6 Comparison of P10 and Q10

6.1 Initial observations that may influence results

All data and test videos were assessed to establish whether there were any subjective
observations that could be identified that could result in significant differences being
seen between dummy types. Seat 3 and the Seat 4 were the first child restr aints to be
tested with the P10 and then the Q10. Before testing continued the results from these
tests were assessed and the findings were found to be consistent across each seat type.

From this analysis it was noted that the Q10 lower leg was able t o rotate beyond the
horizontal (Figure 26). In addition to this, the lap bel t was found to disappear into the
gap between the dummy’s upper leg and pelvis ( Figure 27). This problem occurs when
testing the Q3 and Q6 dummies and therefore the Q10 dummy was de signed with a
much smaller gap, to minimise this issue.

>

Figure 26: Example of abnormal knee Figure 27: Trapping of the lap belt

movement during a test impact using a following a test involving a Q10 dummy
Q10 dummy (Hyperextension of the knee )
The testing was delayed to allow for improvements to be made to mitiga te the issues
detailed above. Mechanical stops were added to the knee joints of the dummy, to
prevent the overextension of the knee. With the mechanical stop s in place, the rotation
of the knee joint has been limited to a further 4° of rotation p assed the fully extended
position. The typical range of motion for the knee joint is 0-135°; h owever, there are
instances where a child’s knee can extend past 0° under load (due to having more
flexible tendons/ligaments that an adult, or imbalances in the dev elopment of
musculature around the knee). The new range of motion is more repre sentative, and
can be reduced further if required.
To solve the problem of the adult belt becoming trapped in the gap between the
abdomen and legs, a modified suit was made, that included Velcro patch es for attaching
rubber pads, to mitigate the entrapment. All subsequent tests we re conducted using this
new suit (Figure 28). Once these changes had been implemented, te sting continued with

the other booster seats and booster cushions.
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Figure 28: Image of the neoprene suit developed for the Q10 dummy (left) and
the Velcro pad designed to prevent seat belt trapping (right)

Further testing revealed the modified suit with the additiona | Velcro padding improved
the belt trapping issue. The suit led to less ‘trapping’ in ter ms of dist ance the belt moved
into the gap. However, any trapping of the belt is an issue to testing (influencing the
dummy movement by restraining the dummy in an unnatural way). Feed back was
provided to Humanetics regarding this issue and an alternative countermeasure or
design change is being considered for further improvement.

6.2 Influence of testing on dummy condition

During the course of testing observations were continued, anything worthy of noting for

future developments was recorded. These observations included any changes to the
dummy condition; any damage patterns, and if there were changes to the condition of
the dummy that may require the dummy to be serviced or repaire d. These notes can be

found in Appendix E.
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6.3 Dummy Kinematics

The kinematics of the P10 and Q10 dummy were compared for all front al impacts
performed within this task; this required the review of all impact test footage for each
different child restraint. The key areas that were identified an d used to compare the

kinematics of the Q and P series dummies included:
Forward movement of the child restraint
Twist/rotation of the child restraint
Head movement of the dummy
Torso twist of the dummy
The amount of torso collapse (head towards the legs)
Lap belt position in relation to the pelvis throughout the test
The dummy’s knee position relative to restraint and to its original position
The pelvis movement relative to the child restraint and lap belt

Shoulder belt position

6.3.1 Booster seats

Several common observations were made from reviewing the video fo otage of the five
different booster seats tested in this part of the task. The ob servations of the dummy
kinematics were:
That the Q10 has generally less upper body twist, compared with the P, at the
point of maximum head excursion (Figure 29). The shoulder bel t slips off the
P10’s shoulder and moves on to the upper arm. This allows the tor So to twist as
the belt restrains the dummy. This means the Q10 dummy is more effective ly
restrained, resulting in shorter head excursions. This improved kine matics of the

Q10 is thought to be more representative of real children.

Figure 29: Example of dummy position at the point of maximum head

excursion
The P10 tends to continue to twist and bend/fold around the b elt (Figure 30). This
movement seen in the P10 dummy results in the head coming close to contacting the
upper leg. This is thought to be unrealistic of a real child. | n contrast the Q10 remains
more upright during the test. This is thought to be more repr esentative of the

kinematics of a real child.
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Figure 30: Images demonstrating the kinematic differences between the Q10
and P10 dummy

The Q10 remains more upright during a frontal impact test. However this tends to
result in a greater body extension and larger vertical head excur sion occurring
during rebound (Figure 31). This rebound may be more sev ere than a real child
would experience. In contrast, as the P10 has folded over the belt, t he P10
doesn't rebound as much. This is also not thought to be represent ative of a real
child, as the child would not have folded as much before rebound (Figure 3 0).

f N 7N
Figure 31: Images showing the rebound characteristics of the Q10 and P10
dummy
The Q10 pelvis slides a lot further forward relative to the child r estraint
movement than the P10 dummy (Figure 32). This is demonstrated by a larg e
forward movement of the Q dummy knee. The upper legs can be clearly seen
pointing downwards in the figure. This kinematic is consistent with t he
movements seen when submarining under the lap belt occurs. Theref ore it could
be that the Q10 is able to display submarining kinematics, where the P10 is
generally not able to do.
In addition to the movement of the pelvis relative to the seat, t he lap belt gets
trapped in gap between the upper legs and pelvis of the Q10, not seen with the
P10 dummy. This prevents the dummy from submarining under the lap b elt, and
the Q dummy abdomen insert can be seen ‘bulging’ during the test. This does not

happen in the P10 tests.
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Figure 32:  lllustration of Leg angle differences during impact between the Q10
and P10 dummy

It is clear from the video evidence of the testing that during the impact, when the Q10 is
placed on a booster seat, the seat is forced further into the te st bench cushion than with
the P10 dummy. This is likely due to the upright position of the Q10 during the impact.
The P10, in contrast, folds around the belt and leans further forwar d.

This difference in position allows the Q10 to exert far more vertical load on the seat,
resulting in the cushion been pushed downwards into the test be nch to a greater extent.
This more upright position, as previously discussed, means that th ere is no belt
penetration or folding around the belt as seen in the P 10 series dummy. Therefore the
Q10 kinematic is more representative of a real child.

A feature of the Q10, different to the P10, is its ability to en gage with the upper part of
the diagonal belt. The shape and structure of the upper torso is much more biofidelic
compared to the “barrel chest” of the P10. T he chest strap portion of the belt remains in
contact with the Q10 shoulder, unlike the P10 dummy.

As previously discussed this has significant implications for how far t he dummy moves
forward during the crash test. This Q10 kinematic is more representative of a real child.
However this is likely to result in higher loading into th e thorax area of the Q10 as the

belt maintains a position across the front of the chest.

6.3.2 Booster cushions

When examining the kinematics for different booster cushions, ther e were several
common observations; these observations included:
The belt remains on the shoulder of Q10, which is restrained by the adult belt,
resulting in a more symmetrical arm and leg movement. Whereas the P10 doe S
not interact well with the 3-point belt, the belt slips off the shoulder and down the
upper arm. This results in the upper torso of the P10 twisting a s the belt
restraints the dummy. Figure 33 shows the typical kinematics of the Q10 and P10

at the point of maximum head excursion. The Q10 kinematics is more
representative of a real child.

The Q10 torso remains more upright, whereas the P10 dummy bends t owards its
leg; very much the same pattern of movement seen in the booster seat testing.

As the Q10 torso remains more upright during the impact, the chi Id restraint is
compressed further down into the test bench cushion, compared to the P10 on

the same booster cushion.
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Figure 33: Example positions of maximum head excursion during impact for the Q10

and P10 dummy

The lap belt slips into the gap between the pelvis and the to p of the legs in the
Q10 tests. This could reduce the potential for the Q10 to subma rine under the lap
belt. This does not occur when testing with the P10. The trapping of the belt
between the pelvis and the legs was improved by using the patche s (Figure 28).
However it still occurred in several of the tests.

The shoulder belt also penetrates into the top of the abdo men insert of the P10
(Figure 34). In contrast the Q10 abdomen bulges and in some cases t he shoulder
belt may slip under the ribs at the top of the abdomen; thi s can cause the
abdomen insert to be displaced. The shoulder belt becoming trapped i n the
dummy occurred more often and to a greater extent in the tests wit h the P10.
However it is thought that this belt trapping in either d ummy would not occur in a
real child.

Shoulder Belt
penetrates into
abdomen

Figure 34: Images depicting seat belt interaction with the Q10 and P10 dum my

The Q10 dummy remains more upright which appears to create a greater

rebound (Figure 35). The Q10 rebound may be more severe th an a real child
would experience. In contrast the P10 remains in a hunched position , wrapped
around the belt, with the shoulder belt remaining trapped in the abdomen. This
means the P10 doesn't rebound as much. This is also not thought to b e
representative of a real child, as the child would not have folded as much before
rebound.
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Figure 35: Images of the rebound of a Q10 and P10 dummy follow ing a frontal

impact

The Q10 appears to rebound far more than the P10 during testing on the booster
cushions. The Q10 also rebounds further on booster cushions compared to booster
seats. This is probably due to the booster seats having a back rest sectio n which may
limit the backward movement of the dummy during rebound. This rebound is still
significant relative to the P10 dummy. This rebound kinematics of the Q10 may be more
severe than a real child would experience. However it is not th ought the rebound
kinematics of the P10 is representative of a real child either.

It's worth noting that if there is found to be a significan t difference between the
horizontal and vertical excursion between seat type (booster se at and booster cushion)
it may result in this being taken into consideration when sett ing vertical and horizontal

excursion limits for using the Q10 dummy in Reg.44 testing.

6.3.3 Summary

It is clear from this analysis that the differences in kinemati cs between the P10 and Q10
dummy are considerable and this may lead to significant difference s in loading on
certain areas of the dummy.

There were clear differences in the way the Q10 moved under imp act conditions
compared to the P10 dummy regardless of the seat type tested. The se included; the
more symmetrical movement of the Q10, the trapping of the belt in t he lap section of
the Q10 and the much greater rebound seen following the imp act as the Q10 dummy
moves backwards.

However it is believed that the Q10 demonstrates more biofide lic kinematic performance
compared to the P10 in each of the child seats tested.

These differences in dummy kinematics are due to the design o f the Q10 dummy. The
Q10 has a stiffer back and abdomen, the dummy therefore maintains a mor e
symmetrical position following during impact. This means the spine is up right in the seat
with the limbs of the dummy moving out and backwards in a regular pattern and no belt
penetration into the thorax area. In contrast the P10 dummy, f olds around the shoulder
section of the belt. This means the belt is not able to restrain th e P10 dummy as
effectively. This means the P10 head is able to move further forward t han the Q10
dummy.

The difference in movement, combined with the greater rebound o f the Q10 means the
head movement of the Q10 is significantly different both in te rms of horizontal and
vertical head movement, compared to the P10 dummy. Therefore it is ver y likely that

the head excursions of the Q10 will be significantly different to those of the P10.
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6.4 Repeatability of the dynamic testing conditions

The repeatability of the individual body regions of the Q10 i s discussed in D2.3. However
it was important to gain an understanding of the repeatability o f the testing conditions
when using the Q10 dummy dynamically. The results from the dynamic testin g will be
affected by many variables, including the repeatability of the test be nch equipment, the
manufacturing of the CRS, and the test set-up. It is important t 0 have an understanding
of the repeatability of these combined systems. This will enable d ifferentiation between

variation in test environment and sensitivity to changes in variables.

Originally it was intended that a statistical calculation would be u sed to evaluate the
repeatability of the recorded results. However there was not enough comparable test
data to enable this calculation to be performed. Instead the re peatability of the Q10
dummy was assessed by analysing the time history graphs of the body r egions
evaluated as part of Reg.44. The loading phase as well as the timing o f peak loading

was compared during the loading phase of the dynamic test.

6.4.1 Head excursion

ssible to show a
orizontal. However,

10 dummy. The results
atable, both in

Due to the nature of head excursion measurement it has not been po
time series representation of head movement, both vertically and h

the values recorded for head excursion seem consistent for the Q

in Table 9 show that the test environment with the Q10 dummy was repe
terms of producing horizontal and vertical head excursion.

ds to be used to
values. The figures

The number of identical tests does not really allow for statistical metho
assess repeatability. However, we can comment on the spread of the

indicate that there was only a 14mm (2%) spread of values for vertical head excursion
and 22mm (5%) spread for horizontal excursion. This shows a good repe atability in
recorded measurements. This means the kinematics of the Q10 were consisten tin the

three tests.

Table 9: Horizontal and vertical head excursions — Seat 3, Q10 dummy tests

CRS Matrix By Head Horizontal Head Vertical
Test No. (mm) (mm)
10 Q10 441 890
Seat 3 11 Q10 428 878
12 Q10 450 876

6.4.2 Chest acceleration resultant

Figure 36 shows the chest acceleration resultants from three Q10 d ummy tests
performed using Booster Seat 3. The graph shows the behaviour of th e Q10 dummy is
consistent across tests. The chest of the Q10 is loaded at the same p oint in time

(20ms), in all three tests. The Q10 chest is then loaded at the same rate in all three

tests, before peaking at very similar times.

The graph is consistent with the type of movement seen during the
dynamic test; with the chest initially accelerating due to impact and
the dummy chest engages with the restraint and the restraint arr
phases of this movement have occurred as expected. Therefore the
acceleration loading as expected.

loading phase of the
then decelerated as
ests the dummy. Both
Q10 measured chest
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Figure 36: Q10 Chest acceleration resultant, Seat 3

Chest vertical acceleration

In addition to assessing the chest acceleration resultant loading

in the Z plane is also assessed in Reg.44 testing. Figure 37 sho
loading from the three tests of the Q10 in Seat 3. The graph ind
performed produced repeatable results, with the movement of the che
being consistent with what is expected during a frontal impact.

The graph shows that there is very little vertical movement of the d
initial phase of the impact, and then there is a negative accelerat

, the acceleration loading
ws the chest vertical
icates that the tests

st in the Z plane

ummy during the
ion and peak as the

dummy pushes down into the test bench. Following this ‘bottoming out’ the graph shows
how the dummy begins to move backwards and upwards. This is consi stent with what
would be expected. Therefore the Q10 is measuring chest vertical accel erations as

expected.
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Figure 37: Q10 Chest vertical (Z) acceleration Seat 3
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6.5 Analysis of Existing Limits and Body Regions within Reg.44

The dynamic testing conducted at TRL focussed primarily on comparing th e dynamic
performance of the P10 and Q10 dummy during Reg.44 testing. In ad dition to this
evaluation, the results have fed into the research of the kinemati cs of Submarining,
which will be reported as part of Task 2.4.

The test programme for this task examined whether there were p erformance differences
between the two different dummy types using the different p erformance criteria
specified under Reg.44. It was important to understand if the beh aviour of the Q-series
dummy was sufficiently comparable with that of the P-series, with re spect to Reg.44
performance criteria.

This comparison was to be used to inform whether, if the inte ntion was to maintain a
status-quo, the P-series could be replaced with the Q-series and provide an equivalent
assessment for Reg.44.

