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A design method considering slider acceleration is proposed to reduce vibration and im-
prove the working efficiency of a non-circular gear-crank slider baler mechanism. The ideal
kinematic curves such as the displacement, velocity and acceleration curves of this proposed
non-circular gear-crank slider hay baler mechanism are established. The slider strokes are di-
vided into the working stroke and return stroke. The pitch curve of the non-circular gear
is established during the slider’s working stroke based on curve smoothness characteristics
and the pitch curve sealing condition. Using a compensation method, the corresponding pitch
curve is constructed for the slider’s return stroke. Additionally, the design process of non-
circular gear-crank slider hay baler mechanism is described in detail with special consideration
given to slider acceleration. An assembly model of the non-circular gear-crank slider hay baler
mechanism is created with the involute as the tooth profile. Consequently, a movement simu-
lation is carried out using ADAMS software, and the obtained kinematic curves matched the
curves established initially. The research results indicate that the proposed baler mechanism
exhibits lower speed fluctuation. Additionally, the maximum power and maximum acceleration
required by the proposed baler mechanism are reduced by 66.4% and by an order of magnitude,
respectively, compared to an existing non-circular gear-crank slider hay baler mechanism.

Keywords: agricultural machinery; baler mechanism; non-circular gear; crank slider; accel-
eration.

1. Introduction

There is an abundance of natural forage crops, especially in China. However,
if these forages crops are not packed properly, they will require more space,
which can drive up storage and transportation costs [1]. A common solution
is to use a baler to compact the crops. According to existing literature, the
density of baled hay can increase by ten times compared to non-baled hay, and
the transportation cost can be potentially reduced by around 70% [2].
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The most common slider-crank mechanism balers in the commercial industry
are John Deer 349 and Mercedes-Benz 88A. These balers use a slider-crank mech-
anism, known for being simple, reliable and having a low failure-rate. However,
this type of mechanism has limitations: compression speed has limitations when
resistance is low, and it is slow when resistance increases. Furthermore, the com-
pression time is longer than the return time [3–6]. Many studies have considered
ways to improve the movement characteristics of the slider/crank mechanism
by optimizing the structure through and using virtual simulations. Wang and
Tan [7] used a virtual prototype to simulate and analyze the baling process of
forage. An ADAMS model of the compression process was established in the form
of spring-damper parallel connection, and model’s structure and method were
verified. Zhao [8] established a dynamic equation for the baler’s compression
mechanism and conducted a dynamic analysis of the compression mechanism.
Li et al. [9] designed a six-bar baler mechanism and carried out kinematics and
dynamics simulations. The results showed that the six-bar baler mechanism re-
quires less manual labor compared to the traditional crank-slider mechanism.
Chen et al. [10] proposed a cam-type baler mechanism. The simulation results
demonstrated fast pre-compression stage and slower compression stages. While
the existing literature presents several methods to improve working efficiency
and reduce energy consumption, to the authors’ best knowledge, none of the cur-
rent baling mechanisms has been optimized based on movement characteristics.

The shape and movement characteristics of a non-circular gear are deter-
mined by its pitch curves [11–13]. The pitch curves of a non-circular gear consist
of multi-segment curves, which can be used to adjust rotational speed, change
rotational direction, or adjust cycle time. These features allow the mechanism
to achieve constant-speed movement during the working stroke, the rapid return
movement of empty return stroke, and to increase or decrease the stroke’s speed
[14–18]. Lei et al. [4] applied this type of non-circular gear to a baler mechanism
and carried out parameter inversion. The results showed that the compression
time in a working cycle for the non-circular gear-crank slider hay baler mecha-
nism increased by 30%, while the required maximum input power was reduced
by 28.6% compared to traditional slider-crank baler mechanisms. The ideal ve-
locity curve of the slider was used to determine the pitch curve and the baler
mechanism’s geometry. Although this baler mechanism can achieve fast compres-
sion in a low-resistance stage and maintain constant low-speed compression in
high-resistance stage, only the slider’s velocity has been examined. The slider’s
acceleration has not been examined. It is well known that in a non-circular
gear-crank slider mechanism, higher acceleration will increase the inertia forces
generated by the slider’s high-speed movement in the operational range. These
high inertia forces lead to vibration. On the other hand, lower acceleration and
speed in the non-operational range will increase the return time and reduce ef-
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ficiency [15, 16]. In contrast to the balers currently on the market, one of the
main issues in the field of agricultural baler machinery is reducing noise and
vibration during the baling process [19, 20].

