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Accreditation

The German Accreditation Body hereby confirms, by means of this accreditation certificate, that the

Testo Industrial Services GmbH
GewerbestraRe 3, 79199 Kirchzarten

operates a calibration laboratory that meets the requirements set out in DIN EN ISO/IEC
17025:2018 for the conformity assessment activities specified in more detail in the facilities
listed below. This also includes existing statutory and regulatory requirements applicable to the
calibration laboratory, including those set out in relevant sectoral programmes, provided that
these are expressly confirmed in the annexes listed below.

D-K-15070-01-01 Valid from: 12
D-K-15070-01-02 February 2026
Valid from: 5 March

2026

The requirements for the management system set out in DIN EN ISO/IEC 17025 are written in
language relevant to calibration laboratories and are, on the whole, consistent with the
principles of DIN EN I1SO 9001.

This accreditation was granted in accordance with Article 5(1), second sentence, of Regulation
(EC) No 765/2008, following the completion of an accreditation procedure in compliance with
the minimum requirements of the

DIN EN ISO/IEC 17011 and issued on the basis of an assessment and decision by the relevant
accreditation committees.

This accreditation certificate is valid only in conjunction with the decision dated 5 March
2026. It consists of this cover sheet, the back of the cover sheet and the accompanying
appendices.

Registration number of the accreditation certificate: D-K-15070-01-00

Berlin, 5 March 2026  On behalf of
Dr Florian Witt | Head of Department

This accreditation certificate was issued by Deutsche Akkreditierungsstelle GmbH. It is digitally signed and valid without a signature. It reflects
the situation as at the date of issue. The current status of valid and monitored accreditation can be found in the database of accredited bodies
maintained by the German Accreditation Body (www.dakks.de).

See the notes on the back



German Accreditation Body Ltd

Berlin branch:
Spittelmarkt10,
10117 Berlin

Deutsche Akkreditierungsstelle GmbH (DAKKS) is the designated national accreditation body of the
Federal Republic of Germany pursuant to Section 8(1) of the AkkStelleG in conjunction with Section
1(1) of the AkkStelleGBV.

DAKKS is the national accreditation body in accordance with Article 4(4) of Regulation (EC)

No 765/2008 and paragraph 4.7 DIN EN ISO/IEC 17000, designated by Germany.

In accordance with Article 11(2) of Regulation (EC) No 765/2008, the accreditation certificate

must be recognised as equivalent by the national authorities within the scope of this Regulation,

as well as by the

WTO member states which have undertaken, under bilateral or multilateral reciprocal agreements, to
recognise as equivalent the certificates issued by accreditation bodies that are members of ILAC or IAF.

DAKKS is a signatory to the multilateral agreements on mutual recognition of the European co-operation
for Accreditation (EA), the International Accreditation Forum (IAF) and
the International Laboratory Accreditation Cooperation (ILAC).

The current membership figures can be found on the following websites: EA:
www.european-accreditation.org

ILAC:  www.ilac.org

IAF: www.iaf.nu

This accreditation certificate is the property of the German Accreditation Body.
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German Accreditation Body

Appendix to Accreditation Certificate D-K-15070-01-01
in accordance with DIN EN ISO/IEC 17025:2018

Valid from:
12.02/2026
Date of issue: 25 February 2026

This appendix to the certificate forms part of accreditation certificate D-K-15070-01-00.

The German original version ,Anlage zur Akkreditierungsurkunde D-K-15070-01-01 nach DIN EN ISO/IEC
17025:2018“ is valid.

Holder of the accreditation certificate:

Testo Industrial Services GmbH

GewerbestraRe 3, 79199 Kirchzarten

with the locations

Testo Industrial Services GmbH
Calibration Laboratory, Kirchzarten,
GewerbestraBBe 3, 79199 Kirchzarten

Testo Industrial Services

GmbH, Kirchzarten Calibration
Laboratory

Erich-Rieder-Strafle 4, 79199 Kirchzarten

Testo Industrial Services GmbH
Calibration Laboratory, Munich
Nikolaus-Otto-StraRe 2, 85221 Dachau

Testo Industrial Services GmbH
Calibration Laboratory, Essen
Hermann-Drescher-Weg 4 a—d, 45329 Essen

This certificate was issued by Deutsche Akkreditierungsstelle GmbH and is digitally sealed.

It is valid only in conjunction with the written certificate and reflects the status as at the date of issue. The current status of
valid and monitored accreditation can be found in the database of accredited bodies maintained by the German
Accreditation Body (www.dakks.de)

Abbreviations used: see last page Page 1 of 199



( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15070-01-01 Akkreditierungsstelle

Testo Industrial Services GmbH
Calibration Laboratory,

Hamburg

Meiendorfer StraBe 205, 22145 Hamburg

Testo Industrial Services GmbH

Calibration Laboratory,

Morfelden-Walldorf

KurhessenstraRe 11, 64546 Morfelden-Walldorf

Testo Industrial Services GmbH
Calibration Laboratory, Winsen
Tonnhauser Weg 100-106, 21423 Winsen (Luhe)

Testo Industrial Services GmbH

Calibration Laboratory,

Heidenheim

18 AlexanderstraRe, 89522 Heidenheim an der Brenz

The calibration laboratory meets the requirements set out in DIN EN ISO/IEC 17025:2018 for
carrying out the conformity assessment activities listed in this annex. The calibration laboratory
complies with any additional statutory and regulatory requirements, including those set out in
relevant sectoral programmes, provided that these are expressly confirmed below.

The requirements for the management system set out in DIN EN ISO/IEC 17025 are formulated in
language relevant to calibration laboratories and are, on the whole, consistent with the principles of
DIN EN ISO 9001.

Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 2 of 199
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Electrical quantities Dimensional quantities: length
Direct current and low-frequency measured
quantities
- Direct current a), b) - Diameter a),b)
- AC voltage a), b) - Thread a),v)
- Direct current a),b) - Parallel end dimensions
- Alternating current strength a), b) - Length measuring instruments a), b)
- AC/DC transfer - Measuring instruments for length
- Electrical power a), b) - Line dimensions, clearances, angles
- Phase angle - Inclinometers
- DC resistance a), b) - Rotation angle
- Alternating current resistance b) Coordinate measuring technology
- Capacitance a), b) - Applications for coordinate measuring
- Inductance machines

- Voltage ratio a), b)
- High-voltage measurement
parameters a)
Time and frequency
- Time interval a),b)
- Frequency and rotational speed a), b)
High-frequency measurement parameters
- HF impedance (reflection coefficient) a), b)
- HF power a), b)
- HF attenuation a), )
- HF noise
- Modulation parameters
- Oscilloscope measurement parameters a),b)
- rise time a), b) a) including on-site calibration
- Bandwidth a), b) b) Mobile laboratory
- Pulsed measurement quantities a), b)

Within the parameters marked with * for the quantities/calibration objects, the calibration
laboratory is permitted to apply the standards/calibration guidelines listed here in different
editions without the need for prior notification to or approval from DAKkS. The calibration
laboratory maintains an up-to-date list of all standards and calibration guidelines within its
scope of accreditation.

Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 3 of 199
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Kalibrierlabor Kirchzarten site, Erich-Rieder StraRe 4, 79199 Kirchzarten

Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measurement range / Test conditions / Expanded
quantity / Measurement span procedures measurement Comments
Calibration object uncertainty
DC voltage oV 0.1 pv U = measured value
meters 1uv to 220mV 7.5-106 U+ 0.5V
>220mV upto 2.2V 5106 U+0.7 uv
>22V wupto 11V 3.5-106 U+2.5uV
>11V upto 22V 35106 U+4 V5
>22V upto 220V + 106 U +40 pv
>220V upto 1000V 6.5°10 U+ 0.4 mV
Sources ov 0.1uv
1pV upto 200mV 5.8-106U+0.2 pv
>200mV to 2V 29-106U+0.3 pv
>2V upto 20V 2.9-10-6 U +0.55 pv
>20V to 200V 4-106 U +35puV
>200V upto 1000V 4.5-106 U +0.55 mV
High voltage >1kV upto 50kV 0.4-103U
0A 0.2 nA | = measured value

Direct current

sources and

0.1pA upto <1
HMAL1pA to <10pA

35-106/+ 21 pA
50 - 10-6/+ 6 pA

measuring
instruments 10pA upto <100 15- 106/ + 0.4 nA
HMA100pA to 320mA 18 - 106/
>320mA upto 1A 15-106/+6 pA
>1A upto 10A 0.2-103/
>10A upto 1000A 0.3-103/
Current clamps 1mA upto 2.2A 1-103/
>22A to 20A 2-10s/
>20A upto 1000A 3-103/
Current transformer 1Ato120A 0.22-10s3/
>120 A to 1000 A 0.25-103/
Direct 0 to <1m 13u7- R = measured value
current 1m to 10m 106R4 -
resistance >10m upto 10M 10.6R8 -
>10M upto 100M 106 R
>100M wupto 10G 0.17 - 103 R
>10G to 100G 0.21-10sR
>100g upto 1T 0.35-103R
>1T wupto 10T 0.6-103R
>10T to 100T 29-103R
Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 4 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)

Measurement Measuring range / Test conditions / Expanded
parameter / Measurement span Procedures measurement Comments
Calibration object uncertainty

Direct current 1mW upto <220W 1mVto0.22V 0.6 - 102P
power measuring P 1Ato 1000 A ’ N
instruments

1mW upto 320W 0.22V'to 1000V 20-10sP
P 0.1mAt00.32 A *
0.22 V to 1000 V
>70mW upto 1kwW 35-106 P
>0.32Ato 1A
0.22 V to 1000 V 0.2-10sP
>0.22W upto 10kW
>1Ato10A
0.22 V to 1000 V 0.3-103P
>22W upto 1MW
>10Ato 1000 A
Direct current 1mW upto <200W 1mVto0.2V 04 -102p
power sources P 1Ato 1000 A ’ N
1 mw to 320W 0-2Vto 1000V 20-10sP
m u (o] . X
P 0.1mAto0.32 A ¢
>64mW upto 1kw 0-2Vto 1000V 35-106P
P >0.32Ato 1A N
0.2V to 1000 V 0.2:10sP
>02W upto 10kw
>1Ato10A
0.2V to 1000 V 0.3-10sP
>2W upto 1MW
>10 A to 1000 A
AC 10 Hz to 20 Hz 0.52-103U U = measured value
voltage ImV upto 22mV > 20 Hz to 40 0.52-103 U
measuring Hz 0.40-10s U
instruments and > 40 Hz to 20 kHz 0.40-10sU
sources > 20 kHz to 50 kHz 0.41-10sU
> 50 kHz to 100 kHz 0.46 - 103U
> 100 kHz to 300 kHz 0.55-10sU
> 300 kHz to 500 kHz 0.60-10sU
10 Hz to 20 Hz > 0.22 - 103U
>22mV upto 7mV 20 Hz to 40 Hz 0.22-103U
> 40 Hz to 20 kHz 0.16 - 105 U
> 20 kHz to 50 kHz 0.16 - 103 U
> 50 kHz to 100 kHz 0.20-10s U
> 100 kHz to 300 kHz 0.22 103U
> 300 kHz to 500 kHz 0.33-103U
> 500 kHz to 1 MHz 0.45-103U
Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 5 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical parameters

Calibration and measurement facilities (CMC)

Measured Measuring range / Test conditions / Expanded
quantity / Measurement span procedures measurement Comments
Calibration object uncertainty

Ac 10 Hz to 20 Hz 80-10sU U = measured value
voltage >7mV to 22mV » 20 Hz to 40Hz 80+ 10:6 U
measuring > 40 Hz to 20 kHz 65 - 106 U
instruments > 20 kHz to 50 kHz 7510 U
and sources > 50 kHz to 100 kHz 75-106 U
> 100 kHz to 300 kHz 95-10s U
> 300 kHz to 500 kHz 0.19-10sU
>500 kHz to 1 MHz 0.21-10sU
10 Hz to 20 Hz 70 - 106 U
>22mV. upto 70mV > 20 Hz to 40Hz 58+ 10:5 U
> 40 Hz to 20 kHz 35-106 U
> 20 kHz to 50 kHz 35-106 U
> 50 kHz to 100 kHz 45-10s U
> 100 kHz to 300 kHz 55-10s U
> 300 kHz to 500 kHz 0.11-10sU
>500 kHz to 1 MHz 0.13-10sU
10 Hz to 20 Hz 39106 U
>70mV. upto 220mvV > 20 Hz t0 40 Hz 35106 U
> 40 Hz to 20 kHz 25106 U
> 20 kHz to 50 kHz 25106 U
> 50 kHz to 100 kHz 28106 U
> 100 kHz to 300 kHz 42-10s U
> 300 kHz to 500 kHz 85105 U
> 500 kHz to 1 MHz 0.1-103U
10 Hz to 20 Hz 25 - 10,6 U
>220mV. upto 700 mV > 20 Hz t0 40 Hz 22-106U
> 40 Hz to 20 kHz 12 - 106 U
> 20 kHz to 50 kHz 12 - 106 U
> 50 kHz to 100 kHz 13-10s U
> 100 kHz to 300 kHz 14- 106 U
> 300 kHz to 500 kHz 27105 U
>500 kHz to 1 MHz 40+ 106U
Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 6 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical parameters

Calibration and measurement facilities (CMC)

Akkreditierungsstelle

Measured Measuring range / Test conditions / Expanded
quantity / Measurement span procedures measurement Comments
Calibration object uncertainty

AC 10 Hz to 20 Hz 20- 106 U U = measured value

votage >700mV - upto 2.2V >20 Hz to 40 Hz 14-10s U
measuring > 40 Hz to 20 kHz 10- 106 U
instruments > 20 kHz to 50 kHz 10- 106 U
and sources > 50 kHz to 100 kHz 11-106 U
> 100 kHz to 300 kHz 11106 U

> 300 kHz to 500 kHz 22-105U

>500 kHz to 1 MHz 68 - 106 U

10 Hz to 20 Hz 18 - 106 U

>2.2V to 7V > 20 Hz to 40 Hz 12-106 U

> 40 Hz to 20 kHz 11-106 U

> 20 kHz to 50 kHz 11-106 U

> 50 kHz to 100 kHz 13-106 U

> 100 kHz to 300 kHz 13- 106 U

> 300 kHz to 500 kHz 30105 U

>500 kHz to 1 MHz 95-10s U

10 Hz to 20 Hz 17 - 106 U

>7V upto 22V > 20 Hz to 40 Hz 16105 U

> 40 Hz to 20 kHz 11-106 U

> 20 kHz to 50 kHz 11-106 U

> 50 kHz to 100 kHz 11-106 U

> 100 kHz to 300 kHz 25-10s U

> 300 kHz to 500 kHz 30 106U
> 500 kHz to 1 MHz 0.11-103U

10 Hz to 20 Hz 18- 106 U

22V to 70V > 20 Hz to 40 Hz 16105 U

> 40 Hz to 20 kHz 15106 U

> 20 kHz to 50 kHz 15106 U

> 50 kHz to 100 kHz 25106 U

> 100 kHz to 300 kHz 25-106 U

> 300 kHz to 500 kHz 40106 U
> 500 kHz to 1 MHz 0.13-103U

10 Hz to 20 Hz 19 - 106 U

>70V upto 220V > 20 Hz to 40Hz 18105 U

> 40 Hz to 20 kHz 17 - 106 U

> 20 kHz to 50 kHz 17 -106 U

> 50 kHz to 100 kHz 32-106 U

Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 7 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring range / Test conditions / Expanded
quantity / Measurement span procedures measurement Comments
Calibration object uncertainty
AC 10 Hz to 20 Hz 25-106 U U = measured value
voltage >220 V upto 1000V > 20 Hz to 40 Hz 27 - 106 U
measuring > 40 Hz to 20 kHz 4510 U
instruments and > 20 kHz to 50 kHz 45-106 U
sources > 50 kHz to 100 kHz 65-10sU
High voltage >1kV up to 30 kv 50 Hz 0.5-103U
>30kV up to 50 kv 50 Hz 0.6-103U
Alternating current 100 pAto 1 mA 10 Hz to 40 Hz 120 - 106/ | = measured value
sources and > 40 Hz to 1 kHz; 160 - 106/
measuring > 1 kHz to 10 kHz; 60105 /
instruments >1mAto 10 mA 10 Hz to 40 Hz 46- 106/
(ranges) > 40 Hz to 1kHz;
> 1 kHz to 10 kHz;
>10mAtolA 10 Hz to 40 Hz 17 -10+s/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32-10s/
> 40 Hz to 1kHz;
>1kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz > 39-10s/
40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>20Ato 100 A 10 Hz to 40 Hz 69 - 10+ /
>40 Hz to 1 kHz; 69105/
> 1 kHz to 10 kHz; 0.17- 103/
I1mA upto 2.2A 40Hz to 5kHz 2-10s3/ | = measured value
Current clamps >2.2A upto20A 40Hz to 5kHz 3-103/
>20A upto 800A 40Hz upto 65Hz 4103/
1A to 120A 40Hz to 850Hz 0.16 - 103/
Current transformer 1A to 120A >850Hz to 2kHz 0.47 - 103/
>120A wupto 600A 40Hz to 400 Hz 0.52- 103/
>120A wupto 1000A 40Hz upto 65Hz 0.6 103/
Alternating 10 Hz to < 20 Hz 0.2 x 103 R = measured value
current resistor 0.1Q wupto <0.316Q 20 Hz to 500 Hz R50- 10
Areas >500 Hz to 1 kHz R
10 Hz to 30 Hz 30-106R
0.316Q wupto 3.16Q >30 Hz to 55 Hz 20-106R
30-106R

>55Hzto 1 kHz

Alternating current-

Valid from:

12 February 2026

Date of issue: 25 February 2026

10 Hzto 30 Hz

25-106 R +40 puQ

Page 8 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)
Measured

Measuring range / Test conditions / Expanded
quantity / Measurement span procedures measurement Comments
Calibration item uncertainty

resistance >3.16Q wupto 10Q >30 Hz to 55 Hz 9-106R + 60 pQ
Areas >55Hzto1kHz 25-106R+40 pQ
Charge, charge 10pC upto 10spC 50 Hz to 10 kHz 0.4%
amplifier, > 10 kHz to 20kHz 0.6%
Charge measuring > 20 kHz to 50 kHz 1.0 per cent
Phase angle 10V to 1000 V
0.1Ato50A
between current and 45 Hz to 65 Hz 0.0051°
voltage -180° to 180° > 65 Hz to180Hz 0.0075°
Measuring instruments > 180 Hz to 450 Hz 0.018°
> 450 Hz to 850 Hz 0.033°
> 850 Hz to 3 kHz 0.12°
>3 kHz to 6 kHz 0.23°
10V to 1000 V
>50Ato80A
45 Hz to 65 Hz 0.0052°
> 65 Hz to180Hz 0.0083°
> 180 Hz to 450 Hz 0.025°
> 450 Hz to 850 Hz 0.05°
> 850 Hz to 3 kHz 0.25°
10V to 1000 V
>80Ato120A
45 Hz to 65 Hz 0.0055°
> 65 Hz to 180Hz 0.0091°
> 180 Hz to 450 Hz 0.020°
> 450 Hz to 850 Hz 0.035°
> 850 Hz to 3 kHz 0.25°
>3 kHz to 6 kHz 0.5°
Phase angle between 10V to 1,000 V
voltages 45 Hz to 65 Hz 0.006°
Measuring instruments -180° to 180° > 65 Hz to 180 Hz 0.0075°
> 180 Hz to 450 Hz 0.025°
> 450 Hz to 850 Hz 0.043°
> 850 Hz to 3 kHz 0.15°
>3 kHz to 6 kHz 0.3°
Valid from: 12 February 2026

Date of issue: 25 February 2026 Page 9 of 199
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Permanentes Laboratorium Kirchzarten, Erich-Rieder-Stral3e 4 - Electrical parameters

Calibration and measurement facilities (CMC)

Measurement Measuring range / Test conditions / Expanded
parameter / Measurement span procedures measurement Comments
Calibration object uncertainty

Phase angle between 0.05Vto10V
voltages Measurement
Sources frequency: 40 0.015°
Hz to 65 Hz
0.05Vto0.2V
-180° to 180°
Measurement 0.03°
frequency: 0.055°
> 65 Hz to 1 kHz
>1 kHz to 2 kHz
>0.2VtoloV 0.02°
Measurement 0.035°
frequency:

> 65 Hz to 1 kHz
>1kHz to 2 kHz

Electrical power

Active power in

alternating current

1Vto 1,000V
45 Hz to 65 Hz
+0.05<cos P <+l
0.1Ato50A
>50At0120 A

ZJW(UF)Q +w(lz)? + w(dg)?

However, not less than

w: Uncertainty in

the amplitude of

the fundamental
voltage component
w(lg): Uncertainty in the
amplitude of the

5mW upto 50kW 80 x 10-6 current fundamental
>25W upto 120kw 0.14 x 10-3 w(@r): Uncertainty in
the phase-shift angle
Alternating current 1Vto 1,000V W(Urms): Uncertainty of
reactive- 45 Hz to 65 Hz 2w (U, 02 + wiis)? + widy)? thcletroot mean square
performance +0.05<sind <+1 However, not less than \;s([ii;, Uncertainty of
S5mvar upto 50 kvar 0.1Ato50A 8010+ the root mean square
>2.5var upto 120 kvar >50Ato120A 0.14 x 103 value of the current
Reactive power 1Vto 1,000V
0.1VA upto 50kVA 4; : Z: iz :Z 2fwUp)? + wlp)? +w(0)?
S50VA upto 120 kVA 50 Ate 120 A However, not less than
8010+
0.14 x 103
Tension Bridge span: 5V Calibration of 350 Q
Measurement 0.04 uv/v bridge standards and
+2 mv/V frequency 225 Hz 0.05 pv/v the associated
Measurement 0.12 pv/v indicating
frequency 600 Hz instruments
Bridge span: 2.5V
+2 mVNV Measurement at discrete points in
frequency 225 Hz 0.04 pv/v 10 per cent
Measurement 0.04 pv/v increments
frequency 600 Hz 0.12 pv/v
Bridge span: 5V
£5mV/V Measurement frequency
225 Hz 0.06 WV/V
rge?(?zrement frequency 0.22 WV
Valid from: 12 February 2026

Date of issue: 25 February 2026

Page 10 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)

Measurand / Measuring range / Test conditions / Expanded
Calibration object Measurement span Procedures measurement Comments
Tension Bridge span: 5V
+10 mV/V
Measurement frequency 0.06 pv/Vv
225Hz 0.45 WV
Bridge span: 2.5V
+5mV/V
Measurement 0.06 uv/v
frequency 225 Hz 0.06 uv/v
Measurement 0.22 pv/Vv
Bridge span: 2.5V Calibration of 350 Q
bridge standards and
+10 mV/V Measurement 0.06 pv/Vv the associated
frequency 225 Hz 0.10 pv/v indicating
Measurement 0.45 pv/v instruments
Bridge span: 1V
+10 mV/V at discrete points in
Measurement frequency 0.11 pv/v 10 per cent
Bridge span: 1V increments
+20 mV/V
Measurement frequency 0.6 uv/Vv
Bridge span: 1V
+100 mV/V
Measurement frequency 3.5 uv/v
Bridge span: 2.5V
+100 mV/V
Measurement frequency 4.0 uv/v
Voltage ratio: DC Bridge span:
voltage, bridge 0mv/Vv 2.0 pv/v
standard -2mV/V to +2 mV/V -5 2.5 uv/v
mV/V to +5 mV/V -10 0.5V 2.5 uv/v
mV/V to +10 mV/V -20 2.5 uv/v
mV/V to +20 mV/V 2.5 uv/v
-100 mV/V to +100 mV/V 2.5 pv/v
Bridge span:
0mV/V 1.0 pv/v
-2mV/V to +2 mV/V -5 2.0 pv/v
mV/V to +5 mV/V-10 1V 2.0 pv/v
mV/V to +10 mV/V -20 2.0 uv/v
mV/V to +20 mV/V 2.0 pv/v
-100 mV/V to +100 mV/V 2.0 pv/v
Valid from: 12 February 2026

Date of issue: 25 February 2026 Page 11 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring range / Test conditions / Expanded
variable / Measurement span Procedures measurement Comments
Calibration object uncertainty

Voltage ratio: DC Bridge span:
voltage, bridge 0mv/Vv 0.5 pv/v
normal -2mV/V to +2 mV/V 0.5 pv/v
-5 MV/V to +5 mV/V 25V 0.5 /v
0.5 pV/V
-10 mV/V to +10 mV/V
0.5 pv/v
-20mV/V to +20 mV/V
1.5 uv/v
-100 mV/V to +100 mV/V
Bridge span:
0 mV/V 0.30 pv/Vv
-2mV/V to +2 mV/V 0.25 pv/v
S mV/V to +5 mV/V 5V 0.25 pv/v
0.25 pv/Vv
-10 mV/V to +10 mV/V
0.35 pV/V
-20 mV/V to +20 mV/V
1.5 puv/v
-100 mV/V to +100 mV/V
Bridge span:
0 mV/V 0.20 pv/V
-2mV/V to +2 mV/V 0.20 uv/v
SmV/V to +5 mV/V 75V 0.20 uv/v
0.20 pv/V
-10 mV/V to +10 mV/V
0.3 pvV/V
-20mV/V to +20 mV/V
1.5 pV/V
-100 mV/V to +100 mV/V
Bridge span:
0 mV/V 0.10 pv/vV
-2mV/V to +2 mV/V 0.15 pv/Vv
5 mMV/V to +5 mV/V v 0.15 uwV
0.20 pv/vV
-10 mV/V to +10 mV/V
0.3 pv/vV
-20 mV/V to +20 mV/V
1.5 puv/v
-100 mV/V to +100 mV/V
Voltage Ratios: DC Bridge span:
Voltage Bridges, -2mV/V to +2 mV/V 0.35 pv/Vv
Measuring S mV/V to +5 mV/V 0.35 pv/v
Instruments, 0.5V 0.40 pv/v
-10 mV/V to +10 mV/V
Measuring Amplifiers 0.55 puv/V
-20mV/V to +20 mV/V
2.5 pV/V
-100 mV/V to +100 mV/V
Bridge span:
-2mV/V to +2 mV/V 0.20 pv/VvV
SmV/V to +5 mV/V 0.20 uv/v
1V 0.3 pv/v
-10 mV/V to +10 mV/V
0.5 pv/V
-20mV/V to +20 mV/V
2.5 pV/V
-100 mV/V to +100 mV/V

Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 12 of 199
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring range / Test conditions / Expanded
quantity / Measurement span Procedures measurement Comments
Calibration object uncertainty
Voltage relationships: Bridge span:
DC voltage bridges, -2mV/V to +2 mV/V 0.10 uv/v
measuring S5 mV/V to +5 mV/V 0.15 pv/v
instruments, 25V;5V;75V;10V 0.25 pv/v
-10 mV/V to +10 mV/V
measuring amplifiers 0.45 pv/V
-20mV/V to +20 mV/V
2.5 pv/v
-100 mV/V to +100 mV/V
Frequency 10 MHz Measurement time > 30 1:-101f f=current measured value
Frequency measurement 1mHz to 46GHz 1:1010f
Frequency synthesis 1mHz upto 50GHz Measurement time > 5 1:1010f
Time interval lns to 1000s 11010 f Trigger uncertainties
not less than 1 ns must be taken into account
Speed 1 minito 2 - 10s min1 with a light-activated 6+ 10-6 not
(visual) switch less than
0.001 min1
mechanical 1 min-1to 10,000 min-1 4 - 104 not
less than
0.01 min-
Valid from: 12 February 2026
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Akkreditierungsstelle

Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Measurement
parameter /
Calibration object

Calibration and measurement capabilities (CMC)

Measuring range /
Measurement span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Capacity of
measuring

instruments

1nF upto 100nF 50Hz upto 10kHz 1.0-103C C: measured value
>100nF wupto 1000 nF 50Hz upto 1kHz 1.0-103C using standard
>1kHz upto 10kHz 2.5-103C capacitances
190 pF to <400 pF 10Hz wupto 10kHz 4-103C+8pF with 5520A / 5522A

400 pF upto <1.1nF

10Hz wupto 10kHz

4.5-103C+ 8 pF

1.1nF upto <3.3nF

10Hz to 3kHz

4.0-103C+8pF

3.3nF upto <11nF

10Hz to 1kHz

2.5-103C+8 pF

11nF upto <33nF

10Hz to 1kHz

2.5+103C+80pF

33nF upto <110nF

10Hz wupto 1kHz

2.5+103C+80pF

110nF upto <330nF 10Hz to 1kHz 45-103C
330nF upto <1.1pF 10Hz upto 600 Hz 4.5-103C
1.1puF upto <3.3uF 10Hz wupto 300Hz 45-103C
33uF upto <11pF 10Hz to 150Hz 45-103C
11puF upto <33pF 10Hz to 120Hz 6.0-103C
33puF upto <110pF 10Hz to 80Hz 6.5-103C
110 pfF upto <330pF DC upto 50Hz 6.0-103C
330uF upto <1.1mF DC upto 20Hz 6.0-103C
1.1mF upto <3.3mF DC upto 6Hz 6.0-103C
33mF upto <11mF DC upto 2Hz 6.0-103C
11mF upto <33mF DC upto 0.6Hz 8.0-103C
33mF upto 110mF DC upto 0.2Hz 11-103C
Alternating current 1A to 750A 40 Hz to 1.2 kHz 90 -10s-/ | = measured value
amperage >750 A to 2000A 40 Hz to 100 Hz 95-10s-/
Current transformer 1A to 450A >1.2 kHz to 2 kHz 0.40-103-/
1A to 100A > 2 kHz to 7.5 kHz 0.41x103-/
Direct current resistance 330MQto<1GQ U<1575V 4-103-R
Measuring instruments 1GQto<10GQ U< 1575V 8-103-R
10 GQ to < 100 GQ with a multiplier of x 25-103-R
0.1TQto<1TQ 1000 U <10 kv 30-103-R
1TQto 10TQ 35-103-R
AC resistance 1mQ 50 Hz to 1 kHz 1.0x103R R ... measured
discrete values 3mQ value
Measuring instruments 10 mQ
30 mQ
0.10Q 50 Hz to 1 kHz 0.4x103R
0.3Q
10
30

Valid from:
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Electrical quantities

Calibration and Measurement Capabilities (CMC)

Measured Measurement range / Test conditions / Expanded
quantity / Measurement span procedures measurement Comments
Calibration object uncertainty
AC resistance meters for 0.1 Qto<5Q Imax < 700 mA 2.3-103-R+8mQ R: Measured
measuring earth 50to<300Q Imax < 250 mA 1.6-103-R+8mQ value
resistance and internal 30Qto<2000 Imax < 100 mA 1.6 x 103+ R+ 8mQ 50 Hz to 400 Hz
battery resistance 200 Qto <500 Q Imax < 45 mA 1.6-103-R
0.5kQto <2 kQ Imax < 25 mA 1.6-103-R
2kQto<5kQ Imax < 10 MA 1.6-103-R
5kQto 10kQ Imax < 5 MA 1.6x103 %R
Earth conductor 7 mQ to 38 mQ Imax < 40 A 0.5mQ -
resistance testers 19 mQ to 75 mQ Imax < 40 A 0.6 mQ 50 Hz and 60 Hz
65 mQ to 130 mQ Imax < 40 A 1.0 mQ
260 mQ t0 410 mQ Imax < 40 A 1.6 mQ
240 MQ to 550 mQ Imax < 40 A 2.2mQ
08010110 Imax < 40 A 4 mQ
150102.00 Imax < 30 A 7mQ
42010550 Imax < 21 A 20 mQ
80t0110 Imax < 15 A 35 mQ
1500 20 0 Imax < 10 A 35mQ
42010550 Imax < 5 A 0.25Q
300 t0110 Q Imax < 3 A 040Q
150 O to 200 Q Imax < 1.35 A 0802
420 0 16 550 O Imax < 0.6 A Q40
0.8kQ to 1.1kQ fmax < 0.3 A 80
1.5k t0 2.0kQ fmax < 0.15 A
Measuring 7 mQ to 38 mQ Imax < 40 A 16 mQ R: Measured
instruments for loop 19 mQ to 75 mQ Imax < 40 A 16 mQ value
X 50 Hz to 400 Hz
resistance and 65 mQ to 130 mQ Imax < 40 A 16 mQ
internal network 260 mQ to 410 mQ Imax < 40 A 20 mQ
resistance 440 mQ to 550 mQ Imax < 40 A 22 mQ
08010110 Imax < 40 A 27 mQ
150102.00 Imax < 30 A 40 mQ
42016550 Imax <21 A 15-103-R
8010110 Imax < 15 A 14-10s3-R
15 Q t0 20 Q Imax < 10 A 13-103-R
42 Ot0 550 Imax < 5 A 13-103-R
800101100 Imax < 3 A 12-10s3-R
150 O to 200 O Imax < 1.35 A 12-10s3-R
420 Q10550 O Imax < 0.6 A 12-10s3-R
0.8 kQ to 1.1 kQ Imax< 0.3 A 12-10s3-R
15 kO t6 2.0 kQ Imax < 0.15 A 12-10s3-R
Time interval >103s to10ss 1.5-10s-t t: Measured value
Valid from: 12 February 2026
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Calibration and measurement facilities (CMC)

Measured Measuring range / Test conditions / Expanded
variable / Measurement span procedures measurement Comments
Calibration object uncertainty
Phase angle between -180° to +180° 0.05Vto 10V,
voltage and current 10 mA to 20 A,
sources 40 Hz to 1 kHz 0.065°
> 1 kHz to 2 kHz 0.1°
0.05Vto10V,
>20Ato 100 A,
40 Hz to 1 kHz 0.045°
>1kHz to 2 kHz 0.15°
Phase angle -180° to +180° 10 mAto 20 A,
between 1Ato 100 A,
currents 40Hz to 1 kHz 0.07°
>1kHz to 2 kHz 0.17°
Phase angle -180° to +180° 10mAto 20 A, Secondary current
current 0.05Vtol0V Secondary
transformer secondary voltage voltage
1Ato1,000 A Primary current
40 Hz to 65 Hz 0.05°
> 100 Ato 600 A Primary current
> 65 Hz to 400 Hz 0.09°
1Ato100A,
> 65 Hz to 1kHz 0.07°
>1kHz to 2 kHz 0.17°
Alternating 45 Hz to 65 Hz Measurement
current — active 0.25<cos@r<1 uncertainty
energy t=100s relative to the
single-phase 150 Ws upto 5.76 MWs 30V to 480V 0.15x 10 apparent energy
Measuring instruments 0.2Ato120A
Alternating 45 Hz to 65 Hz
current 0.25<singr<1
reactive power t=100s
single-phase 150vars upto 5.76 Mvars 30Vto 480V 0.15 x 10
Measuring instruments P 0.2Ato120A
Reactive power 45 Hz to 65 Hz,
in alternating t=100s
current 30Vto480V
Valid from: 12 February 2026
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Permanentes Laboratorium Kirchzarten, Erich-Rieder-Stral3e 4 - High-frequency measurement parameters
Calibration and measurement capabilities (CMC)

Measurement
parameter /
Calibration object

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Oscilloscope measurement
parameters

Vertical deflection

1mV to 5V

Square-wave
voltage: 10 Hz to
10 kHz

0.35 per cent

Ri = internal resistance

1mV to 120V Ri =1 Mtime 0.35%
markers or sine wave
Horizontal deflection 50ps to <1ps <1V 6 ps
lpus to 5s 1.5-10st
Rise time tr 25ps to 245ps 500 mV 9 ps tr= the oscilloscope’s
>245ps upto 10ms 35-103tr intrinsic rise time
150ps upto 10ms 250 mV 35-103tr+5ps
250ps upto 10ms >250mVto2.5V 35-103tr+8 ps
Bandwidth B fe fe=-3 dB frequency point
50 MHz to 26.5GHz 0-2Vto2V 3%f
Ri=50Q
HF attenuation 0dB to 60dB 300 kHz to 6 GHz 0.3dB 50 Q connector: N50

HF transmission

phase angle ¢

-180° to 180°

300 kHz to 6 GHz

Ur-180°/m+K - f

Ur=arcsin(10u/20- 1)
K: 0.1°/GHz
U: Uncertainty of the

Attenuation in dB

RF impedance

Reflection 0 to 1 300 kHz to 2 GHz 0.005 + 0.005 r? 50 Q connector: N50
coefficient >2 GHz to 6 GHz 0.009 + 0.005 /2
Phase angle ¢ 0.1<|r <1 arcsin U] r|180° 50 Q connector: N50
-180° to 180° 300 kHz to 6 GHz I n
RF power 0.1mW to 10mW 9 kHz to 50 MHz 17 - 103 P 50 Q connector: N50;
>50 MHz to 5 GHz 22-10sP PC-3.5
>5 GHz to 18 GHz 30-10sP
> 18 GHz to 26.5 GHz 40-10sP
Amplitude modulation fur = carrier
Modulation depth m 0 to 1.0 0.025 m + 0.004 frequency frur< 4
fmop < 1 MHz GHz
Frequency modulation fmoo = Modulation
Frequency shift Af 0 to 5MHz 0.041 Af +25Hz frequency

Valid from:
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Permanent Laboratory, Kirchzarten, Erich-Rieder-StraBe 4 — High-frequency measurement parameters

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span

Phase modulation

A® = phase shift

Phase shift AQ 0 to (4 MHz / fwop) rad 0.041 A® + 0.025 rad
Total Harmonic Distortion Oto 03 100 Hz to 50 kHz 0.0165 THD + 0.0001
THD / Harmonic distortion Oto 0.3 100 kHz to 2 GHz 0.0675 THD + 0.0001
factor 0to 03 100 Hz to 50 kHz 0.007 THDaudio + 0.001
Flicker*)

AU/U 04to 5 DIN EN 61000-4-15:2011 7-10s AU/ U

Frequenc 0.0083Hz to 40Hz 3-103 AU/ U

y 10 minutes ((121350 \</" 6500HHZZ); 0.5 per cent

Pr (Short Term) 2 hours (115 V, 60 Hz); 1.7 per cent
(230 V, 50 Hz)

Valid from:
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Calibration and measurement capabilities (CMC)

1mm upto 200 mm

Point 3.3.5 (Opt. 4)

0.8um+2-106-d

Test probes:

VDI/VDE/DGQ 2618

Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Length Cylindrical

gauge blocks, VDI/VDE/DGQ 2618
gauge rings: Part 4.1:2006

Diameter *) 1mm to 200mm 0.8um+2-106-d

> 200 mm to 300 mm Section 3.3.4 (Opt. 3) 15um+2-106°d d is the measured

Gauging pins: Diameter

Diameter *)

simple flank diameter*)

Nominal pitch:

Diameter *) Sheet 4.2:2007, . .
0.1lmm upto 30mm point 3.2.2(0pt.1) 0.8um+2-106-d
Thread gauges
(single- and multi-
start cylindrical
External and internal
threads with straight VDI/VDE/DGQ 2618
flanks and a )
symmetrical profile) Sheet 4.8:2006
Threaded mandrels: 14mm to 200 mm Section 3.2.2 (Opt. 1) 3um+10-106-d Three-wire method

d is the measured

0.3mm upto 6mm value
Threaded rings: 3mm to 200 mm VDI/VDE/DGQ 2618 Two-ball method d
simple flank diameter*) Nominal pitch: Part 4.9:2006 is the measured
%) 0.5mm upto 6mm Section 3.2.2 (Opt. 1) 3um+10-106-d Diameter
Threaded mandrels: 1.4mm upto 200 mm VDI/VDE/DGQ 2618 Scanning methods

simple flank
diameter

Outer diameter *)

Nominal diameter

Sheet 4.8:2006

3um+10-106-d

D is the measured

2 um Diameter
Core di ter / Section 3.2.2 (Opt. 1) .
ore diameter up to section 3.2.6 Km

Punch diameter *) (Opt. 5)

Gradient / Pitch *) 0.5mm upto 8mm 1.5 um

Thread profile angle Oi*) >27° B/l l?Ut not less IF: Flank length in mm
) than 6

Threaded rings: 5mm to 200mm VDI/VDE/DGQ 2618 Scanning methods

simple flank
diameter

Outer diameter *)

Core diameter / Punch

diameter *)

Nominal diameter

Gradient / Pitch *)

0.5mm upto

8 mm

Thread profile angle a *)

>27°

Sheet 4.9:2006

Section 3.2.2 (Opt. 1)
up to section 3.2.6
(Opt. 5)

3um+10-106-d

d is the measured

5um Diameter
2 um
1.5 um
(3+1/1¢), but not less ) .
than 6' IF : Flank length in mm

Valid from: 12 February 2026
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Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Length
of plane-parallel, 0.01mm wupto 500 mm VDI/VDE/DGQ 2618 15um+2-106-/ I is the measured
spherical or >500 mm upto 1000 mm Issue 19.1:2014 25um+2-106-/ Length
cylindrical
Measuring
surfaces 0.01mm upto 200mm VDI/VDE/DGQ 2618 1.5um+2-106-d d is the measured
Diameter *)
Part 4.1:2006, diameter
clause 3.3.4 (Opt.3),
Point 3.3.5 (Opt. 4)
Feeler gauges *) 0.03mm upto 2.00 mm DIN 2275:2014 1.5um+2- 106"/ Iis the measured
length
Setting dimensions for 25mm to 500 mm VDI/VDE/DGQ 2618 1.5um+2-10s-/
micrometres *) Sheet 4.4:2009
VDI/VDE/DGQ 2618 .
Throat gauges *) © 10 -
gaug 3mm upto 200 mm Part 4.7:2005 0.8um+2-106-d dis the measured
Point 3.3.2 (Opt. 2) Diameter
Calipers for Automated
. measuring
external, internal system
g 0 mm t6 300 mm VDI/VDE/DGQ 2618
an Part 9.1:2006
Depth measurements: 9um+11-106-/
Digital display *) 10 um +10 - 105+ / l'is the measured
Calipers for
external, internal
and depth VDI/VDE/DGQ 2618 o _
0Omm to 500 mm Part 9.1:2006 30um +30° 106/ l'is the measured
. VDI/VDE/DGQ 2618
Depth caliper / >500 mm upto 1000 mm Part 9.2:2006 50 um +30- 106/ Length
Height gauge*) VDI/VDE/DGQ 2618
Part 9.3:2006
Clamp-type micrometers *) VDI/VDE/DGQ 2618
Omm to 500 mm Part 10.1:2001
Flne»ad!ustment Omm upto 200mm VDI/VDE/DGQ 2618
measuring Part 10.3:2002 3um+10- 106 -/
- 106~
Flush-mounted measuring Omm to 50mm VDI/VDE/DGQ 2618
crews %) Part 10.4:2008
Depth-measuring screws *) VDI/VDE/DGQ 2618
Omm upto 300mm Part 10.5:2010
Internal micrometres 13mm upto 300 mm 3um+10-106-/
VDI/VDE/DGQ 2618
using a 2-point contact on | >300 mm upto 1000 mm /VDE/DGQ S5um+10-10s-/

Part 10.7:2010
the calibration object *)

Valid from: 12 February 2026
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Kirchzarten Permanent Laboratory, Erich-Rieder-StraRe 4 — Dimensional quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Internal micrometres
. . VDI/VDE/DGQ 2618 X
with 3-line contact on the 3mm upto 150 mm Part 10.8:2002 3um+10-106-d dis the measured
calibration object *) Diameter
Internal micrometres
with a 2-line contact 5mm to 100 mm 3-APD-0-0025-DE 3um+10-106-d dis the measured
system July 2023 Diameter
Lever-type measuring VDI/VDE/DGQ 2618
instruments to 200 mm Part 12.1:2005 7um+10- 106"/ /is the measured
(Quick-access length
button) for external
Lever-type measuring VDI/VDE/DGQ 2618
instruments 2mm upto 200 mm Part 13.1:2005 7um+10-10s-/
(Quick-access
button) for internal
Dial gauges *) VDI/VDE/DGQ/DKD 2618 o o
Omm upto 100 mm Part 11.1:2021 3um+10-106-/ mechanical dial gauges
VDI/VDE/DGQ/DKD 2618 electronic digital dial
Part 11.4:2020 3um+10- 105"/ gauges
Fine pointer *) VDI/VDE/DGQ 2618
Omm upto 3mm Part 11.2:2002 0.6 um
Probe-type measuring VDI/VDE/DGQ 2618
instruments %) Omm to 16mm Part 11.3:2002 1.0pm
Electrical inductive to 100 mm VDI/VDE/DGQ 2618
length measuring Sheet 14.1:2010
0.6um+1-106-/
electronic incremental to 100 mm 3-APD-0-0027-DE
Length measuring devices August 2023
VDI/VDE/DGQ 2618 For the middle ground: | /is the length of the
Steel parallel end dimension
gauges in accordance Sheet 3.1:2004 0.08 um +0.7 - 106 * /
with DIN EN 1SO Measuring
3650%) 0.5mm upto 150 mm the deviation For foand fu: .
For the smallest measuring-
the mean /< from the 0.07 um
. . . Uncertainties are
nominal dimension /n by
differential the pushability and push
; . el end measurement For the average: characteristics of both
eramic pz?ra elen measuring surfaces of the
measures in accordance 05mm upto 150 mm 0.1um+0.8+ 105"/
with DIN EN ISO 3650 *) Measuring Calibration object
deviations For foand fu:
foand fu of the centre 0.07 um to check using a suitable
measurement by 5- flat glass plate
Tungsten  carbide point difference For the average:
parallel end 0.5mm upto 150 mm measurement 0.1um+0.8-106-/
measures in
accordance with DIN For foand fu:
Valid from: 12 February 2026
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Calibration and measurement capabilities (CMC)

Measurand / Measuring Test conditions / Expanded
Calibration object range / procedures measurement Comments
Measuremen uncertainty
t span
Angle, deviation Iz : Length of the
upto 30um shape and position

from a right angle

Flatness and straightness

deviations*)

VDI/VDE/DGQ/DKD 2618
Part 7.1:2019 (Opt. 2)

25um+1-106* /2

Aum+5-106* Iz

representation up to
500 mm side length

Protractor, scale division
value 1° *) Scale division

VDI/VDE/DGQ 2618

o 180" upto 180 Part 7.2:2008 30
0° to 360° 1'
Parallelism deviation of flat
rulers*) Flatness deviation VDI/VDE/DGQ 2618 10 - f
Y up to 500 mm Part 5.1:2022 4pum+5-106-/ I'is the measured
22pum+3.5-106 "/ Length
Hair rulers VDI/VDE/DGQ 2618
Straightness deviation*) up to 500 mm Sheet 5.2:2013 2.2um+3.5-106"/ | is the measured

Tape measures and rulers
Tape measures

Benchmarks

Om upto 100 m

Om upto3m

VDI/VDE/DGQ 2618
Part 8.2:2023

50 um+20- 106/

length

Inclinometers

-2000 up 2000
um/m  to  pum/m
(-412”) (412”)

3-APD-0-0244-DE
2023-01

1.7 um/m
(0.35")

Max. side length
coordinate measuring
machine: 500 mm

Displacement sensors

Omm to 1000 mm

3-APD-0-0025-DE
2023-10

8um+2-10s-/

Displacement sensors, both
contact and non-contact,
and those mounted on the
object being measured

Valid from:
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Measurement
parameter /

Calibration object

Calibration and measurement capabilities (CMC)

Measuring range/
Measuring range

Test conditions
/ Procedures

Advanced
Measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Coordinate measuring
technology Prismatic,
conical and spherical

Coordinate measuring
machine with a calibrated
measuring volume

3-APD-0-0292-EN:
January 2023
Tactile measurement in

The measurement
uncertainty is determined
by a measurement

The determined
measurement uncertainty
may differ from the

workpieces of: X = 3000 mm | the form of single-point | uncertainty balance based example given uncertainty
Y = 1200 mm | probing with a coordinate | on the VDI/VDE Guideline given as an example  for
Z=900 mm measuring machine and 2617, Part 11:2011. Itis simple measurement
determination  of task-specificand is tasks.
standard geometries, specified a coverage
which are defined by probability of 95 per cent
geometric parameters (expansion factor k = 2).
(individual points, straight | An example of
lines, planes, circles, measurement uncertainty
spheres, cylinders, tori), for a measurement task:
using the evaluation Parallel end gauge with two
software of the CMM. nominal dimensions, the
Single-point probing is | following was useda a
carried out  with a fixed, | [aterally projecting probe
specified measuring force | with a length of 150 mm,
or by extrapolation to a determined was the
measuring force of zero. | expanded measurement
Single-point probing as uncertainty of the test
‘self-centring probing’ is characteristic ‘distance’:
accreditation are not L=50mm,U=18umL=
used. 3000 mm, U =26 um
To ensure traceability, the
calibration of a
comparable standard is
carried out.
In addition to this the
following restrictions
apply to be noted:
Measurement points
must be able to be
distributed evenly
across formula elements ;
Coverage of at least 50
per cent of the surface
area of moulded
components;
Analysis of formula
elements
Valid from: 12 February 2026
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current ov 0.1uv
10 mV 12106 U U = measured value
100 mv 1.3-106U
1V 0.35-106 U
10V 0.25- 106 U
100V 0.4-106U
1000 V 0.9-106U

1pv to 100 mV

1.4-106U+0.15 pv

>100mV to 100V 0.5-106 U
>100V upto 1000V 1.4-106U
High voltage >1kV upto 50kV 0.4-103U

Direct current intensity

OA wupto 10
pA>10pA upto
100 pA
>100pA to 1nA
>1nA upto 10nA
>10nA upto 100nA
>100nA to 1pA
>1pA upto 100mA
>100mA upto 20A

1.6-103/+2fA
0.3-103/
0.2-103/

28+ 10s/
10106/
1.0-10s/
0.8-10s/
1.5-10s/
9-10s/

Direct current
amperage

current clamps

1mA upto 2.2A
>2.2A upto 20A
>20A upto 1000A

1-103/
2-103/
3-10s3/

| = measured value

Direct current

Current transformer

1Ato120A
>120Ato 1,000 A

0.22-103/
0.25-103/
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Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 100, 1m,10m, 1.2-10sR R = measured value
(discrete values) 100m 0.5-10sR
110 80-10-9R
100, 1 k, 0.12-106R
10k 0.1-106R
100 k 50 - 109 R
1M10 0.1-106R
M 100 0.25-106R
M1G 0.75-106R
10G 2.5-10-sR
100¢e 8-106R
28 - 106 R
64 - 106 R
Direct current resistance 1T 0.12-103R R = measured value
(discrete values) 10T 0.32-103R
100 tonnes 0.87-10sR
DC resistance ranges Op to <1m 4-106R+1n R = measured value
Im to <10m 3-106R+1n
10m to <100m 2-106R+1n
01 to <1 05 - 106 R
1 to 100k 0.2-104R
>100k to 1M 06 104 R
>1M to 10M 11- 104 R
>10Mto 100M 55 106R
>100 to 1G 8- 104 R
>1Gto 10G 30- 106 R
>10Gupto 100G 82 -10sR
>100gupto 1T 0.14 - 103 R
>1Tto 10T 0.35-103R
>10Tto 1007 12-103R
Direct current power 1mW wupto 2kw Product of U and /; 8:10s
>2KW upto 1000 kw 100 <1< 10004 15 105
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC resistance Resistors 0.1 10 Hz; 20 Hz; 30 Hz; 25106 R R = measured value
(discrete values) 40 Hz; 55 Hz; 15- 106 R
400 Hz; 500 Hz; 11-10sR
1 kHz; 2 kHz; 5 kHz; 10 kHz; 15-106R
10 Hz; 20 Hz; 30 Hz; 25-106R
1 40 Hz; 55 Hz; 400 Hz; 500 Hz;
1 kHz; 2 kHz; 5 kHz; 10 kHz; 11-10sR
10 Hz; 20 Hz; 30 Hz; 25-106R
10 . . . .
40 Hz; 55 Hz; 400 Hz; 500 Hz; 10 - 104 R
1 kHz; 2 kHz; 5 kHz; 10 kHz;
10 Hz; 20 Hz; 30 Hz; 12-106R
100 40 Hz; 55 Hz; 8-:106R
400 Hz; 500 Hz; 1 kHz; 2kHz; .
5 kHz; 10 kHz; 6-10¢R
10 Hz; 20 Hz; 30 Hz; 40 Hz;
1k 55 Hz; 400 Hz; 500 Hz; 1 kHz; 35-10sR
2 kHz; 5 kHz; 10 kHz;

AC resistance 10 Hz; 85-106R
Resistors 20 Hz; 30 Hz; 40 Hz; 45 - 106 R
(discrete values) 10k 55 Hz; 110 10sR

