aas

ANSI National Accreditation Board

CERTIFICATE OF ACCREDITATION

The ANSI National Accreditation Board

Hereby attests that

SP Metrology System (Thailand) Co., Ltd.
69/29 Moo. 1 T. Klongsi A.Klongluang
Pathumthani, Thailand 12120

Fulfills the requirements of

ISO/IEC 17025:2017

In the fields of
CALIBRATION and DIMENSIONAL MEASUREMENT

This certificate is valid only when accompanied by a current scope of accreditation document.
The current scope of accreditation can be verified at www.anab.org.

R. Douglas Leonard Jr., VP, PILR SBU

Expiry Date: 16 May 2022
Certificate Number: ACT-2050

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2017.
This accreditation demonstrates technical competence for a defined scope and the operation of a laboratory
quality management system (refer to joint ISO-ILAC-IAF Communiqué dated April 2017).


http://www.anab.org/

g

ANAB

ANSI National Accreditation Board

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2017

SP Metrology System (Thailand) Co., Ltd.

69/29 Moo.1 T. Klongsi A.Klongluang
Pathumthani, Thailand 12120

Sombut Srikampa
spmetro.md@gmail.com

+662-193-2220
www.sp-cal.com

CALIBRATION AND DIMENSIONAL MEASUREMENT

Certificate Number: ACT-2050

Valid to: May 16, 2022

CALIBRATION
Acoustics and Vibration
Reference Standard
. E i f ’
Parameter/Equipment Range . Ucrtainty o Method, and/or
Measurement (+/-) Equipment
94 dB 0.15 dB .
1
Sound Level Meter 114 dB 015 dB Sound Level Calibrator
Chemical Quantities
Reference Standard
. E i f ’
Parameter/Equipment Range xpanded Uncertainty o Method, and/or
Measurement (+/-) Equipment
4.01 pH 0.012 pH
12pH Meter 7.01 pH 0.012 pH pH Solution Buffer
10.01 pH 0.012 pH
84 uS/cm 0.6 uS/cm
12 Conductivity Meter 1 413 uS/cm 8.2 uS/cm STD Conductivity Solution
12 880 uS/cm 75 uS/cm
5 %Brix 0.075 %Brix
10 %Brix 0.074 %Brix
IRefractometer 20 %Brix 0.074 %Brix Sucrose Standard Solution
30 %Brix 0.073 %Brix
60 %Brix 0.072 %Brix
1.340 27 nD 0.000 11 nD
IRefractometer 1.347 84 nD 0.000 11 nD
Refractive Ind 1.363 85 nD 0.000 11 nD Sucrose Standard Solution
ciactive Index 1.381 14 nD 0.000 11 nD
1.441 89 nD 0.000 11 nD
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
20 NTU 0.12 NTU i
“Turbidity meter 200 NTU 1.2 NTU T“rb'g'tly ts.ta”dard
750 NTU 5.8 NTU oltion
Viscometer 101.1cP 0.16 cP
Rotational 6 618 cP 15 cP STD Viscosity Solution
@25°C 15 608 cP 36 cP
T ) -
TOtaz.IPE')SSS)O mg(tjef'()“ds 1 000 mg/I 32 mg/l TDS Solution
Electrical - DC/Low Frequency
i Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
) . RTD (Pt100)
RTD Te('gfri[ﬁger)'”d'cator (-200 t0 800) °C 0.25 °C Fluke 744 Process
Temperature Indicator 109Q, Cu 427 Calibrator
(-100 to 260) °C 0.42 °C
Type E
(-250 to 1 000) °C 0.42 °C
TypeJ
. (-210 to 1 200) °C 0.45 °C
Th?;r;i%g?:fzgﬁmst%rgture Type K Fluke 744 Process
. (-200t0 1 372) °C 0.38 °C Calibrator
Temperature Indicator T
ype Rand S
(0to 1768) °C 0.96 °C
Type T
(-250 to 400) °C 0.64 °C
Up to < 330 mV 48 UVIV + 9 pVv
1 330mVto<33V 40 uVIV + 60 pv .
DCS\éalt:aege (33t0<33)V 40 VIV + 0.6 mV Fluke 55C0§ﬁb'r\gt“0':'pr°d““
(33t0 < 330) V 45 uV/IV + 6 mv
(330 to 1 000) V 45 pVv/iv + 60 mvV
Upto<3.3mA 0.08 mA/A +0.085 pA
(3.3t0 <33) mA 0.08 MA/A + 0.65 PA
. (33 to < 330) mA 0.08 MA/A + 7.8 A :
P urrent (0.33t0 < 1.1) A 0.3 MA/A + 0.08 MA Fluke 55C0§ﬁb'r\gfo':'pr°d““
(L1to<3) A 0.3 MA/A + 0.085 mA
(30to<11) A 0.47 mA/A + 0.8 mA
(11to 20) A 0.78 mA/A + 5.8 mA
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

(1to<33) mv
(10 to 45) Hz
> 45 Hz to 10 kHz
(> 10 to 20) kHz
(> 20 to 50) kHz
(> 50 to 100) kHz
(> 100 to 450) kHz
(33 to < 330) mV
(10 to 45) Hz
> 45 Hz to 10 kHz
(> 10 to 20) kHz
(> 20 to 50) kHz
(> 50 to 100) kHz
(> 100 to 450) kHz
(0.33t0<3.3)V

1.5mV/V + 20 pv
0.8 mV/V + 20 pVv
1.5 mV/V + 20 uv
1.6 mV/V + 20 pv
3mV/V + 30 pv
8 mV/V + 50 pv

0.5 mV/V + 20 pv
0.25 mV/V + 20 pv
0.6 mV/V + 20 pv
0.8 mV/V + 35 uv
1.9 mV/V +0.15 mV
4 mV/V +03mV

Page 3 of 34

(10 to 45) Hz 0.4 mV/V + 0.08 mV
L > 45 Hz to 10 kHz 0.25 mV/V + 0.1 mV .
AC Yoliage (> 10 to 20) kHz 0.6 MV/V + 0.1 mV Fluke 5502 Multiproduct
(> 20 kHz to 50) kHz 0.8 mV/V + 0.1 mV
(> 50 kHz to 100) kHz 1.9 mV/V + 0.2 mV
(> 100 kHz to 450) kHz 4 mVIV +0.8mV
(3.3t0<33)V
(10 Hz to 45) Hz 0.4 mV/V + 09 mV
> 45 Hz to 10 kHz 0.25 mV/V + 0.8 mV
(> 10 kHz to 20) kHz 0.6 mV/V + 0.9 mV
(> 20 kHz to 50) kHz 0.8 mV/V +0.9 mV
(> 50 kHz to 90) kHz 1.9 mV/IV +2mV
(33to<330) V
45 Hz to 1 kHz 0.4 mVIV+T7TmV
(> 1to 10) kHz 0.65 mV/V+ 10 mV
(> 10 kHz to 18) kHz 0.7 mV/V + 15 mV
(330 to 1 000) V
45 Hz to 1 kHz 0.4 mV/V +0.06 V
(> 1 kHz to 5) kHz 0.65 mV/V +0.078 V
(> 5 kHz to 10) kHz 0.7 mV/V +0.078 V
N2
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

(0.029 to < 0.33) mA
(20 Hz to 45) Hz
> 45 Hz to 1 kHz

(>1to5) kHz
(> 510 10) kHz

(0.33t0 < 3.3) mA
(20 Hz to 45) Hz
>45Hzto 1 kHz

(>1to5) kHz
(> 510 10) kHz

(3.3t0 < 33) mA
(20 Hz to 45 Hz
> 45 Hz to 1) kHz

(>1to5) kHz
(> 510 10) kHz

(3310 < 330) mA

(20 Hz to 45) Hz

1.6 mA/A + 0.08 pA
1 mAJ/A + 0.08 A
2.4 mA/A +0.12 pA
6.3 mA/A + 0.16 pA

1.6 mA/A +0.15 pA

0.8 mMA/A +0.15 pA
1.6 mA/A + 0.2 A
4 mA/A +0.25 pA

1.4 mA/A + 2 HA
0.32 mA/A + 1.8 A
0.65 MA/A + 1.8 pA

1.6 mA/A + 2.5 uA

1.5 mA/A + 18 PA

L .
AC current > 45 Hz to 1 kHz 0.32 MAJA + 18 PA Fluke 55C0§ﬁb'r\$’()':'pr°d““
(>1to5) kHz 0.8 mA/A + 40 pA
(> 510 10) kHz 1.6 mA/A + 80 pA
(0.33to<1.1)A
(20 to 45) Hz 1.4 mA/A + 0.15 mA
> 45 Hzto 1 kHz 0.4 mA/A +0.15 mA
(>1to5) kHz 5 mA/A + 0.8 mA
(1L.1to<3) A
(45 to 65) Hz 1.5 mA/A + 0.15 mA
(> 6510 500) Hz 0.5 mA/A + 0.15 mA
> 500 Hz to 1 kHz 0.5 mA/A + 0.15 mA
(>1to5) kHz 4.8 mA/A + 6 mA
(3.0to<11) A
(45 to 65) Hz 0.5 mA/A +1.8mA
> 65 Hzto 1 kHz 0.8 MA/A +2mA
(11t0 20) A
(45 to 65) Hz 0.95 mA/A + 7 mA
> 65 Hzto 1 kHz 1.2 mA/A+8.2mA
d U
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment

(0to11) Q 0.1 mQ/Q + 10 mQ

(11t033)Q 0.1 mQ/Q + 15 mQ

(33t0110) Q 0.08 mQ/Q + 15 mQ

(110 to 330) Q 0.08 mQ/Q + 20 mQ

330 Qto 1.1 kQ 0.08 mQY/Q + 0.1 Q

(1.1t0 3.3) kQ 0.08 mQY/Q + 0.2 Q

Resistance !
Source

(33 to 11) kQ
(11 to 33) kQ
(33 to 110) kQ
(110 to 330) kQ
330 kQ to 1.1 MQ
(1.1 to 3.3) MQ
(3.3 to 11) MQ
(11 to 33) MQ

0.08 mQ/Q + 0.8 Q
0.08 mQ/Q+1.2Q
0.1 mQ/Q+6 Q
0.11 mQ/Q+ 12 Q
0.13 mQ/Q + 0.07 kQ
0.13 m/Q + 0.15 kQ
0.48 mQ/Q + 1 kQ
0.8 mQ/Q + 3 kQ

Fluke 5502A Multiproduct
Calibrator

Capacitance !
Source
10 Hz to 10 kHz
10 Hz to 10 kHz
10 Hz to 3 kHz
10 Hz to 1 kHz
10 Hzto 1 kHz
10 Hz to 1 kHz
10 Hz to 1 kHz
10 Hz to 600 Hz
10 Hz to 300 Hz
10 Hz to 150 Hz
10 Hz to 120 Hz
10 Hz to 80 Hz

(0.1t0 0.5) nF
(0.5t0 1.09) nF
(1.1 t0 3.29) nF
(3.3t0 10.9) nF
(11 to 32.9) nF
(3310 109.9) nF
(110 to 329.9) nF
(0.33t0 1.09) uF
(1.1t0 3.29) uF
(3.3t010.9) uF
(11to 32.9) uF
(33 t0 109.9) uF

0.4 % of reading + 8.0 pF
0.4 % of reading + 10 pF
0.4 % of reading + 10 pF
0.2 % of reading + 12 pF
0.2 % of reading + 0.1 nF
0.2 % of reading + 0.1 nF
0.2 % of reading + 0.7 nF
0.2 % of reading + 1.3 nF
0.2 % of reading + 7 nF
0.2 % of reading + 10 nF
0.32 % of reading + 0.08 pF
0.37 % of reading + 0.11 pF

Fluke 5502A Multiproduct
Calibrator

50 Hz (110 to 329.9) pF 0.37 % of reading + 0.7 uF
20 Hz (0.33t0 1.09) mF 0.37 % of reading + 1 pF
6 Hz (1.1t0 3.29) mF 0.37 % of reading + 6.5 uF
2 Hz (3.31010.9) mF 0.37 % of reading + 10 pF
0.6 Hz (11 t0 32.9) mF 0.6 % of reading + 63 pF
0.2 Hz (33 to 50) mF 0.85 % of reading + 98 UF
DC Current Clamp * Up to 200 A 3.8 MA/A+0.06 A Fluke_ 5502A Multiproduct
Source (> 200 to 550) A 3.3mA/A +0.08 A Calibrator with Current
(>550t01000) A 3.2mA/A+0.07A Coil
¢
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Electrical — DC/Low Frequency

. Reference Standard,
Parameter/Equipment Range Expanded Uncertainty of Method, and/or
Measurement (+/-) ]
Equipment
Upto 20 A
(45 to 100) Hz 5 mA/A + 0.08 A
(> 100 to 440) Hz 12 mA/A +0.08 A
(>20to0 200) A
(45 to 65) Hz 5 mA/A + 0.08 A
L (> 6510 100) Hz 9.5 mA/A + 0.08 A Fluke 5502A Multiproduct
AC Cugge;rtcglamp (> 100 to 440) Hz 14 mA/A +0.08 A Calibrator with Current
(> 200 to 550) A Coil
(45 to 65) Hz 3.7mA/A +0.072 A
(> 6510 100) Hz 9 mA/A +0.06 A
(>550to 1 000) A
(45 to 65) Hz 3.7 mA/A +0.08 A
(> 65 to 100) Hz 9.3 mA/A + 0.08 A
(0.1 to 10) MQ 0.005 8 MQ
Insulation Resistance! (10 1o gL R I
Source (20 to 30) MQ 0.069 MQ
Test Voltage @ 50 V, (30 10 UL R Resistance Decade Box
100 V. 250 V. 500 V (50 to 100) MQ 0.094 MQ
’1 000 V ’ (100 to 200) MQ 2.8 MQ
(200 to 500) MQ 4.5 MQ
(500 to 1 000) MQ 7.1 MQ
Type K
(-200 to -100) °C 0.46 °C
(-100 to -25) °C 0.26 °C
(-25to 120) °C 0.23°C
(120 to 1 000) °C 0.37°C
(1000to1372)°C 0.56 °C
. Type B
Temperature Indicator of o o
Thermocouple (3(3%%0»[;01888())) E:C 82; og Fluke 5502A Multiproduct
(Electrlcsa(IJuSrlCrgulatlon) (1 000 to 1 550) °C 0.42 °C Calibrator
(1550to 1 820) °C 0.46 °C
Type E
(-250 to -100) °C 0.7°C
(-100 to -25) °C 0.23°C
(-25 to 350) °C 0.2°C
(350 to 650) °C 0.23°C
(650 to 1 000) °C 0.3°C
s\“\\%\l/'l i/
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Electrical — DC/Low Frequency

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Type J
(-210to -100) °C 0.56 °C
(-100 to -25) °C 0.32°C
(-25 to 150) °C 0.28 °C
(150 to 760) °C 0.24 °C
(760 to 1 200) °C 0.33°C
Type N
(-250 to -100) °C 0.56 °C
(-100 to -25) °C 0.32°C
(-25 to 120) °C 0.28 °C
(120 to 410) °C 0.26 °C
(410to 1 300) °C 0.38 °C
Type R
Temperature Indicator of (0 to 250) °C 0.8°C
Thermocouple (250 to 400) °C 05°C Fluke 5502A Multiproduct
(Electrical Simulation) (400 to 1 000) °C 0.47 °C Calibrator
Source (1000to1767)°C 0.56 °C
Type S
(0 to 250) °C 0.66 °C
(250 to 400) °C 0.51°C
(400 to 1 000) °C 0.52°C
(1000 to 1 767) °C 0.65 °C
Type U
(-200to 0) °C 0.79°C
(0 to 600) °C 0.38°C
Type T
(-250 to -150) °C 0.88 °C
(-150to 0) °C 0.34°C
(0 to 120) °C 0.23°C
(120 to 400) °C 0.21 °C
Version 009  Issued: May 1, 2020 www.anab.org AM'AB if?%ﬂg?
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Electrical — DC/Low Frequency

Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment

100 Q, Pt385
(-200 to -80) °C 0.09 °C
(-80to 0) °C 0.09 °C
(0 to 100) °C 0.14 °C
(100 to 300) °C 0.14 °C
(300 to 400) °C 0.15°C
(400 to 630) °C 0.18 °C
(630 to 800) °C 0.33°C

200 Q, Pt385
(-200 to -80) °C 0.08 °C
(-80to 0) °C 0.08 °C
(0 to 100) °C 0.08 °C
(100 to 260) °C 0.09 °C
(260 to 300) °C 0.18 °C
(300 to 400) °C 0.19 °C
Temperature Indicator (388 :O ggg) :g 00'2232((::

