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PILE CAPS, ADAPTERS AND BEARING HOUSING ASSEMBLIES FOR A-FRAME FOUNDATIONS

BACKGROUND

[0001] Single-axis solar trackers are becoming ubiquitous as the cost of solar panels and
power storage equipment continues to drop. However, one part of the utility-scale solar
cost stack-up that has been largely ignored is foundations. Single-axis trackers are made
from rows of solar panels attached to a rotating torque tube that is oriented along a North-
South row. A motor rotates the tube throughout the day so that the panels can follow the
position of the sun in the sky from East to West. The torque tube in these systems is
supported by rows of monopiles driven into the ground with a pile driver at regular intervals
along each torque tube. The bearing housing assembly and/or other intervening hardware
is attached to the head of each pile to support the torque tube.

[0002] Single-axis tracker makers use one of two configurations for attaching the torque
tube to the monopile foundation. The most common configuration attaches the torque
tube support element (e.g., bearing housing, bearing housing support, etc.) to the top,
flange or sides of H-pile. The piles have holes or slots formed in the face of each flange so
that the torque tube support elements can be quickly attached and adjusted in the vertical
direction to align the torque tube with the other piles in the row. One commercially
available system using this bottom-up configuration is the DuraTrack HZ single-axis tracker
from Array Technologies, Inc. of Albuquerque, NM. In the DuraTrack system, the torque
tube rotates directly about its axis within a bearing that sits on the H-pile.

[0003] Although less common than bottom-up, at least one tracker maker uses a top-
down configuration where the torque tube hangs from hinge pin that allows the entire tube
to swing like a pendulum rather than rotating about its own axis. This system, known
commercially as the NX Horizon single-axis tracker from NEXTracker of Fremont, CA,
purports to be mechanically balanced, meaning that the amount of torque required to
move the torque tube is the same at all panel angles. Bottom-up systems require more
torque to resist gravity as the angle of the modules with respect to the ground becomes

steeper, but in the balanced system the required torque remains constant. However,
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because the torque tube hangs, it swings through an arc rather and therefore needs some
clearance in the East-West direction from the structure holding. NEXTracker attaches a a
pair of right-angle brackets to the outside face of each flanges of the H-pile to provide a
horizontal mounting platform with greater width than provided by the H-pile alone. A U-
shaped bearing housing assembly is mounted upside on this horizontal platform and the
torque tube is hung from a hinge point at the center of the U.

[0004] Contrary to the H-piles currently used to support single-axis trackers, the
inventors of this invention have proposed a foundation system that uses an A-frame made
of a pair of adjacent piles driven into the ground at reciprocal angles with respect to plumb
to support the torque tube. The A-frame allows less steel to be used than with a monopile
because the legs of the A-frame only need to resist tension and compression rather than
bending. For an A-frame foundation to work with tracker systems designed to sit atop
monopiles without compromising the benefits of the A-frame, various novel and non-
obvious, pile caps, adapters and bearing housing assemblies will be necessary. Those pile

caps, adapter and bearing housing assemblies are the subject of this disclosure.
DESCRIPTION

[0005] The following description is intended to convey a thorough understanding of the
embodiments described by providing a number of specific embodiments and details
involving pile caps, adapters and bearing housing assemblies for integrating A-frame
foundations with conventional single-axis trackers. It should be appreciated, however, that
the present invention is not limited to these specific embodiments and details, which are
exemplary only. It is further understood that one possessing ordinary skill in the art in light
of known systems and methods, would appreciate the use of the invention for its intended
purposes and benefits in any number of alternative embodiments, depending upon specific
design and other needs.

[0006] Turning to FIG. 1A, this figure shows a portion of a generic single axis tracker
system supported by an A-frame foundation system according to various exemplary
embodiments of the invention. The portion shown here includes a pair of A-frame

foundation supports positioned at either end of a torque tube section with four

2
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photovoltaic modules (PV or solar panels) in between. In such a system, the torque tube is
aligned along a North-South axis so that as the tube rotates, the panels stay normal
(orthogonal) to the sun’s position in the sky.

