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Simulation of Occupant
Response in Space Capsule
Landing Configurations With
Suit Hardware
The purpose of this study was to compare the response of the total human model for
safety (THUMS) human body finite element model (FEM) to experimental postmortem
human subject (PMHS) test results and evaluate possible injuries caused by suit ring ele-
ments. Experimental testing evaluated the PMHS response in frontal, rear, side, falling,
and spinal impacts. The THUMS was seated in a rigid seat that mirrored the sled buck
used in the experimental testing. The model was then fitted with experimental combina-
tions of neck, shoulder, humerus and thigh rings with a five-point restraint system. Exper-
imental seat acceleration data was used as the input for the simulations. The simulation
results were analyzed and compared to PMHS measurements to evaluate the response of
the THUMS in these loading conditions. The metrics selected to compare the THUMS
simulation to PMHS tests were the chest acceleration, seat acceleration and belt forces
with additional metrics implemented in THUMS. The chest acceleration of the simula-
tions and the experimental data was closely matched except in the Z-axis (superior/infe-
rior) loading scenarios based on signal analysis. The belt force data of the model better
correlated to the experimental results in loading scenarios where the THUMS interacted
primarily with the restraint system compared to load cases where the primary interaction
was between the seat and the occupant (rear, spinal and lateral impacts). The simulation
output demonstrated low injury metric values for the occupant in these loading condi-
tions. In the experimental testing, rib fractures were recorded for the frontal and left lat-
eral impact scenarios. Fractures were not seen in the simulations, most likely due to
variations between the simulation and the PMHS initial configuration. The placement of
the rings on the THUMS was optimal with symmetric placement about the centerline of
the model. The experimental placement of the rings had more experimental variation.
Even with this discrepancy, the THUMS can still be considered a valuable predictive tool
for occupant injury because it can compare results across many simulations. The THUMS
also has the ability to assess a wider variety of other injury information, compared to
anthropomorphic test devices (ATDs), that can be used to compare simulation results.
[DOI: 10.1115/1.4028816]
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Introduction

During NASA’s development of the new spacecraft for the
Constellation project, the astronaut suits were also redesigned to
be more modular and worn in a variety of environments [1]. To
facilitate that design, rigid suit elements were placed on the neck,
shoulders, arms, and legs to allow for quick disconnects [2]. The
effect of these rigid elements on the body during landing was
unknown; therefore, PMHS testing was conducted to evaluate as-
tronaut risk of injury in simulated landing scenarios [1]. The pur-
pose of this study was to supplement the analysis from PMHS
tests with a human body human FEM to further evaluate the injury
potential during these landing scenarios.

Existing FEMs. Human body FEMs have been used exten-
sively to simulate motor vehicle crash (MVC) impacts and evalu-
ate injury mechanisms and risks [3–5]. The current study used the
THUMS version 1.61c. This model was developed for use in auto-
motive testing and has been extensively validated against PMHS

data [6,7]. In previous evaluations of the ORION crew module,
THUMS was also used to compare simulation results with differ-
ent suit to capsule attachment hardware placements [8]. An
advantage of the THUMS, compared to other surrogates, was that
the injury risk assessment capabilities were not limited by instru-
mentation placement. Therefore, the user can examine any region
of interest for possible injury sources.

Chest acceleration and seat belt loads were selected to compare
the results of the THUMS simulations to the data collected during
the PMHS tests. After the comparable responses of the two mod-
els were compared, the THUMS simulations were compared to
each other using additional injury metrics for the thorax and upper
extremity to evaluate relative injury to the occupant from the ring
configurations. The metrics selected to assess thorax injury were
chest deflection, sternal deflection, chest viscous criterion, chest
acceleration, the combined thoracic index, and chest accelera-
tion—3 ms clip. These metrics have commonly been used to
assess risk of occupant injury in MVCs [9]. To evaluate upper ex-
tremity injury, the moments in the humeri and clavicles were
extracted from the simulation results. Additionally, the strain val-
ues were analyzed for the clavicles, humeri and ribs. The strain
and moment values were compared to corresponding experimental
values for fracture in the literature [10,11].
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Methods

