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SUMMARY

I. Title

Development of stress evaluation system on the infra structure by using

Mechano-Luminescent technology

II. The Purpose and necessity of research

The vision i1s one of the most developed institutions in the human sense. it is allowed to
recognize the objects, phenomenon and judge the results of the accident. However, visualize
such as physics, chemistry, electrical changes on Earth is limited.

phenomenon that is aware of the existence but can not be seen directly is "stress” .it can
be infered and predicted based on the deformation theory of structure. but if deformation is
a very small, it is so difficult to recognize the reality of stress. Therefore, people have
been using indirect methods using a complex device to recognize the crack detection or
crack edge in the actual structure. For example, strain gauge, ultrasound, X-ray, etc. have
been used to visualize the crack detection or crack edge of stress. but all these methods
require expensive complicated equipments and can not be viewed directly. In short, it is a
kind of indirect measurement

In this study, Mechanoluminescence or triboluminescence paint for concrete will be newly

developed and applied to the system of crack detection to solve problems
II. The scope of research topic
[ ] Objectives of the research
- To evaluate optimized Mechano-Luminescent paint for concrete fatigue / weather
resistance characteristic
- Applied Mechano-Luminescent paint monitoring system for crack detection technology
and image processing software application

[] The scope of research

@D Build a low—cost system for crack detection and Software development of

Mechano-Luminescent image processing system
Development of measurement methods and real-time image processing from the SW,
utilization of system construction by equipment of low-cost, except the expensive

equipment of high performance

@ Weather resistance and durability evaluation of Mechano-Luminescent paint



Characteristics in the Mechano—-Luminescent powder and paint endothelial, S-N and
da/dN vs AK Curve evaluation Evaluation of Mechano-Luminescent powder and
paint weathered characterization, Evaluation of Fatigue / weather resistance

environment complex characterization

@ The development of applied technology to the real structure

Performance evaluation and field application of the actual structure, Development of
process construction methods applying the Mechano-Luminescent paint about inside,

outside of the actual structure

IV. Result

[] Build a low-cost system for crack detection and Software development of
Mechano-Luminescent image processing system
- Real-time Mechano-Luminescent image processing and crack detection SW
development
— Building and application for low-cost low-light Mechano-Luminescent detection

system

[ ] Weather resistance and durability evaluation of Mechano-Luminescent paint
- Characteristic evaluation of fatigue of Mechano-Luminescent Paint

— Characteristic evaluation of weather resistance of Mechano-Luminescent Paint

[ ] The development of applied technology to the real structure
- Applicability estimation in accordance with structural type

- Development of large—area application method of Mechano—Luminescent Paint

V. Application

A non-destructive inspection techniques Using Mechano-Luminescent is not limited to the
general construction sector. successful application of concrete which is more heterogeneous than other
industrial materials will allow application of techniques in other field. it is possible to conduct with
study for the safety monitoring applied to large-scale facilities such as Plant and crack monitoring
applied to small machine. In addition, it can be used to high—brightness phosphor required in display
industry
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19 1 Equipment and measurement of ML-intensity in SAO powder produced by solid

state reaction.
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19 2 Elastic modulus of transparent ML paint in

compression and tension.
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219 3 Ultimate tensile strength and elongation of transparent ML paint in tension
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19 3 Visualized profiles of applied load and ML intensity with three different initial
constant strain rates.
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19 5 Experimental and calculated ML intensities based on rate equation
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12 36.62 0.84 0.18 0.70 0.18
130 3 s
1.40 120 5 [Z-?&ag m
10 |- S, N &
1.20 - . / ™
1.00 am / \a\u
g‘ 0.80 o6 b /
:‘-': 0.60 \\\'
3 0.60 0.00 0.05 0.10 D'spla::nlfent(mm) 0.20 0.25 0.30
X |
0.40 \ |
—%-Displacement
0.20 \:\ - - CMOD ||
0.00 D T S _.‘. ﬁél= -
0.00 020 040 0.0 080 100  1.20 140 160 1.80  2.00

Displacement(mm)

74 10 B AAA e 5w g

_36_



mlo
T
o

a9 10+ B A@Ael dig st5-CMOD =4 %t¥ st -Displacement gauge =7 4k
Wtk =g 27 112 7#ad 8 gk AE5A Q) ou A& e olwA e &= 1
109] 3t5-CMOD Zejz o] Mo aigdsts Aolth B AdAclA= 1HEY 287X = &%
Ast A E EbE ZF ol X7k AlbabE diEF 3xeo|th 1E il 3HFH SHMZEAE 3
SHSIE 719 yeubA = AdElelm Zb oW AZke] AZkak= 0.02% 0]t B A@A A=
ojm A 1WA Micro-Cracks &<l & 7} Jom, 6WFH 1287HA= a4 o=2 #Exl
It A AdAxRg B AdAE Hdskso] °oF

rl

B BT 5 glon AAE 0004%o



o

0.25k

=4
1

o] 101 #f Al

el 90% A2 oA

S

3T

i 2 w=c e

9|

o vl
LIKNO & A

BN
A ARA e @A} u

20mmEA FES

ok
QF

}F 7R 2

Kl

o] wol AAHA 2}

R

oW

el

)

