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PTO/AIA/15 (10-17)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number.

f UTI LITY Attorney Docket No. N PA03

PATENT APPLICATION First Named inventor | Jack WEST
TRANSMITTAL Title Optimized A-frame foundat

Priority Mail Express®
\ (Only for new nonprovisional applications under 37 CFR 1.53(b})} Label No. /
APPLICATION ELEMENTS Commissioner for Patents
See MPEP chapter 600 concerning utility patent application contents. ADDRESS TO: P.O. Box 1450
Alexandria, VA 22313-1450

1.[] Fee Transmittal Form ACCOMPANYING APPLICATION PAPERS

(PTO/SB/17 or equivalent)
2. Applicant asserts small entity status. 10. l:‘ Assignment Papers

See 37 CFR 1.27 (cover sheet & document(s))

Name of Assignee

3. I:' Applicant certifies micro entity status. See 37 CFR 1.29.
Applicant must attach form PTO/SB/15A or B or equivalent.

4, Specification [Total Pages 34 ] 11.
Both the claims and abstract must start on a new page.
(See MPEP § 608.01(ua) for information on the preferred arrangement) 12

5.[*] Drawing(s) (35 US.C.113)  [Total Sheets 20 ]

6. Inventor's Oath or Declaration [Total Pages 6 13.
(including substitute statements under 37 CFR 1.64 and assignments
serving as an oath or declaration under 37 CFR 1.63(e}}

a. Newly executed (original or copy) 14
b. I:I A copy from a prior application (37 CFR 1.63(d})

7. Application Data Sheet  * See note below.
See 37 CFR 1.76 (PTO/AIA/14 or equivalent)

8. CD-ROM or CD-R
in duplicate, large table, or Computer Program {Appendix) 17

I:I Landscape Table on CD

9. Nucleotide and/or Amino Acid Sequence Submission
(if applicable, items a. — c. are required) 18.

a. l:‘ Computer Readable Form (CRF)

b.l:' Specification Sequence Listing on:
i. I:I CD-ROM or CD-R (2 copies); or
ii.|:| Paper

c. I:‘ Statements verifying identity of above copies

37 CFR 3.73(c) Statement |:| Power of Attorney
(when there is an assignee)

English Translation Document
{if applicable)
Information Disclosure Statement
{(PTO/SB/08 or PTO-1443)

I:I Copies of citations attached
Preliminary Amendment

15. Return Receipt Postcard

(MPEP § 503) (Should be specifically itemized)

16. Certified Copy of Priority Document(s)

(if foreign priority is claimed)

Nonpublication Request

Under 35 U.S.C. 122{b){2){B){i). Applicant must attach form PTO/SB/35
or equivalent.

Other:

O UoUd ooggd

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventar is under an obligation to assign, or person who otherwise shows sufficient proprietary
interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number: 157339 OR l:‘ Correspondence address below
Name
Address
City State Zip Code
Country Telephone Email
4 a1y .. 3\
signature  |/Phillip D. Mancini/ Date 05/15/2019
Name HTH ' Registration No.
| print/rype) |PHINlIP D. Mancini (Attorney/agent) | 40743 )

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Approved for use through 11302020, OMB 0851-0062
LS. Patent and Trademark Office; U5 DERARTMENT OF COMMERCE

Under the Papenwork Raduction Act of 1885, no persons are required 1o respond to a collection of information uniess it displays 3 valid OMB contrel number.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)
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‘§ Optimized truss foundations, adapters for optimized truss foundations, and related systems and methods

&"'m,m”/

e e S
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Title of

G R AR

The above-identified application was made or authorized to be made by me.

USPTO. Petitionerfapplicant is advised that the record of a patent appiication is available 1o the public after publication of the
application {(unless a non-publication reguest In compliance with 37 CFR 1.213(a) is made in the application} or issuance of a

As the below namad inventor, | hereby declare that

This declaration

ie dirscted to- The attached application, or

:_—] Unitad Slates application or BCT intemational apphication numbar

filed on

{ believa that | am the criginal inventor or an original joint inventor of a claimed invention in the application.

! hereby acknowledge that any willful false statement mads in this declaration iz punishabie under 18 U.8.C. 1004
by fine or imprisonment of not more than five (5} years, or both.

WARNING:

Peiitioner/applicant is cautioned o avold submitting personal information in documents filed in a patent application that may
contribute o entily thelt, Personal information such as social securily numbars, bank account numbers, or credit cand numbars
{vther than a check or credit card authorization form PTO-20238 subrmitted for payment purposes) is never required by the USPTO
o support & petilion or an application. If this typs of personal information is included in dosuments submitted to the USPTD,
petitioners/applicants should consider radaciing such perasonal information from the documents before subrnitting them o the

patent. Furthermaore, the record from an abandoned application may alsc bs availabie to the public i the application is
referenced in a published application or an issued patent {see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submiited for peyment purposes are noi retained in the application file and therefore are not publicly avaliable.

LEGAL NAME OF INVENTOR

SR ;
Inventor: J’“\ West -— Date {Optional) | 5 15}2613”
Signatura: \Sx e
¥ T

Note: An application data shest {PTQ/SE/ 14 or equivatent), including naming the entire inventive entity, must accampany his form or must have
bean previously fled. Use an addifional PTO/MIADT form for sach additional imventor.

Thiz coliection of information is required by 38 U.S.6. 115 and 37 CFR 1.583. The information is required to aBlain o retain 2 benelit by the pubitic which is o file (ang
by the USPTQ 10 procsss) an appfication. Confidentialily is governad by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated o take 1 minute to
complete, including gathering, preparing, and submiting the compleled application form to he USPTG. Time wiif vary depending upon the individual case. Any
comments on the amount of tine you raguite to eomplete this form and/or suggestions for raducing this burden, should be sent to the Chief Information Offfosr, U8,
Fatent and Trademark Office, U.8. Department of Commerce, P.O. Box 1450, Alexandria, VA 228131480, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, PO, Box 1450, Alexandria, VA 22313-4450.

#f you need assisiance in compieting the form, call 1-800-PTC-8198 anef sefect sption 2.
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" DECLARATION {37 GFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEEY (37 CFR 1.76)
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§ Cptirnized truss foundations, adapters for optimized truss foundations, and related systems and methods
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Title of
- Invention

it i

A3 the below named invendor, | hereby declars that

This declaration
is clireciad to

filad on

The above-identified spplication was made or authorized o be mads by me.

Foelieve that | am the original invertor or an oniginal joint inventor of 2 claimed invention in the application,

| nereby acknowiedge that any wiliful false statement made in this declaration is punishable under 18 U.8.C. 1001
by fine or imprisonment of not mors than five (5) years, of both,

WARNING:

Peiitioner/appiicant is cautionad to aveid submitting personal information in doournents fled in 2 patant application that may
sontribute 1o identity theft. Personal infermation such as socigl security numbers, bank scoount numbaers, or credit card rumbers
{other than a check of credit card authorization form PTG-2038 submitied for payment purposes) is never required by the USPTO
o support & petition or an application. If this type of personal information is induded in documents submitied to the USPTO,
petiioners/applicants should consider redacting such personal information from the documents befors subrmitling them 1o the
USPTO. Petitionerlapplicant is sdvised that the record of a patert appiication is avafiable 1o the public after publication of the
appfication {unless a non-publication request in compliancs with 37 CFR 1.213(a) is made in the application) or issuance of g
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in g published spplication or an issuad paient {ses 37 OFR 1.14). Checks and credit card authorization forme
PTO-2038 submitted for payment purposes ara nof retained in the appdication file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

David Mar  Dete optionay. 5116/2018

inventor

Signature:

Note: An applicalion data sheet (PTO/SRIM4 or equivatent), including naming he entire inventive entity, must accompany this fanm or must have
been pravicusly fled. Use an additional PTOIAIADT form for sach additionad nventor,

This coflection of information is reguired by 38 U.S.C. 118 and 37 CFR 1.53. The information is required o obtain or retain a benefit by the public which s fo file and
by the USPTQ to process) an application. Confidentality is governed by 35 U.S.C. 122 and 37 OFR 1.11 and 1.14. This coliection is estimated fo ke 1 minute o
compite, including galhering, prepering, snd submiting the completed application form 1o the USPTO. Time will vary depending upan the individual case. Any
Samments on e amount of ime you require to complets this furm sndior suggestions for ragucing this durden, shoult be sent io the Chisf Information Officer, U.5.
Patent and Trademark Office, U.8. Department of Commerse, PO, Bux 1453, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TG
THIC ADDRESS. BEND TO: Commissioner for Paterds, P.O. Box 1450, Alexandris, YA 22313-1450.

if you nead assistancs in compiating the form, calf {-800-PTO-S199 end sefect ontion 2.
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“  DECLARATION {37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET {37 CFR 1.76)
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Cptimized truss foundations, adaplers for oplimized truss foundations, and related systermns and methods
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Title of
- invention

Ag the below named inventor, § hareby declare that:

;hé?rgzzgrg‘im & The stisched applcation, or

United States spplication or PCT international applicationnumber .

fited on

The sbove-identified applicalion was made or authorized to be made by me.

F believe that | am the original inventor or an origing joint inventer of & claimad invention in the application.

I hereby acknowledge that any wiltful false statement made in this deciaration is punishable under 98 U.8.C. 1001
by fine or imprisonmant of not maore than five (5] vears, or both.

