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Injury Study for Q6 and Q10 Child Dummies
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ABSTRACT

The Child Occupant Safety Assessment was first introduced and carried out by Euro NCAP in 2003, with
the goal of ensuring manufacturers to develop safe vehicles for passengers of all ages; the objective was
to evaluate the safety and protection offered by different Child Restraint Systems (CRS) in the event of a
crash. In 2013, the formerly used P child dummy series was replaced by newer and more biofidelic Q1.5
and Q3 child dummies, representing 1.5 and 3 year old children respectively. The frontal and side impact
dynamic performances of the Q1.5 and Q3 were tested within all classes of vehicles assessed by Euro
NCAP at the time. As an extension to that initiative, Q6 and Q10 child dummies were later developed
representing children of 6 and 10 years old. Since the protection of larger children during vehicle crashes
relies greatly on the interaction of vehicle restraint systems such as seat belt and the CRS, instrumented
Q6 and Q10 dummies will be used to assess the protection offered in the event of front and side impact
crashes. In this paper, we focused on injury criteria of Q6 and Q10 child dummies at 64 kph 40% offset
frontal crash test. The whole procedure was designed with DFSS analysis. The full vehicle sled test results
of both dummies were conducted with different restraint systems settled through previous sled test. It
showed that several injury criteria and image data were collected as the result of the full vehicle sled test.
Based on the results of these investigations, this paper describes which factor is most important and
combination shows the best performance when evaluating rear seat occupant protection for Q6 and Q10
child dummies.
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Table 1 Frontal impact criteria, limits and available points

Performance limit
Higher

Available
points

Region Criteria

Lower

HICi5

(with hard contact) o0

700

87¢g 100g

550

Resultant Acc. 3ms

Head Q6
excursion
modifier Q10

Head

450 550

Upper
neck

Chest

Tension Fz 1.7kN | 2.62kN

Resultant Acc. 3ms 41g 55g

Total
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Table 2 Function matrix for control factors

Q6 child dummy Q10 child dummy
Head | Neck | Chest | Head | Neck | Chest
Res. Res. | Res. Res.
acc. Fz acc. | acc. Fz acc.
3ms 3ms | 3ms 3ms
CRS + | ++ + | 4+ +
Seat
belt | +++ | ++ | +++ | +++ | +++ | ++
Restraint | gpr
system
b :
position
DLT + +

Fig. 1 S

led test

Table 3 Pre sled test results

Test 1 Test 2 Test 3

CRS Maxicosi Clek Oobr Maxicosi

Rodifix (backless) Rodifix

Seat belt |\ 1 N DLL | 34+1kN DLL | 4KkN CLL
RPT

Q6 | QI0 | Q6 | Q0 | Q6 | Q10

Head 1 1 | 123] 113|077 098
Acc.3ms

Ubper neck | 1 | 124]093] 08 | 091
Fz

Chest 1|1 | 12 115 111 | 099
Acc.3ms

LY =9 /M4 E Hlo]H S YA (correlation) A A A&
, olul 29) (vawing)= e tidoll A A2l

Ao

aatct.
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Test1 Test2 Test3

Q6 Q6 Q10

Q6 Q1o Q1o

W Head Acc. 3ms W Upper Neck Fz Chest Acc. 3ms

Fig. 2 Pre sled test results
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Table 4 Control factors

Control factors

Level
CRS Seat belt RPT
. i 4kN+1kN
Level 1 Britax Kidfix (DLL)
. . 3kN+1kN
Level 2 Maxicosi Rodifix (DLL)
Level 3 Recaro 4kN
eve Monza Nova Seatfix2 (CLL)

CRS= Q6, Q10= B ##HAA 5 9= CRS &
BritaxA}2] Kidfix, MaxicosiAte] Rodifix, RecaroA}2]
Monza Nova Seatfix2% X743} ) o]52 25 Rigid
ISOFIX® 14 dh= @efol Fito]7k 9lar CRSS we]
A Aol REAMETL A4 ¥ Jjolt), JPAME = A
Foll 7153t viel #Zo] RPTSlE= AFF Al9lstal RPT
7b B Sol7hs Abke A&atglov, s Akl o
sk QPdHE W4t ECE R 16/KMVSS 27, 1035 3}
= WE Fo|lM Load limiter &5l whe} 4kN+1kN
DLL (Declining load limiter), 3kN+1kN DLL, 4kN
CLL(Constant load limiter) 9] 3% HAWMEZS M els}
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Table 2914 AF3 ZW-2-3} Table 42] A|o]QA}
£ 53] 94% P-Diagrams Fig. 322 YERYQIH

Input Signal BB Output Response
- Impact energy !@ > g6, Q10 dummy injury

- Head Acc. 3ms
- Neck Fz
- Chest Acc. 3ms

Control Factor
Restraint system
-CRS

- Seat belt RPT
Fig. 3 P—Diagram
2.2. €4 E Al(Sled test)

