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Resistance R
Reluctance X
Impedance Z

Reluctance

Inductive XL

Capacitive XC

Z = \/RZ + (XL —Xc)z

7 = (KL 2 RE}HE

Z = Impedance magnitude (ohms)
X = Inductive reactance (ohms)
R. = Resistance (ohms)

X

C

= O Capacitive reactance 1s negligible.
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XL=ZTCfL:(l)L

L=nd/]

L = Inductance (Henrys) X; = Inductive reactance (Ohms)
1 = Number of turns in coil n = 3.141596

O = Magnetic tlux (Webers) t = frequency (Hertz)

I = Current through coil (Amperes) L = Inductance (Henrys).



Advanced NDT

XL
\
) Z=R+jX; =R+ joL =re'
=
O A
=
' IMFEDANCE
L
Q i)
g r= \/ R? + (wL)?
o
(1
=
G
:D: PHASE ANGLE
Z "
0 o

RESISTAMNCE, {R) - IN OHMS

HO434512

10



Advanced NDT

(R — joL)joLR
7 =
R? + (0L)?

R(wL)? oLR?

T RZ + (wL)? ey + (wL)?

11

; ——

|

Voltage
(E)

]

%

R

Zi



Advanced NDT

12

0.9 -

0.8+

0-‘? 2

0.6

L=02

v~ Increasing LIftoff

0.5~ " D— Material 2

0.4+

L=LH-off

0.3+

0.2~

01

lift off curve ;s =i

0.2 0.3

0.4

HO404815



Advanced NDT

13

brete—DEFECT

UNFILTERED DC SIGNAL

DEFECT

LOW PASS FILTERED DC SIGNAL

DEFECT

HIGH PASS FILTERED DC SIGNAL

DEFECT

BAND PASS FILTERED DC SIGNAL

HG404532

Filtering signal



Advanced NDT

AL Edges (Including
o o Corners and Radii)
TEST COIL g A\
L EDDY
CURRENT

[EDGE OF SPECIMEN

M0404538

14



AL

-\‘Eimr CURRENTS

Advanced NDT CoIL

TEST PART

CURRENTS

AC
HJaa542

15 Generation of Eddy Currents in Various Part Configurations



Advanced NDT e

16

5 &ETJJU_JEJEI n:l_g..l:;-u.d
sRFEC i, 5,2 500G
FARLE 5 agls 1o



Advanced NDT GAY

— - v
1S Ol Ol 53 fige el ge
(LS cpome | 3980 ) pblisne g i1 ol ge m
(excitation frequency) ~cs .15 2
(conductivity) axas G oS culia
(permeability) axkd ,.blias sl 5
G Jele
:ﬁQMJ:nL;%&m}&ﬂ%&M
o (Sla a9 sl
(Iift-Off) axksd ;8 18wy & S 20ty (S5 Ol
Flad b g Cwlbes ol askad slaf
axad sla ad @ s S5 3

17



Advanced NDT

S luiliw!] 3905 Goe

O = &
Standard Dept uc
of e
Penetration § Where:
(Skin Depth) = d = Standard Depth of
Penetration (mm)
1le or 37 % Y pi =3.14
= = of surface density < 3 > f = Test Frequency (Hz)
Eddy Current Density Eddy Current Density u = Magnetic Permeability
High Frequency Low Frequency (H/mm) L
High Conductivity Low Conductivity |c;'\::;)lectru:al Conductivity (%

High Permeability Low Permeability

18



Advanced NDT

1.2 T 1_

1.00 —
]

0.80 T

jSTANDAFID DEPTH OF PENETRATION
WHERE DENSITY OF EDDY CURRENT =

EDDY CURRENT DENSITY
{IN PERCENTAGE OF CURRENT

AT THE SURFACE]
o
8

O 1 2 3 4 - 6
UNTS OF DEPTH

(IN MULTIPLES OF THE STANDARD
DEPTH OF PENETRATION)

19



Advanced NDT

20

S5 8 B 9 508 Gas dail

10 I 1 1
GRAPHITE
1  TITANIUM
f | AINLESS STEEL
£ | L1
5 o. o N ﬂ
% 34— ALUMINUM -
: + =
N
& oo / H
" [ INGOT IRON vi
I L
HIGH-ALLOY STEEL - \,\«
0.001 }
COPPER __ }.
0.0001 | %
Sl 0 a2 108 10t 108
FREQUENCY (KHz) ?



