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Executive Summary

In February 2011 the US Department of Energy announced their new Sunshot Initiative. The Sunshot
goal is to reduce the total cost of solar energy systems by about 75 percent before the end of the
decade. The DOE estimated that a total installed cost of $1 per watt for photovoltaic systems would
be equivalent to 5-6¢/kilowatt hour (kwh) for energy available from the grid. The DOE also estimated
that to meet the $1 per watt goal, PV module costs would need to be reduced to $.50 per watt,
balance of systems costs would need to be reduced to $.40 per watt, and power electronic costs
would need to reach $.10 per watt. To address the BOS balance of systems cost component of the
$1 per watt goal, the DOE announced a funding opportunity called (BOS-X) Extreme Balance of
System Hardware Cost Reductions. The DOE identified eight areas within the total BOS costs: 1)
installation labor, 2) installation materials, 3) installation overhead and profit, 4) tracker, 5) permitting
and commissioning, 6) site preparation, 7) land acquisition, 8) sales tax. The BOS-X funding
announcement requested applications in four specific topics:

Topic 1: Transformational Building Integrated Photovoltaic (BIPV) Modules
Topic 2: Roof and Ground Mount Innovations

Topic 3: Transformational Photovoltaic System Designs

Topic 4. Development of New Wind Load Codes for PV Systems

The application submitted by ARaymond Tinnerman reflected the requirements listed in Topic #2,
Roof and Ground Mount Innovations. The goal of topic #2 was to develop technologies that would
result in the extreme reduction of material and labor costs associated with applications that require
physical connections and attachments to roof and ground mount structures. The topics researched in
this project included component cost reduction, labor reduction, weight reduction, wiring innovations,
and alternative material utilization. The project objectives included:

1) The development of an innovative quick snap bracket assembly that would be bonded to frameless
PV modules for commercial rooftop installations.

2) The development of a composite pultruded rail to replace traditional racking materials.
3) In partnership with a roofing company, pilot the certification of a commercial roof to be solar panel
compliant, eliminating the need for structural analysis and government oversight resulting in

significantly decreased permitting costs.

4) Reduce the sum of all cost impacts in topic #2 from a baseline total of $2.05/watt to $.34/watt.

Budget Period DOE Funding ARTI Funding Total
1 $420,000 $105,000 $525,000
2 $625,000 $625,000 $1,250,000
3 $625,000 $625,000 $1,250,000
Total $1,670,000 $1,355,000 $3,025,000
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Task 1: Component Concept Design (Budget Period 1)

Task objective:

Develop primary system design direction and finalize component specific designs.

Highlights:

The proof of concept activity took place primarily at Rayce Americas in Auburn Hills,Ml. Initially
research was conducted to gather information from select glass/glass PV module manufactures,
current mounting/racking manufacturers and various trade sources to gage the current challenges
and opportunities in the industry as they relate to topic #2, “Roof and Ground Mount Innovations”.
Although permitting activity was not scheduled until budget period three, the initial interaction with PV
professionals included discussions on permitting opportunities so that component concepts would
include features that will eventually contribute to lowering permitting costs. As a result of the study,
numerous potential system designs were considered. The benefits and trade offs for each concept
were evaluated and systems were chosen based on component feasibility, component/labor costs,
and assumptions made in the original grant application.

Chosen System Designs:

1) Bonded Bracket w/ Pultrusion — The system includes (4) metal brackets bonded to glass/glass PV
modules. The metal brackets snap into composite pultruded rail that is supported by vacuum formed
HDPE bases. The system is ballasted and intended for flat commercial roofs.

2) Bonded Bracket w/o Pultrusion - The system includes (4) metal brackets bonded to glass/glass PV
modules. The metal brackets snap into vacuum formed HDPE bases. The system is ballasted and
intended for flat commercial roofs.

3) Bonded Bracket / Standing Seam — The system includes (4) metal brackets bonded to glass/glass
PV modules. The metal brackets snap into another metal hinge/snap bracket that is clamped to the
seam of a standing seam commercial roof.




