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B Hacrosimee Bpemsi B Poccuu pHHAT Kype Ha CO3AaHHE KOHKYPEHTOCIIOCOOHBIX MAIIMH M 000pyJOBaHUA. DTO
OTHOCHUTCSI M K MOOWJIBHBIM JIECO3arOTOBUTEIBHBIM MAaIllMHAM MaHUITyISTOpHOTro Tuma. IloaTomMy mpoexTupoBanue U
CO3/JaHUE JIECHBIX MaHUIIYJISITOPOB C SHEProcOeperaoIuM THAPOIPUBOIOM SBIISIETCS aKTyallbHOH 3anaueii. [IpuBenen
aHaJIn3 I/ICCJ'IeJIOBaHl/lﬁ TEXHOJIOT'MYECKUX, TMHAMUYCCKNX U KHNHCEMATUYCCKUX XapaKTCPUCTHUK MAIllMH MaHUITYJIATOPHO-
T'0 THIIA. Hpe}ICTaBﬂeHa HOBasA r’MJApOKHMHEMATUYCCKasd CXE€Ma MEXaHU3Ma roabemMa CTpECJbl C CUCTEMOM peKynepanmun
SHEPruM B IyCKO-TOPMO3HBIX pexnMax. PazpaboraHa maremaTHyeckas MOJENb Mpolecca MoJbeMa CTPEJbI, OMHCHI-
BaeMasl CHCTEMOW HeJIMHEHWHBIX auddepeHnnanbHpIX ypaBHEeHUH BTOpPOro mopsaka. BenencTBue HeIMHEHHOCTH pe-
IIMTh 33734y B SIBHOM BHJE HEBO3MOXKHO, IOATOMY IPHMEHSETCSI METOJ] KOHEUHBIX Pa3HOCTEH, B KOTOPOM BCE MPOU3-
BOJIHBIC 3aMEHSIOTCS COOTBETCTBYIOLIMMH PAa3HOCTHBIMHU aHAIOTaMH. TeM caMbIM, UCXOJHAsI CHCTEMa CBOJUTCS K CHC-
TEME PEKypPPEHTHBIX COOTHOIIEHWH BTOPOro mopsnka. st pelieHuss COOTHOUIEHHH NPUMEHSIOTCS METOAbI TEOPHUU
OIIepaTopoB, (PyHKIMOHAIBHOTO aHanu3a. Vickomble GyHKIIMN HalAEHbI B BU/E COBOKYITHOCTH TOYEK B y3lax pa3odue-
HHS OTpe3Ka 110 BpeMeHH. [IpenBapuTenbHble pacyeThl ¢ UCob3oBanueM mporpammbl MathCad nokazamy, 4to noakio-
YyeHHe 3HEeprocOeperamero JeMI(QUpPyOIero ycTpoicTBa B THAPONPUBO MEXaHU3Ma IIOAbEMa CTPEIbl IO3BOJISET
CHU3UTH MMMKOBOE JIaBJICHHE B TUPOJMHUU MOPIITHEBOM MOJOCTH THAPOLMIMHAPA MIPHU MEPEXOHBIX pexxnmax B 1,5-1,6
pasa. DKcliepUMEeHTaIbHbIE UCCIIE0OBaHMs, TPOBEICHHBIE Ha JIADOPaTOPHOM CTEHJOBOM I'MIPOMAHHIYJIATOPE, MO3BO-
JIJTH TIOJTYYHUTh CTAaTHCTHYECKUE JTaHHBIE aHAIN3a JABJIEHHUs CUCTEMBI 0€3 aKKyMyJIsITopa U ¢ aKKyMYJISITOPOM, a TaKkKe
BEIMYMHY 3alacaeMoil SHepTus 3a OAWH IMKJ, KoTopas cocTtaBmiaa okoio 30%. MartemaTndeckass MOAENb MIPEACTaB-
JICHHOTO SHEProcOeperaniero ruIponpruBo/ia JECHOr0 IHAPOMAHHITYJIATOpa MOKA3bIBAeT MPHUHIUITHAIBHYIO BO3MOX-
HOCTh pealn3aluy IPHHIHINA SHEProcOEpEeKEHNUsI IIPH ITyCKO-TOPMO3HBIX PEXUMAX MOTPY30UHO-PA3TPy304HBIX padoT.
CHIKeHNE TUHAMHYECKOH Harpy>KeHHOCTH M 9HEPTOEMKOCTH pabovMX MPOLIECCOB MEXaHU3Ma ITOABbEMA CTPEIbI JIECHO-
T'O MaHUIIYJIATOPA MyTeM 00OCHOBaHMS MapaMeTPOB SHEProCOEPETatOIIEro AeMI(pUpPYIOMIEro yCTPOHCTBA THAPOIIPUBO-
Jla MO3BOJIACT IMOBBICUTH HAACKHOCTb MAaHUITYJIATOpPA, YMCHBUINTE DHEPTO3aTpaThl, a TAKKEC BPpEMA IMPOCTOCB B PEMOHTC
U3-3a BBIXO/Ia M3 CTpos Tuap odopyznoBanus. [loxyueHHBIE pe3ybTaThl MOTYT MCIOJB30BATHCS MPU MPOSKTHPOBAHUH
PEKyIepaTUBHBIX CHCTEM JIPYroro IPpy30I0JbEMHOTO 000PYIOBAHMS B CTPOUTEIILCTBE U CEITLCKOM XO035HCTBE.

