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General Disclaimer

UL Company did not select the sample(s), determine whether the sample(s) was representative of production
samples, witness the production of the test sample(s), nor were we provided with information relative to the
formulation or identification of component materials used in the test sample(s). The test results apply only to the
actual samples tested.

The issuance of this report in no way implies Listing, Classification or Recognition by UL and does not authorize
the use of UL Listing, Classification or Recognition Marks or any other reference to UL on the product or system.
UL Company authorizes the above named company to reproduce this Report provided it is reproduced in its
entirety. UL's name or marks cannot be used in any packaging, advertising, promotion or marketing relating to
the data in this Report, without UL's prior written permission.

UL Company its employees, and its agents shall not be responsible to anyone for the use or nonuse of the
information contained in this Report, and shall not incur any obligation or liability for damages, including
consequential damages, arising out of or in connection with the use of, or inability to use, the information
contained in this Report.

UL Company has not established a factory Follow-Up Service Program to determine the conformance of
subsequently produced products, nor has any provision been made to apply any registered mark of UL to such
product(s).

UL Company’s services are provided independently of UL’'s Conformity Assessment services such as
preliminary product investigations, product certification, or field evaluation services. UL Company does not
provide specific product design solutions, including prescriptive revisions to existing or prospective product
designs.

UL Company does not guarantee, warranty or provide an assurance (express or implied) that a positive test
result, compliance report, or issuance of a UL certification mark will result from the testing performed or the
information contained in this Report.

"UL Company” means a UL Contracting Party or an entity controlled by, controlling, or under common control
with a UL Contracting Party. "Control" means the possession, directly or indirectly, of the power to direct or
cause the direction of the management and policies of an entity, whether through ownership of more than 50%
of the interests in such entity, by contract, or otherwise. The UL Company identified or referred to in a quotation
or project confirmation or service agreement shall be referred to as “UL Contracting Party”..

This report for enterprise internally research use only, do not applicable to use as the society proven purpose.
This report shall not be reproduced except in full, without the written approval of UL company.
If you have any objection to this report, please raise it within 15 days from the date of receipt of the report. If

there is no objection more than 15 days after the acceptance of the report, the report shall be deemed to have
been fully accepted.
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Abbreviations used in the report:

Pmax — Maximum power

Vmp  — Maximum power voltage

Imp — Maximum power current

Isc — Short circuit current

Voc — Open circuit voltage

FF — Fill factor

STC - Standard Test Conditions [25°C, 1000W/m?]
N/A — not applicable to the object

Test Summary

After the static mechanical load test there were no evidence of major visual defects, no dielectric breakdown
and no mechanical deterioration of module components observed which would significantly impair their function
during their intended life. Also, no intermittent open-circuit observed during the test.

After the static mechanical load test, the maximum power was not decreased by more than 5% of the initial
value.
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1. Test sample description

1.1. Sampling Procedure

@ Solutions

All the sample were selected and provided by client, UL LLC did not select the sample[s], determine whether the
sample[s] was representative of production samples, witness the production of the test sample[s], nor were we
provided with information relative to the formulation or identification of component materials used in the test

sample[s].

1.2. Sample general information

Manufacturer: ‘ PHILADELPHIA SOLAR LTD CO
Electrical Ratings:
Isc Maximum
Voc [A DC] Pmax Maximum | Over-
Module Model [V DC]/ / wi/ vVmp Imp [A | system Current Dimension
Toleran Tolera | [V DC] | DC] voltage [V | Protection | [mm]
Tolera .
ce nce nce DC] Rating [A
DC]
PS-M108(HCBF)- | 37.08/ | 13.74/ | 400/ 1722 x 1134
400W + 3% + 30 3% 30.59 | 13.08 1500 25 % 30
Note: Ratings provided at STC; 1000 W/m? irradiance, °25C cell temperature, AM1.5.
Bifaciality of module was not investigated with this report.
1.3. Sample identification
Sample Card Date Received Sample I
No. [YYYY-MM-DD] No. Product Identification Type/Model
5393563 2022-10-09 A01 S/N: PS110822B10800134 PS-M108(HCBF)-400W
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2. Testing
Test program:
Test