System Design #1
Bonded Bracket w/ Pultrusion System

ITEM DESCRIPTION PART NUMBER OVERALL SIZE MATERIAL FINISH COLOR QUANTITY
SUPPORT BASE RAY-001-2011_1-1A 43.8 x 117.9 x 18.9 cm HIGH DENSITY POLYETHYLENE NONE BLACK 2-3
(17.2 x 46.4 X 7.4 in)
PULTRUDED RAIL RAY-001-2011_2-1A 2.5 x 2.5 x 236.2 cm POLYURETHANE NONE NATURAL 2
(2 x 2 x 93 in)
3A|BRACKET - HOOK < RAY-001-2011_5-1A |44 x 120 x 131.6 mm 1.0 THK 1050-1065 STEEL GEOMET SILVER 6
= (1.7 x 4.7 x 5.2 in) (2 PER PNL)
] o>
@ 3B|BRACKET - ATTACHMENT f'g RAY-001-2011_6-1A |71 x 120 x 165.9 mm 1.0 THK 1050-1065 STEEL GEOMET SILVER 6
p pgrr (2.8 x 4.7 X 6.5 in) (2 PER PNL)
@ Ny
< 3C|SOLAR PANEL —< |RAY-001-2011_7-1A |76.2 x 152.4 cm SUPPORT BASE NONE NATURAL 3
o Sg (30 x 60 in)
7] Ny
3D | TECHBOND I N/A AS NEEDED POLYURETHANE NOMNE BLACK AS NEEDED
BALLAST RAY-001-2011_4-1A 19.4 x 9.2 x 39.7 cm CEMENT NONE GRAY 0-6

(3.625 x 7.625 x 15.625 in)

PER ITEM 1
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Bracket (Hinge)

BONDING AREA WIRE MANAGEMENT FEATURES

POSITIVE STOP FLANGE HOOK ENGAGEMENT FEATURE

RETAINER TO ACCOMMODATE 2 WIRES

BRACKET HOOKS
INTO RAIL N
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Bracket (Snap)

BONDING AREA

RELEASE FLANGE FOR PANEL REMOVAL

POSITIVE STOP FLANGE

K*HELEASE TAB FOR PANEL REMOVAL

'\_\ i

BRACKET SNAPS INTO RAIL
. FOR FINAL ASSEMBLY
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Support Base

Pultrusion
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Base / Pultrusion / Ballast Assembly

N

The support bases are
positioned and ballast
is added.

The rails are inserted

into the holes in the

base.
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PV Module Installation

The hinge brackets are

set into the slots in the

The PV module is
hinged down to engage
the opposite rail.

The PV module is
snapped into the rail
slots.
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Simulation technical requirement

= Analyze the deflection and risks of break of the system, with 2 forms and 3 panels, under:
= Wind uplift : P = 36Lbs/ft2 = 1725 Pa
= Snow load : P = 45Lbs/ft2 = 2155 Pa

= Conclusion :

= The simulaticn converged up to pressures of 43 and 87 Lbs/ft2 for uplift and snow load. The results are

also presented for those maximum pressures.

Wind uplift Snow load
36 Lbs/ft? 43 Lbs/ft2 45 Lbs/ft? 87 Lbsi/ft?
Max. deflection of the panel 19.5 mm 22.5mm 12.5mm 18.5mm
Max. deflection of the rail ~1.5mm ~2mm 3.5mm 6mm
Max. Uplift of the form 12mm 14.5mm / !

Vacuumed form

No permanent
deformation

No permanent
deformation

No permanent
deformation

No permanent
deformation

Hooks & clips

No permanent
deformation

No permanent
deformation

No permanent
deformation

No permanent
deformation

Rail

No risk of break

No risk of break

No risk of break

No risk of break

= Concerning the max. deflection of the rail under wind uplift : it’s an approximation. The form lifts up, at
the same time the rail bends. It makes it hard to determine precisely the deflection of the rail

= Concerning the vacuumed form, the stress-strain curve was not available. Therefore the stiffness of that
material is over estimated. However the results can be considered relatively reliable as long as the stresses
are under the yield strength, which is the case in that study.

Model

= Material

Hook/Clip : Quenched steel 1050-1065 45-50HRc

This steel is assumed to have the same mechanical characteristics of
the C675S, for which we have internal and accurate data for simulation.
The stress-strain curve is used in the simulation :

Young’s modulus : 215000 MPa Yield strength : 1240 MPa
poisson coefficient : 0,3 3,5%
Considére’criterion can be interpreted as the strain at break of the material.

Considére’s criterion :

Panel : Glass (Generic data)
Young's modulus : 69000 Mpa

Poisson coefficient : 0,3

Model & solver information
Vacuumed form : 44.600 nodes, 43.900 elements continuum shells
Rails : 112.000 nodes, 59600 elements continuum shells SC8R

Comraintes visies (MPa)

Dormations vraes

Clips : 202.900 nodes, 156.900 elements linear hexahedrons with reduced integration C3D8R
Hooks : 143.800 nodes, 110.000 elements linear hexahedrons with reduced integration C3D8R

Glass panels : 2400 nodes, 1100 elements continuum shells SC8R
Model dof : 1.925.300
Solver : Abaqus standard 6.11-1




= In red, top surfaces of the ribs, tied to the glass,
modeling the bonding, for all hooks and clips

Model

= Boundary conditions

Hook-Rail

Views of the interfaces hook-rail
and clip-rail. No boundary

Clip-Rail

conditions are applied, the parts
are only in contact with friction.

