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Abstract: To explore the influence of silo load and material distribution on the motion
characteristics of partition screens, a four-degree-of-freedom dynamic model was
established via the Lagrange method. The model was solved for different spring damage
degrees and load conditions using the New-Mark B method. Results indicate that under
complex operating conditions involving silo mass and uneven material distribution, the
screen surface exhibits enhanced instability—with the feed end showing downward tilting
and an increased swing angle. The amplitudes in the z and y directions increase with the
degree of spring damage, whereas the amplitudes in the 6 and ¢ directions and the location
of spring damage are associated with the severity of spring damage. Under varying load and
spring damage conditions, the displacement difference between springs increases linearly
with load magnitude. At the same end of the screen, the inter-spring displacement difference
ranges from 32% to 93%. Under the same load, diagonal spring damage leads to the
maximum inter-spring displacement difference (221%), inducing severe screen vibration.

1. Introduction

Traditional early-stage dynamics research primarily adopted simplified models such as single-
degree-of-freedom (SDOF) and two-degree-of-freedom (2DOF) systems. While these models offer
the advantages of simplified modeling and low computational cost—enabling the rapid satisfaction
of basic design requirements—they have notable limitations [1-4]. Specifically, they struggle to
accurately characterize the spatially coupled motion of screen bodies, material impact loads, and the
dynamic properties of novel vibration isolation components [4-7]. Furthermore, they often neglect
the inertial effects of ore and the actual forces acting on the screen surface, rendering the equipment
prone to resonance and unstable vibrations [8-9].

To address these drawbacks, scholars have proposed various optimization schemes and models
tailored to specific requirements in recent years, each with distinct merits and limitations. Constructed
via the Lagrange method and solved using the Runge-Kutta method, the spatial six-degree-of-freedom
(6DOF) model accurately captures the coupled motion behaviors of screens, with model-test
deviations generally within 10%. Nevertheless, this model involves complex construction and
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demands highly accurate parameter inputs [10-11]. The small-damping three-degree-of-freedom
(3DOF) model, specifically designed for specialized equipment such as double-layer vibrating
retarding screens, effectively mitigates vibration instability, achieving prediction deviations of less
than 10% for both amplitude and natural frequency. Nonetheless, its limited versatility hinders its
application to other types of vibrating screens [12-13]. The dynamic model integrated with auxiliary
chamber air springs suppresses resonance effectively through variable stiffness and high damping
properties, yielding a simulation-experimental amplitude deviation of only 1% while enabling precise
control of screening parameters. However, its derivation necessitates the integration of
thermodynamics and fluid mechanics theories, posing considerable modeling challenges [13-14]. The
discrete element method (DEM)-coupled simulation overcomes the simplifying assumptions of
traditional material models by accurately calculating the actual forces exerted by ore on the screen
surface and simulating practical problems such as screen hole clogging, showing strong consistency
with industrial applications. Nevertheless, it entails substantial computational demands, stringent
hardware requirements, and complex modeling processes for non-spherical particles [15-16].

Notably, the aforementioned simulation experiments and dynamic equations are based on the
motion characteristics of the vibrating screen surface (e.g., screen surface amplitude and trajectory),
conducted under the assumption of neglecting the material mass distribution inside the screen box.
However, the screen surface motion characteristics under different loading conditions—such as
material displacement and initial compression from the material bin—have not been analyzed or
addressed.

In response to the feeding difficulty encountered by vibrating screens after long-term operation,
this paper establishes a four-degree-of-freedom (4DOF) dynamic model incorporating spring position
distribution, considering the influences of factors such as material distribution, bin load, and the
number of damaged springs. It investigates the effects of the number of damaged springs in the bar
screen and material distribution on the screen surface amplitude response.

