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1. Introduction
At the 1st Meeting of Electricity and magnetism committee - Aramet on 23th November 2020, it was decided to initiate an interlaboratory comparison of digital multimeter calibration. The artifact is digital multimeter will be supplied by Saudi Standards, Metrology and Quality Organization (SASO). This comparison was proposed to test the capabilities of the participating laboratories in measuring the following quantities: DC voltage, DC current, DC resistance, AC voltage and AC current. The National Institute of Standards (NIS), Egypt agreed to act as the pilot laboratory and coordinate this comparison and 5 laboratories agreed to participate. Once the protocol has been agreed, no change to the protocol may be made without prior agreement of all the participants. This protocol was prepared in accordance with the “Guidelines for CIPM key comparisons”.
2. Organization
2.1 Participants
The list of participating institutes with persons responsible for the comparison is given in Annex (1). All communication must be directed to rasha.sayed@nis.sci.eg (refer to paragraph 9).
2.2 Time Schedule
Each participating laboratory will have a period of 2 weeks to perform and complete their measurements after receiving the travelling standard. The circulation time schedule is given in Annex (2). The participant should also finish the report within 1 month after delivering the travelling standard.
If unpredicted circumstances prevent a laboratory from carrying out its measurements in the determined time, the technical committee chair must be informed. If time allows, the laboratory may be able to carry out measurements towards the end.
2.3 Transportation, Packing, and Handling
An enclosure is provided for the digital multimeter so that it can be shipped as freight. The artifact can be transported using an ATA Carnet for custom clearance where possible. This enclosure has dimensions and weight as shown in Table 1. Extreme temperatures or pressure changes and violent impacts should be avoided. Receipt form Annex (5), and dispatch form Annex (6) will be sent for each participant. The pilot laboratory must be informed of receipt of the artifact and its dispatch to the next laboratory using the forms provided. When shipping the standard, the shipping checklist form should be carefully followed in order to include all the material for the next laboratory. In case of damage or malfunction of the travelling standard, this must be immediately reported to the pilot laboratory.
Each participant laboratory is responsible for its own costs for the measurements, transportation to the next participant (door to door shipment), insurance of the shipment to the next participant and any customs charges as well as any damage that may occur within its country.
3. Travelling Standard
The travelling standard is a 6½ digit multimeter (Fluke model 8846A – Serial No.: 3827013). This instrument can measure DC voltage up to 1000 V, DC current up to 10 A, resistance up to   1 G, AC voltage up to 1000 V, and AC current up to 10 A. The Front and Rear panels of Fluke 8846 A and the travelling standard case of Fluke 8846 A as shown in Annex (7). The details of the digital multimeter are as following:
Table 1
	General Information

	Power supply requirement
	230V  10 %

	Power line frequency
	50 Hz to 60 Hz

	Power consumption
	28 VA peak (12 Watt average)

	Warm-up time
	1 Hour

	Operating temperature range
	0 °C to 55 °C

	Operating humidity range
	0 °C to 28 °C <90%

	
	28 °C to 40 °C <80%

	
	40 °C to 55 °C <50%

	Temperature coefficient (18 °C - 28 °C)
	Not specified

	Transport Information

	Storage temperature range
	–40 °C to 70 °C

	Dimension (H  W  D)
	88 mm (H)  217 mm (W)  297 mm (D)

	Shipping container (H  W  D)
	220 mm (H)  410 mm (W)  500 mm (D)

