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Abstract: In this paper the author present a new physicdvemaatic model which
describe the movement of the frontal changer. Té@hriological equipment is
considered as a dynamic system with two masses l#s® machine and the
equipment loaded with change in the bucket) and fiegrees of freedom. The
motion of the machine is described by the set fiéidintial equations, based on the
second ordetagrange Principle, with proposed hypothesis of energy dissipative
systems. To computing the solution for these equosfiit was used the classical
numerical methods, implemented on the MATLAB™ saitey numerical
application. The model and the method presentatisnwork constitute a starting
original approach for analysis both of a motiongath constitutive elements of the
machine, and of a dynamic stresses and strainBeo€ttanger equipment metallic
structure. The main purpose in this study congisirimerlie a complex and complete
numerical model, which leads the simulations aredghalysis of the effects of the
vibrations, produced in the metallic structurelad technological equipment, for the
different phases of the working cycle.
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1. INTRODUCTORY CONSIDERATIONS

Nowadays, to obtained the technological and funefigperformances more and more higher, earthmoving
machines are conceives to have high working velocithis fact leads to the necessity of knowing the
phenomenon which generate variable dynamics sintnequipment, and, finally optimisation of thesdfects.
From the effectuated studies until today, it wasnsthat the transitory work state through the emeipt passed
are the source of the dynamic considerable sdiicite. The review of these includes

o transitory working state produced by alternationtioé working manipulation of the

earthmoving machine;

o transitory working state produced by resistantdorariation at the working tool;

o transitory working state produced by passing thihating resonance;

o transitory working state produced by machine passirer the irregular profile roads.

In this paper, that is one of the first compondrthe largest study about the frontal loader eqeipts dynamic
behaviour analysis, the author propose a new comgpproach of a mechanical model for the mentioned
equipment type. In this sense, it is presentegbysical model, then it is deduced the mathemaégptessions
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for the movement equations, and finally, it is pr@s a few diagrams that was resulted from a nwaleri
computation of the mathematical model.

2. THE DESCRIPTION OF THE MODEL

For the beginning, it is considered a dynamic sgstemposed by two masses, here by the base magchine
that is visco-elastic sustained on four points, redworking body magsn,), like as shown in the Figure 1. This
study was realised with taking into account the@tabloader model, and with the working tool artidad joint at
the equipment, with torsional rigidiky and transversal rigiditi.

The five degree of freedom of the model are

the base machine jumping arround @& axis, defined by the coordinate;

the rotational movement of the base machine arrtm@Z axis, defined by th<¢1 angle;
the rotational movement of the base machine arrthm@®X axis, defined by th(ﬁl angle;
the rotational movement of the working tool arrouhd joint with theOZ axis, defined by
the @, angle;

the rotational movement of the working tool arrouhd joint with theOX axis, defined by
the B, angle.

The geometrical coordinates of the bucket weiglmtpaamelyB on the figure 1, vis a vis one the same point of
the base machine, is computed with following exgims

Xg = Lcos(ay + @) +rcos(a, —¢, —a; —¢y);
Yo = [Lsin(ay + 1) =T sin(ay — ¢, ~a; - §1 )cosB,]sinéy; ®
Zg =[Lsin(al +¢)-rsin(a, —¢, —a; —¢l)cos6?2]cos6?1 -z
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Fig. 1. Front loader physical model with 5DOF
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The linear velocity of they, mass is

VE=x3 +yg +73 @

VR =2° +67ai + pTaj + 31 + g1p,a5 + 60,2618, ~6,260,85 +6,¢,0,a +

: . . (3)
+ 926?2¢2a72 —¢$,2ag — 9,789,

where

a? =[Lsina, -rsin(a, —a,)|?; a2 = L2 +r2 + 2Lr cosar,; a2 = 2r2 + 2rLcosa,;
a, =2Lsina, -2rsin(a, -a,); a; = 2rsin(a, —a, );
a2 = 2Lr cosa, sin(a, —a, )+ 2r? cosla, —a,)sin(a, —a,) ;
aZ =2r%cos(a, -a,)sin(a, —a,); a; = 2Lcosa, + 2r cos(a, - a;);
a, = 2rcos(a, —a,).
For simplification, it will be considering that tlieneralized coordinates values are neglected aainga with

the generalized velocities, which allowed the sifigaltions of the velocity formula for thB point. The kinetic
energy for the system have the next form

