hinge’s components during thectéinear movement of the
chain:
1 — plate; 2 — roller; 3 — salient effective arehtbe plate; 4 — concave effective area
of the roller; 5 — roller centre movement trajectory

Asitei pagrieZotiesitlz savoklim, kad punktiM; unM, (4. att.) sakt, tad
agtes pagriezienaigis ybis:

=R R @

RobeZstvokli, kad kontakta punktsl; sakit ar punktu B (4. att.), @es
pagrieziena hgkis bis vierads arkeédes loceku maksinala pagrieziena gka
¢ma>< pus'

VYmax = 2 ’

_ $Pmax __ g (3)
kur z — zvaigzrtes zobu skaits.
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4. att.Sarnira detalu stavoklis posmu pagriezied
Fig. 4: Positions of the hinge’s components during the rtitan of links

Asites un piksrites kontakta punktaN; koordirati x pie lepka
V= Mnax Un atbilstoSo beki ¢4 max(5. att.):

=

Rita

5. att.Lenka W, . noteikSana
Fig. 5. Determination of angle®] ax
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_ 0250 +a(a+2R); (4)
Aa+R)

Y4 max= arccogt +R—x _ arcco%l— 025d” - 32} , (5)
2R(R +a)

kur a-— astes ,biezuma” puse vidusdluma,
d — astes cilindriskis ddas diametrs.

levietojot izteiksmi (3) izteiks@ (2) un iewrtejot (5) iedisim Sarira galveno
geometrisko parametru umlea ¢ sakatbu:
%l 025d? —az}
arccoel-——
R=R 2R(R +a)

2 _ .2
am%_ozwa}_ﬂ

(6)

2R/(R,+a) z

Ta, ka izteiksna (6) sau€jam jabut lielakam vai vieadam ar nulli, tad
R; < R1 max» KUrRy maxizsakims ar vieadojumu:

2_ .2
-a+ a2 + Zo’zajg
\ 1-cos(-)
Ry max= z . (7)

2

Kontakta punktav, koordirates (3. att.):
X M, = a+R;-R;cos#,

kur Y,vIl = Risin®;

Tad:
Xy =a+R—Rco§g R ¢|; (8)
! R,-R 2
Y, =Risin_ R, 4). 9)
R,-R, 2
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o}

X
LR

@

C X

Amin
X
Ri+ aumin

6. att. Kedesagtes viduskeluma puses iznéra a,,, noteikSana
Fig. 6. Determination of the chain roller cross-section liaize &,

Asiti aprekina cirpe. Bistamais Eglums ir2 ayi, (6. att.).

Izsakam laukumus Aun Ay:
™’ .
A= ’
4

A= 2 (@R - (@ + R~ ¥Jsing,)’

d (azd . )
—2— —xsina, |-

A = 2
Ja dotRy, tad vieradojums, kas ietvedi, bas:
® _F, (10)
7 4(A1+A2)—[TC]

kur F —kédes sastiepumads, N;

[t] — astes matedila pidaujamie cirpes spriegumi, N/nim
Lai konstagtu plaksrites fasonformas cauruma dayb ddu, tad jnosaka
agtes rakstugo punktu (7. att.) kugias trajektoriju koordites.
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Y2

e A
N(Xn; YN)
(X Yur)

Y

Yo

< —
0 \ X
X \

Xn o

7. att. Kedesagtes raksturigo punktu kustibas trajektorijas koordin atu
noteikSana
Fig. 7. Determination of the roller feature point movemetrgjectory coordinates

xNi = Xo'2 + xNi' COS}/+YNi. Siny}' (11)

Yy :Yo‘z - xNi. siny+YNi. cosy

Rites berzes Sarira detalu parametrus nosaka #da sed@ba:

1. Risinot koa vieradojumus (7) un (10) nosaka iZms &;n UNRy max

2.  PimemR; < Ry haxun atkal no vieadojuma (10) izsaka;

3. No vieradojuma (6) nosakadiusuRy;

4. Zinota, Ry un R parbauda kontaktilgiztdbas spriegumus s@ojuma
agte - phksrite (o4 < [ay]);

5. Nosaka ates rakstugo punktul; trajektoriju koordiates gc (11);

6. PFarliecinas vai Sarira rite norisirisies bez stles.

Pienemot daZdas &diusaR; skaitliskis \ertibas R; < Ry may), Nosaka Safra

optimalos parametrus.
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1.3.Keédes detdu rites procesa f@tijumi

1.3.1. Rite Sarira, ja agtes darligas virsmas ir plakanas

Lai izveidotu darbsfjigu kedi ar rites berzes Sariem, nepiecieSams
teortiski izpetit kedes s¢a izmahu kédes sazobes procear zvaigziti. 8. un

9. attla palditskédes s¢a izmahas process.
Kedes solis ir atstatums starp blakus eso38uasentriem. Aes plaknes

darhigas virsmas garums (8. att., b)

Hiex
\\/|

1

o W

a

S

.
a) A
A-A
4? :
n Ol
™ o
1 b
Ay
b) 2 _—/'l e 2b

8. att.Rites berzes Sarira konstrukt ivie izmeri:
a — phksrite; b — age
Fig. 8: Constructive dimensions of a rolling friction hinge
a — plate; b —roller

Katras piksrites maksiralais pagrieziena teis kédes sazobes proces

__180%m (12)

Vmax - z 1

kur m- zvaigzites gjienu skaits;
Z— zvaigzfites zobu skaits.

Ka redzams (9. att.), rites Samnkedes solis izmais (At = t, — t;) kedes
posmiem ieejot un izejot no sazobekades zvaigziii un ir atkargs no leka
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y, L.i. no zvaigzites zobu skaita. Tas notieki®s plak@m ritot pa piksrntes
cilindrisko darigo virsmu.Kédes sta mana janem \era organizjot kedes
sazobi ar zvaigates zobiem, & ai ietekn€ kedes dethl un zvaigzites zobu
darkigo virsmu nodilumu

0,

t, \

t \2

9. att.Rites Sarrira darbibas stema:
1 — phksrite; 2 — afte; 2’ — a#tes sivoklis pec tas pagrieziena pari&i v;
3 — phksrites darlga kontakta inija (balstvirsma); 4 — @gs plakne
Fig. 9. Operational layout of a rolling friction hinge:
1 - plate; 2 —roller; 2" — position of the rollefter turning by angle;
3 — the effective contact line of the plate (begsnrface); 4 — roller plane

Atstatums starp defiarites akotrnejo un beigu punktu (9. att.):

Ymax

a = Hyaxtg 2 R1(1 — cOSYmax), (13)

Kur Hp, gy = RiSiNYa, - rites maksiralais augstums (7. att. a).
Turprak preciZsim kedes sfa izmahas metodiku. Vienpadga kédes
posmu pagrieziena rites Samkinenatiska stema pafidita 10. att.
Seit apiikots gadums, kad pa pksrites darbgo izliekto virsmu (@diussRy),
pagriezoties pksritei, vdas a#tes taisa darkiga virsma R, = 0).
Kedes stat izmana:
At = 2(Ry + b — R cosy — 1). (14)

Plaksrites darigas virsmas adiusuR; un pusi no ages %ersgriezuma iziera
b nosaka kinertiskais un stipibas apzkins.
Izméru | izsaka &di:
[ =0',A,cosy,,
kur y,=y-(90"-6)=90"-6-y.
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Tatad:

Il =/ (Ry—¥ +c—a)?+b?*cos(90° — 5 — ). (15)

Lenkis &

6 = arctg (16)

Ry+c—a’

kur  c— astes darlgas plakaas virsmas garums, kasnem slodzikedes
kustibas laild (nosaka ar apkinu kontaktstipiba);
a— puse no awes darigas plakaas virsmas garuml, kas atkaiga no
pagrieziena bgka ymax

10. att.Kedes Sarnra ar vienpusigu posmu pagriezienu
darbibas kinematiska shema un sda izmainpa
Fig. 10.Kinematical layout of the one-sided chain linkstegion within a rolling
friction hinge and the pitch change

levietojot izteiksng (15) sakaibu (14) un pc parveidojuma iegstam:

At =2 [Rl +b—/R%y2+ b2 *cos(6 —y) — Ry * cosy]. 17
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1.3.2. Ritekeédes Sarnira, ja agtes darkigas virsmas ir iedobtas

Rites berzes Saimu ipatnba ir &, ka kédes posmu pagriezignsolis
nepaliek konstants, bet nedaudz rsirLai vagtu analizt keédes sta izmahu
atkafiba no rdiusuR; un R; skaitliska lieluma, tad nepiecieSams noteikttas
centraO, kustbas trajektorijas koordittes.

—a+R - R P _\gin?; (18)
XO,Z—a+R1 (R1+V2)CO{R2_R12] Vlsm2
- iR 2| v cos?: (19)
Yo‘z—(R1 +V2)sm[ "R ZJ V, co >

Sakumstivokli  (11. att), kas athilstkédes taisnvirziena kustai,
rezulgjoSais spks F iet caur piksrites 1 ieliekis virsmas 3 adiusa R un
agtes 2 ieliekdis virsmas 4adiusa R centriem.

Pienemam, ka ate 2 ir nekugga. No zvaigzites zoba uz &s$ 2 parnes spku
F. PBksritem pagriezoties uz zvaigtes par kRdu mazu leki y plaksrites 1
darhigas ddas 3 un ates 2 darfgas ddas 4 kontakta punkta Mar riti
parvietosies pa lokiM;M,, plaksrites 1 daripa dda 3 nomks stvokii 1. Pie
tam sgka F darlibas tnija pec pagrieziena ar tais@M, veidos leki 5.
Rites berzes Saima reali£sies tik ilgi, kandr berzes sgks k starp agtes 2 un
plaksrites 1 dartgapgm virsmam 3 un 4 Is lielaks par kedes spka F
projekciju Fsing;:

F.>Fsing, fFcosf 2Fsing, (20)

kur f—slides berzes koeficients starptasn pkksriti;
S — koordiratu sisemas XQY pagrieziena lekis.

Ka redzams no 11. att.gksriSu pagrieziena fgi y var izteikt &di:

ool

No (21) var secift, ka, ja age ir nekusga, tad rites berze ir ie§pma
tikai par pliksriSu pagrieziena igi, kas neprsniedz berzes i 5.

