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Abstract: Railway vehicles are generally operated by connecting several vehicles in a row. Mecha-
nisms connecting railway vehicles must also absorb front and rear shock loads that occur during a 
train’s operation. To minimize damage, rail car couplers are equipped with a buffer system that 
absorbs the impact of energy. It is difficult to perform a crash test and evaluate performance by 
applying a buffer to an actual railway vehicle. In this study, a simulation technique using a mathe-
matical buffer model was introduced to overcome these difficulties. For this, a model of each ele-
ment of the buffer was built based on the experimental data for each element of the coupling buffer 
system and a collision simulation program was developed. The buffering characteristics of a 10-car 
train colliding at 25 km/h were analyzed using a developed simulator. The results of the heavy col-
lision simulation showed that the rubber buffer was directly connected to the hydraulic shock ab-
sorber in a solid contact state, and displacement of the hydraulic buffer hardly occurred despite the 
increase in reaction force due to the high impact speed. Since the impact force is concentrated on 
the vehicle to which the collision is applied, it may be appropriate to apply a deformation tube with 
different characteristics depending on the vehicle location. 

Keywords: railway vehicle; buffer system; mathematical model; simulation program; energy ab-
sorption performance 
 

1. Introduction 
Railway vehicles are generally operated in the form of trains, which are a connected 

series of vehicles. A coupler is a mechanism used to connect rolling stock in a train and 
absorbs the front and rear impact loads that occur while operating trains. Therefore, laws 
and regulations mandate the application of buffers to minimize damage in the event of 
vehicle collisions. 

The coupling buffer systems applied to collision safety design consist of rubber buff-
ers, hydraulic buffers, deformation tubes, and a vehicle body deformation structure. As 
shown in Figure 1, the rubber buffer absorbs the collision energy of the area (1), a hydrau-
lic buffer absorbs the collision energy of the area of (2) and a deformation tube and vehicle 
body deformation structure absorb the collision energy of the area of (4) and (5). Rubber 
and hydraulic buffers can be reused after absorbing the collision energy caused by defor-
mation and returning to their original state. However, deformation tubes and body de-
formation cannot be reused due to plastic deformation. 

In terms of safety regulations related to the coupling buffers in railway vehicles in 
Korea, the Rules on the Safety Standards for Urban Railway Vehicles [1] were enacted in 
2000. These rules apply to urban railway vehicles, and stipulate that the vehicle body 
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should not be damaged in a collision at 5 km/h which corresponds to a shunting collision. 
In 2005, as these rules were revised, the collision speed was increased to 10 km/h, which 
corresponds to a light collision, and hydraulic buffers were added in addition to the rub-
ber buffers in the coupling systems to meet these safety regulations. In 2016, the rules were 
revised to further strengthen the Urban Railway Vehicle Technical Standards, so that the 
coupling buffer system and vehicle body absorb collision energy at 25 km/h, which corre-
sponds to a heavy collision. Therefore, higher performance than that of the existing cou-
pling buffer system was required, and deformable tubes and vehicle body were added to 
the coupling systems to meet these collision standards. 

 
Figure 1. Collision scenario of a coupler system. 

The most challenging aspect of developing coupling buffer systems for railway vehi-
cles that absorb large amounts of collision energy is applying the buffers to actual railway 
vehicles to perform collision tests and evaluate their performance [2]. Therefore, tech-
niques are used to predict the performance of buffers in trains through simulations, but 
there are difficulties in implementing the rubber buffer, hydraulic buffer and deformable 
tubes in a mathematical model [3]. To overcome these difficulties, many studies are being 
conducted to develop and validate models through performance tests on each component 
of the buffer and are using these models to develop a simulation model for trains [4–6]. It 
is necessary to establish a systematic process for testing, analyzing and developing models 
to establish highly reliable models with this method. Validated simulation models can be 
used in various design processes, such as the optimization and comparative evaluation of 
railway vehicle buffer systems [7,8]. 

In accordance with the reinforcement of the crash safety standards, studies on the use 
of rubber buffers in connectors were conducted in light collisions [9], and studies were 
expanded to the use of hydraulic buffers as rubber buffers in heavy collisions [10,11]. In 
heavy collisions, the use of a deformation tube is required. 

