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Bhtoaba BPKEBiM 
SyreHHyn CBHTOHCKH
CKJie30KHfl nOAHTeXBHReCKXa HHCIHiyT 
TjIHBHIie, I3HP

OUEHKA BJfflflHHñ HFJTHHF.3HQCTH B CHCTSME UPKBOM TOjlOBKH K0115AilHA 
HA BEJIHHHHH ÄHHAHHHECKHX CHX

Pe3EMe. B paóoie npeAciaBxeHo ueiOA MOAeAHposaHHH CHCTeuu npnBOAa 
ronoBKH yrozŁHoro KoiiÖaäHa c yaeTOM B3aHMSoro conpHxeHHs 3AeKTpimec- 
Koro ABHra.iexH h uexaHHHecKoä CHCieuH. Pa3paSoTaHaa moacab no3BoAP.eT 
yHHTUBaiŁ BejiHHeäHyB c b ä 3 b  b KHHeMaTHHecKHx napax b b u  a g  H 3 u e n J í io in z e c s  
npoNHOCTH 3y6vaToro 3aaenxeHHH h  3a3opoB. Pe3yAbiaTH iiaifpoBbrx paove- 
IOB öbijiB cpaBHeHH c pe3yjtŁTaiaMH xHHeäHo-npoHHoä CHCTeMu.

1. BCTYnjIEHHE

CneiiH$HReoKHe ycxoBHH pafioia a sKOHOMavecKHe npavHKH EUHy*a,aiET npoexiaK- 
TOB ropBHX MamHB C03AaBaTb Bee HOBHe KOHOTpyxBHOHHüe peaeEBÄ a M0AepHH3HpC- 
BaiB cymeoTByiiąHe rak, b t o Öh  obh oCecneHBBaAH ycToäVHBocTb a BucoKHe s k c - 
njiyaTamHOHHue napaueTpu. B t b k o m  cjxyvae HeoOxoAHMHM {¡B.weica oSAaAaib toh- 
HUMH AaHHHMH, CBA3aHHMH 0 AHHaitBHeCKHMH BpoCjieMaMH- IlpoeKTHpOBaHHOrO KOM- 
OaäHa. Tanyn HHíJiopMaBHB m o x h o  noxyRHib npoBOAH leopeiHBecKHe z oKC.nepHMeK- 
lajiBHue HoeneÄOBaHHÄ [lj , MOAexapya MexaHHHecKyB CHCieisy h  npoaeccH npo- 
HoxoABmae b o BpeMB OKCBJiyaTHpoBaHHB yroAbHoro xoMSataa. noAyaeHHHe t b k h m  
cnoooÖoM pe3yjibTaTH h b a h b t c h  o c h o b h o ü  a b « npoekiHpoBaHK« h o e h x . KOEOTpyK- 
U ho hh łdc pemeHH2 H M0AepHH3aiiHH cymecTBymnero oÖopyAOBaHHH.

IIpoBOABMHe Ao CHX nop hccaeaobbhha b 3toii AHana3oae xacaAHC b ochoehom 
OBeHKH COCTOHHHH Harpy3KH [2 ] HAH AHHaMHHeCKHX BexHHHH Se3 yRHTHBaHHÄ B03- 
BpaiHoS CBS3H MexaBHveoKoä H 3AeKTpHRecKoö CHCieiiu £’]. Kak noKa3a.iH npo- 
BOAHMŁie paöOTH S 3T0ä OÖAaCTH yHHTUBaHHe B03BpaTB0á CBH3H HUeBT cynecTBeK- 
Hoe 3BaReHKe b exyvae aaaAH3a secTaBHOHapHitx npoueccoB h BexHHeäHocTH s mc- 
xaHHRecKOä CHCien«. B ciaibe npoaHaAH3HpoBaH0 bahhhhc HexHHeflHocTH saayCjie- 
HHÄ H 3a30pos Ha BeXHRHHH AHHaUHSeCKHX OHA B KHHeuaTHHeCKHX Bapax CHCTeuU 
npHBOAa roAOBKH yroAbHoro xoitÖaäBa KPC-320 (Phc. 1).
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Buconae TpeSoBanan b ö.ÖaaCTH reoMerpn^ecKsuc cboScte, nociaBjieHHue «amnHau, 
CÓ3^aj3I HeOÖXOÄHMOCTB yHHTMSaTb B3aHMH0S BOSÄeiäOTBBe HX SJieiieBIOB. ¿láa 
oöecneqeHH« 3$$eKTHBHoćiH 3a3yöaeHna Heo6xo,5HMo ysHTHBaTB eaeflymunä 3a3op 
B 3 y 6MX

