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THE ASSESSMENT OP THE LOAD DISTRIBUTION AT THE
INDIVIDUAL CIRCULATION WHEELS IN THE PLANETARY
GEAR WHICH ARE WORKING IN THE DRIVE SYSTEMS OP
MINING MACHINES

Summery. The investigation method which allows to estimate the
lead distribution at the individual circulation wheels in a plane-
tary gear is presented. The investigations by statistical load we-
re made. Por the measurement of the tooth deformation the strain
gauge were applied. This method to investigation the prototype
planetary gear is recommended.

1. INTRODUCT ION

In the paper the method which allows to estimate the load distribution
at the individual circulationwheels in a planetary gear is presented.

The propose investigationshave static character and can be made in
the laboratory. The present method can help by the correctness estima-
te of the constructive solution of planetary gear. In particular it can
be useful to the prototype investigations. Moreover by using this method
the load distribution on the width of gear can bf assessed. It is synonyw
mous with the estimate of technological errors and deformations, which
are made by load the elements of the investigated gear.

The verification of the propose method was msde in the laboratory of
The Institute of Mining Mechanization, Silesian Technikal University.
As the object of investigation there wmrethe prototype planetary, gear
of the type 2K-H and with thepower rating 55 kW.
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2. THE AIM AND THE METHOD OF INVESTIOATIOH

It ie known, that in the correct constructed planetary gear the load
distribution on the individual circulation wheels should be uniform. It
can be assure by the correct constructive solution. The easiest way to
obtain the uniform load distribution is in the gears with thsee ways
(three planetary wheels). Therefore such gears are the most often applied
and they are the subject af the further consideration. The uniform load
distribution on the three ways can be obtained by the freedom assurance
of theradial movement of the one unit 1, what can be realised by several
means«

- the sun gear is not bearing, has the freedom of the radial movement, so
the forces which proceed from the collaboration with three circulation
wheels are self acting equalised,

- the great wheel with internal gearing can radial displace, to this mo-
ment, when the load from the three circulation wheels are equalized,

- the planet wheels are bearing in the mechanism which males possible
the displacement of this wheels in the adequate direction, so the load
is equalised,

- the internal gearing wheel and the sun gear have the possibility of
simultaneous displacement with regard to planet wheels, this shortened
the time of wheels relative setting and decreased in such way the walue
of dynamical forces,

- the fix planet wheel shackle has the freedom of radial displacement,
which effects the equalization of the walue of foroes which are acting
at the three planet wheels.

The constructional solutions are applied, in which the mutual position
of wheels axies is eonstant, which can be the reason of great overloads
the planet wheels. It should be remembered that in each caBe, independent
of the constructional solution it can be expected the overload of the one
planet wheels. In the strength calculations the overload is taking into
eonsideration by introduce the non - uniform distribution coefficient of
the planet wheels,load, which is a ratio between real maximum load on the
wheel and tha nominal value which results from the assumption, that the
#iaels are uniform loaded

On the non - uniform distribution of load in the planet gear have in-
fluences« the execute errors (the class of exactness), the assembly er-
rors, the constructional solutions. If it wrill be assess the global in-
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fluence of these factors it is proposed to make statical investigations
on the stand. The diagram of the stand is presented in fig. 1.

It is shoim that the propose stand is composed from the Investigate
and auxiliary gears, the driving motor, the brake and the measuring - re-
gistration apparatus.

The investigate and auxiliary gears must be connected with coupling,
which halves are settled at the output shafts. The driving system with
the brake have to be such choosen, that the wheels of the investigated
gear are quasistatic loaded. At the teeth with internal eearincr on the
parlmeter tha resistance strain gauge converters are uniform sticked. On
this same tooth they are sticked two strain gauges at the two sides of the
face in the place, whare it is hoped the greatest deformation (fig. 21.

