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MAGNETIC MATERIALS -

Part 11: Methods of measurement of the surface
insulation resistance of electrical steel strip and sheet
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This second edition cancels and replaces the first edition published in 1991, Amendment 1:1998
and Amendment 2:2012. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

Method B has been deleted and the measurement of individual currents through each
contact button is enabled by Method A;

an improved arrangement of the test apparatus and the voltage stabilizing circuit for

edition:
a)
b)

Met
c)

hod A, “Arrangement B”, is introduced.

an alternative layout using two pairs of contact assemblies in opposing position of the test
specimen is introduced;
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d) the restriction: “The same area of the test specimen shall not be used to test both sides.”
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been deleted.

The text of this International Standard is based on the following documents:
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MAGNETIC MATERIALS -

Part 11: Methods of measurement of the surface
insulation resistance of electrical steel strip and sheet

1 Scope

This p

rt of IEC 60404 is anlnlinahln to electrical steel Qi'rir\ and sheet insulated hy faYa)

ting on

one or

The ob
measul

NOTE 1

both sides.

ject of this document is to define the general principles and technical details
ement of the surface insulation resistance of electrical steel strip andisheet.

his test is suitable for manufacturing and quality control in the application of insulation coatings.

2 Normative references

The fol

owing documents are referred to in the text in such a way that some or all of their

amend

ISO/IE
uncertg

3 Te

No tern

ISO an
addres

e |EC
e |[SO

4 Pr

of the

content

constitdites requirements of this document. For dated references, only the edition cited applies.
For urTgated references, the latest edition of the _.freferenced document (includi

ents) applies.

C Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expres
inty in measurement (GUM:1995)

rms and definitions
s and definitions are listed in this document.

d IEC maintain terminological database for use in standardization at the fg
bes:

Electropedia; available at http://www.electropedia.org/

: Online browsing platform: available at http://www.iso.org/obp

nciple of measurement

g any

sion of

llowing

The principle of the measurement is based on, and includes, the method originally described
by Franklin [1]1 which characterizes one coated surface at a time.

The fundamental arrangement of the test apparatus is shown in Figure 1. Ten metallic contact
buttons of fixed area are applied to one coated surface of the test specimen, under specified
conditions of voltage and pressure.

The effectiveness of the surface insulation is assessed by the measurement of currents flowing
through the 10 contact buttons.

1 Numbers in square brackets refer to the Bibliography.
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Figure 1 — Fundamental arrangement of the test apparatus (schematic)
A power supply feeds each contact button with a stabilized DC voltage, and the curtents fhrough
the 10 gontact buttons are measured.
The arrangements of the test apparatus and the voltage stabilizing circuitare shown in Figure 2.
Voltmeter
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a) Arrangement A
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b) Arrangement B

IEC

Figure 2 — Schematic arrangements of the test apparatus

and the voltage stabilizing circuit
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Ten contact buttons are applied to one coated surface of the test specimen. 5 Q resistors of
+1 % precision are connected in series with each contact button as shown in Figure 2. Two
conductive twist drills contact electrically with the metallic substrate under the insulation coating.

The voltage between the supply side of the 5 Q resistors and the twist drills is stabilized at DC
0,5 V with a relative tolerance of £0,5 % over a current range from 0 A to 1,0 A.

The two twist drills may be placed at each end of the contact buttons and applied to the same
side of the test specimen.

In Arrangement A, the two twist drills perform the function of current return contacts with the

metalligsubstratefseeFigure2a)};

In Arrapgement B, the two twist drills perform different functions [see Figure 2-b)].” One drill
providgs the current return contact with the metallic substrate. The other drill'servgs as a
potential sensor for the voltage feedback control. This feedback control remadves the influence
of the qontact resistance between the current return drill and the metallic substrate.

NOTE The contribution of the contact resistance on the measurement is significantwhen measuring a relafively low
surface ipsulation resistance.

Arrangément B is recommended when measuring a relatively low'surface insulation resistance.

