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ABSTRACT

The Characteristic Research of C/C Composite
Brake Disk using Ultrasonic Nondestructive

Evaluation

Wook Heo
Advisor @ Prof. Yang, In-Young, Ph. D.
Dept. of Mechanical Design Engineering

Graduate School of Chosun University

These day, The composites used Carbons have been
increasing use in field of automobiles, ship, building and
aircraft industry because it has been improved a
fuel-efficient by losing their weight. Especially, the
Carbon/Carbon(C/C) composite material of lots of composites
has excellent mechanical properties which are greater specific
strength, specific stiffness, heat-resisting property in super
high temperature and excellent anti-abrasion than material
alloys. C/C composite has been used in wings, brake disk

and chief parts in field of aircraft and used in prosthetic



valve in the medical profession. It is desirable to perform
ultrasonic testing to study physical characteristic and
homogeneity of the C/C composite materials. In this work,
we performed a peak-delay measurement method to measure
ultrasonic velocity of C/C composite brake disk which
involved inhomogeneity and conducted A-scan, B-scan,
C-scan, microscopic examination testing and radiographic
testing to observe the stack sequence and physical
properties. We had put inspection material into water tank
for scan image of C/C brake disk using automated
acquisition scanner and mapped a ultrasonic image to study
inhomogeneity of material properties. Pulse-echo method
using a low frequency transducer based on amplitude and
time-of-flight of the wultrasonic pulse were used for
estimating ultrasonic time-of-flight. Surface of C/C brake dis
was observed with using an electron microscope and those
were compared with ultrasonic image. Therefore variation of
ultrasonic velocity was correlated to those of material
density, which 1is based on the peak-delay measurement

method.
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(a) schematic of Pulse Echo Method
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(b) Velocity measurement
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V @ Speed of sound in material("s) = Pa—
2 1

Fig. 1 Principle of pulse echo method
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Transmitter Receiver

Sample

Pulser / Receiver

| Digital oscilloscope 1—>| Computer |

(a) schematic of Through Transmission Method

.. i3] .
Transmitting transducer Receiving transducer

(b) Velocity measurement
L, : Distance between transmitting transducer and sample surface(mm)
L. : Distance between receiving transducer and sample surface(mm)
d : Sample thickness(mm)
t1 © Cyde time of ultrasonic between transmitting transducer and sample surface(ys)
to ¢ Cycle time of ultrasonic between receiving transducer and sample bottom(ys)
t3 ¢ Cycle time of ultrasonic between transmitting transducer and sample bottom(ys)
tm © Time of ultrasonic from transmitting transducer to receiving
transducer with the sample(gs)
tw ¢ Time of ultrasonic from transmitting transducer to receiving
transducer without the sample(us)

Fig. 2 Principle of through transmission method
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2-2-2 93X A &AW (Peak Delay Measurement Method)

yaZx A SAHYE L Fig. 59 o] &=Fakek A @A Alolol 7EA 9

#H (Reference Sample)s F7Fgto 2 Ralso] o £a o i3t

AdA FTHO o F(echo)9t AW ZE AHIstA =Ast] AFdA Y
259 &% Ao AW (precision)S Folx WWolth o] w AdH

o

7 71ZAEA Aol T Ilmme]dte] I F A E(robber sheet)E 4¢3t
of ANFAE Atolel g3t ASAAHE HAE AY. FFA= H=
s AESHA ¥e =do] AEFY  E

transducer) & AH8stH AR HEFAA FWUY EdxFAolH AyuE
Y 2ALe] 5052PRGQ! £3tol= AXHEA /YA E o] §oto] xE9E A

AR, A3 WHe AlgHAo o3 RFI S @4 2~ 32 (Oscilloscope)

2~ A (dry coupling

oA i AFEHAM AAstRe edzssx oA 2709 oa=
SHAoR olFo] Zhest 2aAYAA olZE A% B vt A5t
=d wi$ A olw) 2EFHREHEE F5k7] flsto] Fig. 4(a)$h 2 o]
AA AR FARE RE S ke e AlEH Y F A (reference
signal)= SAste] AT 22 Fig. 4b)% #eol 7+ A@HA
C/C BHola v xzts 37 AAXA FAAE 54T Fig. 4(c)
+ Fig. 4@ 71+ AgddH dig RFHFH S EUH EHE Fof

c/cudola tam 27t A7 AddA RFFFE FA6 s

_‘|O_



Yvave Form Yvave Form

i
I
f ! .‘f.\u’"

\ —

M

\\w-m""—-n- v_.H,,..-"‘\\\ :l\ W Sy
\y

(b) Specimen signal

Yvave Form

(c) Measurement of time-gap between reference and specimen signal

Fig. 4 Peak-Delay Measurement Method for ultrasonic velocity using
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‘ Production of Molding Packes
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Molding of Blanks

‘ First Carbonization of Blanks up to 950°C

!

