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Fig. 6.15 Variation of material removal
rate with feed force.

(iv) hardness ratio of the tool and the workpiece,
(v) grain size,
(vi) concentration of abrasive in the slurry.
(1) As can be seen from relation (6.18), the mrr increases linearly with the
frequency. In practice also, the mrr increases with the frequency (see Fig. 6.16a)

but the actual characteristic is not exactly linear. The mrr tends to be somewh

lower than the theoretically-predicted value. ¥
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Fig. 6.16 Material removal rate characteristics in USM.

- (i) When the amplitude of vibration is increased, the mrr is expected to
increase; as can be seen from relation (6.18). The actual nature of the variation
is as shown in Fig. 6.16b for different values of the frequency. Again, the actual
characteristic is somewhat different from the theoretically-predicte(’l one. The
main source of discrepancy stems from the fact that we calculated the duration of

penetration A by considering the average velocity (=4/(T/4)). The characteristic
of variation of At, given by
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Fig. 6.17 Material removal rate characteristics in USM.

(iv) The ratio of the workpiece hardness and the too] hardness affects the
mrr quite significantly, and the characteristic is as shown in Fig. 6.17b. Apart
fiom the hardness, the brittlencss of the work material plays a very dominant
ole. Table 6.2 indicates the relative material removal rates for different work
materials, keeping the other parameters the same. Clearly, a more brittle material
is machined more rapidly.

Table 6.2 Relative material removal rates (v=16.3 kHz,
A = 12.5 pm, grain size = 100 mesh)

Work material Relative removal rate
Glass 100.0
Brass 6.6
Tungsten 4.%
Titanium 4.0
Steel 3.9
Chrome steel 1.4

(¥ Scanned with OKEN Scanner



13 ALANUBACTURING SCHINCH

- T rise proportionag :
(v) Relation (6,18) indicnten that (he murr should prop ately Wi

ames (oo large and apny
the mean grain dinmeter d. However, when '“m‘mnle':wy increnses rt:“l:l]?’ﬂ(llles
the m-t‘pullmlo ol the amplitude A, the crushing lende » Heillting
a (il in the mee as shown in Fg, 6,180, o conitals fie pilEber of -
\ , gelly controls ing
since the concentration directh , .
(v Since the e itude of each impact. o
producing, impaet per eyele and also (he magnitude :; b mrlr ) éxl:e miy i
Y L ] [8 i v I A
expected (o depend on ¢, Buf relntion ((,,IR? Hlmwfi : Fig, 6.18b f B
be proportional to €Y, The actual variation is shown i Fig. 6, o0 lor B,C gyq
\‘k‘(“ l“ ives. This I8 in 0 firly pood ngreement with the theoretical predicgjq,
] A0rnsIves., KRB Jo i = 1 ' -, '
Since the mre inereases ns (Y (he increase in the mrr is quite low after C hag
\ ¢ the mr TCANCH o L .
5 i . T soncentration does not help,
crossed 30%. Thus, o further increase in the concentri I

Theorelical //

Q) / Q

Y / ©

B L E

s Actual o

5 5

g g i

[ ™ I

£ E |

é = |

P S g
|

0 30

Mean grain diameter d Abrasive concentration C (%)

(a) Variation with grain diameter (b) Variation with concentration

Fig. 6.18 Material removal rate characteristics in USM.

Apart from the foregoing process parameters, some physical properties (e.g.,
viscosity) of the fluid used for the slurry also affect the mrr, Experiments show
that the mrr drops as the viscosity increases (Fig. 6.19a).

Though the mrr is a very important consideration for judging the performance
of an USM operation, the quality of finish obtained has also to be considered
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Fig. 6.19 Dependence of material removal rate
on viscosity and effect of grain size
on surface finish.

kHz. The fracture hardness of WC can be approximately taken as 6900 N/mm?.
The slurry contains 1 part of abrasive to about 1 part of water.

STOLUTION Since relation (6.18) yields only a qualitative result, let us
first find out an approximate expression giving the mrr in terms o'f the otber
Quantities. To do this, let us assume that the volume removed per grit indentation P
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