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< SUMMARY >

The objective of this study is to develop four CTE (D Passive Stress sensor
technique @ Development of shift-stress Algorithm for the Raman spectroscopy

Purpose & . . .
Coztent; in steel Structures ® Development of a dedicated Raman system for measuring
cable stresses. @ Measurement of cables’ stresses applied to contactless
cable anchor stress measurement systems.
(D Passive Stress sensor technique
@ Development of shift-stress Algorithm for the Raman spectroscopy in steel
Structures
Results , ,
@ Development of a dedicated Raman system for measuring cable stresses.
® Measurement of cables’ stresses applied to contactless cable anchor stress
measurement systems.
E d The stress measurement system, which is the ultimate result of the development
Xpecte . . L
p. ) of the steel, is expected to be improved by the durability of the durable
Contribution o .
sensors, anticipating a high level of stress.
Stress Raman Fluorescence , Cable
Keywords Passive Sensor
Measurement Spectroscopy Spectroscopy Anchor




)

2t

ojr

O 7HEFTIA Q] TH L wrvveerrrerremee e

1.

2. =2l Zls JHE

01T 2ROl A

6.

o w2 oAl

1
=

9. ATIHLLH =
A7) L bA o o
7Bt AL

10.

11.

100

7l
i

g

KO



A1g a-MEDA] 7He

L dFAEY 53

O ZFAEE FFEE AT FW/FFE8H 2 AdFuE FA7HS o183 HHEZA Aol I

A $9 23 Axd AL

12
ksl
B,
S Peak Shift
Eos
R > Stress
=04
E : |
2oz
. : ;
1.43 1.44 1.45 1.45
Abpsolute wavenum:le!.ozn'1_. x10°
SensorCoated Plate
Raman
Spectrometer

Y PSC Anchor
(Wedge Plate)

a8 2. 21558 4= H8x

3 Ry
- A3 AolEs S8E5H HME S/ FFEFALE A 0 CTELS] AlolE B7 K Passive AlA <]
8 4o HAS AAE 4§ m28 gt 32 S48 uHGAI AR 5. CTE29 4ae)E gAg
ATEF0] ¥ AXNZ UL A=ng e A
7% AE @Y FAEAE AAH




2. A7) ey

O 7l NAE A Jd7s gH F37] A9
o T IR A=met MR FHEY MHE 1% Uy 5 A5 A% S2 AelE ol
A2 ARt 2RSS Alge] BotAal flom, old] wg AHdE HT §2 #Eo Faidol
A FZE.
o FEWSH 7|&FANo|N= 3119 4o A Y W PES AR AA| 2Ho=m =4l how HY
E9] AAE St EAQMEALS] FE@S 9%t 4 SR o= QXSG ow, hAE] 15T w7t Edl
E(Mega-Trend) & ShH7F “HRIS] 4Fo] o] FAIH= FAAME ¢ ‘FUEHE M Ao 2 RE F4l
o] A HIEE QHHAS]E 5|4 3S(Safe, Sustainable, Smart) AdE=2°] 23S F5F FgH& 2l A
AkdE TS 9T A3 AHEY ok E FAFEE Z[E2AERQH (2013~20179d) = 29t

. B3], AME o @ §AR BAS 99 2t shtz s)eE SMALE AW AT Jle g
A
=

Jo

AL ASE AE B A QR MEST A4E FF D U ICTY1E9 FE 0)E, e
A EeH B HE 5o WAL dFotdor], B AANG ALY Ve, IT 5 A%
& L, AEge AT D EeH TSP vhe] YFoz AT FA)

O 2% FAB) "aH AolE 1Y 24
. SOCAIMES] shaghelold wapo] AA|she Hio| ujg Fastn] Lol Zveh ) W] LAt
A8 Z7ksha 9e. 20169 B w3 2 By @grAs AuEn, 20159 ¥ AFow Sehte ww

of 7HEH w2 F 30,983704, 3,077kme] 0|21 9J3. wF2 7t 7|17 wETo] AU=R V)5S ¥
slsted] glo] dl$ Fas AAZolw, 19949 AT At AnIHE BoFE meke] §Aw 4

2 A% W B EL DF sl AU AFH AP sl ek ohjet £A9] S-S ot
M SE 9] ] Zpe] oha shusky wapel Al %S ¥t £ JES gAY s A

2712 Ao)A 9 M&9] AL,

13 3. ACEAADY U DPAERAE 232|E B

- Fo] W AZel] glold WA Fh R wlA A el 5 ATTARG Ho) A7
A AAZ % Qe melrEdAE FaelE @] a7t wokdw glom, Zatimel s g

z £ 8 ACIEAANF T2 BENM 71 T 724 FA 9| shrt vz AlolEo]
™, o AolEe] 1 54 9 RUHY| AE9 o wle Saet Y Tled.
ETA



NAE AAole] Aele] Brhs FaAC ANAY L setskd B4AA akolr] wzel, L A
Ao Aol Y 2/ uotatn olF F§ Fo Aol Fee| e FHgke RHsA =3t

of HluwstE A2 wF AdE FABAFAAAN e T2 A7

O Aol 24 &= 7|49 d%F & 3

i oo

mo W of

AU e Aol Buo] ZEMS Rasiel AolBol s AL vl ST 5 v
AEA2E ZANE WY WA F2 AGoHE

SATLLANA olefet AHHS Agobrle vl SHe|H TEHAX R
A% % EM(Electro Magneti) 14 S B85 4ol 9. o wie 2z

o o) WAt folno] £EE 24 FHS FASKE WHolt o)) Fof =29 A

olgE ALY AE o] Jhssht deked Eb Jel2vt

o= geiA 98,

FezAe S HozE Aol AFoR A% ASERRE WGNFLY WSS ol8sHe Uy

AgET glom, B Ful A ALY Aol Aee sl SelA AolRe] EEAS A

T @ olge] TAW WL BES] UALOR FAL Il HUHPS ANk Ik F

R0l NTEo] AREHA AR SielHor P dE| AREE W
o= AE 233 E (Prestressed Concrete, PSC) n#Fo] 714+

&2 AASkL Q& PSC 7l 1900dH] 278 @2 7|&As°] PSC +x2=9] d2], 13= 7
N, 0 &4 Sl tigk Zlerids 9t =¥e Siglew, 1930dd) SeuHRE weke] A&

H

r_*urml?i
o, o T

g
ordosd g B A gAE T FIAYUE FEEO s IA

KB
=
FEMZ = 3o, ol Fo AT ZARE FxE0l 7Y & Sl LFE AR FxE] e




AE F2E°] d4lS 7ML 7

=
—

SHA e =M

L,
[e)

7F

oju

< A|2Z0I pSCEAAHHD >

< PSCHIAAHC W >

o>

SHE

9| PSC

b
-
1]
c
=)
o
(%}
<<
v

w

LN TES

a8 5.

e AT =

% 54.2%(16,78411),

9831

1 A w30,

o

23 ERCQC)

|
ald
oT
|

&

4

el

al
16.9%(1,1212)

z.

l

24.2%(7,48411)
Nz

O
—

PSC &k

]

aol:o
= PSC o] 39.2%, 7+ n=

7 wEFol 17.2% (7461), RCH

wzFo] 41.6%(1,8001),

SC

=Z=P

432505

tal 9l PSC

18.5%E #A|s

|

OO

, RC 1l

33.7%

o]

534 7l e

Aol &

%

O FW/FFE3H2 AolER

ESTzaclA AREEHL

2= 2lo ™

kol

o] I

Aol A=

o]
B =

T80 AWEs A4

B2 9

R CIE L

|

3

=13
=

149] 2tol7t

7Pkl w2t Axts

o <¥AE 874, ¥

S|
a3l



WV 5 AR Afep 2EAUWAN, 224 ), JUSF w8 VL 374 opokn, Ao
29 oy AEe Waz ol AAS A=) fABest ol olgt I, TxBe HA 4
Z71el delstel, A0 $Ho] @A AThe BAE 21 U8

Computer

1 — Zero-stress 5 ;
& e Cnmpmssmn .
@ 0.3
5
E 06
3
=04
g 0.2 ’
uck
of

14350 14375 14400 14425 14450 14475 14500
Absolute wavenumbe r(crn"]

wepd B ATAAE Sish g 1E AZYHel B

280 $8 24 &S IS4 T B 473
oL8% A $3 P A2 Pl

A & e AsldEoE FHANL

28 e stz & (19 6. Fx )

mlo




WHY?

APPLICATIONS

27xE 23 53| 24

- A= YirEoz B8 31X
ol &3o0| 278,

- psc 2 2ol ZIFES IEE HHES} K

. HEo| Zoz 0
2ictn EE

- Uepd YTESO) ofEt XSS! 83 PEIL 27,

20| 7 #A0|2 2, x40l 8
sigio| s,
I3t AE A2 TAte| BMT HEHe! wio|

.

([ 71= vi}ai7|gt 22 S AlARS] 2

= = SEZOEIM STXE 271610,

5 B0 et Zopsi 2] xHo| 2
FAZte] AZ0| 27 F
L As2Eo BHMEE 7%

I'llfr”!.n.*ﬂl oFgl

Aols U R H S Wo=F
TEEQ| EH =Y F7(0f cit|s}d,
el =Ho| x| HS

HiMe AISF|2| fRIEE7H2E

o) ~E2jiel Hojx| 8 oj8f &1

| %2

Raman
Spectrometer

Raman Scattered light

Comprassive Zero Tansie
h slress slress.  =lioess

Intensity

Wavenumber {cm-T)

.

