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Preliminary note

Legal regulations, standards and guidelines compel or induce manufacturers (according to the spirit of DIN EN ISO 9000 and following) or suppliers of calibration or testing services (e.g. in accordance with EN 45001) to take, and furnish evidence for, organizational and technical quality management measures. So it is necessary, among other things, that they supervise, calibrate and repair themselves the measuring equipment used for calibrations and tests and that they ensure the documentation within the scope of the supervision of measuring equipment. The supervision of the measuring equipment is to ensure that all equipment items are always in good working order and always comply with the quality requirements.

The Directive VDI/VDE/DGQ/DKD for the calibration of measuring equipment for electrical quantities is the result of a concerted action of the following institutions:

· VDI

Verein Deutscher Ingenieure (Association of German Engineers)

· VDE
Verband der Elektrotechnik, Elektronik, Informationstechnik 


(Association of Electrical Engineering, Electronics and Information Technology

· DGQ
Deutsche Gesellschaft für Qualität (German Association for Quality)

· DKD
Deutscher Kalibrierdienst (German Calibration Service)

· SK EMV
Sektorkomitee Elektromagnetische Verträglichkeit (Sector Committee for Electromagnetic Compatibility)

The Directive consists of several parts:

While Part 1 deals with the bases of the calibration of measuring instruments for electrical quantities and Part 2 with uncertainties of measurement, Part 3 describes the specific calibration of measuring equipment frequently used.

1 Purpose and scope

It is the purpose of this Directive to establish calibration procedures generally applicable to the calibration of measuring equipment for electrical quantities and thus to provide a uniform common basis for the supervision of test equipment. It is intended to make it easier for manufacturers and users of such measuring instruments to agree on a joint line of action for calibrations. Furthermore, the Directive is intended to assist competent users in calibrating themselves measuring instruments in accordance with generally accepted rules and in better assessing the calibration services provided by accredited laboratories.

The statements in Part 3 are recommendations and can be modified at the internal level or by agreement between customer and calibration or test laboratory. They can primarily be applied to measuring equipment used under specified conditions according to the manufacturer's documentation. Under these conditions that application for the measuring equipment is understood for which the technical characteristics are specified without any limitations or extensions. The user has to define appropriate requirements for use and safety requirements for measuring equipment employed outside the ambient conditions specified by the manufacturer or under operating conditions other than those specified by the manufacturer. 

A list of the calibration guidelines available is given in Appendix A. The individual parts are always to be used in connection with this Part 1 "Fundamentals". The guidelines Part 3 and following are valid both for measuring equipment and for measuring functions implemented by computer with the aid of plug-in modules and software. The prerequisite is a display by numerical value and unit which can be compared with the theoretical values defined by the standard.

If special accessories such as temperature sensors are available, the instructions given in this Directive are to be adapted or extended accordingly.

The standards and regulations applied are given in the References. In the case of undated references to publications, especially to standards, the last issue of the referenced publication shall be valid.

2 Terms and definitions

In this Directive the following definitions are used for the terms of measuring equipment, test equipment and calibration:

Measuring equipment
All measuring instruments, standards, material measures, reference materials, facilities and instructions necessary for carrying out measurements. This term also encompasses measuring equipment used for test and measuring equipment employed for calibration (DIN ISO 10012-1).

Test equipment

Test equipment is measuring equipment used to establish the conformity of products as regards specified quality requirements. Note: Test equipment is always subject to supervision in accordance with the series of standards DIN EN ISO 9000.

Calibration

"The set of operations which establish, under specified conditions, the relationship between values indicated by a measuring instrument or measuring system, or values represented by a material measure, and the corresponding known values of a measurand." (VIM – International Vocabulary of Basic and General Terms in Metrology [1])

For all other metrological terms the definitions in VIM or those from DIN 1319-1 shall be valid unless VIM gives definitions for individual terms.

3 General information on the calibration process

The calibration operations described in this Directive ensure that the metrological characteristics are determined by sufficiently meaningful methods in accordance with commercial aspects (minimum effort) and that the measured values are correct and comparable within the bounds of the uncertainties of measurement stated.

