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Abstract—Infant carriers play an important role in protecting child occupants from severe injuries caused by 
collisions, but the tension of harness webbing cannot be controlled properly most of the time. Infant carrier’s user 
manual or instruction generally contains little information about the extent to which the adjusting belt should be 
pulled to cause the necessary webbing tension, and it is often neglected that the infants should be restrained 
securely. In order to improve public awareness, it is important to ascertain the effect of infant carrier’s webbing 
tension on the occupant’s chest accelerations. A testing scheme including 12 dynamic tests was devised and 
conducted, and test conditions were controlled strictly to ensure the accuracy and objectivity of results. P1.5 
dummy’s resultant and vertical chest accelerations were collected and analyzed. Both ISOFIX installation and seat 
belt installation methods were taken into consideration without lack of generality. Sled’s accelerations and 
velocities were set and acquired, which constituted the fundamental testing conditions of dynamic tests and 
ensured the repeatability and reliability of tests. Furthermore, dummy’s chest acceleration pulses were monitored 
and recorded, and the data were evaluated in accordance with criteria defined in relevant technical standards. The 
dummy’s chest accelerations were classified into 2 groups according to child restraint systems’ installation 
methods, i.e., the ISOFIX group and the seat belt group. In each group, both resultant chest acceleration and 
vertical chest acceleration were involved. Universal phenomena were displayed in all the tests, and the larger the 
tensile forces were, the lower the chest accelerations were in tests. Based on experimental validations, the relation 
between webbing’s tensions and chest accelerations in frontal crash accidents was verified. Furthermore, 
suggestions were made about adjusting the webbing tension and the proper use of infant carriers. 

Index Terms—Infant carrier; Tensile force;  Child occupant; Frontal crash; Dynamic tests  

 

I INTRODUCTION

 

Child restraint system is capable of being anchored to a 

power-driven vehicle, and is so designed as to diminish the 

risk of injury to the wearer, in the event of a collision or of 

abrupt deceleration of the vehicle, by limiting the mobility of 

the wearer's body. Being an effective device to keep child oc-

cupants from harmful and fatal secondary collisions between 

children and the vehicle in traffic accidents, child restraint 

systems play an important role in reducing preventable inju-

ries and fatalities of child occupants [1]. In many countries, 

child restraint systems are very popular with caregivers, and 

widely used in adults’ driving with children in cars [2, 3]. Ac-

tually, child restraint system, as a special device for passive 

safety, has been used for many decades, and at present has 

evolved greatly, can be considered as a sophisticated system 

especially when it functions in real accidents [4]. In order to 

achieve the optimum state of child restraint systems in use, 

many matters in the field of passive safety should be taken 

into consideration [5, 6, 7]. 

Meanwhile, regulations and technical standards about 

child restraint systems have been developed and entered into 

force in many countries [8]. For example, UN Regulation No. 

44 and No. 129 are widely adopted and used in Europe, while 

FMVSS 213 and CMVSS 213 are perceived as the norms and 

specifications in the design, manufacture and use supervision 

of child restraint systems in North America [9]. In addition, 

GB 27887-2011 and AIS-072 are effective standards used 

compulsorily in China and India respectively, with the aim of 

standardizing the product, ensuring the safety performance, 

and protecting child occupants ultimately. In Japan, Brazil, 

South Africa and many other countries, similar regulations or 

standards also exist. Hence, different governments have 

reached a common view in improving the safety performance 

of child restraint systems and providing a powerful safeguard 

for child occupants [10, 11, 12]. 

https://doi.org/10.33976/JERT.10.1/2023/1


Zhe Wei / Analysis of the Effect of Infant Carrier’s Webbing Tension on 18-month-old Child Occupant’s Chest Accelerations in Frontal Crash 

Accidents Based on Experimental Validations (2023)  

  

2 
 

There are many kinds and types of child restraint systems, 

and infant carrier is a very common one. Infant carrier is ori-

ented to child occupants with comparatively lower ages, e.g., 

children from newborn to those aged 1 year or so, and it is 

different from child-safety seat, carry-cot, and booster cush-

ion, etc., no matter in structure, function and installation 

methods [13]. Nevertheless, dynamic test methods are basi-

cally the same in different regulations and technical stand-

ards, and the differences mainly lie in the requirements about 

magnitudes of physical quantities and dimensions. Since in-

fants are more vulnerable to abrupt deceleration of vehicle 

than toddlers, more rigorous requirements should be set for 

infant carriers, as reflected in most regulations [14, 15, 16]. 

