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ABSTRACT: 
In the coke pushing process, serious vibrations may develop in the coke pushing ram, which can directly 
impact the regular output of the coke oven. In order to research the vibration characteristics of the coke 
pushing ram and prevent vibrations, it is required to analyse the vibration characteristics of the coke 
pushing ram. In this piece, the coke pushing resistance is calculated using the coke pushing current, and 
a mathematical model of a coke pushing ram in action during the coke pushing process is developed so 
that the vibration mechanism of a coke pushing ram may be investigated. After the slipper enters the 
carbonization chamber, the results indicate that the coke pushing velocity is less than the critical 
velocity in the low-velocity and heavy-load coke pushing process. This indicates that the stick-slip 
vibration occurs in the coke pushing ram, and the factors that primarily affect the stability of the coke 
pushing ram include the difference between the static and dynamic friction coefficients, stiffness, and 
damping. Experimentation and numerical simulation are used to verify the accuracy of the findings. 
Stick-slip mechanism, vibrational ram, mathematical model, and coke pushing resistance are some of 
the keywords that should be considered. 
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Introduction  
Coke oven production is beneficial for the 
comprehensive utilization of coal and plays an 
important role within the metallurgical industry. 
The coke pushing ram is the core component of 
coke oven production; it is a box structure with 
the length of 27 m, width of 0.40 m, height of 
5.65 m, and weight of 40 tons, which mainly 
consists of a coke pushing head, ram, and 
slipper. A three-dimensional model of coke 
pushing ram is shown in Figure 1. Figure 2 

presents a three-dimensional model of coke 
pushing process. It can be observed that the 
coke pushing ram is driven by a gear, and the 
coke is pushed out from the carbonization 
chamber via a coke pushing head. However, in 
the coke pushing process after slipper enters 
the carbonization chamber, serious vibrations 
can occur in the coke pushing ram so that the 
coke cannot be completely pushed out from the 
carbonization chamber and may directly affect 
the regular production of coke oven.1 In order 
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to avoid serious vibration, it is necessary to 
study the vibration characteristics of coke 
pushing ram. Zhang and Hao2 analyzed the 
force characteristics of coke pushing ram in the 
coke pushing process and suggested that the 
structure of coke pushing ram was not solid 
enough to cause it to vibrate. Chu and Song3  

 
Figure 1. Three-dimensional model of coke 

pushing ram.1: coke pushing head; 2: slipper; 3: 
ram. 

 

 
Figure 2. Three-dimensional model of coke 
pushing process.1: ground of carbonization 

chamber; 2: coke; 3: front roller; 4: gear, 5: back 
roller. 

 
Figure 3. Force analysis of coke pushing ram. 

suggested that the force would cause 
deformation of the structure, which would 
cause the gear rack not to mesh normally and 
induce vibration of the coke pushing ram. The 
above studies are limited to analyzing the 
vibration phenomenon of coke pushing ram, 
lacking a theoretical basis. By comparing the 
vibration frequency and natural frequency of 
coke pushing ram, it was found that the 
vibration frequency was close to the natural 
frequency, leading Gao4 to propose that the 
vibration of coke pushing ram belonged to self-

excited vibration. Using ANSYS, Zhao5 analyzed 
the vibration amplitude of coke pushing ram in 
horizontal and longitudinal directions, without 
further analyzing the vibration characteristics of 
coke pushing ram. To date, studies on the 
vibration characteristics of coke pushing ram in 
the coke pushing process have been very 
limited, lacking theoretical analysis, numerical 
simulation, and experimental test. In order to 
study the vibration characteristics of coke 
pushing ram, in this article, the coke pushing 
resistance is derived via the coke pushing 
current, the coke pushing process is simplified 
as a physical model and a mathematical model 
is developed from the physical model to analyze 
the vibration mechanism of coke pushing ram. 
In addition, the results are validated by 
numerical simulation and experiment test. 
COKE PUSHING RESISTANCE  
In order to study the vibration characteristics of 
coke pushing ram, the force conditions of coke 
pushing ram in coke pushing process are first 
analyzed. Figure 3 shows the force conditions of 
coke pushing ram in the coke pushing process. 
M is the force of the gear drive, F is the coke 
pushing resistance caused by the coke pushing 
ram pushing the coke, f is the friction between 
the coke pushing ram and ground of the 
carbonization chamber generated by the 
bottom of the slipper contacting with the 
ground of the carbonization chamber, and N1, 
N2, N3, N4, and N5 are the support force.  
Coke pushing resistance has a great influence 
on the coke pushing process and can be 
characterized by the coke pushing current. 
Based on the coke pushing current–
displacement data recorded by the instrument 
panel of the coke pushing operating room, such 
as in Figure 4, the coke pushing current–
displacement function is fitted, and coke 
pushing resistance of different displacements 
segment is derived based on the current 
variations, which provides basis for deriving the 
mathematical model of coke pushing ram in the 
coke pushing process. From Figure 4, it can be 
seen that the coke pushing current varied 

