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ABSTRACT

This@sEheBecondiilotRestirogramBponsorediby®heonsumer@ProductBafety@ommissionk
aimed@t@Enhancingltheollover@rashrotection@®flecreational®ff-road@ehiclesgROV).EThisk
pilotRest@rogram@vas@onducted@sEnExtension®Dfhe@ilotirogram@ompletedin@ay/Junel
of2010.EThe@nain@urpose@®fithisiilotExtension@vas@o@xplore@®he@esponseifferencesl
betweenesting@onducted®nZheHYGERcceleratorBled@tR.5@Bpeak@EndResting@erformed?
withERleceleration®ledilatformEtieak®’ sthearthe@ollover®@hreshold.BToRccomplishZhis, R
contract@vas@stablished@vithBAutoliv,AnBAuburniHills,AVI.ETesting@vasBberformedin@utoliv’sk
crashi@estFacility,Aising@Enovableflatform@hat@vasBlowlyEiccelerated@vithEherash@est?
propulsion®ystem,®@hen@eleased@ndRlecelerated@t@@onstantdeveldyrakeRalipers@ttached?
toailsBecured@o®heacilityFloor.ETests@Avere@onductedEtEhear@hreshold@devels@vithEwol
ROV’s,Awojawngles,AvithEndAvithoutBeatbelts,End@AvithEwolypes@Blummyccupant.
The@ecelerationBled®platform@vas@ound@o@roduce@epeatable@est@esults,FndEesting@vas
successfully@erformed@Et@BEmallincrement@bove®he®hreshold@eceleration@equired@ol
initiate@oll@notion.BEResults,@liscussionEndonclusionsfor@he@en@estsEre@ontainedtherein.B

Executive Summary

ThisBilotRestiprogrami@vas@onductedtsEFollow-onEoEreviousipilotEestBrogramp
conducted@n@ay/June®fEhis®iear.2Whereasthebbreviousiprogram@vas@onductedztihel
Transportation@®esearchenter,Anc.,Aising@EHYGERcceleratorBled,@hisBbrogram@vask
conducted@tAutolivAlUSA,AisingERiecelerating®olloveri@latform. i

Thefmain@urpose@®fithisEest@®rogram@vas@o@onduct@estsEt@Bmall@ncrement@D
deceleration@bovehe®hreshold@equired®olnitiate@oll@notion.EFrom@revious@naneuver
testing,@&oll&hresholddustainder®. 7@’ s@vasibserveddoribothihe ||l andzher
B GrialGestsavith@ReceleratorBlatform,At@vas@ietermined@hatiaterald
decelerations®f.7®’s, EtEnAnitialdelocity®fEL4Bn phAvouldibeBufficient@o@roduce@esired?
roll@notions.BTesting@AvasierformedBn@he@woROV’ sEtEwolingles,AvithEaind@vithoutl
seatbelts,EndEwoltypesBf@lummy@ccupant.Binill,Renests@vereerformed.

The@ecelerating®ollover®latform,@vithehiclesthinged®@o@®he@latform,Avas@ound@oiroducel
repeatable®olloverfinotions.BThis@vas@eterminediby@onducting®hree@ests@vith@heBamel
input@onditionsEnd&alculating®heXoefficient®fWariation®fBelected@ehicleBnd@ccupant
responses.BTheorso-baritype®fibassive@estraint@vasgainBhownRobeRffectivednikeepingl
the@®ccupantinside®he@ehicle@tAowRleceleration@Environments.ElnAinbelted®ests,Following
thethigher@lecelerations®fEetherferkfto@estrictthe@®OVRollover@notion®oBH0-65Regrees)?
theRlummyBubsequently@vas@itherBartially@ridully@jected@rom@he@ehicle.



In@llResting@vithout@Rorso-barypelpassiveestraint,@he@lummythead@xcursions@verel
outside®fithe@rotective@olloverZagerollbars@ndBupportBtructure)dfheROV.EThisE
included@esting@vith@®-Pt.[belt@estraint,@Andicating®hat®heeltBystemzlone@vasthot
sufficient@olkeep@®he@ccupanti@nside@he@ehicle.k

Atest@vasierformed@vith@hefuroSIDAIBide@mpact@ummy.ETheBpurpose®fithis@est@vasiol
observel@esponsellifferencestetween@he@ybridB@ummyRisedFor@nostEheEestingndR
theBideAmpact@ummy.BThefHybridBAvasBelectedibecauseltthas@rticulated@rms@ndiands,
allowing®bservation@®fErm@ndihand@notion@uring@he®esting.BltAvasihoted®hatBtdow-ghl
deceleration@nvironments,®@he@ifferences@n®houlder,theadZndmheck@esponses@vasBmall.BAtE
higher@Rnvironments,@hellifferencesecamelignificant.i

Descriptions®fithe@est@onditions,@est@ariables,EaindRest@esponses@s@vellZEs@iscussion@Df
results@nd@onclusionsreontained@n@®heollowingBections.Bl
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1.0 Objectives
ThisestBeries@vas@heBecondiart®f@milotBtudyB®erformed@oBupport@ncreasing®ROVBafetyl!
by®hefonsumer@®roductBafety@ommission.BlinEhelpreviousestBeries,Awoestlevices,FEE
HYGERledEnd@BEFMVSSBO1&ollGlatform,Bvere@Explored@siotential@neansEodmpart@oll
motions@o@heROV.EThefHYGERcceleratorBled@vasFoundobe@bhighly@epeatable@nethodmD
impartingfollover@lynamic@notions@oEheROV’sEested.

TheRurrent@estBeries@vas@onducted@o@xploren@lternate,ButBimilarinethodBf@mparting
dynamicioll@notions.BFori@his@nethod,®@hefAutolivrashiarrier@ystem@vasised@ sz
propulsion@evice@oFEentlyRiccelerateBERart@ontaining@heROV,EndEhen@he@art@vask
decelerated@t@@ontrolled®ate,@ausinghe@ROVREo&oll.BThisEpproach@s@eryBimilar@ohel
HYGER|ed@AnROVRlynamics@vithhe@xception®hat®hebbrake/decelerationBystemZllows
longer@eceleration@®ravel®hanis@vailable@vith@®urrent@HYGERcceleratorBystems.k

The@bjective®fthe@urrentestBeries@vas@oRonduct@esting@t@ecelerationdevels&loser@ol
thethresholdoll@evel®btaineddn@est@rack@esting, @o@Romparehe@ccupant@ynamics@ohat?
obtained@vith@heEHYGERpproach.BABecondary@®bjective@vasEo@®bserve®he@ffectivenessmfl
the@orsolba r@a@:assive@estraint)@:oncept@)f@he[- underfbeltedEnd@inbelted@onditionsEndE
in@@OEﬂegreelﬂieceIeration@nvironment.In@ddition,EItheEtliummyl_?n‘esponses@afl?lthe@ioth
percentile@HybridB@Erontal@lummy@vere@ompared@vith@hose®Df@FEuroSIDAI,Bide@mpact
dummy.?

2.0 Test Conditions

2.1 Test Dummies

Most®fheRestsBvereerformedmvith@B0 ™ percentile@HybridBEnale@ummy.BTheBummyE
waslnstrumented@vithR&riaxial@ccelerometerpackagedn@hethead.ZOneest@vas@onducted?
with@alﬁothercentile@nale&uroSlDI]:Iummy.he&uroSID@NasﬁaIsoEﬂnstrumented@vith@riaxial
accelerometersnhelthead.?

TheeftBhoulderBndZlbowFointsBf®hefHybridBRummyBverelloosened®ollowdree@notion
ofthefleft@rminEhedowecelerationEndXoll@nvironment.BHand@xcursions@veredhotl
measured®rihotedd@nhis@eport,but®hefhand@notionds@aptured@nEhelnovies,EndEszE
significant@utcome®f@he@ests,@ue@oEhe@any@orrespondingfhand@ndErminjuries@n@ROVE
accidents.BThe@vrist@ension@vas@naintained@t@EHbout@A -gBetting@ollowRhefhandsEoestr
on@heBteering@vheel@uring®he@ccelerationEnd®@oasting@®hase@®flesting.ESince®heF uroSIDE
hasBtubBrms,@heBhoulderBettings@vere@naintained@t@hefhormal®1-g”"Betting.EThelegk
jointsfboth@ummies@vere@naintained@t®he@isualfl-gBetting.