Tatad pie lielu piksriSu pagrieziena t&a y, kas ir rakstugi kedes
konveijeros, nedkst pdauties tikai uz pasbreripSo efektu. PRiksritei
nosidot pa a#ti iesgejama Sartra i&ilaSarss, ka afi shides berze rites berzes
vieta. Tapec nosakot rites Saira kinenatiskos parametrusangodroSina rite
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visoskedes darba ra@imos, neatkagi no Sarfra darigo virsmu sivokla. Lai
plaksrite vagtu netrauéti ritét pa agtes darba virsmuagaglald sprauga starp
agti un pkksrtes fasoncaurumu. Eksplaaijas proces var neliit pietiekoss
kedes sastiepums @& F), ka an ietekn& transportjamais matedils. Kedes
Sarnrs droSi var darboties tikai tad, kad Ssardetdu stvoklis ir pareizs visos
kédes iekirtas darba ramos.

11. att.Rites berzes Sarira shema:
1 — phksrite; 1’ — phksntes otrs givoklis; 2 - aste; 3 — pliksntes izliekt dartiga
virsma; 4 — ages izlieks darhga virsma
Fig. 11.Layout of the rolling friction hinge:
1 - plate; 1’ — the second position of the plate;rller; 3 — salient effective surface
of the plate; 4 — salient effective surface ofribieer

Sarnra detdu fiksaciju nodrosina divi faktori:
e berzes sgki Sarnra (paSbremgSaras efekts);
» plaksmtes fasoncaurumgeometrisi forma.
Fasoncauruma formai ifljut tadai, lai phksrtei jebkus tas stivokli rastos
balsts pret al, kas nepitauj phkksrites nolidi. Izmantojot piksrites
rakstuigo punktu N; (5. att.) kugbas trajektorijas, nosaka agbrites
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fasoncaurumgeometrisko formu, kura veido itkvadotnes, nepjaujot detéu
patvdigu nohdi.

1.4. AgSu sakiebe vertikala plakne
Kedes amsu novirze no vertida stavokla atkafga no elasjo parvietojumu

(defornaciju) atkirtbaskedes aug&§o un apak§o Sarnru kontaktu punktos, ja
slodze F pielikta nesimetriski (12. att.).

v
——
1 2 B 3 4 5 P
\ / /S a
\ \ \\ ,/ // /’/ //
\ \ \ ‘/ , / / /
i
I 7 1 | —
R =
. -
% ’
i VY g \ .
B 4 NS P
| S — [ S —
Veido 2. slogojuma Veido 1. slogojuma
a) kontaru kontaru
\2 5 3
e | e 3
Iy, A
W o 7
1 N+ Q"‘ X
5 3 %
b) c)

12. att.Cilindrisku sal agojumu veidoSaras ritberzeskedes Sarfiros:
a —kedes dethu novietojums; b — rites Sara redu€Sana uz cilindrisku Safm;
¢ — R — plksntes izliekes darigas virsmas adiuss; B — astes ieliekis darfigas
virsmas &diuss (R < Ry); 1 —argjas phksntes; 2 — dzena$ zvaigziies zobs;
3 — adte; 4 — cilindrisks savienojums 1 (starp igkSplaksrti un asti); 5 — iek¥jas
plaksrites; 6 — cilindrisks savienojums 2 (starpjo plaksriti un asti)

Fig. 12.Cylindrical conjugations within the rolling fricton chain hinges:

a — displacement of the chain’s components; b Jinglhinge reduction onto the
cylindrical hinge; ¢ — R— the radius of plate’s salient effective surfaRe: the radius
of roller's concave effective surface;(RRy); 1 — outer plates; 2 — driving cog of the
sprocket; 3 — roller; 4 — cylindrical conjugation (between the inner plate and the
roller); 5 — inner plates; 6 — cylindrical conjugah 2 (between the outer plate and the
roller)

Aug&jas un apaldas pkksrites un asu kaklii shides berzes Samnos
nodilst nevienrarigi, kas izraisa aSu stpu stvokli (no vertikila stvokla
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novirzas apreram par 10 [2]. Vairak izdilst aug$jas phksrites un auggie
assu kaklipi. To izskaidro tas apsitlis ka kédes konirs atrodas horizoala
plakre un astes ir vertildlas. PaSsvara rezatii kede nolides lejup un dzenas
zvaigzntes zoba slodzes pielikSanas punkts novirzas TiesaaugSgalu (12.
att.). Tenzome#gjot noteikts, ka augf un apak§o plaksriSu noslogojuma
at&iriba sasniedz 1,4 kN. Zvaigan zobi nodilst gpi.

Asites novirze no vertita séivokla iesgjama jau jaunakedei sakad arkedes
detdu sahgoto izneru novirzes ietekmi. §bi stivoSas ames galva pieskaras
ar&jo plaksriSu virsmai, kas rada atbilstoSo kontakta zonu natlil (samaziis
plaksrites dariigais biezums, dilst #es galva). Rites berzes Sairratgadina
cilindrisku detdu kontaktu (ar spraugu) (12. att., b), kausj Etjjumos izmantot
cilindrisko savienojumu elagto defornaciju teoriju [3].

13. att. Kedes Sarnra detalu (skat. po4cijas 12. att.) sivoklis atbilstoSi 1.slemai:
G — kontakta apgabalyZ, — iek&jo plaksriSu B; un R, cilindrisko kontakta virsmu
centru savstagpa nolide (atbilstod nolide stargargjam plaksritem AZ, nav paidita);
plaksriSu P apumgjuma pirmais indekss 1 ajoae aug$jas un apakdas iekEjas
plaksrites, bet 2 — augfis un apaldasargjas pkksrites; otrais indekss 1 — ap®
apaksjas phksrites, bet 2 — augfis pkksrtes

Fig. 13.Chain hinge component (see positions in fig. 13sftion according to
layout 1:

G — contact area/Z; — the mutual bias of the cylindrical contact sedacentres of
inner plates R, and R, (the similar bias between the outer plat#% is not shown);
the first index 1 in the designation of plates Rangethe upper and lower inner plates,
and 2 — the upper and lower outer plates; the sddndex 1 means the lower plates,
and 2 — the upper plates

AtbilstoSi noslogojuma €mam 1 un 2 (13. un 14. att.)aizsaka ages
slipuma lekis y ka funkcija no:
» sahgojumageometriskiem parametriem;
L Sp’:kiem F, Flla F12, F21 un F22;
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e agtes un pksrites mateiila elastgam ipagbam.

Saj petijuma noskaidroti kédes smagkie ekspluatcijas gadumi, iegitas
sakathas ases un piksriSu darba virsmu noslogojuma un defaciju
noteikSanai un ariei, ka an astes sipuma leka izteikSanai. legtie rezulfiti
ir nodefigi kédes deth (asSu un piksnSu) stiptbas apgkiniem un
konstrukcijas izstdei.

i
—ﬁ 11
F . -
L }2 %g KZ=F
2G 2G 61

14. att. Kedes Sarnra detalu stavoklis atbilstoSi 2. slemai
(apZmejumi pie 1.slemas, augdais indekss 2 pi€& apaZme 2.stemu)
Fig.14.Chain hinge component position according to layat

(terms shown in layout 1)

y
R Q
! il
SEAIPTEN
o R Z
Y] _F
> 3 / /Gﬁ) ~
£
NNEWE" W z
/ \7{} Vo2
/ “ 10.0)
/’/ <«
@// 0; ~ - o

15. att.Deformaciju noteik3anas slema siipi stavosai adtei (F1 = 'F11; F, = 'F1,?)
Fig. 15. Layout of the obliquely standing roller deformatiodetermination(F; =
Ie 0. £ = = (o)
Fi1” F2 = F12”)
Pec izstradata algoritma ir veikti apgkini, atkafba no koordiratesL; (15.
att.), defornacijas 6, un5,? speks F; unF,, spriegumsii.,kedes Sarfros un
So apekinu rezulati parditi 16., 17. un 18. atlos.
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16. att.Augsejo plaksnisu deformacija 8, slides berzeskedes Sarmros atkariba
no sgeka F pielikSanas punkta astei koordinatesL; un agtes sipuma lenkay
1-F=30kN;2-+F =35kN; 3 F=45KkN;F,=230KkN;F;=235KkN;F,=45KkN
Fig. 16. The deformation of upper plate$® within the sliding friction chain hinges
according to the coordinate {where the force F is applied to the roller and the
roller obliqueness anglg/
1-F=30kN; 2—-F =35kN; 3- F =45 kN 30 kN; I, = 35 kN; i, = 45 kN

g

max
MPa
550 . .
500 ~— Y = 6,65x + 181,2 41 ——1
450 . R2=0998 I
400 | ] — 1 2
350 ?, y=355x+97,08 * 3
200 — R?=0,998 4
250 — —%—5

—
200 —?% o6
150 ! |
20 25 30 35 40 45 50

L,;, mm

17. att.Maksimalie spriegumi gp. kédes augsjos Sarriros atkariba no syeka F
pielikSanas punkta koordinatesL ,; agtei

1 —F = 30 kN (sides berzes Sam); 2 -F = 35 kN (sides berzes Saim); 3 -F = 40 kN
(shides berzes Sam); 4 - F = 30 kN (rites berzes Sara); 5 - F = 35 kN (rites berzes
Sarnra); 6 - F = 40 kN (rites berzes Sarh)

Fig. 17. The maximum tensiongr,,, within the upper chain hinges according to the

coordinate Ly where the force F is applied to the roller

1 - F =30 kN (within a sliding friction hinge); 2F = 35 kN (within a sliding friction
hinge); 3 - F = 40 kN (within a sliding friction ihge); 4 - F = 30 kN (within a rolling
friction hinge); 5 - F = 35 kN (within a rolling fction hinge); 6 - F = 40 kN (within a
rolling friction hinge)
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18. att.Maksimalie spriegumi grax kédes augsjos Sarriros atkariba no sgeka F
1 — maksinalie spriegumidy. slides berzes Sami; 2 — maksinalie spriegumidy,ax
rites berzes Sama
Fig. 18.The maximum tensiongr,., Within the upper chain hinges according to
the force F
1 — maximum tensiong,.Within a sliding friction hinge; 2 — maximum temis$ G;,qx
within a rolling friction hinge

1.5. AgSu un plaksniu stipribas marbaude

Sastiepuma $Ri visa kédes konira nav vienmdrigi sadaiti. 19. attla
redzams, ka visliekie sastiepuma shi k&de ir taja kedes zad, kursS iet sazab
ar dzenosSo zvaigzn Kedes posmiem guvietojoties pa zvaigah sastiepuma
speki samazilas un izejot no sazobes ar zvaigizeasniedz minimumu.