400 Hz; 500 Hz; 1 kHz; .
2 kHz; 5 kHz; 10 kHz; 6510k

AC resistance (ranges) 0.1Q upto 1Q 10 Hz to 20 Hz 35-106°R

>20 Hz to 40 Hz 30-10s-R
> 40 Hz to 10 kHz 20- 104 R
1Q upto <10Q 10 Hz to 20 Hz 35-106° R
>20 Hz to 40 Hz 30-10s-R
> 40 Hz to 10 kHz 15-10s-R
10Q upto <100Q 10 Hz to 20 Hz 35-106° R
> 20 Hz to 40 Hz 30-106-R
> 40 Hz to 10 kHz 15-10s-R
100Q upto <1kQ 10 Hz to 20 Hz 40-106°R
>20 Hz to 40 Hz 40-106-R
> 40 Hz to 10 kHz 35-10s-R
1kQ upto 10kQ 10 Hz to 20 Hz 90106 R
> 20 Hz to 40 Hz 45-106* R
> 40 Hz to <400 Hz 110+ 106 R
400 Hz to 10 kHz 65106 R
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Charge, charge amplifiers 1pC to 10,000 pC 0.2Hzto<1Hz 0.5 per cent Calibration result:
and charge measuring 1 Hz to 10 kHz 0.4 per cent Value of the
transfer
instruments > 10 kHz to 20 kHz 0.6 per cent coefficient
> 20 kHz to 50 kHz 1.0 per cent
AC/DC transfer — AC 1mV 10 Hz; 20 Hz; 30 Hz 0.23-10sU U = measured value
power sources 40 Hz; 55 Hz; 60 Hz; 120 Hz; 0.11 103U
300 Hz; 400 Hz; 500 Hz; 0.11-103U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 0.11-10s3 U
20 kHz; 30 kHz; 50 kHz; 0.11-103U
70kHz; 100 kHz; 200 kHz; 0.16 - 103 U
300 kHz 0.17 - 103 U
500 kHz; 700 kHz; 800 kHz 0.25-103U
1 MHz 0.27 - 103U
2mV 10 Hz, 20 Hz, 30 Hz 0.13-103U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 0.08 - 103 U
300 Hz; 400 Hz; 500 Hz; 0.08 - 103 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 0.08 - 103 U
20 kHz; 30 kHz; 50 kHz 0.08 - 103 U
70 kHz; 100 kHz; 200 kHz; 0.11-103U
300 kHz 0.11-103U
500 kHz; 700 kHz; 800 kHz 0.16 - 103U
1 MHz 0.18 - 103U
6 mV 10 Hz; 20 Hz; 30 Hz 60 - 106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 45- 106 U
300 Hz; 400 Hz; 500 Hz; 45 - 106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 45 - 10-s U
20 kHz;30kHz;50kHz;70kHz; 45 - 10-s U
100 kHz; 200 kHz; 55-106 U
300kHz; 73106 U
500 kHz 700 kHz; 800 kHz; 0.13-103U
1 MHz 0.16 - 103 U
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
AC/DC transfer — AC 10 mV 10 Hz; 20 Hz; 30 Hz 44 - 106 U U = measured value

power sources 40 Hz; 55 Hz; 60 Hz; 120 Hz; 37-106 U

300 Hz; 400 Hz; 500 Hz; 37106 U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 37105 U

20 kHz; 30 kHz; 50 kHz; 37105 U

70kHz; 100 kHz; 200 kHz; 50106 U

300 kHz 60 - 106 U

500 kHz; 700 kHz; 800 kHz; 0.14 - 103U

1 MHz 0.14-103U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

AC/DC transfer — AC 20 mV 10 Hz; 20 Hz; 30 Hz 30106 U U = measured value

power sources 40 Hz; 55 Hz; 60 Hz; 120 Hz; 26 - 106 U

300 Hz; 400 Hz; 500 Hz; 26 - 106 U

1 kHz; 2 kHz; 5 kHz; 10 26 - 10-sU

kHz; 20 kHz; 30 kHz; 50 26 - 10-sU

kHz; 70kHz; 100 kHz; 38106 U

200 kHz; 300kHz 47 - 106 U

500 kHz; 700 kHz; 800 kHz; 98- 106 U

1 MHz 98- 106 U

40 mV 10 Hz; 20 Hz; 30 Hz 24 -10s U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 21106 U

300 Hz; 400 Hz; 500 Hz; 21 - 10-sU

1 kHz; 2 kHz; 5kHz;10kHz; 21 - 10-sU

20 kHz; 30 kHz; 50 kHz; 21 - 10-sU

70 kHz; 100 kHz; 31 - 10-sU

200 kHz; 300 kHz 47 - 106 U

500 kHz; 700 kHz; 800 kHz; 90106 U

1 MHz 90106 U

60 mV 10 Hz; 20 Hz; 30 Hz 29106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 2110 U

300 Hz; 400 Hz 21-10s U

500 Hz; 1 kHz; 2 kHz; 5 kHz; 20 + 10-sU

10 kHz; 20 kHz; 30 kHz; 50 kHz 23 - 10-sU

70 kHz; 100 kHz; 27 - 106 U

200 kHz; 300 kHz 42 - 10-sU

500 kHz; 700 kHz; 800 kHz; 86106 U

1 MHz 86106 U

100 mvV 10 Hz; 20Hz; 24-106 U

30 Hz 18- 106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 8106 U

300 Hz; 400 Hz; 500 Hz; 8106 U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 8106 U

20 kHz; 30 kHz; 50 kHz; 8106 U

70kHz; 100 kHz; 200 kHz; 8-106 U

300 kHz; 500 kHz; 700 kHz; 10- 106 U

800 kHz; 1 MHz 30106 U

30106 U
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty

t span

AC/DC transfer — AC 200 mV 10 Hz; 20Hz; 18 - 10 U U = measured value

power sources 30 Hz 11-106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 6-106 U

300 Hz; 400 Hz; 500 Hz; 6106 U

kHz; 2 kHz; 5 kHz; 10 kHz; 6-106 U

20 kHz; 30 kHz; 50 kHz; 6106 U

70 kHz; 100 kHz; 8106 U

200 kHz; 300 kHz; 8106 U

500 kHz; 17 - 10-s U

700 kHz; 22106 U

800kHz 27 - 106 U

1 MHz 28 -106 U

300 mV 10 Hz 14 - 106 U

20 Hz 11-106 U

30 Hz 10- 106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 5:106 U

300 Hz; 400 Hz; 500 Hz; 5:106 U

1 kHz; 2 kHz 5-106U

5 kHz; 10 kHz; 20 kHz; 7106 U

30 kHz; 50 kHz; 70 kHz 7-106U

100 kHz; 200 kHz; 300kHz; 8-106 U

500 kHz; 700 kHz; 18 -10-s U

800 kHz; 1 MHz 18- 106 U

400 mV 10 Hz; 20Hz; 10-10s U

30 Hz 7-106U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 5-106U

300 Hz; 400 Hz; 500 Hz; 5-106U

kHz; 2 kHz; 5 kHz; 10 kHz; 5-106 U

20 kHz; 30 kHz; 50 kHz; 5:106 U

70kHz; 100 kHz; 5-106 U

200 kHz; 300kHz; 6106 U

500 kHz 15-106 U

700 kHz; 800 kHz; 1 MHz 17 -106 U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
parameter / range / Procedures measurement
Calibration object Measuremen uncertainty

t span
AC/DC transfer — AC 500 mV 10 Hz 15-10s U U = measured value
power sources 20 Hz 9-10s U
30 Hz 6106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106 U
300 Hz; 400Hz;500Hz; 4106 U
1 kHz; 2 kHz; 5 kHz; 6106 U
10 kHz; 20 kHz; 30 6106 U
kHz, 50kHz; 70 kHz; 6106 U
100 kHz; 200 kHz; 6106 U
300kHz; 500 kHz; 15-106 U
700 kHz; 15-10s U
600 mV 10 Hz 14 - 106 U
20 Hz 9-106 U
30 Hz 7-106U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106 U
300 Hz; 400 Hz; 500 Hz; 4106 U
1kHz; 2 kHz; 5 kHz 4-106U
10 kHz; 20 kHz; 6106 U
30 kHz; 50 kHz; 4-106 U
70 kHz; 100 kHz; 4-106 U
200 kHz; 300 kHz 5-106U
500 kHz; 700 kHz; 6106 U
800 kHz; 1 MHz 15-10-s U
15-106 U
700 mV 10 Hz 15-106 U
20 Hz 9-10s U
30 Hz 6106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106 U
300 Hz; 400 Hz; 4-106 U
500 Hz; 1kHz 4-106 U
2 kHz; 5 kHz; 10 kHz; 5-106 U
20 kHz; 30 kHz; 50 kHz; 5-106 U
70 kHz; 100 kHz; 5-106U
200kHz; 300 kHz; 500 6106 U
kHz; 700 kHz; 15+ 10-s U
800 kHz; 1 MHz 15-10s U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

AC/DC transfer — AC 1V 10 Hz 9-:-10s U U = measured value

power sources 20 Hz 8106 U

30 Hz 7106 U

40 Hz; 55 Hz; 60 Hz; 4-106U

120 Hz; 300 Hz 4-106U

400 Hz; 500 Hz; 2106 U

1 kHz; 2 kHz; 5 kHz 3-106U

10 kHz; 20 kHz; 4-106U

30 kHz; 50 kHz; 4-106U

70 kHz; 100 kHz; 5106 U

200 kHz; 300kHz; 7106 U

500 kHz 11-10sU

700 kHz; 800 kHz; 1 MHz 14+ 105 U

2V 10 Hz; 20 8106 U

Hz; 30 Hz 5-106U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 2106 U

300 Hz; 400 Hz; 500 Hz; 2-106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 2-106 U

20 kHz; 30 kHz; 50 kHz; 70 2:106U

kHz; 100 kHz; 200 kHz; 300 5-106U

kHz; 500 kHz 6106 U

700 kHz; 800 kHz 11-106U

1 MHz 14+ 106U

16106 U

3V;4V;5V; 10 Hz 10+ 106 U

6V;7V;8V 20 Hz 8106 U

30 Hz 5-106U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 3:106U

300 Hz; 400 Hz; 500 Hz; 3:106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 3-106U

20 kHz; 30 kHz; 50 kHz; 3:106U

70kHz; 100 kHz 4-106U

200 kHz; 300kHz; 5-106U

500 kHz 8106 U

700 kHz; 800 kHz 9-106U

1 MHz 12106 U

15106 U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object measuremen uncertainty

t span

AC/DC transfer — AC 10V 10 Hz 10106 U U = measured value

power sources 20 Hz 8106 U

30 Hz 5-106U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106 U

300 Hz; 400 Hz; 500 Hz; 4-10sU

1 kHz; 2 kHz; 5 kHz; 10 kHz; 4-106U

20 kHz; 30 kHz; 50 kHz; 4-106 U

70kHz; 100 kHz; 200 kHz; 5-106 U

300kHz; 500 kHz 6106 U

700 kHz; 800 kHz; 1 MHz 10- 106 U

13-106 U

20V 10 Hz; 20 8-106 U

Hz; 30 Hz 5106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 3:-106U

300 Hz; 400 Hz; 500 Hz; 3:106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 3-106U

20 kHz; 30 kHz; 50 kHz; 3-106U

70kHz; 100 kHz; 200 kHz; 5-106 U

300 kHz; 500 kHz 6106 U

700 kHz; 800 kHz; 1 MHz 10- 106 U

12-106 U

30V;40V;50V;60V;70V 10 Hz; 20 9-106 U

Hz; 30 Hz 7106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 6106 U

300 Hz; 400 Hz; 500 Hz; 6106 U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 6106 U

20 kHz; 30 kHz; 50 kHz 6106 U

70 kHz; 100 kHz 9-106 U

100V 10 Hz 10 - 106 U

20 Hz + 106 U

30 Hz + 106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz;
300 Hz; 400 Hz; 500 Hz;
1 kHz; 2 kHz; 5 kHz; 10 kHz;
20 kHz; 30 kHz; 50 kHz
70 kHz; 100 kHz

- 10s U

- 10s U

9
7
6
6106 U
6
6106 U
9

+10s U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical parameters

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty

t span
AC/DC transfer — AC 200V 10 Hz; 20 Hz 10- 106 U U = measured value
power sources 30 Hz; 40 Hz; 55 Hz; 7106 U
60Hz; 120 Hz; 300 Hz; 7106 U
400 Hz; 500 Hz; 1 kHz; 7106 U
2 kHz; 5 kHz; 10 kHz; 7106 U
20 kHz; 30 kHz; 50 kHz 7106 U
70 kHz; 100 kHz 12-106 U
300 V; 400 V; 500 V; 600 V; 10 Hz; 20 Hz; 30 Hz; 9-10s6U
700 V; 800 V; 1000 V 40 Hz; 55 Hz; 60 Hz; 7-106 U
120 Hz; 300 Hz; 400 Hz; 7106 U
500 Hz; 1 kHz; 2 kHz; 7106 U
5kHz; 10 kHz; 20 kHz; 7106 U
30 kHz; 50 kHz 9-10s U
70 kHz; 100 kHz 15-106 U
AC/DC transfer — AC 1mVv 10 Hz; 20 Hz; 30 Hz 0.30-10s3U
voltage meters 40 Hz; 55 Hz; 60 Hz; 120 Hz; 0.22 -103U
300 Hz; 400 Hz; 500 Hz; 0.22-103U
1 kHz; 2 kHz; 5 kHz; 10kHz; 0.22 103U
20 kHz; 30 kHz; 50 kHz; 0.26 * 103 U
70kHz; 100 kHz; 200 kHz; 0.26 - 103 U
300 kHz 0.26 - 103 U
500 kHz; 700 kHz; 800 kHz 0.32-103U
1 MHz 0.33-103U
2mV 10 Hz; 20 Hz; 30 Hz 0.16 - 103 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 0.13 103U
300 Hz; 400 Hz; 500 Hz; 0.13-103U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 0.13 103U
20 kHz; 30 kHz; 50 kHz 0.13-103U
70 kHz; 100 kHz; 200 kHz; 0.14 - 103 U
300 kHz 0.14 - 103U
500 kHz; 700 kHz; 800 kHz; 0.20- 103U
1 MHz 0.20- 103U
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Measured Measurement Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration item Measuremen uncertainty

t span

AC/DC transfer — AC 6 mV 10 Hz; 20 Hz; 30 Hz 67 - 10 U U = measured value

voltage meters 40 Hz; 55 Hz; 60 Hz; 120 Hz; 57106 U

300 Hz; 400 Hz; 500 Hz 57106 U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 57 - 10-s U

20 kHz; 30 kHz; 50 kHz; 57106 U

70kHz; 100 kHz; 200 kHz; 65106 U

300 kHz; 500 kHz 80106 U

700 kHz; 800 kHz; 1 MHz 0.14 - 103U

0.16 - 103 U

10 mV 10 Hz; 20 Hz; 30 Hz 50106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 45106 U

300 Hz; 400 Hz; 500 Hz; 45-10-s U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 45 - 10-s U

20 kHz; 30 kHz; 50 kHz; 45 - 106 U

70kHz; 100 kHz; 200 kHz; 55-106 U

300 kHz 65-10-s U

500 kHz; 700 kHz; 800 kHz; 0.15-103U

1 MHz 0.15-103U

20 mV 10 Hz 32-106 U

20 Hz; 30 Hz; 40 Hz; 55 Hz; 30106 U

60 Hz; 120 Hz; 300 Hz; 30-10-s U

400 Hz; 500 Hz; 1 kHz; 2 kHz; 30-10-s U

5 kHz; 10 kHz; 20 kHz; 30kHz; 30106 U

50 kHz; 70 kHz; 100 kHz; 30106 U

200kHz; 300 kHz 40 - 106 U

500 kHz; 700 kHz; 800 kHz; 50-10-s U

1 MHz 0.1-103U

0.1-103U

40 mV 10 Hz; 20 Hz; 30 Hz 30106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 25106 U

300 Hz; 400 Hz; 500 Hz; 25106 U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 25 - 10-sU

20 kHz; 30 kHz; 50 kHz; 25 - 10-sU

70kHz; 100 kHz; 200 kHz; 30106 U

300 kHz; 43 -106 U

500 kHz; 700 kHz; 800 kHz; 86106 U

1 MHz 86106 U
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Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
AC/DC transfer — AC 60 mV 10 Hz; 20 Hz; 30 Hz 30106 U U = measured value
voltage meters 40 Hz; 55 Hz; 60 Hz; 120 Hz; 25-106 U
300 Hz; 400 Hz; 500 Hz; 25+ 10-U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 25-10s U
20 kHz; 30 kHz; 50 kHz; 25106 U
70kHz; 100 kHz; 200 kHz; 28 - 10-U
300 kHz 43106 U
500 kHz; 700 kHz; 800 kHz; 86106 U
1 MHz 86106 U
100 mvV 10 Hz; 20 24-106 U
Hz; 30 Hz 18- 106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 106 U
300 Hz; 400 Hz; 500 Hz;

8
8-106U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 8106 U
8
9

20 kHz; 300 kHz; 50 kHz; +106 U
70kHz; 100 kHz; 200 kHz; +106 U
300kHz 10106 U

500 kHz; 700 kHz; 800 kHz; 30- 106U
1 MHz 30- 106 U

200 mV 10 Hz; 20Hz; 18 - 106 U
30 Hz 11-106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz, 6106 U
300 Hz; 400 Hz; 500 Hz; 6106 U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 6106 U
20 kHz; 30 kHz; 50 kHz 6106 U
70 kHz; 100 kHz; 200 kHz; 8106 U
300 kHz; 500 kHz; 700kHz 8-106U
800 kHz; 1 MHz 17106 U
22-106 U

28-106 U

Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 36 of 199



( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15070-01-01 Akkreditierungsstelle

Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measured Measurement Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty

t span

AC/DC transfer — AC 300 mV 10 Hz; 20Hz; 14 - 106 U U = measured value

voltage meters 30 Hz 10- 106 U

40 Hz, 55 Hz; 60 Hz; 120 Hz; 5-106 U

300 Hz; 400 Hz; 500 Hz; 5-10-s U

1 kHz, 2 kHz; 5 kHz; 10 kHz; 5-106 U

20 kHz 5-106 U

30 kHz; 50 kHz 7-106 U

70 kHz; 100 kHz; 200 kHz; 8-10sU

300 kHz; 500 kHz 8-10sU

700 kHz; 800 kHz; 1 MHz 15-10s U

18- 105 U

400 mV 10 Hz; 20 10-10s U

Hz; 30 Hz 7106 U

40 Hz, 55 Hz; 60 Hz; 120 Hz; 5-106 U

300 Hz; 400 Hz; 500 Hz 5-106 U

1 kHz, 2 kHz; 5 kHz; 10 kHz; 3-106 U

20 kHz; 30 kHz 3-106U

50 kHz; 70 kHz; 100 kHz; 5:106 U

200 kHz; 300 kHz; 5+10-s U

500kHz 6106 U

700 kHz; 800 kHz; 1 MHz 12-10s U

17-10s U
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

AC/DC transfer — AC 500 mV 10 Hz 15-10s U U = measured value

voltage meters 20 Hz 9-106 U

30 Hz 6106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106U

300 Hz; 400 Hz 4-106U

500 Hz; 1 kHz; 2 kHz; 5 kHz; 6-106 U

10 kHz; 20 kHz; 30 kHz; 6106 U

50kHz; 70 kHz; 100 kHz; 6106 U

200 kHz; 300 kHz 6106 U

500 kHz; 700 kHz; 800 kHz; 15-10s U

1 MHz 15+ 106 U

600 mV 10 Hz 14+ 105 U

20 Hz 9-10sU

30 Hz 7106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106 U

300 Hz; 400 Hz; 500 Hz; 4106 U

1kHz; 2 kHz; 5 kHz 4-106U

10 kHz; 20 kHz; 30 kHz; 6106 U

50 kHz 4-106U

70 kHz; 100 kHz; 4-106U

200 kHz; 300 kHz 5106 U

500 kHz; 700 kHz; 800 kHz; 6106 U

1 MHz 15+ 105 U

15+ 106 U

700 mV 10 Hz 15- 106 U

20 Hz 9-106U

30 Hz 6106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106 U

300 Hz; 400 Hz; 500 Hz; 4-106U

1kHz 4-106U

2 kHz; 5 kHz; 10 kHz; 20 kHz; 5:106 U

30 kHz; 50 kHz; 70 kHz; 5-106 U

100kHz 5-106U

200 kHz; 300 kHz 6106 U

500 kHz; 700 kHz; 800 kHz; 15+ 106 U

1 MHz 15+ 106 U
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

AC/DC transfer — AC 1V 10 Hz 9:10s U U = measured value

voltage meters 20 Hz 8-106 U

30 Hz 7106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106U

300 Hz 4-106U

400 Hz; 500 Hz; 1kHz; 2-106 U

2 kHz; 5 kHz 3-106U

10 kHz; 20 kHz; 30 kHz; 4-106U

50 kHz 4-106U

70 kHz, 100 kHz, 5106 U

200 kHz; 300kHz, 7106 U

500 kHz 11-10sU

700 kHz; 800 kHz; 1 MHz 14+ 105 U

2V 10 Hz; 20 8106 U

Hz; 30 Hz 5-106U

40 Hz; 55 Hz; 60 Hz, 120 Hz; 2106 U

300 Hz; 400 Hz; 500 Hz; 2-106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 2-106 U

20 kHz; 30 kHz; 50 kHz; 2:106U

70kHz; 100 kHz; 200 kHz; 5-106U

300 kHz; 500 kHz 6106 U

700 kHz; 800 kHz 11-106U

1 MHz 14+ 106U

16106 U

3V;4V;5V;6V;7V;8V 10 Hz 10+ 106 U

20 Hz 8106 U

30 Hz 5-106U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 3:106U

300 Hz, 400 Hz; 500 Hz; 3:106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 3-106U

20 kHz; 30 kHz; 50 kHz; 3:106U

70kHz; 100 kHz 4-106U

200 kHz; 300kHz; 5-106U

500 kHz 8106 U

700 kHz; 800 kHz 9-106U

1 MHz 12106 U

15106 U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

AC/DC Transfer — AC 0V 10 Hz 10106 U U = measured value

voltage meters 20 Hz 8-106 U

30 Hz 5106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 4-106U

300 Hz; 400 Hz, 500 Hz; 4-106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 4-106U

20 kHz; 30 kHz; 50 kHz; 4-106U

70vkHz; 100 kHz; 200 kHz; 5-106 U

300 kHz; 500 kHz 6106 U

700 kHz; 800 kHz, 1 MHz 10-10s U

13- 106U

20V 10 Hz, 20 8106 U

Hz, 30 Hz 5106 U

40 Hz, 55 Hz; 60 Hz, 120 Hz; 3:-106U

300 Hz; 400 Hz; 500 Hz; 3:106U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 3-106U

20 kHz; 30 kHz; 50 kHz; 3-106U

70kHz; 100 kHz; 200 kHz; 5-106 U

300 kHz; 500 kHz 6106 U

700 kHz; 800 kHz; 1 MHz 10105 U

12106 U

30V; 40V;50V; 60V; 70V 10 Hz, 20Hz, 9-10sU

30 Hz 7-106U

40 Hz; 55 Hz; 60 Hz; 120 Hz; 6106 U

300 Hz; 400 Hz; 500 Hz, 6-10s U

1 kHz; 2 kHz; 5 kHz; 10 kHz; 6106 U

20 kHz; 30 kHz; 50 kHz 6106 U

70 kHz; 100 kHz 9-106U

100V 10 Hz 10 - 106 U

20 Hz + 106 U

30 Hz ©106 U

40 Hz; 55 Hz; 60 Hz; 120 Hz;
300 Hz; 400 Hz; 500 Hz;
1 kHz; 2 kHz; 5 kHz; 10 kHz;
20 kHz; 30 kHz; 50 kHz
70 kHz; 100 kHz

- 10s U

- 10s U

9
7
6
6106 U
6
6106 U
9

+10s U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical Parameters

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC/DC transfer — AC 200V 10 Hz; 20 Hz 10106 U U = measured value
voltage meters 30 Hz; 40 Hz; 55 Hz; 60 Hz; 7106 U
120 Hz; 300 Hz; 400 Hz; 7106 U
500Hz; 1 kHz; 2 kHz; 5 kHz; 7106 U
10 kHz; 20 kHz; 30 kHz; 7106 U
50kHz 7-106U
70 kHz; 100 kHz 12-106 U
300 V; 400 V; 500 V; 600 V; 10 Hz; 20 Hz; 30 Hz 9-10s U
700 V; 800 V; 1000 V 40 Hz; 55 Hz; 60 Hz, 120 Hz; 7106 U
300 Hz; 400 Hz; 500 Hz; 7106 U
1 kHz, 2 kHz; 5 kHz; 10 kHz; 7106 U
20 kHz 7106 U
30 kHz; 50 kHz 9-10s U
70 kHz, 100 kHz 15-106 U
AC voltage 1mVv 10 Hz; 20 Hz; 30 Hz; 0.42 - 103U
measuring 40 Hz; 55 Hz; 60 Hz; 0.36 * 103 U
instruments and 120 Hz; 300 Hz; 400 Hz; 0.36 * 103 U
sources 500 Hz; 1 kHz; 2 kHz; 5kHz; 0.36 105U
10 kHz; 20 kHz; 30 kHz; 0.36 - 103 U
50kHz; 70 kHz; 100 kHz; 0.36 - 103 U
200 kHz; 300 kHz 0.43-103U
500 kHz; 700 kHz; 800 kHz 0.48 103U
1 MHz 0.53-103U
2mV 10 Hz; 20 Hz; 30 Hz 0.18 - 103 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 0.14 - 103 U
300 Hz; 400 Hz; 500 Hz; 0.14 - 103U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 0.14-10s U
20 kHz; 30 kHz; 50 kHz; 0.14 - 103 U
70kHz; 100 kHz; 200 kHz; 0.18 - 103 U
300 kHz 0.18 - 103 U
500 kHz; 700 kHz; 800 kHz 0.21-103U
1 MHz 0.24-103U
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Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC voltage 6 mV 10 Hz; 20 Hz; 30 Hz 70 - 106 U U = measured value
measuring 40 Hz; 55 Hz; 60 Hz; 120 Hz; 60 - 106 U
instruments and 300 Hz; 400 Hz; 500 Hz; 60 - 106 U
sources 1 kHz; 2 kHz; 5 kHz; 10 kHz; 60106 U
20 kHz; 30 kHz; 50 kHz; 60 - 106 U
70kHz; 100 kHz; 200 kHz; 70-10-s U
300 kHz; 500 kHz; 700 kHz; 85106 U
800 kHz; 1 MHz 0.17 - 103U
0.17 - 103U
10 mV 10 Hz; 20 Hz; 30 Hz 53106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 47 - 106 U
300 Hz; 400 Hz; 500 Hz; 47 - 106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 47 - 10-s U
20 kHz; 30 kHz; 50 kHz; 47 - 10-s U
70kHz; 100 kHz; 200 kHz; 57106 U
300 kHz; 500 kHz; 700 kHz; 70-10-s U
800 kHz; 1 MHz 0.14-10s3U
0.14-103U
20 mV 10 Hz; 20 Hz; 30 Hz 37-106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 35-106 U
300 Hz; 400 Hz; 500 Hz; 35-106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 35-106 U
20 kHz; 30 kHz; 50 kHz; 35-106 U
70kHz; 100 kHz; 200 kHz; 45106 U
300 kHz; 500 kHz; 700 kHz; 56 -10-s U
800 kHz; 1 MHz 0.11-10sU
0.11-103U
40 mV 10 Hz; 20 Hz; 30 Hz 33:106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 31-106U
300 Hz; 400 Hz; 500 Hz; 31-10s U
1 kHz; 2 kHz; 5 kHz; 10kHz; 31 - 10-sU
20 kHz; 30 kHz; 50 kHz; 31 - 10-sU
70kHz; 100 kHz; 200 kHz; 40 - 106 U
300 kHz; 500 kHz; 700 kHz; 56 - 106 U
800 kHz; 1 MHz 95 - 10-6U
95106 U

Valid from:

12 February 2026

Date of issue: 25 February 2026

Page 42 of 199



( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15070-01-01 Akkreditierungsstelle

Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC voltage 60 mV 10 Hz; 20 Hz; 30 Hz 31-10sU U = measured value
measuring 40 Hz; 55 Hz; 60 Hz; 120 Hz; 25106 U
instruments and 300 Hz; 400 Hz; 500 Hz; 25106 U
sources 1 kHz; 2 kHz; 5 kHz; 10 kHz; 25 + 10-sU
20 kHz; 30 kHz; 50 kHz; 25 + 10-sU
70kHz; 100 kHz; 200 kHz; 29 - 10-U
300 kHz 43 - 10-sU
500 kHz; 700 kHz; 800 kHz 87106 U
1 MHz 98106 U
100 mvV 10 Hz; 20 26105 U
Hz; 30 Hz 20-10s U
40 Hz, 55 Hz; 60 Hz; 12106 U
120Hz; 300 Hz; 400 Hz; 12106 U
500 Hz; 12106 U
1 kHz; 2 kHz; 5 kHz; 10kHz; 12 - 106 U
20 kHz; 30 kHz; 50 kHz; 13 - 10-sU
70kHz; 100 kHz; 200kHz; 14 - 10-sU
300 kHz 33 106U
500 kHz; 700 kHz; 800 kHz 53106 U
200 mV 10 Hz; 20Hz; 21106 U
30 Hz 15106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 12 - 106 U
300 Hz; 400 Hz; 500 Hz; 12106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 12 - 106 U
20 kHz; 30 kHz; 50 kHz; 12106 U
70kHz; 100 kHz; 200 kHz; 13- 106 U
300 kHz; 500 kHz; 700 kHz 13- 106 U
800 kHz; 1 MHz 25 10-sU
35-106 U
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / Procedures measurement
Calibration object Measuremen uncertainty

t span
AC 300 mV 10 Hz; 20 Hz; 30 Hz 17 - 106 U U = measured value
voltage 40 Hz; 55 Hz; 60 Hz; 120 Hz; 12 - 106 U
measuring 300 Hz; 400 Hz; 500 Hz; 12106 U
instruments 1kHz; 2 kHz; 5 kHz; 12 - 106 U
and sources 10 kHz; 20 kHz; 30 kHz; 12 - 106 U
50 kHz; 70 kHz 12106 U
100 kHz; 200 kHz; 300kHz; 13- 106 U
500 kHz 17 - 106 U
700 kHz; 800 kHz 21-106 U
1 MHz 28106 U
500 mV; 600 mV; 700 mV 10 Hz 18 - 106 U
20 Hz; 30 Hz 13- 106 U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 10 - 106 U
300 Hz; 400 Hz; 500 Hz; 10106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 10106 U
20 kHz; 30 kHz; 50 kHz; 10106 U
70kHz; 100 kHz; 200 kHz; 11106 U
300 kHz 11106 U
500 kHz; 700 kHz; 800 kHz 21 - 10-
1 MHz u
1V 10 Hz; 20 13- 106 U
Hz; 30 Hz 11-10s U
40 Hz; 55 Hz; 60 Hz; 120 Hz; 10 - 106 U
300 Hz; 400 Hz; 500 Hz; 10 - 106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 10- 106 U
20 kHz; 30 kHz; 50 kHz; 10 - 106 U
70kHz; 100 kHz; 200 kHz; 10 - 106 U
300 kHz; 500 kHz 11-106 U
700 kHz; 800 kHz 15106 U
1 MHz 25106 U
60 - 106 U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating current 2V 10 Hz; 20 12106 U U = measured value

Measuring instruments and Hz; 30 Hz 10- 106 U
Sources 40 Hz; 55 Hz; 60 Hz; 120 Hz; 9-10s U
300 Hz; 400 Hz; 500 Hz; 9-106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 9-10s U
20 kHz; 30 kHz; 50 kHz; 9-10s U
70kHz; 100 kHz; 200 kHz; 10106 U
300 kHz; 500 kHz 10- 106 U
700 kHz; 800 kHz 15-106 U
1 MHz 25106 U
67 -106 U
3V;4V;5V 10 Hz; 20 Hz 15- 106 U
30 Hz; 40 Hz; 55 Hz; 60 Hz; 11106 U
120 Hz; 300 Hz; 400 Hz; 11-106 U
500 Hz; 1 kHz; 2 kHz; 5kHz; 11-106 U
10 kHz; 20 kHz; 30 kHz; 11-10s U
50kHz; 70 kHz 11-10s U
100 kHz; 200 kHz; 300kHz; 11-106 U
500 kHz 15-106 U

700 kHz; 800 kHz 25-10-U
1 MHz 67 - 106 U
6V;7V;8V 10 Hz; 20 Hz 15- 106 U
30 Hz; 40 Hz; 55 Hz; 60 Hz; 11106 U
120 Hz; 300 Hz; 400 Hz; 11-106 U
500Hz; 1 kHz; 2 kHz; 5 kHz; 11-106 U
10 kHz; 20 kHz; 30 kHz; 11-10s U
50kHz; 70 kHz 11-106 U
100 kHz; 200 kHz; 300kHz; 13- 106 U
500 kHz 30106 U

700 kHz; 800 kHz 60 - 10-sU

1 MHz 95-106 U
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating voltage 0V;20V 10 Hz; 20 Hz 13- 106 U U = measured value
Measuring instruments and 30 Hz; 40 Hz; 55 Hz; 60 Hz; 11-106 U
Sources 120 Hz; 300 Hz; 400 Hz; Hz; 11-106 U
1 kHz; 2 kHz; 5 kHz; 10 kHz; 11-106 U
20 kHz; 30 kHz; 50 kHz; 11-106 U
70kHz; 100 kHz; 200 kHz; 11-106 U
300 kHz; 500 kHz 25 - 10-sU
700 kHz; 800 kHz; 1 MHz 25-106 U
0.11-103U
30V;40V;50V;60V; 70V 10 Hz; 20 Hz; 30 Hz; 40 Hz; 15-106 U
55 Hz; 60 Hz; 120 Hz; 15106 U
300Hz; 400 Hz; 500 Hz; 15 - 10-sU
1 kHz; 2 kHz; 5 kHz; 10 kHz; 15- 106 U
20 kHz; 30 kHz; 50 kHz 15-10s U
70 kHz; 100 kHz 20106 U
100 V; 200V 10 Hz; 20 Hz; 30 Hz; 17 - 106 U
40 Hz; 55 Hz; 60 Hz; 14 - 106 U
120 Hz; 300 Hz; 400 Hz; 14 - 106 U
500 Hz; 1 kHz 14 - 106 U
2 kHz; 5 kHz; 10 kHz; 17 - 106 U
20 kHz; 30 kHz; 17 - 10-sU
50kHz; 70 kHz 17 - 10-sU
100 kHz 32-106 U
300V 10 Hz; 20 Hz; 30 17 - 106 U
Hz;40Hz;55Hz;60Hz; 14 - 106 U
120 Hz; 300 Hz; 400 Hz; 14 - 106 U
500 Hz; 1 kHz 14 - 106 U
2 kHz; 5 kHz; 10 kHz; 20kHz; 20106 U
30 kHz; 50 kHz; 70 kHz 32106 U
100 kHz 44 - 106 U
66 - 106 U
500V; 1,000 V 10 Hz; 20 Hz 24 - 106 U
30 Hz; 40 Hz; 55 Hz; 25104 U
60 Hz; 120 Hz; 300 Hz; 25106 U
400 Hz; 500 Hz 25 - 10-sU
1 kHz; 2 kHz; 5 kHz; 10kHz; 30106 U
20 kHz; 30 kHz; 50 kHz; 47 - 105 U
70kHz 55 - 10-sU
100 kHz 66 - 106 U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical parameters

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty

t span
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage >20 Hz to 40 Hz 0.52-103U
measuring > 40 Hz to 20 kHz 0.40 - 103 U
instruments > 20 kHz to 50 kHz 0.40 - 103 U
and sources > 50 kHz to 100 kHz 0.41-103U
>100 kHz to 300 kHz 0.46 - 103 U
> 300 kHz to 500 kHz 0.55- 103U
> 500 kHz to 1 MHz 0.60 103U
>22mVto7 mV 10 Hz to 20 Hz 0.22-103U
>20 Hz to 40 Hz 0.22-103U
> 40 Hz to 20 kHz 0.16 103U
> 20 kHz to 50 kHz 0.16 103U
> 50 kHz to 100 kHz 0.20-103U
>100 kHz to 300 kHz 0.22-103U
> 300 kHz to 500 kHz 0.33-103U
> 500 kHz to 1 MHz 0.45-103U
>7 mVto22mV 10 Hz to 20 Hz 80106 U
>20 Hz to 40 Hz 80106 U
> 40 Hz to 20 kHz 65 - 106 U
> 20 kHz to 50 kHz 75-106 U
> 50 kHz to 100 kHz 75106 U
>100 kHz to 300 kHz 95-10-s U
> 300 kHz to 500 kHz 0.19-103 U
> 500 kHz to 1 MHz 0.21-103U
>22mVto 70 mV 10 Hz to 20 Hz 70106 U
>20 Hz to 40 Hz 58 - 106 U
> 40 Hz to 20 kHz 35-106 U
> 20 kHz to 50 kHz 35-106 U
> 50 kHz to 100 kHz 45-10-s U
>100 kHz to 300 kHz 55-10-s U
> 300 kHz to 500 kHz 0.11-103U
> 500 kHz to 1 MHz 0.13-103U
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC >70mV to 220 mV 10 Hz to 20 Hz 39106 U U = measured value
voltage > 20 Hz to 40Hz 35-10s U
measuring > 40 Hz to 20 kHz 25+ 10-sU
instruments > 20 kHz to 50 kHz 25+ 10-sU
and sources > 50 kHz to 100 kHz 2810 U
>100 kHz to 300 kHz 42 - 10U
> 300 kHz to 500 kHz 8510V
> 500 kHz to 1 MHz 01-10sV
>220 mV to 700 mV 10 Hz to 20 Hz 25106 U
>20 Hz to 40 Hz 22-106U
> 40 Hz to 20 kHz 12106 U
> 20 kHz to 50 kHz 12106 U
> 50 kHz to 100 kHz 13- 106 U
>100 kHz to 300 kHz 14 - 105 U
> 300 kHz to 500 kHz 27106 U
> 500 kHz to 1 MHz 40 - 106 U
>700mVto2.2V 10 Hz to 20 Hz 20106 U
>20 Hz to 40 Hz 14 - 106 U
> 40 Hz to 20 kHz 10 - 106 U
> 20 kHz to 50 kHz 10 - 106 U
> 50 kHz to 100 kHz 11106 U
>100 kHz to 300 kHz 11-106 U
>300 kHz to 500 kHz 22 - 10-sU
> 500 kHz to 1 MHz 68 - 106 U
>22Vto7V 10 Hz to 20 Hz 18- 105 U
>20 Hz to 40 Hz 12106 U
> 40 Hz to 20 kHz 11 - 10-sU
> 20 kHz to 50 kHz 11-106U
> 50 kHz to 100 kHz 13- 106U
>100 kHz to 300 kHz 13- 106U
> 300 kHz to 500 kHz 30106 U
> 500 kHz to 1 MHz 95106 U
Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 48 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

( DAKKS

Deutsche
Akkreditierungsstelle

Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical parameters

Calibration and measurement facilities (CMC)

Measured Measuring Measurement Expanded Comments
quantity / range / conditions / measurement
Calibration object Measuremen procedures uncertainty

t span
AC >7Vto22V 10 Hz to 20 Hz 17 - 106 U U = measured value
voltage >20 Hz to 40 Hz 16 - 106 U
measuring > 40 Hz to 20 kHz 11 - 10-sU
instruments > 20 kHz to 50 kHz 11-106 U
and sources > 50 kHz to 100 kHz 11106 U
>100 kHz to 300 kHz 25 - 10-sU
> 300 kHz to 500 kHz 30 - 10-sU
> 500 kHz to 1 MHz 0.11-103U
>22Vto70V 10 Hz to 20 Hz 18 - 106 U
>20 Hz to 40 Hz 16 - 106 U
> 40 Hz to 20 kHz 15 - 10-sU
> 20 kHz to 50 kHz 15106 U
> 50 kHz to 100 kHz 25-10s U
>100 kHz to 300 kHz 25-10s U
> 300 kHz to 500 kHz 40-10sU
> 500 kHz to 1 MHz 0.13-103U
>70Vto220V 10 Hz to 20 Hz 19106 U
>20 Hz to 40 Hz 18 - 106 U
> 40 Hz to 20 kHz 17 - 106 U
> 20 kHz to 50 kHz 17 -106 U
> 50 kHz to 100 kHz 32-106 U
>220V to 1,000 V 10 Hz to 20 Hz 25106 U
>20 Hz to 40 Hz 27 - 106 U
> 40 Hz to 20 kHz 45 - 106 U
> 20 kHz to 50 kHz 45 - 10-sU
> 50 kHz to 100 kHz 65 - 106 U
Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 49 of 199



( DAKKS

Deutsche
Appendix to Accreditation Certificate D-K-15070-01-01 Akkreditierungsstelle

Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty

t span
AC voltage 0.01V upto 0.1V 10Hz upto 40Hz 0.69 - 103U U = measured value
measuring >40Hz to 20kHz 0.53-103U
instruments >20kHz upto 50kHz 0.64-103U
>50kHz to 100 kHz 1.1-103U
>100kHz to 300 kHz 2.1-103U
>300kHz to 500 kHz 3.6-103U
>500kHz upto 1MHz 5.0-103U
>0.1V upto 0.22V 10Hz wupto 40Hz 0.38- 103U
>40Hz to 20kHz 0.16 - 103 U
>20kHz upto 50kHz 0.28 - 103U
>50kHz to 100 kHz 0.65-103U
>100kHz to 300 kHz 1.1-103U
>300kHz to 500 kHz 1.6-103U
>500kHz upto 1MHz 3.3:-103U
>0.22V upto 2.2V 10Hz wupto 40Hz 0.49 - 103U
>40Hz to 20kHz 0.09-103U
>20kHz upto 50kHz 0.14- 103U
>50kHz to 100 kHz 0.29-103U
>100 kHz upto 300kHz 0.85-103U
>300kHz upto 500kHz 2.1-103U
>500kHz upto 1MHz 3.3:-103U
>2.2V upto 22V 10Hz wupto 40Hz 0.45-103U
>40Hz to 20kHz 0.07 - 103U
>20kHz wupto 50kHz 0.13-103U
>50kHz to 100 kHz 0.21-103U
>100kHz to 300 kHz 0.6-103U
>300kHz to 500 kHz 2.0-103U
>500kHz upto 1MHz 3.1-103U
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration item Measuremen uncertainty
t span
AC voltage >22V to 220V 10Hz to 40Hz 0.47 - 103U U = Reading
measuring >40Hz upto 20kHz 0.09 - 103U taken with a
instruments >20kHz upto 50kHz 0.14- 103U Fluke 5720A
>50kHz to 100 kHz 0.29- 103U (ranges)
>220V upto 1000V 50Hz upto 1kHz 85106 U
Alternating current 10 Hz; 40 Hz; 100 Hz; 500Hz; at discrete points
with an input impedance of 1 kHz; 10 kHz; 50 kHz 05-10s
500Q 100 kHz; 200 kHz; 500kHz; ’ ’
1 MHz; 2 MHz; 4 MHz
3.2V
5 MHz; 8 MHz 1.1-103
10 MHz; 15 MHz; 20 MHz 2.0-103
26 MHz; 30 MHz; 50 MHz 3.2-103
10 Hz; 40 Hz; 100 Hz; 500Hz;
1 kHz; 10 kHz; 50 kHz .
100 kHz; 200 kHz; 500kHz; 0710
1 MHz; 2 MHz; 4 MHz
1V;320mV
5 MHz; 8 MHz 1.8-103
10 MHz; 15 MHz; 20 MHz 3.5-103
26 MHz; 30 MHz; 50 MHz 5.4+ 103
10 Hz; 40 Hz; 100 Hz; 500Hz;
oo o,
100 mV; 32mV; z Z L
10mV; 3.2 mv: 1 MHz; 2 MHz; 4 MHz
1mV 5 MHz; 8 MHz 2.7-103
10 MHz; 15 MHz; 20 MHz 5.2+103
26 MHz; 30 MHz; 50 MHz 7.9+ 103
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical Parameters
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

Alternating Current — 100 pA 10 Hz 82-10+6/ | = measured value

Direct Current — 20 Hz 39106/

Transfer 30 Hz 31-10-6/

40 Hz 34-10s/

55 Hz 0.11- 103/

400 Hz 63 10s/

500 Hz; 1kHz, 4110/

2 kHz 39-10s/

5 kHz; 10 kHz 31-10s/

300 pA 10 Hz 37-10s/

20 Hz 34-10s/

30 Hz; 40Hz; 31-10s/

55 Hz; 41-10-6/

400Hz 35-10-6/

500 Hz; 1 kHz 31-10-6/

2 kHz; 5 kHz; 10 kHz 32-10-61

1mA 10 Hz; 20 Hz; 30 Hz; 40 Hz; 31-10-6/

55 Hz; 400 Hz; 500 Hz; 31-10-6/

1 kHz; 2 kHz; 5 kHz; 10 kHz 31-10-6/

3 mA 10 Hz; 20 Hz; 30 Hz; 40 Hz; 71061

55 Hz; 400 Hz; 500 Hz; 71061

1kHz; 2 kHz; 5 kHz 7107/

10 kHz 8-10-6/

5mA 10 Hz; 20Hz; 71061

30 Hz 6106/

40 Hz; 55 Hz 5106/

400 Hz; 500 Hz; 1 kHz; 2kHz; 4-10-61/

5 kHz 6-10-6/

10 kHz 8-10-6/

10 mA 10 Hz 6106/

20 Hz; 30 Hz 5-10s/

40 Hz; 55 Hz; 400 Hz; 4106/

500 Hz; 1 kHz; 2 kHz; 5 kHz; 4-10s6/

10 kHz 4106/
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Kirchzarten Permanent Laboratory, GewerbestralRe 3 — Electrical Measurements
Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating current 20 mA; 30 mA; 50 mA 10 Hz 8- 10s/ | = measured value
amperage— 20 Hz; 30 Hz; 40 Hz; 55 Hz; 5106/
Direct current intensity— 400 Hz; 500 Hz; 1 kHz; 2 kHz 4-10s/
Transfer 5 kHz; 10 kHz 5104/
100 mA 10 Hz 8106/
20 Hz; 30 Hz; 40 Hz; 55Hz; 5°:106/
400 Hz 8104/
500 Hz; 1kHz, 5:106/
2kHz 8106/
5 kHz; 10 kHz 5106/
200 mA 10 Hz 7106/
20 Hz; 30 Hz; 40 Hz; 6106/
55 Hz; 400 Hz; 500Hz; 5-106/
1 kHz 8106/
2 kHz; 5 kHz; 10 kHz 5-10s/
300 mA; 500 mA 10 Hz; 20 Hz; 30Hz; 6106/
40 Hz; 55 Hz 5-106/
400 Hz; 500 Hz; 1 kHz; 2 kHz 4-10s/
5 kHz; 10 kHz 5-10s6/
1A 10 Hz 7106/
20 Hz; 30Hz; 6106/
40 Hz; 55 Hz 7106/
400 Hz; 500 Hz; 5-10s/
1 kHz; 2 kHz; 5 kHz; 10 kHz 9-10s6/
2A 10 Hz 7106/
20 Hz; 30 Hz 8104/
40 Hz; 55 Hz; 400 Hz; 7106/
500 Hz; 1 kHz; 2 kHz; 7105/
5 kHz; 10 kHz 7+10s/
3A;5A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 14+ 106/
55 Hz; 400 Hz; 500 Hz; 14 10/
1 kHz; 2 kHz; 5 kHz; 10 kHz 14 - 10/
10A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 21106/
55 Hz; 400 Hz; 500 Hz; 21-10s/
1 kHz; 2 kHz; 5 kHz; 10 kHz 21-10s/
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating current amperage-| 20A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 26 - 106/ | = measured value
Direct current intensity— 55 Hz; 400 Hz; 500 Hz; 26 - 10/
Transfer 1kHz; 2 kHz; 5 kHz; 26 10s/
10 kHz 30-10s/
50A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 32106/
55 Hz; 400 Hz; 500 Hz; 32106/
1kHz; 2 kHz; 32 - 10-¢/
5 kHz; 10 kHz 40 - 106/
100 A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 47 - 10/
55 Hz; 400 Hz; 500 Hz; 47 - 10/
1kHz; 2 kHz; 5 kHz; 47 - 10-6/
10 kHz 92-10s/
Sources of 100 pA 10 Hz 83:10s/
alternating 20 Hz 40 - 106/
current 30 Hz; 40Hz; 34-10-6/
55 Hz; 0.11-103/
400Hz 64 -10-6/
500 Hz; 1 kHz; 2 kHz 42 - 10-6/
5 kHz; 10 kHz; 20 kHz; 30kHz; 33-10s/
50 kHz 47 - 10-6 /
70 kHz; 100 kHz 77 - 106/
300 pA 10 Hz 38 -106/
20 Hz 34 -106/
30 Hz; 40Hz; 32 - 10-s/
55 Hz; 42 - 10-6/
400Hz 36 + 10-s/
500 Hz; 1 kHz; 2 kHz; 33-106/
5 kHz; 10 kHz; 20 kHz; 33 - 10-¢/
30 kHz; 50 kHz; 70kHz 33 - 10-¢/
100 kHz 52+ 10-6/
0.11- 103/
Valid 12 February 2026
from:

Date of issue: 25 February 2026

Page 54 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

( DAKKS

Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities

Calibration and measurement capabilities (CMC)

Deutsche
Akkreditierungsstelle

Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty

t span

Sources of 1mA 10 Hz; 20 Hz; 30 Hz; 40 Hz; 32-10s6!/ I = measured value
alternating 55 Hz; 400 Hz; 500 Hz; 32106/
current 1 kHz; 2 kHz; 5 kHz; 10 kHz; 32 - 10-6/
20 kHz; 30 kHz; 50 kHz; 70 kHz 32 - 10-6/
100 kHz 34-106/
3 mA 10 Hz; 20 Hz; 30 Hz; 40 Hz; 9-:10s/
55 Hz; 400 Hz; 500 Hz; 1 kHz; 9106/
2 kHz; 5 kHz; 10 kHz 9-10s6/
20 kHz; 30 kHz; 50 kHz; 70 kHz 10- 106/
100 kHz 12-10s6/
15-10s6/
5 mA 10 Hz; 20 Hz; 30 Hz; 9-:10s/
40 Hz; 55 Hz; 400 Hz; 810+ /
500 Hz; 1 kHz; 2 kHz; 5kHz; 8106/
10 kHz 10- 106/
20 kHz; 30 kHz; 50 kHz; 70 kHz 12106/
100 kHz 15- 106/
10 mA 10 Hz 9-10s/
20 Hz; 30 Hz; 40 Hz; 55 Hz; 8106/
400 Hz; 500 Hz; 1 kHz; 2 kHz; 7106/
5 kHz; 10 kHz; 20 kHz; 30kHz; 8106/
50 kHz; 70 kHz 10- 106/
100 kHz 12-10s6/
20 mA; 30 mA; 10 Hz 10106/
50 mA; 100 mA 20 Hz; 30 Hz; 40 Hz; 55 Hz; 8-10+6/
400 Hz; 500 Hz 8-10+6/
1 kHz; 2 kHz; 5 kHz; 10 kHz; 810+ /
20 kHz; 30 kHz; 50 kHz; 8:10s/
70kHz 10- 106/
100 kHz 13-10s6/
200 mA 10 Hz 9-10+6/
20 Hz; 30 Hz; 40 Hz; 55 Hz; 810+ /
400 Hz; 500 Hz; 1 kHz 8106/
2 kHz; 5 kHz; 10 kHz; 20kHz; 10106/
30 kHz; 50 kHz; 9-10+6/
70 kHz; 100 kHz 13-10-6/
13- 106/
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Sources of 300 mA 10 Hz; 20 Hz 9-:10s/ | = measured value
alternating 30 Hz; 40 Hz; 55 Hz; 400 Hz; 8106/
current 500 Hz; 1 kHz; 2 kHz; 5 kHz; 8- 106/
10 kHz; 20 kHz; 30 kHz; 8 + 10-6/
50kHz 9-10s/
70 kHz; 100 kHz 14 - 106/
500 mA 10 Hz; 20 Hz; 30 Hz 9-10s/
40 Hz; 55 Hz; 400 Hz; 500 Hz; 8:10s/
1 kHz: 2 kHz; 5 kHz; 10 kHz; 8:10s/
20 kHz; 30 kHz; 50 kHz; 8:10s/
70kHz 9-10+6/
100 kHz 11-106/
14 - 106/
1A 10 Hz; 20 Hz; 30 Hz; 9-10s6/
40 Hz; 55 Hz; 9-10s6/
400Hz; 500 Hz 8-10s/
1kHz; 2 kHz; 5 kHz; 11-10s/
10kHz; 20 11-10s6/
kHz;30kHz;50kHz;70kHz 13106/
100 kHz 15-10s6/
2A 10 Hz; 20 Hz; 30 Hz 10- 106/
40 Hz; 55 Hz; 400 Hz; 500Hz; 8-10s/
1 kHz; 2 kHz; 5 kHz; 10 kHz; 9:10s/
20 kHz; 30 kHz; 50 kHz; 13-10s6/
70kHz 18- 106/
100 kHz 23-10+6/
3A 10 Hz; 20 Hz; 30 Hz; 18 - 106/
40 Hz; 55 Hz; 400 Hz; 17 - 10/
500 Hz; 1 kHz; 2 kHz; 5 kHz; 17 - 10-6/
10 kHz; 20 kHz; 30 kHz; 17 - 10-6/
50kHz; 70 kHz 18 - 106/
100 kHz 27 - 10-s/
29-10+s/
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Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Sources of 5A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 16 - 106/ | = measured value
alternating 55 Hz; 400 Hz; 500 Hz; 16+ 106/
current 1kHz; 2 kHz; 5 kHz; 10 kHz; 16+ 106/
20 kHz; 30 kHz; 50 kHz; 16+ 106/
70kHz 18 - 10-6/
100 kHz 27 - 10-sl
29-10+6/
10A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 22 - 106/
55 Hz; 400 Hz; 500 Hz; 22 - 106/
1kHz; 2 kHz; 5 kHz; 10 kHz; 22 - 106/
20 kHz; 30 kHz; 50 kHz; 22 - 10-6/
70kHz 31 - 10-s/
100 kHz 41 - 10-s/
51 - 10-s/
7610/
20A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 27 - 106/
55 Hz; 400 Hz; 500 Hz; 27 - 10/
1 kHz; 2 kHz; 5 kHz; 10kHz; 27 - 10-s/
20 kHz; 30 kHz; 50 kHz; 31-10s/
70kHz 46 - 106/
100 kHz 0.13-103/
0.17 - 103/
50A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 33106/
55 Hz; 400 Hz; 500 Hz; 33106/
1kHz; 2 kHz; 33-10s/
5 kHz; 10 kHz 40-10s/
100 A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 48 - 10/
55 Hz; 400 Hz; 500 Hz; 48 - 10/
1kHz; 2 kHz; 5 kHz; 48105/
10 kHz 93-10s/
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating current 100 pA 10 Hz 83-10s/ I = measured value
ammeters 20 Hz 40-10s/
30 Hz; 40Hz; 34106/
55 Hz; 0.11- 103/
400Hz 64 - 10-6/
500 Hz; 1 kHz; 2 kHz; 42 - 106/
5 kHz; 10 kHz 42 - 105/
300 pA 10 Hz 38 - 106/
20 Hz 34106/
30 Hz; 40Hz; 32106/
55 Hz; 42 - 106/
400Hz 36 - 106/
500 Hz; 1 kHz 32-106/
2 kHz; 5 kHz; 10 kHz 33-10s/
1mA 10 Hz; 20 Hz; 30 Hz; 40 Hz; 32106/
55 Hz; 400 Hz; 500 Hz; 1 kHz; 32-10s/
2 kHz; 5 kHz; 10 kHz 32106/
3 mA; 5 mA 10 Hz; 20 Hz; 30 Hz; 40 Hz; 10- 106/
55 Hz; 400 Hz; 500 Hz; 10 - 10/
1kHz; 2 kHz; 5 kHz 10 - 106/
10 kHz 11- 106/
10 mA 10 Hz 9106/
20 Hz; 30 Hz; 40 Hz; 55 Hz; 8- 10s/
400 Hz; 500 Hz; 1 kHz; 2 kHz; 8-10+s/
5 kHz; 10 kHz 8106/
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Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating current 20 mA; 30 mA; 10 Hz 10 - 106/ | = measured value
ammeters 50 mA; 100 mA 20 Hz; 30 Hz; 400 Hz; 55 Hz; 8106/
400 Hz; 500 Hz; 1 kHz; 2 kHz 8106/
5 kHz; 10 kHz 9-10s/
200 mA; 300 mA; 500 mA 10 Hz 10 - 106/
20 Hz; 30 Hz; 40 Hz; 55 Hz; 9-10s/
400 Hz; 500 Hz; 1 kHz; 2 kHz; 9-10s6/
5 kHz; 10 kHz 9106/
1A;2A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 11106/
55 Hz, 400 Hz; 500 Hz; 1110/
1 kHz; 2 kHz; 5 kHz; 10 kHz 1110/
3A;5A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 18 - 106/
55 Hz; 400 Hz; 500 Hz; 18- 106/
1 kHz; 2 kHz; 5 kHz; 10 kHz 18 - 106/
10A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 22 - 106/
55 Hz; 400 Hz; 500 Hz; 22105/
1 kHz; 2 kHz; 5 kHz; 10 kHz 22106/
20A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 27 - 106/
55 Hz; 400 Hz; 500 Hz; 27 - 106/
1kHz; 2 kHz; 5 kHz; 27 - 106/
10 kHz 31-106/
50A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 33106/
55 Hz; 400 Hz; 500 Hz; 33106/
1kHz; 2 kHz; 33-10s/
5 kHz; 10 kHz 40106/
100 A 10 Hz; 20 Hz; 30 Hz; 40 Hz; 48 - 106/
55 Hz; 400 Hz; 500 Hz; 48 - 106/
1kHz; 2 kHz; 5 kHz; 48 - 106/
10 kHz 93-10s/
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(CMCQ)
Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span

