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FOUNDATION PIERS FOR AXIAL SOLAR ARRAYS AND RELATED SYSTEMS AND METHODS

BACKGROUND

[001]

[002]

[003]

[004]

Solar energy is one of the world’s largest source of untapped energy. At sea level, the
usable energy density is approximately 250 watts per square meter. Using a two-
dimensional model to approximate the earth, 250watts/square meter*n*6,371,000
meters? yields about 32,000 terra (trillion) watts of energy that trikes the earth at any
particular moment. Given that the sun will continue to supply this energy for billions of
more years, the survival of human life will ultimately depend on harnessing this
essentially unlimited, clean energy source.

As in any industry, achieving scale is critical to maximizing the competitiveness of solar
relative to other energy sources. This economic reality militates in favor of large-scale
(multi-megawatt to multi-gigawatt) solar power plants over residential solar, although
there is room for both modalities in the market place. Large-scale solar power plants
are predominantly configured as either fixed-tilt or single-axis tracker arrays. Fixed-tilt
arrays are arranged as East-West oriented rows of panels tilted South at an angle
dictated by the latitude of the array site. By contrast, single axis trackers are rows of
solar panels arranged on a rotating North-South axis called a torque tube that sweeps
through an East to West rotation through the course of the day, following the sun’s
progression through the sky. For purposes of this disclosure, both fixed-tilt and single
axis trackers will be referred to collectively as axial solar arrays.

Many large-scale solar projects are funded with so-called power purchase agreements
(PPAs), whereby a customer agrees to purchase the power generated by the array at a
predetermined megawatt hour rate (e.g., $25-35 per megawatt hour at today’s
prevailing rates). Knowing the lifetime of the array (e.g., 35-40 years), a bank or other
investor will be comfortable financing such a project given the predictable stream of
revenue the array will generate over its lifetime.

Excluding land acquisitions costs, overall project costs typically include site preparation
(road building, leveling, grid and water connections etc.), foundation piers, tracker

hardware or fixed-tilt hardware, photovoltaics, inverters and electrical (conduit, wiring,
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trenching, etc.). Inherent in all of these are also labor costs. At today’s prevailing rates,
this totals about $1 per watt of energy. So, building a 100-megawatt solar power plant
today would cost approximately $100,000,000 dollars.

Many of these system component costs have dropped over the past few years, in
particular, solar panels and solar mounting hardware, however, one area that has been
mostly overlooked is the cost associated with foundation piers. These structures
physically couple solar trackers or fixed-tilt solar arrays to the earth. Typically, after the
site has been prepped, a grid of H-piles or other structures are driven into the ground at
regular intervals and other components are subsequently attached to those piles. In a
conventional, large-scale single-axis tracker array, these piers will typically represent 5-7
percent of the cost of installing an array. Despite this relatively small share of the total
array cost, any savings in steel and labor associated with foundation piers will amount to
a significant amount of money over a multi-gigawatt portfolio of solar power plant
projects. This is especially true in the solar power plant business because many of these
deals are locked in years before the installation costs are incurred. Therefore, the
savings will be in addition to profits already factored in the calculations that supported
the PPA. Reducing steel and associated labor costs used in foundation piers is the

object of this application.

DESCRIPTION

[006]

Contrary to conventional H or | pile foundations used in most axial solar array
installations, A-frame style foundations may provide similar resistance to vertical loads
and lateral wind forces while using far less steel and being driven less deep.
Experimentation has shown that resistance to lateral forces by an A-frame foundation
formed from two adjacent angled struts driven into the ground is dictated by tension
and soil friction on the windward leg, buckling of the above-ground portion of the
leeward leg, and compression (sinking) of the leeward leg. Because of the soil’s large
pressure on the submerged legs, buckling does not typically occur underground in such
foundations other than in the first few inches of loose topsoil. Therefore, structures

that increase the surface area or outside diameter of the strut normal to its axis deep
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below ground will provide greater resistance to lateral loads versus straight struts. This
explains why helical anchors are often used in applications where large weights need to
be supported (retaining walls, building foundations, etc.) or massive resistance to pull-
out is required (e.g., securing communication towers and poles).

