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James A. Koppenhaver, P.E. 
575 Van Reed Rd, Wyomissing, PA  19610 

(484) 794-9949     koppenhaverpe@gmail.com

PA35748E     NY77142     CT29571     NJ32140     MD16053     OH78077     FL71888     VA402052001 

August 15, 2022 

Location: 

Installer: 

Robert Berger
117 School St
Nyack, NY 10960

Mr. Anthony Sicari, New York State Solar Farm 
1938 Route 44/55 
Modena, NY 12548 

Re:  Structural Verification for Solar Energy System’s Rooftop Appurtenances 

To Whom It May Concern: 

The purpose of this letter is to verify that the existing roof rafters are adequate to support the additional 
loads from solar panels at the above location. 

I have evaluated the structural wood rafters of the existing roof with the additional loading to account for 
the proposed solar panel application.  Deflection and stresses of the structural components remain within 
the allowable for the existing roof.  Compliance Method is through an Engineered Design in accordance 
with the 2020 Residential Code of New York State and Risk Category II for Wind Pressures from 115 mph, 
3-sec. gust, Exposure B, and a Ground Snow Load of 30 psf. Mounting locations and methods are as 
indicated in our plan submission.

From the site inspection and analyses and as evidenced by previous roof loads withstood, the existing 
structure is certified to be structurally adequate to support the reactions of the solar panels in addition to the 
original design loading.  Also, the wind analysis concluded that the existing structure is adequate to support 
the uplift pressures and strengthening or stiffening of the roof framing is not required.  The dead load of the 
solar panel assembly in this assessment is approximately 3.0 psf.  

Taking into consideration the risk to building and land, it is my professional opinion, with a reasonable 
degree of engineering certainty and probability, that the structural integrity of the roof framing will remain 
sound with the solar panel installation.  Should you have any questions with regard to the information 
contained in this letter, please do not hesitate to contact me.         

    Submitted, 
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NEW YORK STATE SOLAR FARM INC.

1938 ROUTE 44/55

MODENA, NY 12548 USA

PHONE:  1.877.SOLAR.95

DRIVEWAY

SHEET #: PV1

SHEET TITLE: SITE PLAN

1 OF 10 SHEETS

SCALE: LISTED

SOLAR ARRAYS AND THEIR SYSTEM

COMPONENTS SHALL BE INSTALLED

IN CONJUNCTION WITH LOCAL

CODES, 2020 RESIDENTIAL CODE OF

NEW YORK STATE & 2017 NEC

ATTIC MOUNTED CONDUIT TO

PENETRATE OUT GABLE END

THEN DOWN EXTERIOR WALL

H

I
G

H

M

O

U

N

T

 
A

V

E

LOCATION OF UTILITY METER

ON EXTERIOR WALL

LOCATION OF MAIN SERVICE PANEL ON

INTERIOR WALL OF FINISHED BASEMENT

SOUTH

SOLAR MODULE

MAIN

INV

M

MAIN SERVICE

MICRO INVERTER

CONDUIT RUN

LEGEND:

JB

SOLADECK-JUNCTION BOX

STRUCTURES

DRIVEWAY

SITE PLAN:

SCALE: 1/50" = 1'-0"

CORNER LOT

ROOF 1: AZIMUTH 280° TN

ROOF 2: AZIMUTH 100° TN

PROPERTY LINE

PV DEDICATED PANEL ON EXTERIOR WALL

NEXT TO UTILITY METER AND WITHIN 10'

ELECTRICALLY OF MAIN SERVICE PANEL

PV DEDICATED PANEL

PP

SITE PLAN DETAIL:

SCALE: 3/32" = 1'-0"

ROOF-MOUNTED

JUNCTION BOX

DRIVEWAY

SINGLE

FAMILY

DWELLING

(22) MODULES

WITH INTEGRATED

MICROINVERTER

ROOF 1

CONFORMING TO 2020 RESIDENTIAL CODE OF NEW YORK STATE & 2017 NEC

FIRE ACCESS

CUSTOMER:

ROBERT BERGER

RESIDENCE

117 SCHOOL ST

NYACK, NY 10960

CUSTOMER ID#:

28829

PV SYSTEM CONFIGURATION:

SYSTEM SIZE: 12.099 kW DC

SYSTEM SIZE: 11.655 kW AC

PV MODULES:(37) SUNPOWER

E20-327-E-AC

MICRO INVERTER: (4 BRANCHES)

DRAWN BY: NYSOLAR-AS

DATE: 8-12-2022

REV: 0

INSTALLER CODE: 0
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AERIAL IMAGERY:

SCALE: 1/64" = 1'-0"
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ATTIC

MOUNTED

CONDUIT

(15) MODULES

WITH INTEGRATED

MICROINVERTER

ROOF 2

ROOF-MOUNTED

JUNCTION BOX

PRIMARY

GROUND

ACCESS

FOR FIRE

ACCESS

POINT:
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NEW YORK STATE SOLAR FARM INC.

1938 ROUTE 44/55

MODENA, NY 12548 USA

PHONE:  1.877.SOLAR.95

SHEET #: PV2

SHEET TITLE: STRUCTURAL AND

PV LAYOUT ROOF 1

2 OF 10 SHEETS

SCALE: LISTED

ROOF 1 ARRAY LAYOUT (3/16"=1'-0" SCALE)

ROOF 1 ATTIC X SECTION (1/4" = 1'-0"SCALE)

MOUNT

RAIL

RAFTERS

ROOF

SYMBOL KEY:

SOLAR MODULE

SOUTH

AZIMUTH 280° TN

STRUCTURAL SPECS:

MODULE WIDTH, LENGTH:

MODULE WEIGHT:

# OF MODULES:

TOTAL MODULE WEIGHT:

TOTAL RACKING WEIGHT:

ARRAY WEIGHT:

ARRAY AREA:

ARRAY DEAD LOAD:

ROOF MATERIAL:

RAFTER SIZE:

RAFTER SPACING:

RAFTER SPAN:

NUMBER OF MOUNTS:

LOAD PER MOUNT:

ROOF PITCH:

ROOF HEIGHT:

41.2"x61.3"

42.9 LBS

22

943.8 LBS

238.2 LBS

1,182 LBS

395.5 SQFT

2.99 LBS/SQFT

COMP SHINGLE

2x6

16" OC

8'7"

34

34.76 LBS

19°

20'

BRANCH LAYOUT#

SOLAR MODULE

L FOOT

INVISIMOUNT RAIL

COMPOSITE

SHINGLES

2x6 RAFTER

16" OC

MOUNT DETAIL (1-1/2" = 1'-0"SCALE)

4

"

1/2" PLYWOOD

DECKING

QUICK MOUNT PV L-MOUNT

FLASHING AND MOUNT

SOLAR ARRAYS AND THEIR SYSTEM

COMPONENTS SHALL BE INSTALLED

IN CONJUNCTION WITH LOCAL

CODES, 2020 RESIDENTIAL CODE OF

NEW YORK STATE & 2017 NEC

18" SETBACK FROM RIDGE

CONFORMING TO 2020 RESIDENTIAL CODE OF NEW YORK STATE & 2017 NEC

CUSTOMER:

ROBERT BERGER

RESIDENCE

117 SCHOOL ST

NYACK, NY 10960

CUSTOMER ID#:

28829

PV SYSTEM CONFIGURATION:

SYSTEM SIZE: 12.099 kW DC

SYSTEM SIZE: 11.655 kW AC

PV MODULES:(37) SUNPOWER

E20-327-E-AC

MICRO INVERTER: (4 BRANCHES)

DRAWN BY: NYSOLAR-AS

DATE: 8-12-2022

REV: 0

INSTALLER CODE: 0

4'-8"8'-7"1'-6"

13'-3"

(EXISTING) 2X4 COLLAR TIES 48"OC

INSTALLER NOTE:

PLACE THE MAJORITY

OF MOUNTS ON THOSE

RAFTERS WITH

EXISTING COLLAR TIES

2'-8" 38'-5" 3'

1
'
-
6
"

1
0
'
-
4
"

4
'
-
5
"
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NEW YORK STATE SOLAR FARM INC.

