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CorytacHO TpeOOBaHMAM TEXHHYCCKOTO PEIJIaMEHTa, BCC 3alllUTHBIC YCTPOUCTBA TPAKTOPHBIX arperaToB IOMJICKAT
o0s3aTesbHOI cepTuduKanu. OTHIM U3 OCHOBHBIX CPENCTB 3aIUTHI OTlepaTopa P OIMPOKUIBIBAHUN SBJISICTCS CH-
crema ROPS. Cornacno tpeboBanusam 'OCTa, npoBepka Ha COOTBETCTBHE 3aIIUTHBIX KOHCTPYKIMid ROPS mosmk-
Ha MPOBOJIUTHCA Ha OCHOBAHWHM HATYPHBIX MCHIBITaHHI. Llespio mccenoBanus sByAach OTPabOTKa METOIUKHI MPO-
BeJICHUsI DKCIIEPUMEHTa M TIOJTyYeHHe pe3yJibTaTa OIEHKH COOTBETCTBHUS TPEeOOBaHUAM OE30IaCHOCTH 3aIUTHOTO
yerpoiictBa ROPS kabunsl 0yibnosepa 510 (b12) nponssoactsa YessOMHCKOro TpakTOpHOTO 3aBofa. VcmbTanus
MIPOBOIMIINCH B YpasbckoM uctbitarebHoM neHTpe HATU. [ 3Toro mcnosms3oBasics CHEHMATIbHBI CTCHN, I10-
3BOJISIONIHI UCIIBITHIBATD 3alIUTHBIC KAOWHBI TPAKTOPOB obmiel Maccoit 1o 110 ToHH. ['mupocucTemMa creHna mo3Bo-
JIWJIa IPOBOIUTS Mporecc 6okoBoro Harpy:keHuss ROPS nomaroso, rae Kaxmiplil oiar COOTBETCTBOBAM AedopMmanum
koHCTpyKImu 10 MM. Ha kaxmom mare perucTprpoBaiCch ACHCTBYOIIE Yerns U aedopmanms KoHcTpykimn. Ha-
KOTUICHHAs KOHCTPYKITE! SHePIusi PaCCUMTHIBAIIACH KaK TITOMIAIb IO/l KPHBOI 3aBUCHMOCTH YCHIIHS OT Ie(hOpMAaIinm.
Tpedyemoe 'OCTom ycumme F = 212,4 xH 6bw10 nocturayTo npu aedopmarmu 180 mm. OnHAKO HETOCTATOK HAKO-
IUICHHO!M Ha TOM MOMEHT JHEPriy OTPeOOBasl IPOIOJDKCHIA OOKOBOTO HAaTrPy KeHUA KOHCTPYKIMH. Heobxomimast mmo
I'OCTy sneprusa U= 40867 ]I O6buta HabpaHa nipu 60koBoit fedopmarn A = 270 MMm. Ycune mpu 3TOM COCTaBUIIO
F = 243 xH. [locne cusaTHsA OOKOBOI Harpy3kKd KOHCTPYKIIMS TMOOBEPriiach BEPTHKAIbHOMY CTATUYECKOMY M MPO-
IOJIBHOMY Harpy’)keHuio. B mmporiecce Bcero sKkcneprMeHTa 3amuTHOro yerpoiictsa ROPS pemoHT, ncnpasieHne me-
(opmarmit 1 TpuBeIeHIe KOHCTPYKIIUH B TIOPSAIOK He NOIyCKaIHch. Pe3ysibTaThl UCTIBITAHIN KOHCTPYKIMH ROPS
kabunbl Oyspnoszepa 610 (b12) nokasamu coorsetcTBue TpedboBanusam ['OCTa mo 6e3omacHoctu. [lpn nedopmanum
ROPS npoHHKHOBEHHE 3JICMEHTOB 3alIMTHON KOHCTPYKIIMHU B 30HY OIPaHMYCHHOTO 00beMa pa3sMCIICHUA BOTHUTEIIS
He Ha0JII01aJ10Ch.

Karuesvie caosa: ROPS, 3amuTHOE yCTpOKCTBO, ONMPOKKIBIBAHNE TpakTopa, Harpy:keHne ROPS, morsomenHas
SHEPIHsL.