WARNING:

Petitionerfapplicant is cautioned 1o avold submitiing pemsanal information in documerts filad in 2 patent spplication that may
contribule o dentity theft. Personal information such as sociad security numbers, bank account numbers, of cradit card mumbers
{other than a chack or credit card authorization form PTO-2038 aubrnitted for peyment purposes) is never required by the UBPTO
to support a petiion of an application. If this type of personal information is included in documents submilted to the  USPTQ,
petitionersfapplicants should consider redacting such personal information from ths dosuments belors submitiing them o the
USPTO. Petitionerapplicant s advised that the record of a patent application is available to the public afler publication: of the
application {uniess a non-publication request in compliance with 37 CFR 1.213(8) is made in the application) or issusnse of 3
patent Furthermaore, the record from an abandoned application may aiso be available to the public ¥ the application ia
refarencad in a published spplication or an issued patent (see 37 CFR 1.14). Checks and cradit card  authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR =

SM5/2018

Charles Almy Date {Optional)

invenion

s

- e g,
PNt Wi,

Sgnature

Mote: An application data shaat (FTOSE4 oy equivalent), inciuding narming the entire inventive ardity, must accompany this form or must have
hesn previousty filad, Use an additionad PTO/AIADT form for each additional inventar,

This eailection of information is required by 35 U.S.C. 115 and 37 OFR 1.83. The information is requirsd to obiain or relein a benefi by the public which is to fie fand
by the UBFTC o process) an application. Confidentiality is governsd by 36 U.S.C, 122 and 37 CFR 1,11 and 1.14. This coliection i estimated to take 1 minute 1o
somplele, including gatharing, preparing, and submitting the completed appication form {0 the USPTO. Time will vary depending upon the individual case. Any
somments on the amount of tme you require to complete this form ardior suggestions for reduding this burden, should be sent 1o the Chief Information Officer, 115,
Prient and Trademark Office, U8, Department of Sommerce, PO, Box 1450, Alexandra, VA 223151450, DO NOT SEND FEES OR COMPLETED FORMS 1O

THES ADDRESS. SEND TO: Commissioner for Patents, PO, Box 1450, Alexandris; VA 223131458,
i you nepd assistance in completing the farm, calf 1-800-PTO-8188 sny salect oplien 2.
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Approved for use through §1/30/2020. OMR 0851-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under e Paperwork Reduction Act of 1998, no persons are requived @ respond to a collection of information unless | dispays a valid OMB control number.

4 DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN \\
APPLICATION DATA SHEET (37 CFR 1.78} ‘\3
“\“:f\“:m& Optimized truss femndat:;“ri\::ﬁ?;?;?ﬁ?;mim zed truss foundations, and related systems and methods S
e o
invention

As tha below named inventor, § hereby deciare that

This deciaration Eo

is direoted o The attached application, or

United States application or FOT intemnational application numbar

filed on

The above-identified application was made or authorized © be made by ma.

| badieve that | am the original inventor or an original joint inventor of a claimed invention in the application.

§ hereby acknowledge that any willful false stalement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonmert of not more than five {3) years, or both.

WARNING:

Patitionar/applicant is cautioned to avold submitting personal information in documents filed in 3 patert application that may
coniribute fo identity theft. Parsonal information such as social security numbers, bank acoount numbers, or cradit card numbers
{sther than a check or credit card suthorization form PTO-2038 submitied for payment purposas) is never required by the USPTO
to support a petiion or an application. if this type of persenal information is included in documents submitted to the USPTQ,
peiitionarsfapplicants shouid consider redacting such personal information from the documents before submitting them {0 the
USPTO. Pelitioner/applicant is advised that the record of a patent application is available to the public alter pullication of the
aspplication {uniess a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) of issuance of a
patent. Furthermore, the record from an sbandoned application may also be available to the public if the application is
referenced in a publishad applicstion or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitizd for payment purposes are not ratained in the application file and therefore are not publicly avallable.

LEGAL NAME OF INVENTOR

inventor:

Johann Karkheck | Date (Optional) 5/15/2018

&

&
& &
& e s
& e &
W

- = o &
B e, \\\\\\\\\\‘"‘ &‘.“ o o, A

Signature: &

i,

' Note: An application data sheet (PTO/SB/14 or equivalent), including naming the enfire inventive entity, must accompany this form or must have
' bean praviously fited. Use an additional FTOAIAGT Torm for each adaitiona! inventor,

This collection of information is required by 36 U.5.C. 115 and 87 CFR 1.8%. The infarmation is raquired to oblein or retein a banafit by the public which is fo file {and
by the USPTO to process) an applisation. Confidentiality s governed by 38 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estmated o take 1 minute to
complete, inaluding gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individusl sase. Any
camrnents on the amount of time you require 1o complete this form and/or suggestions for reducing this burden, should be sent to the Chisf Information Officer, U.8.
Patent and Trademark Ofice, U.8. Department of Commerce, F.O. Box 1450, Nexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TG
THIS AUDRESS. SERD TO: Commissioner for Patents, P.O. Box 14580, Alexandria, VA 223131450,

if yow need agsistance in vompleting fhe form, calf 1-800-PTO-$78% and select option 2.
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U.5. Patent and Trademark Offics; U.8. DEPARTRENT OF COMMERCE

Under the Papsnwork Reduction Act of 1985, no persons are required to respond to & colisstion of infarmation uniess it displays a valid OMB control number,

DECLARATION {37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78}
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- Oplimized truss foundations, adepters for optimized truss foundations, and related systems and methods

. Title of
invention

As the below named inventor, | hereby declars that

This declaration g§:
is diracted o B

filed on

The above-identifiad application was made or authorized 10 ke made by me,

i believe thal { am the original inventor or an original joint inventor of a claimead invention in the application.

thereby acknowladgs that any willul false statement made in this declargtion is punishable under 18 U.8.4. 1001
by fine or imprisonment of not more than five (8} years, or hath.

WARNING:

Petitionerfapplicant is cautionsd to aveld submitiing personal information in documents filed in a patent spplication that may
contribute to identity theft. Personal information such as social security numbers, bank ascount numbers, or oredit card numbers
{other than a chack or credit card authorizalion form PTO-2038 submitted for payment purposes) is never required by the USPTC
o suppart a pelition or an application. f this type of personal information is included in documents submilted o the USPTR,
 petioners/applicants should considar redacting such personal information from the documants before submitting them 1o e
USPTO. Patitonar/applicant is advised thai the recond of & patent application is available o the public ater publication of the
application {urdess a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
palent. Furthermore, the record from an abandoned appiication may also be available to the publiz if the applicstion is
rgferenced in 3 published application or an issuad patent {sse 37 OFR 1.14). Chacks and cradit card authorization forms
PT0O-2038 submitted for payment purposes are not retainad in the spplication fle and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor

Kathryn Pesce Dats (Optionaly . 1912018

)
S S

SRR

Signature: | S8

MNote: An application data sheet (PTG/SB/14 or equivalent}, including naming the entire Inventive eniity, must accompany this form of must have
been praviousty filed. Use an additional FTO/AINGT Torm for 2ach additions! inventor,

This collsetion of infsmmation is required by 38 U.S.C. 115 and 37 CFR 1.63. The information is required o oitain or retain 8 banefit by the pubiic which is o fite {and
by the USPTO to process) an epplivetion. Confidentislity is governad by 35 UB.C, 127 and 37 OFR 1,11 and 1.94. This collection is sstimated o ke 1 minuts o
compiate, including gathering. preparing, and submitting the completed apptication form to the USPTO, Time will vary depending upon the individual case. Any
comments on the amount of time you require o cormplete this form andior suggestions for reducing this burden, shouwld be sant to the Chief information Officer, U.5.
Patent and Trademark Cifice, U.8. Depariment of Commerce, 2.0, Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORME TO
THIS ADDRESS, SEKD T4 Commissioner for Patents, .0, Box 1450, Alexandria, VA 22313-1458.

¥ wors nesd assistance in completing the form, call 1-800-PTO-R188 and sefect option 2.
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Undar the Paperwork Reduction Act of 1898, no persens are required to respond tu a miiec&mﬂ of information uniess it di splay* & velid ows contrel rrmber.

4 DECLARATION (37 CFR 183} FOR U?’ELSTY QR DESIGN APPLE&ATEGN LUSING AN N
APPLICATION DATA SHEET (37 CFR 1.78}
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Optimized truss foundations, adapiers for oplimized truss foundations, and refated systems and methods

'¢
e ternrii

Tithe of §
invention %
i

As the below named invenior, | heraby declars that:

This declaration &8 (ot
ot o W The aftached spplication, or

D United States application or PCT international spplication ramber o o

filed on

The above-identified application was made or suthorized 1o be made by me.

i believe that | am the original inventor or an ariginal joint inventor of & dlaimed invention in the application.

{ hereby acknowledgs that any willful false statement made in this dedlaration is punishabie under 18 UL.8.C. 1004
by fine or imprisonment of not mors than fve (8) years, or both.

WARNING:

Pglifioner/appiicant is caulioned {o avoid submitling personal information in dosuments filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank aocount numbers, or credit card numbers
 {other than a check or oredit card suthorization form PTO-2038 submitied for payment purposes) is never required by the USPTO
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OPTIMIZED TRUSS FOUNDATIONS, ADAPTERS FOR OPTIMIZED TRUSS FOUNDATIONS, AND
RELATED SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPICATIONS

[0001] This claims priority to U.S. provisional patent application no. 62/727,456 filed on
September 5, 2018, titled “FOUNDATION PIERS FOR AXIAL SOLAR ARRAYS AND RELATED
SYSTEMS AND METHODS,” no. 62/745,188 filed on October 12, 2018, titled “OPTIMIZED
A-FRAME FOUNDATIONS FOR AXIAL SOLAR ARRAYS AND RELATED SYSTEMS AND
METHODS,” no. 62/777,690, filed December 10, 2018, titled “FORCE OPTIMIZED A-
FRAME-TO-MONOPILE ADAPTER FOR SINGLE AXIS TRACKER,” and no. 62/796,020, filed
January 23, 2019, titled “PILE CAPS, ADAPTERS AND BEARING HOUSING ASSEMBLIES
FOR A-FRAME FOUNDATIONS,” the disclosures of which are hereby incorporated by

reference in their entirety.
BACKGROUND

[0002] Solar energy is one of Earth’s largest potential sources of energy. Above the
atmosphere, solar irradiance per unit area is 1.361 kilowatts per square meter. At sea
level, the usable energy density is reduced to 250 watts per square meter. Using a two-
dimensional model to approximate the Earth, 250 watts/square meter*n*6,371,000
meters? yields about 32,000 terra (trillion) watts of energy that continuously strikes
Earth’s surface. Assuming the sun continues to burn and emit photons for a billion more
years, the survival of human life ultimately depends on harnessing this essentially
unlimited, source of clean energy.

