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The paper consisted technological production scheme of dairy
products, which are embedded in training and production unit SB NULES
of Ukraine «Crimean AgroTechnological University» by creating
educational, scientific and industrial livestock complex, as well as
educational and technological laboratory processing of milk.
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OPTIMIZATION MODE MOTION HINGE-ARTICULATED JIB TOWER
CRANE SYSTEM
FOR DYNAMIC CRITERION

VS Loveykin, PhD
OG Shevchuk, MA

The paper solved variational problems in optimization mode motion
hinge-articulated jib tower crane system for dynamic criterion in which
fluctuations are eliminated cargo. The results show graphics solution
dependencies.
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Problem.Tower cranes-rigid articulated boom system used for

building construction [1]. Boom crane system consists of the following

main and auxiliary sections, connected by a hinge (Fig. 1). Auxiliary

section is horizontal (connected by four-mechanism) on which moves
cargo truck.

Fig. 1. Hinged articulated boom system: 1 - the main section; 2 -
auxiliary section; 3 - cargo truck.

Changing the departure of taps carried out both by driving the cart,
and by lifting (lowering) the boom system. If you change the departure by
moving the boom system load oscillations occur which last for the entire
period and affect the movement of the mechanism uneven lifting boom
system, as well as dynamic forces in metal levels and mechanisms [2].
To address these shortcomings need to optimize motion mode-hinged
articulated boom system.

Analysis of recent research. Optimization of motion hoisting
machines subject of many studies [3-7]. For example, in [4] the optimum
driving mode change mechanism departure that minimize deflection
flexible suspension of cargo from the vertical. In [5] a way to reduce the
load fluctuations on flexible suspension mechanism at work turning the
crane boom during the transition process by optimizing mode starting
and braking on dynamic criteria. In [6] solved variational problem of
determining the optimal mode of movement mechanism of lifting
machines with electric DC. In [7] performed modeling the bridge crane
where the optimal driving force tap implemented method of frequency
regulation electric motor. The evaluation of the efficiency of optimal
control for energy, electrical, dynamic and kinetic parameters. Installed
rational reason for setting quality implementation of optimal control.

41



Based on earlier studies, it is proposed to optimize flight regime
change crane with hinged rigid boom boom system when driving on
dynamic criteria.

The purpose of research-identify the optimal mode change
departure crane with hinge-Rigid boom system when working
mechanism for lifting boom system, minimizing dynamic loads and
vibrations load removal.

Results.For the optimization of traffic hinge-articulated boom
suspension system with flexible cargo select trymasovu dynamic model
(Fig. 2). It consists of the main and auxiliary sections boom system with
massesm, and m,in accordance with trolley weight m,and a mass m,

Suspended from a flexible rope length 1. In the main section operates
driving time Mp. We believe that the cables neroztyazhni, weightless

and completely flexible load is concentrated at one point, load
fluctuations are small and occur only in the plane of movement of the
trolley. Elasticity elements driving mechanism is neglected because of
their frequency oscillations about an order of magnitude larger than the
oscillation frequency and load fluctuations do not affect the latter [8]. For
generalized coordinates of the model adopted angular coordinates
moving hinge-jointed system aAnd deviation from the vertical
suspension load v.

2%
: X

Fig. 2. Dynamic model motion hinge-articulated jib tower crane
system.

We define the basic speed of the system. Given that the cargo
truck does not move relative to the main section hinge-articulated boom
system is written:

Vg =V,. (1)
Speed points A and C determined by the following expressions:
vV, =al,; (2)
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Xc =a+Lcosa +Isiny;
: _ 3)
Yo =Lsina —Icosv;
X =—alsina +;
{.C o @
Yo =alcosa;
Ve =\/xé +y2 == /(=dLsina +W)? + 212 cos® o = )

=a’L2 +v1? - 2avLlsing,
where L - the length of the main section boom system.
We write the expression for the kinetic and potential energies
hinge-articulated boom system with trolley and load:
T :%Jgaz +%(m1 +m,)a’L? +%m3(d2L2 +v21% = 2allsine),  (B)

where J, - moment of inertia of the main section boom system relative
to the axis of rotation.

