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Abstract
This specification sets forth accepted methods for testing and describing the performance of Rogowski-type air core
current sensing coils (CSC) and weld current monitors (WCM) used in the measurement of single-phase ac resistance
welding currents. A definition of terms relevant to this measurement is included. CSC and system tests and calibration
methods are described in detail. Detailed information that shall be made available to the user are prescribed.
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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or
made part of, documents that are included in federal or state laws and regulations, or the regulations of other govern-
mental bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS
standards must be approved by the governmental body having statutory jurisdiction before they can become a part of
those laws and regulations. In all cases, these standards carry the full legal authority of the contract or other document
that invokes the AWS standards. Where this contractual relationship exists, changes in or deviations from requirements
of an AWS standard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While AWS administers the process
and establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this standard. AWS also makes no guaranty or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances.

This standard may be superseded by the issuance of new editions. Users should ensure that they have the latest edition.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

Finally, AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

On occasion, text, tables, or figures are printed incorrectly, constituting errata. Such errata, when discovered, are posted
on the AWS web page (www.aws.org).

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request,
in writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Technical Services Division, 550 N.W. LeJeune Road, Miami, FL 33126 (see Annex G).
With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered.
These opinions are offered solely as a convenience to users of this standard, and they do not constitute professional
advice. Such opinions represent only the personal opinions of the particular individuals giving them. These individuals
do not speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of
AWS. In addition, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS A10 Committee on Instrumentation for Welding. It must be
reviewed every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations,
additions, or deletions) and any pertinent data that may be of use in improving this standard are required and should be
addressed to AWS Headquarters. Such comments will receive careful consideration by the AWS A10 Committee on
Instrumentation for Welding and the author of the comments will be informed of the Committee’s response to the
comments. Guests are invited to attend all meetings of the AWS A10 Committee on Instrumentation for Welding to
express their comments verbally. Procedures for appeal of an adverse decision concerning all such comments are
provided in the Rules of Operation of the Technical Activities Committee. A copy of these Rules can be obtained from
the American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.
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Foreword

This foreword is not part of AWS A10.1M:2007, Specification for Calibration and Performance
Testing of Secondary Current Sensing Coils and Weld Current Monitors Used in Single-Phase

AC Resistance Welding, but is included for informational purposes only.

Measurement of resistance weld current and calibration of the measurement devices have been performed for many
decades. However, the indications, readings, or outputs of devices made by different manufacturers and sometimes, the
same manufacturer, while measuring the same current differ from one another significantly. This Measurement and
Calibration Specification was prepared to help equipment manufacturers and users take into account some of the
common sources of measurement uncertainty and standardize the methods of testing/calibration of these devices. The
information that shall be provided to the user upon the completion of the calibration effort is also clearly specified. The
goal is to assure consistent weld current measurement results independent of measurement equipment and to provide the
user with a quantitative estimate of the total measurement uncertainty.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS A10 Committee on Instrumentation for Resistance Welding, American Welding Society, 550 N.W. LeJeune Road,
Miami, FL 33126.
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1. Scope
This specification sets forth accepted methods for testing
and reporting the performance characteristics of
Rogowski-type air core Current Sensing Coils (CSCs)
and the Weld Current Monitors (WCMs) used in the
measurement of secondary current in single-phase ac
resistance welding. CSCs mounted inside transformers
are not included in this specification. Traceability of
measurements to National Standards as required by this
specification is discussed. References regarding trace-
ability concepts and requirements are provided. Sources
of measurement uncertainty, methods of combining
these uncertainties, and the manner in which the overall
uncertainty is to be stated are discussed.

This standard makes sole use of SI units.

Safety and health issues and concerns are beyond the
scope of this standard and therefore are not addressed
herein. Safety and health information is available from
other sources, including, but not limited to, applicable
federal and state regulations.

2. Testing
This clause describes the accepted methods that are
needed to evaluate common sources of measurement
uncertainty. Each test will include a description of the
purpose for the test, list the equipment needed, describe
the test setup and the test procedure.

2.1 Measurement Standards. The calibration shall be
done using appropriate Measurement Standards. The
Measurement Standard shall be more accurate than the
device being calibrated. The uncertainty of the Measure-
ment Standard used shall be included in the documenta-
tion of the calibration. Further, to ensure that adequate
calibration is performed, the Measurement Standards
must be traceable to NIST or other acceptable national

metrology laboratory or nationally recognized standards.
A more detailed explanation of traceability can be found
in Annex F. Measurement Standards used must be cali-
brated and used in the range and type of currents in
which they were intended to be used.

For example, to comply with this specification, it is not
acceptable that a shunt calibrated by dc continuous cur-
rent be used in a calibration of pulsed current at 20 kA.
The shunt must be calibrated by ac methods at current
levels for which the shunt will be used.

It is recommended that multiple sets of Measurement
Standards with NIST or National Standards traceability
be maintained by all calibrating organizations in order to
periodically compare them against one another and
assess any changes in the values of the standards.

