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Abstract. A milling chamber consisting of a rice sieve and a rotating roller plays critical roles in modulating the
milling performance of rice grains. However, the mechanism of how the geometries of the rice sieve and rotating
roller affect the particle collisions and the interaction time remains not fully understood. Our experimental results
show that the milling degree and rate of broken rice of the octagonal rice sieve are largest among the hexagonal
sieve, octagonal sieve, and circular sieve. Through the discrete element method, we illustrate that the peak milling
degree at the octagonal sieve is attributed to the competition between the decreasing force and increasing milling
time with the increase in edges. In addition, the geometries of the convex ribs of the rotating roller are investigated
to optimize the structure of the milling chamber. In the left-hand spiral or right-hand spiral of the convex ribs,
the rice particles are accumulated in the inlet or outlet regions, respectively, which leads to an uneven milling
degree in the axial direction. The uniformity of a milling process can be promoted by increasing the number of
convex ribs, which will reduce the milling degree on the other hand.

1 Introduction

A rice mill machine plays crucial roles in processing un-
husked rice and improving its utilization rate. Generally, a
modern rice milling machine consists of different functional
parts, including a rice huller, a bran remover, and a rice pol-
isher. During the milling process, bran removal occurs in a
milling chamber which usually comprises a stationary rice
sieve and a rotating roller, where the brown rice is milled
by the friction force between itself with other rice grains,
the rotating roller, and the sieve (Lim et al., 2013). How-
ever, the rice grains tend to be broken under greater friction
force (Liang et al., 2008). In order to improve the rate of
broken rice, the mechanical characteristic of rice grains in
the milling chamber must be figured out first to optimize the
structure design of the milling chamber.

In experiments, the characteristics of milling degree, bro-
ken rate, and vibration are explored to promote the design of
the rice mill machine. Satake (1995) and Seto et al. (2015)
developed vertical and horizontal rice milling machines with
iron roller grinding, equipped with pressure-regulating de-

vices to adjust the milling pressure and milling degree. Shi-
tanda et al. (2001) investigated the effects of rice varieties,
rotating speed, and clearances between rollers and rice sieves
on the performance of rice milling. Cho et al. (2017) studied
the influence of different spindle speeds on rice temperature
rise, milling degree, broken rate, and energy dissipation, and
the results showed that the optimal spindle speed should be
1000–1100 rpm. All the experimental works have promoted
the development of rice milling machines to obtain the re-
quired milling characteristics. However, many milling details
of each rice particle are not available due to the limitations of
experimental methods. In fact, the dynamics of rice clusters
in the milling chamber are part of the granular system prob-
lems, which are widely investigated based on the discrete el-
ement method (DEM) (Zhu et al., 2007; Wang et al., 2012;
Tahvildarian et al., 2013). Recently, Cao et al. (2018) and
Han et al. (2016) studied the effects of rotation speed and rice
sieve geometry on the turbulent motion of particles in a ver-
tical rice mill through the DEM simulations. In their works,
the average turbulent kinetic energy was proposed to under-
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Figure 1. (a) Diagram of a rice mill machine. (b) The cross-section
profile of the milling chamber. (c) A hexagonal rice sieve. (d) A
rotating roller consisting of a screw and two symmetrical convex
ribs.

stand the mechanisms of particle collisions and energy dis-
sipation, which are directly determined by the cross-section
shape of the rice sieve. No doubt the milling degree of rice
grains is closely related to the average force, particle speed,
milling time, and energy dissipation during the particle colli-
sions (Bian et al., 2017; Delaney et al., 2015). However, the
mechanism of how the geometries of the milling chamber
affect the particle collisions and finally affect the milling de-
gree needs further study, especially for the combined effects
of the parameters above.

In this work, the milling degrees and broken rates of rice
grains are discussed by implementing the experiments under
different shapes of rice sieve. Through the DEM simulations,
effects of the geometry of the milling chamber on the milling
performance, including the average compressive force, axial
velocity, and energy dissipation, are investigated. Finally, the
structure of convex ribs of the rotating rollers is optimized to
modulate the milling process.