KiioueBble ¢j10Ba: THAPOMAHUIYIIATOP, MEXAHU3M MOABEMA, PEKyNepalus, TMHAMUIECKHE Harpy3Ku, YHEPro-

3aTpartsl.
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Abstract

At present Russia has adopted a course towards the creation of competitive machinery and equipment. This also
applies to mobile manipulator-type forestry machines. Therefore, the design and creation of forestry manipulators with
an energy-saving hydraulic drive is an urgent task. The analysis of research of technological, dynamic and kinematic
characteristics of manipulator-type machines is given. A new hydrokinematic diagram of the boom lifting mechanism
with an energy recuperation system in starting and braking modes is presented. A mathematical model of the boom lift-
ing process has been developed, described by a system of nonlinear differential equations of the second order. Due to
nonlinearity, it is impossible to solve the problem in an explicit form; therefore, the finite difference method is used, in
which all derivatives are replaced by the corresponding difference analogs. Thus, the original system is reduced to a
system of second-order recurrence relations. To solve the relations, the methods of operator theory and functional anal-
ysis are used. The sought-for functions are found in the form of a set of points at the nodes of the division of the seg-
ment in time. Preliminary calculations using the MathCad program showed that the connection of an energy-saving
damping device to the hydraulic drive of the boom lifting mechanism makes it possible to reduce the peak pressure in
the hydraulic line of the piston cavity of the hydraulic cylinder during transient modes by 1.5-1.6 times. Bench hydrau-
lic manipulator, made it possible to obtain statistical data on the analysis of the pressure of the system without and with
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an accumulator, as well as the amount of stored energy per cycle, which amounted to about 30%. The mathematical
model of the presented energy-saving hydraulic drive of the forest hydraulic manipulator shows the fundamental possi-
bility of implementing the principle of energy saving during starting and braking modes of loading and unloading op-
erations. Reducing the dynamic loading and energy intensity of the working processes of the boom lifting mechanism of
the forestry manipulator by justifying the parameters of the energy-saving damping device of the hydraulic drive allows
increasing the reliability of the manipulator, reducing energy costs, as well as the downtime for repairs due to the failure
of hydraulic equipment. The results obtained can be used in the design of recuperative systems for other lifting equip-
ment in construction and agriculture.
Keywords: hydraulic manipulator, lifting mechanism, recuperation, dynamic loads, energy costs.
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Introduction

At present, Russia has adopted a course towards
the creation of competitive machinery and equipment.
This also applies to mobile timber harvesting machines
of the manipulator type; at the present moment, loading
and transport vehicles with manipulators are widely
used in thinning forest management. In the Russian
Federation, hydraulic manipulators of the brands LV-
184A-10, LV-185-14A, LV-190-05, MM-100 are often
used, which are installed as part of a road train behind
the cab of a car or on the rear overhang of a subframe
Hydraulic manipulator LV-184A-10 is the lightest in
the class of carrying capacity (52 kN) and is well
adapted to our conditions. The manipulator
MAYMAN-100S (MM-100) is equipped with a higher
quality and efficient hydraulic pump SUNFAB SC-064
(084) with increased productivity and Swedish or Ital-
ian hydraulic distributors. It is possible to complete it
with a two-loop control system, which allows to reduce
dynamic loads and to save fuel consumption by up to
7%. Basic models of Epsilon manipulators: C70L,

90

MI100L and Q150L are equipped with strong metal
structures, cast column bases.