The operations described do not claim to deal with all metrological properties of the measuring equipment, including those important for calibration. Also, processes may be described which are not necessary in isolated cases. According to the conditions of use, the scope may be reduced or extended. In any case, a supervision of the measuring equipment must be based on a qualified and comprehensible decision on the calibration procedure.

3.1 Conditions for calibration

The prerequisites for calibrations are competent staff and adequate resources - e.g. traceably calibrated standards, qualified staff, suitable rooms (controlled ambient conditions and stabilized power supply) - and documented calibration procedures.

Before calibration is started, it is helpful to strike the right balance between the customer’s requirements and the laboratory’s technical capabilities (see Appendix B1).

The execution of a calibration commission requires that the measuring equipment should be calibrated (is suitable), i.e. that the present condition of the object to be calibrated is in agreement with the generally accepted rules of technology and with the specific requirements contained in the manufacturer’s documentation.

External inspections and performance tests serve to establish the suitability for calibration.

External inspections are, for example,

· visual inspections for damages (case, cable, plug-in connections)

· visual inspections regarding labelling, readability of displays

· test for unambiguous identification of the measuring equipment, including exchangeable units and other accessories as far as they are expected to influence the calibration result

· check as to whether the technical documentation required for calibration is available (technical data, operating instructions).

Performance tests are, for example,

· perfect operation of the actuators

· setting elements in defined position, zero point adjustable, centre position of controllers more or less complied with

· faultless sequence of self-checking and/or self-adjusting functions; possibly readout of internal reference values through computer interface

· correction of minor damages, rejection of unrepairable measuring equipment.

For further information about external inspections, see Appendix B2 and for performance tests, see Appendix B3.

If repair work is necessary to achieve calibratability, the customer and the calibration laboratory have to agree to this work.

In the case of measuring equipment with digital data processing, the measured value need not be transmitted by the display of the device but can be transmitted by a standardized interface to a terminal such as a printer, recording unit or computer system. It is recommended to visualize the readings during the calibration. It is to be ensured that the input data read in are unambiguously interpreted and processed.

If necessary, staff safety (accident protection, electrical safety)  may require a preliminary safety check (for details, see Appendix B5).

3.2
Calibration
Calibration is carried out by comparison with a standard (material measure, measuring instrument, measuring facility). Calibration establishes the actual status; no statements are made on the long-term stability.

The necessary facilities must be made available before calibration (measuring instruments, instructions). Always wait until the end of the warming-up time for all parts of the measuring chain; the longest time according to the manufacturer's statements is determining. The measuring set-up must be in thermal equilibrium during calibration.

Part 3 and following describe the calibration for special measuring equipment in detail.

The scope of calibration can also be specified according to the customer’s requirements. Special care will be required if the measuring equipment is calibrated only in selected functions and ranges of measurement. Later, the measuring equipment then can be used only for these selected functions and ranges of measurement. It is recommended to provide this measuring equipment with specific marks which clearly point to this fact.

The preset controls are to be sealed after calibration. Only the preset controls and adjusting elements which exert a direct influence on the calibration result and cannot be reproducibly set by the user in accordance with the calibration certificate are to be sealed.

3.3 Uncertainty of measurement

The statement of the uncertainty of measurement achieved in the calibration is an integral part of the calibration certificate.

This is why the methods for determining the uncertainty of measurement are dealt with in Part 2 of this Directive specifically and in detail.

According to the rules specified in the ISO Guide to the Expression of Uncertainty in Measurement [2] and in DKD-3 [3], the uncertainty of measurement is to be stated as the standard uncertainty of measurement u or as the expanded uncertainty of measurement U = k * u as a multiple of the standard uncertainty of measurement u. The factor k > 1 is referred to as the standard coverage factor.

In any measurement point, with respect to the uncertainty of measurement of the object to be calibrated or with respect to a specified limit for the error of measurement, the uncertainty of measurement of the standard used for calibration should be smaller at least by the factor 3.