129



NeuroQuantology|November 2020 | Volume 18 | Issue 11|Page 128-137| doi: 10.48047/nq.2020.18.11.NQ20243 
Mr. Kuna Naresh Raj et al/ AN INVESTIGATION ON THE VIBRATIONAL PROPERTIES OF THE COKE PUSHING RAM WHILE IT IS BEING USED IN THE 
COKE PUSHING PROCESS 
 

 

 eISSN1303-5150                                                                                                                                                     www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

significantly between 3.6 and 8 m, and the 
analysis is as follows: 

1. 0–2.95 m: The coke pushing ram is in the 
startup phase, so the coke pushing 
current is stable at 230 A.  

2. 2.95–3.6 m: Coke pushing phase 1, the 
slipper has not entered the carbonization 
chamber. The coke pushing current 
reaches to the peak at 3.6 m, after a slow 
downward trend. During the initial phase 
of coke pushing process 1, the coke 
pushing ram does not only push the coke, 
so there still is a need to compact the 
loose coke. The coke pushing resistance 
goes from zero to a maximum, such that 
the current instantly increases. As the 
coke is compacted and pushed out, the 
current slowly decreases.  

3. 3.6–18 m: Coke pushing phase 2. The 
coke pushing ram runs to 8 m, and the 
slipper enters the carbonization chamber.  

According to data 1 and 2, it is possible to fit the 
coke pushing current–displacement function as 
follows 

 
Coke pushing current is stable at 230 A in the 
startup phase, so in the coke pushing phase, the 
current changed is caused by the coke pushing 
resistance, and the current variations DI—
displacement function is as follows 

 
where DI is the coke pushing current, F is the 
coke pushing resistance, 380 is the rated 
voltage, and 0.45 is the coke pushing velocity. 
Therefore, the formula for the coke pushing 
resistance can be given as 

 
The curve of the coke pushing resistance is 
shown in Figure 5.  
VIBRATION MECHANISM  
MATHEMATICAL MODEL  
In view of the importance and complexity of 
coke pushing process, the vibration mechanism 
of coke pushing ram is analyzed by establishing 
a mathematical model. For convenience, based 
on the results obtained in the section above, 
the coke pushing process is simplified as a 
physical model presented in Figure 6. A 
mathematical model is developed from the 
physical model to analyze the main factors 
affecting the stability of the coke pushing ram.6 

 
Figure 5. Curve of coke pushing resistance 

 
Figure 6.Physical model in the coke pushing 

process. 1: drive; 2: coke pushing ram; k: 
stiffness; c: damping; F: coke pushing 

resistance; f : friction 
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The drive actuates the coke pushing ram move 
to the left with the velocity v. Supposing when 
the drive runs the distance x0, the driving force 
is equal to the static friction fs such that kx0 = 
fs. As the driving force overcomes the static 
friction, the coke pushing ram begins to move 
to the left and push the coke. After a time t, the 
displacement of coke pushing ram is x, and the 
mathematical model can be expressed as 

 
where k(x0 + vt x) is the driving force, cx_ is the 
damping force, fd is the dynamic friction, and 
m€x is the inertia force. Dynamic friction fd 
approximation can be divided into a constant 
component f and component rx_ that changes 
with the velocity,7 and fd can be expressed as 

 
Substituting equation (2) into equation (1), the 
kinetic equation of coke pushing ram can be 
written as 

 
Ordering fs f = Df , where Df is a difference 
between the static friction and the dynamic 
friction, then the kinetic equation of coke 
pushing ram can be written as 

 
Equation (4) is a second-order system, damping 

ratio its different values can 
cause different characteristics of the system. 

