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TORSIONAL VIBRATION MEASUREMENT AND GEAR TRANSMISSION ERRGR

T, Maeda, 0. Maehara, T. Ono and T. Harada

Ono Sokki Co., Ltd., Development Div.

INTRODUCTION

With the ever-increasing demand for compact lightweight designs as
well as high performance and speed from rotating machinery such as
engines, turbines, and motors as well as transmission systems such as
gear trains, transmission joints, and belts, the measurement of load
capacity, rotation accuracy, transmission accuracy, vibration, noise,
and efficiency has become extremely important. Rotation and trans-
mission accuracy are extremely important Factors effecting vibration
and nolse. The authors have developed a measurement system capable
of measuring torsional vibration and transmission errors in rotatihg
machinery with both high accuracy and response. The measurement
method comsists of mounting a measurement gear on the rotating shaft
and detecting the rotation using a non—contact electromagnetic detec-
tor. This article will describe the principle involved and discuss
measurement examples.

MEASUREMENT PRINCIPLE

The measurement principle relies on deriving pulses which is propor-
tional to the rotational speed of the body being measured. The
detector used ln this method consists of, as shown in Fig. 1, a gear
mounted to the rotating shaft and a non-contact electromagnetic pick
up. This electromagnetic pickup creates a sinewave signal of one.
cycle for each tooth on the gear. The frequency of the sinewave '
signal is proportional to the rotation speed. As shown in Fig. 2,
detectotrs are mounted to both ends of the shaft of the rotating
machinery. In this measurement setup, as the shaft rotates, the
detectors produce individual sinewave signals., The phase difference
between these two signals is proportional, therefore, to the torsional
angle between the two detectors. Therefore, by measuring the phase
difference (Tmi/Tj} for each period (Ti} of the sinewave, it is
possible to measure the instantaneous torsional angle.
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The authors used a high-speed guartz oscillator to control the calcu-
lation of the phase difference of (Tmi/Tj) and developed a digital
method for determining Tmi/T; in real time, this infermation being
converted finally to an analeg signal for output using a D/A converter.
While the above example is that of measuring the relative torsional
angle between the two ends of a shaft, the method to be described

. below is that which measures the torsional vibration using only one
end of the shaft. The method uses the above described detector
mounted on only one end of the shaft of the rotating body. & PLL
{phase locked loop) circuit is used to determine the average angular
velocity from the sinewave signal derived from the detector. The
previously described phase converter is used to determine the torsion-
al wvibration by using the phase difference between the signal corre-
sponding to the average angular velocity and the directly measured
signal.

MEASUREMENT SPECIFICATIONS

The technique discussed above enables measurements on actual machines
at normal running speeds with high sSpeed and accuracy not achievable

previously.
Frequency range for phase calculation 20Hz ~ 20kHz
60P/R detector rpm measurement range 2¢ A 20,000rpm
o " measurement resolution 6/1000 (deg)
360P/R detector rpm measurement range 3.3 A~ 3333rpm
" . measurement resolution 1/1000 (deg} (3.6 seconds)

MEASUREMENT EXAMPLES

N
Measurement of gear transmission.error

The measurement of torsieonal vibration can be applied to enable the
measurement of gear transmission error.. Fig. 3 shows the measurement
system setup. This example uses two optical rotary encoders as the
rotating angle detectors. Fig. 4 shows the data derived from this
setup,

Measurement of engine torsional vibration

This measurement example uses gears mounted to both ends of the engine
crankshaft to measure the crankshaft torsicnal angle. Fig. 5 shows
the block diagram of the measurement setup, with Fig. 6 showing actual
measurement results. Filg. 7 shows a three~dimensional representation
of the spectrum resulting from varying the rpm of the engine.

Transmission error of constant velocity universal joints

while it is often assumed that constant velocity universal joints
exhibit no transmission errors, actual measurements will reveal such
‘errors. The Setup for the measurement of such errors is sheown in
Fig. 8, with actual measured results given in Fig. 9. In this
example, the in-phase error refers to the conditicn of ) =z = 20
{deg), while the reverse-phase error refers to the condition of

@1 = =20 (deg) and gz = 20.
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INVESTIGATION AND PREDICTION OF NOISE AND VIBRATION OF
PNEUMATIC IMPACT MECHANISMS

Eu.l. Shemyakin, N,P, Benevolenskaya and V.A. Shcherbakov

Mining Institute of the Siberian Branch of the USSR Acade-
my of Sciences,54 Krasny Prospect,630091Novosiblirsk, USSR

The problem of an improvement of the conforts when using
the pneumatic impact machines requires not only a decrea-
se of vibration and noise levels but also the objective
evaluation of thelr effect on an operator's organiesm!

The best result is achieved when decreasing the vibration
and noise even in the source i1tself when the mechanisms
of their origin are previously kmown and there is the
possibility .of the physico-mathematical description for
the prediction of the vibroacoustical characteristics of
a machine at the design stage. At the same time the
mechanism of geparation of oscillations both sound ones
and vibration dnes is inseparably linked with the
dynamics of the work of the machines and mechanisms,
therefore, it is necessary to jointly consider the men-
tioned matters, for example, by means of modelling of

the work of the pneumatic impact mechanisms.

