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Volvo introduced the booster seat in 1978

photo ©1979 Volvo Cars
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Boosters are similar almost 40 years later
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Other belt-positioning devices

travel vests inflatable boosters heightless
belt-positioners IHS
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What do boosters do? How do they work?
Adapt the vehicle seat environment to fit children who have

- outgrown harness-equipped restraints but are too small for the
_— = vehicle seat and belts

Elevate so the child fits the vehicle seat belts more like an adult

— Moves the shoulder belt off the neck, reducing the likelihood of misuse

— Steepens the lap belt angle which improves lap belt fit and engagement
with the pelvis throughout a crash

— Puts the child’s head in a better position to take advantage of curtain
airbags

Shorten the seat cushion length

— More appropriately sized for children to improve posture and decrease
slouching

Position the lap belt below the ASIS and shoulder belt mid-clavicle
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Belt fit measurement rig
Movable anchorages to match range observed in vehicles
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Static belt fit
Lap and Shoulder Belt Score
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Other booster measures

Boost height: height of dummy h-point on booster relative to no booster condition
Head center-of-gravity position: height and fore-aft distance relative to test fixture
Lap belt angle: angle of h-point to lap belt anchorage relative to horizontal

Knee flexion angle: angle of lower leg relative to thigh
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Types of US boosters

highback only dual use, dual use,
highback mode backless mode
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200 booster seats in the US market
From 2011 to 2017

Highback only Dual use, highback Dual use, backless Backless only
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Shoulder belt score ..,
2009 to 2017
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Lap belt score
2009 to 2017
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mm

Boost height
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Head center of gravity height
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Head cg fore-aft distance
Small female (SID lls)
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Knee flexion

100
80
60
8 e
9 N
g X
©
40 I I
x AV 4
20 l l
0
Highback only Dual mode, highback Dual mode, backless Backless only

Lnl IKTERMATIONAL-



Lap belt angle (H-point to anchorage location)
Test conditions with minimum lap belt angle

Highback Backless
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Summary

Range of static belt fit has narrowed considerably since 2009
Shoulder belt fit for backless boosters highly dependent on use of shoulder belt clip

Highback boosters position the dummy higher and more forward than backless boosters
Dummy head positioned, on average, 31 mm higher and 62 mm more forward than backless

Larger knee flexion angles than backless, typically due to highback boosters positioning dummy
hip position more forward, reducing seat cushion length

Lap belt angle (H-point to anchorage angle) steepened with all boosters but to a larger extent in
backless boosters

On average, boosters position the head 105 mm higher than no booster condition

Within 45 mm of the small female head height

On average, 120 mm higher than the average windowsill height found in NHTSA's 2012 study of
rear seat geometry; 70 mm higher than the maximum windowsill height ||“5 S
LDI
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Limitations

This is a descriptive study to quantify the effect of booster geometry on head and
pelvis position, knee flexion, and static belt fit on a standard test fixture with a standard
Size dummy

Dynamic performance is governed by many more variables and cannot be inferred
directly from these data
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JASPER

Juvenile Anthropomorphic Seatbelt Position Evaluation Rig

New device for static belt fit measurements
3D printed UV-cured liquid polymer
Materials less prone to shrinkage and distortion
Shorter lead time on parts
Lower cost solution than Hybrid 11l 6 year-old

Geometry based on the Hybrid Il 6 year-old

Lap and shoulder belt scales printed directly
into the pelvis and chest

Developed in collaboration with Humanetics
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