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PaccMoTpeHbl ycnoBusi dKCIUTyaTallMu KoJiecHBIX (opBapiepoB. Omucanbl TpeOoBaHMs K 3P (HEKTHBHOCTH
TOPMO3HOH CHCTEMBI, a TAK)KE€ METObI UCTIBITAaHUI paboveil U CTOSTHOYHONH TOPMO3HOM CHCTEMBI KOJIECHBIX JIECO3aro-
TOBUTEJIHHBIX MAIMH NPH paboTe Ha MoJbeMax U cIlyckax BeduuuHoH 110 50%. [IpencraBiieHbl camble TSXKETbIE CITy-
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Abstract

The operating conditions of wheeled forwarders have been considered. The requirements for the efficiency of the
braking system are described, as well as methods for testing the working and parking braking systems of wheeled for-
estry machines when operating on ups and downs of up to 50%. The most severe brake loading situations in terms of
keeping the forwarder on a slope have been shown. A calculation scheme for determining the loads in the contact patch
during the descent of a wheeled forwarder has been drawn up. The initial data necessary for calculating the braking sys-
tem of the machine have been given. The results of calculations of reactions when the forwarder is located on a horizon-
tal support surface and the calculation of reactions in the contact patch of the wheel during descent and ascent are given.
The technical parameters of the braking system of the NAF TAP 7601 balancer axles used on the developed machine
have been presented. The results of calculations of the braking properties of the forwarder in running order and at full
weight on the descent (characterized by the parameters a = 40% and a = 50%, as well as on the ascent o = -50%) have
been presented. The results of calculations of the required braking torque on the wheels of the machine, the maximum-
realized braking torque for the adhesion of all wheels of the front and rear axles of the machine have been presented.
The safety factor of braking mechanisms and the safety factor for adhesion have been given.
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BBenenue

B necHOl MNpPOMBIIUIEHHOCTH TEXHUYECKUU
HPOrpecc 3aBUCHUT OT MPOIPECCUBHOCTH TEXHOJIOTHYE-
CKHUX IPOLIECCOB, TEXHUYECKOTO YPOBHSI JIECO3ar0TOBHU-
TEJNBHBIX MAIIUH, a TAKKe dPPEKTHBHOCTH UX PAOOTHL
Ha momio obopynmoBaHus W WHCTPYMEHTa B JIECHOH
MIPOMBIIICHHOCTH TPUXOIUTCS Oollee MOJOBHUHBI Ka-
MUTAJIOBIIOKEHUH.

Poccuiickue u 3apyOeXHBIE UCCIEAOBATEIH OT-
MEYarT aKTyalbHOCTh BHEIPEHUS TEXHOJIOTHYECKUX
NPOLIECCOB 3arOTOBKH JIPEBECHHBI, OCHOBaHHBIX Ha
NPUMEHEHNH CIICIHaTN3UPOBaHHBIX KOJIECHBIX JIEC03a-
TOTOBHUTENBHEIX MamH. C KaXIbIM TOJOM JIECOTPO-
MbIlIUIEHHBIe Tipeanpusitusi Poccuiickoit ®deneparuu
OTHAarOT Bce Oonpmie mpeamouTeHns CKaHIMHABCKON
TEXHOJIOTHUH 3arOTOBKH IPEBECHHEI, TIPU KOTOPOH WC-
MOJIB3yeTCS KOMIUIEKC MAIlHH, BKIIIOYAIOMINHA B cels
xapBecTp W (QopBapaep Ha KOJECHOM JBIDKHTEIE.
JlaHHBIE MaITMHBI OPHEHTHPOBAHBI HAa 3aTOTOBKY KPYyT-
JIOTO APEBECHOTO CHIPBS B BUJIE COPTUMEHTOB C TIOCIIe-
JYIOIIEH UX TPEIEeBKOH 110 JeCOCeKe B MOJHOCTHIO IM0-
TpyXeHHOM cocTossHuHM. OCHOBHBIE TpeOOBaHMS,
TIpeIbSIBIIIEMBIC K KOJIECHBIM (popBapaepaM — 3TO BEI-
COKHEe pabodre CKOPOCTH IBIDKEHUS, XOPOIIas IPOX0-
IUMOCTh, KOM(OpPTHBIE YCIOBHSA Tpyla OmIepaTopa,
0e30macHOCTh MpH paboTe, obecmeunBaemas 3 dek-
THBHOM TOPMO3HOH cuctemoii [1, 2, 3, 4].

YcnoBusi, B KOTOPBIX ASKCIUTyaTHPYIOTCS (op-
BapZepsl BecbMa pa3zHooOpazHbl. OHM XapaKTepu3yIoT-
Csl TIEPEeCeUeHHBIM pelibe)OM MECTHOCTH, cllaboHecy-
OIMMHA TPYHTaMH, BCTPCUAIOMIMMUCS CIUHUYIHBIMA
HEPOBHOCTSAMH (TIHH, KaMHH, BaJIS)KHUK), KPYTHIMU
MOTFEeMaMU U CIIyCKaMu U T.10. [5, 6]. [Ipu sToM B man-
HBIX YCJOBHSAX omepaTopy ¢opBapaepa HEOOXOIUMO
BBITNIOJTHATE TEXHOJOTWYIECKHE OIEPANU IOTPY3KH U
pasrpy3Kd COPTUMEHTOB C YaCTHIMU OCTAaHOBKAaMHU Ma-
muHkI [7].

B pabote mpoBoauTcs MccieaoBaHue 1o Ompe-
JICTICHUIO Harpy30K B TSTHE KOHTakKTa KOJIEC, pacder
TOPMO3HBIX MEXaHHU3MOB IIAPHUPHO-COWICHEHHOTO
¢dopsapnepa konecHol (Gopmynoit 8X8 At pa3nUIHBIX
YCIIOBUH (TOPU30HTAIILHOE ITOJIOKEHHUE, CITYCK U MOb-
em) [8].