Xo ' 4 ’ (go1 + go2> > 0

rae:
1 - 3a3op b 3yöbax, K3MepaeMBi5 Ha AejiHTeabHOM UHJiHHÄpe,
t - Bekenne,
g 1 g - rojrniHHa B3aHMOÄeäcTByEinHX 3yÖBeB H3MepaeMaa Ha AejrarejibHoii

HHJIHHÄpe,

Ph c . 1. KuHeuaTH'iecKaH cxeiia CHcieMu 
npHBOÄa KomSafiaa KFC-320

£. MOÄEÜHPOBAKiilä TMBHÖrO DPHBOM

yjieHmeHHe semuHki 3a3opa MeXAy 
SyÖbÄMH BU3hIBaei H3M6H6HE6 ÄHHa-
UHaeoKoro K03(J>$j!imeHTa b oSaacia 
rxaBHoro pe30HaHca. SaKjimaeîCB 
3TO B TOM, HTO HBKOBiie BejIHHHHH 
3T0T0 K03$$imHeHTa nepeMenacTCJi 
B OTOpOHy 60ÆBÜIHX CKopocTeä. 
OrpaHH^eHHe 3a3opoB Bu3HBaei yjieH- 
meHae npe.ne.iia OKopocTH b Kotopom 
BHCTynaei HeciaaHOHapHHä npoueec 
KoaeÖaHHil nepesaiH b ofiaacia raaB- 
Horo pe30HaHca, ao MOMeHia noasoro 
HcaeaHOBeHHa sioro asaeHHa saa 3a- 
3y6aeHHa Öe3 3a3opa [jlj.

Äo CHX nop B npoBOÄHMHX paöo- 
iax, KaccaranHxoa ÄHHaimaecKoro 
aHajiH3a CHCieua npuBOAa roaoBKK 
yroabHoro KOMSaSaa KFC-320 npa 
onpeaeaeHHH kos^xphuhbhtob aecTKocm 
3a3yÖaeHzä HCnoab30Baao cpeAHSoç 
secTKooTŁ 3yöbeB nepeaana. OAHaxo 
npHHaiae laxorc ynpameHiia He otoö-  
paaaeT AeöCTBHTeaBHHx AHHaMunecKHx 
«BaeHMä KOTopae apoHCxoAni b 3y6- 
Haim nepeaa^ax. Kecxxocib B03aeä- 
eiByuąHx 3y6beB H3MeHaeTca b 3aBH- 
chmooth ot noaoaeHüa tohkh coBBMe- 
ciHoä paöoiit ma jiühkh npanopa jVJ,

B TeopeTHHecKOM aHai«3e Kaxoä HKÖyAB TexHHHecxoä npoÖaeMH Baeiynaei ne- 
oßxoÄBMoctb npHHaiHa xaxoi moäcah b Koiopoä ,ae yBBiiiBaeioa oÖmhho Bcex
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OBOäCTB. UpHHHTaÄ UOA«aŁ ÄBjlHeTOa OßtMHO KOMnpOliMCCOM iteSĄJ B031ÍCSHO XOB- 
HHM onacaHaeM npcmecco®, npoacxoAKSzx b AeäcxBaxeabHoä cacxeMe, a Tpy;moc~ 
xämk KaxeMaiiweCKoro aHaaaPa. CaCxeMa npaBoaa roaosKa yroaBHoro KOMÖa&Ha 
bio MKoroMaccoBas caoxiias cacxeija, cocxaBaeHHas c MaccQBKx oaeiieaxoB, ko3$- 
$HiłHeHxoB ynpyrocTH h  ramean.*. B c b s 3 k  c ?eu, qxo Bce 3j i g m b h t h  c h c t b i í h  npa- 
Boaa xoMÖaäHa bhuoxhhet apamaxeatEoe ABaseHae b b npaBOAe BacxynaiiT xoae- 
ÖaKaa o qacxoxaMa AexepMBHapyDUHMHca b raaBuoi Mepe napauexpaMH cocpexoioH- 
eHHbtx Macc, iîH3HaeCKyB uoaeaŁ npanaxo b aacKpeiHOM Base c 9 cxeneHaua obo- 
6oäk (Pac. 2).

