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1. Introduction

GULFMET is the regional metrology organisation (RMO) for national metrology institutes (NMis) of the Gulf
region. The members and associate members within this RMO agreed to organize a supplementary
comparison (SC) on the calibration of 8% digit multimeter The Emirates Metrology Institute (EMI) agreed to
act as pilot laborator and characterise the travelling standards. Standards and Calibration Laboratory (SCL),
as an associate member of GULFMET agreed to support the comparison, particularly by carrying out the
analysis of results..

This comparison was approved by GULFMET Technical Committee Electricity, Magnetism, Time and
Frequency (TC EMTF) at its June 2020 meeting and declared as supplementary comparison GULFMET.EM-
S8.

The travelling standard was an 8Y2 digit Fluke 8508A Reference Multimeter. The measurement points were
chosen to be the same as used in EURAMET Project No 1341.

2. Participants and organization for the comparison
2.1 Coordinator and support group

The Emirates Metrology Institute (EMI) will coordinate the comparison, monitor the stability of the standard
and report the measurement results.

Standards and Calibration Laboratory (SCL) supported the comparison, particularly by reviewing the protocol
and report and carrying out the analysis of results.

2.2 List of Participants
Table 1 List of Participants

No Country / Economy Acronym of Institute  Name of Institute
1. United Arab Emirates EMI Abu Dhabi Quality and Conformity
Council, Emirates Metrology Institute
, Hong Kong, China SCL Standards and Calibration Laboratory
3. Saudi Arabia SASO-NMCC Saudi Standards, Metrology and Quality

Organization National Measurement and
Calibration Center

4. Qatar QGOSM Qatar General Organization for
Standards and Metrology

5. Bosnia and Herzegovina IMBIH Institute of Metrology of Bosnia and
Herzegovina

6. Uzbekistan UzNIM Uzbek National Institute of Metrology of

Uzstandard Agency
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2.3 Comparison Schedule

Table 2 Comparison Schedule

Measurement Dates Country / Economy Acronym of
Institute
3 October to 15 October 2021 United Arab Emirates EMI
9 December to 15 December 2021 Saudi Arabia SASO-NMCC
23 December to 24 February 2022 United Arab Emirates EMI
24 April to 17 May 2022* Qatar QGOSM
13 June to 24 June 2022 United Arab Emirates EMI
25 July to 5 August 2022 Bosnia and Herzegovina IMBIH
5 September to 16 September 2022 Hong Kong, China SCL
17 October to 28 October 2022 Uzbekistan UzNIM
28 November to 16 December 2022* United Arab Emirates EMI

*Period extended to allow for public holiday

3. Travelling Standard

The travelling standard was an 8% digit Fluke 8508A Reference Multimeter Serial Number 218865629 (Figure
1), supplied by EMI. This DMM was chosen for its high accuracy and stability in time on DC Voltage, AC
voltage, DC current, AC current and resistance measurement functions. It can be remotely operated by
means of an IEEE 488 interface. The general specifications of Fluke 8508A are given in Table 3.

Full descriptions, manuals and specifications for the transfer standard can be found at:
https://us.flukecal.com/products/obsolete-products/8508a-85-digit-reference-
multimeter?quicktabs product details=2

The travelling standard was packed in a transport case of size (80.5 x 53.0 x 32.5) cm and a total weight of
20 kg.
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Front Panel Rear Panel

Figure 1 The travelling standard.

Table 3 The general specifications of the travelling standard

Power Power supply 100 v to 120V or 200 V to 240 V rms +10 % @ 47 Hz to 63 Hz
Consumption < 80 VA

Dimensions Height 88 mm
Width 427 mm


https://us.flukecal.com/products/obsolete-products/8508a-85-digit-reference-multimeter?quicktabs_product_details=2
https://us.flukecal.com/products/obsolete-products/8508a-85-digit-reference-multimeter?quicktabs_product_details=2
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Depth 487 mm
Weight 11.5 kg
Environment Specified Operation 5 °Cto 40 °C
Temperature Storage -20°Cto70°C
Relative Operating 5°Ct040°C <90 %rh
Humidity Storage 0°Cto 70 °C <95 %rh

Warm Up Time 4 hours to full uncertainty specification

Measurement DC Voltage: 200 mV, 2V, 20 V, 200 V, 1000 V

Ranges AC Voltage: 200 mV, 2V, 20V, 200V, 1000 V (1 Hz to 1 MH2z)
DC Current: 200 pA, 2 mA, 20 mA, 200 mA, 2 A, 20 A
AC Current: 200 pA, 2 mA, 20 mA, 200 mA, 2 A, 20 A (1 Hz to 100 kHz)
Resistance: 2 Q, 20 Q, 200 Q, 2 kQ, 20 kQ, 200 kQ, 2 MQ, 20 MQ, 200 MQ,
2 GQ, 20 GQ

4. Measurement Instructions

The measurement instructions, describing the preliminary operations to be performed on the travelling
standard and the configuration required for each measurement function and range, were given in the
Technical Protocol given in Appendix A. The measurements were performed according to participants’ normal
calibration procedure. Measurement methods used by the participants were given in the comparison reports
of participants in Appendix B

5. Quantities to be measured.

The guantities to be measured are DC voltage, DC current, AC voltage, AC current and DC resistance. The
measurement points for each quantity, the settling time and the configuration of the Fluke 8508A, during the
comparison measurements are given in Table 4

The measurement results were reported as the relative error of the reference multimeter and calculated by:
Indicated Value — Applied Value

Relative E =
elative Lrror Applied Value
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Table 4 Measurement quantities, points and conditions
Quantity Measurement Point Range of Settling Time of Configuration of 8508A
8508A 8508A
DC Voltage 100 mVv 200 mV 5 min Resolution 7
oV 20V 5 min Filter ON
100 V 200V 5 min Fast OFF
1000 V 1000 V 10 min Front Input
DC Current 100 pA 200 pA 5 min Resolution 7
10 mA 20 mA 5 min Filter ON
Fast OFF
1A 2A 30 min Front Input
AC Voltage 100 mV @ 55 Hzt 200 mVv 5 min Resolution 6
100 mV @ 1 kHz 5 min Transfer ON
10 V @ 55 Hzt 20V 5 min AC Coupled
10V @ 1kHz 5 min RMS Filter 100 Hz
10 V @ 100 kHz 5 min (+RMS Filter 40 Hz at 55 Hz)
100 V @ 55 Hzt 200 V 5 min Front Input
100V @ 1 kHz 5 min
AC Current 10 mA @ 300 Hz 20 mA 5 min Resolution 6
10mA @ 1 kHz 5 min AC Coupled
1A @300Hz 2A 30 min RMS Filter 100 Hz
1A@1kHz 30 min Front Input
DC 10Q 20Q 5 min TrueQ
Resistance Resolution 7
4-Wire
10 kQ 20 kQ 5 min Low Current OFF
Fast OFF
Front Input
10 kQ 20 kQ 5 min TrueQ
Resolution 7
4-Wire
Low Current ON
Fast OFF
Front Input
1 MQ 2 MQ 5 min Normal Q
Resolution 7
4-Wire
Low Current OFF
Filter ON
Fast OFF
Front Input
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6. Behaviour of the Travelling Standards

6.1 Stability of the travelling standards

Drift trends were estimated from the measurements made by EMI at the beginning, middle and end of the
comparison. The measurements results used to analyse the drift of the travelling standard are given in the
EMI results in Appendix B

Drift trends were assumed to be a linear model as:
Yref = @+ Bt
Model parameters (a, ) were found by linear regression.
The standard error of the estimate (se) is used as the standard uncertainty:
u(yref) = se
All 3 data points were included for regression of the trend line.
Drift trends at all test points were found to be within specification.
The travelling standard is therefore considered as having good stability.

The fit parameters of the drift of the travelling standard are given in Table 5

Table 5 Fit parameters of the drift of the travelling standard

Function Test Point Spec 95% Measured drift trend In-spec
Value Unit Frequency 10%/365 days 10¢/day 10%/365 days
DCV 100 mV 7.4 0.00039 0.14235 Y
10 \% 7.4 0.00096 0.3504 Y
100 v 7.4 0.0005 0.1825 Y
1000 \% 6.7 -0.0032 -1.168 Y
DCI 100 HA 16.2 0.0032 1.168 Y
10 mA 17.2 0.0021 0.7665 Y
1 A 186.2 0.097 35.405 Y
DCR 10 Q 10.6 -0.00072 -0.2628 Y
10 kQ 8.2 -0.00052 -0.1898 Y
10 kQ Lol 8.9 -0.00064 -0.2336 Y
1 MQ 9.7 0.0056 2.044 Y
ACV 100 mV 55 Hz 150 -0.0016 -0.584 Y
100 mV 1 kHz 125 -0.021 -7.665 Y
10 v 55 Hz 105 0.008 2.92 Y
10 \% 1 kHz 85 0.0045 1.6425 Y
10 Vv 100 kHz 705 0.56 204.4 Y
100 \% 55 Hz 105 0.00025 0.09125 Y
100 \% 1 kHz 85 0.0026 0.949 Y
ACl 10 mA 300 Hz 480 0.019 6.935 Y
10 mA 1 kHz 480 0.16 58.4 Y
1 A 300 Hz 800 -0.035 -12.775 Y
1 A 1 kHz 800 -0.028 -10.22 Y
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7. Reference Values

7.1 Correction for Drift
Daily drift is given by:
drift = B(t — t0)
Where:
t0is as the mean date of the first measurement performed by the pilot lab,
tis the mean date of individual measurements.
All measurement results are then corrected for the drift:
x;:= x; — drift
Measurement uncertainties are then updated as:

w@x=Jw&o+u%wq)

7.2 Calculation of Reference Values

The weighted mean of participants’ results is calculated as the comparison reference value (CRV):

y:ZWi'x’i

Where the weights are computed from the standard uncertainties of individual measurements:

_ 1
TG
The standard uncertainty of weighted mean is given by:

1
u(y) = S

For EMI which has performed multiple measurements, the result of the measurements made in the middle of
the comparison is used for the calculation of the deviation and weighted mean.

Deviations from the weighed mean are calculated for each measurement results:
di=x,—y

Standard uncertainty of deviation is given by:
u(d;) = /uz(xé) —u?(y)

As a consistency check the observed chi-squared value is calculated as:

_ Z (x; — ¥)?
Xobs = T o N

u?(x)
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The consistency check does not fail if:
P(x%(v) > x%s) = 0.05
The degrees of freedom, v, is assigned as the number of observations n-1.
If the consistency check fails, discrepant results are identified as outliers:
d;| > 2u(d;)

The outliers are then removed from the calculation of the weighted mean. If multiple outliers have been
identified outliers are removed one-by-one with the largest normalized error (£n) first.

For results included in weighted mean

d;
E, =
Jr6) -2
For results excluded from weighted mean
d;
E, = -
JUZ(x;) + U%(y)

The weighted mean is re-calculated until the consistency check does not fail. When the consistency check
does not fail, the value y is taken as the comparison reference value (CRV), or x,.¢

Degree of equivalence for each measurement result is calculated as:
d; = xli — Xref
U(d;) = 2u(d;)
Where the uncertainties are given by:

For results included in CRV:

u(dy) = JuZ(x;) U2 (tye))

For results excluded from CRV:

u(d;) = \/uz(xi’) + u?(Xyer)

7.3 Results of the Participating Institutes

The participant's reported results and detailed uncertainty budgets from all participants are given in Appendix
B.

7.4 Traceability Information for the Participating Institutes

Traceability information provided by the laboratories showed no common sources of traceability.

9
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7.5 Differences from Reference Values

Table 6 shows the degrees of equivalence for the DC voltage measurements. Figure 2 to Figure 5 show the
corrected relative measured error of the participating institutes and the deviation with respect to the

comparison reference value. Uncertainty bars represent the expanded uncertainty.

Table 6 DC Voltage Results

Degree of Equivalence (DoE) 100 mV 10V 100 V 1000 V
Participant Deviation Expanded Deviation Expanded Deviation Expanded Deviation Expanded
uncertainty uncertainty uncertainty uncertainty
n Di uD) Di u(Ds) Di u(D) Di uDi)
(HVIV) VIV) (uVIV) VIV) (BVIV) (A% (BVIV) (HVIV)
1 SASO 1.25 7.59 0.11 3.99 0.28 5.17 0.74 6.94
2 QGOSM 1.49 5.13 0.97 1.06 1.60 1.84 0.71 5.04
3 EMI -1.40 3.40 -0.19 1.16 -0.72 4.30 0.21 6.94
4 IMBIH 1.76 3.09 -0.62 0.63 -0.45 1.49 -0.87 4.90
5 SCL -1.06 3.62 0.11 0.28 -0.37 1.70 0.54 4.96
6 UzNIM -9.31 13.82 -5.31 4.32 -4.32 6.43 -2.63 9.34
DCV 100 mV DCV 100 mV DoE
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Table 7 shows the degrees of equivalence for the DC current measurements. Figure 6 to Figure 8 show the
corrected relative measured error of the participating institutes and the deviation with respect to the
comparison reference value. Uncertainty bars represent the expanded uncertainty.

Table 7 DC Current Results

Degree of Equivalence (DoE) 100 pA 10 mA 1A
Participant Deviation Expanded Deviation Expanded Deviation Expanded
uncertainty uncertainty uncertainty
n D u(D) D u(D) Di U(Dy)
(HAJA) (HAIA) (HAJA) (HAIA) (HAIA) (HAIA)
1 SASO -28.98 37.99 -20.08 39.99 -21.54 73.38
2 QGOSM -0.68 6.83 -3.26 4.64 2.36 60.43
3 EMI -3.39 4.91 -5.86 6.45 39.97 82.70
4 IMBIH 3.74 6.33 0.12 3.92 -15.01 58.38
5 SCL 0.08 0.30 0.20 0.23 5.11 58.49
6 UzNIM -16.93 117.20 -9.01 46.89 189.84 130.30
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Table 8 shows the degrees of equivalence for the DC resistance measurements. Figure 9 to Figure 12 show
the corrected relative measured error of the participating institutes and the deviation with respect to the

comparison reference value. Uncertainty bars represent the expanded uncertainty.

Table 8 DC Resistance Results

Degree of Equivalence (DoE) 100 10 kQ 10 kQ Lol 1 MQ
Participant Deviation Expanded Deviation Expanded Deviation Expanded Deviation Expanded
uncertainty uncertainty uncertainty uncertainty
n Di u(D) Di u(D) Di u(D) Di u(D)
(pQ/Q) (pQ/Q) (pQ/Q) (pQ/Q) (1Q/Q) (pQ/Q) (HQ/Q) (pQ/Q)
1 SASO -14.66 15.01 2.21 10.99 -7.14 10.99 -1.85 18.18
2 QGOSM -3.71 7.12 1.48 2.96 3.66 3.66
3 EMI -0.53 3.14 -1.78 3.56 -1.74 3.56 -3.32 4.90
4 IMBIH 0.56 0.95 1.73 1.05 2.61 1.11 0.33 2.94
5 SCL -0.23 0.86 -0.02 0.16 -0.03 0.15 1.87 2.94
6 UzNIM -11.03 5.36 -3.46 1.38 -1.64 1.46 -9.03 15.41
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Table 9 to Table 11 show the degrees of equivalence for the AC voltage measurements. Figure 13 to Figure
19 show the corrected relative measured error of the participating institutes and the deviation with respect to
the comparison reference value. Uncertainty bars represent the expanded uncertainty.

Table 9 AC Voltage 100 mV
Degree of Equivalence (DoE) 100 mV@55 Hz 100 mV@1 kHz
Participant Deviation Expanded Deviation Expanded
uncertainty uncertainty
n Di u(D:) Di Ui
(WZA%) (LViv) (NYZA%) (Lviv)
1 SASO -62.11 115.53 -46.05 116.24
2 QGOSM 51.33 56.42 18.08 54.88
3 EMI -43.89 71.35 -26.91 64.15
4 IMBIH -7.27 81.99 7.90 83.00
5 SCL -1.51 47.65 12.87 49.35
6 UzNIM 22.04 167.17 -22.51 167.66
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Table 10 AC Voltage 10 V
Degree of Equivalence (DoE) 10 V@55 Hz 10 V@1 kHz 10 V@100 kHz
Participant Deviation Expanded Deviation Expanded Deviation Expanded
uncertainty uncertainty uncertainty
n Di uD) Di u(D) Di u(D)
(V) (AYA%)] (AA%)] (WYAY)] (HVIV) (BVIV)
1 SASO -6.65 66.09 -3.96 69.34 145.54 199.24
2 QGOSM 48.16 29.33 4.37 16.41 -123.00 297.41
3 EMI -5.03 36.30 -1.05 28.43 72.61 152.07
4 IMBIH -0.54 23.61 -1.02 31.58 -34.68 164.31
5 SCL -60.91 27.59 -1.23 10.20 -95.79 131.77
6 UzNIM 21.51 64.61 -13.88 67.93 40.95 219.64
Table 11 AC Voltage 100 V
Degree of Equivalence (DoE) 100 V@55 Hz 100 V@1 kHz
Participant Deviation Expanded Deviation Expanded
uncertainty uncertainty
n Di u(D) Di u(D)
(NY7A%] (BVIV) (ZA%)] (74
1 SASO -13.02 81.94 -8.67 74.49
2 QGOSM 19.93 29.30 12.95 24.50
3 EMI -20.98 38.92 -8.58 35.96
4 IMBIH -18.09 41.21 2.73 46.19
5 SCL -80.10 27.13 -4.39 14.59
6 UzNIM 40.49 80.49 4.02 81.94
ACV 100 mV@55 Hz ACV 100 mV@55 Hz DoE
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Table 12 to Table 13 show the degrees of equivalence for the AC current measurements. Figure 20 to Figure
23 show the corrected relative measured error of the participating institutes and the deviation with respect to

the comparison reference value

. Uncertainty bars represent the expanded uncertainty.

Table 12 AC Current 10 mA
Degree of Equivalence (DoE) 10 mA@300 Hz 10 mA@1 kHz
Participant Deviation Expanded Deviation Expanded
uncertainty uncertainty
n Di u(D) Di u(Dy)
(HAJA) (HAIA) (HAJA) (HAIA)
1 SASO -14.82 118.87 -9.05 98.72
2 QGOSM 7.37 28.63 -0.44 28.90
3 EMI -30.35 94.59 -27.91 94.67
4 IMBIH -9.26 38.66 -5.83 38.87
5 SCL 3.87 27.48 7.42 25.42
6 UzNIM -4.97 179.25 5.37 179.29
Table 13 AC Current 1 A
Degree of Equivalence (DoE) 1 A@300 Hz 1 A@1 kHz
Participant Deviation Expanded Deviation Expanded
uncertainty uncertainty
n Di u(D) Di u(Dy)
(HAIA) (BAIA) (HAIA) (HAIA)
1 SASO -12.43 229.77 0.96 230.26
2 QGOSM 8.88 44.81 4.27 47.29
3 EMI 28.48 95.44 19.59 96.63
4 IMBIH -17.19 42.76 -21.34 45.35
5 SCL 1.43 30.27 7.98 33.83
6 UzNIM 585.82 411.45 610.05 411.96
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ACI 10 mA@1 kHz
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8. Summary

The supplementary comparison GULFMET.EM-S8 on the calibration of 8% digit multimeter has been
conducted for GULFMET member laboratories, with the support associate member SCL, from the APMP.

The DOE with respect to CRV were tabulated in Table 6 to Table 13 and illustrated graphically in Figure 2 to
Figure 23. The agreement between participating laboratories is good. A total of 131 results were received, of
which 12 were not in good agreement with the CRV.

It is expected that this comparison could provide support for GULFMET member laboratories to submit new
measurement capability entries to the BIPM KCDB.
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Appendix A: Measurement Protocol

The measurement protocol is given on the following pages.
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1. INTRODUCTION

GULFMET.EM.S8 Comparison of Calibration of Multimeter

The technical basis of the Mutual Recognition Arrangement (MRA) is a set of results obtained in a
course of time through key and supplementary comparisons carried out by the Consultative
Committees (CCs) of the CIPM, the BIPM and the Regional Metrology Organizations (RMOSs). As
part of this process, the GULFMET Technical Committee for Electricity and Magnetism decided at
its June 2020 meeting to carry out the RMO supplementary comparison GULFMET.EM-S8. The
Emirates Metrology Institute (EMI) agreed to act as pilot laboratory with support from Standards and
Calibration Laboratory (SCL).

The scope of the comparison is calibration of 8% digit multimeter for the following quantities:
e DC Voltage
e AC Voltage
e DC Current
e AC Current
e DC Resistance

The measurement points were chosen to be the same as used in EURAMET Project No 1341.

The comparison will be carried out according to the requirement of Measurement comparisons in the
CIPM MRA Guidelines for organizing, participating and reporting CIPM MRA-G-11 [1] and Gulf
Association for Metrology (GULFMET) Guidelines on Conducting Comparisons. GULFMET 02

[2].
2. TRAVELING STANDARD

3. Travelling Standard Description

The travelling standard is an 8% digit Fluke 8508A Reference Multimeter (Figure 1), supplied by
EMI. This DMM was chosen for its high accuracy and stability in time on DC Voltage, AC voltage,
DC current, AC current and resistance measurement functions. It can be remotely operated by means
of an IEEE 488 interface. The general specifications of 8508A are given in Table 3.