2.2.1. S E AgHE(Test matrix)

Table 414 A% 2714 35-52] AoJQIAFZE Table
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Table 6 Q6 and Q10 dummy positioning

Positioning

Protocol

Q6 Q10

Dummy position | Center of rear LH seat | Center of rear RH seat

Pushing 135£15N on CRS in parallel
with seat coushion after positioning center
of rear LH or RH seat

CRS installation

Dummy Pushing 177N on pelvis and chest
installation with 90 deg against seat back
Seat belt Pulling 22N on belt after fastening seat belt
Knee to Knee 170mm 190mm
Headrest Removed Removed

Euro NCAP Wit WA1H Kidfixe] otefA 44 21X
£ 7]52 2 B} CRSE $YU3 9|7 AAFsglon o] &
Fig. 42 g91e 4= 9o}

Table 7 Belt positioning

factorial = gﬁ]ﬂ?\igﬂ%, O] éﬂ}% Q6, QlOOH EH?:Sl' ﬂ Belt positioning
Ashel ol T4 S 27] 1% ANOVA #Akae [ OB | Kidix Rodifx Seattix2
o) o)A =} Dummy | Q6 Q10 Q6 Q10 Q6 Q10
Position
(From %th Uppermost ?th Uppermost %th Uppermost
Table 5 Sled test matrix bottom) | 2H fatch fatch
No. CRS Seat belt RPT R K Total 16 click Total 22 click Total 16 click
CMAES | 1 8mm for 1 click | 10mm for 1 click | 18mm for 1 click
1 Level 1 Level 1
2 Level 2 Level 2
3 Level 3 Level 3
4 Level 1 Level 3
5 Level 2 Level 1
6 Level 3 Level 2
7 Level 1 Level 2
8 Level 2 Level 3
9 Level 3 Level 1

22.2. QUM 2 A=z}

Q6, Q10 A F &2 A== IIHS Booster Seat Belt
Fit Evaluation Protocols %313 21 Table 6 14|
Uaﬂ 2z} S et P o) L1143} 2524

& KNCAP F-i# JdZEolA d85e S AAZ A
gataict.

Table 7= 2} CRSe] wh& QB E fxJo|t}, & =
ollA AH-E CRSE RFAHIE $1X]3= CRS9) #2] A|A]
o] Folel wat dEbAm QL0 HATOE, Q6+
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Fig. 4 Q6 and Q10 dummy installations according to belt
positions
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AFF9] Rodifix CRS, 4kN+1KN DLLS] QHMIE Ak
7]% (Reference) 0.2 AAst1 A3} A= v|&=

Lrebd sl

Table 8 Sled test results

Control factor Injury criteria

No. Seat Head acc. Neck Fz Chest acc.
CRS | belt 3ms 3ms
RPT | 5 | Q10| Q6 | Q10 | Q6 | Q10

Base| 2 1 1 1 1 1 1 1
1 1 1 1.01 | 093 | 0.97 | 0.76 | 0.97 | 0.92
2 2 2 0.84 | 0.80 | 0.81 | 0.69 | 0.91 | 0.87

1.24 | 1.02 | 1.51 | 0.78 | 1.24 | 1.15

1.04 | 092 | 1.03 | 0.71 | 1.02 | 1.06

1 1 1 1 1

1.38 | 0.86 | 1.62 | 0.79 | 1.19 | 0.95

NN =W w
—

096 | 0.74 | 0.96 | 0.64 | 1.36 | 0.86
0.87 | 0.91 | 0.66 | 0.96 | 1.00
1.46 | 0.98 | 1.85 | 1.00 | 1.37 | 0.95

O || || O] W
Wl | =W~ w

— | w
o
©
)

2.3.2. ANOVA 2AH2M(Analysis of variation)

o

2.3.1.9) &= A8 Az ANOVA #AHEA S
AlEteltt ole HE VISR, B 3, 5 SR
Al 7FA] Sk uhE Zh Qb T XL Ao AR}
9] 7)o % (Contribution) ¢} & & ¥ (Main effect) & 3}t

[}

Contribution plot for Head acc. 3ms

% 20% 40% 60%% &0% 100%

CRS

RFT

Main effect plot for Head acc. 3ms

—CRS

~===RPT

Q6 Head acc. 3ms

Levell Level2 Level3

Fig. 5 Contribution and main effect plot for Q6 Head acc.
3ms

ASAotESS X M8A, M1s, 2016

al7] 18t Zlolth. 71 % el qbA - AL A
AR 4T T JEE ehid, 3 &3 2z
7T e *&‘Hilﬂ st 4

Contribution plot for Neck Fz

0% 20% 40% G0% 80% 100%

CRE

RPFT

Main effect plot for Neck Fz
——CRS

-—== RPT

Q6 Neck Fz

Levell Level2 Level3

Fig. 6 Contribution and main effect plot for Q6 Neck Fz

Contribution plot for Chest acc. 3ms

0% 20% 40% 60% 80% 100%

CRS

RFT

Main effect plot for Chest acc. 3ms

—CRS

Q6 Chest acc. 3ms

Levell Level2 Level3

Fig. 7 Contribution and main effect plot for Q6 Chest acc.
3.ms

35



T I EefA CRS7) FHAHE RPTHTF 1 2 7]
S5 B33 RPTZF 507t ARk ek WE oA Load
limiter AFek W3l Aba)| x| o] 2 JekS 4] Fag) =
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omn CRSE 29¢1 Rodifix7} B £ Asl| %] A7=
HERY ST

