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ABSTRACT

The goal of this study is to design, construct, and evaluate a seat for measuring/evaluating external
biofidelity in rear impact testing on a HYGE sled. In order to compare crash dummies and post-mortem
human subjects (PMHS) the seat must be: (1) able to match the seat back rotation response, overall
geometry, and padding/upholstery characteristics of a typical OEM seat, (2) capable of measuring how the
occupant loads the seat during the event, (3) reusable (i.e., durable enough to withstand multiple tests), and
(4) repeatable and reproducible. The geometry and moment-rotation properties of a typical passenger
vehicle seat were resolved from the literature. The seat back, seat base, and head restraint were equipped
with load cells to measure forces at 20 kHz. Dynamic analysis of a mass-spring-damper arrangement
subjected to a moderate-velocity pulse (10.5 g, 24 km/h) was conducted to determine the spring constant K
and damping factor C necessary to replicate the motion of a typical seat. Using the results of this analysis,
two seats were constructed for attachment to the HYGE sled. A ballast Hybrid III 50th percentile male
dummy was placed in each seat, with the load cells measuring the forces applied by the dummy. High
speed video and accelerometers were used to verify seat back rotation and for inertial compensation of the
load cells. Several sled tests were conducted with progressive versions of the seat until the performance
criteria were satisfied. The final version of the seat was able to withstand multiple events without
degradation in the repeatability of the seat back rotation response (CV < 5 %) and the two seats were
reproducible when compared to one another (CV < 5%). Dynamic analysis of measured forces confirmed
that the load cells were able to quantify the occupant loading on the seat. The next phase of this study is to
test rear impact dummies and PMHS in this seat to generate internal and external biofidelity data in
moderate-velocity conditions for use with the NHTSA Biofidelity Ranking System.
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INTRODUCTION

he modern rear impact dummies (BioRID II, RID3D) and their predecessors (BioRID P3, RID2) were

designed primarily for low speed testing where whiplash injuries generally occur (at or below FMVSS
202 =~ 18 km/h), and the “internal” biofidelity (i.e., kinematics and internal loads) of the dummies at these
low speeds has been evaluated extensively relative to the response of volunteers and PMHS (Davidsson et
al., 1999a; Cappon et al., 2000; Cappon et al., 2001; Philippens et al., 2002; Croft & Philippens, 2007). In
addition to the internal biofidelity, a few studies also examined the “external” biofidelity (i.e., how the
occupant loads the vehicle) of the dummies by measuring the loading on the seat back and/or head restraint
using pressure sensing mats or load cells (Davidsson et al., 1999b; Siegmund et al., 2001; Willis et al.,
2005). The biofidelity studies above were conducted in many different seat configurations (e.g., rigid
bench seats, various production seats, with/without head restraints, etc.) and the common conclusion among
them is that both of the rear impact dummies are more biofidelic at these low speeds than the Hybrid III,
which is still currently used in the design and evaluation of many OEM seats. However, the moderate-to-
high speed (> 18 km/h) biofidelity of the rear impact dummies has not been well-established even though it
is important that seat design is optimized to provide sufficient protection to all occupants at all speeds.

Moreover, the utilization of a rear impact dummy which is biofidelic at AV > 18 km/h may be
more important than previously assumed. The number of people injured in rear impact collisions and the
maximum severity of their injuries are shown in Figure 1, where the blue column represents the number of
people injured at AV < 18 km/h, while the purple column shows the number of people injured at AV > 18
km/h. This chart indicates that the frequency of the more common Maximum AIS 1 injuries, such as
whiplash, may occur at the moderate and high speeds as often as they occur at speeds equivalent to or
below 18 km/h. It can also be seen that the more severe Maximum AIS 2+ and 3 + injuries may be more
frequent at AV > 18 km/h. Nevertheless, there is currently no dynamic test standard for evaluating the
integrity of the seat back/head restraint in response to moderate-to-high speed rear impacts, and the
biofidelity of the rear impact dummies at these speeds is relatively unknown.
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Figure 1: Number and severity of injuries associated with rear impact accidents.

