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The article presents the effect of electrode infeed in finishing
machining of disk fir tree slots made of Inconel 718 alloy on
shape accuracy and surface roughness in WEDM (wire
electrical discharge machining).
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A common method of turbine disk’s fir tree slot machining
is broaching. Due to the high costs of tools and broaching
machines, long time of tools designing and manufacturing
and necessity to resharpening and recoatings, alternative
methods of fir tree slots machining in turbine disks are still
being researched [1-4]. One of those methods is wire electro-
discharge machining WEDM. Its application in production of
responsible machine parts is currently the subject of many
research works. This method allows a significant reduction in
production costs and increase production flexibility due to the
use of a universal tool, such as thin wire, and simple machine
programming [2-5].

The accuracy of the WEDM machining depends largely on
the vibrations and deflection of the electrode caused by the
forces accompanying the erosion process. The reduction of
the forces impact on the shape accuracy can be obtained in
additional, finishing passes of wire electrodes [2, 6-8].

The purpose of this research was to determine the effect
of electrode infeed on shape accuracy and surface
roughness in finishing fir tree slot machining made of Inconel
718 alloy.

Fir tree slots WEDM machining

The turbine rotor is made of blades and a turbine disc (fig.
1). The blades are fixed in the disc by fir tree slots. Typical fir
tree slots have from two to seven protrusions, while in
aerospace applications — two or three pairs usually.
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Fig. 1. Turbine rotor: 1 — blade, 2 — turbine disc, 3 — fir tree slot
[9, 10]

The surface of fir tree slot (fig. 2) is most often a ruled
surface, which allows it to be machined by using WEDM
cutting method. The first characteristic line is the profile of fir
tree slot, while the second is the fir tree slot line. The
machining accuracy requirements apply to the profile and the
line of fir tree slot.
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Fig. 2. Profile and line of fir tree slot
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In the WEDM machining there are four types of forces
acting on the electrode, which cause its vibration and
deflection, and as a consequence — machining errors. Those
forces are: discharge reactions forces, electrostatic force,
hydrodynamic force and electromagnetic force [2, 6, 8]. Two
forces act during the discharge: discharge reactions forces
and the electrodynamic force. The electrostatic force occurs
in the gap between the discharges, while the hydrodynamic
force influence is still present.

Research conditions

The tool was a brass wire electrode with 20.25 mm
diameter. The samples were made in the form of one side of
fir tree slot (fig. 3). The width of the slot (workpiece height)
was 30 mm.
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The machining was carried out on a Mitsubishi FA10S wire
electro-discharge cutting machine (fig. 4). The current and
voltage waveforms were recorded using the Hioki CT6843
current probe, Rigol RP1300H voltage probe and the Rigol
DS1074Z oscilloscope. The cutting process was performed
in immersion in dielectric — demineralized water. The

positioning error of the machine was 1 pm.

Fig. 3. Fir tree slot with marked measuring grid (parts of the sample:
d — lower, s — middle, g — upper, p — flat surface, w — inner radius,
z - outer radius, | - profle measuring path,
Il — measuring path of the slot line)

Measurements of profile deviations Ak and line deviations
Ap were made on the Mahr XC20 contourograph. The
measuring lines of the profile deviations are marked with blue
color. Three paths were determined at equal distances over
the entire width of the slot: in the lower part (d), in the middle
(s) and in the upper part (g). Line deviations were measured
in the normal-to-feed direction and are marked in red.
Measurements were made on straight surfaces (p), outer
radius (z) and inner radius (w). The obtained profiles were
compared with the nominal profile generated from the CAD
model. Measurement of deviations of the profile and the slot
line was carried out five times for each measuring path.

The samples were made in the technology provided by the
WEDM machine manufacturer for the group of steel materials
[11]. In the first pass, rough cutting was carried out and in the
second pass finishing cutting was carried out using a variable
value of the infeed parameter z = 5+60 ym with step of 5 um.
The machining parameters are given in the table.

TABLE. Machining parameters

1 2
(rough cut) (finish cut)
43 57
170 179
24 14
15 19
2,5 4,8
=210 ~14

Fig. 4. Research stand: 1 — Mitsubishi FA10S WEDM -cutting
machine, 2 — Rigol RP1300H voltage probe, 3 — Rigol DS1074Z
oscilloscope, 4 — Hioki CT6843 current probe

Measurements

The shape deviations Ak and rectilinearity deviations Ap of
the measured profiles are shown in fig. 5 and fig. 6.
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Fig. 5. Fir tree slot profile deviations Ak (parts of the sample: d —
lower, s — middle, g — upper) depending on the infeed z
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Fig. 6. Fir tree slot line deviations Ap (parts of the sample: p — flat
surfaces, w — inner radii, z — outer radii) depending on the infeed z
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In the infeed range z = 5+45 pm, Ak deviations had
a similar value — from approx. 13 ym to 17 uym. The
exceptions were deviations for infeed z = 20 ym, which were
below 10 ym and were the smallest of all measurements.
A significant increase in the deviation values can be seen for
infeed z = 50 ym and larger.

For infeed from the range z = 5+30 um, deviations Ap,
measured at inner radius, are higher than on flat surfaces and
outer radius. For subsequent infeeds, those differences are
much smaller. The lowest deviation values were measured
for infeed z = 35 ym and z = 60 ym.

Straightness deviations Ap on the outer and inner radius
take the form of hourglass (fig. 7a). When comparing the
lowest straightness deviations obtained with infeed z = 35 ym
and z = 60 uym, it can be seen that for the infeed z = 35 ym,
the electrode deflection occurred during radii machining. Only
for the infeed z = 60 uym the distribution of deviations on the
radii was regular (fig. 7b).
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Fig. 7. Distribution of straightness deviations Ap on the inner radius
for infeed: a) z = 35 ym, b) z=60 ym
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Fig. 8. Surface roughness Sa of the tested samples (parts of the
sample: d — lower, s — middle, g — upper) depending on the infeed z
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Fig. 9. Highest surface height Sz of the tested samples (parts of the
sample: d — lower, s — middle, g — upper) depending on the infeed z

Surface roughness measurements were made on the
Infinite Focus microscope of Alicona. They were repeated five
times in each mentioned area (d, s, g). The results of
measurements of surface roughness parameters Sa and Sz
are shown in fig. 8 and fig. 9.

The lowest values of the surface roughness Sa were
measured for the infeed z = 35 ym. Both increasing and
decreasing the infeed increased the value of the parameter
Sa. A similar tendency was noted for the parameter Sz. Its

lowest values were obtained for infeed in the range of
z = 30+40 um.

Conclusions

Smaller infeed values resulted in machining on an
incomplete workpiece height. For the infeed in the range of z
= 5+10 pm, there were only a few erosion processes in the
finishing cutting path. On inner radius, the values of
straightness deviations increased in comparison to flat
surfaces and outer radius. Deviations on the radius took a
characteristic distribution in the form of hourglass. The
exception was the sample made with the infeed z = 60 ym —
in this case the distribution of deviations was regular. For this
infeed value, the minimum deflection of the electrode was
obtained.

Infeeds from the range of z = 30+40 ym allowed to reduce
the value of Sa and Sz parameters. The lowest values have
been obtained for the infeed z = 35 ym. Infeed from 40+60
Um caused an increase in the values of Sa and Sz
parameters. Above z = 60 pym there were short-circuits
between the electrode and the workpiece, which made
machining impossible.

In the finishing cutting path, the erosion processes and
accompanying phenomena occur mainly in the normal-to-
feed direction, on one side of the electrode. The change in
infeed affects the force values during erosion and,
consequently, also the machining accuracy.
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