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STATISTICAL EVALUATION OF QUALITY
OF ROTARY TILLER PERFORMANCE

A.l. PANOV

Russian State Agrarian University — MAA named after K.A. Timiryazev

The article deals with agronomic performance parameters of rotary tillers. The statistical evaluation pa-
rameters currently used in the tests (mean, standard deviation and coefficient of variation) do not adequately
reflect the quality of the machine performance. To achieve more precision results, the author offers two additional
parameters: 1) process duration at a given interval, 2) number of deviations the given process law per unit of time.
Based on the statistical data of the tests there was defined the uniformity of the depth of rotary tillage. It becomes
possible to establish the duration of tillage at the prescribed depth, and further calculate the percentage of defects
of the machine quality performance. According to the agronomic standard, limits of the tillage depth forMPT-1,2
rotary machine is £3...3,5 cm. The results of these tests and calculations show that the uniformity of the depth
of tillage is fully sustained within the specified limits to only 40...76% of the tilled area. The average number of
deviations for tolerance limits is 0,6 s at the machine speed 0,6 m/s. To double the machine speed, the number of
deviations is also doubled. The described method can improve the tillers performance quality.

Key words: rotary tillers, agricultural requirements, testing, statistical evaluation, work quality indi-
cators.
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Poccuiickuii rocynapcTBeHHbli arpapublii yausepcuteT — MCXA umenu KA. TumupsizeBa

NOCTPOEHME LWUNMUHOPUYECKON NEMELLUHO-OTBAJIbHOM
NOBEPXHOCTU C NPUMEHEHUEM CATIP

B cmamve npusoosimes npunyunst npoekmupoanus KpUgbix N0O8ePXHOCMell, 8 OAHHOM Cyude — 1eMeuHO-
omeanbublx yuaunopuueckozo muna, ¢ nomowypio CAIIP. Paccmampusalomes cnocobsl 3a0anus nogepxHocmu
6 cpede 2eomempuyecko20 mpexmepnozo mooenuposarus Kovnac-3D.

Komnviomepnoe modenuposanue pabouux 060pavusaroyux nNOGEPXHOCMEN — CIOJCHAS 3a0ayd, mpe-

oyrowas QyHOAMeHmMAaIbHbIX 3HAHUL HAYePMAMENbHOU 2eOMEMPUU U, 8 YACTHOCMU, NPUHYUNOE 2papuyecKo2o
ROCMPOEHUsL PA36EePMbLEACMbIX NOGepXHOcmell. Hcnonb3ys smu npuHyunsl, MOJNCHO paspabomams Memoouxy
CO30aHUS UX MPEXMEPHOU MOOETU.
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Haubonee npocmovie 6 pabome u uzeomogieHuu — YuIUHOPUUECKUe NOBEPXHOCMU, M.K. NOBEPXHOCHLb
YUTUHOPA 2eOMEMPUYECKU NPOCMAsl, OHA NO38OIsEN HA2ISOHO NOKA3AMb CYUHOCTIL NOCMPOEHUsL ee mpexmep-
HOUL MoOeu.

Tax dice, Kak u npu epaghuueckom noCmpoeHuu, 30eCh NPUHUMAIOMCSL UCXOOHble OAHHbLE HA NPOEKIMUPOBA-
HUe, UCNONb3YEeMCs MeMmoouKa epaghuiecko2o nocmpoenus yununopudeckoeo omsana. Cpedcmea CAIIP noseons-
10m Ynpocmumau 8biNOAHeHUe Moodelu No00OHO20 Omaaid.

Crauana cozoaiomesi demanu 6yoywell mpexmepHou mooenu. Fcnonv3ys mabauyy nepemenHblx, 3a0arom-
st ocHogHble napamempwvl nogsepxnocmu. Tpu smom wuporo ucnonvsyromest uncmpymenmot CAIIP «/yeay, ko2oa
Hanpasasowel Kpusol npuoaiomcest oopmol 0yeu OKPYHCHOCMU, IUNCA, napadoist u op.

