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TECHNICAL SUMMARY

Report Title:

Evaluation of Devices to 1m rove Shoulder Belt Fit
Report Author(s):

Lisa K. Sullivan and Fletcher K. Chambers

Date:

Au ust 1994

A series of 35 HYGE sled tests were conducted to evaluate devices which are designed to reposition the
shoulder belt in an effort to improve fit/comfort. Three devices - Child-Safer™, SafeFit™ and Seatbelt
Adjuster™ - were tested using the 3 and 6 year old and 5th percentile female dummies. Baseline (no device)
tests were also conducted. The FMVSS No. 213 test seat fixture and test pulse/velocity were used. The
fixture was oriented to simulate a full frontal, a 15 0 clockwise oblique and 15 0 counterclockwise oblique
impact. The FMVSS No. 213 compliance criteria were used as a bench mark, although the belt fit devices
are not required to comply with FMVSS No. 213. The manufacturer of the Child-Safer™ device states that
it can be used in conjunction with a booster seat to improve shoulder belt fit - tests were conducted to
evaluate this configuration using the 3 year old dummy in the Century CR-3 belt positioning booster seat.

In 5 of the 8 tests with the 3 year old dummy HIC values exceeded 1000, and the 3 ms resultant chest
acceleration exceeded 60 g's during 1 test. HIC':::: 1000 and chest acceleration.:::: 60 g's are the injury criteria
used in FMVSS No. 213. HIC values were below 1000 for the 12 tests conducted with the 6 year old
dummy; however, the chest acceleration exceeded 60 g's in two tests. For the 5th percentile female dummy,
5 of the 12 tests resulted in HIC values greater· than 1000 and all chest accelerations were below 60 g's.
Review of the dummy kinematics, comparing baseline (no device) and the 3 devices, showed several
interesting phenomenon. The Child-Safer™ with the 3 year old allowed for more forward rotation of the
dummy's torso as compared to the other belt configurations. This appears to be primarily due to the release
of the approximately 51 mm of webbing that is initially routed through the device. With the 6 year old
dummy tested in the counterclockwise orientation, use of the 3 devices resulted in noticeably more dummy
"roll-out" from the shoulder belt as compared to the baseline condition. When tested in the frontal and
clockwise orientation, the SafeFit™ device had a pronounced effect on the rebound characteristics of the 5th

percentile female dummy. The device delayed the complete submarining of the lap/shoulder belt until later
in the event, as compared to the 3 other belt configurations.

From the comparison tests of the belt positioning booster seat with and without the belt fit device, the HIC
value for the 3 year old dummy was 1575 and the 3 ms chest acceleration was 61.6 g's when the booster was
used with the Child-Safer™ device. The booster only test resulted in a HIC value of 906 and a chest
acceleration of48.8 g's. The amount of head and knee excursion did not appear to be affected by the use of
the belt fit device. As in the group of tests described above, the release of the belt webbing from the Child­
Safer™ during impact allowed sufficient slack for the 3 year old dummy's torso to significantly rotate
forward, almost to the point of the head contacting the lower extremities.

vii





1.0 INTRODUCTION

The National Highway Traffic Safety Administration (NHTSA) is conducting ongoing

research in the child restraint area. The Office of Research and Development is currently

addressing some of the issues identified in the agency's "Planning Document on Potential Standard

213 Upgrade." This report will detail research and HYGE sled tests to evaluate belt fit devices,

which are designed to reposition the shoulder portion of a lap/shoulder safety belt away from the

occupant's neck. Although these devices are not regulated under FMVSS No. 213, it is believed

that the agency should periodically evaluate these types of devices (using FMVSS No. 213

procedures) to ensure that none of the devices are resulting in circumstances where the occupant

may be injured due to the use of the device.

2.0 TEST CONDITIONS

A series of 35 HYGE sled tests were conducted to evaluate belt fit devices. The

FMVSS No. 213 crash pulse and velocity were used in the standard frontal condition as well as

a 15° offset, clockwise and counterclockwise, to simulate an oblique impact. The 15° offset was

one of a small number of modifications made to the FMVSS No. 213 test procedure. The seat

back of the 213 test fixture was rigidly fixed to minimize any motion which could affect the

perfonnance of the belt fit devices. Because the belt fit devices are not restraint systems in and

of themselves, they are not required to comply with FMVSS No. 213. Thus, the tests documented

in this report are for research purposes only and should not be considlered as compliance tests.

Three different types of belt fit devices were chosen to be used with the 3 year old and 6

years old dummies and the 5th percentile female dummy. The devices chosen were (1) the Child­

Safer™, a plastic strip which attaches to the lap belt and has three different openings through

which the shoulder belt can be routed, (2) the SafeFit™, a pouch design through which the

lap/shoulder belt is routed, and (3) the Seatbelt Adjuster™, a plastic clip which attaches to the lap

1



belt and the shoulder belt is positioned under a flange to reroute the belt. These three are

representative of the types of devices which are currently being marketed. Artist renderings of

the belt fit devices are contained in Figures 1 through 3. The three devices are intended to react

under dynamic conditions as follows:

Child-SaferTM:

SafeFit™:

The bottom end of the device remains attached to the lap belt. The

shoulder belt disengages from the 2 slots it is routed through at the upper

end of the device when a certain amount of occupant loading on the belt

occurs, allowing the belt to repositioning itself on the occupant.

The device remains attached to the belt restraint and maintains its structural

integrity. The shoulder belt tends to remain where initially positioned on

the occupant.

Seatbelt Adjuster™: The base of the device remains attached to the lap belt. The flange that

reroutes the shoulder belt breaks away from the device, allowing the

shoulder belt to reposition itself on the occupant.

One additional test was performed with the Child-Safer™ using the 3 year old dummy seated

in the Century CR-3 booster seat. The manufacturer of this device states in its literature that the

device can be used in conjunction with a booster seat to improve shoulder belt fit. Baseline (no

belt fit device) tests were also conducted with the 3 year old, 6 year old, 5th percentile female, and

50th percentile male adult dummies for comparative purposes. All tests used 3-point safety belts

with the anchorage locations defined by a Notice of Proposed Rulemaking (NPRM) dated

September 3, 1993.-\ These anchorage locations were defined during a previous study conducted

to support this rulemaking.2 A complete test matrix is contained in Table 1.

-Numbers in parentheses indicate references at end of text.

2
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Table 1 Test Matrix for Evaluation of Belt Fit Devices

Restraint Device Dummy Size Test Condition Test Kumber

Standard 213 V296CS03ST

3 year old
15 ° into belt V296CS030B

Standard 213
V296CS03CB

Century CR-3

Standard 213 V296CSR6ST
Child-Safer""

6 year old 15 ° into belt V296CS060B

15° out of belt V296CS06CC

Standard 213 V296CS5FST

5~ Percentile Female 15° into belt V296CS5FOB

15 ° out of belt V296CS5FCC

Standard 213 V296SF03ST
3 year old

15 ° into belt V296SF030B

Standard 213 V296SF06ST

6 year old 15° into belt V296SF060B
SafeFit""

15° out of belt V296SF06CC

Standard 213 V296SF5FST

5" Percentile Female 150 into belt V296SF5FOB

15° out of belt V296SF5FCC

Standard 213 V296SA03ST
3 year old

15° into helt V296SA030B

Standard 213 V296SA06ST

6 year old 15° into belt V296SA060B
Seatbelt AdJuster"M

15° out of belt V296SA06CC

Standard 213 V296SA5FST

5" Percentile Female 15 ° into belt V296SA5FOB

15° out of belt V296SA5FCC

Standard 213 V296BL03ST
3 year old

15° into helt V296BL030B

Standard 213 \'296BL06ST

6 year old 15 0 into belt V296BL060B

15°ou!ofbelt V296BL06CC
Baseline (no device)

Standard 213 V296BL5FST

5"' Percentile Female 15 ° into belt V296BL5FOB

15° out of helt V296BL5FCC

Standard 213 V296BL50ST
50~ Percentile ;\lale

15 ° Into belt V296BL500B
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Requirements from the manufacturers differ as to who should or should not be using the

different belt devices. The manufacturer of the Child-Safer™ device suggests that it fits occupants

between the heights of 96.5 cm and 152.4 cm. The SafeFit™ device is recommended for children

with a mass between 22.7 kg and 31.8 kg. The manufacturer of the Seatbelt Adjuster™ does not

give any specification for who can use their product, but their literature suggests that it "works

great with children" and their packaging shows an adult female using the product. The 3 year old

dummy has a mass of 15.1 kg and stands 97.5 cm high. This puts the dummy in the height range

for the Child-Safer™ device. The 6 year old dummy has a mass of 21.5 kg and stands 120.1 cm.

Therefore it meets the height requirement for the Child-Safer™ and is 1.2 kg below the mass

requirement for the SafeFit™. The 5th percentile female dummy has a mass of 46.3kg and is

149.9 cm high. Therefore she meets the height requirement for the Child-Safer™ device. The

5th percentile female dummy is outside the weight requirement for the SafeFit™ device, but the

package suggests that "anyone who is unable to wear shoulder belts properly can benefit from

''SafeFit™, including moms and grandmas." The Seatbelt Adjuster™ device has no requirement.

The 3 year old dummy was instrumented with triaxial accelerometer arrays in the head and

thorax. The 6 year old was instrumented with triaxial accelerometer arrays in the head and thorax

and had femur load cells. Instrumentation for the 5th percentile female dummy included triaxial

accelerometer arrays in the head, thorax, and pelvis. femur load cells, chest displacement

potentiometer, load cells in the neck, thorax and lumbar spine, and sensors on the ilium to detect

occupant submarining. The 50th percentile male dummy was instrumented with triaxial

accelerometer arrays in the head, thorax, and pelvis, femur load cells, chest displacement

potentiometer and neck load cell. Each test had a load cell on the lap portion of the safety belt

near the lap belt outboard anchor. There was also a load cell on the shoulder belt portion of the

safety belt near the D-ring.

7



3.0 SLED TEST RESIII.TS

The Head Injury Criterion (HIC), resultant 3 ms chest acceleration, head excursion and

knee excursion were calculated for each of the tests. These criteria were used for comparative

purposes only. Due to the amount of data collected in these tests, all results cannot be presented

in this report. Specific data plots (resultant head and chest accelerations, lap and shoulder belt

loads, etc.) from each test can be found in the appendices, and complete data files can be found

in the NHTSA' s Biomechanics database. Figure 4 shows an example sled acceleration curve used

for testing.

It is noted here that the 3 year old dummy was not tested in the counterclockwise oblique

configuration(" 15° out of belt"), because of the results observed in the clockwise oblique tests.

It is believed that the results from tests in a counterclockwise configuration would not show

significant differences than were observed in the frontal and clockwise configurations. The second

reason for only conducting the clockwise orientation with the 3 year old dummy was because only

one of the belt fit devices (Child-Safer™) even mentions usage by children as small as 3 years old.
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3.1 Head Injury Criterion (HIe), 3 IDS Resultant Chest Acceleration

Injury criteria and head and knee excursions derived for the tests using the 3 and 6 year

old dummies are contained in Table 2. Similar test results for the 5th and 50th percentile dummies

are contained in Table 3.

HIC values less than 1000 were observed for all four dummies when tested in the baseline

(no device) configuration, regardless of impact orientation. The HIC value for the 3 year old

dummy in the baseline/clockwise orientation was marginal at 995.

HIC values for the 3 year old dummy tested with the Child-Safer™ device exceeded 1000

in both the frontal (1309) and clockwise (1565) orientations. When the Child-Safer™ was used

with the 6 year old dummy, HIC values were below 1000 for all tests; however, the clockwise

orientation result was marginal at a value of 947. In all of the tests conducted with the 5th

percentile female dummy using the Child-Safer™, the HIC values exceeded 1000 (1356 - frontal,

1253 - clockwise, 1188 - counterclockwise).

Using the SafeFit™ device with the 3 year old dummy resulted in HIC values greater than

1000 (1095 - frontal, 1435 - clockwise). The HIC values were less than 1000 for all of the tests

conducted on the 6 year old dummy with the SafeFit™. For the 5th percentile female dummy

tested with the SafeFit™ device in the counterclockwise oriention, the HIC value was less than

1000. Tested at the other two buck orienations with the SafeFit™, the 5th percentile female's HIC

values exceeded 1000 (1178 - frontal, 1069 - clockwise).

During tests with the Seatbelt Adjuster™ device, the HIC value for the 3 year old in the

frontal orientation was 999. For the clockwise orientation test, the HIC value was 1238. For

both the 6 year old and the 5th percentile female dummies, HIC values were less than 1000 during

all tests with the Seatbelt Adjuster™.

9



Table 2 Injury Criteria and Excursions for 3 and 6 Year Old Dummies

Chest Clip
Head Knee

til HIC Excursion Excursiondevice (g)
(mm) (mm)

BL" 874 48.7 477 553

3 year old CS 1309 55.1 560 615

Standard SF 1095 56.5 496 618

SA 999 48.1 551 583

BL 995 48.5 411 535
3 year old CS 1565 52.3 564 665
15° Offset
Clockwise SF 1435 62.1 486 639

SA 1238 45.4 452 580

BL 657 50.4 481 628

6 year old CS 769 65.2 567 674

Standard SF 427 49.1 566 649

SA 634 50.8 473 604

BL 595 54.3 435 602
6 year old CS 947 67.1 540 661
15° Offset
Clockwise SF 621 57.7 461 580

SA 794 55.1 493 640

BL 409 48.5 516 607
6 year old CS 509 50.1 628 605
15° Offset

Counterclockwise SF 386 42.8 577 589

SA 374 45.7 554 559

Numbers in bold exceed FMVSS No. 213 criteria which are: HIC shall not exceed 1000, 3 ms chest resultant
acceleration shall not exceed 60 g's, head excursion shall not exceed 813 mm, and knee excursion shall not
exceed 914 mm.

"BL - baseline, no device CS - Child-Safer™ SF - SafeFit™ SA - Seatbelt Adjuster™

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt
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Table 3 Injury Criteria for SU' Female and 50th Male Dummies

fil device HIC
Chest Clip

(g)

BL· 713 54.2

5th Female CS 1356 56.9

Standard SF 1178 43.7

SA 862 48.8

BL 772 56.5
5th Female CS 1253 57.5
15° Offset
Clockwise SF 1069 36.2

SA 852 57.3

BL 771 48.4
5th Female CS 1188 53.9
15° Offset

Counterclockwise SF 672 42.3

SA 893 51.4

50th Male BL 837 43.7
Standard

50th Male

I I I
15° Offset BL 618 39.3
Clockwise

"BL - baseline, no device CS - Child-Safer™ SF - SafeFit™ SA - Seatbelt Adjuster™

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt

The high HIC values observed with the 3 year old and 5th percentile female dummies will

be discussed in greater detail in section 3.5 Dummy Kinematics.
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Regardless of impact orientation, the 3 ms resultant chest acceleration clips for the

dummies tested in the baseline configuration were below 60 g's (ranging from 39.3 to 56.5 g's).

For the 3 year old dummy tested with the Child-Safer™ device, the chest clip values were

less than 60 g's (55.1 - frontal, 52.3 - clockwise). Only the counterclockwise orientation resulted

in the chest clip being less than 60 g's (50.1) for the 6 year old dummy when tested with the

Child-Safer™. For the remaining tests with the 6 year old dummy, the clip values were 65.2 g

in the frontal and 67.1 in the clockwise orientations. All tests conducted with the 51b percentile

female dummy using the Child-Safer™ device resulted in chest clip values less than 60 g's (56.9 ­

frontal, 57.5 - clockwise, 53.9 - counterclockwise).

Using the SafeFit™ device, the chest clip results for the 3 year old dummy were divided

based on impact orientation - the result for the frontal test was less than 60 g's (56.5); for the

clockwise test, it was greater than 60 g's (62.1). For the 6 year old dummy using the SafeFit™

device, all chest clip values were less than 60 g's (49.1 - frontal, 57.7 - clockwise, 42.8 ­

counterclockwise). Similar chest clip results were observed for the 51b percentile female dummy

(43.7 g - frontal, 36.2 - clockwise, 42.3 - counterclockwise).

Using the Seatbelt Adjuster™ device with the 3 year old dummy resulted in chest clip

values less than 60 g's (48.1 - frontal, 45.4 - clockwise). Chest clip results were also less than

60 g's for the 6 year old dummy (50.8 - frontal, 55.1 - clockwise, 45.7- counterclockwise). As

with the child dummies, the chest clip values for the 5th percentile female/Seatbelt Adjuster™ were

less than 60 g's (48.8 - frontal, 57.3 - clockwise, 51.4 - counterclockwise).

Time histories for the resultant head and chest accelerations are contained in Appendices

A and B, respectively.
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3.2 Head and Knee Excursion

The FMVSS No. 213 head excursion limit is 813 mm forward of point Z on the standard

seat fixture and the knee excursion limit is 914 mm forward of point Z. The 3 year old and 6 year

old dummies did not exceed either of these limits during any of the tests series. Head and knee

excursions were not evaluated for the 51b percentile female and the 501b percentile male dummies

because excursion criteria are not required for the adult dummies.

