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MAC - A Summary of Critical Decisions

This document has been created and reviewed by the A2LA Measurement Advisory

Committee (MAC). It provides a summary of consensus decisions voted on and approved by the
Measurement Advisory Committee and A2LA Criteria Council for use by laboratories and
assessors. Dates in parentheses after each item indicate the date each was approved by the
A2LA Criteria Council.

General

A2LA treats statements of conformance and uncertainty as a contract review issue.
(1/13/11) (see Tab 1 for summary minutes)

b. Decision rules do not need to be provided on a calibration certificate if the provider
(OEM) states the measured value, the uncertainty, and that it is within specifications.
(1/13/11) (see Tab 1 for summary minutes)

c. Itis never acceptable to accept manufacturer’s specifications in lieu of uncertainty
budget calculations. (1/13/11)

d. The acceptability of a single point calibration is determined on a case-by-case basis by
the technical assessor. (1/13/11)

Gage Blocks

a. For cases where a gage block is damaged it is agreed that there is no “before” data

available and the “as found” information is stated on the certificate. An A2LA assessor
would not expect to see before data on a certificate if the received condition says
damaged or in need of repair/replacement. (1/13/11)

Fluke 50 Turn Coils

a.

For Fluke Coils an open-ended calibration interval is acceptable as further calibrations
would not be needed, only visual checks. (1/13/11) (see Tab 2 for summary minutes)

A Conformance Assessment Body (CAB) is considered to meet section T9 of the
A2LA Traceability Policy for Calibration of Fluke 50 turn coils in lieu of the
calibration certificate for cases where the calibration certificate pre-dates the reverse
traceability information provided from Fluke. The in-house calibration must be limited
to the range from the initial original calibration certificate for the coil. (1/13/11) (see
Tab 2 for summary minutes)
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IV. Hardness

a. The minimum factors required for hardness uncertainty budgets are repeatability,
resolution, and the uncertainty of the block. (1/13/11)

Note: this is applicable for hardness uncertainty budgets documented prior to the implementation
of P110 - Policy on Measurement Uncertainty in Calibration.
V. Surface Plate Flatness
a. The “Moody Method” for flatness using the "Union Jack™ pattern is accepted as a
standard method. (See Tab 3 for documentation of the “Moody Method”) (1/13/11)
VI. Electrical and Microwave/RF Minimum Contributors
a. The required minimum contributors for Electrical and Microwave/RF uncertainty
calculations used to support the Calibration and Measurement Capabilities for a scope

of accreditation are those outlined in the document entitled “Uncertainty Budgets for
Electrical Parameters”. (See Tab 4 for the referenced document) (1/13/11)

VII. Traceability of Environmental Chambers (see Tab 5 for Proposal: Consensus on Calibration of
an Environmental Chamber) (5/5/2011)

a. That three approaches are deemed as acceptably meeting P102 — A2LA Policy on
Measurement Traceability for environmental chambers:

1. Anin-house calibration performed in accordance with the manufacturer
instructions/recommendations and (T9) of P102, as long as the CAB, when using
the environmental chamber, includes an accredited sensor with the load to
measure the environment during the test; or

2. The CAB obtains an accredited calibration of the entire system; or

3. The CAB obtains an accredited calibration of the individual components of the
entire system.
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VIII. Making Statements of Compliance Without Taking Measurement Uncertainty Into Account

(5/5/2011)

a. For accredited, endorsed, calibration certificates, it is agreed that as long as the CAB

indicates in the contract with the client that the calibration results will be reported
without factoring in the effect of uncertainty on the assessment of compliance, and
the client agrees to the contract, then the uncertainty can be excluded when making
that statement of compliance on the calibration certificate. In effect, both parties share
the risk that the results may or may not meet the specification since the uncertainty
was not included when the results were determined.

Note 1: as of December 1, 2011, for accredited, endorsed, calibration certificates, the
actual measurement uncertainty shall be included on the calibration certificate,
regardless of whether or not a statement of compliance is made, in order for the
certificate to be in compliance with P102 — A2LA Policy on Measurement Traceability.

Note 2: A CAB cannot claim to meet a method in cases where the method requires the
consideration of the uncertainty.
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A2LA Measurement Advisory Committee Meeting Minutes
The Sheraton Columbia Hotel
Columbia, MD

Saturday, March 11, 2006
(8:00 AM-3:00 PM)

Summary

Agenda Item 6d: Uncertainty and statements of compliance (T. Rasinski)

Discussion: (See attachment 3) Under contract review there are often problems including
guard banding, but a part of contract review is to have a guard banding policy and how the
laboratory or customer has approved it. In many instances the customers are the one who are
determining what the guard banding is.

Calibration providers cannot dictate to the client what will be done. If laboratories do not
define the limitation then anything may be acceptable. Laboratories have to have a record or
mechanism to extract this information.

A2LA is looking for a recommendation to determine how to approach this issue.

Motion 20: Motion to recommend to Criteria Council that A2LA deal with
statements of conformance and uncertainty as a contract review issue which is
sufficiently addressed by existing requirements and take actions to educate labs
on this issue.

Motion 20 passed: against - 1
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A2LA Measurement Advisory Committee Meeting
The Sheraton Columbia Hotel
Columbia, MD

Saturday, March 24, 2007

SUMMARY

An OEM in attendance requested guidance regarding pass/fail criteria in
relation to listing this on issued calibration certificates. In his particular
case as a manufacturer, the criteria are proprietary information. In reports
issued by his laboratory, the customer is provided with the data, the
uncertainty, and a pass/fail decision. During the discussion, it was thought
that the OEM did not have to tell a laboratory whether or not their
instrument passed; however, if pass/fail is listed on the calibration
certificate, the OEM is then required to provide their decision rules. The
OEM does not have to make a statement of compliance. Production
tolerances are proprietary, when a calibration is performed and the
equipment meets specifications, it can be stated that the item meets
specification and this would meet the requirements in ISO/IEC 17025.

It was pointed out that the A2LA Calibration Program does require
accredited laboratories to have the decision rule defined. A laboratory can
state that the statement on the certificate indicating that the measurement
uncertainty is considered should suffice. It was also discussed that the
internal decisions are irrelevant if the laboratory only wants to know, “Can
I use this specification?”

