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Abstract 
The goal of this study is to investigate the capability of electrolytic in-process 

dressing (ELID)-grinding for achieving high material removal rate (MRR) on 

hardened steels without adversely affecting the surface quality of the workpiece.  

Grinding experiments with wheels of ~50µm grits on a cylindrical grinder (Studer 

S20) indicate that the best achievable roughness is mainly determined by the abrasive 

grit size and depends very little on the grinding technique (ELID versus conventional 

grinding), nor on the bonding type of the wheel. With higher material removal rate 

chattering was observed in ELID-grinding. Experiment results also showed that the 

grinding ratios of ELID-grinding with 50 µm cBN abrasives can be 5 to 10 times 

higher than that in conventional vitrified grinding with the same grit size.  

1 Introduction 

Hardened steels are widely used in the bearing and power transmission industry and 

are still often ground with vitrified grinding wheels. These wheels are less wear 

resistant and less profile consistent than metal-bonded wheels, but have reasonable 

(self-)dressing capabilities. This disadvantage can be overcome in ELID-grinding, 

where the dressing is done electrochemically as to keep the metal-bonded wheel 

sharp continuously. Although it has already been reported in various applications that 

ELID-grinding is an effective grinding technique for obtaining ultra-smooth surfaces 

on advanced ceramics, cermets and hardened steels [1], the economic aspect remains 

an issue for potential industrial implementation. Since metal-bonded wheels are about 

10 times more expensive than conventional wheels, metal-bonded wheels must be 

able to grind at least 10 times more efficiently in order to be industrially relevant. The 

goal of this research is to obtain a surface roughness better than 0.1 µm Ra while 

achieving the MRR and grinding ratios as high as possible. Preliminary experiments 

have been carried out on a cylindrical grinder.  

2 ELID-grinding experiments of hardened steel 

2.1  Experiment set-up 

Experiments were conducted on the Studer S20 cylindrical grinder that has been 
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retrofitted for ELID-grinding. As shown in Figure 1, a brass ELID electrode is fixed 

above the grinding wheel with a clearance of about 0.2 mm and it is electrically 

isolated from the machine body. The wheel for ELID grinding is a CIB cBN grinding 

wheel with mesh size of #325 (grain size ~50µm), diameter of ds,e = 305 mm and 

width of be = 10.4 mm. The grinding wheel is connected to the positive pole of the 

ELID power supply (FUJI ELIDER 921) through a brush contact at the wheel center. 

For the sake of comparing ELID-grinding with conventional grinding, a corundum 

wheel of grains size ~60µm was used. Other specifications of the corundum wheel 

are: diameter ds,c = 347.5mm and width bc = 32.8 mm.  

 

Figure 1: ELID-grinding setup 

 

Figure 2: Carbon content in workpiece top 

Several sets of metal (18CrNiMo7-6) rings were used as the workpiece (Figure 1). 

First the rings were turned and then they underwent the same surface treatment as the 

blanks for normal gears. After the heat treatment, the carbon content of a reference 

part was examined. The results as depicted in Figure 2 suggest that the material 

properties on the top layer of 2 mm can be assumed to be constant. To minimize the 

effect of variation in carbon content, the rings were always first ground to the same 

diameter in each set of experiments.  

2.2  Influence of ELID on grinding force 

The influence of ELID on the grinding force was investigated using the same CIB-

cBN wheel with the ELID power turned on and off. The tangential grinding force has 

been calculated indirectly through the measurement of the spindle motor power 

consumption in the experiments, with results as shown in Figure 3 and Figure 4. The 

grinding force increased noticeably from 9N to 11N in three sequential grinding 

experiments with a metal-bonded wheel without ELID, while in the case of ELID-

grinding the grinding force remained within 7N to 8N.   
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Figure 3: Grinding force without ELID 

 
Figure 4: Grinding force with ELID 

These experiments were done at a feed rate of 4.5 mm/s and a depth-of-cut of 4 µm. 

The roughness was measured after 67, 133 and 200min, and stays very stable (Figure 

5). Although without ELID the grinding force is higher, there is no obvious variation 

in roughness. This suggests that ELID is not benificial in this case. 

 
Figure 5: Surface roughness vs time in grinding with metal-bonded wheels 

2.3 Comparison of ELID-grinding and conventional grinding 

Figure 6 shows the variation of surface roughness with the increase of MRR in both 

conventional grinding and ELID-grinding.  

 
(a) Conventional grinding 

 
(b) ELID-grinding 

Figure 6: Surface roughness vs MRR in ELID and conventional grinding 

Within the material removal rate of 8mm3/s, both processes show a small increase in 

surface roughness with increasing MRR, and there is no obvious difference between 



Proceedings of the 12th euspen International Conference – Stockholm – June 2012 

the two processes. It can be concluded that ELID-grinding with wheels of big grits 

has no obvious advantage over conventional grinding regarding surface roughness. 
Since the width (10mm) of the CIB-cBN wheel is not the same as the width 

(32.8mm) of the corundum wheel, the results were checked in function of the 

specific MRR (sMRR), which is the MRR (mm3/s) divided by the wheel width 

(mm). The roughness varies from 1.7 µm Rz at sMMR of 0.1 mm2/s to 2.5 µm Rz at 

sMMR of 0.8 mm2/s (Figure 7). With sMMR bigger than 0.8 mm2/s chattering 

occurred in ELID-grinding. A stiffer clamping system is necessary to further 

improve the sMMR on this machine. Furthermore, the grinding ratio of ELID-

grinding with CIB-cBN wheel (~50) is more than 6 times higher than that of 

conventional grinding (~8). 

 
Figure 7: Comparison of sMMR 

3 Conclusions 

ELID-grinding of gearing steel with a CIB-cBN wheel of big grits (50µm) presents 

no obvious advantage over conventional (corundum) grinding in terms of surface 

roughness, although its grinding ratio (~50) is higher. Further investigation with 

wheels of finer grits is necessary to verify its feasibility for industrial applications. 
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