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ANALIZA WRAZLIWOSCI WARTOSCI WEASNYCH NA PARAMETRY
KONSTRUKCYJNE UKLADOW NAPEDOWYCH

Streszczenie. W pracy przedstawiono metode wyznaczania pochodnych wartosci
wiasnych wzgledem parametréw konstrukcyjnych uktadéw napedowych. Mozna w ten
spos6b okresli¢ wrazliwo$¢ parametrow konstrukcyjnych na czestosci drgan swobod-
nych tych uktadéw. Zamieszczono przyktadowe wyniki dla uktadu napedowgo gtowicy
kombajnu weglowego.

SENSITIVITY ANALYSIS OF EIGENVALUES WITH RESPECT TO DESIGN
PARAMETERS OF DRIVING SYSTEMS

Summary. A method for the differentiation of eigenvalues with respect to design
parameters of driving systems has been presented in the paper. In this way it is
possible to determine free vibration frequencies ensitivity on design parameters of
this systems. Exemplary results obtained for a driving system of a coal shearer’s
gearhead are contained.

HYBCTBHTEJIbHHH AHAJIH3 COBCTBEHHUX 3HAHEHMM HA
KOHCTPYKTHBHUE UAPAMETPU [IPHBOUHHX CHCTEM

Pe3»Me. B pado're npencTarsjieno MeTon onpenennHMft npoM3BO{HDbix
co6cTBeHHHx 3HauenHM b OTHOuieHHH k KOHCTpyKTHBHUM napaMeTpoM
npHBOUHHX CHCTGM. 3TOT CnOCo6 n03BO]JISIGT OnpezZIGtIHTb UyBCTBH-
TGDbHocTL cobctbghhhx nacTOT KOJte6aHnfi na KOHCTpyKTHBHue na-
paMeTpn 3THX chctgm. BxnioneHO ocHOBaHHHe Ha npHMepax pe3ynbTa-
th nnst npuBona ronoBKH yronbttoro KOMOaitHa.

INTRODUCTION

Dynamics of driving systems of working machines is under great influence of design
parameters of these systems which have a decisive effect on values of particular forms
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of free vibrations as well. The knowledge of a form of free vibration and of eigenvalues
of driving systems is of great importance as regards harmonic function response of the
system. Defining of free vibration frequencies makes it possible to determine resonance
regions where dynamic forces in kinematic pairs of the driving system exceed nominal
values. Therefore it is necessary to aim at such a selection of design features ot the
system that its free vibration frequencies be considerably different from frequencies of
exciting forces resulting from rotational speed of shafts, frequencies of meshings etc.

In general, all design features of the driving system under consideration have effect on
a change of eigenvalues of this sytems. However, the influence of some features may be
of vital importance. It is possible to evaluate the influence of particular design features
on eigenvalues (free vibration frequencies) of the system when carrying out the sensitivity
analysis. The problem resolves itselves into differentiation of eigenvalues of a characteris-
tic matrix for the driving system and formed from a matrix of the stiffness and inertia of
this system. Thus, elements of this matrix are conditioned by design parameters of the
driving system being analysed.

DERIVATIVES OF EIGENVALUES

Let us consider the following eigenproblem

KX=\MX, i1)

where A is a matrix of eigenvalues, A'is a matrix of eigenvectors corresponding with
eiegnvalues, K and M are a torsional stiffness matrix and a matrix of inertia of the driving
system respectively.

The matrices of torsional stiffness and of inertia are symmetric and have real
elements. The size of these matrices corresponds with a number of degrees of freedom
of the system under consideration. As regards the above problem Fox and Kapoor have
stated the following relationship for derivatives of eigenvalues related to design
parameters [1]

ax, _ dK_x dM
— =Xi - Xp, 2
30 9 qaj idaj " (@)
i=12 ..n
j =12 .m

where n is a number of degrees of freedom of the system, m is a number of design
parameters in relation to derivatives of eigenvalues are determined, SKIdSj, SMIdSj
stand for matrices the elements of which are derivatives of elements of the matrices of
torsional stiffness and that of inertia after j-th design parameter respectively.
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The realationship (2) has been deduced under the assumption that eigenvectors are
normalized in a way that [1,2]

XIM-X.=L 3)

NUMERICAL CALCULATIONS

The relationship (2) has been used to determine the influence of design parameters
on eigenvalues of a driving system of coal shearer’s gearheads. A kinematic diagram of
this system is shown in figure 1. A dynamic model with 13 degrees of freedom and with
parameters presented in table 1 hase been accepted for analysis [3],

Fig.l. Kinematic scheme of a coal shearers's gearhead driving system
Rys.l. Schemat kinematyczny uktadu napedowego gtowicy kombajnu weglowego

Free vibration frequencies of the driving system for the accepted dynamic model are
contained in table 2.
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All moments of inertia and coefficients of rigidity of the accepted dynamic model
have been assumed as design parameters in relation to which derivatives of eigenvalues
have been determine [4].