Simulation of Resistance 500 Q( Pt3895 ) ' Fluke 5502A Multiproduct
Temperature Detector ) o o Calibrator
(RTD) Source (-200 to -80) °C 0.08 °C
(-80to 0) °C 0.09 °C
(0 to 100) °C 0.09 °C
(100 to 260) °C 0.1°C
(260 to 300) °C 0.13°C
(300 to 400) °C 0.13°C
(400 to 600) °C 0.14 °C
(600 to 630) °C 0.16 °C
1 000 Q, Pt385
(-200 to -80) °C 0.08 °C
(-80t0 0) °C 0.09 °C
(0 to 100) °C 0.09 °C
(100 to 260) °C 0.1°C
(260 to 300) °C 0.13°C
(300 to 400) °C 0.13°C
(400 to 600) °C 0.14°C
(600 to 630) °C 0.16 °C
d &
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Electrical — DC/Low Frequency

Parameter/Equipment

Range

Expanded Uncertainty of
Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

100 Q, Pt3916

(-200 to -190) °C 0.36 °C
(-190 to -80) °C 0.08 °C
(-80to0) °C 0.09 °C
(0 to 100) °C 0.11°C
(100 to 260) °C 0.11°C
Temperature Indicator ggg :8 iggg Og 812 Og
Simulation of Resistance (400 to 600) °C 0'15 oC Fluke 5502A Multiproduct
Temperature Detector o F o o Calibrator
(RTD) Source (600 to 630) °C 0.33°C
100 Q, Pt3926
(-200 to - 80) °C 0.08 °C
(-80to 0) °C 0.09 °C
(0 to 100) °C 0.12°C
(100 to 300) °C 0.14 °C
(300 to 400) °C 0.16 °C
(400 to 630) °C 0.18 °C
(0.33to 1 000) V,
<0.33A
(0.108 9 to < 330) W 0.10 mW/W + 6 mW
(0.33to 1 000) V,
(0.33t0<3) A
DC Power!? (330 to < 3.0) kW 0.31 mW/W + 60 mW Fluke 5502A Multiproduct
Source (0.33t0 1 000) V, Calibrator
(3to<10.9) A
(3.0to < 10.9) kW 0.5 mW/W + 0.6 W
(0.33to 1 000) V,
(10.99t0 20) A
(10.9 to 20) kW 0.81 mW/W + 0.6 W
(45 to 65) Hz, PF=1
AC Power ! (0.3310 1 000) vV Fluke 5502A Multiproduct
Source up 10 0.329 A Calibrator
(0.109 to < 10.9) W 0.55 mW/W + 1.5 mW
(10.9t0 < 330) W 0.8 mW/W + 6 mW
d Y%
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(0.33t0 1 000) V,
(0.33t0<3) A
330 W to < 3 kW 1.2 mW/W + 0.06 W
(0.33t0 1 000) V,
AC Power! (3to<10.9) A Fluke 5502A Multiproduct
Source (3to < 3.5) kW 1.4 mW/W + 0.06 W Calibrator
(3.5t0 < 10.9) kW 1.4 mW/W + 0.6 W
(0.33t0 1 000) V,
(10.9to 20) A
(10.9 to 20) kW 1.2 mW/W + 0.6 W
Up to 100 mV 14 uVv/IV +0.35 uv
DC Voltage! (>0lto1)V Vv 40.35 WV Digital Multimeter
Measure (>1to10) V 4.7 pVIV + 0.58 pv HP 3458A
(>10to 100) V 7 uV/V +0.035 mV
(>100 to 1 000) V 21 uVv/ivV +0.12 mV
100 mV to 10 V
(10 to 50) Hz 85 uV/V + 0.46 mV
> 50 Hz to 1 kHz 85 uVv/V+0.23 mvV
AC Voltage! (> 1to 20) kHz 0.16 mV/V+0.23 mV Digital Multimeter
Measure (> 20 to 50) kHz 0.35 mV/V +0.23 mV HP 3458A
(> 50 to 100) kHz 0.93 mV/V+0.23 mV
(> 100 to 300) kHz 3.5 mV/V+1.2 mV
> 300 kHz to 1 MHz 12 mV/V+1.2 mV
(>10to 100) V
(10 to 50) Hz 0.23 mV/V+4.6 mV
> 50 Hz to 1kHz 0.23 mV/V+2.3 mV
(> 1to 20) kHz 0.23 mV/V+2.3 mV
(> 20 to 50) kHz 0.41 mV/IV+2.3 mV
AC Voltage! (> 50 to 100) kHz 1.4 mVIV+2.3mV Digital Multimeter
Measure (> 100 to 1 000) V HP 3458A

(10 to 50) Hz
>50Hzto1kHz

0.46 mV/V+ 0.046 V
0.46 mV/V +0.023 V

(> 1 to 20) kHz 0.69 mV/V+ 0.023 V
(> 20 to 50) kHz 1.4 mV/V+ 0.023 V
(> 50 to 100) kHz 3.5 mV/V+0.023V
(> 10to 100) pA 24 yAJA +0.92 nA
. (>0.1t0 1) mA 24 uAJA + 5.8 nA . :
D(,fﬂg;‘;fgt (>1.0to 10) mA 24 UAJA + 58 nA D'g'LaF', ';"4“5';'2““”
(> 10to 100) mA 41 pA/A +0.58 pA
(>0.10t0 1.0) A 0.13 mA/A + 0.012 mA

7! NS
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Electrical — DC/Low Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
1
D(Ii/l(;:srl:?gt (>1lto3) A 24 mA/A+1.1mA Digital Multimeter 34460A
(0.1to 1) mA

AC Current?!
Measure

(10 to 20) Hz
(>20 to 45) Hz
(>45 to 100) Hz
>100 Hz to 1 kHz
(1to 100) mA
(10 to 20) Hz
(>20 to 45) Hz
(>45 to 100) Hz
>100 Hz to 1 kHz
(0.1t01) A
(10 to 20) Hz
(>20 to 45) Hz
(>45 to 100) Hz
>100 Hz to 1 kHz

4.6 mA/A +0.35 pA
1.7 mA/A + 0.35 pA
0.7 mA/A + 0.35 A
0.7 mA/A + 0.35 pA

4.6 mA/A +0.23 mA
1.7 mA/A + 0.023 mA
0.7 mA/A +0.023 mA
0.35 mA/A + 0.023 mA

4.6 mA/A +0.23 mA
1.8 mA/A + 0.23 mA
0.93 mA/A+ 0.23 mA
1.2 mA/A + 0.23 mA

Digital Multimeter
HP 3458A

1
Af/lg:srlzfgt (>1 t°530) ﬁz y 2.7 MAJA + 2mA Digital Multimeter 34460A
Upto10Q 18 nUQ + 0.058 mQ
10 to 100) Q 14 nQ/Q + 0.58 mQ
> 100 Q to 1 kQ 12 1Q/Q + 0.58 mQ
1 to 10) kQ 1 Q/Q + 5.8 mMQ

Resistance Measure!

10 to 100) kQ

0.1 to 1) MQ

¢ 1 to 10) MQ
10 to 100) MQ
> 100 MQ to 1 GQ

12 pY/Q + 58 mQ
19 pYQ +23Q
59 uQ/Q +0.12 kQ
0.58 mQ/Q + 1.2 kQ
5.8 mQ/Q +0.012 MQ

Digital Multimeter
HP 3458A

Upto1lkV 24 mV/V + 0.06 mV . .
DC High Voltage ! (>1to3) kv 24 mV/V + 0.07 mV D\:\%tﬂ%g'&iﬂg ﬁis?]A
Measure (> 3to5) kv 24 mV/V + 0.09 mV voltage probe g
(> 5 to 10) kV 24 mMVIV +0.18 mV gep
AC High Voltage ! (110 6) kV Digital Multimeter 34460A

with Fluke 80K-40 High

Measure (50 to 60) Hz 58 mV/V + 4 mV
voltage probe

LCR Meter 1uHto10H Decade Inductance
Inductance (L) @ 100 mV, 1V, 1kHz 1.2 % of reading + 0.9 pH iET1492

LCR Meter 1pFtolpF Precision Decade
Capacitance (C) @1V, 1lkHz 0.06 % of reading +0.6 pF Capacitor, GR1413