The consensus was that no decision rules need to be provided if the
provider (OEM) states the measured value, the uncertainty, and that
it is within specifications.
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A2LA Measurement Advisory Committee Meeting
The Sheraton Columbia Hotel
Columbia, MD

Saturday, March 24, 2007

SUMMARY

g. The Fluke 50 Turn Coil was discussed. In many cases, the Fluke 50 turn coil is
calibrated once and only once as long as they are not damaged. The problem is that no
one is currently accredited to perform the calibration. If the calibration was performed
many years ago, the laboratory may not be able to obtain the traceability information
from the OEM. The concern is whether or not A2LA should require the laboratory to
obtain another calibration on the coil in order to achieve traceability.

Based on discussions, an open-ended calibration interval is acceptable as further
calibrations would not be needed, only visual checks. Further discussion with A2LA
management will be required regarding the traceability of the initial calibration.

Measurement Advisory Committee Meeting Summary
The Sheraton Columbia Hotel
Columbia, MD

Saturday, April 12, 2008
(08:00 AM —5:00 PM)

Meeting Minutes

e. Previous Action Item: D. Leaman to discuss with A2LA management further guidance on
traceability for the valid calibration on the coils.

D. Leaman indicated that there are no issues regarding traceability for these items because we
have worked with Fluke to get their traceability documents. Since we have this on file now
this is not an issue for most of our labs.

The MAC discussed how this is still a non-accredited calibration and it was noted that A2LA
staff is aware of this but since we do have the traceability information from Fluke this is not a
concern because the laboratories are able to meet our traceability requirements through the
reverse traceability process. The concern was how to handle those laboratories whose
calibration certificates pre-date the information provided by Fluke to A2LA.The MAC also
discussed that the coils are stable and there is no reason to require a recalibration unless the
laboratory cannot establish traceability (i.e. the laboratory has lost the certificates for the
item).
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MOTION 8 —To allow the laboratory to meet section T9 of the A2LA Traceability
policy in lieu of the calibration certificate for cases where the calibration certificate pre-
dates the information provided from Fluke. Approved.

Amendment to Motion 8 — To amend the motion to indicate when conducting an in-
house calibration it should be limited to the range from the initial original calibration
certificate for the coil. Approved



Fig. 1. Typical calibration setup showing the
antocollimator, optical flat attached to mount
on extreme left-hand corner, mirror mount on
extremie right-hand corner and straight edge on
end of surface plate.

. Dctoher 1955

By J. C. Moody

Physical and Electrical Standards Dept.
Sandia Corp. M
Albuquerque, N. M.

SINCE MEASUREMENTS are no more reliable than
the surface plate on which they are referenced, it is
important to know exactly the accuracy of the plate
being used. Surface plates are manufactured to
accuracies varying from 0.002 to 0.00005 inch of
deviation from a true plane. The user should check
each plate after it is installed to determine whether
it meets specifications and from time to time there-
after to learn the effect of wear and environment,
The check measursments must, {or practical pur-
peses, be done In the work environment.

Fortunately, a practicable method of accurately
calibrating surface plates is available o industry.
The method wsed i the metrology laboratory at
Sandia Corp. is highly accurate yet can be per-
formed by semiskilled personnel using instruments
available to any industrial laboratory. This method
is an application and extension of procedures de-
veloped by K. J. Hume (British metroiogist) and
involves no new principles.

Ideally, the calibration should be performed in
a room in which the temperature of the plate can
be kept in equilibrium and from which thermal
currents can be excluded. However, industry uses
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West

Fig. 2. Mirror mount, reflector mounts and optical flats used for calibrating surface plates.

surface plates under conditions that are less than
ideal. These plates can be satisfactorily calibrated
under the same conditions. Extremes of tempera-
ture changes, thermal currents, and vibration are
obviously to be avoided.

Calibration Method: Equipment needed for
this method is shown in Fig. 1. The autocollimator
is essentially an optical lens system from which
parallel rays are emitted. These rays strike the
surface of a steel optical flat and are reflected back
into the auntocollimator, The reflected rays produce
an image at the focal plane of the autocollimator
from which angular displacements can be accurate-
ly determined.

The reflector is mounted on a bracket, the sup-
port pads of which are separated by a distance

Fig. 3. Positions of autocollimator during readings
for the eight principal lines.

Manufacturer's name plate,
North .~
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arbitrarily chosen so that it will divide evenly into
the dimensions of the surface plate. This distance
should be about 8 percent of the length of the short
side of the plate. Various reflector mounts needed
for different size plates are shown in Fig. 2. The
mirror mounting bracket is so designed that the
mirror mounting is normal to the surface plate.
Steel optical flats, the faces of which do not deviate
from a plane by more than 0.000003 inch, are
used for both the mirror and reflector. In addition,
a straight edge, graduated in increments equal to
the distance hetween the support pads of the re
flector stand, is used.

A total of eight lines of readings are taken: four
perimeter lines, two diagonal lines, and two center
lines, Fig. 3. The perimeter lires are laid out one
increment from the edge of the plate. The precise
stations at which readings along all eight lines are
taken are measured off in steps equal to the incre-
ments on the straight edge. Many more readings
could be taken, but a reasonable compromise be-
tween accuracy and economy is achieved by this
method.

Detailed instractions for using an autocollimator
are supplied with the instrurnent and should be
studied carefully. The position of the autocoll-
mator for each line of readings is shown in Fig. 3.
The readings along the north perimeter line, for
example, are taken with the autocollimator in the
southwest corner - of the plate. The reflector is
moved along the line and readings -are taken at
each station. These readings are entered directly
on the properly identified work sheet, Fig. 4. After
each line is completed, the reflector is moved back
to the first station on that line and another reading
taken, If this does not agree within % 0.3 sec. of

The Tool Engineer
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Fig. 4. Dingram showing relationship of
profile of northwest to southeast dingonal
to line of first reading and datum plane.
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arc with the first reading taken at the same station,
the operation must be repeated.

Autocollimator readings entered on the work
sheet show only angular displacement in tenths of
a second of arc in relation to the line of first read-
ing. To be readily meaningful, these must be con-
verted to linear deviations from a base plane. The
procedure for these conversions and their presenta-
tion will be discussed in the following paragraphs.

