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ABSTRACT

This paper proposed a supplemental feeding pusher based on beef cattle's auxiliary feeding needs to solve
the traditional feeding mode of manual work, labor intensity, and inconsistent manual work standards. Firstly,
the conveyed feed particles movement process was established as a motion model and the basis of the design
parameters of the screw conveyor was explained. ANSYS static analysis module was used to ensure that the
structural parameters of the discharging device were reasonable, ANSYS vibration modal analysis module
was used to verify the frame strength and stability. According to the theoretical design of the trial prototype,
the control system with STM32F103RE microcontroller as the core was carried out. Finally, the orthogonal test
was conducted with the screw shaft speed, sweeping roller brush height, and traveling speed as test factors;
different parameters were set to verify the effect of supplemental feeding and pushing, and parameter
optimization of the test results was carried out using Design-Expert software. The optional combination of
working parameters was determined to be the feeding screw shaft speed 188 r/min, the sweeping roller brush
speed 160 r/min, and the work speed 0.26 m/s. The test demonstrated that the residual feed width was 0.73
m, and the transverse coefficient of variation was 14.9%, which could satisfy the needs of auxiliary feeding for
beef cattle. This study reduced feed waste and met the cattle feeding needs to the greatest extent, and it could
provide a reference for auxiliary feeding machinery.
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INTRODUCTION

With the development of science and technology empowering the beef cattle breeding industry, feeding
methods are constantly changing from traditional feeding methods to TMR methods at this stage (Zhong et al.,
2020), but most beef cattle farms currently have a low degree of automation (Bae et al., 2023). During the
feeding process of beef cattle, it often happens that straw and other remaining roughage accumulated in the
trough or the grass is arched away from the feeding area due to the preference for concentrate feed (Greter
et al., 2015), resulting in a decline in cattle intake and feed waste (Da Borso et al., 2017).

The traditional solution is to sweep scattered feed manually or drive the feed truck to push the remnant
feed, which is inefficient, and the operation effect cannot be effectively guaranteed. If scattered feed is not
pushed back promptly, it may lead to a buildup of fermentation, affecting the stable environment and cattle
health (Nabokov et al., 2020; Liu et al., 2016). Cattle's feeding and living environment directly affect their growth
conditions (Tangorra and Calcante, 2018; Moya et al., 2011). In the long run, it not only causes the waste of
feed but also affects the cattle quality (Cummins et al., 2009) and reduces the economic value (Alvarez-
Rodriguez et al., 2020), so the research on assisted feeding robots has been generated (Pavkin et al., 2023).
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Auxiliary feeding equipment like supplemental feeding equipment and pushing machinery is an essential
part of intelligent farming (Alameer et al., 2020; Pavkin et al., 2021), which can improve the efficiency of feed
utilization as well as the eating quality of beef cattle (Mosquera et al., 2021; Bisaglia, 2012). Many researchers
have recently focused on automated feeding robots (Bisaglia, 2023; Yang et al., 2022). Uzedhe et al. presented
an on-farm automated feeding robotic system that consisted of automatic navigation, which could provide 26.6
kg of feed automatically at 1.233 km/h, but it was incapable of tipping and pushing loose material and was not
suitable for automatic feeding of beef cattle (Uzedhe et al., 2023). The cow intelligent pushing robot developed
by Zhang et al. used a straight-faced pushing plate to push the material and acquired images through a
webcam; however, the recognition rate of this method for the QR code was easily affected by environmental
factors (Zhang et al., 2023). Chen et al. used the 9ITL-650 feeding robot as a platform and constructed an
ultra-wideband autonomous navigation system, but the device had a single function, and it could not satisfy
the replenishment feeding as well as sweeping and other operations (Chen et al., 2024). Bakirov et al.
developed a robotic control system for cattle shed feeding and carried out an operational procedure that
allowed for automated feeding of typical cattle yards. However, it lacked pushing and sweeping functions to
meet complete automation requirements (Bakirov et al., 2020).