Referring now to FIG. 1, this figure shows a portion of an axial solar array, in this case, a
single axis tracker array, supported by A-frame foundation piers according to various
embodiments of the invention. The portion shown in FIG. 1 includes three A-frame
foundations, each consisting of two adjacent struts driven into the ground at reciprocal
angles with respect to normal (i.e., 90 degrees). Each adjacent strut pair is capped off
with a saddle member that converts the struts into a unitary A-frame structure. Though
not shown, a mounting plate may be attached to the saddle member. The mounting
plate may provide some adjustment in both the vertical and horizontal planes for
aligning to other A-frames supporting the torque tube. A bearing, such as that shown in
FIG. 1 may be attached to the mounting plates, as is done with conventional H and I-
beam foundations to insure interoperability with commercial single-axis trackers. The
adjacent foundation piers making up each A-frame are oriented along a North-South
axis so that when the torque tube is rotated, the panels cycle from facing East to facing
West each day. Each torque tube may have more than a dozen A-frame supports and
may hold as many as one hundred solar panels. A utility scale sized array may consist of
many such torque tubes.

FIGS. 2A and 2B show details of one exemplary configuration of strut for use with an A-
frame foundation pier system for an axial solar array according to various embodiments
of the invention. The strut of FIGS. 2A and 2B consists of a full-length inner strut and an
outer strut enclosed around a portion of the inner strut forming a sleeve around the
latter. In various embodiments, outer strut may be joined to the inner strut at the distal
below-ground end of the inner strut with a weld or other suitable bond. Also, in various
embodiments, the portion of the outer strut proximate to the below-ground end of
inner strut may be pre-distressed or formed with a plurality of cuts, making it

predisposed to deformation upon twisting. In various embodiments, the strut, including
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the inner and outer portions, will be driven into the ground using a mandrel, pile driver
or other suitable driving device until the desired depth is achieved. In various
embodiments, this may be to the point where the opposing end of the outer strut
reaches grade. In various embodiments, this point will somewhere along the length of
the inner strut.

In various embodiments, once the desired depth has been achieved, the mandrel used
to drive the inner strut will rotate the strut while the above-ground end of the outer
strut is held in place (i.e., prevented from rotating). In various embodiments, rotation of
the inner strut will tend to rotate the attached portion of the outer strut, unfolding it
about the cuts or pre-distress marks made in the outer strut, expanding its outside
diameter from its original diameter during driving. This will have the effect of increasing
the strut’s resistance to axial forces (e.g., tension and compression) experienced by an
A-frame support. Although the degree to which this expansion occurs will be random
and dependent on the speed and pressure of rotation as well as the density and
condition of the soil surrounding the below-ground end of the strut, twisting of the
inner strut will holding the above-ground end of the outer strut in place will cause some
deformation at the strut’s below-ground tip. In various embodiments, the cuts or
distress marks formed in the outer strut will be cut and/or formed at diagonals with
respect to the strut’s axis, angled in the direction of rotation to increase the extent to
which the outer strut unfolds when torque is applied to the inner strut.

In various embodiments, if the inner strut is hollow, the mandrel may engage with a bolt
or other feature orthogonal to the strut’s axis to push it into the ground as well as to
rotate it. In other embodiments, for example, if the inner strut is solid, this feature may
be formed in the above-ground end of the strut. In such cases, downward pressure will
drive the strut while rotation of the mandrel while holding outer strut will unfold the
outer strut. This will result in the end of the strut deforming to a larger diameter shape
such as that shown in FIG. 2B. The larger diameter shape at or near the deepest point
below ground will increase the strut’s resistance to axial forces for compression and

tension.
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Referring now to FIGS. 3A, B and C, these figures show various details of an exemplary
strut usable to create an A-frame foundation according to various other embodiments
of the invention. In the exemplary strut of FIG. 3A, the strut is formed from an
elongated section of rounded pipe. An engagement pin is located near the below-
ground end of the strut. In various embodiments, the engagement pin will provide a
connection point for the mandrel to drive the strut into the ground and will also provide
a mechanism for the mandrel to grip the strut and rotate it about its primary axis. As
seen in FIG. 3A, as with the embodiment shown in FIGS. 2A and 2B, in various
embodiments, the strut of FIGS. 3A-C may have a series of cuts formed near its distal
end. When the desired depth has been achieved and the mandrel rotates the strut
about its below-ground end while holding the above-ground end in place, the cuts will
cause the below-ground end to unravel to some extent, increasing its outside diameter
which in turn will increase the strut’s resistance to axial forces of compression and
tension. The degree to which the outer strut unfolds will be a function of the rotation
force applied to the strut as well as the density of the surrounding soil