Of all of the dummy/device configurations, the least amounts of head excursion for the 3

and 6 year old dummies were observed when tested without a belt fit device, except for when the

6 year old was tested in the standard frontal configuration. Use of the Child-Safer™ device

resulted in the largest amounts of head excursion for the 3 and 6 year old dummies. In 4 of 5 tests

with the child dummies, the second highest amounts of head excursions were observed when the

SafeFit™ was used. Comparing only tests using the belt fit devices, the least amounts of head

excursion observed in 4 of 5 tests were with the Seatbelt Adjuster™. There were no distinct

trends observed for the amounts of knee excursion for the two child dummies - no one specific

belt fit device and/or test buck orientation produced the largest or smallest amount of excursion.

3.3 Lap/Shoulder Belt Forces

In addition to computing the FMVSS No. 213 injury and excursion criteria, other

measurements and analyses were used to compare the different belt fit devices. Table 4 contains

the peak lap and shoulder belt forces for the tests conducted with the 3 and 6 year old dummies.

Corresponding responses for the tests conducted with the 51b percentile female and 501b percentile

male dummies are contained in Table 5. Appendices C and D contain the shoulder belt and lap

belt load time histories, respectively.
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Table 4 Lap and Shoulder Belt Forces for 3 and 6 Year Old Dummies

fit" Shoulder Belt Peak Lap Belt Peak Force
device Force (N) (N)

BL 4683 2618
6 Year Old CS 5466 3385

Standard SF 4683 2432

SA 4387 2509

6 Year Old BL 4756 2202

CS 3353·· 2759
15° Offset SF 4545 2685
Clockwise SA 5052 2440

\

6 Year Old BL 4794 3563

CS 4493 3966
15° Offset SF 4089 3689

Counterclockwise SA 3694 3589

BL 3746 1854

CS 3767 1954
3 Year Old Standard

SF 3548 1947

SA 3438 1830

3 Year Old BL 3391 1660

CS 3865 1919
15° Offset SF 3697 1932
Clockwise SA 3540 1341

"BL - baseline, no device CS - Child-SaferTr•1

•• Load cell misplaced on shoulder belt

SF - SafeFit™ SA - Seatbelt Adjuster™

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt
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Table 5 Lap and Shoulder Belt Forces for sth and 50th Percentile Dummies

fit" Shoulder Belt Peak Lap Belt Peak Force
device Force (N) (N)

BL 7736 6932
5th Female CS 8092 6440

Standard SF 7514 5432

SA 7303 6103

5th Female
BL 7261 7035

CS 7852 7270
15° Offset SF 7052 5276
Clockwise

SA 7931 9187

5th Female
BL 7266 5732

CS 7501 5984
15° Offset SF 7043 4311

Counterclockwise
SA 6757 5201

50th Male
BL 8178 8172

Standard

50th Male

I I I
BL 7724 6623

15° Offset Clockwise

tiL - baseline, no device CS - Child-Safer™ SF - SafeFit™ SA - Seatbelt Adjuster™

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt

Generally lap/shoulder belt forces depended on dummy size; the larger the dummy, the

higher the safety belt forces. The highest safety belt forces were for the 50th male dummy in the

standard frontal condition. The forces were 8178 N for the shoulder belt and 8172 N for the lap

belt. One exception to this was the lap belt force for the 5th female dummy using the Seatbelt
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Adjuster™ device tested in the clockwise oblique test; peak force was 9187 N. On review of the

high speed films, it appears that the dummy did not submarine until relatively late in the event (at

approximately 60 ms), which allowed for the belt to reach its peak loading on the hard pelvic

structure prior to going over the iliac crests into the abdomen. Generally, the 5th female dummy

began to submarine under the lap belt at approximately 40 ms into the event, which resulted in

peak lap belt loads occurring when the belt was is the softer abdominal area. The shoulder belt

forces for the 5th female dummy ranged from 6757 N to 8092 N, while the lap belt forces ranged

from 4311 N to 9187 N.

Peak shoulder belt forces ranged from 3694 N to 5466 N and lap belt forces ranged from

2202 N to 3966 N for tests with the 6 year old dummy. For tests with the 3 year old dummy,

shoulder belt forces ranged from 3391 N to 3865 N and lap belt forces ranged from 1341 N to

1954 N. No apparent trends of the baseline configuration or use of any particular belt fit device

having a discernible effect on shoulder or lap belt loads were observed.

The test with the 6 year old, clockwise 15° offset into the belt (V296CS060B), using the

Child-Safer™ had an unusually low shoulder belt force of 3353 N. The eleven other tests using

the 6 year old had shoulder belt forces of 3694 N or higher. Review of the high speed films

showed that the shoulder belt load cell was misplaced for the test with the 6 year old in the

clockwise 15° offset with the Child-Safer™. Instead of placing the load cell between the D-ring

and shoulder of the dummy, it was positioned next to the retractor. This likely influenced the

results.

3.4 Neck I.<lads for 5 th Percentile Female Dummy

The only dummy instrumented with a neck load cell and tested with and without the belt

fit devices was the 5th percentile female dummy. The load cell was installed at the dummy's upper

neck and measured forces along the x- and z-axes, and the moment about the y-axis. Table 6

contains a summary of the neck loads and moments for the 5th percentile female dummy, with the
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time histories contained in Appendix E. Load and moment values summarized in the table were

analyzed for comparative purposes only - no attempt was made to determine potential injury levels

based on the values.

Use of a belt fit device generally resulted in increased load and moment values, compared

to the baseline tests, when the female dummy was tested in bob the standard frontal and 15°

clockwise offset ("into belt") configurations. The presence of the belt fit devices appeared to have

minimal effect on load and moment responses when the dummy was tested in the 15°

counterclockwise offset ("out of belt") configuration. This is primarily due to the fact that the

direction of the impact forces exerted on the dummy caused a reduction in the dummy's

interaction with the shoulder belt, which in turn tended to reduce the apparent effect(s) that a belt

fit device might have on the dummy responses when compared to the results from the other two

impact orientations.

It is of interest to note that use of the Child-Safer™ device resulted in increased neck load

and moment values for all impact orientations. The sole exception to :his trend was the neck x­

axis load when tested in the 15° counterclockwise orientation (virtually identical to the baseline

result). The amounts of increased neck loading ranged from 12 % to 51. 5 %, while the neck

extension responses ("_" values) increased between 40% and 83 % when using this device as

compared to the baseline configuration. Use of the SafeFit™ device resulted in mixed responses ­

in some configurations it either lowered the neck load results, or was virtually identical, while in

other configurations the neck loads increased between 3% and 41.5 %, when compared to baseline

tests. For the neck extension responses, the SafeFit™ produced either a slight reduction, no

influence or increased results by 45.5%, depending on impact orientation. Similar effects were

observed when the Seatbelt Adjuster™ was used - some neck loads were reduced slightly as

compared to baseline tests, while neck loads increased between 12.5 % and 32.5 % in other test

configurations. There was an 14.3% decline in neck extension response for the 15°

counterclockwise ("out of belt") test, while the moment response increased between 15 % and 21 %

for the other two impact orientations.
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Table 6 Neck Loads and Moments for sth Percentile Female Dummy

fit Neck x-axis Neck z-axis Neck y-axis
device• Load (N) Load (N)# Moment (Nrn)@

BL 1556 2463 -34.7 / +35.9

CS 1745 3697 -63.5 / +32.6

Standard

SF 1608 2995 -50.5 / +29.7

SA 1460 2771 -42 / +21.9

BL 1416 2987 -39/ +41.3

CS 2143 3830 -54.8 / + 18.3
15° Offset
Clockwise

SF 2002 2724 -38.1/+17.7

SA 1877 3523 -45/+29.5

BL 1143 2780 -35 / +30.3

CS 1145 4124 -56.9/ +37.4
15° Offset

Counterclockwise
SF 1158 2661 -32/ +33

SA 1101 3146 -30/ +27.5

*BL - baseline, no device CS - Child-Safer™
'Neck z-axis load is tension
@ Negative value is extension; positive value is flexion

SF - SafeFit™ SA - Seatbelt Adjuster™

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt
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3.5 Dummy Kinematics .

The 50th male dummy submarined in both of the tests. The thick, soft cushion of the

FMVSS No. 213 seat allowed the dummy to compress the foam, creating significant slack in the

safety belt. This allowed the dummy to slide underneath the lap portion of the safety belt

(submarine). In its final position, the lap belt was sandwiched between the stomach insert and the

ribs. This caused the chest potentiometer rod to "pop" from the carrier in the clockwise oblique

test.

As stated previously, the 5th female dummy also submarined during its 12 tests. The

combination of seat cushion stiffness and dummy size was the primary factor influencing the 5th

female dummy to submarine, as it was for the 50th male dummy. Table 7 contains a summary of

the iliac loads and moments for the 5th percentile female. The final position of the lap belt on the

small female was also between the rib cage and the abdome::l. This resulted in the chest

displacement potentiometer to "pop" from its carrier in 3 of the 12 tests (baseline and Seatbelt

Adjuster™ in the standard frontal orientation and the baseline in the counterclockwise oblique

orientation). It is noted that all of the chest potentiometer readings for the 2 adult dummies were

below the Hybrid III injury criterion of 76.2 mm which is currently used in FMVSS No. 208,

"Occupant Crash Protection". Table 8 contains a summary of the peak chest displacements for

the 50th male and 5th female dummy tests.

Submarining was not a problem with the 3 year old or 6 year old dummies. However,

during the test with the 3 year old dummy in the standard frontal condition using the Seatbelt

Adjuster™, the shoulder belt slipped off the shoulder. In this test, the Seatbelt Adjuster™ device

did not break loose, as in the other tests. This caused the belt to remain further away from the

neck than if there had been no belt fit device, and allowed the dummy :0 slip around the shoulder

belt.
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Table 7 Abdominal Loads and Moments for sth Percentile Female Dummy

Rt. Iliac Rt. Iliac Left Iliac Left Iliac
fit x-axis y-axis x-axis y-axis

device
.

Load Moment@ Load Moment@
(N) (N'm) (N) (N'm)

BL 3724 -24.1 4958 +27.9

CS 3577 -24.6 4603 +74.3

Standard

SF 3418 +73.3 962 + 14.4

SA 5133 +84.2 2697 +42.2

BL 3715 -20.4 5169 +54.3

CS 3974 -19.4 5388 +64.5
15° Offset
Clockwise

SF 2864 +50.5 2393 +39.2

SA 4290 +20.9 5008 +61.7

BL 4917 +33.8 3369 +56.9

CS 5037 +50.5 2895 +51.4
15° Offset

Counterclockwise
SF 4026 +49.3 2631 +48.6

SA 5071 +67.3 1346 +22.7

*BL - Baseline, no device CS - Child-8afer™ SF - SafeFit™ SA - Seatbelt Adjuster™
@ Negative moment is forward motion of anterior supior iliac spine; postive moment is rearward motion

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt
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Table 8 Peak Chest Displacement for SO' and 50th Percentile Dummies

fit"
Peak Chest

device Displacement
(mm)

BL NA··
5th Female CS 52.0

Standard SF 59.0

SA NA··

5th Female
BL 34.2

CS 52.0
15° Offset SF 52.7
Clockwise

SA 41.1

5th Female
BL NA··

CS 57.4
15° Offset SF 60.3

Counterclockwise
SA 61.2

50lh Male BL 25.2
Standard

50th Male
BL NA"

15° Offset Clockwise

"BL - baseline, no device CS - Child-Safer™ SF - SafeFitTl.l SA - Seatbelt Adjuster™

•• Potentiometer "popped" from carrier during test.

clockwise - occupant rides into shoulder portion of safety belt
counterclockwise - occupant rides out of shoulder portion of safety belt

The 3 year old dummy had a tendency to strike his forearms with his forehead. This

sometimes caused a higher HIC than normal. As the tests began, the head and thorax rotated

forward about the hip. The arms extended and rotated upward. At approximately 85 to 95 ms

the forehead and the forearms contacted. In some tests the forehead would hit one forearm and
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then bounce to the other forearm. This bouncing of the head between the forearms can be

recognized on the data plot for acceleration of the head in the y direction. The data plot for the

3 year old using the Child-Safer™ device in the standard frontal condition (V296CS03ST) can be

seen in Figure 5. Review of high speed films reveals that the head strikes the right arm at about

93 ms and then strikes the left arm at about 95 ms.

In all of the tests with the 3 year old, the dummy's head hit his forearms. However,

evidence of the dummy hitting the forearm, such as spikes in the data plots, is not present in all

of the tests. This suggests that in some tests the forehead hit the forearm more severely than in

other tests. The tests in which there was a definite spike in the data plots caused by the forehead

striking the forearm were the baseline test and the tests using the Child-Safer™ and the Seatbelt

Adjuster™ devices in the standard frontal condition. The tests using the Child-Safer™ and the

SafeFit™ devices in the clockwise 15° offset also had spikes in the data plots when the forehead

hit the forearm.

An analysis was made to determine an estimate of the influence on HIC values when the

forehead strikes the forearm. Table 9 shows the approximate time that the 3 year old hit its

forehead on its forearm, and the time intervals for which the HIC values were calculated. The

forehead hit the forearms late in the calculation of the HIC value, and for two of the tests, it

actually occurred after the HIC had been calculated.

In test number V296CS03ST (3 year old, using the Child-Safer™ in the frontal condition)

the forehead of the dummy hit his right forearm at approximately 93 ms. As shown in Figure 5

there was a spike in the head y-acceleration when the dummy's head contacted the arm. Spikes

can also be seen in the resultant head acceleration at the time of contact (Figure 6). Figure 7

shows the resultant head acceleration for the same test, but with a few of the spikes removed.

This was done to estimate the possible influence on HIC when the forehead contacts the forearm.

The HIC value for the revised curve in Figure 7 is 1236 calculated from 62.75 ms to 93.25 ms.

Even though the head contacts the arm in the last 2 ms of the HIC calculation, by taking out the
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Figure 5 Head Y-axis Acceleration, Test No. V296CS03ST

Table 9 Time of Head-to-Ann Contact Compared to HIC Computation Times

fit Time (ms) when forehead Time interval (ms)
device" contacts forearm for HIC calculation

BLI 87 52.5 to 88.5

3 Year Old CS I 93 62.75 to 94.25

SF 85 54.0 to 90.0
Standard SAl 98 58.5 to 93.375

BL 88 51.25 to 87.25
3 Year Old CS I 90 64.875 to 94.375

15° Offset SF' 85 55.5 to 91.5

Clockwise SA 85 52.375 to 87.875

'"BL - baseline, no device CS - Chiid-Safer™ SF - SafeFit™ SA - Seatbelt Adjuster™

I These tests had spikes in the data plots when forehead contacts forearm
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spike in the resultant acceleration, HIC was reduced from 1309 to 1236, or 5.9%. Applying the

same principal of removing some of the spikes which occurred when the head contacted the arm

during the last 2 to 6 ms of the HIC calculation to the remaining tests, and using an average 6%

reduction in HIC value, the results would still remain above the criterion value of 1000. The high

HIC values observed for the 51b percentile female dummy were not due to head to arm contact,

as with the 3 year old dummy, nor any other head contacts. Thus, the high values for the small

female dummy appear to be valid, non-contact HIC responses.

3.6 Belt Fit Device Used With Belt Positioning Booster Seat

The manufacturer of the Child-Safer™ device states in their literature that the device may

be used in conjunction with a booster seat to help position the shoulder belt. It was of interest to

see what effect, if any, the belt fit device had on the dummy responses compared to using a belt

positioning booster seat alone. The Century CR-3 booster seat was used with the 3 year old

dummy. The set-up (belt anchorage locations, etc.) was identical to that for the test with the CR-3

seat during the research conducted to evaluate the effectiveness of belt positioning booster seats(3) ,

with the exception of the addition of the Child-Safer™. The test is also directly comparable to

the tests conducted during this evaluation of belt fit devices, with the exception of the addition of

the booster seat.

Table 10 contains a summary of the HIC values, 3 ms resultant chest accelerations and

head and knee excursion values for the belt positioning booster tests with and without the Child­

Safer™ device. Note that the HIC and 3 ms chest acceleration values for the test with the belt fit

device exceeded the criterion of 1000 and 60 g's, respectively. The amounts of head excursion

for the two tests were within 10 mm of one another and well below the FMVSS No. 213 criterion

of 813 mm. Knee excursion for the test with the belt fit device was not numerically determined

due to the inability to accurately locate the knee pivot during digitization of the film. It appears,

from film coverage, that the amount would be similar to the test without the belt fit device and

that both tests would be well below the criterion value of 914 mm.
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Table 10 Comparison of 3 Year Old Dununy Respomes for Belt Positioning Booster
Seat With and Without Belt Fit Device

Chest Clip
Head Knee

HIC Excursion Excursion
(g)

(mm) (mm)

Century CR-3 without
906 48.8 511 643

Child-Safer™

Century CR-3 with

I 1575 I 61.6 I 582 I NA
IChild-Safer™

Numbers in bold exceed FMVSS No. 213 criteria which are: HIe shall not exceed 1000, 3 IDS chest resultant
acceleration shall not exceed 60 g's, head excursion shall not exceed 813 mm, and knee excursion shall not
exceed 914 mm.