In accordance with Regulations such as UN Regulation No. 

44 and No.129, infant carriers generally belong to Group 0+, 

which is defined as the mass group suitable for children of a 

mass less than 13 kg. 

In the daily use of infant carriers, inappropriate installa-

tions and wrong use can result in severe injuries or fatalities 

to infant occupants [17]. Heavy lessons from traffic accidents 

have raised public awareness in the proper use of infant car-

riers, and various researches and studies have been conducted 

on product standardization, safety performance improvement, 

injury evaluation, standards amendment, etc [18, 19, 20]. 

Achievements have also been made in the fields related to 

passive safety [21, 22, 23]. However, some inadequacies of 

usages are being exposed gradually, including but not limited 

to the control of tension of webbing that constitutes the har-

ness used to restrain the child occupant [24]. Especially, the 

webbing tensile force is usually ignored by child occupants’ 

parents or caregivers when they use infant carriers, for in-

structions and user manuals do not indicate and define the fac-

tor at all. Results in dynamic tests conducted in laboratories 

accredited according ISO/IEC 17025:2017 have shown that 

webbing tensile force is an unavoidable factor influencing ac-

celerations of child dummies. In order to avoid the undue ef-

fects of the factor on testing results, measures have been taken 

to minimize the uncertainty, such as means of standardization 

or normalization of the magnitude of webbing tensile force in 

a dynamic test [25]. On the basis of that, testing results be-

come comparable, and then can be analyzed. Despite the fact 

that laboratories begin to realize the importance of standard-

izing testing conditions, infant occupants’ caregivers’ fail-

ure to know or understand the relation between harness’ 

webbing tensile force and infants’ accelerations which is di-

rectly related to potential injuries, nevertheless, still remain a 

non-negligible factor in causing preventable injuries and fa-

talities. Furthermore, emphasis of past researches have sel-

dom been placed on the aspect, thus making people pay less 

attention to the issue [26]. Therefore, it is necessary to carry 

out relevant research and to draw enough attention to the 

danger and harm of neglect or ignorance of controlling the 

tension of harness’ webbing properly [27, 28, 29].   

A testing scheme was devised to verify the effect of web-

bing tensile force on P1.5 dummy’s chest accelerations. 

P1.5 dummy weighs about 11kg, and is suitable for being a 

substitute for infant whose mass and size fit child restraint 

systems of group 0+. Harness is mainly used to restrain child 

occupant’s thorax and laps, and limit the mobility of the oc-

cupant’s body. Furthermore, serious chest injuries could 

bring about more hazards and even deaths because of the lo-

cations of most vital organs [30, 31]. So chest accelerations 

can be a good choice for the current research, and they are in 

more direct relation with harness’ webbing tensile force. In 

view of the installation methods of infant carriers, both ISO-

FIX, which is a system that provides a method of connecting 

a child restraint system to a vehicle, and is based on two ve-

hicle anchorages and two corresponding attachments on the 

child restraint system in conjunction with a means to limit the 

pitch rotation of the child restraint system, and 3-point seat 

belt are taken into consideration, with the aim of diminishing 

the effect of installation methods on testing results. 

Being an effective way to simulate and reproduce real 

crash accidents, dynamic tests were conducted in a devised 

pattern to verify the effect [32, 33, 34]. In most regulations 

and technical standards, the resultant chest acceleration shall 

not exceed 55 g except during periods whose sum does not 

exceed 3 ms, and the vertical component of the acceleration 

from the abdomen towards the head shall not exceed 30 g ex-

cept during periods whose sum does not exceed 3 ms. Since 

they are basic safety requirements, the resultant and vertical 

accelerations of P1.5 dummy’s chest in dynamic tests are 

taken as the object for quantitative research. As to the issue, 

it is more scientific and objective to explore the current re-

search based on experimental validations than pure computer 

simulation, for the quality of computer simulation depends on 

algorithms to a great extent [35, 36, 37]. Furthermore, simu-

lation itself needs experimental validation to check its validity 

and correctness [38, 39]. Small variation in configuring initial 

conditions for computer simulations may lead to a large dis-

crepancy in results, while it is more robust when it comes to 

a real dynamic test. Hence, the current research is solely based 

on experimental validations for obtaining more accurate re-

sults.   

