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SUMMARY

Child  restraint systems are the most effective way to protect young children  involved  in motor
vehicle  crashes.  NHTSA estimates that these systems, when  properly used,  reduce the chance  of
death  in a motor  vehicle  crash by 71 percent. However,  in order  for these benefits  to be achieved,
child  restraints must  be installed  and used properly.  A four state stud
found  that nearly  80 percent of child  restraints were improperly  inst

s onsored by the  agency
ai?!le

average of 230 children  aged O-6 are hilled,  and near1
or used.  Every  year an

while  sitting  in child  restraints. An estimated 68 deat B
66,000  are injured  in motor vehicle  crashes

prevented if misuse  of child  restraints  were eliminated.
s and 874 nonfatal injuries  could  have been

To address this problem,  NHTSA is establishin
Vehicles  will  be equipped  with independent chiP

a uniform  child  restraint  attachment system.
d restraint  anchorage  systems consisting  of three

anchorage points:  two lower anchorages  and one  u
f!

per anchorage. Each lower anchora e
consists  of a 6 mm bar located at the mtersection o the  vehicle  seat cushion  and seat bat1, in a
location  where it will  not be felt by passengers. The upper  anchorage  is a top tether anchorage.
These  anchorage systems  will  be required at two rear seating  positions.  In addition,  if a vehicle
has three designated seating positions in the rear seat or second  or third row of seats, another
seating  position,  other than an outboard  position  must be equip
anchorage.  Child  restraints will  be required to be equipped  wrt K

ed with a user-ready tether
a means of attaching  to these

anchorage systems.

The agency considered  several  different types of uniform  attachment systems. Both  the vehicle
anchorages and the child  restraint attachments could  be designed  to be rigid  or nonrigid  (i.e.,
flexible).  Both
vehicle  rigid  ant orage system because it allows  for more  flexibility  in chilT

stems  provide comparable safety benefits.  However the a
f

ency  selected  the
restraint  designs.  In

addition,  rt wilI harmonize U.S. standards with anticipated  European  and Canadian  standards. To
further provide for design  flexibility,  the rule  allows  either  rigid  or non-rigid attachments  on child
restraints.

Safety Benefits:

The  uniform  systems  will  increase safety both by decreasin misuse,  and by providing  better
protection than current systems do even when used  proper y.P Of the estimated 68 lives lost
annually  due to misuse,  this  final rule is expected to prevent  30 to 33 fatalities. In the event  of a
crash the tether will
estimated  6 to 17 adCP

revent head excursion and reduce  the  chance of serious head  injury.  An
itional  lives  will  be saved by tether anchorages.

rigid  and non-rigid  connectors are summarized  in Table  S-l,
The safety benefits  of both

It is estimated that these  systems
wrll prevent  from 36 to 50 fatalities,  and from 1,23 1 to 2,929  nonfatal injuries  annually.

CRS /Vehicle

Rigid/Rigid

Nonrigid/Nonrigid .

T;;;zfit 1

Fatality Benefits Injury  Benefits

36 to 47 1,23  1 to 2,893

36 to 50 1,235 to 2,929

Nonrigid /Rigid 36 to 50 1,235 to 2,929 I
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IN+RODUCTION

The National Highway Traffic Safety Administration (NHTSA) is publishing a Final Rule to

introduce a new safety standard; Federal Motor Vehicle Safety Standard (FMVSS) 225, Child

Restraints Systems, to improve the securement of add-on child restraints to vehicle seats. This

Final Rule requires the use of a universal attachment system for child restraints, at two seating

positions, and also requires child restraints be fitted with some means of attaching to those

systems.

The number and types of seat belts in today’s vehicles vary greatly. The vehicle belt design may

make proper attachment of the child restraint difficult, because the correct way to route the

vehicle seat belt through the child restraint varies from seat model to seat model. Also,  many

lap/shoulder belts of cars on the road need locking clips to hold the child restraint securely. The

nonuse/misuse of locking clips appears to be a big contributor towards the misuse of child

restraints. In addition, the interior designs of most vehicles have changed tremendously; many

vehicles have been redesigned to improve adult comfort and safety, moving the seat belt

anchorage away from the seat bight (i.e., the intersection of the vehicle seat back and its seat

cushion), resulting in belt systems that are more diflicult  to attach to child restraints.

Injury to children in passenger vehicles can result from misuse, the compatibility problems

between the child restraint and vehicle belt systems, or both. There are many ways that the child

restraint can be misused:
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The type uf~~~d restraint used is ina~pru~~ate  fur the ag~~si~~  of the child, or faced

in the hung dir~~iun.

The child restraint is nut restrained by the vehicle belt or nut prup~r~y  installed

in the vehicle, e.g., ~n~u~~~t~y  ruuting v&i& belts  about or ~~uugh the child

restraint device, failure to use a ~u&~ng  clip, or other such items.

The child is nut ~ru~er~y restrained Titan the child r~str~nt, or failure to restrain

the child at all.

The restraint is in the hung slating  pusitiun  in the vehicle, i.e., ~nsta~~atiun  of a

rear-faking giant or ~unv~~jb~~  seat in the ti-ant  passenger seat when the vehicle

is ~~u~F~~d  with a passenger-side air bag duress  the vehicle has an air bag cut-off

switch and this s~t~h  is used pru~~r~y~.

Other ~xam~~~s  of the need to ~rn~ruv~  the ~urn~at~b~~ity  of child restraint systems  and ve~~~~s

include:

I) The seat belt ~~hurag~s are pusjt~un~d  too far fu~ard of the vehicle seat. Thus, the

child restraint kaput be secured tightly ag~nst the seat back.

2) The seat ~us~uns  and seat backs are too deeply ~un~uur~d. This prevents the child

restraint from being put in a stable pusit~un  on the seat. This final rule will  make child

restraints mure stable, regard~~ss  ufthe ~untuur  uf the seat and the seat back.

3) The seat belt length and a~~um~an~ng  hardware atta~~~nts  are nut sujtab~~  fur use

with child restraints, or with special child restraints. In sume  seat pusjtjuns  the distance

bitumen the an&hurag~s  fur the lap belt  and buckle is nut as wide as a child r~strajnt. In
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these cases the seat belt may not tightly hold the child restraint and it can easily move

from side to side. By providing a means for attaching child restraints that is independent of

the vehicle belts, this final rule will improve the lateral stability of child restraints on the

vehicle seats.

4) The vehicle seat is not wide enough or long enough to accommodate the child restraint

properly. This final rule will accommodate child restraints on these seats by providing an

independent means of stability.

As a result of the misuse and compatibility problems, the International Standards Organization

Working Group for child restraint systems is working on a draft industry standard that would

standardize the interface for attaching child restraints by means of an independent child restraint

anchorage system.

NHTSA has determined that child restraints should be anchored to the vehicle using attachments

independent from the safety belts currently provided with the vehicle. Having two different

attachment systems, one that is designed for older children and adults and a second system

designed specifically for child restraints, would allow designers to create the best design for child

restraints, and the best design for adults without having to make compromises.

This final rule standardizes the motor vehicle child restraint interface to reduce the misuse and or

compatibility problems of child restraints with the restraint systems of most passenger vehicles.

With the child restraint anchorage system in the passenger vehicles standardized, the child
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restraint m~~fa~t~r~rs  are free to design  child restraints that ~u~~~t  to the standardjz~d  v~~~~~

an~hurag~  system.  Tether an~hurag~s  are also required.  user-ready  tether anchorages must be

pru~d~d with each v~~~~~  fur the u~n~r’s &unve~~n~~. The user-ready an~hurag~  most be

designed  to accept the tether strap hook directly,  ~jthunt  r~~ui~ng  the jnsta~~ation  of any other

device. The onrush  of the tether an~hurage  and tether strap is to secure the top part of the child

restraint and limit  head ~x~~rsiun.

V~~~~~  seats and seat belts have ~vu~v~d  over the years. At one time, the standard moans  of

amazing  a child r~strajnt  was the v~~~~~  lap belt. Now all o~tbuard slating  positions  are

required  to be equipped  with ~a~~shuu~d~r  belts. This change has resulted in seat belt anchorages

su~et~m~s  being ~usjtjuned  several inches fu~ard  of the seat back to better position the lap

fusion of the seat belt low on the pelvic  area of older ~~~dren,  teenagers and adults. Vehicle

manufacturers have given top p~u~ty  to des~g~ng  vehicle  seat belts fur older ~~ldren and adults.

Because of the di~~u~~ of d~sj~ng  vehicle seat belts to ~~~urrn  the dual ~n~tjun  of r~stra~~ng

child restraint systems  and uf restrai~ng the torsos of older ~nd~vjdna~s,  the vehicle belts are nut as

e~~~tiv~  as they could be fur the August of r~straj~ng  chitd  r~strajnts..

A fu~ard muunted  an~hurag~~  fur example,  is desjgned  to allow fugue to the adult passenger,

but annuls  a child restraint to slide  too far foxed in a ~onta~  ~u~~~s~un  to safely limit the child’s

head ex~ursjon,  EEurts  to make vehide belts systems mure e~e~iv~  fur older ~~~dr~n and adult

~asseng~rs  have alsu resulted in the belt systems b~~uming  mure ~urn~~~x  and mure dj~~~lt  to

use to attach child restraints ~urre~t~y. Due to these ~umple~ti~s  people  often ~suse  child

r~stra~ts in v~~~~~s.
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By having an independent child restraint anchorage system, compatibility between vehicle seat

belts and child restraints would be greatly increased. This will result in more child restraints

being correctly installed. The standardized anchorages required by this rule are intuitive and easy-

to-use and eliminate the need to route the vehicle belt through or around the child restraint. By

making child restraints easier to install, misuse is reduced, and some parents who otherwise might

get frustrated trying to secure a child restraint, might use a child restraint to restrain their child on

every trip.

NPRMBUMMARY  OF DOCKET  COMMENTS

The NPRM

On February 20, 1997, (62 FR 7858) (See Docket No. 97-4084) the agency published a Notice of

Proposed Rulemaking on Child Restraint Systems; Tether Anchorages for Child Restraint

Systems; and Child Restraint Anchorage Systems. The NPRM proposed to require that two

seating positions of all passenger cars, and all multipurpose vehicles (MPVs) and trucks with a

gross vehicle weight rating (GVWR) of 10,000 pounds (lb) or less be equipped with a means

independent of vehicle safety belts for securing child restraints to vehicle seats, and would further

require that vehicles have up to three factory-installed, user-ready anchor points for attaching the

tether. If an air bag cutoff switch were provided that deactivates the air bag for the front

passenger position, one anchorage system would have to be provided in that position, and another
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in a rear slating ~usit~un. If there were no rear seat and no air bag tutor switch,  an anchorage

system  ~uu~d  be djsa~~o~~d  in the front passenger seat, but a tether rn~st  be provided fur child

restraints that use the vehicle belt  system. A built-in  child restraint may be substituted  fur one of

the an~hurag~  systems~  but nut both, since rear-fa&jng  built-in  systems are not subentry avaj~ab~e.

The ~~ ~ru~us~d  requirements  tu s~e~j~ the ~unst~~tjon of the child restraint an~hurage

systems  the notation  of the an~hurages,  and the g~omet~ of related &om~un~nts,  such as the

hardware that Apaches  to a child restraint. To prevent vehicle  an~hurag~s  from fa~~jng in a crash,

fhe anchorages, ~n~~~d~ng  st~~tura~  ~um~on~nts  of the assembly,  wuu~d  have had to wjthstand

s~e~j~~ loads  in a static pull test. The ~ro~usa~ would also have required  child restraints to be

~~uj~F~d  with an upper tether strap. The child  restraints would have to be e~uj~~ed  with the

moans  of amazing  to the s~e~ja~j2~d  lower an~hurage  system in the vehicfe. Child restraint

systems  ~uu~d  be d~a~~a~~y  tested under Standard 2 13. A head excursion limit of 8 13 mm (32

~n~h~s~  would have to be met  w~thuut  atta~~ng  the top tether. A head ~x~ursiun  r~~ujrem~nt  of

720 mm (28 ~n~hes~ would also have to be met; a tap tether can be attached for this test.

The ~~ ~ru~osed  to mandate non~gid  an~hurages  and nu~igjd ~o~e~tors  (the Debbie

~at~h~~at~  anchorage system  or UCRA systems  fur ve~~~~s and child restraints. The ~~

would  have ~~~tt~d  v~~~~~s  to have rigid an&hurag~s  (the IS0 rigid bar an&hurag~  systems

instead of the no~gjd  an~hurag~s  ECU latch plate an~hurs~  if the vehicle manufacturers also

~ru~d~d an ada~tur that enabled  a child  r~strajnt  with the nu~gid  UCRA builds  to attach to

the IS0 bar.



Svstems Considered

7

Three types of child restraint attachment systems were discussed in the NPRM

A) Rigid Connectors:

1) 4-point Rigid Connectors (no tether)

2) CANFIX (2-point with tether)

B) Nonrigid Connectors: UCRA (Uniform Child Restraint Anchorage)

1) Dual Strap Manual with and without tether

2) Dual Strap Retractor with and without tether

C) A combination of rigid and nonrigid connectors i.e., a hybrid system

Summary of Docket Comments

There were close to 70 docket submissions to the NPRM. The commenters, in general, agreed

with the proposal to require top tethers on child restraints. Although virtually all of the

commenters agreed with the need for an independent standardized attachment system, about half

opposed the proposed option in the NPRM of the nonrigid anchorage system over the rigid

anchorage system for the lower anchorage points. Supporters of the nonrigid anchorage system

include Advocates fur Highway and Auto Safety (Advocates), the Automotive Occupant

Restraints Council, Drivers’ Appeal for National Awareness (DANA), General Motors (GM),

Gerry Baby Products, Evenflo  Company, and Indiana Mills and Manufacturing Inc. (IMMI).