Not only did two of the injury criteria show detrimental effects when using the Child­

Safer™ device in combination with the Century CR-3 booster seat, the dummies kinematically

performed differently in the two tests. Figures 8 and 9 are timed sequences, from the side view

and from the front view, respectively, of the two tests showing the kinematics of the 3 year old

dummy. The test without the belt fit device is on the left while the test with the belt fit device is

on the right. Each frame is a 20 ms increment, with the first frame being t=O ms and the last

frame sequence being t= 140 ms.

The most noticeable difference between the two tests was that the 3 year old dummy was

still experiencing forward and rotational motion, when tested with the Child-Safer™, at the

corresponding time that the dummy tested without the belt fit device was in its rebound motion.

This appears to be primarily due to the extra webbing (approximately 51 mm) that is required to

weave through the belt fit device, which allowed for more forward and rotational motion of the

dummy than in the "baseline" condition. In fact, with the belt fit device attached, there was
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Booster Only Booster With Child-SaferlM

Figure 8 - Effect of Using Belt Fit Device with Belt Positioning Booster Seat - Side
View

27
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Booster Only Booster With Child-Safer™

Figure 8 (Continued) - Effect of Using Belt Fit Device with Belt Positioning Booster
Seat - Side View 28
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t=140 ms



Booster Only Booster With Child-SaferlM

Figure 9 - Effect of Using Belt Fit Device with Belt Positioning Booster Seat - Front
View
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Booster Only Booster With Chiid-Safer™

30
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sufficient extra webbing that the dummy's head almost contacted its lower extremities. This type

of dummy motion was observed when belt positioning booster seats were tested with lap only belts

to evaluate what would occur if the boosters were not properly used with a lap/shoulder belt

restraint(3) .

3.7 Belt Fit Device Performance

In addition to using the dummies' response data to evaluate the performance of the three

types of belt fit devices, the high speed films were analyzed to compare the dummies' kinematics.

For this analysis, the baseline test and tests with each of the devices were compared at 40 ms

intervals, from t=O to t= 120 ms, for each dummy size/test buck orientation. The timed sequence

for the 3 year old in the standard frontal test condition is shown in Figure 10. At each time

interval, the baseline and the Child-Safer™ photos are on the top row, left and right side,

respectively, while the SafeFit™ and Seatbelt Adjuster™ are on the bottom row, left and right

side, respectively. A brief summary of each comparison will be given here in the body of the

report. However, due to quantity, the remaining kinematic comparison sequences for the 3 year

old, 6 year old and 5th percentile female dummies are contained in Appendix G.

Using Figure 10 to compare the 3 year old in the standard frontal orientation, one observes

that the dummy began its rebound motion earlier for the baseline test condition than when tested

with the belt fit devices, except for the SafeFit™. Also, the Child-Safer™ and the Seatbelt

Adjuster™ devices allowed for more forward rotation and "roll-out" of the shoulder belt. These

two motions appear to be primarily attributed to (1) the slack in the shoulder belt introduced with

the Child-Safer™ routing and (2) the initial positioning of the shoulder belt with the Seatbelt

Adjuster™ (very little belt support on the inboard side of the lower torso, as observed in the other

tests).
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F....gure 10 - Kinematic Comparison of 3 Year Old in Standard Frontal Orientation -­
Baseline (BL), Child-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA)
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SF

Figure 10 (Continued) - Kinematic Comparison of 3 Year Old in Standard Frontal
Orientation -- Baseline (BL), Chiid-Safer™ (CS), SafeFitThi (SF), and Seatbelt
Adjuster™ (SA)

33

CS

t=80
ms

SA

CS

t=120
ms

SA



For the 3 year old in the clockwise oblique orientation (pages G-l & G-2), the baseline and

belt fit devices exhibited similar kinematics throughout the 120 ms. One variation was that the

dummy exhibited slightly more forward rotation with the Child-Safer™, which in tum caused its

rebound to be slightly later than for the other three test conditions.

For the standard frontal orientation, the 6 year old dummy exhibited similar kinematics

for the baseline and belt fit devices up through 40 ms (pages G-3 & G-4). At 80 ms, the dummy's

forward rotation in the tests with the Child-Safer™ and the SafeFit™ devices was more

pronounced than for the other tests, which led to less rebounding action observed at the 120 ms

time frame. The 6 year old also tended to "roll-out" of the SafeFit™ device more than under the

other three conditions.

During the tests with the 6 year old dummy and the buck oriented 15° clockwise ("into

belt"), the kinematic responses for the dummy were quite similar for the baseline and belt fit

devices (pages G-5 & G-6). With the 6 year old in the counterclockwise orientation (pages G-7

& G-8), the belt fit devices resulted in more dummy "roll-out" of the shoulder belt than was

observed in the baseline test. This phenomenon resulted in significant rotation of the head about

the z-axis, which again, was not observed in the baseline condition.

For the 5th percentile female dummy in the standard frontal orientation (pages G-9 & G­

10), the kinematics were quite similar for the baseline and the three belt fit devices up through 80

msec. At the 120 ms time frame, the test with the SafeFit™ device exhibited a different rebound

motion than for the baseline and other two devices. The SafeFit™ device kept the lap belt from

pulling over the abdominal region in as pronounced a manner as the belt did in the baseline and

with the other two devices. This difference allowed the torso to rebound faster, which in tum

caused complete submarining of the small female dummy to occur later in the event.

For both the clockwise oblique (pages G-ll & G-12) and the counterclockwise oblique (G­

13 & G-14) tests with the 5th percentile female, the kinematics for each orientation were quite
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similar for the baseline and the three belt fit devices up through 80 ms. In fact, the kinematics

observed for the four test conditions in the counterclockwise orientation were similar through the

120 ms time frame. The main difference at the 120 ms time frame for the clockwise orientation

was that the SafeFit™ device appeared to affect the rebound characteristics - the dummy

rebounded sooner than it did in the baseline test and the tests with the other two devices. It

appeared that the device again kept the lap belt from riding up over the abdominal region

completely until later in the event, as it did in the standard frontal orientation.

In reviewing the performance of each individual type of belt fit device, the following

observations were made:

• In six of the eight tests using the Child-Safer™, it performed as designed. The shoulder

belt slipped out of the top IXJrtion of the slots, which allowed the device to fall away from

the dummy. This also introduced slack in the shoulder belt. In tests with the 3 year old

and the Sib percentile female dummies in the standard frontal condition the Child-Safer™

did not fully disengage from the shoulder belt. However, review of the high speed films

showed that the dummies did not make contact with the device. No problems were

observed as a result of the device not disengaging.

• Review of the high speed films showed that in all eight tests the SafeFit™ device remained

in place and did not rip or tear. Because the device did not rip, no slack was introduced

into the shoulder belt.

• In seven of the eight tests using the Seatbelt Adjuster™ device, it performed as expected.

Upon loading of the safety belt, the device split apart, which introduced slack into the

shoulder belt. There was one test where the device did not break apart, the test with the

3 year old in the standard frontal condition. This contributed to the shoulder belt slipping

off the shoulder of the dummy.
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4.0 CONCIJJSIONS

Based on the research and results of 35 HYGE sled tests to evaluate the performance of

safety belt comfort devices the following conclusions are made:

• Use of the Child-Safer™ device resulted in a general increase In dynamic

responses, regardless of occupant size.

o mc values greater than 1000 were observed in 63 % of the tests conducted

with the Child-Safer™, while the 3 ms chest acceleration clip exceeded 60

g's in 25 % of the tests. Head and knee excursion amounts during tests

conducted with the child dummies were below the FMVSS No. 213

specified values of 813 and 914 mm, respectively. Tests conducted with

the Child-Safer™ did result in average increases in head excursion (27.3 %)

and knee excursion (17.8 %) as compared to the baseline configuration for

the 3 year old dummy, regardless of impact orientation. Use of the Child­

Safer™ with the 6 year old dummy resulted in an average increase of

21.2% in the amount of head excursion and an average increase of 5.6%

in the amount of knee excursion, as compared to baseline tests.

o In the three tests conducted with the 5th percentile female dummy using the

Child-Safer™ device, the device resulted in increased (0 % to 51. 5 %

higher) x- and z-axis upper neck loads. Use of the device also resulted in

increased moments about the y-axis (40.5% to 83% higher) as compared

to the baseline condition. Impact orientation did not appear to be a factor

in this phenomenon.

o In six of the eight tests using the Child-Safer™ device, it performed as

designed. The shoulder belt slipped out of the top portion of the slots,
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allowing the device to fall away from the dummy. This also introduced

slack in the shoulder belt. In tests with the 3 year old and the 5th percentile

female dummies in the standard frontal cond~tion the Child-Safer™ did not

fully disengage from the shoulder belt. No problems were observed as a

result of the device not disengaging.

o The manufacturer of the Child-Safer™ states in the literature that the device

can be used in conjunction with a booster seat to aid in improving shoulder

belt fit. The mc value was 1575 and the 3 ms resultant chest acceleration

was 61.6 g's for the 3 year old dummy tested in the booster/belt fit device

configuration, while the booster seat only test resulted in a HIC value of

906 and chest acceleration of 48.8 g's. In addition to the booster/belt fit

device exceeding FMVSS No. 213 injury criteria, it resulted in severely

different dummy kinematics. Due to the introduction of excess shoulder

belt webbing (approximately 51 mm used to route the belt through the

device) during the impact, the dummy's torso significantly rotated around

the lap belt and almost contacted its lower extremities. The amount of head

and knee excursion did not appear to be affected by the use of the belt fit

device. Although the manufacturer states that the device can be used by

people between 96.5 and 152.4 cm tall (the 3 year old stands 97.5 cm), it

is believed that a child at the lower height range is sufficiently small

enough to still be using a toddler or booster seat. As for using the device

with a booster seat, if the child cannot properly wear the shoulder belt

witholIt the device the child should still be using a toddler seat or, if using

a small shield booster seat, the shoulder belt should be routed behind the

child's torso.
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• Increases in dynamic responses were observed in approximately half of the tests

conducted with the SafeFit™ device.

o mc values greater than 1000 were observed in 50% of the tests conducted

with the SafeFit™, while the 3 ms chest acceleration clip exceeded 60 g's

in 12.5 % of the tests. As with the Child-Safer™ device, all head and knee

excursion values were below the FMVSS No. 213 criteria. Use of the

device with the 3 year old dummy resulted in average increases of 11.1 %

and 15.6% in head and knee excursions values, respectively, in comparison

to baseline tests. When the SafeFit™ was used with the 6 year old dummy,

an average increase of 11.8% in the amount of head excursion and an

average decrease of 1.1 % in the amount of knee excursion were observed.

o In the tests conducted with the 5th percentile female dummy using the

SafeFit™ device, the device resulted in a 41.5 % increase in the x-axis neck

load and a 22 % increase in the z-axis upper neck load when tested in the

15° clockwise offset ("into belt") and the standard frontal configurations,

respectively. All other combinations of neck load/impact configurations

resulted in either a slight reduction, or no change, in neck loads as

compared to the baseline tests. Use of the device also resulted in an

increased moment about the y-axis (45.5% higher) when tested in the

standard frontal configuration. For both offset tests, use of the SafeFit™

had little effect on the neck moment results in comparison to the baseline

tests.

o In all eight tests using the SafeFit™, the device remained in place and did

not rip or tear. Therefore, no slack was introduced into the shoulder belt.
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• Minimal increases in dynamic responses for the three sizes of dummies when tested

with the Seatbelt Adjuster™ were observed.

o HIe values greater than 1000 were observed in 12.5% of the tests

conducted with the Seatbelt Adjuster™, while 3 ms chest acceleration clip

values did not exceed 60 g's in any of the tests. Use of the device resulted

in average increases of 12.8% and 6.9% of head and knee excursion

amounts, respectively, for the 3 year old dummy. With the 6 year old

dummy, use of the device resulted in an average increase of 6.3% in the

amount of head excursion and an average decrease of 1.8 % in the amount

of knee excursion as compared to baseline tests.

o In all three tests conducted with the 51b percentile female dummy using the

Seatbelt Adjuster™ device, the device resulted in slight increases (12.5 %

to 18%) in the z-axis neck loads. The x-axis neck load increased by 32.5%

when tested in the 15° clockwise offset ("into belt") configuration. Use of

the device also resulted in increased moments about the y-axis (15 % to

21 % higher) when tested in the 15° clockwise offset and standard frontal

configurations, respectively, but resulted in a decreased moment (14.3 %)

when tested in the 15° counterclockwise configuration.

o In seven of the eight tests using the Seatbelt Adjuster™ it split apart, which

introduced slack into the shoulder belt. There was one test where the

device did not break apart, the test with the 3 year old in the standard

frontal condition. This contributed to the shoulder belt slipping off the

shoulder of the dummy.

• Review of the kinematic responses for the 3 and 6 year old and 51b percentile

female dummies, from time t=O to t= 120 ms, reveals the following:
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o Use of all three belt fit devices tended to increase the amount of forward

rotation for both the 3 and 6 year old dummies as compared to the baseline

tests, regardless of impact orientation.

o The Child-Safer™ and the Seatbelt Adjuster™ devices allowed for more

"roll-out" of the shoulder belt when tested with the 3 year old dummy.

This motion appears to be primarily attributed to (1) the slack in the

shoulder belt introduced by the belt routing required for the Child-Safer™,

and (2) the initial positioning of the shoulder belt with the Seatbelt

Adjuster™ (very little belt support on the inboard side of the torso, as

observed in the other tests). During the standard frontal test with the

Seatbelt Adjuster™, the shoulder belt slipped off of the 3 year old dummy I s

shoulder. This was due to the flange not breaking away from the clip as it

is designed to do, which allows the shoulder belt to reposition itself during

loading.

o The SafeFit™ device tended to cause the 6 year old dummy to "roll-out"

of the shoulder belt to a greater extent than when tested in the baseline

configuration or with the other 2 devices.

o The SafeFit™ device had the most significant effect on the kinematics of

the 5th percentile female dummy. The device tended to keep the lap belt

from pulling over the abdominal region in as a pronounced manner as the

belt did in the baseline test and with the other two devices. This difference

allowed the torso to rebound faster, which in turn delayed complete

submarining of the small female dummy until later in the event.

40



• The HIC and chest acceleration 3 ms clip values were below the criterion values

of 1000 and 60 g's, respectively, for the 50th percentile male dummy tested in the

baseline configuration. As expected, the lap and shoulder belt loads were generally

highest for the 50th percentile male dummy in comparison to the results for the

three smaller size dummies.

The apparent leading motivation behind the development of these types of devices is to

improve lap/shoulder belt fit on the occupant. It is the authors' opinion that, although this is a

worthwhile intent, the performance of the vehicle's restraint system should not be detrimentally

affected by the use of such a device. All of the devices evaluated in this study produced some

degradation in the performance of the lap/shoulder belt system as compared to baseline conditions,

depending on the size of the occupant and the impact orientation.

With the promulgation of the final rule on FMVSS No. 208, "Occupant Crash Protection"

(59 FR 39472, August 3, 1994) requiring that Type 2 safety belts be either (1) integrated with

adjustable vehicle seats, or (2) equipped with a means of adjustability to improve belt fit and

comfort, it is anticipated that increased belt usage will occur, particularly among those occupants

who currently find wearing their belts uncomfortable. With the increase in belt comfort due to

OEM equipment, it is anticipated that the need for aftermarket belt fit devices will decrease.
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Resultant Head Acceleration Time Histories
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Appendix C

Shoulder Belt Load Time Histories
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JRIV~R lA? BELT "UTBOARD FORCE
EVAlcATiON OF BEL7 FIT DEVICES

69 f-

'"
~

x

~ -e -

UJ
oJ
0:
0
u..

29 -

22e

19]2 17 N @ ~9 3B MS, -79 97 N @ 156 13 MS

IJ9
TIME

FilTER CH CLASS 60

-2e =----L.-~I------lI:-----...LI----.JI--.L-I----l.I---'------lI-.---J!....-----..J
-2e Ie ~e 70 le0

CHANNEL lBDF I

f--

f-

I

-
i

I

f--

~

I I I i I I I I I I

se

J-vEAR-OlO IN FMVSS 2[3 SEAT AT J0 MPH WITH J-POINT BELT hND SEATBElT ADJUSTER IN [5 DEGREE OFFSET.
DRIVER lAP BELT OUTBOARD FORCE

lee TRC INC EVRlUATION OF BELT FIT DEVICES TEST NUMBER V296SRe3eB

6e

'"'"

~ ~e

.-J
oJ
0:
0
u..