The@lummy@vasBeateddn®heZamelnanner@sin@he@reviousBtudy.BThelpelvis@vas@entered?
inkheBeat@ushion,BindForcedibackFirmly@Egainst®heBZeatback.BThe@H-pointBvas@ositioneddn
theBameange®fX-Y@ositionsEs@n@hepreviousBtudy.ETheRorso@vasipositionedEgainst®hel
seatack,Avith@he®orsoEndthead@enteredin®heBeatBackBndthead@estraint.BThefhandsi
wereositioned@vithhe®humbsihooked®vertheBteering@vheel BTheightfoot@vask
positioned@®n@helicceleratorBedal,Bind@heleftikneelpositioned@heBameistancedrom@hel
rightiknee@sin@he@previousBtudy.BOnceEheBbody@vasiositioned@vithin®he@argetdocations®
the@reviousBtudy,ERhe@ehicleBnd@ummyReferences@vere@ocumentedilising@B-dimensionall
FarofAdvantageBArmEModeliL-12).EThisGllowedBubsequent@ositioning@ofbeRonducted@nuchi
more@juickly.BFigure.18howsEhe@ummy@ositioningfeing@lone@vith@heFaro-Arm.EThel
FaroBArmBeating@rocedureisedB@oltdocations@nEheROV’sEsEteferenceBoints@rom@vhichi
theRlummy®argets@veredocated.EThe®riginsBbfEhese@eference@ointsEre@howninFigures?2. 2
and®.3@or@he ] and il respectively.@

Sincelthe@ehicle@vas@Ecceleratedlip@oBpeed,@hen@ecelerated@EtBEontrolled®ate,Rhere@vask
alwaysBomeRhance®hat®he@ummyimightBhift@ositionstbeforednitiationD®fthe@eceleration.?
Onelfemedy@vouldibe®olightly@ape®hethand@o®heBteering@vheel.BObservations@From@hel
trial@ests@idmotBhowEnyBignificant@lummy@novement,Bo®hefhands@verefot@aped@oihel
steering@vheel .

2.2 Vehicle Set-up
The@woROV’sBelecteddorhisest@®rogram@vere@he@amei@nodelss@iseddn@helprevious?
study@onducted@t®hefransportationfResearchenter@n@hio.BTheirst@ehicle@vasz [
I VN ' 5vas@ocumenteddn@hefrevious@rogram.@TheBecond®ehicle@vas@l
I ' - chachicle@vasireppedibyRiraininghefueld
from&he@ank.ENoBtoddard®luid@vasEdded.ETubing@vas@velded@o®he@ollRageFor@nountingl
ofthe@hree@®n-board@ameras.BTheRn-board@ameras@vere@ositioned@o@apturefverhead,?
frontal@nddront-obliqueBiewsdf@lummyanotion.EThe@ameras@nounteddohe [l and il
areBhown@n@Figures®.4z@ndR.5.BThe@ehicle@vasilso@nstrumented@vithEccelerometersk
(X,Y,Z)@nd@oll@ateBensorsdX,Y,Z)BnRheEunnelBrea®heBccupant@ompartment.i

AllRamera@ataBnd@nstrumentBignals@vere@ollecteddnEn@®nboard@ataEcquisition@ystem,
and@elayed@hrough@able@o®he@ata@rocessing®ystem.BAllEccelerometernd@ollFatel
sensor@lata@vereBrocessed@ccording@oBAER211.AFigure®.6@ontainsEiewbRhe@atal
acquisition@®quipmentin@he@argo@reaf@he@ehicles.?l

Thel@ehicle@vas@nounted®oEnovableilatformdcart)dor@heonduct®f@ollover@imulations.?
Thisarts@outinelyfisediby@RutolivdoBimulate@ollover@motions®f¥ehicles.ETheestsAverel
conducted@nherashiarrierfacility.2ZVehicle@ollover@notion@vasnitiatedibycceleratingthel
cartlipEo®he@esired@elocity,®henrakingheRart®omBtoptERecelerationdevelBufficient



tonitiate@oll@notion@fEhe@ehicle.fFlofreventBliding@notion®DfRhe@ehicleBnEheRart,®hel
leadingfdriverBide)®ires@ouldibeestrained@itheriby@RurbBtructure@gainst®heiiresribyl)
removinghelire/wheel@ssemblieséind@ttaching@®he@ehicle@o®heRart@vith@EGingeBtructure.R
ASERhoseofisemhingessembly,AnBrder@o@preventnyest@ariability@luefoire/cart
interactions.EThethinge@ssemblyisedforhe i} isBhownanFigure®. 7@

InE@RIriving@naneuver,Gs@he@ehicleBpproachesip-up,Bveights@ransferred@o®hedeadingl
side®flthe@ehicle,@ausing@hefeading®ires@ndBuspension@o@ompress.Bin@heart@est,®hel
suspensionfs@ree@o@ompress,Bbut@vith@hethingeEttachment,@lynamicire@ompressionsi ot
possible.BThis@Effect@vasBomewhatccounted@oriby@djusting@hebhubbheight@EtEhefhinge@ol
thefheight@neasured@vith@ne@®ccupant®nboard,Eind@he@ehicle@veight@hifted®@o@vheeldiftR
on@he@®pposite@ide.BThisEesulted@n@hefhubieingflowered@pproximatelyEAnchFBromEhebhubR
height@vith@®ne®ccupant@ndho@veight@ransfer.ETheire@ompressionds@juite@ronouncedd
because®fithedow@pressuresd~FlL0@si)FecommendedForlROVaAise.BThiskpre-set®f®he@river?
sidefhub/hinge®aused®@he@ehicle®odlean@pproximatelyd.3Regrees.RltdAsbelieved®hat?
accounting@orthis@veight®ransfer@esulted@nBlightlydower@olloverhreshold@cceleration.?

The@ehicle@vas@lso@ttached®o®heRart@vith@Rether@oBprevent@omplete1/4&urn)@ollBndA
subsequent@amage@o@ehiclefrZameras.ETheRethers@verettached@o®hefpassengerBideBillE
areaby@veldingtiplate@oRheBillzAnd@ttaching@hylonBtraps@o@helplate.BTheBtrapdength@vask
adjusted@ollowpproximately@5-60@legreesBfoll@Enotionefore®he®ethers@rabbeddi.e.,?
tightenednd@estricted@urtheroll@notion).BFigure®.8&howsEhe@etherBttachment@ohel
I - dFigure2.98howsEhe i tilted@oFullEnotion,eingtheldiby@he@woletherBtraps.@
This@liffers@fromhe@ethering@onel@n@helpreviousiilot®est@rogram,@n@vhich@he@ethers
werettached@o®he@ollRage@EndEhe@naximumioll@loser@o@ SRegrees.

