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2.0 SAFETY ROTICE

Eddy current testing uses high-frequency electrical circuits. Therefore,
standard safety practices associeted with electrically operated devicea should
he observed, EBEddy current testing does not present any other known unique
safety hazards to personnel See Section 2.8 for additicnal comments on

aafety.
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2.1 INTRODUCTION

Eddy current testing is one of the standard nondestructive testing methods. It
uses electromagnetic fields and is very sensitive to many material and geomet-
ric variables. Because it is an electromagnetic test, its signals move with
the speed of light, and its measuremenis cen be made very quickly. Being elec-
trical in nature, eddy current testing can easily be automsied and its signals
can be used to control other electrical devices. Because the sensing devices
are coupled to the test specimens through electromagnetic fields, the devices
do not have to contact the test apecimen. Eddy current testing can even be
used in a vacuum. For these and other reasons, eddy current testing is exten-
sively used throughout the industrial world.

This chapter provides the fundamentasl principles and guides associated with
eddy current testing. It includes the theory of operation, the type of equip-
ment, the advantages and disadvantages of the method, various applications and
standards, and guides for specific disciplines. The information contained in
Chapter 1 should be included with this chapter for general guidelines to the
employment of a1l NDT methods and for & more complete understanding of eddy
current testing as it compares with other basic methods,

2.1-1
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2.2 BASIC PRINCIPLES

Eddy current testing is the process of electromagnetically inducing small
electrical currents into an electrically conductive specimen and observing the
changes in the effects caused by these currents on the electromagnecic fields.
Every variable that afiects the induction of eddy currents, their flow in the
material, and the reactions to their electromagnetic field is capable of being

utilized as a test variable.

A knowledge of electricity and magnetism and the electrical properties of
materials is required to understand the theoretical operation of eddy current
testing. In this chapter these subjects are reviewed as they apply to eddy
current LesCing.

2.2.1 ELECTRICAL CURRENTS

Figure 2.2(1) shows a simple clectrical circuit consisting of a voltage source
and a conductor of electricity that provides a closed-path circuit through
which current will flow. 1f the voitage source 1s removed, the current will
cease flowing. 1f the circuit is broken, or otherwise interrupted at any
point, the current will not flow.

CURRENT FLOW, |

—_—
RY RESISTOR, REPRESENTING
B POWER i A € THE TOTAL CIRGUIT
SOURCE OF = E RESISTANCE, R
VOLTAGE, E -
WIRE OR CONDUCTOR
MAKING A CONTINUOUS
CIRCUIT
Figure 2.2(1). Simple electrical circuit.

As long as there is a continuous circuit of an elecrrically conductive material
with a voltage applied to the circuit, current will flow. The amount of cur-
rent flow can be determined from the mathematical expression known as "Ohm's
Law.” Ohm’s law states that the electromotive force (EJ) in volts across the
circuit is equal to the current (1) in amperes flowing through the circuit
multiplied by the total resistance (R) of the circuit in ohms. Equation 1
shows this relationship.

E = IR L)
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This equation can be transposed to find the current value or ihe resisiance
value in terma of the other iwc parameters: 1 = E/R, R = E/I.

2.2.2 ELECTROMAGNETS

When an electrical current flows through a wire & magnetic field exists around
the wire. The magnetic field can be represented by magnetic force lines. The
direction of the magnetic field or lines of force sround the wire depends on
the direction of current flow through the wire. This directional relationship
may be determined by the "right-hand rule" as illusirated in Figure 2.2(2).

glAGgETIC
1EL
DIRECTION ~— E‘IAGNHJ

WIRE

CURRENT DIRECTION
(CURRENT DIRECTION IS
OPPOSITE TO ELECTRON FLOW)

AIGHT-HAND RULE: 1F THE WIRE IS GRASPED IN THE
RIGHT HAND WITH THE THUMB POINTING IN THE DIREC-
TION OF CURRENT FLOW, THE FINGERS WILL POINT IN
THE DIRECTION OF THE MAGNETIC FIELD,

Figure 2.2(2). Magnetic field around a straight conductor.

If the straight wire is wound into & coil (meny loops of wire), the magnetic
lines of forece encircling the wire form & magnetic field inside and outside
the loops as illustrated in Figure 2.2(3}. The field created is similar to
the field of a bar magnet which has opposite magnetic poles at each end. The
strength of the magnetic field is dependent upon the number of turns in the
e¢oil and the magnitude of the current. Increasing either one increases the
strength of the magnetic field. The strength of the magnetic field is also
dependent upon geometric factors - mainly the number of turna per unit length
or the spacing between the turns of the coil, the coil area and, for each
measuring point, its distance and direction from the coil.

-
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FORCE

Figure 2.2(3). Magnetic field of a coil.

The direction of the magnetic field depends on the direction of the current
flow through the coil as shown on Figure 2.2(4}. 1If the direction of the
current through the coil is reversed, the direction of the magnetic field is
reversed. The end of a coil can be identified as a North or a South pole
depending on whether it is attracted by the North or the South magnetic pole
of the earth. By curving and pointing the fingers of the right hand in the
direction of the current flow around the coil, the thumb will identify the end
of the coil that will be attracted to the earth’s North magnetic pole.

RIGHT A~ NN

HAND

NORTH

SOUTH

i \
CURRENT IN
CURRENT OUT

Figure 2.2(4). Direction of a magnetic field in a coil.

2.2-3
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2,2 ELECTROMAGNETIC INDUCTION

Faraday's law states that when the lines of a magnetic field snd a conductor
are moving in such a way that they cut across each other (moving through each
other so they are exchanging sides), an electrical current will flow through
the conductor (assuming that the conductor is part of a closed circuit).
Therefore, electrical current may be induced in a conductor in two ways: 1)
when the wmegnetic field moves or expands or contracts across an electrical
conductor, with a component of the motion perpendicular to the conductor, or
2) when the conductor is moving through the magnetic field, with a component
of the motion perpendicular to the direction of the field. It is the first
application, the expanding and contracting magnetic field, that is used in
eddy current testing.

2.2.4 MUTUAL INDUCTION

In Figure 2.2(5) & transformer with primary and secondary coils is shown. The
primary circuit consists of a battery, a switch, and the primary coil of the
transformer. Transformers work by electromagnetic 1nduct1on as follows: When

ela —isr sl P s U — | £1n =t mh +hao ey e |‘||'
LiE BwiliLCil Lb L,I.U.‘.'D!:U’ Lu[lglll. Ul:gl.llb 6 1.i0w Llllvuﬁll Wi PI-LIIOHI-J’ civgcult

increasing towards a maximum value. As the current and its magnetic fxeld are
increasing, the mapnetic flux lines of the primary coil expand, cutting across
the windings of the secondary coil.