[0007] In this exemplary system, each leg of the A-frame consists of a base foundation
pile and an extension pile. FIG. 1B, shows these components in greater detail. In various
embodiments, the base pile includes a partial or full-thread form at one end (bottom end)
to facilitate rotary driving and to provide greater resistance to axial forces of pull-out and
compression. In various embodiments, after the base pile is rotated into the ground, an
extension pile may be joined to it to complete the legs of the A-frame. Then, an adapter,
pile cap or other structure is attached to the free end of each adjacent extension pile to add
rigidity to the structure and provide a platform for attaching other components. In various
embodiments, the adapter or pile cap is dimensioned to orient the torque tube at a work
point of the A-frame so that wind on the panels will be converted into pure tension and
compression rather than a bending moment. The work-point is at the apex of the A-frame
and is the ideal loading point. Rather than make the legs of the A-frame strong enough to
resist bending moments — the approach taken with monopiles — the A-frame isolates forces
to axial forces which columns are much better at resisting. As a result, the structure can be
supported with less material.

[0008] Turning now to FIGS. 2A and 2B, these figures show an adapter for an A-frame
foundation system according to various embodiments of the invention. The adapter shown
here consists of a piece of stamped metal configured with left and right wings that are
symmetrically positioned around a pair of vertical flanges interconnected by a bridge. Each
wing consists of an angled portion and a flat portion. The flat portions are generally
horizontal in orientation, matching the orientation of the bridge. The angled portions serve
as a base for tubular couplers that receive or are inserted into the free ends of two adjacent
extension piles to complete the A-frame. In various embodiments, these angled portions
will be welded onto the bottom face of the angled portions to project out of their respective
surfaces in a downward (ground-facing) direction at an angle that matches the angle of the

extension piles and at a spacing that aligns with them.
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[0009] In various embodiments, the angled portions are oriented at an angle in a range
of 17.5 degrees to 35 degrees and preferably at about 30 degrees with respect to
horizontal. This will correspond to a pile angle of 72.5 to 55 degree and preferably about 60
degrees. In various embodiments, the angle of the angled portions will be selected so that
the tubular couplers match the desired angle of adjacent A-frame legs (base piles +
extension piles) and will be inserted over or into the free ends of two adjacent extension
piles without significantly changing their angle. In various embodiments, this will enable the
A-frame to present an H-pile interface to the tracker installer so that the installation process
for the tracker installer will be identical to that done for H-pile foundations.

[0010] As shown in this example, the connection point between the flat portions and
the flanges is reinforced. This is exemplary only. Gussets or other reinforcing members
may be added to various points on the adapter to increase rigidity. The flanges are shown
with a pair of vertical attachment slots. This is exemplary only. In various embodiments,
the flanges may have one or more holes or slots arranged in a different configuration. Slots
may be preferred because they allow for greater adjustability than holes. In various
embodiments, the flanges are parallel to one another and the bridge portion
interconnecting them is orthogonal to each, separating them by the same distance as the
distance between a standard W6x9 (wide flange) H-pile — approximately six inches. This will
enable a bearing housing assembly or bearing housing support structure, such as the
bottom up one used with the Array Technologies DuraTrack single-axis tracker to be bolted
directly to the adapter, replicating the H-pile interface.

[0011] As discussed herein, one benefit of an A-frame is that the forces are axial rather
than moment. To keep them confined to axial forces, it is important that the point where
forces applied by the torque tube translate into the A-frame is collocated with the work
point of the A-frame. To that end, in various embodiments, the adapter is dimensioned so
that that the axis of rotation for any bottom-up bearing housing assembly is or can be
adjusted to be co-located with the A-frame’s work point.