2e

1] 11 29 N @ ]9 75 MS, -;3 SS ~ 2 69 BB M~CHANNEL lBOF I FilTER CH CLASS 6e

:ee lJB
TIME

16B
:MS)
PEAK DATA

22B 2ee 310
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3Hl280259228190

261B 15 N @ 55 75 Ms, -22 62 N @ 259 63 MS

138 168
TInE IMS J

PEAK OAT~

100o 70

FILTER CH CLASS 60

0 EVALUATION OF 8ELf FIT DEVICES fESf NUM8ER V2968LB6ST

9 I--

9 I---

I--

I--- f\ -

I I I I I I I I I I
29 10 1

-20

19 IRC INC

6-YEAR-OLD I~ FMVSS 213 SE~T ~T 30 MPH WITH '-POINT 8ELf cNLY" • IN ST~NO~RO F,ONf~L CONOIT:ON
DRIVER LAP BELT OUTBOARD FORCE

20

w
u

'"a...

CHANNEL L8DFI

31028e220190

J3B1 89 N @ 57 8B Ms, -JB 9J N @ 31B BB ns

168
I n5 J

PEAK DATA

IJ8
linE

100

CH CLASS 69FILTER

19

I--

i ,
f- I

I , .
I--

r
I-- I

:
I -

I I I I I I I I I I

6-YE~R-DLJ IN FMVSS 213 SEAT AT 30 MPH WITH 3-POINT BELT AND CHILO-SAFER IN STANDARD FRONT~L CONDITION
DRivER LAP BELT OUTBOARD FGRCE

lee TRC NUMBER TRC7B6P EVALUATION OF BELT FIT DEVICES TEST NUMBER V296CSR6ST

89

-20
-2e

CHANNEL LBOFI

....
'"

= 10

w
w

'"au.
20
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160 190 228 258 2B8 JI0
Ins J

PEAK DATA 2131 86 N @ 54 63 Ms, -11 8a N @ 282 88 Ms

130
TInE

laa

FILTER- CH CLASS 60

- NUMB V296SF06sT

I
-

f--

-

- A
I I I I I I I I I I

60

80

6-YEAR-OLD IN FMVSS 213 SEAT AT 30 MPH WITH 3-POINT BELT AND SAFE FIT IN STANDARD FRONTAL CONDITION
DRIVER LAP BELT OUTBOARD FORCE

100 mc INC 'VALUATION OF BELT FIT DEVICES TEST ER

....
~

:: 10

w
u

'"Cl
"-

2a

a

-2a
-2a

CHANNEL LBOF I

310280258220198

2508 81 N @ 12 13 Ms, -J2 13 N @ 211 88 I~S

\68
IMS)

PEAK DATA

!J8
TIME

188

CH CLASS 68

18 78

FILTE R

18

f--

- .

-

_.

~
I I I I I I I I I I

8a

60

6-YEAR-OLO IN FMVSS 213 SEAT AT 30 nPH VITH 3-POINT BELT ANO SEATBELT ADJUSTER IN STANDARD FRONTAL CONOITION
DRIVER LAP BELT OUTBOARD FORCE

188 TRC INC EVALUATION OF BELT FJ1 DEVICES TEST NUMBER V296sA86s1

-2a
-20

....
'"
x

:: 18

w
u

'"Cl
"-

28

CHANNEL LBOF I
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:a0 "ilC INC

ti0

N
CSl

~ '2

w
u
a:
~

20 ~

ti-~EqR-OcD IN FMVSS 213 SE~" RT 30 M?H ~JfH 3-PGINT BEU :NLY IN :5 DEGREE OFFSET
=RIVER LAP BELf :UTBOARD FORCE

oVOLURTIO~ Of BELf FIT DEVICES ~EST NUMBER V2969L260B

FILTER CH CLASS 68 2202 38 N @ H 00 MS, -181 72 N e 173 75 MS

- 2a L-_---L-----.:._

"20

CHRNNEL LBOFI

40 70 100 138 160
T J ME I cS )

PEAK DATA

I
IS0

I
220

I
250

I
280 3III

6"YEAR-OLD IN FMVSS 213 SERf Af J0 MPH ~ITH J-POINT BELl AND CHILD-SAFER IN 15 DEGREE OFFSET
DRIVER LAP BELT OUTBOARD FORCE

IN: EVRLUATJON OF BELT FIT DEVICES fEST NUM8ER v296CSatiGB
I I
I

68

N

~

~ 48

w
u
a:

(\a
'c

la

~ \

-28
"20 10 40 70 la0 138 160 190 220 258 288 J1J

TIME I MS I

CHANNEL LBOF I F i LT ER CH CLASS 62 PEAK DATA 2759 19 '\ e 54 50 MS, -2!S 83 N 2 88 58 r.o:
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,,-YEAR-OLO IN FMVSS 213 S:~T AI 3~ MPH WI:H 3-"OINT B:LT qND S~FE FIT IN :5 DECREE OFFSET
D"IVER L~P BELT CJ-"O~RD FCRCE
EV~LU~TION OF BELT °IT DEVIC:S rES' NUMBER v2S6SF~60B

6~

"'"-

= 4~

w
w
e>:
a
"-

2~

31il28~25il

2685 IS N e 53 38 MS, -51 3B N e 236 88 MS

16a
IMS 1

PE~K D~T~

13~

TI r,E
FILTER CH CL~SS 6~

I
!

-2~ :::-_'----:-:-_----:'::_-~::_-----l------l------l-------l---------l-----l-----.J
-2~ I~ 4~ 7~

31~2B~25922~iSil

2ns 72 N e 54 38 MS, -I q 85 ~ e 176 38 nS

138 l6B
TIME IMS]

PEAK DATA

lil~

CH CLASS 6~

4~ 7~

FILTER

lil

<>

I
I
I

f-
I

I--

I--

~ f'-

I I I I I I I I I i I
-2~

-29

6-YE~R-OLD IN Fnvss 213 SE~T ~T 3il nPH WITH 3-POINT BELT ~NO SE~TaELT~DJ~STER IN 15 DEGREE OFFSET
DRIVER LAP BELT OUT8DARD FORCE

ia~ TRC INC EV~LU~TION OF BELT FIT DEVICES TEST NunBER V2S6S~~-D8

6~

"'"-

= 4il

w
w
e>:
a
"-

2il

CHANNEL L8DF I
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/\
/ '

/ \
/ \

) ~

<i-YEAA-OeJ IN °MVSS 213 SEAT F.: Janp- '.h j--- .',~ Gee- L:~ ._ :c:A':': CSLI~ui. CCVdER :L(C,(',!S,
JRIV::R L::) 0' ~,I"I::;:I~LJ °l;I,:::

"',C8J8f-l ;::V~LUAI Ie" Or _':"~ i F ~c:v:~~S rE~~ I~Ul~tR r'/~~~L~i..,_~'" ~f""
t
02 -

"

,,~
ow-

:::
w
u
a::
CJ
"-

2e -

-2~
I I I I I I I f

-2e Ie 1~ 70 lea IJ~ 16e i ~e 22a 25e 2Be Jle
TIME IMS J

CH~NNEL LBDF~ Flc~ER CH :L ~SS 6e PE~r( CAT A JScJ :B N @ sa 68 MS, -J1 55 ~ @ 2e9 i2 I"lS

TRCHJIF

<i-YEAR-OLD IN FnVSS 21J SEAT AT JenPH WITH J-POI~: BEL- A~D CHILD-SAFER IN 15 DoGREE OBLIQUE CoUNTER C_O(,~ISE

DRIVER L~P DEL: OLTQOARD rO~:E

EVALUATID~ OF gEL - FIT CtV:~ES

-I

22e162
~ MS I

"EAK DATA

13e
• I~E

7e

CLASS 62FILTER :H

I
I

'----'----__'----__'----_-----''---- ----'-__~__----'- L J :
25e 2Ee 31\l
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c-Y:AR-OLC ~ ~ F1'i5~ 213 St~T ~T 3~'P." .. 3-, C:,~ I Bt L - hNO ~.:I' E--: : :1', '" ::C:;E: ::;~Li~'...:: I.. U'w • I t ~ C_::::: ..c,:: ~::

OR! 'I: R .... h~ "Elf G":3G~RC F...iRC~

i e~ I
IR: .\UMBE i< -;;C832P t\O"U.:ITI:-' :F ~o Lr oJ: C"Yie,S IE~; :IUMSE:; ,'296:526C':::

I

I8J -

I

oe r-

~

'"

4a -
w /\
u

I~
'"a....

2e r-

)

-2e I I I I I I I I I
-2e Ie 4e 7e lee IJa 16e 18e 22~ 25e 2Be 31<1

TIME InS J
CHA~NEL .BOFI FILTER CH CLASS 6e PEAK DATA 3088 52 ,~ @ 52 24 ns, ~ 36 N e -2e ~e ns

6-YR-OL: IN FnYS5 213 SE~T AI 3eM'II ~I IH 3-PT 3i::Lf ~ ~EATBEl I "OJUSTER IN 15 DEGReE OBLIouE COUNTER C"C:KWI~e

CRlvER LhP BELl OUTBD~RC FCR:E

lee IRC ,~UMBER IRCBJ3P EYALUAT I CN OF <;EL T FIT CC: YI COS IE~ - \UM8:R Y2S6SAecC:

62

u

'"a....

(\

I \, ,
I .

/
/

I2e : 3e 16a Ise ne 25~ 2Be J' ,,"
TinE (MS 1

PEAK D~TA 3588 2 I e n 76 M~ , -3 4 ,,2 ~ e 2" 3 :2 -,

D-IO

-2a '___-..L---' ---'- -..L -'- -'-- .L-_ ------~----'----'-----

-2a

CHANNE. L80F:



SIH "EMRLE iN Fr~'i~5 213 SE~· ';T J2MoH I' J-pr ::E .. ; :N ~-O'CA,~O F:;:~;LiL CCN:'-:J~i

O:;[,E" L~P 9ELT OUTBOARD ,ORCE

'20 ri. .-.:.;lC=------:.:N-"-U-r"!-'-".:'--'-R'-----'---Ir.-'-',C"'6..::.~_"_'8P__ tVALu~rIO'i OF aEI; Fli !:t'ilCES ,£5- NU-5Ul
I I

1

I
i

(''r,
r \5<1i r

l \

"
\

'"

,,~
I
I

:: I
l- i I
LJ

I
,

"" \a
'- ,0 f-- r

) '.
\
~

I I
108 130 162 190 220 258 2ae 31 a

ilME I MS J
PEAK DATA E9 J2 o N S 48 72 MS, -,", 35 N e : J 92 ,~S

70

FILTER CH CLASS 68

10

- 20 I---JL--.J__.---l.' --L__---"--__---l.........-

-20

CHANNEL LBOFI

5TH FEMALE IN Fn,ss 213 SEAT AI 3"nPH WI 3-PT BEL 1 AND CHit LJ-SAFER IN STANDARD 'RGNTAL CONDITICN
DRIVER LAP BELT OUTBCARD FJRCE

188 TRC NunBER TR~BJ9P EVALUATION OF BELT FIT JEvl:ES iES' NunBER ,256~S:FSl

88

68 (I"~

.= 48 f--
I \

Lu I \AI
w

""a
'- / J'\20 I---

J - ~

-28 I I I I I I I
-28 18 48 78 188 138 168 198 228 25e 2B8 3j~

TinE : MS)
CHAN'EL LBOF' F I LTE, CH C.A5S E8 PEAK OAIA 6n5 E3 N @ ~t MS, -22 50 ,~ • 22 :0
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51H FEM~_E IN F,~~SS 213 ~E"· AT J3n;:H 'I J-'l BE_- ~NO ~~co;::' :,'1 SHNOARO ;:=:."1". C=:~81:::I"

u"IVER LAP EEel O.-BOA"O FJ,CE

="~L~AIION C;: BELf el' ~),"'I~ES

:'
\/'

z

i \
., I \1\ I \

/ \ / \
\

23 ,-- I \) \

/\J \
I \

\

N E 229 ~ ~ MS271 12nS, -33"

Ise

5432 : 1

160
: ns :

PEAK OA:A

130
TinE

:3e70

CLASS 6eCH'" IllER

Ie
-2~ L.._.....J....-l. ...L. .:...-__-l ..L L- L __.-l --.J

-20

CHANNEL LEO;:I

5111 ;:-E,1nl E IN Fr.vss 213 SEA: ~I Jen 0 .< 01 J-PI 3EL1 I1liO ScAIOel - >~JJUSIER IN STANCARJ ';;OIHAL (ONOll<I:.

UOIV,R LOP BELl CU1BCA,O '~"CE

la8 l~C NunUE, ··,CU1IP LVhLJAIIDr, 0; BE~- FI~ Q~~I~~~_ IES, .. u.,nll~ \'i%Sr,~, ~I

82 ~-

E0 r (\
\

~ 1\

'" I \
I

\
,

'1~ . I i \
i \

'w I \
u

'+
cr /\ I \a
~

\ I
I . I
I

\ I/ \ ,
! I IJ

\
/ \j

\'-.........-./

_JO --- - ':""_l ----.L__L __
-20 10 10 n

---'-__---.J .-----
:~e 223

Cf-.AIHEL LUJ;: I FILlER CM CL"S~ Eo

130
linE

:ce
I ·~S )

;>EAK oc,A 61~2 93 N e 57 5; ;-:5,

J
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i~3 ~ rLMIIFl1 I :I( no1]'J

I I
I

I

83 r
I

".

"
S2 r-

""
I

I

z
I

'3 - I
I ,I

w I
\

u

'" I0
U-

n f- I

I \
\

) \~

jR:VER _~p ::t_1 CJI'J:n:n - ~<E

~"C:LU(liiG,"<:F :Jc:...r ,=~. J~_:!~i::S

-,~
I I I I

-2~ I ~ 4~ 70 :3~ 13 a ioO 19~ ,20 250 ,EO 312
TInE IMS I

CHANNEL L30;. F!LTER CH CLASS 03 PEAK OA-c 7~34 76 \ ~ 4E 04 MS, -41 35 ~ ~ 161 32 Ne

5TH F::MALE IN FMVSS 213 ~EAT qT 3eMPH WI 3- P T BELT AND ClliLD-SArEil IN 15 CEGilEE OBLjGLE CLO:KWISE
CRIVER LAP BELT :UTBOARG 'O,CE

taa r~c NU~8ER rRC813? EV~~UAT]ON OF 8:~ T FIT CEY;:ES rEST ~un8c~ v2~6:S:rO~

(]~ -

II
1\

6~ - I \
N I \"" I '\.
z 4~ -- I
...J I
u

/'" \0
u- i

2~ f- \
\

~
\
\
\

\\

-2~ I I 1

-20 I~ 40 73

CHANNEL LBOFI "LTE R Crl CLASS 0<

I I I I
lae 130 160 ise 220 250 200 J III

TINE IMS J
?EAK OATH ne9 69 N e :1 e4 M5. -~ ~ O' " lO~ i~ .".c
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~-h FE~A_E :~ FnVSS 2:J ~EtT ~T 3e,p~ ~/ ~-~T 8ELi eND S~~EF:r ~'l .~ J~:R~E :~Li~~~ :~:~<~'SE

JRIVE" _~~ BEL- OUT8G~,O CS,CO
~2 .~f1C N'J;-:GE~ -1~C84~,:J ::-·'ALU~.TI'J'~ C~ a~LT ;j. ·J::"':::::S :--'::S- \_-3~R :2~;:SF:=:=

!

~~ .-

I

oJ L
~ !
"" I ,-,

I
! i

= 'ar
w " (J
u

I I\<r I
0 ;J
~ I

\23 - I /
I

\I
I
I

I
V

J! 22EB25B213

5275 6S N E 77 22 MS, -3 98 N " I~ 46 ~S

: 93loQ
I MS )
PE~K O"~'i

IJa
TIME

Cfi CLASS 6JFILTE R

-2Q ::-_'------:-:-__~-____:::_------L-----L-----l.----L-----l----.J---
-2a 13 4Q 7Q IQB

CHANNEL LSOFI

5TH FEM"LE IN FMVSS 213 SEAT 'iT JBnpri W' J-PT 3ELI A\O SEAISEL: ~OJUSIE~ I~ :5 GE:"EE OBLIQuE CLO:KWiSE
ORI VE" _H" SEL I OUloOI1Rlj f :1,;:[

:aa IRe N"m:EH rRCH~JI' EVALu~rIO~ OF :JELl FI, D:Y:CES 'c~1 Ni,:;o:'; V2Uo,"~,j[;

sa I--

!\
I '
I '

I \
I \
I \
I \

I \, ,
I \
I \

I \
I \
I \
I \
I
I
I

J \~

_-----l. L--__L-_., ~
I I I I

-n : 2 4B 78

C1IAN~EL :. ~Or : f ILI ER CII CeSS [;~

13a
TIME

1GB
Ins l
PE AK DC. IA

:SB 2SB 3 · .."
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:', FErRLE ;N FnVS~ 3 SEAT ;;1 Ja",p, .1 H 3. 0 ' Bei. r [ r~ 15 Dc~.:lEE. GELIGU:: ~:UNIE" CLO~K"ISc

J=1iVEfi Lnp :E"Lr O"TeC~:;D F~:;CE

Iaa II,C 1\1 .... nul:.:~ IIIC(]31P cYRL~q 18r, 'J' 'iE ~JL'IJCES IES I r;un" E'l '.; !:JljU~ : '.,.