In summary, due to the problem of frequent replenishment and pushing of materials in beef cattle farms,
there is a lack of an integrated cattle farm auxiliary feeding machine that can simultaneously realize automatic
replenishment, moving materials, and cleaning. Considering the problems of existing feeding machinery, a
structure and working method of a supplemental feeding pusher are proposed. Automatically achieving timely
replenishment, pushing, and cleaning can solve the problem of low grass utilization as it is removed from the
feeding area by the cattle.

MATERIALS AND METHODS
Machine structure and working principle
Structure of supplemental feeding pusher

The supplemental feeding pusher consists of the traveling chassis, discharging device, sweeping device,
power supply, navigation module and central control module. As shown in Fig. 1, the device can push back the
feed along the feed routing trajectory to facilitate beef cattle feeding. At the same time, it carries a silo that can
add following the remaining feed in the process of the feeding of the beef cattle. For the operating environment
of beef farms, the traveling chassis is steered by the front axle and driven by the rear axle, and the system
adopts the UWB (ultra-wide band) positioning mode and integrates the IMU (micro-inertial measurement unit)
data information for navigation. Considering loose-feeding as the mainstream of livestock breeding, the
application scenario of the designed supplemental feeding pusher is loose-feeding mode, with an open range
of cattle activities and fixed feeding points.

1 5 6

Fig. 1 - Structure of the supplemental feed pusher
1. Cleaning device; 2. Frame; 3. Wheel encoder; 4. Rolling wheel; 5. Feeding plate;
6. Motor; 7. Leak-proof baffle; 8. Feeding screw; 9. Silo
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Fig. 2 - Overall control system diagram for the supplemental feeding pusher

The microcontroller integrates microprocessor, memory and other parts to form a miniature computing
system, with reliability and fast operation advantages. Given the beef cattle feeding requirements, the
composition of the hardware part of the supplemental feeding pusher control system is determined. The
STM32F103 microcontroller is the total controller of the whole system, which is connected to the ultrasonic
range sensor, load cell and other modules. The overall control system diagram for the supplemental feeding
pusher is shown in Fig. 2.

Working principle and technical parameters

According to the requirements of the beef cattle breeding feeding link, firstly, the TMR (total mixed ration)
spreading wagon completes the feed sprinkling in the stable. After 1.5 h of centralized feeding by the spreading
wagon, the supplemental feeding pusher carries out the pushing and supplemental feeding operation. The
working method of the designed supplemental feeding pusher system is as follows: after turning on the power
supply unit, it makes a fixed stop at the starting point A position, and then through the system distance
measuring sensor, the distance to the cattle neck yoke railings is measured.

After entering the area to be operated, stop at the starting point A position, measure the distance to the
border cattle neck yoke fence through the system distance measuring sensor, adjust the distance between the
left and right of the AB section, and get ready to enter the working state. After entering the feeding area through
the B point, monitor the distance to the border cattle neck yoke fence in real time in the process of the straight
operation of the BC section, and control the distance from the border to a certain extent.

During the operation of the feeding area, set up a suitable working mode in advance, and the
supplementary feeding pusher will carry out the supplementary feeding and cleaning operation; after
completing the operation of one side of the feeding area, it will drive to the cattle house D. After finishing the
work in the feeding area on one side, it will drive to the D section of the stable, turn at the DE section at the
end of the stable, and complete the pushing and feeding operation on the other side. The main technical
parameters of the supplemental feed pusher are shown in Table 1.
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Fig. 3 - Schematic diagram of the operation of the supplemental feeding pusher
1. Beef cattle activity area; 2. Feeding area; 3. Operating track; 4. Neck yoke

Table 1
Main technical indexes of feeding pusher
Parameters Values
Overall dimensions (lengthx widthx height) /mmx mmx mm 1350X1200X 1450
Quantity of material in storage /m3 3.2
Silo Flow Pattern Integral flow

Operating speed /(m/s) <0.4

Weight /kg 165

Design and analysis of supplemental feeding pusher components
Design and simulation verification of discharging device