Full descriptions, manuals and specifications for the transfer standard can be found at:
https://us.flukecal.com/products/obsolete-products/8508a-85-digit-reference-
multimeter?quicktabs_product_details=2

W= 3

e ] = i~ e
L BPLEEEEEE EEEPPEEEFEE

Front Panel Rear Panel

Figure 24 The travelling standard

Table 14 The general specifications of the travelling standard

Power Power supply 100 v to 120V or 200 V to 240V rms +10 % @ 47 Hz to 63 Hz
Consumption <80 VA

Page 2 of 18



https://us.flukecal.com/products/obsolete-products/8508a-85-digit-reference-multimeter?quicktabs_product_details=2
https://us.flukecal.com/products/obsolete-products/8508a-85-digit-reference-multimeter?quicktabs_product_details=2

.A—_q-_.‘
ULFIMET
29y iall sl pasdl

Dimensions

Weight

Environment
Temperature

Relative Humidity

Warm Up Time

Measurement
Ranges

GULFMET.EM.S8 Comparison of Calibration of Multimeter

Height 88 mm

Width 427 mm

Depth 487 mm

11.5kg

Specified Operation 5 °Cto 40 °C
Storage -20°Cto 70 °C

Operating 5°Cto40°C <90 %rh
Storage 0°Cto70°C <95 %rh

4 hours to full uncertainty specification

DC Voltage: 200 mV, 2 V, 20 V, 200 V, 1000 V

AC Voltage: 200 mV, 2V, 20V, 200 V, 1000 V (1 Hz to 1 MHz)

DC Current: 200 pA, 2 mA, 20 mA, 200 mA, 2 A, 20 A

AC Current: 200 pA, 2 mA, 20 mA, 200 mA, 2 A, 20 A (1 Hz to 100 kHz)

Resistance: 2 Q, 20 Q, 200 Q, 2 kQ, 20 kQ, 200 kQ, 2 MQ, 20 MQ, 200 MQ, 2 GQ, 20 GQ

4. Quantities to be measured

The quantities to be measured are DC voltage, DC current, AC voltage, AC current and DC resistance.
The measurement points for each quantity, the settling time and the configuration of the Fluke 8508A,
during the comparison measurements are given in Table 4

Page 3 of 18
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Table 15 Measurement quantities, points and conditions

Quantity

DC Voltage

DC Current

AC Voltage

AC Current

DC
Resistance

5. Calculation of the Comparison Reference Value (CRV)

GULFMET.EM.S8 Comparison of Calibration of Multimeter

Measurement Point

100 mV
10V
100V
1000V
100 pA
10 mA
1A

100 mV @ 55 Hz™
100 mV @ 1 kHz
10V @ 55 Hz"

10V @ 1 kHz
10 V @ 100 kHz
100V @ 55 Hz"
100V @ 1 kHz
10 mA @ 300 Hz
10 mA @ 1 kHz
1A @ 300 Hz

1A @ 1kHz

100
10 kQ

10 kQ

1 MQ

Range of

8508A

200 mV
20V
200V

1000V

200 pA
20 mA
2A
200 mV

20V

200V

20 mA

2A

200
20 kQ

20 kQ

2 MQ

Settling Time

of 8508A
5 min
5 min
5 min
10 min
5 min
5 min
30 min

5 min
5 min
5 min
5 min
5 min
5 min
5 min
5 min
5 min
30 min
30 min
5 min

5 min

5 min

5 min

Configuration of 8508A

Resolution 7
Filter ON

Fast OFF

Front Input
Resolution 7
Filter ON

Fast OFF

Front Input
Resolution 6
Transfer ON

AC Coupled

RMS Filter 100 Hz
(-+RMS Filter 40 Hz at 55 Hz)
Front Input

Resolution 6

AC Coupled

RMS Filter 100 Hz
Front Input
TrueQ
Resolution 7
4-Wire

Low Current OFF
Fast OFF

Front Input
TrueQ
Resolution 7
4-Wire

Low Current ON
Fast OFF

Front Input
Normal Q
Resolution 7
4-Wire

Low Current OFF
Filter ON

Fast OFF

Front Input
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The Comparison Reference Value (CRV) for each measurement point will be calculated as the
weighted mean of the results of the institutes corrected for the time dependence of the travelling
standard. The time dependence of the travelling standards during the comparison period will be
characterized using the results from the Pilot Laboratory. Any result identified as inconsistent will be
excluded from the determination of the CRV.

GULFMET.EM.S8 Comparison of Calibration of Multimeter

6. ORGANIZATION

7. Coordinator and members of the support group

The Emirates Metrology Institute (EMI) will coordinate the comparison, monitor the stability of the
standard and report the measurement results.

Pilot Institute: Emirates Metrology Institute (EMI)

Coordinator: Mr Jon Bartholomew
Tel: +971 50 386 2676
E-mail: jon.bartholomew@qcc.gov.ae

Support group:
Institute: Standards and Calibration Laboratory (SCL)
Coordinator: Dr Steven Yang

Tel: +852 2829 4833
Fax: +852 2829 4865
E-mail: steven.yang@itc.gov.hk

8. Participants

A list of participating institutes with contacts of responsible person and shipping address is listed in
Appendix A.

9. Time schedule

The comparison schedule is given in Appendix B. The comparison will begin in October 2021 and is
scheduled to be completed within less than 2 years. Because of customs practices in the UAE the
circulation of the travelling standard will be organized as a series of loops between the pilot laboratory
and one participant. The pilot laboratory will monitor the performance of the travelling standard after
each loop. The period between measurements by each participant is six weeks. This allows two weeks
for measurements, and 4 weeks for shipping to the pilot laboratory. Should a participant require more
time for shipping to the next participant, the measurement time must be shortened.

If unforeseen circumstances prevent a laboratory from carrying out the measurements within
the allocated time, the original schedule should be followed by sending the standards to the pilot
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laboratory without delay. The laboratory may be allowed to carry out additional measurements after
the completion of the original schedule and before the end of this comparison.

GULFMET.EM.S8 Comparison of Calibration of Multimeter

10. TRANSPORTATION
11. Transportation

Each participant is responsible for arranging transport and insurance from their institute to the pilot
laboratory. Arrangements and documentation with their local customs and the pilot laboratory’s
customs must be prepared in advance.

Arrival and departure of the standards must be communicated with the pilot laboratory by E-mail using
the forms available in Appendix D of this protocol

e When the package arrives at your laboratory, fill in the “Receiving form” in Appendix D and
send the form to the pilot laboratory by E-mail.

e When preparing the package for shipment, fill in the “Shipping checklist” in Appendix D and
send the checklist to the pilot laboratory by E-mail.

e When the package is shipped, fill in the “Dispatch form” in Appendix D and send the checklist
to the pilot laboratory by E-mail.

Please resend any forms that are not acknowledged. If any delay due to transportation is expected, the
sender and/or the receiver should promptly contact the pilot laboratory.

12. Transport Case

The travelling standard is packed in a transport case of size (80.5 x 53.0 x 32.5) cm and a total weight
of 20 kg. The transport case can easily be opened for customs inspection. HS Code is 903031.
Insurance Value 7000 USD

On receipt of the case, the device should be unpacked carefully and checked for any damage.
The content of the transport case is given below:

1. Fluke 8508A Reference Multimeter (Serial No: 218865629)*
2. 4 wire shorting device

* The multimeter will be supplied without input leads.

Please refer to Appendix E for illustration of the shipping package.
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13. Self-Test on Receipt

GULFMET.EM.S8 Comparison of Calibration of Multimeter

On receipt of the case, the device should be unpacked carefully and checked for any damage. The correct
functioning of the 8508A shall be confirmed by initiating the “Self-Test” (See details in 8508A Reference
Multimeter Users Manual [3]):

1. Ensure that the mains voltage setting is applicable to the local supply
2. Allow the Multimeter to warm-up under power at least 10 minutes.

3. Press the CLEAR key, select “Pwr Up Dflt” to restore the power up default configuration and display
the DCV menu.

4, Press the “Test” key and select “Std” to initiate a self-test.

14. Failure of Travelling Standard

In case of any damage or malfunction of the standards, the participating laboratory must report to the
pilot laboratory immediately

15. Financial aspects
Each participant institute is responsible for its own costs for the measurements, transportation to the
pilot laboratory and insurance of the shipment to the pilot laboratory.

Each participant institute is responsible for paying any customs charges, duties, deposits or surcharges
within its country.

Each participant institute is responsible for any damage that may occur within its country.

The overall costs for the organisation of the comparison are covered by the pilot institute. The pilot
institute has no insurance for any loss or damage of the travelling standard.

Page 7 of 18



—
ULFIMET
2g/gjiall i)l gasdl

16. MEASUREMENT INSTRUCTIONS

GULFMET.EM.S8 Comparison of Calibration of Multimeter

17. Before the measurements

Ensure that the mains voltage setting is applicable to the local supply, and check that the instrument
is functioning correctly.

The instrument should be allowed to stabilize in a temperature and humidity-controlled
environment for at least 24 hours before commencing measurements.

18. Measurement Conditions

1. The standard ambient conditions for measurement are:
Temperature: (23 +1) °C
Relative humidity: (50 = 10) %rh

2. The ambient temperature and humidity conditions during the measurements must be measured and
reported.

The reference multimeter shall not be adjusted during the comparison measurements.
The reference multimeter shall be allowed to warm-up under power at least 4 hours.

The reference multimeter should be used in the configurations given in Table 4.

The measurement points required are given in Table 2.

The front input terminals of the reference multimeter shall be used for all measurements.

A single “earth” connection should be used in the measurement setup to avoid “earth” loops.

© O N o g b~ w

Before each DC measurement point (i.e., DC voltage, DC Current and Resistance), a “zero” input shall
be applied and the instrument “Input Zero” shall be executed.

10. Sufficient settling time shall be allowed for each measurement.
11. Anystandard method may be used for calibrating the reference multimeter.

12. The measurement result shall be reported as the relative error of the reference multimeter and
calculated by:
Indicated Value — Applied Value
Applied Value

Relative Error =
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19. MEASUREMENT UNCERTAINTY

The measurement uncertainty shall be evaluated in accordance with the JCGM 100:2008 — Evaluation
of Measurement Data — Guide to the Expression of Uncertainty in Measurement [1][4] for a 95% level
of confidence.

In uncertainty evaluations, all uncertainty components taken into account should be included. The
coverage factor and the effective degrees of freedom should be reported.

The contributions to the uncertainty are specific to the participant’s measurement system and the
measurement method used, however it may be useful to consider some of the possible uncertainty
sources given below.

1. The measurement standard used e.g.:

a Multifunction calibrator for all or some of the measurements
b Reference voltage standard for DC voltage measurements

C Standard resistor for resistance measurements

d DC current shunt for DC current measurements

e AC/DC transfer standard for AC voltage measurements

f AC/DC current shunt for AC current measurements

Thermal electromotive force (emf) for low DC voltage measurements
Drift of the measurement standard used e.g. due to time, temperature, loading etc.

Finite resolution of the reference multimeter

ok~ W

Repeatability of the measurement
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20. MEASUREMENT REPORT
21. File Format

GULFMET.EM.S8 Comparison of Calibration of Multimeter

The participant’s report must be submitted electronically to the pilot laboratory within one month
from the completion of the measurements, using the following file format:

-Word 2003 or later version for the report including the participant’s results
-Excel 2003 or later version for the raw data and detailed uncertainty budget

22. Contents of report
The report must contain:

= Details of participating institute,

» The date of the measurements

= Detailed description of the method of measurement

= The measurement standards used in the comparison measurements,

= A statement of traceability for the measurements
=  Temperature and humidity in the laboratory during the measurement

» The results of the measurement
For each reported value the information must be provided in Excel using the template attached
in Appendix C.

= Uncertainty budget and calculation
The uncertainty analysis should include a list of all sources of Type B uncertainty, together
with the associated standard uncertainties as well as their evaluation method. For clarity, it is
recommended to present the uncertainty budget in the form of a table. For each reported value,
the expanded uncertainty and the coverage factor k must be given for confidence level of
approximate 95 %.
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23. FINAL REPORT OF THE COMPARISON

GULFMET.EM.S8 Comparison of Calibration of Multimeter

At the conclusion of circulation of the standards, the pilot laboratory will prepare the draft A report
within 4 months. In the case of any outliers, the results will not be communicated until the
participants concerned have been contacted to ensure that no arithmetic, typographical or
transcription errors are present. The draft A report is confidential and will be sent to all participants
for review and discussion.

The participants will have two months for comments on the draft A report. In the case of results that
are discrepant with the reference value or are not consistent with their published CMCs, the rules
given in [1] will be followed.

On the basis of the comments received, the pilot laboratory will prepare the second draft (draft B),
where the withdrawn results will be removed. The draft B report will be submitted to the GULFMET
TC-EMTF for approval.

Once approved by the GULFMET TC-EMTF the report will be sent to the CCEM WGLF for editorial
review. On the basis of the comments received the pilot laboratory will prepare the Final Report. The
Final Report will form the basis for the publication of results.

24. REFERENCES

[1] Measurement comparisons in the CIPM MRA. Guidelines for organizing, participating and reporting.
CIPM MRA-G-11.
https://www.bipm.org/documents/20126/43742162/CIPM-MRA-G-11.pdf/9fe6fb9a-500¢-9995-2911-
342f8126226¢

[2] Gulf Association for Metrology (GULFMET) Guidelines on Conducting Comparisons. GULFMET 02,
Issue 1, 20/ 02 /2012
https://www.gulfmet.org/document-and-guidelines

[3] 8508A Reference Multimeter Users Manual. PN 1673798, July 2002. Rev. 6, 3/13
https://us.flukecal.com/literature/product-manuals/8508a-reference-multimeter-users-manual

[4] JCGM 100:2008 — Evaluation of measurement data — Guide to the expression of uncertainty in
measurement, September 2008
https://www.bipm.org/en/publications/quides
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APPENDIX A: List of Participants

No Country/
Economy

7. United Arab
Emirates

8. Hong Kong,
China

9. Saudi Arabia

10. Qatar

11. Bosnia and
Herzegovina

12. Uzbekistan

Acronym Name of Institute
of Institute
EMI Emirates Metrology
Institute
SCL Standards and
Calibration Laboratory
SASO-NMCC Saudi Standards,
Metrology and Quality
Organization National
Measurement and
Calibration Center
QGOSM Qatar General
Organization for
Standards and
Metrology
IMBIH Institute of Metrology
of Bosnia and
Herzegovina
UzNIM Uzbek National

Institute of Metrology
of Uzstandard Agency

GULFMET.EM.S8 Comparison of Calibration of Multimeter

Shipping Address

Emirates Metrology Institute
Abu Dhabi Quality and Conformity Council (QCC) Kryptolabs
Building, Masdar City
Abu Dhabi, UAE
Standards and Calibration Laboratory
36/F Immigration Tower,
7 Gloucester Road, Wan Chai,
Hong Kong
Saudi Standards, Metrology and Quality Organization
(SASO)-National Measurements & Calibration Center
PO. B 3437 Riyadh- Al Muhammadiyah —
in front of King Saud University
(Bldg. # 4, NMCC)
11471 Riyadh Kingdom of Saudi Arabia

Qatar General Organization for Standards and Metrology
P.O. Box: 23277, Doha - Qatar

Laboratory for electrical quantities and time and frequency
Institute of metrology of Bosnia and Herzegovina
Branilaca Sarajeva 25
71 000 Sarajevo
Bosnia and Herzegovina

Department of Electr and magnetic measurements
1000049, Farobiy street, 333A,
Tashkent city,

Contact Person

Mr Waleed Al Kalbani

w.alkalbani@qcc.gov.ae
Tel: +971 50 889 0080

Dr Steven Yang
steven.yang@itc.gov.hk
Tel.: +852 2829 4833

Mr. Ahmed AlAyali
a.ayli@saso.gov.sa

Ms Nany S. Al-Kuwari
nsalkwary@mme.gov.ga

Mr Srdjan Calija
srdjan.calija@met.gov.ba
Tel: +387 (0)33 568 924

Mr Kamoliddin Makhamatov
k.makhamatov@nim.uz
Tel: +99878 150 26 03
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No Country/ Acronym Name of Institute Shipping Address Contact Person
Economy of Institute
Uzbekistan +99897 773 37 22
Or
Sardor Ikramov,
s.ikramov@nim.uz
Tel: +99878 150 26 03
+99897 704 44 21
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GULFMET.EM.S8 Comparison of Calibration of Multimeter

APPENDIX B: Measurement Schedule

Measurement Dates

Country / Economy

Acronym of Institute

3 October to 15 October 2021 United Arab Emirates EMI
9 December to 15 December 2021 Saudi Arabia SASO-NMCC
23 December to 24 February 2022 United Arab Emirates EMI
24 April to 17 May 2022* Qatar QGOSM
13 June to 24 June 2022 United Arab Emirates EMI
25 July to 5 August 2022 Bosnia and Herzegovina IMBIH
5 September to 16 September 2022 Hong Kong SCL
17 October to 28 October 2022 Uzbekistan UzNIM
28 November to 16 December 2022* United Arab Emirates EMI

*Period extended to allow for public holiday

Page 14 of 18



———
ULFIMET
29 el 2ali) gasdl GULFMET.EM.S8 Comparison of Calibration of Multimeter

APPENDIX C: Measurement Results

DC Voltage
Range of 8508 A | Nominal Value | Applied Value Indication of | Error of Expanded
8508A 8508A Uncertainty
200 mV +100 mV
20V +10V
200V +100 V
1000 V + 1000 V
DC Current
Range of 8508 A = Nominal Value | Applied Value Indication of | Error of Expanded
8508A 8508A Uncertainty
200 pA + 100 pA
20 mA +10 mA
2A +1A
DC Resistance
Range of Mode of Nominal Applied Indication of | Error of Expanded
8508A 8508A Value Value 8508A 8508A Uncertainty
20 Q TrueQ 10Q
20 kQ TrueQ 10 kQ
TrueQ Lol | 10 kQ
2 MQ Normal 1 MQ
AC Voltage
Range of Nominal Value Applied Indication of = Error of Expanded
8508A Voltage Frequency Value 8508A 8508A Uncertainty
200 mv 100 mV 55 Hz
100 mV 1 kHz
20V 10V 55 Hz
10V 1 kHz
10V 100 kHz
200V 100 V 55 Hz
100 V 1 kHz
AC Current
Range of Nominal Value Applied Indication of | Error of Expanded
8508A Voltage Frequency Value 8508A 8508A Uncertainty
20 mA 10 mA 300 Hz
10 mA 1 kHz
2A 1A 300 Hz
1A 1 kHz

Page 15 of 18



—
ULFIMET
2g/gjiall i)l gasdl

APPENDIX D: Forms for Transportation

GULFMET.EM.S8 Comparison of Calibration of Multimeter

GULFMET.EM.S8 COMPARISON

Receiving Form

(Send this form to the pilot laboratory as soon as you have received the standard)

Arrival Date & Time Date: Time:

Yes [ ] No
Is the package damaged?

Comments:

Yes [ ] No
Is the standard damaged?

Comments:

Yes No
Are all materials listed in the packing n
list available in the package? Comments:

The transport case was received by:

(Please fill in your contact information)

Institute

Contact Person

E-mail Address

Telephone No

Page 16 of 18
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GULFMET.EM.S8 Comparison of Calibration of Multimeter

GULFMET.EM.S8 COMPARISON

Dispatch Form

(Send this form to the pilot as soon as the standard is shipped.)

The dispatch date of transport case

Date:

Time:

The travelling standards are in working
condition?

Yes

[

No

Comments on the behaviour of the
standards:

Method of Shipment

Courier Name:

Tracking No:

Airline (if available):
Flight No (if available):

Informed courier about documentation
requirement of ATA carnet. (if applicable)

Yes

[

No

Shipping to
(Participant Name & Address)

The transport case was dispatch by:

(Please fill in your contact information)

Institute

Contact Person

E-mail Address

Telephone No
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APPENDIX E: Shipping package
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Appendix B: Reports of Measurement

Details of measurement method, results uncertainty estimates and metrological traceability
to Sl units by individual participants are given on the following pages

41



Report on

Measurements performed for
GULFMET.EM-S8

Comparison of Calibration of
Multimeter

Measurements performed on

Fluke 8508A
(Serial number: 218865629)

From 14 September to 5 October 2022

Performed by
TU Bl & F4 3% &

Innovation and Technology Commission
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Standards and Calibration Laboratory

Standards and Calibration Laboratory (SCL)
36/F, Immigration Tower,
7 Gloucester Road, Wan Chai,
Hong Kong, China



Introduction

The GULFMET.EM-S8 comparison protocol requires that the travelling standard, a
Fluke 8508A serial number 218865629 (the Unit under Test — UUT), be measured at
a number of points for each of its measurement functions. These are direct voltage,
direct current, alternating voltage, alternating current and resistance. The

measurement points are detailed in the comparison protocol.

