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This is to certify that
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3521 Lewiston St, Suite 12
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has been assessed by ANAB and meets the requirements of international standard

ISO/IEC 17025:2017

and national standards
ANSI/NCSL Z540-1-1994 (R2002)
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CALIBRATION

Refer to the accompanying Scope of Accreditation for information regarding the types of
activities to which this accreditation applies
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A
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ANAB Approval e Y o
. : SAN 7,
Certificate Valid Through: 09/07/2021 S

Version No. 004 Issued: 05/01/2019 =Rk

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).



ANAB

ANSI National Accreditation Board

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2017 AND
ANSI/NCSL Z540-1-1994 (R2002)

Transcat — Denver
3251 Lewiston St, Suite 12
Aurora, CO 80011
Mr. Ryan Gohl
Phone: 303-364-8325

CALIBRATION

Valid to: September 7, 2021

Acoustics and Vibration

Certificate Number: AC-2489.10

Parameter / Exparfded Reference Standard,
Equipment Range Uncertainty of , Metho.d and/or
Measurement (+/-) Equipment
5SHzto9 Hz 1.7%
10 Hz to 99 Hz 1.2%
100 Hz 0.75%
. 101 Hz to 920 Hz 1%
Acceleration Standard Accelerometer
921 Hz to 5 000 Hz 1.4%
5001 Hz to 10 kHz 1.8%
10 kHz to 15 kHz 2.2%
15 kHz to 20 kHz 2.8%
Electrical — DC/Low Frequency
Parameter / Exparfded Reference Standard,
Equipment Range Uncertainty of , Metho.d and/or
Measurement (+/-) Equipment
03Vto3V
10 Hz to 1 MHz 0.06%
1 MHz to 10 MHz 0.1%
Sinewave Flatness ' 10 MHz to 30 MHz 0.18% Conve?ti ?TI?;; A58A
30 MHz to 50 M Hz 0.41%
50 MHz to 80 MHz 0.71%
80 MHz to 100 MHz 0.84%
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ANSI National Accreditation Board

Parameter / Exparfded Reference Standard,
Equipment Range Uncertainty of , Metho.d and/or
Measurement (+/-) Equipment
0 A to 220 pA
10 Hz to 20 Hz 0.031 % + 16 nA
20 Hz to 40 Hz 0.019 % + 10 nA
40 Hzto 1 kHz 0.015 % + 8 nA
1 kHz to 5 kHz 0.03 % + 12 nA
5kHz to 10 kHz 0.11 % + 65 nA
0.22 mA to 2.2 mA
10 Hz to 20 Hz 0.03 % + 40 nA
20 Hz to 40 Hz 0.018 % + 35 nA
40 Hz to 1 kHz 0.014 % + 35 nA
1 kHz to 5 kHz 0.021 % +0.11 pA
ACI Measuri?g 5kHzto 10 kHz 0.11 % + 0.65 pA Fluke ST00A/EP
Equipment 2.2 mA to 22 mA
10 Hz to 20 Hz 0.039 % + 0.4 uA
20 Hz to 40 Hz 0.019 % + 0.35 uA
40 Hz to 1 kHz 0.014 % + 0.35 pA
1 kHz to 5 kHz 0.022 % + 0.55 uA
5kHz to 10 kHz 0.12% + 5 pA
22 mA to 220 mA
10 Hz to 20 Hz 0.033 % + 4 pA
20 Hz to 40 Hz 0.018 % + 3.5 uA
40 Hz to 1 kHz 0.015 % + 2.5 pA
1 kHz to 5 kHz 0.021 % + 3.5 uA
5kHzto 10 kHz 0.12% + 10 pA
022At022A
20 Hz to 1 kHz 0.027 % + 35 pA Fluke ST00A/EP
1 kHz to 5 kHz 0.046 % + 80 pA
ACI Measuring 5 kHz to 10 kHz 0.7 % + 0.16 mA
Equipment ' 22At011A
40 Hz to 1 kHz 0.048 % + 0.17 mA Fluke 5700A/EP with
1 kHz to 5 kHz 0.096 % + 0.38 mA 5725
5kHz to 10 kHz 0.036 % + 0.75 mA
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Version 004

Parameter / Expalfded Reference Standard,
Equipment Range Uncertainty of , Metho.d and/or
Measurement (+/-) Equipment
29 pA to 330 pA
10 kHz to 30 kHz 1.2% + 0.4 nA
0.33mA to 3.3 mA
Extended Frec%uency 10 kHz to 30 kHz 0.78 % + 0.6 pA Fluke 5520A
Ranges 3.3mA to 33 mA
10 kHz to 30 kHz 0.31 % +4 pA
33 mA to 330 mA
10 kHz to 30 kHz 0.31 % + 0.2 mA
Clamp-on Ammeter 20 Ato 150 A
Toroidal Type ' 45 Hz to 65 Hz 0.3 % +0.026 A
Transformer Type 65 Hz to 440 Hz 0.83 % +0.047 A Fluke 5520A with
150 A to 1000 A 5500A/Coil
45 Hz to 65 Hz 035%+0.12 A
65 Hz to 440 Hz 1.1%+022A
Clamp-on Ammeter 20 Ato 150 A
Non-Toroidal Type ' 45 Hz to 65 Hz 0.57 %+ 0.25 A
Hall Effect Sensor 65 Hz to 440 Hz 1%+025A Fluke 5520A with
150 A to 1000 A 5500A/Coil
45 Hz to 65 Hz 0.6%+09 A
65 Hz to 440 Hz 1.3%+092 A
0 pA to 100 pA
10 Hz to 20 Hz 0.4 % +30 nA
20 Hz to 45 Hz 0.15% + 30 nA
45 Hz to 100 Hz 0.063 % + 30 nA
. 100 Hz to 1 kHz 0.063 % + 30 nA .
AC Current — Measure Agilent 3458 A /002
100 pA to 1 mA
10 Hz to 20 Hz 0.4%+02pA
20 Hz to 45 Hz 0.15% + 0.2 pA
45 Hz to 100 Hz 0.062 % + 0.2 pA
100 Hz to 5 kHz 0.034 % + 0.2 pA
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ANAB