Asus e B |

£ 9170 M e 7|&2 Cf
st AxBe| A, o4, 7|%
7ol 228 + 9IS,

o) psc PEE

Anchorage Chuck S 0|83t psc
Ziol 2132 53

U3 82 [ & 7lgel B
« EIM N ZARXE 28 E3 AMI|S Y - ASO[E| Malt 2ietein, ARzl AK0| 27EX 2
S0l e e A 7ta o : Lia0l 5, A ASEIS SxRet 2ete
- ASun 29 A 7Y = Folg U o M LQSHK| YF(Passive HA) 1l
~ MM Aol 23 FE B 7Y | ' ﬂ:‘:;t ol = 2|0f] cid 7|zkE et | " gﬁ@g AEE% 9% -
12 7. e Jje 2 Ley



3. 4T EHS

T A} TiolAf TN 23 LS
34 P UTEES A s 3 2S
HeSap IS o % 2312
Passive MIA| AZF 7|& s o2l TEYY A A7
[EIM M Ol A|3 A %2
I:I_||-EI_|I- iZH _%Pi]l }_EI' OL:I;L 4o o = |°|:| o= '”—\
55 A oF z[Azg ¢
P T2 PassivetlAZ2t H|O|AAHZ 2 O|R0{2 SgAi=0f Cf
= - - =
o St S|4 PS coefficient &2 AY
1z | SHUTIHE0Is SHO woto 231 40 T
(2017.04~ 2 7Y wiopg2 |/ S grato| S 07LZ OlsHE 2ot 2%+
. | = = BRI Y SHE 22 Ao AlAIAS E5F PSH|
A B L 2-llz2e= o
2017.12) PSR =4 sz
Hlo|x FH, 2fPEEY|, T28 3711 259l 2|24
=2 M50 A2ElE 4.
S0l S22 Mg Soje 22z g PSCue| #0l2 &Y oiMe EHARIXE 0
= oo Uo =2 oo Uo -
= = 510 HEREE 714
CICHIEEZAIAG T | 2l ISR AL 2 Aol Ol JHEE - SlOMETHS. olesl oF
[E D2H g U opdh @ 2RRdHS 0|88 24
9| ga—ii%i% Qo HE Z2EHE HAH L.
EVN E51 A|AHI A2
T st CiglAf PN 23 g
38 ol LTS A JUs 2T YUHS
Passive AIA| Z2H 74 8HE=2} Passive Sensor 2t 23S o e
. o= ZISAH Aolg 1S P kst 7)Y
| 42| WHEO| Passive sensor target SAEiOH =&
2tz & Z|GH
200 |= 1 S249| B2 S A4S Al R
—e o™ o a1 = = AFHZE P MAO| BIOHH LZH 712 ABS
2 7Y PS4 24 ossve e TS
= e e SaiA PSAS(S2EA4)0| 225
Holg S2H MR |- xS A HE D2 sy
e POyHBEPAAY |+ 8 B AL 12
(01801~ 7ol S22H ¥ | Aoz S 53 - .
= L
2018.12) | 2IRH/EZEZAIAL] JHgt g Z2y -

SARE ASAIAE DB

AR ZLEYE ASZ20H i
AZH0[E1E DBEA

Hand-held A|AE

SAHHS NAY 72 Wot o1

[

HAIZLEE MHAAE

HAZLERRIE MHAIAE 75 ot o

AolE(2|me
Difg ot

A0l=

D] WA YakT AEAY HE Yot

—
212 £5

1l
0
rol
Y
I
op
>
ol
>
>

=




H2E =Ll 71 JHE i
O A& S0 o] dig SHe] 3%
o PSC wFe] 74 T dR9] 1=Ee AS Foff I o] a0 EE of ot a9l
148 £4o] WAsH] mH, 7148 42 PSC waFe] diEzel el Zajeld Fiyt TAEH
A ol met tha zpol7h QUARE AA FESHE SA] SAEAHEY, v &4, A2PREA)
A7) SAEIYE AxS, FAYE A, 1A dEAold)E v, AAl PSC wdoflA 1%
o] ojEA| WstE|=rt= mA]9] gHololA H2 AR} Z|&AEo] o] mofeles ke it
o
o M o 11FEY =73
- AFY L FREY IFAErE FEREY AT S0l oo mstEth= Hell <kste] PSC FEE 9
&5 54519 ol ol A B HHY 148 SAck= R, Saiidi 5(1994)0] PSC W]
s @4 A 9 AW AFS Sl o] el tis AFE 3. ol¢joE B2 AFA=o] IGXE5et
System Identification o] 7]8tsle] PSC #+2&E2] 1HH-S /AHAstHE= A4S £ Kim 5, 2003; Kim
5. 2009: Kim 5, 2010; Xu &, 2011). 12t} o] W2 2178 ko] vl 2] & A4 FAjel
tiofiA= 28 7Heotx|Rt AAl weFe] disid = A-8o] ettt Aoz e,
— Stress Wave (impact echo, acoustic emission)& ©]-&3F W : ZFAof 7Fal|7 FHaF S ute] L5t
739 g e e e AAE o]get o v|RA ZRA tiet tEA] A=+ Kwun
5(1998), Chen 5(2001), Chaki 5(2009)9] 917} & A3} 5(2010; 2012)2 FZAuHE 0]-85}o]
F2rel A o) 113 8s SA4cke A5 AAIskled el 285t = 1= o] AdrEGEeHY
40% o) BlARZAE GA A= AL & 5 Us. AA PSC w=Fe] A =7] 117 Ho] F3tetE9]
80% F<=oll °|211, AHE F 1 E o] 7] 7t Sttetee 60% TwdE et o] RS AA
PSC w&fe] A-got= A2 HA && Aolzta o
— Guided Ultrasonic WaveE o]8%t WY @ S & %21 (Guided Ultrasonic Wave)= dHF L2n}te}
2] do| oo R sl WA whol F X1 BAjo] At &2 @ol o] 8Eo] gd Zo=w
Aol oz 71 PS 1179 e H7tel|l Adste] PS 11O 117 E i} m 55 FAlo S5t
2 Hog mo AxztEo] A1E £3Y(Chen 5, 2002; Chaki &, 2009; Lanza %, 2003; Rizzo
5. 2004; Bartoli 5, 2009; Bartoli 5, 2011). H]F2ZF FAel AL 7142 ZH o] o] AL JMssith=
Bzt qlovy, Fzt A0 A FEx3me 54 ot vz fdaz 1048 4o 4] ¢ o=
delA lom, Kleitsa 5(2010)-2 ohd o= 4% e A2 (anchor head)ol tholl 25
= Agsto "de 148 3715 SHote= 15 Fsi=.
- Magnet Circuitg ©|-&5 8 ZAxpgAQl 7HA o] S 417 o 2171 38] 2 (closed magnetic circuit) &
T/d5tal Aol dAg 2Asto| A PS Aol AAERIES RYEPsh= . A3 5(2013)
o] Ao ot 7ol 3 Astxr oAM= A8 (1= AEFgo] A9 HhHlE sheleH
Fot AP IAE HAFI Qo) AA PSC wFoA HA7|F2E st A2 HA] &
dolm, Hd-2 oo AR FAAE] o Ao JF Fo2 A&5FiE 54 4 240 44
oot o] Wfo] AA wo] ALEE AL o Ao wWehE.
o AW o 1FY 53
HYE Alolx] £ 1 A7|AFA MPE Alo|AE 7 4 J2A=E F2etl HEPES
T o|ZRE AHS 4HY. o] 2 vy H2 H|gog [IAHES SHT 4 = HAR
T2 AW FolA ARE. v o] W2 11 E =9 A S0 IHsHHA Aol 2|7t gt
ik A7 Lo, Tt SAo] ol QlojA S49] 3] Wikl grao] FUSHA Aol
— 1 —



A Ghow Aolx] MPERHH NP Aot o oAt AL Teln wF o] 9] Lot
1ol Aol MFE Al Y= 4 ST Helshe Zo] ofdy] i) A @] Hgshe
AL 47 o, o] o= YAAZ WS AoINE RAA7DZ WA ] el JFL ol
Sdel A7 7] ASS 9AHOR BibsG

224 ol§ : ZEA(Load Cel) BRFA skl AXstol FHS 1T F AFAL FH5He
. o] We] BAYORE BEMo] Trbo|1, EEA] AR shae] AAEW TR 4 glo
DR 554 A9 ALSt Hgo] Bekshe], B4 REMo] )R] sl glold L& I FE]
GFe T/ WA HEE YFY SUNA olo] e SAF 227t WP, EF ZEA R
A7AGA WGE AolA7t FAso] lonz FU|7 A A EAge] ARt Aok o

7} 240 FTRe) 4P A w1 ZHT SA Afolo] FTRe| £A2 olgste] HY AAE HAAR)
RAORA AFHEE 43 AAZE FHGEBC) AL 5, 2005), TAFEAAFE 5, 2006) 5ol
qlom, AAMe] S A F9)7 1ol glonw Jdgelo] 4gstH 450 44 F9= o
WoAA BlE o] WS . whebd] S S4 Aol o] FTEo] Rad AF AAL Pt
AT A sk 4 9lon], S5 Fto] FRRAA M2 FEEL WA A1) BE 45
o ofsf 2% ZHE0] ALHANAA AA7} shiD Al WS 8. FHG AAE FAA Z4
ZRR| HAAA QFAGL AT Li 20059 AFAT) T2 62605F2] WFE7A 53
glott gurHoR PSC W] Z7] 1% WPHo| °F 7,000 ~ 8,0005FHL FAsHA o] P
4gdoz A48d + ge