This paper proposes an inverse design method for a non-circular gear-crank
slider baler mechanism, which considers both slider velocity and acceleration. By
specifying the desired velocity and acceleration curves for the slider, the pitch
curve of the non-circular gear can be inversely calculated using numerical calcu-
lation methods and non-circular gear meshing theory. The pitch curve can be
effectively controlled by adjusting the slider’s velocity and acceleration, leading
to the development of a corresponding mathematical model for the non-circular
gear-crank slider baler mechanism. Therefore, to reduce vibration and noise
during the baling process, the kinematic simulation and baling characteristics
of this mechanism are investigated to provide a theoretical basis and technical
support for improving operational quality and efficiency.

2. Construction of ideal kinematic curve
of the baler mechanism

2.1. Baling principle

According to the compression chamber’s structural characteristics, balers
can be categorized into two types: closed compression and open compression.
In closed compression, the bale chamber is a closed container with a plunger.
The compression process of the closed compression starts when forage is fed
into the bale’s chamber, and the plunger moves to compact the forage. Once
compression is complete, the baled forage is removed from the chamber. Figure 1
shows a schematic drawing of the closed compression process.

Fig. 1. Schematic diagram of a closed compression baling process.

Open compression takes place in a container without enclosure. The con-
tainer is mounted on a vehicle chassis, and moves along with it. The bale cham-
ber is mainly composed of a crank, piston (slider), feeding entrance, and exit, as
shown in Fig. 2 [21]. The crank is powered by a prime mover, causing the piston



4 J. WANG et al.

to move in a reciprocating linear motion. Uncompressed forage is fed through
the feeding entrance, typically located at the top, and the piston moves to com-
pact it. The forage is then being pushed forward a stroke distance in the bale
chamber. As more forage is fed into the bale chamber, the compressed forage ex-
its through the bale’s chamber exit, and the process repeats. Open compression
is a continuous process, which is more suitable for large-scale baling operations
compared to closed compression.

Fig. 2. Schematic diagram of an open compression baling process.

In open compression, the resistance during the baling process is mainly
caused by the friction force between the inner container wall and the forage, re-
sulting in varying pressure on the material during the compression process [17].
Considering only the force in the stroke movement’s direction, the slider’s ideal
velocity curve has been established in existing literature [4]. In an ideal baling
cycle, the slider runs at a high speed during the low-resistance stage and com-
presses at a lower speed during the high-resistance stage, and then returns to
the starting position at a fast speed.

2.2. Construction of the ideal kinematic curve of the slider with consideration
on the slider acceleration

2.2.1. Non-circular gear-crank slider mechanism and transmission ratio. The
schematic diagram of a non-circular gear-crank slider mechanism is shown in
Fig. 3. The pitch curve diameters of the driving and driven non-circular gears
are denoted as r1 and r2, respectively. The angular velocities of the non-circular
driving and driven non-circular gears are ω1 and ω2, respectively. The angles
of rotation for the non-circular driving and driven non-circular gears are ϕ1

and ϕ2, respectively. Parameters l2 and l3 are the lengths of the crank O2A and
connecting rod AC, respectively. The center distance is denoted as a, and the
slider displacement s can be expressed as a function of the rotation angle ϕ1.

It can be seen from Fig. 3 that the rotation angle ϕ2 can be expressed as:

(2.1) ϕ2 = π − arc cos
l22 + s2 − l23

2l2s
.
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Fig. 3. Schematic diagram of non-circular gear crank slider mechanism.

Let i12 be the transmission ratio of the two gears, that is, the ratio of the in-
stantaneous angular velocity of the driving non-circular gear to that of the driven
non-circular gear. Then, i12 can be expressed as:

(2.2) i12 =
dϕ1

dϕ2
.

By combining Eq. (2.1) and Eq. (2.2), the transmission ratio of the two gears
can be rewritten as:

(2.3) i12 =
s
√
4l22s

2 −
(
l22 + s2 − l23

)2(
s2 − l22 + l23

)
v

,

where v represents the slider movement speed.

