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I.

II.

SUMMARY

Title

Development of On-line Life Monitoring System {for High Temperature

Components of Petrochemical Plant
Purpose and Necessity of Study

Conventional prediction methodologies require concerning amount
of time and effort on inspection after the unit shut down. In
contrast, on-line monitoring system of facilities is relatively
inexpensive and has the advantage of increased productivity via
employing on-line monitoring method to facilities wunder
operation, Also, this system enables reasonable prediction of
replacement frequencies based on real operation history of the
facility. Special interest is focused on reformer tubes due to
the fact that these tubes experience severe operation
environment resulting in high possibility of fatal accidents.
Therefore, on-line monitoring system applicable to these

facilities is required.

. Contents of the Study

« Selection of critical point and definition of damage mechanism
- Thermal Stress analysis technique

» Development of Creep/Fatigue analysis technique

+ Development of structural integrity evaluating software

» Development of on-line signal treatment and GUI

» Accuracy of monitoring system

» Development of optical fiber

+ Development of applying method of HiL

+ Development of DAS

« Development of FMA simulator using HiL



+ Development of OLM system

IV. Results of the Study

» Selection of critical point and definition of damage mechanism
* Thermal Stress analysis technique

* Development of Creep/Fatigue analysis technique

+ Development of structural integrity evaluating software

+ Development of on-line signal treatment and GUI

* Accuracy of monitoring system

» Development of optical fiber

* Development of applying method of HilL

» Development of DAS

+ Development of FMA simulator using HilL

* Development of OLM system
V. Application Plan of Results of the Study

* Applying fabricating equipment as well as operating equipment,
structural integrity and economic operation can be ensured,

* Expanding to other equipments, structural integrity and economic
operation can be ensured.

* Measuring equipment can be produced domestically by
development of sensor and parameter for integrity evaluation

can be selected,.
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o] ol &olstx] U W4Tt thFsly] wiEel TZEL AAAY Hilol ol
Hoeg oiFEa gt #@x] I HulE Ackshe TtaEy, FYd
Fheiet AR ol Jom AA FRFME thedt S HapH, 25 SA3AY 9
U4 SHY T AHESI 3 FUIAHA Feu a#S Bl oYE 2
Th 71EY AhYH 2 FI1ZBAE AT AHE Fx] F A
985ty PR 2ot 2dxte] FHAQA FPEA vtk 2AeEsjERE2 AchA e
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sto] At & ol Hdolsh AL 71AY S8 st AASH S
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o2 7iel 22 st dulE Zzt 283lmE 7|4 sfde] g AAo|r},

Fol M= Al Al A AR A3 ATl A3} wiAo) HojEea, ojn o
=2 AEAo M= JHAZE 2% o] LMS(life monitoring system)S g Foly, U]-;,’-
¢l EPRIGIM = 4§ Al£®Ql Creep-FatiguePro''’& #|astol Alg ZFojr} w3t
Addu] B 2 Fobo] syr)an §3714S AP BY A 2] Aame
FEslE e =¥ UEYIE o] AEREALX Y dolguolA T3 AA, o
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Erﬁnﬁl*éri"-o

Blg ol §dte}. 7289 HESFFE ol&sl: A7 U neural network 2 Q1
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SRAME I - 2d 5o BAHAM ALY 4 gt FFu Y A, FE 4R
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Ao BHYRS AsstAE A7 AW Fol}.

C QA AR A A A AR

ﬂx}é YAdu e P40 ALEE SAVTREE 42 22123, 1z g
w8, Y U FAE E £ otk A JpA A7 FolA mEA] AlA
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Y3 UdS R 71AF s1Fe WiEHos AYslng I AL st &
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2T FE ARG Yt 2% - 51Fo|YE A, F£&317] 913 00R(Ordered
Overall Range) 7128 WS o|&3dlq JF/F7] 2HEGS Aitgth o] A
E#2} ASME Code'’e] S-N ZHE o]l m=2 &48 AT Zatre]
SYSFAC, 5 2] FAMOS, d-=2] OPDAS 3t 2glel I ZE BUEE R|AEIOZ A 2
otelA alch.

2. B UL FARAALE
HAUE Rdys YAYETE 32(530T)oA zEF3ich uieid du|E #gl
Tohuel FeZ &4 EF F &4 é’é‘ﬁ}% 8% A=7t b 7IE A=Y 3
g T3 £Aalo] AzZI3t @AY= superheater header, reheater header, main
steam line, reheat line H2 & de{A gt 53] g ZF$ d€E8HIES
Jaejsty UiHE dd& BYUY siM3le o8 7iA] Z2IHo| JiEse] Hch
X3 2% EPRI®] Creep-FatiguePro2} ERAALS] PLUSE & 4 QUtl. RAdTY Y
Q40 FAYH AMZHE AL BHFo2 £ AAZL Holg = ZE ke
%ﬂ&isﬁéﬂii AR" JUYsrE Bl S o2 HIAHLL LS A
o] Ae|Z-32 NS £BIL HFEYYHE ol & AZ-I2Y HsaAE
Agich EE MY Ee HAH F99 HdARYES JHEste] Fd8R #EY
A Z-3 2 A& FYste] AAgFEE ALsle FRE HI Ul A Fuy
oA 22kl RUEY a2 kd Adulo] sidEo] &= gltt. o] yidx
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Ebd g Al A FUoM s Al ZAZIeo #E AR AR 3
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24 7129 $¥%7 2= 9 Yvez

1. API 530

ol 718 % A slEg AFFEY We TA Aol iyt AA T 4
€S AL oth RARA U u] BARAGA AREHE E8 ol
AHEET, 53] FA 9 A J1dr] FE(UHE ToA gL +
B)eol AdAe] FH3tsict

g 4As:
e B

=

7h iR ddY A

Hol FH 4 S2& Aasted %51\1 U2 FE WY fAlY dAY A
°lth A (2-1)-(2-2)8] dA" A4 #AMo] da| AEHDL stds] MA &
U 3 A G 7*"‘42}54 44711 NoR R wiEe] 2tz A

3 9l
= F& Yot A A #5(single phase fluids)olA dAY AlsL izt
Zo| Axtsio] )

Wt F5U H(Re210000) AAY A4l Al(2-1)3} o},

0.14

_ _k_ 08 p,. 033 (__H b )
;= 0.023( D{)Re Pr ( p w) (2-1)
Re = Z"f (2-2)
Pr = C,: : (2-3)

71N, e A% F5U B9 dAY A, ke EUSA HFLEAY &
A dAEx, D= FH A, Re:= Reynold Number, Pri= Prantle Number, u,
= ZYHA %&%E"“H" w2 Ao A, b FE UEH 2049 §
e A Bx, 6= AFRSE, = gd&o|n}.
] 5000‘6’ ) @AY Al A(2-4)9 gl

Nﬂl-'

B, = 0.021(—£-) Re0® pr 04 (%) (2-4)

A7NAM, he 718 FEY B9 dAYAS, e EUSA HILE T =
H3EH &%5o|t}
24 SAREL 29 AL A+E A (2-5)8 ARAA 2A4BY £ oot
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th = h/W/ + thv (2-5)

A7IM, hps 2% FEA B AL A, nis gAY FHE, Wi ZiAY

CacE-ad =)

U, #HuEE 24T

— . —1—

R URolMY EY $A BE LEs deNE A BE FHeEs 4
(2-6)'®'¢} o] Alxtd 4 ot}

T, = T+ 2T+ 2oT + 2T, (2-6)

AT, = =3 D,-l—)ﬁ 7 27

AT, = q’;ctc( DiD_"tc) (2-8)

AT, = qzwt ( D,,liota) (2-9)

AZIN, T Ho RE 24 2%, e Y fA BF 25, ATE 43 2E
of & &% Xjo], ATE I3 2#do wE 25 o], AT.= FH ¥Ho u}
T 25 Ao, gt AFHAAMY Hol FA /G, b S UE 3 A
D= FE 7, Die FEY UFE, tt I3 2ALY FA, kL= 3L A
Ade dAEE, t.= B TH 54, k= FE 249 A= zolt}

th €384
Ho dege A(2-10)%e2 Axkd4 gk

1 S _
S, = Xl Y1 InY—1] (2-10)

Th XE Al(2-11)22 Al4tgch

= Ly ) gy T (2-11)

o

U dEHL] 2=ah Y Do/Di, o
dA=goltt. 2T E8Z(a, E, v, k)& FE e FF 2=
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Holld F2 A= BF H FA7 AgH L

2. Green ¥

TEUFOE UHY d3¥L EUNEY £ Lxatel Y Wk ohy
2t ool dF Hol o] Ysols|x st} oE Bo] HE TIE AjHelM =
ME Hule] d-eta zdol gt Ao AZglol B3| dxsitals 047
olde 2=Mol7t HE thE Z9td T W) $A3] tlE g Ne|E 1A
T ATh theol AEE aYSs A2 28T Aol dgde Aty 9l
=] ot

A ol thEat ol ¥ REOZ Uyo] siM¥ETh Am= Ty
4 @ Fo A% §Yo2 MM £1HA FAHhel YZEsn T FA A
ZollMe] BE MM FAHS Zests HEo] AT B 4o a4 7 l
sty BRLF LS Uehds F 7Y BBgd e Folod Axtgch SxH: 24
TAZE W3tel 7|3 HEA wake] g FulEA olMel Ho] ofHey 2
&3t oln| ZAFH AP} dF Hol diolE gt FL Aol i HEsio
At o] 2384 HE NES FRFGe AM&E o] 2 <l Duhamel'”
olZX fAlsict.

U SWEoIX 2 Ao thgt S Al(2-12)9 o] Uehd 4 olr},

——

-v-'

\_

o(H) = op(H+ o (D (2-12)

A7IM, o (t)e FBZA AN $88, o,(t)= JAF 1% o3t 2
or(t)= @3 HolstFol 7]l3t gHolr}

Boley & Weiner'® e} Carslaw & Yeager®':= Al zte] ma A3 AAZRAL W3}
AL T Ho|L=EEE thd3 o] A(2-13)08 EHYL Bt}

t
T(P,t) = [ E(Pt— 1) 5= 0(y)dy (2-13)

A7IM, Pe F2 UF & H, y9 t= AT 0(7)E A wet Wi
TEBAZZ, E(P t)e ANZyold BAZRAOY wel2xwsle] 7118t Ex

o ZEEEo|n 27|32 0To|tt

TP t)ok E(P t)= A(2-14)2 22 Heje] tiEAQ dAs Wyl wEgic

AVT(P,¢t) = < T(P t) (2-14)
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AZIM, Axs k/(p - Cp), ke EAEE, pe UE, (e AEY H[Ho|t}
Boley9} Weinero 2js) z}7) we| Ajgtelode £33 detido] 2% (quasi-static
thermoelastic theory)ollAl d2doje] WAoZ T HPS2 s Ao]A S}
o] Hupof o3l fuEE= HF LR WA 2] wiFoll siMatgo] HLo] sH53)
Ch ol2igt £3 detd olEstold ¥HgAe SHEXE 2EEXY Feg &
T2 FeHrt

o] wiZoll Duhamel o] 2 /HE-2 FHLSHA L& AL 4= AH &
Aitol HEHTE &, dSYLS 2LEEFo AF 2(2-13)8 FHAF S Qs
21(2-15)%} o] LEHFARALERE A A" £ rte Aol

(o4

[

t
o r(Pt) = fo G(P, t— 7) f—y o(r)dr (2-15)

AN, O(t)= BAXE, GP t)= F PlA €8] tfgt azighsolrt &
gl o2 24)(2-15)8] G(P, t)= FAo LEZAZAAN 925 H B0 iyt )
ol dgHEEE Lehdr}

o] WAL thedt B ol fE FULLHNT L ThE SXANYF Wy
HUE 4R ol BE RETH TIPS (P t)e FolW Fahe} AAZA cfs)

