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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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consists of the following parts, under the general titler Resistance welding — Welding current
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Introduction

Requests for official interpretations of any aspect of this part of ISO 17657 should be directed to the
Secretariat of ISO/TC 44/SC 6 via your national standards body. A complete listing of these bodies can be

found at http://www.iso.org.
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INTERNATIONAL STANDARD

ISO 17657-

3:2005(E)

Resistance welding — Welding current measurement for
resistance welding —

1

Thig
curr

weldling, and is applicable for both current types, i.e. alternating current of 50.Hz or 60 Hz and direq
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3.2

Scope

part of ISO 17657 specifies current sensing coils of the toroidal-coil type as a current sensor
ent meters or a welding current measuring system used to monitor the welding current in

Normative references

following referenced documents are indispensable forithe application of this document,
rences, only the edition cited applies. For undated ‘references, the latest edition of the
iment (including any amendments) applies.

669, Resistance welding — Resistance welding equipment — Mechanical and electrical requin

17657-4, Resistance welding — Welding current measurement for resistance welding
bration system

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 669 and the following ap

r'ent sensing coil(toroidal coil)
i-wound coil sinvwhich wire is wound around a non-magnetic core of constant cross-sectig
cting the magnetic flux generated by current

E The coil is mounted around or encircles a conductor through which the current to be measured p3

for welding
resistance
t current.

For dated
referenced

ements

— Part 4:

=2

y.

n, used for

SSes.

reference current sensing coil
current sensing coil calibrated at a higher accuracy than the highly accurate class defined in this part of

ISO

3.3

17657

conversion coefficient
ratio of output voltage from a current sensing coil against the welding current, expressed in millivolts per
kiloamp (mV/kA)

NOTE

current of 50 Hz as the test current.

© 1SO 2005 - All rights reserved
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3.4
frequency response
feature indicating the influence of frequency of test current on the conversion coefficient

3.5
accuracy
scatter and deviation of the conversion coefficient

NOTE The output load of the current sensing coil strongly influences the value of the conversion coefficient. If the
output load and/or input impedance of an integrator changes, the conversion coefficient may deviate even though both
devices have been separately calibrated in a highly accurate class.

4 Physical environment and operating conditions

Unless othprwise specified, the current sensing coil shall be capable of operating underthe following
conditions:

— at an ambient air temperature between +5 °C and +40 °C;
— inrelatlve humidity up to 95 %;
— at altitydes up to 1 000 m above mean sea level,

— where gas, fine dust, oil mist, spatters, etc. are included in the aif:such as those caused by ordinary afc or
spot welding work.

When the pperating conditions are not of any of those specified above, an agreement may be negded
between th¢ manufacturer and the purchaser.

5 Classlification of current sensing coils and designation of product

5.1 Clasp of current sensing coils

The currenf sensing coils shall be classified depending on construction, conversion coefficient and measyring
accuracy. (lassifications by the accuracy are shown in Table 1.

Table 1 — Classification of current sensing coils

Classification Measuring accuracy Application

Highly accurate class + 0,5 % of full scale Laboratory use
Aceurate class + 1,0 % of full scale Routine use for highly accurate systems
Ordinary class £ 3.0 % of full scale Routine use for ordinary systems

5.2 Standard values of the conversion coefficient

Rated values of the standard conversion coefficient, K, shall be of 150 mV/kA, 220 mV/kA and 1,5 V/KA for
full-wave alternating current of 50 Hz.

NOTE If a different test frequency is used for defining the conversion coefficient, the value can be converted by using
equation (1) described in 7.1.

