
2024.04.19 
09:14:07 -07'00'



Balamurugan Rajendran Sathish Kumar

























OPERATING WIND
Design wind speed - 45mph

Kz=Kd=Kzt=Ke=1.00
Tilt angle = 2deg to 60deg

ROW CLASSIFICATION
1. Exterior
2. Intermediate
3. Edge Interior
4. Deep Interior 
(Refer section 10 of this document)

Static Co-efficient (GCp,static)
1. Table from RWDi report
2. Section Level Co-eff for all  positive and
negative ti lts
3. Calculate Uplift & Downward co-eff
4. Apply concurrent loading factor

(Table 3-1)

Dynamic Co-efficient 
(GCp,dynamic)

1. Calculate frequency in vertical mode
2. Consider vertical Damping ratio
3. Calculate reduced frequency with ASD in
stow and full  operating wind in non-stow 
position.
4. Selection of GCp,dynamic from Figures of 
RWDI report for all  ti lts
5. Apply amplification factor for length

Is Snow 
case 

applicable 

Calculate Amplification Factor 
for length for each row (from 
RWDI report)

Wind Load = GCp,static x qz x A
qz - design wind pressure
A - Contributory area

YESNO

Wind Load = (GCp,static 
+R1GCp,dynamic) x qz x A
R1 - Amplification Factor for Length
qz - design wind pressure
A - Contributory area ( Chord length L x rail
spacing)

WIND LOAD

STOW WIND
Design Wind speed at site
Kz=Kd=0.85, Kzt=Ke=1.00 

Velocity pressure calculations 
(qz) = 0.613Kz.Kzt.Kd.V2 (N/m2); 

V in m/s

Aeroealstic Moment Co-efficient 
(GCm, aero)

1. Calculate frequency in Torsional mode
2.Calculate reduced frequency with ASD wind
speed.
3. Refer Fig 2-10 to 2-13, A-4 to A-9, A-13 to A-
18, A-22 to A-27, A-31 to A-36, A-40 to A-45, 
A49- to A-54, A-58 to A-63 for co-eff selection.
4. Apply amplification factor for length
5. Selection of governing wind direction. 
240/270/300 deg.

Calculate Tracker Length 
Amplification Factor for  each 
row (Appendix C of RWDI report)

Force Fn= R1.GCp,static x qz x A Force Fn= GCp,dynamic x qz x A 

Moment Mn= R2.GCm,aero x qz x A x L
R2 - Amplification Factor for GCR and 
Height
qz - design wind pressure
A - Contributory area
L - Chord length

Concurrent GCp loading and 
superposition of load effects

(Cl. 3.3.6 of RWDI report)













  

























144HC M10 SL Bifacial Module 
144 Half-Cut Monocrystalline 520W – 540W

Bifacial Technology Enabling Additional Energy 
Harvest from Rear Side

Half-Cut Design with Split Junction Box Technology

1500V System Voltage Rating 

21%

Stability & Looks

High Reliability

No Compromise Guarantee
15 Year Workmanship Warranty
25 Year Linear Performance Guarantee

World-class Quality
• Heliene’s fully automated manufacturing 

facilities with state-of-the-art robotics 
and computer aided inspection systems 
ensure the highest level of product 
quality and consistency

• All manufacturing locations are 
compliant with international quality 

• Heliene modules have received 
Top Performer rankings in several 
categories from PV Evolution Labs (PV 
EL) independent quality evaluations

Bankable Reputation
• Established in 2010, Heliene is recognized 

as highly bankable Tier 1 manufacturer of 
solar modules and has been approved for 
use by the U.S. Department of Defense, 
U.S. Army Corps of Engineers and from 
numerous top tier utility scale project debt 
providers

• By investing heavily in research and 
development, Heliene has been able to stay 
on the cutting edge of advances in module 

