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Abstract. In this work, we investigate the effect of the grinding wheel mor-
phology at grain scale on the stochastic aspects of the process. This morphology
was controlled through dressing conditions in order to optimize the ground
surface characteristics while minimizing their variance. It has been found that
under the same grinding conditions, the surface characteristics and their dis-
persion vary significantly according to the dressing parameters. For the case of
the grinding wheel (95A46M6V) dressed by a single-point diamond, a good
choice of dressing conditions allows to reduce the roughness from 2 to 0.76 µm
with a scatter less than 10% and to increase the hardening from 220Hv with a
scattering of 40% to 382Hv with a dispersion of 23%.
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1 Introduction

The grinding process, and despite its efficiency in terms of dimensional and geometric
accuracy of finished parts, is not sufficiently controlled owing to the large number of
dispersion sources resulting mainly from the stochastic nature of the grinding wheel
morphology. The removal of material is performed by a multitude of cutting edges with
random sizes, shapes, orientations and spatial distribution leading to different material
removal mechanisms, which consequently affects dispersions on mechanical surface
characteristics of ground parts (Liu and Yang 2001). The accurate identification of
ground surface characteristics is required to enhance the aptitude of component life
predictive models (Ben Moussa et al. 2014a, b; Sidhom et al. 2014a, b; Yahyaoui et al.
2015; Zouhayar et al. 2013). In most research work, the effects of dressing conditions
have been quantitatively evaluated through the finished surface characteristics and
cutting forces without investigation of the real grinding wheel topography after
dressing (Hadad and Sharbati 2016; Inasaki and Okamura 1985; Puerto et al. 2013).
Last years, the technical evolution of measurement and visualization equipment has
made it possible to evaluate the topography of the wheel (Badger and Torrance 2000;
Woodin 2014; Coelho et al. 2001; Darafon 2013; Hadad and Sharbati 2016; Xie et al.
2008; Kapłonek and Nadolny 2013). In literature reviews, several indicators have been
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used to assess the grinding wheel topography at the microscopic scale. These indicators
are commonly calculated from measurements made by contact and non-contact devi-
ces. The main obstacle often encountered in the investigation of the grinding wheel
topography using the most of these devices is the requirement of the destruction of the
wheel or its removal from the machine. In addition, in most research, the effects of
grinding conditions on surface integrity have been established without studying the
effects of dressing conditions on the stability of the ground surfaces characteristics. In
this study, we propose an experimental methodology for investigating, on site, the
effect of dressing conditions on the microscopic grinding wheel topography charac-
teristics. This methodology is used to determine quantitative indicators of dispersions
characterizing the grinding process. The analysis of ground surface characteristics for
different dressing conditions allows improving the aptitude of the grinding process to
remove material while reducing the scatter of ground surfaces characteristics by con-
trolling the dressing parameters.

2 Experiments

2.1 Material

Grinding operations were carried out on samples of austenitic stainless steel AISI304
with dimensions 15 � 35 � 8 mm. The chemical composition and physical properties
are given in Table 1. A stress-relief annealing treatment was applied to all samples to
remove the anterior residual stresses (Fredj et al. 2006).

2.2 Experimental Setup

The dressing and grinding operations are carried out in this work on a Teknoscuola
RT600 grinding machine having two automated axes in vertical and longitudinal
directions. Experiments were conducted using a Norton 95A46M6V vitrified aluminum
oxide grinding wheel. A motorized device was designed and mounted on the grinding
machine for controlling the dressing speed in the transverse direction Vd (Fig. 1). An
electronic dimmer (Altivar11) is used to vary the dressing speed between 0.5 mm/s and
10 mm/s. In this work, a single-point diamond dresser was used for truing the wheel
and generating fresh cutting edges (Fig. 1).

Table 1. Chemical composition and mechanical properties of the AISI 304 stainless steel.
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The dressing conditions, summarized in Table 2, were choose according to the
specifications recommended by the wheel manufacturer (Norton). The speed of the
spindle is kept constant during the dressing operations at a value of 2700 rpm. After
each dressing condition three grinding pass (Vw = 5.7 m/min, ae = 30 µm) are per-
formed on the prismatic pieces of austenitic stainless steel AISI 304.

2.3 Examination of Grinding Wheel Surface

In this work, the characterization of the grinding wheel surface morphology is per-
formed using a Carson MM-840 digital microscope type. For a magnification of 75x,
ten zones of the grinding wheel with dimensions of 5.71 � 4.28 mm were observed
after each dressing condition. In this study, the cutting-edges density A (%) and the
spatial distribution of cutting edges R are chosen as evaluation indicators of the
grinding wheel topography. The differentiation of peaks and hollows in acquired
micrographs requires a good positioning of the light source (Fig. 2a).

