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N _ In the same time similar problems for differentagp
Within the framework of the issue of a hydraladderhave been discussed quite extensively. In paaicul
control system design, which provides the workingygtessor Loveykin and his students’ studies [4BFare

equipment movement along the most efficient trajfgct - . .
under accelerations limitation the analytical sadut of the devpted to the reduction of dynamic loads on wakin
equipment of loader cranes.

problem of the nodal points’ position determinatfra two- ) )
link hydraladder has been obtained. The adequacshef In the monograph [7] construction manipulator,
results has been confirmed experimentally. including AHH as complex dynamic system that cdssaf

mechanic subsystem, subsystem of hydraulic drivd an

Kniouegvie crosa: autohydraulic - hoist, two-section  control subsystem has been analyzed, the algoritfons
mechanism, service area, analytic solution system of automated simulation of the optimalertyry of
the working body of the construction manipulatovéndeen
considered. However, the emphasis has on automation
machine design, but problems of working process
management haven't been considered. In work [8Fjistem
of reducing dynamic loads and damping fluctuationken
the boom of forest manipulator is driving, has been
developed.

Thus, the analysis of publications allows to arthed
research aimed at reducing the execution time afkiwg
operations of AHH in reducing dynamic loads by tirmg the
acceleration are relevance. To do this, at firgt possible
positions of the AHH boom must be defined. The ofuof
noticed problem is the purpose of this article.

Introduction

For carrying out different works at height (elecatfi
assembly and assembly work, service and repaiacddes,
traffic lights, road signs, carrying out rescue rgpiens, forest
parks maintenance, installation of advertising leasretc.)
special autohydraulic hoist (AHH), that can be ddeied as
a kind of special-purpose machinery, is used [1].

The main advantages of AHH are mobility, ease of
management, versatility.

In the same time AHH belongs to high-risk equipment
because the life of working people being insidediera
depends on its trajectory and smoothness of movemen

Problem statement

Changeable character of AHH operation mode, due to
frequent switching of executive hydraulic cylindecsauses
the appearance of dynamic loads, arising as atrestiigh
amplitudes of pressure fluctuations in the hydradlive and
accelerations of drive mechanisms. And quite oftease 0>
fluctuations leads to pulling out the turntabletioé support
frame, bending the upper section of the boom oalintal y
through the bottom fastening of hydrocylinder rgdoottom A
boom section [2]. Thus there is a problem of emgumoving
AHH boom on the most efficient path while limiting
acceleration. Solution of this problem is possibldy by
implementing the automatic control system (ACS).

In the first stage of designing this ACS it must be
obtained depending, binding values and the positibthe
AHH mechanism. These data are required to provideimg
working equipment on the most efficient trajectomhile
limiting acceleration. It is advisable to have amalgtical
solution task of determining location of nodal @einof
autohydraulic hoist mechanism.

Building service area of AHH

As an example, two-section AHH with rotary units
located at the educational-scientific productiosebdESPB)
of HNAHU was considered (picture 1).

Publication analysis

As the analysis of literature shown, not enough
attention paid to solution tasks of effective andfes
exploitation of AHH by ensuring smoothness of mayvin
boom’s section. In [3] ACS of AHH movement has been
considered, desired laws of generalized coordinatelstheir
speeds in moving sections of AHH from one position
another have been determined, management of AHHnboo
movement is carrying out by PD-regulator.

Picture 1 — Scheme of experimental AHH
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According to the results of measurements the After that the values of angle§OB;, A,0B5, AsOBs
coordinates of merging hydrocylinders’ points (gsifl, and  have been determined:
A,) and the coordinates ofl,, 45 andA43 points in coordinate
system, bounding with bottom boom section, havenbee AB
identified. The distances between poidts.A; andO, on the AOB = afCt{o—J ; (10)
upper boom section have been measured too. B
Based on obtained data, calculating the positiothef
mechanism for the five lengths values of hydro@ginO,C, AB,).
management of bottom section (from 770 to 910 mith wi AOB, = atan o8, )’ (11)
step 35 mm) and five length values of hydrocylindede
management of upper boom section (from 1020 to 1060
with step 95 mm) has been made.
As an initial data the following constant values/éa AOB = atan('g’—BsJ. (12)
been taken:
- coordinates of hinges, located in bottom sectibn .
hoist in related coordinate systems to this segtion The anglesC,0x, A.0x, A.0x, AsOx have being
- horizontal and vertical coordinate of hinge ofdetermined by dependencies
hydrocylinder fastening of lifting the knee to theachine
frame; C,0x= GOG+a; (13)
- distancesC,Cg and OCs, 41B; and OB,, AsBs OB:s,
A,B; andOB,. AOx= AOB+a; (14)
It's also supposed that using outriggers, hoisié&a
was set in a horizontal position. Coordinates ahp6, have
been determined from the triangh&’,C, (picture 1):

00, = ,XOIZ + yq2 : 1) AOx= AOB+a. (16)

It allowed to calculate the coordinates of poififsA;,
0C,=,/0G* +C G ; (2) A4y 45

002 +0C? - 2
0,0C, = arcco{ QZEDO?EOQQQ J . 3) xC, = OC, cos(C, Ox); a7

AOx= AOB+a, (15)

