Calibration Report: Absolute Cavity Radiometers
S.N. 31041 and 31105

F. M. Denn

Analytical Services & Materials, Inc., Hampton, Virginia

SUMMARY

Calibration date: 2002 September 27.
Next calibration due: 2003 September 27.

Cdlibrations of two Absolute Cavity Radiometers have been completed. The World
Radiation References (WRRs) and associated uncertainties with respect to S| units
(U95%) are asfollows:

Absolute Cavity

Radiometer Controller WRR U95%
31041 34970A 0.99785 0.34
31105 34970A 1.00357 0.35
Application:

| = WRR*(lo) £ U95%
Where:
| = WRR corrected irradiance, Watt/meter?.
lo = Irradiance output of the cavity-controller system, Watt/meter?.
U95% = the 95 % confidence interval.

Calibration certificates from the National Renewable Energy Laboratory located in
Golden Colorado are included in this document.

DISCUSSION

Cdlibration data from Absolute Cavity Radiometers were collected aa NREL in
September 2002. The serial numbers of these sensors are 31041 and 31105. The
calibration standards used were those kept at NREL. These calibration data were
analyzed to produce a new World Radiation Reference (WRR) factor and 95-percent
uncertainty bound (U95), WRT Sl units, for each radiometer. These coefficients are
compared to prior calibration results. The instrument setup, data collection, data analysis
and uncertainty calculation are as reported in the NPC2001 reference.



CALIBRATION HISTORIES

Test Cavity U95%

Serial Number Controller WRR WRT S|
NPC2002 31041 34970A 0.99785 0.34
NPC2001 31041 34970A 0.99793 0.33
NPC2001 31041 406 0.99830 0.35
IPC-1X (2000) 31041 406 0.99799 0.55
NPC1999 31041 406 0.99827 0.39
NPC1998 31041 406 0.99833 0.37
NPC1997 31041 406 0.99961 0.42
NPC2002 31105 34970A 1.00357 0.35
NPC2001 31105 34970A 1.00327 0.34

Calibrations labeled NPCyear took place at the National Renewable Energy Laboratory
in Golden, Colorado. Calibrations labeled IPC took place at the World Radiation Center
in Davos, Switzerland.
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CALIBRATION CERTIFICATE for 31041

National Renewable Energy Laboratory

Solar Radiation Research Laboratory

Metrology Laboratory

Calibration Certificate for Absolute Cavity Radiometer
NREL Pyrheliomter Comparisons, NPC-2002

Organization: NASATARC-AS&M Operator Mame; Fred Denn

Model Number: AHF Serinl Number: 31041

Control Unit Sertal Number: SG41001207 Manufacturer Cal, Factors 1.99992
Heater Resistance: 155.0 0 Delanlt Sensitivity: 0.0105 v/ W/iem?®
Lead Resistance: 00066 0 Circult Resistance: 4,18 01
Thermistor Coefficients; 00010295, 0.0002391, and 0,000000] 568

Calibration Dates 09272002 Dave Diage: 097272003

Envireamental Conditions: {see attached Figures)
Procedure: MRELTP-463-20619

..":Lnda.rd! Used:
Serial Number Operator WRR Calibration Date Due Date
AHFIE6E Reda (L0086 Dciober, 2000 " October, 2005
AHF29110 Reda 0.99845 October, 2000 ° October, 2005
AHF30713 Reda 0.99861 October, 2000 | Oectober, 2005
TMIG8018 Reda 0.99848 Oxtober, 2000 October, 2005

* Ninth Infernational Pyrhellometer Comparisons (TPC-LX), PMOD, Davas, Switzerfand

Results with traceability to the World Radiometric Reference (WRR):
- WHR Transfer Factor (WRR-TF) @ 099785
- Uncertainty, Uss .34 %

- Coverage Factor Ll

Data Analysis by  : Thrahim Reda QA by : Tom Stoffel
Signature s T. E i IF Signature ;’,‘JE:J
Diate 1 10V022002 Dhate : 100072