The tothl current flowing through the insulation coating between the 10 contact buttons and the
metalli¢ substrate in parallel connection is measured (see’Figure 2).

The value of the total current shall be determined.by measuring the voltage drop acrpss the
current| sensing resistor Ry connected in series<with the current circuit. The current $ensing

resistof shall not be included within the voltage’stabilizing circuit.

The individual contact button currents may be analysed by measuring the individual yoltage
drops gcross each 5 Q resistor.

Becauge the current path is between the contact buttons and the metallic substrate, thig test is
not a tlue measurement of interlaminar resistance, in which the current path is betwgen two
metalli¢ substrates of adjasent sheets. However, this test provides a useful index of the|quality
of the qurface insulation.resistance.

5 Tept specimen

The tegt specimen shall be a length of strip or a sheet. The width and length of the test specimen
shall bg greater than the width and length of the contact assembly (see 6.1).

The test specimen shall be representative for the material to be tested. The surfaces shall be
clean and free from powder, dust and oil, etc. which may be the result of handling of the test
specimen. Measurements shall be performed at room temperature of (23 £ 5) °C.

This measurement is destructive, the surface of the test specimen where the contact assembly
touched shall not be used again.

NOTE To obtain a representative result, several test specimens can be taken evenly across the full width of the
strip or sheet.
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6 Test apparatus

6.1 Contact assembly

The contact assembly consists of 10 vertically mounted contact rods and two twist drills of
approximately 3 mm in diameter. These 10 contact rods shall be able to move individually and
axially against springs in a mounting block. The contact rods shall press on the surface of the
test specimen with the same force. In order to achieve electrical contact with the metallic
substrate, the two twist drills shall be rotated when pressed on the test specimen. The twist
drills shall pierce the insulation coating but shall not pierce through the test specimen.

The 10 contact rods shall be arranged in one or two rows.

Each rpd shall be provided with a contact button of bronze or other equivalent fow’ rgsistive
materidl with sufficient hardness (for example, stainless steel). The contact buttens ghall be
electrically insulated from the mounting block.

Each of the 10 contact buttons shall have a contact area of 64,5 mm2 with’a relative tolerance
of +1 %, giving a total area for the 10 buttons of 645 mm2 with a relative tolerance of +1 %.
Each cpntact button shall press on the test specimen uniformly over the whole contact afrea and
shall ayoid concentrating the force at the edge of the contact bufton.

NOTE 1| A force concentration at the edge of the contact button cansdestroy the insulation coating and| cause a
direct coptact between the contact button and the metallic substrate. Fherefore, misalignments of the contadt buttons
can cause an erroneous large current through the contact buttons. Articulated joints which allow the contagt buttons
to follow|the surface of the test specimen improve the contacts by compensating for minor misalignments.

NOTE 2 | In case the purchaser and the manufacturer agree towUse a different contact button size, e.g. 100|mm?, for
each corftact button (e.g. total area of 1 000 mm?), the measGfed values differ from the values measured with contact
buttons gf the standard size of 64,5 mm? for each contact-button (total area of 645 mm?).

The tejst specimen shall be pressed between a baseplate and the contact assembly.
Alternatively, the test specimen may be pressed between pairs of contact ass¢mblies
(arrangement of the 10 contact buttons each) of the same dimensions in opposing p¢sitions
providdd that the comparability of the results can be demonstrated. This arrangemenf{ allows
succespive measurement of both sides of the test specimen without turning over the test
specimgen.

6.2 ower supply

The poyer supply.shall be capable of maintaining a stabilized voltage of DC 0,5 V with a relative
tolerange of +0,56.% over a current range from 0 A to 1,0 A.

6.3 Current measurement

The total current flowing through the contact buttons shall be measured with an uncertainty
of £0,5 % or better.

The value of the total current shall be determined by measuring the voltage drop across the
current sensing resistor Ry of a low resistance value (e.g. 0,2 Q) by means of a suitable

voltmeter (see Figure 2).
NOTE An ammeter with a low internal resistance value can be used instead of the resistor RS and the voltmeter.