Modelling is carried ocut on the baslis of calculation of
changes of perameters of the pmeunatic impact mechanism
during the, cycle time based on the solution of the system
of differential equetions, The given system lncludes the
equations describlng the changes of the thermodynamic
parameters of the energy carrier in the chambers of the
pneumatic impact mechanism.
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and the equation of movement of its mechanical parts

dte m(z 5P+ XF) " (3)

By means of a numerical solution determined are the
resultant of the forces acting on the stem of the pneu-
matic impact mechsanism,

Fst (t)= >;S Pz(t)+ 22F (1)

and also the velocity of exhausted air streams

QegRT ¢ p \k *_ Pa)E
U’-fp (Pa) yand U= ¢ ngr(P) (%)

and the pressure at the edge of the exhaust pbrts

2 . I ’
Pn = pa "‘%‘7‘8—;‘[ (7,%) * when U< C
1 Qe gRT\k Qg C n
p"’=ﬁ7’ fggc )+ 2gf when v"={ {5)

The vibration perameters of the pneumatic impact mecha-
nism are caleculated by the resultant using the data on
the dynamic characteristics of a himan body and the
mechanical system "stem-handle" of the pneumatic impact
mechanism. Using the Fourier transform,which 1s obligato-
ry when employlng the dynamle cheracteristics as impe -
dance curves, and the Parseval equality permits to deter-
mine the parameters of wvibration of the pneumatic impact
mechanism transmitting to operstor's hands. -

In so doing the given calculation may be performed also
with duve ragard for the vibration protection mesns used
in the given pneumatic mechanisn thus making it possible
to determine the degree of their effectiveness. As to

the noise from the exhaust of the pneumatic impact mecha-
nism, as it is known the nolse is caused by pulsations

of the pressure at the edge of the exhaust ports sournd
power of which 1s

%
W=pre, s [ (Po=rpa)? dt - ®©

and by vorté& formation when outflowing the air current
in the form of Jets emitting the sound power at every
instant;
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FREDICTION OF NCISE AND VIBRATION OF FNEUMATIC MECHANISMS

i
Wa, = Nx, %d‘f D? when M< 2§
oy
Wy =Nk, }:uc.,*' 7 when M =05

Hereat the &tandardized parameters of noise along with
its spectrum are slso found using the Fourdier transform
for the pressure pulsations as well as the dependency of
distribution of scund power of a jet upon the Strukhal
number.

Therefore the modelling of the pneumatic impact mechanism
operation permits to predict even at the design stage not
only its edergetic characteristics but also sound and
vibration ones, and that determines the choice of a
scheme snd gives the opportunity to project measures of
noise and vibration prevention in tha source of their
origin and evaluate their effectiveness in situ. However
not only the prediction of the vibroaccoustical characte-
ristics but alsc the data of the in-gitu investigations
4o not permit correctly enough to determine the degree

of their harmful influence on msn by means of =z simple
estimation. For example, it has been ascertained that in
the mining conditions in restrictions of mine workipge
near power sources of noise which are some kinds of pneu-
matic mining equipment,air osclllations can give rise to
vibration of objects being met along the path of their
propagation including a human body. The perameters of
such vibration induced by socund waves can be determined
by a contactless method taking into account the dynamic
characteristics({input mechanical impedance) of the human
body ( or its separate parts ). However the estimation

of the danger of not only such vibration but aleo ordi-
nary one due to direct contact, for example, with the
working pneumatic mechanism taking into account an exist-
ing approach to the standardization is the rather intri-
cate problem. The modern standardization is based om the
evalustion of octave or corrected lsvels of root-mean-
square values of vibration veloclty (vibration accelera—
tion) as the investigation of the action of vibration on
a human organism was carried out with sinusoidal vibra-
tions. At the same time In real life,in meny cases,pre-
gented is impact vibration whose effect evidently 1s to
substantially depend on not only fregquency composition
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but alse on phase shifts between frequency components,
that is,on impulsiveness of wvibrational process, The eva-
luation of the proposed parameter of the vibration veloci-
ty can be one of the ways to take account of the ahove
mentioned:

L, = Lyamg ¥ Ligs )

It is evident that the evailuatior per the given parameter
takes into account an impact character of vibration and
for harmonic vibrations it simply coincides with the
existing one at present. i

In summary,the creation of safe and even comfortable con=-
ditions of labour during operation of the pulsed equip-
ment and the pneumatic impact mechanisms is not possible
without improving the methods of investigeting the sour-
ces,ways of propagation snd action of vibration and noise
as . well as standardization of the sald harmful factors.

.Notations

P,T,p-pressure,temperature and density of air in chambers;
indéx i relates to parameters at other end i-channel;

index & - to atmospheres
. £ K4
,{P (£ wnenf
éf) B when’%ad5?8

P(p.p:) when p;=p
( ‘) Pu'. ?(P;Pg) = )
~¢(p:,p) when p, < p 0,259 when-g_ <0578

[}
Fi—sectional area of i~cheannel;m-mass of moveable part;

“V-chamber volumejt=run timejK-index of air adiabatig-fres
fall accelerationjR-universal gas constantix-coordinate
of moveable element of pneumatic impact mechanlsm;S

area of moveable element which is affected by pressure PE

taking into account directionsi¥ @  -forces directly not

comnected with action of energy carrier(for example,fric-
tional force,welght and so on)i Qﬁrmomentary consumptlion

of exhaust airif-sectional area of exhaust ports at edge;
C-sound velocityiM-Mach number;D,N-diameter and quantity
of jets;?c-cycle 1::I.rma_:K,I and Ké-some experimental cdeffi-

clents; ﬁ,RMsand Lyspegy — corrected levels of root-mean-
square and peek values of vibration velocity.

¢ =F;