€ &
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
LCR Meter 1 Q10 100 kQ2 Decade Resistance Box
Resistance (R) @ 1V, 1 kHz 0.2 % of reading +2.4 mQ
Inductance Source 1pyHto10H LCR Meter Agilent
@1V, 1kHz 0.06 % of reading E4980A
. 1pF to 1puF LCR Meter, Agilent
Capacitance Source 4 4 v/ 0.1 kHz to 1 MHz 0.06 % of reading E4980A
2mvV 0.84 % of reading
5mV 0.49 % of reading
10 mV 0.34 % of reading
20 mV 0.26 % of reading Multi Product Calibrator
50 mV 0.29 % of reading Model: 5502A,
Oscilloscope * 100 mV 0.23 % of reading Universal frequency
Vertical deflection DC 200 mV 0.21 % of reading Counter Calibrator
50 Q and 1 MQ 500 mV 0.28 % of reading model: PM6685R,
1Vv 0.27 % of reading Digital Multimeter
2V 0.22 % of reading model: 3458A
5V 0.28 % of reading
10V 0.2 % of reading
20V 0.2 % of reading
Multi Product Calibrator
. Model: 5502A,
Oscilloscope

Vertical Bandwidth !
3 dB down from reference

50 kHz to 100 MHz
(>100 to 300) MHz

1.4 % of reading
1.8 % of reading

Universal frequency
Counter Calibrator
model: PM6685R,

amplitude Digital Multimeter
model: 3458A
1ns 0.01 % of reading
2Ns 0.04 % of reading
5ns 0.01 % of reading
10 ns 0.01 % of reading
Oscilloscope 20 ns 0.04 % of read!ng _ _
Horizontal deflection: 50 ns 0.01 % of read!ng Multi Product Calibrator
Time Mark 100 ns 0.01 % of read!ng Model: 5502A
200 ns 0.04 % of reading
500 ns 0.01 % of reading
1ps 0.01 % of reading
2 Us 0.04 % of reading
5 Us 0.01 % of reading
d
Version 009 Issued: May 1, 2020 www.anab.org AM'AB } ,;i:j
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
10 us 0.01 % of reading
20 ps 0.04 % of reading
50 ps 0.01 % of reading
100 ps 0.01 % of reading
200 ps 0.04 % of reading
500 ps 0.01 % of reading
1ms 0.01 % of reading
2ms 0.04 % of reading
Oscilloscope 5ms 0.01 % of reading . .
Horizontal deflection: 10 ms 0.01 % of reading Multﬁgg(ej:{c;é(:)azlfrator
Time Mark ! 20 ms 0.04 % of reading '
50 ms 0.01 % of reading
100 ms 0.01 % of reading
200 ms 0.04 % of reading
500 ms 0.01 % of reading
ls 0.62 % of reading
2s 1.2 % of reading
5s 3.1 % of reading
10s 6.2 % of reading
2mV 0.11 % of reading
5mV 0.39 % of reading
10 mV 0.19 % of reading
0 .
20 NG oo e) readl_ng Multi Product Calibrator
. 50 mV 0.38 % of reading ) .
Oscilloscope . Model: 5502A, Universal
1 100 mvV 0.19 % of reading
DC accuracy . frequency Counter
200 mv 0.1 % of reading . i
50 Q and 1 MQ . Calibrator Model:
. 500 mVv 0.38 % of reading o
(Digital) . PM6685R, Digital
Lv 0.19 % of reading Multimeter Model: 3458A
2V 0.1 % of reading '
5V 0.04 % of reading
10V 0.02 % of reading
20V 0.01 % of reading
Multi Product Calibrator
Model: 5502A,
Oscilloscope 10 Universal frequency
Time base ® 10 MHz 24x 10701 Counter Calibrator Model:

PM6685R, Digital
Multimeter Model: 3458A
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Expanded Uncertainty of

Parameter/Equipment Range Measurement (+/-)

Reference Standard,
Method, and/or
Equipment

Oscilloscope

Calibrator calibration* <10 Vpp @=<10kHz 0.02 % of reading

Multi Product Calibrator
Model: 5502A, Universal
frequency Counter
Calibrator Model:
PM6685R, Digital
Multimeter Model: 3458A

Universal Counter Agilent

Rise/Fall Time
Rise Time, Fall Time, 10 nsto 10 ms 2Ns Uni 53}3F1A,
Phase Source Phase niversal Frequency
0910360 © 190 Counter Calibrator Fluke
PM6685R
AC Voltage @50/60 Hz
(0 to 600) V 0.58 % of reading Power Meter, Hioki 3197
AC Current @50/60 Hz And Clamp Sensor, Hioki
Single and Three Phase (0 to 1 000) A 1.3 % of reading 9669.
Power Meter AC Power @50/60 Hz
(0 to 60) kW 1.3 % of reading (Compare With Power
Power Factor Meter Standard)
(0.5t0 1) 1.2 % of reading

Electrical - RF/Microwave

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(-40to 0) dB
10 MHz 0.11dB
50 MHz 0.10dB
100 MHz 0.10dB
400 MHz 0.10dB
4 1 000 MHz 0.10dB HP 8902A Measuring
T“”&i;ﬁr';e"e' 2 000 MHz 0.11dB Receiver and HP
10 dB/step 3 000 MHz 0.11dB 11722A/11792A Power
4 000 MHz 0.13dB Sensor
5000 MHz 0.11dB
6 000 MHz 0.13dB
7 000 MHz 0.17dB
8 000 MHz 0.15dB
9 000 MHz 0.12dB
Version 009  Issued: May 1, 2020 www.anab.org
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(-40 to 0) dB
1 0000 MHz 0.12dB
11 000 MHz 0.11dB
4 12 000 MHz 0.16 dB HP 8902A Measuring
Tunhe/ltlaF{SErI;evel 13 000 MHz 0.15dB Receiver and HP
10 dB/step 14 000 MHz 0.14 dB 11722A/11792A Power
15 000 MHz 0.23dB Sensor
16 000 MHz 0.26 dB
17 000 MHz 0.17 dB
18 000 MHz 0.21dB
@ 20 Hz to 20 kHz
Distortion Source @ (>2((;Eig tloog;rolzl—?zB 12¢B Audio Analyzer, HP 8903B
(-80 to -40) dB 2.3dB