Model Configuration. The occupant FEM used in this analysis
was THUMS version 1.61c (Toyota Technical Development Cor-
poration, Nagoya, Japan) which was modified to stabilize the
model response in Z-loading configurations. The modifications
adjusted response curves for the pelvis flesh, abdominal organ tis-
sue and lung tissue that allowed for element stiffening under large
compressions. The original pelvis flesh material was modeled as
viscoelastic. In the current simulations, it was modified to a rubber
model that used a stress versus strain curve as input. The new
input curve included stiffening following 85% strain. The abdomi-
nal organ tissue had the elastic modulus stiffened from 38.4 MPa
to 55 MPa. The lung tissue material model was changed from low
density foam to a linear elastic material with an elastic modulus of
1.66 MPa. Additionally, all element failure criteria were removed
to assess loading values in all the elements for the entire simula-
tion. All simulations were conducted on a Linux cluster computer
in LS-DYNA version 971 (LSTC, Livermore, California) with a
time step of 6.67� 10�7 s.

The simulations were developed to mirror the experimental test
conditions described by McFarland [1]. In these experiments,
PMHS were placed in different orientations (Table 1) on a
hydraulically controlled gas energized sled with a rigid seat con-
figuration. A space suit analog was developed that placed ring
hardware at different locations on the subject to assess injury
under these components. The subject was restrained with a five-
point harness. Measurements taken during the experiment
included accelerations, seat belt loads, and strains on the bone
with instrumentation details listed in Table 1. There are no kine-
matic data from the tests available at this time.

The simulated seat configuration used was the same seat config-
uration as the experimental tests with rigid plates and a rigid head
rest (Fig. 1). During the testing, the head was occasionally padded
with foam of an unknown dimension and density. This foam was
not modeled and head accelerations were not considered because
of this discrepancy. The head rest was in different locations based
on the direction of gravity in the model. In cases where the
THUMS was sitting upright (Z-axis gravity), the head rest was

midway between the seatback and the THUMS head. In the cases
where THUMS was on its back (X-axis gravity) the headrest was
flush with the seatback. The remainder of the seat was also mod-
eled with a rigid material. A foot rest was included in all simula-
tions. In the rear simulation a panel between the foot rest and the
seat was constructed. The feet and arms were unrestrained or tied
to the footrest or other arm, depending on the testing configura-
tion. For the lateral testing conditions, a head, shoulder, arm, hip
and thigh restraint were also added to the model.

Rings that were the same dimension as possible suit compo-
nents were added to the PMHS testing configuration. In the simu-
lations, these rings were modeled as rigid bodies and were placed
on the THUMS in a multiple step process. First, the arms were
rotated about a point on the scapula until they were parallel to the
seat bottom. Next, the shoulder and arm rings were placed in the
approximate initial position without initial penetration of the
thorax flesh by the rings. To achieve the proper flesh deformation,
a simulation was conducted to move the arms down by rotating
the arm bones about the scapula point until they were at the side
of the body. The pulse simulations started with this final ring con-
figuration. The PMHS restraint system was a five-point racing har-
ness with 7.62 cm (3 in.) straps with the belt angles measured on
the pretest pictures of the seated PMHS using Image-J (NIH, Be-
thesda, MA).

There were several occupant configurations based on the direc-
tion of testing. The restraint condition and the rings modeled were
dependent on the test orientation and are listed in the test matrix
(Table 2). The impact description from this table will be used
throughout the text to describe the load case being discussed
(Fig. 1). For X-axis configurations (anterior/posterior loading)
gravity acted along the Z-axis (superior to inferior). For all Z-axis
(superior/inferior loading) and Y-axis (left/right loading) accelera-
tions, the testing was conducted with gravity acting along the
X-axis (anterior to posterior). For both gravity configurations, the
model was settled in the seat with gravity prior to conducting sim-
ulations. For the cases with gravity acting along the negative
Z-axis, 1 g was used to settle the model. For the other gravity
direction, a 5 g body load was required to force the head back
onto the headrest. These settled occupants did not have additional
deformation of other body regions when compared to the configu-
rations settled with 1 g. Additionally, this larger body load was
only used in settling simulations with all simulations of the experi-
mental conditions conducted using the correct 1 g body load. All
PMHS ring tests were modeled with the directions and specific test
configurations from the experimental configurations (Table 2).