ASHA £ YU o U BT mety FUste ZAZD 0

o] £2%E T2 £AAE Aol J5tx Y3 Ve

3 24 HES ol ANY 4 otk AE ThE @3 Holol wael F7y
3

228 Aol 23130t AejF ez g2 243 7] 7t (decay period)Foll 2]
o] 42 g3ttt Ao o ASte] Al(2-15)8] HEFTHE thEEo] Al(2-16)
2} Zo]l EHEECTY,

o (P t) = [

G(P,t— 7) —56—— o(r)dr
ta 4 (2-16)

=G0(P)<D(t)+§:t,G(P,t—7)A(D(Y)
A1, o= 7t2] 7] b0l Th
33 HdF AlA

1960 Ath FE] 7= 7] AJ2HE Zd R 197090 SolMEA WS &8 YA
7t AEEEA 3 Ad8sde] FA FrliE gt 1980t FE FFAle] HEGol ¥

ox o
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HEA BLat FHE7] $ W ohlel BdR2) sHHo] AsiAHEA 7= AMof ]
D Stell #ustAl H8E 3 Qe PR AEL Ao vlste B

==

7b 7P A5 490 doly A4S YrlPoes &Y 4 9= FHolth mst
S-Sl Aol vlste] of¢ w1 o5 oo falo] AL ¢tt. oot e 2w
= HIR L 19704 ch 78 FHRE o83 ML AdE] ] A 2tstgdon SHajo)s
Mo, 2=, Hyy ¥, AZ8D ofe} iy TRE AS dEE 2853 Q
th BERAME AN AntE T2 E(smart structure)?] ¥l sl glo
™ olof T3t IF7} s AyE 7 Q)

1. Ze|ug

BARE o8 AS WU BHRY PAL uRos VY, BASY W BHG
o 7HAol Mg shalol ntel A 2ol g U AP £ Fol Atk BUAS o
8¢ ANE Y

o] oy=] 27| & o] &sl= FEA A (intensity sensor)} w}zte]
515 533t WP M (polarimetric sensor) L ule) 7R HANS o] &3t ZhdA
A(interferometric sensor)Z EFE}.

7t B =AA(intensity sensor)

Bx MM W Fx(intensity)F o] &8 Ao2x W AY{RE uiths}A
U olo] 22 M = (microbend) Ut nf 229 = (macrobend)ofl 2]t Wle] £AlS A5t
W Sol °\°ﬂ i THE 2| Walo wis) nREs} Yol hdo] glony
2|7t 7h st 3437 dtis AHAe] Qlr

x| Zoll= J’“-ﬁ’-«l A2 ¥ nlolazWis AN UAEE Lol YA
DA AT tlARNE AN E o] 23l MYE Y 2E 58 A= o
433t glch Donlagic} Zavrsnik'"2 MAjEsgle] glaREe} rl2re =
% Z3}8l= SMS(single mode-multi mode-single mode) TZE AEslo] BHG
& SHE HFE Ao UUEE Folt AT E £3styct. E3F Anderson
< ololAEWE AN 7p3 2 A U]’%"ﬂ o mEE Fol3 UAEE
A7171 flal 7 dd A AR AN E 435193, Andriesh P2 Zgc
ML o] &3le] HAE FFY 4 &= AMol A3 ATE $33t4c}. Vosset
Wanser'¥'= uja2Wl= FIHE o| L3} Elastica fiber sensor& ©o|&3}lod 5 44
strain®] £3l5 08 MY E-E A543 Sharma S vwhispering gallery mode
of ¥3 AT E 4Y31g o Haran 592 njaz e T3} Zegol} buffers)
whispering gallery mode®] A& o] L3l L5 & ZAIE AJLE £sislor}

TE AWM JFEe] ¥F31a e r) dojals TS 7iR 3 YA, | 2
&of thE Wdol uls] AFst FAo] cheditis AL JHA 3 Qo] HES B
Toh GAZAl Al&Rl] A go] JHsd Zog uintHint E dFojME nja s
E J3E o] &3l HPENME T35t

L}, #3yANlAM (polarimetric sensor)

do mlm

{1

—

1 o2 on 1o nx -4 nllo
ri
N

(1 ok
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HY AME= 80 a8 FAA L et} § Ztabis] A=A whge
AHE(spectrun)S w243to] mAQ] o]F(wavelength shift)H& FA 3= Zo|
th ciEAQl HMY MAZ A Fiber Bragg Grating Sensor7} 9l o] g|& o] &35}
H He, 2% 55 FHSHA 3 5+ AUrh

Zojl= Bragg Grating AIA & o] &3t AnlE F R E(smart structure)o] tidt
Filol AAHEA #HeL 2% T EHE st 2oyt o mlelnjE &3
of T3t A7t £33 gltl Cavaleiro £''%2 Bragg Grating WH & o] &35}
Haars 252 S0 EAsHs WMo Ut AFE 433t L Huang 572 W
Hate Zasteol Wtk Bao Tdoly AN B RSl B AFE 44
stalth

[

N
—
@

- —

W gel spustE yslo} stRe whgAdol $& BN Tl &3
hru) 3 )\-] =

Sd| 7F R 75 7] cf Zoll AAIAS AAdo] AL} of RSt FF FAAMe} S
x| 7t7o] M@ Achd F-§ sMsd Aoz sighch
t}. YA Al (interferometric sensor)

24 ANE DA FE ooy AUHAW HIAES ol-&3lq YERE T3l
TR AR FHRI A A IR JIAF 543 HHAZMY IMSEEES

3 Vepuia gich duwtdog M A A 2= Mach-ZehnderZHd A, MichelsonZt
AMA U Fabry-PerotZbd A7} o}8-% 0], Mach-ZehnderZtd A2} MichelsonZHd Al &=
71& M (reference line)3} X4 (sensing line)o] A2 ClEA &zi5t22 7|&4
of thgt x| & sFojokst= thAo] Qltl. o]oll H]3] Fabry-PerotZHd A= A AIZE
7t Alolxl(gage) T2t ol F3S WA gt FHL 7Hx: ok Y

F 2ol ApEdo] W2 FHR FHS o83t WA Monitoringol &
Wzt @ RZET £ AAol B AF7t AP Folth Kao e ©Y
BMGE o]-L3lo] UAET} &2 IFPINAIL] ¢fej Mo UZt A3 E £3s5la
d 5% oke FYUM(Polymer)E o3t S¥LE A2 E FHste AF
£3805l9dt}. E3} Furstenau 5P Ao &3 W A% AT E EFPIYAL
o] &3t EA3tE AFE Syl en Luo TP 2B WU Wy
ste dFE +3ystAch
AAE 73 271 B, &2 @88 Yrbsold IF Jeliel B2 g4
of A&3}7] sl w|FE W] Aol AR AFE FYEH Qi
Zivanovic 5% u]F &2 EFPIYAIE ol &3le HMAE F¥3le= AT E

il &

ol

t

w |00

[Q]
j«¥)
=

Mo rx mn ki
X
i

rid E% ¥
Jo

%
oY

3, Doi EPe EnTE ol g¥ Wel 3 WMol BY ATE FHstAch
5} Carolan 5702 SagnacHYAE AHE St} M HA SWHSANE A sHY
Lol 4 el WIS SHsIRom 4 kize] ALE AEstaich Lt 3008

a
2289 PP} 2000 T FHERE AR, 2 FUEY F B FEE AE

| T
Azfzi o] 2t AANE ¥RE £ UREet W8S ZHxIAL xRt A2
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gol ¥ BEAAo| vlstod A 2u] o] 2rleke o]l Yok T U 24 L
ESA st AA PP S ESA VohE e UTE ULREES DAY o AT
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Bragg Grating A& 7ustadct E3t 33
ey HE71E ©]-§¥ Bragg Grating LEANE 7usigon
R BAFI 2 HEE 0|83l LU= Y-S Bragg Grating 5
Zhdstgdet. LGAM ol BEG Bt o] 8819 2ka7tR] o) L5}
C7A 1402 SAY 4 gl ANE MAusidcisy B astgrt.

712 BdAd BAEY PP ol Y TBAEFNA Jdel] B A7E B
ek @A 5992 Fabry-Perot ZHHAE o] 23 AFAN F o)
Bt U B S YRYAE o] fotod BTl S3pus
of A AFF FHystadch =3t AAdH 532 Michelson ZHYAE o]
BEALZE Sl F2A 24 H2E st ARl e
ZE F3stoch 248 E 52 Mach-Zehnder 7+ 72} 24§ Az} Al
o B3 HPES ANNSE ZHs: ATE $¥sidon o3y &
U 5
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0 o2
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I
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pr Eﬂz‘g

)
flo oX
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tAY 4 QlE Fabry-Perot ZHYAIE o] 8% UG AME A ustgict

of ol FujelME FHRANo] BY B A77} +3 Zof glon] £ el
As 7189 FU FARAA sgel] B S/ E R A2 Ay w
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Mg shsh g dule] 28 312 Muls 3 thex go| TRU 4 otk
-“3%7] (reactor)
« 7} 7] (heater)
« 7§ Z(reformer)
+ =8| 2 (cracker)
- G32%7](heat exchanger)
- v H(pipe)
« 9} B 7] (pressuer vessel)

E 3-1 AF 33t 2dolde Fo AAR/RE 22 Hu'®

A =24 4 A=
- A z = 9 z A z= FIAE LT
(c) | (kg/enb) (F31A)(C)
R
e Incoloy 800 983
ol &l 57|
o B 3 o % 700~950| 2~5 A HK-40 1050
= T 7 | Modified HP 1100
of &l =l
qE | 2a = & CR-Mo 7 565
TEB | o—s00| T0~130 | T °
= 3 =3l Eblg= A SUS 316 816
+Z 7] Cr-Mo7Z} 565
AE L oA 2 A HK-40 1050
=TT 350~500| 5~40 N
AAE | A = ERAbTEA SUS-310 816
gt & Incoloy 800 983
= =z
Lo} Cr-Mo 7} 565
- 350~950{100~1000| &
3 A SUS-316 816
gEYo}
7] €} PN
FooA AbE}ERA HK-40 1050
Y% 1800~900] 10~30 ks
7 A EtAt7EA | Incoloy 800 1100
HE &

-

3-19) medulold ®xl 7b3 Abn AlElz ol BT glom Fe 4
1

el H o Aules dRUols} wiktE W2 ¥8I He w5 savtAE

e}
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A &go] BASHAl &gl dASHo|

Th olet Zol 7ld= WA Y IHNEEN 743 715

AH U3 7Y JtaE IR uhgHe] RAY e BWis
, BARoN 53] Fosicia ¥4 rh

HA M= BAl A Alamle) Hgrigdow AHAz W Baj=g A

53] NNARE FAHLE 2 dFE APl

_o,l_’,
Lo

1= < T N o< 7
i
o 2
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o

ko
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N
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L
(e

R
o
32
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24 Hgrirel 2okl 44 U T 7

1. 7jA e 34

NEEE YEE /MA(reforming)dH-gAl7]= HAME 2 U89 od3) wdE 2%
S AAIStE R d48F7] ddr) - dE 5o RRIJIHGE FAHLG =
AL F8 TR PAEEAE IY 3-10)4 Biule} o] wred, 2T uwj,
By 3 XXl E o] Fojx glrl

2, top? U bottom¥E FAHIHCTE Yo Zujst FRE ) glomg &y
Ho|2taE FEch BEgAY £57)0 EYIA FFIIAT} tHRoA 450~
0CZE oldd ¥ =YUET BALAER 750~900CE 71 38ic}. o] ajolo] 7=
& Yo7 EUWEY] &xo WE FYHIIAE wEo U AR 3

gt faolrh AR FAldo] os) BEHLEE 800~1050CHHR] Ab4 3t
. o owiZoll 25Cr-20Ni(HK-40) W 25Cr-35Ni(HP)2] 232 T a7kl daz
Z2HE AHE3Th JFE2 120~200mn, FAE= 9~20om, Zo]:= 8~15molt). 7|
e 2~3ng F2 AL 5~671E BHsI ARsig oL £HHo Eato]
of WAt §H M 48 sty SHRE Hrl Mooy A7 Exes
ZollE 5~6me] Z1Zole] Aol AMEET gitl w3 F $do] 2 d3ke
U] =xtel] o) orjste d8HE 22U BAoT iRz U
Yste EIASES Y28 HAS AlR3rl T &43oe o)
U7} AYE B2 Jojeyo &L Fu|fexo] 1~2702 #E glojulA mjz
o A ZbE JIARYAL] s Y ANz Ae) 5oz 2