I
I

3" L
I

+ ('

'" 1\
'"

/ 1\
-
~

l
\ : '

\ ! \
u.J

\u
a:

\!
a

20

II \
a

,.I I
-20 10 48 78 188 13e 168 Isa 220 258 2S8 31a

TinE Ins J
CHRNNEL LBO;: l FILTER CH CLRSS 68 PEAK DATA 573 I 74 N E! 59 60 ns, -IS : 2 N E! 259 36 I~S

5TH i'En:;LE IN FnvSS 213 SEAT ~I 32nPH ~ITH 3-PT SELl R~D CHILe'SAfeR IN 15 DEGR::E OBLIQUE COUN,ER :cC:KwI5::
DRIVE" LAP BE~T OUTBOARD FORCE

'{lOBE" ':;CS35P EVALucTION OF BELT F:T DEYICES TEST NunBER V296:S:FCC

sa ,~

+ /\
N

I V\'"-
\

z

t
\- 1\ \IW / \ \

'-'a:
a

\~

/ \;22 \n/
/ v ,

) \

-28 i I I I I I I I I
-28 Ie q 78 :88 13B 168 ISB 22B 25a 2sa 3:2

T: nE Ins J
CHAN~EL LOOFI FiLTER CH CLASS 6a PEAK :ATA 5981 2: ~ " 60 96 ns, ·38 52 N e 212 72 '~::J
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,~U"6E Ii

I
I

TliCS36F

-, 3~np" ',ITf- 3-PT 3ELi MW so"'F.I :;~ 15 O,:ilEE :3_.~uE ~:U~iTER e_JC,(WIS::
:~IV,R LOP 3ELT :_-3CoRl F:~CE

=';AL,~~Ti:1'i OF ~ELr ;"j Jl:;I:~S ~ES' "'l"I":SER '{l~6SF~:CC

...J
U

'"a

40 I--

20 I--

(\

{\ !'"
Iv
~

\
\

~.
\.... -

3i~28025~220190

4310 75 N @ 57 92 MS, -:3 02 N @ 305 60 MS

160
(MS I

PEAK DATA

130
T[ME

100

CH CLASS 60

40 70

FILTER

-20 '-----...--..L---.:....-__l--1_---.J1l..--.--_---.J1 ---l...-_--.l__---l.-_--.l --.l__

-20

CHANNEL _SOF I

v2~tSR5f u~lEST NJM:JEIi

38'PH ., 3-PT EELT A\O S::RTSELT ~OJUSTER ~N 15 DEGRE, :BLI~UE :LGC,wl~E

O"IVER L~~ BEL- OUIO:RIiD FO":E
E~RLURT:J~ OF BELT F[- D,v:C,S

5Th :E~RLE IN F"VSS 213 S::RT ;;T

::r'c; TRC645F

l\

I \
I \
I \I ,

6~ L
I '
I \
I \

/ \
\

~ I

"" I

'2 ~
I
I

I
I

w I
u ,
is I"-

2~
I

!

I ~ a : 38 160 190 2n 2':~ 288 312
TIME ! ",S J

PEA.< OR -; 9187 82 N OJ 5~ 56 N~, -6 :8 N ;; 2: J 30 j'j~
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rES! \UMBER

50TH MAL~ r'nRIO I I I IN FMYSS 21J SE~T AT Je MPH ~ITH J-POIN- BoLT IN STA\DORC F~O\TAL C:NeIT[ON
~~[VER LOP BELT :UTOOARD ~n~CE

EYALUAT;:N OF 2EL~ FIT OEY:C~S10e ,rRC INC
I
I

ii3 l-

N

'"-

~ ~a f----

w
u

'"a
'-'-

2a f----

31028e250198

8171 82 N Ii! 51 38 MS, -46 31 N Ii! 304 00 r,sFILTER CH CLASS 60

-20- L-;__-'----_--'-__-"--_-----L__-'--_----'i L.-1__.L.-1_---L1__-L1_--.J
-20 18 48 70 10e IJe 16e

TIME :MS J
PEAK GAT ACHANNEL LBOFI

50TH rALE HYBRID III [N FMYSS 213 SEAT AT 30 MPH HITH j-POINT BELl IN 15 DEGREE OFFSET
DRIVER LAP BEll OUTBOARD HIIIC~

EYALUATION OF BELT FIT DEVICES lEST NUMBER V296BL~00B

40 f----

2a f----

lie f---- r\ i\
/ \
I \

I~I \ II \

I Ii \ I

\ I \
\ I \

/ ~I '\

I----!---~-=~=-------- "--

"J
U

'"a
'-'-

- 20 '----'-----'----I
-20

1I/ANNtl LtiUF \ F 1L fER

~ 0 70

:11 CLASS 0<

lJ0
TIME

160
I MS )

PEAK OATA

:90

0623 07 N ~ 6' 00 MS.

2B0 3 HI
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Appendix E

51b Percentile Female Dummy Neck

Load and Moment Time Histories

115





\U,'B~.~
I

I
i

\;29c5~:=-S7

~

:5j
'"

I
e !

w
u
C<
CJ
c..

-!5

JI0

:2 r.s

283253223

e 96 32 ns, -71 76 N E :95:555 136

133 163
- I~E Ins)

PEAK :ATA

73

:LASS 1eeeF:UER cH

-45 '-----'----'-----__-'-- --'-- '- ----l ----l. --'- ---'

-23

cHANNEL ~EKXF I

51H ,EMPLE :~ F,VSS Zl3 SEAl AI 33,PH ~I J-PI EEcl :N STA"Do~D F'"NTAL CCNCIIION
JRIVER NECK Z-AXIS FJqCE

-;C8JEP EVO~UR-ID~ OF 3EL- 0,- :E,iCcS 'ES: \un8ER"nBC'
II

I15/
I

'\
j \
II

/~
/r'

,
\

3 0

95 28 MS, -177 E7 ,\ e 256 E9 MS

228:Ja 1,,3 198
:jrE Ins:

PEAK DATA 2162 84

lee

+.
-JO ~ I

_"u_-'- -'-- --'- --'- -'- --'- ---'- ---' _
-23 :~ 43 73

W
<...J
C<
CJ

CHANNEL NEK2Fl F:cTER CH CLASS 1ee2
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z

5TH FEMALE IN FMV~S 2:3 SEA" Ar 30MPH ~/ 3-pr BELT IN STANDARD FRO~TRL CONDITION
ORIVER NECK M8MENT ABOUT Y AXIS

150 rRC NUMBER TR:B3BF EvRLcAT::N OF BE~· 'I' JEVICES rEsr NUMBER

I

I'

V296SL5FST

I

I

I

I

3102B0250220150

]5 29 N Me 9] 28 'S, -]~ 65 N Me 59 60 MS

130 : <0
T:ME IMS J

'EAK DRT.~FILTER C~ CLRSS 600

1G

-l:~ ~L-.l.__-'-- ---L.__...L-_---L.__-'--_---L.__-'--__

-20

CHAN~EL NEKYMI

E-2



5-"1 FEMALE !N FM~SS 213 SEAT ~T 30MPfJ W/ 3-?T B;:L T GNO C~:'_D-S~FER :~ STANDARD FR:JNTc_ C:NCIT :C~

CRIVER NE:K ~-C~[S FOR:E
EVALUATID~ 0, BELT ;:T DEVIC;:S4~ rRC NUM8;:R T.GC83~P

30

1~ r'"..,
x

~

w
u
'"0....

-I~ I-

-30 -

-4~
I I I I I I I I I I

-20 10 40 70 100 130 160 190 220 250 280 310
TInE Ins J

CHANNEL NEKXFl FILTER CH CLASS 1000 PEAK DATA 1744 86 N Ii! 94 32 MS, -51 73 N Ii! 277 04 ns

TEST NurSER V296CS5FS'

)\
TRCB39P

5TH FEMALE IN Fn~ss 213 SEAT AT 30M PH W/ 3-pr BELT AND CHILD-SAFER IN STANDARD FRONTAL CJNDITICN
DRI~ER NECK Z-c~IS FORCE

EVALUATION OF BELT ,]T DEVIC;:S

15
N..,

w
u

'"o....
-15

FILTER CH CLASS 1000

I

-
3B
l·!

-45 ._-'--__---l --'-- -'--__---l --'-- .Li L-__-.L _

-20 10 4B 70 100 130 160 190 220 250 2B0 31€
TIME I,ns J

PEAK DATA 3697 29 N Ii! 94 24 MS, -699 18 N Ii! 229 76 ~SCHANNEL NEKZFI

E-3



V296C5~=ST,::ST NUMBERTRC839P

~TH .EM~LE IN F~VSS 213 SEAT A- 3eMPH W/ 3-PT BELT AND CHILO-SAFER IN STANJARD F~aNTAL CCNDITIJN
:RIVER NEC( ~DnE~- AoO.T Y AXIS
EVALUATION OF BELT FIT CE~I:ES

-sa L.-

318280na
sa ~8 MS, -63.52 N Me E3 28 MS

190

32 61 N

130 160
-I ME I r.s ;

"EAK OA-AFILTER CH CLASS 6aa

10

-1 sa L-_-'----L ...l.- '-__--L -'--__--'L-__-L -'--__-..JL-__--L__-----'

-2a

CHA~NEL NEKYMI

E-4



~-~ FEMA.E :~ FMVSS 213 SEAT C: 3~~p· I' 3-=- ~ELT =\0 SRFEFI- :~ S-CN:A~C F~O~rc~ :O~D:T::~

CPI~E~ \E:' X-aXIS "JRCE

~

~~ I
:sJ

:z 21

u.J

I
u
co
0
'"'- -lSI

-~0

3102S0

:00S 22 N @ 92 24 MS, -17 36 N 2 23 92 MS

130 160
TIME liSj

PEAK DATA

-45 '----'---'------'----'---------'------'----'-----'----'-------'----'
-20 Ie ·0 70

CHANNEL NEKXFI FILTE_ CH CLASS 10e0

!\
/ \

5T~ FEMALE IN FMVSS 213 SEAT AT J0n'H .' 3-=" BELT CND S="EFIT IN STANDR~: =RDN-AL CGN::T::~

J,IVER NE:, Z"o~:S FCR:E
~UMSE, TRC6~0? EVAL~cTID~ c= "E.~ FIT CE,I:ES TEST ~UnBER V2~6S":"5-

:z

u.J
U

gj

45 i~'~C
I

,,~

~
. /~\ ;

15 ! v .
"I( \ ,~

1\1' ~ '.

21_1__~./_A.i_1_/_i \~\ -----:::::::::::::::=:=================
\./...v-~

-10 -

23, J: 2222 252

2994 "S

~32 ~c2
- • wE : "S :

=ERK C.qTA

132

-+
-)-_--'- .....L.. --L- _

-2e

:HAN~EL NEKF:

E-S



fRCS40?

SfH 'EMALE IN FMVSS 213 SEAf ~T 30MoH ~/ 3-PT EELT A'O SAFEFI- IN STANOARJ FR8Nf~L CO'OlfIO'
O,IVER 'ECK NONE~T A80c- v ~xIS

cvcLvATION :F SELf F:T DEVICES

..,
:J
C!

'"CJ

-:0 \
-:00

2E0 310

Ne176161~S

250

I'"iS.

18 a 22a

29 74 N M @ 86 8E

130 16a
-IME INS]

~EcK "AlA

100

CH :LASS 602

40 n
FIllER

10

-I S0 '--_-'---'- -'- '--__---'- '-__--'- L-__--'- -'

-20

E-6



:-" FE·~LE !N FMVSS 213 SE~T OT 33np~ r/ 3-'- BELT o~O S,o;3EL- 0JJ.S1E~ I~ S-A~O~R~ 'RG~:OL :ONJll::\
ORI,E, ~EC, ,-o~IS ':RCE

': _-~..:.::,,---\~U~1.:c3=.:' R:c-_-.:.:R...::C.=.8..:-4:-!o ----'::o..:".:.:o.=.L~Uo.:.:T.:.:·-==-..:';---"'OF----'3:..::..:oL_-_-_-:-:--==.=.E..:-'c...::'=CEo.:Sc- - ::=-5::...,'--":..:;c....~.::..3=-E:;.:.......:.~.2...::".=.<,,-5:.:;0:::...'-,',--

22 -

"

:5 1
<Sl

x

Z

l.U
U
cr
CJ
'"'-

-IS I--

-3e -

-45 I 1 I I I I
-2e : 3 4e 7e :ae 13e 16e :se 222 252 288 318

lIME I M5)
CHANNEL NEK~Fl FILTER· CH CL~SS le8e PEAK J~l~. 1459 84 ~ @ 88 88 MS. -88 e4 N @ 27 I 44 MS

-::51 ,\U18ER

\,
\

38MoH r/ 3-P· 8E.l ~ND 5E~lB:LT ~OJ.S1ER IN Sl~\O~RO FRaNT~L C~NOITIJN

CR:VER NE:K Z-~~IS 'O:;CE
EV~LU~l'ON 0' BELT ';1 D:Vi:E5lRC841P

5T~ FEM~LE IN F1V5S 213 SE~l -

:5~

x

z

-15 -

-3e -

I I
la2 138 lEe 1ge 228 258 282 313

TI~E (15 J
FE~K OA:A 2778 96 N e 9I 84 ,~S , -7E 2 65 \ e 195 La M5

E-7

FILTER CH CLASS :288

18

-45 '--_---1.1 1....-1 _----'-__---'- '----_---'-__---'-__....:...... ---'

-28

CHo~NEL NEKZF 1



5TH FEMALE IN FMV,s 213 soAT AT J0MPH ~/ 3-PI BELT ONO ,E"-3ELT ~CJJs;E~ IN s;A~ooRO FRON-oL CC~::I!G~

O,IVER NoC( MONE\- A8Ge' v oXis
150 IRC NLM::ER -:;CB~IP ::voLUAT·:~ OF 8oL, ;:; u::"ICES T::sI N~~9oR ,29cSA:Fs-

120

I
!

5"

'":z

u.J
:::J
C

is
~

-50 ,--

I

"TJ
-: 5e

-20 Ie

CHAN~EL NE(VMl F:LToR

/
/

0- CLASS 602

E-8

130 : lie
~I"E I"SJ

PEoK OA-A 21 94 N N

220 250

89 68 15, -:6

280

E' NNe 192 4B r::



:TH eEc~LE iN ~",~S 21] SE~T :7 32MPH " ]-,- Bo_- "\ 15 ~E~HEE O:~IGLE CLCCK"SE
=H:{~~ N~:~ x-A~IS ~G~CE

!'"-~\

/ ...........J \ ,

I
I

:5 l­
I
I
i

2 .~_.!-__""""""~ --========~-=,....--o:::---:::::::=::::=::::...-=::=~==~_~

W
LJ
co
a
'"-

-IS -

,
I

-T--'---------'- ----' .L-__---'-__.....L__---I. .L--_~
CeANNEL NEKXFl clLTER CH :LAoS 1000

132 162
TinE :ns J

PEA< [AlA

IS e ]111

5TH ~E~;:ILE IN FMVSS 21~ SEq- AT ]3,WH ,I ]-?T 9E~- IN 15 DEGRE" OBL!JUE CLaCK~15E

CR:VE, NEC< Z-cXIS FCP:E
'5 !RC ~cn:ER 7,C842P EVALUA~I:N Cc 3ELT F!T [EVICES 7ES- NUMBER

i I

: 28

FILTE, C~ CLcSS 1200

310288258228

2986 ~9 N e 92 BE ',5, -]]5 95 N E 2!8 '8 MS

: 30 168
T i ~E I ,~S :

PEAK DATA

I

\

f\, \

! \f \
/1\
~ ~ ;
/'J

~

]0,

::: I----

"""

2LJz

"-
: I

LJ

i !
co
a
'"'-

-IS r
-t
-45

-28 Ie

CH~N~EL NEK2" ~

E-9



:TH FEMALE IN FMVSS 2:J SE~T AT JeM?H W/ J-PT BEL- IN 1~ DEGREE CBLIQUE CL~CKWISE

D,IVEn ~ECK ~O~ENT ~B~UT y ~~~S

l~~ IRC ~UMBER TRCB42P EV~LUATIO~ CF BELT FIT DEVICES TEST ~UMBER

!

/

J10

V296:;L5FG3

I
!

