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ANALYSIS OF THE INFLUENCE OF PLAYS ON MAGNITUDES OF DYNAMIC FORCES
IN KINEMATIC PAIRS OF A DRIVING SYSTEM OF GEARHEADS OF A COAL SHEARER

Summary. The paper presents results of the research carried out
with the object of evaluating the influence of plays between teeth on
dynamic forces in kinematic pairs of a driving system of the KGS-300
coal shearer.

ANALIZA WPLYWU LUZOW NA WIELKOSCI SIL DYNAMICZNYCH
W PARACH KINEMATYCZNYCH UKLADU NAPEDOWEGO GLOWIC KOMBAJNU WEGLOWEGO

Streszczenie. W pracy przedstawiono wyniki badan zmierzajacych do
oceny wpdywu luzéw miedzyzebnych na sidy dynamiczne w parach kinema-
tycznych ukdadu napedowego kombajnu weglowego KGS-300.

AHAJIH3 BJIHHHHH 3A30P0B HA BEJIMHHHY HHHAMHWECKMX CHJI B KHHEMA-
THHECKHX 11APAX nPHBOFIHOtt CHCTEMbI TOJIOBKOK YrOJIbHOrO KOMEAUHA

Pe3i0OMe. B CTaibe npHBOFIFITUH pe3yjibTaTbi HcnbiTaHni+,
HanpaBJieHHbix k oueHKe bjikbhhh 3a3o0poB b 3y6«x Ha FfIMHaHK-
wecKMe cujibi b KHHeMaTmmecKHX napax npxBOflIHoii cCucteMbi
yrojibHoro KOMOaiiHa KFfC-300.

1. INTRODUCTION

The teoretical study end experiments concerning the influence of plays
beetwen teeth in a driving system of working machines that have been
conducted hitherto indicate that magnitudes of dynamic forces in kinematic
pairs depend on design features of the system, values of plays existing in

the system, and on a state of load of the driving system [1,2,3].
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Sudden changes in the load of the driving system make the forces of
kinematic pairs be of a pulse type. As a result of this the extreme values
of dynamic forces in the driving system exceed many a time nominal values
and thus cause changes in geometrical charakteristic of elements of a
driving gear 12,41. The determination of a magnitude and type of these
effect is of particular importance, because the occurencd of excessive plays
changes the character and magnitudes of dynamic forces as well as may lead
to decreasing of durability of elements of the system.

The following factors have a vital influence on magnitudes of interacting
forces in kinematic pairs of the driving system:

- value and character of loads,

- dasign features of the driving system,

- power and performance characteristic of the driving motor.

The above mentioned factors make a whole and interact one on another.

Therefore, when determining the dynamic Tforces it is necessary to

consider the driving system as an electromechanical system [5,6].

2. DYNAMIC MODELLING OF A DRIVING SYSTEM

A dynamic model of a driving system of a working machine including a
feedback of the mechanical system and the electrical one has been developed
on the ground of the research carried out in the Department of Technical
Mechanics of the Silesian Technical University [5,7]-

The assumed method of modelling and the algorithm of numerical
calculations make it possible to introduce any physical and Kkinematic
relationship in a kinematic pair.

The results of numerical calculations contained in the paper deal with
the evaluation of the influence of plays existing between teeth on
magnitudes of dynamic forces in kinematic pair of the driving system of
gearheads of the KGS-300 shearer.

A kinematic diagram of this shearer is shown in figure 2.1 and the figure
2.2 represents its dynamic model.

Physical relationship in kinematic pairs have benn simulated by means of

a function the course of which is determined in figure 2.3.
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Fig. 2.1. Kinematic diagram of a driving system of gearheads
of the KGS-300 shearer

Rys. 2.1. Schemat kinematyczny ukdadu napedowego gtowic kombajnu KGS-300

/G
Jim o Jul o 3dul/ Jiv* Jm N | Jd N |
I "M M f
s s Jv 4y JA- JA- JA-
Pm mnm Vo> e 9)) pu = ¢ 9*1 K

Fig. 2.2. Dynamie model of a driving system of gearneaas
of the KGS-300 shearer

Rys. 2.2. Model dynamiczny napedu gdowic kombajnu weglowego KGS-300

3. NUMERICAL CALCULATIONS

In order to determine qualitatively and quantitatively the influence of
plays existing between teeth in kinematic pairs of the driving system under
analysis on magnitudes of dynamic reactions occuring iIn this pairs,
numerical calculations have been made when changing, in particular kinematic

pairs. The interval of values of plays determined on the ground of the
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Fig. 2. 3. Simulation of occurence of the plays in meshing

Rys. 2.3. Symulacja wystepowania luzéw w zazebieniu

shearer’s technical documentation has been assigned to each kinematic pair.
Interval has been divided into four equal ranges (table 3.1) and as a result
of this five five magnitudes of a play have been obtained. The calculation
have been carried out for these magnitudes. The first stage of calculations
covered variants in which pertinent values of the plays assigned to kinema-
tic pairs were accepted in all kinematic pairs. The next stage covered the
introduction of minimum plays to all kinematic pairs except for the pairs (2
and 111 (fig.-2.2) in which plays were changed from the minimum to the
maximum play.