T FAsA ARA

ol

—_
file)

=9
)
I
,.\.\
/
/
/
/
/
#
]
,_k
=9
f
/
]
U
L=
_
|
N
-8
s ,3
!
\
\
g & 8 & 2 g ] 8
- - - Q o o o o
(Ny)peOT
o
A

10.00 15.00 20.00 25.00 30.00 35.00 40.00
Crack Length(mm)

5.00

0.00

el

% 13 B A9A AR

@ C A4

)

o]

ol
o~

22!

b e ol B Ao 5 ]

S

te Al

5]

el

itz ZgE oln Aok F7]EAA

_38_



IHEE 1297H4] i<

i
-
2
ol
2
o
E
=)
’

4B
2
rO
o
=
XN
=2
=
=
o)
BT
g
iy
o
i
Ay
o
o
2
i

B}tk
X T7CAHAIA stz-¥9 / dddol A Ad#
C AgA
= == 3} -Displacement
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3} (kN) 2] (mm) 315 (kN) H 2] (mm)

1 0.00 0.93 0.03 0.95 0.03

2 5.23 1.04 0.05 1.06 0.04

3 6.14 1.04 0.05 1.06 0.05

4 7.27 1.04 0.06 1.06 0.05

5 8.18 1.03 0.06 1.05 0.05

6 9.09 1.03 0.06 1.04 0.05
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— 09— 98y |
1.40 @ -@- A-Type
o o —-B-Type
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ek shs ko] whE FEdole] WatE APAEE FduaE &7 fld T whs A
7 3F(Normalized) &t vk, 1 23} efF W ste] & Fddo] Wste] 42 T7 219 2ol 4
Bbwkal, sk -wg] SAlat vpRVEA R AL vtk Aol vEhd T s o 5 dSiY o
1M 5T A2 A9 Fe 277 vdE2dete 4 dgAls Adstsols ddo] Al
W FE 50m7kA] el e w 74A] s itad wE dddoe]l Wshe BT e %S
Bt Aoty Zgal & 102 oM 24 AdAdz 12709 ojmA & A& & Z23E ut
Foz o] AFE o] RE o] 2 WA ARbE yElow, A AAA7F B, CH
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3E 10 H¥EAZ o] 5 Tl F AIZE
FANI A ik FAZ YA
T (sec) e Az (sec)
(sec)

A AFEA 44 812 44872 0.060

B A A 37.248 37.372 0.124

C A3A 31.144 31.268 0.124

(2}) Alztoll wp& Fdxle) 947
UM shgoll wE wAdo] Wstel thafA dolrR Ut I ANE v o R Fdo] A AEE
AR F, shsol Haste A AlRtel| wet dd Aol WEtE x99 1¥ 22¢F #o| UE
Wt 3-Point Bending TestE &34 SAE HolHE vt o =z wEo] AlZE AJHFH 0.02
z9] AZFAE T 10719] ol Aot HlolHE FE3 & 1 AlZtel| wep dE Aol WstE
LER T

113 29 22004 Hxo] Hdigtzol B9t AHFE wdo] AlZo] Hu, BE ARPA
= AT +HsHE s dAAEed = ddoe] WaAE A i v A d (Micro-Crack)
o] WhAlgttt, 18y B, C A¥AE A AfART wdo] W Ay, oF 0.06x WA o
ol Ast= A & g Ak ol A AFAVE Hdstsol REstte e A AR
AAGAIHEeE dEAg] g AIdS B, C AFgARY =d = Adota ALREY shA
ol xaPstr] AAstH A AFAY #dXdgEEE B, C AFA By @ASA wepA ),
7Hd WA 7 d 50me] =gshA "ok dwrA o g ZAES] waAzl el oA 7HE T aA
o2 A Abgo] =] B A (Bridging) @G0 Q&) diHom #do A& AA g
b AR 2 Ao Yol wd W ol % ¥ 220 FAIE AFFEH 10m #Fe

EATE
s AHES A AJAZE FdIgo]l 7HE wEA YEgow, 1 5o E bm w#S =AE
ETAFE AMESE C AFA o2 o]l Mestalrt. o= 19 23~259
of =ad ) 7}A W3 o)X (Strain-Energy) &3} & o] vt AlEETh
F¥ g Ael A== dF AAAUAE 7+

el WMol HWA of ol @elo] o] EAel AFHEM, o] F TAZ FHAEHW 1 oy
g Bz v

= 1
A Hrh o9 o]l ¥ 120] 7+ AAE Hudstwol =2 w 714 FHH Wy
i) Haol g2l zko] 70.68N - moZ  B(59.56N - mm),
A vEbg T ek A A A dEI8e 7P A AR A
A HWE =S PR BERE QA dEXAEETE M we] 18 E]