Contribution plot for Head acc. 3ms

% 20% 40% 60% a0% 100%

cRs
RPT
Main effect plot for Head acc. 3ms
~ —CRS
w ‘\
El ™ —e—- RPT
g
L
=
o
S
T
k=3
-
o

Levell Level2 Level3

Fig. 8 Contribution and main effect plot for Q10 Head acc.

3ms
Contribution plot for Neck Fz
0% 20%  40%  80%  B0%  100%
CRS
RPT
Main effect plot for Neck Fz
——CRS
‘\
b ---= RPT
N
e
~
g
4
(=]
=
o

Levell Level2 Level3

Fig. 9 Contribution and main effect plot for Q10 Neck Fz
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Contribution plot for Chest acc. 3ms

0% 20% 4% 60% 0% 100%

CRE

RPT

Main effect plot for Chest acc. 3ms

——CRS
---= RPT /

Q10 Chest acc. 3ms

Levell Level2 Level3

Fig. 10 Contribution and main effect plot for Q10 Chest
acc. 3.ms
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2.3.3. Q6, Q10 OfZl0| UMY Aaixlofl CHet x[X=}

2.3.2.2] ANOVA #4htA 8] AT AL A 717 73

2| 4220l whE # 4 271 (optimal case) 9] 23S Table 9
off UERSITE e E RPTE 3kN+1KNZ Q6, Q10 &
F 22 495 BYAN CRSE Q6914 Rodifix, Q10°
Al Kidfix® z2to]& St} o]= 27} Table 8914 Q6
+ 294, QL0 TRA Al el sidate Ald ol

Table 9 Control factor combination of optimal case

Optimal case
Control factors
Q6 Q10
A CRS Rodifix Kidfix
B | Seat belt RPT 3kN+1kN 3kN+1kN

2.4. Z& T Chst MEN HS
2.3.3.0014 A8 HA A & AFA HAES 93
XSXoHAS X M8R, 15, 2016



Q6, Q10 O{2I0] AIHZH| Y|

Y= AdE AlFSISITh Table 102 EHUE AR
#HA 24 3 15 A1 A3 v xolt) Table 804
SHAl Algal Fds Mt HA3 A 24S 7E
o2 ¥EE YJE o, Q6olM = Ha a8 A7)
7%, QL0IM = Hil 228 27} 8%= S4= At 3
7 QAEANE 22 3%, 5%% Aol7) Wom, Q6e
B 12%, QL0 B 21%2] 4aix &do] AUt

Table 10 Validation of ANOVA analysis by Sled test

No Output | Base Q6 Q10
response | line | Test | Validation | Test | Validation
p |Headace | Hoail g8 |073| 073
3ms
2 | Neck Fz 1 10.81 0.88 0.63 0.71
g |Chestaced 4 gg0 0gs |086| 0.93
3ms
Average 1 ]0.85 0.88 0.74 0.79
3.2 E

2 =7QAM= D
Q6, Q10 ©J"o] ¢l
A3 ATE

DFSS 7143 &= A 8S 243}
1A 78 AdsR|ol o3k b -4 2]

AL 1 Aok ofelg} e,

D g A7 A8 A9 “Q6, QL0 of#o] Q1A
23 Aol tiet ok 74 A HAg AT
o gt 714l AgolH, KNCAP H-# 4H%
E AEY A1E nER A Q6, Q10 o
§ ole] okl % A F CRS9} F<E RPT
£ Aotz A3 ZERkel HE 7MEE, &
sk, % 7HEEe 5 4 gl ATsid
o} 9 F Alojqlate] 2oz AlFRE A3
on, EYE APS Fal ARt ZF 2§ el
w2 ZEukgo A9 A9t

2) £Y= A¥9 Az ANOVA HAHEA S W 8fs}
Gow 1 A Al 7HA EERkgel gk Aloj 1zt
o 71=s} = Z2HE & ATE Q6 CRS7}
Q102 QHAME RPTY] 7|oI=7} &9koH, 6%k

ASAotESS X M8A, M1s, 2016

Q10 =% 3kN+1kN DLL & AFg-3k A& o] Az
7} 2949 CRSE Q6+ Rodifix, Q102 Kidfix
S AREE W 7P B2 AR E YER o
A3 23S Bk

3) A AFL N3te] el et AojelA
9 A% 249 A Gt FA 279 FAC

AlgE A8 5 AT gt vlaskldh QoAM=
B 22k 27F 3%, QLOCIA = 5%E S =3
OU% ]t 7—1”# ﬁﬁ”f’i? A5} d3te] 12%, 21%
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