Similar researches have been conducted, but seldom ones 

have been oriented to ameliorating the balance between child 

occupant’s comfort feeling and safety, and to what extent 

should child restraint system’s adjusting belt be pulled has 

never been ascertained [2, 4]. On the one hand, there are many 

different types, kinds, or groups of child restraint systems, 

and each system does not necessarily have the same structure, 
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rigidity, and even installation methods [14]. It is difficult to 

ascertain the proper tensile forces for different restraint sys-

tems. On the other hand, child occupants are different, e.g., 

some are fat and tall, while others are thin and short. Besides, 

their feelings about comfort may vary greatly. Therefore, it is 

meaningless and even impossible to ascertain or calculate 

each value of tensile force in using child restraint systems. 

Being one kind of child restraint system, infant carriers are 

mainly used for children under the age of 18 months, i.e., 

from newborn to 1.5 years old. Although it is not necessary 

to ascertain each proper tensile force of harness restraining 

child occupants, to some extent, it is important to ascertain 

the relation between tensile forces and child occupants’ safety. 

As to each infant carrier, it is possible to obtain the relation 

curve between the webbing tension and dummy’s chest accel-

erations by experimental methods, thus making the relation 

displayed visually. However, the emphases of other re-

searches have more been put on the structure design, the sim-

ulation algorithm, safety improvement in design and manu-

facture, proper installation and appropriate use, etc., than on 

the tensile force control. Since tendency exists that ISOFIX 

becomes more and more adopted in child restraint systems’ 

installations, and the seat belt installation method is also ap-

plicable to infant carriers, the two installation methods are 

both analyzed in the research, which is different from the 

prior researches. In addition, the harness’ webbing tensile 

force is directly related to child occupant’s safety, and the har-

ness consists of shoulder belts and abdomen belts used to re-

strain child occupant, so varying the values of tensile forces 

will result in variations of chest accelerations inevitably. By 

experimental validations for each installation methods includ-

ing ISOFIX and seat belt, the relation curves between web-

bing’s tensile force and child occupant’s chest acceleration 

can be obtained. It is more meaningful and applicable to use 

such a curve than to know a single force value in instructing 

caregivers to use restraint systems. Therefore, the research 

filled the gap in the field. The findings in the research will 

help make a compromise between safety and comfort easily, 

and help improve infant carrier’s safety in applications.  

II METHODOLOGY 

 

A Test Instruments, Equipment and Samples 

Generally, dynamic test is oriented to simulating the real 

crash and obtaining the necessary information about safety 

performance of passive safety devices, and is normally con-

ducted by means of special equipment and instruments. Being 

the impact simulator, sled or trolley is employed to reproduce 

collision conditions, and cause the devices for passive safety 

to function as they do in real world collisions. Sled can be 

classified into 2 types, i.e., sled of acceleration type and the 

one of deceleration type. In the past, sled of deceleration type 

was widely used because of its convenience and low cost in 

conducting various dynamic tests. Even nowadays, sled of the 

type can be seen in many laboratories and factories, for decel-

eration pulses can be generated in different ways, such as us-

ing specific structures of energy-absorbing mechanisms, 

pressing steel or polyurethane tubes, and deforming steel 

bars, which are all successful cases in carrying out dynamic 

tests in different laboratories. However, the reproducibility 

and repeatability can not be so well ensured when sled of de-

celeration type is employed in most cases, although the sled

’s deceleration pulses may also fall into the specified range. 

Meanwhile, it is more complicated to operate than the sled of 

acceleration type, and therefore, the latter one is compara-

tively a time-saving device. Hence, sled of the acceleration 

type was employed in the current research so that the reliabil-

ity, objectiveness, and precision of test results could be en-

sured to a great extent. In Figure.1, (a) displays a kind of sled 

of the deceleration type , and (b) shows the sled used in the 

research. The deceleration or acceleration data of the sleds are 

generally collected by the accelerometers mounted on the 

sleds. Exactly speaking, only when acceleration pulses fall 

into the range defined by standards or regulations, can the 

tests be perceived as qualified ones, if dynamic tests are con-

ducted according to the requirements and methods of relevant 

standards or technical regulations. In many other cases, accel-

eration curves are specified before tests, and yet similarity and 

coincidence are essential between real pulses and the curves 

set as objects. 

