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Tabnuua. Pe3ynsrarsl, HOJy4YeHHbIEC IPU MOACIHPOBaHUH paboThl BHOPO-
JUarHOCTHYECKOH SKCIIEPTHOH CHCTEMBbl HA HEYETKHX HEHPOHHBIX CETAX

M Homep nedekra 2l ;\7) ;(2’}) ;(3,}})
1 0,0 0,0 0,0
300 2 0,0 0,0 0,0
3 0,0 0,0 0,0
1 9,999E-01 9,874E-04 5,741E-58
400 2 1,277E-01 8,722E-01 2,466E-59
3 1,676E-22 1,271E-24 1,0
I 9,999E-01 1,833E-06 5,956E-135
500 2 2,857E-01 7,142E-01 4,977E-145
3 2,094E-29 5,242E-38 1,0
1 9,999E-01 7,521E-06 0,0
600 2 1,083E-01 8,916E-01 0,0
3 6,804E-43 2,598E-42 1,0
1 1,0 9,361E-09 0,0
700 2 7,777TE-02 9,222E-01 0,0
3 1,718E-32 5,139E-45 1,0

[TosrydeHHble pe3ynbTaThl HOKa3bIBAlOT, YTO MPEANOKEHHAs HeHpoceTeBas CTPYKTypa
No3BoJsieT npaBuibHO HaeHTHGHuKpoBath Aedexts! III], HaynHas co 3HadYeHH# AIHH 06pa-
HaTpIBaeMbIX OTPE3KOB peann3auuil BubpocurHanos M=400 oTcueToB u Mo Mepe yBejHYe-
HHS JJTHHBI 0TPe3KOB 3G (HEKTUBHOCTS BUOPOIHATHOCTHYECKOH CHCTEMBI BO3PACTALT.
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In the modern devices of robotics and also in the various machines with hydraulic
power drive, for example, loaders, excavators, machine tools, cars , several hydromotors of a
translation motion are often driven by one hydropump [1-3]. Example of such system is
shown in fig. 3. Real pump capacity determines corresponding flow rate of working liquid
that enables to set in motion of the hydropump pistons. By neglecting the liquid deformation
and outflow through the gaps in the joints and connections of the parts and assuming that the
everywhere liquid continuously fills in the hydraulic line and the operating pistons cavities,
the instanteneous volumetric
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Q=7 Fq, 1)
i=1
where F;-area is the areas of effective cross sections of lines, pistons, etc.; g; is the co-
ordinate determining the piston with respect to the hydrocylinder.
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. 1. Machine unit-containing hydromotors of the
translation motion and one hydropump

The equation (1) can be integrated provided that the flow rate Q is the obvious func-
ton of time parameter or Q is constant. In this case the primitive function for (1) will express
dependence of the co-ordinates from time parameter and consequently nonstationary geomet-
acal holonomic constraint. In the common case the flow rate depends on a dynamic state of
e hydrosystem and can be only determined as the result of solving the equations reflecting
completely the motion of the unit and its interaction. Such constraint depends on the internal
forces, acting in the system, work of which at the virtual displacements, generally speaking, is
mot equal to as zero. Such constraints are reffered as servoconstraints and then the equation
(%) will express the non-holonomic servoconstraints.

Motion of System with such constraints can be described by the following equations

iff__ﬁ_=gj+p.+pj,j=1,2,... @

wrere (), are the generalised forces for the generalised coordinates; D; represent the gener-

atised forces of the nonholonomic constraints reactions corresponding to term Zﬂsasj ; F,
s=1
are generalised dissipative forces.

Now we shall address the research of motion of the hydraulic unit having the two hy-
dromotors of translation motion driven by one hydropump. The equation (1) is adapted to
sach unit and that represents the non-holonomic constraint. Hence

Fig, +Fq,=0 (3
where F| and F, are the pistons areas of the cylinders of the hydromotors 1 and 4, ¢; and
G- are the velocities of pistons motion, respectively. The generalised forces reduced to the
bongitudinal axes of piston rods symmetry denote Q) = Q;(¢,,¢) and @, = Q,(g, ) as func-
mons of the piston position or the generalised co-ordinates and time parameter t. Let m2; and

