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Summary

I. Title

Development of Small Ultra Sonic System for measuring Concrete Crack Depth

ITI. Objectives of the study

A. Technical Aspects

Generally Ultrasonic instruments have many error in measuring concrete crack
depth, and use many formulas for calculating concrete crack depth. For improving
the reliability of results, there must be needed both uniform method and accurate

instrument.

B. Economic - Industrial Aspects
If there are accurate measurement, adequate remedy and reinforcement in time,
we can maximize life cycle of concrete structures by the improvement of concrete

durability.

C. Social + Cultural Aspects
If we estimate the damages of structure through accurate crack depth
measurement and prevent the collapse of facilities by maximizing the safety of

structure, people can use safely facilities and structures.

In this study, we will make total system into one piece by connecting system
elements directly and will make total system simply by thin-walled
protectivemembrane instead of liquid couplant. we can improve the accuracy of
concrete crack depth measurement by dual channel frequencies and micro

Processor.



M. Contents and scope of the study

1. the experiment and analysis of dual channel sensor system
- the production of concrete model
(various crack depth and width, round surface, vertical and inclined crack)
- the sensor(30khz, 50khz, 75khz, 100khz, 200khz)
- the acquisition of a diffracted wave by fregeuncies and concrete models

(different distance between two sensor, 15cm and 30cm)

2. the experiment and analysis of thin-walled protective membrane
- the purchase of foreign and domestic protective membrane.
- the accumulation of data for adequate material and shape

by performance experiment

3. the investigation of crack depth formula
- crack depth calculation by Tc-To method and BS-4408 method
using the elapsed time of diffracted wave
- investigation of mixed formula due to the reliability of dual channel

frequencies

4. dual channel sensor system
- determine dual channel frequency for sensor

- small and lightweight sensor development

5. the determination of crack depth formula
- adequate crack depth formula by frequency analysis and protective tests

- mixed formula by weighting Tc-To, BS-4408, other method



. protective membrane

- use first-year research results

. the development of micro processor
- develope microprocessor by previous research

(dual channel diffracted wave and crack depth formula)

. one-pilece system, performance tests, products

- development of final one-piece system

- development of small ultrasonic sensor

- analyis of model tests results and crack-depth formula
- determine dimension and upgrade hardware

- design and produce a final product

- manual and catalogue



IV. Results

1. the experiment and analysis of dual channel sensor system
- the production and testing of concrete model
@D concrete test model with artificial crack
@ experiment for decision of measurement instrument

@ experiment for measurement distance between sensors

- the sensor(24khz, 37khz, 54khz, 87khz, 150khz, 200khz)

- the acquisition of a diffracted wave by fregeuncies and concrete models

(different distance between two sensor, 14cm™40cm)

2. the experiment and analysis of thin-walled protective membrane
- the purchase of foreign and domestic protective membrane.
- wave analysis by ultrasonic direct method

- concrete model test(diffracted wave test)

3. the investigation of depth calculation formula

- basic tests for the investigation of depth calculation formula

4. sensor frequency for dual channel system

- complete determination of dual frequencies used in dual channel system

(Use 24khz, 37khz, 54khz, 87khz, 150khz, 200khz sensor)

5. determination of thin-walled protective membrane

- use first-year research results



. the determination of crack depth formula
- adequate crack depth formula by frequency analysis and protective tests

- mixed formula by weighting Tc-To, BS-4408, other method

. the development of micro processor
- develope microprocessor by previous research
(dual channel diffracted wave and crack depth formula)

- algorithm for picking up initial signal(artificial intelligence method)

. all in all prototype system
- develope small and lightweight ultrasonic sensor(performance test)
- development of one—piece system(dual channel, main circuit)

(Iength: 50cm, height: 7cm, width: 4cm, weight: about 1lkg)

performance tests, products

model tests (small concrete test models, large concrete test models)
- field concrete core tests

- upgrade S/W and H/W

- product design

- manual and catalogue

- produce a final product



V. Practical use of the results

we can develop small measurement instrument for concrete crack depth by this
study. With this developed instrument, we can measure concrete crack depth

exactly and easily. Using measured data, disaster will be prevented in advance.

1. industrial development by guaranting safe using of social infrastructure

2. make maintenance related company more profitable by exact crack

measurement and maintenance expense decrease

3. make measurement production company more profitable by production of
measurement instrument and improvement of technology of ultrasonic

measurement system.

4. synergy effect between measurement monitoring fields and related IT

technologies
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19954 [ 1996 | 1997 | 19984 | 19991 | 2000 | 2001 | 2002 | 20031 | 20044

T= 916 135 362 612 226 89 55 399 904 | 2,162

T 21,438 [ 17,991 | 20917 | 6,059 | 6,297 | 15,008 | 5914 | 7,603 | 11,786 | 16,194
F95A
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24 F9 Ve R AATF

&3 v g HGAEoke] AAAEL 2003 $1,380 Million(BCC Inc., World
NDT Market #}&)o] a1, 200839l = $11,769 Millions7F & Ao & o % 31 gt} o]
A e AAGR 51% 2 A7dsta ok

AH R 7] 18] ofee] dxef ol wmAlEe] 7
Az ¢o8 Aol A3, 253
& AHES ZAYE H Y] Rofs AUHoR Ho] AF 5% E FAbHTH

AAGR (Average Annual Growth Rate) <& 3.0%°|t}.

