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NOMENCLATURE
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C : Sound velocity

K : Bulk modulus
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E ¢ Ultrasonic energy
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ABSTRACT

A Study on the Manufacture and Evaluation of
3—-axes Automatic Non-contact Air—coupled
Ultrasonic Testing(NAUT) Scanner

By Kwak Nam-Su

Advisor : Prof. Kim Jae-Yeol, Ph.D.

Dept. of Advanced parts and materials engineering
Graduate School of Chosun University

The purpose of this paper is to conduct the study on detection
identification and assessment of internal defects for the Ci~C brake disk
composite and the CiSiC composite for aircrafts and the semi metallic
brakes for motorsports by applying non-contact air-coupled ultrasonic
testing, the most advanced techniques of ultrasonic testing techniques
among the nondestructive testing techniques.

The Non-contact Air-coupled Ultrasonic Testing (NAUT) used in this
paper is the most advanced ultrasonic testing technique. It is a nondestructive
testing that complements the energy loss occurred due to the acoustic impedance
difference in the air with two transmitting/receiving non—contact ultrasonic probes

and enables the non-contact ultrasonic testing through high-powered



ultrasonic focusing by using high-frequency band ultrasonic Pulser-Receiver.
Typically, the ultrasonic testing performs the ultrasonic detection using
the contact ultrasonic probe, however, by using the NAUT technique, it is
possible to conduct the non—contact ultrasonic testing without the couplant
that delivers the ultrasonic since it is able to do the ultrasonic focusing in
the air. Since the transmission and reception of the ultrasonic occurs on
the steady state, the NAUT is able to conduct the ultrasonic detection on
the materials in high temperature (200°C) or low temperature (10°C)
which were not possible to perform with the existing contact detection at
the room temperature, or specimens with rough surface, complex shape or
small section.

In this paper, non-contact air—coupled ultrasonic detection experiment
applied the Transmission Method and Reflection Method was conducted as
follows:

First, to analyze the ultrasonic attenuation characteristics during the
ultrasonic focusing, the amplitude relationship of the transmitted waves
depending on the changes of the ultrasonic focusing distance was analyzed
using acrylic, aluminum and CFRP specimens. The experiment was
performed and the amplitude relationship of the transmitted wave was
analyzed depending on the reception area of the ultrasonic probe of plane
figure type.

Second, the experiment comparing the transmissivity at the frequencies
of 400 kHz an 800 kHz was performed by placing each specimens of
different materials between transmitting and receiving ultrasonic probes.
The experiment to analyze the amplitude relationship between gradient
angle and transmitted wave by using Transmission Method and Reflection
Method techniques was also performed.

Third, to analyze the transmitted wave relationship between sound area

and defected area of an aluminum flat type specimens, the analysis

_Xi_



experiment of amplitude relationship between transmitted waves, depending
on the measurement mode, was performed by using the Reflection Method.

Fourth, for internal defect detection of the Cf-C brake disk and the Cf-SiC
composite for aircrafts using the non-contact air-coupled ultrasonic testing,
the experiment for detection position and defect size confirmation was

performed with C-Scan sectional image.
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Table 1-1 Classification of composite materials based on the matrix phases

Discontinuous fiber

Table 1-2 Applications being considered for alumina and mullite matrix CFCCs

Conditions imposed on

Benefits demonstrated

Application ; = or perceived by the
Oxide matnix CFCC :
Increased efficiency.
Thermophotovoltaic | High thermal shock, high| — mullifuel capability,
burneg/emittor temp.. surface combustion| maximum on/off response,
increased life
High temperature, high
Heat exchanger thermal stresses, highly l'ﬁghgﬁlemap;dml;fu&
erosive and hot comrosion FAgeely ¢
; Harsh chemical Increased life, higher
Horams fiksibon environmenl, high temp. | lemperature capability
Reduced emissions and
Gas turbine engine increased efficiency
combustion liners and |High temp. hot comosion| resuling from reduced
shrouds cooling air, higher
temperature capability
Bumer stabilizer High comosion Longer life