¢

&

B 2 orr e

e I A
ol n} o I N
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27 manifold

count y_eight\—;?‘{?___
27 pigtail ,P,E]f
! 3 .
s || i
—TG- # E—-]-. g 8 $ﬂ;’/_ﬂﬁ1.__
: : : elle 4+
. E_ Tl il BALS - elle + @
N s N oo e
=il . (elle + o
\ G H : . glle + @
! 5 ! 1.
. N ) S M — P olle & ¢
E7 pigtail | T LT 1 i e——— -
i = rh S
&7 manifold ? -l]’ ; -
fL' I3) l:-: £ J 12 & [eal D £
R r—= 7" 1

transter I_ ine_-

% 3-1 /A= ez P4

U Sl .

b H2 178 8ol Zlolx AME ARESIN iR SREAAE= 171y
29 szt AMREHEL o|d ol wiEel 2o AR W 3He uijIHLF o
w4 @ FEL manifoldE dX|gct. YWt o= Pigtailelgl ¥2H Q7
manifold, ¢ Pigtail, &3 Pigtail, &3 manifold® FAdHCc}

J

th Wy

AHEEE Azl whel ZkAMY, 2dWY, edrtA EYHUE E/HCh d
o] A4EF71 FFuRel wel & Ud¥ol 23 Tyl E Wotsele
ARG I $FVI2 F7E Lol BATSTHLE Rk

oh BAA

VAR ;] FHS AT FAlol DAL AT 1 AWHE T4

st2 tgol AHgFol W) FUVOE APHL Wol AFo] Y WYS W:
1 g 43

0_3,6‘___}% sttt 7R 2o ¢4 Alvle] counter weight = spring hanger
of BhgH{E 2| A|jith
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2. AA=e 3ofNel W Fo &47F
7h £ 2
REEu O 9o 7} HAje] ARt gob TEt UAASIRE A A
AHITE F AEF FeZ ol Y3 dxEE S BAR A
E 3-201A HE ulel Zo] Fdsto] o4 AUE

12
FE2 e I &ifolth

¥ 32 MAE Qs Sakgde

29
el g @ A l o |
I AA - A 16 23 38 |2AMA 2AY, TLH HASANY =
I Az -2A24 8 0 | g [BEARTAY (BAERAUS TH),

AzZAY 5
I 4 -234 8 4 12 e, R, U3 1A T
(v 2 d & 3| 26 23 49 A= o gujlg &

T 3-3, E3-40jlA Rizule} o] BkEH T UIFEY L4 FE FElE Ko
E AR &) Ald gon, 2xof mE FAEFS Aol HYEENRES F
= A= H\FPol ga) sB(1-7%)o] AJIF3litt. HHA FPo] WSt AF
were g FgAAEe] dojube manifoldse] FHob= del REGHLS FE ud
o] FEANAPLE s|N FUYPYLE Fgo| AU T2 ¢dRUo} EWEL
RS e H9E £4ato] H3-4of BQl i} Po| HHeke] Fe|= 3], {3F2
HAEYEY 74, 1274 €A E Uetth

A= &4 SEE 25 W SYof JEFIC T £UTFY YFAlE 2
z etom RH 2 A Zoloi FUSHA EXH= RS HFEE MERE

= =
AT otk Jeu AMEE WU 2= L A ZAL ol WyoT =

g UFEARORE |zt AVA HE 2 3-28 B ¥ 4 Utk &, exE
}eR Zueld 7h3 BA UEhi® 28 dasol Fu gixle) et tlzus
Br uyelwe] LEx] o8 dgeel A7 9ol met o EEs} LA

th x3 AQEAEE AE PEEH 2x oM Aol o)A Aol A
3t #AS olo] 2gt AEAT AV AEL 2 3-3 B3 g4t ol

z2Ae AYZo ARHID P& TAY FR(44 AZPH, LRl STAE 5
o} Az el Walol whet xjol 7} ek,

slel Awold Riulet gol APEHY Fo &4YIFE FAeTolth, =
aabol Foth Qe nlAE fat FE A el gelel o) wAEs
g3t exoln agAlZe] atebd FT Edol AR, 71E - XA
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5 S
whe} ol ¢t of
2 Zl-_g_ 3}-‘[‘;}

2= a7t WA o] LEFuE U I-§HL A 7to] X
Ag|= W3o] FAE T Aol AXEo] &Aato] WS gUelo
S A 92 FHO UAF 1/728FolA dojun o] EEofA

rlo

FQ UL WAHAD webd Uee] LRl o8 Aol FRol Eye

LA} T =

FHJoE AgHTL UitFoR o] dIF P2 ufigfoll o3 gHo &

108 ¥ =2 i glch

Jol8]e] & JAEE BHFY FeZ &4, gl I8, A, Alant

( Pl )Aol- A0 A1 _-;;__‘%
¥ 3-3 NRAZ 5o &4 Hej O
: o
| - ¢ o] .
k8- | pigtail | manifold | ¥ Al
1. 3¢ 1 - - 1
2. 33 21 - - 21
- Alzmbg el ol
el - At} 2 9 2 13
SN TE| 3 - - 3
L1y A 44 17 5 66
F 3-4 9o Fo aage)
i &t g Rre) k4 [AUE eppEe &4
Zubsko]l F g ¥} 352 29
LAH dFuy Jd 10 4
2L Bl 11 2
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~— 70~ 930%C ! N T .
c sor- !5.2- kg/me® | ¢ —O— 38000 hrs
= ¢ I =R “"!“--D-~—. sqioooms
S ad iq' l |- -t~ 620000hrs
.< : ] "'-. L
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El i o
o} o AN
|:” -] "~ ‘! ------- ~ ?}A‘.: o= -y vdi
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T | i SR W U I 1
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HAs SEold o= RE Werh EW, $ GOl AALE 228 2
S Aol H4E BHE Tt PR, KU 24 BAY AAZ

A4t A Zto] gho] 25V wiFo] AAeE o
Al 2Flol 2-83}7]ol= of Tt
Ao Hid EF Hojo 23 EFYE A4

252 LS fl8] AAIZL EHolY (2, ¢4E)
*}%3}@1 43 & Astes ¥eE&E o3t

2% Mol oY} £7AHA AZ dolEHo &3

ojn] §3ta4 fMA whjor ZARFH I et 3 Mol dlolElgtY FE& A
Zvoll tis] B3] AlarRTHY, .

FEM(F-gF 84 34 ) AT ESo]= ABAQUS 5.8& AFESIEAL 3 it T4
NAZHE AFRSIE T 1713-49} T2 FA4E 7IXAL dlon dFFol &4
Z71ete] EY FAIE WSl FF3t, HUE ol-&3to e &FKo d& 7t}
of 7§ ¥l-2-L& FLFE outlet collector® v ¥l e 43 wid & 13 3-5¢
Zro] w24t 1/85-Eqt Buldl 3193 28 B X F 3-5¢ ).

Oy 3-62 = I3 e T UEHAAMY d3tFo] T A”H2E(1T)E ¥
3% AL S5 AAXF(H AN ¥H)Y Aol wlE 2% wrSAelE UElhd A
olt}.
a8 3-7

S
Lt 3}%—5‘_2*_7% ThHE = ARAIRE A
A~
T

P

o

2 A e T2 230dAM Y 3 AMAE (R UF ER) A
ol w2 E& S3ElE vERd Zojtl, :
NA2 A2 B 97 HUERE Ue ¢ FE Uy 9 13
2 Uehtes Sddol FAlel L3RR RH YRR e 25 IHFE F
A 9 s AP S BE sl 2 9 $Y IJAYSFE FUF olF FHY
th

¥ 35 g3es a4 24

2 A HK-40
T 7.75E-6 [ kg/mn’ ]
d B Ax(a) 18.3E-6 (800~1000C)
Young Modulus(E) 72520 [ Mpa (1000TC) ]
Poisson’s ratio 0.3
o Ax A4 2.946E-4 [ kcal/mm * min - C ]
) & 0.12 [ kcal/kgT ]
7 103.0 [ mm ]
e A 1344 [ mw ]
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e
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44 sEE7 daeE

1. AL
&4 G0l SHIR4 DB
L |
+. o T N
ZH AN 2= A& —> SO 2T HA
""""" EERTY 22Im 29 B}
SIS HA TR

ol MolME & HAZE /Ug LIMOs servero]] H-LH Izg|= SAl/4+HEREI o
2] Eol ths] AdHEIct LIMOs:= Life Monitoring System®] ¢¥zjo|t}. LIMO: o
* Limousine®] A}ZA 17 AHEF3te] tfgAlo]2E LIMOsy= FApeFe] 2ejl
B2UHY Al2"E A3t B4l Oy3-8oA Ri=nle) o] sjAER H
He] 2ot vigte] AA ElolE], T cigt ME U FA B4 eolEr} 4
HolElo|tl. ZA] $1X]&] 3 /9] W 2= A4 uigde] ¢t $¥AA, TR
el 48 A, 7 &8 AL, 9 ol W A 2L A, A= 49

Bt HEE AA HFHLR Jo] £ Yt o] Fo] Ak

2. ZASIH e ex At

2 2ol Fatnat st 2] 2 A= UY/YEH 2xojth. T 9
o JdAt) MAE FHM 2EE Fsh= o] b3 ol o)Xk 900~100
0Ce 2ol LAHAORE o] LxoN AW gt Yutzel T2AME glo

o]

%

£ o] &slo] ZAlAY T W/YREHLEE Al dneES L3

E 539 W A E v 23 3% 3-89 JiRizo] FAstACh

- T, 0 JREREGA L] Q] PigtailolAMe] fAIRXE

ANEEFo g sicte ¥ EHR T

B 2| Hdte AHY ¥ WEH
ZhEo] e XA # ud
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" T ¢ 7R REZTY ZiithHo] ke AHY F JIEYW 2

Be) 2% ZAXHY B UEALE |

T 2= ZAX|He H EHeE

[(Z=x} B2]: p(pigtail), t(top), b(bottom), ofouter), i(inner), s(sensor)]

N

pigtail

(T, Pigtaill LS RHBE |

Reformer tube

i
}
1 s (T)ZAZSI2 UES 2 |
i
i

[ ayzazasane eg |

|| w T s dReeE |

|y (1,087 2RORI 2B 2k |

/'i_ ...... ]

Thermal insulation material

Outlet collector

a3 3-9 2 A AL 9] X]
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36 ZAlglA e EREEY ANLES uln

pigtail Tube &%t 6cm | A4HE 2% ames |

MR FALE | s BREE | (ko 4| DO L e A

(Tp) (Teo)) 3. 2507 & )

647 930 954.3 952 13

650 920 950.5 943 75

638 925 9635 951 25

644 934 958.3 968 9.7

639 932 967.3 948 19.3

644 921 963.9 952 11.9

637 929 967.3 957 103

642 933 969.2 956 13.2

635 942 9733 961 12.3

641 934 969.2 962 7.2

630 916 962.7 963 -0.3

632 932 971.1 966 5.1

629 930 970.7 973 -23

633 935 972.4 969 3.4

630 915 962.7 961 17

635 916 960.6 969 84 |
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Oog = 712'{ (on= 0p)i+ (op— 0g)°
1
+ (on— o) +6(ch+0%+a3)°

(3-11)

7b A= migt B (SA47]2F Ze = AL
AT $HASE 3] 21(3-12)*9} Zto] LMP (Larson-Miller Parameter)& &
skt

