
!"#$%&"'&()#(*+,(-./(0"1(2##&'/3(
)"(4150'&"/(,&0/(6)3./.)"3(

."(,.1&(!780'/3(

!"#$%&%'"()*%+,-%.#/

0*1)*23*4%5-%6789



!"#$%&"'&()#('*+(#!,()"(#-*(+!.&(
!/0-',+

!"#$%&'()*+#,-)./0

1"23&)4+#563&27-)89&:;/&#)<+(&9-)!"#$%&'()*+#,
=#>"9?)<3'@&;/+#3;5)A&5&+9;/)B&#:&9-)C/&)D/3')%:+:&)E#3F&953:?



! "#$%&#'()*+,&)-%&+.%&,%*/0$&'/,+&1-%23%0+&+4(%&
/1&*/55#,#/0
! 6)3,%&,%-#/3,&.%)$7&0%*8&)0$&*.%,+&#093-#%,&+/&
(%$#)+-#*&/**3()0+,&:".%-;//$&%+&)5<7&=>>?@&A)5+%,%&%+&)5<7&=>>B@&
"355#C)0&D&E/3$%07&=>>F@&G-H/I),+&D&J3-H#07&=>K?L

! M3'H%-&/1&*.#5$&1)+)5#+#%,&1-/'&,#$%&#'()*+,&#,&,#'#5)-&
),&+.)+&1-/'&1-/0+)5&#'()*+,
! =><=N&#0&1-/0+)5&#'()*+,7&)0$&KF<ON&#0&,#$%&#'()*+,&H),%$&
/0&PGQ"&$)+)&1-/'&KFFO&+/&=>>R&1/-&-%)-S,%)+%$&*.#5$-%0&>&
+/&B&4%)-,S/5$&:T#)0/&D&U)-%0+%)37&=>>VL

!"#$%&'()*



! "#$%&#'()*+,&)-%&+.%&,%*/0$&'/,+&1-%23%0+&+4(%&
/1&*/55#,#/0

! 63'7%-&/1&1)+)5#+#%,&1/-&0%)-8,#$%&#'()*+,&),&9:;&+#'%,&
<-%)+%-&+.)0&+.%&+.)+&1/-&1)-8,#$%&#'()*+,&="+)-0%,&)0$&
>#<%0?&9@@9A

! B3%&+/&$#-%*+&5/)$#0<&1-/'&$//-&#0+-3,#/0&
=C#5$%,&%+&)5:?&9@@DE&C-)0F540&%+&)5:?&9@@GE&H5#0#*.&%+&)5:?&9@@IE&J/K)-$&%+&)5:?&9@@LA

! "#<0#1#*)0+&#0M3-#%,&)5,/&/**3--%$&K#+.&'#0/-&/-&%N%0&
0/&#0+-3,#/0&/1&N%.#*5%&,+-3*+3-%,&=O-7/<),+&%+&)5:?&9@@@A

!"#$%&'()*



! "#$%&'()*+*,*)*-./+-)0--#/123/(#4/5-6*$,-/&%4-,./
&*76)/$(8.-/'9%+,-&./

! :-$9-(.-/)6-/.)(+*,*);/(#4/)6-/-<<-$)*5-#-../%</)6-/
9-.)9(*#)/*#/&%)%9/5-6*$,-/$9(.6-.=

! >?=@A/%</2B/123/(#4/>@=CA/%</BB/123/$%&+*#()*%#./
0-9-/#%)/*4-(,/DE*#7/-)/(,=F/GHIJK

! L6-/0*4)6/%</123/0(./$%&'(9-4/)%/)6-/0*4)6/%</5-6*$,-/.-()/
(,%#7/)6-/+*76)/,*#-

! L6-/123/0(./9-M8*9-4/)%/+-/*#.)(,,-4/%#/)%'/%</)6-/5-6*$,-/.-()N./
.*4-/+%,.)-9.=/

! "#<,8-#$-/%</)6-/123/<*)/*#)%/5-6*$,-/.-()./%#/OL:/
P*#-&()*$./*#/.*4-/*&'($)./*./#%)/0-,,/8#4-9.)%%4/;-)

!"#$%&'()*



! "#$%&'()*+,$-./0#(/./$#+$)1.$234$'(5$6"7$
*($+'-8/*5.$*90':)/$;*)1$-./0.:)$)#$5*++.-.()$
234$+*)/
! 01,/*:'<$234$*(:#90')*=*<*)*./$;*)1#&)$'$5,('9*:$
'/0.:)$
! 5,('9*:$'/0.:)/$#+$234$0.-+#-9'(:.$;*)1#&)$-.'<*/)*:$
01,/*:'<$+*)/