The instrument was received on 9 September 2022. The fuse and mains voltage
selection switch was checked before applying power. The UUT was allowed to
stabilise for 24 hours with the power turned on before any measurements were

made. The instrument’s self-test was performed and completed without any errors.

The measurements were performed from 14 September to 5 October 2022. The
instrument was sent to the National Institute of Metrology of Uzbekistan on 10
October 2022.

Standards and Calibration Laboratory (SCL) Page 2 of 23



Direct Voltage
Test methods:

Direct voltage was measured using two methods:

1. For 100 mV and 10 V, the correction of the UUT was determined by direct
connection of the UUT to a Fluke 732C zener voltage reference standard
calibrated in-prior against a programmable Josephson voltage standard.

2. For 100 V and 1000 V, test voltages were applied in parallel to the input of the
Guildline 9700PL Voltage Ratio Box (VRB) and the UUT. The scaled down
test voltages were measured by a Guildline 9930 DCC Potentiometer used in
conjunction with a Fluke 732B zener voltage reference standard. The test
voltage was calculated as the product of the measured scaled down voltage
and the voltage ratio of the VRB. The error of the UUT was determined by
comparing the UUT reading to the calculated test voltage.

See figure 1.1 for the direct voltage measurement setups.

The ‘External Guard’ function was turned off for measurements using method 1,
where the guard terminal and low voltage terminal were connected to a common
ground point internally by the UUT. The ‘External Guard’ function was turned on for
measurements using method 2, where the guard terminal and low voltage terminal
were connected to a common ground point at the VRB. The low current terminal was
always connected to the low voltage terminal and the high current terminal was
always connected to the high voltage terminal for all measurements.

Traceability:

All the test methods described for direct voltage was metrological traceable to the
Standards and Calibration Laboratory’s (SCL) programmable Josephson voltage
standard. See figure 2.1 for the direct voltage traceability chart.

Conditions of measurement:

During the direct voltage measurements, the following conditions of measurement
prevailed:

23°Cx1°C
45 %RH + 8 %RH

Ambient temperature:
Relative humidity:

Measurement results:

Range Nominal Applied Value Indication of Error of Expanded
9 Voltage PP 8508A 8508A Uncertainty
200 mV 100 mV 100.004 982 mV | 100.005 7 mV 6.7 pviv 2.1 pviv
20V Vv 10.000 016 347 V | 10.000 06 V 4.37 pviv 0.42 pviv
200V 100 VvV 99.999 807 V 100.000 1 V 2.9 pviv 1.1 pviv
1000 V 1000 V 999.996 72 V 999.9995 V 2.8 pviv 1.2 pviv

Detailed uncertainty budgets for the direct voltage measurements are shown in
appendix 3.1.

Standards and Calibration Laboratory (SCL) Page 3 of 23



Direct Current

Test methods:

Direct current was measured by the following method:

The error of the UUT was determined by comparing its readings to the calculated
value of the applied current. A calibrated current shunt was connected in series with
the UUT. The voltage drop across the current shunt was measured with a calibrated
voltmeter. The applied current was calculated from the resistance of the shunts and
the measured voltage.

See figure 1.2 for the direct current measurement setup.

Traceability:

The resistance of the current shunt was traceable to the 100 Q standard resistor
maintained by the SCL. The 100 Q standard resistor was directly traceable to an

overseas NMI. See figure 2.2 for the resistance traceability chart.

The direct voltage was metrological traceable to the SCL’'s programmable
Josephson voltage standard. See figure 2.1 for the direct voltage traceability chart.

Conditions of measurement:

During the direct current measurements, the following conditions of measurement
prevailed:

Ambient temperature: 23°Czx1°C
Relative humidity: 45 %RH £ 8 %RH

Measurement results:

Nominal . L Error of Expanded
Range Current Applied Value Indication of 8508A 8508A Uncertainty
200 pA 100 pA 100.000 783 9 pA 100.002 2 pA 14.4 pA/A 1.0 pAV/A
20 mA 10 mA 10.000 028 24 mA 10.000 13 mA 10.18 pA/A 0.81 pA/A
2A 1A 0.999 982 433 A 0.999 706 A -276.4 pAIA | 7.9 pAJA

Detailed uncertainty budgets for the direct current measurements are shown in
appendix 3.2.

Standards and Calibration Laboratory (SCL) Page 4 of 23




Alternating Voltage
Test methods:

Alternating voltage was measured using two methods:

1. For 100 mV, the correction of the UUT was determined by comparing the UUT
reading to the voltage generated by an NL-1A inductive voltage divider with the
10 V AC input voltage measured by a Fluke 5790A precision AC voltmeter.

2. For 10 V to 100 V, the correction of the UUT was determined by comparing the
UUT reading to the voltage obtained from an ac-dc difference measurement with
a Fluke 792A thermal transfer standard. The applied alternating voltage was
calculated from the applied DC voltage and the ac-dc difference.

See figure 1.4 for the alternating voltage measurement setups.
Traceability:

For 100 mV, the AC voltage was traceable to the following quantities: the voltage
ratios of the SCL’s NL-1A inductive voltage divider which were calibrated by NPL
(UK), the ac-dc difference of Fluke 792A were calibrated by SCL’s thermal voltage
converters which were calibrated by NPL (UK), and the DC voltage quantity was
traceable to SCL’s JAVS system.

For 10 V & 100 V, the AC voltage was traceable to the following quantities: the ac-dc
difference of Fluke 792A were calibrated by SCL’s thermal voltage converters which
were calibrated by NPL (UK), the DC voltage quantity were traceable to SCL’s JAVS
system.

See figure 2.3 for the ac-dc difference traceability chart.
Conditions of measurement:

During the alternating voltage measurements,
measurement prevailed:

the following conditions of

23°C+1°C
45 %RH + 8 %RH

Ambient temperature:
Relative humidity:

Measurement results:

Range of | Nominal Value Applied Indication Error of Expanded

8508A Voltage |Frequency Value of 8508A 8508A Uncertainty
55 Hz 100.000 024 mV 100.004 mV 42 uvIiv 32 yV\Vv
200mV- | 100 mV I T 100,000 063 mV 100.008 mV 75 WV 32 WV
55 Hz 10.000 046 95 V 9.999 33 mV -72 yVIV 15 uv/iv
20V 10V 1 kHz 10.000 024 66 V 10.000 2 mV 16 VIV 14 pviv
100 kHz| 9.999 486 98 V 9.99740V -208 uv/iv 13 uv/iv
200 V/ 100 V 55 Hz 99.999 278 44 V 99.9910V -83 pv/vV 15 pviv
1 kHz 99.998 905 99 V 99.9998V 9 uviv 17 uv/iv

Detailed uncertainty budgets for the alternating voltage measurements are shown in
appendix 3.3.

Standards and Calibration Laboratory (SCL)
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Alternating Current
Test methods:
Alternating current was measured by the following method:

The correction of the UUT was determined by comparing its readings to the
calculated value of the applied current. A calibrated current shunt was connected in
series with the UUT. The voltage drop across the current shunt was measured with a
calibrated alternating voltage measurement standard. The applied current was
calculated from the DC resistance and the ac-dc differences of the shunt, and the
measured voltage across the shunt.

See figure 1.5 for the alternating current measurement setup.

Traceability:

The DC resistance of the current shunt was traceable to the 100 Q standard resistor
maintained by the SCL. The 100 Q standard resistor was directly traceable to the
National Physical Laboratory (NPL, UK). The ac-dc resistance difference of the
current shunts was traceable to the standard resistors of SCL which were calibrated
by the National Physical Laboratory (UK).

The DC voltage quantities were traceable to SCL's JAVS system. The ac-dc
difference of Fluke 792A was calibrated by SCL'’s thermal voltage converters which
were calibrated by NPL (UK).

See figure 2.3 for the resistance traceability chart and figure 2.3 for the ac-dc
difference traceability chart.

Conditions of measurement:

During the alternating current measurements, the following conditions of
measurement prevailed:

Ambient temperature: 23°Cx1°C
Relative humidity: 45 %RH + 8 %RH

Measurement results:

Range of Nominal Value Applied Indication Error of Expanded
8508A Current | Frequency Value of 8508A 8508A Uncertainty
20 mA 10 mA 300 Hz 9.999 877 00 mA| 10.000 1 mA 18 HA/A 32 pA/A

1 kHz 9.999 855 65 mA| 10.000 1 mA 19 NA/A 30 uA/A
2 A 1A 300 Hz 1.000 656 65 A 1.000 00 A -653 HA/A 32 yA/A
1 kHz 0.999 978 81 A 0.99939 A -592 pA/A 32 uA/A

Detailed uncertainty budgets for the alternating current measurements are shown in
appendix 3.4.

Standards and Calibration Laboratory (SCL) Page 6 of 23



Resistance
Test methods:

The error of the UUT was determined by comparing its readings to a set of standard
resistors.

See figure 1.3 for the resistance measurement setup.
Traceability:
The DC resistance of the standard resistors was traceable to the 100 Q standard

resistor maintained by the SCL. The 100 Q standard resistor was directly traceable
to Physikalisch-Technische Bundesanstalt (PTB).

See figure 2.2 for the resistance traceability chart.

Conditions of measurement:

During the resistance measurements, the following conditions of measurement

prevailed:

Ambient temperature:
Relative humidity:

Measurement results:

23°Cx1°C

45 %RH + 8 %RH

Range Nominal Applied Value Indication of Error of Expanded
9 Resistance bp 8508A 8508A Uncertainty
200 100 9.9999112Q 9.999 965 Q 5.38 uQ/Q 0.69 pQ/Q
20 kQ 10 kKQ 10.000 063 7 kQ 10.000 13 kQ 6.63 uQ/Q 0.53 uQ/Q
20 kQ (Lol) 10 kKQ 10.000 063 7 kQ 10.000 13 kQ 6.63 uQ/Q 0.56 pQ/IQ
2 MQ 1 MQ 1.000 032 2 MQ 1.000 041 MQ 8.8 pQ/Q 1.5 pQ/Q

Detailed uncertainty budgets for the resistance measurements are shown in
appendix 3.5.

Standards and Calibration Laboratory (SCL)
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Appendix 1: Measurement setups

Direct Voltage

Fluke 732C
Guard 0.1V 10V Fluke 8508A
O o O
O Guar
Chassis VCOM
Ground O

(b) 100 mV and 10 V measurements

Fluke 8508A

Guar O—

Potentiometer
Guildline 9930

Volt Ratio
Fluke 7328 Guildline 970 PL
EMF
Chassis /_@ J{
O\ [\ Guard Hi
+O
HIO A f (O -O Ul [\’
( ] [) sc Outpu Guard Low
GuardQ) LoO—y ] - Terminal
1.018V nput
< <ED) Terminals
DC Voltage Source
O =
O I
Guard

(b) 100 V and 1000 V measurements

Figure 1.1: Direct voltage measurement setup
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Direct Current

Fluke 8508A
(UuT)
I+ 1-
Current ?
Source ¢
|+ (é\ Voltmeter
- 7T~O Hi
Ground 51O Lo
(Optional) ~O Guard
Guard to I-
Standard Resistor
in 23 °C oil bath
Figure 1.2: Direct current measurement setup
Resistance

Fluke

O

a n (7}

Standard Resistor

Four wire resistance for 10 Q, 10 kQ and 1 MQ

Figure 1.3: Resistance measurement setup
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Alternating Voltage

Fluke 5790A AC Voltage
Measurement Standard

IO

Lo

Ground
NL-1A IVD

®
OO@

Fluke 5720A Calibrator

Hi

L
UHF to banana socket
Ground Adaptor

=RO;

Fluke 85084
(@) 100 mVv
Fluke 5720A
Datron 1281
O n
O L
H (JH
_p'- ?L (i) Ground

Fluke 792A

Fluke 8508A

Transfer
Switch

(b) 10 V and 100 V

Figure 1.4: Alternating voltage measurement setups
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Alternating Current

) g
Ground

Valhalla 2009
Buffer Amplifier

100 0 standard resistor
in 23 *C oil bath

(a) AC 10 mA

Voltmeter

o L o — Lo

Fluke 8508A

Fluke 5790A

| - g
Ground

1 01 =standard resistor
in 23 °C oil bath

(b) AC 1A

Figure 1.5: Alternating current measurement setup

Fluke 8508A
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Appendix 2: Traceability charts

Direct Voltage

SCL

Programmable Josephson Voltage Standard

100 mV and 10 V

Fluke 732C Zener
Voltage Reference
Standard

Fluke 732B Zener
Voltage Reference
Standard

Guidline 9930 DCC
Potentiometers

Guidline 9700PL Volt
Ratio Box

100 mV and 10 V

Fluke 8508A
(uuT)

Figure 2.1: Direct voltage traceability

1Vand 10V

100 V and 1000 V

Standards and Calibration Laboratory (SCL)
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Resistance

Physikalisch-Technische
Bundesanstalt (PTB)

100 Q Standard Resistors

[

. . By Substitution and Scaling
By Dlre% (l\;/lce a;trji[jerzent with with DCC Bridge and
9 Resistance Transfer Standard
10 Q Standard Resistors 10 kQ Standard Resistors

By Substitution and Scaling
with DCC Bridge and
Resistance Transfer Standard

1 MQ Standard Resistors

Figure 2.2: Resistance traceability
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Ac-dc difference

SCL
NPL (UK) Josephson Array Voltage Standard
ac/dc resistance ac/dc difference DCV
v v
Holt 11 Co-axial Thermal
ac voltage ratio Voltage Converter
A,
NL-1A Inductive ACV Fluke 792A Thermal
Voltage Divider Transfer Standard
v
100Qand 1 Q
Standard Resistors
100 mVv
i uuT 10 V &100V
10 mAand1A Fluke 8508A B

Figure 2.3: AC-DC difference traceability
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Appendix 3: Uncertainty budgets

3.1 Direct Voltage

For direct voltage at 100 mV and 10 V the following components contribute to the uncertainty of measurement:
— DC voltage standard: Service uncertainty from the last calibration report
— UUT repeatability: Random variations from the observed data
— UUT resolution: From the unit under test specifications

— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for DC 100 mV and 10 V measurement:

. o Standard Sensitivit Uncertaint Degrees of
Component Type Value Unit Divisor uncertainty coefficien)'i contributio)r/1 Fr%edom
100 mV oV 100 mV oV 100 mV oV 100 mV oV
DC voltage standard B 2.000 0.3018 \AY 2 0.99995 | 0.1509 1 0.99995 | 0.1509 1970 2994
UUT repeatability A 0.03 0.0167 \AY 1 0.03 0.017 1 0.03 0.017 9 9
UUT resolution B 0.05 0.05 \AY \3 0.029 0.0289 1 0.029 0.0289 0 0
UUT stability B 0.665 0.2473 pv/iv \3 0.384 0.1427 1 0.384 0.1427 0 0
Combined standard uncertainty | 1.072 0.210 uv/iv
Effective degrees of freedom | 2601 10774
Coverage factor | 2.0 2.0
Expanded uncertainty | 2.1 0.42 WY
Expanded uncertainty | 0.21 4.2 [\
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For direct voltage at 100 V and 1000 V the following components contribute to the uncertainty of measurement:

— DC voltage standard: Service uncertainty from the last calibration report
— Measurement uncertainty of the Potentiometer

— Measurement uncertainty of the voltage ratio box
— UUT repeatability: Random variations from the observed data

— UUT resolution: From the UUT specification

— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for DC 100 V and 1000 V measurement:

. . o Standard Sensitivit Uncertaint Degrees of
Uncertainty component Type Value Unit Divisor uncertainty coefficien){ contributio>rl1 Frgeedom
100 V 1kV 100 V 1kV 100V 1kV 100V 1kV
DC voltage standard B 0.8 0.8 uv/v 2 0.4 0.4 1 0.4 0.4 2496 2496
Potentiometer B 0.231 0.23 A 2 0.1155 0.1155 1 0.1155 0.1155 0 0
Voltage ratio box B 0.57 0.87 puv/Iv 2 0.285 0.435 1 0.285 0.435 500 500
UUT repeatability A 0.016 0.045 AV 1 0.016 0.045 1 0.016 0.045 9 9
UUT resolution B 0.05 0.05 uv/v \3 0.0289 0.0289 1 0.0289 0.0289 i 0
UUT stability B 0.345 0.21 uv/iv \3 0.1992 0.1212 1 0.1992 0.1212 il 0
Combined standard uncertainty | 0.543 0.616 uvIv
Effective degrees of freedom | 3717 1752
Coverage factor | 2.0 2.0
Expanded uncertainty | 1.1 1.2 WY
Expanded uncertainty | 0.11 1.2 mV
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3.2 Direct Current

For direct current the following components contribute to the uncertainty of measurement:

— Voltmeter repeatability: Random variations from the observed data

— Measurement uncertainty of voltmeter for voltage drop

— Shunt resistance: Service uncertainty from the last calibration report
— UUT repeatability: Random variations from the observed data

— UUT resolution: From the UUT specifications
— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for DC 100 yA, 10 mA and 1 A measurement:

Uncertainty Type value Unit Divisor Standa}rd Unce.rtair)ty Degrees of
component uncertainty 2 % contribution Freedom
> .=
= O
< < ‘0 e < <
S| B o< SOE| < g3 2| OE| o< | 2| E o<
Voltmeter repeatability A |0.12 0.05 0.07 uviv 1 0.12 0.05 0.07 1 0.12 0.05 0.07 9 9 9
Voltmeter for volt drop B | 0.352 | 0.352 0.733 uv/v 1 0.352 0.352 0.733 1 0.352 0.352 0.733 2053 | 2053 | 1182
Shunt resistance B 0.42 0.18 3.7 uQ/Q 2 0.21 0.09 1.85 1 0.21 0.09 1.85 500 500 500
UUT repeatability A 0.13 0.07 0.07 WA/A 1 0.13 0.07 0.07 1 0.13 0.07 0.07 9 9 19
UUT resolution B 0.05 0.05 0.05 HA/A V3 0.029 0.029 0.029 1 0.029 0.029 0.029 0 0 0
UUT stability B 0.308 | 0.255 5.957 HA/A \3 0.178 0.148 3.439 1 0.178 0.148 3.439 0 0 0
Combined standard uncertainty | 0.482 0.403 3.97 HA/A
Effective degrees of freedom | 813 2392 10542
Coverage factor | 2.0 2.0 2.0
Expanded uncertainty | 1.0 0.81 7.9 HA/A
Expanded uncertainty | 0.10 nA | 8.1 nA 7.9 A
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3.3 Alternating Voltage

For alternating voltage at 100 mV the following components contribute to the uncertainty of measurement:

— Uncertainty of input voltage to inductive voltage divider: From the specification of the AC Volt measurement standard
— AC voltmeter standard repeatability: From the observed data

— AC voltmeter standard resolution: From the unit under test specifications

— Uncertainty of voltage ratio of the inductive voltage divider:

— UUT repeatability: From the observed data

— UUT resolution: From the unit under test specifications

— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for AC 100 mV measurement:

Uncertainty Type value Unit | Divisor Standgrd Sens!ti_vity Unce_rtair_ﬂy Degrees of
Component uncertainty coefficient contribution Freedom
55 Hz 1 kHz 55 Hz 1 kHz 55 Hz 1 kHz 55 Hz 1 kHz
AC Voltmeter B 27.00 27.00 puvIv \3 15.59 15.59 1 15.59 15.59 e o0
Voltmeter repeatability A 0.38 0.33 puv/Iv 1 0.38 0.33 1 0.38 0.33 19 19
Voltmeter resolution B 0.05 0.05 VIV \3 0.03 0.03 1 0.03 0.03 ) )
Voltage ratio of IVD B 1.20 0.60 uviv 2.0 0.30 0.60 1 0.60 0.30 71 7361
UUT repeatability A 0.65 0.72 uv/v 1 0.65 0.72 1 0.65 0.72 19 19
UUT resolution B 0.50 0.50 uvIv \3 0.29 0.29 1 0.29 0.29 o0 o0
UUT stability B 1.71 1.92 puv/Iiv \3 0.99 1.11 1 0.99 1.11 o o0
Combined standard uncertainty 15.65 15.65 uviv
Effective degrees of freedom | 4974458 407195
Coverage factor 2 2
Expanded uncertainty 32 32 uV/V
Expanded uncertainty 3.2 3.2 n
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For alternating voltage at 10 V & 100 V the following components contribute to the uncertainty of measurement:

— Uncertainty of applied DC voltage: From the specification of the DC Voltage calibrator
— Reference ac-dc difference: From the last calibration report of the Fluke 792A

— Unit under test ac-dc difference repeatability: From the observed data

— Uncertainty of DMM for Fluke 792A output measurement: From the DMM (Datron 1281) specifications

— UUT repeatability: From the observed data
— UUT resolution: From the UUT specifications

— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for AC 10 V measurement:

Uncertainty Type value Unit Divisor Standqrd Sens!ti_vity Unce_rtair_ny Degrees of
Component uncertainty coefficient contribution Freedom
T N T N T N T N
N = z N = T N = T ST = -
8 | S| 8 g | S| 8 2 | S| 8| 8] 3|8
DC Volt calibrator B 4.30 4.30 4.30 uvIv V3 2.48 2.48 2.48 1 2.48 2.48 2.48 o0 o0 o0
ac-de difference B 1400 | 13.00 | 900 | wwv | 20 7.00 6.50 4.50 1 7.00 6.50 450 | 200 | 200 | 200
792A repeatability A 0.37 0.53 0.33 uviv 1 0.37 0.53 0.33 1 0.37 0.53 0.33 3 3 3
DMM for 792A B 0.55 0.55 0.55 puv/Iv V3 0.32 0.32 0.32 1 0.32 0.32 0.32 oo o0 0
UUT repeatability A 0.70 0.42 2.75 puv/Iv 1 0.70 0.42 2.75 1 0.70 0.42 2.75 3 3 3
UUT resolution B 0.50 0.50 0.50 puv/Iv V3 0.29 0.29 0.29 1 0.29 0.29 0.29 o0 oo 0
UUT stability B 0.78 0.73 3.80 puvIv V3 0.45 0.42 2.19 1 0.45 0.42 2.19 o0 o0 ©
Combined standard uncertainty 7.50 7.02 6.25 (/A%
Effective degrees of freedom 260 270 72
Coverage factor 2 2 2
Expanded uncertainty 15 14 13 pvIiv
Expanded uncertainty 0.15 0.14 0.13 mV

Standards and Calibration Laboratory (SCL)
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Uncertainty budget for AC 100 V measurement: (Cont'd)

Uncertainty Tvoe value Unit Divisor Standard Sensitivity Uncertainty Degrees of
Component yp uncertainty coefficient contribution Freedom
55 Hz 1 kHz 55 Hz 1 kHz 55 Hz 1 kHz 55 Hz 1 kHz
DC Volt calibrator B 6.50 6.50 uviv V3 3.75 3.75 1 3.75 3.75 0 0
-dc diff
Coap erence B 12.00 1500 | pviv 2.0 6.00 7.50 1 6.00 7.50 200 200
792A repeatability A 0.61 0.46 (Y% 1 0.61 0.46 1 0.61 0.46 3 3
DMM for 792A B 0.55 0.55 uviv V3 0.32 0.32 1 0.32 0.32 0 0
UUT repeatability A 2.15 0.32 uviv 1 2.15 0.32 1 2.15 0.32 3 3
UUT resolution B 0.50 0.50 uviv V3 0.29 0.29 1 0.29 0.29 0 0
UUT stability B 1.78 0.45 UVIV \3 1.03 0.26 1 1.03 0.26 0 0
Combined standard uncertainty 7.50 8.43 uvIv
Effective degrees of freedom 233 217
Coverage factor 2 2
Expanded uncertainty 15 17 uviv
Expanded uncertainty 15 1.7 mV
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3.4 Alternating Current

For alternating current the following components contribute to the uncertainty of measurement:

— ACV measurement uncertainty: A Fluke 5790A AC voltage measurement standard is used to determine the voltage drop across the shunt.
From the specification of the Fluke 5790A
— ACV reference repeatability: From the observed data
— ACV reference resolution: From the specification of the Fluke 5790A
— Uncertainty of AC voltage drop measurement between measurement and verification: From the specification of the Wavetek 1281 (For 10 mA test only)
— Current shunt impedance: From the latest calibration report
— UUT repeatability: From the observed data
— UUT resolution: From the specifications of the UUT
— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for AC 10 mA measurement:

Uncertainty Tvoe value Unit | Divisor Standard Sensitivity Uncertainty Degrees of
Component yp uncertainty coefficient contribution Freedom
300Hz | 1kHz 300 Hz 1 kHz 300 Hz 1 kHz 300 Hz 1 kHz
AC Voltmeter B 24 24 uvIv \3 13.86 13.86 1 13.86 13.86 0 0
Voltmeter repeatability A 0.51 0.03 \AY 1 0.51 0.03 1 0.51 0.03 19 19
Voltmeter resolution B 0.05 0.05 uvIiv V3 0.03 0.03 1 0.03 0.03 °° °°
Voltmeter for AC volt
drop (Wavetek 1281) B 5 5 HVIV V3 2.89 2.89 1 2.89 2.89 S 0
Shunt resistance B 11.2 7.8 HQ/Q 2.0 5.60 3.90 1 5.60 3.90 200 200
UUT repeatability A 0.43 0.22 HAJA 1 0.43 0.22 1 0.43 0.22 19 19
UUT resolution B 0.5 0.5 HA/A V3 0.29 0.29 1 0.29 0.29 0 ©
UUT stability B 6.33 4.02 HA/A \3 3.66 2.32 1 3.66 2.32 0 o
Combined standard uncertainty 15.67 14.87 HA/A
Effective degrees of freedom 12252 42242
Coverage factor 2 2
Expanded uncertainty 32 30 HAJA
Expanded uncertainty 0.32 0.30 MA
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Uncertainty budget for AC 1 A measurement:

Uncertainty Tvpe value Unit | Divisor Standard Sensitivity Uncertainty Degrees of
Component yp uncertainty coefficient contribution Freedom
300 Hz | 1kHz 300 Hz 1 kHz 300 Hz 1 kHz 300 Hz 1 kHz
AC Voltmeter B 24 24 uviv V3 13.86 13.86 1 13.86 13.86 o0 o0
Voltmeter repeatability A 0.15 0.09 (I\YAY 1 0.15 0.09 1 0.15 0.09 19 9
Voltmeter resolution B 0.05 0.05 puvIv V3 0.03 0.03 1 0.03 0.03 © 0
Shunt resistance B 9.90 8.70 naQ/Q 2.0 4.95 4.35 1 4.95 4.35 200 200
UUT repeatability A 0.99 1.49 HA/A 1 0.99 1.49 1 0.99 1.49 19 9
UUT resolution B 0.5 0.5 HA/A V3 0.29 0.29 1 0.29 0.29 o0 oo
UUT stability B 10.28 11.27 HA/A V3 5.93 6.51 1 5.93 6.51 o0 o0
Combined standard uncertainty 15.90 15.99 HAJA
Effective degrees of freedom 20940 27903
Coverage factor 2 2
Expanded uncertainty 32 32 HA/A
Expanded uncertainty 32 32 HA
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3.5 Resistance

For resistance the following components contribute to the uncertainty of measurement:

— Reference resistor: Service uncertainty from the latest calibration report
— UUT repeatability: From the observed data

— UUT resolution: From the specifications of the UUT

— UUT stability: From repeated tests during the measurement period at the SCL

Uncertainty budget for Resistance measurement:

. . . Standard Sensitivit Uncertaint Degrees of
Uncertainty component Type Value Unit Divisor uncertainty coefficien)'i contributio)r: Fr%edom
10Q 10 kQ 100 10 kQ 100 10 kQ 100 10 kQ
Reference resistance B 0.38 0.46 uQ/IQ 2 0.19 0.23 1 0.19 0.23 500 500
UUT repeatability A 0.10 0.03 pQ/Q 1 0.10 0.03 1 0.10 0.03 9 9
UUT resolution B 0.05 0.05 uQ/Q \3 0.029 0.029 1 0.0029 0.0029 i 0
UUT stability B 0.47 0.22 uQ/Q \3 0.271 0.127 1 0.271 0.127 il 0
Combined standard uncertainty | 0.346 0.266 uQ/Q
Effective degrees of freedom | 1226 881
Coverage factor | 2.0 2.0
Expanded uncertainty | 0.69 0.53 uQ/Q
Expanded uncertainty | 6.9 uQ 5.3 mQ
. . o Standard Sensitivit Uncertaint Degrees of
Uncertainty component Type Value Unit Divisor uncertainty coefficien){ contributio>rl1 Frgeedom
10 kQ 10 kQ 10 kQ 10 kQ
(Lol) 1 MQ (Lol) 1 MQ (Lol) 1 MQ (Lol) 1 MQ
Reference resistance B 0.46 1.2 uQ/Q 2 0.23 0.60 1 0.23 0.60 500 500
UUT repeatability A 0.08 0.18 nQ/Q 1 0.08 0.18 1 0.08 0.18 19 19
UUT resolution B 0.05 0.05 uQ/Q \3 0.029 0.029 1 0.0029 0.0029 i 0
UUT stability B 0.24 0.695 uQ/Q \3 0.139 0.401 1 0.139 0.401 il 0
Combined standard uncertainty | 0.282 0.744 uQ/Q
Effective degrees of freedom | 433747 1583
Coverage factor | 2.0 2.0
Expanded uncertainty | 0.56 15 uQ/Q
Expanded uncertainty | 5.6 mQ 1.5Q
-END-
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Measurement Report for Comparison on Calibration of Multimeter
GULFMET.EM.S8

1. Participant Institute

Institute Emirates Metrology Institute (EMI)

Abu Dhabi Quality and Conformity Council (ADQCC)
Contact Jon Bartholomew,
Person Head of Electrical, Time and Frequency Laboratory
Email jon.bartholomew@qcc.gov.ae

Kryptolabs Building,

PO Box 853,
Address Masdar City,

Abu Dhabi,

United Arab Emirates

2. Period of Measurements

EMI measured the transfer standard three times during the comparison. These periods
were

Measurement Period 1: 5 October to 10 October 2021

Measurement Period 2: 20 June to 1 July 2022

Measurement Period 3: 19 December 2022 to 5 January 2023
3. Ambient Conditions

Temperature : (23+1)°C

Relative Humidity (45+10) % rh
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Measurement Report for Comparison on Calibration of Multimeter

GULFMET.EM.S8

4. Measurement Standards Used

Name Manufacturer Model No Serial No Cahl;;ated
DC Voltage Standard Fluke 732B 2169033 NPL, UK
Automatic Potentiometer | easurements | g40, 1040805 EMI, UAE
International
1200V Range Extender Measurements | g7 5 1040806 EMI, UAE
International
10 Q Standard Resistor Measurements 9331 1102536 EMI, UAE
International
10 kQ Standard Resistor IET SR104 J2-1529650 EMI, UAE
1 MQ Standard Resistor Measurements 9331 1101330 EMI, UAE
International
Reference Multimeter Fluke 8508A 218865636 EMI, UAE
AC Measurement Standard Fluke 5790A 2030032 CMI, Cz
UME, TR/
AC-DC Current Shunt 10 mA Fluke A40B 194564261 EML UAE
UME, TR/
AC-DC Current Shunt 1 A Fluke A40B 194565348 EML UAE

5. Traceability

Quantity Reference standards Traceability
DCV DC Voltage Standard Calibration by NPL, UK
DCI DC Voltage Standard Calibration by NPL, UK

Standard Resistors Calibration by NPL, UK
ACV AC Measurement Standard Calibration by CMI, CZ
ACI AC Measurement Standard Calibration by CMI, CZ
AC-DC transfer Calibration by UME, TR
Standard Resistors Calibration by NPL, UK
Resistance Standard Resistors Calibration by NPL, UK

20F 19




Measurement Report for Comparison on Calibration of Multimeter
GULFMET.EM.S8

6. Measurement Method

6.1. The Travelling Standard
The instrument measured was Fluke 8508A Reference Multimeter Serial Number
218865629.

6.2. Preparation
The Multimeter was allowed to stabilize in the laboratory overnight before turning on. The

Multimeter was allowed to warm up under power for 10 minutes and then reset to the
power up default configuration. A self-test of the “Circuits” was run and the result was
“Self-Test Passed”. The Multimeter was left powered in the laboratory for at least 24
hours before measurements commenced. The Multimeter was powered continuously
throughout the measurement period.

6.3. DC Voltage
Before each DC Voltage measurement the Multimeter was zeroed using the 4-wire

shorting device supplied.

6.3.1. Nominal Value of 100 mV
The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the
same time the output of the Fluke 5720A calibrator was measured using the
Measurements International 8000A Automatic Potentiometer referenced to the 10V
output of the Fluke 732B DC Voltage Standard.

The Automatic Potentiometer is known to have a zero offset which can be significant for
measurements at low voltages. The Automatic Potentiometer cannot measure at 0 V so
EMI measure the zero offset by making measurements at +1 mV. The mean value of these
measurements is taken as the zero offset of the Automatic Potentiometer. This offset is
subtracted from the value measured by the Automatic Potentiometer at the nominal value
of 100 mV. The reported value is the mean of 50 measurements.

6.3.2. Nominal Value of 10 V
The 10V output of the Fluke 732B DC Voltage Standard was directly measured using the
Multimeter.

6.3.3. Nominal Values of 100 V and 1000 V
The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the
same time the output of the Fluke 5720A calibrator was measured using the
Measurements International 8000A Automatic Potentiometer with the 8001A Range
Extender set to an appropriate range. The zero offset of the Automatic Potentiometer is
not significant for these measurements so no correction is made. The reported value is
the mean of 50 measurements.
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6.4. DCCurrent

The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the
same time the output of the Fluke 5720A calibrator was measured using a shunt and Fluke
8508A Reference Multimeter. The shunts used were Fluke A40B shunts for 10 mA and 1
A and the 10 kQ standard resistor at 100 pA. Before each DC Current measurement, the
Multimeter was zeroed with the input terminals open circuit.

6.5. DC Resistance

The Multimeter was used to measure the resistance of calibrated standard resistors.
Before each DC Resistance measurement, the Multimeter was zeroed using the 4-wire
shorting device supplied.

6.6. ACVoltage
The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the

same time the output of the Fluke 5720A calibrator was measured using the 5790A AC
Measurement Standard.

6.7. AC Current

The Multimeter was used to measure the output of the Fluke 5720A calibrator. At the
same time the output of the Fluke 5720A calibrator was measured using the Fluke A40B
shunts and Fluke 8508A Reference Multimeter.

7. Calculation of Multimeter Error

The Multimeter Error was calculated using the following formula:

Reading of 85084 — Appled Value

E 85084 =
rror of Applied Value
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8. Measurement Results

8.1. Measurement Period 1
8.1.1. DC Voltage
Range of Nominal . Indication of Error of :
8508A Value Applied Value 8508A 8508A Uncertainty
200 mV +2100 mV 99.9998542 | 100.000272 4.18E-06 1.7E-06
20V +10V 9.99999773 | 10.00003598 | 3.83E-06 1.2E-06
200V +100V 99.9999498 | 100.0000913 1.42E-06 4.1E-06
1000V +1000 V 1000.001012 | 1000.001424 | 4.12E-07 5.0E-06
8.1.2. DC Current
Range of Nominal . Indication of Error of :
8508A Value Applied Value 8508A 3508A Uncertainty
200 pA + 2100 pA 100.0009743 | 100.001968 9.94E-06 5.0E-06
20 mA +10 mA 9.999998668 | 10.0000478 4.91E-06 6.5E-06
1A +1A 1.000009124 | 0.999763 -2.46E-04 5.9E-05
8.1.3. DC Resistance
Range of Mode of Nominal . Indication Error of .
8508A | 8508A Value | APPliedValue | racngn | ssosa | Uncertainty
200 TrueQ 100 10.0003353 | 10.000383 | 4.77E-06 | 3.1E-06
20 KQ TrueQ 10 kQ 9.9999309 | 9.9999832 | 5.23E-06 | 3.6E-06
TrueQ Lol 10 kQ 9.9999309 | 9.9999838 | 5.29E-06 | 3.6E-06
2 MQ Normal Q 1 MQ 0.9999943 | 0.99999796 | 3.66E-06 | 4.2E-06
8.1.4. AC Voltage
Range of Nominal Value Applied Indication Error of Uncertaint
8508A Voltage | Frequency Value of 8508A 8508A y
200 mV 100 mV 55 Hz 99.9949 99.9982 3.30E-05 6.2E-05
100 mV 1 kHz 99.9947 100.0018 | 7.10E-05 5.2E-05
10V 55 Hz 10.00002 9.99984 | -1.80E-05 4.3E-05
20V 10V 1 kHz 9.999968 10.00013 | 1.62E-05 3.0E-05
10V 100 kHz 10.000574 9.99912 -1.45E-04 7.7E-05
200V 100V 55 Hz 99.99912 99.9967 -2.42E-05 4.5E-05
100V 1 kHz 99.99878 99.9998 1.02E-05 3.7E-05
8.1.5. AC Current
Range of Nominal Value . Indication Error of :
8508A | Voltage | Frequency | /PPUedValue |~ tacnga | gs0sa | Uncertainty
20 mA 10 mA 300 Hz 10.0002969 | 10.00014 | -1.57E-05 9.6E-05
10 mA 1 kHz 10.00019064 | 10.00004 | -1.51E-05 9.6E-05
1A 1A 300 Hz 1.000032244 | 0.999405 | -6.27E-04 9.6E-05
1A 1 kHz 1.000021496 | 0.999434 | -5.87E-04 9.6E-05
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8.2. Measurement Period 2
8.2.1. DC Voltage
Range of Nominal . Indication of Error of .
8508A Value Applied Value 8508A 8508A Uncertainty
200 mV + 100 mV 99.9999281 | 100.0005609 6.33E-06 1.7E-06
20V +10V 9.9999941 | 10.00003403 3.99E-06 1.2E-06
200V +100V 99.9998014 | 100.0000527 2.51E-06 4.1E-06
1000V +1000V 999.998917 | 1000.001657 2.74E-06 5.0E-06
8.2.2. DC Current
Range of Nominal . Indication of Error of .
8508A Value Applied Value 8508A 8508A Uncertainty
200 pA + 100 pA 100.001415 100.00248 1.06E-05 5.0E-06
20mA +10 mA 9.999999 10.000042 4.30E-06 6.5E-06
1A +1A 0.9999751 0.9997418 -2.33E-04 5.9E-05
8.2.3. DC Resistance
Range of Mode of Nominal : Indication Error of .
8508A 8508A Value | APPUiedValue | ronngn | gsoga | Uncertainty
200 TrueQ 10Q 10.00038234 | 10.0004338 | 5.15E-06 3.1E-06
20 kO TrueQ 10 kQ 9.9999309 9.9999800 | 4.91E-06 3.6E-06
TrueQ) Lol 10 kQ 9.9999309 9.9999806 | 4.97E-06 3.6E-06
2 MQ Normal Q 1 MQ 0.9999941 | 0.99999724 | 3.14E-06 4.2E-06
8.2.4. AC Voltage
Range of Nominal Value Applied Indication Error of Uncertaint
8508A | Voltage | Frequency Value of 8508A | 8508A y
200 mV 100 mV 55 Hz 99.9991 99.9992 1.00E-06 6.2E-05
100 mV 1 kHz 99.999 100.0027 | 3.70E-05 5.2E-05
10V 55 Hz 10.000058 9.99989 -1.68E-05 4.3E-05
20V 10V 1 kHz 10.000022 | 10.00018 | 1.58E-05 3.0E-05
10V 100 kHz 10.000481 9.99961 -8.71E-05 7.7E-05
200V 100V 55 Hz 99.99959 99.9972 -2.39E-05 4.5E-05
100V 1 kHz 99.99934 99.9998 4.60E-06 3.7E-05
8.2.5. AC Current
Range of Nominal Value . Indication Error of .
8508A | Voltage | Frequency | /PPUCdValue | rachga | gs0sa | Uncertainty
20 mA 10 mA 300 Hz 10.00027815 | 10.0001 -1.78E-05 9.6E-05
10 mA 1 kHz 10.00019689 | 10.00002 | -1.77E-05 9.6E-05
1A 1A 300 Hz 1.000021996 | 0.999399 | -6.23E-04 9.6E-05
1A 1 kHz 1.000026995 | 0.999449 | -5.78E-04 9.6E-05
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8.3. Measurement Period 3
8.3.1. DC Voltage
Range of Nominal . Indication of Error of .
8508A Value Applied Value 8508A 8508A Uncertainty
200 mV +100 mV 99.99994 | 100.0003511 | 4.11E-06 1.7E-06
20V +10V 10.00000453 | 10.0000472 4.27E-06 1.2E-06
200V +100V 100.0001111 | 100.0002638 1.53E-06 4.1E-06
1000V +1000 V 1000.004735 | 1000.003342 | -1.39E-06 5.0E-06
8.3.2. DC Current
Range of Nominal . Indication of Error of .
8508A Value Applied Value 8508A 8508A Uncertainty
200 pA + 100 pA 100.002507 | 100.00365 1.14E-05 5.0E-06
20 mA +10 mA 10.0000132 | 10.000053 3.98E-06 6.5E-06
1A +1A 1.00003374 | 0.9997395 -2.94E-04 5.9E-05
8.3.3. DC Resistance
Range of Mode of Nominal . Indication Error of .
8508A 8508A Value | APPliedValue | rapngn | gspga | Uncertainty
20Q TrueQ 10Q 9.9999386 | 9.9999824 | 4.38E-06 | 3.1E-06
20 kO TrueQ 10 kQ 9.9999264 | 9.9999766 | 5.02E-06 | 3.6E-06
TrueQ Lol 10 kQ 9.9999264 | 9.9999766 | 5.02E-06 | 3.6E-06
2 MQ Normal Q 1MQ 0.9999941 | 1.0000005 | 6.40E-06 | 4.2E-06
8.3.4. AC Voltage
Range of Nominal Value Applied Indication Error of Uncertaint
8508A | Voltage | Frequency Value of 8508A | 8508A y
200 MV 100 mV 55 Hz 99.997 99.9999 2.90E-05 6.2E-05
100 mV 1 kHz 99.9965 100.003 6.50E-05 5.2E-05
10V 55 Hz 10.000063 9.99992 | -1.43E-05 4.3E-05
20V 10V 1 kHz 10.000026 | 10.00021 | 1.84E-05 3.0E-05
10V 100 kHz 10.000478 | 10.00164 | 1.16E-04 7.7E-05
200V 100V 55 Hz 100.00021 99.9978 | -2.41E-05 4.5E-05
100V 1 kHz 99.99889 100.0001 | 1.21E-05 3.7E-05
8.3.5. AC Current
Range of Nominal Value . Indication Error of .
8508A | Voltage | Frequency | /PPUCdValue | rachga | gs0sa | Uncertainty
20 mA 10 mA 300 Hz 10.00018439 | 10.00012 | -6.44E-06 9.6E-05
10 mA 1 kHz 10.00009063 | 10.00002 | -7.06E-06 9.6E-05
1A 1A 300 Hz 1.000018497 | 0.999374 | -6.44E-04 9.6E-05
1A 1 kHz 1.000008249 | 0.999406 | -6.02E-04 9.6E-05
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9. Uncertainty Budget

