
Complete List of Tests for Solar Cells (Photovoltaic Cells) 

Used in Solar Modules 

Solar cells (photovoltaic cells) undergo rigorous testing to ensure their efficiency, durability, 

and reliability before being integrated into solar modules. Below is a categorized list of key 

tests conducted on solar cells: 

 

1. Electrical Performance Tests 

✅ Power Output (Pmax) Test – Measures the maximum power a solar cell can generate 

under standard test conditions (STC). 

✅ Current-Voltage (I-V) Curve Test – Analyzes the voltage and current output to 

determine efficiency. 

✅ Quantum Efficiency (QE) Test – Measures how effectively the cell converts different 

wavelengths of light into electricity. 

✅ Series Resistance (Rs) Test – Evaluates internal resistance that affects efficiency. 

✅ Shunt Resistance (Rsh) Test – Detects leakage paths in the cell that can reduce 

performance. 

✅ Fill Factor (FF) Test – Determines efficiency losses due to internal resistances. 

✅ Electroluminescence (EL) Imaging Test – Identifies cracks, defects, and microfractures 

in the solar cell. 

✅ Infrared (IR) Imaging Test – Detects thermal defects, hotspots, and electrical failures. 

✅ Capacitance-Voltage (C-V) Test – Evaluates charge storage and doping concentration. 

✅ Dark Current Test – Measures leakage current when the cell is not exposed to light. 

✅ Breakdown Voltage Test – Determines the voltage at which the cell fails or degrades. 

 

2. Optical Performance Tests 

✅ Reflectance Test – Measures how much light is reflected instead of absorbed. 

✅ Absorptance Test – Determines how much light energy is absorbed by the solar cell. 

✅ External Quantum Efficiency (EQE) Test – Evaluates the efficiency of the cell in 

converting photons into electrons. 

✅ Internal Quantum Efficiency (IQE) Test – Analyzes the fraction of absorbed photons 

that generate charge carriers. 

 

3. Mechanical Durability Tests 

✅ Microcrack Detection Test – Uses EL imaging or X-ray analysis to detect tiny cracks in 

the cell structure. 



✅ Bending & Flexibility Test – Tests the ability of the cell to withstand bending without 

breaking. 

✅ Adhesion Test – Checks the bonding strength between layers in the cell structure. 

✅ Vibration Test – Evaluates resistance to vibrations that may occur during transportation 

or installation. 

✅ Drop Impact Test – Assesses mechanical damage from accidental drops. 

 

4. Environmental & Aging Tests 

✅ Thermal Cycling Test – Repeated heating and cooling to check thermal expansion 

resistance. 

✅ Damp Heat Test – Exposes the cell to high temperature and humidity to test long-term 

durability. 

✅ Humidity Freeze Test – Tests performance under high humidity followed by freezing 

conditions. 

✅ Salt Mist Corrosion Test – Ensures resistance to corrosion in coastal or marine 

environments. 

✅ Ammonia Corrosion Test – Checks resistance to ammonia exposure in agricultural 

environments. 

✅ UV Exposure Test – Measures the effect of prolonged ultraviolet radiation exposure on 

performance. 

✅ Outdoor Exposure Test – Tests real-world performance under natural sunlight 

conditions. 

✅ Temperature Coefficient Test – Evaluates how performance changes with temperature 

variations. 

 

5. Defect & Degradation Tests 

✅ Light Induced Degradation (LID) Test – Evaluates power loss after initial exposure to 

sunlight. 

✅ Potential Induced Degradation (PID) Test – Checks if high voltage stress leads to 

performance degradation. 

✅ UV Degradation Test – Measures performance loss due to long-term UV exposure. 

✅ Hot Spot Test – Identifies defective cells that may overheat and cause damage. 

✅ Reverse Current Overload Test – Ensures the cell can handle excessive current without 

damage. 

✅ Crack Propagation Test – Evaluates how microcracks grow under stress and impact 

performance. 

 

6. Material & Structural Tests 



✅ Doping Concentration Test – Measures the level of doping in silicon cells for proper 

charge carrier generation. 

✅ Passivation Layer Quality Test – Evaluates the effectiveness of passivation layers in 

reducing recombination losses. 

✅ Encapsulation Adhesion Test – Ensures strong bonding between the cell and encapsulant 

material. 

✅ Metallization Contact Resistance Test – Tests electrical contact quality of metal fingers 

and busbars. 

✅ Thin-Film Adhesion Test (For Thin-Film Cells) – Ensures the stability of thin-film 

coatings. 

 

7. Certification & Reliability Tests 

✅ IEC 61215 Certification Test – Ensures crystalline silicon PV cells meet performance 

and durability standards. 

✅ IEC 61730 Safety Test – Ensures compliance with safety requirements for solar cells. 

✅ IEC 62804 PID Test – Evaluates resistance to potential-induced degradation. 

✅ ISO 9001 Quality Control Test – Ensures compliance with manufacturing quality 

standards. 

✅ ISO 14001 Environmental Management Test – Checks adherence to environmental 

impact regulations. 

✅ IEC 62716 Ammonia Test – Required for solar installations in agricultural environments. 