According to the requirements of the technical regulations, all protective devices of tractor units are subject to obliga-
tory certification. One of the main protection frame of the operator when overturning is the ROPS system. According
to the requirements of State standard (GOST), the test for a compliance with protective structures ROPS should be
carried out on the basis of full-scale tests. The aim of the investigation was to develop the experimental procedure and
to obtain the result of the assessment of the compliance with the safety requirements of the ROPS safety device of
the bulldozer compartment B10 (B12) manufactured by the Chelyabinsk Tractor Plant. The tests were carried out at
the Ural Test Center NATI. For this purpose, a special stand was used, allowing to test the protective cabs of tractors
with a total mass of up to 110 tons. For this purpose, a special test bench was used, allowing to test the protective
cabs of tractors with a total mass up to 110 tons. The hydraulic system of the test bench allowed to carry out the
process of lateral loading ROPS step by step, where each step corresponded to the deformation of the construction
10 mm. At each step, the acting forces and deformation of the construction were registered. The accumulated energy
of the construction was calculated as the area under the stress-strain curve. The required GOST force F = 212,4 kKN
was achieved with a deformation of 180 mm. However, the lack of the accumulated energy at that time required a
continuation of the lateral loading of the construction. The required energy according to GOST U = 40867 J was
collected during the lateral deformation A =270 mm. The force at that was F = 243. After removing the lateral load,
the construction was subjected to vertical static and longitudinal loading. During the whole experiment of the protec-
tive device ROPS repair, correction of deformations and bringing the construction into order were not allowed. The
results of tests of the ROPS cab construction of bulldozer B10 (B12) have showed the compliance with the GOST
safety requirements. During the ROPS deformation, the penetration of the elements of the protective construction
into the zone of a limited volume of the driver's seat was not observed.

Keywords: ROPS, safety device, tractor overturning, ROPS loading, absorbed energy.
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McnbiTaHus 3awmtHoro yctpoiictea ROPS npombiwneHHoro Tpaktopa 610

AKTyaJIbHOCTb

[Ipu mepexone K PHIHOYHON IKOHOMHUKE OOJIb-
NIMHCTBO M3 JCUCTBYIOIIMX CTAaHIApTOB, OIpE-
JCJIAIOMUX TPpeOOBaHUA K HAICKHOCTH, MPOU3-
BOIUTEIBHOCTH M 3()(HEKTHBHOCTH TPAKTOPHBIX
arperatoB, ObuT oTMeHeHH! [1]. O0sa3aTeTbHBIMA
K MPUMECHEHHUIO, B COOTBETCTBHH ¢ DefiepaibHbIM
3aKOHOM P® «O TeXHHYECKOM peryanpoBaHUI»
[2], ocTranmmch nwmb cTaHAAPTHL, OOECIEYNBAIO-
e 0e30MacHOCTb.

Ilocne Bxoxnenuss Poccum B TamoxKeHHBII
coto3 ¢ benopyccueit n Kasaxcrtanom BcTynui B
JICHCTBHE TeXHWYECKHi periameHT [3], corjacHo
KOTOPOMY 00s3aTeJIbHON CcepTU(UKAUU TIOf-
JIeKAT 3allUTHBIC YCTPOMCTBA BCEX TPAKTOPHBIX
arperatoB. BaXHeHIIINM W3 HUX SBJISCTCS 3alIHUT-
HOE YCTPOWCTBO KaOWHBI TPAaKTOpa MPH OMPOKHU-
aeiBanun ROPS (roll over protective structure),
MpenHasHAYCHHOE /I YMCHBIICHUS PUCKa Ha-
HECCHHS TMOBPEKICHUI OmepaTopy MpU YCJIOBHH
MIpUMEHEHN s peMHel 0e3omacHocTH [4].