Considering that the injury criteria of the dummy in frontal 

crashes were researched on, the definition of curves for 

frontal impact in most regulations including UN Regulation 

No.44, UN Regulation No.129, and GB 27887-2011, etc., was 

adopted in the current research, as shown in Figure.2. Accel-

eration pulses of the sled’s falling into the specified zone 

being the prerequisite for sled tests, their closest approxima-

tion to the object curves has further beneficial effects on ob-

taining more exact test results. 

The P1.5 dummy was chosen as a substitute for child oc-

cupant aged 18 months, and it was put into the infant carrier 

in accordance with user manual and installation instruction. 

Nevertheless, the manual or instruction generally indicates no 

information about the extent to which the adjusting belt 

should be pulled. Hence, tensions of the adjusting belt at 3 

different levels were taken into consideration to verify the ef-

fects of harness webbing’s tension on the chest accelerations 

of P1.5 dummy. Actually, the adjusting belt is connected to 

the harness straps, and is used to adjust the tension of the web-

bing constraining child occupant’s torso, as for the structure 

and function of each infant carrier. In other words, the web-

bing’s tension can be increased or decreased by changing the 
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tensile force of adjusting belt during installation. The forces 

were applied to the adjusting belts of infant carriers by a force 

gauge at 3 different levels. The force gauge had been cali-

brated, and was used as the force-applying device, as dis-

played in Figure.3. In addition, the forces were applied with 

the same deflection angles to ensure comparable, objective 

and proper force transmissions and distributions.   

The infant carrier samples involves 2 kinds of installation 

methods, i.e., using the ISOFIX and using 3-point seat belt 

respectively. Both were taken into consideration in the re-

search so that test results could be comprehensive and repre-

sentative. The samples can be classified into 2 kinds accord-

ing to installation methods, but samples of the same kind are 

completely the same  in the category, type, structure, and even 

the brand. The total quantity of infant carriers used in the test-

ing scheme is 12, 6 sets for each kind of installation method 

respectively, as is tabulated in Table.1. Infant carriers are gen-

erally installed rearward-facing, since it is safer for a newborn 

baby or toddler to be kept rearward-facing in driving because 

of young child’s physical structure. But even being kept rear-

ward-facing and using the rearward-facing restraint system, 

cannot necessarily ensure child occupant’s safety, if harness 

webbing’s tensile forces cannot be controlled properly. For-

ward-facing child restraint systems are more used for children 

aged three or more, and will not be involved in the research.    

.   

(a)                                                               (b) 

Figure.1 Sleds of the Deceleration Type and the Acceleration Type 

       

 Figure.2 Definition of Curves for Frontal Impact  

 

        Figure.3 Force Gauge  

 

Table.1 Testing Scheme 

 

 

B  Experimental Procedure 

The infant carrier was firstly placed on the test seat. Then 

the P1.5 dummy was placed into the infant carrier, and gap 

existed between the rear of the dummy and the restraint. A 

hinged board 2.5 cm thick and 6 cm wide, and of length equal 

to the shoulder height less the hip centre height in the sitting 

position of P1.5 dummy, was put between the dummy and the 

back of the infant carrier. The board followed as closely as 

possible the curvature of the infant carrier and its lower end 

was at the height of the dummy's hip joint. Figure.4 displays 

the hinged board used to cause the slack which is unavoidable 

in the actual state when an infant carrier is used to protect the 

child occupant in a vehicle. 

The adjusting belt was pulled by means of the force gauge 

in accordance with the testing scheme shown in Table.1. The 

tensions were applied at 3 different levels, with deflection an-

gles of the belt at the adjuster of 45° ± 5°for all the sam-

ples, as displayed in Figure.5. 