 

Complete List of Tests for Glass (Front Cover) Used in 

Solar Modules 

The glass (front cover) of a solar module plays a crucial role in protecting the solar cells 

while ensuring maximum light transmission. Various tests are conducted to assess its 

strength, durability, optical clarity, and environmental resistance. Below is a categorized 

list of key tests performed on solar glass: 

 

1. Optical Performance Tests 

✅ Light Transmittance Test – Measures how much sunlight passes through the glass to 

reach the solar cells. 

✅ Reflectance Test – Determines how much light is reflected away instead of being 

transmitted. 

✅ Haze Test – Evaluates the clarity of the glass by measuring light scattering. 

✅ Anti-Reflective (AR) Coating Efficiency Test – Ensures the AR coating improves light 

absorption. 



 

2. Mechanical Strength Tests 

✅ Impact Resistance Test – Simulates objects hitting the glass (e.g., hailstones, falling 

debris). 

✅ Hail Impact Test – Tests resistance against hailstorms by shooting ice balls at high speed. 

✅ Mechanical Load Test – Evaluates resistance to wind, snow, and physical pressure. 

✅ Scratch & Abrasion Resistance Test – Checks durability against rough handling and 

environmental wear. 

✅ Tempering Quality Test – Ensures the glass has been properly tempered for strength and 

safety. 

 

3. Thermal & Environmental Tests 

✅ Thermal Shock Test – Assesses resistance to sudden temperature changes (heating & 

cooling). 

✅ Thermal Expansion Test – Measures the expansion and contraction behavior of glass 

under varying temperatures. 

✅ Damp Heat Test – Exposes glass to high humidity and temperature to test durability. 

✅ UV Aging Test – Tests resistance to long-term exposure to ultraviolet radiation. 

✅ Humidity & Moisture Resistance Test – Evaluates performance under prolonged 

exposure to moisture. 

✅ Salt Mist Corrosion Test – Ensures the glass does not corrode in coastal or marine 

environments. 

✅ Acid & Chemical Resistance Test – Checks resistance to industrial pollutants and acidic 

rain. 

✅ Ammonia Corrosion Test – Ensures durability in agricultural environments with high 

ammonia levels. 

 

4. Electrical Safety Tests 

✅ Dielectric Strength Test – Ensures glass does not conduct electricity, preventing 

electrical hazards. 

✅ Insulation Resistance Test – Measures resistance to leakage currents under different 

conditions. 

 

5. Surface Coating & Adhesion Tests 



✅ Anti-Reflective Coating Adhesion Test – Ensures strong bonding of AR coating to 

prevent peeling or degradation. 

✅ Hydrophobic Coating Test – Evaluates water-repellent properties to reduce dust 

accumulation. 

✅ Encapsulant Adhesion Test – Checks bonding strength between glass and encapsulant 

materials like EVA/POE. 

 

6. Certification & Reliability Tests 

✅ IEC 61215 Standard Test – Ensures glass meets solar module performance requirements. 

✅ IEC 61730 Safety Test – Confirms compliance with electrical and mechanical safety 

standards. 

✅ ISO 9001 Quality Management Test – Ensures high manufacturing quality. 

✅ ISO 14001 Environmental Test – Checks adherence to environmental impact 

regulations. 

 

Complete List of Tests for Encapsulant (EVA, POE, etc.) 

Used in Solar Modules 

Encapsulants like EVA (Ethylene Vinyl Acetate) and POE (Polyolefin Elastomer) are 

critical components in solar modules, protecting the solar cells from moisture, UV radiation, 

and mechanical stress. Various tests are conducted to ensure the durability, adhesion, 

optical clarity, and electrical insulation of encapsulant materials. 

 

1. Optical Performance Tests 

✅ Light Transmittance Test – Measures the percentage of light passing through the 

encapsulant to reach the solar cells. 

✅ Haze Test – Evaluates clarity and light diffusion properties. 

✅ UV Stability Test – Ensures long-term resistance to UV radiation without yellowing. 

 

2. Adhesion & Lamination Tests 

✅ Peel Strength Test – Measures bonding strength between encapsulant and glass, solar 

cells, and backsheet. 

✅ Encapsulant Cross-Linking Test – Determines the degree of polymerization after 

lamination to ensure durability. 



✅ Gel Content Test – Evaluates the cross-linking level, affecting mechanical and thermal 

stability. 

✅ Shrinkage Test – Checks dimensional stability during the lamination process. 

 

3. Mechanical Strength & Durability Tests 

✅ Tensile Strength Test – Measures the encapsulant's ability to withstand stretching forces. 

✅ Elongation Test – Determines flexibility and stretchability before breaking. 

✅ Tear Resistance Test – Ensures resistance to tearing under mechanical stress. 

 

4. Thermal & Environmental Aging Tests 

✅ Thermal Stability Test – Checks encapsulant behavior at high temperatures. 

✅ Thermal Cycling Test – Assesses resistance to expansion and contraction due to 

temperature fluctuations. 

✅ Damp Heat Test – Simulates high humidity and temperature conditions to test long-term 

durability. 

✅ Humidity Freeze Test – Evaluates performance under moisture exposure followed by 

freezing conditions. 

