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Example Problems: From Simple to Complex
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Example Problems: From Simple to Complex
3 or 4-Unknowns
2-Unknowns 3-Unknowns 4-Unknowns Cladding thickness,
Conductivity Conductivi Coating conductivity, gap thickness, and Liftoff,
and Liftoff oncuctivity, coating thickness, add substrate magnetic
_ thickness substrate "
(o and h); or d Liftoff 7 permeability (to detect
Permeabilit and LMo conductivity, substrate cracks also)
Yy
e ooty | | ey hani
() (b) (c) (d)

4 or 5-Unknowns 5 Unk
3—Unknowns Weather jacket thickness (assume w/ ) n_ nowns _
permeability, thickness conductivity), insulation thickness, Concrete thickness (ho+hj),

and Liftoff (l,l, Ac and h) pipe thickness, wire mesh pe_r_mea_lbi”ty,
vessel permeability, lift-off ho

assume conductivity and Liftoff and pipe permeability (or _
, - (= distance to mesh)
value estimate |1, at nominal A , (A A_h)
(ij’ Ai,Ap’ h’ + up) (3] umv U’Sv s''o
(€) () (9)
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Three elements of the solution

1. Sensors: MWM®-Arrays & 2.Parallel Instrumentation

MR-MWM-Arrays - 3 frequencies simultaneously
- Paradigm shift in sensor design (first priority is

predictable response based on physics-based + All channels SlmUItaneOUSIy
modeling) - Wide bandwidth, accurate

L Sean impedance
pli: *

M4
3. Multivariate |nverse Methods (MlMS) Analysis Solve Multiple Unknown Problems
»~—MWM sensor
- Rapid, autonomous data | Images L giriof) o E—_
analysis Performs multivariate ool Taqhickness) -

inverse method (MIM) using
precomputed databases

- Defect Images
- Performance Diagnostics
- Noise Suppression

| | Thickness
e ;
EEEEEEEESS
/7777 ss0 BN 7
§ i

. Jmaginary (Im)
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Definition of Real and Imaginary Parts of the complex
Transimpedance Z=v/jwi

10.00 Hz - Imaginary vs. Real {multiple grids)

— Thickness —— Thickness File Grid, 10.00 Hz, Conductivity = 10.000 %IACS, Permeability = 40.000 rel., ru (.U=2'|Tf
— Thickness —— Thickness File Grid, 10.00 Hz, Conductivity = 10.000 %IACS, Permeability = 100.00 rel., ru
— Thickness Thickness  File Grid, 10.00 Hz, Conductivity = 10.000 %IACS, Permeability = 200.00 rel., m
000! GridStation Lattices for
o MR-MWM-Array wall loss
. Imaging
E i Used for external and
g internal wall loss imaging
> 004
@
S oo .
() |Z| = Magnitude
g -0.08
— 007 0 = Phase
008 |Z]| = v Re? + Im?
-0.09
- 0 = arctan(Im/Re)
o Re = |Z|sin(08)
012
10 11 12 13 14 15 16 17 18 15 Im = |Z|cos(0)
Real (Re)
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HyperLattices (precomputed response databases)

',—I\/IWI\/I—Array
a) 2- Unknowns: conductivity (o) } h (iift off

and lift-off (h), with magnetic
permeability (1) assumed constant

m(permeability)
s (conductivity)

(vp 7)1 7] w)

magnhtude (U secirad) : 125.8 kHz, Chan 14 - Imaginary vs. Real (Analysis Grid, 125.8 kHz)
of 0.1 02 Oig 0.4 = Conductmty — Lit-of Analysis Grid, 125 8 kHz
1 1
—'—5.'—':' . = 0.000 185
-18 p—
-0.005
>
G
'g 30 . c -0.010
(@)
g © 0015
: = 2
2 1=
£ as —]
-0.020
-50 o= 0.025
MEASUREMENT ESTIMATE
x Brass o= 1.6E7 mhoa/m 0.030
72 e Aluminum o =3.2 E7 mhowm i SEN
275 1 ] ] 0.36 0.38 0.40 042 0449 046
A=12.7 mm; freq=100 kHz Real
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HyperLattices (precomputed response databases)