2 © I1SO 2005 — All rights reserved
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5.3 Designation of products

The following shall be indicated:

— design type as designated by type of construction;
— conversion coefficient;

— specified accuracy class;

I'\!'\II el—la “annﬂ'\ 'Fnr 'Flavll’\ln hlna anl |nnar rllqmn'l'ar 'Fnr rlan vna)
~ It bl B LALD i o

Theldesignation of length can be omitted if the value is not needed.
EXAMPLE 1 Flexible type of 800 mm length, conversion coefficient of 150 mV/kA at 50 Hz, and’accurate ¢lass.
Flexible (800 mm) 150 mV/kA, 50 Hz, class 1.0

EXAMPLE 2 Rigid type of 200 mm inner diameter, conversion coefficient of 180 mV/kA at 60 Hz, and highly accurate
class.

Rigid (200 mm) 180 mV/kA, 60 Hz, class 0.5

6 |Requirements for current sensing coils

6.1| Current sensing coil and connecting lead

The| current sensing coil, connector and connegting lead from the coil to the integrator/amplifler shall be
des|gned such that the coil is sensitive only to_.magnetic flux generated by current flow through the conductor
within the coil. Any external magnetic flux\across the coil is not measured. The output of|the coil is
proportional to a derivative of the measured'current waveform.

If alflexible or rigid hatched-type coil is“used, both ends of the sensing coil shall be fixed leaving little or no
spafe between the ends. To aveoid\wave distortion, the connecting lead and connector should be protected
fronp magnetic flux and should haye low inductance.

A lgw inductive resistance shall be connected to the ends of the connecting lead as the output Idad, R, . The
valye should be constantbetween 200 Q and 1 kQ.

6.2| Conversion-coefficient

Thel rated conversion coefficient of current sensing coils should conform with those described [in 5.2. The
valdes shall*be checked, and adjusted according to the method described in 7.1 using full-wave clirrents. The
scatter of the conversion coeff|C|ent shall be checked usmg a reference current meter and datal acquisition
¢ performed
by msertmg a small re3|stance, Fg iN the end of coil or the end of connection lead as shown in Figure A.1. The
coefficient value should not be adjusted by controlling the value of the output load R .

If the coils are checked with an alternating current of 60 Hz, the value shall be divided by 1,2 (= 60/50) to get
the conversion coefficient in 50 Hz.

The input impedance of an integrator, connected to the current sensing coil, influences the value of
conversion coefficient. The output voltage should be measured with a high-input impedance device larger than
500 kQ as for the data acquisition system, with the output load specified in 6.1 connected if the coil does not
include a resistor. The conversion coefficient values for an alternating current of 60 Hz can be checked and
adjusted although the value is indicated in 50 Hz. In the case of an alternating current of 60 Hz, the
conversion coefficient marked on the coil is calculated according to Equation (1) described in 7.1.

© 1SO 2005 - All rights reserved 3
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6.3 Measuring accuracy

The measuring accuracy of current sensing coils shall be one shown in Table 1, and shall be checked
according to the method described in 7.2 using full-wave alternating currents of 50 Hz or 60 Hz.

NOTE Current sensing coils with a small deviation of less than 1 % can be manufactured, which meet the repeat
bending requirements after 1 000 re-attachments, provided the current conductor is located at positions B, F or H, or near
the position illustrated in Figure 1.

6.4 Mechanical strength

Mechanical|tests shall be applied only to flexible coils. After using mechanical tests according to the méthods
described in 7.3.2 to 7.3.6 with full-wave alternating currents at 50 Hz or 60 Hz, the measuring accuragy of the
tested coil ghall comply with those shown in Table 1.

6.5 Setting position error
Scatters of [the conversion coefficient for the test coil shall be checked according to the.method describgd in

7.4 using full-wave alternating currents of 50 Hz or 60 Hz. The scatters and/or deviation shall be within| the
measuring accuracy stipulated in Table 1.

6.6 Influpnce of ambient temperature
The influenge of ambient temperature on the current sensing coil shall be evaluated according to the method

described in 7.5. The scatters and/or deviations of conversion coefficient shall be measured according td the
method dedcribed in 7.2, and the values shall be within the measusing accuracy shown in Table 1.