Kim et al. (2003) evaluated the biofidelity of the BioRID II, RID2, and Hybrid III at a higher
severity of AV = 28 km/h in rigid bench seat conditions, but no tests were conducted in production seats
where the seat back was able to yield (i.e., rotate) upon impact. Conversely, a few studies have evaluated
the moderate-to-high speed performance of the dummies in various production seats, as well as their ability
to distinguish between seat designs, but no direct comparison was made to the response of human subjects
(Gotou et al., 2001; Bortenschlager et al., 2003; Kim et al., 2005; Mallory & Stammen, 2007). In fact, only
a few studies have examined the human subject response to moderate-to-high speed rear impact (Mertz &
Patrick, 1967; Hu et al., 1977; Kallieris et al., 1996; Philippens et al., 2000; Yoganandan et al., 2000), and
none of them utilized a modern seat with a ‘yielding’ seat back and typical padding/upholstery. It is
important to understand the human response in these “realistic” test conditions as the kinematics and
kinetics of the occupant are expected to be quite different than in the rigid non-rotating seat condition.
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Once an understanding of the human response in these test conditions is obtained, the corresponding
biofidelity of the rear impact dummies can be assessed.

Therefore, the objective of this study is to design, construct, and evaluate a seat for rear impact
testing of PMHS and dummies on a HYGE sled that must satisfy the following criteria necessary for a
biofidelity analysis:

1) The seat must be able to match the seat back rotation response, overall geometry, and
padding/upholstery characteristics of a typical OEM seat.

2) The seat must contain instrumentation to measure the occupant loading on the seat so that the
external biofidelity of the dummies can be assessed.

3) The seat must be reusable (i.e., durable enough to withstand multiple tests) as opposed to typical
OEM seats which must be replaced after moderate or high speed impacts.

4) The seat must be repeatable and reproducible.

METHODS

Design criteria for matching the seat back rotation response of a typical OEM seat

In order to determine the seat back rotation response of a typical OEM seat, the average rotational
stiffness of various OEM seats was obtained from the literature as shown in Figure 2 (Molino, 1998). In
the figure, each bar represents the rotational stiffness of a seat from a different vehicle, with the seats on the
left side of the chart representing single recliner seats, and the seats on the right side representing dual
recliner seats. The average seat back rotational stiffness for all of the seats included in the study was 65 N-
m/deg, represented by the red line.
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Figure 2: Average rotational stiffness of various OEM seats (Molino, 1998).

A model of a target OEM seat was created to analyze the motion of the seat back during dynamic
loading (Figure 3). A target rotational stiffness, Kgr, of 65 N-m/deg was applied at the pivot of the OEM
seat model, and the mass and dimensions of a Hybrid IIT 50" percentile male dummy were used. It was
assumed that the seat back and the upper torso of the dummy were merged as one part to simplify the
dynamic analysis. The equation of motion of the target OEM seat model can be defined as shown in
Equation (1):
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In Equations (1)-(4), Jsp is the moment of inertia of the merged body with respect to the seat pivot
point, Hey & Bey are the distances from the seat base and seat back to the center of mass of the merged
body, Ospmiia = 25 degrees is the initial seat back angle, Jqummy is the moment of inertia of the upper torso

of the dummy, and hcy & bey are the distances from the seat base and seat back to the center of mass of
the dummy upper torso.

The remainder of the variables in Equations (1)-(4) are defined in Figure 3. The distance used
from the hip joint to the upper torso CM was 0.35 m based on the Hybrid III 50th percentile male dummy,
and the distance used from the seat base and seat back to the hip joint were 0.086 m and 0.137 m,
respectively. Table 1 provides other dimensions and mass properties used in the dynamic analysis.

CM

CM: center of mass of the merged body

F(t):
Mdummy :
Msp

Agled -
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Seat Pivot stiffness (Kg)
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distance from seat back to CM
seat back angle

: height of seat back
: width of seat back

rotational stiffness at the seat pivot

: distance from seat pivot to bottom
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Figure 3: Model of a target OEM seat.

Table 1. Dimensions and mass properties for the OEM seat.