2.3 Cart Deceleration
The@iniqueEnd@efiningdeature®fithisFacility@s@helbrake/deceleration®ystem.BFigure.100E
shows@erspective@iewdfRhelbrakeRails.Rlt@anbeBeen®hat@heRartAsFuidedlongBXenter
rail@hat@uns@hedength®fhe@rack.EThis@uide@aildsfised®or@IIRypesdfEests,Ancludingk
frontal#ixed-barrier@estsindBide,Barrier-to-car@rashestsEndBoForth.ETheEuide@aildsE
recessedi@nto@@hannel@n®@he@oncreteloor,Avith@heRopfithelailFlush@vith@heBurface®
the@oadway.BTheRowRable@hatAs@ised@or@ropulsiondslso@n®heXhannel.BForhisesting,?
theRartisttached@o@heRowable@vith@E@breakaway@nechanism.BOn&kitherBide@heRartfisk
alprotrusion@hich@EngagesEhelbrake@nechanism.EThefbrake@nechanismis@omprisedD AR
rectangularfox@vith@alipersAnside@vhich@Erip®helbrakeRails®hat@refolted®o®heFloor.EThel
gripping@orce,@ndhence@he@ecelerationdevelds@djusted@vithBressure@ylindersttached®ol
thealipers.ETheXaliper@Essemblies@EreBositioned®nEheRails@henEheBbressurelsEppliedibyl
theltylinders.BToward®he@EnddfRheRails,Ere@wolnorealiperBissemblies@®nZachBide®hatR



servesback@pRoRhe@rimaryBystem.EThey@redntended®okeepEheRart@romiEraveling®ol
the@nd®fEhe@ail BFigure.11@sERNiewfhefbrakeRails@ndXalipers,dooking@traight@own
the@uide-railRoEheRarttind@®ROVEAnEheRlistance.l

ThealipersirovideHairly@epeatablefbrakingdorce.BThe@perator@nakesEdjustmentsiased?
on@heliesired@ecelerationdevel,®he@ravelZpeed@nd®hefotal@nassBEheRartEnd@ehicle.l
Thetart@s@nstrumented@vith@Eccelerometers.BARypical@eceleration@esponse@®f@heart?
consistsfEafhardBpike@orresponding@ohelnertialdoltdf@he@netalBhock@bsorbersthittingf
the@netal@aliper@®oxes.EThisBpikeAs@DfaBhort@urationd0.058econds),Hollowing@vhichEhel
remaining@eceleration@sFairly@onstant@ll@he@vay@intil@heRart@sBtopped.BFigure®.12EhowsH
one®fEhefAce@ampersnEhe@art®@hat@®ngages@helrakeRalipers.?

TheBdvantage®fithisHacilityver@BEHYGER|leddsEheRravel@istance®f®helbrakeRails.EIfE
needed,Eheraking@an@ccurver@@istance®fF SHeet.EWithEheFHYGE,®helpulselsi
controlledibyitherGBEmeteringinBriy@ExternalEctuators.BEMetering@insForhefHYGERrel
typicallylesshan@BEeetdndength,Avhich®henfsEheRlistance@ver@vhichEZcceleration@anccur.

Toisualize®heBheeddor@listance,@onsiderBystem@vhereBnROVEsthinged@t@®OR egrees®yawd
orientation@®n@Rart,And®he@ecelerationds@xactly@®he@hresholddtheoretically /2hEihalfEhel
track@vidth@lividedibyhe.g.theight, For@igiddbody@vithout®ireBindBuspension@ompliance).k
Atthis@lecelerationdevel,@heForcesEind@EnomentsEbout®hefhinge@oint@Exactly@alance@ach
other,BEnd&he@ehicle@oes@hototate.Rlfhe@iecelerationdsincreasedby@ery@malli
increment,®here@sBin@mbalancefn@noments,Eind@he@ehicle@egins@oXotate.BTheRate®IR
rotationAsEFunction®dfEheRifferencen@nomentsEnd®he@otationalinertia@®fhe@ehicle.RlInk
thistase,®heXotation@villbeXZlowibecause®fthed@ncremental@noment.ESince@otationsk
occurringBlowly,AtEnust@ontinue@orEdong®ime®ochieveip-up.BHence,AtAvould®equirel
longravel@listances.FAsEheiecelerationfincreases,@he@nomentlsolncreases,Enddless@imel
(shorter@listance)ds@equired@ochieveip-up.2

Thel#equiredBtoppingf@listances@®hereforedinked®ofhowl@lose®o®heip-up@hreshold®heest?
is@oeun.BltAvas@he@esire®f@hefPSCRoRonduct@hese®ests near@the@hreshold”@equiredd
toip@he@ehicles.FAccordingly,®@heBelected@ecelerationdevels@vereRstimated@round@D. 1ZE)
greater@han®he®hreshold.BltAvilllbbeBhownhat@rakeFravel@istances@B®0-110Enchesk
resulted@rom@Enost®fithe@ests.AWith@lecelerationdevelsEround®.2&’ sEbove®he®hreshold, [t
is@stimated@hat@he@ameiests@ouldibeierformed@vith@iypicalEcceleratordsuchZsihel
HYG E)Bled.Figure[?I.lSEhowsche[- fully@prepped@ndeadyForiEesting.

2.4 Camera Coverage
The@®ROV&ollovers@vereRiocumented@vithFhigh-speed@ameras,Eaind@ormost@®thefests,@ne-
digital®eal-time@amera.BThree@ameras@verel@nounted@®nboard@he@ehicleBs@reviously



described,@oEiven@verhead,Frontal@nd#ront-obliqueiewfhe@ummyinotion.BTwobkhighl
speed@ameras@vereBlaced®nZherack,PositionedBosEoBhow@EFrontalWiewDtheleading
edge®heROV@sAtAvasthearing@he@End®DfR@lecelerationEnd@oll@notion.BOnebfthese@vasii
close-upFiewEndRhe@®therFurtherway.BOne@amera@vasiositioned®nEheFround@FromEhel
rear®fthe@ehicle@nd®hedast@vasverhe@uide@ail, Gustibeyond®he@rakelails.FAlDEhel
camerasvere@riggered@utomaticallyby@he®est@ontroller,@®xcepthe@eal-timeRamera,
which@vasthand®perated@from@EEtationForwardEndDffRoRheBide®hebrakeRails.?

Forithelfirstest,@est212,Ehe@ameras@vereBetRo@unztA 000FramesierZecond.EltAvask
noted@hat@Bome®fheoll@notion@ccurred@fter@he@amerasthad@eached@hedimit®f@latal
storage.BThe@emainingests@vere@onducted@ith@ameras@unning@tZitherB 002 50Framesk
perBecond.BEThisEnabledbetterfighting@®fthefhigh-speed@igital@novies,BndXaptureEhel
entire@®vent.BTheBlower@rame@ate@vas@lentyfast@nough®o@apture@he@motions®fithesel
relatively@lowXoll@vents.FABchematicf@amera@placementds@ontained@n@Bppendix@.2

2.5 Test Parameters
Thelprimaryinput@arameters@or@he@esting@vere®heBpeed®dftheartnd@he@ecelerationf
levelBetHorZhelbrakes.ETheRravelZpeed®dEheartBrimarily@ffects@he@ime@uration@Dfithel
eventll.e.,®he@ravel@istance@fterBbrake@ngagementds@irectly@roportional@o®heiraveld
speed@t@vhich®heRart@ngages®heirakes.BThe@lecelerationfevel@t@vhich@helbrakesEreXetl
determines@he@ateBt@Avhich@oll@notiondsA@nitiated.Bin®heory,BvhenEheRlecelerationdevel?
reaches@he@equired®@hresholddT/2hForigiddbody@stimation)@oll@EnotionAvillbelnitiated.RAsH
the@eceleration@ncreasesBbove®hat@alue,@ollEmotionBccurst@BHFaster@ate.B

TheBeveritydevelFor@nost®fthesefests@vasGobe@Bmalldncrementbove@hehresholdievell
that@vould@ause®he@ehicle®o@oll,ndEaintain@®hateveldlong@Enough@oip@ast@ SRiegrees.l
Thethreshold@vas@xploredin@ibrief@rialZestBeries@or@®achROV.EltAvasEstimated@hatAnZHE
90@egreeawrientation,@ach@ehicle@vouldibegin@oFollEtGustbove. 6’ s
deceleration.BThearget@ecelerationflevel@vas@hen@hosenEtd. 7@’ sEnd@RartZpeedDELAR
mph@rovided@Bulse@urationBufficient®ochievedull®ip-up.EBothartBpeedEnd?
decelerationfevels@veredncreased@henesting@vasiBerformedzt®BORegreesdawrientationl
ofthe@ROV.R

ItAsthoted@hatEheRipAipEhreshold®f®heseestsisHikelydbelowhat®BEheRIriving@naneuverl
tests@lue@o®hel@nassBbfhe@amerasEnd@ata@cquisitionEquipment,Eind®heirdlocationZbovel
the@enter®fiFravity@®fE@ach@®OV.E NoEttemptAvasinade®oeasure®@he@ffectBbEhefest?
equipment®niEheip@hreshold.?