[0012] FIGS. 2C and 2D show the same adapter as 2A and B but in these, figures it is

used with NextTracker’s single-axis tracker. As discussed above, the Horizon is a top-down
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system whereby a clamp holding the torque tube hangs from a hinge pin inserted through a
pivot point formed at the center of a bearing housing assembly. Instead of rotating about
its axis, in this configuration the torque tube swings through an arc as the tube and the
clamp holding it rotate about the hinge pin. To make this work, the torque tube curves up
at the motor, levels out and then curves back down so that the point along the torque tube
connected to the output gear of the torque motor simply rotates, whereas the remainder of
the tube on either side of the offset sweeps through an arc. As a result, the bearing housing
assembly needs to have clearance relative to a bottom-up system where the tube rotates in
place. In various embodiments, the adapter is optimized so that when the NEXTracker
bearing housing assembly is seated, the hinge point of the assembly is at the work point of
the A-frame.

[0013] As discussed above, because of the required clearance, the NEXTracker system
requires a foundation that is wider than the standard 6-inch width of a W6x9 pile.
Consequently, when using H-piles, NEXTracker attaches a right-angle bracket to the outside
face of each flange widen the pile. The adapter according to various embodiments of the
invention provides the same geometry as the top of an H-pile, allowing NEXTracker’s right-
angle brackets to be attached directly to the slots formed in each flange. The result is that
the same NEXTracker parts may be used regardless of whether H-piles or A-frame
foundations are used. The attachment slots on the side of the adapter may be used as a
mechanism to adjust the height of the hinge point in the NEXTracker bearing housing
assembly so that it is aligned with the work point.

[0014] As shown in FIGS. 2A-D, the same A-frame adapter may be used to support
either a bottom-up single-axis tracker such as that manufactured and sold by Array
Technologies or a top-down single-axis tracker such as that from NEXTracker without
requiring any modifications to those systems.

[0015] Turning now to FIGS. 3A-3E, these figures show a cardioid-shaped bearing
housing assembly (BHA) specifically adapted for a top-down single-axis tracker such as the
NEXTracker Horizon system according to various embodiments of the invention. The BHA

according to these embodiments serves at least three functions. First, it unifies the
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adjacent legs of the A-frame (base and extension foundation piles) to form a rigid structure.
Second, it replaces the bearing housing assembly and right-angle brackets of the Horizon
system, providing a hinge point to hang the torque tube and clearance for it to swing
through its East-West arc. Finally, it orients the hinge point from which the torque tube
hangs with the work point of the A-frame. This is accomplished by controlling the geometry
between the legs of the A-frame so that the hinge point aligns with the intersection of the
respective axes defined by the legs.

[0016] The BHA shown in these figures is a single cast metal piece, however, other
manufacturing techniques may be employed without departing from the spirit or scope of
the invention. The cast piece shown here consists of a cardioid-shaped hoop with a cusp
and two symmetric S-shaped arms that intersect at the cusp and terminate in respective
tubular couplers. The S-shaped members project away from the cusp, then curve back
inwards before curving back out to match the desired drive angle of the piles (e.g., 60
degrees). In various embodiments, the desired angle will be known in advance and the BHA
will be manufactured to maintain that angle.

[0017] The tubular couplers shown in the example of these figures is shown as a partial
tube. In various embodiments, separate cover plates that are also tubular fit over the legs
of the A-frame and mate to the tubular couplers on the BHA to capture the legs. Bolts,
rivets, or other known mechanical fasteners may be used to secure the cover plates to the
BHA’s tubular connectors. It should be appreciated that other embodiments may have a
complete tube at the end of each S-shaped arm dimensioned to receive or fit inside the free
ends of each adjacent A-frame leg. Such modifications are within the scope of the
invention.

[0018] FIGS. 3D and 3E show the BHA of FIGS. 3A-C attached to a pair of adjacent
foundation piles and supporting a top-down tracker array according to various
embodiments of the invention. Together the BHA, and pair of base and extension piles
create an A-frame that defines a single plane that at least on flat ground, is substantially

orthogonal to the main axis of the torque tube. Orthogonality will keep the A-frame in
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tension and compression and minimize bending regardless of the angle of the PV modules
attached to the torque tube.