1938 ROUTE 44/55

MODENA, NY 12548 USA

PHONE:  1.877.SOLAR.95

SHEET #: PV3

SHEET TITLE: STRUCTURAL AND

PV LAYOUT ROOF 2

3 OF 10 SHEETS

SCALE: LISTED

ROOF 2 ARRAY LAYOUT (3/16"=1'-0" SCALE)

ROOF 2 ATTIC X SECTION (1/4" = 1'-0"SCALE)

MOUNT

RAIL

RAFTERS

ROOF

SYMBOL KEY:

SOLAR MODULE

SOUTH

AZIMUTH 100° TN

STRUCTURAL SPECS:

MODULE WIDTH, LENGTH:

MODULE WEIGHT:

# OF MODULES:

TOTAL MODULE WEIGHT:

TOTAL RACKING WEIGHT:

ARRAY WEIGHT:

ARRAY AREA:

ARRAY DEAD LOAD:

ROOF MATERIAL:

RAFTER SIZE:

RAFTER SPACING:

RAFTER SPAN:

NUMBER OF MOUNTS:

LOAD PER MOUNT:

ROOF PITCH:

ROOF HEIGHT:

41.2"x61.3"

42.9 LBS

15

643.5 LBS

157.5 LBS

801 LBS

268 SQFT

2.99 LBS/SQFT

COMP SHINGLE

2x6

16" OC

8'7"

27

29.67 LBS

19°

20'

BRANCH LAYOUT#

SOLAR MODULE

L FOOT

INVISIMOUNT RAIL

COMPOSITE

SHINGLES

2x6 RAFTER

16" OC

MOUNT DETAIL (1-1/2" = 1'-0"SCALE)

4

"

1/2" PLYWOOD

DECKING

QUICK MOUNT PV L-MOUNT

FLASHING AND MOUNT

SOLAR ARRAYS AND THEIR SYSTEM

COMPONENTS SHALL BE INSTALLED

IN CONJUNCTION WITH LOCAL

CODES, 2020 RESIDENTIAL CODE OF

NEW YORK STATE & 2017 NEC

18" SETBACK FROM RIDGE

CONFORMING TO 2020 RESIDENTIAL CODE OF NEW YORK STATE & 2017 NEC

CUSTOMER:

ROBERT BERGER

RESIDENCE

117 SCHOOL ST

NYACK, NY 10960

CUSTOMER ID#:

28829

PV SYSTEM CONFIGURATION:

SYSTEM SIZE: 12.099 kW DC

SYSTEM SIZE: 11.655 kW AC

PV MODULES:(37) SUNPOWER

E20-327-E-AC

MICRO INVERTER: (4 BRANCHES)

DRAWN BY: NYSOLAR-AS

DATE: 8-12-2022

REV: 0

INSTALLER CODE: 0

4'-8"8'-7"1'-6"

13'-3"

(EXISTING) 2X4 COLLAR TIES 48"OC

INSTALLER NOTE:

PLACE THE MAJORITY

OF MOUNTS ON THOSE

RAFTERS WITH

EXISTING COLLAR TIES

18" SETBACK FROM RIDGE

1'-4"

13'-11" 4'-10" 20'-11" 3'

17'-5"23'-8"

4
'
-
5
"

1
0
'
-
4
"

1
'
-
6
"

1
'
-
6
"

5
'
-
1
"

9
'
-
8
"



240V AC

(1) TRANSITION

CABLE

L1

L2

G

(8) THWN-2 CU #10

(1) EGC CU #12

MINIMUM 3/4" EMT

34.1% CONDUIT FILL

JUNCTION

BOX

 PV BREAKERS

#11 MODULE

#2-10 MODULE

#1 MODULE

...

240V AC

(1) TRANSITION

CABLE

L1

L2

G

JUNCTION

BOX

#22 MODULE

#13-21 MODULE

#12 MODULE

...

240V AC

(1) TRANSITION

CABLE

L1

L2

G

JUNCTION

BOX

#33 MODULE

#24-32 MODULE

#23 MODULE

...

 20A 2P

 20A 2P

(2) THWN-2 CU #10

(1) EGC CU #12

MINIMUM 1/2" EMT

18.3% CONDUIT FILL

BRANCH 2

(11)SUNPOWER

E20-327-E-AC

AC MODULES

BRANCH 3

(11)SUNPOWER

E20-327-E-AC

AC MODULES

 20A 2P

240V AC

(1) TRANSITION

CABLE

L1

L2

G

JUNCTION

BOX

#37 MODULE

#35-36 MODULE

#34 MODULE

...

BRANCH 4

(4)SUNPOWER

E20-327-E-AC

AC MODULES

BRANCH 1

(11)SUNPOWER

E20-327-E-AC

AC MODULES

 15A 2P

(3) THWN-2 CU #4

(1) GEC/EGC CU #8

MINIMUM 1" EMT

32.8% CONDUIT FILL

LINE SIDE UTILITY SERVICE

CONNECTION - USE POLARIS

BLOCK OR EQUIVALENT

KWH

TO UTILITY

EXISTING

100A MAIN

BREAKER

10kAIC

100A MAIN

SERVICE PANEL

(E) LOADS

(E) LOADS

(E) LOADS

15A 2P

 MONITORING

BREAKER

70A 2P

 20A 2P

4*1.31*1.25=6.55=15A OCP

11*1.31*1.25=18.0125=20A OCP

37*1.31*1.25=60.5875=70A OCP

125A PV DEDICATED PANEL

[EATON] NEMA 3R

EATON BR270

10K AIC BREAKER WITH

 RETAINING KIT

[89-L AC DISCONNECT]

NEW YORK STATE SOLAR FARM INC.