AC AC

Advanced NDT
TEST COIL
TEST LOIL EDDY CURRENTS
oS sl bz p bl S z
O Nt e -~ N — ./
_ ~ e — { - \“\{Lﬂi 7
= :\1:;5":?7 § {,_W:‘;“ v
o i i e
v J F"J'Jm_»f
o —
Y = f =t
el ,! Jipe- il r :
INTENSITY INTENSITY
GOGD CONDUCTOR POOR E€ONDUCTOR
. 3 - - Al v e s .- . . = . s HO4Q4426
L;’l.aLw LaLg‘oOLo)d o)b ‘Pé)ﬂ‘w‘&ﬁbMuMQMWgPﬁCO‘y)Qg‘O;éLQ byuwgé’)y

Gm...bt.x,cgf.ﬂ‘ o SO S LS"QJS sl b)}- Og> dig b Ol Sl | G"a"” 4O (898 G:LBJS sl La).> YU L,..w.:
O adgl o a8 xaw py 50 Ges (i)l LS jo s o oSl ool Jlesl adgl flae blde o 1) (698 aigils
Wb 49l Hlawe a5 oS o adg ol by oS lade adgl o was lle, dlge jo il o EelS S e
2 Lol 508 Lol g o0 ol éh'“ 0P 50 98 S sl Bl Vb oble, bolge jo (oplply a8 o adgi | (SoeS

@ Lol el o0 ol maw S0y 0 65 s SIS Gl b s Ul olgs ol e melS Gee L Gy



AC AC

Advanced NDT TEST

TEST coit

EBDY CURRENTS
2 owblao ((2lgly) sy dg85 ) ~ ——

T __;/.a"" \ o rd
(5 % cla - = e oL \i_:.,_—‘.,:.f -
. I o,
oy s L= P N :;7/ rmmf &
17 STANDARD DEPTH e o =
Vi OF e y
*‘ L PENETRAT I ON e
1{ ;: i
? e
g . . el ..‘............_!___..’_
INTENSITY INTENS ITY
HIGH PERMEABILITY LOW PERMEABILITY

HO4G4487
Ol S0y e b dndad mhas j0 a5 Conl pgue ool 4 Sg0om Yoo omlolineg d Sladad Sl )3 b, ioles]
WJaL.m LSJ"J"’Q}Q" J.:Jo a4 r.\.:J9| Q\J.ye cwbb.us)ﬂ e oole SO L as oo 4 c‘_sw.bl.u.ag).e oole SO 4 .o)b Sg>g
20,5 b B Gull a e maw o plawe ©ja8 gioli8l oS e ool (65068 jlews a4l laie ol o
adols o l, L5 glowe ©j08 e a0 a5 WS o 0wl 655,50 @l o Sl S b B il el o
G’a.w IS G,\o)f LSLQ ul.a).‘> J..Jg.s ).3‘).3 5O 0disS Cnslows tSJ u‘s.».c d Yl.a LS"“"” L;,.u.‘al.u.o sz.adm)?.o_’ | l.aLw)



Advanced NDT AC

TEST

AC COIL
TEST
COlL

Iift Off }'ﬁ" EDDY CURRENTS

T N——— J T T
& N 7 =
ol T 1L
0 Fﬂ ] 0

_ _ STANDARD DEPTH

| OF
\ / PENETRATICN
- -
INTENSITY INTENSITY
SMALL GAP LARGE GAB Hokouas

e 05 wles osaliv JUSw )0 Gt @S (o0 J8 Loy aalad S S5 2l S Gl won &S (S
5 Pon e Om 4kl 0 SaeS Sl SG Bl o etiie JLS 5t Sl s S5 gy &S
sl b Sal aS wes ey Jdo pl 4 UK o 0ad o 0aiel €Y S Cpl ol walgs caslive dslad
Calied s lp ol (o 28U g5 BB sl 4 andd 4 o e alold 53 (32 GRII L askS s s S