6.7 Thermal property of cover materials
The cover pf current sensing coils shall not be damaged by coming into contact with a wire heated fo a

temperaturg¢ of 60 °C. If the current sensing coil _is ‘mounted within a transformer, the coil shall withs{and
temperaturgs according to the insulation class of.the transformer.

6.8 Test

6.8.1 Typp test

Some type [ests shall be carried®out on the same product according to Clause 5:
a) constryction;

b) convergion coefficient test;

C) measufing<accuracy test;

d) mechanicaltests;
e) positioning test;
f)  thermal test;

g) contact test.

6.8.2 Acceptance test

a) construction;

b) conversion coefficient test.

4 © I1SO 2005 — All rights reserved
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Test procedures

Conversion coefficient

The conversion coefficient shall be measured with a reference welding current measuring system, or with a
reference current sensing coil combined with a data acquisition system in accordance with ISO 17657-4. The

valu

e shall be adjusted by an appropriate procedure.

5

Key|

The)
curr
avg

The)

G

® © .
® ® XV o -
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: : —,— i b
fest coil 4 conductor
ead cable 5 ¢« reference coil
fixing of flexible coil — output connector of rigid coil 6, test coil

AtoH  Conductor positions.
To power source.
To reference welding current meter.

test should be carried out at position of B, D, F and H shown in Figure 1 with full-wave
ents of 50 Hz or 60 Hz, and within the range 5 kA to 10 kA. Then the measured result shall be
lue indicated for 50 Hz.

reference welding current meter, reference current sensing coil, and a data acquisition syst

Figure 1 — Examples of the arrangement of a current sensing coil and their position numbers

alternating
ndicated by

em shall be

quation (1);
d to a value
xplained in

calibrated at least-every year in accordance with ISO 17657-4.
If the current{frequency used for the test differs from 50 Hz, the value shall be converted using B
e.g.|when the coefficient is defined with a current of 60 Hz, the standard value should be converte
desgribed{for 60 Hz by Equation (1), then adjusted. The detail regarding the converting is ¢
AnnexB.

Kt = Km ><A

m

where

K; is the conversion coefficient value at frequency f;
Ky, is the conversion coefficient measured with an alternating current of 50 Hz or 60 Hz;
Jt is the frequency to estimate the conversion coefficient K;;

fm is the frequency when the conversion coefficient is defined (50 Hz or 60 Hz).

© 1SO 2005 - All rights reserved
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7.2 Measuring accuracy

The scatter in the conversion coefficient shall be checked using a reference current measuring system, or with
a reference current sensing coil combined with a data acquisition system in accordance with ISO 17657-4. A
full-wave alternating current of 50 Hz or 60 Hz shall be used. If the maximum scatter does not comply with the
specified accuracy, the conversion coefficient shall be readjusted, and the test repeated. The tests shall be
performed at positions B, D, F and H shown in Figure 1 with current levels between 5 kA and 10 kA, and/or

between 0,5 kA and 1,0 kKA.

The high current test is targeted for current sensing coils used to measure the secondary circuit current, while
the low current test is designed for primary circuit current measurement.

NOTE 1

7.3 Mechanical tests

7.3.1 Gen

The followin
the flexible

After each {
method deg

[he number of test positions can be reduced by agreement between the contracting parties.

eral

g test procedures shall be used for assessing the mechanical properties(of)current sensing coi

ype.

ype of mechanical test, the measuring accuracy of current sensifig coil shall be checked using

cribed in 7.2.

7.3.2 Tenpsion test

After a curr|
one hour ag

ent sensing coil is straightened, one end is fixed, and a 100 N load is applied to the other eng
shown in Figure 2.

Key

1

s of

the

| for

1 current sensing coll

7.3.3 Pressure test

Figure 2 — Tension test

The current sensing coil is straightened, placed flat on an even surface and loaded with an evenly distributed

pressure of 5 N/cm? except on the coupling. The pressure is maintained for 1 h, as shown in Figure 3.
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current sensing coil

Figure 3 — Compression test

-3:2005(E)

7.3.4 Bend test

The]
mai
clos

Key|

7.3.
The

1 0(
lesd

7.3.

