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STUDY ON THE IMPACT-BLOCKING EFFECT BETWEEN GRINDING MEDIA AND
WHEAT BRAN POWDER DURING THE VIBRATION CRUSHING PROCESS
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ABSTRACT

During the vibration crushing of wheat bran, an impact-blocking effect occurred between the grinding media
and wheat bran powder. Experimental results showed that the impact depth exhibited quadratic relationship
with respect to particle size, while the acceleration and damping coefficients followed the order: fine powder >
coarse powder > uncrushed bran > micro powder. Increasing the diameter of the grinding media enhanced the
impact depth by 81.10% for uncrushed bran and by 40.41% for coarse powder, but reduced acceleration by
45.35% and 29.56%, respectively. Damping coefficients positively correlated with grinding media diameter but
negatively with cylinder diameter. Material layer thickness demonstrated threshold-dependent bidirectional
regulation, peaking at 40 mm, with maximum damping difference rates of 20.40% for uncrushed bran and
17.67% for coarse powder. Drop height linearly influenced the impact depth, while showing cubic relationships
with both acceleration and damping. Both parameters were minimized at 500 mm. Sensitivity analysis identified
grinding media diameter as the primary factor affecting damping coefficients, revealing the sensitivity
hierarchy: grinding media diameter > drop height > material layer thickness > cylinder diameter. This study
provided a theoretical foundation and experimental support for optimizing the vibration superfine crushing
efficiency of wheat bran.
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INTRODUCTION

Wheat bran is rich in essential nutrients such as protein, dietary fiber, vitamins, and minerals. lts
superfine powder has shown significant application potential in the development of functional foods,
pharmaceutical excipients, and biochemical research (Praveenet et al., 2023; Zheng et al., 2022; Ying et al.,
2022). However, the high lignocellulose content in its structural layers poses a major challenge for conventional
grain crushing equipment, which often fails to achieve the required superfine particle size (<25 ym) (Hemery
etal., 2011). Vibration mills, leveraging comprehensive crushing actions including impact, shearing, extrusion,
and friction, have emerged as a promising solution for wheat bran superfine crushing (He et al., 2018;
Rajaonarivony et al., 2021). During the vibration process, wheat bran particles in the grinding cylinder are
subjected to continuous crushing forces from grinding media, while imposing a blocking effect that hinders
media movement, reduces collision velocity, and consumes energy (Bulgakov et al., 2018).
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This bidirectional impact-blocking interaction directly influences grinding media dynamics and energy
transmission, thus determining the overall crushing efficiency.

Current research on vibration mills focuses on grinding media dynamics, crushing process
optimization, and media-material interaction mechanisms. High-speed cameras and the discrete element
method (DEM) have been applied to analyze media dynamics. The former confirmed three motion forms of
spherical media: impact, total rotation, and self-rotation, while DEM studies on non-spherical media remain
limited. Yokoyama et al. (1996) simulated 2D media motion, analyzing collision characteristics and grinding
rate. Lee et al. (2010) established an impact model for media-material grinding, and Yang et al. (2015, 2016)
studied media flow dynamics under different vibration conditions.

In the optimization of vibration crushing process efficiency, DEM and experimental research methods
are typically employed to investigate the effects of vibration characteristics, grinding media properties, filling
rate, crushing time, and other factors on the crushing efficiency mechanism of vibration mills. Li et al. (2015)
discovered that grinding media size correlates with power density, achieving a 42% increase in griseofulvin
dissolution through process optimization. Yang et al. (2016) demonstrated that medium-frequency and large-
amplitude operation of double-mass vibration mills optimizes super hard particle crushing, refining diamond to
a median particle size (Dso) of 0.26 um. Bogdanov et al. (2019) proposed a poly-harmonic vibration mill with
adjustable multi-parameters to enhance crushing efficiency. Qian et al. (2023) revealed that amplitude-
frequency coupling dominates particle crushing, developing a model that reduced calcium carbonate crushing
energy consumption by 29.2%. Haddad (2020) identified rotating mass as a key factor, determining optimal
conditions (1500 rpm, 16 mm media, 222 g rotating mass) for minimal grinding time. Yildirim et al. (2025)
recently achieved the multi-objective optimization of the dry grinding of hydrated lime in a vertical vibratory mill,
producing powders with a Dso of 6.26 um and a specific surface area of 2.71 m?g.

