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Abstract—Objective: Frontal crash accidents remain a significant factor in causing the preventable injury and 
fatality for child occupants aged 3 in China. Despite the increased public awareness and utilization of child restraint 
system (CRS), inappropriate installations still exist and lead to a potential to result in injuries of head, thorax and 
abdomen regions of child occupants, especially when it comes to enhanced child restraint system (ECRS) with top 
tether. The current study focuses on the influence of top tether upon safety performance of ECRS with top tether 
in dynamic tests with different set-ups and explores the relationship between inappropriate installation of ECRS 
with top tether and the injury potential of child occupants aged 3 in a frontal crash. Methods: A testing scheme 
including 4 dynamic tests was devised to ascertain the extent to which the top tether affected the accelerations of 
thorax, the abdominal penetration and the head displacements. Different kinds of acceleration curves were 
employed to conduct the tests and to simulate the real status and situation of child occupants aged 3 in the CRS 
installed with top tether and without top tether respectively. Parameters of accelerations, abdominal penetrations, 
and head displacements were measured to analyze quantitatively the influence of inappropriate installations of 
ECRS with top tether under different conditions. Results: The safety performance of ECRS with the use of top 
tether was found better than that of ECRS without the use of top tether either in the normal condition or in the 
extreme condition. The test using the acceleration curves defined by regulations, the accelerations of thorax, 
abdominal penetrations, and head displacements of P3 manikin in the ECRS with the top tether connected to the 
anchor point revealed results that all met the requirements. While in the test using acceleration curves of the same 
kind, and when the top tether was not connected, the parameters measured displayed that the safety performance 
of the sample was worse than the former one. As for the tests using the more severe acceleration curves defined 
at will, it was more obvious that top tether could affect the function and safety performance of ECRS greatly, and 
the functional failure and severe damages occurred to the ECRS without the use of top tether. ECRS with the use 
of top tether was partly qualified even under the more severe conditions. Conclusions: Inappropriate installation 
of ECRS such as omitting the step of connecting top tether to anchor point could cause severe injuries and fatalities 
in frontal crash accidents. Effective measures should be taken to minimize the chances of inappropriate 
installations of ECRS. 

Index Terms—Child occupants; Child restraint system; Top tether; Frontal crash; Passive safety  

 

I INTRODUCTION

With the development of economy and due to the construc-

tion of infrastructures such as the highways and expressways, 

car ownership increases rapidly around the world, leading to 

more and more crash accidents, in which the drivers and pas-

sengers suffer from many kinds of injuries directly caused by 

crashes. In order to reduce or minimize injuries and fatalities 

from accidents related to automotive crashes, seatbelt was in-

vented to protect the occupants about 60 years ago, and in the 

1960s came another invention of child restraint system (CRS) 

as a passive safety device of a different kind. Child passenger 

safety is an integral part of child safety [1]. The main aim of 

CRS is to create a well-anchored seat like that of an adult, 

safeguarding children to the maximum degree possible in the 

event of a collision or of abrupt deceleration of the vehicle, 

by limiting the mobility of the child’s body. CRS is oriented 

to the good protection of child occupants including baby, in-

fants, toddlers and other older children in automotive crashes, 

since children are more vulnerable to injuries than adults dur-

ing the collision process [2]. 

Protecting and improving the safety of children is of fun-

damental importance. Over the past several decades, dramatic 

progress has been made in improving the safety and reducing 

the mortality rate of young child occupants [3, 4]. However, 
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it is still too early to conclude that the problem of child-related 

traffic safety has been solved. Automotive crashes, until pre-

sent day, remain one of the leading causes of preventable in-

jury and death for children from newborn to 10 years of age, 

despite advancement in legislation and public awareness [5, 

6]. It is even more urgent to take effective measures to control 

infant and child mortality brought about by traffic accidents 

especially in developing countries [7, 8, 9]. Lack of legisla-

tion and technical standards accompanied by little knowledge 

about CRS and child safety has become a big threat to child 

occupants of vehicles in some places [10, 11]. In fact, CRS 

legislation is proven effective to reduce motor vehicle related 

serious injuries and fatalities [12, 13, 14]. Undoubtedly, what 

the child occupants and their care-givers can rely upon to pre-

vent the possible injuries must be the CRS’s that they are us-

ing; because the uncertainty of risks in a severe traffic acci-

dent makes it impossible for an adult to react in time and take 

timely measures in most cases [15]. 