1938 ROUTE 44/55

MODENA, NY 12548 USA

PHONE:  1.877.SOLAR.95

SHEET #: PV4

SHEET TITLE: ELECTRICAL

4 OF 10 SHEETS

SCALE: N/A

SUNPOWER 327 WATT AC MODULE SPECS:

NOMINAL OPERATING AC VOLTAGE:

NOMINAL OPERATING AC FREQUENCY:

MAXIMUM AC POWER:

MAXIMUM AC CURRENT:

MAXIMUM OVERCURRENT DEVICE RATING:

DC/AC CONVERSION EFFICIENCY:

240 V

60 HZ

320 WATT

1.31 A

20A

97.5 %

INSTALLER NOTE: LOCK

UP THE SYSTEM

BEFORE YOU LEAVE

--------------------------

JOB IS A LOAN

BREAKER

SWITCH

SCREW TERMINAL

ELECTRICAL KEY:

EARTH GROUND

GEC

EGC

AC LINE 1

AC LINE 2

AC NEUTRAL

SOLAR ARRAYS AND THEIR SYSTEM

COMPONENTS SHALL BE INSTALLED

IN CONJUNCTION WITH LOCAL

CODES, 2020 RESIDENTIAL CODE OF

NEW YORK STATE & 2017 NEC

See included documentation from

the manufacturer indicating that there is no neutral

conductor required between

the micro inverters and the PV dedicated panel

CONFORMING TO 2020 RESIDENTIAL CODE OF NEW YORK STATE & 2017 NEC

CUSTOMER:

ROBERT BERGER

RESIDENCE

117 SCHOOL ST

NYACK, NY 10960

CUSTOMER ID#:

28829

PV SYSTEM CONFIGURATION:

SYSTEM SIZE: 12.099 kW DC

SYSTEM SIZE: 11.655 kW AC

PV MODULES:(37) SUNPOWER

E20-327-E-AC

MICRO INVERTER: (4 BRANCHES)

DRAWN BY: NYSOLAR-AS

DATE: 8-12-2022

REV: 0

INSTALLER CODE: 0



NEW YORK STATE SOLAR FARM INC.

1938 ROUTE 44/55

MODENA, NY 12548 USA

PHONE:  1.877.SOLAR.95

SHEET #: PV5

SHEET TITLE: LABELS

5 OF 10 SHEETS

SCALE: N/A

NEC 690.5(c)

PLACE THIS LABEL ON INVERTER(S) OR NEAR

GROUND-FAULT INDICATOR (ON INVERTER(S) U.O.N.)

NEC 690.17

PLACE THIS LABEL ON ALL DISCONNECTING

MEANS WHERE ENERGIZED IN AN OPEN POSITION

NEC 690.54

PLACE THIS LABEL AT "INTERACTIVE POINT OF

INTERCONNECTION" (AT MAIN SERVICE PANEL AND

SUBPANEL IF APPLICABLE)

WARNING

ELECTRIC SHOCK HAZARD

DO NOT TOUCH TERMINALS

TERMINALS ON BOTH THE

LINE AND LOAD SIDE MAY

BE ENERGIZED IN THE

OPEN POSITION

WARNING

ELECTRIC SHOCK HAZARD

IF A GROUND FAULT IS INDICATED,

NORMALLY GROUNDED CONDUCTORS

MAY BE UNGROUNDED AND

ENERGIZED

WARNING

INVERTER OUTPUT CONNECTION

DO NOT RELOCATE THIS

OVERCURRENT DEVICE

NEC 705.12(D)(7)

PLACE THIS LABEL AT P.O.C. TO SERVICE

DISTRIBUTION EQUIPMENT (I.E. MAIN PANEL (AND

SUBPANEL IF APPLICABLE))

CAUTION

CONTAINS MULTIPLE POWER

SOURCES

NEC 705.12(D)(4)

PLACE THIS LABEL ON ALL EQUIPMENT CONTAINING

OVERCURRENT DEVICES IN CIRCUITS SUPPLYING

POWER TO A BUSBAR OR CONDUCTORS SUPPLIED

FROM MULTIPLE SOURCES.

INTERACTIVE PHOTOVOLTAIC POWER SOURCE

RATED AC OUTPUT CURRENT (A):

NOMINAL OPERATING AC VOLTAGE (V):

48.47 A

240 V

PHOTOVOLTAIC

POWER SOURCE

NEC 690.31 (E) 3 & 4

PLACE ON ALL JUNCTION BOXES EXPOSED

RACEWAYS EVERY 10'

NEC 690.35(F)

PLACE THIS LABEL AT EACH JUNCTION BOX, COMBINER

BOX, INVERTER AND DEVICE WHERE ENERGIZED,

UNGROUNDED CIRCUITS MAY BE EXPOSED DURING

SERVICE.

WARNING

ELECTRIC SHOCK HAZARD

THE DC CONDUCTORS OF THIS

PHOTOVOLTAIC SYSTEM ARE UNGROUNDED

AND MAY BE ENERGIZED

NEC 690.52

PLACE THIS LABEL ON SERVICE

DISTRIBUTION EQUIPMENT

SUNPOWER 327 WATT AC MODULE SPECS:

NOMINAL OPERATING AC VOLTAGE:

NOMINAL OPERATING AC FREQUENCY:

MAXIMUM AC POWER:

MAXIMUM AC CURRENT:

MAXIMUM OVERCURRENT DEVICE RATING:

DC/AC CONVERSION EFFICIENCY:

240 V

60 HZ

320 WATT

1.31 A

20A

97.5 %

SOLAR ARRAYS AND THEIR SYSTEM

COMPONENTS SHALL BE INSTALLED

IN CONJUNCTION WITH LOCAL

CODES, 2020 RESIDENTIAL CODE OF

NEW YORK STATE & 2017 NEC

SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN

TURN RAPID SHUTDOWN

SWITCH TO THE

"OFF" POSITION TO

SHUTDOWN PV SYSTEM

AND REDUCE

SHOCK HAZARD

IN ARRAY

SOLAR ELECTRIC
PV PANELS

RAPID SHUTDOWN SWITCH

FOR SOLAR PV SYSTEM

CUSTOMER:

ROBERT BERGER

RESIDENCE

117 SCHOOL ST

NYACK, NY 10960

CUSTOMER ID#:

28829

PV SYSTEM CONFIGURATION:

SYSTEM SIZE: 12.099 kW DC

SYSTEM SIZE: 11.655 kW AC

PV MODULES:(37) SUNPOWER

E20-327-E-AC

MICRO INVERTER: (4 BRANCHES)

DRAWN BY: NYSOLAR-AS

DATE: 8-12-2022

REV: 0

INSTALLER CODE: 0



CAUTION

POWER TO THIS BUILDING IS SUPPLIED FROM

 THE FOLLOWING SOURCES WITH

 DISCONNECTS LOCATED AS SHOWN
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SOUTH

NEW YORK STATE SOLAR FARM INC.

1938 ROUTE 44/55

MODENA, NY 12548 USA

PHONE:  1.877.SOLAR.95

SHEET #: PV6

SHEET TITLE: LABELS

6 OF 10 SHEETS

SCALE: N/A

NEC 690.56(B)LINKS TO 705.10 DIRECTORY

A permanent plaque or directory denoting all electric power sources on or

in the premises must be installed at each service equipment location and

all interconnected electric power production sources.