Past experience of similar comparisons between the smaller P and Q du mmies suggested
that there would need to be some revision of the R44 perfo rmance criteria to achieve an
equivalent assessment with the Q series dummy.

If the Q10 is found to have a similar performance to the P10 in all the child restraints
tested, then the current Regulation limits could be applied directly. The dummy
measurements and limits assessed by Reg.44 are shown in Table 10.

However analysis of the dummy kinematics has already shown a significant d ifference in
dynamic movement between the Q10 and the P10. It is therefore expecte d that this
kinematic difference should result in a difference in measured loading between the two
dummies.

Table 10: Reg.44 criteria and limits

Body region Limit
Head horizontal excursion 550 mm
Head vertical excursion 840 mm
Chest acceleration resultant (3ms) 55¢
Chest Z negative acceleration (3ms) 309
The following sections (6.5.1-6.5.4) present the results gained duri ng Reg.44 testing,
which followed the standard protocol; these tests were different to those conducted to
examine sensitivity to restraint loading, sensitivity to child restraint design and dummy
durability.
The tables in the following sections use a colour code, shown in Tabl e 11, to show the
values which are above the Reg.44 limits, and within 5% lower than the current limi ts.

Table 11: Colour key used in results table

% of Reg.44 Limit Highlighted colour
Over limit

*5% Under limit
>5% Under limit
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6.5.1 Head horizontal excursion

Analysis was conducted to assess whether the current limit for ho rizontal head excursion
could be applied directly to the Q10 dummy. Table 12 shows the ave rage measurement
for each child restraint compared to the current Reg.44 limits.

The results for the horizontal head excursion illustrated that a Il of the tests were under
the Reg.44 limit, with the Q10 dummy at least 19% below the limi tin all tests and the
P10 at least 5% below the limit.

The results in Table 12 show the horizontal excursion values were sho rter for the Q10
for all restraints compared to the P10. This is not surprising based on t he kinematic
differences analysed earlier. This showed that the Q10 is more eff ectively restrained by
the seat belt. This would therefore suggest that the current limi t would need to be
reduced to enable an equivalent assessment, under R44 conditions, with the Q10.

In general terms, it appears that the Booster Cushions tested retur ned horizontal head
excursion values that were lower than those seen in Booster Seat s. This is for two
reasons. Firstly the starting position of the dummy on a booster cushion is further back
on the test bench. This means the initial head position is further bac k, than when the
dummy is in a booster seat. Secondly the 3-point belt has to re strain the booster seat
and the dummy. This means there is greater force acting on the 3-p oint belt. This
ultimately results in the dummy taking longer (in distance) to be restrained.

Booster cushions also generally showed a bigger difference between t he horizontal head
excursions of the P10 and Q10 dummies. This is as expected based on t he kinematics of
the dummies during the tests. This is because the kinematics of th e Q10 means that the
shoulder part of the 3-point belt remains on the shoulder of t he Q10. This means the
belt in much more effective at restraining the dummy. In the P10 tests the dummy folds
over the belt and therefore the seat belt is not as effective at restraining the dummy.
This results in the Q10 shorter head excursions.

Cushion 3 has a belt guide which keeps the shoulder belt on the P10 and Q10. The
shoulder belt is able to remain on the shoulder in the P10 tests and restrain the dummy
more effectively. This is why the difference between the P10 and the Q10 is smaller.

Booster seats have a belt guide in the head pad and therefore the shoulder belt typically
remains more on the shoulder of the dummy. This is why the di fference in horizontal

head excursion between the P10 and Q10 in booster seats is smaller.
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Table 12: Head horizontal excursion data (test values and deviation from limit)

Test Results (mm)
Reg.44 Limit = 550 mm
Head Horizontal Excursion
P10 % of Q10 % of
Limit Limit
Seat 1 485 -12% 437 -20%
Seat 2 508 -8% 434 -21%
Hloeiiay Seat 3 521 5% 440 -20%
Seats
Seat 4 484 -12% 444 -19%
Seat 5 486 -12% 437 -21%
Cushion 1 438 -20% 331 -40%
Cushion 2 415 -25% 312 -43%
Booster
Cushions Cushion 3 491 -11% 446 -19%
Cushion 4 441 -20% 353 -36%
6.5.2 Head vertical excursion
Table 13 shows the average head vertical excursion measurement for each child
restraint compared to the current Reg.44 limits. The results of the analysis conducted on
the vertical head excursion values recorded during testing in dicate that the Q10 vertical
head excursions were all greater than those of the P10 for all chi Id restraints tested. The
vertical head excursion measurements for both dummies were very re peatable for all
restraints.
When examining the results from the P10 dummy however, only one of the child
restraints tested came within 5% of the current limit.
Whereas the average vertical head excursion recorded for 4 of th e 9 child restraints
tested with the Q10 dummy exceeded the current Reg.44 limit of 84 Omm. The
remaining 5 child restraints returned values that were all within 5% of t he current limit.
There are a number of kinematic differences between the two du mmy types which
explain these differences. These differences result in a larger rebound of the dummy,
increasing the vertical head excursion. This may mean that the current | imit may not be
appropriate for the Q10. The Q10 is also about 23mm greater in s itting height compared
to the P10.
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Table 13: Head vertical excursion (test values and % from limit)

Test Results (mm)
Reg.44 Limit = 840 mm
Head Vertical Excursion
P10 % of Q10 % of
Limit Limit
Seat 1 799 -5% 813 -3%
Seat 2 787 -6% 811 -3%
Booster Seat 3 801 | -5% 881 5%
Seats
Seat 4 796 -5% 865 3%
Seat 5 795 -5% 833 -1%
Cushion 1 774 -8% 858 2%
Cushion 2 790 -6% 825 -2%
Booster
Cushions Cushion 3 781 7% 800 | -5%
Cushion 4 797 -5% 844 0%
6.5.3 Chest acceleration resultant
Table 14 shows that all the Q10 chest acceleration resultant values were below the
Reg.44 limit (55g). Only one booster seat exceeded the Reg.44 | imit when tested with
the P10.
The values for the chest acceleration resultant differ between the P10 and Q10, where
the majority of the results for the Q10 were under the 55g limit by 36%, and one at
43%. The P10 however had a larger deviation in the results, from 1% over the Reg.44
limit to 30% below the limit at 39g. The lowest values (the | argest percentage) for both
the P10 and the Q10 dummies resulted from booster cushion 4.
The data recorded for chest acceleration resultants indicate lower values for the Q10
dummy tests compared to those seen in the P10 for all child restr aints. This shows that
the improved kinematics of the Q10 is also producing lower accele ration loading in the
Q10 dummy.
Examination of the X-axis and Z-axis accelerations shows that the X-axis acc elerations
were generally lower for the Q10 compared to the P10. In cont rast the Z-axis loading
was larger for the Q10 compared to the P10. The maximum also occurred at a different
time to the X-axis. This would result in reducing the resultant.
Because the Q10 upper torso is restrained more effectively, the ti mings of when the X-
axis, Y-axis and Z-axis maximums occur have been changed. This has resulted i n them
occurring out of phase helping to reduce the chest acceleration resultant maximum.
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Table 14: Chest acceleration resultant (test values and deviation from limit)

Test Results (g)
) Reg.44 Limit=55¢g
Chest Resultant Acceleration
P10 % of Q10 % of
Limit Limit
Seat 1 52 5% 42 -23%
Seat 2 50 -9% 38 -32%
Bty Seat 3 47 -15% a1 -26%
Seats
Seat 4 46 -16% 37 -33%
Seat 5 56 1% 48 -12%
Cushion 1 50 -10% 35 -36%
Cushion 2 51 -7% 36 -35%
Booster
S Cushion 3 53 -4% 47 | -14%
Cushion 4 39 -30% 31 -43%
6.5.4 Chest vertical acceleration
Table 15 shows the average chest vertical acceleration measurement for each child
restraint compared to the current Reg.44 limits. The chest vertical acc eleration results
were found not to be very repeatable. However the results wer e more repeatable for the
booster seat tests compared to the booster cushions, for both t he P10 and Q10
dummies.
Even though all of the values achieved with the different seats were less than the
Reg.44 limit of -30g, there was a large variation in the results, fr om 30-88% and 45-
87% below the limit for the Q10 and P10 respectively. The higher percentage difference,
i.e. the lowest chest acceleration measured, was generally within the bo oster seats for
the P10 and the booster cushions for the Q10.
The chest vertical acceleration measurements were generally larger f or the Q10 in
booster seats and larger for the P10 in booster cushions, expect for one (Seat 2). This
would be consistent with the kinematics described earlier (6.3). The Q10 in booster
seats generally seem to compress the cushion much more and the dummy rema ins
more upright. This would result in larger vertical loading in the chest. Whereas in
booster cushions the dummy torso is not as up right and therefore the vertical loading in
the chest is not as large.
It was not expected that the vertical chest loading would be signif icantly high, based on
previous testing experience of booster seats and cushions. Therefor e the Q10 has
performed as expected.
All measurements were below the current Reg.44 limit; the majority of these values
were very small compared to the current Reg.44 limit. Therefore it can be concluded
that there is no need to change the limit, even though th ere is a slight performance

difference between the P10 and Q10.
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Table 15: Chest Z negative acceleration (test values and deviation from limit)

Test Results (g)
Reg.44 Limit= -30g
Chest Z Acceleration
P10 % of Q10 % of
Limit Limit
Seat 1 -4 -85% -9 -70%
Seat 2 -9 -69% -7 -75%
Booster Seat 3 6 78% | 21 | -30%
Seats
Seat 4 -4 -87% -12 -60%
Seat 5 -4 -86% -12 -60%
Cushion 1 -13 -57% -7 -77%
Cushion 2 -16 -45% -4 -88%
Booster
Cushions Cushion 3 -9 -69% 7 -TT%
Cushion 4 -11 -62% -4 -88%
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7 Suitable limits for the Q10 dummy in Reg.44
assessment

7.1 Current R44 assessed body regions

From the analysis detailed in Section 6.4 it is clear that the Q10 is not a direct
replacement for the P10 dummy. Although several of the curren t limits could be applied
directly, it would potentially create a less stringent limit for the Q10. This would mean
that child restraints that are unable to meet the current requi rements of the Regulation
using a P10, would then pass using a Q10. The introduction of the Q 10 into the
regulation should not allow this situation to occur. Therefore a method of scaling the
current P10 limits to create appropriate Q10 limits was devised.

7.1.1  Limits

The average of the P10 results for each seat was divided by the average o f the Q10
result. This was done for all the Reg.44 measurements. The results ar e shown in Table
16.

The resulting ‘factor’ was then plotted on a scatter graph using the data from the
different child restraint systems tested (Figure 38). This shows that t he head horizontal
excursion produced very similar results, as the scatter is within a very narrow band. The
head horizontal and chest resultant acceleration also produced co rrelated results. The
chest vertical acceleration results were not considered as it was deci ded that the current

limit did not need to be revised.
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Table 16: Reg.44 P10/Q10 factors

Head Horizontal Excursion (mm) P10 Q10 Factor
Average Average
Seat 1 485 437 1.11
Seat 2 508 434 1.17
Fees ey Seat 3 521 440 1.18
Seats
Seat 4 484 444 1.09
Seat 5 486 437 1.11
Cushion 1 438 331 1.32
Booster Cushion 2 415 312 1.33
Cushions Cushion 3 491 446 1.10
Cushion 4 441 353 1.25
Head Vertical Excursion (mm) P10 Q10 Factor
Average Average
Seat 1 799 813 0.98
Seat 2 787 811 0.97
Booster Seat 3 801 881 0.91
Seats
Seat 4 796 865 0.92
Seat 5 795 833 0.95
Cushion 1 774 858 0.90
BeasE Cushion 2 790 825 0.96
Cushions Cushion 3 781 800 0.98
Cushion 4 797 844 0.94
Chest acceleration resultant 3ms (g) FY Q10 Factor
Average Average
Seat 1 52 42 1.24
Seat 2 50 38 1.33
Booster Seat 3 47 41 1.14
Seats
Seat 4 46 37 1.26
Seat 5 56 48 1.15
Cushion 1 50 35 1.31
Booaer Cushion 2 51 36 1.42
Cushions Cushion 3 53 47 112
Cushion 4 39 31 1.23
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A best fit line was created for each of the body regions to enab le a best fit line to be

drawn. The best fit lines for the head excursion and resultant chest a cceleration were
used to calculate a limit suitable for the Q10 dummy. The calculated | imits are shown in
Table 17. These limits have been calculated to allow the equivalen t assessment of a CRS

with the Q dummy, compared to an assessment with the P dummy.

Table 17: Calculated Q10 limits

Body region Best Fit Calculated
Factor Limit
Head horizontal excursion 1.19 464 mm
Head vertical excursion 0.95 888 mm
Chest resultant acceleration 1.24 44 g
It is important to ensure that there is no degradation of CRS pe rformance with the use
of the Q dummy. The calculated head horizontal excursion limit i s shorter than the
current Reg.44 limit. However the Q10 head excursion measured in all the child
restraints were shorter than 464mm and therefore this could be implemented.
However the calculated head vertical excursion limit is larger t han the current limit. The
Q10 vertical head excursion measured in all the child restraints wer e less than this
calculated limit. However the vertical head excursions measured by the P10 were all well
below the current Reg.44 limit. Therefore it should be the case that all these child
restraints are able to pass the revised limit for head vertical excursion.
Applying the calculated chest resultant limit to the test results of the Q10 reveals that
the two child restraints exceeded the limit. These two child restr aints actually share the
same booster base, one has an additional backrest. However this booste r seat did also
exceed the limit when tested with the P10. The booster cushion was wi thin 5% of the
current Reg.44 limit, when tested with the P10. This shows that this | imit could also be
appropriate as these two child restraints are only boarder-line p asses with the P10
dummy. It therefore does not seem unreasonable for these chil d restraints to exceed

the calculated Q10 limit for chest resultant acceleration.
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7.2 Use of limits for Reg.44 Assessment with the Q10 and additional

body regions
EEVC WG 12/18 (EEVC (2008)) recommended that if the Q-serie s dummies were to be
introduced into the Regulation then a number of addition al body regions should be
included into the dynamic assessment criteria. These body regions we re:

Head resultant acceleration
Upper neck force Z
Upper neck moment Y

Chest compression

7.2.1 Q10 additional body regions repeatability

As mentioned previously the repeatability of the individual body regions of the Q10 is
discussed in D2.3. However it was important to gain an understanding of the
repeatability of the testing conditions when using the Q10 d ummy dynamically. The
results from the dynamic testing will be affected by many variables and it is import ant to
have an understanding of the repeatability of these combined syste ms. This will enable
differentiation between variation in test environment and sensit ivity to changes in
variables.

The repeatability of the Q10 dummy was assessed by analysing the t ime history graphs
of the body regions that are not currently part of the Reg.44 p erformance criteria. The
loading phase as well as the timing of peak loading was compared d uring the loading

phase of the dynamic test.