Cormacuo TpeboBanmsam ['OCTa, oreHka coot-
BETCTBHA 3amuTHOro ycrpoiictea ROPS momxna
MPOBOIUTHCS HA OCHOBE PE3yJIbTaTOB HATYPHOI'O
IKcriepuMerTa [5]. B cBa3m ¢ 3TUM Tiespio uccte-
JIOBaHUs SABJISCTCA OTPabOTKa METOTUKY TIPOBE/IC-
HUS 9KCIEPHUMEHTa W IKCTICPUMEHTAJTbHAS OICHKA
COOTBETCTBUSA TPEOOBAHUAM OE30MACHOCTH 3aIUT-
Ho#t cucteMbl ROPS mpombImiieHHOr0 TpakTopa.

OO0bexkT HcnbITaHMii M anmaparypa

B kauecTtBe 00BbeKTa MCIIBITAHUI OBLIIO BHIOpA-
HO 3alIUTHOE YCTPOUCTBO MPOMBITILICHHOTO OYJTb-
no3epa bl0 (b12) mpousBonctBa YesnsOuHckoro
TPAKTOPHOI'O 3aBojia, MpefcTaBJsomee coboii
IBYyXCTOeUHBIH (two-post) ROPS.

DKCIIEpUMEHT MPOBOAUJICS B YPaJbCKOM HC-
neiTaTesibHoM TieHTpe HATU, ummerommem cre-
NMaJIbHBI HcBITaTebHBINA cTeHa (bedplate),
MO3BOJISAIONINN HMCHBITHIBATD 3aIIUTHBIC KaOWHBI
TpakTopoB obOmeir Maccoil 1o 110 TonH. CTeHn
BBITIOJTHEH B BUZIC CUJIOBOI paMbl, YCTAaHOBJICHHOM
Ha eJIe300€TOHHOM OCHOBaHUU (puc. 1).

BuyTpu crenpma ycraHaBimBasicsi OOBEKT HC-
neITaHuid. Harpy»eHue ocymecTBIIsJIOCh TOCpe-
CTBOM BEPTHKAJIBHOTO M TOPU3OHTAJIBHOTO TH-
OpounniuHapa. [MapaBianyeckas cucTeMa CTEHZA
obecreunBaeT MakcuMaJsibHoe yeuue 2200 xkH [6].

B mporiecce ucnbiTaHuil BeJiCS MOCTOSHHBIN
KOHTPOJIb HArpy3ku W AeGopManuud KOHCTPYK-
WU, 9TO TO3BOJIMJIO BBIYUCIIATH IMOIJIOMEHHYIO
SHEprui B Ipolecce dkcnepumenTa. Jledopma-
U KOHCTPYKITUH 3aMepSIach HEIOCPEICTBEHHO

M0 XOMy THUAPOIUIMHAPA C UCHOJIb30BAaHUEM H3-
MEPUTEJIbHOM JIMHEMHON IKasibl (lIeHa IeJICHUS
1 MM, morpemuocts £0,5 mM). Yeunue ompene-
JIAJIOCh TIOCPEICTBOM MOHOMETPOB, H3MEPSIOMUX
JaBJIeHHE B 00€HX MOJIOCTAX TUAPOIUINHAPA (I0-
CPEenTHoCTh +5 %).

MeTonmca NpoBE€AECHUS HCIbITAHMIA

CorsacHo 'OCTy, 00beKT HCIIBITAHMIA TOTKESH
MOHTHPOBAThCA Ha CTEHJE TaK, YTOOBI JKECTKOCTh
KOHCTPYKIIMU OBlJTa SKBUBAJICHTHA JKECTKOCTH
MOHTa)ka Ha pamMe MammuHH [S]. [loaTomy 3amuT-
HOE YCTPOWCTBO YCTaHABJIMBAJOCh Ha KOpITyce
OOpPTOBBIX (PHUKIIMOHOB OyJIblO3epa H 3aKpe-
IUTSAJIOCh COOTBETCTBEHHO pPEajIbHON YCTaHOBKE
Ha TpakTope. BHYTpW HCOBITYeMOro 3aIlTHOTO
YCTPOUCTBA YCTAaHABJIMBAJICAd MaHEKeH oObema
orpanmdenns nepopmanuu (DLV), mmutupyio-
[WH ITOJIOKEHUE BOAUTEIIA.

boxoBas Harpy3ka MpuKJIagpIBaIach K BepXHEH
gacTu OCHOBHBIX ajieMeHToB ROPS (puc. 2). Cxko-
POCTDb TIPHJIOKEHHS] OOKOBOTO YCHJIMSI COCTAaBHIIA
4 MM/c, 9TO TIO3BOJTUJIO CIYUTATh HATrPy KeHHE CTa-
TrdecknM. HarpykeHre 3amuTHOTO YCTPOWCTBA
MPOU3BOANIIOCH CTYTIEHYATO C IIaroM, COOTBET-
cTBytomuM aedopmaruu 10 M.