8
- Tensmeg : YA ZolE 7H F& O] 9wt rubber 55 Ato]2 Teflon—sheathed A& & At
2FA1Z1 TENSion  MEasuring Gauge(Tensmeg)+=
O]ZI Y (RST Instruments, 2015). T ZFd4o] &=
Zo] AFHE7HE. 13y o] Alo] A= rubber end block
g2 Alo]z] HEA wZel] PSC W&ol F&2 AMEEI Q= ohd A (muti-strand)oll 4§ Sh= A 0]
=gt
EMAIA @ AE5UEB)= A7182] AlZ7[(H)eE T2 (permeability) = 3
of o] 2aat uwf AthEAE (relative permeability)2 2E9} 5
(Jarosevic, 1999; Wang 5, 2000; Wichmann %5, 2009). = # 7]%9] Al7|9} LU S =4
FAgo] S4HW S 2590 bR RPN AUFEAS A4S o]85te] g8
H. Elasto-MagneticEM)AIA Q] = Q4L 1, 227 Lo|t}, 12 Y (primary coil) S
S FAdotar ol & ol AAdE A2 22 Y (secondary col)E o8t AU S5kl Al
HIHSA 02 ARES 4 QI WAk Hojuh A, ’id 5 AR A o]
= A= ARG Ab7F S7Fskal QLo 7FA o] Bl A 17to]il EM AlA 9]
Alo]A] 2l=A wfRof Wi B2 PSC 28 ohdt M (muti-strand)of] H-802 #-85l=
A7t obd e fIA el AAE wiEsHs Aol HA &4

I8 el
1o
ot
>
Hl
El

el m
)

A o

N

L 30 ox

é

[e]
-

B[
o
g9l
<
2
Y
WA Hm 3L 32
O N lo XN M@ o

39
90 fF oo

I~ Hoox 2 2 o Mo o
iy

7] =1 hi
A AT glon, FAd B "do] keEHo] Sl At AEH, EM AN T Sl 4T
o Aowe A 1FUL ST 5 Yk Ao HolEgloy, kEEo oA UAY Rzt
4 AZE AA) PSC ZF PS 2] 1B FAAG 24T 5 e 48H s)Eo] @



- Lift—Off Method | Vibration Method

A 2CE ¥ By IR MM 15 A

=3 LU0 2Tt FHO|E 2THY #HolE OREFF AHoIE HE2 XI5

TE EEEO=E Ity B HIL, BIAHS, HILEA, BIAHS, XUl
LIRS HILE F IFy ¥ 2%} 2%

S32E 1Y Ji5 (PC BIE)

== BINAS =5t OHI8, HIZ& PRI 20IPY M2 X7t EI| WP HIS
= (15%)
LE=F =

Hl& 10002H4/T1 & 2008H/7H & 2008HA /I
12 8. ChEHQ! o2 2133 23 3% vl

e 7148% dE Bl =
o aF2AL eIt Lol Felg.

T o 717 F AFAE BAY gl Aol 947 AAL R

> 97] Ggpo] Hastuolof ¢

> A7 A AR THTE dolA] REE FRE 4AS Basiol .

= PS 1A YAl A Exo] SSslok stz AA7E MR AL DeAold Sl
osafof stul, w2 A%5HE SlolA Lem 54 EG 95l @

= A@Hol B AFHe] EOWA 7T AN Jl&e] Wag

> AAgol YT A

O ZA9 wlvtAgL 4%

) AR/ FEEe Wk AN 71E $ES A ST ] T6.2%0] Bakshe, w|wEAA
Hulg s AAsHe Z190] A0 glol, AAPgHIS] 90% oS 4elo] ol Hlntyl A}
G924 J)ee R vute] WHSA S0 F FEE, dUo] F2, PSC A
ol B AT} A% gLk, AR, L ENY 5L A YHow 1

o



NDTE o
HIAPAEDIZA A 56
é mjEt *L*ALH 73 o i S are: oW
ASEPAAR 78 e -
2SERIARY 78 el
QUZEIAZARY 35
LA 49
SOLZAAS 33 e
SN 2
ABLAZIAH 48
S2Z AN 3

x A2 B EA e AEAE e A% delA ZH011E)
a8 9. I BT H2YA HAYE 2%

O 71eME H4=
- B AelAE J1E AAATAA TRLAS AEA BN T4 Axdo] H587 9 AR Ad
WA gaste] Y Y EX B4 BL 9da) 24 AADS AFstel A AES A A

9.

o T A ARG J)E Q7T RskeE rio R Alze] HES 7149 AT 9 HE @
AT gstel 4290 g 7 ) r
ogoln], ABA Fm Aol F AW AW AL FalA A

- T R 2APIECAE RN T Al
Homi 4a% TE 120 AANE BT ST FANN BEE AL A (TRLE)

o_>.:
% ko
b
N
)
of
| ol
it
>
[>
T,
4
o,
filo
or o
U
ol
ol
a2
N
re
2
ro,
ox,
or
tlo
>
o o
ek

2 or s | omze il e
o e TRL 1 0 0
J|z=H+t
L 2 . - o|2= e
S=oidEE o
) TRL 3 0 0 R aREsEd
=8 SEERL R
TRL 4 0 =
A HEwT} o
TRL 5 n 0
NE | fl s SARERE AIE obAl
TRL 6 0 n
TRLe  SAFEIZ 7lE Al oA
] TRL 7 0 0
83t T TRL7 &~ AEIEZ AEE M2 oA
TRL 8 0 0
TRLe  ARIE SX U MEAE o
Atgisk oA TRL9 O O RLe  HEES/AREEHA




A3E A+t £ U8 = 43t

= O

1. CTEl : Passive AlA A& 7|&

7). war 23 Jjg AT (DRI4D} 1-1)

-1 o"
> 5 1-1] S35 Hwg EH
O &2 v 3718 TEe 9ol "t shebd F7] F2HChemical Vapor Deposition, CVD)¥} =7
2 Z7] %2 (Physical Vapor Deposition, PVD)S 2 HF
O 34 F7) 2k FAGET AL A=, ovAd Fol ot vrd
O 294 7] 522 55 5719 40 g +4&
=
Vacuum chamber
A Gasl Substrate_I:VJl
pump
i
O 10. 33 Yol &
212 cr
Y YIS e uS 25
slatd 27| 23 D/ nYY Het |y Clokst HES Bi
=/| o [<kml A—|E;I-|I2_-|I 5&!‘ %EHEZEI Af—g
245t step coverage 22151 213
eSS
LIS o A=
Sad =7| 22t 2 HE 2 CheSh B
-1 o o™ _ :
Ciret =2 g2 32 g
2 step coverage

O 84t (Thermal Spray) : THAAE 19| AU o] §ste] §47 %, o] DEOR EASte] 2

- 8AF ZEHHL do w2t Combustion Method®} Electric Method2 &%
-84 RS wA Ao AR glol Tl A
- Ag b 79 ARsh o 1 34, AR, Bdad 5

A

2
- 39 Azl wret ket 54 Fof ¢ WintR, WRA, atel, dxb), A7) A=, 47

i
r2
ol

_5_



Energy Feedstock material

N |

Spray gun Spray plume Prepared
surface
/ { 5

Gas or other operating media

Thermal sprayed coating

Relative motion

2 11, A28 (Thermal Spray)

O A4 : Passive AA AZL 93 vtat=z7|H o2 @A E (Plasma Thermal Spray) A3

Oven Oven

Thermal Thermal
expansion expansion
>

a-ALO/Cr05

Low carbon steel

Low carbon steel

Low carbon steel

Before deposition Preheating in oven a-Al,04/Cr,O5 deposition Cooling at room temperature

12 13. 2ol ZR0| W2 F3t wy

nng
o
1o
o
0ot
it
o
N



QOven Oven

Thermal Thermal
expansion expansion a-AlLO5/Cr,0 a-Al,0:/Cr05
z 5 | |Pross

Si0,/Si wafer " Si0,/Si wafer

- §i0,/Si wafer 8i0,/Si wafer

Before deposition Preheating in oven a-Al,04/Cr,04 deposition Cooling at room temperature

O3 14, 2Ho| SR TE S 299 I (del240m)

& A F2 ARy A)E AMEYQY SR A3 914, ERFE WA
=
—

=
fofw T2k dFoi ¢ V|E AHEYH(EN dFuhe] 5o AA, dNFSEH &

- —— Stree-free —— Stree-free 4
——Low carbon steel — Si0_/Si wafer
— s bt il il R1 | 2

-

(5]
-
(8]

R1

o

P 5
1

o

P -

g
-

Normalized intensity
o o
= o
1
MNormalized intensity
o
o

o
%]
L
=]
L8]

0 - 0 -
14340 14370 14400 14430 14460 14490 14340 14370 14400 14430 14460 14490
Absolute wavenumber (cm™) Absolute wavenumber (cm™)
(@) Sample #1: 7282 (b) Sample #2: &2|Z%0|T

0315 AR MM 2 20U J1R0| HY A

27 /

Raman pmbel'}? o
s

OoF
=]

(@) e AH 37 (b) &= &¢ 74



2000

1500

1000

Intensity (a.u.}

500

- Ao §&E dFuUE 3 MAR ARG fldiMe, EFRue] 8 AHEYe] £ o] ma
W (peak)S 7t oF ofH, LA ol Ak (intensity)E 7F4oF 9.