P = (T+273.15)(C+logtp) (3-12)

A71A, P IMP, trE F2|Z 3t A7, T Aoz &%, C= x| Atso|tr}.
LMPe} 2H-2 g z2le] A= Al(3-13)z Yl

P = by + bjlogS + by(logS)? (3-13)

47A, st &
dez v 4

U= 2 [ : ] (3-14)

r=1 t/( o fe/, Tre/)

v

A7IN, = FZ It £P2HE, e A, te JE 2% - SYAEfolA
2 ge| Fe|x wigha] o] SH5R=712e] 34§ vehdct

o

U Zelm d4ad 4uRs (&40} Zem-nz 29

£87137F A n-F 2 FAY FZ £EHIE 212 YR Ag
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Tl Alo]E & ZelZ &4 0e X717 712 ¢ 5 vjetyd A= wHEHge
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53 LIMOs "ol Wo]A

1. /le

dolgfuol&= 2t2e] A, AR, Zal, ZHMo] J|5S zterlh B =230
A MS AccessE AME3lglal dlolg wo]A <QlE|W|o]A< ODBC(Open DataBase
Connectivity)& o] &3}t & $£HAA AZEQo]oa] H 23t configuration
tole @ A2E4 T vloleuolAd YUY )N +38F ARE 7Jal, A
831 GUI(Graphic User Interface) #7Z-& &) MAH AE 29, A £ 9
S5 2|t}

2. &= Ego|ete] AA
33 3-172 dlojeiujo]ltel AxEQoIZe] UAE =A5ta gltl oiolgwo]

=
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e BE BA dBE readingt writingE ¥ 4 gtk 7123 oR 0DBCER
UEHo]AE HA3UCHH server/client 7o) LXE BT t}E ARE w= v}
2 zZ2 oA thE o] sHssict. welA] client computero] AX]H client

programoll ] <431 reading2 & 4 Qltl. AXEQJo] EAMA server: 3Tt
Zz|sfo} FIRT ST UEH 0T shte] servergto] F&E 4 QB E Hitstad
=3

Server Computer Client Computers
MS-Access DB File
Server  , ) »| Client
Program || °Location data Program
* Sensor data
* Configuration data _
» Material data >  Client
. Program
* Green Function
* History data
* atc. > Client
Program

3% 3-17 dlo]EHlo] A8} AZEo]ete] FA

3. dlojguo]A8] 34
7}, dlolesol £ =t

2 FBEUA £2ZEdojoA "t doledolAE 5718 mdbItdolt}. wiQl o
ole|Hlo|AX  LimosDB.mdbo]3 F7} tuojeldojAx 0fflineDB, CurrentDB,
HistoryDB, DisplayDB.mdbo]t}.
(1) LimosDB. mdb

il dlojelwlo]A AT A configuration HiolE] W AEEH T2 HolHE =
3l olom F 32709 HlolEE A E] Qlth
(2) 0fflineDB. mdb

Server X Z7a82] Offline_ModeollA] AA] ARREE do|EHo]Ao|t],
Sensor, Location, Alarm, Logging, Sensorlnput®] ZAEBE 23 s}tielct.
(3) CurrentDB. mdb

Server X E 33 2] online_modeol|A] AI3PA] AL E] = do]Ey|ojAo|T}. sensor,
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location, alarm, logging®] A A7t ABE ¥Ust3 Qlct
) HistoryDB. mdb

olYnts A A3l= dlolElvlolA IIUEA sensor, location, alarm, loggingol
thet AR S Z3kstar oloh server T2 A3l AAFE = dlo|elwo] 20|t}
(5) DisplayDB. mdb

Client Z2gle] He&eio] WaE YA dolEMo]Lolch Locations] QA
AR E JAsta9 .

L Hol&el &4 &F
(1) Configuration table

NAZ, dulFa, AR, AAMEldol] izt Aute FwE =Psta Qlct,
3w Ele]&& Unit, Component, Location, Sensor, GreensFn, Greens_Map,
Virtual_mapo]|t},
@ M EEA table

dulel AHAFEeL sfMo] ALREE AEEZAE EYStZ AUt gt FR
= Materialofl XEJ=Eo] 3, 2= =& W FEAXE Material_.. .,
Fluid_... o] 2%=|o] glch
(3) Profile table

du2l heatfluxel 2EAAtzPe] Hagh ¥H 5 profileo] tizt FRE
23tz olch
@) 3 table

AH&AEe Wl E £Rs17] 93] UE HlolEolth ol Eol MM FHLU &4
Soll thd A& T} st Hol &2 ItenTypeso|Th
6 At KR table

A2l =2 siMZAz W AN 5o BEE EUst ot sigste HolE2
Current_Alarms, Current_Locations, Current_Logging, Current_Sensors©|C}
©® A o] trable

HA MA@ AN FHY ol¥ds Estn gtk sidshe HolE22
History_Alarms, History_Locations, History Logging, History_Sensorso]|t}.
™ P& table

client TEIWe] 3t Zo] Way FHE TSI QUch T EHolE2
Display_Locationso]|t}.
(® Offline A X table

offline mode 3BiMA] ARHL- ARE X3t Qct sy HolE2
Offline_Alamms, O0ffline_Sensor, Offline_Location, Offline_Logging,
Offline_Sensorlnput ©|C},

(9) Message table
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GreensFn 28214 o]y
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64 Limos A3ZEg]o]

1. Limos A X]
7 Alsw ape
1) st=go]
LiMos7t A€ AFE e 72322 thd3 22 Algeg dAS AT
- Processor : Pentium II 233MHz
- Memory : 128 MByte
- Hard Disk @ 14GByte
- Monitor Size : 17", (1024-768 mode® %)
g8 AlFE HA Aldoln TS 2L 4ie] AEHE AZSgoje] Hr} oby
ol wtE 7e& ALl
@ EFAA % & £ZES o
LIMOs7} A2 ZAsrelo] Badt 2934 D AL Tool2 7|EH o= vz 2
c}. '
- 0/S : Windows NT Server 4.0
- 7§ Tool : Microsoft Visual Basic 6.0, MS-Access 97
- Ax] AZEQO : Microsoft Visual Basic 6.0, MS-Access 97
- %] =glojy] : MS-Access ODBC driver 4.0

L}, LiIMOs A Egojo] A X
o +4

LIMOs A Egole] TAHLE 17l 3-199F Ztl Ake] v LIMosolefoll 3718
207t e &2 th&3t Atk
@b Bitmaps\

AZEQo] FFA ey O¢ mdS ZHFcE FFES 2ElA bmpHAZ A
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(2 23 3-212 LIMOs_Server X2 71382] Optiont 43 SpHolrt
Operation Mode(online/offline)d 3% HEHA L ME3F serverE TF5Y T

alct,

>
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w. LIMJS Seiver

[=10] x]

JE-T - - -

Print

Option DBCheck | SensorCheck | . Stantip Option Help
) — ALmsVersion ’
.~ Current Status - ) e
« project : IHydmgen Unit 1
« Login &4 = Y EE0T Server lD. DIQUD,

- StartUp &% [Eﬁ Server= OnTine Mude?..LID

. Total Statys’ - v 4

Server )t JEEI2
“‘E“EOI Logint swg
n_Line Modei evver SIZ‘& HusHaeU

DalaBase Chec
DatzBase Checkmgm SHEZIRNSLICH
Sensor Chec

Sensor Checkngl Q?EEIQGLIC}
DataBase Reading

Sensor L§§°$LIC

Dalagase%i ATESLICE

Bguth

oa?ﬁaseon REEALLC
2ILICH

SIE(]

Data8. aseﬂil XEBBSLICH

BRLTh

oa‘t‘aﬁasenﬂ HEELIC

Sstotgkorototorototoror
XXXy
w%ng{imggmgma
4y 104y =110y 5104
Ul [

0008 SA e

% 3-20 Server X2 1% Al33lm

Option |- -DBCheck

LoJOuI i

LmsVerslon

; Current Statis -~ —~- - N

i = project 'Hydrogen Dnit 1

Login 2® : FEX)TZE'E [+]] Servarg x}g‘b‘}ﬂ QAQUC}

Startllp 2% erver o e& & ‘ALIU

- Total Status

ServerJf :55! SLILH
Z.E““—‘OI Loging Skl

{00-g8-27

8 3-21 Server LZ1¥e] OptionZ}H
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4. LIMOs Client2] 4138

7b A}

(D LIMOs_Client& A!l33A]Zic},

@ A& J1FE 918 loginH A S A

G ABR=F Melsfy Attt (online B offline)

@ 2713tdo] & A2IwAQ Unit FR3bdHo| &Y},

®) 3l Unitg& tJEE233hA Componentd}wio] & H ).

® sl ComponentE TiE-Z 3 LocationtHo| &M},

(7 Y3t= Locationg” ZY3tA 2o siw Locationd] FHE Azt g s}
= J 27t 253 asicte] AtAElHo] S Alo] 2™}

®) % ‘2 9 radio buttong Bl Wdls FEHES HNu¥S 9y 9y
2" 2] combo boxQtoll= FHAHEEOE Locationo] ARAFojglong g xS
AHERL7E AAISEY] YAl FA st

(9 ¥3t= Locationo] HHFRE Ruiod 3y LocationS TE2Z st A4
BE3Hol 2Tt MBI MNE FAHR, AAZ LHPR] Tg= o
HAE 23, }AolYe = @ HAE ZYstH, 0ffline LHFB O
G @ HAE 2w, A7 FusiHos TAEojalr

0 29 A2 o5 HAE 2l3lA ITtA L wHHolE WELR Eabtho] 74
stodct

1) ol’ge] Apg=te] 2P -SZAtvte] ‘APl HS B3 &Y ¢ A2

YodA st

L AlEgstd
() 338 3-22+= Unit&33hdo|c},
server7} siA4& F33lE Unite] FRE Uehlo ¢J¥ Componet, Location?]
BEE T
(2 318 3-23& Component&d #}Ho|c}.
#1% Location?] FHE X {gich
(@ 18 3-24= Location& ¥ o|r].
MEE Location?] FRE X3t &Y HES o83l Yste HRE A
Y 4 ook EF & D= YAozw FRIL YL
4) 1] 3.25= Location®] AR RIPHAZ Z3slHo|r).
i Location®] BE BHE Z9¥ste F¢ FRFo|r}
(6) 1% 3.262 Location?] AAAMARI}IHZ g 3}Ho|t}
3l Locatione] AlA|ZF Jef=H B ZXlo|r},
® 33 3.272 Location®] HAHBZEEHF = o]zl
3 Location®] 12]¢] 7]7HEete] A oY Jg= YPAlog HoFr}
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3.28 Location?] HAMARZHZ HIAE 3lHolr}

)
Location®] AA|Zt HIAEA B Z&Xlo|r}

sl

& EeHd 42 QUER

s ¢g¢u|e o0

fame__: Hydrogen 2
Description : Hydrogen 2
Serious Component : Refarmer 4
Serious Location : 4Tu0010utSkin
Value : 030 %

THydrogen T
Descnmmn Hydmgenl
SeﬂousComponem Heformer 2
Serious Location : 2Tu0010utSkin
Value : 0,30 %

mo»e

- @A Jﬂi“ (eezsm .,-Mu

On-line
Condition Monitoring System

- ZAHN SRS RE(C)

08N eNER

B2l Uni t‘%a—l E}m‘

Server Off {Online Mode-{Now: 23, Sun:;3 Wamings:

3% 3-22 ClientZ=E 1
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Cg o (MPa)
'8 -8 (MPa)
R4S (H)
2B (Hn

“Reformer T

- S1AI2 JAT (HOCIN. AR

- RN BT 2E(E)

Name,
D tion : Reformer |

Value : 0,

Name — — : Reformér
Description : Reformer 2

“Server Off Online Mode'iNow: 23 Sufn: 3 Wamings..