NoO Test ltem Standard references, clause

1 Visual inspection IEC 61215-2, Edition 2, Issue Date 2021-02, 4.1

2 Initial Stabilization IEC 61215-2, Edition 1, Issue Date 2016-03, 19.1

3 Performance at STC IEC 61215-2, Edition 1, Issue Date 2016-03, 4.6

4 Insulation test IEC 61215-2, Edition 2, Issue Date 2021-02, 4.3

5 Wet leakage current test IEC 61215-2, Edition 2, Issue Date 2021-02, 4.15

6 Electroluminescence test IEC TS 60904-13, Edition 1, dated 2018-08

7 Continuity test of equipotential bonding IEC 61730-2, Edition 2, Issue Date 2016-08, 10.11

8 Accessibility test IEC 61730-2, Edition 2, Issue Date 2016-08, 10.9

9 Static mechanical load test IEC 61215-2, Edition 2, Issue Date 2021-02, 4.16

10 | Visualinspection after Static mechanical | ¢ 6115.2 Edition 2, Issue Date 2021-02, 4.1
load test

11 | Performance at STC after Static IEC 61215-2, Edition 1, Issue Date 2016-03, 4.6
mechanical load test

12 lgzt"a“o” test after Static mechanical load | 2 615155, Edition 2, Issue Date 2021-02, 4.3

13 | Wetleakage current test after Static IEC 61730-2, Edition 2, Issue Date 2016-08, 4.15
mechanical load test

14 Electroluminescence test IEC TS 60904-13, Edition 1, dated 2018-08

15 | Gontinuity test of equipotential bonding IEC 61730-2, Edition 2, Issue Date 2016-08, 10.11
after Static mechanical load test

16 | Accessiilly testafter Staticmechanical | ¢ 61730-2, Edition 2, Issue Date 2016-08, 10.9

NOTE 1: Measurement and verification of bifaciality ratings are not covered with this test program.

Overview of test items for test sample:

The table below is provided to establish correlation of sample numbers to test numbers.

Sample No.

Test No.

AO01

1-16

Document Number
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2.1. Visual Inspection

Test procedure: reference to standard IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.1.

Humidity [%6RH] 46.0 Ambient [°C] 25.1
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-04
RESULTS

Table 1: Visual inspection [initial]

o - Critical
Sample No. Nature and position of findings — comments or attach photos [Yes/No]
AO01 No major finding No
Supplementary information: N/A
The sample did not show any critical visual defect.
Page 7 of 24
Document Number 10-CA-F1029 Issue # 1.0

Commercial Inspection and Testing Services (CITS)



Report No:
Report Date:

4790569409

2022-11-23

2.2. Initial stabilization

Test procedure: reference to standard IEC 61215-2, Edition 1, Issue Date 2016-03, Clause 4.19.5.

@ Solutions

Cares shall be taken for bifacial modules to ensure non-irradiated background requirements in IEC TS 60904-1-
2 for all power measurements.

Humidity [%RH] 46.0 Ambient [°C] 25.1
Tested by Carson Chen Test Date [YYYY-MM-DD] 2022-11-04
Table 2: Initial stabilization
Performance at STC before initial stabilization
Light source |[X] Simulator [ ] Natural sunlight
o Irradiance
Sample No. Voc [V] Isc [A] Pmax [W] vmp [V] Imp [A] | FF [%] | Tmod [°C] [W/m?]
AO01 37.479 13.314 400.820 31.500 12.724 | 80.325 25.0 999.9

Supplementary information: N/A

Initial Stabilization procedure

Light source

[X] Simulator

[ ] Natural sunlight

Stabilization criterion x per IEC 61215-1-1 0.01
Sample No. A0l Test Date (YYYY-MM-DD) start/end 2022-11-04/2022-11-06
Pmax —
!nteg_ra_ted Irradiance Sl Resistive |Pmax (W) atthe| Pmin)/ Stable
Test cycle irradiation temperature
(W/m2) o load [Q] end of cycle Paverage | (Yes/No)
(kWh/m2) (°C) (%)
Initial — — — — 400.820 — —
1 5.4 903.5 56.3 25 399.105 — —
2 5.3 910.2 55.8 25 398.663 0.54 Yes
3 —_ —_ —_ —_ —_ _— J—
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@ Solutions

Test procedure: reference to standard IEC 61215-2, Edition 1, Issue Date 2016-03, Clause 4.6.

