E3S Web of Conferences 383, 04044 (2023) https://doi.org/10.1051/e3sconf/202338304044
TT21C-2023

Research for reduction material-capacity of load-
lift cranes with multi-engine electric drives on the
base electromagnetic work shaft systems

K. Abidov'", K. Dadajanov?, U. Absoatov?, and S. Sabitov*

ITashkent State Technical University, Street University, 2A, 100095 Tashkent, Uzbekistan
2Uzneftgazaloka LLC, st. Istikbol, house 21, 100115 Tashkent, Uzbekistan

3Tashkent State Pedagogical University, Bunyodkor avenue, 27, 100070 Tashkent Uzbekistan
4ABSOLUTE TECH LLC, st. A. Khodzhaev, 2, 1507082 Tashkent, Uzbekistan

Abstract. This work is devoted to the study of multi-machine systems of
coordinated rotation of the engines of handling equipment. The purpose of
the work is to identify, by theoretical calculation, the reduction in the metal
consumption of cranes equipped with multi-motor electric drives and
operating on the principle of an electromagnetic working shaft, in
comparison with the current ones. The analysis of the shifting moments of
these systems in dynamics was made and conclusions were drawn about the
reduction in the weight of the metal structures of cranes and the saving of
metal in their production.

1 Introduction

The efficiency of many technological processes at a number of industrial enterprises largely
depends on the accurate, reliable and uninterrupted operation of lifting and transport
mechanisms.

One such mechanism is a bridge type crane. The use in such cranes of mechanisms for a
separate drive of supports without electrical synchronization of the speeds of rotation of the
engines led to the emergence of a new type of load, the so-called skew forces or skew loads
[1-5].

As a result of the action of skew forces, metal structures and running gears of the crane,
as well as crane runways are loaded. Some influence of the skew force is also exerted on the
elements of the support drives.

A characteristic feature for the mechanisms of movement are large moments of inertia,
as well as the possibility of distortion of the crane structure due to unequal moments of static
or different characteristics of the drive motors.

During normal operation of the crane, relatively large skew forces occur when the trolley
with the load is located near the trolleys or above the cab. The skew forces reach a maximum
and are oscillatory during periods of unsteady movement [6-16] (starting, braking and reverse
of the crane). They load the crane simultaneously with technological loads, both during
movement and after stopping. The relative stress in the elements of the crane from the skew
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forces reaches 30%. One of the ways to eliminate the appearance of misalignment forces is
to replace a separate electric drive with a multi-stage start with an electric drive with a
synchronized speed of rotation of the drive motors.

The coordinated rotation of two or more axes, arbitrarily located in space, the mechanical
connection between which is undesirable or impossible at all, is implemented in practice by
synchronous rotation systems, depending on the requirement for the accuracy of the
coincidence of speeds or conditional turns to control in the consistency mode and other
indicators, various schemes are used synchronous communication systems.

2 Methods

One of the important task than reducing the energy consumption of electric crane drives is to
reduce the consumption of materials, that is, the weight of cranes. The following conditions
are imposed on the solution of this problem using the electromagnetic working shaft system:

1. The system must be oriented to the maximum load at which the crane remains stable
for overturning (for gantry cranes), or the ability to lift a load (for overhead cranes).

2. Increasing the skew forces in the crane trusses with lightening of its weight and the use
of an electromagnetic working shaft should not exceed in amplitude the corresponding
amplitude values of the skew in a non-lightweight and non-synchronized crane system,

3. A decrease in metal consumption is possible in that part of the crane where this decrease
does not lead to loss of stability, or a decrease in the lifting capacity of the crane at the design
load.

To do this, we use the calculation models of cranes shown in Fig. 1. and 2. In these
schemes, the calculation model is represented by two mass models, that is, the mass of the
crane consists of two mass supports concentrated on the end beams. The mass of the cart is
included in the reduced mass of the opera. To this mass is added the mass of the load. In the
extreme position, it can be suspended either at the end beam (bridge crane) or to the free end
of the elastic element, the stiffness of which is equal to the reduced stiffness of the cantilever
in the horizontal plane (gantry crane).