In this study, the buffering characteristics of large capacity buffer systems were ana-
lyzed during heavy collisions. Collision tests were carried out on each component of the 
coupling buffer system to investigate their performance, and based on these results, a 
mathematical model for collision was completed and a collision simulation program was 
developed. The buffering characteristics of a 10-car train crashing at 25 km/h were then 
analyzed. 
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2. Collision Test for Coupling Buffer System 
The collision tests were carried out to examine the performance of each component 

constituting the coupling buffer system in a railway vehicle and to develop a mathemati-
cal model. The tests were performed on each component as it is difficult to carry out col-
lision tests on assembled buffers. 

2.1. Components of Coupling Buffer System 
As shown in Figure 2, in the front and rear coupler of an urban railway vehicle, the 

head including the electrical connection device, rubber buffer and hydraulic buffer are 
connected in series, and the deformation tube and shear bolts are installed at the rear of 
the coupler. Figure 3 shows the structure of an intermediate coupler installed between 
vehicles, which consists of a rubber buffer and deformation tube in series to absorb energy 
in the event of collisions. 

 
Figure 2. Front and rear coupler [12]. 

 

Figure 3. Intermediate coupler (rubber buffer and deformation tube) [12]. 

As shown in Figure 4, the most commonly used jointed rubber buffer consists of sev-
eral rubber buffer rings and exhibits nonlinear characteristics according to the tensile and 
compression properties of rubber. Figure 5 shows the general characteristic curve for a 
rubber buffer consisting of a rising compression line and a declining-tensile line due to 
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the properties of rubber [13]. The hysteresis between the two lines refers to the amount of 
energy dissipated by the buffer during a collision. A jointed rubber buffer absorbs the 
impact in a limited displacement range and transfers the load directly to the body by solid 
contact when exceeding this displacement range [14]. Figures 2, 3 and 5 refer to the char-
acteristic data of the rubber buffer in [12]. 

 
Figure 4. Jointed rubber buffer (EFG3 type) [12]. 

 
Figure 5. Typical characteristic curve of a rubber buffer [12]. 

As shown in Figure 6, hydraulic buffers dissipate energy by the damping generated 
by the flow of fluids in the cylinder when a certain amount of force is applied to operate 
the hydraulic cylinder. As hydraulic buffers reflect the damping characteristics of the 
fluid, the buffering characteristics change depending on the operating speed. Therefore, 
the characteristic curve is a 3D diagram composed of displacement, velocity and buffering 
force lines, and Figure 7 shows the characteristic curve of a hydraulic buffer at a specific 
velocity. Hydraulic buffers can be reusable [13]; the characteristic data of the hydraulic 
shock absorber can be found in [12]. 
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Figure 6. Internal shape of a hydrostatic buffer [12]. 

 
Figure 7. Typical characteristic curve of a hydrostatic buffer [12]. 

As shown in Figure 8, deformation tubes dissipate energy by the plastic deformation 
of the outer tube by the inner tube when a compressive force is applied on the coupler. As 
shown in the characteristic curve in Figure 9, deformation occurs only when the applied 
force exceeds the yield point and, depending on the design shape of the outer tube, the 
characteristic can be doubled. Deformation tubes cannot be reusable as plastic defor-
mation occurs. 

 
Figure 8. Deformation tube. 
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Figure 9. Typical characteristic curve of a deformation tube. 

2.2. Collision Test Configuration 
The collision tests were carried out on each component at the collision test center of 

the Korea Railroad Research Institute and the Görlitz Test Center in Germany. The tests 
were carried out under the conditions of the Korean Railway Safety Act [1] and the EN 
15,227 standard [2]. Figure 10 shows a schematic configuration of the collision tests, and 
Figure 11 shows a photo of a collision test [2,15]. 

The collision tests were carried out by making a jig mount the buffer, installing it on 
the wall, and towing a train at the determined test speed to crash the train into the fixed 
wall. The test speed was determined by considering the weight of the vehicle and the 
characteristics of the buffer. High-speed cameras, force sensors, displacement sensors and 
speed sensors were installed to measure the collision characteristics. 

As shown in Table 1, the rubber buffer was tested at 20.5 tons. Although rubber buffer 
characteristics do not change according to speed, six tests were carried out within the 
range of 2.3–7.0 km/h to confirm this. Since the characteristics of hydraulic buffers change 
according to speed, six tests were carried out within the range of 2.0–5.6 km/h at 81.1 tons. 
In the case of the middle connector, one collision test was carried out at 14.7 km/h and 
20.5 tons. The deformation tube was tested in the assembly form of an intermediate cou-
pler. 