BosneiicTBue 0OOKOBOW HArpy3Kd IPOIOJIKA-
JIOCh JTO TeX TOp, TIOKa 3HAYCHUA CHJIBI M SHEPTUU

Puc. 1. UcnbiTaTenbHblii cTen
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Puc. 2. boxosoe narpy:xenne ROPS

He pocturim Tpedyembrx 'OCTom ypoBHa. Mu-
HUMAJIbHBIC 3HAYCHUS1 OOKOBOTO yCHyIns F| y (H)n
TpeOyemoii roryiomennoi sueprun U () ompe-
HEJIAJIACh B 3aBUCUMOCTH OT Macchl m (KI') UCIIbI-
TBIBAEMOM MaIIUHHI [5]:

F,, =70000(m /10000)"
i U =13000(m /10000

3amuTtHoe ycTpoiictBo ROPS Oynpnosepa b10
(b12) maccoit m =25000 kr mpu OOKOBOM OITpO-
KHUBIBAHUU MAIIMHBI JOJKHO BBIIEP/KATh YCHUIIHE
Fy =210197 H u npu 3TOM MOTJIOTUTH SHEPTUIO
He meHee U = 40867 Jx.

Ilocne cusituss OOKOBOW Harpy3ku Ha aedop-
MupyeMyIo KoHCTpyKiuio ROPS npukiagsiBaiach
CTaTH4ecKas BepTukasbHas Harpyska [, . Corac-
Ho ['OCT, MuHMMaIbHOE 3HAUYCHHUE BEPTHUKAIHHON
Harpy3Ku paBHO:

F, =19,6m = 490250 H.

Harpyska pacmpenesnsioch 1o Bceil mIMpHUHE
BepxHeil yactu cuctemMbl ROPS ¢ momomisio me-
pexomuoro snemenTa (LDD) (puc. 3) u myimiocsk
5 MHHYT.

Ilocne cHATHA BepTHKAJBHOW HATrPy3KH K
BEpXHUM KOHCTPYKTHUBHBIM 3jieMeHTaM ROPS
NpUKJIafblBajiach TPOJOJIbHAsA Harpyska F) .
[IponosnbHas HAarpyska mpUKJIaabBajiach C3aad B
MecTe HamOOJbINeil OJIM30CTH K PaCIOJIOKCHHUIO
BonuTesia. HampaBienwe Harpyskm — TOPH3OH-
TaJIbHO ¥ MapaJiyIeJIbHO MTPOAOIBLHON OCH MAITMHBI
(puc. 4).

Harpy:xeHune mponosKaiocs 0 TeX mop, moka
BEJIMYMHA CUJIBI HE TTPEBBICHIIa MUHUMAJIBHO Tpe-
oyemslii mo 'OCTy ypoBeHb:

F, =56000(m /10000)"* =168157 H.

Puc. 4. [Ipononbuoe narpyxenune ROPS

B mporecce Bcero skcrnepuMeHTa 3allMTHOIO
ycTporictBa ROPS pemoHT, ncnipaBienue nedop-
Maluil ¥ TIPUBEACHUC KOHCTPYKITUHM B TIOPSIOK HE
nomyckaymch [7]. IlocTossHHO MpoBOmMIICA KOH-
TPOJIb, YTOOBI 3JICMEHTHI KOHCTPYKIIMH HE ITOIaIn
B 30HY HaxoxneHus oreparopa (DLV).