< U.S. ULTRASONIC SALES BY END-USER MARKET, THROUGH 2008 >
[+ : Million]

Market 2002 2003 2008 AAGR%
Aereospace 75.0 75.3 86.9 2.90
Chemical/petrochemical 42.0 43.0 49.1 2.70
Manufacturing 22.0 23.0 28.0 4.00
Metals 13.0 13.0 14.3 1.90
Power Generation 53.0 55.0 77.0 7.00
Other 28.0 30.7 26.7 -2.80

Total 233.0 240.0 282.0 3.30

A=mZ* : BCC NDT Market Report 2004
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< U.S. ULTRASONIC SALES BY END-USER MARKET(2003) >

Other Aereospace
13%

31%

Power Generation
2%

Metals Cherrical/
5% Manufacturing petrochemical
10% 18%

A=mZ* : BCC NDT Market Report 2004
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OF INTERNAL CRACKING LA H '
3 METHCD OF MEASURING OPEN CRACK HITACHI CONSTR
DEPTH OF CONCRETE SURFACE MACH CO LTD
. H & B System Inc.
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crack for reinforced concrete construction Tnc
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A RH S 1225 A - F 1225 us A A= 19 250 S =
B ngo o2 =P AT = 41.2 cmolH, FA S S5 E 3350m/sE 7HEE

ZE | m05x05, ml10x05,

r

123.1 uso]th. m30x05°] A= 1825 usolA ZF9)
ml5x05¢] AE= ADAS 242 zast Beksid

_49_



Figure No.1

Figure No.2

Figure No.3

05x05

10x05

15x05

20x05

30x05

1% 31.211 &=x77 5cm




Figure No.1 Figure No.2 Figure No.3

05x10

10x10

15x10

20x10

30x10




Figure No.1

Figure No.2

Figure No.3

05x15

10x15

15x15

20x15

30x15

a9 3.1.213 §#E=24A9 15cm




Figure No.1

Figure No.2

Figure No.3

05x20

10x20

15x20

20x20

30x20

a9 31.2.14 &F2A2 20cm




Figure No.1 Figure No.2 Figure No.3

05x25| - : . o WA

10x25

15x25

20x25

30x25

1% 31215 FE5AAY 26cmY o wdzlo] Wstel] wE HP st




Figure No.1 Figure No.2 Figure No.3

05x30

10x30

15x30

20x30

30x30

1% 31.216 FEAA 2 30cmY W ¥ dzlo] WSt wE a3 st




(3) H=AF A2l st uhE gzt

T 2R B4 SSHAA ] A 5, 10, 15, 20, 25, 30cm = W E}sH, 7}
7} x5, x10, x15, x20, x25, x30 o]} ¥t LAYERF Aol = 5, 10, 15,

20, 30cm = ®W3}st™, 27 m05, m10, m15, m20, m30 o]zt EHFrh(19d 3.1.2.17).

MODEL(cm)

9 31217 S92 AT #EZo] max

19 312188 o] 5emel tiEl ©EAAE s Wakd W #3454 kHz ©F
Aol A E &M FAS BHolFEr 2¥e =18 == 300-500 us7hA A
o AR5 HoFu ASOYTE E

W, TS ZE o2 Ay ZAAE A 30 us B ARE BFT) 7}

ARE 01us A2 AEY HAoH, 8 bit? Fx5H Atk

AN

1% 3.1.2.1891 4 m05x10 5 T &7 o] 5em, BEAAE 10emd] 23 o] 72198 &
AU EW TR 675 A3 5 675 us AR Ax 19 250 Avs & F Utk &

4 FIAYE 224 cmolH, FIAHL HEE 33B0m/s=E 7HHE o
66.9 use]th. m05x20° A= 127.5 usoll A & o] 2251 m05x25, m05x302] A=

= ADAO FA = Aa7t EwFsie)

_56_



Figure No.l

Figure No.2

Figure No.3

05x05

14

13

18

05x10

05x15

14

13

20

05x20

05x25

3C

30

05x30

a9 31218 ¥dzio] beme Wl HEAA Y W] whE v

_57_



Figure No.l

Figure No.2

Figure No.3

10x05

14

13

20

10x10

10x15

14

13

20

10x20

10x25

14

13

20

10x30

a9 31219 ¥zl 10ecm¥

Y54 Wstel e B@us 3

_58_



Figure No.l Figure No.2 Figure No.3
m
=0 13 =0
15x05
m
15x10
m
20 13 20
15x15
m
15x20
m
20 13 20
15x25
I
m ! |]
15x30 i
¥l
]

a9 31220 ¥zl 15em¥

A

YEA4A Waho] g 5

_59_



Figure No.l

Figure No.2

Figure No.3

20x05

14

13

20

20x10

20x15

14

13

20

20x20

20x25

14

13

20

20x30

a9 31221 ¥zl 20cm¥

x4 Wale me s F

_60_



Figure No.l

Figure No.2

Figure No.3

" 14 13 20
30x05

30x10 |

" 14 13 20
30x15

30x20 il

" 14 13 20
30x25

30x30

19 3.1.2.22 ¥ 7o) 30cm¥Y

x4 Wale me s F

_61_



5, 10, 15, 20, 30cm = W 3}st™, 77} m05, ml10, ml5,
m20, m30 o2} W wIAFAREEH G2 TEH7A S A= 10, 20, 30cm
2 Wslsty, ZH7F x10, x20, x30 o]z} Wy st} ©Exe] F=u= 24, 37, 54, 82,
150, 200 kHz= W 3s}atw {024, {037, {054, 082, f150, f2000] <} ™8+ gk}

7 3.1.2.232% m05x10(xt € Z o] 5cm, &FAA 2 10cm)oll el TFA F3k¢7}
Wste wo] stewst S BojFEt 19 &Iz 500 us7hA SAE A
25 HFt FFaYZe EYANTE 171938 10 us7HA ARE BT, F

Rz o)A - EAALF A 30 us ] ARE HolFEn 4 Axm
=0lu 428 Foloen 8 bit® 4% 8% Sl

ri
)
lo
frt
>

il

% 3.1.2.2391 4 m05f082x10 & &9l 5em, ©EAZE A2l 10cm] 23 9
A3 82 kHzo] 419t & Ao uW 35 675 A F 675 us A Ml %
o] 250l oS B F Utk B Y o] B4 FA A= 224 cmolH, FHA S
£5F 3350m/s= 7HAE e o 66.9 uselth m05f054x109] A1 &= 67.5 usell Al =& o] &
25 v, mO5f150x10, m05f200x10°] A& = ADAS] ¥4 & A est 23sd.