Table 1. Collision test conditions. 

Buffer Type Velocity [km/h] Wight [ton] 
Rubber buffer 2.3–7.0 20.5 

Hydraulic buffer 2.0–5.6 81.1 
Middle connector 14.7 20.5 

 
Figure 10. Schematic configuration of the collision tests. 
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Figure 11. Photo of collision test. 

2.3. Collision Test Results 
Through the collision tests, a graph was extracted showing the results of the collision 

tests in term of collision velocity versus displacement from the force. 
Figure 12 shows the characteristics of the rubber buffer. The maximum load was 

about 1180 kN at a collision velocity of 7.0 km/h. The curve shows that the energy absorp-
tion capacity and maximum load increased in proportion to the collision velocity [16]. 
When the applied load increased along the rising line of compression and then decreased 
along the decreasing line of tension, the load changed rapidly inside the rubber itself due 
to inherent properties of rubber. Since the rubber buffer was completely deformed at the 
collision velocity of 7.0 km/h, the test was carried out up to this speed. 

Figure 13 shows the results of the hydraulic buffer at six speeds from 2.0 to 5.6 km/h. 
At a collision velocity of 2.0 km/h, the stroke moved 51 mm, the maximum load was 280 
kN, and the energy absorption was 12 kJ. The curve at each collision speed shows similar 
shapes proportional to the collision velocity, and in proportion to the collision velocity the 
hydraulic buffer did not move until it reached a certain load. The tests were carried out 
up to 5.6 km/h, which is the maximum capacity capable of indicating buffering perfor-
mance. 

Figure 14 shows the collision test results for the intermediate coupler, which was a 
combination of a rubber buffer and deformation tube. Due to the characteristics of the 
deformation tube, only deformation of the rubber buffer occurred until the displacement 
and maximum load reached 52 mm and 867 kN, respectively; the deformation tube started 
to deform from then on. Therefore, in the test results, the curve after 52 mm deformation 
shows the characteristics of the deformation tube. The deformable tube showed an over-
shoot phenomenon at the beginning of deformation, had a constant load characteristic 
near 800 kN and deformed up to a maximum displacement of 180 mm. 
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Figure 12. Characteristic curve of rubber buffer in collision test. 

 
Figure 13. Characteristic curve of hydraulic buffer in collision test. 
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Figure 14. Curve of the intermediate coupler in collision test. 

3. Collision Simulation 
If a collision simulation of trains properly simulates actual collision behavior, it is 

possible to predict the vehicle behavior, impact force and energy balance that occur when 
railway vehicles collide through the simulation. In addition, these results can be useful for 
verification of the design of coupling buffers. 

3.1. Railway Vehicle and Coupling Buffer System Model 
Mathematical models of railway vehicles and coupling buffers were required to sim-

ulate the train collisions. In the coupling buffer model, rubber buffers, hydraulic buffers 
and deformation tubes were included. The mathematical models of coupling buffers were 
developed based on the collision test results provided in Figures 12–14. 

In terms of collision analysis, this study assumed a scenario where a train moving at 
a specific speed collided into a standing train. The railway vehicle model was composed 
of a model with mass and stiffness obtained from prior research [17]. Figure 15 shows a 
vehicle collision model, considering that deformation of the vehicle body will occur on 
the left and right sides of the vehicle during a collision. A friction model was applied in 
which the coefficient of friction changed according to the speed of the friction surface. 

 
Figure 15. Collision system model. 

The basic equation of motion constituting the collision model was defined as follows 
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M𝑥ሷ ൌ 𝐹௖ ൅ 𝐹௙ (1) 

where 𝐹௖ is the railway vehicle or the buffer force transmitted to the connecting portion, 
and 𝐹௙ is the frictional force acting on the railway vehicle. In the case of 𝐹௖, these were 
the force from the rubber buffer 𝐹௖௕௨௙, the force from the hydraulic buffer 𝐹௖௛௬ௗ௥௢, and the 
force from the deformation tube 𝐹௖ௗ௘௙. 

