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DOCUMENT REVISION HI STORY
A document revision history is provided in the Appendix.
OVERVIEW

The objective of thénsurance Instiie f or Hi g h oostgrsedibealffiteetalpadian prbgranis to
guantify the ability of booster seats to provpeperseatbelt positiors on children, across a range of
potential lap and shoulder belt anchorage locations. The purpose of this protocol is to describe the
method used to obtain lap and shoulder belt sebhedgsepresent the quality of seat belt locations o
children The protocol is basethrgelyon researcleonductedy the University of Michigan
Transpotation Research Institutenvith some modificationsnade to standardize the procedure.

TEST FIXTURE
TestSeat

The tesfiixture (Figurel) consists of agpresentativeestseat and ¢hreepointlap/shouldebelt system
with adjustabléelt anchorage locations

The seabottomis 51 +1 cmlong (measured from the seat bigtefined as thatersection otheseat
bottom and seat barknd is reclined 1% 1 degreedrom horizontal(Figure 2) The seat back is 611
cmlong (measured from the seat bight)d is reclined 23 1 degreedrom vertical. The total seat
bottomlength is greater, where it extends belowlibtomsurface of the seatbk Both the seat
cushion and seat back are 42 emwide.

Figure 1 Figure 2
Test Fixture Test Seat

L
rigin located at seat H-Pt
on seat centerline

The seabottomand seat back are both constructed feoftm thick polyurethane foam, identical to the
Foam A AExtra Fi r roarhkpegitied iDEderalVatoyVehile Safibtg Shandard No.
213 Sources for this foanas well aothermaterials and supplies used in this protpacdlistedin the
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Appendix. Both cushions are supported by a wood (plywood or MDF)aeatith a minimum tickness
of 1.3 cm. Each cushiothenis covered ira marine vinyl $¢ee Appendix

The coordinate system ftre test rig is shown in Figufie The positive X axis points t@xd the rear of
the seat, the positive Y axis points toward the right sideeo§eat, and the positive Z axis points upward
vertically. The origin for this reference frame is located at the resultipgit location for the seat

(SAE J826VIAR2008), at theseat centerlineOnce the Hpoint location was determined forelest seat
during the design process, a simplified test device was created to locate this same origin. For the
purposes of the official protocol, this simplified test deviBedsterSeat HPoint Origin Device or

BPOD) is used to locate the origin. Drangs for BPOD are located in the Appendix.

To determine the origin of the test fixture, ggghe BPOD on the seat cushion forward of the seat bight,
and slowly slidet rearward until contact is made with the seat back. Use a force gauge to push the
BPODinto the seat, parallel to the seat cushion at a location approximatelyabove the base, at a
force of 40 poundsThe position of the BPOD reference point defines the location of the origin.

SeatBelt System

The frame used to support ttest seahlso supports the anchorage locations forseegbelt system.Any
rigid frame can be used to support the test seat antedeaystem.These anchorages must be adjustable
because¢hey are moved to different positions during testi@gordinates for th anchoragbocations are
listedin Table 1 Theseatbelt system (see Appendix) includes an inboard female buekleying
extenderretractor,D-ring anchorwith bolt, and outboat end fitting. The test fixture was based on the
geometry of a right, rear passenger seat. The right side of the seat;nvithedd retractor, is

considered to be the outboard sidbereaghe left side of the seat is referred to as the inboard side.

Table 1
Seat Belt System Anchor Coordinates (mm)
Anchorage Location X Y YA
Inboard Maximum angle (83°) 15 -250 -125
Minimum angle (41°) 144 -250 -125
Outboard Maximum angle (68°) 57 330 -141
Minimum angle (35°) 201 330 -141
D-ring Fore/outboard/low 258 312 524
Aft/inboard/high 560 214 668

The coordinates for each position (lap medtximum vs.minimum angles, Bring foreoutboardiow vs.
aft/inboardhigh) are based on the range of positions found in current model test vehicles, which
approximateshe full range allowed bfederalstandards. The angle of the lap belt is defined as the angle
(with respect to horizontal) of a line from the segbdit to the anchorage location.

