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Abstract: As one of devices for passive safety, child restraint system remains a positive 

factor in securing the safety of child occupants in vehicles’ collisions. Generation of 

deceleration pulses is essential for dynamic tests conducted to assess the safety 

performance according to many regulations such as UN Regulation No. 44. It deserves 

research on how to generate the qualified pulses conveniently and with low cost. A new 

method of convenience using steel pipes or tubes is recommended after all the factors 

influencing the deceleration being ascertained. Varied combinations of parameters make it 

possible and easy to optimize the deceleration pulses. 
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1. INTRODUCTION 

 

Child restraint systems are of great importance in securing the safety of child occupants in vehicle collisions, and 

as a kind of passive safety system, such devices should satisfy the relevant requirements of technical regulations 

and standards such as UN Regulation No. 44, UN Regulation No. 129, and GB 27887-2011, etc. [1]. Dynamic 

tests remain the major items of regulations and the most important means to simulate real crashes and to evaluate 

safety performance of child restraint systems. Deceleration pulses being the key factor that affects test results, 

can be generated by various methods including employing the trolley of acceleration type, using special 

materials and structures [2], etc. Among the methods, it’s especially vital to devise or find a cheap and 

convenient one for the generation of deceleration pulses, because a lower cost makes it easy to inspect and verify 

devices for passive safety including but not limited to child restraint systems, thus bringing the advantages of 

flexibility and competition for smaller-scale laboratories and factories. This research focuses on how to achieve 

the purpose by using steel tubes and pipes that have been processed according to some treatment scheme. Easy 

availability and handling of different tubes or pipes should be taken into full consideration and utilized to 

militate in favor of conceiving approaches to the generation of deceleration pulses. 

 

Actually, child restraint system’s dynamic test is one of the most effective methods to evaluate its integral safety 

which is directly related with and has an effect on the function ensuring the ability to protect child occupants 

including newborn baby, infants, toddlers and other older children [3-6]. Many laboratories and factories have 

been using the acceleration-type trolley to carry out dynamic tests in which the acceleration/deceleration pulses 

can satisfy the requirements of regulations or standards very well with the use of the equipment. However, the 

acceleration-type trolley is quite expensive for smaller-scale laboratories and factories and has a complex 

structure, thus making it not so easy to maintain as the deceleration-type. Meanwhile, the deceleration-type 

trolley can have various means to absorb the kinetic energy and to generate deceleration pulses in the process of 
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changing the state of motion and be much cheaper compared with the acceleration-type one as well. Therefore, 

the deceleration-type trolley is still used widely and popular with small laboratories and factories because of its 

flexibility, convenience and low cost. 

 

The current research mainly explores the key technology of deceleration-type trolley, i.e. the method to produce 

deceleration pulses required in a crash test according to different standards. Deceleration pulses produced by the 

trolley simulate the actual pulses in a vehicle crash to some extent [7-9]. Generation of qualified pulses is 

important to evaluate child restraint system’s dynamic properties and promote the standardization of the 

products, and is also an essential prerequisite for conducting dynamic tests according to regulations or standards 

strictly [10-12]. Generally, deceleration pulses are generated by various kinds of energy-absorbing mechanisms 

[13-15]. Energy-absorbing materials and structures can be applied to that use. The shape of the pulses depends 

upon and reflects the trolley’s deceleration when energy-absorbing mechanism functions. Hence, the mechanism 

must be of great convenience and reliability to ensure conformity to regulations and efficiency of operation. The 

national standard of China, GB 27887-2011 specifies a kind of energy-absorbing mechanism, which functions 

when an olive-shaped knob compresses a polyurethane tube inserted into a steel tube on trolley. However, the 

knob sometimes gets jammed in the tube and different deceleration pulses need different pairs of knobs and 

tubes. Once specified, the pulses exclude all the other pairs of knobs and tubes except the corresponding ones. 

There are also other kinds of mechanisms used to absorb the trolley’s kinetic energy and generate pulses in 

China, and they can include steel plates, steel bars and hydraulic devices, etc.  

