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(57) ABSTRACT

A testing device for providing realistic response and sensor-
driven data for determining the effects of physical loads on
the testing devise and the effectiveness of personal protec-
tive equipment is disclosed. The testing device includes a
body simulating a portion of the human body, and one or
more sensors. In some embodiments, the body includes two
or more body portions joined to one another. In some
embodiments, the body portions may articulate with respect
to one another. In some embodiments, the testing device
includes an internal frame.
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APPARATUS AND METHOD FOR PHYSICAL
LOAD TESTING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application No. 62/351,801,
entitled “APPARATUS AND METHOD FOR PHYSICAL
LOAD TESTING,” filed on Jun. 17, 2016, which is herein
incorporated by reference in its entirety.

FIELD

[0002] The disclosed embodiments are generally related to
physical load testing and more particularly to apparatuses
suitable for testing the effects of a physical load on a human
extremity, such as on a human hand.

BACKGROUND

[0003] Contact with objects is the third largest source of
work-related injuries. For example, over 150,000 injuries
occur to the hands and wrists each year, with such injuries
accounting for approximately 6% of all emergency room
visits in the United States. Many of these hand and wrist
injuries are due to impact or crushing. Regardless of the
source, hand and wrist injuries have a significant impact on
the quality of life of the injured parties. Protective equip-
ment is currently available and is intended to help mitigate
the effects of contact with objects.

SUMMARY

[0004] According to one embodiment, a testing device
includes a body having a anthropomorphic hand arrange-
ment, and one or more sensors disposed in or on the body.
The one or more sensors are arranged to measure a load
applied to the testing device.

[0005] According to another embodiment, a testing device
includes a body having a shape of a portion of a human body,
and one or more sensors disposed in or on the body. The one
or more sensors arranged to measure a load applied to the
testing device.

[0006] According to another embodiment, a method of
testing a piece of personal protective equipment using a
testing device is disclosed. The method includes applying
the piece of personal protective equipment to the testing
device, applying a force to the testing device, and receiving
data from the one or more sensors. The testing device
including a body having a shape of a portion of a human
body and one or more sensors disposed in or on the body.
[0007] It should be appreciated that the foregoing con-
cepts, and additional concepts discussed below, may be
arranged in any suitable combination, as the present disclo-
sure is not limited in this respect.

[0008] The foregoing and other aspects, embodiments,
and features of the present teachings can be more fully
understood from the following description in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The accompanying drawings are not intended to be
drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is
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represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the

drawings:

[0010] FIG. 1 shows a testing device according to one
embodiment;

[0011] FIG. 2 shows a testing device according to another
embodiment;

[0012] FIG. 3 shows a testing device according to another
embodiment;

[0013] FIG. 4 shows a testing device having an internal

frame according to one embodiment;
[0014] FIGS. 5-8 are dorsal, palmar and lateral views of a
testing device according to another embodiment;

[0015] FIG. 9 shows a testing device according to another
embodiment;
[0016] FIG. 10 shows a testing system in which a load is

applied to a testing device; and

[0017] FIG. 11 shows a testing device in which a load is
applied to a testing device wearing a piece of protective
equipment.

DETAILED DESCRIPTION

[0018] Contact with objects is the third largest source of
work-related injuries. For example, contact with hands,
wrists, and feet can result in broken or crushed bones, or
numerous other possible injuries. Although protective equip-
ment is currently available to help mitigate the effects of
contact with objects, standards regarding the effectiveness of
such equipment, such as the effectiveness of a pair of gloves,
do not exist.

[0019] Applicant has recognized that by providing testing
devices and testing methods that allow for experimental
determination of the effects of physical loads on an extrem-
ity of the human body, such as a human hand, advantages
may be realized. For example, such a testing device may
allow for the experimental determination of the effectiveness
of personal protective equipment, such as a pair of gloves.
To that end, embodiments disclosed herein include an
anthropomorphic testing device, hereinafter referred to as a
testing device, having a body and one or more sensors
arranged to measure the effects of a physical load applied to
the testing device. As will be described, the body may
include one or more body portions that correspond to one or
more anthropomorphic portions, such as a hand with five
fingers.

