
77

"��#�%&'()'%'����
*�#�+,*

http:/www.vtu.lt/english/editions

TRANSPORT – 2002, Vol XVII, No 3, 77–84

�����������	
����������
�������
���	���
�����������
�������������

��������������
�������������	
���������	������	��������������������

�����
�����������
������������������
����������	����������������
�

���
�����������
��


�������������� �!��" #��$�����% &���'� �(

8���������	��
�����	
�
�������	
�
����������	������������������������
����������	��
�����	��	�������	�
���������������	������������

���	��
��� ���	�
�����	�����!	����
���"�#���$��%�
�����&&"�'��()*)����	��
"�'�����	��

+������ �())(�)(�)&,�������� �())(�)*�&-


&�)��*)+���
�-�
�
��
��-
-
���
����!
����
����
���'
����������!�������
���'��

���
�������
���������������
����
������'
����
��
�� ���
���� �
��� ��
��(���
� ��
��� ��� -���
��
�� !�� ��-���'��� 
��� ������'����
�� ���
��� �����
��� 
��
��
'
�� ��
���-
������@������
�
I�����'���
���J�����������
���
����-�
���
����
�@��
���
K�
�����
�'
��-�@
���
���'����'���-

�(�,�
���
��@�
I-����
�����
I-
��
��
���@��
�-����!�����
������������������
����
���'
�����������
������
�
��
������������
�������
����
�(
L����
��
�����
�������'���
��
����������
���
������
��������
I-
���
������
����-���
��
�����
����
���'
�����������!���
����
���'��

���
���������������
����
��!

��-
�����
�(���
�
�������
��
��!����
���
�
��
���������
������������
����'
��
�������
�
�
K�
��������
��
����
�
�����
���
�����
��
�'
������
���
��
���
K�
���
���
�
�!

���
�
����
�(

,$-.��/�+���
����������� ��!�������
���'� �

���
��� 
������
��
�� ����
���
��� ��
���� 
�� 
�
����� �
������'
�� ���-���'�� ��

�
����������
������
������
��
���
��
���
K�
���(

"+���)��/ *)���

 ��
����
����
��
�
�!
��'� �
-����� ��-���
�(�>
@
�
K���
�
�����
�
�
��@������
�
�-
��������'���-

��
��@
��

����
�
�-
��������������
!������
����
�
�
I-����
�����
�

-
��
�
������
�
������
�(�?�'���-

�����
��
����
��
��
�
�-
��
���
K���
�
����������
���������
������
��
����
(�L�
��
� ����

�
�����-

�����
��
����
� ��
����
���� ��
��� ��
B��
�
�������-�
�������
��
����
�����

�
�
��@
��(���
��
�

��
���
��
�������
���
���������������
��
����
�
�����������
�
����'�
�
�
���(�<����
�������������������
��
����
����
��
���� 
�
�
���� 
�
� ��
�'
��� ��
������� !
� �
��
�(�C��� ����
-��-��
�
��
I-
���
��
���
�-�
�����
�
(�$����
I-
���
��
�
���
�-�
�@����!
��
��
�������
���
��(

<�� ��
� -�
�
��
�� -
-
�� ��
� ���
���'
����� ��� ��!���
����
���'� �

���
����� ��
���������������
����
�� ���
�
����
�
������'
�����-���'������������'���
��
����������
���
��
�����
�����������
����-���
��
������
������-���'�������

����
��
�����
�����
�����
�������
�
��-
��!����
�
������
M8*9N(�����'���
��
��������
�
�����
����
������
�����M+*:N�
��
����
���'
����������!�������
���'��

���
���������������
�
����
��!

��-
�����
��� ��
� 
������ �
��
��!�� ��
����

�
��
������ ���
������������
����'���
����� ��
�
�
K�
��
��� ��
����
�
�����
���
��� ��
��
�'
����� �
���
��
� ��
�
K�
���
���
�
�!

���
�
����
�(

(+�0$��$��$.��1�)0$��)��/

Several methods and means for the measurement of
dynamic characteristics of objects are known from technical
references. They include photoelectric transformers of the
moment of rotation, digital meters of the moment of rotation,
phase dynamometers, stroboscopic meters of rotational
vibrations, contactless electromagnetic sensors of the
moment of rotation [7]. Their operation is based on the
principle of magnetic anisotropy of ferro-magnetic
substances.