Many of the commenters that supported the nonrigid anchorage system based their support on the

cost factor.
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Cu~enters  that suppu~ed the rigid bar anchorage system in&~~de  Custer, Ford Motor

Cumpany~  By of gosh henna, Mercedes-Beg  of Noah ~e~~a~ the E~unu~~

Cu~ss~un  of Europe Group of Rappo~eurs  fur Passive Safety ~GRSP~~  the UK Parljamenta~

Ad~su~  Cuun~j~  fur ~ranspo~ation  Safety, ~ranspo~ Canada, and the New South Wales Roads

and Traf& Autho~ty  ~Austra~ja~.  These ~ummenters  djsa~eed with the agen~y’s  tentative

dete~natjuns in the ~~ that the rigid an~hurage  system would be cost pro~bitjve,  would

add ex~essjve  wejght and bulk to child restraints~  and wound  need a longer ~eadtime  to jmp~ement.

The ~o~enters  re~u~ended  other ways to connect the child restraint to the rigid bars and

stated that the rigid an~hurage  system is supe~ur because it a~~uws design ~exjbj~jty  to child

restraint manufacturers. Co~enters  further stated that the rigid an~hurage  system has potentjal

safety bene~ts  by redu~jng  head ex~ursjun  in side jmpa~ts  and by e~j~natjng  the need for the

parent to tighten belts; and emcees  ~nte~atjuna~  h~u~zatjon  of safety standards.

Child restraint manufa~urers  Ko~~r~,  Cus~u and Centu~  suppu~ed the rigid bar an~hurage

system after they realized that the rigid bracket cu~e~tur  would nut be required fur the child

restrajnt system. These manufacturers stated that they now prefered the rigid bar an~hurage

system over the Debbie ~at~hp~ate  system, pruvjded that the assess and ~o~atiun  of the anchors

~~uwed  design ~e~bj~jty  fur either a frame mounted ~bra~ket-based~  or a nu~gid  ~strap~

mounted ~o~e~tur  on the child restr~nt. Factors cited fur the change in preference were

petulance,  bare child restraint system design ~e~bi~ity  and jnte~ationa~  harmu~zat~un.

Centu~  stated, huwever, that the bars had to be a~~essjb~e  and visible. Cos~u  be~jeved  that the

cost electiveness of the rigid bar ~~hurage  system and Debbie ~at~hp~ate  system wuu~d be



9

approximately equal, and that “any difference in the using public concerning ease of use and/or

desirability of one with respect to the other would soon disappear if such a real difference exists at

all today.” Cosco added that the rigid bar anchorage system would help to eliminate certain

types of force vectors which may occur within the system of flat latchplates that could be

detrimental. Cosco continued that it also clearly distinguished the car seat attachment system

from any of the hardware that may be near by.

In this analysis, the agency compares the vehicle and child restraint design option combinations

shown below:

Vehicle Anchorages Child Restraint Connectors

Rigid - Bar Rigid - Jaw; Nonrigid - Jaw; Nonrigid - Hook

Nonrigid - Bar Nonrigid - Hook

Nonrigid -Latchplate Nonrigid- Buckle; Nonrigid - Hook

The Final  Rule

The agency has carefully considered the advantages and disadvantages of the various child

restraint attachment systems, and has decided that the rigid anchorage system (IS0 6 mm bars)

will be mandated on the vehicle. This system will provide more design flexibility for child

restraint manufacturers because it is believed that both rigid and non-rigid child restraint systems

can be more easily designed for a rigid anchorage than for a non-rigid anchorage. The agency

feels that it is important to allow manufacturers the ability to develop rigid systems for both the

vehicle anchorage and the child restraint system because theoretically a rigid to rigid system could
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begun better in side jmpa~ crashes. ~o~ever~ the agency dues nut have enough i~o~atiun

avaj~ab~e yet to quantum  any potential  dj~eren~e  in safes. To provide design ~e~bj~ity,  the CRS

manufa~~rers  will have the u~tjun  of deriding what type of child restrajnt ~o~e~turs  they will

~rudu~e  fur sale to the ~ub~j~,  but they must be attachable to the rigid bar system.

Equipment  R~~ujrements

~SS 225 requires manufacturers uf motor v~~~~es and child restraint systems  to pruvjde

~unsumers  with the ~~u~~rnent  that will lead to im~ruved  child safety. The new standard requires

ah passenger cars, trucks and rnu~tj~u~use  vetches of 8,500 puunds gruss v~~~~~  Wright  rating

AGOG or less and ah buses ~inc~ud~ng  schuul  buses) of ~0,000 pounds Go or less, to be

e~uj~~ed  with:

I) Two child restraint an~hurage  systems  (rigid 6 mm bars) in rear s~atjng ~usitions  with tether

an~hurag~s~ plus a tether anchorage in a third seating position (if there are three or mure rear

seating ~usjtjuns~,

2) If an air bag cutoff swjt~h  is ~ruvjded  that dea~tjvates  the air bag fur the front passenger

~~s~t~u~  une  child restraint anchorage system must be provided  in that posit~un,  and anuther

an~hurag~  system in a rear seatjng  pusjtjun. If there is no rear seat and no air bag ~utu~swjt~h~  a

6111 child seat an~hurage  system wound  be djsa~~uwed  in the frunt passenger seat but a tether

anchor wuu~d  be required  at each front passenger seat.
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3) A built-in child restraint may be substituted at one of the three required positions, but not all.

Rear-facing built-in systems are currently unavailable, and it is desirable to maintain this seating

option, which would be precluded if all positions had built-in forward-facing systems.

The system consists of two rigid 6 mm bar lower anchorages at the vehicle seat bight (the

intersection of the seat cushion and the seat back) and a top tether anchorage. For the upper

tether, the specifications and test requirements are the same as the ones that have been adopted by

Transport Canada to harmonize with Canada and Australia on this fixture. Most vehicles that are

sold in the US and Canada currently have the tether anchor structure, but not the hardware. The

tether anchor has a proven record and results in improving the safety of children restrained in car

seats. To achieve the success of tether use of other countries, this final rule requires that the

anchor points and hardware be factory installed and easily accessible to consumers.

The child restraint system standard (Standard No. 213) is amended, in effect, to require child

restraints to be equipped with a top tether, and with connectors (e.g., rigid bars or nonrigid

hooks) that are compatible with the rigid anchorages on the vehicle.

All child restraints that use the universal child restraint systems must a& be capable of being

restrained with the current method using the vehicle lap belt, so that they can be used in older

vehicles not equipped with the Rigid Anchorages.



Fur the dynast  sled testing of the child restrict, the dynast test s~ee~~ed  in standard 2 I3 will

be used to evaluate the ~e~u~a~~e ofthe child restraint when attained tu the reversal  Venice

~~~urage. The standard seat ass~~~~y  s~e~~~ed  in the standard to test add-on child restraints is

revised to ~~~u~urate  a child restrict  a~~~urage  system  with the 6 mm bars meeting  the

s~e&~~~at~u~s. A child restraint is to be attained to the lower a~~~urages  (at the seat ~~g~t~, both

with and ~t~uut the tether strap atta&~ed.

Each child r~straj~t  is r~~u~r~d  to meet the fu~~u~~g re~~jr~~e~ts:

Child restraint lap belt testing

i) The  mutest ~~ S 2 13 re~u~re~~~ts  ~~~~~~d~~g  a head ex~~rs~u~  limit of 8 13 mm,  32

~~&~es~  when tested in a 30 mph sled test using a lap belt only (no tet~~r~~

ii) A head ex~~rs~u~  Iin-& of720 mm (28 ~~~~es~  when  tested using a lap bek plus tether:

Child restraint u~v~rsa~  a~&~urage  system testing

iii) A head ex~urs~u~ Emit  of 8 I3 mm (32 j~~~es~  when tested using the u~versa~  a~~~~rage

system  ~t~uut a tether;

iv> A head ex~~rs~u~  hit of 720 mm (2X ~~~~es~  when tested using the universal  a~~~~rage

system  with  a tether.

In the vehicle, the 6 mm bar and the tether a~~~urs  must meet a pull test to assure streams.

(See the final  rule fur the s~e~i~~s  of the a~~~urage  tests.~
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BENEFITS

Benefits are examined using an analysis of crash data to determine target populations and

effectiveness, an analysis of a four-state survey that looked into how widespread misuse of child

restraints is, and sled testing by the agency to determine how injurious the various misuse modes

can be. These pieces of information were combined to estimate what fatalities and injuries could

have been prevented with proper use of child restraints. For the remainder of the analysis, the

term “misuse” is used in the broader context to mean either misuse  or compatibility problems.

Analvsis  of Crash Data

Tables I(a) and I(b) show the restraint use of children ages zero to six who were involved in fatal

crashes for the period 1994 to 1996. For all age groups, the not restrained category accounted

for the highest number of fatalities. For the 3 year period, there were 2,539 fatalities of which

52.4 percent were children who were not restrained. An additional 20.2 percent of the fatalities

were incorrectly restrained i.e., they were in lap and lap/shoulder belts. Age group five to six had

the highest percentage of non-use (60.1 percent). As the children get older the percentage of

fatalities that were not using restraints increases. Similarly, as children get older child restraint

use decreases. On average for 1994 to 1996, 232 children were killed annually in child restraints,
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(Zero To Six Y~r-U~~  C~~~ren~

aeons Type Age ~1 Age 1 to 4 Age 5 to 5 Total

None 222 756 353 1,331

I.45 Belt 2 117 84 203

Lap Belt 13 153 138 310

Cfiild reseat 255 428 12 695

1 I
I I 1

Total 492 I 1,450 I 587 I 2,539 I

* three years of data, not the annual overage.

Cl-ad meant I 51.X3% I 29.32~ I 2.~4~ I 27.37~
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Table l(c) provides the estimated number of non-fatal injuries by injury severity and type of

restraint use for the 3 year period of 1994 to 1996. On average there were about 1,867,OOO

children age 6 or less in police reported crashes per year. Of these, about 730,000 were in child

restraints and about 66,000 were reported by the police to be injured or possibly injured.

Table l(c)
1994 - 1996’ Injuries By Restraint System Used

(Zero To Six Year-Old Children)

Child Restraint

* three years of data, not the annual average.

Target Population

Child restraints are the most effective means of protecting children against injury or death in the

event of a crash. Unfortunately, many children are transported in motor vehicles in child restraints

that are not properly secured. In an attempt to determine the types and levels of child restraint

misuse/compatibility problems that can distinguish misuse from correct use, the agency had

Ketron Division of the Bionetics Corporation of Pennsylvania conduct a survey (Ketron Study)

“Patterns of Misuse of Child Safety Seats,” in January 1996. This survey was conducted in cities

in four states, Mississippi, Missouri, Pennsylvania and Washington.
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In the su~ey,  there were 4,019 vehicles  and 5,~69 children  that were under 60 pounds in the

target popu~at~un,  and 2,223 other vehicle uccupants.  The su~eyed  group included:  grants ~559~

- c~~dren  under 20 pounds; Tudd~ers  ~3,4~9~  - c~~dr~n  20 to 40 pounds; and Pre-schuu~ers

~~~~7~~  - c~~dren  40 to 60 pounds. Fur all su~eyed  c~~dren  under 40 puunds,  71.6 percent were

retrained in a Child safety Seat ~C~~~,  18.5 percent were restrained in a safety belt, and 9.9

percent were nut restrained, Fur c~~dren  40 to 60 puunds,  6.2 percent were restrained in a CSS,

76. I percent were restrained in a s~ety belt, and 17.7 percent were nut restrained.

Obse~ed ~s~se rates fur all types uf CSS elements

CSS ~~ernent
~uc~ng clip use
Harness retuner  chest clip use
Harness strap use
rescue  safety belt  use
Seat Direction
Harness cu~ectiun  ~buc~e  use>
One or mure CSS elements

~suse Rate
72.0~
5~.~~
45.5%
16.9%
9.6~
3.3%

79.5~

Tables 2 and 3 shuw the values types of ~suse  that were recorded during the Ketrun study.

Of those c~~dren  in child restraints only 20.5 (100 - 79.5 =20.5) percent of the c~~dren  in the

su~ey were found to be currect~y  restrained. Qume of these ~suses would be prevented with the

use of a u~versa~  attac~ent  system, either Debbie or rigid. The ~suses that could be prevented

are seat directjun  fur rep-facing  only  i~ant restraints, vehicle seat belt use, ~uc~ng  clip use,

seem  belt ~atchp~ate  being away from the bights  and pussib~y sume  of the seat contour prub~ems

(nu benefit was assumed fur vehicle manufacturers putent~a~~y  redes~g~ng  their vehicle seats).



Table 2

Correct

Unbuckled/Disconnected

l&routed

Improper  Use/Fit

Total

80.3% 82.2% 88.3% 83.1%

2.0% 1.9% 2.0%

3.3% 2.4% 1.0%

14.4% 13.5% 8.7% 16.9%

100.0% 100.0% 100.0% 100.0%

Locking Clip Used:

Correct 27.6%

Not used 62.8%

Improper  Use /Fit 9.6%

Total 100.0%

Harness Connection (Buckle Use):

27.0% 28.0%

64.6%

8.4% 72.0%

100.0% 100.0%

Correct

Unbuckled/Disconnected

Total

Harness Strap Used:

94.5% 97.3% . . . . 96.7%

5.4% 2.7% 3.3%

100.0 100.0% 100.0%

Correct 48.2%

Misrouted 13.5%

Not Used 3.7%

Improper  Use/F it 34.6%

Total 100.0%

Harness Retainer (Chest) Clip Use:

55.9% . 54.5%

4.0%

2.9% . . . .

37.2% ,... 45.5%

100.0% . . . . 100.0%

Correct

Not Used

Improper Use/fit

51.1% 37.8% . . . . 41.2%

15.3% 22.1% . . . .