[0003] The main impediment to widescale solar adoption thus far has been cost. Unlike
other energy sources, solar energy costs are frontloaded while the operating costs are
comparatively low. Fossil fuel-based energy sources require up-front costs as well as
pay-as-you-go costs from consuming fuel. Unfortunately, not all the ongoing costs are
reflected in the price of energy generated from fossil-fuel sources. These “dirty” energy

sources have significant external costs stemming from COzemissions that, in the
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absence of a carbon tax, are not reflected in the cost. In addition to this cost advantage,
entrenched utilities and fossil fuel producers have lobbied effectively to stymie the
progress of solar, even in states with the greatest solar potential.

[0004] Notwithstanding these headwinds, the cost of solar has now dropped low
enough that even when coupled with energy storage, solar power it is equivalent to or
less expensive than power generated from coal, cil and even natural gas. In the context
of the electricity market, the relative cost difference between competing sources is
guantified in terms of the cost per unit, typically a kilowatt hour (kWh). Large scale
solar arrays, so called “utility-scale” arrays, may have tens to hundreds of megawatts of
power generating capacity, putting them an the same scale as small coal and natural
gas-fueled power plants. These arrays generate power that is fed into the grid and sold
at wholesale prices on the order of a few cents per kWh.

[0005] The development of utility-scale solar projects is typically funded against power
purchase agreements (PPAs). With a PPA, an off-taker (e.g., utility, grid operator, etc.)
agrees to purchase all the power generated by the system at a fixed rate for the
operational life of the array (e.g., 30 years). This enables a bank or other investor to
accurately value the future revenue stream and to loan money against it to finance
construction of the array.

[0006] Utility-scale solar power plants are predominantly configured as fixed-tilt ground
mounted arrays or single-axis trackers. Fixed-tilt arrays are arranged in East-West
oriented rows of panels tilted South at an angle dictated by the latitude of the array site
—the further away from the equator, the steeper the tilt angle. By contrast, single-axis
trackers are installed in North-South rows with the solar panels attached to a rotating
axis called a torque tube that move the panels from an East-facing orientation to a
West-facing orientation throughout the course of each day, following the sun’s
progression through the sky. For purposes of this disclosure, both fixed-tilt and single-
axis trackers are referred to collectively as axial solar arrays.

[0007] Excluding land acquisitions costs, overall costs for utility-scale arrays include site

preparation (road building, leveling, grid and water connections etc.), foundations,
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tracker or fixed-tilt hardware, solar panels, inverters and electrical connections (conduit,
wiring, trenching, grid interface, etc.). Many of these have come down in price over the
past few years due to ongoing innovation and economies of scale, however, one area
that has been largely ignored is foundations. Foundations provide a uniform structural
interface that couples the system to the ground. When installing a conventional single-
axis tracker, after the site has been prepared, plumb monopiles are usually driven into
the ground at regular intervals dictated by the tracker manufacturer and site plan; the
tracker system components are subsequently attached to the head of those piles. Most
often, the monopiles used to support the tracker have an H-shaped profile, but they
may also be C-shaped or even box-shaped. In conventional, large-scale single-axis
tracker arrays, the procurement and construction of the foundations may represent up
to 5-10 percent of the total system cost. Despite this relatively small share of the total
cost, any savings in steel and labor associated with foundations will amount to a
significant amount of money over a large portfolio of solar projects. Also, tracker
development deals are often locked-in a year or more before the installation costs are
actually incurred, so any post-deal foundation savings that can be realized will be on top
of the profits already factored into calculations that supported the construction of the
project.

[0008] One reason monopiles continue to dominate the market for single-axis tracker
foundations is simplicity. It is relatively easy to drive monopiles into the ground along a
straight line with existing technology even through their design is inherently wasteful.
The physics of a monopile mandates that it be oversized because single structural
members are not good at resisting bending forces. When used to support a single-axis
tracker, the largest forces on the foundation are not from the weight of the
components, but rather the combined lateral force of wind striking the solar panels.
This lateral force gets translated into the foundation as a bending moment. The
magnitude of the bending moment is much greater than the static loading attributable
to the weight of the panels and tracker components. It acts like a lever arm trying to

bend the pile, and the longer the lever arm, the greater the magnitude of the force.
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Many tracker companies specify a minimum foundation height of 40-inches or more.
Therefore, in the context of single-axis trackers, monopile foundations must be
oversized and driven deeply into the ground to withstand lateral loads.

[0009] One proposed alternative to monopile foundations is to use a pair of steeply
angled legs to form an A-frame or truss-like foundation. An A-frame has the advantage
of potentially converting lateral loads due to wind impinging on the array into axial
forces of tension and compression in the legs, however, not all A-frame foundations will
perform the same. The point at which lateral loads are translated into the legs of the A-
frame will dictate how these forces are distributed and whether a bending moment is
introduced. Also, the angle of the legs of the A-frame with respect to horizontal has a
non-linear effect on the magnitude of tensile and compressive forces. Therefore, itis an
object of various embodiments of this disclosure to provide A-frame foundations for
single-axis trackers that ideally prevent the introduction of a moment into the truss leg

and that limit and ideally minimize the magnitude of the tensile and compressive forces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0001] FIG. 1 Ais a perspective view of a portion of a conventional single-axis tracker
supported by multiple monopile foundations;

[0002] FIG. 1B is a force diagram showing the effect of lateral loads on the single-axis
tracker of Figure 1A;

[0003] FIGS. 2A — 2D show various commercially available bearing assemblies used with
single-axis trackers supported by monopile foundations;

[0004] FIG. 3A is a perspective view of a portion of a single-axis tracker supported by
multiple A-frame-shaped truss foundations according to various embodiments of the
invention;

[0005] FIG. 3B is an end view of one the A-framed truss foundations shown in FIG. 3A;

[0006] FIG. 3C is partial end view of one of the A-framed truss foundations shown in

FIGS. 3A and B, showing the work point of the A-frame relative to the truss legs;
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[0007] FIG. 4A is a force diagram showing a lateral load applied at different points on an
A-frame-shaped truss foundation;

[0008] FIG. 4B is a force diagram showing the effect of a lateral load applied at the work
point of an A-frame-shaped truss foundation;

[0009] FIG. 4C is a force diagram showing the effect of a lateral load applied below the
work point of an A-frame-shaped truss foundation;

[0010] FIG. 4D is a force diagram showing the effect of a lateral load applied above the
work point of an A-frame-shaped truss foundation;

[0011] FIG. 5A is perspective view of an adapter for a single-axis tracker that orients
lateral loads at the work point of an A-frame-shaped truss foundation according to
various embodiments of the invention;

[0012] FIG. 5B is front view of an adapter for a single-axis tracker that orients lateral
loads at the work point of an A-frame-shaped truss foundation according to various
embodiments of the invention;

[0013] FIG. 6A is a front view of another adapter for a single-axis tracker that orients
lateral loads at the work point of an A-frame-shaped truss foundation according to
various embodiments of the invention;

[0014] FIG. 6B is a conventional bearing assembly for a single-axis tracker usable with
the adapters shown in FIGS. 5A/B and 6A;

[0015] FIG. 7A is a perspective view of a single-axis tracker supported by truss
foundations according to various embodiments of the invention;

[0016] FIG. 7B is an end view of the single-axis tracker and truss foundation of FIG. 7A;

[0017] FIG. 8A is perspective view of a universal adapter for a single-axis tracker that
orients lateral loads at the work point of an A-frame-shaped truss foundation according
to various embodiments of the invention;

[0018] FIG. 8B is an end view of the adapter shown in FIG. 8A;

[0019] FIG. 9A is a perspective view of another universal adapter for single-axis tracker
that orients lateral loads at the work point of an A-frame-shaped truss foundation

according to various embodiments of the invention;
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[0020] FIG. 9B is an end view of the adapter shown in FIG. 9A;

[0021] FIG. 10A is a perspective view of a further adapter for a bottom-up single-axis
tracker that orients lateral loads at the work point of an A-frame-shaped truss
foundation according to various embodiments of the invention;

[0022] FIG. 10B is a perspective view of a yet adapter for a top-down single-axis tracker
that orients lateral loads at the work point of an A-frame-shaped truss foundation
according to various embodiments of the invention;

[0023] FIG. 10Cis an end view of the adapter of FIG. 10A;

[0024] FIG. 10D is an end view of the adapter of FIG. 10B;

[0025] FIG. 11Ais an end view universal adapter for a single-axis tracker that orients
lateral loads at the work point of an A-frame-shaped truss foundation according to
various embodiments of the invention;

[0026] FIG. 11B is a perspective view of the universal adapter of FIG. 11A;

[0027] FIG. 11Cis an end view of a portion of a top-down single-axis tracker used with
the universal adapter of FIGS. 11A and B;

[0028] FIG. 11D is a perspective view of another top-down single-axis tracker used with
the universal adapter of FIGS. 11A and B;

[0029] FIG. 12A is a side view of a bearing housing assembly for use with an A-frame
according to various embodiments of the invention;

[0030] FIG. 12B is a front view of the bearing housing assembly of FIG. 12A;

[0031] FIG. 12C is a partial exploded view of components of the bearing housing
assembly of FIG. 12A;

[0032] FIG. 12D is a front view of the bearing housing assembly of FIG. 12A with a truss
foundation aligning the axis of rotation with the truss work point according to various
embodiments of the invention;

[0033] FIG. 12E is an end view of a portion of a top-down single-axis tracker using the
bearing housing assembly of FIG. 12A and truss foundation according to various

embodiments of the invention; and
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[0034] FIG. 13 is an end view of a bearing adapter according to various exemplary

embodiments of the invention.

