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SEATBELT IMPACT ON A CHILD DURING
A FRONTAL COLLISION

ODDZIALYWANIE PASA BEZPIECZENSTWA
NA DZIECKO PODCZAS ZDERZENIA CZOLOWEGO
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Military Univeristy of Technology

Summary

The loads on a Hybrid Il test dummy representing a child aged about 10 years have been analysed,
based on results of crash tests carried out on seven motorcars. During the tests, the dummies were
sitting on high-back booster seats, backless booster seats (booster cushions), or directly on the
rear car seats and they were fastened with the use of standard car seatbelts. The differences in the
seatbelt impact on the child, depending on the child restraint system used, have been pointed out.
The analysis was done with using the crash test results published on the Internet by the US National
Highway Traffic Safety Administration (NHTSA) and covering the case where the test car moving with
a speed of about 56 km/h frontally hit a rigid flat barrier. The relations between dummy’s head, neck,
thorax, and pelvis loads and the force exerted on the seatbelt have been shown. Attention has been
directed to the fact that a child transported without a booster seat has a tendency to slide under
the seatbelt, which in consequence may cause injuries to child's abdomen and neck. A question has
been examined whether the thoracic deflection can be limited by partial transfer of the load exerted
by the seatbelt from dummy's ribs to its shoulder.

Keywords: road accidents, child safety, seat belt, booster seats (backless, high-back)

Streszczenie

Na podstawie wynikow testow zderzeniowych siedmiu samochodow przeanalizowano obcigze-
nia manekina Hybrid lll, reprezentujgcego dziecko w wieku okoto 10 lat. Manekiny podczas badan
zapiete byly za pomocg standardowego pasa bezpieczenstwa, przy czym siedziaty na podstawce
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podwyzszajgcej z oparciem lub bez oparcia oraz bezposrednio na tylnej kanapie samochodu.
Wskazano rdznice, spowodowane rodzajem zastosowanego urzgdzenia ochronnego, w oddziatywa-
niu pasa bezpieczenstwa na dziecko. Wykorzystano wyniki testow zderzeniowych udostepnione
w Internecie przez National Highway Traffic Safety Administration (USA), w ktorych samochod jadacy
z predkoscig okoto 56 km/h uderzat czotowo w sztywna, ptaska bariere. Pokazano relacje pomiedzy
obcigzeniami glowy, szyi, klatki piersiowej i miednicy manekina a sitg dziatajgcg na pas bezpieczen-
stwa. Zwrocono uwage, ze dziecko bez podstawki podwyzszajgcej wysuwa sie spod pasa bezpie-
czenstwa, ktory moze powodowac obrazenia brzucha i szyi dziecka. Rozwazono, czy ugiecie klatki
piersiowej moze byc¢ ograniczone przez czesciowe przeniesienie obcigzenia od pasa z zeber na bark
manekina.

Stowa kluczowe: wypadki drogowe, bezpieczenstwo dziecka, pas bezpieczenstwa, podstawki
podwyzszajace (bez oparcia, z oparciem)

1. Introduction

Children aged 6-10 years are too hig for being transported in a child safety seat with in-
tegrated safety belts (harness) and too small for riding directly on a car seat, fastened
with a car seatbelt designed for adults. The requirements applicable to child restraint sys-
tems have been specified in UN ECE Regulation No. 44 [13], where five "mass groups" of
such systems are distinguished. For children belonging to mass groups Il (15-25 kg) and il
(22-36 kg), booster seats (Fig. 1c) may be used, either of the high-back or backless type
(with the latter, also referred to as booster cushions, being acceptable for mass group
Il only). Although the booster seats are easy to use, many parents too early cease using
them. Contrary to the regulations, about 50 % of children aged six and almost 90 % of
children aged ten are fastened with standard seatbelts only [7, 25]. Meanwhile, the failure
to use a booster seat results in incorrect positioning of the seatbelt on child's body (Fig.
1a, left), which will reduce the effectiveness of seatbelt operation (due to slipping off the
shoulder) or even may cause injuries to child's abdomen or neck [12, 17, 25]. The seatbelt
strap should be placed on the sternum body and the clavicle (Fig. 1a, right). In the study
reported in [12], almost a half of the 41 booster seats under examination (26 high-back
booster seats and 15 booster cushions) were found not to ensure the correct positioning
of seatbelt strap on the hips, thorax, and shoulder of a six-year-old child. For 15 out of the
26 high-back booster seats and for 5 out of the 15 booster cushions, the lap seatbelt por-
tion was placed on the abdomen rather than on hips.

Fig. 1b depicts the seatbelt strap positioning in relation to the silhouette of a child sit-
ting directly on the rear car seat, determined for about 30 passenger cars. The drawings
represent a 95th percentile boy aged 10 years (solid line) and a 5" percentile girl aged
6 years (dashed line). It can be seen here that when a booster seat is not used, the seat-
belt strap is in many cases situated too close to child's neck or too far from it. Fig. 1b shows
that in some cars, the use of a booster seat may improve the seatbelt position in relation
to a smaller child or worsen this position in the case of a bigger child, especially in SUVs.
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Fig. 1. Positioning of the shoulder belt on child's torso: a) six-year-old child without a booster seat and sitting
on a booster seat [2]; b) children aged 6 and 10 years in small passenger cars and in SUVs [3]; c) booster
cushion (P) and high-back booster seat (P0) [8]; 1 - seatbelt guide; 2 - armrests

Normally, motorcar seatbelts are designed for adults, but attempts are also made to adapt
them for children. As an example, the influence of changes in the location of the upper
seatbelt anchorage point on the displacements and dynamic loads of a P10 test dummy
representing a child aged about 10 years (with a mass of about 32 kg) was examined in the
works described in [11, 22]. It has been found that a lowering of the upper seatbelt anchor-
age point leads to a reduction in the head and torso accelerations but results in a rotation
of dummy's torso in the culminating phase of the vehicle collision. This indicates a danger
that the child may slip out from under the shoulder seatbelt portion. The seatbelt position
in relation to child's body also depends on the seat cushion and back angles. Based on
tests carried out with a model of a test dummy representing a child aged about 6 years,
it has been stated in [9] that the head and neck loads and the thoracic deflection may be
reduced by optimization of the seat back angle and of the positioning of the seatbelt strap
in relation to child's torso.

Children are usually transported on rear car seats. The loads on vehicle passengers, includ-
ing children, occupying rear car seats during a frontal collision are in most cases many
times as high as those on the driver, who is protected with an airbag and seatbelts with
tensioners and load limiters [21, 26, 27]. Fig. 2 shows various injury indicators determined
foran M50 (Hybrid 1lI) dummy (50th percentile adult male) occupying the driver's seat and
for a 10Y0 dummy (ten-year-old child, with a mass of 35.2 kg, 1.3 m tall) sitting on a high-
back booster seat on the rear car seat behind the driver. The following indicators have been
presented here (described in e.g. [19, 20]):
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HIC,, (Head Injury Criterion);
- N,-,- (Neck Injury Criterion);
- C,.(maximum resultant torso acceleration (acting for at least 3 ms));
- C (maximum thoracic deflection);

max

V. (Viscous Criterion of the thoracic injury).

These data are results of crash tests carried out on 20 passenger cars manufactured in
2005-2006, with masses ranging from 1600 kg to 2 700 kg (sedan, minivan, van, SUV, and
pickup) [28]. In the tests, the test vehicles moving with a speed of about 56 km/h frontally
hit a rigid flat barrier. All the vehicles were provided with a driver's airbag. Both the dum-
mies were fastened with seatbelts; in some of the test vehicles, the driver's seatbelt was
provided with a tensioner.
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Fig. 2. Comparison of the injury indicator values determined for the driver (M50) and the child-passenger (10Y0)
occupying the rear vehicle seat; the straight lines represent the relation 1:1[27]

The acceptable injury indicator values have been brought together in Table 1, where the
critical values of forces £, and F'.as well as moments M, and M, taken to calculate the Nij
indicator values have been specified as well. The acceptable values of indicators HIC,, Nij,
C,.and VC are identical for dummies M50 and 10Y0, thanks to which the values of these
indicators for both dummies may be directly compared with each other. The coefficient A
given in Table 1 tells how many times the value of an indicator determined for dummy 10YO
is higher than that determined for dummy M50. Since the acceptable thoracic deflection
values Cdop depend on the dummy size, the following indicator has been used in this case
for the comparisons:

C o 100%
max_. - Cf ’ 0, (])

dop

i.e. the maximum thoracic deflection value C, has been referred to the acceptable tho-
racic deflection value applicable to the specific dummy size.
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Table 1. Acceptable injury indicator values [6, 14]

F F M M C C vc
Dumm HIC N.. 7 c F E Ace dop
y 36 i [N] [N] [Nm] [Nm] [g] [mm] [m/s]
M50 6806 6160 310 135 63
———— 1000 1.0 60 —— 1.0
10Y0 3710 3390 125 54.8 44
A 1.5-6.3 26-7.3 - - - - 0.8-1.9 0.9-32* 0.5-9.3

* Determined for the indicator CW ¥ defined by equation (1)

To evaluate the injuries to road accident victims, a six-point Abbreviated Injury Scale (AIS)
has been adopted, where specific scores define the injury severity level, with the higher
scores representing the greater threat to life. For the injuries with severity corresponding
to or exceeding a specific level, e.g. AlS 3, a notation such as AIS 3+ is used. In the work de-
scribed in [24], it was estimated on the grounds of crash tests with 12 motorcars frontally
hitting a rigid flat barrier with a speed of about 56 km/h that the risk of a serious injury (AIS
3) to a ten-year-old child travelling in the vehicle on a high-back booster seat was lower
by 5-27 % than such a risk to a child aged three years transported in a child safety seat.
However, attention was drawn to the fact that the older child may be exposed in such con-
ditions to an excessive thoracic deflection, caused by the impact of the seatbelt. On the
other hand, it has been stated in [22] that even small changes in the initial seatbelt posi-
tion in relation to child's body may affect the way how the body moves during the collision
and, in consequence, the resulting risk of injury.