COMPOSITE MATERIALS
Polymer Metal Matrix Ceramic Natural
Matrix [PMC] [MMC] Matrix [CMC] Composites
Thermoplastic Metals & Alloys Ceramics, Glass Timber
Matrix "
Continuous fiber Continuous fiber Animal Tissue
Continuous fiber Short fiber Short fiber Plant Tissue
Long fiber Whisker Whisker
Short fiber Particulate Particulate
Therprll; ao;s(ttlng Cement, Plaster
x Concrete
Continuous fiber Continuous fiber
Long fiber Long fiber
Short fiber
Thermoplastic Carbon
Matrix Continuous fiber
Continuous fiber Long fiber
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NITE Process(Nano-Infiltration Transient Eutectic phase process)i= PIP9}
LSI 84S x33 A=A F 2vA o= FEHA 1944+ SiC
RS SYYE Aol SAAA 1AFHeRE PIP ¥4 AXA HH, o]
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Fig.1-3 NITE-SiC/SiC composites materials
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(3) &9 %53 3 H(Resonant Ultrasonic Spectroscopy)
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e 98] ol gx= HAVIHoezA 100kHzolA 4 MHzol ZAXE H&
FoFERYA FxE A THFRES SAHsE Ao,

| 712 W= Los Alamos =T @A 749 #Heatse] o9& Hx= /s
Ao, A Wisconsintl8F, Alabamat] 8}, California t™3H(San Diego),
ColoradoTHu g FollA A+7F =i a1, =, MEMS(Micro Electro
Mechanical System), Az ()] 7| A2 A& Fpefsi=d] o] &= i Ut
Los Alamos= #1749 A ekol ol RUS7I=712S 3l Dynamic
HHS5AHE FEAE

Resonance SystemsAHWyomingS Powel)T= A &9 a
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Fig.1-7 Principle of non—-contact air—coupled ultrasonic testing
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2. 29 S471H9 dd

%S9} A A (ultrasonic testing; UT)E 2237t 7FA 1 gy Z8 3
BAS o] &dto] AIFA Tl EAsts A%e HEska, A= 2% A
A HAEHE FAFske Hlg] HAlolvh =&l &% Bl R rbrEe 9
ke AR ARt FWE T AWAH 7719 A (integrity) 2 Al
A4 Fro ZEFY gF71es2 2 AWt gy st g,

Z59 g AHAL 7S A Fol thE ‘ﬂ]fﬂrﬁ AAL 71 Hl& 7h
A3 54, =& 34 BAEE, AAES =59 AEA, dAmEe 43 &
B AHS AL v 2eaEdHA e 24 ZH w2 §Fte H]TL}
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Fig.2-2 Principle of ultrasonic pulse reflection method
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W WA 2Le dutsk=d e Algkelar, C=2L/Ate] #AZE St
AlgAle] & 5 Le BEs A, AgAle S5 (velocity)s <al glod
AtE SATOEZN Ls 78 + vk v 2 AdA 74 LS 43 A5
T AE ST oRN 55 CE

u, dapapgel A oluA7F EAFH 7] mitel FAdE
olEA o 219 Aol Wit ey A7) Ak
4] Al 4 (attenuation coefficient) & SH & 4 At &

=AAZA Are TR, EHd &8ty wigol olHd FAe Wt
2oy 7AH 44 5& WtE & Ao Fi =

T2 delek W AL E e
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°P>HUFPE*
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Hru
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1 Display (2 AGIE)
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Fig.2-3 Principle of ultrasonic transceiver and beam focused distance
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(a) Longitudinal wave and shear wave
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Rayleigh wave
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(b) rayleigh wave and lamb wave
Fig.2-4 Wave of ultrasonic mode

