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Abstract: In order to reduce the cropping force and enhance the cropping cross-section quality, a new type of cropping 
machine is proposed in this paper. The basic structure and working principle of the cropping machine are introduced. 
Based on D'Alembert's principle, the vibration equations of the cropping machine along the Y direction, the X direction 
and around X, Y, Z axes are built in detail and the motion curves of the vibration body in all directions are also obtained. 
The amplitude frequency response characteristic curve of the vibration body in the Y direction is given and the resonance 
frequency of the vibration body in the Y direction is about 7.94 rad/s. The cropping experimental results show that the 
cropping force acted on the metal bar is low and the cross-section quality is very high. 
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1. INTRODUCTION 

Cropping is often the first step of forging industry, and is 
also a key working procedure of producing the parts, such as 
standard pin, chain connecting pin, bearing roller and so on 
[1, 2]. The cropping method in industry is mainly to shear 
the bar directly with a common die, and this process is 
plagued with a big shearing force, a bad cross-section, a 
short lifetime die and noise [3, 4]. Nowadays, a kind of low-
stress manufacturing system appears. In the cropping pro-
cess, V-shaped grooves are cut at specific length intervals in 
the metal bar to engender the stress concentration at the tip 
of the V-shaped groove. Then the slotted bar is fed to crop 
under the action of the fatigue loading and would rupture 
after certain periods. Haixia Li et al. carried out a large num-
ber of meaningful works by this low-stress cropping method 
and obtained the fracture morphology of 45 steel bars with a 
diameter of 30mm [5]. Yong Tang et al. developed a low-
stress rotary forging blanking machine and performed the 
cropping experimental study [6, 7]. However, the above 
methods need more cropping time than the existing shear 
methods for a segment of metal bar, which cannot meet the 
needs of industrialization.  

Therefore, a new type of low-stress cropping system is 
proposed in this paper. Besides the use of the stress concen-
tration effect of the groove, the cropping machine can pro-
duce the resonance effect in the initiation stage of crack of 
V-shaped notch tip to further reduce the cropping time. The 
structure of the cropping machine is designed and its vibra-
tion performance is also analyzed in detail. The cropping 
experiments for 45 steel bars and 20 steel bars are carried out 
by means of the cropping machine. 
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2. THE BASIC STRUCTURE AND WORKING PRIN-
CIPLE OF THE CROPPING MACHINE 

The new type of low-stress cropping machine mainly 
consists of the electric machine, the eccentric block and the 
vibration body as shown in Fig. (1). The structure of the ec-
centric block is shown in Fig. (2). The vibration body mainly 
includes the bed plate, the kinetic die, the vibration spring 
and the kinetic pressure ring. When the cropping machine 
works, firstly the electric machine drives the eccentric block 
to rotate at the natural frequency of the vibrating body, 
which can produce the resonance effect in the initiation stage 
of crack to further reduce the initiation time of crack. Then 
the exciting force will act on the metal bar circularly and the 
crack at the tip of V-shaped groove further expands slowly 
and regularly. Finally the metal bar would rupture after cer-
tain periods. In order to sustain the vibration effect, there are 
8 springs to support the vibration body. 

3. THE VIBRATION PERFORMANCE ANALYSIS OF 
THE CROPPING MACHINE 

3.1. The Vibration Performance of the Cropping Ma-
chine 

As is shown in Fig. (1), the cropping machine proposed 
in this paper is a kind of single axis inertia vibration ma-
chine. The exciting force caused by the two eccentric blocks 
does not pass through the center of mass of the vibration 
body, thus the vibration body will vibrate around its cen-
troid. Based on the structure as shown in Fig. (1), the vibra-
tion mechanics model of the cropping machine is shown in 
Fig. (3). There are 5 degrees of freedom in the vibration 
cropping mechanism.  

Suppose that the total mass supported by the springs is 
the mass m, which does not include the mass of two eccen-
tric blocks. According to D'Alembert's principle [8], the 
forces acted on the vibration body, which are the inertia 
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force, the damping force, the elastic force, the exciting force 
and torque, caused by the exciting force should be balancea-
ble and their resultant force is zero. Based on this, the vibra-
tion equations of the vibration body along the Y direction, 
the X direction and around the X axis, the Y axis, and the Z 
axis are given by [3]: 

(m+ 2m0 )!!y + k!y = 2m0!
2rsin!t

(m+ 2m0 )!!x = 2m 0!
2rcos!t

(J 2 + J y )!!!y = m0"
2r Loz1 ! Loz2( )cos! t

(J1 + J x )!!!x = m0"
2r Loz1 ! Loz2( )sin!t

(J3 + JZ )!!!Z = 2m0"
2rLoy cos"t

"

#

$
$
$
$

%

$
$
$
$

        (1) 

where J1, J2, J3 are the inertia moments of the vibration body 
along the X axis, the Y axis and the Z axis respectively; Jx, 
Jy, Jz are the inertia moments of the eccentric block around 
the X axis, the Y axis and the Z axis respectively; Loz1, Loz2 
are the distances between the force points of the two eccen-
tric blocks and the center of mass of the vibration body along 
the Z direction respectively; Loy is the distance between the 
gyration center of two eccentric blocks and the center of 
mass of the vibration body along the Z direction; m0 is the 
mass of the eccentric block; w, r are the angular velocity of 
the electric machine shaft and the eccentric distance of the 
eccentric block respectively; !!x , !!y  are the accelerated ve-
locities of the vibration body in the X direction and the Y 
direction respectively; !!!x , !!!y , !!!Z  are the angular accelera-
tions of the vibration body around the X axis, the Y axis and 
the Z axis.  