6.4 Applied force

A pressure of 2 N/mm2 with a relative tolerance of +5 % shall be applied to each of the 10
contact buttons pressing on the test specimen. This corresponds to a force of 1 290 N with a

relative tolerance of +5 % for the total contact area of 645 mm?2.
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7 Verification

The system shall be verified in four ways:

a) The 10 contact buttons and 2 twist drills shall be applied to a clean and flat copper sheet at
the nominal testing pressure. The total current flowing through the 10 contact buttons shall
be between 0,97 A and 1,00 A. If this is not the case, the cleanliness of the contact buttons
and the contact resistance between the power supply and the copper sheet shall be
checked.

b) Standard resistors of 0,1 Q, 1Q, 10 Q and 100 Q connected between the twist drills and
each contact button in turn may be used in order to show that the stabilization of voltage is
adequate and that the required current levels can be achieved

total force applied to all the 10 contact buttons pressing on the base plate, or| the 10
contact buttons in opposing positions shall be verified by any suitable means, /gy fogd cells,
with] an uncertainty of £5 % or better.

d) Prepsure measurement sheets, that can indicate applied pressure, as' colour [density
varifations, shall be pressed between the 10 contact buttons and a flat\plate at the nominal
tesfling pressure. In the case of measurements performed with two.sets of contact puttons
in opposite positions (see 6.1), a plate equipped with pressure measurement sheets pn both
sidgs shall be inserted between the pairs of contact assemblies for the purpose ¢f such
verification. The 10 marks shall be even and free from signs‘ef force concentration. [Carbon

r pressed on white paper by the contact buttons can‘*be used instead of the pressure

surement sheet. Contact buttons giving uneven marks’shall be replaced with new ones

enspuring even pressure.

8 Megasurement procedure

The tegt specimen shall be positioned between the 10 contact buttons and the bagdeplate.
Alterna’tively, the test specimen shall be positioned between two sets of 10 contact bujtons in
opposing positions (see 6.1).

The forice of 1 290 N shall be gradually applied to the 10 contact buttons pressing on {he test
specimgn.

The voltage of DC 0,5 V shall be applied across the supply side of the 5 Q resistors and the
twist drjlls. The total current, shall be recorded directly or by a micro-processor (see Figure 1).

If the sdirface insulation resistance of one coated surface of the test specimen is to be evaluated
in the fest, the total current I, shall be taken from 10 separate representative areas,|on the

same surface-of one or several test specimens, and the average value of the total curpent 1,
shall bg caleulated for the 10 values.

If the surface insulation resistance of both coated surfaces of the test specimen is to be
evaluated in the test, the total current 7, shall be taken from 5 separate representative areas,

each on both surfaces of one or several test specimens, and the average value of the total
current 7, shall be calculated from the 10 values.

As an alternative, upon agreement between the purchaser and the manufacturer, two sides of
the test specimen may be evaluated separately by adding the total currents 7, from the 5

measurements per side separately and calculating the average values of the total current 1,
of each side separately.

Care shall be taken so that the contact buttons are not placed on any marks of the contact
buttons and the drills from previous measurements. It is particularly important to avoid the drill
marks from measuring the first side when measuring the opposite side.
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9 Evaluation of surface insulation resistance

The average value of the total current j, shall be calculated by averaging the 10 recorded

values of the total current I, (either all from the same surface or 5 each from two surfaces)
using Formula (1):

Iy=—>1, ™M

where

1, is the total current, in A;

I, is the average value of the total current /,, in A.

In the glternative case that the two sides of the specimen are evaluated separately, Formula (1)
is applied to each surface by replacing 10 by 5.