(1)% 3}(ongitudinal wave)
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(2) 33} (shear wave)

dukx o= 7 ST 29 AMEAdC A= SVIR(vertically  shear
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Table 2-1 Aluminum of lamb wave

Incidence angle Wave mode
33° 1st A-mode
31° 1st S—-mode
25.6° 2nd A-mode
19.6° 1st S—-mode
14.7° 3rd A-mode
12.6° 3rd S-mode
7.8° 4th S-mode
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o= JERZAE) (2.1)

71A B A Foll M=

[K \/ 101, 325kgg/ms XLAOL 2.2)
1.293kg/m”/ (1+20/273)

A71A, K= AARAAT, pv DEolth 20T 17149 s7lolA =

P=760mmHg = 1.03323kgf/cm* = 10,332.3kg/m* (2.3)

= 10,332.3 X 9.8065N/m? = 101,325 N/m>
(714,101,325 Pa = 101,325kgf/ms?, ] G H] k= 1.401,

p=1.293/(1420/273)kg/m* o] t}.)

FolEHl(nE 18d 2ELE ¢, FAEE O oS How A g

59 A9 K=22x10°N/m? =2.2x10°kg/ms*, p=1,000kg/ME =

9 2

1,000kg/m?

Rl
N

1 TollM= Fuket Furh At FohEnl(vE 1Hd FIEE
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\/p< e (2.5)

A7l AS+= E=21,400kgf/mm® = 21,400 < 9.80665 X< 10°kg/ms*, v = 0.28

i

p=T,700kg/m* 2.3 W FI&E ) 5,902m/s 7F ®rt,
st stel

’

dlo
4

%

T, G =8,200kgf/mm?® = 8,200 x 9.80665 < 10°kg/ms® =

Cs= 3,232m/s 7} Ht}

_ | £ _ |G
Cs= 2p(1+1/)_\/7 (2.6)

E: ZF8 A4 == 95 (Young s module)

v:3FolE8] (Poisson’sratio, 7ol A= ¥ 0.28, &

K: A A g4 A 5= (bulk modulus, 7] A 2] 7 $-

= E

G: 3 (A A 5= (shearmoduls)
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S WY 4 0,2 Bergmann® AR R U3 o] FAETH
_087+1.12v [G
Cp=—"11, S = 0.9Cy (2.7)
2 (159 THdEHE o] A9A FEHJA=AE AHEY] AT 2 AA
T& Adgste 98 4Pt 2E80AS ¢ §9% oth Frh
c=F¢ e= 0%
_a % %
“a=Z-FpV gV (2.8)
_2_ 9 %
@=Z " FZV gV (2.9)
oy=0y ¥ AZE F gonw
o, 20,
€1 = E_ ?I/ (210)
g g
€ = EQ@—V)— flu (2.11)

0y = 01— (2.12)
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e ot gugon AsRA @¢ W FEeld 2w

FheE 0,0 4 259 ol FE9 Atk

(2) Fobulzt g&ulo] v A g
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o= Thgel #A7 e

F

= B (2.15)

of AE olg3ol Fobbn] vob 3l (¢ /)9 BAR TH + 2
o4 @5)% 4 26)9 WE Astn 4 19F dYstn Feshd

Cr [20—v)

o V1o (2.16)
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(3) BAAT S5 B

2 (216)3 A 1NCsRE A5 2 SE3 UE 2 el
3C}—4C? o2
E=pC; LQ QS*pCE 3———— 5 5 (2.18)
Cr—Cs C;i— Cg

p=T,700kg/m*, C;, = 5,900m/s, Cs=3,230m/s 2} 34,

E=20,600x10°kg/ms* °]t}. o] AL kgf/mm’*e 2 2213std

20,600 X 10°kg/ms’

" 1(9.80665 x 10°kg/ms?)/ (1kgf/mm?))] (2.19)