Accelerations. The inputs for the THUMS simulations were
the experimental accelerations of the seat applied directly to the
modeled seat. The experimental seat accelerations were processed
by filtering, zeroing and truncating the pulse. All filtering was
conducting using CFC 600 [12]. After the data was filtered, the
data was zeroed by averaging the first 10 ms of data then subtract-
ing the average from the remainder of the data. Starting at 10 ms
into the pulse, the data was traced backward until the first time the
acceleration crossed the x-axis (the point where acceleration
equaled zero). This time point was taken as the time zero for the

Table 1 Experimental instrumentation

Location Instrumentation Measures

Seat back Load cell X,Y,Z forces
Seat back Accelerometer X,Y,Z accelerations
Seat pan Load cell X,Y,Z forces
Seat pan Accelerometer X,Y,Z accelerations
Harness Load cell X,Y,Z forces
Clavicle Strain gages Medial and lateral strain on the left and right
Humerus Strain gages Proximal and distal strain on the left and right
Scapula Strain gages Acromion strain on the left and right
Scapula Strain gages Scapula strain at the left and right

inferior angle
Ribs Strain gages Strain on ribs 3–8 in the left and right sides
Sternum Motion block Linear and angular acceleration in X,Y,Z
T-8 Motion block Linear and angular acceleration in X,Y,Z

Table 2 Test matrix for PMHS simulations

Name Impact Seat direction Gravity direction Rings Hand/foot restraint Fig. 1 letter

81111 Rear �X �Z Shoulder No/no a
81112 Frontal þX �Z Shoulder No/no b
81113-1 Falling �Z þX Shoulder No/yes c
81113-2 Spinal þZ þX Thigh Yes/yes d
90421 Frontal þX �Z Shoulder Yes/yes b
90422-3 Right lateral �Y þX Shoulderþ thigh Yes/yes e
90422-6 Left lateral þY þX Shoulderþ thigh Yes/yes f
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simulation. Finally, the data was truncated to minimize the
amount of time required to run the simulation. The end time of the
simulation was 20 ms after the maximum velocity of the pulse.

Injury Metric Calculations. Several injury metrics were
selected to evaluate the THUMS response in comparison to the
PMHS tests and the potential for injury in various regions
throughout the body. The regions of interest were the thorax,
upper extremities and lower injuries because these areas had inter-
action points between the restraint system and the occupant. Nij

was not evaluated or compared because the PMHS was wearing a
foam neck collar to prevent excessive head movement. The ten-
sion in all belts and the acceleration of the seat were extracted
from the simulations and compared to the recorded data from the
PMHS tests.

Chest Metrics. Several injury metrics were selected to evaluate
the response of the chest. They included peak chest acceleration,
sternal deflection, chest deflection, and Viscous Criterion (V � C).
Chest acceleration was measured from a node located at the cent-
roid of T6. This location was selected because it most closely
matches the measurement location of chest acceleration in an
ATD. Sternal deflection was the change in the distance from a
node to node on the sternum to the ninth thoracic vertebra
(Fig. 2(a)). The maximum deflection value was compared
between simulations.

Another metric used to quantify the compression of the chest
was the chest deflection metric. This metric measured the deflec-
tion of seven ribs along a line from the sternum to the spine. Each
line was horizontal; therefore, the front node was not on the same
rib as the rear node. These deflections were measured to assess the
overall response of the thorax (Fig. 2(b)).

The Viscous Criterion (V � C) combines deflection with the rate
of deflection to evaluate the risk of soft tissue injury. A value of 1
is the accepted value for human tolerance and it is equivalent to a
25% chance of severe injury, as classified in the abbreviated

injury scale as a 4þ injury [13]. In these simulations, the V � C
was calculated from the sternal deflection measurements.

Strain Metrics. Strain was extracted from key anatomical
regions of interest to evaluate the relative injury potential between
simulations and compare to the PMHS injuries. These regions
included the right humerus, left humerus, right clavicle, left clavi-
cle, right ribs, and left ribs. The maximum strain from each of
these regions was calculated by finding the maximum strain ele-
ment and then averaging the strains in the adjacent elements to
mitigate large strain value spikes in single elements.

Clavicle and Humerus Load and Moment. The right and left
clavicle and humerus bending moments were determined in each
simulation to further assess risk of fracture. These metrics were
determined using custom section planes defined for the THUMS

Fig. 1 THUMS seating configurations for testing with different ring configurations for differ-
ent test conditions. Impact types are rear, posterior to anterior (a); frontal, anterior to posterior
(b); falling, superior to inferior (c); spinal, inferior to superior (d); right lateral, right to left and
(e); left lateral, left to right (f).