DETAILED DESCRIPTION

[0035] The following description is intended to convey a thorough understanding of the
embodiments described by providing a number of specific embodiments and details
involving A-frame foundations used to support single-axis solar 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 purpose.

[0036] As discussed in the background, when a single-axis tracker is supported by
monopile foundations, lateral loads induced by wind striking the array generate large
bending moments that must be resisted by the foundation. Figure 1A shows a portion
of single-axis tracker 100 supported by alighed monopile foundations 110. Tracker 100
in this figure consists of solar panels 140, attached to torque tube 130 via panel brackets
135. Torque tube 130 is captured within multiple aligned bearing assemblies 120 that
are each attached atop respective monopiles 110. Monopiles 110 shown here are H-
piles although other types, including C-channel and boxed profile, may be used. Though
not shown in the figure, one pile will also typically support a drive motor or gear
assembly that drives torque tube 130. Also, electrical interconnections between the
solar panels 140 have been intentionally omitted. In real world conditions, adjacent
panels 140 would be connected serially to form high voltage direct current (DC) strings
that are fed into one or more combiner boxes and/or inverters.

[0037] Single-axis tracker 100 is a typical bottom-up design where the bearing assembly
120 sits on top of pile 110 and torque tube 130 rotates within circular bearing 120 about
its own axis. As shown and discussed in greater detail herein, other tracker systems
employ a top-down design where the torque tube hangs from a bearing pin in a bearing

housing so that the torque tube can sweep through a range of angles like a pendulum.
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One such top-down tracker is disclosed, for example, in U.S. Patent No. 10,222,446,
hereby incorporated by reference in its entirety. In such systems, the drive motor is
offset so that the tracker’s axis of rotation offset from the portion of the torque tube
driven by the motor. The various embodiments of the invention are compatible with
bottom-up as well as top-down single-axis trackers.

[0038] Figure 1B is a force diagram showing the effect of lateral loads on a single-axis
tracker that is supported by monopile foundations. Lateral load F imparts a bending
moment M on each foundation. The point of application of this force is the point where
the axis of rotation, in this case, the torque tube, is attached to the pile (e.g., at the
bearing assembly). The magnitude of the resulting moment M is equivalent to the
magnitude of force Fi. multiplied by the height H above the point where the foundation
is pinned to the ground. If the pile extends four feet above ground, as is common in the
industry, and the lateral load is equivalent to 2,500 pounds, the resultant moment M =
2500x4 or 10,000 Ib./ft. Therefore, to achieve the necessary structural rating, the piles
used to support the array must be rated to resist such a moment and be driven deep
enough to remain pinned when subjected to such a moment. This requires the use of a
strong monopile, such as the commonly used W6xS or Wex12 H-pile, which have a six-
inch flange and nine or twelve pounds of steel respectively per linear foot, with as much
as five to seven feet of below-ground embedment.

[0039] Figure 2A shows a portion of a generic single-axis tracker. The portion shown in
the figure includes the torque tube-to-bearing-to-pile connection representative of one
of many different single-axis tracker systems available today. In this example, the
tracker is supported by plumb H-pile 110. Bearing assembly 120 is attached directly to
the web of pile 110 with two bolts so that the bearing extends above the pile. For ease
of illustration, only a single pile is shown in the Figure. In a complete system, several H-
piles would be driven along a North-South oriented row at the locations specified by the
tracker maker and/or in the site plan. The top end of each pile 110 may have a series of
holes or slots pre-drilled in the web or flanges to enable the bearing assembly to be

attached with conventional bolts, rivets or other suitable mechanical fasteners. As used
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herein, the term “bearing assembly” is used generically to refer to a bearing or bearing
assembly or other device that provides a cylindrical bearing to receive a rotating
member. The rotating member may be a torque tube, or, in other cases, a bearing pin
from which the torque tube is suspended.

[0040] Figure. 2B shows another bearing assembly for a bottom-up single-axis tracker.
This assembly consists of pile cap 121 and bearing 122, in this case a portion of the
DURATRACK HZ single-axis tracker from ARRAY TECHNOLOGIES, INC. of Albuquerque,
NM. Pile cap 121 and bearing 122 are referred to collectively as the bearing assembly.
The assembly is dimensioned to fit over a standard wide-flange H-pile, such as a W6x9
or W6x12, both of which have a web depth of approximately six inches. The assembly
may come preassembled as one piece so that installers need only bolt the pile cap 121
to the pre-drilled holes in the flanges to complete the installation. Alternatively, these
elements 121, 122 may be joined on-site so that the position of bearing 122 can be
adjusted in the East-West plane as well as vertically to align bearing 122 with the other
bearings in the same row.

[0041] Figure. 2C, shows another bearing assembly 123 for a top-down tracker. This
tracker was originally manufactured and sold by NEXTRACKER of Fremont, CA under the
trade name NX Series. Like the pile of Figures 2A and B, pile 110 shown here is a
conventional W6bx9 or 6x12 H-pile, however, unlike the trackers shown in 2A and 2B,
NEXTRACKER’s single-axis tracker is a top-down design that purports to be mechanically
balanced. The axis of rotation and drive motor are offset from the main axis of the
torque tube so that there is no overturning moment to the system regardless of the
orientation of the panels (e.g., East to West). According to the manufacturer, this
feature lowers the amount of torque required to rotate the torque tube. In the system,
this is accomplished is by hanging torque tube 130 from torque tube clamp support 124
via tube clamp sections 131A/B suspended from bearing pin 125. Rather than rotating
about its own axis, torque tube 130 swings through an arc about bearing pin 125 as the
tracker moves from East to West. This requires additional clearance in the East and

West directions which, in this system, is provided by clamp support 124. Clamp support
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124 shown here attaches to the web of H-pile 110 with a vertical mounting portion
analogous to generic bearing assembly 120 Figure 2A. Ends of bearing pin 125 are
received within respective recesses formed in two-piece torque tube clamp 131A/B in
the figure. The portions of torque tube clamp 131A/B that engage torque tube 130 are
curved to match the curved outside geometry of the tube and are secured to the tube
via bolts passing through pre-drilled holes in the clamp sections and in the tube. As the
drive motor applies torque to tube, the tube and clamp assembly swing about bearing
pin 125 within the space defined by clamp support 124.

[0042] Figure 2D, shows a newer version of a portion of the NEXTRACKER NX series
tracker. This version replaces the assembly of 2C with U-shaped torque tube clamp
support 126 that rests atop right-angle brackets 127. Right-angle brackets 127 are
bolted to the outer surface of the pile flanges at the head of pile 110 via pre-drilled
holes in each flange. Brackets 127 extend the width of pile 110 and provide a
horizontal, planar support surface for the feet of torque tube clamp support 126 to rest
on. Asshown, each foot has a bolt projecting out of it that passes through the
horizontal surface of a respective one of brackets 127 to secure support 126 to pile
110. The tubular legs of support 126 project upward away from the feet and curve 90-
degrees towards one another, defining an upside-down U shape. A bearing is located at
the center of clamp support 126 that receives bearing pin 128. Respective halves of
torque tube clamp assembly 131A/B rotate engage bearing pin 128 to enable the torque
tube to swing through an arc. In the NEXTRACKER system, U-bolts are also fitted around
torque tube 130 to clamp module brackets 135 to the tube. The edge of two adjacent
PV modules 140 are attached to each module bracket 135 to secure them to tube 130.
Although each of the tracker systems and bearing assemblies shown in Figures 2A-2D
assumes a plumb, monopile foundation, nothing in the design of these systems requires
such a foundation.

[0043] The inventors and applicant of this disclosure have proposed an alternative to
plumb monopile foundations that aims to significantly reduce the total amount of steel

required to support single-axis trackers and other axial solar arrays. This alternative
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foundation system, referred to commercially as EARTHTRUSS™, consists of a pair of
moderately sloped legs configured as an A-frame or truss that extend above and below
ground and are joined at the apex with an adapter, bearing assembly, or other torque
tube support element. The legs are substantially aligned on the torque tube rather than
offset from one another in the axis of the torque tube. Put differently, an imaginary line
through their respective centers of mass intersects at a point that overlaps with the
tracker’s axis of rotation. The truss architecture offers several advantages over
conventional monopiles foundations. First, if properly designed, the A-frame will
translate lateral loads into axial forces of tension and compression in the legs rather
than bending. Individual structural members are poor at resisting bending but relatively
good at resisting axial forces. The A-frame or truss directs lateral loads along the axis of
the legs where it is best applied. Therefore, the size and gauge of the steel that makes
up the legs may be much smaller than an equivalent monopile. Also, without needing to
resist bending, the legs do not need to be driven as deep as conventional monopiles.
This saves steel but also reduces the likelihood of encountering a refusal. A refusal
occurs when additional impacts of a pile driver fail to result in additional embedment of
the pile. Usually, this is the result of striking rock or cementious soil and requires an
expensive, labor-intensive mitigation process. The shallower piles are driven, the less
likely it is that they will encounter rock or cementious soil.

[0044] Turning now to Figure 3A, this figure shows a single-axis tracker system 200 and
truss foundation according to various exemplary embodiments of the invention. The
single-axis tracker shown here is like that of Figure 1A but is supported by aligned truss
or A-frame-shaped foundations 200 rather than monopiles. Each truss foundation 200
consists of a pair of adjacent legs 210 extending below and above ground at angles to
one another so that they are substantially symmetric with respect to the torque tube.
Legs 210 may be beaten into the ground with a pile driver, rotated into the ground with
a rotary driver, pushed into the ground, or otherwise driven. Also, they may consist of a
single member or multiple interconnected members defining a common axis. Truss

foundations 200 are installed along a North-South row at regular intervals specified by
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the tracker maker. Free, above-ground ends of each leg 210 are joined with an adapter
such as adapter 220 and bearing assembly 230 sits atop the adapter. Torque tube 130
passes through the bearing of each bearing assembly 230.