AQtta AR ¥ B A¥AE A ARt E AR dEE7 Sy A CAEA Huhes wE
TAAYPEEE JEFY T
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¥ 11 AFHe w & 4ol W3t A3 gk
A AEA B A3 A C 2dA
Al ZE A 5} = | TE ANsHAl | . | TE Atk | stE | HEA
Azb | T 76 7F el g0 A 7F o
(sec) (mm) (sec) (mm) (sec) ) (mm)
0.00 44712 1.48 0 37.208 1.23 0 31.104 | 1.04 0
0.02 44732 1.49 0 37.228 1.24 0 31.124 | 1.04 0
0.04 44752 | 1.49 0 37248 | 1.24 | 622 31.144 | 1.04 5.23
0.06 44772 1.49 0 37.268 1.24 6.22 31.164 | 1.04 6.14
0.08 44792 | 1.49 0 37288 | 1.24 | 6.44 31.184 | 1.04 7.27
0.10 44812 1.49 452 37.308 1.24 6.89 31.204 | 1.03 8.18
0.12 44 832 1.43 17.53 37.328 1.22 12.89 31.224 | 1.03 9.09
0.14 44 852 0.43 42.89 37.348 1.07 26.46 31.244 | 0.96 19.10
0.16 44 872 0.04 50.00 37.368 0.05 | 48.01 31.264 | 0.02 48.19
0.18 44 892 0.00 50.00 37.388 0.00 | 50.00 31.284 | 0.00 50.00
50.00 = 5]
IS -
4500 | @ A-Type | — — -
40.00 _6_3-Type L ‘ __T __ ‘
& C-Type ‘ ‘ ) | ‘
35.00 g i i d |
T
= /U ‘
? 25 DD ot ‘.._. ._* "
%zn oo | I/ 7 ‘
. 15.00 T |
10.00 | 1 .t L, I, ‘
& *— '?' = :
5.00 > Tf— —-lh
0.00 & o " @ 5
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
Time(sec)
9 22 AZFe) & Fddo] Wl ogx
% 12 AFAE Hoste7tA F4 ¥ W3 oY X (Strain Energy)
T A AEA B A& A C AdA
= Skt= 71 X
i i"iﬁ; ! 59,56 35.78
S tra; ;z;er 70.68 (AZEA dhn) (AZEA din
sy 84.5%) 50.7%)
(N - mm)
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Ak ok

I 1 Quantified cumulative ML intensities of two successive contour lines near from the

crack tip with respect to the variation of applied load.

Applied Load (N) 45N 5IN 57N 61N
Intensity of ML

Contour 1 0.24571 0.372076 0.518242 0.686808
Contour 2 0.17481 0.287976 0.420642 0.575208
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(b), 45N

19 1 Sequence of ML images recorded by a high-speed imaging system, exhibiting
real-time images of stress rate at the close vicinity of cark tip of the CT specimen loaded

at a constant loading rate (80 N/s).

£58 —, T(a) (b). 45N

0 H ——

= | | (e). 61N
Lnit; (mm} » A -

19 2 Sequence of contour lines plots extracted from the accumulated ML images with
the aid of MATLAB SOFTWARE, illustrating the cumulative iso-stress contour patterns at
the close vicinity of cark tip of the CT specimen in terms of ML with a schematic

dimension of CT specimen.