The female buckle is attached to the weblartgndemith a3/8inch bolt, tightened sufficiently to

prevent rotation between these two pieeéth the long axis of the buckle lime with the two grommets

The other end of therebbingextendeiis attached to the test fixtuat a vertically oriented surface the

X-Z plane(see Figure B A #1024 bolt passes through the grommet and serves as the axis around which
the webbingextendeican rotate. A spacer is requiiedidethe grommet td¢a) prevent the nut from

being tightened to the point of preventing the webbing from rotatingtgnmdduce the amount of play
between the grommet and the bolt.eBpacer should have a length of 0.22.Q2 inch, anID of 0.228+
0.01inch, and an OD 00.36 +0.02 inch. Washers aréocated on either side of the spacer
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The outboard lap belt anchordgas a metal end fittintipatis attached to the test fixture at a vertically
oriented surfacen the X-Z plane(Figure 4 with a#10-24 bolt. As on the inboard side, a spacer is
required between the end fitting and the bolte 3jpace should have &ngth of 022 +0.02inch, an ID
of 0.228+ 0.01inch, and an OD 00.5+ 0.02inch. Washers aréocated on either side of the spacer

Figure 3 Figure 4
Inboard Belt Anchor (diagram not to scale) Outboard Belt Anchor (diagram not to scale)

:

Washers

Spacer

End Fitting

XZ Surface
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XZ Surface
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The Dring assembly is mounted so that the attached mounting bolt (included in assembly) is attached to a
vertically orientedsurfacein the X-Z plane, with the measured coordinates referring to the center of the

head of the mounting bolt (Figure 5). The bolt, which is included in the seat belt assembly, requires a
7/16 inch® 20 nut to be attached to the mounting plate.

Figure 5
D-Ring Anchor

T

Measurement
location

The actual inboard and outboard lap belt anchor locations cannot be directly measured. The X and Z
coordinates are identical to the X and Z coordinates of the centerline of the bolt about which the hardware
rotates. The Y coordinates of the inboard an¢hvebbing extender grommet) and outboard anchor (end
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fitting) must be measured separately. The Y coordinate should be measured at the edge of the spacer
closest to the seat centerline (also the face of the washer that contacts the spacer on tiisesdge).
coordinates for the fing anchorage refer to the center of the mounting bolt. After purchase of the

system, a punch (or other method) should be used to create a permanent location at the center face of the
bolt for measurement (Figure Bach boosteis tested in four combinations of lap and shoulder belt

anchor locations. The test matrix is shown below in Table 2.

Table 2
Test Matrix
Description

Condition (Lap/Shoulder) Lap 7 Inboard Lap 7 Outboard Shoulder

1 Minimum/Fore Minimum angle 41° Minimum angle  35° Fore/outboard/low
2 Maximum/Fore Maximum angle 83° Maximum angle 68° Fore/outboard/low
3 Minimum/Aft Minimum angle 41° Minimum angle  35° Aft/inboard/high

4 Maximum/Aft Maximum angle 83° Maximum angle 68° Aft/inboard/high

ANTHROPOMORPHIC TEST DEVICE
Prepare ATD

A Hybrid 11l 6-yearold arthropomorphic test device (ATD9 used in this procedure to represent a
boosterage child. Nanstrumentations required.

ATD Headi Thecenter ofgravity locationson each side of thATD6 s head shoul d be not e
with test stickers.This procedure should only need to be performed once.

ATD Pelvisi An important aspect of #procedure involves locating the reference points on the surface
of theATDO s p ®dfevence poirstonly need tde located and marked once (wittcasional
verification thattheédTD6 s pel vi s skin has not $hifted with res

1.1. Removethe ATD abdominainsert

1.2. SettheATD on a rigid surfacend securd in a stationary positianRatchet straps atesefulin
attaching the ATD to the test surfaceprevent movementBecausdhe orientation of the
referencdrameis determined by the location of thap surface ofthepelvis(Figure 6) theAT D 6 s
positionin space is not critidaas long a#t does not move.

Figure 6
Pelvic Reference Frame
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1.3. Insert the Hpoint offset tools (see Appendix) in each side ofAi®6 s p &He purpsse of the
tools is(a) to allow measuremerdf theA T D pedvis angle and Hpoint location andb) to allow
use ofa coordinate measuring machif@ M) to measure the lap belt position with respect to the
pelvis (and lap belt score). If only hand meamers areused(discussed later in the protocol)
the Hpoint tools are not necessary.

1.4. Thecoordinate system for the pelvis is identiwathe test fixtureX rearward.Y rightward,Z
upward). The X-Y plane is defined as the top surfacetafpelvis (rigid metal basg The origin is
located atheintersection of thisop surface of the pdlvand the lumbar load cell (or structural
replacement), att®TDOs cent er | i ne dfointefthe lumbar tbadzedl) (Righre6 mi

1.5. Oncethe reference frame has been determined, the ATD equivalantgyutphysis point and
anteriorsuperior iliac spines reference points are projected onto the front surface of the molded
ATD pelvis.