Texumueckue TpeOOBaHUS K pabodeid M CTOs-
HOYHOH TOPMO3HBIM CHCTEMaM JIECO3arOTOBHTENBHBIX

MaIIWH JTOJKHBI COOTBETCTBOBAThH TpeboBanusim ['OCT
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ISO 11169-2011 [9].

Cormacao I'OCT ISO 11169-2011 «Tpaxtopst
JIECOTIPOMBIIIUICHHBIE U JIECOXO3SHWCTBEHHBIE KOJIEC-
HBIE, MAIIMHBI JIECO3arOTOBHUTENBHBIE M JIECOXO35HCT-
BEHHbIE KouyiecHbIe. TpeOoBaHMs K (PQPEKTUBHOCTUH U
METO/bl WCTBITAHUH TOPMO3HBIX CHCTEM» pabodas u
CTOSTHOYHAsi TOPMO3HBIE CHCTEMbI JIOJDKHBI yIICPIKHU-
BaTh HETIO/IBM)KHO MAIMHY IIPYU TIEPEHEM U 33THEM €€
nonokeHnH Ha yxioHe 40% [10, 11, 12].

CaMBIM TSDKENBIM C TOYKH 3pPEHUS YAEpXKaHHs
dopBapaepa Oyner ciaydail CIycka ¢ YKJIOHA, TOCKOJb-
Ky B OTOM cClilydae BO3HHKAIOT OOJBIINE 3HAYCHUS
HOPMaJIbHBIX peaKluil B KojecaX, M0 CPaBHEHHIO CO
cinydyaeM noasema [13, 14, 15]. Ero pacuetHas cxema

MpeCcTaBlIcHA HA PUCYHKE 2.

MaTepua.u bl 1 ME€TO/AbI

Pacuer craTuyecknx peakuuii mo ocsiMm

BrinosiHEH pacyeT CcTaTU4ECKUX PEaKLUil Mpu
TOPU30HTAIILHOM TOJIOKESHUH, OJbEME U CIycKe (op-
Bap/iepa NpH CHApsHKEHHOH M MOMHOI Macce.

HcxonHble qaHHBIE AJI pacdeTa MpeCTaBlIeHbI
B Tabmme 1.

[Ipn pacuerax OBLIM NPUHSATHI JTOMYLICHUS O
TOM, 9TO KECTKOCTB ITOJIBECKH KaKJIOH M3 OCEH oMHa-
KOBa, KOHTAaKT KOJIECA C OMOPHOW HMOBEPXHOCTHIO TO-
YEYHBII, peakUus OT 3aJHEH TENEXKKU IPUWIOKEHA K
OIMOPHOMY OCHOBAHHUIO, JIMHUS €€ JEUCTBUS MPOXOIUT
4yepe3 och BpallleHUs OaaHcupa.

Pacyer peakuuii nmpu pacnoJioxkeHuu ¢op-
BapJepa HAa TOPU3OHTAJIbHOW ONOPHOI NMOBEPXHO-
CTH

Pacuernas cxema omnpenencHuss Harpy3ok B
ISTHE KOHTAKTa IPH TOPU3OHTAIBHOM IOJIOKCHUU
¢dopBapaepa npeacraBieHa Ha pucyHke . Hagamo xo-
OpAWHAT MPHUHATO B LIEHTPE MEPEAHETO OamaHcHpa.

Peaxius Ha nepeaHem OanaHcupe:

M-g-(l4—1
Ry = "0 (M
4
Peaknus oz nepeHUIM KOJIECOM:
R
R,y = fl 2
Peaknus Ha 3agHeM OanaHcHpe:
R22=M'g_Rzl (3)
Peakius o 3aJHUM KOJIECOM:
R
Ry =2 “)

4
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Pucynok 1. PacuerHas cxema onpesiesieHus1 Harpy30Kk

B IIITHE KOHTAKTa IIPH TOPH30HTAIBHOM ITOJI0KCHUHN
¢dopsapaepa
Figure 1. Calculation scheme for determining the loads in the
contact spot at the horizontal position of the forwarder
HcTouHMK: cOOCTBEHHAs! KOMITO3MIIMS aBTOPOB
Source: author’s composition

[TonmyuyeHHbIe pe3yIbTAaTHl pacdeTa OTPAKCHBI B
Tab. 2.

Pacyer peakumii B nmsiTHe KOHTAKTAa KoJeca
MpH cIycKe U MogbeMe

PacuetHast cxema omnpeneneHus Harpy3ok B
MATHE KOHTAKTa MpPU CITyCKe (QopBapaepa MmpeacTaBie-
Ha Ha puc. 2. PacueTHas cxema omnpeaesneHus Harpy3o0Kk
B IISITHE KOHTAKTa MpH ToabeMe (opBapiepa Ipen-
cTaBlieHa Ha puc. 3. Hawamo koopawHAT TpUHATO B
IeHTpe nepennero 6amancupa. [Ipu pacdyere mapamer-
POB IIpHU CITyCKe MPUHUMAETCS MOJOXKHUTEIbHOE 3HaUe-
HHUE yTia 0, TP MoIbeMe — OTPHULIATENIFHOE.

Peakuust Ha nepenHeM Oanancupe:

Rz1 — M-g-sin(a)zc+M-g-cos(a) (l4—1¢c) (5)

ly
PeaKHI/Iﬂ moa NEPEAHNM KOJIECOM:

Rz1
Ry11 = f (6)
Peakmus Ha 3agHeM OagaHcupe:
Rpy=M-g—Ry, (7
Peaxius moj 3alHUM KOJIECOM:
Rz2
Ry = f (3

Pe3ynbraThl pacueToB OTpakeHbl B Tadm. 2.
Taroke B TaOJUIy BKIIOYCHBI PE3yJbTaThl IS CIIyCKa
Ha ykione 40 %, HeoOXOaUMBbIE I pacyeTa TOPMO3-
HBIX CBOMCTB.

