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CALIBRATION AND DIMENSIONAL MEASUREMENT

ISO/TEC 17025 Accreditation Granted: 07 June 2024
Certificate Number: AC-2590 Certificate Expiry Date: 07 June 2026

CALIBRATION

Acoustics and Vibration

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Sound Level Calibrator,
Sound Level Meter/Calibrator 94 dB 0.17dB Sound Level Meter;
Source/Measure 114 dB 0.17 dB CP-EL35: Direct and
Comparison Measurement
Vibration Meters (160 Hz) '

Acceleration (RMS) Up to 1 m/s? 0.068 m/s?
(> 1to5)m/s? 0.13 m/s?
(> 5to 10) m/s? 0.24 m/s?
(> 10 to 20) m/s? 0.44 m/s?
(> 20 to 30) m/s? 0.63 m/s?
2 2

g 28 :g gg; zjzz 01' ?141;1}/:2 Vibration Calil?rator;

CP-PL22: Direct
Velocity (RMS) Up to 1 mm/s 0.066 mm/s Measurement

(> 1to 5) mm/s 0.13 mm/s
(> 5 to 10) mm/s 0.24 mm/s
(> 10 to 20) mm/s 0.44 mm/s
(> 20 to 30) mm/s 0.63 mm/s
(> 30 to 40) mm/s 0.84 mm/s
(> 40 to 50) mm/s 1.1 mm/s
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Vibration Meters (160 Hz) '
Displacement (RMS) Upto 1 pum 0.068 um
(> 110 5) pm 0.13 pm Vibration Calibrator;
(>51t010) pm 0.24 pm T ’
CP-PL22: Direct
(> 10 to 20) pm 0.44 um Measurement
(> 20 to 30) um 0.63 pm
(> 30 to 40) um 0.84 pm
(>40 to 50) pm 1.1 pm
Chemical Quantities
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Standard Conductivity
Solution;
Conductivity Meter ° 0.83 puS/cm 0.042 pS/cm CP-PL101: ASTM D 1125
and ASTM D 5391
(Direct Measure)
10 uS/cm 0.16 uS/cm Standard Conductivity
84 uS/cm 0.58 uS/cm Solution;
Conductivity Meter ' 1413 uS/cm 8.9 uS/em CP-PL58: ASTM D 1125
12.88 mS/cm 0.077 mS/cm and ASTM D 5391
111.3 mS/cm 0.62 mS/cm (Direct Measure)
0.83 uS/cm 7.8 % of reading
(> 0.83 to 10) uS/cm 2.5 % of reading Conductivity Meter
. . 1 > 10 to 84) uS/cm 1.1 % of readin Standard Set;
Conductivity Meter (>( 84to1l 41)3;L uS/cm 1 % of readingg CP-PL102: Comparison
(> 1.413 to 12.88) mS/cm 1.1 % of reading Measurement
(>12.88to 111.3) mS/cm 1.6 % of reading
2 pH 0.007 1 pH
4 pH 0.004 2 pH Standard pH
15 7 pH 0.004 2 pH Buffer Solutions;
pH Meter 9 pH 0.004 2 pH CP-PL21;
10 pH 0.004 2 pH ASTM E70 and BS 1647
12 pH 0.011 pH
10 NTU 0.051 NTU Standard Turbidity
. 15 100 NTU 1.1 NTU Solution;
Turbidity Meter 500 NTU 3.1 NTU CP-PL30: Direct
1 000 NTU 7.2 NTU Measurement
This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate. Page 2 of 113
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Ozone Source, 2 B Tech 205

Ozone Chamber Tester
Concentration by Volume

Up t0 0.000 1 %
(> 0.000 1 to 0.025) %

3.8 x 10” Concentration
2.4 % of reading + 4.7 x 10°
Concentration

Dual Beam Monitor;
CP-EL87: Comparison
Measurement

Gas Detector/Analyzer °
Hydrogen Sulfide in Nitrogen

Carbon Monoxide in Nitrogen

Methane in Nitrogen

Oxygen in Nitrogen

25 umol/mol
100 pumol/mol

50 % LEL
0.022 mol/mol

0.01 mol/mol
0.18 mol/mol
0.21 mol/mol

4.1 % of reading
1.1 % of reading

1.1 % of reading
1.1 % of reading

2.2 % of reading
0.7 % of reading
1.1 % of reading

Certified Reference Gases;
CP-PL84: Direct
Measurement

Propane in Nitrogen 50 % LEL 1.1 % of reading
8.5 mmol/mol 1.1 % of reading
5 % Brix 0.021 % Brix
10 % Brix 0.021 % Brix
Refractometers 3 20 % Br@x 0.051 % Br@x Sucrose Standard .Solution;
(Brix) 30 % Brix 0.061 % Brix CP-PL80: Direct
40 % Brix 0.071 % Brix Measurement
50 % Brix 0.091 % Brix
60 % Brix 0.091 % Brix
1.340 26 nD 0.000 091 nD
1.347 82 nD 0.000 091 nD
Refractometers 3 1.363 84 nD 0.000 091 nD Sucrose Standard .Solution;
(Refractive Index) 1.381 15 nD 0.000 091 nD CP-PL80: Direct
1.399 86 nD 0.000 091 nD Measurement
1.420 06 nD 0.000 011 nD
1.441 9 nD 0.000 011 nD
11116%%/}1 0(5051261? g/il TDS Solution;
TDS Meters * & 0= ME CP-PL81: Direct
478 mg/1 2.1 mg/l Measurement
1 382 mg/l 3.9 mg/l
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Expanded Uncertainty of

Reference Standard,

DC Voltage — Source

(22t0<11V)
(11to<22V)
(22 t0 <220 V)
(220 to 1 100 V

7.2 uV/V+5uV

7.2 uV/V+TuV

8.2 uV/V +90 uv
9.2 uV/V+0.55 mV

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
0.3 g/L NaCl 1.2 mg/L NaCl Salinity Solution:
Salinity Meters ° 53894‘%;/]}}\;?2%1 (1)22r5n§;11: Ezg CP-PL82: Direct
125 ¢/L NaCl 0.75 g/L NaCl Measurement
Solubility of Oxygen in
Dissolved Oxygen (DO) distilled water at various
Metor (6 to 13) mg/1 0.037 mg/1 temperatures and pressure;
CP-PL93: Direct
Measurement
Particle Counter Meter °
Air Flow Rate 2.83 Ipm 0.06 Ipm Comparison to
28.3 Ipm 0.06 Ipm Flow Meter
Counting Efficiency 0.3 um 5.9 % of reading Comparison to
0.5 pm 6 % of reading Counter and Standard
I pm 6.1 % of reading Monosized Polymer
3 pm 7.3 % of reading Microspheres;
5 pm 8.3 % of reading CP-PL-83: Comparison
10 pm 17 % of reading Measurement
Breath Alcohol Analyzer °
(Dry Method)
Screening 20 mg% 1.2 % of reading
44 mg% 1.2 % of reading Certified Reference Gases;
70 mg% 1.2 % of reading CP-PL103: Direct
Measurement
Evidential 20 mg% 3.8 % of reading
44 mg% 2 % of reading
70 mg% 1.5 % of reading
Electrical — DC/Low Frequency
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(0 to 220) mV 9 uvV/V+0.7uvV
(0.22t0<2.2V) 72 uV/V+1.2 1V Fluke 5700A

Multifunction Calibrator;
CP-EL79: Direct
Measurement

This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate.
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(0 to 330) mV 24 uV/V +2 pv Fluke SSI2A

DC Voltage — Source '

(033t0<33)V
(33t0<33)V
(33 to <330) V

14 uV/V+28 uv
15 uV/V + 24 pv
22 uV/V +0.18 mV

Multiproduct Calibrator;
CP-ELO1: Direct

(330 to 1 020) V 22 uV/V + 1.8 mV Measurement
Vitrek 4700
50 Vto 1 kV 0.5 mV/V +0.15 V fheh Volage Meter
DC High Voltage — Source ' (>1to6)kV 0.5mV/V+0.5V High Voltage Tester
6 to 10) kV 0.5mV/V+1.8V CP-BL42: Comparison
Measurement
(0 to 200) mV 8.5 LV/V +0.72 iV
02t0<2)V 7.1 uV/V + 1.2 uV q S\g?"ﬁﬁuﬁfn{mr
DC Voltage — Measure ' 2to<20)V 7.1 uV/V+7.5uV ‘CP-I§LO2' Direct ’
(20 to < 200) V 12 uV/V +92 uV Mer e
(200 to 1 000) V 12 WV/V +0.68 mV
(0 to 100) mV 8.5 uV/V +0.55 uv .
(>0.1to1)V 7 uV/V +0.55 v g SKgSi‘tgﬁ 31‘;533@
DC Voltage — Measure ' (>1to10)V 7 uV/V +0.75 uv ’ it Vit ’

(> 10 to 100) V

9.5 WV/V + 4 uv

CP-EL66: Direct

DC Voltage — Measure '

(> 100 to 1 000) V 24 WV/V + 0.2 mV Measurement
(0to 15) V 24mV/V + 54 mV
>15t030)V 24mV/V+0.11V Yokogawa WT110
(>30to60) V 24mV/V+021V Power Meter;

(> 60 to 150) V

24mV/V+0.54V

CP-EL04: Direct

(> 150 to 300) V 24mV/V+1.1V Measurement
(> 300 to 600) V 24mV/V+21V
Vitrek 4700
DC High Voltage — (0.5t05)kV 0.35mV/V+0.5V High Voltage Meter;
Measure ! (>5t010)kV 0.35mV/V+08V CP-ELO03: Direct
Measurement
Vitrek 4700
High Voltage Meter,
DC High Voltage — g T 4218; Ky AR HLV-100G/HLV-150
Measure ' > 40 0 100) kV LmV/V + 0.94 KV High Voltage Divider;
’ CP-ELO03: Direct
Measurement
This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate. Page 50f 113
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(0 to 220) pA 52 pA/A + 8.1 nA
(022 t0 < 2.2) mA 52 LA/A +8.5 nA — luli.e 578%) o
DC Current — Source ! (2.2 to <22) mA 52 pA/A + 85 nA u ClI‘,”ECL‘;’; Da. ! rta o
(22 to < 220) mA 62 HA/A + 0.86 nA Nieasurémglic
(0.22102.2) A 82 nA/A + 26 pA
(0t0 0.33) mA 0.18 mA/A + 24 nA
(0.33 to <3.3) mA 0.12 mA/A + 59 nA
(3.3 to <33) mA 0.12mA/A + 0.3 pA Fluke 5522A

DC Current — Source !

(33 to <330) mA
330mAto<1.1A

0.12 mA/A + 3.1 pA
0.24 mA/A +47 pA

Multiproduct Calibrator;
CP-ELO1: Direct

DC Current — Source !

(1.1to<3)A 0.44 mA/A +48 pA Measurement
Bto<l1l)A 0.58 mA/A + 0.91 mA
(11t020.5) A 1.2 mA/A +12mA
(0 to 100) pA 60 nA/A +30 pA
(>0.1to 1) mA 55 uA/A + 0.3 nA
(> 1to 10) mA 55 uA/A +3 nA
(> 10 to JUIREE Rl /oy - 30 nA Standard Resistor
(> 50 to 100) mA 60 pA/A +0.2 A Standard Shunt,

(> 100 to 200) mA

50 pA/A +2 uA

Digital Multimeter;

(> 200 to 500) mA 50 pA/A + 15 pA R :
>05t01)A 50 pA/A + 15 pA CP-ELS 7'Llij$ng Ohm’s
G 1t03)A 50 pA/A + 0.15 mA
(>3 1020) A 55 uA/A + 1.2 mA
(> 20 to 30) A 3.5 mA/A + 1.2 mA
(> 30 to 200) A 3 mA/A + 16 mA
(0 to 30) mA 0.1 mA/A + 0.15 pA
(> 30 to 300) mA 0.17 mA/A + 4 pA .
(>03t03)A 0.25 mA/A + 35 pA . GW Pgs'loto(s);l )
DC Current — Source ! >3 t030) A 0.33 mA/A + 0.35 mA Tecision Lurrent Satnt,

(> 30 to 100) A
(> 100 to 200) A
(> 200 to 220) A

0.44 mA/A + 3 mA
0.59 mA/A + 3 mA
0.95 mA/A + 3 mA

CP-EL57: Using
Comparison Measurement

DC Clamp-On Ammeters '

(20.5 to < 150) A
(150 to 1 025) A

24mA/A+0.13 A
2.6 mA/A+02A

Fluke 5522A
Multiproduct Calibrator,
50- turn coil; CP-ELO1:

Direct Measurement

This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate.
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(0to 1) pA 30 pA /A + 0.2 nA
(>1to 10) pA 30 uA /A +0.2 nA Keysight 3458A

DC Current — Measure !

(> 10 to 100) pA
(>0.1to 1) mA
(>1to10) mA

30 A /A + 1 nA
30 pA /A + 6 nA
30 pA /A + 60 nA

8.5 Digit Multimeter;
CP-EL66: Direct

(> 10 to 100) mA 50 pA /A + 0.6 pA Measurement
(>01to) A 0.14 mA/A +20 pA
(0to 0.5) A 2.4 mA/A +2.9 mA
>05t01)A 2.4 mA/A + 6 mA Yokogawa WT110
DC Current — Measure ! >1t02)A 2.4 mA/A + 7.3 mA Power Meter
(>2t05) A 2.4 mA/A + 18 mA CP-EL04: Direct
(>5t010) A 2.4 mA/A + 37 mA Measurement
(>101t020) A 2.4 mA/A + 76 mA

(0 to 100) pA
(>0.1to 1) mA
(> 1to 10) mA
(> 10 to 50) mA

(> 50 to 100) mA
(> 100 to 200) mA

60 uA/A + 30 pA
55 pA/A + 0.3 nA
55 uA/A +3 nA
55 uA/A +30 nA
60 pA/A +0.2 A
50 pA/A +2 nA

CCCP Standard Resistor
Sets 1 mQ to 100 kQ

(> 200 to 500) mA 50 pA/A + 15 pA .
DC Current — Measure | >05t01)A 50 pA/A + 15 pA Agilent 34330A Shunt,
FL-2.0 class 0.5;
>1t03)A 50 pA/A +0.12 mA CP-EL22: Using Ohm’s
(>3to 10) A 55 uA/A + 1.2 mA A &
(> 10 to 20) A 55 WA/A + 1.2 mA aw
(>20to 50) A 2.4 mA/A
(>50to0 100) A 2.4 mA/A
(> 100 to 500) A 2.4 mA/A
(> 500 to 1 000) A 5.8 mA/A
AC/DC Current — Measure !
Holt Standard
DC Upto20 A 0.15 mA/A HCS-1AF current shunts,
AC 20 mA 10 20 A Digital multimeter;
maA to .
CP-EL22: U Ohm’
10 Hz to 10 kHz 0.25 mA/A L B
(>10to 50) kHz 1.2 mA/A
This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate. Page 7 of 113
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Electrical — DC/Low Frequency

Reference Standard,

Parameter/Equipment Range Expanded Uncertainty of Method, and/or
Measurement (+/-) Equipment
AC/DC Current — Measure !
DC (0 to 30) mA 0.012 % of reading + 2 pA
(> 30 to 300) mA 0.012 % of reading + 20 pA
>03t03)A 0.012 % of reading + 0.2 mA
(>3t030)A 0.015 % of reading + 2 mA )
(> 30 to 300) A 0.087 % of reading + 40 mA PGW, I,HS“’é‘ PCAt'é(}’IOOIt
recision Current Shunt;
CP-EL78: Direct
AC (45 t0 400) Hz Measurement
Up to 30 mA 0.58 % of reading + 20 pA
(> 30 to 300) mA 0.58 % of reading + 0.2 mA
(>03t03)A 0.58 % of reading + 5 mA
(>3t030)A 0.58 % of reading + 20 mA
(>301t0300) A 0.59 % of reading + 0.2 A
AC/DC Current — Measure ! Fluke 11010
DC >300 to 1 000) A 2.4 % of reading + 0.65 A uxel
( 0 1000) B AC/DC Current Clamp &
AC (45 t0 65) Hz Fluke 287/289
(> 300 to 600) A 2.4 % of reading + 3 A Dé%tglﬁ\%lgﬁeegﬁ
(> 65 to 400) Hz M : A
(> 300 to 600) A 2.5 % of reading + 3 A casuremen
DC/AC Cutoff Current —
Measure !
DC (0to 10) mA 0.87 mA/A + 17 A . ]
> 10 to 100) mA 1.8 mMA/A + 28 pA Fl“é‘;_égf%“g;gger’
AC (50, 60) Hz Measurement
20 pA to 10 mA 7mA/ A +26 pA
(> 10 to 100) mA 7 mA/ A + 60 pA
This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate. Page 8 of 113
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Electrical — DC/Low Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
(10 to 20) Hz
Upto 2.2 mV 1.2 mV/V +4.7 uV
(2.2t0<22)mV 0.58 mV/V + 5.6 uV
(22 to <220) mV 0.56 mV/V + 14 pv
(022t0<22)V 0.51 mV/V + 90 uv
22t0<22)V 0.51 mV/V + 0.83 mV
(22t0<220) V 0.51 mV/V + 8.2 mV
(>20to 40) Hz
Upto 2.2 mV 0.55mV/V +4.7 uv
(2.2t0<22)mV 0.24 mV/V + 5.6 uV Muli filr‘llclfoi 7821?1% or
AC Voltage — Source ! (22 to <220) mV 0.22 mV/V + 8.4 pv CP.EL79: Direct
(022t0<22)V 0.17 mV/V + 32 uv Measurément
22t0<22)V 0.17 mV/V + 0.27 mV
(22t0<220) V 0.17 mV/V + 3.1 mV
> 40 Hz to 20 kHz
Upto 2.2 mV 0.52 mV/V +4.7 uvV
(2.2 t0 <22) mV 0.14 mV/V + 5.6 v
(22 to <220) mV 0.11 mV/V + 8.4 pv
(0.22t0<22)V 79 uV/V + 14 uv
22t0<22)V 79 uV/V +0.14 mV
(22t0<220) V 83 uvV/V+ 1.4 mV
This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate. Page 9 of 113
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Electrical — DC/Low Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(> 20 to 50) kHz
Upto 2.2 mV 0.71 mV/V + 4.7 uv
(2.2t0 <22) mV 0.39 mV/V + 5.6 uv
(22 to <220) mV 0.33 mV/V + 8.4 pv
(022t0<22)V 0.13mV/V +22 uv
22t0<22)V 0.13 mV/V +0.21 mV
(22t0<220) V 0.23 mV/V +4.5mV
(> 50 to 100) kHz
Upto2.2mV 1.4 mV/V+7.1uV
(2.2t0 <22) mV 0.87 mV/V + 8.5 uv
(22 to <220) mV 0.86 mV/V + 27 uv
(0.22t0<22)V 0.26 mV/V + 74 uvV
22t0<22)V 0.26 mV/V + 0.39 mV
(22t0<220) V 0.51 mV/V +9.8 mV
(> 100 to 300) kHz
Upto 2.2 mV 1.7 mV/V + 14 pv
(2.2 t0o <22) mV 1.2 mV/V + 14 uV
(22 to <220) mV 1.2 mV/V +27 pV
(02210<22)V 0.44 mV/V +0.17 mV M fiﬁlclileofl 7Cogﬁjrator'
AC Voltage — Source ' 22t0<22)V 0.51 mV/V + 1.9 mV CP-EL79: Direct ’
(22t0<220) V 1.6 mV/V +91 mV Measurémen ¢
(> 300 to 500) kHz
Upto2.2mV 2.7mV/V + 27 uV
(2.2 t0 <22) mV 1.8 mV/V + 27 uv
(22 to <220) mV 1.8 mV/V + 36 uV
(0.22t0<22)V 1.1 mV/V +0.37 mV
22t0<22)V 1.3 mV/V + 1.4 mV
(22t0<220) V 4.8 mV/V +91 mV
> 500 kHz to 1 MHz
Upto2.2mV 4.4 mV/V +27 uVv
(2.2t0 <22) mV 3.5mV/V+27 uV
(22 to <220) mV 3.5mV/V + 81 uVv
(0.22t0<22)V 2.3 mV/V +0.87 mV
22t0<22)V 2.8 mV/V + 8.7 mV
(22t0<220) V 12mV/V+02V
(15t0 50) Hz
(220 to 250) V 0.41 mV/V + 18 mV
50 Hz to 1 kHz
(220 to 1100) V 82 uv/vV +3.8 mV
This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate. Page 10 of 113
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AC Voltage — Source '

(10 to 45) Hz
(1to<33)mV
(33 to <330) mV
(033t0<33)V
(33t0<33)V
>45Hzto 10 kHz
(1to<33)mV
(33 to <330) mV
(033t0<33)V
(33to<33)V
(> 10 to 20) kHz
(1to<33)mV
(33 to <330) mV
(0.33t0<33)V
(33t0<33)V
(>20to 50) kHz
(1to<33)mV
(33 to <330) mV
(033t0<33)V
(33to<33)V
(33t0<330)V
(> 50 to 100) kHz

0.95mV/V+7.1uV

0.37 mV/V + 9.6 uV

0.35 mV/V + 60 uV
0.36 mV/V +0.77 mV

0.23 mV/V+7.1 VvV

0.19 mV/V +9.5 uv

0.18 mV/V + 70 uv
0.18 mV/V +0.71 mV

028 mV/V+7.1 uv
0.21 mV/V +9.5 uv
0.23 mV/V + 70 uV
0.28 mV/V +0.71 mV

1.2mV/V+7.1uV
0.42 mV/V + 9.5 uV
0.36 mV/V + 60 uV
0.41mV/V +0.71 mV

0.36 mV/V +7 mV

Fluke 5522A
Multiproduct Calibrator
CP-ELO1: Direct

(1to<33)mV 4.1 mV/V + 14 uv Measurement
(33 to < 330) mV 0.94 mV/V + 38 pV
(0.33t0<3.3) V 0.82 mV/V +0.15 mV
(3.3t0<33)V 1.1 mV/V+ 1.9 mV
(33 to <330) V 24mV/V + 58 mV
(> 100 to 500) kHz
(1to<33)mV 9.3 mV/V + 58 uVv
(33 to < 330) mV 2.4 mV/V +81 pV
(0.33t0<3.3) V 2.9 mV/V +0.7mV
45 Hz to 1 kHz
(33 t0 <330) V 0.23 mV/V +2.8 mV
(330 to 1 020) V 0.35 mV/V + 12 mV
(>1to 10) kHz
(33 to <330) V 024 mV/V +7.2 mV
(> 10to 20) kHz
(33t0o<330)V 0.3 mV/V+7.1mV
(> 1to 5) kHz
(330 to 1 020) V 0.3 mV/V + 12 mV
(>51t010) kHz
(330 to 1 020) V 0.35 mV/V + 12 mV
(50 to 60) Hz Vitrek 4700
AC High Voltage — Source ! 50 Vto 1l kV 1.6 mV/V+0.6 V High Voltage Meter,
(>1to6) kV 1.6 mV/V+18V Rek RK2671AM
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(>6to10)kV 1.6 mV/V+34V High Voltage Tester;
CP-EL42: Direct
Measurement

AC Voltage — Measure '

(20 to 40) Hz
(10 to <200) mV
200mVto<2V
2to<20)V
(20to <200) V
(200 to 1 000) V
(>40to 100) Hz
(10 to <200) mV
200mVto<2V
2to<20)V
(20 to <200) V
(200 to 1 000) V
> 100 Hz to 2 kHz
(10 to <200) mV
200mVto<2V
2to<20)V
(20 to <200) V
(200 to 1 000) V
(>2to 10) kHz
(10 to <200) mV
200mVto<2V
2to<20)V
(20 to <200) V
(200 to 1 000) V
(> 10to 30) kHz
(10 to <200) mV
200mVto<2V
2to<20)V
(20to <200) V
(200 to 1 000) V
(>30to 100) kHz
(10 to <200) mV
200mVto<2V
2to<20)V
(20 to <200) V
(200 to 1 000) V

0.27 mV/V +4.7 uVv
0.2 mV/V +25uV
0.2 mV/V +0.24 mV
0.2 mV/V +2.5mV
0.2 mV/V + 14 mV

0.25 mV/V +4.7 uV
0.18 mV/V + 25 uv
0.18 mV/V +0.24 mV
0.18 mV/V +2.5mV
0.18 mV/V + 14 mV

0.25 mV/V +2.5uV
0.16 mV/V + 24 uv
0.16 mV/V + 0.24 mV
0.16 mV/V +2.5mV
0.18 mV/V + 14 mV

025 mV/V+4.7uvV
0.18 mV/V + 24 uv
0.18 mV/V + 0.25 mV
0.18 mV/V +2.6 mV
0.18 mV/V + 14 mV

047 mV/V+9.3 uVvV
0.29 mV/V + 47 uv
0.29 mV/V + 0.47 mV
029 mV/V +4.7mV
0.25 mV/V + 24 mV

0.82 mV/V + 24 pv
0.58 mV/V +0.24 mV
0.58 mV/V +2.4mV
0.58 mV/V + 24 mV

0.58 mV/V+0.12V

Wavetek 1281
8.5 Digit Multimeter
CP-ELO02: Direct
Measurement
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Electrical — DC/Low Frequency
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
(> 100 to 300) kHz
200mVto<2V 3.5mV/V+2.4mV
2 t0<20)V 3.5 mV/V + 24 mV q S\g’{“’ﬁtﬁuﬁﬁ; o
AC Voltage — Measure ' (20 to <200) V 3.5mV/V+024V ' & .,
CP-ELO02: Direct
>300 kHz to 1 MHz Measurement
2to<20)V 2mV/V+12V
(20 to <200) V 12mV/V+24V
(10 to 20) Hz
(1to 10) mV 0.41 mV/V +4 uV
(> 10 to 100) mV 0.11 mV/V + 5 uV
>01t0l)V 0.1 mV/V +50 pv
(>1to10)V 0.1 mV/V + 0.5 mV
(>10to 100) V 0.24 mV/V + 5 mV
(> 20 to 40) Hz
(1to 10) mV 0.38 mV/V +4 uv
(> 10 to 100) mV 0.1 mV/V +5 uvV
>01tol)V 0.1 mV/V + 50 uv
>1t010)V 0.1 mV/V + 0.5 mV
(>10to 100) V 0.24 mV/V + 5 mV
>40 Hz to 1 kHz
(1to 10) mV 0.27 mV/V +2 uVv
(> 10 to 100) mV 0.1 mV/V +3 uV .
(0.1t 1)V 0.1 mV/V + 30 uV o ?E{Sli%}&iﬁfni?ter
AC Voltage — Measure ' >1to10)V 0.1 mV/V+0.3 mV ' CP-EgJL 66: Direct
(> 10 to 100) V 0.24 mV/V +3 mV Measurémen )
(> 100 to 700) V 0.47 mV/V +30 mV
(> 1to 20) kHz
(1to 10) mV 0.38 mV/V +4 uv
(> 10 to 100) mV 0.18 mV/V + 5 uV
>01to)V 0.17 mV/V +30 uV
>1to10)V 0.18 mV/V + 0.3 mV
(>10to 100) V 0.24 mV/V +3 mV
(> 100 to 700) V 0.7 mV/V +30 mV
(>20to 50) kHz
(1to 10) mV 1.2 mV/V +2 VvV
(> 10 to 100) mV 0.36 mV/V +3 uVvV
>01to)V 0.36 mV/V + 30 uv
>1to10)V 0.36 mV/V + 0.3 mV
(>10to 100) V 0.41 mV/V+3mV
(>100 to 700) V 1.4 mV/V + 30 mV
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(> 50 to 100) kHz
(1 to 10) mV 5.8 mV/V +2 uV
(> 10 to 100) mV 0.94 mV/V + 3 puV
01tol)V 0.93 mV/V + 30 pV
1t010)V 0.93 mV/V + 0.3 mV
(>10to 100) V 1.4 mV/V +3mV
(> 100 to 700) V 3.5mV/V +30 mV
(> 100 to 300) kHz
(1 to 10) mV 47 mV/V +3 pv
(> 10 to 100) mV 3.5mV/V +20 uV
>01tol)V 3.5mV/V+0.2mV
>1to10)V 3.5mV/V+2mV
(> 300 to 500) kHz
(1to 10) mV 15 mV/V + 6 pv
(>10 to 100) mV 12 mV/V + 20 uV
>0.1to 1)V 12 mV/V +0.2 mV .
>1t010)V 12 mV/V +2 mV q ?g“fﬁiﬁii’;er
AC Voltage — Measure ' |(> 0.5 to 1) MHz ' CP—EgL 66: Direct
(1 to 10) mV 15 mV/V + 6 pV Measurement
(> 10 to 100) mV 12 mV/V +20 uv
(>01tol)V 12 mV/V + 0.2 mV
(>1t010)V 12 mV/V + 2 mV
(> 1 to 4) MHz
(1to 10) mV 82 mV/V+9uv
10 to 100) mV 47 mV/V + 90 uV
>01to)V 47 mV/V + 0.9 mV
>1t03)V 47 mV/V +9 mV

