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Abstract
As a new pediatric dummy family, the Q-family, is suggested for the European child
safety regulations (R44) and the updated EuroNCAP, it needed to be tested and
compared to the older pediatric dummy family, Hybrid III, used in testing at Autoliv
today.
In this study, tests were performed with the Q6 and the Hybrid III 6-year-old. Both
dummies were subjected to eight sled tests using a EuroNCAP acceleration pulse. The
sled represented the interior of a Volvo V70, with integrated booster cushions mounted
onto the car body through a rigid fixture. Standard belt were used for all tests, except
one where pretensioning was used. Static tests investigated how the chest deflection on
Q6 was affected by the shoulder belt geometry.
Large difference in belt interaction was observed between the dummies. The belt
slipped off the Hybrid III’s shoulder for all tests except one, while the belt on the Qdummy’s was hard to provoke off the shoulder. The overall kinematic behavior, before
the belt slipped off the Hybrid III’s shoulder, were similar for both dummies.
Differences in chest deflection on the Q6, depending on the belt geometry, were
observed in both the dynamic and the static tests; a shoulder belt geometry closer to the
neck resulted in minor displacement than a mid-shoulder belt geometry. After testing,
five different damages were observed on the Q6.

Keywords: kinematics, sled test, static test, pediatric, chest deflection, belt interaction,
dummy.
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Sammanfattning
Då en ny familj av barnkrockdockor, Q-familjen, är föreslagen för det europeiska
lagkravet som reglerar barnsäkerhet (R44), uppstod ett behov av att testa och jämföra
dessa mot den äldre familjen av barnkrockdockor som används vid testning på Autoliv
idag, Hybrid III.
I den här studien utfördes tester på Q6 och Hybrid III 6 år. Båda dockorna utsattes för
åtta stycken slädtest i en accelerationspuls enligt EuroNCAP. Släden representerade en
Volvo V70 med integrerade barnkuddar som monterats i riggen via en stel fixtur. I alla
test utom ett användes standardbälten (i undantagsfallet användes försträckare).
Statiska tester gjordes för att undersöka hur Q6 påverkades av olika geometrier på
axelbältet.
Stora skillnader observerades mellan dockornas bältesinteraktion. Bältet gled av Hybrid
III:s axel i alla test förutom ett, medan det istället var svårt att provocera av bältet från
Q-dockans axel. Innan Hybrid III gled ur bältet var dockornas kinematik liknande.
I både statiska och dynamiska tester observerades skillnader i bröstintryckning på Q6,
beroende på bältesgeometrin; en geometri där axelbältet var placerat nära nacken
resulterade i en mindre intryckning än då axelbältet var placerat mitt på axeln. Efter
avslutad testning upptäcktes fem skador på Q6.

Nyckelord: kinematik, slädtest, statiska test, barn, bröstintryckning, bältesinteraktion,
krockdocka.
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1. Introduction
Worldwide, traffic injuries is one of the
most common cause of death among
children. In 2004, traffic injuries were the
leading cause of death among children in
age 15-19 and the second most common
cause of death among 5-14-year-olds
(Peden et al. 2008). In Europe1 alone,
80,000 children are injured and 1,200
children (0 to 15 years old) are killed every
year; more than 40% of these are car
occupants (Safety Net 2007; Wismans et al.
2008). Among children seriously injured,
brain and skull injuries are the most
common injuries regardless of age, crash
direction or type of child restraint (CHOP
Research Institute 2010).
All cars sold in Europe have to meet the car
safety regulation and pass certain safety
tests, but this is only a minimum
requirement for the car manufactures.
EuroNCAP (New Car Assessment Program)
is an independent assessment providing the
motoring
consumers.
EuroNCAP
is
evaluating all the most popular car models
sold in Europe to encourage the car
manufactures to exceed these minimum
requirements in the regulations (EuroNCAP
2011).
Crash tests are performed to evaluate the
car’s safety, both in the car safety regulation
and
EuroNCAP.
In
these
tests
anthropometric test devices (ATDs), also
called dummies, are used. The ATDs are
models of humans representing men,

women and children in different sizes
(Nahum & Melwin, 2000).
The European legislation for child safety is
called UNECE Regulation No 44 (R44) and
the American legislation is called FMVSS
213. In R44 the pediatric ATDs called P are
used, while the Americans use the pediatric
Hybrid III (HIII) (FMCSA, 2011; UNECE
2010). An amendment for R44 and
EuroNCAP is suggested, which will result in
changing the P-dummies to the newer Qdummies if accepted (Wismans et al. 2008).

1.1. Problem Formulation
The purpose of this study was to evaluate
the new Q-dummy and to compare it to the
HIII dummy, which is mostly used in testing
at Autoliv. More specifically:
• Investigate if there are essential
differences in the dummies’ dimensions,
weight, construction or design.
• Investigate if there are differences in the
dummies’ kinematics, belt interaction
and loads through sled tests and static
tests.
In this study the 6-year-old versions of the
dummies was used: Q6 and HIII 6YO.
1.1.1. Delimitation
Kinematics and loads to the lower
extremities and pelvis were not included in
this study.

1

Data from Estonia, Hungary, Malta, Poland,
Belgium, Denmark, Greece, Spain, France, Ireland,
Italy, Luxembourg, Netherlands, Austria, Portugal,
Finland, Sweden, United Kingdom.
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2. Theoretical Frame of Reference
To describe directions in the car, a
coordinate system has been introduced.
This is the same coordinate system
generally used in the car industry. X is
defined forward in the car’s driving
direction, Z is defined upward in the car,
and Y out from the side, see Figure 1.

-

Figure 1. The coordinate system
(drawingcoach.com 2011).

2.1. The Car Safety’s Development
Auto designers began to pay attention to
safety in the 1930s, but the first ATD called
Sierra Sam, was not developed until 1949.
During the following years, more ATDs,
based on aerospace models, were
developed and this made it possible to
develop the car safety. In the end of 1950s
the first cars with significantly improved
safety were introduced (Wismans et al.
2008).
In the 1950s, the safety research began
focusing on children’s safety. In 1950 an
article was published, which suggested that
the occupants would be safer placed rear
facing. In 1963 Bertil Aldman presented a
rear facing child seat prototype inspired by
the astronaut seats. Since then, this has
been the dominating seat type in Sweden
for the youngest children (Johansson 2008).
In the early 1970s the belt-positioning
booster for older children was introduced in

Australia and Sweden, and has been in use
there and elsewhere ever since (Nahum &
Melvin 2001).
In the 1990s, an issue arose concerning the
child restraint system’s (CRS’s) and its
compatibility in different car models and
the difficulties with installing the CRS´s
properly. This issue resulted in three
different solutions: 1) A recommended
practice by Society of Automotive Engineers
(SAE), 2) The ISOFIX system, 3) An
integrated booster cushion (IBC). The IBC
was developed in Sweden by Autoliv
Sverige AB (Nahum & Melvin 2001). It has
been developed since the release and is now
used by i.a. Volvo.