Model

= Boundary conditions
= Contact with friction taken into account, coefficient: 0.1

= Symmetry conditions : only 2 of the assembly is modeled.

Pressure applied on the glass panels (2.5x5=12.5ft?)
Snow load : Pressure on top surface

Uplift : Pressure on bottom surface

= Clamped rigid plate, modeling the
ground in contact with the form

= View of the form only : clamped
nodes are in red, corresponding to
the area where the ballasts stand

| . I

Pressure

Conditions of
symmetry




Results : Wind uplift - 36Lbs/ft?

= Deformation of the system, on the hooks side :

Urail = 13mm

Uform = 12mml

1

= Uplift of the form Uform = 12mm. Maximum vertical translation of the rail Urail = 13mm. Therefore the maximum
deflection of the rail is roughly 1mm.

= The deformation of each hook is the same. On the top left cut-view, we can see that the hooks are still well
engaged in the rail.

Results : Wind uplift - 36Lbs/ft?

= Deformation of the system, on the clips side :

Urail = 11.5mm

4

l Uform=10mm

t

= Uplift of the form Uform = 10mm. Maximum vertical translation of the rail Urail = 11.5mm. Therefore the
maximum deflection of the rail is roughly 1.5mm.

= On the bottom right cut-view, we can see that the clips are still well engaged in the rail.




Results : Wind uplift - 36Lbs/ft?

' Repartition of Von Mises stresses on the form :

Results : Wind uplift - 36Lbs/ft?

= Repartition of Von Mises stresses on the hook :

= Scale : 0-1250MPa. Grey areas are those where the yield strength is over exceeded.
= The repartition of the stresses is similar on every hook. Therefore the stresses are analyzed on one hook only.

= The stresses over exceed the yield strength on a local area. The simulation indicates no risk of significant residual
deformation of the hooks.




Results : Wind uplift - 36Lbs/ft?

= Repartition of Von Mises stresses on the clip :

= Scale : 0-1250MPa. Grey areas are those where the yield strength is over exceeded.
= The repartition of the stresses is similar on every hook. Therefore the stresses are analyzed on one clip only.

= The stresses over exceed the yield strength on a local area. The simulation indicates no risk of significant residual
deformation of the clips.

Results : Wind uplift - 36Lbs/ft?

= Repartition of stresses on the rail. This is the rail on the clip side, which is more stressed :

Transversal stresses
S11

Longitudinal stresses
522

= Longitudinal stresses : Scale : -40MPa/55Mpa. The maximum allowable tensile strength is 705 MPa. Stresses are below
this strength. The simulation indicates no risk of break in the longitudinal direction.

= Transversal stresses : Scale : -142ZMPa /54 Mpa, respectively compression and tensile strength of the material. Stresses
are below those limits. The simulation indicates no risk of break in the transversal direction.




Results : Snow load - 45Lbs/ft?

= General deformation of the complete system, repartition of vertical displacement U, :

= Maximum deflection of the panel : Upanel = 12.5mm.

Results : Snow load - 45Lbs/ft?2

= Deformation of the system, on the hooks side :

Urail =-3.5mm 1

= Maximum deflection of the rail Urail = 3.5mm.

= The deformation of each hook is the same.




Results : Snow load - 45Lbs/ft2

= Deformation of the system, on the clips side :

1 Urail = -3.5mm

= Maximum deflection of the rail Urail = 3.5mm.

Results : Snow load - 45Lbs/ft2

= Repartition of Von Mises stresses on the form :

= Scale : 0-26MPa. Grey areas are those where the yield strength is over exceeded.

= The stresses don’t over exceed the yield strength. The simulation indicates no risk of significant residual
deformation of the form.




Results : Show load - 45Lbs/ft2

5
>

= Scale : 0-1250MPa. Grey areas are those where the yield strength is over exceeded.

= Repartition of Von Mises stresses on the hook :

= The repartition of the stresses is similar on every heok. Therefore the stresses are analyzed on one hook only.

= The stresses over exceed the yield strength on a local area. The simulation indicates no risk of significant residual
deformation of the hooks.

Results : Snow load - 45Lbs/ft2

= Repartition of Von Mises stresses on the clip :

=

= Scale : 0-1250MPa. Grey areas are those where the yield strength is over exceeded.

= The repartition of the stresses is similar on every hook. Therefore the stresses are analyzed on one clip only.

= The stresses over exceed the yield strength on a local area. The simulation indicates no risk of significant residual
deformation of the clips.




Results : Snow load - 45Lbs/ft?2

= Repartition of longitudinal stresses on the rail. This is the rail on the clip side, which is more stressed

Maximum .
longitudinal Ma).qml.fm
compression longltu‘dlnal
stresses tensile

stresses

= Scale : -50MPa/45Mpa. The maximum allowable tensile strength is 705 MPa. Stresses are below this strength. The
simulation indicates no risk of break in the longitudinal direction.