Ipu nomowu uncmpymenma «llosepxrocms 6b10a61UBAHUAY U ICKUZA CO30AEMC YUTUHOPUHECKAsL NO-
8EPXHOCb NPOU3BONLHOU OUHDL.

HUcnonvsyss uncmpymenm «llnockocmes noo yenom K Opyeou NIOCKOCMU», CMPOsi BCHOMOZAMENIbHYIO
HAKIOHHYIO NIOCKOCHIb, d 6 3MOU NIOCKOCTU CO30aI0M 3CKU3, 8 KOMOPOM BbINOIHAEMCS 100060 KOHMYD 0med-
J1a — NonepeuHas NPoeKyust IeMeuHo-0meanbHoll nogepxnocmu. IIpouzsooumces e2o npoeyuposanue Ha YuiuH-
OpUHECKYIO NOBEPXHOCb HOPMAbHO BCHOMO2AMENbHOU NIOCKOCMU. [[5i 91020 HAO 3CKU30M C JI0O080U NOGepX-
HOCMbIO NPOU3600UmMcst onepayus « Bvloasnusanuey mak, umodsl 6b10a61UBAEMOE MELO NEPECEKANO YUTUHOPU-
ueckyl0 nogepxHocmo. s smoeo evinonnsemcs onepayusi «llepeceuenuey. 30ect ucnonv3yemes uHCMpymenm

«Yceuenue nosepxnocmuy. Pe3ynvmam smoti onepayuu — N08epxXHOCHb YUTUHOPUYECKO20 OMBAd.
Taxum obpazom, npumenenue CAIIP nossonsem 6 ynpoujeHHom 6ude npoekmuposams nodvie noGepxXHo-

cmu pa601mx opeaHoe CeNbCKOXO3AUCMBEHHBIX MAULUH.

Kirouesvie crnosa: ceomempuuecrkoe mooenuposanue, Kovwnac-3D, nanpaensarowas Kpusas, yeon KpouleHus,
JIeMewHO-0mBaNbHAs NOBEPXHOCHb, YUTUHOPUHLECKUL OMBAJL.

ITocTpoeHne TPEXMEPHBIX KOMITBIOTEPHBIX T€OME-
TPUYECKHUX MOjENel pabounX MOBEpXHOCTEH MOYBOO-
OpabarsBatormux MamuH B mporpammax CAIIP — oxgna
13 HauOoJIee CIIOKHBIX TEXHUYCCKHX 3ajad MPH Ipo-
EKTHPOBAHUH CEIbCKOXO3HCTBEHHBIX MAIUH, TPeOy-
Iolfast 3HaHHS Ha4depTaTelIbHOW T'€OMETPHH, HMPUHITH-
OB TPa(h)UUECKOTr0 IOCTPOCHHS Pa3BEPTHIBAIOLINXCS
moBepxHOCTeH. Vcnonp3ysi MPUHIUITEI TpaduIecKOTo
MOCTPOEHUS JIEMEIIHO-OTBAILHOW MOBEPXHOCTH Ha
IUIOCKOCTH, MOXKHO pa3padoTaTb METOAWKY CO37a-
HUsI €€ TPEXMEPHOM MOJEIN Ha IPUMEpPE IPOrpaMMbl
Kommac-3D.

Kak u3BecTHO, pabo4ne MOBEPXHOCTH KOPILyCOB
TPAKTOPHBIX TUTYTOB OOIIETO Ha3HAYCHHS pa3/IeIIIOTCs
Ha UIuHApHYeckue [ 1], KyIbTypHbIE, OTyBHHTOBBIE
1 BUHTOBBIE. KynbTypHBIE U IOJTYBUHTOBBIE KOPITYCHI
0051a1a10T MMIINHAPOUJATLHOH, BHHTOBBIE — TEITUKON-
JAIbHOM paboYei TOBEPXHOCTRIO [2].