',—MWM-Array

a) 2- Unknowns: magnetic permeabillity ()
and lift-off (h), with conductivity (o) } h (ift off

assumed constant m(permeability)
— Permeability 439?:;:::&;85'1::&15!25-(;Tda:?tlor.l;;{H\;s. Real (Analysis Grid, 40.96 ktiz) s (ConC!UCtIVIty)

-0.00

-0.04

Imaginary
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HyperLattices (precomputed response databases)

b) 3- Unknowns: coating conductivity, coating thickness,
and lift-off, using hierarchical method.
Grid is for conductivity and thickness of the coating.
The lift-off is determined at a higher frequency, taken
simultaneously.

[ (va 7 1)(1 7)) | (122 sec/rad)
0.073

o7 0.075 0.077 0.079 -
y-MWM-Array
~-17.5— h
e QX S DCoatinqi

S RN

225

phase (degrees)

-25 r—

o ESTIMATED FOIL PROPERTIES o>
27.5 = AT MEASURED VALUE (=) A0

© = 345 mhoam; A=l.229 mem

A=0.247 rrum

-30 1 - | [
A=12.7 mm ; air gap=0.40 mm : freq=158 kHz
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HyperLattices (precomputed response databases)

c) 3-Unknowns: coating thickness, coating conductivity,
and lift-off. Two frequencies are needed.

Each frequency provides two equations to solve for up to two
unknowns. Two frequencies is enough for 3 or 4 unknowns.

'10 E L L |8
c,Ta (%IAC§) ................. 0.6
20 ’* .......... 1.2 | /_ MWM - A r ray
Increasing9 7 2.4 _h
’83 -30 {ift-off ' 4{@ 1 t _
E - S DCoatingi
Q -40- .
S S
c
O 50
60l Coating layer
Increasing thickness
%4 0.2 0.3 0.4 05 0.6
Magnitude (unH)
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HyperLattices (precomputed response databases)

d) 3- Unknowns: cladding thickness, blister gap,

and lift-off
&
MWM-Array
Cladding
. SC’ DC’ IJC h
e
©
Lo D
- 9 Sy, I
E
| Cladding
Cladding Thickness (Ac)
100 108 9 115 12
Real
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HyperLattices (precomputed response databases)

e) 3- Unknowns: pipe wall permeability, pipe wall thickness,
and lift-off

10.00 Hz - Imaginary vs. Real (multiple grids) MWM_Array
—— Thickness =—— Thickness File Grid, 10.00 Hz, Conductivity = 10.000 %IACS, Permeability = 40.000 rel., m ;
—— Thickness =—— Thickness File Grid, 10.00 Hz, Conductivity = 10.000 %IACS, Permeability = 100.00 rel., m
— Thickness Thickness File Grid, 10.00 Hz, Conductivity = 10.000 %IACS, Permeability = 20000 rel., m h
A
o163 ——
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m
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M\LVM-Array
n
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Scanners and Implementation in the plant

~— MWM-Array

{ h,
A, “
Hp ‘:‘ P

h A, A LA, |

wj1
h, = distance between sensor & external
surface of weather jacket
A,; = weather jacket thickness

A; = insulation thickness + external
metal loss

A, =remaining pipe wall thickness
U, = pipe magnetic permeability
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Sensor Selection ‘ | 2
Depth of Penetration = 1/Re(l,)

Decay rate determined by skin Low Frequency Limit = ;—n
depth at high frequency and sensor B
dimensions at low frequency Ih= \/(Zﬂn”») +]J2/0
Large dimensions needed for thick . 1

: : : Skin depth: s =
coatings/insulation 7f uo
Low frequencies needed to 1.000 ¢

penetrate through steel pipe wall

A ——f

4
-
o
o

2 =0.20" ﬁnlesq
Steel

0.010
C Aluminum
N

Depth of Penetration (Inches)

MR-MWM-Array ey g s
1 10 100 1,000 10,000 100,000 1,000,000
Drive Frequency (Hz)

