Hydraulic drive boom lifting mechanism
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Absiract. The paper presenis the caloulation of the pressure of the hydraulic cylinder of the
boom at the inlet to the throfile, which regmlates the speed of lowering the boom with a load,
which provides a non-cavitation eperation mode of the hydranlic drive. The pressure calomlation
takes into account the change in the angmlar acceleration of the boom with 3 load and the
deformation of the working fluid and the walls of the hydraulic cylinder.

When designing a kydrauhe dove for hfing machimes and mechamisms, it 15 necessary to take 1nto
account the possibihity of a break mn the flow of working fimd 1o the rod end of the byvdraulic cvhinder
when the boom 15 lowered with a load. The rapid lowenng of the working body leads to the release of
dizsolved gases from the working flud, the occomrence of cavitaton. The study of the bulk strength of
muneral oils showed that lowenng the pressure to —0.06 . —0.015 MPa at an o1l temperature of 45 7 C. .
507 C leads to a rupture of the flow of working flwmd with the releasze of vapours and gases dissolved mn
it [1]. When the flow breaks, a sharp change in the volime of the flud oceurs, 1ts elashicity changes
dramatically, which leads to a viclation of the steady operation mode of the bydraulic drrve.

When lowenng the boom. 1t 15 necessary to ensure the contimuty of the flind flow 1o the rod end of
the hydraulic cylinder (figure 1. This 15 aclueved by installing a throttle at the outlet of the piston cavity
of the hydraulic cylinder. With a constant flow of pump .. the piston speed of the hydraulic cylinder
v, mmst be constant. and under this condition the continmty of flow 15 ensured [2].

Pizton speed, m's:

Qp
V= s,
_ M

where 5,— the area of the rod end of the hydraulic cylinder, m*; Q- pump feed m’/s.
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4 {-‘-“ boom hffing mechanism.
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At this speed, the flow rate of the working flmd from the piston cavity of the evhinder through Q4
throttle will be determined [2,5], m"/s:

0=0, v
(2)
where ¢ — the ratio of the areas of the hyvdraulic evhnder, un.
5
P
v=
Smr
(3)

where 5, — area of the piston cavity of the hydraulic eylinder, m’.
) The flow rate of the working flund through the throttle 15 deteromned [4, 10, 14] from the expression,
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where AP — pressure difference at the throttle inlet and cutlet, Pa; p — fluid density. m*'kg; u — the
flow coefficient, depending on the design of the throttls, the Revnolds number, the shape and size of the

hole; f — throttle hole area, m*.
Expression (4) mn view of (2} 15 as follows:

Opw=nf |AF
(3}
Dhie to the relatively small value of the outlet preszure, in further caleulations it can be ignored, then:
2
Q w=uf |P—
(6)

where P — pressure at the mlet to the throttle, the same pressure in the piston cavity of the bydrauhe
cyhnder, since the throttle 1= installed at the outlet of the hydraulic evlinder, Pa.
To find the onfice of the throttle, 1t 15 neceszary to determune the pressure P. To do thas, we mzke the
equation of dynamic equlibrium [6, 7, 8, 15]:
des
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where G, — reduced weight of the process equipment to the center of mass of the drop cargo, H; J, —

_c!u.l

reduced moment of inertia to the axs of rotation of the boom, kg m?; T angular acceleration, 5% F —
bvdrauhe eyhinder force, H; h — shoulder effort F, m.
In view of the small value of the second term in the nght-hand s1de of equation (7), we can write 1t
as follows:
di

G, l-cosa-F-h =..TH-I

(8)
The angle @ 1= found from the kmematic scheme of the mechanism for the maximum and munimum
lengths of the hydrauhec cvhnder and several intermediate positions. For the same positions from the
ABS tnangle (figure 1) we shall find the angle fon three sides.
The magmtude of the shoulder b 15 determmined from the expression, m:
h=b-zinf
()
where b - distance from articulated boom joints with base and piston rod, m.
We shall determine the angular velocity w of the boom, 5 '
_¥r
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b
(10}
where 1. — boom hinear velocity at C point, which 15 equal to, m/s:
¥