FIG. 3B is a partial cut-away view showing a portion of the strut cut-away to reveal the
shape of the mandrel and its interface to the pin bisecting the strut. In this example, the
mandrel has a notched tip that receives the pin. In various embodiments, the strut and
mandrel are dimensioned so that when the strut is slid on the to the mandrel, the pin
will sit in the notch simultaneous to the driving head of the mandrel contacting the top
of the strut allowing the strut to be pushed from both ends simultaneously. In other
embodiments, the pushing force may be applied to the pin only. After the desired
driving depth has been achieved, the mandrel is rotated while the top of the strut is
held in place. In various embodiments, this will cause the strut end to unravel about the
cuts or pre-formed distress lines so that it cuts into the surrounding soil expanding its
outside diameter. The larger outside diameter will help the strut resist the types of axial
forces (tension and compression) that it will be subjected to when configured as an A-

frame to support an axial solar array.
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Referring now to FIGS. 4A/B, 5, 6A/B/C, 7A/B/C, 8A/C, and 9A/B, these figures show
elements of foundation pier system and related methods for installing a foundation pier
for an axial solar array according to various embodiments of the invention. The
exemplary system shown here consists of a strut and a mandrel. The strut according to
these embodiments is an elongated tubular member having a first below-ground end
and a second, opposite end. As seenin FIG. 5, the below-ground end of the strut has a
generally rectangular-shaped opening with rounded ends that may be formed by
swaging or with some other deforming process. This geometry allows the tip of a
mandrel that is wider than it is thick to fit through the opening at only one orientation.
Once the mandrel emerges from the end of the strut, if the strut is rotated by 90
degrees with respect to the mandrel, the narrowed collar portion of the mandrel allows
the mandrel to rotate within swaged opening of the strut, effectively coupling the
mandrel and strut together as an assembly for driving.

Moving away from the opening, the strut has a series of crumple zones preformed in it.
Each crumble zone comprises a plurality of holes or openings that are longer in the
direction of the axis of the strut than they are wide. In various embodiments, these
openings are repeated all the way around the strut, dividing it into multiple crumple
sections (e.g., two, three, or four). In various embodiments, each crumple zone may be
separated from the next by a spacer — a continuous section of the strut. Also, as shown,
each crumple zone has a crumple line orthogonal to the axis of the strut interconnecting
each opening at approximately the midpoint of the opening. The combination of the
openings and crumple lines will cause each section of the crumple zone to fold in half
about each side of the crumple lines cutting into the surrounding soil to form a series of
anchors spanning around the diameter of the strut. In the example of FIGS. 4A/B, the
extent to which each crumple section anchors into the surrounding earth after
compression will be roughly one half the length of the opening or one half the length of
that crumple zone.

In various embodiments, the axial length of the crumple zones formed in the strut will

increase moving away from the end of the strut as reflected by the increasing length of
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the openings of each successive crumple zone. At the same time, the width of the
openings will decrease, requiring relatively more pressure to deploy because more
material must be bent and must be forced deeper into the surrounding soil. With this
geometry, for a given level of soil density, the smallest crumple zone with the largest
opening will be easier to crumple than the smaller ones. At the same time, because the
size (e.g., length) of the crumple zone gets increasingly larger moving away from the
below-ground end of the strut, denser soils such as clay will prevent the larger crumple
zones that displace more soil from deploying (e.g., deforming). By contrast, in less
dense soil such as sand or silt, the same amount of compressive pressure will cause
multiple ones of the crumple zones to deform, and preferably all of them, massively
increasing the cross-sectional geometry of the strut and its corresponding resistance to
axial forces.

