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Abstract. The paper presents a method for solving the problem of the frontal loader
mechanisms synthesis .The specific element for these types of mechanisms is, generally the
hydraulic cylinder which swings the bucket. This element has the length adjustable in steps.
This fact imposes the establishing of the mathematics models for the kinematic synthesis
which will include the functional parameters required by the design both for the raising phase
and for the decent phase of the bucket. The author developed mathematical models which
have as basis the synthesis for the prescribed positions of the bucket and for the bucket’s
raising arm. To simplify the mathematical model it is applied the movements inversion
procedure, using as reference element the arm. In the same time it is proposed a method for
the modular solving of the synthesis, where a module represents a loop with four elements .
The mathematical model is solved with an algorithm which is developed on the optimization
theory basis using the simplex method. Also, the paper presents modalities for applying these
models to different kinematic schemes which have one and two loops with four elements.
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1.INTRODUCTION

The design of the working equipment for the frontal loaders becomes a complex
process especially for cases in which it is aimed a diversification of the using domains. The
growing of the bucket volume involves the maintaining of the rising arm length at a necessary
minimum. Bécause of this it is realised an improvement of the outfit movement stability, but a
series of constraints appear which are imposed to the mechanism synthesis. In this way, the
optimization theory satisfies the mathematics model pretensions regarding the synthesis
problem. A difficult aspect is the mathematics form description of the constraints. Surely, the
synthesis problem can be modeled using other methods, for example the method of the
functions approximation (Oprisan, Popescu & Popovici 1995), but the optimization theory
allows the achievment of a mathematics model whose solution leads at the manufacture of a
performant outfit both using the kinematic of the working equipment and using the stability
during the movement.

In this paper it is presented a way to elaborate the mathematics model and also a series
of possible constraints mathematical expressed and verified using numeric examples.



2 .THE WORDING OF THE SYNTHESIS PROBLEM

The frontal loaders mechanisms are activated through hydraulic cylinders. The
bucket’s movement law can be obtained from a mechanic correction of the bucket angle when
the position parameter of the bucket and from a hydraulic correction when the position
parameters of the bucket depends on two independent parameters: the position parameter of
the arm and the length of the hydraulic cylinder attached to the bucket.

Although the hydraulic correction assures concise positions for the bucket, this one is
less used in the outfits construction due to the fact that it enlarges the cost price, and the outfit
has a-lower reliability in comparison with the ones which use the mechanic correction. For
mechanisms, which use the mechanic correction of the bucket angle, the synthesis is a base
element in the outfit design, which constitutes the bases of this paper.

The synthesis problem wording is made on the basis of the outfit work phases: the
bucket loading; the bucket rises; the bucket unloading; the bucket descent (Fig. 1).

Theoretically, the full bucket must move parallel in the movement plane, for the
avoidance of the material losses, also the tipping must be performed in any position and at
any height. Because of the approximate solution obtained through the solution of the synthesis
problem, this change of places is not exactly realized.

The functional parameters necessary in the synthesis of the mechanism, which fits out
these outfits, are (Fig.1):

i) the bucket capacity;

ii) the maximum unloading height under an angle o >45°, h;
iii) the unloading distance at the maximum height, I;

iv) the unloading distance at an angle a=45°, 1;;

v) the unloading height at the maximum unloading distance, hy;
vi) the digging depth, hy;

vii) the digging angle, as;

viii) the down closing angle of the bucket, a;
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Figure 1. The functional parameters of the frontal loader



ix) the up closing angle of the bucket,o;
x) the static radius of the tyre, R.

Also it is required that the positions of the mass center M, determined for the full
bucket, in the horizontal position of the arm to be as close as possible to the overthrow edge,
distance noted in figure 1 with ly.

The parameters a and b position the joints of the arm and rising cylinder, with chassis,
and ¢ positions the wheel center in relation with the A joint of the arm. The dimensions lyax
and Imin represents the maximum and minimum dimension of the hydraulic cylinder for rising
of the arm.

In the case of the bucket positions for the unloading phase, the exploitation impose big
pretensions. So, for the emptying of the sticky materials the bucket wall must be in vertical
position («=90), and for other materials «a=>45° (Lohse,1968).

