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Test report no.:   2001.2020.02.06 

Client: SecondSol                                                                                

Märzenquelle 6 

98617 Meiningen 

Mobile PV-Testcenter:  2001_MBJ 

Test date:   05.02.2020 

Testing location: SecondSol                                                                                

Märzenquelle 6 

98617 Meiningen 

 

Test procedure/specification: 1. Non-uniformity adjustment and calibration of irradiance in the 

    module area (IEC 60904-9) 

    2. IV-curve measurement adjustment and calibration 

    3. Reference cell adjustment and calibration using reference  

    pv-panels 

    4. Electroluminescence image acquisition test and optimization 

    5. Thermography image acquisition test and verification                                                                          

    6. Temperature measurement verification and correction 

 

Test operator:   B.Sc. Simon Averbeck 

    

    06.02.2020  

 

       

Reviewed by:   Dipl.-Ing. Erik Lohse 

 

    06.02.2020 

 

 

 

This test report relates to the listed Mobile PV-Testcenter. Without permission of MBJ Services this 

test report is not permitted to be duplicated in extracts. 
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1. Results non uniformity measurement 

The non-uniformity measurement was done by using a 4 inch reference cell at 66 different positions 

in the test area combined with the proprietary MBJ Software “Homogeneity Tool”.  

The temperature drift during the measurement was recorded and corrected. The result of the 

relative measurement is shown below as a graphical summary, the detailed test data is attached at 

the end of this document. (see “LED Homogeneity Log”) 
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2. IV-curve measurement adjustment and calibration 

The MBJ IV-curve measurement device was calibrated using a calibrated reference volt/ampere 

meter. The data was read out synchronously from the MBJ device and the voltmeter via infrared 

serial communication. 

Measurement range Voltage –Low- (0-100V) 

MBJ specification: +/- 0.2% (FSR) 

Result: ±0.032 % 

Measurement range Voltage –High- (0-200V) 

MBJ specification: +/- 0.2% (FSR) 

Result: ±0.165 % 

Measurement range Current (0-16A) 

MBJ specification: +/- 0.2% (FSR) 

Result: ±0.007 % 

Measurement range Current –Low- (0-6A) 

MBJ specification: +/- 0.2% (FSR) 

Result: ±0.034 % 

 

Adjustment was done according to the measurement results. 

All measurement and calibration data is attached at the end of this document.  

(see “IVCurve Calibration Protocol”) 

 

Results for 2: 

The measurement accuracy of the build in MBJ IV-curve measurement unit is showing results as 

designed and at the specified performance. 
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3. Reference cell adjustment and calibration using reference pv-panels 

The MBJ solar simulator has been calibrated to TÜV Rheinland verified reference panels. This is done 

by adjusting the irradiance being measured by the internal reference cells in a way, so that the Pmpp 

measured by TÜV Rheinland for the reference panels is reproduced by the MBJ Testcenter. 

This will also result in a spectral sensitivity correction towards the spectral sensitivity of the reference 

panels for the built in reference sensors. 

The MBJ Testcenter is using correction procedure 2 of IEC 60891 for correcting the IV-curves 

according to irradiance and module temperature.  

Polycrystalline reference panel being used: 

MBJ_Poly_Referenzmodul_9:   

Monocrystalline reference panel being used: 

MBJ_Mono_Referenzmodul_6:   

 

After adjusting the reference cells to reproduce the Pmpp of the reference panels above, the 

measured values have been: 

Results for 3: 

Polycrystalline 

 

 

 

Monocrystalline 

 

 

   

The deviation should not exceed ± 1 %.   

 

Overall result MBJ solar simulator (1-3): 

The performance of the build in MBJ solar simulator is showing results as designed and at the 

specified performance. 

*Includes IV-curve measurement calibration and optimization of the LED flasher panels.                           

MBJ Pmpp (Initial measurement) = 265,5 W 
TÜV Pmpp (August 2019) = 267,7 W 
MBJ Pmpp (After calibration*) = 268,0 W (deviation: + 0,11 %) 

MBJ Pmpp (Initial measurement) = 258,7 W 
TÜV Pmpp (August 2019) = 258,8 W 
MBJ Pmpp (After calibration*) = 258,9 W (deviation: + 0,04 %) 
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4. Electroluminescence image acquisition test and optimization 

To test the electroluminescence image acquisition and to reconfirm the sharpness of the lenses, the 

monocrystalline reference panel was used.  