Jlecorexun4uecknii :xypHaa 4/2021

Pucynoxk 2. PacueTHas cxema omnpenesieHHs Harpy30K
B IIITHE KOHTAKTa U ciycke (opBapiaepa
Figure 2. Calculation scheme for determining the loads
in the contact spot during the descent of the forwarder
VcrouHnk: cOOCTBEHHAs KOMITO3UIIUSI aBTOPOB

Source: author’s composition

Pucynok 3. PacuetHast cxema ornpeesieHus: Harpy3oK

B IIITHE KOHTAKTa IpH IoabeMe popBapaepa
Figure 3. Calculation scheme for determining the loads
in the contact spot when lifting the forwarder
Hcrounuk: coOCTBEeHHAs KOMITO3HIHS aBTOPOB

Source: author’s composition
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Tabnuma 3
HcxonHbie naHHBIE
Table 3
Initial data
[TapameTtp Ornucanue
Parameter Description
CHapspkeHHast macca opBapJepa, Kr 21 000
Curb weight of forwarder, kg
ITonnas macca, Kr 41000
Gross weight, kg
MakcuMabHBIH yToJI IPeo10JeBaeMOro moabema, o, % (°) 50 (26,565)
Maximum angle of ascent to be overcome, a, % (°)
Chapspxennast Mmacca | Curb weight
PaccTostare BIoab ocu X OT Havyalia KOOPIMHAT JI0 IIEHTPA TSHKECTH, 1., MM 2782
Distance along the X-axis from the origin to the center of gravity, I, mm
PaccTosiHne Boonb ocu Z OT Havyana KOOPAMHAT JI0 LUEHTPa TKECTH, Z;, MM 539
Distance along the Z axis from the origin to the center of gravity, Z., mm
[MomHast macca | Gross weight
PaccTostare Booas ocu X OT Hadaia KOOPIMHAT 10 IEHTpa THKECTH, 1., MM 4234
Distance along the X-axis from the origin to the center of gravity, 1., mm
PaccTostare BIONH ocu Z OT Hayajia KOOPAMHAT JI0 HEHTPa TSHKECTH, Z,, MM 1452
Distance along the Z axis from the origin to the center of gravity, Z., mm
HcTouHuK: COOCTBEHHBIC BHIYUCIICHUS aBTOPOB
Source: own calculations
Ta0nwuma 2
Pe3ynbTaThl pacueToB HOPMAJIBHBIX peakiuil popeapaepa
Table 2
Results of calculations of normal reactions of the forwarder
IMapametp I'opus. nonoxe- Cnyck Cryck Moxbem
Parameter HUe o=40% a=50% a=50%
Horiz. position Descent Descent Lift
CHapspkennas Macca | Curb weight
HopwmanesHas peakiust Ha mepenHeM 6anancupe, KH 113,53 98,76 93,54 109,55
Normal reaction on the front balancer, kN
HopmanesHas peaknus Ha iepegHeM konece, KH 28,38 24,69 23,385 27,388
Normal reaction on the front wheel, kKN
HopwmanesHas peaknus Ha 3amHeM Oamancupe, kKH 92,407 92,45 90,66 74,65
Normal reaction on the rear balance beam, kN
HopmanbsHas peaknus Ha 3agHeM KoJiece, kKH 23,10 23,11 22,67 18,66
Normal reaction on the rear wheel, kKN
[Monnas macca | Gross weight
HopwmansHas peakiust Ha mepenHeM 6anancupe, KH 127,50 83,41 71,92 156,15
Normal reaction on the front balancer, kN
HopmanbHas peaknus Ha iepegHeM kodece, kH 31,87 20,85 17,98 39,037
Normal reaction on the front wheel, kN
HopmanwHas peaknust Ha 3agHeM OanaHcupe, KH 274,58 289,91 287,7 203,48
Normal reaction on the rear balance beam, kN
HopmanbsHas peaknus Ha 3agHeM KoJiece, kKH 68,64 72,48 71,93 50,87
Normal reaction on the rear wheel, kN