Local Sales, Service, and Support

and Canada, Heliene prides itself on 
unsurpassed customer support for 
our clients.  Heliene has become the 
brand of choice for many of the leading 
residential installers, developers and 
Independent Power Producers due 
to our innovative technology, product 
customization capability and just in 
time last-mile logistics support

• Local sales and customer support 
means answered phone calls and 
immediate answers to your technical 
and logistics questions.  We understand 
your project schedules often change 
with little warning and endeavor to 
work with you to solve your project 
management challenges

144HC M10 SL Bifacial Module 

Manufactured Using International Quality 
System Standards: ISO9001



144HC M10 SL Bifacial Module

Dimensions for 144HC M10 SL Bifacial Series Modules

I-V Curves for 144HC M10 SL Bifacial Series Modules
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10. CUSTOMER APPROVED DRAWINGS NO: Mulnite Layout - 3.27.24 (PER EXHIBIT "B")
11. REFERENCE TRACKER GA DRAWINGS NUMBER: 600200, 600201

TYPICAL PILE DETAILS

DRIVE PILE DETAILS

FINISHED
GRADE

4.88 FT MIN.
 5.38 FT MAX.

7.50 FT
MIN EMBED.

EXTERIOR
DRIVE PILE "A"

EXTERIOR
DAMPER PILE "C"

INTERIOR
DAMPER PILE "D"

5.16 FT MIN
 5.66 FT MAX

9.50 FT
MIN EMBED.

5.16 FT MIN
 5.66 FT MAX

9.50 FT
MIN EMBED.

EXTERIOR
NO DAMPER PILE "E"

5.16 FT MIN
 5.66 FT MAX

9.50 FT
MIN EMBED.

5.16 FT MIN
 5.66 FT MAX

9.50 FT
MIN EMBED.

GENERAL DESCRIPTION

WIND ZONE 108 MPH

SNOW LOAD 30 PSF

ZONE CONTROLLER DETAILS

PROJECT CAPACITY 4.68936 MWDC

LATITUDE / LONGITUDE 41.884572° / -72.537160° 153 Nos.

ZONE CONTROLLERS (QTY.) 2 Nos.

ROW CONTROLLERS (QTY.)

RANGE OF MOTION +/- 52°

CHORD LENGTH (E-W)

TRACKER LENGTH (N-S)

PITCH 

7.48' (2.28 m)

298.90' (91.10 m)

15.91' (4.85 m)

GCR 47.0%

WIND SENSORS (QTY.)

SNOW SENSORS (QTY.)

4 Nos.

24 Nos.

AC

2 Nos.

2 Nos.

PILE TYPE SYMBOL TYPE
MIN.

EMBEDMENT*
(ft)

MIN.
REVEAL (ft)

MAX.
REVEAL**

(ft)

TOTAL
LENGTH**

(ft)

TOTAL
LENGTH**

(m)

Fy   YIELD
(ksi)

DESIGN
QTY.

COLOR
CODE

EXTERIOR DRIVE PILES A W6x12 7.50 4.88 5.38 12.88 3.93 50.00 12 BLACK

INTERIOR DRIVE PILES B W6x9 7.00 4.88 5.38 12.38 3.77 50.00 141 PURPLE

EXTERIOR DAMPER PILES C W6x7 9.50 5.16 5.66 15.16 4.62 50.00 48 RED

INTERIOR DAMPER PILES D W6x7 9.50 5.16 5.66 15.16 4.62 50.00 282 GREEN

EXTERIOR NO DAMPER PILES E W6x7 9.50 5.16 5.66 15.16 4.62 50.00 56 BLUE

INTERIOR NO DAMPER PILES F W6x7 9.50 5.16 5.66 15.16 4.62 50.00 894 MAROON
3 STRING EXTERIOR

3 STRING INTERIOR

INTERIOR
NO DAMPER PILE "F"

