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MATEMATUYECKOE MOAOEJIMPOBAHUE MNMPOLUEAYPbI
cunnoBoro AHANMM3A MEXAHU3MA HABECKHU
NOOABEMHO-HABECHOIO YCTPOUCTBA Y3C-2-250A
NMPU NOABEME KOPMOYEOPOYHOIO KOMBAUHA KHK-3000

A. B. Cyciao
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Hayunslii pykoBoaurens B. b. [Tonos

IIpeocmasnena mMemooOuKa cuno8o20 aHAIU3A MEXAHUSMA HABECKU NOObEMHO-HABECHO20
yempoticmea YOC-2-2504, obecneuusarowas e2o azpe2amupo8aHnue ¢ HagecHviM 000pyO08aAHUEM.
IIpu smom opmupyemcs PyHKYUOHANLHAS MAMEMAMUYLECKAS MOOENb CULOB020 AHAU3A MeXd-
Husma nasecku. Ilocnednss modxcem Ovimb UCNONL308AHA OISl PYHKYUOHANLHO20 NPOEKMUPOBAHUSL
UOEHMUYHBIX NO CIMPYKMYPe NOObEMHBIX MEXAHUSMOE CIMPOUMENbHO-00PONCHBIX MAWUH U CAMO-
XOOHBIX waccu.

KaroueBble cjoBa: CHIOBOI aHaJIn3, MCXaHU3M HaBCCKH, MOOUJILHEIE MaIllrHBbI, IUIOCKHH
aHaJIor MCXaHHU3Ma HaBCCKHU.

MATHEMATICAL MODELING OF THE PROCEDURE
FOR FORCE ANALYSIS OF THE LINKAGE MECHANISM
OF THE UES-2-250A LIFTING DEVICE WHEN LIFTING
THE KNK-3000 FORAGE HARVESTER

A. V. Suslo
Sukhoi State Technical University of Gomel, Republic of Belarus

Science supervisor V. B. Popov

A method of force analysis of the linkage mechanism of the UES-2-250A lifting-and-hinging
device is presented, ensuring its aggregation with attachments. In this case, a functional mathe-
matical model of force analysis of the linkage mechanism is formed. The latter can be used for the
functional design of lifting mechanisms of road construction machines and self-propelled chassis
that are identical in structure.

Keywords: force analysis, linkage mechanism, mobile machines, flat analogue of the linkage
mechanism.
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PaccmoTpuM crenyronye 3Tanbl MaTeMaTHYeCKOro MOJICIMPOBAaHUS IPOLEyp CHIIO-
BOTO aHalIM3a MEXaHHM3Ma HaBECKU IMOABbEMHO-HaBeCHOro yctpoiictBa YIC-2-250a mpu
noabemMe kopmoybopounoro kombaitna KHK-3000:

1. Onpenenenue peakiuu Rsq B MOABMKHOM I1apHupe [se.

B cunoBom ananuze npeHeOperaeM cujiaMHM MHEPIMM 3BEHHEB MEXaHHM3Ma HaBECKU
U arperaTupyeMoil ¢ TpakTOpOoM HaBECHOW MAallMHBL. JTO CBA3aHO C TEM, YTO OHU OTHO-
CATCS K TUXOXOJHBIM O0BEKTaM, IBHKYILIMMCS C BECbMa MaJIbIMU YCKOPEHUSIMH U CKOPO-

CTSAMHU. 3aNHIleM CHUCTEMY YpPaBHEHUM paBHOBECHs JI TPyMIbl Accypa 2-TO TOpsaKa
1-ro Buna (Le—L7) (puc. 1):

(2 Reg,(S)+ Ryr, (5))=0;
Ry (S)(¥Yer (S)=Yir )+ Ry, (X, = X ()= 05
2R (S)+ Ry, (S)- B, =0;
2+ Ry, (8) (¥ (8) = Y (8))+ 2+ Ry, (X55(8) = X5 (S)) - M =0,

rae Mé(S):PG(XS6(S)_X67(S))'

f = ——
-
[ [
> ;B
Riz

Puc. 1. Cxema aHanm3a IByXIOBOAKOBOM IpymIisl 1-ro Buaa,
cocTosmeH u3 3BeHbeB L—Lg