33.6% 40.1% 58.8%

Total I 100.0% I 100.0% I I 100.0% I
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Table  3
Child  Safety  Seat ~s~s~ by Vehicle  Restart Type, Lat&h~~at~

Seats I 45 ~77.~~~ 5x

very slanted seats 28 (24.1%) xx (75.9%) I16

center  curved I 13 ~34.2~~ 25 (65.8%) 38

adze Jump Seat - 2 (100%) 2

Narrow  Rear Seat 1 (~~.I%) 8 (88.9%) 9

3ujlt-~ css I 23 (56.1%) I8 (43.9%) 41

Totd 7x (29.5%) 186 ~7~‘5~~ 264

Sled Testing of ~suse nudes

The agency has run 30 mph sled tests on some of the ~sns~  modes to d~t~r~n~  the putentia~

effects of ~n~u~  from ~suse. The fu~~u~jng  five tables show the estimated  increase  in the

~rubabj~i~  of injuries (MS 4+ severe to fatal in~u~es~  that a child might expe~ence given the type

of ~suse  that occurred in surn~ cases in the Ketrun study. AIS 4+ had the best cu~~~at~un
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of HJC to head injury, indicative of potential change in the probability of injury. The baseline

numbers were obtained from tests done at VRTC for proper use of the child restraint and are

compared to the given misuse mode.

Table 4
Child Restraint Misuse: 4” Forward of Bieht (6-w-old)

HIC AIs4+’ Chest G’s AIS  4+”

Baseline 642 4.9% 42 20.3%

Misuse 6 9 7 6.1% 53.1 30.7%

Increased probability of injury 1.1% 10.4%

Increased Probability of combined 11.4%***
head/chest AIS  4+ injury

* Probability of injury for AIS 4+ HIC determined by (l+@EXP((4.9+2OOkIIC)-0.0035  l*HIC))*’
The injury  probabilities are based on adults, not on children’

** Probability of injury for AIS 4+ chest G’s’ determined by using (l+@EXP((5.55-0,0693*CHESTG’s))-’
*** This number is calculated thus: (.011+.104)  - (.Oll x. 104) = ,115 - .OOll  = ,114

Table 5
Child Restraint Misuse: 2” forward of bight (3-yr-old)

HIC AIS 4+ Chest G’s AIS 4+

Baseline 642 4.9% 42 20.3%

Misuse

Increased probability of injury

Increased Probability of combined
head/chest 4+ injury

599 4.2% 46.6 24.3%

-0.75% 4.0%

3.2%

‘Fh4VSS  No. 201, Upper Interior Head Protection. Final Economic Assessment, Page 4-
50. Office of Regulatory Analysis, Plans and Policy June 1995.

2Viano,  David and Arepally, Sudhakar (1990) Assessing the Safety of Occupants Restraint
Systems 1990 Stapp SAE Paper No. 902328
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Table 7
Child Restraint Misuse: Chest clip unhooked

(forward facing, 9-month-old dummy)

HIC AIS 4+ Chest G’s

Baseline 483 2.6% 42.1

Misuse 947 14.3% 57.7

Increased probability of injury 11.7%

Increased Probability of combined 25.3%
head/chest  AIS 4+ injury

AIS  4+

20.4%

35.8%

15.4%

The types of misuse examined by the agency to date would individually increase the probability of

head and chest injuries by 3.2 to 25.3 percent. These do not include the gross misuse categories

of having the seat belt unbuckled or not using the interior harness, both of which probably result

in the child restraint providing no benefit. From the above tables, misuse of the chest clip

increases the probability of head and chest AIS 4+ injury by the greatest percentage: 25.3 percent.

However, this Rulemaking will not address this problem. In the Ketron study the greatest misuse

of child safety seats occurred when the locking clip was misused: 72.0 percent. This increased the

probability of head and chest AIS 4+ injury by 22.4 percent. Many of the children observed in the

Ketron study had more than one misuse mode. Multiple misuses will increase the overall

probability of injury to some unknown extent.
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Electiveness

A child restraint system must be property secured in the motor vehicle to pro~de  optimum

protection to the child in the event of a crash. The cu~ent  safety pe~ormance  of co~ect~y  used

child restraints is not in disputes  but the non-use and the misuse of the current systems are of great

conce~. Kahane found that co~ect~y  used child safety seats are highly  elective,  reducing  fatality

risk by an estimated  71 percent and serious injury risk by 67 percent. But ~suse of the current

child restraints can pa~ia~~y  or completely  nu~~~~  this effect3 To dete~ne  the impact  of

reducing  ~suse  of child restrajnts, the potentja~  electiveness of these systems must be compared

to the actual e~ectjveness of systems as are cu~ent~y  used.

Data &om ~atiun~ ~ghway Traffic  Safety Ad~n~strat~on~s  Research Note, unrevised  Estjmates

of Child Restrajnt Electiveness”,  authored by Ellen Hertz (I 99~~~  showed the following

e~ectjveness  numbers:

Estimated fatality Reducing As Used Electiveness  of Child Restraints

Age Group

Ve~cle Type Less than 1 1 -4

Fassenger  Cars 71% 5 4 %

Light Trucks and fans 5~~ 59~

‘Kahane~ Charles 3. (I 986~. An Eva~uatjon  of the Electiveness  and ~ene~ts  of Safety
Seats. U.S. Debarment  of Transpu~atju~ Natiuna~  ~ghway TraBic  Safety Ad~~stratjun,  DOT
HS ~~~  889. P. 305
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The combined fatality effectiveness for child restraints for children less than one and one to four is

59 percent. This was derived by weighting the above effectiveness estimates by the number of

fatalities in each age group and vehicle type group. Since only four of the 232 annual fatalities in

child restraints were five to six year olds, it is assumed that the combined effectiveness of all

children up to six years old is 59 percent. These estimates of current and potential child restraint

effectiveness will provide the basis for estimating the potential benefits of this rulemaking.

Benefits of Misuse Reduction

A first step in calculating benefits from uniform child restraint anchorages is to estimate the

maximum potential benefit if all misuse were eliminated. This is done by estimating the potential

fatalities that would occur without child restraints and then comparing the benefits that occur

under current systems to those that would occur without misuse.

The formula for lives saved is:

Lives Saved = Restrained Fatalities X Restraint  Effectiveness

l-Restraint  Effectiveness

The annual number of fatalities from Table l(a) would be 695/3  = 232.

Using the “as used” fatality effectiveness of 59 percent: 232 x .59/.41  =334, then

334 lives were saved by child restraints annually.

Potential fatalities = actual fatalities plus lives saved = 232 + 334 = 566.

Using the potential child restraint effectiveness of 71 percent: 566 x .71 = 402.
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Therefore, if all misuse had been eliminated, 402 - 334 = 68 lives of children 0 to 6 year old could

have been saved.

Using the following formula:

Injuries prevented = Restrained Injuries X Restraint  Effeectiveness
l-Restraint Effectiveness

The same procedure was applied for nonfatal injuries. The number of children injured in child

restraints was taken from appendix-7, Tables 23 to 25. Using the effectiveness numbers

calculated for each age group, the number of injuries that could have been prevented with proper

use of child restraints are calculated below. For children less than one year old, the as used

effectiveness of children one to four is used in the calculations.

Injuries for children less than one year old to four years old.

192,727 x .66/.34 = 374,117 injuries prevented, then

potential injuries = 192,727 + 374,117 = 566,844.

Assuming a 67% effectiveness for correctly used child restraints,

injuries prevented = 566,844 x .67 = 379,786.

Difference in injuries prevented = 379,786 - 374,117 = 5,669

Therefore if misuse could have been eliminated, then the number of injuries to children in the less

than one year old to,four  years old age group in child restraints that could have been prevented

with correct child restraint usage, would total approximately 5,669 injuries (1990 through 1996)

over the seven years, or an annual average of 810 injuries on an annual basis.
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Injuries for c~~dren  ages five to six years of age:

5,395 x .64/.36 = 9,591 injures  prevented, then

potential  injures = 5,395 + 9,591 = 14,986, nut

assu~ng  a 67~~ e~e~iveness  fur cu~ect~y  used child restraints, injures  that wuu~d  have been

prevented = 14,986 x .67 = ~0,04~

deference in injuries prevented =10,041  - 9,591 = 450

Therefore~  ~f~suse  could have been e~~~nated~  then the number of injures to c~~dren  in the five

to six year old age group that could have been prevented with correct child restraint usage, ~uu~d

tutal appro~mate~y 450 jnju~es  over the seven years or an annual average of 64 jnju~es  on an

annud basis.

In Sudan, with the e~i~nation  of all ~suse  in child restr~nts,  injuries  tu c~~dren  ages zeru to

six whu were restrained in child restraints could have been reduced by 874 injures a~ua~~y.

The an~ysis will now focus on the expected bene~ts of a new anchurage system fur child

restrajnts in reducing  ~suse. Sled  testing at 30 mph shu~ed an jncrease  chance of inju~ of 5. I

to 18.3 percent fur sume ~suse  modes. The Ketrun study’  showed 79.5 percent ~suse  of

cu~ent  restraints, The largest element of ~suse  in the Ketrun study that ~ght be e~imjnated~  if a

new co~ector  system were emp~uyed~  wound  be the use of the ~uc~ng  clip. In the Ketrun study,

4 Decina, E. Lawrence and Quebec,  Y. Kat~een ~~996~. Patterns Of ~suse Of Child
S~etv  Seats. U.S. Depa~ment  of Tr~spu~atjun,  Natiuna~  ~gh~ay  Traffic S~ety
~d~~stratjun.  DOT HS ~~~  440
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misuse due to locking clip was: infant child safety seat 72.4 percent; convertible child safety seat

73.0 percent; and booster child safety seat 67.6 percent.

Other misuse elements of the Ketron study that could have been reduced with use of a new

anchorage system are: seat direction and vehicle safety belt use for rear-facing only infant

restraints; and vehicle seat belt use for convertible child safety seats and booster seats.

Table 8 takes what is known about types of misuse and their impact on injury and estimates the

number of fatalities that could be reduced for each misuse mode, if that misuse mode were

eliminated. Among the misuse modes, locking clips, seat direction, seat belt use, and proximity to

bight would potentially be impacted by a universal attachment for child safety seats. Contour

seats are not included in this group because there is no requirement to redesign contour seats.

About 50 percent of the effectiveness loss is due to misuse from not correctly securing the child

to the child restraint (not affected by a universal system) and about 50 percent of the effectiveness

loss is due to misuse from not correctly attaching the child restraint to the vehicle seat (which

could be affected by a universal attachment point system). Based on this data, it is estimated that

any universal attachment point system could potentially eliminate approximately 50 percent of the

misuse recorded.

In Table 8 a change was made to the percent of the fleet in which the anchorage was more than

four inches away from the seat bight. The Ketron study found only 4.5 percent (see Table 3) of

the vehicles had their anchorages away from the seat bight. However, these were older models.



Harness Clip 58.8 .253 14.88 29.33 68 20

Harness strap 45.5 .114 5.19 10.23 68 7

KarneSS 3.3 1 3.30 6.50 68 4
buckle

Eight 42.9 ,114 3 .7 9.66 6X 7

doctor  s e a t  8 . 8 .114 1.003 1.98 68 1

Total 50.733 100.0 68
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children in child restraints by seating positions, is 42.94 percent i.e.,(.256x.703) + (.563x.349) +

(.062x.491) + (. 119x. 189) = 42.94. This number (42.94%) is used in Table 8, column A, instead

of the 4.5 percent taken from the Ketron study used in the PRE, because it is based on more

recent data.

Table 9 (a)
1993 to 1998 Model Year Vehicles With Their Seat Belt Buckle Distance From The Bight

cars Light Trucks

Distance From Bight Right Front Rear Seat Right Front Second Seat

0 to 2 inches 1.4% 36.8% 13.0% 47.6%

2.5 to 3 inches 28.3% 28.3% 37.9% 33.5%

4+ inches 70.3% 34.9% 49.1% 18.9%

Table 9 (h)
Distribution Of Fatals In Child Restraints By Seating Position (FARS 1996)

Cars Light Trucks

Right Front Seat 25.6% 6.2%

Rear Seat 56.3% 11.9%1

Table 10 summarizes the potential impact of universal attachments on the affected misuse modes.

Note that seat direction only affects infants in rear facing seats. Convertible seats will have

attachments that allow installation in both directions and thus could still be misused. After

adjusting for the portion of cases that occur in rear facing child restraints (estimated at 22.5% of

cases), less than one life is saved.
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Table 10
Effects of Target Pop~la~oo  Bre~do~

t 1
~ompo~e~t I Fa~~es  Preve~t~ I

.5 ~2x.225~0~~  affects ~~~~ in r~-facj~g only seats
might not afkt  conve~ble seats

Ve~cIe Belt Use ~~~co~ect  roving of belt) 5

Bight banter than 4 inches fo~ard of the bights 7

Total 34 of 6X

The same ~a~~u~atjons  done for in~u~~s~ with a slightly  di~erent d~strjbut~~n  of induces  by seating

pos~tjon  and vehicle type resulted  in 454 out of 874 injuries being affected by a universal

an~hurage  system that was used &o~e~t~y  ~about  52 percents.

Nut all systems will be used &o~~~t~y.  Based on the c&c discussion  (see Appendix  3) it was

found that the Rigid ~o~e~tur  was used property 8X percent of the time, and the ~unr~gjd

~u~e~tur  was used property X9 to 96 percent of the time. The misuse modes are not always

e~reme enough to reduce the total bene~t of the systems  but assu~ng  they were, the bene~ts are

shop in Table I I.