 

Considering that the quantity of steel plates and steel bars needed in dynamic tests appears large, and it’s time-

consuming indeed to replace the used ones, the hydraulic devices have high failure rates as well, an alternative 

way to absorb the kinetic energy is therefore presented in the article, and it employs a kind of mechanism mainly 

consisting of a sliding block with 4 rectangular holes fixed on the trolley and 4 steel pipes with specified 

characteristics. The impact brought about by trolley is buffered when the process of sliding block squeezing the 

pipes begins. In view of the simplicity of its structure, this mechanism is convenient to adjust and control, thus 

bringing about easy manipulation of the state of trolley. By simple and effective means, to ascertain factors 

influencing deceleration pulses in child restraint systems’ dynamic tests for trolleys of deceleration type, 

numerical simulations could be a good choice. Tests for experimental validation can be carried out to check the 

reliability of the simulation scheme [16]. After the validation, the main factors that include the parameters of 

pipes and trolley and could affect the shapes of deceleration pulses in dynamic tests can be ascertained and then 

undergo proper adjustments for further optimization. Furthermore, the deceleration curves have been specified in 

technical regulations, and could be perceived as the object to approach to. To a great extent, the deceleration 

pulses should coincide with the curves defined by relevant regulations. Therefore, ensuring the maximum 

coincidence inevitably involved optimization and reconfiguration, in view of the uncertainty and complexity of 

combining testing conditions and results with the simulation ones. All the factors influencing deceleration pulses 

in tests could be combined to or separately change the trends, peak values, width and other parameters of the 

pulses. Moreover, since the deceleration pulse in rear-impact test is much easier to generate than the frontal-

impact test, the way to achieve the generation of deceleration pulses in frontal-impact test is regarded as the aim, 

and the emphasis is placed on ascertaining the relevant factors and optimizing the pulses. 

 

The paper in the field of mechanical engineering seeks to highlight and analyze problems in the generation of 

deceleration pulses of the trolley in child restraint systems’ dynamic tests and offers some flexible and effective 

proposals to solve them and to obtain the qualified pulses based on simulations and experiments. 

 

 

2. METHODS 

 

2.1. Scheme of absorbing kinetic energy of trolley 

The velocity of trolley in child restraint system’s frontal impact test is 48 km/h ~ 50 km/h. Therefore, a proper 

energy-absorbing device should be used to buffer the impact of the moving trolley, and the qualified deceleration 

that meets regulations is achieved in the process. The deformation of steel pipes will absorb energy and make the 

trolley gradually decelerate. So, the following factors should be taken into consideration, i.e., the thickness, the 

slope, the heat treatment of steel pipes, the rectangular holes’ sizes in the sliding block, the velocity, and the 

weight of trolley, etc., for they are related with the production and transfer of energy. All the factors are 

obviously major influences compared with other ones, for they are related most closely with the extent of pipes’ 

deformation which absorbs most of the trolley’s kinetic energy. A special mechanism used as the energy-

absorbing device was designed, as illustrated in Figure 1. Before a dynamic test, the fixture, child restraint 
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system and child dummy were installed on the trolley according to relevant regulations, as displayed in Figure 2, 

and after installation the trolley was ready for a pull force to tow it to a specific position from which it would 

then be released and accelerate to the specified velocity. As shown in Figure 3, steel pipes were installed on the 

trolley for a test, and the deformation would begin when the brake rods came into contact with the barrier. 

 

 
Fig. 1. Schematic diagram of trolley’s structure:  

1 - brake rods; 2 - steel pipes; 3 - guiding cylinder; 4 - sliding block; 5 - panel; 6 - spring; 7 - bolt; 8 - connecting 

block; 9 - guiding rod. 

 

  
Fig. 2. The trolley after installation. Fig. 3. Energy-absorbing mechanism. 

 

2.2. Simulation scheme 

Proe-Ansys-Lsdyna combined modelling and solving method was adopted to conduct simulations, as shown in 

Figure 4. The software Proe was used to construct 3D-models of steel pipes. The keyword files were created by 

Ansys after meshing the model, defining material properties, boundary conditions, and the loads, etc. Then the 

keyword files were edited manually and loaded to the solver to meet the requirements for altering the parameters 

of pipes and the trolley. Lsdyna solver was used for calculations and Ls-PREPOST finished the post process. 

With the means could different types of crash tests be simulated without omitting any necessary setups or 

conditions, and the cost was kept low enough compared with dynamic tests. 

 

In order, to validate the reliability of this simulation scheme, the initial conditions were set at will within the 

proper range in both of the simulation and test, i.e., the conditions in the simulation were the same as the test 

ones. After numerical simulation and real test, results were compared between them, as reflected in Figure 5, the 

tendencies of simulations and test’s deceleration pulses were the same as each other after filtration using CFC 60 

filter, although they did not coincide at some pairs of points. Despite the fact that the tendencies of pulses in 

simulation and in test resembling each other, the ideal model of simulation would unavoidably be affected by its 

limitations because of the complexity of test conditions, i.e., simulation results could not be identical to test ones 

even for tiny changes in test conditions. However, the accuracy of simulation and its deceleration pulse’s 
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coincidence with the test results was enough for the use mentioned in the current research. Hence, the simulation 

scheme was reliable and could be used to carry out the following tasks. 