In order to realize the supplemental forage function of the supplemental feed pusher, it is required that
the feed stored in the silo can be uniformly and steadily fed to the feeding area. The feeding device mainly
consists of a silo, conveying screw, anti-leakage baffle, motor, weighing device and other parts, as shown in
Figure 4. The screw conveyor has the advantages of simple structure and reliable work, and it is easy to control
frequency in the actual production. By selecting different motor speeds, it is easier to control the amount of
feed accurately. To avoid the problem of "hygroscopic agglomeration” caused by the accumulation of feed in
the silo for too long a period, a side length of 1200 mm square funnel-type silo is used. When working, the
motor drive conveyor screw rotates through the chain, through the guide plate to avoid uneven feeding and
clogging phenomenon, and then fall into the conveyor screw blade. The feed plate has a tilt angle to ensure
that the feed is thrown to the scope of the feeding area. When discharging is stopped, the motor stops, and
the remaining forage in the silo can be a leakage barrier to block to avoid wastage.
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Fig. 5 - Mechanical and kinematic

Fig. 4 - Structure of the discharging device decomposition of the conveying
1. Bin; 2. Feeding screw; 3. Guide plate; 4. Leak-proof baffle; 5. Motor; 6. Feeding plate medium
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Theoretical analysis of the process of material transfer in the discharging device is made, and the
following assumptions are put forward: it is assumed that the material filling coefficient in the spiral discharging
device was the same, without considering the compression of the material in the spiral. Take the material at
the distance R from the axis as the object of study, and the force and motion decomposition of the mass point

m is shown in Figure 5. It can be seen that v, is the velocity of the point m along the direction normal to the
helical surface, and due to the existence of friction between the material and the helical blades, v is the actual
speed of the point m. The helical lift angle of the feeding screw is expressed according to the equation (1).

tand = —— (1)

D
where:
0 is the helical lift angle at which the mass point m is located at that position, [°];
Dn, is the diameter at which the mass point m is located at that position, [m];
S is the pitch of the spiral, [m].
In the force decomposition of Fig. 5, the axial force and circumferential force are expressed according
to equation (2):
{Ft = Fsin(p + 6) 2)
FE, = Fcos(p + 6)
where:
F is the combined force exerted on the mass m, [N];
F; is the axial component forces exerted on the mass, [N];

F; are the circumferential component forces exerted on the mass, [N];
0 is the helical lift angle at which the mass point m is located at that position, [°];
p is the equivalent friction angle, approximating the v and v, deviation amount, [°].

From equations (1) and (2), it can be seen that with the increase of 0, F, decreases while F; increases,
and the main movement of the conveyed material gradually becomes rotary around the axis. According to the
structure of the screw conveying device and the relevant parameters, take out the diameter of the mouth of
the material is 275 mm, the diameter of the helical blade is 200 mm, and S is 135 mm.

The simplified 3D model was imported into ANSYS to verify the stability of the discharging device. The
simplified 3D model was imported into ANSYS to analyze the force situation and simulate the deformation and
stress situation of the feeding screw. The analysis results are shown in Fig. 6.

Equivalent sterss/MPa
8.0119
7.1296
6.2473
5.365

4.4827
3.6005
2.7182
1.8359
0.9535
0.0712

Total deformation/mm
0.073403
0.065247
0.057091
0.048935
0.040779
0.032623
0.024468
0.016312
0.0081559
0

(a) Deformation results of the feeding screw (b) Equivalent stress results of the feeding screw

Fig. 6 - Analysis results of the feeding screw

According to the results in Fig. 6(a), the screw was deformed under the action of self-weight, torsional
moment and material transfer. The main deformation area was the spiral blade and intermediate shaft position.
The maximum deformation is 0.073403 mm, which occurred at the maximum radius of the spiral blade at both
ends. The deformation of the edge of the spiral blade was more significant than that at the root position. In Fig.
6(b), the stress of the feeding screw was concentrated in the contact position of the screw blade and the screw
shaft. The stress was gradually dispersed and reduced with the increase of the screw radius, and the maximum
stress was far less than the yield strength of Q235 235MPa. After analyzing and verifying, the discharging
device structure can meet the strength requirements.
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Structural design of the cleaning device

The cleaning device can quickly complete the directional sweeping operation of scattered feed, mainly
including sweeping brush, brush groove, roller motor and electric actuator. The structure is shown in Fig. 7.