SWITCH
_;;\\\ty—

Figure 2.2(5). Electromagnetic induction in a dc circuit.

During this short time, current flows in the secondary circuit as evidenced by
a deflection of the needle on the ammeter. 1In & very shorf time, the current
and its magnetic field in the primary coil reach their maximum values. As
long as the switch remains closed and the magnetic field holds constant, there
is no further current flow in the secondary circuit; but when the switch is
opened, current flow in the primary circuit ceages and the magnetic field
around the primary coil collapses. As the magnetic field collapses, flux
lines cut across the windings of the secondsry ¢oil and the ammeter in the
secondary circuit shows a momentary flow of current in the opposite direction
as was initially indicated, The ¢current only flows in the secondary circuit
when the magnetic flux is moving past the secondary coil. When a change of
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current in the secondary coil does occur, the changing magnetic field of the
secondary coil induces a current in the primary coil that opposes the
direction of flow of the original current in the primary circuit. This
opposing current is the result of the magnetic field of the secondary coil
cutting across the windings of the primary coil. The inducement of current in
one coil by the ehanging magnetic flux of mnother coil is called mutual
induction.

2,2.5 SELF INDUCTION

The magnetic field created by each turn of wire in a ceil indu
fad Q 1ﬂ

8ll pf the other turns in the same cpil Thia aeffect

[ Akl WEIS Col1l.l. E = 1

and it, too, oppeses the original current.

Figure 2.2(6) shows an alternating current source connected to a single coil.
The coil shown in this figure represents a real coil, which'would have finite
resistance as well a&s inductance. A voltmeter is provided t¢ measure the
voltage applied to the c¢oil and an ammeter is provided to measure the current
through the coil. Lf the instantaneous values of voltage and current are
plotted on .a graph, the current is found to lag in time behind the veoltage as
snnown in the lower portion of the figure. The highest current does not occur
at the same time as the highest voltege. Thus, self-inductance affects the
phase relationship between the voltage and the current. This electrical pro-
perty of the coil is called "inductive reactance” and is designated by the
letteras Xj. 1t has been determined that in an ac circuit corntaining only
inductive resctance (no measurable resistance), the current will lag behind a
sine voltage by exactly 90 degrees. The inductive resctance of a coil is.a.
function of the frequency of the alternating current. Since the higher
frequencies cause the magnetic field to change more rapidly, the inductive

reactance increases as the [requency increases. The increase in the in-
ductive reactance due to the increaae in frpnnpnnv cauges the current through

the coil to be reduced, thereby reducing the strength of the magnetic field of
the coil.

2.2.6 VECTOR DIAGRAMS

Some resistance is present in all circuits. The total resistance in a circuit
includes the resistance of the wiring as well as the resistance of the coil,

In an 8¢ circuit containing only resistarce, the resistance sioply limits the
amount of zurrent that flows through the circuit. 1t does not change the phase
relatinnship between the voltage and the current. The current ic exactly "in
phase” with the voltage.

Resistance, however, is not the only variable that affects the flow of cur-

rent. Impedance (designated by the letter 2) is the name given to the combi-
nation of all those electrical properties that restrict or limit the flow of
current through the circuit. For eddy current testing, this includes resist-
ance (R} and inductive reactance (X[). (Capacitive reactance is not

nermally of cancern in 2ddy ourrent testing.) Since these twe factors o
results that, t'or gine waves, occur Y0 degrees out of nhase with each othe

_____ SYTa; WLl [e gt

they cannct be simply added together to determine the impedance. The
puragraphs that follow show how these factors are related in value and phase.
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SQURACE

A
AMMETER U
ALTERNATING
{\_/ ] CURRENT con

Figure 2.2(6) ghows the relationship between the voltage and the current that
resulted from rhe impedance of the circuit. 1In this case the current is shown
to iag behind the applied voltage by 45 degrees, which means that the resist~
ance and inductive reactance were equal. The same relationship can be shown
by means of a vector diagram (a vector whose length represents a value and
whose direction represents a phase relationship). A vector diasgram of the
voltage and current shown in Figure 2.2(6) is shown in Figure 2.2(7).

I; = MAXIMUM
AOTATION /' CURRENT

45" LAG

V = MAXIMUM
0 — VOLTAGE

Figure 2.2(7). Vector diagram.
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The vector lengths represent the maximum values of voltage and current. The
actual or instantaneous values are represented by the magnitude of their hori-
zontal projections, which vary as the vectors rotate. I1f the vectors are con-
sidered to be rotating in a c¢lockwise direction, the maximum current will
occur 45 degrees in rotation after the maximum voltage occurs.

2.2.7 CHRRENT=-PLANE DIAGRAMS

When the current lags the voltage, as shown in Figure 2,2(7), the current
vector representation can be broken up into two components, one in phase with
the voltage and the other 90 degrees behind the voltage. These two components,
shown in Figure 2.2(8), are defined as the resistive current {Ig) and the
reactive current (1y ). The original vector is defined as the 1impedance
L

curreat (I7). As shown in Figure 2.2(8), a vertical line drawn from the
impedance value to the zero degree (in phase) line gives the value of the
resistive current (Ig} while a horizontal line drawn from the impedance
value to the 90 degree line gives the value of the reactive current (Iyx ).

L
Lf the values of 1p and Iy are known, these values can be plotted

L

on the zero and 90-degree lines of 8 current impedance diagram, a rectangle
constructed, and the diagonal drawn will represent the value of Is.

80
' ]
U
Ix & i, = IMPEDANCE CURRENT
Iy = REACTIVECURRENT
L
lg = RESISTIVE CURRENT

Q = PHASE ANGLE

=\

|

|

l

|

!

|

}

4:'- — — a= 0° (A POINT OF MAXIMUM APPLIEL -J. “GEI
[ 1

Figure 2.2(8). Vector diagram showing values of Ip and Iy,

Figure 2.2(9) shows the vector diagrams of two circuits having different cur-
rents due ta different values for resistance and inductive reactance. In View
A, the resistive curreant is relatively low while the reactive current 1is
rclatively hiph. Note the effect on the phase angle (@) as compared to the
phase angle shown on View B where the resistive current is relatively high and
the reactive current is relatively low. Varying values of resistance and
inductive reactance therefore affects the phase angle as well as the magni-
tude of the currents.
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s0® 90*
! = CURRENT
R = RESISTANCE
X, = REACTANCE
I b — 0 Z - IMPEDANCE
L ; z
I a = PHASE ANGLE
a I
0 e | o
fr
A 8

Figure 2.2(9). Current vector diagrams.

