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ABSTRACT

Automatic Recognition of Defect on the Bleed Air Duct

Dabin Wang

Advisor: Prof. Jinyi Lee, Ph.D.

Dept. of Control and Instrumentation Eng.
Graduate School of Chosun University

In this paper, the unmanned recognition algorithm of defect on the bleed air duct and 360°
coverage performance of non-destructive inspection system composed of bobbin coil and
annular array magnetic sensor is reported. When an alternating current is applied to the bobbin
coil, an induced current is generated in the direction of the arc of the specimen. The induction
current is distorted by the crack generated in the circumferential direction of the specimen, and
eddy currents are generated at both ends of the defect. Thus, the time-varying magnetic field
strength in the radial direction changes at both ends of the defect. On the other hand, the Hall
sensors are arranged at intervals of 8.18 degrees. Therefore, if the crack passes between the
sensor and the sensor, the defect detection capability may be degraded. In this study, the
relationship between the spatial resolution of the sensor and the 360 degree coverage
performance was experimentally investigated while turning the specimen at O degree intervals.
The specimen is a titanium bleed air duct with an inner diameter of 38 mm and a thickness of

0.45 mm.
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Fig. 1-2 Fractured surface of straight portion of the crack in the failed duct
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Fig. 2-2 Normal data
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Fig. 2-4 Backdata subtract processing
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2. Detrend
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Fig. 2-5 Principle of degrend data processing
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Fig. 2-6 Detrend data processing result (N
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Fig. 2-7 Detrend data processing result (N

=13)

-8 Detrend data processing result (N

Fig. 2

14

(“ICollection @ chosun



3. Fast Fourier Transform
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Fig. 2-9 Block diagram of FFT data processing
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Fig. 2-10 A sample of FFT data processing
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Fig. 2-11 A Sample of magnetic image with FFT data processing
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4. Gabor Transform
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ARSI Q%E s SARRolA FET 814 @ 574 T340 weighting 7% ] .

G(t,w) = foof(x)e‘”(x‘f)ze‘j“’xdx 9
f(x) = Jw JOOG(T, w) e I drdx (10)

3k ol 2 Fig. 2-12= 9 dlolEe tidt FFT 34 A3 9 7}y W3k d3E o
EbITh Fig. 2-12(a)& € dlolEl2A @ 7px] Fuhrh ARPA(AR )R B57
o2 Yehta 9tk Fig. 2-12(b)= A7) 9 o]l AAe] st FFT &4 dnpzA,
A dolele] gk si4 AxE vepdth weba, 0~150mm Q1A e
AT A5 9} 300~550mm Qltoll A e BAFAETE 2T 159 A5

A A AENs FUs xR0 E FEStE A2 vlag ol vhHe| Fig. 2-12(c)

s
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(b) FFT processing
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(c) Gabor transform
Fig. 2-12 Principles of FFT and Garbor transform data processing

Fig. 2-132 WHIY A7|7hdelel] oato] AT 47 vk Wi o A%
Bxo] FFT ¢ 7P W32 A93t A2 el FFT Ao 3238 J2e 3}
o] arfe] dehe A s AR gl= dHolElolA Aol gl (RS
A)ellA A= Fak Ao S8 AAHA kstths Aol ShARE ZHH

Aol M= ol g 5ol AlAE AT
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Using
FFT

Amplitade

Setting:

Sampling freq: 1 Hz
Low freq: 0.01 Hz
High freq: 0.15 Hz

S distance ()

Using
Gabor Transform

HEEEEEREEEREEEEEEEEEE E E EEEEEEEEEEE
S it ()

Fig. 2-13 Comparison of FFT and Garbor transform data processing results
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g EHANE HAs S As XA dudgFoE SAYE A 4
TR dugFe] sEEE Uil sid dagsS ded vzkA dely %

|AVGabor|

Sum over entire At each crack pos.,
sensor chammels select an area data
] 1
Peak detection Find Mﬂg‘ data | Crack center
Remove SPS, v (Xe. 0) (temporary)
Iding li
weleinglines Replace data around — v
_| Peaks by a max data This is temporary _
T crack center
Calculate ratio: )
Max/Avr in sensor dir. Limit crack length for
Crack detection v final crack pos. Final crack center
(temporary) Filtering (Xe. 60)

L & Peak detection
=> Crack in scan axis
-—n—_____,/-’-—-—_-_

Fig. 2-14 Unmanned crack inspection algorithm

AA % HAs dugSsS Aysth WA, Fig. 2-15% 7}
WSS Falst & xRt oste] mAS AI(0]3l, AVeano) Sl AUl E3E