[0019] Turning to FIGS. 4A-D, these figures show a two-piece BHA according to various
other embodiments of the invention. The two-piece BHA according to these embodiments
is like that of FIGS. 3A-E in that it provides a bearing for the torque tube and also completes
the A-frame. This two-piece BHA is made of two substantially identical S-shaped members
with a lap joint at one end and a tubular coupler at the other. To form the BHA, the lap
joints are overlapped and bolted together to form a partial cardioid. The lap joints have one
or more holes for receiving mechanical fasteners to joint them together as well as a hinge
point to receive a hinge pin holding the torque tube. When the overlapping portions are
joined, the hinge point is approximately aligned at the middle of the partial cardioid. In
various embodiments, the two S-shaped members may be joined together with a bolt and
nut, rivet or other known mechanical fastener to convert them into a rigid unitary structure.
In various embodiments, the hinge point is an opening that passes through each member to
form a single axis for a hinge pin supporting the torque tube and/or torque tube bracket.
The members are shown in the figures as being made of cast metal, but they could also be
manufactured using a different technique. Two smaller members may be advantageous to
the single member BHA of FIGS. 3A-E in that they may be less expensive to manufacture and
cheaper to ship, but otherwise should be functionally equivalent.

[0020] Though not shown in the figures, each tubular coupler may have one or more
holes to for receiving a rivet, bolt or set screw for securely attaching the free end of each
pile to the BHA. Also, instead of a tubular coupler, each member could terminate in a
partial tubular connector as shown and discussed in the context of the embodiment of FIGS.
in 3A-E where a separate cover plate is used to secure the BHA to each pile.

[0021] In some case, developers may desire to install a single-axis tracker on sites that
slope in the North-South direction. This may be advantageous because, depending on
which end is high (Southern or Narthern), the slope can give the panels a slight equatorial
tilt that will increase the amount of energy that can be harvested. When building a single-

axis tracker on such a site, the should still be installed plumb to avoid being put in bending.
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Installing plumb piles along a sloping N-S line can be problematic. If the torque tube is kept
level, the piles must increase in length as the ground slopes downward. If the torque tube
slopes down with the slope of the land but the piles remain plumb, the BHA must
compensate for the slope to accommodate the sloped torque tube. BHA’s may have some
adjustability to compensate for pitch to adjust for piles that are not perfectly plumb,
however, these are not typically designed to accommodate a 10-15-degree slope.
Consequently, various embodiments provide a BHA that is gimbaled in the North-South
direction to accommodate North-South slope.

[0022] To that end, FIGS. 5A-5E show a gimbaled BHA for an A-frame foundation system
according to various other embodiments of the invention. The BHA according to these
embodiments consists of a continuous tubular member having two S-shaped portions
interconnected by a substantially straight section. Together, these elements form a hoop.
The straight section shown in the figures has a pair of guides projecting out of its surface.
These guides are positioned on either side of the vertical midline of the hoop. In various
embodiments, a two-piece gimbal bracket collars the straight section between the guides.
The two-piece gimbal bracket shown here includes a hinge point that receives a hinge pin
supporting a torque tube and/or torque tube bracket. The ends of each S-shaped portion
are open to receive or fit over free ends of two adjacent piles. As in other embodiments,
the BHA according to these embodiments secures the free legs of each foundation pile of
the pair to form a rigid A-frame, provides clearance for the top-down torque tube to swing
through its rotation arc, and provides a hinge point for the torque tube. The gimbal bracket
allows the torque tube to hang along a N-S sloping row without inducing additional stress
into the BHA because it is free to rotate in and out of the plane of the BHA. This allows the
gimbal bracket to remain orthogonal to the torque tube, even as the torque slopes. In
various embodiments, the gimbled bracket is a stamped piece that comes pre-assembled
onto the BHA. In other embodiments, the gimbled bracket may be assembled by an
installer onsite. The hinge may help to hold the two halves of the gimbled bracket together.
Also, though not shown, the open ends of each S-shaped portion may include one or more

holes, projections, or other features to enable them to be quickly and securely attached to
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the legs of the A-frame (i.e., the foundation piles projecting up out the ground into free
space).

