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Rotary cuttinmg is a process im which
the cutting edge has a velocity V. along
itself, in addition to the usual ﬁotions of
cutting speed V and feed. Earlier work by
the authors has shown that, when V_/V im
properly selected, one can achieve 'immense
benefits like reduction in cutting forces
2goee¥eral times, shear angles greater tham
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Th% traditiensl rotary teels have heem
eircular in form since they use continuous
rotaury motien v,. The teol can thus be used
only for machining simple workpiece forms.
This constitutes the most significant ecri-
ticism of the rotary concept from the prac-
tical point of view. If, however, Vi could
be made oscillatory, the limitation-"18 me
mere valid.

Ts investigzate the effectiveness of
osc'llatery V,, two rigs were developed.
The first rig used a straight edged teool
mounted on a spring loaded tool post and

excited by a rotating eccentric. The secemd

rig used a four bar mechanism to ecscillate
g circular rotary tool about its axis. The
frequency was variable in beth cases. Tube
turning experiments were donee.

The results showed that the rotary eos-
cillatory tool (ROT) is capable of achieving
all the beneficial effects of continuous
rotary tools. Further, the optimum mean
V./V was much lower., This is attributed te
tfie inertia of the cutting process which
results in the chip preferring to float om,
rather than occillate with, the tool rake.
The effects are far superior in magnitude
to those that are cited in literature for
tools using other directions of oscillation.

The experiments also showed a tendency
of optimum amplitude of V., to decrease with
frequency. This leads to the possibility of
applying low amplitude, high fregquency,
rotery oscillations while using conventional
single point tools. This opens up new
vistas, of immense practical significance,
of rotary cuttinmg.

4. OSCILLATORY CUTTING PROCESSES

There are a number of investigatioms
using electromagnetic exciters to oscillate
the cuttimg toel in a sinuscidal manner in
feed or cuttimg speed directions, while
the cerriage of the tool holder is givem a
comstant feed. The cutting force compements
are found to be less than those with &
static tool. It was suggested that the
reduciions may be due to & reduction in the
mechanical strength of the work piece

material im the presence of ultrasonric vib-
ration, The tenmsile and torsion teste to
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fracture were performed om specimens of the
work material while it was being subjected teo
ultrasonic vibration by Skeltoa''l But me
reduction of mechanical strength under these
conditions was observed snd it was concluded
that the effect-is purely a frictional one.
The friction conditions improve when the
tool goes out of contact with the wor'piece.
Thig explanation seems to be recsonable im
view of the investigations carried out by
Shav et. a1‘2), The shear angle at the
entryside n;a_more when comparéd to that at
the exit side in the orthororel retary ma-
chining experiments cencucted by them. The
reduction in the cutting forcem with ultra-
sonic vibratioms was fouﬁd to vary between

10 te 15%. However at low cuttimg speeds

the reduction wae as high as 50%. The ex-
periments of Skelton reported above are with
ultrasonic vibrations in the cutting velocity
direction. The surface finish was reported

to be better withlescillatoryvibration im
the feed direction.(j) Thie excitatiom has
been found to uaefui in the realisation of
segilarly Droken chipe, Skelton' )
ducted similar experiments and has repoerted
thet the surface roughness, deteriorated.
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In the present investigation limesr
Rotary Oscillations are given to orthogomal
tool mnd Rotary Oscillations to a rcund tool.
Special setups with low amplitude escilla-
tions for orthogonal cutting smd with high
amplitude oscillations to the roumd tool
were made, The results of the investigatiomg
specially with regard to the chip thickmess
ratics, &, chip length ratics, &g, chip
width ratios, &, » and shear engles, ¢H' are
reported in the present paper.

The influence of the retary oscilla-
tions was found to be phencmenal and the
sheer angles have reached slmost the barrier
from the point of view of mimimum normal
gtraim criteriom.

26 RCTARY COCILLATORY CUTTING
The imfluence of rotary speed ratie
V,/V, i.e. the Tatio of retary teol velocity



to the cutting speed on slmost all The para—

when the toel was given the comventional
retary motion. The shear angles more than
45° and the chip thickneses ratios less than
unity were reported, It was pestulated
later that cutting with retary escillatery
teols will lead to similar aeffects. 7 The
experimental investipsatione reporteé in the
present paper have confirmed more or less

the sbove speculatien.

3, ROTARY SPEED RATIO IN 0SCILLATORY CUTTING
A new interpretation has te be given
for the rotary speed ratio im the case of
rotary oscillatory cutting. If L' 1s the
stroke length and 'N° the mumber of cyclea
(deuble strokes) per mimute, one can defime
the mean rotaﬁg speed ratie as
(N T = BN D
The mean rotary speed ratio can thue

be comirolled by two methods i.e. through L
(amplitude of oscillatiens) or through N
{frequency of oscillations).