Version 004

Parameter / Expalfded Reference Standard,
Equipment Range Uncertainty of , Metho.d and/or
Measurement (+/-) Equipment
1 mA to 10 mA
10 Hz to 20 Hz 04 % +2uA
20 Hz to 45 Hz 0.15% + 2 pA
45 Hzto 100 Hz 0.062 % +2 nA
100 Hz to 5 kHz 0.034 % +2 pA
10 mA to 100 mA
10 Hz to 20 Hz 0.4 % +20 pA
20 Hz to 45 Hz 0.15 % + 20 pA Agilent 3458A /002
45 Hz to 100 Hz 0.061 % + 20 pA
100 Hz to 5 kHz 0.033 % + 20 pA
. | 100mAto 1 A
AC Current — Measure
10 Hz to 20 Hz 0.40 % + 0.2 mA
20 Hz to 45 Hz 0.16 % + 0.2 mA
45 Hz to 100 Hz 0.085 % + 0.2 mA
100 Hz to 5 kHz 0.10 % + 0.2 mA
1Ato20A
50 Hz to 100 Hz 0.02%
100 Hz to 300 Hz 0.03%
300 Hz to 1 kHz 0.03% Fluke Y5020
1 kHz to 3 kHz 0.06%
3 kHz to 4 kHz 0.07%
4 kHz to 5 kHz 0.09%
20 Q to 100 kQ
Gen Rad 1689
1 kHz 0.039 % +0.01 Q
0.1Qto15Q
50 Hz to 100 kHz 0.12%
AC Resistance — 15 Qto 420 Q
Measure ' 100 Hz to 100 kHz 0.06% ,
Agilent 4284A
420 Q to 32 kQ
100 Hz to 10 kHz 0.06%
32 kQ to 320 kQ
100 Hz to 100 kHz 0.06%
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ANSI National Accreditation Board

ANAB

Parameter /
Equipment

Range

Expanded
Uncertainty of
Measurement (+/-) 2

Reference Standard,
Method and/or
Equipment

AC Resistance —

320 kQ to 10 MQ

Measure ' 100 Hz to 100 kHz 0.12%
0.1Q 0.17%
1Q 0.12%
10 Q 0.12%
100 Q 0.05% Impedance Standards
1 kQ 0.05%
10 kQ 0.13%
100 kQ 0.26%
0Qto10Q 20 uQ/Q + 50 uQ
10 Q to 100 Q 15 u/Q +0.50 mQ
AC Resistance-
Measuring Equipment 100 Q to 1 kQ 13 uQ/Q +0.50 mQ
1 kQ to 10 kQ 12 uQ/Q + 5 mQ
10 kQ to 100 kQ 13 pQ/Q + 50 mQ HP3458A w/Resistors
100 kQ to 1 MQ 19 uQ/Q+2Q
1 MQ to 10 MQ 62 uQ/Q + 100 Q
10 MQ to 100 MQ 0.059 % + 1 kQ
100 MQ to 1 GQ 0.58 % + 10 kQ
1 GQ to 2 GQ 1.7% + 100 kQ
2 GQ to 20 GQ 1.7% + 1 MQ Keithley 617
20 GQ to 200 GQ 1.8% + 10 MQ
333 uQ 0.12%
1 mQ 0.06%
10 mQ 0.01% Guildline 9211
100 mQ 0.01%
Resistanc; - Mealsuring 10 10 uQ
Equipment 10 kQ 54 mO Fluke 742A
1 GQ 0.20%
10 GQ 0.50% IET HRRS-Q-8-100k-
100 GQ 0.55% 10kV
1 TQ 0.56%
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Parameter / Expanded Reference Standard,
Equipment Range Uncertainty of Method and/or
quip Measurement (+/-) Equipment
0pAto2pA 0.80 % + 10 fA
2 pA to 20 pA 0.44 %+ 10 fA
. 20 pA to 200 pA 0.30 % + 30 fA
bC c%rai?;;qxf?surmg 200 pA to 2 nA 0.077 % + 100 fA Keithley 263
2 nA to 20 nA 0.076 % + 1 pA
20 nA to 200 nA 0.041 % + 10 pA
200 nA to 2 pA 0.029 % + 100 pA
2 pA to 220 pA 41 pA/A + 6.0 nA
220 pA to 2.2 mA 36 uA/A +7.0 nA
2.2 mA to 22 mA 36 uA/A +40 nA Fluke 5700A/EP
22 mA to 220 mA 49 uA/A + 0.7 pA
. Ato2.2 A 02 %+ 12 pA
DC Current — Measuring g B % # TIuke S700A/EP
Equi t! o u
quipmen 22Atol1 A 0.04 % + 0.48 mA W/STI5A
11 Ato20.5A 0.082 % + 0.75 mA Fluke 5520A
1Ato10A 0.01% o ,
10 A t0 100 A 0.06% Guildline 9211 with
source
100 A to 300 A 0.12%
0to2pA 2.1 %+ 6.6 fA
2 pAto 20 pA 1.9% + 7 fA
20 pA to 200 pA 1.9 %+ 10 fA
pATo S ° Keithley 617
] 200 pA to 2 nA 0.3 % + 500 fA
DC Current — Measure
2 nA to 20 nA 0.3%+1pA
20 nA to 200nA 0.3% + 10 pA
200nAto 1 pA 26 uA/A + 0.4 pA
HP 3458A Opt 002
1 pA to 10 pA 26 LA/A + 0.1 nA
10 pA to 100 pA 28 LA/A + 0.8 nA
100 pA to 1 mA 29 uA/A + 5 nA
1 mA to 10 mA 29 uA/A + 50 nA HP 3458A Opt 002
, 10 mA to 100 mA 47 uA/A + 0.5 pA
DC Current — Measure
100mAtol A 0.11 % + 10 pA
1Ato10A 0.01% dline 9211 with
10 A to 100 A 0.06% Guildline 9211 wit
meter
100 A to 300 A 0.12%
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220 Vto 1100 V