_6’|_



ﬂoﬁﬂgﬂ%éﬁﬁwﬁﬂﬂ.@ R T R ool g
— — o = I~ < = %I
R S SIS S X S =3
ol d_ﬂ ﬂo YEII? HT A..rl EO ﬂﬂ MH o O_E = QOrU -5 m
O RS - B g &
T~ S O N - R St T s 2 o
_ LBy oW g e M =R
f— —_ — N
mﬂmjl_@hﬂ;mﬁﬁaﬁm%VSﬂlWﬂﬂﬂMzﬁmﬂﬂg mm
b = W o) o go " oo W o wK o} =T iy J- N E > m
ST T I oo
wEM e wm Y N e eg mww BT e
T ,Noﬁqaﬁ_ﬂuoovuouﬂ;vﬂuﬁu E\Vﬂﬁoﬂﬂoﬂo mbh
oﬁomTﬁu % do - ) Wﬂ mﬂﬂlo_io S = 5 B
O Mok g o _%4 T o) ol ,W%_dr mm
M;WEE]E ﬂﬂmcmuﬂod_;%&oo#} Eum.ﬂ B o=
N X W v oo B A Mooz T i T %
T AT wmy Lo 5T A Mo Pz A g
ST N = I o~ ol NI o S B o 3
S I ) ~ B — o
I Nfo o o M Ow ™o o N N L ©
S oL W o ol T T B OE oy - %o - P = X Loub
T g Mg R e IE M g PR p T F 2 8
e oo N LT 0w W -
) ﬁ_ﬁu miﬂ,ﬂ = |
o oW Y do ol & I - N - w . =
© = <© ) of £} - B
S o w5 W oo T T < 2 2 o
o TR P E R g ©
X TN T W B N W = < -
]S#O:A_A ~ X  — 1 A]UﬂLPOqﬂ O w
o —_ 0 E ]é.ﬂ 0 eI = oo ol ° g
e w3 A W W we 2 5 E
I B N T e i g 3
R o U S T =g
—_— — © o=
%M%ﬂﬂoTifa&rﬂ?%1mbgﬂﬂﬂ_d S g
MRS XA T T P E T T T g, £ F
T A RTZHET T oy T 2T E .
— ZT ‘mﬂ —_ ,AO m? 1_._A|o ,mﬂ o ,Alu a ‘m_wl ﬂ&ﬂ _z_ﬁv NE ‘M ,mﬂ ﬁﬂ .UL "X ,W ) %
g RRBEIgaR?s S W om W N S 5
k) E \M ﬂAl‘_ OT o ‘__A_I Jvmo aﬂ OE ‘Ol M OMO ﬂ_l .FT _ 0
B e T T o gm g O S SSERS
TR EEC e PR L m O p e T g 2
A A I e RS i R s ¢
XOE 1_.\.~mﬂ\mﬂ 11_, HL,WO HE;OE AT.c‘LI ,m_l qwu
P g E Ny P Hlmﬂiﬂﬂd.dAﬂLgi g £
I e IR T N N s -
RN T W e T oo WL RO < o W g £
A o) & o T ' F YRR oo =
w o X P2 B of o T L H 4 HoL
~ W Wz T N Mo B N ~ il by B8R ™ s
WY ® BT 8 HBTE R oM< A R L =

loaded at a constant loading rate (240 N/s).
- 62 -



2 4 Calibrated relationship between accumulated ML intensity and effective stress.
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¥ 2 The corresponding effective stresses according to cumulative ML intensities of table
1, extracted from calibration curve between effective stress and accumulated ML intensity

as illustrated in fig. 4.

Applied Load (N) 45N 5IN 57N 61N
Stress (N)

Contour 1 13.71 17 19.97 23
Contour 2 11.69 14.76 18.24 21
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Table 3. Comparison of SIFs calculated on the basis of two different stress criterions of

deviator and hydrostatic with conventionally measured SIF by ASTM.
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Fig. 5 Comparison between theoretically obtained iso-stress contour patterns from the

deviator stress criterion and experimentally obtained iso-stress contour patterns in terms of

ML at the close vicinity of crack tip of the CT specimen.
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Fig. 6 Comparison between theoretically obtained iso-stress contour patterns obtained from

the hydrostatic stress criterion and experimentally obtained iso-stress contour patterns in

terms of ML at the close vicinity of crack tip of the CT specimen.
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o SFRHIEYE mxE AFAE ZHdel AR A F Ade] mE FAES HYPEY
HAE FA357] st Z2AZELR 2E#Q Ao ¢ LVDTE AAgth. Ao =3x3
FFHJE (LA E o] &ate] oUAE FHAZ F stgs At 2AXE 2 H
FheletE o] &ete] ZAYES wEXPARAH S FHG S

=

g 2119 22 FAAge dus zke APAE AAs 229 %= 30MPa,
50MPacl™, Adz=anl= 22 vt [29 211 A3dAY AAEHS vl [F 2112
APA S A2 ARKEE vEpIh wiFEAE 232 E ZF=AEAE Faste] A8k o
g dAgE [ 2219 2o

= HA-A & MB-B
2m 1,000
50| im, |m v 961 0-900 5o

50

—
T Jio g HO A
Ay —fL T

0

| ml
i .
B b=,
b= A
\éﬁ LB JHiE 5 JHi0

(29 21] A4 AA =4

B
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174
30
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[ 21] AFAY 2 A8

hyA

A ek 3] :
Eia= R Z o] (m) M=) 0]
(a/d)
FAS D16 1 2
2 1E D10 0.7 10 7
AR D10 1 2 2
[ 22] 234 st AAF
9] ZF(kg/m3)
Fo <4 7] = _
B4 = | =3
o2 2 9 Al | @
A I I I R Rl B I I
b FH ) x4+ H 9 uo‘l’] (%) i‘ W E S 2 (g/m
(mm) (cm) (%) (%) G 3)
30 2% 12 45 43 63 | 185 | 430 775 | 967 -
50 25 12 45 32 63 | 138 | 430 775 | 967 43
(L) 2 A Az
HoAFo A AlgE AHAE A|2elr] st WA Aol AgA] AFHE Az}
(19 22]9 (a)= AFF A4 255 el (b S4d" d AR E epdh Al
AgA el FHT Tl 27, 2EH 27) AAsH T dAdE A AR E AFH
3}l 30MPa, 50MPa =9 ZagEE eldsAth [21 22]9 (o) AFHel HE A
S AXT ZHoly [19 22]9 (deE BHE & EE5S yeEhdoh Bd § 28U Foto] <
He AA AES AAE T