3anumeM MaTpulbl, COOTBETCTBYIOIIUEC CUCTEMC JIMHEUHBIX ypaBHeHI/Iﬁ PpaBHOBCCHUA

BBILICYIIOMSHYTON Tpynnbel Accypa, a pelleHHE JAaHHOM CUCTEMBbI HAWAEM MO METOAY
Kpamepa:

2 1 0

0 2 0 1 _

M(S): 0 0 Y67(S)_Y07 X07_X67(S) ’
(Y67 (S)_ Ysa (S))2 (X56 (S)_X67 (S))Z 0 0
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0 0 1 0
| B 2 0 1 .
MI(S)_ 0 0 Yé7(S)_YO7 X07_X67(S) ’
M6(S) (Xse(S)_X67(S)) 2 0 0
2 0 1 0
M.(6)= S ()
0 0 Y67(S)_Y07 X07 X67(S)
(Yo (8)-%(S)-2 M(s) 0 0
_m(s)] _IMy(S)]. _
RulS)= G Rl gy Rl ElR (S, (5)

2. Onpenenenue peakuuu Ry; B mapaupe I1p; Ha pame TpakTopa:

2 0 1 0
M,(5)- X 6 ol
0 0 0 X07_X67(S)
(Vo ($)-Yi(8)-2 - (Xae($)=Xo(8))-2 M(S) 0
2 0 1 0
M,(5)= 0 2 0 P |
) B 0 0 Yé7(S)_YO7 0 ’
(Vo ($)-Y($)-2 (Ksol$)-X(S)2 0 M(S)
_(s)], _m.8)]. _
07x(S)— |M(S) > R07y(S)_ |M(S) ’ R07(S) E(R07X(S),R07y(5)).

ITpoBepka: R07y (S)+ 2 R56y (S)_ F Ro7x(S)+ 2. Rsex(S)'
3. Onpenenenne peakuuu R,, B NOABHKHOM mapHupe [1z.
R76 onipeiennuM 13 ypaBHEHUM paBHOBECHS 3BeHA Lg:

R76x(S) =-2-Ry, (S); R76y(S) =-2- Rssy(S)"‘ Fy; Ry (S) = E(R76x (S), R76y(S))'
4. Onpenenenue peakuuii Res, v R
Rgs., (S) =Ry, (S); R, (S) =Ry, (S)

IIpoBepka: Ry (S ) =—Ry;, (S ); Ry, (S ) =—Ry,, (S ); Ry, (S ) =E (R76xp (S )a Ry, (S ))
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5. Onpenenenue peakuuu R.,.

i-RL by
;t-:- I, . ‘-Ru
» -y
La
La
N Ras Tl
R;"__r——\_l"_'_}—- ¥ =
= I T Ras R3a
Iles Ris 43 ) ' ——
RS
@ {6‘}
R’.
. . ¥
- L ss 1 Ras
Ras
(<)

Puc. 2. Cxema CHIIOBOTO aHAIN3a ABYXIIOBOJIKOBON TPyINHI 1-T0 BHA,
COCTOSAIIEH U3 3B€HbEB Lss—L4

3anuiueM CUCTEMY YpaBHEHUI paBHOBECHS 1S Tpynbl (Ls—Lse):

Ris. (S)+ Ry, (S)+ Res. =0;
ROSy(S)+R34y(S)+R65y(S)= 0;
R34x(Y34(S)_Y45(S))+R34y(X45(S)_X34(S)): 0;

R05x(Yos _Y45(S))+R05y(X45(S)_X05)_M65(S): 0.

3anuiueM MaTpullbl, COOTBETCTBYIOIIME CHCTEME YpPAaBHEHUN pPaBHOBECUS TPYIIIbI
Accypa, a pelieHne JaHHOHM cucTeMsbl Haiinem no Metony Kpamepa:
6. Onpenenenue peakuuu R .

~Rg(S) 0 ! °
_R65y(S) 1 0 ! ;
MB(S): 0 0 Y34(S)—Y45(S) X45(S)_X34(S) ’
MGS(S) X45(S)_X05 0 0
I —R(S) I 0
0 _RGSy(S) 0
M4(S): 0 0 Y34(S)—Y45(S) X45(S) X34(S) ’
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_IM(S)].

i) FeeS)= S

B |M(S) ’ Ros(S)=E(ROSx(S)=R05y(S))'

ROSX (S)

IIpoBepka: R, (S)+ R, (S) +Ry,, (S); Rys, (S)+ Rgs, (S)+ Ry, (S)
7. Onpenenenue peakuuu R, B mapHupe II,; momyuum U3 ypaBHEHUS paBHOBECHUS