The objective of this work was to assess the seatbelt operation and the loads on
a Hybrid 1l 10Y0 dummy representing a ten-year-old child, placed on a high-back or back-
less booster seat (Fig. 1c) or directly on the rear car seat. This study is an extension of
the analysis of results of measurements carried out at the Automotive Industry Institute
(PIMOT) in Warsaw [25]. Now, the scope of the measurements taken into account has been
considerably widened to cover the loads on dummy's head, neck, shoulder, thorax (includ-
ing thoracic deflection), hips, and legs.

2.0bjects tested and scope of the analysis

The dynamic loads on Hybrid Il 10YO dummies placed on rear seats in seven motorcars were
examined. The test vehicles moving with a speed of about 56 km/h frontally hit a rigid flat
barrier, situated perpendicularly to the direction of vehicle motion (Fig. 3). The analysis was
done with using the test results published on the Internet by the US National Highway Traffic
Safety Administration (NHTSA) [28]. The data on the test vehicles and on the seating of the
test dummies have been given in Table 2. Some results of the crash tests can be found in [6].

The cars used for the tests differed from each other in their masses, dimensions, and
constructions of the front crumple zone. The depth of vehicle body deformation after the
impact against the barrier, measured at the height of the car bumper in the middle of its
width ranged from 0.42 m (Nissan Xterra) to 0.64 m (Chevrolet Silverado). The properties of
the front crumple zone of the cars were decisive for the vehicle deceleration values that
occurred during the collision (Fig. 3).
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Table 2. Data on the test vehicles and on the seating of the Hybrid Il 10Y0 dummies [28]

Seatedon Seated

Test Make, model Model Body Mass Deformation theright  onthe
symbol year style kgl depth [m] side loft side

A Honda Ridgeline 2006 pickup 2301 0.56 PO*

B Pontiac Montana 2005 minivan 2234 0.55

C Nissan Titan 2005 pickup 2671 0.51 P PO

D Chevrolet Silverado 2005  pickup 2674 0.64

E Nissan Xterra 2005 Suv 2167 0.42

F Mercedes ML350 2006 Suv 2431 0.55 BP

G Volkswagen Jetta 2005 sedan 1719 0.43 -

* PO - high-back booster seat; P - backless booster seat; BP - no booster seat
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Fig. 3. Vehicle decelerations during the impact against the barrier in tests A-G (56 km/h)

In tests A-F, a 10Y0 dummy was sitting on a high-back booster seat (PO) on the left side of
the rear car seat. On the right side, an identical dummy was sitting on a backless booster
seat (P) or directly on the rear car seat (BP). In test A, both dummies were sitting on high-
back booster seats, while test G was carried out with only one dummy, placed directly on
the rear car seat (BP). The booster seat armrests (part 2 in Fig. 1c) were set in their upper
positions.

Example seating of the test dummies in the cars has been presented in Fig. 4 (for tests C
and F).In all the cars, both the front seats were set in their central positions. The distances
from dummy's chest and knees to the front seat (CB and KB, respectively) and from dum-
my's head and hip to vehicle door (HW and AD, respectively) have been brought together
in Fig. 5. These distances show that the dummy restraint systems used (P, PO, or BP) have
an impact on the dimensions of the free space around the dummy and on the dummy's
situation in relation to the seatbelt anchorage points. The dummies sitting on a high-back
booster seat are situated more frontwards in relation to the rear seat backrest. In test C,
the difference between the HW dimensions measured for variants P and PO was as big as
11 cm, because in the PO variant, this dimension was measured from dummy's head to the
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window glass rather than to the doorframe, as it was in variant P (cf. Fig. 4). Conversely,
the type of the restraint system used did not considerably affect the AD distance, except
for test E, where this distance was 18 cm and 26 cm for variants BP and PO, respectively.
Dummies' feet were not in contact with the front seat backrests and the distance between
the feet and the front seat backrest was the shortest (below 10 cm) in tests B and F and
the longest (25-27 cm) in tests A and C.

The loads on dummies' heads, necks, shoulders, thoraxes, hips, and legs were analysed.
For this job to be done, results of measurements of the following quantities were used,
downloaded in digital form from [28]:

- head, thorax, and hips (pelvis) accelerations;

- forces and moments of forces acting on the neck;

- forces acting on the shoulder (clavicle) and thighs;

- thoracic deflection;

- tensile forces in the lap and shoulder seatbelt straps.

Fig. 4. The 10Y0 dummies in the vehicles used for tests C (top row) and F (bottom row) [28]
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Fig. 5. Distances from the dummy to the front seat (CB and KB) and from the dummy to vehicle door
(HW and AD) in the vehicles used for tests A-G

The values of the resultant acceleration a and force F, used for the further analysis, were
calculated from the components measured in three mutually perpendicular directions
(X, Y, 2):

a(t) =A@ () + () +a(t) . F(t)=[F2(t)+ Fi(t)+ F2(1) @

In quantitative terms, the dynamic loads on vehicle occupants were assessed with the
use of the injury indicators mentioned in Section 1. The loads on the dummies were also
analysed with using video records obtained from high-speed cameras installed in the test
vehicles and results of measurements of seatbelt strap movements in relation to the up-
per seatbelt anchorage point (cf. Fig. 9).

3.Head and neck loads

About 60 % of the AIS 2+ injuries to children aged 8-12 years consist of head injuries (ac-
cording to data on the road accidents that occurred in the USA in 1998-2007) [5]. The
injuries of this kind are often caused by head impacts against vehicle interior components.
In frontal collision crash tests, where the test vehicle hits a rigid obstacle with a speed of
up to 56 km/h, the seatbelt limits the movement of a child-passenger on the rear car seat
and the child does not hit its head on the front seat backrest [22, 24, 25, 27]. In the work
reported in [18], it happened in only one out of the 77 crash tests that dummy's head struck
the front seat backrest (48 km/h, dummy placed on a backless booster seat). However,
the sudden stopping of the torso by a seatbelt and significant tilting of the head in rela-
tion to the torso (due to the absence of an airbag) conduces to a growth in the neck loads.
According to [21, 27], the head and neck injury indicators HIC, and NU for the passengers
travelling on rear car seats are many times as high as those for the front seat occupants,
who are additionally protected by airbags (cf. Fig. 2). The risk of severe injuries (AIS 4+)
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to the head of a child aged about 10 years sitting on the rear car seat on a high-back
booster seat, resulting from such loads, reached 90 % (it ranged from 10 % to 60 % in 15 out
of the 20 vehicles under test), while it did not exceed 10 % (2-5 % in 13 of the 20 vehicles)
for an adult male (M50) occupying the driver's seat [26].

The realizations of loads on the head and neck of a 10Y0O dummy in tests B, C, E, and F
have been presented in Fig. 6. In test B, the realizations of loads on a 10Y0 dummy for vari-
ants P and PO were very similar to each other. In test C, the loads on the head and neck
of the dummy on a high-back booster seat (PO) were higher than those for the dummy on
a booster cushion (P). In test E, the loads measured for the dummy placed on a high-back
booster seat (PO) were lower in comparison with those for the dummy sitting directly on
the car seat (BP). In test F, where the seatbelts were provided with tensioners, the dummy
sitting directly on the car seat (BP) hit the back of its head on the rear seat backrest, at the
instant of about 0.2 s.
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Fig. 6. Resultant head acceleration (a_H), resultant force on the neck (F_N), and moment (M_N) of the force
acting on the neck in the sagittal plane (tests B, C, E, and F);

(* in test E, the neck load values recorded in the period 0.09-013 s are dubious; nevertheless, this part of the
realization has no impact on the NU indicator value)

The neck loads result from the inertial forces acting on the head; therefore, the realiza-
tions of the head acceleration and of the forces acting on the neck are similar to each
otherin qualitative terms. An analysis of the video records shows that for all the variants
examined (PO, P, BP), dummy's head was significantly tilted frontwards (Fig. 7) and it hit
its chin on the sternum, which has been reflected in the ¢ H and F_N curves as the
modal value in the period 0.10-0.11 s (Fig. 6). In the work reported in [16], where a smaller
dummy (6Y0) was used for the tests, attention was drawn to the fact that the significant
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neck load values might be explained by excessive rigidity of dummy's spine in compari-
son with that of the real child's spine. In test F, where the seatbelts were provided with
tensioners, the heads of the 10Y0 dummies were also significantly tilted but without hit-
ting the chest. The advantageous effect of seatbelt tensioner operation, as regards the
reduction in head and neck loads, was also confirmed in tests carried out with the use
of a 6Y0 dummy [4].

Fig. 7. Maximum tilt of dummy's head for variants PO, P, and BP (tests A, C, and E)

The head and neck injury indicator values have been presented in Fig. 8. The HIC, values
of 500, 1000, and 2 000 indicate the risk of severe (AIS 4) head injuries estimated at 4 %,
18 %, and 88 %, respectively. The N[.j values of 1, 2, and 3 indicate the risk of severe (AIS 4)
neck injuries estimated at 18 %, 43 %, and 70 %, respectively [6, 20, 23].
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Fig.8. HIC, and N,.jvalues determined for the 10Y0O dummies in tests A-G

(* for comments on the N,y indicator values in test F see the text below)

In test A, where both dummies were placed on high-back booster seats (P0), similar val-
ues of both the HIC, and ]ij indicator were obtained. The highest head and neck loads
were observed for variant BP (tests E and G) and the loads had the lowest values in test
F (thanks to the seatbelt tensioner operation). In test F, variant BP, ]ij = 0.62 occurred
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when the dummy was tilted frontwards and N,-,- = 0.81 was recorded when the dummy
hit the back of its head on the rear seat backrest (cf. the ¢ H and M N curves at the
instant of 0.2 s in Fig. 6). Based on the HIC, and NU values determined in tests C and D,
a statement may be made that a change in the child position in relation to the seatbelt
strap, caused by the booster seat backrest, may result in an increase in the head and
neck loads. The head injury indicator values observed for variants P and PO differed from
each other by up to 32 % (in test C); the corresponding maximum difference in the neck
injury indicator values was 12 % (in test D). On the other hand, much bigger differences
between the values of these indicators were observed to occur between individual vehi-
cles under test. As an example, the HIC, value for the PO variant in test C was 2.6 times
as high as that in test B.