Cares shall be taken for bifacial modules to ensure non-irradiated background requirements in IEC TS 60904-1-
2 for all power measurements.

Humidity [%RH] 35.0 Ambient [°C] 25.0
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-06
RESULTS
Table 3: Performance at STC after initial stabilization
Light source |[X] Simulator [ 1 Natural sunlight
o Irradiance
Sample No. Voc [V] Isc [A] Pmax [W] vmp [V] Imp [A] | FF[%] | Tmod [°C] [W/m?]
AO01 37.524 13.286 398.663 31.418 12.689 | 79.969 25.0 1000.2

Supplementary information: Performance measurement conducted at STC before and after Static Mechanical
Load test for determining the power loss. Measurement and verification of bifaciality ratings are not under
scope of this test program.

Degradation [%] compared to nameplate stated value at STC

Sample No. Voc Isc Pmax Vmp Imp
A01 1.197 -3.304 -0.334 2.707 -2.988
The IV curve did not show any kink or other unusual characteristic.
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2.4. Insulation test

Test procedure: reference to standard IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.3.

Humidity [%0RH] 46.9 Ambient [°C] 21.8
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-06
RESULTS

Table 4: Insulation test [initial]

Test voltage applied [V DC] 1500 Test voltage applied [V DC] ‘8000
Measured , Required Dielectric breakdown
Sample No. resistance [MQ] Module area [m’] resistance [MQ] Yes [description]/No
A01 5000 1.95 20.5 No

Supplementary information:
Note - The max calibration value of the resistance meter was 5000 MQ.

There was no indication of dielectric breakdown during the test.
There was no indication of surface tracking during the test.

The measured insulation resistance was not less than 20.5 megohms.

Page 10 of 24
Document Number 10-CA-F1029 Issue # 1.0

Commercial Inspection and Testing Services (CITS)



Report No:
Report Date:

2.5. Wet leakage current test after preconditioning

4790569409
2022-11-23

@ Solutions

Test procedure: reference to standard IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.15.

Humidity [%0RH] 46.9 Ambient [°C] 21.8
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-06
RESULTS
Table 5: Wet leakage current test [initial]
Solution temperature [°C] 20.9 |Solution resistivity [Q/cm] |1715.3
Test Voltage applied [V, DC] |1500
Sample No. Measured resistance [MQ] Module area [m?] Required resistance [MQ]
A01 5000 1.95 20.5

Supplementary information:
Note - The max calibration value of the resistance meter was 5000 MQ.
Measured conductivity of wetting solution: 0.583 mS/cm Resistance (ohms-cm) is 1/C, where C is conductivity
(mS/cm). The calculated resistance is 1715.3 ohm-cm.

The measured insulation resistance was not less than 20.5 megohms.
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Solutions

2.6. Electroluminescence test

Test procedure: reference to standard IEC TS 60904-13, Edition 1, dated 2018-08.

Humidity [%6RH] 35.0 Ambient [°C] 25.0
Tested by Carson Chen Test Date [YYYY-MM- 2022-11-06
DD]
RESULTS

Table 6: Electroluminescence test

Sample No. |Nature and position of findings — comments or attach photos

At Isc

Front: Rear:

AO1
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2.7. Continuity test of equipotential bonding
Test procedure: reference to standard IEC 61730-2, Edition 2, Issue Date 2016-08, Clause 10.11.
Humidity [%RH] 46.9 Ambient [°C] 21.8
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-06

RESULTS

Table 7: Continuity test of equipotential bonding [Initial]

Maximum over-current protection rating [A DC]

25

Current applied [A DC]

62.5

Location of designated grounding point and accessible point on conductive components of the PV module

F2

G1, G2: Designated point for equipotential bonding
F1, F2: Conductive point of the PV module

Sample No. Test point Voltage dropped [V DC] Resistance [Q]
GltoF1 0.095 0.002
Glto F2 0.177 0.003

A01
Glto G2 0.105 0.002
Flto F2 0.192 0.003

Supplementary information: Grounding method:

Manufacture: TE Connectivity, Type: 1954381-1

The resistance between the selected exposed conductive component and other conductive components of the
PV module was not less than 0.1 Q.