To a great extent, the effectiveness of CRS depends upon 

the correct installation of CRS in the vehicle, the appropriate 

restraining of the child in the CRS, and the appropriate use of 

CRS [6]. Among the factors that influence the effectiveness 

related to child occupant’s safety closely, the correctness of 

CRS installation is often neglected or cannot be achieved for 

the fact that there are various types of CRS and different kinds 

of installation methods which involve usage of seatbelts, ISO-

FIX and LATCH, devices seemingly easy to use but inducing 

the state of user’s manipulation at will and regardless of 

whether the devices designed to restrain the CRS are used in 

the right way [16, 17]. When the CRS is equipped with ISO-

FIX and top tether, the problem mentioned above is more ob-

vious because of many factors [18]. The top tether is not the 

unique anti-rotation device used for CRS, yet it is the one that 

is more inclined to be neglected compared to other kinds of 

devices such as the support leg aiming to achieve the same 

goal, because it is usually installed in the inconspicuous posi-

tion and many drivers do not even know about it and how to 

use it when they carry out the installations of CRS with a top 

tether [19]. As to enhanced child restraint system used on 

board of motor vehicles (ECRS), the validity of installation 

procedure is of great importance. ECRS belongs to one kind 

of CRS, and has salient features different from general CRS’s. 

Since the CRS equipped with ISOFIX attachment seems easy 

and convenient to install and use, it has become more and 

more popular, hence promoting the modification and im-

provement of the product itself, accompanied by the continu-

ous revision and amendments of technical regulations and 

standards. Once installed inappropriately, CRS will not bring 

safety and reliability, but become the source of dangers actu-

ally [20]. Accordingly, some research works oriented to the 

correct installations or use of CRS have been carried out [21, 

22, 23]. Regulations and standards related to CRS, neverthe-

less, serve as an important basis of judgement whether or not 

the safety device’s installation correctness has been ensured. 

In Europe, the United Nations Economic Commission for 

Europe (UNECE) is responsible for the development of vehi-

cle regulations including UN Regulation No. 44 and No.129 

which are specific to the requirements and testing methods of 

CRS. While in China, the national standard of CRS is GB 

27887-2011 whose requirements and testing methods of dy-

namic tests are the same as those of UN Regulation No. 44. 

However, UN Regulation No. 44 and GB 27887-2011 both 

undergo adjustments continuously and gradually. From 1st 

September 2020, no new approvals shall be granted under UN 

Regulation No.44 to child restraint systems other than Group 

3, and from 1st September 2022, no extensions shall be 

granted under this Regulation to child restraint systems other 

than Group 3. Obviously, more and more approvals will be 

granted under Regulation No.129. GB 27887-2011 will be re-

vised similarly to incorporate the same requirements and test-

ing methods of dynamic tests as Regulation No.129. There-

fore, no matter in China or in Europe, frontal impact, rear im-

pact and lateral impact tests should all be carried out as part 

of CRS dynamic tests in the near future. The test procedure 

specified by the regulation provides an ideal methodology to 

reproduce or to simulate the abrupt deceleration of vehicle 

during a crash accident. This paper studies the injury potential 

of child occupants in a frontal crash, so reproducing the 

frontal-impact-deceleration curves of the vehicle is necessary 

by means of a trolley system. Trolley systems can be classi-

fied into the deceleration type and the acceleration type, pro-

ducing the deceleration pulses and acceleration pulses respec-

tively. It is better to choose the acceleration type, for the trol-

ley of this kind can produce the required acceleration curves 

with higher precision and repeatability [24, 25]. Meanwhile, 

the deceleration or acceleration curves defined in the regula-

tion can be adopted to carry out the frontal crash test. In order 

to ensure universality, other proper deceleration or accelera-

tion curves should be defined arbitrarily for the dynamic test. 

