alance ' ield ' lectromagnet 'echnology

& T RO B9 F 717 B B K
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BFET for Cracking detection RSRXZ. | ote o
AT LU EH BFET HA

From micro cracking to leakage:

TEZRR, RTBO

Crack detection is very challenging for most of the UT
techniques and mainly if cracking is combined with
pitting and corrosion.

M EFEBRRARR, KRN IFEEEN, &
FRUSHIRME., BRFBEE—IE,




Theory of the BFET probes
BFET A& X A/RIE

Crack 47

Magnet Flux Lines f#1%

Unbalanced State
EFERE

RlexZ, | o

Cracking and weld inspections are typically completed
by traditional NDT methods such as Magnetic Particle
(MT), Dye Penetrant (PT), Radiography, and
specialized Ultrasonic techniques.
RYMRENNERERXRAEMNNTRIGCNFER, 1ot
M (MT)  BE&E (PT) . BEIRGMERERRA,

The TesTex BFET was developed as an alternative to
the traditional cracking and weld NDT methods. The
inspection technique can be used to detect surface
and sub-surface defects in plate welds on Carbon and
Stainless steel.

TesTex B9 BFET SRR A RAXEEZNROVEET
RGN EARRME T ER SR, ZENEATTA TN
R . AENIRERERE TR



BFET for Cracking detection
AT BFET £A

BFET to cover all kinds of cracking
BFET K] 78 3= & K RGN

: : e . |
Several applications & I AZFR: sxFa
- Pressure vessels A28 \
- Tube to header welds & sL{F4& \
- Dissimilar metal welds £E¥84& \;\\VQ
- Windmill towers X|FB1& | g\g\
\\&x/

- General vessels L@ A8

- Storage tank floor/shell welds fi&t&E . 4MFciR4E
- Pipelines €38

- Bridges — Columns #2232

- DA tanks DA i

P PN 1

Hydrogeh induced cracki

Technology

rIééIéX'EEA ‘ &Mo

External Microbiologically Influenced Corrosion (MIC) /
Oxidation under deposition

SMRETEMIBIR | SRR

Internal pitting or
uniform corrosion

R R IEER I S [T

Flow induced corrosion

WA AR HI S 1

Stress corrosion cracking /
embrittlement /
sulfide corrosion cracking

NI / Bett /
A S TR 2



Customized BFET probes RSRXZ,. | et

E&lk BFET #RsL

BFET Probes
specifically designed
for varies of
applications

& N =M R A i =AY
*EHI BFET Rk




Theory of the BFET probes

BFET #&RL/RIE

Figure XI-821-2

Example Coil Arrangement: Tangentially Oriented Driver Coll
with Passive Receiver Coils Oriented Perpendicular and
Tangential to the Examination Surface.

Scanning direction
AELM

Drive coil

REhiLE

Receiver coils

Rl

Eddy Currents
=

rIééIéX'EEA ‘ &Mo

Technology

As a derivative of Eddy Current, the Balance
Field Technique (BFET) was developed to
enhance the signal responses produced from
smaller defects such as cracks.
ERRMBITTER AR, BFET EEIBENANE
BUNRBEIEIE S HIREN -

Two receiver coils are wound together on one
bobbin. One coil is parallel to the testing plane,
while the other coil is perpendicular to it.
ERRMBITTER AR, BFET EEIBENANE
BRUNRBEIEIE S HIREN -



BFET approved by ASME Section V
BFET £ A&@id ASME Section V txf

BFET was incorporate in ASME V version 2023.
BFET £ AR TF ASME V 2023 kR,

On review of the technique it was established that the Tangential Eddy
Current Technique and Lift off Compensation Technique use very similar
electromagnetic configurations and the document was adjusted to
incorporate these BFET techniques as well ACFM does not use phase
information so has another appendix in the ASME.

AMEATRBMERAEA TIEEXUNBEHISE, ZXEERFEATE
& BFET $§7|< HF ACFM %um%%dﬁ{ﬁﬁ%, Rtk ACFM &1 &7E
ASME M5 —ET MR,

ARTICLE 8 ASME BPVCV-2023

MANDATORY APPENDIX XI
TANGENTIAL FIELD EXAMINATION OF FERROMAGNETIC AND
NONFERROMAGNETIC MATERIALS AND WELDS FOR THE
DETECTION AND MEASUREMENT OF SURFACE-BREAKING
DISCONTINUITIES

XI-810 SCOPE

This Appendix provides the requirements for the detec-
tion, depth, and length measurement of surface-breaking
discontinuitie€ in ferromagnetic and nonferromagnetic
materials and welds. The nination technique may be
single channel or array

