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Inth!lchm the experimental study of the effect of
mechanical vibmt&an on kinetie friction was divided into
5 parts as follous 1=
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OBJECT

The object of this experimental study is to investigate
the effeet of mechanical vibration on ltinetie frietion., An
attempt has been made to measure nornmal force, friction force,
and sliding speeds Normal force to be measured is the force at
surfaces of eontact, Without vibration normal forece is a static
force. Tl/hen vibration is applied to the vibrated mass, inertia
force occur. \W force is the force on the
contaet ml’uu. If Mf.sm a dynamometer, the
friction of the motor sheuld not bve Eﬂncted by the friction of
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APPARATUS

The apparatus cousists of a motor, a vibrator, a sitrain
seuge torque arm transducer, a straim pouge force transducer,
and a spring loading mechanisms (Iigs. 3-1., 3-8+, 3=10.)

The motor acts as a dynanometer and is freely supperted
by a nair of tapered roller bearings on each end of the motor

shaft. The object of using‘tkg? tapered roller at both ends is

to provide radial uw@d ) é@/mw to axial thrust at

\ —”
= -

both ends. The motor

¥ H.P, (FRACMO,
SER,NC. 11), the sp Aled by a variae (TBCHQUIPMENT,
f: ﬂ\ﬁed on the motor case,

gbinen bolted to it is keyed to

UNIP NO, 12k1264),
L thick disec with a ste

the front journal of *uéan radius of the steel ring

-

and a power ampuw“( ErLING, $ER,NO, 1020 ¥ and 1024 P
recpectively). A trunnion is attached to one c¢nd of the force
transducer, and the other end of the transducer holds a circular
cross section brass speeimen of diameter 3/ inches, wvhich acts as
a slider. (Figs. 3«2+, 3=3., 3=4., 3=5.)

A torque arm transducer consists of a strain gance measuring
the bending of a flexible steel beam. One end of the steel is
rigidly attached to the case of the motor, and the other, through
a low friction steel ball- mounting, presses against a stop.

(Fig. 3=7.)
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When the brass slider is pressed against the rotating disc
by the spring loading mechanism, the frictional force on the disc
is transmitted to the motor case and torque arm., For this apparatus
| » the ratio of the torque arm and mean radius of the ring specimen
” is 2,4 to 1. The speed of rotation of the disc is measured by

(1) a tachometer at the front end of the motor shaft and
(2) a stroboscope (DAUE, SER. NO. hh724),

Q
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3-6. STRAIN GAUGE FORCE TRANSDUCER.

Fig. 3-7. STRAIN GAUGE

A7,

Bl «1+— STRAIN

o f-’ﬂ#?i‘

TORGUE ARM TRANSDUCER.

S $4

T
aUGhR

]

13



TR R U TN STV T
ik ? ' i - w

19

. i : MOTOR

\.

ROTATING DISC

ki i o A Ak s o s I

TORQUE ARM
TRANSDUCER

STEEL
RING

SLIDER

TENSTON
SPRING

VIBRATOR

Fig. 3-8. PHOTOGRAPH OF THE FRICTIONAL TESTING APPARATUS.
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The measuring equipment used in the experimental study
is as follous. (Fig. 3=11i.)

(1) Dynamic Strain leter is used in measuring the
strain of the force transducer. The strain then can be
converted to force as previously calibrated. The ocutput can
be displayed on an oseill 50

pictures can also be taken.
This imstrusent has a £i§§§i§5g\' se from 0 to 700 ¢/s at

——

: mfor low impedance input

g%se ohﬁ\ia preferable or of

100 ’:d Wtwtc The ""
of strain gauge recight
60-2000 ohns is al

AR

(2) Single Chauh J‘if?f\ifAmngfier and High Speed
2 Pen Necorder. (s '»f ‘"waxv reopectively)s Kelvin

and Huges Lid. "h

&

The Strain cﬁumplify strain from the
torque arnm tm‘%«ﬁ@q‘“‘” emplified strain is put into
the Recorder to Tecord straim om a reeording npaper., For picke-ups
containing all four arus of a bridge, the input to the bridge is
10 volts at 2 ke/s. The range of pick-up resistance may be from
75 ohns to 5,000 ohms per arm. The sensitivity of the amplifier
is about 0.3 nuv, at maximvi gain the deflection will be three
quarters of the full-scale.

(3) Portable Strain Gauge Bridge. Type 5530.

