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ABSTRACT

China annually produces over 210 million tons of rice straw; however, its utilization as feed remains low due
to the scarcity of supporting equipment. In feed production, wrapping straw bales with plastic film is crucial for
accelerating degradation. Given the diverse types of straw balers, a variety of wrapping machines are required.
This study presents the design of an adjustable wrapping machine capable of handling straw bales with
diameters ranging from 400 to 1200 mm and lengths between 500 - 1000 mm. Wrapping time, coefficient of
variation, and elongation rate were selected as key evaluation indicators. Experimental results demonstrate
that all performance metrics comply with industry standards for straw bale machinery, indicating the machine's
practical feasibility and reliability in agricultural applications.
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INTRODUCTION

China boasts a colossal crop straw yield, with annual production reaching 800 million tons—equivalent
to 30% of the global total, ranking first worldwide (Tian, 2020; Cong et al., 2021; Zhang et al., 2021). Among
this, rice straw contributes 210 million tons yearly, accounting for approximately one - fourth of China's total
crop straw resources (Li et al., 2020; Lu et al., 2021; Liu, 2024). However, current utilization methods (Fig. 1)
remain inefficient. Burning straw for heat or char production results in low calorific value and causes
environmental pollution. Returning straw to the soil offers limited economic benefits and increases the risk of
pests. Industrial applications, such as the production of low-quality paper and rope, are hindered by high costs
associated with collection, transportation, and labor (Wang et al., 2017; Huo et al., 2019; Feng et al., 2021;
Cong et al., 2019). In contrast, feed utilization has emerged as a promising solution, offering economic benefits
without causing environmental harm.

Nevertheless, raw rice straw is unpalatable and nutritionally inadequate for livestock, necessitating
degradation and fermentation before being used as feed. Transforming rice straw into feed not only optimizes
resource utilization (Liu, 2021; Huo et al., 2022; Gu et al., 2017) but also alleviates forage shortages, thereby
benefiting animal husbandry.

In the rice straw feed production process, key steps include bundling, spraying decay agents, wrapping
bales with plastic film, and fermenting. These treatments reduce crude fiber content while increasing protein
and soluble sugar levels, thus boosting livestock feeding rates.
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Commercially available wrapping machines struggle to accommodate straw bales of diverse sizes
(with diameters ranging from 500 to 1200 mm and lengths from 500 to 1000 mm). In response, this study
developed an adjustable wrapping machine compatible with various balers. Following tests and analysis of the
mechanical properties of wrapping plastic films, the machine's structure was designed, and subsequent
wrapping tests were conducted. Key parameters—including wrapping time, variation coefficient, and film
elongation rate—were evaluated. These findings not only significantly enhance rice straw feed production
efficiency but also provide valuable insights for the design of wrapping machinery for other crops and grasses.

MATERIALS AND METHODS

Prior to designing the adjustable rice Industrial ram
straw wrapping machine, a study on the ey
mechanical characteristics of the tensile film ‘ low calorific value 48.25%
was conducted. The test results will provide Rl decay 340

basic data for the subsequent determination of
motion parameters, rotational speed, and the

Crushing and

overall structural design of the machine. returming o fhe field
Materials and Instruments Livestock feed
Tensile film: Antioxidant silage tensile ket ST
film (thickness: 0.025 mm; width: 250 mm; Fig. 1 - Different utilization of rice straw
material: linear low-density polyethylene
(LLDPE)), produced by Shandong Xinlian Heavy Industry Agriculture and Animal Husbandry Machinery
Company.

Test instrument: Universal material tensile testing machine. The sensor has a measuring range of 2
mN-2 kN with an accuracy of +1% or better. The loading speed is adjustable within the range of 0.01-500
mm/min.
Methods

The operation process includes 5 steps: sample preparation, length and width determination,
calibration, testing, and data processing. A quadratic orthogonal rotation combination test scheme was
adopted, with tensile film length (X;), width (X;), and loading speed (X3) set as the test factors. According to
the test requirements, the levels of the test factors are represented by the coded values -1.628, -1, 0, 1, and
1.628. The corresponding relationship between the coded values and actual values of the test scheme is
shown in Table 1.