7.6 uV/V + 500 uVv

Parameter / Expanded Reference Standard,
Ea amete ¢ Range Uncertainty of Method and/or
quipmen Measurement (+/-) Equipment
ggf%‘;gﬁaﬁngzﬂ 20 A to 150 A 0.50 % +0.14 A Fluke 5520A with
Hall Effect Sensor 150 A to 1000 A 0.51%+0.5 A 5300A/Coil
0 mV to 100 mV 10 uV/V + 0.5 uv
100 mV to 10 V 52 uV/V +0.5 uv
10 Vto 100 V 7.9 uV/V + 30 pv
100 V to 500 V 12 WV/V + 0.1 mV 34584 Opt 002
500 V to 800 V 15 pV/V +0.1 mV
800 V to 1 kV 21 pV/V +0.1 mV
_ 1
DC Voltage —Measure 1KV to 5 kV 0.04 % +0.26 V
5kVto 10 kV 0.04 %+ 1.7V .
10KV to 20 kV 0065%+ 11V | AT
20 kV to 50 kV 0.066 % + 10 V VL-100
50 kV to 70 kV 0.067 % +28 V
70 KV to 100 kV 0.069 % + 81V
0V to 220 mV 8.5 LV/V + 0.5 uV
220mV t02.2 V 5.1 uV/V+0.7 uv
22Vt 11V 4.0 uV/V +2.5 uV Fluke 5700A/EP
" DC V%lta%er;l | 11Venv 4.0 uVIV + 4 uV
casuring Lquipme 22Vt0220V 6.2 uV/V + 40 pv

Fluke 5700A/EP

w/5725A
OmVto1lmV
0.1 MHz to 1 MHz 1.8% +2.4 uV
1 MHz to 3 MHz 3.5%+ 2.4 uV
3 MHz to 10 MHz 93%+2.4uV
% +
AC Voltage — Measure ! 10 MHz to 2(g8{ % & Vot24uV R&S URE3
1 mVto3mV
0.1 MHz to 1 MHz 0.97 % +2 uV
1 MHz to 3 MHz 3.5%+2uV
3 MHz to 10 MHz 93%+2uV
10 MHz to 20 MHz 23 % +2 uV
<. g
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ANAB

Parameter /
Equipment

Range

Expanded
Uncertainty of

Reference Standard,
Method and/or

Version 004

Measurement (+/-) Equipment
3 mV to 100 mV
0.1 MHz to 1 MHz 091 %+3uV
AC Voltage — Measure ' I MHz to 3 MHz N a R & S URE3
3 MHz to 10 MHz 29%+3uvV
10 MHz to 20 MHz 6.9 % +3 uv
20 MHz to 30 MHz 14 % +3 pv
0mVto 10 mV
1 Hzto 40 Hz 0.039 % +3 uv
40 Hz to 1 kHz 0.028 % + 1 pVv
1 kHz to 20 kHz 0.038% + 1 uv
20 kHz to 50 kHz 0.15%+ 1 uVv
50 kHz to 100 kHz 0.59 %+ 1 uV
100 kHz to 300 kHz 4.6 % +2 VvV
10 mV to 100 mV
1 Hz to 40 Hz 0.013 % +4 pv
40 Hz to 1 kHz 0.0095 % + 2 uv
1 kHz to 20 kHz 0.017% +2 uv
AC Voltage — Measure ' 20 kHz to 50 kHz 0.037 % +2 uv Agilent 3458 A/002
50 kHz to 100 kHz 0.093 % +2 uv
100 kHz to 300 kHz 0.36 % + 10 pV
300 kHz to 1 MHz 1.2 %+ 10 uVv
100mVtolV
1 Hz to 40 Hz 0.009 8 % + 40 uv
40 Hz to 1 kHz 0.009 4 % + 20 uv
1 kHz to 20 kHz 0.017 % + 20 uv
20 kHz to 50 kHz 0.036 % + 20 uV
50 kHz to 100 kHz 0.093 % +20 uV
100 kHz to 300 kHz 0.35%+ 0.1 mV
300 kHz to 1 MHz 1.2%+0.1 mV
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Version 004

Parameter / Expal!ded Reference Standard,
Equipment Range Uncertainty of , Meth0.d and/or
Measurement (+/-) Equipment
1Vtol0V
1 Hz to 40 Hz 0.009 5 % + 0.4 mV
40 Hz to 1 kHz 0.009 5% + 0.2 mV
1 kHz to 20 kHz 0.017 % + 0.2 mV
20 kHz to 50 kHz 0.036 % + 0.2 mV
50 kHz to 100 kHz 0.093 % + 0.2 mV
100 kHz to 300 kHz 0.35% + 1 mV
300 kHz to 1 MHz 1.2% +1mV
10 Vto 100 V
1 Hz to 40 Hz 0.024 % + 4 mV
40 Hz to 1 kHz 0.024 % + 2 mV Agilent 3458A/002
1 kHz to 20 kHz 0.024 % + 2 mV
20 kHz to 50 kHz 0.041 % + 2 mV
50 kHz to 100 kHz 0.14 % +2 mV
100 kHz to 300 kHz 0.46 % + 10 mV
AC Voltage 300 kHz to 1 MHz 1.7 % + 10 mV
Measure ! 100 V to 700 V
1 Hz to 40 Hz 0.047 % + 40 mV
40 Hz to 1 kHz 0.047 % +20 mV
1 kHz to 20 kHz 0.071 % +20 mV
20 kHz to 50 kHz 0.14 % +20 mV
50 kHz to 100 kHz 0.35 % +20 mV
(0.7t f%éﬁ 200, 8 0.14 % + 034V
0to 5)kV
( )(200 t0 450) Hz 047 % +0.34V Vitrek 4700
5kVto 10 kV
10 Hz to 200 Hz 0.16%+19V
200 Hz to 450 Hz 047%+19V
10 kV to 20 kV
30 Hz to 70 Hz 0.16 %+ 1.4V Vitrek 4700/
HVL-35/HVL-70/
70 Hz to 200 Hz 12% 1.4V HVL-100
200 Hz to 450 Hz 29%+18V
Issued: May 1, 2019 www.anab.org i’!/ag% ANMB
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ANAB