Though care must be exercised in each step, the
conversion is not a formidable task, Readings can
be made in about two hours; an intelligent, proper-
Iy instructed clerk can reduce the data to an ac-
curate profile of the surface plate in an equal time.

Simplified Data Conversion Procedure:
Directions for.converting autocollimator readings
into linear displacement in hundred-thousandths of
an inch are given without any attempt at theoretical
justification. One line of each class will be ex-
plained in detail. The reader who is interested in
the theoretical considerations should read K. J.
Hume’s Engineering Meirology or the author’s
vaper, The Metrology of Surface Plates, copies of
which are available upon request.

The person who is to reduce the data is given a
work sheet for each of the eight lines, TaBLE 1.
On these, the stations at which readings were taken
are indicated in Column 1 in terms of inches from
the edge of the plate in the direction in which the
line was read. The autocollimator readings are
entered in Columan 2. No reading is entered for the
first station on the line.

Converstow For Discowars: To process the
Northwest to Southeast diagonal line data, the fol-
lowing steps .should be taken in order:

Getoher 1955

1. Convert the autocollimater readings inte angular
displacement by determining the amount by which
each value in Column 2 is greater or less than the
first value in Column 2. Do this at each station;
enter the result in Column 3, paying attentiom to
the sign.

2. Next, determine the algebraic sum of the angular
displacement at each station and enter this value
in Column 4. To do this, add the values in Column
3 down to and including each station.

3. Divide the last value in Column 4 by the total num-
ber minus one of the statisns on the line io deter-
mine the correction factor. (In the example shown
there are 21 stations. Hence, —280/20 — —14.)

4. Set up an arithmetic progression in Column 5. Re-
verse the sign of the value in Column 4 opposite
the midstation and enter it opposite the same sta-
tion in Column 5. Working up Column 5 from the
midstation, add the correction factor cumulatively
at each station. Return- to the midstation and sub-
tract the correction factor cumulatively at each sta-
tion to the bottom of the column. The resulting
arithmetical progression is the cumulative correc-
tion factor for each station.

5. At each station, add algebraically the values in
Columns 4 and 5. Enter the sum which is the
angular displacement from the datum plane in
Column 6. (The datum plane, Fig. 4, is that plane
in which the center point of the surface plate lies
and is parallel to the lines containing the end
points of each diagonal.) Proceed with the other
diagonal in exactly the same way to this point.
Before the last two columns for the diagonal can be
completed, computations for the perimeter and
center lines must be carried to this point. Do the
perimeter lines mext.

ConvERsSION FOR NORTH PERIMETER LINE:

1. Proceed exactly as with the diagonals ithrough
Column 4 for each of the perimeter lines.

2. Prepare a chart of the surface plate as illustrated
in Fig. 5. Enter the physical center, 0, and the
values found for the ends of the diagonals from
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Table 1-—Work Sheets for Calibrating a 48 x 78-Inch Surface Plate*

1 .2 3 4 5 6 7 8
Station Auto- Angular Sum of Cumulative Displace- Displace- Displace-
(inches collimator Displace- Displace- Correction ment from ment from ment from

from edge) Readings ments ments Factor Datum Plane Base Plane Base Plane
{No.} {0.1” arc) {0.1” arc) (0.17 are) (0.1” arc) (0.1” arc) (0.1” are) (0.00001 in.)

Diagonal, Northwest to Southeast

3 o— _ —_ — 36 —36 32 6
7 65 0 o — 22 -—22 46 9
n 60 —5 -5 — 8 —13 55 11
15 50 —15 — 20 + 6 —14 54 n
19 52 —13 -— 33 ” + 20 —13 55 n
23 55 —10 — 43 + 34 — 9 59 12
27 56 . =9 — 52 + 48 — 4 64 13 '
31 - 55 —10 — 62 + 62 0 68 14
35 50 ~15 — 77 + 76 —_1 67 14
39 55 —10 . -— 87 -+ 90 + 3 ral 14
43 48 —17 —104 +104 0 68 14
47 50 . =15 —119 +118 -1 67 13
51 52 —13 —132 4132 0 68 14
55 53 -—12 —144 4146 + 2 70 14
59 49 —16 —160 -+ 160 0 €8 14
63 46 —19 179 +174 —5 63 13
67 42 —23 —202 --188 —14 54 11
n 53 —=12 —214 4202 —12 56 1
75 49 —16 -230 +216 —14 54 n
79 45 —20 —250 230 —20 48 10
83 35 —30 . —280 +244 —36 32 [
Diagonal, Northeast to Southwest
3 — — -—_ — 53 —53 15 3
7 . 66 0 ] — 35 —35 33 [
1 54 —12 - 12 — 18 —30 . 38 7
15 54 —i2 — 24 0 —24 44 8
19 52 —14 —~ 38 + 17 ~21 47 9
23 55 —11 — 49 4+ 35 —14 54 1N
27 57 -9 — 58 + 53 — 5 63 12
31 50 —16 — 74 .+ 70 — 4 64 13
35 50 —16 — %0 . -+ 88 — 2 66 13
39 54 —12 —102 <4105 + 3 KAl 14
43 45 =21 —123 +123 0 68 14
47 44 —22 —145 +141 — 4 64 13
51 45 —21 —166 4158 — 8 60 12
55 45 —21 —187 +176 —1 57 11
59 48 —18 . —205 +193 —12 56 n
63 42 —24 . =229 4211 —18 50 10
67 42 - —24 —253 +229 —24 44 9
k)l T4z —24 —277 4246 ~31 37 8
75 48 —18 —295 4264 —31 37 7
79 42 —23 —318 281 —37 31 6
83 32 —34 —352 +299 : —53 15 3
North Perimeter Line East to West
4 — —_ — — 53 ~53 15 3
8 205 . 0 0 — 40 —40 28 6
12 197 \ — 8 — 8 — 26 —34 34 7
16 205 o — 8 — 13 21 47 9
20 203 y =2 — 10 + 1 —9 ° 59 12
24 202 — 3 — 13 + 14 + 1 69 : 14
28 199 —6 —19 + 28 + 9 77 15
32 190 ~15 — 34 -+ 41 + 7 75 15
33 195 —10 ~— 44 + 55 +11 79 16
40 183 —17 — 61 + 69 + 8 76 15
44 186 —19 — 80 + 82 4 2 70 14
48 187 —18 — 98 -+ 96 — 2 66 13
52 186 T—19 —I117 +109 ) — 8 60 12
56 184 —21 . —138 +123 —15 53 1
60 185 —20 —158 +136 —22 46 9
. 64 190 —I15 —173 +150 —23 45 9
68 179 —26 —199 +163 —36 32 6
- East Perimeter Line North to South
4 —_ —_ -— —53 ~—53 i5 3
8 35 0 -0 —49 : —A49 19 4
12 21 —14 —14 —A45 —60 8 2
16 25 —10 ) —24 ~41 —65 3 1
20 28 — 17 —31 —37 —68 0 0
24 34 —1 —32 —33 —65 3 )
28 32 —3 —35 —29 —64 4 1
32 35 [} ~—35 —25 —60 8 2
36 40 + 5 -—30 —21 —51 17 3
40 42 + 7 ' —23 —17 —A40 28 5
44 35 0 —23 ~—13 —36 32 6