Table 1
Factor level coding
Factors
Levels Length Stretch film width Loading speed
X1/(mm) Xa/(mm) X3/ (mm/min)
-1.682 70 18 60
-1 100 23 75
0 150 30 100
1 200 37 125
1.682 230 42 140

In accordance with the national standards "Determination of Tensile Properties of Plastic Films" (GB/T
13022-91) and "Test Conditions for Films and Sheets in the Determination of Plastic Tensile Properties" (GB/T
1040-2006), the maximum tensile force (Y1) and elongation at break (Y2) were designated as the test
indicators. Tensile film samples were cut neatly, as illustrated in Fig. 2.

Y1, the maximum force at which the film breaks.

&, elongation rate calculated by Equation (1).
_ L—Lg
=

& X 100% (1

where:
Ly,—original length of the tensile film, [mm];
L—Ilength after breaking, [mm].
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Fig. 2 - Tensile test device

RESULTS AND ANALYSIS
Establishment of tensile film model

Using Design-Expert 12.0 software, an analysis of the test factors and indicators was conducted to
determine the influence of each factor. The test scheme and corresponding results are presented in Table 2.

Table 2
Test scheme and results
Test factors Test indicators
Test number Mold length Film width Loading speed Maximum breaking Elongation rate

X1/ (mm) X2/ (mm) X3/ (mm/s) force Y1/ (N) Y2/ (%)
1 -1 -1 -1 16.2 262.7
2 1 -1 -1 12.6 2121
3 -1 1 -1 211 283.4
4 1 1 -1 16.4 253.7
5 -1 -1 1 10.8 257.1
6 1 -1 1 9.3 214.8
7 -1 1 1 18.3 239.8
8 1 1 1 16.8 2321
9 -1.682 0 0 18.5 286.4
10 1.682 0 0 12.8 205.4
11 0 -1.682 0 10.1 2091
12 0 1.682 0 21.4 265.2
13 0 0 1.682 11.8 276.5
14 0 0 -1.682 10.5 2301
15 0 0 0 11.3 2423
16 0 0 0 10.7 236.1
17 0 0 0 10.6 246.4
18 0 0 0 11.7 239.6
19 0 0 0 10.9 2321
20 0 0 0 10.3 231.6
21 0 0 0 115 2341
22 0 0 0 10.3 235.9
23 0 0 0 9.9 227.4

Establishment of regression model of the maximum breaking force

The regression equation composed of primary, quadratic and interaction terms are obtained, equation
(2). This regression equation expressed the relationship of the maximum breaking force Y1 and the three
factors, the film length X1, width X2, and the loading speed of X3.

Y, = 10.78 — 1.53X; + 3.13X, — 0.97X; + 0.66X, X3 + 0.79X,X; = 1.88X,* + 1.92X,? (2)

The significance of the regression equation was tested using ANOVA, and the results are presented in
Table 3.
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Table 3
Variance analysis of experiment results Y1
Variance source Square sum Degrees of freedom Mean square F-value P-value
Mold 301.84 9 33.54 47.30 < 0.0001**
X1 31.94 1 31.94 50.45 < 0.0001**
X2 133.53 1 133.53 188.33 < 0.0001**
X3 12.93 1 12.93 18.23 0.0009**
XiX2 0.15 1 0.15 0.21 0.6518
Xi1X3 3.51 1 3.51 4.95 0.0444*
XaX3 4.96 1 4.96 7.00 0.0202*
X+? 56.18 1 56.18 79.24 < 0.0001**
X2? 58.32 1 58.32 82.25 <0.0001**
Xs? 1.33 1 1.33 1.68 0.1939
Residual 9.22 13 0.71
Lost proposal 6.30 5 1.26 3.45 0.0869
Error term 2.92 8 0.36
Aggregate 311.06 22

Note: * * Most significant level (p <0.01); * significant level (p <0.05).

As showed in Table 3, the established model is highly significant (P < 0.0001), the P-values of the three
factors Xi, X2, X3 are less than 0.05, indicate that each factor exerts a significant effect on the maximum
breaking force. The lack-of-fit term (P=0.0869)>0.05) is non-significant, demonstrating that the model has a
high degree of reliability. The order of influence of the three factors on the maximum breaking force is
X2>X1>Xs. i.e., tensile film width> tensile film length > loading speed. Specifically:

The linear terms X1, X2 and X3 have highly significant effects on the results (P < 0.01).