2.2. ATDs in Legislation
The regulation for child safety includes both
performance tests and requirements for the
design and construction of the seat belt
routings, the buckle and the child’s position.
The performance tests are different impact
tests; frontal impact, rear impact and
overturning. Even the buckle and the
markings are checked (UNECE 2010).
2.2.1. European Pediatric ATDs
The dummy used today and since 1981 in
R44 and EuroNCAP is called P (“P” from
Pinocchio). The P-dummies were originally
developed to act as loading devices with
appropriate
length
and
weight
distributions. The dummies embody
children; six weeks, nine months, three
years, six years and ten years old (Wismans
et al. 2008).
As the development of the safety products
in cars continued the P-dummies seemed
less appropriate due to the lack of
2
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measuring capabilities and the increased
knowledge of child biomechanics. The
updated versions of P-dummies are called
the Q-family (Wismans et al. 2008). The
development of Q was handled by the
International Child Dummy Working Group
and the TNO Crash Safety Research Center.
The intention was to develop a dummy
designed for use in both frontal and side
impact
conditions,
with
improved
biofidelity and instrumentation (Berliner et
al. 2000).
The development of the first Q-dummy, Q3,
started in 1996 and after this the
development of the other members of the
Q-family, QO, Q1, Q1.5, Q3s, Q6, Q6s and
Q10, began (Waagmeester 2008). The “s”
after the Q3 and Q6 stands for side collision
and funds these dummies are specially
developed for side collision testing. They
are modified versions of the Q3 and Q6
with measurement options and design
features on the head, neck, shoulder, thorax
and pelvis that are desired for side impact.
Additional instrumentations for the Q6s
such as tilt sensor for dummy positioning,
shoulder load cell and femur load cell are
also applied. Further improvements in i.a.
the biofidelity and durability are expected
in 2010-2011 (Wang 2010).
2.2.2. American Pediatric ATDs
The pediatric HIII was developed during the
1990s by Humanetics ATD (former First
Technology Safety Systems) in cooperation
with the National Highway Transport Safety
Administration
(NHTSA)
and
SAE
Biomechanics Committees. The pediatric
HIII was designed to be used in frontal
loading conditions with extra focus on
acting biofidelic during out-of-position test
(Berliner et al. 2000). The HIII family

consists of three child dummies; three, six
and ten years old (Humanetics ATD 2010).
Due to its improved measuring capabilities,
the HIII is normally used by Autoliv when
conducting crash tests involving pediatric
ATDs.

2.3. Specifications for HIII 6YO and Q6
Even though the dummies are supposed to
represent a six year old there are
differences. The dummies have been
developed in different countries and by
different companies. Therefore, they have
different structures, mechanical solutions,
dimensions and weight.
2.3.1. Comparison of Construction and
Design
The HIII 6YO neck is made of a butyl rubber
molded center cable with grooves2; larger
ones on the posterior side and smaller ones
on the anterior side (Figure 2). The center
cable is tightened with a special torque
wrench to achieve the precise moment. The
purpose of the cable is to prevent
elongation (FTSS Inc. 2008; SAE 1998;
Crandall et al. 1999).

Figure 2. The dummies’ neck
construction. HIII 6YO to the left
and Q6 to the right.

2

Like holes through the rubber
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The Q6 neck consists of a rubber column
with bonded metal interface plates at the
top and bottom (Figure 2). Inside the
rubber column there is a neck cable
assembly. The cable assembly consists of a
synthetic fiber cord, which has high yield
strength and low stretch. The cable
assembly is supposed to prevent excessive
elongation and to act as a safety measure in
case of rubber failure. Two upper neck load
cell cables are placed in cut-outs on the
posterior side of the rubber neck (FTSS Inc.
2008).
The thoraxes are of almost the same
structure for both dummies. The largest
difference is the angle of the thorax and the
rib construction. As can be seen in Figure 3
the Q6 ribcage is made in one piece and
angled upwards, while the HIII 6YO has six
ribs that are not angled (Lubbe 2010). It can
also be seen in the figure that the ribcages
have different shapes; the Q6 ribcage is
more cylindrical while the HIII 6YO’s
ribcage is more rectangular. While
comparing these ribcages to the human
ribcage, it can be seen that the Q6 has a
more biofidelic construction. Both the angle
and the shape of the Q6 are more similar to
the human’s.
The Q6 ribcage is made of a deformable
synthetic composite that connects with the
metal thoracic spine. The clavicle elements
connect with the shoulders and the ribcage
(sternum) through a flexible joint (FTSS Inc.
2008). The HIII 6YO ribcage consists of ribs
made of spring steel covered with a
polymer-based damping material. The
anterior part of the ribcage is connected
with the sternum assembly, and the
posterior part is connected with the lumbar
spine that has the shape of a cylinder. It has

also a two-piece clavicle made of aluminum
that is linked together with the integrated
scapula to interface with the shoulder belt
(SAE 1998).

Figure 3. The ribcages shape and sketches on the
ribcages in a side view; the Q6 on the top, the HIII 6YO
in the middle and the human to the bottom. The right
picture of the Q6 show the abdomen (Lubbe 2010
(sketches and side view dummies); Fotosearch 2011
(human ribcages); FTSS Inc. 2008 (Q6’s top view);
SAE 1999 (HIII’s top view)).

Table 1 presents the dummies measuring
possibilities. As can be seen there are no large
differences in the standard set up.
2.3.2. Comparison of Dimensions and Weight
The Hybrid III family is developed using
anthropometric data from United States,
while the Q family using anthropometric
data from CANDAT which is a database by
TNO consisting of child anthropometry
from United States, Europe and Japan
(Wismans et al. 2008). Differences in the
distribution of weights and dimensions are
seen between the dummies. Most notable is
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Table 1. Comparison of the HIII 6YO and Q6 measuring possibilities in the upper body (Humanetics ATD 2010).
A = acceleration, F= force, M=moment, D=Deflection. X, Y and Z relates to the coordinate system in Figure 1.
F= force, A=acceleration, M=moment, D=deflection, W= angular acceleration.