2.2 Test Categories. There are no firmly established
limits of uncertainties for the measurement applications
of CSCs, or for the WCM-CSC combination. It is com-
mon to group the applications as shown below. The
values of uncertainties may vary from one organization
to the next, depending on their individual needs, capabil-
ities, and economic considerations. Note that there may
be overlap between the ranges of uncertainties. Uncer-
tainties may be expressed as a percentage of full scale, or
of reading.

(1) Laboratory Standards: uncertainty typically ±0.25%
to ±1%,

(2) Working Standards: uncertainty typically ±1% to
±2%, and

(3) Production Instruments: uncertainty typically
±2% and greater.

Tests described in this specification are divided into three
categories: “Type Tests,” “Routine Tests,” and “Optional
Tests.”

Specification for Calibration and Performance Testing
of Secondary Current Sensing Coils and Weld Current
Monitors Used in Single-Phase AC Resistance Welding
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(1) Type tests are carried out to characterize the prod-
uct design and manufacturing process. It is also being
done when uncertainty requirements are less demanding.

(2) Routine tests shall be done on every piece of
hardware because test results depend on manufacturing
differences from CSC to CSC. It is required when uncer-
tainty requirements cannot be met with type tests alone.

(3) Optional tests are conducted when more rigorous
estimates of the measurement uncertainties are required.

The categories are shown for 3 typical classes of instru-
ments, namely instruments used as Laboratory Stan-
dards, Working Standards, and Production Instruments.
Laboratory Standards are usually maintained at a com-
pany standards laboratory for the purpose of establishing
a uniform and traceable basis of measurements. Working

Standards typically are used to disseminate the calibra-
tion from the standards laboratory to the field, shop, or
production areas of a company. Production instruments
typically are the instrumentation in the field, shops, or
production areas of a company.

Table 1 lists all the tests included in this specification
and their categories. Under the Test Category columns,
there may be a “double listing” of the test category,
such as “Type/Routine” or “Type/Optional.” In these
instances, the test category may depend on the uncer-
tainty that is trying to be achieved, or conversely, the
uncertainty is acceptably large enough so as not to
require the test. Furthermore, considerations have to be
given to whether the CSC is being tested by the original
manufacturer (in which case, Type Testing may be
appropriate) or whether the CSC is being tested by a user

Table 1
CSC and WCM-CSC Combination Tests and Their Categories

Test No.
(Clause No.) Test

Test Categories

CommentsLab. Std. Work Std. Prod. Instr.

1
(3.1)

Mutual inductance 
calibration at 
manufacturer 
recommended
load

Routine Routine Type/
Routine

The most important characteristic of the CSC. It is
used to describe the relationship between the CSC
output voltage and the current it is being used to
measure when connected to the WCM for which it
was designed. 

2
(3.1)

Mutual inductance 
calibration at no
load

Routine Optional Optional The results of this test help evaluate the CSC inter-
changeability since the manufacturer recommended
load might differ from WCM to WCM. 

3
(3.2)

Position
sensitivity

Routine Type/
Routine

 Type Often the single highest source of uncertainty in
measurements made with Rogowski-type CSCs.

4
(3.3)

Tilt tests for
position
sensitivity

Routine Type/
Routine

Type/
Optional

These additional tests are needed to provide a more
rigorous estimate of the uncertainties due to position
sensitivity.

5
(3.4)

Sensitivity
to external
magnetic fields

Optional Type/
Optional

Type/
Optional

These additional tests are needed to provide a more
rigorous estimate of the uncertainties due to position
sensitivity. Particularly relevant when CSCs are
placed in smaller secondary loops.

6
(3.5)

Temperature 
coefficient of
a CSC

Routine Type/
Routine

Type It is important to know the temperature coefficient
since CSCs are commonly used at temperatures
different from where they are calibrated.

7
(3.6)

Frequency
Response Testing
of a CSC

Type/
Routine

Type Type Frequency response of CSC must be evaluated with
respect to the spectrum of the current waveform
being measured.

8
(4)

WCM-CSC 
combination 
calibration

Routine Routine Routine Commonly performed, but the uncertainties and
traceability aspects are usually not taken into
account.
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to verify performance (in which case, Routine or
Optional Tests are more appropriate). Comments are
provided to clarify the need for each test.

2.3 Physical Environment for Testing. All tests shall
be performed with the Unit Under Test (UUT) at a tem-
perature of 20°C ± 5°C, except when the temperature
coefficient of the CSC is being determined. The relative
humidity shall be no higher than 95%.

3. CSC Tests
Rigid closed, rigid hinged, and flexible CSCs are cov-
ered by this specification. The common CSC shapes
covered are round, oval, and tear-drop. Other shapes,
such as square, rectangular, or “racetrack” are not
excluded from use. When testing these other shapes, the
test methods described in this specification may not be
directly applicable. This specification may be used as a
guide in these instances.