= 21,067kgf/mm® = 21,000kgf/mm*

(4) B3 Fak
37 FAAE 35 THAEFT £ addeta $HE 7)9fe] Hek
B &g pREoR EAFUE. 5 °]
2 Ee =23 F Abole] A S I (wavelength)©]

i)
4z
i

stov dAol= =2 e At Hertzo] FE o= wAG92 A2 Hertz, °F
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1Hz = 1cycle persec
1kHz = 1,000 Hz = 1,000cycle per sec

1MHz = 1,000,000Hz = 1,000,000cycle persec

wg A g6 gaE F8e s, o] W ok Ee) ol
e Aew vt oA wE Ax7t vz 8 A5ITR 1% v
94 a0 pi) W s AAEA Ao wE T &% ¢ 127k

|
St A FdsHA o
C= AT: A (2.21)
_w
k=5 (2.22)

7} ZFo| 237} A3 o F35 2MHzS 5MHzS 299 348 Fapd

A= 70= 5,900 % 10°/2 % 10° = 2.95mm (2.23)

olal, 5SMHz¢ A%+ 1.18m7F vk ®= 2 FolAd 29 AsAYE A
AR ABAY p= S5 ol WA TE w3 o lusite]l Hut
=

= Ads

z=CT=5,900x10°x1x10" % =5.9mm (2.24)
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Table 2-2 Sound velocity and wavelength of various materials

Density Shear | lagtdd
Materials (p) wave wave Longitudinal wavelength [mm]
g/ em?] velocity | velocity
grem [m/s] [m/s] 2P\ MHz|| 3[MHz] 5| MHZ]
Aluminum 2.69 3,130 6,350 2.8 2.1 1.3
Steel 7 3,200 5,900 2.6 19 1.2
Brass 8.54 2,070 4,630 2.1 15 0.93
Arfg rlllc 118 2,670 1.2 13 053
Bakelite 14 2,590 1.15 0.86 0.52
Water)0) 1.0 1,480 0.66 0.49 0.30
Oil 0.92 1,390 0.62 0.46 0.28
Air 0.0012 330 0.15 0.11 0.066

A, A, ;AL WA F& ke

ol mEhA it gE 7Y dE =
o] &20 OF 340m/s oAM= F 1,480m/s. BEANA F 5,900m/s ©] i
Ak} Fell A= oF 10,000m/s & Z 3}t :

S&e A, 1A el

=
Ly
a

o] ok

_37_




Eedl

o
A4

ojp

R

14 ool WakAl ) wbel, 3a] Wl 2] Apold o

9]

o] A €]

Nfo

=0

Sof 7

]

Fel7h At

Aol #iA

sh=

3

g <

7ol

Bl

obF Al webA

2,980m /] t}.

8=

s %

ZU3

2251

bz
=

(5) A%t}

=0 =
= T

= g Aol

SEERR

2 Aga

SES T

A A, A

el

dl, ©

3=

A

Fole Havs

|=23
=

gy RE

o] 917 kAR 1~37ke] B

15 Apol o] Bor) ARg
Az Aol whAel s 7}

she] ooltt, Brol 7o

73 -5-l

|

He

p—

o
il

Tod

Hoh Fig2-8& &

2~ B
T

fig.2-89] 57|39}

-
R

B
o
ToH
2
el
i

el

el

ojn

i)

§l.

A%3te] o] &l o

o}
b

o o

e

Abell M o &

e

X0

!