	Weight
	3.6 kg

	Shipping Weight
	5 kg


4. Measurement Instructions
4.1 Checks before Measurements
The travelling standard should be checked for any physical damage once it is arrived. The participant lab. should insure that the mains voltage setting is appropriate to the local supply mains, and also checks that the instrument is working correctly. It should be allowed to stabilize in a temperature and possibly, humidity controlled environment for at least 24 hours before commencing measurements.
4.2 Environmental Conditions
The measurement should be carried out at the following environmental condition: Temperature: 23± 2C,
Humidity: 50 ±10 %
4.3 Measurement Conditions
1. The travelling standard should be warmed up before starting the measurements.
2. The digital multimeter should be used in the configurations given in Annex (3).
3. The instrument will be supplied without input leads. The input voltage, current and resistance are defined at the input terminals of the instrument.
4. A single earth connection must be used in the measurement setup to avoid ground loops.
5. Before making DC measurements, for each point, a zero value should be applied and Auto Zero (check function) should be executed.
6. The measurement result is the correction for the Digital Multimeter calculated as: DMM correction = Actual (Applied) value – DMM reading.
7. The participant should insure that the sixth digit is enabled (highest resolution) before making the measurements.
4.4 Measurement Quantities
The quantities to be measured are DC voltage, AC voltage, DC current, AC current, and DC resistance. The measured parameters details are as following:
Table 2
	Parameter
	Nominal value

	DC Voltage
	100 mV, 1 V, 10 V, 100 V and 1000 V

	AC Voltage
	100 mV, 1 V, 10 V and 100 V at 40 Hz and 1 kHz, and 1000 V at 50 Hz and 1 kHz

	DC Current
	10 mA, 100 mA, and 1 A

	AC Current
	10 mA, 100 mA, and 1 A at 40 Hz and 1 kHz

	DC Resistance
	100 , 1 k, 10 k, and 100 k (using 4-wire) and 1 M (using 2-wire)


4.5 Method of Measurement
Each participant laboratory is free to choose a suitable measurement method for calibrating the digital multimeter such as:
· Direct comparison with a multifunction calibrator;
· Direct comparison with DC reference voltage standard and standard resistors; and indirect comparison using voltage drop method for currents.
The participant laboratory should describe the followed method and the used equipment in details in the comparison report.
5. Uncertainty of Measurement
5.1 Uncertainty Components
All measurement uncertainty sources should be listed in the report submitted by each participant. Even though some contributions to the uncertainty are specific to each method of measurement, it may be useful to consider the following list to try to assure more comparable uncertainty evaluations (the list may be considered as the guidelines).
1. Reference voltage standard (for dc voltage parameter);
2. Standard resistor (for resistance parameter);
3. Reference divider (for high voltage);
4. Multifunction calibrator (for all or some of the parameters);
5. Thermal electromotive force (emf) (for low dc voltage);
6. Drift of the calibrator / reference standard since last calibration;
7. Effect of offset, non-linearity and differences in the gain of calibrator (when using a calibrator as the reference);
8. Repeatability; and
9. Finite resolution of the DMM to be calibrated.
5.2 Uncertainty Budget
The uncertainty should be estimated according to the “Guide to the Expression of Uncertainty in Measurement” at 95% confidence level (k=2). The coverage factor and the effective degrees of freedom should be reported.
5.3 Traceability
The participants should demonstrate their traceability to the SI units through a clear route.
5.4 Stability of Artefacts
Stability of measurements on the artifacts will be studied by Saudi Standards, Metrology and Quality Organization (SASO) before starting the comparison and after finishing the comparison.
6. Reporting of Results
The report of results of each participant laboratory should be sent within 1 month of completing the measurements. An early report helps in evaluating the behavior of the travelling standard. A format-of-results form Annex (4) is given in order to help summarize the essential information. The report should contain the following:
1- Detailed description of the measurement setup and the measuring method.
2- The conditions of the measurement: values of temperature, humidity, with their limits of variation;
3- The measurement results as given in; Results Sheet Annex (4) and the deviation is calculated from the difference between the measured value and the actual applied value.
4- Standard uncertainties for each contributor; 5-  Combined standard uncertainty;
6- Coverage factor;
7- Effective degrees of freedom; 8- Expanded uncertainty; and
9- A detailed uncertainty budget.
7. Statistical Methods and Evaluation of Performance
The Comparison Reference Value (CRV) will be computed by weighted mean of the results from laboratories with independent realizations of relevant primary standards. The evaluation of the result will be made according to the En value as following:
[image: image4.png]1. Manual range selection must be made for all measurements. Select the range before applying the test signal to the multimeter.
2. The front input terminals must be used for all measurements.
3. Reset the instrument to default settings before starting measurements (see page 3-26 of the Users Manual ').
4. Refer to table 3 for additional measurement setup requirements.
Table 3
Parameter DC Voltage DC Current Resistance AC Voltage AC Current
As per figure 4.1 As per figure 4.4 (10 As per figure 4.2 As per figure 4.1 As per figure 4.4 (10
mA)and 4.5 (1 A)on mA) and 4.5 (1 A) on
Connection paga4-40f1htz page 4-11 of the paged-soflha‘ pageMofm? page 4-11 of the
Users Manual Users Manual * Users Manual Users Manual Users Manual '
High Input Z (See
Input impedance | page 3-10 of the Not applicable® Not applicable Not applicable * Not applicable*
Users Manual ')
D FLTR off D FLTR off D FLTR off 4 4
Filter selection AFLTR off* AELTR off* AFLTRoff* Select 3 HZ SLOW" | Select 3 HZ SLOW
Display resolution | 6 Digit, 100 PLC® | 6 Digit, 100 PLC® | 6 Digit, 100 PLC® HIGH?® HIGH?
Zeroing Required® Required® Required® Not applicable Not applicable
. . 5 min for 10 mA, . . 5 min for 10 mA,
Settling time 5 minutes (min) 20 min for 1 A 5min 5 min 30 min for 1 A

