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Abstract. In the article, an active method for reducing dynamic loads in the digging
mechanism of the ESC 20.90 excavator is presented on the basis of additional drives built into
the mechanical systemA kinematic scheme for realizing this method is described, a
mathematical model of the digging mechanism equipped with additional drives is presented, as
well as control algorithms are obtained by solving the inverse problem of dynamics according
to the desired law of motion of the actuating mechanism. The method of mathematical
modeling shows that the use of additional drives makes it possible to obtain monotonous
transient processes of the speed of the actuating mechanism and the torque in the elastic
element in the start-up mode, in the load-up and load-down modes.

1. Introduction

The use of a modern electric drive in the mechanisms of excavators allows one to maintain with a high
accuracy the referenced speed of movement in transient operating modes and to form the required rate
of change of torque [1-5]. At the same time, the presence of cables in the mechanical system of
excavators makes it necessary to take into account their elastic compliance when creating electric
drive control systems in order to reduce dynamic loads and limit the oscillation movements of the
actuating mechanism (buckel)he use of feedbacks on the load in the elastic element proposed in
works [6, 7] makes it possible to limit the amplitudes of the torque and speed oscillations. But the
degree of damping of the oscillations decreases in comparison with the standard control system of the
electric drive, which increases the transient time and reduces the productivity of the digging
mechanism. In addition, the considerable inertia of the electric motor with the gearbox and the
alternating nature of its loading, connected with the control of oscillations, can lead to undesirable
phenomena in the operation of the electric drive and to a decrease in reliability.

In this connection, special elastic-damping devices described in [8, 9] that can be built into the
mechanical system of the excavator and allow one to change the stiffness and damping of the elastic
element can be of some interest. The disadvantage of this oscillation damping system is the
complication of the construction of the digging mechanism due to the transition from the two-drum
version of the winch to the one-drum type and the need for an equalization unit located in the digging
working area, which can lead to its damage and premature wear of the cable. In order to get rid of this
drawback, an elastic-damping device with constant stiffness and damping coefficients, installed under
the cable string between the guide block and the drum, was proposed iAt[ilt§. same time, the
proposed damping device can effectively reduce dynamic loads only for specific digging conditions.
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In this paper, we propose an active method of dhartpe stiffness of the elastic element between
the drive and the bucket of the traction mecharoétie walking excavator ES 20.90 on the basis of
additional drivesThe introduction of active elements will allow cailing the stiffness of the elastic
element, and, consequently, the level of oscillatimovements and dynamic loads under various
operating conditions.

2. Object and methods of investigation
The kinematic scheme of the traction mechanisnhefwalking excavator ES 20.90 with additional

drives is shown in Figure 1. Additional drives 4tlve form of hydraulic cylinders with reciprocating
motion or linear electric AC or DC drives allow clygng the position of the additional blocks 3
installed in the running part of the traction cab&ween the drums 2 and the guide blocks 5 and the
stiffness of the elastic connection.

Figure 1. Kinematic scheme of the traction mechanism withitaathl drives: 1 - electric motor with
a gearbox; 2 - drums of the traction winch; 3-adddl blocks; 4 - additional drives; 5 - guide Ker
6 - guidance blocks, 7 - traction cable; 8 - bucket

We perform the synthesis of control actions frora #ide of additional drives, representing the
latter in the form of inertia-free elements. Wittetassumptions made in [10], the design scheme of
the digging mechanism can be represented as a Bgs-mechanical system, which is described by
the equations:

Jify +CLAP +DAG =My, ;
Jof; —CLAP —BAP=-M,; )
Ap=¢, -0,
where ¢, - the coordinate of the displacement of the finstss (engine)p, - the coordinate of the
movement of the actuating mechanisi: the moment of inertia of the motor and gearbay;- the

moment of inertia of actuating mechanis,,, and M, - the driving torque and the torque of the

load; c,, - coefficient of stiffness of the elastic elemelnt;- coefficient of viscous friction.

Taking into account the fact that the moment oftiaeof the motor and the gearbox is almost an
order of magnitude greater than the moment of imeftthe actuating mechanism[10] and the elastic
oscillation has practically no effect on the motadrthe first mass, we determine the control actioh
the additional drives using the second equatiasysfem (1).

To find these control action, we use the concepihwdrse dynamics problems [11, 12] by specifying
the exponential law of change of the coordinate:

9, =Ce™ +Ce?, )
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where C, and C, are integration constantd; and A, are the real or complex roots of the equation,
such thatReA, <0.

Solving the second equation of system (1) is resipery, and substituting the coordinate (2) and its
first derivative into it, we obtain the law of moti of the first mass under the initial conditions

$,0)=¢,and@,0)=¢,.
(A2 +J&)I1 +af,)CeM + (A5 +J&/|2 +0,)C,e™ "'% _J&% = by, )
2

2 2 2
where wy, is the frequency of oscillation of the second mass

Expressing in (3) the function of tirr@le‘lt and Cze”Zt through the coordinate and its derivative, we
obtain the following dependence for finding the ttohactions:

A+ M,

AA b, b,
1-=52)¢, +( ) -t =4 (4)
2 ’ G ’ G2 ' Ci2 '
The coefficients of the coordinatg, and its derivative in expression (4) can be inetent as the
feedback coefficientsK , :1—ﬁ - in the coordinate;K,, :M+& - on the speed of

b W G

movement of the actuating mechanism (see Figure\ghich c«y, and w, are the angular velocities of
the masses). In accordance with the stability dmrdi, these coefficients should be negative.
The presence of rigid feedback on the coordinatthefactuating mechanism with the gafi,

assumes constant movement of additional drivesgekiery the drives work efficiently only until the
cable string is fully straightened and have a kahitravel path; therefore, the constant use ofl rigi
feedback is inexpedient and it must be connectédionransient operation modes.