XI-820° GENERAL REQUIREMENTS
XI-821 TECHNIQUE

tial field (TF) examination technique uses a
d tangentially to th mination sur-
coil is driven with an alternating v
rce. Perturbations of the eddy
current-induced magnetic field are monitored with one
or multiple passive receiver coils whose orientations
are perpendicular or tangential to the examination sur-
face. Eddy current fields are established in a direction
perpendicular to the orientation of the driver coil. Pertur-
bations of the eddy current field are the result of eddy
currents flowing around and underneath a
surface-breaking discontinuity (see Figure XI-821.1). An
r coil arrangement own
ndary magnetic field (B) cre-
ated by the nts may be monitored in the
and z directions (Le., B-x, B-y, and B-z). The magneti
directions are defined as follows:
s the component of the secondary magnetic

(c] Bz is the component of the magnetic field perpen-
dicular to the material surface

There are a variety of other driver-r coil ar-

s that produce the same eddy current field or-

ing discontinuity. The tangentially oriented

ver coil (B-x orientation) will provide information
about the depth of the discontinuity, lift-off, and material
property variations. The receiver coll ariented

perpendicular to the material surface (B-z orientation)
will provide information about the length of the discor
nuity as it is itive to the difference y current
tation around the beginning and end of the discontinu
Information gathered from the passive receiver coils may
yed on a strip chart, two-dimensional C-scan dis-
sociated phase-amplitude display.

XI-822 WRITTEN PROCEDURE REQUIREMENTS

The TF examination shall be performed in accords
vritten procedure that sh;

ten procedure shall establish a single valu.
of values, for each requirement.

X1-823 PROCEDURE QUALIFICATION

When a written procedure qualification is specified by
‘ode Section, a change of a requirement
1 identified as an tial variable shall

require requalification of the written procedure by de

maonstration. A change of a requirement identif

nonessential variable does not require requalification of

the written procedure. All changes of essential or nones
sential variables from those specified within the written
procedure shall require revision of, or an addendum to,
the written procedure.

Figure XI-821-1
Induced Eddy Currents Flow Around and Under
a Surface-Breaking Discontinuity

ASME BPVC.V-2023 - Page 286
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BFET Inspection Benefits
BFET Ry AR

Replace Dye Penetrant and Magnetic Particle tests for a

safer and clean environment
AERSENEMREN, ITEENEE. BENHKE

Detects surface and sub-surface cracking up to 9mm deep

AIRNERER TH&RS 9mm SRR

Inspects ferrous and nonferrous metals (Stainless Steel)

AN Sk RIS E (IR )

All surfaces with or without coatings (up to 15mm coating)

ANRETRERERETERS 15mm ERENTH

Test speeds is very fast up to 30cm/sec
MERE, EESIA 30cm/B)

Minimal surface preparation, no couplant

NEERFBEENRELE, THEBESH

3D Viewer for better analysis of the defects

DML E S BB i i TR oA

TesTex can design special probes and scanners according
to specific requirements

TesTex AJRIBIFIATE KEFIRLMPAERS

11



Y

BFET Software
BFET software makes detection fast and accurate
BFET BR{4-{sERRBE A2 SE hN R AN AE

BFET {4
Frequency range 5Hz-30KHz

SMESEE 5Hz - 30KHz

Real time data processing
SCAT#HE AL
Data displayed in horizontal, vertical, and impedance planes

é TesTex P
T PN HIRHEOKTE . EEABERRET
\ 1§l ]
gl -t Noise and liftoff signals can be rotated away from flaw signals
B IR EHREESTE S SRS S S

Up to 8 channels for 3D analysis

3D X REZ 8 MEBHIE
12

I =




BFET — the only solution on Stainless RSX 7. | e o
BFET — REFNIM AR 2%

UT / RT: Start of CSC is too small
a5 HEKRIE (CSC) fiakK/

PT / MT: Ok, but too late or you need to have access to the inner side

BIE W BliT, BESEMANER, NFEZHARID

AE: Can be, but difficult on stainless steel

FRS: FREN, BEAHEN LRARMgE

Could find INTERNAL CRACKS up to 8mm subsurface?
H AR EEINERUARE T 8mm RRIRL?

(K



The CLAW for HRSG RSRXZ. | ¢fe o
HRSG 2 FHLHT

The CLAW for HRSG (High Recovery Steam Generator)
using BFET probes and camera

& BFET RRBESLARATIE HRSG 1 ERAHIAIMT

Mechanical platform built for BFET flaw detection
L1778 BFET #RB&HN Mg MRS

Optimally orient the sensors with respect to the upper toe of the weld
while allowing a rotation about the tube

MACRIERRERAED, AIRIIRIREE EEHREEE

The scanner has several degrees of freedom and axes of motion for
the 2 sensors to be oriented correctly as they rotate about the tube
PAERLEETEREAEURZEsIHO, LUE 2 MERBEREE
e Y IEfARE @

14



The CLAW for HRSG RSRXZ. | ¢fe o

HRSG &R/

e

| @& B
The CLAW for HRSG (High Recovery Steam Gen@’raﬂn‘)
using BFET probes and camera i,

& BFET SR RBERLBRARI| HRSG &L

The scanner can be unfolded to reach past the first row
tubes to the second row and in some case the third row
AERLAUIERABSE—HEEBEAE_HEE, EE
FEER T RIAE =HE

The amplitude tells more about the size of the defect.