As indicated in the previous paragraphs, vector diagrams may be used to show

the impedance current, the reactive current, and the resistive current. The

same type of diagrams may be used to show applied and induced voltages and to
show actual impedance, inductive reactance, and resistance values,

____________

cal g1 natically in Figure 2.2{18); geparate
electrical symbols are used to indicate the inductive reactance (X1) and the
resistance (R) in the circuit. When an ac voltage is applied to this circuit,
the current flows through both the inductive reactance and through the resist-
ance. This current is common to all elements in the circuit.

A |
| &/ T a . n
I v, Xp i
AC vy ey it I coiL
SOURCE I "
| vf |
T _ __ |

Figure 2.2(10). Inductive reactance and resistance in an ac circuit.

When a sine wave current flows through the inductive reactance a voltage will
exist across the inductive reactance. This voltage is identified as Vo on
Figure 2.2(10). The same principle applies to the resistance and this volt-
age is identified as V3. The maximum value of either voltage is the product
of the maximum curvent (1) and the inductive reactance (X1,) or the resistance
(R). Thus Va2 = 1 x X, and V3 = I x R.
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The maximum voltage (V,) across the inductive reactance is 90 degrees out of
phase with the maximum voltage (V3) across the resistance. Thege two volt-
ages can be vrepresented on a graph as shown on Figure 2.2(11). Since voltages
are shown, the graph is called a "Voltage-Plane" diagram.

Va
IIKL
mﬂ
0 >LH -3
]
VOLTAGE PLANE : IMPEDANCE PLANE

Figure 2.2(11). Voltage-plane and impedance-plane diagrams.

2.2.8 IMPEDANCE-PLANE DIAGRAMS

Since the current through both the inductive reactance and the resistance is
the same, the voltage values on the voltage~plane diagram may be divided by
the current value to give the values of inductive reactance and resistance in
the circuit. The result is also plotted on Figure 2.2(11). The graph is
called the "Impedance-Plane" diagram.

The vector addition of the values of inductive reactance and resistance,
plotted 30 degrees apart, will indicate the impedance value (2) and the same
phase angle (@) as the current vectors showed in Figure 2.2(8).

2.2.9 EDDY CURRENTS

Eddy currents can easily be explained by taking a transformer as shown in
Figure 2.2(5), replacing the dc batrtery with an ac source as shown in Figure
2.2(6), and then replacing the secondary coil with an electricatly conductive
test material as shown in Figure 2.2(12). The electrically conductive test
material can be viewed as a large number of ciosed or shorted turns of &
secondary coil. The induced current in the "secondary coil" becomes induced
current within the test material itself. These currents are called "eddy
currents." As these currents flow, they cause an electromagnetic induction
that opposes the induction of the primary coil, and the effect will be indi-
cated as changes in the volitage and current values, and/or in their phase re-
lationships, in the primary circuit, or in any other test circuit that is
located in their direct vicinity.
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_~ELECTRICALLY

CONDUZTIVE
TEST
MATERIAL

NL—

Figure 2.2(12). Induction of eddy currents.

2.2.10 EDDY CURRENT VARIABLES

The variables in the eddy current test circuit can be quickly identified. 1In
the primary (test) circuit, the frequency and magnitude of the source voltage
and the resistance and self-inductance of the test circuit are all basic input
variables. These variables, along with the number of turns in the coil and
the shape and size of the coil, determine the strength and shape of the elec-
tromagnetic field that expands and collapses around the test coil. The ori-
entation and location of this coil with respect to the material under test is
also an important parameter. The closer the coil is to the material under
test, the greater the mutual inductance that is established These variables

.
all h w rha Fast =
L = -

aln ra Aoravrmina e
dara T AP 14
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The eddy currents that result from rthe induced magnetic forces will be a
function of certain characteristics of the test specimen. The thickness and
other geometric characteristics of the test specimen can affect the amount of
current induced into the specimen by the test circuit. As the material
becomes wery thin or edges are approached, for example, the mutual inductance
is decreased which can be considered as a reduction in the number of turns in
the secondary coil. The electrical conductivity of the material will also
affect the amount of current induced, essentially fixing the resistance of
each shorted coil. If any cracks or other material defects are present, which
vould have the effect of breaking any of these closed current loops, reduced
current flow will occur. As these eddy currents flow, first in one direction
and then in the opposite direction as the electromagnetic field first expands
and then collapses, they set up their own electromagnetic fields,
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The sensing of the eddy current elecirumagnetic fields, or changes i1n these
fields, completes the test. Normally, the test ccil is alsc used as the sens-
ing co1l, and the same orientation and proximity relationships reyuired to in-
duce the eddy currents are also used to establish the return induction. This
return induction affects the normal voltage-amperage relationship in the pri-
mary circuit. This change can be sensed and displayed on cne or more ampiitude
or phase meters, or on an oscilioscope where diaplays similiar to some of the
phase diagrams discussed in 2.2.5 can be observed.

If the test material exhibits any magnetic permeabilitiy effects, the entire
interaction will be greatly affected, both with respect to the effect of the
initial induction from the test coil, and any subsequent return induction from
the eddy current flow. If the magnetic permeability of the material interferes
with the eddy current testing (that is, it is not the variable being measured),
its effects can be removed by uaing a strong, fixed, external magnetic field
that holds the test material at magnetic saturation.

2.2.11 EDDY CURRENT LIMITATIONS

The electromagnetie induction of the eddy currents opposes the electromagnetic
induction of the test coil. This opposition has the effect of restricting eddy
currents to the surface or near surface region of the teat specimen. Any eddy
current present at the surface of the test material will reduce the induction
effect of the test coil in the deeper regions of the material, and eddy cur-
rents therefore fall off at an exponentisl rate. Therefore, eddy current test-
ing must normally be limited to locating those variables that are at or near
the surface pf the inspected parts.

2.2-11
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2.3 EQUIPMENT AND METHODS

A variety of commercial eddy current test instruments are available. They are
often designed to measure, detect, or gage specific parameters of the test
material such as conductivity, flaws, and thickness. Specific systema are not
discusz=d, but some of the ranges of choices are indicated.

2.3.1 ABSOLUTE AND DIFFERENTI1AIL INSTRUMENTS

Basically, as shown in Figure 2.3{1), there are two types of instruments:
differential instruments and absolute instruments. The number of test probes
ssgociated with an instrument is indicative of its type. For example, a dif-
ferential inatrument has tvo identical test probes (coils) that sre electri-

cally opposed. The absolute test instrument has only one test coil or probe
associated with it.

ABSOLUTE TECHNIQUE DIFFERENTIAL TECHNIQUE

MEASUREMENTS MADE BY A SINGLE COIL A COMPARISON OF IMPEDANCE VARIATIONS
BETWEEN ADJACENT SECTIONS OF THE SAME
TEST PART, OR WITH A SELECTABLE STANDARD.