Document Number
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2.8. Accessibility test

Test procedure: reference to standard IEC 61730-2, Edition 2, Issue Date 2016-08, Clause 10.9.

Humidity [%0RH] 46.9 Ambient [°C] 21.8
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-06
RESULTS
Table 8: Accessibility test [Initial]
Test Date [YYYY-MM-DDJ ......ccooviiiiiiiiiiiiniiiieend 2022-11-06 -
Maximum system voltage [V]....cccoocevieniiniieninnenn, : 1500 -
Sample # Test Location Measured resistance Result
MQ]
A01 Junction box 5000 P
Supplementary information:
Note - The max calibration value of the resistance meter was 5000 MQ.
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2.9. Static mechanical load test

Test procedure: IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.16

Humidity [%0RH] 62.4 Ambient [°C] 22.5
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-16

RESULTS
Table 9: Static mechanical load test Result
Sample # : A0l —
Test Date [YYYY-MM-DD] .....ccccceveeeviiiinnnnen. : 2022-11-16 —

Mounting with bolts using mounting holes on —
Mounting method............cccccooiiiiiiiiinieee e, : PV module frame, see supplementary
information below for details

[IoF=To I=T o] o [T<To I (o T : front side back side —
Mechanical load [Pa]........ccccccvvviereiiiiinennne : 5400 5400 —
First cycle time (start/end) .........cccccoevveeennnne. : 13:30/14:30 14:35/15:40 —
Intermittent open-circuit (yes/no): no no —
Second cycle time (start/end)........................ : 15:45/16:45 16:50/17:50 —
Intermittent open-circuit (yes/no): no no —
Third cycle time (start/end)..............cceeeeen. : 17:55/18:55 19:00/20:00 —
Intermittent open-circuit (yes/no): no no P
Covc_arage rqtio if pistons or other discrete-point 33.9 33.9 .
application is used to load module (%)
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Static mechanical load test (Cont’d)

Supplementary information: Mounting method:

PV module mounted on following support structure with four M8 bolts connected at two mounting holes on

each long side of PV module frame. Mounting hole distance from short side of the module is 286mm. Mounting
hole dimensions are 9x14mm. Applied torque is 18 Nm.

/V module 1724113430 mm
o 3

uminum Angle 3677
2
{
| |
* 1714 ik
s 1034 Iy
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2.10. Visual Inspection after Static mechanical load test

Test procedure: reference to standard IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.1.

Humidity [%0RH] 49.0 Ambient [°C] 25.0
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-17
RESULTS

Table 10: Visual inspection after Static mechanical load test

. - Critical
Sample No. Nature and position of findings — comments or attach photos [Yes/No]
AO01 No major finding No

Supplementary information: N/A

The sample did not show any critical visual defect.

No mechanical deterioration of module components observed which would significantly impair their function
during their intended life.
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2.11. Performance at STC after Static mechanical load test

Test procedure: reference to standard IEC 61215-2, Edition 1, Issue Date 2016-03, Clause 4.6.

Cares shall be taken for bifacial modules to ensure non-irradiated background requirements in IEC TS 60904-1-
2 for all power measurements.

Humidity [%6RH] 49.0 Ambient [°C] 25.0
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-17
RESULTS

Table 11: Performance at STC after Static mechanical load test

Light source |[X] Simulator [ ] Natural sunlight
o Irradiance
Sample No. Voc [V] Isc [A] Pmax [W] vmp [V] Imp [A] | FF[%] | Tmod [°C] [W/m?]
AO01 37.445 13.292 397.091 31.383 12.653 | 79.783 25.0 1000.4

Supplementary information: Performance measurement conducted at STC before and after Static Mechanical
Load test for determining the power loss. Measurement and verification of bifaciality ratings are not under
scope of this test program.

Degradation [%] compared to before Static mechanical load test

Sample No. Voc Isc Pmax Vmp Imp

AO1 -0.211 0.045 -0.394 -0.111 -0.284

The IV curve did not show any kink or other unusual characteristic.