[0020] In some embodiments, the testing device includes
a monolithic body. For purposes herein, a monolithic body
may mean that the body is formed of a single part (e.g., via
3D printing or molding). In some embodiments, the body
includes one or more parts that are integrally connected to
one another to form an integral body. For example, the body
may be include two halves that are integrally joined together
to form an anthropomorphic-shaped body.

[0021] As will be appreciated, the body may be solid or it
may be hollow. In some embodiments, such a hollow body
portion may be used to store one or more components of the
device. For example, in embodiments in which the body is
constructed of two or more parts, a user may access the
inside of the body for sensor placement and/or replacement,
or to allow replacement of portions of the body itself.
[0022] In some embodiments, the body includes two or
more body portions that are connected to one another. As
will be appreciated, the two or more body portions may be
anthropomorphic portions of the body (such as the hand with
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five fingers). In some embodiments, the body portions are
rigidly connected to each other (e.g., via a bolt, screw, or
other fixed connection) such that the body portions are not
movable relative to one another. In some embodiments, the
body portions may be articulated with respect to one another.
For example, a first body portion may be connected to a
second body portion via an articulating joint. In some
embodiments, the first body portion may pivot or rotate with
respect to the second body portion. For example, the first
body portion may be connected to the second body portion
via a hinged connection. As will be appreciated, the joints
may have properties chosen to mimic the corresponding
joint stiffness in the human hand, or have other properties
chosen in accordance with the desired test parameters.
[0023] In some embodiments, the body may include an
internal frame with one or more frame portions. As will be
appreciated, the frame may be monolithic or may include
one or more frame portions that are connected to one
another. In some embodiments, the frame portions may
articulate with respect to one another (e.g., may pivot and/or
rotate with respect to one another). Similar to the body,
joints between the one or more frame portions may have
properties chosen to mimic the corresponding joint stiffness
in the human hand, or have other properties chosen in
accordance with the desired test parameters.

[0024] In some embodiments, the body is constructed of a
material arranged to simulate the stiffness and/or density of
human tissue, or have other physical properties chosen in
accordance with the desired test parameters. For example,
the body may include a high biofidelity simulated hand. In
some embodiments, the internal frame may be constructed
of a material mimicking the stiffness of human bone, or have
other physical properties chosen in accordance with the
desired test parameters.

[0025] In some embodiments, the testing device includes
one or more sensors arranged to measure test parameters,
such as force, pressure, strain, temperature, or acceleration,
which may be used to measure the physical load applied to
the testing device. In some embodiments, the sensors may be
positioned inside the body, such as attached to an internal
frame or embedded in the material used to form the body.
The sensors also may be located on the exterior of the body,
or may be located both internally and on the exterior of the
body. The sensors may be located at a single location or at
multiple locations on the body. In some embodiments, the
sensors are permanently attached to the body, although the
sensors also may be removably attached to the body in some
embodiments.

[0026] Insome embodiments, the sensors may be arranged
to measure the results of a single direction load or impact,
such as a dorsal impact, a palmer impact, or a unilateral
impact. The sensors also may be configured to measure a
combination of two or more directions of loads or impacts.
[0027] Insome embodiments, the device includes compo-
nents for displaying or transmitting the measured parameters
to an external or internal data acquisition, storage, or display
device. In some embodiments, communication between the
sensors and the external data acquisition, storage, or display
devices may be accomplished through wired connections,
wireless connections, or a combination of the two methods.
[0028] Alternatively, or in combination with external
devices, integral devices may be provided within the body
for data acquisition, storage, or display. In some embodi-
ments, such devices may take the form of solid state memory
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storage device, either removable or with a manner of con-
nection to external devices such as a USB port.

[0029] Integral devices intended to display results directly,
either visual or audio devices, also may be provided in some
embodiments, with or without other integral or external
devices.

[0030] In some embodiments, power is provided to the
sensors and/or devices. In some embodiments, the power is
provided form an external device, such as via cords or
wireless charging. Power to the sensors and/or devices also
may be provided integrally through the use of batteries. As
will be appreciated, such batteries may be rechargeable or
may be disposable.

