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Abstract

In 2016, the EuroNCAP child occupant dummy changed from the Q1.5/Q3 model to the
Q6/Q10. Since this change, instances of unexpected dummy restt failure have been
observed, resulting in unstable dummy behavior such as belt slpff and belt neck
penetration. To solve these issues, various research projects investigating the parameters that
influence dummy behavior are underway.

Most high occupancy vehicles contain a seat belt fing located on the Gpillar for ease of
ingress and egress. When occupants use these types of vehicle belts, adverse conditions occur
if the belt does not fit the occupant. Thus, CAE and sled tests were conducted usiting
parameters that influence dummy behavior. Results showed that the belt webbing route was
the most critical parameter, and the optimal belt webbing route layout for attaining stable
child dummy behavior was determined.

Though the optimal layout was detemined, it is difficult to apply this belt webbing route in

all vehicles because of differences in their designs and dimensions. This means application is
limited at the vehicular level. Thus, this study used CRSs to determine an optimal layout for
attaining stable dummy behavior. Comparison tests were conducted using existing CRS
models. In these tests, the belt webbing route with a CRS was studied and CRSs were used to
develop an improved webbing route.

This paper introduces an improved layout forsecuring stable child dummy behavior using
the results of CAE and sled tests, and develops a CRS that can support and implement this
layout.

Keywords- Q6, Q10, child dummy, belt slipoff, belt neck penetration, belt webbing
route, dummy behavior stability, optimal layout, CRS

Subscripts- COP: child occupant protection, ELR: emergency locking retractor, PT:
pre-tensioner

1. Introduction

The offset deformable barrier frontal impact test and side impact mobile deformable
barrier tests performed biuroNCAP evaluate both adult and child dummies. Before the
protocol was revised, Q1.5/Q3 dummies were utilized, corresponding to the group 1/2.
These dummies were small and light, and thus the CRS was small. Their CRS harness belts
had a distinctive stregth for child dummy restraint. This is because the CRS harness belt
design focused on child dummies, whereas ordinary vehicle belts were designed for adults.
The strong CRS harness belt restraint measurably influenced test results and ensured child
dummy sfety.
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However, EuroNCAP changed the test dummy from Q1.5/Q3 to Q6/Q10 in 2016. As this
shifted from group 1/2 to group 2/3 dummies, small CRSs equipped with their own harness
belts could no longer be used. The CRSs used for group 2/3 dummies did ndtanagss

belts, but used the vehicle belt for restraint. Many problems were encountered when the
dummies increased in size and weight because these vehicle belts were designed for adults.
As such, tests were performed to determine the optimal belt webbung to satisfy the

Q10 of the enhanced EuroNCAP COP. The base vehicle model employed in this study was a
midsized SUV with a Bring on the GCpillar, and various parameters affecting the belt
webbing route were considered. This parameter combination ifskehtan optimal belt
webbing route, but its applications were limited by vehicle designs and dimensions. Thus, a
CRS was developed to assist in belt webbing route optimization. This paper introduces the
parameters that affect optimal belt webbing rout@lementation and presents a CRS that
assists in belt webbing route optimization.

2. Q10 dummy precondition and point calculation for enhanced
EuroNCAP COP frontal impact protocol

Restraint i

a) When onlythe dummy experienced forwanthovement, the diagonal bedtipped off the
shoulder.Zero points were awarded to the dummwhen this occurredSlipping off the
shouldemwas defined athe beltmovingdown the upper arm, below the shoulder joint.

b) When onlythe dummy experienced forwd movement, the diagonal betiovedinto the
gap between the clavicle and upper aamdthe belt webbindolded. A penalty of-4 points
wasapplied to the overall dummy impasxtore when this occurred

c) At any time throughout the impact either ttemmy pelvis dropped belowthe lap belt
section or the lap sectiatid not prevent the dummy from moving upwards during rebound
and no longerrestrainedthe pelvis.Zero points were awarded to the dummwhere this
occurred

2) Ejection’i

a) The dummy pelvidid not remain in the booster seat or on the booster cushiowaswbt
correctly restrained by the lap section of the seatbelt.

b) The CRSdid not remain within the same seating positionwas no longer correctly
restrained by the adult belt. It mustti® displaced onto the floor or any other part of the rear
seat/occupant compartment.

