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1. Introduction

The recent investigation [ 1] of the new dynamic model
of the belt drive with longitudinal moving and local
heterogeneous flexible element (v-belt) that evaluate
parametrical, forced excitation and non - linear
oscillations of the belt, showed that by reaching an
appropriate quantitative and qualitative level of local
heterogeneity, oscillation forms start to change. the
meaning of force occurring due to deformation of a
flexible element significantly increases.

Then it was created a new model of the belt drive
with a flexible element (V-belt) and local heterogeneity
[2], which was based on FEM. The model described
the interaction of the flexible element with the pulley in
the area of a contact angle. The task of dynamics of the
system was solved: natural frequencies ol the system
calculated. system response to harmonic excitation was
found. It was determined that there is a correlation
between a defective state of the flexible element of the
belt transmission and vibroactivity of the driving pulley
bearing point, which can be analysed applying
presented model. With the help of the suggested model,

we could examine correlation between the defective state of
the system’s belt and dynamic component of vibroactivity of

the reaction force of the driving pulley. The results of analysis
- the identified spectrum components. are useful for practical
vibrodiagnostics of transmission.

2. Experimental research of real objects

2.1 The measuring object and used equipment

On purpose (o test experimentally the possibility to apply a
new method for transmission belt diagnostics. oscillation
measurements were made for bearing point of driving pullevs
exploited in the joint-stock company “Dirbtinis pluostas™,

For measurements were chosen belt transmission of pumps,
which supply acetyl cellulose and acetone solution for
spinning machines. In the process belt transmission is used to
transfer rotational movement from electromotor shaft to the
primary shaft of the reducing gear. The secondary shatt of the
gear is connected with the shaft of hydraulic pump through the
sleeve. The main diagram of this technological process is
shown in Figure 1.
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Fig. I. Muin diagram of technological process of raw supply for spinning machines: Pla, P2u — pumps: R. - reducing gear; M — motor:

S.M. - spinning machine
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In workloag mode of hydraulic PUMps  maximum
Pressure is up 1o 2() MPpy,

When fixeq distance between ;xeq 18 given, the belt
lransmisgjon Package congisis of three A-type |3
HI50  peps, Made by fj, “Barum™ (Czechiy),
Geometyje and” Kinematjey Parametery of hydrauijc
pumps” hel; transmissions gre given in Table |,

Latera] oscillation I'requency of
the seconq belt br:mches._,ﬂ;_;. Hz
Initial tepgjon force of the third
bf.’.“ F‘ﬂ.,‘, N

Lateral oscillation i’requenc_\f of
the third bey bmnches._{{,‘_.-, Hz

Table | The Measurements were performed op driven pulleys of

belr ransmissiong “1a” ang ag bearing points, that s on
Primary  shafis bearing points  of corresponding pumps
reducers, Bcuring~point vibration velocity wyg measured ip
horizonta| and verjey) directions, Meusuring points are shown
n Figure 2,

Chan‘alc]erislics of belt ransmissions

Calcu!uling diameter of driving
pulley 4, mm

Cufculzuing diameter of driven
pulley ds. mm

Length of belt branch having o
contact with pulleys 7. mm
Frequency of  motor shafi
rotation f,, Hy

Frequenc_y of the SC4r primary
shafi Totation f3, Hz

Belt linear velor:i:y rom/s

Belt revolution l’requeucyj;,,,, Hz

Belt linear density p, kg/m?

Also. before measuring bearing point oscillatjons, was
measured  jnjig) lension of belts  thay construct
transmission Package. The tension wyg founded by
changing the distance between motor ang Primary shaf;

of the reducing &ear. Deflection of belt branches were Fig. 2, Directions o vihroucxi\'iiy measuring for geyr primary shaf
Measured in Jagery) direction in opgey to find initjy) bearing poiny
tension,
Later, according 1o known initial tension valyes and For EXPerinent g used tipjcal vibration Measuremeny
kinematicy) Parameters of transmissjons (Table 1), Cquipment. |y CONSIStS of  seismic transducer, amplifier,
lateral oscillations natura] - frequencieg of belt interfyce anl PC, Fyp vibration analysis was ygeq a special
branches were Measured.  Calcujareq values are  program [4" designed for p C. It performs correlation specyry|
Provided in Typ)e 2. dnalysis and g designed for MATLAR® Programmabje
Table 2 Package. The final resy]yg are spectral &raphs of low frequency
Paramerers Oj'gr;_m_gn]jgsjon Packages be)ys vibration jp two different measuring directiong, Me;lsuremems

Were performeq while Pumps were working jp workload ang
free regimes. Bel Litnomission bearing poin; vibrations were
measure( every 0.520.1 LO£0.2 hour taking EVEery time
twenty realizations o, each worg mode individuail_\f.
Averaging these realizations for different PUMp work modes.
bearing Points vibragjop Spectrum was foup.