Thearameters@hat@vere@arieddn@helprogra m@Nere:El)EROVEmodel_ or[- 2)Fawe
angled90@egreesrBO@egrees),B)beltRonditiondbelted@Briainbelted),Z )@ ummyHybrid@BE



frontal@®rEuroSIDAI)&ndB)PassiveRorsofestraintdthisisBtandarddorhe | andavas@ddedm
tonedfhe ] tests.@

Withifive@ariables@t@wolevels@@ach,dtAsBpparent®hat@en@ests@villfhotllowRtatisticall
analysisbfEheResults@or@ach@ariable.2Since®helprimary@®bjectivefEhefrogram@vasiol
compare@his@nethod®bfi@lecelerating@he@art@vith@he@HYGER ccelerator@led,@heBignificancel
ofEachBfEhed@nput@ariables@vasthot@onsidered@mportant@orhisBeries.ETable®R.1BhowsRhel
sequence®fithe@ests@onducted@nd®hednput@onditionsForach®fthe@ests.?

3.0 Test Results
Alldfthe@ests@vere@onducted@®nBeptember@4-16,R2010.2EThelnain@®bjective®fEheest?
series@vas@o®btain@lata@rom@olloverZventsinitiated@ear@he®hreshold@ecelerationl
required.BEThe@®ccupant®fithe@ROVisExposedEoHow-g@nvironment@ipAintil®he@ime®hatl
theltethers@Erresthe@oll@notion@B®he@ehicle. BAtRhat@oint,Rhe@ehicleBtopsBuddenly,Bvhilel
the®ccupantsBtill@noving,@esulting@n@Ehigher-gEnvironmentis@he@ccupantisBtoppediyl
the@orsobbelt,Rorsofarr@apid@®jection@ccurs.Blin@helpreviousBtudy,@xcursionsEnde
accelerations@vereBeparately@eportediprior@ofetherFrab@nd@fter@etherFErab.BInEhisk
report,®he@esponsesfollowingtether@rabrefhot@onsidered.Rin®hefinbelted@ests,®heBost-
test@ositionDfRhe@ummydshoted.?

Altypical@oll@elocity@urvedsBhownd@nFigure®.1{RAppendix@BRontains@loll@elocity@lots).?
The@oll@elocity@ncreasesBteadily@intilZpproximatelyd.88econds,Rhen@lecreases@intil@Eboutl
1Becond.BThisAsHikely@ueo@he:ffect®fhe@ccupant@assibeing@icked@ipEndEZccelerated.l
Theloll@ate@®henlncreases@gain@intilZiboutl.258econds,Rhen@iropsff@harply@olero.EThisk
sharp@irop@®ccurs@vhen@he@®ethers@rab@he@ehicle.EThe@imefEether@rab@aniel
determined@rom&ither@he@oll@elocity@racer@rom@he@®ff-board@novie@iewsk

3.1 Overall Results
Theesults@®fheBAutoliv,@eceleration@estBeriesBireBummarized@nTable.1.BTheBource@D
the@lata@niTable.1@sZsHollows:E

Cartelocity? Off-board®@peedirapl!
Time®fTether@rabl Roll@ate@ensor®rifilmEZnalysisi
Peak@RollX/ elocity? Roll*ate@ensor
Average®latformiDeceleration Platform@ccelerometersh
Peak@Head®ResultantfAcceleration? HeadX-Y-Z@ccelerometersh
Peak@Head@Excursionl On-board@orward@ameral
SeatBeltPay-outl Post-testlineasurement@fEnarker®nielt:
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ItAsEhoted@hat®he®argetdateral@ecelerationForthedirst®Eests@vasi.7&’s.EThearget?
deceleration@orEhedast®est{223)Avasil.6F’s,Avhich@BvasEnEttemptRo@uplicate®he@veralld
severity®f&Brevious@HYGERccelerator-sled@est@vhichthad@REriangularBhapeiulse@vithER . SR
peak@alue.FoIIowingest[?I14,I§lt®vas@uspectedEthat@nconsistencies@n@he[- responsest
mighte@lue@olnconsistencies@nBeateltdocking,Bo@narkers@vere@laced@®n®heelttheark
the-ringEnd&heEmount®fibelt®ravel@ecorded,Btarting@vith@estF2 15.1)

The@eakihead@xcursions@vere@etermined@isingBoftware@nalysisfackage,@racking@hel
marker®nRopDfEhe@ummythead,Xelative@o@narkers@nEhe@ertical@ollEageEnd®heRillErea.R
ItAsthoted@hatBuchBZnalysis@sBubjecto@istortion,@uefo®hei@ifferencesdn@istance@Bromi@hel
camerafocal@oint®@o®hefhead@narker@nd®he@ehicle@eference@oints.?

3.1 Test Repeatability
AsAn@he@revious®ilotBtudy,@epeatability@esting@vas@erformed@vith@heRutoliv@leceleration
sled.BTests®214,215@BndR 16@vere@onducted@viththeBamednputibarametersijjjjiij 602
degree,elted,HybridBRummy).ETheRart@eceleration@vasBetHorZbout@.81%’s,Avhichl
should@esultinHateral@eceleration®f@heROVED.7g’s.ETable.2&ontainsEhe@eak@ollR
velocity,®heBeakfhead@esultantccelerationdBAppendix@Eontainsilithead@esultant?
acceleration®lataBblots)@nd®he@peakthead@xcursion@aluesheBRests,@longAvith@hel
coefficient®f@ariationdstandard@eviation@ividediby®henean)dorEach@alue.R

Astan@eBeen,®he@est@epeatability@or@heBRestsis@xcellentFor@lIAaluesxceptipeakihead?
excursion.B TheBpeak@oll@elocity,Bverageart@lecelerationEndBeak@esultantthead?
acceleration@llthaveV’sdessEhan®%,@vhich@sExcellent@orEnyRype®Df@mpact@esting.BThel
head@xcursion@alue®festR16@vasFuite@ifferent@FromEhat®f214EndR15,®ven®hough@hel
estimatedeltBpool-outd@sairly@losefbetween®heests.Bln@Examining@ossible@easonsForhel
variation,AtAvashoted®hat@n@ests2 14@ndR215,@heBelt@emains@n@ontact@vith@hefipper?
fleshfhe®orsofacket,@vhereasin®est®16,d@tE ppears@hat®heforsoeltBlips@vertheforsol
fleshEndinto®heBheck.BSinceEhefHybridB@ummy@vas@iesigned@rimarilyFor#rontal@rashf
environments,®hisype®fdoading@nightBhotihaveeennticipated.BltAs@ossible@Ehathisk
could@asilyBbe@esolved@vith@Facket@vith@ihigherfeck@ribyEdding@omething@o@brovideE
moreealisticRransition@rom&orso®ofeck.BDifferences@vereilsohoteddn@heBrmiEmotionk
betweenhe@wolests,Avhich@ouldinfluencefateral@novement®fthe@ummyis@vell.?