Acl
preg

middle part of an open current sensing coil is bent through an angle of 180° @ith a certain

current sensing coil

Figure 4 — Bend test and repeat bend test

5 Repeat bend test
middle part of an open current sensing coil is bent through an angle of 180° with a certai

0 repetitions, see Figure'4./The bending radius shall be 50 % of the inner radius of the closed
than 25 mm.

b Crush test

bsed current’sensing coil is placed as a ring, flat on an even surface, and loaded with an evenl
sure of 2\N/cm? across the whole coil surface except on the coupling, for 1 h, as shown in Figu

2 N/cm? 2 N/cm?

radius and

n millimetres

ntained for one hour as shown in Figure 4. The bending radius shall be 50,%Cof the inner radius of the
ed coil, but not less than 25 mm.
Dimensions
(I
) 1
A
[}

n radius for
icoil, but not

distributed
re 5.

Key
1

vy vy
| .

current sensing coil

Figure 5 — Crush test
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7.4 Setti

ng position error test

Positional errors shall be checked at all positions, i.e., A to H shown in Figure 1 in order to determine the
deviation for the conversion coefficient values indicated by the coil. Three separate measurements as
stipulated in 7.2 shall be made for the eight positions illustrated in Figure 1.

NOTE
rigid coil.

7.5 Ther

mal test

If the setting position of a coil is fixed only at the position H in Figure 1, this test should not be applied for the

Three testi

temperatur
tests shall
sensing coi

NOTE I
and agreed |

7.6 Cont

The contac

as described in 7.2 shall be carried out after maintaining the current sensing coil
-controlled oven for one hour until the coil temperature reaches test temperatures. The\the

from the oven.

[ the current sensing coil is mounted within a transformer, the maximum test temperature’may be mod
pon between the manufacturer and the purchaser.

act test

t test shall be carried out by placing the test coil in contact/with' a copper plate heated

temperaturg of 60 °C, and loaded to 10 N. The load shall be maintained for 1 h. At the end of the test,

cover shall

8 Marki

Current sen

hot be damaged.

ng

sing coils shall be marked with the following indications:

f the current sensing coill;

sion coefficient of the current sensijng.coil, in millivolts per kiloamp (mV/kA);
[ing accuracy of the coil, in percent (%);

oad of the current sensing.¢oil, R, in ohms (Q).

sensing coil shal-be“marked with “+” on one surface so that, when this is on top after installz
ondary circuit ¢f'\the welding equipment (in direct current welding machines pointing towards
ctrode), a positive indicating value is depicted by the measuring instrument.

n a
mal

be carried out at +5 °C and +40 °C, and be completed within 3 min of removal of‘the cufrent

fied,

at a
the

tion
the

a) name ¢
b) conver
C) measu
d) output
The current
into the seq
positive ele
8
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Annex A
(informative)

Design of current sensing coils

Construction of current sensing coils

-3:2005(E)

The]
resi
com

To

| film to protect it against any external electric field. Self—inductance, L, and internakresistan
illshould be as low as possible.

connecting lead should be twisted and shielded by means of an adequate-method. A Ig
stance, R|, shall be connected to the connecting lead in the output connector in order tq
patibility between coils.

w inductive
guarantee

make the output voltage ¢'(¢) independent of both the coil position;'and of external fields, the following

conglitions shall be fulfilled:

— | cross-section, 4, of a small loop in Figure A.1 a) and winding density, N, are constant along the length of
coil;

— |area of the individual windings are perpendicular te the axis of cail;

— |sufficiently large winding density, N, and smallwinding wire diameter;

— |wire shall be wound as homogeneous.as possible in the area of coupling and lead connection

NOTE The connection part of both e€nds of coil should be located as far from the current conductor as possible to

prevent any measuring errors.

