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Do you have any questions?   

Send them in via the Q&A tab.  We aim to 
answer as many as we can today! 

You can also let us know of any tech problems 
there. 

We are recording this webinar today. 

We‘ll let you know by email where to find it 
and the slide deck, so you can re-watch it at 
your convenience. 

Welcome!
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“Behind The Panel Pressure”
Decoding the Structural Compatibility Between Trackers 

and Large-Format Modules

PPT by：

John Smart
VGM, Head of R&D Innovation

王敏杰
副总经理，产品中心

From the ashes, a fire shall be 

woken, a light shall spring.
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Wind Damage

*Source: LinkedIn
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Purlin Issue? Module Issue?
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Project Design - Testing

Panel 
Structure

Tracker
Purlin Design

Wind
Load Calcs

++

Wind Pressure
Stow Strategy

Double Glass
Aluminum Frame

(Steel Frame)

Purlin Length
Purlin Thickness
Purlin Material

Wind Tunnel Test
Local Wind Study

Compatibility 
Testing

International
Electrotechnical
Commission

IEC 61215-2 v2021

Terrestrial photovoltaic (PV) modules –
Design qualification and type approval 
– Part 2: Test procedures
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Panel 
Structure

Tracker
Purlin Design

Wind
Load Calcs

++

Wind Pressure
Stow Strategy

Double Glass
Aluminum Frame

(Steel Frame)

Purlin Length
Purlin Thickness
Purlin Material

𝑷𝒂𝒏𝒆𝒍 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅

𝑾𝒊𝒏𝒅 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅 ≤ 𝑷𝒂𝒏𝒆𝒍 𝑫𝒆𝒔𝒊𝒈𝒏

𝑳𝒐𝒂𝒅

International
Electrotechnical
Commission

IEC 61215-2 v2021

Terrestrial photovoltaic (PV) modules –
Design qualification and type approval 
– Part 2: Test procedures

Project Design – Load
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1

2

𝛾𝐹: Uncertainty of wind actions

𝛾𝑀: Uncertainty of structure/material

1

2

Two Safety Factors to be Considered:

𝛾𝐹 ∙ 𝑬𝒘𝒊𝒏𝒅 <
𝑹𝒌
𝛾𝑀

𝑫𝒆𝒔𝒊𝒈𝒏 𝑳𝒐𝒂𝒅 <
𝑻𝒆𝒔𝒕𝒊𝒏𝒈 𝑳𝒐𝒂𝒅

𝛾𝑚

International
Electrotechnical
Commission

IEC 61215-2 v2021

Terrestrial photovoltaic (PV) modules –
Design qualification and type approval –
Part 2: Test procedures

EN 1990 v2002

Eurocode – Basis 
of structural design

Panel Design Load – Safety Factor
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𝜸𝑴

Float Glass Rolled Glass

EN 13031-1: 2019 1.80 1.80

EN 16612: 2019 1.80 1.20

CEN/TS 19100-1: 2020 1.80 1.20

CNR-DT 201: 2013 2.50 1.35

NEN 2608: 2014 1.60 1.20

DIN 18008-1: 2020 1.80 1.50

EN 1990 v2002

Eurocode – Basis of structural design

Material safety factor 
𝜸𝑴 = 𝟏. 𝟐~𝟐. 𝟓

𝑫𝒆𝒔𝒊𝒈𝒏 𝑳𝒐𝒂𝒅 <
𝑻𝒆𝒔𝒕𝒊𝒏𝒈 𝑳𝒐𝒂𝒅

𝛾𝑚

International
Electrotechnical
Commission

IEC 61215-2 v2021

Terrestrial photovoltaic (PV) modules –
Design qualification and type approval –
Part 2: Test procedures

𝜸𝒎 = 𝟏. 𝟓

Testing Safety factor 
𝜸𝒎 = 𝟏. 𝟓

Panel Design Load – Safety Factor

The manufacturer may specify higher […] γm for certain applications. 
The design load(s) and γm are to be specified in the documentation 
of the manufacturer per each mounting method.
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1900 2000 2100 2200 2300 2400 2500

Panel Design Load – MQT16 Testing
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1900 2000 2100 2200 2300 2400 2500