it
1

H

_62_



Figure No.l Figure No.2 Figure No.3

m05
1024x10

m05
f037x10

m05
f054x10

m05
f082x10

Ui A
sty

m05
i

£150x10| - -_ ' ; I e U L

m05
£200x10

19 31223 ¥dzo] S5em, §EAE 10emd Wl FopA skl whE v s}
o A}

_63_




Figure No.l

Figure No.2

Figure No.3

m05
1024x20

m05
f037x20

m05
1054x20

m05
f082x20

m05
£150x20

m05
£200x20

19 3.1.2.24 #EZ o] Sem

A2 20eme W

_64_




Figure No.1

Figure No.2

Figure No.3

m05
1024x30
m05 ,
g AR A J‘|I
f037x30 | H VW
I
m05 1_ El'
1 1 | 1
f054x30 WW ~ ] .
| 16 Ll
m05
f082x30
m05 Ny == | i
bt o ikl 'I‘.! | I}'f alil
£150x30 ;_‘_-Ji"i.’lf%ﬂ'r‘j.’fs‘-“.*‘r‘?*.‘afa."ﬂ:lae«,’ﬁ';a*.awiugstugﬁ
m05
£200x30

19 3.1.2.25 #EZ o] 5em

A8 30em¥ W F

oF A}

_65_

)




Figure No.l Figure No.2 Figure No.3

ml0
1024x10

ml0
f037x10

ml10
f054x10

ml0
f082x10

™ |r"|l11 {
it

I .. o

| i R Wi

| Wi TITTRERTY
Wi

qlll |

ml10
f150x10

Il

' ||.” “| i ) [

| f| \hh

M il

ml0
£200x10

19 3.1.2.26

dzlo] 10cm, &4 10em W Fop5wste] ©e 39
ok A}

_66_

Gk




Figure No.l Figure No.2 Figure No.3

ml0
1024x20

ml0
f037x20

ml10
1054x20

ml0
f082x20

ml10
£150x20

iy

ml0 | g i
£200x20| - i liin e s

a9 31.227 #4920l 10cm, BEFAAE 20cm W FoFRste] wE 53w
oF A}

_67_




Figure No.l

Figure No.2

ml0
1024x30

ml0
f037x30

ml10
f054x30

ml0
f082x30

ml10
£150x30

ml0
£200x30

a9 31228 A zlo] 10cm

A2 30cm¥ w F3}

EAF

[ele}

_68_

Figure No.3

Y



Figure No.l Figure No.2 Figure No.3

mlb
£024x10

mlb
f037x10

mlb
f054x10

mlb
f082x10

mlb
f150x10

mlb
£200x10

a9 31229 ¥zl 15em, FF A2 10ecm¥Y F o st g 9

oF A}

_69_




Figure No.l Figure No.2 Figure No.3

mlb
£024x20

mlb
f037x20

mlb
1054x20

mlb il
= i e IR
£082x20| - Al " WA

mlb : _ :
£150x20| S AN

£200x20| - M| 7

a9 31230 ¥zl 15em, FF A2 20cmeY T st wE st

oF A}

_70_




Figure No.l Figure No.2 Figure No.3

mlb
1024x30

£037x30| ' '

mlb
f054x30

mlb
f082x30

mlb

| ik wlh
{ £ B
0L A Y '|§'I'J':#."l"lr

f150x30

mlb
£200x30

19 31231 #<EZo] 16cm, §¥EA79 30cmY w F3

oF A}

&
E
Lo
=
=
yli
=)
of!
g
Jou

_71_




Figure No.l

Figure No.2

Figure No.3

m20
f024x10

ﬁ IW

m?20
f037x10

m?20
f054x10

m20
f082x10

m?20
f150x10

WL F RN ‘_?,ﬂw!’-fﬁ.-’#i

i

m20
£200x10

a9 31232 ¥ zle] 20cm

A2 10em o

¥

_72_

Y




Figure No.l Figure No.2 Figure No.3

| e | | l ||
” i | L
m20 | | i

1024x20| - | A

m?20
f037x20

m20 | - 3
054x20|

m20
f082x20

m?20
£150x20

m20
£200x20

a9 31.233 #4920l 20cm, BEAAE 20emY W FoFRste] wE 5w s
oF A}

_73_




Figure No.l Figure No.2 Figure No.3

m20
1024x30

m?20
f037x30

m?20
f054x30

m20
f082x30

m?20

"

f150x30 o

]
L] pa Dt Lk Ll g bl
Uit AR Ll LA
ey iR el Ir-'i'H'F;T!;J’

m20
£200x30

% 31234 ¥EZo] 20cm, H§EFAA 2 30cmd W Fuakeste] e st
o A}

_74_




Figure No.l Figure No.2 Figure No.3
m30
f024x10
m30
f037x10
m30 1 U !
f054x10| - o
m30
f082x10
m30 : 1l
f150x10| '_ iR
mi0 | Al A
£200x10| - Lk ] \pprm————
il

% 31235 ¥EZo] 30cm, §EFAA D 10emd W Fupeste] g 9 st

oF A}

_75_




Figure No.l

Figure No.2

Figure No.3

m30
1024x20

m30
f037x20

m30
f054x20

m30
f082x20

m30
150x20

m30
£200x20

19 3.1.2.36 ¥4 # o] 30cm

A7 20em¥ uj

ook Ak

o

_76_

By




Figure No.l

Figure No.2

Figure No.3

m30
f024x30

i Al ek

m30
f037x30

m30
1054x30

m30
f082x30

m30
£150x30

bl

I .l
MW" "“”'“*“"""'*‘-‘-“-‘t;'|'_11.{l{rfir‘l

m30
£200x30

19 3.1.2.37 #EZ ] 30cm,

B2 emd W Fowsel e Ggus gy

_77_




xr
i

3t 3

T
ool

(5) Al

9071 74 -F-¢ll

678, &

PN
T

2 A 34, gE2 F3t

Bl =
, © I

o] 574

1

Z]1
5T

3121201 #4

YA
it

4] (Pundit7 %= MKPR 1025), thAl A QoA &

qm.o
ﬂ
)

rvzel

N

MKPR 10258 AH4-3}o]

kel
v

A del v

il

%

=

il

oK

pa—

0
N
Ho

2]

0
i

Ho
N

4
ﬂ
N

~

)
—_

K
w

t 7§ = e

=
=]

-

37, 53, 82 kHz7} 247+

o} s}
.