During installation of the infant carrier with adult seat belt 

to the test seat, the 3-point seat belt incorporating a diagonal 

belt and a lap belt was used in the same way before each dy-

namic test. As for infant carriers with ISOFIX attachments, 

top tether and supporting leg can both be used as the anti-ro-

tation device, and prevent infant carriers from rotating in 

frontal crashes effectively. In the current research, samples 

with ISOFIX attachments relied on the supporting legs to stay 

stable in dynamic tests. In the process of installation, ISOFIX 
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attachments were connected and used uniformly to ensure 

that the installation would not influence the test results too 

much. Finally, the hinged board was removed just before the 

sled system was launched and the test started. Standardization 

of installation is of great importance, since non-standardiza-

tion brings about more errors and makes test results not com-

parable.          

Because the foam test cushion would compress after instal-

lation of the infant carrier, the dynamic test was conducted no 

more than 10 minutes after installation as possible. To allow 

the cushion to recover, the period between 2 dynamic tests 

using the same cushion was 20 minutes. Figure.6 shows the 

final state of the sled and the installed infant carrier with P1.5 

dummy in it before the test start. 

 

 

Figure.4 The Hinged Board Used to Cause the Slack 

 

 

Figure.5 The Way to Apply the Tension 

 

  

(a)                                                       (b) 

Figure.6 The Final State of the Sled and the Samples of 2 Kinds before 

Test Starts 

 

C  Evaluation Criteria 

The dummy of 11 kg is required to use for the tests of 

Group 0+ device, and it is the biggest dummy for the group. 

That means the P1.5 dummy displayed in Figure.7 could 

cause more severe damages to the restraint system in frontal 

collisions than P0 dummy and P3/4 dummy do. Since child 

occupants’ chest accelerations are directly relevant with the 

tension of infant carrier’s harness straps, accelerations of the 

part of P1.5 dummy’s body can be collected for analysis in 

the 12 tests. However, the lateral acceleration, i.e., the accel-

eration of Y axis are influenced less than the ones of the other 

2 axes obviously by frontal collisions. Generally, resultant 

chest acceleration and the vertical component of the acceler-

ation from the abdomen towards the head are required to 

measure in most regulations and technical standards con-

cerned. To ensure the objectivity and generality, the 2 param-

eters are also taken into full consideration for the evaluation 

of potential injuries caused by arbitrariness in the extent to 

which the adjusting belt of a infant carrier is pulled. Espe-

cially, the acceleration of Z axis and the resultant acceleration 

of dummy’s chest are obviously the most significant factors 

that can be influenced by a frontal collision, considering that 

the infant carrier accommodates the child occupant in a rear-

ward-facing semi-recumbent position.            

The resultant chest acceleration exceeding 55 g except dur-

ing periods whose sum does not exceed 3 ms, or/and the ver-

tical component of the acceleration from the abdomen to-

wards the head exceeding 30 g except during periods whose 

sum does not exceed 3 ms, can be perceived as a failure to 

meet the requirements of relevant regulations and technical 

standards. In laboratories, safety performance of the infant 

carrier is also generally evaluated based on the criteria, when 

it comes to the injury potentials of child occupant’s chest in 

traffic crashes. 

 

Figure.7 P1.5 Dummy 

 

III EXPERIMENTAL RESULTS 

 

A  Sled’s Accelerations and Velocities 

After conducting the testing scheme, the accelerations and 

velocities of the sled were collected, as shown in Figure.8 and 

Figure.9. Acceleration pulses all fall into the specified zone, 

and are qualified and valid ones that meet the requirements. 
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Besides, they have the same trends as the object curves. As 

for the velocities, the maximum one is 51.6 km/h, and the 

minimum one is 50.5 km/h, i.e., all the velocities are valid and 

within the specified range. Detailed information is tabulated 

in Table.2, and the data about sled’s velocities and accelera-

tions are shown. Although discrepancies between data exist, 

test conditions of the 12 dynamic tests could be deemed to be 

the same because of high coincidence between pulses. 