L]

V= —
sn
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where v, — hydraubic cyhnder piston speed, m's, from whach:
1-F?

b-sin §

(12)

Force of F hydraulic eylinder 15 egual to [2. 3, 5], H:
D
F=P 1
(13)
where P - pressure in the piston cavity of the hydraulic evhinder, equal to the pressure at the entrance
to the throttle, Pa; D — hydraulic cvhnder diameter, m
Under the achon of pressure mn the piston cavity of the hydraulic eyhinder, the working fimyd and
cybnder hiner are deformed, therefore the mmihal volume ()} decreases by AQ) [2., 16]. The change mn
volume AQ over dt time is determined from the expression [11, 12]. m* / s

di{AD B g dF
dt E dt
(14)
where E, — elastic modulus, Pa.
In expression (14) we shall replace:
@ __.
— =
E,
(15}

where K% — coefficient of proporhonality, taking info account the dependence of the change in the
volume of working fluid from pressure, then:
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Angular speed 15 as follows, taking mto account the deformation of the working fluid and cylnder
liner, 5"

P
-
o= bl
b-sinf
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We shall replace:
4
&= =
x-Ir
(18)
then
_ Ve I dp
@ banf © bemp dr
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From eguation (8} taking into account the value of F (13) we shall find the pressure P, Pa:
p= 4-Go-lcosa 4, do
Ph  aD'h A
(20}
In equatvon {207 we shall make the replacement of constant values:
4G,
- - ﬂl
4.0, ey
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(22)
then:
.y Co5 o der-.i-
=By
(23)
We shall put {9 into {23):
Pt [icosaB )
.!:-:d.uﬁ( B )
24)

The process of changing P pressure, when lowenng the boom with a load, 15 desceribed by a system
of equations:
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Having solved the system of equations (257, we can find the required pressure and, accordingly, the

throtile hole for the mven parameters of the boom. hydraulic cylinder and the speed of lowenng the

load, taking mto account the deformation of the working flmd and byvdraube evhnder, which wall allow
lowernng the load wathout "jerks”.

Let us consider ABS mangle, sides of AB and BS of constant length, side AC - of vanable length,

depending on t, 1.e. moving point C, m:
AC=] Tdr= [ T a5

(26)
where 5¢7) — displacement of the hydraulic evhinder rod 1n ime, m.
Angle §=F11). By the cosine theorem:
B =5 (n-a
caos §r) 500
@7
sin flr)=y I-cos*§
. (28)
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The angle alpha by the sine theorem 15:
S-sm B
& &= arccos) J
a
(30}

From system (23) we shall express P i), for this we shall differentiate the second equation of the
system with respect to f and substitute 1t mto the first:
dw V,cosf df Ccosf df dP, C 4'P

dt  poin'f & bein'f df dr bsnf dr

(31}
we shall denote:
c -y
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we shall obtamn: 2
dler a4 F r dP_
S =M SN0
(35)

The first equation of system (25) 15 fransformed nto the form:
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we shall denote:
A-coza _y
bemf
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we shall obtain:
P=L E’t}-% +Ej1)
(39)
We shall substitute equation (35) into eguation {39):
2
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we shall open brackets:
d2p dF
P=L{t)-Mi HF +L{L-N ﬂﬁ +L{L R +K(T)
(41)
we shall denote:
=Lt M) =A41)
(42)
-L{t-N()=Bt)
(43)
LitR{t FE{EFCaft)
(44)
We obtain a second-order iuhumugeuecn:ls linear differential equation:
d°P aF _
4 .[r}-F —E.I::'}-E —P=0)
(45)

When solving the resulting equation, conditions (imtal. boundary) are required. based on the design
parameters of the caleulated mechamiso.

Thus, the presented algonthm allows to ensure the contnwty condition of the working flwmd flow in
the hydraulic dnve of the hfiing mechamsm when 1t 15 lowered at the desizn stage. Calculaton of the
non-cavitahon mode of the hydraulic drive 15 made taking into account the angular acceleration of the
boom and the deformation of the weorking fhnd and the wall of the hydraulic evhinder liner.
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