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ABSTRACT:

Gear couplings are frequently used to conmnect two rotoxs
as in feed pump units, compressors amd pblowers. Tne eifect
of backlash and teeth errors on vibrations set up in the rotor
system have not yet been throughly investigated.

This paper presents an experimental analysis for the
vibrations in the rotor system attrxibuted to the gear coupling
mechanism. A test rig is specially designed, wioich consists
of two rotors comnected by a gear coupling having different
amounts of backlash.

1. INTRODUCTION:

The different amcunts of packlash rangimg from Q.0067 to
0.0175 rad. are obtained by changing the engagement pesition
of the gear coupling teeth. Torsional and transverse vibrat-
ions of the rotor system are recorded during the periods of
starting to stopping of the system. Precautions are made to
minimize the effect of other factors to which vibrations may
be attributed. The critical speeds of the rotor system are
theoretically calculated by using Myklestad method (3) and
tiolzer method (4) in order to avoid resonance conditions.
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atural frequencies of bearing supports are experimentally
determined and an operating speed of 300 r.p.m. appears to
pe a reasonable value, since it 18 well pelow all speeas oI
excltation. Tne narmful inertlia effects are dynamically
climinated By testing and COrrecting tne palancling conaition

of tne rotor System on a piveted - cradle palancing macnine.

The computer programs are developea to find tne values of
tne critical speeds of the rotor system, Corresponding to

transverse and torsional natural freguencies Of ViDratlon.

- complete set Of experimental results is carried out,

antalyzea and representeQ grapiically.

Finally, 1t nas Deen 5hown tnat tne minilmuws dynamic torgques
OCCUr at values of backlasn ranying from V.U0% to L.uULdS rad.
Also, it may be recommended that tie gear coupling unit must be
out of work when its amount of backlasn reaches U.ull rad.,

since tne dynamic factor is apout 1.5 .

2. EXPRRIABNLAL IRVESTIGATION:

Experlmental investigations are carried out on tne test i1ig

snown in Fig. (1).

4.4L. Balancing lest:

Pne dynamic balancing test of the rotor system is carried
Gut on a pivoted-cradle balancing macnine. Four symmetrical
long polts are used to comnect the two flange couplings or tne
ieale and female years as snown in Fig. {(£) in order to ensure
perfect alignment of the two rotors on the balancing machine
SUpports.

<.4. Zearing support hatural Frequency Measurements:

I'ne natural Irequency of tne Dpearing sSupport has been meas-
ured oy using the exclting system snown in Flg. (3).
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£.3. Backlash seasurements:

Pne angular amount of PaCKldsn O edCh enygageinent pos-
ition of the ygear Coupling teetn was lmeasured DY Uslhyg Lhe

orientation dividing nead as spown in Fig. {(4).

4.4, Vipration Measurements:

Vibration measurements included 1in tnls S&CLioh are:
a- Torsional vioratlion ©Or tne rotor sSyste.

D- ‘fransverse vipration transmitted tO tne Learinyg support.

Viorations are measured LCr €ach amouhit OL DacKlasi Dy
using the measurlng apparatus snown in rfiyg. (5). “feetwn rep-
lacement i3 carried out py meéﬁs of tne female year Llangye

coupling to give different amounts of packlasa.

3. pxXPoRIMeival RESULTS:

The experimental results are obtainéa oy analyzing tne
recorded waves of the measured slynals to give the real val~
ues. A sample of the recorded charts is gaven in #£ig. (o).

Tne effect of backlash on tne toxsional vibro-character-
1Stics nas tie same benaviour during tne starting and stopplihy
periods of the rotor system as snown in fiyg. (7). <Torsionail
vipration during tne starting and stopping periods, resultinyg
from the difference betwaen the 1nertia torques of tne driv-
ing and driven units, has minimum amplitudes corresponding to
amounts of backlasn ranging from U.0U9 to U.Ql45 rad. [fne
dynamic factor of torques for eacn amount of backlasn is det-
ermined and illustrated grapnically in fig. (8).

Transverse vibrations of the roteoxr system in the vertical
and norizontal directions, whicn may xelated to teetn errors,
are snown in figures (9) and (l0O). Transverse vibration inL the
two directions has no definite peanaviour over tae wide range of

packlash because it 1is dependent on tne resolution of tne impact
force in these directions.
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CONCLUSION:
le may e concluded tnat:

+. Thoe minimun TOXslonal VIDration wuplitudes occur at valiues
vl DacKlesn ranging £ram v.0ud to U.vidd raed. wut of tulds
range the torsional vibration nas nign amplitudes.

<. It may De recommehRded tnat all tne engagement positions
oL tne gear coupling teetn wnich give values of Dacklasn
Detween WJ.UUZ and v.uil rad. snould pe marked on Dotn male
and Lemale parts, SO thnat the gear coupling Wit Can O used
ror longer service litfe.

3. it way also pe recoamnended tinal the Jear couplling unlt must
De Ut Of woIK wuen tne aacunt of packiasn of all the eng-
agjement positlons reaches V.0Li rad., since tne dynamic Lac-
Lor at tnls value 18 about 1.5 wnicn 15 acceptapble in macnine
2lenent design.
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{ - Base. 2 - Blectric Moftor,
3 - Flexible Coupling, 4 - Driver Rotor.
5 -Gear Coupling, § - Coupler Rotor,
7

-Driven Rotor, & - Bearing Support.
9 -Flange Coupling. ”

FIG(1) TWO ROTOR SYSTEM CONNECTED BY
GEAR COUPLING.
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«% | - ECCENTRIC ROTOR.

ELECTRIC MOTOR.
MULTI-CHANNEL RECORDER.
- ACCELEROMETERS.

AMPLY FIERS.

VIBRATION M. SYSTEM.

RPM TACHOMETER.
BEARING SUPPORT,

~1G{ 4-10 ) SCHEMATIC DIAGRAM FOR
MEASURING NATURAL FREQUENCIES
OF THE BEARING SUPPORT.
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1 . TJorque Transducer

2 - Bridge,

{a)
'

Multi-Channet Recorder,
4 - Accelerome !eré.,
5 - Amplitftiers,

6 - Vibration Measuring System,

FIG.I4) MEASURING SYSTEM.
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I - Female Gear,

I . Male Gear,

1 - Base.

2 - Optical Dividing Head.
3 - Tailstock.

4L - D'widi-ng Head Centre,
5 - Tailstock Centre,

6 - Orientation Scale.

7 - Handwheel.

8 - Knuried Knob.

9 - Projection' Screen,

10 - Fixture

11 - Fixture

FIC.(5) BACKLASH MEASUREMENT.
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