[874, 1224] (1224, 1574] (1574, 1924] (1924, 2274] (2274, 2624]

Downforce
400mm hole

Panel Pressure Resistance (Pa)

[847, 1157] (1157, 1467] (1467, 1777] (1777, 2087] (2087, 2397]

Panel Pressure Resistance (Pa)

Uplift
400mm hole

Panel Design Load – MQT16 Testing
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2.9GW

Oman

685MW

Argentina

990MW

Azerbaijan

574MW

Australia

776MW

Brazil

32MW

Canada

884MW

Chile

7.9GW

China

193MW

Colombia

62MW

Cuba
757MW

Greece

0.4MW

Honduras

15.1GW

India

22MW

Indonesia

0.4MW

Japan

77MW

Jordan

103MW

Malawi 116MW

Malaysia

1.1GW

Mexico

56MW

Myanmar

10MW

Namibia

106MW

Pakistan

20.8GW

Saudi

101MW

Spain

17MW

Sri Lanka

90MW

Thailand

147MW

Turkey

8.2GW

UAE

74MW

USA

191MW

Vietnam

329MW

Kazakhstan

26MW

Armenia

27MW

Burkina Faso

97MW

Hungary

77MW

Lithuania

181MW

Nicaragua

686MW

Romania

23MW

Uganda

5MW

Comoros

2MW

Dominican
13MW

Iraq

93MW

Israel242MW

Italy

34MW

Morocco

599MW

Russia

9MW

Salvador

2.5GW

Uzbekistan

5MW

Chad

119MW

Guatemala

14MW

Panama

45MW

Peru

120MW

Tunisia

2MW

Ukraine

14MW

Yemen

130MW

Bosna

36MW

Czech

49MW

RDC

238MW

Kyrgyzstan

43MW

Latvia

229MW

South Africa

20MW

Tanzania

Panel Design Load – Global Project
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GWs size project, hundred thousands of panels, are relied on One Single Testing!

Panel Design Load – Rely on One Single Testing
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60 panels60 panels

2023~2025yr 4 Strings Fixed Free = 70m

45 panels45 panels

~2019yr 3 Strings Fixed Free = 45m

45 panels45 panels

2020~2022yr 3 Strings Fixed Free = 52m

90 panels90 panels

2026yr 6 Strings Fixed Free = 104m

Ucr

Tilt0-60 -30 30 60

2022yr2026yr

Tracker Stability

55m/s

Panel Design Load – Longer Tracker (Ucr)



13

60 panels60 panels

2023~2025yr 4 Strings Fixed Free = 70m

45 panels45 panels

~2019yr 3 Strings Fixed Free = 45m

45 panels45 panels

2020~2022yr 3 Strings Fixed Free = 52m

90 panels90 panels

2026yr 6 Strings Fixed Free = 104m

Tilt0-60 -30 30 60

2022yr2026yr

Pa

3000Pa

2400Pa

Panel Pressure

Downforce Uplift

Panel Design Load – Longer Tracker (Panel Pressure)
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25mm

100mm

7m

10m

Post Span Design in 2022yr

Post Span Design in 2026yr, by the SAME Tube

Panel Design Load – Longer Tracker (Post Span)
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Panel 
Structure

Tracker
Purlin Design

Wind
Load Calcs

++

Wind Pressure
Stow Strategy

Double Glass
Aluminum Frame

(Steel Frame)

Purlin Length
Purlin Thickness
Purlin Material

𝑷𝒂𝒏𝒆𝒍 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅

𝑾𝒊𝒏𝒅 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅 ≤𝑾𝒊𝒏𝒅 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅

• Multiple Test to Failure is required
• Material Safety Factor is needed
• Longer Tracker Design Trend 

Project Design – Load
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𝑝 = 𝑞 × 𝐺𝐶𝑁 × 𝐷𝐴𝐹

Dynamic
Coefficient

Static 
Coefficient

Velocity Pressure Panel Wind Design Load

Wind Design Load

SBC301 v2024

Saudia Loading Code, 
Code requirements

ASCE 7 v2022

Minimum Design Loads and 
Associated Criteria for Buildings 
and Other Structures