✅ Weathering Test – Tests exposure to extreme environmental conditions. 

 

5. Electrical Insulation & Safety Tests 

✅ Dielectric Strength Test – Measures the encapsulant’s ability to resist electrical 
breakdown. 

✅ Volume Resistivity Test – Determines electrical resistance to prevent leakage currents. 

✅ High Voltage Insulation Test – Ensures safe operation under high voltage conditions. 

 

6. Chemical Resistance & Degradation Tests 

✅ Acid & Alkali Resistance Test – Ensures encapsulant remains stable in acidic and 

alkaline environments. 

✅ Salt Mist Corrosion Test – Evaluates resistance to corrosion in coastal or marine 

environments. 

✅ Ammonia Corrosion Test – Checks resistance to ammonia exposure in agricultural areas. 

✅ Hydrolytic Stability Test – Measures resistance to water absorption and hydrolysis. 



✅ Potential Induced Degradation (PID) Test – Ensures encapsulant does not contribute to 

electrical degradation under high voltage. 

 

7. Fire & Safety Tests 

✅ Flammability Test – Ensures encapsulant meets fire safety standards (UL 94 rating). 

✅ Smoke Emission Test – Measures smoke levels produced during combustion. 

 

8. Certification & Reliability Tests 

✅ IEC 61215 Standard Test – Ensures encapsulant meets solar module performance 

requirements. 

✅ IEC 61730 Safety Test – Confirms compliance with electrical and mechanical safety 

standards. 

✅ IEC 62804 PID Test – Evaluates resistance to potential-induced degradation. 

✅ ISO 9001 Quality Management Test – Ensures high manufacturing quality. 

✅ ISO 14001 Environmental Impact Test – Checks adherence to environmental 

regulations. 

 

Complete List of Tests for Backsheet Used in Solar 

Modules 

The backsheet is the outermost layer on the back of a solar module, protecting it from 

moisture, UV radiation, mechanical stress, and electrical hazards. Various tests are 

conducted to ensure its durability, adhesion, insulation, and weather resistance. 

 

1. Optical & Surface Performance Tests 

✅ Light Reflectance Test – Measures the amount of light reflected back to solar cells for 

efficiency. 

✅ Color Stability Test – Ensures the backsheet does not discolor over time due to UV 

exposure. 

✅ Surface Wettability Test – Evaluates water resistance and self-cleaning properties. 

 

2. Mechanical Strength & Durability Tests 



✅ Tensile Strength Test – Measures how much force the backsheet can withstand before 

breaking. 

✅ Elongation Test – Determines flexibility and stretchability before failure. 

✅ Tear Resistance Test – Evaluates the backsheet's ability to resist tearing under 

mechanical stress. 

✅ Peel Strength Test – Checks adhesion strength between the backsheet and encapsulant 

layers. 

✅ Abrasion Resistance Test – Tests resistance to surface wear and damage. 

✅ Puncture Resistance Test – Ensures the backsheet can resist penetration from sharp 

objects. 

 

3. Thermal & Environmental Aging Tests 

✅ Thermal Stability Test – Checks performance under high-temperature conditions. 

✅ Thermal Cycling Test – Evaluates expansion and contraction due to temperature 

variations. 

✅ Damp Heat Test – Exposes the backsheet to prolonged high temperature and humidity. 

✅ Humidity Freeze Test – Tests performance under extreme moisture exposure followed by 

freezing. 

✅ Weathering Test – Simulates long-term exposure to natural environmental conditions. 

✅ UV Aging Test – Measures degradation due to long-term exposure to ultraviolet radiation. 

✅ Hydrolytic Stability Test – Ensures resistance to water absorption and hydrolysis. 

 

4. Electrical Insulation & Safety Tests 

✅ Dielectric Strength Test – Ensures electrical insulation to prevent short circuits. 

✅ Volume Resistivity Test – Measures electrical resistance to avoid leakage currents. 

✅ High Voltage Insulation Test – Confirms safe operation under high voltage conditions. 

✅ Partial Discharge Test – Detects potential electrical discharge issues. 

✅ Tracking Resistance Test – Measures resistance to electrical leakage and tracking 

failure. 

 

5. Chemical Resistance & Degradation Tests 

✅ Acid & Alkali Resistance Test – Ensures stability in acidic and alkaline environments. 

✅ Salt Mist Corrosion Test – Evaluates resistance to corrosion in coastal or marine 

conditions. 

✅ Ammonia Corrosion Test – Ensures durability in agricultural environments with high 

ammonia levels. 



✅ Potential Induced Degradation (PID) Test – Assesses degradation due to high-voltage 

stress. 

✅ Hydrolysis Resistance Test – Ensures the backsheet does not degrade due to water 

exposure. 

 

6. Fire & Safety Tests 

✅ Flammability Test (UL 94, IEC 60695-11-10) – Ensures compliance with fire safety 

standards. 

✅ Smoke Emission Test – Measures the amount of smoke released during combustion. 

 

7. Certification & Reliability Tests 

✅ IEC 61215 Standard Test – Ensures backsheet meets solar module performance 

requirements. 

