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I. Introduction:

The idea for an aperture area round-robin involving representatives from the solar irradiance measurement community was initially formulated at the May 2000 Calibration Workshop for the Total Irradiance Monitor (TIM) held at the University of Colorado’s Laboratory for Atmospheric and Space Physics (LASP).  The following workshop attendees expressed interest in potentially participating in such a round robin: Dominique Crommelynck, Royal Meterological Institute of Belgium; Gary Rottman and George Lawrence, LASP; Richard Willson, Columbia University; Roger Helizon, NASA’s Jet Propulsion Laboratory; Judith Lean, Naval Research Laboratory (NRL); and Claus Frohlich, Physikalisch-Meteorologisches Observatorium Davos/World Radiation Center (PMOD/WRC).

The aperture area round-robin will be coordinated by the National Institute of Standards and Technology (NIST) Optical Technology Division.  The NIST Optical Technology Division has unparalleled expertise on the conduct of round-robins in all of areas of metrology and is currently conducting an aperture area round-robin between international standards laboratories.  For the solar irradiance measurement community aperture round-robin, NIST will serve as the hub institution.  NIST will coordinate the shipment of apertures to participants, will be the central repository for measurement results, and will measure all apertures before and after participant measurements.

II. Round-robin Measurements:

The aperture round-robin proposed in this document will involve three measurement activities.  These activities are listed below in the order in which they will be performed.

A. The Measurement of NIST-supplied Apertures:

NIST will fabricate three sets of round apertures.  One set will be circulated among participating laboratories; the second set will be maintained and measured at NIST and will serve as a round-robin control; and the third set will be kept at NIST as a spare.  All apertures will be 50.0mm outside diameter by 6.0mm thick.  Each aperture set will consist of 12 apertures.  The aperture internal diameters, edge descriptions, fabrication techniques, and material are provided in Table 1.

Table 1.  Round-robin Apertures in Each Set 

	Aperture Number
	Internal Diameter (mm)
	Edge Description
	Fabrication Technique
	Material

	1
	5.0
	Knife edge
	Diamond turned
	UBAC* Cu plated ofhc Cu inserts

	2
	15.0
	Knife edge
	Diamond turned
	UBAC* Cu plated ofhc Cu inserts

	3
	25.0
	Knife edge
	Diamond turned
	UBAC* Cu plated ofhc Cu inserts

	4
	5.0
	50-100μm land
	Diamond turned
	Al bronze alloy

	5
	15.0
	50-100μm land
	Diamond turned
	Al bronze alloy

	6
	25.0
	50-100μm land
	Diamond turned
	Al bronze alloy

	7
	5.0
	Knife edge
	Machine turned
	Al bronze alloy

	8
	15.0
	Knife edge
	Machine turned
	Al bronze alloy

	9
	25.0
	Knife edge
	Machine turned
	Al bronze alloy

	10
	5.0
	50-100μm land
	Machine turned
	Al bronze alloy

	11
	15.0
	50-100μm land
	Machine turned
	Al bronze alloy

	12
	25.0
	50-100μm land
	Machine turned
	Al bronze alloy


*UBAC is a registered trademark for UDYLITE Bright Acid Copper by the Enthone-OMI, Inc. subsidiary of ASARCO.  Their address is 21441 Hoover Road, Warren, MI 48089 USA.  Their phone number is 313-497-9100.
The apertures will be shipped to participating laboratories inside a metal case.  The apertures must be stored inside this case when not being measured.  Removal of the apertures from the case and handling in general must be performed while wearing clean cloth or clean rubber gloves.  The apertures can only be handled by their outer edges.  The apertures may be “cleaned” using a gentle stream of dry nitrogen or the low pressure optical duster supplied with the apertures.  If an aperture is dropped or accidentally mishandled, the occurrence must be immediately reported to the round-robin coordinator at NIST.

The knife edged apertures must only be measured using non-contact techniques.  The apertures with lands will be measured using non-contact and contact techniques.  When using contact techniques, the measuring instrument must touch the nominal center of the land using a 1mm or larger diameter ball with a force less than or equal to 0.8 N.

Participating laboratories will make 5 measurements of the area of each aperture for each measurement technique (i.e. contact and non-contact) used.  The participating laboratory will record the results of each aperture area determination and other ancillary information on the form shipped with the apertures.  Data requested on the form includes the following:

1. Aperture designation by number;

2. Technique used in aperture area measurement;

3. Five determinations of the aperture area;

4. Temperature at which the measurements were made;

5. Aperture area corrected for temperature at 20 C using coefficients supplied for Al bronze and Cu and aperture area un-corrected for temperature;

6. Uncertainty analysis of the measurement technique;

7. Description of measurement technique and equipment used with reprints and/or references, if available.

Upon completion of the aperture area measurements, the participating laboratory will return the aperture set to NIST.  NIST will then inspect and re-measure the apertures.  The aperture set will be forwarded to the next participating laboratory.

B. The Measurement of Apertures Supplied by Participating Laboratories:

The second aperture measurement involves the participating laboratories measuring their own apertures and then sending those apertures to NIST for measurement.  A maximum of three apertures may be sent.  In addition to the measured apertures and measured areas for each, the participating laboratories will provide the following information:

1. Aperture designation and description, if more than one aperture is provided;

2. Technique used in aperture area measurement;

3. Five determinations of the aperture area;

4. Temperature at which the measurements were made;

5. Aperture area corrected for temperature at 20 C and aperture area un-corrected for temperature;

6. Coefficients used to correct aperture area for temperature;

7. Uncertainty analysis of the measurement technique;

8. Description of measurement technique and equipment used with reprints and/or references, if available.

Laboratories are responsible for the safe shipment of apertures to NIST.  Apertures will be carefully handled by NIST using the techniques described in part A.  

Upon completion of the measurements by NIST, the apertures will either be sent back to the participating laboratories in the original shipping containers or will be held by NIST in anticipation of the third measurement activity described below.

C. The Round-robin Measurement of Apertures Supplied by Participating Laboratories

The final aperture measurements involve NIST circulating the apertures provided by participating laboratories among the various laboratories.   The circulated apertures could be the same apertures used in part B or different apertures.  A maximum of three apertures can be included in the round-robin measurements.  It is requested that for each aperture type, two apertures be provided to NIST; one to be circulated to other participating laboratories and one to be held at NIST as a control.  Thus, if the maximum of three apertures are to be included in the round-robin, a total of six apertures should be sent to NIST.  NIST will measure the apertures and will coordinate the shipment of individual sets of apertures to the various laboratories.  Upon completion of the area measurements by the laboratories, the laboratories will ship the aperture sets back to NIST for re-measurement.  NIST will then send out the second round of aperture sets.  This process is repeated until all the laboratories have measured each other’s apertures.

Following the measurement of each aperture set, the participating laboratories will provide the following information:

1. Aperture designation and description, if more than one aperture is provided;

2. Technique used in aperture area measurement;

3. Five determinations of the aperture area;

4. Temperature at which the measurements were made;

5. Aperture area corrected for temperature at 20 C and aperture area un-corrected for temperature;

6. Coefficients used to correct aperture area for temperature;

7. Uncertainty analysis of the measurement technique;

8. Description of measurement technique and equipment used with reprints and/or references, if available.

Upon completion of the parts A, B, and C or subset thereof, the results will be presented by NIST and discussed in a workshop format among the participating laboratories.  The ultimate goal of the round-robin is to publish the carefully analyzed and interpreted round-robin results in a refereed publication.
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