(> 4 to 8) MHz
(10 to 100) mV
>01to1)V
>1t3)V
> 8 to 10) MHz

47 mV/V + 0.1 mV
47 mV/V +1 mV
47 mV/V + 10 mV

(10 to 100) mV 180 mV/V + 0.2 mV
(>0.1to 1)V 180 mV/V +2 mV
G1lto3)V 180 mV/V + 20 mV
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(45 to 66) Hz
(Ito15)V 1.8 mV/V + 34 mV
(>15t030)V 1.8 mV/V + 62 mV
(> 30 to 60) V 1.8 mV/V+0.13V
(> 60 to 150) V 1.8mV/V +034V
(> 150 to 300) V 1.8 mV/V +0.62 V Yokogawa WT110

| (> 300 to 600) V 1.8mV/V+13V Power Meter
AC Voltage —Measure |, 66 17,46 1 Kz CP-EL04: Direct
(1to15)V 3.5mV/V + 62 mV Measurement
(>15t030)V 3.5mV/V+0.13V
(>30to 60) V 3.5mV/V+025V
(>60to 150) V 3.5mV/V+0.62V
(> 150 to 300) V 3.5mV/V+13V
(> 300 to 600) V 3.5mV/V+25V
(50 to 60) Hz
500 Vto 1 kV 1.4mV/V+0.6V Vitrek 4700
(>1to5)kV 1.4mV/V+1.6V High Voltage Meter
AC High Voltage — (>5t010) kV 1.4mV/V+34V With High Voltage Divider
Measure ! (> 10 to 20) kV 5.8mV/V+41V HLV-150;
(> 20 to 40) kV 5.8 mV/V+80V CP-ELO03: Direct
(> 40 to 70) kV 5.8mV/V +0.15kV Measurement
(> 70 to 100) kV 5.8 mV/V+0.3kV
(10to 20) Hz
Up to 220 pA 0.72 mA/A + 26 nA
(0.22 t0 <2.2) mA 0.73 mA/A + 51 nA
(2.2t0 <22) mA 0.71 mA/A +0.48 nA
(22 to <220) mA 0.71 mA/A + 5 pA
(>20to 40) Hz
Up to 220 pA 037 mA/A + 21 nA Fluke 5700A
| Multifunction Calibrator;
AC Current — Source (0.22t0 <2.2) mA 0.37 mA/A +42 nA CP-EL79: Direct
(2.2t0 <22) mA 0.36 mA/A + 0.48 A Measurément
(22 to <220) mA 0.36 mA/A +4.4 pA
>40 Hzto 1 kHz
Up to 220 pA 0.18 mA/A + 17 nA
(0.22 t0 <2.2) mA 0.17 mA/A + 42 nA
(2.2 t0o <22) mA 0.16 mA/A + 0.39 pA
(22 t0 <220) mA 0.15 mA/A +5 pA
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Method, and/or
Equipment
(> 1to5)kHz
Up to 220 pA 0.62 mA/A + 42 nA
(0.22t0 <2.2) mA 0.61 mA/A +0.41 pA
(2.2t0<22) mA 0.61 mA/A +4.2 pA
(22 t0 <220) mA 0.61 mA/A +42 pA
(0.22t02.2) A 0.76 mA/A + 95 pA Fluke 5700A
AC Current — Source ! (>51t0 10) kHz Multifunction Calibrator;
Up to 220 pA 1.7 mA/A + 0.81 nA CP-EL79: Direct
(0.22 to <2.2) mA 1.7 mA/A +0.81 pA Measurement
(2.2t0 <22) mA 1.7 mA/A + 8.1 pA
(22 to <220) mA 1.7 mA/A + 81 pA
(0.22t02.2) A 8.6 mA/A +0.17 mA
20 Hzto 1 kHz
(0.22t02.2) A 0.66 mA/A +43 nA
(10to 20) Hz
(29 to <330) pA 2.4 mA/A +0.12 pA
330 pA to <3.3 mA 2.4 mA/A +0.19 pA
(3.3t0 <33) mA 2.1 mA/A +2.5 pA
(33 to <330) mA 2.1 mA/A +25 pA
(>20to45)Hz
(29 to <330) pA 1.8 mA/A + 0.12 pA
330 pA to <3.3 mA 1.5 mA/A +0.19 pA
(3.3to<33)mA 1.1 mA/A +2.5 pA
(33 to <330) mA 1.1 mA/A +25 pA
>45Hzto 1 kHz
(29 to <330) pA 1.5 mA/A +0.12 pA Fluke 5522A

AC Current — Source !

330 pA to <3.3 mA
(3.3t0<33)mA
(33 to <330) mA

330mAto<l1.lA
(1.1to<3)A
(> 1to5)kHz
(29 to <330) nA

330 pA to <3.3 mA
(3.3t0<33)mA
(33 to <330) mA

330mAto<l1.lA

(1.1to<3)A
Bto<1 A
(11t020.5) A

1.2 mA/A +0.2 uA
0.48 mA/A +2.5 pA
0.48 mA/A + 27 pA

0.59 mA/A +0.12 mA
0.7 mA/A +0.14 mA

3.5 mA/A +0.18 pA
2.4 mA/A +0.26 pA
0.93 mA/A + 2.6 pA
1.2 mA/A + 59 pA
7 mA/A + 1.2 mA
7 mA/A + 1.2 mA
35 mA/A +2.7 mA
35 mA/A +5.9 mA

Multiproduct Calibrator
CP-ELO1: Direct
Measurement
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(>5to 10) kHz
(29 to <330) pA 9.3 mA/A +0.24 A
330 pAto<3.3mA 5.8 mA/A +0.37 pA
(3.3 t0 <33) mA 2.4 mA/A + 3.8 A
(33 to <330) mA 2.4 mA/A +0.12 mA
330mAto<1.lA 29 mA/A + 5.8 mA
(1.1to<3) A 29 mA/A + 5.8 mA
(> 10 to 30) kHz
(29 to <330) pA 19 mA/A +0.47 pA Fluke 5522A

AC Current — Source !

330 pA to <3.3 mA
(3.3t0o <33) mA
(33 to <330) mA

12 mA/A +0.71 pA
4.7 mA/A + 4.8 pA
4.7 mA/A +0.24 mA

Multiproduct Calibrator
CP-ELOI: Direct

AC Clamp-On Ammeters '

(10 to 45) Hz Measurement
330mAto<1.lA 2.1 mA/A +0.12 mA
(1.1to<3) A 2.1 mA/A +0.15 mA
(>45to 100) Hz
Bto<1 A 0.71 mA/A +2.5 mA
(11 to0 20.5) A 1.4 mA/A + 5.9 mA
> 100 Hz to 1 kHz
Bto<1A 1.2 mA/A +2.6 mA
(11 t0 20.5) A 1.8 mA/A + 6 mA
(45 to 65) Hz
(20.5to <150) A 3.8mA/A+0.13 A Fluke 5522A

(150 to 1 025) A
(> 65 to 440) Hz
(20.5 to < 150) A

3.8 mA/A+02A

7mA/A+0.15 A

Multiproduct Calibrator,
50-turn Current Coil
CP-ELO1: Direct

(> 65 to 100) Hz Measurement
(150t0 1 025) A 6 mA/A+02A

10 Hz to 5 kHz
(10 to <200) pA 0.36 mA/A + 25 nA

200 pA to <2 mA

0.35 mA/A + 0.25 pA

Wavetek 1281

(2 to < 20) mA 0.35 mA/A + 2.5 A 8.5 Digit Multimeter
AC Current — Measure ' (20 to <200) mA 0.35 mA/A + 25 pA ' CP-EL02: Direct
10 Hz to 1 kHz Measurement
200mAto<2 A 0.7 mA/A + 0.48 mA
¢ 1to 5) kHz
200mAto<2 A 2.4 mA/A +0.94 mA
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(10 to 20) Hz
(1 to 100) pA 4.7 mA/A + 40 nA
(>0.1to 1) mA 4.7 mA/A +0.3 pA
> 1to 10) mA 4.7 mA/A +3 pA
(> 10 to 100) mA 4.7 mA/A + 30 pA
>01t0l)A 4.7 mA/A + 0.3 mA
(>20to45)Hz
(1 to 100) pA 1.8 mA/A + 40 nA
(>0.1to 1) mA 1.8 mA/A + 0.3 pA
(>1to 10) mA 1.8 mA/A +3 pA
(> 10 to 100) mA 1.8 mA/A + 30 pA
(>0.1to 1) A 1.9 mA/A + 0.3 mA
(>45to0 100) Hz
(1 to 100) pA 0.72 mA/A + 40 nA
(>0.1to 1) mA 0.7 mA/A + 0.3 uA
(> 1 to 10) mA 0.71 mA/A + 3 pA
(> 10 to 100) mA 0.71 mA/A + 30 pA
>0.1t0o1) A 0.94 mA/A + 0.3 mA
(> 100 to 1) kHz Keysight 3458A

AC Current — Measure !

(1to 100) pA
(>0.1to 1) mA
(> 1to 10) mA
(> 10 to 100) mA
>0.1to1)A
(> 1to5)kHz
(1to 100) pA
(>0.1to1)mA
(>1to10) mA
(> 10 to 100) mA
>01tol)A
(> 510 20) kHz
(>0.1to 1) mA
(> 1to 10) mA
(> 10 to 100) mA
>01to])A
(>20 to 50) kHz
(>0.1to1)mA
(>1to10) mA
(> 10 to 100) mA
(>01to])A

0.72 mA/A + 40 nA
0.38 mA/A + 0.3 pA
0.36 mA/A + 3 pA
0.36 mA/A + 30 pA
1.2 mA/A + 0.3 mA

0.72 mA/A + 40 nA
0.38 mA/A + 0.3 pA
0.36 mA/A +3 uA
0.36 mA/A + 30 pA
1.2 mA/A + 0.3 mA

0.72 mA/A + 0.3 pA
0.71 mA/A + 3 pA
0.71 mA/A + 30 pA
3.5mA/A + 0.3 mA

4.7 mA/A + 0.5 pA
4.7 mA/A +5 pA

4.7 mA/A + 50 uA
12 mA/A + 0.5 mA

8.5 Digit Multimeter
CP-EL66: Direct
Measurement
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(45 to 66) Hz
ImAto05A 1.8 mA/A +1.1 mA
>05t01)A 1.8 mA/A +2.4 mA
1t02)A 1.8 mA/A + 4.6 mA
(>2t05)A 1.8 mA/A + 12 mA
(>5t010) A 1.8 mA/A + 24 mA Yokogawa WT110

AC Current — Measure '

(>10t0 20) A
66 Hz to 1 kHz

1.8 mA/A + 51 mA

Power Meter
CP-EL04: Direct

ImAto05A 3.5 mA/A +2.1 mA Measurement
>05t01)A 3.5mA/A +4.3 mA
>1t02)A 3.5 mA/A + 8.4 mA
(>2t05 A 3.5mA/A +23 mA
(>5t010) A 3.5 mA/A + 46 mA
(> 1010 20) A 3.5 mA/A +96 mA
Up to 1 kHz Agilent 34330A Shunt,
B 1 (>1t030) A 3.5 mA/A Digital Multimeter
AC Current — Measure (>1to5)kHz CP-EL22: Using Ohm’s
(>1t030)A 5.8 mA/A Law
Weld Machine '
DC (0.1to 2) kA 2.4 % of reading + 6 A . .
> 2 t0 20) kA 2.4 % of reading + 60 A M‘}yl?gcﬁlpﬁg/giloff*
o .
(>20to 200) kA 2.4 % of reading + 1.1 kA Weld Tester
AC (50 or 60) Hz (0.1 t0 2) kA 2.4 % of reading + 6 A C&E;l?én?;eft
(>2to 20) kA 2.4 % of reading + 60 A
(> 20 to 200) kA 2.4 % of reading + 0.6 kA
Keysight 3458A
+ 100 mV 11 pv/v 8.5 Digit Multimeter,
3 | +1V 3.7 uwV/V Fluke 5700A or
DC ?]F()ig:gePoii?Srce 10V 32 VIV Fluke 5522A
+ 100V 6.5 uvV/v Calibrator;
+ 1000V 6.5 pv/v CP-EL67: Comparison
Measurement
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10 Hz
10 mV 0.61 mV/V
100 mV 0.13mV/V
1V 90 uv/v
10V 80 uv/v
20 Hz
10 mV 0.36 mV/V
100 mV 0.12 mV/V
1V 70 uV/vV
10V 80 uvV/vV
40 Hz
10 mV 0.36 mV/V
100 mV 0.1 mV/V
1V 70 uV/V
10V 75 uV/v
100 Hz
10 mV 0.33mV/V
10 ¥ M Keysight 3458A
1V 75 uvV/vV " ;
8.5 Digit Multimeter,
108 ELad v Fluke 5700A or
AC Voltage — Source ' 100 V 70 uV/V Fluke 5529A
(Fixed Points) 700 V 80 uvV/v .
1 kiz Calibrator; '
10 mV 0.31 mV/V CP'EﬁgZS'u(Eggé’lj‘t“S"n
100 mV 0.1 mV/V
1V 70 uV/V
10V 75 uV/vV
100 V 70 uV/V
700 V 70 uV/V
10 kHz
10 mV 0.31 mV/V
100 mV 0.1 mV/V
1V 70 uV/V
10V 75 uvV/vV
100 V 70 uV/V
700 V 70 uV/V
20 kHz
10 mV 0.31 mV/V
100 mV 0.1 mV/V
1V 70 uV/V
10V 75 uV/vV
100 V 75 uv/v
1 50 kHz Keysight 3458A
AC z;"il)::(giepgii‘t’sm 10 mV 0.38 mV/V 8.5 Digit Multimeter,
100 mV 0.12 mV/V Fluke 5700A or
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
1V 90 uv/v Fluke 5522A
10V 95 uv/v Calibrator;
100 V 90 uv/v CP-EL67: Comparison
100 kHz Measurement
10 mV 0.79 mV/V
100 mV 0.24 mV/V
1V 0.2 mV/V
10V 0.19 mV/V
100 V 0.21 mV/V
300 kHz
10 mV 1.1 mV/V
100 mV 0.79 mV/V
1V 0.54 mV/V
500 kHz
10 mV 1.1 mV/V
100 mV 0.81 mV/V
IRY% 0.69 mV/V
1 MHz
100 mV 7.2 mV/V
1V 6.6 mV/V
2 MHz
3V 5.6 mV/V
4 MHz
100 mV 7.2 mV/V
1V 6.6 mV/V
3V 5.6 mV/V
8 MHz
100 mV 7.2 mV/V
Y 6.6 mV/V
3V 5.6 mV/V
10 MHz
100 mV 7.2 mV/V
1Y% 6.6 mV/V
3V 5.6 mV/V
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(0to 0.5) mV/V
0 60 nV
0.05 0.000 093 mV/V
0.1 0.000 13 mV/V
0.15 0.000 16 mV/V
0.2 0.000 19 mV/V
0.25 0.000 22 mV/V
0.3 0.000 26 mV/V
0.35 0.000 29 mV/V
0.4 0.000 32 mV/V
0.45 0.000 35 mV/V
0.5 0.000 39 mV/V
(0to 1) mV/V
0 60 nV
0.1 0.000 13 mV/V
0.2 0.000 19 mV/V
0.3 0.000 26 mV/V Vishay BLH 625
Strain Gauge Indicator ! 0.4 0.000 32 mV/V Precision Calibrator
120 Q, 350 Q 0.5 0.000 39 mV/V CP-EL63: Direct
0.6 0.000 45 mV/V Measurement
0.7 0.000 52 mV/V
0.8 0.000 58 mV/V
0.9 0.000 65 mV/V
1 0.000 71 mV/V
(0 to 2) mV/V
0 60 nV
0.2 0.000 19 mV/V
0.4 0.000 32 mV/V
0.6 0.000 45 mV/V
0.8 0.000 58 mV/V
1 0.000 71 mV/V
1.2 0.000 84 mV/V
1.4 0.000 97 mV/V
1.6 0.001 1 mV/V
1.8 0.001 2 mV/V
2 0.001 4 mV/V
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(0to 5) mV/V
0 60 nV
0.5 0.000 39 mV/V
1 0.000 71 mV/V
1.5 0.001 mV/V
2 0.001 4 mV/V
2.5 0.001 7 mV/V
3 0.002 mV/V
3.5 0.002 3 mV/V
4 0.002 7 mV/V
4.5 0.003 mV/V Vishay BLH 625
Strain Gauge Indicator ! 5 0.003 3 mV/V Precision Calibrator
120 Q, 350 Q (0to 10) mV/V CP-EL63: Direct
0 60 nV Measurement
1 0.000 71 mV/V
2 0.001 4 mV/V
3 0.002 mV/V
4 0.002 7 mV/V
5 0.003 3 mV/V
6 0.004 mV/V
7 0.004 6 mV/V
8 0.005 3 mV/V
9 0.005 9 mV/V
10 0.006 6 mV/V
Keysight 3458A
+ 100 uA 10 uA/A 8.5 Digit Multimeter,
| + 1 mA 9 nA/A Fluke 5700A or
bC &‘;;r:;‘tpgi‘t’:)me +10 mA 9 WA/A Fluke 5522A
+ 100 mA 12 pA/A Calibrator;
+1A 25 nA/A CP-EL67: Comparison
Measurement
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
10 Hz
100 pA 0.28 mA/A
1 mA 0.28 mA/A
10 mA 0.12 mA/A
100 mA 0.11 mA/A
1A 0.11 mA/A
45 Hz
100 nA 0.23 mA/A
I mA gy’ mA/A Keysight 3458A
10 mA 0.12 mA/A . .
8.5 Digit Multimeter,
100 mA 0.11 mA/A
| Fluke 5700A or
AC Current — Source 1A 0.11 mA/A
. . Fluke 5522A
(Fixed Points) 100 Hz Calibrator-
100 pA 0.22 mA/A CP.EL 6"‘7, Ca or
1 mA 0.22 mA/A e Ompat“s"n
10 mA 0.12 mA/A casuremen
100 mA 0.11 mA/A
1A 0.11 mA/A
1 kHz
100 pA 0.22 mA/A
1 mA 0.22 mA/A
10 mA 0.12 mA/A
100 mA 0.11 mA/A
1A 0.11 mA/A
10Q 14 uQ/Q
100 Q 12 nQ/Q Keysight 3458A
1 kQ 7 nQ/Q 8.5 Digit Multimeter,
. B 1 10 kQ 9 uQ/Q Fluke 5700A or
]é?xlzg_sésit;?ﬁzte dsl‘j;‘ir;fs) 100 kQ 10 pQQ Fluke 5522A
1 MQ 19 nQ/Q Calibrator;
10 MQ 25 nQ/Q CP-EL67: Comparison
100 MQ 90 pQ/Q Measurement
1 GQ 0.33 mQ/Q
0Q 59 uQ
19 96 pey/Q +0.95 pQ Fluke 5700A Multifunction
. | 1.9Q 96 nQ/Q + 1.7 uQ .
Resistance — Source Calibrator;
(Fixed Points) 100 29 pyQ + 3.5 pQ CP-EL79: Direct
19Q 28 uQ/Q +4 uQ Meas rément
100 Q 18 LY/Q + 34 uQ U
190 Q 18 uQ/Q + 16 pQ
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
1 kQ 14 pQ/Q + 0.3 mQ
1.9 kQ 14 uQ/Q + 0.34 mQ
10 kQ 13 pQ/Q + 2.9 mQ
110901;% 11?,;. H ?2//%1 32(? gg Fluke 5700A Multifunction
Resistance — Source ' H Calibrator;
(Fixed Points) 190 k@ [ + 24 mQ CP-EL79: Direct
1 MQ 22 uQ/Q +0.22 Q Measurémen t
1.9 MQ 23 uQ/Q+0.3Q
10 MQ 42 uQ/Q+6.4Q
19 MQ 48 pQy/Q+8.4Q
100 MQ 0.12 mQ/Q +70 Q
(0to11)Q 62 pQ/Q + 1.2 mQ
(11t0<33)Q 53 pY/Q + 1.8 mQ
(33to<110) Q 43 pQy/Q + 1.7 mQ Fluke 5522A

Resistance — Source !
(Simulated, 4-wire Mode)

(110 to < 330) Q
330 Qto < 1.1 kQ
(1.1 to <3.3) kQ

36 uQ/Q + 2.4 mQ
34 pQ/Q + 2.4 mQ
35 pQ/Q + 24 mQ

Multiproduct Calibrator;
CP-ELO1: Direct

Resistance — Source
(Simulated, 2-wire Mode)

(3.3 1t0<11)kQ 34 pQ/Q + 24 mQ Measurement
(11 to < 33) kQ 35 1Q/Q +0.24 Q
(33 to < 110) kQ 34 1Q/Q +0.24 Q
(110 to < 330) kQ 38 Q0+ 78 Q
330kQto< 1.1 MQ 39 uQ/Q +3.8 Q

(1.1 to < 3.3) MQ 71 uQ/Q + 48 Q Fluke 5522A

(33 to<11) MQ

(11 to < 33) MQ

(33 to < 110) MQ
(110 to < 330) MQ
(330 to 1 100) MQ

0.16 mQ/Q + 0.46 kQ
0.3 mQ/Q + 3.3 kQ
0.59 mQ/Q + 4.6 kQ
3.5 mQ/Q + 0.23 MQ
18 mQ/Q + 0.59 MQ

Multiproduct Calibrator;
CP-ELO1: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
75 nQ 5.8 mQ/Q + 60 nQ
0.1 mQ 3 mQ/Q + 60 nQ
0.6 mQ 5.9 mQ/Q + 0.1 pnQ
I mQ 55 R + 80 n€2 Red-China FL-2.0,
2 mQ 2.4 mQ/Q + 0.1 uQ
Megger 249005,
. ' 10 mQ 50 pQ/Q + 0.1 pQ .
Resistance — Source CCCP Standard Resistor
: . 0.1Q 50 pQ/Q + 1 puQ
(Fixed Artifacts) Sets 1mQ to 100kQ;
1 Q Sy + 10 p0 CP-EL24: Direct
10 Q2 55 nQ/Q + 0.1 mQ Meas rément
0.1 kQ 55 uQ/Q + 1 mQ U
1 kQ 55 pQ/Q + 10 mQ
10 kQ 55 uQ/Q+0.1Q
100 kQ 57 puQ/Q+1Q
100 mQ to 1 O 0.13 mQ/Q + 0.27 mQ ggigggz g;gz
(1 t0 10) Q 0.13 mQ/Q + 0.27 mQ g ’

Resistance — Source !
(Variable Artifacts)

(10 to 100) Q
(100 to 1 000) Q
(1 to 10) kQ
(10 to 100) kQ

0.13 mQ/Q + 0.27 mQ

0.13 mQ/Q + 0.35 mQ
0.13 mQ/Q + 1.8 mQ
0.13 mQ/Q + 10 mQ

ESI DB62-11k,
ESI DB62-11M
Decade Resistors;
CP-EL24: Direct
Measurement

Resistance — Source !