SINGLE WINDING

~ PROBE COIL
1 i
15T COIL
2ND COIL
. . o
MTEST PART
\ W’
TEST PART
1 ND
P /\ STCOL, o "\ /WD COIL
STANDARD
PART
SINGLE WINDING
TEST COtL
TEST PART
TEST PART

READOUT METHODS:

VARIOUS TYPES OF READOUT DEVICES AHE AVAILABLE
INCLUDING METER, SCOPE, PEN RECORDER, FLASHING

o e

iCK-UP COiL:

T THE ELECTRICAL
EP

LIGHTS, AUDIBLE ALARMS. COUNTERS, AUTOMATIC TEST PART: TEST SYSTEM:
MARKING AND SORTING, USE ANY ONE OR ALL AS BEST 1. CONDUCTIVITY 1. FREQUENCY
SUITS THE PARTICULAR AFPPLICATION. 2. PERMEARILITY 2. COIL SIZE A SHAPE
1. MASS [THICKNESS} 3. CURRENT
4. HOMOGENEITY 4. SPACING
{COUPLING}

Figure 2.3(1). Absolute and differential.coila.
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In the differential instruments the signal displayed is the difference between
variables simultaneously affecting two coils, while in the absolute instrument
it is the change in the signal of the single coil from one position to another
that must be attributed to differences in the variables being tested. Both
instruments therefore produce similar informaetion regarding the properties of
the test item, but their aperating chaeracteristics are quite different. This
difference in operation plays a large role in the selection of an eddy current
instrument for a given epplication.

1n metallurgical evaluastions of a test item,the differential type instrument
offers an inherent stability which allows a high degree of sensitivity and
repeatability. These qualities make this type of instrument ideal in an
automated system for high-volume snd high-spesd inspections. For flaw
detection inspections, both test probes of a differential instrument are
placed on the same test abject and ecanned over the surface of the test
pbject. When the two test elements are over a homogeneous flaw~free area of
the test item, there is ne differential signel developed between the elements
since they are both inspecting identical materiael, However, when first one
and then, 8 maoment later, the other of the two test elemente is passed over =
flaw, 8 large differentiel signal, first in one direction and then in the
opposite direction, is produced. Even though the differential flaw-detection
instrument has a high degree of sensitivity and stability, it is fairly
independent of the type of material and the metallurgical properties aof the
material being tested.

The absolute type of eddy current instrument is characterized by the ease of
operating & single test coil or probe, and is more easily related to apecific
properties or variables.

2.3.2 TEST COILS

It is the coil size and shepe that ultimately governs the resolution capabili-
ties of the test. The exacti dimensions or location of & flaw cannot normally
be determined within tolerances that are much less than certain critical dimen-
sions of the probe. Also, because each probe forms a direct part of the test
cirecuit, the probe will sften have a direct effect on the frequency applied to
the test circuit. The choice of coil will often limit the power output, with
the overheating of the coil setting the upper limit. Therefaore, the choice of
the coil is one of the more important factors in & successful eddy current
test.

Figure 2.3(2) illustrates the three basic types >f test coils that are used in
eddy current testing: the surface coil, the encircling copil, and the inter-
nal, or bobbin-type, coil. Because the pasitioning of the surface c»>il rela-
tive tn the material differs from that of the encircling and internal coils,
the eddy current geametry differs since eddy currenis alwzys have a definite
spatial relationship with the magnetic fields vroducing ihem., Understanding
iwdis coll ro oeddy rurrent espatial relavicrship dg very imporsant when loskine

Tor. or recdpndzing tne vwresspoe of . dlscontinaitiag,
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SURFACE COIL EXTERNAL COMIL

INTERNAL COIL

e I | e+

Figure 2.3(2). Basic test coil types.

Eddy currents produced by test coils essentially flow parallel to the plane of
the coil producing them. Eddy currents are strongest near the surface of Che

fnr\nl oA

material and their strength decreases with depth. A discontinuity whose ma jor
axis lies parallel to the eddy current flow will not have as great an effect
on the eddy currents as one whose major axis cuts across the flow of current;

and & deep lying discontinuity will not have as great an effect as one lying
near the surface.

Figure 2.3(3) shows a surface probe as it is placed near the surface of a test
article. The alternating magnetic field of the coil is essentially perpendic-
ular to the face of the coil. The induced eddy current flows at right angles

to the magnetic fields. Therefore, the induced eddy currents flov parallel to

the surface when the surface praobe is held perpendxcular to the surface.

PRIMARY ELECTRO-
MAGNETIC FIELD
{OSCtLLATES AT TEST FREQUENCY)

SECONDARY COIL

MAGNETIC

FIELD

CREATED CONDUCTOR
BY EDDY

CURRENT

{AT EACH

gﬁ%ﬁ2;¥LE //fi EDDY CURRENT

PRIMARY PATHS

FIELD) {EDDY CURRENT
STRENGTH

DECREASES
WITH DEPTH OF
PENETRATION)

Figure 2.3(3). Eddy currents produced by a surface coil.
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Figure 2.3{4) shows an encircling coil.installed around a rod. Here, eddy
currents flow in the same direction as the current flow in the coil; i.e.,
around the circumference of the rod. Thus the encircling coil is especially

adapted to locating those discontinuities that are parallel to the length of
the rod.

UNDETECTABLE DETECTABLE DEFECT
DEFECT
T ——— ENCIRCLING
EDDY
CURRENT
PATHS
AN ) {DECREASE
\ py ¥} WITH DEPTH)
‘ {({
_ A/
\\J
AC

Figure 2.3{4). Eddy currents produced by an encircling ¢oil.

The eddy currents induced by an internal coil will be the same as an encir-

cling coil, except the eddy currents will be concentrated on the inner surface
and not on the outer surface.

Lift-off and fill factor are terms that define the space that exists between
the article under test and the inspection coil as shown on Figure 2.3(5).
Each bhas an identical effect on the eddy currents. Lift-off and fill factor
are essentially the same thing; lift-off is the term applied to surface coils
and Fill factor is applied to encircling and internal coils.

-~s —

7N /TN maTERIAL
I/f, TN N L s o e ——
IV XN u
TP o
— — L i d‘—\\\\\ v é -] *_‘D‘ :
HI Wi I
@ [CEmssliy B ol pre—
| 3 |\L 1\' "r,ll !} Ianc:'”gN |
A\~ -/
LIFT.OFF ¢\ \ -:i/’ \\*' /,/”
\.-_'L \\/ @ : 21 ?
CONDUCTIVE FILLFACTOR ={ &
MATERIAL ?