Atkariba no kédes posma pksriSu siivotnes, rodasalas Sarfru 1 un 2
noslogojuma sémas. 20. afla redzams, ka sazsebar zvaigzfti parmaipus
norak Sarnri ar iekSpus novietoim plaksritem un Sarfri ar arpus
novietoim plaksritem.

Abiem Sariiriem konstr@ lieces momentu urk8rssigku egras un pc tam
pec rezulgjosas epras veic agkinu.

Saskarlauka projekcija Us versumu

¢ = 2rsin g; (22)

p="1 (23)

kurA = Cpom - B
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19. att.Sastiepuma spki kede
Fig. 19 Tension forces in a chai

1. Sarnirs v 2. §arnirs

Hinge 1 = Hinge 2 ®
— — 4, 853
F, { Dz } F, F’z{ Dz } F Eig E >

(2]
4 _ oE 2%
F, { Dz } F, F’z{ Dz } F, g% 8L
S = 5 8 38

20. att.Kedes Sarfiru noslogojuma stemas
Fig. 20.Chain hinge load layouts

A B
/ \
C c
\ 1 e
A B —_—
21. att.Kedes phksnites 22. att.Asites elastgas deformacijas

bistamie &kelumi apgabala sktma

Fig. 21.Dangerous sections of a  Fig. 22.Roller elastic deformation area
chain plate layout

27



1.6.Keédes sazobes ar zvaigztem péetijumi

1.6.1. Izjaucamas konveijerskedes ar sides berzes
Sarniriem darbibas Etijumi

Konveijiera kédei ar sides berzes Samem un roicija brivam astem
(pienmeram, kéde Ec 'OCT 589-71 u. c¢.) nadrots [2], ka agsu kaklii dilst pa
visu aploci. Tas namg, ka darba procasastes pagriezas undz ar to dilst
sangra viennerigi, kas kpina kédes nodilumiztubu. DaZkirt astes
nepagriezas unpec nodilst tikai vienpugi. Tadi Sarnri atrak iziet no ierindas.
Konveijera kédei ar rogjosam astem nodilumiztuiba bija 1,8...2,0 reizes
lielaka nek kedei ar fik€tam (nerotjosam) astem [4].

a)
23. att.Sarnira darbibas stema kédes posmam ieejot sazabar zvaigzriti:

1 un 2 k&des posmi un to daigie elementi; 3 — zvaigztes zobs; 4 kedes age:
a) —kedes posma 1 ieieSana saz@lv zvaigziti; b) — kedes agtei pieliktie sgki
(agte nepagriezas)

Fig. 23.Operational layout of a hinge during the chain lks being geared with

the sprocket:

1 and 2 — chain links and their effective elemeBts;: sprocket cog; 4 — chain
roller: @) — chain link 1 being geared with the spket; b) — forces applied to the
chain roller (roller doesn’t turn)

23. atéla, a paiiditakeédes shma posma 1 ieieSanai sazaly zvaigziti. Ta
ka posms 2 jau atrodas sazddr zvaigzfti un griezas kopar to un agi 4, tad
darkigo virsmu gide un berze notiek Sara 4. Sazob ieejoSo posmu 1
uzskatsim par agi rotacijas kustba dzenoSo atti@ba pret posmu 2.
lesgEjami sekojosi gagumi:
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24. att.Kedes Sarfira darbibas stema agtei pagrieZoties paksnité 2:
1 un 2 —kedes posmu pksriSu darligie elementi; 3 — zvaigzies zobs; 4 kedes
agte
Fig. 24 .Chain hinge action layout when roller turns:
1 un 2 — chain links and their effective eleme8ts;sprocket cog; 4 — chain roller

1. Adte 4 nepagriezas pret zvaigates zobu 3.Saji gadjuma agtes 4
iesfejamo pagrieSanos bremberzes sgks Fy, starp posma 2 pakgo galu un
agti 4, ka an berzes sgks starp zvaigztes zobu 3 un @4 — F; (23. att., b).
Tada gadjuma aktivais berzes momeni 7,0 berzes sjka Fy; ir mazks par

berzes sgku Fy, un Fg;berzes momenti ., unTg,, summu:
fR2<fR2+ fRy 2 (24)
kur  f— berzes koeficients;
F; — dzeno& posma 1 sastiepumagks;
F, — posma 2 sastiepumaekp;
Fy — nornala reakcija no zvaigates zoba 3 uz #s4;
d, und, — astes berzes virsmu diametrs.

2. Adte pagriezas pret zvaigzites zobu (24. att.)Saji gadjuma:
fR2> R 2+ fRy2, (25)

2

Ja atte 4 nepagriezas pret zobu 3, tad posmam 2 pateaszkom ar
zvaigznti un nekusigu asti 4 par lexki y berzes sgka Fy; darlibas rezultta
dilst plaksriSu 1 priek&o galu darligas virsmas un atkes kakla$ loka AB
robezs. 23. attla b ar bultham pafdits kontakta virsmu vigo slnu
deformaciju virziens agtei 4 un piksritem 1 un 2.

Posmam 2 izejot no sazobes par dzenoSo pos$mst posms 2. ArSeit ir
iesfgjami divi varianti: - agte nepagriezas pret zvaigas zobu un ake
pagriezas pret zvaig#es zobu.
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25. att.Speki kedes sazob ar zvaigzriti
Fig. 25.The forces active upon the chain being geared wiiile sprocket

Lai butu iesggjams analigt agtes pagrieSas apgabalu, tadifjosaka sgku
F, unFy izmaias likumsakabas. Spki kédes sazobpamditi 25. attla.
Uz sazob ieejodim plaksritem, ja a®te pagrieis, darbojas ski F;, F;, N un
berzes sgks fiF..

Ja agte pagriezas

XX =0,
__ Fy(sine—ficose)
F, = sin(p+a—y) (26)
XY =0;
N = F,(cos e + f; sine) — F, cos(p + a — ); 27)
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1.6.2. Izjaucamas konveijergedes ar rites
berzes Sarariem darbibas Etjumi

Zvaigznsu parametru raciafai izvélei un sazobes teorijai veth virkne
darbu [4, 6]. Ir izs&data izjaucama pksriSu konveijerukede ar posmu
vienpusgu pagriezienu un ar rites-berzes $aem [5]. Kede sasiv no iek§ja
un argja posma plksmtém un roicijas virziera brivam astem. Visos
izmeginajumos kedei ar rites berzes Sariem nodilumiztutba bija augaka
saldzinajuma ar rijveidakedi ar sides-berzes Samem.

Apskatsim konveijerukédes posma ieeju sazblar dzenofs divgajienu
zvaigzntes zobu ar posmu pagriezienakieys = 360 m/z, kur m — zvaigztes
gajienu skaits; z — zobu skaits.

Paraditaja stavokll posms 2 jau atrodas sazobé, bet posms 1 ieiet
sazobé. Posma 1 ieieSanas sazobé beigu moments sakrit ar sakrit 9 un
zvaigznites zoba 7 saskar$anas momentu. Posmu 2 pigemsim par ,dzeno3o”
attieaba pret posmu 1. Uz #@§ 4 darbojas darbojas stiepessldp(F;, F,) no
posmiem 1 un 2,&ar reakcija Iy no zvaigzites zoba (26. att.).

Y

26. att.Speku, kas darbojas uzkedes ar rites berzes Sarmiem agti, shema:
1 un 2 —keédes phksrites; 3 — zvaigztes zobs; 4 kédes age; 5 — phksrites
fasoncauruma izliektdarba virsma; 6 — @ss ielieki darba virsma
Fig. 26.The layout of forces that affect the roller of d@ain with roller friction
hinges:
1 and 2 — chain plates; 3 — sprocket cog; 4 — challer; 5 — salient effective surface
of the plate’s figured aperture; 6 — concave effecsurface of the roller

Saskaa ar apzmgjumiem, kas pigemti 26. attla, kédes ages 4 idzsvara
nosagjumi izsakimi ar $idiem vieradojumiem:
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Zx; = 0; Fy;cosyj + Fyjsin By — Fyy sin§;_;sgnXqq; —
—Faxising;_; sgnxy5 — F; = 0;

Zy; = 0; Fy;siny; — Fyj cos By + Fyyj cos§_ysng Xqq; +

+Faxi + Faij cos §_15gnXy5 = 0; (28)
IMy; = 0; Fpi[bsin(y; — §i-1) — X1z cos(y; — §i-1)] +
+A1Fnisgn §i_y + Fy(xq15c08§_y —bsing_;) —

—bF1xisgn Xq4; + bFyisgnky,; = 0.

A

kur  Fy un By — rites preted@bas spki, N;
Fii un B —kédes posmu 1 un 2 stiepeslsp N;
Fvi — normala reakcija, N;
vy —keédes posmu savsta@jpis pagrieziena igis;
B1 — normalreakcijas virziena lgis;
&, — lokalas koordiratu sistmas x0y; orientcijas lexkis;
X11 UN X — plksriSu un aisu kontakta punkta koorditas [2];
b — a#tes ,kaklpa” platuma puse.

Risinot vieradojumu sistmu (28) atrodank,, Fy ung;, ja0 <y <vys.

2. Eksperimentlie pétfjumi

Nodda velfta eksperimeatajiem pEtijumiem Latvijas Lauksaimniggas
universitites Tehnisks fakulates laborator§. Eksperimerilie petijumi tika
veikti uz 2 stendiem s@lzinot konveijierukedes ar stes berzes Samem un
rites berzes Samem. Noddas noslguni dots rites berzes Sara kédes
lietojuma ekonomisis efektiviites apgkins.