2.2.2. Construction of the ideal kinematic curve. To reduce vibration and
noise during the baling process, there should be a smooth transition between
the slow and fast speeds of the slider. Therefore, it is essential to control both the
slider’s velocity and acceleration. The ideal displacement and velocity curves of
the slider, as established in existing literature [4], are shown in Fig. 4. The

Fig. 4. The ideal displacement, velocity and acceleration curves of the slider.
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baler’s compression process is divided into the working period (solid line) and
the return period (dashed line). According to the slider resistance change curve
presented in [4], the ideal velocity curves must satisfy the following conditions:
the slider should approach the compression point at a faster rate, then decrease
to a suitable speed, compress at a constant rate, and promptly return to its
initial position after completing the compression. Based on the continuity con-
dition of the curves and the relationships between velocity and acceleration,
the ideal acceleration curve is also given in Fig. 4. The displacement, velocity,
and acceleration curves of the slider are designated as s, v, and a, respectively.
Among these, the maximum velocity during the working period is v1, the veloc-
ity during the constant movement period is v2, the acceleration at the beginning
of the return period is a1, and the maximum slider displacement is H.

In this section, a polynomial function is used to describe the ideal movement
curve equations for the working period. The return period’s kinematic curve
is solved by using the constraints of the pitch curve, which will be introduced
in the following section. For simplicity, the working strike is divided into three
segments: the first motion segment (0–θ2), the second motion segment (θ2–θ3),
and the third motion segment (θ3–θ4), according to the velocity curve. During
these three segments, the slider undergoes acceleration followed by deceleration
in the first motion segment, uniform motion in the second motion segment, and
deceleration again in the third motion segment. The superscripts b, c, and d
are used to represent the parameters of the first, second and third motion seg-
ments, respectively. The first motion segment (0–θ2), The displacement, velocity,
and acceleration for the first motion segment (0–θ2), can be expressed by the
following polynomials.

sb = b0ϕ
5
1 + b1ϕ

4
1 + b2ϕ

3
1 + b3ϕ

2
1 + b4ϕ1 + b5,(2.4)

vb = 5b0ϕ
4
1 + 4b1ϕ

3
1 + 3b2ϕ

2
1 + 2b3ϕ1 + b4,(2.5)

ab = 20b0ϕ
3
1 + 12b1ϕ

2
1 + 6b2ϕ1 + 2b3.(2.6)

Among them, the coefficients b0, b1, b2, b3, b4, and b5 are the polynomial
coefficients.

Similarly, for the second motion segment (θ2–θ3), the displacement, velocity,
and acceleration can be expressed as:

sc = c0ϕ1 + c1,(2.7)

vc = c0,(2.8)

ac = 0,(2.9)

where the coefficients c0 and c1 are polynomial coefficients.
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For the third motion segment (θ3–θ4), the displacement, velocity, and accel-
eration can be expressed by the following polynomials:

sd = d0ϕ
4
1 + d1ϕ

3
1 + d2ϕ

2
1 + d3ϕ1 + d4,(2.10)

vd = 4d0ϕ
3
1 + 3d1ϕ

2
1 + 2d2ϕ1 + d3,(2.11)

ad = 12d0ϕ
2
1 + 6d1ϕ1 + 2d2,(2.12)

where the coefficients d0, d1, d2, d3, d4 are polynomial coefficients.

3. Design of non-circular gear-crank slider mechanism
considering slider acceleration

The non-circular gear is crucial for designing a non-circular gear-crank slider
mechanism. One of the primary challenges for designing a non-circular gear
design is establishing its pitch curve mathematical model. In this section, the
mathematical models of the pitch curves for non-circular gears in the working
and return periods are established. The pitch curve equation of the driving gear
has been established in [22] and can be expressed as:

(3.1) r1(ϕ1) =
a

1 + i12
.

Additionally, the pitch curve equation of the driven gear, which is conjugate to
the driving non-circular gear, can be expressed as:

(3.2)


r2 (ϕ1) = a− r1 (ϕ1) ,

ϕ2 =

ϕ1ˆ

0

1

i12 (ϕ1)
dϕ1.