1.5.1. PubicsymphysigPSATD) i Thepoint on the front surface of teID6 pelvisskinwith
a Z value of 0 (same planethe rigid basef thepelvis) and a Y value of 0 (midpoint of
the ATD). Mark this point on théTD skin (Figure 7).

1.5.2. Anteriorsuperioriliac spines (ASISATD) i TheactualASIS on the rigid ATD pelvis
must be locatefirst. The left ASS landmark is shown in Figure The uper edge
shouldhaveconsistent Y and Z values along its leng@nly measure the top edge,
staying rearward of the front corneéfhe pointon the front surface of th&TD pelvis with
the same Y and Z values represghe ASISATD. Mark these points on tHeTD skin.

Figure 7
ATD Anterior Superior lliac Spines and Pubic Symphysis
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 Pubic symphysis poinf on
Lfront of dummy pelvis

1.5.3. Additional pointsshouldbe placed on thATD skin with the same Y values as the ASIS
ATD, from the anterior superior edge of the pelvis to the thidNigpgap. When the lap
belt is digitized later in #aprotocol,the belt ismeasured at thHaterallocation where it
crosses this X plane.

1.6. Reference points on the hgffset tools should be digitized at this tiniiea coordinateneasuring
machine (CMM is to be used to record measurement.déthen the lap belt position is digitized
later in the protocol, these hipffset reference points are usedlaierminethe correct pelvis
reference framéor taking lap belt measurements
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Final ATD Setup

2.1. All limb joints should béightened to jusgreaterthan 1 g so that tHembs do not rotate after being

2.2.

2.3.

2.4,

2.5.

2.6.

positioned, but do not require excessive force to change position
The ATD is tested without clothingMlake sure the abdominal insert has been installed

TheA T D designresults ina large gap between the thigh flesh and pelvis flesh, which can result
in nonbiofidelic lap belt positions. This is correcteddolging dap shield to provide a smooth
surface from the upper surface of the pelvis to thethigh region. The lap shield material and
dimensions aréistedin theAppendix One purpose of the lap shield is to provide a-fdation
surface for better positiing of the lap belt. A thin layer of baby powder should be added to the
lap shield surface prior to use.

With the ATD seated upright on a flat surfageplst doublesided tape to the surface of the lap

shieldthat will be in catact with the pelvis (Fige 8. The top edge of the lap shield should be
aligned with the anterior superior edge of the ATD pelvis skialsomaybe useful to cut small

holes (approximately Bim in diameter) where the lap shield covers the left and right ASIS. These
providea direct view of the ASIS during hand measueata of the lap belt position.

The lap shield has a tendency to separate from the pelviswnemaped, due to the low friction
coefficient of the silicone Additional tape can be usedatiachthe shield® the pelvis, although
thetape should be applied in ardhatarenot in contact with the lap belElexible measuring tape
alsocanbe applied, at the lateral location of the ASIS to assist in hand measurements (Figure 8).

To better mimic how real cldten sit in vehicle seats (Reetlal., 2008, a pelvis positioning pad is
attached to the rear surface of the pelibe pelvis positioning pad material and dimensions are
listedin the Appendix. Using double sided tapesition the pad in a centerkxtation on the
posterior of the ATD pelviswith the top edge of the foam aligned with the superior etlijeeo
ATD pelvis skin (Figure @

Figure 8 Figure 9
Lap Shield Pelvis Positioning Pad
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2.7. To reduce friction between the shoulder belt and ATD chest jacket during the procedure, a thin
Teflonsheet (see Appendix) is taped to the front edge of the ATD chest jacket. Double sided tape
should be placed in the approximate location of the chest reference point to adfiefotisheet
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to the chest jacket. Additional os@led tape can be usedrescessary at the edges of Tredflon
sheet (FigurelQ).

2.8. Thechestreference poinis located on the front of the ATD chest jagKatitits position is based
on the location ofthe ATD spine.