Figure 2.3{5). Lift-off and fill factor.
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a. Lift-off. When a surface coil is energized and held in air above a
conductor, the impedance of the coil has a certain value. As the
coil is moved closer to the conductor the initial impedance value of
the coil will change when the field of the coil hegins to intercept
the conductor. Because the f[ieid of the coi1l 1s strongest close to
the coil, the impedance value will continue to change until the coitl
is directly on the conductor. Conversely, .once the coil is on the
conductor, any small variation in the separation of coil and conduc-
tor will change the impedance of the coil. The lift-off effect 1s so
pronounced that small variations in spacing can mask many indications.

b. Fill Factor. In an encircling coil, or an internal coil, fill factor
is a measure of how well the test specimen (conductor) fits the coil.
It is mathematically the square of the ratio of the specimen's diam-

eter to the coil's diameter. The closer the fill facter is to 1 the
more sensitive and precise the test.

It is necessary to maintain a constant relationship between the diameter of
the coil and the diameter of the test specimen. Again, small changes in the
diameter of the test specimen can cause changes in the impedance of the coil.
This effect can be useful in detecting changes in the diameter of the test
specimen but it can also mask other indications.

Because of the necessity to maintain lift-off effects at a constant value
(assuming no change in the diameter of the rod or tube under test) it is

necessary to provide the means to guide the specimen through the center of the
coil as shown in Figure 2.3(6).

a”’/’ ‘u"\\\‘cuuoe

z ROD OR
TUBE
Pl B9
4
-

CoIL

GUIDE

Figure 2.3(6). Guides ensure constant lift-off.
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A test coil must therefore be chosen that will have an acceptable £ill €actor

and the necessary adjustable guides or controls that will meintain a reasonably
constant position and orientation with respect to the article tested.

When a test coil approaches an edge or the end of a part, as shown in Figure
2.3(7), the eddy currents become distorted, producing a false indication known
as "edg» effect." Since, to the test circuit, the edge of a part looks like a
very large crack or hole, this strong response masks all other wvariables

that may be present, and therefore limits the usefulness of the eddy current
test near these areas. These limits are affected by the size of the coils.
The smaller the coil and its magnetic field, the closer the edge can be ap-
proached without encountering "edge effects.”

T AT (’?E=:EZ:::fEEEE::)_ﬁ

ILRAUTA AN —= 7
L]
\\‘ﬁ \}
A —_— —_—
SURFACE COIL ENCIRCLING COIL

Figure 2.3(7). Distortion of eddy currents due to edge effect.

2.3-6
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2.3.3 BASIC BRIDGE C1KQUITS

Since the signals being measured in eddy current testing are otten small, a

sensitive bridge type circuit is normally empioyed. A typical example is shown
in Figure 2.3(8).

AAA-

~) Al

N VARIABLE
INSPECTION RESISTOR
coiL N

N > | VARIABLE

N / REACTANCE

Figure 2.3(8). Bridge circyit with variable resistance and reactance.

In the bridge circuit, the meter reading at A will depend upon the strength of
the impressed signal and the electrical unbalance that exists between the legs
of the bridge. Theoretically, for any fixed condition existing in the inspec=-
tion coil, the variable resistor and reactance coil can be adjusted to balance
the bridge (make the meter at A indicate zero). Then if any change occurs at

the test coil, the meter will respond with &8 reading.

This type of circuit allows a manual setting of the variable reactance and the
variable resistor to set up the bridge to allow measurements from any point on
the impedance plane. By adjustment of resistance and reactance in the bridge
the circuit can be set up to measure specific variables and ignore others, it
can be set up to compare the test material with a standard, or it can be set
up tOo measure actual resistance and reactance values. Since this is a reason-
ably versatile type of circuit, it will be the circuir that will be used in

this chapter for explaining various techniques in the use of eddy current
tests.

2.3.4 DATA DISPLAYS

Eddy current data can bLe displayed by amplitude meters, combined amplitude and
phase meters, or by an uvscilloscope. Uata signals can also be used Lo turn
warning lights off or on, sound alarms, or operate other controls. Dlata sig-
nals can be recurded on X-Y plotters, strip chart Tecorders, magnetic tape, or
other modern recording devices. Uscilloscope displays that simultaneously show
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amplitude and phase, with superimposed electronic gates, are very convenient
fer quick set-ups. Greater accuracy and conitrol, however, can be expected
with digital meter readouts. The data recorded in most eddy current testing
dors not normally give a "view" of the specimen as an X-ray or ultrasonic
C-scan would do, but such scans have been done and could be used as =
permanent record of the part, Normally, however, the data from eddy current
testing is not considered to be a permanent record of the part because
discontinuity location or part orientation are not ususlly part of the
recorded signal.

2.3.5 NEWEST EQUIPMENT AND METHODS

Advancements in microprocessing, computers, and automation have greatly
affected the eguipment presently available for eddy current testing. The
actual data obtained are essentially the same, but the ease of setup, data
computations, and display has been greatly increased. Many present-day eddy
current devices have digital data recordings and displays. This especially
allows easy computation and storage of the data. 1In fact, data from several
test specimens and standards can be simultaneously stored, compared, and
displayed. Previous storage was limited to the image retention of a phosphor
screen, but digital storage time is unlimited. Statistice of the data can
often be directly presented, showing means and standard deviations, etec,, for
any number of date points. These advances are extremely important where large
nunbers of test items must be compared or processed, and/or where many
different test setups or standards are regquired.

One important advance in eddy current technology is miniaturization of the
probes, The smaller the probe, the smaller will be the field extending from
the probe. This can increase the potential signel-to-noise ratio for small
surface cracks and also allow closer approaches to edges before edge effects
occur. Probes of only 0.050-inch diameter have been advertised that can
resolve surface cracks less than 0.5 mils deep. Other mdvances, in
controlling the ghape of the field by using ferrite cores or yokes, are also
able to reduce the effective size of these fields.

Eddy current date inversion processes and other imaging reconstruction methods
are being explored. This includes phase multiplication processes and
holographic type methods that are presently developed in the ultrasonic
testing area.

-
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2.4

BASIC PROCEDURES AND TECHNIQUES

Eddy current testing is sensitive to meny variables,

eddy current testing will therefore
tor to separate out or identify the
ables from the effecta of all other
use of eddy current testing becomes
effects cannot be accomplished. 1In
techniquées are presented in detail.

The ultimate utility of
be dependent upon the ability of the opera-
effects of the desired variable or vari-
non-critical or unimportant varisbles.
limited when discrimination between the
this section, several basic procedurea and
An understanding of these examples will

The

hi sl

make it possible to apply eddy current technigues to most situations. These
techniques will include lift-of{ compensation, thickmess messurements, and con-
ductivity measurements. Basically, these techniques involve the separation of
the effects of one variable from those of another. Until separation of

effects is accomplished end verified, the reliability of the itesting will
always be in doubt,

2.4.1 LIFT-OFF COMPENSATION

As was mentioned (in section 2.3.2 on coil 1ift-off effects and in section
2.2.10 on distance effects), changes in the space or distance between a coil
and the test material can cause large changes in the signal, or meter
readings. 1f it ia desired to detect a material property that does not relate
to lift-off, then meter reading changes due to 1lift-off effects should be
suppressed., Where probes are hand held or moved over a surface that is not
perfectly smooth, some lift-off effects, due to slight tilting or other
reasons, will almost always be present.