It is proposed at least to stick six strain gauges from one side. The
compensation strain gauge has to be sticked at a separate steel plate,
which in the measure time should to be in the direct neighbourhood of the
investigated gear. The system to the measurement of the tooth deforma-
tion is presented in fig. 3.

The output signals which are obtained by using Wheatstone’s bridge,
are called out through the tooth deformation, ere amplified through the
amplifier and are carried off to the measuring - registration - appara-
tus. Por the "fundamental"™ measure it should be made the marking of the
sticked strain gauges. It can be such done, that the teeth with sticked
strain gauges are loaded with a known load which is uniform distributed
on the tooth length. In the time of marking the signal value called by
known load is every time read an$ is attribute to definite strain gauge.

When the investigation stand, the measuring apparatus are prepared
and it has been given the "model™ signal values from eaoh strain gauge,
then the measure which allows to define the load distribution at the se-
parate planet wheels can be made. When the investigated gear is loaded
by the nominal load (it can be uaed load with other value), the posi-
tion of plsnet wheels which teeth in turn gearing with the teeth of in-
ternal gearing, also with these on which the strain gauge are sticked, is
changed.

In such means in turn from each strain gauge they are obtained signals,
which Inform us about the loading of the meshing pair of teeth.

Attribute to each planet wheel and each strain gauge the adequate
symbol, it can be subordinate the regletrated signals to the adequate
pairs (Ffig. 4). By this, from the same pair it can be obtained two sig-
nals, which make possible by the results interpretation to take into con-
sideration the errors of the adhelson of the collaboration teeth.

It is known, thet for the one case it has to be done so many measure-
ments, that the results could be statistically treated. The obtained by
the measurement and statistically treaded signal values hawe to be trea-
ted aa a loading measure of the tooth gear with Internal meaning, through
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each olanet wheel of the gear. It means that the obtained signals Inform
us about, which load transfers the determinate planet wheel in the de-
terminate position. From this it can be inferenced about the load dis-
tribution on respective planet wheels in their different position with
regard to the wheel with internal meshing.

In fig..5 it is presented as an example the course of signals from
the strain gauge which are obtained in the meshing time of the meshing of
the teeth from three planet wheels with determine tooth of internal gea-
ring wheel. The results from revision experiments and their interpreta-
tion are presented in paper 2.

3. CONCUISION

- The propose method in sufficient means allows to define which load
distribution is at the separate planet wheels in the planetary gear,
when it is statical loading.

- Using this method it is additional obtained the information about the
load distribution along the tooth line.

- The measuring - registration apparatus, which have to been wused in
this propose investigation method in general accessible and easy to
service.

- The present results did not present the dynamical phenomenon which are
treated in the work of a gear. But it must be underlined, that this
method can be adopted to the dynamical investigations.

- In particular the prototype gears should be investigated by using this
method.
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Pig. 1. The scheme of investigated stand

1 - the investigate planetary gear, 2- the brake, 3 - the auxiliary
gear, 4 - the driving system, 5 - the measuring apparatus, 6 - the re-
gistration apparatus

Rys. 1. Schemat stanowiska badawczego

1 - badana przekdtadnia planetarna, 2 - hamulec, 3 - przektadnia pomocni-
cza, 4 - uktad napedowy, 5 - aparatura pomiarowa, 6 - aparatura rejestru-

Jaca

Pig. 2. The distribution of the strain gauge converters on the internal
meshing wheel

Rys. 2. Rozmieszczenie przetwornikéw tensometrycznych na kole o zazebia-
niu wewnetrznym



T,. To. Ti. Tj “ the strain gauge convertore,

W - amplifier, AP - measu-
1 £ i * ring apparatus, R - registration apparatus

Rys. 3. Schemat blokowy aparatury tensometrycznej
T,, T,, T,, T.

- przetworniki tenaometryczne,
*

W - wzmacniacz,
tura pomiarowa,

AP - apara-
R - rejestrator

Fig. 4. The scheme of the position of the planetary wheels with regard to
the stlcked strain gauges
Rys.