© 1SO 2005 - All rights reserved 9
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a)

Key
1 large log

2 small logp

Design of current sensing coil

©

Figure A.1 — Current sensing coil of Rogowski type and its equivalent circuit

b) Equivalent circuit

The above Rogowski-type coil is designed with return winding to cancel the voltage induced by the large [oop
coil. The Rpgowski-type coil has the merit that any external magnetic-flux across the large loop coil doeg not

affect on the¢ output voltage, and only relates to the magnetic fluxes, across the small loop coils.

However, clrrent sensing coils without any return windings .as shown in Figure A.2 are also known as torgidal
coils, in whjch external magnetic flux across the large logp’coil affects on the output from the coil. This fype

should only|be used as the current sensor if the intended use meets the following limitations:

a) the coilis used in a fixed position at a right anglé (90°) to the current conductor;

b) induced voltage by external magnetic flux across the large loop of toroidal coil is negligible when

comparled to the measured output value, and area of the large loop is as reduced as possible.

Key
1 large loop
2 small loop

a8  To integrator.

10

Figure A.2 — A toroidal coil without return winding
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A.2 Adjustment of the conversion coefficient

Adjustment of the conversion coefficient of the test current sensing coil should be conducted with a correction
index Ar, calculated by the following equation:

Ara:[Km —1jx(RL+r) (A1)
KS
where

K is the measured conversion coefficient;

is the required value;
R, is the output load mounted at the end of connecting lead;

r is the internal resistance defined by a sum of the internal resistance,-;, of current sensing coil and an
additional resistance to adjust the output value, ;.

Each parameter is defined in Figure A.1.
Thel measuring accuracy of the test coil should be determined after.this adjustment and re-tested tp determine

the conversion coefficient by means of both the setting position_error test and thermal test as desgribed in 7.4
and|7.5 respectively.

© IS0 2005 - All rights reserved 1
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Annex B
(informative)

Governing parameters of the conversion coefficient

The output voltage; ¢'(1) from the current sensing coil shown in Figure A.1 can be described by means of
Equation (B.1) on condition that @L << R +r; and R| << Rs.

[ letyr = Ry N1 B.1)
0 RL +r #o .
If the current waveform is a sinusoidal curve, I =I,,sinwt, the conversion coefficient, K, for the full-wave
alternating ¢urrent can be defined by Equation (B.2):
K=—fC Napgo (VIA) B.2)
R| +r
where
Uo is the permeability of the core materials used for the ‘eurrent sensing coil [=4n x 107 H/m
(henry per metre)];
N is the number of coil windings per unit length (1/m);
A is the cross-section of the current sensing cail, (not for loop length of the current sensing coil), in
square metres (m2);
L is the self-inductance of the current sensing coil, in henry (H);
r is the sum of resistance of current sensing coil ; and a small adjustment resistance, r,, in ohms
(€2);
) is the resistance connécted at the sensing coil ends as a output load/burden (hereafter refefred
to as the “output load® of the current sensing coil), in ohms (Q);
w =2nf is the angular frequency;
f is the frequency of target (measured) current, in hertz (Hz);
R; is thetinput resistance of an integrator, in ohms (Q).
When the cpndition R| << R; cannot be satisfied, the value; R should be replaced with the following value]
R — R xRy (B.3)
RL + Rf
NOTE The conversion coefficient is only the rated value, because the welding current wave is not truly sinusoidal,

and the value changes with the frequency spectrum of the current.

12
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Annex C
(informative)

Type of current sensing coils and their recommended
specification range

Typical designs of current sensing coils are illustrated in Figure C.1.

f

Key
1 [onnecting cable

2 fixing

a).”Flexible coil (with fixing)

Key
1 connecting cable

b) Flexible coil (without fixing)

Figure C.1 — Examples of current sensing coils
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