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BackgroundBackground

TakataTakata and a number of other research groups and a number of other research groups 
were involved with initial look at child side were involved with initial look at child side 
impact sled testingimpact sled testing
Sled buck and test procedure developedSled buck and test procedure developed
Basic design of buckBasic design of buck

seat slides along low friction railseat slides along low friction rail
contact and crush withcontact and crush with honeycomb creates seat 
deceleration
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Takata Buck Design

Sliding Test 
Seat
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Purpose

NHTSA evaluating NHTSA evaluating TakataTakata buck and procedures buck and procedures 
at VRTCat VRTC

PURPOSE:PURPOSE: viability of using viability of using TakataTakata test buck test buck 
and procedure for child side impact testsand procedure for child side impact tests

Repeatability of test input pulseRepeatability of test input pulse
Dummy responseDummy response



Test ConditionsTest Conditions
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Side Impact Sled Variables Side Impact Sled Variables 

Sliding seat accelerationSliding seat acceleration
Honeycomb stiffnessHoneycomb stiffness

““DoorDoor”” velocity velocity 
(sled pulse)(sled pulse)

““DoorDoor”” padding stiffnesspadding stiffness

Seat cushion foamSeat cushion foam

Impact angleImpact angle

Locked vs. sliding seatLocked vs. sliding seat

Takata setup

NHTSA setup



Informal Group on Child 
Restraint Systems 
Brussels Oct. 7, 2008

8

Sled Test Pulse ParametersSled Test Pulse Parameters
Sliding seat acceleration ~ 20 gSliding seat acceleration ~ 20 g’’ss

based on right rear sill accelerometers from 10 based on right rear sill accelerometers from 10 
FMVSS No. 214 tests of small vehiclesFMVSS No. 214 tests of small vehicles

Sled (Door) velocity ~ 20 mphSled (Door) velocity ~ 20 mph
based on door accelerometers from 4 FMVSS 214 based on door accelerometers from 4 FMVSS 214 
tests of small vehiclestests of small vehicles

Actual sled pulse:Actual sled pulse:
½½ sine wave with peak of 28 gsine wave with peak of 28 g’’s and velocity of s and velocity of 
~20 mph with a duration of ~50 ms~20 mph with a duration of ~50 ms
Sled pulse Sled pulse –– ½½ sine sine 

shape not critical; reach velocity in 250 mmshape not critical; reach velocity in 250 mm
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Sliding Seat Acceleration PulseSliding Seat Acceleration Pulse
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Sled and Sliding Seat VelocitySled and Sliding Seat Velocity
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CRS TestedCRS Tested

GracoGraco SafeSeatSafeSeat Step 2 Step 2 
ToddlerToddler

EvenfloEvenflo Triumph Advance Triumph Advance 
DLXDLXU.S. ModelsU.S. Models

Safety 1st  AllSafety 1st  All--inin--One One 

ConvertibleConvertible

MaxiMaxi--CosiCosi Priori (SIP) Priori (SIP) 
European European 
ModelsModels GracoGraco LogicoLogico M (SIP)M (SIP)

(does not meet FMVSS 213) (does not meet FMVSS 213) 
DoesnDoesn’’t t 
have have 
LATCHLATCH

Seats with 
“straight” wings
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CRS TestedCRS Tested

GracoGraco SafeSeatSafeSeat Step 2 Step 2 
ToddlerToddler

EvenfloEvenflo Triumph Advance Triumph Advance 
DLXDLXU.S. ModelsU.S. Models

Safety 1st  AllSafety 1st  All--inin--One One 

ConvertibleConvertible

MaxiMaxi--CosiCosi Priori (SIP) Priori (SIP) 
European European 
ModelsModels GracoGraco LogicoLogico M (SIP)M (SIP)

(does not meet FMVSS 213) (does not meet FMVSS 213) 
DoesnDoesn’’t t 
have have 
LATCHLATCH

Seats with   
“fan” wings
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CRS TestedCRS Tested