Position

HIII 6YO

Q6

Head

Ax, Ay, Az

Ax, Ay, Az, (Wx, Wy, Wz optional)

Upper Neck

Fx, Fy, Fz, Mx, My, Mz

Fx, Fy, Fz. Mx, My, Mz

Lower Neck

Fx, Fy, Fz, Mx, My, Mz

Fx, Fy, Fz, Mx, My, Mz

Sternum/Chest

2 Ax (rib 1 and 6), Ax, Ay, Az (Chest), Dx or Dy

Ax, Ay, Dx or Dy

Thoracic Spine

2 Ax (opposite rib 1 and 6)

Ax, Ay, Az

that Q6 has less torso weight and higher
weight in the limbs, especially the legs are
heavier, and that Q6 is wider than HIII 6YO,
especially over the shoulder. All data can be
seen in Table 2-3.

Table 2. Comparison of the weight for HIII 6YO and
Q6. The data for the HIII is grouped to match the Q6
(Humanetics ATD 2010; Wismans et al. 2008).

Body Parts

HIII 6YO [kg]

Q6 [kg]

Neck + Head

4.02

3.94

Torso

11.79

9.57

Lower Extremities

5.40

6.90

Upper Extremities

2.20

2.49

Total

21.46

22.90

Table 3. Comparison of the dimensions for HIII 6
YO and Q6 (Humanetics ATD 2010; Wismans et al.
2008).

Dimensions

HIII 6YO

Q6 [mm]

[mm]
Stature

1140

1143

Sitting Height

635

601

Shoulder Height

356

362

Chest Depth

137

141

Shoulder Width

267

305

Hip Width

216

223

Buttocks to Knee

381

366

Buttocks to

330

299

Popliteus (sitting)

2.3.3. Q6 Dimensions
A study by de Jager et al. (2005) states that
the Q6 dummy deviates in the dimensions
from the 50th percentile child. According to
Humanetics ATD this is a new way of
designing dummies and was implemented
to optimize the belt routing over the
dummy3. A comparison between Q6
dimensions and the anthropometry for 50th
percentile 6-year-old children are shown in
Figure 4. In millimeter the most remarkable
deviations are seen in the sitting height (35
mm smaller), stature (30 mm smaller),
sitting shoulder height (18 mm smaller),
and shoulder width (20 mm larger). In
summary this means the Q6 is shorter than
a 50th percentile 6 year-olds, and at the
same time wider over the shoulders.

The belt geometry changes depending on
where, in z-direction, the dummy’s torso is
placed. As can be seen in Figure 5, the
diagonal belt is moved closer to the neck
when the dummy’s torso is lowered. This
reduces the risk for the belt slipping off the
shoulder.

3 Paul Lemmen, Humanetics ATD, email conversation
April 14, 2011.
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Q6 dimensions
Different %tiles of
a 6-year-old child

Figure 4. Shows how Q6 dimensions are related to a 6-year-old child. Anthropometry for the stature and seating
height are found in UNECE (2011) and the rest is found in bodyspace (Pheseant 2001). From bodyspace, British
girls are used as the reference.

needs to be linearized through a
mathematical formula before converted to
millimeter, see Appendix 1 (Wang 2003).

Figure 5. Comparison of the belt geometry
depending on torso’s placement in z. To the left the
Q6 is placed on the lowest stage on the IBC and to
right on the highest stage.

2.3.4. Q6 Chest Deflection Sensor
The chest deflection sensor is an IR-TRACC
sensor. The device contains an infra-red
light that is converted to a voltage output
through a photo sensor. The light intensity
is related to the distance away from the
light source according to the inverse square
law. Since it is a nonlinear relationship, it

2.3.5. Q6 Modified Shoulder
According to Lemmen4, employee on
Humanetics ATD (the manufacturer of the Q
family), they had received remarks from
studies with the Q6 about the belt
penetrating the shoulder. This has also been
seen in a study by Lubbe (2010) and
through Zellmer5. Humanetics ATD has
provided prototypes (brackets) to study the
effect of possible new shoulder design that
reduces the belt penetration, see Figure 6.
The study is currently ongoing and based on
the outcome, a decision is to be made
whether the shoulder rubber design should
be updated.

4

Paul Lemmen, Humanetics ATD, email conversation
April 14, 2011.
5 Harald Zellmer, Autoliv (Elmshorn), oral
communication Febuary 24, 2011.
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Crandall et al. 1999; Duma et al. 1999). This
stiffness was attributed to the steel cable in
the HIII 3YO neck (Crandall et al. 1999).
The Q family has been developed as an
omnidirectional crash test dummy, while
the HIII primary has been developed to
frontal loading conditions. This difference
was noted in the neck’s kinematic behavior.
Q3 neck had the same stiffness in all
directions, while the HIII 3YO neck was
much stiffer to lateral bending (Duma et al.
1999; Crandall et al. 1999).

Figure 6. Top: Q6 in rear view Left: original shoulder
with temporary modification (green part) to fill the
shoulder gap. Right: Proposed final solution with new
shoulder to spine interface part. Bottom: Detail views
of temporary solution.

2.3.6. Studies Performed in order to Compare
the Q and the Pediatric HII
The 3-year-old Q version, Q3, was the first Q
dummy on the market in 1998, and after
that the Q6 came in 2002, the dummy
design for all dummies except the Q10 was
frozen during spring 2004. At that time 23
Q3 and three Q6 were provided to the
market (Waagmeester 2008). Therefore,
most research comparing the Hybrid III and
Q has been done with the three-year-olds.

A study by Tanaka et al. (2009) concluded
that the overall kinematic behavior of the
Q3 and HIII 3YO was similar, but Q3 showed
a more flexible behavior. The HIII neck was
much stiffer which affected the neck loads
(especially higher moments) and increased
the head acceleration (Tanaka et al. 2009;

Differences in chest deflection have also
been documented between the two
dummies. Berliner et al. (2000) tested the
chest deflection in a pendulum test (lower
load condition) and observed lower chest
deflection with the Q3 than with the HIII
3YO, whereas the peak deflection was
similar for both dummies in higher loading
conditions. Crandall et al. (1999) observed
larger chest deflection for the Q3 than for
the HIII 3YO, when testing in different CRSs
using R44’s impact conditions. These
studies have been made on the first edition
of the Q3 and some updates have been
made thereafter.
One study, performed by Lubbe (2010),
compared the 6-year-olds. The study
reported much lower chest deflection
values on the Q6, which he related to an
upward and inward movement of the
shoulder belt.
2.3.7. ATDs Compared to Children
Studies have been performed in order to
investigate the biofidelity of the ATDs. LopezValdes et al. (2009) compared a child-size post
mortem human volunteer to the HIII 6YO in
29 km/h and 48 km/h; and Seacrist et al.
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(2010) compared pediatric human volunteers
(of similar sizes as the HIII 6YO) to the HIII
6YO. Although different crash pulses, similar
results were obtained. The HIII 6YO showed a
more linear head trajection and had a reduced
head excursion compared to the human
volunteers. The shoulder belt forces were
twice as high for the ATDs than the human
volunteers and the lap belt four times higher.
The ATDs also reached peak value faster. The
human volunteers received higher head
acceleration, however delayed compared to the
HIII 6YO. Both studies related most of these
differences to the HIII 6YO stiffer spine. As
the ATDs have a stiffer spine, the majority of
the movement occured in the neck (Seacrist et
al. 2010).