3.1. Mathematical model of pitch curve in the working period

It can be observed from Fig. 4 that the slider velocities at ϕ1 = θ1 and
ϕ1 = θ2 are v1 and v2, respectively, and the velocity curve satisfies the following
constraint equations in the first motion segments:

(3.3)


vb (0) = 0,

vb (θ1) = v1,

vb (θ2) = v2.
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The acceleration curve satisfies the following constraint equations in the first
motion segments:

(3.4)

{
ab (θ1) = 0,

ab (θ2) = 0.

In the second motion segments, the velocity and displacement curves should
satisfy the following conditions:

(3.5)

{
vc (θ2) = v2,

sc (θ2) = sb (θ2).

If the acceleration at the beginning of return stroke is a1 for the third motion
segments, then the following conditions will hold:

(3.6)

{
ad (θ3) = 0,

ad (θ4) = a1.

If the slider displacement at ϕ1 = θ4 is H, then the velocity and displacement
curves in the third motion segments also meet the following conditions:

(3.7)



vd (θ3) = v2,

vd (θ4) = 0,

sd (θ4) = H,

sd (θ3) = sc (θ3).

The polynomial coefficients can be determined using Eqs. (3.3)–(3.7) when
the center distance a, the crank length (O2A)l2 and the connecting rod length
(AC )l3, the maximum velocity v1 in the working period, the velocity v2 in
constant speed period, the acceleration a1 at the beginning of the return period,
the maximum slider displacement H and the values of angle θ1, θ2, θ3, θ4 are
given.

By substituting the polynomial coefficients b0, b1, b2, b3, b4, b5 into Eqs. (2.4)
and (2.5), c0 and c1 into Eqs. (2.7) and (2.8), and d0, d1, d2, d3, d4 into
Eqs. (2.10) and (2.11), the pitch curve equations in the first, second and third
movement periods can be determined for non-circular gears by using Eqs. (2.3),
(3.1) and (3.2), respectively. Similarly, by changing the given values of the above
parameters, the pitch curve shape of non-circular gears and the rotation range
of each movement period can also be changed.
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3.2. Mathematical model of pitch curve in the return period

In a rotation cycle, when the transmission ratio function in part of the rota-
tion interval is known, the transmission ratio in the other rotation interval can
be established using the compensation method, according to the closed condition
of the pitch curve [23]. As shown in Fig. 5, the transmission ratios of the work-
ing section and the return section are represented as i12 and i12h, respectively.
The transmission ratio of the working period has been obtained in Subsec. 3.1.
Using the compensation method, the transmission ratio of the return period can
be obtained. To simplify the integration and derivation process, it is assumed
that the transmission ratio function of the return period can be expressed as the
following polynomial:

(3.8) i12h = e+ f0ϕ1 + f1ϕ
2
1 + f2ϕ

3
1 + f3ϕ

4
1 + f4ϕ

5
1,

where parameter e is a constant and f0, f1, f2, f3, f4, and f5 are polynomial
coefficients. It is common for e to be obtained through trial and error. When the
obtained transmission ratio function cannot meet the pressure angle or the root-
cut condition of the pitch curve, it can be changed by adjusting the coefficient e.

Fig. 5. Schematic diagram of the transmission ratio function in one cycle.

According to the closed requirements of the pitch curve, the transmission ra-
tio function curves of the working and return periods should meet the numerical
conditions and smooth connection conditions, expressed in Eq. (3.9):

(3.9)



i12 (θ4) = i12h (θ4),

i12 (0) = i12h (2π),

i′12 (θ4) = i′12h (θ4),

i′12 (0) = i′12h (2π).
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Since the numbers of rotation cycles of the driving gear and driven gear are
the same, the corresponding rotation angle of the driven gear when it completes
one cycle should be 2π, as seen in Eq. (3.10):

(3.10) ϕ2g + ϕ2h = 2π,

where angle ϕ2h is the rotation angle of the return period of the driven gear,
and angle ϕ2g is the rotation angle of the driven gear during the working period.
The total rotation angle of the driven gear during the first, second, and third
motion segments is equivalent to the rotation angle of the working period of the
driven gear. This can be expressed as:

ϕ2g =

θ2ˆ

0

1

i12
dϕ1 +

θ3ˆ

θ2

1

i12
dϕ1 +

θ4ˆ

θ3

1

i12
dϕ1,(3.11)

ϕ2h =

2πˆ

θ4

1

i12h
dϕ1.(3.12)

The values of polynomial coefficients f0, f1, f2, f3, f4, and f5 can be obtained
from Eqs. (3.9)–(3.12). By substituting these values into Eqs. (3.8), along with
Eqs. (3.1) and (3.2), the pitch curve equation of non-circular gear in the return
period can be obtained.