7.2.1.1 Head acceleration resultant

Figure 39 shows the head acceleration resultant from three sepa rate tests using Seat 4
and the Q10 dummy. It is clear from the overlaid data that the resultant head
acceleration measurements for this dummy are repeatable. The Q10 he ad begins to
measure loading at around the same point in time in all three tests. The loading in all
three tests follows a similar pattern before peaking at a similar time.

The graph shows the expected pattern of behaviour from the head dur ing the impact,
with a large acceleration during the impact and a forward rotation ; this is confirmed by

the high speed test videos.
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Figure 39: Q10 Head Resultant acceleration from Seat 4 tests

7.2.1.2 Upper Neck forces and Moments

Figure 40 shows the upper neck force Z measured by the Q10 in t
4. This shows there is a repeatable pattern to the three tests. The
coincides with the maximum neck flexion seen in the high speed vid
loading on this area being consistent with what is expected during this type of imp act.
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Figure 40

: Q10 Upper Neck Force Z from Seat 4 tests
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Figure 41 shows the upper neck moment (Y-axis) during the same two tests performed
using the Q10 dummy as illustrated in Figure 40. This also shows that the Q10 dummy
produces repeatable results when testing the same seat.
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Seat4-Q10 - Test 19
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95
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Figure 41: Q10 Upper Neck Moment Y from Seat 4 tests

7.2.1.3 Chest compression

When examining the chest compression sensors, which are installed on t he Q10 dummy,
it is clear that both tests performed on the dummy are repeatable ( Figure 42 and Figure
43). This shows a slightly higher chest compression is measured in the | ower sensor
compared to the upper sensor. The lower sensor has a greater am ount of available
travel. The seat belt will apply different amount of loads to the upper and lower sensors
depending on the belt path.

The upper sensors all begin to load at a similar time. However there is a slight variation

in the time the lower sensor starts to load. This is possibly due to a slight variation in
initial belt position. However the sensors peak at roughly the same time in all three
tests.
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Figure 42: Q10 upper chest compression from Seat 4 tests
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Figure 43: Q10 lower chest compression from Seat 4 tests
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7.2.2 R44 limits for Q10 Additional Body regions

7.2.2.1 Head acceleration resultant

The average resultant head accelerations of the Q10 in each child re straint are shown in
Table 18 along with the limited results from the tests with th e Hybrid 1l 10 year-old
(HIN10). The results for the HIII10 were between 50-60g while the results for the Q10
in the same CRSs were 60-73g. The overall results with the Q10 wer e in the range of
43-73g.

It should be noted that these values ignore the rebound ph ase of the test. This is
because during the rebound phase the Q10 typically made contact w ith parts of the test
sled. This rebound phase is also common to other dummies, such as the HIII10

This usually resulted in the Q10 recording higher values in several of the child restraints.
This was a particular problem for the booster cushions. This contact is not represe ntative
of what would happen in real vehicles and therefore it was decid ed that the loading
during this part of the test would not be assessed.

All of the Q10 results were lower than the 80g calculated as the 20% risk of injury for
the Q10 in Task 1.3a (Carroll et al., 2011). This limit is therefore appropriate for a
regulatory pass/fail criterion for use with the Q10, in a Reg.44 assessment test.

Table 18: Average values for Q10 Head acceleration resultant

Head acceleration
resultant averages
CRS
Q10 HII110
(@) ()]
Seat 1 73 60
Seat 2 60 50
Booster Seat 3 62 N/A
Seats
Seat 4 54 N/A
Seat 5 72 N/A
Cushion 1 53 N/A
Booster Cushion 2 53 N/A
Cushions Cushion 3 59 N/A
Cushion 4 43 N/A
7.2.2.2 Neck Forces
The Q10 dummy is capable of measuring neck forces at the upper and lower portions of
the neck. EEVC WG 12/18 recommended that the upper neck forces are considered
Table 19 shows the average upper neck force, F z, for each child restraint. The results for
the upper neck force of the Q10 ranged between 2055-2932N for the booster cushions

and 2836-4239N for booster seats.
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In the tests with booster seats, the torso and head of the Q10
point of maximum head excursion. This results in greater forces actin
trying and therefore stretching the neck. Whereas the torso an

not quite inline, in the booster cushions tests. This results in
force loading.

The neck loading measured by the HIll 10 year-old were much lower t
results in the two booster seats. It is recognised that the constr
dummies is different. This will contribute to the differenc

the dummies.

remain aligned at the
g on the head

d the head of the Q10 are
a slightly reduced neck

han the Q10
uction of the two

es in measured loading between

The average upper neck force values measured by the Q10 were compared to those

calculated in Task 1.3a (Carroll

The Q10 measured upper neck forces that exceeded 3300N in 9 (o

et al., 2011), 3300N. This showed that only one booster
seat was below the calculated value for upper neck force. Howeve
cushion results were below the limit. As there are very few neck
real world accidents for older children in booster seats we wo
value of 3300N to be used as a limit for Reg.44 assessment.

r all four booster
injuries reported from

uld not recommend this

ut of 23 tests). The

maximum loading measured in a test was 4552N. These measured loadings are ver

high in this body region. The levels suggest children should be be
they exceed the adult levels (3300N). However w

ing injured because

e don't see neck in juries to older

children suggested by the readings, on this scale in the field. Th
design issue and a limit needs to be proposed from a broader

further work is needed.

Table 19: Average upper neck force, F

erefore this is a dummy
dataset of tests. Therefore

z

Average upper neck force
Fz
CRS
Q10 HINI10
(N) (N)
Seat 1 4239 2018
Seat 2 3264 2016
Booster Seat 3 3438 N/A
Seats
Seat 4 2836 N/A
Seat 5 3843 N/A
Cushion 1 2932 N/A
Cushion 2 2929 N/A
Booster
Cushions Cushion 3 2901 N/A
Cushion 4 2055 N/A

7.2.2.3 Neck Moments

The Q10 dummy is capable of measuring neck moments at the upper and |

of the neck. EEVC WG 12/18 recommended that the upper neck

considered.

ower portions
moments are
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Table 20 shows the average upper neck moment, M y, for each child restraint. The results
for the upper neck moment varied between 12Nm and 31Nm.

Comparing the HIlI 10 year-old results to the Q10 shows that the HIlI measured higher
neck moments. It is recognised that the construction of the two dummies is different.

This will contribute to the differences in measured loading between the du mmies.

The Q10 measured loading was compared to the recommended ranges identified by the
Task 1.3a report (Carroll et al., 2011); Extension 37Nm, Flexion 125Nm. This showed

that all the results were within the limits. Therefore a lim it of 125Nm could be

appropriate to the Q10 for this severity of test.

Table 20: Average upper neck moment, M y
Average upper neck
moment, My
CRS
Q10 HII10
(Nm) (Nm)
Seat 1 -23 -36
Seat 2 -20 -36
Eloigsil Seat 3 -14 N/A
Seats
Seat 4 -19 N/A
Seat 5 -31 N/A
Cushion 1 -14 N/A
Cushion 2 -13 N/A
Booster
Cushions Cushion 3 -28 N/A
Cushion 4 -12 N/A
7.2.2.4 Chest compression
The P10 does not have the capabilities to measure chest compression; however, unlike
the other Q-series dummies the Q10 contains two IR-TRACCs which also includes an
angle sensor. One IR-TRACC is located in the upper ribcage and th e second in the lower
ribcage. There is also an angle sensor on the IR-TRACC to measure t he loading
direction. The X displacement is then calculated using a formula to facto r the IR-TRACC
reading by the change in angle.
This calculation is based on an equation used to calculate the chest comp ression in the
World 5 ™, a side impact dummy. However the calculation didn’t seem to calculat e any
significant differences (!2mm) from the actual compression the IR -TRACC measured. As
it was designed for a side impact dummy, its applicability could be questioned. Th erefore
for the purposes of this analysis it was decided that only the comp ression measured by
the IR-TRACC would be analysed. Further work would need to be conducted to ascertain
whether the equation can be appropriately applied to the Q10 in front impact t esting.
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Table 21: Chest compression measurements

Chest compression
measurements (mm)
CRS
Upper Chest Lower Chest
(mm) (mm)
Seat 1 48 50
Seat 2 54 59
BT Seat 3 50 55
Seats
Seat 4 53 58
Seat 5 46 44
Cushion 1 51 49
Cushion 2 54 49
Booster
Cushions Cushion 3 51 62
Cushion 4 57 63
The average upper and lower chest compression values for each child re straint are
shown in Table 21. The results show that booster seats generally measured a higher
loading in the lower chest compression than the upper chest c ompression. For the
booster cushions, two cushions measured higher upper and two measured higher lower
chest compression.
There was a range measured by both the upper and lower IR-TRACCs for booster seats
and booster cushions. For booster seats an 8mm range was seen between the best and
worst compression measurements in the upper chest compression. A 15mm range was
seen in the lower chest compression. For booster cushions the rang e in chest
compressions was similar; 6mm for the upper chest compression and 14mm for the
lower chest.
These recorded chest compressions were compared to the injury lim its calculated in

Task 1.3a (Carroll et al., 2011), 56mm. This shows that four restraints exceeded the
proposed limit, with a highest recorded displacement of 66mm.

It is important that child restraints that position the 3-po int belt across the torso of the

dummy, thus to engage the belt correctly, are not penalised b y failing harsh chest
compression criteria. Consistent positioning of the seat belt is required. As Figure 44
shows a slight difference in initial seat belt position can result in different chest
compression load measurements (Figure 45). Further work has bee n conducted into this
area, to understand the relative stiffnesses of the Q10 Thorax, when loaded with the

adult belt. This is reported in D3.2a.

Page 72 of 118



Test1

Figure 44: 3-point belt positioning Seat 1

&0

50 4

40

Chest compression (mm)
&

20
10 N
L L
10 20 70 80 90 100 110 120 130 140
Time (ms)

. Upper Chest Compression -

L owier Chest Compression

Upper Chest Compression

— | ower Chest Compression

Test3

-Test3

-Test 4

-Test4

/\

/‘-—-’—\ .

4

Figure 45: Seat 1 chest compression loading

Page 73 of 118



7.3 Submarining

Currently as part of the dynamic assessment of Reg.44 a clay insert is pl aced inside the
P10 dummy to assess submarining. If, after the test there are sign s that the lap section
of the 3-point belt has applied enough pressure to mark the clay insert, then it is
deemed that abdominal penetration may have occurred.

It is also important to review the film footage of the test to che ck whether the position
of the lap section of the 3-point has indeed moved up over t he abdomen and caused the
marking in the clay.

The Q10 contains more instrumentation than the P10. However it does not have a direct
way to measure abdominal loading. Analysis of Submarining during the tests conducted
at TRL will be reported in detail in D2.4. This analysis will explore whether it is possible

to propose new techniques for assessing dummy Submarining in a CRS.

7.3.1 Comparing the P10 and Q10

For the purposes of this report a brief analysis has been con ducted to compare the
ability of each dummy to measure submarining.

It has already been discussed that the kinematics of the P10 and Q 10 are different. The
Q10 behaves much more biofidelically than the P10 and therefore more representative
of real children.

From the tests of both dummies in booster seats there was no co nclusive proof from the
videos that the P10 submarined in any of the tests. The clay was marked in se veral tests
but analysis of the video and photos showed that this was most likely due to the twisting
of the dummy and the shoulder belt penetrating into the foam insert above th e clay.
There was one test where the clay could have possibly been marked by the lap belt. In
these tests the lap belt was found over the pelvis after the test. H owever the videos
show that the lap belt was in the correct position while restrainin g the dummy (Figure
46).

In the tests of the same booster seat using the Q10, a similar up per body angle is seen.
The pelvis looks well restrained by the lap section of the 3-poi nt belt. However the lap
belt was found to have slipped in the gap between the pelvis an d the thighs. This could
mean that the pelvis may have been prevented from demonstrating submar ining
kinematics. However the Q10 dummy did not show any other signs of submar ining.
Therefore it is unlikely submarining would have occurred in th is test even if the belt had

not become trapped.

Figure 46: Seat 5 lap belt position
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In the tests with the booster cushions the kinematics of the two d ummies is very

different. Figure 46 shows that in the tests with the Q10, th e booster cushion is able to
move further forward, away from the back of the test bench. The booster cushion is also
pushed further down into the test cushion.

This allows the pelvis of the Q10 to slide forward, while the shou Ider of the Q10 is well
restrained by the shoulder section of the 3-point belt. This kine matic is consistent with
submarining. However the lap belt became trapped between the p elvis and the upper
leg, preventing the full submarining motion from occurring. This a Iso seems to cause the
abdomen to bulge. However this bulging was common across a number o f tests using
the Q10.

In contrast the P10 folds around the belt and the head remains i n front of the pelvis.
The pelvis does not slide as far forward on the booster cushion as th e Q10. There was
also no marking of the clay to indicate submarining had occurred. The re was therefore
no clear visual indication that submarining had occurred in tests with eit her dummy.

Figure 47: Cushion 2 lap belt position

However further analysis of the submarining behaviour of the two du mmies was
conducted by UniS. This analysis found (Girard et al. (2011) that both dummies had
displayed submarining characteristics in three of the tested child restr aints; Seat 3, Seat
4 and Cushion 2.

The submarining criterion was based on 2D motion analysis of the lower limb excursion.
The criteria compares the times that the maximum X-direction disp lacement and the
maximum Z-direction excursion.

None of these seats were found to have clear indicators of submarining in the clay insert
when tested with the P10. The clay was marked in several of these test s. However it
was unclear what had caused the markings. It seemed more likely that the clay had
been marked by the shoulder belt or the twist/collapsing of the P10 dummy during the
test. Similar marking of the clay were also found in several other te sts which were not

found to display submarining kinematics by Girard’s analysis.

7.3.2 Conclusions

It is recognised that only a short analysis has been conducted as par t of this report.
Although no firm conclusions have been made, it seems that kinemat ically the Q10 has
the potential to submarine under the 3-point lap belt during a dynamic t est.
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This has occurred in some child restraints where the P10 did not d isplay similar
kinematics. The Q10 dummy has been designed to be more biofidelic than the P dumm Y,
so they are not expected to produce the same kinematic motion.

However further in depth analysis of the Q10 dummy relating to sub marining has been
carried out by UniS. This found that both dummies displayed the kin ematics of
submarining, in three different child restraints. However the Reg.44 assessment for belt
penetration would not necessary highlight this in current Regulation te sting.

Therefore the criteria devised by UniS should be a more robust and consistent way of
assessing submarining of the Q10. The complete submarining analysis and findings are

reported in D2.4.
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8 Conclusions

8.1 Sensitivity to restraint loading

From the analysis of the sensitivity to restraint loading testin g it can be concluded that
the Q10 dummy is sensitive to the test setup. The Q10 was able to:

detect differences in kinematics and loading in different setups
display a difference in horizontal head excursion when expected to
show a difference in the acceleration loading as a result of differing kinema tics.

These differences demonstrate that the Q10 dummy is sensitive to cha nges in test setup
that affects its kinematics and loading.