03 0,5 ool 33 0nd 0,15 slo 6,08 03Il 51 lg oo bl Slakid sg, 5 Lo b (sl iy



AC AT

TEST ') TEST 0
Advanced NDT o TSt
‘3‘5"’ .- l?w EDDY CURRENTS —\
Material Thickness TN N
T CONDUCTOR L Y
B .
B BACKING MATERIAL E
iLk
o
LSLQUL“’) e 63“))5 LSLQ ul’J" &)y STANDARD DEPTH
ale  oUle, L S ELMLHS‘B OF ]
J s> 2= ’ J PENETRATION
- o - —————————
INTENSITY INTENSITY
H404488

Colbns il oS b s jao iy pdaw 50 cwadblineg wSUI o < Sg0 3585 Gose | g Cwleo L 5,9 0
LS‘ d.L,),.»g u.:‘ DO s M “) 65‘&; 6LQ QL):- é:)g.: 9 )‘Aﬁ.c cw &Ja.w )o ).:YL: b J.\,of ng.LSL») b 6‘ oole ‘u.:‘
o pold wile ile Sl S L i oble, &5 o) olge 59y Bley 9 SHU sl pdgy (e Cwlss sl
S

24



Advanced NDT G AG

TEST TEST
GOl GOt

553 5

/—— EDDY GURRENTS —x

I =
= =
& i
[ ]
STANDARD DEPTH
Y OF
PENETRATION y
-t
INTENSITY INTENSITY
HIGH FREQUENCY LOW FREQUENCY
HO404518

S by 0 ag a4 alb (oo GRli8l asks o S Sl S gle by Hlade (S Ly WSS ,S 18l L
(il oo oo Grals 1) adgl Hlose S9a5 g wiST oo Sl (65 698 e (pmubline Glawe YL Bad b b )F
Dglon 985 YaS Bas 4y e JYL Gl puils B 550 alse plad aile ol

25



Advanced NDT ooliad Ol ey
Thickness Variations

ihcreasing \

=N 55§ 55 bt i
Teo0 bl (G 5l puilagel (oo (o 5b 52
T=0.15 a5 Slalad b annlio jo (Jooro j5b 4 054 (0 )5
+ oz 10 2lge i)ld 3985 Jge Boe 3l jtin b plp Slks
Ll e iolidl 5850 wledad L uslosel  leglie

Gonductivity Line

Py S 4 Oae FSeed g Olabad Culrs ]

e 3 (T21) Ll 4 s (0 b i
Lg o] ).g‘).gT QT o aS "53)6" @,q)Lo Cown A0 G’L’L"")

Ferp Eift-off

Axkad ] 0 3485 Jaa Gos a4 axdad CLlbbis Cnud

0.7 ==

3.1 ==

n 2 Normatized {Relative}
0 i — n ( Resistance

20 0 0.1 0.2 0.3



Advanced NDT

"w‘ . . c" “Non
Thickness Variations

Q‘g.;cd.g o usLQ-wO L_;{L;L.d) L S s (59 J)‘l.? Lgl.?Lw) slaasy LS‘)-.‘ u.»)‘u)u.o‘ (ST
3l Y olgs glp Guilawel g oo 0olo lis SUle, lp (uiloel doxie jo o
o J5i ) Gl adle g 0sd oo 2,5 s ol @ by e Jlade o ol i
owli8l odign oo olble, Sowe @ oo)lgd Jgym Y o 8 LUle, jo a5 wao
&S ol aati ool ddls> olasl jo cele sl wjie Cya U Bllae gy Y Culxs

A oo Hlid | giilies 10 3585 Yihe o Sdgm oo ot 4 louss ddl>

27



Advanced NDT

Lift-off

Shallow Surface Crack

Deeper Surface Crack

Three Standard Depths Crack

X 94— 35 Deep Crack

(§ = Standard Depth of Penetration)

HO404504

(v oly I 3) omadblitog 39 s dlgo o Iy auild
J@Mwbwwphjfuwfdwb@&f s el
s ) Sl 5 by ples Lol M)@o)lwwlwﬁ|ﬁmaggjﬁ

