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HAIL DURABILITY TEST (HDT) PROGRAM

Here, we provide answers to some frequently asked 

questions about RETC’s proprietary HDT sequence 

and classifications system. By expanding upon 

existing UL and IEC standards, the HDT program helps 

project stakeholders better understand hail effects on PV 

modules in real-world applications.

WHAT ARE THE BENEFITS 
OF RETC’S HDT PROGRAM?

The vast majority of modules are unscathed by the basic 

ballistic impact tests found in Underwriters Laboratories 

(UL) and International Electrotechnical Commission (IEC) 

standards. UL 1703 subjects modules to the impact of a 

50-millimeter (2-inch) steel sphere dropped from a height

of roughly 130 centimeters (51 inches); in rare cases, the

resulting 6.78-joule impact will result in cell damage.

Virtually all module designs pass the hail test in IEC 61215-

2, which subjects modules to 11 impacts of a 25-millimeter

(1-inch) ice ball traveling at its terminal velocity; this basic

product certification test results in a modest impact force

of 1.99 joules.

To differentiate product designs, RETC’s HDT program 

expands and improves upon UL and IEC requirements 

in meaningful ways. First, the HDT program subjects 

modules to higher kinetic impact energies, ensuring 

that the test standard better reflects the risk posed by 

hail over a 25- or 30-year operating life. Second, RETC 

designed the program to thoroughly investigate a range 

of possible outcomes, which provides valuable data for 

probabilistic analyses. Third, the test sequence is not 

limited to ballistic impact testing; it also includes thermal 

cycle and hot-spot tests to reveal potential long-term 

module degradation modes. 

WHAT IS THE BASIC SCOPE 
AND STRUCTURE OF THE HDT? 

The HDT flowchart (back side) shows RETC’s extended 

test sequence. To start, RETC characterizes the initial 

condition of eight randomly selected test samples based 

on EL testing, visual inspection and maximum power 

measurement. Next, RETC subjects each test sample to 

ten hail impacts at five locations. To understand how 

impact severity affects outcomes, we divide the eight 

modules into four test cases that vary based on hailstone 

diameter, mass, impact velocity and kinetic energy. 

After exposing each two-module test case to 10 strikes 

from an iceball of a specific diameter—45 millimeters (1.8 

inches), 50.8 millimeters (2 inches), 55 millimeters (2.2 

inches) or 60-millimeters (2.6 inches)—RETC characterizes 

the post-hail condition of each test sample. We then put all 

eight modules into an environmental chamber and cycle the 

temperature 50 times from 85°C on the high end to -40°C 

on the low end, as detailed in IEC 61215. After this TC50 

exposure, we characterize the post–thermal cycle condition 

of the modules.

The final step in RETC’s HDT sequence is to subject the test 

samples to the hot-spot endurance test found in IEC 61215. 
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HAIL IMPACT 
CHARACTERIZATIONS

Module HDT  
Classification 

Impact Characterization

Class A
No abnormalities that can lead to premature 

drop in power. Low to no power loss.

Class B
A few abnormalities that do not lead to 

premature drop in power.

Class C 
Increased abnormalities that may lead to 

premature drop in power and risk of hot spot.

Class D
Negative properties that can directly lead to a 

drop in power with an elevated risk of hot spot.

INITIAL CHARACTERIZATION
Electroluminescence testing;  

maximum power determination; visual inspection

HAIL IMPACT TESTING
Two test samples per case; ten shots total  

(5 impact locations per module with 2 impacts per location)

Case Diameter Mass Velocity Kinetic 
Energy

1 45 mm 43.9 g 30.7 m/s 20.69 J

2 50.8 mm 63.3 g 32.0 m/s 32.14 J

3 55 mm 80.2 g 33.9 m/s 46.08 J

4 65 mm 132.0 g 36.6 m/s 88.89 J

POST-HAIL CHARACTERIZATION
Electroluminescence testing;  

maximum power determination; visual inspection

THERMAL CYCLING
TC 50 testing per IEC 61215:2021 for all test samples

POST-THERMAL CYCLE 
CHARACTERIZATION

Electroluminescence testing;  
maximum power determination; visual inspection

HOT-SPOT ENDURANCE TESTING
Hot-spot testing per IEC 61215:2021 for all test samples

FINAL CHARACTERIZATION
Electroluminescence testing; maximum power determination; 

visual inspection

HAIL CLASSIFICATION
Module HDT  

Classification 
Impact Characterization

Uncritical Critical Very Critical

Class A <10% 0% 0%

Class B <20% <10% 0%

Class C ≥20% ≥10% <10%

Class D >10% >10% ≥10%

HDT SEQUENCE AND 
MODULE CLASSIFICATION

This test evaluates how the modules withstand hot-spot 

heating effects under worst-case shading and operating 

conditions. After hot-spot testing, RETC characterizes the 

final condition of the test samples based on EL testing, 

visual inspection and maximum power measurement.

WHO CAN USE THE INFORMATION 
CONTAINED IN AN HDT REPORT? 

The detailed information contained in a completed HDT 

report is helpful to module manufacturers, insurance 

companies, investors, developers and independent 

engineering firms. By exposing modules to severe, very 

severe and extreme hail strikes, the HDT sequence effectively 

investigates ballistic-impact resistance at the threshold 

of damage, just over this threshold and at material failure. 

The program ensures consistent ice ball quality, repeatable 

impact velocities and precise kinetic impact energies to 

maximize stakeholder confidence in the test results.

The resulting final report analyzes the collected module 

characterization data, identifying and quantifying 

uncritical, critical and very critical abnormalities. After 

processing these results, RETC characterizes product 

designs according to a hail-impact classification system 

from Class A (best) to Class D (worst). Conceptually, 

RETC’s PV module hail-rating system is similar to PV 

system fire-rating classifications, which are essential to 

product selection and qualification.

“The module’s hail-resiliency characteristic 
makes a huge difference to the probable 
maximum loss—and this risk profile drives 
insurance premiums.”

—John Sedgwick, VDE Americas