ojm
N

o}

el Al "o

0

_38_



02

b

(3

2 01

2

8

@ 0

5

=

S 01

©

>

b =

-0.2
4 6 8 10
Time (us)
Fig.2-8 Burst wave(10 cycle)
0.2
>
£ 10 4015 i
g b=
& {01 B
2 5 K=y
& 4005 §
: 2
E {-0.05 &
= -5 —
5 {101 2
¥ E
2-10f 1015 £
3 £
£ {02 ®
; ; ; ; ; ; 95
0 10 20 30 40 50 60

transmission time in ps

Fig.2-9 Reflection echo wave form and frequency content

(6) dko] a4

ZIAA el A7 il HE Ags) 2w FoJAZE toll A wiE o] <}
A7F BAAANA o' AFHom o]Fd AL FHoR dEhE v A
(2.25)%} zFo] Hth

a= a,sin2nft (2.25)
oy 0 A I F
[ a4 W Fag

a @ AZE ol A2 PApe] W

_39_



4 (22602 HAAA AR RE] §HYL HERhE JozH A4
A A Ag Cl71E AARRE old Ak AAE

&
Fi et

a, = aysin2|t— %) (2.26)
& oa, 0 71AA shEo]l AN AS JARRE AYRE FolA e
ALZE toll A ] 4=ke] ® 9] (displacement)
a ¢ IANA S Qe A Arle 2e e WE

v e HAEE

TAIZHEF7D S Vo 7AA gzt fdde] aAgs 13gsud
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Fig.2-14 Calculation of the beam spread by circular transducer
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Fig.2-15 Beam diameter and focal zone

o]71A, Zp : Beginning of the focal zone
Zy * End of the focal zone
F, : Focal Zone

D : Element diameter
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283 e 47 Be 0 Aoz 49

]
r
30,
°

B) )=1.028LC (2.56)

(~ 6dB) f D
o]7]A, F : Focal length in water
C : Sound velocity of material

f + Frequency of transducer

D : Element diameter
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1. NAUT A-Scan &% 84 #X

Fig.3-1 & A-Scan +5 &% Aol AH&E A-Scan ¥F 253 F%
F718 YeEtdlal k. NAUT A-Scan % &% FA & 3% 2534&5 1L
Astal AEatE vlolaR AH X, APHAS 1A43E= AlFH FAx =A
wol 2~ HAZAW FUE, Pre-amp 2 A-Scan 4 S/WZ /4= vl
Aol APGAIE pdEtrh o] AfeAME HWE TF 259 @54
(04AK14x20N, 0.8K14x20N)E Al&3lAAr), dubd o 9% nAele] 4%
T Al 01]—‘5 259 Be & davt gleng Juy 3T 259 g4

Air F;robe{FIat type )
\ T

Fig.3-1 Composition of manual NAUT units for A-Scan inspection
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Fig.3-2 Specimens of acrylic panel and CFRP and aluminum

Fig.3-3 Specimens of aluminum(Defect and no defect)

_62_



3. NAUT A-Scan &% g4 49
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Table 3-1 Results of Focal distance and amplitude

Amplitude Amplitude
L(mm) L(mm)
(dB) (dB)
10 34.553 110 33.23707
20 30.14174 120 32.86071
30 28.58522 130 31.29383
40 29.1364 140 31.13964
50 26.43151 150 33.43195
60 32.15554 160 32.00144
70 29.82622 170 33.54174
30 29.6846 180 33.62449
90 33.98117 190 33.86458
100 37.40075 200 32.3067
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Table 3-2 Results of Focal distance and amplitude(800kH?

Amplitude Amplitude
L(mm) L(mm)
(dB) (dB)

10 7.8 110 10
20 7.7124223 120 6.155242
30 5.152203 130 2.682629
40 2.683225 140 0.707546
50 0.246553 150 -1.13874
60 -0.43183

70 -4.28848

80 -9.13977

90 -12.4003

100 -12.6948

Table 3-3 Results of Focal distance and amplitude(400kH2

Amplitude Amplitude
L(mm) L(mm)
(dB) (dB)
10 21.3 110 12.08826
20 20.5513 120 11.57416
30 20.07696 130 10.88553
40 19.24214 140 9.721596
50 18.53503 150 8.788215
60 18.09637
70 17.67384
80 16.31301
90 16.09546
100 15.4251
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WY FF 285 9EAY FARAe] e Fin AT £467)
s thedt 2 EL FARAT. FA FEAANA 2&nE BRI
Al gEA A A 2898 $54 2edel 98 magste] P&
A2 50mm, 100mm= A3t FAHAE WA )= wpaFo] o F3
el AEWsE BASQ hag ARE 2L} RREA GRS
Aol vpaF HolZE AREste] HEARS] IR Fzsie] dHs
AT, Table 3-4% A&A0 12 289 B vag 243 AF 54
235 vERfaL Q)