- EofAnt Ando] WAZ AMgSte] IRuUE FEHT AW FFAHEY 4 24

12 18, Passive MMl g AHIES

- T BE AN £HE ATEHo] 14,402cm ™, 14,432cm™t FHo w3 e zhe AL sl

SF m]3.0] 95 &5ty 9ste], ~AHEHS F /9] Lorentzian curved o]-&3to] Easte] &
a1



peakfitm Version 8.4 No baseline correction
T T

T T T L] T T T T L}

1504

1000

+ maode

5040

0 ..4. i i i i I i i i | - — — |..
1437 1438  1.439 1.44 1441 1442 1443 1444 1445 1446  1.447
Peaks =2 Shape = Lorentzian  Min. Width = 268  Error = 5.315% R2 = 98806

Best of 10 fits
Peak # Posiion  Height  Width  Area ' ' |
00 - 1 1.44p404 1646 28.72 4.6020404 1
14448404 9754 1137 . 1.606e+04
100 - : i : -
o
100 - ; - ; o

| | | | | | ol | | ) | I
1,437  1.438 1.439 1.44 1441 1.442  1.443 1444 1445 1446 1.447
Residual Plot w109

12 19. Peak Deconvolution 2+
(2) SHEHE Passive A|H A
O Plasma Sprays °©]-&3F &Fujt(Alumina, Al203) Z¥ w4 A
- olesty Zetzobl AARH] 16,500°C o] DAL WANIT, 650 m/sece] HAHEEES o] §ato]
eolE §] TYEE WA
- AR BAje] = 25+ 100C n|vte g, nAfjo] Mgs Ao dorA] s
- geojuel 2Ajske] AL S7HA717] Sletel, BAIS] HHlo] dnt 9 1T o]
S 80%Ni 20%Cr T+-$HE %7 B 0.05~0.1mm& Zet=ul Axgo] Hijoz Fg

o

(a) AOx2| d W=

O3 20. A 2E &



M7 S|E Passive AlA (b) TE! & WH 3| Passive MA (23)

a3 22, 2Y 4 0Pt AZE WA SIE Passive MM AH

_10_



- Y7ASI= Passive A Al REY Bl 73 54

(@) WA FE stk

03 23, WH Sl|E Passive MA SeteAnH

wazzue®

g 24. WA 3= Passive A

- 11

o
aT

stesny

S

E

Stress (MPa)

—

2} (0~30 tonf)

e



C}. Passive sensor = A|M (Ckg|dat 1-3)

P (51 1-3] A dAA-A EHE
(1) Passive sensor 7 (FA=, <

AY)

=

=

3 ol 2744 FRel HE

©
f=

AMgei= o

sho] 145}

juu] = =
=4 F2

ol

=

FHall=

B

Ul

E

(o]

(a) E| AER

SAIH

MM 2

2l 25. Passive

a

il

].
AEA] ] 7]

= AA AlgEACNA A

ol

<
o

]

A

AA]

1:_.
.

=

92

x

sf

B

5

7 24

=

Ao e 5%

n
o

Passive AIA{

[

_12_



c
h h | ¥
LU 0w e
ODil% 10~18 ODf4: 20~50 ci W 2-MWA
s pUdaE (oo o | © (LoosTA—
w+1/ﬁ e 1% L
1 ) |
j v <glf L s
\\ |___,/" é _Z-j_ _\'n
AT |LE
2 |
- AARAY AA C Z2BEEE + FUAH0|Z]
W PO
EE EREFEELE _ &0 R
. [ - 12
i _12_ T
aen (YY) BE= i i = =
4 ! 52 = ot tmi gt ‘ I(_“ﬁf Ge% Pﬁ?ﬂ %3;- \
IR L [ X r 2l s
= o {/k\ : 8 . ' qu"" ﬁs
g i il i 1) R LT = Al K
3 i \J; i S = ;:."!*:.]-Iﬂ — S —E-Nigoer
P “L } _J o M= PLE
L |- T _~{L]0.05/100TA] '::;
=, = I
s Pl S _‘E-w_‘:-l___l;j'iﬁéﬁ F
P o 2l
g' oW p-pliny plipEg e foik
(@ Z=2H 24 (b) ELUAE|O[Z|
21 27, A=ZCMS Passive MM LHE M| - HURES
A == AELE A Z 2 0 LA
£ 217 D) 10 A S45C
=58 BY 2| ARAHAFSE et EfQl o rrEE
20
AQE =55 Az g A FIREE0 S AEHCIE
L= = s ST 2 eS
=0| H(mm) 10 RoHS 6
LiistS (&2 (N) 5~30 Y A £5 LAt
0|2 A= L(mm) 40 E0IZ AtO|Z W(mm) 40
%0l BOIE A& Ad20|F 2 HOIE HEH 2| S UZ0I0IE
2E|0|Z] Ol 710|= AEE 5210l | E|0]Z AFO|Z H(mm) 14
oF e
A OIS 2H(X72]) (mm) 475 E S 22
RA g2 1|z])(mm) 0.5 =4z S5 HZE
Z(mm) 60 RoHS 6




(2) Passive sensor A8 (FAI=)
O He 2EHE PAF=E AHY AJFL 25m PSC dHAaw AdiF AldA o] A AHgEHE A}
UG BAGNEE AHESt] ASAEE HAISHES. (Fd T0E7H4] 718
- BAGES] B =4 9z wet R27F 07230014 0.88147tA] Atoldt Ax} WA, =2t Ay
AE AZE FollA SEEA & RE S-S T 5 dEE JfAR

-

(&) =87I201%/28 =51 (f) 2=4 HlolH AlSetH

=
02 30, YR 2 YTOIL To| Bist 2YS st AlAY PY

_14_



15000 F
10000 -

5000 -

Intensity (a.u.)

T T T T

e Raw data |
Curve 1
Curve 2 7
|\~ Fitted line |

Absolute

Residula plot
T 1

14360 14380 14400 14420 14440 14460 14480

wavenumber {cm'1}

— 800 - § |
=
_Ei .
= | ‘ i
‘v or . 1
= .
2 -1
= |
-500 | - i L L i A i i
14360 14380 14400 14420 14440 144860 14480
Absolute wavenumber {cm't}
13 37. MYSH Oest S01g I8 Curve Fitting 23 (70 tonf)
- R1 line ot R2 line
0.1 03f
0  o2f
g-m ‘g 01
2 04t g
é 05¢ § 0
é 06 § 03F
0.7 04t
08 - : . : : : 05 - : . : . .
) 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Force (tonf) Force (tonf)
(@ R1 line (Raw data) (b) R2 line (Raw data)
- R1 line - R2 line

olute wavenumber (cm")

Absolute wavenumber (cm ')

0 1‘0 2‘0 3‘0 4‘0 5.0 EID 70 o8 0 1‘0 2.0 3‘0 4‘0 5:.’1 E‘O 70
Force (tonf) Force (tonf)
(©) Raw data and linear fitting of R1 line (d) Raw data and linear fitting of R2 line
(R:0.8814) (R*:0.0451)
13 38, =0 2 LT 0Lt M0| e}

_15_



R1 line R2 line

0.2

0.5

Absolute wavenumber (cm” 1)
Absolute wavenumber (cm 1)

10 20 30 40 50 60 70 [} 10 20 30 40 50 60 70

Force (tonf) Force (tonf)
(@ R1 line (Raw data) (b) R2 line (Raw data)
R1line R2 line
0.5 T T T T T T

Absolute wavenumber (cm” 1)
Absolute wavenumber (cm” ')

8 0 TIO 2‘0 3‘0 4‘0 5‘0 6::] 70 2 o 1Iﬂ 2‘0 3‘0 4‘{! 5‘0 6‘0 70
Force (tonf) Force (tonf)
(c) Raw data and linear fitting of R1 line (d) Raw data and linear fitting of R2 line
(R?:0.7230) (R*:0.5872)

ag 39. g=E0| & LR0O|L Tiof Ha}

(3) Passive sensor A|g (== AY)
O oA Yt FANEE AlHe] AFZAe} vlus) & o, /fjAE dF2EAY AlA AJHS
9 RS HoFE 43 A9E Yehyole.




14360

T T T T
L] Rmudmafﬁ
Curve 1
—Curve 2 4
| = Fitted line |

14460 14480

14380 14400 14420 14440
Absolute wavenumber {cm'1)
Residula plot
T T = i, - T

S 200 1
-FE‘- B
z 9 1
@ =200 . 1
E :

-400 L L L I I 1 L 1§

14360 14380 14400 14420 14440 14480 14480

Absolute wavenumber {cm '1}

O 41, MYsh DjHst

iy

Jton

R1 line

o
™

T T T

Absolute wavenumber (cm” ')
e o @ = e o e
- n w -3 o o ~
T T T T T T
L . L ' L L '

o
i

. . . : . . s L .
0 5 10 15 20 25 30 35 40
Force (tonf)

(@ R1 line (Raw data)

R1 line

T T T T T T T T
—e— Raw data
I |~ _— Linear fitting -1

o
o

< o = o 9 o
o w  n n o ~

Absolute wavenumber (cm” |)

o

(=]

. i

] 5 10 15 20 25 30 35 40
Force (tonf)

(c) Raw data and linear fitting of R1 line
(R*:0.9455)

a8 42,

1l

S 2|3t Curve Fitting 2+ (40 tonf)

R2 line

e 2 o o
o N @ ©

g
n

Absolute wavenumber (cm”™ ')
o © o o
- n w L

o

. L . . L . s L .
0 5 10 15 20 25 30 35 40
Force (tonf)

(b) R2 line (Raw data)

R2 line

09F T T T T T T T ™
—e— Raw data 3
0.8 | |=_—_Linear fitting 4

o o
o N

o
0

Absolute wavenumber (cm ™ ')
o © o o
- n w .

o
ol

0 5 10 15 20 25 30 35 40
Force (tonf)

(d) Raw data and linear fitting of R2 line
(R*:0.9788)

Y= GE LRO|L} Df0| Ha}

_17_



| 40E9] 4=HOHANS 1089 7HHo=z Al#H| 7kt 7%, R1, R2 HFgHEc] AgHe= JF
7Vl RS 2lgh
otgf EE= RI1, R29 AF3s|AZAAet dEFJASFE BAT . (FEDLSFE AG3AZTLe] d4+5
Asah
CARZIA FA 2 G234
R1 line R2 line
MR ZAL (DRl 2E) 0.01674 0.02139
AESST (Y=/OrHs)) 59.7372 46.7508
F1et o] APHog TEH YEFFE o]8sto] AlH| oA dE5EE AT HS, o9
AxptrE A8
— ¢r=9 (tonf) = GEHAS (tonf/em ™) X Tol% (ecm™)