Cam 1: cell index 1/1 to 3/1 

 

Cam 2: cell index 4/1 to 6/1 

 

Cam 3: cell index 1/4 to 3/4 
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Cam 4: cell index 4/4 to 6/4 

 

Cam 5: cell index 1/7 to 3/7 

 

Cam 6: cell index 4/7 to 6/7 

 

 

Used current: 13.95 A 

Integration time: 3000 ms 

 

Result: 

The electroluminescence image acquisition of this system is working properly as designed and at the 

specified performance. 
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5. Thermography image acquisition test and verification 

 
The thermographic image acquisition was tested using the monocrystalline reference panel. 

This system is just providing a non-calibrated thermographic image, so there is no need for 

calibration. 

 

 

Test image (MBJ Mono Referenzmodul 6): 

 

 

Result: 

The thermographic image acquisition of this system is working properly as designed and at the 

specified performance. 
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6. Temperature measurement verification 

To verify the temperature measurement, the MBJ Testcenter with a solar panel inside was placed 

for at least 2 hours to ensure a uniform temperature distribution. Than the temperature, at the 

points where the sensors of the MBJ Testcenter are located is measured with a reference 

thermometer. The readings of the temperature sensors of the MBJ Testcenter were compared with 

that of the reference thermometer. The result of the measurement verification is shown in the table 

on the next page. The resulting deviation is shown in the table as well, leading to a correction offset 

factor which is used finally in the system and results in corrected temperatures.  

 

Temperature sensors: 

 1x Infrared thermometer for the module temperature                                                                                           

man.: B&B Thermotechnik 

Accuracy ± 1% of reading or ± 1°C (whichever is greater) 

 2x PT1000 with PT1000 Transducer for the reference cell  

=> PT1000: Tolerance A ( 0,15 K+ 0,002 x ltl), Alpha = 3,850 x 10 °C                                                               

=> Transducer: man.:  Hygrosens, Accuracy ±0,15% FS (-30 bis +70°C measuring 

range) 

 2x PT1000 with PT1000 Transducer for the temperature measurement inside and 

outside the device                                                                                                            

=> PT1000: Tolerance B/F0.30                                                                                                                            

=> Transducer: man.: LEG, linearity error < 0,1%, (-50°C to +500°C measuring range)  

 

Reference thermometer: 

 Greisinger Digitalthermometer GMH 3210 / temperature sensor GOF  400VE 
o Certificate No.:  3053386 
o Last calibration: 02.2019 
o Next calibration: 02.2020 
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Result: 

The temperature measurement of this system is working properly as designed and at the specified 

performance. 

 

 

 

 

 

 

 

 

 

 

Mobile 

Tester
GMH3210 Dev. 3210

Correction 

Offset

corrected 

Mobile Lab

Temperature inside the device [°C] 25,30 25,20 0,10 0,00 0,10

Temperature outside the device [°C] 7,00 7,10 -0,10 0,00 -0,10

Module  Temperature [°C] 25,00 24,50 0,50 0,00 0,50

Temperature of mono reference cell [°C] 25,20 25,30 -0,10 0,00 -0,10

Temperature of poly reference cell [°C] 25,2 25,40 -0,20 0,00 -0,20

The deviation should not exceed ±1°C(including correction offset).

Greatest deviation: 
0,50 °C

First measurement/ @ STC temperature ( ~ 25 °C) - offset determination



 11 / 11 

MBJ Services Report No. 2001.2020.02.06         

  

 

Appendix – Test Data / specification of the system 

a. Homogeneity measurement data 

b. IV-CurveBox calibration data 

c. Reference panel test results (TÜV Rheinland) 

d. Reference panel test reports (MBJ after calibration) 

e. Technical specification MBJ Mobile PV-Testcenter 

 

 

 



Date:

Sequence:

Offset: Factor:
Offset: Factor:

Full Power Matrix:

X / Y
1 2 3 4 5 6

1 -0,13% 0,59% 0,24% 0,75% 0,21% 0,52%
2 -0,38% 0,49% -0,34% 0,49% 1,14% 0,74%
3 -0,21% -0,55% -0,35% -0,18% 0,98% 0,36%
4 -0,48% 0,74% 0,82% -0,68% -0,40% -0,16%
5 0,73% -0,03% -0,26% 0,11% -0,83% -0,99%
6 0,11% -0,67% 0,29% 0,26% 0,61% -1,13%
7 0,31% -0,01% 0,37% -0,91% 0,68% 0,98%
8 -0,66% 0,16% 0,00% 0,28% -1,11% -0,10%
9 -1,01% 0,53% 0,30% -0,32% -0,16% 0,48%
10 0,79% -0,48% -1,74% -0,35% -0,41% -0,15%
11 0,00% -0,57% -0,19% -0,06% 0,60% 0,32%