[0045] Figure 3B is an end-view of the tracker of 3A showing the geometry of legs 210
and 3C shows the impact of lateral loads on the legs. An imaginary line has been drawn
through the center of mass of each truss leg 210 in 3B to show their point of
intersection. In Figure 3C, the apex hardware (e.g., torque tube, panels, etc.) has been
removed to provide greater detail. The foundation has been designed so that the
tracker’s axis of rotation — in the case of Figures 3A and B, the torque tube’s main axis —
is precisely aligned with the work point of the A-frame.

[0046] The primary failure mode of an A-frame foundation is buckling. For a given leg,
the propensity to buckle will be impacted by the angle that the leg is oriented at with
respect to horizontal and the location of the axis of rotation with respect to the A-
frame’s work point. Regarding the former, moderately sloped A-frames (e.g., legs
sloped less than £72.5-degrees with respect to horizontal) experience much lower
forces of tension and compression than steeper sloped ones for a given lateral
load. This stems from the fact that the lateral load translates into tensile and
compressive forces at the rate of 1/(2*cos(8)) where 8 is the angle of the A-frame legs.
The preferred range of leg angles with respect to horizontal is between 55 degree and
just below 72.5 degrees, ideally at or below 65 degrees. A 2,500-pound lateral load will
get translated into forces of tension and compression in the legs of 2,500 pounds each
at 60-degrees, 2957 pounds at 65-degrees, and 4156 at 72.5-degrees. At 75-degrees
this force jumps up to 4,829 pounds and continues increasing exponentially toward
infinity as the leg angle approaches 90-degrees, therefore moderate angles below 72.5
degrees are preferred. Due to the difficulty in measuring truss leg angles, and the
possibility that the legs will be oriented at different angles, a better measure if the angle
of separate of the legs at the apex set by the adapter. The preferred leg angles

correspond to preferred apex angles above 35-degrees.
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[0047] Regarding alignment with the work point, every A-frame or truss has an ideal
point for resisting lateral loads that keeps it in pure tension and compression as
opposed to a combination of that and bending. That ideal point is the intersection of an
imaginary line extending through the center of mass of each leg referred to herein as
the work point. For a given leg angle and/or top angle and required depth of
embedment, the work point will be known. Therefore, the portion of the A-frame legs
extending into the ground must be driven with the work point in mind so that each leg
points at the work point. If so, a line extending through each leg’s center of mass will
extend to a common above-ground intersection point or three-dimensional area in free
space that should overlap with the rotational axis of the tracker. In the case of a
bottom-up tracker where the torque tube rotates about its own axis, the torque tube
should pass through the work point for each A-frame or truss foundation supporting it.
In the case of a top-down tracker, the axis of the bearing pin about which the torque
tube rotates should pass through work point.

[0048] With continued reference to Figures 3B and C, these figures show one A-frame-
shaped truss foundation 200 according to various embodiments of the invention. Truss
foundation 200 consists of legs 210 formed from screw anchors 211 coupled to
respective upper legs 212. Screw anchors 211 shown here include a thread form
beginning at their below-ground end and extending along the anchor’s shaft. They are
rotated into the ground angled towards one another with a rotary driver.

[0049] In this exemplary system, an upper leg is attached to the top end of each screw
ancho. In other embodiments, screw anchor 211 and upper leg 212 may be
consolidated into a single structural member. As shown, upper legs 212 extend along
the same axis as their respective screw anchors 211 (i.e., are oriented at substantially
the same angle), projecting upward along that axis in free space. Screw anchors 211
and upper legs 212 may be coupled to one another using a separate coupler, set screws,
rivets, bolts, by nesting one within the other, by reciprocal male/female features formed
into both or, by some combination of these techniques. After screw anchors 211 and

upper legs 212 are joined, an adapter, saddle or other structure 215 is attached to the
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free ends to complete A-frame-shaped truss foundation 200 and to provide a platform
for attaching torque tube support components.

[0050] If the piles are driven at substantially the same angle (e.g., 60-degrees), they
will point at an imaginary intersection point in free space. Imaginary lines extending
through the center of mass of each leg, in this case the middle of each, shown as dotted
lines in Figure 3B, intersect at the work point of the A-frame. The location of the work
point relative to the ground will vary with truss leg angle 6/top angle a as well as with
the spacing between the legs at the point where they are driven into the ground. The
steeper the leg angle/smaller the top angle, or further apart the screw anchors are
when driven into the ground, the higher the work point will be.

[0051] It is important to appreciate that in a single-axis tracker, forces are translated to
the foundation via the rotational axis of the system (i.e., the point that the rotating
parts rotate about or within). In most single-axis tracker systems, where a torque tube
is captured within a circular bearing, the torque tube itself defines the axis of rotation.
Lateral forces are transferred to the foundation directly via the bearing assembly
surrounding the tube. However, as discussed in the context of Figures 2C and D, in the
NEXTRACKER single-axis tracker, the torque tube is offset from the axis of rotation. The
tube is attached to a tube clamp that hangs from a hinge point formed in a torque tube
clamp support. As a result, the axis of rotation is about the axis of the hinge, not the
tube itself. Regardless of which style of single-axis tracker that is supported, when
supported by an A-frame-shaped truss, the axis about which rotation occurs should
ideally pass through the work point. Otherwise, some bending will be introduced in
response to lateral loads, requiring that the truss legs must be made stronger. Using
more metal to construct the legs is antithetical to the goal of reducing steel and negates
some of the benefits of a truss relative to monopiles. Because this problem is unique to
A-frame foundations, it is not one that tracker makers have needed to design for,
however, even those who have proposed A-frame foundations for single-axis trackers
have failed to recognize the significance of the work point in reducing and ideally

eliminating moments.
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[0052] Figures 4A is a diagram showing three different forces impingent on A-frame-
shaped truss 200 and Figures B-D are force diagrams illustrating the effect of these
respective lateral loads. Figure 4A shows lateral loads labeled as F1, F», and F3 applied at
different points to truss 200. Force Fi is applied precisely at the work point, while force
F, is applied below it and force F3 is applied above. As discussed herein, lateral loads are
translated into the truss legs via the tracker’s axis of rotation. When the axis is aligned
with the work point, as shown in 4B, the load is perfectly translated into tension in the
windward leg and compression in the leeward leg. This may cause some deflection at
the apex or work point but will not tend to buckle the truss. Rather, the failure mode
will be pulling out the windward leg and further burying the leeward one against the
forces of skin friction and any orthogonal surface area to the screw anchor resisting
these forces.

[0053] By contrast, Figures 4C and 4D illustrate the failure modes when the axis of
rotation is offset from the work point. In 4C, the axis is positioned below the work
point. This makes the windward leg vulnerable to deforming inward in response. To
compensate, the windward leg must be reinforced (e.g., larger diameter, more steel,
etc.). Similarly, in the 4D, the axis of rotation is above the work point. In this case, the
lateral load imparts a moment that tends to buckle the leeward leg. To prevent this, the
leeward leg must be reinforced. In recognition of this, and to minimize material usage,
various embodiments of the invention provide a truss or A-frame foundation for single
axis trackers that supports the torque tube so that its rotational axis is aligned with, or
can be adjusted to align, with the work point of the A-frame.

[0054] The remainder of the disclosure is directed to various exemplary embodiments
of adapters, torque tube support elements and bearing assemblies that are used to
accomplish alignment of the rotational axis of a single-axis tracker with the work point
of the truss foundation. Beginning with Figures 5A and B, these figures are perspective
and front views respectively of universal adapter 300 according to various exemplary
embodiments of the invention. Element 300 is referred to generally as an adapter

because it joins the legs of an A-frame or truss foundation system while providing a
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mechanical interface to the tracker that matches the H-pile flange and web upper
geometry most single-axis trackers are designed to attach to. Consequently, adapter
300 according to Figures 5A and B may be useable with any of the prior art tracker
systems shown in Figures 2A-D and even other single-axis tracker systems not shown in
the disclosure. The main body of adapter 300 is shown as a having an H-pile section
(e.g., W6x9) with opposing flanges 310 interconnected by web 320. Mounting holes
312,322, and 323 are formed in flanges 310 and web 320 respectively. Connecting
portions 330 project down and out of each flange 310 on either side. In various
embodiments, coupling portions 330 project downward symmetrically at angles B to
one another (e.g., +20 degrees and — 20 degrees) with respect to vertical, which in this
figure is the outer surface of each flange 310. In other words, the angle between
connecting portions 330 is 2*B. In various embodiments, the angles B of coupling
portions 330 may be within a range of more than £17.5 up to £35-degrees with respect
to vertical to match the truss angle of the legs of the A-frame. Alternatively, the angle
between connecting portions may be more than 35-degrees up to 70-degrees. For
example, if the legs are oriented at £60-degrees with respect to horizontal or level
grade, connecting portions 330 will extend down at an angle B of £30-degrees with
respect to vertical flanges 310 meaning that the angle between connecting portions 330
is 60-degrees. In various embodiments, for a given connecting portion angle B, the legs
of the A-frame may be angled with respect to horizontal at an angle equivalent to +90
degrees minus f so that the receiver and extension piles extend along substantially the
same axis.