𝑞 =
1

2
× 𝜌𝑎𝑖𝑟 × 𝑉2 × 𝐾𝑧 × 𝐾𝑧𝑡 × 𝐾𝑑

Wind
Speed

Height
Factor

Topo
Factor

Direction
Factor

Air
Density



17

Hurricane
Moving Slow (hourly)
Coastal Meteorology

Thunderstorm
Moving Fast (minutely)

Inland Meteorology

Wind Design Load - Hurricane & Thunderstorm
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Wind Design Load – Ramp Up Rate

Risk Zone

33m/s

15m/s

2mins

48m/s

Wind speed increases from 15m/s to 33m/s in 
2 mins, ramp up rate is 9m/s per minute.

Ramp up lasts for 8mins and wind speed reaches 48m/s 
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5mins

Wind

W
in

d

Wind

EastWest

±40°±40°

Wind Design Load – Wind Direction Changing

𝑲𝒅 for Wind Load Coefficient & Ucr

A HMax

B GMax

C FMax

D EMax

A HMax

B GMax

C FMax

D EMax

A

B

C

D

E

F

G

H
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5mins

Wind

W
in

d

Wind

EastWest

±40°±40°

Wind Design Load – Wind Direction Changing

Coefficient & Ucr

A

B

C

D

E

F

G

H

Max

A H

B G

C F

D E

Max

A H

B G

C F

D E

𝑲𝒅 for Wind Load



21

Return Period: 300years
Risk Probability in 30years: 9.5%

(Project Req in 2022year)

Return Period: 1700years
Risk Probability in 30years: 1.8%

(Project Req in 2026year)

SBC301 v2024

Saudia Loading Code, 
Code requirements

100% 100%

30%

Wind Pressure Increase 30%

Wind Design Load – MRI
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𝑝 = 𝑞 × 𝐺𝐶𝑁 × 𝐷𝐴𝐹

Dynamic
Coefficient

Static 
Coefficient

Velocity Pressure Panel Wind Design Load

SBC301 v2024

Saudia Loading Code, 
Code requirements

ASCE 7 v2022

Minimum Design Loads and 
Associated Criteria for Buildings 
and Other Structures

𝑞 =
1

2
× 𝜌𝑎𝑖𝑟 × 𝑉2 × 𝐾𝑧 × 𝐾𝑧𝑡 × 𝐾𝑑

Wind
Speed

Height
Factor

Topo
Factor

Direction
Factor

Air
Density

Wind Design Load
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1234

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

CASE A

CASE B

CASE C

CASE D

Wind Design Load – Dynamic Wind Profile
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Peak Torsional Moment Peak Average Pressure

𝑮𝑪𝑴𝑴𝒐𝒅𝒖𝒍𝒆

(𝐺𝐶𝑀𝑃𝑢𝑟𝑙𝑖𝑛)
(𝐺𝐶𝑀𝐶𝑙𝑎𝑚𝑝)

𝑮𝑪𝑵𝑴𝒐𝒅𝒖𝒍𝒆

*Panel Frame
Bending Diagram

*Panel Frame
Bending Diagram

*Panel Load
Diagram

*Panel Load
Diagram

Wind Design Load – GCM vs GCN
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0.00

0.50

1.00

1.50

2.00

2.50

1 2 3 4

60deg Downforce

GCN_Module GCM_Module

0.00

0.50

1.00

1.50

2.00

2.50

1 2 3 4

30deg Downforce

GCN_Module GCM_Module

0.00

0.50

1.00

1.50

2.00

2.50

1 2 3 4

45deg Downforce

GCN_Module GCM_Module

𝑮𝑪𝑵𝑴𝒐𝒅𝒖𝒍𝒆 
The average of these pressure is reasonable 
for comparison with IEC uniform pressure 

test for modules.

