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Topics 

ÅIntroduction to the PVA-1000S PV Analyzer 

ÅUsing the software 

ÅMaking I-V curve measurements 

ÅMeasuring irradiance & temperature 

ÅPV fundamentals for troubleshooting 

ÅTroubleshooting PV arrays 

ÅUsing the I-V Data Analysis Tool (DAT) 



What is an I-V Curve? 
Exercise from the outdoor PV training lab 
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ÅMap of operating (load) points at 

current operating conditions 

ÅOf greatest interest is the 

maximum power point (MPP) 



V 1000V, 20A or 30A 

V Measured vs. predicted (red dots) 

V PC-based - large displays and ótouchô die speed 

VWireless interface 

V 300 foot sensor wireless range (line of sight)  

PVA1000 PV Analyzer 
Overview 

Your tablet        

or notebook PC 
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PVA1000 PV Analyzer 
Users includeé 



Benefits of I -V Curve Measurements 
Compared with Voc/Clampmeter and ac-side measurements 

Reduces cost  

V Only one test per string 

V Test earlier in the project  

V Selective Shading 
troubleshooting method 

Reduces arc flash hazard  

V System need not be operating 

V Combiner dc disconnect is 
opened 

Most complete performance test  

V Full I -V curve 

V Independent of rest of system  

V Best baseline 

More granular than AC tests  

V Each PV source circuit is tested 

V Statistics are valuable! 
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Additional Benefits of Solmetric PVA 
Compared with other I -V curve tracers 

SolSensor Ê  

VIntegrated irradiance, 
temperature, and tilt  

V300ft wireless range 

Low Impact of Ramping  

VRapid trace avoids bumps  
and dips in I -V curve 

VSimultaneous I-V and    
sensor measurements 

Friendliest Interface  

VLarge display, clearly labeled 

VRich function set 

Best Accôcy/Weight  

VHigh I and V accuracy 

VCompact, power-sipping 
circuits, lightweight battery  

High Efficiency Modules  

VHigh curve fidelity 

VHandles surge currents 

21% 

24% 
22.5% 19% 

Measured 
Predicted 

Advanced PV Model  

VCorrection for module 
technology, AOI effects 

High Throughput  

VDoesnôt overheat 

VMore strings per day in 
hot climates 



C
u

rr
e

n
t 

Voltage 

Isc 

Voc 

1 

6 

5 

4 
2 

3 

Max Power  
Point 

Normal 
curve 

Expected Isc, Imp -Vmp, Voc 

Steps or notches 

Low current 

Low voltage 

Soft knee 

Reduced slope in vertical leg 

Increased slope in horizontal leg 

2 

6 

5 

4 

3 

1 

Types of I-V Curve Deviations 
From normal, expected shape 

ÅClassifying the deviations by shape narrows the range of possible causes and 
speeds troubleshooting (see the Solmetric PV Array Troubleshooting Flowchart)  

ÅEarlier methods miss much of this information.  

ÅLater weôll look at the possible causes of each deviation.     

 



How It Works 
I -V curve tracer block diagram (simplified) 
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Å Curve tracers temporarily load the PV source circuit, moving it through óI-V spaceô. The PV 

Analyzer uses a capacitive load for smooth and reliable operation.  

ÅWhen the user clicks óMeasure Nowô, the discharged (0V) capacitor is switched across the PV 

source circuit. The operating point smoothly advances from Isc to Voc in typically less than 1 

second as the capacitor charges, and 100 or 500 points (I,V pairs) are captured along the way.  

ÅApproximately 5-6 seconds after hitting óMeasure Nowô, the data appears on your tablet PC 

screen, compared with the expected curve shape.  
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Model 
Calculations 

Module parameters (>50,000 modules) 
# of modules in series & parallel  

Array true azimuth 
Irradiance 

Module temperature 
Array tilt  
Latitude 

Longitude 
Date & time 

3 red dots predict    
I-V curve shape at 
operating conditions 

Wireless 

How It Works 
Comparing measured and predicted I-V curve shapes  

PV Source 
Circuit  

I-V 
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Module temperature 

Tilt 



Performance Factor  
Pmax  (measured)  

Pmax  (predicted)  
=   

Performance Factor 
The key performance metric 

ÅIf measured and predicted Pmax agree, 

Performance Factor is 100%. 

ÅEven in a new array with healthy modules, 

not all readings will be 100%. PV modules 

are not all identical, irradiance and 

temperature are not exact measurements, 

cell temperature is not uniform across the 

modules, and the electrical measurements 

have slight errors. A newly constructed 

array should have Performance Factor 

values in the 90-100% range.   
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Equipment Database Updates 
Checks at software launch, when web connected 



Example Equipment Setup 
I-V curve tracer set up at dc combiner box 

Courtesy of Chevron Energy Solutions © 2011  



ÅSolSensor measures irradiance, temperature, and tilt 

ÅUnit is clamped to the module frame (or torque tube in tracking systems) to orient the 

irradiance sensor in the plane of the array. A bar clamp is provided. 

ÅFor best irradiance accuracy early & late in the day, mount it on a horizontal leg of the frame. 

Å The irradiance sensor óeyeô (white dot at left) is a sensitive optical instrument. Attach the lens 

cover when the sensor is not in use.   

Example Equipment Setup 
SolSensor mounted on frame of PV module 
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Making a Measurement 
Step 1: Press Measure Now 

1 