& < 10"
| —— Lorentzian curve1(R,)
al I—Larentzian curve2(R, )| |
. i_Sum{F{1+F{2]
3
m 3
=
2
o2y 1
=
1t 1
D E = e _
1.43 1.435 1.44 1.445 1.45
Absolute wavenumber(cm ™) <104

% 43. 2AXF0M 225 R, R2 B4

dapetpel FEBFTE ol8ste] AlHof Thelle oFEE ALt A

O® Rl 23455 ol8st g8 A A5, 59.7372 A&
@ R1 lineo] 0.3 cm-1 9] mppolFo] 1S -9,

— ¢r=9 (tonf) = 59.7372 tonf/cm™ X 0.3 cm™! = 17.9212 tonf
® R2 F2BYFE oot g5 AT A%, 46.7508 A&
@ R2 lineo] 0.5 cm™ ¢] mpolEo] Y AL,

— or=9 (tonf) = 46.7508 tonf/cm™!



ol

2t, Passive sensor A2 2% (2h) U 4z
p (54 3-3] E5] &9 "YAA

O euiigt 8ol 797 o]g ol§F SHAMA 2™l AP, e Y o5 Sl S =
Aots T2 AE oF 0.065mm 9 ¢re] 2ht 4tk 2o WekE 54
< >
No Stress 000000000000 .
28 0000009000606 0
R 000000000066 OM
TS 000000000000
Y X XK RNCN-NON- N NN ) _
000000000000 \ porabl
E'} —E—%"] z@@_q L spectrom_e!er -
A EEY BR 22 9 2] T éeeeeeeeeozgg =
FoA7E FAEo] $ATE O B Hazre R,
< Compression> l Sigh
14
it R
t? 12 < —
o OROROROROOR $= 000000000000 Compression Tension
Aty QOOECLLOQOVE g
S e 000000000000 e Y
e oo en QOOLULLLULLGOD z,
©OQO00000e00 ®
S o QOOLOO0LIO0® 5
BA7H9] A7 ZoiBel A PPV L IPP0P
2IIA7 SA4e] s E o LLLLLLLLLLLY 1435 144 148 148
at&0| Bt 47 Absolutewavenumbericm')  =10%

elelelelelatalalolole’e) ceo

000050000008 e
Q90900000009 g o 065mm
Q@OOLO000VO00 -
Q000LOOV0000 i
000000000000 '

eee
eoe@
. .

239
2pot M2t 27 FED '
(M: 200-300um) ® B D

o =

03 45, T efthietEd 3 221t AHeHalf| ME Y0l i

O 5 7 24 390l A9, g S Fheld FFEARGEGA) B4 7] Ae] Bito] 48
@ QA ARSI} S QA AstET § 24 e,

_19_



et=ojLt
/

8335833 83
0000000 9
§00§..§ @0

. 2833883° 83 .

sy 0000000 o0 E=EF
8883885 g8
0000000 09
8333385 83
0000000 00
0000000 Qo

0O OG0OGO e9 ® 90009 @ @ e
L o e L e e ]
A X N N N NN & P 00O OGOETSS

=
L2 B A A BN =
(2 A XN RN R &

£

07 46, S 2OMRISY 2T EA RS0 TE THR0|S T

71 &4 399 B9 Mde 5ot AsiA AlEweldst Axt, of mel o] WFEAA)
SAEAAY] Al @ AR HoleE 2T 5 L.

FSEIT O 1T
W g | Y 394 | genAd we | sewAd wa | Co s
2] LB Glgas) | egEc) e e
& ° ° (1) (HpolE)

0 1761.7674 426.4912 1335.2762 9.9 - 3.6 -
Imm 1313.2604 308.6803 1004.5801 12.9 30.3% 4.3 19.4%
2mm 1049.8365 275.5114 774.3251 15.9 60.6% 4.9 36.1%
3mm 874.9879 231.1008 643.8871 18.8 89.9% 5.6 55.6%
4mm 752.2096 157.0796 595.1300 21.8 120.2% 6.3 75.0%
Smm 647.7410 155.3026 492.4384 24.8 150.5% 7.0 94.4%
6mm 592.9549 148.7934 4441615 27.8 180.8% 7.7 113.9%

_20_



ol
o) B ﬁ
Ay —
MBI ST
| = — o < M o - X V m Zi
~ B o 21K |A3 LS|z w = Mo : _n_n.:w_
K mo — = i £
AT R NP T m - M
G o £ Al
o ™ Blo| e a|wo || ol = a_a - : a_a
N ||| n o~ o_m ._|mﬂ E_E 0 g i
| Ly o _
T om w_m 5 Mm . <
L o 4
Q Q Q N B- T o E <
CIRIR|E m. m 9 qﬂ | @ = H 4
W e o S G RSN B I IS ﬁ _‘,ul;_w %E K- MW Mm
X mo o
oA 2 - ¥
W ~e o ’ ®
o GNC) N | oo | N |~ | | oo E V 1__/I i V
o | o o| = | = | N | N N z#o ° X
b e F =T I g P
= & q
i 3 %_ ¢
X e ¥
Do H -
A e N N < | o w B -
“T8lzielzlglglg| =T 2 B > s
KM 9 &|2 K786 T o T o QO E NE
X o Alw | S| gl o ol % e g
H T N RIR|E|R|[Z|Z o B iy R < .
oo = ol B . El s
o] —_— 5 B -
= . w o il
jo o m mmo X
50 =K o N £ i =
B o~ N|—~|o || ]O|on al 3 o E : .
Nlzl2glslelgls ﬁ «
X m SAN P m © | |® |0 o~ o W : :
X B O | < | 0 il = oA o ol e g : i
_n_L I M ﬂ % N — — — .a ,m_vﬁ ﬂo W _._.__u -
o 2 T g G . g
_~
o o n_.ma NN ..—Mr OT
= L [ s T
~ T8 |lalgele|2 X = o 4 I
o 2 218125 X mo % =~ = &E
TG S S Il I S IS S I Mo X N = o
Blg|Z| 28 d| g W oo A A m u
= O o | Z |0 O | " o . e <1 o_a
d S22 o | oo o T ,
o — op 9 1 ol o
o o Ko i
_ ~ ol
iy XMoo :i s
— X N T J &
o E|E| E|E| E| E Homon oo o \ﬁ_mcwucH \Q._mcm“_. I b
[ E|E|E|E QLA -
Io o| €| g S @
o M — | N || < | n | O ,__m | |
i %o do B ¢
N o

_21_

, ot I Zo] 4mm HSFA A Eo]



M o o B o K
ol W gr oo o —
,_.__.o_.o 0_0 [ayze) U_x L
..Mo LlO X ‘mﬂ _ HE
0 ol a 760 B g0 w
30 ol o ZT o o o_"a ,.._A._n
» 0 T oy =° =
%0 i 0 ey B
S 30 £ CL B A :
-4 K o K = o oy ok
N X — B 5 o~ %
m m N ™ o o T °
R B = 2 o.L q
% % B %o = o
z x w X T RN
N X o © () o ~o
¥ ¥ LS s mmm o
g 5 <ol
X0 > - T
e} [y ,mﬂ Ira ﬂ_.w_.c
ur ~ X il 5
B NI ERR B MY ERR 7 B < oX Io EL
v__m m o o =~ M
o X <+ Tor —_ i =
. < W T B =
<k ~ NG e T g
1 O R R L :
. o) o e = MU_ _1_mo ~ s S
wor L w o g ! mw ol v -
0 o o m X Z
wooLE xgk P I :
& T ¥E £ % _
Tl A Ho r° o - E
5o i [ T =
§ z_T Vo X My oo 14
m . 0 ,0| ,OI z_l O_ @
E2) S M.o /vm e ol >
7 | o BB T o < o
H — _IA_ .HT_ 1jo ‘q X = H:mvh
Fe o £e 7
o i ‘_.ID| mmE 0 = S .
R g o_E &E S
5 . J_,NO “w %) m ~
: = 2 1o < p]
® o= 5 =
o =R
O oy
FTRCH. e 2
oo REX % o 5
o [T S 2
o < :
ﬂo ) S E._o = m
. i G . S
Le] 1jo ,m.ﬂ __oE TR
pFo Lo £z
5 8 8 & 3 8§ = *® > &
7o oo P
B OE o) 7 IH o Ky
O O =

_22_



2. CTE2 : 2t obF ol 359 oA 7%

O 39 149 ANgE g2 4F, diAdAol /A ddoart ZetqM SA4EHM olE o]
PR
G G’ A 20 B
3\ 08

é \ 074 ? _' '\.'7.;

& o \
g A ‘ k 066
_I:_-:' \__ o (] .“' .m:.:
g 25 by \ 05
NNSUEA F TN om
028 || A
an |} Per
G L 0

1560 1575 1590
Raman shift (em)

O3 50. Jef HHol| THE 22t A|IZE =3

— T 0O

Lt PS 7l =5 (BHeld2t 2-1)
> [T 2-1] PSAS LaEF HilA EH

O 4718 S gd=5s8rdS 5 PS A =&

v
2
o
0[0
B}
nz
oot
-
0x
>

_23_

T S S S S
2600 2625 2650 2675 2700
Aaman shift {em')

ot

_Q_;.