2.4. Safety Products Produced by
Autoliv
Autoliv produces complete safety systems
to all major car manufactures around the
world. In this study standard belts
(normally without loadlimiters, pretensioners or other additions) with pretensioners and the IBC were used.
2.4.1. Pretensioners and Load Limiters
Many seatbelts, especially in the front seats,
have pretensioning function tightening the
belt in the very first fractions of a second in
the crash; to limit the loads on the occupant
and reduce belt slack to minimize the risk
for submarining6. The pretensioners are
pyrotechnical devices, triggered by the
same sensor as the airbags. Common in the
seatbelt systems are also load limiters,
which absorb the loads in a crash through
keeping the loads at a controlled level. It
reduces the load on the passenger’s thorax
and ribcage by pulling out webbing in a
6

controlled way. The system is typically used
with an airbag that absorbs the excessive
energy (Autoliv 2009).
2.4.2. The IBC
The IBC is manufactured and developed by
Autoliv Sverige AB. It is a child restraint
made for 3-10-year-old children. The IBC is
integrated in the rear seat, with the comfort
of a normal rear seat when folded down
(Figure 7). It is a mechanical solution with
the purpose to reduce the risk of misuse
and keeping the child safe during the car
ride (oral communication to C. Erlingstam,
10 May 2011). The IBC exists in two
different versions; with one step and two
steps. The two step combination is
depending on the child’s length; with the
lower stetting intended for older children
(110-140 cm, weighing 22-36 kg) and the
upper setting designed for younger children
(95-120 cm, weighing 15-25 kg) (Volvo
2011).

Figure 7. The IBC (Global Giants 2007).

The Volvo two step IBC, is originally fixed
on a deformable structure, which is
mounted on the car body (Figure 8). The
intentions with this structure, is to absorb
energy during a crash. The deformation of
the IBC repositions the child so the diagonal
belt is positioned closer to the centerline of

The car occupant slides under the lap belt.
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the child. This effect reduces the risk of the
child twisting out of the belt. The
deformation also contributes to a decreased
compression in the spine as the
deformation element is absorbing energy
during the crash. There are other IBCs on
the market; both from Autoliv and
competing companies (oral communication
to C. Erlingstam, 10 May 2011).

Figure 8. The IBC’s mounting in the rear seat.

2.5. Head Injuries
Brain and skull injuries are the most
common injuries to children seriously
injured regardless of age, crash direction, or
type of restraint system (CHOP Research
Institute 2010). The primary goal of any
occupant protection system is to keep the
central nervous system from being injured,
since damages to the brain and spinal cord
are irreparable (Nahum & Melvin 2001).
Mitigation of head and skull injuries require
reduction of the head’s velocity, avoidance
of head impact or attenuating of the loads
during an impact. The role of the restraint
system is to restrain the torso and thereby
reduce the head’s velocity (Bohman et al.
2011). In general fractures to the thorax are
less likely to children and there is evidence

that children have a more flexible thorax.
Therefore, it can be necessary to apply
higher loads on extremities and ribs to
reduce the velocity of the head (Nahum &
Melvin 2001).
2.5.1. Frontal Impact Scenarios Causing Head
Injuries
A study by Bohman et al. (2011)
investigated the conditions of frontal
impacts causing head injuries on children.
They found that in most of the impacts the
principle direction of force was an average
between 10 and 20 degrees during the time
of the head’s forward excursion. This
resulted in outboard (to the side) or
inboard (to the middle) movement of the
child. One way to simulate this in a sled test
is to angle the sled already from the
beginning.

Bohman et al. also found that prior to most
of the impacts there had been some kind of
maneuver, for example a braking or
steering maneuver to avoid impact with a
car or an object. Bohman et al. estimated
that a pre-crash maneuver may influence
the child's position prior the crash. An
inboard motion will place the belt further
out on the shoulder, which may have a
negative effect restraining the torso.

2.6. Crash Data and Injury Critera
Injury criteria have been developed in order
to relate the loads to different parts of the
ATDs to injuries on humans. Via statistical
analysis, important relationships have been
observed. This is the base for the
recommended mechanical limits that is
shown in Table 4 (Kleinberger et al. 1998;
Wismans et al. 2008).
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Table 4. The limits for different parameters for Q6
(left column) and HIII 6 YO (right column).

HIC-15
Head a 3 ms [g]
Neck Tension [N]
Neck Compression [N]
Neck Flexion [Nm]
Nij
Chest Deflection [mm]
Chest a 3 ms [g]
Chest acceleration [g]

R44
proposal
1083
89
2304

FMVSS
208
700
1490
1820

143
33
55

1
40
60

Note: R44 is only a proposal available from:
http://www.unece.org/trans/main/wp29/wp29wg
s/wp29grsp/crs_14.html
FMVSS 208 is the American leglisation.

There are major difficulties developing
these injury criteria due to the impossibility
in testing on real people. Instead, indirect
methods are used such as tests on human
volunteers below the injury level, tests on
animals
and
cadavers,
computer
simulations, and reconstruction of real
world accidents (Kleinberger et al. 1998;
Wismans et al. 2008).
2.6.1. Head
Two different parameters are used for the
head in the regulations; the head injury
criteria (HIC) and the head acceleration
during 3 ms (head a 3 ms). The HIC value
can be calculated through Equation 1 and is
measured during a time interval of 15 ms or
36 ms. t1 and t2 are the upper and lower
limit when the highest mean acceleration is
measured. For the head a 3 ms the highest
resultant acceleration under a duration of
3 ms is measured. This acceleration is
measured in [g] (Kleinberger et al. 1998).

2.6.2. Neck
At the neck there are mainly three different
parameters used in the regulations: tension,
compression, and flexion. The first two
vertebrae, C1 and C2, are weaker than the
rest of the cervical vertebrae. In frontal
crashes the neck loads and neck moments
therefore are measured in the upper load
cell and accelerometer (Kleinberger et al.
1998; Yoganandan et al. 2011).

The neck tension and neck compression are
measured in [N] and are the maximum
forces in z-direction, which means the Fz.
Flexion is the maximum forward moment
around the y-axis, My, and are measured in
[Nm] (Kleinberger et al. 1998).
2.6.3. Thorax
For the torso there are mainly two different
parameters used in the regulations: the
chest acceleration and the chest deflection.
The chest acceleration is measured in [g]
and in x-direction. Both the highest
acceleration under the duration of 3 ms and
the maximum acceleration are used. Chest
deflection is measured in [mm] and in xdirection during frontal loading conditions
(Kleinberger et al. 1998).