The experience of operating forest hydraulic
manipulators in the regions of the Komi Republic
showed that due to high dynamic loads at low air tem-
peratures, failures of high-pressure hoses are 29.7—
56%, and hydraulic cylinders 14.0-24.1% [1]. With the
wear of the seals, the initial amplitude of the pressure
fluctuations of the working fluid decreases, and the
period of the oscillations increases. The logarithmic
damping decrement decreases to the limit value & =
0,533 which requires repair of the hydraulic cylinder.
Using the developed mathematical model of dynamic
processes inside the hydraulic cylinder, a new method
for diagnosing hydraulic cylinders has been substanti-
ated.

In work [2], technological operations of a for-
warder manipulator were investigated: loaded move-
ments; empty movements and movements of the ma-
nipulator when performing operations inside the cargo
compartment. It was found that the technological cycle
of the manipulator includes 63% of the time of the
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busy movement, 30% of the time is spent on idle trans-
fers and 7% for the operations performed inside the
cargo compartment. As a result of the obtained experi-
mental data, linear regressions of the loading time (sec
/ m3) were constructed depending on the loading vol-
ume and the number of loaded assortments (on aver-
age, 47 pieces). The movement time of the manipulator
links was recorded by a stopwatch from the start of
movement in the cargo space until the jaws of the
grabber touched the logs lying on the ground, and until
the opening of the jaws, when the assortments were
unloaded inside the cargo area of the forwarder. Cases
of empty manipulator movements to delete branches
were taken into account. sorting and moving of indi-
vidual log truck.

In addition to studying the influence of various
factors on individual elements of the technological
cycle, there are a number of works in foreign journals,
in which the authors published the results of research
on various aspects of automation of manipulators. In
the works [3,4,7,8], the concept of an electro hydrostat-
ic drive, applicable to hydraulic manipulators of large
carrying capacity, is presented. The drive is designed
and analyzed for requirements such as load holding,
overload handling and differential flow compensation.
Numerical analysis is carried out with the system con-
nected to a constant load mass. Load weight 30,000 kg,
accumulator precharge gauge pressure 5 bar. The cyl-
inder moves the mass vertically. It is accepted that the
force acting on the cylinder consists of three parts: hy-
draulic force, gravity force and friction force. The fric-
tion force is modeled by the viscous friction coefficient
and the Coulomb friction force. Comparison with tradi-
tional valve operated actuators showing efficiency
gains and energy recovery capabilities.

The work [5, 6] is devoted to the study of a
promising scheme of a recuperative hydraulic drive of
a timber truck-manipulator. On the basis of mathemati-
cal and simulation modeling of the operation of the
pneumatic recuperation system, the dependences of the
influence of time on the amount of compressed air,
pressure and temperature in the pneumatic accumulator
were obtained. The pressure after three strokes of one
and the other pneumatic cylinders is 2.3 MPa. With
continuous consumption of compressed air, pressure
pulsations do not exceed 0.4 MPa. It has been estab-
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lished that with intensive periodic compression of air in
pneumatic cylinders, high temperatures arise above
1000 K, and the average air temperature is about 200-
300 °C. High air temperatures in pneumatic cylinders
for energy recovery are a disadvantage of the proposed
pneumatic systems.

Investigations of the kinematic and dynamic
characteristics of hydraulic manipulators with the com-
bination of the movements of the boom and stick are
devoted to works [9, 10]. The graphs of the changes in
the pressure values of the working fluid in the hydrau-
lic system with the course of time were obtained. When
the movement of the two links is combined, increased
fluctuations in the working pressure are observed, and
when the movement of the arm stops, the pressure is
set at a nominal pressure of 12.5 MPa. The graphs of
angular velocities were obtained, which at the begin-
ning of the movement have a smooth character; the
boom is overloaded.

