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Abstract: The last decades have been characterized by a continuous increase in studying methods of modeling works
that uses formal methods to write differential equations of motion for multibody systems. Analysis of such problems
leads to a mixed set of second order differential equations and linear relationships whose outcome is achieved through
evolution of the independent coordinates that define the movement system and unknown the liaison, forces internal and
external, which occurs. Unknowns such a mixed system differential and algebraic (DAE) can be obtained first by
eliminating unknowns, force liaison linear equations involved, after that remains to solve a system of second order
differential equations. A natural way to eliminate the connection forces will be used to write equations of motion of all
tractor-agricultural machinery.
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1. INTRODUCTION

Disposal method of the connection forces is based in many applications, where the reactions are not required or are not
interesting. The method can be applied as multibody rigid systems and multibody elastic systems and can be applied in
parallel computing methods of finite element, and could thus obtain the equations of motion in very complex cases.
The method, which is rooted in the methods of Routh's reduction and the Hamel's method of quasi-coordinates and
other results was developed by many researchers (in an effort to economic use as description equations of motion for
the purposes Mach's). The main method is based on the orthogonally that exists for ideal links between generalized
forces and generalized displacements.
In classical mechanics, methods of obtaining the equations of motion are:

a) the fundamental theorems of mechanics;

b) The form of the principle of Lagrange d' Alembert;

c) Lagrange's equations;

d) Method of Lagrange multipliers;

e) Hamilton's equations,
They are used in various forms. If it seeks only solve the equations of motion, that determine the evolution in time it can
be used independent coordinates methods “b”, “c” and “d” as not responding as unknown. But if it is necessary to
calculate the forces connecting (if is a necessary to calculate the resistance of the various elements of the multibody
system) will be using the methods ”a” and “d”. In following will be using the method “the fundamental theorems of
mechanics”.

2. THE DYNAMICS SYSTEM OF THE AGRICULTURAL MACHINE WITH WHEEL SUPPORT

In the following, we intend to study the dynamics of the system of complex aggregates that are working in the "No-
tillage" system.

The tractor unit will pair with bars (suspensions) linkage and working bodies can be active (they are driven through
PTO) or passive (using the available thrust of tractor).

458



|"r A WECt
PN, - Y AP -
/ hl:x....vi‘;tz ..}
| L) :
AR .
?——__,L’ f FHEERT
J 4 | _u:_\_,.i"—u__ \ |"|.J ) 'ﬁ-t:_wlz i
- f e AR
£ i R e i R
——— ST ==
gailaC LG Nl & FN\ o/ ]
— Y g e — —rp- ,
me S U ) IS B a ho
o !-"-.'.r 1” .f.'f. b z_'? f|
(3 i 3
S r i sosid

Figure 1. External forces acting on the tractor

For the case that are analyzing in Figure 1 linkage work on floating point (O) which is instantaneous center of rotation,
wheel will provide back support (tracking) of land surface and thus maintain a constant working depth is required for
seedbed preparation.

In this study, we will consider the tractor up in a slope angle a and moving fast. If working in constant speed operating
mode, will be a special case of the problem studied.

External forces acting on the tractor:

In the process of working, there are the following forces:

- Tractor weight G, which will decompose into a tangential component which opposes the tractor on the slope and climb
the normal component to load the tractor tires with a contribution of normal forces Y1 and Y2;

- FRT rolling resistance forces that will occur when the front wheels, rear wheels and wheel support;

- Rolling resistance moments at the front axle wheels and rear MR1 Mr2;

- The driving force (tangential traction force) at the wheels of the tractor which is a result of action Fm torque to both
driving wheels:

- The reactions of normal soil Y1 and Y2 at the front axle and wheels, respectively, back.

M, (1)
m
R,
Tractor weight without considering the wheels are deemed applicable G its center of weight, determined by the
coordinated action in relation to the longitudinal axis of the rear axle of the tractor and coordinated in relation to the

surface h (height of center of weight). For dynamic power calculation G decomposes into a normal component
cosa-G, =G and a component parallel to the running surface GTG= G -sina , weight rear wheels, front and support

let G,, Gy and Gj; respectively. They will have inertial effects on moving the tractor and the tractor axle load will help.
Note with: Ry, R; and Rj the rays of the three wheels. Total weight of the tractor will be:

G, =G+G,+G, (2)
For smaller angle of the way, we can admitting that: sin o ~tg « = 0,01i and the relationship be:
Gi=+0,01Gi 3)

Determination of soil on the reactions of normal tractor axle Y1 and Y2 is based on balance equations of all tractor-
agricultural machines under the action of external loads. Thus, from the equation of the moments to: A2, resulting
normal reaction Y1 to the front axle of the tractor. The relationship is:

Y L= Gt(ac -cosa—h-sina)—Gm(lm -cosa+h, -sina)+Rx ch,—R_-1 +Y,-1 —
—(R,-h+R,, -h, +M, +M, +M,)-G,(h, sina+I cosa)+
+G,(Lcosa — R, sina)—G,R, sina @)

During the tractor wheels roll without slipping on the work surface, rolling resistance moments are given by relations:
Mrlzs},l; MI‘ZZSYvZ ’ Mr3:SI]3 (5)

The inertial forces are:

R,=ma; R, =m,a ©)

The torque relation is:
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Y,L=G,(a, -cosa—h-sina)-G,(l, -cosa+h, -sina)+R, -h —R, -1 +Y,-1 —
-ma-h—m,a-h, —sY —sY,—sY, —G,(h,sina+I[ cosa)+

+G,(Lcosa—R,sina) —G,R, sina

)
and :
Y(L+s)+sY,+(s=1)-Y, =Gt(ac -cosa—h-sina)—Gm(Zm -cosa +h, -sina)+
+R. -h —R I +Y,,-l.—-ma-h—m,a-h, —G,(h,sina+I cosa)+
+G,(Lcosa — R, sina) - G,R, sina )

Figure 2. External forces acting on the tractor and agricultural machinery to climb the slope

From the equation of moments relative to the fulcrum of the front axle wheel normal reaction resulting Al rear axle
which is expressed Y2.