LOCATION OF

UTILITY METER ON

EXTERIOR WALL OF

SINGLE FAMILY

DWELLING

D

R

I
V

E

W

A

Y

LOCATION OF MAIN

SERVICE PANEL ON

INTERIOR WALL IN

BASEMENT OF

SINGLE FAMILY

DWELLING

LOCATION OF PV

DEDICATED PANEL

AND PV AC

DISCONNECT ON

EXTERIOR WALL

SOLAR ARRAYS AND THEIR SYSTEM

COMPONENTS SHALL BE INSTALLED

IN CONJUNCTION WITH LOCAL

CODES, 2020 RESIDENTIAL CODE OF

NEW YORK STATE & 2017 NEC

CUSTOMER:

ROBERT BERGER

RESIDENCE

117 SCHOOL ST

NYACK, NY 10960

CUSTOMER ID#:

28829

PV SYSTEM CONFIGURATION:

SYSTEM SIZE: 12.099 kW DC

SYSTEM SIZE: 11.655 kW AC

PV MODULES:(37) SUNPOWER

E20-327-E-AC

MICRO INVERTER: (4 BRANCHES)

DRAWN BY: NYSOLAR-AS

DATE: 8-12-2022

REV: 0

INSTALLER CODE: 0
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Datasheet 
 

 
      

 
 

SunPower® E-Series: E20-327 | E19-320  

SunPower® Residential 
AC Module           
Built specifically for use with the SunPower Equinox™ system, the only fully 
integrated solution designed, engineered, and warranted by one 
manufacturer.     

 
Maximum Power. Minimalist Design.   
Industry-leading efficiency means more power and savings 
per available space. With fewer modules required and 
hidden microinverters, less is truly more.     

 
Highest Lifetime Energy and Savings. 
Designed to deliver 60% more energy over 25 years in 
real-world conditions like partial shade and high temperatures.1 

 

150% 

140% 

130% 

120% 

110% 

100% 

90% 

80% 

70% 

60% 

 

 
0 5 10 15 20 25 

Years of operation 

 
 
 
Up to 
60% 
more 
lifetime 
energy 

Best Reliability. Best Warranty.  
With more than 25 million modules deployed around 
the world, SunPower technology is proven to last. That’s 
why we stand behind our module and microinverter 
with the industry’s best 25-year Combined Power and 
Product Warranty, including the highest Power Warranty 
in solar. 

 
100% 

98% 

96% 

94% 

92% 

90% 

88% 

86% 

84% 

82% 

80% 

 

 
0 5 10 15 20 25 

Years of operation 

 
 
 
 
12% 
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E-Series and X-Series 
 

And Better. 

The SunPower® Maxeon® Solar Cell 
• Enables highest-efficiency 

modules available. 2 

• Unmatched reliability 3 

• Patented solid metal foundation 
prevents breakage and corrosion 

Factory-integrated Microinverter 
• Simpler, faster installation 

• Integrated wire management, 
rapid shutdown 

• Engineered and calibrated by 
SunPower for SunPower modules 
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E-Series: E20-327 | E19-320 SunPower® Residential AC Module       
 

AC Electrical Data 

 Inverter Model: Enphase IQ 7XS (IQ7XS-96-ACM-US)  @240 VAC                                                        @208 VAC    

 Peak Output Power  320 VA                                                                    320 VA 

 Max. Continuous Output Power  315 VA                          315 VA 

 Nom. (L–L) Voltage/Range2 (V)  240 / 211–264                    208 / 183–229 

 Max. Continuous Output Current (A)  1.31                             1.51 

 Max. Units per 20 A (LL) Branch Circuit3  12 (single phase)                   10 (two pole) wye 

 CEC Weighted Efficiency  97.5%                            97.0% 

 Nom. Frequency                                                                                      60 Hz 

 Extended Frequency Range              47–68 Hz 

 AC Short Circuit Fault Current Over 3 Cycles               5.8 A rms      

 Overvoltage Class AC Port        III 

 AC Port Backfeed Current          18 mA   

 Power Factor Setting         1.0     

 Power Factor (adjustable)                0.7 lead. /  0.7 lag.   

 No active phase balancing for three-phase installations 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
  

 
1 SunPower 360 W compared to a conventional module on same-sized arrays (260 W, 16% 
efficient, approx. 1.6 m2), 4% more energy per watt (based on third-party module 
characterization and PVSim), 0.75%/yr slower degradation (Campeau, Z. et al. “SunPower 
Module Degradation Rate,” SunPower white paper, 2013).  
2 Based on search of datasheet values from websites of top 10 manufacturers per IHS, as of 
January 2017. 
3 #1 rank in “Fraunhofer PV Durability Initiative for Solar Modules: Part 3.” PVTech Power 
Magazine, 2015. Campeau, Z. et al. “SunPower Module Degradation Rate,” SunPower white 
paper, 2013. 
4 Factory set to 1547a-2014 default settings. CA Rule 21 default settings profile set during 
commissioning. See the Equinox Installation Guide #518101 for more information. 
5 Standard Test Conditions (1000 W/m² irradiance, AM 1.5, 25°C). NREL calibration 
standard: SOMS current, LACCS FF and voltage. All DC voltage is fully contained within the 
module. 
6 This product is UL Listed as PVRSE and conforms with NEC 2014 and NEC 2017 690.12; 
and C22.1-2015 Rule 64-218 Rapid Shutdown of PV Systems, for AC and DC conductors; 
when installed according to manufacturer’s instructions.  

See www.sunpower.com/facts for more reference information. 
For more details, see extended datasheet www.sunpower.com/datasheets 
Specifications included in this datasheet are subject to change without notice. 
©2018 SunPower Corporation. All Rights Reserved. SUNPOWER, the 
SUNPOWER logo and MAXEON are registered trademarks of SunPower 
Corporation in the U.S. and other countries as well. 1-800-SUNPOWER.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please read the Safety and Installation Instructions for details.               531948 RevA 
 

DC Power Data  
                                                          SPR-E20-327-E-AC               SPR-E19-320-E-AC                 

Nom. Power 5 (Pnom)             327 W                      320 W                   

Power Tol.           +5/−0%                   +5/−0%                 

Module Efficiency             20.4%                      19.9%                      

Temp. Coef. (Power)        −0.35%/°C               −0.35%/°C              

 
Shade Tol. 

• Three bypass diodes    
• Integrated module-level maximum 
power point tracking  

 
Tested Operating Conditions 

Operating Temp. −40°F to +185°F (−40°C to +85°C)  

Max. Ambient Temp. 122°F (50°C)   

Max. Load Wind: 62 psf, 3000 Pa, 305 kg/m² front & back 
Snow: 125 psf, 6000 Pa, 611 kg/m² front 

Impact Resistance 1 inch (25 mm) diameter hail at 52 mph (23 m/s) 
 

Mechanical Data 
Solar Cells 96 Monocrystalline Maxeon Gen III 

Front Glass High-transmission tempered glass with 
anti-reflective coating 

Environmental Rating Outdoor rated 

Frame Class 1 black anodized (highest AAMA rating) 

Weight 42.9 lbs (19.5 kg) 

Recommended Max. 
Module Spacing 1.3 in. (33 mm) 

 

                  Warranties, Certifications, and Compliance 

Warranties • 25-year limited power warranty 
• 25-year limited product warranty  

 
 Certifications   
 and   
 Compliance 
 
 
 
 
 
 

• UL 1703 
• UL 1741 / IEEE-1547 
• UL 1741 AC Module (Type 2 fire rated) 
• UL 62109-1 / IEC 62109-2 
• FCC Part 15 Class B      
• ICES-0003 Class B    
• CAN/CSA-C22.2 NO. 107.1-01    
• CA Rule 21 (UL 1741 SA)4  