FIGS. 6A-C visually detail the steps of driving the strut of FIGS. 4A/B and 5 and deploying
the crumple zone anchors. After the mandrel is loaded onto the strut and the rotated
by 90 degrees to lock in into the strut, the mandrel and strut assembly are driven into
the ground with downward pressure from the driving equipment supporting the
mandrel. Once the desired depth has been achieved, downward (i.e., axial) pressure is
maintained on the top of the strut with a slide or other device while strong upward
pressure is applied to the mandrel as indicated by the directional arrows. In various
embodiments, the mandrel may apply a fixed amount of upward pressure (e.g., 3000
pounds) for a predetermined time. In other embodiments, upward pressure may be
applied to the mandrel until the mandrel moves up a predetermined amount. In either
case, after either of these conditions have been achieved, the mandrel is relaxed so that
tension between the mandrel and strut is released and the mandrel can be rotated back
or forwards 90 degrees so that it can fit back through the opening in the end of the
strut. Upward pressure is again applied to draw it out of the strut. In looser soils it may
be advantageous to hold the top of the strut while removing the mandrel.

FIGS. 7A-C show various stages of crumple zone compression in relative hard (i.e., high

density) soils. When the mandrel and strut assembly reach the desired depth, and the
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mandrel is pulled up while applying downward force or at least resistance to the other
end of the strut, the mandrel will push against the swaged end of the strut causing that
pressure to be translated up the strut to the weakest point, the stage 1 crumple zone.
Ideally, and as shown in 7B, upward pressure compresses the strut, crumpling stage 1
and causing the four crumple sections to splay outward orthogonally to the strut axis an
approximate distance equal to one half the length of that crumple zone (L;). When the
mandrel is withdrawn the bottom of the strut remaining in the ground will look like that
shown in FIG. 7C. In very dense soil, this should be enough to achieve the axial force
resistance required for the array.

FIGS. 8A-C show stages of crumple zone compression in soil that is less dense than that
of FIGS. 7A-C. In these figures, both the stage 1 and stage 2 crumple zones have been
deformed. 8A starts with the image of 7B where the stage 1 has been deformed. In
relatively softer soil, that is soil that is less dense than hard clay, the same amount of
compression on the strut will cause additional crumple zone deformation. This is
reflected in FIG. 8B where both stage 1 and stage 2 crumple zones have been deformed
by the upward pulling pressure of the mandrel combined with downward pressure on
the strut. The relatively larger sections of stage 2 will provide greater surface area
perpendicular to the axis of the strut compensating for the lower density of the soil.
This lower density will allow the crumple sections to fold about their crumple lines
causing them to anchor outward into the surrounding earth a distance approximately
equal to one half of the length of the stage 2 crumple zone (L;). When the tension
between the mandrel and strut is relieved and the mandrel is rotated back or forward
90 degrees, it can be withdrawn from the strut leaving behind the deformed shape
shown in FIG. 8C. The advantage of this system is that by applying a uniform degree of
compression force, the strut will anchor itself to a lesser or greater degree depending on
the density of the soil resulting in greater anchoring in less dense soils but sufficient
anchoring in relative denser soils.

Referring now to FIGS. 9A-9C, these figures illustrate a strut according to various

embodiments of the invention that has been driven and compressed in relatively soft
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soil such as sand. In soft soils, resistance to tension and compression is more difficult to
achieve because of the relatively low soil density reduces skin friction making it easier to
pull out and/or push in the struts. As a result, when solar foundation piers are installed
in such soils they typically have be driven much deeper than in dense soil types in the
absence of an anchor or other resistance enhancing feature.

FIG. 9A starts with the stage 2 deployment shown in FIG. 8B with stages 1 and 2
deformed. In the softest soil types, pressure against the strut will be reduced so that
the longer crumple zone of stage 3 (Ls) with its relatively small opening can be forced
into the surrounding soil as the sections of the crumple zone fold about the crumple line
projecting outward, orthogonal to the main axis of the strut, into the surrounding soil.
As seen in FIG. 9B, upward pulling on the mandrel combined with downward pressure
on the top of the strut will deform all three crumple zones, providing the largest
underground footprint. For a given amount of compressive pressure, stage 3
deployment will only happen in the softest soils because of the relatively large size of
the crumple sections (one half of L3). Soil resistance rather than the steel’s rigidity is the
controlling factor. In this way, the installer doesn’t need to know the properties of the
soil. Rather, by using the same compressive pressure every time, the required crumple
zones will always deform.