[0031] Turning now to the figures, FIG. 1 illustrates a
testing device 100 according to one aspect of the present
disclosure. As shown in this figure, the testing device
includes a body 102 having one or more body portions 104,
and one or more sensors 105 to measure the effects of a
physical load applied to the testing device. In some embodi-
ments, the body 102 is arranged to be anthropometrically
accurate for a portion of the human body, such as a portion
of the human hand. In such embodiments, the body portions
104 may correspond to portions of the human body, such as
the fingers in a human hand.

[0032] As will be a appreciated, a given body 102 may be
sized for infants to adults, and from the 1 to 99” percentile
in size. Although not shown, in some embodiments, the
testing device also may include a portion of the lower arm,
for example, to allow for testing of the carpal bones and/or
their connection to the radius and ulna. The testing device
also may include a wrist. As will be further appreciated,
although the testing device is shown in the shape of a hand
in FIGS. 1-8 the testing device may have other suitable
shapes in other embodiments. For example, as shown in
FIG. 9, a testing device 200 may be arranged to be anthro-
pometrically accurate for a human foot. The testing device
also may be arranged to be anthropometrically accurate for
a human leg, chest, or another suitable portion of the body.
[0033] Turning back to FIG. 1, in some embodiments, the
body 102 may be constructed of a material intended to
provide high biofidelity replication of the stiffness and
density of human tissue. Such a material may include a
suitably-selected silicone or polyethyl alcohol, although
other suitable materials may be used. Without wishing to be
bound by theory, typical properties for creating high biofi-
delity human hands may include materials having densities
between 0.9 and 1.3 gicm?® and coefficients of restitution of
0.3-0.75, depending on the target age simulation and specific
location in the hand.

[0034] In other embodiments, the body 102 may include
one or more materials that differ in stiffness and density from
the human hand. Such a material may be intended to provide
a stable platform for sensors and/or a background for hand
protective equipment. Such a material may be suitable for
casting or 3D printing and includes plastics, metallic plas-
tics, and metals.

[0035] As shown in FIG. 1, in some embodiments, the one
or more body portions 104 are connected to one another via
one or more joints 106. In some embodiments, the joints 106
may allow the testing device to simulate the knuckles, or
other joints of the human hand, as indicated by the intended
application. Such joints may be constructed of the same
material as the testing device. Alternatively, the joints may
be constructed of a different material, such as steel, alumi-
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num, or plastic, and connect individual pieces of the hand
test dummy body. The joints may be designed to a high level
of biofidelity regarding the resulting joint stiffness, or may
be constructed without consideration of the joint stiffness.

[0036] Although the testing device of FIG. 1 is shown as
having articulating joints, the body also may be formed
without any joints. For example, as shown in FIGS. 2-3, the
device may be formed with one or more body portions 104
that are integrally connected with one another (e.g., from the
same material or materials).

[0037] In some embodiments, as shown in FIG. 2, the
body may be monolithic and formed of a single part (e.g., via
3D printing or molding). In other embodiments, as shown in
FIG. 3, the body may be formed of two parts that are
integrally connected. In such embodiments, the first and
second parts 1024, 1025 of the body may be permanently
attached to one another. In other embodiments, the first and
second parts 102a, 1026 of the body may be removably
attachable to one another such that the interior of the body
102 may be accessed for replacement and relocation of
sensors, batteries, or communication devices. In one
embodiment, the two parts 102a, 1025 are created to rep-
resent the dorsal and palmer halves of the hand, respectively.
[0038] In some embodiments, as shown in FIG. 4, the
testing device includes an internal frame 108. As will be
appreciated, the frame 108 may include a single integrally
formed part or may include one or more frame portions 110
that are joined to one another. The parts of the frame may be
arranged to articulate with respect to one another (e.g.,
pivotably or rotatably). In some embodiments, the frame 108
is arranged to replicate the stiffness and density of human
hand bones (1.5-2.0 g/cm®). Without wishing to be bound by
theory, matching the frame elastic modulus to human bone
in order to create a high biofidelity model may use knowl-
edge of the intended loading direction and loading rate. For
example, typical elastic modulus values for human cortical
bone range between 5 and 20 GPa, depending on the loading
conditions. The frame 108 also may be constructed of a
material that is more rigid than human bones, such as rigid
plastic, steel, or aluminum, to provide additional support to
the testing device 100.