Fig. 2 The sternal (a, single line) and rib deflection (b, multiple
lines) measurement locations for the THUMS simulations
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with section forces recorded for the simulation time history
(Fig. 3). The resulting bending moment was compared to literature
failure limits of 27.7 N � m [11] and 130–148 N � m [10] for the
clavicle and humerus, respectively.

Comparison of the THUMS and the PMHS

PMHS Test Results. During the PMHS tests, extensive data
from the test apparatus and the PMHS were collected [1]. To eval-
uate the response of the model, the simulation data were compared
to the PMHS belt loads, chest acceleration, and injuries noted.
The PMHS chest acceleration was measured at T8 or T4 (81113-
1, 81113-2, 90422-3, and 90422-6). Table 3 contains basic subject
data and the injuries noted during autopsy. As seen in this table,
most of the test configurations did not result in injury to the
occupant.

Comparison of the THUMS and PMHS. To compare the experi-
mental and simulation results, two methods were used: a qualita-
tive visual inspection of videos and quantitative signal
comparisons. A qualitative visual assessment of the THUMS kine-
matics compared the d3plot files of the model and the PMHS test
videos at the time of maximum engagement of the occupant with
the restraint system. Maximum engagement was defined as the
time when the occupant had fully loaded the belts or the seat
structure and before rebound occurred. This time point coincided
with maximum belt force. The next method for comparison was
plotting the chest acceleration and belt forces for the experiments
and simulations to quantify the similarities and differences in
response. The metrics were selected because they were considered
indicative of boundary conditions on the body. Given these
matched plots, the signal similarity was compared using the
method described by Sprague and Geers to quantify the variation
between the magnitude and phase of two signals [14]. The signal
comparison results calculated the difference in the signal magni-
tudes (M) and phase (P) using Eqs. (1)–(4). A perfect match of the
signals would result in a value of 0 for each parameter. One pa-
rameter was not quantified, frontal case 81112 fifth point belt
load, because there was missing experimental data.

M ¼

ffiffiffiffiffiffiffiffiffi
#mm

#ee

s
� 1 and P ¼ 1

p
arccos

#emffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
#mm#ee

p
� �

(1)

where

#mm ¼
1

t2 � t1

ðt2

t1

m2 tð Þdt (2)

#ee ¼
1

t2 � t1

ðt2

t1

e2 tð Þdt (3)

#em ¼
1

t2 � t1

ðt2

t1

e tð Þm tð Þdt (4)

In these equations, m(t) and e(t) correspond to the model and
experimental signals, respectively. The magnitude and phase error
factors are calculated over a time period from t1 � t � t2 where t1
is time zero and t2 is the end time.

Results

Qualitative Kinematic Results. A qualitative visual assess-
ment of the THUMS response and the PMHS response from the
experiment videos and simulation output demonstrated similar-
ities between the gross motion of the THUMS and the PMHS
(Appendix A). The primary difference noted between the THUMS
and the PMHS results was additional arm excursion of the PMHS
during the frontal tests.

THUMS Injury Metric Results

Chest. The chest acceleration values varied slightly between
cases, except in the frontal impact 90421 which resulted in com-
paratively larger acceleration. In all cases, the remaining chest
injury metrics had low values compared to established injury
assessment reference values: sternal deflection¼ 6.3 cm and chest
acceleration¼ 60 g [15]. The rear impact simulation had the high-
est sternal deflection, chest deflection and V � C (Table 4).

Clavicle and Humerus Analysis. For all cases the bending
moments in the simulation were well below the fracture limits,
27.7 N � m for the clavicle and 130–148 N � m for the humerus
(Table 5). In these simulations, frontal test 81112 had the highest
clavicle and humerus loads. The spinal and lateral cases also had
relatively high clavicle moments. The rear cases had the second
highest humerus loads.