*All values except Columns T & 8 are in tenths of a second of arc.
\
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Table 1 (Continued) *

i 2 3 4 5 6 6a 7 8
Station Auto- Angular Sum of Cumulative Displace- Displace- Displace-
(inches collimator. Displace- Displace- Correction ment from ment from ment from

from edge) Readings ments ments Factor Datum Plane Base Plane Base Plane
{No.) (0.1 arc) (0.1” are) (0.1” arc) {0.1” arc) {0.1” arc) (0.1 arc) (0.00001 in.)
South Perimeter Line East to West

4 — — — — 36 Y —36 32 6

8 164 0 0 — 18 —18 50 10

12 150 —14 — 14 0 —14 54 1

16 156 —'8 — 22 + 19 —3 65 13
20 155 -9 — 3 + 37 + 6 74 15
24 151 —13 — 44 4 55 A 79 16
28 153 —1 — 55 + 73 +-18 86 17
32 151 —13 — 68 + 92 +24 92 18
36 146 —18 — 86 +110 +24 92 18
40 140 —24 —110 4128 418 86 7
44 135 —29 —139 +147 + 8 76 15
48 135 —29 —168 4165 —3 65 13
52 133 —31 —199 -+183 —16 52 1"
56 133 —31° . —230 4201 —29 39 8
60 134 —30 —260 +220 —40 28 6
64 140 —24 —284 +238 —a46 22 4
68 139 -—~25 --309 +256 —53 15 3
West Perimeter Line North to South
4 - — —_ —36 —36 32 6
8 60 0 (] —30 —30 38 4
12 46 —14 —14 —24 —38 30 6
16 45 —15 —29 —17 —A46 22 4
20 47 —13 —42 —11 —53 15 3
24 50 —10 —52 -5 —57 1 2
28 45 —15 —67 + 1 —66 2 0
32 59 -1 —68 + 7 —61 7 1
36 60 0 —68 +14 —54 14 3
40 60 0 —68 +20 —a8 20 4
44 49 —-11 e —79 +26 —53 15 3
Center Line East to West
4 — — — —65 —65  —58 10 2
8 17 0 0 —59 —59 —52 16 3
12 124 A7 “+ 7 —53 —A46 —39 29 6
16 121 4+ 4 +11 —47 —36 —29 39 8
20 125 + 8 +19 —42 —23 —16 52 10
24 120 + 3 +22 —36. —14 27 61 12
28 115 —2 +20 —31 -1 —4 64 13
32 115 — 2 +18 —26 —8 — 67 13
36 13 — 4 +14 —2i —7 0 68 14
40 13 — 4 +10 —15 —5 + 2 70 14
44 103 —14 — 4 —10 —14 -7 61 12
48 108 —9 . —13 — 4 —17 —10 58 12
52 103 —14 —~27 4+ 1 —26 —19 49 10
56 100 —17 —A44 + 7 —37 —30 38 8
60 107 —10 —54 +12 —42 —35 33 7
64 104 —13 —67 -+ 18 —49. —42 26 5
68 104 —13 - —80 +23 57 -—50 18 3
Center Line North to South
4 —_ —_ —_ +11 +1n 79 16
8 66 0 0 410 410 78 16
12 64 -2 N —2 + 9 + 7 5 15
16 63 —3 —5 + 8 + 3 7 14
20 65 —1 ) —6 + 7 +1 69 14
24 66 0 — 6 + 6 [} 68 14
28 69 +3 —3 +5 + 2 70 14
32 75 +9 + 6 + 4 +10 78 16
36 74 -+8 +14 + 3 +17 85 17
40 7 +5 +19 + 2 +21 89 18
44 70 +4 +23 + 1 +24 92 18

*All values except Columns 1 & 8 are in tenths of a-second of arc. e

October 1955

89



North

MIr's Lobel]

16 — +11 -53
West -65 | East Fig, 5. Data reduction
- work sketch for deter-
mining correction fac-
tors and displacements
from datum plane.
-53 - +24 -36
South

Column 6 in the work sheets as shown, This chart
is important as without it there is danger of con-
fusing the figures.

3. Enter the value for the NE end of the NE-SW di-
agonal in Columms 5 and 6 opposite the first station.
Enter the 'value of the NW end of the NW-SE di-
agonal opposite the last station in Column 6 only.

4. Next, find the correction factor. Subtract the value
opposite the last station in Column 4 from the velue
opposite the same station in Column & [—36
—1{(—199) — 163]. Enter this value opposite the
last station in Celumn 5. Subtract this value from
that opposite the first station in Column 5 (—53

—163 = —216} and divide the result by the total
number of statiens on the line minus one (—216/
16 = —13.5), The result is the correction factor,

5. Beginning at the last station in Column 5, add the
correction factor cumulatively up the column at
each station. (Since the correction factor in the
example is —13.5 to avoid decimals —13 and —14
are used alternately.) .

. To find the angular disi)]acement {rom the datum
plane, algebraically add the values oppesite each
station in Columns 4 and 5 and enter the results in
Column 6. .
Complete the conversion for each of the perimeter
lines 1o this point and enter the values at the mid-
points in Fig. 5. Now proceed with the center Iines.

b=

P
CONVERsSION FOR EAST TO WEsT CENTER LinE:

1. Carry the conversion through Column 4. The proce-
dure for the center lines is exactly the same as for
the diagonal and perimeter lines to this peint.