A e gkt &9 ke 7

T
R

l
>
e
)
X
=2
1o
ol
o

2
iih)
o
Jo
-
i)

. EE—‘IS_]_', |AVGarbor|°ﬂ Q

= 3tk A A i (support plate), A2~ A (air
suspension) % &7 F-(welding lines)= ZA3HAl 5 ol= e 33 W

b BE HolE = o grow %IH
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< ARAAZG =S dEbdth meba, o5 AlZeol AT #5, #7, #8, #99 oS

kA, E8AE HA23 dugSFodE WA AAY, AAAA, £H85E9 9
A& AsoR FFTh Fig. 2-16°] WERd wiel o] 4 (1)e® FdH= dFe
2 oldE BE AN Voo & o1l meh wABkIL, AAGE 0.004V

No.Sensor(44)

DO= D |WVaarnor(iD (1)

j=1

Support plates Air suspension Welding lines

\

Fig. 2-15 Gabor transform result and its absolute
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|AVGabor|
(a)

’\oSensm (“4)
ne SUum(i) = |AVGabor(i,j)|
J=1 m

Sum

|
(b) & Peak detectfon | ?ﬁ\h‘ —— I,ﬁMﬁf W\‘ B Iﬂ} IVR \\,AJV\T
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Remove SPS & Welding lines

o - . I I .

Fig. 2-16 Signal extraction of weld line, supporter and suspension
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sk oA FPgor wde ZF AAY FHugk(((b) Max(i), 2 (12)2F i wk((c)

Average(i), 2] (13))= 3l w3k 2] (14)o] E A3 vl o] Max(i)2l Average(i)
H| & olF 7 glol wet Al Fig. 2-17(d)ek 2ol AA, AAaHAd, &5+59
HAasE 4 o) T, A A WA MM FEghRo A =

FZo] golatA At 3+, Fig. 2-17(e)= |AVewo] = Average(i)= L Lo

> 1o
fo
i

i,
e
lo

2 A Fig. 2-15(b), Fig.2-15(c), Fig. 2-16(c)%] &A1& 5 EZ 33t |AVeaber| =23E° H]

ol Wate A% A% BEAL AFow FAAL S Ak
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|Av por
! B -.||HI I.

(b) e MW
A )
100 120 140 160 190 M0 20 240 20 20 300 2 M0 X0 B0 A0 20 40 %0 40 S0 50 0 K0 S0 G0

(C) Average
(d) Ratio = Max/Average |

(e) |AVg5001|/ Average

Fig. 2-17 Unmanned crack inspection algorithm

Max(i) = Max(|1AVgapor (i, )| j=1:44) (12)
1 44
Average(D) = 22 > 1AVgarpor (i) (13)
j=1
Max(i)
Ratio(i) = ————— 14
atio(i) Avrage(i) (14
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2. As AR dndE

Fig. 2-182 S44% H43 dnZES A48 92 B4 A% ATIA
44 2aelEe] A4 vehdoh 4 (142 Ratio()2 HEelA gl slel@

glo] wWE A FHAANAX)E FEH7] flste] v F L EI(BPF, band pass
filte)E 2 g3ttt 2 Aolra= 15kHzO T35 Y F43te], Fig. 2-18(b)<]
A3E Ak FJaAgs FESH, Al Aol Aol fA gk vhut, Ao A
o]7} 21 A-ol= BPFE SHstt et A oF MukelA magte] AEdE +

o whebA, Hdl Aol 25mmE aeiste] 3ommeolule] A el X g e
ylF 7 Abolo] Adto] EAE= o7 B (Fig. 2-18(c))dF At $HH, Fig. 2-18(d)
of vhebdl wkel o] ZpZhe]l H A XA BFMA A7 AA L FE 2 (AVearbor) ]

38

Ratio = Max/ AR araph
)

@ e WWM

€ 20 £ 6 0 W00 10 W M 190 AN 20 20 B 20 00 W0 40 30 380 400 40 40 40 40 50 S0 S0 S0 50 60

ot Long cfﬁk’
(b) Band Pass Filtering §° o
& Peak detection &
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(c) Final
crack detection
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Crack center (X;)
Crack center (8. X.)