(1)
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3. Method
The method consisted of two parts;
dynamic tests and static tests.

3.1. Dynamic Tests
Eight sled tests were performed subjecting
two pediatric ATDs seated in the rear seat,
simulating a EuroNCAP crash test. Both
ATDs were tested at the same time. The
ATDs tested were the HIII 6YO, positioned
on the right side and the Q6 with a modified
left shoulder on the left side. The sled tests
were performed in a velocity of 64 km/h,
with a typical EuroNCAP acceleration pulse
(see Figure 9). As can be seen in the figure,
the first test had a less severe pulse (red
line in Figure 9) and a longer duration.
However, in spite the different pulse it was
similar in appearance to the correct pulse.
A third generation Volvo V70 body was
placed on the sled. The front seats were
installed one fourth from the rearmost
position, with a seat back angle of 70

Figure 9. The sled acceleration pulses for all tests.

degrees (measured at the rear side). The
rear seat (Figure 10) consisted of a backrest
and two IBCs mounted on steel plates
(Figure 11), onto the body of the car instead
of the flexible mat, as it is mounted in the
production car.
The IBCs were replaced after each test, but
the steel plates were not, since they were
not deformed during the tests. Due to
various mechanical and data acquisition
incidents the test matrix was modified. The
dummies were tested in both a standard
position (Std) according to FMVSS 213
(FMCSA 2011) and a pre-crash position
(PC).
In the pre-crash positions the dummies
were moved 4.5 and 6.0 cm inboard, to
simulate a child’s position after a maneuver
in which the child has moved inboard see
Figure 12. Maneuver testing with children
resulted in inboard movement with an
approximate displacement of the jugular
notch of 4.5-6.0 cm from the original
position (Bohman et al. 2011 (in press)).
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Figure 10. Showing the test setup in the rear
seat.

Figure 11. The modified fixture mounted on
the rear seat car body.

Table 5. The test matrix ( IBC 1 is the lowest step on the IBC and the highest step is called IBC 2).
Test No

Orientation

Dummy

Position

CRS

Belt

T-11015664

Frontal

HIII 6 YO
Q6

Normal
Normal

IBC 1
IBC 1

Std belt
Std belt

T-11015665

Frontal

HIII 6 YO
Q6

Normal
Normal

IBC 1
IBC 1

Std belt
Std belt

T-11015666

Frontal

HIII 6 YO
Q6

Normal
PC - 4.5

IBC 1
IBC 1

PR
Std belt

T-11015667

Frontal

HIII 6 YO
Q6

PC - 4.5
PC - 4.5

IBC 1
IBC 1

Std belt
Std belt

T-11015668

Frontal

HIII 6 YO
Q6

Normal
Normal

IBC 2
IBC 2

Std belt
Std belt

T-11015669

Frontal

HIII 6 YO
Q6

OD
PC - 6

IBC 1
IBC 1

Std belt
Std belt

T-11015670

Frontal

HIII 6 YO
Q6

----PC- 6

----IBC 1

----Std belt

T-11015671

Oblique 20°
(Q6 inboard)

Q6
HIII 6 YO

Normal
Normal

IBC 1
IBC 1

Std belt
Std belt

In test T-69 the HIII 6YO was displaced 4
cm outboard to improve the belt
geometry (position OP) and in T-70 it
was included in another study and is not
a part of this report (Figure 12). The
final test, number T-71, simulated an
angled frontal impact of 20○, such that
the Q6 moved inboard and the Hybrid III
6YO outboard. The complete and final
test matrix is presented in Table 5.
Figure 12. The pre-crash position to the left
and the outboard displacement to the right.
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Seat belts of model Y285 LH/RHRA were
used in all tests and the pretensioners
were triggered only in one case; the HIII
in test T-66 and trigged at 10 ms. The
belts were mounted on the rig behind
the backrest and routed through a Dring.
Five digital high speed cameras
recorded the tests with 1000 frames per
second. Two cameras were placed
onboard the sled, viewing the dummies
in a frontal view. Three off board
cameras were used; one on each side
perpendicular to the sled, recording the
lateral view. There was also one camera
above the sled, recording the top view.
Beyond the dummies’ instrumentation,
two belt sensors were used for each
dummy; on the outer parts of the
shoulder belt and hip belt. The sled
acceleration was filtered at SAE channel
frequency class (CFC) 60, the chest
acceleration was filtered at CFC 180, the
belt force and the neck moment were
filtered at CFC 600, and the head
acceleration and neck force were filtered
at CFC 1000.

Figure 13. Diagonal belt geometry during static tests.

3.2. Static Tests
In order to investigate the belt
geometry’s effect on Q6 chest deflection
in a controlled way, static belt tests were
performed. The purpose was to
alternate the belt position across the
chest area to investigate if it resulted in
differences in chest deflection. Positions
could be described as: 1) mid shoulder,
2) closer to neck, 3) neck contact and 4)
far out on the shoulder. The belt
positions are illustrated in Figure 13.
The Patrick mark shows the chest
deflection sensor’s position.
The dummy was placed on the bare sled
with a mounted belt. One end of the belt
(the end near the hip) was fixed. The
other end was routed through a
mounted D-ring close to the shoulder
and then fixed in a crane. A belt sensor
was placed on the upper belt, which
registered the belt force. These tests
evaluated the effect of relevant belt
geometries on the chest deflection in a
controlled way. The crane tightened the
belt until a specific belt force was
reached and the value from the chest
deflection sensor was noted. The static
tests were performed twice; with a belt
force of 1.5 kN and a belt force of 2.0 kN.
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4. Results
4.1. Dynamic Tests
In test T-66 the lower arm separated
from the body. The arm was
unsuccessfully repaired in T-67 and
T-68. In test T-68 the front seat on the
left side was adjusted 5 cm rearward
and to a seat back angle of 94 degrees to
reduce the loads on the arms. In test
T-69 a new arm, produced by Autoliv,
was mounted replacing the lower arm
weight. This test was excluded due to
non-realistic kinematics, probably due
to the arm, and the following tests were
performed without the left lower arm.
Due to damages on the Q6 suit it was
replaced in test T-68 to a similar suit in
almost the same material, which had
similar friction.
After all tests were performed, four
additional injuries to the Q6 were
observed. On the left hand side the rib
cage assembly (033-4100), the shoulder
spine interface (033-3015), and the
upper arm assembly were damaged
(033-9301). On the right hand side the
clavicle retainer (033-4200) was

damaged. The numbers in brackets
refers to the Q6 manual. Pictures on the
injuries are shown in Appendix 2.
Due to data acquisition failure the chest
deflection was missing from test T-64 to
T-68 for the Q6 and from test T-66 to
T-68 for the HIII 6YO.
4.1.1. Kinematics and Belt Interaction
The dummies had very different
behavior. The shoulder belt slipped off
the shoulder of the HIII 6YO in all tests
except for test T-69, in which the
dummy was displaced outboard so the
belt was initially in contact with the
neck. In the other tests the belt started
to slip off the shoulder after
approximately 80 ms. The shoulder belt
remained on the Q6 shoulder in the first
six tests, but in the PC - 6.0 cm position
(T-70) and the test with the angled crash
direction (T-71)
the shoulder belt
slipped off the shoulder. In these tests
the lower left arm was missing. During
all tests the diagonal belt on Q6 moved
upward and inward, which positioned
the belt closer to the dummy’s neck
(Figure 14).