2. From Fig. 5, enter the value for the midpoint of the
east perimeter line opposite the first station in
Columnsg 5 and 6. Enter the value for the mid-
point of the west perimeter line opposite the Inat
station in Column 6 only.

3. Subtract the value oppesite the last station in

" Column 4 from the value opposite the same sta-
tion in Column 6 and enter this value at the last
station in Column 5.

4. Subtract the last value in Column 5 from the first

and divide the result by the total number of stations-

90

on the line minus one. The resuli is the correction
factor.

5. Beginning at the last station in Column 5, add the
correction factor up the Column in an arithmetic
progressiont to find the cumulative correction factor
for each station,

6, At each station, algebraically add the values in
Columns 4 and 5 and enter the result in Column 6.
This is the angular displacement from the datym
plane.

7. Change the sign of the value opposite the midstation
in Column 6 and add it to the value opposite each
station in Column 6. Enter the sums in Column 6a.

A word of explanation is necessary at this point.
The center line check is the criterion of accuracy
for the entire operation. The value at the point
at which the center lines and diagonals intersect is
physically zero. If everything were done perfectly,
the value opposite the center station would be zero.
But this is not possible because each slight error in
reading the instrument is reflected at the midstation
of the center lines. I the magnitude of this error
is under 0.0001, the calibration may be regarded as
satisfactory; if not, the job must be done over.

Column 6a, which appears only in the work
sheets for the center lines, is used to move the error
away from the center, which is known to be zero,
out to the perimeter.

Final Steps in Conversion: The work sheets
for the eight lines are now completed through
Column 6, including Column 6a for the center lines:
The procedure for Columns 7 and 8 is identical
for all work sheets and must be done together.

1. Seach through Column 6 for all work sheets, Column
62 of the center lines, for the Iowest value in all
of the B columns. Add this value to the value
opposite each station in Column 6 (6a for the center
lines) and enter the sums in Column 7. This

The Tool Engineer
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figure is the displacement from the true base plane,
This is defined as that plane containing the point of
lowest teading and parailel to the datum plane.

. Next, convert the values in Column 7 to linear
values in 0.00001 inch. To do this, multiply the
product of the sine of 1 second (0.000005) times the
distance between the center lines of the mirrer
mounts (4 inches in the example) (0.000005 X 4
= 0.00002} by the values in Column 7 at each sta-
tion. Sinece the values in Column 7 are in tenths of
a second of are, it is necessary to divide the produact
at each station by 10 to get the decimal point in the
right place. Round out the amswer to the mearest
hondred-thousandth of an inch, drep out the deci-
mal point, and enter the value in Column 8.~

Conclusion: The data from Column 8, when
reported on the form shown in Fig. 6, allows the
user to see at a glance the featurcs of the surface
plate he is using. It shows not only the extremes
of variation, but also the best areas on the plate.
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Cold Rolling 'Builds In" Longer Life in Backup

BY coLb ROLLING fillets between the neck and roll
body of backup rolls, tensile strength at the poini
of most common failure was increased automatically
and life of the rolls was substantially lengthened.
The technique was devised at the Roll Div. of Blaw-
Knox Co. where, as a result of fatigue, a hairline
erack in the fillet at or near the surface has con-
sistently shortened roll life. Because of the geo-
metric propertions of the rolls, there is greater
stress concentration at the fillet accounting for the
need for- special working at that point. Fatigue
limits, which are approximately one-half of tensile
strength, increased proportionately with the utiliza-
tion of cold rolling. : '

The cold rolling tool used in the technique de-
veloped at Blaw-Knox consists of a wheel, position-
ing apparatus and a gage to provide a constant reg-
ister of the amount of pressure applied to the metal
being rolled. »
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TAB 4

Uncertainty Budgets for Electrical Parameters
by Dr. Klaus Jaeger

Introduction:

R205 - Specific Requirements: Calibration Laboratory Accreditation Program states that for
each measurement parameter and associated range(s), the laboratory shall provide with the
application an uncertainty budget showing how the claimed Calibration and Measurement
Capability (CMC) was derived. The assumptions made for the determination of the uncertainty
budgets, if any, must be specified and documented. A2LA accredited and enrolled calibration
laboratories shall calculate measurement uncertainties using the method detailed in the 1ISO
“Guide to the Expression of Uncertainty in Measurement” (GUM)1.

Purpose:

The purpose of this document is to provide guidance for determining the proper contributors of electrical
parameters that should be taken into consideration when developing uncertainty calculations that support
the Calibration and Measurement Capability (CMC) claim made on a scope of accreditation. This guidance
also serves as a means for Conformance Assessment Bodies (CABS) to be in compliance with P110 —
Policy on Measurement Uncertainty in Calibration. Finally this guidance serves to clarify how an
approach that includes the simple use of the specification of the standard along with the resolution of the
standard and “best” unit under test is not sufficient for meeting the GUM.

Background:

Historically an acceptable approach for generating electrical uncertainty budgets has excluded the
determination of any “Type A” data and included only three “Type B” considerations: specification of the
standard used, resolution of the standard and resolution of the (best) unit under test.

This approach does not appear to meet the GUM', M3003? or RP-12? for the following reasons:

It does not provide any evidence for:

a) Traceability
b) Type A contributors such as:

e Short term stability
e Repeatability error

c) Type B contributors such as:
e Operator error

e System Performance including cable behavior and/or faults
e Environmental effects
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a. Traceability

P102 — A2LA Policy on Measurement Traceability requires that uncertainty budgets be compliant with
Traceability:

(T4) Where measurement uncertainty analysis is applicable®, A2LA requires laboratories to calculate
measurement uncertainty in accordance with the ISO ““Guide to the Expression of Uncertainty in
Measurement.” These uncertainties, when reported, shall be reported as the expanded uncertainty with a
defined coverage factor, k (typically k = 2) and the confidence interval (typically to approximate the 95%
confidence level).

