



To:
Bill Marion and Joe DelCueto
From:
Afshín M. Andreas
Date:
17 July 2008
Subject
Calibration of EKO MS-700 (DOE# 127847)
Make: 

EKO

Model: 
MS-700
S/N: 
 
S07125.02
Cal. Date: 
06/04/2008
Due Date: 
12/04/2008
Received: 
OUT of Tolerance
The EKO spectroradiometer model MS-700 serial no. S07125.02 was calibrated against NIST Standard of Spectral Irradiance F597 at 50 cm on 4 June 2008.

Prior to calibration, a wavelength check was performed using an Hg penlight.  Wavelength errors were much less than 1nm.
The following plot shows a wavelength scan of the Hg line source:
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Prior to calibration the NIST Standard Lamp F597 was measured using the existing calibration file.  The following plot shows the ratio of F597 measurement and NIST F597 Data:
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Note: The MS-700 had a 20% bias (measured low) using the factory calibration in the manufacture spec’d range of 350-1050nm.

An existing 0.1nm-resolution data file, which was interpolated from the NIST F597 calibration data, was used for this calibration. 
The raw signal of the F597 was measured (by uploading a unity file into the MS-700), and then a calibration file was computed by taking the NIST data divided by the signal data.  The resulting calibration file was then uploaded into the MS-700.

This calibration for the MS-700 was created from 302.2 to 1142.7 nm at 3.3nm-resolution.  This calibration file is automatically applied to all data measured by the MS-700.  This file is also included in the AIM database.  
The following plot shows the ratio of new NREL calibration (6/2008) / old factory calibration (3/2008):
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The following plot shows how well the MS-700 was able to measure the F597 lamp after calibration, which shows the ratio of F597 measurement and NIST F597 Data:
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The following table shows RSS NIST uncertainty compared with the ratio of a measurement of F597 (after EKO MS-700 calibration) and the NIST F597 Data:

Uncertainties from Table 2, NIST F-597 FEL Calibration Report, October 12, 2006.

	
	250nm
	350nm
	450nm
	555 nm
	655 nm
	900 nm
	1600 nm
	2000 nm
	2300 nm
	2400 nm

	NIST
	1.74 %
	1.27 % 
	0.91 %
	0.77 %
	0.69 %
	0.57 %
	0.47 %
	0.50 %
	0.49 %
	1.11 %

	
	
	
	
	
	
	
	
	
	
	

	EKO
	N/A
	0.85 %
	0.00 %
	-0.02 %
	-0.02 %
	-0.06 %
	N/A
	N/A
	N/A
	N/A


The 150-watt Oriel Solar Simulator was measured (after calibration) to compare the measurement made after the previous calibration.  Since there is no previous measurement it was compared to a measurement made with another reference spectroradiometer.
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The blue curve is the MS-700 measurement and the red curve is the NREL PASS2 system.  This shows instrument is incapable of measurements outside the manufacture specs of 350-1050nm, due to the measurement straying from the reference measurement outside of those wavelengths.  It also confirms that the bandwidth of the instrument is larger than 5nm because it does not show as much structure in the 800-1000nm region of the spectrum.  The manufacture claims the instrument is 10nm spectral bandwidth and the PASS2 is 5nm spectral bandwidth.
Since the MS-700 will be used outdoors, an intercomparison was done with MS-700, the NREL PASS2, and a non-temperature controlled LI-1800 on June 6 at approx 10:00 MST (Zenith Angle = 30 degrees):
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In the top plot the blue curve is the MS-700, red is NREL PASS2, and LICOR LI-1800 is green.  The LI-1800 data is only valid up to 1000nm, because it’s not temperature controlled.  The lower plot shows the ratio of MS-700 and NREL PASS2.  This again confirms that the instrument does not perform outside the 350-1050nm range.

Several scans were taken throughout two different days (June 6 and 13) with the MS-700 and the NREL PASS2.  The ratio of MS-700 / NREL PASS2 was computed and is shown below:
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The earliest scan was taken at 8:24 MST (Zenith Angle = 48.3).  The latest scan was taken at 17:33 MST (Zenith Angle = 70.2).

Based on observed data the EKO agrees to the reference from 350 to 1050nm for Zenith Angles less than 66 degrees to within approx +/- 5%.

The manual for the MS-700 shows a cosine response of 7% (zenith angles 0 to 80 degrees), which seems to be what is shown here, although data was only taken up to 70.2 degrees zenith.

To prevent the user from obtaining bogus values outside this wavelength range the calibration file will be set to zero for the wavelength values at the extremities.  The usable region will be set to 345.4 through 1066.5 nm.  Data presented through the MIDC (web site or FTP), will not include any data outside these limits.
Another test was done to verify the early morning vs. late afternoon zenith angle dependence on the diffuser.  This would show that the diffuser is uniform and the instrument is level (and the spirit level is mounted level with respect to diffuser).  Data was taken from July 9, when the total global horizontal irradiance was 209 W/m^2, which corresponded to approx. 75 degree zenith angle at 6:10 and 17:00 MST.
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Red curve is MS700 data at 6:10 MST and blue is 18:00 MST.  Although the total global horizontal was equal at these times, the total direct normal was 607 and 537 W/m^2, respectively, which could account for additional particulates in the air, which could represent the lower spectral values at the 725, 825, 950nm divots at 18:00 MST.   Not including those regions, data agrees to better than +/- 1 % (350-1000nm), data above 1000nm is a tad noisier due to low detector response (and lower irradiance levels at this time of day).
Notes:  Total Global and Direct measurements on July 9, were taken using the SRRL Baseline Measurement System.  Direct Normal was measured using a Kipp & Zonen CH1 and Global horizontal was calculated using a Shaded Eppley 8-48 and the CH1.

After running the MS700 outdoors continuously for 40 days, the unit’s wavelength and irradiance calibration was rechecked to verify no instrument degradation occurred.
The following plot shows a wavelength scan of the Hg line source:
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Wavelength calibration is still better than 1nm.

The following shows a ratio NIST F335 Test Lamp measurement after 40 days / measurement prior to 40 days:
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Irradiance calibration is still within +/- 1%.

Also during outdoor testing it was discovered that the SRRL LICOR LI-1800 global horizontal spectroradiometer showed disagreement between morning and afternoon data at equal total global horizontal irradiance levels.  Disagreement was a bias of 5-25% (increased as scan time moved further from solar noon), morning data was good but afternoon as too low.  Reorienting the position of the LICOR changed the morning vs. afternoon behavior.  A position was found that gave near equal morning vs. afternoon data.  Comparisons with MS700 then showed results similar to comparisons of MS700 and NREL Reference PASS2.

Finally, since the EKO MS-700 will be mounted at a global 40-south tilt at the OTF (not horizontal).  Both the SRRL LI-1800 and EKO were moved to a 40-tilt for final testing.  Since units were at different locations, LI-1800 was above concrete and vegetation and EKO was entirely above concrete, the spectra were biased by approx 5% at solar noon (LI-1800 was lower).  Removing the BIAS again showed results similar to previous horizontal testing.

SRRL LI-1800 will remain at a 40-south tilt so that it can be compared EKO when it is mounted at the OTF via the MIDC at http://midc.nrel.gov/apps/go2url.pl?site=BMS&page=spectra.pl
Cc:
AIM Database


Daryl Myers
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National Renewable Energy Laboratory                                                                                                      












































































































































