TheV'sbfEhisBeries@vere@enerally@®nEheBamerderts@hose@rom@heccelerator@lediest?
series{SeelreviousPilotBtudyHeport@atedlune,2010).EThekcceleratorestBeries@vask
conductedt@®O@egrees@End@t@bhigherBeverity@han@he@leceleratori@estBeries,BoltAsE ot
possible®oRlirectly@ompare@®he@wo,BbutothEre@xcellent@®verall.BAlso,Roll@elocity@vas@hotl
measuredd@n®helcceleratorBledBeries.
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The@imebhistory@®fdheRoll¥elocities@sBhowninFigure.2.BTheRimethistorymfithetfhead?
resultant@ccelerations@is@howni@nFigure.3.AThesedigures@|sodllustrate®hethigh@egree@
repeatability®fthe@lecelerator@led@pproach.BAFisualdookEt®he@epeatability@s@Bhownnk
Figure®.4,Avithhe@lummyBbositionEtEnax@Excursion@nEach@DEheBEepeatability@ests.?l

3.2 Comparison of HYGE and Deceleration Head Excursion Values
ThelBpreviousEestBeriesdHYGERled&ests)@Avas@onducted@vith@EriangularBhaped@ulse,AvithzE
peak@cceleration@alue®fR.5@’s,BndRhis@urrentBeries@vas@onducted@t@@onstant?
deceleration®f.7g’s.B In®heory,@he@ehicle@nd@®ccupant@esponses@ouldibe@he@amelinznf
acceleration@nvironment@sin@@eceleration@nvironment,Pprovided@heBameBbulses@verel
used.BESincehe@ulseBhapes@vere@ifferent,Rs@vas®heverallBeverity®bfithe@cceleratorndX
decelerator@eries’,®he@omparisondsBkewed.ETable®.3&ontains®hefhead@xcursion@aluesHorf
the@estsAn@vhich@ll@onditions@vere@heBameRxcept®helulse.BltAsBeen@hat@he@HYGERestsE
resultedinthigher@xcursiondevels,@Elthough@n@omeRonditions,®Rheifferences@vere@mall.R

3.3 Comparison of Hybrid 3 and EuroSID Responses
ThefHybridB@Erontal@lummy@vasBelected@or@he@revious@ndEurrent@estBeries@rimarily?
because®he@ummythas@rticulated@rms@ndihands.EThe@ybridB@ummyAvas@iesigned@ol
exhibit@cceptableiiofidelity@n@Erontal@rash@nvironment.BThehestdsternumrea)Dfithel
dummy@si@nstrumented@o@neasureReflections@ausediby@rash-inducedforces.ETheBheckdsE
also@lesigned®o@espondiroperly@ofrontal@rashForces.BlnEf@ateral@mpact@Environment,®hel
shoulder®fthefybridBEsEssentially@Rigiddbeam@vith@Bnly®herm#lesh@ble@o@eflect.?l

TheEuroSIDRlummy@vas@lesigned@vithAmproved@hest,thead/neckEndBhoulderiofidelity
(biofidelity@s@EneasureBfthowdhumanlike®he@ummyiesponds...for@xample,@hefHYBRIDEBE
neckBhasbeenBhownRobenuchBtifferthan@thumaniheck@nXideollisions)dndateral@rashl
environments.BThe@Bhoulder@omplexs@Ettached@o@Bhoulder@ib,Bvhich@s@omplianti@ndaterall
impacts.BTheBErmBbfEhe@uroSIDEepresentsnlyEhe@ipperZErm,EndisBrimarily®o@ddEo®hel
biofidelity®ftheXhestAn®hedateral@lirection.?

InEheRurrent@estBeries,Ehe@rimaryButcome®f@achFest@s@he@naximumiateralthead?
excursion,@Avith@articularnterest@n@hether@®rihot®hefhead@ravels@utside®he@eriphery®fa
rollZage®ftheROV.EIn@rdero@etBomelidea®dfhe@mportance@vhich@lummydsibeing?
used,@hefastestmfheBeries@vas@nttemptEoeplicate@@est@From@EheHYGEBeries,DnlyR
substituting@EuroSIDBlummy#ori@hefHybridBaised@n@EheBrevious@est.ETheRest@ehicle@vash
the[- andZheZest@onditions:®0@egree,belted.BThe@ulseorhefHYGERestthad@RR . 5ER
peakEnd@Bulse-widthBDf@boutE458econds.BltAvasEstimated®hat®@heverageccelerationl
overlheperiodivasEboutfl .6’ s.EThe@lecelerationBled®est@vasBet@pAvith@hosel
parameters,@@lecelerationfevel®f.67 sEand@EBpulse@vidthEround®.458econds.k
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The@stimatedpeak@ummythead@xcursionForhefHybridB@&est@maxBrior@oetherferk)@vask
1@nch@EndBAnchesHor@he uroSID.EFigure®.5BhowsEhe@HybridB@EtBeak@xcursionBriorZol
tether@rab,@ndFigure®.6BhowsEheBame®hing@orEheE uroSID.EltAsEhoted®hatEheFE uroSIDESE
leaningBlightlyFurther®ut®he@ehicle@han@hefHybrid®.ETheosition@DRheRRummiesk
afteri@ethererk@sBhown@nFiguresd.7End3B.8.EltAsEhoted®hat@n@histhigher@lecelerationl
environment,®he@uroSIDhasBignificantly@norelateralthead/neck@otation®han@he@Hybrid@BA
dummy.?

Therefsitlearly@@esponse@ifferenceetween@heFwo@lummiesdateln@he@vent.BTheEmount
ofilifferenceds@Ereaterdnthigher@oading@nvironmentsBuch@s@fter@he@etherFerk@n@heROVE
testing.BThe@esponse@ifference@vas@noderaten@hell.6R,[.458Beconds,Bquare-wavelipulsel
ofthisesting,@rioroetherferk.RltAsEstimated@rom@hese@ests®hat@nz@hreshold?
acceleration/deceleration@nvironmentd~@.7&’s),BriorEofetherFerk,Bthe@esponse@ifferencel
wouldhot@eRBignificant.ETherefore,@ither@lummyoulddbeRised@t®hreshold®’s.RIfErm/handk
motionAs@BfAnterest,Rhe@ybridB@ummyds@Ebetter@hoice.?

3.4 Effectiveness of the- Passive Torso Restraint
ASEHiscussedﬁlnﬁlhe@)revious@)iIotIEtudy,I?nthe[- wasEquipped@vith@passiveRorsondihipl
restraint.EThe ] was@nodified@n@hemreviousBtudyanrderiobboltihe|jfj torso@estraintm
directly@ntoitheiollbardfhe ] Fisure®.98howsiheorsoestraintfEhejjfj and
Figure®.10Bhows@heiestraint@nounteddoitheiollbarfihe |

ToRssessEhe@ffectivenessfhe®orsolpassiveestraint,RestingisBberformed@vithEand@vithout?
the@estraint,Eind®he@esults@ompared.CIn@helpreviousPilotBtudy,Buch@esting@vask
performed.BUnbeltediesting@vas@onducteddnhe ] at®0@egrees, avithdhe®0™ maler
HybridB@lummy,Bvith@peak@ccelerationdevel®f@boutfR.RinEheRest@vithout®he®orsol
restraint,@he@ummy@vasBartially@jected,@vithBnly®hellegs@emainingnside®he@ehicle.RInk
the@esterformed@vith®@heRorso@estraint,@he@ummy@emainediinside@he@ehicle,AvithE ol
head@xcursion@®utside®@heleriphery®fhe@oll@age.BltAsEhoted®hatEhisBpairffEests@nlyE
tipped@artiallyip,@nd@etherGerk@id@hot@ccur.Bl

InEheRurrent@estBeries,@hree@ests@verefperformed®hatreelevant@ohisdssue.BTheirst?
test@Test[?I13)@vas@imi|ar@o@he@1nbeIted@est@vithoutEtheElorsolEestraint@vith@he[-
vehicle@erformedidn®helreviousBeries.EThe@ehicle@vas@eceleratedihearhehreshold@R
leveld0.7@&’s)ForBufficient@imeRZoRauseHull@ipAipEoRetherFerk.BThe@ummy@esponse@vask
similar@o®he@revious@estipAintilZiboutF 00@Emsec.,ButFollowingetherferk,@he@lummyivask
ejected®dntohe@oadway.BFigure®.11BhowsEheRlummyBbositionEtE 56@nsec.,BndFigurel
3.12Bhowshe@lummy@tFl.2Becondsinto®he@vent.EThis@ndicates@hedmportance@®fisingl
belttestraints.EThis@est@Isodllustrates®nedvantage®f@hisiypedBled,An®hat®he®hresholdd
gillevel@XanieBustaineddong@Enough@ochieveFull®ip-up.ETheBtopping@istanceFor@hel
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deceleration®led@vas®2.5dnches.BEWithEnEcceleratorBledBuchsEheYGE,EEnetering@ink
couldihypothetically@be@nachined@vithEdengthBf®BOAnchesEnd@EEhear-square-wavepulse.
UndertheseRonditions,GtAvould@equireBomewhatthigherccelerationfddue®o@he@horter?
traveldength)®ochieve®heBameRiegreefip-up.&