[ToBepXHOCTH HMIIMH/IPA TEOMETPUYECKU Hanboee
MIPOCTa; IPUMEHSAETCS B OTBajaX IUIYyTOB — MO3BOJSIET
¢ HauOOoJIbIIeH HANISAHOCTHIO MTOKA3aTh CYIIHOCTb I10-
CTPOEHHUS TPEXMEPHOM MOJENH JIEMELIHO-OTBAJIBHOM
MTOBEPXHOCTH. DTOT MPHUEM C HEOONBIIMMHU JOTOJTHE-
HUSIMU JIETKO PACIpOCTPAHHUTh Ha 00JIee CIIOKHYIO M0~
BEPXHOCTh — LWIMHAPOUJ, TIO3TOMY HPUBEIEM METO-
JIMKY T€OMETPUYIECKOTO MOJICITMPOBAHNS [IMITHHAPHYE-
CKOM1 TIOBEPXHOCTH OTBaJIA.

I/ICXOZ[H]:IMI/I JAaHHBIMU [JIsI TIOCTPOCHUS JIEMEIIHO-
OTBAJILHOM MOBEPXHOCTH SBISIETCS TIIyOnHa 00padoT-
KM a ¥ IIHPHHA 3aXBaTa Koprmyca ruryra b. Ha ocHoBe
MIPAKTHKHA TOCTPOEHUS U MCIIOIb30BAHUS OTBAJIOB 3a-
JIaIUM TIapaMeTphl g U e, COOTBETCTBYIOIINE CIIPABOY-
HBIM NapaMeTpaM Y, U €, ONPECNSIOUIMM YIIIbI TpPo-
JIOJIBHOTO M TIOTIEPEYHOT0 KJIMHA JIEMEIIHO-OTBAIbHON
MTOBEPXHOCTH.
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Ioctpoenne paboveil MOBEPXHOCTU BBITIOIHUAM, UC-
MONTB3YSl METOIWKY TpaUuecKoro MOCTPOCHHS IIIAH-
JIPUYECKOH JIEMEITHO-0TBAILHOM moBepxHOCcTH [1]. Jlis
TIOCTPOEHMS! HAIPABIISIOIIEH KPUBOH HCTIONB3YEM CXEMY,
MOKa3aHHYI0 Ha pucyHke 1. M3 pucyHka ciemyer, 4to
BBITIOJIHEHHE YepTe)a OTBaja 110 JaHHOH METOJMKE SB-
JSIETCST TOCTATOYHO CIOXKHBIM U TpynoeMkuM. CpezncTaa
CAIIP 1o3BOJSIOT YIPOCTUTH BBIMOJIHEHHE MOJEIHU T10-
JMOOHOTO OTBaNia, W ISl 3TOTO MPeodpazyeM CXemy IS
yao0cTBa paboThI C HEH.

Co3nanum HOBYIO netanb. Mcenonbssys Tabmuiy re-
pemenHbix B Kommac-3D, 3amagnM yKa3aHHBIEC BBIIIE
mapaMeTpbl MOJICITTH MOBEPXHOCTH OTBaa (puc. 2).

Puc. 1. K nocTpoenuio nH/IIMHAPHYECKOI0 0TBAJIA:
MOCTPOEHHE HANIPABJISIIONIei KPHBOii




MepeMeHHEIE 1 x
BEX AT+ $ = [H
[SIYE | BripaxeHue | ]
=l Aetane (Ten-0)
a 200.0 200
b 3500|350
g 45.0 45
e 25.0
]

(TIHawano koopauHat

Puc. 2. Ucxonnble mapaMeTpsl IIyra

Jna moctpoeHus Hampasmsitomedl kpusoil OB
(puc. 3) B cucTeMHOH MIOCKOCTHA ZY BBIIOTHUM 3C-
ku3. 3a Touku 4 U B" pucyHka | mpuMeMm Hadajuao cH-
CTEMBI KOOPJIMHAT 3CKHU3a. Yepes 3Ty TOUKYy MOCTPOUM
BEPTUKAIBbHYIO U TOPU30HTAJBHYIO MPSIMBIC, a TaKKe
MPSMYIO IO YIJIOM g (TlepeMeHHast v9) K TOpH30HTAJIH,
cootBeTcTBylomer muaun AC pucyHka 1.