If the uncertainty analysyis furnishes a factor smaller than three, the calibration certificate must contain a clear reference to the documentation of the detailed uncertainty analysis.

In the calibration certificate the complete measurement result is to be stated as follows:

..

with

..

where 

y
measurement value

U
expanded uncertainty of measurement

u
standard uncertainty of measurement
k 
standard coverage factor

According to DKD-3 [3] and EA 4/02 [4] a factor k = 2 is used for calibration purposes. It is equivalent to a confidence level of approximately 95%; cf. also [5].

The standard uncertainty of measurement u and the expanded uncertainty of measurement U are positive and stated without sign.

When the overall uncertainty of measurement is estimated, at least the following components of the uncertainty of measurement are to be allowed for:

· contribution by the standard

· contribution by the calibration method and the conditions of calibration (e.g. thermoelectric voltage, contact and line resistances, temperature influence) 

· contribution by the measuring equipment to be calibrated (e.g. resolution of display, signal noise, short-term stability).

The contributions to the uncertainty of measurement stemming from the standard, the calibration method and the object to be calibrated are frequently uncorrelated.

In a stationary measuring set-up the contributions from the standard and the calibration method should be regarded as constant. It is recommended to carry out checks at regular intervals, e.g. by ring comparison with adequate calibration objects.

Parts 3 and following of this Directive contain specific statements on the determination of the uncertainty of measurement for measuring equipment.

4 
Documentation

Within the scope of a quality system - the quality element "supervision of test equipment" -, the calibration operations must be documented. The assignment between calibration certificate and object to be calibrated must be clear and comprehensible.

4.1
Calibration certificate

For the calibration a calibration certificate is to be issued, which clearly and unambiguously states the calibration result as well as all important information about the object calibrated and the calibration sequence (e.g. by statement of the Calibration Directive applied). To make it easier for the customer to establish traceability to national or international standards if the calibration is not carried out by accredited or non-governmental laboratories (e.g. not by DKD calibration laboratories), the customer is recommended to demand that the reference or working standards used for calibration be stated in the calibration certificate; for further information, cf. Appendix C.

Calibration certificates must contain the measured values and statements of the uncertainty of measurement or at least a conformity statement (cf. section 4.2).

Details of the presentation of calibration certificates as well as information about the recommended contents can be taken from the standards DIN EN 45001, DIN ISO 10012 as well as DKD-5 [6].

4.2 Conformity statements

In connection with the measurement results or without the measurement results being stated, the calibration certificate may contain statements on the conformity of the object calibrated, with metrological specifications. These specifications can be legal requirements, national or international standards, VDI/VDE Guidelines or manufacturers' specifications.

The conformity statement must be based on measurements and may relate only to metrological specifications compliance with which has been established within the scope of the measurements performed and which are clearly identifiable, e.g. by the exact statement of the section of a standard or Directive.

If the measurement results are not stated in the calibration certificate, they are to be kept at the calibration laboratory over an appropriate period of time (e.g. five years) so that ulterior checks are possible.

5
Structure and contents of the Calibration Guidelines VDI/VDE/DGQ/DKD 2622 Part 3 and following

The structure and the contents of the Calibration Guidelines VDI/VDE/DGQ/DKD 2622 Part 3 and following are in line with the requirements of company practice. These parts can be used as a work schedule for calibrations of the measuring equipment in use.


5.1
Structure

The Directive VDI/VDE/DGQ/DKD 2622 consists of several parts. Section 6 of the present Part 1 "Fundamentals“ contains a structure. All other parts for different kinds of measuring instruments for electrical quantities have been uniformly structured according to this pattern for the sake of better clarity.

On the basis of this pattern further calibration guidelines can be prepared in addition to this series.