Reference Standard,

P Range | yanded Uiy |
Equipment
AC Voltage — Measure ' | 20 kV to 50 kV
30 Hz to 70 Hz 0.16%+11V
70 Hz to 200 Hz 1.2%+11V Vitrek 4700 /
200 Hz to 450 Hz 29%+21V HVL-35/HVL-70/
50 kV to 70 kV HVL-100
30 Hz to 70 Hz 0.16 % +28 V
70 Hz to 200 Hz 12%+28V
0mVto22mV
10 Hz to 20 Hz 0.16 % +4 uv
20 Hz to 40 Hz 0.10% +4 pv
40 Hz to 20 kHz 0.078 % +4 uv
20 kHz to 50 kHz 0.13% +4 uv
50 kHz to 100 kHz 0.17% + 5 uv
100 kHz to 300 kHz 0.33 %+ 10 uV
300 kHz to 500 kHz 0.47 % + 20 pV
500 kHz to 1 MHz 0.58 % + 20 uV
2.2mV to 22 mV
10 Hz to 20 Hz 0.042 % + 4 pv
20 Hz to 40 Hz 0.03 % +4 uv
. 40 Hz to 20 kHz 0.014 % + 4 pv
AC Vggjﬁ;“ggf?““ng 20 kHz to 50 kHz 0.03 % + 4 uv 5700A/EP
50 kHz to 100 kHz 0.058 % + 5 puv
100 kHz to 300 kHz 0.12 % + 10 pV
300 kHz to 500 kHz 0.16 % + 20 pV
500 kHz to 1 MHz 0.27 % + 20 uV
22 mV to 220 mV
10 Hz to 20 Hz 0.028 % + 12 uV
20 Hz to 40 Hz 0.011 % + 7 puv
40 Hz to 20 kHz 0.008 % + 7 uVv
20 kHz to 50 kHz 0.021 % + 7 uV
50 kHz to 100 kHz 0.047 % + 17 uv
100 kHz to 300 kHz 0.091 % +20 uv
300 kHz to 500 kHz 0.14 % + 25 uVv
500 kHz to 1 MHz 0.28 % + 45 uv
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ANAB

Expanded Uncertainty

Reference Standard,

Version 004

Parameter /
Equipment Range of Measurement (+/-) 2 ME?&?);‘;?I/:F
220mVt022V
10 Hz to 20 Hz 0.027 % + 40 pV
20 Hz to 40 Hz 0.011 % + 15 pV
40 Hz to 20 kHz 0.004 8 % + 8 uv
20 kHz to 50 kHz 0.008 4 % + 10 uV
50 kHz to 100 kHz 0.012 % + 30 uv
100 kHz to 300 kHz 0.043 % + 80 uVv
300 kHz to 500 kHz 0.1% +0.2mV
500 kHz to 1 MHz 0.18% + 0.3 mV
22Vto22V
10 Hz to 20 Hz 0.028 % + 0.4 mV
20 Hz to 40 Hz 0.01 %+ 0.15 mV
40 Hz to 20 kHz 0.004 9 % + 50 uv
20 kHz to 50 kHz 0.008 3% + 0.1 mV 5700A/EP
50 kHz to 100 kHz 0.012% + 0.2 mV
100 kHz to 300 kHz 0.03 % + 0.6 mV
AC Voltage Measuring 300 kHz to 500 kHz 0.11 % +2mV
Equipment ' 500 kHz to 1 MHz 0.17 % + 3.2 mV
22 V10220V
10 Hz to 20 Hz 0.028 % + 4 mV
20 Hz to 40 Hz 0.01 %+ 1.5mV
40 Hz to 20 kHz 0.005 6 % + 0.6 mV
20 kHz to 50 kHz 0.009 3 % + 1 mV
50 kHz to 100 kHz 0.016 % +2.5mV
100 kHz to 300 kHz 0.09 % + 16 mV
300 kHz to 500 kHz 0.44 % + 40 mV
500 kHz to 1 MHz 0.8 % + 80 mV
220Vto 750V
30 kHz to 50 kHz 0.061 %+ 11 mV
50 kHz to 100 kHz 0.23 % + 45 mV
220 Vto 1100 V 5700A/EP with 5725A
40 Hz to 1 kHz 0.011 % +4 mV
1 kHz to 20 kHz 0.017 % + 6 mV
20 kHz to 30 kHz 0.067 % + 11 mV
www.anab.org ilag&g ANMB
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Reference Standard,

Version 004

et Range | Exbanded ey |t andor
Equipment
Up to 10 pF 0.47 % + 0.05 pF
] 1 10 pF to 100 pF 0.058 % + 0.05 pF
Capac‘ta“fiﬁyeasure 100 pF to 1 uF 0.024 % + 0.05 pF GenRad 1689
1 uF to 100 pF 0.04%
100 pF to 1 mF 0.24%
10 nF to 100 pF
100 Hz to 120 Hz 0.06%
100 pF to 12 mF
100 Hz to 120 Hz 0.12%
10 nF to 10 pF
400 Hz 0.06%
10 pF to 80 pF
10 kHz 0.12%
80 pF to 1 pF
) . 10 kHz 0.06% ,
Capacitance — Measure Agilent 4284A
12 pF to 90 pF
100 kHz 0.12%
90 pF to 100 nF
100 kHz 0.06%
100 nF to 100 pF
100 kHz 0.12%
10 pF to 90 pF
1 MHz 0.12%
90 pF to 10 nF
1 MHz 0.06%
0.1 nF to 0.5 nF
1 kHz 0.59 pF
Arco SS32
0.5nF to 1.4 pF
Capacitance - 1 kHz 0.12 % + 0.018 pF
: . !
Measuring Equipment 1 pF HPL638IA
1 kHz to 1 MHz 0.06%
10 pF
HP16382A
1 kHz to 1 MHz 0.004%
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Reference Standard,