‘ Pregraphitization of Blanks for Fabric up to 20000°C |

!

Pitch Impregnation & low Temp.
Carbhonization up to 580°C

}

Carbonization of Impregnation
up to 950°C

Final Graphitization of Blanks up to 2000°C

h 4

‘ Pyrolytic Densification of Discs up to 1000°C by CVI |

Fig. 7 Schematic of C/C composite fabrication

_15_




(a) Picture of Carbon/Carbon brake disk

(b) Picture of Carbon/Carbon brake disk after cutting

Fig. 8 Carbon/Carbon composite brake disk
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(a) Dimensions of the brake disk and location of cut—-out pieces on top

view of C/C brake disk

(b) Location of cut-out pieces of part IV
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Fig. 9 Cutting of C/C composite brake disk
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Fig. 10 Stack sequence of C/C composite brake disk
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(a) Location of velocity measurement of C/C composite brake disk

Thickness direction
Circumferential direction

\&@f‘*‘q\'\i ¢|, &
. E ™ E (:E};ferential
232 4 e | diveetion
i }// 4

[a19.7 5] ‘*19'7"”’”’“
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Fig. 11 Velocity measurement of C/C composite brake disk
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Table 1 Velocity depending on position from part I to part I

division location  velocity (mm/gs) thickness(mm)  time(us)
part I 1 2.750 23.10 8.40
2 2.686 23.10 8.60
3 2416 23.00 9.52
4 2.776 23.10 8.32
5} 2.7126 23.12 8.48
6 2.546 2291 9.00
7 2.748 23.19 8.44
3 2.7123 23.20 8.50
9 2.674 23.00 8.60
average 2.672 23.08 3.65
part 1II 1 2.851 23.15 8.12
2 2.647 23.19 8.76
3 2.600 23.09 8.88
4 2782 23.15 8.32
5 2.698 23.2 8.60
6 2.584 23.05 8.92
7 2.809 23.15 8.24
8 2.686 23.10 8.60
9 2.533 23.00 9.08
average 2.688 23.12 8.61
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Table 2 Velocity depending on position from part III to part IV

division location  velocity(mm/us) thickness(mm)  time(us)
part I 1 2.812 23.20 8.28
2 2.736 23.20 8.48
3 2.522 23.20 9.2
4 2.782 23.15 8.32
5 2.756 23.15 8.40
6 2.478 23.00 9.28
7 2.871 23.20 8.08
8 2.749 23.20 8.44
9 2.495 23.15 9.28
average 2.689 23.16 3.64
part IV 1 2.743 23.15 8.44
2 2.685 23.20 8.64
3 2.473 23.15 9.36
4 2.749 23.20 8.44
5 2.723 23.2 8.52
6 2.427 23.2 9.56
7 3.403 23.18 8.28
8 2.731 23.05 8.44
9 2.436 23.00 9.44
average 2.708 23.15 8.79
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Table 3 Velocity analysis depending on position

location inner(mm/ps) middle(mm/us ) outer(mm/s )
0C 2.750 2.686 2.416
30C 2.776 2.7126 2.546
60°C 2.748 2.7123 2.674
90T 2.851 2.647 2.600
120°C 2.182 2.698 2.584
150C 2.809 2.686 2.533
180°C 2.812 2.7136 2.522
210C 2782 2.756 2478
240C 2.871 2.749 2.495
270C 2.743 2.685 2473
300C 2.749 2723 2.427
330C 2.803 2.731 2.436
average 2.840 2712 2515

24245 24625 25256 m25b-26 W26-266 m266-27 mM27-275
m275-28 m238-285 mM28b-29

middle

0C 30T 60T 90C 120C 150C 180c 210 240c 2wt 300T 3300

Fig. 12 Velocity analysis depending on location and angle of C/C

composite brake disk
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Fig. 13 Velocity analysis of each Part through the chart
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Fig. 13 Continued
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Fig. 14 Decision of direction of each piece for velocity measurement
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Table 4 Density of each piece

density
Cut-out piece ;
(g/mm”) (kg/m’")
) 1.794x10°° 1.794x10°
@) 1.744x10° 1.744x10°
® 1.773x10°° 1.773x10°
@ 1.767x10"° 1.767x10°
® 1.766x10° 1.766x10°
1.692x10°° 1.692x10°
average 1.756x10° 1.756x10°

Table 5 Velocity of each piece for thickness direction

thickness direction speed
Cut-out piece
distance(mm) time(us) velocity (mm/gs)
@® 23.10 8.00 2.888
@ 23.12 8.20 2.820
©) 23.02 8.24 2.794
@ 23.02 8.64 2.664
® 23.01 8.92 2.580
® 22.90 9.16 2.500
average 23.03 8.53 2.707

_29_




Yelocity{me/us)