Brush strips are arranged on the periphery of the motor, and the feed left from the gap between the
brush clusters in the front row can be cleaned by the brush clusters in the back row, which can prevent the
incomplete cleaning phenomenon. In addition, the cleaning brush tufts are installed in the brush groove so
they can be replaced after long-term use, reducing maintenance costs. This structural form can realize the
collection and discharge of materials and complete both circumferential tangential sweeping and axial pushing
during operation.

Fig. 7 - Sketch of the structure of the cleaning device
1. Mounting bracket; 2. Frame; 3. Fixed plate; 4. Centre shaft; 5. Electric actuator 1; 6. Brush roller; 7. Connecting plate;
8. Rotating bracket; 9. Electric actuator 2

To improve the feed pushing rate, the height position and working angle of the sweeping device can be
controlled by the electric actuator 1 and the electric actuator 2 to complete the sweeping operation of the feed
in different directions so that the lower edge of the sweeping brush is in close contact with the ground. When
the cleaning device is not working, the vertical direction is raised by 0~70 mm, the lower edges of the cleaning
brush and dust cover are not in contact with the ground, and the cleaning device is restored to the initial position.

Vehicle structure design and simulation verification

The frame is integral to the connection between the various working parts. During operation, it is
subjected to dynamic loads and vibration from other working parts. When the frequency of the external vibration
source and the inherent frequency of the frame are close to, or even coincide with, it is easy to produce damage
to the parts. Therefore, modal analysis is used to determine the vibration characteristics of the frame to avoid
resonance phenomena and to ensure the reliability of the feeding pusher.

The vibration differential equation of the system during the working process of the supplemental feeding
and pushing device, with no external changing load on the frame and ignoring the damping effect, is shown in
equation (3):

[M]{x"} + [K]{x} = {0} 3)
where: [M] is the mass matrix of the frame;
[K] is the stiffness matrix of the frame;
{x"} is the acceleration vector matrix;
{x} is the displacement vector matrix;

The modal analysis of the frame was carried out using ANSYS Workbench. Generally, the low-order
vibration mode plays a relatively important role in the working device, so the transverse axis of the first six
orders of the mode of the intrinsic frequency and vibration mode were considered. The modal analysis result
is shown in Table 2, and the modal vibration pattem is shown in Figure 8.

Table 2
Rack modal analysis results
Modal order Intr|n5|c(|_f|rZ¢§quency Rela“;\)/:a(lj(((a:r?rg;]atlon I?/tiesrcartli%trl]ogact):etrr;e
1 15.398 2.288 Bend around the X axis
2 31.215 3.082 Bend around the Z axis
3 37.198 3.196 Bend around the Z axis
4 53.055 2.865 Bend around the Y axis
5 60.657 3.182 Bend around the X axis
6 66.606 3.425 Bend around the Y axis

268



Vol. 73, No. 2 / 2024 INMATEH - Agricultural Engineering

Total deformation/mm
3.1958
2.8407
2.4856
2.1305
1.7754
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(a) 1%t order vibration pattern (b) 2™ order vibration pattern (c) 3" order vibration pattern
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3.1819 34251
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0
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0.35355
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(d) 4" order vibration pattern (e) 5" order vibration pattern (f) 61 order vibration pattern

Fig. 8 - The first six orders of the modal vibration pattern of the frame

As seen from Fig. 8, the areas where larger amplitude and deformation occurred were the front and rear
ends of the frame, and the deformation inside the frame was minor. The frame carried the weight of the
discharging device, and it was affected by the vibration of the discharging device and the sweeping device
when they were working, which concentrated the force and vibration in the position of the two ends of the rack,
resulting in poor stability. The maximum speed of the drum motor was 5.67 r/s, and the vibration frequency
generated by the external stimulation was less than the minimum frame inherent frequency, so the frame would
not resonate with other parts during the working process. The structural design is reasonable and meets the
stability requirements.

RESULTS
Feeding pusher performance experiment

Experimental conditions

The selected test site was in Yangling District, Shaanxi Province (34°28'N, 108°07'E). The test
instruments and materials included a 48 V battery, I/O module terminals, Mini3sPlus UWB module, MPU9250
gyroscope, E3F-DS304C photoelectric switch, HC-SR04 ultrasonic sensor, E6B2-CWZ6 encoder, tape
measure, and vernier caliper.