Results : Snow load - 45Lbs/ft?

= Repartition of transversal stresses on the rail. This is the rail on the clip side. which is more stressed :

Cut view

= Scale : -23MPa /13 Mpa. The maximum allowable strength are -142MPa and 54MPa. Stresses are below those
compression and tensile strengths. The simulation indicates no risk of break in the transversal direction.




Conclusion

= The simulation converged up to pressures of 43 and 87 Lbs/ft2 for uplift and snow load. The results are

also presented for those maximum pressures.

Wind uplift Snow load

36 Lbs/ft? 43 Lbs/ft? 45 Lbs/ft? 87 Lbs/ft2
Max. deflection of the panel 19.5 mm 22.5mm 12.5mm 18.5mm
Max. deflection of the rail ~1.5mm ~2mm 3.5mm emm
Max. Uplift of the form 12mm 14.5mm { /
Vacuumed form No permanent No permanent No permanent No permanent

deformation deformation deformation deformation
Hooks & clips No permanent No permanent No permanent No permanent

deformation deformation deformation deformation
Rail No risk of break No risk of break No risk of break No risk of break

= Concerning the max. deflection of the rail under wind uplift : it’s an approximation. The form lifts up, at

the same time the rail bends. It makes it hard to determine precisely the deflection of the rail.

= Concerning the vacuumed form, the stress-strain curve was not available. Therefore the stiffness of that
material is over estimated. However the results can be considered relatively reliable as long as the stresses
are under the yield strength, which is the case in that study.




System Design #2

Bonded Bracket w/o Pultrusion System
(Angled Mount)

Iltem Description Part Number Overall Size Material Finish Color Quantity
1 Support Base N/A 29.5X9X 45 mm HDPE N/A Black 1
2 Braket Attachment Ray-001-2011_6-1A 71X 120X 165.5mm | 1.0mm Thick 1050-1065 Steel | Geomet | Silver 4
3 Solar Panel Ray-001-2011_7-1A 76.2X 152.4cm Glass/Glass N/A Glass 1
4 Ballast N/A 3X7X29mm Cement N/A Gray 2
5 Techbond N/A As Needed Polyurethane N/A Black |[As Required
6 Engagement Bracket N/A 50X 120 X 34mm 1.0mm Thick 1050-1065 Steel | Geomet | Silver 4
7 Locking Plate N/A 90X 120 X 2mm 1.0mm Thick 1050-1065 Steel | Geomet | Silver 4

System #2 utilizes the same module attachment brackets as System #1. The modules are snapped

directly into vacuum formed bases. This design does not use pultruded rails but does require the

addition of engagement brackets not used in system #1.
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Angled Support Base

10 Degree
Angle

Holes for Bracket
Attachment (4)

i \“ \
Y l\ \‘\
J | \ ,.\f—
r“' P—_‘a-
[
O\ AR
Ballast Tray | =1
/ Walkway [~ 4 A
Brackets
Bonded Attachment Bracket -
Same as Pultrusion System
Engagement
Bracket

Locking Plate
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Bracket Assembly

Bonded Attachment Bracket—

SameasPultrusion System
“"3 oy
. ~ J' - ‘,-
e — ]
>

The engagement bracket and
the locking plate snap together
through the hole in the HDPE
base and provide the secure
mating joint for the clip thatis
bonded to the solar panel.

4

The bonded attachmentclip
sticks through the engagement
bracketin (4) places.




System Assembly




Model

=  Material

Vacuumed form : PEHD Paxon BAS0-100 (Source : ExxonMobil)
Young’s modulus : 1240 MPa Yield strength : 26 MPa
poisson coefficient : 0,4 Strain at break : 1000%

The stress-strain curve was not available. The stiffness of that material will be over estimated. However the
results can be considered relatively reliable as long as the stresses remain under the yield strength.

Clips : Quenched steel 1050-1065 45-50HRc

This steel is assumed to have the same mechanical characteristics of
the C675, for which we have internal and accurate data for simulation.
The stress-strain curve is used in the simulation :

Young's modulus : 215000 MPa Yield strength : 1250 MPa
poisson coefficient : 0,3 Considére’s criterion : 3,5 %
Considére’criterion can be interpreted as the strain at break of the material.

Comtrmirtes ey (MPa)

Model & solver information

Vacuurned form : 31.400 nodes, 15.500 elements continuum shells

Clips : 88.000 nodes, 67.000 elerents linear hexahedrons with reduced integration C3D8R
Model dof : 404.000

Solver : Abaqus standard 6.11-1

= clamped nodes are in red,

corresponding to the area where
= Boundary conditions the ballasts stand

= Symmetry conditions : only %2 of the assembly is modeled.