100 kQ to 1 MQ
> 1 to 10) MQ

0.12 mQ/Q + 30 Q
0.12 mQ/Q + 0.6 kQ

General Radio RDS67-A,
ESI DB62-11M,

. . Decade Resistor;
Variable Artifacts .
( ) (> 10 to 100) MQ 0.12 mQ/Q + 50 kQ CP-EL24: Direct
Measurement
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
1 kQ 1.8Q
10 kQ 0.18 kQ
100 kQ 1.8 kQ
1 MQ 5.1 kQ
2 MQ << Yokogawa 279303
5 MQ 8.6 kQ .
Decade Resistance Box,
10 MQ 9.2 kQ
Megger CB101
20 M€ R MQ High Resistance Box
High Resistance — Source ' 50 MQ 0.11 MQ g oo
. . Ohmite SM1 Resistor,
(Insulation Resistance) 100 MQ 0.12 MQ IMQ to 1TQ Standard
(Artifacts) 200 MQ 1.3 MQ Resistance Box
Test Voltage: 300 MQ 2.2 MQ (IMQ to 5 GQ
+ (10 to 10 000) V 400 MQ 2.9 MQ (10 to 20) GQ IOO’GQ
500 MQ 3.3 MQ ’ ’
and 1 TQ};
1 GQ 6.8 MQ CP-ELOS5: Direct
2GQ 14 MQ Mot lretc
5GO 36 MO easuremen
10 GQ 74 MQ
20 GQ 0.15 GQ
100 GQ 0.72 GQ
1 TQ 10 GQ
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
1 kQ 1.8 Q
10 kQ 0.18 kQ
100 kQ 1.8 kQ
1 MQ 5.1 kQ
? ﬁg ; 16111?2 Yokogawa 279303
10 MO 9'2 KO Decade Resistance Box,
20 MO 0 1'1 MO Megger CB101
C . ’ High Resistance Box,
Surface Resistivity/Resistance 50 MQ 0.11 MQ Ohmite SM1 Resistor,
Meter, . . | 100 MO 0.12 MQ IMQ to 1TQ Standard
Electrostatic Resistance 200 MQ 1.3 MQ Resistance Box
(Artifacts) 300 MQ 2.2 MQ (IMQ to 5 GQ
Test Voltage: = (Up to 100) V 400 MQ 2.9 MQ (10 to 20) GQ IOO,GQ
500 MQ 3.3 MQ and 1 Tb}' ’
; gg 615 11\\/[/13 CP-ELO05: Direct
5GO 36 MO Measurement
10 GQ 74 MQ
20 GQ 0.15 GQ
100 GQ 0.72 GQ
1 TQ 10 GQ
(0 t0 20) Q 18 uQ/Q +27 uQ
(20 to <200) Q 13 uQ/Q +0.12 mQ
200 Q to <2 kQ 11 pQ/Q+ 1.1 mQ
(2 to < 20) kQ 11 pQ/Q + 12 mQ .s ‘gf‘vlftlf/[klﬂfile o
Resistance — Measure ' (20 to <200) kQ 11 pQ/Q+0.14 Q ’ CP—%LOZ Direct ’
200 kQ to <2 MQ 17 pQ/Q+5Q Measurément
(2 to <20) MQ 35 pQ/Q +0.17 kQ
(20 to <200) MQ 0.35 mQ/Q + 13 kQ
200 MQ to <2 GQ 3.5mQ/Q+ 1.1 MQ
(0to 10) Q 24 pQ/Q + 60 pQ
(>10to 100) Q 18 uQ/Q + 0.6 mQ
> 100 Qto 1 kQ 16 uQ/Q + 0.6 mQ .
G 1 to 10) kQ 16 pQ/Q + 6 mQ . sKSinilthﬁl‘:iSriger-
Resistance — Measure ' (> 10 to 100) kQ 16 pQ/Q + 60 mQ ’ CP—%L 66: Direct ’
> 100 Qto 1 MQ 22 uQ/Q+3Q Measurément
(> 1to 10) MQ 63 uQ/Q +0.2 kQ
(> 10 to 100) MQ 0.59 mQ/Q + 2 kQ
> 100 MQ to 1 GQ 5.8 mQ/Q + 20 kQ
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Red-China FL-2.0,
(10 to 75) pQ 2 mQ/Q Megger 249005,
(> 75 to 100) pQ 1 mQ/Q CCCP Standard Resistor
Resistance — Measure ' (>0.1to 1) mQ 92 nQ/Q Sets 1mQ-100kQ,
Test Current: (> 1to 100) mQ 65 uQ/Q Wavetek 1281,
100 pA to 200 A >01t01)Q 55 nQ/Q Keysight 3458A,
(>11t0100) Q 60 uQ/Q 8.5 Digit Multimeter;
(> 0.1 to 100) kQ 60 nQ/Q CP-EL58: Using DC
Voltage Inter- Comparison
(10 2) kQ 23mQQ+04Q A%‘l’:g:f;tnlztgf 2
(>21020) kQ 22mQ/Q+1Q Kevsioht 3458,A
> 20 to 200) kQ 2.9 mQYQ+10 Q 05 D-‘i/githummeter
>200 kQ to 2 MQ 2.9 mQ/Q + 0.1 kQ ’ Fluke 5522A ’
Resistance — Measure ! (> 2 to 20) MQ 2.9 mQ/Q + 1 kQ Fluke S502A Fluke’ 5700A
Test Voltage: Up to 5 kV (> 20 to 200) MQ 3.5 mQ/Q + 10 kQ Multinro dué ¢ Calibrator
>200 MQ to 2 GQ 3.8 mQ/Q + 0.1 MQ s ooy
(>21t020) GQ 4.1 mQ/Q + 1 MQ Hipot Tester:
(> 20 to 200) GQ 4 mQ/Q + 10 MQ CP-EL25: Usin éhm’s
>200 GQ to 1 TQ 41 mQQ+1GQ Lae
DC Electronic Load '
Constant Voltage (CV) (0 to 100) mV 20 uV/vV
>0.1t010)V 14 uv/v CCCP Standard Resistor
(> 10to 100) V 15 uv/v Sets 1mQ to 10kQ,
(> 100 to 1000) V 25 uv/v Keysight 3458 A
8.5 Digit Multimeter,
Constant Current (CC) and (0 to 100) mA 73 nA/A GW PCS-1000i
Constant Resistance (CR) (> 100 to 200) mA 67 uA/A Precision Current Shunt;
>02to1)A 77 nA/A CP-ELS80: Using
>1t03)A 85 nA/A Comparison Measurement
(>3t020)A 0.12 mA/A and Ohm’s Law
(>20t030) A 0.19 mA/A
(>30t0300) A 0.36 mA/A
AC/DC Current Shunt ' Keysight 3458A,
DC (0 to 30) mA 0.02 % of reading 8.5 Digit Multimeter,
(> 30 to 300) mA 0.021 % of reading GW PCS-10001
(>03t03)A 0.021 % of reading Precision Current Shunt;
(>3t030)A 0.06 % of reading CP-ELS82: Using In-direct
(>30t0200) A 0.19 % of reading Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
AC/DC Current Shunt ' Keysight 3458A,
AC (50 to 400) Hz 8.5 Digit Multimeter,
Up to 300 mA 0.64 % of reading GW PCS-1000i
(>0.3t0 100) A 0.64 % of reading Precision Current Shunt;
CP-ELS82: Using In-direct
Measurement
: 1
Potential Transformer (PT) (4;‘;;)1l gi})} ﬁz . Fluke 5522A
330 mV to 1 000 V Multiproduct Calibrator,
Calmet TS33,
Secondary Output: Calibrator
Up to 500 V 0.2 mV/V Keysight 3458A
1 8.5 Digit Multimeter,
Current Transformer (CT) * |(45 ‘Fo 65) Hz GW PCS-1000i
Primary Input: g )
Precision Current Shunt;
330 mA to 100 A . .
CP-ELS82: Using In-direct
Secondary Output: Measurement
Upto30 A 0.41 mA/A
Current Coil ' Fluke 5522A
(2 to 50) turn Multiproduct Calibrator,
Input: (0.2 to 20) A|DC Keysight 3458A
(1to 1 000) A 0.44 % of reading 8.5 Digit Multimeter,
Fluke 11010
Input: (0.2 to 10) A|(45 to 400) Hz AC/DC Current Clamp,
(1to 500) A 0.55 % of reading Chauvin D30CN
AC Current Clamp;
Input: (10 to 20) A|(45 to 400) Hz CP-EL86: Using In-direct
(> 500 to 1 000) A 0.62 % of reading Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
5 kHz
(0.22t0 <0.4) nF 7.2 mF/F + 12 pF
1 kHz
(0.4to<1.1) nF 6.3 mF/F + 13 pF
(1.1 to <3.3) nF 5.9 mF/F + 14 pF
(3.3to<11)nF 3 mF/F + 13 pF Fluke 5522A

Capacitance — Source '
(Simulated)

(11 to <33) nF
(33to < 110) nF

3 mF/F + 59 pF
3 mF/F + 59 pF

Multiproduct Calibrator;
CP-ELO1: Direct

Capacitance — Source '
(Simulated)

(110 to <330) uF
330 uF to < 1.1 mF
(1.1to <3.3) mF
(3.3to<11) mF
(11 to <33) mF
(33 to 110) mF

5.4 mF/F + 0.68 uF
5.3 mF/F + 1.3 uF
5.3 mF/F + 6.8 uF
5.3 mF/F + 13 pF
8.7 mF/F + 68 uF
13 mF/F + 0.14 mF

(110 to <330) nF 3 mF/F + 0.58 nF Measurement
100 Hz
330 nF to < 1.1 pF 3 mF/F + 1.4 nF
(1.1 to <3.3) uF 3 mF/F + 6.8 nF
(3.3to<11) puF 3 mF/F + 13 nF
(11 to <33) uF 4.7 mF/F + 68 nF
50 Hz
(33 to < 110) pF 5.4 mF/F +0.13 uF
be Fluke 5522A

Multiproduct Calibrator;
CP-ELO1: Direct
Measurement

General Radio 1409-F,
1409-L, and 1409-T

: 1
Cgpamtanqe — Source 1 pF 1.2 fF Standard Capacitors:
(Fixed Artifacts) 10 pF 12 fF .
HP 16380A Standard Air
Test Frequency: 120 Hz, 100 pF 0.12 pF C tor Set St ¢
1 kHz, 10 kHz, 100 kHz, 1 nF 1.2 pF 1 gggikorl 663 802(21511562?32
1 MHz, 5 MHz, 10 MHz, 10 nF 1.2 pF a;ld 16384}%'
13 MHz 100 nF 1.2 pF CP-EL26: Direct
Measurement
Inductance — Source '
(Fixed Artifacts)
Test Frequency: 120 Hz ((11% prtlll{ﬁ 1 ;)(())Ounl;ll,_ll 1rnII{-I)) éllg $g;g General Radio 1482-E,
’ ’ ’ 1482-H Standard Inductors;
1 kHz, 10 kHz (1 uH, 10 pH, 100 pH) 2 mH/H C&S;ifén?;eft
(1 mH, 10 mH, 100 mH) 1.5 mH/H
(1H,10H) 1.2 mH/H
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Reference Standard,

(10 to 500) kHz

(1 to 200) kHz

(1t020)kHz

(1to<10) pH
(10 to < 100) pH
(100 to < 1 000) uH
(1to<10)mH

(10 to < 100) mH
(100 to <1 000) mH

(1to<10)H

3.5 mH/H + 0.2 nH
3.5 mH/H + 2 nH
1.2 mH/H + 20 nH
1.2 mH/H + 0.2 pH

1.2 mH/H + 2 pH
1.2 mH/H + 20 uH

1.2 mH/H + 2 mH

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Inductance —
Source/Measure '
Test Frequency:
10 kHz to 1 MHz Upto<1pH 3.5mH/H+ 0.1 nH Standard Inductors,

Decade Inductor,
Keysight E4980AL
Precision LCR Meter;
CP-EL65: Resonant
Method
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Electrical — DC/Low Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
20 Hz to <1 kHz
(10 to < 100) pF 8 {F
(100 to < 1 000) pF 15 {F
(1 to < 10) nF 0.15 pF
(10 to < 100) nF 1.5 pF
(100 to 1 000) nF 15 pF
(1to<10)kHz
(1to<10) pF 0.2 fF
(10 to < 100) pF 1.8 fF
(100 to < 1 000) pF 15 {F
(1 to < 10) nF 0.15 pF
(10 to < 100) nF 1.5 pF
(100 to 1 000) nF 15 pF
(10 to < 100) kHz
(1 to ~SEHEH 025 i1y Standard Capacitors,
(10 to < 100) pF g Keysight E4980AL
Capacitance — (100 to < 1 000) pF 15 fF . ysig LR Motor
Source/Measure ' (1 to <10) nF 0.15 pF recision L1 VICHCT
(10 to < 100) nF 1.5 pF CP—EL60. Direct and
(100 to 1 000) nF 15 pF Comparison Measurement
(100 to < 300) kHz
(1to <10) pF 0.22 fF
(10 to < 100) pF 1.6 fF
(100 to < 1 000) pF 15 {F
(1 to < 10) nF 0.15 pF
(10 to < 100) nF 1.5 pF
(100 to 1 000) nF 15 pF
300 kHz to 1 MHz
(1 to < 10) pF 2.5 {F
(10 to < 100) pF 1.6 fF
(100 to < 1 000) pF 16 {F
(1 to < 10) nF 0.15 pF
(10 to < 100) nF 1.5 pF
(100 to 1 000) nF 15 pF
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
100 Hz to < 1 kHz
(1to <10) uF 0.15 nF
100 P(IL? lt g;&go) WE T Standgrd Capacitors,
Capacitance — (0.1to<1)mF 0.15 uF PKeys_lghtL]?Ig?\(/}AtL )
Source/Measure ' (1 to<10) mF 5.5 uF Crle)(_:]l;i%% Directear?(ri,
(10 to 100) mF 0.22 mF S
| kHz Comparison Measurement
(0.1 to <1) mF 1 uF
(1to 10) mF 10 uF
100 Hz to < 1 kHz
(10 to < 100) uH 0.4 pH
(100 to <1 000) pH 6.5 uH
(1to<10) mH 6 uH
(10 to < 100) mH 18 uH
(100 to 1 000) mH 0.15 mH Iit:ngaﬁ Ef;gg:i
Inductance — (1 to 10) kHz Prec}i,si Ogn LCR Meter-
Source/Measure ' (10 to < 100) pH 0.2 uH CP-EL60: Dircct an d’
(100 to <1 000) uH 0.2 uH S
(1 to < 10) mH 1.7 uH Comparison Measurement
(10 to < 100) mH 6.5 uH
(100 to <1 000) mH 95 uH
(100 to 1 000) Hz
(1to10)H 13 mH
10 mQ
100 Hz 0.85 mQ/Q + 0.3 pQ

AC Resistance —
Source/Measure !

(> 0.1 to 100) kHz
(10 to 100) mQ
100 Hz
(> 0.1 to 100) kHz
(0.1t0 1) Q
(0.1to 1)kHz
(> 1 to 100) kHz
(>0.1to 1) MHz
(1t0 10) Q
(0.1to 1)kHz
(> 1to 100) kHz
(>0.1to 1) MHz

1.1 mQ/Q+1 pQ

0.56 mQ/Q + 3.5 pQ
0.56 mQ/Q + 15 pQ

0.36 mQ/Q + 30 pQ
0.41 mQ/Q + 40 uQ
0.62 mQ/Q+ 0.1 mQ

0.2 mQ/Q + 30 pQ
0.92 mQ/Q + 80 pQ
0.71 mQ/Q +0.15 mQ

Standard Resistors,
Keysight E4980AL
Precision LCR Meter;
CP-EL60: Direct and
Comparison Measurement
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

AC Resistance —
Source/Measure '

100 Hz to < 10 kHz
(100 to < 1 000) m
(1to<10)Q
(10 to < 100) Q
(100 to < 1 000) Q
(1 to < 10) kQ
(10 to 100) kQ
(10 to < 300) kHz
(100 to < 1 000) m
(1to<10)Q
(10 to < 100) Q
(100 to < 1 000) Q
(1 to < 10) kQ
(10 to 100) kQ
300 kHz to 1 MHz
(10 to < 100) mQ
(100 to < 1000) mQ
(1to<10)Q
(10 to < 100) Q
(100 to < 1 000) Q
(1 to < 10) kQ
(10 to 100) kQ

30 uQ
0.22 mQ
1 mQ
10 mQ
1Q
1Q

0.2 mQ
0.25 mQ
4.2 mQ
40 mQ
04 Q
5Q

15 mQ/Q + 0.1 uQ
13 mQ/Q + 4 pQ
1 mQ/Q + 10 uQ
0.85 mQ/Q + 0.1 mQ
0.85 mQ/Q + 1.5 mQ
0.85 mQ/Q + 10 mQ
1.6 mQ/Q+0.2Q

Standard Resistors,
Keysight E4980AL
Precision LCR Meter;
CP-EL60: Direct and
Comparison Measurement

Fluke 5700A Calibrator,
High Capacitance — Measure ' (200 to 700) uF 0.16 mF/F Keysight 3458A
Test Current: Up to 27 mA, (> 0.7 to 33) mF 0.14 mF/F 8.5 Digit Multimeter;
Measure voltage: Up to 10 V (>33 to 110) mF 0.15 mF/F CP-EL83: Using In-direct
Measurement
I'pF Capacitator Set,
iz 0.12 Keysight E4980A
Dissipation Factor — 10 kHz 0.011 YSIg
16 Precision LCR Meter;
Source / Measure 100 kHz 0.001 9 CP-EL81: Comparison
300 kHz 0.004 4 Mogeumomi!
1 MHz 0.001 1 Y
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Electrical — DC/Low Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
10 pF
100 Hz 0.18
120 Hz 0.18
1 kHz 0.012
10 kHz 0.002
100 kHz 0.001 1
300 kHz 0.001 4
1 MHz 0.001 1
100 pF
100 Hz 0.003
120 Hz 0.003
1 kHz 0.001 7
10 kHz 0.001 1
100 kHz 0.000 51
300 kHz 0.000 54
1 MHz 0.000 52
1 nF
120 17 00007 Capaciatr Se
D Keysight E4980A
Dissipation Factor — 1 kHz 0.000 62 . )
L6 Precision LCR Meter;
Source / Measure 10 kHz 0.000 51 CP-EL81: Comparison
100 kHz 0.000 5 Meaéuremen t
300 kHz 0.000 51
1 MHz 0.000 51
10 nF
100 Hz 0.000 53
120 Hz 0.000 53
1 kHz 0.000 51
10 kHz 0.000 5
100 kHz 0.000 51
300 kHz 0.000 52
1 MHz 0.001 1
100 nF
100 Hz 0.000 5
120 Hz 0.000 5
1 kHz 0.000 5
10 kHz 0.000 51
100 kHz 0.001 1
300 kHz 0.001 2
1 MHz 0.001 7
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) M;;t(l;:;idl; r:lllellcxor
1 uF
100 Hz 0.000 51 .
Capacitator Set,
o 120 Hz B ! Keysight EA980A
Dissipation Factor — 1 kHz 0.000 51 Precision LCR Meter:
Source / Measure "¢ 10 kHz 0.001 1 CP.ELS1: Compariso;l
o ¥
1 MHz 0.005 7
0.108 9 mW to < 1.089 W
(0.033to<33) V
(3.3to<33)mA 0.2 mW/W + 90 uW
1.089 mW to < 10.89 W
(0.033t0<33) V
(33 to <330) mA) 0.2 mW/W + 0.9 mW
10.89 mW to <99 W
(0.033t0<33) V
(0.33t0<3)A 0.2 mW/W + 8 mW
99 mW to < 660 W
(0.033t0<33) V
(3t020A) 0.6 mW/W + 80 mW Fluke 5522A
. |(0-108 5 1o <SEHE Multiproduct Calibrator;
DC Power — Source (33t0 1000) V CP-ELO1: Direct
(3.3t0<33)mA 0.2 mW/W + 0.9 mW Measurément
(1.089 to <330) W
(33 to 1 000) V
(33 to < 330) mA 0.2 mW/W +9 mW
10.89 W to <3 kW
(33 to 1 000) V
(0.33t0<3)A 0.2 mW/W + 90 mW
99 W to 20 kW
(33 to 1 000) V
(3t020) A 0.6 mW/W +0.9 W
0.33 W to <0.544 5 kW
(0.033t0<33) V,
(10 to <16.5) A 3.2 mW/W + 60 mW
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Electrical — DC/Low Frequency

. Reference Standard,
Expanded Uncertainty of Method, and/or

Parameter/Equipment Range Measurement (+/-) ¢
Equipment

0.544 5 W to < 4.95 kW
(0.033t0 <33) V,
(16.5 to < 150) A 3.2 mW/W + 0.6 W
4.95 W to < 33.825 kW
(0.033t0 <33) V,

(150 to 1 025) A 32mW/W+6W Fluke 5522A
(0.33 t0 < 16.83) kW Multiproduct Calibrator,
DC Power — Source ' (33t01020)V, 50-turn Coil;
(10 to < 16.5) A 32mW/W+0.6W CP-ELO01: Direct
(0.544 5t0 < 153) kW Measurement

(33 to 1 020) V,
16.5 A to < 150 A)
4.95 kKW to 1.045 5 MW
(33 to 1 020) V,
(150 to 1 025) A
(1.089 to < 29.7) mW
(033t0<3.3)V,

(3.3 to <9) mA 1.2 mW/W + 10 pW
(2.97 to < 108.9) mW
(0.33t0<3.3)V,

32mW/W+6W

3.2 mW/W + 60 W

(9to<33)mA) 0.8 mW/W + 10 pW
(10.89 to <297) mW
AC Power — Source ! (0.33t0<3.3)V, 'Fluke 5522{%
(45 to 65) Hz (33 t0 <90) mA) 1.2 mW/W + 0.1 mW Multiproduct Ca.hbrator;
PF=1 ’ 29.7mW to <1.089 W CP-ELO1: Direct
(0.33t0<3.3)V, Measurement
(90 to <330) mA 0.8 mW/W + 0.1 mW

(0.108 9 to <2.97) W
(033 t0<3.3) V,

(0.33t0<0.9) A 1.1 mW/W + I mW
(0.297 to < 7.26) W
(0.33t0<3.3)V,
(0.9t0<2.2) A 0.9 mW/W + I mW
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AC Power — Source !
(45 to 65) Hz,
PF=1

(0.726 to < 14.85) W
(0.33t0<33)V,
(2.2to<4.5)A
(1.485to <66) W
(0.33t0<33)V,
(4.5t020) A
(10.89 to <297) mW
(3.3to<33)V,
(33t0o<9)mA
29.7 mW to < 1.089 W
(3.3t0o<33)V,
(9to <33) mA
(0.1089t0 <2.97) W
(3.3t0<33)V,
(33 to <90) mA
(0.297t0 < 10.89) W
(33t0<33)V,
(90 to <330) mA
(1.089 to <29.7) W
(33t0<33)V,
(0.33t0<0.9) A
(2.97t0<72.6) W
(33t0<33)V,
(09t0<22)A
(7.26 to < 148.5) W
(33t0<33)V,
(22to<45)A
(14.85 to < 660) W
(33t0<33)V,
(4.5t020) A
(0.108 9t0 <2.97) W
(33 t0 <330) V,
(33to<9)mA
(0.297t0 < 10.89) W
(33 t0<330) V,
(9 to <33) mA
(1.089 to <29.7) W
(33 t0<330) V,
(33 to <90) mA
(2.97t0 <108.9) W
(33t0<330) V,
(90 to <330) mA

1.2 mW/W + 1 mW

I mW/W + 10 mW

1.2 mW/W + 10 pW

0.8 mW/W + 0.1 mW

1.2 mW/W + 0.1 mW

0.8 mW/W + 1 mW

1.1 mW/W + 1 mW

0.9 mW/W + 10 mW

1.2 mW/W + 10 mW

I mW/W +0.1 W

1.2 mW/W + 0.1 mW

0.8 mW/W + 1 mW

1.2 mW/W + 1 mW

0.8 mW/W + 10 mW

Fluke 5522A
Multiproduct Calibrator;
CP-ELO1: Direct
Measurement

AC Power — Source !
(45 to 65) Hz,
PF=1

(10.89 to < 297) W
(33 to <330) V,
(0.33 10 <0.9) A

1.1 mW/W + 10 mW

Fluke 5522A
Multiproduct Calibrator;
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

(29.7t0 <726) W
(33 t0<330) V,
(09t0<2.2)A
(72.6 to <1485) W
(33 t0 <330) V,
(2.2t0o<4.5)A
(148.5to <6 600) W
(33 t0 <330) V,
(4.5t020) A
(1.089to <9) W
(330to 1 000) V,
(3.3t0<9) mA
(2.97t0<33) W
(330 to 1 000) V,
(9to <33) mA
(10.89 to <90) W
(330 to 1 000) V,
(33 to <90) mA
(29.7 to <330) W
(330 to 1 000) V,
(90 to <330) mA
(108.9 to <900) W
(330 to 1 000) V,
(0.33t0<0.9 A

0.9 mW/W + 0.1 W

1.2 mW/W + 0.1 W

I mW/W+1W

1.2 mW/W + 0.1 mW

0.8 mW/W + 1 mW

1.2 mW/W + 1 mW

0.8 mW/W + 10 mW

1.1 mW/W + 10 mW

CP-ELO1: Direct
Measurement

AC Power — Source !
(45 to 65) Hz,
PF = (0.5 t0 0.999)

(0.545 t0 <29.67) mW
(0.33t0<3.3)V,
(33t0<9)mA
(1.485 to < 108.8) mW
(033t0<33)V,
(9to <33) mA

(5.45 t0 <296.7) mW
(0.33t0<33)V,
(33 to <90) mA
14.85 mW to < 1.088 W
(0.33t0<33)V,
(90 to < 330) mA
(54.4510<2.967) W
(0.33t0<3.3)V,

(0.33 10 <0.9) A

4 mW/W + 10 pW

4 mW/W + 10 pW

4 mW/W + 0.1 mW

4 mW/W + 0.1 mW

4 mW/W + 1 mW

Fluke 5522A
Multiproduct Calibrator;
CP-ELO1: Direct
Measurement
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AC Power — Source !
(45 to 65) Hz,
PF = (0.5 t0 0.999)

0.1485t0<7.252 7) W
(0.33t0<3.3)V,
(09t0<2.2)A
(0.363 to < 14.835) W
(0.33t0<3.3)V,
(2.2t0<4.5)A
(0.742 5 t0 < 65.934) W
(0.33t0<3.3)V,
(45 At020) A
(5.4510<296.7) mW
(33t0<33)V,
(3.3t0<9) mA
14.85 mW to < 1.088 W
(33t0<33)V,
(9 to <33) mA
54.45 mW to <2.967 W
(3.3t0<33)V,
(33 to <90) mA
(0.148 5t0 <10.88) W
(3.3t0<33)V,
(90 <330) mA)
(0.544 510 <29.67) W
(3.3t0<33)V,
(0.33t0<0.9) A
(1.485t0 <72.527) W
(3.3t0<33)V,
(09t0<22)A
(3.63t0 < 148.35) W
(3.3t0<33)V,
(22t0<4.5)A
(7.425 t0 < 659.34) W
(3.3t0<33)V,
(4.5t020) A
54.45 mW to <2.967 W
(33t0<330)V,
(3.3t0<9)mA
(0.148 5t0 <10.88) W
(to <330) V,
(9 to <33) mA
(0.544 5t0<29.67) W
(to<330)V,
(to <90) mA

4 mW/W + 1 mW

4 mW/W + 1 mW

4 mW/W + 10 mW

4 mW/W + 10 uW

4 mW/W + 0.1 mW

4 mW/W + 0.1 mW

4 mW/W + 1 mW

4 mW/W + 1 mW

4 mW/W + 10 mW

4 mW/W + 10 mW

4mW/W+0.1W

4 mW/W + 0.1 mW

4 mW/W + 1 mW

4 mW/W + 1 mW

Fluke 5522A
Multiproduct Calibrator;
CP-ELO1: Direct
Measurement

AC Power — Source !
(45 to 65) Hz,
PF: (0.5 t0 0.999)

(1.485t0 < 108.8) W
(33t0<330) V,
(90 to < 330) mA

4 mW/W + 10 mW

Fluke 5522A
Multiproduct Calibrator;
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment

(5.445t0<296.7) W CP-ELO1: Direct
(33t0<330)V, Measurement

(0.33t0<0.9) A
(14.85t0 <725.27) W
(33 t0 <330) V,
(09t0<2.2)A
(36.3t0<1483.5) W
(33 t0 <330) V,
(22to<4.5)A
(74.25t0 < 6593.4) W
(33 t0 <330) V,
(4.5t020) A
(0.544 510 <8.991) W
(330 to 1000) V,
(3.3to<9) mA
(1.485t0 <32.97) W
(330 to 1000) V,
(9 to <33) mA
(5.445t0<89.91) W
(330to 1 000) V,
(33 to <90) mA
(14.85t0 <329.7) W
(330 to 1 000) V,
(90 to <330) mA
(54.451t0<899.1) W
(330to 1 000) V,
(0.33t0<0.9) A
(148.5t0 <2 197.8) W
(330to 1 000) V,
(09t0<2.2A)
(363t0<44955)W
(330to 1 000) V,
(2.2t0o<4.5)A
(742.5 t0 19 980) W
(330to 1 000) V,
(45At020) A