5.2
Contents

The calibration guidelines essentially describe:

· the operations required for preparing the calibration of measuring equipment

· the measurands, ranges of measurement and measurement points to be calibrated

· the facilities and standards to be used to calibrate the measuring equipment

· hints for evaluation and documentation as well as for conformity statements

Parts 3 and following of this Directive (cf. Appendix A) contain detailed information about calibration, evaluation and documentation of the results. For the latest version, cf. the paper DGQ 10-04 [5].

6
Structuring to achieve a uniform structure of the Calibration Guidelines VDI/VDE 2622 Part 3 and following
Contents

1

Purpose and scope

2

Preparation of calibration

2.1

External inspection, safety and performance check

2.2

Setting of reference conditions and conditions of use

3

Carrying-out of calibration

3.1

Description of object to be calibrated

3.2
Description of calibration procedures, minimum requirements for measurands to be calibrated, recommended ranges of measurement and measurement points

3.3

Hints for the performance

4

Evaluation and documentation

4.1

Calibration certificate

4.2

Conformity statements



Literature

Literature

Literature quoted
[1]
VIM

Internationales Wörterbuch der Metrologie




2nd edition, 1994




Beuth Verlag GmbH Berlin-Vienna-Zurich

[2]
GUM

Guide to the Expression of Uncertainty in Measurement




1st edition, 1995, ed. by DIN Deutsches Institut für Normung e.V.




Beuth Verlag GmbH Berlin-Vienna-Zurich

[3]
DKD-3
Determination of uncertainties in measurement

[4]
EA-2/04
Expression of the Uncertainty in Measurement in Calibration

[5]
DGQ 10-04
Quality Management, DHQ papers and DGQ working means, 

specialist literature and standards

[6]
DKD-5
Instructions for the issuing of a DKD Calibration Certificate

[7]
VBG 4
Electrical plant and equipment;




Principal Association of Industrial Employers' Liability Insurance 

Associations

Standards quoted
DIN 1319-1


Fundamentals of Metrology

DIN 57410

VDE Regulations for Electrical Measuring Instruments; 

Safety Regulations for Indicating and Recording 

Measuring Instruments and Their Accessories

DIN EN 45001

General Criteria for the Operation of Test Laboratories

DIN EN 61010 Part 1
Safety Regulations for Electrical Measuring, Control, 

Regulating and Laboratory Equipment, General 

Requirements

DIN EN ISO 9000 following
Quality Systems

DIN ISO 10012-1

Requirements for the Quality Assurance of Measuring





Equipment, Certification System for Measuring Equipment

prEN ISO/IEC 17025
General Requirements for the Competence of Test and





Calibration Laboratories

Other standards and guidelines

DIN 1319-2


Terms for the Application of Measuring Instruments

DIN 1319-3


Bases; Evaluation of Measurements of an Individual





Measurand; Uncertainty of Measurement

DIN EN ISO 14253-1
Testing of Workpieces and Measuring Instruments by

(Draft)



Measurement

VDI 1000


Directive Work, Principles and Instructions

DKD-MK 1-1


Pattern Calibration Certificate:Digital Multimeters

DKD-MK 1-2


Pattern Calibration Certificate: Resistance Standards

DKD-MK 1-3


Pattern Calibration Certificate: Multi-function Calibrators

Appendix A


List of Calibration Guidelines available or in preparation

VDI/VDE/DGQ/DKD 2622 Calibration of measuring equipment for electrical quantities

Part 1

Fundamentals

Part 2

Calculation of uncertaintiy in measurement for the calibration of measuring equipment for electrical quantities









(drafted October 1999)

Part 3

multimeters




(drafted December 1998)

Part 4

oscilloscopes



(drafted December 1998)

Part 5

function generators 


(in preparation)

Part 6

power supply units



(in preparation)

Part 7

universal meters



(drafted 2000)

Part 8

d.c. resistors




(drafted December 1998)

Part 9

instruments for VBG 4


(in preparation)

Part 10

HF field strength



(drafted 2000)

Part 11

spectral analyzers



(drafted March 1999)

Part 12

measuring detectors


(draft ...............2000)

Part 13

EMC test pulse generators

(in preparation)

Part 14

signal generators



(in preparation)

Part 15 
artificial mains network


(in preparation)

Part 20 
measuring amplifier



(in preparation)

Part 21

x-y recorder




(in preparation)

B
 Examples of agreements between customer and calibration laboratory

When placing a calibration commission, customer and calibration or test laboratory may make agreements. Examples of such agreements are listed under B1 to B4.