2.8.1. Place theATD torso in an upright position, defined as thgerior face of thédower neck
load cell (or structural replacement) being horizonTdle orientation of the reference
frame is identical to that for the test fixtupe-Y plane parallel to the superior face of the
load cell) and the origin is the posterisuperior edge of the load cell, at the midline of the
ATD (Figurell). (Note that when using a CMM, the torso position does not need to be
exactly vertical because the reference frame is determined by the orientation of the lower
neck load cell. If &£MM is not usedthe ATD spine may need to be more precisely
positioned to accurately position the chest reference)point

Figure 10 Figure 11
Chest Reference Point and Tape ATD Reference Frame for Locating
Chest Reference Point

2.8.2. A thin aluminum(recovery)plate carbe attached to the rear surface of the lower neck
brackef projecting above the top surface, to assiststablishing the correct reference
frame(Figure 12) During the evaluation process, it is difficult to reach the neck brazket t
establish the correct reference frame e filack bracketecovery plat@rovides easier
access to digitizing pointhatcan be used to recover the reference frame when the ches
reference point is verified.
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Figure 12
Neck Bracket Recovery Plate

2.9. With the chest jacket properly installézhugly pushed in the inferior and posterior directions), the
chest reference point is defined as the location on the anterior surface of the chest jacket, at the
ATD centerline, which has a Z coordinate ds@meplane agheload cell surface) The
coordinate of this point shoulge (-110+ 5, 0, Omm).

2.10. To ensure consistenamongdifferent chest jackets,second reference point should be checked
verifying the chest jacket coordinates at the ATD shoul@dg¢the midline of the ATD neck
(approximate X value dd3 mm), measure laterally dm (from the outer edge ofheneck) The
top surface of the chest jacket at this locatiorukhbave avalue of(-53, 72, 10+ 5 mm).

2.10.1. If the ATD chest jacket does not meet these requirements, spacers must be placed on top of
the chest bib (below the chest jacket). An example of the spacers usedXdobtlie
shown in Figurel3. The spacers should be the same matasi#that designadefor the
pelvis positioning pasee Appendix)but inthe necessary thickness required to properly
position the jacketA first attempt at spacers should include the two shoulder spacers with
a thickness o¥% inch and the front chest spacer with a kiniess of 3/8nch.

Figure 13
Example Spacer Arrangement Used to Position Chest Jacket
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2.11. Mark the chest reference valuetbe Teflon sheet, and mark a second point closer taAtfileD 6 s
right shoulder with the same Z valu€hese points are used to locatgiece of flexible, vinyl,
adhesive rulerThis piece of tape should extend across the civéstthe top edgén the same
plane as thehest reference poifZ=0) (Figure 10. During the final measurement procedure, the
inboard edge of the shouldeelt is measured where it crosses this reference Doe. to the
possible shifting of the chest jacket during installation ofAB in the booster, the position of
the chest reference point (and horizontal reference tape) must be verified after fllBtios.

MEASUREMENT PROTOCOL

3.1. Position the Bring andinboard andutboard anchors in the correct positiosee the Appendix
for photographs and diagrams illustrating the Measurement Precodn

Position Booster

Read and follow the booster manual instructions for proper use. Make any booster adjustments (if
applicable). If after the final measurements are taken it is determined that additional modifications to the
booster (asllowed andnstructeal by the boostemanual) would improve belt fit, make these atithents

and begin the PositidBoostersectionagain. Verify and noteall booster adjustment positions.

4.1. Place thedjustedbooster on the test seat such that the center plane of the booster is aligned with
the center plane of thestseat and the base of the booster is flat ote$tseat cushion.

4.2. Move the booster rearward on the test seat until some part of the booster touches the seat back,
keeping the booster centered and vertical.

4.3. If the booster haa back with belt positioning guides, route the shoulder belt through the
appropriateguide at this time so that the final position of KD will not be disturbed.

4.4. Apply 133 N (30b) of force to the front of the booster seat cushion in a direction parallel to the
testseat cushion, moving the booster rearward into the vehicle seat.

4.4.1. Allforces in this protocol should be applied with a force gauge having adlzre
contact surfag with a surface area ofaB0 square mm (4 square inches).

4.5. To reduce the effects of friction during positioning of &%D, a Teflon sheet is placed on the
booster seat cushion (betwabe ATD and booster seat). The sheet (see Appendix) should be
placedin the center of the seat, with approximately 5 cm of the sheet extending past the booster
seat bight (intersection of the seat bottom and seat back).

Position ATD

5.1. Verify the positia of the pelvis positioningad,lap shield(apply baby powderxhest acket,
abdominal insertand hip offset tools fully inserted into theT D pedvis

5.2. Hold the ATD above the booster seat cushion such that the plane of the posterior pelvis is parallel
to the plane of the booster seat bémktest seat back for backlessobters) but not touching.

5.2.1. It may benecessarguringATD installationto have assistan@ehenpositioning webbing
mounted shoulder belt clims backless boosteto prevent artificial interactions with the
pelvis positioning pad
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5.2.2. Holdthe ATD below theoutstretched legs and the neck. SuppottieATD by its back
causes thehestjacket to ride up and makes the position of the chest reference point less
consistent.