Concerning the interaction between grinding media and materials and the grinding mechanism, it
primarily reveals the formation process of impact, compression, shear, friction, and other mechanisms through
which grinding media in the grinding cylinder act on the crushed material, as well as their influence on the
crushing effect. Frolov et al. (2017) found ceramic media had 30-50% lower wear than steel, with cylindrical
shapes reducing contamination. Cheng et al. (2019, 2021) showed particle size affects crushing mechanisms
(impact extrusion for large particles, impact shearing for small) and media properties (density, size, shape)
influence yield by up to 70.07%. Tomach (2024) reported a grinding time that was 22.5% shorter with 15 mm
media than with 12 mm media. Notably, research on materials' reverse influence on media dynamics remains
scarce, with most studies relying on indirect evidence via particle size or moisture comparisons.

To investigate the impact-blocking effect between the grinding media and wheat bran in the vibration
crushing process, this study constructed a grinding media-wheat bran powder impact test platform. Wheat
bran powder with different particle sizes was used to simulate various stages of wheat bran crushing, material
layer thickness simulated the bran filling amount, drop height simulated the impact velocity of the grinding
media, and grinding media diameter and cylinder diameter directly represented the geometrical dimensions of
the grinding media and the cylinder. Using impact depth, average acceleration, and damping coefficient as key
indicators, this study systematically investigated the effects of wheat bran particle size, grinding media
diameter (8—16 mm), cylinder diameter (60—180 mm), layer thickness (20-60 mm), and drop height (400-800
mm) on the impact-blocking effect. On this basis, a sensitivity analysis was conducted to rank the influence of
factors on damping coefficients. The study aims to provide both theoretical foundations and practical guidance
for optimizing vibration mill efficiency in wheat bran superfine crushing.

MATERIALS AND METHODS
Preparation of wheat bran powder samples

The raw material of wheat bran was Zhengmai 379, produced in 2024 and purchased from Zhengzhou
Jinyuan Flour Mill. During the experiment, materials passing through a 5 mesh sieve and retained by a 20
mesh sieve were taken as wheat bran samples, with an adjusted moisture content of approximately 10.65%.
To simulate the different crushing stages of wheat bran in a vibration mill, the samples were pre-crushed in a
vibration mill prior to the experiment. The crushed samples were then sieved and classified, yielding four types
of powder: uncrushed bran ( da > 900 pm), coarse powder ( 280 um < da < 900 um), fine powder ( 74 um < da
< 280 pm) and micro powder ( da < 74 ym). Their morphologies are shown in Fig. 1.
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a. Uncrushed bran b. Coarse powder C. Fine powder d. Micro powder
Fig. 1 - Wheat bran powder samples

Experimental principle and platform

To investigate the impact-blocking effect between grinding media balls and wheat bran powder during
vibration crushing, a test platform for the impact mechanical properties of wheat bran powder was constructed
based on the free—fall principle, as shown in Fig. 2. This experimental platform mainly consists of a height-
adjustable support, an electromagnet capable of adsorbing the grinding media balls, and a plexiglass cylinder
filled with wheat bran powder (Seguin et al., 2008).
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Fig. 2 - Grinding media-wheat bran powder impact test platform
d - grinding ball diameter; D - cylinder diameter; e - plexiglass cover plate thickness; h - material layer thickness; Hs - grinding ball height
from material surface; H; - distance between depth gauge base and probe; L - cylinder height; s - grinding ball impact depth in bran powder

