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The study of optimization of restraint systems for injuries of
Q6 and Q10 child dummies

Hongyul Sun’, Seul Lee’, Kiseok Kim’, Ilsung Yoon'

Key Words: CRS(o]&lo] HZ Z=X|), Restraint system($FH 4= A|2H), ENCAP(F% IR SFAE H),
KNCAP(&H= NX]- OLA T H7) Injury(¥FHR]), Input signal( Y E1Z), Control factor(A] o] 212p),
Output response(= 2 1HS), Sled test( S|l = Ag), ISOFIX(7oF8 AIE ZGZX)

ABSTRACT

Occupant protection performance in frontal crashes has been developed and assessed for mainly front seat
occupants over many years, and in recent years protection of rear seat occupants has also been extensively
discussed. Unlike the front seats, the rear seats are often occupied by children seated in rear—facing or for—
ward - facing child restraint systems, or booster seats. In the ENCAP, child occupant protection assessments
using 18-month-old(P1.5) and 3-year-old(P3) test dummies in the rear seat have already been changed to
new type of 18-month-old (Q1.5)and 3-year-old(Q3) test dummies. In addition, ENCAP are scheduled with the
development and introduction of test dummies of 6-year-old (Q6) and 10.5-year-old children(Q10) starting
2016. In KNCAP, Q6 and Q10 child dummies will be introduced in 2017 as well. Automobile manufacturers
need to develop safety performance for new child dummies closely.

In this paper, we focused on Q6 and Q10 child dummies sitting in child restraint system. Offset frontal
crash tests were conducted using two types of test dummies, Q6 and Q10 child dummies, positioned in the
rear seat. Q6 and Q10 were used to compare dummy kinematics in rear seating positions between Q6 behind
the driver’s seat and Q10 behind the front passenger’s seat. The full vehicle sled test results of both dummies
were conducted with different restraint systems. It showed that several injury and image data was 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 is the best performance when evaluating rear seat occupant
protection for Q6 and Q10 child dummies.
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System —
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Fig. 1 Function matrix for control factors

Fig. 12 Aoz AAE $1¢ 715 4 E(function

matrix)°|¥ A4 ZA3}E Table 1o YeERNSITH
Table 1 Control factors
Control factors
Level
CRS | Seat belt | DOt DLT
position
Level 1 Britax NO RPT Lower Yes
.. | 4kN+IKN .
Level 2 Maxicosi (DLL) Mid No
5.5kN
Level 3 Clek (CLL) Upper

CRS= Q6, Q10 25 #=AE & 9= CRS <
BritaxAF9]  Kidfix, Maxicosirte] Rodifix, ClekAF2]
OO0br= AAsATh o5 X5 Rigid ISOFIX® 1
dst= GHEjo|™ Backrest”} 213l CRS9| #&] AA
o JFAMEL AR == Pt tHPEE RPTY

¢ Load limiter &0l W& Aslx]9] HluE 9
a4 RPT7F Eol7HA %<& Ak, 4kN+1kN DLL
(Declining load limiter), ~22]3. 55kN CLL(Constant
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Input Signal 3509 Output Response
— Uk
- Impact energy aw Jrsson - Head Acc. 3ms
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- Chest Acc. 3ms

Control Factor

- CRS
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- Belt position
-DLT

Fig. 3 P-Diagram
2.2. Lo®l1E(Ls orthogonal array matrix)
Table 104 AAA 4714 A|ojelA= Table 29}
7+o] 142 n 3 (Ly orthogonal array matrix)S 2H4d s}
Atk o] FuEE Q6, Ql0o] ik HAstd obd
Alz"s 2] g3 &= Algd ANOVA 24t

Y
%
A4S 93 test matrixo]th

Table 2 Ly orthogonal array matrix

No. | CRS | Seat belt posi}?eiol;mg DLT

1 Level 1 Level 1 Level 1 Level 1

2 Level 1 Level 2 Level 2 Level 2

3 Level 1 Level 3 Level 3 Level 2

4 Level 2 Level 1 Level 2 Level 2

5 Level 2 Level 2 Level 3 Level 1

6 Level 2 Level 3 Level 1 Level 2

7 Level 3 Level 1 Level 3 Level 2

8 Level 3 Level 2 Level 1 Level 2

9 Level 3 Level 3 Level 2 Level 1
2.3. A&l =7
2.3.1. s8l= AE

ENCAP3 KNCAPelM dAlshe= - Augs
ARE A o A 2 AUSES Ads] 9 Ao
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Table 25 wet U= Al9S APt AA A%
SE Ao A apge] &R dolHe =
o] 7}& % dolHE U X (correlation) XA AP A
gatgion oluf 29 (yawing)e et A9
Eipsi=8

Fig. 4 Sled test

2.3.2. 2IN| =¥ &z

Q6, Q10 AAEEH ] 2F+= MHS Booster Seat Belt
Fit Evaluation Protocols #%3}91th® Table 3& 2l
Arygel 2z Wl vepdct? oju) 19 14
3} 2442 ENCAPZ KNCAP H-&# HuZEoA 3
|5 T8 A2 AAsi

Table 3 Q6, Q10 dummy positioning

Positioning
Protocol
Q6 Q10
D osition Center of rear Center of rear RH
VP LH seat 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 170 mm 190 mm
Headrest Removed Removed

2.4 A" 21t & B4

2.41. A& &3t

10

CUTM . 2UN

U= AFAHS Table 40 A28kl Rodifix
CRS, Non RPT$} Mid #1%]¢] HME DLT+ §i+=
AbekS 2-83ke] 7]E(Base line) 18-S st on
o]& 7]%(Reference) 0.7 AAsta A} A E H]

&= YEhe.