Table 3-4 Results of amplitude(focal distance : 50mm, 100mn)

Air probe : 0.4K14x20N Air probe : 0.4K14x20N
Focal distance : 50mm Focal distance : 100mm
Masking diameter Amplitude Masking diameter Amplitude
(mm) (dB) (mm) (dB)
10 -9.36304 10 -9.29495
6 -16.8985 6 -17.7819
5) -20.9154 5 -20.7343
4 -24.7407 4 -23.8539
3 -29.6428 3 -28.5095
2 -35.8884 2 -36.0122
1 -50.939 1 -52.811
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Z53 7tol= 3y EA4S f8te] &5 FF 259 A Alold] 7+zt
olZd ¥, CFRP, &Fvw AFHAES Fil 400kH; 800kHL] FI4= F3&
S vustE AFS Fygsgdth. Table 3-5v zF A2W 31 Z A8 Ao
w253 BHe AP S gt FHRAES Adsd. 289 Fage

7} 400kH2} 800kHZE R17Fste]l AdS st Add =

UA

oY

S
>,
o

& 10mm, 5mm A78sto] A& TPt
Table 3-5¢} Table 3-62 &3 T35 400kH; 800kHZ=Z T35 A7} Al
283 stol= 3y wo] % st LolF =

ol o},

Table 3-5 Results of amplitude by materials(focal distance : 50mm)

Frequency : 400kHz Frequency : 800kHz
_ Masking ; Masking ;
Specimens Amplitude Amplitude
diameter diameter
(dB) (dB)
(mm) (mm)
10 -64 10 -68.2
Acrylic panel
5 -66.5 5 =72.2
10 =70.9 10 -80.4
CFRP
5 -76.6 5 -83.9
10 -81 10 -84.8
Aluminum
5 -87.3 5 -87.2
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Table 3-6 Results of ultrasonic guide wave height and transmitted wave

distance for amplitude(400kH?

400tz HY) | Dmm) | G(dB) .
mm :
(Use pre—amp) (G+60dB) fmpliiacts
Alr 0.868 85.14 15.1 75.1 (5HETE)
Transmission
0.816 76.67 19.1 79.1 -64
Acrylic panel
0.82 53.81 21.6 81.6 -66.5
0.81 79.95 26 86 -70.9
CFRP
0.795 42.18 31.7 91.7 -76.6
0.75 86.49 36.1 96.1 -81
Aluminum
0.68 65.26 424 102.4 -87.3

o714, H(v) : Ultrasonic guide wave height
D(mm) : Transmitted wave distance

G(dB) : Gain

Table 3-7 Results of ultrasonic guide wave height and transmitted wave

distance for amplitude(800kH?

S00KHZ HY) | Dmm) | G(dB) .
mm :
(Use pre—amp) (G+60dB) fumplhiacte
Ar 0.822 82.43 16.3 76.3 U5
Transmission
0.829 74.88 24.5 4.5 -68.2
Acrylic panel
0.805 79.48 285 385 -72.2
0.817 79.34 36.7 96.7 -804
CFRP
0.579 40.44 40.2 100.2 -83.9
0.575 81.04 41.1 101.1 -84.8
Aluminum
0.495 64.13 435 103.5 -87.2
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Table 3-8 Results of the angle change of specimens(Aluminum 2mm)