During the experiment, the height of the grinding media is first adjusted, then the grinding media is
aligned with the center of the cylinder and the power supply to the electromagnet is disconnected. At this point,
the grinding media will continuously accelerate under the effect of gravity until it contacts the surface of the
bran powder and starts to decelerate, and finally stops at a certain depth due to the resistance of the bran
powder. To measure the impact depth of the grinding media, a probe is installed at the bottom of the depth
gauge, and a glass cover plate is installed at the top, forming a gauge that allows direct read of the impact
depth of the grinding media ball. After the experiment, first gently brush away the bran powder above the
grinding media; then, touch the probe of the depth gauge to the upper surface of the grinding ball and read the
distance H, between the depth gauge's measuring base and the probe. Finally, the impact depth of the grinding
ball s as it penetrates into the bran powder can be calculated using the mathematical relationship among the
cylinder height L, grinding ball diameter d, and plexiglass cover plate thickness e.

Experimental scheme

Numerous impact test studies on powder or granular materials have shown that factors such as the
particle size of the powder or granules, the size of the impacting object, the cylinder diameter, the material
layer thickness, and the drop height (or impact velocity) can all affect the impact mechanical properties (Ji et
al., 2012, 2016; Wang and Ji, 2018). To explore the impact-blocking effect between the grinding media balls
and the wheat bran powder, the bran powder particle size, grinding media ball diameter, cylinder diameter,
material layer thickness, and drop height were selected as experimental conditions. A series of tests were
conducted to investigate the effect of grinding media balls on wheat bran powder.
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The objectives were to simulate different crushing stages of wheat bran by using powders with different
particle sizes, to simulate the boundary effect of the grinding cylinder by using cylinders with different diameters,
to simulate the filling rate of bran by using material layers with different thicknesses, and to simulate the impact
velocity of the grinding media balls by using different drop heights.

During the experiment, one experimental condition was selected as the variable, while the other four
were kept constant. The specific experimental design is shown in Table 1. To improve the reliability of the
results, each group of experiments was repeated at least 10 times. To reduce experimental errors,
unreasonable test data such as extreme values were excluded. To eliminate the impact of the cylinder's
boundary effect, the cylinder diameter was required to be more than 5 times the grinding media ball diameter
(Ji et al., 2012). As shown in Table 1, the diameters of the media balls and cylinders meet this requirement.
The masses of the grinding media balls with different diameters listed in Table 1 were 2.14 g, 4.17 g, 7.23 g,
11.45 g, and 17.06 g, respectively.

Table 1
Experimental scheme
Variable experimental conditions Constant experimental conditions
Grinding media Cylinder Material layer |Drop height
diameter [nm] |diameter [mm]|thickness [mm)] [mm]

Experimental
factors NO.1| NO.2 | NO.3 |[NO.4|NO.5

Powder
particle size [um]
Grinding media

5-20 | 20-60 | 60-200 | <200 | — 10 90 30 500

: 8 | 10| 12 | 14 | 16 — ) 30 500
diameter [mm)]
Cylinder 60 | 90 | 120 | 150 | 180 12 — 30 500
diameter [mm]
Material layer 20 | 30 | 40 | 50 | 60 10 90 _ 500
thickness [mm]
Drop height [mm]| 400 | 500 | 600 | 700 | 800 10 %0 40 -

Experimental evaluation indicators
To simulate and analyze the impact-blocking effect between the grinding media ball and the bran
powder in the grinding cylinder of the vibration mill, the impact depth of the grinding media ball in the bran
powder, the average acceleration of the grinding media ball after being blocked by the bran powder, and the
average damping coefficient were selected as evaluation indicators.
According to Fig. 2, the impact depth of the grinding media ball can be obtained as:
s=H,+h+d-e-L (1)
Assuming that the grinding media ball undergoes uniform deceleration while impacting through the
wheat bran powder, its average acceleration can be calculated from Fig. 2 as:
a= —ng
H, +h+d—-e-L
Where: a is the average acceleration, m/s?; g is the gravitational acceleration, 9.8 m/s2.
By neglecting the elastic compression effect of the grinding media ball on the wheat bran powder
during the impact process and the frictional energy consumption between the powder particles, the average
damping coefficient of the bran powder acting on the grinding media ball is derived as:

Y B B @
“\H;, H,+h+d-e-L

()

Where: ¢ is the average damping coefficient, Ns/m. During the experiment, Hy, h, d, e, and L are known
parameters. By measuring H; with a depth gauge and substituting it into Eqgs. (1), (2), and (3) respectively, the
specific values of evaluation indicators s, a, and ¢ can be determined.