= Contact with friction taken into account, coefficient: 0.1

= The load is applied on one clip only. The force is
applied on 1 node, see next slide. The force is applied
perpendicular to the top surface of the form, all the
other directions are fixed.

2 load cases are analyzed : uplift and snow load. The
glass panels are 12.5ft2, 4 clips / panel. The force per
clip is calculated from those values :

= Wind uplift : P = 36Lbs/ft2 > F = 36*12.5/4 =
115Lbs/Clip = 500N/Clip

= Snow load : P = 45Lbs/ft? = F = 45*12.5/4 = PR
140Lbs/Clip = 625N/Clip

[

= Clamped rigid plate, modeling the
ground in contact with the form

/




Model

=  Boundary conditions

= L ocal view of the junction area

Views of the interfaces clips / form. The different parts are in contact
with friction. The load is applied on one node, linked by rigid elements
to the area where the red clip is in contact. Those areas are shown in
the pictures below for each load case. This way, the red clip is not
modeled, but the load application area where the clip transmits the
force is correct. More, the load application point is located at the
center of the upper surface of the red clip.

Load application point

Uplift

Area that is assumed to be in contact
with the clip for uplift. Those nodes
are linked to the load application point

Snow load

Load application point

N T ?
Nodes linked to the load
application point for snow load

B

Results : Wind uplift - P=36Lbs/ft? - F=115Lbs/Clip

= General deformation of the complete system, repartition of displacement U :

+6.91 704

76 Ta 01
47,0734 400
+1.3830400

1. 0008400

-

= Displacement of the clip : U = émm. The uplift of the form is about 8mm.




Results : Wind uplift - P=36Lbs/ft2 - F=115Lbs/Clip

= General deformation focused on the junction area :

The teeth of the clip come
into contact underneath the
edge of the steel plate

N\ F=115Lbs

As the form uplifts and rotates under
the wind load, the steel part slides /
and comes into account inside the
hole of the form

Results : Wind uplift - P=36Lbs/ft? - F=115Lbs/Clip

= Repartition of Von Mises stresses on the form :

= Scale : 0-26MPa, yield strength of the material.

= The stresses remain below the yield strength of the material. The simulation indicates no risk of residual
deformation of the form.




Results : Wind uplift - P=36Lbs/ft2 - F=115Lbs/Clip

= Repartition of Von Mises stresses on the steel parts :

= Scale : 0-1250MPa, yield strength of the material.

= The stresses remain below the yield strength of the material. The simulation indicates no risk of residual
deformation of those steel parts.

Results : Snow load - P=45Lbs/ft2 - F=140Lbs/Clip

= General deformation of the complete system, repartition of displacement U :

F=140Lbs

U=7mm

SR Cut view of the assembly

+6:2540-
4020008400

= Displacement of the clip : U = 7mm.




Results : Snow load - P=45Lbs/ft? - F=140Lbs/Clip

= General deformation focused on the junction area :

Max. Deflection of
the form : 6mm

Bending of the radius. The mechanical
performance of the part may be improved
by stiffening that area. For instance,
continue the stamped rib in that radius,
see illustration in the last slide of
conclusion.

Results : Snow load - P=45Lbs/ft2 - F=140Lbs/Clip

' Repartition of Von Mises stresses on the form :

= Scale : 0-26MPa, yield strength of the material.

= The stresses remain below the yield strength of the material. The simulation indicates no risk of residual
deformation of the form.




Conclusion

= For wind uplift, under a pressure P = 36Lbs/ft2, equivalent to a force per clip F = 115Lbs, the simulation indicates :
= a displacement of the clip U = 6mm,
= An uplift of the form of about 8mm,
= A gap between the steel part and the form of 3mm,
= No risk of permanent deformation of the form and of the steel parts,

= As the form uplifts and rotates under the wind load, the steel part slides and comes into account inside the hole
of the form; also the teeth of the clip come into contact underneath the edge of the steel plate

' For snow load, under a pressure P = 45Lbs/ft?, equivalent to a force per clip F = 140Lbs, the simulation indicates :
= a displacement of the clip U = 7mm,
= A maximum deflection of the form of 6mm,

= No risk of permanent deformation of the form and of the steel parts,




System Design #3
Bonded Bracket Standing Seam Roof

ITEM | QTY | DESCRIPTION

1 1 POWAR GRIP RT0003
2 1 PV BRACKET

3 2 PIN

4 4 PIN INSULATOR

5 2 PV MODULE

6 2 HINGE BRACKET

7 2 PS060913

8 1 NUT




Each PV module has [4) hinge
brackets bonded on the back
side. [2) of the hinge brackets
are setinto the PV brackets
and hinged down to snap into
the adjacent PV bracket/Powér
=nap azsemblies.