3. SOLUTION METHODS OF THE SYNTHESIS PROBLEM

The synthesis is applied if the bucket’s geometry and a initial scheme are considered
known. In this case it is imposed the optimization of the kinematic scheme, which describes
with precision the bucket’s prescribed positions. Surely, a global mathematical model can be
described but its solution using the optimization method does not always assure the wanted
solution, because the number of the optimization problem variables is big especially at
mechanism with many loops. Because of that, the author propose the solution of the loops
problem, which determines the realization of a mathematical model which is applied to all
kinematic schemes which use one or many loops tied in a series. Also, the synthesis problem
can be brought to a problem which imposes an easier solution, using the method of
movements inversion. The obtaining of approximate kinematic scheme does not constitutes a
difficult problem for a designer in this domain. The complex aspect of the optimal synthesis
problem is given by the mathematical modeling of the imposed constraints for each loop.

3.1.The determination of the synthesis parameters for a mechanism which contains a
four elements loop

The mechanism is presented in figure 2 and contains an element with an adjustable in
steps length (element 3) in the ADCBA loop.

Figure 2. The working equipment with Figure 3.The synthesis parameters
a four bar mechanism



In figure 3 is presented the mechanism obtained through the inversion of the movements, in
which the reference element is the loading arm AB. The synthesis method is applied to this
mechanism. For this mechanism are known the prescribed positions (@1, ¢3) for the elements
1 and 3. The synthesis problem variables are dimensionless parameters si, sy, s3, noted in
figure 3 with AD=s; DC=s,, BD=s; (AB=s4=1), and the angles o and . The design imposes
the next constraints: the convexity of the loop with four elements ADCBA and the respecting
of the minimal transmission admissible angle. The convexity constraints are imposed to avoid
the alignment of the points D, A, B, because the hydraulic cylinder 4 would hit in the joint A
for the solution in which ADCB are in the same plane. At the same time the prolongation of
the element AB and BC must by avoided which will conduct to an little transmission angle
(under 7°). The condition for the respecting the minimum transmission admissible angle
conducts to the obtaining of a solution for which the minimum transmission angle has a
bigger value than the minimum admissible value.

3.2 .The defining of the synthesis parameters for a mechanism with two
loops with four elements

The mechanism is presented in figure 4. Changing the reference element, the Watt I
mechanism in figure 4 changes to the Watt Il mechanism in figure 5.

Figure 4. Watt I six elements mechanism Figure 5. Watt II six elements mechanism
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Figure 6. Loop with adjustable in steps Figure 7. Loop with constant length elements
in steps length element

The mechanism in figure 5 is decomposed in two loops with four elements (Fig.6 and 7).
The imposed constraints are:
e for the loop ABCDA (Fig. 6) in which the input element is AD, the output element is BC,



and the reference element is AB, must by respected the mobility condition when AD
superimpose AB and the minimal transmission admissible angle respecting condition ;

o for the loop BFGHF input element is BF, the output element is GH, the reference element
is BH, and the constraints are given by the condition that the four linkage mechanism to be
crossed and the minimum transmission admissible angle respecting condition.

The objective function for both cases it is given by the maximum value of the bucket’s
imposed angles error module.

4. THE MATHEMATICAL MODEL

The mathematical model of the synthesis problem is developed for the general case of
the prescribed position generated by the four bar mechanism which has constant lengths
elements (Fig. 8) and coupler length adjustable in steps (Fig. 9).

Figure 8. Four-bar mechanism with Figure 9. Four-bar mechanism with
elements lengths constants adjustable in steps coupler

4.1. Four-bar mechanism with the constant elements lengths
The objective function

The objective function is given by the maximum value of the error module of output
positions element 3 (Fig. 8):

F(u,o1)=max | @3 (u, ¢1))- o3l , (1)

i=l.n
where
u=u(s; sy, s3.0,P) is the design parameter vector ;
@3i(u, @17)- the calculated values of the @3 angle;
@3i-the values imposed to the @3 angle.

Possible constraints

The mobility constraints are determined from the condition that the mechanism should
work as a crank-rocker or a double crank mechanism:

g1=51 +52-53-1, g1(81,82,83) 20 ; (2)
g=(51.1 )(52-53 )%, £2(51,82,83) 20 ; 3)

The convexity constraints are defined by the relations:



23(83,91i,031)=S2 sin (@1i+o-@3i(u, @1;)) + sin (1i+a); 4)

24(83,015,931)=81 sin (Q1i+a-@3i(u, @1)) + sin@si(u, Q13); Q)
gs(u, @1i)=sing3;(u, @1;); (6)
g6(P1i ,00)=sin(@yi+a); (7)
gi ZO,_]=36

The minimum transmission admissible angle respecting constraint is:

g+(u)=cos p, - max | cos p(u, @), )

i=l.n
where:

cos p(u, (pli)=(szz+ s32 - 1 - 5% +2s;cos(u, @1;) V(2s283) ,
L,- the minimum transmission admissible angle .