8.2 Sensitivity to child restraint designs

From the analysis of the sensitivity to restraint design testing it can be concluded that
the Q10 dummy is sensitive to the design of the different child restraints. The Q10 was
able to:

detect differences in kinematics and loading in different restraints

display a difference in horizontal head excursion between the different designs of

child restraint

to show a difference in the acceleration loading as a result of differing k inematics
These differences between the measured loadings were as expected , base d on the

variation in protection provided.

8.3 Durability of the Q10

Only a few breakages were seen during the testing conducted b y DOREL and TRL. All of
these have been investigated and addressed. The newly designed p arts, to prevent the
breakages from occurring in the future, will be fully implemented in the final version of
the Q10. It is therefore envisaged that the Q10 is durable for normal use in Reg.44
testing.

The maintenance checks required between tests of the Q10 have be en found to be
comparable to those required by the current Reg.44 test dummy the P10.

There was no significant overall drift in the results of the same chi Id restraint when
tested over a number of tests. Therefore the results from the dur ability tests provide
confidence that the Q10 is able to produce consistent repeatabl e results over extended
testing (20 shots), without recalibration. Therefore it can be recomm ended that
recertification of the Q10 is conducted after every 20 tests, as long as the Q10 does not
exceed the 150% of the design loading levels for each body region (specifie din D1.2).

8.3.1 Durability different child restraint designs

The findings of the durability with different child restraint t esting confirmed the findings
of the Q10 dummy sensitivity to child restraint design.

8.3.2  Durability time dependency testing

The findings of the time dependency testing were that no sig nificant drift in the results
was found. Therefore it can be concluded that the Q10 was able to re cover within 15
minutes, after a Reg.44 front impact test.
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The Q10 dummy can be used after 15 minutes. However, for carrying o ut Reg.44
testing, other limitations on time will be required, from the Regulation. These limitations
currently state that the test bench foam must have a recovery time of at least 20

minutes.

The Q10 has demonstrated that is capable of recovering quickly and wou Id not cause
any additional delay to Reg.44 testing.

8.3.3  Durability dummy positioning testing

The findings of the durability dummy positioning testing confir med the findings of the
sensitivity to restraint loading. No damages were noted, and th e results of the tests
remained consistent. The slouched dummy position set-up produce d consistent results

that were significantly different to the baseline.

8.4 Comparison of P10 and Q10

The work within Task 3.2 compared the Q10 and P10 dummies, to assess the differe nces
in dummy behaviour and measurements under ECE Reg.44 testing cond itions. This
included comparing the kinematics of each dummy in a number of boo ster seats and

booster cushions.

The results of the observations within this study showed clear differe nces between the
two dummies.

The testing identified where it was appropriate to apply the current P10 Reg.44 limits to
the Q10 and where equivalent limits need to be set.

8.4.1 Limits Directly Relevant to Reg.44

It should be noted that any suggested changes to the current R eg.44 limits are to
maintain an equivalent assessment for seats as they are current ly assessed with the P
dummy. This is to ensure that the current safety levels are maintained.

There are differences in:

the P10 and Q10 head results. New horizontal and vertical excursion limits were
proposed to achieve an equivalent assessment with the Q dummy.
the resultant chest acceleration. A new chest resultant acceleration lim it was
proposed to achieve an equivalent assessment with the Q dummy.
There was no clear relationship for the negative Z chest accelerat ion. The difference in
the chest Z acceleration of the two dummies is due to the variation in their construction.

8.4.2 Limits if new body regions are added to Reg.44

Introducing the Q10 dummy as a testing tool would allow additio nal body regions to be

assessed.

WG12&18 recommended that the addition of assessments of head accel eration, upper
neck force F , and moment M , and chest compression would be of benefit.

The Q10 was able to produce repeatable results in these body reg ions, in at least one
child restraint.

Head acceleration assessment criteria could be implemented for t he Q10 in a Reg.44
test.

The upper neck forces limits (calculated in Task 1.3) are not appro priate for the Q10. A

revised injury level needs to be developed, as these types of inj uries are not commonly

reported in the field.
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The injury limits set for the chest compression of the Q10 may n eed further
investigation. Further work investigating the loading of the t horax has been conducted
and is reported in D1.3a and D3.2a.
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9 Recommendations

Based on the findings of this report the following recommen dations are made for the use
of the Q10 in Reg.44 severity front impact tests:

It is recommended that recalibration of the Q10 is conducted after e very 20 tests.
Assuming the 150% (or 200%) of the loading level specified in D1.2 has not been
exceeded.

The Q10 will require the following revised limits if it is to provide an equivalent
assessment to the P10 under Reg.44 conditions.

Proposed Q10 limits

Body region Revised Limit
Head horizontal excursion 465 mm
Head vertical excursion 885 mm
Chest resultant acceleration 459

Chest vertical should not be assessed for the Q10.
Head accelerations limits can be introduced for the Q10, with 80g set as the limit.

The upper neck moment limit (125Nm flexion) specified in T1.3a seems to be
appropriate for the Q10.

For consistency with the cushion recovery time specified Reg.44, the d ummy
should be allowed to recover for a minimum time of 20 minutes between tests.
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Glossary of terms and abbreviations

Submarining

Submarining is name given to the slouching motion occurring i n frontal impacts
consisting of a backward pelvis tilt, rounding of the spine, and sli pping forward of the
pelvis, resulting in poor routing and interaction of the seat -belt with the body,

potentially causing injuries to the abdomen.

Sensitivity

The term sensitivity is used to describe if the dummy is capable to detect differences in
it's loading due to parameters that are controllably changed.

Durability

Durability is a term used to describe the ability of the dumm y to withstand the tests
conducted. High durability is favoured by test labs using the dummy, as it reduces
operating costs due to broken parts or required re-calibration.

Durability can be limited by the breaking of parts (instantaneous effect), or by a gradual
effect such as metal fatigue. Durability in this report is also seen as the ability to
produce trustworthy results when tests are spaced close to each othe r, without giving

the dummy time to recover.
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Appendix A Test Sled Information

A.l TRL Sled description

The test facility described in this document is defined as a decele ration sled rig. The
facility consists of a rail-guided sled, operated by a bespoke control system, which is
accelerated to the required impact velocity by elastic bungee cord s. An impact event is
created by arresting the sled using a defined deceleration method.

The sled rig consists of a track comprising two parallel rails. The sl ed is propelled using
between 1 and 12 elastic bungees depending on test requirement s. This bungee
configuration, patented by TRL, can provide a lower initial acceler ation and higher
velocity than a conventional bungee rig.

The impact head at one end of the sled rig, is anchored to a concret e foundation block,
and consists of a vertical machined steel face prefabricated with a patter n of holes to
allow for the mounting of test fixtures or deceleration devices. Co ntained in the impact
head are five steel sleeves which are used to hold polyurethane deceleratio n tubes.

The sled itself is guided on the parallel rails by three wheel s at each corner. The sled has
a flat top surface with machined holes allowing for test fixtures to be mounted and a
front plate to hold deceleration spears. These spears will have oli ves, a rounded
segment, attached to the exposed end.

The number of spears used and the size of the olives can be varied to achieve the
appropriate deceleration pulse required. This pulse can also b e dependent on the
polyurethane tubes used, of which the inside hole tapers from t he exposed front away
from the impact face. For a front impact, two polyurethane tubes are used: a short
leading tube and a long trailing tube which, when combined, form a continuo us taper.

Polyurethane Tube

Figure 48: Spears, olives and polyurethane tubes
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A.2 Dorel

Dorel’s Laboratory in Cholet, France is equipped to conduct hom ologation, COP and
research testing and facilitates state of the art research; enabling Do rel's to be a leading
producer of the safest child restraint systems.

Acceleration system

The acceleration of the sled is arranged with a compressor, buildi ng up air pressure, and
a pressure release valve. The compressed air drives a cylinder thoug ht a pipe along the
side of the track, pulling along a steel cable that is attached to the back of the sled. Just
before the contact of the deceleration device, the device is run ning without any coupling

to the accelerator.

The acceleration device is capable to take a sled of 700 kilogram up t 0 72km/hour. A
maximum initial run up acceleration of 1,2 G is realized in a typi cal R44 frontal impact
pulse.

Deceleration device

Deceleration is realised with a piston being pushed into a h ydraulic cylinder (Figure 49).

The wall of the cylinder is drilled with many holes, each hole containing thread to accept
a bolt type plug to restrict the flow of oil. The holes are spread over the cylinder and
over a length of approx 1.2 meter, allowing tuning of the pulse b y inserting more or less

bolts in certain places in the cylinder wall.

The deceleration device is capable of produce decelerations up to 80G.

Figure 49: Detail picture of the deceleration piston (in front) and cylinder (to
the rear) The steel cable running over the blue wheel is pulling the sled.

Page 86 of 118



As can be seen from Figure 50, the pulse is not entirely ins ide the corridor. A slight
deviation at 85 ms is visible, where it is dipping just below the corridor. It is however
very constant, and deemed to be acceptable for R44 homologation testing by UTAC.

Figure 50: DOREL sled pulses
Sled

The sled used for the R44 frontal impact test has a total mass of 752.5 kG.

T-zero trigger

The data acquisition is storing data from before the impact event is starti ng. The Tzero
is defined from the moment where the sled deceleration is exceeding 0,5 G.

Sled deceleration measurement

The deceleration of the sled is measured with a sensor on the sled, locat ed at the rear.

Data acquisition system

The sled contains an onboard data acquisition system, requiring po st test connecting to
the computer system to upload the data recorded. The data acquisit ion system is the
limiting factor in the number of channels to be recorded. (32 max)

For the used sensor list used during testing see 3.2
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Appendix B Markers on the dummy

The positions of the markers to be placed on the Q10 dummy are
The exact positions of these markers are described in the follo
design of the markers to be placed on the dummy is the choice of t
house laboratory.

Note the markers on the side of the dummy should be placed o
view camera is placed. If the test will be filmed from both sides, the mark
placed on the same side as the B-pillar is located on the sled, e

markers on left side of the dummy.
All measurements are taken from the centre of the targets.

shown in Figure 51.
wing paragraphs. The
he individual test

n the side that the side
ers should be

.g. Left-hand B-pillar -

PR,
3\0 3]
Z
L
o

@~ \ |
|® | '~, |
O '| © ’f .' |
| | 1
| | / \ Note:
o | 9@ .: | @
'.' [ / 5] This is bas ed on
}j.{' 1] : a camera on the
o / g -// l"' f (&) \\ left hand side
( ° ) C ] \
o » ,’
|
() Q/
|

o
r\.>

Figure 51: Dummy marker positioning
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Head
The locations of the markers to be placed on the head are shown in (Figure 52)
There will be a total of 5 markers, located:

1 on the top of the head, centred between the 4 holes (1)

1 on a line perpendicular to face centreline (apex to chin) on foremost protrusion
forehead, 5 cm to the right (right temple) (2)

1 on a line perpendicular to face centreline (apex to chin) on foremost protrusion
forehead, 5 cm to the left (left temple) (3)

1 on the chin, on line perpendicular to face centreline 5cm to the camera side ( 4)

1 on lateral camera side on the centre of gravity (CoG) of the head (5)

From the top view camera, 3 markers should be visible (apex, right and left sides of the
face) in a triangle shape. (1,2,3)

From the lateral view camera, 3 markers should be visible forming a triangular shape
(chin, CoG and left temple). (3,4,5)

The triangles formed will allow tracking of the head trajectory a s a solid (checking
rotation and displacement) from both camera views and hence will help validate the

model produced in LS-Dyna.

frontal view camera side view

Figure 52: Head markers

Torso
The locations of the markers to be placed on the torso are shown in Figure 53.
There will be a total of 3 markers, placed at the following locations:

1 10 cm to the right from the sternum, along the rib line (6)

1 10 cm to the left from the sternum, along the rib line (7)

1 on centre of abdomen equidistant between the sternum and the pubic crest (8)

The markers will be used with reference to CRS and sled marker to check for
displacement differences.
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Figure 53: Torso markers

Upper limbs

Upper arms

The locations of the markers to be placed on the upper arms are shown in Fi gure 54.
There will be a total of 9 markers on the upper arms, placed at the following lo cations:

Dummy arm on the camera side:
1 on lateral centre of shoulder joint (if feasible with the suit) (9)
1 on lateral centre of elbow joint (screw hole) (10)

1 equidistant on a line between the above 2 (11)

Both arms:
1 close to the shoulder joint, level with the armpit, on the seam (12 & 15)

1 on top of the upper arm on the seam, as close to elbow join t as possible (13 &
16)

1 equidistant between the above 2 (14 & 17)

_70 12 _"
\ i
17 _'0 14 —$§ o "

)
16 (o) |i 13 —hO‘

& © “a&—

-

h i

Right Arm Left Arm Camera side

Front view Front view view

Figure 54: Upper arms markers
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Lower arm

The locations of the markers to be placed on the upper arms are shown in Fi

gure 55.
There will be a total of 6 markers on the lower arms, placed at the following lo cations:
Dummy arm on the camera side:

1 on lateral centre of wrist (narrowest part) (18)
1 on a line equidistant between the above and the upper ar m elbow marker 10
(19)

Both arms:

1 on the seam line, centre of wrist (narrowest part) (20 & 22)

1 on a line equidistant between the above and the upper arm

elbow marker 13

(21 & 23)
Elbow
(|
18 19
21 e
Wrist ] =y
20 0 / L (%) () \\
— | = e
[ -
Left Arm Camera side
Top view view

Figure 55: Lower arms markers

Arm Summary

From the top view camera 5 markers should be visible on each arm (

straightened). From the lateral camera view 5 markers should also be
56).

The lines will show the upper and lower arms as a rigid body segment
allow for model validation by determining extremities of the segment

when arm is
visible (Figure

s and hence will

and displacement
and rotation as a solid.

4 18 19/

—
L

Top view Side view

Figure 56: Arm markers

!

N

.
27
k-

RY

Page 91 of 118



Lower limbs
ure 57.