(includes Volt/Var and Reactive Power Priority)   
• UL Listed PV Rapid Shutdown Equipment6   

 
Enables installation in accordance with: 

• NEC 690.6 (AC module)    
• NEC 690.12 Rapid Shutdown (inside and outside the array) 
• NEC 690.15 AC Connectors, 690.33(A)–(E)(1)     

   
When used with InvisiMount racking and InvisiMount accessories 
(UL 2703): 

• Module grounding and bonding through InvisiMount  
• Class A fire rated        

When used with AC module Q Cables and accessories (UL 6703 and 
UL 2238)6 : 

• Rated for load break disconnect   

PID Test Potential-induced degradation free  
 

http://www.sunpower.com/facts
http://www.sunpower.com/datasheets


SunPower® InvisiMount™ | Residential Mounting System

Simple and Fast Installation 
• Integrated module-to-rail grounding  

• Pre-assembled mid and end clamps 

• Levitating mid clamp for easy placement 

• Mid clamp width facilitates consistent, even 

 module spacing 

• UL 2703 Listed integrated grounding

Flexible Design 
• Addresses nearly all sloped residential roofs 

•	 Design	in	landscape	and	portrait	with	up	to	8ʼ	 

    rail span  

• Pre-drilled rails and rail splice    

• Rails enable easy obstacle management

Customer-Preferred Aesthetics 
• #1 module and #1 mounting aesthetics 

• Best-in-class system aesthetics 

•	 Premium,	low-profile	design 

• Black anodized components 

•	 Hidden	mid	clamps	and	capped,	flush	 

    end clamps  

Part of Superior System 
• Built for use with SunPower DC and AC modules 

• Best-in-class system reliability and aesthetics 

• Optional rooftop	transition	flashing,	rail-	 
    mounted J-box, and wire management rail clips 

• Combine with SunPower modules and 
 SunPower EnergyLink® monitoring app 

sunpower.com

Elegant Simplicity 

SunPower® InvisiMount™ is a SunPower-designed 

rail-based mounting system. The InvisiMount system 

addresses residential sloped roofs and combines faster 

installation	time,	design	flexibility,	and	superior	aesthetics.		

The	InvisiMount	product	was	specifically	envisioned	and	

engineered to pair with SunPower modules. The resulting 

system-level	approach	amplifies	the	aesthetic	and	

installation	benefits—for	homeowners	and	for	installers.	

Datasheet



SunPower® InvisiMount™ | Residential Mounting System

InvisiMount Component Details
Mid clamp Black oxide stainless steel 300 series 63 g (2.2 oz)

End clamp Black anodized aluminum 6000 series 110 g (3.88 oz)

Rail Black anodized aluminum 6000 series 830 g/m (9 oz/ft)

Rail splice Aluminum alloy 6000 series      830 g/m (9 oz/ft)

Rail bolt M10-1.5 × 25 mm; custom T-head SS304  18 g (0.63 oz)

Rail nut M10-1.5; DIN 6923 SS304 nominal

Ground lug 
assembly SS304; A2-70 bolt; tin-plated copper lug 106.5 g (3.75 oz)

Row-to-row 
grounding clip SS 301 with SS 304 M6 bolts 75 g (2.6 oz) 

Row-to-row 
spacer Black POM-grade  plastic 5 g (0.18 oz)

Roof Attachment Hardware Supported by Design Tool

Application

• Composition Shingle Rafter Attachment
• Composition Shingle Roof Decking Attachment
• Curved and Flat Tile Roof Attachment
• Universal interface for other roof attachments

InvisiMount Operating Conditions
Temperature −40°	C	to	90°	C	(−40°	F	to	194°	F)

Max. Load (LRFD) • 3000 Pa uplift    
• 6000 Pa downforce

Roof Attachment Hardware Warranties

Refer to roof attachment hardware manufacturer’s documentation.

InvisiMount	Warranties	And	Certifications

Warranties
• 25-year product warranty 

• 5-year	finish	warranty

Certifications
• UL 2703 Listed    

• Class A Fire Rated

© 2018 SunPower Corporation. All Rights Reserved. SUNPOWER, the SUNPOWER logo, EQUINOX, and INVISIMOUNT are trademarks or registered trademarks of SunPower Corporation. 
All other trademarks are the property of their respective owners. Specifications included in this datasheet are subject to change without notice. 

InvisiMount Components
Module¹ / Mid Clamp and Rail

Mid Clamp

End Clamp 

Rail and Rail Splice

Ground Lug Assembly  

     Module¹ / End Clamp and Rail

sunpower.com 
509506 RevF

² SunPower recommends that all Equinox™, InvisiMount™, and AC module systems always be designed using the InvisiMount Span Tables #524734. If a designer decides to instead use the component capacities listed in 
this document to design a system, note that the capacities shown are Load and Resistance Factor Design (LRFD) design loads, and are NOT to be used for Allowable Stress Design (ASD) calculations; and that a licensed 
Professional Engineer (PE) must then stamp all calculations. If you have any questions please contact SunPower Technical Support at 1-855-977-7867.        

InvisiMount Component LRFD Capacities²

Mid clamp
Uplift 664 lbf  

Shear 540 lbf

End clamp
Uplift  899 lbf

Shear   220 lbf

Rail
Moment: upward 548 lbf-ft  

Moment: downward 580 lbf-ft

Rail splice
Moment: upward 548 lbf-ft  

Moment: downward 580 lbf-ft

L-foot 
Uplift   1000 lbf  

Shear 390 lbf 

Datasheet

¹ Module frame that is compatible with the InvisiMount system required for hardware interoperability.

Row-to-Row Spacer

Row-to-Row Grounding Clip



 

 

September 21, 2021 

 

SunPower 

77 Rio Robles 

San Jose, CA 95134 

TEL: (408) 514-4063 
 

Attn: Sunpower – Engineering Department  

 

Re: Engineering Certification for the SunPower Corporation Invisimount Mounting System Span Tables and 

Design Methodology  

 

PZSE, Inc.-Structural Engineers has reviewed the SunPower Invisimount Mounting System Span Tables Revision 

E published April 27, 2020 and Revision E Addendum dated January 4, 2021 and their design methodology. 

This certification covers the module clamp, rail analysis, and attachment Tile hook/L bracket components.  All 

information, data and analysis contained within are based on, and comply with, the following building codes 

and typical specifications: 

 

Building Codes:  

1. Minimum Design Loads for Buildings and other Structures, ASCE 7-10, & 7-16 

2. 2015, & 2018 International Building Code, by International Code Council, Inc. 

3. 2017 NY State Uniform Code Supplement 

4. 2020 NY State Building Code 

5. 2015 Aluminum Design Manual, by The Aluminum Association 

6. CPP Wind Tunnel report number 9790, dated 16 February 2017.   

7. SEAOC PV-2, 2017 

8. 2015 NDS, by the American Wood Council 

9. UL 2703 Testing report for PV solar panels.   

10. AC428, Acceptance Criteria for Modular Framing Systems Used to Support Photovoltaic (PV) 

Panels, November 1, 2012 by ICC-ES 

 

Component and Cladding Roof Zones: 

The Components and Cladding Roof Zones shall be determined based on ASCE 7 Chapter 30, and CPP Wind 

Tunnel test number 9790, dated 16 February 2017.   

