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(54) LOAD FRAME AND GRIPPERS FOR TENSILE TESTS

(57) A load frame for applying a tensile load to a test
sample during a test or measurement includes a first grip-
per for gripping a first end of the test sample, a second
gripper for gripping a second end of the test sample, and
a tensioner for applying the tensile load to the test sam-
ple. The load frame further includes a first end tube that

encircles the first gripper, a second end tube that encir-
cles the second gripper, and a center tube that encircles
a mid-portion of the test sample during the test or meas-
urement. A system such as a wave-generating system
may be used to measure the test sample through the
center tube during a test or measurement.
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Description

Technical Field

[0001] The present teachings relate to the field of ma-
terials metrology and, more particularly, to a device load
frame that may be used during the measurement of test
sample material characteristics.

Background

[0002] While this section provides background infor-
mation related to the present disclosure, the material dis-
cussed in this section is not necessarily prior art.
[0003] The design and manufacture of a structure re-
quires the selection of appropriate materials for structural
components or device substructures. To select a suitable
material, scientists, engineers, designers, architects,
etc., require specific knowledge of the material such as
the internal stress and strain patterns and responses the
material exhibits when a force is applied. Various meas-
urement devices have been developed for testing, in-
specting, measuring, and quantifying the physical prop-
erties of materials that are under load or after loading
when no load is applied. Further, the characterization of
material properties during loading is known as "in situ"
testing or "in situ" inspection. For example, X-rays,
acoustic waves, etc., may be used to perform measure-
ments on a sample during the application of a load using
computed tomography, radiography, and other well-
known inspection techniques.
[0004] A test sample may be secured in place during
a measurement using a mechanical load frame (i.e., a
test fixture) that exerts a load (e.g., tensile force, com-
pressive force, a shear force, or a combination thereof
via uniaxial, biaxial, etc., type fixturing) on the test sam-
ple. Additionally, thermal or moisture gradients may be
applied to a test sample, for example a "coupon," to in-
duce deformation of the coupon by imparting
stress/strain gradients to the coupon while it is gripped
by and within a load frame. Combinations of thermal and
mechanical loadings may also occur. The load frame may
include electric motors and/or hydraulics to exert the load
on the test sample.
[0005] Currently, computed tomography, standard ra-
diography inspection, and other measurement tech-
niques are able to capture constituent (e.g., fiber and
matrix) damage modes in composites when a load such
as a tensile force is applied to a test sample by a load
frame. This is also the case for varieties of composite
materials (short fiber, continuous, etc.), thermoplastics,
thermosets, additive manufactured materials, metal al-
loys, etc. Commercially available load frames include
benchtop designs as well as larger systems. However,
the testing capability of benchtop options is limited, with
low load capability (e.g., less than 2 kips) resulting from,
for example, small load cell capacity, the size/machine
footprint, and at least in part from a limited driving voltage.

This low load limitation requires testing of thin test sam-
ples which reduces the available range of test sample
configurations, material types, and testing conditions.
For example, thicker test samples, samples with notches,
and samples of various ply layups where the strength
exceeds the loading capability are not measurable to the
near failure level using these systems because the load
level required is beyond the system capability. Larger
systems that provide higher load capability may not be
portable as they may be fixed in place, and may require
extensive and expensive redesign for different sizes and
shapes of the test samples. Both benchtop and larger
systems have a relatively high cost, and are generally
dedicated to only one type of measurement. Switching
between measurement techniques, for example, be-
tween computed tomography and radiology measure-
ments, as well as measuring a test sample under varying
or extreme environmental conditions, is expensive or not
possible. Characterization measurements of a material
using test samples may be subcontracted to external host
sites, but subcontracting may be expensive and requires
long initial lead times and increased time to complete
testing.
[0006] A load frame that is portable, simply reconfig-
urable and adjustable for various test sample (i.e., cou-
pon) sizes, and able to integrate with different types of
metrology systems, such as computed tomography,
acoustic emission, and radiology systems, would be a
welcome addition to the art.

