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1 Introduction

This is a follow-up comparison between NMISA and KEBS of AFRIMETS.EM-S1
(Resistance standards at 1 Q, 10 Q, 100 Q, 1 kQ, and 10 kQ), published in KCDB in
February 2022. This follow-up comparison uses a different set of standard resistors
from the main comparison. After completion of the supplementary comparison
(AFRIMETS.EM-S1), KEBS was not satisfied with their comparison results because
they did not support their required measurement capabilities. KEBS purchased a new
resistance measurement system as part of the corrective action and requested a
follow-up bilateral comparison with NMISA.

This report describes the detailed findings and results of the comparison in terms of
behaviour of travelling standards, methods used by participants and measurement

results.

2 Organisation of the comparison

2.1 Participants

Table 1. List of participants

. Contact . Shipping
Country Institute Acronym person e-mail address address
National Building 5, CSIR
Metrology Scientia campus,
South Institute of Marcus . Meiring Naude
Africa | South Africa NMISA Hlakola mhlakola@nmisa.org Road, Pretoria,
(Pilot) 0001, South
Africa
Kenya Grace Popo Road, Off
Kenya Bureau of KEBS Ateka atekag@kebs.org Mombasa Road,
Standards Nairobi, Kenya
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2.2 Measurement schedule

The artefacts were circulated between the participants in the order listed in Table 2
below.

Table 2. Comparison schedule

Institute Measurement date
NMISA 21-25 June 2022
KEBS 25-29 July 2022
NMISA 24 October 2022-04 November 2022

2.3 Unexpected incidents

No incidents involving the travelling standards were reported.

3 Travelling standards and required measurement

3.1 Description of travelling standards

The travelling standards are described in Table 3 below.

Table 3. Description of the travelling standards

Temperature | Temperature

Make Model Serial Nominal coefficient coefficient Pres.sgre
no. value coefficient
a value B value

742A-1 5040014 10 0,1E-6/K - 0,036E-6/K? - 0,17E-9/hPa
742A-10 | 5480006 10 Q 0,042E-6/K - 0,055E-6/K? -0,171E-9/hPa
Fluke | 742A-100 | 4805003 | 100 Q - 0,01E-6/K - 0,046E-6/K? - 0,185E-9/hPa
742A-1k | 4810007 1kQ 0,00E-6/K - 0,032E-6/K? - 0,157E-9/hPa
742A-10k | 4975043 10 kQ 0,03E-6/K - 0,008E-6/K? - 0,11E-9/hPa
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3.2

Environmental conditions

Table 4. Environmental conditions by participants

Temperature | Relative Humidity Atmospheric pressure

NMISA 23,03 °C 52,9 % 871 hPa

KEBS 21,8 °C 49,5 % 840 hPa

3.3

Measurement methods

NMISA

The 4-terminal resistance of the comparison standards was measured using
Measurement International, 6010D automated resistance measurement
system.

The travelling standards were connected in accordance with the connection
setup explained in 3.4.

The standards were kept in a temperature-controlled air bath throughout the
duration of the measurements

KEBS

The laboratory standard and the travelling standard were connected as per the
connection setup explained in 3.4.

The resistance measurement system (6625A) was configured such that the
automatic resistance bridge was comparing the laboratory resistance standard
with the same nominal value as the travelling standard.

The travelling standard resistors were configured on the Guildline bridgeworks
software using the nominal resistance values.

The current values used for resistance measurements were configured as per
the technical protocol specifications for each resistance standard.

A total of one thousand (1000) measurements were taken for each resistance
value, with the first two hundred (200) readings allowed for stabilization. The
mean readings were automatically computed by the software.

All the six (6) measurements were configured to run sequentially while the

environmental conditions were recorded on a data logger.
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¢ Resistance measurements were taken continuously while varying time for each

reading until a suitable setting was achieved.

3.4 Traceability

NMISA:
* The reference resistance standards (1 Q and 10 kQ) are calibrated by BIPM,
France.

KEBS:
« The reference resistance standards (1 Q and 10 kQ) are calibrated by UME,
Turkey

3.5 Connection setup

The travelling standards were connected to the laboratory resistance measurement
systems as per the diagram below. The current terminals C1 and C2 were connected
to the resistance standard CURRENT terminals and the potential terminals P1 and P2
were connected to the SENSE terminals of the resistor standards

@

MI16010D/Guildline 6625A

CURRENT SENSE
@ d

Resistance Standards

1Q,10Q.100 Q. 1kQ. 10 kQ,
LO LO .6/

Figure 1: Schematic diagram of the measurement setups

Cc2

3.6 Deviation(s) from the protocol

There were no deviations from both participants, the measurements were undertaken
as per the protocol [1]
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4 Stability of the travelling standards

The stabilities of the travelling standards are determined from NMISA measurements
dated from 21 June 2022 to 04 November 2022. The linear fit equation (1) below used
to calculate the drifts of the travelling standards.

(v —¥o) = m(x — xp) (1)
Where:

x is the loop 1 NMISA measurement date

X, IS the loop 2 NMISA measurement date

y is the loop 1 NMISA resistance value

Y, is the loop 2 NMISA resistance value

m is the calculated drift of the resistance per day

For each of the travelling standards, X,, Yy, and m are given in Table 5 below.

Table 5. Parameters for behaviour of travelling standards

Travellin
standarc%lll y() Yo(Q) m(Q/day)

5040014 0,99994426 | 0,99994312 | - 0,00000001
5480006 10,000168 | 10,0001721 | 0,000000031
4805003 100,00216 | 100,00217 | 0,000000075
4810007 1000,0795 | 1000,0798 0,0000023
4975043 10000,206 | 10000,207 0,0000075

The behaviour of the travelling standards using the NMISA measurements are plotted
on the graphs below.
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Figure 2. Stability of 1 Q travelling standard: S/N 5040014
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Figure 3. Stability of 10 Q travelling standard: S/N 5480006
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Figure 4. Stability of 100 Q travelling standard: S/N 4805003
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Figure 5. Stability of 1 000 Q travelling standard: S/N 4810007
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S\N 4975043 (10 000 Q)
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Figure 6. Stability of 10 000 Q travelling standard: S/N 4975043

The stability checks show that only the 1 Q and 10 Q travelling standards drifted

significantly throughout the comparison period.

5 Discussion of comparison results

5.1 Temperature and atmospheric pressure corrections

The values reported by KEBS were corrected for temperature and atmospheric
pressure in line with the comparison reference values (CRV). The reported values
were corrected for temperature variations using equation 2 below [2]:

Ry =R,(1+a(T,—T,)+ B(Ty—T,)?