Thigh
The locations of the markers to be placed on the thighs are shown in Fig
cations:

There will be a total of 6 (or 7) markers on the thighs, placed at the following lo

On the camera side:

1 close to knee joint, on a line between the centre of knee | oint and the centre of
hip joint (screw hole) (24)
1 or 2 (depending on CRS) on a line between the above and th e centre of hip

joint (25 & 26)
Both legs:
1 close to centre of knee joint (27 & 31)
1 close to centre of hip joint (as much as clothing allows) (28 & 32)
with the lateral

2 equidistant on a line between the 2 markers above, in line
marker (29, 30 & 33, 34)

fan )
N
‘.'i\/"

\{\,‘:

OJ/
-'"_.\ asa

28 T> Q |
| <+ 26
20 = @ | .
: |
Note: .‘ ". | o -
Markers 31-34 30 , (5] | \ /
located in matching | / Q— 22
positions on other 27 _Ko/' ;
leg (not shown) o i
Frontal view Camera side
view

Figure 57: Thigh markers

n Figure

Shank
The locations of the markers to be placed on the shanks (lower legs) are shown i
ocations:

58.
There will be a total of 12 markers on the lower legs, placed at the following |

Camera side leg:
1 on the ankle (narrowest part) (35)

1 on the centre of knee joint (screw hole) (36)
2 equidistant on line between the above 2 (37 & 38)
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Both legs:
1 on the front of the ankle on the seam in line with the lateral marker (39

1 close to upper edge of the knee joint being visible wi th the le
44)

2 equidistant on line between the above 2 (41, 42 & 45, 46)

Am) )
L] ;‘D¥*- 36
40 (5] \
41 (5] ‘D“f" 37
Note: 42 .5 o o I"" 38
Markers 43-46 ,‘
located in matching | ‘ / ‘
positions on other 39 —>' O 2 0 '
leg (not shown) L\ t. 35
Frontal Camera Side
view View

Figure 58: Shank markers

Foot

The locations of the markers to be placed on the shanks (lower legs) are shown
59.

There will be a total of 12 markers on the lower legs, placed at the following |
Both feet:
1 on the seam, 5 cm from the edge (47 & 48)

39 ! 47 a5
N | e
Frontal Camera side view
view

Figure 59: Foot markers

Leg Summary

From the top view camera 9 markers should be visible on each leg
straightened) (Figure 60).

From the lateral camera view 7 (or 8) markers should be visible (Figure

The lines will show the upper and lower legs as a rigid body segm
allow for model validation by determining extremities of the segment
and rotation as a solid.

& 43)
g extended (40 &

in Figure

ocations:

(when leg is
60).

ents and hence will
and displacement
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28

29

30

27

40

41

42

39
47
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© © oo o

Camera side view

b

R O S N W B

Figure 60: Leg markers
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Appendix E TRL Post-test Dummy observation

E.1l Dummy adjustments
During the testing several adjustments had to be made to the dummy between tests

Lower arm screws

The most common maintenance that was required was the tightening of the lower

arm friction screw located near the elbow. This screw often requir ed tightening

between tests as the lower arm was too loose. This screw can be easi ly adjusted

using an allen key. The screw is always accessible as it is not hidd en by the Q10

suit.

This sort of adjustment is not uncommon when compared to the P10. Th e lower
arm of P10 also often needs adjusting between tests. Therefore this ad justment is

no more time-consuming than the current P10.

Upper arm screws

The upper arm is fixed to a ball and socket joint using three screws. The friction
of the shoulder joint is controlled by these three screws. Si milar to the lower arm
screws the stiffness of the shoulder joint needed to be adjusted every so often.
The P10 has a much simpler upper arm connecting. However the ball and so cket
joint has a screw thread in the shoulder which needs to be co nstantly adjusted
between tests. Therefore this adjustment is no more onerous th an the current
P10.

Shoulder attachment screw

Another screw that needed to be adjusted during the side imp act testing was the
shoulder attachment screw. However this screw needed to be adjuster on a less
frequent basis than the lower arm screw.

The P10 has a screw thread shoulder joint, which as mention above, often needs
to be adjusted. However it is much simpler to tighten.

This screw will be improved in the final design so that it d oes not become loose
during tests. Therefore this problem will not exist.

Abdomen dislocation

As previously mentioned, after several of the tests, the abdomen insert was found

to have been pushed up underneath the ribcage. To adjust the abd omen insert
the suit needs to be pulled down over the thorax. The abdom en can then be
moved back into position.

The P10 has a foam insert behind which clay is placed for assessing seat belt
penetration. This means the abdomen insert is always removed after every te st.
A design amendment to the final design, will incorporate a vent in the insert to
allow air to be removed from the insert. Therefore the inse rt should not be

pushed under the ribcage.
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E.2 Dummy damage
The dummy suffered damage to certain areas during the testing
Suit wear

The dummy’s suit began to show signs of wear from the 3 -point belt rubbing on
the suit, after only a few tests. The damage increased as the testing con tinued
and the number of damage sites also increased. A new suit with rein forced panels
has been developed and was used for later testing. This reduce d the wear on the
suit in the usual seat belt contact areas.

Knee stop wear

Over time one of the knee stops began to wear. This allowed the knee to extend
further than it should be able to do. The screws will be increased i n size and the
thread engagement increased to prevent this from occurring.

Lower ribcage accelerometer detachment

After one test the lower accelerometer was found to have been re moved from the
inside of the ribcage. The sensor is only held in place by t ape. It is assumed that
the abdomen inside pushing in under the ribcage dislodged the sensor. Allowing
the abdomen to vent air should prevent the insert from pushing up under the
ribs.

Spine cable protector

The spine cable protector cover became cracked and eventually broke off the
dummy. This has been solved by changing the material of the cove r to improve
the strength of the protector.

Ribcage crack

Towards the end of the testing a crack developed at the back of t he ribcage on
the side the lower part of the shoulder belt loads the r ibcage. A new ribcage with
reinforced material will be used in the future version of th e Q10. This will
maintain the same biofidelic properties but improve the ribcage streng th.
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Appendix F DOREL Testing Observations

F.1 Abdomen foam

During the restraint loading testing, the abdomen foam popped ou
number of tests (Table 22). Looking at the results from the first t
whether a relationship exists between this behaviour and any chang
parameters. This behaviour only occurred in the tests with the
and not in the tests where the belt tension was increased,
rotation of the upper torso influenced this behaviour. When
partially extended forward upon installation, the upper tors

the arms being thrown forward. The upper torso therefore rotat
tests compared to the series 3 tests, where the dummy is more upri
tighter installation.

t from the thorax in a

Wwo series it is not clear
e in the measured

arms extended forward,

it seems that the forward
the arms are already

o0 is directly pulled forward by
es more in the series 4
ght, due to the

Table 22: Indications of abdomen foam popping out of the thorax

Installation . . . Seat Series
method Shot number; foam exiting the chest cavity type Identifier
Standard 5008, slight 5000: slight 5014, not Seat 1 1

Installation

Installation with 5007, not 5010, outside 5015, slight Seat 1 2

spacers
Installation with
100N instead of 5008, not 5011, not 5016, not Seat 1 3
50N

Installation with
arm in 45 degree 5013, slight 5012, slight 5017, slight Seat 1 4
downward angle

Another way of describing the sensitivity is the relation of

method to analyse the abdomen effect.

the angle of the chest to the
pelvis, if this angle becomes too small, the abdomen will pop out. Thi

studied, but in case the problem is not easily solved this may be

As the angle seems important, also the tests from the sensitivity t

s has not been
a more accurate

0 CRS design are

studied. It was expected that a seat that may induce or allow submarining , will show
this effect more than seats that keep the dummy better seated in an uprig ht position.
Analysis of tests 5018 to 5029 (Table 23) also showed a trend in the re lationship

between the abdomen foam popping out and the seat type used.
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Table 23: Further indications of abdomen foam popping out of the thorax

Installation Shotnumber; foam exiting the thorax Series
method Identifier
Seat 7 5018, outside 5022, outside 5026, outside 5
Seat 1 5019, not 5023, slight 5027, not 6
Seat 4 5024, slight 5028, slight 5030, slight 7
Cushion 1 5021, outside 5025, outside 5029, outside 8

With the pictures included below (Figure 61), the differe
demonstrated.

nces in abdominal behaviour are

Figure 61: Example (left) showing the foam popping slightly out of the thorax
and (right) showing the foam popping entirely out of the thorax

F.2 Abdomen foam moving up and into the thorax

In a later stage of the testing, it was noticed at test LSP11-0226 that t

during testing was moving into and up in the thorax (Figure 6
tests the abdomen foam was actually popping out of the thorax.

In the following 14 tests it occurred again at tests -0232 and -0233.

he abdomen foam
2), whereas in previous
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Figure 62: Q10 Dummy, post test upright on the R44 bench (left), with the
foam element displaced up and into the chest cavity. Picture (right) showing
the abdomen foam replaced in its natural position

Post test, as shown in Figure 63, the foam was close to the lo wer IR-TRACC. The picture
shows the post test situation, indicating a clearance of about 2 mm be tween the IR-
TRACC eye bolt and the corner on the abdomen foam, highlighte d with a red dashed
line. It is possible that there was contact during the dynamic phase of t he test.

Figure 63: Detail picture looking into the chest cavity from above in the Q10
post test, still in seating position, post test, on the CRS on the bench

The intrusion in the thorax is not so much a problem, as that may even be realistic.
However it should be prevented that it influences the IR- TRACC signal. These are shown
in Figure 64 and Figure 65.
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The IR- TRACC signals at Dorel are not calculated into mm’s of displacement, so re

displacement must be taken, measured in milliVolts.

The angle graphs of the lower IR-TRACC, does not show any difference

without foam intrusion as can be seen from the signals below.

lative

in tests with and

IR TRACC Angle Lower

Tests LSP11-0231 to 0234
CRS type seat 2

Black = 0231; no intrusion
Red = 0232; intrusion 25 mm
Green = 0233; intrusion 25
mm

Plhin — NNNA. inA b imima

[ 50 100 150
Axe X (ms)

Figure 64: IR-TRACC angular rotation showing no difference in signals of test
with and without abdomen foam intrusion

Page 110 of 118



Tests LSP11-0231 to 0234
CRS type: Seat 2.

Black = 0231; no intrusion

Red = 0232; intrusion 25 mm
Green = 0233; intrusion 25 mm
Blue = 0234; no intrusion

Figure 65: IR-TRACC displacement signal for test with abdomen foam intrusion
and test without abdomen foam intrusion

F.3 Suit moving up / into the hip joint

During the restraint loading testing, post test analysis showed that the suit is pulled
upwards over the dummy’s leg (Figure 66). This was made visible by drawing a line on

the flesh of the leg pre-test and measure the distance the suit slid over the leg towards
the pelvis. Post test, the patches move upwards towards the armpit S; excess material
folds over on top of the reinforcement patch as can be seen on the picture below, right.

Figure 66: Picture (left) shows the post test position of the suit and the initia |
position drawn with a blue line. Post test (right), the patches have moved
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ANNEX H: ABDOMEN PRESSURE TWIN SENSORS DEVELOPMENT

5%
[oX

This section is partially based on recent publaaiBeillas et al., (2012a, 2012b) combing
with recent data.
This text is the basis for the summary provide@lvapter 5 of this report

DEFINITION OF APTS AND ABDOMENS

BACKGROUND

Numerous abdominal injury criteria have been pregdads the past (as reviewed by Kent et
al., 2008). For example, based on tests performeal morcine specimen selected to represent
a 6 years old (YO) paediatric population, Kent kt(2008) found that peak belt force,
mechanical work up to maximum compression and almEnpenetration were the best
injury discriminators. More recently, based on éwMiver tests and full body PMHS tests,
Kremer et al. (2011) found that pressure relatethlsbes such as vascular pressure velocity,
maximum vascular pressure and their product wereeleted with liver injury risk. Most of
these criteria cannot be used with a dummy witlspecific instrumentation. Belt force can
be measured but specific instrumentation is needexbparate forces applied to pelvis and
thorax from forces applied to the soft abdomentha past, Antero Superior lliac Spine
(ASIS) force transducers have been used to assess pelvideogdslybrid 11l 3yo., Ono et
al., 2005) but deriving abdominal loads can beidliff as belt and iliac loads may have
different directions. Also, this approach does alldw assessing abdominal loads from the
diagonal belt below the ribs. Multiple abdominaktimmentation principles have been
proposed and implemented in dummies (as reviewelduhana et al., 2001). Recent efforts
include the rate sensitive abdomen for adult an@O6Hybrid Il dummies (Rouhana et al.,
2001, Elhagediab et al., 2007), the Force MatrirsBe, and the Abdominal Pressure Twin
sensors (APTS) developed for the Q-dummies byalfsithis chapter focuses on the recent
introduction of APTS in Q10.

ABDOMEN PRESSURE TWIN SENSORS (APTS)

APTS were developed for Q-dummies during the CRil project and improved during the
Casper EC and Proetech projects. They are twacghbifidrical polyurethane bladders closed
by aluminium caps and filled with liquid. The pressin the fluid is measured by pressure
cells implanted in the cap. Three versions of ARWVR, V2 and V3 were developed
successively. APTS V1 were retired in 2011 appraxety. Only APTS V2 were used in the
Q10 up to now. Transitioning to V3 (minor evoluti@aifecting mainly non-deformable
components) is expected in the future. The sameSAR/R or V3, 50mm nominal diameter,
Figure 52) can be used Q3, Q6, Q10 and Thor dumfHiasen et al., 2012).
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Until now, two abdomens were prepared by drillimgl gsignificant differences were observed
between them (weight, stiffness). The prototypenfidumanetics has not been tested yet|but
evolutions in the manufacturing process are expedie avoid confusion in this and further
reporting, the following naming convention will bsed when reporting test results:

- APTS described by version (here: V2)

- Q10_AZ1: First Q10 abdomen drilled and used ifyeasting.

- Q10_A2: Second Q10 abdomen drilled and useddenttesting

- Q10_B1: First prototype of Q10 with moulded hafest used yet)

WORKING PRINCIPLES AND RESULTS FOR OTHER DUMMIES

The pressure measured in the bladder is directiter to the pressure applied by the belt
through the abdominal foam. In principle, forceplaga to the pelvis skin or to the thorax are
only marginally transmitted to the foam (and blagidéhereby resulting in lower pressures.
This was verified with APTS V2 for the Q3 (Beillas al., 2012b), Q6 (Beillas et al., 2013).
Results with Q10 will be detailed below and tesimgngoing for APTS V3 with Q1.5.

The APTS can slide inside the holes to preventspiresfrom building up in case of abdomen
vertical compression by the ribcage during lumbeakidn. This behaviour has only been
verified for the Q3 using APTS V1 so far (Beillasag, 2012a).

Most of the past work related to abdominal loadietection and injury prediction capability
in belted configuration has been conducted usimgQ@8 and Q6 (APTS V1 and then V2,
drilled abdomens). This will be detailed in anotleport but, in order to provide some
context, a few results reported in Beillas et 2012b) are summarized hereafter:

- APTS had little effect on the Q3 biofidelity in ddminal belt compression tests, and
pressure was linearly related to belt force antfmtetration.

- In Q3 and Q6 sled testing and accident reconsbngt proper restraint conditions
without visible abdominal loading led to pressupetow 1 bar, while visible loading led
to higher values (up to 2 to 3 bars in extreme tant).

- Based on a set of 19 accident reconstructions @8lor Q6 (APTS V1 or V2), maximum
pressure, pressure rate and their products wenedféo be injury predictors. Using
previously described methods (Johannsen et al2{2@dntative AIS3+ risk curves were
built for various metrics, filters and dummy scgliassumptions. For a filter CFC180
(which also seemed appropriate to plot the sigeaf0% risk of AIS3+ corresponded to
maximum pressures between 1.09 and 1.32 bar defgpadiage scaling assumption. The
filter had limited effect on the pressure threshold

- Repeatability of peak pressure in sled tests waiseld to a series of 6 tests with Q3 and
APTS V2 with the belt on the mid abdomen. The dogfiit of variation for this series
was 4.4% (Average maximum pressure: 2.32 bar).

