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Abstract:  Jet Electrochemical Machining
(Jet-ECM) is an unconventional procedure us-
ing localized anodic dissolution for microma-
chining [1}, 2, 3} [4]. An increasing of the elec-
trolyte temperature e.g. from 20°C to 35°C
will lead to an increase of the electrical con-
ductivity of the electrolyte by about 30 % and
to a reduction of the dynamic viscosity of the
electrolyte by about 25%. Both will improve
the process. Therefore a Jet-ECM tool sys-
tem with integrated heating cartridge was de-
veloped at Chemnitz UT and COMSOL Mul-
tiphysics was used to simulate the tempera-
ture distribution in the tool system for differ-
ent heating powers.

The model was created by help of import-
ing the CAD data of the tool system into
COMSOL and consists a coupling of fluid flow
and convection and conduction. The results of
the simulation will perspectively help to design
the experimental investigations in high tem-
perature Jet Electrochemical Machining
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1 Introduction

The basic principle of all applications of ECM
in production engineering is an anodic dissolu-
tion of metallic work pieces at their interface
to a liquid ion conductor, called electrolyte,
under the influence of electric charge trans-
port. Electrochemical Machining with a closed
electrolytic free jet (Jet-ECM) is an innovative
form of electrochemical removal, which applies
high current densities connected with a high
degree of local removal, a high localization of
erosion and a high surface quality.

The potential of Jet-ECM as micropro-
duction technique is currently investigated at
the Chair Micromanufacturing Technology at

Chemnitz University of Technology. The re-
search work concentrates on several emphases.

First main focus is machining of micro ge-
ometries by Jet-EC milling. As example figure
shows a detail of a cavity with a total length
of 4521 pm which was machined 10 times using
300 pm/min nozzle movement velocity. That
means a total processing time of 150,7s. The
mean current density in the jet at the begin-
ning of machining was about 1000 A /cm?. The
cavity is about 180 pm deep and 190 pm wide.
The roughness parameters in the cavity are
Rz~ 1pm and Ra~0,1 pm.

Figure 1: Applying Jet-ECM produced
microcavity in stainless steel

As second emphasis the procedure is inserted
for the manufacturing of microstructured sur-
faces. Figure [2] shows as example a detail of a
microstructured surface which was machined
with 100 Jet-ECM point erosions. The gener-
ated calottes, which have a processing time of
0,2 seconds, are about 15 um deep and 200 pm
in diameter. The roughness parameters in the
calottes are Rz~ 1pm and Ra~ 0,1 pm.

The third main focus is the simulation of
electrochemical machining, in particular the
Jet-ECM [5], [6l [7]. Not at least also other
procedures for micro machining are simulated

with COMSOL Multiphysics [§].



Figure 2: Applying Jet-ECM produced
microstructured surface in stainless steel

To be able to investigate the influence of the
electrolyte temperature on the Jet-EC Ma-
chining result a tool system with integrated
heating cartridge was simulated and realized.
The model, which is illustrated in figure[3] was
created by help of importing the CAD data of
the tool system into COMSOL.

A photo of the realized tool system is
shown in figure [l To realize the tempering a
high-capacity pipe cartridge by the type RPT
2,2x4,3 of the company Tirk+Hillinger GmbH
is used in connection with a temperature reg-
ulator of the type 2204E of the company FEu-
rotherm Germany GmbH.

All performed simulations consists of a cou-
pling of fluid flow and convection and conduc-
tion, whereas the temperature of the heating
cartridge was varied to investigate the influ-
ence of different heating rates.
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Figure 3: Scheme of the model
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Figure 4: Photo of the realized tool system

2 Geometry and Mesh

The geometry of the model was generate by
importing the CAD Data of the tool system
which was designed in Autodesk Inventor. For
simplicity a rotational symmetric model was
created. Figure [5| shows the geometry with
the mesh and the axis of symmetrie.

! Axis of
| symmetrie

z[m]

r[m]
Figure 5: Geometry and mesh of the model

The mesh was generated with the standard
meshing parameters of COMSOL. It consists
of 3432 elements.

3 Subdomains

For all subdomain definitions the COMSOL
Material Library was used. The model con-
sists of three different groups of subdomains
which are obvious in figure [3] All green sub-
domains in figure [3] are defined as steel 1.6565
with a starting temperature of 20°C. The heat-
ing cartridge which is red in figure [3]is defined
as 1.6565 too, but with the heating tempera-
ture Theat-



Blue in figure [3| the electrolyte is marked
which was defined as water. In this subdomain
heat transfer is defined to be done by the ve-
locity field of the incompressible Navier-Stokes
flow. The Navier-Stokes flow is only active in
the electrolyte subdomain.

4 Boundaries

All inner boundaries are defined as continuity
and for simplicity all outer boundaries are de-
fined to be thermal insulation. On the top of
the tool system the electrolyte supply is con-
nected. That means in the simulation here
we have an entrance velocity of 0,034 m/s and
room temperature. That means a flow rate of
10 ml/min which is typical for Jet-ECM. On
the bottom of the electrolyte subdomain the
jet leaves the nozzle with the boundary condi-
tions pressure 1-10°Pa and convective flux.

5 Results

Figure [6] shows the velocity field of the elec-
trolyte in the nozzle as result of the incom-
pressible Navier-Stokes application mode. The
electrolyte is accelerated up to 28,684 m/s and
has a mean velocity of 21,22m/s. This veloc-
ity field is used to calculate the heat transport
through convective flux in the convection and
conduction application mode.
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Figure 6: Velocity field in the Jet-ECM nozzle

To analyze the function of the heated tool
system simulations were done for the heat-
ing temperatures 30°C, 40°C, 50°C, 60°C
and 70°C. As example result figure [7] shows
the temperature distribution for T},c.; = 50°C.
As expected the highest temperature can be
found in the area of the heating cartridge.

The electrolyte temperature increases system-
atically from the entrance to the Jet-ECM noz-
zle.
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Figure 7: Temperature distribution in the tool
system for Theat =50°C

To get a closer look on the temperature dis-
tribution in the Jet-ECM nozzle figure §shows
this detail enlarged. It can be found that the
electrolyte leaves the nozzle with a mean tem-
perature of approximate 39°C.
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Figure 8: Temperature distribution in the
Jet-ECM nozzle for Theas = 50°C
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Figure 9: Temperature of the jet as function of
the heating temperature



The correlation of the temperature of the
jet as function of the heating temperature is
shown in figure )] Deductive the simulated jet
temperature is a linear function of the heating
temperature.

6 Conclusions

In this study a Jet-ECM tool system with in-
tegrated heating cartridge which was devel-
oped at Chemnitz UT was simulated with
COMSOL Multiphysics. The temperature dis-
tribution in the tool system was analyzed for
different heating powers. In this simplified
model which is the first approximation for the
tool system a linear function for the jet tem-
perature results.

Next steps will be first experimental inves-
tigations e.g. on the temperature of the jet.
Furthermore the influence of the temperature
on the processing results will be studied.
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