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Abstract. This paper proposes a new algorithm for predicting the cross-sectionalsurface roughnesst of the
workpiece for the grinding process, which reduces three-dimensional modeling to two-dimensional
modeling by virtue of the cross-sectional area of the undeformed grinding chip. Besides, this paper
develops a search technique to figure out systematically the surface roughness in order to determine the
final cross-sectional surface roughness produced by thousands of grinding wheel grains with randomly
distributed protrusion heights. The simulated results are consistent with the measurement data,which proves
the effectiveness of the proposed algorithm.

1 Introduction
The face gear transmission performance, vibration, noisy
and working life are decided by tooth surface in a great
extent. In Engineering, the surface roughness is usually
measured perpendicular to the grinding direction. The
typical sampling length for the grinding surface
roughness measurement is 0.8 mm, and usually the
evaluation length should contain 5 consecutive sampling
lengths. Current methods, however, aim at three-
dimensional area simulation which is carried out on a
rather small scale [1-5]. Much more time will be
consumed if the simulation scale is increased. In this
paper, a new algorithm is developed for predicting the
cross-sectional surface roughness of the workpiece for
the grinding process. It can simulate an arbitrary cross-
section of the surface topography, and take into
consideration the random distribution of the grain
protrusion heights. First, the principle of the simulation
technique is introduced by virtue of the cross-sectional
area of the undeformed grinding chip to reduce three-
dimensional modeling to two-dimensional modeling.
Then, the interaction of grain with cross section is given
and the projection of the undeformed grinding chip on
the cross-section is studied. Still, a search algorithm is
developed to obtain the final surface roughness. Finally
the simulation results are given and verified in part of
characteristic in comparison with experimental data.

2 Simulation Technique
The schematic diagram of surface grinding is shown in
Fig.1. A xyzo  coordinate system is set with its
origin o fixed on the grinding wheel spindle. The cross-
section I is any work-section perpendicular to the
grinding direction. The abrasive grains in the grinding
wheel are represented with polar coordinates (  ,,y ).

In order to simplify the grinding kinematic analysis, the
assumptions adopted in the present work for predicting
the cross-sectional surface roughness are as follows: 1)
the abrasive grains are conical in shape; 2) the
distribution of the grain intervals is uniform, and the
grain interval )(mmL can be determined as
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   [6], where M is the grit number and

S is the structure number of the wheel; 3) the grain
protrusion height h is distributed with mean value 
and standard deviation  .  is given by 4.168 M , and
 can be estimated as 3/)682.15( 4.11   MM .
During the grinding process, the grains on the surface

of the wheel pass through the workpiece and cut a
portion of the workpiece material. The final topography
of cross-section I is the surface shape of the material
remaining on the cross section after the passage of all the
engaged grains through the cross-section. The generation
of the cross-sectional surface is sketched in Fig.2, where
the numbers represent the grains in one row. According
to the assumptions, the grain protrusion heights are
subject to Gaussian distribution, in j row, not all the
grains will leave marks on the cross-section and those
that do will be the ones trajectory with low intersection
with the cross-section.
The simulation comprises three steps: (i) the

intersecting point of the arbitrarily distributed grains in
j row with the cross-section is calculated, and
subsequently, the lowest point is calculated in j row; (ii)
the grain protrusion height associated with the lowest
point is confirmed and the intersection of the two
adjacent triangles is calculated; (iii) surface generation is
simulated geometrically with reference to the shape of
the projection triangle.
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Fig.1 Kinematic relation between wheel and workpiece.

Fig.2 Schematic of the cross-section generation during
grinding.

Fig.3 The intersecting point of the arbitrarily distributed grains

in one row with the cross-section.