Though not shown, in various embodiments, stages 1-3 will be offset from one another
by misaligning the crumple zone openings so that when they are deformed, the crumple
sections project out into the surrounding soil at different radial angles. For example,
stage 1 may project out at 0, /2, i, and 3n/2 radians, stage 2 may project out at /6,
2n/3, 7n/6, and 5n/3 radians, and stage 3 may project out at /3, 5n/6, 4n/3, and 111/6
radians. Offsetting the position of the crumple sections will reduce spatial redundancy
which provides very little additional resistance to axial forces. Also, it should be
appreciated that although each crumple zone in the FIGS. is shown having four crumple
sections, in various embodiments each crumple zone may have fewer than four sections

(e.g., two or three).
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Referring now to FIGS. 12A-C, and 13A-C, these figures show other possible crumple
zone geometries. FIGS. 12A-C show a strut with a pair of adjacent crumple zones that
are offset in opposing directions. This is accomplished by placement of the crumple
lines that govern where the metal bends. In this example, the lines are placed at
distance L1 from beginning of the first zone and at from the end of the second zone
respectively (see, e.g., FIG. 12A). Because the crumple zones are not divided into equal
halves, they will deform unevenly causing the short section to fold back on itself as the
long section folds out (see, e.g., FIG. 12C). As seen here, the upper crumple zone
deforms upward while the lower one deforms downward. FIG. 12B shows what the
strut will look like below ground after deformation. In various embodiments, having
one crumple zone pointing upward and one point downward may provide improved
performance over the symmetric crumple zones shown in FIGS. 7, 8 and 9. This is due to
small voids that are created above and below each crumple section when the zones
deform. These voids could allow a small amount of axial movement before the crumple
sections contact the earth above and below within the voids, assuming a force strong
enough to overcome skin friction is applied to the strut.

FIGS. 13A-C show another strut according to various embodiments of the invention. The
portion of strut shown in these figures has a crumple zone divided into two sections
having respective lengths L1, L> and L. Deformation of this crumple zone will result in a
generally bow-tie shaped profile seen in the simplified 2-D line drawing of FIG. 13B. FIG.
13B shows this same strut portion in three dimensions after deformation. Each section
of the crumple zone having this configuration will deform into a relatively long flat section
oriented parallel to the strut axis with two shorter, angled connecting sections as seen in
13D, which will provide increased resistance to both tensile and compressive forces on
the strut.

It should be appreciated that various combinations and numbers of the crumple zones
shown and described herein may be made without departing from the spirit or scope of

the invention. In various embodiments it may be desirable to have at least two different
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sized zones to facilitate the ability to deform fewer or more zones with the same
compressive force depending on the relative density of the soil surrounding the strut.
FIGS. 10 and 11 are flow charts detailing steps of respective methods for installing and
deploying a self-anchoring strut for an axial solar array according to various embodiments
of the invention. Starting with FIG. 10, this figure describes a method of installing a strut
consistent with the embodiments shown in FIGS. 2A/B and 3A-C. The method begins by
joining the strut to the mandrel, such as by sliding it over the penetrating end above
ground until the mandrel projects out of the bottom end the strut. In various
embodiments, and as shown in FIGS. 2A/B and 3A-C, the below-ground end of the strut
may have cuts or other features formed in it that can be expanded with twisting forces.
This may be accomplished with a two-layer strut as in FIGS. 2A/B or with a single layer
strut as in FIGS. 3A-C.

