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RESEARCH OF THE EFFICIENCY OF USE OF SHOCK
ABSORBERS WITH CONTROLLED DISSIPATIVE FORCE
IN MOTOR CARS
Shock absorbers are chosen according to a certain average influence, so in a wider range of an
influence of vibrations as well as on changes of the weight of the transported cargo a scantiness of
ordinary shock absorbers comes to light. In the article, possibilities of an application of a shock
absorber with magnetic liquid are discussed. In such case, dissipative features may be changed
dependently on the level on vibrations of the amortized object. For this purpose, a feedback receiving signals from a seismic sensor is used. Vibration isolating features for the case when the
signal is integrated for one or two times are described. In case of feedback according to the offset,
i.e. when the signal of the accelerometer is integrated for two times, the efficiency of the vibration
isolating system becomes independent on changes of the amortized mass.
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1. Introduction
Shock absorbers and tires of a wheel form the main
equipment protecting the motor car against dynamical influences caused by an unevenness of the road.
In such case, vibration dampers play an important role,
especially when the rigidity of shock absorbers is reduced. At present, hydraulic shock absorbers distinguishing themselves for many advantages are most
widely used 1 . They are chosen according to a certain average affect, so when the range of the vibration
parameters is wider, a scantiness of the possibilities
of such dampers comes to light. It would be possible
to increase an efficiency of vibration isolating systems of a motor car by use of vibration damping
elements with controlled dissipative features, in particular, in case of use of a feedback system receiving
signals from the isolated object, for example, a sensor
of the bodys vibrations.

2. The Principle of an Operation of a Shock
Absorber with Controlled Dissipative Force
The elements of the above-mentioned types may
be created using ferro-magnetic liquids 2, 4 which
are widely used in controlled electromagnetic clut-

ches at present. The force resisting to a movement of
surfaces separated by the said liquid is proportional to
the induction of the field crossing the gap as well as
to the number of ampere-turns of the electromagnet
that creates the field. Thus, we can control the dissipative force of a shock damper by changing electric
current in the winding. As references 2 attests, the
said resistance force slightly depends on the speed of
the movement, so it may be analytically described as
a force of dry friction (the Coulomb force) with a sufficient precision. In references, the influence of the
road upon a motor car is described as a random process. In various fragments of a road, unevenness of
various forms and sizes may be met. So, the function
of an influence upon a motor car (the exciting function) as well as the amplitude of the bodys vibrations
are random 3.

3. The Substantiation of the Mathematical
Model
If a system with a shock absorber is fully symmetric, its vertical, longitudinal-angular and transversalangular vibrations do not depend on each other and
may be examined separately. The mathematical model of the system under discussion is shown in Fig 1.
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and the hyperbola:
γ2
α

(4)

2H
(α1k1 + α 2k2 )
m

(5)

σ 2y& =

where:
γ =

σ 2y&  the dispersion of the speed of mass m; z  a free

variable; α1, α2 and k1, k2 are expressed using parameters of the influence of vibrations.
In the Fig 2, the mathematical dependencies (3)
and (4) correspond to the curves 1 and 2. If the curve
(3) is situated under the hyperbola (4), the damper
will stick, if it is over the hyperbola, the resonance
mode will take place. In other cases, the point of their
Fig 1. The mathematical model of an amortized object
Here: m - the amortized mass, mp - the mass of
transverse, k - the rigidity of the shock absorber, kp - the
rigidity of the tire, H - the force of friction created in
the shock absorber due to the electromagnet 1. The
current of the electromagnet is regulated by the amplifier 2, which, in its turn, is controlled by the integrator 3 receiving signals from the accelerometer 4
registering vibrations of the mass m. Dependently on
the recurrence of integrating operations (0, 1, 2), the
force of friction H will depend on the vibrations, the
acceleration, the speed or the offset. Thus, we obtain
a feedback according to the acceleration, the speed or
the offset.
In a general case, the force acting a shock absorber is polyharmonic 1:
N

Ft (t ) = ∑ Fi ⋅ cos (ω it + ϕ i )
i =1

(1)

and the vibrations of the objects shall be:
N

y = a0 + ∑ ai cos(ωit + ϕ i )
i =1

(2)

i.e. we leave only the frequencies of the spectrum of
influence in the solution.
Use of dry friction damper is restricted because
there are a possibility of resonance mode (when vibrations unlimitedly grow) or a possibility of sticking of the damper because of too high value of the
force of friction (i.e. the damper turns into a rigid connection). According to 5, these possibilities are determined according to the dislocation of the curve:
σ y& (z ) =

4

Ai2ω i2
1 N
∑
2 i =1 ω 02 − ω i2 2 + zω i2

(

)

intersection shows the real value of σ 2y& .

Fig 2. The diagram for a determination of modes of
a damper
In case of feedback according to the speed (the
signal of the accelerometer is integrated once) and
polyharmonic excitation:
Η=B

.