», be the reduced masses of the movable elements of hydromotors, p be the pump output
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liquid pressure. The pistons motion resistance forces proportional second power of the pistons
velocity, friction forces are neglected. In the brake devices the surplus pressure is supposed to
be equal to zero. Then two equations in the form (2) become

m§, =PF,~ P, ~R,q, &
F;=0,D;=-Rq,

where R ; are coefficients of resistances proportional first power of the pistons generalised

velocities, Q; = pF, — P,, where P, represent the external forces of resistance’s, applied to

the piston rods from operating member of the unit. It should be noted that the values O, and

D; have the measure unit of force. In the equations (3) and (4) there are four unknown func-

tions: the pistons displacements ¢, and g,, liquid pressure p and flow rate Q. To these
equation

0-{p=p) )

k

where p, is the liquid constant pressure what safety valve 7 opens, k is the constant coeffi-
cient. When from equations (3) and (5) the value of p = p, - k(F,g, + F,q,) is substituted

into the equation (4), the result is
quj‘=[Pk"k(qul+F2q2)]Fj_Pj_quj‘, Jj=12 (6)
The two equations (6) are the equations of motion for both pistons taking account of
the non-holonomic constraints expressed by the equation (3).Now we consider application of
these equations to determine effect of interaction of the hydromotors 1 and 4, under braking
one of the pistons, what can be caused by action of the brake devices or sudden change of ex-
ternal forces A and P,. Let my=my, =m, P, =P, = P the force P receives increment

AP,ie. B = P+ AP, and the force P, keeps its value P, = P. In such case the first piston

should move with decreasing velocity and the second pistons should move with increased ve-
locity with keeping the invariable capacity of the hydropump 9.
The equations (6) then become

mdg, =PkF‘P“AP"kF2‘?1 'sz%
Mydy =ka—P-—AP—kF242 "kF241
The velocity of a steady motion of the pistons can be determined from the equations
(7)at Ap=0, g, =g, =0 by the following.

™

Gy =42, =V, =%%}—P @)
From the first equation of (7) we find
42 =(puF P - AP kP2 = m ©
Differentiating the expression (9) with respect to time we hare.
4y =~ =54 (10

Substituting the equations (9) and (10) intro the second equation of (7) gives at
ml = m2 =m

2kF% | kF?
G, =——5AP (11)
m

g+
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This equation, when £ =0, ¢, =0,is

24F2
AP -
q.|=——m—-— l+e ™ (12)
hence at £ =0 and ¢; =v, we have
~2kF2
. AP AP t
q1=vy--—2—n—1't—ﬁ2— l-e ™ (13)
Difference of the equations (7) will enable to determine
AP —2kF2t
6'1'2=él+“n7=‘2; l-e ™ (14)
Integrating of the equations (14) over the variable t yields at £ = 0,v, = v,
24F2
AP AP —
g, =v, +—1t- l-e ™ 47)
2T T om 4kF?

After substitution of meanings (13) and (47) in (3) we shall determine the charge of a
aquid
24F?
AP -
=2y F———|l-e ™ 48
0=l (49
From the equation (12) it follows that at f — oo the acceleration §; approaches the
constant and that testifies the velocity of piston motion aspiration zero. Interval of time ¢ fins
Zor which the velocity decrease to zero, is determined from the equality (13) by equating the
ois right hand side to zero that results to the transcendental equation with respect to ¢,

2 — —
_ AP [ 2kF7 _£t+2(ka P) AP _
4kF*? 2m 4kF?

After a stop of the piston 1, movement of the other piston is determined by the second
aquation of (7) in which it is necessary to accept ¢; = 0 .Then

0 (49)

4
m

mg, = p,F - P—kF’g, _ (50)

2

kF?
constant C of integration at the initial conditions: ¢ =t¢,, ¢, =v,, the equality (50) the be-

. F-P F-P kF?
4, =£"___._+(v2 _i’&k—F-E—)exp(——(t-to)). (51)

tj. After determination an arbitrary
m

. . . F-P
solution of this equation is ¢, = Py + Cexp[—

<Omes

kF? m

At t = o from the formula (51) taking account (8) of the equation we find
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. p.F-P
q2l—->oo ='—kk_Fq_2_=2vy (52)