C

B

117 Nos.2 STRING INTERIOR

4.88 FT MIN.
 5.38 FT MAX.

7.00 FT
MIN EMBED.

INTERIOR
DRIVE PILE "B"

FINISHED
GRADE

FINISHED
GRADE

EE E C CE EE

D F F F F DFFFF

ZC-2 WITH WIND & SNOW SENSOR
EQUIPMENT PADZC-1 WITH WIND & SNOW SENSOR

EQUIPMENT PAD

8 Nos.2 STRING EXTERIORAE EC C EE CC

B F F FFFFD D

Wolfgang Fritz
CT
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REVEAL
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TOTAL
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1081
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LOWER DAMPER
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FINISHED GRADE

N-S ELEVATION VIEW AT MAXIMUM TILT
SCALE 1 : 12

1'1 1/8"
333  

POWER MODULE
RAIL CENTER
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744  
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315  
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343

 TRUNNION TOP COVER EDGE
TO SECOND RAIL EDGE

 
4'9 11/16"

1465  

DETAIL B
SCALE 1 : 15

POWER MODULE DETAILS

DETAIL A
SCALE 1 : 1

POWAR CINCH
9 3/16"

233
RAIL EDGE TO

DAMPER ARM EDGE

DETAIL C
SCALE 1 : 20

DETAIL E
SCALE 1 : 15

REFER NOTE 2

DETAIL D
SCALE 1 : 15

REFER NOTE 3

IFP/IFC FINAL GA FOR BOM

IFP - FOR EOR APPROVAL AND CALC PACKAGE

NOTES:
1. THIS MODULE FRAME HAS AN OVERHANG OF 5mm SMALLER SIDE AND
    20mm ON THE LARGER SIDE AS SPECIFIED BY CUSTOMER FOR THIS PROJECT.
2. JOURNAL ON NORTH SIDE OF SLEW DRIVE HAS JOURNAL INSTALLED ON NORTH SIDE OF PILE
3. JOURNAL ON SOUTH SIDE OF SLEW DRIVE HAS JOURNAL INSTALLED ON SOUTH SIDE OF PILE

HEXAGON TORQUE TUBE SPECIFICATIONS -80KSI GRADE

LENGTH EXTERIOR ROW INTERIOR ROW

DRIVE BEAM  
29'11 7/8"

9141   
1/8"
2.75   

1/8"
2.75  

MID BEAM  
22'6 1/4"

6864   
1/8"
2.75  

[5/64]
2.00

MID BEAM-2  
22'6 1/4"

6864   
1/8"
2.75  

[5/64]
2.00

END BEAM  
25'2 1/8"

7674  
[5/64]
2.00

[5/64]
2.00

DESCRIPTION COLOR CODE  SPECIFICATIONS

DRIVE BEAM MAROON (RAL 3003) RD5@Drawing View17

MID BEAM ORANGE (RAL 2008) RD6@Drawing View17

END BEAM RED (RAL 3018) RD18@Drawing View17

DRIVE POST RED (RAL 3018) W8x24, 4.52m

TYPICAL POST 
(DAMPER POST) BLUE (RAL 5015) W8x18, 4.70m

TYPICAL POST   
(NO DAMPER POST) ORANGE (RAL 2008) W8x18, 4.70m

HEXAGON TORQUE TUBE SPECIFICATIONS -80KSI GRADE

DESCRIPTION COLOR CODE LENGTH (mm) INTERMEDIATE / EDGE
(THICKNESS, mm)