W 2O S DLIED A2

Program Online-Mode "Offiine Modé: “Waming “Hélp

LT —

P2 RO

- B0SR (H)
£ 2B )

gy |

LE S2AHE (%)

fog S(MPe)
C-8 8 (MP3) .

Serious Location : 1Tu0BiOutSkin
0%

Serious Location : 2Tu0010utSkin
Valug : 0,99 %

3% 3-23 ClientX 2 1382 ComponentZ3 3}

{008 ¢ QR ED p

- SN JAE (1Tu0dIInSkn)

SALHIBX)

e - N ow o

O - N w o~

- BN S 2E()

£
£
B
f
%

Server Of VgOnIine Made Now 23 Sum:'3 Wamings’

001615

i

& 400

3% 3-24 ClientZ 2 138 ocation& & 3}

_55_

-




® BE : Onfine Mode
2e: 500 ¢
2z : 10 wmpa .

) 'Pian@‘Scmen;, o

g2 : 10 wra-

+5: 0.8 %

A;--NAIZ’ Fo3 L] —

4 A2 00-04-18 Q% 5:04:00
@ 25 50 -
. S0 “MPa
N 8% 10 MPa |
Co-m RS . “MPaj
.o -EB™ 5 - "MPa i
i $QAHIE 08 X8
[ -3AT 42:08 V%
§-mE24” 0 %3
-JEH ST 10 X
BOIS2 100 - He |
SR N 10 Co R

| On-line

- Location 'Scr;a_‘e,n.: _l;_]’q(l_]ilh,S!dn

Condition Moritarng Systern

. Cofnpénent Screen

S

o (OHE] 34=

2 o) 2 eMPa) & MPa)
600 500 2 10
8
15 115
400 [,J._ 40 /l 6
0 It 10
200 L 200 i r4
5 J 5 2
0 0 0
2B AHIFX) TOI122HD) BN
4 1.0 1.0 10 10
3 3 08 08 08 08
R , 06 06 06 06
04 04 04 04
! l' ! 62 02 02 02
0 0 0o 00 0o oo

% 3-26 Client=2 3 2] Location AMARIpA ()
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ISE ] NERIA lMS:l F=u l?i lw ]U 0 I 2 [e 22N ME] P
- ieires!
B ~] BawA: Pﬁm—;]u F=a Tz lm = | w - ) )
2 () & o «(MPa)
500 600
500 - = 500
e
\\\ 7 ~
400 ™~ - - i AN vi 400
™, s N /
\, \\ s
30 \\ / AN / £
A !
N/ \
200 4 > 20
100 100
0 0

3% 3-27 ClientZ 2 738 9) Location ArA|A B &b
(== o]¥)

"‘Uﬁﬂ:lm me.m|z=~: [ Stess:Press] Stese TH

w et

PR B R RV DU PR PR

d

% 3-28 Client=Z271392) [ocation AMARIH(BRAE)
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7d AR SHYESAA A

1. 23t (Acoustic Emission: AE)
=)

7b &3

\EE AR WMy e Fdo W @ A3 eRtE e &2 oduA] P
o3l gt 'S B o] FAFE o] &Y AFWYS Ko, 71E2 vztE 4
ol zte DS ROV 5 A& A2 BT AHHY shuz Z4Eea ook
AEE A 2ol F3] nlMld u7tgy wHyol 7ldst v wlut AlEYAdEs g

Al @A o] Y AE FUBI] $18te] AFHA FA3to] Folof & Wart ¢l
7] wiZoll 2E 59 ujAF HFP ol ] AT FHAANYE 7t Fo Ae
A2 LA LY] 5o A& A A Aol o|27]|7HA] vl-$- Tthddt Bl SE&EHI ¢
E]’- (41)

AEE I Ate] dF o2 I dislocation?] o]Fo|L} microcracke] A ol
Az 5ol tiEAHQY YU dfA ooy, ALY HFee A4F A2E, T2
o] e EEY AZE WAzttt AA AEY HAEYE iRy S
osl z¢EHn FEAMEY F-¢ e F 7HA] YJolx twinningo|L} grain boundary
sliding, 22|32 H|Z% ZHEH R e decohesion, *Hel, && % Fi,
magnetic domain®] o], 4% W AE Fo| ¢alA gl F3-92 AEAZ 9] I Hof
B nXe MY 4 = Y FFE Yehdch

AEAI S o] B2 AR R FEEU AEAU oYY sliL oA 2L
2 wgsty] wj ol d&d 4 glon o] o7 wZel FE A A} &olst
2] dth E3F FEo WA A T vt ¢ dE oW UEdolet: dAU
AEE Ad3iche B Aol Qlohe ©hAo] gl o] A2 AETL s gl F7F
o7 FAHAG oyz|7t A¥E FEstes EHAUAY Uz AF £EEF A
3 BHgmte] HeflE AR WEF ool 3t 7IttE2E 2AS HE3|o} 317] wiFol

iy

w- O

A8 TRolE ST AEYo] AT MY WHOE we ANAL 2=
= 2 2 AAo] 9l7] wiEo|tt. WA AEE dynamic inspectiono] 713}
g B3 A= AefollA ZEY e utE F2EY WSS FF
ol ot F HAE FREY 7He F AAIL 7HsS ARE BT Al

Fazgh £ glon, 2EF A7} JHssich Al Rl 2 H2ol &olsiAl X

2 234 4 njz]Y AL = FXEY BUF nES A5 4+ A
th olglolE Bl MAE ARSI 3 vie AP o AN FREA EAst=
ZAgtel WAl RE HIlY 4 9lon X FE A (source location)o] 7Hsdiths A3

_58_



H3-9 4E AT AFe) 4rhy 30| G vl Axje) BR

(o]

Factors Resulting in Factors Resulting in
Higher Amplitude Signals Lower Amplitude Signals
High Strength Low strength
High strain rate Low strain rate
Anisotropy Isotropy

Nonhomogeneity Homogeneity
Thick section Thin section
Twinning materials Nontwinning materials
Cleavage fracture Shear deformation
Low temperatures High temperature
Flawed material Unflawed material
Martensitic phase Diffusion controlled
transformations transformations
Crack propagation Plastic deformation
Cast structure Wrought structure
Large grain size Small grain size

= a2 ¢do] Al utel FPoll 2E3he sHF2 W) wha

z {‘%—_MOI %‘*“3}““1 BEEH S P FFol o] Fol wiztx] A&H oz Uy
th ol HFelA nlAY FE WAL FHAA WY UAE FYstn AR 7
stepa Rigoll whet ciddt Felol B E WA oA Bhdmiyl LW
Tdol Ha U AT E YU Tl SRYEA T Aol AT FHY
HIZI &2 SR A] ok AT Fatolut vtad WHe] wE 2guE B 5{E
oATh

fd

th A FF
SYUEANITE F2 100kHz ~ 1MHz2] F314 tfdolA AEE D 1070 ~ 1002
HE ZHY 4 9 MME ZHUCH SYYBAIE A2t AV Arg

%% (capacitative type), <A (piezoelectric type) & FZtA¥(laser
interferometric type)o] Qldl A7|&ad AL M4 10"r 71%] ZHEH oA
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Foid ol ohel 102 ~ 10 742 FAHCE ¢AY A=
22 AZo|x UZSIA WHEIIERE J1A BRHUFHO 2 ALREH I

oy 2 84 JisAdo] A3 L2 BAo| HLsI7] of
1 = H4 10" 71x] A= ") HYE ZH}Y 4
2 A3 £ glomg AN RAoL} vy 2 WY A3 A
ol

2. Fabry-Perot interferometer

Fabry-Perot Ztd A= o] HEof HEulaAlH (semi-reflective surface)S A A]
A WAL = T U] ARG A =Ho, Alx] L FAPd= of
uwla} [FPI(intrinsic Fabry-Perot interferometer)®} EFPI(extrinsic Fabry-Perot

interferometer) & F-EFc}.

o oft
¥ oX

7}. EFPl(extrinsic Fabry-Perot interferometer)

EFPIol A= Z33-132} Zo] 3ol JAH ol Fabry-Perot &2}t EetolA 4%
7b BIAME =5 Stal L A] o 96%s FAd-F-E whA el F71 TS (air gap) §& F
245 F ThA] o & Eh thHoA 4u7) AR =& gt o] WA £ dlo] ¢
A ZO R FEol UEA FAER QAIZINA T ME A4 TEE YA H
o, ol Wi F7IFe] WY, & F FBEY HIH UAY nE AAE WAl
sto] FAvte F&Y NI} LYsI=F FEYCE Y EFPIE B2 }

218 ZAl(hollow tube)o] WRSHA EH BT ZFo| BALKYOR 7t
7 4 A 71AH Fdo] Frie FEol AUt

4

SO
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Lt IFPI{intrinsic Fabry-Perot interferometer)
IFPIoll A= EFPIS}E del ZHR el FE9has
cavity §¢& HFA-{7t 1A ) o]z IFPI: HEHIX
ofl Al AM=iA] 7| A Fado| Lhwcs ghao] glon)
33 EE ¥ + qrch

o

& A3t Fabry-Perot
2] §=H(splicing)A
Ao A%H L2 st

__
J’i L

T}, Fabry-Perot 7Hd Ao e] zbd4l%E
Fabry-Perot Al thE% ZAl(nultiple-beam interferometer) =4 WA}
WEo] o3 ZHYAMI L theat o] RBeosic} 8

Eg= Egyr+ Ey t’re™+ E, t% 73 ¥ . . . (3-18)

A(3-18)2 vh&3 o] Held 4 ook

t? e*
E = Egr(l-i-—l—:—;g—e,-d;) (3-19)

o371M Ere 27| WhALZE dojudr] A UAH Yo AZEoln, r3} t= Ztzb vkl
“F(coefficient of reflection)2}t FZA4(coefficient of transmission)o]C}.
¢ = AHS F Weo] 2JAtx}(phase difference)E T3 Zo] E3HEY 2= 9ic)

b=2ks cosﬁ——éﬁscosﬁ_—%; nscos 8 (3-20)

A71H A= FFolA e Lo sitold, st F RMAPHZIY Azlo|3, nd We| uf
Ao ZHER oj7|H & Fabry-Perot cavityE st B2 ZH Hof sietsiy,
0= 3o UAlZ o2 dlo] Fabry-Perot BtAlmH 2] WA 3} o] ZtEo) sfntsict
APH W] A7) (intensity): TS Tol LIElLicT].

<

rn’.