Using the coordinates @f andO points, the angle of yG, = 0Gsin(C, 0 x); (18)

inclination sideDO;to the horizon

“Q xA = OA[os(A OX); (19)
0,0x = arct{—q} . 4)
Y yA = OABIN(AOY; (20)
The angleC,0Cs for all positions of the mechanism
was kept constant XA, = OA [¢os(A OX); (21)
_ CZC8
06 ‘afCt{—ocs j ®) YA = OA[Sin(A OY; (22)
It allows to determine the angieof inclination bottom XA = OA [Cos(A OX); (23)
boom section to horizon
YA = OASIn(A OX. (24)

a=00x-(QOG+ G OG). (6)
The coordinates ofdg point (hinge stock of
Values 04,;, O4, and O4s has being determined as hydrocylinder management of upper boom section) is

hypotenuses of a triangl€s1,B1, 04,8, andOAsBs: determined as coordinates points of intersectiothefcircle
radius4;4¢ with the center in poinl; and the circle radius

oA = /Oaz + AR ; 7) AsAg With the center in points:
(x=xA)’+(y- yA*=( AR®

OA =|OB’+ AB’; (8) A , R (25)
(X=xA)"+(y- YA =(A A

— l 2 2
OCA=JOB + AR . 9) The system of equations (25) has two solutions. For

further calculations the pair of coordinaie andy4e, where
yAg has larger value, is being selected,.



Because coordinates of the poin#s and 4g are
known, the length of segmentd,45 and Asdgis being
calculated as:

AA = (XA - XA) +(A mYA ) ; (26)

AA =[(XA - XA) +(yA YA )° . 27)

Then the values of angleg4ex andA4;4¢45 have been
calculated

(28)

AA A = aco AR AR - Aé%z}_

20 A TAA

The angled:;4gx has been determined from the angles

AsAgx andAzAeA:
AAX= AAA+ AR (29)

It allows to determine the coordinates of polgt

yA = yA+ AABIN( AAX; (30)

XA = xA+ A Altoq AAX. (31)
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— 8
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L1 =875um >/ 6
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4
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\ 2
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Picture 2 — Service area of AHH
Experimental part
To verify the obtained analytical solution of the

kinematic AHH problem on ESPB of HNAHU, the serads
experiments on two-section AHH, making rotatory

The angleO,4s45 has been determined from triangle movements, has been held. Angular position of AHidrb

0,A4543:

- OA’+AAN-OA
OzASAS—aco{ 20, A DAA } (32)

Then the values of anglelsOsx and O,4sx have been
calculated:

— acin| YATYA . 33
R
O,AX=QAA+ AR (34)

Finally, the coordinates of upper boom section have
been found:

XQ, = XA+ O AB0s(Q A ¥; (35)

yO, = yA+ Q AlSIn(Q A . (36)

In result service area of machine (picture 2) hasnb
obtained, wherd_; — length of hydrocylinder managemen
bottom boom section;L, — length of hydrocylinder
management upper boom section.

section was measured by digital electronic goniemBbsch
PAM 220, that has measurement error 0,2°.

The results of AHH mechanism position’s calculasion
have been verified experimentally. For differentues of
nomination stocks of hydrocylider management bottom
mechanism section, angle of inclination of the amppoom
section has being determined.

Some results of verifying for upper and bottom boom
section are shown in table 1 and table 2, accolgimad in
picture 3. As we can see from the table 1, 2, abthsolution
is true: in all cases but one, relative error dedwmining AHH
position by analytical and experimental methodiess than
1%.

Table 1
Comparison of the calculation results of locatiopemboom section
with experimental data

Length of The angle of inclin_ation

hydrocylinder upper boom section, _

management degrees Relatlt\);oe error,

upper boom

section Calculation | Experiment

1020 7,47 7.5 0,40
1050 12,47 13,0 4,08
1100 21,44 21,6 0,74
1200 37,56 37,6 0,11
1300 52,8 52,8 0,00
1400 69,3 69,2 -0,14




Table 2
Comparison of the calculation results of locatiottdrm boom
section with experimental data

Length of The angle of inclination

hydrocylinder bottom boom section, Relative

management degrees error, %

bottom boom lculati .

section Calculation Experiment
766 - 39,18 -39,2 - 0,05
800 - 31,47 -31,5 -0,10
825 - 26,2 - 26,2 0,00
845 - 21,35 -21,3 0,23
865 - 16,48 -16,6 -0,73
877 - 13,55 -13,5 0,37
894 - 9,65 -9,6 0,52
910 -5,16 -52 -0,78
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a — upper section, b — bottom section
Picture 3 — Calculation dependences of the anguoisitipns of AHH
boom section on nomination of stocks and experiaiatata

Ferthermore, from the picture 3 we can see that
dependences of the angular positions of AHH booaticae
on nomination of executive hydrocylinders’ stockse a
practically linear, that greatly facilitates thgnthesis of
control system.

Conclusions

Improving the efficiency and safety of exploitatien
relevance problem, that can be solved by introdycin
appropriate ACS only. One of the first stages i #hCS is
the solution of kinematic problem that consistsletfermining
position of mechanism nodal points. In this artidlee
analytical solution of specified problem has bebtamed, its
adequacy has been confirmed experimentally.
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