Pe3yabTaThl HenbITaHmi

PasBuBaeMoe  ruppoLUSIUHAPOM
ycuJIue BBIYUCIIAIIOCH 10 hopmyiie:

OOKOBOE

Fy =PuSt ~ PuurSt»

IIe Pp,Py; — 3HAYCHUA JABJICHHUA B IOPIIHEBOH
U IITOKOBOW MOJIOCTH CUJIOBOTO THAPOIUJIUHIPA,
S.,S, — momab MonepeyHoro CeYCHusI OPIIHS
U IITOKa CUJIOBOTO rUApouuIuHApa. Peructpupo-
BaHME aBJICHUSA Yepe3 Kaxabie 10 MM 1Mo3BOTHIIN
NOCTPOHTD 3aBUCHMOCTb OOKOBOIO ycuius F), OT
nedpopmarnuu (deflection) koHcTpyKITHIH A (pHrC. 5).
XapaxkTep KpuBOH Fy (A) HarmAmHO CBUIETEJIb-
CTBYET O HaJIMYMU IUJTACTUYCCKUX JedhopMarimii
pu OOKOBOM Harpy KeHHUH.
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Puc. 5. 3aBucumoctb 60koBoro ycunus F
ot geopmanmu A koncrpykuun ROPS

[Tonyuennass 3KcliepuMEHTaJIbHAas  KpuBas
F,(A) xopomo (c nocToBepHOCTBIO R? = 0,9942)
OIMCHIBACTCS TOJIMHOMOM BTOPOTO  TOPSAIKA:
Fy =-0, 00342 + 1,778 . IlorjomeHHass CHCTE-
Moii ROPS sHeprus cunrtanach Kak IJIomanb Mo
KpuBoit F,(A):

U =0,5(81F, ) +0,5(8y Ay )(F +Fy) + ..

o 40,5(A, - A, ) F +Fy),
rae F,;,A; —cunan nedopManys Ha i-M IIare Ha-
TPy KCHUSL.

Heooxomumoe mo 'OCTy ycunme F = 2124 xH
JNOCTHTHYTO KOHCTPYKIMEH TIpu aedopmaiuu
180 mMM. OnmHaKo HaKOIJICHHas Ha TOT MOMEHT
sHeprus coctaBuia U =22166 [l BMecTo Tpe-
oyemoit U =40867 kJIxk.

Heobxonumast sueprus (U =42374 ]1x) Oblia
HaOpaHa npu 60koBou Aedopmanmu A = 270 M.
Ycunue npu 5ToOM COCTaBUIIO F, =243 kH.

JloCTUTHYTBIC YPOBHU CHJI U SHEPrUU 0€3 Ipo-
HUKHOBCHHUS 3JIECMCHTOB KoHCTpyknmu ROPS B
3oHy DLV B pesysbrare mpoBEICHHBIX HCIbITA-
HUI 3amuTHON Kabuubl Oysbmosepa b10 (B12)
MIPUBENICHBI B Ta0JIHIIC.

3akinouenue

B npouecce ncnbTaHWil 3alIMTHOTO YCTPOU-
ctBa ROPS xabunel 6ynbnosepa b10 (b12) Obuin
nocturayTH Tpebyemble 'OCT mokasaresnn cui
n sneprun. Cuctema ROPS Brineprkasia Bce BUIBI
HarpykeHusi (OOKOBOe, BEPTHKAJbHOE M MPO-
nosbHOe). [losydyeHHBle KOHCTPYKLMEH IJlacTH-
yeckue aedopmanuu He Hapymuian 3oy DLV. B
pesyJibTaTe cieIaHo 3aKJII0YeHIE O COOTBETCTBUU
koHCTpyKIuu ROPS TpeboBanus 'OCTa no 6es-
ormacHOCTH Kabwebl Oynbmosepa bl0 (b12) mpwm
OIPOKHIBIBAHUU.
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Tabauya

Tpebyemble 1 TOCTHTHYThbIe YPOBHH CHJI M YHeprun 3anmTHoii koHcTpykun ROPS 6ynbnosepa 510 (b12)

IToka3zaTesb TpedoBanue 'OCT SR AT
3HAYCHHE
Boxkosoe ycnime F, H 210197 243157
DHeprus, norjomaeMas KOHCTPYKLKEH Tpu OOKOBOM 40867 42374
Harpyxenuu U, Jx
Beprukasnbnoe yeume F, H 490250 519900
[Tpononbroe yeumue F, H 168157 17380
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