3BeHa L :

Rys, (S) =—Rys, (S)_ R, (S); Ry, (S) =—Rys, (S)_ R, (S);

R45 (S) = E(R45x(S)’ R45y (S))

8. Omnpezesnenne peakumii Ry, 1 Ry,

Ry, (S) =—Ry,, (S); R43y (S) = _R34y (S)

9. Onpenenenue peakuuu R, :

Mz3(S): Ry 'COS(Plz(S) (Yo3 _Yz3(S))+R23 'Sin(Plz(S)'(XB(S)_Xm);
Ry, (S) =R, (S) COS((Plz(S)); Ry, (S) =Ry (S) COS((Plz(S));

m(S): COS(Pu(S)(Yoa —Y23(S))+sin (Plz(S) (Xza(S)_on);

M, (S): [(R43y (S)) (X34(S)_ X03)+ Ry, (S) (Yo3 - Y34(S))]2;

Mposepka: R,;(S)=F,(S).

4
Onpenenenue peakuuii R, :

R01(S) =Ry (S); R03y(S) =—-R,, (S)_ 2 Ry, (S)
Onpenenenue peakuuii R, :

Ry, (S) =R, (S) —2-R,;, (S); Ry (S) = E(R03x (S), Ry, (S))

12. Pe3ynbTaThl CHI0OBOrO aHanu3a MexaHu3Mma HaBecku YOC-2-250A npu noabeme
kopMoy6opounoro kom6baitna KHK-3000 nans! B Taromnmuie.
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3Hauenus pealclmii B IIAapHHPaX 3BEHbEB MEXaHU3MA HABECKHU

S, | Rse(S), | Roi(S), | R76(S), | Rys(S), | Ros(S), | Ros(S), | Ras(S), | Rou(S), Fy(S),
M H H H H H H H H H

0,571 6,452 -10*| 5,507 - 10* | 7,271 - 10*19,901 - 10*| 11,76 - 10* (6,244 - 10% 11,43 - 10* | 11,43 - 10*| 1,144 - 10°
0,596 | 6,641 -10%| 5,523 - 10* (7,519 - 10*{9,327 - 10*| 10,99 - 10* |6,384 - 10*| 11,43 - 10* | 11,43 - 10*| 1,143 - 10°
0,6216,829 - 10*| 5,546 - 10* | 7,766 - 10*(8,936 - 10*| 10,43 - 10* |6,511 - 10*| 11,41 - 10* | 11,41 - 10*| 1,142 - 10°
0,646 7,016 - 10*| 5,573 - 10* [8,014 - 10*(8,652 - 10*| 9,984 - 10* |6,638 - 10*| 11,13 - 10* | 11,13 - 10*| 1,144 - 10°
0,671(7,201 -10%| 5,605 - 10* 8,263 - 10*(8,440 - 10*| 9,614 - 10* |6,771 - 10*| 11,49 - 10*| 11,49 - 10*| 1,15 10°
0,696 | 7,386 - 10*| 5,642 - 10* 8,513 - 10*| 8,28 - 10* | 9,294 - 10* |6,914 - 10*| 11,60 - 10* | 11,60 - 10*| 1,16 10°
0,721(7,568 - 10* | 5,682 - 10* [8,763 - 10*[8,159 - 10*| 9,011 - 10* | 7,068 - 10*| 11,73 - 10*| 11,73 - 10*| 1,174 - 10°
0,746 | 7,749 - 10* | 5,724 - 10* {9,012 - 10*[8,071 - 10*| 8,752 - 10* | 7,237 - 10*| 11,91 - 10* | 11,91 - 10*| 1,191 - 10°
0,771]7,926 - 10*| 5,768 - 10* {9,258 - 10*(8,011 - 10*| 8,510 - 10* | 7,424 - 10* 12,12 - 10* | 12,12 - 10*| 1,213 - 10°
0,796 | 8,096 - 10* | 5,810 - 10* (9,497 - 10* 7,974 - 10*| 8,278 - 10* |7,634 - 10*| 12,37 - 10* | 12,37 - 10*| 1,238 - 10°
0,821(8,258 - 10*| 5,849 - 10* (9,724 - 10*|7,958 - 10*| 8,048 - 10* | 7,874 - 10%| 12,67 - 10* | 12,67 - 10*| 1,267 - 10°
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