3) Failure of restraint system component$

a) Any breakage or fracturing dbadbearing parts of the belt system including buckles,
webbing, and anchorage points.

b) Any breakage or fracturing odeat belt locloffs, tethers, straps, ISOFIX anchorages,
backrest to booster cushion connectjardailures ofother attachments specificaligtended
to anchor the CRS to the vehicle.

4) Head excursion modifieri A steppé modifierwasusedfor the Q10, anavhere the Q10 head
passedhe 450 mmor 550 mmforward excursion linga 2 or 4-point modifier, respectively was
applied. Excursions were measured from thpdiht location of the B female occupant with rear
seats adjusted accordingftontal ODB testprotocols



Protection of Children in Cars
15" International Conference

5) Frontal impact criteria

Criteria Performance limits Available
Higher Lower Capping points
Head HIC;3s (with hard 500 700 800
Score contact)
Resultant 3ms G60g 80g B80g
acceleration 4 Doints
Head excursion P
Qe 550mm NA
Q10 45 0mmna S550mm NA
Upper Tension Fz 1. 7kN 2.62kN (monitoring)
MNeck Extension My
(with head to interior 2 points
contact) Q6 ™NA 36INm NA
Q10 NA 49™Nm NA
Chest Resultant 3ms 2 poimnts
(T4) acceleration® Q6 ™NA ™NA NA
Q10 41g S5 S55p
Deflection
Qe 30mm 42mm ™NA
Q10 | (monitoring) | (monitoring) NA
Pelvis ASIS load NA ™NA ™NA
TOTAL 8
points/dummy

Table 1. Frontal impact criteria of EuroONCAP COP

According tothis protocol, a reduction point is generated by linear interpolation for each siae of
injury and whole or half reductigmoints aregenerated fobehaviorsand restrainsides

3. Parameteranalysis

Before the sled test, sonmgarametersvere selected for analyzing their influence on dummy
behavior.

Figure 1. Analysis model (midsized SUV with-Bng on the Gpillar)
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Other parameters were selected by analysis. The sled test was conducted focusing on several
potentiallyinfluential layout parameters.

4. Test cases of parameters influencing dummy behavior and
comparative analyses

The parameters affecting belt rouiesvehicles vary widely, including Bing positioning,
seatback angle, and seat cushion dimension® [parameters were selected for this study:
D-ring position, seatback angle, belt type, CRS type, and CRS cushion height. A total of 12
comparative tests were conducted based on midsized SUV specifications wiilysDon
the Gpillars. Slipoff occurrences we checked by observing sled tests, videos, and
coordinates, whereas the amount of head excursion was calculated by a video analysis
program. A data analysis program was used to analyze injuries in each test.

4.1. Parameter selection andoordinate position measurement
A Base- midsizedSUV with a D-ring on the Gpillar

A Seatbackangle- The torso angl®f Q10 dummiesvas chosen aa parameteiinfluencing
the contact time anblelt restraint thereby affecting dummy behavior

A Belt type (ELR/PY - Therewere no layoutdifferences between bet typdsuyt the belts
loosened differently undexqualloads

A D-ring position- The belt route, anthusdummy behavior and restrajrthanges according
to D-ring positioning.It was confirmed through analysis thditetD-ring position had a great
influence after the PT. fing positioningwasthusdivided into more detailed cases.

A CRS Type- Depending on CRS type, undemd overarmrests weraused differently, and
arm restshapesalso varied. These layouts, beharxd and constraintsvere identified and
designated as parameterfor CRS developmento assistin implementing the derived optimal
layout.

A Seat cushion heightCRS cushion heighwasspecified as a parametfar optimizing
the developedCRS

Shoulder belt webbing bottom+{8/B) Shoulder center (€)
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Figure 2. Measurement coordinate positions and names

Coordinates were measuredewaluate the influence of the parametersttun belt routeThe
coordinatepositions and names are shown in Figurelrizreasing Xcoordinates indicated
further rearward locations. Increasingcéordinates indicated outward ptisning from the
dummy shoulder, and-Zoordinates increased with indicated positions of higher elevation.
These abbreviations are used to describe coordinates below.

4.2. Test result comparison

4.2.1. Parameter: Seatback angle

To evaluate the influence of the seatback angle, diffelsgdtback anglecases were
compared.