The PV bracket utilizes the
PowAr grip stud for attachment

and also accepts [2) hinge
brackets that are bonded to PV
modules.

The PowAr grip is an existing
Arayond Tinnerman product.
The PowAr grip has features

that “grip” the standing seam

of a commercial roof There is a3
threaded stud that allowsfor
attachmentof varicusracking
and struts.




Two adjacent solar panels

Hinge bracket setinto

Hinge bracket znapped
into PY bracket

slot in PV bracket




Model

= Material

Stainless steel C301 ¥ Hard as rolled conditions : (Allegheny Ludlum data)
Young's modulus : 180000Mpa Yield strength : 530MPa
Poisson coefficient : 0,3 Strain at break : 18%

An elastic-plastic stress-strain curve is usedin the simulation.

It is the curve named LT in the graph : Longitudinal direction in Tension.

L]

Quenched steel 1050-1065 45-50HRc

This steel is assumed to have the same mechanical characteristics of the
Ca7S, for which we have internal and accurate data for simulation. Those

data are used in the simulation : %
Young’'s modulus : 215000 MPa Yield strength : 1240 MPa ;
poisson coefficient : 0,3 Considére’s criterion : 3,5 % }

Considére’criterion can be interpreted as the strain at break of the material.
An elastic-plastic stress-strain curve is usedin the simulation.

= Modelinformation
55.000 nodes, 43.000elements, linear hexahedrons with reduced integration C3D8R
169.000 dof
Solver : Abaqus explicite 6.11-1

Model : Pull-Out

= Boundary conditions
= Contact with friction taken into account, coefficient: 0.1
= Symmetry conditions : only % of the part is modeled. All the forces are Uz fixed
multiplied by 2 to take into account that symmetry.

Ux free
Uz fixed

All other direction
fixed as well

z Rigid tubes are free in Xand Y
direction, they can move into the plan

= Clamped rigid plate G2 : @émm tubes
G5 : @8mm tubes




Model : Insertion

= Boundary conditions
= Contact with friction taken into account, coefficient: 0.1

= Symmetry conditions : only ¥ of the part is modeled. All the forces are
multiplied by 2 to take into account that symmetry.

D

Translation of the rigid
tube

Ux free

Results : G2 - C301 1/4Hard (actual part) - Insertion

= Estimation of the plasticity. Forces are already multiplied by 2 to take into account the symmetry :

F=200Lbs

= Scale : 0-1%. Grey areas are greater than 1%. 1% is a typical limit not to exceed tolimit the plastic deformation,
and therefore limit the permanent deformation after spring back. The strain over exceed 1% on a significant area >
The simulation indicates a risk of residual deformation after the insertion of the 6mm tube.




Results : G2 - C301 1/4Hard (actual part) - Pull-Off - Yield

= Estimation of the plasticity, Von Mises stresses. Forces are already multiplied by 2 to take into account the symmetry :

F=1350Lbs F=400Lbs

= Scale : 0-530 Mpa. Grey areas are those where the yield strength is over exceeded. | estimate a risk of yield
and residual deformation when the yield strength is over exceeded on a significant area.

= The simulation indicates a risk of residual deformation under forces of 1050Lbs and 400Lbs, depending
on the bracket.

Results : G5 -HT steel 1050-1060 - Insertion

= Forces are already multiplied by 2 to take into account the symmetry :
Design G5 - Insertion force

Force (Lbs)

4.0 . &0 8.0 10.0
Displacement (mm)

= We see 2 peaks of forces : One due to the slope of the bracket, and one due to the self-contact. Anyway, those
peaks are at 80 and 96Lbf, too high.

= Recommendations : increase the angle for insertion, prevent the self-contact by changing the diameter to 6mm.
See illustration last slide.




Results : G5 -HT steel 1050-1060 - Insertion

= Estimation of the yield. Forces are already multiplied by 2 to take into account the symmetry :

= Scale : 0-1%. Grey areas are greater than 1%. 1% is a typical limit not to exceed to limit the plastic deformation,
and therefore limit the permanent deformation after spring back. The strain over exceed 1% on a significant area >
The simulation indicates a risk of residual deformation after the insertion of the 8mm tube.

= We can see that the stresses are really concentratedin the narrow area. Recommendation :increase the cut on
the height of the clip, to have a better repartition of the stresses. See last slide for illustration.

Results : G5 - HT steel 1050-1060 - Pull-Off - Yield

= Estimation of the rupture, Max principal strain. Forces are already multiplied by 2 to take into account the symmetry :

F=1400Lbs
F=360Lbs

t

= Scale : 0-1%. Grey areas are greater than 1%. 1% is a typical limit not to exceed to limit the plastic deformation,
and therefore limit the permanent deformation after spring back. The strain over exceed 1% on a significant area >
The simulation indicates a risk of residual deformation under 1400 and 360Lbs.