2 Simulation model

2.1 Geometry models

In a rice mill machine, the rice grains directly interact with
the hopper, rotating roller, rice sieve, and baffle, as shown in
Fig. 1a, b. In the previous works, it indicates that the geom-
etry of the rice sieve and the rotating speed were critical to
the milling process, but few studies focused on the geome-
try of the rotating roller. Thus, we will explore the effects of
both the rice sieve and the rotating roller on the milling per-
formance. Figure 1c represents a hexagonal sieve made of
two identical sheet metal plates through laser drilling, bend-
ing, and welding. A rotating roller consisting of a screw and
two symmetrical convex ribs is shown in Fig. 1d, in which
the screw is used to convey the rice grains to the milling ar-
eas formed by the rice sieve and the convex ribs. The de-
tailed size parameters of the rotating roller in our rice mill

Figure 2. DEM model of a rice particle (Meng et al., 2021).

machine are shown in Table 1. During a milling process, the
rice bran can be removed from a single rice grain by contact
with other grains and with the geometry, and then the bran is
blown away through the holes in the rice sieve to obtain the
milled rice.

2.2 DEM models

The rice grain model used in the DEM simulations is based
on the soft-sphere model. An irregular particle is composed
of many small spheres, such as the approximately ellipsoidal
rice particles studied in the reference Meng et al. (2021).
As shown in Fig. 2, the symmetrical rice particle model is
made up of five spheres arranged in a straight line with dif-
ferent spherical diameters of 1.6, 2, 2.2, 2, and 1.6 mm, re-
spectively. The distances between every two spheres are dis-
played in Fig. 2, and the overall size of a rice particle is
2.2 mm× 2.2 mm× 6.6 mm. In the simulation, the interac-
tion between the spheres in each rice particle is bonded.

In order to precisely simulate the motions of rice parti-
cles, the contact model for calculating friction forces be-
tween rice particles with each other and the geometric bound-
ary should be considered prudently (Hu et al., 2014). The
Hertz–Mindlin contact model is used in the DEM simula-
tion (Hertz, 1882; Mindlin, 1953; Cleary and Sawley, 2002;
Gao et al., 2020), where the forces of each particle are de-
composed into the normal and tangential directions of the
contact point, and the forces in each direction are simplified
into the elastic or damping forces. For the tangential force,
in addition to the elastic and damping forces, the Coulomb
friction should be taken into account. Finally, the normal and
tangential forces are coupled to calculate the spatial force of
particles, which is used to calculate the particle motions by
Newton’s second law of motion. Thus, the trajectory, rota-
tion, velocity, and force of each particle in the system can
be obtained in the DEM simulation. The equations for the
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Table 1. Size parameters of the rotating roller in the milling machine.

Screw
Pitch (mm) Rib height (mm) Rib width (mm) Diameter (mm)

15 5 5 31

Convex Rib height (mm) Rib width (mm) Rib length (mm)

ribs 4 3 158

Table 2. Parameters in the DEM simulations (Cao et al., 2018).

Rice particle

Density (kg m3) 1550
Poisson ratio 0.25
Shear modulus (Pa) 1× 106

Number 5000

Rotating roller

Density (kg m3) 7800
Poisson ratio 0.3
Shear modulus (Pa) 7× 108

Rotational speed (rpm) 1000

Particle–particle
Restitution coefficient 0.68
Coefficient of static friction 0.15
Coefficient of rolling friction 0.01

Particle–geometry
Restitution coefficient 0.68
Coefficient of static friction 0.1
Coefficient of rolling friction 0.01

Simulation Time step (s) 2.16× 10−5

translational and rotational motions of each particle are

mi

dvi

dt
=mig+

ni∑
j=1

(Fn+F d
n +Ft+F d

t ), (1)

Ii

dωi

dt
=

ni∑
j=1

(Tt+ Tr), (2)

where mi , vi , ωi , and Ii are the mass, translational velocity,
angular velocity, and moment of inertia of particle i. ni is
the number of particles in contact with particle i. Fn is the
normal contact force and F d

n is the normal damping force.
Analogously, Ft is the tangential contact force and F d

t is
the tangential damping force. The torque Tt and Tr are con-
tributed by the tangential force and the rolling friction force,
respectively. Various parameters (Cao et al., 2018) are set as
shown in Table 2, including the material properties of rice
particles and rotating rollers and contact conditions of the
particle–particle and particle–geometry. The time step is set
as 2.16× 10−5 s.