After completing the design of the working and return periods of the non-
circular gear, the gear must be divided according to the closed non-circular gear’s
design requirements so that the length of the pitch curve can be integrated into
the entire tooth profile. The commonly used tooth division method involves
adjusting the center distance, modulus and number of teeth, or changing the
position [24]. In order to avoid repeating the design process, this paper uses
the method of adjusting the center distance.

4. Design examples

4.1. Pitch curve model of non-circular gear

For comparison, the parameters of the slider-crank mechanism of Johndel 349
square baler are examined. The basic preset parameters are shown in Table 1.
According to the design principles outlined in Sec. 2, the pitch curve of the
non-circular gear can be established using MATLAB software. The pitch curves
of the driving and driven non-circular gears are shown in Fig. 6 and Fig. 7,
respectively. The solid line represents the working period, and the dashed line
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Table 1. Initial parameters.

Parameter Unit Value

Angle θ1 rad 2π/5

Angle θ2 rad 7π/10

Angle θ3 rad π

Angle θ4 rad 13π/10

O2A crank length l2 mm 380

AC connecting rod length l3 mm 960

Center distance a mm 200

Max. speed of working period v1 mm/s 1600

Constant speed movement v2 mm/s 1100

Acceleration at the beginning of return period a1 mm/s2 −1500

Max. slider displacement H mm 760

Tooth numbers – 25

Modulus mm 3

Constant e – 0

Fig. 6. Pitch curve for the driving non-circular gear.

Fig. 7. Pitch curve for the driven non-circular gear.

represents the return period. The AB, BC, and CD segments in the driving gear
engage with the ab, bc, and cd segments in the driven gear, respectively. When
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the AB segment of the driving gear engages with the ab segment of the driven
gear, the slider experiences acceleration followed by deceleration. During the
engagement of the BC and the bc segments, the slider achieves a constant speed
and when the CD and the cd segments engage, the slider decelerates. When the
DA segment of driving gear engages with the da segment of the driven gear,
the slider enters the return stage. One cycle of the driving gear is equal to
one cycle of the driven gear. Using the involute as the tooth profile curve of
the non-circular gear, a three-dimensional model of the non-circular gear can be
established by using the conversion tooth profile method, resulting in a complete
assembly of the non-circular gear is assembled. After verification, it is confirmed
that there is no meshing interference, and the assembly diagram is shown in
Fig. 8.

Fig. 8. Assembly diagram of the non-circular gear.

It was observed from establishing the pitch curve that:
1) The pitch curve’s shape for the non-circular gear is influenced by the pre-

defined slider movement characteristic curve. By changing the shape of
the displacement, velocity and acceleration curves of the slider, the pitch
curve of the non-circular gear can be controlled effectively.

2) Before establishing the gear-crank slider mechanism, the maximum ve-
locity v1 during the slider’s working period, as well as the velocity v2
during the constant speed movement period should be identified. Addi-
tionally, the acceleration a1 and the maximum displacement h of the slider
at the beginning of the return period should also be identified beforehand.
This allows the non-circular gear to be inversely designed according to
the slider’s movement performance, improving the non-circular gear-crank
slider mechanism’s movement performance.

3) By changing the values of angles θ1, θ2, θ3, and θ4 for the driving gear, the
corresponding gear rotation angle for both the working and return periods
can be controlled. This flexibility, based on other practical requirements,
enables the design of non-circular gear pitch curves that adhere to various
practical movement laws.
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4.2. Movement characteristics of the non-circular gear-crank slider
hay baler mechanism

The ADAMS software is used for simulation to verify the slider movement
characteristics and ensure the velocity and acceleration curves align with the
preset shapes. In the simulation setup, the input shaft gear and output shaft
gear are configured as rotational pairs with the ground, both positioned on the
same plane and separated by the theoretical center distance. Additionally, two
connecting rod and sliders were incorporated into the model