9.1. DCVoltage
9.1.1. Nominal Value of 100 mV

Model Function:

E. =
* IAP

Iwm = Indication of multimeter

Inp = Indication of automatic potentiometer

Ve = Error of automatic potentiometer from last calibration

Vo = Drift in error of automatic potentiometer since last calibration

Vs = Calibration of Voltage Standard

Ve = Uncorrected drift since last calibration

Ve = Temperature effects on Voltage Standard

Vv = Noise of Voltage Standard

Vr = Thermoelectric voltages generated at junctions of leads and terminals
Iz = Repeatability of indication

Quanity | Estimate | Unceraity | - Probabitty | o | | (TSR R

Xi Xi u(x), ppm Distribution G ui(Ex), ppm Vi
Ivm 0.001 0.050 Rectangular 1.7321 1 0.029 3
Iap 0.001 0.005 Rectangular 1.7321 1 0.003 o
Ir 0 0.434 Normal k=1 1.0000 1 0.434 5
Ve 0 0.440 Normal k=2 2.0000 1 0.220 o
Ve 0 0.100 Rectangular 1.7321 1 0.058 oo
Vs 10 0.030 Normal k=2 2.0000 1 0.015 o
Vo 0 0.960 Rectangular 1.7321 1 0.554 oo
Vre 0 0.120 Rectangular 1.7321 1 0.069 o
Vv 0 0.060 Rectangular 1.7321 1 0.035 o
Vr 0 0.600 Rectangular 1.7321 1 0.346 o

Combined Uncertainty, u(Ex) 0.821

Effective Degrees of Freedom, Vet 6.43E+01

Coverage Factor, k 2.040

Expanded Uncertainty, U(E), ppm 1.7
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9.1.2. Nominal Value of 10 V
Model Function:

Uy + Vo + Ve + Ve +Vy + 1) 1

E. =
X VS

Ivm = Indication of multimeter

Iz = Repeatability of indication

Vs = Calibration of Voltage Standard

Vo = Uncorrected drift since last calibration

Vrc = Temperature effects on Voltage Standard

Vv = Noise of Voltage Standard

Vr = Thermoelectric voltages generated at junctions of leads and terminals

. . . - nsitivit ncertaint Degr f
QUE;ZUW Estl)r:ate Uun(():(j,rt;;r;:y gr;:izltl:z Divisor g(fefsficiens; gorft?ibitioﬁ Fresjofr?s(li())oF)
Ci ui(Ex), ppm Vi
Imm 10 0.050 Rectangular 1.7321 1 0.029 o
Ir 0 0.008 Normal k=1 1.0000 1 0.008 5
Vs 10 0.030 Normal k=2 2.0000 1 0.015 0o
Vb 0 0.960 Rectangular 1.7321 1 0.554 3
Vre 0 0.120 Rectangular 1.7321 1 0.069 o
Vv 0 0.060 Rectangular 1.7321 1 0.035 o
Vr 0 0.600 Rectangular 1.7321 0.1 0.035 0o
Combined Uncertainty, u(Ex) 0.562
Effective Degrees of Freedom, Vet 1.16E+08
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 1.2
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9.1.3. Nominal Values of 100 and 1000 V
Model Function:

E = Uy ¥ Ve +Vyx+ Vp+Vs+ Vp+ Ve +Vy + I 1
= —

Lap

Ivm = Indication of multimeter

Inp = Indication of automatic potentiometer

Ve = Error of automatic potentiometer from last calibration

Vi = Error of range extender from last calibration

Vb = Stability of automatic potentiometer since last calibration
Vs = Calibration of Voltage Standard

Ve = Uncorrected drift since last calibration

Ve = Temperature effects on Voltage Standard

Vv = Noise of Voltage Standard

Iz = Repeatability of indication

100V
Quanity | esimate | Uncetaiy | erobaity | o | cllil | conviuion | Freedom 0oP)
Ci ui(Ex), ppm Vi
Inm 100 0.050 Rectangular 1.7321 1 0.029 oo
Iap 100 0.005 Rectangular 1.7321 1 0.003 o
Ir 0 0.313 Normal k=1 1.0000 1 0.313 5
Ve 0 0.044 Normal k=2 2.0000 1 0.022 o
Vx 0 3.800 Normal k=2 2.0000 1 1.900 o0
Vb 0 0.100 Rectangular 1.7321 1 0.058 o
Vs 10 0.030 Normal k=2 2.0000 1 0.015 o0
Ve 0 0.960 Rectangular 1.7321 1 0.554 o
Vre 0 0.120 Rectangular 1.7321 1 0.069 o
Vi 0 0.060 Rectangular 1.7321 1 0.035 o
Combined Uncertainty, u(Ex) 2.007
Effective Degrees of Freedom, Vet 8.39E+03
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 4.1
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1000V
. . . - nsitivit ncertaint Degrees of
Quanity | esimate | Uncetiny | P08 | oo | ilicent | conibtn | Fresdom 009
Ci ui(Ex), ppm Vi
Inm 1000 0.050 Rectangular 1.7321 1 0.029 o
Inp 1000 0.005 Rectangular 1.7321 1 0.003 o
Ir 0 1.264 Normal k=1 1.0000 1 1.264 5
Ve 0 0.044 Normal k=2 2.0000 1 0.022 o
Vx 0 3.800 Normal k=2 2.0000 1 1.900 o
Vb 0 0.100 Rectangular 1.7321 1 0.058 o
Vs 10 0.030 Normal k=2 2.0000 1 0.015 S
Vo 0 0.960 Rectangular 1.7321 1 0.554 o
Vre 0 0.120 Rectangular 1.7321 1 0.069 o
Vi 0 0.060 Rectangular 1.7321 1 0.035 oo
Combined Uncertainty, u(Ex) 2.351
Effective Degrees of Freedom, Veit 5.98E+01
Coverage Factor, k 2.043
Expanded Uncertainty, U(Ex), ppm 5.0

9.2. DC Current
Model Function:

E = (IMM (Rc, + Rpr + Rrc + Rpy) + IR) 1
* Vem — Ve = Vor — Ve

Where:

Ium = Indication of multimeter

Vew =Indication of the calibrated measuring instrument

Ve = Correction for the calibrated value of the measuring instrument
Vor = Stability of the measuring instrument since the last calibration
Vi = Thermoelectric voltage

Re = Calibrated value of the reference resistor

Ror = Drift of the reference resistor since the last calibration

Rrc = Change of the reference resistor due to temperature

Rew = Change of the reference resistor due to power

I = Repeatability of indication
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100 pA
. . . - nsitivit ncertaint Degr f
Quanity | esimate | Uncertainy | probaby | oo | codfiont | Convibuion | Freedom 0o
Ci ui(Ex), ppm Vi
Imm 100 0.050 Rectangular 1.7321 1 0.029 0o
Ir 0 0.500 Normal k=1 1.0000 1 0.500 9
Vem 1 0.050 Rectangular 1.7321 1 0.029 ©
Io 0 2.200 Normal k=2 2.0000 1 1.100 00
Ipr 0 3.700 Rectangular 1.7321 1 2.136 o
Vru 0 0.500 Rectangular 1.7321 1 0.289 ©
Ret 10000 0.190 Normal k=2 2.0000 1 0.095 00
Ror 0 0.077 Rectangular 1.7321 1 0.044 3
Rrc 0 0.170 Rectangular 1.7321 1 0.098 3
Rew 0 0.000 Rectangular 1.7321 1 0.000 3
Combined Uncertainty, u(Ex) 2.476
Effective Degrees of Freedom, Vet 5.41E+03
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 5.0
10 mA
. . . - Sensitivit Uncertaint Degrees of
QUE;:UW Estl)r:ate Uun(():(j,rt;[;r;:y ;;2:23':::% Divisor Coefficienyt Contributioﬁ Freec?om (DoF)
Ci ui(Ex), ppm Vi
Inm 10 0.050 Rectangular 1.7321 1 0.029 )
Ir 0 0.300 Normal k=1 1.0000 1 0.300 9
Vem 800 0.063 Rectangular 1.7321 1 0.036 )
Io 0 2.200 Normal k=2 2.0000 1 1.100 oo
Ior 0 3.950 Rectangular 1.7321 1 2.281 o
Vru 0 0.625 Rectangular 1.7321 1 0.361 o
Ra 80 0.430 Normal k=2 2.0000 1 0.215 oo
Ror 0 3.400 Rectangular 1.7321 1 1.963 o
Rrc 0 0.044 Rectangular 1.7321 1 0.025 o
Rew 0 0.000 Rectangular 1.7321 1 0.000 o
Combined Uncertainty, u(Ex) 3.246
Effective Degrees of Freedom, Vet 1.23E+05
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 6.5
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1A
. . . - Sensitivity Uncertainty Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.|ty Divisor Coefficient Contribution Freedom (DoF)
Xi Xi u(x), ppm Distribution
Ci ui(Ex), ppm Vi
Ivm 1 0.050 Rectangular 1.7321 1 0.029 0
Ir 0 0.400 Normal k=1 1.0000 1 0.400 9
Vem 800 0.063 Rectangular 1.7321 1 0.036 ©
Io 0 2.200 Normal k=2 2.0000 1 1.100 00
Ipr 0 3.950 Rectangular 1.7321 1 2.281 o
Vrw 0 0.625 Rectangular 1.7321 1 0.361 ©
Ret 800 0.400 Normal k=2 2.0000 1 0.200 00
Ror 0 3.400 Rectangular 1.7321 1 1.963 3
Rrc 0 50.000 Rectangular 1.7321 1 28.868 ©
Rew 0 0.000 Rectangular 1.7321 1 0.000 3
Combined Uncertainty, u(Ex) 29.050
Effective Degrees of Freedom, Vet 2.50E+08
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 59
9.3. DC Resistance
Model Function:
E, = -1
Rs
Ium = Indication of multimeter
Ir = Repeatability of indication
Rs = Calibration of Standard Resistor
Rp = Uncorrected drift since last calibration
Re = Power effects on Standard Resistor
Rrec = Temperature effects on Standard Resistor
10Q
. . . - Sensitivity Uncertainty Degrees of
tit Est t taint P lit
Quantity stimate | Uncertainty .rOb.abIP y Divisor Coefficient Contribution Freedom (DoF)
Xi Xi u(xi), ppm Distribution
Ci ui(Ex), ppm Vi
Inm 10 0.050 Rectangular 1.7321 1 0.029 £
Ir 0 0.300 Normal k=1 1.0000 1 0.300 9
Rs 10 0.430 Normal k=2 2.0000 1 0.215 4
Ro 0 2.000 Rectangular 1.7321 1 1.155 o
Re 0 0.000 Rectangular 1.7321 1 0.000 4
Rrc 0 1.600 Rectangular 1.7321 1 0.924 o
Combined Uncertainty, u(Ex) 1.524
Effective Degrees of Freedom, Vet 6.00E+03
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 3.1
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10 kQ
. . . - Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.ny Divisor Coefficien); Contributioi] Freejom (DoF)
Xi Xi u(x), ppm Distribution
Ci ui(Ex), ppm Vi
Ivm 10 0.050 Rectangular 1.7321 1 0.029 oo
Iz 0 0.300 Normal k=1 1.0000 1 0.300 9
Rs 10 0.540 Normal k=2 2.0000 1 0.270 oo
Rp 0 2.200 Rectangular 1.7321 1 1.270 o
Re 0 0.000 Rectangular 1.7321 1 0.000 )
Rrc 0 2.000 Rectangular 1.7321 1 1.155 oo
Combined Uncertainty, u(Ex) 1.7945
Effective Degrees of Freedom, Vet 1.07E+04
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 3.6
10kQ Lol
. . . - Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty PArob‘ab|l.|ty Divisor Coefficienyt Contributioﬁ Freec?om (DoF)
Xi Xi u(xi), ppm Distribution
Ci ui(Ex), ppm Vi
Imm 10 0.050 Rectangular 1.7321 1 0.029 o
Iz 0 0.300 Normal k=1 1.0000 1 0.300 9
Rs 10 0.540 Normal k=2 2.0000 1 0.270 oo
Ro 0 2.200 Rectangular 1.7321 1 1.270 3
Re 0 0.000 Rectangular 1.7321 1 0.000 3
Rrc 0 2.000 Rectangular 1.7321 1 1.155 3
Combined Uncertainty, u(Ex) 1.7945
Effective Degrees of Freedom, Ve 1.07E+04
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 3.6
1 MQ
. . . - Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.lty Divisor Coefficiens; Contributioyrz Freec?igom (DoF)
Xi Xi u(xi), ppm Distribution
Ci ui(Ex), ppm Vi
Ivm 1 0.050 Rectangular 1.7321 1 0.029 o
Iz 0 0.100 Normal k=1 1.0000 1 0.100 9
Rs 1 3.500 Normal k=2 2.0000 1 1.750 oo
Ro 0 0.000 Rectangular 1.7321 1 0.000 o
Re 0 0.000 Rectangular 1.7321 1 0.000 )
Rrc 0 2.000 Rectangular 1.7321 1 1.155 o
Combined Uncertainty, u(Ex) 2.099
Effective Degrees of Freedom, Veit 1.75E+06
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 4.2
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9.4. ACVoltage
Model Function:

(IMM +IR+VCL+ VD) 1

Vewm

E, =

Ivm = Indication of multimeter

Iz = Repeatability of indication

Vem = Indlication of the calibrated measuring instrument

Ve = Correction for the calibrated value of the measuring instrument
Vp = Stability of the measuring instrument since the last calibration

100 mV at 55 Hzand 1 kHz

. . . - Sensitivity Uncertainty Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.lty Divisor Coefficient Contribution Freedom (DoF)
Xi Xi u(x), ppm Distribution
Ci ui(Ex), ppm Vi
Irm 100 0.500 Rectangular 1.7321 1 0.289 ©
Iz 0 15.000 Normal k=1 1.0000 1 15.000 9
Ve 0 29.000 Normal k=2 2.0000 1 14.500 ©
7] 0 39.000 Rectangular 1.7321 1 22.517 ©
Vem 100 0.500 Rectangular 1.7321 10 0.289 ©
Combined Uncertainty, u(Ex) 30.699
Effective Degrees of Freedom, Vet 1.58E+02
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 62
10V at 55 Hz
. . . - Sensitivity Uncertainty Degrees of
tit Est t taint P lit
Quantity stimate | Uncertainty .rOb.abl .I y Divisor Coefficient Contribution Freedom (DoF)
Xi Xi u(xi), ppm Distribution
Ci ui(Ex), ppm Vi
Ivm 10 0.500 Rectangular 1.7321 1 0.289 oo
Iz 0 15.000 Normal k=1 1.0000 1 15.000 9
Ve 0 16.000 Normal k=2 2.0000 1 8.000 ©
Vb 0 22.000 Rectangular 1.7321 1 12.702 ©
Vem 10 0.500 Rectangular 1.7321 10 0.289 ©
Combined Uncertainty, u(Ex) 21.225
Effective Degrees of Freedom, Vet 3.61E+01
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 43
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10V at 1 kHz
. . . - Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.ny Divisor Coefficien); Contributioi] Freejom (DoF)
Xi Xi u(x), ppm Distribution
Ci ui(Ex), ppm Vi
Ivm 10 0.500 Rectangular 1.7321 1 0.289 oo
Iz 0 1.000 Normal k=1 1.0000 1 1.000 9
Ve 0 15.000 Normal k=2 2.0000 1 7.500 oo
173 0 22.000 Rectangular 1.7321 1 12.702 o
Vem 10 0.500 Rectangular 1.7321 10 0.289 oo
Combined Uncertainty, u(Ex) 14.790
Effective Degrees of Freedom, Vet 4.31E+05
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 30
10V at 100 kHz
. . . - Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.ny Divisor Coefficienyt Contribution Freegom (DoF)
Xi Xi u(x), ppm Distribution
Ci ui(Ex), ppm Vi
Ivm 10 0.500 Rectangular 1.7321 1 0.289 oo
Iz 0 1.000 Normal k=1 1.0000 1 1.000 9
Vo 0 21.000 Normal k=2 2.0000 1 10.500 oo
Vb 0 64.000 Rectangular 1.7321 1 36.950 o
Vem 10 0.500 Rectangular 1.7321 10 0.289 oo
Combined Uncertainty, u(Ex) 38.429
Effective Degrees of Freedom, Vet 1.96E+07
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 77
100V at 55 Hz
. . . . Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.lty Divisor Coefficienyt Contributio\ﬁ Freec?om (DoF)
Xi Xi u(xi), ppm Distribution
Gi ui(Ex), ppm Vi
Ivm 100 0.500 Rectangular 1.7321 1 0.289 oo
Iz 0 14.000 Normal k=1 1.0000 1 14.000 9
Vo 0 20.000 Normal k=2 2.0000 1 13.500 co
Vo 0 25.000 Rectangular 1.7321 1 14.434 co
Vem 100 0.500 Rectangular 1.7321 10 0.289 )
Combined Uncertainty, u(Ex) 22.459
Effective Degrees of Freedom, Vet 60
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 45
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100V at 1 kHz

. . . - Sensitivit Uncertaint Degrees of
Quantity | Estimate | Uncertainty P.rob.abll.ny Divisor Coefficien); Contributiosrg Freec?om (DoF)
Xi Xi u(x), ppm Distribution

Gi ui(Ex), ppm Vi
Ivm 100 0.500 Rectangular 1.7321 1 0.289 oo
Iz 0 6.000 Normal k=1 1.0000 1 14.000 9
Ve 0 20.000 Normal k=2 2.0000 1 13.500 oo
Vo 0 25.000 Rectangular 1.7321 1 14.434 oo
Vem 100 0.500 Rectangular 1.7321 10 0.289 o

Combined Uncertainty, u(Ex) 24.224
Effective Degrees of Freedom, Vert 81

Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 45

9.5. AC Current
Model Function:

<IMM (Rcr, + Rpr + Rrc + Rpr + Rpw) + IR>
E, = 1
Vem — Ver — Vor

Where:

Ivm = Indication of multimeter

Vew =Indication of the calibrated measuring instrument

Ve = Correction for the calibrated value of the measuring instrument
Vor = Stability of the measuring instrument since the last calibration
Re = Calibrated value of the reference resistor

Ror = Drift of the reference resistor since the last calibration

Rrec = Change of the reference resistor due to temperature

Rer = Change of the reference resistor due to frequency

Rew = Change of the reference resistor due to power

Iz = Repeatability of indication
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10 mA at 300 Hzand 1 kHz

. . . - nsitivit ncertaint Degr f
Quanity | esimate | Uncertainy | probaby | oo | codfiont | Convibuion | Freedom 0o
Ci ui(Ex), ppm Vi
Ivm 10 0.050 Rectangular 1.7321 1 0.029 0
Ir 0 3.000 Normal k=1 1.0000 1 3.000 9
Vem 800 0.050 Rectangular 1.7321 1 0.029 ©
Ia 0 24.000 Normal k=2 2.0000 1 12.000 0
Ipr 0 80.000 Rectangular 1.7321 1 46.188 o
Ret 80 0.463 Normal k=2 2.0000 1 0.231 ©
Ror 0 5.000 Rectangular 1.7321 1 2.887 o
Rrc 0 1.000 Rectangular 1.7321 1 0.577 3
Rer 0 5.000 Normal k=2 2.0000 1 2.500 3
Rew 0 0.000 Rectangular 1.7321 1 0.000 3
Combined Uncertainty, u(Ex) 47.972
Effective Degrees of Freedom, Vet 5.88E+05
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 96
1 Aat300Hzand 1 kHz
. . . - nsitivit ncertaint Degr f
Quanity | Estimate | Uncerainy | Provabty | oo | Codicemt | Contioutn | Frosdom 0o
Ci ui(Ex), ppm Vi
Ivm 1 0.050 Rectangular 1.7321 1 0.029 o
Ir 0 0.400 Normal k=1 1.0000 1 0.400 9
Vem 800 0.050 Rectangular 1.7321 1 0.029 o
Io 0 24.000 Normal k=2 2.0000 1 12.000 o
Ior 0 80.000 Rectangular 1.7321 1 46.188 o
Re 800 0.375 Normal k=2 2.0000 1 0.188 o
Ror 0 5.000 Rectangular 1.7321 1 2.887 o
Rrc 0 1.000 Rectangular 1.7321 1 0.577 o
Rer 0 9.000 Normal k=2 2.0000 1 4.500 o
Rew 0 0.000 Rectangular 1.7321 1 0.000 o
Combined Uncertainty, u(Ex) 48.025
Effective Degrees of Freedom, Vet 1.87E+09
Coverage Factor, k 2.000
Expanded Uncertainty, U(Ex), ppm 96
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10. EMI Laboratory Personnel
Mr Jon Bartholomew
Travelling Standard Calibrated by Waleed Al Kalbani
Alia Al Blooshi
Report Prepared by Mr Jon Bartholomew
Waleed Al Kalbani
Report Checked by Alia Al Blooshi

Signed:

Jon Bartholomew
Head of Electrical, Time and Frequency Laboratory
Emirates Metrology Institute

Abu Dhabi Quality and Conformity Council
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1. Participant Institute:

Institute National Measurements and Calibration Center
Contact Person Ahmed R. AlAyali
E-mail a.ayli@saso.gov.sa

Saudi Standards, Metrology and Quality Organization (SASO)-National
Measurements & Calibration Center

Address PO. B 3437 Riyadh- Al Muhammadiyah — in front of King Saud University
(Bldg. # 4, NMCC)
11471 Riyadh Kingdom of Saudi Arabia

2. Period of Measurements:

Start Date End Date

12/12/2021 15/12/2021

3. Measurements Method and Set-up:

Direct Method using reference calibrator Fluke 5730A
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4. The Measurement Standards Used:

Name Manufacturer Model No Serial No

Calibrator Fluke 5730 A 2843503

5. A statement of traceability for the measurements:

The reference device used is traceable to national standard which
realize unit of measurement according to the international system of
unit (SI).