However, in our opinion, studies of the dynamic
and kinematic characteristics of energy-saving devices
as applied to the lifting mechanisms of forest manipu-
lators have not been carried out enough, therefore, ad-
ditional research in this direction is urgent.

Purpose of the study is to reduce the dynamic
loading and energy intensity of the working processes
of the boom lifting mechanism of a forest manipulator
by substantiating the parameters of an energy-saving
hydraulic drive based on solving a mathematical mod-
el.

Materials and methods

A serial hydraulic manipulator LV-184 A -10,
which is mounted on the chassis of short log trucks,
was chosen as the object of research. We propose a
new energy-saving hydraulic drive for the boom lifting
mechanism of a forestry manipulator [11], which in-
cludes an additional recuperation hydraulic cylinder
and a hydropneumatic accumulator, which accumulates
braking energy when lowering the load and returns it
during subsequent lifting of the load (Fig. 1).
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Pucynok 1. DHeprocbeperaromuii THAPONIPHUBO.
MeXaHH3Ma 0JbeMa CTPEJIbl JIECHOTO MaHHITyJISITOpa
1-6ak; 2- Hacoc; 5; 6; 7; 10; 14- ruaponvnuu; 4-
TUAPOLWINHAP NPUBOJA CTPENHI 5; 8-
JOTIOJTHUTEBbHBIA THIPOLMIHHADP peKynepanuu; 11;
13; 15; 17; 21; 23- oOpaTHBIe KJIanaHbl 12-
THAPOAKKYMYJISITOP; 19-1IpeoXpaHuTebHBIA KIIalaH;
18-pasrpy3ouHoe ycTpoiicTBO; 22-nemudep; 25-
IUTYHKep
Figure 1. Energy-saving hydraulic boom lift for
forestry manipulator hydraulic tank 1; pump 2;
hydrolines 5; 6; 7; ten; fourteen; hydraulic cylinder 4 of
the boom drive 5; additional hydraulic cylinder for
recuperation 8; check valves 11; 13; 15; 17; 21; 23;
hydroaccumulator 12; safety valve 19; unloading
device 18; damper 22; plunger 25

McTouHuk: cOOCTBEHHAS! KOMITO3HITUS aBTOpa

Source: author’s composition

To study the process of loading operations, tak-
ing into account the connection of a hydropneumatic
device to the hydraulic drive of the boom lifting mech-
anism, we considered the calculated case of lifting a
bundle of assortments load with a maximum reach of
the manipulator on a slope, for example, when the soil
subsides under the right outrigger at point A. To sub-
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stantiate the parameters of the energy-saving hydraulic
drive of the boom lifting mechanism a computational
scheme was drawn up, which is shown in Fig. 2

Pucynok 2. PacueTnas cxeMa MaHUIYJIsITOpa

Ha CKJIOHE (JeiicTBytomue cunbl: Gg, - CHIIA TSKECTH
OpeseH B 3axBare, H; G, - cua TsprecTu cTpensl, H;
G, - cuna tsoxectu pykoary, H; F - ycunue
B TUAPOLMIIMHAPE IS TogbeMa cTpensl, H)
Figure 2. Calculation diagram of an auto-log truck
manipulator on a slope (acting forces: Gbr
is the gravity of the logs in the grip, N; Gs is the
gravity of the boom, N; Gs is the gravity of the handle,
N; Fes is the force in the hydraulic cylinder for lifting
the boom, N)

Hcrounuk: coOCTBeHHAs KOMIIO3UIMA  aB-

TOp(OB)
Source: author’s composition

We have developed a mathematical model for
lifting the boom of a manipulator with an energy-
saving hydraulic drive when working on a slope, when
the accumulator is fully charged and gives up the ac-
cumulated energy when lowering the load to raise the
boom:

2 2] o
Usp +1, +IC)ZT(5 = —ndcl:mﬂ P
—(GsoL + G, + Gl ) cos(p —a),
ndzl sinf do

q.My 4 dt ak A p +
< Vo dp &y
+a,p———,
4P E,, dt
dP —E, k,,
4o _ P =7,

dt 1 ) 1
- )
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where Jgp, J,, Jc — moments of inertia of a bun-
dle of logs, a stick, an arrow relative to a point O,
kgm?;