The following parameters were used in the simulation: elastic modulus E of
the two gears: 201 GPa, Poisson’s ratio µ: 0.29, damping value: 100 Ns/mm, col-
lision index value of 2.2, and the collision depth value of 0.1 mm. The Coulomb
friction model is used for friction between the contact bodies, and the dynamic
and static frictions are considered. When lubrication occurs, the dynamic and
static friction coefficients were set to 0.05 and 0.08, respectively. A drive was
applied to the input shaft in order to simulate the changes in speed and acceler-
ation of the slider within the non-circular gear group during each cycle. The
rotational speed was set to 20 r/min to maintain a slow input shaft speed.
The slider displacement curve obtained by the simulation is shown in Fig. 9,
while the corresponding slider velocity and acceleration curves are shown in
Fig. 10.

Fig. 9. Slider displacement curve obtained from the simulation.

Fig. 10. Velocity and acceleration curves of the slider obtained from the simulation.
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The simulation results show that:
1) One cycle of the driving non-circular gear corresponds to one cycle of the

driven non-circular gear. The working movement period, which includes
the first, second and third motion segments, as well as the return move-
ment period of the slider match the driving and driven non-circular gear
movement periods, respectively.

2) The displacement curves in Fig. 9 and Fig. 4 both show a trend of initially
increasing and then decreasing, resulting in a parabolic shape.

3) In Fig. 10, the velocity of the slider rapidly increases, then decreases to
a suitable speed for compression, and finally quickly returns to its origi-
nal position. This behavior is consistent with the preset shape in Fig. 4,
thereby validating the proposed design.

4) Before compression, the acceleration in Fig. 10 changes from a positive
value to a negative value, and then reaches zero to begin constant velocity
compression. After compression, the acceleration changes from a negative
value to a positive value, and eventually returns to zero. In this context,
the shape of the acceleration curve in Fig. 10 generally aligns with the pre-
set shape in Fig. 4. However, there are some numerical differences between
the two curves, particularly in the latter half of the curve. The discrepan-
cies in curves may be attributed to impacts and vibrations caused by gaps
between motion pairs or variations in motion parameters.

4.3. Characteristics comparison of the new hay baler mechanism
and other mechanisms

4.3.1. Comparison of displacement, velocity and baling time. According to
existing literature [4], the calculated maximum speed of the non-circular gear-
crank slider mechanism in the compression stage is 2100 mm/s, and the calcu-
lated compression speed is 820 mm/s. The proposed baler mechanism, as de-
tailed in Table 1 (see parameters v1 and v2 in Table 1), aligns with these initial
requirements. The results validated in Subsec. 4.1 and 4.2 demonstrate that the
proposed baler mechanism, which incorporates acceleration in its design, can
achieve constant low-speed compression during the high-pressure stage. Addi-
tionally, it allows for pre-control of both the maximum speed and compression
speed throughout the compression stage. This innovative baler mechanism ap-
proach improves work stability and compression quality compared to existing
mechanisms.

To further analyze the variations, the displacement curve of the baler mech-
anism is plotted in Fig. 11 by substituting the obtained polynomial coefficients
into Eqs. (2.4), (2.7), and (2.10). Similarly, the velocity curve is presented in
Fig. 1, derived 2 by substituting the polynomial coefficients into Eqs. (2.5),
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(2.8), and (2.11). A comparative study of these curves with those of the baler
mechanism described in [4] has been carried out.

According to Figs. 11 and 12, the following conclusions can be drawn:
(i) The shapes of the two displacement curves are not significantly different

for both mechanisms, and their maximum displacements are both 760 mm.
(ii) The maximum speed and compression speed of the slider in the proposed

baler mechanism are 1600 mm/s and 1100 mm/s, respectively. In compar-
ison, the maximum speed and the compression speed of the slider in [4] are
2100 mm/s and 820 mm/s, respectively. This indicates that the proposed
mechanism achieves a lower maximum speed and a higher compression in
the proposed mechanisms than that of the slider in [4]. In other words,
there is less speed fluctuation, which is beneficial for reducing vibration
and impact, thereby improving working stability.

Fig. 11. Displacement comparison chart.