Summary

[0007] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of one or more embodiments of the present teachings.
This summary is not an extensive overview, nor is it in-
tended to identify key or critical elements of the present
teachings, nor to delineate the scope of the disclosure.
Rather, its primary purpose is merely to present one or
more concepts in simplified form as a prelude to the de-
tailed description presented later.
[0008] In an embodiment, a load frame may include a
first gripper configured to position a first end of a test
sample, a second gripper configured to position a second
end of the test sample, and a center tube that encircles
a test region. The test region may be disposed between
the first gripper and the second gripper and the center
tube may be configured to allow passage of a penetrating
wave through the center tube to the test region. The load
frame may further include a first end tube that encircles
the first gripper and is axially aligned with the center tube,
and a second end tube that encircles the second gripper
and is axially aligned with the center tube and the first
end tube. The center tube may be positioned between
the first end tube and the second end tube. The first end
tube may be a first cylinder, the second end tube may be
a second cylinder, and the center tube may be a third
cylinder.
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[0009] In an embodiment, the load frame may further
include a first tube cap that physically contacts the first
end tube and the center tube and a second tube cap that
physically contact the second end tube and the center
tube. The first tube cap may a first slot configured to re-
ceive the test sample and the second tube cap may define
a second slot configured to receive the test sample. The
load frame may further include a first end cap that phys-
ically contacts the first end tube and a second end cap
that physically contacts the second end tube. In an em-
bodiment, a tensioner is configured to apply a compres-
sive force to the first end tube, the second end tube, and
the center tube, and is further configured to applied a
tensile load to the test sample. The tensioner may include
a jack bolt extending through a hole in the second end
cap and at least one external nut attached to the jack
bolt, wherein the tensile load applied to the test sample
is configured to be adjusted through manual rotation of
the external nut. The tensioner may be attached to the
second gripper and configured to move the second grip-
per toward and away from the first gripper during rotation
of the external nut.
[0010] Optionally, the tensioner may further include a
midplate positioned between the second gripper and the
second end cap. The midplate may include a central
opening therein with the jack bolt extending through the
central opening in the midplate. In an embodiment, at
least one clevis pin extends through the second end cap
and through the midplate and is configured to reduce or
prevent torsional stresses in the test sample during ro-
tation of the external nut.
[0011] The load frame may optionally include an adapt-
er attached to the midplate and to the second gripper,
and a tension plate attached to the first gripper and having
a bottom surface. The second end cap may include a flat
edge that rests on the bottom surface of the tension plate
and slides along the bottom surface during rotation of the
external nut.
[0012] A test sample may include a first end, a second
end, and a mid-portion between the first end and the sec-
ond end. In an embodiment, the first gripper positions
the first end, the second gripper positions the second
end, and the center tube encircles the mid-portion. The
first gripper may be a first clamp including a first pair of
opposing jaws, and the second gripper may be a second
clamp including a second pair of opposing jaws.
[0013] In another embodiment, a method for perform-
ing a test, measurement, and/or inspection on a test sam-
ple may include securing a first end of the test sample
within a first gripper, placing a first end tube over the first
gripper such that the first end tube encircles the first grip-
per, inserting a second end of the test sample through a
first slot in a first tube cap, and positioning the first tube
cap onto the first end tube. The method may further in-
clude inserting the second end of the test sample into a
center tube, physically contacting the center tube with
the first tube cap, inserting the second end of the test
sample through a second slot in a second tube cap, and

physically contacting the second tube cap onto the center
tube. The second end of the test sample may be secured
within a second gripper, and a second end tube may be
placed over the second gripper such that the second end
tube encircles the second gripper. A tensile load may be
exerted on the test sample using a tensioner while a mid-
portion of the test sample is positioned within the center
tube. In an embodiment, the first gripper secures the first
end of the test sample and the second gripper secures
the second end of the test sample.
[0014] The method may further include exerting a com-
pressive force on the first end tube, the second end tube,
and the center tube during the exerting of the tensile load
on the test sample. An external nut on a jack bolt may
be rotated to increase the tensile load on the test sample.
Additionally, the second gripper may be attached to the
tensioner subsequent to the securing of the second end
of the test sample within the second gripper and prior to
the exerting of the tensile load on the test sample. The
first end tube, the second end tube, and the center tube
may be cylinders, and the method may further include
axially aligning the first end tube, the second end tube,
and the center tube, each with the other.

Brief Description of the Drawings

[0015] The accompanying drawings, which are incor-
porated in, and constitute a part of this specification, il-
lustrate embodiments of the present teachings and, to-
gether with the description, serve to explain the principles
of the disclosure. In the figures:

FIG. 1 is a side perspective depiction of a load frame
in accordance with an embodiment of the present
teachings.
FIG. 2 is an exploded perspective depiction of a first
grip assembly in accordance with the load frame of
FIG. 1.
FIG.3 is an exploded perspective depiction of a sec-
ond grip assembly including a tensioner in accord-
ance with the load frame of FIG. 1.
FIG. 4 is a perspective depiction of a center tube in
accordance with the FIG. 1 embodiment.
FIG. 5 is a perspective depiction of a tension tray in
accordance with the load frame of FIG. 1.
FIG. 6 is an assembled perspective depiction of the
FIG. 1 load frame with various tubes hidden to reveal
internal structures.
FIG.7 is an assembled perspective depiction of the
FIG. 1 load frame.
FIG. 8 is a flow chart showing a method for testing
or measuring a test sample in accordance with an
embodiment of the present teachings.