Dangerous loads on child's neck also occur at lower speeds of the vehicle impact against
a barrier. In the work presented in [18], taken here as an example, the injury indicator for
the neck of a 10Y0 dummy was N,y =0.62-1.42, with N[.j > 1 being observed in 21 out of the
40 crash tests (for variants BP and P).

4. Seatbelt impact on the shoulder and thorax

Furthermore, the way of transmitting the seatbelt strap force onto the 10Y0 dummy's torso
was examined for variants P, PO, and BP. With this objective in view, the loads on dummy's
shoulder (clavicle) and thorax in the vehicles used for tests B-G were analysed. The inertial
force acting on the child-passenger during a frontal collision is chiefly counterbalanced by
the forces developing in the seatbelt strap and, to a smaller extent, by the friction between
the dummy and the seat and by the impact of dummy's legs against the front vehicle seat.
The force stretching the shoulder belt is transmitted onto passenger's body through the
shoulder and thorax. An excessive seatbelt pressure on the thorax has an adverse ef-
fect because it results in raised thoracic deflection. Below, a question will be examined
whether the thoracic deflection can be reduced by partial transfer of the load exerted by
the shoulder belt from dummy's ribs to its shoulder (forces /', and £, in Fig. 9). The booster
seat causes the child to be elevated in relation to the rear car seat cushion and the booster
seat backrest shifts the child frontwards in relation to the rear car seat backrest. Thus, the
type of the child restraint system used and the location of the upper seatbelt anchorage
point have an impact on the seatbelt strap positioning on child's body [25] and thus on
the loads on child's shoulder and thorax. The correct positioning of the seatbelt strap on
child's shoulder should be ensured by a seatbelt guide provided in the booster seat back-
rest (cf. Fig. 1c). Based on an analysis of video records of the test, however, it was found
that the seatbelt strap slipped out of the guide at an instant of about 0.11 s in tests Band C
and about 0.08 s in test F; in tests D and E, the seatbelt strap remained in the guide in the
booster seat backrest.
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Fig. 9. Position of the shoulder belt strap on dummy's shoulder and thorax and method of measuring the
seatbelt strap displacement: 1 - cable of the seatbelt strap displacement transducer; 2 - SB force transducer
on the shoulder belt strap [15, 28]

The displacements of the 10Y0 dummies determined for variants P and PO have been
shown in Fig. 10. The instant of 0 ms corresponds to the initial position of the test dummy
and the instant of 110 ms corresponds to the maximum displacement of dummy's head.
For both variants, large displacements of the dummies in relation to the rear car seat and
significant tilts of dummies' heads and torsos can be seen.

The results of measurements of dummies' loads in tests B-F have been brought togetherin
Fig. 11. The results presented include the tensile force in the shoulder belt strap (SB), forces
F,and F,acting on dummy's shoulder (cf. Fig. 9), as well as thoracic deflection (C) and
acceleration (a_C). The fine lines in the SB force graphs represent the belt strap displace-
ment in relation to the upper seatbelt anchorage point (cf. Fig. 9), in millimetres. The seat-
belt strap displacement is an effect of the strap coming out from the retractor before being
blocked by the latter and of the strap elasticity. In test F, the seatbelts were provided with
tensioners; therefore, the strap displacement was not measured in this case. In tests B, D,
and E, the seatbelt strap displacement was 110-160 mm, as against 70 mm in test C. Test C
was also unique because of the fact that it was the only test in which the seatbelt broke
away the armrests of both booster seats (part 2 in Fig. 1c) on the seatbelt buckle side, at
the instant of about 0.07 s. Moreover, the vehicle used for test C (Nissan Titan) reached the
highest deceleration in the initial phase of the collision process (cf. Fig. 3) and the loads
on dummies’ heads and necks were the highest in this case, among those determined for
variants P and PO (Fig. 8).
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0-110 ms

Fig. 10. Displacements of the 10YO dummies in test C at the instants of 0 ms, 80 ms, and 110 ms
(based on a video record published in [28]):

a) dummy on a backless booster seat; b) dummy on a high-back booster seat
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Fig. 11. Shoulder and thorax loads on the 10Y0 dummies in the vehicles used in tests B-F:
P - backless booster seat; PO - high-back booster seat; BP - no booster seat;

(*** in test B, force SB was not measured for variant P)
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The type of the child restraint system used has an impact on the load on the seatbelt on
the one hand and on dummy's shoulder and thorax on the other hand. In tests D, E, and F,
forces SB in the seatbelts reached higher values for variant PO. In test F, seatbelt tensioners
tightened the shoulder belt with a force of about 200 daN within 15 ms. In all the tests, the
F, component of the force applied to dummy's shoulder was 2-3 times as high as the F,
component. The factors that are conducive to growth in the /, component include the tilting
of the torso and the upward movement of dummy's arms (e.g. in test C, variant P, see Fig. 10).
The partial transfer of the load exerted by the shoulder belt from dummy's ribs to the shoulder
reduced the thoracic deflection only in test B, variant P (Fig. 11). In test C, force F', for variant
P was more than 3 times as high as that for variant P0, but the thoracic deflection was also
bigger for variant P. In test D, on the other hand, the shoulder load was higher for variant PO,
but the thoracic deflection was almost identical for variants P and PO. The fact that the rela-
tions between the shoulder and rib loads did not remain the same indicates a possible im-
pact of other factors that can considerably affect the loads on the dummy, e.g. the location
of the upper seatbelt anchorage point, which has not been described in [28].

The thoracic loads were assessed on the grounds of three indicators (CACC, CM, and VC),
the values of which have been brought together in Fig. 12. In tests B, C, and D, the thoracic
acceleration (CACC) was lower by 5-14 % for variant PO than that for variant P. In tests E and
F, the maximum thoracic acceleration values were similar to each other for both the vari-
ants under test (PO and BP), with the thoracic deflection being much bigger for variant PO.
Except for test C, whose specific features have been described in the previous part of this
article, the V'C indicator values for variant PO exceeded those for variants P and BP in all

the other tests.

The C, and C, indicator values determined for variant PO in individual vehicles differed
from each other by no more than 30 %, with the C_ indicator value being almost identical
(36-37 mm) in tests C-F.
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Fig. 12. Thoracic injury indicator values determined for the 10Y0 dummies in tests B-G

Attention is attracted by low values of the me and VS indicators for variant BP (tests E, F,
and G). The forces on dummy's shoulder measured for variant BP were quite low, too (Fig.
11). This resulted from the fact that the seatbelt strap undesirably slipped off the thorax, to
be then caught under dummy's arm. Such a situation has been illustrated in Fig. 13 (with
the dummy used for test G having been shown because of better quality of the video re-
cord in comparison with that obtained in test E).
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Fig. 13. Seatbelt position on the 10YO dummy in test G (based on [28])

The displacements of a dummy sitting directly on a rear car seat clearly show the degree of
risk related to the use of such a solution as a child restraint system. The low-sitting dummy
slips out from under the lap belt (this is often referred to as "submarining”), which results
in a temporary reduction in force LB (stretching the lap belt strap, see Fig. 14). The shoulder
belt slips from the shoulder to the neck, which poses a serious hazard to child's life [1, 17].
In consequence, the shoulder and thorax transmit only a small part of the shoulder belt
force to the dummy: the values of forces £, and F', and the thoracic deflection are very
low (Fig. 14). Conversely, the values of indicators HIC, and N,-,- in test G reached the high-
est level (Fig. 8). A strong impact of the back of dummy's head against the rear car seat
backrest was also observed, at the instant of about 0.17 s (see F Nand M_Nin Fig. 14).
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Fig. 14. Loads on the 10Y0 dummy in test G (variant BP):

LB, SB - forces in the lap and shoulder belts, respectively; F_N - resultant force on dummy's neck;
M_N - moment of the force acting on dummy's neck in the sagittal plane; F,, F, - forces on dummy's
shoulder; C - thoracic deflection

The hazards to which children are exposed when transported directly on the rear car
seat have been confirmed by the test results published in [18]. In crash tests carried out
with the use of motor vehicles manufactured in the years 2005-2011 (at impact speeds
of 40 km/h, 48 km/h, and 56 km/h) and 10Y0 dummies sitting directly on the rear car seat
(variant BP, 29 tests) and on a backless booster seat (variant P, 48 tests):
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- the shoulder seatbelt strap slipped from the shoulder to the neck in 86 % of tests
BP and in 31 % of tests P;

- the lap seatbelt strap slipped from the hips to the abdomen in 59 % of tests BP and
in 29 % of tests P.

The higher impact speeds were conducive to the undesirable seatbelt slipping off the
shoulder and hips.