Length — Dimensional Metrology

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Up to 100 mm 1.5 um
(100 to 125) mm 1.8 um
(125 to 150) mm 2.1 um
'External (150 to 175) mm 2.4 ym
Micrometer (175 to 200) mm 2.8 um
V-Anvil, (200 to 250) mm 3.4 pm Gauge Block Set
Screw Thread, (250 to 300) mm 4.1 um
Indicating (300 to 400) mm 5.4 um
(400 to 500) mm 6.8 um
(500 to 600) mm 8.1 um
(600 to 1 000) mm 13.5 um
Up to 200 mm 0.006 mm
(200 to 300) mm 0.007 mm
(300 to 400) mm 0.008 mm
(400 to 500) mm 0.009 mm
Vernier Caliper (500 to 600) mm 0.010 mm
Dial and Digital (600 to 700) mm 0.011 mm Gauge Block Set
(700 to 800) mm 0.012 mm
(800 to 900) mm 0.013 mm
(900 to 1 000) mm 0.015 mm
(1000 to 1 500) mm 0.021 mm
Version 009  Issued: May 1, 2020 www.anab.org
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. Reference Standard,
: Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
1Can Seam Micrometer Up to 13 mm 2.3 ym Gauge Block Set
Up to 30 mm 0.7 um
(30 to 45) mm 0.8 um
(45 to 50) mm 0.9 um
(50 to 60) mm 1pm
Internal Micrometer (60 to 70) mm 1.1 um
All type (70 to 80) mm 1.2 pm
Snap Micrometer (80 to 87) mm 1.3 pm Gauge Block Set
(Up to 100 mm) (87 to 97) mm 1.4 um
(97 to 100) mm 1.5 um
(100 to 125) mm 1.8 um
(125 to 150) mm 2.1 um
(150 to 175) mm 2.4 um
(175 to 200) mm 2.8 ym
YInternal Micrometer (200 to 250) mm 3.4 pm
All type (250 to 300) mm 4.1 um
Snap Micrometer (300 to 400) mm 5.4 um Gauge Block Set
(Up to 100 mm) (400 to 500) mm 6.8 um
(500 to 600) mm 8.1 um
Caliper Gauge Up to 25 mm 1.2 um
External (25 to 50) mm 1.3 um Gauge Block
Caliper Gauge
Internal (0.005mm) 2.5t0 15 mm 3 um Gauge Block
Internal (0.01mm) (10 to 180) mm 6 um
Thickness Gauge Up to 20 mm 0.6 um Gauge Block
(20 to 25) mm 0.7 um
Up to 20 mm 0.6 um
(20 to 50) mm 0.9 um
(50 to 100) mm 1.5pum
(100 to 150) mm 2.1um
(150 to 200) mm 2.8 um
(200 to 250) mm 3.4 um
'Height Gauge (250 to 300) mm 4.1 ym
Dial and Digital (300 to 400) mm 5.4 um Gauge Block Set
(400 to 500) mm 6.8 um
(500 to 600) mm 8.1 um
(600 to 700) mm 9.5 um
(700 to 800) mm 11 um
(800 to 900) mm 12 ym
(900 to 1 000) mm 14 um
Version 009  Issued: May 1, 2020 www.anab.org
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Feeler Gauge / Thickness Uptolmm 0.21 pm ULM
Plate (1to5) mm 0.22 um
Measuring Foil Uptolmm 0.21 pm ULM
Standard Foil (1to5) mm 0.22 um
Up to 20 mm 0.6 um
(20 to 30) mm 0.7 um
(30 to 40) mm 0.8 um
(40 to 50) mm 0.9 um
Indicator (50 to 60) mm 1um Gauge Block
(60 to 70) mm 1.1um
(70 to 80) mm 1.2 pym
(80 to 90) mm 1.3 um
(90 to 100) mm 1.5 um
Upto5mm 0.1 um
Linear Length Gauge / (5to 12) mm 0.2 um
Electrical Comparators / (12 to 20) mm 0.3 um Gauge Block
Mu Checker (20 to 25) mm 0.4 um
(25 to 50) mm 0.7 pm
Up to 100 mm 3 um
(100 to 200) mm 4 um
(200 to 300) mm 5 um
(300 to 400) mm 6 um
(400 to 500) mm 7 um
(500 to 600) mm 9 um .
Steel Ruler (600 to 700) mm 10 um Measzgul?ir:glsi\lﬂogchine
(700 to 800) mm 11 pm
(800 to 900) mm 12 um
(900 to 1 200) mm 16 um
(1200 to 1 500) mm 20 pm
(1500 to 1 800) mm 24 um
(1800 to 2 000) mm 27 um
Up to 200 mm 0.004 mm
(200 to 400) mm 0.012 mm
(400 to 600) mm 0.017 mm 3D Vision
Steel Tape & Textile Tape (600 to 800) mm 0.03 mm Measuring Machine
(800 to 1 000) mm 0.05 mm
(1000 to 1 200) mm 0.06 mm
(1200 to 1 400) mm 0.09 mm
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(1 400 to 1 600) mm 0.13 mm
(1 600 to 1 800) mm 0.14 mm
(1 800 to 2 000) mm 0.19 mm
(2 000 to 3 000) mm 0.4 mm
(3000 to 4 000) mm 0.74 mm
(4 000 to 5 000) mm 1.1 mm
(5 000 to 6 000) mm 1.6 mm 3D Vision
Steel Tape & Textile Tape (6 000 to 7 000) mm 2.2 mm Measuring Machine
(7 000 to 8 000) mm 2.9 mm
(8 000 to 9 000) mm 3.6 mm
(9 000 to 10 000) mm 4.5 mm
(10 000 to 20 000) mm 18 mm
(20 000 to 30 000) mm 40 mm
(30 000 to 40 000) mm 71 mm
(40 000 to 50 000) mm 0.11m
1Depth Micro Checker, Up to 100 mm 2 um
Step Gauge, Inside Checker, (100 to 200) mm 3 um
(200 to 250) mm 4 um Gauge Block/
(250 to 300) mm 5 um Linear Height Master
Anvil Block Up to 25 mm 2 um
Up to 25 mm 0.7 pm
(25 to 50) mm 0.9 um
(50 to 100) mm 1pm
1Depth Gauge, (100 to 150) mm 2 um
Depth Micrometer (150 to 250) mm 3 um Gauge Block Set
(250 to 300) mm 4 um
(300 to 400) mm 5pum
(400 to 450) mm 6 um
1Surface Plate
Overall Flatness Up to 4 m Diagonal 1.5pum Planekator (Straight Edge)
(>4t010) m 6.5 um and Dial Indicator
Local Area Flatness
(Repeat Reading) Upto 0.1 um 1um
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Up to 15 mm 0.3 um
(15t0 22) mm 0.4 um
(22 to 30) mm 0.5 um
(30 to 40) mm 0.6 um
(40 to 50) mm 0.7 um
. . (50 to 60) mm 0.9 um
Plain P“frghiae“\?\?i'rzén Gauge, (60 to 70) mm 1 pm ULM /
T-probe ’ (70 to 80) mm 1.2 ym Gauge Block
(80 to 90) mm 1.3 pm
(90 to 100) mm 1.4 pm
(200 to 150) mm 2 um
(150 to 200) mm 2.7 um
(200 to 250) mm 3.4 um
(250 to 300) mm 4 um
Upto 3 mm 0.44 pym
(3to 6) mm 0.45 pum
(6 to 10) mm 0.46 pm
(10 to 12) mm 0.48 um
(12 to 16) mm 0.5 um
(16 to 18) mm 0.51 pm
Plain Ring Gauge gg :8 ggg mm 823 Em ULM / Plain Ring Gauge
(22 to 25) mm 0.59 pm
(25 to 28) mm 0.61 pm
(28 to 30) mm 0.63 um
(30 to 75) mm 2.3 um
(75 to 100) mm 3.1um
(100 to 300) mm 4.9 um
Up to 100 mm 2.7 um
(100 to 125) mm 2.9 um
(125 to 150) mm 3.1um
(150 to 175) mm 3.3 um
!Check Master /Caliper (17510 200) mm 3.6 um Linear Height Master /
Checker (2000 250) mm 4.1um Gauge Block
(250 to 300) mm 4.7 um
(300 to 400) mm 5.9 um
(400 to 500) mm 7.1 um
(500 to 600) mm 8.4 um
(600 to 700) mm 9.7 um
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Thread Plug Gauge (M2 to M10) mm 0.47 pm
(M10 to M20) mm 0.49 pm
(M20 to M50) mm 0.51 pm
Pitch Diameter (M50 to M70) mm 0.55 um
(M70 to M100) mm 0.61 pum
(M100 to M150) mm 0.63 um
(M2 to M10) mm 0.3 um
(M10 to M20) mm 0.4 um .
(M20 to M30) mm 0.5 pm U(';‘:ﬂ g/e3BVI\(/JI($/
(M30 to M40) mm 0.6 um
(M40 to M50) mm 0.7 um
Major Diameter (M50 to M60) mm 0.9 um
(M60 to M70) mm 1 um
(M70 to M80) mm 1.2 um
(M80 to M90) mm 1.3 um
(M90 to M100) mm 1.4 ym
(M100 to M125) mm 1.7 um
(M125 to M150) mm 2 um
Thread Ring Gauge (M2 to M5) mm 0.57 pm
(M5 to M8) mm 0.58 pm
(M8 to M10) mm 0.59 um
(M10 to M12) mm 0.6 pm
(M12 to M18) mm 0.63 pm
(M18 to M20) mm 0.64 um
Pitch Diameter (M20 to M25) mm 0.68 um
(M25 to M30) mm 0.72 pm
(M30 to M75) mm 2.3 um
(M75 to M90) mm 2.4 um
(M90 to M100) mm 2.5 um -
(M100 to M125) mm 2.7 um ULM / Plain Ring Gauge
(M125 to M150) mm 2.9 ym
(M2 to M8) mm 0.4 ym
(M8 to M20) mm 0.5 um
(M20 to M30) mm 0.6 um
Minor Diameter (M30 to M75) mm 1.1pum
(M75 to M90) mm 1.3 um
(M90 to M100) mm 1.4 um
(M100 to M125) mm 1.8 pm
(M125 to M150) mm 2.1 um
Version 009  Issued: May 1, 2020 www.anab.org
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
Upto5mm 0.65 um
I (5t012) mm 0.66 pum
g;?ilb?;?gr? Is::::' (12 to 20) mm 0.68 um Liner Gauge with Display
(20 to 25) mm 0.7 um
(25 to 50) mm 0.73 um
(2to4) mm 0.2 pm
(4 to 16) mm 0.3 pm
(16 to 22) mm 0.4 um