ISO/IEC 17025:2005 states: When estimating the uncertainty of measurement, all uncertainty components
which are of importance in the given situation shall be taken into account using appropriate methods of
analysis.

b. Type A Uncertainty Contributors

e The GUM states that all statistical data is treated as Type A contributors with normal distributions.
Typical examples in these areas are:

1) Repeatability
2) Reproducibility
3) Stability / Drift
4) others

Repeatability is required by the GUM and M3003, and is recommended by NCSLI RP-12 and
G103 — A2LA Guide for Estimation of Uncertainty of Dimensional Calibration and Testing
Results.

e Inthe GUM, Section 8.2 and 8.3 states:

8.2 Determine xi, the estimated value of the input quantity Xi, either on the basis of statistical
analysis of series on observations or by other means.

8.3 Evaluate the standard uncertainty u(xi) of each input estimate xi. For an input estimate
obtained from the statistical analysis of series of observations, the standard uncertainty is
evaluated as described in 4.2 (Type A evaluation of standard uncertainty). For an input estimate
obtained by other means, the standard uncertainty u (xi) is evaluated as described in 4.3 (Type B
evaluation of standard uncertainty).

Comment: In electrical calibrations one determines xi, the estimated value of the input quantity Xi
by measurement; hence the need for repeatability.

e In M3003, it is strongly recommended to include random effects. A Type A evaluation will
normally be used to obtain a value for the repeatability or randomness of a measurement process.

! Measurement uncertainty analysis is required for all calibrations and dimensional inspections. For
applicability of testing, please see the P103 - Policy on Estimating Measurement Uncertainty for Testing
Laboratories and the relevant Annexes P103a-P103d.
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For some measurements, the random component of uncertainty may not be significant in relation
to other contributions to uncertainty. It is nevertheless desirable for any measurement process
that the relative importance of random effects be established. When there is a significant
spread in a sample of measurement results, the arithmetic mean or average of the results should be
calculated.

In all the examples listed in M3003, repeatability is included.
In NCSLI RP-12, section 2.2 states:

2.3. ldentify Measurement Errors and Distributions Measurement process errors are the basic
elements of uncertainty analysis. Once these fundamental error sources have been identified; we
can begin to develop uncertainty estimates. The errors most often encountered in making
measurements include, but are not limited to the following:

Measurement Bias

Random or Repeatability Error
Resolution Error

Digital Sampling Error

Examplel: 100 kQ Range

0,
U DIST DIV STD U Squared 'I'/ootoafl
Type A
Repeatability 0.002335 kQ N 1 0.0023 5.45E-06 53.2
Type B
g’gfggi“tb"s of 0.0028 kQ Norm 2.58 0.0011 1.18E-06 1.5
UUT Resolution, Std. | 0.000005 kQ Rec 1.732_| 0.0000029 8.33E-12 0.00008
Uncertainty of 5520A 0.0038 kQ Norm 2.0 0.0019 3.61E-06 35.2
Resolution of 5520A 0.00005 kQ Rec 1.732 | 0.000029 8.33E-10 0.008
Sum 1.02E-05 100.0
u 0.00320
U(k=2) 0.00640 kQ

Computation Error

Operator Bias
Environmental Factors Error
Stress Response Errors

Clearly, repeatability is required.

Example 1 shows an uncertainty budget that clearly indicates the need for repeatability.
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Table 1

In this example there are two concerns with the approach taken:

1. The repeatability is too high.

2. The actual uncertainty (from the calibration certificate) is greater than those noted on the
specifications.

Data in support of Example 1:

Repeatability

> 99.9950 99.9990

2 99.9982 999980 ’ \ ,
3 99.9983 99.9970 /
4 299038 99.9960

5 99.9938 _./ \ /

99.9950 1

6 99.9938 : :

- 99.9939 99.9940 A

8 99.9938 99.9930

9 99.9982 99.9920

10 99.9982 99.9910 — T T T T T T T T
STDEV 0.002203 1 2 3 45 6 7 8 9 10
DOF=9 1.06 | 0.002335

Since the repeatability value dominates the overall uncertainty budget, this clearly indicates a
problem with the system and further studies are needed. Without such statistics one would not
have known of any problems with the measuring system.

c. Type B uncertainty contributors

In the GUM section 4.3 states:

4.3 Type B evaluation of standard uncertainty
4.3.1 For an estimate xiof an input quantity Xi that has not been obtained from repeated

2
observations, the associated estimated variance u (xi) or the standard uncertainty u (xi) is
evaluated by scientific judgment based on all of the available information on the possible
variability of Xi. The pool of information may include:

e previous measurement data;

e experience with or general knowledge of the behavior and properties of relevant materials
and instruments;

e manufacturer’s specifications;

e data provided in calibration and other certificate;
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uncertainties assigned to reference data taken from handbooks.

In M3003, it is strongly recommended to include the following contributors:

5.3

(@)
(b)
(©)
(d)

(€)
(f)

In evaluating the components of uncertainty it is necessary to consider and include
at least the following possible sources:

The reported calibration uncertainty assigned to reference standards and any drift or
instability in their values or readings.

The calibration of measuring equipment, including ancillaries such as connecting leads etc.,
and any drift or instability in their values or readings.

The equipment or item being measured, for example its resolution and any instability during
the measurement. It should be noted that the anticipated long-term performance of the item
being calibrated is not normally included in the uncertainty evaluation for that calibration.
The operational procedure.

Variability between different staff carrying out the same type of measurement.

The effects of environmental conditions on any or all of the above.

In NCSLI RP-12, section 2.2 states:

2.3 ldentify Measurement Errors and Distributions Measurement process errors are the basic
elements of uncertainty analysis. Once these fundamental error sources have been identified, we
can begin to develop uncertainty estimates. The errors most often encountered in making
measurements include, but are not limited to the following:

Measurement Bias

Random or Repeatability Error
Resolution Error

Digital Sampling Error
Computation Error

Operator Bias

Environmental Factors Error
Stress Response Errors

Most of these can be covered by statistics, specifications, traceable values, etc.

Example 2: AC Current

Accredited A2LA certificate issued includes the following information:
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AC Current Frequency Range Value Uncertainty
1 kHz 100 pA 99.9926* MA 0.0200 pA
1 kHz 1mA 1.000029* mA 0.000110 mA
1 kHz 10 mA 10.00023 mA 0.001000 mA
1 kHz 100 mA 100.0057 mA 0.01000 mA
1 kHz 1A 1.000018 A 0.000100 A

* Ranges are not accredited

Table 2

While there is nothing wrong with this report format, the CAB used all the data to claim

traceability and uncertainties on the scope for all ranges.