1. When 0\j\1, the system is in an under 
damped state. The input energy is 
consumed by the friction and the coke 
pushing resistance,other disturbances 
will cause the input energy to be lower 
than the output energy, resulting in 
unstable velocity and stick-slip vibration 
to occur.  

2. When j = 1, the system is in a critical 
damped state. The input energy is equal 
to the output energy, and stick-slip 
vibration cannot occur in the system.  

3. When j.1, the system is in an over 
damped state. The system is relatively 

stable, and stickslip vibration cannot 
occur in the system. From the results 
above, it can be concluded that the 
primary cause of vibration is c+ r, where 
c is the damping and r is the coefficient 
of friction changing with velocity. There 
is a direct relation between stickslip 
vibration and the velocity. It is only 
when the velocity is lower than a 
certain value that stick-slip vibration 
occurs, and the velocity is the critical 
velocity. 

Critical velocity As the stiffness k is larger, j2 ’ 0, 
and the displacement equation of coke pushing 
ram can be derived as 

 
where j is the damping ratio, vn is the natural 
frequency, and A and B are constants 
determined from 

the initial conditions, here 

and . The coke pushing ram pushes 
the coke instantaneously, t = 0, x_ = 0. The 
friction varies from the static to dynamic one, 
the coke pushing ram experiences an 
acceleration process, so Df = m€x. The initial 
conditions can be expressed as t = 0, x_ = 0, €x= 
(Df )=m. Due to j2 ’ 0, A and B can be expressed 
as 

 

where km p Substituting equation (6) 
into equation (5), the displacement equation of 
coke pushing ram can be written as 
 
Equation (7) is to take a derivation with respect 
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to time t, due to j2 ’ 0, the velocity equation of 
coke pushing ram can be written as 

 
Equation (8) shows that velocity x_ of coke 
pushing ram included two parts: constant 
component v and vibration component 

. If x_.0, then 
stick-slip vibration cannot occur in the coke 
pushing ram,9 that is 

 
Considering a cycle, that is, vnt = 2p, equation 
(9) can be written as 

 
when equation (10) is in the critical state of 

ordering
and then 

 
Based on the equivalent infinitesimal, when

equation (10) can be 
derived as 

 
The critical value of D can be expressed as 

. 
Table 1. Parameters of the coke pushing ram. 

 
Table 2.Simulation parameters. 

 

Based on , it can be concluded 
that if D reaches to the critical value of D0 , 

namely,  4pj p , and then 
the coke pushing velocity reaches to the critical 
velocity, it can be derived as 

 
where N is the positive pressure, Dm is the 
difference between the static and dynamic 
friction coefficients. The parameters of the coke 
pushing ram are shown in Table 1, and the 
analysis is as follows: 2:95 x 8 m: The slipper has 
not entered the carbonization chamber, the 
coke pushing ram is not affected by the friction, 
and the critical velocity v0 = 0. Due to v.v0 , this 
indicates that no stick-slip vibration occurs in 
the coke pushing ram. 8 x 18 m: The slipper has 
entered the carbonization chamber, the coke 
pushing ram is affected by the friction, and the 
critical velocity v0 = 840 mm=s. Due to v\v0 , 
this indicates that stick-slip vibration occurs in 
the coke pushing ram. In the low-velocity and 
heavy-load coke pushing process, after the 
slipper enters the carbonization chamber, the 
coke pushing velocity is less than the critical 
velocity, it can be concluded that stick-slip 
vibration occurs in the coke pushing ram. In 
addition, the parameters affecting the coke 
pushing ram stability mainly include the 
difference between the static and dynamic 
friction coefficients Dm, stiffness k, and 
damping c. Furthermore, decreasing the 
difference between the static and dynamic 
friction coefficients and increasing stiffness and 
damping can decrease the critical velocity, and 
thus decrease vibration of the coke pushing 
ram. 
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Figure 7.Simulation model. 1: drive; 2: 
equivalent spring; 3: coke pushing ram; 4: 