Dyl oo omline daroly o iuli8l e ] ol 5 Geee b9 0SS o
MJ)J )S.al.......a bc\.ag‘ ‘fd,.q.chLm JJJ LS‘)-’ Aol u,.u!)s\ 03)Lc
aals nlply S (oo @8 1) (2o bz Bes o5 S SG WS (o

1).,1,.,‘%\@&“%3&@@\ (imed ol oS o] LK
Gros S5 S Sl Sl 4 Soo P e JUSKw gl (GB)
aels o1 JiSoms il S (oo gl 1) gt bSOl S
O JiSems GB) Sz ey (oo G 5eS mhaw 0) (295 4 0500 (6 5oy
ly asels Zewl oo picn o laslin] Gae plp aw S5 cul 15 5l 5560
WS e Wlg oo lalejl S By 23 il S5 cnl )l
do plblo) Cools o 5ol Al sy (o0 HI5 A g S oo alad 58 o
2ble, dome olael o (GLB) I JLSKw gz g sl 5 ol polie



Advanced NDT

List-off
Subsurface Crack

HO4D4506

Lift-off

Deep Subsurface Crack

HO0404507

29

A2d cod i |y JUSew el o bl Goe ol aw 0 3§ Gaee S
J opl bcisls vl s9>g QT oo adad gl Sl b 1y
Sy wnb oo b (@aw j0) S5 YL 5l Sl sl L
LK aiels g i8S o 0g0ume |, EC L 1> o3lul s & s s
O 58 aly ol el 5590 o 5l 5381 S5 Lol auly Ghals L
Al e S 5l 450 lisres Wb

590 bl (oo Gl w5 50 S5 Ges Gl b S ol
5B agly g gl ge iSzsS JUSm aels il | (xhaw ) (ali Gl
SUCRT SUR I A VPR CC SN WP T S UV-F LV E



Advanced NDT

30

2 3
Depth in Part

HO4045G8

Gos 50 3B b
5 @05 Obr Ol e loy b Wil ge 51 Al
“39'“ P ol T oo .‘awsa C\.Lol."-))l.s dalad C’*:.E.w
axkad glecl 51 S0 0 o o SN a5 > o
Cawl (law a4 CliS 5L ol yaw ey (ghlade wissls
JU Jade g 09l 0 oyl Gos yo 3B LSU Gleie @
el 3485 0 Jaslisl 3ee o j0 (a0 OY) Lol ) L
JUXs 5 agly 0gd colawl e Gos (505 o;ludl



Advanced NDT

AMPLIFIER

YN
N

TEST

31

CotL

|

HO404500

3 eolaiun] JLKw jadid Jge Lol eole LSS SS
8 5 b3l @ s 5l Ol e bl gl
@z boall e dadhie o0 En e O89S
s oz B 08 el ol a1, Z1 ke ol
«Ub L7 o™ b bows ol S g 00isS Caghs )
K 9y 2 B e S (R 09 0 00l
Jolo s 05 (0 )18 0 ol b Cgine 4zl
9 o5 (oo Jobieli |y by e e Sl Sogee Ol 0
Sl ol ol oo Gl eaiS Cagd &b 3l L
o2 sl JiSe il il S len
Cnl asels g5 el g e Sl pgee 0L L Gl
Cel a5 cul dasl s 0550 0 Sledlbl g9l JUXw

el 0as Jy Jobss poe



Advanced NDT

2 1 RADIANS
A .
360"~ | MPEDANCE
INDUCT | VE
REACTANCE
RES | STANCE
LLE
) P
-~
= TIME
.
=
<f
¥

32

H0404511



Advanced NDT

33

ET LSLQ.DJ.’_)\S

Lﬁ'-’-‘-}‘f.; ‘g;i.’.j:ﬁ‘ t.:,\..:.‘.l.& ‘5; o)'.l.:‘
Sldes KK (gt &l 03101 ¢ punbolin
éﬁbb‘}é}u&«é‘)“)}
rﬁjlwﬁbg’)&b}i)sﬁ|&

o S5 g Bl e Sl S S eIl
T S9) (sablina ;o Sl b ULy




Advanced NDT AC

TEST COIL

EDDY
CURRENT

[EI}EE OF SPECIMEN

HO404538

34 Distortion of Eddy Current Flow at the Edge of a Part



Advanced NDT

~ LOW
CONDUCTIVITY
N

_— CONDUCTIVITY
CURVE

HIGH
CONDUCTIVITY

35



Advanced NDT

AINFOINT

Mo

THINNING STANDARD

36



Advanced NDT

-

THINMING STANDARD

37



COIL INDUCTIVE REACTANCE —p»