I/ICTO‘JHHK: CO6CTBGHHLI€ BBIYHUCJICHUS aBTOpOB
Source: own calculations
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Tabmuma 3
Texanueckne nmapameTpsl TopMo3HOM cucteMbl MocTa NAF TAP 7601
Table 3
Technical parameters of the brake system of the axle NAF TAP 7601
Pabouast Topmo3nas cuctema | Service brake system
Topmo3Hoit MomeHT ¢pukunonoB (quH.), H-M | Braking torque of the frictions (din.), N-m 3300
Topmo3Hoit MomeHT kosnec (auH.), H-M | Braking torque of wheels (din.), N-m 60000
Topmo3Hoit MomenT ¢pukunonos (crat.), H-m | Braking torque of the frictions (stat.), N-m 5000
Topmo3noii MomeHT kouec (ctat.), H-M | Braking torque of wheels (stat.), N-m 90800
[Jasnenue, 6ap | Pressure, bar 80..100
AKTHBHAs IUTOIIA/b MOPIIHS, MM~ | Active area of the piston, mm’ 1410
Tpebyemoe HauasbHOE AaBieHue, Oap | Required initial pressure, bar 0,5..1,5
Xox, MM | Stroke, mm
HOBBIE (PPUKIMOHEI | new friction 5-6
MaKCHMaJIbHOE 3HaYeHHue | maximum value 11
CrostHouHas TopMo3Hast cucteMa | Parking brake system
Topmo3Hoit MomeHT ¢pukunonoB (crat.), H-m | Braking torque of the frictions (stat.), N-m 6200
Topmo3Hoit MoMeHT kounec (ctaTt.), H-Mm | Braking torque of wheels (stat.), N-m 112 000
[TporuBonasnenue, 6ap | Back pressure, bar 40..80
AKTHBHAs [IOIIAb MOPIIHs, MM~ | Active area of the piston, mm’ 4880
Xox, MM | Stroke, mm
HOBBIEe (PPUKIMOHEI | new friction 5-6
MaKCHMaJIbHOE 3HaueHHe | maximum value 11
HUctounuk: nafaxles.com
Source: nafaxles.com
Tabmuma 4
Pe3ynbraThl pacueToB TOPMO3HBIX CBOMCTB (hopBapmepa
Table 4
Results of calculations of braking properties of forwarder
[Tapametp Cryck Cryck [Homsem
Parameter a=40% a=50% a=-50%
Descent Descent Lift
Chapsokennast macca | Curb weight
TpeOyeMmslit cyMMapHBIi TOPMO3HOH MOMEHT, Tropy, KH M 51,02 61,43 -61,43
Required total braking torque, Tyopw, KN-m
KoadduiuenT 3anaca TOpMO3HBIX MEXAHU3MOB, Kyopy 3,56 2,96 2,96
Brake reserve ratio, Kiopy
MaxkcuManbHbI CyMMapHBIH MOMEHT KOJIEC MO TPEHUIO, Teyen, KH M 70,14 67,57 67,57
The maximum total friction torque of the wheels, Teyern, KN-m
KoaddummenT 3amaca 1mo cueruieHuto, Keye, 1,37 1,1 1,1
The coefficient of the clutch reserve, Keyen
[Monnas macca | Gross weight
TpeOyeMmelit cyMMapHBIi TOPMO3HOH MOMEHT, Tropy, KH M 99,6 119,93 119,93
Required total braking torque, Tpy, KN-m
KoadduruenT 3anaca TOpPMO3HBIX MEXAHU3MOB, Koy 1,82 1,514 1,514
Brake reserve ratio, Ko
MakcumanbHblii CyMMapHBI MOMEHT KOJIEC 10 TPEHUIO, Teyen, KH' M 136,95 131,93 131,93
The maximum total friction torque of the wheels, T.;en, KN-m
KoaddummenT 3amaca o cueruieHuro, Keyen 1,37 1,1 1,1
The coefficient of the clutch reserve, Keyen
HcrouHuk: COOCTBEHHBIE BHIYUCICHUS aBTOPOB
Source: own calculations
Jlecorexun4uecknii :xypHaa 4/2021 129
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MaxcumanbsHasi HOpManbHasi Harpy3ka Ha MOCT
289,9xH Bo3HHMKaeT mpH MOJIHOI Macce MpH CITyCKe Ha
40% ykiI0HE, COOTBETCTBYIOIAs] HOPMaJIbHAsI HArpy3Ka
Ha KoJjieca cocTaniser 72,48 kH.

Pe3yabTaThl U 00CyKI1eHUE

HcxonHble maHHBIE UL pacdeTa U Pe3yIbTaThl
pacdeTa HOpMalbHBIX peaknuil Rz oTpaxxeHsl B TaOIH-
ne 1 m 2 coorBeTcTBEHHO. PaccMaTpuBaioTcs ciydau
crycka npu yrine 40% mis ynoBiaeTBopeHus: TpeboBa-
Huit OCT ISO 11169-2011, a Takxe crnycka U MOIb-
ema tipu yrae 50% i yJIOBICTBOPEHUS TPpeOOBaHUS
TexHHYeCKOro 33/1aHHS TI0 TPEOIOJICHUI0 MaKCUMaJTb-
HOTO YKJIOHA.

3HadyeHHe TpeOyeMoro i yaep>kaHus Gopsap-
Jepa CyMMapHOTO TOPMO3HOTO MOMEHTa KOJIEC OIIpe-
nerstercs mo gopmyne (9):

TTOpM =M-g- Sin(a) " Tko» ©)
rne M — macca ¢dopsapuepa;

0. — YroJl HaKJIOHA OTIOPHOT'O OCHOBAHHUS;

I'vo — CTaTUYECKUH panuyc Koneca. s MIMHBI
750/55 B26.5 1, = 667MM.

KoaddumumenT 3amaca TOPMO3HBIX MEXaHH3MOB

¢dopsapuepa onpenensiercs o popmyie (10):
, (10)

CYMMAapHBII TOPMO3HOH MO-

Z'TTopM,MOCTa

kTOpM -

TTOpM
rac TToprMoc’ra -
MEHT BCEX KOJIEC MOCTA.

Ha ¢opBapuepe mianupyercsi HpUMEHSITh MOC-
Tol NAF TAP 7601. Texandueckue mapameTpsl TOp-
Mo3Hoit cuctemsl Mocta NAF TAP 7601 mpencrasie-
HBI B Ta0mte 3.

W3 rtabmuuel 3 mpuHuMaeM Tigpy voera™ 90,8
kH'M — TOpMO3HOI MOMEHT pabodyero TopMos3a B CTa-
THKe (3a0J0KMpOBaHHOE mojoxeHue). IIpu BbimosHe-
Hun tpedoBanuit 'OCT ISO 11169-2011 u Texuunue-
CKOT'0 331aHHs pabOYMMHU TOPMO3aMH, UX BBIIOJTHEHUE
CTOSIHOYHBIM TOPMO30M CTAaHOBHUTCSl TapaHTHUPOBAaH-
HBIM, IIOCKOJIBKY 3HAayeHHWE TOPMO3HOTO MOMEHTa
CTOSIHOYHOH TOPMO3HOW CHCTEMBI OOIbIIEe 4eM pado-
yeit (tabimma 3).