2.1. Eksperimentu stendi

2.1.1. Ségta kedes kontira eksperimentu stends

Slegtakedes konira eksperimentu stends pdits 27. atla.
Speks no elektromotora 1 ugdi 18 tiek f@rnests ar siksnas skrietaes un 7,
siksnas 11, reduktora 2, un dzersd&des zvaigznes 4 pdlabu. Lai simuétu
kedes darbu slodz stendam ir uzatlits hidrauliskais @&knis un regujams
drosévarsts aiz 4. Hidrauliskais 8knis tiek darbiats arkédes zvaigznes 5,
reduktora 3, siksnas skrieine8 un 9, & ai siksnas 10 palzibu. Mainot
drosévarsta 13 caurpidi tiek radta slodzeedei 18.
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27. att.Eksperimentu stends ar pilnukedes
kontiiru (eksperimentu stends Nr. 1)

1 — elektromotors; 2 un 3- reduktori; 4 unksdes zvaigznes; 6, 7, 8 un
9— piedzhas siksnu skrienie 10 un 11— piedzias siksnas; 12— hidrauliskaigksis;
13- reguéjams drosprarsts; 14— manometrs; 154as radiators; 16e]las
rezervuars; 17- kédes spriegoSanas skriive; 18- parbaudama kéde

Fig. 27.Closed chain loop experiment bench (experiment defNo. 1):
1 — electric engine; 2 and 3 — reducers; 4 anddhain sprockets; 6, 7, 8 and
9— driving belt pulleys; 10 and 11— driving bell2— hydraulic pump; 13-
adjustable throttle valve; 14— manometer; 15— adiator; 16— oil reservoir;
17- chain drawina srew: 1&-the chain beina test

2.1.2. Stends for&tu kedes @tijumu veikSanai

Lietojot skgtu kédes kontru nodilumiztutbas noteikSanai japae daudz
laika. Parasti veicot tikai vienug&gjumu, noskaidrojotkédes vidja sda
palielingjuma likumsakabu, ppagre vairaki desmiti stundu. Lai va&tu atrak
noteikt piengrotako keédes konstrukciju un dédta darba virsmu nepiecieSamo
cieibu, un, lai nevajadtu sikotrgji izgatavot daudZedes dethu, izsthadata
stenda konstrukcija ( 28. att.) fets petijumu veikSanai. Uz &la stenda var
realizgt agSu neprtrauktu sdrstigu (turp-atpakivirziena) vai raicijas kustbu
(ar reversvu) pladeni maifgas slodzes (ho 1600 kit 3200 N) reima, kas ir
rakstuigi kedes konveijeros. Viena stunda veikto eksperimeridustenda
atbilst 5,6 stunaim darba uz eksperimentu stenda Nr. 1.

Stenda daibas princips ir padits 4.6. agla. AsiSu 13 piedziu realiz
elektromotors 1 ar vienpages gliemezreduktoru Xgdes prvadu 3 urkedes
parvadu (roficijas kustbai) 23 vai klka - klmpa mefanismu (turp - atpaka
svarsfiga kusiba) (28. att.) Griezes momentu no zobratiem un akaedn 11
parvada uz ptamam astem 13.
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28. att.Stends for€tu kedes gEtijumu veikSanai (eksperimentu stends Nr2)
Fig. 28.Forced chain research bench (experiment bench N}

2.2. Fetijumu metodika

Viens no galvenajierkedes parametriem kedes solist kurS maias kedes
Sarnra detdu nodiluma ietek Lai nowertetu keédes detlu nodilumu noteild
laika posm pie noteiktas slodzdgzde tiek slogota a= 3500 N lielu sgku.
Fiksz af slogoSanas ilgumu. Eksperima&niek merits detdu nodilums (idz ar
to an kédes solist) divos kedes posmos, kur katkedes posms sast no 16
plaksritem un 8 agem.

[ )

(D)

b

29. att.Rites berzes Sarira kédes phksnite
b - atstatums starp gitsrites taisnagm darhgajam virsmam
Fig. 29. Plate of the rolling friction hinge chair
b —gap between the straight effective surfaces oplite

Attela 29. ir pamdita nerjuma vieta (izmars b) phksritei. Attela 30.
pamditas ngrjumu vietas agei (izmers a). Astem veic nerjumus 4 vieds, jo
agte nork kontakf ar 4 pliksritem, tatad tai ir 4 daripas virsmas.Agla 31.
paradita kedes sta nEriSana.Kedes soli rara starp agem un tiek narits af
kédes posma (eksperimantiek neriti 2 posmi, kuri katrs sa@t no 16
plaksritém un 8 agem) kopEjais garums

Kédes soli mara ar hdmeru, astes un piksrites ar mikrometru. Le
nodroSiratu predgzus nerijumus pliksrites dariigajam virsmam, tika izmantot:
specila paigiernce phksridu fikscijai. Merjjumu preciziiite kedes solimt ir
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0,1 mm. Merijumu precizifte astes izngrama; un peksnsu izngramb ir 0,01

mm.
a1

as

aa

30. att.Rites berzes Sarira kédes agte (Patents Nr. 13695)

a — nerfjumi agtes dariigo virsmu nodilumam
Fig. 30.The roller of a rolling friction hinge (Patent No13695)

a — measurements of the deterioration of the rlleffective surfaces

31. att. Kedes posmu sta merisanas sima
(atbilst gan rites berzesSamn gan sdes berzes Sainu kéZu 1. un 2. posmam)
Fig 31. The layout of measuring the chain link pitch
(applicable to the links 1 and 2 of both rollingcfion hinges and
sliding friction hinges)

2.3. Eksperimentu rezulfti

Uz skgtakedes konira eksperimentu stenda veikto eksperimentu raeult
pamditi 31. at€la kura ir atiEloti kédes ar sbes berzes Samem unkédes ar
rites berzes Safmem sda izmanakédei stidajot vienados apsiklos.
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32. att.Kedes vicja sda t,y izmaina (eksperimentu
stends Nr. 1):

—o— Slides berzes Sam kede —&— Rites berzes Saimu kede

Fig. 32.The average chain pitch changgqt(experiment bench No. 1)
4 Sliding friction hinge chain A Rolling friction hinge chain

Attela 32. redzams, kaapbaudot rites berzes Samn un sides berzes
Sarnru kedes eksperimedii sola {4 pagarimjums sides berzegedei bija 4,4
reizes liefiks, ka kedei ar rites berzes Sariem.

33. atéla redzams, ka #les berzes Sam kedes ames nodilums ir 9,4
reizes liefiks, ka rites berzes Sammu kedes agei.

Ke&Zu plksrniSu nodilums padits 34. attla. Taja redzams, ka &les berzes
Sarnru kédes pliksriSu nodilums ir 1,9 reizes l@Ms, ka kédei ar rites berzes
Sarnriem.

Veicot kedes prbaudi forgta reZma (eksperimentu stends Nr. 2) rites
berzes Safnu un sides berzes Samu kédem, sda ;4 pagarimjums sides
berzeskédei bija 3,4 reizes ligks, ki kédei ar rites berzes Sariem, asSu
nodilumiztuiiba k&dei ar rites berzes Sariem bija 6,8 reizes ligka, bet
plaksritem 1,7 reizes ligka, lka kedei ar sides berzes Samem.
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33. att. Kedes assu nodilumsAa (eksperimentu stends Nr. 1):
1 - rites berzes Saim kede; 2 - sides berzes Sainu kede
Fig. 33.The deterioration of chain rollergda (experiment bench
No. 1)
1 - Rolling friction hinge chain; 2 - Sliding friction hinge chain
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34. att. Kedes phksniSu nodilumsA b (eksperimentu stends Nr. 1):
1 - rites berzes Sainu kede; 2 - sides berzes Sanu kede
Fig. 34.The deterioration of chain plated b (experiment bench
No. 1)
1 - Rolling friction hinge chain; 2 - Sliding friction hinge chain
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Secirajumi un ieteikumi

1. lzstadata jaunas konstrukcijas izjaucamaksiiSu kede ar rites berzes
Sarnriem, kuras oginalitati apstiprina 5 sgemtie patenti.

2. TeokEtiski pamatoti rites berzes Sana konstrukivie parametri, kas ietver
Sarnra detdu darligo virsmu izngru, astes rakstuigo punktu trajektoriju un
rites procesadgtijumus.

3. Fetot rites berzes Saimu konstrukivos parametrus iz&lata astes un
plaksrites darigo virsmugeometrisi forma. Lai Sarfra notiktu rite, ages un
plaksrites darbigajam virsmam jabat ar cilindriskam virsmam. Astes liekuma
radiusamR, visos gagumos gbut lielakam par piksrites liekuma adiusuR;.
Asites un piksrites dariigo virsmu liekumu adiusi ir atkafgi no astes
diametra, zvaigztes zobu skaita ukedes posmu savstaja pagrieziena bga
uz zvaigzites. Astes un piksrites liekuma adiusu R, un R; defigumu
atbilstoSi slodzei frbauda kontaktilgiztaba.

4. Teoktisko pEtijumu rezulita iegitas sakabas kedes a#es rakstugo
punktu trajektoriju noteikSanai. Trajektoriju koorates ir atkaigas no aes
cilindriskas ddas diametra, pagriezienaika un no pksntes darfgas virsmas
liekuma &diusa. $ sakaibas ir nepieciesamas, lai konstw plaksrites
fasonformas caurumu, kas komixija ar berzes skiem kedes Sarfra no\ers
slidi Sarnra.

5. Kedes ar rites berzes Saiam kinenatiska ipatriba saists arkedes s¢a
izmainu atkarba no posmu savstagja pagrieziena bgka. Teogtisko pEtijumu
rezultita iegitas sakabaskedes sta izmahas noteikSanakédes s¢a izmana
atkafiga no piksrites un ages dariigo virsmu liekuma adiusiemR; un Ry,
posmu savstagpa pagrieziena lga, ka af no astes un paksrites izneriem.
Kedes sta izmana iedaujaskedes sta pielaides robas.

6. Retama konveijerukédes ases novietotas verti#aja plakre. S iemesla
del keéde paSsvara ietelarparvietojas vertildla virziera uz leju, kas veicina
assSu saRiebi vertikalaja plakre. Noskaidrots, kakedes ages novirze no
vertikala stavokla papildus noslog&edes augdos Sarfirus par 7 ... 19%
saidzinot ar apaldiem Sarfriem.

Asites sakiebes vertiklaja plakne rada elasgi plastisks defornacijas auggjo
plaksrisu kédes Sarfros. Augsjos Sarfiros deformcijas ir par 4% liedkas un
agte sagZas vertikila plakre kustbas virzie@, kas negavi ietekrre riti kedes
Sarnra un sazobi ar zvaigzizm.