The specific solutions to differential equations (1) are 
expressed as: 
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where xλ , yλ are the amplitudes of vibration caused by the 
exciting force in the X direction and the Y direction respec-
tively; xϕλ , yϕλ , zϕλ  are the arguments caused by the excited 
moments in the X direction, the Y direction and the Z direc-
tion respectively. 

Solving the two order differential equations (2) and sub-
stituting the obtained results into the equations (1), the corre-
sponding amplitudes of vibration and arguments in the equa-
tions (2) can be obtained as: 
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Fig. (1). The basic structure of the cropping machine. 1. bed plate 
2. vibration spring 3. vibration grid 4. outer sleeve 5.inner sleeve 6. 
kinetic die 7. kinetic pressure ring 8. supporting block 9. swing 
block protective sleeve 10. eccentric block 11. baffle plate 12. 
swing block inside covering 13. electric machine 14. spring seat. 
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Fig. (2). The eccentric block. 
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Therefore, the equations of motion of any point in the vi-
bration body can be written as: 
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when m0=3.7kg, r=24.17mm, m=248.3kg, Jx=0.258 kg·m2, 
Jy=0.915kg·m2, Jz=0.657kg.m2, Loz1=268.5mm, Loz2=296.4mm, 
Loy=177.0mm, the motion curves of the vibration body in all 
directions are shown in Fig. (4). As is shown in Fig. (4), the 
displacements of the vibration body in the X direction and 
the Y direction are basically the same. Therefore, the influ-
ence of the spring rigidity on the response of the vibration 
mechanism in the X direction and the Y direction is very 
little. However, the rotations of the vibration body around 
each axis are very different. The angles of rotation around 
the X axis and the Y axis are very little, and their differences 
are also small. The angle of rotation around the Z axis is 
about 5 times to that of rotation around the X axis. There-
fore, in the course of the low-stress cropping, some neces-
sary measures should be taken to reduce the influence on the 
cross-section quality. For example, the reasonable clamping 
position of the metal bar should be determined [9], and the 
structure of the eccentric block is changed into the adjustable 
eccentric block [10, 11] and the external force load mode is 
studied in detail. 

3.2. The Amplitude Frequency Response Characteristic 

As is shown in Eq. (3), there is an important relationship 
between the vibration amplitude of the vibration body in the 
Y direction and the excited frequency. Based on Eqs. (3)-(4), 

the amplitude frequency response characteristic curve of the 
vibration body in the Y direction is shown in Fig. (5). As is 
shown in Fig. (5), the vibration body in the Y direction has 
an obvious resonance region, and the resonance frequency is 
about 7.94 rad/s. The amplitude of vibration of the vibration 
body within the existing excited frequency is increased sig-
nificantly near the resonance region. Therefore, from the 
stability and reliability of the cropping machine in the course 
of the cropping, the cropping machine should be avoided 
working at this resonance frequency. However, in order to 
reduce the initiation time of crack, the machine is required to 
work at the resonance frequency of the vibration body in the 
crack initiation stage to provide greater force and amplitude, 
which is very helpful to realize the crack initiation of V-
shaped notch.  

4. THE EXPERIMENTAL RESULTS OF THE CROP-
PING MACHINE 

When the diameter of the metal bar is 15mm, the radius 
at the V-shaped groove tip is 0.2mm, the groove depth is 
0.6mm, and the flare angle of V-shaped notch is 900, the 
cropping experimental results for 45 steel bars and 20 steel 
bars are shown in Figs. (6 and 7) respectively.  

Due to the resonance effect, the initiation time of crack of 
V-shaped notch tip is reduced remarkably. The cropping 
time for every segment of 45 steel bar and every segment of 
20 steel bar is respectively about 18s and 15s, which is also 
obviously less than the cropping time in [12]. According to 
the quality assessment parameters of cropping cross-section 
in [12], the maximum widths of the fault region (arrow area) 
in Fig. (6 and 7) are respectively 0.96mm and 0.18mm, 
which is less than 1mm and 0.2mm in [12] under the same 
working conditions.  
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Fig. (3). The vibration mechanics model of the cropping machine. 
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Fig. (4). The motion curves of the vibration body in all directions. 
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Fig. (5). The characteristic curve of amplitude frequency response. 
 

The fatigue crack expands along the upper and lower di-
rection of the bar cross-section of the V-shaped groove tip, 
which is mainly related with the force Fy in the Y direction 
acted on the bar, but the force Fx in the X direction acted on 

the bar is less than Fy. It is also found in the cropping that the 
smaller the transient fault area is, the longer the cropping 
time is. 
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Fig. (6). The cross-section for 45 steel bar. 

 

 
Fig. (7). The cross-section for 20 steel bar. 

 

CONCLUSION 

(1) Based on the effect of the stress concentration and the 
resonance effect, a new type of low-stress cropping 
method is proposed in this paper. The new type of crop-
ping machine mainly consists of the electric machine, the 
eccentric block and the vibration body.  

(2) The displacements of the vibration body in the X direc-
tion and the Y direction are very small, and the angle of 
rotation of vibration body around the Z axis is about 5 
times that of rotation around the X axis or the Y axis. The 
vibration cropping machine in the Y direction has an ob-
vious resonance region. To reduce the initiation time of 
crack, the machine is required to work at the resonance 
frequency of the vibration body in the crack initiation 
stage.  

(3) The cropping experimental results show that the cross-
sections for 45 steel bars and 20 steel bars are very 
smooth and the cropping force acted on the metal bar is 
also reduced obviously. The smaller the transient fault 
area is, the longer the cropping time is. 
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