Where:

(2)

R, is corrected reported resistance of KEBS to NMISA’s reported temperature T,

T, is the reference temperature as reported by NMISA
R, is the resistance reported by KEBS at temperature T,
T, is the temperature reported by KEBS

a and B are temperature coefficients listed in Table 3

For atmospheric pressure corrections, equation 3 below was used [2]:

Ry=R,(1+y(P.—P)
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Where:

R, is corrected reported resistance of KEBS to NMISA'’s reported atmospheric
pressure P,

P, is the reference atmospheric pressure reported by NMISA
R, is the resistance reported by KEBS at atmospheric pressure P,

P, is the atmospheric pressure reported by KEBS

y is pressure coefficient listed in Table 3

5.2 Calculation of comparison reference value, CRV

According to the protocol, the comparison reference value is to be determined from
the average of NMISA’s measurements. The comparison reference value (CRV) is
determined as

N
X ==k (4)
Where:
X is the arithmetic mean of NMISA measurements from loop 1, Xi is the measurements
performed by NMISA and N is the number of measurements performed by NMISA for
loop 1. The reference values are drift corrected to the average date of KEBS

measurements using equation 5

Ry =X + (Rase X D) (5)
Where:
R, is the drift corrected reference value
X is the calculated average of NMISA’s loop 1.

Rqf is the calculated drift per day of the travelling standard since initial
measurement.
D, is the period lapsed in days between the average date of NMISA’s loop 1

measurements and KEBS measurement average date

The CRVs and their uncertainties (k = 2) are as shown the Table 6 below:

Table 6. Comparison reference values (CRV)

Travelling Standards Test Current | Reference value | Uncertainty (k=2)
10 100 mA 0,9999440 Q 0,2 uQ/Q
10 Q 10 mA 10,0001691 Q 0,08 pQ/Q
100 Q 1 mA 100,00216 Q 0,3 uQ/Q
1000 Q 1 mA 1000,0796 Q 0,4 pQ/Q
10000 Q 100 pA 10000,206 Q 0,5 pQ/Q
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5.3 Normalised error, E,

The normalised errors of the corrected reported values were calculated using equation

(6),

Rx—RcRry
E, = 6
" J(Ur)*+Ucrv)? (6)

where:
E, is the normalised error.
R, is KEBS corrected reported value.
Rc-ry is the comparison reference value provided by NMISA.
Ur, 1S KEBS reported uncertainty.

Ucry 1S the uncertainty of the reference value by NMISA.

The calculated normalised errors are given in Table 7

Table 7. Calculated Normalised Errors

Travelling Standards Normalised Error, E,
1Q 0,34
10 Q 0,28
100 Q 0,29
1000 Q -0,12
10000 Q 0,02

5.4 Deviation from CRV
The deviation from CRV, D; is determined the using the equation (7).
D; = 2Rerv + 1000000 (7)
Rcrv

Where R, is the corrected reported value by KEBS and Ry is the comparison
reference value. The D; is expressed in relative, uQ/Q. The calculated deviations are
given in Table 8 below:
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Table 8. Deviations from CRV

Travelling Standards Deviation from CRV (uQ/Q)
1Q 0,51
10 Q 0,55
100 Q 0,59
1000 Q -0,18
10000 Q -0,03

5.5 Participants reported results

Table 9. NMISA’s loop 1 results for 1 Q travelling standard: S/N 5040014

Measured Average Uncertainty of
. Test Average .
Measurement date | Resistance Current Date Resistance Measurement
(Q) (Q) k=2,43 (uQ/Q)
21 June 2022 0,99994449
22 June 2022 0,99994425
23 June
23 June 2022 0,99994419 100 mA 2022 0,9999443 0,2
24 June 2022 0,99994419
25 June 2022 0,99994418

Table 10. KEBS results for 1 Q travelling standard: S/N 5040014

Measured Average Corrected Uncertainty
Measurement _ Test Average . ) of
Resistance Resistance | Resistance
date Q) Current Date Q) Q) Measurement
k=2 (uQ/Q)
25 July 2022 | 0,99994467
26 July 2022 | 0,99994467
27 July
27 July 2022 | 0,99994465 | 100 mA 2022 0,9999447 | 0,9999445 15
28 July 2022 | 0,99994466
29 July 2022 | 0,99994461
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Table 11. NMISA’s loop 2 results for 1 Q travelling standard: S/N 5040014

Measured Average Uncertainty of
. Test Average .
Measurement date | Resistance Current Date Resistance | Measurement
Q) Q) k=2 (uQ/Q)

24 October 2022 0,99994315

28 October 2022 0,99994314

02 November 2022 | 0,09994311 | 100 mA | 30 OCOPer | o0004310 0,07

2022

03 November 2022 | 0,99994311

04 November 2022 | 0,99994310

SIN 5040014 (1 Q)
0.9999464
S 0.9999455
3 ® KEBS
3 o NMISA
% 0.9999446 ¢+ CRV
o i
Q
[@)]
S 0.9999437
()]
>
< 3
0.9999428
7 4 7, S,
Sy Yy, 24, %q Os
e.V\ -2, 909 Q- o) C/‘QO 0\20
Average measurement date

Figure 7. Results for 1 Q travelling standard: S/N 5040014. NMISA measurements
are for 2 loops, first loop on the 23" of June 2022 and second loop on the 30 of
October 2022
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Table 12. NMISA’s loop 1 results for 10 Q travelling standard: S/N 5480006

Uncertainty

Measured
Measurement . ! Test Average Average of
Resistance .
date Q) Current Date Resistance (Q) | Measurement
k=2 (uQ/Q)
21 June 2022 10,0001679
22 June 2022 10,0001680
23 June
23 June 2022 10,0001680 10 mA 2022 10,0001680 0,08
24 June 2022 10,0001681
25 June 2022 10,0001681

Table 13. KEBS Results for 10 Q travelling standard: S/N 5480006

Measured Average Corrected | Uncertainty of

Measurement . Test | Average . .

date Resistance Current Date Resistance | Resistance | Measurement

@ @ @ k=2 (UQ/Q)
25 July 2022 10,0001764
26 July 2022 10,0001764
27 July

27 July 2022 10,0001763 10 mA 2022 10,000176 | 10,000175 2,0
28 July 2022 10,0001762
29 July 2022 10,0001764
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Table 14. NMISA'’s loop 2 results for 10 Q travelling standard: S/N 5480006

Average Uncertainty of
Measurement Measured Test Average . g Y
date Resistance (Q) | Current Date Resistance Measurement
(Q) k=2 (uQ/Q)
24 October 2022 10,0001719
28 October 2022 10,0001721
02 November 30
2022 10,0001722 | 10 mA | October | 10,0001721 0,08
03 November 2022
1 1722
2022 0,000
04 November
1 172
2022 0,0001723
S/N 5480006 (10 Q)
10.0002
10.000191
% ®KEBS
S 10.000182 ® NMISA
©
o ! +CRV
& 10.000173 s
S 3
S
g
Z 10.000164
10.000155
79 Y 2, 76. Sy
78 78 Ao, Ogy e,
¥, %o 702, s, 0,
Average measurement date