[0023] It should be appreciated that the embodiments described and claimed herein are
exemplary only. Those of ordinary skill in the art will appreciate modifications and

substitutions that retain the spirit and scope of the invention.
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CLAIMS

1. Asystem comprising:

a pair of base foundation piles, each base foundation pile comprising an elongated,
hollow, tubular member having a substantially uniform inside diameter and a thread form
at a first end;

a pair of upper foundation piles, each upper foundation pile comprising an elongated,
hollow, tubular member coupled to a second end of one of the base foundation piles,
extending a main axis thereof; and

an A-frame adapter, the A-frame adapter comprising a second pair of tubular couplers,
each one of the pair of tubular couplers adapted to mate with a top end of one of the upper
foundation piles to form an A-frame, wherein the second pair of tubular couplers are
separated by a pair of parallel mounting flanges and a bridge portion interconnecting the
pair of parallel mounting flanges, the mounting flanges providing a mounting interface to
support a single-axis tracker.

2. The system according to claim 1, further comprising:

a pair of right-angle brackets, each configured to attach to one of the parallel mounting
flanges of the adapter and to provide a horizontal mounting surface; and

a U-shaped bearing housing assembly resting on and attached to the horizontal
mounting surface of the right-angle brackets while straddling the bridge portion, the
bearing housing assembly including a hinge point for hanging a torque tube.

3. The system according to claim 2 wherein the adapter is configured to orient the hinge
point of the bearing housing assembly at a work point of the A-frame.
4. An A-frame to H-pile adapter for a mechanically balanced tracker system comprising:

a pair of co-planar tubular couplers for receiving respective adjacent legs of an A-frame
foundation;

a pair of parallel mounting flanges each mounting flange connected to one of the
tubular couplers; and

a bridge portion connecting the parallel flanges at a spacing of approximately 6 inches,

wherein each tubular coupler is oriented at an angle with respect to a closest one of the
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pair of parallel mounting flanges in a range of 17.5 degrees to 35 degrees, pointing
downward.
5. Abearing housing assembly for a mechanically balanced single-axis tracker supported by
an A-frame comprising:

a cardioid-shaped member with a cusp between a pair of opposing S-shaped arms that
curve away from the cusp;

a hinge point proximate to the cusp;

a pair of tubular couplers at a terminal end of each S-shaped arm, each tubular coupler
angled to match an angle and spacing of free ends of a pair of tubular piles; and

a pair of cover plates, each cover plate adapted to mate to one of the tubular couplers
to couple one of the free ends of the pair of tubular piles to the cardioid-shaped member to
complete the A-frame.
6. The bearing housing assembly according to claim 5, wherein the bearing housing
assembly defines a first plane and the hinge point is an axial opening orthogonal to the first
plane.
7. The bearing housing assembly according to claim 6, further comprising a hinge pin in the
axial opening, the hinge pin providing an axis of rotation for a torque tube suspended within
the bearing housing.
8. The bearing housing assembly according to claim 5, wherein the hinge point is located at
a work-point of the A-frame.
9. A mechanically balanced tracker system comprising:

a pair of elongated base piles, each base pile driven into supporting ground at a
reciprocal angle to the other with respect to plumb;

a pair of elongated extension piles, each extension pile mated to one of the base piles;
and

a cardioid-shaped bearing housing member with a cusp and a pair of opposing S-shaped
arms that curve away from the cusp, the bearing housing member comprising:

a hinge point proximate to the cusp;