Strain Analysis. The highest strain elements were focused on
the clavicle midshaft, humerus midshaft, superior ribs and inferior
ribs. These locations corresponded to interaction with the seatback
(lower posterior ribs), neck ring and restraints (high ribs), and
shoulder rings (lateral inferior ribs). The frontal impact simula-
tions had the highest strain values for most of the body regions of
interest. None of the simulations had a maximum strain value that
exceeded the fracture strain of 2.44% [16–18]. Fringe plots show-
ing the strain locations are included in Appendix B and maximum
strain values are shown in Tables 6 and 7.

Table 3 PMHS test subject anthropometry and injuries noted during autopsy

Test number Age Height (in. (cm))/weight (pounds (kg)) Injury

81111 (rear) 46 69.9 (177.5)/167 (75.5) Scapula bruising
81112 (frontal) 56 68.5 (174.0)/181 (82.1) Fractured ribs (left 2, 3, 4 and right 3, 4, 5)
81113-1 (falling) 74 69.3 (176.0)/175 (79.4) No damage
81113-2 (spinal) Same as 81113-2 Same as 81113-2 No Damage
90421 (Frontal) 60 69.0 (175.3)/161 (73.0) Fractured ribs (left 3,4 and right 7)
90422-3 (right lateral) 71 67.3 (170.9)/194 (88.0) No damage
90422-6 (left lateral) Same as 90422-3 Same as 90422-3 Fractured ribs (Left 6, 7, 8

Fig. 3 Humerus and clavicle section plane locations
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THUMS to PMHS Comparison. In general, the THUMS and
PMHS chest acceleration values were closely aligned (Table 8).
Cases where the occupant interacted primarily with the seat struc-
ture had the most similar simulation chest acceleration compared
to experimental values. Belt forces were generally well aligned in
cases with occupant to belt interaction (frontal and falling cases).
The other cases, with primary interaction between the seat and the
occupant, had larger discrepancies between the compared belt
forces.

Discussion

The gross THUMS motion compared well to the PMHS motion
as seen in test videos with the primary difference between the two
in extremity excursion (Appendix A). This similarity was
expected because the THUMS was developed and validated using
PMHS testing. A limitation of this observation is that it was a
qualitative assessment of the test videos compared to the simula-
tion output. Additional work needs to be done in the future to
quantify the kinematics of the occupant through additional video
analysis. The observed difference in response is most likely due to
model configuration assumptions, such as the method of ring
attachment. The discrete elements in the model used for ring
attachments were stiffer than the belts used in testing. This

difference results in a conservative model assessment because it
places a higher load on the middle of the humerus in the
simulations.

The quantitative signal analysis results demonstrated similar
boundary conditions between the simulations and experimental
testing. The largest differences were in measurements that had
low values due to minimal occupant engagement, such as the
shoulder belt loads in case 81111, which had the primary occupant
engagement with the seat back.

In the PMHS testing, there were few injuries reported from au-
topsy. Similarly, the THUMS simulations predicted low injury
metric values. It was hypothesized that the rib strain data would
be the best correlate to PMHS injury. In the simulations, the maxi-
mum strains in the ribs were below the expected fracture limit of
2.44% strain. While the absolute strain value did not predict frac-
ture, the relative strain data did demonstrate the same trends as
the PMHS injury data. The simulations with highest rib strains
(81112, frontal; 90421, frontal; and 90422-6, left) were all cases
that had rib fracture in the PMHS. Additionally, the visual repre-
sentations of the high strain areas also highlighted high strain ele-
ments on the ribs that fractured in experimental testing. In case
81112, the fractured ribs were left 2, 3, 4, and right 3, 4, 5. The
corresponding THUMS strain measurements showed high strain
in the superior ribs on 81112. In 90421, the fractured ribs were
left 3, 4 and right 7. For 90421, there were high strains at the

Table 4 Simulated chest injury metric results

Simulation Sternal deflection (cm) Rib deflection (cm) Chest acceleration (g) V � C (m/s)

81111 (rear) �2.524 �1.517 18.82 �0.073
81112 (frontal) �0.761 �0.320 23.71 �0.019
81113-1 (falling) �0.788 �0.328 24.10 �0.020
81113-2 (spinal) �1.036 �0.315 23.92 �0.039
90421 (frontal) �0.322 �0.090 37.42 �0.006
90422-3 (right) �0.188 �0.176 29.71 �0.003
90422-6 (left) �0.188 �0.087 28.61 �0.001

Table 5 Simulated clavicle and humerus moments

Case L clavicle (N � m) R clavicle (N � m) L humerus (N � m) R humerus (N � m)