Figure 14. Shows the belt’s upward and medial movement on the Q6 chest in test T-67 (0, 77 and 92
16
ms).
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Figure 15. Shows the kinematic for the dummies at 50, 60, 70 and 80 ms.
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In Figure 15 the dummies positions after
50, 60, 70 and 80 ms was compared.
Although the comparison in the figure
was made for T-67, similar behavior was
observed in the other tests. As can be
seen when looking at the digital video,
the overall kinematics in the beginning
of the impacts (before 80 ms) was
similar. Both dummies started the
movement with the torso upright,
moving parallel. The extremities and
the
head
started
moving
in
approximately the same time, and the
pattern for the head and extremities
looked similar. One difference observed
when looking at the digital video was
the flexibility in the Q6 neck. The Q6
started
flexing
the
neck
after
approximately 50 ms in all tests. Due to
the HIII 6YO stiffer behavior a minor
neck flexion occurred later in the impact
(after approximately 70 ms).
Despite this difference in flexibility the
maximum neck flexion movement for
both dummies looked similar when
looking at the digital video, but since the
belt slipped off the HIII 6YO shoulder in
nearly all tests a comparison was not
possible. Another difference observed
was the kinematic of the arms. The Q6
arms were more flaccid than the HIII
6YO, and had an eel moving pattern.
4.1.2. Results (of the loading to the head,
neck and chest)
Data from all tests are presented in
Table 6-7. Due to important differences
in kinematics between the two
dummies, it was not relevant to compare
the loadings between the dummies.
Therefore the focus was on evaluating

Q6. Test T-66 was the only test repeated
once (in test T-67). The values from
these tests differed very little, which
may indicate in good repeatability for
the Q6.
In test T-68 the dummies were
positioned on the IBC’s highest stage.
For Q6 this resulted in a head
acceleration and neck flexion above the
limits in the R44 proposal. In all tests,
except for the first test where the
acceleration pulse was less severe, the
neck tension was close to or above the
limit for the R44 proposal. The Q6 chest
deflection in the two last tests differed a
lot.

4.2. Static Tests
The chest deflections for Q6 during the
static tests are presented in Table 8. The
results indicate differences in chest
deflection depending on where the
pressure was placed on the chest due to
the shoulder belt geometry. Regardless
of the size of the belt force, the chest
deflection
was
reduced
with
approximately 30-40% when the belt
was moved toward the neck. No
movement of the belt was observed
during the tests.
Table 8. Q6 chest deflection for a belt force of 1.5
and 2 kN with different belt geometries (Figure
12).
Test No
1
2
3
4

Chest Deflection (mm)
1.5 kN
2.0 kN
21.5
25.3
15.4
20.2

27.6
24.1
19.4
28.6
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Table 6. Peak data summary for test: T-64, T-65, T-66, T-67 (all accelerations are resultants).

Subject

Q6

HIC15

3 ms (g)

T-11015667

Q6

HIII 6YO

Q6

756

772

273

643

HIII
6YO
459

Head C.G. acceleration (g)

55.8

78.5

66.4

80.2

55.3

76.3

120

60.4

55.0

77.5

60.8

79

53.5

72.2

65.6

Neck Tension (N) z

1790

1660

2330

2010

2380

1780

2230

2140

Neck Flexion (Nm) y

34.8

20.1

41.0

17.0

30.5

23.7

30.4

13.6

Chest Deflection (mm)

-------

48.4

-------

55.3

-------

------

-------

-------

Chest Acceleration (g)

48.0

43.5

54.0

44.7

52.2

40.9

50.2

46.9

3 ms (g)

46.8

42.3

51.9

40.9

46.2

39.5

47.6

43.6

Upper shoulder belt tension
(N)
Outboard lap belt tension (N)

3970

4610

5170

5090

5120

5230

4840

5610

2630

2750

3050

2900

2850

2460

2610

2480

CHEST

61.3

T-11015666

HIII
6YO
363

BELT

349

HIII
6YO
277

T-11015665

HEAD

T-11015664

NECK

Test No

Q6

BELT

CHEST

NECK

HEAD

Table 7. Peak data summary for test: T-68, T-69, T-70, T-71(all accelerations are resultants).
Test No

T-11015668

Subject

Q6

T-11015669

T-11015670

T-11015671

HIC15

1158

HIII
6YO
569

HIII
6YO
210

Q6

Q6

612

566

HIII
6YO
774

Head C.G. acceleration (g)

110

114

68.2

80.7

84.7

87

3 ms (g)

102.1

71.7

67.6

71.0

77.5

76

Neck Tension (N) z

3060

2370

2130

2170

2590

2760

Neck Flexion (Nm) y

45.3

10.9

35.8

22.0

32.1

31.4

Chest Deflection (mm)

-------

------

38.6

40.0

23.4

45.3

Chest Acceleration (g)

53.8

49.9

47.4

45.5

52.5

46.4

3 ms (g)

51.4

47.5

46.4

44.6

45.1

45.4

Upper shoulder belt tension
(N)
Outboard lap belt tension (N)

5700

6460

5960

4720

4860

6040

2400

2620

2980

2320

2880

2160

Note: The Q6 was run with a shoulder prototype, which may have influenced the result and affected the belt
interaction
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5. Discussion
During the test series, the kinematics for
the HIII 6YO did not coincide with the
expectations.
The HIII 6YO was
sensitive to the simplifications made to
the test set-up in terms of the rigid
attachment of the IBC, resulting in
shoulder belt slip-off in the majority of
the tests. While the Q6 was less sensitive
to the simplifications and the shoulder
belt remained on the shoulder. The fact
that the belt was slipping off the HIII
shoulder in a standard test is not a
normal behavior.
How the torso was restrained by the
shoulder belt, resulted in differences in
kinematics between the dummies. This
made it hard to compare the loadings on
the dummies. Instead the focus in this
analysis was placed on the belt
interaction, the kinematics in the first
part of the crash and evaluating the Q6.
In the first test a mistake resulted in a
different acceleration pulse. This pulse
was less severe and has a longer
duration, but for the remaining tests the
pulses were similar to the real pulse.
The first test was not excluded from the
study; since the dummies had similar
kinematics in this test as in the other
tests and it was the only test where it
was certain that the dummy was
undamaged. After the first test, damage
on the Q6 was observed and another
four damages were discovered after all
tests were completed.