If an instrument uses a bridge circuit as shown in Figure 2.3(8), where the
! reactance and resistance can be manually adjusted, the meter can be "gerved,”
\ or minimized, for any existing test condition. When a zero point is estab-
lished, the reactance and resistance of the dials can be read, recorded, and
’ plotted on an impedance-plane diagram (see Section 2.2.8) as a point repre-
‘ sentative of that particular test condition. Figure 2,4(1) shows an imped-
ance plane diagram with one point plotted, representing a resistance dial
setting of 15 ohms and a reactance dial setting of 5 ohms.

] 5 10 15 20
COIL RESISTANCE (£2} —»

77
- 15
>¢
| buw
28 10k |
S« {
Z - 1
- 5L —_—
St !
} 0 1 ] ! s

Figure 2.4(1). lmpedance plane diagram.

2.4~1




e e = s . 4 wsmu . w.Downloaded from http://Www.everysSpec.com . « st  emas  bal 0 o en oo o b
. - N . . f - - - + » v oueorae LR N L ] R

MIL-HDBK-728/2

If resistance and inductive reactance readingys are taken on & series of mate-
rials that vary only in their conductivity, and these readings are plotted on
an impedance-plane diapram, the result is a curve that represents the effect
of changes in conductivity for that particular test setup. Then if a series
of resistance and inductive reactance readings are taken as the test coil is
lifted off the material that is to be tested ana these readings are plotred on
the same ‘mpedance-plane diagram, the resulr is a second curve that represents
the effect of changes in lift-off for that particular material in the same
test setup. Figure 2.4(2) shows how lift-off effects, in general, vary irom
conductivity effects for a particular test setup. When the conductivity and
lift-off points plot at different positions on the impedance-plane diagram,
then the effect of a change in lift-off can be separated from the effect of a
change in counductivity by selécting particular test points from 'which the
bridge circuilt operates.

0% 1ACS
r- {AIR})
t
g
B
P
- N\
.—
Q
L.
ui . \
= AN
5 N LIFT-OFF LOCUS
o ’rvo\
g ag
2 », O
o "
Q ho‘?\
- ~—
Y
e 100% 1ACS
o L 1 | | \ i i j

COIL RESISTANCE (§]) =i

Figure 2.4(2). Lift-off locus on impedance-plane diagram.

The signal or meter reading will depend upon the degree of unbalance of the
bridge. This degree ol unhalance of the bridge corresponds to the magnitude
of the line on the impedance plane that connects the point that represents the

dial sotti [ o o+l
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fore, the impedance-plane diagram becomes a means of determining the signals
that will be seen on the wmeter. If a point on the impedance-plane diagram can
be found which shows little change in distance from the points of one variable,
but a large change in distance with the points that represent changes in an-
other variable, then that point could be selected {or proper testing of that
variable where the changes are large.

. e abe o eune .
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Figure 2.4(3). Test point selection.

Therefore, with the instrument disls set to & particular reactance and resist-
ance value of the impedance-plane diagram, and the test coil placed on the
test object, the meter reading will correspond to the difference in impedance
from the set test point value to the value being sensed by the test coil. 1f
the set test point is selected so that the meter reading varies only slightly
as lift-off varies and varies markedly as conductrivity wvaries, an acceptable
test point has been selected. Point "D" in Figure 2.4{(3) illustrates a point
that would meet this requirement. In this example, the change in the meter
readings, as the probe is moved from alloy & to alloy B, would indicate the
change in conductivity between alloys A and B, and not a oifference in litt-off
that might be present, as indicated from alloy A to point C.

In using this approach, it is important to know the general relationship ex-
pected with the variables of interest. Figures 2.4(4) through 2.4(6) ‘show
several examples of general relationships between several variables ror partic-
ular test setups. These figures cannot be used for any other test setup since
the secttings on dials are often arbitrary and do not directly translate {rom
one equipment to another. However, the curves on impedance-plane diagrams are
extremely useful to determine the degree of separation between variables that
might be possible, and to help cusure that plottings are adequate to account
for these expectud variances.

L -
2.4-3
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COIL INDUCTIVE REATTANCE ({1} B

120 K Hr
THICKNESS IN MILS

-, COIL RESISTANCE (2} —

Figure 2.4{(4). Thickness variations of several metals on the impedance-

plane diagram.

THICKNESS

120 KH2
THICKNESS IN MILS

Figure 2.4(5). Thickness variations - expanded scale.

2.4-4
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Figure 2.4(6). Effect of frequency on thickness meagurements.

The impedance-plane diagram can also indicate whether the meter reading will
increase or decrease with a certain change in a variable by showing whether
the distance to the test point is getting larger or smaller. The operater can
make the meter respond in either way by selecting a test point that lies in a
different direction on the diagram. To maximize the indicated change of a
specific variable, the operator would choose a point that lies on a line that
is tangent to the line that represents that specific variable. To make changes
in a variable appear linear, a point would be sought which would result in the
most uniform changes in length with uniform changes in the variable. 1If sig-
nal changes are to be either a large or a small percentage of the total sig-
nal, then points-close to or far from the variable points would be selected.
All these relationships can be established from the impedance-plane diagram.
Therefore, great care should be taken in the plotting of these diagrams. Nor-
mally, for plotting lift-off points, thin sheets of electrically nonconductive
material of known thicknesses are placed between the probe and test surfaces.
To plot other variables, standards representing those variables (for conducti-
vitv, or thickness, etc.) must be available.

2.4-5
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2.4,2 TRICKNESS MEASUREMENTS

There are three basic situations when eddy current methods are used to deter-
mine thickness measurements: 1) the thickness of a nonconductive coating over
a conductive material; 2} the thickness of a coating of conductive material
over a nonconductive material; or 3) a thin sheet of conductive material. The
first me-surement wethod employs the lift-off effect. The thicker the noncon-
ductive coating, the greater is the distance that the probe is held away from
the surface of the conductive material. The technique here is identical to
2.4.1, where an impedance-plane diagram is plotted for the range of coating
thickness (or lift-offs) that are desired to be measured. A point on the
impedance-plane is chosen that will produce the best response to the life-off
variable and the least response to the conductivity variable.. Point "D" on
Figure 2.4(7) might recpresent an acceptable test point. 1f the operator is
sure that the coating is nonmagnetic and nonconductive, then calibration can
be done with any nonmagnetic and nonconductive material, of appropriate, known
thicknesses placed between the probe and a bare surface of the material to be
tested. If the coating is reactive in any manner, then standards using that

. CONDUCTIVITY

CONDUCTIVITY

SUPPRESSION
COATING

THICKNESS

COIL INDUCTIVE REACTANCE
1

LIFT-OFF
~ ——— T [o)
—— o —
———
p— -— - -
™ ’
€ —— -
—— BARE
17 e METAL A
VIEwB
o T T T T T T 1

COIL RESISTANCE

Figure 2.4{7). Test point selection.
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In all cases, care must be exercised to ensure that every test varisble 1is
present in the data gathering or calibration For the preparation of the
impedance-plane diagram that will be present for the actual test, Any
variable that is different from those in the actual test and that affects the
Tesponse will invalidate the calibration. Depending upon the circumstances,
this may at times require the same width, the same thickness, the same heat
treat, tre same surface roughness, or any other variable that is found te
influence the test results.