4 mW/W + 10 mW

4mW/W+0.1 W

4 mW/W+0.1W

4 mW/W +1 W

4 mW/W + 0.1 mW

4 mW/W + 1 mW

4 mW/W + 1 mW

4 mW/W + 10 mW

4 mW/W + 10 mW

4mW/W+0.1W

4mW/W+0.1W

4 mW/W+1W
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
33 Wto<16.83 kW
(0.33t0 1 020) V,
(10to < 16.5) A 3.6 mW/W + 0.6 W Fluke 5522A
AC Power — Source ! 5.445 W to <153 kW Multiproduct Calibrator,
(45 to 65) Hz, (0.33t0 1 020) V, 50-turn Coil;
PF: 1 (16.5to <150) A 3.6 mW/W + 6 W CP-ELOI: Direct
49.5 W to 1.045 5 MW Measurement
(0.33t0 1 020) V,
(150 to 1 025) A 3.6 mW/W + 60 W
1.65 W to < 16.813 kW
(0.33t0 1 020) V,
(10to <16.5) A SmW/W + 0.6 W Fluke 5522A
AC Power — Source ' 2.723 W to < 152.85 kW Multiproduct Calibrator,
(45 to 65) Hz, (0.33t0 1 020) V, 50-turn Coil;
Power factor: (0.5 to 0.999) (16.5t0 <150) A SmW/W+6W CP-ELO1: Direct
24.75 W to 1.044 4 MW Measurement
(0.33t01020) V,
(150 to 1 025) A S mW/W + 60 W
(45to 65)Hz
(0.174 to0 0.485) 0.001 4 Fluke 5522A
Power Factor — Source 1.4 (0.5 to 0.755) 0.001 3 Multiproduct Calibrator
’ (0.766 to 0.934) 0.000 95 CP-EL59: Direct
(0.94 t0 0.999) 0.000 5 Measurement
1 0.000 06
Agilent 53131A or
Up to 360° Agilent 53132A
Phase — Measure ' 10 Hz to 10 kHz 0.01° Universal Counter;
(10 to 100) kHz 0.063° CP-EL36: Direct
Measurement
0.010 89 Wh to 200 kWh Fluke 5522A
Voltage range Multiproduct Calibrator,
AC Watt-hour Source (0.33 to 1 000) V Casio HS-70W
(Single Phase) (45 to 65) Hz, cos ¢ = 1.0 I mWh/Wh Stopwatch;
Current range CP-EL38: Direct
33 mA to20 A Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Power Quality, Single and
Three Phase '
Voltage — Measure Up to 1000 V 0.12 % of reading + 5.8 mV
Current — Measure I0mAtol A 1.2 % of reading + 8.2 mA
>1t05 A 1.2 % of reading + 5.8 mA
(>5t0600) A 0.58 % of reading + 0.58 A
(> 600 to 6 000) A 0.58 % of reading + 5.8 A
Power Watt (W) 6 000 MW, 50/60 Hz 0.44 % of reading + 0.1 W
Fluke 43511
Power VA (VA) 6 000 MW, 50/60 Hz 0.44 % of reading + 0.1 VA Power Quality Analyzer;
CP-EL64: Comparison
Power Var 6 000 MW, 50/60 Hz 0.44 % of reading + 0.1 var Measurement
Energy (kWh) 50/60 Hz 0.44 % of reading + 0.1 kWh
Energy (kVAh) 50/60 Hz 0.44 % of reading + 0.1 kVAh
Frequency (42.5 to 69) Hz 1.5 mHz
Phase Angle Up to 360° 1.3°
Power Factor UptolPF 0.12 % of reading + 0.000 58
(-5to-1)kV 12mV/V+2.6V . i
1kVio0V 12 mV/V+2.5V Clli’; hgglglt;’trfl\ldfﬁgr,
Charge Plate Monitor ' 0VtolkV 12mV/V+25V C%-EL 41: Direct ’
(1to5)kV 12mV/V+26V Measurément
(>5t010)kV 38mV/V+36V
Earth Ground Continuity,
Ground Bond '

Test Current: (3 to 30) A 0.01 Q 0.45 mQ/Q + 0.6 mQ Standard Resistor DR30A,
0.1Q 0.45 mQ/Q + 0.6 mQ Current Shunt;
0.2Q 0.45 mQ/Q + 0.6 mQ CP-EL40: Direct
05Q 0.45 mQ/Q + 0.6 mQ Measurement

1Q 0.45 mQ/Q + 0.6 mQ

5Q 0.45 mQ/Q + 0.6 mQ
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Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Transformer Ratio — Source !

(1 to 10 000 000) turns

0.000 12 % of reading

Tegam DT72A
Ratio Transformer;
CP-EL47: Direct

Impedance: 1 MQ
10 Hz to 1 kHz

Impedance: 1 MQ
1 kHz to 10 kHz

1 mVp-p to 25 mVp-p
25 mVp-p to 110 mVp-p
110 mVp-p to 2.2 Vp-p
2.2 Vppto 11 Vpp
11 Vp-p to 130 Vp-p

1 mVp-p to 25 mVp-p
25 mVp-p to 110 mVp-p
110 mVp-p to 2.2 Vp-p
22 Vp-pto 11 Vp-p
11 Vp-p to 130 Vp-p

0.4 mV/V +4uV
0.4 mV/V +70 pv
0.4 mV/V + 0.6 mV
0.4 mV/V + 6 mV

2 mV/V +32 uV
2 mV/V+32uV
2 mV/V+70 uv
2mV/V+0.6 mV

2mV/V + 6 mV

Measurement
297G 13G F.W. Bell Inc.
957G 20 G VA-071A, VA-072A,

Gauss Meter, Tesla Meter 1030G 23 G Magnet 10000 G,
(North and South) 2960 G 53G Reference Magnet;
5100 G 77 G CP-EL52: Direct
10250 G 120 G Measurement
Upto2G 0.58 % of reading + 0.007 G F.W. Bell 9200,
(>2t020)G 0.58 % of reading + 0.07G F.W. Bell 5180,
Gauss — Measure (>20t0200) G 0.58 % of reading + 0.3 G Standard Gauss Meter;
(>200 to 2 000) G 0.58 % of reading + 3 G CP-EL61: Direct
(>2 000 to 20 000) G 0.58 % of reading + 30 G Measurement
Oscilloscopes '
Square Wave Signal
Impedance: 50 Q 1 mVp-p to 25 mVp-p 2mV/V +35uV
@ 10 Hz to 10 kHz 25 mVp-p to 110 mVp-p 2 mV/V + 35 uV
110 mVp-p to 2.2 Vp-p 2 mV/V + 50 uV
2.2 Vp-p to 6.6 Vp-p 2 mV/V + 50 uV
0.4 mV/V +4 uvV Fluke 5820A

Oscilloscope Calibrator;
CP-EL28: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Oscilloscopes '
DC Signal Impedance: 50 Q 0 mV to 25 mV 2mV/V +35uVv
25mV to 110 mV 2 mV/V + 35 uV
110mVto22V 2 mV/V + 50 uV Fluke 5820A
2.2V106.6V 2B 50 nY Oscilloscope Calibrator;
DC Signal Impedance: 1 MQ 0mV to 25 mV 0.2 mV/V + 20 uV C;E;ifén?;eft
25mV to 110 mV 0.2 mV/V +20 uV
110mVto22V 0.2 mV/V + 50 uV
22VtollV 0.2 mV/V + 50 uV
11 Vto130V 0.2 mV/V + 0.7 mV
Oscilloscope Bandwidth '
5 mVp-p to 5.5 Vp-p 50 kHz to 100 MHz 26 mV/V + 80 uv
100 MHz to 300 MHz 28 mV/V + 80 uV Oscﬂllz)lslf;;?gﬁﬁm for-
300 MHz to 500 MHz 36 mV/V + 80 uV CP-EL28: Direct ’
500 MHz to 600 MHz 39 mV/V + 80 uV '

5 mVp-p to 3.5 Vp-p

600 MHz to 1.1 GHz

45 mV/V + 80 pVv

Measurement
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Reference Standard,

Parameter/Equipment Range Expanded Uncertainty of Method, and/or
Measurement (+/-) .
Equipment
Oscilloscopes ' 5s 2 us/s +0.1 ms
Horizontal Deflection 2s 2 us/s + 20 us
Time Markers ls 2 us/s + 6 us
0.5s 2 us/s +2 us
0.2s 2 us/s +0.3 us
0.1s 2 us/s + 0.2 us
50 ms 2 us/s + 20 ns
20 ms 0.26 ps/s + 6 ns
10 ms 0.26 us/s + 6 ns
5 ms 0.26 us/s + 0.6 ns
2 ms 0.26 ps/s + 0.6 ns Fluke 5820A
1 ms 0.26 us/s + 0.6 ns Oscilloscope Calibrator;
0.5 ms 0.26 ps/s + 60 ps CP-EL28: Direct
0.2 ms 0.26 ps/s + 60 ps Measurement
0.1 ms 0.26 ps/s + 60 ps
50 pus 0.26 ps/s + 6 ps
20 ps 0.26 ps/s + 6 ps
10 ps 0.26 ps/s + 6 ps
5us 0.26 ps/s + 0.6 ps
2 us 0.26 us/s + 0.6 ps
1 us 0.26 ps/s + 0.6 ps
0.5 ps 0.26 ps/s + 60 fs
0.2 us 0.26 ps/s + 60 fs
0.1 us 0.26 us/s + 60 fs
Oscilloscopes '
Horizontal Deflection 50 ns 0.26 us/s + 6 fs Fluke 5820A
Time Markers 20 ns 0.26 ps/s + 6 fs Oscilloscope Calibrator;
10 ns 0.26 ps/s + 6 fs CP-EL28: Direct
5ns 0.26 us/s + 0.6 fs Measurement
2 ns 0.26 us/s + 0.6 fs
Pt100 (385)
(-200 to - 80) °C 0.082 °C
Temperature — Simulation (>- 8010 0) °C 0.082 °C Fluke 5522A
Resistance Temperature (> 0to 100) °C 0.1°C Multiproduct Ca'hbrator;
Detector ! (> 100 to 300) °C 0.12°C CP-ELOS: Direct
(> 300 to 400) °C 0.13 °C Measurement
(> 400 to 630) °C 0.16 °C
(> 630 to 800) °C 0.28 °C
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Type K
(-200 to -100) °C 0.23 °C
(> -100 to -25) °C 0.21 °C
(>-251t0 120) °C 0.2 °C
(> 120 to 1 000) °C 0.21 °C
(>1000to1372)°C 0.21 °C
Type ]
(-210 to -100) °C 0.22 °C
(>-100 to -30) °C 0.2°C
(>-30to 150) °C 0.2°C Comparison to
(> 150 to 760) °C 0.2°C Fluke 5522A
. . (> 760 to 1 200) °C 0.21°C Multiproduct Calibrator,
Temperature — Simulation
Thermocouple ! Type T Wavetek 1281
(With InternaII) Cold (-250 to -150) °C 0.34 °C 8.5 Digit Multimeter,
Junction Compensation) (>-150t0 0) °C 0.21 °C Fluke 5618B PRT
p (>0to 120) °C 0.2 °C Standard;
(> 120 to 400) °C 0.2 °C CP-EL09: Based on
Type R EURAMET cg-11
(0 to 250) °C 0.51°C
(> 250 to 400) °C 0.43 °C
(> 400 to 1 000) °C 0.42 °C
(>1000to 1767)°C 0.44 °C
Type S
(0 to 250) °C 0.54 °C
(> 250 to 400) °C 0.48 °C
(> 400 to 1 000) °C 0.48 °C
(>1000to1767) °C 0.49 °C
Type E
(-250 to -100) °C 0.28 °C Comparison to
(> -100 to -25) °C 0.21 °C P
o o Fluke 5522A
(>-2510350) °C 0.2°C Multiproduct Calibrator
Temperature — Simulation (> 350 to 650) °C 0.2°C uthiprodu ’
| o o Wavetek 1281
Thermocouple (> 650 to 1 000) °C 0.21 °C L .
. 8.5 Digit Multimeter,
(With Internal Cold Type N Fluke 5618B PRT
Junction Compensation) (-200 to -100) °C 0.27 °C “ )
o o Standard;
(>-100 to -25) °C 0.22 °C )
o o CP-EL09: Based on
(>-251t0120) °C 0.21°C EURAMET co-11
(> 120 to 410) °C 0.21°C &
(>410to 1 300) °C 0.21 °C
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. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Type K
(-200 to -100) °C 0.3 °C
(>-100 to -25) °C 0.2 °C
(>-251t0120) °C 0.19 °C
(> 120 to 1 000) °C 0.25 °C
(>1000to 1372)°C 0.35°C
Type ]
(-210 to -100) °C 0.26 °C
(>-100 to -30) °C 0.19 °C
(>-30to 150) °C 0.18 °C
(> 150 to 760) °C 0.2 °C
Temperature — Simulation T (>T760 to SR © 0.234C Fluke 5522A
Thermocouple ' ype o o Multiproduct Calibrator;
. (-250 to -150) °C 0.52 °C
(With cold o o CP-EL18: Based on
. . . (>-150t0 0) °C 0.18 °C
junction compensation) (>0 to 120) °C 0.47 °C EURAMET cg-11
(> 120 to 400) °C 0.26 °C
Type R
(0 to 250) °C 0.48 °C
(> 250 to 400) °C 0.32°C
(> 400 to 1 000) °C 0.3 °C
(>1000to1767)°C 0.35°C
Type S
(0 to 250) °C 0.4 °C
(> 250 to 400) °C 0.4 °C
(> 400 to 1 000) °C 0.32°C
(>1000to1767)°C 0.39 °C
Type E
(-250 to -100) °C 0.42 °C
(>-100 to -25) °C 0.19 °C
(>-251t0350) °C 0.18 °C
Temperature — Simulation (> 350 to 650) °C 0.19 °C Fluke 5522A
Thermocouple ' (> 650 to 1 000) °C 0.22 °C Multiproduct Calibrator;
(With cold Type N CP-EL18: Based on
junction compensation) (-200 to -100) °C 0.35°C EURAMET cg-11
(>-100 to -25) °C 0.23 °C
(>-25t0 120) °C 0.21 °C
(> 120 to 410) °C 0.2 °C
(> 410 to 1 300) °C 0.26 °C
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Type E
(-250 to -100) °C 0.41 °C
(>-100 to -25) °C 0.18 °C
(>-251t0350) °C 0.18 °C
(> 350 to 650) °C 0.18°C
(> 650 to 1 000) °C 0.21 °C
Type N
(-200 to -100) °C 0.34 °C
(>-100 to -25) °C 0.21 °C Fluke 5522A
(>-25t0 120) °C 0.19 °C . .
Temperature Transmitter ! (> 120 to0 410) °C 0.19 °C Multip rlg)ld lll(Ct %eﬁlbrator,
Electrical Output Current (> 410 to 1 300) °C 0.25°C uKe
(0 t0 20) mA, Type J Documeqtlng Process
Thermocouple (-210 to -100) °C 0.24 °C Calibrator;
(> -100 to -30) °C 0.18 °C CP-EL77: Direct
(> 230 to 150) °oC 0.18 °C Measurement
(> 150 to 760) °C 0.18 °C
(> 760 to 1 200) °C 0.22 °C
Type K
(-200 to -100) °C 0.28 °C
(>-100 to -25) °C 0.18 °C
(>-251t0 120) °C 0.18 °C
(> 120 to 1 000) °C 0.24 °C
(>1000to 1372)°C 0.34 °C
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Type T
(-250 to -150) °C 0.5 °C
(>-150to0 0) °C 0.22 °C
(>0to 120) °C 0.17 °C
(> 120 to 400) °C 0.17 °C
Type B
80010 1000)°C 029 Fluke 3522
0] . . .
Temperature Transmitter ! | (> 1000 to 1 550) °C 0.29 °C Multiproduct Calibrator,
Electrical Output Current (>1550t01820) °C 0.29 °C Fluk‘e 754
(0 to 20) mA, Type R Documer}tlng Process
Thermocouple (0 to 250) °C 0.46 °C Calibrator;
(> 250 to 400) oC 03 °C CP-EL77: Direct
(> 400 to 1 000) °C 0.3°C Measurement
(>1000to1767)°C 0.34 °C
Type S
(0 to 250) °C 0.38 °C
(> 250 to 1 000) °C 0.31 °C
(> 1000 to 1400) °C 0.31 °C
(>1400to1767)°C 0.38 °C
Pt 385, 100 Q
(-200 to -80) °C 0.11 °C
(>-80to0 0)°C 0.11 °C
(> 0to 100) °C 0.13 °C
(> 100 to 300) °C 0.14 °C
(> 300 to 400) °C 0.15°C Fluke 5522A
Temperature Transmitter ! (>400 to 630) :C 0.16 :C Multiproduct Calibrator,
. (> 630 to 800) °C 0.22 °C
Electrical Output Current Pt3916, 100 Q (JPT) Fluke 754
Resisigr;[gezlqe):;lnli:’rature (-200 to -190) C;C 0.22 :C Docur(rjlzlr;]t;?agtol:ocess
Detector (RTD) (>-190 to -80) °C 0.12 °C CP-EL7T- D: >
(> -80 to 0) °C 0.12 °C - - Drrect
(> 0 to 100) °oC 0.13 °C Measurement
(> 100 to 260) °C 0.14 °C
(>260 to 300) °C 0.14 °C
(> 300 to 400) °C 0.14 °C
(>400 to 600) °C 0.15°C
(> 600 to 630) °C 0.22 °C
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Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Pt 385, 1 000 Q

(200 to -80) °C 0.11 °C Fluke 5522A
Temperature Transmitter ' (>-80to 0) °C 0.11°C Multiproduct Calibrator,
Electrical Output Current (>0 to 100) °C 0.12 °C Fluke 754
(0 to 20) mA, (> 100 to 260) °C 0.13 °C Documenting Process
Resistance Temperature (> 260 to 300) °C 0.13 °C Calibrator;
Detector (RTD) (> 300 to 400) °C 0.14 °C CP-EL77: Direct
(> 400 to 600) °C 0.14 °C Measurement
(> 600 to 630) °C 0.22 °C
Type B
(600 to 800) °C 0.35°C
(> 800 to 1 000) °C 0.27 °C
(>1000to 1550) °C 0.27 °C
(>1550to 1820) °C 0.27 °C
Type E
(-250 to -100) °C 0.39 °C
(> -100 to -25) °C 0.13 °C
(>-251t0350) °C 0.13 °C
(> 350 to 650) °C 0.14 °C
(> 650 to 1 000) °C 0.18 °C
Type ] Fluke 5522A
Temperature Transmitter ! (-210 to -100) °C 0.22 °C Multiproduct Calibrator,
Electrical Output Voltage (>-100 to -30) °C 0.13°C Fluke 754
(0to 10) V (>-30to 150) °C 0.13 °C Documegtmg Process
Thennocoup’le (> 150 to 760) °C 0.15°C Calibrator;
(> 760 to 1 200) °C 0.2°C CP-EL77: Direct
Type K Measurement
(-200 to -100) °C 0.26 °C
(>-100 to -25) °C 0.15°C
(>-251t0 120) °C 0.15°C
(> 120 to 1 000) °C 0.21 °C
(>1000to1372)°C 0.32 °C
Type N
(-200 to -100) °C 0.32°C
(>-100 to -25) °C 0.18 °C
(>-25t0 120) °C 0.16 °C
(> 120 to 410) °C 0.16 °C
(> 410 to 1 300) °C 0.22 °C
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Type R
(0 to 250) °C 0.45 °C
(> 250 to 400) °C 0.28 °C
(> 400 to 1 000) °C 0.28 °C
(>1000to1767)°C 0.32 °C Fluke 5522A
o Type S Multiproduct Calibrator,
Teﬁﬁi{iiﬁegjﬁninv‘ﬁ?; . (0 to 250) °C 0.37 °C Fluke 754
0 to 1(5)) v & (>250to 1 000) °C 0.3°C Documegting Process
Thermocoupjle (> 1000 to 1 400) °C 0.3°C Calibrator;
(>1400to 1767)°C 0.37 °C CP-EL77: Direct
Type T Measurement
(-250 to -150) °C 0.49 °C
(>-150to 0) °C 0.19 °C
(>0to0 120) °C 0.14 °C
(> 120 to 400) °C 0.13 °C
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Pt 385, 100 Q
(-200 to -80) °C 0.045 °C
(>-80t0 0) °C 0.046 °C
(>0to 100) °C 0.065 °C
(> 100 to 300) °C 0.082 °C
(> 300 to 400) °C 0.093 °C
(>400 to 630) °C 0.12 °C
(> 630 to 800) °C 0.19 °C
Pt 3916, 100 Q (JPT)
(-200 to -190) °C 0.2°C
(>-190 to -80) °C 0.04 °C Fluke 5522A
Temperature Transmitter ' (>-80t00) °C 0.06 °C Multiproduct Calibrator,
Electrical Output Voltage (> 01to 100) °C 0.063 °C Fluke 754
(0to 10) V (> 100 to 260) °C 0.075 °C Documenting Process
Resistance Temperature (> 260 to 300) °C 0.087 °C Calibrator;
Detector (RTD) (> 300 to 400) °C 0.092 °C CP-EL77: Direct
(> 400 to 600) °C 0.098 °C Measurement
(> 600 to 630) °C 0.19 °C
Pt 385, 1 000 Q
(-200 to -80) °C 0.029 °C
(>-80t0 0) °C 0.034 °C
(>01to0 100) °C 0.045 °C
(> 100 to 260) °C 0.057 °C
(> 260 to 300) °C 0.069 °C
(> 300 to 400) °C 0.081 °C
(> 400 to 600) °C 0.081 °C
(> 600 to 630) °C 0.19 °C
Up to 200 mV 8.5 LV/V +0.72 uV Mulﬁlf rlglgﬁcstséifgrator
Digital Multimeter: 200mVto<2V 7.1 uV/V +1.2 1V W ’
. avetek 1281
up to 7.5 Digits (2to<20)V 7.1 uV/V +7.5 uv 8 5 Dicit Multimeter
DC Voltage — Source (20 to <200) V 12 uv/V+92 uv : g

(200 to 1 000) V

12 WV/V +0.68 mV

CP-EL54: Comparison

Measurement
Up to0 200 pA 0.12 mA/A + 5.9 nA Multilf rlslgjcstscz;fgmor
Digital Multimeter: 200 pA to <2 mA 0.12 mA/A + 8.3 nA Wavetck 1281 ’
up to 7.5 Digits (2 to <20) mA 0.12 mA/A + 83 nA £ 5 Digit Multimeter
DC Current — Source (20 to <200) mA 0.12 mA/A + 1.4 pA C.P EL§4' C .
200 mA to <2 A 0.24 mA/A + 26 pA ~ELo%. Lomparison

Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(20 to 40) Hz
(10 to <200) mV 0.27 mV/V +4.7 uv
200mVto<2V 0.2 mV/V +25 uVv
(2t0<20) V 0.2 mV/V +0.24 mV
(20 to < 200) V 0.2 mV/V +2.5 mV
(200 to 1 000) V 0.2 mV/V + 14 mV
(> 40 to 100) Hz
(10 to < 200) mV 0.25 mV/V + 4.7 pV
200mVto<2V 0.18 mV/V + 25 pv
2t0<20)V 0.18 mV/V + 0.24 mV Fluke 5522A
(20 to <200) V 0.18 mV/V + 2.5 mV Multiproduct Calibrator,

Digital Multimeter:
up to 7.5 Digits
AC Voltage — Source

(200 to 1 000) V
> 100 Hz to 2 kHz

0.18 mV/V + 14 mV

Wavetek 1281
8.5 Digit Multimeter

(10 to <200) mV 0.25 mV/V +2.5uV CP-EL54: Comparison
200mVto<2V 0.16 mV/V +24 uv Measurement
(2 to <20) V 0.16 mV/V + 0.24 mV
(20 to <200) V 0.16 mV/V + 2.5 mV
(200 to 1 000) V 0.18 mV/V + 14 mV
(2 to 10) kHz
(10 to <200) mV 0.25 mV/V +4.7 uv
200mVto<2V 0.18 mV/V + 24 uv
(2 to <20) V 0.18 mV/V +0.25 mV
(20 to < 200) V 0.18 mV/V + 2.6 mV
(200 to 1 000) V 0.18 mV/V + 14 mV
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

0.58 mV/V+0.12V

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(10 to 30) kHz
(10 to <200) mV 0.47 mV/V+93 v
200mVto<2V 0.29 mV/V +47 uv
2to<20)V 0.29 mV/V + 0.47 mV
(20 to <200) V 0.29 mV/V + 4.7 mV
(200 to 1 000) V 0.25 mV/V + 24 mV
(>30to 100) kHz
(10 to < 200) mV B ¥ 24 1V Multi}l):rlz)ﬂ(;scstséflﬁrator
Digital Multimeter: 200mVto<2V 0.58 mV/V + 0.24 mV Wavetck 1281 ’
up to 7.5 Digits (2to<20)V 0.58 mV/V +2.4 mV 8.5 Digit Multimeter
AC Voltage — Source (20 to <200) V 0.58 mV/V +24 mV CP-EL54: Comparison

200 pAto <2 mA

0.35 mA/A + 0.25 pA

(200 to 1 000) V
(> 100 to 300) kHz Measurement
200mVto<2V 3.5mV/V+24mV
(2to<20)V 3.5 mV/V + 24 mV
(20 to <200) V 3.5mV/V+0.24V
> 300 kHz to 1 MHz
(2to<20)V 12mV/V+12V
(20 to <200) V 12mV/V+24V
10 Hz to 5 kHz
(10 to < 200) pA 0.36 mA/A + 25 nA Fluke 5522A

Multiproduct Calibrator,

200 kQ to <2 MQ

(2 to < 20) MQ

17 pQUQ+5Q
35 uQ/Q +0.17 kQ

Digital Multimeter: (2 to <20) mA 0.35 mA/A + 2.5 pA Wavetek 1281
up to 7.5 Digits (20 to <200) mA 0.35 mA/A + 25 pA 8 5 Dicit Multimeter
AC Current — Source 10 Hz to 1 kHz C.P-ELg 4 Comparison
200mA to<2 A 0.7 mA/A + 0.48 mA Moo oD
(> 1to 5) kHz easurement
200mAto<2 A 2.4 mA/A +0.94 mA
Up to 20 Q 18 uQ/Q + 27 uQ
(20 to < 200) Q 13 pQ/Q +0.12 mQ Mulﬁgsgﬁcstscziﬁ)rator
Digital Multimeter: 200 Q to <2 kQ 11 p/Q+ 1.1 mQ Wavetek 1281 ’
up to 7.5 Digits (2 t0 <20) kQ 11 pQ/Q + 12 mQ 8.5 Digit Multimeter
Resistance — Source (20 to < 200) kQ 11 uQ/Q+0.14 Q CP-EL54: Comparison

Measurement
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

up to 7.5 Digits
Resistance — Source !

