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ABSTRACT

To study the influence of the random load on the V-lock chain ring for mining, the numerical simula-tion technology 
is used. The dynamic tension is obtained by using the dynamic model of the plough. The life and damage nephograms 
are obtained by using ANSYS Workbench. The analysis results show that the short fatigue life region of the V-lock 
chain ring for mining is mainly concentrated on the transition region between the medial straight edge and arc, and 
the fatigue damage of the link chain on the side of the motion direction of the plow head is larger than that on the 
other side. This link chain has strong anti-fatigue performance.
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INTRODUCTION
 
The link chain is the independent component which 

is used for connecting the chain. The link chain is very 
widely used in many special equipments of the coal mine and 
equipments with haulage chain, such as the scraper conveyor, 
transfer machine, plough, cast stone scraper conveyor and 
fishing mechanical. It is also widely used on port transport 
business. Due to the special working condition, the link 
chain often generates the fracture phenomenon. Once the 
link chain is ruptured, the whole equipment will be in 
paralysis conditions which will seriously affect the normal 
production. The chain rupture accident will cause not only 
the serious economic loss but also the fatal accident caused 
by finding the fractured chain at the side of the coal wall. 

Therefore, the quality performance level of the link chain 
is one of the main indexes for evaluating the whole aircraft 
reliability and machine life. Although the reliability of the 
chain has attracted broad attention of domestic and foreign 
scholars, little study has been carried on for the V-lock chain 
ring for mining. 

This paper wants to research the fatigue damage of the 
V-lock chain ring for mining used in plough. The dynamic 
model of the plough is established to ob-tain the dynamic 
tensile force which is used as the random load. Time of the 
crack initiation of the link chain is calculated by using the 
finite elemental meth-od. The sensitivity of the V-lock chain 
ring for min-ing is analyzed. The results of this research can 
pro-vide some theoretical basis for the further study of the 
V-lock chain ring for mining. 



POLISH MARITIME RESEARCH, No S1/2016 5

DYNAMIC MODELING OF PLOUGH

BASIC HYPOTHESIZES

To establish the dynamic model of the plough, the following 
hypothesizes are made.1)The mass and friction resistance of 
the plow chain are ignored because the mass of the plow 
head is generally several tons. 2) the vertical one-dimension 
dynamic mode of the plough is established by neglecting 
the influence of the transverse vibration of the chain. 3) the 
polygon effect of the sprocket isn’t considered.

MATHEMATICAL MODELING OF PLOUGH 

The plow system is composed of the plow head, plow chain, 
transmission, electric control system, hydraulic system and so 
on. The plough usually adopts the two-terminal motor drive. 
The work principle of the plough is that the plow head with 
the plane iron moves along the guide of the middle trough 
on the scraper conveyor under the traction of the plow chain, 
and the coal is loaded into the conveyor under the action of 
the pyriform incline of the plow head when the plane iron 
cuts the coal wall. The plough does the reciprocating motion 
along the working face under the haulage of the plow chain. 
As the plow chain runs in the closed sliding framework, the 
opportunity of the transverse vibration of the plow chain 
is very little, while the longitudinal vibration is relatively 
obvious. The vibration has an unfavorable influence on the 
operation of the plough. The variation of the tensile force 
will affect the service life of the plow chain. The plow chain is 
considered as the viscoelastic body according to the structure 
and actual operation situation of the plough. To make things 
easy to study, the dynamic model of the plough is simplified. 
The dy-namic model of the plough is shown in Figure 1.

Where m is the mass of the plow head, x is the acceleration 
of the plow head, Fl is the tensile force of the chain between 
the plow head and driving device II, F2 is the tensile force 
of the chain between the plow head and driving device I, 
Fu is the friction resistance of the plow head and Fb(t) is the 
planning resistance of the plow head.

Where x is the displacement of the plow head, x is the 
velocity of the plow head, ω is the angular velocity of the 
drive sprocket, R is the pitch radius of the sprocket, t is the 
time, k1 and c1 are respectively the stiffness and damping 
of the chain between the plow head and driving device II, 
k2 and c2 are respectively the stiffness and damping of the 
chain between the plow head and driving device I and Fνr is 
the surplus preload.

(1)

(2)

(3)

Where μ is the friction coefficient between the plow head 
and sliding framework, is the acceleration of gravity.

Fig.1 Dynamic model of plough

Due to the complex condition of the coal wall, the load 
of the plane iron caused by the coal wall is random. Many 
studies prove that the load of a single plane iron has the 
random nature. The study of the distribution functions of 
the cutting force and feeding distance force of the plane 
iron shows that the original Γ distribution will change into 
the normal distribution when cutting the coal seam. The 
imbalance of the load distribution can be evaluated by the 
value of the var-iation coefficient. Therefore, the planning 
resistance of the plow head Fb(t) is the normal distribution 
stationary random process.