The measurement of the thickness of a conductive coating over a nonconductive
surface, or the measurement of the thickness of a thin material, can involve
additional considerations. Again, an impedance-plane dizgram must be obtained,
showing all the variables that are present. In measuring the thickness of a
thin conductive layer, one of the critical test parameters is the test frequen-
cy. The depth of penetration of the magnetic field decreases as the frequency
increases. At relatively low frequencies, eddy currents penetrate more deeply
into the material. The thickness of a thin electrically conductive material
can only be effectivelv measured where the depth of penetration of the

magnetic field extends through the thickness to be measured.

The standard depth of penetration has been defined as the depth at which the
eddy current density is about 37X of the density at the surface. Figure
2.4(8) shows the standard depth of penetration for several materials with
different conductivities at various operating frequencies.
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Figure 2.4(8).
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Standard depth of penetration versus frequency for

different types of material.
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If the standard depth of penetration exceeds the thickness of the material
under test, the restriction of the eddy current paths appears as a change in
conductivity of the material. The coil response to the apparent change in
conductivity reflects the changes in the thickness of the material. It should
be remembered, however, that eddy currents do not cease to exist beyond the
standard depth. Normally, the material must have a thickness of two or three

times the standard depth before thickness ceases to have a measurable effect
on the test coil; see Figure 2.4(9).
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DEPTH OF PENETRATION}

Figure 2.4(9). Variation in eddy current density.

Figures 2.4(4) through 2,.4(6) show impedance-plane diagrams with thickness
variables indicated. A proper test point would greatly depend upon the partic-
ular range of thickness being measured. It is repeated that these curves are
frequency dependent; and by changing rhe test frequency, a shift in the thick-
ness ranges along the curve will occur, as is shown in Figure 2.4(6).

2.4.3 CONDUCTIVITY MEASUREMENTS

Again, an impedance-plane diagram should be constructed including the partic-

ular conductivity values to be measured. If lift-off is the largest undesir-
able variable of concern, then point "D" in Figure 2.4(3), or some other peint
on the line D to E, such as "E," could be considered as 3 test point for con-

ductivity variables around alloy A.
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Frequency is also a consideration for conductivity measurements. Figure
2.4(10) shows the shift in relative positions on the impedance-plane of the
conductivity for various materisls. As frequency is changed this shift in
conductivity occurs and the angle between the lift-off curve and the
conductivity curve changes. As higher frequencies are used, this angle
becomes larger, and will allow for better smeparation between lift-off
variables and conductivity variables. This "advantage,” however, must always
be considered along with any “"disadvantages” that may occur because the use of
a higher frequency will limit the test to near surface measurements of the
conductivity and will not allow deeper penetration.

These specific examples of test methods will prove useful for most eddy cur-
rent testing. If an oscilloscope display unit is being used, where both resis-
tive and reactive effects are continously displayed, then the test setup would
be much easier and guicker. Plotting of individual points can be bypassed,

and immediate separetion between variables is usually obvious. ’

2.4-9
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2-5
STANDARDS

Success in eddy current testing will often depend upon the standards available

and in their proper use. Both general and specific comments on standards
follow.

2.5.1 GENERAL REQUIREMENTS3

The variables found in eddy current testing are almost always non-linear.
There are some situations where the variables are not even monotonic. Figure
2.4(5), as an example, shows that over certain thickness ranges, the thickneas
impedance curve reverses directions even though changes in the thickness
continued in the same direction. Actually, there are test points on all
impedance-plane diagrams where signal reverases will occur. Therefore,
intermediate varisble standards will often be required in addition to
standards that cover the end points of the tested variables. 1In conductivity
testa, minimum standards that are used for calibration are often provided with
the equipment. For greater accuracy, however, additional standards that cover
the specific range and material being tested are recommended.

LT L s hant+t 4+
- [

4 A + ¢+
AUy Mi€GAWV v

Allo res ing, hardness deter
measurement must have standards that properly mateh all the changes in the
variables that might exist in the test. Standardization and setup is ex-
tremely critical to inspection for defects . Inspection choices might include
different frequencies, different probes, different orientations, or different

procedures in order to obtain sufficient information required.

Many standards are commercially available. Some standardization information
is provided by the National Bureau of Standards.

2.5.2 SPECIFIC REQUIREMENTS

2.5.2.1 Sorting Standards. 1In sorting using the absolute (encircling) coil
method, & known acceptable calibration standard and a known unacceptable
standard are required. When using the comparative (encireling) coil methed,
ususlly two known acceptable specimens of the piece tested and one known
unacceptable specimen are required. For a three-way sort it is best to have
three calibration standards, two of which represent the high and low limits of
acceptability for one group or one each of the two unmcceptadble groups. The
third atandard represents the acceptable lot of meteriel.

2.5.2.2 Coating Thickness Measurements Standards. Calibration Standards for
thickness can be foils of known thicknesses laid on a proper substrate or
actual coatings on a prepared substrate.

2.5.2.3 Conductivity Standards. Primary standards are standards which have a
value assigned through direct comparison with a standard calibrated by
National Bureau of Standards or have been calibrated by an agency which has
access to such standards. The primary standards are usually kept in &

laboratory environment and are used only to calibrate secondary standards.

2.5-1
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Secondary standards are those standards supplied with the instrumentation or
standards conatructed by the user for a apecific test. These standards are
used to calibrate the instrumentation during most testing of materials.