200 MQ to <2 GQ

3.5 mQ/Q + 1.1 MQ

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Fluke 5522A
Digital Multimeter: Multiproduct Calibrator,
’ (20 to <200) MQ 0.35 mQ/Q + 13 kQ Wavetek 1281

8.5 Digit Multimeter
CP-EL54: Comparison

50 Q load

>0.1t0o1) Vp-p
(>1to 12) Vp-p
at 1 kHz, 5 kHz, 10 kHz
Up to 100 mVp-p
>0.1t0o1) Vp-p
(>11to012) Vp-p

0.12mV/V + 1 pV
0.12mV/V +2 pV

0.19 mV/V + 1 pV
0.12 mV/V + 1 pV
0.12 mV/V +2 uV

Measurement
Oscilloscope Calibrators '
DCV Amplitude
1 MQ load Up to = 100 mV 8.5 uV/V+1uv
+(>0.1to 1) mV 7.5uV/V+1puV .
T R AR VR I v
+ (> 10 to 100) V 9.5 uV/V + 0.1 mV ' CP-EgL71' Direct
+ (> 100 to 130) V 10 uV/V +2 mV :
Measurement
50 Q load Up to = 100 mV 0.12 mV/V +1 uV
+(>0.1to 1)mV 0.12 mV/V + 1 uVv
+(>1t06.6)V 0.12 mV/V +5 uV
Oscilloscope Calibrators '
AC Square Wave Amplitude
1 MQ load|at 10 Hz, 100 Hz
Up to 100 mVp-p 0.12 mV/V + 1 uV Keysight 3458A

8.5 Digit Multimeter;
CP-EL71: Direct
Measurement

Oscilloscope Calibrators '
Edge Amplitude
50 Q load

at 10 Hz, 100 Hz

Up to 100 mVp-p
>0.1t01) Vp-p
(>1to 12) Vp-p
at 1 kHz, 5 kHz, 10 kHz
Up to 100 mVp-p
>0.1t0o1) Vp-p

(>1to12) Vp-p

0.12mV/V + 1 pV
0.12 mV/V + 20 pV
0.12 mV/V + 20 pV

0.19 mV/V + 1 uV
0.12 mV/V + 20 pV
0.12 mV/V + 20 pV

Keysight 3458A
8.5 Digit Multimeter,
(Top line & Base line
DCV Measure)
CP-EL71: Direct
Measurement
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

(>1to4) MHz
(>4 to 8) MHz
(> 8 to 10) MHz
>01tol)V
50 kHz
(> 50 to 100) kHz
(> 100 to 300) kHz
(> 300 to 500) kHz
> 500 kHz to 1 MHz
(> 1to4) MHz
(>4 to 8) MHz
(> 8to 10) MHz
>1t012)V
50 kHz
(>50to 100) kHz
(> 100 to 300) kHz
(> 300 to 500) kHz
> 500 kHz to 1 MHz
(> 1to 4) MHz
(>4 to 8) MHz

(> 8 to 10) MHz

47 mV/V + 90 pv
47 mV/V + 0.1 mV
18 % of reading + 0.2 mV

0.38 mV/V + 30 uv
0.94 mV/V + 30 uv
3.5mV/V+0.2 mV
12 mV/V+ 0.2 mV
12mV/V+0.2mV
47 mV/V + 0.9 mV
47 mV/V+1mV
18 % of reading + 2 mV

0.38 mV/V +0.3 mV
0.94 mV/V + 0.3 mV
3.5mV/V+2mV
12 mV/V+2mV
12 mV/V +2mV
47 mV/V + 0.9 mV
47 mV/V + 10 mV

18 % of reading + 20 mV

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Oscilloscope Calibrators '
Leveled Sine Wave
Amplitude
50 Q load|Up to 10 mV
50 kHz 1.2 mV/V +3 uV
(> 50 to 100) kHz 5.8 mV/V +3 uVv
(> 100 to 300) kHz 47 mV/V +3 uv
(> 300 to 500) kHz 14 mV/V + 6 uV
> 500 kHz to 1 MHz 14 mV/V + 6 uV
(> 1to 4) MHz 81 mV/V+6 uv
(>4 to 8) MHz 1.2 mV/V+9pv
(> 8 to 10) MHz 24 % of reading + 10 pV
(> 10 to 100) mV
50 kHz 0.38 mV/V +3 pVv
(> 50 to 100) kHz 0.94 mV/V +3 uv
(> 100 to 300) kHz 3.5mV/V +20 uVv
(> 300 to 500) kHz 12 mV/V + 20 pV
> 500 kHz to 1 MHz 12 mV/V +20 pv Keysight 3458A

8.5 Digit Multimeter
CP-EL71: Direct
Measurement
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Multifunction Energy
Source/Generator
(45 to 65) Hz,
(0.1 to 1) Power Factor
AC Voltage

AC Current

Frequency

Phase

Power Factor

50 mV to 150 V
(> 150 to 600) V

10mAtol A
(>1t012) A
(> 1210 120) A

50 mV to 600 V,
10 mA to 120 A
(45 to 65) Hz

50 mV to 600 V,
10 mA to 120 A
(0 to 360)°

50 mV to 600 V,
10 mA to 120 A

048 mV/V+1.5mV
0.48 mV/V +15mV

0.48 MA/A + 15 uA
0.48 mA/A + 0.15 mA
0.48 mA/A + 7.5 mA

0.012 % of reading + 15 mHz

0.012 % of reading + 0.015°

0.012 % of reading + 0.001 5

CALMET TS33
Three-phase Power/Energy
Automatic Test System
CP-EL72: Direct

Active Power 50 mV to 600V, Measurement
10 mA to 120 A
0.5 mW to 72 kW 0.05 % of reading
Reactive Power 50 mV to 600 V,
10 mA to 120 A
(0.000 5 to 72 000) Var 0.05 % of reading
Apparent Power 50 mV to 600 V,
10 mA to 120 A
(0.000 5 to 72 000) VA 0.05 % of reading
Active Energy 50 mV to 600 V,
10 mA to 120 A
0.5 mWh to 72 kWh 0.05 % of reading
Reactive Energy 50 mV to 600 V,
10 mA to 120 A
(0.000 5 to 72 000) Var 0.05 % of reading
Multifunction Enelrgy CALMET TS33
Source/Generator Three-phase Power/Ener
(45 to 65) Hz, p gy

(0.1 to 1) Power Factor

Automatic Test System
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment

Apparent Energy 50 mV to 600 V, CP-EL72: Direct
10 mA to 120 A Measurement

Meter Error Calibration

(0.000 5 to 72 000) Vah

50 mV to 600 V
10 mA to 120 A
(0.000 5 to 72 000) VAh
(0.000 5 to 72 000) Varh

0.05 % of reading

0.05 % of reading
0.05 % of reading

(0.000 5 to 72 000) Wh 0.05 % of reading
Multifunction Energy —
Measure '
(45 to 65) Hz,
(0.1 to 1) Power Factor
AC Voltage 50 mV to 300 V 0.48 mV/V + 1 mV
>300V to 600 V 0.48 mV/V +2 mV
AC Current 10 mA to 0.12 A 0.48 mA/A +2 nA
(>0.12t0 1) A 0.48 mA/A +20 pA
>1t012) A 0.48 mA/A + 0.2 mA
(>12t0 120) A 0.48 mA/A +2 mA CALMET TS33, TE30
Frequency 50 mV to 600V / Three-phase Power/Energy
10 mA to 12 A Automatic Test System
. (Meter Error Calibration);
0
(45to 65) Hz 0.012% of reading + 15 mHz CP-FL72- Direct
Phase 50 mV to 600 V / Measurement
10mAto 12 A
(0 to 360) ° 0.012% of reading + 0.025 °
Power Factor 50 mV to 600 V
10mAto 12 A
(0.1to 1) PF 0.012 % of reading + 0.001 5
Active Power 50 mV to 600 V

10 mA to 120 A
0.5 mW to 72 kW

0.05 % of reading
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Multifunction Energy —
Measure !
(45 to 65) Hz,
(0.1 to 1) Power Factor
Reactive Power 50 mV to 600 V /
10 mA to 120 A
(0.5 to 72) kVar 0.05 % of reading
Apparent Power 50 mV to 600 V / . CALMET TS33, TE 30
10 mA to 120 A 0.05 % of reading Three-phase Power/Energy
0.5 mVA to 72 kVA .
Automatic Test System
Active Energy 50 mV to 600 V / (MetérPEérI?;;%lﬁz?on)’
10 mA to 13888 Measurément
0.5 mWh to 72 kWh 0.05 % of reading
Reactive Energy 50 mV to 600 V /
10 mA to 120 A
0.5 mVarh to 72 kVarh 0.05 % of reading
Apparent Energy 50 mV to 600 V

10 mA to 120 A
0.5 mVAh to 72 kVAh

0.05 % of reading

Electrical — RF/Microwave

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
2.5 MHz to 1.3 GHz
(-127 to <-120) dBm 0.3dB
(-120 to < -110) dBm 0.2 dB Pf)lv};elrlg ezlfs/zr
Tuned Absolute (-110 to <-90) dBm 0.19.dB With Agilent 8902A
12 (-90 to <-80) dBm 0.18 dB : .
RF Power — Measure Measuring Receiver;
(-80 to <-60) dBm 0.16 dB CP-FL31: Direct
(-60 to <-40) dBm 0.15dB Measurémen t
(-40 to <-10) dBm 0.13dB
(-10 to 0) dBm 0.12dB
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(> 1.3t02.6) GHz
(-127 to < -120) dBm 0.3 dB PI:VEelrlg eznzslzr
(-120 to <-110) dBm 0.2 dB Agilent 11793A
Tuned Absolute (-110 to < -90) dBm S 4B Down Converter
RF Power — Measure ' (-90 to <-80) dBm QL B Agilent 8902A ,
(-80 to < -60) dBm B OF Measuring Receiver;
(-60 to <-40) dBm 0.15dB CP-EL31: Direct ’
(-40 to <-10) dBm 0.13dB Measurémen i
(-10 to 0) dBm 0.12 dB
50 MHz to 1.3 GHz
(-117 to <-110) dBm 0.2 dB HP 11792A
(-110 to <-90) dBm 0.19dB Power Sensor,
Tuned Absolute (-90 to <-80) dBm 0.18 dB Agilent 8902A
RF Power — Measure ' (-80 to <-60) dBm 0.16 dB Measuring Receiver;
(-60 to < -40) dBm 0.15dB CP-EL31: Direct
(-40 to <-10) dBm 0.13 dB Measurement
(-10 to 10) dBm 0.12 dB
(>1.3t012.4) GHz
(-105 to <-100) dBm 0.23 dB
(-100 to < -80) dBm 0.22 dB HP 11792A
(-80 to < -60) dBm 0.2dB Power Sensor,
(-60 to <-40) dBm 0.19dB HP 11793A
Tuned Absolute (-40 to <-20) dBm 0.18 dB Down Converter,
RF Power — Measure ' (-20 to 5) dBm 0.17dB Agilent 8902A
(>12.4t0 18) GHz Measuring Receiver;
(-100 to <-80) dBm 0.27dB CP-EL31: Direct
(-80 to <-50) dBm 0.25dB Measurement
(-50 to <-40) dBm 0.24 dB
(-40 to 5) dBm 0.23 dB
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
2.5 MHz to 18 GHz
(-127t0 <-120) dB 0.28 dB
(-120to <-110) dB 0.17 dB
(-110 to <-90) dB 0.16 dB HP 11793A
Tuned Relative RF (-90 to < -80) dB 0.15dB Down Converter,
Power/Attenuation — (-80to <-70) dB 0.12 dB Agilent 8902A
Measure ' (-70 to <-60) dB 0.12 dB Measuring Receiver;
(0 dB Reference) (-60 to <-50) dB 0.11 dB CP-EL31: Direct
(-50 to <-40) dB 0.1dB Measurement
(-40 to <-30) dB 0.08 dB
(-30to <-10) dB 0.07 dB
(-10to 0) dB 0.06 dB
HP 3336C
Absolute Amplitude — 10 Hz to 20.999 MHz Signal Generator;
Source (-70 to 8) dBm 0.12 dB CP-EL32: Direct
Measurement
250 kHz to 3 GHz
(-127 to <-110) dBm 1.2 dB
(-110 to <-50) dBm 0.94 dB Agilent E4438C
RF Absolute Power — (-50to 13) dBm 0.72 dB Vector Signal Generator;
Source ' (>3 to 6) GHz CP-EL32: Direct
(-127 to <-110) dBm 1.8 dB Measurement
(-110 to <-50) dBm 1.1dB
(-50 to 13) dBm 0.94 dB
(9 to <250) kHz
(-136 to <-100) dBm 3.5dB
(-100 to 13) dBm 1.2dB
250 kHz to 2.5 GHz
(-136 to <-100) dBm 1.2 dB HP 8648D Synthesized
RF Absolute Power — (-100 to 13) dBm 1.2dB Signal Generator;
Source ' (>2.5t03.2) GHz CP-EL32: Direct
(-136 to <-100) dBm 3.5dB Measurement
(-100 to 13) dBm 1.8 dB
(>3.2to4) GHz
(-136 to <-100) dBm 3.5dB
(-100 to 13) dBm 2.4dB
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
HP 83732B
(10 to 50) MHz Synthesized Signal
(-124 to <-84) dBm 4.2 dB Generator,
RF Ab;(‘)’lll‘;z Power - (-84 to < -54) dBm 3 dB HP 8496B
(-54 to <-14) dBm 2.2dB Attenuator;
(-14to 13) dBm 1.6 dB CP-EL32: Direct
Measurement
> 50 MHz to 12.4 GHz
(-124 to < -84) dBm 4.1 dB
(-84 to < -54) dBm 2.9 dB HP 837328
(-54 to < -14) dBm 71dB Synthesized Signal
RF Absolute Power — (-14 to 13) dBm 13 dB g;ngeggg
Source ' (> 12.4 to 18) GHz Attenuator:
(-124 to < -84) dBm 5.4 dB CP_EE;‘;?Sf;eC t
(-84 to <-54) dBm 3.7dB Measurémen i
(-54 to <-14) dBm 2.6 dB
(-14 to 13) dBm 1.3dB
Agilent E4438C,
HP 8648D, HP 8665B,
HP 83732B,
Agilent N9310A
100 kHz to 2.6 GHz Signal Generators
RE Abssglll‘rlzee Power = (20 to < 20) dBm 0.12 dB with HP 11722A Power
(20 to 30) dBm 0.15dB Sensor, Agilent 8902A
Measuring Receiver, and
11667A Power Splitters;
CP-EL32: Comparison
Measurement
Agilent E4438C,
50 MHz to <2 GHz HP 8648D,
(-20 to 20) dBm 0.13 dB HP 8665B, HP 83732B,
(20 to 30) dBm 0.17dB Agilent N9310A
(2to<10) GHz Signal Generators
RF Abssglll‘;zee Il),?wer - (-20 to 20) dBm 0.21 dB with HP 11792A Power
(20 to 30) dBm 0.23 dB Sensor, Agilent 8902A
(10 to 18) GHz Measuring Receiver, and
(-20 to 20) dBm 0.25dB 11667A Power Splitters;
(20 to 30) dBm 0.27 dB CP-EL32: Comparison
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) M;;t(l;:;idl; r:lllellcxor
Agilent E4438C,
HP 8648D,
HP 8665B, HP 83732B,
Agilent N9310A
100 kHz to 4.2 GHz Signal Generators
RF Abssglll‘;zee Power - (-10 to < 25) dBm 0.12 dB with HP 11792A Power
(25 to 35) dBm 0.26 dB Sensor, Agilent 8902A
Measuring Receiver, and
11667A Power Splitters;
CP-EL32: Comparison
Measurement
(-60 to <-10) dBm
9 kHz to <2 GHz 0.17 dB
(2 to < 4) GHz 0.18 dB
(4 to <L b2 dlg Agilent E4438C
(4 to < 8) GHz 0.21dB HP 8%48D HP 86658
(8 to < 14) GHz 0.22 dB HP 85732B ’
(14 to < 16) GHz 0.26 dB Asilent NO31OA
(16 to Ko 02y e Si gnall Generators
RF Absolute Power—  |(-10 to 20) dBm .thg Ailont EAA 1A
Source 2 9 kHz to < 500 MHz 0.17 dB Power Seman. Auilont
500 MHz to < 1.2 GHz 0.17 dB EA4198 Denns Metor, o1
(éztct)o<<4§)G(;{}iZ gi; gg 11667A Power Splitters;
(4 to < 6) GHz 0.19 dB Cp'ﬂﬁs‘u (rje‘;‘gir‘son
(6 to < 8) GHz 0.2dB :
(8to<14) GHz 0.21 dB
(14 to < 16) GHz 0.25 dB
(16 to 18) GHz 0.26 dB
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(-70 to 10) dBm
(10 to <30) MHz 0.18 dB
30 MHz to <2 GHz 0.18 dB Agilent E4438C,
(2to<4) GHz Uk B HP 8648D, HP 8665B
(4to<6) GHz 0.2 dB 1P 83732B ’
(6 to <8) GHz 0.21 dB Agilent N931(’)A
(8to<11) GHz e 4B Si gnal Generators
RF Absolute Power — (11 to 18) GHz 0.28 dB >1gnal
12 with Agilent E4412A
Source (>10 to 20) dBm Power Sensor, Agilent
(10 to <30) MHz 0.24 dB !
30 MHz to < 2 GHz 023 dB E4419B Power Metgr, and
(2 to < 4) GHz 025 dB 11667A Power Sph‘tters;
(4 to < 6) GHz 0'2 6dB CP-EL32: Comparison
(6 to < 8) GHz 0.26 dB Measurement
(8to<11) GHz 0.27 dB
(11 to 18) GHz 0.32 dB
Agilent E4438C,
HP 8648D, HP 8665B,
2.5 MHz to 1.3 GHz HP 83732B,
(-127 to < -120) dBm 0.35dB Agilent N9310A
(-120 to < -100) dBm 0.27 dB Signal Generators
RE Abssglll‘rlzee Power - (-100 to < -80) dBm 0.26 dB with HP 11722A Power
(-80 to <-50) dBm 0.24 dB Sensor, Agilent 8902A
(-50 to <-40) dBm 0.23 dB Measuring Receiver, and
(-40 to 0) dBm 0.22 dB 11667A Power Splitters;
CP-EL32: Comparison
Measurement
Agilent E4438C,
HP 8648D, HP 8665B,
(> 13 t0 2.6) Gz A I?II;I?SIZI%]IB(’)A
(-127 to < -120) dBm 0.35 dB g ggnal Conorators
RF Absolute Power — (-120 to < -100) dBm 0.27dB with HP 11722A Power
12 (-100 to < -80) dBm 0.26 dB
Source (-80 to < -50) dBm 024 dB Sensor, 11793A Down
(-50 to < -40) dBm 0.23 dB converter Alfﬂen.t 890213
easuring Receiver, an
(-40t0 0) dBm 0.22dB 11667A Power Splitters;
CP-EL32: Comparison
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Agilent E4438C,
HP 8648D, HP 8665B,
50 MHz to 1.3 GHz HP 83732B,
(-117 to <-110) dBm 0.27 dB Agilent N9310A
(-110 to <-90) dBm 0.26 dB Signal Generators
RF Abssglll‘;zee Power - (-90 to < -80) dBm 0.25 dB with HP 11792A Power
(-80 to <-60) dBm 0.24 dB Sensor, Agilent 8902A
(-60 to <-40) dBm 0.23 dB Measuring Receiver, and
(-40 to 10) dBm 0.22 dB 11667A Power Splitters;
CP-EL32: Comparison
Measurement
(>1.3t02) GHz
(-105 to <-90) dBm 0.26 dB
(-90 to <-80) dBm 0.25dB
(-80 to <-60) dBm 0.24 dB
(-60 to <-40) dBm 0.23 dB
(-40 to 5) dBm 0.22 dB
(>2to4) GHz Agilent E4438C,
(-105 to <-80) dBm 0.27 dB HP 8648D, HP 8665B,
(-80 to <-50) dBm 0.25dB HP 83732B,
(-50 to < -40) dBm 0.24 dB Agilent N9310A
(-40 to 5) dBm 0.23 dB Signal Generators
RF Absolute Power — (>41t08)GHz with HP 11792A Power
Source ' (-105 to < -90) dBm 0.34 dB Sensor, 11793A Down
(-90 to < -80) dBm 0.33dB converter, Agilent 8902A
(-80 to < -40) dBm 0.32 dB Measuring Receiver, and
(-40 to 5) dBm 0.31dB 11667A Power Splitters;
(> 810 12.4) GHz CP-EL32: Comparison
(-105 to < -80) dBm 0.39dB Measurement
(-80 to <-50) dBm 0.38 dB
(-50 to <5) dBm 0.37dB
(> 12.4 to 18) GHz
(-105 to < -80) dBm 0.41 dB
(-80 to <-40) dBm 0.4 dB
(-40 to <5) dBm 0.39dB
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. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(-100 to 23) dB
<100 kHz 0.12dB .
100 kHz to 5 MHz 0.17 dB A‘?ﬁﬁi‘éﬁzﬁgn
Low Frequency — (>51t020) MHz 0.35dB i
Power Source | Generator, Atter}uator,
CP-EL73: Direct
10mVp-p to 10 Vp-p Measurement
0.1 Hz to 20 MHz 1.2 % of reading + 1.2 mV
DC 2.3 % of reading + 2.3 mV
Zero 6 nW
3.16 pW 10 nW
10 uW 40 nW
31.6 uW 0.1 uW Keysight 11683A
RF Power Meter ! 0.1 mW 0.4 pW Power Meter '
(Instrumentation Accuracy) 0.3 TR LW Range cahbrgtor,
1 mW 4 uW CP-EL43: Direct
3.16 mW 10 pW Measurement
10 mW 40 uW
31.6 mW 0.1 mW
0.1 W 0.4 mW
Keysight 432A
Power Meter,
Keysight 478A
RF Power Meter ! 1 mW Thermistor Mount,
(Reference Power) 50 MHz 22 uW Keysight 3458A
8.5 Digit Multimeter;
CP-ELA43: Direct
Measurement
Output Signal Purity — Keysight 8592L,
Measure ! Keysight 8591E
(0 to 100) % Distortion Spectrum Analyzers;
Harmonic 9 kHz to 18 GHz Keysight 8902A
(-130 to 30) dBm 1dB Measuring Receiver;
Keysight 11722A,
Non-harmonic 9 kHz to 18 GHz Keysight 11792A
(-130 to 30) dBm 1dB Power Sensors;
CP-EL56: Direct
Measurement
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Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Output Signal Purity —
Measure ! Keysight 8592L,
(0 to 100) % Distortion Keysight 8591E
Spurious Response 9 kHz to 18 GHz Spectrum Analyzers;
(-130 to 30) dBm 1dB Keysight 8902A
Measuring Receiver;
SSB Phase Noise 9 kHz to 18 GHz Keysight 11722A,
(-130 to 30) dBm 1dB Keysight 11792A
Power Sensors;
Residual FM 250 kHz to 18 GHz 1.4Hz CP-EL56: Direct
Measurement
Residual AM 150 kHz to 18 GHz 0.014 % Depth
(-36 to 0) dBm
(3.54 to 22454 HP 33220A, HP 8665B,
1 mHz to 20 MHz 0.4 dB .
(50 to 0) dBm Agilent 9.310A, HP
Frequency Counter 83732B, Agilent E4438C
Sensitivity — Source ' (0.707 to 224) mV Signal Generators;
10 Hz to 21 MHz 0.1 dB CP-EL06: Direct
21 MHz to 3 GHz 0.71 dB Measurémen i
(>3to6)GHz 0.94 dB
(> 6to 18) GHz 1.3 dB
Bandwidth — Source ' HP 83732B
Resolution Switching 1 Hzto 18 GHz 0.01 dB Synthesized
Signal Generator,
Noise Sideband 9 kHz to 18 GHz 0.16 dB HP 8648D
Synthesized RF
Residual FM 9 kHz to 18 GHz 1 pHz/Hz Signal Generator,
HP N9310A
Scale Fidelity 9 kHz to 18 GHz RF Signal Generator,
(-120 to 0) dB 0.12dB HP 8665B
Signal Generator,
Resolution Bandwidth 1 Hz to 18 GHz E4438C ESG Vector
3 dB Bandwidth 3.8 mHz/Hz Signal Generator, Efratom
PRFS-102 Frequency
Display Average Noise 9 kHz to 18 GHz 0.16 dB Standard;
CP-EL55: Direct
Residual Response 9 kHz to 18 GHz 0.16 dB Measurement
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Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Bandwidth — Source '
Spurious Response

Frequency Span

Input Attenuation Switching

9 kHz to 18 GHz
9 kHz to 18 GHz

9 kHz to 18 GHz
(0 to 80) dB

0.16 dB

0.78 nHz/Hz

0.01 dB

HP 83732B
Synthesized
Signal Generator,
HP 8648D
Synthesized RF
Signal Generator,
HP N9310A
RF Signal Generator,
HP 8665B
Signal Generator,
E4438C ESG Vector
Signal Generator, Efratom
PRFS-102 Frequency
Standard;
CP-EL55: Direct
Measurement

Oscilloscope Bandwidth —
Source !