Figure 8. Results for 10 Q travelling standard: S/N 5480006. NMISA measurements
are for 2 loops, first loop on the 23™ of June 2022 and second loop on the 30" of

October 2022
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Table 15. NMISA'’s loop 1 results for 100 Q travelling standard: S/N 4805003

Uncertainty
Measurement Measured Test Average Average of
date Resistance (Q) | Current Date Resistance (Q) | Measurement
k=2 (uQ/Q)
21 June 2022 100,00216
22 June 2022 100,00216
23 June
23 June 2022 100,00216 1 mA 2022 100,00216 0,3
24 June 2022 100,00216
25 June 2022 100,00216

Table 16. KEBS results for 100 Q travelling standard: S/N 4805003

Uncertainty
Average Corrected
Measurement Measured Test Average . : of
. Resistance | Resistance
date Resistance (Q) | Current Date Q Q) Measurement
k=2 (uQ/Q)
25 July 2022 100,00223
26 July 2022 100,00222
27 July
27 July 2022 100,00222 1 mA 2022 100,00223 | 100,00222 2,0
28 July 2022 100,00223
29 July 2022 100,00223
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Table 17. NMISA'’s loop 2 results for 100 Q travelling standard: S/N 4805003

Measured Average Uncertainty of
. Test Average .
Measurement date | Resistance Current Date Resistance Measurement
(Q) (Q) k=2,11 (uQ/Q)
24 October 2022 100,00214
28 October 2022 100,00215
30
02 November 2022 | 100,00219 1 mA October 100,00217 0,4
2022
03 November 2022 | 100,00219
04 November 2022 100,00219
S/N 4805003 (100 Q)
100.00251
100.00241
®KEBS
100.00231 ®NMISA
a #CRV
3
£ 100.00221 *
(O] L
X  100.00211
()
g
[}
Z 100.00201
79 2> 76 8
Y, Y, Ay, 0 Ose.
x ‘9092 2029 9‘9099 c"?oee 09099
Average measurement date

Figure 9. Results for 100 Q travelling standard: S/N 4805003. NMISA measurements
are for 2 loops, first loop on the 23™ of June 2022 and second loop on the 30 of
October 2022
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Table 18. NMISA'’s loop 1 results for 1000 Q travelling standard: S/N 4810007

Uncertainty
Measured
Measurement . Test Average Average of
Resistance .
date Q) Current Date Resistance(Q) | Measurement
k=2 (uQ/Q)
21 June 2022 | 1000,0796
22 June 2022 | 1000,0795
23 June
23 June 2022 | 1000,0795 1 mA 2022 1000,0795 0,4
24 June 2022 | 1000,0795
25 June 2022 | 1000,0795

Table 19. KEBS results for 1000 Q travelling standard: S/N 4810007

Measured Average Uncertainty of

Measurement i Test Average ) Corrected

date Resistance Current Date Resistance Resistance(Q) Measurement

Q) Q) k=2 (uQ/Q)
25 July 2022 1000,0794
26 July 2022 1000,0794
27 July

27 July 2022 1000,0795 1 mA 2022 1000,0795 1000,0794 1.4
28 July 2022 1000,0795
29 July 2022 1000,0795
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Table 20. NMISA'’s loop 2 results for 1000 Q travelling standard: S/N 4810007

Measured Uncertainty of
. Test Average Average
Measurement date | Resistance Current Date Resistance (Q) Measurement
(Q) k=2 (uQ/Q)
24 October 2022 1000,0796
28 October 2022 1000,0797
02 November 30
2022 1000,0800 | 1 mA | October | 1000,0798 0,4
03 November 2022
1
2022 000,0800
04 November
1
2022 000,0800
S/N 4810007 (1000 Q)
1000.081
1000.0802
®KEBS
= ®NMISA
% 1000.0794 *
= *CRV
g
@
S 1000.0786
2 .
()
g
[}
Z 1000.0778
79 J, > 76. 610
Wiy 78 Ao, Ogy e,
y\QOQQ 029 99099 9099 2099
Average measurement date

Figure 10. Results for 1 000 Q travelling standard: S/N 4810007. NMISA
measurements are for 2 loops, first loop on the 23" of June 2022 and second loop

on the 30t of October 2022
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Table 21. NMISA'’s loop 1 results for 10000 Q travelling standard: S/N 4975043

Uncertainty
Measured
. Test | Average Average of
Measurement date Resistance .
Q) Current Date Resistance (Q) | Measurement
k=2 (uQ/Q)
21 June 2022 10000,206
22 June 2022 10000,206
23 June
23 June 2022 10000,206 100 pA 2022 10000,206 0,5
24 June 2022 10000,206
25 June 2022 10000,206

Table 22. KEBS results for 10000 Q travelling standard: S/N 4975043

Measured Average Corrected | Uncertainty of

Measurement . Test Average ) .

date Resistance Current Date Resistance | Resistance | Measurement

Q) Q) Q) k=2 (uQ/Q)
25 July 2022 10000,205
26 July 2022 10000,207
27 July

27 July 2022 10000,206 100 pA 2022 10000,207 | 10000,207 1,5
28 July 2022 10000,207
29 July 2022 10000,206
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Table 23. NMISA'’s loop 2 results for 10000 Q travelling standard: S/N 4975043

Measured Uncertainty of
. Average | Average Average
Measurement date Resistance Date Date Resistance (Q) Measurement
Q) k=2 (UQ/Q)
24 October 2022 10000,205
28 October 2022 10000,205
30
02 November 2022 10000,208 100 pA | October 10000,207 0,5
2022
03 November 2022 10000,208
04 November 2022 10000,208
S/N 4975043 (10000 Q)
10000.225
10000.22 O KEBS
® NMISA
& 10000.215
= +CRV
S 10000.21
g
o
@ 10000.205 t
x
(8]
2 10000.2
3
< 10000.195
10000.19
79 J, > 76. 610
. (7 Ay, O, S0,
Wes 05, <0 225 9o 05, Cz, 9029 % 25
Average measurement date

Figure 11. Results for 10 000 Q travelling standard: S/N 4975043. NMISA
measurements are for 2 loops, first loop on the 23" of June 2022 and second loop

on the 30t of October 2022
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6 Summary and conclusions