Fig. 2-18 Unmanned crack recognition algorithm 2
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A 438 360° AW A A5 H7}

Mgt kol o] F5 HE7]o A wAISE BAD < AbdlolAE A ES XA
FEHEA S0 ddo] HdFow depxlt [1]. ol F7e XA FHe] wd2
AD % E# SAolt} [2] E3, EleHE BADS v £4
o e g WA BAVE Advke Aol Bag vk Tt [4,5].

g, S0 dA Aol AlAel AA Atole] f1xE A9, Ao HE
deol Astd = ez 3600 AMEA HsS Ak st ol ©EFA A
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2] 7 A FelA 7 2% s F sttt £ ATelAs daEF 360°
= e Slsto] & 44709 A E E3E B A7)ghd e 4859l o
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Qste] Hulgkol sdskA &kl xfol7b Q. webA, 3607 AW B A] As EH 7fell A
= A (15)°] e vkl o] A 3fsh(normalizing)3rOEA AE HlWE 5 QJEE
it =, 24 Adeld A5 AURVem@) AT AST BERNVGE
Ocvre)) S Veeak()® U 252 1 3HVNormal(j = 0cvre)3Ho] T A1 8 T}
. V(+0cvre)
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e Adn g Abele] s wabdE A7) Sl WS debd
AEgh vpeh o], A9 T oF +82° o 99& 076" HAHCE S}

FAS3E 20~2170 9] dHolBlE &85t 3607 AR A Adee FrHE. od, <

VCross(iGCVRG) = Max (Vl\llormal(iGCSRG i 4-1°)r Vlgormal(iGCSRG i 4’-10)) (16)
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Fig. 3-1> 47 B3 xp7|7hdete] €]ste] BAD 4% A9 A A=
S EFee AT Aedd s 360 AWA HeS HSE] S 270
o] AFgHEg vepdth Helr AEe Zolzb Z4Zb 930mm, 667.6mmoln W7
®38mm, 77 0.45mm<Q! F-5E€ BADe| #&3 &3S WA 7haetsich 247e &
23 #de % 0lmmelH, ol FWEFOoF 3-30mmo|th HEgh, 7}7bo] H e
Fig. 3-2¢l 91A13k npe} o] 0~270° o] $1x] o 7Faskith Fig. 3-1 () #5°] 5
I #99] S5l A EH, #72 F5edE 4, #89] 5 5ol AT
357 EA8 Fig. 3-1 (b)+= #52] 5ol A EH, #82 ¢Sl &7 &
A 3T}, Table 3-12 ZHzhe] wlj#te] 7ha¥ & 1071, 87129 AFdde do], &, Zlo],

2 4 6 8(weld) 10

(a) specimen 1

1 3 -5 7 _y_ )
e e w A i

(b) specimen 2

N

Fig. 3-1 Artificial cracks of BAD tube
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Table 3-1 Artificial crack size
Axial distance on
Length Width . .
No. Depth the scanning range | Angle []
[mm] [mm]
[mm]
1 3 0.1 Through hole 19 0
2 4 0.1 Through hole 59 180
3 5 0.1 Through Hole 99 90
4 6 0.1 Through hole 139 0
5 20 0.1 Through hole 192 180
6 10 0.1 Through hole 242 270
7 8 0.1 Through hole 292 90
8 20 0.1 Through hole 460 0
9 15 0.1 Through hole 514 90
10 25 0.1 Through hole 565 180
(a) specimen 1
Axial distance on
Length Width . .
No. Depth the scanning range | Angle [°]
[mm] [mm]
[mm)]
1 5 0.1 Through hole 60.3 0
2 10 0.1 Through hole 90.3 180
3 15 0.1 Through hole 130.3 90
4 30 0.1 Through hole 185.3 0
5 3 0.1 Through hole 246.4 180
6 4 0.1 Through hole 271.4 270
7 6 0.1 Through hole 296.4 90
8 8 0.1 Through hole 321.4 0

Collection @ chosun

(b) specimen 2
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(a) specimen 1

90°

H3, #7

#1, #4
180° 0°

#2,#5

—

270°

(b) specimen 2

Fig. 3-2 Angular position of each artificial crack
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A2d  A7AAND 2 jad

Fig. 3-3% A% HNY 27]7tvete] AAF-E vepdn olsk W7ol 38mm
e B8R EV|Eth VRS FEaE(ABSTA) AEEA, 94 9 Aelrt

Z+7} 38mm, 143mmeo|th. AJdHe] U
Ast7] st AAF7F AAFo] et
st7] fst Axtzm L F}, Ag oA f=E AlEAA L] FEE S5