Ha paccrossHuu b 0T HaKJIOHHOM NPSIMOM OTKJIa IbI-
BAETCs MapajuleNibHast MpsMast, COOTBETCTBYIOIIAs OT-
pe3ky BD pucyHka 1.

UYepes Touky O NpOBOIUTCS HAKIOHHAS MpsMas ¢
TIO7] YTJIOM e (TIepeMeHHast v12) K BepTUKAIIH.

ITon mpsiMBIM yITIOM K IPsIMOM ¢ yepe3 Touky O npu
oMoy nHeTpyMmeHTa «llepnenaukymnapHas npsMasn»
ctpoutcsi mpsimasi AQ, COOTBETCTBYIOIIASE OTPE3KY
B0 pucynka 1.

Jlna ompeneneHust paguyca KpUBH3HBI R Hampas-
JSFOIIEH KPUBOW MCONIB3YeM (hOpMYITy, IPUBEICHHYIO

B [1]:
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JUnis HaXOXKIIEHUS TIOJIOKEHHUS TOYKH A TIOCTPOUM
OKPYKHOCTb TMAMETPOM PaBHBIM 3HAYCHHUIO MEPEMEH-
HOH V13, BbIpaskeHue 1Ji1 KOTOPOM BBINJIAIUT CIENYIO-
MM 00pazoMm:

2-b/(Myy/2-/(180/M,) - cosd (g)).  (2)

Ilepeceuenue HakIOHHOHN NpsAMoit OA U OKpPY>KHO-
CTH ABJISIETCA [IEHTPOM HckoMoi ayru OB.

st HaxoxkieHust Touku B Hampasiisromield KpuBoit
IIPOBE/IEM BEPTUKANBHYIO MPSIMYI0 Yepe3 TOUKy A, 3a-
TeM, UCIIOJIb3Yysl HHCTPYMEHT «/lyra», mpoBeneM Kpu-
By1o OB.

Jlyra oKpy’>KHOCTH, HCIIOJIb3yeMast B IPUMEpE B Ka-
YeCTBE HANPABIIONIEH, IMeeT (JOPMY TYTH OKPYKHO-
cTi. BO3MOXHO TakKe BBINOJIHEHHE ¢ B BHUJE Mapa-
00Tl MITH JyTH 21mIica. J{ist 3Toro cieayeT BOCIomb-
30BaThCs MPAaBUIAMU HauepTaTelabHON reoMerpuu [3]
W MHXEHEepHOil rpaduku [4] u NpOU3BECTH JOMOIHH-
TEJIbHBIC TOCTPOCHUS.

IIpu nomouu nctpymenTa «I1oBepXHOCTh BbIIaB-
JUBAaHUS» WM ICKH3a, COAEPXKAIIETO HAIPaBIISIONIYIO
KpPUBYIO, CO3[aJUM LMIMHIPUYECKYI0 MOBEPXHOCTh
IIPOM3BOJILHOM IITHHEI (pHC. 4).

IMocTpoum J1000BOI KOHTYp OTBasia. B cooTBeTcT-
BHUHU C PUCYHKOM | TJIOCKOCTH, B KOTOPOIl BBITIONHSCT-
cs1 10OOBON KOHTYp OTBaJa, PAacloIOKeHa 0] YIJIOM
90°— v, kK 0Tpe3Ky AB, onpenenstoneMy MoJI0KEHUE U
JUIMHY J€3BUs oTBajna. JlaHHas IMHUSA, B3STa 32 TOpU-
30HTaJIb, MPOXOASIIYIO Yepe3 Touky O, IpH MOCTpoe-
HUU HampasJISIoNIero KoHTypa (puc. 3).

IIpu nomomu uacTpyMeHnTa «IlimockocTs nox yrom
K JIpyTOil TNIOCKOCTH» TIOCTPOUM ILIOCKOCTH {, IPOX0-
JIATIYIO 9epe3 0Ch Z MmoJ yIiioM K 90°— g K CHCTeMHOM
tockoctu ZX (puc. 5).