The comparison was successfully carried out between NMISA and KEBS as a follow-up to
AFRIMETS.EM-S1. The measurements commenced in June 2022 and were completed in
November 2022. There were no deviations from the technical protocol. The stability checks were
conducted to analyse the effect of transportation and mechanical shocks on the travelling
standards,1 Q & 10 Q travelling standards were found to have drifted significantly throughout the
comparison period. There is a good agreement and correlation between KEBS and NMISA
results to within stated uncertainties. The normalised errors for all the measurement points are
less than 1 and this confirms satisfactory comparison results.
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Appendix A: NMISA uncertainty budgets for loop 1
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3 3 o Comained Uncatainty [Normal) ¥ Leval of Confidence ¥ E.532E-02 Ven  TUI9ESIS
Uncertainty of Measurement {Including UUT contribation)
Expanded Uncertainty FWaSw K=2 163601 k= 243
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UNCERTAINTY BUDGET MATRIX [LSM)

Cartficale No

AFRMETE EM-53

Procedurs Mo DCLFR-00¥
L ) T ——— T O TS LT
L
Coascripdon: Etin v | Pl Torp & Sariad T428 & S4EN008 Ebrige: 0 @
Humbsr W Hmiols
NaTamalcsl Mode. HUL | = Rrwisured
[ShE T s Somvdstd
T prt D ey Drteraaed bripary o = —_— Soarvderd Searsiivity CoafBcient U cartsingy S—— Copress of
Ay [Hamce of Uncsrsnty mareTy Lcammiry Claribamon pieram dreartsrry —— Frestor [r—
Lo o, Limie LRl L] (] k] Lt g L] ]
T Hiarsdands sl Mafemeron Equiprment | Urcoerelehed | ¥ [T’ al
S Vi cwlib-wen- 1.oEm e Nl ke 150 1.00E R 1 O 0 1. oo it ritm »zn BN ceibwtn Cadfoes
Prsmmus Uncsrisinty 14D [T Mol ke 1.00 147500 1 O 14580 oo 1 nim ~=m BI'N caiibwio- Catiicats
e =rift 4. TAE0 [T S acmngoiar v} 1.73 s ] 1 OO 0 g ] 100 ififiia | Cosirsl Charis
g B [T Mol kw3 rdei frdn i Sterd 1D rdmi 1 S 100 ifinla |00 1:90 mafin
iee e [T Ml kw7 200 - e ] 1 OO 0 i B 100 irfpita | 60900 speciication
rfne o] [T Mol kw1 1.00 & 00 037 1D & T 100 irf e |00 delsrmined soosrmasily
B0 Eridige ressiusSon fline e [T Memrmi kel 200 &0 {0 e 5 DO [ 1o Ifinie | S0 epeclieetion
li== iz sSon of T reiard § E ouipersen® |1 sppiios b 100
T Slareands sod Mot Eyuprant iConsated] T MOTE! oMLY CHANGE BLUE CELLT - A OFHER CELLS AWHITE) ARE PROTECTED
T Lsil Under [eal! L = | Unewore ¥ NOTEl oMLY CHANGE BLUE CELLE - Al OFHER CELLS (WHITE) ARE PFROTECTED
lism 1of UUT @ i
Typs "0 Cwnbs@on Margs of B e [ echsgulsr 100
Typm "&° L Lxz S Owemicn s S I el Forrraml Ko= 1 1.00 STTEAD 1D v S 4 Fo ol emdSrgm| 5
¥ Unit Ul Tl | Calibiateen [Cosralaled] 7 NOTEl oMLY CHANGE BLUE CELLE - Al OFHER CELLS (WHITE) ARE PFROTECTED
Jr—y— | TOTAL COMBINED URNCERT AINTY WS
Lizrabareed L) Faom iy i Pl Troil ) T Lowsl & Coriierca T q e L - 1 1l Cheched] afad Appdosned Hy
Bact Moacuramaent Capablity (Excluding UUT comtribution)
i Lreoaibirly AL R H=3 LAEAR L] PR
Lizrabareed L) Faom iy i Pl Troil ) ¥ Livnl of Lofldleisa W ER. =] L - 1 1l
Unoartainty of Meacursmant (Including UUT contribution)
Crparechied Lineeibiny HAL% K=3 TA0E-D2 k= FAL
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Certificate No AFRIMETS.EM-53
UNCERTAINTY BUDMGET MATRIX [(UBM)
Procedure Mo DCLAR-D01E
Asluens: Gults o M Dooaaalss of Unammiigy i Baacrers, Baass by 3% IDC P00, B0, IDPAD IUPEP CibiL - BN f o (ERDM 087 o0 -
- & Barial b Ly il
Dwssc i pri e Standard reslstor b T424 & 4505003 Aange. 100 o
- ! M Hiakodla
Mathematical Modsl: RUUT=Rmeasured
. Ealimated " Elandad -
Inpiit Ol sty “-:.:: Esliabed Pt - —_ Bmndasd Sanaitvity u_M-m-"m — E'u-;lm
Sypmbol (Souion of Unosnainty] Cuaitity U v L o b A T T factes Usrcutain ty Comgffcmamit Fo T ——— Frastam Foamadks
Y] b unit SLR T L Ly L& Uit L o v
¥ Standards and Refersnce Equipment (Uncomelated) v T
Sid Feshi callbradon ZDOOEAM | woee Mo k=2 200 1000501 | 1.D00E=-00 100001 100 Infirite |Calouated Lo of Rsid
Fressure CoefMiclent OOODE=00 | pove Mo B 2 zD00 CLOODE=00 | 1.0o0E=D0 O.000E+00 100 Infirite  |Reference sid calbrabed o MRSEA
Feshd drtt -11B0E-01 | pive | Bectanguiar 43 173 -£.8938-02 | 1.0o0E-0 -5.81 3502 100 Infirite | Conbrol Charts
£ DD Eridge accuracy 4D00EDE | pove Mol k- 2 200 2000E0z | 1.oo0E-D0 2.000E-02 100 Infirite |S0900 specifcation 1:10 rato
E0H DD Inearty SDDDE-O3 | pie Mo B 2 zD00 2500203 | 1.oooE-0 2500503 100 Infirite |50900 specncation
0100 Ratio smor ZA00EDZ | poee Mo b= 1.00 210020z | 1.000E-D0 Z100EDZ 100 Infrite  |s0900 deterined =xpermenmily
S0 D0 Eridge resoiution 1.000E-D3 | pive Mol ko= 2 z00 spooEd4 | 1.oooE-0 £.000E-04 100 Infinite  |s0400 specifcation
Fes Feesoiution of Standand ¢ Eguipment (T apoicabe] 100
¥ Standards and Refersncs Equipment [Comelated) » MOTE! oMLY CHAMNGE BLUE CELLS - Al OTHER CELLS (WHITE) ARE PROTECTED
¥ Unit Linder Teat | Callbrathon [Uncomelated) ¥ MOTE! oMLY CHAMNGE BLUE CELLS - ANl OTHER CELLS {(WHITE) ARE PROTECTED
Fes Feesoiution of UUT  (F appicabie] 100
— Type "B” Evaluation Rangs of the resulks (Rectangular 100
Type "A" Evaluation Exp Ead Devisbon "z TA4EDE | povn | MomalK =1 1.00 741402 | 1.000E-D0 348103 4 Mo of Readings| =
¥ Unit Under Test | Callbration |Cormelated) * MOTE! OMNLY CHANGE BLUE CELLS - Al OTHER CELLS (WHITE) ARE PROTECTED
Apecas LR | TOTAL COMBINED LPNCERT AINTY e
Comibined Uncertainty (Mormal) ¥ Level of Confidence W 1345501 Von Infinite Checkad and Approved By