2 mVrms to 1 Vrms
10 MHz to 2 GHz

(2 to 6) GHz

(6 to 18) GHz

16 mV/V + 9 mV
20 mV/V +9 mV
30 mV/V +9mV

HP 8665B, HP E4438C,
HP N9310A, HP 83732B,
Agilent E4438C
Signal Generators;
HP E9304AH18, HP
E4412A Power Sensors;
CP-EL28: Comparison
Measurement

Amplitude Modulation —
Source '
Frequency Carrier:
150 kHz to < 10 MHz

(5 to < 40) % Depth
Rate: (20 to < 50) Hz
Rate: 50 Hz to 10 kHz

(40 to 99) % Depth
Rate: (20 to < 50) Hz
Rate: 50 Hz to 10 kHz

3.5 % of reading + 0.014 % Depth
2.4 % of reading + 0.014 % Depth

3.5 % of reading + 0.14 % Depth
2.4 % of reading + 0.14 % Depth

HP 8648D,
Agilent E4438C
Signal Generator

with HP 8902A
Measuring Receiver;
CP-EL30: Comparison
Measurement
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Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Amplitude Modulation —
Source '
Frequency Carrier: HP83732B
10 MHz to 1.3 GHz (5 to <40) % Depth Signal Generator,
Rate: (20 to <50) Hz |3.5 % of reading + 0.014 % Depth | 11793 A Down converter

Rate: 50 Hz to 10 kHz
Rate: (> 50 to 100) kHz
(40 to 99) % Depth

1.3 % of reading + 0.014 % Depth
3.5 % of reading + 0.014 % Depth

with HP 8902A
Measuring Receiver;
CP-EL30: Comparison

Rate: (20 to < 50) Hz 3.5 % of reading + 0.14 % Depth Measurement
Rate: 50 Hz to 10 kHz | 1.3 % of reading + 0.14 % Depth
Rate: (> 50 to 100) kHz | 3.5 % of reading + 0.14 % Depth
Amplitude Modulation —
1
Source . HP 83732B
Frequency Carrier: Signal Generator
0, s
(> 1.3 GHz to 20 GHz) (5 to <40) % Depth HP 11793A

Rate: (20 to < 50 Hz)
Rate: 50 Hz to 50 kHz
Rate: (> 50 to 100) kHz
(40 to 99) % Depth
Rate: (20 to <50 Hz)

3.5 % of reading + 0.014 % Depth
1.9 % of reading + 0.014% Depth
3.5 % of reading + 0.014 % Depth

3.5 % of reading + 0.14 % Depth

Down Converter
with HP 8902A
Measuring Receiver;
CP-EL30: Comparison

Rate: 50 Hzto 50 kHz | 1.9 % of reading + 0.14 % Depth Measurement
Rate: (> 50to 100) kHz | 3.5 % of reading + 0.14 % Depth
Frequency Modulation —
Source '
Frequency Carrier:
> 250 kHz to 10 MHz Deviation: < 5 kHz
Rate: 20 Hz to 10 kHz 2.4 % of reading + 1.4 Hz
Deviation: (5 to 40) kHz HP 8648D,
Rate: 20 Hz to 10 kHz 2.4 % of reading + 14 Hz Agilent E4438C
Signal Generator
Frequency Carrier: with HP 8902A

>10MHz to 1.3 GHz

Deviation: <5 kHz
Rate: (20 to < 50) Hz
Rate: 50 Hz to 100 kHz
Rate: (> 100 to 200) kHz
Deviation: (5 to <40) kHz
Rate: (20 to < 50) Hz
Rate: 50 Hz to 100 kHz
Rate: (> 100 to 200) kHz

5.8 % of reading + 1.4 Hz
1.3 % of reading + 1.4 Hz
5.8 % of reading + 1.4 Hz

5.8 % of reading + 14 Hz
1.3 % of reading + 14 Hz
5.8 % of reading + 14 Hz

Measuring Receiver;
CP-EL30: Comparison
Measurement
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Frequency Modulation —
Source '
Frequency Carrier:
> 10 MHz to 1.3 GHz Dev: (40 to 400) kHz
Rate: (20 to < 50) Hz 5.8 % of reading + 0.14 kHz HP 8648D
Rate: 50 Hz to 100 kHz 1.3 % of reading + 0.14 kHz Signal Generator,
Rate: (> 100 to 200) kHz 5.8 % of reading + 0.14 kHz Agilent E4438C
Generator,
Frequency Carrier: HP 83732B
(> 1.3 to 18) GHz Deviation: < 5 kHz Signal Generator,
Rate: (20 to < 50) Hz 5.8 % of reading + 1.4 Hz HP 11793A

Rate: 50 Hz to 100 kHz
Rate: (> 100 to 200) kHz
Deviation: (5 to < 40) kHz
Rate: (20 to < 50) Hz
Rate: 50 Hz to 100 kHz

1.3 % of reading + 1.4 Hz
5.8 % of reading + 1.4 Hz

5.8 % of reading + 14 Hz
1.3 % of reading + 14 Hz

Down Converter;
Comparison Measurement
with HP 8902A
Measuring Receiver;
CP-EL30: Comparison

Rate: (> 100 to 200) kHz 5.8 % of reading + 14 Hz Measurement
Dev: (40 to 400) kHz
Rate: (20 to < 50) Hz 5.8 % of reading + 0.14 kHz
Rate: 50 Hz to 100 kHz 1.3 % of reading + 0.14 kHz
Rate: (> 100 to 200) kHz 5.8 % of reading + 0.14 kHz
Phase Modulation — Source '
Frequency Carrier:
250 kHz to 10 MHz Rate: 200 Hz to 10 kHz .
Deviation: (1 to 4) rad 4.7 % of reading + 0.001 4 rad Ag} lent E4438C,
. Agilent N9310A,
(4 to 40) rad 4.7 % of reading + 0.014 rad HP 83732B Signal
(40 to 400) rad 4.7 % of reading + 0.14 rad

Frequency Carrier:
> 10 MHz to 18 GHz

Rate: 200 Hz to 10 kHz
Deviation: (1 to 4) rad
(4 to 40) rad
(40 to 400) rad

3.5 % of reading + 0.001 4 rad
3.5 % of reading + 0.014 rad

3.5 % of reading + 0.14 rad

Generator with HP 8902A
Measuring Receiver;
CP-EL30: Comparison
Measurement
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(0.01 to 100) % Distortion
20 Hz to 20 kHz
(-80to <-70) dB

0.45 dB

HP 8903B Audio Analyzer,

(-70 to < -60) dB 0.31 dB Agg‘;‘ﬁeﬁﬁj 0A
(-60 to < -50) dB 0.05 dB ks 55274
(-30 to < -40) dB s B Multiproduct Calibrator
Distortion — Source (-40 to 0) dB s 4B VI&)’a otk 1281,
u (0.01 to 100) % Distortion v 1
(> 20 to 100) kHz 8.5 Digit Multimeter,
(-80 to < -70) dB 0.48 dB HP34401A
(70 to < -60) dB 032 dB 6.5 Digit Multlmeter,
(-60 to < -50) dB 0.07 dB C&Ealélfe I]r?;ft“
(-30 to < -40) dB 0.05 dB
(-40 to 0) dB 0.05 dB
20 Hz t‘(’ozg) IZI({))Z B _— HP 8903B Audio Analyzer,
(> 40 to 50) dB 0.03 dB Aggfrlfelja?;l 0A
(> 50 to 60) dB 0.05 dB ks 55074
(> 60 toE Ul ol Multi r;ldlelct Calibrator
SINAD - S 1 (> 70 to 80) dB 0.45 dB vrx; Y
- vouree (> 20 to 100) kHz avetek _ 284,
(0 to 40) dB 005 dB 8.5 Digit Multimeter,
(> 40 to 50) dB 0.05 dB HP34401A
(> 50 to 60) dB 007 dB 6.5 Digit Multlmeter,
(> 60 to 70) dB 0.32 dB Ci/}Ea”f'n?lftCt
(> 70 to 80) dB 0.48 dB casureme
20 Hz t‘(’ozt%ﬁ%)z B 0.03 dB HP 8903B Audio Analyzer,
(> 40 to 50) dB 0.03 dB Aggee‘:feﬁgrl 0A
(> 50 to 60) dB 0.05 dB ks 35294
(> 6010 70) dB 0.31'dB Multiproduct Calibrator
Sional to Noise - S 1 (> 70 to 80) dB 0.45 dB “\f, lik1281 ’
1gnal to INO1S€ — dource (> 20 to 100) kHz ave (& : ,
(0 to 40) dB 005 dB 8.5 Digit Multimeter,
(> 40 to 50) dB 0.05 dB HP344011.A _
(> 50 to 60) dB 0.07 dB 6.5 Digit Multimeter;
(> 60 to 70) dB 0.32 dB Cl;/ifalﬁé Eéft“
(> 70 to 80) dB 0.48 dB
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Amplitude Modulation —
Measure !
Frequency Carrier: HP 8902A

150 kHz to 10 MHz

(5 to < 40) % Depth
Rate: (20 to < 50) Hz
Rate: 50 Hz to 10 kHz

3.5 % of reading + 0.014 % Depth
2.4 % of reading + 0.014 % Depth

Measuring Receiver
CP-EL29: Direct

(40 t0 99) % Depth Measurement
Rate: (20 to < 50) Hz 3.5 % of reading + 0.14 % Depth
Rate: 50 Hzto 10 kHz | 2.4 % of reading + 0.14 % Depth
Amplitude Modulation —
Measure !
Frequency Carrier:
o
>10 MHz to 1.3 GHz (5 to <40) % Depth HP 8902A

Rate: (20 to 50) Hz
Rate: 50 Hz to 50 kHz
Rate: (> 50 to 100) kHz

3.5 % of reading + 0.014 % Depth
1.3 % of reading + 0.014 % Depth
3.5 % of reading + 0.014 % Depth

Measuring Receiver
CP-EL29: Direct

(40 to 99) % Depth Measurement
Rate (20 to 50) Hz 3.5 % of reading + 0.14 % Depth
Rate: 50 Hz to 50 kHz | 1.3 % of reading + 0.14 % Depth
Rate: (> 50 to 100) kHz | 3.5 % of reading + 0.14 % Depth
Amplitude Modulation —
Measure '
Frequency Carrier:
13 to 18) GHz (5 to < 40) % Depth Measfgf;gi?eiver
Rate: (20 to 50) Hz 3.5 % of reading + 0.014 % Depth HP 11793A ’

Rate: > 50 Hz to 50 kHz
Rate: (> 50 to 100) kHz
(> 40 to 99) % Depth
Rate: (20 to 50) Hz
Rate: > 50 Hz to 50 kHz
Rate: (> 50 to 100) kHz

1.9 % of reading + 0.014% Depth
3.5 % of reading + 0.014 % Depth

3.5 % of reading + 0.14 % Depth
1.9 % of reading + 0.14 % Depth
3.5 % of reading + 0.14 % Depth

Down Converter
CP-EL29: Direct
Measurement
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Amplitude Demodulated
Distortion — Measure !
Frequency Carrier:
150 kHz to < 1.3 GHz Rate: 20 Hz to < 100 kHz Measilgnggl(){ze?eiver
<50 % Depth 0.35 % THD TP 1*‘;’793 N
(> 50 to 95) % Depth 0.7 % THD Down Converter:
(1.3 to 18) GHz Rate: 20 Hz to < 100 kHz CP-EL29: Direct’
<50 % Depth 0.9 % THD Measurémen i
(> 50 to 95) % Depth 1.2 % THD
Frequency Modulation —
1
Measure HP 8902A

Frequency Carrier:
>250 kHz to 10 MHz

Deviation: < 5 kHz
Rate: 20 Hz to 10 kHz

Deviation: (5 to 40) kHz
Rate: 20 Hz to 10 kHz

2.4 % of reading + 1.4 Hz

2.4 % of reading + 14 Hz

Measuring Receiver;
CP-EL29: Direct
Measurement

Frequency Modulation —
Measure '
Frequency Carrier:
> 10 MHz to 1.3 GHz

Deviation: <5 kHz
Rate: (20 to <50) Hz

5.8 % of reading + 1.4 Hz

HP 8902A
Measuring Receiver;
CP-EL29: Direct

Rate: 50 Hz to 100 kHz 1.3 % of reading + 1.4 Hz Measurement
Rate: (> 100 to 200) kHz 5.8 % of reading + 1.4 Hz
Frequency Modulation —
Measure !
Frequency Carrier:
S ! .
>10MHz to 1.3 GHz Deviation: (5 to <40) kHz 5.8 % of reading + 14 Hz HP 8902A

Rate: (20 to < 50) Hz
Rate: 50 Hz to 100 kHz
Rate: (> 100 to 200) kHz

Dev: (40 to 400) kHz
Rate: (20 to < 50) Hz
Rate: 50 Hz to 100 kHz
Rate: (> 100 to 200) kHz

1.3 % of reading + 14 Hz
5.8 % of reading + 14 Hz

5.8 % of reading + 0.14 kHz
1.3 % of reading + 0.14 kHz
5.8 % of reading + 0.14 kHz

Measuring Receiver;
CP-EL29: Direct
Measurement

This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate.

1899 L Street NW, Suite 1100-A, Washington, DC 20036
414-501-5494

www.anab.org

Page 75 of 113

ANSI National Accreditation Boara “nf W



http://www.anab.org/

Electrical — RF/Microwave

¢

ANAB

ANSI National Accreditation Board

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Frequency Modulation —
Measure !
Frequency Carrier:
(>1.3t018) GHz Deviation: < 5 kHz
Rate: (20 to < 50) Hz 5.8% ofread@ng +1.4Hz HP 8902A
Rate: 50 Hz to 100 kHz 1.3 % of reading + 1.4 Hz Measuring Receiver
Rate: (> 100 to 200) kHz 5.8 % of reading + 1.4 Hz HP 11793A ’

Deviation: (5 to <40) kHz
Rate: (20 to < 50) Hz
Rate: 50 Hz to 100 kHz

5.8 % of reading + 14 Hz
1.3 % of reading + 14 Hz

Down Converter;
CP-EL29: Direct

Rate: (> 100 to 200) kHz 5.8 % of reading + 14 Hz Measurement
Dev: (40 to 400) kHz
Rate: (20 to <50) Hz 5.8 % of reading + 0.14 kHz
Rate: 50 Hz to 100 kHz 1.3 % of reading + 0.14 kHz
Rate: (> 100 to 200) kHz 5.8 % of reading + 0.14 kHz
Frequency Demodulated
Distortion — Measure ' HP 8902A
Frequency Carrier: Measuring Receiver,
400 kHz to <10 MHz Rate: 20 Hz to 10 kHz HP 11793A

Deviation: <10 kHz 0.12 % THD Down Converter;
Frequency Carrier: CP-EL29: Direct
10 MHz to 18 GHz Rate: 20 Hz to 100 kHz Measurement
Deviation: < 100 kHz 0.12 % THD
Phase Modulation —
Measure !
Frequency Carrier: Rate: 200 Hz to 10 kHz
250 kHz to 10 MHz Deviation: (1 to 4) rad 4.7 % of reading + 0.001 4 rad
(4 to 40) rad 4.7 % of reading + 0.014 rad HP 8902A
(40 to 400) rad 4.7 % of reading + 0.14 rad Measuring Receiver;
CP-EL29: Direct
Frequency Carrier: Measurement
> 10 MHz to 1.3 GHz Rate: 200 Hz to 20 kHz
Deviation: (1 to 4) rad 3.5 % of reading + 0.001 4 rad
(4 to 40) rad 3.5 % of reading + 0.014 rad
(40 to 400) rad 3.5 % of reading + 0.14 rad
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Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Phase Modulation —
Measure ' HP 89024
_ Measuring Receiver,
Frequency Carrier: HP 11793A

> 10 MHz to 20 GHz Rate: 200 Hz to 20 kHz
Deviation: (1 to 4) rad 3.5 % of reading + 0.001 4 rad
(4 to 40) rad 3.5 % of reading + 0.014 rad
(40 to 400) rad 3.5 % of reading + 0.14 rad

Down Converter;
CP-EL29: Direct
Measurement

Phase Demodulated
. . 1

Distortion — Measure. HP 8902A

Frequency Carrier:

150 kHz to < 10 MHz Rate: 200 Hz to 10 kHz

Deviation: <400 rad 0.12 % THD

Measuring Receiver,
HP 11793A
Down Converter;

. CP-EL29: Direct
Frequency Carrier:

10 MHz to 18 GHz Rate: 200 Hz to 20 kHz Measurement
Deviation: < 400 rad 0.12 % THD
Distortion/SINAD/Signal to
Noise — Measure 1
(0.001 to 100) % Distortion
Distortion (-99.99 to 0) dB
20 Hz to 20 kHz 1.2 dB
HP 8903B
(20 to 100) kHz 2.4 dB Audio Analyzer:
SINAD (0 t0 99.99) dB C&S;;ﬁg;ff
20 Hz to 20 kHz 1.2 dB
(20 to 100) kHz 2.4 dB
Signal-to-Noise (0t099.99) dB
50 Hz to 100 kHz 1.2 dB
100 kHz to 4.2 GHz HP 8482H
RF Absolute Power — Power Sensor,
Measure ' (-10 to < 25) dBm 0.12dB Agilent E4419B
(25 to 35) dBm 0.25 dB g
Power Meter
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(-60 to <-10) dBm
9 kHz to 2 GHz 0.17 dB
(2to<6)GHz 0.18 dB
(6 to <14) GHz 0.19dB
(14 to < 16) GHz 0.23 dB Agilent E9304AH18
(16 to 18) GHz 0.25dB Power Sensor,
RF Absolute Power- (-10 to 20) dBm Agilent E4419B
Measure ' 9 kHz to < 500 MHz 0.16 dB Power Meter;
500 MHz to < 1.2 GHz 0.16 dB CP-EL33: Direct
(1.2to<2)GHz 0.16 dB Measurement
(2to<6) GHz 0.16 dB
(6 to < 14) GHz 0.18 dB
(14 to < 16) GHz 0.22 dB
(16 to 18) GHz 0.23 dB
(>-70to 10) dBm
(10 to <30) MHz 0.18 dB
30 MHz to <2 GHz 0.17 dB
(2to<6) GHz 0.18 dB Agilent E4412A
(6to<11) GHz 0.19 dB Power Sensor and
RF Absolute Power — (11 to 18) GHz 0.25dB Agilent E4419B
Measure ' (> 10 to 20) dBm Power Meter;
(10 to < 30) MHz 0.24 dB CP-EL33: Direct
30 MHz to <2 GHz 0.23dB Measurement
(2to<6) GHz 0.23dB
(6to<11) GHz 0.24 dB
(11 to 18) GHz 0.29 dB
HP 11722A
Power Sensor,
RF Absolute Power — |00 kHz 10.2.6 GHz Agilent 8902A
Measure ' (-20 to < 20) dBm 0.14 dB Measuring Receiver;
(20 to 30) dBm 0.16 dB

CP-EL33: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
50 MHz to <2 GHz
(-20 to <20) dBm 0.15 dB
(20 to 30) dBm 0.13 dB HP 117924
RF Absolute Power (2 to < 10) GHz i;gg;tsggggk
Measure ' (-20 to < 20) dBm [ 4B Measuring Receiver;
(20 to 30) dBm 0.16 dB e
CP-EL33: Direct
(10to 18) GHz Measurement
(-20 to <20) dBm 0.19dB
(20 to 30) dBm 0.18 dB
Keysight 11793A
Microwave Down HP 8902A
Converter ' Measuring Receiver,
Converted Band Test HP 11792A
(Conversion Loss) Sensor Module,
(RF Frequency = LO Input level: -5 dBm HP 83731A, and
Frequency minus 50 MHz) |LO level: +8 dBm HP 83732B
Frequency: (2 to 18) GHz 1.5dB Signal Sources;
CP-EL76: Direct
Through Band Test Input level: -5 dBm Measurement
(Insertion loss) Frequency: 1.27 GHz 0.25 dB

Length — Dimensional Metrology

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
(0.1 to 0.4) mm 0.13 pm
(> 0.4 to 10) mm 66 nm
(> 10 to 25) mm 76 nm Gage Block Comparator,
(> 25 to 50) mm 0.11 um Universal Length
> 50 to 75) mm 0.13 um Measuring Machine,
Gauge Blocks ((> 75 to 10())) mm 0.16 ﬁm Master Gauge Block Set;
(> 100 to 200) mm 0.3 pm CP-PL23, CP-PL24:
(> 200 to 300) mm 0.44 pm Comparison Measurement
(> 300 to 400) mm 0.58 pm
(> 400 to 500) mm 0.72 pm
1 Master Gauge Block Set;
G(afegrf EOLC}; Sa‘;i‘:‘pgafor (0.5 to 100) mm 37 nm CP-PL105: Direct
& y Only) Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Up to 300 mm S um
o (> 300 to 450) mm 7 pm Gauge Block Set;
Caliper (> 450 to 600) mm 9 um CP-PLO1: Direct
(External/Internal/Depth) (> 600 to 1 000) mm 14 pm Measurémen t
(>1 000 to 1 500) mm 21 pm
(>1 500 to 2 000) mm 28 um
(>U1p 2t(7) ‘:(‘)2'275;111Innm 0i9u;:111n Dial Calibration Tester
Dial Gauge & Digital 2 5 t0 50) mm 12 um Stand M3;
Indicator ! “ M CP-PL14: Direct
(> 50 to 75) mm 1.4 pm Measurement
(> 75 to 100) mm 1.7 pm
Dial Calibration Tester
. . ! Stand M3;
Dial Test Indicator Upto 1.5 mm 0.7 pm CP-PL15 Dircct
Measurement
Gauge Block Set;
Micro-indicator (-1.5 to 1.5) mm 0.12 pm CP-PLO6 Direct
Measurement
Up to R " Gauge Block Set;
Electrical Comparator/ > 500 um to 1 mm 0.14 pm 7
1 CP-PL51: Direct
Mu Checker (>1to5) mm 0.2 pm Measurement
(>5to 10) mm 0.3 pm
Up to 18 mm 0.65 um
(> 18 to 35) mm 0.8 pm Universal Length
. (> 35 to 60) mm 1 pm Measuring Machine,
Cﬁlérr‘sgﬁla‘;%e/ (> 60 to 100) mm 1.5 um CP-PL17: Direct
£ (> 100 to 160) mm 2 um Measurement based on
(> 160 to 250) mm 2.5 um JISB 7515
(> 250 to 400) mm 3 pm
Up to 25 mm 0.7 um
(25 to 50) mm 0.8 um
(50 to 75) mm 0.9 um Gauge Block Set;
Outside/Inside Micrometer ' (75 to 100) mm 1 pm CP-PLOS: Direct
(100 to 125) mm 1.2 pm Measurement
(125 to 150) mm 1.3 um
(150 to 175) mm 1.5 pm
(175 to 200) mm 1.6 um
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) M;;t(l;:;idl; r:lllellcxor
(200 to 225) mm 1.8 pm
(225 to 250) mm 1.9 um
(250 to 275) mm 2.1 pm
(275 to 300) mm 2.2 um
(300 to 325) mm 2.4 um
(325 to 350) mm 2.5 um
(350 to 375) mm 2.7 um
(375 to 400) mm 3 um
(400 to 425) mm 3 um
(425 to 450) mm 3.2 um
(450 to 475) mm 3.3 um
(475 to 500) mm 3.5 um
(500 to 525) mm 3.8 um
(525 to 550) mm 4 pm
(550 to 575) mm 4.1 pm Gauge Block Set;
Outside/Inside Micrometer ' (575 to QU oy CP-PLO5: Direct
(600 to 625) mm 4.5 pm Measurement
(625 to 650) mm 4.6 pm
(650 to 675) mm 4.9 pm
(675 to 700) mm 5 pm
(700 to 725) mm 5.2 um
(725 to 750) mm 5.4 pm
(750 to 775) mm 5.5 um
(775 to 800) mm 5.6 pm
(800 to 825) mm 5.8 um
(825 to 850) mm 6 um
(850 to 875) mm 6.1 um
(875 to 900) mm 6.5 um
(900 to 925) mm 6.7 um
(925 to 950) mm 6.8 um
(950 to 975) mm 7 um
(975 to 1 000) mm 7.1 um
Up to 7.7 mm 0.17 um )
High Accuracy Micrometer ' (>7.7 to 17.6) mm 0.27 ym %%%%i??%iii’
(Resolution 0.000 1 mm) (>17.6 to 22.8) mm 0.33 um Measurément
(>22.8 to 25) mm 0.36 um
Standard Pin Gauges,
— 1 Up to 10 mm 1.2 pm Gauge Block Se%t;
V-Anvil Micrometer (> 10 to 25) mm 1.4 pm T
CP-PL74: Direct
(>25 to 40) mm 1.7 pm Measurement
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(>U2p ;?0255 Or)n;lm ié B 2 Gauge Block Set;
Indicating Micrometer ' K CP-PLO7: Direct
(> 50 to 75) mm 2.2 um Measurement
(> 75 to 100) mm 2.8 um
Up to 25 mm 0.9 um
(25 to 50) mm 1.3 um
(50 to 75) mm 1.4 pm
(75 to 100) mm 1.6 pm
(100 to 125) mm 1.9 um Gauge Block Set;
Depth Micrometer ! (125 to 150) mm 2.2 pm CP-PL16: Direct
(150 to 175) mm 2.5 um Measurement
(175 to 200) mm 2.8 um
(200 to 225) mm 3.1 pm
(225 to 250) mm 3.3 um
(250 to 275) mm 3.5 um
(275 to 300) mm 3.8 um
Gauge Block Set;
Gear Tooth Vernier Caliper ' Up to 60 mm 15 pm CP-PL28: Direct
Measurement
Up to 300 mm 8 um Gauge Block Set;
Height Gauge ' (> 300 to 600) mm 11 um CP-PL02: Direct
(> 600 to 1 000) mm 15 um Measurement
Up to 200 mm 7 um Gauge Block Set;
Depth Gauge ' (> 200 to 300) mm 8 um CP-PL11: Direct
(> 300 to 600) mm 11 uym Measurement
Universal Length
Measuring Machine,
1 Up to 3 mm 0.3 um High Accurac
Feeler Gauge > 3p to 20) mm 0.6 ﬁm N%icrometer;y
CP-PL18: Direct
Measurement
Universal Length
Measuring Machine
Thickness Plate ' Up to 3 mm 0.3 um High Accuracy
(Calibration Foil) (>3 to0 20) mm 0.6 um Micrometer;
CP-PL19: Direct
Measurement
Gauge Block Set;
Thickness Gauge ' Up to 12 mm 0.7 wm CP—%’L13: Direct
(> 12 to 100) mm 1.5 pm
Measurement
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(3 to 14) mm 1.5 pm
(> 14 t0 20) mm 1.8 um
. (> 20 to 40) mm 2 pm Ring Gauges;
Holtest/ E/Eiifmﬂggﬁ Internal (> 40 to 50) mm 22 um CP-PL38: Direct
(> 50 to 75) mm 2.8 um Measurement
(> 75 to 100) mm 3.5 um
(>100 to 125) mm 4 pm
Up to 252 pm 0.5 um
(523724t(t)0230£3)“$n - i Calibration Foils;
. . 1 . . .
to m .5 um . '
Coating Thickness Gauge 3039 to 4 824) 150 le\’/li’;i(r)en]?;etct
to pm ./ pum
4 824 t0 9 890 1.7
(9 890 to 14 000) pm 2 um
Up to 25 mm 0.4 pm
(> 25 to 50) mm 0.5 um
(> 50 to 75) mm 0.6 um
(> 75 to 100) mm 0.7 pm
(> 100 to 125) mm 0.9 pm gi‘;f:rfalloﬁlgns‘:ﬁ
. . (> 125 to 150) mm 1 um ) &
Setting Rod for Micrometer Measuring Machine;
(> 150 to 175) mm 1.2 pm .
CP-PL37: Comparison
(> 175 to 200) mm 1.4 pm Measurement
(> 200 to 225) mm 1.5 pm
(> 225 to 250) mm 1.7 pm
(> 250 to 275) mm 1.9 pm
(> 275 to 300) mm 2 um
(> 300 to 325) mm 2.2 um
(> 325 to 350) mm 2.4 pm Gauge Block Set,
(> 350 to 375) mm 2.5 um .
Universal Length
. . (> 375 to 400) mm 2.7 um . .
Setting Rod for Micrometer Measuring Machine;
(> 400 to 425) mm 2.9 um .
CP-PL37: Comparison
(> 425 to 450) mm 3 um Measurement
(> 450 to 475) mm 3.2 um
(>475 to 500) mm 34 um
Upto 13 mm 1 um Gauge Block Set;
Micrometer Head ! (> 13 to 25) mm 1 um CP-PL12: Direct
(> 25 to 50) mm 1.6 um Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Up to 10 mm 90 nm
Universal Length Measuring (> 10t0 25) mm 0.17 pm Gauge Block Set;
1 (> 25 to 50) mm 0.35 um iy
Machine CP-PL52: Direct
(Length Linearity Only) (> 30 to 75) mm . Measurement
(> 75 to 100) mm 0.7 um
(> 100 to 600) mm 0.85 pm
Caliper Gauge ' Up to 30 mm 1.5 um Gauge Bl?Ck. Sef;
CP-PL40: Direct
(External/ Internal) (> 30 to 100) mm 3 um
Measurement
Up to 300 mm 1.1 um Gauge Blocks,
Caliper Checker, (> 300 to 400) mm 1.2 um Lever Probe with Display;
Check Master, Step Gauge (> 400 to 500) mm 1.3 um CP-PL57: Direct
(> 500 to 670) mm 1.4 ym Measurement
Up to 300 mm 1.1 pm Gauge Blocks,
. (> 300 to 400) mm 1.2 um Lever Probe with Display;
Height Master (> 400 to 500) mm 1.3 . CP-PL92: Direct
(> 500 to 600) mm 1.4 pm Measurement
Dial Gauge Tester/Calibration (>0to5) mm 0.5 pm Linear Len*‘%th _Gauge;
CP-PL39: Direct
Tester (>5to25) mm 0.8 pm
Measurement
Glass Scale;
Micrometer Microscope ' Up to 10 mm 1 pm CP-PL35: Direct
Measurement
Glass Scale;
Scale Loupe ' Up to 100 mm 1.4 um CP-PL32: Direct
Measurement
Profile Projector '
X-axis, Y-axis Up to 50 mm 1 pm
(> 50 to 100) mm 1.1 pm Glass Scale,
(> 100 to 200) mm 1.2 um Angle Blocks;
(> 200 to 300) mm 1.3 um CP-PL54: Direct
(> 300 to 500) mm 2.1 pm Measurement
Angle (0.25 to 90)° 10"
Gauge Block Set,
(> 1 to 60) mm 2 pm Uni\%ersal Length
(> 60 to 90) mm 2.1 pm . )
Thread Plug Gauge Measuring Machine;
(>90 to 125) mm 2.2 um CP-PL10: Direct
(> 125 to 150) mm 2.3 um )

Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Ring Gauge,
(3 to 30) mm 2 um Universal Length
Thread Ring Gauge (>30 to 100) mm 2.1 uym Measuring Machine;
(> 100 to 150) mm 3.1 pum CP-PLOS: Direct
Measurement
(1 to 50) mm 0.9 um ng Gauge,
Universal Length
Plain Ring Gauge (> 30 to 100) mm 1.3 pm Measuring Machine;
(> 100 to 125) mm 1.5 pm g
(> 125 to 150) mm 1.7 pm CP-PL36: Direct
) Measurement
Up to 10 mm 0.3 um
(> 10 to 20) mm 0.4 um
(> 20 to 30) mm 0.5 um
(> 30 to 40) mm 0.5 pm
(> 40 to 50) mm 0.7 um
>
| | G i
Plain Plug Gauge, Pin Gauge, i Universal Length
; (> 70 to 80) mm 1 pm . .
(3-wires) (> 80 to 90) mm 1yl Measuring Machine;
(Diameter Measurement) CP-PL09: Direct
(> 90 to 100) mm 1.1 pm Measurement
(> 100 to 125) mm 1.2 pm
(> 125 to 150) mm 1.3 pm
(> 150 to 175) mm 1.4 ym
(> 175 to 200) mm 1.5 pm
(> 200 to 250) mm 1.7 pm
(> 250 to 300) mm 2 um
(1 to 25) mm 0.51 um
(> 25 to 50) mm 0.81 pm
(> 50 to 75) mm 1.2 um Ring Gauge,
(> 75 to 125) mm 1.9 um Gauge Block Set,
Plain Snap Gauge, Gap Gauge (> 125 to 175) mm 2.7 um Universal Length
(External/ Internal) (> 175 to 200) mm 3.1 um Measuring Machine;
(> 200 to 250) mm 3.8 um CP-PL33: Direct
(> 250 to 300) mm 4.5 um Measurement
(> 300 to 400) mm 6 pm
(>400 to 500) mm 7.5 um
Pin Gauges,
. | (0.1 to 10) mm 0.5 pm Gauge Block Set;
Laser Scan Micrometer > 10 to 60) mm 0.7 ﬁm CP—%L34: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Mg(llll(;;il; r:lllelsior
Ra2.94 um 66 nm Roughness Specimen;
Surface Roughness Testers ' Rz 9 3 E m’ 0.26 um CP-PL55: Direct
) ) Measurement
Up to4 pm O Mee?sllllrrt;allce Elzfc(:llllrrrleent'
Roughness Specimens >4 t0 20) um 0.28 um & . ’
g p [ 5 :
(>20 to 100) um 2.7 um CorPLO0: Direct
easurement
Angle Blocks;
Bevel Protractors ' Up to 360° 0.012° CP-PL29: Direct
Measurement
Up to 5 000 mm 45 um
(>5 000 to 10 000) mm 46 um Tape & Scale
Measuring Machine,
Measuring Tapes ' (> 10 000 +gggR) mEg 5 Laser Distance;
£ ap (>20 000 to 30 000) mm 65 um CPPLAS. Divect
(> 30000 to 40 000) mm 75 pm Measurémen A
(>40 000 to 50 000) mm 90 um
Tape & Scale
Up to 1 000 mm 14 pm Measuring Machine,
Rulers (> 1000 to 2 000) mm 27 um Laser Distance;
(>2 000 to 3 000) mm 41 pm CP-PL44: Direct
Measurement
: 1
Contour I\S/It?Z?glEter?ess Up to 1 mm 0.8 um Gauge Blocks,
' Optical Flat;
X Axis, Z Axis Up to 60 mm 3 um Ci&gﬁﬁén}?&l}iﬁ
(> 60 to 100) mm 3.5 um
Glass Hemisphere;
Roundness Machines ' Up to 200 mmD 1.7 um CP-PL43: Direct

Measurement

This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate.

1899 L Street NW, Suite 1100-A, Washington, DC 20036
414-501-5494

www.anab.org

Page 86 of 113

ANSI National Accreditation Boara KIARS



http://www.anab.org/

¢

ANAB

ANSI National Accreditation Board

Length — Dimensional Metrology

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Coordinate Measuring
Machines '
Linear Accuracy Up to 100 mm 0.4 pm
X,Y,Z) (>100 to 200) mm 0.8 um Gauge Blocks,
(>200 to 300) mm 1.1 pm
(> 300 to 400) mm 1.4 pm Check Master,
(>400 to 500) mm 1.7 pm Master Ball
CP-PLA41: Direct
(>500 to 600) mm 2 um Measurement
(>600 to 700) mm 2.4 pm
(>700 to 800) mm 2.7 um
(>800 to 900) mm 3.1 um
(>900 to 1 000) mm 3.4 um
Vision Measuring
Chamfer Gauge Up to 30 mm 1.6 um CP-II\D/II?g}ll:m];rec ¢
Measurement
Vision Measuring
. Machine;
Pitch Gauge Up to 10 mm 1.6 um CP-PL62: Direct
Measurement
Vision Measuring
. Up to 50 mm 1.6 pm Machine;
Radius Gauge (> 50 to 100) mm 2 um CP-PL63: Direct
Measurement
Vision Measuring
Taper Gauge Up to 50 mm 1.6 um Machine;
(Scale Type) (> 50 to 100) mm 2 um CP-PL64: Direct
Measurement
Vision Measuring
. Machine;
Test Sieve Up to 50 mm 1.6 pm CP-PL65: Direct
Measurement
Angle Block,
Vision Measuring
Angle Block * (0.25 to 90)° 14" Machine;
CP-PL66: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Sine Bars
Roller Distance Up to 100 mm 1.6 um Vision Measuring
(> 100 to 200) mm 2 um Machine, Mu Checker;
(> 200 to 300) mm 2.5 um CP-PL8S5: Direct
Measurement
Parallelism <0.1 mm 1.2 uym
Vee Blocks (to 250 mm)
Flatness of Bottom Surface <0.1 mm 1.2 ym
Flatness of V Surface <0.1 mm 1.2 ym CII:/-[ FL%%G:C]IS:E’:C ¢
Parallelism Between Bottom <0.1 mm 1.2 um Measurement
Surface and Cylinder on
V Surface
Laser Distance Meter
Laser Distance Meter Up to 10 000 mm 1.3 mm Calibration Set;
(> 10 000 to 20 000) mm 1.4 mm CP-PL88: Comparison
Measurement
Up to 1 mm 1 um Standard Scale,
Working Standard Scale, (> 1 to 100) mm 1.1 pm Image Measuring
Glass Scale (> 100 to 200) mm 1.4 pm Instmm.ent;
(> 200 to 300) mm 1.6 pm CP-PL69: Direct and
(> 300 to 500) mm 2.5 um Comparison Measurement
Up to 50 mm 1.1 pm
(> 50 to 100) mm 2 pm
(> 100 to 125) mm 2.6 um
>
15010 173 mom 53 m Gauge Blocks:
Ultrasonic Thickness Gauge ; CP-PL67: Comparison
(> 175 to 200) mm 4 um Measurement
(> 200 to 250) mm 4.9 ym
(> 250 to 300) mm 5.9 um
(> 300 to 400) mm 7.8 um
(>400 to 500) mm 9.7 um
Sine Bar,
Electronic Level (0.01 to 5) mm/m 6.5 pm/m C(}})Z-IE%G;?(I);IES(’: ;
Measurement
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(0.02 to 0.1) mm/m 6 um/m Gailf]gzrc’ks,
Precision Level ! (0.05 to 0.25) mm/m 15 pm/m & .
CP-PL73: Direct
(0.1 to 0.5) mm/m 25 um/m
Measurement
Surface Plates ' Elecgg?f’igsygifisttem;
Overall Flatness Only Up to 7 000 mmDL 1.9 pm/m '
Measurement
Level Transducer, Laser Distance Meter;
Level Transmitter Upto 6 m 2.5 mm CP-PL99: Comparison
w/ Electrical Output Measurement
Measuring Microscope,
Tool Maker’s Microscope
X-axis, Y-axis Up to 50 mm 1 pm
(> 50 to 100) mm 1.1 pm
(> 100 to 200) mm 1.2 pm Gauge Blocks,
(> 200 to 300) mm 1.3 pm Glass Scale;
(> 300 to 400) mm 3.1 um CP-PL53: Direct
(> 400 to 500) mm 3.7 pm Measurement
Z-axis Up to 50 mm 1.1 pm
(> 50 to 100) mm 1.3 um
(> 100 to 200) mm 1.7 pm
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Scales and Balances '
Resolution 0.000 1 mg Upto2mg 3.1 ug
(2to 5) mg 3.1pg
(5to 10) mg 3.9 ug
(10 to 20) mg 4.6 ug
(20 to 50) mg 6.2 ug
(50 to 100) mg 7.7 pg
(100 to 200) mg 9.2 ug
(200 to 500) mg 13 ug
(500 to 1 000) mg 16 ug
Resolution 0.001 mg (1to2)g 19 ug
2Qtod) g 25 ug
(5to10) g 31 ug
(10t0 20) g 39 ug
(201050) g 46 g OIML Class E2 weight set,
Resolution 0.01 mg (50t0 100) g 77 ng OIML Clals sFl welg}}t Islet,
(100 to0 200) g 0.16 mg OIML Class M1 weight
set, and CP-PL04 based on
Resolution 0.1 mg (200 to 500) g 0.4 mg U%liscgﬁo?aiiigzlt}fﬁg n
(500 to 1 000) g 0.77 mg weighing system
(1to2)kg 1.6 mg '
Resolution 0.001 g (1to2)kg 2.5 mg
(2to3) kg 3.2 mg
(3to4) kg 4 mg
(4to5) kg 4.7 mg
(5to 6) kg 5.5mg
(6to 7) kg 7.7 mg
(7to 10) kg 9.3 mg
(10to 12) kg 12 mg
(12 to 15) kg 16 mg
Resolution 0.01 g (20 to 25) kg 59 mg
(25t0 30) kg 71 mg
(30 to 40) kg 93 mg
(40 to 50) kg 0.12 g
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Scales and Balances '
Resolution 0.1 g (50 to 100) kg 23¢g
(100 to 150) kg 35¢g OIML Class E2 weight set,
(150 to 200) kg 46¢g OIML Class F1 weight set,
(200 to 250) kg 58¢g OIML Class M1 weight
(250 to 300) kg 69¢g set, and CP-PL04 based on
(300 to 350) kg 8lg UKAS LAB 14 utilized in
(350 to 400) kg 92¢g the calibration of the
(400 to 450) kg I1g weighing system.
(450 to 500) kg 12¢g
(500 to 1 000) kg 85¢g

Automatic Weighing
Instruments (AWIs) !

Upto 100 g
(> 100 to 200) g

(> 200 to 8 000) g

(> 8to 10) kg
(>10to 15) kg
(> 1510 20) kg

0.055 % of reading
0.03 % of reading
0.02 % of reading
0.015 % of reading
0.012 % of reading
0.005 % of reading

Standard Weight Set,

Electronic Balances;
CP-PL106 based on
EURAMET cg-26.

(>20to030) kg 0.003 % of reading
I'mg 9 ng
2 mg 9 g
5 mg 9 ug
10 mg 10 pg
20 mg 10 ug
50 mg 11 ug
100 mg 12 ng Standard Weight Set,
o 200 mg 13 ug Electronic Balances;
Mass Determination 500 mg 27 ug CP-PL60 based on
lg 28 ug OIML R-111-1.
2g 30 ug
5¢g 34 ug
10g 40 pg
20g 50 ug
50g 77 ng
100 g 0.15mg
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
200 g 0.28 mg
51012 ; 2'753;11;‘% Standard Weight Set,
Mass Determination 2 kg 2' 8 mg Electronic Balances;
5 ke l.l mg CP-PL60 based on
10 ke 17 mg OIML R-111-1.
20 kg 29 mg
(1 to 20) mg 10 pg
(>20to 200) mg 15 ug
>02t02)g 30 ug
(>2t010) g 50 ug
(>10t050) g 80 ug
(>50to 100) g 0.15 mg Standard Weight Set;
Non-OIML Weight ' (> 100 to 200) g 0.3 mg CP-PL94: Base on
(> 200 to 500) g 0.8 mg OIML R-111-1
(>0.5to 1) kg 1.5 mg
(>1to2)kg 3 mg
(>2to5)kg 12 mg
(>5to 10) kg 17 mg
(> 1010 20) kg 30 mg
Universal Testing Machine ' Force Transducer
Compression Up to 500 N 0.95 % of reading ’
. Standard Gauge Block Set,
(0.5to 1) kN 0.55 % of reading Dial Test Indicator
(1to 2) kN 0.36 % of reading Laser Distance Me te,r
(2to 10) kN 0.17 % of reading Stopwatch: ’
(10 to 50) kN 0.4 % of reading CP-PL59 base’d on
(50 to 100) kN 0.05 % of reading 1SO 7500-1
(100 to 200) kN 0.03 % of reading )
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Mass and Mass Related
Parameter/Equipment Range Expanded Uncertainty of Relfile.:llllgg S:ﬁg;ioird,
qup g Measurement (+/-) .
Equipment
Universal Testing Machine '
Tension Upto 1 kN 1.1 % of reading
(1to 3) kN 0.75 % of reading
(3 to 50) kN 0.28 % of reading
(50 to 60) kN 0.1 % of reading Force Transducer
(60 to 100) kN 0.09 % of reading Standard Gauge Block, Set
o 1 )
(100 to 200) kN 0.07 % of reading Dial Test Indicator,
Length Up to 100 mm 0.005 % of reading Lasers?ftj‘v‘;f[’zhwm’
(100 to 500) mm 0.002 % of reading CP-PL£9 basezi on
0 ;
(500 to 2 000) mm 0.001 5 % of reading 1SO 7500-1.
Speed Up to 10 mm/min 0.5 % of reading

(10 to 20) mm/min 0.25 % of reading
(20 to 50) mm/min 0.15 % of reading
(50 to 500) mm/min 0.1 % of reading

Screen Tension Meter !

(7 to 10) N/cm

0.5 % of reading + 0.07 N/cm
1 % of reading

Force Transducer;
CP-PL107 based on

(> 10 to 50) N/cm DIN 16611
3 kgf 0.025 kgf . . . .
Rockwell Hardness Testing 10 kgf 0.08 kgf Direct verification us.1ng
e Force Transducer;
Machine 60 kgf 0.47 kgf
CP-PLA47 based on
(Force) 100 kgf 0.78 kgf 1SO 6508-2
150 kgf 1.2 kgf )
30 HRC 0.6 HRC
45 HRC 0.6 HRC Indirect verification using
Rockwell Hardness Testing 60 HRC 0.6 HRC Hardness Test Blocks;
ol
Machine 32 HRBS | HRBS CP-11;164675%z;gs;d on
60 HRBS 0.7 HRBS ’
92 HRBS 0.7 HRBS
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Durometers *
(Types A,B,C,D, E, M, O,
DO, 00, 000, O00-S) Direct Verification per
Indenter Dimensions CP-PL48 using
Length Up to 20 mm 1.5 pm Image Measuring Machine
Diameter, Radius Up to 20 mm 1.5 ym
Angle Up to 45° 16"
Spring Force Upto 79 gf 0.26 gf Electronic Balance,
(>79to 114) gf 0.34 gf Standard Weight
(> 114 to 198) gf 0.57 gf
(> 198 to 821) gf 2.3 gf (Based on ASTM D 2240)
(> 821to 4 533) gf 13 gf
100 HV
10 gf 8 HV
0.1 kgf 8 HV
1 kgf 8 HV
500 HV Indirect Verification using
Vickers Hardness Testers ! 01? lféf g} gg Harcd}l)l_elfijg Si[)]?rleoc(f[k&
1 kgf 21 HV Measurement
700 HV
10 gf 24 HV
0.1 kgf 24 HV
1 kgf 24 HV
Hand Torque Tools, Torque Tester:
Torque Wrench, Upto 10 N'm 1 % of reading CP-PL03 based on

Torque Driver,
Torque Nut-runner '

(> 10 to 1 000) N-m

1.3 % of reading

ISO 6789.

Torque Meter,
Torque Tester !

Up to 20 N'm
(> 20 to 50) N'm
(> 50 to 500) N-m

0.13 % of reading
0.16 % of reading
0.13 % of reading

Arm & Standard
Weight Set,
Torque Transfer Wrench;
CP-PL25: Direct
Measurement

Barometer

(60 to 110) kPa

0.012 kPa

Comparison to
Digital Test Gauge;
CP-PL100 based on

DKD R-6-1
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Mass and Mass Related

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Comparison to
Absolute Pressure (0 to 110) kPa 0.012 kPa B;%g?jlgzséz?szgg:ﬁ
DKD R-6-1
Pressure Transducers,
Pressure Transmitters '
Electrical Output Current (-95 to -0.25) kPa 50 Pa
(>-0.25 t0 0.25) kPa 1.6 Pa
(> 0.25 to 69) kPa 0.11 kPa
(> 69 to 206.9) kPa 0.12 kPa
(>206.9 to 689.5) kPa 0.39 kPa
(> 689.5 to 2 068.5) kPa 1.1 kPa
(> 2 068.5 to 6 895) kPa 4.2 kPa Comparison to
(> 6.895 to0 20.685) MPa 11 kPa Digital Test Gauge
(>20.685 to 34.474) MPa 19 kPa Digital Multimeter',
(> 34.474 to 68.948) MPa 38 kPa CP-PL96 based on
Electrical Output Voltage (-95 to -0.25) kPa 29 Pa Dgégﬁ:é_;nd
(>-0.25 t0 0.25) kPa 1.6 Pa
(> 0.25 to 69) kPa 0.1 kPa
(> 69 t0 206.9) kPa 68 Pa
(>206.9 to 689.5) kPa 0.25 kPa
(> 689.5 to 2 068.5) kPa 0.66 kPa
(>2068.5 to 6 895) kPa 3 kPa
(> 6.895 to0 20.685) MPa 6.6 kPa
(> 20.685 to 34.474) MPa 11 kPa
(> 34.474 to 68.948) MPa 24 kPa
(-95 to -0.25) kPa 10 Pa
(>-0.25t0 0.25) kPa 1.6 Pa
(> 0.25to 69) kPa 98 Pa Comparison to
(> 69 t0 206.9) kPa 43 Pa Digital Test Gauge,
Pressure Switches ! (>206.9 to 689.5) kPa 0.16 kPa Digital Multimeter;
(> 689.5 to 2 068.5) kPa 0.27 kPa CP-PL97 based on
(> 2 068.5 to 6 895) kPa 2.3 kPa DKD R-6-1 and
(> 6.895 to0 20.685) MPa 2.7 kPa DKD R-6-2
(>20.685 to 34.474) MPa 3.7 kPa
(> 34.474 to 68.948) MPa 13 kPa
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(-95 to -0.25) kPa 11 Pa
(>-0.25t0 0.25) kPa 1.6 Pa
Pressure Gauges (> 0.25to 69) kPa 98 Pa
(Pneumatic &Hydraulic), (> 69 t0 206.9) kPa 70 Pa Digital Test Gauge;
Digital Pressure Gauges, (>206.9 to 689.5) kPa 0.16 kPa CP-PL56 based on
Differential Pressure Gauges, | (> 689.5 to 2 068.5) kPa 0.27 kPa DKD R-6-1 and
Manometers, (>2 068.5to 6 895) kPa 2.3 kPa DKD R-6-2
Vacuum Gauges ' (> 6.895 to0 20.685) MPa 2.7 kPa
(>20.685 to 34.474) MPa 3.7 kPa
(> 34.474 t0 68.948) MPa 13 kPa
Upto2 N 0.18 mN
2to5)N 0.43 mN
(5to 10)N 1.1 mN
(10 to 20) N 1.8 mN . )
Digital Force Gauges ' (20 to 50) N 43 mN Stacnlgi ?ﬁ;ge]lsght Stet,
(Tension and Compression) (50 to 100) N 11 mN B/Ieasurém;etc
(100 to 200) N 18 mN
(200 to 300) N 26 mN
(300 to 500) N 51 mN
(500 to 1 000) N 0.13N
.. 1 Standard Weight Set;
Digital Force Gauges (1000 to 3 000) N 13N CP-PL20; Dircot
(Tension Only)
Measurement
Upto 0.1 N 0.57 mN
(0.1t0 0.5) N 1.2 mN
(0.5t0 1.1) N 2.4 mN
(2?;1 t(t)05§)NN ;‘2‘ EII:II Standard Weight Set;
Spring Tension Gauges ' CP-PL20: Direct
(5 to 10) N 57 mN Measurement
(10to 40) N 0.12N
(40to 50) N 024N
(50 to 200) N 0.57N
(200 to 300) N 1.2N
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Up to 50 mN 0.37 mN
(50 to 100) mN 0.81 mN
(100 to 200) mN 1.7 mN
(200 to 300) mN 2.1 mN
(300 to 500) mN 3.7 mN Standard Weight Set;
Dial Tension Gauges ' (0.5to )N 8.1 mN CP-PL20: Direct
(1to1.5N 11 mN Measurement
(1.5t03)N 21 mN
(3to5)N 37 mN
(5to 10) N 62 mN
(10 to 20) N 0.13N
. 0 1
Viscosity and ]1)ensity ((7244 t:)039420))nr111;a32 gjé "//Z g; i:gg;ﬁg Viscosity .Stal'ldard
Meters . Solution;
. . (260 to 1 500) mPa-s 0.55 % of reading ]
(Dynamic Viscosity) (1 400 to 17 000) mPa-s 0.79 % of reading CP-PL49 Direct
(20 to 50) °C ’ Measurement

(7 500 to 92 000) mPa-s

0.82 % of reading

Viscosity and Density
Meters '
(Kinematic Viscosity)
(20 to 50) °C

(30 to 110) mm?/s
(90 to 400) mm?/s
(300 to 1 740) mm?/s
(1 600 to 20 000) mm?/s
(8 500 to 103 000) mm?/s

0.41 % of reading
0.49 % of reading
0.55 % of reading
0.79 % of reading
0.82 % of reading

Viscosity Standard
Solution;
CP-PL49 Direct
Measurement

Viscosity Cups —
Kinematic Viscosity '
(20 to 25) °C

ISO Cups
(> 10 to 100) mm?/s (cSt)
(> 100 to 1 000) mm?/s (cSt)

Zahn Cups
(> 10 to 100) mm?/s (cSt)
(> 100 to 1 000) mm?/s (cSt)

Ford Cups
(> 10 to 100) mm?/s (cSt)
(> 100 to 1 000) mm?/s (cSt)

Shell Cups
(> 10 to 100) mm?/s (cSt)
(> 100 to 1 000) mm?/s (cSt)

DIN Cups
(> 10 to 100) mm?/s (cSt)
(> 100 to 1 000) mm?*/s (cSt)

0.32 % of Reading
0.38 % of Reading

0.32 % of Reading
0.38 % of Reading

0.32 % of Reading
0.38 % of Reading

0.32 % of Reading
0.38 % of Reading

0.32 % of Reading
0.38 % of Reading

Viscosity Standard
Solution;
CP-PL72 Direct
Measurement based on
ASTM D 1200-94,
ASTM D 4212-99,
ISO 2431 and DIN 5321

1
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
Other Cups
Upto10s 0.27 % of reading
(>10t030)s 4 % of reading . .
Viscosity Cups — (>30to50)s 1.2 % of reading V.ISCOSIW Standard
) LY . o . Solution; In-house Method
Kinematic Viscosity (>50t0 60)s 1.6 % of reading CP-PL98 Direct
(20 to 50) °C (>60to70)s 3.2 % of reading Measurement
(>70to0 80) s 4.7 % of reading
(>80t090)s 6.4 % of reading
(>90t0100) s 10 % of reading
Electronic Balance,
Hydrometer (0.6 to 2) g/cm? 0.15 mg/cm? D%?ég;:;?gg{iigg’
CP-PL77 Cuckow Method.
2051%?5 8'8; ﬁfi Wind Tunnel,
. o . . Standard Anemometer;
Air Velocity S5m/s 0.1 m/s ] )
10 m/s 0.19 m/s CP-PL26: Comparison
= Measurement
15 m/s 0.28 m/s
Up toliue U Air Flow Calibrator;
Flow Meter (> 10 to 30) slpm 0.35 slpm CP-PL78: Direct ’
(Air Flow) (> 30 to 100) slpm 2.7 slpm Measurémen ;
(> 100 to 200) slpm 3.5 slpm
Upto 270 L/s 75 L/s
Standard Flow Meter
Flow Meter (>270to 2 700) L/s 78 L/s Fluke 922
(Air Flow) (>2700 0 5 400) L/s 83 Lfs CP-PL78: Direct
(> 5400 to 8 100) L/s 125 L/s Measurémen t
(>8100to 12 150) L/s 140 L/s
Flow Meter ! Ultrasonic Flow Meter;
o Up to 4 400 L/min 0.13 % of reading CP-PL31: Direct
(Liquid Flow) Measurement
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Mass and Mass Related
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
(10 to 50) uL 93 nL
(50 to 100) nL 0.36 uL
(100 to 200) uL. 0.36 uL
Volumetric Glass Ware, (200 to 500) uLL 0.38 uL
Volumetric Flask, (500 to 1 000) uLL 0.41 pL
Volumetric Pipettes, (1 000 to 2 000) uL 0.46 pL Electronic Balances;
Measuring Pipettes, (2 000 to 5 000) uLL 0.71 pL CP-PL91 Gravimetric
Piston Pipettes, Burettes, (5000 to 10 000) uL 1.3 uL Method based on
Graduated Cylinders, (10 000 to 20 000) puL. 2.5 ul ASTM E 542-01 and
Beakers, Dilutors, (20 000 to 50 000) nL 6 uL ISO 8655-6
Dispensers, Pycnometers, (50 to 100) mL 13 uL
Piston Burette ' (100 to 200) mL 25 uL
(200 to 500) mL 61 puL
(500 to 1 000) mL 0.12 mL
(1 000 to 2 000) mL 0.24 mL

Photometry and Radiometry

Expanded Uncertainty of

Reference Standard,

Up to 3 000 mJ/cm?