The measurement results were then used, like in [10], where the thoracic loads on a P3
dummy (a child aged 3 years, with a mass of 15 kg) were analysed, to assess the relations
between the seatbelt and dummy loads. With this objective in view, the values of the ten-
sile force in the shoulder belt strap SB were paired in Fig. 15 with the injury indicator values
obtained from tests B-G. For variant PO, a proportional relationship can be seen between
force SB and indicators HIC Ni,., and C, (the straightlines in the graphs). No trend of this
kind can be observed for indicators C, _and VC. Therefore, the information about seatbelt
loads should not be taken as a criterion of assessment of child restraint systems.
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Fig. 15. The pairing of values of the tensile force in the shoulder belt strap SB with the head, neck, and thorax
injury indicator values and with the maximum value of the resultant force F_XZ on dummy's shoulder

5. Seatbelt impact on the hips

The seatbelt transmits the inertial force acting on the dummy (35.2 kg) and booster seat
(2.0 kg for the seat cushion and 1.2 kg for the seat backrest). In variants PO, P, and BP, the
positions of the lap belt differ from each other (details on the belt positions on the dummy
are not available from [28]). This has an impact on the value of the tensile force in the lap
belt strap [25]. The realizations of the tensile force LB in the lap belt strap (Fig. 16), meas-
ured in the seatbelt strap stretch between the lower anchorage point and the booster
seat, had lower values in the case of variant PO in comparison with those for variant P. In
variant PO, dummy's knees were closer to the preceding seat backrest (cf. distance KB in
Fig. 5), but they did not hit the preceding seat in any of the tests. The realizations denoted
by FF in Fig. 16 (the mean value of the forces acting on the left and right thigh) reflect the
stretching of dummy's legs with the forces of inertia. Regardless of the type of the child
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restraint system used, the impact of dummy's feet against the backrest of the preceding
seat only slightly reduced the growth in force FF, which translated into an insignificant
reduction in the lap belt load.
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Fig. 16. Forces acting on the lap belt (LB) and thighs (FF, fine lines), resultant pelvis acceleration (a_P), and
vehicle deceleration (¢_V) in tests B-F (in test C, variant PO, the LB force measuring system failed at the
instant of about 0.07 s)

The highest lap belt and pelvis loads occurred in test C, where the armrests in both booster
seats were broken on the seatbelt buckle side, at the instant of about 0.07 s. For variant
PO, the lowest value of force LB was recorded in test D, where the strongest pressure was
simultaneously exerted by the seatbelt on the upper part of dummy’s torso (cf. the values
of forces SB, F,, and F,in Fig. 11). In tests B and F, the values of the resultant acceleration
of dummy'’s pelvis (hips) were lower for variant PO. The realizations of pelvis acceleration
a_P reached much higher values than the vehicle deceleration values (a_V'in Fig. 16). This
unfavourable situation was caused by a delay in the operation of the seatbelt retractor
lock and by the elasticity of the belt strap. In test F, where the seatbelts were provided with
tensioners, the pelvis acceleration had the lowest values, approximately equal to those
of a_V, which confirmed the effectivity of restraining dummy'’s hips movements in relation
to the seat.

In test E, the lap belt of the dummy sitting directly on the car seat (variant BP) slipped from
dummy's thighs and hips onto the abdomen, similarly to what happened in test G (Fig.
13 and 14). This effect manifested itself in a reduction in the lap belt force at the instant
of about 0.06 s. In test F, the tensioner acting on the shoulder belt (cf. SB in Fig. 11) caused
the lap belt to be stretched as well, but force LB in variant PO increased with a lower rate
than it did in variant BP. This could result from the seatbelt strap friction against the boost-
er seat, which reduced the stretching of the lap belt by the tensioner. In spite of these
differences, the lap belt did not slip onto dummy's abdomen in any of the two variants (PO
and BP) of test F, which confirmed the favourable effect of tensioner operation.
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6. Recapitulation

Like in publication [25], where results of tests carried out at the Automotive Industry
Institute (PIMOT) in Warsaw have been presented, it has been confirmed here that the use
of a seatbelt designed for adults as the only child restraint system should never be con-
sidered a satisfactory solution because the position of such a seatbelt on child's body is
incorrect, as the belt of this type may slip out of the shoulder and hips onto the neck and
abdomen of the child. The load on child's thorax would be then reduced, but instead, the
neck and abdomen would be thus exposed to a danger [17] and the head loads would in-
crease (see tests E and G).

The loads on a child travelling on the rear car seat are many times as high as those acting
on the driver (Fig. 2). The analysis carried out shows that they may depend to a greater
extent on the vehicle-related factors (characteristics of the crumple zone, vehicle seat,
and seatbelts, including the arrangement of seatbelt anchorage points) than on the type
of the child restraint system used.

The seatbelt should act on child-passenger’s hips, sternum, and shoulder; however, many
child restraint systems do not ensure the seatbelts to be correctly positioned in relation
to the hips and torso [3, 12]. Firm seatbelt pressure on the sternum (ribs) results in exces-
sive deflection of ribs and unfavourable increase in the rate of deformation of the thoracic
organs (the VCindicator). Therefore, a question was considered during the analysis of the
test results whether the thoracic deflection can be reduced by partial transfer of the seat-
belt load from the ribs to the shoulder of the dummy. A situation of this kind occurred in
only one of the seven tests (test B). Due to the lack of detailed data on the seatbelt posi-
tion in relation to the dummy, the mechanism of such an effect of seatbelt operation has
not been shown in this work. However, an assumption may be made that the seatbelt
pressure may be partly transferred from the thorax to the shoulder by such a seatbelt
operation that would facilitate a slight torso tilt, e.g. immobilizing of the hips by tightening
the lap seatbelt.

The seatbelt position in relation to child-passenger's body is influenced by the backrest
of the booster seat. The child on a high-back booster seat is shifted frontwards in relation
to the rear car seat backrest. This enables the placing of legs in a more comfortable posi-
tion (with the knees bent) and the pushing of hips closer to the seat backrest, which im-
proves the operation of the lap seatbelt. The appropriate positioning of the seatbelt strap
and easy displacement of the strap so that it is tightened uniformly and as quickly as pos-
sible should be ensured by the seatbelt guides provided in the booster seat and its back-
rest. The tests revealed incorrect operation of these parts, i.e. slipping of the seatbelt strap
out of the guide and excessive strap friction against the booster seat, which hampered
the quick stretching of the lap belt by the tensioner (test F).

The tensile force in the seatbelt strap depends not only on the inertial force acting on the
child but also on the seatbelt strap positioning on child's body [25]. Therefore, the seat-
belt load is not always proportional to the load on the dummy (Fig. 15) and it should not
be taken as a criterion of assessment of child restraint systems.
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The full text of the article is available in Polish online on the website
http://archiwummotoryzacji.pl.

Tekst artykutu w polskiej wersji jezykowej dostepny jest na stronie
http://archiwummotoryzacji.pl.
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SEATBELT IMPACT ON A CHILD DURING
A FRONTAL COLLISION

ODDZIALYWANIE PASA BEZPIECZENSTWA
NA DZIECKO PODCZAS ZDERZENIA
CZOLOWEGO

Andrzej Zuchowski'
Wojskowa Akademia Techniczna
Summary

The loads on a Hybrid 11l test dummy representing a child aged about 10 years have been
analysed, based on results of crash tests carried out on seven motorcars. During the tests, the
dummies were sitting on high-back booster seats, backless booster seats (booster cushions), or
directly on the rear car seats and they were fastened with the use of standard car seatbelts. The
differences in the seatbelt impact on the child, depending on the child restraint system used,
have been pointed out. The analysis was done with using the crash test results published on the
Internet by the US National Highway Traffic Safety Administration (NHTSA) and covering
the case where the test car moving with a speed of about 56 km/h frontally hit a rigid flat
barrier. The relations between dummy’s head, neck, thorax, and pelvis loads and the force
exerted on the seatbelt have been shown. Attention has been directed to the fact that a child
transported without a booster seat has a tendency to slide under the seatbelt, which in
consequence may cause injuries to child’s abdomen and neck. A question has been examined
whether the thoracic deflection can be limited by partial transfer of the load exerted by the
seatbelt from dummy’s ribs to its shoulder.

Streszczenie

Na podstawie wynikow testow zderzeniowych siedmiu samochoddéw przeanalizowano
obcigzenia manekina Hybrid III, reprezentujacego dziecko w wieku okoto 10 lat. Manekiny
podczas badan zapigte byly za pomocg standardowego pasa bezpieczenstwa, przy czym
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siedziaty na podstawce podwyzszajacej z oparciem lub bez oparcia oraz bezposrednio na tylnej
kanapie samochodu. Wskazano roznice, spowodowane rodzajem zastosowanego urzadzenia
ochronnego, w oddziatywaniu pasa bezpieczenstwa na dziecko. Wykorzystano wyniki testow
zderzeniowych udostepnione w Internecie przez National Highway Traffic Safety
Administration (USA), w ktoérych samochdd jadacy z predkoscia okoto 56 km/h uderzat
czotowo w sztywna, plaska barier¢. Pokazano relacje pomigdzy obcigzeniami glowy, szyi,
klatki piersiowej i miednicy manekina a sitg dzialajaca na pas bezpieczenstwa. Zwrdocono
uwage, ze dziecko bez podstawki podwyzszajacej wysuwa sie spod pasa bezpieczenstwa, ktory
moze powodowaé obrazenia brzucha i szyi dziecka. Rozwazono, czy ugigcie klatki piersiowej
moze by¢ ograniczone przez cze$ciowe przeniesienie obcigzenia od pasa z zeber na bark
manekina.