!"#$%&'($)



! "#$%&'(%)*+&',-./('*+0
! "*+(.*1%2,**3%&'(4

!"#$%&'()*%+,-+&.*-/012



! "#$%&'(%)*+&',-./('*+0
! $1/(%/+,21%(**%/)-(1

!"#$%&'()*%+,-+&.*-/012

3+(1.&1.1+)1%4.15')(15%'+%678%*&%99%"#$%'+0(/22/('*+0%:;'+,%1(%/2<%=>?7@%=>?AB



! "#$%&'(%)*+&',-./('*+0
! $1/(%/+,21%(**%/)-(1

!"#$%&'()*%+,-+&.*-/012

3+(1.&1.1+)1%4.15')(15%'+%678%*&%99%"#$%'+0(/22/('*+0%:;'+,%1(%/2<%=>?7@%=>?AB

"#$%&'(%)*+&',-./('*+0
$1/(%/+,21%(**%/)-(1

!"#$%&'()*%+,-+&.*-/012

3+(1.&1.1+)1%4.15')(15%'+%678%*&%99%"#$%'+0(/22/('*+0%:;'+,%1(%/2<%=>?7@%=>?AB



! "#$%&'(%)*+&',-./('*+0
! $1/(%/+,21%(**%/)-(1

!"#$%&'()*%+,-+&.*-/012

3+(1.&1.1+)1%4.15')(15%'+%678%*&%99%"#$%'+0(/22/('*+0%:;'+,%1(%/2<%=>?7@%=>?AB

"#$%&'(%)*+&',-./('*+0
$1/(%/+,21%(**%/)-(1

!"#$%&'()*%+,-+&.*-/012

3+(1.&1.1+)1%4.15')(15%'+%678%*&%99%"#$%'+0(/22/('*+0%:;'+,%1(%/2<%=>?7@%=>?AB
?=<6%)C



! "#$%&'(%)*+&',-./('*+0
! $1/(%/+,21%(**%*3(-01

!"#$%&'()*%+,-+&.*-/012

400-1%'0%+*(%51.6%)*77*+%3-(%)/+%*))-.%'+%)1+(1.%8*0'('*+09



! "#$%&'(%)*+&',-./('*+0
! $1/(%/+,21%(**%*3(-01

!"#$%&'()*%+,-+&.*-/012

400-1%'0%+*(%51.6%)*77*+%3-(%)/+%*))-.%'+%)1+(1.%8*0'('*+09

"#$%&'(%)*+&',-./('*+0
$1/(%/+,21%(**%*3(-01

!"#$%&'()*%+,-+&.*-/012

400-1%'0%+*(%51.6%)*77*+%3-(%)/+%*))-.%'+%)1+(1.%8*0'('*+09



! "#$%&'(%)*+&',-./('*+0
! $1/(%/+,21%(**%*3(-01

!"#$%&'()*%+,-+&.*-/012

400-1%'0%+*(%51.6%)*77*+%3-(%)/+%*))-.%'+%)1+(1.%8*0'('*+09

"#$%&'(%)*+&',-./('*+0
$1/(%/+,21%(**%*3(-01

!"#$%&'()*%+,-+&.*-/012

400-1%'0%+*(%51.6%)*77*+%3-(%)/+%*))-.%'+%)1+(1.%8*0'('*+09

"#$%(*%:#%8*0(;%
<=9>%)7



! "#$%&'(%)*+&',-./('*+0
! "*+(.*1%2,**3%&'(4

!"#$%&'()*"+*,-+./01



! "#$%&'(%)*+&',-./('*+0
! 1**2%+**324%'+0(/22/('*+

!"#$%&'()*"+*,-+./01

5+(4.64+('*+%+44343%'+%789%*&%#:%"#$%
'+0(/22/('*+0%;<'+,%4(%/2=%8>?@A



! "#$%&'(%)*+&',-./('*+0
! 123')/4%506%+/..*7%8/09

!"#$%&'()*"+*,-+./01

$':9%8*40(9.%'+(9.&9.9+)9%3.9:')(9:%'+%;<=%*&%#>%"#$%'+0(/44/('*+0%?@'+,%9(%/46%;ABCD

"*+(.*4%?EF6G%)HD I/..*7%?;J6J%)HD



!"#$%&'()*"+*,-+./01
!"#$%"&'()*+,(-.