Best Measurement Capability (Excluding UUT contribution)
Expanded Unceriainty 95,45 % K=2 2 45E0 K= 200
Comibined Uncertainty (Mormal) ¥ Level of Comfidgence ¥ 1345501 Ve Infirite
Uncertainty of Measurement (Including UUT contribution)
Expandad LUncertainty 95,45 % K=2 2 45E-0 K= 200
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Certificate Mo AFRIMETS.EM-33
UNCERTAINTY BUDGET MATRIX [(UBEM)
Frocedure Mo DCLFR-D01E
Aslaens Guite o S Doseslen of Uncssingy © Mssoremet, Baoes by 38798, IEC, FOC, B0 UPAT IUPAP Cilil - B0 100 (ERDN S0-15- 20 Sl
Tpa & Seral Malrogist
A P Standard resistor "':""' e TA2A & 4510007 Aange. 1000 o
a=bnint
MHakda
Mathematical Modis!: RUFUT=Rmaasursd
I | | sty | | o | ot | Sy | g, Je]
foi sy i
Symbol (Souron of Unosainty| Cuasitity Unoer Lainty Distr Bution " Liepaitainty ComefTazkant Conirlbuten Frandem Frmarks
[=#1] Pk it ®RT.LY L [ o Uit L im o T
v Standards and Refersnce Equipment (Uncomelated) v P
Std Seshd cod Ibradon 3. DO0E-M rane 200 1.500=-01 | 1.000E=00 1.500E-01 100 Infinite  |Cadoulated Uohd of Reshd
Fressure Cosfficlent OOOOE=00 | e zo0 CLODOE=O0 | 1.0DDE=00 0.000S+00 100 Infinite |Fesfersnce sid calbrabed ot MASEA
Festd ot ~1120E-01 | powe 1.73 -5.4E8E-IZ | 1.0D0E=00 -5 458502 100 Infinite | Control Charts
00D Eridge accumcy 4DMEAR | powe Z00 200002 | 1.000E=00 2. 000E-02 100 Infinite |SO0900 specfication 1:10 rato
S01DD Inearsy SDOOE-DE | pve zo0 2500503 | 1.000E-00 250003 100 Infinite |S090D specification
S000 Ratio emor Z800EADE | plwe 1.00 ZA00S02 | 1.0D0E-00 2A00S-0z 100 Infinite |£090D determined sxperimentaly
00D Eridge resoiution 1.000E-03 | o 200 SO00E04 | 1.0D0E-D0 500004 100 Infinite |E090D specication
Fes Feesoiution of Standard § Equipment (T appicabie) 100
v Standards and Reference Equipment [Comelated) v MOTE! OMLY CHANGE BLUE CELLS - AN OTHER CELLS (WHITE) ARE PROTECTED
¥ Unit Under Teat I Callbration [Uncomelated) v NOTE! OMLY CHAMGE BLUE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
Fes Fesociution of UUT  (F apolcabie) 100
- Type "B Evaluation Rangs of the resulks (Rectangular 100
Type "A" Evaiuation Exp S5d Deviation =" SETIEDE | pon | Momal e 1 1.00 SETIE0E | 1.000E-00 432803 4 Mo of Readings| S
¥ Unit Untsr Test ! Callbration {Cormmelatsd) v MOTE! OMLY CHANGE BLUE CELLS - AN OTHER CELLS (WHITE) ARE PROTECTED
Apas DS | TOTAL COMBINED |IMNCERTAINTY [y lpw]
. o Comibined Uncertainty (Nomal) ¥ Leved of Corfidence W 1659501 Von Infinite Checkad and Approved By
Best Measurement Capability (Excluding UUT contribution)
Expanded Uncerzinty 95,45 % K=2 3.32E-01 = 200
. . . ) Comibined Uncertainty (Nomal) ¥ Level of Confldence v 16680501 - Infirite
Uncertainty of Measurement (Including UUT contribution)
Expanded Uncertainty 35,45 K=2 3.32E-01 K= 200
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Certificate Mo AFRIMETS.EM-53
UNCERTAINTY BUDGET MATRIX [UBM)
Procedure Mo DCLFR-D01E
Aslwenas Guite o D Dorsaalan of Uncerminty ir Mslacrsmaa, s by 3P IEC. PO, B, WPAD UPAP CIMIL - D 16608 (ESDM SO0 20 Gl-3
- & Barsal I Lo | el
sttt o Standard resistor o 1 T424 & 4975043 Aange. 10000 o
=i
M. Hiakoka
Mahematical Mods: RUUT=Rmaasurnsd
] Es linmated i Elandad .
Inpat Ouasity :.u.:u;t =T F:-ul.!.n'.-lm. - . 5l:.mdu_-d Sasalivity U.l—:ﬂ:m’ —— D“-:|_
Spimbeal tSounen of Unoariadnty| Crsanility Unnier Lany DHatiibutien P UspCanainty CoomefTaz benit Conirisution [—— Famadks
Fo9T) FE Unii ®RT. ¥ [ a Unit i em L T
¥ Standards and Refersnce Equipment (Uncomelated) v P
S Sstd calbradon 4.000E-01 | pove | Momaikez zo0 2000501 | 100000 200001 100 Infinite |Caiouated Lo of Fstd
Fresure Coeficlent ODOODE=00 | s | Momaike=2 zo0 OLOOOE-O0 | 1.DD0E-00 [0.000=+00 100 Infinite |Feference sid calbrabed a MASEEA
Rt ot T4E8E-02 | pove | Rectanguar 3 173 -4.312E-02 | 1.000E-00 -4 31202 100 Infinite |Controd Charts
50100 Eridge accuracy 4.000E-D2 | poee zo0 1.000E-00 2000=02 100 Infinite |S090D specfication 1:10 ratio
S0100 EnearEy SDO0E-DZ | pive | Mommaike2 zo0 2500503 | 1.000E-00 2500503 100 Infinite 50900 specfication
S0100 Ratio =mor Z900E-02 | pove | momoi ke 1.00 Z100=02 | 1.000E-00 R =] 100 Infinite 50900 determined sxperimentaly
S0 00 Eridge resoiution 1.000E-03 | pive | Mommaikel zo0 SO000E-04 | 100000 00004 100 Infinite |5090D spechication
Fes Fesoiution of Standard | Equipment (T appicabis] 100
¥ Standards and Referencs Equipment [Comslated) v MOTE! oMLY CHAMGE BLUE CELLS - Al OTHER CELLS (WHITE) ARE PROTECTED
¥ Uit Linder Teat I Callbration [Uncomalated) v MOTE! OMLY CHAMGE BLUE CELLS - AN OTHER CELLS (WHITE) ARE PROTECTED
Fes Rsoiution of UUT  (F appiicabie) el
Foo Type "B Evauation Rangs of the reculs (Ractanguiar 100
Type "A" Evallation Exp 55d Devishon " 1450602 | pove | MomalKe 1 1.00 1450502 | 1.D0DE-D0 E.S31E03 4 Mo of Readngs| =
¥ Unit Under Test | Callbration {Correlated) v MOTE! OMLY CHAMGE BLUE CELLS - AN OTHER CELLS (WHITE) ARE PROTECTED
Apecas LiMS | TOTAL DOMBINED | PNCERT AINTY [Tal}e]
. o Comibined Uncertainty {Mormal) ¥ Leved of Corfidence ¥ 2 DETE-D1 Vor Infinite Checkad and Approved By
Best Measurement Capability (Excluding UUT contribution}
Expanded Uincertainty 85,45 % K=2 A4E-01 K= 2.00
) . o Comioined Uncertainty {Mormal) ¥ Level of Confidence v 2 DEEE01 Ve Infirite:
Uncertainty of Measurement (Including UUT contribution)
Expanded Uincerainty 95,45 % K=2 4 14E- k= 2.00
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Appendix B: NMISA uncertainty budgets for loop 2