Table 11
Es~mated ~s~se Target Pop~latjo~  and Begets

Target Pop~latjo~ Estimated Bene~~

Fa~lj~~s Injures Fa~j~es8 lnjuries

Rigid ~o~ecto~ 34 454 30 400

boded ~o~ector I 34 I 454 30 to 33 404 to 436

* 34x .88= 30; 34 x -89 = 30; and 34 x .!X = 33
454x.~~=  4~~~ 454x .X9= 404; and 454x .96= 435
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Some commenters to the NPRM noted that the rigid attachment system would provide greater

protection to child occupants than the nonrigid attachment system in side impact crashes. Michael

Griffiths and Paul Kelly of the Roads and Traffic Authority (RTA), New South Wales, Australia,

(See Docket No. 96-095N3-62A)  submitted data on side impact tests RTA conducted comparing

the performance in side impacts of the rigid to rigid system, nonrigid latchplate system, and a lap

belt with tether system. RTA found that only the rigid to rigid system was able to prevent contact

between either the dummy’s head or the child restraint and the door structure in the 90 degree

test. The nonrigid latchplate system rotated at the end of its sideways movement allowing the

dummy’s head to deflect the side wing and roll around its front edge and contact the side door as

the CRS rebounded from the door.

Tables 12 (a) and 12 (b) show a breakout of fatalities and injuries, to children ages zero to twelve,

suffered in side impact crashes. There were 238 fatalities in side impact in 1996 for children ages

zero to five years old, an estimated 2,377 suffered an incapacitating injury and 12,455 incurred

nonincapacitating injuries. These numbers include both restrained and unrestrained children, and

thus represent the maximum population that could be impacted if all children were in child

restraints. Some of these fatalities and injuries might be prevented if the children were restrained

by the rigid anchorage system. However, the agency does not know how effective a rigid

anchorage system would be in reducing fatalities or injuries or how much more effective a rigid

anchorage system could be compared to a nonrigid anchorage system.



adder cars Light Trucks Other I TO&d

I 189 I 4x I 1 238

157 55 5 217

I 346 I 103 I 6 I 455

event child  resents it abuts that the sy~e~s  caucused in this  final  rule  wudd  be safer than

belt resent sy~e~s  (as used in the real ~ur~d~  in buth ~u~t~  and side ~pa~ts. It is ~e~~eved

these ~~~s when used ~ru~e~y will  have ~~er e~~~ve~ess  than ~u~e~t  child  re~~ts  when

used  ~ru~~~y~ due to the ~res~&e of the tether  and better ~u~~ati~~~  ~e~ee~  the restr~t and

the vehicle. There are no data av~a~~e to i~di~ate  the exact ~~~r~se  in as-used e~e~tive~ess

that will  occur due to ~~~ruv~  ~u~~at~~~~  and the add~~u~  of the tether. Hu~ever, ~S~

feds an ~~~e  of u,ne to three ~erce~tage ~u~~ts  is a r~su~~~e  ex~e~tatiu~  and day be