5.1. Modified IBC Attachment
The IBC fixture was modified with the
intention to minimize the variables
affecting the result, to get a more exact
result. However it was also to reduce the
costs for the project and to reduce the
time between two tests. If the original
fixture of the IBC had been used, the
whole rear seat had to be replaced after
each test. The shoulder belt slip off from
the HIII 6YO shoulder was a result of the
simplification of the IBC attachment. The
interaction between IBC, seat belt and
HIII 6YO in this study, was not
representative for what would have
been seen if tests had been done in the
original settings of the vehicle.

5.2. Kinematics and Belt Interaction
The
overall
kinematic
behavior
observed before the belt slipped off the
HIII 6YO shoulder were similar for both
dummies, however the Q6 was more
flexible in the neck. This corresponds to
the findings in the study by Tanaka et al.
(2009) comparing the Q3 and the HIII
3YO.
As mentioned earlier, the kinematic
behavior of the HIII 6YO was not normal.
Despite that, a difference between the
dummies belt interaction was observed.
Consistently through all tests, the belt
had a tendency to slip off the HIII 6YO
shoulder while the shoulder belt
remained on the Q6 shoulder. Even
though the shoulder belt was positioned
in a pre-crash position, further out on
the shoulder, the belt did not slip off the
Q-dummy’s shoulder. One explanation to
19
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this was the phenomenon with the belt
moving upward and medial during
crash, closer to the neck which reduced
the risk for the belt slipping off the
shoulder. The difference in belt
interaction between the dummies
depended on the dummies’ different
design and construction.
5.2.1. Shoulder Design
As can be seen in Figure 3 the dummies
have different shoulder design; Figure
16 shows this more clearly. The HIII
dummy does not have any marked
shoulders, making it sensitive to the
shoulder belt geometry. As there is
nothing covering the lateral parts of the
shoulder this affected how the belt
stayed on the dummy, since the
shoulders stop the belt when it starts to
slip off. The Q-dummy, on the other
hand, has a more distinct shoulder area.

Figure 16. Shows the construction of the HIII
6 YO shoulder area.

the risk for the belt slipping off the
shoulder (due to a belt position closer to
the neck). These findings correspond to
the findings by Lubbe7 (2010), who
concluded that the upward and medial
movement of the belt observed during
crash, depended on the shape and the
inclination of the Q6 torso. Due to ethical
reasons data on how the belt interacts
on children is very limited; it was
therefore hard to know if this was a real
world phenomenon.
The study also observed a difference in
the dummies’ torso length. When
comparing the z-position of the head’s
center of gravity, the HIII 6YO center of
gravity was placed 20 mm higher than
the Q6 (Figure 17). This resulted in a
less advantageous belt geometry for the
HIII 6YO.

Figure 17. The HIII 6YO has a taller torso than
the Q6.

5.3. Q6
5.2.2. Torso Design
The shape in combination with the angle
of the dummies’ torsos was another
factor affecting the belt interaction. Q6
rounded and upward inclined torso was
a contributing factor to the belt’s
upward and medial movement, reducing

The Q6 was a new dummy, both for us
and for employees at Autoliv. It was
therefore important to learn as much as
possible about the dummy, as it is

7

Lubbe did not test with the shoulder prototype.
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suggested for R44 and testing in
EuroNCAP.
5.3.1. Chest Deflection
Various things were unclear about the
chest deflection. The recalculation
algorithm was received after the test
had started; resulting in zero offset of
the first six test. Zero offset is a method
for minimizing the error and is usually
done to all sensors immediately before
tests are run. In this case, the signal
should not be zero offset though a
linearization should be done first. After
the linearization (which is a specific
calculation for every Q6-dummy) the
offset is subtracted.

The offset is a combination of a dummy
specific offset and an offset specific for
each test. After the offset is subtracted
the value has to be converted from volt
to millimeter through multiplication
with a calculation factor. Since no other
dummy at Autoliv has a similar
measuring system for the chest

deflection, a recalculation algorithm had
to be used, shown in Appendix 1.
The Different Chest Deflection Values
In the two tests where an accurate chest
deflection could be measured, the values
were very different; 40.0 mm in T-70
and 23.4 mm in T-71. The difference
between these two values was so large
that it was doubtful that the difference
only depended on the difference in the
principle direction of force.

As seen in Figure 18 the belt geometry
was very different in the two tests. In
test T-70, which had the highest chest
deflection, the diagonal belt was placed
close to the sensor, and in test T-71 the
diagonal belt was placed close to the
neck. In the static tests it was observed
that the diagonal belt position affected
the chest deflection value and the
findings in T-70 and T-71 corresponded
well to this. Variation in chest deflection
depending on the belt geometry was
also observed by Lubbe (2010).

Figure 18. The diagonal belt’s position after 67 ms. T-70 to the left and T-71 to the right.
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5.3.2. Neck Loads
As was seen in Table 6-7 the neck
tension for Q6 was high in all tests,
except the first test which had a less
violent acceleration pulse. In test T-65,
T-66, and T-71 the neck flexion was
above the proposed limit for R44. High
neck values on dummies have been
reported in studies by Sherwood et al.
(2003) and Lopez-Valdes et al. (2010)
and are attributed to the stiff thoracic
spine. Since the dummy’s thoracic spine
does not allow flexion, all movement
occured in the cervical spine, causing
high neck loads.

The use of standard belts, without
pretensioner and load limiter, may also
have contributed to the high neck
tension. Forman et al. (2008) and LopezValdes et al. (2010) reported lower head
and neck accelerations when using a
pretensioner and load limiting belt
compared to a standard belt, and
Yoganandan et al. (2011) reported lower
neck tension when using a pretensioner
belt compared to a standard belt. This
was also observed in our study, when
the HIII 6YO was tested with pretension
in test T-66. The high belt loads may also
be a result of only using standard belts
and can be reduced through use of
pretensioner and load limiters.
5.3.3. Durability
After eight sled tests performed with the
Q6, five damages were observed to the
dummy. Except for the left arm, it was
not known when the dummy got
damaged. The tests were performed in a
EuroNCAP
pulse
and
the
test
environment was similar to the
EuroNCAP frontal test. This means the

dummy was not exposed to extreme
loads, but rather a standard testing
according to the EuroNCAP.
The Broken Arm
On recordings from the first sled test,
T-64, an abnormal shape of the Q6 left
lower arm was observed (Figure 19).
This was observed even before contact
with the interior, which implied that the
left lower arm was broken already at

Figure 19. The Q6 left lower arm before contact
with interior in the first sled test.