Caqtificate No AFRBAETS. EMLS3
UNCERTAINTY BUDGET MATRIX (UBM)
Procedura Mo DCLPR-O001E
Flabaanrcd: Do 53 Tl SR i Of Lo sriae iy o B ara Tl dalubs Dy @A EC O, FSi, LFAC W CERAL - ERD T SR -
T A Ea Matrelogsl
| pescrigtion: Standard resistor ! TAZA & BOAO014 Bargu: 1 o
b Hlabcka
Mathematical Model: RUUT=Rmoasured
B " ral = B Haandans Lazru=s
Ut Chs sy Probasaly ke R e Banbitiv y Wncartainty | Pty ol
Sprnbi (Srures of Lo iainty) It Chuniisali By . o P Urncatlanty Costlciont Centribiithan T — Hurrsarks
MR, T, U
[ o] [ ni } v [EEn 1) (&) Unit [ Fi sl "a v
¥ Standards and Reforoncs Eguipmeent (Uncorrolatod] W T
Sid Rstd calibration 1. POOE -0 Hormiad k = 1 .00 | FO0E-02 | 1.000E=00 1. 700E-02 100 indinde  |From ESFM calbmbion Cerilicaie
Pressumn Linc ety 1.527E-0F Mormal k= § 1.00 { 52ZE-02 | 1.000E=00 1.627-02 1000 riirde  |From BIPM calbraticon Cenifcals
s drift 4. TEIE-O3 Rectangular <3 173 2. 7e0E-03 | 1.000E=00 2 TH0E-03 1000 rfinde  |Control Charts.
50100 Bridge accuracy 4. 000E 02 Hormal k = 2 2,00 2000E-02 | 1.000E-00 2 BO0E-03 103 indindle  |B010D spscfioation 1-1 ratio
B0 100 lrezarity SO0DDE-O3 | i Hormial k = 2 2,00 2.500E-03 | 1.000E=00 2 500E-03 100 e |B010D specfication
50100 Riatho ermor 14D0EOZ | pow Hormiad k = 1 .00 | A00E-02 | 1.000E=00 1.400E-02 1000 riinde  |B0100 detemmined cxpenmantaly
50100 Bridge resoltion 1.000E-03 | e Mormial k= 2 200 5.000E-04 | 1.000E=00 5 DOHOE -0 100 rfinde  |B010D specfication
Sas Resolution of Standard / Equipment (F applicabde) [oe]
¥ Standards and Reference Equipment | Comelated) ¥ MOTE! ONLY CHANGE BLUE CELLS - Al OTHER CELLS (WHITE) ARE PROTECTED
¥ Unit Under Test | Calibration (Unoorrolatod) ™ MOTE! ONLY CHANGE BLUE CELLS - Al OTHER CELLS (WITE) ARE PRROTECTED
Ses Rescdution of UUT  {H applicabe) )
Daim Ty "BE™ aksmbicrn Range of the resuks (Rectangular) [
Type "A" Evakmbon Exp Sid Deviation "s” 1.ELE | poie | MHomal e =1 1,00 1 843E-02 | 1.000E=00 S EI1E-03 4 Mo of Readings| &
¥ Unit Under Test ! Calibration (Conrelated) ¥ NOTE! ONLY CHANGE BLUE CELLES - AR OTHER CELLS (WIMTE) ARE PRROTECTED
seas umt | TOTAL COMBINED UNCERTAINTY e}
B Combined Uncertainty |Mommal] ¥ Level of Confidence W 3 ERE. O Vo wefirade Chesciked and Approved By:
Beat Measurement Capability (Excluding UUT contribwtiom)
Expanded Unosrtanby S95.45 % =2 6. TIE02 k= 200
Combined Uncertainty |Mammal) ¥ Level of Confidence W 3 4TEE-O2 Waw rdinide
Uncertainty of Measurament (Including UUT contr bt ion)
Expanded Unosrtanby S95.45 % =2 B SEE.02 k= 200
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UNCERTAINTY BUDGET MATRIX (UEM)