Test@217@vas@onducted@vith@he [ atB0@egrees,inbelted, Avith@Rorsobarinstalled.EThisE
test@vasEheirstest@o@Explore@heffectivenessfitheorso@estraint@vith@Forward?
component@®fi@leceleration.BFigure.13Bhows&heBosition®Dfhe@ummy@tEhe@imedfR@ether
jerk.BUpRohis@ime,®heforsoestraintirovides@Enough@estrainingforcefolkeep@heummyl
inside®heollXage.BFFollowing®heRetherFerk,he@lummy@vas@jected.BFigure.14Zhowsihel
position@fEhe@lummytR.2Beconds,@An®helprocessfExiting@®heROV.EltAsG ostulated@hatink
aEhreshold@ollBnEhard, BmoothBurface,@he@lummy@vould@emain@nZhe@ehicle@hroughE
fullZaEurn.BEThis@sBignificantecause@any@njuriesEre@ausediby@rushing®fhe@odyR
betweenEhe@ehicleBind®heEround.BAsHongsEhe®ccupant@emainsinside®he@oll®age,
these@rushinginjuries@oulddbe@revented.BTetherGerk@ould@epresent@he@ehicleeing?
stopped@tE@uarter@urn,BribeingBtoppedby@EnBDutside@®bject.EThelmportance®f
consideringithe@esponseollowingetherferk@lepends@®nEhe@istribution@®fEccidentsd@n@vhichi
the@ehicleRncounters@n@utside@®bject@uring@he@oll@vent.BAgain,HorBurposesfhisk
study,®he@esponses@ollowingethererk@re@onsidered®utBfEcope.R

ThefinalZest®ftheforsoestraint@ffectiveness@vasiTest@21.EThisEestAvas@onducted@vithi
the@ame@tonditions@sest@l7,®xcept®vithﬁllhe[- TheRorso@estraint@sBtandardd
equipment@vithﬁthe[- The@®ccupantkinematics@nZhisEest@vas@ery@nuch@ike®hat@Ehel
corresponding[- test,An®hat@EHtEhe@imemf@etherFerk,Rhe®ccupantd@sBtillAiprightEndE
within@hefperiphery@fEheolltage,@ndFollowingetherFerk,®hefccupantBElidesffheforsol
restraint@ndids@jected.BFigure.158howsEhelosition®fEhe@ccupant@tEhe@oment@D
tetherfferk,BndB.16@&heHinal@esting@osition®DfRhe@ccupantFollowing®he@ompletiondhel
test.B

4.0 Discussion of Test Method
The@nain@urpose®fitonducting®hese@estsEtEheAutolivifacility, AvasEoR@letermine@hel
differences@n@®ccupantkinematicsi@tollover@onditionslose®ohe@olloverhresholdR
observeddnBteer@naneuversBnBEEmoothEsphalt@oadway.FOneypefinaneuverdsEz)
constant@adius@urn,AvithBlowlyAncreasingBpeed.BlnBuch@Enaneuver,®helateral@cceleration?
slowly@uildsfipEs®heBpeeddncreases.BTheateral@eceleration@rofilefsthot@onstant@ ueof
suchfactorssBtaticBndBliding@riction,Bind®helheating®fitheRire@ubbersdateralBlipk
increases.EBut@or@aboratoryurposes,®hefventanbeBimulated@vith@Ehear@onstantevel?
oftleceleration.
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Thelprimary@dvantage®f@mAacility@uch@s®@hefnefisedFor®his@estingfs@heravel@istancel
available®luring@ehicle@eceleration.BEWithEnZccelerator@eviceBuchRsREHYGER|edeither?
12"®ri24"@iameterBropulsion@evice)®helcceleration@istanceds@eterminediby®hedengthD
thel@netering@in.BThis@istanceds@ypically@imited@oEround®bEeet.BiComparatively,®@he@isablel
brake®@listance@t®heAutoliviacility@s@®nEherder@®fEl 5Heet.q

Toisualize®@hemportance®fithis@listance,@onsiderBEest@vhere®he@ecelerationdevelAsEE]
fractionelow®helip@hresholddtheoreticallyer /2HFor@ERigidibody@vithoutire@ndBuspension?
compliance).ENo@natterthowdongrihowFarhe@ROV@ravels,Ehoip-up@ccurs.BAsEhel
decelerationdeveldncreases@o@®ZmallFractionZbove®he®hreshold,Xoll@notion@s@nitiated.EThel
closer@heR@eceleration@s@o®he®hreshold,@helonger@he@ime@nd@listance@equired@o@chievel
aesired@egree®fEoll.R

Maneuver@esults@vere@vailableForoth®Df@he@ROVaEnodelsfusedd@n@his@estBeries.BFrome
these@naneuveresults,AtAvas@stimated®hat@ipAvasinitiated@t@bout®.69%’ s@orachD@hel
twolehicles.BltA@s@ertain®hat®he@ameras,@amera@ountsEind@atacquisition@quipmentf
added@bove®he@ehicle@enter®fFEravity@lecreased®heip®hreshold,But@he@hange@vastotl
measured®ritalculated.Blt@vasthoted@hat@vith@he ] twodrial@ests@vere@onducted@t@m
lateral@leceleration®fEbout@®.6@,End®oll@notion@vasdnitiated,But@ull@ip-up@vasihotl
achievedin®helvailable@listance.ZBased®n@herial®ests,@nostf@he@esting®f@hisBeriesk
was@onductedith@dateral@eceleration@®fbout. 7.5

The@ravel@istanceforEhebrakealipers@angeddromi®3Anches@ofLl45Gnches.BEForEestinghear
the®hreshold®ipdeveld.7®),®hefrakealiperravel@anged@rom®2Anches@ofLl45Enches.

The il wasBelected@shefirstestehicle.BTheMelocity@vas®stimateddrom@he®ndd
velocity@®fEhe@revioustHYGEResting,@nd@vasBet@tEL 4@ ph.EFollowing@he@woRestsEt@Ox
degrees,®hree@epeatabilityfidentical@nput@onditions)&ests@vere@onducted@EtBOegrees.k
TheBpeedndRarget@eceleration@vas@stimatediby@ividinghe@0Regree@aluesby®EheBinel
60=legreesd.866).EThisEesulteddn@EargetBpeedroundfl6BnphEnd@ecelerationdevel@
about®.8.0

4.1 HYGE Accelerator Test Method
Thelreviousilotirogram@emonstrated®hat@mooth,@epeatable@ollREventsEaniel
conducted@vithhe@YGERcceleratorBled.EThe@in@ised@n@®he@revious@®rogram@roducedihel
pulseBhape@hown@nFigure.1.RltAsEhoted®hatRailoringBulseBhapes@vithBHYGE@etering@insk
isthotEnExactBcience,@nd@netering@ins@nustiedndividually@nachined.BA@metering@in@hat?
produces@fairly@onstant@cceleration@ould@be@nachined.BEThis@vouldesult@n@EREest@vhereink
aXonstant@cceleration@ouldbepplied@orE@istanceBround®O0dnches@fEravel . BANE
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accelerationfevel®fZboutd.9-1.0& s@vould@robablybe@equired@ochievedull®ipip.2
Advantages®fithe@HYGERccelerator@est@nethod@re:?

o Less@ExpensiveXostiperesth
o Abundance®fitest®acilities@vith@HYGER ccelerator@leds
e Highly@epeatableestinput?