RESULTS
Influence of powder particle size on the blocking effect of wheat bran powder

Fig. 3 shows the variations in the impact depth, acceleration, and damping coefficient when grinding
media balls impact four types of wheat bran powders respectively. Under the same impact conditions, as
depicted in Fig. 3 (a), the impact depth exhibits a quadratic nonlinear trend of first decreasing and then
increasing with decreasing powder particle size.
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The average acceleration of the grinding media balls and the damping coefficient of the wheat bran
powder both demonstrate a quadratic nonlinear pattern: they first increase and then decrease. This pattern is
exactly opposite to the trend of the impact depth, as shown in Fig. 3 (b) and Fig. 3 (c).

When the bran powder particle size is relatively large, the inter-particle voids are large, and the powder
fluidity is good. When the grinding media balls penetrate, the resistance mainly originates from the frictional
force between the particles and the grinding media surface. At this point, the resistance is relatively small,
leading to a large impact depth. When the powder particle size is moderate, the inter-particle voids decrease,
and powder fluidity diminishes. During media ball penetration, the particle collision frequency increases, as
does the resistance to particle rearrangement. Here, the resistance reaches a maximum, and the impact depth
attains a minimum. When the powder particle size is relatively small, the inter-particle voids further decrease,
and the powder fluidity significantly declines. During grinding media ball penetration, the inter-particle collision
resistance decreases, and the particles become more flowable. The resistance instead decreases, causing
the impact depth to increase. In the field of particle damping and vibration reduction, studies have shown that
for a specific type of damping particles, an optimal particle size typically exists, at which the particle-generated
damping is the maximized (Shinde and Pathak, 2016; Kumbhar, 2021).
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Fig. 3 - Impact mechanical property parameters of wheat bran powders with different particle sizes

As shown in Fig. 3, the impact depth of the grinding media ball in the fine powder is the smallest,
measuring 11.57 mm, and that in the micro powder is the largest, reaching 26.86 mm. The difference rate
between the maximum and minimum impact depths is 132.15%, while the difference rates for the acceleration
and damping coefficient are 134.79% and 127.53% respectively. This indicates that the bran powder particle
size significantly influences the blocking effect on the grinding media ball. Given that the impact depth in the
fine powder is minimal and the damping coefficient is maximal, the grinding media ball encounters the greatest
resistance when penetrating the fine powder, whereas penetration into the micro powder is the easiest. This
implies that crushing the fine powder into micro powder is relatively difficult. It further reveals that during
different stages of vibration crushing, the crushing difficulty of wheat bran particles varies, as do the required
crushing force and energy consumption. To avoid the mutation region between fine powder and micro powder
and ensure test result reliability, this study selects uncrushed bran and coarse powder as the impacted
materials to further investigate the effects of grinding media diameter, drop height, material layer thickness,
and cylinder diameter on their blocking effect.

