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BILJINB HEBPIBHOBAKEHOCTI MOJIOTUJIBHOI'O
BAPABAHA 3EPHO3BUPAJIBHOI'O KOMBAMHA HA OO
KOJUBAHHS

Pe3tome. [Ipusedero 00cniodicenHs He8PIBHOBANCEHOCMI MOTOMUTbHO20 OAPAbAHA 3ePHO30UPATTbHO2O
Kombatina. Bugsedeno pigHaHHA 3MIHU KOTUBAHL 8ePMUKATbHO20 NepeMiyenHs yeHmpy mac bapabana ma Kyma
nosopony 6apabana HAGKONO YeHmpy Mac, a maKoxic nobyoosano spagixu yux xoausams. Jocniodxceno sniug
3MIHU HEBPIGHOBAICEHOT MACU, HCOPCMKOCMI ONOp ma GIOCMAHI MIdC NIOWUHOIO HEBPIGHOBAdNCeHOI macu i
NIOWUHOIO YeHmpy MAc HA aMnlimyoy KONUSBAHb GePMUKAILHO20 NepeMiljeHHs YeHmpy mac ma Kymd
nosoponiy.

Kniouoei crosa: monomunvnuii 6apaban, 6epmuKaivHe nepemiuyeHtsl, Kym nosopomy, amniinyod.

V. Lovejkin, Y. Chovnjuk, A. Lyashko

INFLUENCE OF THRESHING DRUM'S DISBALANCE IN
COMBINE HARVESTER ON ITS VIBRATION

Summary. In this paper research of threshing drum’s disbalance in combine harvester is presented.
Modern threshing drum of tangential type in combine harvester are made open. Central and extreme disks are
mounted on the cylinder shafi. Bars or rasp bars are mounted on disks. This construction of threshing drum
makes possible falling of grain, plant residues, powder and soil into the threshing drum. All this results in the
imbalance of threshing drum and the emergence of oscillation. The oscillation is transmitted to the bearings and
hull of combine harvester. These oscillations lead to reduced reliability rate of combine harvester, and also to
reduce threshing quality of grain crops.

In this paper oscillation equation of threshing drum system is solved. The free oscillation equations of
threshing drum are shown. Equations of oscillation’ change vertical centroidal displacement and shaft rotation
angle of threshing drum are derived. The oscillation’ graph of change vertical centroidal displacement and shaft
rotation angle of threshing drum for different unbalanced mass, different stiffness of left and right carriage and
for different placement unbalanced mass. It was considered that unbalanced mass can be placed on the left,
center and right beater in bars of threshing drum. In this article we reviewed at an example, where an
unbalanced mass on a single stick of bars in threshing drum of combine harvester. All of graphs are plottedfjr
combine harvester KZS-9-1 «Slavutychy with characteristic 1=13,64 kg~m3, m=200 kg, p;=0,3 m; ©=85,7
rad/s. The unbalance mass is changed from 100 g to 500 g. The stiffness of left and right carriage is changed
Sfrom 100000 Nm 145000 Nm.

The impact of change of input parameters for oscillatory amplitude is researched. It was found that
the stiffness of left and right carriage reduce oscillations of vertical centroidal displacement and shaft rotation
angle of threshing drum in combine harvester. Increase of an unbalanced mass or characteristic a; increases the
forced oscillations of vertical centroidal displacement and shaft rotation angle of threshing drum in combine
harvester.

Key words: threshing drum, vertical displacement, angle, oscillatory amplitude.