Version 004

Para.meter / Range Expanded Uncertalnt)zi Method and/or
Equipment of Measurement (+/-) Equi
quipment
100 pF
HP16383A
1 kHz to 1 MHz 0.004%
1000 pF
HP16384A
1 kHz to 1 MHz 0.007%
10 nF
HP 16385A
120 Hz to 100 kHz 0.007%
100 nF
HP 16386A
120 Hz to 100 kHz 0.007%
1 uF
HP 16387A
120 Hz to 100 kHz 0.007%
0.19nF to 1.1 nF
10 Hz to 10 kHz 0.39 % + 7.8 pF
1.1 nF to 3.3 nF
10 Hz to 3 kHz 0.39 % + 7.8 pF
3.3nFto 11 nF
Capacitance - 10 Hz to 1 kHz 0.2 % + 7.8 pF
Measuring Equipment "1 11 nFto 110 nF
10 Hz to 1 kHz 0.2 % + 78 pF
110 nF to 330 nF
10 Hz to 1 kHz 0.2 %+ 0.23 nF
0.33 uFto 1.1 uF
e St N 5520A
10 Hz to 600 Hz 0.2 % +0.78 nF
1.1 pF to 3.3 pF
10 Hz to 300 Hz 0.2 % +2.3nF
33 puFto1l pF
10 Hz to 150 Hz 0.2 % + 7.8 nF
11 puF to 33 uF
10 Hz to 120 Hz 0.32 % + 23 nF
33 uF to 110 pF
10 Hz to 80 Hz 0.35 % + 78 nF
110 pF to 330 pF
DC to 50 Hz 0.37 % + 0.23 uF
Issued: May 1, 2019 www.anab.org N ANMB
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Parameter /

Expanded Uncertainty

Reference Standard,

Equipment Range of Measurement (+/-) > Mg;:ﬁi;‘;?l/tor
0.33 mF to 1.1 mF
DC to 20 Hz 0.37 % +0.78 uF
1.1 mF to 3.3 mF
DC to 6 Hz 0.35% + 2.3 uF
Capacitange - 1 33mFto 11 mF 5520A
Measuring Equipment DC to 2 Hz 0.35 % + 7.8 uF
11 mF to 33 mF
DC to 0.6 Hz 0.58 % + 23 uF
33 mF to 110 mF
DCto 0.2 Hz 0.85 % + 78 uF

1 mH to 100 mH
0.1 kHz to 1 kHz

0.04 %+ 0.1 uH

100 mH to 10 H
0.1 kHz to 1 kHz

0.057 % + 1.4 uH

GenRad 1689

Version 004

5 pH to 5 mH
400 Hz 0.12%
S5mHto 10 H
400 Hz 0.06%
. | 120 uH to 20 mH
Inductance — Measure
100 Hz to 120 Hz 0.12%
20mH to [0H Agilent 4284A
100 Hz to 120 Hz 0.06%
1 uH to I mH
1 kHz 0.12%
5nH to 120 uH
10 kHz 0.12%
120 uH to 100 mH
10 kHz 0.06%
: 100 mH
Inductggﬁfpmlz/ia]surmg | KHz 0.14% Standard Inductor
N2
Issued: May 1, 2019 www.anab.org i’!/ag% ANMB
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. Reference Standard,
Para.meter / Range Expanded Uncertalnt)zi Method and/or
Equipment of Measurement (+/-) Equi
quipment
Electrical Calibration of -210 °Cto -180 °C 0.13°C
Thermocouple Devices ' -180 °C to -120 °C 0.11 °C
TypeJ -120 °C to -50 °C 0.09 °C
-50 °C t0 990 °C 0.08 °C
990 °C to 1 200 °C 0.08 °C
-270 °C to -255 °C 2.3°C
-255°Cto-195°C 0.73 °C
-195°Cto-115°C 0.14 °C
Type K
-115°Cto -55°C 0.10 °C
-55°Cto 1 000 °C 0.08 °C
1000 °Cto 1372 °C 0.09 °C
-270 °C to -250 °C 1.8 °C
-255°Cto -240 °C 0.52 °C
-240 °C to -210 °C 0.32 °C
Type T -210°Cto -150 °C 0.19 °C
-150 °C to -40 °C 0.13 °C
Ectron 1140A
-40 °C to 100 °C 0.09 °C
100 °C to 400 °C 0.08 °C
-270 °C to -245 °C 2.1°C
Type E
-245°Cto -195 °C 2°C
-195°Cto -155 °C 1.1°C
-155°Cto -90 °C 0.93 °C
-90°Cto 0 °C 0.08 °C
Type E
0°Cto15°C 0.08 °C
15 °C to 890 °C 0.07 °C
890 °C to 1 000 °C 0.08 °C
-50°Cto -30 °C 0.68 °C
-30°Cto 45 °C 0.58 °C
45 °Cto 160 °C 0.42 °C
Type R
160 °C to 380 °C 0.31°C
380 °Cto 775 °C 0.28 °C
775°Cto 1 768.1°C 0.23 °C
Version 004  Issued: May 1, 2019 www.anab.org ’/m///f\\\\f ANMB
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. Reference Standard,
Parameter | Range Expanded incertainty | Method andor
quipmen Equipment
-50 °Cto -30 °C 0.65 °C
-30°Cto 45 °C 0.59 °C
45°Cto 105 °C 0.42 °C
Type S
105 °C to 310°C 0.33 °C
310°Cto 615 °C 0.31 °C
615°Cto1768.1°C 0.27 °C
-270 °C to -260 °C 5.1°C
-260 °C to -200 °C 1.1°C
Type N
-200 °C to -140 °C 0.25°C
-140 °C to -70 °C 0.16 °C Ectron 1140A
-70 °C to 25 °C 0.13 °C
Type N 25°Cto 160 °C 0.11 °C
160 °C to 1 300 °C 0.1°C
250 °C to 350 °C 1.0 °C
350 °C to 450 °C 0.77 °C
450 °C to 580 °C 0.61 °C
Type B
580 °C to 750 °C 0.47 °C
750 °C to 1 000 °C 0.39 °C
1 000 °C to 1 820 °C 0.31 °C
Electrical - RF/Microwave
Parameter / Expanded Uncertainty Reference Standard,
Equipment Range of Measurement (+/-) 2 Method and/or
quip Equipment
Power — Measuring
Equipment (for current
range listed below) 11 uW to 1.1 mW 0.02%
DC Power 1.1 mW to 110 mW 0.03% Fluke 5520A
0.33 mA to 330 mA 0.11Wto 110 W 0.02% ke
110 Wto 330 W 0.02%
033Ato3 A 11 Wto 110 mW 0.04%
0.11 W to 990 W 0.05%
Version 004 Issued: May 1, 2019 www.anab.org ’////—\\7\\\5 ANMB