 

 

 

Fig. 4. Flow chart of simulation. Fig. 5. Comparison between test and simulation. 

 

2.3. Ascertaining the relevant factors and optimization 

Since the effect of different parameters upon deceleration pulses’ shapes was focused on, all the relevant 

parameters’ values were changed in accordance with certain rules. Simulations for ascertaining the factors were 

simplified so as to ensure the accuracy and universality, with the fact taken into account that the structure of the 

trolley mentioned above to absorb kinetic energy consisted of 4 steel pipes and other related parts, and when 

collisions happened, only the sliding block’s rectangular holes squeezed the pipes to deformation, and simulation 

process could be perceived as the sliding block with one fourth of the trolley’s total weight squeezing 1 pipe. 

That was effective and time-saving in calculations and ascertaining which parameter took effect and how the 

shapes of deceleration pulses were influenced, although a combination of 2 pairs of pipes was employed in 

actual tests. Finally, all the pulses underwent filtration by CFC 60 Butterworth IV filter. By comparing the 

results of simulations and the trends of pulses, it would be clear how the parameters mentioned above affected 

the energy-absorbing mode and exerted influence on deceleration pulses. Different combinations of the factors 

could then be made full use of to optimize the shapes, the trends and other parameters of deceleration pulses. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1. Factors related with steel pipes 

Slope angles of the end of steel pipes, the thickness, the diameter, and the heat treatment of the pipes being 4 

main factors that affect deceleration, they are related directly with the pipes. Although the diameter is a 

significant factor that can affect the deceleration pulses’ shapes greatly, it is not suitable for controlling the pulse 

and not used as the means to adjust the pulses in dynamic tests, for sliding block’s structure determines that the 

rectangular opening’s height can only achieve the installations of pipes of certain diameters exclusively. Besides, 

steel pipes have been standardized, thus making the size of sliding block’s rectangular hole within a specific 

range. Once the diameters of pipes determined, the basic shapes of deceleration pulses could be formed. When 

the diameters undergo changes, the deceleration will vary substantially and even exceed the proper range. So, it’s 

meaningless to select the diameters as the way to control the deceleration especially if slight adjustment becomes 

necessary. Moreover, the rectangular hole’s size, i.e. the height of the opening is hard or impossible to adjust 

after the sliding block is made. So only the other three factors are taken into consideration.  

 

As to the slope, as shown in Figure 6, it can be concluded that the bigger the slope angle is, the sooner the peak 

value reaches. As is revealed in Figure 7, simulation results show that the thickness has close relation with pulse 

width, peak value and time to peak, indicating negative correlation, positive correlation and negative correlation 

respectively. In Figure 8, it is illustrated that heat treatment of pipes also influences deceleration pulses, for heat 

treatment causes changes of the material’s yield stress which is of great importance in resisting deformation. 

Relations between yield stress values and deceleration pulses show that the factor has almost the same effect as 

the thickness on deceleration of trolley. As a matter of fact, it is a priority to choose thickness between the two as 
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the major factor for pulse control, for it’s easier and more convenient to deal with. Meanwhile, the availability of 

different series of pipe thickness and the difficulty of controlling the yield stress accurately by heat treatment 

lead to the fact that a perfect scheme of deceleration control should take pipe thickness into consideration. 

 

  
Fig. 6. Effect of pipe’s slope. Fig. 7. Effect of pipe’s thickness. 

  

 
Fig. 8. Effect of yield stress. 

 

3.2. Factors related with the trolley 

Factors related with trolley mainly include sliding block’s opening height, trolley’s velocity and its weight. 

Results in Figure 9 make it clear that the opening height has the opposite effect on deceleration pulses with 

pipes’ thickness and yield stress, i.e., it shows a completely different pattern with those mentioned above. As 

indicated in Figure 10, the pulse width increases with trolley’s velocity. But the velocity has no relation with the 

pulse’s peak value and the time to peak. It can be inferred that the trolley weight plays the same role as the 

opening height does according to the information in Figure 11. The increase of trolley’s weight results in the 

decrease of pulse’s peak value in dynamic tests. But there exists positive correlation between the pulse width and 

time to peak with the weight of trolley.   

 

 
 

Fig. 9. Effect of the height of sliding block’s opening. Fig. 10. Effect of trolley velocity. 
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Fig. 11. Effect of trolley’s weight. 