Parts of the child occupant’s body that are prone to inju-

ries could include but not be limited to the head, the thorax 

and the abdomen which contain all the important organs [26]. 

Most fatalities are caused by injuries of these parts. Accord-

ing to Findlay, Melucci, Dombrovskiy, Pierre and Lee [27], 

head/neck injuries are most common for child occupants in 

all age groups after motor vehicle crashes. Actually, the neck 

injury or whiplash injury could be avoided when the head has 

been protected within the safety range, and the head injury is 

more fatal. If the child occupant’s head moves too far from 

the original place in a crash accident, it may crash into the 

back of the front seat or other rigid objects and gets wounded 
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severely. It is suitable to control the head’s displacement be-

cause the displacement of the head is bigger than that of the 

thorax in a frontal crash. As to the thorax, accelerations in 3 

dimensions could be the proper criteria to determine whether 

it is safe for child occupant in the crash, for internal organs in 

the thorax are quite sensitive to acceleration. There are limits 

of acceleration to which a human organism can be exposed. 

And the abdomen as the soft and weak part of the body, 

should not be subjected to excessive stresses. Meanwhile, the 

“Cushion Effect,” a phenomenon in which obesity protects 

against abdominal injury in adults in motor vehicle accidents, 

is not apparent among pediatric frontal motor vehicle crash 

victims [28]. Therefore, internal and external structures of 

child abdomen facilitate penetration of rigid and sharp objects 

into the soft tissues and organs of human body. So, the ab-

dominal penetration could be taken into consideration for 

safety evaluation. 

Considerable experimental and numerical researches have 

been conducted to increase the CRS usage rate, to improve 

the public awareness, to optimize the safety and effectiveness 

of CRS and so on, with comparatively fewer emphases placed 

on researches upon assessing the relationship between injury 

potentials of child occupants and installations of CRS quanti-

tatively by means of experiments [29, 30, 31, 32]. Hence, it is 

necessary to devise a proper scheme for the purpose of dis-

cerning and clarifying the relationship mentioned above. Fur-

thermore, how to verify the injury potential of child occupants 

caused by inappropriate installation of CRS of a certain kind 

and to explore ways to avoid injuries deserves deep research. 

As the computer science and computational technology de-

velop rapidly, numerical simulation is more and more widely 

used in the field of traffic accident analysis [33, 34, 35]. But 

the methodology of numerical simulation has its own short-

comings and cannot exactly reproduce the crash process with-

out any differences, for it is confined to algorithms and ideal 

conditions. Instead, the experimental methodology could in-

corporate more factors into the process and be used for the 

validation of numerical simulation [36]. Without any limita-

tions, experimental methodology is the better way to repro-

duce the crash process. 

This paper aims to examine the extent to which the top 

tether that is often neglected and leads to the inappropriate 

installations of CRS affects the injuries of child occupants 

aged 3 by the means of experimental methodology. In order 

to obtain the useful information, a testing scheme was devised 

and 4 tests with different set-ups were conducted. By compar-

ison of test results, the influence of the most common inap-

propriate installation on the ability of CRS to protect child 

occupants can be discerned. The ability could be demon-

strated by the safety performance of CRS and linked directly 

with the injury potential of child occupants.    