Tarxke TPOBOAWTCS pacyeT MaKCHUMAaJIbHOTO
MOMEHTA O TPEHUIO IJI MOATBEPIKIEHHUS BO3MOXKHO-
CTH OCTaHOBKHM W HaxoXIeHUs QopBapaepa B 3aaaH-
HOM TIOJIOKEHHH. MaKCHMaJIbHBI CyMMapHBIH MoO-

MCHT KOJIEC IO TPCHHUIO:
Tcuerl =M- g COS((X) "W Tko, (1 1)
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rae | — kodpunueHT cuersienns. s TBepIo-
r'0 CyXOro OIOPHOTO OCHOBaHUS MpHHUMaeM L = 0,55.

KoadduumenT 3anaca mo TPEHHIO OMPEaCIIACT-
cs1 o popmyie (12):

Teuen

k. =

cren

(12)

IlonyueHnHble pe3ysbTaThl pacCi€TOB TOPMO3HBIX

TTopM ’
CBOHCTB (hopBapepa npeacTaBieHs! B Ta0I. 4.

[To momy4yeHHBIM pe3yibTaTaM BHIHO, YTO BCE
3HaYeHHsT KOA(D(UIIMEHTOB 3amaca TOPMO3HBIX MeXa-
HU3MOB H KO3()(HUIIMEHTOB 3amaca IO CLEIUICHHIO
UMEIOT 3HadeHus > 1. Mcxoas U3 3TOro MOXKHO cre-
JaTh BBIBOJI, YTO HMEIOIIMECS TOPMO3a IO3BOJIIOT
ynosietBopsaTh Tpebopanus ['OCT ISO 11169-2011 u
TexHuuyeckoro 3agaHusl.

Pacuer pacnpepaejieHMsi TOPMO3HBIX MOMeH-
TOB M0 MOCTaM

B nanHOM YacTu MpOBOIUTCS pacyeT pacipene-
JICHUS TOPMO3HBIX MOMEHTOB IT0 MOCTaM C LEJIBIO I10-
JTy4YSHHS PEKUMOB UX PaOOTHL

YpaBHEHHE pPABHOBECHS OTHOCHUTEIBHO TIPO-
JIOJIBHOM OCH UMEET BUIL:

M- g-sin(a) = Ry; + Ryy, (13)

roe Ry, Ry — cymmapHbie npoaosbHble peak-

LU KoJec, MPUBEIECHHBIE K OCH MEPEeIHEero U 3aJHEro
MOCTa COOTBETCTBEHHO.

B ciyuae, korma MoOMeHTa TOPMO3HBIX MeXa-
HU3MOB MOCTa JJOCTATOYHO JAJISl yAEPKAHHsI COOTBETCT-
BYIOIIETO MOCTa, 3HAYCHHs IPOJOIBHBIX PEaKIIHi,
BO3HHUKAIOIMIUX B KOJIECAX B CTATHYECKOM ITOJIOKCHHH,
pasnensaTcs MPOMOPIUOHAIBHO HOPMATBHBIM PEaKIi-

M

Rz
Rxl = R_Z:sz, (14)

Torna ypasaenue (13) mpumer BuI:
M- g-sin(a) = 22 Ry, + Rz, (15)
Z2

Ucxons u3 ypasaenus (15) Haxomsrcs 3Hade-
HUS TIPOJIOJBHBIX peakUui 3aHel Tenexkku Ry, nanee
n3 ypaBHenus (13) onpenensitorcsi 3Ha4€HHUS TPOJIOJb-
HBIX peakuuil nepeaHen Tenexxku Ry,
Tpebyemble CyMMapHBIE TOPMO3HBIC MOMEHTEI
KOJIEC TENEKEK OTPENENIIOTCS IO (GopMyIIe:
Tropwi = Rxi " Tkos (16)
rae Tropwi — CyMMapHBIif TOPMO3HOH MOMEHT i-

OM TENEKKH.
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Koaddumument 3amaca TOpMO3HBIX MEXaHU3MOB
MOCTa onpezeIsercs no Gopmye:

k

TTOpM_MO cra

T.

(17)

MakcuManbpHbli CyMMapHbIii MOMEHT KOJIEC I10

TopMi

Topmi

TPEHHIO, NMPHUBEACHHBIH K OCH MOCTa OIPEAENIATCS 110
hopmyie:
Teeni = Rai " L Tkos (18)
Koa¢p¢punnent 3anaca no TpeHHIo onpenenser-
cs 1o popmyre:

Teneni

(19)

[TonydeHHbIE pe3ynbTaThl paCYETOB TOPMO3HBIX

kcueni =

b
TTopMi

CBOICTB MO ocsiM (opBapaepa IpPEICTaBICHBl B
Tadm. 5.

HccrnenoBanust pe3yibTaTOB pacueTa TOPMO3-
HBIX CBOWCTB (hopBapjepa IpecTaBieHbl Ha puc. 4 B
BUAC qUarpaMmbl paclopeacjacHus TOPMO3HbBIX MOMECH-
TOB I10 BeIymuM MocTaM ¢opsapaepa. Cienyer Bbie-
JIMTh, YTO B CHAPSDKCHHOM COCTOSIHUH IIPH HOABEME B
50% TpeOyeMblii TOPMO3HOI MOMEHT BceX KOJIEeC Iie-
pEIHEro MOCTa, MPUBEICHHBIN K OCH IEPEIHEr0 MOCTa
Tropui = 36,54 xH'M 1npm 5TOM MakcHMalbHO-
peanu3yeMblil TOPMO3HOM MOMEHT IO CLIEIUVIEHHIO BCEX
KOJIEC TIEPEJHEr0 MOCTa, NMPHUBEAEHHBIX K OCH Iepes-
Hero MocTa Teyen = 40,19 kH-M.