~uns~at~ve. Fur this ~~ysjs,  a rage of ~e~e~ts  re~e~~g  an ~~re~e of one  tu three

~~~e~t~e  point ~3 be ex~~ed. For ever one ~er~entage  point  ~~re~e in e~e&t~veness,  6

~~dre~~s lives  cuuld be saved  ~566 redrew in child  restr~ts  (see page 23 )i put~t~~y  fatal

crashes  x .01= 61, and X3 I anuses could  be reduced [El, ‘t 3X = ~566~~44 + ~4,9~6~~~  years of

data (see pages 24 and 25) in ~ute~t~a~~y  ~~u~u~s  crashes x .01 = X3 I]. Fur t&s analysts it will
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be assumed  that these new child  restraint  systems  will increase  effectiveness by 1 to 3 percentage

points - a savings  of 6 to17 lives  and 83 1 to 2,493 injuries.

Table 13
Summay  of Benefit Estimates

Misuse Savings Increased Effectiveness Total Savings

Fatals Injuries Fatals Injuries Fatals Injuries

Rigid Connector 30 400 6to 17 83 1 to 2,493 36 to 47 1,23 1 to 2,893

Nonrigid Connector 30 to 33 404 to 436 6 to 17 83 1 to 2,493 36 to 50 1,235 to 2,929

Other factors that could  influence  the benefits estimates  include  the current “luckability’

requirement  for new vehicles  and the potential that these systems  could  increase child  restraint

usage.

Fh4VSS  Standard No. 208 Occupant Crash Protection S7.1.1.5  states that passenger cars and

trucks, buses,  and multipurpose passenger  vehicles  with  a GVWR of 10,000  pounds or less

manufactured on or after September 1, 1995 shall meet  the “lockability”  criteria.  That is, each

designated  position,  except the driver’s position,  and except  any right fi-unt seating position  that is

equipped  with an automatic belt,  shall  have a seat belt  assembly  whose lap belt portion  is

‘lockable’  so that the seat belt  assembly can be used to secure  a child  restraint system  tightly.

However, automatic belts  must be phased out by the 1998 model  year fur cars and the 1999

model  year for light  trucks, so all new vehicles  will be subject  to the “lockability”  requirements.

The  lockability  requirements should  help  reduce the  misuse  or non-use of locking  clips  and may



Some cu~~nt~rs  to the ~~ stated that vehicle seats with a child restraint ~~~urag~  system

soused  still be subjected  to the “~u~kabi~i~‘~  r~~uir~~~nt  to meet the needs of parents using a child

regret  that is nut ~~ui~~~d  with the new attac~~nt devices. Ford and General ~uturs

~u~~st~d that the ~uckab~~ty  feature could be d~~~t~d  surne  time after all child restraints were

~~u~~~~d  fur the child  r~str~t  anc~urag~  system.
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It is possible that easier to use and more secure child restraints could result in an increase in child

restraint use. There could be some people that get so frustrated with using child restraints that

they don’t use them at all or don’t want to take the time to move the child restraint from one

vehicle to the other. With about 35 percent of the rear seats of new passenger cars having seat

belt anchorages 4 inches or more away from the seat bight, consumer confidence in the safety of

their child restraint system is probably eroding. The consumer clinic showed that the number one

consumer safety concern was with how tight (secure) participants could get the child restraint,.

With an anchorage point 4 inches from the seat bight, it is impossible to secure the child restraint

tightly, and testing shows that a seat with the anchorage point 4 inches away from the seat bight

increases the probability of severe or greater injury by over 11 percent. The agency fears that the

more forward seat belt anchorages will erode consumer confidence in the child restraint systems

and could result in less use of child restraints. Use of a child restraint is the most important factor

for safety. Being able to tightly secure a child restraint provides consumers with confidence in

their safety and has the most potential for the highest use of child restraints. The agency could

not estimate these potential impacts.

The agency would also expect that with a new child restraint system becoming available, public

interest in child restraints will rise and there may be an increase in overall child restraint use.

Again, no estimate could be made of the potential magnitude of the increase in child restraint use.
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Costs

This Final Econu~c  Assessment relies  in part on the cast, weight  and lead time ana~ysjs

pe~u~ed  by Ludtke and Associates, in con~unct~un  with RFH and Assuciates, under cuntract to

ETCH. The cuntracturs  revjewed  e~st~ng  child restraint co~gurat~uns,  consjdering  the full

range of usage, features and sizes. The contractors alsu reviewed ve~c~e  co~~rat~un;  seat

uperat~ng  mecha~sms,  vehide  seat sulfur st~cture,  and a range of vehicle sizes and types.

~va~uatiun  of both the child restraint and the ve~c~e  cu~guratiun  were considered in respect to

the va~ous types uf clad restraints; that is, conve~ible  seats ~fu~ard and rear facings, infant

seats (rear facings,  shield type buuster seats, tudd~er  seats and car beds. vehicle  seating  pus~t~ons

e~a~ned  were: right front, center rear, and rear outbuard (two posjt~ons~.  Cost and weight

estimates were made fur rigid and nu~g~d anchorage systems. Some uf those cost and weight

estimates  are used in this Find Ecunu~c  Assessment.

Fur the rigid co~ector  child restraint systems  the cuntraetur  designed  a frame base that held two

side rails etch  contained  front and rear latch  assemblies.  ~rotutype  designs shown by the child

restraint manufacturers indicated  that they would design the rigid system  into the base of the child

restraint at a much lower cost than the cost fur a frame base. Costs estimates used in this FRYE are

a combination uf cust estjmates from Ludtke and Assuc~ates,  ~~u~at~un pruvjded  by child

restraint and ve~cle manufacturers to ~T~A at meetings,  and judgment by ~T~A when other

data were nut available.
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Cost figures used in the FRE are different from those prices provided to the Child Restraint

System Clinic. The largest price difference was $22. The agency estimated the incremental cost

of the rigid child restraint system to be $43, while the clinic’s incremental cost was $65. For the

nonrigid child restraint system with buckles, the agency’s incremental cost was $15.60 compared

to the clinic’s incremental cost of $10. The agency estimated the tether strap to be $3.87 while

the clinic’s cost for the tether strap was $5. Clinic costs were estimates and were nut based on

specific tear down studies.

Child Restraint and Vehicle Costs

Table 14(a) shows the nonrigid variable costs for child restraints. Table 14(b) shows the

estimated consumer costs for rigid connectors for child restraints. The estimated consumer cost

in Table 14(c) is derived by multiplying the incremental variable cost by 2.60 for child restraints to

account for manufacturer and retail markup. The 2.6 factor was derived from information

provided by child restraint manufacturers.

In Tables 15(a) through 15(e) and in Tables 18(a) and 18 (b), total costs are shown under the

assumption that all child restraints and/or all vehicles are produced with the same system. Based

upon discussions with child restraint manufacturers, this is not likely to be the case. However,

total costs are shown for analytical purposes and just in case the market eventually demands the

lowest priced system or the high end of the market system.



* ~~5~~~  has two jaws at the end of one belt and one ~gh~~n~r. The belt goes trough the opining in the back of

the child r&~n~. Each jaw is &o~n~~~~d  and the belt at one end is ~~~~~d tight. The same ~s~~~ could be used

with other ~0~~~~0~ sa~ng $1.41 in va~ab~~  costs per seat. $1.41 = $0.43 + $0.25 + $0.73 i.e., the added plastic,

adaptor  b~~k~~,  plus one tigh~~~~~.
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Table 14(a) continue

Nonrigid Connector Hook-type Connectors* (2)Req’d at$050ea.  +$0.33 Ass’y/Installation  = $1.33

Belts (2)Req’d  at $0.30/yard  x 1/2yards = $0.30

Tighteners (2)Req’d  atS0.25ea.  +$0.33 Ass’y/lnstallation  = $0.83

Adaptor Brackets (2)Req’d  at%0.20ea.  +$0.33 Ass’yIInstallation  = $0.73

Added Plastic (2)Req’d at$0.215  ea.= $0.43

Total Connector plus Tether $1.49 + $3.62 = $5.11

‘A hook like the currently used tether hook except it must be longer and have a way to disconnect it without
reaching into the seat bight.

The least expensive nonrigid connector system considered would have two hooks for connectors,

one on both ends of a belt that pass through the back of the child restraint. The variable costs for

this system are estimated to be $3.70 ($5.11 - $1.41).

Table 14(b)
Rigid Connector Child Restraint Additions

Incremental Consumer Costs ($1996)

Rigid Connector One Way $30.00

Convertible $40.00

Tether $3.87’

Total $33.87 to $43.87

*Tether variable cost of $1.49 x 2.6 markup = $3.87 in consumer costs.



39

Table 14(c)
~ncremen~1 Child Regent Costs (in $1996)

Estimated Consumer Cost Wejght (lbs)

Rigid Co~~tor $33.87 -$43.87 3.0

Noted Co~e~~or I ~9.~2~0~21.09~ I 1

* The viable costs range of ~stems consjdered are $3.70 to $8.11. This range times the 2.6 rn~~p to
corer costs is $9.62 to ~21.09.

Table 14(d) shuws the cost est~mat~s of the various vehicle mud~~cat~uns  to a~cu~udate  the

d~~~r~nt  child restraint systems.

Table 14(d)
Rigid Anchomges~on~~d  Anchorages, Ve~cle Addj~ons

increment Va~able Costs - Per ~ea~ng Posi~on

Rigid ~chorages Lower Seat abhors (2) Req’d at $0.23 ea. + ~0.76 Ass’y~~~la~on  = $1.22

Tether ~chor (1) Req’d at ~0.65 ea. = ~0.65

Total $1.22 + ~0.65 = $1.87

I

Noted ~chomges~ Lower Seat ~cho~ (2) Req’d at $0.96 ea. = $1.92

Tether Anchor (1) Req’d at $0.65 ea. = $0.65

Total $1.92 + $0.65 = $2.57

~V~ab~e  vehkle costs times 1.5 1 = cons~er cost used in fo~lo~ng tables.
* The agony is not ~lo~ng ~o~gjd ~chomges,

The agency is re~ui~ng  vehicle  manufacturers to equip two rear seating pusjt~ons  with a child

restraint anchorage system,  plus a tether anchorage at a third seating pusitiun.  Tables 15(a) ta

IS(e) is a sneak of the cost to the purchasers of child restr~nts and ve~c~es.
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Table 15(a)
Consumer Cost of Various Types of Child Restraint Systems

Restraint Type Per Child Restraint Total Annual Cost -- CRS *

Rigid Connector $33.87 - $43.87 $132 - $171 Million

Nonrigid Connector $9.62 to $2 1.09 $38 to $82 Million

*Assumes 3.9 million child restraint sales (excludes booster seats)

Table 15(b)
Consumer Cost of Various Types of Svstems for Vehicles with Rear Seats

Restraint Type Per Vehicle* Total Annual Cost -- VEH. **

Rigid Anchorages $6.62 $60 Million

Nonrigid Anchorages $8.74 $79 Million
*Assumes 2 rear seating positions with lower anchorages and a third seating position with a tether anchorage.
Times 1.5 1 markup to consumer costs
** Assumes 9 million light vehicles (passenger cars and light trucks) with adequate rear seats

Table 15(c)
Consumer Cost of Vehicles with No or Limited Rear Seats #

Restraint Type Per Vehicle No Per Vehicle Limited Total Annual Cost
Rear Seat Rear Seat -- VJZH.

Rigid Anchorage $2.82’ $5.62” $25 Million

Nonrigid Anchorage $3.88’ $7.76” $35 Million
# Assumes 6 million light vehicles (passenger cars and light trucks)
*Assumes 1 front seating position ( 3.0 million light vehicles with no rear seat)
**Assumes one front and one rear seating position (3 million vehicles with inadequate rear seats)

Table 15(d)
Total Consumer Cost of Child Restraints and Vehicles *

Restraint Type Total Annual Total Annual Total Annual
CRS - Vehicle Cost --- CRS Cost -- VEH. Cost (millions)

(millions) (Millions)

Rigid - Rigid $132 to $171 $85 $217 - $256

Nonrigid - Nonrigid $35 to $82 $114 $149 to $196

Nonrigid -- Rigid $35 to $82 $85 $123 to $167
* Assuming all vehicles and child restraints are produced to meet the given assumptions. These totals are not

additive.
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Table 15[e)
Sugar of Costs Per Vehjcle by number of Sea~ng Positions

Two rear Two rear seats One front One front seat and one
Regent type seats plus tether seat rear seat

fiigid ~chorage $5.64 $6.62 $2.82 $5.62

Noted ~~homge $7.76 $8.74 ~3~88 $7.76

Noted-Latch Plate $7.76 $8.74 $3.88 $7.76

Estimated Average Costs

Table 15(f) resents  an estimate of what the agency believes  will be the must likely tutaI cost of

the final  rule. ~T~A believes  that sales of child restraints with rigid co~ectors  ~shuwn  in Table

~4~b~  to cost fium $33.87 to ~43.87~ and the no~igid cu~ectur system that uses a single strap

t~uugh the upe~ng on the back of the seat ~shuwn  in Table 14(c) to cost as low as ~9.62~ may

be ~i~ted  because few manufacturers indicated  they wuu~d ~ruduce these types of systems. The

estimate  of must likely  costs ($17.19) is thus based on an average of nu~gid  cu~eetor  systems

with dual straps ~ca~cu~ated  G-urn Table 14(a) as ($5.11 + $8.1 I)/2 = $6.61 variable costs x 2.6

rnar~~ to cunsumer costs = $17.19]  . The average vehicle costs ~~5.67~  are weighted  by the

number of seating posit~uns  re~u~red  to be e~u~pped  with rigid anchorages. Total annual casts are

estimated  to be $ I52 ~~~iun  [$17.19  x 3.9 ~~~iun  child restraints + $5.67 x I5 rn~~~ion  vehic~es~,

Table 15 (f)
Estimate  Avenge Costs

~~1996~

Rent Type

CRS No~~~
Ve~cle Rigid

Per Child Res~~nt Per Vehicle

$17 .19 $5.67
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Cosco Petition

Cosco petitioned the agency to require a separate lap belt for child restraints. This alternative

would cause no increase in child restraint costs. Cosco (050) said that the nonrigid connector

system was too expensive and price increases imposed by the nonrigid connector system would

cause lower usage of child restraints and result in additional deaths and injuries, not prevent them.

Response to Cosco ‘s Comment

The agency agrees that for a competitive market an increase in prices will result, depending on the

price elasticity of demand, in a decrease in quantity demanded. The classical way of estimating

price elasticity of demand is to examine the change in sales volume when there is a price increase

or decrease, but the product remains the same. Demand for child restraints appears to be highly

inelastic. This conclusion is supported by the fact the child restraints can be considered a

necessity since their use is required in every State. Also, examining the information provided by

Cosco to the Docket (Docket number 96-095N03-050,  see Cosco’s Infant Car Seat by Price

Segment, Table 2), price is not the only criteria affecting sales. The lowest priced child restraints

do not have the highest sales volume. In addition, some of the higher priced child restraints have

the higher sales volumes. Thus, consumers recognize different qualities in different models of

child restraints and some consumers are willing to pay more for these perceived better qualities.

The new anchorage system will be a safety improvement over the conventional safety belt

anchorage system. When the safety aspects of the system are advertised, consumers will know

that they are getting a better product. Based on clinical trials, consumers that tried these new
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child restraints indicated that they were ~~~~ing  to pay a ~gher  price for these systems than the

incremental  cost estimates (the average aquas foxy income ofpa~~cipants in the su~ey was

over ~~0,000~. In their response to the ~~, Ford ~03~~, beg Baby Products Company

~~39~,  Indiana adds and ~anufact~~ng  Inc. ~040~,  and Volvo ~0~3~,  altll  nuted that child restraints

were not price sensitive.

~~na~~y~ if there cubed be an adverse effect on the child restraint market, the low end of that

market wound  be dispropo~ionate~y  affected, according to Coscu. The agency believes  that the

huspita~s  and loaner prugrams will be able to satis~ that demand if it should  arise. From talks

with sume  of these entitles  ~huspita~s  and loaner prugrams~,  the agency has found that they were

eager tu have the new seats because of the safety aspect and also because of the ease of

insta~~ation  of the seats. zany of them believed  that they would be able to acc~mu~ate  enough

%nds  to purchase the new seats ~thout  any major d~s~ptjon  in the flow of the number of seats

they are able to provide to the p~b~ic.

The agency is aware that there will be a group of the popu~atiun~  for a ten or preen  year time

span, that will be diving older vehicles  without rigid anchorages in the seats. This section of the

population  w~ch will tend to include  those in the lower income brackets, will expe~ence a price

increase fur child restrajnts ~thout  bene~tt~ng  from this final rule. They will not get the full

benefit  of the u~versa~  child seat because their vetches are nut equipped  with the required

anchurages. ~thu~gh u~ners of older cars would nut get the bene~ts  of newer seats, the owners

will have to buy the newer more expensive seats. ETCH did nut want to give the public  a
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choice between the older seats and the newer seats because individuals not recognizing the added

value of the newer seat, might buy the older seats. In vehicles equipped with the anchorages, the

older seats will not provide the protection to the children that the agency estimates the newer

seats will give. Over time, vehicles equipped with universal child restraint anchorages will filter

into the used vehicle fleet and the entire driving population will have access to the full benefits of

these systems.

Fuel Economv  Impacts

The impact of increased weight on vehicle fuel economy and secondary weight effects and the