For the observed zone, about 100 high quality micrographs with a resolution of
3200 � 2400 pixels were performed varying the angle of capture. These micrographs
were processed using a freeware SFM (structure from motion) photogrammetry pro-
gram (Wu 2013) to create a three-dimensional model of the observed zone. The
intersection between the 3D model and a virtual plane distant from the highest point by
the depth of pass ae allows determining the active edges surface area (Fig. 2b).
Thereafter, the image processing program ImageJ (Schneider et al. 2012) is used to
determine the cutting-edge density by analyzing micrographs of 10 spaced zones of
grinding wheel after each dressing or grinding operations. For this purpose, all colored
micrographs are converted to gray scale picture where for each pixel a gray level
between 0 and 255 is assigned. Thereafter, a binary segmentation process was applied

2

3

1

Fig. 1. Dressing feed variation device: dresser (1), trainer table (2), grinder magnet table (3)

Table 2. Dressing conditions.

N° 1 2 3 4 5 6 7 8 9

Vd (mm/s) 1 1 1 5 5 5 10 10 10
ad (µm) 5 15 30 5 15 30 5 15 30

Analysis of Surfaces Characteristics Stability in Grinding Process 223



to all pixels to convert those with a gray level below a threshold to black and the others
representing the distribution of the active edge to white. The threshold is determined
after testing several thresholds and a value of 200 was chosen since it gives a value of
active surface equal to that obtained from three-dimensional model.

2.3.1 Evaluation of Cutting-Edge Density and Spatial Distribution
Figure 4 shows the effect of dressing velocity Vd and dressing depth of pass ad on
cutting edge density. Coarse dressing (high ad and Vd values) results in macro-
fractures of the grit and complete dislocations of grain blocks and coolant, which
explains the decrease in the density of the cutting edges. On the other hand, the fine
dressing (low ad and Vd values) makes the surface of the grinding wheel more closed,
which results in the appearance of a higher number of light areas in the micrographs,
therefore an increase in the density of the active surfaces is obtained.

The spatial arrangement of active cutting edges is determined from their center
coordinates using a code developed in this work and based on the nearest neighbor
search method (Taylor 1977). Figure 3 shows a decrease of the spatial dispersion of the
active edges R when dressing is carried out under coarse conditions. It is noted that the
decrease of the dispersion index R depicts an accumulation of active surfaces due to
grits fracture and stripping under high dressing velocity and depth of pass.

2.4 Evaluation of Workpiece Characteristics

2.4.1 Effect on the Stability of the Roughness Indicators
Figure 4 shows an increase of roughness (Ra = 2 µm) when grinding wheel dressing is
performed under coarse conditions. This effect is in agreement with the results found by
(Hadad and Sharbati 2016) and (Puerto et al. 2013) when grinding a St37 mild steel and
F-5229 steel, respectively with conventional alumina-grinding wheels dressed using a
single tip dresser. In addition, roughness covariance is the highest (about 30%) for
coarse dressing condition. This result can be explained by the increase in the hetero-
geneity of the grinding wheel morphology resulting from coarse dressing. For fine

(a) (b)

ae=30μm

PeaksHollows

Fig. 2. Micro topography of grinding wheel
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dressing condition, roughness value is decreased to 0.76 µm with a dispersion less than
15% due to the increase of the active edge density and the regularity of their spatial
distribution on the grinding wheel surface.

2.4.2 Effect on the Stability of the Microhardness Distribution
The analysis of spatial distributions of microhardness on the ground surfaces is carried
out by performing grids of 100 indentations spaced by 50 µm for all dressing condi-
tions. The fine dressing conditions result in a smooth grinding wheel with dense active
surfaces, which results in an increase of area interacting with the workpiece material.
Figure 5 shows that fine dressing leads to an increase of averaged microhardness while
minimizing its covariance. On the other hand, the coarse dressing condition leads to
low microhardness average along with highest covariance.

Fig. 3. Effects of dressing conditions on cutting edges: (a) density, (b) spatial dispersion
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Fig. 4. Effect of dressing conditions on ground surface roughness values and dispersions
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3 Conclusion

The main objective of this study is to analyses the effect of the random aspect of the
grinding process on ground surface characteristics and their stability.

A new method for characterization of the grinding wheel morphology and its ability
to remove material has been proposed. This method is based on the acquisition and
analysis of micrographs in real-time in different areas of the wheel that allowed
determining the density of active surfaces and their spatial dispersion.

The grinding wheel morphology is successfully controlled by mean of dressing
conditions allowing a significant enhancement of the distribution of surface roughness
and hardness.
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