[0039] In embodiments having one or more joined frame
portions, such as that shown in FIG. 4, the frame portions
may be connected via joints 106 between the bones as found
in the human hand, or at other locations as indicated by the
intended application. The joints may further be constructed
of material simulating the stiffness of human connective
tissue for a high biofidelity model, or may be constructed
without consideration of joint stiffness. The articulated inter-
nal frame may be used in conjunction with either a mono-
lithic or jointed hand test model dummy body.

[0040] As will be appreciated, the internal frame also may
be non-articulating. For example, the frame may be con-
structed as a single unit (monolithic), or may be formed via
one or more frame portions that are rigidly joined together.
The non-articulated internal frame may be used in conjunc-
tion with either a monolithic or a jointed hand test model
dummy body.

[0041] In some embodiments, as shown in FIG. 5, the
testing device 100 may be equipped with a handle 112 or
other position device. Such a handle may allow for ease of
positioning the testing device 100 in the testing center (see
FIG. 10), and may further allow for maintaining the testing
device in a particular position or arrangement during testing.
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[0042] Turning now to FIGS. 5-8, in some embodiments,
the testing device may include one or more sensors 105 for
measuring force, pressure, strain, displacement, tempera-
ture, acceleration, or other physical parameters including
indications of specific loading being applied to the testing
device. In some embodiments, as will be appreciated, the
testing device may include only one sensor, which may be
located on one of the body portions 104. In other embodi-
ments, as shown in FIGS. 1 and 5-8, the testing device may
include two or more sensors. In such embodiments, each
body portion may include one or more sensor. In such
embodiments, the sensors may be located on any suitable
surface of the body portion.

[0043] For example, in embodiments in which the testing
device is a hand, sensors may be located on each of a dorsal,
palmar, and lateral side of the testing device. In some
embodiments, sensors are placed at a single impact location,
such as at the proximal phalange of the thumb, or at a
number of locations that may be impacted simultaneously
during testing, such as the proximal phalanges of the four
fingers.

[0044] In some embodiments, single or multiple sensors
are placed on the testing device at locations which are based
on the intended type of testing to be applied. Such sensors
may include devices for measuring force, pressure, strain,
displacement, temperature, acceleration, or other physical
parameters. As will be appreciated, each sensor need not
measure the same parameter. For example, a first sensor may
measure pressure while a second sensor may measure accel-
eration.

[0045] Although the sensors are shown as being on the
exterior surface of the body, it will be appreciated that the
sensors may be located inside the body, such as embedded
in the material used to form the body or attached to the
internal frame, or may be located in a combination thereof.
As will be appreciated, the testing device therefore may
allow flexibility in the positioning of the sensors through use
of the multi-part body.

[0046] In embodiments in which the sensors are placed
external to the testing device, the sensors may be placed on
any suitable location on the body, or may be placed in
specific locations as indicated by visual or mechanical
indicators.

[0047] Insome embodiments, the sensors are permanently
attached to the body. In other embodiments, the sensors may
be removably attached to the body. In such embodiments,
the sensors may be moveable and replaceable. For example,
one or more sensors may be attached to a first location (or
first combination of locations) on the body during a first
experiment and thereafter may be repositioned at a second
location (or second combination of locations), different from
the first location, for a second experiment.

[0048] In some embodiments, the testing device 100
includes one or more position indicators to identify a par-
ticular location or locations for a sensor or for load appli-
cation (e.g., during testing). Such position indicators may be
visible, such as through the use of color indicators. Such
position indicators also may be mechanical, such as inden-
tations designed to allow insertion of sensors and/or align-
ment of specific test equipment, or through the inclusion of
positioning rigs to keep the testing device at prescribed
locations.