✅ IEC 61730 Safety Test – Confirms compliance with electrical and mechanical safety 

standards. 

✅ IEC 62804 PID Test – Evaluates resistance to potential-induced degradation. 

✅ ISO 9001 Quality Management Test – Ensures high manufacturing quality. 

✅ ISO 14001 Environmental Impact Test – Checks adherence to environmental 

regulations. 

 

Complete List of Tests for Frame (Support Structure) 

Used in Solar Modules 

The frame of a solar module (typically made of aluminum) provides structural support, 

mechanical stability, and protection against environmental factors. Various tests are 

conducted to ensure its strength, durability, corrosion resistance, and ability to withstand 

extreme conditions. 

 

1. Mechanical Strength & Structural Tests 

✅ Mechanical Load Test – Evaluates the frame's ability to withstand wind, snow, and other 

mechanical forces. 

✅ Tensile Strength Test – Measures the maximum stress the frame can endure before 

breaking. 

✅ Bending Strength Test – Assesses resistance to bending under pressure. 



✅ Compression Test – Determines how much force the frame can handle before deforming. 

✅ Shear Strength Test – Evaluates resistance to forces that cause sliding or deformation. 

✅ Impact Resistance Test – Simulates accidental impacts (e.g., falling debris or 

transportation handling). 

✅ Vibration Test – Ensures durability against vibrations that occur during transportation 

and installation. 

✅ Drop Test – Tests frame integrity by simulating accidental drops. 

 

2. Environmental & Corrosion Resistance Tests 

✅ Salt Mist Corrosion Test – Ensures resistance to corrosion in coastal or marine 

environments. 

✅ Humidity & Moisture Resistance Test – Checks performance under high humidity 

conditions. 

✅ Thermal Cycling Test – Evaluates expansion and contraction under temperature 

variations. 

✅ Damp Heat Test – Assesses frame stability under prolonged exposure to heat and 

humidity. 

✅ UV Aging Test – Measures degradation due to prolonged ultraviolet radiation exposure. 

✅ Ammonia Corrosion Test – Tests resistance in agricultural environments with high 

ammonia exposure. 

 

3. Coating & Surface Protection Tests 

✅ Anodization Thickness Test – Ensures proper thickness of the anodized layer for 

corrosion resistance. 

✅ Adhesion Test – Evaluates the bonding strength of coatings or paint on the frame surface. 

✅ Scratch & Abrasion Resistance Test – Determines resistance to surface damage from 

handling or environmental exposure. 

 

4. Electrical Insulation & Safety Tests 

✅ Grounding & Earthing Test – Ensures the frame can safely conduct excess electrical 

charges. 

✅ Electromagnetic Compatibility (EMC) Test – Evaluates electromagnetic interference to 

prevent signal disruptions. 

 



5. Fire & Safety Tests 

✅ Flammability Test (UL 94, IEC 60695-11-10) – Ensures the frame material is fire-

resistant. 

✅ Smoke Emission Test – Measures smoke levels produced in case of fire. 

 

6. Certification & Reliability Tests 

✅ IEC 61215 Standard Test – Ensures the frame meets solar module performance 

requirements. 

✅ IEC 61730 Safety Test – Confirms compliance with electrical and mechanical safety 

standards. 

✅ ISO 9001 Quality Management Test – Ensures high manufacturing quality. 

✅ ISO 14001 Environmental Impact Test – Checks adherence to environmental 

regulations. 

 

Complete List of Tests for Junction Box & Connectors 

Used in Solar Modules 

The junction box and connectors in a solar module are critical for ensuring efficient 

electrical connections, safety, and durability in various environmental conditions. Several 

tests are conducted to verify their mechanical strength, electrical insulation, thermal 

stability, and weather resistance. 

 

1. Electrical Performance & Safety Tests 

✅ Dielectric Strength Test – Ensures the junction box can withstand high voltage without 

electrical breakdown. 

✅ Insulation Resistance Test – Measures the resistance to prevent leakage currents. 

✅ High Voltage Withstand Test – Evaluates the ability to handle peak voltages safely. 

✅ Contact Resistance Test – Checks for low electrical resistance at connection points to 

minimize power loss. 

✅ Current Carrying Capacity Test – Ensures the connectors can handle the rated electrical 

load. 

✅ Reverse Current Overload Test – Simulates excessive current flow to test safety 

mechanisms. 

✅ Potential Induced Degradation (PID) Test – Assesses resistance to performance 

degradation under high voltage and humidity. 



 

2. Mechanical Strength & Durability Tests 

✅ Pull-out Force Test – Tests connector strength by pulling cables to check for detachment. 

✅ Vibration Test – Ensures resistance to vibrations during transport and operation. 

✅ Drop Test – Evaluates durability when subjected to accidental drops. 

✅ Connector Insertion & Extraction Force Test – Measures ease of connection and 

disconnection while maintaining strong electrical contact. 

✅ Impact Resistance Test – Simulates accidental impacts and rough handling. 

 

3. Thermal & Environmental Aging Tests 

✅ Thermal Cycling Test – Exposes components to repeated heating and cooling cycles to 

assess durability. 