DRIVE BEAM
(SPAN-1) GREEN (RAL 6038) RD19@Drawing 

View11 2.50

MID BEAM 
(SPAN-2) NAVY (RAL 5013) RD20@Drawing 

View11 2.50

MID BEAM 2
(SPAN-3) NAVY (RAL 5013) RD21@Drawing 

View11 2.50

END BEAM 
(SPAN-4) MAROON (RAL 3003) RD22@Drawing 

View11 2.50

END BEAM 2
(SPAN-5) PINK (RAL 3015) RD23@Drawing 

View11 2.50

PARTIAL END    
BEAM 2 (LEFT WING) CYAN (RAL 6027) RD25@Drawing 

View17 2.50

FOUNDATIONS SPECIFICATIONS - 50KSI

DESCRIPTION COLOR CODE  SPECIFICATIONS

DRIVE POST BLACK (RAL 9005) W6x12, 3.87m

TYPICAL POST 
(PASSIVE ) GREEN (RAL 6038) W6x8.5, 3.95m

FOUNDATIONS SPECIFICATIONS - 50KSI

DESCRIPTION COLOR CODE  SPECIFICATIONS

DRIVE POST BLACK (RAL 9005) W6x12, 2.54m

TYPICAL POST 
(PASSIVE ) GREEN (RAL 6038) W6x9, 2.62m

HEXAGON TORQUE TUBE SPECIFICATIONS -80KSI 

DESCRIPTION COLOR CODE LENGTH (mm) INTERIOR ROW
(THICKNESS, mm)

DRIVE BEAM
(SPAN-1) GREEN (RAL 6038) RD19@Drawing 

View11 3.05

MID BEAM 
(SPAN-2) NAVY (RAL 5013) RD20@Drawing 

View11 3.05

MID BEAM 2
(SPAN-3) NAVY (RAL 5013) RD21@Drawing 

View11 3.05

END BEAM 
(SPAN-4) ORANGE (RAL 2008) RD22@Drawing 

View11 3.05

END BEAM  2
(SPAN-5) MAROON (RAL 3003) RD23@Drawing 

View11 3.05

STANDARD DESIGN NOTES

1. SITE WIND SPEED 108 MPH

2. GROUND SNOW 30 PSF

3. SYSTEM VOLTAGE 1500V

4. STRING SIZE 26

5. ROW TYPE PARTIAL ROW

6. MODULE TYPE  (DIM)
HELIENE 144HC M10 SL BIFACIAL 540W

( 2279 ) X ( 1134 ) X ( 35)

7. DAMPERS
EXTERIOR INTERIOR

4 2

REVISIONS

ZONE REV. DESCRIPTION DATE BY RVW

A INITIAL RELEASE 04-APR-2024 RK PC

B UPDATED AS PER FSD 
REV-A ON 11-APR-2024 12-APR-2024 RK PA
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DETAIL B
SCALE 1 : 15

POWER MODULE DETAILS

DETAIL A
SCALE 1 : 1

POWAR CINCH

9 3/16"
233

RAIL EDGE TO 
DAMPER ARM EDGE

DETAIL C
SCALE 1 : 20

DETAIL E
SCALE 1 : 15

REFER NOTE 2

DETAIL D
SCALE 1 : 15

REFER NOTE 3

IFP/IFC FINAL GA FOR BOM

IFP - FOR EOR APPROVAL AND CALC PACKAGE

NOTES:
1. THIS MODULE FRAME HAS AN OVERHANG OF 5mm SMALLER SIDE AND
    20mm ON THE LARGER SIDE AS SPECIFIED BY CUSTOMER FOR THIS PROJECT.
2. JOURNAL ON NORTH SIDE OF SLEW DRIVE HAS JOURNAL INSTALLED ON NORTH SIDE OF PILE
3. JOURNAL ON SOUTH SIDE OF SLEW DRIVE HAS JOURNAL INSTALLED ON SOUTH SIDE OF PILE

REVISIONS

ZONE REV. DESCRIPTION DATE BY RVW

A INITIAL RELEASE 04-APR-2024 RK PC

B UPDATED AS PER FSD 
REV-A ON 11-APR-2024 12-APR-2024 RK PA

HEXAGON TORQUE TUBE SPECIFICATIONS -80KSI GRADE

LENGTH EXTERIOR ROW INTERIOR ROW

DRIVE BEAM  
33'8 15/16"