(a) AFH

PE}

(29 22] A4 A= #4A
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(o) AoAlolA AEA WA

[ 2.2] 2dA Az FGA%)

e 13

L:H

= = 2313 2o [ 23] o FA 100gs 7IFo=
Y, A7, syl F& 28T Aottt [29 3312 eSS Agtes &
iz yebdllth [ 2319 ()9} o] Folfidl oFAe st=yE 7lE ol wet
%“7— T AoET. I gl HUHAE HUMR § (2" 2319 (o9 Ze] #eHE Y
=5 Aol Fol AEol A thE ol WA Fol &1 F AFe AATH

[3£ 23] 4FAJE A2 A=

Azt 9@ At o

o

*EN =1 A 74 750

100g 30g 2g 19.5¢

BEEEEL (@) AE A7
(29 23] GguAE A% 34

A FAAAES (29 2419 @9 2ol 2mmAES] FAR TRF wehE Fo 2-39
A% AZAT GHHAEE V)80 HeiE Asuie Aol 2d delnz FEE &
28 §AA7A Folof @ [17 2419 (b WA FAANE E¥E 9 FHE U



< . F N HeE 238E e
30MPa, 50MPaZ Fi 2S5 2183 A9 stz 7tg2 AFA T Alst
st= 3FAdFer A o
differential transformer)® 23 A < d3o] M= Tt AFA
o] Ass A7 fste] AL Tl 2748 2EHAANAE FAsAT BE dHolHE
tlole Z 7 (data logger)E ©]&3te] Ago] F

2 A
g ZavEe] WHES FFUANE FPsarh T8 QA WFALS Fohns] 9stol
i e

(29 25] 49 47 [19 26] 434 BLBYHZ FH 25
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An) v Fla=y - 2ARE 23 FhE G
() I — Ultra high gained and speed camera
)
A 2= e
A2+ A 7t
A ZF A} photron
F Y g5

gu Fo 8% ES

J
- 7kl gl &% 1 20,000 fps at 1000%500
Z o 300,000 fps
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. AT 7 B | FDBAA #d 73)
T A7 (s) #3 (kN A7 (
1-1 12.8 96.5
A HA T 1-2 13.2 100.6
1-3 15.0 120.9
2-1 17.3 144.7
T WA Td 2-2 20.6 173.6
2-3 25.1 211.3
3-1 21.1 178.4
A HA TE 3-2 22.6 192.0
3-3 25.2 212.2
4-1 23.7 198.2
Y WA T 4-2 24.9 209.4
4-3 25.2 212.2
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[Z29 3.3] B-1A43A <4 A8 4 (Fhelt
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[ 32] B-143A ¥ 24 Azt 85, 318 AlZE

. A Fd vy | FDRAA #d 7
T N7ZF (s) % (kN) A7 (s)
1-1 7.8 77.3
A WA Td 1-2 8.6 86.8 2.8
1-3 10.6 106.8
2-1 12.9 133.2
T WA T4 2-2 14.7 154.3 8.2
2-3 21.1 237
3-1 155 163.5
A WA T 3-2 194 2145 5.6
3-3 21.1 237
4-1 214 240.5
Y HA TE 4-2 25.8 288.4 5.6
4-3 27 299.3

st A Fel A B-123A 9 sl5o0|

g ol WAl A-12EA A WA ¥
e AmatFel 2% HFNM Fhol WARGO, B-1ARAL AdhsF 2% 4%
oA ol wasgth [19 341 F A@A SN L e golth F AR
e FARFES PAR WET TAIES wYor (19 352 F 4GA 0o TARIS
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E
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HHE (mm)

(29 34] A-149 A9 B-1A@A a5 A F49) v
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O A-143A

(5)

9)

[1% 3.6] A-143A 9

12907 mm

(6)

207.58mm

(10)

(7)

(11)

160 18mm

2042 &4

(8)

(12)

A AA A 3

[3 34] A-148A e Hdde], 35, A v

g
ol m] A T+ E 2o TEEE 3=
- gAY A 7H(s A ZH(s) () (/<) i
H mm mm/s
)
1 12.8 0 0 0 96.5
2 13 0.2 62.27 311.35 98.4
3 13.2 0.4 126.8 322.65 100.6
4 134 0.6 160.18 166.9 104.2
5 13.6 0.8 177.66 87.4 106.5
6 13.8 1 189.07 57.05 108.2
7 14 1.2 199.62 B52.75 110.7
8 14.2 1.4 204.64 25.1 113
9 14.4 1.6 206.37 8.65 1145
10 14.6 1.8 207.58 6.05 117.3
11 14.8 2 211.39 19.05 119.3
12 15 2.2 214.67 164 120.9
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@ A-24 A