[0055] As shown, exemplary adapter 300 of FIGS. 5A and B has three separate sets of
attachment features for attaching torque tube support elements. The first is formed as
vertical slots 323 bisecting the web, the second, shown as distributed holes 312 in each
flange, and the third, also formed in the web, as holes 322 straddling set 323. It should
be appreciated that this configuration is exemplary only and that in various
embodiments, each set of features may consist of vertical slots, horizontal slots, or holes

and that fewer, more or combinations of these features may be used. The unifying
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concept of these potential variations is that adapter 300 completes the A-frame while
providing multiple sets of attachment features to accommodate different tracker
systems that so that the truss legs point at the work point and that the rotational axis
also passes through this work point.

[0056] Figure 5B is a front view of adapter 300. Dotted lines drawn parallel to the outer
surface of each upper leg 212 show the location of the work point relative to upper legs
212. Attachment features 312, 322, 323 enable the height of the bearing assembly or
other torque tube support element to be adjusted until the axis of rotation is aligned
with the work point. As discussed herein, this is important to keep the truss in tension
and compression while minimizing and ideally eliminating any bending moment.

[0057] It should be appreciated that when installing an adapter such as adapter 300 in
Figures 5A/B, a laser level and jig may be used to insure that the height of the adapter
with respect to the ground will orient the rotational axis of the intended bearing
assembly with the work point. The jig may include a laser target and extend above the
adapter a distance that matches the geometry of the rotational axis of the intended
bearing assembly so that when a tracker installation crew begins the post-foundation
installation, their bearing assembly or torque tube support elements will already be
elevated to the appropriate height. ldeally, only horizontal adjustments will be
necessary because the rotational axis will already be centered at the work point height.
When the laser indicates that the jig is on target, the connection between the upper legs
and the adapter may be locked in place by crimping, set screws, bolts, sleeves or other
suitable fastening mechanism or their functional equivalents.

[0058] Adapter 300 shown in Figures 5A/B is shown as being formed like an H-pile with
welded on features such as coupling portions 330, and therefore requires a hot roll-
forming process. Roll-forming processes requires a great deal of energy to get the metal
hot enough to enable it to be worked from a bar to a beam under the pressure of the
rollers. It should be appreciated that other designs may be used to accomplish the same
geometry. For example, in some cases, it may be desirable to achieve the benefits of

adapter 300 of Figures 5A/B with an adapter made through a less energy intensive
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manufacturing process. To that end, Figure 6A shows an adapter that is manufactured
from stamping or a combination of stamping and welding rather than hot roll-forming.

[0059] Adapter 400 of Figure 6A is shown as substantially planar trapezoidal body 410
with angled side portions 415 configured as symmetric half-tube sections angled at
reciprocal angles (e.g., 230-degrees) with respect to vertical. In some embodiments,
angled side portions 415 may be stamped in the same piece of sheet metal as
trapezoidal body 410. In other embodiments, side portions 415 may be welded to
respective left/right edges of trapezoidal body 410. In various embodiments, side
portions 415 may be oriented at angles in a range of greater than £17.5 degrees up to
35-degrees with respect to vertical to match the chosen angle of the truss legs. Put
otherwise, side portions 415 may separate the truss legs so that they are angled apart
from one another by more than 35-degrees up to 70-degrees.

[0060] As shown, trapezoidal body 410 is configured as a web with attachment holes for
attaching a torque tube bearing or, as in this case, adjustable mounting plate 420.
Mounting plate 420 replicates the geometry of an H-pile web but also extends main
body 410 in the vertical direction, allowing the height of any bearing assembly attached
to it be vertically adjusted to align the axis of rotation of that assembly with the work
point of the A-frame. In other embodiments, the bearing assembly or torque tube
support element may be attached directly to trapezoidal member 410 without
adjustable mounting plate 420. In various embodiments, the free end of each truss leg
will fit in half tube sections 415. Tubular caps 416 may be bolted through the legs with
bolts 417, completing the truss. Caps 416 in Figure 6A are shown as having through-
holes for passing fasteners through each upper leg 212, however, it should be
appreciated that in other embodiments the tubular caps may include flat flanges
extending beyond either side of the curved portions that engage with a matching flange
in the curved side portions 415 and/or in trapezoidal body 410 to receive mechanical
fasteners holding them together. This may eliminate the need to form holes in the

above ground ends of the extension piles.
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[0061] Figure 6B is a generic web-mounted bearing assembly 450 such as that shown in
FIG. 2A. The assembly consists of mounting flange 455, a planar support piece with
multiple mounting holes, bearing base 460 providing a lower half of the bearing, and
bearing cap 465. Torque tube 480 shown here has a boxed cross section and includes
rounded bearing insert 470 that mates with the inner surface of bearing cap 465 and
bearing base 460. In various embodiments, generic bearing assembly 450 shown in
Figure 6B may be attached directly to trapezoidal portion 410 of adapter 400 rather
than mounting plate 420. The holes formed in mounting flange 455 may allow the
height and East-West (left-right) orientation of bearing assembly 450 to be adjusted
with respect to adapter 400 to align the axis of rotation with the work point.

[0062] Turning now to Figures 7A/B, these figures show perspective and end views of a
top-down single-axis tracker and bearing adapter 500 for such a tracker that aligns the
tracker’s axis of rotation with the truss or A-frame work point. Bearing adapter 500
shown here is designed interface an A-framed-shaped truss foundation with a
mechanically balanced tracker system such as that available from NEXTRACKER or other
tracker makers. The term “bearing adapter,” as used herein, refers to structures that
combine the functions of an adapter — joining the ends of the legs to complete the A-
frame so that the legs are aligned with respect to the rotational axis —and a bearing —
rotatably receiving a rotating member. Bearing adapter 500 of Figures 7A/B joins the
free ends of each truss leg, providing a support for hanging the torque tube, and
aligning the truss legs with the rotational axis of the torque tube by separating them so
that they each point at the work point. In various embodiments, the legs are separated
by and angle of more than 35-degrees up to 70-degrees to reduce the magnitude of
axial forces generated by lateral loads on the tracker. As discussed in the context of
FIGS. 2C and D, in a top-down, mechanically balanced system, the torque tube clamp
sections holding the torque tube rotate about a bearing pin passing through a clamp
support. This causes the torque tube to sweep through an arc as it moves from an East-
facing orientation to a West-facing orientation rather than simply rotating about its own

axis. Bearing adapter 500 provides the functionality of conventional torque tube clamp
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supports (e.g., elements 124/126 in Figures 2C/2D) but in a form factor optimized for
truss foundations.

[0063] Starting below ground, foundation 200 consists of legs 210 each formed from
screw anchors 211 and upper legs 212. Screw anchors 211 have been rotated into the
underlying soil angled toward one another, in this example at = 68-degrees with respect
to horizontal. In various embodiments, each screw anchor 211 has an external thread
form beginning at the below-ground end to assist with driving and to resist axial forces.
The thread form may be uniformly wide or may have a tapered lead-in. Upperleg 212 is
axially coupled to the above-ground end of each screw anchor 211 to form a partial A-
frame using one of the various joining methods discussed herein. The open ends of
tubular bearing adapter 500 are coupled to respective free ends of each upper leg 212
to complete the A-frame. In various embodiments, a crimp collar or other suitable
device may be used to join the second end of adapter 500 with the second leg after the
first end has been mated with the first upper leg.

[0064] Adapter 500 is a tubular structure with a bridge portion 510 with cylindrical
bearing 520 passing through its approximate middle. Symmetric arms 508 join bridge
portion 510 to connecting portions 505. Hinge and clamp assembly 131A/B holding
torque tube 130 is supported by bearing 520 via bearing pin 521. Clamp assembly
131A/B holds torque tube 130 in place so that it can rotate about bearing pin 521. In
addition, in this system a pair of U-bolts straddle the torque tube to pin the module
support bracket to torque tube 130. Photovoltaic modules, otherwise known as solar
panels, are then attached along the torque tube 130 to each module support bracket,
with each bracket joining the edges of two adjacent modules. In various embodiments,
bearing adapter 500 is designed to work with truss legs that have been driven at specific
angles so that bearing pin 521 at the top of adapter 500 will be precisely located at the
work point of the A-frame, although in various embodiments, the coupling between
bearing adapter 500 and upper legs 212 may allow for some relative height and angular
adjustment. This is accomplished by angling connecting portions 505 so that a line

through their respective centers points at cylindrical bearing 520. When upper legs 212
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are attached to connecting portions 505, the legs will define respective axis substantially
pointing at the axis of rotation, in this case, bearing pin 521.

[0065] Hanging a torque tube requires clearance in the East-West direction between
the bearing and the foundation. Tubular bearing adapter 500 of Figures 7A/B
accomplishes this with symmetric arms 508. Bearing 520 at the approximate midpoint
of bridge section 510 receives bearing pin 521 from which torque tube 130 hangs. As
with the torque tube clamp support included with the NX system (e.g., seen in Figures
2B and C), bearing pin 521 passes through bearing 520 of bearing adapter 500 and the
two halves of the hinge clamp 131A/131B are attached to opposing ends of pin 521 so
that the clamp halves 131A/B straddle bearing adapter 500. The two halves 131A/B of
clamp 131 are bolted to torque tube 130 to complete the connection.

[0066] In various embodiments, installation of the adapter shown in FIGS. 7A/B may be
accomplished by attaching bearing adapter 500 and clamp and hinge assembly onto
torque tube 130 and then lifting rigged tube 130 above the row of A-frame piles with a
crane, forklift, loader or other device, so that the free end of each adjacent upper leg
212 of each foundation 200 may be inserted into respective openings of each bearing
adapter 500. Alternatively, individual torque tube sections may be laid down on the
ground between each adjacent A-frame foundations 200 before the bearing adapter
and clamp and hinge assembly are attached. The sections of torque tube may then be
lifted into place and the clamps bolted to pre-drilled holes formed on a regular schedule
along the torque tube sections so that they can be attached to their respective tubular
bearing adapters 500.