The degradation of maximum output power did not exceed 5 % of the initial value measured.
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2.12. Insulation test after Static mechanical load test

Test procedure: reference to standard IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.3.

Humidity [%0RH] 63.3 Ambient [°C] 22.5
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-17
RESULTS

Table 12: Insulation test after Static mechanical load test

Test voltage applied [V DC] 1500 Test voltage applied [V DC] ‘8000
Measured , Required Dielectric breakdown
Sample No. resistance [MQ] Module area [m’] resistance [MQ] Yes [description]/No
A01 5000 1.95 20.5 No

Supplementary information:
Note - The max calibration value of the resistance meter was 5000 MQ.

There was no indication of dielectric breakdown during the test.
There was no indication of surface tracking during the test.

The measured insulation resistance was not less than 20.5 megohms.

Page 19 of 24
Document Number 10-CA-F1029 Issue # 1.0

Commercial Inspection and Testing Services (CITS)




W
Report No: 4790569409 \ Sl.'.lll.ltiﬂl'ls
Report Date:  2022-11-23
2.13. Wet leakage current test after Static mechanical load test

Test procedure: reference to standard IEC 61215-2, Edition 2, Issue Date 2021-02, Clause 4.15.

Humidity [%0RH] 63.3 Ambient [°C] 22.5
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-17
RESULTS

Table 13: Wet leakage current test after Static mechanical load test

Solution temperature [°C] 21.7 |Solution resistivity [Q/cm] |1785.7
Test Voltage applied [V, DC] |1500
Sample No. Measured resistance [MQ] Module area [m?] Required resistance [MQ]
AO01 5000 1.95 20.5

Supplementary information:

Note - The max calibration value of the resistance meter was 5000 MQ.

Measured conductivity of wetting solution: 0.560 mS/cm Resistance (ohms-cm) is 1/C, where C is conductivity
(mS/cm). The calculated resistance is 1785.7 ohm-cm.

The measured insulation resistance was not less than 20.5 megohms.
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2.14. Electroluminescence test after Static mechanical load test

Test procedure: reference to standard IEC TS 60904-13, Edition 1, dated 2018-08.

Humidity [%6RH] 50.0 Ambient [°C] 25.1
Tested by Carson Chen Test Date [YYYY-MM- 2022-11-17
DD]
RESULTS

Table 14: Electroluminescence test after Static mechanical load test

Sample No. |Nature and position of findings — comments or attach photos

At Isc

Front: Rear:

AO01
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2.15. Continuity test of equipotential bonding after Static mechanical load test

Test procedure: reference to standard IEC 61730-2, Edition 2, Issue Date 2016-08, Clause 10.11.

Humidity [%0RH] 63.3 Ambient [°C] 22.5
Tested by Carson Chen Test Date [YYYY-MM-DD] | 2022-11-17
RESULTS

Table 15: Continuity test of equipotential bonding after Static mechanical load test

Maximum over-current protection rating [A DC] 25

Current applied [A DC] 62.5

Location of designated grounding point and accessible point on conductive components of the PV module
\— "

G1, G2: Designated point for equipotential bonding
F1, F2: Conductive point of the PV module

Sample No. Test point Voltage dropped [V DC] Resistance [Q]
GltoF1 0.071 0.001
GltoF2 0.188 0.003
AO01
Glto G2 0.141 0.002
Flto F2 0.205 0.003

Supplementary information:
Grounding Method: See Table 6 above.

The resistance between the selected exposed conductive component and other conductive components of the
PV module was less than 0.1 Q.
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2.16. Accessibility test after Static mechanical load test

@ Solutions

Test procedure: reference to standard IEC 61730-2, Edition 2, Issue Date 2016-08, Clause 10.9.

Humidity [%0RH]

63.3

Ambient [°C]

22.5

Tested by

Carson Chen

Test Date [YYYY-MM-DD] | 2022-11-17

RESULTS

Table 16: Accessibility test after Static mechanical load test

Test Date [YYYY-MM-DD]

...................................... 2022-11-17 -
Maximum system voltage [V].......cccccoecveeicierennnen. : 1500 -
Sample # Test Location Measured resistance Result
[MQ]

AO01 Junction box 5000 P
Supplementary information:
Note - The max calibration value of the resistance meter was 5000 MQ.
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