H [m)] 0.508 hey [m] 0.461
W[m] 0.051 by [m] 0.162
h [m] 0.051 Mgs [kg] 5.1
Heyw [m] 0.444 M dummy [kg] 40
Bewm [m] 0.144 J gummy [Kg-m’] 5

Jsp [kg-m’] 15.155
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The dynamic input applied to the OEM seat model was a moderate acceleration pulse with a
magnitude of 10.5 g and duration of 100 ms as shown in Figure 4(a), resulting in an approximate AV of 24
km/h. The model simulation produced the seat back rotation shown in Figure 4(b) with a maximum
rotation angle of approximately 32 degrees. Note that seat back rotation in Figure 4(b) is defined as motion
of the seat beyond the initial angle of the seat back , Ogpjiis = 25 degrees, so a final rotation angle of 32
degrees is equivalent to a final seat back angle of 57 degrees. This maximum rotation angle was found to
be consistent with what has been reported in previous studies as shown in Figure 5, where each bar
represents the maximum seat back rotation at AV = 24 km/h for a production seat from the literature, and
the maximum rotation of our OEM seat model is expressed by the red line. Therefore, the results from the
dynamic analysis of the target OEM seat model (i.e., 32 degrees of maximum rotation given the input
acceleration pulse applied) were used as the performance requirement for development of the experimental
seat.
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Figure 4: Dynamic input acceleration pulse and output seat back rotation of the OEM model.
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Figure 5: Average maximum seat back rotation from the literature (AV = 24 km/h).

Dynamic analysis for development of the experimental seat

An experimental seat was constructed and instrumented with uni-axial load cells to measure the
occupant loading on the seat during impact (Figure 6). The seat instrumentation included two load cells in
the head restraint, six load cells in the seat back, and four load cells in the seat base. This load cell
arrangement was chosen in order to adequately measure the spatial distribution of the occupant loading at a
sample rate sufficient for a moderate-to-high speed rear impact event (i.e., 20 kHz). In contrast, using a
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dynamic pressure sensing mat, rather than load cells, would typically allow for greater spatial resolution of
the distributed loading, but at a sample rate much too low to fully capture the loading profile. The uni-axial
load cells were connected to load cell plates (depicted in Figure 6) intended to interact with the occupant
through the seat cushions during impact. In order to simplify the design as well as ensure a repeatable seat
back rotation response for the experimental seat, it was decided to implement a translational spring-damper
system to mimic the seat back recliner mechanism of the target OEM seat (i.e., constant rotational stiffness
of 65 N-m/deg at the seat pivot point), as shown in Figure 7. However, since the mass of the proposed
experimental seat (29.5 kg) was much greater than that of the target OEM seat (5.1 kg) due to the addition
of load cells, load cell plates, and steel framing sturdy enough to support the instrumentation, the actual
stiffness required for the experimental seat would be significantly greater in order to achieve similar seat
back motion. A dynamic analysis was performed in order to develop an equation of motion and determine
a linear spring constant, K, linear damping factor, C, and position for the support pivot, L, for the
experimental seat to achieve similar seat back rotation as the target OEM seat, as described below.

Figure 6: Seat instrumentation for measuring occupant loading during impact.

In short, the goal of this dynamic analysis was to determine values for K and C to achieve similar
seat back rotation as the target OEM seat, given the same input acceleration pulse. It was also desired to
choose a realistic value of L (shown in Figure 7) relative to the height of the seat back, where the pivots on
both the seat back and the sled are frictionless and free to rotate but not translate. The seat back and the
upper torso of the dummy were lumped together as one body for the dynamic analysis. Dimensions and
mass properties used for the experimental seat are provided in Table 2. Since the mass of the seat back
increased from 5.1 kg to 29.6 kg for the experimental seat due to addition of the instrumentation, the
moment of inertia and location of the merged body center of mass (i.e., Hcy and Beyy) changed since they
are dependent on the seat back mass. Most of the remaining dimensional parameters for the experimental
seat (Table 2) are the same as for the target OEM seat (Table 1).

Figure 8 and Equations (5)-(7) illustrate the geometric relationship between the parameters
{l,w,, w,} and {L, D, Osp(t)} for the proposed experimental seat system.
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Figure 7: Experimental seat system used for dynamic analysis.

Table 2. Dimensions and mass properties for experimental seat system.