1inch =25.4 mm
- J
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HyperLattices (precomputed response databases)

(f, left) 5- Unknowns:
1. pipe wall permealbility,
2. pipe wall thickness,
3. weather jacket thickness (assume conductivity)
4. insulation thickness
5. lift-off (distance to weather jacket)

Can’t visualize easily

/—MWM Array

_;_ QNJ Wj

I, Sp

Insulation and
Weather Jacket
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Example: Corrosion Imaging on Refinery Piping

Inspection was
performed with the
pipe in production
at high temperature

NSNS TG TEEEEEEEEI/T/T/IT/T/T/IT/T/ 7L,

All Rights Reserved.

ASWEV E N TS Copyright © 2019 JENTEK Sensors
4 ’ S S S S S S S S S S S S S S S S S,




CUI Performance Evaluation Results (July 2013)

Internal Corrosion — Sample A

16” Schedule 80 (0.500” wall)

2” insulation with aluminum weather jacket

0.100” max wall loss (20%) over 20-25 inches (full circumference)

Weld .
Scan Section1 | Scan Section 2

Scn Section 3

Internal Corrosion — Sample B

16” Schedule 80 (0.500” wall)
2” insulation with aluminum weather jacket
0.175” max wall loss (35%) over 20-25 inches (full circumference)
Weld
Scan Section 1 Scan Section 2 Scan Section 3
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HyperLattices (precomputed response databases)

(f, right) 5- Unknowns:
1. vessel wall permeability,
2. vessel wall thickness,
3., 4., permeability and position of wire mesh (simple layer)
5. vessel wall permeability

0no3 5000 Hz - Imaginary vs. Real (multiple grids)
Y / ° e e — Pormeablity — Thickness Fil Grid, 5 000 Hz, Thickness = 2 B00e-+3 mils, roem_L202H_BNE013070GF_000000005Hz grd
a n t VI S u a I ze e a S I y o002 = Parmeatdity Thickness File Grid, 5000 Hz, Thicknass = 2.400¢+3 mils, reem_U202H_BENE01Z0G0GF _000000005H?. grd
- = Parnestdty —— Thicknese Fie Gnd, 5.000 Hz, Thecknass = 2600¢+3 mals, reoern_UR02H_BM013000GF _D00000005HE, grd

<@ Scan 1, Chan 1
<& Scan 1, Chan 2
@ Scan 1, Chan 3
W Scan 1, Chan

¥ MWM-Array ool

4
-4 Scan 1, Chan &
i < Scan 1, Chan b

= | # Scan1, Chan7
A Scan 1, Chan 8
X Scan 1, Chan 9

A0.003

— | #4 Sean 1, Chan 10
— T | 8 Scan 1, Chan 11
& Scan 1, Chan 12
& Scan 1, Chan 13

C . - @ Scan 1, Chan 14
nz Oncrete Tthkness Wyall N e oo
7 SV a/ o007 Permeability |- Scan1, chanis

o
g

Ii\|
=S
&
Imabgblnary
g §

-4} Scan 1, Chan 17
B Scan 1, Chan 18

Insulation and T T T T
Weather Jacket Real
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Summary of Elements of Solution and Example Capabilities

Elements of Solution

1. Sensor designed to match the
modeled response

2. Parallel architecture impedance
instrument, providing at least 3
simultaneous frequencies

3. Rapid Model-Based Multivariate
Inverse Method (MIMs)

ASNTEVENTS

Example Capabilities f‘t“”hWM'A”""y
— 8 o
1. Internal and external %I;—ﬁ%’gw’
corrosion imaging through .
- Insulation Weather Jacke
- Concrete with wire mesh VLAY
(fireproofing, weight coat) Cladding —2—
- Other coatings Ser D e th
2. Hydrogen blister imaging g Sy, 1Ry
(through cladding overlay) Cladding
) ] ’,—MWM-Array
3. Buried crack detection BT
S Droangd
4. Coating characterization 2
Coating layer
5. In-line inspection for surface MW-Array
and subsurface defects —?m

. Stress mapping from outside

m(permeability)
s (conductivity)

and inside pipelines, structures
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