cost implications thereof, has to be considered in any cost analysis. Secondary vehicle weight

refers to weight increases in other parts of the vehicle to compensate for the additional “primary”

weight (i.e., the anchorages and the tether hardware). These secondary weight increases would

only occur with a new vehicle design. The attachment bars for the rigid anchorages are

approximately 6 mm in diameter, 50 mm long and made of steel of yield stress 600 N/mm*.

Similar attachment bars plus a tether are used to secure the rigid anchorages. The incremental

vehicle weight increases are less than one pound and are too small to require redesign of other

subsystems. The effects on fuel economy also will be negligible.

The incremental weight of the child restraint system depends on the make and model of the child

restraint. These incremental weights range from less then one pounds to three pounds. These do

not affect secondary weight considerations, since most child restraints are aftermarket designs and

vehicles are designed to carry adults, who are heavier than children in child restraints. As a result

of these minor weight adjustments, fuel  economy will not be affected.
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Test Costs

The agency estimates the average cost to run a sled test at ~~,~OO. The child restraints will each

be tested with and without a top tether, w~ch will essentially  duub~e  the number of compliance

tests run. The agency estimates that the number of runs per seat will range from two to six

depend~g of the type of seat (i.e.3 i~ant  seat two runs, or conve~ib~e  seat six runs>. Therefore,

the jncrementa~  test costs per seat will range from ~2,600 to ~~,~OO. ~atever the attachment

system (i.e., rigid cu~ectur,  nu~gid  cu~eetur,  or nu~gid  hooky  is on the child restraint, it will

be tested with the rigid bar. The agency is respiring that two dots be placed at each seating

position to indicate  where that rigid bars are located. manufacturers  could have the upholster

marked when the seat covers are made. This will result in negligible  addjtjona~  costs.

In order to provide cuns~mers  with the standardized  anchorages as ~uic~y  as pussib~e,  the

agent is estab~~s~ng  a tree-year phase-in of the requirements  fur the 6 mm bars beginning in the

year 2000 ~rnode~  year 200~~.

Ford cu~ented that a phase-in was necessa~ because the standard wuu~d  require substantial

redesign of vehicle seats and supposing  st~cture,  and there were no attac~ent  points suitably

located in the vehicle. Ford exp~~ned  that manufacturers will typically  need Boor pan stamping

mod~~catjons  and changes to floor pan bending  tools, w~ch are long ~eadtime  changes.
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Volkswagen commented that the IS0 system is already provided as standard equipment in Europe

on all 1998 model Golf vehicles, and would likely be in practically all other Volkswagen and Audi

models by the 1999 model year.

The agency has concluded that because vehicles will require modifications to floor pan stamping

and to floor pan welding tools, a phase-in will introduce the child restraint anchorage systems as

soon as possible while providing manufacturers needed time to redesign and produce vehicles in a

cost efficient manner. This Final Rule adopts a three year phase-in period for the lower vehicle

anchorages, which will begin September 1, 2000. The phase-in schedule for providing child

estraint anchorages systems is as follows:

Period of Manufacturer Percentage of Fleet that Needs to Provide Child
Restraint Anchorage Systems

r~From September 1,200O  to August 3 1,200l I 20 percent

From September 1,200l  to August 31, 2002

On or after September 1,2002

50 percent

100 percent

NHTSA has decided to allow manufacturers of vehicles manufactured in two or more stages (e.g.

van conversions) to delay compliance until the final year of the phase-in for which a particular

vehicle will be certified as complying with the new requirements.

Some commenters argued against a phase-in for the requirement that child restraint systems be

equipped with means of attaching to the child restraint system on vehicles. The commenters

stated that the requirement for the attachments on child restraints should nut become effective
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before the requirement fur the lower anchorage system is phased into 100 percent of the new

vehicle fleet, othe~se,  consumers will be faced with a new set of attac~ent  hardware and

probably no vehicle in w~ch to use the system, w~ch is likely  to cause widespread co~siun  and

increased  putent~~  for ~suse. Child restraint manufacturers also did not want a phase-in of

requirements fur child restraints because many consumers wuu~d  buy the cheaper old system and

not the more expensive new system if given a chance. The agency agrees that there shuu~d  nut

be a phase-in fur child restraints, and the requirement shuu~d  nut become mandatu~  until 100

percent of new vetches are required to have the new anchorage systems  which will be September

1,2002.  It shuu~d  be noted however that the new system can be used in vehjc~es  with the existing

seat belt system.

The top tether anchorage will be requjred  in 80 ~ereent  of all passenger cars in the year beg~n~ng

September 1, 1999 and in all passenger cars and LTV’s staling September 1,ZOOO.

This section combines costs and bene~ts to pro~de a compa~son of the estimated injuries and

Eves saved per dollar spent. It should  be noted that costs occur when the vehicle is purchased,

but the bene~ts acc~e over the ~jfetime  of the vehicle. ~ene~ts  must therefore be discounted to

express their present value and put them on a cu~un basis with costs.

In some jnstances~  costs may exceed ecunu~c  bene~ts,  and in these cases, it is neeess~  to

derive a net cost per equivalent  fatality prevented. An equivalent  fatality is de~ned  as the sum of

fatalities  and no~ata~  injures prevented cunve~ed into fatality equivalents. This convers~un  is
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Appendix V of the “Regulatory Program of the United States Government”, April 1, 1990 -

March 3 1, 199 1, sets out guidance for regulatory impact analyses. One of the guidelines deals

with discounting the monetary values of benefits and costs occurring in different years to their

present value so that they are comparable. Historically, the agency has discounted future benefits

and costs when they were monetary in nature. For example, the agency has discounted future

increases in fuel consumption due to the increased weight caused by safety countermeasures, or

decreases in property damage crash costs when a crash avoidance standard reduced the incidence

of crashes, such as with center high-mounted stop lamps. The agency has not assigned dollar

values to the reduction in fatalities and injuries, thus those benefits have not been discounted. The

agency performs a cost-effectiveness analysis resulting in an estimate of the cost per equivalent

life saved, as shown on the previous pages. The guidelines state, “An attempt should be made to

quantify all potential real incremental benefits to society in monetary terms of the maximum extent

possible.” For the purposes of the cost-effectiveness analysis, the Office of Management and

Budget (OMB) has requested that the agency compound costs or discount the benefits to account

for the different points in time that they occur.

There is general agreement within the economic community that the appropriate basis for

determining discount rates is the marginal opportunity costs of lost or displaced funds. When

these funds involve capital investment, the marginal, real rate of return on capital must be

considered. However, when these funds represent lust consumption, the appropriate measure is

the rate at which society is willing to trade-off future for current consumption. This is referred to
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as the “social rate of time preference,”  and it is gener~~y  assumed that the consumption rate of

jnterest~ i.e. the reaL after-TV  rate of return on w~de~y  av~~ab~e savings ~nst~ments or investment

oppo~~nities, is the approp~ate  measure of its value.

Estimates of the social rate of time preference have been made by a number of a~~urs. Robert

Lind6  estimated that the  social rate of time preference is between zero and 6 percent, re~e~ting  the

rates of return on Treasu~ bills and stock market pu~fu~ios,  More re&ent~y,  K&b and Sheraga7

put the rate at between one and five percents  based on retums to stocks and three month Treasu~

bills. ~uure  and V~s~~si~  ~~~u~ated  a two percent real time rate of time preference  fur beadle

which  they ~b~a~te~ze  as being ~unsistent  with fin~~i~ market rates fur tbe period covered by

their study. Moore and V~s~usi’s  estimate was derived by estimating the implicit dis~u~nt  rate for

deferred bealtb benefits exhibited by workers in their choice of job risk.

Four different dismount  values are shown as a sensitivity ~a~ysis.  The 2 and 4 percent rates

represent different estimates of the social rate of time preference fur health and &unsumpt~un. The

10 percent figure was requjred by ORB Circular A-94, until U&tober  29, 1992. Tbe 7 percent

figure is the ~u~ent U~B requirement, which  represents the m~gina~ pretax rate of return on an

average investment in the private sector in recent years.

‘Lind,  R.C., “A Primer on the ~a~ur Issues Relating to the Discount Rate for Evaluating
~atjon~  Energy ~ptiuns,‘~  in Dis&uuntin~  fur Time and Risks in EnerEv  Policv, 1982,
~~hjngtun,  DC, Resources fur the Future, Inc.>.

7J. Kolb  and J.D. Sheraga, “A Suggested ~pprua&h  fur Dis~uunting the Benefits and Costs of
Environmental  Re~~atiuns,~  unpublished working papers.

~~uore~  M.3, and Vis~us~~  WK., ~‘Discounting  Env~runmenta~  beady Risks: New Evidence
and Policy ~p~~~ations,‘~  mourns  of Envirunmenta~  Economies and management,  V. 18, No. 2,
M~~b 1990, part 2 of 2.
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percent figure is the current OMB requirement,  which represents  the marginal pretax rate of

return on an average  investment  in the private sector in recent years.

Safety  benefits occur when there is a crash severe enough to potentially  result in occupant

death and injury, which could be at any time during the vehicle’s lifetime. For this analysis,

the agency assumes that the distribution of weighted yearly vehicle miles traveled are

appropriate proxy  measures  for the distribution of such crashes over the vehicle’s lifetime.

Multiplying the percent of a vehicle’s  total lifetime mileage that occurs in each year by the

discount factor and summing these percentages  over the 20 or 25 years of the vehicle’s

operating life, results in the following  multipliers for the average  of passenger cars  and light

trucks: 0.9014 at a 2 percent discount rate, 0.8193 at a 4 percent discount rate, 0.7195 at a 7

percent discount rate, and 0.6408 at a 10 percent discount rate. These values are multiplied by

the equivalent lives saved to determine  their present value (e.g., Table 18(a) 57 x .9014=51.4

and 101 x .9014=91.0). The costs per equivalent life saved  for passenger cars and light

trucks are then recomputed  and shown in Table 18(b) i.e., using the cost figures in Table 15(d)

and the computed numbers  in Table 18(a) e.g., ($149/91=$1.6  million and $196/51.4=$3.8

million).
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Sensitivitv  Analvsis  on Lockability

A sensitivity  analysis  was conducted  to explore the probability  that correct usage rates of new

vehicles  will  be higher due to the lockability  feature than measured  in the “Ketron” study,  which

examined  many older vehicles  that did  nut contain  lockability  features.  NHTSA  does not have

data to indicate  what the rate will  be, so two rates will be examined  here.

Assuming  that in those  cases where the nun-use or incorrect use of a locking  clip was estimated

to have led to a fatality or injury,  there is a 50 percent increase  in correct usage due to the use of

the  lockability  feature of the seat belts,  this  will result  in 11 fewer fatalities  in the target

population  in Table  10. Misuse of the locking clip accounted  for an estimated 22 fatalities in the

target population. Similarly  if there was a 25 percent increase  in correct usage due to the correct

use of the  lockability  feature of the seat belt,  there will be 17 fatalities  in the target population

instead  of the 22 fatalities that were attributed to the incorrect use of the  locking  clip.

Under  these assumptions “Total Savings”  in Table  13, which  were 36 to 47 lives  saved and 1,23 1

to 2,893 injuries  reduced for the Rigid  Connector, would change  as follows:

at the 25 percent correct  use level  32 to 43 lives  saved  and 1,166 to 2,828  injuries  reduced

at the 50 percent correct  use level  26 to 37 lives  saved and 1,103 to 2,765 injuries  reduced

And for

Nonrigid  connectors “Total Savings” were 36 to 50 lives  saved  and 1,235  to 2,929 injuries

reduced,  would change as follows:

fur the 25 percent correct  use level  32 to 45 lives  saved  and 1,170  to 2,859  injuries  reduced.

for the 50 percent correct use level  26 to 39 lives  saved  and 1,106 to 2,790  injuries  reduced.
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FINAL REGULATORY FLEXIBILITY ANALYSIS

The Regulatory Flexibility Act of 1980 (Public Law 96-354) requires agencies to evaluate the

potential effects of their proposed and final rules on small businesses, small organizations and small

governmental jurisdictions.

Section 603 of the Act requires agencies to prepare and make available for public comment a final

regulatory flexibility analysis (FRFA) describing the impact of final rules on small entities. Section

603(b) of the Act specifies the content of a FRFA. Each FRFA must contain:

. A description of the reasons why action by the agency is being considered;

. A succinct statement of the objectives of, and legal basis for, the final rule;

. A description of and, where feasible, an estimate of the number of small entities to which

the final rule will apply;

. A description of the projected reporting, record keeping and other compliance requirements

of the final rule including an estimate of the classes of small entities which will be subject to

the requirement and the type of professional skills necessary for preparation of the report or

record;
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c An ~dent~~~at~on~  tu the extent pra~t~&ab~e,  of all relevant  Federal rules bath may

duplicate,  uver~ap  or ~u~j~t with the final rule.

l Each final re~~atu~  ~exjbj~jty  ana~ysjs shall also ~ontajn  a des~~pt~un  of any s~g~~~ant

a~t~~atjves  to the final rule bath a~~ornp~jsh  the stated objectives  of app~j~ab~e  statutes and

which ~~~2~  any s~g~~~ant  e~unu~~ ~rnpa~t  of the final rule on small  entitles.

I. ~es~~ut~un  of the reasuns whv action bv the a~en~v  is being  &unsjdered

USA is ~uns~de~ng  this action to jmpruve  ~ompatjbj~jty  between child restrajnts and vehicle

safes belts and increase the correct jnsta~~at~un  of child restrajnts.

The ~u~ect use of child restraints is jmpo~ant because of the number  of children  killed and jnjur~d

in vehicle a~~jdents. quarry, about 600 chj~dren  less than five years of age are killed and over

7~,~~~  are injured  as u&~upants  in motor vehicle crashes.

ale child restraints are ugly e~e&tjve  in redu&jng  the ~~ke~ihoud  of death or se~ous enjoy in

mutur vehide trashes,  the degree of their e~e~tjven~ss  depends on how they are jnsta~~ed.

USA estjmates  that the putent~a~  e~eetjveness of child restraints, when ~u~ect~y  used, is 71

percent. ~u~ever, it is estimated that jmpe~e~t  se~u~ng  of ~~~dren  in the child restraints and/ur

the child restraints in vehicles reduce that e~e~tjveness  from the putentja~  73 percent to an actual

59 percent.
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Child restraint effectiveness is affected by limitations imposed by vehicle belt design, and by belt

anchorage locations. Some belt systems can be used to secure a child restraint only when used

with an accessory item that impedes movement of the belt or child restraint in a crash, such as a

locking clip or supplemental strap. Some belt systems, such as an automatic seat belt, may not be

compatible with a child restraint at all.

The agency recognizes the difficulty of designing vehicle seat belts to restrain both child restraint

systems and a wide range of weights and sizes of individuals. Some vehicle seats have the seat belt

anchorage positioned far forward of the vehicle “seat bight” (the intersection of the seat cushion

and the seat back). Forward-mounted anchor points may better protect an adult using the vehicle

seat belt system by drawing the vehicle belt low across the pelvis where the body can best tolerate

the forces in a crash. However, when used with a child restraint, the belt anchor is too far forward

of the seat bight to adequately resist the initial forward motion of the child restraint, which can

result in a greater likelihood of a head impact.

Child restraint effectiveness is also reduced by incorrect securing of children and child restraints

due to the complexities of adapting vehicle belts to those purposes and due to failure to follow

instructions. A four-state study done fur NHTSA in 1996 examined people who use child restraint

systems and found that approximately 80 percent of the persons made at least one significant error

in using the systems. Observed misuse due to a locking clip being incorrectly used or not used

when necessary was 72 percent, and misuse due to the vehicle safety belt incorrectly used with a