= Forces on the actual part are 1350 and 400Lbs. We are in the same order of magnitude.




Conclusion

Yield at pull-off
Thickness | Tubes @ Material Insertion
F1 F2
G2 (actual C301
prototype part) 1.2mm émm 1/4Hard 200Lbs 1350Lbs 400Lbs
HT steel
G5 Tmm &mm 1050-1060 96Lbs 1400Lbs 360Lbs

= On the actual design :

= The simulation indicates a risk of residual deformation after theinsertion of the 6mm tube.

= The insertion force is very high, about 200Lbs. This force is likely accurate, it was not possible to assemble
by hand and therefore snapped in on a hydraulic press.

* On the new design G5 :

= We see 2 peaks of forces : One due to the slope of the bracket, and one due to the self-contact. Anyway,

those peaks are at 80 and 96Lbf, too high. The simulation indicates a risk of residual deformation after the
insertion of the 8mm tube.

= The extraction forces are in the same order of magnitude of the actual part.

= Sum-up of recommendations :

Increase the cut to have a

better repartition of stresses
Increase the angle of the face

in contact with the tube
during insertion, in order to
decrease the insertion force

Go back to a 6mm tube to limit the

| maximum deformation of the bracket
— Z; and prevent the risks of self-contact
during insertion




Task 2: Prototype Development (Budget Period 1)

Task objective:

Produce prototypes based on concepts from task #1 that can be performance tested.

Highlights:

Each system concept from task #1 required prototype components for testing. All brackets were
produced with heat treated and plated steel. Support bases were vacuum formed and made with high
density polyethylene. The pultruded support rail is made of glass filled polyurethane. Each component
concept was evaluated for general tolerance fit/function as well as manufacturability prior to final
prototype build. The prototyped components include:

System

Bonded Bracket | Bonded Bracket | Bonded Bracket /
with Pultrusion | Angled Base Standing Seam

Prototyped Component

Bonded Snap/Attachment Bracket
Bonded Hinge/Hook Bracket

Vacuum Formed Support Base (Pultrusion Design)

Vacuum Formed Support Base (Angled Base Design)

Engagement Bracket

Locking Plate

Ballast
PV Bracket

Hinge Bracket
Pultruded Rail




Task 3: Prototype Validation (Budget Period 1)

Task objective:

Validate performance criteria for system components and assemblies.

Highlights:

Following the development of prototype system components and assemblies, performance
characteristics estimated during finite element analysis needed to be verified. FEA assumptions
included criteria from UL1703 and UL 2703. Due to the timing of prototype availability and the end of
budget period one, not all testing was completed prior to project close. During the project focus turned
to commercial flat roofs and away from standing seam roofs therefore, no validation was started on
system #3 (Bonded Bracket /Standing Seam). Initial mechanical testing and bond verification are
shown below.

Composite pultrusion profiles were tested for
beam strength / stiffness. Utilizing an Instron
3382 tensile machine and custom fixture , load
and deflection at fracture were determined for
both 3 panel and 4 panel arrangements.
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116, To9i4
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3 Solar Panel System

Deflection mm
Load N

43
4646

4 Solar Panel System

116
3513

Testing simulated the utilization of only two support bases for
each arrangement. The 4 panel system has a larger distance

between support bases.




DE-EE0005438

Bonded Bracket Assembly for Frameless Solar Panels
ARaymond Tinnerman

Initial Post Test

The joint between the attachment (snap) bracket and the
mating slot in the pultrusion was tested. The joint failed as
the metal bracket deformed and pulled through the slot.
Performance significantly exceeded criteria outlined in prior
FEA information.
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Angled system attachment joint Test Fixture

The joint between the attachment (snap) bracket and the
mating slot in the engagement bracket/locking plate was
tested. The attachment bracket fractured at 595 Ibs. and
1.56in deflection. The vacuum formed base section,
engagement bracket and locking plate were not damaged.

E’

594Ibs / 1.56in.

|

Fracture




Pull off average (N)

Bond Validation

» Bonding test were completed with a standard part:
b Steel stud
b Surface teatment: Zn + cataphoresis
» Bonding surface: 450 mm?
» Raybond adhesive: Techbond® PUR2 Max, tablets
@10mm, 135mg

b Bonding were done on Wurth Solar laminated glass
b Activation of the surface with silane promoter:
Betawipe VP04604
b Preheating of glass at 80°C

b Pull off performances have been tested:
b At initial state
b After internal humidity ageing tests
b After ageing tests from DIN EN 61646

» Specification:
b 2400 Pa in tensile strength for a 600x1200 PV panel
b 4 studs / panel
= min. 432 N / stud