3 Results and discussions

3.1 Circumferential characteristic of a milling chamber

As the rice particles put into the hopper and the screw start
to rotate, the rice particles are conveyed to the milling region

Figure 3. (a) Simulation diagrams of the rice mill. (b) Distribution
of rice particles in the milling chamber. (c) Different regions in the
circumferential direction.

between the rice sieve and rotating roller. In the DEM simula-
tion, the total simulation time is set as 5 s and the particle sys-
tem tends to be stable after 4 s. Figure 3a shows a snapshot of
the velocity of all rice particles in the stable situation. More-
over, Fig. 3b and c show a distribution diagram of these rice
particles at different views. It can be seen clearly in Fig. 3b
that the particles are quite dense in region X due to the clock-
wise rotation and the influence of a convex rib. By contrast,
the bottom convex rib near region Y rotates more quickly
than the rice particles, causing a sparse-particle region Y. The
distribution of rice particles in the milling chamber is highly
consistent with the experimental results of Baker (2014), in-
dicating that the convex ribs lead to a non-uniform distribu-
tion and several different circumferential milling areas. Half
of the symmetrical milling chamber is divided into six por-
tions in the circumferential direction as shown in Fig. 3c, and
the velocity of rice particles in region A is largest, while the
velocity is smallest in region F.

According to Fig. 3c, the interaction condition of rice par-
ticles in different circumferential areas of the chamber is
quite different. It is worth investigating the number of par-
ticles and the average compressive force in the different re-
gions to understand the milling characteristic. Figure 4a and
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Figure 4. The number of particles (a) and the average compressive force (b) within different regions changing with time.

Figure 5. Different geometries of a milling chamber.

b represent the number of particles and average compressive
force of different circumferential regions in a rotating cycle
of the roller of 0.24 s. In a milling chamber, each rice parti-
cle is subjected to the forces from all the directions, so the
algebraic sum of all the subjected forces of a rice particle
is defined as its compressive force. The average compres-
sive force within a region is defined as the total compressive
forces of all the rice particles over the number of particles.

It is clear that the number of rice particles in Fig. 4a de-
creases from regions A to F, with a drop of about 4.5 times.
In regions A, B, and C, the numbers of particles are relatively
larger, while the number in region D goes down dramatically
until it reaches a convergent minimum in regions E and F.
An analogical tendency of these regions is shown by the av-
erage compressive force in Fig. 4b, which can be seen by
the forces in regions A, B, and C being greater than zero,
while the forces of the other regions are almost zero. That
is, regions A, B, and C are the effective rice milling areas;
however, the milling degree in regions D, E, and F is very
low.

Figure 6. The milled rice grains and their broken rates under dif-
ferent shapes of the rice sieve.

3.2 Milling characteristic under different milling
chambers

In a milling chamber, the main geometries influencing the
milling performance include the shape of the rice sieve, spiral
angles of convex ribs, and the number of convex ribs, as indi-
cated in Fig. 5. In this section, based on the original milling
chamber in Fig. 1 (hexagonal rice sieve, straight ribs, and two
convex ribs), the three variables are studied by the DEM sim-
ulation and milling experiments. Since the milling process
almost always takes place in the interacting regions between
the rice sieve and the rotating roller, we divide the rice sieve
into 20 equal sections in the axial direction. Besides the aver-
age compressive force, the average axial velocity and energy
dissipation during the particle collisions can also be used to
evaluate the milling degree since that part of the dissipated
energy is used to grind out the bran from a rice particle in
addition to vibration and noise (Weerasekara et al., 2016).
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Figure 7. (a) Average compressive force under different shapes of rice sieves. (b) Average axial velocity under different shapes of rice sieves.