[0016] It should be noted that some details of the FIGS.
have been simplified and are drawn to facilitate under-
standing of the present teachings rather than to maintain
strict structural accuracy, detail, and scale.
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Detailed Description

[0017] Reference will now be made in detail to exem-
plary embodiments of the present teachings, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like
parts.
[0018] The present teachings provide a method and
structure for testing and/or obtaining performance data
from a test sample. The structure includes a load frame
(i.e., test fixture) that exerts a force, such as a tensile
force, on a test sample (i.e., coupon). In various imple-
mentations, the load frame may be a mechanical load
frame that includes no electric motors or hydraulics,
thereby reducing initial cost as well as the maintenance
cost of the load frame. In an embodiment, the force ap-
plied to the test sample may be manually set and adjusted
by an operator. The load frame may be relatively light in
weight and portable. Further, in an embodiment, the load
frame may have the capability to exert a wide range of
forces onto the test sample, for example, from about 0
kips to about 12 kips or larger depending on the config-
uration of device components.
[0019] A load frame 100 according to one embodiment
of the present teachings is depicted in the side view of
FIG. 1. The load frame 100 may be used to maintain a
position of, and load on, a test sample 102 during a test
or measurement. For purposes of description, the load
frame 100 in the FIG. 1 embodiment may be generally
described as including a first grip assembly 104 that
maintains the position of a first end of the test sample
102, a second grip assembly 106 that maintains the po-
sition of a second end of the test sample 102 and may
be adjusted to exert a desired force on the sample 102,
and a test region 108 where a measurement of the test
sample under stress is performed. In FIG. 1, the second
grip assembly 106 is depicted in a retracted position to
show the test sample 102. The load frame 100 may fur-
ther include a tension plate 110. Each of these substruc-
tures is described in detail below. It will be understood
that the FIGS. are generalized schematic depictions and
that an actual structure in accordance with an embodi-
ment may include other substructures that are not de-
picted for simplicity, while various depicted substructures
may be removed or modified.
[0020] FIG. 2 is an exploded perspective depiction of
the first grip assembly 104, which may include a first grip-
per 200 that secures and positions the first end of the
test sample 102. While the grippers are depicted herein
and described with reference to clamps, it will be appre-
ciated that other grippers, such as spring-loaded clips or
other clips, binders, pins, etc., are contemplated. The
first clamp 200 may include a pair of opposing jaws 202
and a handle 204 or other mechanism to aid with securing
the test sample 102 (FIG. 1) within the gripper 200 during
a measurement. In the depicted embodiment, the handle
204 may be rotated to move one or both of the opposing

jaws 202. FIG. 2 further depicts a first end cap 206, a
first end tube 208, and a first tube cap 210. The first end
cap 206 and the first tube cap 210 may define first end
tube channels 212A, 212B respectively for receiving and
positioning opposite ends of the first end tube 208.
[0021] FIG. 2 further depicts a first adapter 214 includ-
ing a first adapter pin 216 having a hole 218 therethrough
that mounts the first clamp 200 to the first end cap 206.
The first adapter pin 216 may be inserted into a hole 220
through the first end cap 206, and into a first mounting
hole 222 that extends at least partially through a surface
of the first clamp 200. A locking pin 224 may be inserted
into a second mounting hole 226 and through the hole
218 in the first adapter pin 216 to fasten the first clamp
200 to the first end cap 206. During use, the first end tube
208 may encircle the first clamp 200 while the first clamp
200 positions and secures a first end of the test sample
102. During a measurement, the test sample 102 may
extend through a first slot 228 through the first tube cap
210, for example, as described below with reference to
FIG. 6.
[0022] FIG.3 is an exploded perspective depiction of
the second grip assembly 106, which may include a sec-
ond gripper 300 that secures and positions the second
end of the test sample 102. The second gripper 300 may
be a second clamp 300 of a same or different design than
the first clamp 200. The second clamp 300 may include
a pair of opposing jaws 302 and a handle 304 or other
mechanism to aid with securing the test sample 102 with-
in the first clamp 200 during a measurement. In the de-
picted embodiment, the handle 304 may be rotated to
move one or both of the jaws 302. FIG. 3 further depicts
a second tube cap 306, a second end tube 308, and a
second end cap 310. The second tube cap 306 and the
second end cap 310 may define second end tube chan-
nels 312A, 312B respectively for receiving and position-
ing opposite ends of the second end tube 308.
[0023] FIG.3 further depicts a second adapter 314 in-
cluding a second adapter pin 316 having a hole 318 there-
through that mounts the second clamp 300 to the second
adapter 314. The second adapter pin 316 may be insert-
ed into a third mounting hole 320 that extends at least
partially through a surface of the second clamp 300. A
locking pin 322 may be inserted into a fourth mounting
hole 324 in the second clamp 300 and through the hole
318 in the second adapter pin 316 to fasten the second
clamp 300 to the second adapter 314. During use, the
second end tube 308 may encircle the second clamp 300
while the second clamp 300 positions and secures the
second end of the test sample 102. The test sample 102
may extend through a second slot 328 through the sec-
ond tube cap 306, for example, as described below with
reference to FIG. 6.
[0024] FIG. 3 further depicts a tensioner 340 that may
be used to adjust a force placed on the test sample 102
prior to testing. It will be appreciated that other tensioner
designs and structures are contemplated. The tensioner
340 includes a midplate 342 and a plurality of spacers
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344 that may attached between the second adapter 314
and the midplate 342 using, for example, a plurality of
bolts 346 and nuts 348. In an embodiment, the each bolts
346 may be inserted through one hole 350 of a plurality
of holes in the second adapter 314, through one of the
spacers 344, through one hole 352 of a plurality of holes
in the midplate 342, and secured with one of the nuts
348, for example, as depicted in the assembled view of
FIG. 6.
[0025] The tensioner 340 further includes a jack bolt
360 that extends through a central opening 362 through
the midplate 342, and one or more nuts 364 that secures
the jack bolt 360 to the midplate 342. The jack bolt 360
further extends through and protrudes from an opening
366 in the second end cap 310, and is adjustably mount-
ed to the second end cap 310 using, for example, one or
more internal nuts 368 and external nuts 369. Rotation
of the midplate 342, and thus the second clamp 300 and
the test sample 102, may reduced or prevented during a
force adjustment using, for example, one or more clevis
pins 370 that extend through one or more holes 372 in
the second end cap 310, through one or more clevis pin
holes 374 in the midplate 342, and into one or more con-
tours or holes 376 in the second adapter 314 (see also
the assembled perspective depiction of FIG. 6). Main-
taining alignment of the first clamp 200, the second clamp
300, and the test sample 102 during the application of
the tensile load protects the test sample from experienc-
ing out-of-plane loading.
[0026] FIG. 4 is a perspective depiction of the test re-
gion 108 that includes a center tube 400. During a meas-
urement, a first end of the center tube 400 may be re-
ceived by a center tube channel 230 (FIG. 2) within the
first tube cap 210, and a second end of the center tube
400 may be received by a center tube channel 380 (FIG.
3) within the second tube cap 306. Center tube channels
230, 380 may assist in positioning the first and second
ends of the center tube 400. During use, the center tube
400 may encircle a mid-portion of the test sample 102,
wherein the mid-portion is between the first and second
ends of the test sample.
[0027] FIG. 5 is a perspective depiction of the tension
plate 110. During placement of the test sample 102 within
the load frame 100 and testing of the test sample 102,
the tension plate 110 may stabilize the structures of FIGS.
2-4. The tension plate 110 may further mitigate transport
of the load frame 100 from, for example, an assembly
location to a testing location. The first adapter pin 216 of
the first adapter 214 may be inserted through a hole 500
within the tension plate 110 prior to insertion into the first
mounting hole 222 in the first clamp 200, thereby securing
the first grip assembly 104 to the tension plate 110. Dur-
ing adjustment of the force applied to the test sample 102
using the tensioner 340, a flat edge 382 (FIG. 3) of the
second end cap 310 may rest on, and slide along, a bot-
tom surface 502 of the tension plate 110.
[0028] FIG. 6 is a perspective depiction of the test sam-
ple 102 positioned within the load frame 100 and ready