=

A 2o] Azl AD ]

SRR

l
=

3l AF-8-%¥ MKPR1025

9

_(H
8, 10, 73] = e, thE

el 37, 53,

HEE Al

-

ko3
T

LR

4) wekA, 2
82 kHz]

o

_78_



Azl A1zt

AL-8-2 1] 24 £37 54 82 | f150 200 H| 31
(cm)| (us)

pundit? 64.0 63.3 68.2 | 66.2 | 68.8 70.5
m05x10| 22.4 | 66.9 54, 182
MKPR1025| 66.5 65 675 | 675 ? ?

pundit7 | 1200 | 1213 [1287]1265|1310| 1910 |37 54

m05x20| 41.2 [123.0
MKPR1025| 1230 | 1350 |1240| ? |1345| 1215 [f190, 200

pundit? 180.5 18177 |189.6 | 1889 | 213.4| 300.3

m05x30| 60.8 1815 (32, £200
MKPR1025| 1925 ? 2 |1810] 2 | 184
pundit? | 995 | 884 | 938 | 878 | 983 | 1144
m10x10| 28.3 | 845 £37, £54
MKPR1025| 2591 | 1015 | 95| 2 | 2 ?
andit7 | 1331 | 1320 |138211379 /1302 1896
m10x20| 44.7 | 133,41 f37f’8§54’
MKPR1025| 25 ¢1S| 1325 | 13101485 2 ?
undit? | 1905 | 1896 |1982 1938|2689 | 326.0
m10x30| 63.2 1887 f37f’8§54’
MKPR1025| 291 91e| 2025 | 2015|2010 2 ?

pundit? 192.0 129.0 | 1387 121.1 | 1275 120.7 | {37, f54,
MKPR1025| 2 391¢| 1185 |1195(1160|1125| 2 |82 f150

m15x10| 36.1 (107.8

pundit? 149.2 1495 | 157.3 | 1525 | 1845 | 1871 | {37, f54,

m15x20| 50.0 [149.3

MKPR1025| 23| 1535 |1580| 2 |1510| 2 f150
undit? | 2018 | 2018 |207.6|2046|2298| 2787
m15x30| 67.1 (2003 f3¥’20f§2’
MKPR1025| 2315|2005 | ? |2065| 2 210
pundit7 | 2064 | 1556 |160.8|147.8|1505| 1785
m20x10| 44.7 1334 54
MKPR1025| 2 |Z233<|1450| 2 ? ?
pundit7 | 1743 | 1732 |2152(1947|2401| 2348
m20x20| 56.6 |169.0 £200
MKPR1025| 2 |Z23g<| 2 9 9 164
pundit7 | 2200 | 2183 |227.8 122263023 3479
m20x30| 72.1 [215.2 f54

MKPR1025| 2135 |23%181(230.0?| 2 ?7 |28l

pundit?7 | 2641 | 2092 |217.2]2025|2068| 2974 | o4 f37.

m30x10| 63.2 |188.7 39
MKPR1025| 191.5 199.5 ? 11945 ? ?

pundit? 293.1 236.0 |2485]231.9|315.5| 316.0
m30x20| 72.1 215.2 24, £200
MKPR1025| 2250 |[A#$ls| ? ? ? 234

pundit? 278.1 27187 |353.3]2984 13470 349.0
m30x30| 84.9 |253.4 54, £200
MKPR1025 ? A 9151(320.0?) ? ? 270

(2) ®) 10) | (D | @) (6)




= dAE Az A= 2007d 18 - 649)

1A= S vpolam 2 AMNE, L9 xgat §E5A A, dA Y

T Be dedE ddsgla, 4 REEE AF ololdls sttt o
b

d 3.1.313% #Zth

0032 T2 MM JHE

HASSHX

OHOIAZ Z2MIA

b
g
i
=]
u
i
P
T

TS AIAE N |

1ZAMS(ZEE EHR)

a9 3131 1xd= A8 A2 s A3 )

_80_




. mlola 2 I 2 A A s

715 wHE7] SEiA e ¢4 Fdl el AdES
TEA77] &l 2717 A FAVE M SAVE VR0 R stofof stuE A}
5 % 27|17} Aok ok ghrh 53] ©
EF2te] A 7€) dEARG A7) 7F 22 Alo] 2 & A o §17] wiEo] Zas
o] HAS 3 A o YA 7} Aopde BE 3 o] Falsta T2y 9% 3
2% g9sof s ow gaEin.
A Fo& F4718 wHE7] 98 HE WA Azeor & slo] wiE g Ao
o} vl ] o] Afol =7t gue] AVE AAB Y] Wil AlFolA AA T+ A
A7]7F vlaLA A2 15 BE AA Abol= wiEl Y 271 ARSI 2 ok sk Rk 3
Eo Hgto g BE IEZE TEAN AdiAE AU Ut dd e T}
uepHAs 25 -4 Adsjol k. AW Fulel] EojrkE 72 BE-12 BE W)
B2 g3 X vk Alo]| 27 A3 FAE F-337] wito] o] FA 9} Ale]
Bol AlFo A P77t ol el Al Hel ok whEkA] s
AgE e E s AlFlA A4 78 & de wiEHeE 44 g )

A RE Apo] =7F 2he whg ASkat &3] AU] vl dAte HFe sz &
=

rhu
P
dlo
jf_l,
i
Jpp
)
_0|L
o
o
iy

A
al
=k
=

71 &4 HE g Nkeld A wiE g
(7.2 BE-12 £E) (1.5 BE AAAtol2 A HA)

ARZL 3131 715 2 iEE A aiE g

_81_



Al
gy

-

-

=

S

A5

o 3 EER

A=A AulE TEAYI

[e)

]o o
=

)7

H]

4

1l

74

717

=

=

5 A

=
=

H] A

F

sfoF et 1A e 9f el e =9k DC-DC AHE IC

S

=

AR ARkl S =

¢}

hig

A TA

N Eg__ o
by o
]
o
;) o o
O R
™
2 T %y
Mrm i~ T X
M- oy @ﬂ o
E#E O?._ . ll
m ol i ]
= ® P oa-
oo
s ¥ g
° o o
A B Mﬂ_ M
% pow 2
ol C Mo
+3
] o
) ol % n
7l ” =
— T
M W o .
o CE o B
LS %0 mm
_ll ﬂ 1@! m.ﬂ file)
5 5 >
‘W (AN} o ,_MM ;104
< M in ol
Mw.h ‘.w ﬂi .HL.._ O_H
{Jo ~ ® o

N

o
=
_82_

Abzl 3132 71€



(3) ETARAI 2

AR 3133 e Sobdl =

_83_



ZH 3=

(4)

B

tol HIAE s A

)

A3 2o A4

B3| 2o A n e

A Aol LAEJ.