4. Schemat przedstawiajacy kolejne potozenie két obiegowych wzgledeo
naklejonych tensometroéw
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Pi The BienslB which we obtained in, the meahing tiae of the eucoes-
S=\g/é »netary wheels with the intem«), cashing wheal on which strain
qusgea and ™ were placed

Sygnaty otrzymane w trakcie zazebiania aif "J”~nych koét obiego-_
53/3;] zebani kota o zazebieniu wewnetrznyjM na ktérych naklejone 4
y oometry T1 i
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OCENA ROZDZIALU OBCIAZENIA NA POSZCZEGOLNE KOLA
OBIEGOWE W PRZEKLADNIACH PLANETARNYCH PRACUJACYCH
W UKLADACH NAPEDOWYCH MASZYN GORNICZYCH

Streszczenie

W artykule zaproponowano metode badawcza pozwalajgca oceni¢ rozdziat
obcigzenia na kota obiegowe w przektadki planetarnej. Proponowane badania
przeprowadzone sa przy obcigzeniu statyczny*. Na proponowany* stanowisku
nozna réwniez przeprowadzi¢ badania dynamiczne. Przy badaniach etatycz*,
nych ukdad napedzany jest recznie, natomiast chcac prowadzi¢ badania dy-
namiczne, do napedu nalezy zastosowa¢ silnik. Przedstawiona w artykule
metoda badan moze okazaé¢ sie szczeg6lnie przydatna do badan prototypow
przektadni. Do pomiaru odksztakcen zebdéw wykorzystano tensometry.

Weryfikacje proponowanej metody przeprowadzono na stanowisku badawczym
w Laboratorium Instytutu Mechanizacji Goérnictwa Politechniki Slaskiej.
Obiektem badan byty prototypowe przektadnie planetarne typu 2K-H o mocy
znamionowej 55 kW.

OIJEHKA PA3j(EIEHH HArPYSKH HA OT,HEJIDHHE KOJTECA
T1IJIAHETAPHKT T IEFEMH, PABOTAJOUHI 8 HPHBOAHHI
CHCTEMAT rOPHUX MAUHH

P e s jo U e

B cTaibe npe~jiaraeTca Herot HcclieAOBaHHS., no3BoxH»mHIt opeBBit pasxelieHHe
Harpy3KH Ha napityjthujioHHhie Koaeca b njiaHeiapHoit nepeflane. HcnaTaHna npoBo-
flHTca npH CTaiHHecKoa Harpyaite. Ha npewaraeMOM cieH”~e mojkho TaKate npoBojHTIi
H flHHaUHHeCKHe HCIIfalTaHHHe npH CiaTH'ieCKHX HCnHTaHHHX CHCTeUa npHBO~HTCH B
~BHateHHe pyHHtLEM cnocoOouf npH npoBe*eHHH ~HHauHgecKHX acntiTaHHIii cjieayeT npH-
MeHHTb flBHraieBb.

npe,ACTaBlieHHfcttt b cTaTbe ueTo,® HcnHTaHHft uoxeT OuTb ocoBshho nolJie3Hnu npH
HcnnTaHHax npoioTHNnoB nepeflan. Ajih H3htepeHHa fleifopMaipiH 3y 6beB Hcnojib30Ba-
JIHCb TeH30U6Tpu.

BepHiHKauHH npeiltaraeuoro M6To.ua npoBe~eHa aa HcnuTaTeabHou oTeHfle b aa-
OopaiopHH HHH MHxaHH3auHH ropHoro aeaa CHae3cicoro noaHTexHH*iecKoro hhcth-
TyTa. O0ObeKTOM HcnmaHHit OHjih nepBOHaiajibHHe o00Opa3iijj naaH*iapHux nepe~”ai

THna 2k-x C HOMHHajlbHOS MOmMHOCTbK) 55 KB.