4500
4000 +
3500 A
3000 - I
T I
2500
2000 +
1500
2829 2731 |
1
1000 -
1307
500
spec
0 1 OO2o6 Swubhstr axl Cohdsive Falilure
initial state Humidity ageing test Thermal cycling test Thermal&climatic cycling test 1000h 2000h
3 days immersion in water 200 cycles 10min -40°C 50 cycles 10min -40°C 85°C / 85%HR 85°C / 85%HR

at 90°C /10 min 85°C /10 min 85°C
+ 2h storage at -20°C + 10 cycles 20h 85°C &
85%HR / 30min -40°C




DE-EE0005438

Bonded Bracket Assembly for Frameless Solar Panels
ARaymond Tinnerman

Results
A currentindustry mounting system was purchasad froma
competitor to provide a bassline for typicalinstallation
times. Thiswascompared to a time study completed with
the bonded bracket w)/ pultrusion system.
Actual tem Cul Marketed ARTI 3 Panel tem Assembly |
Accumulated Accumulated
Step Time Step Time
|Block setup 1.29 Aesemble rail to base and 1-41
Attach wind deflector 3.05 add ballast. ’
Assemble brackets to panel 447 Panel Assembhy 243
Azsemble panel to blocks 6.23 Panel Wire Assembhy 255
Attach ground wire 702
Panel wire assembhy Firs
Time to install one solar panel - 7:22 Time to install three solar panels - 2:55 on
38 seconds per panel.

Total averagetimeto install one solar panel is reduced from
7 minutes 22 secondsto 38 secondswhich is a reduction of

percentagewas87%.

BT
Ciosi bnpaci Table 2 - Commercial
Rooe S
Cost Units | Present | Present 2014 FY2017
Labow W 1 £, 1H2H 0 0904 £0.0914 |
. — — — €
b
Hardwans Laboe W Ll L1l E.ﬂl-'ll- 14
F -
= E _m m B A Baseline laborwasgivenata
E — = — total of 5.4935/watt and the
= TV TEE]  TRIF i full year 2014 totaltarget was
: L %ﬁ gna‘ il __ae 5.1325,"1.r.'attf.|:|ra pErcentage
-— % %ﬁ_ target reduction u:uf.'.-‘ﬁ%.The
_m__ﬁ_ actual labar reduction

CONNECCTS, Condul)

Total (ems relative o Topss 2)

Comcopt Evolutions Frersr
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I

Bonded Bracket wi Pultrusion Bonded Bracket Angled Mount
Quantity Cost Total Quantity Cost Total
Wacuum Base 2 $13.43 $26.86 1 $19.00 $19.00
Pultrusion (Feet) 16 $0.80 $12.80
Bonded Snap Bracket 6 $0.80 $4.80 4 080 $3.20
Bonded HookMinge Bracket 6 $0.82 $4.92
Engagement Bracket 4 042 371.68
Locking Plate 4 3015 50.60
Bonding 12 $0.50 $6.00 4 5050 $2.00
Total $55.38 Total $26.48
The project assumes 240 # of Panels 3 # of Panels 1
watts per panel. Cost/ Panel 51846 Cost /Panel $26.48
Cost/ Watt 50.08 Cost / Watt 5011

7

The full year 2014 mounting hardware target was

bonded bracket angled mount are below the target.

Cost Impact Table 2 - Commercial Rooftop:

\

Baseline Improved FY | Improved
Cost Component Units Present 2014 FY2017
Combiner boxes SIwW
. AC-Disconnects SIW $0.0107 §ﬁ2
Electrical Labor SIW S0.1828 S0, B 50.0914 S0.0914
Fuses and Holders SIW $0.0056 AN
Grid interconnect SIW $0.0093
Hardware Labor SIwW $0.3107 50.1450 $0.0414 $0.0414
Inverter SIW $0.3700 N\
Land SIW $0.0000 $0.0000 $0.0000 $0.0000
Markup on materials SIW 50.5466 $0.0059 0154 £0.0154
Meter SIW 20.03594
Mounting (racking) hardware SIW $0.2956 $0.0333 | & S0.1125 £0.1125
5 /W 1 E 0113 ﬁ gg 0046
Permitting SIW 2316 2316 2316 0926
Profit SIW 50.0987 $0.0073 $0.0030 50.0030
Sales Tax SIW £0.2107 $0.0291 $0.0237 $0.0173
SIW $0.0000 $0.0000 $0.0000 $0.0000 |
~ SIW $0.0000 $0.0000 $0.0000 $0.0000 |
I Monitor SIW
racker SIW $0.0000 $0.0000 | $0.0000 |  $0.0000 |
Wiring (including connectors, conduit) SIW $0.0163 $0.0163 $0.0163 $0.0163
Total $4.5830 $0.6627 $0.5399 $0.3945
Total (items relative to Topic 2) $2.0509