11 :%mogLsin a +(m; + m,)gLsina + myg(Lsin—1cosv). (7)
Simplifying the expression (7) we get:
H:{[%mo+(m1+m2)+m3]Lsina—m3I005v}g. (8)

Based on the Lagrange equations of the second kind will make the
equation of motion of the system.
dor _or _ . ol

dt o OJ«a P oa 9)
d oT oOT __8H

dtov ov  ov’
Define all elements of the system of equations (9):

a—T:Emg(ZLzoc—2IL00305021)); a—T=0;

oa 2 ov
6—T:J0d+Lz(m1+m2)0'(—m31)|LSina; a—T:£m3(|2—2lLSina0'5);

da ov 2 (10)
oIl m oll :

—=gLcosa(—=+m +m,+m); —=mgLsinv.

o 2 ov

Substituting expression (10) in the system of equations (9) and
perform mathematical simplification then obtain:

(Jo + L2 (m +m, +m,))ad —mglLsinav =

=|\/|p—gLCOSa(%+ m, +m, +m,); (11)

L(cosaa? +sinad)—1v = gsinv.
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Assume that the angular coordinate system moving boom « when
changing departure boom angle changes to the system A« le:

a=a,+Ax. (12)

where «,- Angle shift the main section boom system at the beginning of

the movement.
It follows that:

a =Aa; d =Ad, (13)
sina =sin(e, + Aa) =sina, COSAa + COSa, Sin Aa; (14)
Cosa = COoS(¢x, + Aar) =C0S, COSAa —Sina, SinAcr. (15)

Since the deviation angles from the vertical suspension load and
displacement hinge-articulated boom systems vary within small so we
assume that

sinv=v; (16)
cosAa =1, (17)
sinAa =Aa . (18)

Rewrite the equation of motion (11) taking into account the

expressions (12) - (18):

(J,+L(m +m,+m,))Ag —m,IL x

x (Sine, COSAa +Cosex, SinAa)v =

mo

=Mp —gL(cosea, cosAa —sina, SinAa) x ( 5

+m +m +m);

(cosa, cosAa —sineg, sinAa)LAa’ +

+(Sina, cosAa +cose, SinAa)LAG -1V =gv. (29)

For optimization criterion minimizing rms take the driving time
during the period of motion:
1 ty , 1/2 -
|=| —[Mp“dt| — min, (20)
10
where t, - During the movement.

To eliminate vibrations cargo at the end of the movement is
necessary and sufficient to ensure the following:

v(t;) =0; (21)

v(t,)=0. (22)

Optimization perform through direct variational method [9]. To do

this, take a baseline function changes the angular coordinates shift the
main section boom system.
According to the task

{tzo:AaE =ay,Ad; =0;Ad, =0;

23
t=t Aoy = ;Adg =0;Ad; =0. (23)
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where «, - Angle shift the main section boom system at the end of the

movement.

In addition to conditions (23) law of motion must fulfill three
conditions (20) - (22) as a basis function should be three options that
meet those criteria. Assume basis functions as:

Aay = Aa+a,Ad +a,Ad +a,Ad (24)
where a,, a,, a5, - Basis function parameters.

The first term of (24) provides a non-zero boundary conditions, the
rest - zero. Write the first and second derivative of basic functions:

Ady = Ad +a,Ad +a,Ad +aAa' ; (25)
Ady = Ad +a, Al +a,Aa’ +a;Aa. (26)

With conditions (23) - (26) it follows that to determine the basis

function A« variable Ao should provide the following traffic conditions:

t=0:Aa =ay,Ad =0;Ad =0,Ad =0;Aa" =0;Aa" =0;
{t =T:Aa=a,—ay,Ad=0;Ad =0,Ad =0;Aa" =0;Aa’ =0.
As conditions as twelve solve the differential equation twelfth order:
Aa™" =0. (28)
As a result, the solution of equation (28) we get:
_ (2521° ~1386t"t, +3080t°t,” — 3465t°,” +1980tt," — 462t,")

11

[ (29)

(27)

Ac

x (cty — o 8.