II METHODOLOGY 

In order to ensure objectivity, universality and to reflect the 

real status of CRS quality, four CRS samples were bought 

randomly from a local market in China according to the re-

quirements that the product should be forward facing ISOFIX 

CRS with top tether and belong to group I restraints suitable 

for 3-year-old child occupants. Testing scheme was devised 

to ascertain the relationship between injuries of child occu-

pants aged 3 with the top tether of ISOFIX CRS in a frontal 

crash accident, for the most common incorrect or inappropri-

ate installation lies in forgetting to connect the top tether to 

the anchorage. The crash tests were conducted using the ex-

isting UN Regulation No. 44 fixture and P series 3-year (P3) 

manikin by means of trolley of acceleration type. Compared 

with trolley of deceleration type, the acceleration one can en-

sure the consistency and precision of pulses with higher effi-

ciency. But the acceleration curves were not limited to the 

regulation, i.e. the frontal impact pulses defined by the UN 

Regulation No. 44 and defined at will were both adopted. 

These pulses can be produced and adjusted to simulate and 

resemble the vehicle deceleration in the frontal crash by the 

trolley system. In total, two kinds of acceleration pulses pro-

duced by the trolley system were used to carry out the crash 

tests, one kind representing the typical abrupt deceleration of 

the vehicle in the form of the pulse specified by the regulation 

and the other kind representing the deceleration in extreme 

conditions. 

A  Test Preparation 
Four independent tests were carried out, in which the accel-

erometer, the high-speed camera and the clay were used re-

spectively to obtain the necessary information of acceleration, 

displacement and abdominal penetration. A sample of model-

ling clay was vertically connected to the front of the lumbar 

vertebrae by means of thin adhesive tape and gave indication 

of abdominal penetration. In tests, the modelling clay samples 

were of the same length and width as the lumbar spinal col-

umn, with the thickness of the samples being 25±2 mm. Ac-

celerations of the trolley and manikin would undergo CFC 60 

and CFC 180 signal filtration respectively [37, 38]. Fre-

quency class designated by the numbers 60 and 180, i.e., CFC 

60 and CFC 180, indicated that the channel frequency re-

sponses lay within specified limits or were filtered using spec-

ified algorithms. Comparability of testing results and signal-

to-noise ratio were improved by processing signals in this 

way. 
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As shown in Fig.1, the test was set-up by, firstly placing 

the P3 manikin so that the gap was between the rear of the 

manikin and CRS. Then the hinged board 2.5 cm thick and 6 

cm wide and of length equal to the shoulder height was placed 

to follow as closely as possible the curvature of the restraint. 

Secondly, the belt used to restrain the manikin was pulled to 

a tension of 275N with a deflection angle of 45°. 

As tabulated in Table 1, the testing scheme devised con-

tains four tests under different conditions and the set-ups. The 

CRS was installed to the test seat of the UN Regulation No. 

44 fixture in accordance with the user manual, and the hinged 

board was removed. After completing the procedure, the ISO-

FIX and top tether were both connected to the anchorages sep-

arately in the first and the third tests, while only the ISOFIX 

was connected in the second and the fourth tests. In the first 

and second tests, the acceleration pulse defined by the regu-

lation would be produced. In the third and fourth tests, the 

acceleration pulse defined at will but whose integrated value 

would be set in a proper range would be used. The procedure 

of preparation in each test was fixed except for the way in 

which CRS was connected to the test seat and the acceleration 

pulse adopted. 

  

(a) Installation finished 

 

(b) The hinged board removed before a test 

Fig. 1. Test setup: P3 manikin restrained in the CRS ready for test 

 

TABLE 1 

 Testing scheme, conditions and the set-ups 

 

B  Injury Requirements 
According to the extent to which human body can endure 

the acceleration and the related regulation’s specification, the 

resultant chest acceleration of the child shall not exceed 55g 

except during periods whose sum does not exceed 3 ms. The 

vertical component of the acceleration from the abdomen to-

wards the head shall not exceed 30g except during periods 

whose sum does not exceed 3 ms [38, 39, 40]. Once these 

requirements are met, the child occupant can be, theoretically, 

protected and the injuries to organs in the thorax are avoided. 

As for the requirements of abdominal penetration, there 

shall be no visible signs of penetration of the modelling clay 

of the abdomen caused by any part of the restraining device. 

Once the penetration occurs, it means the abdomen of the 

child occupant has suffered severe injury in a real crash acci-

dent. One example of such a penetration is illustrated in Fig.2. 