Fig. 12. Velocity comparison chart.
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In the existing literature, the crank rotates a total of 234◦ during the com-
pression process of the non-circular gear-crank slider mechanism [4]. In contrast,
in a traditional John Deere 349 square baler, the crank rotates a total of 180◦

during its compression process. In terms of compression time, the baling time
for the proposed mechanism is 30% longer than that of the traditional baler [4].
The crank rotation angle, denoted as θ4 in Table 1, can be preset according to
specific requirements for the proposed baler mechanism. To align with the crank
rotation angle of 234◦ during the compression process described in the existing
literature [4], the value of θ4 is set to 13π/10.

4.3.2. Power comparison. The power required for the hay baler mechanism
can be calculated during the compression stage by using the following formula:

(4.1) P = Fv,

where, speed v is the slider moving speed, and resistance F is the slider resis-
tance during the compression process. The relationship between F and slider
displacement can be expressed as [15]:

(4.2) F = 2.498×10−7s4−1.575×10−4s3+1.846×10−2s2+3.447s−131.2779.

By substituting the obtained polynomial coefficients into the speed curves in
Eqs. (2.5), (2.8), and (2.11), the power curve of the proposed baler mechanism
can be drawn according to Eq. (4.1). The power curve of the baler mecha-
nism presented in [4] is also shown for comparison in Fig. 13. It can be seen
from Fig. 13 that the maximum power of the proposed baler mechanism is
6300 W, while the maximum power in [4] is 18 750 W. Therefore, without com-
promising productivity, the proposed baler mechanism can significantly reduce
the required baling power. There is a 66.4% reduction in the required maximum
power. This reduction allows for the use of a relatively small motor in the new
baler, effectively addressing the issue of power imbalance in hay balers [25].

Fig. 13. Power comparison chart.
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4.3.3. Acceleration comparison. As illustrated in Fig. 14, by substituting
the obtained polynomial coefficients into the acceleration curves in Eqs. (2.6),
(2.9), and (2.12), the slider acceleration curve in the proposed baler mechanism
can be drawn. The slider acceleration curve from [4] is also shown for compar-
ison in Fig. 14. The slider acceleration curve from [4] corresponds to the left
vertical axis, with a maximum acceleration of 45 000 mm · s−2. In contrast, the
slider acceleration curve for the proposed mechanism is represented on the right
vertical axis, showing a maximum acceleration of only 1500 mm · s−2, which is
an order of magnitude difference between the two mechanisms. Therefore, the
application of the new hay baler mechanism is beneficial to reduce the inertial
force generated by high-speed slider movement, thus reducing vibration during
operation.

Fig. 14. Acceleration comparison chart.

5. Conclusions

This paper presents an ideal kinematic curve for the slider and the description
method of its polynomial function for the non-circular gear-crank slider hay baler
mechanism. The mathematical models of the non-circular gear pitch curves in
both the working and return periods of the slider were established. The design
method has been verified by numerical simulation, and the main conclusions can
be drawn as follows:

1) By changing the parameters of the established movement characteristic
curve, such as the center distance a, crank O2A length l2, connecting rod
AC length l3, maximum velocity v1 during the working period, veloci-
ty v2 during the constant speed movement period, acceleration a1 at the
beginning of return, maximum slider displacement H, etc., the shape of
the pitch curve of the non-circular gear can be controlled. Additionally, the
non-circular gear pitch curve with other movements of the slider can be
designed according to requirements.
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2) Before establishing the non-circular gear-crank slider mechanism, the ac-
celeration and velocity of the slider should be identified to reduce vibra-
tions and impact of the non-circular gear-crank slider mechanism.

3) By changing the values of the driving gear rotation angles θ1, θ2, θ3, and
θ4, the rotation angle of the gears corresponding to the working and return
periods can be manipulated to adjust the baling time. Theoretically, the
baling time of new hay baler mechanism can be designed to be arbitrary
small.

4) Speed fluctuations have been reduced, and the slider acceleration and bal-
ing power of the proposed baler mechanism have also been significantly
decreased. Compared with the existing non-circular gear-crank slider hay
baler mechanism, the maximum power required by the proposed baler
mechanism can be reduced by about 66.4%, and its maximum accelera-
tion is reduced by an order of magnitude.
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