✅ Damp Heat Test – Simulates long-term exposure to high temperature and humidity. 

✅ Humidity Freeze Test – Ensures performance under moisture exposure followed by 

freezing. 

✅ Salt Mist Corrosion Test – Evaluates resistance to corrosion in coastal or marine 

conditions. 

✅ UV Aging Test – Measures resistance to degradation from prolonged UV exposure. 

✅ Flammability Test (UL 94, IEC 60695-11-10) – Ensures fire resistance of the junction 

box materials. 

 

4. Waterproofing & Weather Resistance Tests 

✅ IP (Ingress Protection) Rating Test (IP67/IP68) – Ensures protection against dust and 

water ingress. 

✅ Water Submersion Test – Verifies waterproofing by submerging the junction box in 

water for a specified period. 

✅ High-Pressure Water Jet Test – Simulates heavy rain and cleaning conditions. 

✅ Condensation Resistance Test – Evaluates resistance to internal moisture buildup. 

 

5. Connector-Specific Tests 

✅ Connector Mating Cycle Test – Checks durability by repeatedly plugging and 

unplugging connectors. 

✅ Voltage Drop Test – Ensures minimal power loss at the connector interface. 



✅ Cross-Mating Compatibility Test – Confirms compatibility with different brands and 

models of connectors. 

 

6. Certification & Reliability Tests 

✅ IEC 61215 Standard Test – Ensures compliance with solar module performance 

standards. 

✅ IEC 61730 Safety Test – Confirms adherence to electrical and mechanical safety 

regulations. 

✅ IEC 62852 Standard Test – Specifies safety requirements for PV connectors. 

✅ IEC 62790 Junction Box Standard Test – Verifies durability and performance for 

junction boxes. 

✅ ISO 9001 Quality Management Test – Ensures high manufacturing quality. 

✅ ISO 14001 Environmental Impact Test – Checks adherence to environmental 

sustainability regulations. 

 

Complete List of Tests for Adhesives & Sealants Used in 

Solar Modules 

Adhesives and sealants in solar modules are crucial for bonding components, sealing gaps, 

and providing environmental protection. These materials must endure mechanical stress, 

temperature fluctuations, moisture, and UV exposure. Below is a comprehensive list of 

tests conducted to ensure their strength, durability, and long-term reliability. 

 

1. Mechanical Strength & Bonding Tests 

✅ Peel Strength Test – Measures the adhesive’s ability to resist peeling forces. 
✅ Shear Strength Test – Evaluates resistance to sliding forces. 

✅ Tensile Strength Test – Determines the adhesive’s resistance to stretching forces. 
✅ Compression Test – Assesses how the sealant performs under pressure. 

✅ Elongation Test – Measures flexibility before breakage. 

✅ Cohesion Test – Ensures internal strength within the adhesive layer. 

✅ Adhesion Strength Test – Evaluates bonding ability to different surfaces (glass, metal, 

plastics, etc.). 

 

2. Thermal & Environmental Aging Tests 



✅ Thermal Stability Test – Checks adhesive performance at high temperatures. 

✅ Thermal Cycling Test – Assesses expansion and contraction resistance under 

temperature fluctuations. 

✅ Damp Heat Test – Evaluates long-term exposure to humidity and temperature. 

✅ Humidity Freeze Test – Tests performance under moisture exposure followed by 

freezing conditions. 

✅ Weathering Test – Simulates long-term exposure to outdoor environmental conditions. 

✅ Hydrolytic Stability Test – Measures resistance to water absorption and hydrolysis. 

 

3. UV & Chemical Resistance Tests 

✅ UV Aging Test – Evaluates degradation due to long-term ultraviolet exposure. 

✅ Chemical Resistance Test – Ensures stability when exposed to acids, alkalis, and 

cleaning agents. 

✅ Salt Mist Corrosion Test – Assesses resistance to corrosion in coastal or marine 

conditions. 

✅ Ammonia Corrosion Test – Ensures durability in agricultural environments with high 

ammonia levels. 

 

4. Electrical Insulation & Safety Tests 

✅ Dielectric Strength Test – Measures the ability of the adhesive to resist electrical 

breakdown. 

✅ Volume Resistivity Test – Determines the electrical insulation properties. 

✅ Tracking Resistance Test – Evaluates resistance to electrical leakage and surface 

tracking. 

 

5. Waterproofing & Sealing Tests 

✅ Water Absorption Test – Measures how much water the adhesive absorbs over time. 

✅ IP (Ingress Protection) Rating Test – Ensures water and dust resistance (IP67/IP68). 

✅ Submersion Test – Checks sealant performance when submerged in water. 

✅ High-Pressure Water Jet Test – Simulates heavy rain and cleaning conditions. 

✅ Condensation Resistance Test – Ensures resistance to internal moisture buildup. 

 

6. Fire & Safety Tests 



✅ Flammability Test (UL 94, IEC 60695-11-10) – Ensures the adhesive meets fire safety 

standards. 

✅ Smoke Emission Test – Measures the level of smoke released during combustion. 

 

7. Certification & Reliability Tests 

✅ IEC 61215 Standard Test – Ensures compliance with solar module performance 

standards. 