Example 3: 1 mA Range (Measure)

U DIST DIV STD U Squared % of Total
Type A
Repeatability 6.28E-07 mA N 1 6.28E-07 | 3.95E-13 0.012
Type B
Specification of 2.50E-05 mA Rec 1.732 | 1.44E-05 | 2.08E-10 6.4
3458A
?::;L”tm" of HP 5.00E-08 mA Rec 1.732 | 2.89E-08 | 8.33E-16 | 0.000026
;‘Zi(:?‘uﬁon 5.00E-06 mA Rec 1.732 | 2.89E-06 | 8.33E-12 0.26
Cert value 1.10E-04 mA N 2 5.50E-05 | 3.03E-09 933
Sum 3.24E-09 100.0
U 0.00006
U(k=2) 0.00011 mA
Table 3
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In this example the uncertainty from the calibration certificate is too high. The traceable
uncertainty should never be larger than the specification. See also example 1.

Example 4: 300 mV Range

U DIST DIV STDU Squared % of Total
Type A
Repeatability 5.43E-05 mV Norm 1 0.000054 2.95E-09 0.29
Type B
Specifications 0.0020 mV Norm 2.0 0.0010 1.00E-06 99.6
UUT Resolution 0.00005 mV Rec 1.732 0.0000289 8.33E-10 0.08
Standard Resolution 0.000005 | mV Norm 2 0.0000 6.25E-12 0.00062
Uncertainty of 5520A 0 mV Rec 1.732 0.000000 0.00E+00 0.000
Sum 1.00E-06 100.0
u 0.0010
U(k=2) 0.0020 mv

Table 4

In this example, the uncertainty from the calibration certificate is higher than the specification and
was ignored in favor of the specification. In this case the laboratory did have a traceable certificate
with a value stated. However since the value stated was higher than the specification, it was

ignored.
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If it had been included, the budget would have been:

U DIST DIV STDU Squared % of Total
Type A
Repeatability 5.43E-05 mV Norm 1 0.000054 2.95E-09 0.03
Type B
Specifications 0.0020 mV Norm 2.0 0.0010 1.00E-06 10.7
UUT Resolution 0.00005 mV Rec 1.732 0.0000289 8.33E-10 0.01
Standard Resolution 0.000005 | mV Norm 2 0.0000 6.25E-12 0.00007
Uncertainty from Certificate 0.005 mV Rec 1.732 0.002887 8.33E-06 89.250
Sum 9.34E-06 100.0
u 0.00306
U(k=2) 0.00611 mV

Table 5

There is a large difference between this overall uncertainty and the one without the certificate
value included. In this case the CAB chose to use the budget without the certificate value. This

means that there is no claimed traceability.

The CAB should have complied with ISO/IEC 17025, section 4.6.3 and reviewed the traceable

certificate. This discrepancy should have been discussed with the facility that provided the

“traceable” certificate and corrective actions should have been taken. The CAB could also have
chosen to accept the value as reported and used it in the uncertainty budget. In that case it would

have been com pliant with traceability requirements.

Recommendations

A. Based on all the above mentioned requirements and recommendations, we are recommending

that at least the following contributors are identified in all electrical uncertainty budgets:

Item 1: Repeatability

Per M3003 this is highly recommended and listed in all their examples. Therefore the CAB shall always

include.

Item 2: Reproducibility

This is required or strongly recommended by the GUM, M3003, and RP-12. If available, the CAB

shall include.
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Item 3: Stability

This is extremely useful if a CAB requires tighter uncertainties. If this is not available, a CAB
shall include Item 6, specifications in order to cover the instrument specifications between
calibrations. An exception would be if the customer only requires the uncertainty at the date of
calibration. In that case, it is the customer’s responsibility to add long term behavior.

Item 4: Others
In many cases, statistical data is available for items usually listed under Type B. In that case include

them under Type A and treat the distributions as normal.

Item 5: Traceable Certificate Value
This is required by the GUM, M3003 and RP-12.

e By listing the value, it is demonstrated that the traceability is current and that the certificate
from an NMI or I1SO accredited calibration source was reviewed and approved (see ISO/IEC
17025, 5.4.7 Control of data; 5.5.9 Equipment; 4.6.3 Purchasing services and supplies).

e Inaddition, a CAB can compare with Item 1 and see if the repeatability makes sense; i.e.,
calibration system is operating correctly. (As long as Item 1 is << Item 5.)

e Furthermore a CAB can check if this value is < Item 6. Sometimes the traceable calibration
value as received is larger than the specifications. Should this occur, a CAB would need to
investigate in order to find a reason for this discrepancy. Usually it is a typographical error
that increases your overall uncertainty significantly or the accredited facility / NMI could not
perform the traceability to the required specification.

Item 6: Absolute Specifications
This is required or strongly recommended by the GUM, M3003 and RP-12.

e By listing the specifications, the CAB indicates that they are using (or not) the latest
manuals. In comparing with Item 5, these values should always be larger. If not, a CAB
should investigate and find out why.

e Also, Item 1, repeatability should never be larger than Item 6 and in fact they should be much
smaller. If not, there are problems with the system, operator, incorrect cables, etc.

e Also, as mentioned before, if tighter uncertainties are really required, set the divisor/multiplier
in the spreadsheet to O, but ensure that Item 3, stability data, is available.

Item 7: Resolution of UUT

This is required or strongly recommended by the GUM, M3003 and RP-12. This is really a sanity check to
ensure that all the listed contributors make sense. For instance, it does not make sense to list a contributor
to four decimal places when the resolution has only two. It is also useful to compare with the resolution of
the (best) unit under test (UUT), Item 8. If the latter is worse than the reference, the CAB is limited by the
UUT.
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Item 8: Resolution of standards used
This is required or strongly recommended by the GUM, M3003, and RP-12. This is essentially the same
arguments as for Item 7. It serves as a sanity check.

Item 9: Environmental Effects

This is required or strongly recommended by: GUM, M3003, and RP-12. There could be multiple entries
for this. Sometimes additional specifications for temperature and relative humidity at certain specific
ranges require additional entries in addition to Item 6. (Keep in mind also that if Stability is used in Item 3
and Specifications are calculated as 0 value contributors, then these need to be considered.) It is even
possible that pressure coefficients and vibrational effects need to be considered.