[2" 37] A-22d A9 A HA

(14)
R

[3 35] A-243A e #d4e], at%, A3 v

o174 w8 #a7e | #AEE | %
: A A ZH(s A ZH(s)

HT ) (mm) (mm/s) (kN)
1 18.9 0 0 0 165.9

2 19.1 0.2 82.84 414.21 168.8
3 19.3 0.4 173.15 451.54 170.7
4 195 0.6 178.30 25.78 172.2
5 19.7 0.8 181.15 14.22 172.2
6 19.9 1.0 182.57 711 173.8
7 20.1 1.2 184.35 8.89 175.5
8 20.3 14 185.77 711 178.7
9 20.5 1.6 187.01 6.22 181.0
10 20.7 1.8 187.55 2.67 183.0
11 20.9 2.0 188.79 6.22 186.1
12 21.1 2.2 191.81 15.11 189.9
13 21.3 2.4 192.88 5.33 192.2
14 215 2.6 193.77 4.44 194.0
15 21.7 2.8 194.48 3.56 196.5




@ B-143A

24 01 mm

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

9)

(10)

(11) (12) (13) (14) (15)
[19 3.8] B-12gA 9 A WA #dx8 A
[3 3.6] B-123@A 9 AtE #d4do], a5 vl
T4

°1H A A A 7 (s A ZH(s) Hedel RS o
M5 b : - - (mm) (mm/s) (kN)
1 7.8 0 0.00 0 77.3
2 8.0 0.2 24.01 120.05 80.4
3 8.2 0.4 35.57 57.8 82.7
4 8.4 0.6 37.65 10.4 84.1
5 8.6 0.8 41.60 19.75 86.8
6 8.8 1.0 49.70 40.5 88.7
7 9.0 1.2 66.70 85 90.1
8 9.2 14 84.49 88.95 92.1
9 9.4 16 111.07 1329 94.2
10 9.6 1.8 118.19 35.6 95.7
11 9.8 2.0 119.96 8.85 98.1
12 10.0 2.2 122.63 13.35 100.2
13 10.2 2.4 130.44 39.05 102.1
14 10.4 2.6 139.33 44.45 104.8
15 10.6 2.8 14852 45.95 106.8
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@ B-243A

(1)

106 09 mm

(6)

(4)

9)

102 55mn

(5)

(10)

(11) (12) (13) (14) (15)

[1%] 39] B-223Ae A HAl ddx& 3A

[¥ 37] B-2Ag Ao Ao 3%, AHF #a

o4 e
o] Ul_xl 48 2] 7H(s A7Hs) o] Tes: Sl
HS ) (mm) (mm/s) (kN)
1 12.6 0 0 0 97.0
2 12.8 0.2 39.82 199.08 97.2
3 13 0.4 53.04 66.14 99.9
4 13.2 0.6 86.97 169.61 103.3
5 134 0.8 102.55 77.93 105.7
6 13.6 1.0 106.09 17.68 107.3
7 13.8 1.2 113.29 36.02 109.8
8 14 14 115.39 10.48 111.7
9 14.2 16 118.14 13.75 113.1
10 14.4 1.8 123.77 28.16 115.3
11 14.6 2.0 126.13 11.79 117.2
12 14.8 2.2 130.58 22.27 1184
13 15 2.4 135.16 22.92 121.2
14 15.2 2.6 138.57 17.03 1235
15 154 2.8 141.06 12.44 125.0
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[1¥ 310]2 AFAE Azte] wp& #ddols adz= Yy [F 38l 2 43A
of At Aol ghE yEkdvh [Z19 3.10l0 A ok o]l ATLFel AAAEe] FE o]
o] gkel Bawel ddA= A vsith FEdole] Av]= A-1, A-2, B-1, B-29]

g Zol= 20457mm, B1E9 Hi #EdolE 144.79mm
o]}, A:z%sq A dgdo)|7 BaEY Ha wddolrtt ¢k 60mmAE ZA e o]
% F =252 Azt g #do Zol7l & Ao e

O
kT
10
o2
o%
o
fr
>
b
i,
H
ol
=8
N

E
£
= e -1
F?U
= A-2
Bl
! -B-1
——=p-2

0 0.3 T 15 2 23 3

ATk ()

[C29 3.10] AAAE AlZtel] m& dFd o]