Page 16 of 25



ANSI National Accreditation Board

ANAB

Version 004

Parameter / Range Expanded Uncertainty Re;‘j[?tll:zzsat:;lg?d’
. 2
Equipment of Measurement (+/-) Equipment
1 Wto3 kW 0.009 6 %
0.099 W to 0.99 W 0.09%
3At0205A
0.99 W to 6.8 kW 0.07%
6.8 W t0 20.5 kW 0.04%
AC Power’ (PF=1) | 0.11 mW to 3 mW
3.3 mA to 9 mA 10 Hz to 65 Hz 0.13%
3SmWto9 W
10 Hz to 65 Hz 0.08%
0.3 mW to 10 mW
10 Hz to 65 Hz 0.09%
9 mA to 33 mA
10 mW to 33 W
10 Hz to 65 Hz 0.08%
1 mW to 30 mW
10 Hz to 65 Hz 0.07%
33 mA to 90 mA
30 mW to 90 W
10 Hz to 65 H 0.06%
P 120(()) - z 2 Fluke 5520A
mW to m
10 Hz to 65 Hz 0.09%
90 mA to 330 mA
100 mW to 300 W
10 Hz to 65 Hz 0.08%
11 mW to 300 mW
10 Hz to 65 Hz 0.07%
033 Ato09A
300 mW to 900 W
10 Hz to 65 Hz 0.08%
30 mW to 720 mW
09Ato22A
10 Hz to 65 Hz 0.09%
720 mW to 2 kW
09Ato22A
10 Hz to 65 Hz 0.08%
80mWto 1.4 W
10 Hz to 65 Hz 0.09%
22At045A
1.4 W to 4.5 kW
10 Hz to 65 Hz 0.18%
Issued: May 1, 2019 www.anab.org B ANMB
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Reference Standard,

Version 004

Parameter / Expanded Uncertaint
Equipment Range of 11\)/[easurement (+/-)}27 Mg(;ﬁi;‘;?l/tor
150 mW to 6.7 W
45A0205A | V;Otfzzotigf ez R17% Fluke 5520A
10 Hz to 65 Hz 0.17%
0°to 179.99°
10 Hz to 65 Hz 0.1°
65 Hz to 500 Hz 0.2°
Meaffgffg%gﬁ;;en X 500 Hz to 1 kHz 0.4° Fluke 5520A
1 kHz to 5 kHz 1.8°
5kHz to 10 kHz 3.6°
10 kHz to 30 kHz 7.3°
Frequency - Source and
Measure Fluke 910R
In-Lab 10 MHz 3.7x10°"
Field Service ' 10 MHz 3.8x107° HP 53132A Counter
AM Depth — Measure ' | 5 % to 40 %
50 Hz to 10 kHz 150 kHz to 10 MHz (0.0214M + 0.014) %
40 % to 99 %
150 kHz to 10 MHz (0.0214M + 0.14) %
5% to 40 %
150 kHz to 10 MHz (0.0314M + 0.014) % Agilent 8902A with
20 Hz to <50 Hz 20 % 16 99 % 11722A
150 kHz to 10 MHz (0.0314AM + 0.14) %
5% to 40 %
10 MHz to 1.3 GHz (0.0114M +0.014) %
50 Hz to 50 kHz
40 % to 99 %
10 MHz to 1.3 GHz (0.0114AM + 0.14) %
27 to 0% Agilent 8902A with
50 Ha 1o 50 ks 13 GHz1026.5GHz | (0.0164M +0.014) % 12‘%11731;2 o 9;’:,
40 %1099 % and11793A
1.3 GHz to 26.5 GHz (0.0164M + 0.14) %
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Reference Standard,

Para.meter / Range Expanded Uncertalnt)zi Method and/or
Equipment of Measurement (+/-) .
Equipment
(20 Hz to 50 Hz) or 5%to40 % ' .
(50kHzto 100kHz) | 10 MHzt026.5GHz | (0.0314M+0.014)% | Agilent 8902A with
5 5 11722A, 11792A,
40%1099% and11793A
10 MHz to 26.5 GHz (0.0314M + 0.14) %
FM Modulatllon — 0 kHz to 4 kHz
Measure . .
20 Hz to 10 kHz 250 kHz to 10 MHz (0.021FM + 20) Hz Agilent 8902A with
4 kHz to 40 kHz (0.021FM + 22) Hz 17224
40 kHz to 400 kHz (0.021FM + 100) Hz
0 kHz to 4 kHz
100 MHz to 26.5 GHz (0.011FM + 20) Hz
4 kHz to 40 kH
50 Hz to 100 kHz ~
100 MHz to 26.5 GHz (0.011FM + 22) Hz
40 kHz to 400 kHz
100 MHz to 26.5 GHz | (0.011FM + 100) Hz
0 kHz to 4 kHz
100 MHz to 26.5 GHz (0.05FM + 20) Hz
4 kHz to 40 kHz Agilent 8902A with
20 Hz to <50 Hz 11722A, 11792A, and
100 MHz to 26.5 GHz (0.05FM + 22) Hz 1793A
40 kHz to 400 kHz
100 MHz to 26.5 GHz (0.05FM + 100) Hz
0 kHz to 4 kHz
100 MHz to 26.5 GHz (0.05FM + 100) Hz
4 kHz to 40 kH
>100 kHz to 200 kHz clo
100 MHz to 26.5 GHz (0.05FM + 100) Hz
40 kHz to 400 kHz
100 MHz to 26.5 GHz (0.05FM + 100) Hz
. 0 rad to <4 rad
Phase Modulation — 150 kHz to 10 MHz | (0.042PM + 0.03) rad
Measure ' 200 Hz to 10
kHz 4 rad to <40 rad Agilent 8902A with
150 kHz to 10 MHz (0.042PM + 0.03) rad 11722A
Phase Modulation — 40 rad to 400 rad
Measure ' 200 Hz to 10
W Hy 150 kHz to 10 MHz (0.042PM +0.1) rad
Issued: May 1, 2019 www.anab.org N ANMB
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Reference Standard,