Figure 8. The distribution of energy dissipation during the particle
collisions.

3.2.1 Experimental results under different rice sieves

In order to facilitate the installation and replacement of a
rice sieve in the application of a rice mill machine, the cir-
cumcircle size of the hexagonal and octagonal shapes of the
cross section is set to be consistent with the circle sieve.
The milling experiments in our rice mill machine are im-
plemented to investigate the influence of different rice sieve
shapes on the milling degree. In the experiments, the un-
husked rice grains are put into the upper hopper in Fig. 1a,
and then the grains are hulled in the huller unit and finally
enter the milling chamber. The shapes of the rice sieve in
the milling chamber are shown in Fig. 5, and the outlet pres-
sure of the milling chamber is constant. Other parameters are
consistent with Table 2. After the milling process, the circu-
lar pictures of milled rice grains are represented in Fig. 6,
where the whiter rice grains indicate the milled rice, while
the brown rice grains are the unpolished rice. Results show
that the milling degree of the octagonal rice sieve is the

largest of the three rice sieves. Also, the milled rice under
different rice sieves is sampled to calculate the rice broken
rate, which indicates that the broken rate is consistent with
the milling degree.

3.2.2 Simulation results under different rice sieves

In the DEM simulations, the average compressive force in
different axial regions is extracted from the last steady 1 s,
with the results under different shapes of rice sieves shown
in Fig. 7a. Note that the compressive forces in regions 1,
2, 19, and 20 are obviously smaller than the other regions
because of the shorter convex ribs compared with the rice
sieve. Under the hexagonal, octagonal, and circle rice sieves,
the average compressive forces in the whole milling cham-
ber are 0.77, 0.63, and 0.31 N, respectively. The compres-
sive force decreases with the increase in the edge number of
rice sieves and encounters a large decrease in the circle rice
sieve, indicating that the rice particles suffer from the greater
milling degree in the hexagonal and octagonal rice sieves. In
fact, the cross-section area in the hexagonal rice sieve is the
smallest, so that its density of rice particles is largest, caus-
ing the largest compressive force. Besides, the uneven clear-
ance between the hexagonal rice sieve and the convex ribs
will result in a violent axial motion of the rice particles, as
shown in Fig. 7b. The average axial velocities in the whole
milling chamber under the hexagonal, octagonal, and circle
rice sieves are 11.51, 9.17, and 7.35 mm s−1, respectively. To
sum up, as the edges of regular polygon sieves increase, the
decreasing compressive force causes a slighter milling de-
gree and a decreasing axial velocity, which means that longer
milling times in the chamber will enhance the milling degree.
Due to the competition of the compressive force and the ax-
ial average velocity, the milling degree and broken rate under
the octagonal rice sieve are the largest, which has been illus-
trated in the experiments.
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Figure 9. (a) Average compressive force under different spiral angles of convex ribs. (b) The distribution of energy dissipation during the
particle collisions.

Figure 10. (a) Average compressive force under different numbers of convex ribs. (b) The distribution of energy dissipation during the
particle collisions.

The number of collisions under different energy dissipa-
tion during the particle collisions is counted to further ex-
plore the influence of a rice sieve on the particle interactions.
The energy dissipation is defined as the kinetic energy loss
during each collision. Figure 8 is drawn from the collision
events of all particles in the whole milling chamber within
1 s in the steady state. The curves are approximate to the
Maxwell distribution centered at the energy dissipation of
about 10−6 J. It is apparent that the energy dissipation cor-
responding to the curve peak obviously decreases with the
increase in the edge of the rice sieve, indicating that larger en-
ergy transfer occurs during the collision events in the hexag-
onal rice sieve and that more energy can be utilized to remove
the rice bran. In addition, the number of collision events in
the hexagonal rice sieve is the largest, while the number in
the octagonal rice sieve is the smallest. The possible reason
is that the collisions between the rice particles and the col-
lisions between the particle and geometry are changing with

the variation of cross-section area and perimeter of the rice
sieve.