[3F 3.8] AAAE A7t wi Fddoe]e] gt v
Fin

olml =] | A7k dZo] (mm)
Hs (s) A-1 A-2 B-1 B-2

1 0 0 0 0 0

2 0.2 62.27 82.84 24.01 39.82
3 0.4 126.80 173.15 35.57 53.04
4 0.6 160.18 178.30 37.65 86.97
5 0.8 177.66 181.15 41.60 102.55
6 1 189.07 182.57 49.70 106.09
7 1.2 199.62 184.35 66.70 113.29
8 14 204.64 185.77 84.49 115.39
9 1.6 206.37 187.01 111.07 118.14
10 1.8 207.58 187.55 118.19 123.77
11 2 211.39 188.79 119.96 126.13
12 2.2 214.67 191.81 122.63 130.58
13 2.4 - 192.88 130.44 135.16
14 2.6 - 193.77 139.33 138.57
15 2.8 - 194.48 148.52 141.06

_86_



[3% 39] AAE A zte] W& 4 £ ¥ g5
A-1 A-2 B-1 B-2
T2 i
A 7F : : g § T _
= ey Sl s N st N i
© | sz | 0N | sz @0 | T wn | T | @y
) ) (mm/s2) (mm/s2)
0 0 96.5 0 165.9 0 77.3 0 97.0
0.2 311.35 98.4 414.21 168.8 120.05 80.4 199.08 97.2
04 322.65 100.6 451.54 170.7 57.80 82.7 66.14 99.9
0.6 166.90 104.2 25.78 172.2 10.40 84.1 169.61 103.3
0.8 87.40 106.5 14.22 172.2 19.75 86.8 77.93 105.7
1 57.05 108.2 711 173.8 40.50 83.7 17.68 107.3
1.2 52.75 110.7 8.89 1755 85.00 90.1 36.02 109.8
14 25.10 113 711 178.7 83.95 92.1 10.48 111.7
1.6 8.65 1145 6.22 181.0 132.90 94.2 13.75 113.1
1.8 6.05 117.3 2.67 183.0 35.60 95.7 28.16 115.3
2 19.05 119.3 6.22 186.1 8.85 98.1 11.79 117.2
2.2 16.40 120.9 15.11 189.9 13.35 100.2 22.27 1184
2.4 - - 5.33 192.2 39.05 102.1 22.92 121.2
2.6 - - 4.44 194.0 44.45 104.8 17.03 123.5
2.8 - - 3.56 196.5 45.95 106.8 12.44 125.0
00
500
& 400
E n\ ——Al
J —8—A-2
gu mirB-1
THl e B2
A7t (9)
(29 311] AFAE At 2 dd&5%
=
250
—Acl
——A-2
i ir=—B-1
50 i

i} 50 100
#FEZ0| (mm)

(29 3.12] AFAE sts-—ddo] 1=
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(th) #<L 1A

A-149dAE ez #do] TAs= AAE ddAYUE Fotol 2dzr E4&dd. A
Al o] WAstE AHS VIEeR dhe] 03x3MAe® olmAE P55t Zp Fe
RGB# % Erdas Imagine Z=I& Fato] FEakdith A WA J53 ojvA S 7V[Eo=
Zb olm A 54 RGBge] Wstds Jota A= JAEe ge dtste] 2gza el
o [2¥ 313]2 FE38 ofm A e} RGB#ty JA A9 #A ai=E yehdv [23 313]
o] (@)= 7] He #d 2 A o Aot 0.3% Fol [2d 31319 (bl Ak Zo] <
o WAstHA RGBgtel wd oA Aol 110004 o= Frtetes AS 2 & 5 AATh
E3F o] 3 Ao FASHA] al F AN FAst= A TEZE Foke AP
T AT [2¥ 31319 (M= 7 Aol T ddo] FAHA dPHq o Tz
A FAdE kol ¥ 2 ACA RGBHEe] =2 AS #0d 5 AT [19 313]
o (dellM= o] EAZ FHol ¥ oo wd Aol glermz RGB#tol A4 YobA=
AL FAdednr. [29 31312 A9 AIAFH 3 A ddo] 24T w7hA] 12 tHe = o
nAE FEste] HA fjAdAM e FAHRGBHS LHlZ= yERn oA tdo] A
b= =3 FE fAAM e RGB#Eel S7lske AS &Q1d = AT [2LE 3 MllA = 7

(a) ¥ LA o]w A (b) 0.3% % Alof e
) 100 ' ) ‘
p ;.;uwd_;_am.i.:;....‘.,zjm .M-.h ML.M b: L L dn itk Ju :: Lﬁ&mﬂuﬁ
(c) 0.6% ¥ <] ] A eF 1= (d) 21% F ] l A eF 2=
[29 3.13] F&3 oju|x ¢} RGB#t2 A 912 #A ez
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Signal
snnnnnsh