for a test or measurement. In FIG. 6, the first end tube
208 (FIG. 2), the second end tube 308 (FIG. 3), and the
center tube 400 (FIG. 4) have been hidden to depict the
internal structure of the load frame 100, while these struc-
tures are depicted in the perspective depiction of FIG. 7.
While the first end tube 208, the second end tube 308,
and the center tube 400 are configured as being axially
aligned cylinders, other shapes are contemplated.
[0029] A method for performing a test or measurement
800 on a test sample 102 will now be described with
reference to FIGS. 1-7 and the flow chart of FIG. 8. Prior
to performing the following process acts, it is assumed
that the load frame 100 is in a ready state by partial as-
sembly of the load frame 100. For example, the first clamp
200 and the first end cap 206 may be pre-attached to the
tension plate 110 using the first adapter 214 and the lock-
ing pin 224. Further, some of the subassemblies of the
second grip assembly 106 may be assembled as de-
scribed above and therefore in a ready state. For exam-
ple, the tensioner 340 may be assembled, and the second
clamp 300 may be detached from the second adapter
314.
[0030] At 802, at least one test sample (e.g., coupon)
102 is prepared. The test sample may be, for example,
a carbon fiber reinforced polymer, another polymer or
synthetic composite, a metal or metal alloy, or another
material. The size, shape, and thickness of the test sam-
ple 102 is at least partly dependent on the component
size and load capacity of the load frame 100. In an em-
bodiment, a coupon may be from about 0.25 inches to
about 1.5 inches wide, from about 1.0 inch to about 10
inches long, and from about 0.01 inches to about 0.25
inches thick, or another suitable thickness.
[0031] Next, as depicted at 804, the first end of the test
sample 102 may be secured within the first gripper 200,
such as the first clamp 200, for example, by positioning
the first end between the opposing jaws 202 of the first
clamp 200 and tightening the jaws 202 using the handle
204 to secure the first end of the test sample 102.
[0032] Subsequently, at 806, the first end tube 208 may
be placed over the first clamp 200 such that a first end
of the first end tube 208 physically contacts the first end
cap 206 and the first end tube encircles the first clamp.
A first lip of first end tube 208 may be positioned by and
within the first end tube channel 212A of the first end cap
206. Next, at 808, a second end of the coupon is inserted
through the first slot 228 in the first tube cap 210, and
the first tube cap 210 is positioned onto the first end tube
208. A second lip of the first end tube 208 may be posi-
tioned by and within the first end tube channel 212B of
the first tube cap 210.
[0033] Subsequently, the second end of the coupon
102 may be inserted into center tube 400 and a first lip
of the center tube 400 may be positioned by and within
the center tube channel 230 of the first tube cap 210 as
shown at 810 such that the center tube physically con-
tacts the first tube cap.
[0034] Next, at 812, the second end of the test sample
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102 may be inserted through the second slot 328 in the
second tube cap 306 and the second end of the test sam-
ple 102 may be secured within the second gripper 300,
for example, by physically contacting the second tube
cap 306 with center tube 400, positioning the second end
between the opposing jaws 302 of the second clamp 300,
and tightening the jaws 302 using the handle 304 to se-
cure the second end of the test sample 102.
[0035] At 814, the second end tube 308 may be placed
over the second clamp 300 such that a first end of the
second end tube 308 physically contacts the second tube
cap 306. A first lip of second end tube 308 may be posi-
tioned by and within the second end tube channel 312A
of the second tube cap 306. Next, at 816, the second
clamp 300 is physically attached to the tensioner 340,
for example, by inserting the second adapter pin 316 into
the third mounting hole 320, then inserting the locking
pin 322 into the fourth mounting hole 324 and the hole
318 in the second adapter pin 316.
[0036] Next, the load frame 100 may be tightened, for
example, such that a second lip of the second end tube
308 is positioned by and within the second end tube chan-
nel 312B of the second end cap 310.The load frame 100
may be tightened and adjusted manually, for example,
by clockwise rotation of the one or more external nuts
369 at the end of the jack bolt 360 that protrudes from
the second end cap 310. Continued clockwise rotation
of the one or more external nuts 369 on the jack bolt 360
results in the application of a compressive force which
may be uniformly distributed around a circumference of
various substructures of the load frame 100 including,
for example, the first end tube 208, the center tube 400,
and the second end tube 308. As this compressive force
increases, the second clamp 300 moves away from the
first clamp 200 and slack on the test sample 102 is re-
moved and a tensile force begins to be applied to the test
sample 102. Further clockwise rotation of the one or more
external nuts 369 results in an increased tensile force
placed on the test sample 102. The load frame 100 may
be integrated or combined with a strain gauge (not indi-
vidually depicted for simplicity) such that a desired tensile
force may be measured and applied to the test sample
during a test or measurement.
[0037] During tightening of the external nuts 369, the
clevis pins 370 that extend through the one or more holes
372 in the second end cap 310, through one or more
clevis pin holes 374 in the midplate 342, and into one or
more contours or holes 376 in the second adapter 314
may reduce or prevent axial rotation of the test sample
102. This undesired axial rotation may otherwise place
undesired torsional stresses on the test sample 102 and
result in inaccurate test results.
[0038] After applying a desired tensile force to the test
sample, a test or measurement may be performed as
shown at 820. The test or measurement of the test sam-
ple 102 may be performed through the center tube 400
using, for example, a penetrating wave such as an X-ray,
an ultrasonic wave, a radio wave, etc., or another desired