Keywords: road accidents, child safety, seat belt, booster seats (backless, highback)
Stowa kluczowe: wypadki drogowe, bezpieczenstwo dziecka, pas bezpieczenstwa, podstawki
podwyzszajace (bez oparcia, z oparciem)

1. Wprowadzenie

Dzieci w wieku 6-10 lat sa zbyt duze, by przewozi¢ je w fotelikach ze zintegrowanymi z nimi
pasami (szelkami) i zbyt mate, by przewozi¢ je bezposrednio na siedzisku fotela, zapigte pasem
bezpieczenstwa dla osoéb dorostych. Wymagania w zakresie urzadzen ochronnych dla dzieci
okresla Regulamin 44 ECE [13]. Klasyfikuje on pi¢g¢ ,grup masowych” urzadzen
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ochronnych. Dla dzieci w grupach masowych Il (15-25 kg) i Il (22-36 kg) moga by¢
stosowane podstawki podwyzszajace (rys.1c), z oparciem lub bez oparcia (grupa I11). Mimo ze
sa one tatwe w uzyciu, to wielu rodzicow zbyt wczesnie rezygnuje z takiego zabezpieczenia
dziecka. Wbrew obowigzujacym przepisom okoto 50% dzieci w wieku 6 lat i prawie 90%
dzieci w wieku 10 lat zabezpieczanych jest wylacznie pasem bezpieczenstwa [7, 25]. Brak
podstawki podwyzszajacej powoduje, ze ulozenie pasa wzgledem ciata dziecka nie jest
korzystne (rys.1a, z lewej) i ogranicza skutecznos¢ jego dziatania (zsuwanie si¢ taSmy z barku),
a nawet moze powodowaé obrazenia brzucha i szyi dziecka [12, 17, 25]. Taséma pasa
bezpieczenstwa powinna przebiegac przez trzon mostka i obojczyk (rys.la, z prawej). W pracy
[12] oceniono, Ze sposrod 41 podstawek (26 z oparciem i 15 bez oparcia) prawie potowa nie
zapewniala wlasciwego prowadzenia taSmy pasa bezpieczenstwa przez biodra, klatke
piersiowa i bark 6-letniego dziecka. Pas biodrowy utozony byt na brzuchu zamiast na biodrach
w 15 z 26 podstawek z oparciem i w 5 z 15 podstawkach bez oparcia.
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Rys.1. Potozenie pasa ramieniowego wzgledem torsu dziecka; a) w wieku 6 lat bez podstawki
i z podstawka [2], b) dzieci w wieku 6 i 10 lat w matych samochodach osobowych oraz

w samochodach SUV [3], c) podstawka podwyzszajaca (P) i podstawka z oparciem (PO) [8];

1 - prowadnica tasmy pasa, 2 — podtokietniki

Na rysunku 1b pokazano ulozenie tasmy pasa wzgledem sylwetki dziecka, siedzgcego
bezposrednio na siedzisku tylnego fotela, w okoto 30 samochodach. Dotyczg one 95-
centylowego chlopca w wieku 10 lat (linia ciggla) oraz 5-centylowej dziewczynki, w wieku
6 lat (linia przerywana). Widac¢ tu, ze jezeli dziecko nie ma podstawki, to w wielu przypadkach
tasma pasa przebiega zbyt blisko lub zbyt daleko szyi. Z rysunku 1b wynika, ze zastosowanie
podstawki moze w niektorych samochodach poprawi¢ utozenie pasa wzgledem mniejszego
dziecka lub pogorszy¢, w przypadku duzego dziecka, zwlaszcza w samochodach SUV.
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Pasy bezpieczenstwa w samochodach przystosowane sg do sylwetki osoby dorostej, jednak
podejmowane sg proby dostosowania ich do sylwetki dzieci. Przyktadowo w pracach [11, 22]
rozwazono wplyw zmiany potozenia gérnego punktu mocowania (kotwiczenia) tasmy pasa
bezpieczenstwa na przemieszczenia i obcigzenia dynamiczne manekina P10, reprezentujgcego
dziecko w wieku okoto 10 lat (masa 32 kg). Ustalono, Zze obnizenie goérnego punktu
mocowania pasa prowadzi do zmniejszenia przyspieszenia glowy itorsu, jednak powoduje
obrot torsu w kulminacyjnej fazie zderzenia. To wskazuje na niebezpieczenstwo wysunigcia si¢
dziecka spod ramieniowego odcinka pasa. Utozenie tasmy pasa bezpieczenstwa wzglgdem
ciata dziecka zalezy takze od kata pochylenia siedziska i oparcia. Na postawie badan modelu
manekina, reprezentujagcego dziecko w wieku okoto 6-lat, w pracy [9] podano, ze zmniejszenie
obcigzen glowy i szyi oraz ugigcia klatki piersiowej mozna uzyska¢ poprzez optymalizacje
kata pochylenia oparcia oraz ulozenia tasmy pasa bezpieczenstwa wzgledem torsu dziecka.

Dzieci sg zwykle przewozone na tylnych siedzeniach samochodu. Obcigzenia pasazerow, takze
dzieci, na tylnych siedzeniach podczas zderzenia czotowego sg zwykle wielokrotnie wicksze,
niz obcigzenia kierowcy, ktory chroniony jest poduszka gazowa, a takze pasami z napinaczami
i ogranicznikami napigcia [21, 26, 27]. Na rysunku 2 zestawiono wskazniki obrazen manekina
M50 (Hybrid 11), reprezentujacego 50-centylowego mezczyzne na miejscu kierowcy oraz
manekina 10YO (10-letnie dziecko, masa 35,2 kg, wzrost 1,3 m) na podstawce z oparciem na
tylnym siedzeniu, za kierowcg. Uwzgledniono tu wskazniki (ich opis podano m.in. w [19, 20]):

- wskaznik obrazenia gtowy (HIC3zs — Head Injury Criterion);

- wskaznik obrazenia szyi (Njj — Neck Injury Criterion);

- maksymalne wypadkowe przyspieszenie klatki piersiowej Cacc (3 ms);

- maksymalne ugiecie klatki piersiowej Cmax;

- kryterium wiskotyczne klatki piersiowej (VC — Viscous Criterion).
Wyniki te dotycza testow zderzeniowych [28] dwudziestu samochodow osobowych z lat 2005-
2006, o masie 1600-2700 kg (sedan, minivan, van, SUV i pickup). Samochdod jadacy
z predkosciag okoto 56 km/h uderzat czotowo w sztywna bariere. We wszystkich samochodach
byta poduszka gazowa dla kierowcy. Oba manekiny byty zapigte pasami bezpieczenstwa, przy
czym w niektorych samochodach pas bezpieczenstwa kierowcy miat napinacz.
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Rys.2. Skojarzenie wartosci wskaznikéw obrazen kierowcy (M50) i dziecka (10YO) na tylnym fotelu;
linia okresla relacje 1:1 [27]

Dopuszczalne wartoéci wskaznikow zestawiono w tabeli 1, gdzie podano takze warto$ci
krytyczne sit Fr i Fc oraz momentow Mg i Mg, do obliczen wskaznika Njj. Dopuszczalne
wartosci wskaznikow HICzs, Njj, Cacc | VC dla manekinow M50 i 10YO sg takie same, co
umozliwia bezposrednie poréwnywanie wartosci wskaznikow dla obu manekinéw. Podany
w tabeli 1 wspotczynnik A okresla, ile razy wartos¢ wskaznika dla manekina 10YO jest
wigksza od warto$ci wskaznika dla M50. Poniewaz dopuszczalne wartosci ugiecia klatki
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piersiowej Cgop zaleza od rozmiaru manekina, to w ocenie pordwnawczej zastosowano
wskaznik

=S 100% @
N dop

gdzie warto$¢ maksymalnego ugiecia klatki piersiowej Cmax Odniesiono do wartodci
dopuszczalnej dla danego rozmiaru manekina.

Tabela 1. Dopuszczalne wartosci wskaznikéw obrazen [6, 14]

Fr Fc Mr | Me Cace Cdop VC

Manekin HICss Nij IN] [N] |[Nm]|[Nm]| [q] [mm] | [m/s]

M50 6806 | 6160 | 310 | 135 63
1000 1,0 60 1,0
10YO 3710 | 3390 | 125 | 54,8 44
A 1,5+6,3 |2,6+7,3 - - - - 10,8+1,910,9+3,2*%|0,5+9,3

* - dotyczy wskaznika Cmax N, wg zaleznosci (1)

W ocenie obrazen poszkodowanych w wypadkach drogowych stosowana jest sze$ciostopniowa
skala AIS (Abbreviated Injury Scale), w ktorej okreslonym obrazeniom przypisano wyrazony
cyfra stopien. Wyzszy stopien oznacza wigksze zagrozenie dla zycia. Rozwazajac obrazenia
obejmujace co najmniej dany stopien np. AIS3 i wyzsze, stosuje si¢ zapis AIS3+. Na
podstawie testow zderzeniowych 12 samochodéw w pracy [24] oceniono, ze ryzyko
powaznych obrazen (AIS3) 10-letniego dziecka na podstawce z oparciem, podczas czotowego
uderzenia samochodu w sztywng barier¢ z predkoscig 56 km/h, byto mniejsze o 5+27% niz
3-letniego dziecka, umieszczonego w foteliku. Zwrdcono jednak uwage, ze starsze dziecko
moze by¢ narazone na nadmierne ugiecie klatki piersiowej, spowodowane oddzialywaniem
pasa bezpieczenstwa. Natomiast w pracy [22] podano, ze niewielkie zmiany w poczatkowym
Utozeniu pasa bezpieczenstwa wzgledem dziecka mogg wptywaé na Sposob jego
przemieszczania si¢, a tym samym na ryzyko obrazen.

Celem tej pracy jest ocena dziatania pasa bezpieczenstwa i obciazen manekina Hybrid III,
reprezentujacego dziecko w wieku 10 lat (10YO), ktory siedzi na podstawce z oparciem lub
bez oparcia (rys.1c) oraz bezposrednio na siedzisku kanapy. Praca stanowi rozwinigcie analizy
wynikOw pomiaréw, przeprowadzonych w Przemystowym Instytucie Motoryzacji
w Warszawie [25]. Obecnie wykorzystano wickszy zakres pomiaréw, w ktorym uwzgledniono
obcigzenia glowy, szyi, barku, klatki piersiowej (w tym jej ugiecie), bioder i nég manekina.

2. Obiekty badan i zakres analizy

Rozwazono obcigzenia dynamiczne manekinéw Hybrid 1II 10YO na tylnych siedzeniach
w siedmiu samochodach. Samochéd jadac z predkoscia okoto 56 km/h uderzat w sztywng
bariere, ustawiong prostopadle do kierunku ruchu samochodu (rys.3). Wykorzystano wyniki
badan udostepnione w Internecie przez National Highway Traffic Safety Administration (USA)
[28]. Dane o samochodach i rozmieszczeniu manekinow podano w tabeli 2. Niektore wyniki
Z tych testow zderzeniowych przestawione sa w [6].