All the above-mentioned methods have the same
mutual imperfection: their carrying signal is of constant
frequency, so it cannot be changed changing the rotational
speed of the object under test. This imperfection reduces
the possibilities of the test equipment: the range of usage
becomes narrower, the accuracy becomes lower, the time
of adjustment of the equipment grows and so on.

The stands of meters of a transferred moment of
rotation [8] do not meet the requirements of today’s
technical progress.

The equipment of measurement of the moment of
rotation [9] consists of an elastic element with measuring
disks fixed on its ends and sensors of rotational speed of
the elastic element. Each sensor is placed at the cor-
responding measuring disk and connected to inputs of
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Fig 1. The structural scheme of the universal dynamic test stand: 1 – the coupling; 2 – magnetic disks; 3 – the driving engine;
4 – the electric brake; 6, 7 - the blocks of magnetic heads; 8 – the blocks of the operating mode; 9, 10 – the playback amplifiers;

11 – the two-channel amplifier; 12 – the generator; 13 – the meter of the moment of rotation; 14 – the spectral analyzer,
15 – the interface; 16 – the computer; 17 – the display; 18 – the control block of the driving engine; 19 – the control block of the
video recorder; 20 – the control generator of the voltage of the load; 21 – the load control block; 22 – the magnetizing generator;
23 – the former of synchronous pulses; 24 – generator of cyclic   frequency;  25 – the unit of formation of pulses of the upper

extreme point; 26 – the pulse lamp control block; 27 – the pulse lamp; 28 – the video camera

the summator through its limiting amplifier. In the
registering unit additional speed sensors with autonomous
limiting amplifiers are installed; the angular shifts of the
additional sensors are equal and opposite to the cor-
responding main sensors. The equipment also includes
summators, integrators, comparators and so on.

However, the equipment [9] is not free of imper-
fection: it is not universal, its application is limited, prior
preparation of the carrying signals is complicated and time-
expensive. So the exploitation expenses are considerable,
it is impossible to change the carrying signal during a test,
the accuracy of measurements is insufficient and so on.
[10, 11].

The sphere of application of the test stand where the
functions of electric brake of the load are performed by
the electric generator connected to the power supply
network is narrow, it is not universal and does not ensure
an automatic control.

One of the mostly improved dynamic test stands is a
set of tests and measurements of hydro-mechanical drives
[12]. It consists of an internal combustion engine and an
electric brake of load the output shafts of which are
adapted to the connection of the cardan shafts of the
hydro-mechanical drive under test. In addition, the disks
with slits connected with pulse modulators are mounted
on the output shafts. The modulators are connected to
the measuring block. This set has the following disad-
vantages: the accuracy of measurements of objects under
test is not ensured in a wide range of rotational speeds;
additional time is needful for the calibration of the sensors;
it is impossible to investigate a drive on a reverse; the
universality (the analysis of co-varying functions as well

as spectral densities and amplitude-frequency responses
of dynamic objects) is not ensured because it is impossible
to form an algorithm of the load of transitional processes.
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Fig 2. The oscillograms illustrating the principle of
measurement of the coupling deformation angle using the
universal dynamic test stand: a – a pulse from UEP; b – a pulse
from the tachogenerator; c – the cycle generator; d – recording,
when fmagn > 5fmax.tak. (fmagn – the magnetizing frequency,  5fmax.tak.
– the maximal cyclic frequency); e – the signal of the playback
of the block of magnetic heads 6; f - the signal of the playback of
the block of magnetic heads 7: - - when the deformation angle is
equal to zero, — - when the deformation angle is positive;
……….- when the deformation angle is negative; g – pulses of
cyclic frequency generator 24: ftak./f6atg. = const; where f6atg – the
playback signals of the block of magnetic heads 6; h – the phase
shift of the playback signals of the blocks of magnetic heads 6
and 7; k – the output from the meter of the moment of rotation
13 to the computer
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where
N=Te/∆t – number of discret values in each sequence,
Te – length of uninterruptible realization (time of experiment)
∆t  – pitch of time discretization.
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∆fN – pitch of discretness with respect to frequency,
fd=1/∆t – frequency of discretization of uninterruptible
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signals, ϕ(i) – weight function rectifying covariational
functions.
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where be is equivalent possibility for calculation of
spectrum,
Te – observation time for uninterruptible signals (time of
experiment),

2
2ε  – standard errors of evaluation of spectrum plane,

∆t – pitch of time discretness, corresponding to
conditions of Kotelnikov theorem

cf
t

2

1≤∆ � �8��

fc – frequency of cross-section of ideal rectangular spect-
rum (in real conditions  fc=(1,5÷5)fm,  fm – maximum fre-
quency, probable in the spec-trum of signal).