Influence of grinding media diameter on the blocking effect of wheat bran powder

According to Fig. 4(a), as the impact depth of the grinding media ball generally increases as its diameter
increases. This is because, at the same drop height, a larger media ball diameter corresponds to higher
gravitational potential energy, thereby increasing its impact kinetic energy gradually. It is also observed that
the impact depth in uncrushed bran is typically greater than that in coarse powder, consistent with the results
in Section 3.1. Notably, when the grinding media ball diameter is 8 mm, its impact depth in coarse powder
exceeds that in uncrushed bran. This can be explained by the better fluidity of coarse powder, which facilitates
the penetration of the small grinding media ball. Conversely, when the grinding media ball diameter is 16 mm,
the impact depth in coarse powder decreases. This may be due to the larger grinding media ball encountering
changes in structural support or inter-particle friction within the coarse powder, leading to reduced impact depth
(Ye etal., 2015).
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As shown in Fig. 4(b), the variation trend of acceleration during the grinding media ball impacts and
penetration into the two types of bran powder is completely opposite to that of the impact depth. According to
Fig. 4(c), the damping coefficients for the two types of wheat bran powder increase with the grinding media
ball diameter, and the damping from the coarse powder exceeds that from the uncrushed bran. This is because
a larger grinding media ball diameter increases the contact area between the grinding media surface and the
bran powder, thereby enhancing the frictional force between the wheat bran powder particles and the grinding
media surface. As the grinding media ball diameter increases, the damping coefficient of the coarse powder
rises more rapidly, widening the gap between the damping coefficients of the two types of bran powder. This
can be attributed to the voids and mobility of the coarse powder particles. Based on the fitted expressions in
Fig. 4(c), when the grinding media diameter exceeds 9.25 mm, the coarse powder exhibits higher sensitivity
than the uncrushed bran, meaning its damping coefficient is more susceptible to changes in the grinding media
diameter. Therefore, to optimize the vibration crushing efficiency of wheat bran, the grinding media diameter
should be rationally selected based on the results of wheat bran vibration crushing tests (Cheng et al., 2021).
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Fig. 4 - Influence of grinding media diameter on the blocking effect of wheat bran powder

Influence of cylinder diameter on the blocking effect of wheat bran powder

As shown in Fig. 5(a), the impact depth of the grinding media in uncrushed bran is consistently greater
than that in coarse powder, in line with the results in Section 3.1. As the cylinder diameter increases, the impact
depth of the grinding media in the two types of bran powders increases and gradually stabilizes, following an
approximate quadratic nonlinear trend. In other words, the boundary effect of the grinding cylinder on the
impact depth of the grinding media diminishes as the cylinder diameter increases. This is because a small
cylinder diameter imposes higher resistance to bran diffusion in all directions, leading to a larger proportion of
frictional energy consumption between bran powder particles and the cylinder wall during impact (Seguin,
2023). Conversely, a larger cylinder diameter results in lower diffusion resistance, and the proportion of
frictional energy consumption between particles and the cylinder wall is small and tends to be stabilize. As
shown in Fig. 5(b) and Fig. 5(c), the average acceleration and damping coefficient exhibit identical variation
trends, which are opposite to that of the impact depth of the grinding media. Both parameters decrease with
increasing cylinder diameter and eventually reach a stable state.
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Fig. 5 - Influence of cylinder diameter on the blocking effect of wheat bran powder
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As shown in Fig. 5(c), when the cylinder diameter exceeds 114.46 mm, the uncrushed bran exhibits
higher sensitivity than the coarse powder. When the cylinder diameter surpasses 145.12 mm and 160.35 mm
respectively, the slopes of the functional relationships for the damping coefficients of uncrushed bran and
coarse powder become zero, and the damping coefficients stabilize, indicating the disappearance of the
cylinder's boundary effect. In conclusion, the critical cylinder diameters for the two types of bran differ, with the
coarse powder having a larger critical diameter than the uncrushed bran. This discrepancy may primarily arise
because the coarse powder has a higher density than the uncrushed bran, enabling a more stable energy
transfer path that allows the impact wave from the grinding media ball to propagate further. As demonstrated
above, the ratios of cylinder diameter to grinding media diameter for the two types of bran powders are 9.54
and 12.09 respectively. This indicates that the cylinder's boundary effect is influenced by both the powder type
and its particle size (Ji et al., 2012).