H [m] 0.508 hew [m] 0.461
D [m] 1.138 bem [m] 0.162
W[m] 0.051 Mgs [kg] 29.6

h [m] 0.051 M gummy [KE] 40
Hew [m] 0.395 J dummy [kg-m’] 5

By [m] 0.093 Jsp [kg-m’] 17.963

[

. (\Q Bk ()

D

Figure 8: Geometric relationship of experimental seat system parameters.
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The length (/,..) of the spring-damper and its first time derivative (f « ) are as follows:

I, =\/12 +D* —2/-D-cos(= -0, (1)
2 (®)

=x/12+D2—21'D'Si“(BSB(t))

: —1-D-cos(0,(t) ;
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In the experimental seat system, Oxc(t) is dependent on Ogp(t), and their relationship can be
expressed as in Equation (10):

[-cos(8, (1)) 4 L-cos(8, ()
tan(0, . (t)=—"T"""— 0. .. (=t —_—
A0 () D! -sin(0, (t)) = OxcO=tan (D—l -sin(0 , (t)) (10)
Figure 9 shows a free body diagram (FBD) for the proposed experimental seat system where d; d,,

d;, and d, are distances from the seat pivot to each external force which can be expressed as shown in
Equations (11)-(14).
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Figure 9: Free body diagram for the experimental seat system.
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The external moment equation calculated around the seat pivot is as follows:
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where F(t) is the applied force with respect to the center of mass of the merged body, and Fyc is the spring-
damper reaction force which can be obtained using Equation (16)

F.=K-6+C-5

o (16)
K (lyg ~ 1)+ C (g — 1)

where /¢ and its first time derivative were previously defined in Equations (8) and (9), and /iy and its first
time derivative are calculated at the initial position and velocity of the seat back.

Finally, the resulting equation of motion for the experimental seat system is shown in Equation (17):
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Equation (17) was solved numerically (4th or 5th Runge-Kutta method, MATLAB) using an
iterative parametric approach whereby K, C, and L were varied, and the resulting seat back kinematics were
determined and compared to results from the target OEM seat model. The initial position and velocity of
the seat back were 25 degrees and 0 deg/sec, respectively. It was assumed that realistic values of L had a
lower boundary, LO, and an upper boundary, L10, where LO is the distance from the pivot point to the
midpoint of the seat back and L10 is the distance from the pivot point to the top of the seat back. It was
found that for any non-zero value of the damping factor, C, there was a significant response delay which
made it impossible for the seat back motion of the experimental seat to closely match that of the target
OEM seat. Therefore, the damping term was set to zero and for each of the eleven L values, the stiffness
coefficient of the translational spring was determined that resulted in a maximum seat back rotation angle
of 32 £ 0.1 degrees. These results for each of the eleven values of L are listed in Table 3. Each of the
values obtained for K at the various attachment points were appropriate to adequately match the motion of
the target OEM seat as shown in Figure 10, although small differences in the motion time-history between
the two seats appeared due to the differing merged body centers of mass and the different operational
principles of the recliner mechanisms. A stiffness of 27,000 N/m at the L7 location was selected because
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the seat back and spring were perpendicular to each other in the middle of the rearward motion when
attached at L7.

Table 3. Required spring stiffness values for each attachment point on seat back.

[ [inch] L [m] K[N/m]
L0 12 0.276 76700
L1 13 0.299 64000
L2 14 0.322 54300
L3 15 0.345 46400
L4 16 0.368 40000
L5 17 0.391 34800
L6 18 0414 30500
L7 19 0.437 27000
L8 20 0.460 24000
L9 21 0.483 21500
L10 22 0.506 19200
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Figure 10: Comparison of seat back motion for experimental seat (LO~L10) and target OEM seat.

Even though no damping was required during the rearward motion of the seat, a one-way damper
acting only during rebound was installed to keep the spring from thrusting the seat back forward after
maximum rotation, and potentially ejecting the occupant. Figure 11 shows the principle idea behind the
one-way damper system which is essentially a step function whereby no damping force is generated during
rearward motion, but is activated at ty,, (i.e., time of maximum seat back rotation). Figure 12 shows the
seat back angle response for various levels of one-way damping using a stiffness of 27,000 N/m and
attachment point L7. In order to achieve the one-way damping mechanically, a telescoping tube and
spring-loaded slide bolt arrangement was implemented in series with an adjustable damper that was rigidly
attached to the lower half of the telescoping tube (Figure 13). During rearward motion, the upper half of
the telescoping tube slides into the lower half with little resistance. Once the maximum rotation of the seat
back is reached, the spring-loaded slide bolt attached to the lower half drops into the hole on the upper half
locking the telescoping tubes together and thus engaging the damper for the rebound phase.
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Figure 11: Step function representing the Figure 12: Seat back motion for various levels of
one-way damper. damping (K =27,000 N/m; L = L7).