Figure 20. The Q6 left lower arm after contact
with the front seat in the first sled test.
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delivery to Autoliv. Figure 20 shows the
arm after contact with the front seat in
the first test.
Although the weight of the lower arm
only represents 3.8% of the total upper
body weight, it could be important for
the kinematics.
On recordings from the tests without the
lower arm (T-70 and T-71), rotation
counterclockwise around the dummy’s
centerline was observed. This can
partially be a result of the missing lower
arm in combination with the modified
belt geometry. No identical tests with
and without the lower arm was
performed, so the effects on the
kinematics could not be established.

Other Damages
Except for the left lower arm, four
additional damages were observed
(Appendix 2). Problems with the
durability have not been seen in other
studies. de Jager et al. (2005) performed
300 tests with dummies from the Qfamily in order to compare these to the
P-dummies. The test procedure was
based on R44 frontal impact, which has
a lower pulse than EuroNCAP and no car
interior.
After these tests were
performed, no damages were observed
to any of the dummies. Lubbe (2010)
performed sled tests with the Q6 in a
EuroNCAP pulse. After the tests were
performed no damages were observed
to the Q6. Although no front seats were
used in that study.
There are three possible explanations to
why other studies have not seen the

same durability problem as observed in
this study. 1) This Q6 dummy may have
production defects.
2) The rubber shoulder probably failed
due to the addition of the prototype fill
part. The fill part was meant to mimic
the outer contours of a future shoulder
rubber design that should reduce the
amount of belt penetration in the
shoulder. However, the design tested
there is a small gap between the fill part
and the shoulder rubber. During the
testing a dynamic impact of the rubber
against the fill part may occur
introducing the damage. This may
explain also the fact that this type of
damage was not seen before (first time
use of the fill part).8 3) The clavicle
retainer was likely made from the brittle
XD4608 material. This material was
used in a very limited time period.9 4)
Q6 may not be completely evaluated for
interaction with front seats. 5) The
abnormal behavior of the dummy when
the own-produced left lower arm was
used, may have contributed to the
damages.
De Jager et al. (2005) stated in an article
made on behalf of the EEVC (European
Enhanced Vehicle-safety Committee)
working groups developing the Q-family,
that the Q-family is durable for
EuroNCAP testing. We have not found
any studies on the Q-family performed
with front seats, including the study by
De Jager et al. (2005).

8
9

Dummy manufacture’s note.
Dummy manufacture’s note.
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5.4. Consequences for Autoliv when
Q6 Is Introduced
As the Q dummy family is expected to
enter the European legislation and the
EuroNCAP, it is important for Autoliv to
know what behavior the Q dummies
have. Taking in consideration what have
been seen during our study and what
others have seen in earlier research, a
most likely challenge with the Qdummies will be the neck loads. As the
dummy seems to have very small
tendencies twisting out of the belt, the
focus needs to be in creating a restraint
system controlling the neck loads.
Controlling the chest deflection will
most likely not be a problem, as the
chest deflection was affected by the
upward and medial movement of the
shoulder belt also seen in other studies ,
e.g. Lubbe (2010), which decreases the
chest deflection values. The durability
was hard to evaluate. Other studies have
shown no damages to the Q6 such as
Lubbe (2010) and De Jager et al. (2005)
while damages occurred to the dummy
during the present study.

5.5. Distribution of Responsibility
All work with this bachelor thesis has
been performed concurrently with both
the authors. The main distribution of

work has been that Jessica had more
focus on the practical parts and Sofia on
the theoretical parts. Dividing the work
between us was needed to be as efficient
as possible due to our different
personalities and capacity during the
project.
Most of the contact with different
suppliers has been handled by Jessica, as
the more mechanical parts of the report
(like construction of the dummies and
the IBC’s fixture). Jessica has also had
the main responsible for solving the
issue with the chest deflection. Sofia has
been more versed into research in the
area and also focused more on writing
the report. The more theoretical parts,
like the theoretical frame of reference,
writing the method part and analyzing
and compiling the results, has been
more Sofia’s responsibility. As we have
been working close together throughout,
we have solved all upcoming problems
together and continuingly discussed the
project.
Sitting next to each other all the time, we
have solved problems together and
discussed the project on going. All
decisions made in the project has been
taken in consideration with both parties.
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6. Conclusion
The study presents information from
both crash tests and literature studies,
showing the dummies differed in
construction, kinematics and belt
interaction. Due to simplifications made
on the rig, the belt slipped off the HIII
6YO shoulder, resulting in noncomparable data regarding the loading
to the dummies.
In the literature study differences in
dimensions, weight distribution and
construction were seen between the
dummies. The difference in dimensions
and construction can be related to the
dummies’ different belt interaction and
the different neck kinematics. For Q6 it
contributed to a behavior where the
shoulder belt moved medial and
upward, reducing the risk for the
shoulder belt slipping off the shoulder.

For HIII 6YO the construction and
anthropometry of the upper body parts
made it sensitive for the initial shoulder
belt position in order to avoid the
shoulder belt slipping of the shoulder.
Static tests showed that the chest
deflection value on Q6 differed up to
40% depending on the shoulder belt
geometry. The same phenomenon was
also seen in the sled tests.
The damages on the Q6 indicated on
durability problem, but no conclusions
could be made since no other studies
had similar problems. The automotive
industry needs to consider high neck
loads to the Q6, when developing
restraint systems for children in the
future.
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Appendix 1: The Chest Deflection’s Recalculation Algorithm
Equation 1 shows the recalculation algorithm for the chest deflection value. Vm is the
measured value in volt, VL is the linearized value, VL0 is the linearized value with the
offset subtracted and EU is the chest deflection in millimeter (Wang 2003).

(1)
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Appendix 2: Pictures on Q6 Injuries
Make a note here that this damage to the rib cage assembly shown in Figure 24 is most
likely the result of larger downward shoulder deflection due to the failed shoulder
rubber as shown in Figure 23 (dummy manufacture’s note).

Figure 21. The upper arm assembly on the
left hand side (033-9301).

Figure 22. The clavicle retainer on the right
hand side (033-4200).

Figure 23. The shoulder spine interface
(033-3015).

Figure 24. The rib cage assembly on the left hand
side (033-4100).
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