Alternating current 100 pAto 1 mA 10 Hz to 40 Hz 120106/ I = measured value

amperage >40 Hz to 1 kHz; 160 - 10+ /

: :S‘;‘:l::j: :tr;d measuring > 1 kHz to 10 kHz; 60 10+ /

(Areas) >1mAto 10 mA 10 Hz to 40 Hz 46 - 106/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>10mAtolA 10 Hz to 40 Hz 17 - 106/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32-10s/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10+s/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>20Ato 100 A 10 Hz to 40 Hz 69 - 10/
>40 Hz to 1 kHz; 69 - 10/
> 1 kHz to 10 kHz; 0.17 - 103/

Alternating current 0.1mA upto 0.2mA 10 Hz to 40 Hz 0.40 - 103/ | = Reading
(ranges) > 40 Hz to 1 kHz 0.21-103/ taken with a
measuring >1 kHz to 5 kHz 0.40 - 103/ Fluke 5720A
instruments >5 kHz to 10 kHz 1.7-103/

>0.2mA upto 2.2mA 10 Hz to 40 Hz 0.44 -103/
> 40 Hz to 1 kHz 0.30 - 103/
>1 kHz to 5 kHz 0.72-103/
>5 kHz to 10 kHz 4.2-10s31/
>22mA upto 22mA 10 Hzto 40 Hz 0.44 - 103/
>40 Hz to 1 kHz 0.30- 103/
>1kHz to 5 kHz 0.46 - 103/
>5 kHz to 10 kHz 3.5-103/
>22mA upto 220mA 10 Hz to 40 Hz 0.44 - 103/
> 40 Hz to 1 kHz 0.25-103/
>1 kHz to 5 kHz 0.37-103/
>5 kHz to 10 kHz 1.6-103/
>220mA upto 2.2A 20 Hz to 1 kHz 0.43 - 103/
>1 kHz to 5 kHz 0.84-10s3/
>5 kHz to 10 kHz 7.6-103/
>22A upto 20A 40 Hz to 5 kHz 0.81-103/+1.2mA
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Alternating current 0.1mA upto 1A 40 Hz to 5 kHz 2103/ I = measured value
amperage with HP3458A
AC current clamps 1mA upto 2.2A 40 Hz to 5 kHz 2103/ I = measured value
>22A upto 20A 40 Hz to 5 kHz 3-103/
>20A upto 800A 40 Hz to 65 Hz 4-103/
Alternating current intensity 1A to 120A 40 Hz to 850 Hz 0.16 - 103/
Current transformer 1A to 120A > 850 Hz to 2 kHz 0.47 - 1031/
>120A upto 600A 40 Hz to 400 Hz 0.52 103/
>120A up to 1000 A 40 Hz to 65 Hz 0.6-103/
Resistance ratio 0.16 to 6.3 Equal and 0.2-10s Measurement uncertainty
AC/DC measuring bridges Alternating current up to denotes the absolute value
Phase angle between 0°; 30°; 60°; 75°; 90°; 150°; Urer/ Usic 50 Usic: Signal voltage Urer:
voltages 180°; 270°; 300° mV /50 mV Reference voltage
Measuring instruments and Measurement
sources frequency: )
10 Hz; 40 Hz; 55 Hz; 400 Hz; 0.005 For discrete measured
1kHz 0.008° values and frequencies
5 kHz; 10 kHz; 50 kHz 0.020°
0°; 30°; 60°; 75°; 90°; 150°; Urer/ Usi
180°; 270°; 300° 0.5vV/05V
1V/1Vvo0.8
V/1V1iv/
0.5vV10V/
oV
Measurement
frequency:
0.005°
10 Hz; 40 Hz; 55 Hz; 400
0.005°
Hz; 1 kHz; 5 kHz; 10 kHz;
0.007°
50kHz
0.008°
100 kHz
0.009°
0°; 30°; 60°; 75°; 90°; 150°; Urer/ Usic
180°; 270°; 300° 100V / 100V
Measurement
frequency:
0.005°
10 Hz; 40 Hz; 55 Hz; 400
0.005°
Hz; 1 kHz; 5 kHz; 10 kHz;
0.007°
50kHz
0.008°
100 kHz
0.030°
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Phase angle between 0°; 30°; 60°; 75°; 90°; 150°; Urer/ Usic Usic: Signal voltage Ukrer:
voltages 180°; 270°; 300° 1V/0.05V Reference voltage
Measuring instruments and 10V/1V1
sources V/10V For discrete measured
100 V/1V values and frequencies
1V/100V
measurement
frequency: 0.009°
10 Hz; 40 Hz; 55 Hz; 400 Hz 0.009°
1 kHz; 5 kHz 10 kHz 50 kHz 0.020°
100 kHz 0.030°
0.070°
Urer/ Usi Usis: Signal voltage Urer:
0.05Vto 0.5V Reference voltage
Measurement measurement ranges
frequency: 0.006°
10 Hz to 1 kHz 0.010°
> 1 kHz to 50 kHz 0.025°
Urer/ Usic
>0.5Vtol0oV
Measurement
frequency: 0.006°
10 Hz to 5 kHz 0.015°
Urer/ Usic
>10Vto 100V
-180° to +180°
Measurement
frequency: 0.006°
10 Hz to 5 kHz 0.010°
>5 kHz to 50 kHz 0.035°
Urer/ Usic
>100Vto 630V
Measurement
frequency: 10 Hz 0.008°
to 2.5 kHz 0.03°
>2.5kHz to 5 kHz 0.04°
>5 kHz to 10 kHz > 0.05°
10 kHz to 20 kHz > 0.1°
20 kHz to 50 kHz 0.2°
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Phase angle Urer/ Usic Usic: Signal voltage Ukrer:
between current 1mAto2A/0.05Vto 100V Reference voltage
and voltage Measurement measurement ranges
Sources frequency: 0.009°
10 Hz to 1 kHz 0.045°
>1 kHz to 10 kHz 0.50°
Urer/ Usic
>2At020A/1Vto100V
Measurement
-180° to +180°
frequency: 0.02°
10 Hz to 1 kHz 0.1°
>1 kHz to 10 kHz 1.0°
Urer/ Usic
>20Ato100A/1Vto 100V
Measurement
frequency: 0.025°
10 Hz to 1 kHz 0.20°
>1 kHz to 10 kHz 2.0°
Phase angle Urer/ Usic
between current 1mAto2A/0.05Vto 100V
and voltage Measurement
Measuring instruments frequency: 0.009°
10 Hz to 1 kHz 0.045°
Urer/ Usic
>2At020A/1Vto100V
-180° to +180° Measurement
frequency: 0.02°
10 Hz to 1 kHz 0.1°
Urer/ Usic
>20Ato 100A/1V to 100
V Measurement
frequency: 0.025°
10 Hz to 1 kHz 0.20°
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Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments

quantity / range / procedures measurement

Calibration object Measuremen uncertainty
t span

Phase angle 0°; 30°; 60°; 75°; 90°; 150°; Urer / Usic Usic: Signal voltage Urer:

between current 180°; 270°; 300° 1 mA/0.05 V Reference voltage for

and voltage 1 mA/0.5V discrete measured

Sources Measurement values and frequencies

frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz; 0.007°
1 kHz 0.02°

5 kHz; 10 kHz 0.08°

0°; 30°; 60°; 75°; 90°; 150°; Urer / Usic
180°; 270°; 300° 1mA/1V
10 mA/1V
20mA/1V
50 mA/1V
100 mA/1V
200 mA/1V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz; 0.005°

1 kHz 0.010°

5 kHz; 10 kHz 0.070°

0°; 30%; 60°; 75°; 90°; 150°%; Urer / Usis

180°; 270°; 300° 500 mA/1

V,1A/1V,
2A/1V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz; 0.006°

1kHz 0.040°

5 kHz; 10 kHz 0.40°

0°; 30°; 60°; 75°; 90°; 150°; Urer / Usic

180°; 270°; 300° 5A/1V
10A/1V
20A/1V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz; 0.010°

1 kHz 0.090°

5 kHz; 10 kHz 0.90°
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Calibration and measurement capabilities (CMC)

Measured
quantity /
Calibration item

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Phase angle
between current

and voltage

Sources

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

50A/1V
100A/1V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

5 kHz; 10 kHz

0.020°
0.15°
1.5°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

1 mA/10V
10 mA/10V
20 mA/10V
50 mA/10 V
100 mA/10
200 mA/10V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

5 kHz; 10 kHz

0.006°
0.020°
0.080°

Usic: Signal voltage Urer:
Reference voltage For
discrete measured

values and frequencies

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

500 mA/10 V
1A/10V 2
A/10V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz;

1 kHz

5 kHz; 10 kHz

0.007°
0.040°
0.40°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

5A/10V
10 A/10V
20 A/10V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz;

1kHz

5 kHz; 10 kHz

0.015°
0.09°
0.90°
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Calibration and measurement capabilities (CMC)

Measured
quantity /
Calibration object

Measurement
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Phase angle
between current

and voltage

Sources

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

50 A/10V
100 A/10 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

5 kHz; 10 kHz

0.020°
0.15°
1.5°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

1 mA/100 V
10 mA/100 V
20 mA/100 V
50 mA/100 V
100 mA/100 V
200 mA/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

5 kHz; 10 kHz

0.008°
0.025°
0.09°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

500 mA/100 V
1 A/100V 2
A/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

5 kHz; 10 kHz

0.007°
0.04°
0.40°

Usic: Signal voltage Urer:
Reference voltage for
discrete measured

values and frequencies

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

5A/100V
10 A/100V
20 A/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

5 kHz; 10 kHz

0.015°
0.09°
0.90°
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Measured
quantity /
Calibration object

Calibration and measurement facilities (CMC)

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Phase angle
between current

and voltage

Sources

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usig

50 A/100 V
100 A/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

5 kHz; 10 kHz

0.020°
0.15°
1.5°

Usic: Signal voltage Urer:
Reference voltage For
discrete measured

values and frequencies

Phase angle
between current

and voltage

Measuring instruments

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

1 mA/0.05 V
1 mA/0.5V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

0.007°
0.02°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

1mA/1V 10
mA/1V 20
mA/1V 50
mA/1V 100
mA/1V 200
mA/1 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

0.005°
0.010°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usig

500 mA/1
V,1A/1V,
2A/1V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

5 kHz; 10 kHz

0.006°

0.040°
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Measurand /
Calibration object

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Phase angle
between current

and voltage

Measuring instruments

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

5A/1V
10 A/1V
20A/1V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

5 kHz; 10 kHz

0.010°
0.090°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

50 A/1V
100 A/1V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

0.020°
0.15°

Usic: Signal voltage Urer:
Reference voltage for
discrete measured

values and frequencies

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

1mA/10V
10 mA/10 V
20 mA/10V
50 mA/10 V
100 mA/10 V
200 mA/10 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

0.006°
0.020°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

500 mA/10 V
1A/10V 2
A/10V

Measurement
frequency:

10 Hz; 40 Hz; 55 Hz; 400 Hz;

1 kHz

0.007°

0.040°
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Measured
quantity /

Calibration object

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Phase angle
between current
and

Suspense

Measuring instruments

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usig

5A/10V
10 A/10V
20 A/10V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

0.015°
0.09°

Usic: Signal voltage Urer:
Reference voltage for
discrete measured

values and frequencies

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

50 A/10V
100 A/10V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

0.020°
0.15°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usig

1 mA/100 V
10 mA/100 V
20 mA/100 V
50 mA/100 V
100 mA/100 V
200 mA/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

5 kHz; 10 kHz

0.008°
0.025°
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Measured
quantity /
Calibration object

Calibration and measurement facilities (CMC)

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Phase angle
between current

and voltage

Measuring instruments

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usig

500 mA/100
Vv, 1A/100V,
2 A/100V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1kHz

0.007°

0.04°

Usic: Signal voltage Urer:
Reference voltage For
discrete measured

values and frequencies

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usic

5A/100V
10 A/100 V
20 A/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

0.015°

0.09°

0°; 30°; 60°; 75°; 90°; 150°;
180°; 270°; 300°

Urer / Usig

50 A/100 V
100 A/100 V

Measurement
frequency:
10 Hz; 40 Hz; 55 Hz; 400 Hz;
1 kHz

0.020°

0.15°
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span

Inductance 100 pH 1 kHz; 10 kHz 0.3-103

L 1 kHz 6510

ls\ﬂzarx:ng instruments, 1mH 10 kHz 0.15 - 105

Decadic normals 10 mH 1 kHz 35 10

10 kHz 0.16 - 103

100 mH 1 kHz 6510

10 kHz 0.21-103

1H 100 Hz 0.1-10s

1 kHz 70 - 10-s

10 hours 100 Hz 0.2-103

1 kHz 0.2-103

Inductance 0.1 mHto 1 mH 1kHz to 10 kHz 5.5-103

Measuring instruments, >1mHto 10 mH 1kHz to 10 kHz 1.5-103

Sources > 10 mH to 100 mH 1kHz to 10 kHz 2.0-103

> 0.1 hours to 1 hour 1 kHz 0.4-103

>1Hto10H 100 Hz to 1 kHz 1.5-103

Capacity of 1pF 50 Hz 6103

measuring 100 Hz 25103

instruments, 1 kHz 0.3 - 103

Decadic normals 10 kHz 0.2 - 103

400 kHz 6.1-103

100 kHz; 1 MHz 3.5-103

10 pF 50 Hz 0.6 - 103

100 Hz 0.4-103

1kHz 35-10+s

10 kHz 40 - 106

100 kHz; 400kHz; 7510+

1 MHz 110 10s

100 pF 50 Hz 80 - 106

100 Hz 40 - 106

1 kHz; 10kHz; 25- 10

100 kHz; 35-10+s

400kHz; 6510

1 MHz 0.35-103

1nF 50 Hz 35-10+s

100 Hz 2510+

1 kHz 15 10s

10 kHz 22 - 10+

100 kHz 75+ 10+

400 kHz 0.45- 103

1 MHz 3-103

10 nF 50 Hz; 100 Hz; 1 kHz 35-10+s

10 kHz 55- 10+

100 nF 50 Hz; 100 Hz; 5510+

1 kHz; 10 kHz 75+ 10+

1uF 50 Hz 55- 10+

100 Hz 70 - 10

1 kHz 5510+

10 kHz 110 10s

10 uF 50 Hz; 100 Hz; 1 kHz 0.2 x10=3

10 kHz 0.4 x10-3
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Capacity 10pF upto 100 pF 50Hz upto 1kHz 49-103C | C=measured value
Sources, measuring >1kHz upto 10kHz 0.4-103C
instruments, >10kHz upto 100kHz 3.0-10sC
standards >100kHz to 400 kHz 1.6-10sC
>400kHz to 1MHz 2.2-103C
>100pF upto 1nF 50Hz upto 1kHz 0.2-103C
>1kHz upto 10kHz 2.3-103C
>10kHz wupto 100kHz 3.5-103C
>100kHz to 400 kHz 1.5-103C
>400kHz wupto 1MHz 3.6:103C
>1nF upto 10nF 50Hz upto 1kHz 2.8-103C
>1kHz upto 10kHz 24-103C
>10nF upto 100 nF 50Hz upto 1kHz 4.3-103C
>1kHz upto 10kHz 2.0-103C
>100nF upto 1pF 50Hz upto 100Hz 0.11-103C
>100Hz upto 1kHz 1.0-103C
>1kHz to 10kHz 0.5-103C
>1puF upto 10uF 50Hz upto 100Hz 0.58-103C
>100Hz upto 1kHz 0.38-103C
>1kHz upto 10kHz 0.43-103C
Capacity of 190 pF upto <400pF 10Hz to 10kHz 4-103C+8pF | With 5520A / 5522A
measuring 400pF to <1.1nF 10Hz to 10kHz 4.5-103C+ 8 pF
instruments 11nF to <3.3nF 10Hz to 3kHz 4.0-103C+8pF
33nF to <11nF 10Hz to 1kHz 2.5-103C+8pF
1InF  to <33nF 10Hz to 1kHz 2.5-103C+80pF
33nF upto 110nF 10Hz to 1kHz 2.5-103C+80pF
110nF  to <330nF 10Hz to 1kHz 45-103C
330nF to <1.1pF 10Hz to 600 Hz 45-103C
1.1uF upto <3.3pF 10Hz to 300Hz 45-103C
33uF  to <11pF 10Hz to 150Hz 45-103C
11puF  upto <33pF 10Hz wupto 120Hz 6.0-103C
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Measured Measuring Measurement Expanded Comments
quantity / range / conditions / measurement
Calibration object Measuremen procedures uncertainty
t span
Capacity of 33 uF  upto <110pF 10Hz to 80Hz 6.5-103C C = measured value
measuring 110 uF  to <330 pF DC to 50Hz 6.0 103C
instruments 330puF to <11 mF DC upto 20Hz 6.0-103C
11mF to <33mF DC to 6Hz 6.0 103C
33mF to <1lmF DC to 2Hz 6.0 103C
11mF wupto <33mF DC to 0.6Hz 8.0-103C
33mF upto 110 mF DC upto 0.2Hz 11-103C
DC capacity 1pF  upto 70uF DC method 2.6 103
Sources, measuring >70uF upto 200uF 0.55-10s
instruments >200uF upto 110 mF 0.30 - 103
Bridge span: 5V Calibration of 350 Q
Tension bridge standards and
+2 mV/V Measurement 0.04 pv/v the associated
frequency 225 Hz 0.05 pv/Vv indicating
Measurement 1.0 pv/v instruments
Bridge span: 2.5V
+2mV/V at discrete points in 10
Measurement 0.05 pv/Vv per cent increments
frequency 225 Hz 0.05 puv/Vv
Measurement 1.0 uv/v
Bridge span: 5V
+5mvV/V
Measurement 0.15 pv/v
frequency 225 Hz 1.0 uv/v
Bridge span: 5V
+10 mV/V
Measurement 0.10 pv/v
frequency 225 Hz 0.30 uv/Vv
Bridge span: 2.5V
+5mV/V
Measurement 0.1 pv/v
frequency 225 Hz 0.1 pv/v
Measurement 1.0 pv/v
Bridge voltage: 2.5V
+10 mV/V Measurement 0.4 pv/v
frequency 225 Hz 0.4 pv/v
Measurement 0.4 uv/v
Bridge span: 1V
+10 mV/V
Measurement frequency 0.40 pv/v
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Tension Bridge span: 1V Calibration of 350 Q
+20 mV/V bridge standards and
Measurement frequency 0.60 uv/Vv the associated
Bridge span: 1V indicating
+100 mV/V instruments
Measurement frequency 5.0 uv/v
Bridge span: 2.5V at discrete points in 10
+100 mV/V per cent increments
Measurement frequency: 5.0 uv/v
Direct current DC voltage,
Bridge standards bridge voltage:
0 mV/V 0.4 pV/V
-2mV/V to +2 mV/V 0.35 uv/v
-5 mV/V to +5 mV/V 0.5V 0.35 pv/vV
10 mV/V to +10 mV/V 0.35 vV
20 mV/V to +20 mV/V 0.35 /v
~100 MV/V to +100 mV/V 0.35 WV
DC voltage,
bridge voltage:
0mv/Vv 0.2 pv/v
-2mV/V to +2 mV/V 0.15 pv/Vv
-5 mV/V to +5 mV/V 1.0V 0.15 pv/v
10 MV/V to +10 mV/V 0.15 uv/v
-20mV/V to +20 mV/V 0.15 WV
-100 MV/V_to +100 mV/V 0.25 WV
DC voltage,
bridge voltage:
0 mV/V 0.1 pv/Vv
-2 mV/V to +2 mV/V 0.07 uV/V
-5 mV/V to +5 mV/V 2.5V 0.07 pv/vV
-10 mV/V to +10 mV/V 0.07 WV
=20 mV/V to +20 mV/V 0.07 WV
-100 mV/V to +100 mV/V 0.20 /v
DC voltage,
bridge voltage:
0mv/Vv 0.04 pv/v
-2mV/V to +2 mV/V 0.035 uv/v
-5mV/V to +5 mV/V 5.0V 0.035 uv/v
-10 mV/V to +10 mV/V 0.035 pv/v
-20mV/V to +20 mV/V 0.045 pv/v
0.15 uV/V

-100 mV/V to +100 mV/V
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Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Tension DC voltage,
Direct current bridge voltage:
Bridge standards 0omv/V 0.025 pv/Vv
-2mV/V to +2 mV/V 0.025 uv/v
-5 mV/V to +5 mV/V 7.5V 0.025 pv/v
-10mV/V to +10 mV/V 0.025 wV/v
20 mV/V to +20 mV/V 0.04 wv/v
-100 mV/V to +100 mV/V 0.15 WV
DC voltage,
bridge voltage:
0 mv/V 0.02 uv/v
-2mV/V to +2 mV/V 0.015 pv/v
-5mV/V to +5 mV/V 100V 0.020 pv/v
-10 mV/V to +10 mV/V 0.025 uv/v
20 MV/V to +20 mV/V 0.035 uv/V
-100 mV/V to +100 mV/V 0075 WV
Direct current DC voltage, With K148
Bridges, measuring bridge voltage:
instruments, -2 mV/V to +2 mV/V 0.35 pV/vV
Measurement amplifier S MV/V to +5 mV/V 05V 0.35 pV/V
-10mV/V to +10 mV/V 040 WV
20 mMV/V to +20 mV/V 0.55 uv/V
-100 mV/V to +100 mV/V 2.5 WV
DC voltage,
bridge voltage:
-2mV/V to +2 mV/V 0.20 pv/v
-5 mV/V to +5mV/V 1v 0.20 pv/v
-10mV/V to +10 mV/V 030 WV
20 mV/V to +20 mV/V 050 WAV
-100 mV/V to +100 mV/V 2.5 WV
DC voltage,
bridge voltage:
-22mV/V to +2 mV/V 0.10 pv/v
S5mV/V to +5 mV/V 2.5V;5V;75V;10V 0.15 pv/VvV
-10mV/V to +10 mV/V 0.25 WV
20 mV/V to +20 mV/V 0.45 WV
-100 MV/V to +100 mV/V 2.5 Wi
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Measurand / Measurement Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
aAIi:;/:ayz;vger in 1mA/0.05 L/é 10 Hz to 10 P = AC active power
current 50.0 pW Phase angle: 0° 0.2 x 103 P Discrete points for
Sources and measuring 43.3 uW phase angle: +30° 0.3 x 103 P current, voltage and
instruments {discrete 25.0 yW phase angle: +60° 0.8-10-3P phase angle
points) 12.9 uyw Phase angle: 75 ° 2.0-10-3P
1mA/05V/
10 Hz to 10 kHz
500 pW Phase angle: 0 ° 0.2 x 103 P
433 pw Phase angle: £30° 0.2 x 103 P
250 pw phase angle: £60° 0.4-10sP
129 uyw Phase angle: +75° 0.7-10-3P
1mA/1V/
10 Hz to 10 kHz
1.0 mwW phase angle: 0° 0.1 x 103 P
0.9 mw Phase angle: +30° 0.2 - 103 P
0.5mw phase angle: £60° 0.4-10-3P
0.3 mwW Phase angle: +75° 0.8-10-3P
10mA/1V/
10 Hz to 10 kHz
10.0 mW phase angle: 0° 0.1 x 103 P
8.7 mW Phase angle: £30° 0.2 - 103 P
5.0 mw phase angle: +60° 0.4-103P
2.6 mW Phase angle: +75° 0.8-10-3P
20mA/1V/
10 Hz to 10 kHz
20.0 mW Phase angle: 0° 50 - 10-s P
17.3 mW phase angle: +30° 0.2-103 P
10.0 mW phase angle: +60° 0.4-103P
5.2 mwW Phase angle: +75° 0.8-10-3P
50mA/1V/
10 Hz to 10 kHz
50.0 mW phase angle: 0° 50 - 10-s P
47.3 mW Phase angle: £30° 0.2-103P
25.0 mwW phase angle: +60° 0.4-10-3P
12.9 mwW Phase angle: +75° 0.8-10-3P
100mA/1V/
10 Hz to 10 kHz
100.0 mW phase angle: 0 ° 50-10-s P
86.6 mW Phase angle: £30° 0.2-103P
50.0 mW phase angle: +60° 0.4-103P
25.9 mW Phase angle: +75° 0.8-10-3P
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Measured Measuring Measurement Expanded Comments
variable / range / conditions / measurement
Calibration object Measuremen procedures uncertainty
t span
aAIiz;/:arz;Vger in 1%03:;: :{ Olk\ll-é P = AC active power
current 200.0 mW Phase angle: 0° 50 - 10-s P Discrete points for
Sources and measuring 173.2 mW phase angle: £30° 0.2-103P current, voltage and
instruments {discrete 100.0 mW phase angle: +60° 0.4-103P phase angle
points) 51.8 mW Phase angle: £75° 0.8-103P
500mA/1V/
10 Hz to 10 kHz
500.0 mW Phase angle: 0° 50 - 10-s P
433.0 mW phase angle: £30° 0.5-103P
250.0 mW phase angle: +60° 2.0-10s3P
129.4 mW Phase angle: £75° 3.0-10-3P
1A/1V/10Hzto 10 kHz
1.0W Phase angle: 0° 50 - 10-s P
09w phase angle: £30° 0.5-10sF
05 W phase angle: +60° 20-10sP
03w Phase angle: +75° 3.0-10sP
2A/1V/10Hzto 10 kHz
20W Phase angle: 0° phase 50 - 106 P
1.7W angle: £30° phase angle: 0.5-103P
ow +60° 2.0-103P
05w Phase angle: £75° 3.0-10-3P
5A/1V/10Hzto 10 kHz
5.0wW Phase angle: 0° 50 x 10-6 P
43W phase angle: £30° 10 -10s P
25W phase angle: +60° 4.0-10sF
3w Phase angle: +75° 8.0-10sP
10A/1V /10 Hz to 10 kHz
10.0wW Phase angle: 0° 50 - 10-s P
87W phase angle: +30° 10-10sP
oW phase angle: +60° 4.0-10sF
26w Phase angle: +75° 8.0-10sP
20A/1V/10 Hz to 10 kHz
20.0 W Phase angle: 0° 50 - 10-s P
17.3W phase angle: +30° 1.0-10sP
roow phase angle: +60° 4.0-10sP
52w Phase angle: £75° 8.0-10sP
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Active power in 50 A/ 1V /10 Hz to 10 kHz P = AC active power
alternating
current 50.0 W Phase angle: 0° 0.3 x 103 P Discrete points for
Sources and measuring 433 W phase angle: £30° 3.0 x 103 P current, voltage and
instruments {discrete 25.0W phase angle: +60° 6.0-10-3P phase angle
points) 12.9W Phase angle: £75° 10103 P
100A/1V/
10 Hz to 10 kHz
100.0 W Phase angle: 0° 0.3 x 103 P
86.6 W phase angle: £30° 3.0 - 103 P
50.0 W phase angle: +60° 6.0-10-3P
25.9 W Phase angle: £75° 10-10-sP
1mA/10V/
10 Hz to 10 kHz
10.0 mW Phase angle: 0° 0.1 x 105 P
8.7 mW phase angle: £30° 0.3 - 103 P
5.0mw phase angle: +60° 0.7-10s3P
2.6 mW Phase angle: £75 ° 2.0-10-3P
10mA/10V/
10 Hz to 10 kHz
100.0 mW Phase angle: 0° 50 - 10-s P
86.6 mW phase angle: £30° 0.3-103P
50.0 mW phase angle: +60° 0.7-10-3P
25.9 mW Phase angle: £75° 2.0-10-3P
20mA/10V/
10 Hz to 10 kHz
200.0 mW phase angle: 0° 50 - 10-s P
173.2 mW Phase angle: £30° 0.3-103P
100.0 mW phase angle: £60° 0.7 -10-3P
51.8 mW Phase angle: +75° 2.0-10-3P
50mA/10V/
10 Hz to 10 kHz
500.0 mW Phase angle: 0° 50 - 10-s P
433.0 mW phase angle: £30° 0.5-10s P
250.0 mwW phase angle: +60° 1.0-10sP
129.4 mW Phase angle: +75° 2.0-10-3P
100mA/10V/
10 Hz to 10 kHz
1.0W phase angle: 0 ° 50 - 10-s P
0.9 W Phase angle: £30° 0.5-103P
05w phase angle: +60° 1.0-10-sP
0.3 W Phase angle: +75° 2.0-10-3P
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
;iz::a’zic:-,vger in Zl%oHr:i o/ 113 I:/H/z P = AC active power
current 20w phase angle: 0 ° 50 - 10-s P Discrete points for
Sources and measuring 1.7W Phase angle: £30° 0.5-10sP current, voltage and
instruments (discrete Low phase angle: +60° 1.0-10-sP phase angle
points) 0.5W Phase angle: £75° 2.0-10-3P
1A/10V/ 10 Hz to 10 kHz
10.0wW Phase angle: 0° 50 - 10-s P
87W phase angle: £30° 0.5-10sP
>OW phase angle: +60° 2.0-10sP
2.6W Phase angle: +75° 3.0-10sP
2A/10V/ 10 Hz to 10 kHz
20.0 W Phase angle: 0° 50 - 10-s P
17.3w phase angle: £30° 0.5-10sP
100W phase angle: +60° 2.0-10sP
>2W Phase angle: +75° 3.0-10sP
5A/10V /10 Hz to 10 kHz
50.0 W Phase angle: 0° 50 - 10-s P
433w phase angle: +30° 10-10sP
20w phase angle: +60° 3.0-10=F
129w Phase angle: +75° 70103
10A/10V/
10 Hz to 10 kHz
100.0 W Phase angle: 0° 50-10-s P
86.6 W phase angle: £30° 1.0-103P
50.0w phase angle: +60° 3.0-10-3P
259 W Phase angle: +75° 7.0-10-3P
20A/10V/
10 Hz to 10 kHz
200.0 W Phase angle: 0° 50 - 10-s P
1732 W phase angle: £30° 1.0-103 P
100.0W phase angle: +60° 3.0-10-3P
51.8 W Phase angle: +75° 7.0-10-3P
50A/10V/
10 Hz to 10 kHz
500.0 W Phase angle: 0° 0.2 x 10-3P
433.0 W phase angle: £30° 2.0-103P
2500W phase angle: +60° 5.0-10-3P
1294 W Phase angle: +75° 1.0-10-2P
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
aAIiz;/:arz;Vger in 11(?|ci|zAt/01100\{(ﬁz P = AC active power
current 1000.0 W phase angle: 0° 0.2 x 103 P Discrete points for
Sources and measuring 866.0 W Phase angle: £30° 2.0 - 103 P current, voltage and
instruments {discrete 500.0 W phase angle: +60° 5.0-10-3P phase angle
points) 258.8 W Phase angle: £75° 1.0-10-2P
1mA/100V/
10 Hz to 10 kHz
100.0 mW Phase angle: 0 ° 50 - 10-s P
86.6 mW Phase angle: £30° 0.3-103P
50.0 mwW phase angle: £60° 0.8-10-3P
25.9 mW Phase angle: +75° 2.0-10-3P
10mA/100V/
10 Hz to
10 kHz
10w Phase angle: 0° 50 - 10-s P
0.9W phase angle: +30° 0.5-10sP
05w phase angle: +60° 1.0-10sP
0.3 W Phase angle: +75° 2.0-10-3P
20mA/100V/
10 Hz to 10 kHz
2.0wW Phase angle: 0° 50 - 10-s P
1.7W phase angle: £30° 0.5-103P
Low phase angle: +60° 1.0-10-sP
05w Phase angle: £75° 2.0-10-3P
50mA/100V/
10 Hz to 10 kHz
5.0wW Phase angle: 0 ° 50 - 10-s P
43 W Phase angle: £30° 0.5-103P
2.5W phase angle: +60° 1.0-10-sP
13W Phase angle: +75° 2.0-10-3P
100 mA / 100V /
10 Hz to 10 kHz
10.0wW phase angle: 0 ° 50 - 10-s P
8.7W Phase angle: £30° 0.5-103P
5.0W phase angle: +60° 1.0-10sP
26 W Phase angle: +75° 2.0-10-3P
200mA/ 100V /
10 Hz to 10 kHz
20.0 W phase angle: 0 ° 50 - 10-s P
17.3 W Phase angle: £30° 0.5-103P
100w phase angle: +60° 1.0-10sP
52w Phase angle: +75° 2.0-10-3P
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Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Active power in 1A/100V // 10 Hz to 10 kHz P = AC active power
alternating
current 100.0 W Phase angle: 0° 50 - 10-s P Discrete points for
Sources and measuring 86.6 W phase angle: £30° 0.5-103P current, voltage and
instruments {discrete 50.0 W phase angle: +60° 2.0-10-3P phase angle
points) 25.9W Phase angle: +75° 3.0-105P
2A/100V //10Hz to 10 kHz
200.0 W Phase angle: 0° phase angle: 50 - 10-s P
1732 W +30° phase angle: +60° 0.5-103P
100.0W Phase angle: £75° 2.0-10-3P
51.8 W 3.0-10-3P
5A/100V // 10 Hz to 10 kHz
500.0 W Phase angle: 0° phase angle: 50 - 10-s P
433.0 W +30° phase angle: +60° 1.0-103 P
250.0W Phase angle: £75 ° 3.0-10-3P
129.4W 7.0-103P
10A/100V // 10 Hz to 10
kHz
1,000 W Phase angle: 0° 50 x 10-6 P
866 W phase angle: £30° 1.0 - 103 P
500 W phase angle: +60° 3.0-10-3P
258.8 W Phase angle: +75° 7.0-10-3P
20A/100V // 10 Hz to 10
kHz
2000 W Phase angle: 0° 50 - 10-s P
1732 W phase angle: £30° 1.0-103 P
1000 W phase angle: +60° 3.0-10-3P
517.6 W Phase angle: £75° 7.0-10-3P
50A/100V //10Hz to 10
kHz
5,000 W Phase angle: 0° 0.2 x 10 P
4330 W phase angle: £30° 2.0 - 103 P
2500 W phase angle: +60° 5.0-10-3P
1294 W Phase angle: £75° 1.0-10-2P
100 A/ 100V // 10 Hz to 10
kHz
10,000 W Phase angle: 0° 0.2 x 103 P
8660 W phase angle: +30° 2.0 x 103 P
5000 W phase angle: +60° 5.0-10-3P
2588 W Phase angle: £75° 10-10-sP
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Measured Measuring Measurement Expanded Comments
quantity / range / conditions / measurement
Calibration object Measuremen procedures uncertainty
t span
i i 50A /500V /40 Hz to 850
Active power in / / zto P = AC active power
alternating Hz
current 25 kw Phase angle: 0° 85 x 10-6P Discrete points for
Sources and measuring 21.7 kW phase angle: £30° 0.2-10sP current, voltage and
instruments {discrete 12.5kw phase angle: +60° 0.5-10-3P phase angle
points) 6.5 kW Phase angle: £75° 1.0- 103 P
80 A/500V /40 Hzto 850
Hz
40 kW Phase angle: 0° 85 - 10-6 P
34.6 kW phase angle: £30° 0.2-10sP
20 kw phase angle: +60° 0.5-10-3P
10.4 kW Phase angle: £75° 1.0- 103 P
AC active power sources 50mV<sU<5V
and measuring 1mA<1<100mA
instruments (ranges) 10 Hz to 1 kHz 0.17-10P
50 W to 500 mW phase angle: 0°
50mV<U<5V
1 mA<1<100 mA
10 Hz to 1 kHz 0.2-10=P
Phase angle: 0° to +30°
50mV<U<5V
1mA<1<100mA
10 Hz to 1 kHz 0.3-103P
Phase angle: 30° to 60°
and -30° to -60°
50 pW to 500 mW
50mV<sU<5V
1mA<1<100mA
10 Hz to 1 kHz 0.6-10sP
Phase angle: 60° to 75°
and -60° to -75°
5V<U<500V
100mA<I<1A
16 Hz to 1 kHz 0.1-10sF
Phase angle: 0 °
5v<uU<500V
100mA<I<1A
16 Hz to 1 kHz 0.1-10sF
Phase angle: 0° to +30°
> 500 mW to 500 W
5v<uU<500V
100mA<I<1A 03-104P
16 Hz to 1 kHz S
Phase angle: +30° to +60°
5vV<U<500V
100mA<I<1A
16 Hz to 1 kHz 0.6-10sP
Phase angle: +60° to +75°
Valid from: 12 February 2026
Date of issue: 25 February 2026 Page 82 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

( DAKKS

Permanentes Laboratorium Kirchzarten, GewerbestralRe 3 — Electrical parameters

Measured
quantity /
Calibration item

Calibration and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Comments

Active power in
alternating

current

Sources and measuring
instruments (ranges)

P = AC active power

Measuring Test conditions / Expanded
range / Procedures measurement
Measuremen uncertainty
t span

25V<U<500V
1A<I1<20A16
Hz to 1 kHz 01-10sP
Phase angle: 0 °
25V<U<500V
1A<I1<20A16
>500 W to 10 kW - 10-
Hz to 1 kHz 0.15-10sP
Phase angle: 0° to +30°
25V <U<500V
1A<I1<20A16
Hz to 1 kHz 0.35-10-3 P
Phase angle: +30° to +60°
25V <U <500V
1A<I1<20A16
Hz to 1 kHz 0.75-10-3 P
Phase angle: +60° to +75°
50 W to 500 pW 0.05Vto 0.5V
1mA
>1 kHz to 10 kHz Phase
angle: 0° to £30° 0.3 x 10-3
Phase angle: >+30° to +60° P0.8-10-3
Phase angle: >+60° to +75° P7.0-10-3
>0.5 mW to 200 mW 05VtolV
1 mAto 200 mA
> 1 kHz to 10 kHz
Phase angle: 0° to +30° 0.2 x 10-3P
phase angle: >+30° to +60° 0.4-103P
phase angle: >£60° to +75° 0.8-10-3P
>200 MW to 20 W 01Vto 1V
>200mAto20A
> 1 kHz to 10 kHz
Phase angle: 0° to +30° 1.0 x 10-3P
phase angle: >£30° to +60° 4.0-10sP
phase angle: >+60° to +75° 8.0-103P
>20 W to 100 W 01Vto 1V
>20Ato 100
A
>1 kHz to 10 kHz phase 3.0 x 10-3P
angle: 0° to £30° phase 6.0-103P
angle: >+30° to +60° phase 10-10-3P
10 mW to 200 mW >1Vto 10V
1mAto <200 mA
> 1 kHz to 10 kHz
Phase angle: 0° to +30° phase 0.3 x 103P
angle: >+30° to +60° phase 0.7 x 103 P
angle: >+60° to +75° 2.0-10-3P
>200 mW to 20 W >1Vto 10V
>200mAto20A
> 1 kHz to 10 kHz
Phase angle: 0° to +30° phase 0.5 x 10-3P
angle: >+30° to +60° phase 2.0-103P
angle: >+60° to +75° 3.0-10-3P
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Active power in >1Vto 10V _ .
alternating >20 W to 1,000 W >20 A to 100A P =ACactive power
current > 1 kHz to 10 kHz
Sources and measuring phase angle: 0° to +30° 2.0x 10-3P
instruments (ranges) Phase angle: >£30° to +60° 5.0-103P
Phase angle: >+60° to +75° 10-10sP
>10Vto 100V
100 mW to 20 W ImAto 200 mA
> 1 kHz to 10 kHz
Phase angle: 0° to +30° phase 0.5 x 10-3P
angle: >+30° to +60° phase 1.0-10-3P
angle: >+60° to +75° 2.0-10-3P
>10Vto 100V
>20 W to 1,000 W >200mAto10A
> 1 kHz to 10 kHz
Phase angle: 0° to +30° 1.5 x 10-3P
Phase angle: >+30° to +60° 3.0-103P
Phase angle: >+60° to +75° 7.0-10-3P
>10Vto 100V
>1kW to 10 kW >10Ato 100 A
> 1 kHz to 10 kHz
phase angle: 0° to +30° 2.0 x 10-3P
Phase angle: >+30° to +60° 5.0-10-3P
Phase angle: >+60° to +75° 10-10-3P

500V <U<1000V
20A<I1<80A40

Hz to 850 Hz 85-102P
Phase angle: 0 °
500V <U<1000V
<<
20A<I<80A40 0.25 - 104 P

Hz to 850 Hz
Phase angle: 0° to +30°

500V <U <1000V
20A<1<80A40
Hz to 850 Hz 0.65-103P
Phase angle: Phase angle
from 30° to 60°: -30° to -
500 V<U <1000V
20A<1<80A40
Hz to 850 Hz 1.5-103P
Phase angle: Phase angle
from 60° to 75°: -60° to -

> 10 kW to 80 kW
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
?lljtri:;attmg 110”;’;\ t/ooi%Sk\lf'Z/ Q= AC reactive power
reactive power 50.0 uVAr Phase angle: 90° 0.2 x 10-3Q Discrete points for
Sources and measuring 43.3 pVAr phase angle: Phase 0.3 x10-3Q current, voltage and
instruments {discrete 25.0 uVAr angle +60°: 30 ° 0.8-10-3Q phase angle
points) 12.9 pVAr Phase angle: £15 ° 2.0-10-3Q
1mA/05V/
10 Hz to 10 kHz
500 pVAr Phase angle: 90° 0.2 x 10-3Q
433 uVAr phase angle: Phase 0.2-10-3Q
250 pVAr angle of +60°: £30 ° 0.4-103Q
129 uVvAr Phase angle: £15° 0.7-10-3Q
1mA/1V//10Hzto 10 kHz
1.0 mVAr Phase angle: 90° 0.1 x103Q
0.9 mVAr phase angle: +60°: 0.2-10sQ
0.5 mVAr Phase angle of: +30 ° 04-10sQ
0.3 mVAr Phase angle: +15 ° 0.8-10sQ
10mA/1V// 10 Hz to 10 kHz
Phase angle: 90°
10.0 mVAr phase angle: Phase 0.1x10-Q
8.7 mVAr angle £60°: +30° 0.2-10-sQ
5.0 mVAr Phase angle: 15 ° 04:10sQ
2.6 mVAr 0.8-103Q
20mA / 1V // 10 Hz to 10 kHz
Phase angle: 90°
20.0 mVAr phase angle: Phase >0-10-.Q
17.3 mVAr angle £60°: +30° 0.2-10-sQ
10.0 mVAr Phase angle: 15 ° 04-10-Q
5.2 mVAr 0.8-103Q
50mA / 1V //10 Hz to 10 kHz
Phase angle: 90°
50.0 mVAr phase angle: Phase >0-10-Q
47.3 mVAr angle of +60°: £30 ° 0.2-10-sQ
25.0 mVAr Phase angle: +15 ° 0.4-103Q
12.9 mVAr 0.8-10-3Q
100 mA /1V 10 Hz to 10 kHz
100.0 mVAr Phase angle: 90° 50-10- Q
86.6 mVAr Phase angle: Phase 0.2 x10-sQ
50.0 mVAr angle +60°: +30 ° 0.4-10-3Q
25.9 mVAr Phase angle: 15 ° 0.8-10-3Q
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
i 200mA /1V /10 Hzto 10 kH
Alternating mA/1V/ zto z Q= AC reactive power
current Phase angle: 90°
reactive power 200.0 mVAr . 50 -10-s Q Discrete points for
Sources and measuring phase angle: Phase
nstraments (discrete 173.2 mVAr angle of +60°: +30 ° 0.2-10-3Q current, voltage and
) 100.0 mVAr Phase angle: +15 ° 0.4-103Q phase angle
points 51.8 mVAr 0.8-10:Q
500 mA / 1V /10 Hz to 10 kHz
Phase angle: 90°
500.0 mVAr phase angle: Phase 50 - 10-s Q
433.0 mVAr angle of +60°: +30 ° 0.5-10-sQ
250.0 mVAr Phase angle: 15 ° 2.0-10-3Q
129.4 mVAr 3.0-10sQ
1A/1V//10Hzto 10 kHz
1.0 VAr Phase angle: 90° 50 x 10-6Q
0.9 VAr phase angle: £60° 05-10Q
. 2.0-10-
0.5 VAr Phase angle of :+30 ° :Q
0.3 VAr Phase angle: +15 ° 3.0-100
2A/1V//10Hzto 10 kHz
2.0 VAr Phase angle: 90° 50-10-s Q
1.7 VAr phase angle: +60° 0.5-10Q
1.0 VAr Phase angle of: 30 ° 2.0-100
0.5 VAr Phase angle: +15° 3.0-10sQ
5A/1V//10Hzto 10 kHz
5.0 VAr Phase angle: 90° 50-10-s Q
4.3 VAr phase angle: +60°: 10-10sQ
2.5 VAr Phase angle of: +30 ° 4.0-10sQ
1.3 VAr Phase angle: 15 ° 8.0-10sQ
10 A/ 1V // 10 Hz to 10 kHz
10.0 VAr Phase angle: 90° 50 - 10-s Q
8.7 VAr phase ang|e: +60° 1.0-103Q
. 4.0-10-
>-0 VAr Phase angle of: +30 ° :Q
2.6 VAr Phase angle: 15 ° 8.0-10sQ
20A/1V//10Hzto 10 kHz
20.0 VAr Phase angle: 90° 50 x 10-6Q
17.3 VAr phase angle: £60° 1.0-10sQ
10.0 VA 4.0-10-
' Phase angle of: +30 ° :Q
5.2 VA .0 - 10-
r Phase angle: 15 ° 8.0-10sQ
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measurement uncertainty
span
Alternating .
50A/1V//10Hzto 10 kHz Q= AC reactive power
current
reactive power 50.0 VAr Phase angle: 90° 0.3 x10-3Q Discrete points for
Sources and measuring 43.3 VAr phase angle: Phase 3.0 x 10-3Q current, voltage and
instruments {discrete 25.0 VAr angle of +60°: £30 ° 6.0-10-:Q phase angle
points) 12.9 VAr Phase angle: +15 ° 10-10-sQ
100A/1V//10Hzto 10 kHz
100.0 VAr Phase angle: 90° 0.3 x103Q
86.6 VAr phase angle: £60° 3.0-10:Q
>0.0VAr Phase angle of: +30 ° 6.0-10=Q
25.9 VAr Phase angle: 15 ° 10-10sQ
1mA/10V // 10 Hz to 10 kHz
Phase angle: 90°
10.0 mVAr phase angle: +60° 0.1 x103Q
8.7 mVAr 0.3-10-sQ
Phase angle of: +30°
5.0 mVAr 0.7-10-3Q
Phase angle: +15 °
2.6 mVAr 2.0-10-3Q
10 mA / 10V /10 Hz to 10 kHz
Phase angle: 90°
100.0 mVAr Phase angle: Phase 5010 Q
86.6 mVAr angle of +60°: +30 ° 0.3-10-sQ
50.0 mVAr Phase angle: +15 ° 0.7-103Q
25.9 mVAr 2.0-10-3Q
20mA / 10V / 10 Hz to 10 kHz
Phase angle: 90°
200.0 mVAr phase angle: +60° 50 - 10-s Q
173.2 mVAr 0.3-10-sQ
Phase angle of: +30°
100.0 mVAr 0.7-103Q
Phase angle: +15°
51.8 mVAr 2.0-10-3Q
50 mA /10V /10 Hz to 10 kHz
Phase angle: 90°
500.0 mVAr phase angle: Phase 50-10-Q
433.0 mVAr angle of +60°: +30° 0.5-10-sQ
250.0 mVAr Phase angle: +15 ° 1.0-103Q
129.4 mVAr 2.0-10-3Q
100 mA / 10V / 10 Hz to 10 kHz
Phase angle: 90°
1.0 VAr phase angle: +60° 5010 Q
0.9 VAr 0.5-10-3Q
Phase angle: £30 °
0.5 VAr 1.0-103Q
Phase angle: +15°
0.3 VAr 2.0-10-3Q
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
e i
reactive power 2.0 VAr Phase angle: 90° 50 x 10-6Q Discrete points for
Sources and measuring 1.7 VAr phase angle: Phase 0.5-10-:Q current, voltage and
instruments {discrete 1.0 VAr angle +60°: 30 ° 1.0-10sQ phase angle
points) 0.5 VAr Phase angle: £15 ° 2.0-10-3Q
1A/10V// 10 Hz to 10 kHz
10.0 VAr Phase angle: 90° 50 x 10-6Q
8.7 VAr phase angle: £60° 0.5-10sQ
>0 VAr Phase angle of: +30 ° 2.0-10=Q
2.6 VAr Phase angle: 15 ° 3.0-10Q
2A/10V // 10 Hz to 10 kHz
20.0 VAr Phase angle: 90° 50 - 10-s Q
17.3 VAr phase angle: +60° 05-10sQ
10.0VAr Phase angle of: +30 ° 2.0-10Q
>-2 VAr Phase angle: 15 ° 3.0-10sQ
5A/10V // 10 Hz to 10 kHz
50.0 VAr Phase angle: 90° 50 -10-s Q
43.3 VAr phase angle: +60° 10-10=Q
25.0 VAr Phase angle of: +30 ° 3.0-102Q
12.9 VAr Phase angle: +15 ° 7.0-100
10A/ 10V // 10 Hz to 10 kHz
100.0 VAr Phase angle: 90° 50 x 10-sQ
86.6 VAr phase angle: £60° 1.0-10-Q
200 VAr Phase angle of: +30° 30:10-Q
25.9 VAr Phase angle: 15 ° 7.0-10sQ
20A/10V// 10 Hz to 10 kHz
200.0 VAr Phase angle: 90° 50 - 10-s Q
173.2 VAr phase angle: £60° 1.0-102Q
100.0 VAr Phase angle of: +30 ° 30-1020
>1.8 VAr Phase angle: +15° 7.0-105Q
50A/10V // 10 Hz to 10 kHz
500.0 VAr Phase angle: 90° 0.2-103Q
433.0 VAr Phase angle: +60° 2.0 x10-2Q
250.0 VAr Phase angle of :+30° 2.0-102Q
129.4 VAr Phase angle: £15 ° 1.0-102Q
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Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
t span
e e,
reactive power 1,000.0VAr Phase angle: 90° 0.2-103Q Discrete points for
Sources and measuring 866.0 VAr phase angle: +60° 2.0x 10-2Q current, voltage and
instruments (discrete 500.0 VAr Phase angle of +30 ° 2.0-10-2Q phase angle
points) 258.8 VAr Phase angle: +15 ° 1.0-10-Q
1mA/100V//
10 Hz to 10 kHz
100.0 m VAr Phase angle: 90° 50 -10-s Q
86.6 m VAr phase angle: +60° 0.3-10Q
50.0 m VAr Phase angle: 30 ° 0.8-102Q
25.9 m VAr Phase angle: +15 ° 2.0-10sQ
10mA/100V//
10 Hz to 10 kHz
1.0 VAr Phase angle: 90° 50 x 10-6Q
0.9 VAr Phase angle: +60° 0.5-10-3Q
0.5 VAr Phase angle of :+30° 1.0-10=Q
0.3 VAr Phase angle: +15 ° 2.0-10sQ
20mA/ 100V //
1.0 Hz to 10 kHz
2.0 VAr Phase angle: 90° 50-10-sQ
1.7 VAr phase angle: +60° 0.5-10-3Q
1.0 VAr Phase angle: £30 ° 10-10sQ
0.5 VAr Phase angle: 15 ° 2.0-10sQ
50 mA /100 V//
10 Hz to 10 kHz
5.0 VAr Phase angle: 90° 50 - 10-6 Q
4.3 VAr phase angle: Phase 0.5-10-3Q
2.5 VAr angle of +60°: £30 ° 1.0-103Q
1.3 VAr Phase angle: £15° 2.0-10-5Q
100 mA /100 V
// 10 Hz to10kHz
10.0 VAr Phase angle: 90° 50 -10-s Q
8.7 VAr phase angle: Phase 0.5-10-3Q
5.0 VAr angle of +60°: £30 ° 1.0-103Q
2.6 VAr Phase angle: 15 ° 2.0-10-5Q
200 mA/100 V//
0 Hz to 10 kHz
20.0 VAr Phase angle: 90° 50 - 10-s Q
17.3 VAr phase angle: Phase 0.5-10-:Q
10.0 VAr angle of +60°: +30 ° 1.0-103Q
5.2 VAr Phase angle: 15 ° 2.0-10-5Q
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Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
Alternating 1A/ 100V // 10 Hz to 10 kHz Q= AC reactive power
current
reactive power 100.0 VAr Phase angle: 90° 50 - 10-s Q Discrete points for
Sources and measuring 86.6 VAr phase angle: +60° 0.5-10-3Q current, voltage and
instruments (discrete 50.0 VAr Phase angle: +30° 2.0-103Q phase angle
points) 25.9 VAr Phase angle: 15 ° 3.0-10sQ
2A/100V //10Hz to 10 kHz
200.0 VAr Phase angle: 90° 50 - 10-s Q
173.2 VAr phase angle: Phase angle of 0.5-10=Q
100.0 VAr +60°: £30 ° 2.0-10sQ
51.8 VAr Phase angle: 15 ° 3.0-10sQ
5A/100V // 10 Hz to 10 kHz
500.0 VAr Phase angle: 90° 50 - 106 Q
433.0 VAr Phase angle: Phase 1.0-103Q
250.0 VAr angle of +60°: £30 ° 3.0-10sQ
129.4 VAr Phase angle: 15 ° 7.0-10-5Q
10A/100V//
10 Hz to 10 kHz
1000 VAr Phase angle: 90° 50 - 10-6 Q
866 VAr Phase angle: +60° 1.0-103Q
500 VAr Phase angle of:+30° 3.0-10-=Q
258.8 VAr Phase angle: +15° 7.0-10sQ
20A/ 100V //
10 Hz to 10 kHz
2000 VAr Phase angle: 90° 50 - 10-6 Q
1732 VAr phase angle: +60° 1.0-103Q
1000 VAr Phase angle of: +30° 3.0-10-=Q
517.6 VAr Phase angle: 15 ° 7.0-10sQ
50A/100V//
10 Hz to 10 kHz
5,000VAr Phase angle: 90° 0.2 x 10-3Q
4,330VAr phase angle: +60° 2.0-10-3Q
2,500VAr Phase angle: +30° 5.0-10sQ
1294 VAr Phase angle: +15 ° 10-10-2Q
100A / 100V //
10 Hz to 10 kHz
10,000VAr Phase angle: 90° 0.2 x 10-3Q
8,660 VAr phase angle: +60° 2.0-103Q
5,000 VAr Phase angle of :+30° 5.0-10sQ
2588 VAr Phase angle: +15 ° 10-10:Q
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Measured
quantity /
Calibration object