M,

LA,

Figure 2. Structural shreme of control system
Control action, formed by a flexible feedback or #peed of movement of the actuating mechanism

with the gainK,, , for a digging mechanism with monotonic transigmicesses has a negligible value

(acceleration and deceleration occurs accordingnétined characteristics), is effective only in
transient modes of operation and its realizatioquige possible. The coefficierK,, depends on the

parametersd, and A, - the given exponential law of motiofo find K,,, we obtain the transfer
function W(p) =ﬁ. After rolling the feedback loops of the structuisaheme, the transfer function
2

will have the form:
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- p;':l)(clz +b,p)
W -——== 2 . 5
(P @ (I, +bK,)p? +(cpKy +by) +Cpy ©

Equating the denominator in (5) to zero for a giwsnillation damping coefficient, we find the value

of the flexible feedback gain:
2&,/c,d
Ky =2z . (6)

Co
Assuming equalityd, = A, , we obtain expression:
A=h = —244/C,d, —by
1 =4 = : (7)
2J,
For the traction mechanism with the parametersrgine[10] (J,= 575 andJ,= 60 kg n*; c,,=

7500%; b= 150%), the calculated values of the roots of the diffeial equation and the
(

feedback coefficient werel, =41, =-104 and K,, = 01264, respectively.The feedbacks obtained

allow changing the response of the mechanical sygte the control and disturbing actions, the
process of acceleration and the change in the spfgld actuating mechanism in the case of a Isad i
of an aperiodic nature, and there are no oscifiatio

Estimation of the efficiency of additional drivesllvbe performed on the basis of the refined
electromechanical model of the traction mechanigvetbped and described in [13]. The structural
scheme of the electromechanical model of the tracthechanism with synthesized feedbacks is
shown in Figure 3.

e | Mech_ch . K, K _C |
= p aracter Uscor Tlr.s =1 (-) T.5 +1
_ = Ap =
is}
.
1 —
Jas

Figure 3. Structural scheme of the electromechanical moti#fleotraction mechanism with feedbacks

The calculated values of the model parameters viigge:= —10 - 1,3t) 4= 0...10; K= 0.151;K, =
10; K,= 8 ;K= 8; Kog= 0.00313; T = 0.864; K, = 120; T, = 0.01 secC,= 17.37; K, = 33; T,=
N/m N [n

0,082 secJ,=572,J,= 60 k sz; c,,= 7500——; b,= 150 .
1 2 g 12 rad 1 sec

3. Research and discussion
To test the efficiency of using additional drivesnumerical simulation of the electromechanical
system shown in Fig. 3, for start-up modes, loadaod load-down modes. At the same time, the
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speeda, and torqueM 4, of the motor, the speed of the actuating mechargignand the load in the
elastic element/;, were monitoredThe oscillograms of the transient processes arersho Figure

4, which adopted the following designations: 1 steyn with an additional drive; 2 - system with an
elastic-damping mechanism (UDM), described in [1{0 established that in a system with additional

drives, the transient processes of the speed oadheating mechanisnde, and the load in elastic

elementM,, are of aperiodic nature, a rapid restoration efriew steady-state value of the speed of

the bucket after the application of the load isueed. The amplitude of the oscillations is redubgd
12% in the start-up mode and by 13% - in load-uplenén comparison with the system equipped with
UDM. The change in the speed of taetuating mechanisrduring start-up is practically linear, the
deviation from the set value in the load-up modé&3%o, in the mechanical system with UDM, this
deviation reaches 58%. At the same time, for bgsiesns, the transition processes are approaching to
a monotonous form, which minimizes the dynamic lngdf the equipment elements and increases
the service life of the main parts of the diggingamanism. The transient processes of the motor
torque M, and speed, for the two systems in the start-up and load-uplesaliffer insignificantly,

which is due to the localization of oscillationstire elastic system and minimization of their iefige
on the first mass.

M12
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Figure 4. Oscillograms of transient processes of spee@nd torqueM 4, of the motor, bucket speed

G, and load in the elastic elemehf , .

Comparison of the traction mechanism with additiaéves and with UDM shows that additional
drives provide an effective damping of the osditlas of the elastic torque and the speed of the
actuating mechanism in the modes of start-up aad-lgp, maximally approaching the speed and
torque curves to aperiodic form. Advantage of theppsed system is the formation of corrective
actions directly at the place of occurrence of tedasscillation by changing the coordinate of one
tower of the towing system supports, and also tesipility of its exclusion from the mechanism by
fixing the movable part of additional drives in eas failure.

4. Conclusion

The performed studies showed high efficiency of wih additional drives to limit elastic oscillatio
and dynamic loads in the excavator digging mechaniReduction of the oscillation time and the
approach of transient processes of torque and dpeapleriodic form allows one not only to reduce
the dynamic loads in actuating mechanism, but &bsadncrease the resource and reliability of
operation. As additional drives are built into #id@sting winch design, there is always the posgbil
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of excluding them from the kinematic scheme bynfixthe moving part and moving to the standard
control scheme. This circumstance is especiallyoitgmt for cyclic machines built into the
continuous technological chain, where the compboabf the mechanical system of the digging
mechanism should not affect the operability, religtand productivity of the excavator.
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