2.1 Intersecting Point of the Arbitrarily
Distributed Grains in one Row with the Cross-
section

The intersecting points of the arbitrarily distributed
grains m and n in one row with the cross-section are is
shown in Fig.3. In the zx  coordinate system, the
trajectory of grain m can be expressed as
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where mx is the moving distance of the wheel center
when grain m becomes involved in grinding, and it can
be expressed as
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Since m is small, it can be approximated

that mm  sin . Substitute it into Eq. (1) and the
equation can be simplified to
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Substitute Eq. (2) into Eq. (3) to eliminate parameter m ,
then the equation can be expressed as
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Set Ix as the distance between the cross-section I and
the origin of the coordinate, and then the intersecting
point of grain m with the cross-section I can be
expressed as
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Similarly, the intersecting point of grain n with the
cross-section I can be expressed as
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The smaller value of mz and nz is chosen as the final
intersection which will leave marks on the cross-section.
Set ea as the depth of cut and min as the minimum
radius in one row, and then the limit value of the
intersection of the grain with the cross-section can be
expressed as

min
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Along each row, number the grains engaged with the
cross-section I as  ii ,1,...2,1  , and then the grain in j
row which will leave marks on the cross-section can be
determined as
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2.2 Prediction of Surface Roughness

The generation of the cross-section during grinding is
shown in Fig.4. Set

jj BBBB ,,...,, 121 
as the grains

associated with the lowest intersection point in each row
in the zy  plane. The point 1B is the origin in y
direction coordinate, and the value in z direction
coordinate which can be given according to Eq. (8) can
be written as (0, 1z ). Linear equation of 11DB can be
expressed as

Fig.4 Generation of the cross-section during grinding.
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According to the basic assumption, the uniform grain
interval is L , so the coordinate of point 2B can be written

as ( L , 2z ). Linear equation of 22CB can be expressed as
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The intersection 1G between these lines can be solved
by using Eq. (11) and Eq. (12) as
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If there is no intersection between line 11DB and 22CB ,
it indicates that only one grain which has smaller
intersection with the cross-section will leave marks on
the final profile. Select the smaller value of 1z and 2z as
point 1B , and then calculate the intersection with the
adjacent grains.
Similarly, for the arbitrary intersections

pB and
qB in

the zy  plane, the linear equations of
ppDB and

qqCB
can be expressed respectively as
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The intersection
pG between these lines can be solved

by using Eq. (12) and Eq. (13) as
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The final surface profile of the cross-section is formed
by connecting successive points 1B , 1G , 2B , 2G , …,

jB
and

jG , which can be solved by using Eq. (12) to Eq.
(14).

3 Simulation
The proposed method is applied to simulate the cross-
sectional surface roughness of the experiment data in [7].
Table 1 lists the grinding and wheel parameters. The
surface roughness on the cross section is measured with
a cut-off length of 0.8 mm. Since the evaluation length
should contain 5 consecutive sampling lengths, the
simulation length in the cross-sectional direction is taken
as 5 mm. Table 2 shows the roughness results compared
with the measurement and references.
From table 2, we can see the simulation result is

consistent with the experiment data. The main simulation
error caused by this method is attributed to the difference
between the assumption and the process in the
distribution and the shape of the grains. In practice, the
grain interval is random and the grain shapes are
complex basic geometries, such as ellipsoid, tetrahedron,
cuboids and octahedron. In simulation, the undeformed
chip cross section is assumed to be triangular in shape.
However, the undeformed chip cross section for a dulled
flattened pyramidal-shaped grit having a wear flat at its
tip of dimension leads to a trapezoidal cross section. For
all that, the simulation data proposed in this paper is
closer to the experiment data compared with references
[8]. Since only one of the cross-sections is simulated in
this method, a lot of time is saved and the simulation
scale is expanded.

Table 1. Wheel and grinding parameters

Nominal
wheel
diameter
(mm)

Grain
mesh
size

Structure
number

Wheel
spindle
speed
(rpm)

Table
speed
(m/s)

203 180 8 4500 0.06
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Table 2. Surface roughness compared with the experiment

Simulated
data(this paper)

Simulated
data [7]

Experiment data
[8]

(μm)aR 2.0 2.73 1.5

4 Conclusion
(1) A new algorithm for predicting the cross-sectional
surface roughness of the workpiece for the grinding
process is developed in this paper. It takes into
consideration the random distribution of the grain
protrusion heights and reduces three-dimensional
modeling to two-dimensional modeling by introducing
the cross-sectional area of the undeformed grinding chip,
which not only saves a lot of time but also expands the
simulation scale.
(2) The simulation shows that the proposed method gives
the results that are consistent with the measurement ones,
thus the effectiveness of the algorithm is guaranteed.
This research did foundation work for the modeling

and predicting surface roughness of the face gear
grinding process.
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