[0067] Turning now to Figures 8A and B, these figures show another universal adapter
600 according to various other embodiments of the invention. As with universal
adapter 300 shown in Figures 5A/B, adapter 600 of Figures 8A/B is configured
dimensionally to replicate an H-pile section. It is formed from flanges 610
interconnected by orthogonal six-inch web 620. Unlike bearing adapter 500 shown in
Figures 7A/B, adapter 600 of Figures 8A/B does not include any of the bearing assembly

components. Rather, those components are off-the-shelf components, such as those
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shown in Figures 24, 2C, and 2D. As shown, orthogonal web portion 620 is arranged
vertically, however, it should be appreciated that it may also have one or more
horizontal portions extending between the top of each flange 610. Connecting portions
630 project downward out of the surface of each flange 610 to couple with respective
adjacent upper legs 212. In various embodiments, connecting portions 630 are oriented
at an angle B with respect to the vertical flange surface in a range of greater than £17.5
degrees up to £35 degrees to match the angle of the corresponding upper leg 212,
which in various embodiments will be 90-B. Together, connecting portions will separate
the legs by an angle a, which is preferably in a range of more than 35-degrees up to 70-
degrees.

[0068] Coupling portions 230 may include one or more holes to receive set screws, bolts
or other mechanical fasteners to secure them to upper legs 212. Optional platform
portions 615 may sit on top of the opposing flanges 610 to provide an extended width
mounting surface, such as, for example, to replicate right angle brackets 127 shown in
Figure 2D. Triangles may be welded between these portions and corresponding flanges
610 to provide additional rigidity and prevent them from deflecting under load. In
various embodiments, platform portions 615 will allow adapter 600 to be used with
tracker systems designed to sit atop a flat support surface, or, alternatively to support a
tracker drive motor which is typically mounted on a flat mounting surface.

[0069] Figure 8B shows adapter 600 of 8A used to support torque tube clamp support
126 for a top-down tracker such as that shown in Figure 2D. As shown, torque tube
clamp support 126 rests on platform portions 615 of universal adapter 600. In the
figure, dashed lines have been drawn through the center of mass of each upper leg 212
and coupling portions 630 until they intersect to show that the dimensions of the
universal adapter orient the torque tube clamp support’s bearing with the A-frame or
truss work point. It should be appreciated that although Figure 8B shows universal
adapter 600 of 8A used with the single-axis tracker of Figure 2D, adapter 600 may be
used with various other single-axis trackers, including, but not limited to those shown in

FIGS. 2A, 2B and 2C.
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[0070] Turning to Figure 9A, this figure shows another universal adapter 700 for a
single-axis tracker according to various other embodiments of the invention. Adapter
700 is like that of Figures 8A/B but coupling portions 730 are spaced further apart and
have a bend in them. Also, mounting platforms 615 shown on adapter 600 have been
removed. It should be appreciated that in various embodiments, adapter 700 may
include mounting features such as those shown in conjunction with adapter 600.
Depending on the dimensions of the tracker components, when supporting some
trackers, there may not be enough room above the adapter to allow the axis of rotation
to be aligned with the work point because the bearing assembly, in this case, U-shaped
torque tube clamp support 126, will extend too far above the adapter to allow the axis
of rotation to be aligned with the work point. By spreading out the truss legs and
coupling portions 730 that mate with the upper legs 212, while preserving the desired
apex angle a, the work point is effectively elevated relative to the adapter, providing
more flexibility for alignment in the vertical direction.

[0071] Also, as noted herein, nearly all current single-axis tracker makers sell systems
that were designed with the assumption that they would be attached to plumb
monopiles. Therefore, to maximize market acceptance it may be preferable to
eliminate redundancy between the tracker and the foundation. For example, turning
back to adapter 600 of Figures 8A/B, when used with a current NEXTRACKER system
such as that shown in Figure 2D, platform portions 615 eliminate the need for right-
angle brackets 127. Therefore, if adapter 600 will be used to support its tracker, the
tracker maker will sell fewer components or the customer pays for a component that it
doesn’t use, neither of which are ideal. Therefore, in some cases it may be desirable to
provide a truss adapter that is completely compatible with OEM single-axis trackers
without any functional redundancy. To that end, adapter 700 of FIG. 9A is optimized to
support NEXTRACKER’s NX series tracker without any functional redundancy by
providing the attachment features that the NX system is designed to attach to on each

flange.
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[0072] Turning to Figure 9B, right-angle brackets 127 bolt to the outside surface of each
flange using predrilled holes. These brackets convert the vertical plane of flanges 710
into horizontal mounting platforms for the feet of torque tube clamp support 126. The
hinge assembly, torque tube clamp and tube are attached above adapter 700 in a
manner consistent with that discussed herein in the context of Figure 2D. It should be
appreciated that the application of universal adapter 700 in the system of 9B is
exemplary only. This adapter 700 may be used to support a variety of other tracker
systems including but not limited to the prior art systems shown in Figures 2A-B.

[0073] Turning to Figures 10A-D, collectively these figures show two variations of a
universal adapter (800/900) for aligning the axis of rotation of a single-axis tracker with
the truss work point according to further embodiments of the invention. Starting with
Figures 10A and C, adapter 800 is shown supporting a bottom-up tracker, although it
should be appreciated that by adding right angle brackets to either side, adapter 800
could also support a top-down tracker. Adapter 800 has main body portion 810 and
connecting portions 820 extending down and away from main body 810 to couple to
truss legs 210. In various embodiments, coupling portions 820 extend down to
separated legs 210 by an angle a in a range of more than 35-degrees up to 70-degrees
to limit the magnitude of the axial forces generated by lateral loads. In various
embodiments, this will orient connecting portions 820 to substantially match the angle
of legs 210. For example, if each leg is driven at angle © with respect to horizontal of
+60-degrees, then connecting portions 820 will create an apex angle a that is 180-26,
which in this case is also 60-dgrees.

[0074] In various embodiments, main body portion 810 is approximately 6-inches wide
to match the dimensions of a conventional W6x9 or W6x12 H-pile. Also, in various
embodiments, fitment between connecting portions 820 and upper legs 212 will allow
for adjustment between these structures to enable the adapter’s height relative to
upper legs 212 to be adjusted before permanently connecting it to upper legs 212 so
that the torque tube’s axis of rotation, in this case the center of the tube itself, is aligned

with the work point of the A-frame. The dotted lines extending through the center of
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mass of each leg 210 meet at the bearing, showing that the tracker’s axis of rotation is in
fact aligned with the truss work point.

[0075] Figures 10B and D show a similar adapter 900 that may be particularly useful
with top-down trackers, such as those shown in Figures 2C and D. With this adapter,
the spacing between the truss legs as set by connecting portions 920 has been increased
relative to adapter 800 so that legs and connecting portion 920 point at a higher work
point. This will allow for more height between adapter 900 and the axis of rotation as is
required in a top-down design. Adapter 900 according to this embodiment has main
body 910 with connecting portions 920 projecting down and out of each side. In various
embodiments, connecting portions 920 separate the truss legs by an angle a of more
than 35-degrees up to 70-degrees and will oriented connecting portions 920 to match
the angle of each corresponding upper leg 212. Right-angle brackets 925 are attached
to opposing sides of main body 910 on the inside to create respective mounting
platforms for torque tube clamp support 126. The dotted lines in Figure 10D extending
from the center of mass of each leg 210 through respective connecting portions 920 to
the bearing, show that the axis is in fact aligned with the foundation’s work point.

[0076] Turning now to Figures 11-D these figures show universal adapter 1000 for
orienting truss legs to be aligned with the tracker’s axis of rotation according to various
embodiments of the invention. Adapter 1000 shown here consists of a piece of
stamped metal configured with left and right-side wings 1001 that are symmetrically
positioned around flanges 1010. Flanges 1010 are interconnected by bridge 1020. Each
wing 1001 consists of angled portion 1002 and flat portion 1003. Flat portions 1003
generally match the orientation of bridge 1020 and connect angled portions 1002 to
flanges 1010. In various embodiments, angled portions 1002 will separate the truss legs
by an angle a in a range of more than 35-degrees up to 70-degrees. Angled portions
1002 serve as a base for connecting portions 1005 that receive, inserted into, or are
otherwise axially connected to the ends of respective upper legs 212 to complete the
truss. Invarious embodiments, connecting portions 1005 are welded onto the bottom

face of angled portions 1002 to project out of their respective surfaces in a downward

25



NPAO3

(ground-facing) direction at an angle that matches the angle of the upper legs 1003 and
at a spacing that aligns with them. In various embodiments, this will enable the A-frame
to present an H-pile-like interface to the tracker so that the post-foundation installation
process will be identical to that done for conventional H-pile foundations. In various
embodiments a jig or other device will be used when attaching adapter 1000 to upper
legs 212 so that height of the rotational axis will be pre-set to the correct high relative to
adapter 1000 for the intended bearing assembly. This will require the installer to know
what type of tracker system the foundation will be coupled to.

[0077] As shown in this example, the intersection of flat portions 1003 and vertical
flanges 1010 is reinforced. It should be appreciated that this is exemplary only. Gussets
or other reinforcing members may be added to various points on adapter 1000 to
increase rigidity as needed. Flanges 1010 are shown with vertical attachment slots. This
is also exemplary only. In various embodiments, flanges 1010 may have one or more
holes or slots arranged in a different configuration. Slots may be preferred over holes
because they allow for vertical, horizontal and even diagonal adjustability depending on
their orientation. In various embodiments, bridge portion 1020 separates flanges 1010
by approximately six-inches to match the distance between flanges on a standard W6x9
(wide flange) H-pile. This will enable a bearing housing assembly or bearing housing
support structure from any conventional single-axis tracker to be bolted directly to
adapter 1000.