The response force acting on the rubber buffer is classified according to compression 
and tension; in general, the compressive force acts as a larger force than the tensile force, 
and there is a neutral state (hysteresis) that depends on the previous state in between. The 
displacement at which the compression and tension cycle ends and enters the neutral state 
is called 𝛿଴. If the equivalent stiffness of the vehicle is 𝐾௘଴, after that point, the response 
force in the neutral state until reaching the compressive force or tensile force again is de-
fined as follows: 

𝐹௖௕௨௙ ൌ ቐെ𝐹௖௢௠ሺ𝛿ሻ                                             𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛െ𝐾௘௤ሺ𝛿 െ 𝛿଴ሻ െ 𝐹௖௢௠,௘௫௧ሺ𝛿଴ሻ                   𝑛𝑒𝑢𝑡𝑟𝑎𝑙െ𝐹௘௫௧ሺ𝛿ሻ                                                    𝑒𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 (2) 

The response force acting on the hydraulic buffer sufficiently reflected the experi-
mental results and was defined as a nonlinear function related to the compression dis-
placement and velocity of the hydraulic buffer, 𝛿 and 𝛿ሶ. 𝐹௖௛௬ௗ௥௢ ൌ െ𝐾௘଴ሺ𝛿ሻ െ 𝐶௘଴ሺ𝛿ሶሻ (3) 

For the response force acting on the deformable tube, a rubber buffer model in which 
only compression proceeds was used. 

The equivalent force acting on the vehicle in the discontinuous section generated by 
the vehicle moving back and forth between compression and tension conditions must be 
continuously implemented. Physically, it is considered that the force caused by the vehi-
cle’s stiffness occurs relatively quickly compared to that of the buffer. It is assumed that 
the change in force due to vehicle stiffness determines the amount of change in the re-
sponse force of the rubber buffer when the buffer transitions from compression to tension 
and vice versa. Modeling was performed using Matlab/Simulink to use the performance 
curve extracted from the test, and Figure 16 is the modeling result of the rubber buffer. 

 
Figure 16. Hydraulic buffer model developed in Matlab/Simulink. 
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The characteristic curves were extracted based on the collision test results for each 
buffer and were applied to the simulation in the form of a lookup table for simulation 
analysis. 

Figure 17 shows the characteristic curve of the rubber buffer model by considering 
performance based on the rubber buffer test results. Up to the maximum permissible limit, 
the properties of a rubber buffer depend on compression and tension displacement re-
gardless of collision speed. When the rubber buffer changes into tension state after being 
compressed, the force decreases rapidly from a rising line of compression to a decreasing 
line of tension while maintaining a constant state of deformation [18]. 

Figure 18 shows the characteristic curve of the hydraulic buffer model obtained from 
the test results by changing the collision velocity. The buffering characteristics of hydrau-
lic buffer change according to the speed and displacement, so the performance curve is 
composed of a 3D diagram of displacement, velocity and force. Since the characteristic 
curve obtained through the tests shows properties over a limited range, the map has been 
expanded to derive a wider range of loads through interpolation to apply to the whole 
collision analysis. 

Figure 19 shows the characteristic curve of the deformation tube model. In the char-
acteristic curve, deformation does not appear until a specific force corresponding to the 
yield point, and deformation occurs when more force is applied, indicating a certain 
amount of buffering force. 

 
Figure 17. Rubber buffer model. 

 
Figure 18. Hydraulic buffer model. 
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Figure 19. Deformation tube model. 

3.2. Collision Simulation Program 
A program that simulated the collision situation of trains was developed using a 

model of the railway vehicle and the coupling buffer system. 
The developed program consisted of a process to input necessary parameters and 

data using Matlab/GUI, a process that solved a dynamic model and performed simulation 
using Matlab/Simulink, and post-processing that displayed the analysis results using 
Matlab/GUI. 

Figure 20a is a pre-processing window where parameters and data can be put into 
the simulator. Through this window, data such as from the rubber buffer, hydraulic buffer 
and deformation tube were input, and Figure 20b is the input data window of the rubber 
buffer. After inputting all parameters and running the program, a Simulink model as 
shown in Figure 20c was automatically generated to solve the dynamics model. The mass 
matrix was constructed according to the number of railway vehicles given in the input 
window, and the analysis was performed by solving the nonlinear equations of state that 
considered the dynamic behavior due to the coupling buffer and the stiffness of each ve-
hicle. From the viewpoint of numerical analysis, the stiff system that applied the stiffness 
of the buffer and the vehicle at the same time could be analyzed under given conditions, 
so the commonly used fourth order Runge–Kutta method was selected as the solver. Be-
cause the dynamic behavior results of all elements generated during the simulation were 
stored, the results for train speed, coupler force–stroke, energy balance and calculated 
items could be output through a post-processing window. 

This simulation program was developed to be able to run regardless of the number 
of trains and data could be analyzed in various collision environments. 