Fluke 8845A/8846A Digital Multimeter Users Manual, July 2006, Rev. 2, 6/08

Although it is pessible te turn on the “HIGH INPUT Z” function on the front panel for these parameters, doing so does not change
the input impedance of the Digital Multimeter

Page 3-9 of the Users Manual '
Page 4-4 to 4-6 of the Users Manual '
Page 3-4 and 3-5 of the Users Manual'





                Where:
En = normalized error of the participated laboratory. L
= the value as measured by the participated lab. R
= the reference value.
UL = the uncertainty of the participated lab. UR = the uncertainty of the reference value.
|En| value should be equal to or less than 1 to be possible to approve the lab at these values (satisfactory performance). But if |En| value is more than 1, it will be unsatisfactory performance.
8. Final report of the comparison
After the conclusion of the circulation of the travelling standard the pilot laboratory will prepare a first draft (draft A) of the final report and will send it to the participants. It will be prepared within 2 months from the end of the measurements. The participants will have 1 month to send their comments on draft A.
If a laboratory’s result is abnormal, it can decide, at this stage, to withdraw its result or, if an explanation is found, can correct it. On the basis of the comments received, the pilot laboratory prepares the second draft (draft B), where the withdrawn results will not appear or, in case of correction, the original and the corrected results, with the given explanation, are reported.
Draft B will be submitted to the TCEM-Aramet and, after approval, will become the Final Report. The Final Report will form the basis for the publication of results, if any.
9. Comparison coordinator
Aramet-TCEM Chair and Pilot of this comparison is Prof. Dr. Rasha Sayed Attiya Mohammed
National Institute of Standards, Egypt (NIS)
Address: M. A. El-Sadat (Tersa) Street, Al Haram, El Giza, Egypt.
P.O. Box: 136 Giza, Code No: 12211 Tel.: +2/ 01003342242
Fax: +202/ 33867451, +202/ 33862224
E-mail: rasha.sayed@nis.sci.eg, rasha_sama79@hotmail.com
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Annex (1)
List of Participating Institutes
	Country
	Institute
	Postal Address
	Digital Multimeter program with Representative Contact

	Egypt
	National Institute for Standards (NIS)
	Tersa St. – El Haram – Giza – Egypt - P.O. 136 Giza - Code: 12211
	Rasha Sayed Attiya Mohammed 00201003342242
Rasha.sayed@nis.sci.eg

	Jordan
	National Metrology Center / Royal Scientific Society (RSS)
	PO Box 1438, Amman 11941 P.O.13753
	Mostafa Felafel 00962799111708
Mustafa.flaifel@rss.jo

	Saudi Arabia
	Saudi Standards Metrology and Quality Organization (SASO-NMCC)
	P.O Box 3437 Riyath 11471
	Abdullah Mohammed Alrobaish 00966504104070
a.robaish@saso.gov.sa

	Palestine
	Palestine Standards Institution (PSI)
	Ramallah-Almasyoun-Al Quds Build. P O Box 2258
	Waddah Raddad 00970594224867
wraddad@psi.pna.ps