C is thg coefficient of surface insulation resistance for one coated surface of the test spgcimen.
If 5 mepsurements are taken each from both coated surfaces, thie’value C is the coeffigient of
the surface insulation resistance per one coated surface in @ mm2/side, which represgnts the
mean df both coated surfaces. Twice the value C correspands to the coefficient of interlaminar
resistance in Q mm2/sheet for both coated surfaces.

In the gase of one coated surface, it is only possible’to calculate the coefficient of the surface
insulatipn resistance per one coated surface in &@mm?2/side.

NOTE The described procedure in ASTM A717 [2}.produces a surface insulation resistivity which corresponds to
twice the value of C.

The coegfficient of surface insulation resistance C shall be determined using Formula (2}.

c= A.[_Z_f_a]zms.(g_o,sj @)

A A

where

C is the coefficient of surface insulation resistance, in Q-mm?2/side;

A is the total area of the 10 contact buttons, equal to 645 mm?;

U |S the-voltage—applied-acrossthe-supphrside—ofthe 50 resistors—and-the-twist-dril equal
Re—+orageappHea—actosSStHe-—SuUppry-—Siae—-othHe o2 FesiStorsahRatHe-tWisSt+aHS,
to 0,5 V;

R, is the resistance of the resistors in series with each contact button, equal to 5 Q;

1, is the average value of the total current /,, in A.

10 Uncertainty

Even with the best practices in design, instrumentation, maintenance, and operation, the
uncertainty of the measurement according to the test method is greatly influenced by the nature
of the surfaces of the test specimens. However, in many cases, the indication of the estimated
uncertainty of measurements may be needed. If so, the estimation of the uncertainty shall be
made in accordance with ISO/IEC Guide 98-3.


https://iecnorm.com/api/?name=197d6fa3a88046b917431ae468a24c78

IEC 60404-11:2021 © IEC 2021 -1 -

11 Test report

The test report shall include the following, as applicable:

a) the type and identity of the test specimen;

b) the nature of the coating and whether the coating is applied to one or both sides of the strip
or sheet;

c) the number of this standard (IEC 60404-11) including its year of publication;
d) the value of the coefficient of the surface insulation resistance:

— for one coated surface, the value C, in Q mmZ2/side or Q cm?/side;

— pr both coated surfaces, twice the value C, in Q mm?2/sheet or Q cm?2/sheet;

e) thelaverage value of the total current I,,in mA;

f) thelaverage values of the total currents per side separately, in mA (if agreed betwgen the

pur¢haser and the manufacturer);
g) any|deviation from the procedure;
h) any|lunusual feature observed;

i) theldate of the test.
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MATERIAUX MAGNETIQUES -

Partie 11: Méthodes de mesurage de la résistance
d'isolement superficiel des bandes et tdles en acier électrique
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t I''EC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

Le principe de mesure repose sur et inclut la méthode initialement décrite par Franklin [1]! qui
caractérise une face revétue a la fois.

La Figure 1 représente le montage général de I'appareillage d'essai. Dix touches de contact
métalliques de surface déterminée sont appliquées sur une seule face revétue de I'éprouvette,
dans les conditions spécifiées de tension et de pression.

L'efficacité de l'isolement superficiel est évaluée par mesurage des courants, qui traversent les
10 touches de contact.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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_Source _ Microprocesseur
d’alimentation

Forets hélicoidaux )
Affichage
conducteurs pour
P Touches de contact
I'établissement du
contact électrique — (10 au total) — Revétement
|\‘ | | | | S s | \ | |/| isolant
Eprouvette Substrat métallique IEC

Figure 1 — Montage général de lI'appareillage d'essai (schéma)

Une solrce d'alimentation alimente chaque touche de contact a une tension en courant pontinu
stabilisge, et l'intensité des courants qui traversent les 10 touches de contact.est mesufée.

La Figyre 2 représente les montages de I'appareillage d'essai et du circuit de stabilisgtion de
tension|.