Wykorzystane w badaniach samochody rdéznity si¢ masa, wymiarami oraz konstrukcja
czolowej strefy zgniotu. Glgbokos$¢ deformacji nadwozia po uderzeniu w barierg, mierzona na
wysoko$ci zderzaka w potowie jego szerokosci, byta od 0,42 m (Nissan Xterra) do 0,64 m
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(Chevrolet Silverado). Konstrukcja czotowej strefy zgniotu samochodow decyduje
0 warto$ciach opdznienia, jakie dziata na samochdd podczas zderzenia (rys.3).

Tabela 2. Dane 0 samochodach oraz rozmieszczeniu manekinow 10YO [28]

Oznaczenie Marka . . |Masa G%qukOé.é: Miejsce_ Miejscgz
Rocznik | Nadwozie deformacji| z prawej | z lewej
testu model [ko]
[m] strony | strony
A Honda Ridgeline | 2006 pickup |2301| 0,56 PO*
B Pontiac Montana | 2005 | minivan [2234| 0,55
C Nissan Titan 2005 | pickup |2671| 0,51 P PO
D Chevrolet Silverado| 2005 pickup |2674| 0,64
E Nissan Xterra 2005 SUV |2167| 0,42
F Mercedes ML350 | 2006 SUV |2431] 0,55 BP
G Volkswagen Jetta | 2005 sedan |1719| 0,43 -

* - PO — podstawka z oparciem, P — podstawka bez oparcia, BP — bez podstawki
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Rys.3. Op6znienie samochodow podczas uderzenia w bariere w testach A+G (56 km/h)

Opédznienie samochodu [g]

W testach A+F po lewej stronie kanapy siedzial manekin 10YO na podstawce z oparciem
(PO). Po prawej stronie byt taki sam manekin, ale na podstawce bez oparcia (P) lub
bezposrednio na kanapie (BP). W tescie A oba manekiny byly na podstawce z oparciem,
aw tescie G byl tylko jeden manekin, siedzacy bezposrednio na kanapie (BP). Podlokietniki
podstawki (elementy 2 na rys.1c) ustawione byly w gérnym potozeniu.

Przyktad rozmieszczenia manekinow w samochodach z testow C i F pokazano na rysunku 4.
We wszystkich samochodach oba fotele przednie byly w potozeniu centralnym. Odlegtosci
manekina od fotela przedniego CB i KB oraz od drzwi (odlegtos¢ gtowy HW i bioder AD)
zestawiono na rysunku 5. Pokazujg one, Zze sposdb zabezpieczenia manekina (P, PO, BP)
wplywa na wymiary wolnej przestrzeni wokot manekina oraz utozenie manekina wzgledem
punktow kotwiczenia paséw. Manekiny siedzace na podstawce z oparciem sg bardziej
wysuniete do przodu wzgledem oparcia kanapy. W tescie C odlegtos¢ HW w wariantach P
i PO rozni sie¢ az 0 11 cm, bowiem w wariancie PO jest to odleglos¢ glowy od szyby
aw wariancie P - od ramy drzwi (por. rys.4). Rodzaj urzadzenia ochronnego nie wptywa
istotnie na odleglos¢ AD, z wyjatkiem testu E, gdzie w wariantach BP i PO jest odpowiednio
18 i 26 cm. Stopy manekinéw nie dotykaly oparcia fotela przedniego, przy czym w testach B
i F odleglos¢ ta byta najmniejsza (ponizej 10 cm), a w testach A i C najwigksza (25+27 cm).

Przeanalizowano obciazenia glowy, szyi, barku, Klatki piersiowej, bioder i n6g manekinow.
W tym celu wykorzystano, pobrane w postaci cyfrowej z [28], wyniki pomiarow:
— przyspieszenie gtowy, klatki piersiowej i bioder (miednicy),
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— sity oraz momenty sit dziatajacych na szyje,

— sity dzialajace na bark (obojczyk) i uda,

— ugiecie klatki piersiowej,

— sity rozciagajace tasme pasa bezpieczenstwa w jej czgsci biodrowej i ramieniowe;.

\. ’ - . W/

Rys.4. Manekiny 10YO w samochodach C (gérne fotografie) i F (dolne fotografie) [28]
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Rys.5. Odlegtosci manekina od fotela przedniego (CB, KB) i od drzwi (HW, AD) w samochodach

z testow A+G

Wykorzystane dalej warto$ci wypadkowe przyspieszenia a i sity F obliczono ze sktadowych
mierzonych w trzech wzajemnie prostopadtych kierunkach (X, Y, Z):

at)=-|al(O+a}(O+ay() . F@O)=FiO+F 0+ F; () @)
Do iloSciowej oceny obcigzen dynamicznych oséb jadgcych wykorzystano wskazniki obrazen,
wymienione w punkcie 1. W analizie obcigzen manekinéw wykorzystano takze filmy, nagrane
przez umieszczone w samochodach kamery do zdjg¢ szybkich oraz wyniki pomiaréw
przemieszczenia taSmy pasa, wzgledem gornego punktu mocowania (por. rys.9).
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3. Obciazenia gtowy i szyi

Okoto 60% urazéw (AIS2+) dzieci w wieku 8-12 lat to obrazenia gtowy (wypadki drogowe
w USA z lat 1998-2007) [5]. Urazy takie czesto sg skutkiem uderzenia glowy o elementy
wnetrza nadwozia. W testach zderzenia czotowego, gdy predkos$¢ uderzenia samochodu
osobowego w sztywng przeszkode jest do 56 km/h, pas bezpieczenstwa ogranicza
przemieszczenia dziecka na tylnym siedzeniu i nie uderza ono glowa o oparcie fotela
przedniego [22, 24, 25, 27]. W pracy [18] tylko w jednym z 77 testow zderzeniowych glowa
uderzyla o oparcie fotela przedniego (48 km/h, manekin na podstawce bez oparcia). Jednak
gwaltowne zatrzymanie torsu przez pas bezpieczenstwa i znaczne pochylenie glowy wzgledem
torsu (brak poduszki gazowej) sprzyjaja narastaniu obciazen szyi. W pracach [21, 27] podano,
ze wskazniki obrazen glowy (HICszg) i Szyi pasazerow (N;jj) na tylnych fotelach sg wielokrotnie
wieksze niz U pasazerow na fotelach przednich, ktérzy sa chronieni poduszkami gazowymi
(por. rys.2). Wynikajace z tych obciagzen ryzyko cigzkich obrazen (AIS4+) glowy dziecka
w wieku okoto 10 lat, siedzacego na tylnej kanapie na podstawce z oparciem, Osiggato 90%
(w15 z 20 samochodow byto 10+60%), podczas gdy takie ryzyko dla mezczyzny (M50) na
fotelu kierowcy nie przekraczato 10% (w 13 z 20 samochodow byto 2+5%) [26].

Realizacje obcigzen gltowy i szyi manekina 10YO w testach B, C, E, F podano na rysunku 6.
W tescie B realizacje obcigzen manekina w wariantach P i PO sg bardzo podobne. W tescie C
obcigzenia glowy i szyi manekina na podstawce z oparciem (PO) sg wigksze niz manekina na
podstawce bez oparcia (P). W tescie E obciazenia manekina na podstawce z oparciem (PO) sa
mniejsze niz manekina siedzacego bezposrednio na kanapie (BP). W tescie F, gdzie pas
bezpieczenstwa mial napinacze, w wariancie BP doszto do uderzenia tylem glowy o oparcie
kanapy, w czasie okoto 0,2 s.
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Rys.6. Wypadkowe przyspieszenie gtowy (a_H), wypadkowa sita dziatlajagca na szyje (F_N) oraz
moment sity (M_N) dziatajgcej na szyje w ptaszczyznie strzatkowej (testy B, C, E i F);

(* - w tescie E obcigzenia szyi w czasie 0,09-0,13 s sg watpliwe, jednak ten fragment realizacji nie
wplywa na wartos¢ wskaznika N;)

Obcigzenie szyi wynika z dziatania sily bezwladno$ci na glowe, dlatego realizacje
przyspieszenia gltowy i sity dzialajacej na szyj¢ sa podobne jakosciowo. Z analizy filmow
wynika, ze gtowa manekinow we wszystkich wariantach (PO, P, BP) przechylana jest mocno
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do przodu (rys.7) i w wiekszosci testow uderza podbrodkiem o mostek, co widoczne jest na
przebiegach a_H oraz F_N, jako dominanta w czasie 0,10+0,11 s (rys.6). W pracy [16], gdzie
badano mniejszy manekin (6YO), zwrocono uwage, zZe znaczne obcigzenia szyi mogg wynikacé
ze zbyt sztywnego kregostupa manekina w pordwnaniu z kregostupem dziecka. W tescie F,
gdzie pasy miaty napinacze, pochylenie glowy manekinéw 10YO roéwniez jest duze, jednak
glowa nie uderza o klatke piersiowa. Korzystne dziatanie napinaczy paséw, w zakresie redukcji
obcigzen glowy i szyi, potwierdzono takze podczas badan manekina 6YO [4].