4. EXPERIMENTAL RIG3

4.1 Low Amplitude Rotary Oscillatory Unit
Fig. (1) shows, gthematically, the
An eccentric shown
in the figure provideﬂ-the rotary oscilla-
tions to the orthogomal tool. A compeund
D.C. Motor of 2 H,P. with varlation of speed
between 400-1600 rpm, Was mounted on a plat-
form clamped to the cross glide of a Rigiturnm
lathe. Om the motor shaft a ball bearing
was mounted with an eccemtricity of 0.185mm.
The ball bearing acted like = roller fellewer
ef an eccentric cndﬁ. A suppert bracket
uging bsll bearings was mounted to protect
the Motor from eEcentric loads. Om the
eross slide specially comstructed flexible
teol pest was mounted. This toel post had
twe rigid mild steel plates at the top and
the bottom which were cemnected with twe
flat sprimgs . The top plate hed a provi-
sion to clamp the tool. When the rigid fe-
1lower was touchimg the eccentric, the
eccentric motien was transmitted to the top
plate of the tool pest resulting in practi-
cally herizomtal escillations ef the tool.
The longitudinal feed provided the mecessary
umcut chip thickmess. The workpiece (seam—
leas tube) was clamped im the chuck. “The
gear ‘box eof the lathe was discommected frem
the maim drive and was conmected to a spe—
cinlly installed double reduction drive.
The workpiece ceuld be rotated im a speed
range 0.75 rpm te 37,5 rpm. The purpese

test arrangément used.
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of reducing the work speed wee to get a high a.

mean rotary speed ratio evern at low oscilla- ":;%::;.:.r:é

teory tool speed. 1Im view of the low work s WS R 40 €9 o 5o08 S0
speed 'V' carben tetrachleride was fed cere- o 15 “"i‘““‘ : !lo

fully throuch a hypedermic syrimge imte the '§ : ‘..X' i .

cutting zeme. Axial slots onm the workpiece S

controlled the umcut chip lemgth 'l'. Cutt- B | ohis A

ing was performed at various escilletory = L

apeeds available from the D.C. drive and & el = ‘1Ro[l 'I.lﬂﬂll.
mean rotary speed ratio values were calcula=- o o8 °"‘““f°“‘“""'
ted using equetiom(1) . The exact amplitudes ol 3 1 [ L] b
of escillations were momitored with = Philips SR SUTARY GFRED BATIO
comtactless reluctence type of velocity pick- F1G. 3 VARIATION OF KINEMATIC PARAMETERS

R
up. Chip dimensionsl, and b, were measured. WITH(Ve [V ) mean WITH LOW AMPLITUDE ROT

From these the various kimematic parameters

like €, , €, » & and da‘_; were cal-
culated. :

-

v
MATERIAL ™.

FRED » O 37. mm/rav
WIDTH OF CUTs .68 mm

4.2 High Amplitude ftotary Oecillatory Umit RAKE SNELE 1 20"
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& GO ooiANT Gcia G WITH MpnMem STEAW
In the set up discuesed above high amp- b R T '—;.:-:4;-"‘ S SaEas
p e . 8
1itude of oscillatioms could mot be obtained o °
L) -
due to the flat springe used. Therefore a % P Cull sl |
setup using a four bar mechaniem had to be = "
developed. Fig. 2 shows the achematic arram- = STROME LEWNGIM OF
= losCILLA Tross St mm
gement of the four bar mechenism used. A tool L - |
with a rake angls of 10° was moumted om a o 2 3 4

i
WMEAN ROTORY SPEED RATIO
F1G. # NARIATION OF ¢ WITH (Ve /Yw)
MeEAN WITH LOW AMPLITUDE R.O.T.

rotary turnimg unit. The rotary unit had &
vertical setting angle, @ of 15°. The unit
wae mounted on the cross slide. The positien

of the cross slide was arranged so as to get L0 v 1
an angle of obliguity of 45°., The rear end WoRK PiECE M
of the spindle wae comnected to the follower g‘ :‘.‘i‘;f, c.',:‘:,‘:-‘““‘ _—
lever of the four bar mechanism. The lever & ia Oy =18, Tur 8°
was driven by a coupler rod, which in turn - 2;"‘::'::1':::'“‘
received its drive from a rotating eccentric. a
Ball bearinge were used &t all the pivots. < b .rw‘l“:.“:" .:.“: :.‘:"'
The eccentric was driven by the same D.C.Motor = ‘°'7.