@ —boom angle, radians;

o — slope angle, radians;

t—time, s;

Gep — gravity of the bundle of logs in the grip-
per, H;

d. — inner diameter of the hydraulic cylinder, m;

qu— pump displacement, M’/ turnover;

— pump speed, s™;

p — current pressure in the discharge line, Pa;

P, — current value of pressure in the accumula-
tor, Pa;

Po — accumulator pre-charge pressure, Pa;

Vo — working volume of the accumulator, m?3;

Enp

ing fluid and elastic elements of the hydraulic drive,
Pa;

- reduced modulus of elasticity of the work-

E,. — modulus of elasticity of the liquid, Pa

K — gas adiabatic index in the accumulator
equal to 1,41;

p — the flow coefficient is 0,7...0,8;

d, — inner diameter of the hydraulic accumula-
tor nozzle, m

d, — internal diameter of the energy recovery
hydraulic cylinder, m;

g — acceleration of gravity, m/s;

p — working fluid density, kg/m’;

Vaum — total volume of the supply pipeline, m3;

k. — battery choke throttling ratio, m’-c-Pa'?

pmdz, |2
k,. = z 2
7 ﬂ (2)

The designations of the remaining geometric pa-

rameters of the boom lifting mechanism included in
equations (1) are clear from Fig. 2. Note that in the
triangle O1DC, the cosine theorem implies the relation

between the angles 3, v, ¢
bysin (y+o)
b2-2lb,cos (y+¢) G)

sinf = N
In this work, for the possibility of solving the
problem, it is assumed that the angle 5 does not depend

on t on a separate site, this means that the ratio on the
right side of the formula is constant for each t.
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On the segment t € [0;t,] we consider the
Cauchy problem:
{ 9(0) = @o, p(0) =po, Pa(0) =Py, @
© (0) =@y, p(0)=p, Py (0) =Py
Research results. A mathematical model of the
boom lifting process is presented, described by a sys-
tem of second-order nonlinear differential equations.
The highest derivative has an irreversible operator -
such systems are unresolved with respect to this deriva-
tive. Due to the nonlinearity of the system, it is impos-
sible to find a solution in the explicit form of the de-
pendence on t, which entails the need to use approxi-
mate methods. The sought functions are calculated at
the nodal points t;. We denote
0 =@t), pi=p(t), Py, =Ps(t), (5
where number i varies from 0 to n inclusive.
One of the approximate methods is the finite difference
method, in which all derivatives are replaced by the
corresponding difference analogS'

d<ﬂ Piy1—Pi Pi —2<p +9i
( l) Pi+1~Pi dtz (t) i+2 i+1 i
d -2 i
dap (t ) IJL+1 Pi dtz (t ) ~ Pit2 hT;L+1+pL;
ap P P dzp Paj 2P, +PA;
k A (t ) A1+1 Al’ 2A (t) ~ -Ait2 1241+1 Al.
dt h

Q)
which leads to a system of second-order recur-
rence relations.

Since system (1) is not resolved with respect to
the derivative, the Cauchy problem has a solution not
for all initial values.

To solve it with respect to the highest deriva-
tive, the result obtained in [12, Theorem 2.1] is used,
due to which the system splits into equalities in sub-
spaces of decreasing dimensions. This solution is
called the cascade decomposition method. This method
was successfully applied, for example, in the study of
perturbations of a linear algebraic-differential equation
caused by the presence of a small parameter in [13].
For systems of recurrence relations, such an approach
is applied, in our opinion, for the first time.

We have carried out the necessary calculations.

Theorem. A solution to problem (1), (3) exists
if and only if the following equalities hold:
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P1—Po = 0(p1 — @) +
E,
+h.V L. (_kaK\/PA _p+ayp0_anH)'
cym
—h E)K kaK’V PAO — Do . (7)
1 1
1— <i)f + E_m(P_of
PAO KPA() PAO

The following algorithm has been developed for

Py

17 Pag =

Vo

solving problem (1), (3) on a computer.