B co3gaHHONM MIOCKOCTH CO3AAaJUM 3CKH3, B KO-
TOPOM BBITIOJIHUM KOHTYp JIOOOBOW ITOBEPXHOCTH
JIEMENTHO-0TBAIbHON TTOBEPXHOCTH.

Jlo6oBas moBepxHOCTH oOTBama (puc. 6) B COOT-
BETCTBUH ¢ IpodmieM 0OpO3/bl OrpaHMUYEHA C YEThI-
pex CTOPOH Tak Ha3bIBAGMBIMH 00pe3aMu: JEBBIM 00-

b
Rmax 2 (1)
s
E —&|COSY,
Mepenersie 3 x
FE A1fs=mE
| VW | Bupaxerme |
] Qrean unmnapuueckaii (Ten-0)
2 2000 EE
b 3500 E
g 450
e 250
|
(Hauano koopannar
] () Hanpasnstowan kpueas
® oo
] g
vl b E
vz e
Vi3 |3b/(MPY2-.. [EL

Unnimaonna
Mnockocte nobosan

() fleBosoii konTyp
Brigasansanne
©oprmposaie nosepxHocT

Puc. 3. IlocTpoenue HanpasJ/gioueii KPUBOM
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Puc. 5. IlocTpoeHue HaAKJIOHHOM MJIOCKOCTH

Puc. 6. ITocTpoenue ;1000B0ii MOBEPXHOCTH

pe3oM pB, o0pallleHHBIM B CTOPOHY HEpaclaxaHHOTO
oy (TOJICBOM 00pe3); HIKHIM 00pe30oM AB; mpaBbIM
obpe3zoM (niexut Ha JuHUK D,0), HAKIOHEHHBIM T10]]
yoioM O K JHY 00po3zsl (3amamumes & = 45°); u Bepx-
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Puc. 7. IlpoennpoBanne J1000BOro KOHTYpa 0TBaJIa
Ha NUJIHHAPHYECKYIO MOBEPXHOCTH

HUM 00pe3oM (J1exuT Ha pO), 3aMBIKAIOIIAM KOHTYD
OTBaJia IO JIMHUU, PACTIOJIOKEHHON Ha JOCTaTOYHOU
BBICOTE, TJIE HCKITIOUACTCS BO3MOKHOCTD TIePECHITIaHUS
TIOYBHI Yepe3 OTBAI.

Bonee moapoOHO omucaHue MOCTPOCHUS JT000BO
TTOBEPXHOCTH OTBaJIa IPUBOAMUTCS B CIIPABOYHOMN JINTE-
parype [1, 2].

ITocTponB 7100OBOI KOHTYp OTBala, SBIISIOIIHIA-
Csl TIOTIEPEYHON TIPOEKIUEeH JIEMEITHO-OTBaIbHOU TO-
BEPXHOCTH, HEOOXOIMMO CIIPOCIUPOBATH €r0 Ha IIH-
JTUHIPAYECKYIO TTOBEPXHOCTh HOPMAIBHO IUIOCKOCTH
C. J1st 3TOTO MPOM3BEEM HAJl 3CKH30M, COICPKAIIUM
J1000BYTO TIOBEPXHOCTH OTBaJIa, OTepanuo «BrrmaBmm-
BaHUCY, [IPU 3TOM BSJIIMYHMHY BbIABIUBAHUS BIOHpACM
TakuM 00pa3oM, YTOOBI BBIAABIMBAEMOC TEJIO TIOIHO-
CTBIO TIEpPECEeKa0 NWIMHAPUYECKYI0 IOBEPXHOCTh
(puc. 7).

st orcedeHust OT UMIMHAPUIECKON TOBEPXHOCTH
HEOOXOMMOTO YYacTKa BBIIOJHUM HAJ[ MOJYYCHHBIM
TEJIOM M MOBEPXHOCTHIO OyneBy omepanuto «llepece-
YeHHE». BOCMONB3yeMCcsi MHCTPYMEHTOM «YCCUCHHE
MTOBEPXHOCTH». BBIOMpaeM MOBEPXHOCTH M CEKYIIHA
O0OBEKT, a TaK)Ke YKa3blBaeM HAaIpaBJICHUE yCEUCHHSI.
PesynbpraroM BBITIONHCHUS OMCPAIMH  SBISCTCS I10-
BEPXHOCTh, COOTBETCTBYIOIIAS IIHIMHIPUICCKOMY OT-
Baiy (puc. 8).