 

Notes:   

1) Racking system and panels shall be installed per manufacturer’s specifications.  

  2) Design assumptions are specified in the Inputs pages of attached span tables.   

3) Attachment design is based on 5/16” Dia. Lag Screw with 2.5” Embedment into SPF#2 

or equivalent per NDS.  Designer shall be responsible for verifying project specific site 

conditions.   

4) Wind speeds are LRFD values. 

5) Attachment spacing(s) apply to seismic design category E or less.     

  

 

PZSE, Inc.-Structural Engineers has reviewed the SunPower Invisimount Mounting System Span Tables Revision 

F published September 21, 2021 and their design methodology. This certification covers the module clamp, rail 

analysis, and attachment Tile hook/L bracket components.  All information, data and analysis contained within 

are based on, and comply with, the following building codes and typical specifications: 

 



 

 

 

 

 

 

Design Responsibility: 

These tables are intended to be used under the responsible charge of a registered design professional where 

required by the authority having jurisdiction. In all cases, these tables should be used under the direction of a 

design professional with sufficient structural engineering knowledge and experience to be able to: 

 

• Evaluate whether these tables are applicable to the project, and 

• Understand and determine the appropriate values for all input parameters of these tables. 

 

This letter certifies that the loading criteria and design basis SunPower Invisimount Mounting System Span 

Tables are in compliance with the Codes above. 

 

This certification excludes the capacity check of the building structure to support the loads imposed on the 

building by the array, such as bending strength of roof rafters spanning between supports. This requires 

additional knowledge of the building and is outside the scope of the design tool and our review. 

 

If you have any questions on the above, do not hesitate to call. 

 

Prepared By: 

PZSE, Inc. - Structural Engineers 

Roseville, CA 

 

EXP. 07/31/2024

LICENSED PROFESSIONAL ENGI
NE

ER

PA

UL K. Z ACHER

09/21/202109/23/2021



 

Notes: 

• Tables are based on strength of the InvisiMount rail and approved roof attachment in the Engineering Summary Letter 
of this document, in conformance with IBC and referenced standards. 

• The color of a given cell indicates the area on the module where clamps may be installed. Green cells allow clamps to 
be installed in Portrait or Landscape orientations; Orange allows clamps to be installed only in Portrait; Blue allows 
clamps to be installed only in Portrait within the given dimensions from the edge. Refer to the key at the beginning of 
this document for more details. 

• Maximum allowable cantilever is equal to 1/3 of the allowable span.  

• Wind speeds are ultimate values in mph, as defined in ASCE 7. Wind pressure coefficients are derived from ASCE 7 
Chapter 30. 

• User is responsible for verifying the strength of the roof. 
 

Document #524734 Rev E, Vol. 2 31  SunPower Proprietary 
 

Exposure  B         

Ground Snow (psf) 30         

Roof Height (ft) 20         

      INVISIMOUNT ALLOWABLE SPANS - ZONE 1 (IN)     
Slope → 9.46 ° 14.04 ° 18.43 ° 22.62 ° 26.57 ° 30.26 ° 33.69 ° 36.87 ° 39.81 ° 42.51 ° 45 ° 

Speed↓ 2:12 3:12 4:12 5:12 6:12 7:12 8:12 9:12 10:12 11:12 12:12 

90 72 72 72 80 80 80 96 96 96 96 96 

95 72 72 72 80 80 80 96 96 96 96 96 

100 72 72 72 80 80 80 96 96 96 96 96 

105 72 72 72 80 80 80 96 96 96 96 96 

110 72 72 72 80 80 80 96 96 96 96 96 

120 72 72 72 80 80 80 96 96 96 96 96 

130 72 72 72 80 96 80 80 96 96 96 96 

            

      INVISIMOUNT ALLOWABLE SPANS - ZONE 2 (IN)     
Slope → 9.46 ° 14.04 ° 18.43 ° 22.62 ° 26.57 ° 30.26 ° 33.69 ° 36.87 ° 39.81 ° 42.51 ° 45 ° 

Speed↓ 2:12 3:12 4:12 5:12 6:12 7:12 8:12 9:12 10:12 11:12 12:12 

90 72 72 72 80 80 80 96 96 96 96 96 

95 72 72 72 80 80 80 96 96 96 96 96 

100 72 72 72 80 80 80 96 96 96 96 96 

105 72 72 72 80 80 80 96 96 96 96 96 

110 72 72 72 80 80 80 96 96 96 96 96 

120 72 72 72 80 80 80 96 96 96 80 80 

130 72 72 72 80 80 80 80 96 80 80 80 

            

      INVISIMOUNT ALLOWABLE SPANS - ZONE 3 (IN)     
Slope → 9.46 ° 14.04 ° 18.43 ° 22.62 ° 26.57 ° 30.26 ° 33.69 ° 36.87 ° 39.81 ° 42.51 ° 45 ° 

Speed↓ 2:12 3:12 4:12 5:12 6:12 7:12 8:12 9:12 10:12 11:12 12:12 

90 72 72 72 80 80 80 96 96 96 96 96 

95 72 72 72 80 80 80 96 96 96 96 96 

100 72 72 72 80 80 80 96 96 96 96 80 

105 72 72 72 80 80 80 96 96 96 80 80 

110 72 72 72 80 80 80 96 96 80 80 80 

120 72 72 72 80 80 80 96 80 80 72 72 

130 72 72 72 80 80 80 80 80 72 72 64 

            



 

Notes: 

• Tables are based on strength of the InvisiMount rail and approved roof attachment in the Engineering Summary Letter 
of this document, in conformance with IBC and referenced standards. 

• The color of a given cell indicates the area on the module where clamps may be installed. Green cells allow clamps to 
be installed in Portrait or Landscape orientations; Orange allows clamps to be installed only in Portrait; Blue allows 
clamps to be installed only in Portrait within the given dimensions from the edge. Refer to the key at the beginning of 
this document for more details. 

• Maximum allowable cantilever is equal to 1/3 of the allowable span.  

• Wind speeds are ultimate values in mph, as defined in ASCE 7. Wind pressure coefficients are derived from ASCE 7 
Chapter 30. 

• User is responsible for verifying the strength of the roof. 
 