Consequently, for selected values ∆t, b
e
 and 2

2E  it is
possible to determine the necessary amount of S values
of correlative function, variable N is experimental value of
input and output signals and the time of uninterruptible
experiment T

e
. And vice versa, if a variable has values S

and N, then according to (9) accuracy of spectrum analysis
relative to be and 2

2ε  is determined.
The evaluation of mutually relative spectrum plane

and spectrum plane of input signal can be used for the
evaluation of characteristics of frequency according to
Viner-Hopfa equation:
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where ω
N
 - cyclic frequency.

However direct solution of (11) leads to great errors
when  w(jω

N
)  is determined, because current problem is

referred to as incorrectly built problem. This is why when
dynamical properties of clutches are investigated para-
metrical methods of identification of linear systems are
applied:

( ) ( )kkK zHxzWy ξ+= −− 11 �8��

����
I
�-�
�����
�����-
�
�
�������-
�@�
�


( ) ( )
( )1

1
1

1 −

−
−

+
==

zA

zb
zW ;

( ) ( )[ ] ( )[ ]11
1

1 1

1
−−

−

++
=

zGzA
zH

( )

( )

( ) ∑

∑

∑

=γ

γ−
γ

−

=

−−

=

−−

=

=

=

N

N

N

N

N
N

q

m

i

i
i

m

L

L
L

zCzG

zazA

zBzB

1

1

1

1

0

1

, 

     ,

�8+�

polynomals because of shift  z-l  for one step backwards,
Cγ - numerical coefficients, ξ

K  
- sequence of independent

values with zero average and finite dispersion.
Mathematical model (12)-(14) has the following

interpretation. Investigated value  y
k
  of output rotational

vibrations consists of two components. The first is
completely determined by input rotational vibrations  x

k
,

while existing mutually relative link is described by function
W(z-l). The second component does not depend on input
rotational vibrations and influences the output vibrations
of all unknown disturbances. It is interpreted as the
realization of a random single regressive process, described
by a function H(z-l). Corresponding characteristics  W(jω

n
)

and  H(jω
n
)  are obtained from 13 using
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of investigated input and output sequence, in the order of
mn, polynoms of function W(zl), system and order qn
polynom function H(z-l).

It forms a random filter, as well as a model of real
system to some extent. In expression (16) T denotes trans-
posing.

When orders mn and  qn are fixed, evaluation of para-
meters a, b, c  are from minimal square criteria
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where  N>2 mn + qn+ n,  n=max(mn, qn), N - number of
observations.

Numerical algorithms for the calculation are obtained
on the basis of the evaluation of components, leading in
the current task to ln  pitch of equation:
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where row-vector of  2m
n
 + 1 and q

n
 appropriately. Elements

which are calculated by recurrence equation
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2̂
εσ ��evaluation of error of sequence dispersion.
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eη determines that part of output dispersion, which can

be only predicted according to input signal  x
k
  using

transfer function W(z-l). By value  εη that part of output

dispersion is determined which can be predicted by trans-
fer functions  W(z-l)  and  H(z-l).

6+��$� �)�

When results are evaluated,  it  is  recommended to
use only those observations that were not used for locating
unknown parameters of the model. Consequently, all the
observations fall under two categories: “training” and
“examination” selections. The second group tends to be
smaller in its size.

Magnitudes of type (21) can be used and for the
selection of polynoms corresponding to order (14).
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CN - small constant. N = 8000 discreet values of input and
output rotational vibrations for half-coupling. For frequency
of discreetness  fd = 4000 Hz this is equal to time of
uninterruptible experiment  Te = 2 sec. Equivalent allowable
ability for spectrum is assumed as  Be = 20 Hz, while stan-
dard error 2

rε = 0,025. Dynamical models of rotational vi-
bration ECC are built (Fig 3) in this way: at first  Nl = 7000
observations are determined unknown parameters, lastly
N2= 1000 value signals are used for the evaluation. After
the determination of â and b̂ parameters of a model char-
acteristics are calculated according to:
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