Discharge test
Orthogonal experimental design

According to the theoretical analysis of each working part in the previous period, it was determined that
the main factors affecting the working effect of the supplemental feeding pusher were the screw shaft rotation
speed, the roller brush rotation speed and the traveling speed as the test factors. Ten 5 mx3 m measurement
areas were taken in the test stable. The distance of scattered feed from the cattle neck yoke in each region
was measured before the test as the initial offset po. The residual feed width and uniformity were taken as the
test indexes, in which the residual feed width could be measured directly, and the transverse coefficient of
variation illustrated the uniformity, and the calculation is shown in equation (4).

cv==2
u

N 3 (4)
0= |~ Xi= (i — o)
where:
CV is the transverse coefficient of variation, [%];
o is the standard deviation;
n is the number of sampling areas;
i is the average distance of the residual feed in the / sampling area after the operation, [m];
U is the average of i, [m].
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In order to avoid material accumulation on the inner wall of the silo, the proposed screw shaft speed
range was 150 r/min~220 r/min; with reference to the working parameters of similar machinery, the preliminary
selection of the sweeping roller brush speed range was 120 ~200 r/min; the proposed range of traveling speeds
of the supplemental feeding pusher was 0.1~0.4 m/s. The orthogonal test was used to study the influence of
each factor on the machine, and the code levels of factors are shown in Table 3.

Test Code and levels of factors

Table 3

Test factors

Feeding screw shaft

Sweeping roller brush

Traveling speed,

Code A !
speed, x1/ (r/min) speed, X2/ (r/min) x3/ (m/s)
+1.682 220 200 0.4
+1 205.8 183.8 0.34
0 185 160 0.25
-1 164.2 136.2 0.16
-1.682 150 120 0.1

The test was conducted according to the test factors in Table 3, the test and measurement process
shown in Fig. 9, and the test results in Table 4.

Fig. 9 - Supplemental feeding pusher discharging test
(b) Measurement process

(a) Test Scene

Table 4
Experimental results
Test factors
No X1 (r/min) X2 (r/min) x3(m/s) Y (m) Cv (%)
1 164.2 136.2 0.16 1.08 19.2
2 205.8 136.2 0.16 0.87 17.6
3 164.2 183.8 0.16 1.12 16.2
4 205.8 183.8 0.16 0.95 15.8
5 164.2 136.2 0.34 0.96 175
6 205.8 136.2 0.34 0.98 15.9
7 164.2 183.8 0.34 1.02 15.3
8 205.8 183.8 0.34 1.08 14.7
9 150 160 0.25 1.05 17.0
10 220 160 0.25 1.07 14.1
11 185 120 0.25 0.80 19.1
12 185 200 0.25 0.91 14.0
13 185 160 0.1 1.04 18.6
14 185 160 0.4 0.90 14.9
15 185 160 0.25 0.62 145
16 185 160 0.25 0.73 13.7
17 185 160 0.25 0.66 14.9
18 185 160 0.25 0.71 13.8
19 185 160 0.25 0.79 15.1
20 185 160 0.25 0.87 15.0
21 185 160 0.25 0.76 145
22 185 160 0.25 0.89 15.2
23 185 160 0.25 0.71 14.8
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Analysis of test results

Multiple regression was fitted to the results using Design-Expert 13.0 software to obtain the regression
equations for the residual material distance from the neck yoke width Y and the transverse coefficient of
variation CV, respectively. It could test the effect of each test factor on the significance of the model.

(1) Residual feed width from the cattle yoke Y

According to the results of the ANOVA, the model F=7.37 indicated that the model was significant. For
the grading accuracy of the test indicators, the order of influence of the test factors and the interactions
between the factors was x12, x32, x2?, x1X3, X2, X1, X3, X1X2, X2X3, where x72, x3? had a highly significant influence;
x2? had a significant influence; x1xs had a slightly significant; xz, x1, X3, x1x2, x2xs had no significant impact.