The interaction terms X1Xs and X2Xs exert significant effects (p < 0.05), while the interaction term X1Xz2
has a non-significant effect (p > 0.05).

The quadratic terms Xi2 and X»? show highly significant effects (p < 0.01), whereas the quadratic term
Xs2 has a non-significant effect (p > 0.05).

Establishment of regression model of the elongation rate
Through fitting the test results using Design-Expert 12.0 software, a regression equation incorporating
linear terms, quadratic terms, and interaction terms was derived, as shown in Equation (3). This regression
equation characterizes the relationship between the elongation (Y2) and the three factors: tensile film length
(X1), width (X2), and loading speed (X3).
Y, = 238.08 — 19.52X; + 11.47X, — 10.70X; + 6.94X,X, + 7.79X,X; + 5.71X,> (3)

This regression equation is tested with ANOVA, and the results are shown in Table 4.

Table 4
Variance analysis of Y2
Variance Square sum Degrees of Mean square F-value P-Value
source freedom
Mold 10121.78 9 1124.64 18.93 < 0.0001**
X1 5201.47 1 5201.47 78.67 < 0.0001**
X2 1796.81 1 1796.81 2717 0.0010**
X3 1563.72 1 1563.72 23.65 0.0003**
XiX2 385.03 1 385.03 5.82 0.0313*
X1Xs 114.76 1 114.76 1.74 0.2104
XaXs 485.16 1 485.16 7.34 0.0179*
X412 154.65 1 154.65 2.34 0.1501
X2? 110.11 1 110.11 1.64 0.8900
X3? 522.79 1 522.79 7.91 0.0147*
Residual 859.58 13 66.12
Lost proposal 586.66 5 117.37 3.44 0.0590
Error term 272.72 8 34.09
Aggregate 11080.08 22

Note: * * Most significant level (p <0.01); * significant level (p <0.05).
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As can be seen from Table 4, the established model is significant (P < 0.0001), the P-value of the three
factors X1, X2, X3 are all less than 0.05, indicating that the three factors have a significant impact on the
elongation. The lack of fit term (P(0.059)>0.05) is not significant, which suggests that the model has a high
degree of reliability. The order of influence of the three factors on the elongation Y2 is X1 > X2 > X3, i.e., the
film length X1 > width X2 > loading speed X3. Specifically:

The linear terms (primary terms) X1, X2, and X3 all have a highly significant effect on the results (P <
0.01).

The interaction terms X1X2 and X2X3 have a significant effect (P < 0.05), while the interaction term
X1X3 has no significant effect (P > 0.05).

The quadratic term (secondary term) X3 has a significant effect on the results (P < 0.05), whereas the
quadratic terms X1 and X2 have no significant effect (P > 0.05).

Overall structure of the machine

The adjustable wrapping machine is designed for wrapping rice straw bales of varying sizes, consisting
primarily of a frame, an adjustable roller mechanism, a rocker mechanism, a film-supplying mechanism, a
lifting mechanism, and a transmission system. The adjustable roller, rocker mechanism, and transmission
system are all motor-driven.

The adjustable roller mechanism is mainly composed of two rollers and a circulating reciprocating drive
device, where the latter consists of a stepper motor, left- and right-hand screws, rails, and sliding blocks. This
mechanism is capable of lifting straw bales with diameters ranging from 500 to 1200 mm. The transmission
system drives the rollers to rotate the straw bale.

The rocker mechanism comprises a rocker arm, a frame, and a gear motor. The overall structure of the
adjustable straw bale wrapping machine is illustrated in Fig. 3.

: 08 K
Fig. 3 - The overall structure of the machine
1- Rocker mechanism; 2-Film supplying mechanism; 3-Adjustable roller mechanism;
4-Lifting mechanism; 5-Chain tensioning mechanism; 6-Frame

Working principle

Before operation, the distance between the two rollers is adjusted to an appropriate position by moving
the sliding blocks according to the size of the straw bale. The straw bale is then placed on the supporting
rollers. Via the lifting mechanism, the symmetrical center plane of the film-feeding mechanism is aligned with
the center plane of the straw bale. Subsequently, the tensile film is threaded through the film-feeding rollers,
preparing for the wrapping process.