measurement technique. The structural integrity of the
center tube 400 to resist and withstand the compressive
forces applied during compression and transport may
therefore be balanced with the ability of the measurement
technique to penetrate the center tube 400 to measure
stress characteristics of the test sample 102. Thus the
center tube 400 is designed to allow a suitable transmis-
sion of the penetrating wave through the center tube 400
to impart the penetrating wave to the test sample 102
and return the wave data to a data collector, which may
also be the wave generator or another data collector. In
an embodiment, the center tube 400 may be manufac-
tured from a metal such as aluminum or an aluminum
alloy, for example 6061 aluminum alloy, a steel alloy such
as a 304 steel alloy or a 316 steel alloy, another metal
alloy or metal, or a synthetic material such as a polymer
or a natural material such as quartz. In an embodiment,
the center tube 400 may be a 6061 aluminum alloy having
a thickness of from about 0.049 inches to about 0.125
inches, or from about 0.06 inches to about 0.10 inches,
or from about 0.06 inches to about 0.07 inches, for ex-
ample 0.065 inches. The center tube 400 may have an
outside diameter that depends, at least in part, on the
dimensions of the test sample 102. in an embodiment,
the center tube may have an outside diameter of from
about 0.25 inches to about 6.0 inches, or from about 1.0
inches to about 3.0 inches, for example about 2.0 inches.
[0039] Settings of test equipment (not individually de-
picted for simplicity) during a measurement will depend
at least in part on, for example, the type and design of
measurement system used to generate the test wave,
the dimensions and composition of the center tube, as
well as other considerations that can be determined by
an artisan in the art.
[0040] Note that while the exemplary method is illus-
trated and described above as a series of acts or events,
it will be appreciated that the present embodiments are
not limited by the illustrated ordering of such acts or
events. For example, some acts may occur in different
orders and/or concurrently with other acts or events apart
from those illustrated and/or described herein, in accord-
ance with the present teachings. In addition, not all illus-
trated steps may be required to implement a methodol-
ogy in accordance with the present teachings, and other
steps can be added or modified.
[0041] It will be appreciated that a load frame according
to the description herein may provide an inexpensive,
lightweight, and portable test fixture. The test sample
may be prepared at one location and then transported to
another location such as an environmentally controlled
chamber (i.e., thermally controlled, pressure controlled,
atmospheric controlled, etc.) or a test station that in-
cludes a non-mobile wave generating system. The load
frame may be integrated with many different wave gen-
erating systems such as different computed tomography
platforms, and the compact design allows the test fixture
to be inspected with other non-destructive evaluation
techniques such as radiography and acoustic emission
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sensing. The modular design may better allow for cou-
pons of various lengths to be evaluated, in contrast to
systems that can test only coupons having one size. For
example, clamps 200, 300 having different lengths, grip-
ping, and/or loading capacities can be quickly and easily
exchanged. Additionally, the length of the center tube
may be increased or extended to provide an increased
regions of interest for scanning larger coupon areas. The
application of the load to the test sample may be a manual
adjustment and therefore requires no electric or hydraulic
system support or special equipment to operate. The load
frame is relatively simple to operate and thus training
time for technicians or other operating personnel is low.
[0042] Further, the disclosure comprises embodi-
ments according to the following clauses:

Clause A1. A load frame, comprising: a first gripper
configured to position a first end of a test sample; a
second gripper configured to position a second end
of the test sample; and a center tube that encircles
a test region, wherein: the test region is disposed
between the first gripper and the second gripper; and
the center tube is configured to allow passage of a
penetrating wave through the center tube to the test
region.
Clause A2. The load frame of clause A1, further com-
prising: a first end tube that encircles the first gripper
and is axially aligned with the center tube; and a sec-
ond end tube that encircles the second gripper and
is axially aligned with the center tube and the first
end tube, wherein the center tube is positioned be-
tween the first end tube and the second end tube.
Clause A3. The load frame of clause A2, wherein
the first end tube is a first cylinder, the second end
tube is a second cylinder, and the center tube is a
third cylinder.
Clause A4. The load frame of clause A2 or A3, further
comprising: a first tube cap that physically contacts
the first end tube and the center tube; and a second
tube cap that physically contact the second end tube
and the center tube.
Clause A5. The load frame of clause A4, wherein:
the first tube cap defines a first slot configured to
receive the test sample; and the second tube cap
defines a second slot configured to receive the test
sample.
Clause A6. The load frame of any of clauses A2 to
A5, further comprising: a first end cap that physically
contacts the first end tube; and a second end cap
that physically contacts the second end tube.
Clause A7. The load frame of any of clauses A2 to
A6, further comprising a tensioner configured to ap-
ply a compressive force to the first end tube, the sec-
ond end tube, and the center tube, and further con-
figured to applied a tensile load to the test sample.
Clause A8. The load frame of clause A7, wherein
the tensioner comprises a jack bolt extending
through a hole in the second end cap and at least

one external nut attached to the jack bolt, wherein
the tensile load applied to the test sample is config-
ured to be adjusted through manual rotation of the
external nut.
Clause A9. The load frame of clause A8, wherein
the tensioner is attached to the second gripper and
is configured to move the second gripper toward and
away from the first gripper during rotation of the ex-
ternal nut.
Clause A10. The load frame of any of clauses A1 to
A9, further comprising:

a first end cap that physically contacts the first
end tube; and a second end cap that physically
contacts the second end tube;
a tensioner configured to apply a compressive
force to the first end tube, the second end tube,
and the center tube, and further configured to
applied a tensile load to the test sample; and
wherein:

the tensioner comprises a jack bolt extend-
ing through a hole in the second end cap
and at least one external nut attached to the
jack bolt, wherein the tensile load applied
to the test sample is configured to be ad-
justed through manual rotation of the exter-
nal nut,
the tensioner further comprises a midplate
positioned between the second gripper and
the second end cap; the midplate comprises
a central opening therein; and
the jack bolt extends through the central
opening in the midplate.