5.3. Move the ATD rearward, maintaining the parallel planes, until the pelvis positionirgnpad
booster seat back (or test seat back for backless boosters) are in minimal contact. At the conclusion
of this step, the pelvis positioning pad should not be pressed firmly against the seat back, but rather
should only touch the seat back.

5.4. Setthe ATDdown in the seat. If during the process some part didbsterseat back moves the
pelvisawayfrom parallel to thdoosterseat back (e.gthe structure of the seat back forces the
torso forward before the pelvis touches the seat back, thereby tilerpelvis relative to the seat
back), move the ATD rearward keeping the pelvis as parallel as possible to the seat back until some
part of the pelvis pad is in light contact with the seat back.

5.5. Straighten and align the arm segments so thak theD foiearms and hands are in neutral
positiors (elbows and wrists extended, joints in the&Xlane, palms facing inward). Rotate the
arms upward at the shoulder as far as possible without contacting the booster seat.

5.6. Straighten and align th® T D &egs and etend the lower legs as far as possible in the forward
horizontal direction, with the feet perpendicular to the axis of the legs.

5.7. CentertheATD6 s p el vi s ATDrwih the tentgrlime df theebooster and test séat.
CMM can be used to digitizikaereference points on the booster &¥D to verify correct
positioning. Identical left/right locations on the-pbint tools are particularly useful when
performing this step.

5.7.1. Because thd T D desk is ruber, the head angle may not always correctly reftect
angle of the torsoCMM Y values of the centerline of the neck (seam on frisrd) better
indicator of theATD being vertical

5.8. For highback boosters, Verify the seat back is vertical and centered. If it is not and the seat back
can be adjustedightly left or right, stabilize the ATD and make the adjustment. If the seat back is
not able to be corrected, remove the ATD and repeat installation of the betegtet. .

5.9. Apply a force of 177 N (40 }perpendicular to the back of the booster (at dack for backless
boosters) first against the ATDBwer pelvis and then at the thorax on tieaiterlineof the ATD.

5.10. Stabilizing theATD and booster with one hanatate the arms down, at the shoulder jaotthat
they are perpendicular to the tose., upper extremitiearehorizontal, elbows and wristse
straight). Even at low levels of joint torque, moving the shoulder joints can shik theD 6 s
position.

5.11. Bend the knees until the back of the lower legs are in minimal contact witlediseer or vehicle
seat.

5.12. Position the legs such that the outer edges of the central pdrtiomfemur are 14 apart.
5.13. Position the feet such that the soles are perpendicular to the centerline of the lower legs.

5.14. Verify that theATD torso is vertica(Y coordinate ofhe center of the neckis2 mm).
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5.15. Verify that the chest reference point is in the correct locdtisimg the neck bracket recovery plate
to establish thé& T D épal reference framend the tape is horizont@le., thechest jacket has
not shifted). Re-mark the reference point andpesitioring the chest jacket if necessafyor hand
measurements, it may be helpful to note the position of the chest refpo@nizen the flexible
ruler at this timejn case this point is covered by thelt at the time of measurement.

Apply SeatBelt

6.1. Stabilize the ATD and booster andlithe belt out of the retractor in a direction across the front of
the ATD and booster so that the l.atch plate

6.2. If there is a belt positioning attachmeyuidetlip ona backless booster, route the shoulder belt
through the attachment as instructed in the booster manual.

6.3. If the ATD has to be moved (minor bending of the torso is acceptable, but the pelvis cannot be
moved)to position the belt in the guide/clip, adjust the guide/clip to the shoatdeistructed in
the booster manual then remove the ATD and repeat installation procsteyrd.(.

6.4. Route the lap belt dastructedby the booster manual on the outboside.

6.5. Leaving enough slack in the lap belt to hold the lapdmiroximatelyl5 cm from the front edge
of the pelvis, route the lap and shoulder beltsmsisuctedoy the booster manual on the buckle side
of the booster and buckle the belt.

6.6. With one handpull the slack portion of the lap belt between the lower belt guides forward along
the midsagittal plane of the pelvis sotttiee belt is approximately Zrcabove the top surface of
the thighs. This can be accomplished by grasping the belt with tineupalsuch that theabk of
the hand is resting lightly on top of the ATD thighs.

6.7. With the other hand, grasp the torso portibthe belt approximately 15cabove the latch plate
and slowly pull upward in the direction of the shoulder belt path. All@ahind holding the lap
belt to be pulled toward the pelvis with minimal resistance, keeping the lower edge of the lap belt
just clear of the thighs.