In various embodiments, the mandrel will engage with a feature formed in the strut to
hold it in place. In other embodiments, a widening of the mandrel will prevent the strut
from sliding any further up the mandrel. In still further embodiments, the mandrel and
strut may be joined near the above-ground end of the strut with a pin or other easily
detachable fastener. The mandrel and strut assembly are driven into the ground using
downward pressure on the driving head of the mandrel. This will force both structures
into the ground simultaneously. Once the desired depth has been achieved, a condition
that may be realized when the entire strut has been buried or when it has been driven
down to the point that an indicator on the strut reaches grade, the strut is subjected to a
rotational force at its below-ground end by twisting the mandrel while holding the top of
the strut in place. In various embodiments, a fixed amount of twisting pressure may be
applied for a predetermined time to deform the tip. In other embodiments, the mandrel
may be spun a predetermined number of rotations or fractional rotations. Once this has
been achieved, the mandrel is pulled out leaving the anchored strut in place and the
process repeats for the next strut in the array.

FIG. 11 details the steps of a method for installing a strut according to the remaining

figures in the application (e.g., 4A/B, 5, 6A-C, 7A-C, 8A-C, 9A-C, 12A/B and 13A/B). The
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method begins again by inserting the mandrel into the strut. In various embodiments,
and as seen in FIG. 5, the strut will slide up the mandrel until the mandrel’s tip and the
narrower collar portion exits the swaged opening. At that point, rotating the strut by 90
degree will prevent the strut from falling off mandrel. The machine holding the mandrel
then applies downward pressure to the mandrel which takes the strut down with it until
it achieves the desired depth. Then, a pulling force is applied to the mandrel to pull up
on the below-ground end of the mandrel while downward pressure is applied to the top
of the strut via a slide or other device to effectively compress the strut. In various
embodiments, a predetermined amount of compressive pressure will be applied to the
strut, regardless of the type of soil the strut is driven in to. This will cause one or more of
the crumple zones formed proximate to the below-ground end of the strut to deform,
deploying them into the surrounding earth. The degree of deformation (i.e., the number
of crumple zones that are deformed) will depend on the soil density for a given amount
of compressive force. After compression is complete, a slight downward pressure may
be applied to the strut to release the tension between the strut and the mandrel so that
the collar reaches the swaged opening and the mandrel can be rotated 90 degrees and

then removed from the anchored strut.
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CLAIM SET 1:
1. Afoundation system for an axial solar array comprising:

an inner strut having a first earth-penetrating end and a second opposing end;

a relatively shorter outer strut surrounding a portion of the inner strut, a first end of
the outer strut rigidly attached to the first end of the inner strut at and a second end of
the outer strut terminating at a point on the inner’s strut’s length; and

a plurality of cuts formed in the outer strut proximate to its first end such that
application of rotational force to the inner strut while holding the outer strut causes the
first end of the outer strut to splay outward into surround earth via the plurality of cuts.

2. The system according to claim 1, wherein the application of rotational force comprises
rotation of a mandrel used to drive the inner and outer struts, the mandrel directly
engaging only the inner strut proximate to the first end.

3. Afoundation system for an axial solar array comprising:

an inner strut; and

a relatively shorter outer strut surrounding a portion of the inner strut, wherein
after driving the inner and outer struts together, movement of the inner strut relative to
the outer strut causes the outer strut to change its geometry deploying an anchor into
surrounding earth.

4. The system according to claim 3, wherein movement comprises rotation of the inner
strut.

5. The system according to claim 3, wherein movement comprises movement in the
direction of an axis defined by the inner and outer struts.

6. The system according to claim 3, wherein driving comprises driving with a mandrel.

7. A method of installing a foundation for an axial solar array comprising:

pushing a two-part strut formed of an inner strut and an outer strut arranged as a
sleeve around a portion of the inner strut into the ground with a mandrel positioned
inside the inner strut;

with the mandrel, moving the inner strut with respect to the outer strut, thereby

expanding an outside diameter of the outer strut by splaying it outward into the ground.
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The method according to claim 7, wherein moving the inner strut with respect to the
outer strut comprises pulling up on the inner strut while holding the outer strut in place.
The method according to claim 7, wherein moving the inner strut with respect to the
outer strut comprises rotating the inner strut about an in-ground end of the inner strut
while holding an above ground end of the outer strutin place.

The method according to claim 7, wherein the outer strut comprises a plurality of pre-
formed features that expand the outside diameter of the outer strut when the inner

strut is moved with respect to the outer strut.