6. Temperature and humidity in the laboratory during the
measurement:

Temperature Humidity

(23£2) °C (40£20)% rh
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7. The results of the measurement:

DC Voltage

Range of
8508A
200 mV
20V
200V
1000 V

DC Current

Range of
8508A
200 pA
20 mA

2A

DC Resistance

Range of | Mode of | Nominal

Nominal
Value
+ 100 mV
+10V
+ 100 V
+ 1000 V

Nominal
Value
+ 100 pA
+ 10 mA
+1A

8508A 8508A Value

20 Q TrueQ 10 Q

TrueQ 10 kQ

20 kQ TrueQ 10 kO
Lol

2 MQ Normal 1 MQ

Applied
Value
99.99918 mV
9.999995 V
99.999746 V
999.9994 V

Applied
Value
100.005 pA
10.00020 mA
1.00004 A

Applied Value
9.9989990 Q)
9.999913 kQ
9.999913 kQ

0.9999556 MQ

Indication of
8508A
100.00007 mV
10.000036 V
100.000087 V
1000.0033 V

Indication of
8508A
100.00344 pA
10.000105 mA
0.9997644 A

Indication of
8508A
9.998999 ()
9.999913 k()

9.999913 kQ
0.9999556 MQ

National Measurment & Calibration Center

NMCC

8plzollg Uil (ilhgll jS 1ol

Error of Expanded
8508A Uncertainty
0.00089 mV 7.0 pvIiv
0.000041 V 4.0 pviv
0.000341V 5.0 uv/v
0.0039 V 5.0 uv/iv
Error of Expanded
8508A Uncertainty
-0.00156 pA 38 HA/A
-0.000095 mA 40 pA/A
-0.0002756 A 45 nAJA
Error of 8508A = Expanded
Uncertainty
9.998911 O 15 nQ/Q
10.000003 kQ 11 nQ/Q
9.999910 kQ 11 nQ/Q

0.9999591 MQ

18 nQ/Q
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AC Voltage
Range of Nominal Value Applied Indication of Error of Expanded
8508A Voltage = Frequency Value 8508A 8508A Uncertainty
200 MV 100 mV 55 Hz 100.000 mV | 99.9986 mV | -0.0014 mV  0.11 mV/V
100 mV 1 kHz 100.000 mV | 100.0022 mV | 0.0022 mV | 0.11 mV/V
10V 55 Hz 10.00003 V 9.99983 V -0.00020 V 70 pvIiv
20V 10V 1 kHz 10.00003V | 10.00015V 0.00012 V 70 VIV
10V 100 kHz | 10.00035 V 9.99910 V -0.00125V | 0.15 mV/V
200 V 100 V 55 Hz 99.9982 V 99.9966 V -0.0016 V 85 uv/iv
100 V 1 kHz 99.9986 V 99.9990 V 0.0004 V 75 pvIiv
AC Current
Range of Nominal Value Applied Indication of Error of Expanded
8508A | Voltage @ Frequency Value 8508A 8508A Uncertainty
20 MA 10 mA 300 Hz | 10.0002 mA | 10.00014 mA | -0.00006 mA | 0.12 mA/A
10 mA 1 kHz 10.0001 mA | 10.00008 mA | -0.00002 mA | 0.10 mA/A
2 A 1A 300 Hz 1.00004 A 0.999383 A | -0.000657 A | 0.23 mA/A
1A 1 kHz 1.00003 A 0.999439 A | -0.000591 A | 0.23 mA/A

Also Please Refer to attached excel file “Result of Measurements”
which contains same tables

8. Uncertainty budget and calculation:

Please Refer to attached excel file “Uncertainty Calculation” which
contains uncertainty parameter and its evaluation.
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Laboratory Condition

Ambient Conditions

Temperature 23£1°C
Relative Humidity 45125 %
Reference standards used in intercomparison

Reference standards Serial No.
Reference DMM 8508A/01 154961897
Multifunctional calibrator 5720A 1560210
Reference Zener cell Fluke 732B 2231035
Nano-voltmeter Keithley 2182A 4007156
Reference voltage divider 752A 1574019
Reference voltmeter 5790A 1551030

Set of reference resistors (Ohms Labs 2001_0.1 Q, Fluke

15354;1481018;1602001;1602002

742 A:10 Q, 100Q, 1kQ, 1 MQ) ;154009
AC Current shunt SIQ -10 mA S1Q12067
AC Current shunt SIQ -1 A S1Q12073

Calculation mean and standard uncertainty type A:

Yie1 Xi

X =2t
n

Oogxg = |———————

nn—1)

Where:
X - mean value of i the set of measurement
0 5 - standard uncertainty of N measurements

1. Calibration of DC voltage

(1

(2)

IMBIH reference methods used in this intercomparison for calibration of DC voltage are direct

method and voltage comparison methods (Procedure LE-P.111-vl 2018). The reference

Zener cell Fluke 732B, reference voltage divider Fluke 752A, multifunctional calibrator Fluke

5720A and null indicator nanovoltmeter Keithley 2182A have been used as reference

calibration setup. In case of 100 mV calibration point, the 10 V output of the DC voltage Zener

standard divided by ratio 100:1 of reference divider is measured with DMM-UUT, while for the

Report of intercomparison
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10 V measurement with DMM-UUT has been performed directly on the 10 V output of
reference Zener cell. Calibration points 100 V and 1 kV are calibrated by using voltage
comparison methods. The output value from the reference Zener cell Fluke 732B on one side
and the voltage values generated by the multifunctional calibrator Fluke 5720A divided by ratio
10:1 and 100:1 of reference voltage divider Fluke 752A have been aligned with null indicator
Keithley 2182A, while voltage measurement with DMM-UUT has been measured on the
output of calibrator 5720A.Prior the calibration process, the ratio of voltage divider has been
calibrated following manufacturer self-calibration procedure. Null indicator (Keithley 2182A ) is
traceable via IMBIH internal calibration procedure for calibration DCV bellow 100 mV to the
values of reference Zener cell and set of standard resistors. Our reference Zener cell is
traceable to Josephson Voltage Standard of National metrology institute of Serbia (DMDM).

R/

% Uncertainty evaluation

The measurement uncertainties reported in the tables 1 have been obtained taking into
account all contributing factors which affecting the measurement. The reported expanded
uncertainty of measurement is stated as the standard uncertainty of measurement multiplied
by a coverage factor k, which corresponds to a coverage probability of approximately 95

%.Mathematical model used for evaluation of errors and uncertainties of DC voltage:

100mV

Vz+éVz:+éV +oV.

E = V:imn +§Vd\r .8 +o Vﬂn.lw.m: o — =T
' ! P +or
pec
0V
E_ dmm +§V:ﬂ.\n.'r.':a é dmm res (VZ+6IXZI +dImeu I;Z'!hﬂ)
100 Vi 1000 V
E = V.;‘.'r:.'r: + ap:ﬂr:.-n':a + ar{f.'r:.'n':m: _(If_\ + arf_\':a + ar/;':m: + ar/;'::pwr + VZ + a;fZI + aIfZ:mf + aV—Z.‘ﬂ'U’T ] -(JTI + al::pw }

E error indicated by DMM-UUT
Vdmm voltage indicated by DMM-UUT (mean value of N readings)
\'Z output value of referece volatge standard (Zener Cell)
r ratio of reference voltage divider
Orspec ratio correction due to ref voltage divider accuracy specification

O6Vymma  cCOrrection due to measurement data scattering on DMM-UUT
OVymmres cCOrrection due to resolution of DMM-UUT

oV, correction of reference voltage due to temperature effect

OV ca correction of reference voltage due to last calibration

OV grit correction of reference voltage due to drift from last calibration

Vi volatge diference measured by nanovoltmeter (mean value of N radings)
oWu.a correction due to measurement data scattering on nanovoltmeter

OV res correction due to nanovoltmeter resolution
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2. Calibration of AC voltage

IMBIH reference method used in this intercomparison for calibration of AC voltage is

comparison _method (Procedure LE-P.108vl 2018). The reference voltmeter DVM Fluke

5790A has been used as reference standard and multifunctional calibrator Fluke 5720A as
source of AC voltage. Voltage generated from the voltage source is measured in the same
time with reference DVM Fluke 5790A and DMM UUT, and results are compared. Our
reference voltmeter is traceable to Slovenian Institute for Quality (SIQ). The calibration of the
digital multimeter (UUT) was carried out at the points indicated by intercomparison protocol on
4. August 2022.

Twenty (20) repeated observations of AC voltage have been taken in account for evaluation of
mean value (1) and experimental standard uncertainty according to formula (2).

0,

% Uncertainty evaluation

The measurement uncertainty reported in the table 3 have been obtained taking into account
all contributing factors to uncertainty which affecting the measurement. The reported
expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by a coverage factor k, which corresponds to a coverage probability of
approximately 95 %.

Mathematical model used for evaluation of error and uncertainty of AC voltage:

E =V + 8Vyres — (Vs + 8Vs,,, + SVscar + Vs, )

E —Measurement error of the DMM-UUT

V,—mean of N voltage readings, indicated by the UUT-DMM

oV,..s -Correction of the indicated voltage due to the finite resolution of the DMM-UUT

Vs - mean of N voltage readings, indicated by the Ref-DVM 5790A

OVs,es -Correction of the indicated voltage due to the finite resolution of the Ref-DVM 5790A
OVsspec -Correction of the measured voltage by the Ref-DVM due to specification

OVs.a —Correction due to last calibration of Ref DVM

3. Calibration of resistance

Method used in this intecomparison for calibration resistances is direct method (Procedure LE-

P.107 v1 2015) using our set of reference resistors Fluke 742A as reference standard. Our

reference resistors are traceable to IMBIH’s reference standard and further to Czech Metrology

Institute and Slovenian Institute for Quality (SIQ).
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The calibration of the digital multimeter (UUT) was carried out at the points indicated by
intercomparison protocol in period of 04 -05 August 2022.

Twenty observations for resistance have been take in account for evaluation mean value (1)
and experimental standard uncertainty according to formula (2). Standard resistors during
measurement have been placed in temperature stabilized air bath with temperature stability
+0.05°C.

s Uncertainty evaluation

The measurement uncertainty reported in the table 5 have been obtained taking into account
all contributing factors to uncertainty which affecting the measurement. The reported
expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by a coverage factor k, which corresponds to a coverage probability of
approximately 95 %.

Mathematical models used for evaluation of error and uncertainties of resistance are:

Direct method:
E =Ry, +6Ryyes — (R’S + 8Rapife + OR'scar + 5Rstemp)

E -Measurement error of the DMM-UUT

R, -Resistance, indicated by the UUT-DMM

OR,,.cs -Correction of the indicated resistance due to the finite resolution of the DMM-UUT
R's —Resistance of standard resistors

ORsq:irt -Correction of the resistance of standard resistors due to drift

OR's., - Correction due to last calibration of standard resistors

ORsemp —Correction of resistance of standard resistors due to temperature change

4. Calibration of DC current

IMBIH reference methods used for calibration DC current are indirect method using Ohm's low
(Procedure LE-P.106 vl 2015) for value 100 pyA ; 10 mA and 1 A. Two Fluke 742A (1 kQ and
100 Q) and Ohms Labs 2001_0.1 Q reference resistors and DMM Fluke 8508A/01 have been

used as reference standards. Our reference resistors are traceable to Czech Metrology

Institute and DMM is traceable to Slovenian Institute for Quality (SIQ).

Calibration of the digital multimeter (UUT) was carried out at the points indicated by
intercomparison protocol in period of 03-15 August 2022.

Twenty observations have been taken in account for evaluation mean value (1) and
experimental standard uncertainty according to formula (2).

Standard resistors during measurement have been placed in environment conditions which
exist in laboratory ( T=23+1°C and H=50+£10%). Nominal value of resistors was chosen in such

way that dissipated power is less than 10 mW. Calibration of DMM —UUT on 1 A point have

Report of intercomparison 5



Comparison on Calibration of Multimeter- GULFMET.EM.S8

been performed with reference resistor immerse in oil bath with temperature stability
T=23+0.05°C

s Uncertainty evalvation

The measurement uncertainty reported in the table 2 have been obtained taking into account
all contributing factors to uncertainty which affecting the measurement. The reported
expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by a coverage factor k, which corresponds to a coverage probability of
approximately 95 %.

Mathematical model used for evaluation of error and uncertainty of DC current for indirect
method is:
VS + 5VSspec + 5V5resx + SVload

Ex =1y + 81y —
X X X RS + 5Rdrift + 5RPower + SRtemp

Ex -Measurement error of the DMM-UUT

Iy -Current indicated by the UUT-DMM

ol -Correction of indicated current due to finite resolution of the UUT-DMM

Vs -Voltage indicated by the reference voltmeter

OVsspec Correction of indicated voltage due to specification (1 year absolute specification)
OVsesx -Correction due to finite resolution of the reference voltmeter

OV,,aq -Correction of voltage due to finite input impedance of the reference voltmeter
Rs-Resistance of the standard resistors stated in the calibration certificate

ORpis -Correction due to drift of standard resistors since its last calibration

ORrower -Correction of resistance of the standard resistor due to power coefficient
OR..mp -Correction of resistance of the standard resistor due to change of temperature

5. Calibration of AC current

IMBIH reference method used for calibration of AC current is indirect method based on Ohm’s

low (Procedure LE-P.109 v1 2018) by measuring AC voltage drop on coaxial current shunt

with_known resistance and AC/DC current difference. Reference current shunts SIQ-10 mA,
SIQ-1A and Ref DVM Fluke 5790A for indirect method have been used as reference
standards. Our reference current shunt and Ref DVM are traceable to Slovenian Institute for

Quality (SIQ).

Calibration of the digital multimeter (UUT) was carried out at the points indicated by

intercomparison protocol on 03. August 2022.

Twenty eight observations of current have been taken in account for evaluation of mean value
(1) and experimental standard uncertainty according to formula (2). Standard current shunt
during measurement have been placed on conditions which exists in laboratory (T=23+1°C
and H=45+25%).

Report of intercomparison 6



Comparison on Calibration of Multimeter- GULFMET.EM.S8

Measurement uncertainty reported in the table 4 have been obtained taking into account all
contributing factors to uncertainty which affecting the measurement. The reported expanded
uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by
a coverage factor k, which corresponds to a coverage probability of approximately 95 %.

Mathematical model used for evaluation error and uncertainty of AC current for indirect
method via the AC current shunt is:

VS + 5VSspec + 6VSresx
RS + 6RDrift + 6RPower + 6Rtemp

Ex =1Ix + 68l — *(L+b4c-pc + Sarire) - (1 — S10aa)

Ex The error of indication of the UUT-DMM

I, mean of N readings of current indicated by the UUT -DMM

Vs mean of N readings of voltage indicated by the reference voltmeter

O0Vsspec Voltage correction due to specification of the voltmeter (1 year spec.)

OVssx Correction od voltage due to finite resolution of the reference voltmeter

Rs DC resistance of the current shunt, stated in the calibration certificate

ORy.ist Correction due to drift of the reference of the DC current shunt since its last calibration
OR..mp Correction of DC resistance of the reference current shunt due to change of temperature
ORr,wer Correction of DC resistance of the reference current shunt due to power coefficient
o1, Correction of indicated current due to finite resolution of the UUT-DMM

O ,a4 Correction of circuit loading due to finite input impedance of the reference voltmeter
Oxc.oc AC-DC difference of current shunt

O4:irt Correction due to drift of AC-DC difference of the current shunt since its last calibration

NOTE:

ORrower Correction of DC resistance of the reference current shunt due to power coefficient is not taken
in account in uncertainty budget because resistance of shunt has been determined on nominal current
of current shunts.