Document #524734 Rev E, Vol. 2 38  SunPower Proprietary 
 

Exposure  B         

Ground Snow (psf) 30         

Roof Height (ft) 30         

      INVISIMOUNT ALLOWABLE SPANS - ZONE 1 (IN)     
Slope → 9.46 ° 14.04 ° 18.43 ° 22.62 ° 26.57 ° 30.26 ° 33.69 ° 36.87 ° 39.81 ° 42.51 ° 45 ° 

Speed↓ 2:12 3:12 4:12 5:12 6:12 7:12 8:12 9:12 10:12 11:12 12:12 

90 72 72 72 80 80 80 96 96 96 96 96 

95 72 72 72 80 80 80 96 96 96 96 96 

100 72 72 72 80 80 80 96 96 96 96 96 

105 72 72 72 80 80 80 96 96 96 96 96 

110 72 72 72 80 80 80 96 96 96 96 96 

120 72 72 72 80 96 80 96 96 96 96 96 

130 72 72 72 80 80 80 80 96 96 96 96 

            

      INVISIMOUNT ALLOWABLE SPANS - ZONE 2 (IN)     
Slope → 9.46 ° 14.04 ° 18.43 ° 22.62 ° 26.57 ° 30.26 ° 33.69 ° 36.87 ° 39.81 ° 42.51 ° 45 ° 

Speed↓ 2:12 3:12 4:12 5:12 6:12 7:12 8:12 9:12 10:12 11:12 12:12 

90 72 72 72 80 80 80 96 96 96 96 96 

95 72 72 72 80 80 80 96 96 96 96 96 

100 72 72 72 80 80 80 96 96 96 96 96 

105 72 72 72 80 80 80 96 96 96 96 96 

110 72 72 72 80 80 80 96 96 96 96 80 

120 72 72 72 80 80 80 96 96 80 80 80 

130 72 72 72 80 80 80 80 80 80 80 72 

            

      INVISIMOUNT ALLOWABLE SPANS - ZONE 3 (IN)     
Slope → 9.46 ° 14.04 ° 18.43 ° 22.62 ° 26.57 ° 30.26 ° 33.69 ° 36.87 ° 39.81 ° 42.51 ° 45 ° 

Speed↓ 2:12 3:12 4:12 5:12 6:12 7:12 8:12 9:12 10:12 11:12 12:12 

90 72 72 72 80 80 80 96 96 96 96 96 

95 72 72 72 80 80 80 96 96 96 96 80 

100 72 72 72 80 80 80 96 96 96 80 80 

105 72 72 72 80 80 80 96 96 80 80 80 

110 72 72 72 80 80 80 96 80 80 80 72 

120 72 72 72 80 80 80 80 80 72 72 64 

130 64 64 64 72 72 80 80 72 64 64 64 
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L-Mount
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1) LAG SCREW

2) WASHER, SEALING, EPDM BONDED SS

3) OPEN SLOTTED L-FOOT, MILL/BLACK

Property Value

Material 300 Series Stainless Steel

Finish Clear
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Material 300 Series Stainless Steel

Finish Clear
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Finish Mill
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4) FLASHING, ROUNDED CORNERS, MILL/BLACK

5) STRUCTURAL SCREW

Property Value
Material 6000 Series Aluminum
Finish Mill

Property Value
Material 300 Series Stainless Steel
Finish Clear



 
 
 
 
 
 

 

1815 W Diehl Rd, Naperville, IL 60563 
630-219-1997 (P) 

www.structuralenginuityinc.com 
 

 

February 17, 2020 

 
Attn: Mr. Marshall Green 
Quick Mount PV 
Director of Engineering 
2700 Mitchell Dr., Bldg 2         
Walnut Creek, CA 94598        
 
 
RE: Quick Mount PV L-Mount  

State of New York Compliance Letter   SEI Project No.: 19586.00 
 
 
Dear Mr. Green: 
 
Structural Enginuity Inc. (SEI) submits this letter regarding our review of the test data for the 
Quick Mount PV (QMPV) L-Mount (QMLM) photovoltaic (PV) array mounting system. The test 
data is from Construction Testing Services (CTS) Project Number QMPV #20170517-Revision 
E, titled, “Quick Mount PV Load Testing – L-Mount”, dated June 22, 2017 and is available upon 
request from QMPV.   
 
CTS performed additional testing on the L-Mount product to determine the change in allowable 
loads due to attaching the L-Mount product with a proprietary QMPV Structural Screw as 
opposed to a wood lag screw. This product is identified by the addition of “-ST”, for structural 
screw at the end of the product code (QMLM-ST). The new test data is shown in the CTS report 
titled “Quick Mount PV Load Testing – L-Mount with QMPV Dual Drive Structural Screw”, dated 
April 6, 2018 which is also available upon request from QMPV. 
 
CTS is a licensed testing and engineering firm located in California, where the testing of the L-
Mount assembly was performed. The L-Mount assembly is designed to support and fasten rails 
and PV modules manufactured by others to the structural roof framing through plywood or OSB 
sheathing and roofing material consisting of composition shingles. Figure 1 below delineates the 
components of an L-Mount assembly.          
 



 
 
 
 
 
 

 

1815 W Diehl Rd, Naperville, IL 60563 
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FIGURE 1: L-Mount Assembly 

 
 
Testing of the L-Mount assembly consisted of test specimens that were made up of the 
following: 

- a wood test bed representing a composition shingle roof, wood framed roof that is 
comprised of 1/2” OSB APA rated Structural I sheathing over 13” long 2”x4” Douglas Fir 
rafters covered with felt paper and composition shingles,  

- a QPMV L-Mount attached to rafters using one 5/16”Ø x 4” lag screw with a minimum 

screw embedment of 2-1/2” into the structural member for the QMLM & QMLM-SNR, 
- a QMPV L-Mount attached to rafters using a QMPV Dual Drive Structural Screw with a 

minimum embedment of 2-3/4” into the structural member for the QMLM-ST 

 
The test procedures were created to simulate the reactions that would be applied to the L-Mount 
assembly due to the environmental loads projected on a PV solar roof array that is fastened to a 
roof by the L-Mount system. The tests were simulated for the environmental loads as follows: 

- Tension load test simulated wind uplift that was normal to the slope of the roof minus 
self-weight of the PV modules,   

- Compression load test simulated a low-slope roof condition with snow and array self-
weight vertically down plus wind down normal to the slope of the roof. 

- Lateral load parallel to rafter simulated parallel to roof force component of downward 
snow and self-weight loads, 

- Lateral perpendicular to rafter test simulated seismic loads on the cross-slope direction 
of the roof. 
  

Tests were conducted such that the applied load acted at the highest point of the L-Foot slot in 
order to create the largest stresses on the L-Mount. Loads applied to the weak axis of the L-
Foot for the Lateral Parallel to Rafter tests were applied with the L-Mount oriented in both 
possible directions to determine the worst case bending stresses. It is understood that the 
testing was only performed to determine the allowable service capacity of the QMPV L-Mount 
system under its worst case layout conditions.   
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The evaluation was limited to the components of the L-Mount that is manufactured by Quick 
Mount PV with test specimens installed conformance with Quick Mount PV’s product installation 
manual and specifications. Elements of the test specimen that are not manufactured by Quick 
Mount PV, such as the roof rafters, rails, and PV modules, were not analyzed in SEI’s 
evaluation of the QMPV L-Mount product; therefore, load capacities of these external elements 
should be determined by others or referenced by test data provided by the manufacturers of 
these elements. The following tables attached to this letter list the combined results of the four 
applied test load directions from the CTS Test Report, allowable stress design (ASD) capacities 
extrapolated from the test results using ASD load combinations listed in ASCE 7-16 for 
conformance with the 2018 International Building Code and International Residential Code for 
verifying capacity of the Quick Mount PV L-Mount to be used as a fastener for roof mounted PV 
Solar Arrays in the state of New York.    
 
Should you have any questions relating to this matter please contact me at your convenience. 
 