Bely transmission of pump <14+

Initjal tension force of the firgy

belt £, N

Latery] oscillation r'requency of

the first pe); bramches.,[;;_,, Hz

Initial tension force of the second

belt £y, N

Latera] oscillation frequency of

the second belt bmuches,,,r}x,_a, Hz

Initia] tension force of the third

belr F}j_f. N

Latera] oscillation frequency of

the third belt brzmches,_f_;,,_.;. Hz
Belr transmissjon of pump 23~

2.2, Measuriy & data of begriy & point vibrarioy,

After measuring beuring-poims vibration velocity signals
in horizontg] and vertjey] directions, when differen; pumps
work modes gre given, ang after performing thejr correlatjon
spectral analysis, our attentjon ;g Paid to harmonjes which are

multiple for frequencies of belt revolutiop. revolution of pejy

ion force of the firg transmission driving ang driven pulleys. These frequencies are
Spectrally  closest 1 frequencies of belt branches latera]

dteral oscillation frequency of oscillations, In such case, gn the ground of Precalculated ang
the first bej; branches._;ﬂi,_,, Hz Provided in Tables | ypg 2 data, the t'requency of pump 14>
iti i belt lransmission wi] pe component of 72 Y, (it is multiple 1o
Tevolution frequency of reducing £ear) and the frequency of
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the pump “2a™ belt transmission will be component of
75 Hz (it is multiple to revolution l'requency of motor
shaft).

Experiment results, vibration velocity spectrum of
bearing points measured in horizontal and vertical
directions, are given below.

L

n veloeity,
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frequency, Hz

Fig. 3. Work without load ol pump *1a™, Spectrum of
horizontal vibration or reducing gear bearing point

il alld L
HUN M v
40 30 60 70 S0 90 100
frequency. Hz

i

30

10 20

Fig. 4. Work in workload mode of pump ~[4", Spectrum of
horizontal vibration or reducing gear bearing point
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Fig. 5. Work without Joad of pump “2a”. Spectrum of vertical
vibration of reducing gear bearing point

frequency Hz

Fig. 6. Work in workload mode of pump 24", Spectrum of
vertical vibration of reducing gear bearing point
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After measuring bearing point vibration of both pumps
reducing gear we see. thar spectrum: harmonics, which gre
multiple for revolution frequencies of reducing gear and motor
shaft. their amplitudes decreases in both directions, when
pumps are working in workload mode. This can be explained
on the ground of theoretical research. performed in work [1].

As above was mentioned. before measuring  bearing point
2005 ; :! ‘ : i ' ] vibration, according to known parameters ol exploited belt
ALV o O 1 | I IO I LF L e . transmissions and the belts themselves, we excluded spectrum

harmonics above 72 Hz and 75 Hz. It was made so since
[ lateral oscillation frequency of first belt branches of pump
-t “la” belt transmission was 71.5 Hz, while pump “2a” be|y
| transmission second belt branches lateral oscillation frequency
was equal to 74.7 Hz. In other words, lateral oscillation
natural-frequency of mentioned belts was coincident with
System excitation frequencies (at one time it was frequency
multiple to  reducing g2ear shaft revolution frequency, at
another time was multiple to revolution frequency of the motor
shatt). While pumps were working in a free mode. by given
lesser resistance moment at the side of belt transmission driven
pulley. the difference between tension of transmissjon belt
driving and driven branches is not large and that means. that
their  lateral  oscillation frequencies  remain practically
unchanged and still are close 1o System excitation frequencies.
While pumps are working in workload mode., at the side of
transmission driven pulley resistance mode increases. That
causes increase of belt orbicular force and the difference
between tensions of belt branches. As a result, transmission
belts driven and driving branches lateral oscillation natural
frequencies change — driving branch frequency increases and
driven decreases. Thus it happens so, that while working pump
“la™is in workload mode., its lateral oscillation trequencies of
transmission first belt driving and driven branches “move”
from system excitation frequency (from transmission driven
shaft revolution fréquency move 72 Hz) and in case of pump
“2a” load mode its belt transmission second belt appropriate
frequencies “move” from multiple driving shaft revolution
frequency that is from value of 75 Hz. In such conditions it is
proved by the results of theoretical calculations (3], that when
lateral oscillation natural frequencies of transmission belts
branches do not coincide with system excitation frequencies,
driven pulley bearing point vibroactivity also decreases, That
is proved by obtained vibration measurements of belt
transmissions driven pulleys bearing point.

100

3. Method for belt drive diagnostics

With the help of mentioned models [1, 2] and practical
measuring of real objects was created a new method for
diagnostic procedure of belt drive. The method enable to
estimate on the state of flexible element during exploitation.
Method of diagnostics consists of calculation and practical
measuring procedures. Its nature is shown by the algorithm,
which sequence of actions is listed below.