10285   
1/8"
2.75   

1/8"
2.75  

MID BEAM  
30' 5/16"

9152   
1/8"
2.75   

1/16"
2.00  

MID BEAM 2  
30' 5/16"

9152   
1/8"
2.75   

1/16"
2.00  

END BEAM  
26'3 1/4"

8008   
1/16"
2.00   

1/16"
2.00  

END BEAM -2  
28'11 1/8"

8818   
1/16"
2.00   

1/16"
2.00  

DESCRIPTION COLOR CODE  SPECIFICATIONS

DRIVE BEAM MAROON (RAL 3003) RD5@Drawing View17

MID BEAM ORANGE (RAL 2008) RD6@Drawing View17

END BEAM RED (RAL 3018) RD18@Drawing View17

DRIVE POST RED (RAL 3018) W8x24, 4.52m

TYPICAL POST 
(DAMPER POST) BLUE (RAL 5015) W8x18, 4.70m

TYPICAL POST   
(NO DAMPER POST) ORANGE (RAL 2008) W8x18, 4.70m

HEXAGON TORQUE TUBE SPECIFICATIONS -80KSI GRADE

DESCRIPTION COLOR CODE LENGTH (mm) INTERMEDIATE / EDGE
(THICKNESS, mm)

DRIVE BEAM
(SPAN-1) GREEN (RAL 6038) RD19@Drawing 

View11 2.50

MID BEAM 
(SPAN-2) NAVY (RAL 5013) RD20@Drawing 

View11 2.50

MID BEAM 2
(SPAN-3) NAVY (RAL 5013) RD21@Drawing 

View11 2.50

END BEAM 
(SPAN-4) MAROON (RAL 3003) RD22@Drawing 

View11 2.50

END BEAM 2
(SPAN-5) PINK (RAL 3015) RD23@Drawing 

View11 2.50

PARTIAL END    
BEAM 2 (LEFT WING) CYAN (RAL 6027) RD25@Drawing 

View17 2.50

FOUNDATIONS SPECIFICATIONS - 50KSI

DESCRIPTION COLOR CODE  SPECIFICATIONS

DRIVE POST BLACK (RAL 9005) W6x12, 3.87m

TYPICAL POST 
(PASSIVE ) GREEN (RAL 6038) W6x8.5, 3.95m

FOUNDATIONS SPECIFICATIONS - 50KSI

DESCRIPTION COLOR CODE  SPECIFICATIONS

DRIVE POST BLACK (RAL 9005) W6x12, 2.54m

TYPICAL POST 
(PASSIVE ) GREEN (RAL 6038) W6x9, 2.62m

HEXAGON TORQUE TUBE SPECIFICATIONS -80KSI 

DESCRIPTION COLOR CODE LENGTH (mm) INTERIOR ROW
(THICKNESS, mm)

DRIVE BEAM
(SPAN-1) GREEN (RAL 6038) RD19@Drawing 

View11 3.05

MID BEAM 
(SPAN-2) NAVY (RAL 5013) RD20@Drawing 

View11 3.05

MID BEAM 2
(SPAN-3) NAVY (RAL 5013) RD21@Drawing 

View11 3.05

END BEAM 
(SPAN-4) ORANGE (RAL 2008) RD22@Drawing 

View11 3.05

END BEAM  2
(SPAN-5) MAROON (RAL 3003) RD23@Drawing 

View11 3.05

STANDARD DESIGN NOTES

1. SITE WIND SPEED 108 MPH

2. GROUND SNOW 30 PSF

3. SYSTEM VOLTAGE 1500V

4. STRING SIZE 26

5. ROW TYPE FULL ROW

6. MODULE TYPE  (DIM)
HELIENE 144HC M10 SL BIFACIAL 540W

( 2279 ) X ( 1134 ) X ( 35)

7. DAMPERS
EXTERIOR INTERIOR

4 2
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