Influence of material layer thickness on the blocking effect of wheat bran powder

As depicted in Fig. 6(a), with the increase in thickness of the two types of wheat bran powder layers in
the cylinder, the impact depths of the grinding media both display a trend of first increasing, then decreasing,
and finally stabilizing. This can be attributed to the fact that when the material layer thickness exceeds an
optimal threshold, its elastic effect intensifies, absorbing the impact energy of the grinding media. Tomach
(2024) and Seguin (2023) have also pointed out that for particles with different shapes, the critical material
layer thickness varies, and the damping rate exhibits a pattern of increasing first, then decreasing, and
eventually stabilizing with increasing thickness—findings that align well with the results of this study. When the
material layer thickness reaches a critical value of 40 mm, the impact depths of the grinding media in both bran
powders attain their maxima. The ratio of material layer thickness to the grinding media diameter at this point
is 4:1. Additionally, it is observed that the impact depth of the grinding media in uncrushed bran is consistently
greater than that in coarse powder, in line with the results presented in Section 3.1. The difference rates
between the maximum and minimum impact depths for uncrushed bran and coarse powder are 23.86% and
20.13%, respectively. This indicates that material layer thickness has a significant effect on the impact depths
of the two types of wheat bran powders. The maximum difference rate in impact depth between the two types
of bran powders is 33.60%, with the minimum rate at 25.79%, further highlighting the substantial influence of
powder particle size on the blocking effect of wheat bran powder.

As shown in Fig. 6(b) and Fig. 6(c), the variation trends of the average acceleration and damping
coefficient of the grinding media are consistent and opposite to that of the impact depth. The average
acceleration and damping coefficient for the coarse powder are consistently higher than those for the
uncrushed bran. When the ratio of material layer thickness to grinding media diameter is 4:1, the damping
coefficient reaches its minimum. The difference rates between the maximum and minimum damping
coefficients of uncrushed bran and coarse powder are 25.63% and 21.47%, respectively.
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Fig. 6 - Influence of material layer thickness on the blocking effect of wheat bran powder

As shown in Fig. 6(c), when the material layer thickness is between 26.1 mm to 45.8 mm, the uncrushed
bran demonstrates higher sensitivity than the coarse powder. During this range, variations in material layer
thickness more significantly influence the damping coefficient of the uncrushed bran. For thicknesses of 20—
26.1 mm and 45.8-60 mm, the coarse powder exhibits greater sensitivity, indicating it is more responsive to
thickness changes. In wheat bran vibration crushing, the material layer thickness correlates positively with the
bran filling amount. The higher the filling, the thicker the material layer that the grinding media need to penetrate.

410



Vol. 76, No. 2 / 2025 INMATEH - Agricultural Engineering

When the thickness reaches the critical value, the damping coefficient of the bran powder is minimized,
optimally facilitating the penetration of the grinding media. Thus, to improve wheat bran crushing efficiency,
the bran powder filling amount should be rationally determined through experimental analysis.

Influence of drop height on the blocking effect of wheat bran powder

As shown in Fig. 7(a), the impact depth increases overall with the drop height of the grinding media
(Seguin et al., 2008). Within a certain error margin, the relationship between drop height and initial impact
velocity can be considered approximately linear. Thus, drop height can be regarded as equivalent to the initial
impact velocity of the grinding media. This is consistent with the conclusion that "under identical conditions,
the greater the initial impact velocity of an object, the deeper its impact depth"(Ye et al., 2016). The impact
depth of the grinding media in uncrushed bran exceeds that in coarse powder, in line with the results in Section
3.1.