There are notable differences between Q3/Q6 (whate similar abdomen dimensions) and
Q10 (larger and heavier dummy). Therefore, resiutimmn smaller dummies should not be
transferred directly to the Q10 without verificatio
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TEST PROGRAM

The testing effort with Q10 with APTS has been tadicompared to Q3 and Q6. Tests were
performed by Ifsttar or third parties to check therking principles, evaluate the effect on
biofidelity, observe the response for various agstrconfigurations, etc. Some tests have not
been published but their results are reproduceel Wwih authorization. Some additional third
party testing may have been performed but was wailadle at the time of writing. The
studies used for this report (Table) 16ll be detailed (not necessarily by chronologiceder)
in three sections:

- Abdominal compression with static dummy: studiesnd 6,

- Sled tests on UN R44 or proposed UN R129 benchR4#I pulse: studies 2, 4 and 7

- Sled tests on Body-in-white, all with more sevprdses than UN R44: studies 2, 3

and 5

Table 16: List of studies used for this report. AlIAPTS are version V2.

Study number and summary Abdomen | Performed by
(References)

1 | Effect of APTS on Q10 response and biofidelity,| Q10_Al Ifsttar (Beillas et al.
comparison of abdomen versions Q10_A2 2012a, 2013)
Setup: static dummy belt or bar compression

2 | Effect or booster or test configuration Q10 _A1 DOREL (Beillas et
Setup: sleds with various or no CRS, NPACS bench al. 2012a)

& UN R44 pulse or Golf body & ADAC pulse
(n=11)

3 | Effect of pre-tensioner & force limiter Q10 A1l JAMA (Croatto et

Setup: sleds in compact car 64km/h OBD pulse, al., ESV 2013%)

with or without CRS (n=4)
4 | Effect of sensors and hip shields, etc. (TRLyfud| Q10_Al Visvikis et al.

Setup: UN R129 bench, UN R44 pulse, bench angle (2014), (TRL
(n=6) Report)
5 | Effect of presence of CRS Q10 _A2 ADAC**
Setup: Golf VI and ADAC pulse CRS (n=2)
6 | OOP pre-tensioner test Q10 _A2 Autoliv Research**

Setup: static dummy test. (n=5)
* Results partially public. Additional informatidncluded with authorization of the owner.

** Personal communication. Result included withreartzation of the owner.

ABDOMINAL COMPRESSION WITH STATIC DUMMY

In dummy abdominal compression by belt loading (stdy 1)
Methods
Belt compression tests (derived from porcine tésimmn Rouhana et al, 1989) define the

biofidelity target of the abdomen of Q-dummies. Potptype Q10 dummy was tested with
same abdomen before drilling the holes (Q10_Al) afidr (APTS V2, Q10_Al). The
abdomen was mainly loaded with 32 mm belt held groke mounted on the piston of the
testing machine. Different strokes and loading fioces were tested. In particular, the belt
was moved from below ASIS up to the thorax in ortdegvaluate the sensitivity of the APTS
to loading location. More details are availabldgillas et al. 2012a.
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Results
APTS V2 increased the compressive stiffness ofab@omen by as much as 20 to 25%

(Figure 54). The response was still within the ictr for most of the stroke but it was close
to the limit. The stiffening visible at the end thle corridor was not present in the dummy
response, with or without APTS. Pressure variedoatnlinearly with both force and
penetration (Figure 54). When changing the belation (Figure 55), the pressure vs. force
response remained mostly linear but the slope @whmgth the position. The highest slope
(maximum pressure for a given force) was obtaimetheé mid abdomen (Z=0 and Z=25mm
on Figure 55). The slope was then reduced when mgoaway from this location, with the
belt starting to engage the thorax (Z=+50mm) ompékis (Z=-35mm). The slopes were even
smaller for positions of the belt directly on theitax (Z=+100) or below the ASIS (Z=-60).
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of the Q10. The pressure on the buckle side (rigla consistently higher than on the other
side, which has also been observed in testing otitler dummies and configurations. The
three configurations without CRS had virtually iteal pressure peaks. Their values were
values slightly above the OOP position with CRSJ above the normal CRS case for which
the lower belt path could be expected to lead #3 l@bdominal involvement and reduced
pressure sensitivity based on Figure 55. Overdiileathis would need to be confirmed with
further testing and should be interpreted with icautas pressure values are very low), these
results could suggest a sensitivity of the systenthe belt loading path in case of pre-
tensioner loading.

SLED TESTS ON TEST BENCH

Effect of CRS type and presence (study 2)
Seven tests were performed at DOREL on an NPACSIb&ith a UN R44 pulse (Q10

configuration 1 reported in Beillas et al., 201ZB)e Q10 dummy (prototype equipped with
jacket reinforcement designed to prevent the ldp genetration in the space between the
pelvis skin and the thigh, APTS V2, Q10_A1l) wadddswith a normal belt path on four

different booster seats (two 1SOfix, one backlesssier cushion, one inflatable), one misuse
configuration (shoulder belt under the arm, ISGdboster), and one configuration without
CRS (directly on the bench). lllustrations of testtsetups are provided Figure 60.
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Discussion and conclusion
No submarining or lap belt sliding into the abdonmaeurred for any of the configuration

tested. While this could seem appropriate for casds CRS usage, this was also true for the
test without CRS for which a proper restraint kiagiocs was observed. Such test result would
seem to suggest that no CRS is needed for a Qléhgumthis test procedure and raises the
question of the ability of the dummy/test procedrevaluate the benefit brought by a CRS.
Also, results for the inflatable booster (test 1)7B&ve been compared with tests performed
on the UN R44 bench with a P10 dummy and an irflataooster (result provided by Britax,
with authorization). While the restraint kinematissems adequate with the Q10/NPACS
bench, submarining/abdominal loading is visiblehwihe P10/UN R44 bench. This result
should be considered with caution as there coule teen undocumented differences in the
test methods. However, it seems to suggest thatQth@NPACS bench provides a less
challenging environment than the P10/UN R44 berchsdft CRS that could let the pelvis
slide under the belt. As a consequence, such CRIE te acceptable with the Q10/NPACS
bench.

Regarding abdominal pressures, in the absencesdfleiabdominal loading, all pressures
were below 0.78 bar except for the only backlessster tested which was around 1 bar.
Reasons for variations between boosters are ntaicdsut diagonal belt and dummy flexion
(which depends on the CRS as shown in Figure 6dldqaay a role. In contrast, in the case
of misuse, there was visible abdominal loading gme$sures around 1.8 bar.
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summary will be included hereafter. The reportas public yetthe views expressed in this
section are not necessarily the view of the autlbtie study.

Results
Comparing the responses with and without APTS (@20 _Al), it was suggested in the

report that !the sensors did not influence the kiaéics of the Q10 greatly or its interaction

with the three-point seat belt. However, the images the side view ["] suggest there was

slightly less lumbar spine flexion with the sensidead excursion was reduced by about 7%

after the APTS V2 and Q10_A1l were installed (Figg4¢ !although the difference (in head

excursion) was within the level of variation regatin (some of) the repeat experiments "#.

The largest effects on dummy measurements seemed to be associated with lumbaadspine lo

and pelvis acceleration. All results for this anlbes tests of the series are proposed in Table

19. In all tests with APTS, the pressure was higloesthe buckle side (right) than on the

other. The diagonal belt was seen close to thet Ibatween ribcage and abdomen, with

visible compression of the region (Figure 64). Rdijey other parameters (Table 19):

- Hip shields did not seem to create large kinematianges, and resulted in limited
variations of abdominal pressure (within 6%).

- Belt guides resulted in limited kinematic changes quoting from the report !may have
kept the belt lower on the pelvis.# (as illustrakégure 65). Corresponding abdominal
pressures may have been reduced (1.06 bar, 17%ti@gu

- Quoting from the report: 'The main effect of ISOFIvas to reduce the lap belt force.
The rigid attachments held the child restraint frnm place and prevented it from
loading the dummy and contributing to the belt &x¢ The case without ISOfix was the
configuration with the highest pressure.

- Reduced bench angle had limited effect on dummmerkitics / belt interaction and
measurements (including for abdominal sensors)

- Change in seating procedure (using UMTRI guidaljnaelso had limited effects on
kinematics: belt interactions were very similarttie two tests (Figure 66) with perhaps
the diagonal belt slightly higher in the UMTRI peature. However, the test resulted in
some changes for dummy measurements. Abdominagymee$0.75 vs. 1.06 bar with belt
guides and 1.22 bar or more in all other tests)dmedt deflections were the lowest in the
series (close to the case with belt guides for tclieflection). In contrast, head
acceleration was the highest (92.39).

In general, all values were below the limits pragzb®y EPOCh with the exception of head
acceleration in the case of the UMTRI procedure.
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SLED TESTS IN BODY-IN-WHITE

Effect of CRS type (ADAC like setup, study 2)
Besides tests on the bench previously described, @10 tests performed at DOREL in a

VW Golf VI Body-in-white with an ADAC pulse are asreported in Beillas et al. 2012a.
Q10 dummy and equipment were identical (prototyyTS V2, Q10_A1l) and four boosters
(three ISOfix and one booster cushion) were uséd a/normal belt path.

Results
The tests did not lead to visible abdominal loadifigure 67). The lap belt had a tendency to

move to the gap between pelvis and lower extrem(iiespite the jacket reinforcement) and
the shoulder belt moved towards the neck. Pressneasured during these tests were all at or
below 0.7 bar (Table 20).
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with a lower severity pulse. A possible explanationthe difference could be the motion of
the diagonal belt which had higher tendency toestmvards the neck in the Body-in-white
tests than in the corresponding bench tests.

Effect of CRS presence (ADAC procedure, Study 5)
The study is not currently published but the awthHwave agreed to share some of the results

obtained with the Q10Therefore the views expressed in this section atenacessarily the
view of the authors of the studdDAC performed two tests with the Q10 dummy eqeiphp
with APTS V2 and most likely Q10_A2. The tests utieel ADAC setup (Body-in-white of a
Golf VI, ADAC pulse representing a Golf VI EuroNCAfiIse). In the first test, the Q10 was
seated on the rear bench without any CRS whileénsecond, it was seated on a non-1SOfix
booster seat with backrest. lllustrations of the tsetups are provided in Figure 68. Hip
shields were used in both tests.
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Discussion and conclusion
Abdominal loading due to lap belt penetration &acly visible on the buckle side for the case

without CRS. It seems to correspond to a slidintheflap belt rather than clear a rotation of
the pelvis (so it is unclear if the term submarinoould be used). No misuse was created in
this test setup and it can be therefore expectaditiie issue comes from the lack of CRS (as
no such behaviour was observed in Q10 testing tegan the previous section). Resulting
peak pressure is around 1.9 bar, which is also rhigtter than the tests with CRS. However,
for the case with CRS, the abdominal pressure \gstagh (near 3 bar). A possible cause
could be the loading of the abdomen by the diagbellwhich is clearly visible just below
the ribs, perhaps combined with some contributmithe forward flexion of the dummy and
a possible sensor malfunction (as a shift on thlesqure curve is visible early in the time
history). Repeating this test in the future (peshapth belt force measurement) could help
better understanding the exact source of the pressu

In both cases, very brief peaks are visible on sofibe unfiltered curves. These peaks have
been already observed and possible reasons (e&dssue, hard contact on the aluminium
cap of the APTS) have been discussed for other dasnim Beillas et al. (2012b). Applying a
filter (e.g. CFC180 as suggested in Beillas et2811,2b) would allow removing them.

Effect of pre-tensioner and load limiter in a compat car (Study 3)
The tests presented in this subsection were peeidiiny JAMA and published in Croatto et

al. (2013). Q10 and HIll 10yo were tested in paiadin the rear bench of a lcompact vehicle
body-in-white# mounted on a sled. A compact capbB4®DB acceleration pulse was used
(Figure 71). Four tests corresponding to four défe conditions were run:

1) No pre-tensioner / no force limiter seat beit@CRS (base)

2) With pre-tensioner /force limiter seat belt & GRS

3) No pre-tensioner / no force limiter seat belivéh CRS

4) With pre-tensioner / force limiter seat belt &wCRS
An illustration of the dummy installation is proed in Figure 71The Q10 was equipped
with APTS V2 and Q10_ALl. For the analyses, dedorigtand illustrations of the kinematics
(in comparison with the HIll 10yo), as well as tala variation of dummy measurements are
provided in the manuscript. Additionally, origindPTS measurements that were not initially
published were provided by the authors of the sttatythe current report(The views
expressed in this section are not necessarily i of the authors of the study.)
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Results
An illustration of the kinematics results is pros@din Figure 72 for the Q10 and HIlIl dummy.

Corresponding pressures for the Q10 are providédguare 73. Croatto et al. stated: !During
the tests without CRS, the lap belt moved upwamighe buckle side (left side) and then
migrated towards the left area of the abdomen. Phienomenon of lap belt migration
towards the abdomen did not occur in case a CRSus&xs and the abdomen pressure sensors
were able to identify this difference.# The pressan the buckle side (left) was higher
without CRS (1.39 bar in the case with P/T+F/L9lbhar without) than with CRS (0.66 bar in
the case with P/T+F/L, and 0.87 bar without). lincakes, the belt remained on the pelvis on
the non-buckle side (right) and the pressure wagilqthe maximum being 0.62 bar). The
authors also state that !in case no CRS was ukedjgage of P/T and F/L seat belt appeared
to increase the left abdomen pressure ["]. From tReessure vs Time graphs ['], it can be
confirmed that this increase is not due to theyersion from the pre-tensioner, but occurs
after the belt migration towards the abdomen. Tifferénce of abdomen pressure in that case
might be explained by the shoulder belt path pgssiore on the abdomen in the case of P/T
and F/L seat belt ["], and therefore adding to thesssure from the lap belt only.#

Regarding the HIIl kinematics, a clear migrationtbé lap belt towards the abdomen is
visible in Figure 72 when no CRS is used (but nbémwa CRS is used).

Discussion and conclusion
Results provided by Croatto et al. seem to sugbest kinematic differences between

configurations (belt migration towards the abdomarthe left side for Q10 without CRS vs.
belt on pelvis with CRS) and dummies: without CR, belt visibly slips completely to the
abdomen of the HIll. From the kinematics standpdim¢ HIlIl seem therefore more able to
detect situations (no CRS usage) that have beagesteyl as increasing the risk of abdominal
injuries. The APTS seem able to detect the begdpsig to the abdomen on the buckle side
even though it can be difficult to see on the pietim the case of no P/T+F/L. Without CRS,
the higher pressure with P/T+F/L (about 0.2 bararthan without) is similar to OOP P/T test
values in a previous section. The shoulder belsipgsmore on the abdomen could be (as
suggested by the authors) a reason for this presifierence. Another explanation could be
that, due to the pre-tensioner, the buckle movesigper early in the deceleration (70ms
visible on Figure 72). This later (80 and 90 msyits in the belt loading the abdomen higher,
in a zone where the sensor may be more sensitigppted force (as reported in a previous
section).