i Range | Expanded Unerany | SV o
Equipment
0 rad to <4 rad
10 MHz to 26.5 GHz (0.036PM + 0.03) rad ’ "
200Hzto 20 kHy |+ A4t =40mad 1?;;21;2 ??23§A‘Tgnd
10 MHz to 26.5 GHz (0.036PM + 0.03) rad 11793A
40 rad to 400 rad
10 MHz to 26.5 GHz (0.036PM + 0.1) rad
0 dBc to -80 dBc
Harmonic Distortion ' 30 Hz to 6.5 Clog y B Agilent 8563E
6.5 GHz to 22 GHz 2.6 dB
22 GHz to 26.5 GHz 34dB
) 0 dB to -80 dB
Total Harmonic 20 Hz to 20 kHz 1.2dB
Distortion
20 kHz to 100 kHz 2.3dB Agilent 8903B
AM Total Harmonic | 0 dB to -80 dB
Distortion ' 20 Hz to 100 kHz 2.7dB
Total Harmonic 10 Hz to 1 MHz s
Input Voltage Range 1 MHz to 3 MHz 6%
5Hzto 1.2 MHz 10 Hz to 20 Hz 12%
<30V 20 Hz to 30 Hz 6%
100 % to 0.3 % 30 Hz to 300 kHz 3%
300 kHz to 500 kHz 6%
0
— 500 kHz to 1.2 MHz 12% Agilent 334A
Distortion ! 10 Hz to 300 kHz 3%
Input Voltage Range 300 kHz to 500 kHz 6%
>30V 500 kHz to 3 MHz 12%
100 % to 0.3 % 20 Hz to 30 Hz 12%
0.10% 30 Hz to 300 kHz 3%
300 kHz to 500 kHz 6%
500 kHz to 1.2 MHz 12%
Rise time (Generate) ' > 14 ps 2.4 ps Pulser
Issued: May 1, 2019 www.anab.org i’!/ag% ANMB
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Reference Standard,

Parameter | Range Expanded incertain | Method andor
quipmen Equipment
Rise Time (Measure) >17 ps 3.9 ps Sampling System

1 .
AbSOh;t; ;;zower I mW Reference 0.63 % (0.03 dB) ‘%ﬁf NS
30 dBm to 20 dBm 0.12dB
20 dBm to 10 dBm 0.12 dB ) .
100 kHz to 2.6 GHz 10 dBm to 0 dBm 0.12 dB Aglleﬁtli%g%f with
0 dBm to -10 dBm 0.12dB
-10 dBm to -20 dBm 0.15dB
30 dBm to 20 dBm 0.13dB
20 dBm to 10 dBm 0.13dB
2.6 GHz to 12 GHz 10 dBm to 0 dBm 0.13dB
0 dBm to -10 dBm 0.13dB
-10 dBm to -20 dBm 0.14 dB
30 dBm to 20 dBm 0.13dB Agilent 8902A w/
20 dBm to 10 dBm 0.13dB 11722A, 11792A &
12 GHz to 18 GHz 10 dBm to 0 dBm 0.13 dB 11793A
0 dBm to -10 dBm 0.13dB
-10 dBm to -20 dBm 0.15dB
5 dBm to 0 dBm 0.16 dB
18 GHz to 26.5 GHz 0 dBm to -10 dBm 0.15dB
-10 dBm to -20 dBm 0.15dB
Reflection (VSWR) ! (Rho) (Rho)
10 MHz to 18 GHz 0.022 t0 0.1 0.022
0.1t0 0.2 0.027 VSWR Bridge
0.2t00.3 0.033
03t004 0.042
pelative Tuned RF 0 dB to -20 dB 0.12 dB
2.5 MHz to 18 GHz -20 dB to -40 dB 0.14 dB
-40 dB to -60 dB 0.18 dB Agilent 8902A with
-60 dB to -80 dB 0.23 dB 117224, 11793A
-80 dB to -100 dB 0.34 dB
-100 dB to -120 dB 0.37dB
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Reference Standard,

Parameter / Equipment Range Expanded Uncertamt}; Method and/or
of Measurement (+/-) .
Equipment
Relative Tuned RF Power ' 0 dB to -20 dB 0.13dB
18 GHz to 26 GHz -20 dB to -40 dB 0.15dB Agilent 8902A with
-40 dB to -60 dB 0.18 dB 11722A, 11793A
-60 dB to -80 dB 0.22 dB