Ir= | Egl*= Ex- Eg* (3-21)

71 T B4 FY(complex conjugate)E Hu)dtn, FHAF Fojo] YalEE=
2o HINE 16’ 2 SR Aol Uet W A7l the A3 2ok
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=2 4% 242 t°cosd
1+ »*—2 »%cos ¢

Ip =1, »*(1+

(3-22)

T?—92RT+2Tcos¢
1+ R*— 2Rcos¢

IyR(1+

o] o Rz} T= 21z} vkAlR (reflectance)?} F2}-&(transmittance)& UEhIH 2
AL o3} ol

(3-23
T= |tl*=¢t ¢t*
the, 2219 WE 9% pYATE the Yo
Er = Ey t'+ Ey ¢t vt e+ Ey t? vt e® . . .
(3-24)
1— 7% e®

S92 A7) S YAE 2 A7) =6’ 2 Jehid i3t go] VY
auch,

t4
T_ 2
1+ »*—2 r“cos ¢

IT: ETE}=10(

(3-25)
T? )
1+ R?—2Rcos¢

= ]0(

A1(3-23) 2k A1(3-25)0l &]3hd wiAbgo| 2 wie T W3 WA Wl by
2% o|%3 7H4d(two beanm interference)z}t A f-AIEF By nt Fef= Lehx|gt
Biabgo] AALE Ao 2357} PR3 sharpness?t F715t] FE L] B
Fofl Al of A "t

Intrinsic®] ¢ Fujdo] FHKIt F2E 2(3-18)3 4(3-23)& Iti= AH&
sie Fursith I wo| FAH[oA FrFLE FEEHE HFAAM BT A4x
2 #zl= Pato] UEhE extrinsicd] 79 Wo] Fr|FLE ALH F ukAle F
AE = A A UABSHE £4S aesliofnt gitt oA Fojet Felig e FAH
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Reflector Cantilever (R) || Optical Fiber
= o/
Interfi t = 4 T
nterfer ometer(I) \ - < Sensor Body
AR Signal($)

Specimen

T30 BAR SPUBANY P4

HUALE o] 7] 918t 2A 02 Wel YAYAZ(F.)o] ARHW We BHRE T
Aeted 4.9 Ztew B7)Z02 AT GRolu).
3. SRPEMA @ NTA YRR 24

=T o
SRS AAL de

J#3-30 & dAoAM AU SFUYEAANY deElE vepd Aoy
Fabry-Perot ZHdAlet &R 2] 5 )& o] &l FAgdsigden 71& de= v}
=2t Zch

AlEoA WAH SPUEANTE AN Ao AR FHFE TAAH uUr
o FRE wWAAFL FEREFEH SYFE YW HVEAS dogich FHA
25H 2¥d A3 FEFE T3 FHE7I(photo-detector) & 1*‘%-)5101 A 714l
T2 HEHch o] uf SYUEATY £YH(4)S SHLEAUITHU(S), Yure] 22
(R) U FZE7E 2T FGA(NY JEFH FEo= E?‘;Q 4= gt ¥

okﬂ-

A=S*xRx] (3-26)

(1) SgY&43 2
S A T = Al Ea = (pencil lead fracture: PLF)A|@o|L} A
I A 55 B3 AP FLE BAT AA SIYSAIT et PLF AP Xjole
Azts AEUWFA Y&EHI F2= 28 FHolA H&Hrhs Holtlh PLF A|E2

AME EAFSIAY RAMF S $3st7|o] ZHSER ANE 7Ust=d 2852
9TE o]t 2 PLF A|@e] 83 2d2 BF WUFre] FAs Jeivt davs
s U™ 2 dFodE HAnE spgsidct SAUENIE HAE JHHY
T e A2 A AR v HBA EHE R WA g e #AR
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oo

Force

§l3-32 S3ktEalsyd

Zolil 1 Fof s AeE AW ol A AWML A
mj2olth. Caloran 52 AYNME FAYAE o] g5l SPLYEUIE 2
ded ¢F MMM RUEE FUTL] viAE R thedt

ZAFAch & AFeMe SPYELIZE 29333 2 &y

b e
az
o
o
H
ot
L

_—~

2) BERE P89 Hure] A

TR3-3000A AA 2Ae] dEd S¥UVENTE 34
& WA FAdol Uste o] o T FIhee AUES Zojgt FA
el YE2 ZAZ Ak ojg Z2 I = Asta 5 Fyp
ozpst= "WYY JleS XsteTl AIY SRWEAME 1FT,d I3
of RIZSHA kg3t ATz g oF S-S H2ATIE UH
=3

I3-32E SHUEAAY AF BHAZA SFEEAUZIL AN S2AE I8 34
Foll AdEE HEE& Tedtste] F/3stdrh o uf §7F A (M) 71 & E A
(k)= HHRE A (m), ZAol(1), WEAF(E), 347 ©H B RWE(NE
o] gsted tha3} Zol Uehd 4 gy, 9

2 789 HERe

o

M ,,=0.23m=0.180l d*
(3-27)

p —3EI _ 0.150 d* v?
eq 13 - 13

A7, ot BHERY U, de= FER AF, ve BAERAAMY F&5S e
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F

J3-32 BHF SBYEANY £33 rY

Ul

of Wi T FIF(wn)e Mt kB 01831 AZY 4 9lon i} )

— (3-28)

LR 24(5200m/5)", W (2340kg/m?), A7 (125 wm) Tl s}
~10mm7}t3] ?7}4913::1 2R F35E 23, 3kHzol A 0. 9kHz7}
g 3133y a}E AR T T4 g2 A HHstA] ¢}
2 A= CHQ.* 1 ~10kHze] F3 FI4=F Zhe=cl

FOR3-329] E 2o 2§3-33 32 HaAnYo| ™ of He(y)E= th

\_.
g3t 2o}

Nl
E
lﬂl"’

~&wut

Foe
koV1— €7

[—cos( wqyt—¢)+ e’ " cos{ w (t— ty)— ¢} (3-29)

)

wherve, ¢ = tan ~(

1— &2

ANA, kv Tt BEAS, e BWHIHFF4(frequency of damped
), ¢

vibration), ¢+ Zt2|H](damping ratio), t+= A]7HE UERATY,
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Reflector

Optical Fiber
S(t)

xR

(e

x{(t}

93-33 BHE Slue) W

kAl To] iyt R 43 HeolnE AR FHE U

*‘(3 29)=
A9lE £% HeE B|idslol gt 1Y3-33:= FHAE FEE ERY € FE
& TR "ot Ao y, xe 7474 sjgne] 43 el +3 WelE Uehd
th 43 He|9l 43 vl UAL t)e] Ztol A4St sind= ¢, tand = ol

22 chg3t ol Uehd 4 gtk

2
x(H = _y%tl_ (3-30)

o] uf yo| W7} ui$ Zcln 73 sHA yO-“ cﬂz‘ﬂ- x0] M MyAoT JAE
+ QOB A GF ol gt £AUS y& FHEH 2 BUY £ Qch. ol w)

UEET
ogr e ek the3t Jrh

S*R = x(t) = Cy(?) (3-31)

(4) FzHd AA
IU3-342 SFUWE Ao Y| BIALE o] &3t ZHo] WSt FEE Huf
3f =2 oz Oe MYH uie} Fo] Fdfol S WS FHF+ dHEE
E2hste] wialHolAN ZHAE ot F7|FolA W &S st AL of
U= (£)& cheat zeh
Eyx= Ey 7\ + E, t’a 21 y 571 B o@D a+(2%—1)h (3-32)
(B =123 -+, o)
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Reflector

Core

',/
e, ’ ( : ;

N \ Light
2h <

L

Claddin
r_T acdne

|4
o b
w
(%]
-
o
o
o
4
(‘1
19.
::
|
E
=“r‘=
>+ﬂi
11?:.
-3

A7M B Bel 0111—11] e AR WAL Ad, o qhabEe) 2}
BAS 2olsl WA, 1= Nel AHA, he QAT 203 BOHE) 0L e
o} gtel 4 4 ateh,

h = 2s- tanf, (3-33)

e beam
o < (=] [=]
n 'S 'S n =]
N B ()] [as] [9)]
T

o
S

o

W

&
T

o

(3]

-
T

o

&)

(V]
T

The intensity of reflectiv

o
(&)

‘nl 21It an 47
The phase difference

T333-35 siEe]-wiE A MY glabate] mE 2H Ry

(=]
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3313-352 Al(3-32)0] B89 vkxlAI4= 0.05, #kAbAL] wlAlAl4 0.958 oig
st AZE A W7 RS 22 ufojch iR E = gl Yehdtt. oluf FAd -2
Zol & njHzAst & 1722 e ol 25 A7 $23] 2 WA
oltiil 7R shH ¥HALE oy x]= iz Zth

ol

=
(o]
£

AE, = Cz 'A?] (3-34)

oA7IM G Ageoltt.
3 EFPL AlA] 9atats uR el 43 wWHolo] oJs) thS Azt go] AR Y
Ay = 4;2;[ cos 8. Ax(¢) (3-35)

o714 n2 F718 FHEE 1013, A,= FHY wHHo|th
EZE 2(3-35)8] fHolA ax(t)E Hstiles BT AolBE Ax(t)E A2
Uz ArE G2 785t Al(3-34)3} A(3-35)0lM THE A9] ’8%2’_‘3}.

AE, = Cz C3dx(t) (3-36)

utetr 21(3-26)8] FAEA(D = 35 G GE Ve & ot & AFollMe 4
e Bl g 2AYLEA AFAU BES UEMIES AXE F43t4ch

SHYENA L] S
QAL E A lFo] FARol AHEL FHAE THY AR FULE AUsle
Adol WA of ZAMAE 1T SES A

stof Thet ol AW 4 gk,

@
oo
N
ax,
@
w
I
Wa,

>,
w
(%]
(o]

i
K

A(H= — ‘ [—cos( wat— P+ e " “cos{ wq(t— ty)— 4] (3.37)

2 dTolA JuUR SIUBNHE UM AIE vhel o] Fabry-Perot ZHAIAS
ol gstod EFPI MM FAstalrt,
MA Aol 800nmoll A AHESHE WURE FURE AEStEon 1 ByAE
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AHSET ol M ABANFANE PASHATE YBNAE ol 8T YN
WUBATE FFL 100kHz~ 1Mz G2 F34 thjold NEE SAsHxT Y
B AAE MAS B 4 ke FI4 Aol SULELT 2HHEE 54
& 42 4 ot shetulbE dystn ATAANE T4

(1) rms o Y=]

SH¥LEUS AR Ee T2 S0y A4S FH5H] SlsiA A8EHEE 28
wie] o3k 7‘]!'11E TR 35S &SR3 43t of 3y, o] uf 71 71 20| H
+ YA F3bgeet FAFoltt, WS vfsf HEE £ event, count’, o
Uz, RE, =24 A7 AbS A7 2 E A|ZF 5o Qlth &34 (event number)
= vl o g 34 Fo]A FYZt(threshold level )olAre] AES 7%=
£ M= ring down count® 4 Fo] R FY 3t (threshold level)olAte] zlof
WAshe 4289 939 & Yelis "4 93 &Yl Atk S3HE AU
2 ity ofelle] A& Kl the A2} Zo] FogHr)

€ =8
ty

U= vi(at (3-38)
4

A7 U A7t ol 7RIS iy Rloln] Ke AIZt tofl TthEt The] R BolTh. oy
2ol BRIt AL 71D rosAY Vs A1(3-39)2F Zo] FHH rosAYLS T} 9
ol £l WAl e Uehdr).

N O T G )
vm_\/ Atf“ V2()dt (3-39)

rosAYE ololelso] A NxA s} e 2d 4FE FPshen golst

of SRUEY L AL A2l Fgolisn] HA e nielnE R YiEo] £ A7
£ SWUENTE SFoted rosAYL o] &3tYTE B dTolNE A4S %

stl 3 2YYBUT *ie:% ros WY L2 WY 9s) rosulHE A 2oty

= gstgieh A" ros vlElE W4 U7 3

o A=) ros WY ol 0.70781E ZEF A%

ol AL 53 BAEMu] AN A A2 THo] Wag NIHeYHS
7] gl3) UE AME B3 SHH rosHYE PCIL JAAE = e tIRE Al
A)7)= A/D converter, ZX7|(amplifier) & oJ3}7|(filter)E AIZ3IA

ri"‘ r&
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Optical Fiber

Photo-detector

v

AE Sensor 2 x2 Coupler -
| Amp. & Filter
\\
R :
RMS Meter
Light Source l
AE Signal Oscilloscope
IR3-37 AR SWUENA A2H

t}. A/D converter= Z|tj %‘%%‘ Fo4= 200kHzo) 31 Turbo C++E o] 83} AjojH
th $571= rosAe] 2F 4EUE SRR op-anpE AHE3t 2 t) 80dB &
Fo] 713 NAFZIZE g3t ET AU FHRE THH un o
AFAETE AAYE o5 AuV|e 55 A E AlFsl Agstgct

= dFodAM SHE rast e FEAIE AXA FEVE B3l $EH T o]
5% ATIIE B F oA T H FE ouiE 8 T po eAlzARRE
&3te] 33l

4. dEFA D A3 9

7h AERH

J33-37= U SVUEIA HAERXY AYEZA AR AF X P
T34t

ST 20 A1 ZLd2 o) £o| 1.5 oW, 3}3o] 635 nwojL A
% &4E& F017] 913 pigtailed H #o|A tlo]2=F o] &3lgcrt. olgA ¢AIH
W 3 dBY AALEHE ZE= WY AAVI(ZX2 coupler)E T3l 1112 23}y
ol 28 F ZE F U B AL AFEHT YA 3 B2 ik (breakage) A A
ZiRkatE] = Yol QU=F sttt THAE A U2 oA U AAVIE AA B
g ZECHEE 8 AR/ AEE HE|Hch

Az *13]—‘?'—% ECHEHE B3] ARE QAH AITE AYE T3l dYe=
Ml FEZIHZE Tt AW ul FFAIY F FAEAR URe] I FreE A
AE gy °°|5i}7] bandpass filter)Z WE[¥s}gct o] S¥WEATE= A2HH
rms{root mean square) to dc converterS E35}o rms oUX|E HEE T o] HEH
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rms AU QAIZTAFIE = A/D converterE E3) PCE Z23l49rc).

o AFoMes AU SPEEAME ZFotL T

SUEMY] PA A A&
2 Y& eSS ZESH S8 PLF A8 dRAEE 3

shaict.