 
(a) Pre-processing window of simulation program. 
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(b) Input data window of the rubber buffer. 

 

(c) Simulink model for trains. 

Figure 20. Collision simulation program (example). 

Using the developed program, we performed a 25 km/h collision simulation of a 10-
car train and analyzed the energy absorption performance of the coupler of railway vehi-
cles and forces acting on each component during a heavy collision. 

3.3. Simulation Condition 
Collision simulation was performed in a collision scenario in which a 10-car train 

running at 25 km/h approaches a standing 10-car train. For the approaching train, we did 
not consider friction because the brake was released, and in the case of the train stopped 
by the brake, the friction coefficient between the wheels and the rail was 0.15. 

For the coupling buffer model, the characteristic curve of the rubber buffer shown in 
Figure 3, the hydraulic buffer shown in Figure 4 and the deformable tube shown in Figure 
5 were used. The body collapse characteristic curve of the railway vehicle was used as a 
stiffness model of the railway vehicle body shown in Figure 21 [15]. The body collapse 
characteristic curve of a railway vehicle is a curve representing the deformation of the 
vehicle body when a load is applied from the front and rear of the vehicle modeled with 
3D finite elements, as shown in Figure 22; the collapse of the vehicle body as shown in the 
figure occurs when a very large load is applied. However, when a collision occurs at a 
speed of 25 km/h the deformation is small except for in the frontal cab, so it has a linear 
characteristic [19,20]. 
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Figure 21. Body collapse characteristic curve. 

 
Figure 22. 3D design of the railway vehicle body. 

3.4. Verification for Developed Program 
It was a very difficult procedure to use the actual collision test results of trains for 

program verification due to various limitations. Therefore, the developed program was 
verified through comparison with the collision simulation results of S company, which 
were used in actual railway vehicle manufacturing. To do this, we performed a collision 
simulation with a 10-car train approaching a standing 10-car train at a collision speed of 
15 km/h under the same input data. 

Table 2 compares the energy balance and absorbed energy change of the whole sys-
tem during collision, and Figure 8 compares the forces applied to the coupling buffer sys-
tem of each vehicle in the results of Table 2. Differences in energy dissipation occurred in 
the S company simulation without considering the body deformation and the develop-
ment program considering the body deformation. That is, the difference in the energy 
dissipation performance of the coupling buffer system occurred depending on whether 
the stiffness of the vehicle body was considered. However, the collision speed of 15 km/h 
showed a small difference compared to the total energy due to the small vehicle body 
deformation, and the two simulation results were found to be quite consistent. This shows 
that the energy dissipation phenomenon, which is most important in the collision pro-
gram, was well matched, so the analysis process for the collision phenomenon between 
the two programs was well implemented. 

Looking at the results of force analysis of each coupling buffer system as shown in 
Figure 20, the maximum applied force in both analysis results was 1000 kN. In the analysis 
of S company, the maximum displacement due to the collision was 426 mm, and in the 
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analysis of the developed program, the maximum displacement was 468 mm, as it caused 
that amount of deformation of the vehicle body. 

Table 2. Comparison of energy balance during collision. 

Energy S Company Developed 
Initial energy 4411 [kJ] 4411.1 [kJ] 
Final energy 36.0 [kJ] 4.3 [kJ] 

Absorbed energy buffer 2412.0 [kJ] 2443.5 [kJ] 
Absorbed energy buffer (car body) 0.0 [kJ] 18.0 [kJ] 

Energy dissipation 1961.0 [kJ] 1946.0 [kJ] 
Energy balance mistake 0.04 [%] 0 [%] 

Figure 23 is the analysis results. It show that the force acting on the coupling buffer 
system followed the characteristics of each buffer. In the S company simulation results, 
some behavior does not follow the characteristic curve, which is predicted so that the dy-
namic behavior is included in the system model. 

 
(a) Results of S company’s simulation. 

 
(b) Results of developed simulation. 

Figure 23. Comparison of reaction force curve. 

3.5. Simulation Results and Discussion 
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Using the developed simulator, we simulated a situation in which 10 trains collide 
with 10 stationary trains at a speed of 25 km/h, and Figure 24 shows the results of the 
collision simulation. 

