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Fig. 1 —CO, laser assembly [M, M, metal bellows; §;, S,, screws; G, gas mixture tube; t, laser tube]. (The diagram is
not to scale) )

Fig. 2 — Mirror holder

The plasma tube is a double walled pyrex tube
(86 cm long and 1-5 cm int. diam.) fitted with neon
sign electrodes about 70 cm apart. The tube, as
well as the electrodes, is cooled by running water.
The tube is connected to flexible metal bellows

by vacuum tight and detachable neoprane O-ring

joints. The other sides of the bellows hold the
mirrors against O-rings (Fig. 2) and are held firmly
by metal screw caps. The whole assembly rests
on two metal supports. ' »

The mirrors which form the optical cavity (a105
cm) are made of ordinary spectacle glass of 2 m
radius, vacuum coated with gold, and a plane
polished germanium plate. The mutual tilt of
the mirrors is adjusted by screws S;, S; and S,
(Fig. 2).

The tube is excited by a high voltage trans-
former, fed and controlled by a wvariac. A 100
kohm ballast resistor in the secondary stabilizes
the discharge. The total wattage expended in
the tube is typically below 40 W in order to obtain
laser action. Higher wattage leads to quenching of
the lasing action. The lasing was first detected by
a copper-constantan thermocouple. The junction
was welded to a copper foil 2%2 cm and black-
ened by carbon soot for easy detection. Later,
it was detected by paper soaked in cobalt chloride
on which a thin layer of paraffin wax was coated.
This paper turns intense blue at the spots where
the laser beam strikes and later on spot burns.
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The laser power increases with flowing nitrogen
as the additive, but flowing carbon dioxide and
air (1:1 torr.) also gave sufficient power to spot burn
papers, plastics, or thin perspex sheet. The average
power, measured by a colorimeter, is about 150 mW
for TEM,, mode.. Further work is in progress.

The author expresses his indebtedness to Prof.
S. C. Jain, Director, for his kind encouragement
and guidance during the ‘course of the work.
He is also grateful to Dr A. K. -Sreedhar, and
Dr D. S. Venkateshwarlu for helpful discussions.
His thanks are also due to ShriS. N. Mitra, Chief
Glass Blower, for his help in the fabrication of
the assembly. : ’
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The effect of connecting a diode across the spark gap
in electric discharge machining with a relaxation type
generator is discussed. It is found that the reduction
in tool wear increases with machining rate when a diode
is used across the spark gap.

ELECTRIC discharge machining (spark erosion -
machining) has come into use as an effective
tool for working on hard metals and alloys and for




SHORT COMMUNICATIONS

machining complex shapes’»2. The most widely used
circuit is of the simple relaxation type known as the
Lazarenko generator®. The circuit of the generator
is given in Fig. 1. The capacitor C receives charge.
from a dc source V through a resistance R. The
workpiece and the tool are immersed in a dielectric
fluid, usually kerosene. Both are connected across
the capacitor with a small gap between them, typi-
cally of the order of 20 pM. When the voltage
across C exceeds the breakdown voltage of the spark
gap, dielectric breakdown occurs and a certain
amount of material is removed from the workpiece
and the tool. The capacitor is discharged and the
operation repeats itself, resulting in the shape of the
tool being eroded into the workpiece. The distance
between the tool and the workpiece is continuously
adjusted by a ‘feed control’ servomechanism as
shown in Fig. 1. The voltage across the spark gap
is averaged through a low pass filter and compared
with a reference. The error is amplified and used
to control the tool-feed mechanism. By changing
the reference voltage the rate of feed can be
controlled.

For a given value of C the material removed per
spark 15 proportional to the energy stored in the
capacitor, which is given by E=4CV2 1If VV and C

SERVO-
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TOR

Dielectric
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Fig. 1 — Schematic diagram of the relaxation generator
[(A) Tool, and (B) workpiece]

_circulation of kerosene.

are fixed and if there are N spark-overs per minute,
the total material removed per minute is $CT2N.
Thus, the machining rate can easily be varied
by varying N. This is accomplished through the
variation of R.