Sourcg¢ d'alimentation Voltmétre
en cqurant continu
tabilisée R,
| S
\. Tension de régulation
Sortie fu Entrée de U=05V
courgnt | potentiel
soff b b be bl bl polpof ]
Passage du courant
Forets
hélico‘l‘daux [ [ ] [ ] [ [ ] [ ] J [ ] [ ]
Eprogvette Touches de gontact

C 1 3 —/ /7 — /7 ] 7 1 ) IEC

a) Montage A

Sourceg d'alimentation Voltmétre
en cdurant continu
dtabilisée Rs
| S|
L] Tension de régulation
Sortie du Entrée de U=05V
courant potentiel
so bl polpol bt bl ol bet polpol
Passage du courant

Forets
hélicoidaux

Détecteur de
potentiel

[ ] [ ] [ ] [ ] q q q L [ ] [ ]
Touches de contact

Eprouvette
; | I I I o A S S S S [ N N — )

IEC

b) Montage B

Figure 2 — Montages de l'appareillage d'essai
et du circuit de stabilisation de tension (schémas)
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Dix touches de contact sont appliquées sur une seule face revétue de I'éprouvette. Des
résistances de 5 Q d'une précision de + 1 % sont connectées en série a chaque touche de
contact (voir Figure 2). Deux forets hélicoidaux conducteurs sont mis en contact électrique avec
le substrat métallique sous le revétement isolant.

La tension en amont des résistances de 5 Q et des forets hélicoidaux est stabilisée a 0,5 V en
courant continu avec une tolérance relative de + 0,5 % sur une plage d'intensités entre 0 A et
1,0 A.

Les deux forets hélicoidaux peuvent étre placés a chaque extrémité de la touche de contact
appliquée sur la méme face de I'éprouvette.

Dans lg¢ Montage A, les deux forets hélicoidaux assurent la fonction des contacts de“pjpssage
de coufant avec le substrat métallique [voir Figure 2 a)].

Dans Id Montage B, les deux forets hélicoidaux assurent des fonctions différentes [voir Rigure 2
b)]. Unfforet assure le contact de passage de courant avec le substrat métallique. L'autfe foret
sert de| détecteur de potentiel pour le contréle de la tension de régulation. Ce contfble de
régulatfon élimine l'influence de la résistance de contact entre le foret de passage de ¢ourant
et le substrat métallique.

NOTE lla contribution de la résistance de contact au mesurage est importante lorsque le mesurage concgerne une
résistande d'isolement superficiel de valeur relativement faible.

Le Morjtage B est recommandé pour le mesurage d'uné résistance d'isolement superfjciel de
valeur relativement faible.

Le coutlant total qui traverse le revétement isolantentre les 10 touches de contact et le qubstrat
métallique en connexion paralléle est mesuré*voir Figure 2).

La valeur du courant total doit étre déterminée par mesurage de la chute de tension aux|bornes
de la r¢sistance de détection de courant Rg reliée en série au circuit. La résistance de dgtection

de coufant ne doit pas étre incluse.dans le circuit de stabilisation de tension.

Les coprants des touches de“contact peuvent étre analysés par mesurage des chutes de
tension| aux bornes de chaque résistance de 5 Q.

Etant donné que le passage du courant s'effectue entre les touches de contact et le qubstrat
meétallique, cet esSai'ne réalise pas un mesurage réel de la résistance interlaminairg, ou le
passage du courant's'effectue entre deux substrats métalliques de tdles adjacentes. Cegendant,
cet esgai permet d'obtenir une indication utile sur la qualité de la résistance d'isqlement
superfigiel.

5 Eprouvette

L'éprouvette doit étre constituée d'une longueur de bande ou de téle. La largeur et la longueur
de I'éprouvette doivent étre supérieures a la largeur et a la longueur de I'ensemble des contacts
(voir 6.1).

L'éprouvette doit étre représentative du matériau a soumettre a I'essai. Les surfaces doivent
étre propres et exemptes de poudre, de poussiére, d'huile, etc., qui peuvent provenir de la
manipulation de I'éprouvette. Les mesurages doivent étre réalisés a une température ambiante
de (23 £ 5) °C.