Calibration and measurement facilities (CMC)

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Alternating

current

reactive power
Sources and measuring

instruments (discrete

points)

25 kVAr
21.7 kVAr
12.5 kVAr
6.5 kVAr

50A/500V//
40 Hz to 850 Hz

Phase angle: 90°
phase angle: +60°
Phase angle of:+30°

Phase angle: 15 °

85 -
0.2-
0.5-
1.0-

10-s Q
10 Q
10 Q
103 Q

Q = AC reactive power

Discrete points for
current, voltage and

phase angle

40 kVAr
34.6 kVAr
20 kVAr
10.4 kVAr

80A/500V//
40 Hz to 850 Hz

Phase angle: 90°
Phase angle: +60°
Phase angle of: +30°

Phase angle: 15 °

85 -
0.2-
0.5-
1.0-

10-s Q
10 Q
103 Q
10-sQ

Alternating

current

reactive power
Sources and measuring
instruments (ranges)

50 puVAr to 500 mVAr

50mV<U<5V
1mA<1<100mA
10 Hz to 1 kHz
phase angle: +90°

0.17 -

105 Q

Q= AC reactive power

50mV<sU<5V
1mA<I1<100mA
10 Hz to 1 kHz
phase angle: 90° to 60°
Phase angle from:
-90° to-60°

0.2-

103 Q

50mVsU<5V
1mA<I1<100mA
10 Hz to 1 kHz
Phase angle: 60° to 30°:
Phase angle from:
-60°to-30°

0.3-

103 Q

50mV<U<5V
1 mA<1<100 mA
10 Hz to 1 kHz
phase angle: 30° to 15°:
Phase angle from : -30 ° to -

0.6-

10sQ

> 500 mVAr to 500 VAr

5V<U<500V
100mA<I<1A16
Hz to 1 kHz
Phase angle: 90°

0.1-

103 Q

5V<U<500V
100mA<I<1A
16 Hz to 1 kHz
Phase angle: 90° to 60°
Phase angle from:
-90° to -60°

0.1-

10sQ

5vV<U<500V
100mA<I<1A
16 Hz to 1 kHz
Phase angle: 60° to 30°
Phase angle from:
-60°to-30°

0.3-

102 Q

5V<U<500V
100mA<I<1A
16 Hz to 1 kHz
Phase angle: 30° to 15°:
Phase angle from :
-30°to-15°

0.6-

103 Q
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Kirchzarten Permanent Laboratory, GewerbestraRe 3 — Electrical quantities
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
Alternating 25V<U<500V Q= AC reactive power
current 1A<I<20A
reactive power 16Hz to 1 kHz 0.1x10-sQ
Sources and measuring Phase angle: 90°
instruments (ranges) 25V <U<500V
1A<I<20A
16Hz to 1 kHz
Phase angle: 90° to 60° 015x10sQ
Phase angle: -90° to -60°
25V<U<500V
> 500 VAr to 10 kVAr 1A<I<20A
16Hz to 1 kHz 0.35x10=Q
Phase angle: 60° to 30°:
Phase angle from:
-60°to-30°
25V <U<500V
1A<I<20A
16Hz to 1 kHz 0.75x10-3Q
Phase angle: 30° to 15°:
Phase angle from:
-30°to-15°
0.05Vto 0.5V
1mA
> Phase angle from
50 HVAT to 500 uvAr 1KHz to 10 kHz: £90° to £60° 0.3x10Q
Phase angle: <+60° to +30° 0.8 x 10-3Q
Phase angle: <+30° to +15° 7.0x10-sQ
0.5Vto 1V
1mAto
>0.5 mVAr to 200 mVAr 1 kHzto10 kHz
Phase angle: +90° to +60° 0.2 x 10-:Q
Phase angle: <+60° to +30° 0.4-103Q
Phase angle: <+30° to +15° 0.8-10sQ
>0.1Vto 1V
> 200 mA to 20A
> 200 mVAr to 20 VAr >1kHz to 10kHz
Phase angle: £90° to +60 1.0 x 10-3Q
Phase angle: <t60° to +30° 4.0-10-3Q
Phase angle: <#30° to +15° 8.0-10sQ
>0.1Vto 1V
>20Ato 100 A
> 20 VAr to 100 VAr > Phase angle from
1kHz to 10 kHz: £90° to +60° 3.0x103Q
Phase angle: <+60° to +30° 6.0-10-3Q
Phase angle: <+30° to +15° 10.0-10sQ
>1Vto 10V
1mAto 1kHzto
10 kHz 0.3-10-3Q
10 mVAr to 200 mVAr Phase angle: +90° to +60°
Phase angle: < 60° to +30° 0.7-10sQ
Phase angle: < #30° to +15° 20x10s0Q
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Calibration and measurement capabilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
Alternating >1Vto 10V Q= AC reactive power
current

reactive power
Sources and measuring
instruments (ranges)

> 200 mVAr to 20 VAr

>200mAto20A
> 1 kHz to 10 kHz

Phase angle: +90° to +60° 0.3 x 10-3Q
phase angle: <+60° to +30° 0.7-10-sQ
phase angle: <+30° to +15° 2.0-10-3Q
>1Vto 10V
>20Ato 100 A
> 20 VAr to 1,000 VAr > 1 kHz to 10 kHz phase
angle: £90° to +60° phase 2.0 x 10-3Q
angle: <+60° to +30° phase 5.0-10sQ
angle: <+30° to +15° 10-10-sQ
>10Vto 100V 1
mAto 200 mA
100 mVAr to 20 VAr > 1 kHz to 10 kHz
Phase angle: +90° to +60° 0.5 x 10-3Q
phase angle: <£60° to +30° 1.0-103Q
phase angle: <+30° to +15° 2.0-103Q
>10V to 100 V
>200 mAto10A
>20 VAr to 1000 VAr > 1 kHz to 10 kHz
Phase angle: +90° to +60° 1.5 x 10-3Q
phase angle: <£60° to +30° 3.0-10-sQ
phase angle: <+30° to +15° 7.0-10-3Q
>10Vto 100V
>10Ato 100 A
> 1 kVAr to 10 kVAr > 1 kHz to 10 kHz phase
angle: Phase angle from +90° 2.0x10-3Q
to 60°: <+60° to +30°: <+30° 5.0-10-3Q
to #15° 10.0-10-3Q
500V < U <1000V
20A<I<80A
40Hz to 850 Hz 85-10-Q
Phase angle: + 90°
500V < U <1000V
20A<I<80A
40Hz to 850 Hz 0.25x10-3Q
Phase angle: 90° to 60°
Phase angles from:
> 10 kVAr to 80 kVAr -90° to -60°
500V <U <1000V
20A<I<80A
40Hz to 850 Hz 0.65x10-3Q
Phase angle: 60° to 30°:
Phase angle from:
-60°to-30°
500V < U <1000V
20A<I<80A
40Hz to 850 Hz 1.5x103Q

Phase angle: 30° to 15°
Phase angle from:
-30°to-15°
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Measured
quantity /
Calibration object

Calibration and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Comments

Alternating
current —
apparent
power

Sources and measuring
instruments (ranges)

S = AC reactive power

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

50 mV<U <500 mV
50 uVA to 500 uvA I=1mA 0.17x 103 S
10 Hz to 10 kHz
U =500 mV
500 pVA to 5 mVA 10 mA <1<100 mA 0.16 x 103 S
10 Hz to 10 kHz
U =500 mV
5 mVA to 50 mVA 10 mA <1<100 mA 55-10-6S
10 Hz to 10 kHz
500mvV<U<5V
50 mVA to 500 mVA =100 mA 30-10-6S
10 Hz to 10 kHz
5Vv<U<50V
500 mVAto 5 VA 1 =100 mA 25-10-6S
16 Hz to 10 kHz
50V <U<500V
5 VA to 500 VA 100mA<I<1A 50-10-6S
16 Hz to 10 kHz
U=500V1
500 VA to 5 kVA A<I<10A 60 x 10-6 S
16 Hz to 5 kHz
U=500V;
5 kVA to 10 kVA 1A<I<20A 60-10-6S
16 Hz to 5 kHz
500V <U<1000V
10 kVA to 80 kVA 20A<1<80A40 85-10-65S

Hz to 850 Hz
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Calibration and measurement facilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Harmonic overtones Up to the 100th
Suspense harmonic at most
Measuring instruments 1V to 1000V 40 Hz to 850 Hz 0.5-103
1V to 180V >850Hzto5 0.8-103
Sources 1V to1,000V 40 Hz to 850 Hz 0.4-103
1V to 180V >850Hzto 5 0.4-103
Electricity
Measuring instruments 0.01Ato80A 40 Hz to 850 Hz 4.0-103
0.01A to20A > 850 Hz to 5 3.0%
Sources 0.01Ato80A 40 Hz to 850 Hz 4.0-103
0.01A to20A > 850 Hz to 5 kHz 3.0%
Frequency 10 MHz Measurement time > 30 1:-101f f=current measured value
Frequency measurement 1mHz upto 46GHz xiiassurement time>5 \/(1 . 1010ﬁ2+UZT/- ?riflnlencies
are possible trigger
uncertainties Urf or Ut
Frequency synthesis 1mHz upto 50GHz 1:1010f must be taken into
Time interval 1ns upto 1000s account.
\/Wﬂﬁmlnf
Speed 1 min1 to 2 - 10s min1 with a light-activated 6-10s
(visual) switch but not less than
0.001 mina
mechanical 1 min- to 10,000 4104
min? but not less than
0.01 min
Oscilloscope calibrators s?lzi;::ﬁ\gem .
. . 1mVito5V 10 kHz 20106+ 1 pVv
Vertical deflection 1 mV to 200V R=1M
lns to 1s Timestamps (1-1010-£2+UPn t=current reading
Horizontal deflection Measurement Trigger uncertainty

>1s to 5s

time>5minRi =

(510106 +UPre

Urtto be taken into

Rise time tr 18 ps to 100 ps 20 mV to 1V 8Pps External trigger signal
>100 ps to 10 ms 4.5-102-tr +3 ps | required
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Calibration and measurement facilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
) Sine wave
Oscilloscope measurement
frequency 10 Hz
parameters 10 kH
1mV upto 5V to z 0.35 per cent Ri Internal resistance
Vertical deflection 1mV to 120V Ri =50 0.35%
Time markers or sine
50 psto<1us waves 6 ps t = current reading
Horizontal deflection
lusto5s <1V 15103t
Rise time tr 180 ps to 450 ps 250 mV 40 ps tr=current ascent time
> 450 ps to 10 ms 250mVtolV 4.5-102 tr
Bandwidth B 02V  to 2V fe=Frequency at the
o -3dB point
fc Ri =50 fRef= S%fc
ITosz] <0.05 12 MHz f|1"tosz:| : Oszi’s reflection
|Tosz| <0.1 13 MHz actor
50MHz to 26.5GHz ITosz1| <0.15 14 MHz
|Tosz1] £0.2 15 MHz
0.0001 +0.0165 - THD
Total H ic Distorti 0 t 0.3 100 H to 50kH
otal Harmonic Distortion (o} z up to z 0.0001 + 0.0675 - THD
THD / Total Harmonic 0 to 0.3 100 kHz to 2 GHz 0.001 +0.007 * THDaudio
Distortion
0 to 0.3 100 Hz upto 50 kHz
Flicker*)
AU/U 04 to 5 DIN EN 61000-4-15:2011 7-103-AU/U
Frequenc 0.0083 Hz to 40 Hz 3-103-AU/U
y
10 minutes (115V, 60 Hz); (230 V, 50 0.5%
Pst (Short Term) 2 hours Hz) (115V, 60 Hz); (230 V, 1.7%
Pit (Long Term) 50 Hz)
Transformation ratio of 40 A to 400 A (primary)
current transformers 10 mA to 5 A (secondary) DC 20- 106
> 400 A to 4,000 A (primary) 24 - 106

100 mA to 5 A (secondary)
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Permanentes Laboratorium Kirchzarten, Gewerbestrale 3 - High-frequency

measurement parameters Calibration and measurement

capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration item Measuremen uncertainty
t snan

RF power

Power meters

>1pW to 0.1 mW

2.5 MHz to 2 GHz
>2 GHz to 18 GHz
> 18 GHz to 26.5 GHz

(0.025 +0.14- |T]) - P
(0.049 +0.21-|r])- P
(0.071+0.32-|])-P

Connector system: N,
PC-3.5;
50Q; | KG<0.2

Connector system: PC-3.5;
50Q; || KG<0.2

RF power

Signal generators

>1pWto 0.1 mW

2.5 MHz to 2 GHz

>2 GHz to 18 GHz >
18 GHz to 26.5 GHz

(0.035+0.13 - |T])- P

(0.053+0.2- |[[)- P
(0.074+0.31-|T])-P

Connector system: N,
PC-3.5;
50Q; || KG<0.2

Connector: PC-3.5; 50 Q,
|| KG<0.2

> 18 GHz to 26.5 GHz

0.1 mW to 10 mW 9 kHz to <0.1 MHz 0.1 17-103-P N-connector; 50 Q
MHz to 50 MHz 10-103-P r|<03
>50 MHz to 6 GHz >6 15-103-P
GHz to 18 GHz 20-103-P
0.1 MHz to 50 MHz 20-103-P |r]<05
> 50 MHz to 6 GHz 30-10s-P
> 6 GHz to 18 GHz 40-10s-pP
10mW to 50W 0.1 MHz to 2 GHz 48-103-P | 7| of the KG <
0.1 MHz to 2 GHz 63103 P 0.1 | | of the KG
0.1 MHz to 2 GHz 123-103-P <0.3 | I| for the
KG<0.5
0.1 mW to 10 mW 10 MHz to 1 GHz 20-10s3-P 3.5 mm PC connector; 50
>1 GHz to 10 GHz 30-10s3-P Q3| T]<03
> 10 GHz to 18 GHz 40-10s-P
> 18 GHz to 26.5 GHz 10 45-10s-P
MHz to 1 GHz 40-10s-P IF1=<05
>1 GHz to 10 GHz 80-10s-P
>10GHz to 18 GHz 100 - 10s-P
110-103-P

3) When other connector systems are used, the measurement uncertainty increases.
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Permanentes Laboratorium Kirchzarten, Gewerbestrale 3 - High-frequency measurement
parameters Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
RF power 0.1mW wupto 10mWwW 9 kHz to < 0.1 MHz 17 - 103 - P N connector; 50 Q3)
Power meters 0.1MHzto 50 MHz 6.0-103-P |r1<03
>50 MHz to 6 GHz 12-10s-P
>6GHz to 18 GHz 20-10s-P
>10mW to 50W 32 MHz to 1 GHz 20-103-P
0.1mW upto 10mW| 10 MHzto 1 GHz 10-103:-P PC-3.5 connector; 50 Q3)
>1 GHz to 10 GHz 15-10s-P Ir1<03
>10 GHz to 18 GHz 20-10s-P
> 18 GHz t0 26.5 GHz 25-10s-P
Phase noise Phas? noise rtelative.: to Offset frequency . Carrier frequency:
carrier amplitude in dBc/Hz relative to the carrier
Signal generators >-87 dBc/Hz frequency 2.5dB 100 MHz — 1 GHz
> 99 dBc/Hz 100 Hz 25 dB
>-104 dBc/Hz 1kHz 25 dB
>-111 dBc/Hz 10kHz 25 dB
>-131 dBc/Hz 100 kHz 2.5d8
>-137 dBc/Hz 1 MRz 25dB
> -80 dBc/Hz 100 Hz 2.5dB >1MHz -3 GHz
>-96 dBc/Hz 1kHz 2.5dB
>-101 dBc/Hz 10 kHz 2.5dB
>-109 dBc/Hz 100 kHz 2.5dB
>-126 dBc/Hz 1 MHz 2.5dB
>-136 dBc/Hz 10 MHz 2.5dB
>-72 dBc/Hz 100 Hz 2.5dB >3 GHz-6 GHz
>-93 dBc/Hz 1 kHz 2.5 dB
>-98 dBc/Hz 10 kHz 2.5 dB
>-106 dBc/Hz 100 kHz 2.5 dB
>-120 dBc/Hz 1 MHz 2.5dB
>-135 dBc/Hz 10 MHz 2.5dB
HF noise indicator 10Hz wupto 50GHz dbm/Hz to 0 dBm/Hz 1dB
Receivers / Measuring -165
Signal level difference 0dBc upto 90dBc 9 kHz to 7 GHz 1.5dB SNR >20dB
Measuring instruments / >7 GHz to 13.6 GHz 2.3dB
Sources >13.6 GHz to 26.5 GHz 3dB
>90dBc upto 100 9 kHz to 7 GHz 4.5dB SNR >20dB
dBe >7 GHz to 13.6 GHz 4.8dB
>13.6 GHz to 26.5 GHz 5.3dB
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
Filter bandwidth 1Hz to 40MHz 1% SNR>70dB
Measuring instruments
Form factor 1:1 to 41 5.5% SNR>20dB
Measuring instruments >4:1 to 10:1 7%
>10:1 to  18:1 8.5 per cent
Amplitude modulation: fur =carrier
Degree of modulation m frequency fur < 4 GHz
0.0 to <1.0 fmop < 1 MHz 0.004 4 0.025 - m fmoo = Modulation
frequency
Absolute
Frequency modulation fur = Carrier
Frequency shift Af frequency frr < 4 GHz
fmop = modulation
0Hz to 5 MHz fuon < 1 MHz 0.041 Af + 25 Hz frequency 4 =
frequency deviation
Absolute
measurement
Phase modulation fue = Carrier
Phase shift A® frequency fur < 4 GHz
fmop = Mmodulation
0 to (4 MHz / fwoo) rad fmop < 1 MHz 0.025rad +0.041 - A® frequency 40 =
phase shift
Absolute
measurement
Distortion factor k AM demodulation
method fir: 150 kHz to 2 0.030 fue= Carrier frequency
>0.0001 t0 0.01 GHz fmoo = 1 kHz Pre=0 0.029 fmop = Modulation
>0.01t00.1 dBm 0.025 ﬁe uenc
>0.1t00.2 auency.
He = Carrier level
FM and PM
demodulation methods
> 0.800011tt000f1 Absolute
>0.01to 0.
. measurement
5011002 fr: 150 kHz to 2 GHz 0.09

fmoo=1kHz Pue =0
dBm Af <50 kHz

uncertainty
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Permanentes Laboratorium Kirchzarten, Gewerbestrale 3 - High-frequency
measurement parameters Calibration and measurement
capabilities (CMC)

Measured Measuring Measurement Expanded Comments
variable / range / conditions / measurement
Calibration item Measuremen procedures uncertainty
t span
Pulse-shaped measured DIN EN 55016-1-1:2020 Pulse
variables +) CISPR 16-1-1:2019 0.30dB frequency 1
Spectral stress- Hz to 100 Hz
Amplitude density S0=13.5 uVs CISPR Volume A
. . . s, [1<0.05 (Plot)
(Measuring/Displaying) 9 kHz to 0.15 MHz
So=0.316 uVs CISPR Part B Heart rate
> 0.15 MHz to 30 MHz 0.30dB 1 Hz to 1,000 Hz
s, N.<0.07 (Display)
S0=0.0044 pVs CISPR Part C Heart rate
> 30 MHz to 300 MHz 0.36 dB 1 Hz to 1,000 Hz
e, [1<0.12 (Display)
S0=0.0044 pVs CISPR Part D
>300 MHz to 1 GHz 0.40dB
HF current clamp # 9 kHz to 100 MHz DIN EN 55016-1-2:2019 0.3 dB
Transfer certificate— > 100 MHz to 400 MHz 4.4 mA 0.5 dB
Resistance dB(Q) > 400 MHz to 1 GHz 0.8dB
HF Bulk Current Injection
Clamp Meterx 9 kHz to 100 MHz DIN EN 61000-4-6:2014 0.3dB
Insertion loss (dB) > 100 MHz to 400 MHz 4.4 mA 0.5dB
> 400 MHz to 1 GHz 1.5dB
DIN EN 61000-4-4:2013 R. = load resistor
Burst generators *)
under load (RL) at R =
Voltage pulse 500Q
100V to 4,400V 22%
to Ru=1kQ
Ascent time and 3nstolps 2.5%
Pulse width
Burst duration and 100nstols 0.25%
Burst period
Surge generators *)
. DIN EN 61000-4-5:2019 35%
Measuring and 250 Vto 7,000V . .
. with or without
Plotting Voltage
Amplitude Coupling and
Current amplitude 5Ato5kA Decoupling network 3.5%
Ascent time and 400 nsto1ms 3.5%
Pulse width
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Permanentes Laboratorium Kirchzarten, Gewerbestrale 3 - High-frequency measurement

parameters Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
HF attenuation 9 kHz to 26.5 GHz 0.06 dB 50 Q connector: N50;
0dB to 60dB > 26.5 GHz to 40GHz 0.09 dB PC-3.5; PC-2.43
> 40 GHz to 50 GHz 0.11dB
>60dB upto 90dB 9 kHz to 26.5 GHz 0.12 dB
HF reflection coefficient 0 to 1 9 kHz to 10 GHz 0.003 +0.0035 || 50 Q connector: N50;
> 10 GHz to 18GHz 0.004 + 0.0040 || PC-3.5; PC-2.43
>18 GHz to 26.5 GHz 0.004 +0.0045 || [F]: Amount of
>26.5 GHz to 50 GHz 0.007 +0.0060 || the complex
Reflectance factor
HF attenuation Us = arcsin(U(|T])/|T])
Phase angle ¢ -180° to 180° 9 kHz to 50 GHz Us-180°/m+K-f K =0.025°/GHz
50 Q connector: N50; PC-
3.5; PC-2.43
HF transmission phase, Ur=arcsin(10u/20- 1)
phase angle ¢ -180° to 180° 9 kHz to 50 GHz Ur-180°/m+K-f+0.3° K: 0.05°/GHz
U: Uncertainty regarding
the
Electrostatic discharge Ip = first discharge
(ESD) current peak
Current 1A to 120 A 3.0% 30 = current at 30 ns
pulse I Ieo = current at 60 ns
Reference 1A to 120A DIN EN 61000-4-2 3.5%
values 1A to 120A 3.5%
Current pulse 0.6ns wupto 1lps 5.0%
130 Current 1kV upto 30kV 0.5%

3) When other connector systems are used, the measurement uncertainty increases.
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On-site calibration — Dimensional parameters

Calibration and measurement facilities (CMC)

of plane-parallel,
spherical or
cylindrical
measuring

surfaces*)

Diameter %

0.01 mm to 500 mm

0.01 mm to 200 mm

VDI/VDE/DGQ 2618
Part 19.1:2014

VDI/VDE/DGQ 2618
Part 4.1:2006,
Section
3.3.4(0pt.3),
Point 3.3.5 (Opt. 4)

15um+2-106-/

15um+2-106-d

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span

Length Cylindrical
calibration
standards,
gauge rings: VDI/VDE/DGQ 2618

Diameter 1 mm to 200 mm Part 4.1:2006, 0.8um+2-106-d dis the measured
Gauging pins: clause 3.3.4 (Opt.3), diameter
Diameter #) 1 mm to 200 mm section 3.3.5 (Opt. 0.8um+2-106-d
Test probes: VDI/VDE/DGQ 2618
Diameters) 0.1 mm to 30 mm p;::zt.;.ZZ:ZOOZ 0.8um+2-10s-d
(Opt.1)
Thread gauges (one
and multi-start
cylindrical external
and internal
threads with
straight edges,
symmetrical profile)

Threaded 1.4 mm to 200 mm VDI/VDE/DGQ 2618 3um+10-106-d Three-wire method
mandrels: nominal pitch: Part 4.8:2006 dis the measured
simpler 0.3 mm to 6 mm Section 3.2.2 (Opt. 1) value

Threaded Nominal pitch from 3 VDI/VDE/DGQ 2618 3um+10-10s-d Two-ball method d
rings: mm to 200 mm: Part 4.9:2006 is the measured
simpler 0.5 mm to 6 mm Section 3.2.2 (Opt. 1) Diameter

Length *)

/is the measured

length

d is the measured

diameter

Feeler gauges*)

0.03 mm to 2.00 mm

DIN 2275:2014

15um+2-106-/

Fitting dimensions for

Clamp-on micrometres #)

25 mm to 500 mm

VDI/VDE/DGQ 2618
Sheet 4.4:2009

15um+2-106-/

Iis the measured

length
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Throat gauges #) 3 mm to 200 mm VDI/VDE/DGQ 2618 0.8um+2-106-d dis the measured

Part 4.7:2005
Point 3.3.2 (Opt. 2)

Diameter

Calipers for

external, internal

and VDI/VDE/DGQ 2618 o ,
0 mm to 500 mm Part 9.1:2006 30um +30- 106/ I is the measured
. VDI/VDE/DGQ 2618
Depth caliper / >500 mm up to 1000 mm Part 9.2:2006 50 um +30- 106/ Length
Height . VDI/VDE/DGQ 2618
elghtgauge Part 9.3:2006
. VDI/VDE/DGQ 2618
Clamp-type micrometres #) 0 mm to 500 mm Part 10.1:2001
- . VDI/VDE/DGQ 2618
Precision dial gauges* 0 mm to 200 mm Part 10.3:2002 ; 10 100. 1
Flush ted i 0 mm to 50 mm VDI/VDE/DGQ 2618 " )
ush-mounted measuring Part 10.4:2008
. VDI/VDE/DGQ 2618
Depth micrometers #) 0 mm to 300 mm Part 10.5:2010
Internal micrometres 13 mm to 300 mm VDI/VDE/DGQ 2618 3um+10-10s6-/
with two-point contact > 300 mm to 500 mm Part 10.7:2010 5um+10-106-/
on the calibration object #
Internal micrometres
with a 2-line contact 5 mm to 100 mm 3-APD-0-0025-EN 3um+10-106-d dis the measured
system 2023:07 Diameter
Internal micrometers VDI/VDE/DGQ 2618
with a 3-line contact 3 mm to 150 mm Part 10.8:2002 3um+10-106-d d is the measured
system Diameter
Lever-type VDI/VDE/DGQ 2618
measuring up to 200 mm Part 12.1:2005 7um+10-10s-/ | is the measured
devices (quick- length
Lever-type VDI/VDE/DGQ 2618
measuring 2 mm to 200 mm Part 13.1:2005 7um+10-106-/
devices (quick-
. VDI/VDE/DGQ/DKD 2618 L
Dial gauges * 0 mm to 100 mm Part 11.1:2021 3um+10-106-/ mechanical dial gauges
VDI/VDE/DGQ/DKD 2618 electronic digital dial
Part 11.4:2020 3um+10- 105"/ gauges
. . VDI/VDE/DGQ 2618
Fine pointer » 0mm to3 mm Part 11.2:2002 0.6 pm
VDI/VDE/DGQ 2618
Sensor-arm gauges *) O0mmto 1.6 mm Part 11.3:2002 1.0 um
electrical inductive up to 100 mm VDI/VDE/DGQ 2618 0.6pum+1-106-/
Length measuring devices *#) Sheet 14.1:2010
electronic incremental up to 100 mm 3-APD-0-0027-DE 0.6 um+1-106-/

Length measuring devices

August 2023

Valid from:

12 February 2026

Date of issue: 25 February 2026

Page 103 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

On-site calibration — Dimensional measurements

Measurand /
Calibration object
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Calibration and measurement facilities (CMC)

Measuring
range /
Measuremen
t span

Measurement
conditions /
procedures

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Coordinate measurement
technology

Coordinate measuring
machines with optical
probing

Measuring
projectors,
measuring

microscopes *)

Devices with a single
measuring plane with a
diagonal measurement of <

450 mm

Calibration of
metrological
characteristics in
accordance with
DKD-R 4-3
Sheet 18.1:2018, as
well as the standards
and guidelines listed

below: DIN EN ISO

Measuring systems
with visual probing
or electronic edge

detection

Determination of
the touch-off
deviation Psx, Psvand
Ps2p using a circular
standard according
to VDI/VDE 2617
Sheet 6.1:2021

0.5 um

Determination of the
scanning error of the
image processing system
Psvx, Psvyand Psv2p using a
circular normal in
accordance with VDI/VDE
2617
Sheet 6.1:2021

0.5 um

Determination of the
length measurement
deviation Euxy, Eux and
Euv using a ruler or
circle template in
accordance with

DIN EN ISO 10360-7:2011

0.5um+0.7 - 106/

|is the measured

length
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Coordinate measuring Determination of the
technology length measurement
. . error of the image
Coordinate measuring .
. . . processing system Euv
machines with optical K .
. using a line scale or a
probing . L
circular matrix in
accordance with 0.5 pm
DIN EN ISO 10360-7:2011
Measuring
) Determination of the
projectors, length measurement
measuring deviation Euz using a
. parallel end gauge or a
microscopes *) depth-setting standard .
up to 100 mm in accordance with 0.5pum +0.7 *106 * / | is the measured
DIN EN ISO 10360-7:2011 length
up to 100 um 0.25 um
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current ov 0.1 v U = set value
Measuring instruments 1mV upto 2.2V 7-106U+1pv
>22V to 11V 9-106 U
>11V to 22V 8-106 U
>22V upto 220V 12106 U
>220V upto 1000V 12-106 U
Direct current oV 0.1pv U = measured value
Sources 1mV to 100mV 8106 U+1pv
>100V upto 1V 11-10s U
>1V to 10V 9-106 U
>10V to 100V 13-10s U
>100V upto 1000V 16 - 106 U
High voltage >1kVv upto 10kV 2.5-103U+2.5V U = measured value
Direct current 0A Precision Open 0.2nA | = set value
Measuring instruments and 0.1pA upto <1pA Standard resistor and 3510/ +21 pA
sourees 1pA to <10pA voltmeter 50 - 105/ + 6 pA
10pA upto <100 pA 15-106/+0.4nA
100 MA upto 320mA 18-10s/
>320mA upto 1A 15-106/+ 6 pA
>1A upto 10A 0.2-103/
>10A to >150A 0.3x103/
150 A upto 2000 A Current transformer 03x103/
Direct current I1mA upto 2.2A 1-10s31/
Current clamps >2.2A upto 20A 2-103/
>20A upto 1000A 3-103/
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 0Q 50 uQ R = set value on the
10;190Q 95106 R Fluke 5700A
10Q 28-106R
19Q 27 - 106 R
100 Q; 190Q; 17 -106R
1kQ 13-106R
1.9kQ 13-106R
10 kQ 12-106R
19 kQ 12-106R
100 kQ 14-106R
190 kQ 14-106R
1MQ 20-106R
1.9 MQ 21-106R
10 MQ 40-10sR
19 MQ 48 - 106 R
100 MQ 110 - 106 R
0Q 100 uQ R = value measured
10 to 10Q 16 - 106 R+ 50 pQ by the HP 3458A
100 to 100Q 12 - 106 R + 500 pQ
>100Q upto 1kQ 15+ 104k
>1kQ to 10kQ 15-106R
>10kQ to 100 kQ 15 - 105 R
>100kQ to 1MQ
>1MQ to 10MQ 337 10R
>10MQ to 100 MQ 150 - 106 R
>100MQ upto 1GQ 600 - 106 R
5-103R
0.001Q to 01Q Substitution method 50-106R
>0.1Q to 1MQ using a standard 20-106R
>1MQ wupto 100MQ resistor 30-106R
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
DC resistance (ranges) 10 to <11Q 0.12-103R R = set value for Fluke
Measuring instruments 11Q to <330 33-10sR 5520A / 5522A
330 to <110Q 29-10sR
110Q to <330Q 28+10sR
3300 to <1.1kQ 28+10sR
1.1kQ to <3.3kQ 28+10sR
33kQ to <11kQ 28+10sR
11kQ to <33kQ 28+10-sR
33kQ  to <110 kQ 110 28+10sR
kQ upto <330 kQ 32-106R
330kQ to <1.1MQ 33-10sR
1.1MQ to <3.3MQ 62-10sR
33MQ to  <11MQ 0.13-103R
11MQ to <33MQ33 0.25-103R
MQ to <110 MQ 0.5-103R
110MQ to <330 MQ 3-103R
330MQ upto <1.1GQ 15-103R
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage > 20 Hz to 40Hz 0.52-10sU
measuring > 40 Hz to 20 kHz 0.40 - 10= U
instruments > 20 kHz to 50 kHz 0.40- 103U
and sources > 50 kHz to 100 kHz 0.41-10sU
> 100 kHz to 300 kHz 0.46 - 102 U
> 300 kHz to 500 kHz 0.55-10sU
> 500 kHz to 1 MHz 0.60-10s U
>2.2mVto7 mV 10 Hz to 20 Hz 0.22-103U
> 20 Hz to 40Hz 022-10sU
> 40 Hz to 20 kHz 0.16-10sU
> 20 kHz to 50 kHz 0.16-10sU
> 50 kHz to 100 kHz 0.20- 102U
> 100 kHz to 300 kHz 0.22-102 U
> 300 kHz to 500 kHz 033-10sU
> 500 kHz to 1 MHz 0.45-10sU
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Calibration and measurement facilities (CMC)
Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
AC >7 mVto 22 mV 10 Hz to 20 Hz 80106 U U = measured value
voltage >20 Hz to 40 Hz 80- 106U
measuring > 40 Hz to 20 kHz 65105 U
instruments > 20 kHz to 50 kHz 75-10s U
and sources > 50 kHz to 100 kHz 75-10sU
> 100 kHz to 300 kHz 95-106U
> 300 kHz to 500 kHz 0.19-10sU
>500 kHz to 1 MHz 0.21-10sU
>22 mVto70 mV 10 Hz to 20 Hz 70 - 106 U
> 20 Hz to 40 Hz 58106 U
> 40 Hz to 20 kHz 35-10sU
> 20 kHz to 50 kHz 35-10sU
> 50 kHz to 100 kHz 45-10s U
> 100 kHz to 300 kHz 55106 U
> 300 kHz to 500 kHz 0.11-10sU
> 500 kHz to 1 MHz 0.13-10s U
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Measurement
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Calibration object
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Calibration and measurement facilities (CMC)
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Comments

AC

voltage
measuring
instruments

and sources

U = measured value

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

>70 mV to 220 mV 10 Hz to 20 Hz 39106 U
> 20 Hz to 40Hz 35106 U

> 40 Hz to 20 kHz 25-106 U

> 20 kHz to 50 kHz 25-106 U

> 50 kHz to 100 kHz 28105 U

> 100 kHz to 300 kHz 42- 106 U

> 300 kHz to 500 kHz 85-10sU

>500 kHz to 1 MHz 0.1-10sU

>220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U
> 20 Hz to 40 Hz 22106 U

> 40 Hz to 20 kHz 12-106 U

> 20 kHz to 50 kHz 12106 U

> 50 kHz to 100 kHz 13- 105U

> 100 kHz to 300 kHz 14- 106 U

>300 kHz to 500 kHz 27-106 U

>500 kHz to 1 MHz 40- 106U

>700mVto2.2V 10 Hz to 20 Hz 20 - 106 U

> 20 Hz to 40Hz 14-106 U

> 40 Hz to 20 kHz 10- 106 U
> 20 kHz to 50 kHz 10 - 106 U
> 50 kHz to 100 kHz 11-10sU
> 100 kHz to 300 kHz 11-10s U
>300 kHz to 500 kHz 22106 U
>500 kHz to 1 MHz 68106 U
>22Vto7V 10 Hz to 20 Hz 18- 106 U
> 20 Hz to 40 Hz 12-10s U

> 40 Hz to 20 kHz 11-10s U
> 20 kHz to 50 kHz 11-10s U
> 50 kHz to 100 kHz 13- 106U
> 100 kHz to 300 kHz 13106 U
> 300 kHz to 500 kHz 30-10sU
95-106 U

> 500 kHz to 1 MHz
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Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
AC >7Vto22V 10 Hz to 20 Hz 17 - 10 U U = measured value
voltage > 20 Hz to 40Hz 16106 U
measuring > 40 Hz to 20 kHz 11-106 U
instruments > 20 kHz to 50 kHz 11-10s U
and sources > 50 kHz to 100 kHz 11-106U
> 100 kHz to 300 kHz 25106 U
> 300 kHz to 500 kHz 30-10sU
> 500 kHz to 1 MHz 0.11-10sU
>22Vto70V 10 Hz to 20 Hz 18 - 106 U
>20 Hz to 40 Hz 16 - 106 U
> 40 Hz to 20 kHz 15-10s U
> 20 kHz to 50 kHz 15-10s U
> 50 kHz to 100 kHz 25-10s U
> 100 kHz to 300 kHz 25 - 10-sU
>300 kHz to 500 kHz 40-10sU
>500 kHz to 1 MHz 0.13-10sU
>70Vto220V 10 Hz to 20 Hz 19 - 106 U
> 20 Hz to 40Hz 18106 U
> 40 Hz to 20 kHz 17106 U
> 20 kHz to 50 kHz 17-10s U
> 50 kHz to 100 kHz 32-10s U
>220V to 1000 V 10 Hz to 20 Hz 25 - 106 U
> 20 Hz to 40 Hz 27106 U
> 40 Hz to 20 kHz 45106 U
> 20 kHz to 50 kHz 45-10s U
65106 U

> 50 kHz to 100 kHz

High voltage

>0.7kV to 1kV
>1kV to 7kV

50 Hz

25-103U+0.25V
35-103U+2.0V

Alternating current
amperage

Sources and measuring
instruments

| = measured value

100 uAto 1 mA 10 Hz to 40 Hz 12010/
>40 Hz to 1 kHz; 160 - 10/

> 1 kHz to 10 kHz; 60105 /

>1mAto 10 mA 10 Hz to 40 Hz 46 - 106/

>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Alternating current >10mAtolA 10 Hz to 40 Hz 17 - 10/ I = measured value
amperage > 40 Hz to 1 kHz;
Sources and measuring
instruments > 1 kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32-10s/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10s/
> 40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>20A upto 100A 10 Hz to 40 Hz 69 -10s/
> 40 Hz to 1 kHz; 6910/
> 1 kHz to 10 kHz; 0.17 - 10/
Sources 100A upto 2000A 50 Hz 3.0-103-/ Current transformer
Current clamps 1mA upto 22A 40Hz to 5kHz 2-103/ | = measured value
>22A upto 20A 40Hz to 5kHz 3-103/
>20A upto 800A 40Hz to 65Hz 4103/
Capacity of 190 pF  upto <400pF 10Hz to 10kHz 4-103C+8pF With 5520A / 5522A
measuring 400 pF to <1l.1nF 10Hz to 10kHz 4.5-103C+8pF
instruments 1.1nF to <3.3nF 10Hz to 3kHz 4.0-103C+8pF
33nF to <11nF 10Hz to 1kHz 2.5-103C+8pF
11nF to <33nF 10Hz to 1kHz 2.5-10-3C+80pF
33nF upto <110nF 10Hz to 1kHz 2.5-10-3C+ 80 pF
110nF to <330nF 10Hz to 1kHz 45-10s3C
330nF to <1.1pF 10Hz to 600Hz 4,5-103C
1.1uF upto <3.3pF 10Hz to 300Hz 4.5-103C
33uF to <11pF 10Hz to 150Hz 4.5-103C
11puF to <33pF 10Hz upto 120Hz 6.0-10s C
33 uF upto <110uF 10Hz to 80Hz 6.5°103C
110 pF to < 330 pF DC upto 50Hz 6.0-103C
330 pF up to <1.1 mF DC upto 20Hz 6.0-103C
1.1mF to <3.3mF DC to 6Hz 6.0-103C
3.3mF upto <11mF DC to 2Hz 6.0-103C
11mF upto <33mH DC to 0.6Hz 8.0-103C
33mF upto 110mF DC upto 0.2Hz 11-103C
InF upto 100nF | 50Hz to 10kHz 1.0x 10C C: measured value
using standard
>100 nF  up to 1000 nF 50Hz to 1kHz 1.0-103C capacitances
>1kHz to 10kHz 2.5-103C
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Calibration and measurement facilities (CMC)
Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
Frequency 1mHz to 46 GHz 2109 f+ Urr f=current reading
Urr =Trigger uncertainty
Time interval lusto 1000s mint 2109 t+2ns t = current reading

1mina upto 100,000

Rotational speed with a light-activated 8-10s
visually switch but not !ess than 0.006
min-1
Active AC power 33mV  upto 1000 P = value set using the
Measuring instruments V 45 Hz to 65 kHz Fluke 5520A/5522A PF:
PF=1 Power factor
109 uW to < 11 kW 33 mA upto <11A 1.4-103P
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power 1mW upto 300 W 0.5-103P
Measuring instruments >300W upto 20kwW 1.0-103P
Sources 1mW upto 300 Product of U and I: 30-106P P calculated
W>300W uptilkW 1mV<U<1000V 200-10sP power
>1kW upto 1MW 100 pA <1 <2000 A 300- 106 P

Uncertainty in the

Active AC power
amplitude of the

1V to 1000V
2/w(Un)? + wllp)? + w(@:)® | fundamental voltage
45 Hz to 65 Hz Uncertainty of
0.05<cos p <1 the amplitude of
the current fundamental
5mW upto 50kW 0.1Ato50A not less than 80 - 106 ® Uncertainty in the
>25W wupto 120kW >50Ato120A not less than 0.14 x 103 phase shift angle

Uncertainty of the
2JwUp)? +wz) +w(®:)” | root mean square voltage
Uncertainty of the
0.05<cosp<1 root mean square value of
the current

1Vto 1,000V
45 Hz to 65 Hz

S5mvar upto 50 kvar 0.1Ato50A not less than 80 - 106
>2.5var upto 120 >50Ato120A not less than 0.14 x 103
Reactive power 1Vto 1,000V

2wl + wlip)? + w(®p)?
45 Hz to 65 Hz

0.05<cosp<1

0.1VA upto 50kVA 0.1Ato50A not less than 80 x 106
>50VA upto 120 >50Ato120A not less than 0.14 x 103
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On-site calibration — Electrical quantities
Calibration and measurement capabilities (CMC)
Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Tension Bridge span: 5V Calibration of 350 Q
bridge standards and
+2 mV/V Measurement 0.04 pv/v the associated
frequency 225 Hz 0.05 pv/Vv indicating
Measurement 1.0 uv/v instruments
Bridge span: 2.5V
+2mV/V at discrete points in 10
Measurement 0.05 uv/v per cent increments
frequency 225 Hz 0.05 pv/Vv
Measurement 1.0 pv/v
Bridge span: 5V
+5mV/V
Measurement 0.15 uv/v
frequency 225 Hz 1.0 pv/v
Bridge span: 5V
+10 mV/V
Measurement 0.10 pv/Vv
frequency 225 Hz 0.30 pv/Vv
Bridge span: 2.5V
+5mV/V
Measurement 0.1 pv/v
frequency 225 Hz 0.1 pv/Vv
Measurement 1.0 pv/v
Bridge span: 2.5V Calibration of 350 Q
bridge standards and
+10 mV/V Measurement 0.4 pv/v the associated
frequency 225 Hz 0.4 pv/v indicating
Measurement 0.4 uv/v instruments
Bridge span: 1V
+10 mV/V at discrete points in 10
Measurement frequency| 0.40 uv/v per cent increments
Bridge span: 1V
+20 mV/V
Measurement frequency 0.60 uv/v
Bridge span: 1V
+100 mV/V
Measurement frequency 5.0 uv/v
Bridge span: 2.5V
+100 mV/V
Measurement frequency 5.0 uv/v
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object measuremen uncertainty

t span

Tension 0mv/Vv Bridge span:
Direct current -2mV/V to +2 mV/V 2.0 uv/v
Bridge standards 5mV/V to +5 mV/V 2.5 pv/v
-10mV/V to +10 mV/V 05V 25wV
20mV/V to +20 mV/V 25 W
-100 mV/V to +100 mV/V 25 W
2.5 pvV/v

0mV/V Bridge span:
-2mV/V to +2 mV/V 1.0 uv/v
5 mV/V to +5 mV/V 2.0 u/v
-10mV/V to +10 mV/V Lov 2.0 wv
20 mV/V to +20 mV/V 2.0 wv
-100 mV/V to +100 mV/V 2.0 W
2.0 pv/v

0omv/V Bridge span:
-2mV/V to +2 mV/V 0.5 pv/v
S mV/V to +5 mV/V 0.5 pv/v
-10 mV/V to +10 mV/V 25V 0.5 W/
20 mV/V to +20 mV/V 0.5 WV
-100 mV/V to +100 mV/V 0.5 wv/v
1.5 uv/v

0mV/V Bridge span:
-2mV/V to +2 mV/V 0.3 pv/v
-5 mV/V to +5 mV/V 0.25 pv/v
-10 mV/V to +10 mV/V >0V 0.25 wv/v
-20mV/V to +20 mV/V 0.25 uWV/v
-100 MV/V to +100 mV/V 0.35 u/v
1.5 puv/v

0mv/V Bridge span:
-2mV/V to +2 mV/V 0.2 uv/v
-5 mV/V to +5mV/V 0.2 pviv
-10mV/V to +10 mV/V 75V 0.2 WV
20 mV/V to +20 mV/V 0.2 WV
-100 MV/V to +100 mV/V 0.3 WV
1.5 uv/v

0mv/V Bridge span:
-22mV/V to +2 mV/V -5 0.1 pv/v
mV/V to +5 mV/V -10 0.15 pv/v
mV/V to +10 mV/V -20 10.0V 0.15 pv/v
mV/V to +20 mV/V 0.2 uv/v
-100 mV/V to +100 mV/V 0.3 pv/v
1.5 puv/v
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Tension With K148
Direct current Bridge span:
Bridges, measuring -2mV/V to +2 mV/V 0.35 uv/v
instruments, 5 mMV/V to 45 mV/V 05V 0.35 pV/V
Measurement amplifier _10mV/V to +10 mV/V 0.40 uV/V
20 MV/V to +20 mV/V 0.55 pv/v
-100 MV/V_to +100 mV/V 2.5 W
Bridge span:
-2mV/V to +2 mV/V 0.20 uv/Vv
-5 mV/V to +5mV/V 1v 0.20 w/V
10 mV/V to +10 mV/V 0.30 WAV
20 mV/V to +20 mV/V 0.50 WV
-100 mV/V to +100 mV/V 25 WN
Bridge span:
-22mV/V to +2 mV/V 0.10 pv/Vv
S mV/V to +5 mV/V 2.5V;5V;7.5V; 10V 0.15 /v
-10mV/V to +10 mV/V 0.25 pv/v
-20mV/V to +20 mV/V 0.45 uv/v
-100 mV/V to +100 mV/V 25 WN
Alternating 45 Hz to 65 Hz Measurement
current — active 0.25<cospr<1 uncertainty
energy t=100s relative to the
single-phase 150 Ws upto 5.76MWs 30V to 480V 0.15-103 apparent energy
Measuring instruments 0.2Ato120A
Alternating 45 Hz to 65 Hz
current 0.25<singr<1
reactive power t=100s
single-phase 30Vto480V i
Megasu?ing etruments 150vars upto 5.76Mvars 0.2 Ato 120 A 0.15-103
Reactive power 45 Hz to 65 Hz,
in alternating t=100s
current 30Vto480V
single-phase 600 VAs upto 5.76 MVAs 02Ato120A 0.15-103
Measuring instruments
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Oscilloscope
measurement 5mV to 5V Ri=50Q 3.5-103U+35uv Rectangular stress
parameters: vertical 5mV upto 120V Ri=1MQ 2.4-103 U +40 v 10 Hz to 10 kHz
deflection ,
5ns to 520ms 3:106t+1ns t: current time
>20ms upto 5s 30-106t+1.2-103t?
Horizontal deflection o
150ps upto 10ms 250 mv 35103+ 5 ps tr = intrinsic rise time
Ascent time 250ps upto 10ms >250mVto2.5V 35-103-tr+8ps of the oscilloscope
Ri=50Q
HF impedance 0.0 to 1.0 45MHz upto 5GHz 0.01+0.01 |I"| Connector; PC-7; 50 Q3)
(reflection >5GHz upto 18 GHz 0.015+0.01T|
coefficient) 9kHz to 5GHz 0.01+0.01 |I'| N-connector; 50 Q3)
Single-gate >5GHz upto 18GHz 0.015+0.01 |T|
measurement |Su|
Connector; PC 3.5;
Amount |T| 45MHz to 5GHz 0.01 +0.005 |T'| 50 Q3)
>5GHz upto 18 GHz 0.015+0.01 ||
>18 26.5
GHz up GHz 0.02+0.02 |T|
to
_UCD 1800
arcsin °
Phase ¢ 9kHz upto 18GHz I T N-connector; 50 Q.
01<|I'[<1
-180° to 180° 45MHz upto 18 GHz PC-7; 50Q
01<|I'[<1
45 MHz upto PC35
26.5
01<|I'[<1
GHz
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
HF impedance 45MHz to 5GHz 0.015+0.01 |I'| PC-7; 50 Q3)
(Reflectance) 0.0 to 1.0 >5GHz upto 18GHz 0.02+0.01 |I"|
Second-order _ X
measurement |Su| & 9kHz to 5GHz 0.015+0.01 |T'| N-connector; 5041. 3
|S22] >5GHz upto 18GHz 0.02+0.01 |T|
Amount ||
45MHz to 5GHz 0.01+0.005 |I"| PC-3.53)
>5GHz upto 18GHz 0.015+0.01 ||
>18 up 265
GHz to Gz 0.02+0.02 |T'|
9kHz to 18GHz . U(D o N-connector; 50 Q.
arcsin *180
01<|T|<1 T n
Phase ¢

-180° to 180°

45MHz upto 18GHz

01<|I'I <1
45 MHz upto 26.5

01< I <1
GHz

PC-7; 50Q

PC-3.5

HF - Attenuation

Switchable
attenuators,

Fixed attenuators

Absolute

Damping values

Connector system: N;
500Q

0 dBto 60 dB 9 kHz to 18 GHz 0.3dB IN<0.1
> 60 dB to 90 dB 0.3dB
Connector system
0 dBto 60 dB 45 MHz to 20 GHz 0.3dB PC-3.5:50 0
>20 GHz to 26.5 GHz 0.5dB 45 MHz to 20 GHz
IN<o0.1
<20 GHz to 26.5 GHz
> 60 dB to 90 dB 45 MHz to 20 GHz 0.3dB 1N<0.15
> 20 GHz to 26.5 GHz 0.5dB

RF power

Power meters

>1pW to 0.1 mw

2.5 MHz to 2 GHz

>2 GHz to 18 GHz
> 18 GHz to 26.5 GHz

(0.025+0.14 - |1]) - P

(0.049+0.21-|1])- P
(0.071+0.32-|7])-P

Connector system: N,
PC-3.5;
50Q; | M| KG<0.2

RF power

Signal generators

>1pW upto 0.1mW

2.5MHz to 2 GHz

>2 GHz to 18 GHz
> 18 GHz to 26.5 GHz

(0.035+0.13- |1]) - P

(0.053+0.2- |I])- P
(0.074+031-|7])-P

Connector system: N,
PC-3.5;
50Q; | k<0.2

0.1mW upto 10mW 9kHz to 50 MHz 17 - 103 - P N-connector; 50 Q3)
>50 to 5GHz 22-103-P IT| <0.3
>5GHz upto 18GHz 30-10s-P
0.1mW wupto 10mW 50MHz to 5GHz 22-103-P PC 3.5 connector; 50 Q3)
>5GHz upto 18GHz 32-103-P T <0.3
B m e
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On-site calibration — high-frequency and radiation parameters
Calibration and measurement capabilities (CMC)

Measured Measurement Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
RF power 0.1mW wupto 10mW 9kHz to 50 MHz 17 - 103 - P N-type connector; 50 Q3)
Power meters >50 to 5GHz 21-103-P IT]<0.3
MHz
>5GHz to 18 GHz 28-10s-P
3.5 mm PC
0.1mW wupto 10mW | 50MHz to 5GHz 22-103-P
connector; 50 Q3)
>5GHz to 18GHz 32-103-P [T <03
>18 to 265
GHz GHz 40-103:-P
Signal level difference 0dBc upto 90dBc 9 kHz to 7 GHz 1.5dB SNR >20dB
Measuring instruments / >7GHz  to 136 2.3dB
Sources >13.6 to 26.5
GHz GHz 3dB
>90dBc upto 100dc| - K2 to 7GHz 4.5dB SNR > 20 dB
>7GHz to 13.6
>13.6 to 26.5 4.8d8
GHz GHz 53d8
Filter bandwidth 1Hz to 40 MHz 1 per cent SNR >70dB
Measuring instruments
S -165 to 0
HF noise indicator 10Hz wupto 50GHz dbm/Hz dBm/Hz 1dB
Receivers / Measuring
Form factor 1:1 to 41 55% SNR>20dB
Measuring instruments >4:1 to 10:1 7%
>10:1 to 18:1 85%