During operation, the sprocket motor is activated to rotate the rollers, which in turn drives the straw bale
to rotate around its axis. Simultaneously, the rocker mechanism is initiated, carrying the film-supplying
mechanism to revolve around the straw bale. The tensile film is fed through the film-supplying rollers and exits
with a certain degree of tension and elongation. Through the combined rotation of the straw bale and the rocker
arm, the plastic film is wrapped around the bale.

In the wrapping process, the film-supplying mechanism and the straw bale rotate simultaneously, with
their respective rotation planes perpendicular to each other. For each full rotation of the film, the straw bale
rotates by a corresponding angle. When the tensile film completes its second rotation, it overlaps with the first
rotation by a certain extent; this rotation continues until the wrapping process is finished.

For each batch of straw bales of the same size, the roller spacing and height only need to be adjusted
once to meet operational requirements. The overall design of the machine complies with the standard DB21/T
3527-2021, featuring simple operation, a compact structure, and low noise. Relevant parameters of the
machine are listed in Table 5.
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Table 5
Main parameters of the whole machine
Name Parametric

Mass / kg 380

Sizes / mm 1580%1140%x1780

Drive method Electric powered

Round bale size (DiameterxLength) ®500x500~d1200%1000

Number of film layers/layer =2

Operating efficiency/(pack/h) 50

Bunching rate /% =99

Theoretical analysis of the wrapping process
Force analysis of the wrapping process

During the wrapping process, the straw bale is subjected to several forces: its own gravity G, the tension
from the tensile film F}.;, the normal support forces from the two rollers FI, F2, and the frictional forces

between the rollers and the bale surface fi, 1> (Li et al.,2018), as illustrated in Fig.4.
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Fig. 4 - Stress analysis diagram of straw bale
1-Left roller; 2-Film roller; 3-Straw bale; 4-Right roller

The tensile force of the film significantly affects the quality and stability of the wrapping effect. Excessive
tensile force can easily cause the straw bale to become unbalanced and roll. In such cases, the normal support
force of the right roller becomes zero, and the frictional force between the right roller and the straw bale also
vanishes. It is therefore necessary to analyze the forces acting on the bale in this critical state, as expressed
in Equation (4) below:

Ly Ly .
Fouuly = Fy — ¢os 0—fi - sin 0 (4)
In Fig.4:
G =F,;sin6 (5)
fi = uk; (6)
where:
F,,u— The pulling force exerted by the film on the straw bale, [N];

G— Gravity, [N];

F,—The normal support force of the left roller, [N];

fi—The friction between the left roller and the straw bale, [N];

L;—The length of the straw bale, [mm];

u—The coefficient of friction between the left roller and the straw bale;

6—The angle between F,; and the horizontal direction, [°].

From the above equation, it can be seen that in the process of wrapping, the F,.; should satisfy the
following equation (7):

G
Fpull = E (COtG - Au) (7)
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Furthermore, based on equations from (4) to (6), the F,.; is related to the gravity of the bale, the friction
coefficient between the bale and the rollers, and the angle between the support force and the horizontal line.
For the maximum bale size is selected, its weight is approximately 72 kg. When the angle is 45°, the straw
bale rotates most smoothly on the roller. With a friction coefficient of 0.78, the calculated F,.; value is 79.2N.
Therefore, to ensure the smooth rotation of the straw bale during the wrapping process, the tensile force
exerted by the film on the bale should be less than 79.2 N.

Determination of the speed ratio (i)

The overlap rate directly affects the quality of wrapping, fermentation efficiency, storage duration, and
compactness of straw bales. Theoretically, more wrapping layers improve fermentation outcomes (Zhang et
al., 2017), but in practical production, 2 layers of tensile film are sufficient to ensure effective fermentation. In
this experiment, wrapping tests with 2, 4, and 6 layers of film were conducted to analyze film elongation
performance and wrapping efficiency.

The overlap rate must be set reasonably: an excessively low rate results in poor sealing, which can
easily lead to fermentation failure; while an excessively high rate, although ensuring good sealing, may cause
film waste and significantly reduce efficiency. In this study, the film overlap rate was set at 50%, meaning each
cycle of film covers half of the area wrapped in the previous cycle (Zhang et al., 2019; Wang et al., 2024). A
schematic diagram of the overlap effect is shown in Fig. 5.