5 ©

T

)




(d) CIOlE] A5 =t

C}. YoRzi='E SAE PSAIT 24 (THeldat 2-2)
> (54 2-2] dEEE S PSAS BARIA ¥y
(1) 1A= A SN A2
O uepar) 2318 PSA4 B4 1 mAIe s Eete] 17 B4
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683.3 nm

266.4 nm

Cude 3 b 3004
Treaw 204381 = e

dips TEIEL  FRT=APER Dot .44 2014 ¥ EFT= dDakd
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O 7 & Passive A FHTAE PS A4 #3}

M

{ 28 SHHY PS coefficient >

& & R1 lineQ| PS coefficient
220 pm 3.05 am-1/GPa
230 um 5.33 cm-1/GPa
330 pm 17.88 cm-1/GPa
07 T 16 T T
+  Peak shift vs. Load +  Peak shilt vs. Load
PS curve 14} PS curve
0.6
as 1
g 0:4 g o
e £ us)
;.?0.:1 jé aak
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al
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02+
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< SO ot 242 (Y FA:230um) > < 23-I4 Hgt 24T (2 FAH:330um) >
201
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R1 line R2 line

- 18 -
1.4}
16}
_ 12} _af
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5 04 =
g % 04f
E =
02
e 0
02 b : : : : 02k - : : -
50 100 150 200 0 50 100 150 200
Applied stress (MPa) Applied stress (MPa)
(@ R1 line (Raw data) (b) R2 line (Raw data)
R1 line R2 line
- - 18 - :
1.4}
16}
e _ 14}
'-'E 1 TE 1.2f
= =
£ o8 £ 1r
[ [}
8 os g o8
E § os}
5 04 5
g 7 04
= g2 =
02
e 0
02l : : : : 02k - : : -
0 50 100 150 200 0 50 100 150 200
Applied stress (MPa) Applied stress (MPa)
(0) Raw data and linear fitting of R1 line (d) Raw data and linear fitting of R2 line
(R2:0.8949) (R2:0.9567)

1% 58, Q&0| W2 LR0|Lt T440| B3} (Coating thickness: 211 um)

O Htat =7 (Coating thickness) : 416 um A]¥® A|g 2 Ayt
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R1 line

Wavenumber shift (cm")
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Wavenumber shift (cm™")
o (=3 =] =4 =
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o

0 50 100 150 200
Applied stress (MPa)

(@) R1 line (Raw data)

R1 line

-0.2

Wavenumber shift (cm")

024

50

100 150 200

Applied stress (MPa)

(b) R2 line (Raw data)

R2

line

Wavenumber shift (cm™")

0 50 100 150 200
Applied stress (MPa)

(©) Raw data and linear fitting of R1 li
(R2:0.8557)

0.2

l'll 5‘0 1(;0 1.‘;0 2&0
Applied stress (MPa)
ne (d) Raw data and linear fitting of R2 line
(R2:0.9638)

J2 60, 230 2 Y20|Lf Tp0| WS} (Coating thickness: 416 pm)
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2
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mu @

AMEYY T4stE

Thickness: 211 um

Thickness: 416 um

S| FAE (O AZ3) 0.006813 0.006325
fEdds (YE38/MerHsy 146.7782 158.1028
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_28_

o}
H



") St A9 Z1ZF 211 um, 416 ume] FTEHFAS 2t=
A HEEo] 247t 146.7782 <t 158.1028 MPa/cm-158 tEGAIS2 ALLSIT}
Fo| A& AL, A7 AHo Fgots dESHEe t2 Pt

=
— 416 um IZPYAIH 45 =

O Ad4d4%, 0.5 ecm-1 ¢ molge] & A¢, LFFAYF 211 um¥t 416 um¥ ¢, °F 5 MPaf]
& Qe 5 MPaf| eabe, Adexpel] ofsto] TASHAY Ale 2]

ol
a719] oxelnz, F7t @RAPE] A T Aol hE oL A G

ME dAsE & 9l
FH s Aoew wogt

_29_



3. CTE3 :
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- A

(Etel82t 3-1)

d g /g EBALE AT

=
=
273 WS AT SBAAH Y
3-1]1 A &" AAE Am E-
(D) AlolE 38 573 A =W/FF 23A2H A
O =it 2371 A2d d 71exA
8 gt A"HEZulE A A ZAF B4 Renishaw, BWTEK, Thermo Fishers Scientific, HORIBA
Ocean Optics, StellarNet
Renishaw BWTEK StellarNet
12l 61, 29t ABE20|
O =t J3/588 Aad 14
Laser Detection
Device
Rayleigh Filter
(Notch/Edge filter) ‘ .
Dispersion
Grating
Sampling optics
(microscope
objective, macro optics)

Coupling optics and
laser cleaning optics
J2l 62, 218k A|AE 7|2 M JieE
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prl
o

532 nm laser (a-Al2032]
g0[A me] =H Its 2
¢ Wavelength : Cleanlaze 532 nm ( > 40mW )

ol

é}k)g

2|0 A AN
(Laser Source)

o AHEH SHME 4 cm-1 Ofst

o AWE 8Ol 200~2000 cm-1S E§
e Spectral Coverage : 150 ~ 3400 cm-1
*  Spectral Resolution : ~ 3.5 @ 614nm

=a7|
(Spectrometer)

« 23 AIAE fiber optic probe ¥Z 75
oz Lef * Fiber optic 20|: 2|21.5 D|g
(OEM filter) * Range : 600 ~ 800 nm
(Grating : 1714/650)
* Resolution : 0.4 nm (Slit-10)

I

08 63. 2fft AMEZ0E AAH 7Y
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(2 Hgz=zH 44 9 AF

O 1x3 AEZHE o83 AQEZEH (7] Z2E B ARE
Raman Probe Main 5 i . Raman Probe Head 5
_

k

III B = .1
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il 8 | - @ &1 O
1 1 O {\J

03 64, UBE2E 27| I2E B 24 & A%

O ek A2 getA 24 3 28 S5 A%

e Fiber for Excitation : 105pum Core with FC/PC Connector

e Fiber for Collection : 200um Core with SMA 905 Male Connector
» Fiber Length : 1.5m

*  Excitation Wavelength @ 532nm for BAC102-532

 Shaft Diameter : 0.3717 (9.42 mm)

» Shaft Material : 304 Stainless Steel; Hastelloy C276

o Shaft Length 3”: (76.2 mm)

*  Window Material : Flat Quartz

*  Working Distance : 5.4 mm

e Spot Size at Sample Surface : 85 um

Measurement Spot Mirror

Long-Pass Filter

/ Lens
/ Collection

’ Fiber

[4

<

57 7
& [ ]

W ==Excltation

Fiber
Lens

Bandpass Filter
Dichroic Filter




Q) 2E4d 75

A 75X AE AA

O FBGAIA H dlolg2A AHZXAQ! Micron Optics AFS] sm041 Multiplexer A

n{m

2 66. 2f

Fiber optic cable

Fiber optic cable

-
B Fiber optic cable
-
.
..’
Fiber optic cable e

200 20000
) ....«..

B
=
Enral

- sm0412 4 parallel =3} 8219, 162]¢

£74 ZRIE, shito] mz Hofl glojA
718 Fiber Optic Switch AA A& (24244

%Eil:]-o] Bag :,L/HQL 740] o Q)
a . )
— 1 switch with 105um core fiber
P ol Ao &

O ehata 2
— 1 switch with 200um core fiber

- dolA asdlF e

i

23
Bel Mol v, ety A|2H]
w5 eele] BER T4 iR

2 switch mol 1x12 in 1 housing)
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operation wavelength

© 450-1750nm

fiber

: S105um for first mol 1x12, S200um for second mol 1x12

insertion loss(without connector)

. 1.4dB(typ), 2dB(max)

crosstalk adjacent channel . {/= -50dB
switching time 1 {/=10ms
repeatability : <0.03dB
guaranteed lifetime © > 100Mio cycles
operating temp. : 0 to 60degC

storage temp.

: -40 to 80degC

Electrical interface

: RS-232(D-sub connector)

operating voltage

© 100-240V ( input power supply)

power consumption max

* 500mwW

housing dimension

1440 x 340 x 88mm

connector

: 26pcs F-SMA ( Adapter in front)

& 660606000V

e

12 68. HE|AE &

® & 0 6 & A & A & & 6

@ AolE $HEPE AgA2H 75 9 52404
O PSCH= Alols 8548 ASAILHGIES 2 282204l 45
12
) ksi
;. 1 =81 ksi
208 .
2 ]"; Peak Shift
€06
= > Stress
S 04 ;
E
Z02

=]

1.43 1.44 1.45

Absolute wavenumber({cm '1)

Sensor Coated Plate

1.46
«10%

Sensing Probe

Raman
Spectrometer

PSC Anchor
(Wedge Plate)

73 69. PSCRE 02 SA2YE UBAIAH
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a8 75, 23fd= A0S AZAIYA A2t

- o]g) 10mm F/ket Bl AEWNC GAYC ol =4 AlY AA

R1 line R2 line

0.8 T T T T T T T 09F T T T T T T T T o

0.7 | |~ Linear fitting 1 0.8} |-~ Linearfitting 4

06 1 Tor 1
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204 1 2
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Intensity(a.u.)

Intensity(a.u.)

T2 A A 0 % 7R9) Lorentzian curveE ©]-835}
< 2Aoto] Z4zke] R1 lineoll thet HEa2
g x10*

1]
1.43

1.435 1.44 1.445 1.45

Absolute wavenumber(cm"‘} %< 10%
(@ 27| & AHEH
g x 104 . |
—— Lorentzian curve‘l{Fg)
4l —— Lorentzian curve2(R )| |
_Sum(R‘i-R?]
3 -
25 4
1r 4
0
1.43 1.435 1.44 1.445 1.45
Absolute wavenumber(cm ') x10*

(©) R1 and R2 line 23
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(b) Baseline A& AA

%104

= Raw spectrum
—— Lorentzian curve {R1}

.