3) When other connector systems are used, the measurement uncertainty increases.
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Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Amplitude modulation: frur< 4 GHz fur = carrier frequency
< -
Degree of modulation m 0.0 to <1.0 fmop < 1 MHz 0.004+0.025-m fmop = Modulation
frequency
Frequency modulation F G 5 orf
Frequency shift Af HF < 4 GHz ] . wr = Carrier frequency
0Hzto 5 MHz fmop < 1 MHz 0.041 - Af +25 Hz fmoo = Modulation frequenc
Phase modulation )
< =
Phase shift AQ 0 to (4 MHz / fuoo) rad fur < 4 GHz 0.025rad +0041-ap | J* = Carerfrequency
fwmop < 1 MHz .
fmoo = Modulation frequenc
Distortion factor k AM

i 0.030
>0.0001 to 0.01 demodulation method 0.029 fur= carrier frequency
fur: 150 kHz to 2 GHz . _ h
>0.01t00.1 S1k -0d 0.025 fmoo=Modulation
>0.1t00.2 fuoo =1 kHz Py = 0 dBm frequency Pwr = Carrier
level
FM & PM
> 0.0001 t0 0.01 demodulation methods
>>06011tt0 00‘21 fur: 150 kHz to 2 GHz 0.09 Absolute
el fmop = 1 kHz Pur = 0 dBm measurement
Af <50 kHz uncertainty
Pulse-shaped measured DIN EN 55016-1-1:2020 Pulse
quantitiess) CISPR 16-1-1:2019 frequency
Spectral stress- 0.50 4B 1Hz to 100 Hz
Amplitude density So=13.5 pVs CISPR Part A ’
(Measuring/Displaying) 9 kHz t0 0.15 MHz 6. 11<0.05 (Plot)
So=0.316 puVs CISPR Part B Heart rate
>0.15 MHz to 30 MHz 0.50dB 1 Hz to 1,000 Hz
e, N.<0.07 (Plot)
S0=0.0044 uVs CISPR Part C Heart rate
> 30 MHz to 300 MHz 0.6dB 1 Hz to 1,000 Hz
e, N.<0.12 (Plot)
S0=0.0044 pVs CISPR Part D Heart rate
> 300 MHz to 1 GHz 0.6dB 1 Hz to 1,000 Hz
6, 1<0.12 (Plot)
HF current clampy 9 kHz to 100 MHz DIN EN 55016-1-2:2019 0.3 dB
Transfer certificate— > 100 MHz to 400 MHz 4.4 mA 0.5 dB
Resistance dB(Q) > 400 MHz to 1 GHz 0.8dB
HF Bulk Current Injection
Clamp Meter 9 kHz to 100 MHz DIN EN 61000-4-6:2014 0.3dB
Insertion loss (dB) > 100 MHz to 400 MHz 4.4 mA 0.5dB
> 400 MHz to 1 GHz 1.5dB
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Calibration and measurement services (CMC)
Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Phase noise Phasg noise rc.elativcja to Offset frequency . Carrier frequency:
carrier amplitude in dBc/Hz relative to the carrier
Signal generators >-87 dBc/Hz frequency 2.5 dB 100 MHz - 1 GHz
> 99 dBc/Hz 100 Hz 2.5 dB
>-104 dBc/Hz 1kHz 2.5 dB
>-111 dBc/Hz 10 kHz 2.5 dB
>-131 dBc/Hz 100 kHz 2.5dB
>-137 dBc/Hz 1 MHz 2.5dB
>-80 dBc/Hz 100 Hz, 2.5 dB >1 MHz -3 GHz
>-96 dBc/Hz 1 kHz, 2.5 dB
>-101 dBc/Hz 10 kHz, 2.5dB
>-109 dBc/Hz 100kHz, 2.5 dB
>-126 dBc/Hz 1 MHz 2.5dB
>-136 dBc/Hz 10 MHz 2.5dB
>-72 dBc/Hz 100 Hz 2.5dB >3 GHz -6 GHz
>-93 dBc/Hz 1 kHz 2.5 dB
>-98 dBc/Hz 10 kHz 2.5 dB
>-106 dBc/Hz 100 kHz 2.5dB
>-120 dBc/Hz 1 MHz 2.5dB
>-135 dBc/Hz 10 MHz 2.5dB
Voltage pulse burst
generators 100V upto 4400V DIN EN 61000-4-4:2013 22% RL = Load resistance
ise ti under load (Rt
RlIJSll(e'St;n\:V?dT;d 3ns upto 1us across Ru= EEO()I 2.5%
Burst duration 100ns upto 1s across R=1q 0.25%
and burst
period
Surge generators 250V upto 7000V DIN EN 61000-4-5:2019 o
Voltage amplitude 5A upto 5kA with or without a 35%
Current amplitude coupling and
Rise time and 400ns to 1ms decoupling network 3.5%
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measureme uncertainty
nt span
Direct current ov 0.1 v U = set value
Measuring instruments ImVto22V 7-106U+1pv
>22Vto11V 9:10sU
>11Vto22V 8-10sU
>22V 10220V 12-10sU
>220V to 1,000 V 12-106U
Direct current oV 0.1 pv U = measured value
Sources 1 mVto 100 mV 8:10sU+1pv
>100Vto 1V 11106 U
>1Vto10V 9-10sU
>10Vto 100V 13106 U
>100 V to 1,000 V 16 - 106 U
High voltage >1kVto 10 kv 2.5-103U+2.5V U = measured value

Direct current

Measuring instruments and
sources

0A

Precision Open

0.2 nA

| = set value

0,1pAto<1pA

Standard resistor and

35-106/+21pA

1pAto<10 pA voltmeter 50 10/ +6 pA

10 pA to < 100 pA 15-106/+0.4 nA

100 pA to 320 mA 18-10s/

>320mAto1A 15-106/+6 pA

>1Ato10A 0.2-103/

>10Ato>150A 0.3x103/

150 A to 2000 A Current transformer 03x103/

Direct current I1mAto22A> 1-10s/
Current clamps 2.2At020A 2-103/
>20Ato 1,000 A 3-103/
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Measured Measuring Test conditions / Expanded Comments

quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
DC resistance 0Q 50 uQ R = set value on the
10;1.90 95-10sR Fluke 5700A

10Q 28106 R
190 27-106R
100 Q; 1900; 17 - 10sR
1kQ 13- 106R
1.9kQ 13- 106R
10 kQ 12-106R
19 kQ 12-106R
100 kQ 14 - 106 R
190 kQ 14- 106 R
1MQ 20-10s6R
1.9 MQ 21-10s6R
10 MQ 40-10sR
19 MQ 48-10sR
100 MQ 110-10sR

0Q 100 pQ R = value measured

1Qt0100Q 16 - 106 R + 50 pQ by HP 3458A

>10Qto 100 Q
>100Qto 1kQ
>1kQto 10 kQ
>10 kQ to 100 kQ

12 - 106 R+ 500 pQ
15-106R 15 106R
15-106R 35 106R
150 - 106 R 600-106R

>100 kQ to 1 MQ 5-103R
>1MQ to 10 MQ
>10 MQ to 100 MQ
>100 MQ to 1 GQ
0.001Qt00.1Q Substitution method 50-106R
>0.1Qto1MQ using a standard 20-106R
resistor 30-10s6R

>1 MQ to 100 MQ
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
DC resistance (ranges) 10to<11Q 0.12-10s3R R = set value for Fluke
Measuring instruments 11Qto<33 33-106R 5520A /5522A
0330t0<110Q 29105k
110Qt0<3300Q 28105k
330Qto<1.1kQ 28105k
1.1kQto<3.3kQ 2810k
28106 R
3.3kQto <11kQ ¢
28106 R
11 kQ to <33 kQ ¢
28106 R
33 kQ to < 110 kQ
32-10s6R
110 kQ to < 330 kQ
33-10s6R
330 kQ to < 1.1 MQ
62106 R
1.1 MQ to < 3.3 MQ
0.13-103R
3.3MQto< 11 MQ
0.25-103R
11 MQ to <33 MQ
0.5-103R
33 MQ to < 110 MQ
3-103R
110 MQ to < 330 MQ
15-103R
330 MQ to < 1.1 GQ
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103 U U = measured value
voltage measuring >20 Hz to 40Hz 0.52-10sU
instruments and > 40 Hz to 20 kHz 0.40-103U
sources > 20 kHz to 50 kHz 0.40-10s U
> 50 kHz to 100 kHz 0.41-10sU
> 100 kHz to 300 kHz 0.46 - 103U
> 300 kHz to 500 kHz 0.55-10sU
> 500 kHz to 1 MHz 0.60-10sU
>22mVto7mV 10 Hz to 20 Hz 0.22-103U
> 20 Hz to 40 Hz 0.22-10sU
> 40 Hz to 20 kHz 0.16-10s U
> 20 kHz to 50 kHz 0.16-10s U
> 50 kHz to 100 kHz 0.20-10sU
> 100 kHz to 300 kHz 0.22-10sU
> 300 kHz to 500 kHz 0.33-103U
0.45-103U

> 500 kHz to 1 MHz
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Comments

AC

voltage measuring
instruments and

sources

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

>7 mVto22 mV 10 Hz to 20 Hz 80106 U

>20 Hz to 40Hz 80106 U
>40 Hz to 20 kHz 65 - 106 U
> 20 kHz to 50 kHz 75- 106 U
> 50 kHz to 100 kHz 75-10s U

> 100 kHz to 300 kHz 95-105 U
> 300 kHz to 500 kHz 0.19-10sU
> 500 kHz to 1 MHz 0.21-10sU

>22 mVto70 mV 10 Hz to 20 Hz 70 - 106 U

>20 Hz to 40 Hz 58- 10+ U

> 40 Hz to 20 kHz 35-106 U

> 20 kHz to 50 kHz 35-106 U

> 50 kHz to 100 kHz 45-106 U

> 100 kHz to 300 kHz 55-106 U

> 300 kHz to 500 kHz 0.11-10sU

> 500 kHz to 1 MHz 0.13-10sU

>70 mV to 220 mV 10 Hz to 20 Hz 39 - 106 U

> 20 Hz to 40Hz 35106 U
> 40 Hz to 20 kHz 25106 U
> 20 kHz to 50 kHz 25106 U
> 50 kHz to 100 kHz 28106 U

> 100 kHz to 300 kHz 42-10sU
> 300 kHz to 500 kHz 85-10s U
>500 kHz to 1 MHz 0.1-10sU
>220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U

> 20 Hz to 40Hz 22106 U
> 40 Hz to 20 kHz 12106 U
> 20 kHz to 50 kHz 12106 U
> 50 kHz to 100 kHz 13-106 U

> 100 kHz to 300 kHz 14 -106 U
> 300 kHz to 500 kHz 27106 U
40106 U

> 500 kHz to 1 MHz

U = measured value
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Comments

AC

voltage measuring
instruments and

sources

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

>700mVto2.2V 10 Hz to 20 Hz 20- 106 U

>20 Hz to 40 Hz 14 - 106 U

> 40 Hz to 20 kHz 10 - 106 U

> 20 kHz to 50 kHz 10 - 106 U

> 50 kHz to 100 kHz 11-10sU

> 100 kHz to 300 kHz 11-106U

> 300 kHz to 500 kHz 22-106U

>500 kHz to 1 MHz 68 - 106 U

>22Vto7V 10 Hz to 20 Hz 18 - 106 U
>20 Hz to 40 Hz 12106 U

> 40 Hz to 20 kHz 11-106U

> 20 kHz to 50 kHz 11-106U

> 50 kHz to 100 kHz 13-106 U

> 100 kHz to 300 kHz 13-10s U

> 300 kHz to 500 kHz 30106 U

>500 kHz to 1 MHz 95- 106 U

>7Vto22V 10 Hz to 20 Hz 17 - 106 U
>20 Hz to 40 Hz 16 - 106 U

> 40 Hz to 20 kHz 11-106U

> 20 kHz to 50 kHz 11-106U

> 50 kHz to 100 kHz 11-106 U

> 100 kHz to 300 kHz 25-10s U

> 300 kHz to 500 kHz 30-10s U

> 500 kHz to 1 MHz 0.11-10sU

>22Vto70V 10 Hz to 20 Hz 18 - 106 U
> 20 Hz to 40Hz 16 - 106 U

> 40 Hz to 20 kHz 15106 U

> 20 kHz to 50 kHz 15106 U

> 50 kHz to 100 kHz 25-106U

> 100 kHz to 300 kHz 25-106U

> 300 kHz to 500 kHz 40 - 105 U

> 500 kHz to 1 MHz 0.13 103U

>70Vto220V 10 Hz to 20 Hz 19 - 104 U
> 20 Hz to 40Hz 18 - 106 U

> 40 Hz to 20 kHz 17 - 106 U

> 20 kHz to 50 kHz 17106 U

> 50 kHz to 100 kHz 32-10sU

U = measured value
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Comments

AC voltage
measuring
instruments and

sources

>220Vto 1000V

10 Hz to 20 Hz

>20 Hz to 40Hz

> 40 Hz to 20 kHz
>20 kHz to 50 kHz
>50 kHz to 100 kHz

25-10s U
27 - 106 U
45106 U
45-10s U
65106 U

High voltage

>0.7kV to 1kv
>1kV to 7 kV

50 Hz

2.5-103U+0.25V
3.5-103U+2.0V

U = measured value

Alternating current 100pAtol nA 10 Hz to 40 Hz 120106/ I = measured value
amperage ) > 40 Hz to 1kHz; 160 - 10/
Sourcesand measuring s Lhtzto 10t 0104 1
>1mAto10 mA 10 Hz to 40 Hz 46 - 106/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
>10mAtolA 10 Hz to 40 Hz 17 -10s/ I = measured value
> 40 Hz to 1 kHz;
>1 kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32-10s/
> 40 Hz to 1kHz;
> 1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10s/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
>20A upto 100A 10 Hz to 40 Hz 69 - 10/
> 40 Hz to 1kHz; 69 10s/
> 1 kHz to 10 kHz; 0.17-10s/
Current clamps 1mA upto 2.2A 40Hz to 5kHz 2103/ I = measured value
>22A to 20A 40Hz to 5kHz 3-103/
>20A upto 800A 40Hz upto 65Hz 4-103/
Capacity of 190pF upto <400pF 10Hz to 10kHz 4-103C+8pF With 5520A / 5522A
measuring 400pF to <1.1nF 10Hz to 10kHz 4.5-103C+8pF
instruments 1.1nF to <3.3nF 10Hz to 3kHz 4.0-103C+8pF
33nF to <1lnF 10Hz to 1kHz 2.5-103C+8pF
11InF  to <33nF 10Hz to 1kHz 2.5+ 103 C + 80 pF
33nF upto <110nF 10Hz to 1kHz 2.5-103C +80 pF
110nF  to <330 nF 10Hz to 1kHz 4.5-103C
330nF  upto <1.1uF 10Hz to 600Hz 4.5-103C
1.1pF  upto <3.3pF 10Hz to 300Hz 4.5-103C
33uF  upto <11 pF 10Hz wupto 150Hz 4.5-103C
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Calibration and measurement capabilities (CMC)

Measurement Measuring Measurement Expanded Comments
parameter / range / conditions / measurement
Calibration item Measuremen procedures uncertainty
t span
Capacity of 11 uF  upto <33 pF 10Hz to 120Hz 6.0 103C With 5520A / 5522A
measuring 33uF  upto <110 pF 10Hz to 80Hz 6.5-103C
instruments 110 pfF upto <330pF DC upto 50Hz 6.0-103C
330uF to <1.1mF DC upto20Hz 6.0-103C
1.1mF to <33mF DC upto 6Hz 6.0-103C
33mF to <11mF DC to 2Hz 6.010sC
11mF to <33mF DC to 0.6Hz 8.0-10s3C
33mF upto 110 mF DC wupto 0.2Hz 11-10s3C
1nF  upto 100nF 50Hz to 10 kHz 50 1.0x 10sC C: value measured
using standard
>100nF to 1000 nF Hz to 1kHz 1.0-103C capacitances
>1kHz upto 10kHz 2.5x103C
Frequency 1mHz to 46 GHz 2109 f+ Urr f=current measured value
Urr =Trigger uncertainty
Time interval lusto 1000s 2:109°t+2ns t = current reading

Rotational speed

1mina to 100,000

min?t

with a light-activated
switch

810+
but not less than 0.006

visually mina
Active AC power 33mV upto 1000 P =value set using the
Measuring instruments V45Hz to 65kHz Fluke 5520A/5522A PF:
PF=1 Power factor
109 pW to < 11 kW 33mA upto <11A 1.4-10sP
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power I1mW upto 300W 0.5-103P
Measuring instruments >300W upto 20kW 1.0-103P
Sources 1mW upto 300 W Productof Uand / 1 30-106P P: calculated
>300W to 1kw mV < U <1000V 200 - 106 P
power
>1kwWw to 1MW 100 pA <1<2000 A 300 - 10-6 P
Active AC power w( Ur)...Uncertainty in the
1V to 1.000 V amplitude of the
’ fundamental voltage
45 Hzto 65 Hz w(Ir)... Uncertainty in the
0.05<cos <1 amplitude of the current
N GALFR (A LFRW R fundamental
5mW  upto 50 kW 0.1Ato50A w(Ug)® +wllp)® + widp W(r)... Uncertainty in
>25W upto 120 kW >50Ato120 A not less than 80 - 10+ the phase-shift angle
not less than 0.14 x 10 W(Urms) ... Uncertainty of
- the root-mean-square
AC reactive power 1Vto 1,000V,
voltage value
45 Hz to 65 Hz W(Irms) ... Uncertainty of
the root mean square value
0.05<cosp<1
@ 2 w(Un)? +wlp)? +w(®p)? | of the current
S5mvar upto 50 kvar 0.1Ato50A

>25var to 120 kvar

>50Ato120A

not less than 80 - 106
not less than 0.14 x 103
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Reactive power 1V to 1000V
45 Hzto 65 Hz 2w(Up)? + wllp)? + w(@g)?
0.05<cosp<1
0.1VA upto 50kVA 0.1Ato50A not less than 80 x 10-6
>50VA upto 120 kVA >50Ato120A not less than 0.14 x 103
Alternating current 0to0.3 0.1kHz to 50 kHz 0.0002 +0.0165 x THD
Total Harmonic
Distortion (THD)
Direct current strength 1Ato120A 0.15 x 10-3x/ I = measured value
Current transformer >120 A to 1000 A 0.20-103-/
> 1,000 A to 2,000 A 0.30-103-/

Alternating current

Current transformer

1Ato20A
>20Ato 1000 A

50 Hz
50 Hz

0.7x103x/+0.01A
5.2x103-/+0.05A

I = measured value

Alternating current

amperage 1Ato750A 40 Hz to 1.2 kHz 90 - 106/ I = measured value
> 750 A to 2000 A 40 Hz to 100 Hz 95-10+6-1
1Ato450A >1.2 kHz to 2 kHz 0.40x 103 x |
1Ato100A >2 kHz to 7.5 kHz 0.41x103x1
Direct current resistance 330MQto<1GQ U< 1575V 4-103-R
Measuring instruments 1GQto<10GQ 8-103 -R
10 GQ to < 100 GQ with a x1000 multiplier, 25-10s -R
0.1TQto<1TQ U<10kVv 30-10s -R
1TQto 10TQ 35-10s -R
AC resistance 1mQ 50 Hz to 1 kHz 1.0x103%xR R: Measured value
discrete values 3mQ
Measuring instruments 10 mQ
30 mQ
0.1Q 50 Hz to 1 kHz 0.4 x103x R
0.3Q
1Q
30
AC resistance meters for 0.1Qto<5Q Imax < 700 mA 2.3x103xR+8mQ A: Measured value
earth resistance and 5Qto<300Q Imax < 250 mA 1.6 x103xR+8 mQ 50 Hz to 400 Hz
internal battery 30Qt0<2000Q Imax < 100 mA 1.6 x103xR+8 mQ
resistance 200Q to <500 Q Imax < 45 mA 1.6x1073xR
0.5kQto<2kQ Imax <25 mA 1.6 x103xR
2kQto<5kQ Imax < 10 mA 1.6x103xR
5kQto 10kQ Imax <5 mA 1.6x103xR
Earth conductor 7 mQ to 38 mQ Imax <40 A 0.5mQ 50 Hz and 60 Hz
resistance testers 19 mQ to 75 mQ Imax <40 A 0.6 mQ
65 mQ to 130 mQ Imax <40 A 1.0 mQ
260 mQ to 410 mQ Imax <40 A 1.6 mQ
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Earth conductor 440 mQ to 550 mQ Imax <40 A 2.2mQ
resistance testers 08Qt01.1Q Imax < 40 A 4mQ
1.5Qt02.00Q Imax <30 A 7 mQ
42010550 Imax<21A 20 mQ
8Qto11Q Imax < 15 A 35 mQ
15Qt020Q Imax < 10 A 35 mQ
4201t0550Q Imax<5A 0.25Q
80Qt0110Q Imax<3A 0.4Q
150 Q to 200 Q Imax < 1.35 A 0.80Q
420Qt0550Q Imax < 0.6 A 20
0.8kQto1.1kQ Imax<0.3A 40
1.5kQ to 2.0 kQ Imax<0.15 A 80Q
Measuring 7 mQ to 38 mQ Imax <40 A 16 mQ A: Measured value
instruments for loop 19 mQ to 75 mQ Imax <40 A 16 mQ 50 Hz to 400 Hz
resistance and 65 mQ to 130 mQ Imax <40 A 16 mQ
internal network 260 mQ to 410 mQ Imax <40 A 20mQ
resistance 440 mQ to 550 mQ Imax <40 A 22 mQ
0.8Qto1.10Q Imax <40 A 27 mQ
150Qt02.0Q Imax<30A 40 mQ
420t05.50Q Imax<21A 15-103-R
8Qto11Q Imax < 15 A 14-103-R
15Qt0200Q Imax< 10 A 13-103-R
42Q0t055Q Imax<5A 13-1073-R
80Qt0110Q Imax<3A 12-103-R
150 Q to 200 Q Imax<1.35A 12-103-R
420 Q105500 Imax<0.6 A 12-103-R
0.8kQto1.1kQ Imax<0.3A 12-1073-R
1.5kQ to 2.0 kQ Imax <0.15 A 12-1073-R
Time interval >103s upto10ss 15x106xt t: Measured value
Alternating 45 Hz to 65 Hz Measurement
current — active 0.25<cos@r<1 uncertainty
energy t=100s relative to the
single-phase 150 Ws upto 5.76 MWs 30V to 480V 0.15x 10 apparent energy
Measuring instruments 0.2At0120A
Alternating 45 Hz to 65 Hz
current 0.25<singpr<1
reactive power t=100s
:\;Ir:egaI:u’:ir;?gsiistruments 150vars upto 5.76 Mvars 032 X Ig ‘1152;8 X 0.15 x 10
Reactive power 45 Hz to 65 Hz,
in alternating t=100s
current 30Vto480V
single-phase 600 VA upto 5.76 MVA 02Ato120A 0.15x 10
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Oscilloscope
measurement 5mV upto 5V Ri=50Q 3.5-103U+35uv Rectangular voltage
parameters: vertical 5mV to 120V Ri=1MQ 2.4-103 U +40 v 10 Hz to 10 kHz
Horizontal deflection 5ns upto 520ms 3:106t+1ns t: current time
>20ms upto 5s 30-106t+1.2-103¢t2
Ascent time 150ps upto 10ms 250 mV tr = intrinsic rise time

250ps upto 10ms

>250mVto2.5V

35-103-tr+5ps
35-103-tr+8ps

of the oscilloscope

Ri=50Q
HF impedance 00 to 1.0 45MHz upto 5GHz 0.01+0.01 |T"| Connector; PC-7; 50 Q3)
(reflection >5GHz upto 18 GHz 0.015+0.01 ||
coefficient) 9kHz to 5 GHz 0.01+0.01 |I"| N connector; 50 Q3)
Single-gate >5GHz upto 18 GHz 0.015+0.01 ||
measurement | S| 45MHz to  5GHz 0.01+0.005 |T'| Connector; PC 3.5; 50 Q3)
Amount || >5GHz to 18 GHz 0.015+0.01 ||
>18GHz to 26.5 GHz 0.02 +0.02 ||
Phase ¢ 9kHz to 18 GHz N-connector; 50 Q.
01<IM <1
arcsin U [) *180°
-180° to 180° 45MHz to 18 GHz #k; n PC-7; 50Q
01< I <1
45MHz  upto 26.5GHz PC-3.5
01<IM <1
Valid from: 12 February 2026

Date of issue: 25 February 2026

Page 131 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

Mobile Laboratory — High-frequency and radiation parameters

( DAKKS

Deutsche

Akkreditierungsstelle

Calibration and measurement services (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
HF impedance 45 MHz to 5 GHz 0.015+0.01 |T"| PC-7; 50Q3)
(Reflectance) 0.0 to 1.0 >5 GHz to 18 GHz 0.02+0.01 |T"|
Second-gate 9 kHz to 5 GHz 0.015 +0.01 |T| N-connector; 50 Q. 3)
measurement |Su1| &
|S22| >5 GHz to 18 GHz 0.02+0.01 |T|
Amount |I' 45 MHz to 5 GHz 0.01+0.005 |T| PC-3.53)
>5 GHz to 18 GHz 0.015+0.01 ||
> 18 GHz t0 26.5 GHz 0.02+0.02 |T'|
9kHz to 18GHz N-connector; 50 Q.
01< ' <1
i Ul o
Phase ¢ -180° to 180° 45MHz to  18GHz aresin = : 50 PC-7; 500
0.1<|I' <1
45 MHz up to 26.5GHz PC-3.5
01<|I' <1
. Connector system: N;
HF — Attenuation 500
Switchable 0 dB to 60 dB 9 kHz to 18 GHz 0.3 dB IN<o.1
attenuators,
Fixed attenuation elements > 60 dB to 90 dB 0.3dB
Connector system
Absolute 0 dBto 60 dB 45 MHz to 20 GHz 0.3dB PC-3.5:50 0
Damping values > 20 GHz to 26.5 GHz 0.5dB 45 MHz to 20 GHz
IN<o0.1
<20 GHz to 26.5 GHz
> 60 dB to 90 dB 45 MHz to 20 GHz 0.3dB IN<0.15
> 20 GHz to 26.5 GHz 0.5dB

Connector system: N,

RF power >1pWto 0.1 mw 2.5 MHz to 2 GHz (0.025+0.14 - |T])-P PC3.5;
Power meters >2 GHz to 18 GHz (0.049+0.21-|T])-P 50Q; | M| KG<0.2
> 18 GHz to 26.5 GHz (0.071+0.32-|r])-P
RF power 2.5MHz to 2 GHz (0.035+0.13-|r])-P Eg?;:c;tor system: N,
Signal generators >1pW upto 0.1mw >2 GHz to 18 GHz (0.053+0.2-|I])-P 50Q; |MNk<0.2

> 18 GHz to 26.5 GHz

(0.074+031-|7])-P

0.1mW wupto 10mwW 9 kHz to 50 MHz 17-103-P N-connector; 50 Q3)
>50 MHz to 5 GHz 22-103-P IT'f<03
>5 GHz to 18 GHz 30-10s-P
0.1mW upto 10mW 50 MHz to 5 GHz 22-103-P PC 3.5 connector; 50 Q3)
> 5 GHz to 18 GHz 32-10s-P IFl <03
40-10s3-P

> 18 GHz to 26.5 GHz
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measurement uncertainty
span
RF power 0.1mW upto 10 mW 9 kHz to 50 MHz 17 - 103- P N-connector; 50 Q3)
Power meters > 50 MHz to 5 GHz 21-103-P [T <03
>5 GHz to 18 GHz 28-10s-P
0.1mW upto 10 mW 50 MHz to 5 GHz 22-103-P PC 3.5 connector; 50 Q
>5 GHz to 18 GHz 32-10s-P Il <03
> 18 GHz to 26.5 GHz 40-10s-P
Signal level difference 0dBc upto J0dBc 9 kHz to 7 GHz 1.5dB SNR >20dB
Measuring instruments / >7GHz to 13.6 GHz 2.3dB
Sources 3dB
>13.6GHz to 26.5 GHz
>90 dBc to 100 dBc 9 kHz to 7 GHz 4.5dB SNR >20 dB
>7GHz  to  13.6GHz 4.8d8
>13.6GHz upto 26.5GHz 5.3d8
Filter bandwidth 1Hz to 40 MHz 1 per cent SNR >70dB
Measuring instruments
HF noise indicator 10Hz to 50GHz -165 dbm/Hz to 0 dBm/Hz 1dB
Receivers / Measuring
instruments
Form factor 1:1 to 4:1 5.5 per cent SNR >20dB
Measuring instruments >4:1 to 10:1 7 per cent
>10:1 to 18:1 8.5 per cent

3) When other connector systems are used, the measurement uncertainty increases.
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
pesriove M B TIE o oovssoms.m | F T emens
Frequency modulation Frammanas .
Frequency shift Af 0 Hz to 5 MHz fg 2;416:\;';2 0.041 - Af + 25 Hz ;::ap :,\Slzr;:"l;:ir::”ency
Phase modulation frenency -
Phase shift A® 0to (4 MHz / fivoo) rad fi " <<41G|\;||:z 0.025 rad +0.041 - A® ;:;FOD :,\Slz';j;;f:‘f‘ri';f}’en
Distortion factor k AM demodulation method 0.030
>0.0001 to 0.01 fur: 150 kHz to 2 GHz fmoo = 1 0.029 fre= Carrier frequency
>0.01t00.1 kHz Pxr =0 dBm 0.025 fmoo = Modulation
>0.1t00.2 frequency Pur = Carrier
level
FM & PM
> 0.0001 t0 0.01 demodulation methods
>>0£11tt§ 3‘21 for: 150 kHz to 2 GHz 0.09 Absolute
fmoo =1 kHz Pre =0 measurement
dBm Af < 50 kHz uncertainty
Pulse-shaped measured DIN EN 55016-1-1:2020 Pulse
variables®) CISPR 16-1-1:2019 0.50dB frequency 1
Spectral stress- Hz to 100 Hz
Amplitude density So=13.5 Vs CISPR Part A
. . . s, [1<0.05 (Plot)
(Measuring/Displaying) 9 kHz to 0.15 MHz
So=0.316 uVs CISPR Part B Heart rate
>0.15 MHz to 30 MHz 0.50 dB 1 Hz to 1,000 Hz
I, M<0.07 (Plot)
S0=0.0044 Vs CISPR Part C Heart rate
> 30 MHz to 300 MHz 0.6 dB 1 Hz to 1,000 Hz
e, M1<0.12 (Plot)
S0=0.0044 uVs CISPR Part D Heart rate
>300 MHz to 1 GHz 0.6dB 1 Hz to 1,000 Hz
s, 1< 0.12 (Display)
HF current clampe) 9 kHz to 100 MHz DIN EN 55016-1-2:2019 0.3dB
Transfer certificate— > 100 MHz to 400 MHz 4.4 mA 0.5dB
Resistance dB(Q) > 400 MHz to 1 GHz 0.8 dB
HF Bulk Current Injection+)
Current clamp 9 kHz to 100 MHz DIN EN 61000-4-6:2014 0.3dB
Insertion loss (dB) > 100 MHz to 400 MHz 4.4 mA 0.5dB
> 400 MHz to 1 GHz 1.5dB
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Calibration and measurement facilities (CMC)
Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Phase noise Phase noise rtelatiVE.: to Offset frequen.cy relative to Carrier frequency:
carrier amplitude in dBc/Hz the carrier frequency
Signal generators >-87 dBc/Hz 100 Hz 2.5dB 100 MHz - 1 GHz
>-99 dBc/Hz 1 kHz 2.5dB
>-104 dBc/Hz 10 kHz 2.5dB
>-111 dBc/Hz 100 kHz 2.5dB
>-131 dBc/Hz 1 MHz 2.5dB
>-137 dBc/Hz 10 MHz 2.5dB
>-80 dBc/Hz 100 Hz 2.5 dB >1 MHz -3 GHz
>-96 dBc/Hz 1 kHz 2.5 dB
>-101 dBc/Hz 10 kHz 2.5 dB
>-109 dBc/Hz 100 kHz 2.5 dB
>-126 dBc/Hz 1 MHz 2.5dB
>-136 dBc/Hz 10 MHz 2.5dB
>-72 dBc/Hz 100 Hz 2.5dB >3 GHz -6 GHz
>-93 dBc/Hz 1 kHz 2.5 dB
>-98 dBc/Hz 10 kHz 2.5dB
>-106 dBc/Hz 100 kHz 2.5dB
>-120 dBc/Hz 1 MHz 2.5dB
>-135 dBc/Hz 10 MHz 2.5dB
Voltage pulse burst
generators 100V upto 4400V DIN EN 61000-4-4 under load 2.2 per cent Rt = load resistance
R;ﬁ::::ﬁdat:d 3ns upto 1ps (Ru) at Ru=50 Q across Ru=1kQ 2.5 per cent
B:r:csjtbduurr;tion 100ns upto 1s 0.25 per cent
Surge generaFors 250V upto 7000V 3.5 per cent
Voltage amplitude DIN EN 61000-4-5
Current amplitude 5A upto 5kA with or without a coupling 3.5 per cent
Rri’suelst(ierr\llei-datr;d 400ns upto 1ms z:]r;fmjjoe&ouplmg 3.5 per cent
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Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Length Cylindrical

calibration
standards,
gauge rings: VDI/VDE/DGQ 2618

Diameter *) 1 mm to 200 mm Part 4.1:2006 0.8um+2-106-d dis the measured
Gauging pins: Section 3.3.4 (Opt. 3), Diameter

Diameter *) 1 mm to 200 mm

Section 3.3.5 (Opt. 4)

0.8um+2-10s-d

Test probes:

Diameter*)

0.1 mm to 30 mm

VDI/VDE/DGQ 2618

Sheet 4.2:2007, point
3.2.2 (Opt. 1)

0.8um+2-10s-d

Thread gauges (one

and multi-start
cylindrical external
and internal
threads with

straight edges,
symmetrical profile)
Threaded mandrels:

simple flank diameter
*)

1.4 mm to 200 mm
nominal pitch:

0.3 mm to 6 mm

VDI/VDE/DGQ 2618
Part 4.8:2006
Section 3.2.2 (Opt. 1)

3um+10-106-d

Three-wire method
d is the measured

Diameter

Threaded rings:

simple flank diameter
*)

Nominal pitch from 3
mm to 200 mm:

0.5 mm to 6 mm

VDI/VDE/DGQ 2618
Part 4.9:2006
Section 3.2.2 (Opt. 1)

3um+10-106-d

Two-sphere method
dis the measured

Diameter

Length *)
of plane-parallel,
spherical or

cylindrical
measuring
surfaces *)

Diameter *)

0.01 mm to 500 mm

0.01 mm to 200 mm

VDI/VDE/DGQ 2618
Part 19.1:2014

VDI/VDE/DGQ 2618
Part 4.1:2006,
clause 3.3.4 (Opt.
3),

1.5um+2-106-/

15um+2-106°d

Iis the measured

length

d is the measured

diameter

Feeler gauges *)

0.03 mm to 2.00 mm

DIN 2275:2014

1.5um+2-106-/

Setting dimensions for
micrometres *)

25 mm to 500 mm

VDI/VDE/DGQ 2618
Sheet 4.4:2009

15um+2-106°/

Iis the measured

length
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded
quantity / Calibration range / procedures measurement Comments
object Measurement uncertainty
span
Throat gauges *) VDI/VDE/DGQ 2618 10 - .
gaug 3 mm to 200 mm Part 4.7:2005 0.8um+2-106-d dis the measured
Point 3.3.2 (Opt. 2) Diameter
Calipers for external,
internal and
VDI/VDE/DGQ 2618 )
Depth measurements * 0 mm to 500 mm Part 9.1:2006 30um+30- 106/ I is the measured
>500 mm to 1000 mm VDI/VDE/DGQ 2618 . . Length
Depth gauge / Part 9.2:2006 50 um +30- 106/
Height gauge *) VDI/VDE/DGQ 2618
Part 9.3:2006
Clamp micrometers *) VDI/VDE/DGQ 2618
0 mm to 500 mm Part 10.1:2001
Fme—adj.ustg)went 0 mm to 200 mm VDI/VDE/DGQ 2618
measuring Part 10.3:2002 3um+10- 106+ /
Sunk-head measuring 0 mm to 50 mm VDI/VDE/DGQ 2618
screws ¥) Part 10.4:2008
Depth micrometers *) VDI/VDE/DGQ 2618
0 mm to 300 mm Part 10.5:2010
Internal micrometers 13 mm to 300 mm VDI/VDE/DGQ 2618 3um+10-106-/
with 2-point contact on the | >300 mm to 500 mm Sheet 10.7:2010 S5um+ 10+ 106/
calibration object *)
Internal micrometres
with a 2-line contact 5 mm to 100 mm 3-APD-0-0025-DE 3um+10-106-d dis the measured
system 2023:07 Diameter
Internal micrometers VDI/VDE/DGQ 2618
with 3-line contact on the 3 mm to 150 mm Part 10.8:2002 3um+10-106-d dis the measured
calibration object *) Diameter
Lever-type measuring VDI/VDE/DGQ 2618
instruments up to 200 mm Part 12.1:2005 7um+10-106-/ | is the measured
(Quick-access button) length
for external
Lever-type measuring VDI/VDE/DGQ 2618
instruments 2 mm to 200 mm Part 13.1:2005 7um+10- 105/
(Quick-access
button) for internal
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Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Dial gauges *) VDI/VDE/DGQ/DKD 2618

0 mm to 100 mm

Part 11.1:2021

VDI/VDE/DGQ/DKD 2618
Part 11.4:2020

3um+10-106-/

mechanical dial gauges

electronic digital dial
gauges

Fine pointer *) VDI/VDE/DGQ 2618

O mmto 3 mm Part 11.2:2002 0.6 um
Sensor-arm gauges *) VDI/VDE/DGQ 2618

0mm to 1.6 mm Part 11.3:2002 1.0 um
Electronic inductive up to 100 mm VDI/VDE/DGQ 2618 0.6um+1-10s6-/
length measuring Sheet 14.1:2010
electronic incremental up to 100 mm 3-APD-0-0027-DE 0.6 um+1-106-/

Length measuring devices

2023-08
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current ov 0.1pv U =setvalue
Measuring instruments ImV to 22V 7-106U+1pv
>22V to 11V 9-10s U
>11V to 22V 8-10s U
>22V upto 220V 12 -106 U
>220V upto 1000V 12 -106 U
Direct current oV 0.1 pv U = measured value
Sources 1mV to 100mV 8106 U+1pVv
>100V to 1V 11-106 U
>1V to 10V 9-106 U
>10V to 100V 13106 U
>100V upto 1000V 16 - 10 U
High voltage >1kV upto 10kV 25-103U+2.5V U = measured value
Direct current 0A Precision Open 0.2 nA | = set value
Measuring instruments and 0.1pA upto <1pA Standard resistor and 35106 /+21 pA
sourees 1pA to <10pA voltmeter 50-10:/+6 pA
10pA upto <100pA 15-106/+ 0.4 nA
100pA to 320mA 18-10s/
>320mA upto 1A 15-10-6/+ 6 pA
>1A upto 10A 0.2-103/
>10A to >150A 0.3x103/
150 A upto 2000 A Current transformer 03x103/
Direct current ImA upto 22 1-10s/
Current clamps A>22A to 20A 2-103/
>20A to 1000A 3-103/
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 0Q 50 pQ R = set value on the
10;1.90 95-10sR Fluke 5700A
10Q 28106 R
190 27-106R
100 Q; 1900; 17-10sR
1kQ 13- 106R
1.9kQ 13- 106 R
10 kQ 12-106R
19 kQ 12-106R
100 kQ 14- 106 R
190 kQ 14- 106 R
1MQ 20-10s6R
1.9 MQ 21-10s6R
10 MQ 40-10sR
19 MQ 48-10sR
100 MQ 110-10sR
0Q 100 puQ R = value measured
10 to 10Q 16 - 106 R +50 uQ by HP 3458A
5100 to 1000 12 - 106 R + 500 pQ
>100Q to 1kQ 15-10¢R
>1kQ to 10kQ 15104k
>10kQ to 100kQ 15104k
>100kQ to 1MQ 3510k
>1MQ upto 10MQ 150-10¢R
>10MQ upto 100MQ 600104 R
>100MQ upto 1GQ > 10sk
0.001Q to 0.1Q Substitution method 50-106R
>0.1Q to 1MQ using a standard 20-10s6R
>1MQ upto 100MQ resistor 30-106R
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
DC resistance (ranges) 10 to <11Q 0.12-10s3R R = set value for Fluke
Measuring instruments 11Q to <330 33-106R 5520A /5522A
330 to <1100 29-10s6R
110Q to <330Q 28 - 10 R
330Q upto <1.1kQ 28106 R
1.1kQ to <3.3kQ 28106 R
33kQ to <11kQ 28106 R
11kQ to <33kQ 28106 R
33kQ  to  <110kQ 28106 R
110kQ upto <330kQ 32-10s6R
330kQ to <1.1MQ 33-10s6R
1.1MQ to <33MQ 62106 R
33MQ to <11 MQ 0.13-103R
11MQ to <33MQ33 0.25-103R
MQ to <110 MQ 0.5-103R
110MQ upto <330MQ 3-103R
330MQ upto <1.1GQ 15-103R
AC resistance 01Q wupto2Q 50 Hz to 400 Hz 10-103-R
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Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage measuring > 20 Hz to 40Hz 0.52-103U
instruments and > 40 Hz to 20 kHz 0.40 - 103U
sources > 20 kHz to 50 kHz 0.40- 103U
> 50 kHz to 100 kHz 0.41-10s3U
> 100 kHz to 300 kHz 0.46-10s U
> 300 kHz to 500 kHz 0.55- 103U
> 500 kHz to 1 MHz 0.60 - 103 U
>22mVto7mV 10 Hz to 20 Hz 0.22-103 U
> 20 Hz to 40 Hz 0.22-103U
> 40 Hz to 20 kHz 0.16 - 103 U
> 20 kHz to 50 kHz 0.16 - 103 U
> 50 kHz to 100 kHz 0.20-103U
> 100 kHz to 300 kHz 0.22-10sU
> 300 kHz to 500 kHz 0.33-10sU
>500 kHz to 1 MHz 0.45-103U
>7 mVto22mV 10 Hz to 20 Hz 80- 106 U
>20 Hz to 40 Hz 80-10s U
> 40 Hz to 20 kHz 65106 U
> 20 kHz to 50 kHz 75-106 U
> 50 kHz to 100 kHz 75106 U
> 100 kHz to 300 kHz 95-10s U
> 300 kHz to 500 kHz 0.19-10sU
> 500 kHz to 1 MHz 0.21-10sU
>22 mVto 70 mV 10 Hz to 20 Hz 70 - 105 U
>20 Hz to 40Hz 58-10s U
> 40 Hz to 20 kHz 35-106 U
> 20 kHz to 50 kHz 35-106 U
> 50 kHz to 100 kHz 45-10s U
> 100 kHz to 300 kHz 55-10s U
> 300 kHz to 500 kHz 0.11-10sU
0.13-103U

> 500 kHz to 1 MHz
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
AC >70 mV to 220 mV 10 Hz to 20 Hz 39-106 U U = measured value

voltage measuring > 20 Hz to 40Hz 35-106 U

instruments and > 40 Hz to 20 kHz 25-106 U

sources > 20 kHz to 50 kHz 25106 U

> 50 kHz to 100 kHz 28106 U

> 100 kHz to 300 kHz 42-10sU

> 300 kHz to 500 kHz 85105 U

>500 kHz to 1 MHz 0.1-10sU

>220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U

> 20 Hz to 40 Hz 22106 U

> 40 Hz to 20 kHz 12106 U

> 20 kHz to 50 kHz 12-10s U

> 50 kHz to 100 kHz 13106 U

> 100 kHz to 300 kHz 14106 U

> 300 kHz to 500 kHz 27 106U

> 500 kHz to 1 MHz 40106 U

>700mVto2.2V 10 Hz to 20 Hz 20106 U

> 20 Hz to 40 Hz 14 - 106 U

> 40 Hz to 20 kHz 10- 106 U

>20 kHz to 50 kHz 10- 106 U

> 50 kHz to 100 kHz 11-10s U

> 100 kHz to 300 kHz 11-10s U

> 300 kHz to 500 kHz 22-10sU

> 500 kHz to 1 MHz 68106 U

>22Vto7V 10 Hz to 20 Hz 18- 106 U

>20 Hz to 40 Hz 12-106 U

> 40 Hz to 20 kHz 11-106 U

> 20 kHz to 50 kHz 11-10s U

> 50 kHz to 100 kHz 13105 U

> 100 kHz to 300 kHz 13105 U

> 300 kHz to 500 kHz 30-10sU

95106 U

> 500 kHz to 1 MHz
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty

t span
AC >7Vto22V 10 Hz to 20 Hz 17 - 10 U U = measured value
voltage measuring > 20 Hz to 40Hz 16 - 106 U
instruments and > 40 Hz to 20 kHz 11-10s U
sources > 20 kHz to 50 kHz 11-10sU
> 50 kHz to 100 kHz 11-10sU
> 100 kHz to 300 kHz 25106 U
> 300 kHz to 500 kHz 30-10sU
> 500 kHz to 1 MHz 0.11-10sU
>22Vto70V 10 Hz to 20 Hz 18- 106 U
> 20 Hz to 40 Hz 16 - 106 U
> 40 Hz to 20 kHz 15-10s U
> 20 kHz to 50 kHz 15-10s U
> 50 kHz to 100 kHz 25106 U
> 100 kHz to 300 kHz 25106 U
> 300 kHz to 500 kHz 40106 U
>500 kHz to 1 MHz 0.13-10sU
>70Vto 220V 10 Hz to 20 Hz 19 - 106 U
>20 Hz to 40 Hz 18- 106 U
> 40 Hz to 20 kHz 17 - 106 U
> 20 kHz to 50 kHz 17106 U
> 50 kHz to 100 kHz 32-10s U
>220Vto 1,000V 10 Hz to 20 Hz 25 - 106 U
> 20 Hz to 40 Hz 27106 U
> 40 Hz to 20 kHz 45-10s U
> 20 kHz to 50 kHz 45-10s U
65106 U

> 50 kHz to 100 kHz

High voltage >0.7kV to 1kV 50 Hz 2.5-103U+0.25V
>1kV to 7kv 3.5-103U+2.0V
Valid from: 12 February 2026

Date of issue: 25 February 2026

Page 144 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

Permanent Laboratory, Munich — Electrical Parameters

Measured
quantity /
Calibration object

( DAKKS

Calibration and measurement facilities (CMC)

Deutsche

Akkreditierungsstelle

Comments

Alternating current
amperage

Sources and measuring
instruments

Current clamps

I = measured value

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span
100 pAto 1 mA 10 Hz to 40 Hz 120106/

> 40 Hz to 1 kHz; 160 - 10/
> 1 kHz to 10 kHz; 60 - 10+ /

>1mAto10 mA 10 Hz to 40 Hz 46106/

>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>10mAtolA 10 Hz to 40 Hz 17 - 10s/
>40 Hz to 1 kHz;
>1 kHz to 10 kHz;
>1At0o10A 10 Hz to 40 Hz 32-10s/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10s/
>40 Hz to 1 kHz;
>1 kHz to 10 kHz;
1mA upto 2.2A 40Hz to 5kHz 2103/
>22A to 20A 40Hz to 5kHz 3-103/
>20A upto 800A 40Hz to 65Hz 4103/
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Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Capacity 190 pF to <400 pF 10Hz to 10kHz 4-103C+8pF4.5 With 5520A / 5522A
Measuring instruments 400 pF to <1.1nF 10Hz to 10kHz +103C+8pF4.0
1.1nF to <3.3nF 10Hz to 3kHz +103C+8pF25
33nF to <11nF 10Hz to 1kHz +103C+8pF
11nF to <33nF 10Hz to 1kHz 2.5-10-3C+ 80 pF
33nF upto <110nF | 10Hz to 1kHz 2.5-10-3C+ 80 pF
110nF to <330nF| 10Hz to 1kHz 4.5-103C
330nF to <1.1pF 10Hz to 600Hz 45-103C
1.1puF upto <3.3pF 10Hz to 300Hz 45-103C
33uF to <11pF 10Hz to 150Hz 45-103C
11 pF to <33pF 10Hz to 120Hz 6.0-103C
33uF to <110uF| 10Hz to 80Hz 6.5-103C
110 uF  to <330 pF DC upto 50Hz 6.0-103C
330puF upto <1.1mF DC upto 20Hz 6.0-103C
1.1mF to <33mF DC upto 6Hz 6.0 103C
33mF to <1lmF DC to 2Hz 6.0+ 103C
11mF upto <33 mF DC to 0.6Hz 8.0-103C
33mF upto 110mHA DC upto 0.2Hz 11-103C
1nF upto 100nF | 50H; to 10kHz 1.0x 10C C: measured value
using standard
>100nF upto 1000nF | 50H; to 1kHz 1.0-103C capacitances
>1kHz upto 10kHz 2.5x103C
Frequency 1mHz to 1GHz 2109 f+ Urr f=current reading
Urr =Trigger uncertainty
Time interval lusto 1000s 2109 t+2ns t = current reading
Rotational speed 1mina to 100,000 with a light-activated 8106
visually min-t switch but not !ess than 0.006
min-1
Active AC power 33mV upto 1000 P = value set using the
Measuring instruments Vat45Hz upto Fluke 5520A/5522A PF:
65 kHz PF=1 Power factor
109 uW to <11 kW 33mA upto <11A 1.4-103P
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power 1mW upto 300W 0.5-103P
Measuring instruments >300W upto 20kwW 1.0-103P
Sources 1mW upto 300W Product of U and I: 30-106P P calculated
>300W upto 1kW 1mV<U<1000V 200 - 106 P power
>1kW upto 1MW 100 pA <1<2000 A 300106 P
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration item Measuremen uncertainty
t span
Active AC power Uncertainty in
the amplitude of the
1V to 1,000V

5mW upto 50kW
>25W upto 120kW

45 Hz to 65 Hz

0.05<cosep<1
0.1Ato50A
>50Ato120A

ZVIW(UF)Z +w(lg)? +w(og)?

not less than 80 - 10-6
not less than 0.14 x 103

AC reactive power

Smvar upto 50 kvar

>25var upto 120

1Vto 1,000V
45 Hz to 65 Hz
0.05<cosp<1

0.1Ato50A
>50Ato120A

ZVIW(UF)Z +w(lg)? +w(og)?

not less than 80 - 10-6
not less than 0.14 x 103

Reactive power

0.1 VA up to 50 kVA
> 50 VA up to 120 kVA

1Vto 1,000V
45 Hz to 65 Hz
0.05<cosep<1
0.1Ato50A
>50Ato120A

Ww(Up)? + w(ls)? + w(®,)?
not less than 80 - 10-6
not less than 0.14 x 103

fundamental voltage
... Uncertainty in the
amplitude of
the fundamental current
& ... Uncertainty of the
phase-shift angle
... Uncertainty of
the root-mean-square
voltage
... Uncertainty of
the root mean square value
of the current
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Measured Measuring Test conditions / Expanded Comments
variable / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
Tension Bridge span: 5V Calibration of 350 Q
Measurement bridge standards and
+2 mV/V frequency 225Hz 0.04 pv/v the associated display
Measurement .
frequency 600 Hz 0.05 pV/V units
Measurement 0.12 pv/v
Bridge span: 2.5V at discrete points in
£2mV/V Measurement 10 per cent
frequency 225 Hz 0.04 uV/V increments
Measurement
frequency 600 Hz 0.04 uv/v
Measurement frequency 0.12 uV/Vv
4.8 kHz
Bridge span: 5V
+5mV/V Measurement frequency|
225 Hz 0.06 V/V
Measurement frequency
0.22 uv/v
4.8 kHz wv/
Bridge span: 5V
+10 mV/V Measurement frequency|
225 Hz 0.06 WV/V
Measurement frequency 0.45 pV/V
4.8 kHz
Bridge span: 2.5V
+5mV/V Measurement
frequency 225 Hz 0.06 LV/V
Measurement
frequency 600 Hz 0.06 pv/v
Measurement 0.22 pV/V
frequency: 4.8 kHz
Bridge span: 2.5V
Measurement
£10 mV/V frequency 225 Hz 0.06 pV/V
Measurement
frequency 600 Hz 0.10 pv/v
Measurement frequency 0.45 WV
4.8 kHz
Bridge span: 1V
+10 mV/V Measurement frequency| 0.11 pv/v
600 Hz
Bridge span: 1V
+20 mV/V Measurement frequency 0.6 uvV/V
4.8 kHz
Bridge span: 1V
+100 mV/V Measurement 3.5 uv/v
frequency: 4.8 kHz
Bridge span: 2.5V
+100 mV/V Measurement frequency 4.0 uv/Vv
4.8 kHz
Tension Bridge span:
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
DC voltage 0mv/Vv 2.0 uv/v
bridge standards -2 mV/V to +2 mV/V 2.5 uv/v
S MV/V to +5 mV/V 05V 25 W
2.5 pv/v
-10 mV/V to +10 mV/V
mV/V to +10mv/ 2.5 WV
-20mV/V to +20 mV/V
mV/V to +20mv/ 2.5 WV
-100 mV/V to +100 mV/V
0mvV/Vv Bridge span:
-2mV/V to +2 mV/V 1.0 pv/v
S MV/V to +5 mV/V 20 pviv
1V 2.0 uv/v
-10 mV/V to +10 mV/V
2.0 uv/v
-20mV/V to +20 mV/V
2.0 pv/v
-100 mV/V to +100 mV/V
2.0 pv/v
0mv/Vv Bridge span:
-2mV/V to +2 mV/V 0.5 uv/v
-5 mV/V to +5 mV/V 0.5 wv
25V 0.5 uv/v
-10 mV/V to +10 mV/V
0.5 pv/v
-20mV/V to +20 mV/V
0.5 pVv/V
-100 mV/V to +100 mV/V
1.5 pv/v
0mv/Vv Bridge span:
-2mV/V to +2 mV/V 0.30 pv/v
5mV/V to +5 mV/V 0.25 W/
5V 0.25 WV
-10 mV/V to +10 mV/V
0.25 pV/V
-20mV/V to +20 mV/V
0.35 pV/V
-100 mV/V to +100 mV/V
1.5 pv/v
0mv/Vv Bridge span:
-2mV/V to +2 mV/V 0.20 uv/v
-5 mV/V to +5 mV/V 0.20 uv/v
7.5V 0.20 uv/v
-10 mV/V to +10 mV/V
0.20 pV/V
-20mV/V to +20 mV/V
0.3 uv/v
-100 mV/V to +100 mV/V
1.5 pv/v
0mv/Vv Bridge span:
-2mV/V to +2 mV/V 0.10 pv/v
-5mV/V to +5 mV/V 0.15 pv/v
0V 0.15 pv/Vv
Tension -10 mV/V to +10 mV/V 0.20 pv/v
Direct current -20 mV/V to +20 mV/V 0.3 pv/v
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Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Bridge standards -100 mV/V to +100 mV/V 1.5 uv/v