ground of carbonization chamber. 
Numerical simulation  
In order to validate the results of theoretical 
analysis, a simulation model is established by 
ADAMS to simulate the effects of the difference 
between the static and dynamic friction 
coefficients, stiffness and damping on the 
stability of coke pushing ram. The simulation 
model is shown in Figure 7, and the simulation 
parameters are shown in Table 2. Figures 8–10 
present the simulation results. It can be 
observed that before the slipper enters the 
carbonization chamber, the coke pushing 
velocity is stable and the displacement in the Y 
and Z directions are smaller, with no obvious 
vibration occurring in the coke pushing ram. 
After the slipper enters the carbonization 
chamber, different degrees of vibration occur in 
the coke pushing ram, and the analysis is as 
follows: Figure 8 presents the effect of the 
difference between the static and dynamic 
friction coefficients on the stability of coke 
pushing ram. The main parameters such as 
drive velocity, stiffness, and damping remain 
unchanged, with a decrease of the difference 
between the static and dynamic friction 
coefficients, fluctuation of the coke pushing 
velocity is less obvious, the displacement in the 
Y and Z directions decrease noticeably, and 
stick-slip vibration decreases noticeably.11 
Figure 9 presents the effect of stiffness on the 
stability of coke pushing ram. The main 
parameters such as 

 
Figure 8. Effect of the difference between the 
static and dynamic friction coefficients on the 
stability of coke pushing ram: (a) coke pushing 
velocity in X direction, (b) displacement in Y 
direction, and (c) displacement in Z direction. 

 
Figure 9. Effect of stiffness on the stability of 
coke pushing ram: (a) coke pushing velocity in X 
direction, (b) displacement in Y direction, and 
(c) displacement in Z direction. 

 
Figure 10. Effect of damping on the stability of 

coke pushing ram: (a) coke pushing velocity in X 
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direction, (b) displacement in Y direction, and 
(c) displacement in Z direction. 

 
drive velocity, difference between the static and 
dynamic friction coefficients and damping 
remain unchanged, with the increase of 
stiffness, fluctuation of the coke pushing 
velocity is less obvious, the displacement in the 
Y and Z directions decrease gradually, and stick-
slip vibration decreases gradually.12 Figure 10 
presents the effect of damping on the stability 
of coke pushing ram. The main parameters such 
as drive velocity, difference between the static 
and dynamic friction coefficients and stiffness 
remain unchanged, with the increase of 
damping, there is a slight decrease for 
fluctuation of the coke pushing velocity and the 
displacement in the Y and Z directions, 
indicating that stick-slip vibration has decreased 
slightly. From the simulation results above, it 
can be concluded that after the slipper enters 
the carbonization chamber, the stick-slip 
vibration occurs in the coke pushing ram, 
moreover, decreasing the difference between 
the static and dynamic friction coefficients and 
increasing stiffness and damping can decrease 
vibration of the coke pushing ram, which 
validates the results of theoretical analysis.  
Modal analysis  
In order to study the vibration characteristics of 
coke pushing ram, the natural frequencies of 
the coke pushing ram are obtained via modal 
analysis. Material parameters of the coke 
pushing ram are shown in Table 3. A finite 
element model of the coke pushing ram is 
shown in Figure 1113 and the grid number is 
594753. For modal analysis, the modal 
extraction method used is PCG Lanczos, with 
the frequency range of 0.01– 1000 Hz. As the 
vibration frequencies of the coke pushing ram is 
mainly concentrated in the low frequency range 
of 0–100 Hz (as shown in Figure 14), the first 30  

Table 4. First 30 orders natural frequencies of 
coke pushing ram. 

 
Table 5. Test instruments 

 

 
Figure 11.Finite element analysis model of coke 

pushing ram. 
orders natural frequencies are selected for 
analysis, as shown in Table 4.  
Experimental test  
Experimental method Vibration signals of the 
coke pushing ram in the coke pushing process 
are acquired via an experiment, and the 
vibration frequencies and vibration time of coke 
pushing ram are obtained by time–frequency 
analysis; furthermore, the vibration 
characteristics of coke pushing ram are 
analyzed by comparing the vibration 
frequencies, natural frequencies, and excitation 
frequency. 
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Figure 12.Vibration sensors arrangement. 
Sensors 1 and 4 collect vibration signals in the X 
direction for coke pushing direction. Sensors 2 
and 5 collect vibration signals in the Y direction 
for vertical direction. Sensors 3 and 6 collect 
vibration signals in the Z direction for both sides 
of the coke pushing ram. 
Table 5 lists the test instruments, and Table 6 
lists the test backgrounds. To push out the coke, 
it is necessary for the coke pushing ram to enter 
the carbonization chamber, and due to the 
complicated production site, vibration sensors 
are placed on the front roller to acquire the 
vibration signals of coke pushing ram. Vibration 
sensors arrangement is shown in Figure 12. 
Experimental analysis In view of non-stationary 
and non-linear characteristics of vibration 
signals of the coke pushing ram, the Hamming 
window is selected for short-time Fourier 
transform of the vibration signals.14,15 
Sampling. 