Certificate Mo

AFRIMETEUEM-23

Procedure Mo CCLER-0016
Entarwncs Gubos o the Daprsasc o' Lincers oy In Vessarsres, Baad o PN DS FCC 150 WSAC LPAF Delal - 150 88f S50 00 -7 24 &2
Melrosogsl
Dusseriptann: Standard resistor T T424 & S4B0005 Fangs: L
= TR
Mathematical Modsl: RUUT=Amsacured
Eatimated] Esl [N Slandard Lz e
Imput Clusaml ity Inpi aloamal oo ssals iy - — mna-_e -'5-'1E'\'!'||- [re—— [r—. ot
By bl ISounse of Uncosinty) Qum=ity Urec e Lairrhy DAt bz T Uncertainty KSCMNSSrR— i ——— Femaras
g o Unit MELL L3 by i ini e {pl -
¥ Etamdarde and Retsrsnos Equipmesnt (Unoomedxted] ¥ Latiat
F=hd callbragon 1.700E-I2 Tl Mol K- 1.00 1. TD0E-12 1.000E+D0 TonE-2 100 rinite | From BIFA calbration Certficabe
Pressurne Unoersing 1.50E42 T ol K- 1.00 1522202 | 1.000E+00 SED 100 rinite | From BIFW callbration Cerficab:
Resid orift 4. THIEOS wvn | FEChEnguar 3 173 2TeDEDQE | 1.000E+DD 2. TeDEQ 100 rinite [Contod Charts
E010D Sridge aorracy 4. 000012 Tl Mormral k= 3 Z0a 2 00E-02 1.000E+D0 2. 000E-02 100 reinibe | SXI0D specificaiion 1-10 mabo
E0100 Mrearty S DOOE-03 | cwe sdorral kw2 00 2 ED0E-03 | 1.DO0E+D0 2 S00E-03 100 ranite |S0H0D speciication
E010D Fabic sor Z W0z T ol K = 1.00 210042 | 1.000E+D0 Z.100e-2 100 rinibe | S0H00 deterined experimenially
E010D Bridge resoiution 1.D00E-02 T ol K - 2 Z0a S000EO¢ | 1.000E+D0 S.000E-04 100 rinite |[S090D speciicaton
Resoiution of Etandard / Equipment (F appicabie 100
¥ Standards and Refemnos Eguipment |{Comelatad) ¥ NOTE! oNLY CHANGE BLUE CELLS - All OTHER CELLS (WM TE) ARE PROTECTED
¥ Unit Undar Te<t i Callbration (Unoorrelated) ¥ MOTE! oNLY CHANGE BLUWE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
Fesoiution of UUT  (F appicabie 100
Type B Evalnidon Ranges of fe resuls Fectanguian 100
Type "4 Evaiuaion Exp Sid Deviaton "s™ 1407 | s Formal K= 1 1.00 1422012 1.DOCE+O0 B3B3 £ Hoof Readngs| 5
¥ Uni Under Tect ! Callbration {Comelatad) ¥ MOTE! oNLY CHANGE BLUWE CELLS - All OTHER CELLS (WHITE) ARE PROTECTED
b LT | TOTAL COMEIMED UNCERTAINTY Tl =]
- : i ) Comibiresd Uncetainty {Mormal) ¥ Level of Confidence W 3 TOEEDZ Was reinie Checkbed and Approved By
Best Measurement Capability [Excluding UUT contribution)
Expanided Unceriainty BEA5 % K=2 THAZEAZ k= 2.
. . _ B Comibimeed Uncefaingy (Mormal) ¥ Level of Confidence W I TEIEDT L~ N
Unecertainty of Measurement {including UUT contribution)
Expanded Unceriainty 56,45 % K=2 T.BE2EOT k= )
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UNCERTAINTY BUDGET MATRIX [UEM)

Certificate Mo

AFRIMETE BEli-33

Procedune Mo DCLSR-001S
Eafarwncar Gobss e the Dipresassn o Lncars ey In Vassrerer, Basd oy 0P IDC P00 150 U940 (LRGP Dl - 150 00T S0 00 -7 04 Gl
Melrofogisl
Dsesiption Smmdard resistor gy et T42A B £B0S003 Fange: 100 o
- i Hia ki
Mathematical Modsi: AUUT=Amsacuned
Ealt imated] Esl Lust Slendard Luproen
Inzut Cuand ity Inpid shama eessals 1y o= —_— “ll'ld-:ﬁ E-—-ﬂh"ﬂ: [re—— [T of
Sy mibed [Seuns of Uncestsinty) T Urec ety D astri brtion — ARnsar Sl iy [ p——— Y- Flomarus
(a1} Tl unit mELS v LN (&1 Unit Lol "
¥ Efamdards and Eafersnos Equipmesnt (Unoomeixbad] ¥ [T at,u}
Ebd Fshd callbragon ZD00E-01 (Ta’ il Mol k= 3 200 100011 1.000E+00 1.000E-D 100 Pinike | Calouisbesd Lokl of Resid
Preszsure CosfTicent 0.000E+00 e Momal k-2 200 DoooE+DO | 1.000E+00 O.O0DE=D0 100 refinite | Reference sid callbratsd ot MAMIES
R=ia drift 11801 wivn | RECEEmguar L2 1.73 < S13E02 | 1.000E+00 +=.213E2 100 rinite | Conto Charts
60100 Bridge accuracy 4.000E-02 | e Biomal o= 3 200 2000E02 | 1.D00E+00 2000E-02 100 rinite |S000 specification 1210 o
E0100 Brearty <. DO0E-02 e Momal k-2 200 20003 1.000E+00 2.000E00 100 reinite | B0M0D specTicadon
BI10D Raakio ermor Z00E-02 Tl ol k- f 1.00 2 1D0E02 1.00CE+DD 2 1onE gl reinike | BONOD determined cspermendty
EI10D Sridge resoiution 1.000E-03 (Ta’ il Mol k= 3 200 5 000=-0= 1.000E+00 S.000E-T4 100 rinike | S0900D specificaton
Fle=s Fee=spiution of Etandand | Equipent (F applcabie o0
¥ ftandanrdec and Refsmnoe Eguipmant {Comslated] ¥ MOTE! oNLY CHANGE BLUE CELLS - Al OTHER CELLS (WWITE) ARE PROTECTED
¥ Unit Undar Test § Callbration (Unoorrelated) ¥ MOTE! oNLY CHANGE BLUE CELLS - All OTHER CELLS (WMWITE) ARE PROTECTED
Res. Resoiution of UUT (F appicabie 100
Type B Evailation Fanges of e reculs Sectangulan 100
Type "A" Evaiuaion Exp Sid Deviaton "s" ZHEOEM [Tha} ] Pl B = 1 1.00 2 e 1. 00E+00 1 IE3ETH < Ho of Readings 5
¥ Uni Under Tect / Callbration {Commslatead) 7 MOTE! oNLY CHANGE BLUE CELLS - All OTHER CELLS (WMWITE) ARE PROTECTED
A LTS | TOTAL COMEINED UNCERTAINTY fTeatin]
-, ) i ) Combired Uncertainty (Mormal ¥ Lewvel of Confdidence W 1225601 Vs rrinite Checked and Approved By
Best Measurement Capability [(Excluding UUT contribation)
Expanded Uncertalmty 26,45 % K=2 Z4BE01 E= 2.0
) i i B Comibimed Uncerdaingy (Hormal] ¥ Lewel of Confidence W 1.512E01 Vs 24 S4ch
Uneertainty of Measurement {Including UUT contribution)
Expamded Uncertainty 86,45 % K=2 2 A0E41 k= 211