When compiling design schemes and differential equations that describe the operation of
the crane during the period of starting-braking modes, when transient loads act to the greatest
extent, the following assumptions are made:

1. Elastic connection is weightless and has constant rigidity,

2. Drive elements are absolutely rigid.

3. Coupling of wheels with rails is not broken.

4. Bridge deformations are not limited.

5. Engines turn on at the same time exactly.

6. The brakes are also applied at the same time.

7. The damping properties of the motors are not taken into account, and their
characteristics are assumed to be static.

8. Crane tracks are absolutely rigid.

9. Do not take into account the attenuation of vibrations, metal structures of the crane in
the horizontal plane.
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Fig. 1. Calculation model of an overhead crane.
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Fig. 2. Calculation model of a gantry crane.

Now it seems possible to make a description of the crane system with an electromagnetic
working shaft and starting resistors for comparison with the first one. In this case, the
parameters of the engines were selected from [17-26], the parameters of electromagnetic
rheostats from [27-30], the equations of the two-mass system were built according to the
method described in [31-36].

3 Results

Developers set the following parameters of cranes: m,,— weight of half-bridge or half-span;
myg, - the mass of the crane beam or support; m,,- total weight of the crane; m,- mass of
cargo passport. According to the method [4], the weight of the load, at which stability is still
maintained, m,;, = 1,4m,. Then the reduced masses will be:

m+m,
2

m; = c(1=sinf)+(m_+m,)-sinp 0
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where f is the angle of load distribution along the span of the crane. We further consider
the limiting case when the load is located at the right support. Then B = 90°; sinff = 1;
m; = my, + My,;my, = (pr + My +m,, + mkb).

We determine the moments of inertia and the moments of resistance for the reduced
masses.

Ji=my - p? ®)
Jo=m, 'P2 4)

where p is the reduced radius of gyration. If R is the radius of the wheels of the crane
movement mechanism, and K,, is the gear ratio of its gearbox, then

p=- ®)
Kpm gp
— 1'Y"

M _m""g"’p ©)
— 29"

M, = m— ™

where g=9,8m/c2 ; w, = 314 1/c; 1- is the efficiency of the reducer.
These values remain unchanged during the entire calculation. The calculation of
dynamics begins with the determination of motor slip.

_{_ W™
S1=1 "o ®)
=1
S ©

Initial values at start: S;, = S,, = 1; w;, = Wy, = 0. When braking, starting from
synchronous speed: S;, = S,, = 2; Wy, = —w,.
The moments of the engines of the system with the electromagnetic working shaft of the
electromagnetic working shaft are calculated by the formula
Briefly, one can write
M; = f(z,wy,@) = Mg — M4 (10)

P

M, = f(zp,wp, @) = Mg, — M, (n

Mgy = My, and My,; = My, only ifa = f = 0. In other cases, the drive and equalizing
moments will be different for the 1st and 2nd engines, because w; # w,.
We substitute the values of the moments of the engines into the equations:

aw, — M;—M¢, —M3 (12)

dt JA
dw, _ M,~M,+M
dac A a3

The values w; and w, are determined by one of the numerical integration methods, for

example, the Euler method.
For an unsynchronized system with starting resistors:

T2+Rni}'
U?p 3 S1,2
My =—=Y_1— > (14)
Wo +T2+Rnij +( + ,)z
T _31'2 X1tX,
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where is the resistance of the starting resistor of the i-th phase, j-th stage. The change in
resistance steps occurs on average through.

The found values of the angular velocities are substituted into the formulas for the paths
traveled by the wheels of the crane movement mechanism

¢

Xy =p [ywydt (as)
¢

Xz =pfywydt (16

Then the value of the skew moment will be:
where K is the rigidity of the bridge (span) structure. Considering the rigidity of the
structure as average with a coefficient of 6, we determine its value.

6E"], 12E-my - p?
K — M — giging (17)

13 13

Ju where is the moment of inertia of the bridge; L~ span length; E is the modulus of
elasticity, (span), different on average for structural steel 20000 kg/mm?2.

Initial conditions at start-up: x; = x, = Mg = 0 according to the Simpson trapezoid
method.