—— Lorentzian curve2(R)

w

N

Intensity(a.u.)
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Absolute wavenumber(cm ) =10
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(e) SEETUAE R1 line X

- eturEay) S4dold We W PSAS £3
: Matlab 2017b A&
SHHAR}IHE EE

D PSAS 2

-
MATLAB

Curve fitting results

sse:
rsquare:
dfe:
adjrsquare:
rmse:

1 s

R, line

L .
s0a0 7000

Load (kgf)

- FIEAS:PS AL

0.0400
0.7a878
9

9.6753
0.0667

. L J
8000 8000 10000

o o

& 79. PS Al

0.35 - T T T T T T v

Peak shift vs. Load
PS curve
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3
£ o015
=
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0.05 -
ol
0.0 b ! ! ! . . ! !
10 20 a0 40 50 60 70
Stress (MPa)
(f) PS A= &2 (71271 2
HE Z2MA

anelE 795}

. L 4
80 80 100

, Lorentzian curve F<x %k, PS curve R square %k

+ Matlab 2017b 7|& PSHlx= XISHL 2=
+ BWSpec 7|2 HI0IE #X (RS 5158 B0 XE ER)
2 Stress vs Peak shift Graph

PSS CORTTICIONT v cnenisannonsnennnssnasss

Linear model Polyl:

fitresult2(x) = pl#x + p2
Coefficients (with 95% confidence bounds):
(@.001571, @.0@4525)

pl =
p2 =

@.e03048
2.01984

(-@8.06547,

PS coefficient

3.0484 cm-1/GPa

@8.1852)

@ Aolz ¢ 24 A§ x=7 AL
O zzag A4 3o
- 52 wetulg @olAAs TE)

035

Peak shift {em ")
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f e o
& e 4 &

e

L] o k] 0 50 &
Stress (MPa)

Foak snift va. Load
F5 cunve

|Hidden memory (or variables) for Laser|

[Laser Control]  [Laser Enable

[Laser OnOf]  [Hadinitialize]

i)

G

PowerRatio Pawﬁaucﬂ

Powwﬁanw BK

CloseWindows|  [bwiekinitializeLC_RetValue|

[bs2)|

%}F owerFeedback]

LaserChannel

PO

werMin

Pomter powerMin| [pointer PowerMax| |Pom er_PowerBack| [Pointer PowerlO|

PowerlO
[TEFA)

a2 81. glojaan

_39_

SIED2I0[E



- ol uetolE (BEd7] BTCL112 B BWS465-532H )

Hidden memory (or variables) for Second Spectrometer (BWS465-532H)|

I;ntnme %1 bk Zi |channel x1 ZI Pixelnumber_x1 2| |coefs a0 x1 2|
[ BH !ll‘ll]

L} —
LELIN)
[inttime_min_x1 2 |:¢1 num 2| timing_mode x1 2 ot Bl xl 2
D8 coefs_al x1 2 ]
Int Time_x1 2 (&3] Ly coefs b2 x1 2
[RiL K111 coefs a2 x1 2 |BiBL)

LY
[TEz3]

|coefs a3 x1 2 ]|
e | .
Wi | -

Hidden or variables) for First Spectrometer (BTC112

b1 num]
i fex 1 _range loc Ll
rai range
H"ﬂ tartUp_Fla et bwtekDataReadUse
rrnE flagl]

trom

%

13 83. 287| ol= 2ty

- wetule] 2713 4%
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- RE|AHO|A] AEE (F+15)

[ specirometon]

[Fror Motar]

3w

O et AAZE Aol
— NIA} Labview ©]
- go|A A4 ZEE 7
- Motorized 2JHo] AH|o]

- 2% dold A% 24

o

et P SpectroMapper v. 1.1 developed by UDNS
Fal

Scan Modes oriedd-
——tre | [

Data#TESTREP IWtond 000

J|‘3’|'+ﬂ"n1

C wlsnaoswDorumsntiwLInVIEW

ie 100 EEO
Wevehiiamber ftm-1}

[T 50x € Code: SGx

13000 13500  1eooo

- 00 [{{Tre SG € Code. SOX

16000

18500

o,

17000 173609

| Dt Scan Suzcessed

03 90. 28t MARF HOIE SUZY AA ATEQof

- Scan mode: A& WH A4 (Raman £&= FF EFH)
- Scan option: &4 W A4 (¢ A7, A5 A7, oF

- Options: A whetr|E 274 (Integration A}, averaging
— File Path: dlolg A& 9% AA

- Laser control: #©]* on/off ¥

9l 2ty 47
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Stanning Direction
X mewe :MD.’ Dxmc_:m

SpectroMapper v. 1.1 developed by LDNS e ey o tnpriion > D Cocwol v Ty
Mgy for Vemig] 41O "B 4
W Data#TES TSR 1wt 0 Hadirssezs @ r .
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Laser Control
- o Vomeden  omm Howrg PR
D [ nBn
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v i @ ‘.::‘ @ o b
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fo
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5‘\1‘! QU C Coge 50X | Tithe: SO C.Codder 50X | Data Scan Sucoessed Chote Windaws | Miotor Inialize wcevsed

a3 91. 2f2k LA #HolE Al

Ct. AR AISAIA DB (Theldat 3-3)

>[5 3-3]

O AAZF AZAIAH Data Sequence Diagram (LTE MtoM Modem #-8)

- ZIREE F- Ao &8 (HY H1A ARUYE

EE:

DB AA BH1A

2poF Am

rl:l
I>

j=]
Im

20|

O

{ BLE40 |}
Firmware updates

Command-history )
command-login

T2

1 TEART —O
Registration code

LTE, API —o0
Product code

o—{ USB3.0 }—o [ OEAPI |0
Command-reading Data code
Command-writing
command-function o UTE,API |

Setting code
Callback Error code

A=

g ATELO{(2EAHOV|s )

MH

[T, TCPAP }— O

Product code

[TE, TCP/IP b

Data code

o— [ ITETCP/IP |

Callback Error code

g 92, HlO[E] A|EALIO[0 Y
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O =t AATE ASAAH dlogH|o]A Entity Relation Diagram (Z2AE AR AHA)

Web Plutfu

Usar (@ Project

int{10) D Int{10) | Company int{10)

int{10) b2 int{10) | Column Int(10)

ini{10) Password ooy [ =D intf10)
int(10) Frame o) 09 [5] Register_Number int{10) N
int(10) | E] Lname nt10) (3] user [ ciy int{10) N
int{10) [5] Rank om0y G T T T T T T T T T T T T antacr | ) State int(10) N
Phone_number int(10] [ works for [ zip int{12} (]
Birthdate intr10) 07 T [5] Construction license2 int(10) IN]
Mailing nt10) [ 7 Contract num ini(10) | _coniact % f“lSWCﬂon__:ma‘mb.yz ::1;} %

ek -, T L N E tuction_license_«
e e ;:::z ] Contract. history inti10) [
: - 5] Representative int(10} ]
; OATA [5] phone int(10) N
manage 3 Fax int(10) N
| [5] Admin_maiing int(10) IN]
contrgat 5] Register_Site_number int{10) N
r Contract 5] constnuction_iicense nl(10) N
|| Contract_num int{10) 5] Construction_license_number  int{10) N
2 intf10) [5] constuction_liconse_enddate  int{10) (]
T intf10) [5] Contract_number int{10) N
omnd | B Contract_name ni(10) [ (5] data drawings n{10) N
Contract_budget i) 0J] | [5] data chacker resuit int(10) N
Contract_startdats  iny10) [0 5] Constmuction pian dosument  int{10) 0J
F] Contract endéate  int(10) (] 5] was cBs_fie int(10) N
[F] contract_information img10)  [\] [£] scheduie project file int{10) NI
Contract_type 1) [ 5] Budget pian nt(1g) N
Audit_type int(10) % ] Field worker plan int(10) N
[5] Etc_information int{1) [£] Monthly schedule fie int(10) IN]
5] veany scheduie file int(10) N
[£] Management system plan int{10} NI
[5] Management team plan int{10} N]
[£] data drmwings modification nt1o] N
[5] data vieweriod file int(10) N|
\_ﬂ Diseriminator varchar(255)
1% 94, ERD
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o ArAE A HA|w
A
= An B AM ACHAIR|LIO
A2
MIMID RamnSS-1235 RamnSS-1331
Ca HZAL SfelofA SILIES
Doy Raman Stress Sensor Raman Stress Sensor
SE=E Q012 1= 95
A 23| YFHs|= k|
MM 7|2 27| 34 1858 1858
= g 2 sieeH 100& 100=
o= qHL qdE12
e}
A2t 010-7484-0492 010-7484-0492
oz - -
2|2t
A 010-5369-4357 -
_ 2016_03 21 0001
Al2|YHE - 2016_03_21_0002
Bk /G3-170307-00001 - -
_ 010-8894-8133
DEHS - -
k=3 /012-2473-3020 012-1234-1234
M= Mz|Uz} 2017-03-08 -
ASAt - -
ASUE - -
CALLR} 2017-03-08 -
- = 39 &2
Alstat oIzt 40 £ 45 &
=] HA
=337 62 =
=28 7lz 23 AT 302 302
= 4= SES] 32 3
o3 2|72 358 408
i ol&|z 80 g5
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O AL ASA 2" AWS 48 mlEdol 7 (Python, django)

2 FFE e
< MtoM Modem ©]£&
7122 o2 TCP/IPR FA4E SWE 5U5H]

AR AN A FABHE ] ASAAHS EYch= B, BUEHE
= TAste HH2 A SR e

@ T‘ﬂ%ﬂ]é’\ Ao A TCP/IP QIE|Hletelo] Qb2 o

@ N4 AA7F ofFAY F7IZF ASo] ofd B2

MtoM Modem= AHES 749,

A E= SAlo] ¢hE Ae o7 A HehEo] &4

The information window of data recewing

[ Tt wacedorsng 5Ba

i -

Ftdoz neg

PORT:

o 19,124.477,188 i rl.dﬂ' .
00

MWL

a3 95. 01590 748

ERROR
= c} result
4 validation : false
W error_type : "err_keyvalue”

B ermor : "weight. axle_no is not exist”

NO ERROR
= c) result
4 validation : true
® eror_type : null
& emor ; null

The middleware functions
=T .
E= . .,
W = —~
B
= =]

x

Data transmission

Result(json)

< $l81A elolE

74¢ : Lan 912

St
1_

A

27t s,

s

____1

not_lc .