The selection of the pairs 02 and 111 made in the second stage of
calculations was dictated by the prior theoretical study and by experiments
carried out on a testing stand which had revealed that iIn these kinematic
pairs dynamic reactions took place, the values of which exceeded several

times the nominal values [4,7].

4. ANALYSIS OF RESULTS OF THE NUMERICAL CALCULATIONS

The developed dynamic model of a driving system enables the simulation of

a play of any value in any kinematic pair. Thus it is possible to determine
the play value at which the dynamic forces occuring in kinematic pairs will

not exceed a definite value. The influence of plays existing between teeth
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Lz 3 $r
0.215 0.300
0.227 0,325
0.252 0. 355
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0.047 0.058
0. 047 0.058
«0.047 0.058
0.038 0.049
0.047 0.058

Plays in gears wheels
Luzy w kolach zebatych

L<
0.385
0.422
0.457
0.457
0.069
0.069
0.069
0.069
0.060
0.069

Tab. 3.1

0.470
0.520
0. 560
0.560
0.080
0.080
0.080
0.080
0.071
0.080

411

on the magnitude of dynamic forces becomes evident particularly in cause of

a sudden change in load and iIn transient states (start-up).
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Fig. 4.1. Dynamic forces in the kinematic pair Fq2

Rys. 4.1. Sity dynamiczne w parze kinematycznej F
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Fig. 4.2. Dynamic forces in the kinematic pair F

Rys. 4.2. Sity dynamiczne w parze kinematycznej F
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Abstract

Waznym etapem procesu projektowo-konstrukcyjnego zespodéw maszyn goérni-
czych jest kompleksowy opis zjawisk dynamicznych zachodzacych w trakcie
eksploatacji oraz ocena wpkywu tych zjawisk na ich trwatos¢ i1 niezawodnosc.

Z¥ozonos¢ probleméw dynamicznych uk¥adéw napedowych maszyn roboczych ciez-
kich stwarza koniecznos¢ prowadzenia badan teoretycznych i doswiadczalnych
zmierzajacych do oceny i obnizenia dynamicznych obcigzehn poszczeg6lnych ich
elementéw. Dotychczasowe badania dotyczace wpdywu luzéw miedzyzebnych w ukda-
dzie napedowym gtowic kombajnu weglowego KGS-320 wykazaty, ze na wielkosci
sit dynamicznych w parach kinematycznych decydujacy wpkyw ma wartos¢ i cha-
rakter obciagzen, cechy konstrukcyjne uk#adu napedowego oraz moc i charakte-
rystyka silnika napedowego 11,2,3,5]. Z tego wzgledu przy wyznaczaniu sit
dynamicznych w parach kinematycznych, ukdad napedowy nalezy traktowa¢ jako
uktad elektromechaniczny.

Model dynamiczny ukdadu napedowego kombajnu KGS-300 uwzgledniajacy sprze-
zenie zwrotne ukdadu mechanicznego i1 elektrycznego oraz zastosowany algorytm
obliczen numerycznych pozwalajg na symulacje luzéw w dowolnej parze kinema-
tycznej. Schemat kinematyczny kombajnu przedstawia rysunek 2.\, a model dyna-
miczny rysunek 2.2. Zaleznosci fizyczne w parach kinematycznych symulowano
za pomoca funkcji przedstawionej na rysunku 2.3.

Przeprowadzono dwa etapy obliczen,w ktérych luzy zmieniano kolejno w pa-
rach kinematycznych 02 i 111 (rys. 2.1), a nastepnie w obu parach jednoczes-
nie (tab. 3.1). W pozostakych parach zatozono luzy minimalne. Wybdér par kine-
matycznych 02 i 111 podyktowany byt wynikami wczesniejszych badan prowadzo-
nych w Katedrze Mechaniki Technicznej Politechniki Slaskiej.

Na podstawie wynikéw obliczeh numerycznych mozna okresli¢ maksymalne
wartosci sit dynamicznych w poszczegélnych parach kinematycznych (rys. 4.1,

i 4.2) dla dowolnej wartosci luzu.