Disadvantages®fheHYGERcceleratorBled:R

e Strokedimited@oRround®0dnches,thenceullip-upRouldihotibechieved@t. 77’ sR
e SpecificipulseBhapesre@orei@ifficult@oRichievel

ItAsBhoted@hatBomeHacilities,@AncludingfAutoliv,thaveXreated@bhybrid@ariety®fRhel
accelerator@led,@vherein@helropulsionBystem@rovides®heRnergy,@nd@heBulseds
controllediby#ast-acting,Bervo-hydraulicBctuatorsEttached@obrake@alipers.EUsinghisk
method,@hearlyEnyBulseBhapeaniechieved@vith@Bingle@netering®in,Bind@hel
accelerationflevels@rethighly@ontrolled.ZOnly@Bmalldhumber@facilitiesthave@onverted®heirl
HYGERledsRolhybrid®leds.:

4.2 Brake Caliper Deceleration Sled
ThefAutoliv@led@ontrols@he@lecelerationdevelsByRdjusting®helressure@®oirakealipers
which@ripBteel®ails.Eln®heory,@he@ails@ouldibenydength,Eind@ouldEccommodateiroad?
range®felocity-deceleration@ombinations.BThedvantages®fithefrake-caliper@leceleration
sledi@re:

e Capable@®ftolloveritesting@lose@o®heip@hreshold@iecelerationl
e Repeatable@iecelerationdevels?
e MoreXealisticAn@Eppearancefaccidentsd@nvolve@eceleration-initiated®olls)&

The@isadvantagestre:&

e CostAs@Eenerallythigher@lue®oreater@xpense®fi@rash@estFacilitiesk
e VeryAimited@humber®fFacilitiesRvailablel
e OnlyRonstant@ecelerationdevels@anBeBimulated?
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4.3 Additional Considerations of Test Approach

InEhe@wolbhasesbfEhefilotBtudyBDROVEollover®Bccupantirotection,EFariety@{Eestr
conditions@vereltilized.BThe@rimaryButcome®dfithe@esting@vas@vhether@®rEhotEheRBccupant?
(especially@®ccupant’sthead)@vas@ontained@vithin@®heBbrotective@oll@age@heROV.EltAvask
observedin@esting@vith@he@iriver@estrained@vithB®nly@Edap/shoulderielt,hetheadBvent?
outsideheoll@age.CltAvasEurther®bserveddn@esting@vith@REorso-baritypelpassiveRestraint,?
the®ccupant@vaskept@vithin®he@oll@age@intilRhe@oll@notion@vas@rrestediby®ethersh
attached@o®heROV.ETheAndication@vas®hatBuch@@passive@estraint,AnEddition@oheelts,?
couldBuccessfully@ontain®heccupant®@hrough@BFullZaRurn@DfEnEROV.E

InFurther@xamininghe@ests@vith@Rorsofar@ype@assive@estraint,AtAvasbservedihat@hel
peakthead@xcursionDfthe@ummy@ccurred@arly,AnEbout®.2508econds,Eind@hemount@Df
roll@notion®f®he@ehicle®hat®ccurred@n®hat@ime@vastlose@oBbRegreesdseelable.1).2

Possible Alternative Test [As@EesultDfhe@bservations@FBrom@he@woROVpilotBtudies,Enk
alternative,Bimpler@estisiossible.RlfE@estraintAs@oBuccessfullykeep@hefhead@vithin®he@ollR
cage,dtFHppears@hatdtinust@atch®hefBccupant@ery@arlyd@n@he@vent.BlfEheirst@.258econdsk
ofheolloverBimulationdsAsolated,®@he@ccupantdsBeatedin@EnROVEndERxposedEo@Eateral
decelerationBlightlyEbovehe@ip®hreshold.BEThe@ccupantBlides@oward@he@oor®pening,Ehel
torsoar@topsBhoulder@isplacement,Eaind®helnertia®fthefhead@auses@hefheadEootatel
outward.BThe@eakihead@xcursion@Bccurs@nBbout®.25Beconds.BTheaverage vehicle@ollE
angle@®verthed.258econds@vouldiberound®.5&egrees.BThisAsibelieved®oibethegligible,
indicating@hat@thorizontal@latform/vehicle@®rientation@night@vorkGustzs@vell.BThel
alternative@®est@rocedure@vould@heniesHollows:H
e PositiondhelROV@n@GhorizontalZled®platform@tRhe@esireddaw@ngledi.e., DO rEHOR
degrees)
e Attach®he@ehicleBecurely@ohe@latform,@estraining®he@ehicle@From&ranslational@rz
roll@notionk
e Accelerate®ri@lecelerate@he@ehicletd.7-0.9% sHor@BeriodDEboutd.5Beconds
e MeasureBEnd@locument®he@ummythead@xcursion@elative®o®he@uter@eriphery@f
the@ollXtagel
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Advantages —Thedvantages®fithisilternative®est@re:l
e Faster,dess@ostlyBetAipk

o
o
o
o
o

(0]

VehicleRouldibeiriven@irectly@®ntoest@latformf
NomhingefabricationEnd@nstallation

NoRether@ttachment
Nothecessary@oRirainEnyFluids@rZzxpensive@ehicle@repl
Lessfnstrumentation@equired@®n@ehicle...oneccelerometer
Lessikely®oause@ehicle@amage@ueRofetherferk?

e Caneerformed@vith@itherBn@cceleratorHYGE)DrReceleratorfAutolividtypelirakel
platform)a

e Occupantthead@xcursion@ouldibe@ocumented@vith@@ehicle@nountedr@led-platformf
mounted@ameral

e Followingtest,@ehicle@ould@be@etachedEnd@riven@ffithel@latformi

5.0 Summary and Conclusions
ThisAsEheBecond@®ilotBtudyBerformedirioroEnoreRxtensive@est@rogram@imed@ti
enhancing@he@ollover@rotection@®fecreational®ff-road@ehiclesdROV).ETheEnainBurpose@fE
this@est@rogram@vasoExplore®he@ehicle@erformance@EndBccupant@esponsesdn@olloverl

environment®hatAs@lose®o®heRhreshold@cceleration@equired®@odnitiate@ollover.ESincel
rollover@notionfhear@he®hreshold@fevel@equiresdonger@ravel@istances®ochieveFull®ip-up,H
theolloveriplatformAacilityEtBAutolivAnBAuburn@ills,AMI,Bvas@ontracted@o@onduct@hesel
tests.ETheollowing@onclusions@re®ffered@or@his@rogram:&

e The@leceleration-sled@ollover@latform@tButoliviwithBROVEhingedEo®he@latform)a
produced@epeatableest@esults.l

(0]

o
o
o

TheRoefficient®f@ariationfCV)Dpeakoll@elocityForthreeepeatests@vask
2.1%[

The VD fEverageRart@leceleration@vas3.1%M

The VD fipeaktheadXesultantcceleration@vasil.4%
TheVfAnaximumbhead@xcursion@vasR 1%{seeliscussiondn@ext)?

e Dummybthead@xcursions@vere@®utside®fRhelprotective@ollRagelinlIEests@vithoutzE
torso-bartypefipassiveestraint?

o Inests@vithERorso-barypefpassive@estraint,®@he@maximumbhead@Excursion@lid@hotf
goutside®heRoll@age,Baind@®ccurred@arlydn@heioll@®ventfaroundBecond)@vithE
ROVollE@nglesdess@hanB@egrees

(0]

(0]

ThisBuggests@hatZheRomplication@®fiteproducing@oll@notionEnaythotibel
significant®oBbeakBhead@xcursionl
AlnuchBimplerthorizontal@estForEnaximumthead@xcursion@aybeBufficient
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o HybridB@EndEuroSiddlRlummies@vere®ested@tthigherBeverities,Endibased®nihis,@tHsE
believed@hatither@lummy@sBufficientdor@estinghear@hreshold@devels?
0 Thel*esponselifferencesbecameBignificant@thigher@develsdafter@etherFerk)d
o Thetorsoiar@rovided@vithihe i} kert@n@inbelted@ummydnilacempauntil®
tetherfFerkA@n@ests@onducted@EtBORegreeslii.e.,AvithEForward@omponent@ X
deceleration)?
0 FollowingZetherferk,®hefinbelted@ummyBliddffRheRorsofbarndiartialri
full@®jection@Bccurred.?
0 ThisBuggests@hat@his@ype@®fEestraint,An@ddition®o®he@eltBystem,@Enayiel
sufficient@o@revent@ccupant@jection@hroughBEurn@ollover@vent,Bvhichl
could@reventrushingdnjuriesausedbyZhe@ROVRolling@ntoEhe@®ccupant.?
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6.0 TABLES
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TestiNo. Vehiclel Dummy Anglel | Belt@sell Torso®ar | Targetl