It follows from stated above that , at a small increase of the motion resistance force P
of one piston, its velocity approaches zero and the velocity of other piston approaches double
value of steady motion velocity. Although the dissipative forces depending on motion veloc-
ity of the pistons, the friction forces under relative motion of the elements, the liquid leaks
causing a fluid pressure decrease are neglected ,this research shows expedience of taking ac-
count of the non-holonomic constraints that enables well-groundedly to judge by processes
occurring in the real machine units and more exactly to determine parameters of motions.
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ABTOMATHYECKAS YCTAHOBKA 1JI51 JIABEPHOI'O ®OPMHUPOBAHUS
2D-3D OB BEKKTOB B ITPO3PAUYHBIX TU3JIEKTPUKAX
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B HacTos111€€ BpeMs U3BECTHBI J1a3epHblE CUCTEMBI, [TpeHa3HAYEHHBIE JJIS TIOBEPXHO-
CTHOM 00pabOTKH MaTepHaIoB. DTO CHCTEMBI JIa3epHOro (ppesepoBaHus, pe3aHus, I'paBUpO-
BaHHS U MApKHPOBKH, IUIS KOTOPBHIX yXe pa3paboTaHo mporpaMMHOe obGecrnieuyeHHe B COOT-
BETCTBHH C HX TEXHOJOIMYECKUMHU IpolieccamMu. PaccmarpuBaeMas B Hacrosmielt pabore yc-
TAaHOBKAa OTJIMYAETCH TeM, 9To obecreunBaeT (GOPMUPOBAHHE TPEXMEPHBIX H300paXKeHUH B
obBpeme.

Ona coctouT (puc. 1) U3 NEPCOHATLHOTO KOMIIBIOTEPA C IPOrpaMMHBIM obecnedeHu-
eM, JIa3epHOH CHCTEMBI C IUIATOH YIpaBJIECHHS JIa3epOM U TPEXKOOPAMHATHOH CHCTEMEI € €€
KOHTpOJUIEpOM. YCTaHOBKa paboraeT ciaexmyromuM obpasoM. CoxycHpoBaHHBI Na3epHBIH
Jy4 IPOU3BOJHT JIOKAIBHOE HapylueHue (JedexT) CTPYKTYphl B TOYEYHOH 061acTH 3aroToB-
KA. JlepeKT ABIACTCSA IEMEHTOM CTPOSILETOCA TPEXMEPHOro n3obpaxeHus. MHOXeCTBO Ta-
KuX gedexToB GopMEpyeT 0607104Ky TpexMepHOTro oOnekra. KayecTBo rpaBUpOBKH M IIpOU3-
BOJUTEIBHOCT, YCTAHOBKH B IIEPBYIO O4epelb 3aBHCHT OT AUCKPETH3allMM TPEXMEPHBIX
00BeKTOB. B CBA3H ¢ 3THM B HacToslIed paboTe pelanuch CaeIyolHue 3a1a49u:

— JMCKPETH3alHs IUIOCKHX H300pa)keHui, 3aKIoYaromasics B 0TOOpakeHHH HCXOIHOTO
pacTpoBOro H300paXkeHUs B BEKTOPHOE ITyTeM (HOPMHPOBAaHUSA I€OMETPHYECKUX OOBEKTOB B
TEX TOYKaxX MPOCTPAHCTBA, KOTOPHIM COOTBETCTBYET Y4acTOK pacTpOBOTro H300paxxeHus, Ipe-
OIONIEBUIXIT HEKOTOPBIA NpeNest APKOCTH,

— JAMCKpeTH3auusd OOBEMHBIX H300pakeHWH, 3aKiovaromasics B oToOpakeHHMHM Habopa
TPEXMEPHBIX 0OBEKTOB B MHOXKECTBO TOYEK, CBOMM PACIIOI0XEHHUEM MOBTOPSIOIINX OYepTa-
HHA 00BEKTa,

— oToOpakeHHE IIOJIyYEHHOM TOYEYHOH KapTHHBI C BO3MOXXHOCTSAMH HacTpPOMKH Iapa-
METpPOB O0TOOpaXKeHHsl, IIO3BOJIIOLIEE ONEPAaTOPY KOMIIJIEKCA BUIECTh pe3ysIbTaT 00paboTKH,