IR R R BT LA SE # 3 fz BR R B R

The equipment can replay the movement combined with
the video for further inspections and comparisons

IREALAESUREISEE, LMER—SREN R



The CLAW for HRSG rIééIéX’EEA ‘ &Mo
HRSG & HHM/MN

Vent (2)
Vent (3)
Vent (4)
Outlet
Vent (5) HAJS0
outlet | | BROOS|! -
Vent (6) S0 A
BRooa f -
Vent (7) i (5%
o) HAJ50
AC001
C.
Outlet
HAJ50
BRO13 |/ _—
9

HAJ50 BROO3
HAJ50 BROO2
o
2
=)

HAJS0 BROOS
0]
HAJ50 BROO4

2

Enter the Header to access the tubes
M Header i# A & a)f8

HAJ50 BROO7

n

16



The CLAW for HRSG RSRXZ. | ote o
HRSG 42 FIHLIT

AN JVMMWW‘“WM’W U Pt st Adna

i, PtP =140 N AS Calibration to get the minimal signal level

ti , AN | | ERRRERRERIE S SR

;
1
N

A=A f“\ . W/ y

Top View (Acg. Pit ASin) 2 CHANNELS

A
A A
- f )Hf N WNUFN | P o J I I
|

A / {\ / |
H%y\ | #\J J :
o WWWW,WNWWWWMW,WW“ " /\\,: \b f \\J '\//\ /\J \J »\\ /J\

- Cracking was on the
back side of the tube

207488 275335 343‘183 411‘030 4788780 11J720 239439 359 91 9 478878 A ¢
ned Acq. Pit ASin Raw Full Length (ASi S/ - o e @ 4 =1z
@' < 1 " — : QU TEESEH
e K N % 2N
wwmwwumww%w’hwwmkvwWme i 4 ? \ , eyt
PtP = 169 & | e

£

| Sidk ,,:,, A ‘I U IH Wml 169 ‘ rlnarsln Tad #2'57 7 ]
£ Cracking in the HAZ > 60% — length 30mm
Top View (Acq. PtASin 2 CHANNELS [Fosion [Caneni ] Conre ostop |~ [Resome] — [N004 j: =14 I]I"] I:E(J%gi’ sﬁﬁg > 60% ’ Krg 30mm

NI POTRRRIFTIET W G Example of defect with combined video and waveform
B v e B 49732 299465 449197 somozdo. . rz\t)9’732 299465 449197 598929 éaémgﬁ*u f& ﬂ:g E(J ﬁ;& B’é ZTT{&U
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BFET Expandable ID Multichannel Scanner RSRXZ. | ote o
BFET AJ# skxl N2 Z @EHERS

Technology

-

Expandable to cover several diameters and always keep contact with the surface

A RHMAE NS MAR, ERLGZRERE

Capable to detect small micro-cracking and small pittings with a speed of 30cm/s
BEMELA 30cm/s BOIR ERMAUNREFD IR

Inspects ferrous and nonferrous metals such as Stainless Steel or Duplex

AN SRR LR, FIIASN . WA

The scanner is encoded and gives combined waveform and video of the defects location
1 AN ERADEE, 4R E A SRR

a s
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BFET Expandable ID Multichannel Scanner RSEXZ, | o tro
BFET Al skl N2 Z B EHERS

01 02

—,_,_._w_,_.--fllr\,_n | \Avﬂuv”v-.rww-wﬁ_mdv\ =S N OOSI—

PoP= 88 MaxASnHexd#4= 4

Cracking at 7.8m, signal value PtP: 56 i Pits at 0.75m, signal value PtP: 86
£ 7.8m Qe HKRM, ESHRIE 56 £ 0.75m e H R, ESHRIE 86

19



First Tests RSRXZ. | % o
o1 ol

e

Results:
The linear probe moves inside the tube to detect

external small cracking

KWER:
Lo Sk M B8 Y R A BT AR HH S ER/NER B
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First Tests TRSRXZ. | ote o

Technology
A.\LIE *‘A: J
Ik
|
|
Az ; ol
|
Sicle Pit ASin | Acgasidon) ) I Max ASin = 1482
\f BN |
1 I
i |
( |
I
|
I
Tap View (Pt ASn {Aogistsan)) - 2 CHANNELS

Thé\}rotating probe detects from the ID the

~ cracking on the external HAZ
{5 FA e e 1R L o] M B8 R SR AG I 2 Pz M X S MED
AN R e
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