= ¥
— L

)=
A%e] gk

%l

2 kY vl

2 HEEE 3

bl ot

3

25

o

e

)

L7135 =

3 A~ 49l
= —

o]t} 1A

o By 7} 29| o] =7}

A

o

i

o

=

—_
o

juze]

i

o

—

el

A
N

TR

—_—

file}
X
F
il
NJ

Fof o]

S

[ A e

)

X

RS PN |

O

9/]

ARzl 3134 HH 32 3

_84_



=S L

(5)

W
]

HA s 4l sz 43S 5o

S

A7l Aew &

=13
=

=
=

A rol&

o] 1200 EE

S T]

Al AA = A7t

T

3
=

=25

o

-
a—

S A&l A 600-650 2 E 9]

5}

]

7l %

al

ARZ 3.1.35 H2A 3] = 9f

_85_



CREN
Lo = [ T
—_ S P
= . W z o=
T o = N o B
) I op o = T -
iy < om W T o
% o o o a M
£3 _— o )
T 2 ma_ w0 X
i z R T b =
w® R of
Eo rdM .: ] - A_l AL mmﬁ ‘mﬁ
< ,M oR- A Ho e
My B dl iy o = =)
T o ® w o A [ M
= O = AT S = M
z,_.b ~ ,_ A O_
o o =l ¥ 3> M ™ M X w
oy T ~ T W T ™ W
o ) N = — — o#a
S = oo % ﬂ (A
s o i
o N A — d}
wa Y o Mﬂ = B o X A
0 = B =
A wuwwiﬂmm
! o W n X oE TOE
R W DT 3 iy
~ N — = <
oyl ﬂi ~ o Z.L ‘U.V.! ﬂ i O._
B i T W
= = H = <7
g = oo 5 T m =R o
X T < oy K T o <
w oo i el B @ = G -
—_ el wb_m ol X N T o
= MooBE oF w X - X o H
XS Mﬂo a _ = _zT oF ﬁa oF N ;
ol = " o 63 ) o= | \ : .
‘N,._ ,mmE M,._ z.L UT_ m.ﬂm HW ,WIL ,W 1__./ “m.__u_l v i . . AL XTI
— 10_.H ,_ﬂvﬂ UA| ~X ;HOM ,_ﬂo;,._ ‘_lﬁ_wL HE lo - " { oq .
<L S < = i % Jo v o wa A\
Mok oA PN s o X
0 a 1>A_' M ;O.# N3
~ ‘NL ﬁ

2} 7

<

]
- 86 -

A
R



(7 Az 7He 3=

ANE 7y 3=

ARzl 3.1.3.7 A5 7bes| =

900.1 _ 212.8

i
Ot
- [
-
o A
< »
., ¥
= =

SomWen | et

Sealen | Seies

RF olg=21 A3 AoE 3z=z 7l3d AT

Abzl 3.1.3.8 Als7tEs| =

i

sHI AT

_87_



(8) HA)| mpo]az ZmAA

| |
2480 H ToHEA dAE MAZ=ZF
w
LJ 1
. I HOIER |—— si26{/EA|
[
s XEe
(HEs|Z2 / «o|=H7H)
L [ ]
HCE B
=254
ARZL 3.1.3.9 237 AASE A 2 3|24
= -8 H| 31
T 50 13
=27) 105 x 58 mm (A BE=)
105 x 28 mm (B H=)
4 1/2 Digit LCD 1 78
ZEZ A4 1 70
HE 2 78
T Edx 1 7N
FET 1 70
TR ¥ 7]g} F3=&

3% 3.1.3.1 mlola = ZEAA FaAY

_88_




ob Apxlat o] 47§ €]

T
T

2

dr

250 &

il

QR eF A 3.1.3.109 o

L

=
=

.-.-\\l .

N
M
st
T
olp
N
o
4
s
o
N

A 4

Bl =
=

[¢}

A0 3.1.3.10 &

oo\ AE @A &7] fal A Aot

=
=

s

b1 9

S

P 27 7o) Ao AL

L)
=l

71 f13 siHel

714

(31.

_89_



2h dAY Al=H N

obehsl FHel DA ofehst g AAEL WEROM AGHNA FYH o

25 o] HRAY o= 2P o FAFW 19 31329 &

v
oy |
LY ] B
L I, "
(I (I Ly
b o WOR
6. 8 T
L ' ‘g?‘
e +
B, B °1_“'h
Y
* . s
L= 9 o D-
.y E
oo o
LI o LILLES AN
s .
‘o ‘R




4. 22k % AP Al=g AR e 2007d 9¥ - 2008 6€)

Z53 AE SAAH I, vlolARZ2AM S - AT AE Fol7] 9

00|32 T2 NI JHE

s|2H(2el)

b
o
i
E
U
i
>
T

URE Al AR O

2 A B (ZZ2E EHY)

a9 3.1.4.1 223 LAY Al2=E s AT 8=

_91_



.

ru

AYE 2GAEA ARCAdE)

(1) 2FA1gA A«

o ARSFAY. YFAES 1ZE0MPa)To Rz A2 o] fiz, B Ao F =

o] ZAYESL BEFAo] obd HAZolE FAHSE AolaL, T3 2] 2F9E

>
Ay
o
%
re
iin
=
to

A7} wrol wAEQEE LYol A AATL FAL JES

2 GEA47k BA% Aelol G slof st AA 7k LFHAY] Wl

Fck=30MPa H| 31

Al A No. 1 FEFZIgE(FE 2] 50mm)