(1) PLF A3
B RN A5 AV gstel PLF A8 $4stdTh PLF A|@e 2| ol
0.5mmQ] AFELA L o] &3] £33t =], HMAE 200X200X10mn2] Hut Qo] HAE
HEZ o].g.a].o:‘ —JJg/L]?ﬂI;} Jél-zg.ﬁ_ -] 940“ ol-z-]&l gsokﬂl-ékl]k] 0.1~1MHz : ;-61-
A1

dEg A
chd %) S Fatsha 1008) FHA F WSl T ALE wlmsteich
(2) Q1% AR

2 7ol

© AR i WP A YAt SUYELNT Fd G U sl
= SUUEAIE S s A9 ABE s#¥sAc
2 X3 e n = = 3mp, UH] 20mme] SMASCTrol 7] Fde] WALXE 2
st S HU37] 3 AFS ol &3t Zo] 2me] =X & THE2th
FAFANE X olA 30mm o Z o]l ASHES FE o] &5t 23121 A
B71E BAAZ efolA £H A& SFstdnt. A& APA] A% 8153} 2%
EA132 rosAYE LAZAITZZ FA3AT AR XYY 2= 4mw/mino]
H rosAYE 3 HEY Fu5E 250Hz0| ATt
AX AIEAl 53T ros Aol FYFUYSANITUE A7 ¢l PZT A E F-3
sto] 413 & wjas] X eton Kaiser effect7} UER=XE #HQIstadth 2 Ao
A= Kaiser effectE U317 3l AF A8 F &2 FHolA A=) 315&
A AT ThA] 35S F7HAIIHA SBUEXIE S5t

5. A4z

7}, PLF A&

13%13-38(a), (b), ()= ZZ FAEAFAAM, AHFAAN A o] 3l FFAE el
Wl 2§13-39(a), (b), ()= Zt2 RN, AN U o] 3o Fupy 4
AREA, 33-11(a)oll Yelt viel o] FHFAAM Y 712 AF+d 1. 06kHzol
A HBEX7 BEEen, FHFE FAEE UL S 7R AFeY 3njd
3. 1kHzoll A FFX7t AEE AT T8 740A28]  stuprt dAdEd =Y ol AE 14
3-39(b)oll A LHANME F8% Ao} Gx|ghch EZE T33-39(c)oll =R o] =3l F
e 1.061<Hz§_ LS oure 7B REE Uehdrl, FHGT 23 AT
UHMAME ZHT Axtel X3t o £ kHz2] I FE 2 Vehldch Zd /A4
2 ZA3 A13%2] 740Hz2] HEo| 4, 9dBol5l UANME ZA T 259 740Hz8] A
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(c) $£X"s)y Az
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AE Signals, dB
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AE Signals, dB
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AE Signals, dB
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o o
f E
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Frequency, kHz

731339 PLF AJ®Al 34T A3 9] 234 24 73}

(a) BESNN A
(b) Q=N 2z}
(c) #x15s)d Az
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Zo] 0.6dB% UIEIYt=d FERAME ST 437 40dB TEH LSS 7etstd
°f 35dB = RIZ=7} Hojzt) ojg} o] YIFET} HolXE= A2 FHES ¢
C2A BUY 4 ey GAMME ST AF 7 A& 283t Hoh 604871
FEH e i FERANE SHE A3 72 REY St B3I
33y el & AMRSIEE Hof 100dB7HA] S 4 ot uleta] ojf e F A
E4& ol &3t UMMl vjs] ¥ YARE B £ Qr

+8517] Aol A A1F71Y F¢ FAL-IIEL £ 0 AT HEL2
rms JUAIE o]&3stod S g A} 400mie] Ll

O33-40= A AlEA] 3153 FAERAME SHY ros HY
T A AEE A ASto] ' & A off v] oyt 3£
oF 402 F-ZollM 47t B2 FFHo AF It BEHI] ARSI ¢ 1 105‘01] olEHE
Fol 243 soluHA 3V o] rms Aol AEFHAUCH
3'6"’3%’5‘_]*‘]" UZEE HUs}y) °l'f?'5H °‘2**“*15="~ 7] L= AF AY

- N [#3)

rms voltage, V
o

o
o

Load, kN

o

-

40 80 120 160
(b)
Time, s

39340 AFAPA SHERS] WE SPPBUE W

o
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I%3-42 ABAHA HAA e} BHRAA L & Az
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rms voltage, V
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T 30} ]
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=1

0 40 80 120 160
(b)

Time, s
23-42 FlolA FHz} #elg 98t Q=X H Az}

A51A] okgrom d1Fo| 3.5tonOE T EUH
xj2] Fdo] F7l5te FEoAM £ IE9 *137} &Y= At

| Z2AHE A3 Azjoltt. 3FFo] 3.5tonol| A TAH A|AEE S3iuts
FH z
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LS 2353517 2138t FE (coating or buffer)?] M 2L 2 FAT 9o 138l
3-435 FEF A4S Yebdct ARl dAFE WS A0l FEld ot F
PG AAHANML ZHE Alolof o3l RiAI} o] Fo|X|y Hutx|n, 53] FAW

off Al ARNtal7} o] FolA uf W Salo] FH HojHr)

(2) Axkat

J3-442 APHA At 2HE EX9 I/t F 4 dus vehix
otk 7 7He B FollA Hado] AR 22 AR UAEI F718 Fof Aol
o] A FdolA Zdo] WSt FAHL2 FAFel 77k A2 7oz Xt &

eLz>e,olv4 BAE Ao9h Y YA BHOE JIN Y F oA ZHol
A At i gele Y 2718 ZAWA A ColA HoA FI] oz
Bkt o] AL FAR UE A R w}ew A Ueld dutd £ ¢
th F s AdoldE A AdA SFo] WS, A BlolA AL wdshd 3
A& 2ol U= Aspdch Hey IFole Fey araoiw YAz AAZ q. =
sin(n/m) 2 7VE8he o714 n3h ne Zkzh Folo} Zelw el ZHBolth

e
o2 23] /-] ne 899 22E |
- \ \ [,
AN L .

n, > n, 49 Z24E X

6, ,—Launch angle that becomes 6,.
8,,—Launch angle—unconfined ray

T34 ADY FEAIHY L A

a.Btt 2 o2 ARl F4AL FHRE Hupgich 23-166AM AP
&N 0.8 A=E olFH (Rt} T FAH2 AR Rk F o601

6, BHL BHEE Uy o] © ¢.8 YAATZeE} st P
sin@.= cos 8.= ny/n, (3-40)

Egh Uy Feabe Wol 2 B0 & ujAoN FAEC] W2 HUE WY 7

Fafole 2A AE &H, W gt Y3t &d U =31 52| H(bending)
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R H S ATz s ERAPYST A7 Saloy o] £AlL ulabef o
Eote T2 wtge A At EUE 29 4 otk 2 Aol HPBNAE H)

st o83t v 2ol o3t Ealo] ofso TYHCE

L. ojazuiyl gz}
FAREC A2 ZEe] BE FHS MR UM AEn Axint o] Eof A s}
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E 4 A 2FEAT Z710) whal Zo4ekt). ARRES Azl 2A A
shztg e 33t Boo} QAT WA e Anizhg 2 A Reg adsie
Zol gubgoltt 1Al BEE WU S 2eWOT B Ao] 7 webd &
Alo] AT},

Yol 2 23} RE, XX e E: 23 Roe Ansts AL BMeze =
UZA($27H3} RE (Y RS IS RESe) W) Aw) Aso] ohep 2
FHT}

B fol LS WSS A4S 2U3-46(a)ot o] thEEe] Wouz| 7} ¥z
2 452 Fdfol ZYSH THRES} YHHC} ol AOL 25 ML}
A o SAlo] WASHY 13-46(b) o] T zwi B G F2UFHE 73-%
2 A3} RE7F YHHDL oy £4L Zolhrh I3-46(c) Lo BE
BY o 24 % 4 B2 WS AS Uehle ()8 ()& £4o] WS
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T%3-48 43 23 Aol B

oldl mjaEwide] &J3t &AL T373-4832 o] P FHERI FHE U=
A¢ o 2 Ao Uepd 4 9t @

Loss= P, =e (3-41)
1 3
where, a(6)= koo( 82— 6°) Zexp(—%—kpo( 02—6% %), k=2mn/A

A(3-41)oll 4 mjazwige] gt &ML FHR7T 948 FHS Berha 7
VP Y WAED BAAR E4AC o3 AFAckE ¥ 4 vk TH3-492 ¥
28 A Gl T a2 3ol o3t £4& Uehd Jlojth FHF2 E8A
L A7t 1310n02) HY RE FAE-R] EAXE AMEstd o wix|E2] Lo
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EfLf et

2 o)A /AU HESAAE nja2Ag G3E oo RN FHFE AT
3 =

sl obn HHBS ZAsHe Walolth, ofeh o] BHRE Axtelx] gogA A
Aol 74 e £ 4 9T 7129 BHs HYEAA ] uls) APY Hujgoz

=

4 oot EY J%E o A] *‘7121“*‘ MY EAAof vl Gojz|=|

3 7*]?—'1478‘°l vjz3 o ?S}E}—‘E- Aol sirh
Hsto] AE 337301 | AU ANE 8L = U

o AN Exel PR FRE HIHAA ANE T3t 22 FHel= AYY

mlo }q
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J#13-51 AFAIE A
ch.l FHR/AA Az}
ch.2 2EdQ Ae|x] Az}
0.45
0.44 +H
>
5 d |
8043 it
p:
0.42
0.41 ; . . . .
0 50 100 150 200 50
Strain, u
73-52 AZAIBA| 3130l & WP E s}
ANE T8 4 At
5. A&
£ Aol HPE YA Agol ZEAHU EAME F/3stct HIE
Ae RREPoT A2 UY A4S OI%E}@I Sgeich. AU A B
& mja ey EIE ol &t FERE AuskA| 3 FAdste] Aol Holut
o, FHAFE &5t **é %li-— 2139 AAe ASE Jhest=S MAsHTH
o zlr,p]

18.BmY

1

EAAM e} AR =S Ueldlen, £33
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& AT ZA AR glo] $30] Solsidrt. WE AN FUEE LA 9
@77} Wasty MM packaging YA S A4 9% 77 WeY Hoz B
gch=3

98 ARl AJARI(SES 1) 7wt

= Q7o e Folld AFF FAERF STUYEAA Y HY BN E o831 A4
ZAA] A ABI(SES I: System Evaluation System 1)off #&lo] 7jtslgdr}. SES 12 7)
27Q) stand-alone HehSl AAZA AANOES BHE SYUZMM} HRNEN
A, ECU(Electronic Control Unit), web server® AErt} 1313-53% SES 1S o]
3 A Al Al &R A=txelct

SES 10} A8 Huf SUREAMS} HHSHNE B AFolA AU Axolm
PUEAA A PRt BE £4 S FAATT) 8 AT 13100
dsot 2] 2ol 3orl FAG AHstel Pt
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s 2320 CPU Amp. , Filter, RMS AlM H 0=

5 BEITLILN
WIXVS
cEmaamm-

g§3cm

B
}“ -

13cm

3 %3-54 Electrical Control Unit

No
System power + System fail
Yes No + Evaluation fail
CPU + Data transfer fall
* AID conversion fail
. Yes

R No

I » Data transfer fa||—| LD power + Current source fail

» Optical fiber
disconnected.

