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an with increasing rate. . effective mass increases
o The response of the ATD thorax to an applied anterior compressive force is LA . i Do with compression level.
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o i : * No clear pattern for PMHS. decrease even if the 0.5 m/s, 5%
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the restraint systems can be designed. — [ — o Damping coefficient:
LS Y Y O O I VI VT O . Effective damping appears to
OBJECTIVE ] g s e B we o Effective stiffness does not seem to be increase for PMHS with increasing
correlated with perturbation rate. compression.

Figure 4: Validation of Predicted Displacements, 0.5 m/s 10% Initial Compression.

« Effective damping for ATD has no
clear pattern.

To compare the frontal compressive response of the adult hybrid 11l 50th% male

. . Table I: Test Matrix.
ATD thorax with an adult post mortem human surrogate (PMHS) thorax in an effort able 1. fest Malnix

System ldentification

to improve the biofidelity of the ATD thorax. Impulse Response Function (IRF) Perturbation Perturbation Velocity o Both PMHS and ATD show increasing
o System’s transfer function in the form  |Amelitude: 9'55”“”‘ — (’;‘/5"‘) - stiffness with increasing compression.
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|ldentification

Characterize nonlinear biological
systems through linear operating
points [1,2,3].

Make no assumptions

system’s structure.

Perturbation analysis.

« Using small perturbations, the
thorax Is operating within a
linear region and experiment Is
un-injurious.
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Figure 2: Input Force and Output Displacement Sequences for a
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estimation, Input/output
5 m/s 10% Initial Compression Hybrid 111 Test. are reversed, Figure 2.
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o System response to an input of unit © IRF convolved with a validation input

force. dataset to calculate displacement
predicted by IRF, Figure 4.
o Fit with linear second-order curve. » Compared  against  recorded

+ System characteristics mass. validation displacement datas
damping, and stiffness calculated © Predictive Ability
from fitted curve.

et.

« JRF’s ability to accurately predict

 Fit Accuracy an output.
+ Calculated using NRMSD * Calculated  using NRMSD
(normalized root mean squared normalized  to  range  of
deviation) normalized to IRF displacement.

amplitude.

Table | lists the operating points in a test series, the points are tested in ar
order.

RESULTS & DISCUSSION

Table Il: Rate Averaged PMHS and HIIl System Characteristics.

Rate Effects

PMHS Hybrid Il

andom

Damping Coeff S

(Ns/m)

Stiffness
N/mm

Damping Coeff
(Ns/m)

ing Ratio Damping Ratio

tiffness

N/mm

0.5 m/s : : : : : 1.00 978.51

1.5 m/s . . . . . 0.91 737.11

2.5 m/s : : : : : 0.96 612.06

0.5 m/s 10%

1.00

917.42

109.96

0.5 m/s 15%

1.00

867.51

118.23

1.5m/s 5%

0.72

690.68

114.39

1.5 m/s 10%

1.00

754.45

107.01

1.5 m/s 15%

1.00

766.19

144.28

2.5m/s 5%

0.92

531.94

93.67

2.5m/s 10%

0.97

601.19

100.85

2.5m/s 15%

1.00

703.05

132.07

Mean

0.96

CONCLUSIONS

775.89

110.67

o Effective stiffness of 501% male hybrid Il ATD thorax is over four times greater
than the PMHS effective stiffness.

o Effective stiffness increases with compression level for both PMHS and hybrid

o Hybrid 11 effective mass slightly higher than PMHS.

o Effective damping relationship not straightforward.
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