I

22~

41 27 N M@ 9~ 42 MS, -40 17 N M@ 21< 2~ MS

1J~ 162
TIME I,"S)

PEAK DATA

1~2

F:LTER CH CL~SS 622

"tS~

:c

:::

""'::J

'"e>:
CJ
~

-S2

-"tJ
-IS~

-n I~

CHANNEL NEKYMI

E-IO



!\
/ \

.~ / \.
/'- "'-J \

_ - "EMAcE :~ FnVSS 213 SE~T ;T ~3·ch " 3-'T 3~LT .~O :.:_D-S~"E:; :N 15 :~:~~E Ca_IQUE CLQCK~:SE

C:;:,ER \ECK x-AXIS "JRCE
"VALJoT:O~ OF B~LT F:r ~E,::~5 :ESf ~Ln3E~ ,296CS:c08

'5 rC NLn8 ER -:;CB~.lP

3~I
!5 ~

~ iOil

=
W
u
a:

Ia
"-

-IS f-

-~ ~ -

-45 I I I I I I I
-2~ I~ ~a 7~ : 3~ lJ~ 16~ j9~ 22~ 25~ 2B~ 3:<1

TinE Ins:
CHANNEL NEKXFl FI"TER CH CLASS 1333 'EAK D~-A 21~2 65 N @ 97 23 I~S , -97 39 N @ 233 33 ",5

5TH FEMALE IN FMVSS 213 SEAT Ai 33nPH WI ~-PT 3ELf AND CHILD-SRFER I~ 15 D~GREE OBLIQUE C~OCKWISE

JRIVER NECK 2-AX;S FeRCE
': f~: \UnBER -:;CB43P E,A_URTIO~ :" BELf Flf CEV:CE5 fESf \U,BER V296CS:FOB

4~ n 1~8 : 38 16~ !9~ 2n 258 283 3:3
iI"E ! ,·S;

CH CLASS ISSS PEAK DATA 3B33 15 N e S6 72 ns, -232 43 N e 262 64 ns

E-ll

I
\

\
\

=--

/\

f \
I \,

/
(I.. :
~ V

~

T
:5 -

~

.~
Oil

=
W
u
a:
a
"-

-IS r- .

-l
-45

-2S IS

CHAN~E~ NEKZFl ;:- IllER



V29ECS:F03TEST N~MBER

~Tc °E,ALE IN F~VSS 2!3 SEAT A' 32MPc WI 3-PT 3:LT ~ND CHILD-SAcER IN 15 DEGREE O,LIQUE CLOCK.:S:
JRI,ER ,EeK M:~E,' A=OUT , Q~:S

E,ALLAT::N OF BoLT Fl' O:1ICES150 me "UMSER

I

:c Tz '\

... I::l
a

\ ;'0:
0

\ '
-5e ~/

282252220190

18 32 N M @ 93 ~5 MS, -~~ 83 N M @ 51 28 '5

130 150
r:,~E :MS J

PEAK DC."Cd CL~SS E2~FILTER

10

:::u__'____ ~ ~ _'____ _
-20

E-12



~T~ F~~~L~ IN ~rvss 213 ~E~T ;r J2MPH ~/ 3-PT aELT ~~: s::~;:~ ;~ .~ ~~:~~~ C~L!G~~ :~ac~~;s~

~RIVER ~~:~ ~-~~[5 r:~:~

,ar
I

./'.,
'5,- I "/

I ------./ \

I
~ '.

" __...L ""./"':::..-/'_'_., ===---__----===--__-===~============

-15

-3e

i
~~0 13 ~ 160 Ise 223 252 280 310

TIME IMS I
~EAK =ATA 2001 70 N @ s: 04 ~S, -:3 04 ~ - 22 88 M5

70

FILTER CH :LA5S le2e

I

_': LJ'----------'----"---------'----'------'-----_-----'----_~
-2~

CnANNE~ NEKXFI

5~~ FE"ALE IN ;MVSS 213 SERT 0- 33MPM ~/ 3- 0 - 8EL~ "NO SAFEoIT IN 15 OEG~EE C3L:~UE :LO:K~I5E

JRIVER NECK 2-AX15 oO,CE
~UM8ER TP.C844~ E,ALUA-ION OF 8:LT F[7 D:v::ES IE5- ~u~"E" V296s;:":e

I

H'
i\
/ \! ,

! \
I~ .

t1 tJ
IV

/y
: 5

"-
ow

:: ~ :

w

'"a
u.. -l

-Je

-'5~
-20 : ~

N:K2FI FILTER CH CLh55 1222

~-----~\

""\

13e : ,,8
T: rOE : li~ J

°EAK U-<

I

~ ~e 22e 252 2se 3'", 0

272J :2 N E S I 22 MS, -OLD N E :75 68 I~ S

E-13



5TH FEMALE IN ,MVSS 2:~ SEQ- AT 33MPH .' 3-PT 3ELT ~\O SAFEFIT IN 15 O:GREE C=L[~UE CLO:K~ISE

O"IVER NECK MOMENT A8CUT Y AX[S
:50 TRC ~UM8ER TRCB4'P :VALUATION CF 8ELT °IT O,V:CES T,ST NUMBER V296so5 0 G8

53

'"
~

LU
::J
c
a: \
2 \

-59

17 71 N M @ 87 92 MS, -47 32 N M @ 176 32 MSC"i CLASS 6~eFILTER

-159 '-_---l. --' -'- --'- --'- ---l. --J

-20 10 40 n I~e tJ3 160 190 223 253 28~ Jl~

T:ME IMS J
PEAK DATACHMNEL NEKYM 1

E-14



5TH FEMALE I~ FrV5S 213 SoAT ;T 32np~ ,/ 3-"T BEe- q~O SoATSoLT ~DJU~:o" IN ,_ :EGRoE :3_:"~E C"::,oi50
JRIVER \E:, ~-AXI5 F8RCE

45 'RC NUM8ER TRCB45~ o,~~"~TIO~ C' 30LT JE,ICcS '05T ~J~:oR ,29oS':F::

: 5

z

I J\
J-----""'./:::::::::....----.-.:""---=====:::--------==--===---=----------:::=:::::::::,,~-==~~

-15

-Je

2Be2se22e

@ 92 ee MS, -7B Bl N @ 2ea 8B MS

:92

1877 39

16e
IMS J

PEAK DATA

13e
TIME

CH CLASS lee3FILTER

Ie

-45 L-_---l._.L..- -'- -'- -'- -'- --'- -'-- -'-- -'

-2e

CHANNEL NEKXFl

5TH FEMALE j~ FMVSS 213 SEq: AT 32nPH </ J-Pi BoLT AND 5EAT8ELT ADJLSToR IN
JRIVER NE:K Z-AXIS 'O,CE

45 -~C NU'8ER TRCB45P o!~_UOTIO~ Q' :E_- FI- D:V:CES -EST NUM9ER V25tSR:cJ8

15

"""

=
w
u
cr
CJ
"-

-IS

II
! \
I I
; ;

/
1

1'\ /
'" !v

-3e

:2 r:s

28ei32 l"a :~e 223 252
:1,'" '"sf

PEAK DATA· 3~22 75 , e ge 85 MS, -~12 25:H CLASS IeeeFILTER

-45 L-_-'- -'- '-- -'-__-' -"- -'- --'- _

-2e

CHANNEL .~EK2F 1

E-IS



r::ST ~UMBERTRCB~5P

5TH FEnA~E IN F,VSS 2:3 SEAT ~T 3~MPH WI 3-PT B::LT ~NC SEATBEL: A:JJSTER IN !5 JEGR::E OBLIQUE CLJC~'ISE

O,IVER NE:K MOM::NT ABOUT Y AXIS
::VALlATION OF BELT FI- O::VICES150 T~C NUMB::R

I
!

5~

;c !\
z

~-
W I

::::J /a /
/'" I

0 I /
~ V-:0

2:: '5 N M• 88 'E ~S.F:LTER

:::: lJ'------'- -'-- '--'-- -'--- -'-- '-- --'- '--'-- _
-2~ 10 ~0 n lOa 132 IE2 ISO 223 252 280 310

:: ME :n:: )
?::AK Gh-~CHA\NEL NEKY~:

E-16



5TH FE1ALE :~ FMVSS 2:'; SEAT A: 3GMPH lilTO' 3-PT 3EL- ::~ :5 =':~"E': G=L:OvE CCcNTE'l CLce,,',::,:
(RIVER \E:K ~-A':S ,CR:E

'5 TPC NJM8ER TRCB,;~P E~oLU·TiON 0, EE_: ,'- DEVIC':': -':ST ~vnBE~ ;2955_5=:C
,

:5 -
N

""
~-

z

w
u
cr
0
"-

-IS -

-]3 r-

]I~282258222

1113 21 N @ 91 2~ ~S, -~4 ~7 N e ]2 'B ~S

16~

Ins J
PEAK DATA

I] 2
TInE

CH CLASS :2~~FILTER

-45 '------'--'-__-'-1_--'-1__-'--1_--'-1 --'-- ------'1 ---'
-23

CHANNEL NEKXFl

'i2968L::=:eTEST NUM2E~-:;C8]1P

5TH FEMALE IN FMVSS 21] SEAT ~T J~MPH WIrH ]-PT BEL- 1\ 15 D':CREE c3LIGU': COUNTEA CLOCK,ISS
DRIVE, NEC, z-cx:s FaRCE

EV~LUAT:a~ OF BELT FI- JEVICES

1',
I ,

I \
/~ \

( \

/ ~
I

-15

-]~

128 IJ~ :li8 :88 222 258 288 ,;: 2
TIME (1S J

PEAK CA~A 27B~ 12 N e 82 72 MS, -5B5 15 ,~ E I BI E~ rs

E-17

78

FILTER CY CLeSS 1~2~

I~

-45 L-_--L---l. ~ .!._ _L .L___--.:. _L .L_ _

-28

CHAN~EL NEKZFI



5TH FEM~LE IN FMVSS 213 SE~T ~T 3~nPH WITH 3-PT BELT IN 1: ~EG"EE :BLIGU, CCUNTER CLOCKWISE
ORTVER NECK ~OnENT ~80UT y ~XIS

150 ~RC NUnBER TRC831P EV~LcAT:a~ OF BELT ;IT DEVICES TEST NUnB,R V296BL5FCC

50

J::

Z-
o '

w
I:::J

0

'" I
:=

-:0

3102B0

87 28 MS, -41 09 N·~ e 192.00 ns3e 29 NFILT:R CH CL~SS 600

-150 '---_--'-----'- -'-__--'1.....-__-'- ..1..-__----' -'- -'- '-1----'-----

-20 10 40 70 100 130 160 190 220 250
TInE {nSl

PE~K D~T~CH~NNEL· NEKynl

E-18



~5 !TRC NU"BER T:;C835'

I

-- 22,PH .:TH 3-'T 9oL~ ONe CHILC-soFoR IN 15 JEGREo O:;L:~UE COUNTER C:C~':SO

JRIVoR NoC< X-oXIS FO"C~

o~RLUR-iON CF 3ELT "IT OO~!C~S ~EST NU~3ER V2SECS~=CC

15 -
'" ~J'-.../V
CSl

/-
~

)

W
u
a:
0

-15 -

-30 --

-~5
i I I I I I I I i I

-2a 10 ~0 70 100 130 160 IS0 220 250 280 310
T:ME I MS J

CHANNEL NEK~FI FILTER- CH CLASS 100a PEAK CATA 1144 92 N E! 68 56 MS, -36 01 N E! 26~ 08 MS

5TH FEMRLE IN FMVSS 213 SEAT AT 30MPH ~IT" 3-PT BELT AND CHILD-SRFER IN 15 DEGREE OBLIQUE COUNTER CLOCKVIS~

[RIVER ~ECK Z-RXIS FD"CE
EVALUATION OF BEL- FI- DoV;CES TEST NUMBER V2SECS5FCC

:I
NUM8ER TRC835P

!

I

15

'"
~

x
z-
w
u
a:
0
"-

-IS

-30

280250220IS0

'123 66 N @ 91 36 MS, -758 ~S N E! 21~ 52 ~S

130 160
TIME IMS)

PEI'\K DATAFILTER CH CLASS 1000

-~5 '--_---'- ---'- ---'- --'-- -'- '--__---''--__---' ----L _

-20

CHANNEL- NEKZFI

E-19



5TH 'o~ALE IN FMVSS 213 SEcT AT 3aMPH ':TH 3-PT BELT AND CHILD-SAFER IN 15 JE~REE O"L:~U, ::U~TER CL:C~.I"

:RIV,R N~CK M:MENT ABCUT Y AxIS
!~a -RC NU,"3ER -:;C83:~ EYALUAT':N 0" 68_T FIT D~VICES TEST NUM3ER V296CS5°:C

5~

>::

z-
,:
c
'"a.....

-:~

-I~~

:3a 16a Isa 22a 25a 2Ba 312
Tin, Ins J

PEAK DATA 37 41 Nne eB 4B ns, -56 as Nne ,,2 EB ,~S

Ia2

FILTER CH CLASS 6~~

Ie
-15~ i_----'-----'-__-'-__--'-__...l-__-'---- ---'-__----'-__-'-__--'-_-----J

-2a

CHAN\EL NEKynl

E-20



:~H F::iQ_~ ;'~ FM'-;SS 21~ t,:EQ: _. J3i'"·P- .... ~H j-Pi =:: i c.'l~ ~:::=:~ ., .::; C:~:;:;:::: ::L:::;JE '~=,-'\rE~ ~_;::(I'r.S::

_~RI ;IE.:;; ',EC:': :0( -Ox ~ =-~':::

x

:z

UJ
w
cr
a
u-

23 -

I

I

I
-~~r :
-45 UL..--'--__----l ---.L -'--__----l --'- -'-- ---"- -'-- _

1157:3 N @ 31 S2 ,"S, -61 a8 N @ 25::2 ~S

-20

CHA~NEL \EKXF I FILTER CH CLASS 13a3

132
TInE

loa
(nS J

PEAK OATA

1S~ 22a 28a 310

rES r \J~eE,

5TH FE~cLE [~ FnSS 2[] SEAT AT 331P-j ~IIH 3-PT 80_1 ~~O SA:E,"- ,N I:: O::C,,::;: :B_:~c:: COUNTER C::".;S::
JRlvE, \::CK Z-Ax:S Fe,:::

E,ALUAT':N Oc 8::Li ,,- C::y'C::S

2,,61 12 N @ S[ 52 MS, -5E4 a5 N E 225 Eo ,~S

]0 ~
I
I

:: '-

"""
x

o I::;
I

w Iw

Icr

_:: La
C0-

I

-t I
- 45 LI

-n :a
CHAN\EL NEK2,l

/"\
I \

i \
! ,

"

,(v""",, ~
1'1 ~ :.....
I •

/'\/
---/'

12B

CH CLoSS 18a8

E-21

138 163
i: ,~E Irs;

PEqK DATA

:sa 222 282



V2%SF~F=:-:::51 NUl"3ERNU~B:::R

5TH FEMA.E IN FMVSS 2:3 SEAT ~T 3~MPH WIIH J-'- BELT ~ND S~oEF:: IN 15 :E:REE OBLIQJE :DUNI~R CL~CKWIS~

D,:VER NECK M:~~Nl oBCJT Y QXIS
:::'IALU~-IDN DC BSLI F:: :'EV:CES

::I
52 -

r: f\/ '

J

-5~

280 310

46 N Me 224 ~8 MS

lS0 in

33 12 N M @ 86 82 ~S,

132 16~

TIME :MS J
'EAK D~-ACLASS 62~FI.TER

-15~ '--_--L---'-I --L -'---__-----' ----'-- -----' ---'- -'-__--' ---'

-2~ 1~

CHANNEL ~E<YMI

E-22



~7H F~M.L~ iN F~\5S 2:~ ~E~T ~T 32nPH .' ~-PT BE_- ~ND S~~Te~L: ;:JJSTE: !N i~ :EC J~L:~UE CJLNTER :L::(~iS~

CR;VE~ N~CK x-.~:S ;ORCE
TRCe37~ ·\RLJ~TIC~ 0; BEL' ;,- :~{IC~S :E~- \U~B;~ V29E~::;:C

l! ~ r~c NU·B~R

J
I

:5~ I
"

·1

I
'"

I=
I

UJ
'-'
0:
C
'"'-

-I: -

31e2Be25e22e: ge

lie: 14 N @ 83 28 MS. -24 13 N @ 273 36 MS

16e
(nS J

PEA.< D~T.

13e
TInE

4e 7e

FILTER CH CLASS Ieee

Ie

-Je

-45 L-_....L---.L ...L- L-__-..L ....L ---.L -'- .L-__-..L ~

-n

CHRNNEL NEKXF 1

r\
1\
1\
I \

;1\( \
(IIJ \ ~.

~I ~. \

I
!

4e 7e lee 13e lEe Ise 22e 2~~ 28e 3:e
TIM~ : ns I

FiL-ER CH CASS Ieee PEAK C': -R 3:45 72 So 96 MS. -:67 66 N 2 : E3 : 2 'S

5TH FEMRLE IN F1VSS 2i3 SEAT RT 32nPH WI 3-'7 BELT .ND SE.~BELT ADJUSTE; IN 15 J~G

DRIVER NECK Z-RXIS ,O;CE
TRC837? EvRLU.-ID~ Dc BELT ;IT DovlCES

451TRC
Nun=ER

I

I

" +co

x

= 2 '

UJ
'-' -t0:
a....