Etant donné que ce mesurage est destructif, la surface de I'éprouvette en contact avec
I'ensemble des contacts ne doit pas étre réutilisée.
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NOTE Pour obtenir un résultat représentatif, plusieurs éprouvettes peuvent étre prélevées uniformément sur toute
la largeur de la bande ou de la téle.

6 Appareillage d'essai

6.1 Ensemble des contacts

L'ensemble des contacts est constitué de 10 tiges de contact verticales et de 2 forets
hélicoidaux d'environ 3 mm de diamétre. Ces 10 tiges de contact doivent étre capables de se
déplacer individuellement et axialement contre des ressorts fixés a un bati. Les tiges de contact
doivent exercer une force égale sur la surface de I'éprouvette. Afin d'obtenir un contact
électrique avec le substrat métallique, les deux forets hélicoidaux doivent étre tournés lorsqu'ils
appuietsur t'eprouvette. Les forets heticofdaux doivent percer fe revetement fsotant, thais ne

doivenf pas percer I'éprouvette.
Les 10|tiges de contact doivent étre disposées en une ou deux rangées.

Chaqug tige doit comporter une touche de contact en bronze ou réalisée dans un autre matériau
a faiblg résistivité équivalente et de dureté suffisante (acier inoxydable, par exemplg). Les
touche$ de contact doivent étre isolées électriquement du bati.

Chacurje des 10 touches de contact doit avoir une surface de conhtact de 64,5 mm? ajec une
tolérange relative de + 1 %, soit une surface totale de 645(mm2 + 1 % pour les 10 tguches.
Chaqug touche de contact doit appuyer uniformément sur¥ensemble de la zone de corftact de
I'éprouyette et ne doit pas concentrer la force sur le bendvde la touche de contact.

NOTE 1| Une concentration de la force sur le bord de la touche de contact peut détruire le revétement isolant et
provoqugr un contact direct entre la touche de contact €t;le substrat métallique. Par conséquent, leq défauts
d'alignement des touches de contact peuvent causer un gourant erroné important aux bornes des touches dg contact.
Les articplations qui permettent aux touches de contact de suivre la surface de I'éprouvette améliorent les|contacts
en compensant les défauts d'alignement mineurs.

NOTE 2 | Lorsqu'un accord entre I'acheteur et-le fabricant prévoit I'utilisation d'une touche de contact d¢ surface
différentg¢ (100 mm2, par exemple) pour chaque’touche de contact (surface totale de 1 000 mm?2, par exenple), les
valeurs nesurées différent dans ce cas‘\des valeurs mesurées avec des touches de contact de dimmensions

normalisges 64,5 mm? par touche de contact (surface totale de 645 mm?).

L'éproyvette doit étre comprimée entre un socle et I'ensemble des contacts. A |défaut,
I'éprouyette peut étre comprimée entre deux ensembles de contacts (montage des 10 touches
de confact chacun) de'mémes dimensions et situés a des positions opposées, sous réserve de
pouvoil démontrer tla.“comparabilité des résultats. Ce montage permet de réaliser des
mesurdges successifs sur les deux faces de I'éprouvette, sans la retourner.

6.2 limentation électrique

L'alimeptation électrique doit étre capable de maintenir une tension stabilisée de 0J5V en
courant continu avec une tolérance relative de + 0,5 % sur une plage d'intensités entre 0 A et
1,0 A.

6.3 Mesurage du courant

Le courant total qui traverse les touches de contact doit étre mesuré avec une incertitude de
1+ 0,5 % ou mieux.

La valeur du courant total doit étre déterminée par mesurage de la chute de tension aux bornes
de la résistance de détection du courant Rg de faible résistance (0,2 Q, par exemple) au moyen

d'un voltmétre adéquat (voir Figure 2).

NOTE Un ampéremétre a faible résistance interne peut étre utilisé en lieu et place de la résistance R et du
voltmeétre.
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