[0049] In some embodiments, the internal frame, either
articulated or monolithic, is constructed so that at a pre-
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scribed level of a parameter such as force, pressure, defor-
mation, or strain, an externally observable indicator is
activated. Such an indicator may be visual (e.g., color),
audio, or some other method of indication.

[0050] In other embodiments, surface or internal indica-
tion of pressure or strain level may be visually evident upon
testing. For example, an indication may be provided by
applying a photoelastic material to the surface of the testing
device, or embedding such a photoelastic material internally,
either on an internal frame or elsewhere in the testing device.
[0051] In some embodiments, the testing device may be
designed to test for the effects of physical loads in any
direction including dorsal, palmar, lateral, either unilateral
or bilateral, or any combination of loading directions. Sen-
sors and/or visual indicators may be placed in multiple
locations to allow for determination of output parameters
from any physical load or combination of loads. In some
embodiments, the testing device may apply a load in only a
single direction while in other embodiments, the testing
device may apply a load in two or more directions.

[0052] In some embodiments, the testing device is
arranged to communicate the sensed data to an external data
collection or display system. For example, the testing device
may be arranged to communicate the data to a computer. In
such embodiments, as shown in FIGS. 10-11, communica-
tion between the testing device and the external data col-
lection or display system may be provided via a wired
connection 114, such as via an analog or digital device.
Communication between the testing device and the external
data collection or display system also may be achieved via
a wireless connection 116. Such a wireless connection may
include, for example, a Bluetooth or Wi-Fi connection. In
some embodiments, the testing device includes both wire-
less and wired communication protocols.

[0053] Insome embodiments, instead of, or in addition to,
communication with external data collection or display
devices, the testing device may include integral data collec-
tion or display devices 118, as shown in FIG. 5. Internal data
collection may take the form of flash memory, a solid state
hard drive, or other device. Data transfer from the internal
data collector to external devices may be either wired, such
as with a USB interface, or wireless. In some embodiments,
the data collection or display device 118 may include a
visual indication that the device has been turned on or turned
off.

[0054] In some embodiments, the integral display(s) or
indicators may be included and may be analog or digital. In
some embodiments, the display is a digital readout of one or
more sensors. In other embodiments, the display may
include a visual indicator of the sensor output, such as lights
that indicate sensor reading levels through color or number
of lights. Audio indicators may be used in conjunction with,
or instead of, visual indicators.

[0055] In some embodiments, power to the communica-
tion and indication devices, whether wired or wireless, may
be provided from an external source, or internally using
batteries 121 (see FIG. 5). Such batteries may be single
charge batteries or rechargeable batteries.

[0056] According to another aspect, a method of using a
testing system to test a load applied to the testing device is
disclosed. In some embodiments, the testing device may be
used for impact and static physical load testing. In one such
embodiment, as shown in FIG. 10, the testing device 100
may be placed flat on a testing surface 120 or held in a
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typical use position such as around a pipe. The testing device
also may be held in position via the handle 112, which may
be attached to the testing surface.

[0057] Next, a load may be applied to the testing device,
such as by dropping a weight 122 onto the testing device.
The weight 122 may be flat or be shaped as desired for the
simulation, and may be guided by a track to ensure impact
at the proper location on the hand test dummy. In some
embodiments, the weight is dropped such that it will hit
specific sensors on the testing device (such as sensors
located on the dorsal surface of a hand-shaped testing
device).

[0058] In some embodiments, an accelerometer may be
used to determine the motion of the testing device and the
impact of the applied load.

[0059] In some embodiments, a quasi-static loading may
be applied using a material testing system. In such embodi-
ments, the response of the testing device may be determined
using strain gauges on an internal skeleton or force/pressure
sensors located at the loading site or another location as
desired. Loads may be applied in any direction to determine
the response to various scenarios.