IloctanoBka mpoOaemu. Ha cporogui s 30MpaHHS 3€pHOBUX  KYJIBTYP
HalyacTile BUKOPUCTOBYIOTh 3€pHO30MpaIbHI KOMOAHHN 3 MOJOTapKaMHu KJIACUYHOTO THITY
(B cBiti 10 80%, B CIIA monax 50%). OgauM 3 HEIOJIKIB JaHOI KOHCTPYKIIi € Te, 1Mo
MOJIOTHJIBHUHN OapabaH — BIKPUTOTO THITY, a 1€ MPU3BOIUTH JIO TIOMAAaHHS BCEPEIUHY HOTO
3epHa Ta IHIIMX POCIMHHUX pemTok. HepiBHOMipHe HanumaHHS Ha Onyax abo MiAOWYHUKAX
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3eMJI1 3 POCIMHHUMHU YacTKaMM MPU3BOAUTH JI0 TOPYIIEHHs 30anancoBaHocTi OapabaHa i, K
HACJIJIOK, 0 HEMPHUITyCTUMOI BiOparlii #oro, sika MmepefacThCs Ha MiAMMUMHAKA Ta KOPITYC
koMmOaiina. Jlani BiOpamii HOpU3BOJASTH 1O 3HI)KEHHS HAIIMHOCTI 3€pHO30MPAIbHOTO
KoMOaiiHa, a TAaKOXK SKOCTI 0OMOJIOTY 36pHOBHX KYJIBTYP.

AHani3 myOuaikamiii 3a TeMoOI0 JOCTiUKeHHs. AHAIITHYHI JOCII/DKEHHS, IO
HaBeneHl y mparngx Jlinkosuua E.I. [1, 3], Andropoa C.A. [2], I'pexka O.I. [4], Dainius
Steponavicius [5], boryca III.H. [6] Ta iHmux [6-8] B OCHOBHOMY CTOCYIOTHCS TEOPETHUHUX
OCHOB TIporiecy oomosory. Hampukian, y po6oti [3] momaHo BUBEICHHS PIBHSHHS TPOIECY
00OMOJIOTY 1 cemaparlii 3epHa B MOJOTHJIRHOMY HpuUCTpoi. B [5] HaBeneHO BILTUB MOMEHTY
iHepIii MOJIOTHIIBHOTO OapabaHa Ha 3arparu notyxHocTi. Y [7] L. Spokas Ta inmi
JIOCITIJKYBAJIM BIUIMB TEXHOJOTIYHUX MapaMeTpiB MOJOTHIILHOTO arapaTa Ha MOIIKO/KeHHS
3epHa. ['po6oB B.A. y [8] mocmikyBaB KOJIMBaHHS MEXAHIYHUX CHCTEM.

[IpoTe HeOOXiqHICTh BUSBICHHS BILTUBY HE3PiBHOBAKEHOI MacH, 110 YTBOPIOETHCS B
mporieci 0OMOJIOTY Ha KOJMBaHHS MOJOTHJIBHOTO Oapa®aHa, 3yMOBHJIO TPOBEICHHS JTaHHUX
JIOCITiJIKEHb.

Meta po6Goru. IlpoBectm moCHiDKEHHS BIUIMBY HE3pIBHOBAKEHOI Macu Ha
KOJIMBAHHS MOJIOTHJIBHOTO OapabaHa 3epHO30MpalIbHOro KoMOaiHa.

Buxiaax ocHOBHOro 3micty oCTiKeHHsl. 3arajbHa CXeMa MOJIOTHILHOTO
Oapabana HaBeneHa Ha puc. 1. [lix yac poboTu Ha OWUi HaIWMae Maca, Ka MPU3BOIUTH JO
He30aJIaHCOBAHOCTI MOJIOTHJIBHOTO OapabaHa. B maniit poOOTI pO3INIIHYTO BHITQIOK, KOJU
He30allaHCOBaHa Maca po3MillleHa JIMIIe Ha 0JTHOMY Oudi. Y SKOCTI y3araJbHEHUX KOOpAUHAT,
SKi BHW3HA4YaTh IIOJIOKEHHS MOJIOTHJIbHOTO OapabaHa TIpM KOJWBAHHIX, MPUAMAEMO
BEpTUKAJIbHE MEPEMIIICHHS X HEHTPY Mac MOJIOTHIILHOTO O6apabaHa i KyT ¢ MOBOPOTY poTopa
HAaBKOJIO LIEHTPY Mac.
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Pucynok 1. Cxema MonoTuisHoro 6apabana
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Figure 1. Threshing drum diagram
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PiBHSIHHS KOTMBaHb CUCTEMU 3AIUCYEMO Y BUTJISII
m-¥+(C +C,)-x+(C,-1-C,-1,)-¢=0; )
I-¢+(C,-1-C,-1,)-x+(C,-1’+C,-1)- 9+ p-¢p=m, -p - -a-cos(w-t),