3.1 Mutual Inductance Calibration. The CSC’s output
signal is a function of its mutual inductance, MCSC. The
CSC shall be calibrated and the value of mutual induc-
tance provided to the user. It is usually expressed in units
of micro henries (abbreviated µH; 1 × 10–6 henries) or
nanohenries (abbreviated nH; 1 × 10–9 henries). For
CSCs used with weld current monitors, the CSC mutual
inductance is typically in the range of 0.2 µH to 0.7 µH.
For the purposes of this specification, the mutual induc-
tance of the CSC is considered to be independent of
frequency.

The CSC manufacturer needs to know the input imped-
ance of the WCM to which the output of the CSC shall
be connected. Only then can the CSC output be properly
trimmed to provide the expected effective mutual induc-
tance. It is common practice to adjust the effective
mutual inductance of a CSC with the use of added resis-
tor(s). These resistors are often physically located in the
electrical connector of the CSC’s output cable. Series
and/or parallel adjusting schemes are commonly used.
The effective mutual inductance of the CSC is dependent
upon the external electrical load impedance to which it is
connected. The effective mutual inductance at the WCM
manufacturer’s recommended load impedance shall be
stated. In addition, the effective mutual inductance at no-
load impedance may be stated. The no-load impedance is
defined as a load equal to or greater than 1 MΩ.

A value of CSC transimpedance may be provided, but
shall not be used as a sole characteristic that describes
the CSC sensitivity. In all instances, if a transimpedance
value is given, it shall be accompanied with a value for
frequency and load impedance under which it applies.

The value of transimpedance, if used, shall be stated in
units of ohms, milliohms, or microohms, as appropriate.
This value is commonly expressed as “millivolts per
thousand amperes” at a stated frequency which is equiva-
lent to units of microohms. The internationally accepted
scientific units of ohms, milliohms, or microohms are
preferred over the use of the expression “millivolts per
thousand amperes.”

The mutual inductance calibration shall be performed in
a 1/R-type magnetic field. A 1/R-type magnetic field is
only created by an infinitely long straight conductor with
a circular cross section when a current is flowing along
the length of the conductor. The field is purely tangential
to the single center conductor. The magnetic field
beyond the outside of the conductor varies inversely with
the distance R to the center of the conductor in a radial
direction. Ideally, there are no other field contributions
from any other source, especially the return conductor.

It is difficult to generate an ideal 1/R field. A practical,
proven and suggested means to implement the generation
of a suitable approximation of a 1/R-type magnetic field is
with the use of a coaxial cage arrangement. The coaxial
cage, which may be cylindrical or comprised of large flat
rectangular conductors and a rigid straight center conduc-
tor with a round cross section. Sections through typical
hexagonal and circular coaxial cages are shown in Figure
1. The coaxial cage geometry shall be such as to develop a
suitable 1/R-type magnetic field approximation in the test
envelope during the mutual inductance calibration test.

The sizes of the central and return conductors shall be
appropriate for the current range used. Typical diameter
of the center conductor is 38 mm to 50 mm. Practical
cage diameters range from 300 mm to 600 mm, and the
inside length range from 300 mm to 900 mm. The thick-
ness of the outer walls and end plates of the cage is typi-
cally 6 mm to 12 mm thick. The inside of the cage must
be sufficiently large to permit mounting the center of the
CSC around the center conductor while maintaining a
suitable clearance between the CSC and the inside walls
of the cage. The opposing design criteria are to keep the
cage small to minimize the insertion impedance of the
cage in the high current path, while simultaneously pro-
viding sufficient working volume inside the cage to
accommodate the CSC being calibrated. Smaller cages
are less expensive to fabricate and are more portable.
Additionally, the thick outside walls of the cage provides
eddy-current shielding from external fields.

The CSC mutual inductance calibration shall be per-
formed in a 1/R-type magnetic field equal to or better
than that generated by a coaxial cage as described herein.
If a coaxial cage is not used, it is the responsibility of the
user to ensure, either through measurement or modeling
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of the magnetic field, that the magnetic field is a suitable
approximation of the field produced by a coaxial cage, or
that of an ideal 1/R field.

3.1.1 Equipment

(1) Current source. This is either a calibrated current
source, or an uncalibrated current source used with the
calibrated current sensor listed next. In either instance,
the source or the sensor must be calibrated in the fre-
quency and current ranges used for the tests. The current
waveform must be nominally a full-wave sinusoid. Wave-
forms other than sinusoidal will introduce frequency
dependant errors.

(2) Reference Current Sensor and Display. Not re-
quired if the current source is calibrated.

(3) Coaxial cage as in Figure 1.

(4) Frequency counter.

(5) AC voltmeter capable of measuring the output of
CSC with an input impedance of 1 megohm or greater.

(6) Load resistor, value recommended by the WCM
manufacturer, typically 1000 ohms ± 1% low inductance
resistor. (Recommend the use of a metal film resistor;
avoid using a wire wound resistor.) When the mutual
inductance is being determined for a “no load” test con-
dition, this load resistor is not used.

3.1.2 Setup. For the mutual inductance calibration,
the CSC shall be placed in the coaxial cage during testing
so that the following conditions are met. The distance
from the end plates to any part of the CSC shall be no

Figure 1—Hexagonal and Circular Coaxial Cages Typically Used
for Mutual Inductance Testing of a CSC
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