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Verification methods are evolving in response to

increasing emphasis on energy production



“I often tell students in my classes to learn to th ink like a PV array. 
Thinking like a PV array requires understanding the  I-V curve and how it 
changes based on ambient conditions and array probl ems. An I-V curve 
tracer is the best way to gain an understanding of these changes, since it 
provides a graphical representation of the array op erating characteristics.”

“I-V curve tracing is the most informative measurem ent that can be performed
on a PV module or array.”

�������#������������������-������������

David King
DK Solar Works
Developer of the Sandia PV Array Model at Sandia National Labs
SolarPro, Aug/Sep 2011

Bill Brooks
Brooks Engineering
SolarPro, Aug/Sep 2011
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EPC organizations

System Integrators

Consulting Engineers

Training Organizations
Technical colleges

Module Manufacturers

Inverter Manufacturers

IBEW
Training Centers

O&M Companies

Electrical contractors
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Cells are in series ��� � a single cell can be a bottleneck.

A 12-module string may have 
12 x 72 = 864 cells in series.
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Top layer

Bottom layer

Fingers

Backside
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Adjustable
Load
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Built-in PV models mean
user can instantly check 

performance against 
expectations for the 

existing irradiance and
temperature. 
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*P-V curve is calculated from the measured I-V curve
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This ‘building block’ analogy is useful in troubleshooting arrays

�

�

����

(��
"����
(
��,�

Series

Parallel

������"���&�������
��

�

�

����

(��
"����
(
��,�

Series

Parallel

������"���&�������
����


��

�

�������



��6� �)��� ����

�������#����������������������(
���

Any reduction of the knee of the curve 
means reduced output power.
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Shunt 
losses*

Series 
losses**

Mismatch losses 
(incl. shading)

0����
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Reduced
current

Reduced
voltage

Conventional measurements do not reveal many of these effects.
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String measurement showing I-V and P-V curves, 
and comparison of I-V curve with model (5 dots).
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Courtesy of:
Integrated Energy Systems
Pittsburg Unified School District
Sage Renewables
Stellar Energy Solutions
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Courtesy of Chevron Energy Solutions © 2011 
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• Capacitive load method (3 capacitor values, auto-se lected)

• Electrically isolated. Ground lead is not required 

• Protection for over-voltage, -current, -temperature , & reverse polarity

PV Test
Leads

NEMA 4X FG Enclosure
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Irradiance 
transmitter

Receiver (USB)

Temperature 
transmitter

K-type 
thermocouple
Omega Part # 
5SRTC-GG-K-
30-72 

.



Comparing PVA 
measurement with 

resistive load 
method Resistive 

load

Resistive 
load

Switch



Data points from the
resistive load method

Method:
•Clear sky, solar noon.
•Quickly alternate the two methods.
•New resistance at each load point.
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These 3 methods are available in the Solar Advisor Model (SAM) from NREL and are 
embedded in the Solmetric PV Analyzer.
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•Use metalized HVAC tape 
or Kapton tape for high 
temperature stability

•Press firmly to assure 
intimate contact between 
TC and backside

•Fold a tab so you can 
remove the tape

Suggested replacement TC:
Beaded K-type
Omega Part No.
5SRTC-GG-K-30-72



������������
;6�� 
�F���������������������������(�����(�6

-�
���
��������"�����������������������
���,&.

@D ��#���$����������2������������4�

?D ���
�����$�����(�����(�6�2� ����$��&��"���������4

	D &��������%���$��(����(����2
�����$��������������4

�D �
� ������
��"������$��(����(���

@D ��������������������

?D ������G�������H

	D ���)���"���#������
��

�D ������$������

/����
����������
������"
������	�
��������
���&.

10-15 seconds, typically
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Courtesy of Portland Habilitation Center 
and Dynalectric Oregon

• Open the DC disconnect 
for the sub-array you 
want to test. 
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Courtesy of Portland Habilitation Center 
and Dynalectric Oregon

• Locate the 
combiner box
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Courtesy of Portland Habilitation Center 
and Dynalectric Oregon

• With a clamp-meter, 
verify that the load has 
been disconnected. 

• Then lift all of the 
fuses.
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Courtesy of Portland Habilitation Center 
and Dynalectric Oregon

• Clip the PV Analyzer to 
the buss bars.

• Push down one fuse at 
a time and make I-V 
curve measurements. 

• View and save results.
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Saving data in the Array Tree 
allows the I-V Data Analysis Tool 
to:

Created 
when you 
install the 

PVA PC 
software

• Automatically analyze your data
• Identify non-conforming strings

• Provide convincing charts for your 
commissioning report
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*Optional, MS Excel-based tool, $95
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http://www.esrl.noaa.gov/gmd/grad/solcalc/
*Solar Noon Calculator:

Inconsistent conditions (clouds, wind) cause more variation in PV measurement results, 
making strings look less consistent and making it harder to spot performance issues. 

800
W/m2



Problem Sky Conditions
Cause variability in PV measurement results
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Any reduction of the knee of the curve 
means reduced output power.
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Shunt 
losses*

Series 
losses**

Mismatch losses 
(incl. shading)
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Reduced
current

Reduced
voltage

Conventional measurements do not reveal many of these effects.
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Fill Factor =
Imp x Vmp (watts)

Isc x Voc (watts)

aSi:    0.50 – 0.70
xSi:     0.75 – 0.85
GaAs: 0.85 – 0.9

= 
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Array-as-sensor mode for viewing relative changes in curve shape
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Probably failure mode:
Heat cycling � bond degradation � resistive heating
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• Shorted bypass diode, or

• Mismatch causing diode to turn on 
when current starts flowing
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Approximately 40% reduction in string’s output powe r
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Cell String

Cell String

Cell String

Bypass
Diodes

Bypass diode turns on when the shaded cell(s) can 
no longer pass as much current as the non-shaded 
cells. 
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Cell String

Cell String

Cell String

Bypass
Diodes

Bypass diode turns on when the shaded cell(s) can 
no longer pass as much current as the non-shaded 
cells. 
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Shading one
cell string 
drops 1/3 of 
PV module 
voltage and 
power
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The same 
amount of 
shade, 
oriented 
differently, 
drops 2/3 of 
PV module 
voltage and 
power.
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•Single measurement for each string

•Most complete performance measurement possible

•Measures each string’s max power independently

•Built-in PV models give instant performance check

•Does not require bringing the inverter online

•Software tool automates data analysis 

•Helps us learn to “think like a PV array”

I

V

Commission and troubleshoot PV arrays faster and be tter
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• Best practice is to test all systems during commissioning and 
maintenance

• Today, meg testing is not done on all commercial systems, and 
is rare in residential systems. 

• Source circuits are often tested in aggregate

– Individual strings are tested only if aggregate resistance is low

• Methods for subarray test are not standardized or widely 
understood

– Best reference is the “re-wrenches” blog (Home Power Magazine)

• Trend is toward specifying meg testing for commercial systems

• Insulation problems will be much more common as PV systems 
age



Preparation: Open the DC Disconnect � Lift string fuses � Lift negative feeder cable(s)

Lift
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Lift

Example assumes a 
negative-grounded array

Lift

Combiner box



Preparation: Open the DC Disconnect � Lift string fuses � Lift negative source cable

Lift Lift
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Example assumes a 
negative-grounded array

Lift
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Paul Hernday
Applications Engineer

paul@solmetric.com

cell 707-217-3094
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