[0060] In some embodiments, cyclic loading may be
applied to the testing device determine the effect of repeated
loading. In addition to pressure/force or strain gauges,
temperature may be measured internally to estimate the
energy imparted to the hand or to evaluate heat buildup.
[0061] As will be appreciated, combinations of the above-
noted loads and types may be applied during an experiment
to determine the effects of the load on the testing device.
[0062] The sensed data may be communicated to an
external data collection device, such as a computer 124.
Such communication may be a wired 114 or wireless 116
communication. The data may be analyzed via a program on
the computer.

[0063] In some embodiments, the effects of the applied
load are determined by visual inspection of the testing
device. For example, after application of the load, the testing
device may be examined to see if the internal frame,
simulating a person’s bones, has been fractured and/or
crushed. As another example, the exterior surface of the
body of the testing device, simulating a person’s tissue, has
been cut and/or deformed.

[0064] In some embodiments, as shown in FIG. 11, prior
to applying a load, a piece of protective equipment, such as
a glove 126 or other piece of apparel, may be placed on the
testing device. As will be appreciated, in embodiments in
which the testing devices is arranged to be anthropometri-
cally accurate for a human foot, a sock or boot may be
placed on the testing device. Next, the load may be applied
and the sensor may measure one or more test parameters.
The sensor output data may then be communicated to the
computer 124, where the data is received and analyzed to
determine the effectiveness of the piece of equipment.
[0065] While the present teachings have been described in
conjunction with various embodiments and examples, it is
not intended that the present teachings be limited to such
embodiments or examples. On the contrary. the present
teachings encompass various alternatives, modifications,
and equivalents, as will be appreciated by those of skill in
the art. Accordingly, the foregoing description and drawings
are by way of example only.

[0066] Various aspects of the present invention may be
used alone, in combination, or in a variety of arrangements
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not specifically discussed in the embodiments described in
the foregoing and is therefore not limited in its application
to the details and arrangement of components set forth in the
foregoing description or illustrated in the drawings. For
example, aspects described in one embodiment may be
combined in any manner with aspects described in other
embodiments.
[0067] Also, the invention may be embodied as a method,
of which an example has been provided. The acts performed
as part of the method may be ordered in any suitable way.
Accordingly, embodiments may be constructed in which
acts are performed in an order different than illustrated,
which may include performing some acts simultaneously,
even though shown as sequential acts in illustrative embodi-
ments.
[0068] Use of ordinal terms such as “first,” “second,”
“third,” etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order of
one claim element over another or the temporal order in
which acts of a method are performed, but are used merely
as labels to distinguish one claim element having a certain
name from another element having a same name (but for use
of the ordinal term) to distinguish the claim elements.
[0069] Also, the phraseology and terminology used herein
is for the purpose of description and should not be regarded
as limiting. The use of “including,” “comprising,” or “hav-
ing,” “containing,” “involving,” and variations thereof
herein, is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.
[0070] The terms “attached” and “connected” are used
broadly and encompass both direct and indirect attaching
and connecting. Further, “connected” is not restricted to
physical or mechanical connections, and can include elec-
trical connections, whether direct or indirect. Also, elec-
tronic communications and notifications may be performed
using any known means, such as direct connections and
wireless connections.
[0071] It should also be noted that a plurality of hardware
and software based devices, as well as a plurality of different
structural components may be used to implement the inven-
tion. In addition, it should be understood that embodiments
of the invention may include hardware, software, and elec-
tronic components or modules that, for purposes of discus-
sion, may be illustrated and described as if the majority of
the components were implemented solely in hardware.
However, one of ordinary skill in the art, and based on a
reading of this detailed description, would recognize that, in
at least one embodiment, the electronic based aspects of the
invention may be implemented in software (e. g., stored on
non-transitory computer-readable medium) executable by
one or more processors. As such, it should be noted that a
plurality of hardware and software based devices, as well as
a plurality of different structural components may be utilized
to implement the invention. Furthermore, and as described
in subsequent paragraphs, the specific mechanical configu-
rations illustrated in the drawings are intended to exemplify
embodiments of the invention and that other alternative
mechanical configurations are possible.

What is claimed is:

1. A testing device comprising:

a body having a anthropomorphic hand arrangement; and

one or more sensors disposed in or on the body, the one

or more sensors arranged to measure a load applied to
the testing device.