Table 1 Table 2
Design parameters of the dynamic model of the driving Free vibration frequencies of the
system driving system
Moment of inertia Stiffness
i coefficient “
Ki L.p.

L.p. kgmz x 10b Nm/rad Hz

1 1.721 1.507 1 52

2 0.190 24.570 2 179
3 0.104 17.950 3 295
4 0.415 0.901 4 445
5 0.010 9.369 5 577
6 0.220 0.619 6 1279
7 0.022 2.651 7 1429
8 0.088 3.012 8 1676
9 0.085 0.109 9 2163
10 0.002 65.870 10 3582
11 0.011 87.680 11 4299
12 0.375 70.060 12 5215
13 12.239 3.430 13 5822

The table 3 presents derivatives the of the first five eigenvalues in relation to three
design parameters of the system which had the greatest influance on the basic form of
free vibration.

Table 3
Derivatives eigenvalues with respect to design parameters dkildSj
X2 X3 As 5
5i
k.3 2.33-10b 1.04-163 4.01-104 6.52-104 3.41-10b
13 -1.12-10b -1.81-103 -5.54-104 -6.71d04 -1.96°10b
K 2.03-103 3.13-103 2.87-103 5.16-103 1.97-107

The obtained results have been verified under using a method forecasting of eigenvalues
for a little change of design parameters according to the relationship [1]

Xjp* Xi+AST-VX] > @
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where Xf is a predicted eigenvalue, VXmis a vector (dXJdS,, dXJd&2, ..., dXJdSm)
whereas aS = (aSj,a&2>eme> is a vector of little changes of design parameters.

A very good conformity of eigenvaules as compared with eigenvalues determined for
the system in which design parameters have been changed by a vector .s is obtained.
The differences between the results do not exceed a few per cent.

RECAPITULATION

The presented method makes it possible, when using numerical method, to determine
in a simple way derivatives of eigenvalues in relation to design parameters and thus to
determine the sensitivity of free vibration frequencies of the driving system on design
parameters of the system being analysed. Optimization of design parameters can be the
next stage of analysis. It shall be its task to determine such values of these parameters
for which the selected forms of free vibration of the driving system being analysed are
characterized by the required values.
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ANALIZA WRAZLIWOSCI WARTOSCI WEASNYCH NA PARAMETRY
KONSTRUKCYJNE UKLADOW NAPEDOWYCH

Streszczenie

Znaczacy wptyw na dynamike uktadow napedowych majg ich czestosci, drgan
swobodnych. Znajomo$¢ wartosci tych czestosci pozwala na wyznaczenie obszarow
rezonansowych, dla ktérych sity dynamiczne w parach kinematycznych uktadu przekra-
czajg wartosci nominalne. Nalezy dazy¢ wiec do takiego projektowania uktadow
napedowych, aby ich czestos$ci drgan swobodnych znacznie réznity sie od czestosci sit
wymuszajacych, wynikajacych z predkosci wirowania watdw, czestosci zazebien itd. Na
poszczeg6lne czesto$ci drgan swobodnych uktadu najwiekszy wplyw moga mieé tylko
niektére jego elementy. Ocene wptywu poszczegélnych cech konstrukcyjnych na czestosci
swobodne mozna okresli¢ przeprowadzajac analize wrazliwo$ci. Problem sprowadza sie
do wyznaczenia pochodnych warto$ci wiasnych wzgledem parametréw konstrukcyjnych
(2) [1] dla zagadnienia whasnego (1). Macierze M i K sg odpowiednio symetrycznymi
macierzami bezwtadnos$ci i sztywnosci skretnej uktadu napedowego. Przedstawiono
przyktadowe wyniki obliczen pochodnych wartos$ci wiasnych dla uktadu napedowego
gtowicy kombajnu weglowego (rys.1). Parametry modelu dynamicznego o 13. stopniach
swobody zamieszczono w tablicy 1 [3,4], W tablicy 2. przedstawiono wszystkie czestosci
drgan swobodnych tego uktadu napedowego. W tablicy 3. przedstawiono pochodne
wartosci wiasnych wzgledem trzech parametré6w modelu dynamicznego, ktére miaty
najwiekszy wptyw na pierwszg czesto$¢ drgan swobodnych. Otrzymane wyniki mozna
sprawdzi¢ metoda przewidywania wartosci wtasnych na podstawie zaleznos$ci (4), gdzie
as jest wektorem zmian konstrukcyjnych, poréwnujac otrzymany wynik z warto$ciami
wiasnymi obliczonymi dla uktadu z parametrami modelu dynamicznego zmienionymi o
wektor as
Przedstawiona metoda umozliwia wyznaczenie pochodnych wartosci wiasnych wzgledem
parametrow konstrukcyjnych, a tym samym okreslenie wrazliwosci czestosci drgan
swobodnych uktadu napedowego na jego parametry konstrukcyjne.

The work was conducted as a part of the research project No. PB0994/P4/93
supported by the Committee of Scientific Researches in gears 1993 - 1995 .