Voltage Ratios: DC Bridge span:

Voltage Bridges, -2mV/V to +2 mV/V 0.35 pv/Vv

Measuring S mMV/V to +5 mV/V 0.35 pVv/v

Instruments, 0.5V 0.40 pv/Vv

-10 mV/V to +10 mV/V
Measurement 0.55 pv/Vv
-20 mV/V to +20 mV/V
Amplifiers 2.5 uv/v
-100 mV/V to +100 mV/V
Bridge span:
-2mV/V to +2 mV/V -5 0.20 uv/v
mV/V to +5 mV/V -10 0.20 uv/v
mV/V to +10 mV/V -20 1v 0.3 pv/v
mV/V to +20 mV/V 0.5 pv/v
-100 mV/V to +100 mV/V 2.5 pv/v
Bridge span:
-2mV/V to +2 mV/V -5 0.10 pv/v
mV/V to +5 mV/V -10 0.15 pv/v
mV/V to +10 mV/V -20 25V;5V;75V;10V 0.25 pv/Vv
mV/V to +20 mV/V 0.45 pv/V
-100 mV/V to +100 mV/V 2.5 uv/v
Cargo 1pC up 104 pC 0.2Hzto<1Hz 0.5%
Charge amplifier, to 1 Hz to 10 kHz 0.4%
Charge measuring > 10 kHz to 20 kHz 0.6%
instruments
> 20 kHz to 50 kHz 1.0%

Oscilloscope U - Measured
measurement 5mV o 5V Ri=50Q 3.5-103U+35uVv value: square-
parameters: vertical 5mV t_(i 120V Ri=1MQ 2.4-103U+40pv wave voltage
Horizontal deflection 5ns to 520ms 3:106T+1ns

>20ms to 5s 30-106T+1.2-104T?
Ascent time 150ps upto 10ms 250 mV 35-103-tr+5ps tr = intrinsic rise time
250ps upto 10ms >250mVto 2.5V 35-103-tr+8ps of the oscilloscope
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span

Length Cylindrical
calibration
standards,
gauge rings: VDI/VDE/DGQ 2618

Diameter #) 1mm to 200 mm Part 4.1:2006, clause 0.8um+2-106-d d is the measured
Gauge pins: 3.3.4 (Opt.3), section diameter
Diameter # 1mm upto 200mm 3.3.5(0Opt. 4) 0.8um+2-106-d
Test probes: VDI/VDE/DGQ 2618
Diameter #) 0.1mm wupto 30mm po?:f§t2422(§)?327’1) 0.8um+2-106-d
Thread gauges (one
and multi-start
cylindrical external
and internal
threads with
straight edges,
symmetrical profile)

Threaded 1.4mm upto 200 VDI/VDE/DGQ 2618 3um+10-106-d Three-wire method
mandrels: mm Nominal pitch: Part 4.8:2006 D is the measured
simpler 0.3mm upto 6mm Section 3.2.2 (Opt. 1) value

Threaded 3mm to 200mm VDI/VDE/DGQ 2618 3um+10-106-d Two-sphere method
rings: Nominal pitch: Part 4.9:2006 dis the measured
simpler 0.5mm upto 6mm Section 3.2.2 (Opt. 1) Diameter

Length
of plane-parallel, 0.0lmm upto 500mm VDI/VDE/DGQ 2618 15um+2-106-/ Iis the measured
spherical or Part 19.1:2014 length
cylindrical
Measuring surfaces *)

Diameter =) 0.01mm wupto 200 mm VDI/VDE/DGQ 2618 1.5um+2-106-d d is the measured
Part 4.1:2006, diameter
clause 3.3.4 (Opt.3),
Point 3.3.5 (Opt. 4)
Feeler gauges *) 0.03mm wupto 2.00mm DIN 2275:2014 15um+2-106-/ | is the measured
length

Fitting dimensions for 25mm upto 500 mm VDI/VDE/DGQ 2618 1.5um+2-10s-/
Clamp-type micrometres #) Sheet 4.4:2009
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration item Measuremen uncertainty
t span

Throat gauges * 3mm upto 200 mm VD:{;?E{??SOZSGR 0.8um+2-106-d d is the measured

Point 3.3.2 (Opt. 2) Diameter
Calipers for
external, internal
and Omm wupto 500mm VDIF)/;?SQDEOQOEGB 30um +30-10s6-/ | is the measured
Depth caliper / >500mm  upto 1000 mm VD:{;?S{Z?SOZGGR 50 um +30- 106/ Length
Height gauge » VDI/VDE/DGQ 2618

Part 9.3:2006
Clamp micrometers *) Omm wupto 500 mm VDF:Q:théz:GZ%SflS
zlcr::\;:ijustment measuring Omm to 200 mm VDF:Q:thég:GZ%SZGR 1ot
Flush-mounted measuring Omm wupto 50mm VDI/VDE/DGQ 2618
Part 10.4:2008

Depth-measuring screws Omm wupto 300mm VDF:Q:thég:GZ%fgls
Internal micrometres 13mm upto 300 mm VDI/VDE/DGQ 2618 3um+10- 106/
with two-point contact >300mm to 500 mm Part 10.7:2010 5um+10- 106"/
on the calibration object *
Internal micrometres
with a 2-line contact 5mm upto 100 mm 3-APD-0-0025-DE 3um+10-106-d dis the measured
system 2023:07 Diameter
Internal micrometers VDI/VDE/DGQ 2618
with 3-point contact 3mm upto 100 mm Part 10.8:2002 3um+10-106-d d is the measured
on the calibration object # Diameter
Lever-type VDI/VDE/DGQ 2618
measuring to 200 mm Part 12.1:2005 7um+10-10s6-/ Iis the measured
devices (quick- length
Lever-type VDI/VDE/DGQ 2618
measuring 2mm upto 200 mm Part 13.1:2005 7um+10-106-/
devices (quick-
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
VDI/VDE/DGQ/DKD 2618

Dial gauges *

Omm to 100 mm

Part 11.1:2021

VDI/VDE/DGQ/DKD 2618
Part 11.4:2020

3um+10-106-/

mechanical dial gauges

electronic digital dial

gauges
) ) VDI/VDE/DGQ 2618
Fine pointer # Omm wupto 3mm Part 11.2:2002 0.6 um
. VDI/VDE/DGQ 2618
?ensor—arm measuring Omm to 1.6mm Part 11.3:2002 1.0 um
instruments *
Angle of rotation VDl/VDE/DKD 2648 .
Part 1:2024 0.02
Direct-read rotary encoders —rartl:
VDI/VDE/DKD 2648
Part 2:2024
0° to 360° Rotational speed 0.80°
Indirect rotary encoders < 0.5rpm
*)
Rotational speed 0.25°

> 0.5rpm
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Essen Calibration Laboratory, Hermann-Drescher-Weg 4 a-d, 45329 Essen

Essen Permanent Laboratory — Electrical Quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
Direct current ov 0.1 uv U = set value
Measuring instruments ImV to 22V 7-10sU+1pv
>2.2V to 11V 9106 U
>11V to 22V 8106 U
>22V upto 220V 12106 U
>220V upto 1000V 12-106 U
Direct current ov 0.1 pv U = measured value
Sources 1mV upto 100mV 8106 U+1pVv
>100V to 1V 11-106 U
>1V to 10V 9-10s U
>10V to 100V 13- 106 U
>100V upto 1000V 16 - 106 U
High voltage >1kV upto 10kV 2.5-103U+2.5V U = measured value
Direct current 0A Precision Open 0.2 nA | = set value
Measuring instruments and 0.1pA upto <1pA Standard resistor and 35106 /+21 pA
sourees 1A to <10pA voltmeter 50 - 10/ + 6 pA
10pA upto <100pA 15-106/+ 0.4 nA
100 A to 320 mA 18 - 106/
>320mA upto 1A 15-10-6/+ 6 pA
>1A upto 10A 0.2-103/
>10A to >150A 0.3x103/
150A upto 2000 A Current transformer 0.3-103/
Direct current I1mA upto 2.2A 1-10s3/
Current clamps >22A upto 20A 2-103/
>20A wupto 1000A 3103/
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 0Q 50 pQ R = set value on the
10;1.90 95-10sR Fluke 5700A
10Q 28106 R
190 27-106R
100 Q; 1900; 17 - 10sR
1kQ 13- 106R
1.9kQ 13- 106R
10 kQ 12-106R
19 kQ 12-106R
100 kQ 14- 106 R
190 kQ 14- 106 R
1MQ 20-10s6R
1.9 MQ 21-10s6R
10 MQ 40-10sR
19 MQ 48-10sR
100 MQ 110-10sR
0Q 100 pQ R = value measured
10 to 10Q 16 - 10-6 R + 50 uQ by HP 3458A
>100 to 1000 12+ 106R+500 10
>100Q to 1kQ 15-10¢R
>1kQ to 10kQ 15104k
>10kQ to 100kQ 15104k
>100kQ to 1MQ 3510k
>1MQ to 10MQ 15010k
>10 MQ upto 100MQ 600~ 10<R
>100MQ upto  1GQ > 10k
0.001Q wupto 0.1Q Substitution method 50106 R
>0.1Q upto 1IMQ using a standard 20-10s6R
>1MQ upto 100MQ resistor 30-10sR
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
DC resistance (ranges) 10 to <11Q 0.12-10s3R R = set value for Fluke
Measuring instruments 110 to <33Q 33-106R 5520A / 5522A
330 to <1100 29-10s6R
110Q to <330Q 28106 R
330Q to <1.1kQ 28106 R
1.1kQ to <3.3kQ 28106 R
33kQ to <11kQ 28106 R
11kQ upto <33kQ 28106 R
33kQ  to  <110kQ 28106 R
110kQ to <330kQ 32-10s6R
330kQ to <1.1MQ 33-10s6R
1.1MQ to <33MQ 62106 R
33MQ  to <11 MQ 0.13-103R
11MQ to <33MQ 0.25-103R
33MQ to <110 MQ 0.5-103R
110MQ upto <330MQ 3-103R
330MQ upto <1.1GQ 15-103R
AC resistance 01Q wupto2Q 50 Hz to 400 Hz 10-103-R
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage measuring >20 Hz to 40 Hz 0.52-10sU
instruments and > 40 Hz to 20 kHz 0.40-10s U
sources > 20 kHz to 50 kHz 0.40 - 103 U
> 50 kHz to 100 kHz 0.41-10sU
> 100 kHz to 300 kHz 0.46-10s U
> 300 kHz to 500 kHz 0.55- 103U
> 500 kHz to 1 MHz 0.60 - 103 U
>22mVto7mV 10 Hz to 20 Hz 0.22-103 U
> 20 Hz to 40Hz 0.22-103U
> 40 Hz to 20 kHz 0.16 - 103U
> 20 kHz to 50 kHz 0.16 - 103U
> 50 kHz to 100 kHz 0.20-10s U
> 100 kHz to 300 kHz 0.22-10sU
> 300 kHz to 500 kHz 0.33-10sU
> 500 kHz to 1 MHz 0.45-10sU
>7 mVto22mV 10 Hz to 20 Hz 80- 106 U
> 20 Hz to 40Hz 80-10s U
> 40 Hz to 20 kHz 65106 U
> 20 kHz to 50 kHz 75-106 U
> 50 kHz to 100 kHz 75106 U
> 100 kHz to 300 kHz 95-10s U
> 300 kHz to 500 kHz 0.19-10sU
> 500 kHz to 1 MHz 0.21-10sU
>22mVto70 mV 10 Hz to 20 Hz 70- 106 U
>20 Hz to 40 Hz 58-10s U
> 40 Hz to 20 kHz 35-106 U
> 20 kHz to 50 kHz 35-106 U
> 50 kHz to 100 kHz 45-10s U
> 100 kHz to 300 kHz 5510 U
> 300 kHz to 500 kHz 0.11-10sU
0.13-103U

> 500 kHz to 1 MHz
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Comments

AC

voltage measuring
instruments and

sources

U = measured value

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

>70 mV to 220 mV 10 Hz to 20 Hz 39106 U
>20Hz to 40 Hz 35-106 U

> 40 Hz to 20 kHz 25106 U

> 20 kHz to 50 kHz 25106 U

> 50 kHz to 100 kHz 28 -106 U

> 100 kHz to 300 kHz 42-10s U

> 300 kHz to 500 kHz 85-10s U

>500 kHz to 1 MHz 0.1-10sU

>220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U
>20 Hz to 40Hz 22106 U

> 40 Hz to 20 kHz 12106 U

> 20 kHz to 50 kHz 12106 U

> 50 kHz to 100 kHz 13- 106 U

> 100 kHz to 300 kHz 14 - 106 U

> 300 kHz to 500 kHz 27106 U

> 500 kHz to 1 MHz 40- 10U

>700mVto2.2V 10 Hz to 20 Hz 20 - 106 U

>20Hz to 40 Hz 14 - 106 U

> 40 Hz to 20 kHz 10- 106 U
> 20 kHz to 50 kHz 10- 106 U
> 50 kHz to 100 kHz 11-10s U
> 100 kHz to 300 kHz 11-10s U
> 300 kHz to 500 kHz 22-10s U
>500 kHz to 1 MHz 6810+ U
>22Vto7V 10 Hz to 20 Hz 18 - 106 U
> 20 Hz to 40Hz 12 - 106 U

> 40 Hz to 20 kHz 11-106 U
> 20 kHz to 50 kHz 11-106 U
> 50 kHz to 100 kHz 13- 106U
> 100 kHz to 300 kHz 13- 106 U
> 300 kHz to 500 kHz 30105 U
95- 10 U

> 500 kHz to 1 MHz
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty

t span
AC voltage >7Vto22V 10 Hz to 20 Hz 17 - 106 U U = measured value
measuring >20 Hz to 40Hz 16 - 106 U
instruments and 5 20 Ha to 20 khiz 11-10eU
sourees > 20 kHz to 50 kHz 11-106 U
> 50 kHz to 100 kHz 11-10sU
> 100 kHz to 300 kHz 25 - 10-sU
> 300 kHz to 500 kHz 30- 105U
>500 kHz to 1 MHz 0.11-10sU
>22Vto70V 10 Hz to 20 Hz 18- 106 U
>20Hz to 40 Hz 16 - 106 U
> 40 Hz to 20 kHz 15106 U
> 20 kHz to 50 kHz 15106 U
> 50 kHz to 100 kHz 25-106 U
> 100 kHz to 300 kHz 25-10s U
> 300 kHz to 500 kHz 40- 106 U
> 500 kHz to 1 MHz 0.13-103U
>70V 10220V 10 Hz to 20 Hz 19 - 104 U
> 20 Hz to 40Hz 18106 U
> 40 Hz to 20 kHz 17-106 U
> 20 kHz to 50 kHz 17-106 U
> 50 kHz to 100 kHz 32-106 U
>220V to 1,000 V 10 Hz to 20 Hz 25 - 106 U
>20 Hz to 40 Hz 27 - 106 U
>40 Hz to 20 kHz 45 - 106 U
>20 kHz to 50 kHz 45-106 U
65105 U

> 50 kHz to 100 kHz

High voltage >0.7kV to 1kV 50 Hz 2.5-103U+0.25V
>1kV to  7kV 3.5-103U+2.0V
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Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / Procedures measurement
Measuremen uncertainty
t span
Alternating current 100 pAto 1 mA 10 Hz to 40 Hz 120 - 106/ I = measured value
amperage ' > 40 Hz to 1kHz; 160 - 10s/
Sources and measuring + Lkt to 10k 60106
>1mAto 10 mA 10 Hz to 40 Hz 46 - 106/
> 40 Hz to 1kHz;
> 1 kHz to 10 kHz;
>10mAtolA 10 Hz to 40 Hz 17 - 10s/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32-106/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10s/
> 40 Hz to 1 kHz;
>1 kHz to 10 kHz;
Current clamps 1mA upto 2.2A 40 Hz upto 5kHz 2-10s/ I = measured value
>2.2A upto 20A 40 Hz to 5 kHz 3-103/
>20A to 800 A 40 Hz upto 65Hz 4103/
Capacity of 190pF upto <400pF | 10Hz to 10 kHz 4-103C+8pF With 5520A / 5522A
measuring 400pF to <1.1nF | 10Hz to 10 kHz 4.5-103C+8pF
instruments 1.1nF to <33nF 10Hz to 3 kHz 4.0-103C+8pF
33nF to <1l1nF 10Hz to 1 kHz 2.5-103C+8 pF
1InF  to <33nF 10Hz to 1kHz 2.5+ 103 C+80 pF
33 nF upto <110nF | 10Hz to 1 kHz 2.5+ 103 C+ 80 pF
110nF  to <330nF| 10Hz to 1 kHz 4.5-103C
330nF to <1.1pF 10Hz to 600 Hz 45-103C
1.1 pF upto <3.3puF 10 Hz to 300 Hz 4.5-103C
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Capacity of 33uF to <11 pF| 10Hz to 150 Hz 45-103C With 5520A / 5522A
measuring 11uF  to < 33 puF | 10Hz to 120 Hz 6.0-103C
instruments 33uF  to <110 uF | 10Hz to 80 Hz 6.5-103C
110 uF  upto <330upF DC to 50 Hz 6.0-103C
330uF upto <1.1mF DC to 20 Hz 6.0-103C
11mF to <33mF DC to 6 Hz 6.0-103C
33mF to <11mF DC to 2 Hz 6.0-103C
11 mF up to <33mF DC upto 0.6 Hz 8.0-103C
33 mF upto 110 mF DC upto 0.2 Hz 11-103C
1nF  upto 100nF 50Hz to 10 kHz 1.0x103C C: measured value
using standard
>100nF  upto 1000 nF 50Hz upto 1KkHz 1.0x103C capacitances
>1kHz upto 10kHz 2.5x103C
Frequency 1mHz to 1GHz 2109 f+ Urs f=current measured value
Urr = trigger uncertainty
Time interval lusto 1000min? 2109 t+2ns t = current reading
1mina upto 100,000

Rotational speed

with a light-activated
switch

810+
but not less than 0.006

visually mina
Active AC power 33mV upto 1000 P = value set using the
Measuring instruments V45Hz to 65kHz Fluke 5520A/5522A PF:
PF=1 Power factor
109 pW to < 11 kW 33mA upto <11A 1.4-10sP
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power 1mwW upto 300W 0.5-103P
Measuring instruments >300 W up to 20 kW 1.0-103P
Sources 1mW upto 300W Product of U and I: 30-10sP P calculated
>300 W to 1 kW 1mV<U<1000V 200 - 106 P power
>1 kW upto 1 MW 100 pA<1<2000 A 300 x 106 P
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Active AC power wW(Ur)... Uncertainty in
1V to 1,000 V the amplitude of the

fundamental voltage

2 w(Ug)? Ig)? @.)2
45 Hz to 65 Hz Jw(UR? + wlip)® +w(®p) W(I)... Uncertainty in the
0.05<cosp<1 amplitude of
5mW  upto 50kW 0.1Ato50A not less than 80 - 106 not the fundamental Furrent
W(®r)... Uncertainty of the
>25W to 120 kW >50Ato120A less than 0.14 - 103 phase shift angle
1Vto 1,000V W (Urms) ... Uncertainty in
AC reactive power 45 Hz to 65 Hz the root mean square value
wUg)® +wllg)” + wiPr of the voltage
2 w(Up) +w(lz)? +w(p)? f the volt
0.055cosp<1 W (Irms)... Uncertainty of the
Smvar upto 50 kvar 0.1Ato50A not less than 80 - 10-6 root mean square value of
>2.5var upto 120 kvar >50Ato120A not less than 0.14 x 103 the current
Reactive power 1Vto 1,000V

45 Hz to 65 Hz

0.05<cosp<1 2 w(Up)? + w(lp)? + w(®g)?
0.1VA upto 50kVA 0.1Ato50A not less than 80 - 106
>50VA upto 120kVA >50Ato120A not less than 0.14 x 103
Oscilloscopes: U - Measured
Vertical deflection 5mV to 5V Ri=50Q 3.5-103U+35uVv value: square-
5mV upto 120V Ri=1MQ 2.4-103U+40 v wave voltage
Horizontal deflection 5ns to 520ms 3:106T+1ns
>20ms upto 5s 30-106T+1.2-104T?
Ascent time 150ps upto 10ms 250 mV 35-103-tr+5ps tr = intrinsic rise time
250ps upto 10ms >250mVto2.5V 35-103-tr+ 8 ps of the oscilloscope
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Measured Measuring Measurement Expanded Comments
quantity / range / conditions / measurement
Calibration item Measuremen procedures uncertainty
t span

Length Cylindrical
gauge blocks,
gauge rings:

Diameter +) VDI/VDE/DGQ 2618
1mm upto 200mm Part 4.1:2006, 0.8um+2-106-d d is the measured
Gauging pins: clause 3.3.4 (Opt.3), diameter
Diameter * Imm upto 200mm section 3.3.5 (Opt. 4) 0.8um+2-106-d
Test probes: VDI/VDE/DGQ 2618
Diameter » 0.1mm upto 30mm pi?jf;izzz(g?;'l) 0.8um+2-10s6-d
Thread gauges (one
and multi-start
external and
internal cylindrical
threads with
straight edges,
symmetrical profile)

Threaded 14mm to 200 mm VDI/VDE/DGQ 2618 3um+10-10s6-d Three-wire method
mandrels: Nominal pitch: Part 4.8:2006 d is the measured
simpler 0.3mm upto 6mm Section 3.2.2 (Opt. 1) value

Threaded 3mm to 200mm VDI/VDE/DGQ 2618 3um+10-106-d Two-sphere method
rings: Nominal pitch: Part 4.9:2006 dis the measured
simpler 0.5mm upto 6mm Section 3.2.2 (Opt. 1) Diameter

Threaded mandrels: 1.4mm upto 200 mm VDI/VDE/DGQ 2618 Scanning methods

simple flank diameter
*)

Nominal diameter

Sheet 4.8:2006

3um+10-106-d

d is the measured

Outer diameter Section 3.2.2 (Opt. 1) 2 um Diameter

Core diameter / up to 5um

Hole diameter ») Point 3.2.6 (Opt. 5)

Slope / Pitch 0.5mm upto 8mm 1.5 um

Thread profile angle a >27° (3+ 1{hlaF:]"6?Ut not less IF : Flank length in mm
Threaded rings: 5mm upto 200 mm VDI/VDE/DGQ 2618 Scanning methods

simple flank diameter
%)

Nominal diameter

Sheet 4.9:2006

3um+10-106-d

d is the measured

Outer diameter Section 3.2.2 (Opt. 1) 5 pm Diameter
Core diameter / up to 2 pm
Drill hole diameter « Point 3.2.6 (Opt. 5)
Slope / Scale 0.5mm upto 8mm 1.5 um
+ '
Thread profile angle a » >27° @ 1t/hlaFr)1 'G?Ut not less IF : Flank length in mm
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Length

of plane-parallel, 0.01lmm upto 500 mm VDI/VDE/DGQ 2618 15um+2-10s6-/ | is the measured
spherical or Part 19.1:2014 length
cylindrical
measuring
surfaces+)

0.01mm upto 200 mm VDI/VDE/DGQ 2618 1.5um+2-106-d dis the measured
Diameter * Part 4.1:2006, Section diameter

3.3.4 (Opt.3),

Point 3.3.5 (Opt. 4)

Feeler gauges * 0.03mm upto 2.00mm DIN 2275:2014 1.5um+2-106-/ |is the measured
length
Fitting dimensions for 25mm upto 500 mm VDI/VDE/DGQ 2618 1.5um+2-10s-/
Adjustable micrometers # Sheet 4.4:2009
Throat gauges * 3mm upto 200 mm VDIP/;/r?i{SESOZSMS 0.8um+2-106-d d is the measured
Section 3.3.2 (Opt. 2) Diameter
Calipers for

external, internal

and VDI/VDE/DGQ 2618 . . )
Omm wupto 500 mm Part 9.1:2006 30um +30- 106/ | is the measured
: VDI/VDE/DGQ 2618
Depth caliper / >500 mm upto 1000 mm Part 9.2:2006 50 um +30- 106/ Length
Height . VDI/VDE/DGQ 2618
clght gauge Part 9.3:2006
. VDI/VDE/DGQ 2618
Clamp micrometres *) Omm upto 500 mm Part 10.1:2001
Fine-adjustment VDI/VDE/DGQ 2618
screws - Omm to 200 mm Part 10.3:2002 3um+10-10s-/
) VDI/VDE/DGQ 2618
Flush-mounted measuring Omm upto 50mm Part 10.4:2008
. VDI/VDE/DGQ 2618
Depth-measuring screws *) Omm upto 300mm Part 10.5:2010 3um+10-106-/
Internal micrometres 13mm wupto 300 mm VDI/VDE/DGQ 2618 3um+10-10s6-/
with two-point contact >300mm upto 500 mm Part 10.7:2010 S5um+10-106-/
on the calibration object #
Internal micrometres
with a 2-line contact 5mm upto 100 mm 3-APD-0-0025-EN 3um+10-106-d d is the measured
system 2023:07 Diameter
Internal micrometers VDI/VDE/DGQ 2618
with 3-point contact 3mm to 100 mm Part 10.8:2002 3um+10-10s-d dis the measured
on the calibration object # Diameter
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Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Lever-type VDI/VDE/DGQ 2618
measuring to 200 mm Part 12.1:2005 7um+10-106-/ Iis the measured
devices (quick- Length
Lever-type VDI/VDE/DGQ 2618
measuring 2mm upto 200 mm Part 13.1:2005 7um+10-106-/ | is the measured
instruments Length
Dial gauges * Omm upto 100 mm VDI/VDE/DGQ./DKD 2618 3um+10-106-/ mechanical dial gauges
Part 11.1:2021
VDI/\;Iert/lDlGZl/Z%IEB 2618 3um+10- 105+ / gLeucgt‘r:s)nic digital dial
Fine pointer # Omm wupto 3mm VD;QYthIZ?Z%gflS 0.6 um
E}r;l:s;;\g:ﬁsr:easuring Omm wupto 1.6mm VDFlg\r/tDlEl/zsz%gfls 1.0 um
electrical inductive to 100 mm VDI/VDE/DGQ 2618 0.6um+1-10s-/
Length measuring devices Sheet 14.1:2010
electronic incremental to 100 mm 3-APD-0-0027-DE 0.6 pum+1-10s6-/
Length measuring devices August 2023
Angle of
perpendicularity to 30um VDI/VDE/DGQ/DKD 2618 25um+1-106- f

Deviation

Flatness and

Deviation from

Sheet 7.1:2019,
point 3.2.2.2(Opt.2)

Iz . Length of the shape
and position
representation up to 500
mm side length

4um+5-106- Iz

Tape measures

Om upto 100 m

Benchmarks

Om wupto3m

Part 8.2:2023

protractor
Scale division value 1° # -180° upto 180° VDI/VDE/DGQ 2618 30'
Scale division value 5'+) 0° to 360° Sheet 7.2:2008 1'
Parallelism deviation in flat
rulers « up to 500 mm VDI/VDE/DGQ 2618 4um+5-10s-/ | is the measured
Flatness deviation # Sheet 5.1:2022 2.2pum+3.5-106"/ Length
Hair rulers VDI/VDE/DGQ 2618 | is the measured
Deviation from up to 500 mm Sheet 5.2:2013 22um+3.5-106/ Length
Inclinometers +) 2000 P 2000 APD-0-0244-DE 1.7 um/m Maximum side length
um/m t0  um/m H g
(-412") (412”) 2023-01 (0.35") of the KG: 500 mm
Tape measures and rulers
VDI/VDE/DGQ 2618 | is the measured

50 um +20- 106 / length
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Hamburg Permanent Laboratory — Electrical Quantities

Calibration and Measurement Capabilities (CMC)

Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current ov 0.1pv U = set value
Measuring instruments ImV to 22V 7-10sU+1pv
>22V to 11V 9-10s U
>11V to 22V 8106 U
>22V to 220V 12-106 U
>220V upto 1000V 12-106 U
Direct current oV 0.1 pv U = measured value
Sources 1mV to 100mV 8:10sU+1pv
>100V to 1V 11-106 U
>1V upto 10V 9-106 U
>10V to 100V 13106 U
>100V upto 1000V 16 - 106 U
High voltage >1kV upto 10kV 2.5-103U+2.5V U = measured value
Direct current 0A Precision Open 0.2nA | = set value
Measuring instruments and 0.1pA upto <1pA Standard resistor and 35106 /+21 pA
sourees 1pA to <10pA voltmeter 50 - 10/ + 6 pA
10 A upto <100pA 15-106/+ 0.4 nA
100pA to 320 mA 18 - 106/
>320mA upto 1A 15-106/+ 6 pA
>1A upto 10A 0.2-103/
>10A to >150A 0.3x103/
150A upto 2000A Current transformer 0.3x103/
Direct current intensity 1mA upto 2.2A 1-103/
Current clamps >22A upto 20A 2-103/
>20A wupto 1000A 3103/
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 0Q 50 uQ R = set value for Fluke
10;190Q 95106 R 5700A
100 28106 R
190 27-106R
100 Q; 190Q; 17-106R
1kQ 13-106R
1.9kQ 13-106R
10 kQ 12-106R
19 kQ 12-106R
100 kQ 14-106R
190 kQ 14-106R
1MQ 20-10s6R
1.9MQ 21-10s6R
10 MQ 40 - 106 R
19 MQ 48 - 106 R
100 MQ 110106 R
0Q 100 pQ R = value measured
10 to 10Q 16 - 106 R+ 50 uQ by HP 3458A
>10Q to 1000 12 - 10-6 R + 500 pQ
>100Q to 1kQ 1510k
>1kQ to 10kQ 15-10¢R
>10kQ to 100 kQ 15-10<R
>100kQ to 1MQ 35 104R
>1MQ to 10MQ 150-10¢R
>10MQ to 100 MQ 60010k
>100MQ upto 1GQ >r10sR
0.001Q to 01Q Substitution method 50-10sR
>0.1Q to 1MQ using a standard 20-10s6R
>1MQ upto 100MQ resistor 30-10sR
Direct current resistance 1mQ 0.1-103-R
10 mQ 30-106"R
100 mQ 30-106-R
10 30-106°R
ImQ to 10mQ Substitution method 0.1-103-R
>10mQ upto 1Q Substitution method 30+ 106 R
Direct procedure 50-106-R

0.1Q wupto 2Q
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
DC resistance (ranges) 10 to <11Q 0.12-10s3R R = set value for Fluke
Measuring instruments 11Q to <330 33-106R 5520A /5522A
33Q upto <110Q 29-10s6R
110Q to <330Q 28106 R
3300 to <1.1kQ 28106 R
1.1kQ to <3.3kQ 28106 R
33kQ to <11kQ 28106 R
11kQ to <33kQ 28106 R
33kQ to <110kQ 28106 R
110kQ to <330kQ 32-10s6R
330kQ to <1.1MQ 33-10s6R
1.1MQ to <3.3MQ 62106 R
33MQ to <11 MQ 0.13-103R
11 MQ to <33MQ 0.25-103R
33MQ to <110 MQ 0.5-103R
110MQ upto <330MQ 3-103R
330MQ upto <1.1GQ 15-103R
AC resistance 01Q wupto2Q 50 Hz to 400 Hz 10-10s3-R
>2Q upto 5Q 50 Hz 9-103-R
>5Q upto 20Q 50 Hz 5:103-R
>20Q upto 200Q 50 Hz 5-103-R
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Measured Measuring Measurement Expanded Comments
variable / range / conditions / measurement
Calibration object Measuremen procedures uncertainty

t span
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage > 20 Hz to 40 Hz 0.52-10sU
measuring > 40 Hz to 20 kHz 0.40-10s U
instruments and > 20 kHz to 50 kHz 0.40 - 103 U
sources > 50 kHz to 100 kHz 0.41-103U
> 100 kHz to 300 kHz 0.46-10s U
> 300 kHz to 500 kHz 0.55- 103U
> 500 kHz to 1 MHz 0.60 - 103 U
>22mVto7mV 10 Hz to 20 Hz 0.22-103 U
>20 Hz to 40 Hz 0.22-103U
> 40 Hz to 20 kHz 0.16 - 103U
> 20 kHz to 50 kHz 0.16 - 103U
> 50 kHz to 100 kHz 0.20-10s U
> 100 kHz to 300 kHz 0.22-10sU
> 300 kHz to 500 kHz 0.33-10sU
> 500 kHz to 1 MHz 0.45-10sU
>7 mVto22mV 10 Hz to 20 Hz 80- 106 U
> 20 Hz to 40Hz 80-10s U
> 40 Hz to 20 kHz 65106 U
> 20 kHz to 50 kHz 75-106 U
> 50 kHz to 100 kHz 75106 U
> 100 kHz to 300 kHz 95-10s U
> 300 kHz to 500 kHz 0.19-10sU
> 500 kHz to 1 MHz 0.21-10sU
>22mVto70 mV 10 Hz to 20 Hz 70+ 106 U
>20 Hz to 40 Hz 58-10s U
> 40 Hz to 20 kHz 35-106 U
> 20 kHz to 50 kHz 35-106 U
> 50 kHz to 100 kHz 45-10s U
> 100 kHz to 300 kHz 55105 U
> 300 kHz to 500 kHz 0.11-10sU
0.13-103 U

> 500 kHz to 1 MHz

Valid from:

12 February 2026

Date of issue: 25 February 2026

Page 169 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

Hamburg Permanent Laboratory — Electrical Quantities

Measurement
parameter /
Calibration object

( DAKKS

Calibration and measurement facilities (CMC)

Deutsche

Akkreditierungsstelle

Comments

AC

voltage measuring
instruments and

sources

U = measured value

Measurement Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

>70 mV to 220 mV 10 Hz to 20 Hz 39-106 U
>20 Hz to 40 Hz 35-106 U

> 40 Hz to 20 kHz 25106 U

> 20 kHz to 50 kHz 25106 U

> 50 kHz to 100 kHz 28 -10s U

> 100 kHz to 300 kHz 42-10s U

> 300 kHz to 500 kHz 85-10s U

> 500 kHz to 1 MHz 0.1-10sU

> 220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U
>20 Hz to 40 Hz 22106 U

> 40 Hz to 20 kHz 12 - 106 U

> 20 kHz to 50 kHz 12 - 106 U

> 50 kHz to 100 kHz 13-10s U

> 100 kHz to 300 kHz 14 - 106 U

> 300 kHz to 500 kHz 27-106 U

>500 kHz to 1 MHz 40106 U

>700 mVto2.2V 10 Hz to 20 Hz 20 - 106 U
>20 Hz to 40 Hz 14 - 106 U

> 40 Hz to 20 kHz 10- 106 U

> 20 kHz to 50 kHz 10- 106 U

> 50 kHz to 100 kHz 11-10s U

> 100 kHz to 300 kHz 11-10s U

> 300 kHz to 500 kHz 22-10sU

>500 kHz to 1 MHz 6810+ U

>22Vto7V 10 Hz to 20 Hz 18- 106 U
> 20 Hz to 40Hz 12106 U

> 40 Hz to 20 kHz 11-106 U

> 20 kHz to 50 kHz 11-106 U

> 50 kHz to 100 kHz 13 - 10U

> 100 kHz to 300 kHz 13- 106 U

> 300 kHz to 500 kHz 30- 105U

95-10s U

> 500 kHz to 1 MHz
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Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC >7Vto22V 10 Hz to 20 Hz 17-106 U U = measured value
voltage measuring > 20 Hz to 40Hz 16106 U
instruments and > 40 Hz to 20 kHz 11-10sU
sources > 20 kHz to 50 kHz 11-10sU
> 50 kHz to 100 kHz 11-10s U
> 100 kHz to 300 kHz 25-10s U
> 300 kHz to 500 kHz 30-10s U
> 500 kHz to 1 MHz 0.11-10sU
>22Vto70V 10 Hz to 20 Hz 18 - 104 U
>20 Hz to 40Hz 16 - 106 U
> 40 Hz to 20 kHz 15-106 U
> 20 kHz to 50 kHz 15-106 U
> 50 kHz to 100 kHz 25-106 U
> 100 kHz to 300 kHz 25-10s U
> 300 kHz to 500 kHz 40- 10U
> 500 kHz to 1 MHz 0.13-10sU
>70Vto220V 10 Hz to 20 Hz 19 - 106 U
>20 Hz to 40 Hz 18- 106 U
> 40 Hz to 20 kHz 17-106 U
> 20 kHz to 50 kHz 17106 U
> 50 kHz to 100 kHz 32-106 U
> 220V to 1000 V 10 Hz to 20 Hz 25 - 106 U
>20 Hz to 40 Hz 27 - 106 U
> 40 Hz to 20 kHz 45 - 106 U
> 20 kHz to 50 kHz 45-106 U
65105 U

> 50 kHz to 100 kHz

High voltage >0.7kV to 1kV 50 Hz 2.5-103U+0.25V
>1kV to 7kv 3.5-103U+2.0V
Valid from: 12 February 2026
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Alternating current 100 pAto 1 mA 10 Hz to 40 Hz 120 - 106/ I = measured value
amperage .
> 40 Hz to 1kHz; 160 - 10s/
Sources and measuring X
instruments > 1 kHz to 10 kHz; 60-10s /
>1mAto 10 mA 10 Hz to 40 Hz 46 - 106/
> 40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>10mAtol1A 10 Hz to 40 Hz 17 - 106/
> 40 Hz to 1 kHz;
>1kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32106/
> 40 Hz to 1kHz;
> 1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10s/
> 40 Hz to 1kHz;
>1 kHz to 10 kHz;
Current clamps 1mA upto 2.2A 40Hz to 5kHz 2-10s/ I = measured value
>22A upto 20A 40Hz to 5kHz 3-103/
>20A upto 800A 40Hz upto 65Hz 4103/
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Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Capacity of 190 pF to <400 pF 10Hz to 10kHz 4-103C+8pF With 5520A / 5522A
measuring 400pF to <1.1nF 10Hz wupto 10kHz 4.5-103C+8pF
instruments 1.1nF to <33nF 10Hz to 3kHz 4.0-103C+8pF
3.3nF to <11nF 10Hz to 1kHz 2.5:103C+8pF
11nF to <33nF 10Hz to 1kHz 2.5-10-3C+80pF
1?2 n:: o< ::z n:: 10Hz to 1kHz 2:5710sC+80pF
nF to < n :
330nF to <1.1pF 10Hz to 1kHe iz . 11(:)33(;
11uF to <3.3pF 10Hz to 600 Hz 45-105C
33UF to <11F 10Hz to 300Hz 45- 105 C
UuF to <334F 10Hz to 150Hz 6.0 104C
33 uF  upto <110uF 10Hz to 120Hz 6.5+103C
110uF to <330pF| 10Hz to 80H: 6.0-103C
330pF to <1imF DC upto  50H: 6.0-105C
11mF to <33mF DC upto 20H: 6.0 103C
33mF upto <11mF DC to 6Hz 6.0-103C
11mF upto <33mF DC to 2Hz 8.0-103C
33mF upto 110mF DC to 0.6Hz 11-103C
DC upto 0.2Hz
1nf upto 10nF S0Hz to 10 kHz 50 1.0 x 105 C: 'measured value
using standard
>100nF to 1000 nF Hz to 1kHz C€1.0-10sC capacitances
>1kHz upto 10kHz 2.5x103C
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuring uncertainty
span
Frequency 1mHz to 1GHz 2109 f+ Urr f=current reading
Urr =Trigger uncertainty
Time interval lusto 1000s 2109 t+2ns t = current reading
1mina to 100,000
Rotational speed mina - to mihrl with a light-activated 8106

switch

but not less than 0.006

visually mina
Active AC power 33mV to 1000V P = value set using the
Measuring instruments 45Hz to 65kHz Fluke 5520A/5522A PF:
PF=1 Power factor
109 pW to <11 kW 33mA upto <11A 1.4-103P
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power 1mW upto 300 W 0.5-103P
Measuring instruments >300W upto 20kW 1.0-103P
Sources 1mW upto 300W Product of U and I: 30-10s6P P calculated
>300W to 1kwW 1mV<U<1000V 200- 106 P power
>1kW upto 1MW 100 pA < 1<2000 A 300106 P
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Active AC power w(Ur)... Uncertainty in
1V 10 1.000 V the amplitude of the
oL sz(UF)2+w(IF)2 T w(®p)? fundamental voltage
45 Hz to 65 Hz w(Ir)... Uncertainty in the
amplitude of the
0.05scosp<1 fundamental current
5mW upto 50kW 0.1Ato50A not less than 80 - 106 w(®r)... Uncertainty of the
>25W upto 120 kW >50 Ato 120 A not less than 0.14 x 105 | Phase-shift angle
W(Urms) ... Uncertainty of
1V to 1,000 V
the root mean square
AC reactive power 45 Hz to 65 Hz 2fw(Up)? +wlp)? + w(®p)? voltage
0.05<cos <1 W(Ims) ... Uncertainty of the
s S0k 0.1At050A | han 80 - 10 root mean square value of
mvar up to var .1Ato not less than 80 - 106 not | .\ ons
>2.5var upto 120 >50Ato120A less than 0.14 - 103
Reactive power 1Vto 1,000V
45 Hz to 65 Hz U T W+ w(@,)?
0,05<cosep<1
0.1VA upto 50kVA 0,1 Abis50 A not less than 80 - 106
>50VA upto 120 >50Ato120A not less than 0.14 x 103
Oscilloscopes: U - Measured
Vertical deflection 5mV to 5V Ri=500Q 3.5-103U+35uV value: square-
5mV upto 120V Ri=1MQ 2.4-103 U +40 v wave voltage
Horizontal deflection 5ns to 520ms 3:106T+1ns
>20ms upto 5s 30-106T+1.2-104T?
Ascent time 150ps upto 10ms 250 mV 35-103-tr+5ps tr = intrinsic rise time
250ps upto 10ms >250mVto 2.5V 35-103-tr+ 8 ps of the oscilloscope
Valid from: 12 February 2026
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Morfelden-Walldorf Calibration Laboratory, KurhessenstraRe 11, 64546 Morfelden-Walldorf

Morfelden-Walldorf Permanent Laboratory — Electrical quantities Calibration

and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Direct current ov 0.1pv U =set value
Measuring instruments I1mV to 22V 7-10sU+1pv
>22V to 11V 9-10s U
>11V to 22V 8-10s U
>22V to 220V 12-10-s U
>220V upto 1000V 12-106 U
Direct current ov 0.1 v U = measured value
Sources 1mV to 100mV 8106 U+1pVv
>100V upto 1V 11-10s U
>1V to 10V 9-106 U
>10V to 100V 13106 U
>100V upto 1000V 16 - 10 U
High voltage >1kV upto 10kV 2.5-103U+2.5V U = measured value
Direct current 0A Precision Open 0.2nA | = set value
Measuring instruments and 0.1pA upto <1pA Standard resistor and 35105 /+21 pA
sourees 1uA to <10pA voltmeter 50 - 10/ + 6 pA
10 A upto <100pA 15-106/+ 0.4 nA
100 pA upto 320mA 18 - 10/
>320mA upto 1A 15-106/+ 6 pA
>1A to 10A 0.2-10s3/
>10A to >150A 0.3x103/
150 A to 2000A Current transformer 03x103/
Direct current ImA to 22A 1-10s/
Current clamps >22A upto 20A 2-103/
>20A upto 1000A 3-103/

Valid from:

12 February 2026

Date of issue: 25 February 2026

Page 176 of 199



Appendix to Accreditation Certificate D-K-15070-01-01

( DAKKS

Morfelden-Walldorf Permanent Laboratory — Electrical quantities Calibration

and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / Procedures measurement
Measuremen uncertainty
t span
DC resistance 0Q 50 uQ R = set value for the
Measuring instruments 10;190Q 95-106R Fluke 5700A
100 28 -10sR
190 27 -10sR
100 Q; 1900; 17 -10sR
1kQ 13- 10sR
1.9kQ 13- 10sR
10 kQ 12-10sR
19 kQ 12-10sR
100 kQ 14-10sR
190 kQ 14-10sR
1MQ 20-10sR
1.9 MQ 21-10sR
10 MQ 40-10sR
19 MQ 48 - 106 R
100 MQ 110 - 106 R
Sources 0Q 100 pQ R = value measured
10 to 10Q 16 - 106 R+ 50 pQ by HP 3458A
>100 to 1000 12+ 106R+500 10
>100Q to 1kQ 15-10¢ R
>1kQ to 10kQ 15-10¢ R
>10kQ upto 100kQ 15-10¢ R
>100kQ to 1MQ 3510 R
>1MQ to 10MQ 150-10¢R
>10MQ to 100MQ 600 - 10¢R
>100MQ upto 1GQ > 10sR
0.001Q to 0.10Q Substitution method 50- 106 R
>0.1Q upto 1IMQ using a standard 20-10s6R
>1MQ upto 100MQ resistor 30-10s6R
Valid from: 12 February 2026
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 10 to <11Q 0.12-10s3R R = set value for Fluke
Measuring instruments 11Q to <330 33-106R 5520A /5522A
33Q upto <110Q 29-10s6R
110Q to <330Q 28106 R
3300 to <1.1kQ 28106 R
1.1kQ to <3.3kQ 28106 R
33kQ to <11kQ 28106 R
11kQ to <33kQ 28106 R
33kQ  to  <110kQ 28106 R
110kQ to <330kQ 32-10s6R
330kQ to <1.1MQ 33-10s6R
1.1MQ to <33MQ 62106 R
33MQ upto <1MQ 0.13-103R
11MQ to <33MQ 0.25-103R
33MQ upto <110MQ 0.5-103R
110MQ upto <330MQ 3-103R
330MQ upto <1.1GQ 15-103R
AC resistance 0.1Q wupto2Q 50 Hz to 400 Hz 10-103-R
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage measuring > 20 Hz to 40 Hz 0.52-10sU
instruments and > 40 Hz to 20 kHz 0.40-10sU
sources > 20 kHz to 50 kHz 0.40-10sU
> 50 kHz to 100 kHz 041-10sU
> 100 kHz to 300 kHz 046103 U
>300 kHz to 500 kHz 0.55-10sU
>500 kHz to 1 MHz 0.60-10sU
>2.2mVto7 mV 10 Hz to 20 Hz 0.22-103U
>20 Hz to 40 Hz 0.22-10sU
> 40 Hz to 20 kHz 0.16-10sU
> 20 kHz to 50 kHz 0.16-10sU
> 50 kHz to 100 kHz 020-10sU
> 100 kHz to 300 kHz 022-10sU
> 300 kHz to 500 kHz 033-10sU
0.45-103U

> 500 kHz to 1 MHz
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Comments

AC

voltage measuring
instruments and

sources

U = measured value

Measuring Test conditions / Expanded
range / Procedures measurement
Measuremen uncertainty
t span

>7mVto22mV 10 Hz to 20 Hz 80106 U

>20Hzto 40 Hz 80106 U

> 40 Hz to 20 kHz 65 - 106 U
> 20 kHz to 50 kHz 75106 U
> 50 kHz to 100 kHz 75-106 U
> 100 kHz to 300 kHz 95105 U
> 300 kHz to 500 kHz 0.19-10sU
> 500 kHz to 1 MHz 0.21-103U

>22mVto70 mV 10 Hz to 20 Hz 70 - 106 U

>20 Hz to 40Hz 58- 10+ U

> 40 Hz to 20 kHz 35-106 U
> 20 kHz to 50 kHz 35-106 U
> 50 kHz to 100 kHz 45-106 U
> 100 kHz to 300 kHz 55-10s U
> 300 kHz to 500 kHz 0.11-10sU
> 500 kHz to 1 MHz 0.13-103U
>70 mV to 220 mV 10 Hz to 20 Hz 39106 U
>20 Hz to 40Hz 35106 U

> 40 Hz to 20 kHz 25106 U
> 20 kHz to 50 kHz 25106 U
> 50 kHz to 100 kHz 28 -10s U
> 100 kHz to 300 kHz 42 - 10U
> 300 kHz to 500 kHz 85105 U
>500 kHz to 1 MHz 0.1-10sU
>220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U
>20Hz to 40 Hz 22106 U

> 40 Hz to 20 kHz 12106 U
> 20 kHz to 50 kHz 12106 U
> 50 kHz to 100 kHz 13106 U
> 100 kHz to 300 kHz 14 - 106 U
> 300 kHz to 500 kHz 2710 U
40+ 105U

> 500 kHz to 1 MHz
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Morfelden-Walldorf Permanent Laboratory — Electrical Quantities Calibration
and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty

t span
AC >700mVto2.2V 10 Hz to 20 Hz 20106 U U = measured value

voltage measuring > 20 Hz to 40 Hz 14 - 106 U
instruments and > 40 Hz to 20 kHz 10 - 10s U
sources > 20 kHz to 50 kHz 10 - 10s U
> 50 kHz to 100 kHz 11-106U
> 100 kHz to 300 kHz 11-10s U
> 300 kHz to 500 kHz 22-10sU
>500 kHz to 1 MHz 68-10sU
>22Vto7V 10 Hz to 20 Hz 18 - 106 U
>20 Hz to 40Hz 12106 U
> 40 Hz to 20 kHz 11-106 U
> 20 kHz to 50 kHz 11-106 U
> 50 kHz to 100 kHz 13- 106 U
> 100 kHz to 300 kHz 13- 106 U
> 300 kHz to 500 kHz 30-10s U
>500 kHz to 1 MHz 95-10s U
>7Vto22V 10 Hz to 20 Hz 17 - 106 U
>20 Hz to 40Hz 16 - 10 U
> 40 Hz to 20 kHz 11-106 U
> 20 kHz to 50 kHz 11-106 U
> 50 kHz to 100 kHz 11-106 U
> 100 kHz to 300 kHz 25-10s U
> 300 kHz to 500 kHz 30-10s U
> 500 kHz to 1 MHz 0.11-10sU
>22Vto 70V 10 Hz to 20 Hz 18 - 104 U
> 20 Hz to 40Hz 16 - 105 U
> 40 Hz to 20 kHz 15106 U
> 20 kHz to 50 kHz 15106 U
> 50 kHz to 100 kHz 25-10s U
> 100 kHz to 300 kHz 25 - 10
> 300 kHz to 500 kHz U 40 - 10+

> 500 kHz to 1 MHz u
>70V 10220V 10 Hz to 20 Hz 19 - 104 U
>20 Hz to 40 Hz 18- 106 U
> 40 Hz to 20 kHz 17-106 U
> 20 kHz to 50 kHz 17-106 U
> 50 kHz to 100 kHz 32-10sU
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Measurement Test conditions / Expanded Comments

parameter / Procedures measurement

Calibration object uncertainty
AC >220V to 1000 V 10 Hz to 20 Hz 25106 U U = measured value
voltage measuring >20 Hz to 40 Hz 27-10sU

instruments and > 40 Hz to 20 kHz 45-10sU

sources > 20 kHz to 50 kHz 45 - 10-

U

> 50 kHz to 100 kHz

High voltage

>0.7kVupto 1kV
>1kV upto 7kV

50 Hz

2.5-103U+0.25V
3.5-103U+2.0V

Alternating current 100pAup to 1 mA 10 Hz to 40 Hz 120106/ | = measured value
amperage X
§ > 40 Hz to 1 kHz; 160 - 10/
Sources and measuring
. 60 - 10 /
instruments > 1 kHz to 10 kHz; 6
>1mA to10 mA 10 Hz to 40 Hz 46 - 106 /
> 40 Hz to 1kHz;
> 1 kHz to 10 kHz;
>10mito 1A 10 Hz to 40 Hz 17 - 106/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>1Atol10A 10 Hz to 40 Hz 32-10s/
>40 Hz to 1kHz;
>1 kHz to 10 kHz;
>10Aup to 20 A 10 Hz to 40 Hz 39-10+s/
> 40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
Current clamps 1mA to 2.2A 40Hz to 5kHz 2-103/ | = measured value
>22A to 20A 40Hz to 5kHz 3-10s3/
>20A to 800A 40Hz to 65Hz 4-103/
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Capacity of 190 pF to <400 pF 10Hz to 10kHz 4-103C+8pF With 5520A / 5522A
measuring 400 pF to <1.1nF 10Hz to 10kHz 4.5-103C+8pF
instruments 1.1nF to <33nF 10Hz to 3kHz 4.0-10.3C+8pF
33nF to <11nF 10Hz to 1kHz 2.5-103C+8 pF
11nF to <33nF 10Hz to 1kHz 2.5+10:3C + 80 pF
33nF upto <110nF 10Hz to 1kHz 2.5+10:3C + 80 pF
110nF to <330nF 10Hz to 1kHz 4.5-103C
330nF to <1.1pF 10Hz to 600Hz 45-103C
1.1puF upto <3.3pF 10Hz to 300Hz 4.5-103C
33pF to <11pF 10Hz to 150Hz 4.5-103C
11puF to <33 pF 10Hz to 120Hz 6.0-103C
33 uF to <110 pF 10Hz to 80Hz 6.5-103C
110y to <330 pF DC upto 50Hz 6.0 103C
330uF to <1.1mF DC upto 20Hz 6.0 103C
1.1mF to <3.3mfF DC wupto 6Hz 6.0-10sC
3.3mF to <11lmF DC to 2Hz 6.0-103C
11mF upto <33 mF DC to 0.6Hz 8.0-103C
33mF upto 110 mF DC upto 0.2Hz 11-103C
1nF upto 10nF 50Hz to 10 kHz 50 1.0 x 10:3C C: measured value
>100nF upto 1000nF Hz to 1kHz 1.0-10sC using standard
>1kHz upto 10kHz 2.5x103C capacitances
Frequency 1mHz to 1GHz 2109 f+ Urs f=current measured value
Ury =trigger uncertainty
Time interval lusto 1000s 2109 t+2ns t = current reading
Rotational speed 1mina to 1:]?;]0100 with a light-activated 8106
visually switch but not !ess than 0.006
min-1
Active AC power 33mV upto 1000 P =value set using the
Measuring instruments V45Hz to 65kHz Fluke 5520A/5522A PF:
PF=1 Power factor
109 uW to < 11 kW 33mA upto <11A 1.4-103P
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power 1mW upto 300 W 0.5-103P
Measuring instruments >300W upto 20kW 1.0-103P
Sources 1mW upto 300W Product of U and I: 30-10sP P calculated
>300W to 1kwW 1mV<U<1000V 200- 106 P power
>1kW upto 1MW 100 pA < 1<2000 A 300106 P
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Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
Active AC power wW(Ur)... Uncertainty in
the amplitude of the
1Vto 1,000V fundamental voltage
45 Hz to 65 Hz 2w+ wl)? +w(@p)? | w(lr)... Uncertainty in the
amplitude of
0.05<cosp<1 the fundamental current
5mW upto 50kW 0.1Ato50A not less than 80 - 10-6 not | w(®r)... Uncertainty of the
>25W upto 120kwW >50Ato 120 A less than 0.14 - 103 phase shift angle

AC reactive power

5 mvar to 50 kvar

> 2.5 var to 120 kvar

1Vto 1,000V
45 Hz to 65 Hz
0.05<cosp<1

0.1Ato50A
>50Ato120A

ZV’W(UF)Z +wllg)? +w(@g)?

not less than 80 - 10-6 not
less than 0.14 - 10-3

Reactive power

1Vto 1000V
45 Hz to 65 Hz

0.05<cosp<1

ZV’W(UF)Z +wllg)? +w(@g)?