AWS ECZ

e

F‘usm\:UL
Amazon RDS

Response \
TCP/IP
Request
DATA.json
PRODUCT.json
J8 96. OISY0f 4%
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ERROR
= {Jresuit
4 validation : false
u error_type : "err_keyvalue"

NO ERROR
2 (Jresuit
4 validation : true
& error_type : null

u error; null

B emor : "weight.axle_no is not exist”

The middleware functions

Data transmission

Result(json)

Response

TCP/IP

Request

s e 8 s

AWS EC2 \

DATA.json
PRODUCT.json

g 97. DIEdo 8=

- &Yl o#ZE AA : Checksum, Time, value error

The middleware

Error code

Comments

no error

ar_login f an eror ocours whie oaang in
iatr_ﬁ f an eror occured whie saving Lo detzbase
am_json f an eror occurs in the json tomat

ff the recelved data is not the seral and modem number regstered in the basic registration

ar_keyvalue f data of important kay value is missing from recenved data
3 _duplcate f rlata with the same sedal and date time values ars received in duplicate
ar_tme ff data (past or future) that i more than one day's difference from the cument time is recelved
ar_range f the dots value exceeds the alowsble range or has a dfferent pus or minus san
& igit f & sror oceurs in the number of dgits of the received data value
Data Item Data ltem Checksum
In Binary Value In Binary Value
packet checksum = 7 S 8
0010 2 0000 0
105, 220, 5, 30, 21, 110 I 91 I 0011 i 0001 .
0001 1 0011 3
bytes sum to 491 totals 7 7

a3 98. OIS0 ol Z=
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¥
{validation: false, error_type: "err_keyvalue”,
efror; “<Error teat "]

L]
(validation: false, error_type:"err_json”,
error: "¢Errar exe"]

L]

[velidation: false, error_type:"err_unregist”,
error: "<Error text>")

¥

error: "<Error ext*)

{validation: false, error_type:"err_duplicate”,

¥

{validation: false, &

error: "<Error ext>"}

rror_type:“err_db®,

{validation: true, error_type: ™",
ermor: *7)

ERR_LOGIN

ERR_CHECKSUM

g 99. DISY0] ol2{ZE Yhe|S

O A ASAI 26 Auo]#] s 4
- mQlHlo]A] ¢ AN e gAEE (BEAHKE,

: t N RAMAN STRESS SENSOR £202ing s510m

IZAE AH = gAHRCEYEY B5)

2017-01-01 12:22 =90

#E 13
2| 0z
o3 23|
23234 un on 2 o
SRay A wAUEY HOSY
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o a KT AR AL
828 3\ aeE
o | G525
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9 LT .
i = eli3 2 ellg il (1] 2 'Y &
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T qusgngoin e
cell etz 3 o e S
o 6825
& A az
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. L2 4 ol celld 4 oI5 .
JIokiiE 1| Mmcees
5 I ell3 celld & 5 ¥
0 6525 Feles3d .
Bupno e L
ol & il & calld § cells s L Al . =
wusime : gstiney
I i a
e cel el ell4 el
‘ oS cell el celld S
| | Google * £oi0E
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i3] B Af A FEe " m 3 3
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4. CTE4 : @33 &7&ad

7}. Hand-Held A|AE! 7|k (SH]Ada} 4-1)
P[5 4-1]1 A2"E AAE A= EH
O @7A5-8 Hand-held A28 4
- 2t B FAIAT + Optical Switch + =ES(IGAZE S HA)
- SKB Injection—-Molded 2 RU Studio Flyer Rack Case
D, A ols Y Alols

: 2 RU Studio Rack and Laptop Combo Case

Material Injection-molded shell

Rack Unit Space 2

Rack Depth Rail to Rail 11.46" (29.11 cm)

Carrying/Transport Options Quiet-glide wheels and pull handle

Exterior Dimensions (H x W x D) 95 x 14.0 x 22.3" (24.1 x 35.6 x 56.6 cm)
Weight 15.2 Ib (6.9 kg)

F FIIFIIIIIIND

& S F P adANIAD

a3 102. H7|A5E Hand-held A|AE
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L, SPAIZLIEIR! MEAIAH JHE (Theldat 4-2)
P [TH 4-2] A&F AAE s EA-
O A7 1458 a4 AAI~" 4
- 2hah FFEFAAE + Optical Switch + 1U Rack Mount PC + 1U 17" LCD 2UY¥E 9} Keyboard,
op2- A AAY Rackmount Server Console Control Rack)
- SKB 4U Roto Rolling Rack Case

DR, R ol d 4U Alo]lA (Low—Profile Carry Handles)

Rack Space 4 RU
Material Steel rails, Rubber gasket
Type of Closure Butterfly latches

WX H 19x 7" /483 x 17.8 cm

Depth (Rail to Rail): 17.8" / 45.1 cm

Depth (Front Rail to Back Lid): 20.5" / 52.1 ¢m
Lid Depth: 1.5" / 3.8 cm

Exterior Dimensions (H x W x D) 115 x 225 x 265"/ 292 x 57.2 x 67.3 cm

Interior Dimensions

Shock Absorbent No
Rails Threaded
One-touch pull handle
Carrying/Transport Options Side-mounted carry handles
Rolling wheels
Weight 23 1b /104 kg

O3 103, BIIAEE B MHiAAY
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Ct. AlolISA|R[aF 24 HE Fet (T

> [ 4-3] AAA EH

O AlelEAAnFs g5 2EAY vPSSHAA 4
- Aole ARE A e gdS=eAd 9
- AFA, AET, 8% T AT 2ot 4

1 [ 2 4 5 e oo 16 8
REV] DATE | 'DESCRIPTION DRAWN APPROVED
A
?134:+0.1 B
2128+0.1
8 | 8
2110£0.02 |
I
c i [¢]
i
] ! ||
2128£0.02
o ! )
I
€ 2128+0.1 TOF View €
2139+0.1
wo[ e [ warena [arv]  rewance
M NOTICE e | e HET150 o o
et
1. ANE B AN & 2. A zo1 | ST ELEVENT o &
Lt I51a o DEcwAL £ 0.1 | TRELTeE o sowa
c . I3 % HO A He 2. arvee | AT wADE Fon oo RENUUSS
3. JlB22% AM2IE H.(HIC50~52) OB omer ramse— weniwr| T
4 SH2IZ SR LBT28 2. oo 7] e | ooens | o | son |_omaro |
= oH-UoN T
= 75 s oop I 7 e[| o
= 1 [ 2 [ [ 4 | 5 [ [ 7 CURIOTEC FORM A (267 mms 1orm)
2 Oot= CMIS: |1-|_%QE=1A -1 S| |
O 104, &= 2E4Y HIZPZ SN 2A
I I | FEVISIONS .
[Fev]  pate DESCRIPTION | _oFRawn_ | cHECKED | APPROVED
Capacity i 100
Rated Output mvA 1.5 Nominal
Zero Balance mvA 0.0+0.02
Combined Error %RO 1.0
|| Repeatability %RO 0.2 —
Creep for (30min) %RO 0.03
Temperature effect on
= Zero Value [2%6R0O/10°C 0.03
Output Value [%RO/10°C] 0.03
= Excitation
Recommended 3 10
— Maximum vV 15 ]
Resistance
Input Q 760+30
Output Q 7007
Insulation MQ >2000@50v DC
Compensated Temp.Range > -10 ~ +40
|| Operating Temp.Range °c -20 ~ +80 i
9152 4 Ex+ D Red
T Sig+ D Green
91268 L e B ot
5. 9110 Sig- b Blue
T Shield
— Connector I
- MS3102-14S-05P
mily &
o e wareraL [ | peveacs
E—— p— e ||
. R | e o
— TmeiRzor| Specifications 4 et
5 DecA T o1 [T e Wickel Plated Sl
o= }—73%; = T T |
s e e e e
KAH N/ [CH-UDNJI5-T100
2018,04.25] A =SPEC o
== | | | | [ cumorec Fomvias stmmeitmm
2] = C MIG: 22O 24 A
% 105. &= =AY HIP2SHMN A
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2f, M ZASZAn (T dDt 4-9)
P [=H 4-4] =2 AF
O PSC Box AY = 25m AE AgA el A=t

- AAEA B FRHA B

MdAzHA

1.1 A &AL PSC Box AHH

128 ZH:1 @ mm=mm

13 12 S2 : DB-24(150)

1.4 74 Z0] : 25,000 mm

1.5 Q| Z2F 1 232|E(23) 2,500 kgf/m’ = 25.0 KN/m?
232|E(RD) 2,350 kaf/m® = 23.5 KN/m’

- mAERA 044 HAS AT A 74

- & ot 2 12} 2138

AATI0| 9 mm 64
87k HAH| % 4636
A85H 2 EA 5

Flage| A mm 4

SlAo| TH4 EA 4
Ohed ORE Al K K/m 0.005
=5 OR A4 p m/rad 0.25

o FessaY

PSC HH EH

¥dHx

§=1:50 B =

[oMY
P — - — ek it -
Nl P r*
0 @us otH C-C
ENEEEEEEEEEEEEEEEEEEEEEEEEEEEREREEE] ENIIEEEEEEEEEEEEEEEEEEENEEEEEEEN S=1:25
%M HHHllHHll\HlllH\llHHllHHM ]LT
@.“,JL.C @] -
I
HZMEE @mﬁ’j
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LRI CEE o5
- ===

e = [ =

| PrROJECT TILE orAwG TTLE

[ororner [omoveo = [ [scrvo

O3 108. PSC A A 25m ACHY AlgA| =&
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Absolute wavenumber (cm")

Absolute wavenumber (cm")
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