Al& A No. 2 FZEZAHEGFE A o] 100mm) 24 1 300%180%230mm
=& 50kgf
AlE A No. 3 FEEIYEGEZ ] 150mm)

_92_



= iy - T M .
=3 E AFY A4 BRI ECEE
e : b s B T,

LA PA Fddol A | AA 2 FAgud raANgA |

AL 3.1.4.1 238 A2FAEA AZAR

_93_



ot
0
_&_l
Hr
B

el

o]-&3to] HEF

=
=

71 (FCV-21)

1 A7 3.1.4.29F 2

S

KO

N
-
B
rh

T A== A A4 A (FCV-21)

KO

Ar

AFZl 3.1.4.2 2FA A FLE

2
=

Imm o}=

Wi FAE GFe
3}

7}

nE A=

A o]

3]
A=

22 d ol A A A

o},

Z0.95mmel]

B

T

ofy

el

il

3 1.15mme]

3

A

- 94 -



m g
=) & : :
R : k m
ﬂo .. L _!Alu
;ATI _nij .. L
; i, ..
I g
!
E
=
%
W o
)A
ﬂo
z_v
Wa % m | \m F
-]
= g E S :
. i W o i
L M 5o
H - B i
B i o o
~— ﬁ
T
TS L =
< Z G L
= S ! )
< 4

_95_



Ly

ZAA N

Ao

o mlolaw

(1) 3= AA

7|HWro g

2AA 3ZE

3

¥ violam

B

Alsti T1el 3.1.4.29F

)% ®

sttt

A

d

7N

Fe=

=

B

il

i)l

-

g
Mo

7
T

X

RPN ENE)
H

e

FH(D

vzel

O
w

s

1)

(HFggg= /

ol ZAA)

33 AERE)

o e
3|2 /i

2

~—

2 MEAR(1)

Hx

o}
H

al

i

Al

=

ot o] %

= 3 e ] ] [e)

= A ] —‘“ }\]/\ é!

2 1S a = 1
1 3142 A Al =B Q 27

_96_



(2 #+<4

N

o] At 4 7T MY

g

mlo]l AS Abgate] 4709 MM RRE =AE growRE 7o ZolZ: =3}

A T 715s F7Eskdh BSHel olg #d Zo|SAM S AHgsden. 374
test 23 AAEA o] Aol dAg #d o] S A&

R4

I 9elx: A"e AHsk= TS,

Standby”]%s, Auto Shut down 7|%, Z AlA e =A gk}

A ¥ sle] Displaysh 71 52 F7Fshth

Sensor T1 Sensor T2 Sensor R1 Sensor R2
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UAR S%cSJDIU UUYEDF DETENT
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12PA % <FA13 S BA> Aol A 37, 54, 82 kHz 371 EF T35 Y
of Hl3l 255 A 3AF7F =55 HA vF vk & oA ATEHe 49
MKColl A 7§t 54 kHz ©F A2} TicoAle] 54kHz, PunditAle] 82, 37 kHz &
FAHE AREste] AldE A AAAHNE AT AP AHEE FIYE B

i

Yo Aol di 5, 10, 16em = Waeln, AT RIE BEA FRHAA

o] Agl av 5, 10, 15, 20cm = Ws}ISI<aH 3.1.4.4>

18 3144 AFEA wAE

=743l4 1 24 53], F 240 3] (48%F x 53))

3 - % 3.1.452 7t BN AF ZAdE Foll dEpid 7 1Y
oA 2z FFak Aeld 53] FAst] Fdas Fstar AtA ek A4S %=
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19 3.1.4.5& #dZo] 5em ZIAYUE R A AFXNE HojFErh FHES

GEA AYE Uehe FAFES Qat(AAFR 9] H)E HolEth AAH R 2
FAIZEol ol Ao HE Al EAREW o= AlFe gHge] xgE W xFo] =
A E&ZHE Aol dE AL B £33 gEA A(Es FPAY)7 dojd
F5 oAyt Aolde B £ At FAAYL AL W, 98 5o
ACDCB-ADB=6cm 7} 33 Ht &S v 2719 g3 o] #2¥A] Hstal &34
o] VERA HER A7 AX= A welch @§EA FogRtE 259 7

Tt 2 F o] o 9d3o] & Ao R HolW TicoAtd 54 kHz €&z A=7}
dseirh 18 3.1.4.6% wEZo] 10cm ZAYE EHo|A 9 HAHPAS HoF
Tk wdzlo] bem ZAYE EPAP Hls] diAH R A T A g
2k Ael 20cm & W 7P eA7F A 82 kHz AHRTF 7Y /b A om AREA
of Hsta vk 19 3.1.4.7% #EZ0] 15cm ZAYE EFPol|A e AEX
wolErh dAbZo] 45° o] & a=20cm o4 wlE oxrt Al a=20Y

o] 37 kHz A2 S A9slas AAHo=z Bekslu),

ut

il

19 3.1.4.82 a=bcm ¥ W 7t FITE B¥PA AFXE BAFH 7F
Zo] 5cm o W = YAl 45° A W &b Am FA AR AXWH HgA o
2 97t FolEr 19 3.1.4.9% a=10cm ¥ o 7} 2AYE 2o AF
A2 RoyFET, #dzo] 5em U w oy} AW FaAT I AXW kAo w
27} ZolEt), 54, 82 kHz A= 927t #th, 13 3.1.4.10L a=15cme
P ZagE BYoAe HAFXE BoErh T8 42.4cmolA A7 AT
a9 3.1.4.11% a=20cm¥ W 7t ZIYE BHPA HAYPAE HFErh. 37
kHz Zt5+% d=5cmol A 7Fd E%Fel™, d=5cmdlA 714 F =38t} d=10cmolA]

A
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% 3.1.4.14% #9Zo] 5em ZAERY Ao
oA Beal SaEt AE 2EEd ES
0% FYAYIL WSS oRRAY, Frgrh %252 Fadeh. MKC 54
kHz 5ol w18l Tico 54 kHz B54el A5/ 84 43S 2 5