. A foundation for an axial solar array comprising:

a pair of adjacent struts driven into earth at reciprocal angles with respect to
normal;

a saddle portion interconnecting respective above-ground ends of the adjacent
struts; and

a mounting plate attached to the saddle portion, the mounting plate having a
plurality of mounting holes for attaching components of an axial solar array, wherein
each strut of the pair of adjacent struts comprises an inner strut having a first in-ground
end and a second above-ground end, and an outer strut connected to the inner strut
proximate to the first in-ground end and surrounding a portion of the inner strut, the
outer strut having a plurality of pre-formed splaying features that deploy after the struts
are driven into the ground by moving each inner strut with respect to its corresponding
outer strut.
The foundation according to claim 11, wherein moving each inner strut with respect to
its respective outer strut comprises rotating the inner strut with a mandrel used to drive
the pair of adjacent struts while holding the outer strut in place.
The foundation according to claim 11, wherein moving each inner strut with respect to
its respective outer strut comprises pulling up on the inner strut with a mandrel used to
drive the pair of adjacent struts while holding the outer strut in place.
A strut for an axial solar array comprising an elongated tube having a first in-ground end

and a second end opposite to the first end, wherein the first end that defines a a two-

14



15.

16.

17.

18.

19.

20.

PPA10

dimensional opening that has a first dimension and a second dimension different than
the first dimension, and at least one crumple zone, proximate to the first end, wherein
compression of the first end toward the second end causes the strut to deform the at
least one crumple zone, widening a cross section of the strut at the at least one crumple
zone.

The strut according to claim 14, further comprising a plurality of successive crumple
zones.

The strut according to claim, 15 wherein each of the plurality of successive crumple
zones increases in size progressing away from the first end of the strut.

The strut according to claim 15, wherein each of the plurality of successive crumple
zones comprises a plurality of openings and a plurality of crumple lines.

The strut according to claim 15, wherein the number of successive crumple zones
deformed by a given compressive force will be determined by a density of soil
surrounding the strut.

The strut according to claim 14, wherein the first dimension and second dimension are
orthogonal to one another.

A system for forming a foundation pier for an axial solar array comprising:

a mandrel having a substantially uniform geometry along its length, a driving head
and a tip portion, the tip portion having a cross section that is wider in a first dimension
than in a second orthogonal dimension; and

an elongated strut member, the strut member having a first in-ground end a second
opposite end, the first end comprising an opening dimensioned to receive the tip
portion of the mandrel at a first orientation and to capture the mandrel at a second
orientation, the second orientation 90 degrees rotated from the first orientation, the

strut member further comprising at least one crumple zone proximate to the first end.

21. The system according to claim 19, wherein pulling upward on the mandrel while at the

second orientation while pressing down on the strut deforms the at least one crumple

zone, causing it to expand its diameter.

22. The system according to claim 19, further comprising a plurality of crumple zones.
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The system according to claim 22, wherein the plurality of crumple zones increase in
size moving away from the first end of the strut.
The system according to claim 22, wherein each crumple zone comprises a plurality of
axial openings and a plurality of corresponding crumple lines, wherein each crumple line
is orthogonal to an axis defined by the strut.
The system according to claim 24, wherein deforming at least one of the crumple zones
comprises folding it half about the plurality of crumple lines.
A method of installing a foundation for an axial solar array comprising:
inserting an end of a mandrel into a strut member until it exits an in-ground end of
the strut member;
rotating the mandrel by approximately 90 degrees to capture it within the strut;
driving the strut member into the ground with the mandrel;
pulling up on the mandrel with respect to the strut with a pulling force to deform at
least one crumple zone formed in the strut member;
rotating the mandrel by approximately 90 degrees to free it from the strut; and
remaoving the mandrel from the ground while preventing the strut from moving in
the axial direction.
The method according to claim 26, wherein the steps of driving, pulling, and removing
are performed with a piece of hydraulic equipment connected to a driving head of the
mandrel.
The method according to claim 26, wherein pulling upon the mandrel with a given
amount of pulling pressure compresses the at least one crumple zone in the axial
direction causing an outside diameter of the at least one crumple zone to increase.
The method according to claim 26, wherein pulling up on the mandrel with respect to

the strut comprises simultaneously pushing down on the strut from above-ground.
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