B1
Examples of general agreements

· administrative data for commission processing, e.g. dates, costs, packing, transport, insurance

· key terms of the measuring equipment, clear identification

· cable, plug-in connection, pin assignment

· functions, signal shapes, ranges of calibration, load impedances, safety functions, limitations

· data entry through display and/or computer interface

· kind and scope of the potential/desired documentation

· Is a calibration mark to be affixed by the customer or by the calibration or test laboratory?

· calibration in which the measuring equipment will be calibrated only for selected functions or in selected ranges of measurement

· For AUTO-range measuring equipment it has to be determined whether or not to calibrate in AUTO-range operation

· user-oriented calibration procedures, possibly minimal effort

· specific circuit design required

· statement of tolerances as maximum permissible errors (origin: e.g. law, standard, specification, internal company requirements), possibly necessary for the decision on adjusting or making out of a conformity certificate

· If an adjustment has been agreed, it has, among other things, to be established how the condition at the time of delivery will be documented (1).

· period of recalibration according to customer’s quality system

· Has the measuring equipment been modified as against the series design?

· If, in isolated cases, specific conditions are encountered: Can/must they be allowed for in the calibration set-up?

· In the case of serious metrological shortcomings (e.g. failure of a function of a subassembly) the customer has to be informed.

(1) Measuring equipment employed in precision measuring technology should not be adjusted, if possible. Adjustment conceals the history of the measuring equipment. No information can be obtained about whether the periods of recalibration are too short or too long. Adjustment may lead to instabilities.

B2
Examples of necessary external inspections

Visual inspection should establish whether

· the required accessories are available and in perfect condition

· seals, scales or other reading systems, symbols, identifications and labels are available and readable in accordance with the standards or manufacturer’s requirements for the respective measuring equipment

· switches and other adjusting devices are in good working order.

If the measuring equipment has replaceable plug-in units, it must be possible to document the plug-in position.

B3
Examples of performance tests

· line-up is possible, for CF-systems according to amount and phase

· theoretical value of internal calibration signals adjustable, possibly by computer

· function of display and/or computer interface

· brightness and contrast of display adequate

· stable display

· influence of supply voltage fluctuations on the display

· existing sensitivity to position

· no inadmissible variations or drift (heed warming-up time)

· charge of accumulators and/or batteries

· connectors properly fixed

B 4
Reference conditions and conditions of use

Reference conditions - operating conditions for the performance test of a measuring instrument or to ensure proper comparison of measurement results. Usually, reference conditions are definitions of reference values for variables influencing the measuring instrument (VIM – International Vocabulary of Basic and General Terms in Metrology).

B5
Examples of safety checks

For the safety of calibration staff: proof of safety checks carried out; performance possibly after consultation of the customer.

· Check of proof of a valid check according to VBG 4 [7]

· Performance of the safety check according to DIN 57410, VDE rule for electrical measuring instruments, Safety regulations for indicating and recording measuring instruments and accessories, DIN EN 61010 Part I, Safety regulations for electrical measuring, control, regulating and laboratory equipment, General requirements.

C
Examples of further general references to calibration documents

· This Calibration Certificate may be disseminated only completely filled in.

· Publications of extracts or modifications are subject to approval by the issuing laboratory/department.

· Unsigned calibration certificates (signature and seal or electronic signification) are invalid; electronic signification must be easily comprehensible and protected.

· The calibration was carried out by comparison with standards, traced back to the national standards and in agreement with the International System of Units (SI).

· This Calibration Certificate will become void if the object calibrated is changed, supplemented or repaired or if the calibration mark is damaged.