2. Mathematical Model

1—frame; 2—vibration sources; 3—damping device; 4—sieve tray; 5—electromotor
Fig.1 Three-dimensional schematic diagram of the partition screen

As illustrated in Figure 1, the partition screen assembly comprises a screen frame, sieve plates, a
spring-based vibration damping system, an excitation source, a material hopper, and auxiliary
components. The physical model is simplified to focus on the sieve surface, where the material hopper
and excitation system primarily exert vibratory forces along the vertical and feed directions. Springs
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are distributed around the periphery of the sieve surface. The load from the material hopper acts on
the feed end of the partition screen and is modeled as a uniformly distributed load. The moment
generated by the mass of the hopper exerts a force on the sieve surface. Moreover, due to the non-
uniform distribution of material across the sieve surface, localized moments are induced on specific
sides of the sieve.

The screening plane is simplified as a rigid-plane body, and a spatial Cartesian coordinate system
is established (see Figure 2). The origin of the coordinate system is situated at the center of mass of
the rigid body, where the z-axis is perpendicular to the screening plane, and the x-axis and y-axis lie
within the plane. Specifically, the x-axis is aligned with the axial direction of the rigid body
(perpendicular to the side plates of the screen bars), while the y-axis corresponds to the radial
direction (i.e., the line connecting the feed end and discharge end of the screen bars). The excitation
force is a periodic harmonic vibration that acts perpendicular to the x-axis and is confined to the yz-
plane. Under this excitation, the rigid-plane body of the vibrating screen primarily undergoes
translational motions along the y-axis and z-axis, as well as rotations about the x-axis and y-axis.
Thus, this model focuses on four degrees of freedom: translational displacements along the y-axis
(denoted as y) and z-axis (denoted as z), and angular displacements about the x-axis (denoted as 0)
and y-axis (denoted as o).

The four elastic supporting springs (k; ~ k, « k;and k,) are decomposed into mutually
perpendicular components in the y-direction and z-direction, which are denoted as k,; and

kzi(i =1, 2, 3, 4) respectively. The rigid body has an axial length of 2a, a radial length of 2b, a
mass of m, and mass moments of inertia about the x-axis and y-axis of J, and J, respectively. The
excitation force rotates about the x-axis within the yz-plane, with an amplitude of f and an angular
velocity of w. The gravitational force G of the material hopper acts with a moment arm e, thereby
generating a torque Ge on the screen surface. Additionally, a torque M, is induced by the

displacement of the material.
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Fig 2. Physical model of the partition screen
(1) System kinetic energyEy:

1 . 1 1 1
Ekzszez +z/y(i)2+§m22 +§my2 (1)

In this formula, ], represents the system's moment of inertia in the x direction, J, denotes the

moment of inertia in the y direction, 6 and ¢ are the angular velocities in the 8 and ¢ directions
respectively, m stands for the system's mass, z and y are the velocities in the z and y directions
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respectively.
(2) System potential energy E,:

16

1

— 2
£ =) it +ZZMY o

Here, k;, denotes the stiffness of the i-th spring in the z direction, k;, represents its stiffness in
the y direction, while AZ; and AY; indicate the deformation amounts in the z and y directions
respectively. The spatial coordinates of the spring are(x;, v1), (x5, ¥2), (x3,V3), (X4, V4)

Spring deformation:

AZ; =z+y;0 +x;¢

AY; =y +y:0
Substituting (1) and (2) into the Lagrange equation, we obtain the system's vibration equation (3).
MX + KX =F ©)

Here, ¥ represents the system's inertia vector Xz(y z é({))T ,\while F represents the
displacement vector X=( z 0 ¢)7. The generalized force vector F is defined as F =
(fsinwt fcoswt Ge M,)T. The excitation motor acts in the y-z plane, decomposing the excitation
force f into y-direction components fsinwt and z-direction components fcoswt The material
hopper exerts a torque Ge on the sieve surface, and the torque generated by material displacement
is M,.