 

3.3. Summary of simulation results 

As tabulated in Table 1, simulation results display 2 different correlations including positive and negative ones 

between the factors and the pulses. Theoretically, different kinds of deceleration pulses can be generated by 

combining the factors properly. Even the quantity of steel pipes can be added or subtracted to satisfy different 

requirements. Therefore, the adjustment is more flexible to a great extent compared with other kinds of energy-

absorbing mechanisms.  

 

In Table 1, the symbols “×”, “＋”, “－” represent no correlation, positive correlation and negative correlation 

respectively. Positive correlation is a relationship between two variables in which both variables move in tandem 

i.e., in the same direction. A positive correlation exists when one variable decreases as the other variable 

decreases, or one variable increases while the other increases. Negative correlation is a relationship between two 

variables in which one variable increases as the other decreases, and vice versa. 
 

Table 1. Summary of simulation results. 

Parameters 
Pipe Trolley 

Slope Thickness Yield stress Opening height Velocity Weight 

pulse width × － － ＋ ＋ ＋ 

peak value × ＋ ＋ － × － 

time to peak ＋ － － ＋ × ＋ 

 

3.4. Optimization of deceleration pulses 

In order, to simulate dynamic tests more accurately, another 3 simulations under actual conditions listed in Table 

2 were conducted. As shown in Table 2, in the 3 simulations, pipes’ thickness, quantity, and the trolley’s weight, 

opening height and velocity were all the same as one another. No pipes underwent heat treatment. The sole 

differences lay in the slope angles of one or two ends of the pipes. 

 

Table 2. Simulation layout. 

No. Head slope End slope Thickness 
Heat 

treatment 

Quantity 

of pipes 

Opening 

height 

Trolley 

velocity 

Trolley 

weight 

1 2º & 5º 0º & 0º 2.5mm no 2 pairs(4) 12mm 49.7 km/h 800 kg 

2 1.2º & 2º 0º & 0º 2.5mm no 2 pairs(4) 12mm 49.7 km/h 800 kg 

3 1.2º & 2º 0º & 2º 2.5mm no 2 pairs(4) 12mm 49.7 km/h 800 kg 

 

In the first simulation, 4 pipes were installed onto the sliding block whose rectangular hole would squeeze all the 

pipes to full deformation. A pair of pipes consisted of 2 identical ones, and the 2 pairs’ head slope angles were 2° 

and 5° respectively. As is shown in Figure 12, the time to peak is not satisfying and peak value arrives too early. 

In order, to solve the problem, the head slope angle could be decreased properly. In the second simulation, 4 

pipes were still used and 2 of them had 2° head slope angles instead of 5°, while the others had 1.2° head slope 

angles. The end slope angles remained unchanged, and were still 0°. The result reveals that the latter pulse is 

better than the former one, on the basis of information in Figure 12. But the end of the latter pulse appears a little 

steep and easy to be out of boundary if some disturbances occur. Hence, it can be optimized further. Squeezing 

the pipes in advance to make them have specific slopes is a cheap way to adjust the pulses and it’s easy to 

achieve. So, the end slopes of 1 pair were processed, and 2 pipes had 1.2° head slope angles and 0° end slope 
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angles, the other 2 pipes had 2° head slope angles and 2° end slope angles. The third simulation result shows that 

this pulse satisfies the requirements of ECE R44 and GB 27887-2011, etc., and its shape is better than the other 

two. 

 

The deceleration pulses in Figure 13 were generated in another actual dynamic test and in the corresponding 

simulation, and conditions in the simulation and in dynamic test were almost the same as each other. Comparison 

between this real pulse and the one obtained by simulation, further validates that the simulation scheme is 

reliable and of great use to provide a solution. Furthermore, the energy-absorbing mechanism proves to be 

effective in generation of deceleration pulses.  

 

 
Fig. 12. Simulation results under 3 different conditions. 

 

 
Fig. 13. Comparison between test and simulation. 

 

 

4. CONCLUSIONS 

 

A kind of energy-absorbing mechanism used to generate deceleration pulses for deceleration type trolley in child 

restraint systems’ dynamic tests was designed. Factors affecting the deceleration were ascertained with the 

means of simulations and validation tests. The adjustment of deceleration pulses by changing the parameters or 

combining the factors proves to be effective and efficient, thus making it possible and easy for further 

optimization. Other deceleration pulses in rear-impact tests can also be generated in the same way. Moreover, 

this research minimized the quantity of tests and reduced the cost greatly by simulations, with dynamic tests 

having validated that the simulation results were reliable. It can be said that the aim of generation and 

optimization of deceleration pulses has been achieved. Further researches can be conducted on the assessment of 

child restraint system’s safety performance, the injury mechanism of child occupants, etc., based upon the 

qualified deceleration pulses. 
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