1. MEASUREMENT RESULTS
Table 1. DC VOLTAGE

Range of Nominal . Reading of .
8508A value Applied Value 8508A Error of 8508A | Uncertainty
200 mV + 100 mV | 100.000 413 mV | 100.001 36 mV 0.000 95 mV | 0.000 093 mV

20V +10V 10.000 041 V 10.000 077 V 0.000 035V 0.000 007 V

200 V + 100V 100.000 020 V 100.000 30 V -0.000 28 V 0.000 074 V

1000 V + 1000 V 1000.002 76 V 1000.004 3V 0,001 54 Vv 0.00091 V
Table 2. DC CURRENT

Range of Nominal . Reading of .
8508A value Applied Value 8508A Error of 8508A | Uncertainty
200 pA + 100 pA 100.000 34 pA 100.002 13 pA 0.001 79 pA 0.000 64 pA
20 mA +10 mA 9.999 974 mA 10.000 076 mA 0.000 102 mA 0.000 040 A

1A +1A 1.000 018 A 0.999 726 A -0.000 292 A 0.000 007 A
Report of intercomparison 7
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Table 3. AC VOLTAGE

RENE Cf tominal Yalue AR R i Error of 8508A | Uncertaint
8508A Y —— Voltage 8508A y
100 mV 55 Hz 99.9945 mV | 99.998 2 mV 0.003 7 mV 0.007 4 mV
200 mV
100 mV 1 kHz 99.994 4 mV | 100.001 5 mV 0.007 1 mV 0.007 4 mV
oV 55 Hz 9.999 98 V 9.999 86 V -0.000 12 V 0.000 33V
20V vV 1 kHz 9.999 98 V 10,000 14 V 0.000 16 V 0.000 33V
10V 100 kHz 10.000 09 V 9.998 35V -0.001 73V 0.000 99V
100 V 55 Hz 99.998 8 V 99.996 7V -0.0021V 0.0047V
0V 100 VvV 1 kHz 99.9985V 100.001 2V 0.0016V 0.0047V
Table 4. AC CURRENT
REEE ominal value Applizd B2 T 3 Error of 8508A | Uncertainty
8508A Cueni | Ry Current 8508A
10 mA 300 Hz 9.999 97 mA | 10.000 01 mA 0.000 04 mA |0.000 42 mA
2o mA 10 mA 1 kHz 9.999 31 mA 9.999 36 mA 0.000 05 mA | 0.000 42 mA
1A 300 Hz 1.000 018 A 0.999 35 A -0.000 67 A | 0.000 044 A
A 1A 1 kHz 1.000 008 A 0.999 39 A -0.000 62 A 0.000 044 A
Table 5. DC RESISTANCE
o?gggseA Né%c(i)ggf NO;?IH Applied Value Regg(i)g% of Egrégg'gf Uncertainty
Value
200 TrueQ 10 Q 10.000 196 Q 10.000 257 Q | 0.000 062 Q 0.000 008 Q
TrueQ 10 kQ | 10.000 023 kQ | 10,000 107 kQ | 0.000 084 kQ 0.000 008 kQ
20ka TrueQ Lol | 10 kQ | 10.000 023 kQ | 10,000 116 kQ | 0.000 093 kQ | 0.000 009 kQ
2MQ | NormalQ | 1 MQ | 1.000017 MQ | 1.000 024 MQ | 0.000 007 MQ | 0.000 001 5 MQ
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2. MEASURMENT UNCERTAINTY BUDGETS
1. Results for DC Voltage

L X X Standard Probability Sensitivity Uncertainty Degree of
CETEL ESECETL IoEEi =y uncertainty u{x;} | distribution coeficient ¢, contribution u{E;) | freedom vi
Ratio of reference divider B spec 100 - 500E+01|pvv | 173 | 2.89E+01|pviv | rectangular | -1.00E-03|v -2 887E-02|pv =
Volatge indicated by DMM UUT Vanm 100.001 366 |mV - - _ _ _ - - _ - - -
Resolution of DMM-UUT SV gmm rss 0 1.00E-03|uv 3.48 2. BOE-04|pv rectangular 1| Vi 2.867E-04|uv =
Correction due to measurement
data scattering on DMM UUT SV gmma 0 0.010]uv 1 0.010|pv normal 1| uviy! 1.031E-02|uv 9
Output value of reference voltage
standard Vz 10.000 041 |V - - - - - - - - - - -
Correction of reference voltage
due to temperatue effect 8Vzr V] 0.4V 173 0.23|pv rectagular -0.01|vrY -2.309E-03 |V =
Correction of reference voltage
due to last calibration IV zea 0 0.7|uv 2 0.35|uV normal -0.01)v -3.500E-03 [pv L]
Correction of reference volage
due to drifft from last calibration | &V 7 yne. i) &|pv 173 3.46|pv rectangular —0.01|vrv -3.464E-02|pv o
Reference value Vref 100.000 413 mv Combined uncertainty u{Ex) 0.046 [pv
Error and expanded uncertainty = 0.000952 = 0.000 093 mV
of DMM UUT Abs. expanded uncertainty (95%)| 0.003|pv
Rel. expanded uncertainty (95%) 0.929 |pviv
Effective degree of freedom, veff| 371012
Coverage factor, k 2.00
- . . Degree of
L . - Standard Probability Sensitivity Uncertainty
Value X; Estimation x; Uncertainty divisor uncertainty u(x) | distribution | coeficiente, |contribution u{E,) frei?um
Volatge indicated by DMM UUT Ve 10.000 077 v R R _ R R _ R R R R R
Resolution of DMM-UUT EV gumres 0 1.00E-01|pV 3.46 2 89E-02|pV rectangular 1 |pviy 2 887E-02|uV w
Correction due to measurement
data scattering on DMM UUT BV ym.a 0 0.342|pv 1 0.342 |V normal 1 |pviy 3 416E-01|pV 9
Qutput value of reference voltage
standard vV, 10.000 041 \i - - - - - - - - - - -
Correction of reference voltage
due to temperatue effect &V, 0 0.4|uv 1.73 0.23|uv rectangular -1V -2 300E-01|uv ®
Correction of reference voltage
due to last calibration &V o 0 0.7|uv 2 035V normal -1V -3.500E-01|uV o
Correction of reference volage
due to drifft from last calibration &V 7 ain 0 6lpv 1.73 3.46|pV rectangular BRI -3 464E+00|uv =)
Combined uncertainty u(Ex) 3.506|pV
Abs. expanded uncertainty (95%) 7.012|pV
Error and expanded _ o == -
uncertainty of DMM UUT E= 0.0000352 + 0.0000070 V Rel. ex; uncertainty (95%) 0.701|uvVIV
Effective degree of freedom, veff 99928.24
Coverage factor, k 2.00]

|
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e - - Degree of|
) ) . . Standard Probabili Sensitivity Uncertainty
Uelmz EImelo RceHaIety glivizey uncertainty u(x;) distrihuti::l coeficient ¢; contribution u;(Ey) freev&:om
Ratio of reference divider Orspac 10 - 2.00E+00|pVviV| 173 1.15E+00[pVrV | rectangular | -9.961E+00|V -1.150E+01 [uv oo
Volatge indicated by DMM UUT Vit 100.000 299 v ) ) . ) 3 . B B } ) )
BV Gmm,re
Resolution of DMM-UUT s 0 1.00E+00|pV 3.46 2.89E-01[pV rectangualr 1| ViV 2.887E-01 |V L
Correction due to measurement data
scattering on DMM UUT SV imm.a 0 1.795|uV 1 1.795|pV normal 1|pvipVv 1.795E+00|pV 9
Voltage difference measured by
nanovoltneter Wy -0.03926 |mV - - - - - - - - - - -
Correction od nanovoltmeter due to
specification V1 spec 0 3 80E-02|pV 1.73 2 20E-02|pv rectangular -10|pVipV -2 196E-01|pV =
Correction due to nanovaltmeter
resolution SV res 0 1.00E-02|pV 3.46 2.89E-03[uV rectangular -10[{pVipVv -2.887E-02|uV i
Correction due to measurement data
scattering on nanovoltmeter V. 0 0.132|pv 1 0.132[pv normal -10{pVipyv -1.320E+00|pV 9
Output value of reference voltage
standard Vz 10.000 041 |V - - - - - - - - - - -
Correction of reference voltage due to
temperatue effect dVzr 0 0.4V 1.73 0.23[pV rectangular -10.00[Viv -2 309E+00 |V o
Correction of reference voltage due to
last calibration OV zcal 0 0.7|pv 2 0.35|pV normal -10.00{viv -3.500E+00{uV =
Correction of reference voltage due to
drifft from last calibration SV 7 arife 0 6|luv 173 3.46|pv rectangular -10.00|viv -3 464E+01 |V o«
Reference value Vref 100.000 020 |v Combined uncertainty u(Ex)| 36.8[pV
Error and expanded uncertainty of
DMM UUT &= MIrE s CONICEY Abs. expanded uncertainty (95%) 73.6|uV
Rel. expanded uncertainty (95%) 0.736(pviv
Effective degree of freedom, ve|  1231362.52
Coverage factor, k 2.00
) ) . . Standard Probability Sensitivity Uncertainty Degree of
Ll B rceainy oy uncertainty ufx;)| distribution coeficient ¢; contribution u;(Ex) freev{?om
Ratio of reference divider Or spec 100 - 5.00E+01|pViV| 173 2.89E+01|pV/V | rectangular | -9.986E+00|V -2 B83E+02|pV «
Volatge indicated by DMM UUT Vo 1000.004 30 |v . . ) } . ) . . } . .
OV dmm,re
Resolution of DMM-UUT s 0 1.00E+01 |V 3.46 2 89E+00(pV rectangualr 1{pvipVv 2 B8TE+00|pV ®
Correction due to measurement data
scattering on DMM UUT SV dmm s 0 21.082|uV 1 21.082)pV normal 1| pVipVv 2.108E+01|pV 9
Voltage difference measured by
nanovoltneter Vi -0.013 66 |mV - - - - - - - - - - -
Correction od nanovoltmeter due to
specification 8V spec 0 3.93E-02|pV 1.73 2 2TE-02{pV rectangular -100|pVipV | 2. 2T0E+00{pV ®
Correction due to nanovaltmeter
resolution SV iy res 0 1.00E-02|pV 346 2.89E-03[pV rectangular -100{pvipV -2.88TE-01[pV i
Correction due to measurement data
scattering on nanovoltmeter Ve 0 0.034|pV 1 0.034|pV normal 100 pvipV -3.422E+400|pV 9
Output value of reference voltage
standard Vz 10.000 041 |V - - - - - - - - - - -
Correction of reference voltage due to
temperatue effect SVar 0 0.4[pv 173 0.23[pV rectangular -100.00 VA -2.309E+01 [V =
Correction of reference voltage due to
last calibration OV zcal 0 0.7V 2 0.35)uV normal -100.00 vV -3.500E+01|pV E
Correction of reference voltage due to
drifft from last calibration SV z ariee 0 6|uv 173 3.46|pV rectangular ~100.00(wv 3.464E+02|pV @
Reference value Vref 1000.002 764 |v Combined uncertainty u{Ex) 453 1|pV
Error and expanded uncertainty of
DMM UUT = CRUIEAE CCOAY Abs. expanded uncertainty (95%) 906.3|pVv
Rel. expanded uncertainty (95%) 0.906|pVIV
Effective degree of freedom, veff]  1919686.22
Coverage factor, k 2.00

|
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2. Results for DC Current

DC 100 uA
- o _ Uncertaity Degrees of
Quantity Estimation Stan_dard . P_rob_abll_mr Sensitivity _coemment contribution freedom
uncertainty u(xi) Distribution ci X X
ui(Ex) Vi
Voltage indicated by Ref
DM (mv) 100.001 11 1.15E-05 normal -1 k0 -1.15E-05 pA 19
Res"'“""(’;n‘if}RefD’“"“‘ 0 2.89E-06 rectangular 1 kO -2 89E-06 WA inf
AOSOIUTE (1 year)
specification of Ref DMM 0 3.18E-04 rectangular -1 1k -3.18E-04 uA inf
(MW
Loading voltage of Ref .
DM (mv) 0 57TE-0G rectangular -1 1k -5.77E-06 uA inf
Standard resistor Rs .
(kQ) 1.000 007 66 3.25E-07 normal =100 mvika’ -3.25E-05 uA inf
Correction due to drift of 2 .
standard resistor (kQ) 0 577E-08 rectagular -100 mVikQ -5.77E-06 A inf
Corecion due to
temperature change of 0 1.73E-07 rectagular =100 mvika’ -1.73E-05 uA inf
tandard resistor (kO
Current indicated by UUT
DM (A) 100.002 13 5.55E-06 normal 1 pA 5.55E-06 pA 19
Res"'”t"’”EEL}UUT'D'“"“ 0 2 B9E-06 rectagular 1 WA 2.89E-06 WA inf
Is(pA) 100.000 34 Combined Uncertainty, u{Ex) (pA) 3.20E-04
Error Ex (pA) 0.001 79 Effective degrees of freedom, veff 1.08E+07
Coverage Factor, k 2
Error Ex (pA/A) 17.9
Expanded uncertainty U{(Ex) (pAJA) 6.4
10 mA
Quantity Estimation Star!dard ) P.rotfabi!ity Sensitivity .coefﬁcient Uncertaity. contribution fregedomm
uncertainty u{xi)| Distribution ci ui{Ex) .
Voltage indicated by Ref | 54 g3 ¢ 1.55E-08 normal -0.01 10 -1.556-07 mA 19
DMM (V)
Res°'”t'°’gv"}fRefDr“1r“1 0 2.39E-08 rectangular -0.01 10 -2 B9E-07 mA inf
Absolute (1 year)
specification of Ref DMM 0 1.96E-06 rectangular -0.01 10 -1.96E-05 mA inf
v}
Loading voltage of Ref .
DM (V) 0 5.77E-09 rectangular -0.01 10 -5.7TE-08 mA inf
Standard resistor Rs ()| 100.000557 0 3.25E-05 normal -0.0001 e -3.25E-06 mA inf
Correction due to drift of 3 .
standard resistor (Q) 0 5.77E-06 rectagular -0.0001 I -5.77E-07 ma inf
Correction due fo
temperature change of 0 1.73E-05 rectagular -0.0001 e -1.73E-06 mA inf
standard resistor (Q)
Current indicated by UUT
DM (mA) 10.000 076 3.65E-07 normal 1 mA 3.65E-07 ma 19
Res"'”t"”grﬁf\L}JUT'Dr“"“ 0 2.89E-07 rectagular 1 mA 2.89E-07 mA inf
Is (mA) 9,999 974 Combined Uncertainty, u{Ex) (mA}) 2.00E-05
Error Ex {mA) 0.000 102 Effective degrees of freedom, veff 1.66E+08
Coverage Factor, k 2
Error Ex (pAJA) 10.2 -
Expanded uncertainty U(Ex) (pAJA) 4.0

e —————
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1A
. L L Uncertaity Degrees of
Quantity Estimation Stan_dard . P_rob_abll_mr Sensitivity _coemment contribution freedom
uncertainty u(xi) Distribution ci X X
ui(Ex) Vi
Voltage indicated by Ref
DM (M) 100.00179 4 88E-06 normal -10 100 -4 B8E-08 A 19
Reso'”tm{;ﬂf}mf[}r""‘” 0 2.89E-06 rectangular -10 10 2.89E-08 A inf
Absolute (1 year)
specification of Ref DMM 0 318E-04 rectangular -10 110 -3.18E-06 A inf
(mv}
Loading voltage of Ref .
DM (mV) 0 577E-10 rectangular -10 10 -5.77E-09 A inf
I IMIaT I TESTSTOT T%: .
e 0.099 999 95 1.00E-07 normal -10000 mvio? -1.00E-06 A inf
Correction due to drift of 3 .
standard resistor (0} 0 1.15E-08 rectagular -10000 mvicy -1.15E-07 A inf
Correction due to
temperature change of 0 2.89E-08 rectagular -10000 mvic® -2.89E-07 A inf
standard resistor (1)
Currentindicated by UUTY g ggq 795 4.64E-08 normal 1 A 4.64E-08 A 19
DMM (A)
Res"'”t"’”&f}UUT’Dr“"“‘ 0 2.89E-07 rectagular 1 A 2.89E-07 A inf
Is {A) 1.000 018 Combined Uncertainty, u(Ex) (upA) 3.36E-06
Error Ex (A) -0.000 292 Effective degrees of freedom, veff 2.34E+08
Coverage Factor, k 2
Error Ex (uAJA) -292 -
Expanded uncertainty U(Ex) (pAJA) 6.7

3. Results for AC Voltage

AC Voltage 100 mV 55Hz

Standard Probability Sensitivity Uncertaity Degrees of
Quantity Estimation uncertainty L coefficient contribution freedom
. Distribution . . R
uxi) ci ui{Ex) vi
Vollage '”d'cfrm Oy RETDUM 99 994 5 3.12E-05 normal . -312E-05 19
Resolution of Ref DMM (mV) 0 2.89E-05 rectangular -1 -2 89E-05 inf
2 year specification for Ref .
DM (V) 0 3.35E-03 rectangular -1 -3.35E-03 inf
Correction due to last .
calibration of Ref DMM (mV) 0 1.55E-03 normal -1 -1.66E-03 inf
Voltage 'd'cagfni,f" UUT-DHIM 99.998 2 7.24E-05 normal 1 7.24E-05 19
Resolution of UUT- DMK (mV) 0 2.89E-05 rectagular 1 2.89E-05 inf
Combined Uncertainty, u(Ex) (mV) 3.69E-03
Error Ex {(mV) 0.0037
Effective degrees of freedom, veff 1.24E+08
Coverage Factor, k 2
Error EX (uVIV) 375
Expanded uncertainty U(Ex} (pVIV) 73.8
AC Voltage 100 mV 1kHz
Standard Probability Sensitivity Uncertaity Degrees of
Quantity Estimation uncertainty L coefficient contribution freedom
. Distribution . . R
uxi) ci ui{Ex) vi
Voltage '”d'cfrm OYRETDUM 99 994 4 2 85E-05 normal -1 -2 85E-05 19
Resolution of Ref DMM {(mV) 0 2.80E-058 rectangular -1 -2.89E-05 inf
2year specification for Ref )
DM (V) 0 3.35E-03 rectangular -1 -3.35E-03 inf
Caorrection due to last )
calibration of Ref DMM (V) 0 1.55E-03 normal -1 -1.55E-03 inf
Voltage 'd'cagfni,f" UUTDHM 00 0015 7.58E-05 normal 1 7.58E-05 19
Resolution of UUT- DMM (mV) 0 2 B9E-05 rectagular 1 2 89E-05 inf
Combined Uncertainty, u(Ex} (mV, 3.69E-03
Error Ex (mV) 0.0071 - Y. uEx) _(mV)
Effective degrees of freedom, veff 1.05E+08
Coverage Factor, k 2
Error Ex (uVIV) 70.7 -
Expanded uncertainty U{Ex) (pVIV) 73.8

e —————
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AC Voltage 10 V 55Hz

Standard Probability Sensitivity Uncertaity Degrees of
Quantity Estimation uncertainty L coefficient contribution freedom
R Distribution . N .
ufxi) ci ui{Ex) Vi
Voltage '”d'ca&e}d 0y RefDHl 9.999 98 3.31E-06 normal -1 -3.31E-06 19
Resolution of Ref DMM (V) 0 2 B9E-06 rectangular -1 -2.89E-06 inf
2 year specification for Ref .
DMM (V) 0 1.56E-04 rectangular -1 -1.56E-04 inf
Correction due to last .
calibration of Ref DMM (mV) 0 513805 normal - -5.15E-03 inf
Voltage 'd'cat?\?}b" UUT-DHIM 9.999 86 5.45E-06 normal 1 5.45E-06 19
Resolution of UUT- DMK (V) 0 2.89E-06 rectagular 1 2.89E-06 inf
Combined Uncertainty, u{Ex) (V) 1.64E-04
Error Ex (V) -0.00013
Effective degrees of freedom, veff 1.38E+07
Coverage Factor, k 2
Error Ex (pViv) 13 -
Expanded uncertainty U{Ex) (pVIV) 33
AC Voltage 10 V 1kHz
Standard Probability Sensitivity Uncertaity Degrees of
Quantity Estimation uncertainty I coefficient contribution freedom
s Distribution . . .
uxi) ci ui{Ex) vi
Voltage '”d'ca(t\f}d 0y Ref DM 9.999 98 2 12E-06 normal -1 2 12E-06 19
Resolution of Ref DMM (V) 0 2 89E-06 rectangular -1 -2.89E-06 inf
2 year specification for Ref .
DN (V) 0 1.56E-04 rectangular -1 -1.56E-04 inf
Correction due to last .
calibration of Ref DMM (V) 0 5.15E-05 normal -1 -5.15E-05 inf
Voltage 'd'cat‘;\f}b" UUT-DHI 40,000 14 2 76E-06 normal 1 2 76E-06 19
Resolution of UUT- DMM (V) 0 2 380E-06 rectagular 1 2 80E-06 inf
Combined Uncertainty, u{Ex) (V . g
Error Ex (V) 0.000 16 - ty, u(Ex) (V) 164E04
Effective degrees of freedom, veff 1.77E+08
Coverage Factor, k 2
Error Ex (pVIV) 16 -
Expanded uncertainty U(Ex) (uVIV) 33
AC Voltage 10 V 100kHz
Standard Probability Sensitivity Uncertaity Degrees of
Quantity Estimation uncertainty L coefficient contribution freedom
R Distribution . . .
ufxi) ci ui{Ex) Vi
Voltage '”d'CEELe)d DYRETDMM )| 40 000 0 1.96E-06 normal -1 -1.96E-06 19
Resaolution of Ref DMK (V) 0 2.89E-06 rectangular -1 -2 B9E-06 inf
2 year specification for Ref .
DMM (V) 0 4 91E-04 rectangular -1 -4 91E-04 inf
Correction due to last .
calibration of Ref DMM (V) 0 B.05E-05 normal - -6.058-05 inf
Voltage 'd'catf\?}b" UUT-DHlH 9.998 35 3.02E-06 normal 1 3.02E-06 19
Resolution of UUT- DMM (V) 0 2.89E-08 rectagular 1 2.89E-06 inf
Combined Uncertainty, u(Ex) (V| 4.94E-04
Error Ex (V) -0.001 73 - 1y, WEx) V)
Effective degrees of freedom, veff 1A7TE+10
Coverage Factor, k 2
Error Ex (UVIV) 173 -
Expanded uncertainty U(Ex} (pVIV) 99
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AC Voltage 100 V 55Hz