M The system quality matrix:

m 0 0 O
o m 0 o
M=lo 0o J. o
0 0 0 J,
K The system stiffness matrix:
kll k12 k13 k14
K = k21 k22 k23 k24

k31 k32 k33 k34—
k41 k4—2 k43 k4-4—

Inside
ki1 =k, +ky+ks3, ks
k12 =k =0
kyz =kzy =( ki1 +kyyys +ksy s +kay )
k14=ky =0
Kyo =K1, +ky ;K3 7Ky,
Ky3 =K3p =K1 ,X1 +Kp,Xp K3 ,X3 Ky 1%y
Kya=Kup =K1 201 +K22V2 +K3203 +K4204
k33 =k yJ’% +k; yY% +k3 yJ% 1Ky yJ’ﬁ +ky X+ 1 X5 +K3,X5 4Ky X5
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k3y=kyz =K1 X101 +K 1 X0 V0 K3 X33 4Ky 2 X8 V4
ki =ky Vi +ky 5 +ksyp5 +kayvi
3. Parameters and Scheme Design

The parameters (as shown in Table 1) are sourced from the YVF2-225M-4 separator screen[17-18].
Table 1 Model parameters

parameter symbol numerical value
vibrating screen mass/ kg m 10000
length of vibrating screen/m 2a 6
vibrating screen width/m 2b 1.84
x— e 8710
axis moment of inertial kg-m?
y-axis moment of inertial kg-m’ Iy 2460
spring y direction stiffness/N/m k, 1534000
spring z direction stiffness/N/m k, 4562000
excited force/ N f 260000
excited frequency/Hz w 11
gravitational capacity of silo/ NV G 400000
The distance between the material e 3
storage and the center of mass/m
eccentric moment/ N-m M, 5000
Hourly processing capacity/t 40
To facilitate the description and definition of spring damage
ak, = Kr 4)
ki

In this formula, AK;denotes the spring damage, k;represents the stiffness of spring i and &,
indicates the actual stiffness of the spring.

4. Results
4.1 Amplitude of the Spleen Surface under Double Spring Damage

The amplitude of equation (4) under no-load conditions with different spring damage levels is
plotted using the formula New — Markf3, as shown in Figures 3-6. In Figure 3, the y-direction
amplitude of the dual springs (a), (b), and (c) shows that when £k,/k, is damaged, the gradient value
ranges from 3 to 6. When k,/k;and k,/k, are damaged, the gradient values remain within 4-5, as
illustrated by contour plots in Figures 3(a), (b), and (c). This indicates that the screen surface
amplitude is more significantly affected by k,/k, than by k; and k4. At a damage level of 0.4, the
amplitude of k,/k, damage is slightly greater than that of other damage scenarios.

As shown in Figures 4(a), (b), and (c), gradient variations of 1 to 3 occur when k,/k,~ k/k;, and
k,/k, are damaged along the z-axis. The more they approach 0.4, the steeper the gradient changes,
with k,/k; showing the most pronounced effect. At a damage level of 0.4, the gradient value reaches
3.

As shown in Figures 5(a), (b), and (c), when k,/k, is damaged, the amplitude varies linearly
between 0.07 and 0.43. The gradient value ranges from 0.4 to 0.6. For k,/k; andk,;/k, damage, the
amplitude decreases as the damage level approaches zero, reaching zero when the damage is equal.
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The amplitude fluctuates between 0 and 0.14, exhibiting a nonlinear relationship with spring damage.
Both the amplitude variation and amplitude values are comparable and lower than those observed
ink,/k, damage, indicatingthat k,/k, hasa more significant effect on the amplitude in the 6 direction.
As shown in Figures 6(a), (b), and (c), the amplitude values exhibit linear variations in the range
of 0.24 to 1.6 when thek,/k, spring is damaged. For k;/k; and k;/ springs, the amplitude range
narrows to 0-0.52, with smaller values as the damage degree increases. When the damage degrees
are equal, the amplitude drops to zero. The amplitude variation shows nonlinear dependence on spring
damage degree. Both the amplitude change and magnitude are substantially smaller than those
observed ink;/k, cases, indicating that k;/k, exerts a significant influence on the 6-direction
amplitude.
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Fig4. Z-direction amplitude of double spring damage
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Fig.6 Double spring damage ¢ amplitude