Angle H(V) D(mm) G(dB)
0° 0.165 69.32 29.2
1° 0.138 69.28 29.2
2° 0.122 69.29 29.2
3° 0.066 70.26 29.2
4° 0.249 69.37 29.2
5° 0.363 69.32 29.2
6° 0.318 69.25 29.2
7° 0.559 69.27 29.2
8° 0.806 69.23 29.2 Maximum
9° 0.408 69.14 29.2
10° 0.089 69.07 29.2

7|4, H : Transmitted wave amplitude( V)
D . Transmitted wave distance(mm)

G : Gain(dB)
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Table 3-9 Results of the angle change of specimens(Aluminum 6mm)

Angle H(V) D(mm) G(dB)
0° 0.231 300.99 29.2
1° 0.250 298.70 29.2
2° 0.439 302.70 29.2
3° 0.206 301.61 29.2
4° 0.504 303.63 29.2
5° 0.813 302.78 29.2
6° 0.399 302.51 29.2
7° 0.986 299.13 29.2 Maximum
&° 0.868 301.49 29.2
9° 0.662 293.05 29.2
10° 0.099 292.36 29.2
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Table 3-10 Results of transmitted wave by air probe incidence angle

T IT IR H D G fd
(mm) | (degree) | (degree) (V) (mm) (dB) (Mhz-mm)

0.3 155 15 0.842 224.483 5.6 0.24
0.5 12 12 0.584 208.977 11 0.4
1.0 9 9 0.748 193.383 20.1 0.8
2.0 8 3 0.866 186.609 29.8 1.6
2.0 4 4 0.233 163.705 29.8 1.6
3.0 5 5 0.704 221.414 26.4 2.4
4.0 6.5 6.5 0.832 200.389 28.2 3.2
5.0 6.5 6.5 0.835 180.564 289 4
6.0 6.9 6.5 0.501 171.212 289 4.8
8.0 7 6.9 0.765 154.47 289 6.4
10 7 7 0.716 142.831 23.2 8

o] 7] A, T : specimens thickness(mm)
IT : Transmitted angle(Degree)
IR : Received angle(Degree)
H : Transmitted wave amplitude( V)
D : Transmitted wave distance(mm)
G : Gain(dB)
fd : Frequency(MH2)xthickness(mm)
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Table 3-11 Results of amplitude by incident angle and specimens thickness

IT=IR=4~4.5° SO-Mode
No defect part Defect part
Specimens H(V) D(mm) H(V) D(mm)
Al(3mm) 0.479 223.468 0.375 223.386
Al(4mm) 0.468 167.308 0.396 169.799
IT=IR=6.5~7° AO-Mode
No defect part Defect part
Specimens H(V) D(mm) H(V) D(mm)
Al(3mm) 0.829 183.867 0.439 183.975
Al(4mm) 0.894 177.931 0.339 189.893
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Fig.3-5 Configurations of NAUT measuring circuit
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Fig.3-6 Configuration of NAUT hardware system
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Table 3-12 Composition of NAUT System

Composition Item Model Specification
Alr probe 04K20N R50 | 30Dx30H
(Point focusing type)
Alr probe 0.4K14x20N 17Wx23Lx30H
(Flat type)
M . Pulse voltage
easuimg bulser & Recoiver | SAT-IPR : 10~600V
par HIse ceetve 600C-A01 Tnput frequency
30kHz~10MHz
60dB Hat
Pre-Amplifier PR-60-S 50,100,200,400,800
kHz
Integrated
iﬁ;"“mﬂer NI PXI-1033 | MXle, 5 Periph
slot, 1port PCle
PXI Counter board &h 3nt
Controlling | (Up/down counter/timer | NI PXI-6602 P dgtd 10
part module) linesGV TIL/AOVED)
250MS/s,
PXI Digitizer NI PXI-5114 125MHz,
256MB/ch
Ultrasonic S/W Labview Code
X-ax ntr Stoke : 600mm
|axes santy RCS2-SA7R-A | Repeatability :
robot
£0.02mm
oo i Stoke : 600mm
2 anes gantty RCS2-SA7R-A | Repeatability :
robot
+0.02mm
Precision Stoke : 600mm
.. Y-axes gantry robot | ISB-MXM-A Repeatability :
driving part
+0.0lmm
Stoke : 250mm
Z-axes gantry robot | RCS2-SA6C-A | Repeatability :
+0.02mm
3—axes gantry robot
controller(synchroniz | XSEL-]-4-2004 | ~0H#/60Hz,
. 17-bit
ed operation)