7. Kedei ar solit = 125 mm rites berzes Saws (ar piksrites liekuma
radiusu Ry = 34 mm un ages liekuma adiusu R, = 35,4 mm) kontakta
spriegumi augdo plaksniSu Sariros pie spka 30 ... 40 kN ir aparam divas
reizes maaki neka ipatrgjais spiediens sles berzes Sanos.
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8. Teoktiski un eksperimeati apstipriritas sides berzes Sama darba
ipatribas: agte periodiski var pagrieztieqidgjadi samazinot kakifiu nodilumu.
9. Teoetiskajos gtijumos iegiti vienadojumi sggku noteikSanakéedes rites
berzes Safma sazobes procasar zvaigzfti. Speki nodeigi kédes dethu
stipibas apgkiniem, ki af sazobes kvalites anakei un uzlaboSanai.
Skaitliska anaize kédei ar solit = 125 mm paidija, ka sazob ieejod posma
speks F, samazias no 29,41dz 12,7 kN, bet ages un zvaigzites reakcijay
palielinas no nulles iz 46 kN pie sazabieejoSa posma konstantackp
F. = 29,4 kN. Rites berzes &p Sarnra negrsniedz 0,05 kN un #ss
pagrieziena gis ¢; < 0,5y;.

10. Saidzino3os eksperimenivs Etijumos € = 3,5 kN,v = 0,34 m3) uz
pilna kédes konira stenda un uz foea petijumu stenda konstts, ka
nodilumiztuiba kédei ar rites berzes Sariem ir 3,4 - 4,4 reizes ligka neld
serijveida kedei ar sides berzes Samem. Rites berzes Saro kedes piksnsu
cietiba bija 42 HRC, bet @& cietba bija 30 HRC.

11. Eksperimentos petijjumos noskaidrots, ka @s nodilumiztuibakedei ar
rites berzes Samem bija 6,8 - 9,4 reizes ligha, bet piksniSu nodilumiztuiba
1,7 - 1,9 reizes liaka.

12. Rites berzes Sarn kedes lietojuma ekonomigk efektivitate ir
3,48 Ls/gad uz vienukédes metru.

13. Retijjumu rezulfta iesakm ieviest razoSanizjaucamu pksrniSu kedi ar
rites berzes Safriem, termiski apsaidam agtem (HRC 30 ... 40) un pksritem
(HRC 42 ... 48).
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Topicality of the research

Chain conveyors are now widely used in variousugtdal branches,
including agriculture (for example in cattle farngrain dryers, for grain
transportation, etc.) which allows mechanize andoraate production
processes.

Nowadays all the standard conveyor chains aretiearted using the sliding
friction hinges. With the fact that chains are mpssduced taken into
consideration, the idea of using the rolling foctiwithin the chain hinges can
be considered a modern and pressing issue for inmgrothe safety and
longevity of a chain.

Different tractive chains of standard and non-g#ad design are used in
conveyors. These chains differ in longevity, operal safety, weight and
price. Tractive chains are much in demand. Theschain safety and longevity
improvement, as well as the price and metal capaeduction issues assume
great importance.

Tractive chains make about 35% of all kinds ofichalThe most commonly
used are plate chains, welded chains and dismderthhins.

The scientists pay great attention to the thedrghain transmissions and
conveyor chain devices, which in turn is closelyated to the gearing,
kinematics, dynamics, strength and wear resistamsces.

Nowadays the manure conveyofBCH — 160, since 1977) are mostly
equipped with calibrated, thermally treated rouiné-Wwelded chains (calibre
16 mm, pitch 80 mm, [1]), that are only manufactiiby special factories.

The development of essentially new chain devigestractions is somewhat
neglected. Given the constructional feasibilityl, @bint contacts are to be
replaced with linear contacts, linear — with suefaontacts, sliding friction —
with rolling friction.

The durability improvement measures make the straamore expensive,
due to the use of high-quality materials, new tedbgical processes, the need
for additional capital investments, etc. To make thachine cheaper though,
one should not save on researching and implemensagh machine
components that define the overall durability aaféty of a machine.

The development of new promising chain construstiovith better
performance is an issue of great importance. Irersé\sectors (agricultural
engineering, for instance), there are prospectdhferusage of dismountable
plate chains that are simple in design and easynamufacture. In case
sufficient durability of such chains could be asei@, these could become
especially advantageous.

Conveyor chain studies are mainly related to nateselection, thermal
processing of parts, etc. important factors, bug #tiding friction hinges
remained almost unheeded
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The usage of rolling friction hinges in tractiva(iveyor) chains has not yet
been implemented. All the standard conveyor chéiage sliding friction
hinges. This is due to the technological feasipitibmplications presented by
rolling in a hinge with plates inter-rotating alsage angle, which is distinctive
for such chains.

With the fact that chains are mass-produced tak&nconsideration, the
idea of using the rolling friction within the chaltinges can be considered a
modern and pressing issue.

Hypothesis, objective and aims

Hypothesis of the research
There is a reason to consider that sliding friciio conveyor chains may be
replaced with rolling friction, which will increagbe endurance of a chain.

Objective of the research

To develop a conveyor chain of new design, reptadis sliding friction
hinges with rolling friction hinges and to provesthapacity of such chain as
well as the economic benefits it provides.

Aims of the research
1. To design a dismountable plate conveyor chaih wiling friction hinges.
2. Provide a theoretical basis for the construetiqmarameters of a rolling
friction hinge:
2.1. the size of effective areas of a hinge’s congnts;
2.2. the roller feature point trajectories;
2.3. the chain pitch changes;
2.4. the rolling process of a hinge’s components;
2.5. the reasons for the vertical shift of théersl
3. Conduct a theoretical research on the sproti@haearing.
4. Experimentally examine the wear resistance efribw chain compared to
the traditional one (with sliding friction hinges)

Scientific innovations of the research

The scientific innovation of this promotional rasgh consists of the
following issues being investigated:
1. A new design rolling hinge dismountable platenegyor chain with one-
way chain link rotation has been developed. Theigdesf the chain is
reproduced in 4 patents and one patent application.
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2. The determination of main geometrical parametdra rolling friction
hinge has been theoretically substantiated. Thenge@al parameters of a
rolling friction hinge are: the effective area nasks of the plate and roller, the
diameter of the cylindrical part of a roller, theogs-section thickness of a
roller, the turn angle of the roller and the rofieature point trajectories.

3. A theoretical research on the rolling procesthefhinge’s components has
been made. Connections between the chain pitchgelsaand the rotation of
the chain’s links have been determined. Researstbéan made separately for
both plain and cavitious effective areas of a rolle

4. A theoretical research on the the rollers’ waithin the vertical plane has
been made. The reasons and consequences of thesrallarp have been
elucidated.

5. A theoretical research on the sprocket gearfng dismountable conveyor
chain has been made. Two different kinds of chai@ge been compared: a
sliding friction hinge chain and a rolling frictidringe chain.

Approbation of the research

The research has been carried out at Latvia Usityeof Agriculture,
Faculty of Engineering, Institute of Agriculturah&rgetics from 2008 till 2012.

The results of this promotional research have besproduced in 6
scientific articles that were published in gengrabktablished and reviewed
editions. The results were also announced at 5Srnatienal scientific
conferences held in Latvia and Russia.

Publications in generally established and revieweedditions.

1. G. Uzklingis, E. Pudans (201} crienoBanue pa3bopHO# TATOBOM IEMH ¢
HIaApHUpAMHK TpeHus KaueHus. IN: Ilpobiemvl cospemennvlx mexHoaio2uil
U320MOBNIeHUSA U HAOeHCHOCMU hepeday ¢ 2ubKol cé:a3vio, MexxaTyHapoaHas
Hay4HO - TexHH4Yeckas koHpepenmms. Proceedings 19-21.12.2011,
TepHONOAbCKUI HAlIMOHAJIbHBIN TEXHUYECKUI YHUBEPCUTET UMEHU VBaHa
[Tymntos, Tepxonoins, Ykpauna. p. 32.

2. V3kmuuruc I'. A., Ilynanc E. T1. (2011)MccnenoBanue 3anemnieHus TSrOBOH

Hemd ¢ IMApHApAMHA  TPEHMS  KaueHWsl CO  3Be3foukoi.  In:
Dynoamenmanvhvle U NPUKIAOHbIE UCCIEO08AHUS,  pa3pabomka U
npUMeHeHue — BbICOKUX — MexHono2ull 6  npomvuuiennocmu, 12

MEXIyHapoIHas Hay4dHO-TpakTHyeckas KoHpepenuus. Proceedings " 8-10
nexabps 2011.r. IHCTUTYT NPUKIIAAHBIX HCCIEOOBAHUA W TEXHOJIOTHH,
Canxkr-IlerepOypr, Poccus. p. 296
3. G. Uzklingis, E. Pudans (2010) Researches sihdiintable slide friction
pivot operation for conveyor chaim: Engineering for Rural Development.
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10" International Scientific Conference. ProceedingayM6.-27.2011.
Latvia University of Agriculture, Faculty of Engiering, Jelgava. p. 476. —
479.

4. VY3kmuaruc I. A., ITynauc E. I1. (2010)MccrnenoBanne n3MEeHSHHUs HAKIIOHA
oceil B BEPTHKAJIBHOW IUIOCKOCTH TArOBOH pa3dopHoil uenu. In:
chzedoeanue, pa3pa6om1<a u npumeHneHue 6blCOKUX mexHonocull 6
NpoOMblULIEeHHOCMU, HCCHTaH MCXKAYHApOAHAd HAYYHO - IIPAKTUYCCKas
koHpepenuus. Proceedings 09-1hexadpst 2010. MHCTUTYT HpUKIAIHBIX
uccienoBanuii 1 Texuonoruit, Poccust, Cankr-IlerepOypr, p. 293. — 301.

5. E. Pudans, G. Uzklingis (2010) Changes Of RgllFriction Link Chain
Step In Link Turning.In: Engineering for Rural Developmen®®
International Scientific Conference. ProceedingayM27.-28. 2010. —
Latvia University of Agriculture, Faculty of Engiering, Jelgava. p. 280. —
284.

6. Guntars Uzklingis, Emils Pudans (2009) Deteation of Rolling Friction
Link Chain geometrical and Kinematic Parameténs. Engineering for
Rural Development8th International Scientific Conference. Procegdi
May 28. — 29. 2009. Latvia University of Agriculey Faculty of
Engineering, Jelgava. p. 86.-92.