1T 2
y dt = Bσ y
T ∫0

(6)

here: B  the feedback transmission coefficient. After
an insertion of (6) into (4), well find that the hyperbola turned into a straight line:
z = 4 B 2 (α1k1 + α 2k 2 )

(7)

It is represented by the straight line 3 (Fig 2) which
cannot avoid an intersection with the curve 1, so both
undesirable modes are impossible.
Analogously, it may be shown that the above-mentioned modes will be impossible in case of the feedback according to the offset, i.e. when the force of
friction:
Η=A

(3)
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In this case, the hyperbola (2) turns into the curve 4 (Fig 2), which always crosses the curve 1. Calculations show that in the second case less values of
the speed dispersion σ 2y& are found.

In case of polyharmonic excitation, the efficiency
of a vibration isolating system may be characterized
by the coefficient of efficiency:
σ U2
σ F2

(9)

here: σ U2  the dispersion of the reaction of the shock
absorber; σ F2  the dispersion of the excitation (the
affect of the force). According to 4:
σ U2 =

1
2π

∞

∫

−∞

(k + b ω )S (ω ) dω
(k − mω ) + b ω
2

2
D
2
2

we shall find that the minimal value of σ U2 is obtained when:

F

2

(10)

D

and the optimal values of feedback transmission coefficients:
Bop

2 H
π σ y&

(11)

Using (6) and (8), we found bD values corresponding to the feedback according to the speed:
2
B
π

(12a)

2 σy
A
π σ y&

(12b)

bD =

or the offset:
bD =

ωp =

σ 2y =

σ 2.
y

S0
2π

S
= 0
2π

∞
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−∞
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(k − mω

2

(k − mω
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+ bDω

ω 2 dω
+ bDω

=
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S0
2 kbd

S0
=
2mbD

)

2

(14)

σ U2 =

PS 0
2π

2

(19)

mp

ε − ω 2 + βjω

(20)

2

σ 2y& = σ F2

σ y2& =

m2 βε + bD k + bD β (bD + mβ )
(21)
bD k (k − mγ )2 + (bD + mβ )(βk + bDγ )

[

(

]

σ F2 ε (bD + mβ )

)

bD  k − mγ 2 + (bD + mβ )(βk + bDγ )



(22)

Using these expressions as well as (12), we can
find values of the transmission coefficient η. In case
of feedback according to the offset:
η=

(κ + νλ )+ κ (κ + ν )(κλ + ν )
κ (1 − λ ) + (κ + ν )(ν + κλ )


2

2

2 2

2

(23)

here:

(bD jω + k )
∫ (k − mω + b jω )2
−∞
2
D
∞

kp

here: ε is approximately equal to ωp2 and β characterizes the width of the spectrum that, in its turn, depends
on the dissipative features of the rubber of the tires. If
the influence corresponds to (19), the dispersion of
m offsets and the speed of the object:

(15)

The dispersion of the reaction:

(18)

2εβσ F

S F (ω ) =

(13)

and in such case:

π
2

Aop = k

Then the influence spectrum:

It was stated in 1 that the influence of the road
upon a motor car moving on a road with dense and
often unevenness is equivalent to white noise, i.e.:
S F (ω ) = S0 = const

πkm
;
2

It should be noted that in case of feedback according to the offset, the value of Aop does not depend on
the amortized mass. So, we have a vibration isolating
machine with the efficiency independent on the load
of the motor car.
Taking into account the rigidity of tires kp and the
mass of the transverse mp (the non-amortized mass),
it may be stated that the dominating frequency of the
shock absorber  in this case, the vibration influence
spectrum will be:

here: SF(ω)  the spectrum of excitation; bD  the coefficient of linearization of the damping force on an
application of the method of harmonic linearization:
bD =

(17)

bD = km

4. The Analytical Research of the Efficiency

η=

If well equate the derivative of (16) on bD to zero,

=

km + bD2
mbD

(16)

k=

bD
ε
λ2 = 2 ;
;
mω0
ω0
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In Fig 3, the dependence of η on λ is shown for
the case when A = Aop. It should be noted that their
character does not depend on changes on the amortized mass.

5. Conclusions
1. The requirements to dissipative features of shock
absorbers depend on the speed of movement and
unevenness of the road, so one of the ways to
increase the efficiency of a shock absorber is
using of controlled dissipative forces in it.
2. In case of feedback that ensures the dependence
of the force of friction on the offset of the amortized object, a vibration isolating system with the
efficiency independent on changes of the mass
of the object is created.
3. The optimal value of the transmission coefficient
of such feedback: Aop = k

π
.
2

Fig 3. The dependence of the transmission coefficient on
frequency in case of feedback according to the offset
(A =k

π
; 1 − v = 0,1 ; 2 − v = 0,3 ; 3 − v = 1,0 )
2
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