Ha nuarpamme (puc. 4) xapakTepHO BbIJeIsIET-
csl, 4TO TNIpHU TOJNHOW Macce (opBapjaepa Ha CITyCKe
40 % u 50 % MakcuMalIbHO-peanu3yeMblii TOPMO3HON
MOMEHT II0 CHEIUIEHHIO BCEX KOJEC 3aJHEr0 MOCTa,
MPUBEACHHBIX K OCH 33JHEr0 MocTa cocTaBui oT 105 —
106 kH'M, a Ha cmycke 50 % TpeOyemblii TOPMO3HOI
MOMEHT BCEX KOJIEC 3aJHETO MOCTa, MPHUBEICHHBIN K
OCH 3aHETO MOCTa cocTaBmiI 10 96 kH M.

Ilo mosy4eHHBIM pe3ysbTaTaM BUIHO, YTO MO-
MEHTa TOPMO3HBIX MEXaHU3MOB 3aJJHEr0 MOCTa HE XBa-
taeT mns1 yaepxkanus IITM nHa 50% yxiioHe, B 3TOM
cilydae, HepeaJr30BaHHas 4acTb MPOIOJIBLHON peakunu
BOCTIPHHUMAETCS TOPMO3HBIMH MEXaHW3MaMH TIepea-
Hero Mocrta. Takoe mepepacrpeneieHie IT03BOIUT
ynosierBoputh tpeboBaums [OCT ISO 11169-2011 u
TexHUUecKoro 3agaHusl.

bblo  mpoBEeNEHO  CpaBHEHHE  TOPMO3HBIX
CBOWCTB C aHaloramMu. AHAaJOTH, COOTBETCTBYIOIINE
MHPOBBIM JIOCTH)KEHHSIM OBUIH OIpeesIeHbl Ha OCHOBE
MaTEeHTHO-MH(OPMAIIOHHBIX ¥ aHAJIUTHYECKHUX HCCIIe-

HOBaHHfI. OCHOBHBIE 3HAYECHHS IOKa3aTeJIel aHaJIoTOB

Jlecorexun4uecknii :xypHaa 4/2021

OTpesieTeHbl Ha OCHOBE M3YUYEHHsI MPOCHEKTOB, KaTa-
JIOTOB 3apyOeXHBIX GUPM U SKCIEPUMEHTANBHBIX JaH-
HBIX uccienosarenei [16, 17, 18].

B kayecTBe OCHOBHBIX TapaMeTPOB MPU BBIOOpE
aHaJIOTOB MPUHSITHI Macca MallWHBI, TI'PY30TOABEM-
HOCTb, KoJiecHast (popMyIta, TOPOKHBIA TpoOCBeT, 6asa,
rabapuTHBIE pa3Mepbl, MPUMEHSICMBIMH  [THHAMHA
750/55 B26.5 m Bce aHANOTH OCHAIICHBI MOCTaMHU
NAF. Texnuueckue XapaKTEpUCTHUKU aHAJIOTOB Ipe.-
CTaBJICHHI B Ta0I. 6.

IIpu uccnenoBaHUM TOPMO3HBIX CBOMCTB pa3pa-
OareiBaeMoOro ¢opmapaepa ObLI MOJydYeH KOI(PQHIIH-
€HT 3araca TOPMO3HBIX MEXaHH3MOB IMEPEIHETO U 3all-
HEro MOCTOB W IIPOBENICHO €ro CpaBHEHHE C TOPMO3-
HbIMH cBoiicTBamu aHasoroB (John Deere 1910E u
Ponsse Elephant King). Koa¢dduuuents 3anaca Top-
MO3HBIX MEXaHHU3MOB IIEPEJHETO M 3aJHEr0 MOCTOB
(dopBapaepoB Ui CHapsDKEHHOH W TIOJHOM MaccChl
MIPECTAaBICHEI Ha prC. 5 (TIPH TOPMOKEHUH Ha CITyCKe
a = 50%) u Ha puc. 6 (IpU TOPMOKEHHH Ha TOABEME
a=-50%).

B pesyinbraTe cpaBHEHHS OBUIO MOJIyYEHO, YTO
paspabaTbiBacMas TOpMO3Hast cucteMa (opBapaepa B
LIEJIOM HE YCTyIaeT MMIIOPTHBIM aHajoraM M B pac-
CMaTpHUBAEMBIX CITydasiX Harpy>KeHHs MO3BOJISIET obec-
MIEYUTH PabOTOCIIOCOOHOCTH MAIINHBEI.

BruiBoabI

1. MakcumanbeHasi HOpMallbHas Harpy3ka Ha
mocT 289,9xH Bo3HWKaeT MpW MOJHOW Macce MpH
ciycke Ha 40 % yKJOHe, COOTBETCTBYIOIIAs HOPMab-
Hasl Harpy3ka Ha KoJieca coctaBisieT 72,48 kH.

2. [lo monmy4eHHBIM pe3yjbTaTaM BHAHO, YTO
BCE 3HAYCHUS KOA(PPHUIMEHTOB 3amaca TOPMO3HBIX
MEXaHU3MOB M KOA(QQHUIMEHTOB 3amaca Mo CHETICHHUIO
uMeroT 3HaueHust > 1. Mcxoast U3 3Toro MoXHO cie-
JaTh BBIBOJ, YTO WMMeEIOMHecs TopMmosa (opapmepa
MTO3BOJISIOT yHOBIEeTBOpATH TpeboBanus ['OCT ISO
11169-2011 u TexHuaeckoro 3agaHusl.