/0%%"1'(23+3(-.

*+4(-.(-5$("667(,+24(-.(6%".(80-9(:;<8



! "#$
! #%&'()%*+,-,'$./0',-1*)-$.,'-.23(45

! 6789:-.0$5(++(5.*0$
! ;*)'-<0.1*)2-(4)*$$-,.11')'05-='>.4+'-5&3'$

! 9?@-)'3+(4',-(15')-'(4>-5).(+

! A'>.4+'-$'(5-)'3+(4',-(15')-'(4>-5).(+

!"#$%&'



! "#$%&'()*'+,#-.*/012*&3)(*.)&.*
! 456 78$9#$(*87*,:$)*3#.)$#3

! ;'<)+#.'-*#<(*
='<).'-&*87*>?&

! @<A:$B*+)#&:$)&
! CDE*='<)+#.'-&

!F*87*?G*=,HI*
J?K*9'.H*L5*+&

!"#$%&'(



!"#$%&#'( )*+,-
!"#$%&'()&*+,$--&./0&1234&256789&:;#,<

./012034526789 !:204526789



!"#$%&#'( )*+,-
!"#$%&'()&*+,$--&./0&1234&256789&:;#,<

./012034526789 !:204526789



!"#$%&#'( )*+,-'.
!"#$%&'(&)*+$,,&-./0&123&4-&)+5678&57&19:;&-(.'0

/012314563789: !+31563789:



!"#$%&#'( )*+,-'.
!"#$%&'(&)*+,-.&+-&/012&(3456

/012314563789: !+31563789:



!"#$%&#'( )*+,'&*-./0-
!"#$%&'()*&+,-./0&-/&1234&5*'67

1023425674+/-8 !*42674+/-8



!"#$%&#'( )*+,'&*-./0-
!"#$%&'()*&+,-./0&-/&1234&5*'67

1023425674+/-8 !*42674+/-8



!"#$%&#'( )*+,'&-./0-1
!"#$%&'(&)*+,-.&+-&/012&'3(45

2-.34.5674+018 !*4.674+018



!"#$%&#'( )*+,'&-./0-1
!"#$%&'(&)*+,-.&+-&/012&'3(45

2-.34.5674+018 !*4.674+018



!"#$%&#'( &)*'&+,-+.'%)/0

1).2/.034/5678



!"#$%&'("#

) *+,%%-',+.%/-'(0/
) 12"-!3*-+"4/%'
) 5#/-6/7($%/-'/,8
) 5#/-'(0/-"9-:1;
) 5#/-'%/4-(#.&8-$"#4(8("#
) :%%-<:1!=-(#'8,%%,8("#'

) :%%-8(>78-(#'8,%%,8("#'
) <""'/-(#'8,%%,8("#'-,?/-$"++"#-(#-?/,%-2"?%4

) @("9(4/%(8A "9-:1;

!"#"$%$"&'(



!"#$%&'("#

) *+,-.%%/ !"#$%&"'#()**+'+,-+.#/)01#01+#,",2)(+%3#*)0.

) 01/23.--"425.',2$"#6(7("#2'8"4,62'%(987%:28(98,-2(#;&-:2
<,7-($'=2.%78"&98278,2<.9#(7&6,2">26(>>,-,#$,'2<.:2#"725,2
'(9#(>($.#7?

) 11/2@$&7,2+,8($%,2',.72$"#6(7("#2-,'&%7,62(#28(98,-27"A27,78,-2
%".6'
) 3"2,+(6,#$,2">2$"--,'A"#6(#92(#$-,.',2(#2&AA,-2#,$B2%".6'
) C8('2$"#6(7("#28.62%"4,'72DE!FG2+.%&,'

) 012+'211/2DE!FG=2!8,'72-,'&%7.#72.$$,%,-.7("#=2.#62#,$B2
7,#'("#24,-,23"/+'#*"'#%33#45#-",()0)",.#-"$6%'+(#0"#55?
) D"4,+,-=2#,$B27"-'("#24.'28(98,-2>"-201

78!79:;<8!;