4.2 Damage of the Double-position Spring and the Difference of Spring Displacement under
Different Loads

The calculation of spring displacement is given in Equation 5. Utilizing the parameters listed in
Table 1, the displacement differences under different load conditions and spring damage levels were
calculated, and the results are presented in Figures 7-11. As depicted in Figures 7(a), 8(a), 9(a), and
11(a), when springs on the same side are damaged, the displacement difference between Spring 1 and
Spring 2 exhibits a linear variation with the spring damage level, maintaining a consistent range of
approximately 5 mm. In the case of diagonal spring damage, the displacement difference between
Spring 1 and Spring 2 increases significantly, reaching a maximum of 6 mm.

Figures 7(b)-9(b) show that the same-side spring displacement difference increases with
increasing load: at 10 tons, 40 tons combined with 0.5 tons of single-side loading, and 60 tons, the
displacement differences range from 39 to 47 mm, 53 to 66 mm, and 78 to 93 mm, respectively. As
indicated in Figures 9(b)-11(b), the location of spring damage has a negligible effect on the same-
side displacement difference, which remains within the range of 51 to 56 mm. However, single-side

loading applied to the screen surface increases the inter-spring displacement difference to 53 to 66
mm.
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Figures 9(c)-11(c) illustrate that the displacement difference between Spring 1 and Spring 3
exhibits a linear correlation with their stiffness. Additionally, the inter-spring displacement difference
shows a distinct dependence on the spring damage level: the minimum value is observed at a damage
level of 0.1, while the maximum occurs at a damage level of 0.4. This indicates that a higher damage
level leads to a larger displacement difference, whereas the load exerts a significant influence on the
inter-spring displacement difference.
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Fig.7 Spring displacement difference at each position of the 10-ton material warehouse load (k1/k2)
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Fig.11 Damage to 40-ton k;/k. storage silos

In conclusion, when the feed end of the vibrating screen is subjected to hopper loading, aggravated
spring damage will increase the vibration amplitude of the screen surface. The stable negative
displacement difference between the feed end and the discharge end confirms the occurrence of
screen plane warping: specifically, the screen surface at the feed end sinks, while that at the discharge
end arches upward.

Under the action of hopper loading, the feed-end screen surface undergoes initial displacement.
Spring stiffness damage further enlarges the displacement difference between adjacent springs, which
can reach approximately 10 mm, thereby exacerbating warping at both ends. When the hopper loading
exceeds its critical value, the internal resistance of the material will surpass the excitation force,
leading to a lower feed rate, material accumulation, and even the interruption of screening operations.

To avoid feeding difficulties caused by excessive spring displacement, it is essential to enhance
the spring stiffness at the feed end.

5. Conclusions

(1) The Lagrange equation was employed to establish the dynamic model of the bar screen. During
the modeling process, full consideration was given to the swinging torque induced by the uneven
material distribution and the swinging torque caused by the silo load, leading to the construction of a
dynamic equation for the four-degree-of-freedom bar screen.

(2) Analysis of the effect of spring damage on screen surface amplitude reveals that the amplitudes
in both y and z directions increase linearly with the degree of spring damage at various positions,
with the variation in these two directions remaining within 10%. In contrast, the amplitudes in 6 and
¢ directions undergo more pronounced fluctuations (ranging from 20% to 100%), which are
dependent on the location of the damaged spring and exhibit significant differences across different
damage positions.
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(3) The spring displacement difference of the separator screen is associated with the position of
the damaged spring and the load condition. When the silo load is 60 tons, the maximum spring
displacement difference can reach 93mm; a linear relationship exists between the spring displacement
difference and the degree of spring damage.

(4) Under the silo load, the displacement difference between the feeding-end and discharge-end
screen surfaces of the partition screen increases, accompanied by a reduction in the relative height of
the two ends. This impairs the relative movement of materials and may result in feeding difficulties.
Therefore, to ensure the stable operation of the partition screen, the spring stiffness at the feeding end
should be enhanced, and damaged springs should be replaced promptly.
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