6.8. When the leading edge of the lap portion of the belt reaches the gap between the pelvis and thigh
flesh, elease the lap belt apdll on the shoulder belt until the lap belt has no slgdkis is only
the preliminary step for positioning the lap belt).

6.9. Stabilizing theATD and booster with one hanatate the outboard arm down toward the seat
surface untithe 8h metacarpal contacts the booster surface and the palm contaatssite of
the thigh, or stopping prior to making contact with theaint offset tools.

6.10. Stabilizing theATD and booster with one handagp the torsportion of the belt 15 aboe the
latch plate and slowly pull upward in the direction of the shoulder belwvp#tta forceno greater
than approximately 44 N (10 Ibontinue repeated pults the beluntil there is no additional
visually apparent movement of the lap belt.

6.11. If the ATD is observed to move during this sfapinor bending of the torso is acceptable, but the
pelvis cannot be moved) repeat the installation procedtep 4.).

6.12. Feed angexcesshouldemelt slackinto the Dring retractor.
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6.13. Position the section of the shoulder belt between the buckle/lower guide and the upper guide or D
ring so that the belt routes through the shof@sinost naturalpath between the two locations.
(This is only the preliminary step for positioning theslder belt).

6.13.1. For backless boosters wittshoulder belguide/clip keep the clip in position at the
shoulder ainstructedby the booster manual during preliminary positioning.

6.14. Feed any excess belt into the retractattach a clamping device onto thelbing section
between the Bing and retractofsee Appendix) Stabilizing theATD and booster with one hand,
slowly pull this devicein the directiorof the webbingdownwardat a forceof 22 N (51b). Only
pull the webbing once.

6.15. Check the shoulder ligouting and determine if it is in the location specified by the booster
instruction manual or in the desired location for the tHghe adjustments are not correct, make
these adjustments and then repeat the installation procetieped(].

Final ATD Positioning

7.1. Legsi Check theATD leg and feet positions and make any necessary adjustments to achieve the
positions described isteps5.10 and 5.11

7.2. Armsi Stabilizing theATD and booster with one hanckép the elbowgtraight and rotate the
inboard arnfrom the shoulder down toward the seat surface untiltthenBtacarpal contacthe
booster surface and the palm contaleésoutside of the thighif the shoulder belt interfes with
this motion, stop the rotation Incshort of the point ofontactwith the belt or Hpoint tool

7.3. Verify the lap and shoulder belt routs@recorrect.
MEASUREMENTS

Lap Belt Score

The Lap Belt Scoré.BS) is defined as the distanfrem the ASIS to the top edge of the lap K{Elgure
14). The actual referengmint for this measurement is the point where the ASIS on the surface of the
A T D 6k (ASIS-ATD) is projected onto the lap shield (ASLS). This is a horizontal projectionh&n
the ATD pelvisis positioned on a flat, horizontal surface. The distasecegasured along the surface of
the lap shield to the top edge of the lap belt, at the lateral location of the ¥&l&s are positive hen

the belt is positioned below the ASédnegativewhen thebeltis positioned above the ASIS.

On some boosters, the bottom edge of the lap belt is in greater tension than the top edge, and the top edge
may not actually be in contact with the lap shield. This tends to happen in cases with large (good) belt
scores.When this occurdightly press orthe lap belt to flatten it out against tAeT D pedvis contour

prior to taking measurements.

The official LBS will be determined by measurements taken with a CNWIMs procedure uses a set of
points representing the contour of the lap shield and thegmssof the ASISLS reference point. These
points are measured once during initial dummy sekqy.this procedure, a digitized profile of the front
edge of the lap shield is measured at the lateral location of the ASIS. A curve fit procedurerseperfo
to fit an equation (or set of equations) to this set of pointg e@jbation (or set of equations) themsed

to produce a series of points on this line, with equidistant Z coordinates at 0.5 mm inf€neals.
procedure for measuring this contasicontained in the Appendix, and the IIHS contour da¢a
available in a separate document.
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After conductinghe measurement protocol including measurement afgper edge of the lap belt, the
point on the lap shieldontourwith the smallest resultd distance (X and Z coordinates only) to the lap
| belt point is selected. The LBS is the distance from the ASI® this point, measured along the curve.

Figure 14
Lap Belt Score (illustration shown with ATD pelvis on flat/horizontal surface)

ASIS-LS ®----@® ASIS-ATD

-

LAP SHIELD DUMMY

If a CMM is not used, the LBS can be approximated by attaching a flexible ruler to the lap shield, at the
lateral location of the ASIS. The LBS is the distance along this ruler, measured from tRESASIS
However, herewill be someerror in this measurdue © (a) the approximation dahe location othe

ASIS-LS and(b) the difficulty in maintaining a complete attachment betweerthieD petvis and lap

shield particularly in area with curved surfaces.