GracoGraco SafeSeatSafeSeat Step 2 Step 2 
ToddlerToddler

EvenfloEvenflo Triumph Advance Triumph Advance 
DLXDLXU.S. ModelsU.S. Models

Safety 1st  AllSafety 1st  All--inin--One One 

ConvertibleConvertible

MaxiMaxi--CosiCosi Priori (SIP) Priori (SIP) 
European European 
ModelsModels GracoGraco LogicoLogico M (SIP)M (SIP)

(does not meet FMVSS 213) (does not meet FMVSS 213) 
DoesnDoesn’’t t 
have have 
LATCHLATCH

Seats with no 
pronounced 

wings
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Series #1:Series #1:
Sliding seatSliding seat
Q3s dummyQ3s dummy
00oo and 10and 10oo impact anglesimpact angles

Series #2:Series #2:
Locked seatLocked seat
Q3s dummyQ3s dummy
00oo and 10and 10oo impact anglesimpact angles

CRS SI Sled Test SeriesCRS SI Sled Test Series
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10 degree setup

Sled Direction
10º

buck 
rotation



Informal Group on Child 
Restraint Systems 
Brussels Oct. 7, 2008

16

Series # 1Series # 1:  Sliding Seat, :  Sliding Seat, 
00oo vs. 10vs. 10oo Impact AngleImpact Angle

at least 2 repeats for each child seatat least 2 repeats for each child seat
Q3s dummyQ3s dummy
TakataTakata sliding seat fixturesliding seat fixture
00oo and 10and 10oo impact anglesimpact angles

1010oo based on FMVSS 214 crash databased on FMVSS 214 crash data
Performed repeat tests with 5 CRS models at 0Performed repeat tests with 5 CRS models at 0oo

Door padding  Door padding  -- 22”” foam thicknessfoam thickness
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Safety 1Safety 1stst AllAll--inin--One,  0One,  0oo vs. 10vs. 10oo ImpactImpact

00oo impactimpact 1010oo impactimpact
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Safety 1Safety 1stst AllAll--inin--One,  0One,  0oo vs. 10vs. 10oo ImpactImpact

00oo impactimpact 1010oo impactimpact
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00oo vsvs 1010oo Impact AngleImpact Angle

Averaged HIC15 
Q3s 

904

404 396 428

639

416

694

765

431

996

0

200

400

600

800

1000

1200

1

D
um

m
y 

R
es

po
ns

es

Buck 0 deg

Buck 10 deg

Graco SafeStep2 Safety 1st All-In-One Evenflo Triumph Maxi Cosi Priori Graco Logico

Averaged Neck Tension 
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High neck tensions in AllHigh neck tensions in All--inin--One One 
and Triumph at 10and Triumph at 10oo appear due to appear due to 
CRS wing designsCRS wing designs

HIC response similar trend for all CRS HIC response similar trend for all CRS 
(generally higher at 0(generally higher at 0oo than at 10than at 10oo) ) 
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Series # 1Series # 1:  0:  0oo Angle, Sliding SeatAngle, Sliding Seat

Side_011 & Side_012: Q3s jacket was removed

Number Car Seat HIC15

Neck 
Tension 

(+FZ)

Shoulder 
Y defl 
(mm)

Chest 
Defl 
(mm)

Spine Y 
(G)

Pelvis Y 
(G)

Pubic 
ForceY 

(N)
Side_002 Graco SafeStep2 957 949 -21.2 -27.3 88.2 119.7 295.8
Side_003 Graco SafeStep2 948 957 -22.4 -23.9 91.1 124.1 325.2
Side_004 Graco SafeStep2 915 856 -21.8 -23.9 94.1 107.3 379.1
Side_005 Graco SafeStep2 818 840 -20.2 -24.3 99.7 106.9 273.4
Side_006 Evenflo Triumph Deluxe 416 1382 -21.6 -24.8 120.9 142.0 430.2
Side_007 Evenflo Triumph Deluxe 375 1387 -22.2 -26.3 119.3 152.6 451.5
Side_008 Maxi-Cosi Priori 649 1685 -23.3 -26.3 73.3 98.1 342.5
Side_009 Maxi-Cosi Priori 629 1539 -20.5 -22.0 85.0 99.5 360.7
Side_010 Safety 1st All-in-One 400 1686 -22.6 -27.8 120.5 119.2 490.3
Side_011 Safety 1st All-in-One 451 1767 -24.3 -21.1 138.0 112.6 432.4