Thiz ealthration certificmte applies anly to the iem identjfed above and sholl nof be reproduced orker dham i full,
it ]peciﬁ.r wiritlen |:|'|5.|||'r|'r1I.'a'\ul.lI |'F_|.'L'|i.' calthrotion J'-‘Irllllll}'- Calibwarion cerfficates WA Flgmanirer are nod wiinl

NREL # 1617 Cole Boulevard » Goidew, Colorado 80401-3393 « LA « (303) 273- 2000 [ ]
Operated for the U8, Department of Energy by Midwer! Research Instifute # Barselle = Bechee M
PECE R )
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History for 31041 Calibration

Calibration | Manufacturer Calibration &T?mmnt
Event Factor (MCF) Ll beallon.
Factor (RCF)
e —

NPC-1087 Mol Provided 0.9996]

NPC-1998 Mol Provided {99833 =

NPC-1959 Not Provided 0.99827

NPC-2001 1.99992 0.99793 1.99578
WPC-2002 1.99592 085785 1 99552

* RCF = MCF * WRR-TF

Rada, 10022002



WRA-Transfer Factor v= Mauntaln Standard Time for AHFI1041 on Ssplembsr 23-27, 2002
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CALIBRATION CERTIFICATE for CAVITY 31105

National Renewable Energy Laboratory

Solar Radiation Research Laboratory

Metrology Laboratory

Calibration Certificate for Absolute Cavity Radiometer
NREL Pyrheliomter Comparisons, NPC-2001

Organization: NASATLARC-AS&M Operator Name: Fred Denn

Muodel Number: AHF Serial Number: 31105

Conirol Unit Serial Number: US37030621 Manufacturer Cal. Factor: 19989
Heater Resistance; 1554 0 Default Sensitivity: 00108 pvwW/em®
Lead Hesistanee: 0,066 O Clrenit Resistance: 2.55 0
Thermistor Coelficients: 0.0010295, 0.0002391, and 0.0000001 563

Calibration Date: (272002 Duoe Date; 09272003

Environmental Conditions: {see aftached Figures)
Procedure: NRELTP-463-20619

S_I_I_n_d'.nr:!l: Llsed:

Serial Number Oiperator WRR Calibration Date Miae Date
AHF28968 Reda 0.99866 October, 2000 ° Ociober, 2005
AHF29220 Reda 0.99846 October, 2000 * October, 2005
AHF3OT13 Reda (LF9EA] Ociober, 2000 ° Dcloher, 2005
TMIasd18 Reda 199E4R October, 2000 Oclober, 2005

* Ninth International Pyvheliometer Comparisons (IPC-IX), PMOD, Daves, Switzerland

Results with traceability 1o the World Radiometric Reference (WRR):
- WRR Transfer Factor (WRR-TF} : 1.00357

- Uncertainty, Uy 0,35 %

- Coverage Factor i

Data Analysis by : Ibrahim Roda QA by 1 Tom Staffel
Signature : E-EJ.- Signature ﬂ%ﬂ
Dhate : 10/027 2003 Date ¢ 102

Thix calihrasion cernificate applier anly to the e identified above and shall mot be reprodisced other thad in ful,
withowi spectfic weittes approvel by the calihrotion fociliny. Calibrarion certificates wirkoul igndures are md vafid

NEEL o [61T Cole Bowdevard » Goldes, Coloradn 804013303 US4 & (203) 1212000 (1
Oiravad for the 115 Depariment of Energy by Midweni Research Inviitate » Sinttelle # Sechiel M
e
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History for 31105 Calibration

Resultant
Calibration | Manufacturer Calibration WRR-TE Calibration

Event Factor (MCF) Factor (RC F[

S— ————————
WPC-188T Mot Frovided 0.99776 -
NPC-19949 Mot Provided 10021 -
NPC-2001 1.9959 100327 200544
NPC-2002 1.0088 1.00357 2.00804

* RCF = MCF * WRR-TF

Reda, 10722002



WHRR-Transfer Factor vs Mourdain Standand Time for AHF31105 on Sopiember 33-27, 2060
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