 

 

Figure.8 Sled Acceleration Pulses in 12 Dynamic Tests 

 

 

Figure.9 Sled Velocity Pulses in 12 Dynamic Tests 

 

Table 2. Sled’s Accelerations and Velocities in Tests 

 

 

 

B  Dummy’s Chest Accelerations 

According to the testing scheme, both resultant chest accel-

eration and vertical component of the acceleration from the 

abdomen towards the head were collected. Due to data acqui-

sition achieved by the accelerometer and the follow-up data 

processing, pulses of resultant chest accelerations and vertical 

chest accelerations of P1.5 dummy were displayed, as shown 

in Figure.10, Figure.11, Figure.12, and Figure.13. The meas-

uring procedures corresponded to those defined in ISO 6487: 

2002, and the channel frequency class (CFC) was set as CFC 

180 for signal filtration. Figure.10 and Figure.11 display how 

the resultant and vertical chest accelerations of P1.5 dummy 

change with the changes of sled’s accelerations when infant 

carriers with ISOFIX attachments are tested. All the tests 

from No.1 to No.6 are relevant with safety performance of the 

infant carrier equipped with ISOFIX interface used to install 

the system to the vehicle. The tests from No.7 to No.12 in-

volve the research on the infant carrier using seat belt for in-

stallation. Figure.12 and Figure.13 show that, being the func-

tions of time, the resultant and vertical chest accelerations 

change in real time under the action of sled’s motion. 

As shown in Table.3, P1.5 dummy’s maximum chest ac-

celerations during periods whose sum exceeds 3 ms in dy-

namic tests from No.1 to No.12 are all obtained, and the re-

sults include 2 kinds, i.e., resultant chest acceleration and the 

vertical component of the acceleration from the abdomen to-

wards the head. All the data are adequate to respond to the 

testing scheme, and the relation between the infant carrier’s 

webbing tension and the chest accelerations of child occu-

pants in frontal crash accidents could be revealed based on the 

analysis of the data. 

 

 

Figure.10 P1.5 Dummy’s Resultant Chest Acceleration Pulses in Dy-

namic Tests from No.1 to No.6 
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Figure.11 P1.5 Dummy’s Vertical Chest Accelerations 

from the Abdomen towards the Head in Dynamic Tests 

from No.1 to No.6 

 

 

Figure.12 P1.5 Dummy’s Resultant Chest Accelera-

tion Pulses in Dynamic Tests from No.7 to No.12 

 

 

Figure.13 P1.5 Dummy’s Vertical Chest Accelerations 

from the Abdomen towards the Head in Dynamic Tests 

from No.7 to No.12 

 

Table.3 P1.5 Dummy’s Maximum Chest Accelerations dur-

ing Periods Whose Sum Exceeds 3 ms in Dynamic Tests from 

No.1 to No.12 

 

 

 

IV DISCUSSION 

Sled test being the simulation of a real crash, it is an effec-

tive way to reproduce the crash conditions and validate the 

hypothesis about passive safety. In order to ensure the relia-

bility, repeatability, objectivity, and accuracy of testing 

scheme and its output, test conditions including but not lim-

ited to sled’s accelerations and velocities, must be set metic-

ulously. Based on the testing results, it can be concluded that 

the sled ran in a stable state during the 12 tests, and the pulses 

of either acceleration or velocity were almost the same be-

tween different tests. In addition, the acceleration pulses meet 

the requirements of UN Regulation No.44, UN Regulation 

No.129, and other similar regulations. Therefore, the testing 

scheme can be conducted effectively and will not bring about 

avoidable errors, thus preventing results’ deviations from 

happening. 

As for the chest accelerations of P1.5 dummy, it indicates 

that the injury potentials could be influenced greatly by the 

harness’ webbing tension. There is a negative correlation be-

tween the chest accelerations and the tensile force of infant 

carrier’s webbing. No matter which method of installation is 

used in tests, it appears that the bigger the tensile force is, the 

lower the chest acceleration is. It is the same for both resultant 

chest acceleration and vertical chest acceleration, as shown in 

Figure.14 and Figure.15. 

Although infant carrier equipped with ISOFIX attachment 

shows obvious advantages in safety performance, the relation 

between chest acceleration and webbing’s tension seems not 

to be related to installation method. In other words, installa-

tion method influences infant carrier’s safety performance 

mainly, yet it cannot change the trends of the effects of web-

bing Tension on child occupant’s chest accelerations, and the 

effects are objective existences. Nevertheless, controlling the 

tensile force of an infant carrier is a paradox, because increas-

ing the tension of webbing will inevitably affect the comfort, 

and make child occupants unwilling to wear the harness or to 

use the infant carrier. It is also meaningless to make the har-

ness too loose, for the feeling of comfort cannot be made at 

the expense of safety. 