MKC B&7te] Ago] 2.5emelel Wl Tico ®&xhe] AFo] semel 7] #irol},
Z 953 A0k 255 AFo
| daaag 259 Are o
24 A3E)e obAut xEste AY7t AL ge duste EEo] 47
oAt AR & Aee JvF

T 3.1.4.152 #EZo]l 10cm ZATERY A3 #4lug s HoErh 19

oft ©

+

3.1.4.149] A3d =z giAdoz FAs A3E Holy, #4d9Zo] 10cm¥d
ZFo] A AYES & ¢ v a9 3.1.4.16= #¥Zo] 15cm ZIYERY

11t
ot
1o
4
c

23S HelErh 19 3.1.4.14, 3.1.4.159 2% AR yA o=
v, F3A7E & H(50cm ol h)e AF3 257t FEatt

:10
>,
ol
i)
&
]
2

o

3) elFAY Fiks 2

o

2) gxate] WAl WerE(3.5cm ol4h) MaeWe] Azt
3) Balsel $4402 Qld 159 GEABKIYY} 4TS 2o ¥ fol

%
sht, AE/gen A 93e Bt FAAY 50em oY wWE AF%

4) Z3AYE d<E7Z o] X o= FAAY 25-40cm, YA 20°-40°, d=10cm
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¥ 3.1.4.3 Test Block 19149 AdAx}x%
HEzle]= 5cm

L E= 18cm/(50)us (BEAF4E:mke54 51, ticob4 48, pundit82 49, pundit37 49)

= 0.36 cm/us
a 5cm 10cm 15cm 20cm g2 | A7t cycle
= 3] 7
A 7x2 [11.2x2|158 x 2| 206 x 2
(cm)
Ol AL Z)
HAH 45 63 72 76
(degree)
o Az T AI7F
39 62 88 114
(us)
MKC54 46 69 93 116
o 6.7cm 18.5us
653F 1) (%) 118 111 106 102
TICO54 44 67 90 113
o 6.7cm 18.5us
(531 ) (%) 113 110 102 99
Pundits? 46 70 93 117
o 4.4cm 12.2us
(5338 1)(%) 118 113 106 103
Pundit37 45 69 94 118
o 9.7cm 27us
(5315 ) (%) 115 11 107 104

- 29 #4720l 5cm Block
- =479 : 5, 10, 15, 20 cm
- =2} : MKCAFY 54kHz, TicoAle] 54kHz, PunditAle] 82kHz, PunditAle] 37kHz
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¥ 3.1.4.4 Test Block 20|42 A& 24y}
HEZlol= 10cm

= 18cm/(50)us (B&A4£%: mkeb4 51, ticob4 48, pundit82 49, pundit37 49)

4
H

= 0.36 cm/us
a 5¢cm 10cm 15¢cm 20cm 373 | ATt cycle
Zg 7
T 7 x 2 112 x 2| 158 x 2| 206 x 2
(cm)
OI X)L ZF
HAH 27 45 56 63
(degree)
o Az A7
4254 62 78 100 124
(us)
MKC54 63 80 101 121
o 6.7cm 18.6us
5314+ (%) 102 103 101 98
TICO54 64 79 102 122
o 6.7cm 18.5us
(53138 1)(%) 103 101 102 99
Pundit82 64 80 101 122
L 4.4cm 12.2us
(53] ) (%) 103 103 101 99
Pundit37 63 77 101 121
o 9.7cm 27us
(53] ) (%) 102 99 101 98

=

: #<¥97l9] 10cm Block
A8 5, 10, 15, 20 cm
Z2} 1 MKCAFY] 54kHz, TicoAle] 54kHz, PunditAle] 82kHz, PunditAle] 37kHz

485 1 7} 59

|
][V

I
i

|
||\
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¥ 3.1.4.5 Test Block 3949 A& 24y}

AZlol= 15cm

= = 18cm/(50)us (BEA<4E: mkeb4 51, ticob4d 48, pundit®82 49, pundit37 49)
= 0.36 cm/us
a 5¢cm 10cm 15¢cm 20cm 373 | ATt cycle
Zg 7
T 7x 2 11.2 x 2| 158 x 2| 20.6 x 2
(cm)
Ol A7)
HAH 18 34 45 53
(degree)
o Az A7
4254 88 100 118 139
(us)
MKC54 85 98 140 152
o 6.7cm 18.6us
5314+ (%) 97 98 119 109
TICO54 86 97 142 155
o 6.7cm 18.5us
(53138 1)(%) 98 97 120 111
Pundit82 87 99 140 156
L 4.4cm 12.2us
(5313 7)) (%) 99 99 119 112
Pundit37 88 101 140 138
o 9.7cm 27us
(531 ) (%) 100 101 119 99

=

: #<¥97lo] 15cm Block
A8 5, 10, 15, 20 cm
Z2} 1 MKCAFY] 54kHz, TicoAle] 54kHz, PunditAle] 82kHz, PunditAle] 37kHz

485 1 7} 59

ol e Hd

||\
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19 3.1.4.5 Test Block 191419 2843}

Ir

- AAHOE ZFAIREo] A E22E

- A7t "ol dE5 Aol 779 A(a = 20cm oA a8 A = 41.2 cm)
- ol A Rge FAZ ACDCB - ADB = 6cm 7F 3R Fop 27] w3
o] &3

- Noise & Q& =& ¥Xzbo] AAX o= =}
- 734 BohE Noise del tiah 259 A7) o] .