< -3 % < -2 % < -1 % 0% > +1 % >+ 2 % > +3 %

MAX. Irradiance: 682 W MAX. Temperature: 13,92 °C
MIN. Irradiance: 662,53 W MIN. Temperature: 11,79 °C

19,471 W Delta T. : 2,13 °C

Comment:

2020-02-05

LED Homogeneity Log
Mobile Tester: 2001_MBJ

Target Sensor:

IV Curve MC Serial:

2847 / 111,485

130210/01

-0,000577 51,19941373
-0,000612 51,2163798

Class: A

Delta IRR. :

M1

IV Curve RefA:

Non-uniformity of irradiance in the test plane (IEC):
Percentages based on average:

+/- 1,45 %

IV Curve RefB:

674,2915616



Date: 05.02.2020

Calib. Date: 11.02.2019
to:

Type Control Reference FSR Rel. Deviation Abs. DeviationFSR Deviation
VOLTAGELOW 1,85832 1,8716 86,10 -0,7096 -0,0133 -0,0154
VOLTAGELOW 26,0133 26,016 86,10 -0,0105 -0,0027 -0,0032
VOLTAGELOW 47,9477 47,92 86,10 0,0578 0,0277 0,0322
VOLTAGELOW 73,9663 73,95 86,10 0,0220 0,0163 0,0189
VOLTAGELOW 79,9138 79,9 86,10 0,0172 0,0138 0,0160
VOLTAGEHIGH 112,397 111,98 252,93 0,3727 0,4174 0,1650
VOLTAGEHIGH 229,276 229,38 252,93 -0,0453 -0,1040 -0,0411
VOLTAGEHIGH 148,138 148,15 252,93 -0,0084 -0,0124 -0,0049
CURRENT 1,28544 1,289 15,88 -0,2760 -0,0036 -0,0224
CURRENT 2,89315 2,894 15,88 -0,0295 -0,0009 -0,0054
CURRENT 6,19208 6,191 15,88 0,0174 0,0011 0,0068
CURRENT 8,89189 8,891 15,88 0,0101 0,0009 0,0056
CURRENTLOW 2,29068 2,292 5,93 -0,0576 -0,0013 -0,0222
CURRENTLOW 3,19924 3,2 5,93 -0,0237 -0,0008 -0,0128
CURRENTLOW 4,79898 4,798 5,93 0,0204 0,0010 0,0165
CURRENTLOW 5,69603 5,694 5,93 0,0357 0,0020 0,0343

(0 - 100V) Result: +/- 0,03 %
(0 - 200V) Result: +/- 0,16 %
(0 - 14A) Result: +/- 0,01 %
(0 - 6A) Result: +/- 0,03 %

Comment:

Mobile Tester: 2001_MBJ
IV Curve MC Serial: MBJ-2016-IV-023

IV-Curve Calibration

Measurement range
Measurement range

VOLTAGEHIGH
CURRENT

Measurement range CURRENTLOW

IV-Verification Results:
MBJ specification: +/- 0,2 % (FSR)

Voltcraft 960
FLUKE 5520A - D - K -15070-01-01

Measurement range VOLTAGELOW

11100778142
Calibration Reference:

Reference serial:



Prüfprotokoll

Modul ID: Mono6_After
Hersteller: Yingli
Modultyp / Beschreibung: YL265C-30b
Testcenter Seriennummer: 2001_MBJ

Auftrag ID: 20200205_LargeService_Meiningen
Adresse: SecondSol GmH / Märzquelle 6
Ort: DE 98617 Meiningen

Leistungsmessung
Pmpp @ STC IEC60891: 258,9W
Leistungsabweichung: -2,3% zu 265,0W ( 0,0%->+3,0% )
Tmod / Tref: 23,7C / 26,6C
Flash Dauer: 109,0ms
Flasher Parameter: C16480N
Bediener / Zeitpunkt: S. Averbeck 05.02.2020 12:56

Elektrisch
Connection Check: Erfolgreich: 9,3A /43,3V 
Diodentest: Mindestens eine Diode scheint kurzgeschlossen zu sein: 0,0A /-12,5V 

Elektrolumineszenz
EL Zellbewertungen: 0 sehr kritisch:  >=20% Zellfläche betr.