	Tunisia
	Agency National of Metrology (DEFNAT)
	Direction
générale
des transmissions et de l'informatique, Base militaire Beb Saadoun El Romana 1005 Tunis Tunisie
	Responsable laboratoire DEFNAT Mme. Jihene ZOUAOUI- tel.: 58 196 325
metrologie@defense.tn; ha.
Responsable de CIL au sein de l’ANM
Mme jihene hafaiedh tel.: 95886841 
ha.jihene@yahoo.fr

	Morocco
	National Metrology Laboratory
	LPEE 25,rue d’Azilal, BP 13389- Casablanca-20110-Maroc
	Youssef EL HARRAK
elharrak@lpee.ma
+212 660 144 930


Annex (2)
Participants Time Schedule
	Activity
	Start date
	End date

	Saudi Standards Metrology and Quality

Organization (SASO), Saudia
	16/12/2022
	30/12/2022

	Dispatch to the next lab.
	31/12/2022
	15/01/2023

	National Institute of Standards (NIS), Egypt
	16/01/2023
	30/01/2023

	Dispatch to the next lab.
	31/01/2023
	15/02/2023

	Agence Nationale de Métrologie (ANM),

Tunisia
	16/02/2023
	02/03/2023

	Dispatch to the next lab.
	03/03/2023
	17/03/2023

	National Metrology Laboratory, Morocco
	18/03/2023
	31/03/2023

	Dispatch to the next lab.
	01/04/2023
	15/04/2023

	National Metrology Center / Royal Scientific

Society (RSS), Jordan
	16/04/2023
	30/04/2023

	Dispatch to the next lab.
	01/05/2023
	15/05/2023

	Palestine Standards Institution (PSI), Palestine
	16/05/2023
	30/05/2023

	Dispatch to the next lab.
	01/06/2023
	15/06/2023

	Saudi Standards Metrology and Quality

Organization (SASO), Saudia
	16/07/2023
	30/07/2023


Annex (3)
Operational Settings
[image: image5.png]1. Participating Laboratory:

a. Mame of Laboratory:

b. Address:

c. Name of Contact Person:
d. Tel No.:

&. Fax No.:

f. E-mail:

2. Standards and Instruments Used:
a. Standard Used (Type or Madel):
b. Measuring Instruments (Model):

3. Measurement Method:

4. Measured Data:
a. Emvironmental Conditions during measurements:

Minirmuirm Averags Mandimunn
Temperatura: °c "C °Cc
Relative Humidity: k) % %

b. Measurement Results:

Mean Applied Mean DMM Mean D_MM Uncertainty

Mominal Value Value reading Correction (95% C.L)

Please Attach detailed Uncertainty Budgets as per “GUM” document:

Date





Annex (4)
Format of Measurement Results
[image: image6.png][Participating laboratory

Contact person
Phone Fax E-mail

‘The audit pack was dispatched on, /. (date)
Courier (i applicable) Tracking no
Aitine. Fiight no Dated

‘The contents of the pack have been inspected after
measurement i our laboratory and were found to be in (ves / No)
good condition.

Please give details of any problems

Kindly send a copy to next Participant and the Pilot Laboratory.




Annex (5)
Receipt Form
[image: image3.png]To: From:
Atn: FaxNo.:
Fax No.: TelNo.:
Date: Pages:

The comparison pack was receivedon /| (date)

The contents of the transport case, checked against the Packing List, were:

[0 Complete (INCLUDING CARNET)
[ Incomplete (please list missing items)

After inspection, the ‘travelling standard' (digital
‘mutimeter) is in working condition? (Yes/No)
1t no, is the damage serious? (Yes/No)

Remarks, i any:





Annex (6)
Dispatch Form
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Annex (7)

Panels and case of the Travelling Standard Fluke 8846 A
[image: image8.emf][image: image9.emf]
Figure 1. The Front and Rear panels of Fluke 8846 A


Figure 2. The Travel Standard case of Fluke 8846 A
Technical Protocol for the Interlaboratory Comparison on


“Digital Multimeter - 6½ digits”