1. Enter the values of the coefficients/s, Jp, Jc
dZ, 1, Gsp, L, Gy, Ly, Ge, Lye, @, Gy, My, 1, @y, Vigyy, Enp,
E,, Vo, P,, K, p. Ompenenuts k, Gopmynoit (2) u o -
(dopmyioit

m dZ | Ey, sin Bi
= T

2. Enter initial values (at time t=0) the required

ag

quantities: @g, Do, Py

It follows from the theorem above that the val-
ues of the rates of change ¢4, p;, Py, of the required
quantities at the initial moment of time must be entered
so that equalities (7) are satisfied.

3. Enter value tj, the right end of the segment of
change of the variable t. Split this segment with equally
spaced anchor points t; with step h:

t;=i-h 9

t
where h = ;k, n — number of split points

Comment. The larger n, the smaller the error in
approximating real functions by their values at the
nodal points.

4. Enter the following values

@y _ mdZh*lsinp
: _4(]6p+]p+]c) Pi
(GopL + Gylyp + Gelyy) h?
Jop +Jp e

cos(p; — a), (10)

@ _ T2 d¢h? PE,, sin® B
T 16 Ut ot
md2h? Eylsin (GsL + Gylyp + Gelyye)
- Jop +Jp + e
—ay-

En, hky u
_—pV - ’PAi+1_pi+1+
cym

ay Ey, h 3 Eyp hn, qH, an

Di+1
chM chM

cos(g;

+
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o
_ —h kaKEmKPAH.l \/ PAl‘+1 —Pi+1 (12)

- 1 1
Py \K Py \K
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5. The sought values for each i=2,3...,n are de-
termined from iterative processes, when each value is
obtained by calculating the previous ones.

The angle ¢ (in radians) is determined by the

formula

@i =@y + il — o) +
i k-1
+ Z Z ckcl, (D i —1-)) ofY; (13)
k=1 j=0
pressure p - by the formula

pi=p1+io(ps— o)+

~

k-1
+o Z ckcl, (I i—2-)) o +
k=1j
l

+ Z ckcl_, (1 0P + g0l
k=1j=0
-0 5 (14)
P4 pressure - by the formula
i k-1
Py, =Py, + Z Z ckcl, (ki o
k=1j=0

where indicated

cm= Y 16
" mln—m)!’ (16)

6. Knowing the values @;, p;, py;, calculated in
the previous step, one can calculate their first and se-
cond derivatives using approximate formulas (4).

7. Knowing the angle ¢;, you can calculate the value
of the angle B from the formula (3) and build a graph
of dependence Sin(B) from the angle of rotation of the
boom ¢; (puc. 3whose data is used in the calculations.
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3aBMcumocTb Sin(B) ot yra y
Dependence Sin(B) from the corner y

Sin(B), pag
sin(B), radian

¥, paa
v, radian

Pucynok 3 3asucumoctsb Sin(f) ot yria moso-
poTa CTpesl @;

Figure 3 Dependence of Sin(f) on the angle of
rotation of the boom ¢;

HcTouHnK: COOCTBEHHBIC BHIYKMCIICHHS aBTOPa

Source: own calculations

BbIYMCNEHHBIN yron ¢
Calculated angle ¢

&, paauaHbl
&, radian
=
=]

&

i, war
i, step

Pucynox 4. PaccuuTtaHHoe 3HaueHUe @; B pa-
JaHax

Figure 4. Calculated value angle ¢; in radian

HcrouHuk: cOOCTBEHHBIE BHIYMCIICHUS aBTOPA

Source: own calculations

Preliminary calculations using the MathCad
program made it possible to obtain the kinematic and
dynamic parameters of the energy-saving hydraulic
drive of the boom lifting mechanism. Figure 4 shows
the dependence of the angle of rotation of the boom on
time, the angle of rotation increases smoothly at first,
and then sharply increases, which is explained by the
kinematic properties of the four-link mechanism The
graphs of the working fluid pressure dependencies
(Fig. 5) showed that the connection of an energy-
saving damping device to the hydraulic drive of the
boom lifting mechanism allows to reduce the peak
pressure in the hydraulic line of the piston cavity of the
hydraulic cylinder during transient modes by 1.5-1.6

times.
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Pucynok 5. Teopernueckue 3aBUCUMOCTH  JaB-
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cOeperatoniero 1eMIpupyroIIero ycrpoicrea

Figure 5. Theoretical dependences of pressure in
the hydraulic system when using an energy-saving
damping device

VcrouHuK: cOOCTBEHHBIC BEIYUCICHUS aBTOPa

Source: own calculations

Based on the statistical analysis of the experi-
mental maximum mean values of the working fluid
pressure obtained on the laboratory bench, the follow-
ing coefficients were calculated (Tables 1 and 2).