DISCUSSION, CONCLUSIONS AND PERSPECTIVES

Based on the reviewed data, repeatability, repribililg and characterization of
manufacturing variability is very limited for APT®$ Q10. Besides some results for
repeatability in Q3 (e.g. Beillas et al 2012b), tkeue is common with APTS in other
dummies, it would need to be assessed prior tdruseandard assessment procedures. This
needs to be considered when analysing and compiaaudfs presented in this report as most
test conditions were not repeated and that abdomsss in the studies (Q10_A1l, Q10 _A2)
have somewhat different characteristics. However despite these limitations, gendsataren
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be derived based on the 23 sled tests, 5 statidepstoner tests and numerous belt
compression loading reported.

Durability
No failure or opening of the APTS V2 was reportediny of the tests with Q10 (or Q3, Q6

and Thor). A 3 bar peak pressure was reached iriest® but 7 bar were reached in a Q6 test
with a major sled issue, suggesting that highedif@awould still be possible without damage
or saturation. Minor issues reported with APTS WiZlude small fluid leaks making the
sensor greasy on the touch, and cable output daregg&ing several repairs. The new APTS
V3 were designed to attempt solving these issuegarticular by having a better cable
attachment and better sealing.
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- From a design standpoint: simulations performedibynanetics suggested that there
could be an internal interference between spinepom@nts and APTS in some
flexion cases. The APTS length could be reduceté&ded but this would affect the
stiffness response. This will be further investight

Overall, it is suggested to repeat and expand the study on thedfffdeTS on the dummy
response (including biofidelity, sensitivity to Xien, effect on thorax stiffness, mass impact,
repeatability, etc.) once production candidate comepts are available.

Abdominal loading detection
Similarly to results obtained in other dummies, ARTS V2 were found to detect direct belt

abdominal loading in the Q10 with a higher sengjtivn the mid abdomen than in the
thoracic and pelvic regions. This was expected idenisig the design of both dummy and
sensors. For the pelvic region, it is an import@ature to ensure that appropriate restraint
conditions with high belt loads transmitted to gedvis are separated from the loading to the
soft abdomen. For the thoracic region, the probieimiomechanically different as the lower
ribcage includes some of the abdominal solid orgBliesvever, as the thorax instrumentation
already provides an assessment of the loadingetoettion, the lower sensitivity would seem
acceptable.

In sled testing, trends can be observed by loo&indummy kinematics, interactions with the
lap and shoulder belt, with regards to the abdohpnessure. Three pressure zones can be
separated (labelled A, B and C, Figure 74):

- Zone C (high pressures, above 1.5 bar): in cassolvious abdominal loading by
lap (one case only) or shoulder belt (due to pmsitor misuse), large abdomen
penetrations are visible and associated with higkgure values

- Zone A (low pressure, below 1 bar): no abdomialding is visible. The lap belt
remains on the pelvis (or in the gap between tligth hip). When the diagonal belt
slides towards the neck, pressures are similar oth Isides (point group 7).
Otherwise, pressures are higher on the buckle Bidée group, static P/T tests have
the lowest pressure.

- Zone B (intermediate pressure, 1 to 1.5 bar):aises without CRS from Study 3, the
lap belt slides into the abdomen on the buckle gisibly in one case and possibly in
the other (it stays on the pelvis on the non-buditie). Other cases (study 4)
correspond to loading of lower ribcage (or highed@mnen) by the shoulder belt.

From a protection standpoint, if using the criterfavisible penetration currently used in UN
R44, points from C would most likely correspondfad, and points from A to pass. For B,
lap belt slippage points would fail (one of themngedifficult to see) while Study 4 cases
with shoulder belt loading near the upper abdomeny e more questionable. While there
are many differences between dummies, this tramsizone between 1 and 1.5 bar
corresponds to the tentative thresholds found vemeatysing accidents reconstructions on Q3
and Q6, and also to the separation between apptemnd inappropriate loading in Q3 and
Q6 restrained by a belt. The test results alsoligigihthat with Q10, upper abdomen loading
seems possible without belt misuse depending ostbogeat and belt path. Such behaviour
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tests from studies 2-6, with possible interpretatio for specific points/groups. Points
corresponding to tests on a bench (candidate UN R22UN R44 pulse) are not filled
while tests in Body-in-white (ADAC or other, with aharder pulse) are filled.

Dummy behaviour and procedures
In frontal impact, the lack of CRS use has beekelihwith an increased risk of abdominal

injur

ies in epidemiological studies (e.g. Durbinadt 2003). Boosters are believed to help

protect children from abdominal injuries by, amantbers, reducing the risk of submarining
or belt slippage. However, when observing the @Eponses, it appeared that:

No CRS is required to restraint a Q10 on a UN Rd&&didate bench with a UN R44
pulse (Study 2, no hip shield). Similar results evahown with Q6 (Beillas et al,

2013).

Partial belt slippage into the abdomen visibly weed in at least in one of the tests
from Study 4 when no CRS was used (and is suspéctadother one). However,

abdominal loading seemed more clear with the H)ldlin the same test.

No belt slippage into the abdomen occurred withrdiatable CRS used with Q10

(UN R129 candidate bench, UN R44 pulse) while @ dith P10 (UN R44 bench,

UN R44 pulse).

Belt slippage occurred in ADAC testing without CR8ore severe pulse than UN
R44)
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Overall, while these observations are based oridomumber of tests (tests are not repeated)
from different parties and all use the prototypesian of the dummy, they suggest that, with
regards to abdominal protection, the Q10 coupletl thie procedure currently considered for
the future regulation:

- could be less challenging than some other dumnieg. HIll 10yo) or test
environments (in particular Body-in-white with harculses)

- could detect future product designs that may mbtalve appropriately in real life. In
particular, paper thin boosters without belt guifeguivalent to no CRS) could be
used to pass a frontal impact requirement basedeonandidate UN R129 bench and
a UN R44 pulse. Also, it is unclear if very softsigs (that could let the pelvis pass
under the belt in real life) could be detectedeisting.

The possible consequences of these observatiohgwe products and protection strategies
should be considered prior to deciding on a testguture.
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ANNEX I: Q-DUMMIES FRONTAL INJURY CRITERIA

An earlier report on the scaling approach has Ipedtished within the EPOCh Project
(Carroll and Pitcher, 2009), and contains moreilbetanformation on the background,
supporting information and discussions than rejplarehis Annex.

INTRODUCTION

The concept of the EPOCh project is to drive thprowement of safety for older children
travelling in vehicles. To enable this, the EPOGbjgrt has produced a 10.5 year old
dummy, the Q10.
It is necessary to specify injury risk functionglaccepted thresholds or criteria for use with
this new dummy, which are appropriate to this age size of occupant. With adult humans
the conventional approach taken to derive injurgk rfunctions has been to conduct
representative tests around the injury threshottl Rost-Mortem Human Subjects (PMHSS).
These tests are then repeated with the dummy andelbvant dummy output compared
against the observed risk of injury for the PMHS$.1Bllowing this process, dummy-specific
injury risk functions are defined directly relatimy dummy measurement with the risk of
injury for a human.
Unlike the adult situation, there is very littleobiechanical data from which specific injury
risk functions for children can be derived. As aitgives, two approaches have been used
recently (Wismanst al, 2008):

Perform accident reconstructions using the chilehiohy under development.

Scale adult injury risk functions and/or criteria be relevant to the child size

(dummy) being investigated.
According to the first of these approaches, The ogean Enhanced Vehicle-safety
Committee (EEVC) Working Groups 12 and 18 used dleeident reconstruction data
developed within the European Commission (EC) CRE®T CHILD projects to help
develop risk functions for the Q3 dummy (Wismansl, 2008).
The CREST (1996-2000) and CHILD (2002-2006) prajdacluded a program of 98 real
world accident reconstructions using P- and Q-dussmiWismanset al. used information
from these tests to propose injury risk functiomsthe Q-dummies available at that time. For
that purpose, the injuries observed in the realldvaccidents were paired with Q-dummy
measurements from around 70 validated reconstrudtsts. As the reconstructions were
performed with dummies from O to 6 years old, atadwere scaled to the Q3 dummy
size/age in order to normalize the data for a siregle whilst maintaining the size of the
dataset to be analysed. Risk curves for injurieh &n Abbreviated Injury Scale score of at
least 3 (AIS 3) for the Q3 were then developed using both tleetaihty Method and
Logistic Regression. Resulting injury risk curvesresdrawn for the head, the neck and the
thorax.
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Accident reconstructions with the newly developed@ere beyond the scope of the EPOCh
project. As an alternative, the investigation régdhere (comprising Task 1.3 of the EPOCh
project) has taken the second approach and scaigdimjury risk functions in an attempt to
make them relevant for the older child dummy. Cdesition has also been given to scaling
up the risk functions developed for the Q3 by EEWGs 12 and 18.

SCALING APPROACH

Previously, many authors have published technifrescaling biomechanical measurements
to different sizes of subject. While the generahg@ple behind the scaling remains consistent,
each of the publications seems to adopt differgucific detail. For instance, slight
differences in the formulae used by each authorbeanbserved alongside differences in the
material properties considered to be the most gpj@te. Also different authors may be
considering slightly different injury priorities,iven developing their scaling strategy.
The equations used in the following precedents weresidered and compared throughout
this work:
van Ratingeret al. (1997) in the development of biofidelity requiramefor the Q3
dummy
NHTSA (1996) in the development of injury assessmatues for child dummies
Irwin and Mertz (1997) in their biomechanical bakis the CRABI and Hybrid IlI
child dummy families
Mertz et al. (2003) in the development of injury assessmengresfce values for
frontal and side impacts
Wismanset al. (2008) output from the joint EEVC Working Group G)/12 and 18
activity reviewing the Q-dummy family of dummiesaded largely on the work done
in the CREST and CHILD project (Palisson et alQ20
These approaches include both behaviour scalingimjndy risk scaling. In general, the
behaviour scaling factors include stiffness (Yowngnodulus) and characteristic length
scaling factors, whereas the injury risk scalingtdes include maximum failure stress or
strain and length scaling factors. For some cdtetie Young;s modulus factor also
contributes to the injury risk scaling factor. #gch one could consider that the behaviour
scaling approaches could be equated to an injugly scaling approach which includes
stiffness scaling but where the failure stressoiasias set to one.
In the following sections of the paper all of thei#able scaling methods have been reviewed
for each body region and dummy measurement, rezgadif their original application. The
review considered whether there are any new maétpraperty data available to aid the
scaling process and if the output is reasonablejory risk scaling.

Head acceleration

The scaling ratio used for head acceleration diftestween that published by van Ratingen et
al. (1997) that used by Irwin and Mertz (1997) émel EEVC WG12 and 18 (Wismanasal,
2008). van Ratingeet al. assumed that the head impact test condition deeiltpresented as
a single spring-mass system, whereas the EEVC edjube force applied to the head in
terms of Newton;s second law (F=ma) and the faikiress (FES, where! is the failure
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stress and S is the cross-sectional area). Botthede approaches seem reasonable in
principle< noting that one would need to considerfailure stress behaviour under dynamic
conditions, rather than quasi-static, to match wikie motion implied by the head
acceleration. However, the approaches will givéedét scaling values.

van Ratingenet al.
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This first method used to calculate head injurgshiolds for the Q10 scaled down the peak
acceleration injury risk from adult data. For comigan, an alternative method was used,
which involved scaling up from the 3 year old ((&3jns head acceleration threshold values
reported by the EEVC (Wismaret al, 2008). The van Ratingen scaling method using the
stiffness values from Prangs al. (2004) and Hodgsoet al. (1967) (interpolated with a
curve of the shape reported by Meetzal. {2001}) was used again to calculate the head
acceleration ratio for the Q3 to Q10 (Table 22)edé ratios were then used to scale the
EEVC 3 year old head injury thresholds to obtailuga for the Q10.

Table 22: Q10 head data

3 year old Q10
Stiffness (N.mrt) 516 1332
Head Mass (kg) 2.84 3.59
Head Length (mm) 177 187

1.43 (van Ratingen scaling)

Ratio 1 .
' 1.71 (EEVC scaling)

The resulting head injury (AIS 3+) values from soglup the EEVC Q3 thresholds are not
directly comparable with the values derived fromalisg down the adult peak head
acceleration injury risk curve. The adult head mpjuisk is for an unspecified severity of
injury and relates to the peak acceleration vahtleear than the value exceeded for 3 ms. The
EEVC 20 percent risk of AIS 3+ head injury coin@deith a 116g, 3 ms exceedance<
whereas the adult risk curve suggests a peak \ailu&8 g for a 20 percent risk of head
injury.

The 3 ms head acceleration values scaled up frenthttee year old (as shown in Table 23)
could be compared with the adult value ofgBsed in Regulation (R94). However, the risk
of injury associated with the adult §0imit is not known.

Table 23: Head injury data scaled from 3 year old3 ms exceedance values

Q10 Q10
3 Id : . :
yearo (van Ratingen scaling) (EEVC scaling)
20% Head Injury Riskd) 81 116 138
50% Head Injury Riskg) 99 141 169

It is known from sled tests with the Q10, carriad within the EPOCh Project (Task 3.2),
that modern booster seats and cushions shouldl®ecalimit the measured 3 ms exceedance
to within 80 g, under Regulation 44 conditions. As §0would be a more conservative
criterion than suggested from the scaling worls itecommended that this is taken forward
for use with the Q10. This would promote consisgebetween the older child and adult
criteria.

Head excursion

Within the Q10 testing evaluation reported by EPOGIsk 3.2 head excursion limits were
proposed (Table 24). The proposal was based ontbago#ck testing of CRS with the P10
and Q10< changing the limits to achieve an equivassessment with the Q dummy,
compared to that of the P. The limits used curyeinttiUN Regulation 44 with the P10 were
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adjusted by a factor accounting for the differencenean excursion between P10 and Q10
dummies. The calculated head horizontal excursiamit for the Q10 is shorter than the
current Regulation 44 limit for the P10, whereas Wertical limit is larger than the current
limit. These changes reflect the differences in dynkinematics observed with the two
dummies.

While these excursion limits are not linked dingatlith any particular risk of injury, they are
an obvious way to manage the likelihood of a heawtart through CRS design. It seems
sensible to keep such a limit for use with the §gl® dummy in order to at least maintain the
status-quo relating to product performance.

Table 24: Head excursion limits proposed for use wh the Q10 for equivalence with P10
limits in the current Regulation 44

Criterion Q10 limits
Head horizontal excursion (mm) 465 mm
Head vertical excursion (mm) 885 mm

Neck

As noted in Chapter 6, the scaling formulae used/idny Ratingen et al. (1997), Irwin and
Mertz (1997), Mertzt al. (2003), and the EEVC WGs 12 and 18 (Wismans g¢2808) are
being considered as previous examples of scalitgtiorships within this report. The
formulae published by these authors with regartiéok loading measurements are shown
below.