Image Capture
't" & Signal Sync
PY ® Software
]

sessh

. PCle interface
Camera Link %

Digital Camera Image Capture Board
BASLER ACA2000-340KM NIPCle-1433
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(% L1 1% 79 #2 Axge] 24
Resolution ) )
) ) 2048 pixels x 1088 pixels
horizontal/vertical
Pixel Size
) ) 5.5 ym x 5.5 um
horizontal/vertical
Frame Rate 340 fps
Mono/Color Mono
Interface Camera Link
Pixel Bit Depth 8, 10, 12 bits
external trigger
Synchronization software
free-run
Exposure Control trigger width or timed
Housing Size (L x W
‘ 435 x 29 x 29
x H) in mm
Weight (typical) % g
Sensor Technology Progressive Scan CMOS, global shutter

1 =2 et E%%Oi 53] (43.5x29x
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O A-143A

T4
o] m] %] g 2] 7 Al ZF TE4do] | dE&E iy
B4 ) 7
HE (s (s) (mm) (mm/s) (kN)
S
1 189 0 0 0 165.9
2 19.1 0.2 82.84 414.21 168.8
3 19.3 04 173.15 451.54 170.7
4 195 0.6 178.30 25.778 172.2
5 19.7 0.8 181.15 14.22 172.2
6 19.9 1.0 182.57 711 173.8
7 20.1 1.2 184.35 8.89 1755
8 20.3 14 185.77 711 178.7
9 20.5 1.6 187.01 6.22 181.0
10 20.7 1.8 187.55 2.67 183.0
11 20.9 2.0 188.79 6.22 186.1
12 21.1 2.2 191.81 15.11 189.9
13 21.3 2.4 192.88 5.33 192.2
14 21.5 2.6 193.77 4.44 194.0
15 21.7 2.8 194.48 3.56 196.5
[ 16] A-14dA e #d4do], a5, AF v
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@ B-143A

T4
o] m] %] g 2] 7 Al ZF TE4do] | dE&E iy
B4 ) 7
HE (s (s) (mm) (mm/s) (kN)
S
1 12.6 0 0 0 97.0
2 12.8 0.2 39.82 199.08 97.2
3 13 04 53.04 66.14 99.9
4 13.2 0.6 86.97 169.61 103.3
5 134 0.8 102.55 7793 105.7
6 13.6 1.0 106.09 17.68 107.3
7 13.8 1.2 113.29 36.02 109.8
8 14 14 115.39 10.48 111.7
9 14.2 1.6 118.14 13.75 113.1
10 144 1.8 123.77 28.16 115.3
11 14.6 2.0 126.13 11.79 117.2
12 14.8 2.2 130.58 22.27 1184
13 15 2.4 135.16 22.92 121.2
14 15.2 2.6 138.57 17.03 123.5
15 154 2.8 141.06 12.44 125.0
[ 1.7] B-1AdA 9 #d4do], a5, 7 vaL

- 106 -



102 55mm

86.97mm

53.04mm
39.82mm

(1) (2) (3) (4) 5)

s 12377mm
2 115.39mm 118 14mm i
106.09mm 113.29mm

(6) (7) (8) 9) (10)

3516 141.06mm
S 30.58mm 135.16mm i i
126.13mm i by

(11) (12) (13) (14) (15)
(29 1.15] B-1dd A8 A HA a8 34

- 107 -



250
200 —
£ r 7/ ™
£ 150 £ ; .
) —_— 81
b , yiaaiaa e M
Il e 7/ e B-2
/ -~
50 —
'
0
0 05 | 15 2 25 3
A{H(s)
[79 1.16] A@AE Alghel] W& dFd4do] ez
: A F22o|
olm A HE () P 1
1 0 0 0
2 0.2 32.84 39.82
3 04 173.15 53.04
4 0.6 178.30 86.97
5 0.8 181.15 102.55
6 1 182.57 106.09
7 1.2 184.35 113.29
3 1.4 185.77 115.39
9 1.6 187.01 118.14
10 1.8 187.55 123.77
11 2 188.79 126.13
12 2.2 191.81 130.58
13 2.4 192.88 135.16
14 2.6 193.77 138.57
15 2.8 194.48 141.06
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ot &
A &% #q %2
(s) T (kN) == (/) (kN)
(mm/s2)
0 0 165.9 0 97.0
0.2 414.21 168.8 199.08 97.2
04 451.54 170.7 66.14 99.9
0.6 25.78 172.2 169.61 103.3
0.8 14.22 172.2 7793 105.7
1 711 173.8 17.68 107.3
1.2 8.89 175.5 36.02 109.8
14 711 178.7 10.48 111.7
16 6.22 181.0 13.75 113.1
1.8 2.67 183.0 28.16 115.3
2 6.22 186.1 11.79 117.2
2.2 15.11 189.9 22.27 1184
2.4 5.33 192.2 22.92 121.2
2.6 4.44 194.0 17.03 123.5
2.8 3.56 196.5 12.44 125.0
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