Shoulder Belt Score
The Shoulder Belt Score (SBiS)the distance from the chest reference point to the inboard edge of the
shoulder klt (where it crosses the chest reference tapigh only the lateral component of this distance

(Y axis) being included.

If a CMM is not used, an approximation canrbade by measuring this distance along the chest jacket
surface €.g, with a flexible ruler), but there will be some error.

Record Measurements

Record coordinates of the following seatbelt, bogosted ATDlandmarks.

02011 Insurance Institute for Highway Safety Booster Seat Belt Fit Evaluatid®rotocol
1005 N. Glebe Road, Arlington, VA 22201. All rights reserved. August 201D 13



8.1. Head anglé negative angles aiaclined forward, positive angles are reclined rearward.
8.2. Lap and shoulder bdfiand measurements.
8.3. Necki Verify that the Y value of the center of the neck is stRlmm. If this tolerance is not met,
adjustthe ATD and reapplythebelt (6.1)
8.4. Seatbeltreference pointsi The following reference points are measured irpieis reference
frame
8.4.1. Left upper edge of lap belt at lateral location of ASIS
8.4.2. Left lower edge of lap belt at lateral location of ASIS
8.4.3. Right upper edge of lap belt at lateral locatio®81S
8.4.4. Right lower edge of lap belt at lateral location of ASIS
The following reference points are measured irfitttare referencdrame
8.4.5. Inboard edge of shoulder belt where it crosses chest reference line
8.4.6. Outboard edge of shoulder belt where it croskestcreference line
8.4.7. Upper edge of shoulder belt where it crosses ATD centerline
8.4.8. Lower edge of shoulder belt where it crosses ATD centerline
8.5. Boosterreference pointsi The following reference points are measured irfitttere reference
frame
8.5.1. Leftreferere point#l
8.5.2. Left reference point #2
8.5.3. Left reference point #3
8.6. ATD landmarks i The following refeence points are measured in theéure referencédrame
8.6.1. Left headcenter of gravity
8.6.2. Neck bracketear
8.6.3. Neck brackeforward (Note: these 2 points are usedrieasure the neck bracket angle)
8.6.4. Chest reference point
8.6.5. Left hip offsettop
8.6.6. Left hip offsetfront
8.6.7. Right hip offset front
02011 Insurance Institute for Highway Safety Booster Seat Belt Fit Evaluatid®rotocol
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8.6.8. Left ASISATD
8.6.9. Right ASISATD
8.6.10. Pubic Symphysi$PSATD)
8.6.11. Lowerinboardanchorage pointZ (centerline of boltcorrect X and X
8.6.12. Lower outboad anchorage poirKZ (centerline of bolt, correct X and 2)
8.6.13. D-ring (center of bolt face)
8.6.14. Buckle reference point
8.6.15. Test fixture reference point
Photography

Photograph the final booster and ATD setup from both sides and the frohtightapproximately
eqgual to the chest reference point, in perpendicular planes. Take additionajrplptédf necessary.
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APPENDIX
DocumentRevision History

Revision to Version Il of the protocol companeih Version |.
9 Includes information on the document revision higtor

9 Adds more detail on creating the lap shield contour data in the Measurements section and in the
Appendix

SeatFoam

FMVSS 213 Foam A AEXx0rclthietki gh Density Grade
Penn foamwww.pennfoam.com
Bob Fromknechtbob@pennfoam.com)

Seat Vinyl

Jo-Ann Fabric and Craft Storegww.joann.com
http://www.joann.com/joann/catalog.jsp?CATID=cat3081&PRODID2AI669
Med Blue Marine VinYy

SKU# CIP120 3526415

SeatBelt System

Threepoint belt (etractor, D-ring, sliding lath plate, lower outboard anchpofemale buckle, webbing
extender

B e a rMmalustries, Inc(http://www.seatbelts.ngt/

Part#2476-001 Item # DSCH14154

Includes thregooint belt system and webbing extender

Wade Johnson
Tel: (405)7930505
wadejohnson@seatbelts.net

The inboard female buckle requires a minor modification prior to installation. An additional mounting
hole must be drilled, and the end of the stalk (with the exibihg) must be cut aff The new ble is