!"#$%&'()&*(+&,$-%,$.&/($0+,1)0,($23
!456&7$/89 :')$;)$< =>($6&;#2($&;?$%,$26&@)?'&!"(A#2
:($.#B5+#,<&C#+%)2,/6&@()<&D($<",0#$(
EF?$*G(BE+,/&@#"G?6&=?,0"&H/"#?**?+
I:!HJB;#2($&H0#AA?$6&JGG,2($&D().?$6&=?.+'$ K,?0"(G0?+6&K,GG,#A&C,GG,2
!H&!?/"BH0?F?&=+#$0L6&4,/"#+.&M++

55"7NH A?$0(+23
;)G,?&=G?,$?+0
O>?&C?,22$?+
=?,0"&I#<?G2%,&PQ+,0#RS
EA,G'&!"(A#2&P54S
:,+(&!#$T,&P!=&:(G.,$<2S
C#+%&D#NG#$0? PU+#/(S

!"?&#)0"(+2&>()G.&G,%?&0(&#/%$(>G?.<?&0"?&I#0,($#G&H/,?$/?&V()$.#0,($&PIHVS&5?$0?+&
*(+&5",G.&7$T)+'&N+?F?$0,($&H0).,?2&#0&0"?&5",G.+?$W2&:(2X,0#G&(*&N",G#.?GX",#&P5:MNS&*(+&
2X($2(+,$<&0",2&20).'&#$.&,02&7$.)20+'&J.F,2(+'&Q(#+.&P7JQS&A?A1?+2&*(+&0"?,+&2)XX(+06&
F#G)#1G?&,$X)0&#$.&#.F,/?8&&!"?&F,?>2&X+?2?$0?.&#+?&0"(2?&(*&0"?&#)0"(+2&#$.&$(0&
$?/?22#+,G'&0"?&F,?>2&(*&5:MN6&0"?&IHV6&(+&0"?&7JQ&A?A1?+28

!"#$%&'()*(+($,-



EFFECTS OF ADJACENT SEAT POSITIONS 
ON CRS PERFORMANCE IN SIDE IMPACTS
PI: Julie Mansfield, MS
Co-I: Yun Seok Kang, PhD
Mentors: Consumer Reports, GM, Graco, Lear, Toyota, Julie Kleinert, Uwe Meissner
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OBJECTIVES & SPECIFIC AIMS
• The broad objective is to support the safe use 

of CRS in vehicles with adaptable interiors.
1. Discuss with mentors to identify common seating 

configurations which may play a role in CRS 
performance in side impacts.

2. Perform dynamic sled tests to define the 
performance outcomes of CRS in these conditions.

3. Produce researched backed guidelines to support 
the safe use of CRS in vehicles with adaptable 
seating configurations.



METHODS: TERMINOLOGY

CRS 
here

“Adjacent 
seat”

Impact CRS 
here

“Adjacent 
seat”

Impact

“CRS Outboard” “CRS Center”

VEHICLE SEATS: HONDA ODYSSEY
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CRS & ATDS

Rear-facing: 
Evenflo Triumph LX

Forward-facing: 
Safety 1st Alpha Elite 65

Booster:
Evenflo Big Kid LX,

High back mode



CRS & ATDS

Rear-facing: 
Evenflo Triumph LX

Forward-facing: 
Safety 1st Alpha Elite 65

Booster:
Evenflo Big Kid LX,

High back mode

Q3s HIII 6yo



SLED PULSE
• Proposed sled pulse: FMVSS 213 side impact 

scaled to 35 kph (21.8 mph)
• Same as our current tests and Hauschild et al.
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CONCLUSIONS
• Narrow center seat alone does not control lateral motion 

of CRS well.
• RF released - Possibly affected by shape of lower anchor
• FF - Aided by top tether, possibly higher belt path
• Booster - Excessive motion when ATD moved into belt. Out-of-

belt motion may be more severe.
• Adjacent outboard seat appears to help limit motion

• CRS “side overhang” specifications might be warranted.
• Overhang magnitudes for RF CRS and booster were 2.8 cm 

and 3.8 cm, respectively, on each side.
• Adjacent folded seat limits lateral excursion with trade-

off of increasing accelerations/neck loads.



LIMITATIONS
• No intruding door in test environment

• Head excursions extreme enough for door contact from 
center seat?

• Booster head excursions > 51.4 cm (Hauschild et al. 2015)
• Side curtain airbag influence?

• RF CRS installed with LATCH, booster installed with 
seat belt only

• Other installation methods?
• Investigating booster LATCH installations this year!

• Vehicle seats impacted 2-3 times
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