International scientific conferences held.

1. UccrenoBaHue 3alleIieHUs] TATOBOH IETH C IMApHUPAMHU TPEHUS KadeHUS
CO 3BE3NOYKOH. @Dynoamenmanvhvie U NPUKIAOHBIE UCCAEO08AHUSL,
pa3pa60m1<a U npuUmMeHeHue 6blCOKUx mexHoso2ull 8 npombvlidieHHocmu, 12
MEXAyHapoiHasi HAy4HO-TpakTuieckas kondepenuus. 8-10. 12.  2011.
Cankr-IlerepOypr, Poccusi.

2. Researches of dismountable slide friction pieperation for conveyor
chain. Engineering for Rural Development.10" International
Scientific Conference. May 26.-27.2011. Jelgaayia.

3. I/ICCJ'[C,HOBaHI/IC H3MEHEHHSI HAaKJIOHAa Oceil B BepTHKaJ’ILHOﬁ IINIOCKOCTH
TATOBOW pa30opHOil uemu. Hccredoganue, pazpabomka u npuMeHeHue
BbICOKUX MEXHON02Ull 8 npomvlUlleHHocmu. HSCHTa}I MEXOYyHapOaHas
Hay4YHO - mpaktuueckas koHdepermms. 09-11. 12. 2010CankT-TlerepOypr,
Poccus.

4. Changes Of Rolling Friction Link Chain StepLink Turning. Engineering
for Rural Developmen@” International Scientific Conference. May 27.-28.
2010.Jelgava, Latvia

5. Determination of Rolling Friction Link Chain g®etrical and Kinematic
Parameter€Engineering for Rural Developmei@th International Scientific
Conference. May 28. — 29. 2009. Jelgava, Latvia.
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Patents.

1. G. Uzklipgis, E. Pudns. 1zjaucama pksrniSukede ar ritberzes Samem un
posmu vienpugu pagriezienu, pigemts izskaBars ar Nr. P-12-06.
(prioritates datums 11.01.2012.).

2. G. Uzklipgis, E. Pudns. Izjaucama dak3veida posmu konveijegde ar
ritberzes Safniem. Latvijas patents Nr. LV 14309 B. F16H13/00,
20.04.2011. Patenti un gre Zimes. Latvijas Republikas patentu valdes
oficialais vestnesis- Nr. 4, 2011. 490. Ipp.

3. G. Uzkligis, E. Pudns. Izjaucama pksriSu kéde ar ritberzes Sainem.
Latvijas patents Nr. LV 13914 B. F16G13/00, 2020689. Patenti un pia
zZimes. Latvijas Republikas patentu valdes aflais vestnesis— Nr. 6,
2009. 857. — 858. Ipp.

4. E. Pudns, G. Uzklpgis. Izjaucama pksniSu kéde ar ritberzes Sainem.
Latvijas patents Nr. LV 13935 B. F16G13/00, 202009. Latvijas
Republikas patentu valdes ofileis vestnesis- Nr. 5, 2009. 715. — 716. Ipp.

5. G. Uzklingis, E. Pudns. Izjaucama pksnSu kéde ar ritberzes Sainem.
Latvijas patents Nr. LV 13694 B. F16G13/00, 202048. Latvijas
Republikas patentu valdes ofilgis vestnesis- Nr. 4, 2008. 404. Ipp.

Other activities.

1. Participation in Latvian Invention exhibition14.2011. Riga, Latvia.

2. Information about the new dismountable conveyate chain with rolling
friction hinges was transferred to Latvian Teclogital Centre.

1. Theoretical research

The theoretical research is based on the aimslatgal in section 1 of this
thesis. The theoretical research is reflectedseQions.

The first section of the theoretical research c@tke design of the newly
developed rolling friction hinge chain. The methlodyy has been developed
for determination of the rolling friction hinge’'saim geometrical parameters,
including the effective area radius of the platel anller of a chain, the
diameter of the cylindrical part of a roller, theesof a roller, the turn angle of
a roller and the roller feature point trajectorgsRarch of the rolling processes
involving the chain’s details has been made seplgrdor both plain and
cavitious effective areas of a roller. A theoraticesearch on the the rollers’
warp within the vertical plane has been made —rélasons and consequences
of the roller's warp have been elucidated. A caltiah method used to check
the strength of the rollers and plates concludissctiapter.

The second section of the theoretical researckersothe sprocket chain
gearing. A separate research has been conductegroorg each of the two
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separate chain types: the conveyor chain withrglidriction hinges and the
conveyor chain with rolling friction hinges. Thesearch covers the forces that
work within the chain’s hinge and the forces betwehe roller and the
sprocket of a chain, as well as the effect theseefohave on the hinge’s
operation.

1.1. Design of the rolling friction hinge chains

The design features of the newly developed disradola rolling friction
hinge plate chain are reproduced in 4 patents aacatent application (fig. 1).
The chain links turn one-sidedly in every constiiarct Such chain is adequate
if all the sprockets in a conveyor are only placadone side of the chain loop.
Such construction is commonly used in practice. @hmwvback of links in
hinges turning two-sidedly is that the straightkéinof the conveyor chain
experience two-sided link oscillations caused by fttesistance of the
transported material, the console fastening ofegdrs to the chain and the
irregular movement of the chain. This causes th@eased wear of the
components and the effective area material fatifuethermore, the plates of
such chain must be wider (thereby increasing mstakumption), so that a
salient cylindrical effective area with a possitdyger radius could be placed in
the figured aperture that is on both sides of yimersetric axis of the plates.

If the conveyor loop chain sprockets are placedma side only, there is no
need for the chain links to turn against the diraxis of the plate in both
directions (fig. 1). Such plate design allows toréase the radius of the plate’s
effective area and therefore to reduce the corttardion within the hinge,
resulting in the increased longevity of the chain.

1.2. Determining the basic main geometrical paramets of a
rolling friction hinge

The main geometrical parameters of a rolling ificthinge include the
effective area radius of the plate and roller ofhain, the diameter of the
cylindrical part of a roller, the size of a rolléhe turn angle of a roller and the
roller feature point trajectory.

The following theoretical research covers the afien of a hinge within a
dismountable plate chain, with the rolling frictiamising between the salient
surface 3 of plate 1 and the concave surface 4llgir 12 (fig. 3). The effective
area radius of plate 1 s referred to gs tRe same parameter of the roller 2
being referred to as,RUpon rotation of plates in such hinge, rollingction
arises and the contact tensions are reduced.
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Roller 2 rolling on the effective area of the plati¢h no slip, the arcs AMand
AM,, will be equal (Fig. 3);
orR ¥ = Ry, 1)

where R; andR,; — effective area radiuses of the plate and tHerrol
%, and ¥, — respectivelyAM; andAM; arc angles.

When the roller rotates into a position where poi{ andM, match (Fig. 4),
the roller rotation anglg will be:

y=wR R ©)

When the marginal position has been reached, doptéat M; matching point
B (Fig. 4), the roller rotation angle is going tgual ¥2 of the maximum chain

link turn angle@max
_ $Pmax _ T (3)

Vmax_ 2 _Z,

where z — number of cogs on the sprocket.

The roller and plate contact poiNt coordinates x, given the angle= )max and
the according anglé& na«(Fig. 5):

(= 025d® +a@+2R). (4)
AatR)
W max= arccom = arcco%—o’zajz_az} ) (5)
2R,(R, +a)

where  a-— half of the roller’s “thickness” in cross-sectjo
d — diameter of the roller’s cylindrical part.

Adding the expression (3) into the expression (&) mserting (5) allows to
determine the correlation between the main geooattparameters of a hinge

and the anglep . :

%L 02502 —az}
arccoel-———
R=R; 2R(R +a)

%L 025d2—a2} T
arccoel-—————|[——
2R(Rta) | z

(6)
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Since the denominator in expression (6) must béipe®r zero, therefore
Ri < R1 max,» WhereR; maxis expressed with the following formula:

2_ 2
—a+ [a2+2 02T g
1-cosE)
Ri max= z_. (7)

2

Contact pointVl; coordinates (Fig. 3):
X M, = a+R;-R;cos#,

whereYMl = Risin®;

Therefore:
X, =a+R—Rcod R ¢}; €)
! R,~R 2
YMllesin R, ¢)- (9)
R,-R, 2

The roller is calculated on cut. Dangerous sedi@anm, (fig. 6).
Squares Aun Ay are expressed in the following way:

A= (@R —(a,, +R - X)sina,);

=9(%d _ dina, |-
A2—4(2 xsmazj

If Ry is given, the formula containirag,, will be:

m? _ _F, (20)
4 AA+A) ]

whereF — chain tension force, N;
[t] — acceptable cut tension of the roller mateheinn?.

In order to state the effective area of the ptamit-shaped aperture, the
roller feature point (fig. 7) movement trajectoryoocdinates must be
determined.
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Xy = Xy, + X, cOSY+ Y, S"W}. (11)

Yyi :YO,2 - xNi‘ siny+YNi. cosy

The parameters of the rolling friction hinge’s conponents are

determined in the following sequence:

1. By solving the equations (7) and (10) togettier,sizes @, andR; maxare
obtained,;

2. Having accepteR; < R; ha% @ is expressed again from equation (10);

3. RadiusR; is obtained from equation (6);

4. With a, Ry and R, already known, the contact durability tensionstoa
conjugation roller-plated; < [gy]) are being checked;

5. The roller feature poim; trajectory coordinates are determined using the
formula (11);

6. Ensure that the rolling within the hinge ocowith no slip.

Assuming the different numerical values of radti§R; < Ry may, the optimal

parameters of the hinge are being determined.

1.3. Research on the process of chain parts’ rollin

1.3.1. Rolling process in a hinge with plain effente areas of
the roller

In order to develop an operational rolling frictibinge chain, a theoretical
research on the chain pitch changes during theeketa@hain gearing must be
conducted. Figures 8 and 9 show the process of ¢iteh change.

The chain pitch is a space between the adjac#et oentres. The length of
the effective area of the roller plate (Fig. 8, b)

Maximum turn angle of every plate during the gegudhthe chain:

_180%m

Ymax = — (12)

zZ

wherem— number of sprocket strokes;
z— number of cogs on the sprocket.