B mampHeiimemM HEOOXOOMMO ITOCTPOHTH OCTANb-
HBIC JIB€ NMPOEKLIMH OTBaja, T.e. TOPU3OHTAIBHYIO U
MIPOIOJIFHO-BEPTHKAIBHYIO TPOCKIMHA. MeTonuka Io-
CTPOCHHSI MAaHHBIX TPOCKIHI TPUBOIUTCS B pabdo-
Te [5].

Taxkum 00pa3om, MPUMEHEHNE CHCTEM aBTOMATH3H-
POBAaHHOTO MOJCIUPOBAHUS U, B YaCTHOCTH, T'€OMET-
pUYecKOoe TPEeXMEpPHOE MOICIHPOBAHHE, MO3BOJISICT B
YIPOIIEHHOM BHJIE MPOEKTHUPOBAaTh JIIOObIe padoune
MTOBEPXHOCTH OTBAJIOB IUTY)KHBIX KOPITYCOB U YIPO-
maeT paboTy MPOEKTHPOBIIMKA [6], a TMPH TOMOIIH
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Puc. 8. IloBepXHOCTH HMJIMHAPUYECKOIO 0TBAJIA

CHELHUANIbHBIX U3MEPHUTEIILHBIX CPEJICTB MOXKET B TEp-
CIICKTHBE IMOJHOCTHIO aBTOMATH3HPOBATh IMOCTPOCHUE
JIEMETITHO-OTBAILHON MOBEPXHOCTH IO HWMEIOIIEMYCS
opyzuto [7].
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CONSTRUCTION OF CYLINDRICAL MOLDBOARD
PLOW-BOTTOM SURFACE USING CAD

A.A. VASKOV, M.V. STEPANOYV; K.A. KRASNYASCHIKH
Russian State Agrarian University — MAA named after K.A. Timiryazev

The article describes the design principles of curved surfaces, in this case plow-dump cylinder type, using
CAD. The methods of setting the surface in three-dimensional modeling environment, geometric Compass-3D
were used.

Computer modeling of working plowing surfaces is a complex task that requires fundamental knowledge
of descriptive geometry and, in particular, the principles of graphical construction of developing surfaces. Using
these principles allows developing a method of making three-dimensional models of such surfaces.

The most simple to use and manufacture is cylindrical surfaces, as the surface of a cylinder is geometrically
simple and allows demonstration of the nature of its three-dimensional model construction.

Just as in a purely graphic plot, here are accepted initial data for designing, constructing, and graphical
technique for cylindrical blade. CAD tools are applied to simplify the implementation of this model of blade.

The first step is to create a three-dimensional model of the future detail. Using the table of variables it is
necessary to set the basic parameters of the surface. Among the widely used CAD tools it is «Arcy, when the guide
curve imparted a circular arc shape, ellipse, parabola, etc.

Using the tool «Surface squeezing» and the sketch is created cylindrical surface of arbitrary length.

Using the tool «plane at an angle to the plane of the othery, auxiliary inclined plane was built, and the
plane created a sketch in which you can run the frontal contour blade — transverse projection-moldboard plow
surface. After that the projection on the cylindrical surface of the normal reference plane was made. To do this on
a sketch from the frontal surface of the operation «squeezingy is performed so that the body is squeezed out inter-
secting cylindrical surface. It can be done with «Crossing» operation. Then we use the tool «truncation surfacey.

This operation results in the cylindrical surface of the blade.
Thus, the use of CAD enables simplified design of any working surface dumps.

Key words: geometric modeling, Kompas-3D, the guide curve, angle crumbling, plow, moldboard surface,

cylindrical blade.
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