Side_012
Graco SafeStep2
 (Takata foam) 988 860 -22.8 -23.7 127.7 106.2 287.1

Side_013
Graco SafeStep2
(Takata foam) 798 925 -19.7 -24.7 129.2 102.6 338.1

Side_014
Safety 1st All-in-One 
(Takata Foam) 431 1730 -22.7 -23.8 169.6 122.0 527.2

Side_015
Safety 1st All-in-One 
(Takata Foam) 443 1746 -22.5 -22.0 163.9 114.7 595.0

Side_022
Graco Logico M
(Takata Foam) 959 893 -24.1 -31.1 96.0 112.5 216.7

Side_023
Graco Logico M
(Takata Foam) 1033 894 -23.1 -25.8 111.8 101.7 306.1
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Series # 1Series # 1: 10: 10oo Angle, Sliding Seat Angle, Sliding Seat 

Number Car Seat HIC15

Neck 
Tension  

(+FZ)

Shoulder 
Y defl 
(mm)

Chest 
Defl 
(mm)

Spine 
Y (G)

Pelvis Y 
(G)

Pubic 
ForceY 

(N)

Side_016
Graco Logico M
(Eurpean) 694 731 -21.9 -28.6 126.7 78.5 183.3

Side_017 Graco SafeStep2 773 837 -21.6 -29.5 87.3 91.3 303.1

Side_021 Graco SafeStep 2 756 685 -23.8 -30.4 77.9 89.7 299.6

Side_018
Evenflo Triumph 
Deluxe 428 2547 -21.5 -26.2 94.4 107.2 464.4

Side_019 Safety 1st All-in-One 404 2625 -20.3 -25.6 136.0 104.8 336.8

Side_020
Maxi Cosi Priori
(European) 416 1557 -22.2 -27.4 75.7 89.9 295.8
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Sliding Seat, 0Sliding Seat, 0oo vsvs 1010o o Impact Angle Impact Angle 
SummarySummary

TakataTakata sled exhibited good repeatabilitysled exhibited good repeatability
Able to distinguish between Able to distinguish between carseatcarseat models models 
using dummy responsesusing dummy responses

CRS wing design differencesCRS wing design differences
Observed differences between 0Observed differences between 0oo and 10and 10oo

impact angles for 2 CRS models testedimpact angles for 2 CRS models tested
Significantly higher neck tensions during 10Significantly higher neck tensions during 10oo test test 
for CRS with minimal wing or wider angled wing for CRS with minimal wing or wider angled wing 
designsdesigns
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Series #1:Series #1:
Sliding seatSliding seat
Q3s dummyQ3s dummy
00oo and 10and 10oo impact anglesimpact angles

Series #2:Series #2:
Locked seatLocked seat
Q3s dummyQ3s dummy
00oo and 10and 10oo impact anglesimpact angles

CRS SI Sled Test SeriesCRS SI Sled Test Series



Informal Group on Child 
Restraint Systems 
Brussels Oct. 7, 2008

24

Method to Lock SeatMethod to Lock Seat

Rigid bar with removable shimsRigid bar with removable shims
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GracoGraco SafeSeatSafeSeat

Sliding vs. Locked SeatSliding vs. Locked Seat

EvenfloEvenflo TriumphTriumph

Maxi Maxi CosiCosi PrioriPriori Safety 1Safety 1stst AllAll--inin--OneOne
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Sliding vs. Locked Seat
10o impact

Sliding seatSliding seat Locked seatLocked seat



Informal Group on Child 
Restraint Systems 
Brussels Oct. 7, 2008

27

Sliding vs. Locked Seat
10o impact

Sliding seatSliding seat Locked seatLocked seat
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Sliding Sliding vsvs Locked Seat, 0Locked Seat, 0oo and 10and 10oo Angles Angles 
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HIC responses follow similar trends HIC responses follow similar trends 
for both 0for both 0oo and 10and 10oo test conditionstest conditions

HIC responses follow similar trends HIC responses follow similar trends 
for both sliding and locked seat for both sliding and locked seat 
conditionsconditions
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Sliding Sliding vsvs Locked Seat, 0Locked Seat, 0oo and 10and 10oo AnglesAngles