11
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a pair of tubular couplers at a terminal end of each arm, each tubular coupler angled
and spaced apart to match an angle and spacing of one of the extension piles; and
a pair of cover plates, each cover plate adapted to couple one of the tubular

couplers to a free end of one of the extension piles to the cardioid-shaped member to

complete the A-frame.
10. The system according to claim 9, wherein the hinge point is located at a work-point of
the A-frame.
11. A bearing housing assembly for a mechanically balanced single-axis tracker with an A-
frame foundation comprising:

a cardioid-shaped member formed from a pair of substantially identical S-shaped arms
fastened together with a lap joint proximate to a cusp;

a hinge point proximate to the cusp and passing through both arms at the lap joint; and

a pair of tubular connectors at a terminal end of each arm, each tubular connector
adapted to receive a free end of a foundation pile making up a leg of the A-frame.
12. The bearing housing assembly according to claim 11, wherein the cardioid-shaped
member defines a first plane and the hinge point defines an axial opening orthogonal to the
first plane.
13. The bearing housing assembly according to claim 12, further comprising a hinge pin in
the axial opening, the hinge pin providing an axis of rotation for a torque tube suspended
within the bearing housing.
14. The bearing housing assembly according to claim 11, wherein the hinge point is located
at a work-point of the A-frame.
15. A mechanically balanced tracker system comprising:

a pair of elongated base foundation piles, each base foundation pile driven into the
ground at reciprocal angles to one another;

a pair of elongated extension piles, each extension pile mated to one of the base
foundation piles; and

a cardioid-shaped member formed from a pair of substantially identical S-shaped arms

fastened together with lap joint proximate to a cusp comprising:
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a hinge point proximate to the cusp and passing through both arms at the lap joint;
and
a pair of tubular connectors at a terminal end of each arm, each tubular connector
adapted to receive a free end of one of the extension piles to complete the A-frame.
16. A bearing housing assembly for a mechanically balanced single-axis tracker comprising:
a pair of substantially identical S-shaped tubular members;
a bridge member interconnecting a first end of each S-shaped member to form a hoop;
and
a gimbal bracket collared around the bridge member so as to hinge in and out of the
plane defined by the hoop, wherein a second end of each S-shaped member is oriented at
an angle relative to plumb to receive an end of one of a pair of adjacent extension piles to
form an A-frame foundation for the single-axis tracker, and the hanger comprises a hinge
point for supporting a torque tube.
17. The bearing housing assembly according to claim 16, wherein the hinge point defines an
axial opening orthogonal to the plane defined by the hoop.
18. The bearing housing assembly according to claim 17, further comprising a hinge pin in
the axial opening, the hinge pin providing an axis of rotation for a torque tube suspended
from the bearing housing.
19. The bearing housing assembly according to claim 11, wherein the hinge point is located
at a work-point of the A-frame.
20. A mechanically balanced tracker system comprising:
a pair of elongated base foundation piles, each base foundation pile driven into the
ground at reciprocal angles to one another;
a pair of elongated extension piles, each extension pile mated to an above-ground end
of one of the base foundation piles; and
a bearing housing assembly comprising:
a pair of substantially identical S-shaped tubular members each having a first end

and an opposing second end;
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a bridge member interconnecting the first end of each S-shaped member to form a
hoop; and
a gimbal bracket collared attached around the bridge member so as to hinge in and
out of the plane defined by the hoop, wherein the second end of each S-shaped
member is oriented at an angle with respect to plumb to receive an end of one the pair
of extension piles to form an A-frame foundation for the single-axis tracker, and the
hanger comprises a hinge point for supporting a torque tube.
21. The system according to claim 20, wherein the hinge point defines an axial opening
orthogonal to the plane defined by the hoop.
22. The system according to claim 21, further comprising a hinge pin in the axial opening,
the hinge pin providing an axis of rotation for a torque tube suspended from the bearing
housing.
23. The system according to claim 22, wherein the hinge point is located at a work-point of

the A-frame.
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