Requirements of manikin’s head displacement are related 

with the type of CRS and the group to which the CRS belongs. 

Actually, most regulations’ specifications on the displace-

ment of manikin’s head are almost the same especially in the 

values of displacement. And the specifications can be referred 

to as the norms to evaluate whether the displacement values 

have exceeded the range of safety. As a summary of the spec-

ifications mentioned, a figure used for fast evaluation of dis-

placement was devised in this paper, and depicted in Fig. 3 

[38, 39]. As can be seen in Fig.3, the heavy line represents the 

evaluation boundary between forward facing CRS and rear-

ward facing CRS, and the displacement boundary as well. The 

horizontal and vertical continuous thin lines indicate the dis-

placement boundary that the head of the manikin should not 

exceed. The slant line stands for the common boundary of dis-

placement. Cr line is defined in UN Regulation No. 44, and it 

is the origin for measurement, and measurement unit is mm 

in the figure. In the space, line Cr is coincident with the inter-

section line between the top plane of the seat on which the 

Test No. 

CRS 

Installation 

method 

Parameters measured Acceleration pulse 

1 
ISOFIX+top 

tether 

Head displacement 

Thorax acceleration 

Abdomen penetration 

Frontal impact in UN Regulation No. 

44 

2 ISOFIX ditto 
Frontal impact in UN Regulation No. 

44 

3 
ISOFIX+top 

tether 
ditto Non-regulation 

4 ISOFIX ditto Non-regulation 
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CRS is put and restrained and the front lane of the seat back. 

In the four tests, CRS used belongs to group I, so the values 

of front boundary and upper boundary should be 500mm and 

800mm respectively. 

 

 

(a) P3 manikin       (b) Clay in the abdomen of P3 manikin 

Fig. 2. Abdominal penetration of P3 manikin 

 

Fig. 3. Fast evaluation of displacement of manikin’s head based on 

(WP.29, 2013; WP.29, 2014) regulations [38, 39] 

III RESULTS 

After test preparation, four tests were carried out sequen-

tially using the acceleration type trolley according to the test-

ing scheme. Given the target curve of the acceleration, the 

trolley produced the actual pulses in the tests. The actual pulse 

could be deemed as the equivalent of the deceleration that the 

vehicle would undergo in a frontal crash accident. As depicted 

in Fig.4, the two acceleration pulses were produced by the 

trolley according to UN Regulation No. 44 in the dynamic 

tests, and met the requirement of the regulation. The pulses in 

Fig.5 produced by the trolley did not necessarily meet any re-

quirement of the regulations related with the safety of CRS, 

and could be seen as the proper simulation of the frontal crash 

too. Target curves employed in the third and fourth tests were 

defined at will and were used as the guide for the trolley to 

produce the actual pulses shown in Fig.5. The peak accelera-

tions can be of 75g or greater in magnitude and the pulses 

themselves simulate the automotive crashes under extreme 

conditions. Besides CRS tends to fail to work when the worst 

happens, so to some extent it is more severe, representative 

and objective to conduct the testing scheme using the pulses 

of this kind as the simulation of the real accelerations. 

The accelerations of the manikin’s chest measured in the 

tests when the ISOFIX attachment and top tether are both con-

nected and when the top tether is not connected with only 

ISOFIX attachment being connected differ greatly in magni-

tude, for the lack of the upper fastening point is easy to cause 

the unstable status of CRS. The differences in X, Y and Z di-

rections between the comparative tests and the resultant ac-

celerations compare are illustrated in Fig.6, Fig.7, Fig.8 and 

Fig.9 respectively, which are the results of dynamic tests car-

ried out according to related regulations. In addition to differ-

ences between chest accelerations, it is also noteworthy that 

slight visible signs of abdominal penetration are found, and 

head displacements are also very close to the limits in the sec-

ond test, and the phenomena are usually brought about by the 

unstable status of CRS in a dynamic test. 