The non-significant factors were removed and re-analyzed by ANOVA to obtain the regression equation
of each experimental factor on the residual feed distance from the neck yoke width Y according to equation (5)
and the results are presented in table 5:

Y =0.7482 + 0.0575x, x5 + 0.1168x,2 + 0.0443x,2 + 0.0850x,2 (5)
Table 5
Results of ANOVA for residual feed distance from cattle neck yoke width
Source Sum of squares  Degree of freedom  Mean square F P
Modal 0.4107 9 0.0456 7.37 0.0008™
X1 0.0052 1 0.0052 0.8392 0.3763
X2 0.0158 1 0.0158 2.56 0.1338
X3 0.0034 1 0.0034 0.5491 0.4719
X1X2 0.0008 1 0.0008 0.1292 0.7250
X1X3 0.0265 1 0.0265 4.27 0.0592"
X2X3 0.0002 1 0.0002 0.0323 0.8601
x12 0.2168 1 0.2168 35.23 <0.0001™
x22 0.0321 1 0.0321 5.05 0.0427"
X352 0.1148 1 0.1148 18.55 0.0009™
Residual 0.0805 13 0.0062
Lack of fit 0.0162 5 0.0032 0.4029 0.8342
Error 0.0643 8 0.0080
Total 0.4912 22

Note: *** denotes highly significant, ** denotes significant, * denotes slightly significant, same as Table 6

(2) _Transverse coefficient of variation

According to the ANOVA results, the model F=79.59 indicated that the model was significant. For the
transverse coefficient variation, the order of magnitude of the effects of the test factors and the interactions
between the factors on it were x1, x3, x3%, x22, X2, X1?, X1X2, X2X3, X1X3, where x1, x2, x3, x2%, x3*> had a highly
significant influence; xx2, x1x3, x2xshad no significant influence. The non-significant factors were removed and
re-analyzed by ANOVA to obtain the regression equation of each experimental factor on the transverse
coefficient variation according to equation (6) and the results are presented in table 6:

CV = 14.61 - 0.6647x; — 1.23x, — 0.8510x5 + 0.3610x,2 + 0.7146x,2 + 0.7853x52 (6)
Table 6
Results of ANOVA for transverse coefficient variation
Source Sum of squares Degree of freedom  Mean square F P
Modal 170.84/168.38 9 6.35 19.59 < 0.0001™/< 0.0001™
X1 57.13 1 6.03 18.62 0.0008™
X2 6.03 1 20.61 63.62 < 0.0001™
X3 9.89 1 9.89 30.53 < 0.0001™
X1X2 0.6050 1 0.6050 1.87 0.1949
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Source Sum of squares Degree of freedom  Mean square F P
X1X3 0.0050 1 0.0050 0.0154 0.9030
X2X3 0.2450 1 0.2450 0.7562 0.4003
X712 2.07 1 2.07 6.39 0.0252"
x22 8.11 1 8.11 25.04 0.0002™*
x32 9.80 1 9.80 30.24 0.0001™

Residual 1.84 5 1.24

Lack of fit 2.37 8 0.2961 1.24 0.3722
Error 4.21 13 0.3240
Total 61.35 22

Response surface analysis

The experimental results were analyzed by Design-Expert 13.0 software to derive the response surfaces
of the significant interactions of feeding screw shaft speed x1, sweeping roller brush speed x2and travel speed
x3 on the residual feed width Y and transverse coefficient of variation CV as shown in Figure 10.

Transverse coefficient of variation (%)

2} 16 |
= L1} 14*
2 ‘ 4|
g 1.0} +
£ 09] 12|
; 0.8}

& 07|

£ 06 220.0

&

0.25
Spiral speed (r/min) Travel speed (m's)
167.5 52.
136.0

Cleaning brush speed (r/min) 120.0 150.0 0.10 120.0 Cleaning brush speed (1r/min)

Fig. 10 - Response surface for the interaction between residual feed width and transverse coefficient of variation
(a) x3=0.4 m/s (b) x;=185 r/min