Substituting (29) in relation (24), we obtain (30). Substituting
expression (30) into the second equation of (19) and determine the
angular coordinate deviation from vertical load for the following system
parameters:T = 25c;m, = 5500«e; m; = 2500«e;m, = 500xe; m; =6000xe;
L=26Mm;1=15m;9=9.81u/c?, 0y =11pad;a; =n/2 pao and the initial
conditions of motion: v(0) =0; v(0) =0.

(252t° —1386t*t, +3080t°t,> —3465t2t,* +1980tt,* — 462t,°)(ery — a1 )t®
Aag =( m +
tl
(27726’ (t—1,)°(erg — atl)j [13860t4(t —t)* (2t —t,) (e - atl)J (30)
+a, +a, +

11 11
t1 tl

27720t° (t —t,)° (9t* —9tt, + 2t ) (et — )
a3 . :
1

As a result, we obtain the solution of polynomial order 31, which is
too hromistkyy because the article will not give it. Write conditionally:
vy =f(ay,a;,a5,1) (31)
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From the first equation of (19) determine the driving time and
substitute it in expressions (30) and (31), with the result that we have:
Mp = —(J, + L2(m, +m, + m,))Ad, +ILm,(sina, + Cosa,Aa, )V, +

m _ (32)
+ gL(7°+ m, +m, +m,;)(cosa, —Ssin ay,Aay).

Then we define the integrand value criterion (20).
Next task is to determine the three factors that are the basis
functions (a,,a,,a;) That would provide the following:

vi(t) =0;
vy (t)=0; (33)

A o,
oa,
The first and second terms of equations (33) eliminates fluctuations
in cargo movement at the end of the hinge-jointed boom system, and the
third provides for optimization criterion (20).
Solving the system of equations transentdentnyh (29), we obtain
the following results:

a, =0.303;
a, =1.367,; (34)
a; =1.530.

Construct a graph (Fig. 3) Speed and acceleration main section
hinge-articulated boom system, and a graph of angular coordinate
deviation from the vertical suspension load and dynamic phase portrait of
optimal cargo movement (Fig. 4) and graph (Fig. 5) changes the driving
moment.
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. . . " 7 c
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a) b)
Fig. 3. Charts speed change (b) and acceleration (a) the main
section of the hinge-jointed boom system.
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Fig. 4. Schedule changes angular coordinate deviation from the
vertical suspension load (a) and phase portrait of optimal dynamic traffic
load (b).
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Fig. 5. Schedule changes the driving moment.

As can be seen from the graphs shown in Fig. 3 motion hinge-
jointed system in areas transients is quite smoothly, initial and final
velocity and acceleration of zero, and no plot steady motion.

During acceleration boom system load slightly deviates from the
point of suspension (t.V) in the opposite direction of the boom system
side (Fig. 4a), and during braking deviates from the suspension point in
the direction of movement, but at the end of fluctuations cargo traffic
absent (Fig. 4, B).

Fig. 5 non-zero initial due date of the driving time of the initial value
of the resistance force of gravity boom system, trolley and load but when
lifting boom system torque resistance decreases, which leads to a
reduction of the driving torque.

Conclusions
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As a result of the research optimization problem is solved reduce
dynamic loads during flight changes crane with hinge-Rigid boom system
that reduces the dynamic loads and eliminate fluctuations in load at the
end of the movement.

The results can be used in the design of the control system drives
crane with hinge-Rigid boom system.
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In Article varyatsyonnaya problem solutions in optimization mode
motion articulated strelovoy system bashennoho tap on Dynamic Criteria
at Kotor ustranyayutsya fluctuations cargo. Showing Results solutions
hrafycheskymy dependence.

Fluctuations, cargo, the law of motion, Tower crane.

The paper solved the variation problem to determine mode of
motion of articulated jib of tower crane in which removed payload
oscillations. The results are demonstrated into graphical view.

Oscillations, load, mode of motion, tower crane.
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