EEIT3
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2. The testing device of claim 1, wherein the one or more
sensors are removably attachable to the body.

3. The testing device of claim 1, wherein the body
comprises two or more body portions.

4. The testing device of claim 3, wherein the two or more
body portions are rigidly attached to one another.

5. The testing device of claim 3, wherein the two of more
body portions articulate with respect to one another.

6. The testing device of claim 1, wherein the one or more
sensor produces a sensor output, wherein the device is
arranged to communicate the sensor output to at least one of
an internal or external data acquisition systems or displays.

7. The testing device of claim 1, further comprising at
least one of a wired or wireless connections arranged to
communicate the sensor output.

8. The testing device of claim 1, wherein the body
comprises a monolithic body.

9. The testing device of claim 1, further comprising an
internal frame disposed within the body.

10. The testing device of claim 1, wherein the internal
frame includes two or more frame portions.

11. The testing device of claim 10, wherein the two or
more frame portions articulate with respect to one another.

12. The testing device of claim 1, wherein the one or more
sensors comprises at least one of a pressure sensor, a force
sensor, a strain sensor, a temperature sensor, and an accel-
erometer.

13. The testing device of claim 1, further comprising
surface or internal indicators for load application locations.

14. The testing device of claim 1, further comprising
integral audio or visual indicators of physical test parameter
results.

15. The testing device of claim 1, further comprising at
least one of integral data acquisition and data recording.

16. The testing device of claim 1, further comprising a
power supply arranged to power the one or more sensors.

17. The testing device of claim 16, wherein the power
supply is integral to the testing device.

18. The testing device of claim 1, wherein the body
comprises a handle.

19. The testing device of claim 1, further comprising a
piece of protective equipment on the body.

20. A testing device comprising:

a body having a shape of a portion of a human body; and

one or more sensors disposed in or on the body, the one

or more sensors arranged to measure a load applied to
the testing device.

21. The testing device of claim 20, wherein the portion of
the human body is at least one of a hand and a foot.

22. The testing device of claim 20, wherein the one or
more sensors are removably attachable to the body.

23. The testing device of claim 20, wherein the body
comprises two or more body portions.

24. The testing device of claim 23, wherein the two or
more body portions are fixedly attached to one another.

25. The testing device of claim 23, wherein the two of
more body portions articulate with respect to one another.

26. The testing device of claim 20, wherein the one or
more sensors produces a sensor output, wherein the device
is arranged to communicate the sensor output to at least one
of an internal or external data acquisition systems or dis-
plays.
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27. The testing device of claim 26, further comprising at
least one of a wired or wireless connections arranged to
communicate the sensor output.

28. The testing device of claim 20, wherein the body
comprises a monolithic body.

29. The testing device of claim 20, further comprising an
internal frame disposed within the body.

30. The testing device of claim 29, wherein the internal
frame includes two or more frame portions.

31. The testing device of claim 30, wherein the two or
more frame portions articulate with respect to one another.

32. The testing device of claim 20, wherein the one or
more sensors comprises at least one of a pressure sensor, a
force sensor, a strain sensor, a temperature sensor, and an
accelerometer.

33. The testing device of claim 20, further comprising a
piece of protective equipment on the body.

34. A method of testing a piece of personal protective
equipment using a testing device, the method comprising:
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applying the piece of personal protective equipment to the
testing device, the testing device including a body
having a shape of a portion of a human body and one
or more sensors disposed in or on the body;

applying a force to the testing device; and

receiving data from the one or more sensors.

35. The method of claim 34, wherein the step of receiving
data comprises receiving data from at least one or more of
a pressure sensor, a force sensor, a strain sensor, a tempera-
ture sensor, and an accelerometer.

36. The method of claim 34, further comprising placing
the testing device on a testing surface before the step of
applying the force to the testing device.

37. The method of claim 34, wherein the step of applying
a force includes dropping a weight on the testing device.

38. The method of claim 34, wherein the step of applying
a force includes applying a single direction load.

39. The method of claim 34, wherein the step of applying
a force includes applying two or more directions of loads.
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