Figure 13: Telescoping tube and spring-loaded slide bolt arrangement to achieve one-way damping.

Final design description for experimental seats and seat evaluation test plan

Figure 14 highlights the features for the final seat design. The head restraint mass is 5.5 kg with a
support bar diameter of 17 mm, and the head restraint height is infinitely adjustable using set screws. The
dimensions of the head restraint are representative of a typical OEM seat. Based on the dynamic analysis,
two parallel adjustable one-way dampers (Ace Controls, Inc., Farmington, MI) and two parallel springs
(The Yost Superior Co., Springfield, OH) with stiffness values of 13,500 N/m (i.e., half of 27000 N/m)
were installed. The geometry of the seat is similar to that of a typical OEM seat, and the padding, cushions
and seat cover are from a 1999 Toyota Camry seat. As previously discussed, the seat includes a total of 12
uni-axial load cells (Transducer Techniques, Temecula, CA) to measure the occupant loading on the seat
(two in the head restraint, six in the seat back, and four in the seat base).
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Head restraint
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Stiffness:
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Figure 14: Description of final seat design.

Figure 15 shows the sled buck configuration chosen for the experimental seats, where two seats
were placed side-by-side so that each sled test would produce two occupant exposures. Seat back rotation
and performance of the spring-damper assembly were recorded at 1500 frames/sec using high speed digital
cameras traveling with the sled. Accelerometers were installed on the seat backs for inertial compensation
of the load cells and for a redundant measure of seat back rotation.

Figure 15: Sled buck configuration for the experimental seats.

RESULTS
Initial seat evaluation test results

Two initial sled tests (10.5g and AV = 24 km/h) were conducted using ballast Hybrid IIT 50™
percentile dummies to document the performance of the seats with respect to durability, function of the
spring-damper assemblies, and the ability of the seats to match the seat back rotation predicted by the
model. For this initial test series, the high speed video cameras focused on performance of the spring-
damper assembly for the seat in the driver position, and were used to measure seat back rotation for the seat
in the passenger position. For the two tests, the experimental seats appeared durable without any noticeable
damage to any of the components, and the spring-damper assemblies functioned as intended. The seat back
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rotation response for the seat in the passenger position is shown in Figure 16. The seat back rotation was
similar to what was predicted by the dynamic analysis. The rotation response differed slightly from the
model simulation (Figure 10), likely due to the model assumption that the seat back and the upper torso of
the dummy are merged as one body. It is important to note that the dummies in this test series were used
only as ballast so no effort was made to position them in a repeatable manner. Nevertheless, the
repeatability of the seat performance appeared acceptable as can be seen in Figure 16, although this could
not be quantified since only two tests were conducted in this initial test series.
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Figure 16: Seat back rotation for the passenger seat in initial test series (10.5 g, AV = 24 km/h).

Additional seat evaluation test results

Once the performance of the seat design was deemed acceptable, another sled test series using the
BioRIDII, RID3D and Hybrid III 50" percentile male dummies in the newly designed seats was conducted.
The test series consisted of 9 tests / 18 exposures (3 repeated tests x 3 dummies x 2 seats) using the same
sled pulse (10.5 g, 24 km/h). In this series it was crucial that the dummies were seated in a repeatable
manner and that the seated position of each dummy was the same to enable a direct comparison of response
data. Therefore, the H-point location of the seat was determined (OSCAR) since each dummy has its own
standard seating procedure relative to the seat H-point. The seating procedure for each dummy was
followed within allowable tolerances until the head was level (within = 0.5 deg) and the backset (i.e.,
horizontal distance between the back of the head and the front of the head restraint) was 50 £ 5 mm. The
head restraint was then adjusted so that the vertical distance between the head CG and the top of the head
restraint was 80 = 5 mm. Specific landmarks required during the dummy positioning procedures were
digitized using a Faro Arm (Faro Arm Technologies, Lake Mary FL).