1 e —
2 %—;f -

:

Fig. 5 - Overlapping diagram of straw bale
1 - First film; 2 - Second film

The overlap coefficient M of the tensile film can be calculated by Equation (8):

bl - b
M= ( ) x 100% ®)
b,
And the following equations:
b= wrt €))
_2mny
0= (10)
=2 (11)

nz
where:
M—Overlap coefficient of the tensile film, 50 %;
b;—Width of the tensile film, 250 mm;
b—Staggered distance between two adjacent films, [mm];
w—Angular speed of the roller, [rad/s];
r—Roller radius, 80 mm;
t—Time for the rocker to rotate around the bale, [s];
ni—Roller speed, [r/min];
n,—Rotational speed of the rocker, [r/min].

By substituting Equations (9) ~ (11) into Equation (8), M can be calculated using Equation (12).
M=(1—%)><100% (12)
Wrapping efficiency is determined by the roller speed and rocker speed. When the overlap rate (M) is
50%, the calculated speed ratio between the roller and the rocker arm (ni/n2) is approximately 0.25, which

provides a basis for the design of the transmission mechanism.
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DESIGN OF THE KEY COMPONENTS OF THE WHOLE MACHINE
Design of the adjustable roller mechanism

The adjustable roller mechanism, as illustrated in Fig. 6, mainly consists of two rollers, a stepper motor,
a guideway, a sliding plate, a coupling, left- and right-hand threaded rods, and a limit block. During the
wrapping process, the straw bale is placed on the two rollers, and the adjustable roller mechanism allows for
the placement of straw bales with different diameters. In this study, the distance between the two rollers can
be adjusted within the range of 466 mm to 960 mm to accommodate straw bales of varying sizes.

The two rollers are fixed to the ends of the sliding plates via bearing blocks. While the rollers drive the
straw bale to rotate, the stepper motor drives the threaded rods to rotate, enabling the symmetrical movement
of the sliding blocks.

Fig. 6 - Structure diagram of adjustable rice straw bale wrapping machine
1 - Roller; 2 - Reciprocating drive; 3 - Guideway 4 - Slider; 5 - Left and right rotating screws;
6 - Rolling bearing; 7 - Limit switch; 8 - Stepper motor

Design of the film supply mechanism

The film supply mechanism is mounted on the rocker arm (Yang et al., 2020, Zhao et al., 2024),
consisting of upper and lower support rollers, two film supply rollers, a supply frame, a torsion spring, a film
baffle, a sprocket, and a film roll. Its structure is illustrated in Fig. 7. The film is secured between the upper and
lower support rollers, with the two film supply rollers positioned on the supply frame. The two film supply rollers
are driven by a sprocket, which pulls the tensile film from the film roll.

4 5 6 7
= 8
3
2
1
9
K

Fig. 7 - Schematic diagram of the film supplying mechanism
1 - Frame; 2 - Torsion spring; 3 - Baffle 4 - Supply rollers 5 - Sprocket;
6 - Supply rollers; 7 - Upper supporting roller; 8 - Film; 9 - Lower supporting roller

Rocker arm mechanism design

The rocker mechanism is primarily responsible for supporting the rocker arm and motor, while driving
the rocker arm and film-supplying mechanism to rotate around the straw bale. Composed of a rocker arm,
support frame, motor, and fixing plate (as shown in Fig. 8), the mechanism features a rocker motor connected
to the middle of the rocker arm. The lower part of the rocker arm is positioned facing the adjustable roller
mechanism, with its rotation center aligned with the symmetric central plane of the adjustable roller mechanism.
This design prevents eccentricity.
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Fig. 8 - Schematic diagram of rocker arm mechanism
1 - Stiffener; 2 - Fixed base plate; 3 - Rocker racks; 4 - Rocker motor; 5 - Motor fixing plate; 6. Rocker

PERFORMANCE TEST OF ADJUSTABLE RICE STRAW ROUND BALE WRAPPING MACHINE

Materials: Three sizes of rice straw bundles (400x400 mm, 500x500 mm, 600x600 mm) with good
compaction were used in the test. All bundles were well compacted, free from protrusions or sharp edges, and
had an average moisture content of 55%. Tensile film: The wrapping film used was linear low-density
polyethylene (LLDPE) with a thickness of 0.025 mm and a width of 250 mm. It was supplied by Shandong
Xinlian Heavy Industry Agriculture and Animal Husbandry Machinery Co., Ltd.