 
Figure 13. Vibration signals of coke pushing 
ram: (a) X direction, (b) Y direction, and (c) Z 

direction. 

 
Figure 14.Time–frequency in Y direction. 

frequency Fs is 2048 Hz, Nfft is 20480, 
frequency resolution Df is 0.1, and window 
length is 2048 3 1.5.16 Based on the coke 
pushing characteristics of coke pushing rod, the 
coke pushing process can be divided into three 
phases: startup phase, coke pushing phase 1 
(before the slipper enters the carbonization 
chamber), and coke pushing phase 2 (after the 
slipper enters the carbonization chamber).  
Figure 13 shows the vibration signals in the X, Y, 
and Z directions. When the vibration signals in 
the X, Y, and Z directions are transformed by 
short-time Fourier transform, it is found that 
serious vibration occurs in the X, Y, and Z 
directions, and mainly occurs in the low 
frequency range of 0–100 Hz. Since the 
vibration frequencies in the three directions are 
extremely close, the vibration signal in the Y 
direction is selected for further analysis.17  
Figure 14 presents the time–frequency in the Y 
direction, and the analysis is as follows:  
0–10 s: Startup phase. The coke pushing ram 
runs 2.95 m into the carbonization chamber and 
prepares to push the coke.  
10–20 s: Coke pushing phase 1. At 10 s, the 
coke pushing ram begins to push the coke. At 
12 s, coke pushing resistance reaches to a 
maximum, and the coke pushing ram is 
impacted. No obvious vibration occurs in the 
coke pushing ram in this phase.  
20–50 s: Coke pushing phase 2. At 20 s, the 
slipper enters the carbonization chamber, and 
the coke pushing ram continues to push the 
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coke; at 50 s, coke pushing process is 
completed. Serious vibration occurs in the coke 
pushing ram in this phase. 

 
Figure 15.Time–frequency of area A. 

Figures 13 and 14 indicate that vibration of the 
coke pushing ram is serious during the coke 
pushing process between 20 and 50 s, that is, 
vibration of the coke pushing ram occurs mainly 
after the slipper enters into the carbonization 
chamber, with the maximum amplitude of 
vibration in the Y direction reaching to 0.8 m/s2 
. Therefore, the serious vibration in area A is 
selected to analyze the characteristics of 
vibration in the coke pushing ram.  
Figure 15 shows the time–frequency of area A, 
it can be observed that the vibration 
frequencies mainly include 32.4, 35.7, 37.6, 
39.7, 46.7, and 50.5 Hz, Which are close to the 
natural frequencies of 30.889, 36.499, 48.006, 
and 50.256 Hz, and different from exciting 
frequency of 2.8 Hz; moreover, the first order 
natural frequency is 1.846 Hz, which is also 
different from exciting frequency of 2.8 Hz, this 
indicates that self-excited vibration occurs in 
the coke pushing ram.18  
Experiment results indicate that after the 
slipper enters the carbonization chamber, the 
vibration occurs in the coke pushing ram and 
the form of vibration is self-excited vibration, 
which proves the results of theoretical analysis. 
Conclusion  
To avoid vibration and its effect on the regular 
production of coke oven, the vibration 
characteristics of coke pushing ram are studied 
based on the theoretical analysis, numerical 
simulation, and experimental test. The results 
show that in the low-velocity and heavy-load 
coke pushing process, after the slipper enters 

the carbonization chamber, the coke pushing 
velocity is less than the critical velocity, which 
indicates that the stick-slip vibration occurs in 
the coke pushing ram. In addition, the main 
factors that affect the coke pushing ram 
stability include the difference between the 
static and dynamic friction coefficients, 
stiffness, and damping. Furthermore, 
decreasing the difference between the static 
and dynamic friction coefficients, increasing 
stiffness and damping can decrease the critical 
velocity, and thus decrease vibration of the 
coke pushing ram.  
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