2.5.2.4 Standards for Tubular Products. The standard used to adjust the
sensitivity of the apparatus shall be free of interfering discontinuities and
shall be of the same nominal alloy, heat treatmen:, and dimensions as the
tubular preoducts to be examined. It shall be of sufficient length toc permit
the spacing of artificial discontinuities to provide good signal resolution
and be mechanically stable while in the examining position in the apparatus.
Artificial discontinuities placed in the tube shall be one or more of the
following types:

a. Notches - Notches may be produced by Electric Discharge Machining (EDM),
milling, or other means. Longitudinal, transverae notches, or both may be
used. COrientation, dimensions, configuration and position of the notches
affect the response of the eddy current system.

b. Holes - Drilled holes may be used. They are usually drilled completely

through the wall. Care should be taken during drilling to avoid distortion of
the test piece and hole,

2-5-2
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2.6 APPLICATIONS

Eddy current testing applications are extensive. They are used in raw material
manufacturing plants to inspect tubing, wire, pipe, bolt holes, for small parts
and large parts. There are automatic inspection stations where the rate of in-
spection is limited only by the test frequency used in the test circuits. Eddy
current testing is an excellent method to measure paint and coating thick-
nesses, Lo separate alloys, to measure electrical conductivity values, indeed
almost eny electromagnetic property or geometric variable can be considered.
The main limitations to the choice of eddy current testing are that the mate-
rial must include at least one element that ia electrically conductive; that
eddy current is limited in its depth of penetration, always being more
eoncentrated at the surface than below the surface; and that it is often
affected by more variables than desired for measurements. Eddy current

testing will be greatly limited when separation of these variables cannct be
reasonably achieved, It will mlso be limited when standards or

standardization methods are not available.

2.6-1
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2.7 GUIDELINES FOR SPECIFIC DISCIPLINES

Administrators, designers, production engineers, guality assurance personnel
(QA), NDT engineers, and technicians should study section 1.5 (in Chapter 1).
Each should study the areas that apply to others as well as their own identi-
fied areas.

2.7.1 ADMINISTRATORS

Administrators must recognize that eddy current testing, as with other KDT
methods, must have standards. The standerds required usually vary with each
specific task. Knowing that an eddy current facility exists or eddy current
equipment is on hand does not mean that it can be directly applied to & new
tagk. Therefore, administrators must ensure adequate lead time and funding
for the ordering or production of proper standards and confirming their
adequacy.

2.7.2 DESIGNERS

When designers are aware that eddy current inspecticns will be required, they
should consider the difficulties of using eddy current where edge effects are
present, where more than one variable may be present, or where coating
thicknesses must be measured and both the coamting and substrate are
conductive. Also, designers can improve eddy current successes by considering
implants that can act as standards. If a component has a set of partimlly
drilled holes, require one or two be drilled to & depth that an eddy current
regponse will ocecur from the opposite aide. If inspections for cracks must be
accomplished, present an interface that has a controlled gap that will
duplicate an acceptable or unacceptable condition. Certainly, these
"implants” cannot amlways be considered, but often they can be added at almost
no additional cost or loss in component efficiency.

2.7.3 PRODUCTION ERGINEERS

It is true that eddy current signals travel with the speed of light, and few

+- ) PN + -
nondestructive test methods have quicker response times between testing and

regults. However, almost all eddy current devices require meter needles to
move, Oor switches to operate, or other actions to occur that do place limits
on inspection rates. Also, the basic frequency of the eddy current signal
must also place a finite limit on the inspection rate. Therefore, production
engineers must consider proper limits on sensor head velocity rates and/or
gpecimen motions in eddy current inspection systems.

2.7.4 QUALITY ASSURANCE PERSONNEL

Proper calibration of eddy current devices will be a concern to Quality
Assurance personnel. Proper calibration will often require temperature
controls and frequency controls that are not normally established. Although
eddy current testing is often simple, because it is potentislly affected by a
multitude of eleciromagnetic and geometrical variables, it can in many
situations be one of the more difficult methods to apply.

2.7-1
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2.7.5 ~ NDT ENGCINEERS

To maximize successful eddy current operations, the two most important ele-
ments, other than personnel and their training, are the use of adequate
equipment and adequate standards. All those involved in eddy current teating
should understand the potential complexity-of eddy current testing. Standards
that represent all the variables that are present should be used.

It is vital to recognize that separetion of all variables is not always possi-
ble. Thia does not mean that eddy current testing is of no value under these
circumstances., A partial separstion may be sufficient when combined with
other inspection pr dh
Because of the large number of veriables inveolved, experience with every
variable helps in their recognition or identification if they unexpectedly
occur in a test. When edge effect, 1lift-off, magnetic permeability, con-
ductivity (neat treat, alloy, work hardening, temperature, and all other
parameters that affect conductivity)} are all to be considered along with a
multitude of test coil geometries and circuit parameters, an inexperienced
operator will ofter miss observations that are important to the adequate
interpretation of the results of the test. Only careful attention teo details
and procedures, with impedance-plane varimbles well established by an adequate
number of standards, will sasure that acceptable results will be attained.

2.7.6 NDT TECHNICIANS

One source of difficulty for technicians will always be the unexpected
appearance of an unknown variable while messuring another variasble. One of
these unexpected variables can be a change in temperature. Temperature

changes can be due to normal environmental changes, those seen within each day
A Ane +ta tho affanta Af Antirnmanmt o1 o mw Atrasleam bl s P P R - -
Vi MuT LU vl TllTL Lo Ve Tydwapicily waluwTupy O Uvglieaeldilg, U0 gut L0 nea (9

cooling sources introduced by surrocunding equipment.

Temperature changes can have 8 multitude of effects. Sometimes the signal
source of the co0il is not compensated for temperature changes resulting in
frequency and amplitude variations. Figure 2.4(10) shows that a change in
frequency can duplicate what ias thought to be a change in conductivity. Be-
sides these "artificial” changes, the actual property of the standards and/or

specimens may also change with temperature. Therefore, standards and specimens.

used {or setup and test should always be at the same temperature. When test-
ing for very small changes, =nd when specimen and standards are not at ambient
temperature, great care must be exercised by the technician in how he picks up
and holds these parts. Many times just the temperature change caused by hand
contact is gufficient to introduce an error. 1t is wise to develop the habit
of not directly touching the test standards or parts during a test.

Sometimes, especially when measuring thicknesses of parts, a test being con-~
ducted with the parts lying on a bench with a conductive surface will result
in misleading readings. Work stations with noncenductive surfaces should be
used to preclude such influences.

The beginning and end of every eddy current test should include routine checks
of the procedure with standards. Such checks should alse be conducted at rea-
sonable time intervals during the testing.

2.7-2
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2.8 SAFETY

Personnel safety in eddy current testing involves standard safety practices
found in almost all industrial settings. Most eddy current devices require an
external electrical power source. Therefore, sll safety procedures relating
to the handling of power cords, their maintenance and their use, muat be ob-
served. Damaged insulation, positioning cords in places where they can be

stepped on, or where they can trip passing personnel, or cause equipment to he
pulled off of table tops are all safety points that can be monitored.

2.8-1
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2.9 GLOSSARY

Reference ASTM E-26B "Standard Definitions of Terms Relating to
Electromagnetic Testing.

2.9-1
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