-32 '--

_"L
-2e : 2

CHAN~EL ~EKZFI

E-23



:TH FEM~LE :~ FMVSS 21! SEAe RT J3MPH W/ 3-PT ooLT ~ND SSAT6ELT ADJUSTE; IN :5 ~EG 06LIQUE COUNToR cc~CKWI~:

JRI,E~ \OC, M8ME\" ~OOUT v A~IS

;52 TRC N~MoE' -RCE37P SVALU~TI:~ CF BoLT cr- c:v:c:s -:5, NUM9E, v,oosc5FC:

't5~
;c /\z

-'"' /:::J

'"'":J
~

-52

3122E0,52220

L7 15 N ,~ @ E9 11 MS, -1! 12 N M @ 195 ~1 I~S

; JS 16B
"I",E IMS 1

P: ~K D,n RCH CL~SS 62~

-15~ '----_---'-_J..- J..- -"--- -'- -'- -'- --'-- ...J... --'

-20

CH~N\EL NoKv,·:

E-24



Appendix F

Sib Percentile Female Dummy Iliac

Load and Moment Time Histories

141





on TRC \l;"8:R
-" I

J
5if- F::MALE :,\ :~vSS ,13 S::AT c 3e;-PH f/ ]_:r 9E.T ~.'i SiA~OARO :oor,~oL C()NOI~::'~

JRlv:R P,G-- _:oC ~x:A_ FOR:::
TRCB~BP EyoLUAT::N 0: 3:Li -:' ~EYIC:S -:ST N~~B:~

w
u
'"a

1~ -

!\
! \, \, \

/ ,

) ~

I I I I I
:~8 138 16 a Ig~ 222 2:'3 2Ba J : 3

TIM: : MS J
PEAK DATA 3724 25 N e 55 44 MS, -3~ 33 N e III ~ 4 MS

70

FILTER CH CLASS :8~a

18

-3~ l----.:.-_-L-1 J-'__--L.-_----l__---l..- ---'-__...L-_---L__

-2a

CHANNEL filLXFI

5TH FEMALE IN FMV~S 213 SEP- AT 3e~p" ./ J-Pi =:L- :\ S'O\CAHO :RO~-oL cO~OI-::N

CR:VER R::HT ILIAC Y ~QMENT

3~ :R: ~c~=ER TRCBJ8P EYALuo-IO~ C: BEeT '!T :EVICES -EST N"r,8ER v29EBL:'S-

I

28 ~
1

i

!~~

I::

Z <I

C

-18 ~'"a

,,~
I

-J ~

-22 :<
C"A,\N:. ,:; IL~I' I

48 78 13 e ;E~ : g~ 22~ 2:a 2e~ :: 2
'I~: : I"~ S

PEA~ Oco . l2 \ '" % I" S , -2 4 e6 1\ ," 2 .L 2 ~ '~.0

F-l



w.J
U
cr
a
"-

~TH ,E-ALE :~ F,;vSS Zl3 SEoT O[ ~3rpc /I 3-=- SEL" :'. STh"'C~:;u =~s~p" C:NQi::C:,
:RI,E~ LE,T :_Ioe O~[AL Fj~CE

,o:8"8? ='~L_A:IJ~ := 3ELT '~T :EV::ES ,Esr ~Jc=E~

,J\
r \
I
I \

I
I ,

\I \

I \

j \

288I 9~

'957 19 N e 51,,8 MS, -liB 1\ I~ e 18= c2 MS

138 16~

TIME :cS)
PEAK DATA

:88

-c~ _---'--'- -L1__.L--1_---L1 --J1__-'---_--'
-2e :2 ,~ 7e

CHANNEL L,LXFI FILTER CH CLASS l~e8

5TH FEMOLE I~ F",SS:i' SE:;T hi Jeri'H ,/ 3-=T EE_T I,~ STANDoRC F:;O~TAL :::jNDIT::N
DRIVER LEF, IL'hC Y MJrE~T

c8 -~C NUMBER T~:9~8P EVALuo-IQ~ c= EE_- F:' JEIICES TEST N"~3ER "BEBLS,S,

:3
CSl

,~ ~

w

-.J:::J
a

'":::J

I

I
I

T-c8
-28 18 '< "<

CHANNEL L I~ 'litH FlUE:; CH C_hSS :288

i~e :98 228
T: ME :-~S

'UK e;-c 2, 8= ~ 52 ,4 's

232

F2



TEST \U-S:'TRC83SP

5TH Fi:n~L: I~ =nvss 213 SEqT AT 30'Pb ./ 3-PT 8:L; FND CH:_D-S~F:R I~ STFNCARC FRO~-o_ :~NDI- ::.~

D'llvER RIGrl~ IL lAC A~IAL =D.:;CE
EVALUATION 0= 8EL- FIT CEV:CES

70

50
N
CSl

X

Z ~0 ~,Lu I \
w I

'"au.
10

-10

28~220

@ 54 H 'S, -20 97 ~ @ 1~1 92 M5

IS~

3577 03

169
(nS)

PEAK DATA

130
TJ~·E

100

CH CLFSS 100aFJUE,

10

-30 L....-_...L--L__--.JL....- ---' -'--__---' -'-- -'--__---'__----'

-20

CHANNEL RIUFI

v29"CS5FS;TEST N~n8ERTRC839P

5TH FE~ALE IN FnVSS 213 SEAT A7 30MPY W/ 3-PT 80_1 AN] CHILO-SAFER IN S7FNDARD FRONTFL CD~DITION

DRIVi:R RIGHT I_lAC Y MOMENT
EVALUATION OF 8ELT =11 DEVICES

::rr
:0

;.,

x

z:::
0

Lu
:::J

'"'" Ia
~ -la r--

2sa25022a190

19 29 N M@ 65 01 MS, -21 :6 ~ M @ 51 96 ~5

130 160
TInE InS)

PEAK DATA

10a

CH CLASS 10aa

4a 70

FILTER

I a
-30 '----'----'-----'-----'------"-----'---------"-----'----'-----------'

-20

CHANNEL RILYMI

F-3



V296C55F5T

I

:oSI NU'BER

5TH FEMALo IN FMVS5 21J SEAT AT 3~MPh W/ 3-PI "EL I ~NO :HILO-~A'ER I~ SIA~SA~= ,RJNTAL :O'OITION
ORIVER LoFI iLIAC AXIAL ,O,CE
EVALUAIIO~ OF BELl F:T CEVICE5

IB

9~ ,r~C NUMBER TRCBJ9P
I

+
"I
3~r

w
u
C>:
Cl
"-

x

-IB

16B 19B 22B 250 2BB JI0
(MS 1

PEAK DATA ~60J BB N e 50 72 MS, -166 74 N @ 79 92 MS

IJB
TI ME

4B 7B

FILTER, CH CLASS IBBB

IB

-3B L-_..L...--L__----l. .L.____l..___~ ..L____l..______.! .L.____l..____.J

-2B

CHANNEL LI UF t

16B 19B 22B 250 2BB JI~

(MS J
PEAK DATA H 26 N Me 50 B0 MS. -0 29 N M• 21 2B M5

IJ0
TIME

F-4

IBB4B 7B

FILTER CH CLASS IB0B

1B

I-

_.

J\
i

l-

I-

I I I I I I I I I

20

5TH FEMALE IN FMVS5 21J SEAT AT 30MPH W/ J-PT BELT AND CHILO-SAFER IN S7ANDARD ,RONTAL CONDITION
DRIVER LEFT ILIAC Y MOMENT

JB IRC NUMBER TRCB39P EVALUATIO~ OF BELT CoT DEVICES lEST ~UMBER V296C55F5T

-JB
-20

-2B

CHANNEL L1LYMI



V29ESFSOST
I
J

\

TES: NUMBER

5TH FE'Al£ I~ F'VSS 213 SoAT o~ ,2'PH ,I 3~?T 9£_: ~NO SA"EFIT IN STANCA~O FRONTAL :O~OI'18N

C"~VE" ,ICHT ILIAC A~Icl <CRCE
E~CL~~TIC~ J" eE~ ~ 'I~ ~EvrCEENUMBE,

52 '-

J

341B 42 N 2 53 20 MS, -171 59 N e 59 ~5 ~S

x

:::

CH~NNEL RIlXF 1

I~ 4~ 7~

"ILTER CH CLASS I~~a

I~~ 13 a
TIME

16~

(MS)
PE~K O~T~

19~ 22~ 25~ 2B~ 31a

V296SF5"ST
I

I
TEST Nur:BE.~T"CB4~~

5TH FEMALE IN FMVSS 213 SEAT AT J3MPH 'I 3~PT SELT A~O SAFEFI~ IN STANOARC <"O~TAL CON:rTION
QRIVoR RICHT :LIAC Y 'O'ENT

EV~cUATIO~ OF BELT FIT CEVICES3~ TRC NunBER

I

x

x:

::

2~ ~

+
-'"
:::J
<>
a:
a
.... -1~

-2e

J!~2B~

73 25 Nne 53 26 MS, -3 72 N Me 107 36 ME

13~ : 6~
TIME (MSl

,'EAK DATA

l~~4~ 7~

FILTER CH CLASS :300

1~

-33 '----'-----'-----'-----~----'--------'----'--------'-----'------'-----'----

-2a

CHANNEL RllVMl

F-5



:-~ o;::MLE !~~ F"iSS 2: SEAr AT "2rpc ,</3- 0 ' cELT o~.Q ,'::FtF,' ;~ STo'woRC ,::;G,rA L =C,~CI'[C~

=~lV~R LE~- :~l~~ ~~:c~ ~~~c~

=-'fcLUAT'J'~ OF ::c_- ;j~ =:;:;=E~

72~

I
~~ ~

N I<SO

X

:l
2:

UJ
w
<>:
c::
u.

-12 I--

-]~
I I

-20 III 10 72

CHANNE~ LlLHI F:LTER CH CASS 1020

I I I I i
:00 1]0 16 a :S0 220 2:0 280 J10

"I r,E ! MS )
PE~K DATA 561 S2 @ '\! 24 "',5, -20S 73 N @ 77 60 MS

5TH FEMLE I~ ,:nvss 213 SEAT AT 30rp- ,<I J-PT :iEL T Me SAOEFIT : ~ S;PN:ARO F"O~iAL cONOITIO~

OR!VEi' LEFT ILI AC Y ·O"E~T

::~rm
TRC840P EVALUATIO~ OF "E_T olT ~=V!~ES TE, - ~U'8=R V286H:FST

I

12 r--
I'" ,

:c
2: 2 '

UJ
~
C!l

'":= -!0

-IJ
-J0

-22 :a 40 70 1110 ,J0 :60 lS0 220 250 282 J'o, c

TIME I,·S J
CHANNEL _ILYM! F: LTER C~ CLASS 1000 P:::~K O~'A 1'\ J7 \ . @ 4~ 2a MS, -2 ." N M @ 78 8e MS.,

F-6



'3 HI F::MiLE IN Fr. .... SS 2:2 S::AT -, 33MPf- ./ J-'[ ,]E_, ~~D SE~'6::c - =:.JSTER "j STR,',DRRO FRONTAL C2NDi, ::,~

Cq'VER RIC~T ,_:~C A~l~~ ~D~C::

E~ALUQT.a~ OF 3ELT ~!9 J:VJCE~ rEST ~L'OER 12S6S;5~S~

/\
I \
I I

I I
/ 1

\Ji

5132 79 N @ 57 02 MS; -!59 00 N e 63 76 Mo

10 70

'ILTER CH :LASS :200

130 160
T: - E ! ~S :

P::AK OCTA

i sa 220 250 2B~ JIB

V296S~~~ST-=ST Ncl1BER

5TH FEMALE :~ =MVSS 213 S::RT 0, 30M PH W/ 3-PT BELT RND SE=TGELT =OJUSTE~ IN 5TR~ooRO FRO\'OL :O\OIT:ON
DRIVER :;!CH[ JLI~C v -O~ENT

=VRLURTiON 0= :ELf =:1 CEVlCOS
3~ ~iiER

+
I~ -

r

z
II

w
:0
a
cr
o

-1~ -

::: UL....L_.l...---__---'---"----- --'-----L-~
84 20 ~ ME 58 08 ,~S, -6 30 N I~ , 10 !6 nsCH~~NEL RIL'!'MI

10

Fie ER CH CLASS 1000

:30
TIME

160
: MS J

'EA< DATA

22a 250 280 J; 2

F-7



5TH FE~A_E I~ ,nvSS 213 SoAT

se (RC

7e ~

ce L
~ I

-, ;enp~ ~/ 3- 0 , 3E~- eND SoA'3Ec - CJ~USTE" :~ Si"~OA,D ;"C~TAL CONOI"iON
=~IVE" _oFT :_ "OC ~,ICL ;=~CE

-voLU~- C~ 0' J~LI F': -<;'CES -ES, \U-3oR V296SA~FS"

Ie

28e25eIse

2697 29 N @ ~; 28 MS, -183 8'1 N e 67 2e ~S

162
Ins J

PEAK on ~

:3e
TIME

:ee

CH CLASS IeeeFILTER

j 2

-3e L-_--'-........L --'- '---__---'- --'- '--- --'- -'-__----' -'

-2e

CHANNEL LIUF I

5TH FEM~LE iN Fnvss 213 SEAT Ai 3eM?~ ~/ 3-PT 8ELT AND SEAIBELT ADJUS"oR IN STA~DARD o,ONTAL CCNClilDN
:RIVER LEFT ILI~C Y MOMENT

~e IRC ~unBER T,ce41P EV~LUAT:O~ :0 8ELT FIT CEVICES -EST ~UM3ER V296SA~FS-

2e

Ie

12 2 3 ~ • @ 1\ H "~S, -, 4 INn e 67 n ~ S

w

-+
:::J
Cl
Ct:
0....

T i-3e
-2e Ie 4e 7e

CHANNEL ULYMI FILTER CH CLASS Ieee

138 16e
:I"E Ins:

PEAK DATA

IS8 228 258 288

F-8



~TH °EM~LE i~ °M'iSS 213 S:~T 0- 33,1'H " 3-P- ::_ - iN I~ D:C:;:: cGL;Cc: ~_GC<',:SE

~R:VER R:CHT :cloe OX;QL °CReE
T,C8'2P :,RLURTID~ CF 2E_ - F;: [EVIC:S TEST NurSE, V236EL'5=ca

52 -

"-

I
co

r~
38 ~

w
u

'"a
"-

18 -

)

-18 -

-38 I I I I I I I I I
-28 18 48 78 188 I 3e 168 198 228 258 2B8 318

TiME i MS )
CHRNNEL RILxFI FI UER CH CLR5S 1e88 PERK DRTR 3715 47 @ 52 BE ~5, -11 59 N @ I a8 18 ,'5

5TH 0EMRLE I~ FMVSS 213 SERT RT 38MPH WI 3-PT BELT :\ IS DEGREE D3LIQUE CLaC<~:SE

QRIVER RIGHT ILIR: v nG~E\T

H ~Mr8:.:E"-,R__-:;-,-,C",8,-,~-=2,--P -,=-EV,:",R-,-,L,,,Uc.:R,,-,T,,-,I,,-D~.:...-::C,,-F-,=-2E::..;c'-'--'-F...:.i_'-'J::..:E:...:vc..:I..::.C.=.E-"-S Tc..:E"'S:..;.T--'-'N.::.Ur:...:8"'E=-,,'--"-'V'--29::.;6::.:8:.:L:.:S-,o...:.C=..8

31en8258228198

1 37 N Me 37 68 MS, -28 37 N Me 5 I 2a MS

168
i MS :

'EoK DRTR

132
TIME

CH CLR5S 1288

18 78

FILTER

-22

-38 '----_--'--'- L-__-'- L___~ '-- L___---L -L.-__---'

-28

C~RNNEL RILYMI

F-9



5-, FEML:: IN F,~VSS 2:3 S::oT 01 3211"H 11/ 3-'- 3::_; :.~ :~ ~::GR::= J3LIG'~:: :_:C·<'.33
=,]VE~ LE:- :~:~C ~x·~~ ~CR:E

52 Mnr3:.:E,-,:;_.:..T,,-,C:..::8:..:~-,-2:....P ,-,3::"":,,,,iq:..=-,,,V,-,C;_-.:..1C::...'.:..~:..=8_'---,-,33",L:...'_c-,-:_-..c0",c:...',--,'I...::C..::.::..::.S -:..=c_'_S'-'i_''-'.L:...---'::..==_~_'..c12:...:S:..::6_'_:J..::.L_=_:~'__, J:...::.,c

! I
I I

7~ r- I
I

i
I
I

50 I I

w
u

10 -
I

)

\
\

~
-~0 r-

-]0 I I I I I I
-28 ! 0 ~o 70 180 138 168 188 228 258 2e8 310

~InE 1,'5 j

CHANNEL LlLXFI F[LTE, CH CLoSS 1208 PEAK GATA 5169 16 N @ 48 92 MS, -62 04 N 2 2~ 86 ns

:TH FSnALE IN FnV5S 213 SEQT ~T 3en DH W/ 3-PT 3ELT IN I: DEGRSS OSLIQJE CLOCKW!SE
J~IVER LEFT I_lAC Y'01ENT

TR:8~2P EVQ_U~-ION OF BoLl FIT OEV::ES IES- ~UMe::, V29EBL5FJB

<:Sl

x::

z

U
:::J

'"'"0
~ -10

-2~

102 13~ 162 18~ 22~ 252 282 312
TI~E i ·s )

PEPK DATA 5< 28 N M 50 72 MS, -3 " N Me ~l 7E ",5- ,-

F-IO

~0

FILToR :H C-ASS :2~a

1~
-3;l ---'---.1-----'----------'-----'-----'----'------------------'

-28

CHANNoc LlLYM:



5TH FEn~LE IN FnVSS 2!3 SE~I ~, 33nPH WI 3-'1 ~~LI ~NO :HILO-S:F~~ .,' ,= CE:~~~ OBL::.E CL::KWIS~

DRIVER "::HI :LIAC hxlA_ F~"CE

sa ,fR: \UnSER T":843P EVALUAI'O~ C,= BEL I F!T J=YIC~S -~S- \L,-EER v29,,:S::=CE

u

'"a
u.