W(Urms) ... Uncertainty of
the root-mean-square
voltage

W(Irms) ... Uncertainty of the
root mean square value of
the current

0.1VA upto 50kVA 0.1Ato50A not less than 80 - 106
>50VA upto 120 >50Ato120A not less than 0.14 x 103
Oscilloscopes — U — Measured
Vertical deflection 5mV to 5V Ri=50Q 3.5-103U+35uVv value: square-
5mV to 120V Ri=1MQ 2.4-103U+40 v wave voltage
Horizontal deflection 5ns to 520ms 3:106T+1ns
>20ms to 5s 30-106T+1.2°104T2
Ascent time 150ps upto 10ms 250 mV 35-103-tr+5ps r = intrinsic rise time
250ps upto 10ms >250mVto2.5V 35-103-tr+8ps of the oscilloscope
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Winsen Permanent Laboratory — Electrical Parameters

Calibration and measurement facilities (CMC)

Measurement Measurement Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current oV 0.1pv U = set value
Measuring instruments ImV to 22V 7-10sU+1pv
>2.2V to 11V 9106 U
>11V to 22V 8106 U
>22V to 220V 12106 U
>220V upto 1000V 12106 U
Direct current oV 0.1pv U = measured value
Sources 1mV to 100mV 8106 U+1pv
>100V to 1V 11-106 U
>1V upto 10V 9-10s U
>10V to 100V 13-106 U
>100V upto 1000V 16 - 106 U
High voltage >1kV upto 10kV 2.5-103U+2.5V U = measured value
Direct current 0A Precision Open 0.2nA | = set value
Measuring instruments and 0.1uA upto <1pA Standard resistor and 35-106/+21 pA
sourees 1pA to <10pA voltmeter 50 - 105/ + 6 pA
10 pA upto <100pA 15-106/+0.4nA
100 pA upto 320mA 18 - 10/
>320mA upto 1 15-106/+ 6 pA
A>1A to 10A 0.2-10s3/
>10A to >150A 0.3x103/
150A upto 2000 A Current transformer 03x103/
Direct current I1mA upto 2.2A 1-103/
Current clamps >22A upto 20A 2-103/
>20A wupto 1000A 3-103/
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Direct current resistance 0Q 50 uQ R = set value on the
Measuring instruments 10;190Q 95106 R Fluke 5700A
100 28+10sR
190 27+10sR
100 Q; 1900; 17 - 106 R
1kQ 13- 10s6R
1.9kQ 13- 10s6R
10kQ 12-10s6R
19kQ 12-10s6R
100 kQ 14 - 106 R
190 kQ 14 - 106 R
1MQ 20-10sR
1.9 MQ 21-10sR
10 MQ 40-10sR
19 MQ 48-10sR
100 MQ 110-10sR
Sources 0Q 100 uQ R = value measured
10 to 10Q 16 - 106 R +50 uQ by HP 3458A
>10Q uptol00Q 12+105R +500 10
>1000Q to 1kQ 15-10cR 15 10+
>1kQ to 10kQ R15-10<R
>10kQ to 100kQ 35-106R
>100kQ to 1MQ 150-10s R
>1MQ to 10MQ 600 - 106 R
>10MQ  up tol00MQ 5-103R
>100MQ upto 1GQ
0.001Q wupto 0.1Q Substitution method 50106 R
>0.1Q upto 1MQ using a standard 20-106R
>1MQ upto 100MQ resistor 30-106R
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Measured Measurement Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Direct current resistance 10 to <11Q 0.12-103R R = set value for Fluke
Measuring instruments 11Q to <330 33-10sR 5520A / 5522A
330 to <110Q 29-10sR
110Q to <330Q 28+10sR
3300 to <1.1kQ 28+10sR
1.1kQ to <3.3kQ 28+10sR
33kQ to <11kQ 28+10sR
11kQ upto <33kQ 28+10sR
33kQ  to <110kQ 28+10sR
110kQ to <330kQ 32-10sR
330kQ to <1.1MQ 33-10sR
1.1MQ  upto <3.3MQ 62-10sR
33MQ  to <11 MQ 0.13-103R
11MQ to<33MQ 0.25-103R
33MQ upto <110MQ 0.5-103R
110MQ upto <330MQ 3-103R
330MQ upto <1.1GQ 15-103R
AC resistance 0.1Q upto2Q 50 Hz to 400 Hz 10-10s3-R
AC 1mVto2.2mV 10 Hz to 20 Hz 0.52-103U U = measured value
voltage >20 Hz to 40 Hz 0.52-10sU
measuring > 40 Hz to 20 kHz 0.40-10sU
instruments > 20 kHz to 50 kHz 0.40-10s U
and sources > 50 kHz to 100 kHz 0.41-10sU
> 100 kHz to 300 kHz 0.46-10sU
> 300 kHz to 500 kHz 0.55-10sU
> 500 kHz to 1 MHz 0.60- 105U
>2.2mVto7 mV 10 Hz to 20 Hz 0.22-103U
>20 Hz to 40 Hz 0.22-10sU
> 40 Hz to 20 kHz 0.16-10sU
> 20 kHz to 50 kHz 0.16-10sU
> 50 kHz to 100 kHz 020-10sU
> 100 kHz to 300 kHz 022-10sU
> 300 kHz to 500 kHz 033-10sU
0.45- 103U

> 500 kHz to 1 MHz
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Comments

AC

voltage
measuring
instruments and

sources

U = measured value

Measuring Test conditions / Expanded
range / procedures measurement
Measuremen uncertainty
t span

>7mVto22mV 10 Hz to 20 Hz 80 106 U

>20Hzto 40 Hz 80-10s U

> 40 Hz to 20 kHz 65- 10+ U
> 20 kHz to 50 kHz 75-10s U
> 50 kHz to 100 kHz 75-106 U
> 100 kHz to 300 kHz 95-10s U
> 300 kHz to 500 kHz 0.19-10sU
>500 kHz to 1 MHz 0.21-103U

>22 mVto70 mV 10 Hz to 20 Hz 70 - 106 U

>20 Hz to 40 Hz 58 - 10 U

> 40 Hz to 20 kHz 35106 U
> 20 kHz to 50 kHz 35106 U
> 50 kHz to 100 kHz 45-106 U
> 100 kHz to 300 kHz 55-106 U
> 300 kHz to 500 kHz 0.11-103U
> 500 kHz to 1 MHz 0.13-103U
>70 mV to 220 mV 10 Hz to 20 Hz 39106 U
> 20 Hz to 40Hz 35-106 U

> 40 Hz to 20 kHz 25106 U
> 20 kHz to 50 kHz 25106 U
> 50 kHz to 100 kHz 28 -10s U
> 100 kHz to 300 kHz 42-10s U
> 300 kHz to 500 kHz 85-10s U
>500 kHz to 1 MHz 0.1-103U
>220 mV to 700 mV 10 Hz to 20 Hz 25 - 106 U
>20 Hz to 40Hz 22106 U

> 40 Hz to 20 kHz 12106 U
> 20 kHz to 50 kHz 12106 U
> 50 kHz to 100 kHz 13- 106 U
> 100 kHz to 300 kHz 14-10s U
> 300 kHz to 500 kHz 27-10s U
40 - 106 U

> 500 kHz to 1 MHz
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Comments

AC

voltage
measuring
instruments

and sources

U = measured value

Measuring Test conditions / Expanded
range / Procedures measurement
Measuremen uncertainty
t span

>700mVto2.2V 10 Hz to 20 Hz 20106 U

>20Hz to 40 Hz 14 - 106 U

> 40 Hz to 20 kHz 10- 106 U

> 20 kHz to 50 kHz 10- 106 U

> 50 kHz to 100 kHz 11-106U

> 100 kHz to 300 kHz 11-10s U

> 300 kHz to 500 kHz 22-10sU

>500 kHz to 1 MHz 68 - 106 U

>22Vto7V 10 Hz to 20 Hz 18 - 106 U
>20 Hz to 40Hz 12106 U

> 40 Hz to 20 kHz 11-106 U

> 20 kHz to 50 kHz 11-106 U

> 50 kHz to 100 kHz 13- 106 U

> 100 kHz to 300 kHz 13-106 U

> 300 kHz to 500 kHz 30-10s U

>500 kHz to 1 MHz 95-10s U

>7Vto22V 10 Hz to 20 Hz 17 - 106 U
>20Hz to 40 Hz 16 - 106 U

> 40 Hz to 20 kHz 11-106 U

> 20 kHz to 50 kHz 11-106 U

> 50 kHz to 100 kHz 11-10s U

> 100 kHz to 300 kHz 25-10s U

> 300 kHz to 500 kHz 30-10s U

> 500 kHz to 1 MHz 0.11-10sU

>22Vto70V 10 Hz to 20 Hz 18 - 106 U
>20 Hz to 40 Hz 16 - 106 U

> 40 Hz to 20 kHz 15106 U

> 20 kHz to 50 kHz 15106 U

> 50 kHz to 100 kHz 25-10s U

> 100 kHz to 300 kHz 25-10s U

> 300 kHz to 500 kHz 40- 10U

> 500 kHz to 1 MHz 0.13-103U

>70Vt0220V 10 Hz to 20 Hz 19 - 106 U
>20 Hz to 40 Hz 18- 106 U

> 40 Hz to 20 kHz 17-106 U

> 20 kHz to 50 kHz 17-10s U

32-106U

> 50 kHz to 100 kHz
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Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Deutsche

Akkreditierungsstelle

Comments

AC

voltage
measuring
instruments

and sources

>220Vto10 20V

10 Hz to 20 Hz

> 20 Hz to 40Hz

> 40 Hz to 20 kHz
> 20 kHz to 50 kHz
> 50 kHz to 100 kHz

25-106 U
27 - 106 U
45-10s U
45-10s U
65106 U

U = measured value

High voltage

>0.7kV to 1kv
>1kV to 7 kV

50 Hz

25-103U+0.25V
35-103U+2.0V

Alternating current 100pAtol A 10 Hz to 40 Hz 120 - 106/ I = measured value
amperage .
§ > 40 Hz to 1 kHz; 160 - 10/
Sources and measuring X
instruments > 1 kHz to 10 kHz; 6010 /
>1mAto 10 mA 10 Hz to 40 Hz 46 - 106/
>40 Hz to 1 kHz;
>1 kHz to 10 kHz;
>10mAtol1A 10 Hz to 40 Hz 17 - 106/
> 40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>1Ato10A 10 Hz to 40 Hz 32-10s/
>40 Hz to 1 kHz;
> 1 kHz to 10 kHz;
>10Ato20A 10 Hz to 40 Hz 39-10s6/
>40 Hz to 1 kHz;
>1 kHz to 10 kHz;
Current clamps 1mA upto 2.2A 40Hz to 5kHz 2-103/ I = measured value
>22A to 20A 40Hz to 5kHz 3-103/
>20A upto 800 A 40Hz upto 65Hz 4-103/
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Winsen Permanent Laboratory — Electrical Quantities
Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Capacity of 190pF upto <400pF 10Hz to 10kHz 4-103C+8pF With 5520A / 5522A
measuring 400pF to <1.1nF 10Hz to 10kHz 4.5-103C+8pF
instruments 11nF to <3.3nF 10Hz to 3kHz 4.0-103C+8pF
33nF to <11nF 10Hz to 1kHz 2.5-103C+8pF
11nF  to <33nF 10Hz to 1kHz 2.5-10-3C+80pF
33nF  upto <110nF 10Hz to 1kHz 2.5-103C+80pF
110nF  to <330 nF 10Hz to 1kHz 45-10s3C
330nF  to <1.1pF 10Hz to 600 Hz 4.5-103C
11uF  upto <3.3uF 10Hz to 300 Hz 4.5-103C
33uF to <11luF 10Hz to 150Hz 4.5-103C
11uF  to <33 pF 10Hz to 120Hz 6.0-103C
33uF  to <110 uF 10Hz to 80Hz 6.5-103C
110 uF to <330 uF DC upto 50Hz 6.0-103C
330uF  to <1.1mF DC upto 20Hz 6.0-103C
11mF  to <33 mF DC upto 6Hz 6.0-103C
33mF  to <11 mF DC to 2Hz 6.0-103C
11mF  to <33mF DC to 0.6Hz 8.0-103C
33mF  upto 110mF DC upto 0.2Hz 11-103C
InF  to 100 nF 50Hz to 10 kHz 1.0 x 10:3C C: value measured
>100nF  to 1000 nF S0Hz to 1kHz 1.0-103C using standard
>1kHz to 10kHz 2.5x103C capacitances
Frequency 1mHz to 1GHz 2109 f+ Urr f=current reading
Urr =Trigger uncertainty
Time interval lusto 1000s 2109 t+2ns t = current measured value
Rotational speed 1mina to 109’9100 with light-activated 810+
visually e switch but not !ess than 0.006
min-1
Active AC power 33mV upto 1000 P =value set using the
Measuring instruments V45Hz to 65kHz Fluke 5520A/5522A PF:
PF=1 Power factor
109 uW to < 11 kW 33mA upto <11A 1.4-103P
363 mW to 20 kW 11A to 20A 2.0-103P
Direct current power I1mW to 300W 0.5-103P
Measuring instruments >300 W up to 20 kW 1.0-103P
Sources 1mW upto 300W Product of Uand I 1 30-106P P: calculated
>300W to 1kw mV < U <1000V 200- 106 P power
>1kW upto 1MW 100 pA < <2000 A 300- 106 P
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Calibration and measurement services (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Active AC power w(Ur)... Uncertainty in
1V to 1,000V ; ;he;mplit:dle olftthe
2 WU + w(lp)? + w(dp)? undamental voltage
45Hzto 65 Hz W(IF)... Uncertainty in the
0.05<cosp<1 amplitude of the
5mW  upto 50kw 0.1At050 A not less than 80 - 10 not | (Undamental current
w(®r)... Uncertainty of the
>25W to 120 kW >50Ato 120 A less than 0.14 - 103 phase shift angle
1Vto 1,000V W(Urms) ... Uncertainty in
AC reactive power 45 Hz to 65 Hz 2Jw(UDE + w(lp)? + w(dp)? the root mean square value
of the voltage
0.05<cosp<1 W(Irms)... Uncertainty of the
S5mvar  upto 50 kvar 0.1AtoS0A not less than 80 - 106 root mean square value of
the current
>2.5var upto 120 kvar >50Ato120A not less than 0.14 x 103
Reactive power 1Vto 1,000V
45 Hz to 65 Hz
2/w(Up)? + wllp) + wiog)?
0.05<cosp<1
0.1VA  upto 50kVA 0.1Ato50A not less than 80 - 106
>50VA upto 120 kVA >50Ato120A not less than 0.14 x 103
Oscilloscopes: U : Measured
Vertical deflection 5mv to 5V Ri=50Q 3.5:-103U+35uv value: square-
5mv to 120V Ri=1MQ 2.4 103 U +40 pv wave voltage
Horizontal deflection 5ns to 520ms 3:106T+1ns
>20ms to 5s 30-106T+1.2°104T2
Ascent time 150ps upto 10ms 250 mV 35103 tr+5ps tr : Self-rising time
250ps upto 10ms >250mVto2.5V 35-103-tr+ 8 ps of the oscilloscope
Alternating 45 Hz to 65 Hz Measurement uncertainty
current —active 0.25<cospr<1 relating to apparent
energy t=100s energy
single-phase 150 Ws upto 5.76 MWs 30V to 480V 0.15-10
Measuring instruments 0.2At0120A
Alternating 45 Hz to 65 Hz
current 0.25<singr<1
reactive power t=100s
smgle—p.has.e 150vars upto 5.76 03(23 X :o ﬁg X 0.15-10
Measuring instruments Mvars . (¢}
Reactive power 45 Hz to 65 Hz,
in alternating t=100s
current 30Vto480V
single-phase 600 VAs upto 5.76 MVAS 0.2Ato120 A 0.15-10
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Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
Length Cylindrical
gauge blocks,
gauge rings:
Diameter # VDI/VDE/DGQ 2618
1 mm to 200 mm Part 4.1:2006, 0.8um+2-106-d dis the measured
Gauging pins: clause 3.3.4 (Opt.3), diameter
Diameter %) 1 mm to 200 mm point 3.3.5 (Opt. 4) 0.8um+2-106-d

Test probes:

Diameter #)

0.1 mm to 30 mm

VDI/VDE/DGQ 2618

Sheet 4.2:2007,
point 3.2.2 (Opt.

0.8um+2-106-d

Thread gauges (one
and multi-start
cylindrical external
and internal
threads with

straight edges,
symmetrical profile)

Threaded

1.4 mm to 200 mm

VDI/VDE/DGQ 2618

3um+10-106-d

Three-wire method

mandrels: nominal pitch: Part 4.8:2006 dis the measured
simpler 0.3 mm to 6 mm Section 3.2.2 (Opt. 1) Diameter

Threaded Nominal pitch from 3 VDI/VDE/DGQ 2618 3um+10-10s-d Two-sphere method
rings: mm to 200 mm: Part 4.9:2006 dis the measured
simpler 0.5 mm to 6 mm Section 3.2.2 (Opt. 1) Diameter

Length

of plane-parallel,
spherical or
cylindrical

Measurement surfaces *

0.01 mm to 500 mm

VDI/VDE/DGQ 2618
Part 19.1:2014

1.5um+2-106-/

Iis the measured

length

Diameter #)

0.01 mm to 200 mm

VDI/VDE/DGQ 2618
Part 4.1:2006,
clause 3.3.4 (Opt.3),
Point 3.3.5 (Opt. 4)

15um+2-106°d

d is the measured

diameter

Feeler gauges *)

0.03 mm to 2.00 mm

DIN 2275:2014

15um+2-106-/

Fitting dimensions for

Clamp micrometers *

25 mm to 500 mm

VDI/VDE/DGQ 2618
Sheet 4.4:2009

1.5um+2-106"/

Iis the measured

length
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Calibration and measurement facilities (CMC)

Measured quantity / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
VDI/VDE/DGQ 2618 .
Throat gauges * 3 mm to 200 mm Part 4.7:2005 0.8um+2-106-d dis the measured
Point 3.3.2 (Opt. 2) Diameter
Calipers for external, internal and \VDI/VDE/DGQ 2618 Part 30um +30- 106"/
0 mm to 500 mm 9.1:2006
Depth measurements
Depth caliper / >500 mm  up to 1000 mm VDI/VDE/DGQ 2618 50 um +30 - 106 - / lis the measured
; Part 9.2:2006
Height gauge *
VDI/VDE/DGQ 2618 Length
Part 9.3:2006
. VDI/VDE/DGQ 2618
Clamp-on micrometers *) 0 mm to 500 mm Part 10.1:2001
Fine-adjustment screws * 0 mm to 200 mm VDI/VDE/DGQ 2618
Part 10.3:2002 3pm+10-106-/
) VDI/VDE/DGQ 2618
Flush-mounted measuring screws » 0 mm to 50 mm Part 10.4:2008
. VDI/VDE/DGQ 2618
Depth micrometres #) 0 mm to 300 mm Part 10.5:2010
Internal micrometres with two- 13 mm to 300 mm VDI/VDE/DGQ 2618 3um+10-10s6-/
point contact >300 mm  up to 500 mm Part 10.7:2010 5um+10-106-/
on the calibration object #
Internal micrometers with a 2-
line contact system 5 mm to 100 mm 3-APD-0-0025-EN 3um+10-106-d dis the measured
on the calibration object 2023:07 Diameter
Internal micrometres with 3-line VDI/VDE/DGQ 2618
contact 3 mm to 100 mm Part 10.8:2002 3um+10-106-d dis the measured
on the calibration object * Diameter
Lever-type measuring VDI/VDE/DGQ 2618
devices (quick-action up to 200 mm Part 12.1:2005 7um+10-106-/ |is the measured
probes) for length
External dimensions *
Lever-type measuring VDI/VDE/DGQ 2618
devices (quickactiongauges) 2 mm to 200 mm Part 13.1:2005 7um+10-106"/
for Internal measurements+)
VDI/VDE/DGQ/DKD
Dial gauges * 0 mm to 100 mm 2618 mechanical dial gauges
Sheet 11.1:2021
3um+10-106-/
VDI/VDE/DGQ/DKD
/ zéng/ electronic digital dial
Issue 11.4:2020 gauges
) ) VDI/VDE/DGQ 2618
Fine pointer ) 0mmto3 mm Part 11.2:2002 0.6 pm
VDI/VDE/DGQ 2618
Sensor-lever measuring 0mmto 1.6 mm /VDE/DGQ 1.0 um

instruments *)

Part 11.3:2002
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Tape measures and rulers
VDI/VDE/DGQ 2618 L )
Tape measures Om to 100 m Part 8.2:2023 50 um +20- 106/ I'is the measured
Standards Om to 3m Length
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Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration item Measuremen uncertainty
t span
Length Cylindrical

calibration
standards,
gauge rings: VDI/VDE/DGQ 2618 d = is the measured

Diameter *) 1mm to 200mm Part 4.1:2006, 0.8um+2-10s-d diameter
Gauging pins: clause 3.3.4 (Opt.3),

Diameter *) 1mm to 200mm Point 3.3.5 (Opt. 4) 0.8um+2-106-d
Test probes: VDI/VDE/DGQ 2618

Diameter *) 0.1mm wupto 30mm Sheet 4.2:2007, 0.8um+2-106-d

point 3.2.2(0Opt.1)

Thread gauges (one
and multi-start
cylindrical external
and internal
threads with

straight edges,

symmetrical profile)

Threaded mandrels: Nominal diameter VDI/VDE/DGQ 2618
5|.mple flank 14mm upto 200 mm Sheet 4.8:2006 3um+10-106-d d =is the measured
diameter
Outer diameter *) Section3.2.2 2 um Diameter
Core diameter or (Opt.1) to 5 um
Puncture diameter *) Point 3.2.6 (Opt. 5)
Slope or pitch *) 0.5mm upto 8mm 1.5 um
Thread profile angle a *) >27° B+ 1t/hlaFr)1 'G?Ut not less IF = Flank length in mm

Threaded rings:
simple flank diameter

Nominal diameter:

VDI/VDE/DGQ 2618

*) 5mm to 200mm Sheet 4.9:2006 3um+10-106-d d =is the measured
Outer diameter *) Section 3.2.2 (Opt. 1) 5um Diameter

Core diameter or up to 2 pum

Hole diameter *) Point 3.2.6 (Opt. 5)

Gradient or pitch *) 0.5mm upto 8mm 1.5 um

Thread profile angle a *) >27° (3+ lt/hlaFr)m 'G?Ut not less IF = Flank length in mm
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Measured Measuring Measurement Expanded
quantity / range / conditions / measurement Comments
Calibration object Measuremen procedures uncertainty
t span
Length
of plane-parallel, 0.01 mm to 500 mm VDI/VDE/DGQ 2618 1.5um+2-10s6" |is the measured
spherical or Part 19.1:2014 length
cylindrical

measuring surfaces

*)

0.01 mm to 200 mm VDI/VDE/DGQ 2618 1.5um+2-10s" dis the measured
Diameter Part 4.1:2006, diameter
clause 3.3.4 (Opt.3),
Point 3.3.5 (Opt. 4)
Feeler gauges *) 0.03 mm to 2.00 mm DIN 2275:2014 1.5um+2-10s6" Iis the measured
length
Fitting dimensions for 25mm upto 500 mm VDI/VDE/DGQ 2618 1.5um+2- 106"
Screw gauges *) Sheet 4.4:2009
Throat gauges *) 3mm upto 200 mm VDI/VDE/DGQ 2618 0.8um+2-106* d is the measured

Part 4.7:2005
Point 3.3.2 (Opt. 2)

Diameter

Calipers for
external, internal

and

Omm to 500 mm

Depth caliper *)

>500 mm to 1000 mm

Height gauge *)

VDI/VDE/DGQ 2618
Part 9.1:2006

VDI/VDE/DGQ 2618
Part 9.2:2006

VDI/VDE/DGQ 2618
Part 9.3:2006

30 um +30 - 106 -

50 um +30 - 10+ *

/is the measured

Length

Valid from:

12 February 2026

Date of issue: 25 February 2026
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and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
. . VDI/VDE/DGQ 2618
Clamp-on micrometers *) Omm upto 500 mm Part 10.1:2001 3um+10- 106
Precision dial VDI/VDE/DGQ 2618
adjustment Omm upto 200 mm Part 10.3:2002 31m +10-10s
. VDI/VDE/DGQ 2618
Flush-mounted measuring Omm to 50mm Part 10.4:2008 3um+10- 106
SCrews *)
. . VDI/VDE/DGQ 2618
Depth micrometers *) Omm upto 300mm Part 10.5:2010 3um+10- 106
Internal micrometres
with a 2-line contact 5mm upto 100 mm 3-APD-0-0025-EN 3um+10- 10" dis the measured

on the calibration object

2023:07

Diameter

Internal micrometers

with 3-point contact

on the calibration object *)

3mm upto 150 mm

VDI/VDE/DGQ/DKD 2618
Part 10.8:2024

3um+10- 106

d is the measured

Diameter

Lever-type measuring

VDI/VDE/DGQ 2618

devices(quickactin gauges) upto 200 mm Part 12.1:2005 7um+10- 106 * Iis the measured
for length
External dimensions *)
Lever-type VDI/VDE/DGQ 2618
measuring 2mm to 200 mm Part 13.1:2005 7 pum+10- 106
instruments
. . VDI/VDE/DGQ/DKD 2618 . .
Dial gauges *) Omm to 100 mm Part 11.1:2021 3um+10- 106 mechanical dial gauges
VDI/VDE/DGQ/DKD 2618 electronic digital dial
Part 11.4:2020 3um +10-10s gauges
. . . VDI/VDE/DGQ 2618
Fine pointer *) Omm upto 3mm Part 11.2:2002 0.6 pm
Probe-type measuring Omm upto 1.6mm VDI/VDE/DGQ 2618 1.0 um

instruments *)

Part 11.3:2002

Valid from:

12 February 2026

Date of issue: 25 February 2026
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Heidenheim Permanent Laboratory - Dimensional quantities Calibration and

measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span

Coordinate
measuring technology
Prismatic, conical and
spherical workpieces

Coordinate measuring
machine with a
calibrated measuring
volume of:

X =700 mm
Y = 1400 mm
Z=500 mm

3-APD-0-0292-DE:
July 2024

Tactile measurement in
the form of single-point
probing using a
coordinate measuring
machine and the
determination of
standard geometries
defined by geometric
parameters (individual
points, straight lines,
planes, circles, spheres,
cylinders, tori), using the

CMM'’s analysis software.

Single-point probing is
carried out using a fixed,
pre-set measuring force
or by extrapolating to a
measuring force of zero.
Single-point probing as
‘self-centring probing’ is
not used within the
scope of accreditation.
To ensure traceability, a
comparable standard is
calibrated.

In addition, the
following

restrictions must be
observed:

It must be possible to
distribute
measurement points
evenly across formula
elements;

Coverage of at least
50 per cent of the
surface area of
moulded
components;
Analysis of medium-
sized structural
elements

The measurement
uncertainty is determined
by means of a measurement
uncertainty analysis based
on the VDI/VDE 2617 Part
11:2011 guideline. It is task-
specific and is used for a

A coverage probability of 95
per cent is stated
(expansion factor k = 2).

An example of
measurement uncertainty
for a measurement task:
Parallel measurement
with two nominal
dimensions; a laterally
projecting probe with a
length of 150 mm was
used; the expanded
measurement
uncertainty of the test
characteristic ‘distance’
was determined:

L=50mm,U=23pumL=
1400 mm, U = 13.7 um

The measured
uncertainty may differ
significantly from the
uncertainty given as an
example for simple
measurement tasks.

Valid from:

12 February 2026

Date of issue: 25 February 2026
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Abbreviations used:
cMC Calibration and measurement capabilities (Kalibrier- und Messmoglichkeiten)
DIN German Institute for Standardisation (DIN)
DKD-R Guideline of the German Calibration Service (DKD), published by the
Physikalisch-Technische Bundesanstalt
DGQ German Society for Quality (DGQ)
VDE Association for Electrical, Electronic and Information Technologies
VDI (VDE). Association of German Engineers (VDI).
VDI/VDE/DGQ 2618 VDI series of guidelines on the control of test equipment
APD Calibration procedure developed in-house by the
laboratory
Valid from: 12 February 2026
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German Accreditation Body

Appendix to the partial accreditation certificate D-K-
15070-01-02 in accordance with DIN EN ISO/IEC
17025:2018

Valid from: 5 March 2026
Date of issue: 5 March 2026

This appendix forms part of the accreditation certificate D-K-15070-01-00.

Holder of the partial accreditation certificate:

Testo Industrial Services GmbH
GewerbestraRe 3, 79199 Kirchzarten

with the locations

Testo Industrial Services GmbH
Calibration Laboratory, Kirchzarten,
GewerbestraBBe 3, 79199 Kirchzarten

Testo Industrial Services

GmbH, Kirchzarten Calibration
Laboratory

Erich-Rieder Strale 4, 79199 Kirchzarten

Testo Industrial Services GmbH
Calibration Laboratory, Munich
Nikolaus-Otto-StraRe 2, 85221 Dachau

Testo Industrial Services GmbH
Calibration Laboratory, Essen
Hermann-Drescher-Weg 4 a-d, 45329 Essen

This annex to the certificate is valid only in conjunction with the written certificate and reflects the status as at the date
of issue. The current status of valid and monitored accreditation can be found in the database of accredited bodies
maintained by the German Accreditation Body (www.dakks.de)

Abbreviations used: see last page Page 1 of 39
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Testo Industrial Services GmbH
Calibration Laboratory,

Hamburg

Meiendorfer StraBe 205, 22145 Hamburg

Testo Industrial Services GmbH

Calibration Laboratory,

Morfelden-Walldorf

KurhessenstraRe 11, 64546 Morfelden-Walldorf

Testo Industrial Services GmbH
Calibration Laboratory, Winsen
Tonnhauser Weg 100-106, 21423 Winsen (Luhe)

( DAKKS

Deutsche
Akkreditierungsstelle

The calibration laboratory meets the requirements of DIN EN ISO/IEC 17025:2018 for carrying out
the conformity assessment activities listed in this Annex. The calibration laboratory complies with
any additional statutory and regulatory requirements, including those set out in relevant sectoral

programmes, provided that these are expressly confirmed below.

The requirements for the management system set out in DIN EN ISO/IEC 17025 are formulated in
language relevant to calibration laboratories and are, on the whole, consistent with the principles of

DIN EN ISO 9001.

Valid from: 5 March 2026
Date of issue: 5 March 2026
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Calibration in the following areas:

Thermodynamic parameters

Temperature measurement
parameters
- Resistance thermometers )
- Thermocouples, thermocouples )
- Radiation thermometer
- Temperature fixed-point cells
- Temperature block calibrators )
- Temperature display devices and simulators a), 1)
- Climate chambers (temperature)
- Temperature transmitter, data logger a)

Moisture parameters
- Relative humidity measuring
instruments a)
- Absolute humidity measuring
instruments a)
- Climate chambers (humidity) ¢

Chemical and medical parameters; Chemical
analyses and reference materials

- Measuring instruments for electrolytic
conductivity - pH value
- Gas mixtures

Mechanical parameters
- Strength
- Scales ¢
- Pressure a)
- Torque a)

- Acceleration

Flow measurement parameters
- Flow velocity of gases

- Volume of flowing gases

- Mass of flowing gases

- Volume of flowing liquids

- Mass of flowing liquids

Acoustic parameters

a) including on-site calibration
b) including mobile laboratory
¢) on-site calibration only

Within the measurement quantities/calibration objects marked with =, the calibration laboratory is
permitted to apply the standards/calibration guidelines listed here, in different editions, without the
need for prior notification to or approval from DAkkS. The calibration laboratory maintains an up-to-
date list of all standards and calibration guidelines within its flexible scope of accreditation.

Valid from: 5 March 2026
Date of issue: 5 March 2026
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Calibration and measurement capabilities

Calibration laboratory location: Gewerbestrae3, 79199 Kirchzarten..........ccccceieeeeiiiiemiiciiecnnierieenncennennneeenes 5
Permanent Laboratory — Calibration Laboratory, GewerbestraRe 3 — Mechanical Measurements .........c.c.ccceeeunee 5
Permanentes Laboratorium Calibration Laboratory, Gewerbestrale 3 — ACOUSEICS ......cccveeeeiiiieeeiciie e, 7
Permanent Laboratory — Calibration Laboratory, GewerbestraBe 3 — Thermodynamic quantities.............c.ccuuee. 9
Permanent Laboratory — Calibration Laboratory, GewerbestraBe 3 — Flow measurement parameters ............... 14

Permanentes Laboratorium Calibration Laboratory, Gewerbestralle 3 - Chemical and medical parameters ....... 14

On-site calibration ... 15
On-site calibration — thermodynamic PAramMEeLErs .......cocuiiiiicciie et e e eeae e e s e e e e neaeeesanees 15
On-site calibration — Mechanical PAramMELEIS ... e e e e e e et rr e e e e e e e e e ebaaaeeeaaeeas 19
On-site calibration — flow MeasuremMeNnt PAramMELELS .......cocii i i e e e e e e e e rrr e e e e e e e eebaaaeeeaaeean 20
IMODIIE 1aDOratory .....cccceuiiiiiiiiiiiiiiiiiiieiiiieieieetiiieessssssseetiiiessssssssseeststessssssssssssssesssssssssssssssessssssssssssssss 21
Mobile Laboratory — Thermodynamic PAramEters ........ccccieeceiiieeiiieeeiieeeesteeesctee e see e s steae e s enaeeesnseeesnsaeesnnnnes 21
Mobile Laboratory — Mechanical PAramEters .......c.ueeiiciieeeiiiieectee et ee e eee e e stee e e st e e e e saae e e e e saseeeesntaeeesnnaeeesnneeens 23
Kalibrierlabor Kirchzarten site, Erich-Rieder Stralle 4, 79199 Kirchzarten........cccceeeuirrmeirrreirreeiereeierneerenecrennes 24
Kirchzarten Permanent Laboratory, Erich-Rieder StraRe 4 — Thermodynamic parameters ........cccccceeeccvvvieeeeeeeennns 24
Permanentes Laboratorium Kirchzarten, Erich-Rieder StralRe 4 - Mechanical parameters .......cccccceeeveeeicviieeeeeenn. 25
Calibration Laboratory Munich, Nikolaus-Otto-Strale 2, 85221 Dachau .......cccceeeeceiieeeiiiimeenceienenncenennseesneenes 26
Permanent Laboratory, Munich — Mechanical QUaNtities .........cccccuuieeiiiiee e e e 26
Permanent Laboratory, Munich — Flow-related parameters ...........coeieiiieiiiiiii ettt e e e eaare e 27
Permanent Laboratory, Munich — Thermodynamic Parameters .........coooooccciieieiii et eearre e 29
Essen Calibration Laboratory, Hermann-Drescher-Weg 4a-d, 45329 ESSEN .....c...eceeeerrireremnnnncecerreneennnnsssnsenns 31
Essen Permanent Laboratory — Thermodynamic PArameters .........ccceueiveeeecvveeeeeineesiieeeessseeeeessseeessnseeessnssesssnnnes 31
Calibration Laboratory Hamburg, Meiendorfer Strafle 205, 22145 Hamburg ........ccccccciieeeciireneceiieneccenennnnes 32
Permanent Laboratory, Hamburg — Thermodynamic Parameters .........ccceeeeviieieciieescieeeeieee e e eene e 32
Morfelden-Walldorf Calibration Laboratory, KurhessenstraRe 11, 64546 Mdérfelden-Walldorf ..................... 34
Morfelden-Walldorf Permanent Laboratory — Thermodynamic Parameters ..........covevveveeeeeeeeecciiieeee e 34
Winsen Calibration Laboratory, Tonnhauser Weg 100-106, 21423 Winsen (LUN@) .........cccvccenmeennennnnnnnnnnnennnes 37
Winsen Permanent Laboratory — Thermodynamic Parameters.........uicecceeivereveeeceieeeseeieeeesieeeesee e e sireeeeseneeeenees 37
Winsen Permanent Laboratory — Mechanical Parameters........cuuiiceeieiiiiieecieeceiee e ecteee et e e ere e e e e e e saaeeeenes 38
AbDreviations USEd .........eeeeiiiiiiiiiiiiiieeiieere e aes 39

Valid from: 5 March 2026

Date of issue: 5 March 2026 Page 4 of 39
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Calibration Laboratory, Gewerbestrale 3, 79199 Kirchzarten

Deutsche
Akkreditierungsstelle

Permanent Laboratory — Calibration Laboratory, GewerbestralRe 3 — Mechanical quantities

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Acceleration Sinusoidal Complex transfer
Vibration Excitation DKD-R 3-1 coefficient
transducer, (magnitude /
vibration 0.2Hzto<0.4Hz 25%/1.6° phase).
g‘e"f'su””g 0.4 Hz to <1Hz 1.5%/1.6° Transducer mass up
evice 2 2 to 0.9 kg,
0lm/sto  20m/s* iy <16 H: 0.8%/0.8° displacement
16 Hz 0.55% / 0.6° amplitude up to 100
mm
>16 Hz to 63 Hz 0.8% /0.8°
>63 Hzto 160 Hz 1.0%/1.1°
Sinusoidal Complex transfer
Excitation DKD-R 3-1 coefficient
(magnitude /
5 Hz to < 10 Hz 15%/15° phase).
10Hzto <20Hz 0.8% /0.8° Transducer mass up
to 0.2 kg,
1 m/SZ to 200 m/sz 20 Hz to 1 kHz 0.6% / 0.6° displacement
> 1 kHz to 5 kHz 0.8% /0.8° amplitude up to 8
mm
> 5 kHz to 10 kHz 20%/15°
> 10 kHz to 15 kHz 2.5 percent/2.5
> 15 kHz to 20 kHz 3.0 percent/3.0
Sinusoidal Complex transfer
Excitation DKD-R 3-1 coefficient
3Hzto <5Hz 1.6% / 1.1° (magnitude /
phase).
5Hzto <20Hz 1.1% / 1.1 Transducer mass up
, , 20Hzto <80 Hz 0.8% / 0.8° to 0.5 kg,
1m/s’to 500 m/s displacement
80 Hz 0.55%/0.6° amplitude up to 10
>80 Hz to 1 kHz 0.8% / 0.8° mm
>1kHz to 5 kHz 13% / 1.1°
> 5 kHz to 10 kHz 2.3% / 1.1°
Vibration Sinusoidal
calibrator excitation
10Hzto <20Hz 0.8%
0.1m/s*to 100 m/s 20 Hz to 1kHz 0.6 %
> 1 kHz to 5 kHz 0.8%
> 5 kHz to 10 kHz 20%
Valid from: 5 March 2026

Date of issue: 5 March 2026
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Appendix to Partial Accreditation Certificate D-K-15070-01-02

Permanent Laboratory — Calibration Laboratory, GewerbestralRe 3 — Mechanical

quantities Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
Pressur.e i -1 bar to -0.03 bar 10 pbar +5:10-5 - pe pe = Measured
Negative and value for
positive >-0.03 bar to < -1 mbar 50 pbar + 1-10-4 - pe pressure
overpressure medium: Gas
pe -1mbarto <0 mbar 4 pbar
0 bar 0.6 pbar
> 0 mbar to < 0.2 mbar 4 pbar
0.2 mbarto 3.6 mbar 0.7 pbar
> 3.6 mbar to 0.2 bar DKD-R 6-1: 2014 2 pbar +1:10-4 - pe
>0.2 barto 2 bar 30 pbar +2.5:10-5 - pe
> 2 bar to 20 bar 0.05 mbar +2.5:10-5 - pe
> 20 bar to 100 bar 0.5 mbar + 2.5:10-5 - pe
> 100 bar to 400 bar 6 mbar + 3.5x10-5 - pe
Print medium: QOil
0 bar 7105 - pe
> barto 1200 bar at least 7.5 mbar
0.01 bar to 2 bar 15 pbar + 2.5 x 105 - pabs | P> = measured
value for gas
> 2 bar to 20 bar 170 pbar + 2.5%10-5 - pabs pressure
> 20 bar to 101 bar 0.6 mbar + 2.5:10s - pabs | Medium
The measurement
DKD-R 6-1: 2014 uncertainty
Absolute pressure pabs > 101 bar to 401 bar 7 mbar + 3.5x10-s - Pabs associated with the
pabs = Pe + Pamb residual gas
1 bar pabs = Measured
value of the
7-10-5 - pabs at
pressure
3barto 1201 bar least 7.5 mbar . .
medium: QOil
The measurement
uncertainty of the

Valid from:

5 March 2026

Date of issue: 5 March 2026
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( DAKKS

Permanent Laboratory — Calibration Laboratory, Gewerbestrale 3 -
Acoustics Calibration and measurement capabilities

Measured
quantity /
Calibration object

(CMC)

Measuring
range /
Measuremen
t span

Test conditions /
Procedures

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Acoustics *)

Measuring microphone

/

Transmission ratio: -
60 dB to +20 dB
(relative to 1 V/Pa)

DIN EN 61094-8:2013

Substitution procedure

0.35dB
125 Hz to < 250 Hz in a low-reflection
Sound pressure chamber using a %- 0.30dB
level (free field) 250 Hzto 8 kHz inch standard at 0.40 dB
Free-field no-load or > 8 kHz to 10 kHz Sound pressure level: '
free-field operating 74 dB to 94 dB 0.45 dB
transmission ratio >10 kHz to 20 kHz
Measuring microphone .
/ & P Transmission ratio: - DIN EN IEC 60942:2018
60 d_B to +20 dB Calibration
Sound pressure (relative to 1 V/Pa) using a
level (pressure) 250 Hz / 124 dB reference 0.15dB
Pressure-idle or standard
0.15dB
pressure-operating 1000 Hz / 94 dB .
Al Pistonfon
transmission 1000 Hz / 114 dB 0.15dB
measurement Calibrator
Transmission DIN EN 61094-5:2016 1/2-inch microphones
coefficient: -60 dB to Calibration only
+20 dB (relative to 1 Using a
V/Pa) & 0.20 dB
reference
31.5Hzto 5 kHz standard 0.25dB
> 5 kHz to 10 kHz Comparative 0.50 dB
measurement using an
>10 kHz to 16 kHz electroacoustic coupler
(5SQ-4.2) at
Sound level meter / ; tion i
D'Sfﬁfyudei"c'atr';’: 'g_the DIN EN 61672-3:2017
Sound pressure auency range: Substitution procedure 0.50dB
level display (free 125 Hz to < 250 Hz irr: a Igw-reflectic;n 0.40 dB
field) chamber using a %-
250 Hz to 8 kH
zto z inch standard at 0.50 dB
> 8 kHz to 10 kHz Sound r;;e;;utre Igezlle 0.60 dB
o
> 10 kHz to 20 kHz
Sound level meter / Measurement deviation | DIN EN 61672-3:2017
at the reference . .
Sound pressure point: Calibration
level display using a
(pressure) reference 0.15dB
250 Hz / 124 dB standard 0.15 dB
Pistonf
1kHz / 94 dB stonton 0.15dB
1KHz/ 114 dB Calibrator
Calibrator
Valid from: 5 March 2026

Date of issue: 5 March 2026
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Permanentes Laboratorium Calibration Laboratory, GewerbestraRe 3 -
Acoustics Calibration and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span

Sound level calibrator

Sound pressure
level (pressure)

Sound pressure level:

74 dB to 130 dB
(referenced to20uPa)

DIN EN IEC 60942:2018
Substitution method

250 Hz / 124 dB using traceable 0.15dB
calibrators
1000 Hz /94 dB
1000 Hz / 114 dB
Frequency 250 Hz / 1000 Hz 0.1Hz
Valid from: 5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory — Calibration Laboratory, Gewerbestralle 3 — Thermodynamic
Parameters Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
G-ITS-90, Part 2.3:2021 i i
Temperature -189.3442 °C A o - 4.0 mK Comparlsor_l with a_
Fixed-point S ITSI’E;(;‘ Pl’lp e2p40|2n021 reference fixed-point
-ITS-90, Part 2.4: i
cells -38.8344 °C : : 1.0 mK ceII.usmg standard
Mercury trlple pOInt resistance
G-ITS-90, Part 2.2:2018
0.01°C : _ 0.5 mK thermometers
Triple point of water
G-ITS-90, Part 2.4:2021
29.7646 °C . . 0.8 mK
Melting point of
G-ITS-90, Part 2.4:2021
156.5985 °C . . . 2.5 mK
Indium freezing point
G-ITS-90, Part 2.4:2021
231.928 °C . . . 1.5 mK
Zinner freezing point
419.527 °C G-ITS-90, Part 2.4:2021 2.0 mK
) Zinker solidification om
G-ITS-90, Part 2.4:2021
660.323 °C Aluminium 7.0 mK
solidification point
i EURAMET Technical i
Sta_ndard platinum ~196 °C to ~189.3442 °C ! 8.0 mK Extrapolation
resistance Guide No. 1:2017
G-ITS-90, Part 2.3:2021 i i
thermomgters _189.3442 °C ; ‘ 4.0 mK Calibration at
(SPRTSs), direct- Argon triple point temperature reference
i G-ITS-90, Part 2.4:2021 i
reading -38.8344°C art 2,24 1.5 mK points
thermometers and Mercury triple point
temperature 0.01 °C G-ITS-90, Part 2.2:2018 0.5 mK
transmitters with ) Triple point of water = m
resistance sensors 29,7646 °C G-ITS-90, Part 2.4:2021 1.0 mK
(SPRTs) ) Melting point of om
G-ITS-90, Part 2.4:2021
156.5985 °C . . . 2.5 mK
Indium freezing point
G-ITS-90, Part 2.4:2021
231.928 °C . . . 2.5 mK
Zinner freezing point
419.527 °C G-ITS-90, Part 2.4:2021 2.5 mK
) Zinker solidification = m
G-ITS-90, Part 2.4:2021
660.323 °C Aluminium 7.0 mK
solidification point
-189.3442 °C to 0.01°C G-ITS-?O, Part 5:2021 6.0 mk Calibration at
Key points: Ar, Ed., temperature reference
o N G-ITS-90, Part 5:2021 points with
-38.8344 °C t0 29.7646 °C Key points: Hg, TPW, 2.0 mK characteristic curve
o . G-ITS-90, Part 5:2021 determination in
0 °C to 156.5985 °C Key points: TPW, In 3.5 mK accordance with ITS-
ITS- . 90
0°Cto 231.928 °C KG TS .got’ ?igvf/'zlon 3.5 mK
(;TTF;OSI)% SE 5’28’21 The measurement
0°Cto 419.527 °C T . art 5: 4.0 mK uncertainty applies to
Key points: TPW, Sn, the characteristic
0°Cto 660.323 °c | O 1590, Part 5:2021 8.0 mK curve within the

Fixed points: TPW, Sn,

snecified ranse

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Akkreditierungsstelle

Permanent Laboratory, Calibration Laboratory, GewerbestraRe 3 — Thermodynamic quantities
Calibration and measurement capabilities (CMC)

Measured Measurement Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
Resistance . DKD-R 5-1:2018 in Comparison with a
thermometers, -196°C liquid nitrogen 15 mK reference
resistance 2018 thermometer
thermometers with 0.00 °C DKD-R 5-1:201 5.0 mK
display # Ice Point
-120°Cto 200 °C 10 mK
>200°Cto 300 °C DKD-R 5-1:2018 15 mK
> 300 °Cto 420°C in a liquid bath 20 mK
> 420 °Cto 500 °C 50 mK
>500 °C to 660 °C DKD-R 5-1:2018 0.20K
in a tunnel
Resistance —40 °C to 200 °C DKD-R 5-1:2018 15 mK Comparison with a
thermometer " a liquid b. th reference
with transmitter >200°Cto 500 °C In a fiquid ba 25 mK thermometer
Resistance Comparison with a
-40°Cto -30°C 0.30K
thermometers, reference
resistance thermometer
thermometers with >-30°Cto 150 °C DKD-R 5-1:2023 0.15 K
. . in the climate
display, resistance
th t ith chamber
ermometers wi > 150 °C to 180 °C 0.90K
transmitter =
Precious metal DKD-R 5-3:2018 Calibration at
0.01°C . . 0.4 K .
thermocouples *) Triple point of temperature fixed
DKD-R 5-3:2018 points of the ITS 90
231.928 °C . o . 0.4 K
Zinner freezing point
DKD-R 5-3:2018
419.527 °C . . . 0.4K
Zinker freezing point
DKD-R 5-3:2018
660.323 °C Aluminium 0.4K
freezing point
DKD-R 5-3:2018
961.78 °C . . . 0.5K
Silver freezing point
Calibration at fixed
) temperature points
DKD-R 5-3:2018 in with determination of
o o conjunction with characteristic curves
0°Cto 1000 °C DKD-R 5-6:2018 at 0.6 K
temperature fixed The measurement
points uncertainty applies to
the calibration curve
Precious-metal DKD-R 5-3:2018 Comparison with a
-40°C to 500 °C . L 0.5K
thermocouples, in a liquid bath reference
precious-metal DKD-R 5-3:2018 thermometer
thermocouples > 500 °C to 1000 °C . ’ 0.8K
. . in a tunnel
with display #)
DKD-R 5-3:2018
> 1,000 °Cto 1,200 °C . . 1.6K
in a spherical
Valid from: 5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory — Calibration Laboratory, Gewerbestralle 3 — Thermodynamic

quantities Calibration and measurement capabilities (CMC)

Measured Measuring Measurement Expanded Comments
quantity / range / conditions / measurement
Calibration object Measuremen procedures uncertainty
t span
Base metal 196 °C DKD-R 5-3:2018 in 05K Comparison with a
thermocouples, base liquid nitrogen ' reference
metal -90°Cto 200 °C 0.2K thermometer
thermocouples with 200 °C to 400 °C DKD-R 5-3:2018 04K
display *) in a liquid bath :
>400 °C to 500 °C 0.5K
>500 °C to 1000 °C DKD-R 5-3:2018 1.0K
in a tunnel
> 1,000 °C to 1,200 °C kiln, 1.6K
Thermc?couples with -80°C to 200 °C DKD-R 5-3:2018 0.5K Comparison with a
transmitters ) . . in a liquid bath reference
>200 °Cto 500 °C 10K thermometer
>500 °C to 1000 °C DKD-R 5-3:2018 2.0K
in a tunnel
Liquid-in-glass -80 °C to <0°C PTB Test 20 mK Comparison with a
thermometer * Regulations reference
0°Cto 200 °C Uj‘m , 10 mK thermometer
Calibration baths -80°Cto < 200 °C 3-APD-0-0155-EN: 10 mK Comparison with a
o o January 2023 reference
200 °Cto 300 °C 15 mK thermometer
Temperature block -90°Cto 125°C 0.04 K Comparison with a
calibrators * >125°Cto 150°C 0.05 K reference
th t
>150°Cto  300°C DKD-R 5-4:2018 0.25K ermometer
>300 °Cto 650 °C 0.50 K
> 650 °C to 1200 °C 25K
Contact-type surface 50 °Cto 100 °C 3-APD-0-0016-DE: 0.8K t = measured value in °C
thermometers >100 °Cto 500 °C January 2023 0.008K-t/°C
Radiation -18°Cto 60 °C 3-APD-0-0018-DE: 0.6 K Calibration using a
thermometer >60°Cto 100 °C January 2023 0.9 K liquid-cooled cavity
. . Spectral range: radiator
>100 °C to 350 °C 8 um to 14 um 1.2K
Tem[:l)erature Performance curve
t .
S etance -200°Cto  850°C DKD-R 5-5:2018 0.016 K according to
DIN EN IEC 60751:2023
thermometers *)
Temperature
display R R )
devices -200 °Cto 850 °C DKD-R 5-5:2018 0.030 K

for resistance

Valid from:

5 March 2026

Date of issue: 5 March 2026
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( DAKKS