3. Ilo momy4eHHBIM pe3yjbTaTaM BHIHO, YTO
MOMEHTa TOPMO3HBIX MEXaHHW3MOB 3aJIHEr0 MOCTa He
XBaTaeT i yuepxkanus Gopeapaepa Ha 50 % ykione,
B OTOM Clly4yae, HEpeaJlM30BaHHAsl YacTh MPOJOJIBHOMN
PeaxIyy BOCIPUHIMASTCSI TOPMO3HBIMH MEXaHH3MaAMHU
nepenHero Mocra. Takoe mepepacmpe/eneHne 103Bo-
mut yaoBierBoputh Tpeboanus 'OCT ISO 11169-

2011 n TexHuU4ecKOro 3aJaHns.
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Tabmuna 5
Pe3ynbTarhl pacueToB TOPMO3HBIX CBOMCTB MO ocsiM (opBapaepa
Table 5
The results of calculations of braking properties on the axes of the forwarder
ITapamerp Cryck Coyck ITogbem
Parameter o =40% o =50% a=-50%
Descent Descent Lift
CuapspxenHast macca | Curb weight
TpeOyeMmblid TOPMO3HOI MOMEHT BCEX KOJIEC IePEeJHEr0 MOCTa, MPUBEACHHBII K OCH 26,35 31,20 36,54
nepennero Mocra, Trgpy i, KH'M
Required braking torque of all front axle wheels, brought to the front axle axle, Tyopu,,
kN-m
MaxkcuManbHO-peanu3yeMblii TOPMO3HOW MOMEHT 110 CLETIJICHUIO BCEX KOJIEC NepeHe- 36,23 34,32 40,19
IO MOCTa, IIPUBE/ICHHBIX K OcU nepeaHero Mocta Teye, KH M
Maximume-realizable braking torque on the coupling of all front axle wheels brought to
the axle of the front axle Teyen) kKN-m
Kos¢dduuuenT 3anaca TOpPMO3HBIX MEXaHU3MOB HEPEIHETO MOCTA, Krgpy 3,45 2,91 2,48
Coecfficient of reserve of brake mechanisms of the front axle
Koaddurpent 3amaca mo CHemIeHUI0 EPEJHEro MOCTa, Keyent 1,37 1,1 1,1
Coefficient of the reserve on the clutch of the front axle
TpeOyemblii TOPMO3HOII MOMEHT BCEX KOJIEC 3aJHET0 MOCTA, IPUBEICHHBINA K OCH 331~ 24,66 30,23 24,89
HEro MOCTa, Tropyo, KH'M
Required braking torque of all rear axle wheels, driven to the rear axle axle, Tropyo,
kN-m
MaxkcuManbHO-peanu3yeMblii TOPMO3HONM MOMEHT 110 CLEIJICHUIO BCEX KOJIEC 3aJHETO 33,91 33,26 27,38
MOCTa, IPUBEACHHBIX K OCH 331Hero MocTa Ty, KH M
Maximum-realizable braking torque on the coupling of all rear axle wheels brought to
the rear axle axle Teyen kKN-m
Kos¢duuuenT 3anaca TOpPMO3HBIX MEXaHU3MOB 3a[JHETO MOCTA, Krqpyo 3,68 3,00 3,65
Coefficient of reserve of brake mechanisms of the rear axle
KoadduipeHT 3amnaca mo CHEIUICHHIO 33JJHETO MOCTa, Koy 1,37 1,1 1,1
Coefficient of the reserve on the clutch of the rear axle
INonnas macca | Gross weight

TpeOyeMmblid TOPMO3HOI MOMEHT BCEX KOJIEC IePEeJHEr0 MOCTa, MPUBEACHHBII K OCH
nepetHero MocTa, Tropyi KH-M
Required braking torq{le of all front axle wheels, brought to the front axle axle, Tyopyi 22,25 23,99 52,07
kN-m
MakcumanbHO-peann3yeMblii TOPMO3HOM MOMEHT 10 CLIETIIEHHUIO BCEX KOJIEC NEpeIHE-
ro MOCTAa, IPUBEJCHHBIX K OcHU nepeaHero Mocra T e, KH M 30.60 26.39 5728
Maximum-realizable braking torque on the coupling of all front axle wheels brought to ’ ’ ?
the axle of the front axle Tyeni kKN-m
Koo puumenT 3anaca TOPMO3HBIX MEXaHU3MOB IIEPETHETO MOCTA, Kyopyi
Coefficient of reserve of brake mechanisms of the front axle 4,08 3,78 1,74
Koaddurpent 3anaca mo CHerieHnio NepeJHero MocTa, Keen
Coefficient of the reserve on the clutch of the front axle 1,37 L1 L1
TpeOyemblil TOPMO3HOII MOMEHT BCEX KOJIEC 3aJHET0 MOCTA, IPUBEICHHBINA K OCH 3311~
Hero MOCTa, Tropyo, KH M
Required brakinpg torque of all rear axle wheels, driven to the rear axle axle, Tropyo, 77,35 95,95 67,86
kN-m
MaxkcuManbHO-peaTu3yeMblil TOPMO3HOW MOMEHT I10 CIEIUICHUIO BCEX KOJIEC 3a]JHETO
MOCTa, NPUBEJICHHBIX K OCH 33]THEr0 MOCTa Tcucm: kH'Mm 10635 105,54 74.65
Maximum-realizable braking torque on the coupling of all rear axle wheels brought to
the rear axle axle Tyen KN-m
Koo dunuent 3anaca TOPMO3HBIX MEXaHH3MOB 3aJTHETO MOCTA, Kyopy
Coefficient of reserve of brake mechanisms of the rear axle L17 0,95 1,34
KoadduripeHT 3amaca mo CHEIUICHHIO 33 JHETO MOCTa, Keyen 137 11 11

Coefficient of the reserve on the clutch of the rear axle

HcTouHuK: COOCTBEHHBIE BEIYMCIIEHHS aBTOPOB

Source: own calculations
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120

100 -

80 -

Braking torque kN*m

Topmosmoii moment kH"m
.
o
.