81111 (rear) 1.55 2.01 29.40 29.08
81112 (frontal) 8.92 7.35 41.54 51.82
81113-1 (falling) 4.54 4.34 18.41 17.12
81113-2 (spinal) 7.42 7.43 15.46 11.75
90421 (frontal) 6.45 6.32 38.90 37.86
90422-3 (right) 1.99 7.98 30.21 22.03
90422-6 (left) 7.34 1.40 24.23 24.94

Table 6 Maximum simulated rib and clavicle strain values for
each case

Simulation number Right ribs Left ribs Right clavicle Left clavicle

811111 0.0029 0.0065 0.0022 0.0020
811112 0.0065 0.0074 0.0062 0.0065
90421 0.0097 0.0075 0.0048 0.0060
811113-1 0.0036 0.0060 0.0020 0.0024
811113-2 0.0056 0.0031 0.0056 0.0062
90422-3 0.0058 0.0033 0.0033 0.0014
90422-6 0.0060 0.0116 0.0011 0.0050
811111 0.0029 0.0065 0.0022 0.0020
811112 0.0065 0.0074 0.0062 0.0065

Table 7 Maximum simulated humerus strain values for each
case

Simulation number Right humerus Left humerus

811111 0.0031 0.0034
811112 0.0041 0.0050
90421 0.0032 0.0037
811113-1 0.0025 0.0015
811113-2 0.0017 0.0019
90422-3 0.0018 0.0031
90422-6 0.0029 0.0028
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superior and lateral aspects of the ribs. The lateral cases were pre-
dicted to have relatively high humerus moments because of direct
humerus loading. Instead, the placement of the lateral support struc-
tures had a protective effect because they were above the humerus
rings and primarily interacted with the shoulder of the PMHS.

Overall, the experimental cases simulated did not result in a
large number of injuries to the subjects. The simulation injury
metrics used to analyze the THUMS results also did not indicate
high injury metric values. Future work will investigate the source
of the discrepancies between the simulations and experiments as
well as simulate experiments with more injuries. However, this
study was a first step in investigating the response of THUMS in a
space capsule loading environment which had very different
boundary conditions when compared to the automotive loading
used in validating the model response.

Limitations. One limitation of this study is the relative lack of
biomechanical data on bony failure properties of occupants
exposed to long term zero-gravity. This exposure has the well
documented effect of a reduction in bone mineral density [19].
The corresponding decrease in biomechanical strength would
change the risk of injury in those occupants. However, much of
the human tolerance data in biomechanical literature are derived
from PMHS testing. Generally, the subjects used in these studies
were older individuals with corresponding age related bone
strength reduction. In this respect, the PMHS data is more like the
returning crew members then the active and healthy crew mem-
bers before launch.

Metric variation between the THUMS and the PMHS can be
influenced by the slight differences in two configurations. The
THUMS is the size of a 50th percentile male. The PMHS subjects
were close but not the exact size as the THUMS; therefore, the
exact location of the rings on the PMHS could not be replicated.
Additionally, differences in occupant height and weight can
change how and where the rings interact with the thorax.

The THUMS ring placement was symmetrical about the center of
the body. The PMHS test configurations had more experimental
variation with the initial ring placement. Additionally, only the
response of an average size male was assessed to be consistent
with the experimental work; however, to fully assess suit response
a range of occupant gender and size should be considered. Future
work should investigate the effect of these variations on the over-
all response to determine model sensitivity to ring placement and
occupant size.

Conclusions

The results of this comparison indicate the THUMS performed
in a similar manner as the PMHS in these experimental tests. The
gross movement of the model and the chest acceleration were
well correlated for the majority of the simulations. The belt forces
were not as similar between the PMHS and FEM for the tests with
minimal belt engagement; however, tests with large belt engage-
ment resulted in closer agreement between the measured values.
The simulation rib strain measurements did not absolutely predict
fracture but they demonstrated the same trends as the experimen-
tal tests. Therefore, the THUMS could be used as an effective
comparison tool but not an absolute predictor of rib injury at this
time.
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Appendix A: Comparison of the THUMS and PMHS

Kinematic Response From Simulation Output and

Experimental Video

Appendix B: Strain Assessment Results

Fig. 4

Fig. 5
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