As it's shown (fig. 9), the rolling hinge chain git changegAt = t, — t;)
upon the chain links travelling on and off the et and depends on the angle
y, i.e. on the number of cogs on the sprocket. Tlaigpens when the roller
plane rolls over the cylindrical effective areatbk plate. The chain pitch
changes must be taken into account when arrangmghain gearing with the
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sprocket cogs. It also affects the effective areanof chain components and
sprocket cogs.
Space between the initial and final componeninglpoints (fig. 9):

a= Hmaxtgyn;aX = R1(1 — cOSYmax); (13)

whereH.x = Rysiny.x - maximum height of the roll (fig. 7, a).

Next, the methodology of the chain pitch chang# be specified. The
figure 10 depicts a kinematical layout of the oited chain links rotation
within a rolling friction hinge.

In the case referred to hereby, the plate is tgrrdand the roller's straight
effective surfaceR; = 0) rolls over the salient effective area (radjs
Chain pitcht change:

At = 2(Ry + b —Rycosy — ). (14)

The kinematical and strength calculation defines fitate’s effective area
radiusR; and the half of the roller’s cross-section.
Sizel is expressed in the following way:

1=0';A,cosy,,
wherey, =y-(90"-8)=90"-5-y.

Therefore:
1l =/ (R, —y +c—a)?+b%*cos(90° — § —y). (15)

Angle &

§ = arctg (16)

Ry+c—a’

where c — length of the roller’s plain effective area,tttekes on the load when
the chain moves straight (determined by the coistaength
calculation);
a — half of the roller’s plain effective surface ¢ghl, that depends on
the turn anglenqx

Inserting the correlation (14) into the expresgith) and having made the
adequate conversions results in the following esgiom:

At =2 [Rl +b—+/R%y2 + b2 xcos(§ —y) — Ry * cosy]. 17)
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1.3.2. Rolling process in a hinge with cavitious fefctive areas
of the roller

The feature of the rolling friction hinges is ththe chain link turn pitch
does not remain constant, but shifts a little iitorder to analyze the chain
pitch changes in accordance with the numeric vafuediusesR; andR,, the
roller’'s centre0, movement trajectory coordinates must be determined

X5, =a+R-(R+V, )co{iRzR_zRig]—Vlsin%; (18)
- il 2 v co?. 19
A (R1+V2)S|r(R2_R12) VlcosE (19)

In the initial position (fig. 11) that implies the&traight movement of the
chain, the resulting forcE goes through the centre of radiug & plate 1's
concave surface 3 and the centre of radiusf Roller 2's concave surface 4.
Let's assume the roller 2 is immobile. The forcdasFcarried on from the
sprocket cog onto the roller 2. When the plates tur the sprocket by some
small angley; the effective parts 3 of plate 1 and the effecparts 4 of roller 2
in the contact point Mshall roll over the art1;M,, the effective part 3 of plate
1 will come into the position 1'. The force F amgliion line will in this case
form the angleB; with the straight lin@M, after the turn.

The rolling friction within the hinge will persi$br as long as the friction force
F: between the effective surfaces 3 and 4 of plaa@d. roller 2 is going to be
larger than the projection of chain fofeewhich isFsing;:

F.>Fsing; fFcosB 2Fsing., (20)

where f—sliding friction factor between the roller and thlate;
[ — the turn angle of the coordinate system;XO

As shown in figure 11, the plate turn anglmay be expressed in the following
way:

pop = Rz_lj: Rl[%_l]: (1_91]: f[l_ﬂj. (21)
=85 ﬂz[Ri ﬂle R B R arctg R
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Formula (21) allows to deduct that, in case tHkeras immobile, rolling
friction is only possible within the plate turn dmgthat may not exceed the
friction angleg..

Therefore, when the plate turn angles large, which is peculiar to the
chain conveyors, the self-braking effect alone care relied on. When the
plate slides over the roller, the hinge may getnjed, or sliding friction will
result instead of rolling friction. This is why thelling hinge’s parameters
must ensure rolling under any operating mode, peesve of the position of
hinge’s effective surfaces. In order to let thetgleoll freely over the roller’s
effective surface, the gap between the roller &wedplate’s figured aperture. It
is possible that no sufficient chain tension wi# lensured (force F). The
material transported also affects the process.chlaa hinge will only operate
reliably when the position of the hinge’s composeis correct under any
operating mode.

There are two factors that ensure the fixatiothefhinge’'s components:

« friction within the hinge (self-braking effect);
« the geometrical shape of the plate’s figured apert

The shape of the figured aperture must ensuretlieaplate leans against
the roller in any position, which eliminates thetpl bias. Using the plate’s
feature pointN; (fig. 5) movement trajectories, the shape of ttates figured
aperture is determined. Thus a sort of guide isvigea, eliminating the
spontaneous bias of the components.

1.4. Roller warp within the vertical plane

The deviation of chain’s rollers from vertical g@s depends on the elastic
bias (deformation) differences between the upperlawer contact points of
the hinge when the load F is applied asymmetridéitly 12).

The upper and lower plates and the roller pivotghie sliding friction
hinges deteriorate unevenly, resulting in the rafllepe (about 10° deflection
from vertical position [2]). The upper plates aruke tupper roller pivots
deteriorate faster. This is due to the chain loeindpin horizontal position and
the rollers being vertical. Under its own weighte thain shifts downwards and
the load application point of the driving sprocketog heaves onto the upper
end of the roller (fig. 12). Tensometrics allowstate that the difference in load
between the upper and lower plates reaches 1,4TkM.sprocket cogs thus
wear obliquely.

The roller deflection from vertical position is [siide even in a new chain due
to the influence of the bias of conjugated dimemsi@f the components.

Slantwise roller head touches the outer plate sarfthat causes deterioration
of the relevant contact zone (the effective thigenef the plate is reduced and
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the roller head wears out). The rolling frictiomyes resemble a cylindrical

component contact (with a slit) (fig. 12, b), whielows the usage of the

theory of elastic deformation of cylindrical contiens in the research [3].
According to the load layouts 1 and 2 (fig. 13 449, the roller obliqueness

angley is expressed as a function of:

» the geometrical parameters of the connection;

b fOfCESF, F]_]_, F121 F21 anszz;

« the elastic properties of the roller and plate miaite

This research covers the harshest chain operatimglittons, reveals the

regularities for the determination and analysighef load and deformation of

the rollers’ and plates’ effective surfaces, aslslfor the roller obliqueness

angle determination. The results achieved are L$afihe chain component

(roller and plate) strength calculations and thesttigoment of new designs.
Relying on the coordinate (fig. 15), the following calculations have been

made using the algorithm developed hereby: deféoma;® and s, forces

F, and F,, tension gy Within the hinges of a chain. The results of these

calculations are shown in figures 16, 17 and 18.

1.5. Checking the strength of the rollers and plate

The tension forces are not evenly distributed dher whole chain loop.
Figure 19 shows how the greatest tension forcemate part of the chain that
is geared with the driving sprocket. As the linkstlee chain move over the
sprocket, the tension forces decrease and becommahiupon the link leaving
the sprocket.

Depending on the position of plates within a cHaik, the ' and 2° load
layouts arise. Figure 20 shows how the hinges pldtes located inside and the
hinges with plates located outside gear with thredet by turns.

The bending moment and the transverse force diayee determined for
both hinges and then the calculation is made ukiegesulting diagram.
Contact area projection onto the directidn

c=2r sin%; (22)

N
p= (23)
whered = Cppm - B
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1.6. Research on sprocket chain gearing

1.6.1. Research on the performance of dismountabé®nveyor
chains with sliding friction hinges

The conveyor chains with sliding friction hingesdafree rotating rollers
(for instance, &OCT 589-71 standard chain, etc.) have been known] tiog2e
the roller heads worn out all over the circumferernithis means that the rollers
rotate when operated, thus deteriorating quite lgyemhich improves the
durability of the chain. Sometimes the rollers dat motate and therefore
deteriorate one-sidedly. Such hinges are disruptetier. The durability of a
conveyor chain with rotating rollers was about 2.8-times higher than that of
a chain with fixed (non-rotating) rollers [4].

Part a of the figure 23 shows a layout of a clialnl being geared with the
sprocket. Since the link 2 is already geared wWithdprocket and turns together
with it and the roller 4, the sliding and frictiori the effective surfaces goes on
within the hinge 4. For the purposes of furtheeessh, the link 1 being geared
will be considered driving towards the link 2.

The following cases are possible:

1. The roller 4 does not rotate towards the sprockecog 3.In this case, the
possible rotation of the roller 4 is hampered by ftiction forceF;, between

the back end of the link 2 and the roller 4, aslwsl by the friction force
between the sprocket cog 3 and the roller B;—fig. 22, b). In this case the
active friction moment’,, of friction forceFy, is less than the friction force

Ff, and thef; friction momentl"Ff and the surfrFB:
fFl <fF2 +fFN (24)

wheref — friction factor;
F, — tension force of driving link 1;
F, — tension force of link 2;
Fn — normal reaction from the sprocket cog 3 ontortiiier 4;
d; andd, — diameter of the roller’s friction surface.

2. The roller rotates towards the sprocket cog (fig23).In this case:
fF => fF2 + fFN (25)

If the roller 4 does not rotate towards cog 3, lthk 2 turns together with
the sprocket and the immobile roller 4 by the angléAs a result of the
application of forceFs,, the effective surfaces of the front ends of thegs 1
wear out, as well as the roller pivot within the &B. Arrows in the figure 23
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b show the direction of contact surface upper laijgormation for the roller 4
and the plates 1 and 2.

Upon leaving the sprocket, link 2 becomes theindgilink. There are two
possible options here as well — the roller doesrofate towards the sprocket
cog, or the roller does rotate towards the sprockgt
In order to analyze the roller rotation area, thgutarities of changes in forces
F, and Fy are to be determined. The forces being activenduthe chain
gearing are shown in the figure 25.

If the roller does rotate, the following forceslugnce the plates being geared:
F1, F, N and the braking forceH;.
If the roller does rotate

XX =0;
__ Fy(sine—ficose)
F, = sin(p+a—-y) (26)
XY =0;
N = F,(cos e + f; sine) — F, cos(p + a — ); 27)

1.6.2. Research on the performance of dismountabb®nveyor
chains with rolling friction hinges

There are several researches done on the thegganing and the rational
selection of sprocket parameters [4, 6]. A dismabiet plate conveyor chain
with one-sided rotation of the links and rollingicfion hinges has been
developed [5]. The chain consists of inner and rolit&k plates and free
rotating rollers. Throughout all the tests, thdimgl friction hinge chain has
shown better durability compared to such of seradins with sliding friction
hinges.