YZL:G,(L—aC)cosa+(Gt -sina+1{.t)h+Gm(lm +L)cosa+(Gm . sina+1§m)hm +
+G,Lcosa+G, R, sina+ Gy (L+[)cosa+G,R, sina+ R (l,ﬂ +L)—Rx h —Z, (ls +L)+
+Mr1 +Mr2 +M3

If you enter the moments rolling resistance and inertia forces is obtained:

Y,L=G, (L —a, )cosa+ (Gt -sina + mta)h +G, (lm +L)cosa + (Gm -sina + mma)hm +
+G,Lcosa+G,R, sina+G,(L+1,)cosa+G,R, sina+R_(I, +L)—R._-h,

~ Y, (I, +L)+sY, +5Y, +sY, .

and:

—sY +Y,(L—s)—(s+/ +L)-Y, :Gt(L—ac )cosa+(Gt -sina+m,a)h+Gm(lm +L)cosor+
+(Gm . sina+mma)hm +G,Lcosa+ G, R, sina+ G5 (L+1,)cosa+

+G,R;sina+R.(I. +L)—R, -h, .

Total normal reaction on the axle tractor Yt is determined by the relation:
Y =Y+ Y,=(G + G,+G3)cos a + R, - Y; (12)
Normal reaction wheel support on the machine Y3 is determined taking into account that this car follows the ground by
wheel support linkage being floating position. Therefore all machine ranges in relation to instant rotation center O. We
have noted with &5 and h, instantaneous coordinates of the rotation center (Figure 3).

Equation of moments relative to point O (CIR) be:

Y,(l, +a,-s5)=G,(l, +a,)cosa—(G,sina+R, \h,—h,)-R, (h, +h)+R.(I, +a,)-F.,

and solving the Yj3:

Gm( m +a0)COSC¥_(Gm Sina+Rim)(h0 _hm)_Rx(hO +hr)+Rz(Zr +a0)_E‘3
[ +a,—s (14)

)

(10)

(11)

(13)

Y3:
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Figure 3. Instantaneous coordinates of the rotation center

If the value Y] is known, then the equation of reaction be:

Y (L+s)+sY,=4

(15)
—sY+Y,(L-s)=B (16)
solve:
A=G,(a,-cosa—h-sina)-G, (I, -cosa+h, -sina)+
+R -h, —R -l +Y,, -l —ma-h—m,a-h, —G,(h,sina+[ cosa)+
+G,(Lcosa—R,sina)-G,R,sina—(s—1,)-Y, (17)
B =G, (L —-a, )cosa+(Gt -sina +mta)h+ G, (lm +L)cosa+
+(Gm -sina+mma)hm +G,Lcosa+G,R, sina+ G (L+1 )cosa +
+G R, sina+R.(I +L)—R, -h +(s+1,+L)-Y, a8)

If the Y, in known:

R HEH

and:
2
Y, L'l s L+s||B 20)
3. CONCLUSIONS

Apparently they give Reaction Y;, Y, and Y; as shown in the works. In reality they are related to the equations of
motion, once the inertia forces which are introduced in these equations of dynamic equilibrium and the second time by
rolling FR3 force density that occurs in the third equation of equilibrium which is obtained also from complete
resolution of the equations of motion. We believe that the tractor is moving in a first phase under constant speed, so all
the forces of inertia that appear are zero. Also rolling resistance of the wheel support can be neglected in a first phase.
Under these assumptions we obtain the three axes in response to the deck and the tractor. With these values we solve
the equations of motion and strength where accelerations get rolling resistance. These values in formulas to introduce
the reactions and continue the process until the difference between the solutions obtained after two successive iterations
becomes very small. The process of determining the reactions of the tractor and acceleration becomes part of an
iterative process.

ACKNOWLEDGEMENT:
This paper is supported by the Sectoral Operational Programme Human Resources Development, (SOP-HRD), financed
from the European Social Fund and the Romania Government under contract number: POSDRU 6/1.5/S6.

461



REFERENCES

[1]  Vlase Sorin; Mecanica dinamicd; Editura Infomarket; Bragov 2005.

[2] Andrei 1., Candea 1., Bria N.; Kynetic —dynamic analysis of the farm tractor and twin-axle trailer combination
in various mechanical states, INMATEH vol.1-2009,Bucuresti;

[3] Candea 1., Ionel A.; Studies on the dynamics of wheeled tractors in aggregation with biaxial trailers.
Computational mechanics and Virtual engineering. COMEC 2009.

[4] Scutaru L.M., Teodorescu-Drighicescu H. ,Vlase S.; Mecanicad Tehnicd; Ed. Infomarket , Brasov 2009; ISBN:
978-973-1747-15-6,

[5] Popescu S. Popescu I. Candea I.; Contribution of the study of the dynamic stability of agricultural tractors
equippment with front loader; Computational mechanic and virtual engineering, COMEC 2009. vol2.

[6] Constantinescu A., Popescu S.; Equipment and methodology for experimental research of the dynamic and
energetic of the high power agricultural tractors of in aggregate with tillage machine systems. Computational
Mechanics and Virtual engineering, COMEC 2009, vol.2.

462