Generally, there are some ways to solve the problem. 

Firstly, choosing a proper installation method is of im-

portance, for ISOFIX attachments help reduce chest acceler-

ations in frontal crashes. Once an infant carrier equipped with 

ISOFIX is used, the webbing tension can be decreased to 

some extent, so that the feeling of comfort can be ensured. 

Secondly, making some necessary slacks of webbing can also 

lead to a good user experience. But it depends on the sense 

and knowledge of caregivers, and needs some skills. Risk still 

exists that the child occupants may fail to be restrained in col-

lisions. Thirdly, the product itself can be optimized and 
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redesigned to improve the safety performance, and it involves 

a lot of work. Finally, based on the current research, it is better 

and easier to keep the webbing tightened to the extent that the 

wearer can endure and shows no obvious rejection of the use. 

Since the child occupants are too young to tell their feelings 

anytime, it is essential that caregivers or adult occupants have 

close observations and pay enough attention to the states of 

infants. Adjusting the webbing’s Tension may be frequent, 

for safety and comfort are both important for infants in a ve-

hicle. 

Nevertheless, the tensile forces were chosen from a proper 

range, i.e., the forces or so that fall into the range are more 

likely to be applied by caregivers. So it is nearly impossible 

to bring about restraint failures or severe injuries if sled’s ac-

celerations are set according to technical standards, and if the 

infant carriers are qualified and have no inherent quality prob-

lems or defects. Undoubtedly, if the webbing’s tensile force 

is zero, the chest acceleration will inevitably exceed the limit 

and appear greater than the permitted one, which has been 

proved in many laboratories. Similarly, if the force is too large,  

the occupant will feel very uncomfortable and will not coop-

erate in wearing the harness. In the respect, the tensile forces 

chosen in the research are typical. Moreover, the quality of 

products, public awareness, and many other relevant factors 

must be taken into consideration in actual applications. The 

tensile force remains one of risk sources in applications, is 

very likely to be neglected or ignored, and should be paid 

enough attention to.   

 

 

Figure.14 Relation between Resultant Chest Accelera-

tions and Webbing’s Tensions 

 

 

Figure.15 Relation between Vertical Chest Accelera-

tions and Webbing’s Tensions 

 

V  CONCLUSION 

A testing scheme incorporating 12 dynamic tests was de-

vised and conducted, and the data obtained were analyzed. 

The accelerations and velocities of the sled were controlled 

strictly to meet the relevant requirements, and the repeatabil-

ity of crash conditions was ensured. The resultant chest accel-

erations and the vertical components of the accelerations from 

the abdomen towards the head of P1.5 dummy were collected 

for further analysis of the relation between the infant carrier’s 

safety performance and webbing’s tension. Based on the test-

ing results, the analysis leads to the following conclusions: 

There is a negative correlation between infant carrier’s 

webbing tensile force and the chest acceleration of the child 

occupant in frontal crash accidents. It is necessary to tighten 

the harness’ webbing enough during vehicle’s driving, for 

bigger tensile force of webbing means lower accelerations of 

chest when a collision happens. Although occupant’s feeling 

of comfort should be emphasized, the safety cannot be ig-

nored especially. Equal emphasis should be placed on pulling 

the adjusting belt and tightening the harness when an infant 

carrier is used, even user manual or instruction indicates little 

information about the extent to which the adjusting belt 

should be pulled.  

Besides, infant carrier equipped with ISOFIX attachment 

has the better safety performance than the one using seat belt 

for installation. ISOFIX and the anti-rotation device help re-

duce the impact that the child occupant suffers from, and it is 

superior to the installation method using seat belt, on the as-

pects of convenience, misuse prevention, and protection ef-

fect, etc.  

No matter what installation method is adopted, relation ex-

ists between webbing’s tensile forces and child occupant’s re-

sultant and vertical chest accelerations objectively. The accel-

erations can be influenced by harness webbing’s tensile 
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forces for both installation methods, even though the influ-

ence levels are different. 
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