Page 31 of 39




UNCERTAINTY BUDGET MATRIX (UEM) Certfeaie Mo ArTmETE e
Procedure Mo OCLFR-0018
B Gabss o0 the Dapraass o Lncars ey in s e, B oy P IDC PO 150 USAC UPAP Ol - 150 0 SIS0 -7 0 Gl
Melroscgnl
Desseiption: Standard resistor gy e T42A B £B10007 Fange: 1000 o
- ' ik
Mathamatical Model: RAUUT=Amesacured
st e Esl e =landard Le=prrs
Inzut Quantity inpes sluma e sals 1y o= — ﬂlndn:e E—--nﬁv‘ﬂ- [TRe——— . "
Sy bl [Sounse of Unoertsintyl Cum=tay Urezarbarnty A ] Ly P Lini ottty Coaifichisst [ Cr— Fomaras
i, R, T, 18
(=) Tl Unit N v Lyxy (=] Unit L fmi a
¥ Etamndards and Rafersnoe Equipmesnt (Unoomelatad] ¥ Ll nl
S Rstd caltraton 3.000E-01 Mol k-2 Zia 1 S00=E-01 1.000E+00 1. 500E-OE 100 rAnite  |Calouisied Lok of Rsid
Pressune CosfTicent 0. 000=+00 200 D.000E+D0 1.000E+00 O.0O0E-=D0 glia ninike |Refenence sid callbratesd at BMIEA.
Fishd drift -1 120EH 1.73 -5 458E-02 | 1.D00E+D0 -6 45BE-0D 100 rnite |Conbod Charss
E01DD Bridge aCruracy 4. DO0E-IZ ol K- 2 Zioa 2 DDOE-02 1.000E+D0 2000E02 100 reinite | B0MID spedficadon 1210 =to
E010D Irearty =.DO0E-O3 o3l k=2 Zia 2 spoE-03 1.000E+00 2.500e-03 100 rnite |SCHID specficaton
E11DD Rabc ermor Z00EIE T Bdorral k- 1.00 2 1DDE-02 1.00CE+D0 2 100E02 100 renite | S0O00 seterined sxper mently
E010D Sridge resoiution 1.000E-02 T Mol k-2 Zia S 0DOE-D= 1.000E+00 SJ000ED4 100 rAnike |00 specificaton
Res REspiution of Elandand | Equiprment (T appicabis 100
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UNCERTAINTY BUDGET MATRIX (U'EM)
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Appendix C: KEBS uncertainty budgets

In the uncertainty budget, all the uncertainty contributors and the associated standard uncertainties were included. The calculations were done
according to the “Guide to the Expression of Uncertainty in Measurement”. Each uncertainty contributor was combined using sum square root (SSR)

method to get the combined uncertainty, u.. The confidence level was taken at 95.45% (k = 2), hence the expanded uncertainty, U, was taken as:

U=kxu,=2u,

The effective number of degrees of freedom, 9,5, was finally calculated. This was obtained by using Welch-Satterthwaite equation, that is;

where:
u. — combined uncertainty
u; — uncertainty for each uncertainty contributor

9; — degrees of freedom for each uncertainty contributor
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Quantity Estimate Relative Probability Sensitivity Uncertainty | Degrees of freedom
Standard | distribution coefficient | Contribution I;
Uncertainty Uy
+
1 Q Resistor Standard 1.00000178 Q 0.40-107° Normal 1 0.40-107° ed
(Rs)
Drift of the 1 Q resistor 1.01-107° Q 0.59-107% | Rectangular 1 0.59-10°° oo
(ORs)
Repeatability (ESDM) 12.0-107° Normal 1 12.0-107° 999
Temperature 5.0-107° | Rectangular 1 5.0-107° o
Coefficient (dRs)
Combined uncertainty 0.72-107°
uC
Effective degrees of 1.29 - 101°
freedom
Expanded 1.44-107¢

uncertainty U
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Quantity Estimate Relative Standard | Probability Sensitivity Uncertainty Degrees of
Uncertainty distribution coefficient Contribution freedom

+ Uy Y;

10 Q Resistor| 9.99998965 Q 0.41-107° Normal 1 0.41-10°° 00

Standard (Rs)

Drift of the 10 Q 15.5-107° Q 0.9-107° Rectangular 1 0.9-107° oo

resistor (ORs)

Repeatability 8.9-107° Normal 1 8.9-107° 999

(ESDM)

Temperature 5.0-107° Rectangular 1 5.0-107° 00

Coefficient (ORrs)

Combined 0.99-107°

uncertainty u,

Effective degrees 1.53 - 10!

of freedom

Expanded 1.98-107°

uncertainty U
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Quantity Estimate Relative Probability | Sensitivity | Uncertainty Degrees of
Standard distribution | coefficient | Contributio freedom
Uncertainty n I;
+ Uy

100 Q Resistor 99.99976512 Q 0.40-107° Normal 1 0.40-107° 0o

Standard (Rs)

Drift of the 100 Q 0.149-1073 Q 0.9-107° Rectangula 1 0.9-107° oo

resistor (ORs) r

Repeatability (ESDM) 37.7-107° Normal 1 37.7-107° 999

Temperature 5.0-107° Rectangula 1 5.0-107° o

Coefficient (OR7s) r

Combined uncertainty 0.99-10°°

Uc

Effective degrees of 4.75 - 108

freedom

Expanded 1.98-107°

uncertainty U
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Quantity Estimate Relative Standard Probability | Sensitivit Uncertainty Degrees
Uncertainty distribution y Contribution of
+ coefficien Uy freedom
t I;

1 kQ Resistor | 0.99999625 kQ 0.66- 107 Normal 1 0.66-107° 0o
Standard (Rs)
Drift of the 1 kQ | 0.11-107° kQ 63.5-107° Rectangular 1 63.5-107° oo
resistor (ORs)
Repeatability 32.4-107° Normal 1 32.4-107° 999
(ESDM)
Temperature 5.0-107° Rectangular 1 5.0-107° o0
Coefficient (0Rts)
Combined 0.67-107°
uncertainty u,
Effective degrees of 1.83 - 108
freedom
Expanded 1.34-107°

uncertainty U
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Quantity Estimate Relative Standard Probability distribution | Sensitivit | Uncertainty | Degrees
Uncertainty y Contribution of
+ coefficien Uy freedom
t 9;
10 kQ Resistor 9.99997430 kQ 0.66- 107 Normal 1 0.66- 107 0o
Standard (Rs)
Drift of the 10 kQ 5.22-107% kQ 0.3-107° Rectangular 1 0.3-107° o0
resistor (ORs)
Repeatability 73.7-107° Normal 1 73.7-107° 999
(ESDM)
Temperature 5.0-107° Rectangular 1 5.0-107° o0
Coefficient (ORts)
Combined 0.73-107°
uncertainty u,
Effective degrees of 9.62-10°
freedom
Expanded 1.46-107°

uncertainty U
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