.
which was used inm the low amplitude set up. 3 by Sreake LIS W
The metor was mounted on a platform which was SCILLATIONS 71 & mm.
{nclined to the horizemtal plane (cross glide) 0 ry 13 T
at an angle ef 15°. This ensured that the MEAM ROTARY SPILD RATIO
four bar mechanism was in a plane. Fig.2(b) FIG.  VARIATION OF 9, WITH (Ve /Yw) Mean

shows the dimemsions of the linkage. The’ ON MILD STEEL WITH HIGH AMPLITUDE R.OT
stroke length of the cuttimg edge (rotary E

escillations) was mdjustatle betweén 10 to 15
mm by varying the follower lever length. The
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work drive was same ss that used in the low
amplitude ROT mset up. The work materials
namely mild steel and copper were tested. The
test procedure was jdentichl te that used in

SHEAR ANGLE §, degrees

the low smplitude experiments. &0 = 3
o b .
5. OBSERVATIONS AND DISCUSSION E b, o mm: A
Fig. 3 shows the varintien of E_ ,E,and & ; .T

&, , with mean rotary rpeed ratio as obser- 2o 40 (7S =

ved in the low smplitude set up., The chip . “::n::::: :;‘o"’ :“:‘“(' Ive)

ht 1 1ue 1G. & n. (¥ /Y
width 'b' was slmest constant for all wvalues ueAR OK COPPER WITH WIGH AMPLITO0E RO
of mear rotery speed ratlo. This ipdicated



That the chip had already ceased to follow
the %00l esci’lations and was flouting on

the tool rske. The chip flow angle was squal
to zero so that &p= 1. &;1s seen to in-
crease upte a mean rotary speed ratio of
about unity and then satursate. Since the
chip is already floating om the rake surface
the increask im- &, should met be attributed
te the chip pulling effect as im the case of
& DERT. The fall in E.go 8nd increase in &,4
are the comsequences of the reduction im the
interface friction as mean rotary speed ratie
is increased. The improvememt in &,is com-
perable te that im the case of DRT. €y has
fallen from 1.7 te 1.1. This fall has oc~u~
red §3¢£F°h & small value of mean rotary
speed;as 2. BSuch decreases in &, are poassi-
ble in the case of DRT only at mﬁch higher
values of retary speed raties. ?13.4 shows
the variation of the calculated shear angle
@, with mean rotary spebd ratiof on the lew
amplitude setup. The incrcase in shear angle
y and the fall in &g 8re attributed to the
increase in mean rotary speed ratio. The
shear amgle for the comdition of minimum
strain is 4;' + = 55° im thie case,

shere ¥4 18 the mormal rike angle, The maxi-
mum shear angle reached is about 52° which is
close te the abeve.

Fig. 5 shows the varistion ef @, obtained
en mild steel using the high amplitude setup.
The waximum normal shear angle reached was 43¢
Simce the set normal rake angle was =5° the
shear angle at the conditioen of minimum mor-
mal strain is 42.5°. Thus the high amplitude
setup has also achieved the highest shear
angles possible. However, this effect has
been achieved with mean rotary speed ratie eof
moere thar 10 whereas the low amplitude setup
achieved almost the same effect at a mean ro-
tary sdeed ratie of 2. An improvement inm meam
rotary speed ratie, which influences the cu-
tting process, by means of increasing the
frequency rather than the smplitude appears
te be more desirable, This is understandable
since im any dymamic situatiom the imertial
effects are proportional te the frequemecy ra-
ised te the pewer of two whereas they are pre-
portienal te the amplitude,

The frequemcies that are used in the pre-
gent experiments are of the order of 26 Hz er
less, It is expected that at high fresjuen-
cies i.e. im the ultrasonic range the ampli-
tude required for the same beneficial effects
to be present will be very small, It was

Fointed out im mn earlier paper that if we
conesider the rotary oscillatery cutting as

viewed in the backnrbp of aingle padmt toole
it vould be im-practicable. With the omci-
latione along the cuttimg edpe, the machi-
ning would be transferred from tha principal
cutting edge to the auxiliary cutiing edge
At this juncture, due te
the ebservations presented im this paper eme
can make use of the rotary oscillations sver
with the single point toels if the frequency
of oscillations is in the ultrasonic range.
Fig. 6 shows the variation ot'¢‘vith mean
rotary speed ratio em copper obtained with
the high amplitude setup. It is seen thet
the mean retary. apeed ratio of about 20 i
meeded to reach the highest values of shear
angle. This is because the rotary hot-machi-
ning effects are mot predominant im the case
of copper due to its grester heat diffusivitn

It ie seen from the sbove that emormous
improvements are possible with the ROT,which
are far above the improvements reported from
comventional oscillatory cutting processes.
Compared to the metheds usimg the oscillatory
feed, the ROT is better, am it does not affedt
*ither the dynamic rate of metal removal or
the surface fimish,
6. CONCLUSIONS

Rotary escillatory machining is more ef-
Tective process when compared to comventional
DRT as much as that 1t gives all the benefits
ef the latter at much lower values of rotary
speed ratio. The incresse in mean rotary
speed ratio by increasing the frequency appe-
ars to be more desirable compared to that by
increasing the amplitude. It may be possible
to make use of ultrasonic rotary oscillatiens
to the single pointstools to achieve the pame
beneficial effects of a DRT.

and vice versu.(7
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