As shown in Fig. 7(b), owing to varying initial impact velocities, the average acceleration of the grinding
media during their impact and penetration into wheat bran powder shows a cubic nonlinear trend: decreasing
first, then increasing, and then decreasing again. The average acceleration of the coarse powder remains
higher than that of the uncrushed bran. According to Fig. 7(c), the damping coefficient reaches a local minimum
at a grinding media drop height of 500 mm. From the impact velocity perspective, it is not that the higher the
impact velocity, the more favorable the penetration of grinding media into bran powder; instead, there exists a
locally optimal impact velocity. The difference rates between the maximum and minimum damping coefficients
of the uncrushed bran and the coarse powder are 19.41% and 13.98%, respectively; those for impact depths
are 70.84% and 60.40%, respectively; and the coefficients of variation for accelerations are 32.83% and
32.04%, respectively. As shown above, the uncrushed bran exhibits higher difference rates in impact depth,
acceleration, and damping coefficient than the coarse powder. The order of influence of drop height on the
three parameters is: impact depth > acceleration > damping coefficient.
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Fig. 7 - Influence of drop height of the grinding media ball on the blocking effect of wheat bran powder

As shown in Fig. 7(c), when the drop height is between 429 mm and 656 mm, the uncrushed bran
demonstrates higher sensitivity than the coarse powder. Within this range, variations in drop height more
significantly influence the damping coefficient of the uncrushed bran. For drop heights of 400-429 mm and
656-800 mm, the coarse powder exhibits greater sensitivity, indicating it is more responsive to drop height
changes. In conclusion, the performance parameters of the vibration mill, such as rotational speed and
amplitude, should be rationally selected within a defined range to bring the grinding media's impact velocity
close to the optimal state. This approach reduces the damping coefficient between the grinding media and
bran powder, enabling more energy to be converted into crushing energy.

Sensitivity analysis of the damping coefficient of wheat bran powder

Given that the dimensions and value intervals of the experimental factors (e.g., the grinding media
diameter, material layer thickness, drop height, and cylinder diameter) vary, the sensitivities of the damping
coefficients for uncrushed bran and coarse powder with respect to these influencing factors are not
comparable. Thus, dimensionless normalization of these factors is necessary.
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Considering the non-negativity of the factors' value intervals, the following equation for dimensionless
normalization can be used.
Xi:(xi_nljnxi)/(rnaxxi_minxi) (4)
where:
X; is the i-th dimensionless value, with X; € (0, 1); x; is the i-th dimensional value.

By using Eqg. (4) to perform dimensionless normalization on the above influencing factors, the
dimensionless fitting expressions for the damping coefficients of uncrushed bran and coarse powder with
respect to these factors can be derived, as shown in Table 2.

According to Table 2, the dimensionless sensitivity distribution curves for the damping coefficients of
the two types of wheat bran powders can be derived, as illustrated in Fig. 8.

Fig. 8 shows that the sensitivity distribution laws of the damping coefficients of the two types of bran
powders are very similar. This indicates that the test results have relatively high reliability. For both types of
wheat bran powders, the grinding media diameter is consistently the most sensitive factor for changes in the
damping coefficient, exceeding the drop height, material layer thickness, and grinding cylinder diameter.

Table 2
Dimensionless fitting expressions of damping coefficients of two types of wheat bran powders
Powder type Uncrushed bran Coarse powder
G""fj'ng.’ Y=1.1354X2+0.6402X+0.5164 (R*=0.9995) Y=2.2072X2+0.306X+0.5211 (R?=0.9958)
media diameter
Cylinder ) ) ,
diameter Y=1.4754X2-2.0933X+1.6515 (R?>=0.9367) Y=0.986X2-1.6491.X+1.8558 (R?>=0.9859)

Drop height Y=-1.4062X3+2.1542X%-0.8787X+0.8002 (R?>=0.9277) |Y=-1.0171X°+1.7386X2-0.8236X+0.9641 (R*=0.9912)
Material
layer thickness

Y=-0.9577X3+1.7805X2-0.96X+0.7818 (R*=0.9962) Y=-0.451X°+1733X2-0.8101.X+1.0379 (R?>=0.9658)

For uncrushed bran and coarse powder, when 0 < X < 0.65 or 0 < X < 0.68 (Region A), the sensitivity
ranking is: grinding media diameter > drop height > material layer thickness > cylinder diameter; when 0.65 <
X <0.72 or 0.68 < X < 0.82 (Region B), the sensitivity ranking is: grinding media diameter > material layer
thickness > drop height > cylinder diameter; when 0.72 < X' < 0.74 or 0.82 < X < 0.94 (Region C), the sensitivity
ranking is: grinding media diameter > material layer thickness > cylinder diameter > drop height; when X >
0.74 or X > 0.94 (Region D), the sensitivity ranking is: grinding media diameter > cylinder diameter > material
layer thickness > drop height.