A A S FFHge] A old, o=}

jus]

M wel AARIE ol $ e ) o %7] 79}

A s, AR FEARs

=i
QAT liftofiE FAek7] fekel Fuke] fd Fxe] NARE WA stk A

We WA 2, A2 TR FE AT A E4S PAT,

ol A A9 lift-off= 2.15mmo]| T}

EN

Fig. 3-3 Schematic and photograph of sensor
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Fig. 3-4% Fig. 3-3°14 AWt AxzdE vedoh 3d A4 9@ AF+=
0.2mm, 803]°|™, 21743} Z-2 34mm, 5mme]t}. Fig. 3-5+= A7 A e S Yeld,
WA SR 0 7 A7l MAl S AhA = aa7)e] EANE s ow wadstad),

AA Dol 9172 32.9mmolH, & 3HEEl e 8.18° (2.42mm)°]|tt.

Fig. 3-62> A& 2 B5ttoloj1goltt. AFE S d4¥ th7]s 110 tiufo]x
(NI-6255)°] oJsto] A 7oty sty R dstdds Aofset AFdstdd
S ZAA 9 AsAYRES] el &gstth £33, wRtgsdde oz md
o] FEel LA 72 FAA e fste] HES 2AsE udY FEH
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&gtk o]Foi= RMS 3]&e] oJgte] wRAT ] MNES AFASE WS
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o
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Fig. 3-5 Circumferential sensor array
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Fig. 3-7 Bleed air duct inspection system
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LA B Zr)Fhdete] 7tekeE HAFEE AAsH] fleke] Tk
£ 23S F3EAT) Fig. 3-8°14 Fig. 3-152 o4xt7YU Q1715345 5~40kHzE
HESHHEA BAD Al e WH S whel A0S AlARA L] IEZEEE AV, Voetrend,
AVrer, AVeaor A2 ATE YERdTh ol 8 AFE 120mAZ 5L 20S
Folatginh. AAA 2 AV Voeens©l HlEFO] AVerr 2 AVeaor7b ETF WS 4
g ARG AAIE 5= 9tk ol FFT 9 Gabor o] 54 Fu¢ A5 4
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u o] o},
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% 5, Sl AUAA Y] A AReAs A fAE WEet
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o FF B AUHow =@ & 4 9k
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8 Experimental result with 5kHz and 120mA of exciting current

Fig. 3

AV

VDetrend

=5)

(length

450

150

9 Experimental result with 10kHz and 120mA of exciting current

Fig. 3

36

(“ICollection @ chosun



T
450

T
150

Fig. 3-10 Experimental result with 15kHz and 120mA of exciting current

AV

VDetrend

=5)

(length

T
430

T
150

11 Experimental result with 20kHz and 120mA of exciting current

Fig. 3-
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12 Experimental result with 25kHz and 120mA of exciting current

Fig. 3-

|

S P

™
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13 Experimental result with 30kHz and 120mA of exciting current

Fig. 3
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14 Experimental result with 35kHz and 120mA of exciting current
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15 Experimental result with 40kHz and 120mA of exciting current

Fig. 3
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Fig. 3-16 Frequency response at #6 crack
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2 wA #xsh] wiel SFAVIAMMA AdEe] A5 Al 1A
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Fig. 3-17 Magnetic images with several data processing method
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18 Differential processing images on the different scanning angle

Fig. 3
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trend processing images on the different scanning angle

Fig. 3-19 De
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Fig. 3-20 FFT processing images on the different scanning angle
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Fig. 3-22 Absolute integrations according ot the scanning angle (#6, 10mm)
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Fig. 3-24 A photograph of rotation part
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(b) #3 (5mm length) (c) #10 (25mm length)

Fig. 3-25 Relatibe positions of coil, sensor array and crack
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Fig. 3-27 Diagram drawing process of 360° coverage performance
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and crack on the #3
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Fig. 3-28 Distribution of Verr according ot the relative distance between the sensor, coil
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Fig. 3-29 Relationship between absolute sum and distance (#3)
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Fig. 3-30 360° coverage performance with crack #3
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Fig. 3-32 Distribution of Vrrr according ot the relative distance between the sensor, coil
and crack on the #10
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Fig. 3-33 Relationship between absolute sum and distance (#10)
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Fig. 3-34 360° coverage performance with crack #10
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Fig. 3-35 Average and minimum values in the 360° coverage performance at #10
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