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I N T RO D U CTI O N Tablelll: Compression Level Averaged PMHS and HIll System Characteristics.
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0 Restraintsystemdound in motor vehiclesare designedo increasethe safety of

. . . . PMHS Hybrid Il
occupantsnvolvedln motorvehicleaccidents DampingCoeff  Stiffness DampingCoeff|  Stiffness
| (Ns/m) (N/mm) Damping Rati (Ns/m) (N/mm)

o In frontal motorvehicleaccidentghe interactionof the thoraxwiththev e hi c | e 0 s 5% . . 0.88 791.07 94.56
restraintsystemand components$ielp dictatethe kinematicbehaviorof the head, 10% . . 0.99 757.69 105.94
neck,andspine 15% . . 1.00 778.92 131.53

o Effectivenessof restraint systemsis evaluated using anthropomorphictest Rate Effects Compression Level Effects
devicegATD). Figure 3: 0.5 m/s 10% Initial Compression Parameterized IRFs. 0 Decreasing eﬁeCt_lve. Mass ]_cor both o Mass _ _

PMHSandATD with increasingate T PMHS effective mass increases

0 The responseof the ATD thorax to an applied anterior compressiveforce is with compressionevel

iImperativeto its ability to accuratelyrepresenav e h | actupaats o Dampingcoefficient T ATD effective mass seems to
T No clearpatternfor PMHS. decreaseeven if the 0.5 m/s, 5%
o0 Themorebiofidelican AT D theracicforce-deflectioncharacteristicsthe better T Effective damping appears to testis excluded
therestraintsystemsanbedesigned decreaseavith increasingate o Dampingcoefficient
T Effective damping appears to
OBJECTIVE o Effective stiffnessdoesnot seemto be increasefor PMHS with increasing
_ _ Figure 4: Validation of Predicted Displacements, 0.5 m/s 10% Initial Compression. correlatedwith perturbatiorrate compl_fessmn _

To comparethe frontal compressivaesponseof the adult hybrid Il 50th% male | T Effective dampingfor ATD hasno

ATD thoraxwith anadultpostmortemhumansurrogatg PMHS) thoraxin an effort y | | | clearpattern

to iImprovethebiofidelity of the ATD thorax Impulse Response Function (IRF) FEORLSL Perturbation Velocity o BothPMHSandATD showincreasing

o Sy s t wamsdesfunctionin the form AQE"t“de:g'me — (T’? - stiffnesswith increasingcompression
M ETH O DS of acur\_/eFigurea | _ 2 § S 10 0:5 1:5 2:5 TablelV: PMHS and HIll Second Order System Characteristics.
t Obtained through time-domain | £8§ = | oz 1= | a- OMHS Avbrd 1
Nonparametric System deconvolution _ _ Damping DampingCoeff Stiffness Damping | DampingCoeff Stiffness
P y
Identification IRF Validation ' Ratio (Ns/m) (N/mm) Ratio (Ns/m) (N/mm)
0 Systemresponseto an input of unit O IRF convolvedwith a validationinput OO'SSmm//Snggj 1'88 19115704529 170556916

0 Characterizenonlinearbiological force dataset to calculate displacement [ o oo o0 e 1893
systemsthrough linear operating predictedoy IRF, Figure4. 1.5 mis 5% 0.72 690.68 114.39
points|1,2,3]. | o Fit with linearsecondordercurve t Compared against  recorded > oo o T

0 Make no assumptions about f System characteristics mass, validationdisplacementiataset 2.5 mis 5% 0.92 531.94 93.67
S y S 1 &rugre damping, and Stiﬁness Calculated() Pf@dICtIVQA\blllty 2.5 m/s 10% 0.97 601.19 100.85

0 Perturbatiorana|ysis from fitted curve :i: | R F@lﬂ]ty to accuratelypredict 2.5 m/s 15% 1.00 703.05 132.07
t Using S_ma” pertqrbatlpn_s,the T Fit Accuracy anoutput Mean . . . 0.96 775.89 110.67

linearregionandexperiments (normalized root mean squared normalized to  range  of
Un'injurious. Figure 1. PMHS Prdest Photo. deviation) normalized to IRF diSplacement CO N C L U S I O N S
est Device (TAPPER) amplitude o Effectivestiffnessof 50"% malehybrid Il ATD thoraxis overfour timesgreater
Tablel lists the operating pointsin a testseries the pointsaretestedin a random thanthe PMHS effectivestiffness

o0 Thoracic Apparatus for
ProducingPERturbations ~ Order

o Cam actuated 9.5 mm R E S U LT S & D | SC U S S | O N 0 Effective stiffnessincreasesvith compressiorievel for both PMHS and hybrid
perturbationanteriorly 1.

0 Six-axisload cell on seat

back Tablell: Rate Averaged PMHS and HIll System Characteristics. 0 Hybrid 1] effectivemassslightly higherthanPI\/IHS
o Using the compliance RateEffects | | - |
model for parameter PMHS Hybrid 111 o Effectivedampingrelationshipnot straightforward
e Sti m ati on iNn p ut /O Utp ut DampingCoeff  Stiffness DampingCoeff|  Stiffness
Figure2: Input Force and Output Displacement Sequences for a b Ratic  (Ns/m) (N/mm) Damping Rati{  (Ns/m) (N/mm) AC K N OW L E D G E M E N TS
0.5 m/s 10% Initial Compression Hybrid 11l Test. arereversedfigure?2. 05 mis | 100 07851 10197
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