Length — Dimensional Metrology

Reference Standard,

Parameter / Equipment Range Expanded Uncertalnt)zr Method and/or
of Measurement (+/-) .
Equipment
0° to 85° 1.5 Master Angle Blocks
Angle
90° 1.9 Master Square
Micrometers & Calipers — . . . Comparison to Gage
J’_
Outside, Inside, Depth ' 0.0 B &+ 8Bjuin Blocks
Anvil Flatness ' Ointo 1 in 4.5 pin Optical Flats
. . , . 0 in to 0.05 in 28 pin Dial Indicator Calibrator
Digital & Dial Indicators ) : . .
0.05into 5 in (44 +4L) pin Horizontal Comparator
Single Axis — Outside 0 into 5 in (6 + 8L) pin Horizontal Comparator
Single Axis — Inside 0into 5 in (22 +3L) pin Horizontal Comparator
i i 0.4 in to 8 in 29 + 6L) pin
Helght.Measurlmg ‘ . ( ) H. Gage Blocks
Equipment 8 into 48 in (12 + 8L) pin
Plug Gages 0into 5 in (6 + 8L) pin )
- - : - Horizontal Comparator
Ring Gages Ointo 5 in (22 + 3L) pin
Rulers Ointo 12 in 840 pin Optical Comparator
) Ointo Il in 79 pin
Thread Ph}g — Outer Pitch linto 3 in 84 nin ULM w/Thread Wires
Diameter
3into 5 in 94 pin
Thread Ring — Inner Pitch 0into2in 140 pin Master Plug Gages
Diameter
N,
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Expanded Reference Standard
Parameter / Equipment Range Uncertainty of . | Method and/or Equipn;en ¢
Measurement (+/-)
Forézlﬁiiiftmg 1 Ibf to 200 Ibf 0.06% Deadweight
0.5 ozf*in to 15 ozf*in 0.83%
15 ozf*in to 200 ozf*in 0.4%
Torque — Measure ! 4 1bf*in to 80 Ibf*in 0.43% Wheel w/ weight
80 Ibf*in to 1 000 Ibf-in 0.4% Torque Calibrator
20 1Ibf*ft to 2 000 Ibf-ft 0.4%
1 000 Ibfft to 5 000 1bf-ft 1%
0.5 ozf*in to 16 ozf*in 0.83%
Ezizgﬁe;ﬁiszi}g 1 Ibf*in to 40 Ibf-in 0.08% Torque Wheel with Weights
Transducers ’ 40 1bf*in to 260 Ibf"in 0.07%
260 Ibfin to 3 000 Ibf*in 0.07% Torque Arm with Weights
150 Nm to 2 700 Nm 1.1%
110 1bf-ft to 2000 Ibf*ft 1.1%
Torque Multipliers 2700 N Torque Calibration System
2000 Ibf*ft to 3000 Ibf: ft 1.3%
4 000 Nm to 27 000 Nm 1.4%
3000 Ibfft to 20000 1bf-ft 1.4%
150 Nm to 2700 Nm 1.1%
110 1bf-ft to 2 000 Ibf*ft 1.1%
2 700 Nm to 4 000 Nm 1.3%
Hydraulic Devices 2 000 Ibf-ft to 3 000 Ibf- ft 1.3% Torque Calibration System
4 000 Nm to 27 000 Nm 1.3%
3 000 Ibf*ft to 20 000 Ibf"ft 1.3%
5 mg to 500 mg 0.02 mg
500mgtoSg 0.04 mg
5gtollg 0.08 mg ASTM Class 1 & 2 Weights
10gto20 g 0.08 mg
Balances & Scales ' 20gto30g 0.08 mg
30gto50 g 0.12 mg
50gto 100 g 0.25 mg ASTM Class 1 & 2 Weights
100 gto 200 g 0.5 mg
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Mass and Mass Related
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Expanded
. . Reference Standard,
Parameter / Equipment Range Uncertainty of Method and/or Equipment
Measurement (+/-) 2 qup
200 gto 500 g 1.2 mg
500 gto 1kg 2.5 mg
1 kgto2kg 5.2 mg
Balances & Scales ' 2 kgto3 kg 7.7 mg
3 kgto4 kg 8.1 mg
4kgtoSkg 12 mg
S5kgto 10 kg 15 mg
10 kg to 20 kg 53 mg
NIST Class F Weights
1 1b to 500 Ib 0.01% s
Absolute Pressure Measure . .
25 to 500 0.006 7 % + 0.001
& e 4 psia Ruska 7250xi
Measuring Equipment 0 to 25 psia 0.0019 psia
Gage Pressure Measure & -36 in H>O to -22 in H,O | 0.009% =+ 150 pin H,O
Measuring Equipment — -22 in H»0 to 22 in H,O 0.002 in H,O DHI PPC4-ui
Pneumatic 22 in H>0 to 60 in HO 0.009% + 150 pin H,O
60 in H,O to 72 in HO 0.006 5 in H,O )
. . ) DHI PPC4-ui
Gage Pressure Measure & 72 in H20 to 804 in H,O | 0.009% + 150 pin H>O
Measuring Equipment — -14.7 psig to 25 psig 0.001 6 psig )
. . : Ruska 7250xi
Pneumatic 25 psig to 500 psig 0.0076%
10 psig to 3000 psi 0.38 psi
PSIE 10 . PSIE Fluke RPM 4
3000 psig to 30000 psig 0.01%
Pressure Measuring . . 0 i
Equipment — Hydraulic 5 psig to 15 000 psig 0.02% Fluke P3125-PSI
Thermodynamic
Expanded Reference Standard,
Parameter / Equipment Range Uncertainty of Method and/or
Measurement (+/-) ? Equipment
Humldlt}{ Measuring 10 % 10 90 % 1.3% Vaisala HMI70/HMP76 with
Equipment Source
Humidity — Measure ' 10 % to 90 % 1.3% Vaisala HMI70/HMP76
Temperature — Measure ' -195°Cto 0 °C 0.011 °C+0.001 % AccuMac AM1760 w/Black
0 °Cto 420 °C 0.025 °C +0.001 % Stack
SN2
S 4
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Thermodynamic
Expanded Reference Standard,
Parameter / Equipment Range Uncertainty of Method and/or
Measurement (+/-) ? Equipment
420 °C to 660 °C 0.037 °C + 0.001 %
Temperature — Measure ' -195°Cto 0 °C 0.01 °C +0.001 %
0°C to 420 °C 0.02°C +0.001 % | “ecuMac ‘*11;4715760 w/ Hart
420 °C to 660 °C 0.031 °C + 0.001 %
Temperature — Measuring -25°Cto 140 °C 0.06 °C AccuMac AM 1760 w/Hart
Equipment ' 140 °C to 600 °C 0.03 °C 1575 & Hart Well
-15°Cto 0 °C 0.8 °C
0°Cto50°C 0.65 °C
50 °C to 100 °C 0.71 °C
Iﬁfgiﬁ‘ﬁ;ﬁgﬁﬁﬁ: 100 °C to 120 °C 0.76 °C Hart Black Body
120 °C to 200 °C 0.94 °C
200 °C to 350 °C 1.6 °C
350 °C to 500 °C 2.1°C

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.
Values listed with percent (%) are percent of reading or generated value unless otherwise noted.
3. The uncertainties shown are for the most favorable conditions. There is an increase in uncertainty that corresponds to the laboratory’s AC voltage and
current uncertainties at different frequencies other than the ones shown. Power factors (PF) other than the one shown contribute to the power
uncertainty. PF is related to the cosine of phase. Therefore, uncertainties track the laboratory’s phase uncertainty closely at PF near one, but are
magnified heavily as PF approaches zero. The lab may also report reactive power, apparent power, and power factor under this accreditation. If needed,
contact laboratory for more information regarding uncertainties at frequency and power factor combinations other than the ones shown.
4. Where AM, FM, and PM is the value of the respective modulation measured. AM uncertainty is expressed in percent of modulation depth.

5. L =length in inches.
6. This scope is formatted as part of a single document including Certificate of Accreditation No. AC-2489.10.
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