3.2.3 Spiral angle and number of convex ribs

Similarly, the average compressive force and the energy dis-
sipation distribution are discussed under different spiral an-
gles and numbers of convex ribs. The geometry diagrams are
also represented in Fig. 5, including the straight ribs (0◦),
left-hand spiral ribs (−10◦), right-hand spiral ribs (+10◦),
two ribs, three ribs, and four ribs. Three different tendencies
of the curves in Fig. 9a are shown: the force fluctuates under
the straight ribs, while it decreases under the left-hand spi-
ral ribs and increases under the right-hand spiral ribs as the
axial region increases. In the inlet of the milling regions (re-
gion 1), the average compressive force in the left-hand spi-
ral ribs is largest and the force in the right-hand spiral ribs
is smallest. The reason is that the screw of the rotating roller
for conveying the rice particles is a right-hand spiral; the left-
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hand spiral ribs impede the transfer of particles, causing the
accumulation of particles in the inlet regions. By contrast,
the right-hand spiral ribs promote the transfer of particles
causing the accumulation of particles in the outlet regions.
Therefore, both the left-hand and right-hand spiral ribs are
not conducive to the stability of the compressive force in the
milling chamber and affect the uniformity of milling. Fig-
ure 9b shows the number of collision events under differ-
ent energy dissipation. The results indicate that the numbers
of collision events under left-hand spiral ribs and right-hand
spiral ribs are both decreased compared with the straight ribs,
due to the accumulation of rice particles in the inlet or outlet
reducing the probability of collisions. In general, the convex
ribs are not recommended for choosing the right-hand spiral
when the screw is a right-hand spiral, and the straight ribs can
facilitate the formation of a uniform rice milling chamber.

It has been shown that the rice particles are quite dense
in the region towards the convex ribs in Sect. 3.1. In fact,
the increase in convex ribs in a rotating roller can divide the
rice milling chamber into several regions in the circumferen-
tial direction to improve the uniformity of rice particles. Fig-
ure 10a shows that the average compressive force decreases
with the increase in the number of convex ribs in almost all
the axial regions. This means that the increase in the num-
ber of convex ribs is beneficial to the uniformity of milling
but not to the improvement of milling degree. The energy
dissipation distribution under different numbers of convex
ribs in Fig. 10b illustrates that the energy dissipation is more
concentrated in the larger number of ribs, indicating a better
milling uniformity.

4 Conclusions

In summary, the DEM simulations are carried out to study the
milling performance of the rice particles in the milling cham-
ber. By analyzing the circumferential distribution of rice par-
ticles, we confirmed that the DEM simulation can well de-
scribe the milling process compared with the previous ex-
perimental results. Results show that the regions in front of
the rotating convex ribs are the main milling regions with
larger particle density and compressive force. When chang-
ing the shape of the rice sieve in the milling chamber, the
milling experiments illustrate that the milling degree and rate
of broken rice under the octagonal sieve are larger than that
under the hexagonal and circle sieves. To further explore
the factors influencing milling degree, the DEM simulations
are conducted with the same conditions of the experiments.
This shows that when the edges of regular polygon sieves
increase, the decreasing compressive force causes a slighter
milling degree and the decreasing axial velocity indicates a
longer milling time in the chamber, which will enhance the
milling degree. Due to the combined effect of the compres-
sive force and the axial velocity, the milling degree and bro-
ken rate under the octagonal rice sieve are the largest. The

energy dissipation during particle collisions is calculated to
index the strength of interactions in the collisions. The peak
of the energy dissipation curve obviously decreases with the
increase in the edge of the rice sieve, indicating that larger en-
ergy transfer occurs during the collision events in the hexag-
onal rice sieve and that more energy can be utilized to remove
the rice bran. In addition, the geometries of the convex ribs of
the rotating roller are investigated. We find that the left-hand
spiral and right-hand spiral of the convex ribs accumulate the
particles in the inlet and outlet regions, respectively, causing
an uneven distribution of particles in the axial direction. With
the increase in the number of convex ribs, the uniformity of
milling increases, while the milling degree decreases.
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