10 r-

1'\
I \
I \
I •

f \

) ~
-la I-

-3~
I I I I I I I I I

-20 :a H 70 182 138 168 180 228 258 lee 3; 2
Tin:: :ns J

:HAN,~EL RILXFI FlUE R CH CASS 1020 PEAK OAT A ]!:74 2S e 5£ Hl ns, -31 59 N e -:~ 52 'S

SOH FErALE IN Fnvss 213 S~AI AI 3en~H WI 3-PT 3~LI ~\C CHILO-SriFER :, ,_ JEGREE OSL::UE CLO:KWIS~

JRIVE, RIGHf :L In: v nors,-
32 ,rRC ,"naER TRC843P EvoLJAflGN 0= EEL - '-. JE'ilC::S iES- ,'L,~aER ,23"CS::=C~

221-

:8 -

z 2 I

w

I='
'"'"

-!8 ~
a

-2~ ~
I
I

-32 i
-28 I a

C,AN~EL RILYnt

70

FILTE, C~ CLASS 1080

1~8 : 38 :"a i92 ,28 £:0
- IME I ~S I

P~AK GAlA 29 " - ~E :: .: :~ S ,

F-ll

2Eo



5TH ForAcE IN °M~SS 2 i 3 S::A, ~- j~np- 'HI 3-PT "0 _T .~ ~,~ :HILO-Si1FER I :~
, <

Jo';~EE C"LIGUE COCK',I SO:'"
oRIVoR L::FT ; LlAC ~"[~L FCR:E

::r
\Un8::R -~ce'jp t',qLU~- i eN 0r Ot L: ° : T JEVICES -::ST NUMBER ,296C55°[;]

+ (\
I \

" I I
Oil I \

\/\

z
30 ~ I \

I
\
\

w

10L

,
w

,
'" I \a
w- I

\)
-10 r-

-30 I I I I I I I
-20 10 ~0 70 120 130 :60 190 22~ 250 280 3:0

TinE (MS J
CHANNEL· L1LXFl FI LTER Cli . :LASS 1000 PEqK OATH 5387 78 @ 52 It ·5, -118 65 N e 99 52 iiS

CtCREE 08L,QLE CLCC<WISt

,RC3~3PNunSER

5TH FEMALE IN FMVSS 213 SoAT HT 3enp" III 3-PT 30LT "NO :HIL]-SeFcR ;N "
OR: V::R LEFT [L lAC y nJrENT

~""i=1LU~f:()j" :: :c_- =:: :='r'ICES

IG~
i /\

/ ~
2 1-[-------~/<-----~"""""'~------------------------------

-20

11"' "'C.... c "_52 :6 MS, -!

',92

ATA

1,2
~: i~E ::-:5

'EAKCH CL"SS IG02

-30 ~_..L.....___l ~ ..L..... _'________' __'_ __'__ _

-2~

CHANNEL L:UMI

F-12



5TH FoMRLE i~ cMYSS 2:3 SEAT AT 30-PH Wi 3-?1 eE_T c~O S~FE~:- :~ ._ =0~"00 JB_!"lE :~CC"iSo

~RIVER RIGHI 'L:AC ~~!eL ~CoCo

~0 .-RC \UiBo'l ~R:B4~D oVRLUATI:J~ c~ "ELI ;:~ e:V;CoS -oSI Nci3':R ;2~ES;5'==

:0 -

'":s:

i
:z 20 1 ,
eLI I I'
u

I V \c
"-

10 I-- )i
-10 I--

-30 I I I I I I I
-20 10 ~0 70 :~a 130 160 1~0 22~ 250 2B0 310

TIME I MS)
CHANNEL RI_XFl .oIL ER CH CLASS 1020 PEAK "ATA 2EE1 3B N ~ 13 92 ~S. -169 92 \ " 87 81 M':

roS~ NUM6 0R V23ESF5F:J5

:" 15 DEGREE OBLIQUE CLDCK~[SE

TRCE~~.'

5TH ,ENRLE IN FNVSS 21~ SE~T AT 30MPH WI 3-PI BELT AND SRFEFII
JRIVER :;IGHI ILIAC Y NOMEN­

EVRcUeIID~ CF BoLl F!' O:VICES30 ~MEER

2 B0 3: 3220 250

53 4' NS, -3 53

:90

52 53 ~ N

132 160
TINE INS J

'oAK DAIAFILTER CH CLess 1002

10

nl-
i

10 ~
!,

!

-10 r
-20 ~ I

_"u'--'- '-- -L -'-- -'- .J....... _

-20

:c
:z

w
::J
co
'"CJ
~

CHA~NoL R[L ~M 1

F-13



5TH FEM~LE IN F~VSS 2iJ 5E~T oT 30n c H ~, J-=- BELT F~D 5c=E=;i .' _ :EG~EE :a~:~~E :_JC(~'SE

~R:'IE:' ~~FT ·_:~C:::)o: Q!.- .=::,~=:

~e ,-RC NJ,BER -~C8qp

I
I
I

~2 -

2392 66 ~ E 42 80 MS, -194 50 N @ 67 68 MS

52 -
N

+
<SO

=
c...;

/1'"au-

"~I
I
/ 1..! ---==----

-TJ
-~e

-20 10 40 70

CHANNEL L:~XFI FlLTEfl CH CLASS 10a0

I J0 1Ea
-!,1E !.1S I

PEAK DATA

I 9~ 220 250 280 JI0

T~C844P

5TH FEMALE IN FMVSS 213 SEA- AT 30MPH W' 3- 0 : BELT ANe SAFE=lT :N
oRI VE.~ .EFT :e lAC 'r nON EN'

EV~L"ATIO~ OF BELT FIT DEVICES

!5 DECREE OBLIQ~E CLOCK~ISE

,

12 ~

z

102 132 16a 192 220 2:'3 282 Ji2
T1,1E I ,~S I

PEAK DoTA 35 17 N . :! '3 24 MS, -J :f: N n e 329 52 .... ~

F-14

FILTER CH CLASS ~200

10

·'or I

-Je U_.---L. -'--__---'- -'--__---'- ..L-__---'- -'-__---'- --'

-20

CH~NNEL elLYNI



:.;'"'\
I .
I \

i \

I \
! \

) ~

5TH FEM~L~ IN FMVSS 21~ ~EAT AT J~MPH .' ]-;- BELT ~ND ~E~15ELT ~DJLSTER -~ 15 GE~~EE ~5cl~UE C~J:K~;~E

J,IVE, ,:CH- :LIAC ~':~L FORCE
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i
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w
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4 280 11
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PEA< DAg

1]0
TIME

CH CASS :000.=ILTER

Ie
-]0 '-------'---'-1__-'---1_----'-1__-'---1_----'-1__-'---_-'---_----'-1 ----'

-20

CHANNEL RIUFI

5TH FE~RLE IN FMVSS 213 SERT AT 3enPH " 3-'T BELT RNa SERfBEL~ RDJUSTER :\ 15 CEC"E~ CBLI~UE CLJCK.;S~

C:HVE, RICHT IURC y n:MENT
]8 TRC NUMBE, TRCB45P EVRLUATICN OF 3EL- F,- JEVICES fEST ~UM8ER v296~R:;:E

J122B0:00
Ins j

PC:RK ~RTR

132
T;nE

10

-L8

-]8 l--_~_L. .L____L. ......L ......L ~ ..L_ _

-2e

CHRNNEL RILynl

F-lS



5TH FEMALE IN 'MVSS 213 So~T AT 3~M~H 01 3-PT BEel AND SEAlaE_T ~CJLS~E? :N l~ JECREE ~j_[QUE CLOCKWISo
DRIVoR LE'- ILIAC ~~rAL cORCE
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FILTER CH CLASS I~~~
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-3~ "--_-'-----'-- .1.- -'- .1.-__----'-- .1.-__----'-- -'- _

-2~

CHANNEL' L[LXF 1

TESI NL~3ER V286SA5FOBTRCB45F

5T~ FEMALE IN FMV55 213 SEAT AT 38MPH WI 3-PT BELT AND 5EATBELT AJJUSTE, IN 15 DE~REE :3LIGUE CLOCKWISE
DRIVER LEFT ILl~C Y MOMENT

oVALUq-ICN OF 3ELT FIT DEVICES38 TRC NUMBER

!

E: 71 N M " 49 52 ~S, - 2

1~2 132
TIME

168
I~S J

PEAK O~.~A

182 258

'6 N Me 75 '4 -,

F-16



FEM~LE CMVSS 213 SE~~ R- 32MPH .JiH 3- DT "E~T -, ': QEGRoo "9_:QUE C:U~TEq CLCC~':SE
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u
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-28 12 48 78 :a8 138 168 IS2 222 258 282 3III
-:ME IMS J

PE~K OAT~CH~~NEL Rli..~FI

5TH FEM~~o IN FMVSS 2!3 SEAT AT 32MPH WIT~ 3-PT 8cL~ IN 15 QEGREE OBi..:OUE COUNTER CLOCKWISE
CR:VER qIGH~ ILI~C Y MO~EN-

TR:83iP E,ALucTIO~ OF BELT CIT :EVICES TEST \UM8ER V2~68~:~CC
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I
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~ -Ie
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TIME IMS)

PEAK OA~q
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-J2~ L_ _'_ ____'____ ____'____ ___'_ ..L- _'_____ _

-28 18 ~8 78

CH~NNEL RILYM1 FILTER CH CLASS Ieee

F-17



:·H ~~"~LE ~\ F~,VSS 2:3 S~C;~ ~- 32:'1Fh "";-,-1 J-,:J. 3E~· :\ i~ ::::~G,E::: C!:!_:::L:~ :CJI\I:~ :,-OC-<WIS::
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5TH CE,'ALE IN '"nvss 2:3 SERT R' 32n,DH ;.;: IH 3-PT 8E_T :~ '0 ~EGREE CBLl Que: COUNTE, C_OCKWISE• v
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F-18



:TH °E~~LE :~ F1VSS 213 SERl ~r J0·"PH .IH 3-PT 9ELT qND S~~::FI- ;.', I: DEC:;E:: :~c;QU:: cO~NrE:; CL:C<WIS::
O:;:VER R[~HT ;Lj~C qx:~_ °G"CE
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5TH FEn~~E IN Fnvss 213 SE~- AT 3(n"H WI-H J-e c BEL T ~ND S~FEFI~ IN 15 DEC,EE CB_:GUE COUNTER CLOC~WlS~
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4ll 7ll

FILTE:;

1~

-30 L--_-'------"- --'--__----JL-__--..l.. -'---__-----'L- --'-- L-- -"
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CH~NNEL RIUnl
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5TH FEM~LE IN F,'VSS 21 J ~EAT AT J0'p,- WITH .!-PT "
_T AND S~;: OF I - " 15 :,GRE :3" I G~: : :.,'HER C_:C~·",: s::

~RIVER LEFT _:~C ~~:~L :CRC~
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CHANNEL LI LXF I FILTER CH CLASS laaB PEAK DATA 26J I J5 N @ 4J 28 MS, -182 ~2 N @ 7: ~4 ~s

5TH FEMALE IN P1VSS 21J SEAT AT JBMp· WIT~ J-PT 8eeT RND SAFEFI' IN 15 CEGRE: 08LI~cE CGJNfER C_OCKo!SE
D~IVER L:FT ILIAC ~ MOME~-
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Appendix G

Timed Kinematic Sequences for

3 Year Old, 6 Year Old and 5th Percentile Female Dummies

With and Without Belt Fit Devices

161





BL

SF

CS

t=O
ms

SA

BL

SF

CS

t=40
ms

SA

":." ", :·r~)~ :::::;\~

¥> .. :/).;:!
. ::;1;::·.. .;:.:

Kinematic Comparison of 3 Year Old in Clockwise Oblique Orientation - Baseline
(BL), Chiid-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA)

G-l



BL

SF

BL

SF

Kinematic Comparison of 3 Year Old in Clockwise Oblique Orientation - Baseline
(BL), Chiid-Safer™ (CS), SafeFitlM (SF), and Seatbelt AdjusterlM (SA) - Cont'd

G-2

CS

t=80
ms

SA

CS

t=120
ms

SA



BL

SF

BL

SF

CS

t=O
IDS

SA

CS

t=40
IDS

SA

Kinematic Comparison of 6 Year Old in Standard Frontal Orientation - Baseline
(BL), Cbild-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA)

G-3



BL

SF

BL

SF

.···:\!i-]
Kinematic Comparison of 6 Year Old in Standard Frontal Orientation - Baseline
(BL), Child-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA) - Cont'd

G-4

CS

t=O
ms

SA

CS

t=40
ms

SA



BL

SF

BL

SF

Kinematic Comparison of 6 Year Old in Clockwise-Oblique Orientation - Baseline
(BL), Chiid-Safer™ (CS), SafeFitTh1 (SF), and Seatbelt Adjuster1'M (SA)

G-5

CS

t=O
ms

SA

CS

t=40
ms

SA



BL

SF

BL

SF

G-6

cs

t=80
ms

SA

CS

t=120
ms

SA



BL

SF

BL

SF

.....:..

itt:: .
Kinematic Comparison of 6 Year Old in Counterclockwise Oblique Orientation ­
Baseline (BL), Chiid-Safer™ (CS), SafeFit™ (SF), and Seatbelt AdjusterTh1 (SA)

G-7

CS

t=O
ms

SA

CS

t=40
ms

SA



BL

SF

BL

SF

Kinematic Comparison of 6 Year Old in Counterclockwise Oblique Orientation ­
Baseline (BL), Chiid-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA) ­
Cont'd

G-8

CS

t=80
ms

SA

CS

t=120
ms

SA



BL

SF

BL

SF

h:_-_--_~~;: :-
Kinematic Comparison of 5th Percentile Female in Standard Frontal Orientation ­
Baseline (BL), Chiid-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA)

G-g-

CS

t=O
IDS

SA

CS

t=40
ms

SA



BL

SF

BL

SF

~',~!:
Kinematic Comparison of 5th Percentile Female in Standard Frontal Orientation ­
Baseline (BL), Child-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA) ­
Cont'd

G-IO

CS

t=80
IDS

SA

CS

t=120
IDS

SA



"

BL

SF

BL

SF

::': :', .iL"" ,.:' /d:: .. k:: .. :.;:·jl:!j::.:j~
Kinematic Comparison of 5th Percentile Female in Clockwise Oblique Orientation ­
Baseline (BL), Child-Safer™ (CS), SafeFit™ (SF), and Seatbelt Adjuster™ (SA)

G-ll

CS

t=O
DIS

SA

CS

t=40
DIS

SA



t=80
DIS

SA

",,,,,:,,:,,:,::-:)~
.....: ...::.:::::;

':.: .~.::~) ~

BL CS

SF

BL

SF

CS

t=120
ms

SA

Kinematic Comparison of 5th Percentile Female in Clockwise Oblique Orientation ­
Baseline (BL), Child-Safer™ (CS), SafeFitTh1 (SF), and Seatbelt AdjusterTh1 (SA) ­
Cont'd

G-12



BL

SF

BL

SF

,,' B_. t,~~I"
Kinematic Comparison of 5th Percentile Female in Counterclockwise Oblique
Orientation - Baseline (BL), Chiid-Safer™ (CS), SafeFitlM (SF), and Seatbelt
AdjusterlM (SA)

G-13

CS

t=O
ms

SA

CS

t=40
ms

SA



BL

SF

BL

SF

Kinematic Comparison of 5th Percentile Female in Counterclockwise Oblique
Orientation - Baseline (BL), Child-Safer™ (CS), SafeFitThf (SF), and Seatbelt
AdjusterThf (SA) - Cont'd

G-14

CS

t=80
IDS

SA

CS

t=120
IDS

SA