4.5 T =1 w A v i i
—&— Grinding media diameter | | 5.0 | =®— Grmdl'ng media Qlameter i | i |
3.5 | —M— Material layer thickness | ! —l— Material layer thickness i i :
—&— Drop height P 4.0 [ —&— Drop height i v i
2.5  —M— Cylinder diameter - B 30 b —#— Cylinder diameter : 5 :
E < | »n
e R 5 20 N
2 059 £ 10 i B icip
2 E 4 i i i
g 05 2 0.0 :
5 |
7] i
-1.5 -1.0 i
2.5 - ' L L -2.0 : : :
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Dimensionless independent variable Dimensionless independent variable
a. Uncrushed bran b. Coarse powder

Fig. 8 - Dimensionless sensitivity of damping coefficient of wheat bran powder

Thus, when regulating the vibration crushing effect of wheat bran, the grinding media diameter should
be adjusted preferentially. Subsequently, the performance parameters of the vibration mill and powder filling
amount can be optimized. In practice, the size or capacity of the grinding cylinder is typically non-adjustable,
which aligns with previous research conclusions (Haddad, 2020; Cheng et al., 2021).
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CONCLUSIONS

This paper constructed an impact test platform for grinding media-wheat bran powder to simulate the
impact-blocking effect, with impact depth, average acceleration, and damping coefficient serving as evaluation
indicators. The effects of powder particle size, grinding media diameter, cylinder diameter, material layer
thickness, and drop height were investigated, leading to the following conclusions:

(1) Under identical impact conditions, as wheat bran powder particle size decreases, impact depth
demonstrates a quadratic nonlinear trend of decreasing first and then increasing, whereas average
acceleration and damping coefficient change in the opposite direction. Particle size exerts a significant
influence on the impact-blocking effect, with maximum-minimum difference rates of the three indicators
reaching 132.15%, 134.79%, and 127.53%, respectively. The order of acceleration and damping coefficient is:
fine powder > coarse powder > uncrushed bran > micro powder.

(2) An increase in media or cylinder diameter results in an increase in impact depth, but a decrease
in acceleration. The damping coefficient exhibits a quadratic nonlinear relationship with both diameters: it
increases with grinding media diameter (accompanied by growing differences) and decreases with cylinder
diameter, stabilizing at critical diameters of 145.12 mm (uncrushed bran) and 160.35 mm (coarse powder).
This finding helps to select the grinding media diameter and cylinder diameter based on the powder type or
crushing stage.

(3) With the increase in material layer thickness, impact depth first increases then decreases, while
acceleration and damping coefficients first decrease and then increase, stabilizing at a critical thickness of 40
mm (4:1 ratio to grinding media diameter). Impact depth increases monotonically with drop height, whereas
acceleration and damping coefficients follow a cubic nonlinear pattern, reaching minima at 500 mm. Drop
height has the most significant influence on impact depth, followed by average acceleration and damping
coefficient. This finding facilitates the determination of the cylinder's material filling amount based on the critical
warning value of layer thickness.

(4) Uncrushed bran and coarse powder show consistent dimensionless sensitivity distributions for
damping coefficients, with grinding media diameter being the most sensitive factor, outperforming drop height,
material layer thickness, and cylinder diameter. This finding contributes to the development of sensitivity
weight-based control algorithms for multi-parameter coupled control of vibration crushing.

This study revealed the impact-blocking mechanism in wheat bran vibration crushing by simulating
different stages and parameters of the crushing process. The results contribute to the understanding of the
vibration mill's crushing mechanism and provide insights for optimizing its efficiency.
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