2.45 : : . : . ]
0 1 2 3 [ 5 g
Cut-out pieces

(a) Ultrasonic velocity of each piece

1.80E-03 |

1.7T8E-03

TEE-02

LT4E-02

T2E-02 ¢

Density{9/m)

LTOE-02

JEBE-03 : : . . : ]
u} 1 2 3 4 ]
Cut-out pieces

o

(b) Density of each piece

JBO0E-03

LTBE-03

TBE-03

TAE-03 |

Velocity(ma/es)

T2E-03

1.7O0E-03 |

1|EBE_03 1 1 1 1 1 1
2.4 2.5 2B 2.7 2.8 2.4
Density{g/w)

4]

(c) Analysis of velocity depending on density

Fig. 15 Velocity analysis for thickness direction depending on density
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Table 6 Velocity of each piece for redial direction

Cut-out radial direction speed
location
piece distance(mm) time(us) velocity (mm/pus )

high 15.20 2.92 5.205

@ medium 15.50 2.80 5.536
low 15.70 2.84 5.528

high 13.40 2.56 5.234

@ medium 13.40 2.48 5.403
low 13.35 2.60 5.135

high 15.25 3.16 4.826

©) medium 15.31 2.80 5.468
low 15.31 3.00 5.103

high 13.20 2.76 4.783

@ medium 13.20 2.64 5.000
low 13.20 2.64 5.000

high 15.40 3.16 4.873

® medium 1551 2.96 5.240
low 15.58 3.04 5.125

high 14.70 3.40 4.324

® medium 14.65 2.92 5.017
low 14.50 3.04 4.770

average 14.58 2.87 5.087
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Fig. 16 Velocity analysis for radial direction depending on density
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Fig. 16 Continued
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Table 7 Velocity of each piece for circumferential direction

Cut-out circumferential direction speed
location
piece distance(mm) time(us) velocity (mm/pus )

high 19.40 3.36 5.774

@ medium 19.20 3.44 5.581
low 18.90 3.60 5.250

high 19.80 3.68 5.380

@ medium 19.60 3.60 5.444
low 19.20 3.60 5.333

high 20.15 3.60 5.597

® medium 19.90 3.68 5.408
low 19.70 3.64 5412

high 20.10 3.68 5.462

@ medium 19.85 3.80 5.224
low 19.60 3.72 5.269

high 20.00 3.80 5.263

® medium 19.82 4.00 4.955
low 19.70 3.88 5.077

high 19.97 4.16 4.800

® medium 19.70 412 4.782
low 19.50 3.96 4.924

average 19.67 3.74 5.274
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Fig. 17 Velocity analysis for circumferential direction depending on density
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(a) Designation of gate for C-scan image processing
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(b) C-scan image of C/C composite brake disk
Fig. 18 A-scan and C-scan image of C/C composite brake disk using

pulse-echo method



| High

Low

(a) C-scan image of C/C composite brake disk using a 5MHz

transducer and 12.7 mm in diameter

High

Low

(b) C-scan image of C/C composite brake disk using a 20MHz
transducer, 12.7 mm in diameter and focused 50.4 mm
Fig. 19 C-scan image using pulse—echo method with front surface of

C/C composites brake disk
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RF-Wave

(a) Analysis of amplitude and time in C-scan image of C/C composite

brake disk

(b) Analysis of amplitude and time out C-scan image of C/C
composite brake disk

Fig. 20 Analysis of amplitude and time depending on scan area
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High

Low

(a) Back-wall echo C-scan image for Part I using pulse echo method
in immersion tank with flat transducer that is 1 MHz and 1 inch in

diameter(Panametrics Co. Ltd.)

High

Low

(b) Back-wall echo C-scan image for Part II using pulse echo method
in immersion tank with a flat transducer that is 1 MHz and 1 inch in

diameter(Panametrics Co. Ltd.)

Fig. 21 Analysis of C-scan image of each Part using back-wall echo

of Pulse-echo method
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. High

Low

(c) Back-wall echo C-scan image for Part Il using pulse echo method
in immersion tank with flat transducer that is 1 MHz and 1 inch in

diameter(Panametrics Co. Ltd.)

Low

(d) Back-wall echo C-scan image for Part IV using pulse echo method
in immersion tank with flat transducer that is 1 MHz and 1 inch in

diameter(Panametrics Co. Ltd.)