child restraint (unbuckled, disconnected, misruuted, or untightened) or used with a child too small

to fit the belts was 17 percent.
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2. Objectives of. and legal basis for, the final rule

This document requires that motor vehicles and add-on child restraints be equipped with a means

independent of vehicle safety belts for securing child restraints to vehicle seats.

The difficulty with using vehicle safety belts to attach child restraints arises from the fact that those

belts are primarily designed to restrain and protect larger and older vehicle occupants. Given the

inability to change vehicle belt design and anchorage location because of this purpose, the agency

is seeking a means of securing a child restraint that is independent of the safety belt.

This final rule reduces allowable head excursion to effectively require child restraints to be

equipped with an upper tether strap, and requires vehicles to have two factory-installed, user-ready

anchor points for attaching the tether. It also requires vehicles to have two rear vehicle seating

positions equipped with a specialized lower anchorage system, and requires child restraints to be

equipped with means of attaching to that system.

NHTSA has issued this final rule under the authority of 49 U.S.C. 322,30111,  30115, 30117 and

30166; delegation of authority at 49 CFR 1.50. The agency is authorized to issue Federal motor

vehicle safety standards that meet the need for motor vehicle safety.
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3. ~esc~~t~on  and estimate ofthe number  of small  entities to which the final rule will am&

The find rule affects motur vehide manufacturers, almost ail of w~ch wuuld  nut quails  as small

businesses,  and a~e~ar~et .child  restraint manufacturers. ~~~A estimates there to be about 10

manufacturers of a~e~ar~et child restraints, four of w~ch could be smah businesses.

justness entities are generally de~ned  as small  businesses by standard  ~ndust~a~  C~assi~cation

(SIC) code, fur the ~u~uses  of recei~ng  Small business Adm~nistrat~un  assistance. One of the

criteria fur dete~~ng size, as stated in 13 CFR 121.601, is the number of emp~uyees  in the firm.

There is nu separate SIC code fur child  restraints, or even a categu~ that they fit into well.

~uwever~  in order to q~a~~~  as a small  business in all ufthe SIC codes that the child restraint

manufacturers cu~ent~y  are listed  under, including  those business ventures other than child

restraints, in the standard  and Pour’s Register of ~uruurat~uns.  directors  and Executives, 1.995,

the &II-I  must have fewer than 500 employees. In additiun,  to qua~i~  as a small business in the

~utur  rescue Parts and Accessories categu~ (SIC 3X4), the firm must have fewer than 500

employees.  Thus, it is assumed that any child restraint manufacturer with fewer than 500

emFluyees  would be cuns~dered  a small busyness. Several of the child restraint manufacturers

(Table 19) are subsid~a~es  of larger co~oratiuns. In this case, the total number of emp~uyees  of

the cu~urat~un are considered in relation  to the 500 employee  limit  to qua~i~ as a small business.
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Table 19

Manufacturer

Employment of Child Restraint Manufacturers*
(less than 500 employees qualifies as a small business)

Babyhood Manufacturing Co.

Centuq

COSCO @ore1  Company)

Early Development Co. has less than 10 employees, large
Holyever,  it is partly owned and a joint venture with Takata of Japan company

Eventlo  itself has 250 employees, but
Eventlo is a division of Spalding & Evenflo Co. Inc.

Femo-Washington, Inc.

Gerry is a product of Eventlo,  which has 250 employees,
But Eventlo  is a subdivision of Spalding & Evenflo Co. Inc.

Kolcraft

Safeline  Children’s Products Co.

Little Cargo, Inc.

Number of
Employees

10

1,000

1.000

2,600

515

2,600

500

< 10

<lo

* Source: Standard and Poor’s Register of Corporations. Directors, and Executives, 1995.
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4. ~esc~~tiun  of the ~ruiected  re~o~~n~,  record keeping and other cumn~iance  requirements  fur

small  entities

The final rule sets new ~e~urmance requirements that cubed  enhance the safety of child restraints.

Child restraint manufacturers must Celia that their products curn~~y  with the final  rule.

manufacturers  could use any means to dete~ne  that their products cum~~y,  so lung as they

exercise due care in ma~ng their ce~~~catiun. manufacturers  of ‘child restraints shuu~d  be fa~~iar

with the final  test respunsibi~ities  because the test is almost identical  tu cu~ent  test requirements.

The final rule will  result in new designs for child restraints and an jncrease  in the price uf clad

restraints,  w~ch may have a s~g~~cant  ecunu~c  impact on a substantial  number of small

businesses. If the price e~astjc~ty  of demand fur child restraints were sumewhat elastic, an increase

in the price uf a child restraint could lead  to a decrease in demand for the pruduct~  nutwithstand~ng

the restraint use laws. ~~A dues nut know the specj~c  e~astjc~ty  of demand fur child restraints~

but believes  it is ugly inelastic,  Based un cumments  submitted to the ~~ it wound  appear

that the elasticity  of demand fur child restraints might  be inelastic. ~~~A believes  that an

increase in the price ~~~.62~ of a child restraint will not lead to any sig~~cant  decrease in demand

fur the drudge.

An increase in child restraint prices may also affect loaner and giveaway programs. chide such a

program could have fewer seats available,  cu~ents submitted to the ~~ indicate  that if the

new seats begot  as ~ru~ected,  there boded be minur ef%ect on the loaner programs.



63

There are no additional reporting or record keeping requirements in this final rule for child restraint

manufacturers or small businesses.

5. Duplication with other Federal rules

There are no relevant Federal rules which may duplicate, overlap or conflict with the final rule.

6. Description of anv significant alternatives to the Final rule

NHTSA tentatively believes that there are no alternatives to the final rule which would accomplish

the stated objectives of 49 U.S.C. $30101 et seq. and which would minimize any significant

economic impact of the final rule on small entities. As discussed in the preamble to this final rule,

NHTSA considered a number of other approaches to minimize or eliminate compatibility problems

between child restraints and vehicle seats.

SAE Recommended Practice J18 19, “Securing Child Restraint Systems in Motor Vehicle Rear

Seats,” provides voluntary design guidelines that designers of both the vehicle and child restraint

can evaluate each product for compatibility. However, J1819  alone has not solved the

compatibility problems. It is a tool fur evaluating compatibility problems, not a requirement that

vehicle seats and child restraints must be compatible. NHTSA believes it is very difficult  for a

single system to optimize the safety protection for adults of all ranges and child restraints of

different types.

Another alternative is the current “lockability” requirement, which requires vehicle lap belts or the

lap belt portion of lap/shoulder belts to be capable of being used to tightly secure child restraints,
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~thuut  the need to attach a hocking  dip or any other device to the vehicle’s seat belt webbjng.

USA tentatively believes  that the ~uckab~~ity  requirement is insu~cient  alone  in addressing

cum~atibi~ity  ~rub~ems.  ale the requirement ustens~b~y  makes a ~uc~ng  clip obsu~ete,  it still

depends  on the user suing  enough and ma~ng the effort to rna~~u~ate  the be& system. Also,

the ve~c~e  belt must be routed cu~ect~y  t~u~gh  the child  restraint, which may not be an easy task

in all cases. Further, the ~uckabi~~ty  requjrement does nut address cum~atibi~ity  ~rub~ems  arising

from fu~ard-muunted  seat belt anchors. Thus, excessive  fu~ard movement of a child restraint

can still uccur,  even if the feature is engaged and the belt  is “lucked.”

Luther  a~te~at~ve  discussed  in the preamble  is the “Car Seat Only BISON’  system suggested by

~uscu. The CSO system cunsists of a simple lap belt unstacked  fur a vehicle seating  ~usjt~un.  No

changes are needed to child restraint systems.

LISA is cunce~ed that the CSO system might  nut make attac~ng a child restraint signi~cant~y

easier than it is today. The CSO belt  would have to be cu~ect~y  routed through the child  restraint,

w~ch is a ~rub~em uccur~ng with present seats. In some cases, it appears that it might  be di~cu~t

to cinch up the belt with the CSO system. Luther  conce~  relates to the ~utent~a~  that the CSO

belt would be inadve~ent~y  used by an adult uccu~ant  as a restraint, pa~~cu~ar~y  in a seating

~us~t~un  equipped  with a lap belt, even if the CSO belt were sabered.

As discussed  and analyzed  t~uughuut  this assessment, the agency considered requi~ng a rigid to

rigid system or a nuked to nun~gid system. The agency snazzy decided to require a rigid 6 mm

bar anchorage system in the vehicle, but allow  the child restraint manufacturers to use any type of
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connector they wanted to connect to the rigid bars. Certainly for the small business child restraint

manufacturers, the final rule provides the most flexibility possible of the alternatives considered.



The Unfunded Mandates Refu~  Act uf 1995 ~Pub~ic  Law 1~4-4~ requires agencies to prepare a

~rjtten  assessment  of the costs, benefits and other effects of ~ru~used  or find rules that ~~c~~de  a

Federal mandate likely tu result in the expenditure by State, local  or tribal guve~~e~ts,  in the

aggregates  or by the private sector, of mure than $100 ~i~~iun  ann~a~~y.

These effects have been discussed in detail in ~reviuus sect~uns  of this Final Ecunu~~c Assessment,

see e.g., se~tjuns  un “Costs,” ‘~~enefits~”  and “Final Regu~atu~ ~exibj~jty A~a~ys~s~”  To

s~~~~~~e~  ~~~SA is issuing this fina rule to require a un~versa~  child restrajnt ~churage system

under the authurjty of49 USC. 322,301 I I, 30115,30111  and 30166;  de~egatiun  of authority at

49 CFR 1.50.

The final rule would improve the safety of children restrajned in child restraints by remedying

cu~~atjbj~jty  grubbers  between  child restrajnts and vehicle safety belts and increasing the correct

jnsta~~atjun  of child restrajnts*  The ~utent~a~  effectiveness of child restraints, when cu~ect~y  used,

is 71 percent. However, it is estimated that i~~e~ect  securing of children in the child restraints

an~or the child ~estrajnts  in vehjc~es  reduce that effectiveness from the ~ute~t~~  7 I percent to an

actuag 59 percent.

Child restr~nt effectiveness is reduced by ~~~~tat~uns  j~~used by vehicle belt design, and by belt

anchorage ~ucatiuns~  Sure vehicle seats have the seat belt anchorages ~us~t~u~ed  to protect an
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adult, but too far forward to adequately restrain a child restraint. Child restraint effectiveness is

also reduced by incorrect securing of children and child restraints due to the complexities of

adapting vehicle belts to those purposes and due to failure to follow instructions.

This final rule for an independent means for securing child restraints to vehicle seats is estimated to

save 36 to 50 lives per year, and prevent 6,218 to 17,891 injuries. An independent means of

attaching child restraints would also enable vehicle manufacturers to optimize the design of vehicle

belt systems for adult occupants.

The cost of the final rule, considering both child restraint and vehicle improvements, is estimated to

be $152 million annually. A sensitivity range on total costs, assuming that every child restraint

manufacturer produced the cheapest connector system considered to the must expensive connector

system considered, is from $123 to $256 million. The cost of the rule related to vehicles is

estimated to be about $85 million, ranging, per vehicle, from $2.82 (one set of rigid anchorages in

front seat only) to $6.62 (two sets of rigid anchorages plus a third tether anchorage), fur

approximately 15 million vehicles. The cost of the connectors on the child restraint are estimated

to average $17.19 per child restraint for a total annual cost of $67 million. The sensitivity range of

total costs are from $38 to 171 million, at $9.62 for nonrigid connectors to $43.87 for rigid

connectors per child restraint.

It should be noted that the rigid bar anchorage system selected by this rule is the most cost

effective of the alternative independent child restraint anchorage systems that the agency evaluated
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in this regn~atu~ actiun~  This an~hurage  system could result in lower child restraint costs (as low

as ~9.62 per restra~nt~  than the ~ex~b~e  ~atchp~ate  system ($ t I .96 per restr~nt~~  and luger vehicle

costs  ~~6~62 fur two full ~churage plus a third tether ~churag~,  ~ump~~d to $8.74 fur two full

~ex~b~e  ~at~hp~ate  systems with a third tether ~~hurage~. The vehicle cost of the rigid bar is lower

than the vehicle cost of the CSO system (The retr~~tur  alune would cust $2.50 to ~3.~~  per

systems  or $5 tu $6 fur two systems, Adding the cost of the belt and ~~hurage  ~un~d  jncrease

this cust well above the $6.62 fur two full rigid ~~hurages~.

~~TSA  held a public meeting at the lifesavers  1995 ~at~una~  ~unferen~e on ~~gh~ay  Safety

Priu~tjes ~Mar&h  1995) to obtain cumments on impruving the proper insta~~atiun  and use of child

restr~nts.  The agency s~hedn~ed  the meeting to cuin&ide  with the lifesavers conference so that

persu~s  p~j~~pat~ng  in the ~jfesavers  ~unferen&e  could attend the meetjng, Those p~~~~pants

~ypi~~~y  work in State highway tr~fi~ safety agencies, ~ummunity traffic safety prunes,  State or

local  EMS or injury prevention offices and State ur Iucal law enfurcement  agencies. Persons

attending  the meeting expressed strung snppu~ fur a requirement fur a nniversa~  child restr~nt

~~hurage systems such as in this final rule. Suppu~ fur a universal child restr~nt  ~churage

system was also expressed at ~HTSA’s  O~tuber  1996 public ~urkshup on the v~~uus  ~~hurage

systems under cunsiderat~un. P~i~ipants at this ~urkshup included representatives  of the child

mutur vehicle jnd~st~~  and cuns~mer advocacy grumps.  AZ1 were un~imu~s  that the

Mets of attaching child restr~nts to the vehicle ~nteriur  shun~d  be easier, mure efficient and

~ithu~t ~umpatibi~jty  prub~ems.  AlI agree that there shuu~d  be a un~versa~  and jnde~ndent  means

of attaching child restr~nts~
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An increase in child restraint prices may affect loaner and giveaway programs. A cost increase

could result in fewer seats being purchased by the program for loan or giveaway. On the other

hand, persons responsible for some State loaner/giveaway programs informed the agency that if the

new seats cost more, they could be able to find the funding to keep up with demand. They also

said that the time saved installing child restraints in each vehicle and making adjustments would be

worth the difference in price.

NHTSA believes that there are no feasible alternatives to the final rule. As discussed in the

preamble, SAE Recommended Practice J 18 19, “Securing Child Restraint Systems in Motor

Vehicle Rear Seats,” is not a feasible alternative, because it is a tool for evaluating compatibility

problems, and is not a requirement that vehicle seats and child restraints must be compatible.

NHTSA believes it is very difficult for a single system to optimize the safety protection for adults

of all ranges and child restraints of different types. The current “luckability” requirement is

insufficient alone in addressing compatibility problems. While the requirement ostensibly makes a

locking clip obsolete, it still depends on the user knowing enough and making the effort to

manipulate the belt system. Also, the vehicle belt must be routed correctly through the child

restraint, which may not be an easy task in all cases. Further, the lockability requirement does not

address compatibility problems arising from forward-mounted seat belt anchors. Excessive

forward movement of a child restraint can still occur, even if the feature is engaged and the belt is

“locked.” Cosco’s “Car Seat Only (CSO)” system dues not make attaching a child restraint

significantly easier than it is today. The CSO belt would have to be correctly routed through the

child restraint, which is a problem occurring with present seats. From photographs of the CSO
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systems it appears d~f~cn~t  to cinch up the belt. In additiun,  the CSO belt could be ~nadv~~ent~y

used by an adult u~cupant  as a restraint, pa~ie~~ar~y in a seating  position equipped with a lap belt.
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CUMULATIVE IMPACTS OF RECENT RULEMAKINGS

Section l(b)1  1 of Executive Order 12866 Regulator-v Planning and Review requires agencies to

take into account to the extent practicable “the costs of cumulative regulations”. To adhere to this

requirement, the agency has decided to examine both the costs and benefits of all final rules with a

cost or benefit impact on child restraints effective from MY 1990 on.

Costs will be presented in two ways, the cost per affected child restraint and the average cost uver

all child restraints. The cost per affected child restraint includes the range of costs that any child

restraint might incur. For example, if two different child restraints need different countermeasures

to meet the standard, a range will show the cost for both. The average cost over all child restraints