Rys.7. Maksymalne pochylenie glowy manekina w wariantach PO, P i BP (testy A, Ci E)

Warto$ci wskaznikow obrazen glowy i szyi podano na rysunku 8. Wartoéci HICss réwne 500,
1000 i 2000 oznaczaja ryzyko ciezkich obrazen glowy AlIS4 odpowiednio 4%, 18% i 88%.
Wartosci Njj rowne 1, 2 i 3 oznaczaja ryzyko cigzkich obrazen szyi AlS4 odpowiednio 18%,

43% i 70% [6, 20, 23].
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W tescie A, gdzie oba manekiny byly na podstawce z oparciem (PO), warto$ci wskaznikow
HICssi Nj sa podobne. Najwigksze obcigzenia gtowy i szyi wystepuja w wariancie BP (testy E
i G) a najmniejsze w tescie F (wptyw napinacza pasa bezpieczenstwa). W tescie F w wariancie
BP jest N;=0,62 podczas pochylania manekina do przodu oraz N;=0,81 w chwili uderzenia
tylem glowy o0 oparcie kanapy (por. a_H i M_N w czasie 0,2 s na rys.6). Na podstawie HICsg
iNj ztestow C i D mozna uznaé, ze zmiana ulozenia dziecka wzglgdem tasmy pasa,
spowodowana oparciem podstawki podwyzszajacej, moze niekorzystnie wplywaé na
zwickszenie obcigzen glowy i szyi. Obserwowane w wariantach P i PO warto$ci wskaznika
obrazen glowy roznig si¢ maksymalnie o 32% (test C) a szyi 12% (test D). Natomiast znacznie
wigksze roznice wystepuja pomiedzy wartoSciami tych wskaznikow w poszczegdlnych
samochodach, np. wskaznik HIC3zs w wariancie PO jest 2,6 razy wickszy w te$cie C niz w B.

Niebezpieczne obcigzenia szyi dziecka wystepujg takze przy mniejszej predkosci uderzenia
samochodu w barierg. Przyktadowo w pracy [18], przy predkosci zderzenia 40 km/h, wskaznik
obrazen szyi manekina 10YO wynosit N;=0,62+1,42, przy czym w 21 z 40 testow
zderzeniowych bylo Nj >1 (warianty BP i P).
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4. Oddziatywanie pasa bezpieczenstwa na bark i klatke piersiowa

Rozwazono sposdb przenoszenia sity z ta§my pasa na tors manekina 10YO w wariantach P, PO
i BP. W tym celu przeanalizowano obcigzenia barku (obojczyka) i klatki piersiowej manekina,
w samochodach z testow B+G. Sita bezwladnosci dziatajaca podczas zderzenia na dziecko
roéwnowazona jest gtdwnie przez sity dzialajace na tasme pasa bezpieczenstwa. W mniejszym
stopniu przez tarcie manekina o siedzisko i nogi, uderzajace o fotel przedni. Sita napinajgca
ramieniowa cze$¢ tasmy pasa przenoszona jest na cialo pasazera przez jego bark i klatke
piersiowa. Znaczny nacisk pasa na klatke piersiowa nie jest korzystny, bowiem zwigksza jej
ugiecie. Ponizej rozwazono, czy ugigcie klatki piersiowej moze by¢ ograniczone przez
czesciowe przeniesienie obcigzenia od pasa ramieniowego z zeber na bark manekina (sity Fx
i Fznarys.9).

Podstawka sprawia, ze dziecko jest powyzej siedziska kanapy, a oparcie powoduje wysunigcie
dziecka do przodu wzgledem oparcia kanapy. Tak wiec rodzaj urzadzenia ochronnego oraz
polozenie goérnego punktu mocowania pasa maja wplyw na ulozenie pasa bezpieczenstwa
wzgledem ciata dziecka [25], a tym samym na obcigzenie barku i klatki piersiowej.
Prawidlowe ulozenie tasmy pasa na barku powinna zapewni¢ prowadnica pasa, umieszczona
w oparciu podstawki (por. rys.1c). Jednak na podstawie filmow z testow ustalono, ze w testach
B i C taSma wysuwa si¢ z tej prowadnicy w czasie okoto 0,11 s, a w teScie F w czasie
0,08 s (w testach D i E tasma pasa pozostawata w prowadnicy oparcia podstawki).

LA .
Rys.9. Utozenie tasmy pasa ramieniowego na barku i klatce piersiowej oraz
sposéb pomiaru przemieszczenia tasmy pasa; 1 - linka przetwornika

przemieszczenia tasmy pasa,
2 — przetwornik sity SB na tasmie pasa ramieniowego [15, 28]

Na rysunku 10 pokazano przemieszczenia manekinéw 10YO w wariantach P i PO. W czasie
0 ms mamy poczatkowe potozenie manekina a w czasie 110 ms maksymalne przemieszczenie
glowy. W obu wariantach widoczne sg znaczne przesuni¢cia manekindw wzgledem kanapy
oraz pochylenie torsu i gtowy.

Wyniki pomiarow obcigzen manekinow w testach B-+F zestawiono na rysunku 11.
Uwzgledniono tu silte rozciagajaca pas ramieniowy (SB), sity Fx i Fz dziatajace na bark (por.
rys.9), ugiecie (C) i przyspieszenie klatki piersiowej (a_C). Cienkie linie na wykresach sity SB
to przemieszczenie taSmy pasa wzgledem goérnego punktu mocowania (por. rys.9), podane
w milimetrach. Przemieszczenie tasmy wynika z wysuwania si¢ jej ze zwijacza do chwili jego
zablokowania oraz z elastyczno$ci taSmy. W tescie F pasy mialy napinacze, dlatego
przemieszczenie taSmy nie bylo mierzone. W testach B, D i E przemieszczenie tasmy jest
110+160 mm, natomiast w te$cie C tylko 70 mm. Test C jest szczegdlny takze z tego powodu,
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ze tylko w tym teécie w obu podstawkach pas wytamat podtokietniki (element 2 na rys.1c), po
stronie zamka pasa bezpieczenstwa, w czasie okoto 0,07 s. Ponadto samochod z testu
C (Nissan Titan) osiagnat najwigksze przyspieszenie w poczatkowej fazie zderzenia (por.
rys.3) a obcigzenia gtowy i szyi manekinéw byly tu najwigksze, spo$réd wariantow P i PO
(rys.8).

a)

0-110 ms . > <. 20-80. ms 0-110 ms

Rys.10. Przemieszczenia manekinéw 10YO w tescie C w czasie 0, 80 i 110 ms (na podstawie
filmu z [28]); a) manekin na podstawce bez oparcia; b) manekin na podstawce z oparciem
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Rys.11. Obcigzenia barku i klatki piersiowej manekinéw 10YO w samochodach z testéw B+F; P -
podstawka bez oparcia, PO - podstawka z oparciem, BP - bez podstawki (*** - w tescie B, wariant P,
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nie zmierzono sity SB)

Rodzaj urzadzenia ochronnego wptywa na obciagzenie pasa bezpieczenstwa, barku i klatki
piersiowej. W testach D, E i F sity SB w pasach bezpieczenstwa osiagaja wigksze warto$ci
w wariancie PO. W teScie F napinacze napigly cz¢$¢ ramieniowg paséw sita okoto 200 daN
w czasie 15 ms. We wszystkich testach dziatajaca na bark sita Fx jest 2-3 razy wigksza niz sita
Fz. Narastaniu sktadowej Fz sprzyja pochylenie torsu oraz ruch ramion w gorg (np. w tescie C,
wariant P na rys.10). Ograniczenie ugiecia klatki piersiowej przez czg$ciowe przeniesienie
obcigzenia od tasmy pasa ramieniowego z zeber na bark manekina mamy tylko w tescie B,
wariant P (rys.11). W tescie C sila Fx jest ponad 3-krotnie wigksza w wariancie P niz w PO,
ale ugiecie klatki piersiowej takze jest wicksze w wariancie P. Natomiast w tescie D mamy
wigksze obcigzenie barku w wariancie PO, ale ugigcie klatki piersiowej jest prawie jednakowe
w obu wariantach P i PO. Brak jednakowych relacji pomigdzy obcigzeniem barku i Zeber
wskazuje na wptyw innych czynnikéw, istotnych w ksztaltowaniu obciazen manekina, np.
poltozenie gornego punktu mocowania pasa, ktore nie jest opisane w [28].

Obcigzenia klatki piersiowej oceniono za pomoca trzech wskaznikow (Cace, Cmax 1 VC),
ktorych wartosci zestawiono na rysunku 12. Przyspieszenie Klatki piersiowej (Cacc) W testach
B, C, D jest mniejsze o 5+14% w wariancie PO niz w wariancie P. W testach E i F
przyspieszenie klatki piersiowej osiagga podobne wartosci maksymalne w obu wariantach PO
i BP, przy czym ugigcie klatki piersiowej jest znacznie wigksze w wariancie PO. Z wyjatkiem
testu C, ktorego specyfike opisano wczesniej, w pozostalych testach wartosci wskaznika VC sa
wieksze w wariancie PO niz w wariantach P i BP.

W wariancie PO warto$ci wskaznikow Cacc | Cmax W poszczegdlnych samochodach roznia si¢
maksymalnie o 30%, przy czym w testach C+F wskaznik Cnax jest prawie jednakowy (36+37
mm).
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Rys.12. Wartosci wskaznikow obrazen klatki piersiowej manekinéw 10YO w testach B+G

D E F G B

Uwage zwracajg mate warto$ci wskaznikéw Crax | VC W wariancie BP (testy E, F i G). Takze
sity dziatajace na bark manekina w wariancie BP s3 niewielkie (rys.11). Jest to efekt
niekorzystnego zsuniecia si¢ tasmy pasa z klatki piersiowej pod ramie manekina. Stan taki
zilustrowano na rysunku 13 (pokazano manekin z testu G, ze wzgledu na lepsza jakos¢ filmu,
niz w tescie E).
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Rys.13. Potozenie pasa wzglgdem manekina 10YO w tescie G (na podstawie [28])

Przemieszczenia manekina siedzacego bezposrednio na siedzisku kanapy ukazuja jak bardzo
niekorzystne jest to zabezpieczenie. Nisko siedzacy manekin wysuwa si¢ spod pasa
biodrowego (tzw. nurkowanie, ang. submarining), co powoduje chwilowe zmniejszenie sity
rozciagajacej biodrowg czg$¢ pasa LB (rys.14). Pas ramieniowy przesuwa si¢ z barku na szyje,
powodujac powazne zagrozenie dla dziecka [1, 17]. W efekcie bark i klatka piersiowa tylko
w niewielkim stopniu przenosza sity z pasa ramieniowego na manekin - wartosci sit Fx i Fz
oraz ugigcie klatki piersiowej sg bardzo mate (rys. 14). Natomiast wartosci wskaznikow HICzs
oraz Nj w tescie G sg najwicksze (rys.8). Wystepuje takze mocne uderzenie tytem glowy o
oparcie kanapy, w czasie okoto 0,17 s (F_N i M_N na rys.14).
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Rys.14. Obciazenia manekina 10YO w tescie G (BP); LB, SB — sily w czesci biodrowej i ramieniowej
pasa bezpieczenstwa, F_N — wypadkowa sita dzialajaca na szyje,

M_N — moment sity dzialajacy na szyje w ptaszczyznie strzatkowej; Fx, Fz — sily obcigzajace bark,
C —ugiecie klatki piersiowej

Zagrozenia wynikajace z przewozenia dzieci bezposrednio na siedzisku kanapy potwierdzaja
wyniki badan podane w [18]. W testach zderzeniowych samochodow z lat 2005-2011
(predkos¢ zderzenia 40, 48 i 56 km/h) z manekinami 10YO siedzacymi bezposrednio na
siedzisku kanapy (wariant BP, 29 testow) oraz na podstawce bez oparcia (wariant P, 48 testow)
- pas ramieniowy zsunat si¢ z barku na szyj¢ w 86% testow BP oraz w 31% testow P;
- pas biodrowy zsunat sie z bioder na brzuch w 59% testow BP oraz w 29% testow P.
Wigksza predko$¢ zderzenia sprzyjata niekorzystnemu zsuwaniu si¢ pasa z barku i bioder.