The wording of the optimization problem
The synthesis problem is defined as an optimization problem:

F(u*)= min max | @3i(u, Q1i)- P3i |, 9)

u i=l.n
where:
u -the optimal vector for which the objective function has the minimum value and it is
situated in the domain established by the constraints.

4.2.The four-bar mechanism with an adjustable by steps length element

The objective function is given by the maximum value of the error on the output
element positions written for both working phases: for the first phase the mechanism works
with the minimum length of the coupler (Fig.9) specified in the function using the
dimensionless parameter s, , and in the second phase works with the minimum length of the
coupler specified using the dimensionless parameter s,*:

F(u")= max{Fi(u, ¢1;),F2(uz, 91)) }, (10)
=11,
=+1n
where:
Fi(uy, 1)= max | @si(uy, @17)- ¢l , (11)
=11
F>(u, ¢1;)= max | @si(u2, Q1j)- Q3 , (12)
j=l+1..n

u=u(s;, s , sy ,s3,0,B)-the vector of the synthesis parameters.

The vectors u; and u, are described by the synthesis parameters of the mechanism for
the first working phase (s, sy, s3, o, B) and for the second working phase (s, s2*, s3, o, B).

The constraints are imposed for one or for both working phases. This ones are chosen
from the relation specified in (Oprisan,1996) with the changes made in relation with the
specific working phase.

The wording of the optimization problem is given in the relation:



F(u")= min max {F(u, ¢1)),F2(u, @) }, (13)
u i=l.1
J=i+1l.n

u* - the optimal vector for which the objective function has the minimum value.

5.THE NUMERICAL RESULTS

The numeric calculation is presented for the frontal loader mechanism in figure 2,with
the bucket’s capacity of 2,6 m’ . Because it is necessary a relatively big space allocated to the
numeric data it will be presented the solution of the loop ABCDA (Fig.2).

The mathematical model is formed from the objective function presented in relation
(10) and the constraints which define the function (3) and (8).

The prescribed position are specified in tables 1 and 2.

Table 1. The prescribed position for the rising phase
01 45° 18° 0° 350 344 330
Q3; 68° 50° 40° 37.5° 38° 39°

Table 2.The prescribed position for the descent phase

01 45° 18° 0° 350° 344° 330°

03 132° 120° 115° 113° 112° 111°

The calculation is made for a minimum transmission admissible angle p, =10°.

The synthesis problem is defined in the relation (13) and the optimization algorithm is
developed on the simplex method basis (Merticaru,1995).

The problem solution is presented in table 3.

Table 3. The synthesis problem solution

$1=0.1165, 5,=0.189, s, =1.094, 5;=0.252, 0=26°15°20", B=68°7°26”

Rising phase
03i 68° 50° 40° 37.5° 38° 39°
@3 (u, @1i ) | 67.56° 49.72° 40.32° 36.86° 37.45° 38.78°
£ -26°24” -16°48” 19°12” -35°24” -33° 13’12~
Descent phase
©3; 132° 120° 115° 113° 112° 111°
@si (u, @i ) | 132.34° 119.58° 114.73° 113.64° 112.85° 110.25°
g 20°24” -25°12” -16°12” 3824~ 51 45°

In table 3 the parameter € represents the structural error defined in the relation:

e=P3i-03; (U, @1; ).

For 1,3=2190.52 [mm] , the dimension of the vectorial loop ABCDA are: 1,p=255.19
[mm], Icp=1789.42 [mm)], lcp =2396.43 [mm] and lgc =552 [mm].
The calculation position for the first loop become prescribed position for the next loop




BFGHB .
The discussions in relation with the structural error values are important for the second
loop, because the design establishes limits for the bucket position (Oprisan,1996).

6. CONCLUSIONS

The solving of the loop synthesis problem assures a bigger generality degree in
relation with the global model which must be developed for each kinematic scheme type. In
the same time the obtained solution using this method has a relative bigger precision in
relation with the global method.

The application of the movements inversion principle (the changing of the reference
element) leads to the choosing of a synthesis type which offers simplicity in solving.
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