This test series was just recently completed and the data has yet to be fully analyzed so results
regarding comparison of the dummy responses will be reported elsewhere. Therefore, only results relevant
to the performance of the seat using the Hybrid III will be discussed in this manuscript (e.g., durability of
the seats, ability to match the seat back rotation predicted by the model, repeatability and reproducibility of
the seat back rotation response and instrumentation integrity). The durability of the spring-damper
arrangements was found to be adequate, although some minor bending in the damper rods was observed
which will be addressed prior to any future test series. The seat back rotation response for the six tests
involving the Hybrid III are shown in Figure 17, where the red, blue and green curves represent the seat in
the driver position, and the pink, light blue, and light green curves represent the seat in the passenger
position. The seat back rotation was again similar to that predicted by the model. The coefficient of
variation (CV) was calculated for each point in time within the shaded region in Figure 17 and then
averaged to assess the repeatability of each seat and the reproducibility between the two seats. The
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resulting CV scores were 3.9 % for driver seat repeatability, 2.5 % for passenger seat repeatability, and 4.4
% for reproducibility between the two seats. These results indicate that for the tests involving the Hybrid
III the experimental seat exhibited ‘excellent’ repeatability and reproducibility since NHTSA has
historically categorized CV scores of 0-5% as ‘excellent’. Sample data from one of the tests for each seat
load cell is shown in Figure 18, where purple, blue, and green areas represent responses from the head
restraint, seat back, and seat base, respectively. It appears that this load cell configuration is capable of

adequately measuring the occupant loading on the seat as well as the distribution of loading.
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Figure 17: Seat back rotation response for the Hybrid III tests in the rear impact dummy test series.
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Figure 18: Sample data from seat load cells.
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CONCLUSIONS

An experimental seat for measuring external biofidelity has been designed, constructed, and
evaluated by conducting sled tests in moderate-severity rear impact conditions of 10.5 g, 24 km/h. In order
to determine the appropriate parameters for the recliner mechanism of the seat (i.e., spring constant,
damping factor, and location of the spring-damper attachment), a numerical model was created and
simulated under the moderate-severity conditions. The experimental seat was able to match the motion of a
typical OEM seat for the pulse applied with a maximum seat back rotation angle of approximately 32
degrees, as the dynamic analysis of the model predicted. One-way dampers were designed and installed to
control the rebound motion of the seat. The seat includes instrumentation to measure the occupant loading
on the seat including two load cells in the head restraint, six load cells in the seat back, and four load cells
in the seat base. These can be used to determine the distributed loading of the occupant, while being
sampled at a sufficiently high rate for a moderate-to-high speed rear impact event (i.e., 20 kHz). Data from
these load cells can be used to determine the seat loading for PMHS necessary to assess the external
biofidelity of the rear impact dummies. The seat was able to withstand multiple events with ‘excellent’
repeatability and reproducibility (CV <5 %).

The next step in this research is to conduct further sled tests using rear impact dummies (i.e.,
BioRIDII and RID3D) and PMHS. For the PMHS sled tests, a new instrumentation technique will be
developed for instrumenting the anterior aspect of each of the cervical vertebral bodies for evaluation of the
detailed kinematics. An algorithm that will combine the responses from the seat load cells into a single
measure of external biofidelity for each seat region will be developed. Finally, NHTSA’s BioRank system
will be used to assess the internal and external biofidelity of the rear impact dummies under moderate speed
conditions.
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DISCUSSION
PAPER: An Experimental Seat for Measuring External Biofidelity in Rear Impacts
PRESENTER: Yun Seok Kang, The Ohio State University

QUESTION: Andrew Merkle, Johns Hopkins

Interesting work. I’'m curious as to the seatback parameters when you compare your results with a
real-world impact where you don’t have what I’m assuming are rigidly-mounted load cells. We’ve
toyed with backing as well and we saw some significant differences when you look even at seat
cushion stiffnesses. So if you could just talk to that point.

ANSWER: I’m not clear about your question.

Q:

Your load cells are mounted in your seatback and your head restraint. So you said your future work,
for example, would be looking at cadaver testing, etc. So, comparing your results: How may they
differ if we were to use the basis of your results for future testing? You have a seat that’s loaded with
rigidly mounted load cells versus a compliant seat in the real-world environment. Could you just
speak to potential difference? For example, lumbar loads that we saw were significantly different
when we toyed with seatback properties.

Okay. Now we didn’t prepare the PMHS test. We just focused on this load cell component, the load
cell distribution loading and the seat loading also.

Yeah.

Because we just focused on the internal biofidelity of the rear impact on an ATD, and we will
compare. We will do the test using PMHS and then compare the PMHS test and the ATD response
using this load cell compilation.

Okay. Thanks.

46



	ABSTRACT
	INTRODUCTION
	T

	METHODS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