Clause A11. The load frame of clause A10, further
comprising at least one clevis pin that extends
through the second end cap and through the mid-
plate, wherein the at least one clevis pin is configured
to reduce or prevent torsional stresses in the test
sample during rotation of the external nut.
Clause A12. The load frame of clause A10 or A11,
further comprising an adapter attached to the mid-
plate and to the second gripper.
Clause A13. The load frame of clause A12, further
comprising a tension plate attached to the first grip-
per and having a bottom surface, wherein the second
end cap comprises a flat edge that rests on the bot-
tom surface of the tension plate and is configured to
slide along the bottom surface during rotation of the
external nut.
Clause A14. The load frame of any of clauses A1 to
A13, further comprising a test sample having a first
end, a second end, and a mid-portion between the
first end and the second end, wherein the first gripper
positions the first end, the second gripper positions
the second end, and the center tube encircles the
mid-portion.
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Clause A15. The load frame of any of clauses A1 to
A14, wherein the first gripper is a first clamp com-
prising a first pair of opposing jaws, and the second
gripper is a second clamp comprising a second pair
of opposing jaws.
Clause A16. A method for performing a test, meas-
urement, and/or inspection on a test sample, com-
prising: securing a first end of the test sample within
a first gripper; placing a first end tube over the first
gripper such that the first end tube encircles the first
gripper; inserting a second end of the test sample
through a first slot in a first tube cap; positioning the
first tube cap onto the first end tube; inserting the
second end of the test sample into a center tube;
physically contacting the center tube with the first
tube cap; inserting the second end of the test sample
through a second slot in a second tube cap; physi-
cally contacting the second tube cap onto the center
tube; securing the second end of the test sample
within a second gripper; placing a second end tube
over the second gripper such that the second end
tube encircles the second gripper; and exerting a
tensile load on the test sample using a tensioner
while a mid-portion of the test sample is positioned
within the center tube, the first gripper secures the
first end of the test sample, and the second gripper
secures the second end of the test sample.
Clause A17. The method of clause A16, further com-
prising exerting a compressive force on the first end
tube, the second end tube, and the center tube during
the exerting of the tensile load on the test sample.
Clause A18. The method of clause A16 or A17, fur-
ther comprising rotating an external nut on a jack
bolt to increase the tensile load on the test sample.
Clause A19. The method of any of clauses A16 to
A18, further comprising attaching the second gripper
to the tensioner subsequent to the securing of the
second end of the test sample within the second grip-
per and prior to the exerting of the tensile load on
the test sample.
Clause A20. The method of any of clauses A16 to
A19, wherein the first end tube, the second end tube,
and the center tube are cylinders, and the method
further comprises axially aligning the first end tube,
the second end tube, and the center tube, each with
the other.

[0043] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the present
teachings are approximations, the numerical values set
forth in the specific examples are reported as precisely
as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the
standard deviation found in their respective testing meas-
urements. Moreover, all ranges disclosed herein are to
be understood to encompass any and all sub-ranges sub-
sumed therein. For example, a range of "less than 10"
can include any and all sub-ranges between (and includ-

ing) the minimum value of zero and the maximum value
of 10, that is, any and all sub-ranges having a minimum
value of equal to or greater than zero and a maximum
value of equal to or less than 10, e.g., 1 to 5. In certain
cases, the numerical values as stated for the parameter
can take on negative values. In this case, the example
value of range stated as "less than 10" can assume neg-
ative values, e.g. - 1, -2, -3, -10, -20, -30, etc.
[0044] While the present teachings have been illustrat-
ed with respect to one or more implementations, altera-
tions and/or modifications can be made to the illustrated
examples without departing from the spirit and scope of
the appended claims. For example, it will be appreciated
that while the process is described as a series of acts or
events, the present teachings are not limited by the or-
dering of such acts or events. Some acts may occur in
different orders and/or concurrently with other acts or
events apart from those described herein. Also, not all
process stages may be required to implement a meth-
odology in accordance with one or more aspects or em-
bodiments of the present teachings. It will be appreciated
that structural components and/or processing stages can
be added or existing structural components and/or
processing stages can be removed or modified. Further,
one or more of the acts depicted herein may be carried
out in one or more separate acts and/or phases. Further-
more, to the extent that the terms "including," "includes,"
"having," "has," "with," or variants thereof are used in
either the detailed description and the claims, such terms
are intended to be inclusive in a manner similar to the
term "comprising." The term "at least one of" is used to
mean one or more of the listed items can be selected.
As used herein, the term "one or more of" with respect
to a listing of items such as, for example, A and B, means
A alone, B alone, or A and B. The term "at least one of"
is used to mean one or more of the listed items can be
selected. Further, in the discussion and claims herein,
the term "on" used with respect to two materials, one "on"
the other, means at least some contact between the ma-
terials, while "over" means the materials are in proximity,
but possibly with one or more additional intervening ma-
terials such that contact is possible but not required. Nei-
ther "on" nor "over" implies any directionality as used
herein. The term "conformal" describes a coating mate-
rial in which angles of the underlying material are pre-
served by the conformal material. The term "about" indi-
cates that the value listed may be somewhat altered, as
long as the alteration does not result in nonconformance
of the process or structure to the illustrated embodiment.
Finally, "exemplary" indicates the description is used as
an example, rather than implying that it is an ideal. Other
embodiments of the present teachings will be apparent
to those skilled in the art from consideration of the spec-
ification and practice of the disclosure herein. It is intend-
ed that the specification and examples be considered as
exemplary only, with a true scope and spirit of the present
teachings being indicated by the following claims.
[0045] Terms of relative position as used in this appli-
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cation are defined based on a plane parallel to the con-
ventional plane or working surface of a workpiece, re-
gardless of the orientation of the workpiece. The term
"horizontal" or "lateral" as used in this application is de-
fined as a plane parallel to the conventional plane or
working surface of a workpiece, regardless of the orien-
tation of the workpiece. The term "vertical" refers to a
direction perpendicular to the horizontal. Terms such as
"on," "side" (as in "sidewall"), "higher," "lower," "over,"
"top," and "under" are defined with respect to the con-
ventional plane or working surface being on the top sur-
face of the workpiece, regardless of the orientation of the
workpiece.

