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TRACTOR DYNAMICS BY MEANS OF THE STRUCTURAL
SYNTHESIS OF THE RECEPTANCE.

Kazimierz Peszynski", Henryk Holka”

Summary: The traditional method of motion description of heavy machines are differential
equations. In this paper for the description of tractor motion was used the method of structural
analysis receptance which is described in references [1] and [2]. This method consists in dividing
of system model into individual subsystems and then in structural connecting receptances of
individual subsystems. It is very useful when some of this subsystems are difficult for analytical
description. In this case an element or the whole subsystem is experimentally described. An
example of this description is determining tractor tyre stiffness in deep mud.
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1. MATHEMATICAL MODELLING

Fig. 1. Tractor dynamic model

Figure 1 shows schematic diagram of tractor dynamic model which was considered.
The motion of this system consists in translational motion of the mass centre and
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rotational motion round mass centre. Mathematical modelling of the complete system is
quite complicated.

Differential equations above presented model are following

mD-2D+cD{Z'D—b Ll (zl—zz):|+kD{ZD } 0 (1)
M2, + M +2c,z, §2)+2k ( —&)=0 2)
Mz, + M.z, +2¢c,, ( 4:2)+2k ( 4:2):0 (3)
mxlfl -2c, (2 _51)"' 2cw1( 1T ) 2k, (é:l 1): 0 (4)
ms2§.2 _2c/71( é:z)+2cu2( 2~ ) ( 2): 0 5
where: M, = (b +p2)%; M, =(a? +p2)%; M, = (ab—pz)% (6)
m, denotes springing mass of tractor,
m , —mass of driver and his seat,
m_, —no-springing mass referred to leading axle,
m_, —no-springing mass referred to back axle,
@ — angular co-ordinate of springing mass,
z, —vertical co-ordinate of springing mass,
z,  —vertical co-ordinate of no—springing mass referred to leading axle,
z, —vertical co-ordinate of no—springing mass referred to back axle,
ky,, k,, k,, k, , k,, —spring constants, suitably driver seat, leading

suspension, back suspension, leading wheel, and back wheel,

Cp, Cys Cyy» Cups C,n — Viscous friction coefficients, suitably driver seat,
leading suspension, back suspension, leading wheel, and back wheel,

a,b, L, l, —geometrical parameters,

J - moment of inertia

h,, h, —accidental inputs (soil level).

2. STRUCTURE DIAGRAM OF DYNAMIC RECEPTANCE

Above the shown set of differential equations (1 — 6) was changed to the structure dia-
gram in which the individual blocks were presented by the dynamic receptances of the
subsystems «, A, 7. For simplicity of the system the subsystem x was omitted (small

influence of driver mass on system vibration).

System response is obtained from the equation

Zr G, G, G; Gyu||0
Pr|_ Gy Gy Gy Gyl 0 %
g Gy Gy, Gy Gy || R
S Gy G, Gy GulF,

In shorten notation equation (7) has form

Y =GF



where: Y is column vector including outputs z,, ¢, &, &, G=[G,] is matrix of
receptances of the whole system after synthesis the subsystems, and F is column vector
of input forces.

Input forces where calculated from following equations:

F o =h (t)kwl + hl (t)cwl (8)
F,=h, (t )sz + jll (t )cw2 )

Instead this traditional method of motion description the method of structural analysis

receptance is used.

A

a11

A

A12

A13

Q14
Q21

v

2
Q22

A

32
31

N . s

-1
[333 [

Q41

v

4
—( % ) Ogq
+
Yaa

Fig.2. Structural diagram of dynamic receptance synthesis

The set of receptances we obtain from above presented structural diagram (Fig. 2).
For example we find receptance G,;(i@). The structural diagram of this receptance is
presented in Figure 3. It was obtained from main diagram (Fig. 2) which was presented
above. This method consists in dividing of system model into individual subsystems and
then in structural connecting receptances of individual subsystems.

It is very useful when some of this subsystems are difficult for analytical
description like a tractor tyre stiffness or dumping in deep mud. This parameters were
experimentally determining (see Table 1).



Fig.3. Structural diagram of receptance G3; = Gy3

Solving above presented diagram we obtain:

G (m)) _ a,; Py (744 +a, )_ 0,0y, Pss _ L,
13 3
(744 tay, )(0{33 + :B33 )_ 0(324 M(l a))

(10)

O34

Fig.4. Structural diagram of receptance G4, = G4

Solving above presented diagram we obtain:

G14(ia)): a41744(ﬂ33 +a3)_a43a317/44 — L14 (11)

(744 +a,, )(0’33 + ﬂ33 )_ 0{3%4 M(la))

We can see that denominators of equation (10) or (11) are same. This denominator
D(iw)=(y,, +a,, oy, + By )— 0, defines free vibrations (characteristic frequency) of

the considered system.
Compare denominator of equation (10) or (11) to zero we obtain equation of system.
Occurred in equation receptances &, [, ¥ are subsystem receptances, for example:

1

2
m,s” +c,s+k,

B (s) = (12)
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Fig. 5. The receptance G;; on complex number plane

How was stated above it is completely indifferent when occurred in structural
diagram particular receptances are found by theoretical analysis or by experimental
measures.

3. RESULTS
Experimental testing was curried out for tractor MTZ—80.

Figure 5 shows the example of calculation. There is receptance G, calculated by
using of this method.

In table 1 are presented experimentally obtained parameters of tyres (stiffness and
damping), necessary to qualify their influence on characteristic frequency of system.

Table 1. Experimentally obtained stiffness and damping for testing tyres in deep mug.

2k, [KN'-m'] | 2k, [KN'm'] | 2¢,, [kN-ssm™']| 2¢,, [kN-sm™']

1 450 580 4,32 6,97
2 450 580 6,48 10,44
3 675 870 4,32 6,97
4 900 1160 8,64 13,04
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1 3.767E-06
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Fig. 6. Influence of tyre parameters on receptance Gi;

Figure 6 shows calculation results illustrated the influence of the tyre parameters

(stiffness and damping) on the receptance G;3(im).

4.

hd

CONCLUSIONS

Performed analysis confirms usefulness of the presented method for testing of com-
plicated mechanical systems.

Without doubt the advantage of this method is a possibility of identification of
unknown parameters experimentally.
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