The surplus preload of the plow chain is

Where L is the face length (namely the distance between 
the centers of the two drive sprocket) and Fν is the pre-
tightening force.

SIMULATION MODELING AND ANALYSIS 
OF PLOUGH 

SIMULATION MODELING OF PLOUGH

The mathematical model of the plough established in above 
paragraphs is the nonlinear random kinetic equation which is 
timevarying, and the description of nonlinear factors is very 
complex. As it is difficult to obtain the accurate or approximate 
analytical solution by using the present solving methods, the 
numerical method is used to analyze the dynamic re-sponse 
of the plough further.

MATLAB/SIMULINK is used for establishing the 
simulation model. To get the time history of the tensile force 
of the plow chain, the kinetic equation of the single degree 
plough is solved under the random load caused by the coal 
wall. The simulation model of the plough is shown in Figure 2.

(4)

(5)
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Fig.2 Simulation model of the plough

DETERMINATION OF SIMULATION PARAMETERS 

The parameters of the plough of some coal mine are used 
as the basic simulation parameters, giving the example for 
calculating the fatigue life of the plow chain. The plow chain 
specification is φ 30 × 108 mm; the mass of the plow head is 
3.4 × 103 kg; the pitch radius R = 0.243 m; the angular velocity 
of the drive sprocket ω = 6.17 rad/s; the friction coefficient 
between the plow head and sliding framework μ = 0.3; the 
stiffness c1 = c2 = 500 Ns/m; the damping k1 = k2 = 6.95 × 107 
N/m; the face length L = 200 m; the initial displacement 
x0 = 0m, and the initial velocity x = 1.5 m/s. The planning 
resistance average is 50 KN, and the variation coefficient 
is 0.7. The pretightening force is 50 KN. Let the simulation 
time be 120 s. 

ANALYSIS OF TENSILE FORCE 

The time history of the plow chain tension obtained by 
numerical simulation is shown in Figure 3. Figure 3 shows 
that the tensile force of the chain is a dynamically changing 
process, and the tensile force at the initial time is the 
maximum which shows that the impact load will act on the 
chain when starting the chain. The waveform in Figure 3(a) 
is similar to the one in Figure 3(b), but their load amplitude 
level is different.

Fig.3(a) Tensile force F1

Fig.3(b) tensile force F2

FATIGUE ANALYSIS OF V-LOCK CHAIN 
RING FOR MINING

ESTABLISHMENT OF FINITE ELEMENT MODEL 

The research object is the φ 30 × 108 mm V-lock chain ring 
for mining used in the plough. This link chain is composed 
of the semi ring and elastic pin. The transmission system of 
the link chain is a complicated structure, so it is very difficult 
to establish the complete dynamic model. The essence of 
the simula-tion modeling is to establish a similarity relation 
to the actual working condition. To establish the model 
conveniently, the link chain system is simplified on the basis of 
the actual working condition. The simplified model of the link 
chain system which is composed of two semi forging rings 
and a complete link chain is shown in Figure 4(a). Under the 
mesh order in ANSYS Workbench software, the automatic 
mesh genera-tion is performed in the simplified link chain 
system. The finite element model is shown in Figure 4(b). 
The element size is 4 mm. The node number is 197924, and 
element number is 56840. The material of the link chain is 
23 Mn-Cr-Ni-Mo. The material parameters are as followings: 
Young’s modulus is 210GPa, and Poisson’s ratio is 0.3.

Fig.4 (a) Simplified model of link chain system and  
(b) Finite element model of link chain system.

(a)

(b)
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FINITE ELEMENT ANALYSIS OF LINK CHAIN 

The static analysis result exported form ANSYS Workbench 
is imported into ncode DesignLife which is the advanced 
fatigue analysis module of ANSYS. The tensile force is used 
as the random disturbing load. Goodman theory is used to 
correct the damage calculation for the meaning stress. The 
fatigue life and damage cloud pictures of the V-lock chain 
ring for mining obtained in ncode DesignLife are shown in 
Figure 5 and Figure 6.