0.386inch (size W, clearance hole for a 3f@&h? 16 bolt). The hole is centered on the stalk at a distance
of 1.5 cm from the bottom edge of the plastic housing. The excess stalk is removed at a distance of 3.0
cm from the bottom edge of theusing.
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file://local.iihs.org/VRCHome$/Home/CSherwood/Projects/UMTRI%20Booster/2009%20Ratings/wadejohnson@seatbelts.net

Drill new Cut stalk at Webbing extender

hole ! this li
(Size W) sline \ 5cm (£0.2cm) |

I
I
I
|
|

l

1

< > I

| |

Note: these measures are taken from the "back” | |

side of the buckle, which has less gap between | I
h

plastic housing and metal stalk

The webbing extender is included in the part number. The information below is included for reference
purposes only.

A piece of seatbelt webbiigame material as the thrpeint belt systemis used to link the female
buckleto the anchor locatioon the test fixture The webbing is 8 cm long, and has two grommets added
with centers 5.0 £ 0.2mapart, centered on the webbing. The grommets are ‘riflegrommets with a
spur/extended neck, Trade Size 1 (132 hole size).

Grommets McMaster Carr, Rolled Rim Grommets w/ Spur/Extended Neck, njgkétd, Trade Size 1,
13/32inch hole size, Part # 87995K58t{p://www.mcmaster.com/#87995k52/=3ad4t2

H-Point Tools

Drawings courtesy of UMTR(see page$8-21)
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Lap Shield

1/8-inchthick silicone rubber (12 7 inch) 50A Durometer, translucent white
McMaster Carr, pam5827T23
http://www.mcmaster.com/#5827t23/=3cfvvt

Template

1inch

NV

Pelvis Positioning Pad

3/4-inchthick oil -resistan{1253 90 mm)neoprena/inyl/BunaN Foam, Firm
McMaster Carrpart #85175K95
http://www.mcmaster.com/#85175k95/=3cggw0

ATD Jacket Pads
Same material as pelvis positioning pads, but in varying thicknesses
Examples

Shoulder spacerg/2-inch thick, 23 1-3/4inch Chest spacer: 3/8ch thick, 25/163 1inch
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Teflon ChestBib

Teflon FilmP .003inchthick, 121/43 8-1/2inch
McMaster Carrpart # 8569K36

A

T

Fasg

N
— FRFS _>

[AFES

% B N

Teflon Sheet for Booster Seat

Teflon Film,0.002inch thick, 153 8-1/2inch (length3 width)
McMaster Carrpart #8569K34

Clamp for Loading Shoulder Belt

Older model belt guide from Combi Dakota
Modified by adding short bolt for application of force gauge
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Booster Seat HPoint Origin Device (BPOD)

Back Section

<
s

BPOD Reference Point

Platform for BPOD
Reference Point

P
5

Corner “beveled”

area near seat 5 AN =
) Bottom Section
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Notes:

Design of corner “beveled” area
between Bottom and Back Sections
does not have critical dimensions. Its
purpose is to eliminate possibility of
interference with vinyl at seat bight.

Location of side support bars are not
critical.
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Notes:

Dimensions to BPOD reference point are taken parallel
to each Section (Bottom or Back), and are measured
from the back side of the metal plate. The reference
point is located at the centerline of the structure.

The angle of the cylindrical platform for the BPOD
reference point is not critical, as long as dimensions to
reference point are correct. As shown, it was welded
at a 15° angle (to match 15° recline of test fixture
seat).

e o O

)
]
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Notes:

Bottom and Back Sections are %” steel

Side support bars are 1/8” steel

Cylindrical platform for reference point is not critical,
but was built with 5/8” diameter steel rod

e e R e et
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Photographslllustrating Measurement Protocol

Step 6.10

Step 6.13 Step 6.14 Step 6.14
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y-

AT

Pelvis recovery point 1

Left upper edge of lap belt
at lateral location of ASIS

Fixture recover

v

/%

Front left reference point
#1 on booster pan

Neck bracket plane rear
and forward- most point

Lap belt hand
measurement

[N

& 2o\ ot

Pelvis recoveryA point 2

Left lower edge of lap belt
at lateral location ASIS

on booster pan

ATD chest reference point
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Shoulder belt hand
measurement

Right upper edge of lap
belt at lateral location of
ASIS

Rear left reference point #2 Top left reference point #3

on booster seat back

Inboard edge of shoulder
belt where it crosses the
ATD chest reference line

Right lower edge of lap belt
at lateral location of ASIS

Left head target sticker
(center of gravity)

Outboard edge of shoulder
belt where it crosses the
ATD chest reference line
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