Parameter/Equipment Range Measurement (+/-) Metho-d, and/or
Equipment
Digital Lux Meter;
Lux Meter Up to 5 000 lux 1.6 % of reading CP-PL27: Comparison
Measurement
1 uW to 2.5 kW Power Detector
Laser Power — (248 to <308) nm 4 % of reading w/ Monitor;
Source/Measure ' (308 to 10 600) nm 1.7 % of reading CP-ELS51: Direct and
Comparison Measurement
2 0 .
UV Meter (UVA) [}i)ptgoli)ogoréqvngjgln ) 2.9 % of reading UV Meter Stan da.r d:
CP-PL68: Comparison
UV Meter (UVC) Up to 300 mW/cm? 2.9 % of reading Measurement
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Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Total Solar Irradiance /

Kipp & Zonan CMP11/21
and CMP22 Pyranometer;
Wavetek 1281
8.5 Digit Multimeter,

Pyranometer ' (Sens. 1 to 200) pV/W/m? .
(Sensitii]/ity or Calibration (Cal. Factor (gl tol) U reading HP 34401.A
Factor) 6.5 Digit Multimeter,
HP 34970A Data Logger;
CP-EL53: Comparison
Measurement
Gloss Meter * AMECaL/GT-HG3
20° 87.7 GU 1 GU Gloss Tile;
60 ° 92.7 GU 1 GU CP-PL76: Direct
85 ° 99.2 GU 1.2 GU Measurement
LS-65
Up to 2 cd/m? 1.1 % of reading + 0.000 58 cd/m? Luminance Integrajcmg
. >2t020)cd/m® | 1.1 % of reading + 0.005 8 cd/m? | Sphere Standard Light
Luminance Meter (>20t0 150) cd/m> | 1.1 % of reading + 0.058 cd/m’ Sourcle)xetg Monttor
2 0 : 2 5
(> 150 to 2 000) cd/m 1.1 % of reading + 0.58 cd/m CP-PL89: Direct
Measurement
White
L* 0.25
a* 0.1
b* 0.16
Y 0.6
X 0.006 Standard Color Plate;
Color Meter, y 0.006 CP-PL79: Direct
Color Reader © Black )
L* 04 Measurement
a* 0.15
b* 0.32
Y 0.12
X 0.006
y 0.007

This Scope of Accreditation, version 020, was last updated on: 07 August 2025 and is valid only when accompanied by the Certificate.

1899 L Street NW, Suite 1100-A, Washington, DC 20036
414-501-5494

www.anab.org

Page 100 of 113

S,

ANSI National Accreditation Boara KIARS



http://www.anab.org/

¢

ANAB

ANSI National Accreditation Board

Thermodynamic
. Reference Standard,
Parameter/Equipment Range Expanded Uncertainty of Method, and/or
Measurement (+/-) .
Equipment
Fluke 5609 PRT,
Fluke 5618B PRT,
Fluke 5614 PRT,
(-30 t0 0) °C 0.13 °C Fluke 5650 TS Type S
Temperature — Measure (> 0t0200) °C 0.14 °C Har{}ﬁrggog?;gesggﬁ i:/i th
(Dry well, Dry Block) (> 200 to 450) :’C 0.18 :C 2562 Module,
(> 450 to 650) °C 0.19 °C Wavetek 1281
8.5 Digit Multimeter;
CP-EL13: Direct
Measurement
Fluke 5609 PRT,
Fluke 5618B PRT,
Fluke 5614 PRT,
o o Fluke 5650 TS Type S
Temperature — Measure | (qu[ tozgz)) (°:C 882 og Thermocouple Probe,
(Liquid Bath, 20 0(;0 450) °C B - Hart 1560 Black Stack with
Micro Bath) (> 450 t0 650) °C 0.09 °C 2362 Module
’ Wavetek 1281
8.5 Digit Multimeter;
CP-EL13: Direct
Measurement
Temperature Controlled Madgeg etc}; H1Te‘mp140
Chamber Autoclave ! (100 to 140) °C 0.5°C CP-EL 37 Direct
(Measurement) )
Measurement
Baluntech BL783
(1 to 10) %RH 0.5 %RH Chilled Mirror
Humidity Controlled (> 10 to 20) %RH 0.5 %RH Hygrometer,
Chamber ' (> 20 to 40) %RH 0.5 %RH Temperature/ Humidity
(Measurement) (> 40 to 70) %RH 0.7 %RH Data Logger;
(> 75 to 95) %RH 1 %RH CP-EL62: Comparison
Measurement
Baluntech BL783 Precision
e (20 to 40) %RH 2 %RH Chilled Mirror
Humidity (> 40 to 60) %RH 1.7 %RH Hygrometer,
(Thermo Hygrometer o o0 Rotronic HL-NT3-D
Measurement) (> 60 to 30) OA) RH 1.3 OA) RH Temperature/ Humidity
(> 80 t0 95) %RH 1.9 %RH Data Logger; CP-EL21:
Comparison Measurement
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Thermodynamic
Parameter/Equipment Range Expanded Uncertainty of Relfile.:llllgg S:ﬁg;ioird,
qup g Measurement (+/-) .
Equipment
Baluntech BL783 Precision
Chilled Mirror
(20 to 40) %RH 2 %RH Hygrometer,
. 1 (> 40 to 60) %RH 1.7 %RH Rotronic HL-NT3-D
Humidity — Source (> 60 to 80) %RH 1.8 %RH Temp}gratulrf/ Humidity
ata Logger;
(> 80 to 95) %RH 1.9 %RH Humidity Sﬁurce;
CP-EL21: Comparison
Measurement
Baluntech BL783 Precision
Chilled Mirror
(-10to 0) °C 0.15 °C Hygrometer,
Temperature — Source ! (> 0to 50) °C 0.15°C Rotronic HL-NT3-D
(> 50 to 100) °C 0.34 °C Temperature/Humidity
(> 100 to 150) °C 0.34 °C Data Logger; Heat Source;
CP-EL21: Comparison
Measurement
Comparison to
Fluke 5618B PRT,
Fluke 5614 PRT;
Temperature ! (-10t0 0) °C 0.66 °C Har‘_[ 1560 Black Stack
(Thermo Hygrograph (> 0to0 50) °C 0.66 °C with module 2562,
Measurement) (> 50 to 100) °C 0.66 °C Rotronic HL-NT3-D
(> 100 to 150) °C 0.66 °C Temperature/ Humidity
Data Logger;
CP-EL21: Comparison
Measurement
Fluke 5609 SPRT,
Hart 1560
(-30t0 0) °C 0.047 °C Black Stack
PRT Sensors | (> 01t0200) °C 0.049 °C with module 2562,
(> 200 to 450) °C 0.077 °C Thermometer Readout;
(> 450 to 650) °C 0.082 °C Heat Source;

CP-EL39: Comparison
Measurement
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Thermodynamic
Parameter/Equipment Range Expanded Uncertainty of Relfile.:llllgg S:ﬁg;ioird,
qup g Measurement (+/-) .
Equipment
(-40 to 100) °C 0.37 °C Agilent 34970A/34901 A
(> 100 to 200) °C 0.40 °C Datalogger ;
(> 200 to 250) °C 0.79 °C CP-EL14: Direct
(> 250 to 450) °C 1.1°C Measurement
gﬁ?ﬁﬁ?ﬁifﬁﬁ%&:ﬁ (> 450 to 700) °C 2.4°C Fluke 5650
Incubato’r Refrigerator’ (> 700 to 1 000) °C 2.6 °C Type S Standard
Low Température Furnac’e 1 (>1000to 1200)°C 2.8°C Thermocouple Probe,
(>1200to 1500)°C 5.4°C SANSEL MTC/S-Type
(Temperature is at an
empty volume at a single
spot); CP-EL68: Direct
Measurement
(-15t0 0) °C 0.95 °C
(> 0to 50) °C 0.71 °C
(> 50 to 100) °C 1.3°C
(> 100 to 150) °C 1.5 °C Fluke 5618B PRT,
(> 150 to 200) °C 1.8 °C Hart 1560 Black Stack
(> 200 to 250) °C 2.2°C with 2562 Module,
(> 250 to 300) °C 2.5°C Omega BB701,
(> 300 to 350) °C 2.9 °C CEM BX-500,
Infrared Thermometers ' (> 350 to 400) °C 3.3°C SANSEL BCAL 1202
(> 400 to 450) °C 3.6 °C Infrared Calibrator
(> 450 to 500) °C 4.2°C (Flat Plate),
(> 500 to 600) °C 7.8 °C €=0.95,12=(8 to 14) um;
(> 600 to 700) °C 8.3°C CP-EL16: Comparison
(> 700 to 800) °C 9°C Measurement
(> 800 to 900) °C 9.5°C
(> 900 to 1000) °C 11°C
(>1 000 to 1200) °C 12 °C
Fluke 5618B PRT,
Temperature Indicator with (3510 200) °C 0.45 °C Hi:i[ t}llsrggdlilla:lz(s%t; ck
1 o o s
Surface Sensor/Probe (> 200 to 400) °C 0.68 °C Fluke 3125/2200

Surface Probe Calibrator
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Thermodynamic
Parameter/Equipment Range Expanded Uncertainty of Relfizet:llllgg S:ﬁg;ioird,
qup g Measurement (+/-) .
Equipment
Fluke 5618B PRT,
(30 t0 0) °C 0.19 °C Fluke 5614 PRT,
L o o Hart 1560 Black Stack
Liquid-in-Glass (> 0to 40) °C 0.18 °C th module 2562
Thermometers ' (> 40 to 100) °C 0.19 °C N ont Sonron
(> 100 to 200) °C 0.2 °C CP-EL15: Direct
Measurement
Fluke 5609 PRT,
Fluke 5618B PRT,
(-40 to 25) °C 0.32 °C Fluke 5614 PRT,
Temperature Gauge, (> 25 to 100) °C 0.32 °C Hart 1560 Black Stack
Dial Thermometer ' (> 100 to 400) °C 0.4 °C with module 2562;
(> 400 to 650) °C 0.41 °C Heat Source;
CP-EL20: Comparison
Measurement
(-200 to -80) °C 0.012 °C
(>-80t0 0) °C 0.012 °C Wavetek 1281
Temperature — Measure ' (> 0to 100) °C 0.013 °C 8.5 Digit Multimeter,
(RTD) (> 100 to 300) °C 0.021 °C Standard RTD;
(> 300 to 400) °C 0.023 °C CP-EL19: Direct
(> 400 to 630) °C 0.028 °C Measurement
(> 630 to 800) °C 0.033 °C
Madgetech HiTemp140
Datalogger,
Fluke 5609 PRT,
Fluke 5618B PRT,
(~40 to 0) °C 0.13 °C Fluke 5614 PRT,
> 0 to 200) °C 0.14 °C Fluke 5630 Type S
Temperature — Measure | (> 200 to 450) °C 0.18 °C Thermocouple Probe,
(> 450 to 650) °C 01190(: Hart 1560 Black Stack

with module 2562,
Wavetek 1281
8.5 Digit Multimeter;
CP-EL13: Direct
Measurement
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Thermodynamic
Parameter/Equipment Range Expanded Uncertainty of Relfile.:llllgg S:ﬁg;ioird,
qup g Measurement (+/-) .
Equipment
Madgetech HiTemp140
Datalogger,
Fluke 5609 PRT,
Fluke 5618B PRT,
(> 650 to 700) °C 2.5°C F1;111111<126556§5})4TPR}S
Temperature — Measure ' (> 700 to 1 000) °C 2.5°C Th | }i)p b
Temperature at Single Spot | (> 1 000 to 1 200) °C 3.6 °C ermocoupie Trobe,
(> 1200 to 1 500) °C 5 oC Har‘F 1560 Black Stack
with module 2562,
Wavetek 1281
8.5 Digit Multimeter;
CP-EL13: Direct
Measurement
Comparison to
Fluke 5609 PRT,
Temperature Indicator with o y Fluke 5618B PRT,
Resistance Temperature (-45 10 25) g WL OC Fluke 5614 PRT,
Detector Sensors ' (> 25 to Ll Polg ¢ Hart 1560 Black Stack
(> 100 to 400) °C 0.31°C . )
(Pt 100-385, JPt 100-385, (> 400 to 650) °C 0.36 °C with module 2562;
Pt 1000-385, Thermistor) . Heat Source;
CP-EL10: Comparison
Measurement
Type K Comparison to
(-45t0 25) °C 0.27 °C Fluke 5609 PRT,
(> 2510 100) °C 0.3°C Fluke 5618B PRT,
(> 100 to 400) °C 0.58 °C Fluke 5614 PRT,
(> 400 to 650) °C 0.9 °C Fluke 5650 TS
Temperature Indicator with (> 650 to 1 200) °C 25°C Type S
Thermocouple Sensors ' |Type J Thermocouple Probe,
(-45to0 25) °C 0.29 °C Hart 1560 Black Stack
(>25t0 100) °C 0.4 °C with module 2562;
(> 100 to 400) °C 1.3°C Heat Source;
(> 400 to 650) °C 2°C CP-EL11: Comparison
(> 650to 1200) °C 4°C Measurement
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Thermodynamic
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Type T
(-45t0 25) °C 0.27 °C
(> 25 to 100) °C 0.4 °C
(> 100 to 400) °C 1.3°C
Type R
(25 to 100) °C 0.24 °C
(> 100 to 400) °C 0.6 °C
(> 400 to 650) °C 0.6 °C
(> 650to 1200) °C 2.1°C Comparison to
(> 1200 to 1500) °C 6.5 °C Fluke 5609 PRT,
Type S Fluke 5618B PRT,
(25 to 100) °C 0.24 °C Fluke 5614 PRT,
(> 100 to 400) °C 0.6 °C Fluke 5650 TS
Temperature Indicator with (> 400 to 650) °C 0.6 °C Type S
Thermocouple Sensors ' (> 650to0 1200) °C 2.1°C Thermocouple Probe,
(>1200to 1500)°C 6.5 °C Hart 1560 Black Stack
Type E with module 2562;
(-45 to 25) °C 0.29 °C Heat Source;
(> 25 to 100) °C 0.4 °C CP-EL11: Comparison
(> 100 to 400) °C 1.3°C Measurement
(> 400 to 650) °C 2°C
(> 650 to 1 000) °C 3.5°C
Type N
(-30 to 25) °C 0.27 °C
(> 25 to 100) °C 0.3°C
(> 100 to 400) °C 0.7 °C
(> 400 to 650) °C 0.9 °C
(> 650 to 1 000) °C 2.5°C
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Thermodynamic
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
TypesE, J, K, N
(-30 t0 250) °C s ¢ Docurfllellllliienﬁlfrocess
(> 250 to 500) °C 0.52 °C Calibragtor,
(> 500 to 750) °C 1.5°C g
(> 750 to 1 000) °C 1.5 °C Fluke 5609 PRT,
Tvpe T ’ Fluke 5618B, PRT
Temperature Transmitter with yp o o Fluke 5628 PRT,
) (-30t0 250) °C 0.48 °C ]
Thermocouple Sensor o o Fluke 5650 TC Standard,
Electrical Output Current T (>B250 to 400) °C > C Fluke 1560,
ype:
(0to 20) mA (600 to 1 000) °C 15°C Fluke 1502A, ‘
Type: R, S Temperature Sour'ce,
(0 to 250) °C 0.48 °C Cli\;[EL” Comtpar.i;‘m
(> 250 to 500) °C 0.52 °C Pﬁ%sz;‘:;%‘znxr 1
(> 500 to 750) °C 1.5°C Thermocounle
(> 750 to 1 000) °C 1.5°C P
Fluke 754
Documenting Process
Calibrator;
Fluke 5609 PRT,
, Fluke 5618B, PRT
Temperature Transmitter with Type: Pt 385, 100 ? o Fluke 5628 PRT,
1 (-30to 130) °C 0.28 °C )
RTD Sensor o . Fluke 5650 TC Standard;
. (> 130 to 300) °C 0.36 °C
Electrical Output Current o o Fluke 1560,
(0 to 20) mA (> 300 t0 450) °C 0.4°C Fluke 1502A
(> 450 to 600) °C 0.4°C .
Temperature Source;
CP-EL77: Comparison
Measurement with
PRT and Standard
Thermocouple
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Thermodynamic
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Type: E, J, K, N
(-30 t0 250) °C %3 °C Docurfllellllliienﬁlfrocess
(> 250 to 500) °C 0.29 °C Calibragtor'
(> 500 to 750) °C 1.5°C g
(> 750 to 1 000) °C 1.5°C Fluke 5609 PRT,
Tvpe: T ’ Fluke 5618B, PRT
Temperature Transmitter with ype: (30 to 250) °C 0.23 °C Fluke 5628 PRT,
Thermocouple Sensor (> 250 to 400) °C 0'29 oC Fluke 5650 TC Standard,;
Electrical Output Voltage Type: B ’ Fluke 1560,
(0to 10) V (600 to 1 000) °C 15°C Fluke 1502A,
Type: R, S Temperature Source;
(0 to 250) °C 0.23 °C Cl;\;IELW: Comtpar.i;on
(> 250 to 500) °C 0.29 °C Pﬁs‘lr‘g‘é‘z‘l :1” 1
(> 500 to 750) °C 1.5 °C The?nocoan lir
(> 750 to 1 000) °C 1.5°C up
Fluke 754
Documenting Process
Calibrator;
Fluke 5609 PRT,
, Fluke 5618B, PRT
Temperature Transmitter with Type: Pt 385, 100 ? o Fluke 5628 PRT,
1 (-30to 130) °C 0.085 °C )
RTD Sensor (> 130 to 300) °C 0.25 °C Fluke 5650 TC Standard;
Electrical Output Voltage o o o Fluke 1560,
(0t 10) V (>300t0 450) °C 0.28 °C Fluke 1502A
(> 450 to 600) °C 0.3°C .
Temperature Source;
CP-EL77: Comparison
Measurement with
PRT and Standard
Thermocouple
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Thermodynamic
Parameter/Equipment Range Expanded Uncertainty of Relfizet:llllgg S:ﬁg;ioird,
qup g Measurement (+/-) .
Equipment
Type K
(-200 to -100) °C 0.33°C
(> -100 to -25) °C 0.13 °C
(> 2510 120) °C 0.13 °C
(> 120 to 1 000) °C 0.13 °C Hart 1560 Black Stack
Temperature — Measure ! (>1000to1372)°C 0.28 °C with module 2562;
Type ] CP-EL19: Direct
(-210 to -100) °C 0.26 °C Measurement
(>-100 to -30) °C 0.11°C
(>-30to 150) °C 0.089 °C
(> 150 to 760) °C 0.078 °C
(> 760 to 1 200) °C 0.17 °C
Type T
(-250 to -150) °C 0.79 °C
(>-150 to 0) 0.13 °C
(>0to 120) °C 0.11 °C
(> 120 to 400) °C 0.08 °C
Type R
(0 to 250) °C 0.92 °C
(> 250 to 400) °C 0.47 °C
(> 400 to 1 000) °C 0.37 °C
(>1000to 1767)°C 0.4 °C
Type S
(0 0 250) Co 0.9 OC Hart 1560 Black Stack
(> 250 to 400) °C 0.51°C with module 2562;
Temperature — Measure ! (>400to 1 000) °C 0.42 °C CP-EL19: Di ’
(> 1000 to 1 767) °C 0.47 °C Moasune trect
easurement
Type E
(-250 to -100) °C 0.52°C
(> -100 to -25) °C 0.089 °C
(>-2510350) °C 0.065 °C
(> 350 to 650) °C 0.065 °C
(> 650 to 1 000) °C 0.13°C
Type N
(-200 to -100) °C 0.5°C
(>-100 to -25) °C 0.2°C
(>-25t0 120) °C 0.16 °C
(> 120 to 410) °C 0.14 °C
(> 410 to 1 300) °C 0.14 °C
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Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Agilent 34401A
6.5 Digit Multimeter;

0 (0 to 100) rpm 0.001 3 rpm HP 53131A, HP 53132A
Stroboscopes (> 100 to 1 000) rpm 0.005 9 rpm .
(> 1000 to 100 000) rpm 0.058 rpm Universal Counter,
’ CP-EL49: Direct
Measurement
Contact and Non-contact LED,
Tachometers HP 33220A
Revolution Up to 120 000 rpm 0.000 65 % of reading Function Generator,
Fluke 5522A
Surface Speed Up to 2 000 m/min 0.000 65 % of reading Multiproduct Calibrator;
CP-EL48: Direct
Measurement
Contact RPM — Measure ' (0 to 999) rpm W2 e ofreadipg + 0.1 rpm Nongfc’)—n]éfét:: E;;}ilr(;r;‘l[eter,
(> 999 to 99 900) rpm 0.12 % of reading + 1 rpm Measurement
Up to 4 999 count 0.03 % of reading + 1.3 count Non-contact Tachometer,

Accumulated — Measure !

(5 000 to 90 000) count

0.03 % of reading + 2 count

CP-EL44: Direct
Measurement

Line Speed — Measure !

Up to 4 999 m/min
(5 000 to 90 000) m/min

0.03 % of reading + 0.2 m/min
0.03 % of reading + 1 m/min

Non-contact Tachometer,
CP-EL44: Direct
Measurement

Frequency — Measure '

10 Hz to 1 MHz

0.21 pHz/Hz

Agilent 53181A,
Agilent 53131A,
Agilent 53132A
Universal Counter;
CP-EL28: Direct
Measurement

Frequency — Source '

1 mHz to 20 GHz

0.4 nHz/Hz

Agilent 33220A,
HP 8665B, HP 8648D,
Agilent N9310A,
HP 83732B,
Agilent E4438C
Signal Generators, with
Efratom PRFS-102
Frequency Standard;
CP-ELO06: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
10 mHz to 120 Hz 2.9 uHz/Hz + 59 pHz
120 Hz to < 1.2 kHz 2.9 uHz/Hz + 0.59 mHz Fluke 5522A

Frequency — Source '

(1.2 to < 12) kHz
(12 to < 120) kHz

2.9 uHz/Hz + 5.8 mHz
2.9 uHz/Hz + 58 mHz

Multiproduct Calibrator;
CP-ELO1: Direct

120 kHz to < 1.2 MHz 2.9 uHz/Hz + 0.59 Hz Measurement
(1.2 to 2) MHz 2.9 uHz/Hz + 5.8 Hz
Agilent 33220A,
HP 8665B, HP 8648D,
Agilent N9310A,
HP 83732B,
Frequency Display — Source ' 1 mHz to 20 GHz 1.2 pHz/Hz S[? ggézné]jf;zii;
Time base
(STD and UUC);
CP-EL06: Direct
Measurement
10 mV to 700 V or
0.lmAtol A
(1to 40) Hz 0.58 mHz/Hz + 0.12 mHz Keysight 3458A

Frequency — Measure '

(>40to 1 000) Hz
(>1to 10) kHz

0.12 mHz/Hz + 1.2 mHz
0.12 mHz/Hz + 0.12 Hz

8.5 Digit Multimeter;
CP-EL66: Direct

Frequency — Measure '

(> 10 to 100) kHz 0.12 mHz/Hz + 1.2 Hz Measurement
(>0.1to 1) MHz 0.12 mHz/Hz + 12 Hz
(>1to10) MHz 0.12 mHz/Hz + 0.12 kHz
Agilent 53131A,
Agilent 53132A,

100 mHz to 20 GHz

0.4 nHz/Hz

Agilent 53181A, HP 5350B
Universal Counter;
Efratom PRFS-102

Frequency Standard;
CP-EL07: Direct
Measurement

Frequency — Measure '

100 mHz to 10 Hz
10 Hz to 20 GHz

0.21 pHz/Hz
45 nHz/Hz

Agilent 53131A,
Agilent 53132A,
Agilent 53181A, HP 5350B
Universal Counter using
Internal Time Base;
CP-ELO07: Direct
Measurement
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho.d, and/or
Equipment
Agilent 53131A,
Agilent 53132A,
Frequency Display — 100 mHz to 12.4 GHz 20 pHz/Hz Agilent 531814, HP 33508
i Universal Counter with
Measure (12.4 to 20) GHz 85 pHz/Hz )
together Time Base;
CP-ELO07: Direct
Measurement
. Heiwado HT-403
Timer, Quartz Timer;
Ssv;/Oeep :;::r}rllel, Up to 86 400 s 11 ms/d CP-FL34: Time Base
pW Method
Agilent 53131A,
Agilent 53132A
Timer Universal Counter;
Sweep Time, Up to 86 400 s 11 ps/d Agl!ent 33220A
Stopwatch ! Function Generator,
p Digital Camera;
CP-EL34: Photo Totalize
Method
. Casio HS-70W
Tlmer., Stopwatch;
Sweep Tlmel,, Up to 86 400 s 1.2 s/d + 40 ms CP-EL34: Direct
Stopwatch
Measurement
(10 to 40) Hz 3.5 mHz/Hz + 90 pHz 6.5 DIfPI tslé\‘/?l?lzifne ter
> 40 Hz to 1kHz 1.2 mHz/Hz + 0.1 mHz > Ue :
AC Voltage/Current Fluke 289
Frequency — Measure ! (>1to 10) kHz S gtiz/Hz + 5 mHz Digital Multimeter;
quency (> 10 to 100) kHz 1.2 mHz/Hz + 90 mHz c%-ELoz- -
(> 100 to 300) kHz 1.2 mHz/Hz + 0.9 Hz )
Measurement
Keysight 33220A
1 Signal Generator;
Pulse — Source (1 to 500 000) count 0.58 count CP-EL45: Direct
Measurement
Agilent 53131A,
Agilent 53132A
Pulse — Measure ' (1 to 500 000) count 0.58 count

Universal Counter;
CP-EL46: Direct

Measurement
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DIMENSIONAL MEASUREMENT

2 Dimensional

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Vision Measuring Machine
used as Reference;
2-D Measurement * Up to 300 mm (2+0.002L) um Customer Drawings and
X-Y axis (> 300 to 400) mm (5+0.002L) pm Vision Software;
(>400 to 500) mm (6 +0.002L) um CP-PL70, CP-PL71:
Direct Measurement

3 Dimensional

Parameter/Equipment Range

Reference Standard,
Method, and/or
Equipment

Expanded Uncertainty of
Measurement (+/-)

Coordinate Measuring
Machine used as
X-axis: Up to 700 mm Reference;
3-D Measurement * Y-axis: Up to 700 mm (0.8 +0.008 2L) pm Customer Drawings and
Z-axis: Up to 600 mm CMM Software;
CP-PL95: Direct
Measurement

Calibration and Measurement Capability (CMC) is expressed in terms of the measurement parameter, measurement range, expanded uncertainty of measurement and
reference standard, method, and/or equipment. The expanded uncertainty of measurement is expressed as the standard uncertainty of the measurement multiplied by a
coverage factor of 2 (k=2), corresponding to a confidence level of approximately 95%.

Notes:

1.

On-site calibration service is available for this parameter, since on-site conditions are typically more variable than those in the laboratory, larger measurement
uncertainties are expected on-site than what is reported on the accredited scope.

RF Power includes mismatch uncertainty and SWR assumption. mismatch calculation was based on specific SWR values. Customer values will vary.

D = diameter; " = arc-second; var = Volt-Ampere reactive (the SI allows this unit in lower case); ” = arc-second; GU = gloss unit; DL = diagonal length; " = arc-second;
rpm = revolutions per minute.

Power Factor (sometimes noted as PF) is a unitless number between -1 and 1.

The Range Values are approximate. Actual Certified Values will be utilized at the time of calibration.

The measurand is a unitless measurement.

N

Jason Stine, Vice President
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