Methods: In accordance with the standards DB21/T 3527-2021 and NY/T 3121-2017, straw bales
were divided into three groups by size (400x400 mm, 500x500 mm, 600600 mm). Wrapping tests with 2, 4,
and 6 layers of film were conducted for each group, with the following evaluation indicators:
Wrapping time

Defined as the time required to wrap a single straw bale. Five replicate tests were performed, and the
average value was calculated.
Coefficient of variation of layers

For each bale size, 5 bales were randomly selected. At 5 randomly chosen positions on each bale, the
tensile film was cut along the circumferential direction, and the average number of film layers at these 5
positions was recorded.
Elongation rate

Marker holes were punched in the middle of the film roll, with tracers inserted into the holes as
reference marks. After wrapping, the positions of these marker holes were identified on the bale surface, and
the distance between two adjacent holes was measured as L. The elongation rate (g;) was then calculated
using Equation (13):

0

x 100% (13)

St =
0
where:

L is the distance between two marking holes after wrapping operation, and L, is actually the
circumference of the film roll.

The rocking arm mechanism speed was set to 35 r/min, as referenced by Yang, (2016). Based on the
transmission ratio between the roller and the rocker arm (i = 0.25), the corresponding roller speed was
calculated to be 8.75 r/min. The spacing between the two rollers was adjusted according to the size of the
straw bale: 353 mm for 400x400 mm bales, 424 mm for 500x500 mm bales, and 495 mm for 600x600 mm
bales.

RESULTS AND ANALYSIS
Wrapping time
The test results are presented in Table 6. Wrapping time varies depending on the specifications of the

straw bales:

For 400x400 mm bales, the average wrapping times for 2, 4, and 6 layers were 18.6 s, 32.4 s, and 44.8
s, respectively.

For 500500 mm bales, the average wrapping times for 2, 4, and 6 layers were 20.4 s, 33.6 s, and 45.2
s, respectively.

For 600600 mm bales, the average wrapping times for 2, 4, and 6 layers were 21.4 s, 34.4 s, and 46.4
s, respectively.

All results meet the industry standards for straw bale wrapping machinery.
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Wrapping time of straw bales with different sizes

Table 6

Number of 400400 mm wrapping time /s
wrapping layer 1 2 3 4 5 Average value
2 18 19 18 19 19 18.6
4 33 32 33 32 32 324
6 44 44 46 45 45 44 .8
Number of 500%500 mm wrapping time /s
wrapping layer 1 2 3 4 5 Average value
2 19 21 20 21 21 20.4
4 33 33 34 33 35 33.6
6 45 45 46 45 45 45.2
Number of 600%600 mm wrapping time /s
wrapping layer 1 2 3 4 5 Average value
2 21 21 21 22 22 21.4
4 34 35 34 34 35 344
6 46 47 47 46 46 46.4

Coefficient of variation of layers

Fifteen groups of tests were conducted, with forty-five points randomly selected to record the number
of film layers. The results are presented in Table 7. All 15 groups showed a film overlap rate exceeding 50%,
and the number of layers at each point was calculated using Equation (14).

45
_Cl+Cz+C3+"'C4,5 _
C= - - Z C,/45 (14)
where:
C—Average value of layers.
C;i—C, - C45 Number of layers at each point.
The coefficient of variation is calculated using Equation (15).
X= % x 100% (15)
where: S is the standard deviation calculated by Equation (16).
_ ,Z?S(Cz - C)?
S= TS — (16)

After calculation, the coefficients of variation for the uniformity of the wrapping film were found to be
8.70% (400x400 mm), 11.20% (500x500 mm), and 10.70% (600600 mm), respectively. All these values are
below the 15% threshold specified in the industry standards for straw bale wrapping machinery.