Fig. 21 Continued
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Low
(a) C-scan image of thickness direction of each piece using Pulse-echo

method with a transducer that is 1 MHz and 1 inch in diameter

I High

Low
(b) C-scan image of circumference direction of each piece using Pulse-echo

method with a transducer that is 1 MHz and 1 inch in diameter

I High

h Low

(¢) C-scan image of radial direction of each piece using Pulse-echo

method with a transducer that is 1 MHz and 1 inch in diameter
Fig. 22 Analysis of C-scan image using back-wall echo of Pulse-echo

Method according to direction of each piece
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Low

(a) C-scan image of thickness direction of # cut sample using
Pulse-echo method with a transducer that is 1 MHz and 1 inch in

diameter

I High
QOuter ’ . ! Innei*

dia e | dia

Low

(b) C-scan image of circumferential direction of # cut sample using
Pulse-echo method with a transducer that is 1 MHz and 1 inch in

diameter

Fig. 23 Analysis of C-scan image using back-wall echo according to

direction of a under piece
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4-2-2-2 533G AR (Through Transmission Method)
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Fig. 25 Fig. 249 2709 % (scan area) S0l thslo] E ol F(surface
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Fig. 24 Decision of scan area in Part Il of C/C composite brake disk
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High

Low

(a) C-scan image of Part III (b) Amplitude

(c) Analysis of amplitude and time in C-scan image
Fig. 25 C-scan image of C/C composite brake disk at front surface of
C/C composites using through transmission method with transducer

that is 5MHz and 6.35 mm in diameter
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Circumferential direction

et -
gk -
pop - -
-C-ut-ti; 7 line aﬁec{wﬁ
et

(a) Cutting location of a cut-out piece

Cutting line

(b) Cutting location in a partial cross section of picture

Fig. 26 Cutting location of a cut-out piece for Microscopic

Examination Testing

Circumferential direction
Circumferential direction

ontside
—— - <L ;
/‘ﬁtﬁ% putsid
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(a) The upper piece of a cut-out (b) The under piece of a cut-out

piece after cutting piece after cutting

Fig. 27 Position for microscopic examination testing in cutting section
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(a) Picture of inside position in cutting section of a upper piece

(b) Picture of middle position in cutting section of a upper piece

(c) Picture of outside position in cutting section of a upper piece

Fig. 28 Microscopic examination testing of 80 magnifications about the

upper piece
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(c) Ppicture of outside position in cutting section of a under piece

Fig. 29 Microscopic examination testing of 80 magnifications about the

under piece
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(a) (b)

(a) Analysis of No. @ piece for circumferential direction

(b) Analysis of No. @ piece for radial direction

Fig. 30 Microscopic examination testing of 80 magnifications about No.

@ piece
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(a) (b)

(a) Analysis of No. ® piece for circumferential direction

(b) Analysis of No. ® piece for radial direction

Fig. 31 Microscopic examination testing of 80 magnifications about No.

® piece
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4-3 X-ray ¥ Z(Radiographic Testing)

Al ubd] HAbE ZA 67FA 2 et 2ol e dAe o
oA AAPE Ao} 2o X-rays FHAAS W wksS #
zst7] A8 X-ray WAbs AAME sHAl H AT X-ray WAMs A
A Abg AN A S5 AFol tier 4 (defect) HA
2 AREET AT A 9 F T AFgs 74 + ds

4% sk Aotk WAs Al E@ 2 &5 s Al

ﬁd
2
N

o] Aolel weh FEl EFH thEsl et #36 gl

O¥I W A@Ae] tha 3t =

= Fig. 32(0)el A8k ol @4 A@AS A9sa
9

2 X-ray FdFo] vz o2 AF

A= Fig. 32(c)ell A ek #Zol @W AlgddAs A

TToR 3 HAY WAbe dAbE Fell C/C HyelAa t A

of AT FEA B £ LAY BEw



(b) X-Ray image for Circumferential direction of C/C composite brake

disk

(c) X-Ray image for radial direction of C/C composite brake disk

Fig. 32 Radiographic Testing of each piece that is from No. @ to No. ®
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Appendix

Air-coupled %23 ¥ 33 ZAAH(Air-coupled ultrasonic testing)

AF7hA e A FFA% AdARY HFE Sl olFolAx 3
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HAEude] FAIZF =8 A HW A= A PdAdE U g F7 0]
t}. Fig. 33 91 H & W24 9 Air-coupled ZS3 w33 ZHALEZH S35

W2 Y= A (transmitter) 9} o] & 218k 3 A (receiver) & Al g H

il

I dAT AdE FASH HAsts WAolv. BEAS AZd Air
scan FHl A HALA IS FAISHH olE U HFHE RopA Al
Aol 7hsekAl AAE o T} Fig. 34+ F3+57F 400kHz, 27 ©] 255
m ¢l Air-coupled ® Z A} (air-coupled transducer)E o] §3to] ¥ A A A=
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i
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S v Aol FAAA AGERS AT & AL AL Q@

Fig. 33 Mechanized air-coupled ultrasonic C-scan in the laboratory

using a commercially available scanner
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(c) Measurement between reference and specimen signal
Fig. 34 Air-coupled ultrasonic testing using noncontact air—-coupled

transducers (400kHz , 255 mm in diameter)
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