Je m — Mmaca OapabaHa; X — BepTHKAJIbHE TEPEMIIICHHS IEHTpy Mmac OapabaHa; @ — KyT
BiXuJeHHs oci 6apabana Bix ropuzontani; C;, C; — )KOPCTKOCTI JIiBOi Ta MpaBoi MPYKHUX
ormop Oapabany; 1;, — BijcTanb TOYKH IeHTpY Mac OapabaHa Bia JiBoi i mpaBoi omop
BIJIOBIJIHO; [} — HaBeJIeHWH KOeQillieHT 3aTyXaHHs KOJMBaHb KyTa @; I — MoMeHT iHepuii
Oapabana BIHOCHO OCi, SIKa MPOXOJUTH Yepe3 MOro MEHTP Mach; ® — KyTOBa IIBHAKICTh
obepraHHs OapabaHa; m, - p, — CTAaTUYHUI MOMEHT IIPUBEAECHOI MacH BIIHOCHO OCl 00epTaHHs

OapabaHa; ¢ = 7¢ — KyTOBa MBHJIKICTh BIIXHUJIEHHS Oci OapabaHa BiJ TOPH30HTAN; ¢ =
4

2

d¢
dr’
— BIAMOBITHO TPHUCKOPEHHS; a — BIJICTAaHh MDK IUIOIIWHOK HEBPIBHOBAXEHOI MacH 1
IJIOIIMHOIO [IEHTPY Mac.; t — Jac.
BiacHi 4acTOTH KOJIUBAHb CUCTEMH MAIOTh BUTJISIIL:
2 2 2 2\?2 . .
1 (CI+CZ+CI-4 +C,-l, ji\/(qwqc,-l} 1, ) L GG

7)2
=_. - 2
e 2 m 1 @

m I I-m

BrnacHi konuBanHs OapabaHa ONMUCYIOTh BUPA3H
x(6)=(4+ AZ t)-sin(wt)+(B +B,t)-cos(at) — uavacrori o;;
x. (1)
v.(1)
?.(1)=

D,-t)-sin(w,t)+(E +E,t)-cos(@,t) — ua uacroti wy;

(
(D,
( ~2 ) sin (@,1) + ( -+ ~2-t)-cos(a)lt) — Ha 4acTOTi M1;
(D.+

+D, - ) sin(a)zt)+(l77 E, -t)-cos(a)zt) — Ha 9acToTi o).

PucyHok 2. Po3paxyHkoBa cxema 3aadi

Figure 2. The calculation diagram of task
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BiacHi yacTOTH KOJIMBaHb CHCTEMU MAIOTh BUT T

A+C,1 2+C. 12 L C-C(L+L)
a i.[(C1+CZ+C1 11 +C2 ll ji\/(CI+C2+C1 l1 +C3 12 ) —4. 2 (1 2) ](2)

Y2 m 1 m 1 I-m
Brnachi xoyimBaHHS OapabaHa OIUCYIOTh BHPa3H
x(t)=(4+A4,-t)-sin(wt)+(B +B,t)-cos(wt) — nauactoti oi;
x,(1)=(D,+D,t)-sin(a,)+(E +E, -t)-cos(®,) — naacroti my;
¢,(1)=(4,+4,-t)-sin(o)+(B,+B, 1)-cos (@) — Ha HactoTi ®1;
¢.(t)=(D,+ D, 1)-sin(w,1)+(E +E,1)-cos(w,) — Hauactoti m2;
[Tpu oMy B—0 (HEXTy€EMO 3aTyXaHHSIMH KOJHBAHb 110 KYTY @ 3 IDTAHOM Yacy).
KoHcTanTH 3HaX0MMO 3 TOYaTKOBUX YMOB 3a/1a4i.
¢(0) = 0; ¢(0) = 0; x(0) = 0; x(0) = 0.
3HaifIeMo BUMYIIICHI KOJTMBaHHS cucTemH (1).