Item 10: Others

Required or strongly recommended by the GUM and M3003. It is recommended to list here any other
possible uncertainty contributors. It really helps to have as much as possible listed to indicate that you
have reviewed these possibilities.

Table 6: Summary of Recommendations:

Type A
Item # Name Comment
Try getting at least 10
1 Repeatability Must have measurements so you have at
least 9 DoF.
2 Reproducibility If possible
3 Stability If available See item 6 below.
4 Others If identified
Type B
Reference value from Without this value you have
5 o Must have -
Traceable Certificate no proof of traceability.
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Type B (cont)

Absolute Specification for

Must have to check if

Also, if you have long term
stability for this parameter for

6 o item 5 is less than .
calibration interval . this range, you can set the
item 6 LT
multiplier/divisor to 0.
This is usually small with
7 Resolution of standards used | Must have respect to the rest, but there
are exceptions.
This is usually small with
8 Resolution of UUT Must have respect to to the rest, but there
are exceptions.
. This is usually small with
. There can be multiple y
9 Environmental effects lines for it respect to to the rest, but there
' are exceptions.
10 Any other entries that might

be helpful

Having these basic frameworks for uncertainties, both the assessors and CABs can be reasonably assured
of consistency from assessment to assessment. It avoids the confusion of the A2LA customers and covers
not only uncertainty requirements but also document control as well as incoming inspections, etc.
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Appendix 1

2.21 measurement repeatability
repeatability measurement precision under a set of repeatability conditions of measurement

2.20 repeatability condition of measurement

repeatability condition -- condition of measurement, out of a set of conditions that includes the same
measurement procedure, same operators, same measuring system, same operating conditions and
same location, and replicate measurements on the same or similar objects over a short period of time
NOTE 1 A condition of measurement is a repeatability condition only with respect to a specified set of
repeatability conditions. NOTE 2 In chemistry, the term “intra-serial precision condition of measurement”
is sometimes used to designate this concept.

2.25 measurement reproducibility
reproducibility measurement precision under reproducibility conditions of measurement

NOTE Relevant statistical terms are given in 1ISO5725-1:1994 and 1SO 5725-2:1994.

2.24 reproducibility condition of measurement

reproducibility condition -- condition of measurement, out of a set of conditions that includes different
locations, operators, measuring systems, and replicate measurements on the same or similar objects
NOTE 1 The different measuring systems may use different measurement procedures. NOTE 2 A
specification should give the conditions changed and unchanged, to the extent practical.
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TAB 5

Proposal: Consensus on Calibration of an Environmental Chamber
Pam Wright
11/15/2010

Background:

A deficiency was written for a Conformance Assessment Body (CAB) because a testing
laboratory did not have their thermocouple calibrated within their environmental chamber. The
laboratory just had the controller calibrated by electrical simulation as part of their (T9) internal
calibration. The assessor and the lab disagreed on the issue and the issue eventually went to the
Measurement Advisory Committee (MAC) for voting. The MAC voted that it was not acceptable
to calibrate the controller only and that the thermocouple needed to be calibrated or the chamber
needed to be mapped. The decision of the MAC was presented to the Materials Testing Advisory
Committee (MTAC) and they agreed by a majority with the decision made by the MAC. Staff
brought up a concern that this decision by the MAC and MTAC would put an undue burden on
our CABs as one had expressed during their initial assessment that if they were required to
calibrate the thermocouples in all their environmental chambers, they would stop the assessment
and elect not be accredited by A2LA. Several others CABs expressed concern over the burden
this would cause when even the Original Equipment Manufacturer (OEM) did not calibrate the
thermocouple upon the completion of the manufacturing process. Management agreed that we did
not want to put an undue burden on our CABs beyond that of other equivalent Accrediting Bodies
(ABs) and tasked the Calibration Accreditation Manager (AM) with investigating this matter
further. It should be noted that the Calibration AM contacted several international peers regarding
this matter and received little to no response.

The Calibration Senior Accreditation Officer (SrAcQO) was tasked with contacting several
OEMs, both accredited and non-accredited to determine whether or not they actually calibrate the
thermocouples as part of the calibration provided with the chamber. The SrAcO discussed the
calibration process with both accredited and non-accredited OEMs and upon discussion with the
manufacturers it was discovered that none of them calibrate the thermocouple after manufacturing
a new chamber, rather, they only calibrate the controller. Almost all the OEMs noted that upon
special request they will calibrate the thermocouple and map (multipoint calibration of the entire
chamber) the chamber. One OEM did state that they actually do not like to map the chamber as
they would be mapping an empty chamber and once the user puts a load into the chamber that the
mapping of that empty chamber is invalid as the characteristics and behaviors of the chamber is
changed when putting a load in. From these discussions it appears that the consensus of the
MAC/MTAC to calibrate the thermocouple would be going above and beyond what the
manufacturers are doing when they calibrate their new chambers.

In conducting a review of guidance documents available on this matter a Euramet
document Calibration of Climatic Chambers Requirements for the Accreditation of Calibration
Laboratories was consulted which describes the guidance laid out by the EU for their
Accreditation Bodies for the accredited calibration of climatic chambers. In this document it was
acknowledged that calibration of a climatic chamber is not the best method for documenting the
environmental condition during operation, rather, the use of at least one sensor for temperature
and/or humidity in close proximity with the load will provide much more reliable data. It was also
recommended that calibration providers inform their customer of this fact. Furthermore, it was
acknowledged that customers in many cases “want a calibration certificate as cheap as possible”
and they ask for a “one-point-calibration” typically in the center of an empty climatic chamber.
The document goes on to explain while this approach does not make much sense and that it is not
a “calibration” it acknowledges that it is difficult to refuse an accreditation for such a service.
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This entire issue was then discussed at the management level in order to develop a policy
that allows for the integrity of the test to be preserved while also ensuring that A2L A does not
place an undue burden on our CABs beyond that of other ABs.

Conclusion:

It was determined that a calibration performed in accordance with the manufacturer
instructions/recommendations of an environmental chamber, whether an accredited external or
(T9) internal calibration, is deemed an acceptable calibration as long as the CAB, when using the
environmental chamber, includes an accredited sensor with the load to measure the environment
during the test.
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