(22 to 30) mm 0.5 um
Plain Snap Gauge/Gap Gauge (30 to 75) mm 1.1 pm uLMm/
(External) (75 to 100) mm 1.4 ym Gauge Block
(100 to 200) mm 2.7 um
(200 to 300) mm 4 um
(300 to 400) mm 5.4 um
(400 to 500) mm 6.7 um
(2to 6) mm 0.4 um
. (6 to 20) mm 0.5 pm
Plain S”a(';’ Gauge / Gap (20 to 30) mm 0.6 um ULM /
(IntaeL:r?gl) (30 to 75) mm 2.3 um Plain Ring Gauge
(75 to 100) mm 2.4 um
(100 to 300) mm 4.5 um
(2to 3) mm 0.8 um
(3to 8) mm 0.9 um
(8 to 18) mm 1.2 pym
Hole test, (18 to 20) mm 1.3 um .
Three-Point Micrometer (20 to 25) mm 1.4 ym Master Ring Gauge
(25 to 28) mm 1.5 um
(28 to 30) mm 1.7 pm
75 mm 3 um
Dial Test Indicator Upto 1.6 mm 0.3 um ULM
Upto1lmm 0.06 pm
(1to3) mm 0.07 um
(3to5) mm 0.09 pm
_— . (5to 10) mm 0.15 pum
Unlversall\lienﬁ-th Measuring (10 to 25) mm 0.34 um Gauge Block
achine (25 to 50) mm 0.67 um
(50 to 75) mm 1pm
(75 to 100) mm 1.3 um
(100 to 125) mm 1.7 um
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
(125 to 150) mm 2.1 um
(150 to 175) mm 2.4 um
_— . (175 to 200) mm 2.7 pm
Unlversall\lienﬁ-th Measuring (200 to 250) mm 3.4 um Gauge Block
achine (250 to 300) mm 4.1 um
(300 to 400) mm 5.4 um
(400 to 500) mm 6.7 pm
Up to 200 mm 6 um
(200 to 300) mm 7 um
(300 to 400) mm 8 um
(400 to 500) mm 9 um
Wernier Depth Gauge (500 to 600) mm 10 um Gauge Block Set
(600 to 700) mm 11 pm
(700 to 800) mm 12 pym
(800 to 900) mm 13 um
(900 to 1 000) mm 15 um
(0.5 to 10) mm 0.6 pm
(10 to 30) mm 0.8 pm
(30 to 50) mm 0.9 um
(50 to 70) mm 1.1 pm
(70 to 100) mm 1.5 pm
. (100 to 125) mm 1.8 um ULMm/
Bore Gauge / Cylinder Gauge (125 to 150) mm 2.1 um Gauge Block
(150 to 175) mm 2.5 um
(175 to 200) mm 2.8 um
(200 to 250) mm 3.5 um
(250 to 300) mm 4.1 um
(300 to 400) mm 5.4 um
(400 to 500) mm 6.8 um
Bore Gauge / Cylinder Gauge 888 :8 ?88 ﬁm gé ﬁm ULM / Gauge Block
(700 to 800) mm 11 pm
!Profile Projector
Up to 50 mm 2 um
Linearity (50 to 200) mm 3 um Glass Scale
(200 to 410) mm 7 um
Angle (0.25to 30) ° 12 second Angle Block Set
Measuring Microscope, Up to 50 mm 2 um
Optical Comparator, (50 to 200) mm 3 um Glass Scale
3D Vision Measuring System (200 to 410) mm 7 um
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Upto 175 mm 3 um
(175 to 250) mm 4 um
(250 to 300) mm 5pum .
'Height Master (300 to 400) mm 6 um Gau&ZiBrI](gclz\l/I(;SI{el?ear
(400 to 500) mm 7 um g
(500 to 600) mm 8 um
(600 to 700) mm 10 pm
Upto30° 12 second
(30 to 45) ° 24 second Angle Block
(4510 90) ° 48 second
Bevel Protractor
Up to 100 mm 3 um 3D Vision
(100 to 200) mm 4 um Measuring Machine
(200 to 300) mm 5pum
3D Vision
Chamfer Gauge Up to 10 mm 3 um Measuring Machine
. 3D Vision
Pitch Gauge Up to 7 mm 3 um Measuring Machine
. 3D Vision
Radius Gauge Up to 100 mm 3 um Measuring Machine
Taper Gauge 3D Vision
(Scale Type) Up to ToCD L Measuring Machine
M2 to M5 0.9 um
M5 to M11 0.91 um
Taper Thread Ring M11 to M22 1.8 pm ULM / Ring Gauge
M22 to M45 5.1 um
M45 to M180 11 um
150 mm 9 pum . .
IRiser Block 300 mm 10‘tlm Linear Height Master /
600 mm 12 um Gauge Block
100 mm 1.3 um
(100 to 125) mm 1.7 pm
(125 to 150) mm 2.1 pum
(150 to 175) mm 2.4 um
LO”(%%ZQE %"Ck (175 to 200) mm 2.7 um ULM / Gauge Block
' (200 to 250) mm 3.4 um
(250 to 300) mm 4.1 um
(300 to 400) mm 5.4 um
(400 to 500) mm 6.7 um
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Up to 25 mm 0.4 um
(25 to 50) mm 0.7 pm
(50 to 75) mm 1.1 pm
(75 to 100) mm 1.4 uym
. . (100 to 125) mm 1.7 um
Sta”daFrad gﬂfromf‘tg' Seting | 195 1o 150) mm 2 um ULM / Gauge Block
od, Length Bar (150 to 175) mm 2.4 um
(175 to 200) mm 2.7 um
(200 to 300) mm 4 um
(300 to 400) mm 5.4 um
(400 to 500) mm 6.7 um
(0.25to 30) ° 12 second
(30to 45) ° 24 second Angle Block /
Angle Block / Angular (4510 60) ° 36 second 3D Vision
(60 to 90) ° 48 second
1 mm 0.22 um
(1to5) mm 0.23 um
(5to 10) mm 0.26 um
Gauge Block (10 to 25) mm 0.43 um ULM / Gauge Block
(25 to 50) mm 0.72 pm
(50 to 75) mm 1.1 um
(75 to 100) mm 1.4 um
. 3D Vision Measuring
Test Sieve Up to 50 mm 3 Um Machine
Up to M7 0.2 um
M7 to M15 0.3 um
M15 to M25 0.4 um
M25 to M30 0.5 um
M30 to M40 0.6 um
M40 to M50 0.7 um
Taper Plug Gauge M50 to M60 0.9 pm ULM / Gauge Block
M60 to M70 1pm
M70 to M80 1.1pm
M80 to M90 1.3 um
M90 to M100 1.4 pm
M100 to M200 2.7 ym
M200 to M300 4 um
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
M2 to M6 0.4 um
M6 to M20 0.5 um
. M20 to M30 0.6 um .
Taper Ring Gauge M30 to M75 23 Em ULM / Ring Gauge
M75 to M100 2.4 um
M100 to M150 2.9 um
M2 to M5 0.92 um
M5 to M11 1.8 um
Taper Thread Plug M11 to M22 1.1 pum ULM / 3 Wire
M22 to M45 4.7 um
M45 to M180 7.6 um
Up to 10 mm 0.16 um
(10 to 25) mm 0.34 um
(25 to 50) mm 0.67 pm
(50 to 75) mm 1um
(75 to 100) mm 1.3 um
(100 to 125) mm 1.7 pm
(125 to 150) mm 2.1 um
1Coordinate Measuring (150 to 175) mm 2.4 um
Machine (175 to 200) mm 2.7 pm Gauge Block
X, Y, Z Axis (200 to 250) mm 3.4 pum
(250 to 300) mm 4.1 pm
(300 to 400) mm 5.4 um
(400 to 500) mm 6.7 um
(500 to 800) mm 11 um
(800 to 1 000) mm 13 um
(1000 to 1 200) mm 16 um
(1200 to 1 500) mm 20 um
Ultrasonic Thickness Gauge Up to 100 mm 0.006 um Gauge Blocks
Up to 50 mm. 1.3 pm 3D Vision Measuring
Standard Scale (>50 to 200) mm. 2.4 um Machine, Standard Glass
(>200 to 410) mm 3.4 um Scale
Coating Thickness Gauge (30to 1470) pm 0.92 pm Calibration Foils
Up to 100 mm 3.1 um
(> 100 to 200) mm 3.8 ym
Square (> 200 to 300) mm 4.5 um Coordinate Measuring
(> 300 to 400) mm 6.0 um Machine
(> 400 to 500) mm 7.2 um
(>500 to 700) mm 9.8 um
d 2
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Methoq, and/or
Equipment
!Electronic Balance, Spring
Balance, Load Cell
Resolution: 0.000 01 g Upto10g 0.04 mg
0.00001g (10to 20) g 0.05 mg
0.00001 ¢ (20to 50) g 0.08 mg
0.00001 ¢ (50 to 60) g 0.11 mg
0.00001g (60to 70) g 0.12 mg
0.00001g (70 to0 100) ¢ 0.16 mg
0.0001g (100 to 150) g 0.2 mg
0.0001¢g (150 to 220) g 0.3mg
0.0001¢g (220 to 300) g 0.4mg
0.001g (300 to 1 000) g 1 mg
8:881 g (1 0?20t2032) igo) g g mg Weight Sets (E2, F1, M1)
0.001g (3to5) kg 5 mg
0.001g (5to 6) kg 10 mg
0.001g (6 to 8) kg 12 mg
001g (8 to 10) kg 17 mg
0.01g (10 to 12) kg 20 mg
001g (12 to 20) kg 26 mg
0.01 kg (20 to 100) kg 589
0.1 kg (100 to 1 000) kg 58 ¢
0.5 kg (1000 to 5 000) kg 0.33 kg
1 kg (5000 to 10 000) kg 0.66 kg
5 kg (10 000 to 40 000) kg 3.2kg
10 kg (40 000 to 80 000) kg 6.3 kg
Up to 1000 N 0.006 N
Push-Pull Gauge, Force (1 000 to 3 000) N 0.01 N Weidht Sets
Gauge, Tension, Tensile (3000to5000) N 0.02N g
(5000 to 10 000) N 0.03N
(0.2t0 20) N-m 0.06 N-m
(20 to 40) N-m 0.07 N-m
(40 to 60) N-m 0.08 N-m
!Hand Torque Tool, Torque (60 to 80) N-m 0.09 N-m
Wrench, (80 t0100) N-m 0.1 N-m Static Torque
Torque Driver, Electronic (100 to 200) N-m 3.1N-m Transducer
Torque (200 to 400) N-m 3.5N‘m
(400 to 600) N-m 3.9Nm
(600 to 800) N-m 4.4 N-m
(800 to 1 000) N-m 5N-m
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Mass and Mass Related

. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
1
Hagg’r‘gsTse:te;rter' (Up to 30) Duro 0.6 Duro |
Type (A, B, O) (30 to 40) Duro 0.7 Duro Weight Sets
Spri e (40 to 100) Duro 0.9 Duro
pring Force Only
Up to 20) Duro 1.2 Duro
(20 to 30) Duro 2.1 Duro
1 (30 to 40) Duro 2.4 Duro
Haggrgﬁe:f:rter, (40 to 50) Duro 2.3 Duro _
Type (C, D, DO) (50 to 60) Duro 2.7 Duro Weight Sets
Spring F(;rcé Only (60 to 70) Duro 3.9 Duro
(70 to 80) Duro 4.3 Duro
(80 to 90) Duro 6.1 Duro
(90 to 100) Duro 6.5 Duro
. . Pressure Module Fluke
Manometer (0to 1) psi 0.007 3 psi model 700PD2
1Pressure Gauge (Pneumatic | Pneumatic gauge pressure
&Hydraulic), Digital Pressure (0 kPa to 200) kPa 0.15 kPa
Gauge, Pressure Transducer, (> 200 to 2 000) kPa 1.2 kPa
Differential Pressure Gauge, Pressure Calibrator
Pressure Transmitter, Hydraulic gauge pressure
Manometer, (0 to 7) MPa 23 kPa
Pressure Switch (> 7 to 70) MPa 31 kPa
Wacuum Gauge (-90 to 0) kPa 55 Pa Pressure Calibrator
10 mg 0.013 mg
20 mg 0.014 mg
50 mg 0.024 mg
100 mg 0.026 mg
200 mg 0.027 mg
500 mg 0.03 mg
Mass ; g 883 mg Electronic Balance and
(Standard Weights) 54 0.018 mg Weight Sets (E2, F1, M1)
10g 0.024 mg
209 0.035 mg
509 0.087 mg
100 g 0.14 mg
200¢ 0.26 mg
500 g 0.85 mg
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Mass and Mass Related

Expanded Uncertainty of Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
1kg 2.1 mg
2 kg 6.9 mg
Mass 5kg 11 mg Electronic Balance and
(Standard Weights) 10 kg 61 mg Weight Sets (E2, F1, M1)
20 kg 69 mg
500 kg 8.79
(0.1t0 2) N.m 0.92 % of reading
(2to4) N.m 0.46 % of reading
(4to 6) N.m 0.31 % of reading
(6t0 8) N.m 0.23 % of reading
(8t0 10) N.m 0.18 % of reading .
Torque Calibrator (10 to 20) N.m 0.1 % of reading C;X\ilg:gzgzn;m
(20 to 40) N.m 0.05 % of reading
(40 to 200) N.m 0.03 % of reading
(200 to 400) N.m 0.02 % of reading
(400 to 1 000) N.m 0.01 % of reading
(1000 to 1 500) N.m 0.006 % of reading
Compression Testing

Universal Testing Machine?

Machine
Crane Scales!

. i . (0.10 to 200) kN 0.32 % of reading Standard Load cell
Compression / Tensile Testing . . .
Machine Tensile Testing Machine _
100 N to 30 kN 0.16 % of reading
5ml 0.003 5 ml
Volumetric Glassware 10 ml p-003 7 mli .
Burette 25 ml 0.006 5 ml Electronic Balance
50 mi 0.01 ml
100 ml 0.018 ml
2ml 0.005 8 ml
5ml 0.005 8 ml
10mi 0.005 9 ml
20 mi 0.006 2 ml
Volumetric Glassware 25mli 0.006 5 ml .
Volumetric Flask 50 mi 0.01 ml Electronic Balance
100 ml 0.017 ml
200 ml 0.028 ml
250 ml 0.035 ml
500 ml 0.063 ml
1000 mi 0.13 ml
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
5ml 0.005 8 mli
10 ml 0.005 9 mi
25 ml 0.006 5 mi
Volumetric Glassware 50 ml 0.01 ml Electronic Balance
Measuring Cylinder 100 ml 0.017 ml
250 ml 0.035 ml
500 ml 0.063 ml
1000 ml 0.13 ml
0.5ml 0.002 3 ml
1ml 0.002 3 ml
2ml 0.002 3 mi
Volumetric Glassware 5ml 0.002 4 mi Electronic Balance
Measuring Pipette 10 mi 0.003 7 mi
15 ml 0.006 ml
25 ml 0.006 5 ml
50 ml 0.01 ml
0.5ml 0.002 3 ml
1ml 0.002 3 ml
2ml 0.00 23 ml
Volumetric Glassware 5 gl ey .
gy 10 ml 0.003 7 mi Electronic Balance
Volumetric Pipette 15 ml 0.006 ml
25 ml 0.006 5 ml
50 mi 0.01 ml
100 ml 0016 ml
Thermodynamic
. Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range Method, and/or
Measurement (+/-) Equipment
1
ghe;nptfg? uﬁlrgtCAOirr]tcr)oJle?wd (-40.0100) °C 0.27°C Agilent 34970A Data
Incubator I’?efrigerator L(’)W (010 100) °C 0.19°C logger and Thermocouple
’ ’ (100 to 200) °C 0.26 °C .
Temperature Incubator, (200 to 250) °C 031 °C with RTD sensor
Autoclave '
o o PRT Standard
Temperature Gauge & Dial (8010 250) °C 007°C Hart Scientific 1575
Thermometer (250 to 500) °C 0.7°C Thermocouple Standard
(500 to 650) °C 2.6°C Fluke 1524
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Expanded Uncertainty of Reference Standard,
Parameter/Equipment Range b Y Method, and/or
Measurement (+/-) .
Equipment
(8010.250) °C 007 °C Hrt Sientfic 1575
Thermocouple Sensor TC
(250 to 500) °C 0.7 °C Thermocouple Standard
(500 to 1 200) °C 2.6 °C Fluke 1524
(-40.0to 0) °C 0.27 °C Agilent 34970A
Ui (0 to 100) °C 0.19°C Data logger and
Liquid Bath (100 to 200) °C 0.26 °C Thermocouple with RTD
(200 to 250) °C 0.31°C sensor
IDigital Thermometer with (-80t0 250) °C 0.07°C HarF;z-lc-ieSr:&tlir}(ij: r1d575
Thermocouple Sensors
Types K, J,E, T, N, R, S (250 to 500) °C 0.7°C Thermocouple Standard
T (500 to 1 200) °C 2.6°C Fluke 1524
PRT Standard
-80 to 250) °C 0.07 °C S
IDigital Thermometer with ( ) Hart Scientific 1575
RTD or Thermistor Sensor (250 to 500) °C 0.7°C Thermocouple Standard
(500 to 850) °C 2.6 °C Fluke 1524
° o PRT Standard
IRTD S (-80 to RS L © Hart Scientific 1575
ensor
(250 to 500) °C 0.7 °C Thermocouple Standard
(500 to 850) °C 2.6 °C Fluke 1524
L o o PRT Standard
Liquid in Glass Thermometers (-80 to 250) °C 0.29 °C Hart Scientific 1575
o o PRT Standard
Dry Block Up to 250 °C 0.07 °C Fluke 1524
Dry Well ([(125%0,[;[)014258())) OCC gg og Thermocouple Standard
- . Digital Thermometer
D'g'taélngz’;‘g?geggr with (40 o 350) °C 24°C Fluke 714 with Surface
Probe
(-40 to 50) °C 0.91°C Comparison to Radiation
Infrared Thermometer (>50to 100) °C 0.92°C Thermometer
(>100 to 200) °C 15°C € = (0.9 to 1.0),
(>200 to 400) °C 2°C A= (8to14)um
Thermo-Hygrometer
TherT’L‘ane%gzﬁgeter (15 to 40) °C 0.5°C model: Fluke 5020A
P Temp/Humidity Chamber
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Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Metho_d, and/or
Equipment
Thermo Hygrometer (30 to 50) %RH 1.6 %RH Thermo-Hygrometer
Hum?’gi . (50 to 70) %RH 2 %RH model: Fluke 5020A
y (70 to 90) %RH 2.3 %RH Temp/Humidity Chamber
Thermo Hygrometer . . A?llent 349?11A
Temperature Chamber (20 to 40) °C 0.11°C Datalogger with RTD
sensor
Data Logger
Hamiity Cramber (3010 70) %RH 33%RH CEM DT-172
d Comparison