4 F ü v qp q p r:I~' '-IF

I  Ifl
k

Pac. 2. *>a3HaeGKaa MoaeaB oaoxeMa npHBoaa yrosBHoro K-OMtSaitea KFC-320

lipa onpeaeaeHHH KosiJxpHaaeHTOB CKpyroBajomeS zeciKocia k. yaxeHo ynpyrHe 
cBoäcxBa cacxeMH, noayqeHHae b caeacxBaa CKpyqasaHas uaaHHApa a BHCxynaHM
xecxKocxa áasySaeHKa. UpBHaio, h x o  aaccananaa SHepraa Koaeúaüaa aMeei b h c k o -
xaqecKaä xapaaiep, onpeaeaeHHHä K0 3$iÿHPHeai0M ramena* c.̂ .
MaxeMaxaqeoKaM oaacou raaBnoro npaBoaa yroaBHoro KOMöaäHa aBaaexca eacxeMa 
£B34epeHUHOHaabHMi ypaBHeaaä. 3xa ypasaeHHa onpe^eaeHo npa noMoma ypasHeBaa 
Jlarpaaia i i poaa a npeAoxaBaeao b caeayr>ąe»i Baae:

F Ä  + C. , o Í  - *1» + kV.&> - * 1 > s Mel

+ cn,n-1($n " $n-1> + kn,n-1 ’ + °n + 1 . n ' V i l  > +

+ k n + 1 , n ($ n  "  * n  + 1 ł * 0

I 9$9  + = 9 , 8 ^ 9  ‘  $ 8 > + k 9 , 8 (4>9 '  $ 8 * = _M<op

rae:
Io-Ig ,c0 8,k1 Q-kg 8 - HHepuHOHHHe uoMeaia, KOsqpÿaBaeaxH xymeaaa,

KosjJłaitaeuTH aecxKocxa onpeaeaeaa aaaaHTHqecKa aa ocbobë tsxhh- 
qecKoS AOKyaeHiaaaa Haa npoBOAHMHx o h h x o b ,

Mg l  -  u o m s h x  saeKxpaaeoKoro aBHraxeaa, Koxopwii aaa npasoaa roaoBka k o k -  

6aèaa K rc-320  onpeáeaeao» pemaa caoteisy ypaBHeHaâ,
M - coexoaaae uarpyieas* roaoBKa Koiîôaâaa,. onpefieaeaHoä sa ocHoBe npa- 

BeaeHHHX onsxoB»
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CoOpaaaae aH'topMauaa Kacax>maecH pa6oxu K0M6ato0 8 aKcnxyaTapoBaHSHx » pa3- 
zuc naxxax b o 3 B c x h x j i  npoBeoxa BM6op oxeMeHxos nepeftaHH, Koxopue sazie scex 
noAsepra.iHCa asapM. KpuTepKeM BuSopa Q h x o  npHKaTKe Hiicxa zx 3aMeHK s ce- 
p a n  a o c x e ^ o B a H H a x  t o x o b o k  x o M f i a i i H a .

IIoxy'ieHHHe pesyxbxaxu e o 3 b o x j u o t  noxaraxB, axo BacoKaa aBapz2Hocxb KOM6a£Ba 
BK3Baaa HecooxBexciEyxinHK MaxepzaxoM, acnoxbsoBaHUM axh H3roxoBxeHM 3y6^a- 
THX Koxec, KOHCTpyKUHOHHHME OfliHSKaMH HXH CXHIZKOM CoXbmaM AHBaMHHeCKHM H3-
Shxkom b  3Beiibax KHHeMaxaaecKofi aena. £ cbh3h e stem npaHsio bo3moshooxi, 
BKcxynxeHas asOuxoaBoro 3a3opa b  HeaoiopMX coe^HHeHaax axeiseHioB a HexaHeS- 
Hooib aasySxeHK«.