For the neck, the authors of previous scaling studigree on the terms to be used in the
formulae for neck tension and bending. The terstilength of the neck is governed by a ratio
of soft tissue tensile strength (e.g. tendon failatrength) and the ratio of cross-sectional
area. For the bending moment, an additional tered@ed to reflect the ratio of the moment
arms.

The neck anthropometry measurements related toebles of six year old children, Q10 and
adults are shown in Table 25. As with the headraptimetry, these values have been taken
from the EPOCh Deliverable 1.2 (Waagmeester e28D9). The data for the child sizes are
taken from the CANDAT anthropometry study (for thix and ten year olds). The adult
measurements are taken from the Hybrid Ill S50tlcgetile adult dummy.
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van Ratingenet al.

Rr is the scale factor for
bending moment about the x-
or y-axis.
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scaling factor will be that result divided by théffeess value for the age from which the
response is being scaled. In preparing these vednesdult age of 25 has been used.

Table 26: Neck force and moment scaling factors (aatios)

Method Formula Q10 factor
Force
Mertz et al.
eevc wa12 Repol  IEGR)
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Table 28: Q10 data

3 year old Q10
"X 67.7 81.0
"y 72.6 85.6
"1t 0.83 0.98
"F 1 1.67
"M 1 1.99

Table 29: Neck injury data scaled from 3 year old
Risk percentage and neck load

3 year old 10
parameter y Q
20% Neck Tension Force (N) 1555 2590
50% Neck Tension Force (N) 1705 2840
20% Neck Flexion Moment (Nm) 79 157
50% Neck Flexion Moment (Nm) 96 191

Comparing the values between Table 27 and Tablmd®ates that the 20 percent risk of
injury values scaled up from the three year oldgaeater than the values scaled down from
the adult, using any method. The level of injuskrassociated with the adult threshold values
are between 3 and 5 percent or correspond to IA[R\gry Assessment Reference Values).
Therefore it was to be expected that the scalechlyes are greater.

In the EPOCh Task 3.2 tests with the Q10 the redolt the upper neck force on the Q10
ranged between 2,055 and 2,932 N for the boost&mians, where all but one booster seat
produced a larger result up to 4,239 N. These tesulggest that the neck force thresholds
derived above are not feasible for modern CRS tetmeder Regulation 44 test conditions.
The Regulation 44 test conditions are intendedefwasent the typical severity for frontal
impact accidents, in cars from the 1970s. Therafaealed injury threshold values are being
exceeded regularly in this test, one might expectde neck injuries (relating to a tension
mechanism) in the child accident data. However, rieek has not been identified as a
frequently injured body region for older childretewn restrained (Visvikist al, 2009).

On the basis that the accident data would not stipipe need for a substantial improvement
in tensile loading to the neck, a pragmatic thré&$lwould be chosen to prevent any future
degradation of safety in this area.

The adult neck tension threshold is 3,300 N. Adapthis limit would lead to a failure for
three of the five booster seats tested for EPOGHk Ba2. As such a stringent threshold is not
desired it is recommended that further testing khba carried out before defining the exact
neck tension limit.

Accompanying any tensile value, a neck extensioit bf 37 Nm and a flexion limit of about
125 Nm seem feasible and can be supported by #i@g@pproach.

Thorax
The scaling relationships used before, for the abiar body region, specifically chest
deflection, are reproduced below.
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Further scaling formulae have been reported foahgr type testing of the shoulder, thorax,
abdomen, and pelvis. Based on the expected use alder child dummy developed within
EPOCH, it is not likely that impactor type eventdl Wwe used in evaluating injury risk.
Therefore, based on relevance, only the chestalieffescaling formulae are reproduced.
The EEVC approach seems most appropriate to ity &s it includes terms accounting for
geometric, stiffness, and failure ratios.

Irwin and Mertz
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In the van Ratinget al. (1997) relationship for scaling thoracic respottsénpactor tests,
femoral bone elastic moduli are used. These datéaden from the summary paper of Stiirz
(1980), although the original source is Currey Buoder (1975). Using the femoral modulus
data instead of the skull bone modulus data woalkktthe effect of increasing the scaling
rates. It is not known whether the femoral or skwihe moduli are more closely related to the
moduli of rib bone. However, adopting the EEVC aygmh, of not scaling the modulus, will
give more conservative tolerance values for childr&herefore this approach is used
subsequently in this paper.

The EEVC equation for calculating the chest scalgdr incorporates the ultimate tensile
strength of the calcaneal tendon for the Q10 an2l. Qhis was calculated from data provided
by Yamada (1970). Having the tendon failure strengtiues allowed the EEVC equation to
be applied, with the thoracic organ modulus ralig, (
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Based on these data Wismaetsal. (2008) drew injury risk functions for the Q3 dummy.
Those authors used the Certainty Method and legisgiression to derive the functions.

Since publication of the EEVC Q-dummy document, \MG5 has issued advice that injury
risk functions should be developed primarily usswgvival analysis. The following figure
(Figure 76) presents a risk curve generated udieget data and survival analysis. The
survival analysis shown assumes a Weibull distidioutor the underlying data. As shown in
Figure 76 the survival and logistic regression egrare similar, but not the same, up to about
50 mm of deflection and a 40 % risk of AIS3 injury. From this point onwards, the curves
diverge slightly with the survival function prediay a lower risk of injury for a given chest

deflection.

368

eevc w12 Repol )



EEVC Report — Advanced Child Dummies and Injurye@id for Frontal Impact I -
Document Nk

R

o
©

o
o)

o
3

//// ------ L.Rconfidenceinterval
// =1 —Surviva(Weibull)

/ - -== Surviva(Weibull) confidence

e interval
g /7 ’/‘ m Q3data
/4 /

’/' // :' & Q6data
’ L}
r K

o
o

[}
L]
H
[]
i
]
Bl
: ': ——Logistiaegression
|
)
[}
[]
)
]
]
]
)
1]
[

©
i
\
v
\

Probabilityof AIS3+thoracicinjury
=} o
w (6]

o
[N

0.1 |
/ \\~ ................
0 — . s sz
| : . - v 100
Deflection(mm)

Figure 76: CREST and CHILD data points and AIS 3 logistic regression and survival
analysis injury risk curves for Q3 chest deflection

Based on the scaling values provided by XT, itasgible to scale the injury risk curves to
make them relevant for the Q10 dummy. In practiie mmeans multiplying the Q3 data by
0.67 and the Q6 data by 0.75. The survival analpgisy risk curve based on the CREST and
CHILD data scaled for the Q10 dummy is shown inuFég76, !Survival (Q10)#, again a
Weibull distribution is assumed for the analysis.

In order to compare the function developed by sgalip from the Q3 with the other
approach of scaling information down from the adige, scaling factors are needed for the
Q10. As described above, using the rationale of nVdliss et al. and some further
interpretation of the available material propergtad scaling factors have been developed.
Using the Q10 scaling ratio as proposed earlighig section, the Hybrid 11l 30percentile
adult sternal deflection injury risk function wasaked down to make it appropriate for the
Q10. The resulting curve is also shown in the feltw figure (Figure 77). A log-normal
distribution assumption was used in the survivacttion.

It can be seen from Figure 77 that the scaled daduit risk function predicts a lower risk of
injury for a given chest deflection. The two cundigerge with increasing deflection. This
means that the difference between the scaled upSTRind CHILD data and the scaled
down Hybrid Il data for a 20 percent risk of anSAl 3 thoracic injury is between 23 and 28

mm. Whereas the difference is greater for a 50 % risk of injury, and is between 38 and 5
mm.
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Figure 77: AIS 3 survival analysis injury risk curves for Q10 chet deflection derived
from the CREST and CHILD data or from scaling of the adult 50" percentile Hybrid

Il sternal deflection.

From the EPOCh tests with the Q10, results for upper and lower chest compression
measurement points have been obtained. The smp#akt value from either IR-Tracc was
44 mm and the highest value was 60 mm.
Based on these results all of the CRSs would haceeeled a 50 percent risk of AIS3
thoracic injury using the risk function scaled frohe CREST and CHILD data. Some CRSs
would also have exceeded the 50 percent risk leaséd on the function scaled down from
the adult (Hybrid Ill) data.
As with the neck tension values described in thevipus chapter, the high estimates of
potential injury risk call into question the retaiship between the dummy values measured in
laboratory tests and real world injury rates. Again thoracic injuries have not begfiedexs
a priority for prevention for restrained older chién in frontal impact accidents. Therefore, it
may not be necessary (or perhaps even advantagéoushplement a stringent chest
deflection criterion. It is important that childsteaints that position the 3-point belt across the
torso of the dummy, thus to engage the belt correctly, are not penalized dnest
compression criterion. Instead it seems appropt@ateaintain a similar level of performance
for future restraint systems. On this basis ituggested that a chest deflection threshold of
about 56 mm is used with the Q10 initially.
With a multi-point chest deflection measurementeysthere is some scope for combining
data from the two sensors to give more informaéibaut potential injury risk. For instance, it
may be that loading one part of the chest in igmiais more injurious than distributed
loading over the whole chest. In this case, thesig bre benefit to using an advanced criterion
which accounts for force distribution somehow. Bippropriateness of such a proposal would
need further research and validation than has Ipeessible within the EPOCh Project.
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However, work has been carried out investigatirey régsponse of the Q10 thorax to hub or
diagonal seat belt loading in table-top test caonit. This work should help understanding of
the regional stiffness of the Q10 thorax and peshaform later discussions on the balance of
importance given to either the upper or lower cliestection measurement. In the meantime
it is suggested that the deflection limit is apglie either sensor.

Thorax acceleration

Real world accidents involving both child car ocanfs (seated in Romer-Peggy | or Il
restraints) and pedestrians were recreated byzStt®80) using VIP 3c and 6¢ dummies. On
the basis of nine cases (including six reversilblaan-injury cases) Stiirtz proposed limits of
105 g for the peak resultant thoracic acceleration aBdg8when exceeded for 3 ms.
Apparently these values represented protectiorr@icovering 75 percent of the reversible
injuries and 25 percent of the irreversible injariAlternative limits of 55g for both
acceleration measures were also suggested for representing 50 percent of reversible and
irreversible cases. The current UN R44 chest act@a criteria is also 55 (3ms
exceedance)

It is not known how the biofidelity of the VIP cHildummies would compare with the
Q-series. It is unlikely that a dummy-specific ijuisk function developed for the VIP series
could be reliably transferred to the Q-series. Hmvethe use of only nine cases to develop
the proposed thresholds for the VIP dummies meaausthe tolerance values can only really
be considered as indicative. On the basis of pnogid general guide to a child;s tolerance,
rather than a specific risk function, the valueggasted by Stlirtz provide some information.
These values, reported by Stirtz, are around tred pgoposed for use in US regulation with
adult subjects or surrogates of §0 although the Stirtz child values are slightlyhéighan
the adult, when looking at the 75:25 risk valuelserE is no clear basis as to why the child
tolerance would be expected to be higher than thrts. Also, if the adult value was
maintained it should provide a conservative eseénwdtinjury risk for a child. Therefore it is
proposed to maintain the Europeangdbnit.

The data recorded in EPOCh Task, 3a2 resultant chest accelerations indicate lovadues
for the Q10 dummy tests compared with those seethénP10 for all child restraints.
Therefore, there is some scope for this value toedeced for use with the Q10 dummy. A
limit of 45 g is suggested based on the EPOCH test results.

Summary and discussion

Previously published scaling approaches for usk whild biofidelity and the development of
injury risk functions have been reviewed. Data meetb be used in these scaling formulae,
concerning biomechanical material properties hasenbsought from previous sources and
the latest published literature. These data hawen hésed together with anthropometry
information, as reported alongside the design ef @10 dummy, to provide scaling ratios.
These scaling ratios have been set so as to pravideans of relating established injury risk
functions from either the adult or Q3 to the Q10ndwy. The scaled injury risk functions
have then been compared with initial test resuith Whe Q10 dummy under Regulation 44
conditions. Associated with this comparison hasbmeassessment of the feasibility for CRS
manufacturers to meet prospective criteria. This hBo been balanced with pragmatic
expectations of how well the criteria may relatectorent CRS performance and real world
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accidental injury incidence. As a result of thisrkwgroposals have been made as to the
criteria which should be used with the Q10 in ragoh 44 type conditions.

As is usual in this area of research there arergkgaveats to be taken into consideration:
Each scaling approach makes numerous approximatokeep the formula relatively simple
to calculate. As an example geometric similitudefien cited as an assumption, so that the
smaller body is the same as the larger in all dspbat size. Such assumptions and
approximations will affect the scaling ratios arebsults. However, it is hoped that those
effects are relatively small to the other aspeetadtaken into consideration.

Material property data for child subjects is liniteéThis means that alternative, hopefully
related, data are often used in scaling and sorastthese data have to be interpolated for the
age of interest. From a research perspective, uldvoe ideal if this lack of information could
be resolved in the future.

As with the material property data, it is also umooon to have child subject test data with
which to validate scaling values. It is recognitieak there have been recent efforts to address
this at least in terms of providing some child tetbbiofidelity information.

Child injury information is certainly not prolifiamongst the accident investigation and
biomechanics literature. This means that injurk risnctions developed for children are
usually based upon a small number of data poindstia@refore have poor robustness (wide
confidence intervals). The functions reviewed orivaE above certainly fall into that
category. This means that care must be taken when using those risk functions tmjsey a
criterion. The level of confidence offered by thatad needs to be kept in mind during any
process using such a function.

There has been no direct relationship identifietvben injury assessment values for child
dummies, a particular test severity and real worjdry incidence. Any pragmatic decisions
based on an expected real world performance of &R8Id be considered knowing such a
link has not yet been established. However, thabisto say such a link does not exist, only
that the exact relationship is unknown to date.

It is now known that the Q10 thorax biofidelity ppsises seem to be slightly closer to the
biofidelity corridor than other Q-dummies (see Ciea3, DUMMY DEVELOPMENT AND
EVALUATION IN CERTIFICATION TYPE TESTING on page )7 The consequence of
this variation in behaviour could be investigatadthe future with respect to its impact on
scaled injury risk curves. However, this small betar change is unlikely to change the
pragmatic threshold level selection suggested abawvibe grounds of feasibility.

Conclusions
As a result of this injury risk function investigat, it is proposed that the following limits are
used with the Q10 under Regulation 44 conditions.

Table 32: Proposed injury criteria for use with the Q10 dummy in Regulation 44 frontal
impact conditions

Measurement Threshold
Head acceleration (3 ms exceedance) 80g
Head horizontal excursion 465 mm
Head vertical excursion 885 mm
Neck tension >
eevc wc12 Repol  IIEEGEGEGEGR)
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Neck flexion 125 Nm
Neck extension 37 Nm
Chest deflection (either IR-Tracc) 56 mm
Chest acceleration (resultant 3ms exceedance) 459

> |t is recommended that a pragmatic neck tengiaihik set after further testing with the Q10.
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