All of the listed coefficients are close to 1,
which indicates a fairly close relationship between the
two datasets. It was also found empirically that the
energy-saving hydraulic drive of the boom lifting
mechanism of the manipulator stores about 30% energy
when lowering the boom with a load and returns it
back when the load is subsequently lifted.
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Tabmuma 1
CraTucTr4ecKue JaHHble aHaIM3a AaBICHHS
CUCTEMBI 0€3 aKKyMyJISITOpa U C aKKyMYJISITOPOM
Table 1
System pressure analysis statistics without

accumulator and with accumulator

bes C
axkkymynamopa | | akkymyismopom
Without | With
accumulator accumulator
Haszeanue | Name 3nauenue | Value
Cpennee | Average 17,933 10,460
CranpapTHas
omnoOka | Standard 0,3092 0,3199
error
Menuana | Median 17,5 10,235
Crannaprioe 1,0255 1,061
OTKJIOHCHHE |
Standard deviation
Aucnepcus 1,0518 1,1259
BBIOOpKH | Sample
variance
Dkcnece | Excess 0,09976 -0,3240
ACHUMMETPUYHOCTh 0,96401 0,5128
| Asymmetry

VIcTOYHHK: COOCTBEHHBIE BHIYUCIICHUS aBTOPA
Source: own calculations

Tabmuma 2
KoaddunmeHTs, mosyyeHHbIe B X0/I€ JHUCTIEp-
CHOHHOTO ¥ KOPPEJIALUOHHOTO aHaIHn3a
Table 2
Coefficients obtained in the course of analysis

of variance and correlation

3HaveHue |
HazBanue| Name
Value

Koaddumment perpeccun |  Regretion 0.974
coefficient ’
R-kBagpar | R-square 0,948
K C S

oaq)(’p‘nunem nmapMeHa | pearman 0.9736
coefficient
Koaddummenr [Tupcona | Pearson coefficient 0,974

HcTouHMK: COOCTBEHHBIC BEIYHCIICHHUS aBTOPA
Source: own calculations

The use of a new energy-saving hydraulic drive
for the boom lifting mechanism of a forestry manipula-
tor allows to significantly smooth out pressure surges
in the hydraulic system, in addition, in transient modes,
high-frequency pressure fluctuations are eliminated,
which cause fatigue destruction of metal structures of
the manipulator elements. The pressure surges of the
working fluid do not exceed the setting pressure of the
safety valves, which do not convert the hydraulic ener-
gy of the fluid flow into thermal energy, and the hy-
draulic system of the manipulator does not overheat.

Thus, reducing the dynamic loading and energy
intensity of the working processes of the boom lifting
mechanism of the forestry manipulator by justifying
the parameters of the energy-saving damping device of
the hydraulic drive makes it possible to increase the
reliability of the manipulator, reduce energy costs, as
well as the downtime for repairs due to the failure of
hydraulic equipment.

Conclusion

1. Analysis of research on technological, dynam-
ic, and kinematic characteristics of manipulator-type
machines showed that, due to high dynamic loads, fail-
ures of high-pressure hoses are 29.7-56%, and hydrau-
lic cylinders 14.0-24.1%.

2. To reduce the dynamic loading and energy in-
tensity of the working processes of timber carriers dur-
ing loading and unloading operations, a new energy-
saving hydraulic drive of the mechanism for lifting the
boom of a forest manipulator is proposed.

3. A mathematical model of the process of lifting
a bundle of timber when loading by a manipulator onto
a timber carrier has been developed and implemented,
it has been established that the energy-saving hydraulic
drive of the boom lifting mechanism reduces the peak
pressure by 1.5-1.6 times, stores about 30% of energy
when lowering the boom with a load and returns it
back when the load is subsequently lifted.
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