#1 #2

Parameter: Seatback angle

Initial View

120 ms view
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Head Excursion

Basei 448 mm Seatback anglé 437 mm

Figure 3. Comparison of behavior between seatback angles

-170 -177 | 585

534 | -188 | 799 | 521 | -186 | 762 | 441 | -191 | 644 | 404 | -187 | 579

Table 2.Coordinates o#1 and #2

As the seatback angle increased frghto #2, thechin center and shoulder centercdordinates

in #2 werepositioned ahead of those in #1, and #@odrdinates werpositioned slightly upward.
Because the #2 dummy contacted the belt in front, then®dZ-coordinates of thbelt webbing
were slightly lesser. This difference between #1 and #2, however, was insignificant.

From a behavioral standpoint, shffs occurred in both cases. The head excursion value was at
risk in #1, but not in #2From a poterial injury analysis, #2 reduced probabilities slightly, but the
difference was insignificanThese two case tests indicated the seatback angle was not an
influential factor in terms of layout, behavior, or injury.

4.2.2 Parameter: Belt type

To evaluatehe influence of sedielt type belt typecases were compared

#1 #3

Factor: Belt type

Initial View
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90 ms view

Head Excursion

Basei 448 mm ELRT 350 mm

Figure 4. Comparison of behavior between belt types

Thebelt webbing layout was equivalent between belt type parameter tests. Since the belt webbing
was the same, coordinate discrepancies were considered to be deviations.

From a behavioral standpoint, shyffs were observed in both cases. The-tmalsening function

that occurredeyond the certain load, present in PT+LL, was not included in ELR. Thus, ELR
performed better than PT+LL for sligff and head excursion aspects. Conversely, ELR was
disadvantaged on the abbreviated injury scale (AlS) index for dunjomes because of its teo

tight restraint.

The AIS index was generated to minimize distinctions between personal and investigative
judgments and to maintain consistency. The AlS index is divided to six levels, each containing an
injury curve. Accordingd the AlS, head injury HIC and chest deflections are close to the AIS 3
curve.

When the HIC values of the base (186) and ELR (800) cases were compared to the AIS 3 curve,
the base case had less than a 9%sibility of AIS 3 injury whereas the ELR case tedover 40%
possibility of AIS 3 injury. The two cases demonstrate a ~10x differencesasipility of

occurrence, with ELR at a confirmed disadvant&@jeservation indicated an optimized layout was



Protection of Children in Cars
15" International Conference

essential for preventing shipffs, excessive heagkcursion, and excessive injuries in both case
tests. Subsequently,-fing position case tests were conducted.

4.2.3 Parameter: Dring position (Y -axis inward)

To evaluate the influence of thering position (Y-axis), Y-axis positionatases were compared

#1 #4

Parameter: B¥ing position (¥axis)

Initial View

120 ms view

Head Excursion

Basei 448 mm D-ring position Yi 402 mm
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Figure 5. Comparison of behavior between parameters
(parameter: Ering position on Yaxis)

Coordinates

#1 -172
#4 462 | -185 | 682 | 414 | -183 | 601 | 501 | -140 | 748 | 502 | -87 | 747

Table 3.Coordinates offl and #4

As the Dring moved inwardtheS-W/l and SW/O were seen to shift inwarfdom the layout side.
Additionally, movement ofhe belt route toward the dummy neck was observed in the initial view
of Figure 5

Slip-off was observed only in the base case due to the movement of theubetibward the neck
side when alternative fing positioning was used, and head excursiasstabilized when the
dummy was stably restrainddowever, the Neck Fincreasedlightly asthe belt route moved
towards the neck.

4.2.4. Parameter: Dring position (X-axisrearward)

To evaluate the influence of-fing positioning on the »axis, X-axis positionatase were
compared

#1 #5 #6

Parameter: Bing position on Xaxis

Initial view

90 ms view
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Head Excursion

Basel 44 8mm D-ring position X1i 280 mm D-ring position X2i 255 mm

Figure 6. Comparison of behavior between parameters
(Parameter: B¥ing position on Xaxis)

465 | -172 | 649 | 420 | -177 | 585 | 524 | -86 | 757 | 517 | -29 | 766
#6 484 | -175| 659 | 433 | -177 | 583 | 547 | -119 | 735 | 559 | -66 | 725
511 | -179 | 699 | 457 | -183 | 613 | 550 | -142 | 749 | 559 | -90 | 739