0 kritisch: <20% Zellfläche betr.
0 unkritisch: keine Zellfläche betr.
0 andere EL Auffälligkeiten

Zellen ohne Bewertung: 60
EL Einstellungen: 3,0s / 45,5V / 14,0A / Zellbasiert / Softwareunterstützt
Bediener / Zeitpunkt: S. Averbeck 05.02.2020 13:02

Thermografie
Thermografie Bilder: 1           dT max.: 2,8°C
Bediener / Zeitpunkt: S. Averbeck 05.02.2020 12:51

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:31. 1



Leistung

Modul ID: Mono6_After
Typ ID: Yingli / YL265C-30b

Pmpp[W] Impp[A] Umpp[V] Isc[A] Uoc[V] Irr[W/m2] FF[%]
IEC60891 STC 258,9 8,48 30,52 9,03 38,72 1000,0 74,0
Gemessen 218,0 7,01 31,11 7,73 38,47 823,7 73,3

Tmod[°C]:23,7 Tref[°C]:26,6 Tdev[°C]:25,2 Tout[°C]:11,0 T[ms]:109,0
Typ:Mono alpha[%]:0,040 beta[%]:-0,450
IEC aICF:0,060 IEC Rs[Ohm]:0,60 kappa[mOhm/K]:3,00
Software:722p

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:31. 2



Elektrolumineszenz für Mono6_After

Strom[A]:  13,951 Spannung[V]:  45,514
Belichtungszeit [ms]:  3000 S. Averbeck 05.02.2020 13:02

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:31. 3



Thermografie für Mono6_After

Farbe Kalt:33,4°C  Warm:36,1°C
I[A]:14,0  U[V]:45,7  t[s]:21        dT[°C]:2,8

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:31. 4



Prüfprotokoll

Modul ID: Poly9_After
Hersteller: Talesun
Modultyp / Beschreibung: TP660P-270
Testcenter Seriennummer: 2001_MBJ

Auftrag ID: 20200205_LargeService_Meiningen
Adresse: SecondSol GmH / Märzquelle 6
Ort: DE 98617 Meiningen

Leistungsmessung
Pmpp @ STC IEC60891: 268,0W
Leistungsabweichung: -0,7% zu 270,0W ( 0,0%->+3,0% )
Tmod / Tref: 24,2C / 25,4C
Flash Dauer: 100,0ms
Flasher Parameter: C16480N
Bediener / Zeitpunkt: S. Averbeck 05.02.2020 13:28

Elektrisch
Connection Check: Erfolgreich: 9,0A /41,8V 

Elektrolumineszenz
EL Zellbewertungen: 0 sehr kritisch:  >=20% Zellfläche betr.

0 kritisch: <20% Zellfläche betr.
0 unkritisch: keine Zellfläche betr.
0 andere EL Auffälligkeiten

Zellen ohne Bewertung: 60
EL Einstellungen: 5,0s / 43,9V / 13,6A / Zellbasiert / Statisch
Bediener / Zeitpunkt: S. Averbeck 05.02.2020 13:11

Thermografie
Thermografie Bilder: 1           dT max.: 2,3°C
Bediener / Zeitpunkt: S. Averbeck 05.02.2020 13:09

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:29. 1



Leistung

Modul ID: Poly9_After
Typ ID: Talesun / TP660P-270

Pmpp[W] Impp[A] Umpp[V] Isc[A] Uoc[V] Irr[W/m2] FF[%]
IEC60891 STC 268,0 8,69 30,83 9,18 38,18 1000,0 76,5
Gemessen 228,4 7,35 31,07 8,02 37,87 843,0 75,2

Tmod[°C]:24,2 Tref[°C]:25,4 Tdev[°C]:22,0 Tout[°C]:11,9 T[ms]:100,0
Typ:Poly alpha[%]:0,050 beta[%]:-0,350
IEC aICF:0,060 IEC Rs[Ohm]:0,44
Software:722p

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:29. 2



Elektrolumineszenz für Poly9_After

Strom[A]:  13,557 Spannung[V]:  43,873
Belichtungszeit [ms]:  5000 S. Averbeck 05.02.2020 13:11

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:29. 3



Thermografie für Poly9_After

Farbe Kalt:32,1°C  Warm:34,4°C
I[A]:13,6  U[V]:44,0  t[s]:19        dT[°C]:2,3

Prüfprotkoll erstellt mit dem  Mobile PV-Testcenter (Desktop S. Averbeck) am 06.02.2020 um 16:29. 4




