✅ IEC 61730 Safety Test – Confirms adherence to electrical and mechanical safety 

regulations. 

✅ ISO 9001 Quality Management Test – Ensures high manufacturing quality. 

✅ ISO 14001 Environmental Impact Test – Checks adherence to environmental 

regulations. 

 

Complete List of Tests for Overall Solar Module 

Testing of a solar module is essential to ensure its efficiency, reliability, durability, and 

safety under various environmental and electrical conditions. Below is a comprehensive list 

of all the tests performed on a fully assembled solar module according to international 

standards such as IEC 61215, IEC 61730, IEC 62804, and UL 1703. 

 

1. Performance & Electrical Tests 

✅ Maximum Power (Pmax) Test – Measures the peak power output under standard test 

conditions (STC). 

✅ Open-Circuit Voltage (Voc) Test – Determines the voltage when no current is flowing. 

✅ Short-Circuit Current (Isc) Test – Evaluates the maximum current when voltage is zero. 

✅ Fill Factor (FF) Test – Analyzes how efficiently the module converts energy. 

✅ Temperature Coefficient Test – Measures power loss due to temperature increase. 

✅ Series Resistance & Shunt Resistance Test – Determines electrical resistance affecting 

performance. 

✅ Electroluminescence (EL) Imaging Test – Detects microcracks and cell defects. 

✅ Infrared (IR) Thermography Test – Identifies hot spots and overheating issues. 

✅ Light Induced Degradation (LID) Test – Measures power loss due to initial light 

exposure. 

✅ Potential Induced Degradation (PID) Test – Evaluates power degradation under high 

voltage stress. 

✅ Spectral Response Test – Determines module efficiency at different wavelengths of light. 

✅ Low-Light Performance Test – Checks power output in weak sunlight conditions. 



✅ Angle of Incidence Test – Measures energy production at different sun angles. 

✅ Mismatch Loss Test – Evaluates power loss due to inconsistencies between solar cells. 

 

2. Mechanical Strength & Durability Tests 

✅ Static Load Test (Wind & Snow Load Test) – Assesses frame and module strength 

under extreme loads. 

✅ Dynamic Mechanical Load Test – Simulates real-world vibrations and mechanical 

stress. 

✅ Hail Impact Test (Ice Ball Test) – Evaluates resistance to hailstones impact. 

✅ Shock & Drop Test – Tests durability during transport and installation. 

✅ Torsion & Bending Test – Ensures the module can withstand flexing forces. 

✅ Abrasion Resistance Test – Checks surface durability against dust and sand. 

✅ Frame Adhesion Test – Measures bonding strength between frame and glass. 

 

3. Environmental & Weather Resistance Tests 

✅ Thermal Cycling Test (IEC 61215) – Exposes modules to repeated high and low 

temperatures (-40°C to +85°C). 

✅ Damp Heat Test (85°C & 85% RH, IEC 61215) – Evaluates performance after 

prolonged exposure to high humidity and heat. 

✅ Humidity Freeze Test (IEC 61730) – Tests resistance to moisture followed by rapid 

freezing conditions. 

✅ UV Aging Test (IEC 61215) – Measures degradation due to long-term UV exposure. 

✅ Salt Mist Corrosion Test (IEC 61701) – Ensures durability in coastal and marine 

environments. 

✅ Ammonia Corrosion Test (IEC 62716) – Tests resistance to ammonia exposure in 

agricultural areas. 

✅ Dust & Sand Resistance Test (IEC 60068-2-68) – Evaluates resistance to desert 

conditions. 

 

4. Waterproofing & Ingress Protection Tests 

✅ IP (Ingress Protection) Rating Test (IP67/IP68) – Ensures protection against dust and 

water. 

✅ Submersion Test – Checks waterproofing by submerging the module in water. 

✅ High-Pressure Water Jet Test – Simulates heavy rain and cleaning conditions. 

✅ Condensation Resistance Test – Evaluates resistance to internal moisture buildup. 



 

5. Fire & Safety Tests 

✅ Flammability Test (IEC 61730, UL 94, UL 1703) – Ensures fire resistance of module 

materials. 

✅ Spread of Flame Test (UL 1703, IEC 61730) – Determines how quickly fire spreads on 

the module surface. 

✅ Burning Brand Test (UL 1703) – Evaluates the module’s ability to withstand burning 
debris. 

✅ Smoke Emission Test – Measures smoke levels released during combustion. 

 

6. Certification & Reliability Tests 

✅ IEC 61215 Performance Test – Ensures long-term durability and energy output. 

✅ IEC 61730 Safety Test – Confirms compliance with electrical and mechanical safety 

regulations. 

✅ IEC 62804 Potential Induced Degradation (PID) Test – Tests module stability under 

high-voltage conditions. 

✅ UL 1703 Standard Test – Ensures compliance with North American safety standards. 

✅ ISO 9001 Quality Management Test – Verifies high manufacturing quality. 

✅ ISO 14001 Environmental Impact Test – Checks adherence to sustainability regulations. 

✅ IEC 62782 Dynamic Mechanical Load Test – Evaluates performance under real-world 

mechanical stress. 