However, the third and fourth tests that are not conducted 

according to related regulations and whose acceleration 

curves are set at will and are more severe than the ones spec-

ified by regulations returned completely different results. In 

the third dynamic test, the resultant acceleration and the ver-

tical acceleration both satisfy the requirements and the test 

results are partly qualified due to the good protection of CRS 

for the child occupant, as shown in Fig.10, although the pro-

cess has been set under severe conditions. Therefore, it can be 

inferred that the appropriate installation of CRS is of im-

portance to improve the safety. The top tether of ECRS works 

as an important anti-rotation device and provides the third fas-

tening point for ECRS installation, thus ensuring the stable 

status in which the child occupant can get necessary protec-

tion in a crash. Without the upper fastening point provided by 

the tether, damages usually inevitably occur to the CRS in ex-

treme or severe conditions, and make CRS fail to take effect. 

Fig.11 displays the damaged CRS in the fourth dynamic test. 

In fact, the damage was caused by the lack of the upper fas-

tening point provided by top tether and the consequent bend-

ing moment in large-magnitude. The CRS did not fall off the 

trolley because of the belts that had been fastened to protect 

the manikin and the accelerometer in advance. 

Detailed testing results and values are illustrated in Ta-

ble.2. Results of the first and second tests are both qualified 

to a great extent, while the head displacement exceeds the per-

mitted range in the third test with the accelerations meeting 
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the requirements. But in the fourth test, complete failure of 

CRS occurs and no criterion is satisfied. 

 

 

Fig. 4. Acceleration pulses of the trolley employed in the first and sec-

ond tests 

 

 

Fig. 5. Acceleration pulses of the trolley employed in  the third and 

fourth tests 

 

 

Fig. 6. Chest accelerations of the manikin in X direction in the first and 

second tests 

 

 

Fig. 7. Chest accelerations of the manikin in Y direction in the first and 

second tests 

 

 

Fig. 8. Chest accelerations of the manikin in Z direction in the first and 

second tests 

 

 

Fig. 9. Resultant accelerations of the manikin’s chest in the first and 

second tests 
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Fig. 10. Chest accelerations of the manikin in the third test 

 

 

Fig. 11. Damaged ECRS in the fourth test 

TABLE 2 

Testing results 

 

IV DISCUSSION 

The results of the dynamic tests reflect that the top tether 

as the anti-rotation device plays an important role in improv-

ing the safety performance of ECRS in frontal crash acci-

dents. Thorax accelerations, abdominal penetration and head 

displacements of child occupants are directly related with the 

installation method. According to the research, inappropriate 

installation such as the neglect or wrong use of top tether most 

common in daily use can impair the ability of ECRS to resist 

the abrupt deceleration and to absorb the dynamic energy that 

will otherwise be transmitted to child occupants and result in 

injuries during a frontal vehicle crash. 

Trends exist that peak accelerations of child occupant’s 

thorax decrease with the proper use of top tether in a crash, 

and as the additional fastening point, the tether can restrain 

the CRS effectively from rotation and deformation that usu-

ally make the child suffer from large accelerations and ab-

dominal penetration, and cause the situation in which head 

displacements exceed the permitted range, as displayed in 

Fig.6-Fig.11. Hence, it is recommended that top tether should 

be used properly no matter what magnitude of the automotive 

deceleration in a crash accident can be. 

Further research is needed to stipulate the preventive 

measures for avoiding inappropriate installation of any kind. 

Legislation, standards, specifications and technical regula-

tions could be amended and revised in time to adapt to new 

changes in the use of CRS. Being a significant factor in re-

sisting the rotation of ECRS during a frontal crash, the top 

tether connection should be not ignored. Steps could be taken 

to increase the public awareness of these issues, thus reducing 

chances of inappropriate installations of ECRS with top 

tether. 