takes into account voluntary compliance before the rule was promulgated or planned voluntary

compliance before the rule was effective and the percent of the child restraints for which the rule is

applicable. Costs are provided in 1994 dollars.

Benefits are provided on an annual basis for the fleet once all child restraints in the fleet meet the

rule. Benefit estimates take into account voluntary compliance.
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APPENDIX

1 -Definition of Terms

Anchorages - the fixtures on the vehicle used to attach a child restraint to the vehicle. Fur

purposes of this analysis, anchorages can either be rigid or nonrigid. However, the final rule

requires the anchorages to be rigid 6 mm bars. The analysis also examined a nonrigid anchorage,

a latchplate on webbing designed for the UCRA system, proposed in the NPRM as a flexible

latchplate anchorage system.

Connector - the fixture on the child restraint used to attach a child restraint to the vehicle

anchorages, Connectors can either be rigidly or nonrigidly attached to the child restraint..

The final rule allows child restraints to use any type of connector, rigid or nonrigid. A rigid

connector sold in Europe by Britax is a bracket-type system with a jaw at the end to connect to the

6 mm bar. Nonrigid connectors are attached to the child restraint by webbing. The nonrigid

connectors can take many forms, including a jaw, snap-hook, or buckles.

This final rule specifies that each of the lower attachments be a 6 mm straight, round rod, or bar.

The ends of each bar point to the sides of the vehicle, with the bars being about two inches (50.8

mm) in length and 11 inches (280 mm) apart. The attachment bars would be approached through

holes in the backrest cushion or through gaps in between the backrest cushion and the bottom

cushion of the seat at the seat bight. The bars would be far enough back so that they would nut be

felt by an adult passenger. There could be a funnel aperture to guide the child restraint connector

onto the attachment bar.



A study done by Britax (I ~~~~ dogeared bath the nu~gid  ~unne~turs  and the rigid ~unne~turs.

For the rigid c~~e~~rs,  the seat st~~t~r~  used was the 4-point  rigid base. In the study, the

~u~~ratiun  used was: Britax sled, ECE R44 pulse, TN0 P3 ~3-year-u~d > test duty and no top

tether alarmed to the child restraints. The results ubta~ned  are shun in Table 2 1.

Table !I

MC Head Head Accel. Chest Accel.

EXlXW.

As slack was applied  to the test seats, HIC, Head Ex~ursiun  and Head A~~e~eratiun  numbers  all

i~&reased.  These data are ~ruvided  to show the sig~~~an~e  u~tig~te~ng  belts or an~~urages  on

child restraints~

Frum a safety point u~v~e~,  the rigid to rigid system  day be safer in side infant crashes, and the

rigid to rigid system  dues nut need to be tig~t~ned~  thus e~~~natjng  a ~suse  made. By ~~uusing
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the rigid anchorages system on the vehicle, the agency is allowing the market to decide what type

of connector is used on the child restraint. If people want to buy a slightly safer, more convenient,

more costly child restraint, they should have that option. That option is not available with the latch

plate connector in the vehicle. Only one anchorage system on the vehicle could be chosen, the

agency picked the one that allowed the widest option for the child restraint manufacturers from

which to choose. An additional reason for choosing the rigid anchorage system is harmonization

with the rest of the world.

3-Research

Since the first prototype of the rigid connector system was developed by Sweden in 1990, there

have been many other types of rigid connector systems presented for review. From the inception

of the IS0 program most of the research was done on the 4-point  rigid connector system, which

had two connectors at the seat bight and two connectors below the seat cushion. Later, research

was conducted on the newer systems such as, the 3-POINT rigid connector, CANFIX, and the

nonrigid (Dual Strap) systems, which had two connectors at the seat bight and one tether anchor.

A review of the PRE will show the various research projects that were completed. A synopsis of a

research done on the 4-point  rigid connector showed that a comparison of the 4-point  rigid

connector and the child restraint that is sold today for use in motor vehicles revealed that the 4-

point rigid connector had better results for head excursion and chest acceleration in both front

impact and side impact configurations.
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A Canadian study,g  to develop standardized  procedures  fur measuring the ease with which  an

infant or child restraint system could be ~o~e~t~y  unstacked,  employed two rigid ~unne~tur  restraint

system prututypes:  a rea~ard-faking  i~ant  restraint and a fu~ard-faking  child restraint. The

rigid &u~e~tur  design composes twu rear attachments on the child restraint to be secured to two

anchorage points located be~nd  the vehicle seat bight and in&ludes  the tether an~hurage  feature.

In testing of the rigid ~o~e~urs  to measure the ease of insta~~atiun  of child restraints by

consumers,  three ~unvent~ona~  child restraints that used the vehicle seat belts fur anchurage served

as expe~menta~  controls. All fo~ard-faking child restraint systems used a tether strap a~aehed to

the parcel shelf.

Tiny-six  parents and ~~~d-~are  pro~ders~  consisting  of nine men and 27 women,  were respited

at randum. Of the 36 pa~~~~pants,  eight were selected cm the basis of size to ensure that the

sample intruded the e~remes of the pupu~atiun. The study found that the rigid connector child

restraint, one j~ant restraint ~rear-fakings and one child restraint ~fo~ard-fakings  ~o~~rat~on

were ~u~e~t~y  unstacked  greater than 85 percent of the time, which  was the study~s  estab~jshed

~~te~un of a~~eptab~~~ty.

A number of prub~ems  related to the prototype rigid cu~e~tur  atta~~ent  systems were ~dent~~ed,

The an~hurages  were hard to find, and it was d~~~u~t  to align the Iatches  and lock mecha~sm. It

’ Nuy, Ian Y. ~~99~~.  ~nsta~~~n~  Child restraint  Systems in defiles:  tu~ards ~sabi~jtv
Criteria. Ergunu~~s ~ivisiun Transpo~  Canada
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was difficult  to know whether the restraint was properly engaged because the sound of the latch

touching the attachment anchorage was the same as when it locked. Greater physical force than

that used with the conventional seats had to be applied to install the infant restraint, and the latches

sometimes released by accident after locking. It was recommended that design improvements to

the rigid connector infant and child restraint systems would greatly improve their safety and ease of

correct installation.

Child Restraint System Clinic

The AAMq  AIAM,  and several manufacturers of child restraints set up a clinic to determine

consumer acceptance of seven child restraint types. Consumers evaluated one current production

and six prototype child restraints. There were 254 principal drivers from a cross section of cars

and trucks. Included were 194 primary care givers of children 4 years of age or less (97 women /

97 men) and 60 “empty nesters” who transport a child 4 years of age or younger at least twice a

month.

The tested child restraint systems, letter designations, and prices provided during the clinic were:

Baseline (K): &rent  U.S. type forward facing CRS secured using existing vehicle restraint

system. Estimated Retail Price: $63

TOD Tether(N): Current Canadian type forward facing CRS secured using existing vehicle restraint

system and top tether anchorage. Estimated Retail Price: $68

Nonrigid Buckle Connector to Nonrigid Latchplate (UCRA) (M>: Forward facing CRS with top

tether and two manually adjusted side straps with a buckle type connector that connect to nonrigid
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lower an~hurages  incu~urat~ng ~‘~atch  p~a~e~‘~. Estimated Retake Price: $78

~u~~jd  Snap Hook ~o~e~tor to Rigid 6 mm Bar 0.J: Fu~ard facing CRS with top tether and

two manually  adjusted Debbie side straps that mutest a snap hook to rigid 6 mm bar anchorages.

Estimated Retail Price: $73

Rigid Jaw ~u~e~tur to Rigid 6 mm Bar &I: Fu~ard  facing CRS with top tether and two rigid

jaw brackets that mutest  to rigid 6 mm bar lower an~hurages.  Estimated Retake  Price: $128

Rigid Jaw ~u~e~tur to Ada~tur. Adaptor  connected  bv Barges to Lat~h~late  ~~~e~~x~~P~:

Fo~ard faking  CRS with top tether and two brackets in~u~orat~ng  bulges  that ~u~e&t with

~at~hp~ate  type lower an~hurages  held in an adapter. Estimated Retail Price: $78

Nu~~id Jaw ~unnector  Rigid 6 mm Barest: Fu~ard faking  CRS with top tether and two

rnan~a~~y  adjusted  side straps ~n~o~uratjng~a~s that &u~e~t to rigid 6 mm bar lower anchorage.

Estimated Retail Price: $80

C~~~c~~sians~~m  ~h~~~  ~~~~a~~t  ~~~~rn~  ~~~~~&

The Numigid Buckle ~u~e~tur to Nu~~g~d  Lat~hplate  restraint system was the most preferred.

The Rigid Jaw ~u~e~tur  to Rigid 6 mm Bar was the second must prefe~ed.

The No~gid  Snap Hook ~u~e&tor  to Rigid 6 mm Bar was the third must prefe~ed.

The Numjg~d  Jaw ~u~e~tor to Rigid 6 mm Bar was the forth must prefe~ed.

consumers  apparently are ~uu~~g  for sirnp~i~~ty;  they want systems with vernal uperat~ng  steps

and parts. consumers are sensitive to price, if uf5ered  two equally  rated a~te~at~ves;  they wuu~d

purchase the least expensjve  of the twu. The must preferred of ail the seat alternatives  was the
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nonrigid buckle connector to nonrigid latchplate. From the focus group discussions, the nonrigid

buckle connector system met consumers’ criteria for convenience, safety/security, and values. The

second most preferred system is the rigid jaw connector to rigid 6 mm bar. From the focus group

discussions the rigid-based CRS with rigid connectors met consumers’ criteria for safety/security

and convenience due to the rigid lower anchorage points. The group raised concerns about being

too heavy, too expensive, and being at an uncomfortable angle for the child.

4-Anchorage Designs

Since the rigid anchorage system is intended to be a universal attachment system, the expectation is

that the attachments should be able to fit any passenger seating position (or multiple seating

positions within the same vehicle), and attachments to the vehicle should be as simple and

inexpensive as possible.

The guidelines others have considered for the design included the following factors:

. be simple and inexpensive

. be accommodated within a relatively small space

. not interfere with the comfort of adult passengers

. use relatively small attachments and latches on the child restraints so that entry apertures in

the seat trim would be small or negligible in size.

. be relatively insensitive to the most likely type of misalignment of the child restraint during

installation.

. provide some self aligning guidance for the user when installing the child restraint.

The attachment bars need to be sufficiently  strong to support the impact forces from the restraint

while being as small as possible to permit a low profile latch. Stress analysis indicated that a 6



rn~~~~rn~ter  ~rnrn~  diameter bar, 25 mm long, sn~~u~~d  firmly at each end, made from steel of yield

stress ~~~ N~rnrn’~  would snppo~ a force of X.2 kN applied  at the center without braving. This

could provide a safety rn~g~n  of 50 percent mure than is be~~~v~d  n~~~ss~~~~

5-Tether An~hura~es

The nn~v~rs~,  system selected uses three at~a~hm~nt  points fur an~hur~ng  the child r~stra~nt. Two

uf the points are at or near the vehicle seat bight. The third atta~hm~nt  point is a top tether

an~hurag~  used to anchor the back of the child restraint.

Austr~~a and Canada require all veh~~~es  to be ~~u~pped  with tether an&hurage  ~o&at~ons  ~bo~~s~.

Until recent re~nirem~nts  for ready to use an~hurages  b~~orne  effe~t~ve~  most vehicle users must

install  the tether an~burag~ b~d~are  themselves”. Canada does not require a tether fur rear-

facing child restra~nts~  but Austra~ja does. The agency believes that the benefjts of an upper tether

would mostly be accrued in forced-faking  child r~str~nts  and so is s~~~~fy~ng  the tether ~rov~s~un

only for &use systems‘

” Lowne,  R.W. and Turbe~~~  L. The development  of a ~njfjed Child R~str~nt  to Car
Attachment Systems  A ~untrjbutjun  tu the Rigid anchorages ~js~uss~un  p I601 m The ~on~~~nth
~t~~a~juna~  T~~hn~~a~  ~unf~r~n~e  on the Enhan&ed  Safety uf ~~hj~~~s~  Mnnj~b~  1994

I1 Noy, Ian Y., and A~u~d, A. K (1895).  ~sta~~~n~  Child R~strajnt  Svst~ms  in ~eh~~~~s:
Tu~ards  ~sab~~~tv  ~rjt~rja. Ergunumj~s  ~jvjsjon,  Road Safety and Muter  ~~hj~~~  R~gn~at~on~
Tr~spu~  Canada.
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The Final Rule specifies that consumer-ready to use tether anchorages consisting of a threaded or

unthreaded hole capable of accepting an M8 bolt 30 mm long be installed in the vehicles. The rule

also requires that manufacturers provide an equivalent device that combines the function of a

tether anchorage and tether anchorage hardware. To provide more flexibility to parents in

determining where to place their children, and enable them to better use the center rear seating

position in a passenger car, the rule requires tether anchorages at three rear seating positions. (The

lower anchorages are required in only two rear seating positions.)

Figure 1 shows the Rigid Connector design which has the two rear attachment anchorages plus the

tether strap that serves as a third attachment point. The middle figure also shows the rigid

anchorage, the 6 mm bar in the vehicle seat.
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RIGID JAW
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6-Misuse in Fatal Crashes

Table 22 shows the restraint use and injury severity of 0 to 6-year-old occupants of passenger

vehicles in fatal crashes in child restraints for 1996 by reported correct/improper use.

Table 22

1996 FARS - In Fatal Crashes

In the above table, although this is a small sample, one notices that as the percent of misuse

increases, the severity of the injuries also increases. Given that these misuse percentages are based

on police accident reports, they probably are showing only clearly obvious misuse modes (child not

buckled into child restraint, child restraint not buckled to vehicle, etc.)

7-Non-fatal Iniurv  Effectiveness Calculations

Effectiveness for restraint systems used by children are calculated as follows:

e = 1 -r/n

where: e = effectiveness of restraint system against injury
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r = rate of injury fur restrained occupants

n = rate of input fur umestrajned occupants

Both r and n are ~a~~u~ated  as:

rum =ilt

where i = insured  occupants restrained (r) or not restrained  (n>

T = tutal u~~upants  restrained (r) or not restrained (n)

Tables 23, 24 and 25 are weighted GES data. The data illustrate  the restrajnt system used and the

imputed injury seventy of zero to six year old u~~upants  jnvu~ved  in crashes. Each table is a

combination  of data fur the period 1990 to 1996. Electiveness estimates for each system jn~lude

~suse, i.e., they represent the range of both proper and improper usage that actually occurred

when &~~dren  are restrained.

Table 23
1990 - 1996’ GES - Total Crashes

=(Less  Than One Y~-~Id  ~~1~~~~

resent use Injury Severs

840 ~nj~es ~~s~jb1~ ~u~-~~~ap. ~n~apa~~t T&d

None ~~,2~2 7,9~7 3,394 2,352 101,935

ws Belt 49,62~ 5,118 719 29 55,494

Lap Belt 35,049 1,420 499 98 37,~66

Child resent i 494,934 ] 31,952 I 11,756 1 5,347 I 543,989

T&d 667,893 46,397 16,368 7,826 73~,4~4

*Seven years of data, not an annual av~ra~~.

For ~~~dren  less  than one year, the injury rates are:
None = ~3,653~~~~,935  = ,134
CRS = 49~~55~543,9~9  = .~9~2
LAS Belt = 5,~66~55,494  = ,106
Lap Belt = 2~~~~~3~,~66  = ,054
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The effectiveness calculations are:
effectiveness of child restraint systems = 1 - .0902/. 134 = 33%,
effectiveness of lap/shoulder belts = 1 - .106/.  134 = 21%,
effectiveness of lap belts = 1 - .054/.  134 = 60%

For children less than one year old, the effectiveness estimates are not what the agency would

expect. Based on previous studies, the agency would expect to find child restraint effectiveness for

infants to be very high (in the 60 to 70 percent range, not 33 percent), Similarly, one would not

expect lap belt effectiveness to be as high as 60 percent for infants and there to be such a

divergence of effectiveness between lap belt and lap/shoulder belts (60 percent versus 21 percent).

Much higher injury effectiveness for child restraints for 1 to 4 year olds and fatality effectiveness

estimates for infants, lead us to believe that their estimates are not reasonable. Injury calculations

in this analysis for infants will use effectiveness estimates from the 1 - 4 year olds

Table 24

1

1990 - 1996’ GES - Total Crashes
(One To Four Year-Old Children)

I

Restraint Use
No Injuries Possible

None 333,703 54,7  11

L/S Belt 557,974 47,824

Lap Belt 692,182 65,288

Child Restraint 1,448,402 84,299

Total 3,032,261 252,122

* Seven years of data, not an annual average.

Injury Severity

Non-Incap. Incapacit Total

42,558 21,592 452,564

20,050 6,261 632,109

25,525 7,225 790,220

42,966 16,407 1,592,074

13 1,099 51,485 3,466,,967

For children between the ages of one and four years old, the injury rates are:
None = 118,861/452,564  = .263
CRS = 143,672/1,592,074  = .09
L/S Belt = 74,135/632,109 = .117
Lap Belt = 98,038/790,220 = .124
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