Standard - Sensitivi Uncertai Degrees of
Probability
Quantity Estimation uncertainty Distribution coefficient contribution freedom
u(xi) ci ui{Ex) vi
Voltage '”d'ca(ff}d oy Ref DHlld 99.998 8 3.60E-05 normal -1 -3.60E-05 19
Resolution of Ref DMM (V) 0 2 39E-05 rectangular -1 -2 89E-05 inf
2 year specification for Ref )
DM (V) 0 219E-03 rectangular -1 -2.19E-02 inf
Carrection due to last .
calibration of Ref DMM (mv) 0 7.90E-04 normal -1 -7.90E-D4 inf
Voltage 'd'catF‘f} by UUT-DHM 99.996 7 483E-05 normal 1 4.83E-05 19
Resolution of UUT- DMM (V) 0 2 89E-05 rectagular 1 2 89E-05 inf
Error Ex (V) 0.002 1 Combined Uncertainty, u{Ex) (V) 2.33E-03
o Effective degrees of freedom, veff T.89E+0T
Error Ex (1VIV) 21 Coverage Factor, K 2
v ) Expanded uncertainty U(Ex} (pViV) a7
AC Voltage 100 V 1kHz
Standard Probability Sensitivity Uncertaity Degrees of
Quantity Estimation uncertainty Distribution coefficient contribution freedom
ufxi) ci ui{Ex) vi
Voltage '”d'caELe}d oy Ref DI 99.998 6 2 76E-05 normal -1 -276E-05 19
Resolution of Ref DMM (V) 0 2.89E-05 rectangular -1 -2.89E-05 inf
2 year specification for Ref )
DM (V) 0 219E-03 rectangular -1 -219E-03 inf
Correction due to last )
calibration of Ref DM (V) 0 7.90E-04 normal -1 -7.90E-04 inf
Voltage 'd'cat;‘?} oy UUT-DMKE 450000 1 3.02E-05 normal 1 3.02E-05 19
Resolution of UUT- DMM (V) 0 2 89E-05 rectagular 1 2 89E-05 inf
Error Ex (V) 0.0016 Combined Uncertainty, u(Ex) (V) 2.33E-03
’ Effective degrees of freedom, veff 4,00E+08
£ Ex (0VIV) 16 Coverage Factor, k 2
rror Ex
. Expanded uncertainty U(Ex) (uVIV) 47
4. Results for AC current
10 mA 300 Hz
! o Standard Probability e L . . L . e
Quantity Estimation uncertainty u(xi) Distribution Sensitivity coefficient ci| Uncertaity contribution ui(Ex) freec_lom
Voltage ‘”‘ji“(‘:;j by RefDVM 1.000 004 6 6.65E-08 normal 001 10 SB5ET mA 27
Resolution of Ref DVM (V) 0 2.89E-08 rectangular -0.01 10 -2 89E-07 mA inf
Calibration Ref DVM (V) 0 1.00E-05 normal 001 10 -1.00E-04 mA inf
Absoluts (;‘;eg\'};p&ﬁ}‘ﬁm“” of 0 1.68E-05 rectangular 001 110 1 6BE-04 mA inf
C°"e°”°ghj;fa°_é"|§:g‘)”g e 1 000 00 3 2 50E-06 rectangular 001 viQ -2 50E-05 mA inf
DE resistance of current shunts 100.001 6 250604 normal 0.0001 vig? 250E-05 mA inf
Rs (Q)
C””“‘T;g‘f;‘;‘sf{g)”fSh“m 0 5.77E05 rectagular -0.0001 vig? 5.7TE06 mA inf
Correction due to temperature
change of shunt resistance 0 5.TTE-05 rectagular -0.0001 VIQZ -5.TTE-06 mA inf
Q)
IAC-DC difference of current shunt 1.000 000 5.ROE-06 normal 001 ViQ -6.50E-08 mA inf
Dt ”Tﬁfﬂ? :m:f”“ of 0 2.89E-06 rectangular -0.01 vIQ -2.89E-05 mA inf
Current '"”‘Ca(:i)by UUT-DhM 10.000 01 5 58E-06 normal 1 mA 5 58E-06 mA 27
Resolution of UUT- DMM (mA) 0 5.7TE-06 rectagular 1 mA 5 TTE-06 mA inf
Is (mA) 9.999 97 Combined Uncertainty, u(Ex) (mA) 2.08E-04
Error Ex {(mA) 0.000 04 Effective degrees of freedom, veff 5.25E+07
Coverage Factor, k 2
Error Ex (pAJA 1
rror Bx (nA) Expanded uncertainty U(Ex) (pA/A) 42
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10 mA 1kHz
L Degrees of
Quantity Estimation un::::i::;i[xi] [:::::2:;;{1 Sensitivity coefficient ci| Uncertaity contribution ui(Ex) freevcilom
Voltage indicated by Ref DMM 0.999 937 6 279E-08 normal 0.01 110 -2 T9E-07 mA 27
Resolution of Ref DMIM (V) 0 2.89E-08 rectangular -0.01 11Q -2 §9E-07 mA inf
Calibration Ref DMM (V) 0 1.00E-05 normal -0.01 1Q -1.00E-04 mA inf
Absolute {1 year) specification of g r B g
Ref DMM (V) 0 1.68E-05 rectangular 0.01 1Q 1.68E-04 mA inf
Correction due to Loading of Ref g r g g
DM (1-sload) 1.000 008 3 2.50E-06 rectangular 0.01 ViQ -2 50E-05 mA inf
be res‘mm;;z;)“”em shunts 100.001 6 250504 normal -0.0001 via? 2.50E-05 mA inf
Correction due to drift of shunt 5
resistance ({1) 0 5 7TE-05 rectagular -0.0001 WIQ -5 TTE-06 mA inf
Correction due to temperature
change of shunt resistance 0 5 TTE-05 rectagular -0.0001 \,'fo2 -5.7TTE-06 mA inf
Q)
IAC-DC difference of current shunt 1.000 001 5.50E-06 normal -0.01 viQ -5.50E-05 mA inf
Drit of AC-DC diference of 0 2 89E-06 rectangular 0.01 vio 2 B9E-05 mA inf
current shunt
Current ‘”d““’(:;}by UUT-DhM 9.999 36 2.94E.06 normal 1 mA 2.94E.06 mA 27
Resolution of UUT- DM {mA) 0 5.77E-06 rectagular 1 mA 5.77E-06 mA inf
Is (mA) 9.999 31 Combined Uncertainty, u(Ex) (mA) 2.08E-04
Error Ex (mA) 0.000 05 Effective degrees of freedom, veff 6.80E+08
Coverage Factor, k 2
Error Ex (pAJA) 5 -
Expanded uncertainty U(Ex) (pAJA) 42
1A 300 Hz
. . . Standard Probabili Sensitivity coefficient Uncertaity contribution Degrees of freedom
Quantity Estimation . . P Y Yy . W_ 9 .
uncertainty u{xi) Distribution ci ui{Ex) vi
Voltage Indicated by Rer |4 550 302 731E-08 normal B 10 7.31E-08 A 27
DM (V)
Resolution of Ref DMM (V) 0 2 89E-08 rectangular -1 10 -2.89E-08 A inf
Calibration Ref DMM (V) 0 1.00E-05 normal -1 10 -1.00E-05 A inf
Absolute (1year)
specification of Ref DMM 0 1.6BE-05 rectangular -1 10 -1.68E-05 A inf
V)
Correction due to Loading .
of Ref DMM (1-610ad) 1.000 0001 2 50E-06 rectangular -1 \s] -2 50E-08 A inf
DC resistance of current
1.000 285 5.00E-06 | -1 ? -5.00E-08 A i
shunts Rs (Q) norma e} inf
Caorrection due to drift of 3 .
shunt resistance (0) i) 1.16E-06 rectagular -1 VI -1.16E-08 A inf
Correction due to
temperature change of 0 2.89E-06 rectagular -1 v -2.89E-06 A inf
shunt resistance (1)
AC-DC difference of .
current shunt 1.000 001 550E-06 normal -1 WiQ -5.50E-08 A inf
Drift of AC-DC difference of .
current shunt 0 2 80E-06 rectangular -1 Ain} -2.89E-08 A inf
current inaicated by UUT- 0.999 35 BT7E-07 normal 1 A B.T7E-07 A 27
DIMM (&)
Resolution of UUT- DMM (& o 57TE-0G rectagular 1 A 57TE-06 A inf
I3 (A} 1.000 02 Combined Uncertainty, u(Ex) (A) 2.22E-05
Error Ex (A) -0.000 67 Effective degrees of freedom, veff 1.12E+07
Coverage Factor, k 2
Error Ex (HA/A) 67
Expanded uncertainty U{Ex) (pAJA) 44

e —————
Report of intercomparison 15



Comparison on Calibration of Multimeter- GULFMET.EM.S8

1A 1kHz
. . . Standard Probabili Sensitivity coefficient Uncertaity contribution Degrees of freedom
Quantity Estimation . . i _W ty . TY_ g .
uncertainty u(xi) Distribution ci ui{Ex) vi
Voltage indicated by Ref | 4 4 594 4 5.58E-08 normal E U0 -5.59E-08 A 27
DM (V)
Resolution of Ref DMM (V) 0 2 89E-08 rectangular -1 10 -2.89E-08 A inf
Calibration Ref DMM (V) o 1.00E-05 normal -1 10 -1.00E-05 A inf
Absolute (1 year)
specification of Ref DMM ] 1.68E-05 rectangular -1 10 -1.68E-05 A inf
\J]
Correction due to Loading ]
of Ref DMM (1-sload) 1.000 0001 2.50E-06 rectangular -1 Ao} -2 50E-06 A inf
DC resistance of cument 1.000 285 5.00E-08 | 1 2 5.00E-08 A inf
shurts Rs () . - norma - VIO -5.00E- in
Correction due to drift of 0 116E-06 rectagular 1 vICE -1.16E-06 A inf

shunt resistance ()
Correction due to
temperature change of 0 2.89E-06 rectagular -1 v -2.89E-06 A inf
shunt resistance (1)
AC-DC difference of

current shunt 0.999 999 5.50E-06 normal -1 Wit -5.50E-08 A inf
Drift of AC-DC difference of -
current shunt 0 2 89E-068 rectangular -1 Vit -2.89E-086 A inf
Current indicated by UUT- 0.999 39 5.02E-07 normal 1 A 5.02E-07 A 27
DMK (A)
Resolution of UUT- DMM (A i) 57TE-06 rectagular 1 A B5.7TE-06 A inf
I3 (A) 1.000 008 Combined Uncertainty, u{Ex) (mA}) 2.22E-05
Error Ex (A) -0.000 62 Effective degrees of freedom, veff 1.04E+08
Coverage Factor, k 2
Error Ex (nAJA) -62 -
Expanded uncertainty U(Ex) (pAlA) 44

5. Results for DC resistance

10 Q True Ohm

. Sensitivi _
Quanti Estimation Standard Probability coeﬁicie:: Uncertaity Degrees of freedom
ty uncertainty u(xi) Distribution i contribution ui(Ex) vi
Standard Resistors (1) 10.000 196 3.25E-06 normal -1 -3.25E-06 19
Correction of Standard Resistors ]
dus to drift from last calibration (0) 0 2.02E-06 rectangular 3 -2.02E-08 inf
Correction of Standard Resistors .
due to temperature change (Q) 0 1.16E-06 rectagular -1 -1.16E-06 inf
Resistance indicated by UUT- 10.000 257 539E-07 normal 1 5.39E-07 19
DMM (0)
Resolution of UUT- DMM (22) 0 2 89E-07 rectagular 1 2.89E-07 inf
Combined Uncertainty, u{Ex) ({1} 4.05E-06
Error Ex ((}) 0.000 062
Effective degrees of freedom, veff 45.58
Coverage Factor, k 2.0
Error Ex (udi(a) 6.2
Expanded uncertainty U{Ex) {pCucy) 0.8
10 kQ True Ohm
Quantity Estimation Standard Probability Se";"_wt‘; Uncertaity Degrees of freedom
uncertainty u(xi) Distribution coe ;imen contribution ui(Ex) vi
Standard Resistors (k) 10.000 023 3.25E-06 normal -1 -3.25E-06 19
Correction of Standard Resistors
due to drift from last calibration ] 1.45E-06 rectangular -1 -1.45E-06 inf
(k)
Correction of Standard Resistors
due to temperature change (k) o 1.16E-06 rectagular -1 -1.16E-06 inf
Resistance indicated by UUT-
DMM (k) 10.000 107 9.93E-08 normal 1 9.93E-08 19
Resolution of UUT- DMM (k) 0 2 89E-07 rectagular 1 2.89E-07 inf
Combined Uncertainty, u(Ex) (k) 3.75E-06
Error Ex (k) 0.000 084
Effective degrees of freedom, veff 33.76
Coverage Factor, k 2.0
Error Ex (p2(3) 84 "
Expanded uncertainty U{Ex) (uCyQ) 0.8
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10 kQ True Ohm Lol

. Sensiti .
Quantity Estimation Standard Probability c::f?ilcli:m Uncertaity Degrees of freedom
uncertainty u(xi) Distribution i contribution ui(Ex) vi
Standard Resistors (k1) 10.000 023 3.25E-06 normal -1 -3.25E-06 19
due to drift from last calibration 0 1.45E-06 rectangular E -1.45E-06 inf
Fitlaly
Correction of Standard Resistors .
due to temperature change (kQ) i) 1.16E-06 rectagular -1 -1.16E-06 inf
Resistance indicated by UUT-
DM (k0)) 10.000 116 5.69E-07 normal 1 5.69E-07 19
Resolution of UUT- DM (k1) 0 2.89E-07 rectagular 1 2.89E-07 inf
Combined Uncertainty, u{Ex) (k) 3.7TOE-06
Error Ex (kQ) 0.000093
Effective degrees of freedom, veff 35.25
Coverage Factor, k 2.28
Error Ex {ply(y) 9.3
Expanded uncertainty U(Ex) (p(u() 0.9
1 MQ
- Sensitivi .
Quanti Estimation Standard Probability coefﬁciem Uncertaity Degrees of freedom
ty uncertainty u(xi) Distribution i contribution ui{Ex) vi
Standard Resistors (M) 1.000017 5.00E-07 normal -1 -5.00E-07 19
Correction of Standard Resistors
due to drift from last calibration 0 3.47E-07 rectangular -1 -3.47E-07 inf
may
Correction of Standard Resistors .
due to temperature change (MQ) o 4.05E-07 rectagular -1 -4.05E-07 inf
Resistance indicated by UUT-
DM (M0} 1.000 024 1.24E-08 normal 1 1.24E-08 19
Resolution of UUT- DMM (M) 0 2 80E-08 rectagular 1 2.89E-08 inf
Combined Uncertainty, u(Ex) (k) 7.31E07
Error Ex {() 0.000 007
Effective degrees of freedom, veff 87.01
Coverage Factor, k 20
Error Ex (ply(y) 0.69 -
Expanded uncertainty U{Ex) (uCd(l) 15

e —————
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Measurement Results of GULFMET.EM.S8 Comparison
of
Qatar Standards — QGOSM

10 May to 16 May 2022
Amendment 2 using new calibration certificate, March 2023



Method: Comparison method using similar reference standard (Fluke 8508 A)
Reference Standard: Reference Multimeter Fluke 8508 A

Serial No.: 401472824

Temperature: 231 °C

Humidity: 50 £ 10 %

Uncertainty estimation: The reported expanded uncertainty is based on a
standard uncertainty multiplied by coverage factor k=2, providing a level of
confidence of approximately 95%

Note: the thermal emf component is not included in the uncertainty budget as
we use the same cables during the comparison.

Traceability: the reference multimeter is calibrated by fluke precision

measurement Ltd, UK , ( calibration Certificate number: 063378)



DC Voltage
Range of
8508A
200 mV
20V
200V
1000 V

DC Current
Range of
8508A
200 pA
20 mA
2A

DC Resistance

Range of
8508A
200
20 kQ

2 MQ

AC Voltage

Range of
8508A

200 mV

20V

200V

AC Current

Range of
8508A

20 mA

2A

Measurement Results

Nominal Applied Value
Value
+ 100 mV 99.99828
+10V 9.999856
+ 100 V 99.99899
+ 1000 V 999.9880
Nominal Applied Value
Value
+ 100 pA 99.99308
+ 10 mA 9.999781
+1A 1.0000386
Mode of Nominal Applied
8508A Value Value
TrueQ) 100 10.000137
TrueQ) 10 kQ 9.999967
TrueQ Lol 10 kQ 9.999955
Normal 1 MQ

Nominal Value Applied
Voltage | Frequency Value
100 mV 55 Hz 99.9828
100 mV 1 kHz 99.9890

0oV 55 Hz 9.99915
10V 1 kHz 9.99903
10V 100 kHz 10.00232
100 V 55 Hz 99.9945
100 V 1 kHz 99.9945

Nominal Value Applied
Voltage | Frequency Value
10 mA 300 Hz 10.00001
10 mA 1 kHz 10.00012

1A 300 Hz 1.000178
1A 1 kHz 1.000144

All comparison measurements carried by:

= Mrs. Nany S. Al Kuwari
= Eng. Alaa Hussien

Indication
of 8508A

99.9924
99.9973
9.99951
9.99924
9.99922
99.9962
99.9971

Indication
of 8508A

10.00020
10.00021
0.999537
0.999553

Relative
Error

0.00001
0.000005
0.00000
0.0000

Relative
Error
0.00001
0.000007
-0.0002662

Relative
Error
0.000002

0.000082 k2 | 0.000008
0.000104 k2 | 0.000010
This point can’t be measured as it’s out of our lab capabilities

Indication of Error of
8508A 8508A
99.99920 0.00092 mV
9.999907 0.000051 V
99.99947 0.00048 V
999.9914 0.0034 V
Indication of Error of
8508A 8508A
99.99440 0.00132 pA
9.999851 0.000070 mA
0.9997724 -0.0002662 A
Indication Error of
of 8508A 8508A
10.000158 0.000020 Q
10.000049
10.000059

Error of
8508A

0.0097 mV
0.0083 mV
0.00036 V
0.00021 V
-0.00310 V
0.0017 VvV
0.0026 V

Error of
8508A

0.00019 mA
0.00009 mA
-0.000641 A
-0.000592 A

Relative
Error

0.0001
0.0001
0.00004
0.00002
-0.00031
0.0000
0.0000

Relative
Error

0.00002
0.00001
-0.000641
-0.000592

Expanded
Uncertainty

0.00042 mV

0.000011 V
0.00013 V
0.0015 V

Expanded
Uncertainty
0.00069 pA
0.000047 mA
0.0000171 A

Expanded
Uncertainty
0.000071 Q
0.000030 k2
0.000037 kQ

Expanded
Uncertainty

0.0044 mV
0.0040 mV
0.00018 V
0.00019Vv
0.00267 V
0.0037 V
0.0026 V

Expanded
Uncertainty

0.00033 mA
0.00033 mA
0.000046 A
0.000046 A



Institute Uzbek National Institute of Metrology (UzNIM)
Contact Person Kamaliddin Makhamatov, Sardor Ikramov
E-mail k.makhamatov@nim.uz; s.ikramov@nim.uz
Address 333 A, 333 B, Farobiy street, Almazar district, Tashkent, Uzbekistan
DC Voltage
Range of | Nominal . Indication of Expanded
8508A Value AR 8508A S Uncertainty
200 mV | +100 mV | 100.000029 mV 99.99988 mV -1.5 nv/vV 13.5 uV/V
20V +10V 9.999998 V 9.999988 V -1.0 nv/vV 4.3 nv/v
200 V +100 V 100.000084 V 99.99998 V -1.0 nv/vV 6.3 uvV/vV
1000V | +1000V 1000.00101 V 1000.0005 V -0.5 nv/vV 8.0 uv/vV
DC Current
Range of | Nominal . Indication of Expanded
g508A | wvalue | APpliedValue 8508A Error of 8508A | \jncertainty
200 pA | +100 pA 99.99787 nA 99.99762 pA -2.5 nA/A 117.2 pA/A
20 mA +10 mA 9.999980 mA 9.999989 mA 0.9 nA/A 46.9 nA/A
2A +1A 1.0000174 A 0.9999224 A -95.0 nA/A 107.2 pA/A
DC Resistance
Range of | Mode of . . o Error of Expanded
8508A 8508A Nominal Value Applied Value | Indication of 8508A 8508A Uncertainty
20Q TrueQ 10 Q 10.0000384 Q 9.999984 Q -5.4 nQ/Q 5.2 nQ/Q
TrueQ 10 kQ 10.0000072 kQ 10.000039 kQ 3.2 nQ/Q 1.2 nQ/Q
20 kQ
TrueQ Lol 10 kKQ 10.0000072 kQ 10.000057 kQ 5.0 pQY/Q 1.3 pQ/Q
2 MQ Normal 1 MQ 1.0000042 MQ 1.0000023 MQ -1.9 nQ/Q 15.2 nQ/Q
AC Voltage
Range of Nominal Value . L Error of Expanded
8508A VollEiE ETEaEne Applied Value | Indication of 8508A 8508A Uneersng
200 mvV 100 mVvV 55 Hz 100.00036 mV 100.0069 mV 65.0 nvV/vV 163.4 nv/v
100 mV 1 kHz 99.99975 mV 100.0036 mV 38.9 uv/v 163.4 pvV/vV
10V 55 Hz 10.000096 V 10.00020 V 10.7 pV/V 68.6 nV/vV
20V v 1 kHz 10.000082 V 10.00012 V 3.5uvV/vV 68.6 nvV/vV
10V 100 kHz 10.000231 V 9.99971 V -52.1 pV/V 176.2 nvV/vV
200V 100 V 55 Hz 99.99984 V 100.0036 V 37.6 pvV/vV 83.6 nv/vV
100 V 1 kHz 99.99883 V 100.0006 V 17.5 nV/V 82.4 nv/v
AC Current
Range of Nominal Value . . Error of Expanded
8508A Voltage Frequency Applied Value | Indication of 85084 8508A Uncertainty
20 MA 10 mA 300 Hz 10.00014 mA 10.00024 mA 9.8 nA/A 0.18 mA/A
10 mA 1 kHz 10.00006 mA 10.00024 mA 17.5 pA/A 0.18 mA/A
2 A 1A 300 Hz 1.000008 A 0.999938 A -69.8 nA/A 0.41 mA/A
1A 1 kHz 1.000008 A 1.000017 A 9.1 nA/A 0.41 mA/A

Measurements Report of UzNIM for Gulfmet S8
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