Figure 5(a) shows that the minimum fatigue life of 
the V-lock chain ring is 1441 cycles which are caused by 
neglecting the fillet, but this isn’t the real life of the link chain. 
For the convenience of the fi-nite element analysis, fillets of 
the V-lock chain ring for mining are neglected which causes 
the stress con-centration. Therefore, the minimum fatigue 
life should be 44180 cycles in fact. Figure 5(b) shows that the 
real minimum fatigue life is 26110 cycles. 1cycle is equal to 
120s, so the minimum fatigue life of the link chain under 
the tensile force F1 and F2 are respectively 61.4 days and 36.3 
days. The fatigue life under the tensile force F2 is shorter than 
that under the tensile force F1through comparing Figure 5(a) 
and Figure 5(b) which shows that the tensile force F2 causes 
greater damage, namely the fatigue damage of the link chain 
on the side of the motion direction of the plow head is larger 
than that on the other side. The short fatigue life region of 
the V-lock chain ring for mining is mainly concentrated in 
the transition region between the medial straight edge and 
arc which is the same as the welding ring and forging ring. 
This region will be the crack source, so the fracture failure 
is easier to produce in this region.

Fig.5 (a)Life of V-lock chain ring for mining under tensile force and 
(b) life of V-lock chain ring for mining under tensile force 

The damage is the ratio of the design life and probable life. 
The maximum damage region is equivalent to the minimum 
fatigue life region. Figure 6 shows that the damage values 
under different tensile forces are less than 1, namely the design 
life is less than the probable life which shows that the V-lock 
chain ring for mining meets the design requirements. 

The minimum fatigue life of the V-lock chain ring for 
mining calculated by the finite element method actually 
represents cracks have appeared on the link chain at this 
moment. But this can’t express the link chain has lost the work 
ability. The process from the crack initiation to the complete 
failure of the V-lock chain ring for mining needs some time.

According to the data provided by manufacturers and coal 
enterprises, we can know that the average service life of the 
V-lock chain ring for mining used in the plough is 3.5 months.

Fig.6(a) Damage of V-lock chain ring for mining under tensile force and 
(b) damage of V-lock chain ring for mining under tensile force

SENSITIVITY ANALYSIS OF V-LOCK CHAIN 
RING FOR MINING

OVERLOAD SENSITIVITY ANALYSIS OF LINK CHAIN

To study the overload sensitivity of the V-lock chain ring 
for mining, the scale factor of the load is used as the varying 
parameter. The overload working conditions are simulated by a 
change of the value of the scale factor. The curve of data points 
of the minimum fatigue life is plotted by using MATLAB. The 
overload sensitivity curve of the V-lock chain ring for mining is 
shown in Figure 7(a). Figure 7(a) shows that the minimum life 
decreases with the increase of the scale factor. The minimum 
life decreases soon in the scale factor range from 0.6 to 0.9. In 

(a)

(a)

(b)

(b)
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the scale factor range from 0.9 to 1.5, the minimum life changes 
slowly which shows that the V-lock chain ring for mining is 
insensitive to the overload, namely the link chain has strong 
anti-fatigue performance. 

RESIDUAL STRESS SENSITIVITY ANALYSIS OF LINK 
CHAIN

The V-lock chain ring for mining will produce the residual 
stress in the manufacturing process. The residual stress 
sensitivity curve of the link chain is shown in Figure 7(b). Form 
Figure 7(b), it can be seen that the minimum life decreases 
with the increase of the residual stress, and the general trend 
of the curve is linear. The influence of the residual stress isn’t 
very significant.

Fig.7(a) Overload sensitivity of link chain and  
(b) residu-al stress sensitivity of link chain

SURFACE ROUGHNESS SENSITIVITY OF LINK 
CHAIN

The surface quality has a significant influence on the fatigue 
life in the high cycle fatigue, but the influence is little in the 
low cycle fatigue. This is because the relatively high load is the 
dominant factor of the whole fatigue process in the low cycle 
fatigue. The minimum life increases exponentially with the 
increase of the surface roughness factor, as shown in Figure 8. 
The V-lock chain ring for mining is sensitive to surface 
roughness. Therefore, improving the surface processing 
quality is a main way to prolong the service life of the link 
chain.

(a)

(b)

Fig.8 Surface roughness sensitivity of link chain

CONCLUSION

1) The tensile force of the chain transmission system is 
a dynamic changing process in the plough. The bilateral 
tensile force of the plow head is different. The tensile force 
on the motion direction side can cause the larger damage.

 
2) The short fatigue life region of the V-lock chain ring 

for mining is mainly concentrated in the transition region 
between the medial straight edge and arc. 

3) Improving the surface processing quality can 
significantly prolong the service life of the V-lock chain ring 
for mining. 

4) The V-lock chain ring for mining has strong anti-fatigue 
performance. 

5) The analysis results in this paper can provide the 
theoretical basis for prolonging service life and the selection 
of the optimum maintenance period of the V-lock chain ring 
for mining.
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