Hexait
=0, COS((UI),' (3)
x=x,-cos(ot).
Toni 3 nmepioro piBHsIHHS cructeMu (1) Mmaemo
m-(-*)-x,+(C,+C,)-x,+(C,-1,-C,-1,)-¢,=0. 4)
3Biacu:
c-1-C-l)-
X :( 1 1 2 2) ¢O . (5)
m-o -(C +C,))
3 npyroro piBHsHHS cuctemH (1) maemo (f—0):
I'(_a)z)'wﬂ—i_(CI.ll-CZ.IZ)‘x0+(CI‘IIZ+C2.IZZ). ¢:n71. /?. CUZ. a’ (6)
[TincTapnsroun (5) y (6) Mmaemo
2 2 2 (Cl 'CZ)2¢’ 2
I (-0")-@+(C-1'+C 1) ¢g+——"—"F"- “=m- 0@ A 7
( )¢0 (11 2z)¢ m-a)z-(CI+C2) 1/? ()
Toxi maemo:
m- g @-a
(/)0: - ) ° (8)
[1-(—w2)+(cj-zf+c2-lf)+ (€h-C0L) }
m-o"-(C +C,)
X, = (C1.l1-Cz.lz).m1./?.w.a (C o 1)2 (9)
@ - (C,+C)) | I-(~*)+(C,- 17+ C, -1} )2 5
(ma) (1 2))|: (a)) (1 1 2 z) m'a)l-(C1+C2):|
3arajpHUI po3B’ 30K 3a1a4i
x(t)=(A4+A4,-1)-sin(o1)+(B +B,-t)-cos(o1)+x,-cos(or);
-~ - 10
¢(t)=(Al+Az-t)-sin(a)lt)+(Bl+B2't)'cos(a)lt)+ ¢- cos(wt). (10

3 mimHOM dHacy t, BHacHiiok P#0 — KOJMBaHHS BJAcHI y CHUCTeMI 3aTyXaloTh 1
3aJIMIIAIOTHCS JIUIIE BUMYIIECHI JOAaHKH, TOOTO
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x=x,-cos(ot);
t—>o: (11)
=0, -cos(a)t).
e Xo, (0o BU3HA4YaroThes 3 (8) Ta (9).

Ha ocnoBsi HaBenenux ¢opmyi (8, 9, 11) 6ynu mobyaoBani rpadiku 3MiHU KOJIMBaHb
BEepPTUKAIHHOIO TEpeMIIleHHsT IIEHTPY Mac OapabaHa Ta KyTa MOBOpOTy OapabaHa HaBKOJIO
HeHTpy Mac s 3epHo30upanbHoro kombaitHa K3C-9.1 «CnaBytmu» 3 mapameTpamu:
1=13,64 KF'M3, m=200kr, p;=0,3 M; ®=85,7 paxn/c.

CrouaTKy pO3IJISIHEMO BHUIAJOK, KOJM HEBPIBHOBa)KEHA Maca 3HAXOJIUThCS Ha
Bijcrani a;=0,05 M, xopcTKicTh 3aymmaeTbes HeaMiHHOIO (C;=C,=100000 Hm). 3MmiHIO€TBCS

JIMIIe Maca HeBpiBHOBa)KeHO'l' Macu.
‘ ‘ l it
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Pucynok 3. I'padiku 3MiHM KOJIMBaHb BEPTUKAILHOTO TIEpeMillleHHsI IEHTPY Mac OapabaHa (a) Ta KyTa
BiIXWJIEHHS oci 6apabana Bin ropuzoHTai (0) mpy 3MiHi Mack HEBPiBHOBaXKeHOT Mach

Figure 3. The oscillation’ graph of change vertical centroidal displacement (a) and shaft rotation angle of
threshing drum (b) for different unbalanced mass
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Sk OGaummo 3 rpadikiB, 31 30UIBIIEHHSM HEBPIBHOBA)KEHOI Macu aMIUIITYId
KOJIMBaHb BEPTHKAJIBHOIO IEPEMIIICHHs IIEHTpY Mac OapabaHa Ta KyTa BIJIXWJICHHS Bicl
OapabaHa BiJl TOPHU30HTAJ 301TBITYETHCS.

