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Abstract
Tungsten heavy alloys (WHAs) are typical two-phase alloys consisting of tungsten grains and matrix phase. WHAs have many
important applications in various fields due to their excellent physical, chemical and mechanical properties. With the development
of defense industry and precision instruments, the demand for WHA components with complex shapes and high surface quality is
increasing. Conventional machining methods can not satisfy the demand. Because of the bad machinability of tungsten grains, many
problems are encountered, such as severe tool wear, large cutting force and low processing efficiency. To solve these problems, a
new processing strategy has been proposed including modifying the surface with selective electrochemical etching of tungsten grains,
and mechanical machining. The modification is conducted, and the surface morphologies of 95W-3.5Ni-1.5Fe samples before and
after the modification are presented to verify the electrochemical effect. Then the experiment is conducted combining the
modification with grinding. The results of processing quality show that the assistant of electrochemical action can remove the
difficult-to-machine tungsten grains. Thus, the surface roughness, cutting force and residual stress are reduced. This paper provides
a reference for the processing of WHAs.
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1. Introduction
Tungsten heavy alloys (WHAs) are generally composed of
tungsten grains and matrix phase [1], in which the content of
tungsten can reach 90% [2]. They are widely used because of
their excellent properties [3]. However, the machining of WHAs
encounters many problems especially the large cutting force and
the tool wear due to the bad machinability of the tungsten grains
[4].
Some research on improving the processing quality in the
cutting process of WHAs has been reported [5-7]. The
effectiveness of ultrasonic vibration and nitrogen cooling has
been verified, nevertheless, the processing efficiency is still low
or complex device is essential in these methods.
In our previous research [8], a new processing strategy was
proposed: modifying the surface with selective electrochemical
etching of tungsten grains, followed by mechanical machining.
The Na2CO3 solution and the potential in oxygen region were
used and the modification of 95W-3.5Ni-1.5Fe alloy was
achieved as expected. Tungsten grains were selectively etched
and only the matrix phase was remained, which left a porous
modified layer. This method is expected to avoid the machining
problems caused by tungsten grains.
In this paper, the electrochemical assisted grinding
experiment based on the proposed processing strategy is carried
out. The conventional grinding experiment is conducted for
comparison. The surface quality, grinding force and residual
stress are evaluated to verify the feasibility of the strategy.
2. Experimental
The experimental setup is as shown in Figure 1. In the
experiment, the workpiece made of 95W-3.5Ni-1.5Fe alloy with

a size of 25 mm * 10 mm * 20 mm was the anode. The cathode
was a copper block with a size of 15 mm * 6 mm * 10 mm. Before
the experiment, the sidewall of the cathode was insulated with
epoxy resin. The electrolyte used in the experiment was 20%
Na2CO3 solution. The surface of workpiece was firstly
electrochemically modified, and then it was grinded by 150#
ceramic bonded diamond cup wheel. The dynamometer (Kistler
9257B) was used to detect the grinding forces. The residual
stress was detected by X-ray diffraction (XRD). The current
applied in electrochemical modification is 4 A. Other
experimental parameters are shown in Table 1.

Figure 1. Experimental setup for grinding with electrochemical
modification.
Table 1 Experimental parameters.
Wheel speed
10000rpm

Feed rate
0.5 mm*s-1

Feed depth
70 μm

3. Results and discussion
The effect of modification is shown in Figure 2. The 95W-3.5Ni1.5Fe alloy consists of two phases: tungsten grains and matrix
phase. Compared with unmodified workpieces, tungsten grains
are selectively removed by the modification, leaving the
skeleton of the matrix phase. The modified surface has a porous
structure.

action is a stress-free method, so the reduction of residual stress
is foreseeable. As shown in Figure 5, the residual stress reduced
from approximately 2176 MPa to 1349 MPa.

Figure 5. Residual stresses after the grinding experiments.
Figure 2. Morphologies of the workpiece before (a) and after (b)
modification.

As shown in Figure 3, the surface quality of grinding after
electrochemical modification is better than that of conventional
grinding. The surface roughness is improved from Ra 196 nm to
Ra 121 nm. The porous structure formed in the modification step
is removed. The improvement of surface quality may be caused
by the prevention of grinding wheel wear.

Figure. 3. Morphologies of the workpieces after grinding with
electrochemical modification (a) and without modification (b).

Figure 4 compares the grinding forces. After the modification,
the grinding force decreases obviously. The difference between
the hardness of two phases in the tungsten alloy is significant.
Through the modification, tungsten grains with higher hardness
are removed, and the remaining matrix phase is soft and porous,
so the reduction of grinding force meets the expectation.

Figure 4. Forces in the grinding experiments.

95% of the materials are tungsten grains, and these tungsten
grains are removed by electrochemical action. Electrochemical

Although the grinding force and residual stress have been
reduced, the reduction is less than expected. The cause is
speculated to be the incomplete removal of some tungsten
grains in the bottom of modified layer.
4. Summary
In this paper, experiments are carried out to verify the effect
of the proposed modification method. The results show that the
removal of the tungsten grains can reduce grinding force and
residual stress, and surface quality can be improved. The
modification method by selective electrochemical etching of
tungsten grains shows a good prospect in the processing of
tungsten heavy alloys. However, the machining mechanism and
tool wear mechanism after modification have not been
revealed. Future work will focus on revealing the mechanism
and improving processing quality.
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