Claims

1. A load frame, comprising:

a first gripper (200) configured to position a first
end of a test sample (102);
a second gripper (300) configured to position a
second end of the test sample (102); and
a center tube (400) that encircles a test region
(108), wherein:

the test region (108) is disposed between
the first gripper (200) and the second grip-
per (300); and
the center tube (400) is configured to allow
passage of a penetrating wave through the
center tube (400) to the test region (108).

2. The load frame of claim 1, further comprising:

a first end tube (208) that encircles the first grip-
per (200) and is axially aligned with the center
tube (400); and
a second end tube (308) that encircles the sec-
ond gripper (300) and is axially aligned with the
center tube (400) and the first end tube (208),
wherein the center tube (400) is positioned be-
tween the first end tube (208) and the second
end tube (308).

3. The load frame of claim 2, wherein the first end tube
(208) is a first cylinder, the second end tube (308) is
a second cylinder, and the center tube (400) is a third
cylinder.

4. The load frame of claim 2 or 3, further comprising:

a first tube cap (206) that physically contacts the
first end tube (208) and the center tube (400);
and
a second tube cap (306) that physically contact
the second end tube (308) and the center tube
(400).

5. The load frame of claim 4, wherein:

the first tube cap (206) defines a first slot (228)
configured to receive the test sample (102); and
the second tube cap (306) defines a second slot
(328) configured to receive the test sample
(102).

6. The load frame of any one of claims 2-5, further com-
prising:

a first end cap that physically contacts the first
end tube (208); and
a second end cap that physically contacts the
second end tube (308).

7. The load frame of any one of claims 2-6, further com-
prising a tensioner (340) configured to apply a com-
pressive force to the first end tube (208), the second
end tube (308), and the center tube (400), and further
configured to apply a tensile load to the test sample
(102).

8. The load frame of claim 7, further comprising:

a first end cap that physically contacts the first
end tube (208); and
a second end cap that physically contacts the
second end tube (308); and wherein:

the tensioner (340) comprises a jack bolt
(360) extending through a hole in the sec-
ond end cap and at least one external nut
(369) attached to the jack bolt (360), where-
in the tensile load applied to the test sample
(102) is configured to be adjusted through
manual rotation of the external nut (369).

9. The load frame of claim 8, wherein the tensioner
(340) is attached to the second gripper (300) and is
configured to move the second gripper (300) toward
and away from the first gripper (200) during rotation
of the external nut (369).

10. The load frame of claim 8 or 9, wherein:

the tensioner (340) further comprises a midplate
(342) positioned between the second gripper
(300) and the second end cap;
the midplate (342) comprises a central opening
therein; and
the jack bolt (360) extends through the central
opening in the midplate (342).

11. A method for performing a test, measurement,
and/or inspection on a test sample (102), comprising:

securing a first end of the test sample (102) with-
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in a first gripper (200);
placing a first end tube (208) over the first gripper
(200) such that the first end tube (208) encircles
the first gripper (200);
inserting a second end of the test sample (102)
through a first slot (228) in a first tube cap (206);
positioning the first tube cap (206) onto the first
end tube (208);
inserting the second end of the test sample (102)
into a center tube (400);
physically contacting the center tube (400) with
the first tube cap (206);
inserting the second end of the test sample (102)
through a second slot (328) in a second tube
cap (306);
physically contacting the second tube cap (306)
onto the center tube (400);
securing the second end of the test sample (102)
within a second gripper (300);
placing a second end tube (308) over the second
gripper (300) such that the second end tube
(308) encircles the second gripper (300); and
exerting a tensile load on the test sample (102)
using a tensioner (340) while a mid-portion of
the test sample (102) is positioned within the
center tube (400), the first gripper (200) secures
the first end of the test sample (102), and the
second gripper (300) secures the second end
of the test sample (102).

12. The method of claim 11, further comprising exerting
a compressive force on the first end tube (208), the
second end tube (308), and the center tube (400)
during the exerting of the tensile load on the test
sample (102).

13. The method of claim 11 or 12, further comprising
rotating an external nut (369) on a jack bolt (360) to
increase the tensile load on the test sample (102).

14. The method of claim 11, 12 or 13, further comprising
attaching the second gripper (300) to the tensioner
(340) subsequent to the securing of the second end
of the test sample (102) within the second gripper
(300) and prior to the exerting of the tensile load on
the test sample (102).

15. The method of any one of claims 11-14, wherein the
first end tube (208), the second end tube (308), and
the center tube (400) are cylinders, and the method
further comprises axially aligning the first end tube
(208), the second end tube (308), and the center
tube (400), each with the other.
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