Table 4 Sled test results

Control factor Injury

No. s Seat Belt . He';lfn :cc. Neck Fz Chegsrtn Sacc.
belt |Position

Q6 | Q10| Q6 |QI0 | Q6 | Q10
Base| 2 1 2 2 1 1.00 | 100 | 1.00 | 1.00 | 1.00 | 1.00
1 1 1 1 1 | 109 1.07| 117 | 0.71 | 097 | 1.07
2 1 2 2 2 107710721081 | 054 | 080|093
3 1 3 3 2 108210.78]083|055|085|094
4 2 1 2 2 1100|100 | 1.00 | 1.00 | 1.00 | 1.00
5 2 2 3 1 1080|057 |084]047 | 080 |0.78
6 2 3 1 2 1080 |0.75] 085|056 | 081|078
7 3 1 3 2 | 110 | 1.05] 1.16 | 0.98 | 0.90 | 1.04
8 3 2 1 2 10881081]092]0.73 083|087
9 3 3 2 1 1092]093|1.05|083|087|1.01
2.4.2 . ANOVA =24H2M(Analysis of variation)

239 U= Age ABRE ANOVA RAHE
Agatgth ol W JtER B dFE F8 ks
A 7HA EErsd wE 7} obd FE A 2Ee] A o)
21z¢] 7]0d % (Contribution) 9t F E#HMain effect) S
ghe}st7] %6} Aolt}, 7|ol&= T obd fEE A

=

Flg 501]/\1 U%‘ﬂ 7HET s ok
S BHYARF okdwWlE] $x)¢9} DLTE

Tzl mgrt F 53 a#ZoA  Rodifix CRS,
4.0kN+1 0kN¢] DLL ®E, DLT7} 2 &5 %—?% El
o] £& AE A Fig. 6014 & o} o vy 7}
EEo} th2A 47H4] AojQAE 1E VRS RS
1 Britax CRS, 55kN CLL HME =& ¢ty WE 9]%],
DLT7} 834 &2 23] 718 F2 Aa4E A9
o} Fig. 79 &% 7I&EEE AAH o2 v 74
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Contribution for Q6 Head acc. 3ms
0% 20% 40% E0% 80% 100%

Seat belt

Belt position

Main Effect Plots for Q6 Head acc. 3ms

——CRS

——S5eat belt
Belt position
DLT

Level 3

Q6Head acc. 3Ims

Level 1 Level 2

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

Contribution for Q6 Neck Fz
0% 20% 40% 60% B0% 1005

Seat belt

Belt position

Main Effect Plots for Q6 Neck Fz
—CRS
——Seat belt
Belt position
DLT
-

Level 1 Level 2 Level 3
Fig. 6 Contribution and main effect plot for Q6 Neck Fz

Qa6 Neck Fz
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Main Effect Plots for Q& Chest acc. 3ms
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Fig. 7 Contribution and main effect plot for Q6 Chest acc.
3ms

Fig. 8~102 Q109 7oixe}l F &3 ZgZojch
Ao AFs Q62 Aol FARHAl M E S CRS
o) 7l ert 7 Zlow F &% agZe & 5 9l
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40kN+1.0kN®] DLLEES AME3S w) 7pg v 4
A2 UEhRIEL Fig. 99 & dt%olA DLT7} 9
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Main Effect Plots for Q10 Head acc. 3ms
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Fig. 8 Contribution and main effect plot for Q10 Head acc.
3ms
Contribution for Q10 Neck Fz
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Seat belt
Belt position
oLt
Main Effect Plots for Q10 Neck Fz
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Level 1 Level 2 Level 3
Fig. 9 Contribution and main effect plot for Q10 Neck Fz

Contribution for Q10 Chest acc. 3ms
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Main Effect Plots for Q10 Chest acc. 3ms

——CRS
———5eat belt
Belt position
DLT

B4
B e

Level 3

a6 Chest acc. 3ms

Level 1 Level 2

Fig. 10 Contribution and main effect plot for Q10 Chest acc.
3.ms

2.4.3. Q6, Q10 O{Zl0] AN AsHx|0of CHSH

E|H5}

24.1.6] ANOVA £4h4e] Atz A2 A 744
A3 A Ao w2 A 27 (Best condition)o] Z§
S Table 591 YeR)SIth DLTE A9lsta Q69 Q10
o) A4 270 FUs Uerth,

Table 5 Control factor combination of best condition
Best condition
Control Factor
Q6 Q10

A CRS Maxicosi Maxicosi

B Seat belt 4.0+1.0kN 4.0+1.0kN

C Belt position Upper Upper

D DLT No Yes
2.5. HF =0 Chs M2M AS

242004 A HA# z7o) o NHAE A5 9

3 4= AFS Al Table 62 ANOVA #

AEAY dE Adel U= AR 23 Blagoelth
Table 304 ARG 712 A7 7|Eom HER

Ul e QeellA= il eak& A7F 3%, QI0°]
ME Hil Abs A7t 8%E SAHNSCH A oAt
Fol|l 4 7% 2%, 4%;: wA} m+7} Uhelytt),
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Q6, Q10 ofzlo] elM2d 4

Table 6 Validation of ANOVA analysis by Sled test

No Output | Base Q6 Q10
response | line | ANOVA | Sled | ANOVA | Sled
y |Head ace.| 077 | 075 | 057 | 058
3ms
2 | Neck Fz | 1 082 | 081 | 047 | 043
g | Chest 1y 080 | 077 | 078 | 070
acc. 3ms
Average 1 0.80 0.78 0.61 057
3.4 E

B =g AE DFSS 714 £d= A9e Bl
Q6, QIO ojzle] AAEY FahHl thek ot T
Aedl A3t ATE AYRAT 71 A ofd
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