V  CONCLUSION 

It can be concluded that top tether affects the accelerations 

of thorax, abdominal penetration and head displacements of 

child occupants aged 3 by devising the testing scheme and 

comparing the test results of four dynamic tests conducted in 

different experimental set-ups. Proper use of top tether in the 

process of installation can reduce the risk of functional failure 

of CRS and enhance its ability to satisfy the safety criteria, 

thus improving the safety performance. The additional fas-

tening point provided by top tether is necessary and able to 

ensure that CRS works normally and is in the stable status 

during a frontal crash. Theoretically, appropriate installation 

of ECRS with top tether will bring about fewer injury poten-

tials. The inappropriate installation will not only give rise to 

injury potential, but may cause severe damages even to CRS 

itself under extreme conditions. Therefore, connecting top 

tether to the anchor point should be deemed as an essential 

prerequisite before seating a child into the CRS. 

With the emergence of ECRS with anti-rotation device 

such as the top tether, convenience, comfort and safety per-

formance of CRS become more obvious, thus making prod-

ucts of this kind have a growing tendency and possibility of 

substituting the traditional CRS installed by the seatbelt. Re-

cently tremendous progress has been made in the fields of 

CRS designing, manufacturing, utilization, standardization 

and testing, especially in Europe and North America, whose 

technical standards related to passive safety are in the lead 

Test 

No. 
Peak acceleration of thorax Abdominal penetration Head displacement 

1 
Resultant: 15.0g 

Vertical: -14.7g 

no visible signs of 

penetration 

Front: 382 mm 

Upper: 612 mm 

2 
Resultant: 18.5g 

Vertical: -17.7g 

slight visible signs of 

penetration 

Front: 495 mm 

Upper: 767 mm 

3 
Resultant: 27.3g 

Vertical: -26.9g 

slight visible signs of 

penetration 

Front: 596 mm  

Upper: 833 mm 

4 CRS failure CRS failure CRS failure 
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and can be a good reference in formulating standards of the 

same kind [4, 38, 39, 41]. China has the larger quantity of 

children from newborn to aged 10 than most other countries, 

while usage of CRS remains even low because of many fac-

tors among which the complexity in CRS installation is a 

noteworthy aspect and related with the wrong use of CRS to 

some extent [42]. Meanwhile inappropriate installation exists 

widely and consequently leads to many injuries and fatalities 

that should have been avoided in China too. Measures should 

be taken to tackle the problem of CRS inappropriate installa-

tion, and make it easy to check the status of CRS in use at any 

time before and during driving. On the one hand, improving 

public awareness and mechanisms of providing safety infor-

mation to the public can contribute to minimizing inappropri-

ate installations of CRS and fundamentally ameliorate the sit-

uation in which the step of connecting the top tether to the 

anchor is omitted consciously or unconsciously. On the other 

hand, technical advances in industry support more emergence 

of special devices used to prevent neglect or inappropriate use 

of passive safety devices that include CRS and other mechan-

ical and electrical mechanisms, e.g., seatbelt, airbag, seat, etc. 

Various devices such as seatbelt reminder used for reminding 

occupants of using seatbelt have been long used and proved 

effective in discerning and preventing the incorrect use of 

safety devices, e.g., the failure of tongue’s connection to the 

buckle, and similar devices can be designed and utilized to 

achieve the same effect for CRS installation [43]. Besides, the 

optimization of CRS structure and the proper layout of parts 

can also be taken into consideration, as a proper way, to elim-

inate risks of inappropriate installations [44, 45]. Efficient 

joint-action mechanism of industry, research institution, uni-

versity, inspection organization, government and end users 

should be established to build the system in which any risk of 

designing, manufacturing, inspection and using related with 

CRS can be considered, discerned and avoided in terms of 

sources. 

Finally, in view of the injury potential of child occupants 

aged 3 brought about by inappropriate installation of ECRS 

with top tether in a frontal crash accident, aspects involved in 

the process should be emphasized. The influence of top tether 

upon the ability of CRS to protect child occupants from inju-

ries has been ascertained based on the testing scheme includ-

ing four comparison tests, targeted methods can then be de-

vised to deal with follow-up issues. 
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