Looking at the results of the force acting on the coupling buffer system in Figure 24a, 
in the front coupler system, the rubber buffer was directly connected to the hydraulic 
shock absorber through rigid contact beyond the deformation limit of the rubber shock 
absorber. The hydraulic buffer had little displacement due to the rapid increase of the 
impact speed and the increase of the reaction force. In general, hydraulic buffers have the 
characteristic of maximizing the buffering effect in shunting speeds at around 10 km/h. 

 
(a) Forces of coupling system according to displacement. 

 
(b) Vehicle speeds according to time. 
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(c) Energy balance according to time. 

Figure 24. Simulation results (train speed: 25 km/h). 

The intermediate coupler consisted of a rubber shock absorber and a deformable tube 
and absorbed sufficient impact energy through the capacity design of the expansion tube. 
In the case of a heavy collision, the impact force increased due to an increase in the colli-
sion speed concentrated on the vehicle where the collision was applied. Considering the 
impact force applied to the train in the event of a collision, it may be appropriate to apply 
a deformation tube having different characteristics depending on the vehicle location. In 
addition, a deformation tube with a deformation length of 400 mm was used, but the de-
sign limit was exceeded in the case of a secondary vehicle. Looking at the final energies in 
Table 3, they were not far beyond the design limit, but it is necessary to redesign the de-
formation tube through review of the analysis results. 

Looking at Figure 24b, immediately after a collision, all vehicles vibrated under the 
influence of adjacent vehicles, and eventually all vehicles stopped. 

The moving train vibrated with the collision reaction force and gradually deceler-
ated, and the collision between each vehicle was propagated. In the standing train, the 
speed of the leading vehicle in which the collision occurred directly increased sharply, 
then vibrated, and the speed decreased and stopped. The propagation time of the collision 
phenomenon of the two trains was different, and the reason is that in the case of the stand-
ing train in the braking state, it is judged that the impact force was transmitted by over-
coming the frictional force between the wheel and the rail and being pushed by the buffer 
displacement, so that it propagated later than the collision vehicle. 

Looking at the energy balance result in Figure 24c and Table 3, the kinetic energy was 
large according to the collision speed, and when a collision occurred, energy loss occurred 
due to the buffering and braking. After a certain period, it can be confirmed that the buffer 
function was lost as the connector system no longer absorbed energy. Although it is small, 
the presence of the body’s absorbed energy indicated that the body had entered the plastic 
range. The final energy remaining indicated that the collision phenomenon was not com-
pleted during the simulation for 5 s, so if the motion continued, the energy lost by friction 
still existed. 
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Table 3. Result of energy balance. 

Energy Results 
Initial energy 11,362.7 [kJ] 
Final energy 0.8 [kJ] 

Absorbed energy buffer 7742.2 [kJ] 
Absorbed energy buffer (car body) 3.2 [kJ] 

Energy dissipation, brake 3615.9 [kJ] 

4. Conclusions 
In this study, a collision simulation program was developed by constructing a math-

ematical model based on experimental data from a buffer system used in a railway car 
connector. The buffering characteristics of a 10-car train colliding at 25 km/h were ana-
lyzed. 
1. Since it was difficult to perform a crash test on the assembled buffer, tests were per-

formed for each component. Based on the results of these collision tests, a mathemat-
ical model was developed for each component constituting the coupling buffer sys-
tem. 

2. A simulation program was developed to simulate a train collision situation including 
pre-processing and post-processing using mathematical models of vehicle and body 
models and buffer components. Because we compared the developed program with 
a program used by an actual company, the energy dissipation phenomenon was well 
matched, and the development program verified that the analysis process for the col-
lision phenomenon was well implemented. 

3. Using the developed simulator, a situation where 10 trains collide with 10 fixed trains 
at a speed of 25 km/h was carried out. The results are summarized as follows. 
• The rubber buffer was directly connected to the hydraulic shock absorber 

through solid contact, and the hydraulic buffer had little displacement due to 
the rapid increase of impact speed and the increase in reaction force. 

• In the case of a heavy collision, the increased impact force was concentrated on 
the vehicle to which the collision was applied, therefore it may be appropriate 
to apply a deformation tube having different characteristics depending on the 
vehicle position. 

• Immediately after a collision, it could be see that all vehicles vibrated under the 
influence of adjacent vehicles and eventually all vehicles came to a standstill. 
Due to friction, the propagation conditions of moving trains and standing trains 
appeared different. 

• In the event of a collision, a large amount of kinetic energy was lost due to buff-
ering and braking, and after a certain period, the connector system no longer 
absorbed energy and the buffer function was lost. 
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