Deutsche
Akkreditierungsstelle

Permanent Laboratory — Calibration Laboratory, Gewerbestralle 3 — Thermodynamic

quantities Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Temperature DKD-R 5-5:2018
simulators with reference Performance curve
for precious metal points— according to
thermocouples ~50°Ct0 1,750 °C compensation 0.10K DIN EN 60584-1:2014
DKD-R 5-5:2018
without reference
point compensation:
-50°Cto 1750 °C 250 Type R, Type S, Type 0.10K
°Cto 1750 °C B 0.10K
Temperature DKD-R 5-5:2018 with
simulators reference points— Performance curve
for base metal compensatio: according to
thermocouples * 200 °C to 1200 °C Type J, TypeT, TypeK 0.08 K DIN EN 60584-1:2014
—200 °Cto 400 °C 0.08 K
—200 °C to 1300 °C 0.09K
DKD-R 5-5:2018
without reference
point compensation:
—200 °C to 1200 °C Type J, Type T, Type 0.05K
-200°Cto 400°C E, Type K, Type N, 0.05K
—200 °C to 1000 °C Type C, Type A 0.05K
—200 °Cto 1300 °C 0.07 K
—200 °C to 1300 °C 0.05K
0°Cto 1300 °C 0.6 K
100 °C to 1300 °C 0.4K
Temperature DKD-R 5-5:2018
display with reference Perforr:nance curve
devices points— according to
for precious metal ~50°Ct0 1,750 °C compensation 0.10K DIN EN 60584-1:2014
thermocouples *) DKD-R 5-5:2018
without a
reference-
—-50 °Cto 1750 °C 250 Position 0.10K
°Cto 1750 °C compensation: Type 0.10K
Temperature DKD-R 5-5:2018
display with reference Performance curve
devices points— according to
Iﬂrerb;icr:;tlaels . ~200°Ct01200°C  ccompensatio: 0.08 K DIN EN 60584-1:2014
—200 °C to 400 °C Type J, TypeT,TypeK 0.08 K
—200 °C to 1300 °C 0.09 K
DKD-R 5-5:2018
without reference
point compensation:
—200 °Cto 1200 °C Type J, Type T, Type 0.05K
—200°Cto 400 °C E, Type K, Type N, 0.05 K
—200 °C to 1000 °C Type C, Type A 0.05K
—200 °Cto 1300 °C 0.07K
—200 °C to 1300 °C 0.05K
0°Cto 1300 °C 0.6 K
100 °Cto 1300 °C 0.4K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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( DAKKS

Deutsche
Akkreditierungsstelle

Permanentes Laboratorium Calibration Laboratory, Gewerbestrafle 3 - Thermodynamic
parameters Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / Procedures measurement
Calibration object Measuremen uncertainty
t span
Freezing point and 3APD0O0036DE:
dew point
temperatures -32°Cto<-25°C January 2023 90 mk
D . 1-Temperature, 2-
ew point -
gauges Pressure Humidity
transmitters and -25 OC to <0 OC 3-APD-0-0035-DE: 35 mK Primary generator
hygrometers O.,C to <70 oC January 2023 30 mK
70°Cto <90°C | 1-temperature, 1- or 40 mK
90°Cto 95°C 2-pressure humidity 45 mK
3-APD-0-0037-DE: Comparison with a
-25°Cto 95°C January 2023 130 m K dew point
in the climate hygrometer
Relative 3-APD-0-0035-EN: rH = measured value
humidity Dew 2% to 98% January 2023 0.1% +0.003-rH | Measurement
point mirror 1-temperature, 1- or uncertainty
Electric 2-pressure humidity expressed as the
psychrometes generator absolute value of
2% to 98% |with temperature 0.3% +0.007 - rH the relative
chamber humidity
3°Cto 98 °C;
Hygrometer, DKD-R 5-8:2019 rH = measured value
?rzt:sﬁigtiz:'*) 1-temperature, 1- or Measurement
2-pressure humidit i
2%to 98 % P V1 02%+0003. 54 | uncertainty
generator expressed as the
with temperature absolute value of
chamber the relative
3°Cto 98 °C; humidity
5%to 30 % DKD-R 5-8:2019 20% rH = measured value
in the climate References: Dew
> 30 per cent to 60 per chamber 39% point gauges and
- Temperature range: resistance
> 60 per cent to 95 per _18°Cto<0°C 6.2% thermometers
) Measurement

5% to 95%

DKD-R 5-8:2019
in the climate
chamber

Temperature range:
0°Cto<25°C

0.3% +0.007 - rH

DKD-R 5-8:2019

in the climate

chamber
Temperature range:

0.2% +0.005 - rH

uncertainty
expressed as the
absolute value of
the relative
humidity

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Permanentes Laboratorium Calibration Laboratory, GewerbestraRRe 3 - Flow-related

(

measurement parameters Calibration and measurement capabilities (CMC)

DAKKS

Deutsche
Akkreditierungsstelle

Measured Measuring Test conditions / Expanded Comments

quantity / range / procedures measurement

Calibration object Measuremen uncertainty

t span
Gas flow
Measurement b
Flow velocity of 0.1 m/s to 68 m/s using a low- 0.5 per cent; but
gases turbulence free not less than
et 0.01m/s

Volume flow rate
dVv/dt of flowing
gases

15 m3/h to 2,000 m3/h

Mass flow dm/dt
of flowing gases

15 kg/hto 2000 kg/h

3-APD-0-0055-DE:
January
2023
Air at ambient
conditions

1.5 per cent; but
not less than
0.3m3/h

1.5 per cent; but
not less than
0.3m3/h

Permanentes Laboratorium Calibration Laboratory, GewerbestraRRe 3 - Chemical and medical
parameters Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / Calibration range / procedures measurement
object Measureme uncertainty
nt span
Electrolytic 13pS/emto <5 1.5 per cent | discrete values
conductivity 5 uS/cm to < 100 uS/cm 3-APD-0-0265-EN: 0.7 per cent
Conductivity
meters 100 pS/cm to < 706 pS/cm January 2023 0.5 per cent
and facilities 706 uS/cmto 100 mS/cm 0.3 per cent
PH value 3-APD-0-0266-EN:
pH metres and pH 1.68 to pH 10 January 2023 0.03 pH
equipment
Exhaust gas / flue 0.0% 0.02% vol ppm vol = 10-s - ms/ms3
gas analysers vol 0.035% vol % vol = 10-2 - m3/m3
Oxygen (O) gas 1.4% 0.060% vol
concentrationz vol 0.12% vol
Carbon 80 ppm vol 3 ppm vol
monoxide, CO 100 ppm 3 ppm vol
vol 300 7.5 ppm vol
ppm vol 10 ppm vol
400 ppm 17.5 ppm vol
vol 700 3-APD-0-0169-DE: 125 ppm vol
Carbon dioxide CO2 0.0% vol January 2023 0.03% vol
0.1% vol 0.03% vol
0.5% vol 0.03% vol
17% vol 0.41% vol
38.5% 0.9% vol
Nitric oxide NO 150 3.8 ppm vol
ppm 7.5 ppm vol
Nitrogen dioxide NO2 100 ppm 3.0 ppm by
Sulphur dioxide SO2 100 ppm 3.0 ppm by
Methane CHa 5,000 ppm 120 ppm by

Valid from:

5 March 2026

Date of issue: 5 March 2026
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On-site calibration

On-site calibration — thermodynamic parameters
Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
Temperature 0.00 °C DKD-R 5-1:2018 10 mK Comparison with a
Resistance ] Ice point reference
thermometer, -80°Cto 200 °C _DKD.-R 5-122018 10 mK thermometer
resistance in a liquid bath
thermometer with 5200 °C to 300 °C .DKD'R 5-1:2018 0.5 K
display *) in the block
>300°C to 660 °C DKD-R 5-1:2018 3.0K
in the
Resistance -80°Cto 200 °C DKD-R 5-1:2018 25 mK Comparison with a
thermometer > 200 °C to 300 °C in a liquid bath 05K reference
with transmitter thermometer
DKD-R 5-1:2018
*) >300°Cto 500 °C . 3.0K
in the block
Resistance -40 °Cto <0°C 0.30K Comparison with a
thermometers with 0°Cto 50 °C 0.15 K reference
display, re5|stanc.e > 50°C to 30 °C DKD?R 5-1_:2018 025K thermometer
thermometers with in a climate
transmitter ) >80°Cto 120°C chamber 0.40K
>120°Cto 180 °C 0.90 K
Base-metal -80°Cto 200 °C .DKD.'R 5.'322018 02K Comparison with a
thermocouples, in a liquid bath reference
- DKD-R 5-3:2018
base-metal _ >200 °C to 300 °C . 0.5 K thermometer
thermocouples with in the block
display >300°Cto 1000 °C DKD-R 5-3:2018 3.0K
in the
Thermocouples with _80°Cto 200°C DKD-R 5-3:2018 03K Comparison with a
transmitters ) in a liquid bath ) reference
>200°Cto 1000 °C DKD-R 5-3:2018 35K thermometer
in the
Calibration baths -80 °Cto <200 °C 3-APD-0-0155-EN: 10 mK Comparison with a
200 °C to 300 °C January 2023 15 mK reference
Block calibrators ) -90°Cto 125°C 0.04 K Comparison with a
>125°Cto 150 °C 0.05 K fﬁfefence
> 150 °C to 300 °C 0.25K thermometer
DKD-R 5-4:2018
>300°Cto 650 °C 0.5
> 650 °Cto 800 °C 2.5K
>800°Cto 1000 °C 4K
Temrl)erature Performance curve
simulators :
-200 °Cto 850 °C DKD-R 5-5:2018 0.016 K according to

for resistance

DIN EN IEC 60751:2023
thermometers *)

Temperature
display R R )
devices -200 °Cto 850 °C DKD-R 5-5:2018 0.030K
for resistance
Valid from: 5 March 2026

Date of issue: 5 March 2026 Page 15 of 39
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On-site calibration — thermodynamic parameters
Calibration and measurement capabilities (CMC)

Measured
quantity /
Calibration object

Measuring
range /
Measuremen
tspan

Test conditions /
procedures

( DAKKS

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Temperatur

e simulators
for precious metal
thermocouples *

DKD-R 5-5:2018
with reference
points—

Performance curve
according to
DIN EN 60584-1:2014

-50°Cto 1,750 °C compensation 0.10K
DKD-R 5-5:2018
without reference
point compensation:
—-50 °Cto 1750 °C 250 Type R, Type S, Type 0.10K
°Cto 1750 °C B 0.10K
Temperatur DKD-R 5-5:2018 Performance curve
e simulators with reference according to
for base metal points— DIN EN 60584-1:2014
thermocouples ) ~200 °C to 1200 °C compensation 0.08 K
—-200 °C to 400 °C Type J, Type T, 0.08 K
—200 °Cto 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation:
—200 °Cto 1200 °C Type J, Type T, Type 0.05K
-200°Cto 400 °C E, Type K, Type N, 0.05 K
—200 °C to 1000 °C Type C, Type A 0.05K
—200 °Cto 1300 °C 0.07 K
0°Cto 1300 °C 0.05K
100 °C to 1300 °C 0.6 K
0.4 K
Temperature DKD-R 5-5:2018 Performance curve
display with reference according to
devices . points— DIN EN 60584-1:2014
Iﬂ;fﬁr;cc'gtilr::ffl -50°Cto 1,750 °C compensation 0.10K
DKD-R 5-5:2018
without a
reference-
-50°Cto 1,750 °C Position 0.10K
250 °Cto 1,750 °C compensation: Type 0.10K
Temperature DKD-R 5-5:2018 Performance curve
display with reference according to
devices points— DIN EN 60584-1:2014
Iﬂgfriiimﬁaels N —200 °C to 1200 °C compensatio: 0.08 K
—200 °Cto 400 °C Type J, TypeT,TypeK 0.08 K
—200 °C to 1300 °C 0.09 K
DKD-R 5-5:2018
without reference
point compensation:
—200 °C to 1200 °C Type J, Type T, Type 0.05 K
-200°Cto 400°C E, Type K, Type N, 0.05K
—200 °C to 1000 °C Type C, Type A 0.05 K
—200 °Cto 1300 °C 0.07 K
—200 °Cto 1300 °C 0.05K
0°Cto 1300 °C 0.6 K
100 °C to 1300 °C 0.4 K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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On-site calibration — thermodynamic parameters
Calibration and measurement capabilities (CMC)

( DAKKS

Deutsche
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
tspan
Measurement . S
o ° Measuring medium: Air
points in climate -90°Cto 0°C 0.3K )
Comparison
chambers *) th
>0°Cto  100°C 0.2K Wit
DKD-R 5-7:2025 resistance
Method C thermometers
>100 °C to 200 °C 0.3K
>200°Cto 350 °C 0.5K
Climate Measurin dium: Ai
_on ° ° g medium: Air
cabinets with 90°Cto 0°C 0.5K )
. . Comparison
recirculating with
air =) >0°Cto 100 °C 0.3K .
DKD-R 5-7:2025 resistance
Methods A and B thermometers
>100 °Cto 200 °C 0.5K
>200 °Cto 350°C 0.8K
Dew point 3-APD-0-0164-EN: Comparison
temperature Dew 55t 20°C January 2023 0.09 k with the dew
oint measurin - (o] . . .
P & 1-Temperature, 2- point mirror
instruments, .
h Pressure and Humidity
ygrometers
Generator
Relative humidity . S
Measurement 5% to 30% DKD-R 5-7:2025 03% -Il\-/rl]ears‘urlrﬁ.medmm. air
points in climate Method C fe umidity
chambers *) >30%to 60 % Temperature range: 0.4% rererence Is
~10°C t0 95 °C calculated from the
i ) dew point and air
> 60 % to 98 % Freezing point 2 -25°C 0.6% temperature
Measurement
Climate-controlled . . . uncertainty
cabinets #) >%to 30% DKD-R 5-7:2025 0.4% expressed as the
Methods A and B absolute value of
Temperature range: the relative
>30%to 60 % -10°Cto 95 °C 0.6 % humidity
Freezing point > -25 °C
>60 % to 98 % 0.8%
Valid from: 5 March 2026

Date of issue: 5 March 2026
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On-site calibration — Thermodynamic parameters
Calibration and measurement facilities (CMC)

Measurement
parameter /
Calibration object

Measuring
range /
Measuremen
t span

Test conditions /
procedures

( DAKKS

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Relative humidity
Hygrometer, data
logger,
transducers *)

10 % to 95 %

DKD-R 5-8:2019
1-Temperature,

2-Pressure Humidity
Generator
Chamber
temperature:
0°Cto70°C

0.6 %

References: Dew
point gauges and
resistance
thermometers

Measurement
uncertainty
expressed as the
absolute value of
the relative

5%1t095%

DKD-R 5-8:2019

in the mixed-gas
generator

Chamber temperature:
10°Cto<20°C

0.3% +0.015 - rH

DKD-R 5-8:2019

1-Temperature, 2-

rH = measured value

References: Dew-
point mirror
hygrometer

Measurement
uncertainty
expressed as the
absolute value of

5% to 95% Pressure Humidity 0.3% +0.007 - rH .
G ¢ the relative
enerator humidity
Chamber temperature:
20°Cto30°C
DKD-R 5-8:2019
1-Temperature, 2-
5%1to95 % Pressure and 0.3% +0.015 - rH
Humidity Generator
Chamber
temperature: > 30
Hygrometers, DKD-R 5-8:2019 References: Dew-
Sata I(;)ggers, Humidifier with a point gauges and
ransducers =) limited usable volume resistance
10%t095% Chamber 0.9% thermometers
temperature: Measurement
0°C to 40 °C uncertainty
DKD-R 5-8:2019 expressed as the
idif ith absolute value of
i H:r:j“d' 'ET W'tl a the relative
10 % to 95 % imited usable volume 20% humidity

Chamber
temperature:

>40°Cto 70°C

Valid from:

5 March 2026

Date of issue: 5 March 2026
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On-site calibration — Mechanical parameters
Calibration and measurement facilities (CMC)

(
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Measured Measuring Test conditions / Expanded Comments

variable / range / procedures measurement
Scales *) non- EURAMET cg-18 with Class E weights2

automatic Okgto 10 kg Version 4.0 1-10s

electronic scales 10 ke to 80 K Onssite ‘10

> gto g calibration s

Torque  Calibration | 5 \ 11 +61000 N-m DKD-R 10-8:2020 2103

equipment

Torque 0.4N-mto<10N-m 2-10s3

transducers, DIN 51309:2022

- sensors, 10 N-m to 5,000 N-m 0.5- 103

- measuring chains

Hand-operated

torque 1 N-m to 1000 N-m DIN EN 15O 6789- 1%

screwdrivers

2:2017

Pressure -1 bar to -0.03 bar 12 pbar +5.2x10 - pe | Pe = Pressure
Negative and medium reading:
>-0.03 barto <-1mb 104 -
positive arto mbar 50 pbar +1-10-4 - pe |
overpressure -1 mbar to < 0 mbar 4 ubar
pe 0 bar 2 pbar
>0 mbar to < 0.2 mbar 4 pbar
0.2 mbar to 3.6 mbar 0.7 pbar
> 3.6 mbar to 0.2 bar DKD-R 6-1: 2014 2 pbar +1:10-4 - pe
>0.2 barto 2 bar 30 pbar + 2.7x10-5 - pe
> 2 bar to 20 bar 75 pbar + 2.7x10-5 x pe
>20bar to 100 bar 0.5 mbar +3.0-10-5 - pe
>100 bar upto 400 bar 7 mbar + 3.5x10-5 - pe
0 bar 7.2- 105 - peat Print medium: QOil
2barto 1200 bar least 7.5 mbar
Absolute pressure pats| g 1 par 1o 2 bar 17 pbar + 2.7x10=5 « pabs pabs = Measured
value: gas
> 2 bar to 20 bar 180 pbar + 2.7x10-s - pabg Pressure
The measurement
> 20 bar to 101 bar 0.5 mbar + 3.0-10:5 - pabs| UNCertainty associated
DKD-R 6-1: 2014 with the residual gas
measurement must
> 101 bar to 401 bar Pabs = Pe+ Pamb 7 mbar + 3.5 x 10-5 pabs| he taken into account.
pabs = Pressure
1 bar medium reading:
7-10-5 - pabs at .
least 7.5 mbar oil
3barto 1201 bar The measurement

uncertainty of the

Valid from:

5 March 2026

Date of issue: 5 March 2026
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On-site calibration — flow measurement parameters
Calibration and measurement facilities (CMC)
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Measured Measurement Test conditions / Expanded
quantity / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Flow of liquids 3-APD-0-0251-DE: Measuring

Volumetric flow

January 2023

instruments with

. . analogue output,
rate dV/dt 0.01 L/min up to 250 L/min Volumetric comparison 0.15 % frequency output and
from flowing measurement . :

L. (Ref - Turbi visual display
liquids eferences: Turbines,
gear meters, Coriolis
meters; MID, etc.)
Mass flow dm/dt
¢ flowi Density ranging from
rom Howing 700kg/m3t01100/3
liquids 0.01 up to 250 . 0.20%
kg/min ke/min Viscosity from
0.8 mm?/sto
1600 mm?/s
Gas flow 3-APD-0-0251-EN: Measuring
Volume flow dV/dt January 2023 instruments with
: 0.001 L/mir up to 250 Volumetric 0.50 % analogue output,
from flowing L/min : frequency output
gases comparison ) A
measurement and visual display
(References: Coriolis, under standard conditio
Mass flow dm/dt piston calibrator, ...)
from flowing Calibration medium: Pr=1013.25mbar
gases Compressed air (with Tn=0°C
air quality in
i H 0,
1.3 mg/min up to 312 g/min accordance with DIN 0.50%
I1SO 8573-1; clean, oil-
free air with a
maximum relative
humidity of 55 per
cent) at room
temperature up to a
maximum gauge
pressure of 10 bar
Volume flow dV/dt 3-APD-0-0251-DE: Measuring
from flowing January 2023 |nst||'uments with
gases Volumetric analogue output,

. frequency output
comparative ; and visual display
measuremen

5 mL/min to 250 L/min (References: Coriolis, 0.50 % In the standard
piston calibrator, ...) state: pn =
Calibration ’1f01362°5cr::§r
N=
medium: N2, COz, onN2 = 1.250 kg/m3
Ar, CH4, He _
’ ’ pnCO2 = 1.976 kg/m3
(Purity >99.99% by pNAr = 1.783 kg/m3
volume);
’ pNCH2 =0.717 kg/m3
Room temperature onHe = 0.1785 kg/ms
up to a maximum of 10
bar gauge pressure
Valid from: 5 March 2026

Date of issue: 5 March 2026
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Mobile laboratory

Mobile Laboratory — Thermodynamic Parameters
Calibration and measurement capabilities (CMC)

( DAKKS
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Temperature Performance curve
measurement according to
parameters -200°Cto  850°C DKD-R 5-5:2018 0.016 K DIN EN IEC 60751:2023
Temperature ’
simulators
'(Ij'gmlperature Performance curve
oy -200°Cto  850°C DKD-R 5-5:2018 0.030 K according to
. DIN EN IEC 60751:2023
for resistance
T_emperature DKD-R 5-5:2018 Performance curve
5|mulator§ with reference according to
for precious metal points— DIN EN 60584-1:2014
thermocouples ~50°Ct0 1,750 °C compensation 0.10K
DKD-R 5-5:2018
without
compensation for
—50 °Cto 1750 °C reference points 0.10K
250 °C to 1750 °C TypeR, 0.10K
T.emperature DKD-R 5-5:2018 with Performance curve
simulators reference points— according to
Iﬁf base mEtla' Type J DIN EN 60584-1:2014
ermocouples ) ~200 °C to 1200 °C compensation 0.08 K
—200 °Cto 400 °C Type T Type K 0.08 K
—200 °Cto 1300 °C 0.09 K
DKD-R 5-5:2018
without
compensation for
—200 °C to 1200 °C reference points 0.05 K
—200°Cto 400 °C Type, 0.05 K
~200 °C to 1000 °C TypT, 0.05 K
~200 °C to 1300 °C TypE, 0.07 K
~200 °C to 1300 °C Typk, 0.05 K
0 °C to 1300 °C TypN, 0.6 K
100 °C to 1300 °C TypC, 0.4K
TypA

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Mobile Laboratory — Thermodynamic Parameters
Calibration and measurement facilities (CMC)

Measured
quantity /
Calibration object

Measuring
range /
Measuremen
t span

Test conditions /
procedures

( DAKKS

Expanded
measurement
uncertainty

Deutsche
Akkreditierungsstelle

Comments

Temperature
display
devices

for precious metal

DKD-R 5-5:2018
with reference
points—

Performance curve
according to
DIN EN 60584-1:2014

_c0° o ti
thermocouples 50 °C to 1,750 °C compensation 0.10 K
Type R, Type S
DKD-R 5-5:2018
without a
reference-
—-50°Cto 1,750 °C position compensation 0.10K
250 °C to 1,750 °C TypeR, 0.10K
Type S,
Type B
Temperature DKD-R 5-5:2018 Performance curve
dlsplay with reference according to
def‘“cis al points— DIN EN 60584-1:2014
Oor base meta .
2900 ° o t
thermocouples 200 °C to 1200 °C compensation 0.08 K
—200 °C to 400 °C Typ)J, 0.08 K
—200 °C to 1300 °C TypT, 0.09 K
Typ K
DKD-R 5-5:2018
without
compensation for
—200 °C to 1200 °C reference points 0.05 K
—200°Cto 400 °C Type J, 0.05 K
—200 °C to 1,000 °C Type T, 0.05 K
—200 °C to 1,300 °C Type E, 0.07K
—200 °C to 1300 °C Type K, 0.05K
0°C to 1300 °C Type N, 0.6K
100 °C to 1300 °C Type C, 0.4K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Mobile Laboratory — Mechanical Parameters
Calibration and measurement facilities (CMC)

Measured
quantity /
Calibration object

Measuring
range /
Measuremen
t span

Test conditions /
procedures

(

Expanded
measurement
uncertainty

DAKKS

Deutsche
Akkreditierungsstelle

Comments

Pressure ») ~1 bar to -0.03 bar 12 pbar +5.2 x 1055 - pe | Pe = Pressure.
Negative and medium reading:
positive >-0.03 bar to < -1 mbar 50 pbar + 1-10-4 - pe Gas
overpressure
pe -1mbarto <0 mbar 4 pbar

0 bar 2 pbar
> 0 mbar to < 0.2 mbar 4 pbar
0.2 mbarto 3.6 mbar 1 pbar
> 3.6 mbar to 0.2 bar DKD-R 6-1: 2014 2 pbar +1:10-4 - pe
>0.2 barto 2 bar 30 pbar + 2.7x10-5 - pe
> 2 bar to 20 bar 75 pbar + 2.7x10-5 - pe
> 20 bar to 100 bar 0.5 mbar +3.0-10-5 - pe
> 100 bar to 400 bar 7 mbar + 3.5x10-5 - pe
Print medium: Qil
0 bar 7.2-10s - peat
2 barto 1200 bar least 7.5 mbar
0.01 bar to 2 bar 17 pbar + 2.7x10-5 - pabs pabs = Measured
value for gas as
> 2 bar to 20 bar 180 pbar + 2.7x10-5 - pabs the pressure
medium
> 20 bar to 101 bar 0.5 mbar +3.0-10s - pabs | The measurement
DKD-R 6-1: 2014 uncertainty
Absolute pressure pabs > 101 bar t 401b 7 mbar + 3.5 x 105 x associated with the
arto ar Pabs = Pe+ Pamb mbar+ 3. X Pabs | Lasidual gas
pabs = Pressure
1 bar medium
7-10s- Pabs . A
at least 7.5 mbar reading: Oil
3barto 1201 bar The measurement

uncertainty of the

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Kalibrierlabor Kirchzarten site, Erich-Rieder Stral3e 4, 79199 Kirchzarten

( DAKKS

Deutsche
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Kirchzarten Permanent Laboratory, Erich-Rieder StraBe 4 — Thermodynamic parameters

Calibration and measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded
variable / range / procedures measurement Comments
Calibration object Measuremen uncertainty
t span
Temperature Performance curve
measurement :
according to
?Z::S;?;fﬂsre -200°Cto 850 °C DKD-R 5-5:2018 0.016 K DIN EN IEC 60751:2023
simulators
Temperature
displ
oy -200°Cto  850°C DKD-R 5-5:2018 0.030 K
for resistance
Temperature DKD-R 5-5:2018 Performance curve
SITourli)trzrcSious metal with reference point according to
thermorouples » compensation DIN EN 60584-1:2014
-50°Cto 1,750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1750 °C TypeR, 0.10K
250 °Cto 1750 °C Type S, 0.10K
Temperature DKD-R 5-5:2018 Performance curve
SITourI?)ZOsZmetal with reference point according to
thermorouples compensation DIN EN 60584-1:2014
—200 °Cto 1200 °C Type J, 0.08 K
—200 °C to 400 °C Type T, 0.08 K
—200 °Cto 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200 °Cto 1200 °C Type J, 0.05K
-200°Cto  400°C TypeT, 0.05K
—200 °C to 1000 °C Type E, 0.05K
—200 °C to 1300 °C Type K, 0.07 K
—200 °C to 1300 °C Type N, 0.05 K
0°C to 1300 °C Type C, 0.6 K
100 °Cto 1300 °C Type A 0.4K
Temperature DKD-R 5-5:2018 Performance curve
:E\E)i::?s with reference point according to
tor arecious metal compensation DIN EN 60584-1:2014
thermocouples *) -50°Cto 1750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1750°C TypeR, 0.10K
250 °Cto 1750 °C Type S, 0.10K

Valid from:

5 March 2026

Date of issue: 5 March 2026

DKD-R 5-5:2018
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Permanentes Laboratorium Kirchzarten, Erich-Rieder Strafle 4 - Thermodynamic parameters

Measured
quantity /
Calibration object

Calibration and measurement facilities (CMC)

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded

measurement
uncertainty

Comments

Temperature
display
devices
for base metal
thermocouples *

with reference point
compensation

—200 °C to 1200 °C Type J, 0.08 K
—200 °C to 400 °C TypeT, 0.08 K
—200 °C to 1300 °C Type K 0.09K
DKD-R 5-5:2018

without reference

point compensation
—200 °Cto 1200 °C TypeJ, 0.05 K
-200°Cto  400°C TypeT, 0.05 K
—200 °C to 1000 °C Type E, 0.05 K
—200 °C to 1300 °C Type K, 0.07 K
—200 °C to 1300 °C Type N, 0.05 K
0°Cto 1300 °C Type C, 0.6 K
100 °C to 1300 °C Type A 0.4 K

Performance curve
according to
DIN EN 60584-1:2014

Permanentes Laboratorium Kirchzarten, Erich-Rieder-Strafle 4 - Mechanical parameters

Measured
quantity /
Calibration object

Calibration and measurement capabilities (CMC)

Measuring
range /
Measuremen
t span

Test conditions /
procedures

Expanded
measurement
uncertainty

Comments

Torque * Hand-

Date of issue: 5 March 2026

0.01N'mt0 0.2 N'm DIN EN ISO 6789-2:2017 1-10-2
operated torque
screwdrivers
DIN EN ISO 6789-2:2017
torque wrenches DKD-R 3-7:2018
with a display >0.2 N'‘mto 1 kN-m 2-103
Calibration
equipment for torque DKD-R 10-8:2020
tools
Torque -
transducers, 10 N'm to 5 kN-m DIN 51309:2022 0.5x 103
- sensors,
- measuring chains
Force *) Force
. DKD-R 3-3:2018
measuring 10N to 250 kN 5:104
. DIN EN ISO 376:2011
instruments,
Valid from: 5 March 2026
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( DAKKS

Calibration Laboratory Munich, Nikolaus-Otto-Strale 2, 85221 Dachau

Permanent Laboratory, Munich — Mechanical Parameters
Calibration and measurement capabilities (CMC)

Deutsche
Akkreditierungsstelle

Measurand / Measuring Test conditions / Expanded Comments
Calibration object range / procedures measurement
Measuremen uncertainty
t span
Acceleration % Sinusoidal Complex transmission
:’ibra:m Excitation DKD-R 3-1 coefficient
ransducer, .
ransa 0.2 Hz to < 0.4 Hz 2.5 per cent/ 1.6 | (Amount/ Phase)
vibration /s? /52| 0.4Hzto <1Hz 1.5 per cent / 1.6 | |ransducer mass up to 0.9
measuring 0.1 m/s*to 20 m/s : : : : :
nctrument 1 Hz to < 16 Hz 0.8%/0.8° kg, displacement amplitude
16 Hz 0.55 per cent / 0.6 up to 100 mm
>16 Hz to 63 Hz 0.8% /0.8°
>63Hzto 160 Hz 1.0%/1.1°
Sinusoidal Complex transfer
Excitation DKD-R 3-1 coefficient
5Hzto< 10 Hz 1.5 per cent / 1.5 (r;::sg:)ltude/
10 Hz to < 20 Hz 0.8% / 0.8° phase).
1m/stto 200 m/s? 20 Hz to 1 kHz 0.6%/0.6° Transducer mass up to 0.2
>1KHzto 5 kHz 0.8% /0.8° kg, displacement amplitude
: : up to 8 mm
>5kHzto  10kHz 2.0% / 1.5° P
> 10 kHz to 15 kHz 2.5percent/2.5
> 15 kHz to 20 kHz 3.0% /3.0°
Vibration Sinusoidal
calibrator excitation
DIN I1SO 16063-
1m/s’to 100 m/s* 10 Hz to < 20 Hz 0.8%
20 Hz to 1 kHz 0.6 per cent
> 1 kHz to 5 kHz 0.8 per cent
>5 kHz to 10 kHz 2.0 per cent
Torque * hand-
operated torque
. DIN EN ISO 6789-
screwdrivers
2:2017
torgue wrenches DKD-R 3-7:2018
with a display 0.2 N-m to 1000 N-m
2-103
Calibration
equipment for DKD-R 10-8:2020
torque tools
Torque transdu_cers, DIN 51309:2022
torque measuring
Strength «
Tensile force, 10 N to 100 kN DKD-R 3-3:2018 1-103

compressive force,
force measuring

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory, Munich — Mechanical Parameters

Calibration and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Pressure % -1 bar to <-0.1 bar 0.2 mbar + 1 x 10-4 x pe| pe = measured
Positive and —0.1 bar to <0 bar 50 pbar + 1104+ pe | value for gas as
negative 0 bar 10 ubar the pressure
overpressure DKD-R 6-1:2014 medium
pe >0 bar to 0.1 bar 50 pbar +1- 104 - pe
> 0.1 bar to 10 bar 0.2 mbar+1:104- pe
> 10 bar to 250 bar 2-104 - pe
Absolute pressure pabs| o3 pabs = Measured
. arto 10 bar . 0.2 mbar + 1 x 10-4 x value of the
DKD-R6-1:2014 | pat: pressure medium:
>10 bar to 251 bar pabs = pet pam 2 - 104 - pabs Gas
The measurement
uncertainty of the

Permanent Laboratory, Munich — Flow Parameters

Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuring uncertainty
span
Flow of liquids
Volume flow rate Comparison ith
dV/dt of flowing 1.2 ms/h  up to 340 ms/h measurements wit
liquids reference flowmeters
q 01%
Mass flow rate dm/dt librati dium:
of flowing liquids Calibration medium: Water
1,200 kg/h  up to 3.4 x 10s kg/h
3-APD-0-0171-DE: June 2023
. . . Measuring
Z;I/l:jr:s:rfllf)a?r‘:v rate 0.1 mL/min  up to 15 mL/min instruments with
e g Volumetric analogue output,
liquids 0.8 mL/min to 40 L/min 0.08% frequency output
measurement: and visual display
10 mL/min to 300 L/min piston calibrator
1 L/min to 1,200 L/min Liquids with a density 0.05%
; of
Mass flow dm/dt of . . 3 3
flowing liquids 0.1 g/min to 15 kg/min 700 kg/m3to 1,100 kg/m
0.6 g/min to 32 kg/min Viscosity of 0.12%
0.3 mm?/s to 1,600 mm?/s
8 g/min to 240 kg/min
3-APD-0-0090-DE: May 2023
0.8 kg/min to 1,000 kg/min 0.09%
Valid from: 5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory, Munich — Flow-related parameters
Calibration and measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuring uncertainty
Volume V of 3-APD-0-0090-DE: 2023-05 Measuring
flowing liquids 25mLto2.5L Flow rates not less than instruments with
0.5 mL/min analogue output,
: frequency output
3-APD-0-0090-DE: 2023-05 and visual display
190 mLto 19 L Flow rates not less than 0.08%
1mL/min
3-APD-0-0090-DE: 2023-05
410 mmLto41L Flow rates not less than
10mL/min
- -0- -DE: i Measurin
Gas flow 1 mL/min to <3 mL/min 3 AP_D 0-0088-DE: 2023-01 0.40% . & h
Volume flow rate Laminar flow elements for instruments wit
. . .| dry air (dew point < -15°C) analogue output,
dVy/dt of flowing gases 3 mL/min to 1000 L/min 0.33% frequency output
and visual display
3-APD-0-0088-DE: January
. Criti _ Under normal
8 L/min to 15,000 L/min 202,3';”t'ca'_“°22'elssocdry 0.24% conditions pn =
air {dew point < -15°C) 1013.25 mbar
Tn=0°C
Volumetric flow rate Measuring
dV/dt of flowing gases instruments with
analogue output,
frequency output
3-APD-0-0251-DE: January and visual display
2023 Under standard
Volumetric conditions: pn =
comparison 1013.25 mbar
measurement Tn=0°Cand
5 mL/min to 250 L/min (References: Coriolis, 0.50 % pnN2 = 1.250
piston calibrator, ...) kg/ms
Calibration pnCO2 =1.976
medium: N2, CO2, kg/m>
Ar, CHa, He pNAr =1.783
k 3
(Purity >99.99 vol. %); génl:: 0.717
Room temperature up to ﬁN/mz e
a maximum of 10 bar &
gauge pressure pnHe =0.1785
Mass flow dm/dt of - -0- _DE:
fowin / rsoe | 13g/minto <3.9g/min | 3-APD-0-0088-DE: January 0.42%
g8 2023: Laminar flow
3.9g/mint 1300 g/mi elements dry air 0.36%
.9 g/min to < .
& g/min (dew point < -15°C) °
3-APD-0-0088-DE: January
10 g/min to 15,000 g/min 2023: Critical Nozzles 0.24%
dry air
(dew point < -15°C)

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory, Munich — Thermodynamic Parameters Calibration
and measurement facilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
Temperature Performance curve
measurement :
according to
'T':r:::e‘::;ie -200°Cto 850 °C DKD-R 5-5:2018 0.016 K DIN EN IEC 60751:2023
simulators
Temperature
displ
ooy -200°Cto  850°C DKD-R 5-5:2018 0.030 K
for resistance
T_emperature DKD-R 5-5:2018 Performance curve
SITol:'Ii)trZrcsious metal with reference point according to
themmocounles = compensation DIN EN 60584-1:2014
-50°Cto 1,750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
—-50°Cto 1750 °C 250 TypeR, TypS, 0.10K
°Cto 1750 °C Type B 0.10K
Temperature DKD-R 5-5:2018 Performance curve
SlTourli)taosresmetal with reference point according to
thermocounles - compensation DIN EN 60584-1:2014
—200 °C to 1200 °C - Typel, 0.08 K
200 °Cto 400 °C Type T, 0.08 K
—200 °Cto 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200°Cto 1200 °C— Type J, 0.05 K
200°Cto  400°C-— Type T, 0.05 K
200 °C to 1000 °C —200 Type E, 0.05K
°Cto 1300 °C-200°C Type K, 0.07 K
to 1300 °C 0 °C to 1300 Type N, 0.05 K
°C 100 °Cto 1300 °C Type C, 0.6 K
Type A 0.4K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory, Munich — Thermodynamic Parameters Calibration
and measurement facilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Tgmperature DKD-R 5-5:2018 Performance curve
jg\f’ilcaeys with reference point aDCIIC\IOEi:Z%E‘;4 L2014
for precious metal compensation -
thermocouples *) —50 °C to 1750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1750 °C Type R, Type S, 0.10K
250°Cto 1750 °C Type B 0.10K
Tgmperature DKD-R 5-5:2018 Performance curve
jles\?ilcaeys with reference point aDT;OEdNir(;%;Z4 12014
for base metal compensation -
thermocouples ) —200 °C to 1200 °C Typel, 0.08 K
—200 °Cto 400 °C Type T, 0.08 K
—200 °C to 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200 °C to 1200 °C Type J 0.05 K
-200°Cto  400°C Type T 0.05 K
—200 °C to 1000 °C Type E 0.05K
—200 °C to 1300 °C Type K 0.07K
—200 °C to 1300 °C Type N 0.05 K
0°Cto 1300 °C Type C 0.6 K
100 °Cto 1300 °C Type A 0.4K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Essen Calibration Laboratory, Hermann-Drescher-Weg 4a-d, 45329 Essen

Permanent Laboratory Essen — Thermodynamic Parameters Calibration and
measurement facilities (CMC)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
Temperature Performance curve
measurement according to
parameters -200 °Cto 850 °C DKD-R 5-5:2018 0.016 K DIN EN IEC 60751:2023
Temperature
simulators
Temperature
displa
oy -200°Cto  850°C DKD-R 5-5:2018 0.030 K
for resistance
Temperature DKD-R 5-5:2018 Performance curve
S|rfnu|ator§ | with reference point according to
or precious meta ; DIN EN 60584-1:2014
thermocouples ) compensation
-50°Cto 1,750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1,750 °C Type R, Type S, 0.10K
250°Cto 1,750 °C Type B 0.10 K
Temperature DKD-R 5-5:2018 Performance curve
SITOUrI?)ZOSE metal with reference point according to
; DIN EN 60584-1:2014
thermocouples ) compensation
—200 °C to 1200 °C Type J, 0.08 K
—200 °Cto 400 °C Type T, 0.08 K
—200 °Cto 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200 °C to 1200 °C Type J, 0.05K
—200°Cto 400 °C TypeT, 0.05 K
—200 °C to 1000 °C TypeE, 0.05K
—200 °C to 1300 °C Type K, 0.07 K
—200 °C to 1300 °C Type N, 0.05 K
0 °Cto 1300 °C Type C, 0.6 K
100 °Cto 1300 °C Type A 0.4K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory Essen — Thermodynamic Quantities Calibration and
measurement facilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span

Temperature
display
devices
for precious metal
thermocouples *)

DKD-R 5-5:2018

with reference point
compensation

Performance curve
according to
DIN EN 60584-1:2014

Temperature
display
devices
for base metal
thermocouples *

-50°Cto0 1,750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1750 °C Type R, Type S, 0.10K
250 °Cto 1750 °C Type B 0.10K
DKD-R 5-5:2018
with reference point
compensation
—200 °Cto 1200 °C Type J, 0.08 K
—200 °C to 400 °C Type T, 0.08 K
—200 °Cto 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200 °Cto 1200 °C Type J, 0.05K
—200 °C to 400 °C Type T, 0.05K
—200 °C to 1000 °C Type E, 0.05K
—200 °C to 1300 °C Type K, 0.07 K
—200 °Cto 1300 °C Type N, 0.05K
0 °Cto 1300 °C Type C, 0.6 K
100 °C to 1300 °C Type A 0.4K

Performance curve
according to
DIN EN 60584-1:2014

Calibration Laboratory Hamburg, Meiendorfer StraRe 205, 22145 Hamburg

Hamburg Permanent Laboratory — Thermodynamic Parameters Calibration
and measurement facilities (CMC)

for resistance
thermometers #)

Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Temperature Performance curve
measurement according to
parameters -200 °Cto 850 °C DKD-R 5-5:2018 0.016 K DIN EN IEC 60751:2023
Temperature
simulators
Temperature
g:\z‘% -200°Cto  850°C DKD-R 5-5:2018 0.030 K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Permanent Laboratory Hamburg - Thermodynamic parameters Calibration
and measurement facilities (CMC)

Deutsche
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Temperature DKD-R 5-5:2018 Performance curve
simulators with reference according to
for precious metal points— DIN EN 60584-1:2014
thermocouples -50°Cto 1750 °C compensation 0.10K
Type R, Type S
DKD-R 5-5:2018
without reference
point compensation:
—-50°Cto 1750 °C |Type R, Type S, Type B 0.10K
250 °Cto 1750 °C 0.10K
Temperature DKD-R 5-5:2018 Performance curve
simulators with reference according to
for base metal points— DIN EN 60584-1:2014
thermocouples —200°Cto 1200 °C compensatio: 0.08 K
—200 °Cto 400 °C Type J, Type T, 0.08 K
—200 °C to 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation:
—200°Cto 1200 °C Type J, 0.05 K
—200°Cto 400 °C TypeT, 0.05 K
—200 °C to 1000 °C TypeE, 0.05K
—200 °C to 1300 °C Type K, 0.07K
—200 °C to 1300 °C Type N, 0.05K
0°Cto 1300 °C Type C, 0.6 K
100 °C to 1300 °C Type A 0.4K
Temperature DKD-R 5-5:2018 Performance curve
display with reference according to
devices points— DIN EN 60584-1:2014
fﬂr precious lmefa' ~50°Ct0 1,750 °C compensation 0.10K
thermocouples DKD-R 5-5:2018
without a
reference-
-50°Cto 1750 °C Position 0.10K
250 °Cto 1750 °C compensation: Type 0.10K
Temperature DKD-R 5-5:2018 Performance curve
display with reference according to
devices points— DIN EN 60584-1:2014
Iﬂrerb:;icr:ﬁaels . ~200 °C to 1200 °C Compensatio: 0.08 K
—200 °Cto 400 °C Type J, Type T, 0.08 K
—200 °Cto 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
—200 °C to 1200 °C point compensation:
—200°Cto 400 °C Type J, 0.05K
—200 °C to 1000 °C Type T, 0.05K
—200 °C to 1300 °C Type E, 0.05K
—200 °Cto 1300 °C TypeK, 0.07 K
0°Cto 1300 °C Type N, 0.05 K
100 °C to 1300 °C Type C, 0.6 K
Type A 04K

Valid from:

5 March 2026

Date of issue: 5 March 2026
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Morfelden-Walldorf Calibration Laboratory, KurhessenstraBe 11, 64546 Morfelden-

Walldorf

Morfelden-Walldorf Permanent Laboratory — Thermodynamic Parameters
Calibration and measurement facilities (CMC)

Measurement Measuring Test conditions / Expanded Comments
parameter / range / procedures measurement
Calibration object Measuremen uncertainty
t span
Temperature Comparison with a
measurement DKD-R 5-1:2018 reference
parameters -40°Cto 200 °C . . 10 mK thermometer
Resistance in a liquid bath
thermometers,
Resistance DKD-R 5-1:2018 Comparison with a
thermometer -40°Cto 200 °C i a liquid bath 15 mK reference
with transmitter in a fiquid bat thermometer
Resistance -40°Cto <0°C 0.30K Comparison with a
tf.\ermomet.ers with 0°Cto 50 °C 0.15 K reference
display, resistance s0°Ct 80 °C DKD-R 5-1:2018 025K thermometer
: > o .
thermometers with in the climate
transmitter *) >80°Cto 120°C 0.40 K
chamber

>120°Cto 180 °C 0.90 K
Precious-metal Comparison with a
thermocouples, DKD-R 5-3:2018 reference
precious-metal -40°Cto 200 °C i a liquid bath 0.5K thermometer
thermocouples with Ina fiquid bat
display
Base-metal Comparison with a
thermocouples, DKD-R 5-3:2018 reference
base-metal -40°Cto 200 °C i a liquid bath 0.2K thermometer
thermocouples with in a liquid bat
display #)
Thermocouples with . . DKD-R 5-3:2018 Comparison with a
transmitters = -40°Cto 200°C in a liquid bath 03K reference

i i 3-APD-0-0155-EN: C i ith
Calibration baths —40°Cto 200 °C 10 mK omparison with a
January 2023 reference
Ter_’nperature block _40°Cto 150 °C DKD-R 5-4:2018 0.05 K Comparison with a
calibrators #) reference
Radiation -18°Cto 60 °C 3-APD-0-0018-DE: 0.6 K Calibration using a
thermometer > 60 °C to 100 °C January 2023 0.9 K quu_id-cooled cavity
Spectral range: radiator

> 100 °Cto 350 °C 8 um to 14 um 1.2K

Temperature simulators Performance curve
Iﬁr rESIStantce -200 °Cto 850 °C DKD-R 5-5:2018 0.016 K according to
ErMOmEELers DIN EN IEC 60751:2023

Temperature
display . . )
devices -200 °Cto 850 °C DKD-R 5-5:2018 0.030K

for resistance
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration object Measuremen uncertainty
t span

Temperature
simulators
for precious metal
thermocouples *

DKD-R 5-5:2018
with reference
points—

Performance curve
according to
DIN EN 60584-1:2014

-50°Cto 1,750 °C compensatio: 0.10 K
Type R, TypeS
DKD-R 5-5:2018
without reference
point compensation:
-50°Cto 1750 °C Type R, Type S, 0.10K
250 °Cto 1750 °C Type B 0.10K
Temperature DKD-R 5-5:2018 Performance curve
simulators with reference according to
for base metal points— DIN EN 60584-1:2014
thermocouples * —200 °C to 1200 °C compensation: 0.08 K
—200 °Cto 400 °C Type J, Type T, 0.08 K
—200 °C to 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation:
—200 °Cto 1200 °C Type J, 0.05K
-200°Cto  400°C Type T, 0.05K
—200 °C to 1000 °C TypeE, 0.05K
—200 °Cto 1300 °C Type K, 0.07 K
—200 °Cto 1300 °C Type N, 0.05K
0°Cto 1300°C Type C, 0.6 K
100 °C to 1300 °C Type A 0.4K
Temperature DKD-R 5-5:2018 Performance curve
display with reference according to
devices points— DIN EN 60584-1:2014
:ﬁ;:’nrgc'g‘d: l’::tf" ~50°C t0 1,750 °C compensation: 0.10K
Type R, TypeS
DKD-R 5-5:2018
without a
comparative—
-50°Cto 1750 °C Position 0.10K
250 °Cto 1750 °C compensation: 0.10K
Type R, Type S, Type B
Temperature DKD-R 5-5:2018 Performance curve
display with reference according to
devices —200 °C to 1200 °C points— 0.08 K DIN EN 60584-1:2014
for base metal —200 °C to 400 °C compensation: 0.08 K
thermocouples ~200 °C to 1300 °C Type J, Type T, Type K 0.09 K
DKD-R 5-5:2018
without reference
—200 °C to 1200 °C point compensation: 0.05 K
—200 °Cto 400 °C Type J, 0.05K
—200 °C to 1000 °C Type T, 0.05K
—200 °Cto 1300 °C Type E, 0.07 K
—200 °Cto 1300 °C Type K, 0.05K
0°Cto 1300 °C Type N, 0.6 K
100 °C to 1300 °C Type C, 0.4K
Type A

Valid from:

5 March 2026

Date of issue: 5 March 2026

Page 35 of 39



Appendix to Partial Accreditation Certificate D-K-15070-01-02

( DAKKS

Morfelden-Walldorf Permanent Laboratory - Thermodynamic parameters
Calibration and measurement facilities (CMC)

Deutsche
Akkreditierungsstelle

Measurement Measuring Measurement Expanded Comments
parameter / range / conditions / measurement
Freezing point / dew -32°C to -25°C 90 mK
point temperature . . 3-APD-0-0036-DE:
Dew point >-25°C to -10°C January 2023 60 mK
gauges, >-10°C to  40°C |1-Temperature-2- 90 mK
transmitters, Pressure Humidity
hygrometers >40°C to 70 °C Generator 0.12K
Relative 10% to 20% DKD-R 5-8:2019 0.7% Measurement
humidity 1-temperature, 2- uncertainty as the
Hygrometer, >20% to 40% pressure humidity 1.3% absolute value of the
transducer >40% to 85 % generator 2.1% relative humidity
10% to 40 % DKD-R 5-8:2019 0.3%
1-t t 2-
>40% to  80% emperature, 0.6%
pressure humidity
>80% to 95 % generator 0.7%
10% to 40% DKD-R 5-8:2019 03%
1-t t 2-
>40% to  80% emperature, 0.5%
pressure humidity
>80% to 95 % generator 0.6 %
>20°Cto70°C
Valid from: 5 March 2026
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Winsen Calibration Laboratory, Tonnhduser Weg 100-106, 21423 Winsen (Luhe)

Winsen Permanent Laboratory — Thermodynamic Parameters Calibration and
measurement capabilities (CMC)

Measured Measuring Test conditions / Expanded Comments
variable / range / procedures measurement
Calibration object Measuremen uncertainty
tspan
Temperature Performance curve
measurement according to
parameters -200 °C to 850 °C DKD-R 5-5:2018 0.016 K DIN EN IEC 60751:2023
Temperature ’
simulators
Temperature
displays R R )
for resistance -200°Cto 850 °C DKD-R 5-5:2018 0.030 K
thermometers *)
Temperature DKD-R 5-5:2018 Performance curve
SITourI?)trZrcSious metal with reference point according to
; DIN EN 60584-1:2014
thermocouples ) compensation
-50°Cto 1750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1750 °C Type R, Type S, 0.10K
250 °Cto 1750 °C Type B 0.10K
Temperature DKD-R 5-5:2018 Performance curve
SITourI?)ZOsE metal with reference point according to
; DIN EN 60584-1:2014
thermocouples *) compensation
—200 °Cto 1200 °C TypeJ, 0.08 K
—200 °C to 400 °C TypeT, 0.08 K
—200 °C to 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200 °C to 1200 °C Type J, 0.05 K
—200°Cto 400 °C Type T, 0.05K
—200 °C to 1000 °C Type E, 0.05K
—200 °C to 1300 °C Type K, 0.07 K
—200 °C to 1300 °C Type N, 0.05K
0°Cto 1300 °C Type C, 0.6 K
100 °C to 1300 °C Type A 0.4K
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Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Tgmperature DKD-R 5-5:2018 Performance curve
jles\?ilcaeys with reference point according to
; DIN EN 60584-1:2014
for precious metal compensation
thermocouples *) -50°Cto 1,750 °C Type R, Type S 0.10K
DKD-R 5-5:2018
without reference
point compensation
-50°Cto 1750 °C TypeR, 0.10K
250 °Cto 1750 °C Type S, Type B 0.10K
Temperature DKD-R 5-5:2018 Performance curve
j:\?ilcaeys with reference point according to
e e metal compensation DIN EN 60584-1:2014
thermocouples *) —200 °Cto 1200 °C Type J, 0.08 K
—200 °C to 400 °C Type T, 0.08 K
—200 °C to 1300 °C Type K 0.09 K
DKD-R 5-5:2018
without reference
point compensation
—200 °C to 1200 °C Type J, 0.05K
—200°Cto 400 °C Type T, 0.05 K
—200 °C to 1000 °C Type E, 0.05K
—200 °C to 1300 °C Type K, 0.07 K
—200 °C to 1300 °C Type N, 0.05 K
0°Cto 1300 °C Type C, 0.6 K
100 °Cto 1300 °C Type A 0.4K
Winsen Permanent Laboratory — Mechanical Parameters
Calibration and measurement facilities (CMC)
Measured Measuring Test conditions / Expanded Comments
quantity / range / procedures measurement
Calibration item Measuremen uncertainty
t span
Pressure % -1 barto 10 bar 0.2 mbar + 1 x 10-4 x pe| pe = Measured
Positi d
osi |Ye an DKD-R 6-1:2014 value for gas as
negative >10barto 250 bar 2-104- pe the pressure
overpressure medium
0.03 bar to 11 bar 0.2 mbar+ 1 x10-4x pabs = Measured
Absolute pressure pabs
value of the
DKD-R 6-1:2014 di
ressure medium:
>11barto 251 bar pabs = pet pamb 2104+ pabs Zas
The measurement
uncertainty of the
barometer must be
taken into account
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Abbreviations used
APD Calibration method developed in-house by Testo Industrial Services GmbH
CcMC Calibration and measurement capabilities German Institute for Standardisation
DIN (DIN)
DKD-R Guideline of the German Calibration Service (DKD), published by the

Physikalisch-Technische Bundesanstalt
EURAMET European Association of National Metrology Institutes
G-ITS-90, Part 2.2  BIPM Guide to the Realisation of the ITS-90, Triple Point of Water;
G-ITS-90, Part 2.3 BIPM Guide to the Realisation of the ITS-90, Cryogenic Fixed Points

G-ITS-90, Part 2.4  BIPM Guide to the Realisation of ITS-90: Metal Fixed Points for Contact
Thermometry

G-ITS-90, Part 5 BIPM Guide to the Realisation of ITS-90, Platinum Resistance Thermometry
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