E, :Emlz2 +§\]1A¢12 +§J1AA612 +§sz§ +§st(¢1 +9,) +§st8(912 +922) @

After some substitutions and simplification, thiaten (4) become

B, = P I+ 35+ T 64 S s+l + 883, + m 26,3, -

1 .. 1 . o 1 . , 1 . 1 . (5)
5 my&, 26,3 +§ m6,$,6,35 +§ m6,$,0,8 5 myp; 28, 5 my@, 23,

where

m=m1+m2; J :J].A +JZB +m2a§;
*o_ 2. — 2. 1% — .
J =Jiaa +Jopg tMpar; Jop = Jop + M) Jp = Jopgg;
m — total mass of the systerd;— moment of inertia for the bucket around thetj@irin the longitudinal planj'-
moment of inertia for the bucket around the jd\rin the transversal plad;: - moment of inertia for the bucket

around the elastic joir in the longitudinal planj,gs - moment of inertia for the bucket around the t&dgsint
E in the transversal plan.

Relative displacements for the four machine’s wheet¢
Oty =Z2+0 1+l — 744, 0y =2+ 0/ - ¢yl, — Z
_ (6)
Ot = 2= 01 +@1l, =740 =2- 0/ —¢yl;, — 2

The potential energy of the system is
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1 1 1 1 1 1
V=ok(0af +Sko(@a)f + k(0 + Sk (0L) + S kepE ke ™

\ :%k1(2+¢1|1+91| _Zfd)z +%k2(z_¢1|1+91| _st)z +

1 , 1 , 1., 1, ®
+_k3(z+¢1|1_91|_zfs) + oKy (2- a1 — 0l -2 )" + S kypF + ke 63,
2 2 2 2
and the dissipative functidd is
D=%C1(2+¢1I1 +91|_Zfd)2+%(:2(2_¢1|1 +91|—st)2+
)
2

+%03(2+¢1|1 -6, ‘Zfs)z +%C4(Z_¢lll -0 _ZSS) '

The equations of the dynamic equilibrium of the tmasses was written bassed on Lagrange second order
equations. Thus

d{aEJ_aE __ VD e w0

where g :{Z,¢1,¢2 ,91,92}.

It was taken the hypothesis pursuant to the machirezls have the same characteristics. Thus
k, =k, =k; =k, =k;c; =c, =c; =¢, =C.

After substitutions, the differential equationsteys (11) become

-0.5m,6,6,a; —0.5m,0%a; = k(zfd 7+ 2+ zss)+ c(zfd + 2+ 2t zss)

~0.5m, 7ag +2c2(l, +1,)+ 2ke(l, +1,) + 3p, +2c4, (2 +12)+ 26,k +12)+ 058, (3,6 + myal)+
+0.5m,8,8,85 +0.5m,6; a5 = k[ll(zfd + st)+|2(zfs + Zss)]+c[|1(zfd + zsd)+ IZ(Zfs + zss)]

~0.5m, 78 +0.58, (3,5 +m,aZ )+ 3,8, +k,8, +05m,8,6,a> +05m,62a2 =0

0.5m,26,a, +0.5m,26,a, +4cd +4z + J 6, + m,0,7a, + J,0, =

:kl(zfd +Zy +2i 2 )H a2y + 2y +zfs+z$)
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-0.5m,28,a; —0.5m,z6,a, +0.5m,¢,8,a2 +0.5m,$,6,aZ +0.5m,@,0,a; +0.5m,p,6,a> +

11)
. . o . . 2 . >

+3,0, +3,0, +kib, —~my0,285 + m,6,0,85 + m,6,9,8; =0
The resulting nonlinear differential equations (WEre complex necessitating the assistance of pewmto aid
in their development. Steps were taken to simuladedynamical equation using a numerical integratmutine

in the MATLAB™ technical computing environment. Theponse of the loaded model with 5DOF is shows in
Figure 2.
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Fig. 2. Numerical simulation results
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3. CONCLUDING REMARKS

As it could seen on the presented diagrams, theosed numerical model come through putting intdence
the dynamic phenomenon that appears on the frargeh equipment. It was used the simple excitatignals,
as the impulse or the semi-sinus signals, thasiaralate the system common inputs on a real workinugtions.

The simulation outputs evidentiates the transittes and, the most important fact, the stabitinadf the
system in the short time, when the input signadgiieear. The entire set of the output diagrams atelgca stable
system, regarding the initial hypothesis for nucermodel settlement of the frontal charger equipme

On the future, this study will be developed on tways: first, the numerical analysis will be perfeanwith
consideration of a complex inputs, and, second, nthmerical model will be tuning by the experimental
measurements made on the real system.
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