Wind Design Load – GCM vs GCN
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Ucr Map of Multi-drive

High Tilt Low Tilt High Tilt High Tilt Low Tilt High Tilt

windwind

Ucr Map of Single-drive

Competitors

Wind Design Load – Multi-drive vs Single-drive
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SBC301 v2024

Saudia Loading Code, Code requirements

4065Pa

3211Pa

3779Pa

2986Pa

3505Pa

2769Pa 3240Pa

2560Pa

2986Pa

2359Pa

2743Pa

2166Pa

4360Pa

3444Pa

5309Pa

4194Pa

4982Pa

3936Pa

4065Pa

3211Pa3779Pa

2986Pa

3240Pa

2560Pa

4065Pa

3211Pa

2986Pa

2359Pa

2743Pa

2166Pa

3240Pa

2560Pa

3505Pa

2769Pa

3779Pa

2986Pa
2986Pa

2359Pa

Uplift

Downforce

Tilt 60°

1377Pa

1495Pa

1280Pa

1390Pa

1187Pa

1289Pa 1097Pa

1192Pa

1011Pa

1098Pa

929Pa

1009Pa

1477Pa

1604Pa

1798Pa

1953Pa

1687Pa

1833Pa

1377Pa

1495Pa1280Pa

1390Pa

1097Pa

1192Pa

1377Pa

1495Pa

1011Pa

1098Pa

929Pa

1009Pa

1097Pa

1192Pa

1187Pa

1289Pa

1280Pa

1390Pa
1011Pa

1098Pa

Uplift

Downforce

SBC301 v2024

Saudia Loading Code, Code requirements Tilt 10°

Wind Design Load – High Tilt Stow vs Low Tilt Stow
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Panel 
Structure

Tracker
Purlin Design

Wind
Load Calcs

++

Wind Pressure
Stow Strategy

Double Glass
Aluminum Frame

(Steel Frame)

Purlin Length
Purlin Thickness
Purlin Material

𝑷𝒂𝒏𝒆𝒍 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅

𝑾𝒊𝒏𝒅 𝑫𝒆𝒔𝒊𝒈𝒏
𝑳𝒐𝒂𝒅 ≤

• Local Wind Velocity
• Local Wind Direction
• WTT Pressure Coefficient
• Stow Tilt

• Multiple Test to Failure is required
• Material Safety Factor is needed
• Longer Tracker Design Trend 

Summary
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实证基地的产品检验 Arctech Verification Bases

Product showcase and functional testing base

Full-scale Test
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Who We Are

BACKGROUND

2

• Structural engineering + aerodynamics:

• Variety of structures:

• Tall buildings, Stadiums, Bridges, Data centers, Landmarks and 
Monuments, Airports, etc. 

• Utility-Scale Solar Sites

• Offices around the world:

• US, Australia, Canada, Malaysia, India, UAE

• Four wind tunnels:

• 2 in Colorado, 1 in Sydney, 1 in Kuala Lumpur

Figure: CPP services across different sectors



What’s checked on the tracker system? 
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BACKGROUND

Product 
Vendor Reviewers EPC Developer Investors Insurer Owner & 

Operator

Product and Site-Specific Services

• Wind Tunnel Pressure Test

• Resonant Dynamic Analysis

• Aeroelastic Instability Testing

• Aeroelastic Loads

• Free Vibration (Pluck) Test

• Wind Speed Analysis

• Site-Specific Instability Advice

• Ramp Rate Study

Trackers are verified and designed for a 
selected risk level using relevant and 
realistic testing methodology 



What’s checked on the panel? 
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BACKGROUND

Product 
Vendor Reviewers EPC Developer Investors Insurer Owner & 

Operator

Module Testing

• IEC 61215: 

• Evenly loaded static test (MQT16)

• Evenly loaded cyclical test (MQT20)

Steady + Even Distribution

Figure: Steady, evenly distributed load on a module



How to quantify loads on panels?
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WIND TUNNEL TESTING

• In a wind tunnel: 

• Correctly modelled atmospheric boundary layer

• High quality, calibrated model

• Well characterised pressure and wind data 

acquisition

1
2

3

Figure: CPP’s atmospheric boundary layer wind tunnel



How to quantify loads on panels?
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WIND TUNNEL TESTING

• In a wind tunnel: 

• Sufficient pressure taps to capture the gradient

• Tested for various tilts and wind directions 

• Normalised by a correctly defined wind speed height, and duration

Pressure taps

1

Figure: Pressure model testingFigure: Sample wind speed timeseries

Wind is not steady, it fluctuates
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WIND TUNNEL TESTING

What do you find? 