29
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For 10For 10oo test condition, the effect test condition, the effect 
of child restraint design appears of child restraint design appears 
to be more pronouncedto be more pronounced

For 0For 0oo test condition, dummy test condition, dummy 
responses show similar trendsresponses show similar trends

Buck at 10 Deg - Avg Spine Y Acc. - Q3s
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Series # 2Series # 2:  0:  0oo and 10and 10oo Angle, Locked SeatAngle, Locked Seat
Number Car Seat HIC15

Neck 
Tension  
(+FZ)

Shoulder 
Y defl 
(mm)

Chest 
Defl (mm)

Spine Y 
(G)

Pelvis Y 
(G)

Pubic 
ForceY 

(N)

Side_32

Evenflo Triumph
(Takata foam)
Buck angled 10 deg
Veh. seat locked 586 1872.35 -21.32 -29.55 178.3 131.69 736.6

Side_033

Graco SafeStep2
(Takata foam)
Buck angled 10 deg
Veh. seat locked 918 1459.59 -18.66 -25.56 121.67 119.48 716.82

Side_034

Graco SafeStep2
(Takata foam)
Buck angled 10 deg
Veh. seat locked 1027 1572.04 -18.02 -23.58 140.12 114.31 555.02

Side_035

Maxi Cosi Priori
(Takata foam)
Buck angled 10 deg
Veh. seat locked 523 2459.52 -19.11 -19.94 113.18 108.71 742.48

Side_036

Safety 1st All-in-One
(Takata foam)
Buck angled 10 deg
Veh. seat locked 491 2306.25 -18.86 -24.77 162.82 121.52 590.73

Side_037

Safety 1st All-in-One
(Takata foam)
Buck angled    0 deg
Veh. seat locked 475 2427.59 -19.59 -12.60 164.23 119.76 416.47

Side_038

Graco SafeStep2
(Takata foam)
Buck angled    0 deg
Veh. seat locked 1056 1424.27 -19.95 -26.34 117.24 113.63 370.87

Side_039

MaxiCosi Priori
(Takata foam)
Buck angled    0 deg
Veh. seat locked 690 2129.00 -21.37 -23.48 92.44 117.85 630.41

Side_040

Evenflo Triumph
(Takata foam)
Buck angled    0 deg
Veh. seat locked 737 1547.82 -22.02 -27.65 150.92 139.49 649.89
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Sliding vs. Locked Seat SummarySliding vs. Locked Seat Summary

Sliding Seat ConfigurationSliding Seat Configuration
better realbetter real--world simulationworld simulation
sliding seat configuration repeatablesliding seat configuration repeatable

Locked Seat ConfigurationLocked Seat Configuration
simpler to fabricatesimpler to fabricate
have not conducted repeatability testshave not conducted repeatability tests
generally resulted in higher injury valuesgenerally resulted in higher injury values

reducing velocity could compensate for difference in valuesreducing velocity could compensate for difference in values

Unknown if both sled configurations will Unknown if both sled configurations will 
produce same outcomeproduce same outcome

Mixed outcomes of observed trendsMixed outcomes of observed trends
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NHTSANHTSA’’s Future CRS Side s Future CRS Side 
Impact ResearchImpact Research

Recent tests:Recent tests:
a few 15a few 15ºº and 20and 20ºº teststests
1 FMVSS 214 crash test 1 FMVSS 214 crash test 

Continue test procedure development and Continue test procedure development and 
evaluationevaluation

Additional side impact crash testsAdditional side impact crash tests
Wall padding stiffnessWall padding stiffness
Buck angleBuck angle
Seat cushion stiffnessSeat cushion stiffness
Other CRS types and child size dummiesOther CRS types and child size dummies



Test data and AVI footage 
available at 

http://wwwhttp://www--nrd.nhtsa.dot.gov/database/nrd.nhtsa.dot.gov/database/
nrdnrd--11/veh_db.html11/veh_db.html

Test Numbers 6392 through 6436Test Numbers 6392 through 6436



For additional inquiries, 
contact

Allison E. Louden 
allison.louden@dot.gov

Lisa K. Sullivan
lisa.sullivan@dot.gov



Thank YouThank You
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