3.4, Calculation procedure

. For mounted drives the distance 4 (mm) between axes of
the driving and driven shafts and respectively the
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diameters of their pulleys o, d> (mm) gre
determineq accordingly 10 jig ducumem:uion or by
measuring,

2. Length / of the bejy branch, which hag no contact
with the pulleys g calculated,
3. For caleulation the length £ of belt s determineq

(mm),

4. Initia) tension force of belt branch jg determineq.

Using known value Jogdg Over belt braneh centre,

its bend o by transverge direction jg measured, The

Measured vajye o ransverse ey and knowp

value of Joag caleulate vajye of the tensjop torce,

Revolutiong of driven and driving shafis Ny,

(min'y of belt drive Are measureq while working

in free motion regjme. Linear velocity of pejy v and

multiple frequencieg of bej revolution Japa are
calculated o measured,

6. Accm‘dingly 10 known characteristjcg of useq
belts, linear density of belt (kg/m) ig calculateq.
If there is ng such data, the value of Jineyy density
is determine experimemnlly.

7. Using provided, calculateq Parameters of yye belt
drive and of the bejy itself apng the ditferentiy]
equation expressing ransvergy) oscillations of the
belt branch [1], we calculate the natura] I'requency
of transverse oscillations of flexible element
branches,

8. Based on the knowp data of exploited be drive,
nomograms e Made for pey; diagnostjcs, The
main point of nomogramg i dependency of system
(belt drive) excitation frequenc_v and the pe)
natural I'requency upon belt lipeyy velocity, Bej
natura] frequency jg determineq by tensjon force,
which depepgg on belt state.

As an example we shyj Provide specjfic diagrams of

rehuionship between pejy drive eXcitation trequencies

and ts bejy natural frequency. Parameters of belt drive,

working jp free-motion regime: £, = 350 N; o, = 90

mm: L = 370 mm; p=0,]] kg/m: v = 745 mys.

n

. 500 N
=70 150 N
60 400 N
2 330N
5 50

e
o

fiequ

100 N
30

10 15 2
belt Tinear velocity. /s

Fig. 7, Dcpendcncy of multiple for pey revolution frequencies
nd belt Jagepy oscillation frequency upon belt linegyr velocity
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Fig, 8, Dcpendcnc_v ol pulley revolution frequenciey and belt Jatery)
oscillation l'rcquenc_\' upon beli lineyy velocity. Be)y ransverge
oscillation i'rcqucncy 5 determineg by tension force

100
U(] ........

l'rcquency. Hz
wn
o
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Fig. 9, Dcpcndcnc_\' ol multiple driving pulley revolulion Irequencie
and belt latery oscillationg r'rcqucnc_\’ upon the belt lineyr velocity,
Belt latery) oscillation l"requcnc_\' is determineq by tension force

In Figures 7 . 8 depicteq ordinate points of intersection of

vertical bk lines with multiple excitatjon Irequencieg
(blackeneg with circles, Squares an( larerzlles} will  be
informative Component of vibration Spectrum from diagnostic
point,

After Measuring Vibrations of bearing point of pew or
assembled afier epair belt drjye and performing Spectral
analysis of the signal, we fix valueg of' obtajned spectral
informative Components, whjcy, are in l’requency range (0.6-

LOY £ where Fi < e first natura) frequency of pey

latera) oscillation, calculated accordingly to drjye parameters
and this day js considered as pygje.

3.2 Procedyre of Practical p easiring

Meusuring bearing point oscillationg Periodically, the values of
obtained Spectrum Informative Components gre Compared with
basic data, If the value of the Componen; of Specific measuring
Spectrum, corresponding g one of the System  excitation
frequency increases more than |5¢, Comparing with basic
value, jt jg considered thyy the I’requency of transverge
oscillations of belt branches s close to Mmentioned excitation
f'requency. According]y 10 earlier made nomograms  ypg
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current frequency of belt branch lateral oscillations we
indirectly identify current belt state, which is
determined by tension force value. Decision of belt
suitability to exploitation is accepted accordingly to
determined tension force value.

As example we provide spectrum of oscillation
velocity of belt drive bearing point. Here accordingly
to earlier provided system frequencies and belt lateral
oscillation frequency, which is determined by tension
force, its dependencies upon linear velocity multiply
components of individual system excitations were
excluded.
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Fig. 10, Suggestion on the base of nomograms exclude one
pump belt drive multiple driving and driven pulleys
excilation frequencies and compoenent of belt lateral
oscillations: x — driving pulley: o - driven pulley; m -

[requency ol belt lateral oscillation

Provided method may extend possibilities of 1SO
10816 standard, where beside diagnostics of bearing of
mechanisms with belt drives, the state of belt may be
estimated.

4. Conclusions

Experimental research of real objects. using mathematical

models [1, 2|, proved that there is » possibility 10 determipe
indirectly the state of the belt itself. On that base was created a
new method of the belt transmissions diagnostics. According
to it, during maintenance it is possible to identify the state of
flexible element and determine reliability of the mechanism
itself.
Suggested methodology is simple, general-purpose and can be
applied to transmissions with flat, round and toothed belts,
because  theoretical modelling  used only generalised
mechanical system parameters (for example, belt tension
force). Experimentally analysed A-type belt exploitation
defects are typical for round, flat. toothed and transmission
package constructing belts, in modelling used equations do not
depend on the type of flexible element. Therefore from
qualitative point of view during exploitation showed defects
will have the same influence for seneralised parameters of
mentioned belts,
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