In Fig. 1, L, and » are the effective inductance
and the resistance in the discharge circuit. Neg-
lecting the effect of the charging circuit, the dis-
charge current ¢ follows the familiar LCR equation.
As the lead resistance is usually very small, the con-
dition #2<C4L/C is satisfied and the current is oscil-
latory4, The tool is normally held negative to
reduce tool wear in machining due to the polarity
effectd. Because of the oscillatory nature of the
current, however, the roles of the tool and the work-
piece are interchanged every hali-cycle. This re-
sults in excessive tool wear while machining®. Many
methods to obtain unipolar pulses are mentioned
in the literature’. The idea of using a diode across
the spark gap is one of them®® No quantitative
results, however, seem to be available on the effect
of using a diode across the spark gap. In view
of the very high currents of the order of 1000 amp
or more and the comparatively low voltages in-
volved, only modern silicon rectifiers are suitable
for this purpose.

In the present study, the reduction in tool wear
has been measured using a power diode across the
spark gap as shown by dotted lines in Fig. 1. A
90 amp ([, rectifier, 90RSD9, was used. With,
this, it was possible to handle approximately 1000
amp of peak current which was encountered in the
spark machine used. A 06 mm thick mild steel
sheet was used as the workpiece. The amounts of
tool wear in making a complete through-hole with
and without the diode were measured and com-
pared for various values of C and R. A 9°5 mm dia-
meter brass rod was used as the tool and commer-
cial kerosene as the dielectric. The tool wear was
measured as the ratio of the loss of weight of the tool
to that of the workpiece. Each experiment was
repeated at least three times and the repeatability
of the results was very good. The results were
found to be the same with and without forced
This is easily explained
in view of the small depth of penetration and large

TABLE 1 — PERCENTAGE TOOL WEAR WITH AND WITHOUT A DIODE ACROSS THE SPARK GAP

Value  Voltage Value of R, ohms
cf C Y%
uF 85 10 17 34 67 100
WOD WD WOD WD ‘WOD WD WOD WD WOD WD WOD WD
25 60 35 33 39 38 37 35 40 36 * * * *
120 * 57 57 57 65 61 60 53 60 53 58 52
240 * * 61 44 79 60 76 68 72 64 65 59
50 60 38 38 33 33 37 37 42 41 * * * *
120 67 66 68 68 65 65 66 65 67 - 66 62 59
240 * * 77 58 90 65 85 68 80 62 71 64
100 60 41 38 42 42 40 39 43 40 * * * *
120 169 65 67 65 67 66 67 62 67 60 65 60
240 82 68 97 66 99 - 75 96 73 84 67 75 61

*Sparking unstable.

WD = with diode, and WOD = without diode.
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Fig. 2 — Tool wear reduction versus machining rate

volume of dielectric used. The results for various
values of R and C are given in Table 1,

Discussion — At 240 V supply voltage the toocl
wear reduction is appreciable and increases with in-
crease in the value of C (Table 1), At lower supply
voltages, there is only a slight improvement with
the use of the diode. This is to be expected, since
at lower voltages, the reverse voltage built up
is too low to cause any significant erosion of the
electrodes,

Fig. 2 shows the reduction in tool wear against
machining rate. -The general pattern shows increas-
ing improvement with increase in the machining
rate. Because of the limitations of the relaxa-
tion type generator neither the sparking volitage
nor the duration is the same for all the sparksi®,
So the absence of a perfect correlation between
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tool wear reduction and- machining rate is not
surprising. . - )

No improvement in machining rate is noticed with
the use of diode. Since an ordinary power diode -
is used there is a momentary reverse current
through the spark gap for a period of approxi-
mately one micro-second before the diode starts
conducting. To investigate . the effect of this
transient on tool erosion, a fast diode (a number of
MOTOROLA MR 836’s in pdrallel) with ‘ON’ time
much less than 50 nsec was used in place of the
90RSDY. The results were identical with those
obtained with the ordinary diode.

It follows that it is advisabie to use a power diode
across the spark gap as a regular feature in retaxe—

" tion type generators. This adds very little to the

cost of the machine and results-in reduced tool wear
under fast machining rates referred to as ‘roughing’.
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