Cover o= 40%
Descent
CHapsxennas Macca | Curb weight
TpedyeMeri TOPMOZHOH MOMEHT ECEX KOJIEC MepeIHer0 MOCTA, IPHESTeHHEIE K OCH NepeHero
mocta, Tropml, kHou
Required braking torque of all front axle wheels, brought to the front axle axle, Tropul,. kN'm

BCEX KOJIEC o

MaxkcHMaTEHO-PeATHIY eMEIH TOPMO3HOH MOMEHT 110 C
.Mana, TpHBEIEHHEX K OCH Iepearero Mocta Temenl, kH M

Maximum-realizable braking torque on the coupling of all front axle wheels brought to the axle of

the front axle Tcomenl, kNem

TpedyeMerE TOPMOZHOH MOMEHT ECEX KOJIC 33 JHETO MOCTA, IPHEE ASHHEN K OCH 33JHETO
mocta, TTopM2, kHw
Required braking torque of all rear axle wheels. drivento the rearaxle axle, Tropn2, kN*m

MakCHEMANEHO-PeaTHIY eMBIi TOPMOIHOH MOMEHT II0 CHETLIEEHIO BCEX KOMEC 3JHEr0

MOCTa, IPHBEJEHHLIX K 0CH 3agHero MocTa Temenl, xkHm

Maximum-realizable braking torque on the coupling of all rear axle wheels brought to the rear
axle axle Temenl, kNsm

Coyex o= 30%
Descent Lift

IMogrersr oo = -50%%

[Moanas macca | Gross weight

TpebyeMeri TOPMOZHOH MOMEHT ECEX KOJIEC MMepeJHer0 MOCTA, IPHESTeHHEIH K OCH MepeHero
mocta, TTopml, KHeou
Required braking torque of all front axle wheels, brought to the front axle axle, Tropul,, kN'm

ECEXEKOIEC (4]

MakcHMATBHO-PeATHIY eMEIH T H MOMEHT IO C
.Macm= TpHBEIESHHEIX K OCH IepeHero MocTa Temenl, kHwM

Maximum-realizable braking torque on the coupling of all front axle wheels brought to the axle of

the front axle Tcuenl, kN'm

TpeSyeMuIi TOPMOIHOH MOMEHT BCEX KOJEC 3aJHETO MOCTA, MPHBE JEHHENH K OCH 3aJHETO

mocta, Tropm2, kHoM

Required braking torque of all rear axle wheels, drivento the rearaxle axle, Tropa2, kN*m.

A5 MakcHMAIBHC-PEATHY eMELH T £ MOMEHT 110 C!
MOCTa, DPHEEISHHEIX K OCH 3amHero MocTa Temenl, kHog
Maximum-realizable braking torque on the coupling of all rear axle wheels brought to the rear
axle axle Temenl, kNsm.

ECEeX KOJIeC 33HET0

Pucynok 4. Jlnarpamma pacrpezie/ieHusi TOpMO3HBIX MOMEHTOB II0 BEAYLIHM MocTaM (opBapaepa
Figure 4. Distribution of braking moments on the drive axles of the forwarder

Hcrounuk: coOCTBEHHAS KOMITIO3U1IMs aBTOPOB

Source: author’s composition

Tabmuma 6
TexHHYECKHE XapaKTePUCTHKH aHAJIOTOB
Table 6
Technical characteristics of analogues
PaspabateiBaemerii pop- | John Deere 1910E Ponsse
HaumeHoBaHHe 1OKa3aTess, CANHULA H3MEPECHHS .
Name of the indicator, unit of measurement Bapaep Elephant King
Development forwarder
Konecnas gopmyia | Wheel formula 8x8 8x8 8x8
I'py3onogsemHocTs, Kr | Load capacity, kg 19000 19000 20000
JopoxHslii mpocset, MM | Ground clearance, mm 730 755 800
Bbaza, MM | Base, mm 6200 5600 5600
I'abGaputHsie pa3Mepsl, M, [UTHHA X OIMPHHA X BBICOTA 11x3,8x4 11,27x3,8x3,7 11x3,2x3,9
Overall dimensions, m, length x width x height
Macca mammssl, kr | Machine weight, kg 21000 21800 23700
unst | Tires 750/55B26.5

HcTouHnK: COOCTBEHHBIC BBIYMCIICHUS aBTOPOB
Source: own calculations
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KoadduuueHT sanaca TopmosHbIX MexaHusmos, kTopm
Coefficient of reserve of brake mechanisms

MepenHero mocTa 3aaHero mocTa MepenHero mocta 3aaHero mocTta
Frontaxle Rear axle Frontaxle Rear axle
CHapAxeHHaa macca | Curb weight MonHan macca | Gross weight

m Pazpabartbieaemblid dopeapaep | Development forwarder mJohn Deere 1910E  m Ponsse Elephant King
Pucynok 5. CpaBHenne ko3¢ duirieHTa 3amaca TOpMO3HBIX MEXaHH3MOB pa3pabdaTeiBaeMoro (opsapaepa ¢ aHazoramu (ciryck 50%)

Figure 5. Comparison of the reserve coefficient of the brake mechanisms of development forwarder with analogues (descent 50%)
WcToYHHK: COOCTBEHHASI KOMIIO3ULIHS aBTOPOB

Source: author’s composition
4

3.5

w

I
n

=
n

KoaddpuumeHT sanaca TOPMOSHbIX MeXaHU3MoB, ktopm
Coefficient of reserve of brake mechanisms
[ ;%]

0.5

0
MepenHero mocta 3afHero mocTta MepeaHero mocTta 3aaHero mocTta
Front axle Rear axle Frontaxle Rear axle
CHapsameHHaA macca | Curb weight MonHasa macca | Gross weight

m PaspabaTbizaemblii dopeapgep | Development forwarder ® John Deere 1910E  m Ponsse Elephant King
Pucynok 6. CpaBHeHHE K03 QHIIEHTa 3ammaca TOPMO3HBIX MEXaHI3MOB pa3pabaTeiBaeMoro (opeapepa ¢ aHanoramu (moabeM 50%)
Figure 6. Comparison of the reserve coefficient of the brake mechanisms of development forwarder with analogues (rise 50%)
Hcrounuk: coGCTBEHHASI KOMITO3HIIHSI aBTOPOB
Source: author’s composition
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