_77_




I 15D09-A03_AXIS-MODULE

(a) Top view (b) Isometric view
/T35
(aw)
=1
Lr—) NS
o
e
| 1017
| 1113)
(c) Front view (d) Right view

Fig.3-8 Design drawing of 3-axes gantry robot

Fig.3-11 NAUT Alz=wle] sdH5 S/W 3 7|75 Aol 2298 1
ol Qltk o] S/WE A 5 NEY BRE F5dto] 57 iy o]
e F4 FF 299 9EAS A7 AR, A4 5o 424UE A
Al z-axes TEANA 257 YAAHE AT 239 AR E ¥
F 299 952 Bol W GAAY 4e 44 oA Addc 28

J

1)
A
>
Y
AcH
rlr
ok
ol
B
o
1=
ot
e
N
-z
Sh
2
o
Au)
>
Y
ok
ol
K
Jhu
_O‘L
3,
)



Mo

sl A

Y-axes 22 &

A UFe FHAIA A-Scan o2

NESSEENRE:

[S]

, T

<
T

_MO._

—_—

gain, frequency, voltage, wave

A A 8} AL

S/W7gell A

BB o
T =

Wl E
number, LPF, HPF,

3

E
=

6 =
s

Zhu e A"

o 5

=%
[¢)

AJr

o

o

3] C-Scan 3}%+

=
=

|

9%

Fig.3-9 3D Design drawing of NAUT system

_79_



Control PC

| |
Y-Axis gantry robot ‘ =

(b) 3-axes gantry robot units

_80_



Ultrasonic beam focusing Position
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Fig.3-10 Manufactured NAUT System
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(a) No defect specimens

(b) Defect specimens

Fig.3-20 Specimens of C¢C brake disc
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Fig.3-21 Specimens of Ci~SiC composites specimens
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Table 3-13 Experiment of condition(no masking specimens)

Specimens
No defect specimens Defect specimens

Condition

Velocity in TP(m/s) 340 340
Tx voltage(V) 300 300
Tx frequency(kHz) 340 340
Gain(dB) 26.0 31.1
Sampling frequency(MHz) 10 10
Scan speed(mm/s) 50 50
Scan pitch(mm) 0.5 05

Table 3-14 Experiment of condition(masking specimens)

Specimens ; ;
- No defect specimens Defect specimens

Condition

Velocity in TP(m/s) 340 340

Tx voltage(V) 300 300

Tx frequency(kHz) 340, 400 340, 400
Gain(dB) 229, 30.1 31.1, 364
Sampling frequency(MHz) 10 10

Scan speed(mm/s) 50 50

Scan pitch(mm) 0.5 05
AFAFHLE THES} SHE Ay A3 ATE wrEo] =53 C-Scan
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Table 3-15 Experiment of condition(Ci~SiC composite specimens)

Specimens
No defect specimens Defect specimens

Condition

Velocity in TP(m/s) 340 340
Tx voltage(V) 300 300
Tx frequency(kHz) 340 340
Gain(dB) 26.0 31.1
Sampling frequency(MHz) 10 10
Scan speed(mm/s) 50 50
Scan pitch(mm) 05 05
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(b) Image of C-Scan(Left top line)
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(d) Image of C-Scan(Right top line)
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(g) Image of C-Scan(Left tap)

Fig.4-10 Result of C-Scan Inspection(No defect specimens)
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