Advanced NDT .05 3 Julsel 5G

9 90°
-
AR
AIR GRAPHITE
T- - T i GRAPHITE
§ w
- Q
3 18
S -
a b c |
('] w
2> 2>
g 5
3 z BRONZE
g 3 2024
81— . o - AL
A. LOW FREQUENCY (20 KHz} cu 8. MEDIUM FREQUENCY (100 KHz) cu C. HIGH FREQUENCY (1 MHz) cu
[ I (S I N N N T . I — I — lo® | i 1 1 1} 1 Jo
COIL RESISTANCE ———> COIL RESISTANCE =i COIL RESISTANCE =i

38



Advanced NDT

B

‘ .
L R T TR

. H '
SRR L R e SR L LT AT Shade
. » .
: ' ' {
' . i

AL R L

. i i .
fediasreccrrininrtittantiniee Fhana
' H . 4

1 | $
i : { { :
“fianr "‘.ltcllll‘l.. AR
: * {
: 3 | H
; ! : :
4 : : ! i
Ty Teens
H ¢ t : !
' . -
! : : 2 !
H ' b : H
H i ! : i :
R L Teeie
: i i ’ } H
. . H H i
: H H H :
: | H H ' :
EELETE SETEEE PR TR TR PRPPIN- A ' Iebans
g H H
: . e
: : - H :
' , H i i
" ' : } ' !
MR R Rk R R L LT TR LY T Y PTT TP RRTee
v : : i ' H H
i : : { : :
H H ' : : { H H
{ : : ' 1 {
: ‘ : - : { :
S e e R ALY YRS PET PP T TE PRRPTS PRt
{ ! H : i :
i ! : ¢ { H . H i
! H H . s H ¢ !
. H H i 3 l H H H
H ! H : :

INSTRUMENT CRT INTEGRANULAR CORROSION
A B c

39



Advanced NDT

" INSYRUMENT CRTY

>

- = ?J r

CRACK BTYaspann

4] < D c

40



Advanced NDT

SURFACE COIL EXTEAMNAL COIL

INTERMAL COOL.

41

]

| 1',1 !?' :';L‘
jaateiniainisfaislaint

AN

Py

& s
G

2




Advanced NDT

current

LOoMmungsr b

flow—

(b)) Horseshoe-shope
g U-shope casl

“~—~{a) Probe-type coil—

42



Advanced NDT

/ |
iEddy-cunem flow LEddy-Cutreﬂ! fiow

A {d) Internal or )

(€ ) Encircling coil— bobbin-1ype coil

T ond opplications of coils used in eddy current inspection. (a) Probe-type coil applied to a flat
forde:fc'honofoaock (b) Horseshoe-shoped or U-shaped coil applied to a flot plate for

detection of a laminar flaw. (¢) Encircling coil opplied to o iube. (d) Internal or bobbin-type coil ‘applied to a tube
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Advantages

Disadvantages

Inspects conductors

No safety concerns

Rapid Inspection

Sensitive to a large number of para-
meters related to conductivity,
magnetic permeability, and
geometry {e.g., flaws, thickness,
coatings, hardness, proximity,
and adges)

Wide operating temperature range.

Specialized off-the-shelf probes
for high temperature applications

Small probe size

Light weight and portable

Relatively low cost

Can be configured in arrays

Mature technology

52

Only inspects conductors

Surface or near surface detection
only (specialized forked probes
for thin sheet and RFEC probes
for tubing are through thickness
devices, The latter is capable of
inspecting carbon stesl tubing
thickness up to 6-10 mm thick).

Sensitivity to a wide range of para-
meters increases complexity of
Interpretation

Sensitive to liftoff variations

Only sensitive to cracks perpendic-
ular to the interrogating surface
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