[0078] Figures 11C and D show adapter 1000 from 11A and B supporting a bearing
assembly and torque tube of a single-axis tracker. Because the tracker shown here is a
top-down design, clamp support 126 requires East-West spacing that is wider than the
standard 6-inch width of a W6x9 H-pile. Consequently, NEXTRACKER attaches right-
angle brackets to the outside face of each H-pile flange to effectively widen the
pile. Adapter 1000 provides the same upper geometry as a conventional H-pile allowing
such right-angle brackets to be attached directly to slots formed in each flange. The
result is that the same tracker parts may be used regardless of whether H-piles or A-

frame foundations are used. In various embodiments, adapter 1000 is dimensionally
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optimized so that when clamp support 126 is seated, the connecting portions 1005, and
by extension upper legs 212, will point at the bearing so that the axis or rotation is
aligned with the work point. Attachment slots on flanges 1010 may be used to adjust
the height of the bearing in the torque tube clamp support 126 relative to adapter
1000.

[0079] Turning now to FIGS. 12A-E, these figures show cardioid-shaped bearing adapter
1100 specifically adapted to support a top-down single-axis tracker. Bearing adapter
1100 performs similarly to tubular bearing adapter 500 shown in Figures 7A/B, serving
at least three functions. First, it unifies the adjacent legs of the A-frame to form a rigid
truss structure. Second, it replaces the torque tube support bracket and right-angle
brackets of conventional top-down tracker systems, providing a bearing to hang the
torque tube from and clearance for it to swing through its East-West arc while reducing
the steel and components needed to do so. Finally, it orients the legs of the foundation
so that they are aligned with the bearing, something that is only needed in the context
of a truss or A-frame foundation. 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.

[0080] Bearing adapter 1100 is formed from one or more cast metal pieces. It should
be appreciated, however, that other manufacturing techniques may be employed
without departing from the spirit or scope of the invention. Bearing adapter 1100
consists of cardioid-shaped hoop 1110 with cusp 1115 and symmetric S-shaped arms
1120, located on either side of cusp 1115. Bearing 1127 is positioned at cusp 1115. §-
shaped arms 1120 terminate in respective connecting portions 1125, which, in various
embodiments are angled to point at bearing 1127 and to set an apex angle a between
the legs of at least 35-degrees up to 70-degrees. In various embodiments, the desired
angle will be known in advance and bearing adapter 1100 will be manufactured to
maintain that angle.

[0081] Connecting portions 1125 shown in this example are drawn as partial tubes. In

various embodiments, cover plates 1126 that are also tubular will fit over the upper legs

27



NPAO3

212 of the A-frame and mate with connecting portions 1125 to capture the upper

legs. Bolts, rivets, or other known mechanical fasteners may be used to secure the
cover plates 1126 to connecting portions 1125. It should be appreciated that in other
embodiments, connecting portions may be complete tubes at the end of each S-shaped
arm 1120 dimensioned to receive or fit inside the free ends of each adjacent upper legs
212. Such modifications are within the scope of the various embodiments of the
invention. Bearing 1127 receives a bearing pin from which torque tube 130 is
suspended. Module brackets 135 couple the solar panels (photovoltaic modules) to
torque tube 130. Because a monopile foundation is not used, the ends of S-shaped
members 1120 do not need to intersect at a common mounting platform. This design
takes more efficient advantage of the truss architecture and may simplify installation.
For example, if after each pair of truss legs is installed, the torque tube or torque tube
sections may be laid on the ground between the truss legs. Once bearing adapters, such
as adapter 1100, are attached to torque tube 130 at the appropriate locations, the
entire tube or tube sections can be lifted with a forklift or other equipment so that
individual connections between adjacent legs and connecting portions 1125 can be
made.

[0082] Figures 12D and E show bearing adapter 1100 of Figures 12A-C attached to a pair
of adjacent foundation legs 2 and supporting a top-down tracker array according to
various embodiments of the invention. Together, bearing adapter 1100 and upper truss
legs 210 create an A-frame that defines a substantially common East-West oriented
plane that is substantially orthogonal to the main axis of the torque tube. Put
otherwise, the legs are aligned along the torque tube to intersect at the same location.
Orthogonality of the legs will keep the truss in tension and compression and minimize
bending in response to lateral loads regardless of the orientation of the torque tube.

[0083] Turning now to Figure 13, this shows bearing adapter 1200 according to various
other embodiments of the invention. The assembly is for a bottom-up style of single-
axis tracker. Bearing adapter 1200 consists of a lower body portion 1210 with

connecting portions 1212. As with the adapters of various other embodiments,
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connecting portions 1212 are angled down and away from lower body portion 1210 to
be separated from each other by an a in a range of more than 35-degrees up to 70-
degrees and will point at the center of the bearing opening. Lower body portion 1210
has a semicircular cross section and acts as the lower half of the circular bearing
assembly. Upper portion 1210 fits over lower body portion 1210 via upper flanges 1225
that sit on lower flanges 1215. Bolts 1226 or other known fasteners secures upper
portion 1210 to lower body portion 1210. In this example, torque tube 1230 is shown
with a boxed cross section. [t is surrounded by bearing insert 1235 which, presents a
circular shape to match with the circular bearing opening formed by joining lower
portion 1210 to upper portion 1220 and may be made of a material with reduced
friction relative to metal. Unlike the adapters of other embodiments, bearing adapter
1200 is optimized from a material usage perspective to work with a A-frame-shaped
truss foundation because it joins the legs of the truss, matching their angle and spacing
while orienting their respective centers of mass to intersect at the axis of rotation, in
this case the center of the torque tube. It also provides a bearing so that a separate
bearing assembly is not needed.

[0084] The emboediments of the present inventions are not 1o be limited in scope by the
specific embodiments described herein, indeed, various modifications of the
embodiments of the present inventions, in addition to those described herain, will be
apparent to those of ordinary skill in the art from the foregeing description and
accompanying drawings. Thus, such modifications are intended to fall within the scope
of the following appended claims. Further, although some of the embodiments of the
present invention have been described herein in the context of a particular
implementation in a particular environment for g particular purpose, those of ordinary
skifl in the art will recognize that its wsefulness is not limited thereto and that the
embodiments of the present inventions can be baneficially implemented in any number
of environments for any number of purposes. Accordingly, the claims set forth below
should be construed in view of the full breath and spirlt of the emboediments of the

presant inventions as disclosed herain.
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CLAIMS
1. Afoundation system for a single-axis tracker comprising:
an A-frame-shaped truss formed from a pair of adjacent legs extending below and
above ground, each leg comprising an axis running substantially through and along its center of
mass and intersecting at a common work point of the truss; and
a bearing assembly supported by the pair of legs, the bearing assembly providing a

bearing that passes through the common work point.

2. The foundation system according to claim 1, further comprising an adapter joining

above-ground ends of each adjacent leg to complete the truss.

3. The foundation system according to claim 2, wherein the bearing assembly is the

adapter.

4. The foundation system according to claim 2, wherein the bearing assembly is attached

to the adapter and the torque tube is captured within the bearing to rotate about its main axis.

5. The foundation system according to claim 2, wherein the bearing assembly is attached
to the adapter, whereby the torque tube hangs from and rotates about a bearing pin in the

bearing.

6. The foundation system according to claim 2, wherein the adapter comprises a pair of
connecting portions oriented at respective opposing angles and spaced apart to join above-
ground ends of each adjacent leg so that they are separated by an angle in a range of more

than 35-degrees up to 70-degrees and point at the common work point.

7. The foundation system according to claim 6, wherein the connecting portions are
oriented to join the above-ground ends of the adjacent legs by an angle in a range of 50 to 60-

degrees.

8. Atruss foundation adapter for a single-axis tracker comprising:

a main body portion; and
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a pair of connecting portions extending away from the main body portion, wherein the
connecting potions are positioned and angled to align a center of mass of a pair of truss legs

with an axis of rotation of the tracker.

9. The adapter according to claim 8, wherein the adapter is a bearing adapter providing a

bearing that passes through the axis of rotation.

10. The adapter according to claim 8, further comprising a bearing assembly attached to the

adapter, the bearing assembly providing a bearing that passes through the axis of rotation.

11. The adapter according to claim 10, wherein the bearing receives a tracker torque tube

so that it can rotate about its main axis.

12. The adapter according to claim 10, wherein the bearing receives a bearing pin, whereby

the torque tube hangs from and rotates about the bearing pin.

13. The adapter according to claim 8, wherein the pair of connection portions are angled
apart from one another by an angle in a range of more than 35-degrees up to 70-degrees to

cause each truss leg to point at the axis of rotation.

14. The adapter according to claim 13, wherein the coupling portions are angled apart from

one another by an angle in the range of 50-degree to 60-degrees.

15. A truss foundation kit for a single-axis tracker comprising:

a pair of hollow elongated truss legs, each leg designed to extend above-and below ground;
and

an adapter, the adapter having a pair of connecting portions extending away from each
other and angled to align an imaginary line through the center of mass of each truss legs with

an axis of rotation of the single-axis tracker when the legs are coupled to the adapter.

16. The foundation kit according to claim 15, further comprising a bearing assembly, the
bearing assembly providing a bearing that receives a rotating member comprising the axis of

rotation.
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17. The foundation kit according to claim 16, wherein the bearing assembly is part of the

adapter.

18. The foundation kit according to claim 16, wherein the rotating member is a tracker

torque tube.

19. The foundation kit according to claim 16, wherein the rotating member is a bearing pin

and the torque tube hangs from and rotates about the bearing pin.

20. The foundation kit according to claim 16, wherein the connecting portions are angled

apart from one another by an angle in a range of more than 35-degrees up to 70-degrees.
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ABSTRACT

An A-frame-shaped truss foundation system for a single-axis tracker with a bearing assembly
sitting atop a pair of adjacent angled truss legs joined together with an adapter so that the axis
of rotation of the tracker is aligned with a work point of the A-frame. Several such foundation

systems are arranged along a North-South row to support a tracker torque tube.
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