When the traveling speed = 0.4 m/s, the response surface of the interaction between the screw shaft
rotation speed and the sweeping brush rotation speed is shown in Fig. 10(a). When the sweeping brush rotation
speed was certain, the residual material width showed a decreasing and increasing trend with the increase of
the screw shaft rotation speed. The screw rotation speed of the feeding screw influenced the discharged
amount and the movement of the material when it was thrown out. The horizontal initial velocity of feed particles
was easy to pile up in the non-feeding zone when the screw shaft rotation speed was too low, but when the
rotational speed was too high, the discharged amount increased, so the preferred rotational speed of the screw
shaft was in the range of 185.0-202.5 r/min. When the rotational speed of the screw shaft was certain, the
residual material width showed a decreasing and then increasing tendency with the increasing rotational speed of the
sweeping brush. The preferred rotational speed range of the sweeping brush was in the range of 136.0-168.0 r/min.

When the rotational speed of the spiral axis = 185 r/min, the response surface of the interaction between
the sweeping brush speed and traveling speed is shown in Fig.10(b). When the traveling speed was certain,
the CV showed a decreasing trend as the speed of the sweeping brush increased and was gradually flattened
out because the sweeping brush affected the total amount of pushed feed per unit of time, increasing the
efficiency of sweeping. But when the sweeping brush speed exceeded a specific range, the vibration of the
whole machine caused by the sweeping device increased, so the optimal range of the sweeping brush speed
was 152.0~184.0 r/min; when the speed of the sweeping brush was certain, the CV showed a decreasing and
then increasing trend with the increase of the traveling speed, and the better traveling speed was 0.25~0.32
m/s.

Parameter optimization
To obtain the best operational performance parameters of the supplemental feed pusher, the regression
model was optimized based on the obtained test results and regression equations with the constraints.
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The system of objective and constraint equations is shown in equation (7):
{ minY (x;,x,, X3)
min CV (xy, x5, x3)
150r/min < x; < 220r /min (7)
120r/min < x; < 200r/min
0.1m/s < x; < 0.4m/s

The optimal solution was 187.6 r/min for the feeding screw shaft, 160.8 r/min for the sweeping roller
brush, and 0.26 m/s for the traveling speed. The residual feed from the cattle neck yoke after the operation of
the supplemental feeding push device was 0.71 m in width, with a transverse coefficient of variation of 14.3%.

Experimental validation

Considering the optimized working parameters and operational feasibility, the feeding screw shaft speed
was set at 188 r/min, the sweeping roller brush speed at 160 r/min, and the travel speed at 0.26 m/s for the
test. The other test conditions were the same as above, and the test results are shown in Table 7.

Table 7
Effectiveness of feeding pusher operation at optimum parameters
Test factors
No. X2 (r/min) X2 (r/min) X3 (M/s) Y (m) Ccv (o)
1 188 160 0.26 0.70 15.9
2 188 160 0.26 0.79 16.3
3 188 160 0.26 0.75 13.8
4 188 160 0.26 0.67 15.4
5 188 160 0.26 0.77 14.6
6 188 160 0.26 0.72 135
Average value 188 160 0.26 0.73 14.9

After six tests, the average width of the residual feed was 0.73 m, and the average value of the calculated
transverse coefficient of variation was 14.9%, which was able to satisfy the auxiliary feeding needs of beef
cattle breeding (width of scattered feed less than 0.75 m).

CONCLUSIONS
(1) Through theoretical analysis, device design and cattle farm tests, a supplemental feeding pusher

was developed, which is more adaptable to cattle farms of different breeding scales and more suitable for
intensive cattle farms.

(2) The three-factor, five-level orthogonal test established the regression model using test factors and
evaluation indexes. The optimal combination of the working parameters was determined to be the screw shaft
speed of 188 r/min, the sweeping roller brush speed of 160 r/min, and the traveling speed of 0.26 m/s, providing
the basis for the selection of the machine working parameters of the supplemental feeding pusher.

(3) The test showed that the prototype machine had stable performance. The measured residual feed
width was 0.73 m, the lateral coefficient of variation was 14.9%, and the test index met the needs of beef cattle
auxiliary feeding. It can reduce the problem of high labor-intensity manual operation and effectively improve
supplemental feeding and cleaning efficiency.
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