- (Tico 54 kHz A&7} %35)
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- d

- a

19 3.1.4.6 Test Block 291419] A& A3}

10cm ©f tisliAl= Bl d ALkx]oll 7H7k9 3
20cm (3 A2 = 44.8cm, JAHE= 63° )olAl AxEA ol 7h

- 82 kHz A&7} 7} orA Aoz Aakx|d 7HYgA 1 QL.
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19 3.1.4.7 Test Block 39419] 2843}

45° oA AAHoR EF (FPAY = 424 cm)
20cmoll A 37 kHz AR E AlQstis AAHoR B (F3748 = 50
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a9 3.1.4.8 #E9A8 5ecmd weo] 234w

- d=5cm A8 EF (A9F =249 FA)
- F37¢ 20cm °l% ok

- (54, 82 kHz St A o= H)

X
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a9 3.1.4.9 #<E€AZ 10cmY weo] 234yt

- d=5m A8 &%

- (54, 82 kHz ¢tg Aoz H)
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a9 3.1.4.10 #EAY 15cmY we] Ad Ay}

-0 =45 A7 EF (FPAE = 42.4 cm)

- d= 5cm E%

- (54 kHz %3%)

- 122 -



a9 3.1.4.11 €AY 20cmY we] A 4w

- 37 kHz A5+ d = 5emol A 7H4 B0l d = 15cmolA 7+

- d = 10cmoAq EF U=z
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a9 3.1.4.12 FPAE x|l

- TP ALY 25-45 cm APVt 4=
- 224cm o= d = 10 cm? A¢
- A7} HolxW 37 kHz7t 4& (A2 50cm)

O

7} U5
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19 3.1.4.13

<

%

- 2% 20 - 407 Apol7t
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A7t old 45 253e] A7 szl

Tkt e aE 2E 9] AV szl

MKC 54 kHz ©ZF kol 8] Tico 54 kHz ©ZAF 21571 @4 Zsic}
FogE Bise xou, 250 Av)E ol

Z-53+9] A7]7F ksl AW Noise level 2} &50] A7t}

ke
rlo
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29 3.1.4.15 #<€Z o] 10cmel| W3t w33}

A7t Holda5 259 M7= ezt
FoF7t GEFF 25T M7= A
MKC 54 kHz ©Z=AFo] ¥ Tico 54 kHz A 2la7 &4 7Fslt),
TS FHTE BisS o4, 25 Al7|= ofafxitt.
s3] A717F XA Noise level I &%) A7},

=
w<dzlo] 10cm AB57F 435
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MKC 54 kHz ©Z#}ol| H]3l] Tico 54 kHz
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Z5ubel] o3t FATE HEZ o] AFS AgHATo7HEH AT (diffraction
S =A% 3 MBS(Modified British Standard) #A4H2 o}

=)
Tc-To ARt & AHE8te] zlol& At = o] Foj it

e
re
1
=
>
=
e
i)
P
o
j‘:_l‘
o
=
rir
u}
pl
_|>i
N
AC)
)
k]
o,
i,
©
of

= Z A4 (a=10, 20cm)<
RNomz, MBS ALl &sf zlol7b ALk

=
| 2F2 2 Te-To AGEA Ol o3t 25249 HgA
o

A
)
=
=
a
=)
@)
[@N
=
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[@N
oy)
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oy
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e
o
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1

gL +4us, AA L +6us

©)
B
MALe Fdzlo] 15em, FHHS

Al d =]
x5 HolFErh T1 2x7F 2us¥ W 2ol A= 1-2cm, 4us¥ W 2-5cm, 6us

d W 3-5cm )Y A7} AT

o
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19 3.1.4.17 MBS(modified BS) A2 A&
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(R:15¢m, G:10cm, B:5cm @ 7l9o], oA x5A17H=100, 78, 62 us,
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(R:15¢m, G:10cm, B:5cm @ 7l9o], oA x5A17H=100, 78, 62 us,
v=0.36cm/us 7}4)
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71E"E2 + Tico Z|EEEA + AT EA

+d (z+7 10cm) (z+7A 20cm) (z+4 10cm) (z+7A 20cm)
2o Azg | wag | Azg | B | AZw | Bwg | Az | Bea

(us) (us) (us) (us) (us) (us) (us) (us)

724 115.6 75 124.1
50

73.1 2.7 116.1 115.7 76.2 76.3 122.2 1224
mm

2.7 1154 75.3 120.8
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71E"E2}4 + Tico A AFHEHA + Tico

T (¥4 10cm) (¥4 20cm) (24 10cm) (Z¥4 20cm)
2ol Aaza | aza | Axw | gEw | A% | BTF | AZw | FER

(us) (us) (us) (us) (us) (us) (us) (us)

724 115.6 73.3 112.2
50

73.1 727 116.1 115.7 72.8 73.3 1183.3 113.2
mm

2.7 1154 73.9 114.2

89.2 124.1 88.1 123.2
100
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1144 114.8 135.1 135.0 114 .1 113.0 133.1 133.0
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71E"EFA + Tico M APEEA + A
Eia=! (¥4 10cm) (+4 20cm) (z+4 10cm) (+4 20cm)
2o azg | waw | Asw | gnw | A3 | 9w | A3 | 32@
(us) (us) (us) (us) (us) (us) (us) (us)
72.4 115.6 76.5 119.1
50 73.1 72.7 116.1 115.7 76.2 76.0 120.7 119.9
o 72.7 115.4 75.3 119.8
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o 115.1 134.9 106.1 143.5
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Non-Couplant STP5-1 Russia

B A ZA} © Sonatest Japan

B “vi A} : Sonatest Japan

Sonast dry contact transducers for testing highly attenuative materials such as
composites, rubber, wood, cermics, friction material and, in particular, the
inspection of bonded materials. Operate in throught transmission or from one side

only. Arange of holders are available for these transducers.
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19 6.2 Soft Tipped Transducers

Ideally suited to test specimens with complicated geometry or for investigating
suspect or damaged areas. Replaceable soft tips provide long life for these
transducers. Available in two sizes and frequencies, and fitted with subvis

connectors as standard.
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Soft Tipped Transducers

K
.

A

Transducer Dimensions(mm)

Element
. A B C
Diameter
5 9.8 30 7.6
10 20 36 7.6
Transducer Codes
Frequency Element Diameter
(MHZ) 5 10
0.5 STP5-2 STP10-2
1.25 STP5-1 STP10-1
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For use in automated testing or where large areas require hand scanning

13 6.2 Roller Transducers

techiques to be applied. Renewable tyres prolong the life of the transducers.

Miniature BNC connectors are fitted as standard
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Roller Transducers

oD

P

R

)

1

- A _
Transducer Dimensions(mm)
E.lement A B C D
Diameter
9 113 36 10 25
15 75 100 - -
Transducer Codes
Frequency Element Diameter
(MHz) 9 15
0.5 RP25HS-2 -
1.25 RP25HS-1 RP75HS-1
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