Added? Laterall

Decel?
B1100212R - Hybrid@3a 90R YE! NE 0.70
B1100213R - Hybrid@3a 90E NE NE 0.70
B1100214R - Hybrid@3zl 600 YR NEl 0.78
B1100215R - Hybrid3zl 6008 Y& NE 0.72
B1100216F - Hybrid@el 600 Y& NE 0.70
B1100217& - Hybrid3E 608 NE Y& 0.78
B1100220R - Hybrid@3a 600 YE! N/AR 0.70
B1100221R - Hybrid@3a 600 NE N/AR) 0.70
B1100222R - Hybrid@3a 90E YR N/AR) 0.70
B1100223F - EuroSIDAIR 90 YR N/AR 1.60

Table 2.1 Deceleration Induced Rollover Test Conditions
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TestiNo.Bl VebhicleR Dummy@ Anglel Belt@sel Torso@Bark Velocity® Time®f?l Peak® Avghl Peak® Peak@ead® Seat@Beltl
Added? Tether@® Roll¥el . Platform@ Head@l Excursion Pay-out®
GrabBl Decel . Result.Bl
B1100212F - HybridBE 90k YB& NE 13.50 1.8520 61.240 0.683F 1.91R 6.70 *Bl
B1100213@ [ ] HybridB3a 90a NE NE 13.60 1.58 68.310 0.675( 2.98 >120) unbelteds
B1100214( I HybridB3a 602 Y& NE 15.7 1.2328 96.1R 0.8530 2.418 4.93 38
B1100215( I HybridBza 603 Y& NE 15.83 1.3460 94.658 0.858 2.450 4.80 10.58
B11002168 - HybridBz 600 Y& NE 15.70 1.2728 92.15[ 0.8060 2.480 6.70 100
B1100217E - HybridBE 600! NE YE&I 15.70 1.25R 97.970 0.807( 3.930[ 0 unbelted
B1100220R - Hybrid@BE 600! Y& N/AB 17.80 1.45R 69.38[ 0.8320 4.74R [0fe] 30
B1100221E [ | HybridB3a 602 NE N/AR 17.93 1.019a 134.460 0.852@ 3.94 0l unbelted?
B1100222( [ | Hybrid3a 90 Y& N/AR 15.83 0.878 161.348 0.9270 3.92@ 0l 2.258
B11002238 - EuroSIDAEIR 900 Y& N/AZ 16.60 0.473R 246.560 1.590 5.9808 30 3B

*B not@nonitoredd

Table 3.1 Results of Deceleration Induced Rollover Testing
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Peak Head

Test Number Peak Roll Velocity Avg. Cart Deceleration Peak Head Resultant Excursion
B1100214 96.10 0.8530 2.411R 4.60
[
B1100215 94.650 0.850 2.450 4.90)
B1100216 92.15m 0.806m 2.480 6.70
Mean Value 94.30 0.8360 2.450 5.4
cv 2.10%p 3.10%0 1.40% 21%P)

Table 3.2 Repeatability of Deceleration Test Results

Belt
Vehicle  Angle Use HYGE Decel
Excursion Excursion
25g's 7g's
I 90@ & 6.70 6.30
I | 602 Y& 7a 5.4
| | 90@ Y& 10 oa
| | 600 Y& 42 oa

Table 3.3 Comparison of HYGE Acceleration -Deceleration Test Results
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Approx.
Angle Restraint Peak Head ROV
Excursion
Time Roll Angle
90 deg belt .756 sec 15 deg
60 deg belt .578 sec <15 deg
60 deg torso bar 0.256 <5deg

Table 4.1 ROV Roll Angle at Time of Peak Head Excursion
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7.0 Figures
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Figure 2.1 Faro Arm Seating Procedure

Figure 2.2 Reference 0,0,0 for ||}
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Figure 2.3 [JJJ] Seating Reference 0,0,0

Figure 2.4Camera Mounts on [}
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Figure 2.5 Camera Mounts on [

Figure 2.6 Signal Conditioning System on ||
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Figure 2.7 Close up of Hinge Assembly on |

Figure 2.8 [JJJJj Tethered to Cart
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Figure 2.9 [} Secured by Hinges and Tether

Figure 2.10 Brake Rails and Caliper System
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Figure 2.11 Brake Rails and Guide Rail

Figure 2.12 Ace Damper for Engaging Brake Caliper
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Figure 2.13 [JJj Ready for Testing
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Figure 3.1 Typical Roll Velocity Time History
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Figure 3.2 Overlay of Roll Velocities of Repeat Tests
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——=Test 216
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Figure 3.3 Overlay of Resultant Head Accelerations of Repeat Tests
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Test 214 @ 578 msec

Test 215 @ 578 msec

Figure 3.4

Max Dummy Excursions for Repeat Tests

Test 216 @ 630 msec
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Figure 3.5 Hybrid 3 Before Tether Jerk

Figure 3.6 EuroSID Before Tether Jerk
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Figure 3.7 Hybrid 3 After Tether Jerk

Figure 3.8 EuroSID After Tether Jerk
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Figure 3.9 ] Torso and Hip Restraint

Figure 3.10 Torso Restraint Added to [
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Figure 3.11 Unbelted ] Test without Torso Restraint (756 msec)

Figure 3.12 Unbelted ] Test WithoutTorso Restraint (1.2 sec)

39



40

Figure 3.13 Unbelted- at 60 deg. With Torso
Restraint
(at time of tether jerk)

Figure 3.14 Unbelted [l at 60 deg, With
Torso Restraint
(at2.2sec.)
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Figure 3.15 Unbelted [ at 60 deg
(at time of Tether Jerk)

Figure 3.16 Unbelted! at 60 deg
(at final rest



Date: 06/02/2010

SOSLEDCYO0000VEXC -16

8l mi/hr at  464.24ms

Time: 09:37
m‘ Sled Test #5100602-1 "
Customer: ASE TRC Inc. Test Lab: SLED
Test Number: S100602-1
SOSLEDCY0000VEXC
Fier Cls: CEC 180 Tine ]
SOSLEDCYO0000ACXD Duration = 464.52 ms
— 2
S 1
£ 4
0 —
_1 —
-2
-3 T T T T T T T T T
-250 0 250 500 750 1000
Filter Class: CFC_60 Channel Name <Min Value> <Max Value> Time [ms]
SOSLEDCY0000ACXD -2.60¢g at  299.28 ms 1859 at 569.52 ms

0.00 mi/hr  at 0.00 ms

Figure 4.1 Typical Acceleration Pulse from HYGE Sled Test Series
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8.0 Appendix A Camera Placement Schematics
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Section 6) High Speed Photographic Coverage

&

n
>
I
1 Downstream 500 fps
2 Rear Overall 500 fps
3 Front Overall 500 fps
4 Onboard: Front 500 fps
5 Front Closeup 500 fps
6 Onboard: Front Oblique 500 fps
7 Onboard: Overhead 500 fps
8 Real Time 500 fps

Figure 8.1 Camera Placement for 90 degree tests
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Section 6) High Speed Photographic Coverage

e

&>

T

T
1 Downstream 500 fps
2 Rear Overall 500 fps
3 Front Overall 500 fps
4 Onboard: Front 500 fps
5 Front Closeup 500 fps
6 Onboard: Front Oblique 500 fps
7 Onboard: Overhead 500 fps
8 Real Time 500 fps

Figure 8.2 Camera Placement for 60 degree Tests
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9.0 Appendix B Roll Velocity Data Plots
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Angular Roll Velocity (deg/sec)
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Angular Roll Velocity (deg/sec)

Angular Roll Velocity (deg/sec)
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Angular Roll Velocity (deg/sec)
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10.0 Appendix C Head Resultant Acceleration Data Plots
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Resultant Head Acceleration (test 222)
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