Table 7
Number of wrapping film pickup points for different straw bale sizes and layer counts
2-layer film pickup 4-layer film pickup 6-layer film pickup

Straw bale Straw bale . . .
. point number point number point number
specifications number
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 2 2 2 2 2 4 4 4 4 4 6 6 6 6 6
2 2 2 2 2 2 4 3 4 4 4 7 6 6 6 6
3 2 3 2 2 2 4 4 4 5 4 6 6 6 5 6
400%x400mm

Straw bale 4 2 2 2 2 2 4 5 4 4 4 6 6 6 6 6
5 2 2 2 2 3 4 4 4 4 4 6 6 6 6 6
1 2 2 2 2 2 4 4 4 4 4 6 6 6 6 6
2 2 2 3 2 2 4 4 5 4 4 6 5 6 6 6
500x500mm 3 2 2 2 2 2 4 4 4 4 4 6 6 6 6 6
Straw bale 4 2 2 2 2 2 4 4 4 5 4 6 6 5 6 6
5 2 2 2 2 2 4 4 4 4 4 6 6 6 6 6

437



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

2-layer film pickup 4-layer film pickup 6-layer film pickup
Straw bale Straw bale . . .
. point number point number point number
specifications number
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 2 2 2 2 2 4 4 5 4 4 6 6 7 6 6
2 2 2 3 2 2 4 4 4 4 4 6 6 6 6 6
600%x600mm 3 2 2 2 2 2 4 4 5 4 4 6 6 6 7 6
Straw bale 4 2 2 3 2 2 4 4 4 4 4 6 6 6 6 6
5 2 2 2 2 2 4 4 4 4 4 6 6 6 6 6

Elongation rate &,

Five wrapped bales of each size were randomly selected, and the elongation rate ( &) was calculated
using Equation (13). The final result was approximately 59%, with a 2.4% deviation from the design
requirements. This elongation rate meets the industry standard, and detailed results are presented in Table 8.

Table 8
Elongation rate
Elongation of 5 tested wrapping bales - 400x400mm
Measured parameter
1 2 3 4 5 Average value
Lo(mm) 315.8 312.6 310.1 307.4 304.3 310.04
L1(mm) 496.1 491.7 498.6 487.5 484.7 491.72
& (491.72-310.04)/310.14x100%=59%
Elongation of 5 tested wrapping bales - 500x500mm
Measured parameter
1 2 3 4 5 Average value
Lo(mm) 3291 326.9 323.7 320.9 318.6 323.84
L1(mm) 519.6 525.0 511.7 504.8 507.2 513.66
& (513.66-323.84)/323.84x100%=59%
Elongation of 5 tested wrapping bales - 600x600mm
Measured parameter
1 2 3 4 5 Average value
Lo(mm) 341.3 338.9 336.2 3334 331.7 336.3
L1(mm) 539.3 539.5 544.6 529.4 528.1 536.18

& (536.18-336.3)/336.3%x100%=59%

CONCLUSIONS

In the entire process of rice straw forage production, straw bales require wrapping, but the supporting
machinery cannot adapt to bales of different sizes. To address this issue, this study designed a rice straw bale
wrapping machine with adjustable rollers to accommodate various bale sizes, laying a foundation for improving
the production efficiency of straw forage. The main conclusions are as follows:

(1) The mechanical properties of stretch films were studied. Film length, width, and loading speed were
selected as test factors, with maximum tensile force and elongation rate as evaluation indicators. The results
indicate that in actual wrapping operations, using shorter film lengths, lower loading speeds, and wider film
widths can not only enhance the tensile strength of the film but also increase its elongation, thereby improving
wrapping effectiveness.

(2) The overall structural scheme of the adjustable straw bale wrapping machine was designed. Based
on theoretical analysis of the wrapping process, the tension applied to straw bales should be less than 79.2 N.
A speed ratio of 0.25 between the roller and the rocker arm ensures a 50% wrapping overlap rate, achieving
optimal wrapping results.

(3) Key components including the adjustable roller mechanism, film feeding mechanism, and rocker
mechanism were designed. The spacing between the two rollers can be adjusted within the range of 466—960
mm, enabling the wrapping of bales with sizes ranging from 400 to 1200 mm.

(4) Performance testing of the adjustable straw bale wrapping machine was completed, with the rocker
speed set at 35 r/min. The average wrapping times for 2, 4, and 6 layers of different-sized bales were measured.
The film overlap rate reached 50%, with coefficients of variation for film uniformity at 8.70%, 11.20%, and
10.70% respectively, and the total average elongation rate of the stretch film was 59%. All indicators meet the
design standards.
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