Tenep po3riITHEMO BHITAJOK, KOJHM 3MIHIOETHCS JKOPCTKICTH JIiBOI Ta IpaBol
npyXKHHX ornop OapabaHa, a Maca HEBPIBHOBaKEHOI MacH JIMIIAEThCs HE3MIHHOKO (m;=0,5 Kr;
a;=0,05 m).

X

1.x1078 ]
5. %1077
[ C1=C2=145000HM
S| C1=C2=130000HM
~1.x1079f C1=C>=115000HnM
_ C1=C2=100000HM
a)
o
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0.004 -
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C1=C2=145000HM

0002 -

6)

t
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Pucynok 4. I'pacdikn 3MiHN KONMBaHb BEPTUKAIBHOTO TIEpEMillleHHs LIeHTPY Mac OapabaHa (a) Ta KyTa
MoBOpoTY OapabaHa HAaBKOJIO LEHTPY Mac (0) Mpu 3MiHHIN XKOPCTKOCTI JIiBOT Ta MpaBoi Mpy»KHUX orop GapabaHa

Figure 4. The oscillation’ graph of change vertical centroidal displacement (a) and shaft rotation angle of
threshing drum (b) for different stiffness of left and right carriage

Amnanizyroun jani rpadikd, MOXKHA TIOMITHTH, IO 31 301IBIICHHSIM JKOPCTKOCTI JIiBOT
Ta MPaBOi MPYXHUX OMOP aMILIITYJa KOJHMBAaHb BEPTUKAIBHOTO MEPEMIICHHS IIEHTPY Mac
OapabaHa Ta KyTa BiIXWJICHHS Ooci OapabaHa BijJ] TOPU30HTANI 3MEHIITY€ETHCS.
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Tenep po3risHEMO BHUNAMOK, KOJIH >KOPCTKICTH OIMOpP 1 HEBpIBHOBa)KEHA Maca €
HE3MiIHHUMH, 3MIHIOEThCS JIUIIIE PO3MIIIEHHS HEBPIBHOBAXKEHOT MaCH.
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PucyHoxk 5. I'padiku 3MiHM KOJIMBaHb BEPTUKAILHOTO TIEpeMillleHHsI IEHTPY Mac OapabaHa (a) Ta KyTa
MOBOPOTY OapabaHa HABKOJIO IEHTPY Mac (0) Tpy 3MiHI PO3MIIIIeHHST HEBPiBHOBaXKEHOT MacH

Figure 5. The oscillation’ graph of change vertical centroidal displacement (a) and shaft rotation angle of
threshing drum (b) for different placement unbalanced mass

Sk Oaunmo 3 rpadikiB, 31 30UIBLICHHSM IapaMeTpa a; aMIUITYyJd KOJIHUBaHb
BEePTUKAJIBHOTO TIEPEMIIICHHS IIEHTPY Mac OapabaHa Ta KyTa BiJIXHJICHHS oci OapabaHa BiJ
TOPU30HTAJIl 301IBLTYETHCS.

BucnoBkm. [3 otpumannx rpagikiB 6aunMo, mo 3i 301IBIIeHHsM TapameTpa m; adbo
napameTpa a; aMIUIiTyJla KOJIMBaHb BEPTHKAJIBHOIO MEpEMIIIeHHs LeHTpy Mac OapalbaHa Ta
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KyTa TOBOpOTy OapabaHa HaBKOJIO IIEHTPY Mac 30inbimyerbes. lIpoTe mpu 30imblneHHi
JKOPCTKOCTI JIIBOT Ta MpaBoi MPYKHUX orop OapadaHa aMILTITY 1M KOJHUBAHb 3MEHIITYIOTHCS.
Conclusion. Increase of an unbalanced mass or characteristic a; results in the forced
oscillations of vertical centroidal displacement and shaft rotation angle of threshing drum in
combine harvester. Greater stiffness of left and right carriage reduces oscillations of vertical
centroidal displacement and shaft rotation angle of threshing drum in combine harvester.
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