Wyniki pomiarow wykorzystano dalej, podobnie jak w [10], gdzie rozwazono obcigzenia
klatki piersiowej manekina P3 (3-letnie dziecko, masa 15 Kg), do oceny relacji pomiedzy
obcigzeniami pasa bezpieczenstwa i manekina. W tym celu na rysunku 15 skojarzono wartosci
sity rozciagajacej taSme pasa ramieniowego SB z wartosciami wskaznikéw obrazen z testow
B-+G. W wariancie PO widoczna jest proporcjonalno$¢ pomiedzy sita SB a wskaznikami HICgzs,
Nij i Cacc (linie na wykresach). W przypadku wskaznikow Cmax | VC trend taki nie wystepuje.
Dlatego informacja o obcigzeniu paséw nie powinna by¢ kryterium oceny urzadzen

ochronnych.
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Rys.15. Skojarzenie sity rozciggajacej pas barkowy (SB) ze wskaznikami obrazen gtowy, szyi i klatki
piersiowej oraz maksymalng wartoscia wypadkowej sily dziatajgcej na bark F_XZ
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5. Oddziatlywanie pasa bezpieczenstwa na biodra

Pas bezpieczenstwa przenosi sile bezwladno$ci dzialajaca na manekin (35,2 kg) i podstawke
(2,0 kg siedzisko i 1,2 kg oparcie). W wariantach PO, P i BP mamy r6zne ulozenie czesci
biodrowej pasa bezpieczenstwa (Szczegétowe dane o utozeniu pasow wzgledem manekindéw
nie sa dostepne w [28]). Wplywa to na wartos¢ sity, jaka tasma pasa biodrowego jest
rozciggana [25]. Realizacje sity rozciagajacej pas biodrowy LB (rys.16), mierzonej na odcinku
tasmy: dolny punkt mocowania — podstawka, osiagaja mniejsze wartosci w wariancie PO niz
w wariancie P. W wariancie PO kolana sa blizej oparcia fotela przedniego (por. odlegto$é¢ KB
na rys.5), jednak w zadnym z testoéw nie uderzaja one o fotel przedni. Realizacje FF na
rysunku 16 ($rednia z sit dziatajacych na lewe i prawe udo) sa skutkiem rozciagania nog sitg
bezwtadnosci. Niezaleznie od rodzaju urzadzenia ochronnego, uderzenie stop o oparcie fotela
przedniego tylko nieznacznie ogranicza narastanie sity FF, a tym samym nieznacznie
zmniejsza obcigzenie pasa biodrowego.
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Rys.16. Sity dziatajgce na pas biodrowy (LB) i uda (FF, cienkie linie), wypadkowe przyspieszenie
miednicy (a_P) oraz op6znienie samochodu (a_V) w testach B+F (w tescie C w wariancie PO doszto
do uszkodzenia uktadu pomiarowego sity LB w czasie okoto 0,07 s)

Najwigksze obciazenia pasa biodrowego i miednicy sg w tescie C, gdzie doszto do ztamania
podiokietnikow w obu podstawkach, po stronie zamka pasa (w czasie okolo 0,07 ).
W wariancie PO najmniejsza warto$¢ sily LB jest w tescie D, przy czym wystapita tu
najwicksza reakcja pasa bezpieczenstwa na gorng czes$¢ tutowia (por. wartosci sit SB, Fx i Fz
na rys.11). W testach B i F wypadkowe przyspieszenie miednicy (bioder) manekina osiagga
mniejsze warto§ci W wariancie PO. Realizacje przyspieszenia miednicy a_P osiggaja znacznie
wigksze wartosci niz opdznienie samochodu (a_V na rys.16). Ten niekorzystny stan wynika ze
zwloki w dziataniu blokady zwijacza pasa bezpieczenstwa oraz z elastycznosci tasmy. W tescie
F, gdzie pasy miaty napinacze, przyspieszenie miednicy jest najmniejsze i zblizone do a_V, co
potwierdza skuteczne ograniczenie ruchu bioder manekina wzgledem fotela.

W tescie E pas biodrowy manekina siedzacego bezposrednio na siedzisku kanapy (BP) zsunat
si¢ z ud ibioder na brzuch manekina, podobnie jak w teScie G (rys.13 i 14). Efekt ten
widoczny jest jako zmniejszenie sity w pasie biodrowym, w czasie okoto 0,06 s. W tescie F
napinacz, dziatajacy na cze$¢ ramieniowg pasa (por. SB na rys.11), spowodowat napiecie takze
pasa biodrowego, jednak w wariancie PO sita LB narasta wolniej niz w wariancie BP. Moze to
by¢ spowodowane tarciem tasmy o podstawke, ktore ograniczylo napiecie pasa biodrowego
przez napinacz. Pomimo tych réznic, w obu wariantach (PO i BP) testu F, pas biodrowy nie
zsunat si¢ na brzuch manekina, co potwierdza korzystne dziatanie napinacza.
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6. Podsumowanie

Podobnie jak w pracy [25], gdzie przedstawiono wyniki badan przeprowadzonych
W Przemystowym Instytucie Motoryzacji w Warszawie, potwierdzono, ze dzieci nie powinny
by¢ zabezpieczane wylacznie pasem dla dorostych, bowiem ulozenie tasmy pasa wzglgdem
ciata dziecka nie jest wlasciwe. W takich warunkach pas moze zsuna¢ si¢ z barku i bioder na
szyje i brzuch. Klatka piersiowa jest wowczas mniej obcigzona, jednak zagrozona jest szyja
i brzuch [17] oraz narastaja obcigzenia glowy (testy E i G).

Obcigzenia dziecka na tylnej kanapie s3 wielokrotnie wigksze niz kierowcy (rys.2).
Z przeprowadzonej analizy wynika, ze moga one bardziej zaleze¢ od czynnikéw zwigzanych
z samochodem (wlasciwosci strefy zgniotu, kanapy, pasow bezpieczenstwa, w tym
rozmieszczenie punktow mocowania pasoéw), niz od rodzaju urzadzenia ochronnego.

Pas powinien oddziatywa¢ na biodra, mostek i bark jednak wiele urzadzen ochronnych dla
dzieci nie zapewnia prawidtlowego ulozenia pasa wzgledem bioder i torsu [3, 12]. Mocny
nacisk pasa na mostek (zebra) prowadzi do nadmiernego ugiecia zeber oraz niekorzystnego
narastania predkosci deformacji organow w klatce piersiowej (wskaznik VC). Dlatego podczas
analizy wynikéw badan rozwazono, czy ograniczenie ugiecia klatki piersiowej moze by¢
uzyskane przez czeSciowe przeniesienie obcigzenia 0d pasa z zeber na bark manekina. Stan
taki wystapit tylko w jednym z siedmiu testow (test B). Ze wzgledu na brak szczegotowych
danych o potozeniu pasa bezpieczenstwa wzgledem manekina w pracy nie wskazano
mechanizmu takiego oddziatywania pasa. Mozna jednak przyjac, ze przeniesienie nacisku pasa
z klatki piersiowej na bark moze sprzyja¢ takie dziatanie pasa, ktore ulatwi niewielkie
pochylenie torsu, np. unieruchomienie bioder poprzez napigcie pasa biodrowego.

Na utozenie tasmy pasa wzgledem dziecka wplywa oparcie podstawki. Dziecko na podstawce
z oparciem jest podczas jazdy wysuni¢te do przodu wzgledem oparcia kanapy. Umozliwia to
wygodniejsze ulozenie nog (zgiecie w kolanach) i dosunigcie bioder do oparcia, co poprawia
dziatanie pasa biodrowego. Whasciwe utozenie taSmy oraz tatwe jej przemieszczanie, w celu
rownomiernego i jak najszybszego napigcia tasmy, powinny zapewniaé prowadnice pasa
W podstawce podwyzszajacej i jej oparciu. Stwierdzono nieprawidlowe dziatanie tych
elementdw: wysunigcie si¢ taSmy z prowadnicy oparcia oraz nadmierne tarcie tasmy
0 podstawke, ktore ogranicza szybkie napiecie tasmy pasa biodrowego przez napinacz (test F).

Sifa rozciagajaca tasme pasa zalezy nie tylko od sity bezwtadnosci dziatajacej na dziecko, ale
takze od sposobu utozenia pasa [25]. Dlatego obciazenie pasa nie zawsze jest proporcjonalne
do obcigzenia manekina (rys.15) i nie powinno by¢ kryterium oceny urzadzen ochronnych.
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