Time and Frequency

Expanded Uncertainty of

Reference Standard,

Parameter/Equipment Range Measurement (+/-) Methoq, and/or
Equipment
Photo Type
(2.51t0999.9) rpm 0.01 rpm Fluke 5502A Multiproduct
(>999.9 t0 9 999.9) rpm 0.06 rpm Calibrator with LED
Digital Tachometer (>9999.9 to 99 999) rpm 0.58 rpm
Contact Type
(0.510 999.9) rpm 0.01 rpm Fluke 5502A Multiproduct
(>999.9 t0 9 999.9) rpm 0.06 rpm Calibrator
(>9999.9 to 19 999) rpm 0.58 rpm
Universal Counter,
Agilent 53132A,
Stop watch? 10stolh 27 ms Universal Frequency

Counter Fluke PM6685R
and Multifunction
synthesizer, HP 8904A

Frequency *
Source

(0.01 to 500) Hz
500 Hz to 5 kHz
(5 to 50) kHz

20 pHz/Hz + 5.9 mHz
20 pHz/Hz + 58 mHz
20 pHz/Hz + 0.58 Hz

Fluke 5502A Multiproduct
Calibrator

$General Frequency Source

(1to 1 000) Hz
>1Hz to 10 kHz
(>0.01 to 225) MHz
(>225 to 300) MHz
>300 MHz to 1 GHz
(>1t01.8) GHz
(>1.8t0 18) GHz

4.4 x1010f
2.4x101°f
2.4 x1010¢f
2.4x10°f
7x 101 f
4.2 x1010¢f
2.7x1010¢

Universal Counter Agilent
53132A, Standard
Universal Frequency
Counter Fluke PM 6685R
and Measuring receiver HP
8902A
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. Reference Standard,
. Expanded Uncertainty of
Parameter/Equipment Range Method, and/or
Measurement (+/-) .
Equipment
24.150 GHz
40.25 km/h
56.35 km/h
Ragsge%un 104.65 km/h m/h Using Tuning Forks
34.7 GHz
40.64 km/h
64.75 km/h "
Rasmi Racing Drag and
Timer, Measuring Tape,
'Radar Speed 60 km/h 0.4 km/h Calculate speed (S) by
120 km/h 0.9 km/h known elapse time (T)
D
S:F
(50.00 t0 999.99) rpm 0.53 rpm
1 . (1 000.0 to 3 000.0) rpm 1.9 rpm .
Centrifuge (3 000.1 to 9 999.9) rpm 5.3 rpm Digital Tachometer
(10 000 to 20 000) rpm 13 rpm
Universal Counter Agilent
53131A, Universal
Frequency Counter
Time Base Calibrator Fluke
1 MHz to 10 MHz 2.4x101° PM6685R, RF Signal
Frequency Generator Agilent
DC to 18 GHz 2.9x101° N9310A, Function
Universal Frequency Counter [Time Interval Generator/Arbitrary
lpystolms 0.6 ps Waveform Generator
Hewlett-Packard 33120A,
Trigger Level Synthesizer Signal
(0 to £5.25) V 0.0019 mv Generator Hewlett Packard
83731A, Multifunction
Synthesizer Hewlett
Packard 8904A
Universal Counter Agilent
(1>O1ntzt$01) 2 i 2: 53131A, Universal
Time Interval Source Frequency Counter
(>10t0 50) s 14 ns Calibrator Fluk
(>50 t0 100) s 26 ns a1ora’or T 7uke
PM6685R.
7! NS
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DIMENSIONAL MEASUREMENT

Specific Tests and / or

Expanded Uncertainty of

Reference Standard,

Properties Measured Range Measurement (+/-) Metho'd and/or
Equipment
Up to 25 mm 0.002 7 mm
(25 to 50) mm 0.002 8 mm
(50 to 75) mm 0.002 9 mm
(75 to 100) mm 0.003 mm
Jig, Fixture and (100 to 125) mm 0.003 2 mm
Mold, Die (125 to 150) mm 0.003 4 mm Coordi M .
(150 to 175) mm 0.003 6 mm oordinate Measuring
(175 to 200) mm 0.003 8 mm Machine
X Axis (200 to 250) mm 0.004 3 mm
(250 to 300) mm 0.004 9 mm
(300 to 400) mm 0.006 mm
(400 to 500) mm 0.007 2 mm
(500 to 600) mm 0.008 5 mm
Up to 25 mm 0.002 7 mm
(25 to 50) mm 0.002 8 mm
(50 to 75) mm 0.002 9 mm
(75 to 100) mm 0.003 mm
Jig, Fixture and (100 to 125) mm 0.003 2 mm
Mold, Die (125 to 150) mm 0.003 4 mm . .
(150 to 175) mm 0.003 6 mm Coordinate Measuring
(175 to 200) mm 0.003 8 mm Machine
Y Axis (200 to 250) mm 0.004 3 mm
(250 to 300) mm 0.004 9 mm
(300 to 400) mm 0.006 mm
(400 to 500) mm 0.007 2 mm
(500 to 700) mm 0.009 8 mm
Up to 25 mm 0.002 7 mm
(25 to 50) mm 0.002 8 mm
(50 to 75) mm 0.002 9 mm
Jig, Fixture and (75 to 100) mm 0.003 mm
f\/lold Die (100 to 125) mm 0.003 2 mm _ _
’ (125 to 150) mm 0.003 4 mm Coordinate Measuring
(150 to 175) mm 0.003 6 mm Machine
7 Axis (175 to 200) mm 0.003 8 mm
(200 to 250) mm 0.004 3 mm
(250 to 300) mm 0.004 9 mm
(300 to 400) mm 0.006 mm
(400 to 500) mm 0.007 2 mm
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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
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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.

arwN

Nominal values listed are approximate.
f = frequency in Hz.
Mismatch Uncertainty is based on DUT SWR: 1.4 for <2 GHz; 1.6 for <18 GHz
This scope is formatted as part of a single document including Certificate of Accreditation No. ACT-2050.

R. Douglas Leonard Jr., VP, PILRE SBU
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