✅ IEC 62941 Quality Control for PV Module Manufacturing – Ensures high production 

standards. 

 

Complete List of "In-Process" Tests for Solar Module 

Manufacturing 

During the manufacturing of a solar module, various in-process tests are conducted to 

ensure quality control, consistency, and defect detection at different stages of production. 

These tests help identify and fix issues before final assembly, reducing waste and ensuring 

high-performance solar panels. 

 

1. Incoming Material Inspection 

Before production begins, raw materials (solar cells, glass, encapsulants, backsheets, frames, 

junction boxes, adhesives, etc.) undergo quality checks: 



✅ Solar Cell Visual Inspection – Checks for cracks, color variation, and surface defects. 

✅ Glass Surface Quality Test – Ensures smoothness, transparency, and absence of 

scratches. 

✅ Encapsulant (EVA/POE) Thickness & Adhesion Test – Ensures even thickness and 

strong bonding. 

✅ Backsheet Integrity Test – Verifies mechanical strength and insulation properties. 

✅ Aluminum Frame Inspection – Checks dimensions, anodization quality, and corrosion 

resistance. 

✅ Junction Box & Connector Quality Test – Tests electrical insulation and waterproofing. 

 

2. Solar Cell Testing Before Stringing 

✅ Cell Efficiency Test – Measures the conversion efficiency of individual solar cells. 

✅ Electroluminescence (EL) Imaging – Detects microcracks, broken fingers, or hidden 

defects. 

✅ IV (Current-Voltage) Curve Test – Evaluates electrical characteristics of each cell. 

✅ Luminance Test – Ensures uniform light reflection and color consistency. 

 

3. Stringing & Interconnection Testing 

(Solar cells are soldered together in series to form a string.) 

✅ Soldering Quality Inspection – Ensures strong and uniform solder joints. 

✅ Ribbon Alignment Check – Verifies proper placement of interconnection ribbons. 

✅ String Continuity Test – Confirms proper electrical connectivity between cells. 

✅ Cell Gap Measurement – Ensures uniform spacing between cells. 

 

4. Pre-Lamination Testing 

(The interconnected solar cell strings are placed between encapsulant layers before 

lamination.) 

✅ Layup Alignment Inspection – Checks correct positioning of all module components. 

✅ Encapsulant Placement Verification – Ensures even coverage of EVA/POE around solar 

cells. 

✅ Glass & Backsheet Alignment Check – Prevents misalignment that can cause defects. 

 

5. Lamination Process Testing 



(During lamination, heat and vacuum pressure bond the layers together.) 

✅ Lamination Temperature & Pressure Monitoring – Ensures optimal curing conditions. 

✅ Gel Content Test – Measures the cross-linking degree of the encapsulant (EVA/POE). 

✅ Bubble & Void Inspection – Detects air pockets that could lead to delamination. 

 

6. Post-Lamination Testing 

(After lamination, the module undergoes further quality checks.) 

✅ Electroluminescence (EL) Test – Detects hidden cracks, soldering defects, and inactive 

cells. 

✅ Visual Inspection – Identifies any scratches, misalignment, or other defects. 

✅ Peel Strength Test – Ensures strong bonding between encapsulant, glass, and backsheet. 

 

7. Junction Box & Edge Sealing Testing 

✅ Junction Box Adhesion Test – Ensures strong bonding with the backsheet. 

✅ Diode Functionality Test – Verifies bypass diode operation for shading protection. 

✅ Sealant Application & Waterproofing Test – Prevents moisture ingress. 

 

8. Final Electrical & Performance Testing 

✅ Flash Test (Sun Simulator Test) – Measures power output (Pmax, Voc, Isc, FF) under 

STC. 

✅ IV (Current-Voltage) Curve Test – Confirms electrical performance and efficiency. 

✅ Hi-Pot (High Voltage Insulation) Test – Checks insulation strength and safety. 

✅ Ground Continuity Test – Ensures proper electrical grounding for safety. 

✅ Light Soaking Test – Simulates initial exposure to sunlight to detect power degradation. 

 

9. Final Quality Inspection Before Packaging 

✅ Visual Inspection – Ensures no surface defects or misalignments. 

✅ Weight & Dimension Measurement – Confirms module size and weight specifications. 

✅ Label & Serial Number Verification – Ensures traceability of each module. 

✅ Packaging Integrity Test – Ensures modules are securely packed for transportation. 

 



Complete List of Reliability Tests for Solar Modules 

Reliability tests ensure that solar modules can withstand extreme environmental, 

mechanical, and electrical stress over their expected 25+ year lifespan. These tests follow 

IEC, UL, and ISO standards to certify performance, durability, and safety. 

 

1. Thermal & Environmental Stress Tests 

✅ Thermal Cycling Test (IEC 61215, IEC 61646) – Simulates daily temperature 

fluctuations between -40°C to +85°C for 200 to 1,000 cycles. 

✅ Damp Heat Test (IEC 61215) – Exposes modules to 85°C and 85% relative humidity 

for 1,000 to 2,000 hours to check for delamination, corrosion, and material degradation. 