He Tinsley & Cos Ltd. (Fige 3-14.) The styain of the torque
arn transducer is measured by the strain sauge bridge. The
Strain ean be converted to force as previously calibrated,
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(4) vibration lMeter. Type B 731 E (SER. N0, 659)
The Wayne Kerr Laboratories Ltd. (Fig. 3-15.)

The vibration Meter is a portable instrument for accurate
neasurenent of distance and that of vibration amplitude from
50 miero inches te 0.5 ineches over the frequency range from
1 e/ to 10 ke/s. The extension or contraction of the force
transducer is neasured by tu.a instrument.

(5) Sweep=Delay o@d{@//w/ Type CX 444, and

Universal Camera. (m:/\m;

The Solartren

RS J
15¢ :?‘ gonjunciion with the Universal
IAEL RO
Y TN

putifron the force traunsducer ic put into

L the output of the Dynamic Strain

\Z)
lieter 45 put inte 10 opc. The picture is
then taken from the sedne , c
(6) Cathode ‘Ray Oseiiloscope. Type D 52.

(Fig. 3=114.)

. This unit is comnected to the Dynanic Strein letor.
It shovs the strain wave form of the force transducer under
various conditions,
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TAYNE KERR LABORATORIES LTD.)
f !1 3

SWEEP;DELAY 0SCILLOSCOPE. UNIVERSAL CAMERA.
(THE SOLARTRON ELECTRONIC GROUP LTD.) (SOUTHERN INSTRUMENTS LTD.)

Figo 3-160 . .
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The bearing preload adjuster was adjusted to eliminate
axial movement of the motor shaft, then the serew adjuster was
locked by 2 lock nuts. The steel ring surface was nachined
on a lathe with the couplete set of wotor and bragket. The ving
specinen surface was also polished by fine emery paper (Silicone
carbide, JC-280-ClI) before any weasurement was token in order to

S\

ogsible. Tho slider was
P

.jf‘}ﬁachéﬁster. Then the
L any sméil vardation of the

U

v,bé readjusted accordinglye.

’~<§ unetion with the

@ 3
3

e stroboscope.



SRIMENT. OGRAMME

The experimental programme was divided into 4 series.

1% sopics, (Fig. 3-17.)

The direction of vibration of the slider was perpendicular
to the sliding surface in a place at right angles.,
The frequeney was kept eonstant at 1000 ¢/s, and the

sliding speed varied from 0-300 W 1in, the load at eaeh sreed bednp
J /

The experiment wet £gy eakec ﬂi‘t\h\%e sliding speed lkept
constant at 100 £t/ B guency varicd from 700-2500 ¢/s.
2" cerics. (Fig. 3-18, AN

The direetion of vi ‘ 'S tie slider was parallel to
the sliding surface, | S j 25

The frequency w 1000 ¢/s, and the sliding

spoed varied from owmﬂm load at each speed being varied
fron O to 5 1b. The #riction Pevec at caeh load was measured and
the experiment repeated without vibration,

The experiument was repeated with the sliding speed kept
constant at 200 ft/min and the frequency varied from 700-250:5 c/s.

3 serics. (Fig. 3-19.)

The direction of vibration of the slider was pervendicular
to the direction of sliding but in the same plane.

The frequency was kept comstant at 1000 ¢/s and the sliding
speed varied from 0-300 ft/min, the load at each speed being varied



30
from O to 3 1b. The frietion force at each load was measured and
the experiment repeated without vibration.

The experiment was repeated with the sliding speed iept
constant at 150 £$/win and the frequency varied from 700-2500¢/s.

4*® series. (Fig. 3-17.)
The objeet of these experiments was to study the eonditions
of normal force when a heavy vibration was applied,
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 Fig. 3=17. PHOTOGRAPH SHOWS THE DIRECTION OF VIBRATION
' ~ BEING PERPENDICULAR TO THE SLIDING SURFACE
g - IN A PLANE AT RIGHT ANGLES, '
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Fig. 3-18. PHOTOGRAPH SHOWS THE DIRECTION OF VIBRATION
: BEING PARALLEL TO THE DIRECTION OF SLIDING.
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Fige 3-19'._-. PHOTOGRAPH SHOWS THE DIRECTION OF VIBRATION
‘- BEING PERPENDICULAR TO THE DIRECTION OF
SLIDING BUT IN THE SAME PLANE. '
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