Sincerely, 
 
 
 
Peter Martin      Allan T. Myket, P.E. 
Engineer III      President/Founder 
pmartin@structuralenginuityinc.com   amyket@structuralenginuityinc.com 
 
Structural Enginuity Inc. 

 

 

THAT IT IS A VIOLATION OF THIS LAW FOR ANY PERSON, UNLESS HE IS

ACTING UNDER THE DIRECTION OF A LICENSED PROFESSIONAL ENGINEER

OR LAND SURVEYOR, TO ALTER AN ITEM IN ANY WAY.  IF AN ITEM BEARING

THE SEAL OF AN ENGINEER OR LAND SURVEYOR IS ALTERED, THE ALTERING

ENGINEER OR LAND SURVEYOR SHALL AFFIX TO THE ITEM HIS SEAL AND THE

NOTATION "ALTERED BY" FOLLOWED BY HIS SIGNATURE AND THE DATE OF

SUCH ALTERATION, AND A SPECIFIC DESCRIPTION OF THE ALTERATION.

02/18/2020

  



Loading 

Condition

Mean Tested 

Peak Load 

(lbs)

Minimum 

Tested Peak 

Load (lbs)

No. of 

Tests

Rafter Avg 

Specific 

Gravity

Type of 

Failure

FS: Method of 

Calculation

Factor of 

Safety

Allowable 

Load (lbs)

Tension 2646 2332 5 0.467 Lag Screw 

Withdrawal

NDS for Wood 

Construction, 

2012

N/A    

(Note 3)

984     

(Note 1, 3)

Compresion 1545 1288 9 0.513 L‐Foot 

Bending

Aluminum Design 

Manual, 2010

2.21 700

Shear (Lateral) 

Parallel to Rafter

560 500 6 0.52 L‐Foot 

Bending

Aluminum Design 

Manual, 2010

2.33 240

Shear (Lateral) 

Perpendicular to 

Rafter

770 649 6 0.469 Flashing 

Puncture / 

Lag Screw 

Pullout

Aluminum Design 

Manual, 2010

2.54 303

Factor of Safety Calculation Methods:

Aluminum Design Manual, 2015, Appendix 1: Testing, 1.3.2  Tests for Determining Structural Performance, Eq. 1.3‐3

NDS for Wood Construction, 2018, Commentary Section C12.2.1 Lag Screw Withdrawal Design Values, Eq C12.2.1‐2

Material Notes:

The Quick Mount PV L‐Mount Parts observed in tests to failure modes as noted above.

L‐Foot = 6061‐T6 (6005A‐T61 is also acceptable)

Test Loading Notes:

Alaska Yellow Cedar (G=0.46) ‐ Multiply allowable Tension values by 0.97

Hem‐Fir and Spruce‐Pine‐Fir (G=0.42) ‐ Multiply allowable Tension values by 0.85

Open‐Grained Redwood and Western Cedar (G=0.36) ‐ Multiply allowable Tension values by 0.67

2. All loads were applied at the highest point of the slot in the L‐Foot.

1. The average Specific Gravity of the Rafters used in the testing are given in the above table.  Wood species and grade used

that differs from this may cause lag screw pull‐out to occur sooner; therefore, adjustment of the tabulated allowable values is 

done based on the specific gravity of the other species of wood following Equation 12.2‐1 of the NDS for Wood Construction. 

The adjustment factors for various wood species are shown below. In no circumstance shall the allowable loads given in the 

above table be increased due to a higher value of Specific Gravity than what was present in the test data.

3. The Allowable Tension values determined through testing were greater than the maximum design values allowed per NDS

for a 5/16" lag screw with 2‐1/2" screw embedment for a specific gravity of 0.5 after a safety factor of 4 has been applied. As 

such, the allowable load provided is controlled by NDS Eq 12.2‐1 and has been multiplied by a load duration factor of 1.6 for 

Wind and Seismic load conditions per section 11.3.2 in the NDS for Wood Construction.

4. Allowable load tables are based on a minimum screw embedment of 2‐1/2" into the structural member. If less embedment

is achieved, loads should be adjusted accordingly.

Table 1: Summary of Allowable Loads for Quick Mount PV L‐Mount QMLM with Lag Screw 

CTS Test Report Results
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Loading 

Condition

Mean Tested 

Peak Load 

(lbs)

Minimum 

Tested Peak 

Load (lbs)

No. of 

Tests

Rafter Avg 

Specific 

Gravity

Type of 

Failure

FS: Method of 

Calculation

Factor of 

Safety

Allowable 

Load (lbs)

Tension 2378 1982 6 0.464 Lag Screw 

Pull Out

NDS for Wood 

Construction, 

2012

4.00 951     

(Note 1, 3)

Compresion 1545 1288 9 0.513 L‐Foot 

Bending

Aluminum Design 

Manual, 2010

2.21 700

Shear (Lateral) 

Parallel to Rafter

560 500 6 0.52 L‐Foot 

Bending / 

Lag Screw 

Pull Out

Aluminum Design 

Manual, 2010

2.33 240

Shear (Lateral) 

Perpendicular to 

Rafter

768 652 5 0.507 Flashing 

Puncture / 

Lag Screw 

Pullout

Aluminum Design 

Manual, 2010

3.03 253

Factor of Safety Calculation Methods:

Aluminum Design Manual, 2015, Appendix 1: Testing, 1.3.2  Tests for Determining Structural Performance, Eq. 1.3‐3

NDS for Wood Construction, 2018, Commentary Section C12.2.2 Wood Screw Withdrawal Design Values, Eq C12.2.2‐2

Material Notes:

The Quick Mount PV L‐Mount Parts observed in tests to failure modes as noted above.

L‐Foot = 6061‐T6 (6005A‐T61 is also acceptable)

Test Loading Notes:

Alaska Yellow Cedar (G=0.46) ‐ Multiply allowable Tension values by 0.98

Hem‐Fir and Spruce‐Pine‐Fir (G=0.42) ‐ Multiply allowable Tension values by 0.82

Open‐Grained Redwood and Western Cedar (G=0.36) ‐ Multiply allowable Tension values by 0.60

2. All loads were applied at the highest point of the slot in the L‐Foot.

1. The average Specific Gravity of the Rafters used in the testing are given in the above table.  Wood species and grade used

that differs from this may cause wood screw pull‐out to occur sooner; therefore, adjustment of the tabulated allowable 

values is done based on the specific gravity of the other species of wood following Equation 12.2‐2 of the NDS for Wood 

Construction. The adjustment factors for various wood species are shown below. In no circumstance shall the allowable loads 

given in the above table be increased due to a higher value of Specific Gravity than what was present in the test data.

4. Allowable load tables are based on a minimum screw embedment of 2‐3/4" into the structural member. If less embedment

is achieved, loads should be adjusted accordingly.

3. The allowable values determined through testing have been multiplied by a load duration factor of 1.6 for Wind and

Seismic load conditions per section 11.3.2 in the NDS for Wood Construction. No further factors may be applied to the 

allowable load

Table 2: Summary of Allowable Loads for Quick Mount PV L‐Mount QMLM‐ST with QMPV 

Dual Drive Structural Screw CTS Test Report Results

1815 W Diehl Rd, Naperville, IL 60563
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