Sot. 1. Cpe3aHHHi BnaaeBoii Bax 3y6aaToro Koxeca z1

CBS3a c Ten, axo Bticoxyu asapaiiHOCTb HMeex 3y(3aaxoe xoxeco z1 (Sox. i) , 
b pH3aaeoKoP. Mox,exn caoTeMH npHBo,na BBe^eHO MeHfflraiyioca xecxKocib 3a3y6xeHHH 
Mesxy sxeMeHTOM I ̂ -Ij. XapaKTep usueneimfL seexKOCTH KOTopuz 6ux onpeAexeH 
Ha ocHOBe b paCoie annpoKCHMapobano npa noMoua npHMux oxpe3Koa b saxe:

k = k_2 AJIH iVJ
UOVXVo

.xii•V

AJIH 6^-t < x < 1
k = k_, AJIH 1 < x <

W,e>
£■* - KosiupKnaeHi xcpxiosoro aepexpKiiw, 
x - Koopflauaxa tohke 3B3y6xenKa bxoxb xhhkk npanopa.
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B npeAciaBJieHHOä paCoie BBejeHo loie 3S3op » KHBeuaTH'teoKoä nape I0'Ii 
(Pac. 1), oüHcaBHHM ypaBHeHHeMí

, k 1,0  [(^1 " l 1 ,o ]

<  0

0 $ W ¿ 1 1,0 

*rí> > V o

TABS
M - o6o6s(eHHas cana,
$  - oÖoÖüjeaHoe nepeMeneiwe, 
k - KOS^BIiBeHT XeCTXOCTH,
1 - npHBHiaa BejiHBHHa aaaopa.

3. HyMSPH^ECKKE PACTETE

J,as npeACiaBAeHHOfi ¡pH3HHecKoä moa6ah pa3pa6oiaHO aaropaiM ByMepHHecxax 
pacaeios, xoTopHe nposeAeao aa 3BM. J¡,ah pemeHBX AH<i>$epeHBHaAi>HHX ypaBHeHX® 
HcnoAB30BaEO MeroA Pysrero-KyTTH IV p«Aa, ypaBHeBHX HHierpapoBaHO c aaroM 
0,00005 [c], a pe3yABiaTH perHCipapoBaao c naroM 0,001 |V].
H o A y n e H H a e  p e 3 y A B i a i H  n p e A c i a B . i e H O  b  l a f i n a u a x .  a  b  b h a s  rpa$> H K O B . B  l a ö x H i i e  

1 c p a B H e H O  B eA H B H H y n y c x o B o ä  chah A B a r a i e n a  a  M ax caM aA B H H e ceah B H C iy n a B -  

m a e  a a  c o o T B e i c T B y c m a x  c i e n e H a x  n e p e A a H H .  B T a Ö A a a e  2  c p a B H e a o  B e a a H H a y  

HOM HHaABHOä CHAH a  M aKCHM aAfcHHe ceah B H C T y n a c u H e  H a  n o c a e A H H x  C T e n eH H X  n e -  

peAaHH,

Taöaaaa 1

Ch a h F0-1max F 1-2max M F3-4max M

Frozr [h] 40365 23369 41648

CpeAHAa
XeCTKOCTB 26016 45844

IlepeueHHa*
xeCTKOCTb 36656 52924

3a3op 0-1 118169 80876 80155

Á H aA H 3 n o x y a e H K X  a y M e p a a e c x a i  B H H H C A eH H ä, o c o ß e H H O  a x  r p a ^ H H e c x o e  h 3 o ö -  

p a x e H a e  n o K a 3 H B a e i  K a a e c T E e H H u e  a K O A a a e c T B e H H u e  H 3 M e H e H a a  n p o ö e r a  x a H a M B - 

aecKHx c h a  b KBHeMaTHHecscHX napax b c x y a a e  BHóTynxeBaa H e A H H e S H O c ia  3 a 3 y 6 -  

a .ç b h h , B s c T y n a H B e  3a30ppB b. K H H e M a i a a e c K a x  napax n o s u m a e T  « a K C H M a x b K u e  H a -  

r p y x e H H A ,  a B H C iy n a B n a e  A H H a M a H e c x a e  chah H 3M eH H »TC B  a u n y x B C H o • 3th a a r p y s -  