On Fig. 3 and 4 illustrate the calculation of dynamic modes for crane engines. The
calculation was carried out for the starting mode with a duration of 12.0 s and with a
calculation step of 0.2 s. In connection with the purpose of this work, the moments of the
engines and their speeds are not included in the graph, but only the moments of distortion,
which have the form of damped harmonic oscillations. On Fig. 3. Shows the values for a
resistor unsynchronized system. Characteristic 1 belongs to the system with really existing
parameters. Characteristic 2 refers to the same type of crane that has the mass of the bridge
(span) is lightened by 20%. Characteristic 3 is calculated with the value of the mass of the
trolley 40% lighter than the actual one. The M values for the electromagnetic working shaft
system in Fig. 4. marked with the same numbers. The angle of mismatch of the rotors of the
engines (the most severe mode).
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Fig. 3. Moments of distortion of the resistor system.
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Fig. 4. Misalignment moments with Electromagnetic working shaft system.

4 Analysis

An analysis of the characteristics of M shows [10] that approximately at t = 5 s, they reach
the 1st maximum, which can be significant. Mgg Ne 1-110 n.m. ; Mgg Ne 2-113 n.m. , which
is approximately equal to the starting torque of the motors. Somewhat lower
Mggr Ne 3-92 n.m. , the 1st minimum occurs at about 10 s; it is for Mgg Ne 1-(-15 n.m.), for
Mgg Ne 2-(-27 n.m.), for Mgg Ne 3-(-25 n.m.). The 2nd maximum can be approximated at
15 s at the level of 40 nm.

On another graph, it can be seen that the values Mg, changing according to a similar law,
have a lower order. So the level of the 1st maximum is: Mgg Ne 1-80 n.m. , Mgg Ne 2-90 n.m.
; Mgg Ne 3-70 n.m. For the 1st minimum, respectively: Mgg Ne 1-(-3 n.m.);
Mgg Ne 2-(-5 n.m.); Mgg Ne 3-(-1 n.m.).

5 Discussion

From here, returning to the initial conditions, it can be seen that a 20% decrease in the metal
consumption of the span worsens the process (Mgs N2 2), but does not bring it out of the
amplitude values of the original process (Mgg Ne 1). It is also possible some reduction in the
metal consumption of the trolley. However, it should be remembered that a significant part
of the weight of the trolley is the lifting motor with a gearbox, and lightening this weight can
also affect the lifting capacity of the crane.

Bridge engines with gearboxes occupy a small part in relation to the weight of the entire
structure, and therefore reducing its metal consumption will only facilitate their work [37-
42]. However, in this case, it is necessary to prevent the skew moment from exceeding the
established limits, as well as strong vertical deformations of the bridge.

Similar calculations were also carried out for heavy-duty gantry 4-motor cranes (graphs
are not shown here). It was found that the transverse loads in this case are smaller both in
magnitude and in the difference between and. Therefore, although the relative reduction in

6
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metal consumption should be smaller here, the absolute savings in metal increase, since. the
weight of the cranes is 100 tons, and the span is 40 tons.

In general, you can install the following dependencies:

1. Lightweight cranes - 30% reduction in span weight - 1 t metal savings.

2. Medium cranes - respectively, 20% - 2 tons.

3. Heavy cranes - respectively, 10% - 4 tons.

For large factories of hoisting and transport equipment, such metal savings could be 2000
tons per year, which is equivalent to an additional production of 100 cranes [43-57].

6 Conclusion

As already mentioned, the purpose of this work was to develop a methodology for calculating
and study energy indicators for hoisting and transport equipment from an electromagnetic
working shaft, as well as to study distortion phenomena in such systems. This task was
performed theoretically - by calculation methods, as well as during measurements and tests
of the electromagnetic working shaft system on real cranes. Based on the results of the work,
the following conclusions can be drawn.

1. The transverse forces in the synchronized and non-synchronized crane movement
system were studied in dynamics. It is concluded that the electromagnetic working shaft
significantly reduces distortions in metal structures and, within certain limits, it is possible to
reduce the weight of crane trusses or a bridge.

2. In general, it was concluded that the system of an electromagnetic working shaft for
handling equipment not only ensures the synchronization of the speed of engines, the
smoothness of their transients, a significant reduction in repairs, but also a reduction in energy
consumption, as well as a further reduction in the metal consumption included in the project.
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