✅ Humidity Freeze Test (IEC 61730) – Exposes modules to high humidity followed by 

sudden freezing to test for material expansion and contraction issues. 

✅ UV Aging Test (IEC 61215) – Exposes modules to long-term UV radiation to test 

encapsulant and backsheet durability. 

✅ High Temperature Operating Test – Evaluates performance in sustained high 

temperatures. 

✅ Cold Temperature Test – Ensures reliability at extreme sub-zero temperatures. 

 

2. Mechanical Stress Tests 

✅ Static Load Test (Wind & Snow Load Test, IEC 61215, UL 1703) – Simulates pressure 

from snow and wind up to 5,400 Pa. 

✅ Dynamic Mechanical Load Test (IEC 62782) – Applies variable loads to simulate real-

world stresses such as wind vibration and handling shocks. 

✅ Hail Impact Test (IEC 61215, UL 1703) – Tests module resistance against hailstones of 

25mm to 75mm diameter launched at 23 to 40 m/s. 

✅ Shock & Vibration Test (IEC 60068-2-6) – Evaluates the module’s ability to withstand 
transport and installation impacts. 

✅ Bending and Torsion Test – Checks the frame’s strength against bending forces. 
✅ Frame Adhesion & Peel Strength Test – Ensures strong bonding between frame, glass, 

and encapsulant. 

 

3. Electrical Stress Tests 

✅ Potential Induced Degradation (PID) Test (IEC 62804) – Tests power loss due to high 

voltage stress in damp conditions. 

✅ Light Induced Degradation (LID) Test – Measures power loss due to exposure to 

sunlight in the first few hours of operation. 



✅ Light and Elevated Temperature Induced Degradation (LeTID) Test (IEC 61215-2) – 

Assesses degradation under high temperatures and light exposure. 

✅ Reverse Current Overload Test – Ensures the module can handle unexpected current 

surges. 

✅ Hot Spot Endurance Test (IEC 61215-2) – Identifies defective cells that overheat under 

partial shading conditions. 

✅ Bypass Diode Thermal Test (IEC 61730-2) – Evaluates the durability of bypass diodes 

under extreme temperatures. 

✅ High Voltage Insulation Test (Hi-Pot Test, IEC 61730-2) – Verifies electrical 

insulation strength under high voltage conditions. 

✅ Ground Continuity Test (IEC 61730-2) – Ensures proper grounding for electrical 

safety. 

 

4. Corrosion & Chemical Resistance Tests 

✅ Salt Mist Corrosion Test (IEC 61701) – Tests resistance to salt and humidity, crucial 

for coastal installations. 

✅ Ammonia Corrosion Test (IEC 62716) – Ensures performance in agricultural areas 

with high ammonia exposure. 

✅ Acid Rain Test – Evaluates module resistance to acidic conditions found in industrial 

zones. 

✅ Chemical Resistance Test – Tests encapsulant and backsheet material against industrial 

pollutants. 

 

5. Long-Term Aging & Outdoor Durability Tests 

✅ Outdoor Exposure Test (IEC 61215) – Monitors real-world performance in different 

climates over extended periods. 

✅ Weathering Test – Simulates prolonged environmental exposure (rain, UV, dust, and 

temperature cycles). 

✅ Thermal Aging Test – Evaluates long-term material stability under high temperatures. 

 

6. Fire & Safety Tests 

✅ Fire Resistance Test (UL 1703, IEC 61730-2) – Ensures modules do not contribute to 

fire hazards. 

✅ Burning Brand Test (UL 790, UL 1703) – Simulates exposure to burning debris. 

✅ Spread of Flame Test (IEC 61730-2) – Measures how quickly fire spreads across the 

module surface. 

✅ Flammability Test (UL 94, IEC 61730-2) – Evaluates material resistance to ignition and 



burning. 

✅ Smoke Emission Test – Measures toxic smoke levels during combustion. 

 

7. Waterproofing & Ingress Protection Tests 

✅ IP (Ingress Protection) Rating Test (IP67/IP68, IEC 60529) – Ensures protection 

against dust and water immersion. 

✅ Submersion Test – Checks waterproofing by submerging the module in water. 

✅ Water Spray & High-Pressure Water Jet Test – Simulates heavy rainfall and 

cleaning conditions. 

✅ Condensation Resistance Test – Evaluates moisture build-up inside the module. 

 

8. Certification & Quality Assurance Tests 

✅ IEC 61215 Certification – The most comprehensive reliability standard for solar 

panels. 

✅ IEC 61730 Certification – Ensures electrical safety and mechanical integrity. 

✅ IEC 62804 PID Certification – Confirms resistance to Potential Induced Degradation 

(PID). 

✅ UL 1703 Standard Test – North American standard for fire and electrical safety. 

✅ ISO 9001 Quality Management – Ensures consistent manufacturing quality. 

✅ ISO 14001 Environmental Compliance – Guarantees eco-friendly manufacturing 

practices. 

✅ IEC 62941 Quality Control for PV Module Manufacturing – Ensures high production 

quality standards. 

✅ IEC 62782 Dynamic Mechanical Load Certification – Confirms resistance to 

mechanical stresses. 
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