Peak Normal Force

Wind

1
2

3
4

• Pressure at 4 segments across the panels – typically presented as a gust pressure coefficient

• Timeseries of each quarter panel is combined, based on the load case of interest. For example: 

• Averaged for peak normal force

• Weighted with moment arms for peak moment

Figures: Panel pressure segments (left) and corresponding timeseries (right)
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WIND TUNNEL TESTING

What do you find? 

Peak Uplift
Peak Moment 

(Uplift)
Peak Downforce

Peak Moment 

(Downforce)

-2

-2.55 2 2

-1

-0.77 1 1

-1

-0.39 2 1

-1

-0.33 1 0

TYPICAL MODULE LOAD CASES
(RED = UPLIFT NET PRESSURE; BLUE = DOWNFORCE NET PRESSURE)

Wind Wind

2

• Wind load pattern varies by: 

• Tilt

• Wind direction

• Load case of interest

Wind loads are not evenly distributed
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DYNAMICS

Tracker and Panel Dynamics

• Trackers and panels move: 

• Torsion 

• Maximum motion for panels at the end or between two drives

• Heaving

• Maximum motion for panels between two posts

• Panel vibration

• Improved by longer rails and additional attachment points

3 Panels experience inertial loading

Videos: Torsional vibration (top) and heaving (bottom) of trackers 



10

FIELD MONITORING

How to verify the load on the panel?

• Field monitoring: 

• Arctech verification bases 

(AVBs)

• Equipment at various locations 

across the sample array:

• Smart pressure panels

• Dynamic motion sensors

• Anemometer

Figures: CPP equipment at China and Spain AVBs
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FIELD MONITORING

How to verify the load on the panel?

+VE

-VE

Wind• Example timeseries: 

• April 6th – 8AM to 2PM

• Mean pressure

• Wind from the west

WEST SIDE

EAST SIDE

Figures: Sample pressure timeseries on a panel 
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SUMMARY

Summary

1 Wind is not steady, it fluctuates.

2 Wind loads are not evenly distributed.

3 Panels experience inertial loading.

• To prevent panels being the weakest component, they should be 

tested to similar rigour as the mounting system. 

• A realistic, relevant test should consider that:  

• And verify it! What are your panels actually rated to?



CPP WIND ENGINEERING CONSULTANTS

500 Princes Highway
Unit 2
St. Peters, NSW 2044
Australia

T: +61 2 9551 2000
F: +61 2 9557 9447 cppwind.com

Thank You
Parsa Enshaei

Associate Principal

penshaei@cppwind.com 

mailto:penshaei@cppwind.com
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The latest news | print & online

Solar on canals reduces water evaporation 
by 70% and algae growth by 85%

by Pilar Sánchez Molina

Solar-assisted air-source heat pump for 
radiant floor heating

by Lior Kahana



Many more to come!

Coming up next…
Monday, 11 May 2026 Tuesday, 19 May 2026

Why recovery 
speed is the true 
measure of asset 
resilience

Plug-and-play solar 
for the home: 
microinverters and 
balcony energy 
storage explained

10:00 am – 11:00 am EDT, New York City

4:00 pm – 5:00 pm CEST, Berlin

10:00 am – 11:00 am CEST, Berlin

1:30 pm – 2:30 pm IST, Delhi

In the next weeks, we will continuously 
add further webinars with innovative 
partners and the latest topics. 

Check out our pv magazine Webinar 
program at:

Registration, downloads 
& recordings are also be 
found there.

www.pv-magazine.com/webinars



Do you have any questions?   

Send them in via the Q&A tab.  We aim to 
answer as many as we can today! 

You can also let us know of any tech problems 
there. 

We are recording this webinar today. 

We‘ll let you know by email where to find it 
and the slide deck, so you can re-watch it at 
your convenience. 

pv magazine

FOCUS
June 24, 2026 - Munich, Germany

pv magazine Focus will once again 
deliver high-level discussions on 
the latest trends in solar and 
energy storage across Europe and 
beyond. With sessions in English 
and German, the program will 
address key challenges from large-
scale project development to 
residential energy systems, offering 
participants valuable insights into 
technical innovation, financing, and 
integration.



Thank you for
joining today!

Arctech

Matthew Lynas
Editor

pv magazine
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