Table 4.Coordinates of #1 and #5 and #6

Relative to the base case, thedordinates of SV/T and SW/B shifted rearward, associated with
D-ring positioning towards the rear. Thecdordinates also showed a tendency to increase.
Furthermore, the belt route was seen to move towards the neck side as it became better fit to the
dummy, observethrough the ini@l view, SW/I, and SW/O. No dlip-off was observed in belt

routes that moved toward the neck, and head excursions were stabilized by more rearward X
coordinatesThis case also demonstrated a slight increadkeok Fzasthe belt route moved

towards theneck side Relative to the base case, thgdsition of thebelt route layout was

improved in cases #5 and #6. Given these results, more detadedrifinates were divided and
tested

4.2.5. Parameter: Dring position 2 (X-axis rearward)
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#6 #7

Parameter: B¥ing position on the Xaxis

Initial View

90 ms view

120 ms view

Head Excursion

D-ring position X2i 255 mm D-ring position X371 509 mm

Figure 7. Comparison of behavior between parameters

(Parameter: B¥ing positionon X-axis)
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Table 5.Coordinates of #6 and #7

Compared to #6, #7 decreased thead Zcoordinates of SV/T and SW/B

As the belt route became looser, it moved toward the shoulder side (confirmeHhya8Sd S

W/O coordinates) Slip-off and increased head excursion were observed in #7. The Neck Fz
decreased slightly as the beditemoved outside the shoulder.

The results of sections 4.2.4 and 4.2.5 indicate the optianadgdX-coordinate layout, which does
not cause sliff or increased head excursion, was #6.

The optimal Dring X-coordinate layout in #6 prevented sbff and exessive head excursion. It
also restrained the dummy well.

4.2.6. Parameter: Dring position (Z-axis upward)

#1 #8

Factor: Dring position on the z&xis

Initial View

120 ms view

Head Excursion

Basei 448 mm D-ring position Zi 515 mm
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Figure 8. Comparison of behavior between parameters

(Parameter: B¥ing position on Zaxis)

-172
465 | -170 | 664 | 422 | -172 | 588 | 520 | -117 | 742 | 523 | -62 | 743

Table 6.Coordinates of #1 and #8

In the initial view, the belt route in #8 did not contact the dummy. Theddinates of SV/T and
SW/ B6s Z were seen t o -poordiratesopWihand SW/Gwhoeed e a s
towards the neck. As the belt route moved inward;cfipvas not observed but the amount of
head excursion increased due to the floatingrbelie. Furthermore, Neck Fz increased slightly in
more inward belt routes.

Based on a distance of 50% between the dummy arndg)the optimal Bring position and

layout capable of preventing slgif, decreasing the amount of head excursion, and eféetti
dummy restraint were derived using analysis and sled test results.

However, as vehicles have their own designs and dimensions, the applications of a universal
optimal belt route are limited.
Therefore, a CRS was developed to assist in optimizitigvedbing routes.

To select a final CRS that assisted in reaching the optimal layoutetieboped CRSs were used in
comparative tests with currently sold and used CRSs.

4.2.7. Parameter: CRS Type (Type 4 Developed CRS PROTO #1)

#9 #10 #11

CRS Type2 CRS Type 3 CRS Type 4

Initial view

t

he
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90 ms view

Head Excursion

Type 2i 425 mm Type 3i 354 mm Type 4i 402 mm

B ]
e el

Figure 9. Comparison of behavior between parameters (Parameter: CRS Type)

Types 2 and 3 did not experience stifis, but Type 4 did.

In the initial view, the belt route of Type 2 was located towards the shoulder, Type 3 tended
towards the neck, and Type 4 was the furthest from the dummy.

The three types of CRS and optimaltlreute layout cases were compared.

SCY SWIY SW/OY

ARM RESTY

-190 -139 -78 -378
-175 -139 -83 -329
-172 -107 -47 -345
-162 -119 -66 -341

Table 7.Y-coordinate comparison 1 (CRS Type and #6)
Tests contained differentS-C Ys, so coordinates were offset and compared.

SCY SwWIY = sSwoY ARM REST Y
-162 -111 -50 -350

-162 -126 -70 -316