*H  Ä B A A B TC « «C 70H H H K O H  re H e p H p O B S H H S . KQAeÖaBHß, KOTOpHB H epeH O C H T C A  Ha KOp-
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nyc rojioBKH KOMÖaäHa. H 3 u e H a » n a a o a  z e c TKocit 3a 3 y 6 A e H M  KSMeHßex npoöer ab-  
HaMHi e c K H i  H a r p y 3 0 K - hi SKCxpeMaABKbie BeAHHHHH. 3 aa<ieHHÄ chji BHCxynamnnx 
M e a w y  3y 6 M M H ,  b hhhcashhh b npH c y x c i B H H  3 aaopa, saBHcax ot bbah h h h h  btopo 
3 a 3 opa b KoiopoM oh BHCxynaex. nojiy-ieHime sthm cnocoßoM AHHaMHHecKHe K 3 ÖU- 
TKH M oryi ebjihtca npHHHHoS l a c T H x  asap n ä  b onpe^ejiSHHOM coeAHHeBHH. 
npeAci a B i e H H a a  AHHaMU H e c x a H  mo& e z b  n o 3 B o m e i  y H H X H B a x b  bahähhb hctohhocth 
E 3 rOTOBJieHKS B HX  0TKA0H6HHH f BOMJVeHUX BO BpeMA SKCHAyalamiH Ha  BejIHHHEH 
AHHaMH H e o K H x  o m ,  b u c xyiiaxapix b onp«AeJieHHUi KHHeMaiiraecKHX napax. Ohh 
hbaa b x c a  ocbobhhmh AaHHHMH s a a  p a c B e x o B  c b a PaHHUx o y o x o ä H H B o o x L E  sxeMeHioB 
C H CieMH npHBOAa toaobkh y r o aBHoro KOMSaSaa. n o A y n e h h h S  airopHXM a o 3 BoiaeT 
onpeAejiHXb MaKCHMaJiBHyi BeAHHHHy 3a 3 opa HCxO A a  K 3  A o n y c x z M o ä  se ahhhhh homh- 
HajiBHoä H a r p y 3 K E . rioJiyieHHaa S 3 p a o n e x o B  $ y H K U , M  c h a h  b noAnmriHHKax Moxex 
ÖHTb BHfipoaKyCXHUeOKHM CHrnaJIOM B A H a r H O O T H H e C K H X  BCCAeAOBaHHAXi

laöAHua 2

Chah F0-1max M F1-2max M F3-4max DO
Frozr [h] 22425 12983 23138

CpeAHHA
aecTKoeib 13809 25647

DepeMBHHaA
SteCTKOCXb 22589 27895

3a3op 0-1 53505 27029 23637

Pae. 3. Ch a h  F^_2 (t) npH BKOxynAôHZH 3 a 3 o pa b ç o ¡sahhsehh M e w y  Bai ou abh -  
raxeAH a 3y6Haxiui Koxeeou z,
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Ph c. 4. Chjih f (t) npH BHCiymieHBH HeanaeitHOCTH 3a3y0J¡eHM Mex^y KOJiecaHK
1_2 z.-z_
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OCENA WPŁYWU NIELINIOWOŚCI W UKŁADZIE NAPĘDOWYM GŁOWICY KOMBAJNU 
NA WIELKOŚCI SIŁ DYNAMICZNYCH

S t  r e s  z c z e n i e

W pracy przedstawiono sposób modelowania układu napędowego głowicy kom­
bajnu węglowego z uwzględnieniem sprzężenia silnika elektrycznego i układu 
mechanicznego. Opracowany model pozwala uwzględnić nieliniowe związki w 
parach kinematycznych w postaci zmieniającej się sztywności zazębień i lu­
zów. Wyniki obliczeń były porównane z wynikami dla układu liniowo-spręży- 
stego.

EVALUATION OF THE DEPENDANCE OF NONLINEARITY IN POWER TRANSMISSION 
SYSTEMS OF THE COMBINE HEAD UPON THE MAGNITUDE OF DYNAMIC FORCES

S u m m a r y
The paper presents a method for modelling a cutter loader head drive 

unit with feedback between elektric engine and gears. This model enables 
embading non-linear relationship in kinematic. The results obtained in 
computer simulation are compared with a linear system.