The further example considers the gearing of a epowchain link with a
driving two-way sprocket cog, the link turn angksngys = 360 m/z, where m
— number of sprocket strokes; z — number of cogs.

In the position shown hereby, the link 2 is alregéyared and the link 1 is
being geared. The final moment of link 1 being gdamatches the moment
when the component 9 and the sprocket cog 7 toach ether. For the
purposes of further research, the link 2 will ba@sidered driving towards the
link 1. The roller 4 is affected by the tensiondes (k, F,) from the links 1 and
2, as well as by the reactioR Bf the sprocket cog (fig. 26).

According to the designations used in the figudethe balance conditions
for the chain roller 4 are expressed with the feitay equations:
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Zx; = 0; Fy;cosyj + Fyjsin By — Fyy sin§;_;sgnXqq; —
—Faxising;_; sgnxy5 — F; = 0;

Zy; = 0; Fy;siny; — Fyj cos By + Fyyj cos§_ysng Xqq; +

+Faxi + Faij cos §_15gnXy5 = 0; (28)
IMy; = 0; Fpi[bsin(y; — §i-1) — X1z cos(y; — §i-1)] +
+A1Fnisgn §i_y + Fy(xq15c08§_y —bsing_;) —

—bF1xisgn Xq4; + bFyisgnky,; = 0.

A

where Fy,; andFy; — rolling resistance forces, N;
F.; andF,; — tension forces of chain links 1 and 2, N;
Fni — normal reaction, N;
y — mutual rotation angle of the chain links;
f1 — directional angle of the normal reaction;
& — orientation angle of the local coordinates systeoy;;
X1 andxy, — the coordinates of the contact point betweerptages and
rollers [2];
b — half of the roller pivot width.
By solving the equation system (28), the Fy and¢; are determined, if .
0<y<ys

2. Experimental research

This section covers the experimental researchustiad in the laboratory of
the Faculty of Engineering of the Latvian Universiof Agriculture. The
experimental research involved comparing a slidimgion hinge chain to a
rolling friction hinge chain on two test bencheteTconclusion of this section
provides a calculation of the economical benefitmed through the usage of a
rolling friction hinge chain.

2.1. Experiment benches

2.1.1. Closed chain loop experiment bench

The closed chain loop experiment bench is depictettie figure 26. The
force from electric engine 1 is applied to the ohE8 by means of belt pulleys
6 and 7, belt 11, reducer 2 and the driving chaiocket 4. To simulate the
operation of the chain under load, the bench h&ydraulic pump and an
adjustable throttle valve installed (the throttlalvwe calibration diagram is
shown in the figure 4.5). The hydraulic pump israped by means of the chain
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sprocket 5, reducer 3, belt pulleys 8 and 9 and b@l The alterations of
passage through the throttle valve 13 cause tliedpplied to the chain 18.

2.1.2. Forced chain research bench

Determining the durability using a closed chaiopdakes a lot of time. In
general, just one research on the regularitiekefricrease in the average chain
pitch may take dozens of hours. The forced chaearch bench (fig. 28) has
been developed to allow a faster determinatiornefdptimal chain design and
the necessary hardness of the components’ effestiffaces without having to
manufacture a lot of chain components beforehangh $ench ensures the
smooth, persistent oscillatory (there and back) enment or the rotary
movement (including backwards) of the chain unddfemnt workload
conditions, which is typical for chain conveyorsméhour of experimentation
on this bench equals some 5.6 hours of work onrérpat bench No. 1.

The operational principles of the bench are shawthe figure 28. The
rollers 13 are driven by the electric engine 1 wdthsingle degree worm
reduction unit 2, the chain drive 3 and the chained23 (for rotary movement)
or the crank gear for oscillatory movement (fig).ZBhe rotary moment form
the sprockets and cardans Il is transmitted todhers 13 being researched.

2.2. Methods of research

One of the main parameters of a chain is the cpiaim t, which changes
under the influence of the chain hinge componeaétérioration. In order to
evaluate the deterioration of the components dfiagncin a certain period of
being operated under certain workload, the chailoasled with the force of
= 3500 N. The duration of the load is also record®ading the experiment, the
deterioration (and therefore the chain pitcls measured at two different chain
links, every link consisting of 16 plates and 8exd.

The figure 29 shows the part of the plate measheedby (distance b). The
figure 30 shows the part of the roller being meedudistance a). The rollers
are being measured In 4 different places, as tller komes into contact with 4
plates, so it has 4 effective areas. The figurst8iws the measurement of the
chain pitch. The chain pitch is measured betweenrdliers, with the overall
length of the chain link also being measured (timitd are being measured
during this experiment, each consisting of 16 glated 8 rollers).

The chain pitch is measured with vernier callipargd the rollers and plates
are measured with a micrometer. In order to endie precision of
measurements, a special auxiliary device was usdik the plates in place.
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The precision of measurements for the chain fitst0D,1 mm. The precision of
measurements for the roller seand the plate sizeis 0,01 mm.

2.3. Results of the experiments

The results of the experiments conducted on theed chain loop bench are
shown in the figure 32. It shows the pitch changka sliding friction hinge
chain and a rolling friction hinge chain operatedier the same circumstances.

The figure 32 shows that after having experiméntalsted the chain pitch
tvia changes, these were 4.4 times bigger in the gliffiation hinge chain than
in the rolling friction hinge chain.

The figure 33 shows that the deterioration oferdlin the sliding friction
hinge chain is 9.4 times bigger than that in tHéngpfriction hinge chain.

The deterioration of chain plates is shown infigare 34. As the diagram
shows, the deterioration of plates in the slidingtibn hinge chain is 1.9 times
bigger than that in the rolling friction hinge chai

The forced research (experiment bench No. 2) dihgpfriction hinges and
sliding friction hinges showed the chain pitch esien of the sliding friction
chain being 3.4 times bigger than that of the mgllfriction hinge chain. The
ratio of durability of the rollers and plates irettolling friction hinge chain to
that in the sliding friction chain was, respectjye8.8 and 1.7.

Deductions and suggestions

1. The new dismountable conveyor plate chain watling friction hinges
has been developed. Five patents have been issudiiefdesigns of the chain
(with various structural features).

2. The research contains the theoretical substamtiaf the constructive
parameters of the rolling friction hinge, that itwe the size of each effective
surface of the hinge’s components, the roller feapoint trajectory and the
research on the process of rolling.

3. The geometrical shape of the effective surfademllers and plates has
been developed within the research of the rollimgtibn hinge’s constructive
parameters. In order for the rolling to occur, éffective surfaces of rollers and
plates must be cylindrical, the curvature radiusgiag on one side. Therefore,
the roller curvature radiuR, must always be bigger than the plate curvature
radius R;. It has been figured out that the roller and plefiective surface
curvature radiuses depend on the diameter of tker,rthe number of cogs on
the sprocket and the mutual turn angle of the chiaks at the sprocket. The
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sufficiency of roller and plate curvature radiusssandR; for the workload is
checked by the permissible contact tensions withgrolling hinge.

4. In theoretical research was obtained relatignsfir chain pivots
characteristic point trajectory. Trajectory coostas are dependent on the
diameter of the cylindrical part of pivot, turnirangle and the plate active
surface radius. These relationships are neceseacpristruct the plate hole
geometry, combined with the friction forces in ttfein hinge prevents hinge
slides.

5. The kinematical feature of the rolling frictibmge chain is that the chain
pitch changes depend on the mutual turn angle efptates. The theoretical
research resulted in the discovery of the regidariheeded to determine the
chain pitch changes. The chain pitch change dependbe roller and plate
effective surface curvature radiusBs and R,, the mutual turn angle of the
plates and the size of rollers and plates. Thengbiégéh change does not exceed
the acceptable pitch bounds.

6. The rollers of the chain being researched asplatied in the vertical
plane. Due to this, the chain heaves downwardsruitgl®wn weight, which
causes the roller warp within the vertical planéds been figured out that the
deflection of a roller from the vertical positioncreases the load at the upper
hinges by 7 to 19% compared to the lower hinges.

The roller warp within the vertical plane causes é¢fastic plastic deformations
in the upper plate hinges. The upper hinges arerahefld 4% more and the
rollers shift in the direction of movement withinet vertical plane, which has
an impact on the rolling within the hinge.

7. Chain with step t = 125 mm rolling friction hieg (with plate active
surface radiu®}; = 34 mm and pivots active surface radRs= 35.4 mm)
contact stresses in the upper plate joints at@efof 30 ... 40 kN is about two
times smaller than the specific pressure of slidifegion hinges.

8. Theoretically and experimentally validated siglifriction hinges work
features: pivots may periodically rotate, thus g wear on the neck.

9. The theoretical research provided the equatiessssary to determine the
forces applied when the rolling friction hinge saged with the sprocket. Being
able to determine these forces is useful for thepmment strength calculations,
the gearing quality analysis and improvement. A edcal analysis of the
chain with at = 125 mm pitch has demonstrated that the fétcen the link
being geared is reduced from 29,4 to 12,7 kN, bet oller and sprocket
reaction is increased from zero to 46 kN, the Ib#ing geared having the
constant force ofF;= 29,4 kN. The rolling friction forces within a lgja do not
exceed 0,05 kN and the turn angle of the roll€g is 0.5y5.

10. The comparative experimental research on theliain loop bench and
on the forced chain research bench has proverttibadurability of a rolling
friction hinge chain was 3,4 — 4,4 times biggemtliaat of a sliding friction
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hinge chain. The hardness of plates in the rolfiicgion hinge chain has been
42 HRC, the rollers were 30 HRC hard.

11. It has been figured out during the experimergséarch that the rollers in
a rolling friction chain were 6,8 — 9,4 times maiable that those in a sliding
friction chain, the plates respectively being 1,94imes more durable.

12. The economic advantage of the usage of roflifgfion hinge chains
expressed in money is Ls 3,48 a year per one rakthe chain.

13. As a result, the author suggests the dismolenfdate chains with rolling
friction hinges, thermally treated rollers (HRC 3040) and plates (HRC 42 ...
48). to be put into production.
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