No
Data transfer

J33-55 27| Ackslge S EE

L}, ECU(Electronic Control Unit)

ECU= M4, CPU, 5% 7|(Amplifier), ®im}7](Filter), A/D Converter, RS-232CE
THET ANZEE JYH oldEINIE 223} YE YL B oYM TE
Bl Jlet HBY UIE o] &3l T2EL QAN E HIste 7| ¢ =17 A
s 2t °'U]' T #3-542 ECUY 233} 2} 7]%g HoEr) 2] Athy|se
power?] <] %, LD power?] 43 /-7, FAE7Y 4FANT F¢ SFFE neis)
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HEL 43Tt AEMAM Y HAchRoE M A3 E ol AFAYY
H Ao 24 Mo o] 4-f-FL FHRe ol ARFE uigtdicg, ojdidelz A
T B LAy Ad 3?1“‘*)9} web serverdf] ZAIoAXE &Y= F F/dstairl
LCDo| M = o] 3 2del i 52t dolg ke &¥¥ict. I33-552 7| At He
S E=o|tl

T4l 5ol M= RS-232CF4l zEZ PColl dlolel el MA 2] 2FAtelE .=
AFollA 7R3t SES 12 stand alone EIQIOE F 044y W FREo H2tx]o]
o|MRFE uitisia Hlo|EH & PCE ALY 4 gt

o rir

t}. Web server

2 A7 M= PCE AHE-3led web serverE F8sIR, FAIZRA] BEE AF31714]
3} softwareE 7jwtsteict.

WVeb servert AEH SIUSAIE UGN HA LR st P A3
£ iiste] FaskeE QS it il dubE Y BeeAg o
HTML(hyper text markup language)dol2+= HAIZE 7 *lb} tolBlof ohigt ol
7besich. el AAZE ZAG ol e of thdt F2S 15t AEuldell 2H
38 71% 3t JAVA2 (version JIK 1.2.2)& A}%v}ﬁt}. Control programolA = 3+¥
dataS AA|ZtO 2 graph® 28 3}7] ¢35t} JAVA2S] thread 7] 5-& AFRSlgd o o
2zult} updated}o] graph® &3t SPUEAN LY BLF JATA] A&
o] zpx] xh tlolE| & o] &3t AFAZA] AlARIS ¥ S AP 2™3-56(a)et
(b)E Ztz} web sited] A= A% ezl SRYBATE JHZ2 EY3H= ol

ch.

> Mr 2 o

¢

TSR WHE Ry AR ey i m

el ” ﬁ'ﬁl‘lf gaﬁ«wn ﬁ;éft g&’ﬂ
EFET ey
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a»ﬁ:«zm l‘h % Si &“

(b)

1313-56 SES 19] &3t

(a) Z71%H
) A=
2. A¥
7} PLF A&
% FollAe JUE AJAHY HeS AFII] #%to PLFAEE 4383tdch

PLFAE-2 #5°] 0.5mmQ) AR 01%6}04 +¥sigdenl, ANE Zol 200m, Y
o] 200mm, &°l|10mme] Hut gof HEZAEZ DAY 2YAI L 80dB FE35}
ACHETHE E5H3lo] Az AIER Zi’e}v}:'_ A|AEle] 28 Ao} vlasiacl.

L}, Power off A%

2 Aol 7L SES 12 S e e HE WM E o] §3te] ciidduly A
A4 & B71ske 715 ¥4 EHE A& A7) At 715 FS37] A Al LH
o] AF F FUE AT web AJollA ALY o]l ZE FHlstart

3. 4843

3713-57(a) 9} (b)= Z+zh PLFAIEA] YA St SPYEUIE LAZAITE A}
£3t] £33 23} SES 12 E3f HEH ZAzjolrt. eAzAIRE ZH% Zfol
2.810)31 A|ARIOZ ZA3E Zlo] 2. 1VE <F 338 L2Xx}7} ¢St

D2l3-58% ZHE 2 a|AEle] AYS xjthstel S o) web serverdto LIERE Z o]
th 9% sighE 2] power H-Eo] H2 MO R F o] systen®] HHo] xetH A& web

_88_



%ZTTSYEEQ STORE W*FORMS
T —Data Format
Binary
(Spreadsheet)
Setup ASCII
Format
FF

Ss —Auto-Store:

1,08 v =

121my Weap Fill

[

DO STORE
(4->F Ipy)

.- = J

’—stor-e—-j

TID o —
O REIrS

All .displaged
~—to———
Loy

—

5 s 1

oc Time 4.588 s
oc Store to Flpy

1 kS/s
AC Size 1448K Free 1839K I
oc i Birectory: LECROY-1.DIR 0 STOPPED

(a)

—ONN
3
cd <

EJwIny —
o

BVE MIE ¥R MO SUD LEEOD

G- e § R b

3200 {87 o /7203, 252 50 226/ s st -

(b)

JR13-57 PLFA|PA] &3
(a) LARTAITE o] &3 H
(b) SES IS 0|28 A¢

ol A HAY 4 glrh 2 AR A, FUe AFHF Al2" A Y =}
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T A - R ‘~:.*I""’3§l€i‘<i"'“"‘”;
293-58 A AW BAS A8 AW HD Y 23

7t AEdzy 1E

PLFA #-& &3l A|AHlo] stand alone EIYJL R 2EES A 4 93,
ST UAASE S A AR B AE2E 4 9o, ros o T WA
PCE A%o] Harl PCOlME SRWHAIE AR e YAt AT31e 2
Ae|Ule T EAY 4 9l

PLF AE Az} QAZAIIZE ZAJE AT 9} web serverdte] 413 377} 33%2]
Q2HE LIERQITE o] A& AJARIL] LCD AL AT et eAEAIEE S E
A3 71 & 37| Vel 1o R Ho} SES 12} PCZE RS-232CEAl & W Als=
olelo] £4alo] 1 HQoZ withHTE RS-232CEAIE PCE #8771 7He] 418 4 A
FEY £ olcie FAo] Ax|qt w2 o dolEE 444 ¥ Ze2 FAL IS
Al o2 7} wAld #Eo] ot thdo] Qi) uwleld ¥F Br) A A AHS 7
45l7] glsiAe PCot Al ARIZI] E4lo] A3 A3V Wey o sichyc)

ﬁ, o

4. 48

2 dFdME FERF SPYESANY HPEIME ol&3l TxF
stand-alone e8] A7 A€ol SES 1& siustact.

SES 12 thd T2 E9 A4 Hrt A AA A 750 slom U |83}
of web’goll A thd Adule] Al ZelE clientEo|Al AAIZHL R A F31= 7]‘5‘7% Xz
3ta glch 3% AlARIZL PC 7H] EE&FHQA AZTASYHA A4 2§ A¥S
g SES 1& 7f4sty] f1E d37t ey Ao uighc

ro
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104 HiL(Hardware-in-the-Loop)3&-& = 7jul

HIL WS 7122 anseel AlZdold YmaZola uldg o] UstAL 3
Xo}7] ojele FES U S=ol 2 At AlBdo| e £Us oA o
AR o2 Aol BIMsSIAL AP Bo] 2k SEYT Hopoly HEoE T
Holon Tejel Aol 4% A4S 9l5) WEE T gtk of Wy FHUBYE
A A 2o $85HH BNASS s UYL S AHHS S5 1 A
S BABIT 2RO SANHNS QOys Ao By 52 AX AY AW
= A Bof tigt AAY WIS +uY 4 Atk

A

T
M FHUEWRE FAIZRA A28 FHo HIL WS F L3517 sl 2
o |8t clad DCPD(direct current potential drop: X -H-H¢|x}¥) system
2 A7 AojZle T 245 StEdE, f3tasdy 5o AT Ego( g 1]
L Eo|fE shdstaat gich

>

1. sh=glol s
7}. DCPD(Direct Current Potential Drop)
(1) DCPD system

DCPDY & B 27 Y §3& #13) 30d Aol 22 AxFgon & A3
& A BHEEE o7l gl HI o] AEHLE AFE2} FRAol EolA ASTM
qME NEFd4F 3L sl pePpY& stz gl

= AFollA = tixld DCPD systemS 7Y - RA5la ez AT Fdo]
= wide plate Y& A|HE Bl AZ3}9c].

(7}) DcPoye] el
& Rl =Alo] AR 7} B & of =AY ot A V= 22 YA i oS
2z

V =1IR (3-42)

8 A AYL WNY p, AFJ B2 ol L, AFIF BEE wAY Ao ¢
stof Thezt ol EAY 4 glth

R= oL (3-43)

A(3-43)olM ARIE 4B of AL AP vleBA ok 4L B/



Personal
Computer

-
.,

l %Y 2t Amp  LowPass A/D Converter
2 e Relay (60g0a8) &  Filter I
: A (10Hz)
10Ch DCPD ‘ ) Visual C++
stem A - D 3D Graphics
Sy - e 32bit Sound
Channel Control
Circuit

J%13-59 tiAd DCPD AlAHE]
TE2E A o Fgol Ex3tA EHH A{FII TEE whHF o] 2lofzTh thHFHo|
Zlolx| ™ A1(3-43)2HE H¥o| HA 22 2](3-42)0f ols] FAUZtol AXA =l
ojg{gt {AIZHE AR LB AFE FIsIHA A HsE SHsPHE o
ool WAz 43S EHY 4+ Adrh

=

(1L}) DCPD system®] 4
2 Ao AUt DCPD systemS HF FEolLt EH Fd Zole} A& 53

| -
4 =S Azstart.

@® st=odF

1313-592 7 ddt tixid DCPD A|A¥S] /4 =& Lehln, DCPD A|AR1S] st=
dlol R AT AR} YA ARE Ll AT A= FF718} oupr] W
AD comverter® TATEY, /L AN ABHUE ZY 4 S 4T
£ 80dB FE31%ich E3 SFH A3 I3 AAS} Heol(relay) 2EE 3183}
o] 3Hz low pass S B}7]|& A}23}eitl. A/D converter?] £3l%52 12bito]3 0~10V
Atele] Hte X3t Yao] 2Fol Yo FF3IESF 445ttt

AojZ g e zfdA]o|3] 2 (channel control circuit)®}t AHWH|o]3] E (power
control circuit)® F4Ec} A2 E HolE AIEHLEHN 3§t setd] F
Z7)¢} HEpto g AITE SAY F AEF FA3YR, T2 E o] &3l U9
o] E4 Qg BalA AYgS ZAHAU BE AdoM o FFU x5 U
TE dAsIgcE ALAAHZE I3 T2 (thermal EMF)S] F3E& A ABHI] 4
Sto] A3 AX2 A, dFAULY F& HHEI AP L= HE W3 7
5 ZF3 9l I§3-60+ ZHddt ciald DCPD A|ARIS] Alxlo]t)

PColl A= thald DCPD A|ARIOA YAt A ZE Aedla A|&E AN LR
Aolsle T2 IWE FEYTh 53] 1071 AQd F AMESIaLA} 3t 2 S &5t
3 23" dole Y AR dEBNES &3t 71eS ULl
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1§13-60 tiald DCPD AlAE!

@ £ZESoj &

AZEQdo] B GUIE A3 Microsoft Visual C++E Ztdsldom 3A oA
ot 2952 3319t

Y3612 YYFe] 2R AYE O ZSuol L AlRStEL A
A=z} dlole] 3 md o] A Fo] FHs3lEE FAsIEon ARsiH S FHY
A3} 7 2dol A e FRZhe Urhdn,

(T}) DCPD system S 1% et As]a o Ayuhy

< Aol NUP DCPD systemS AZ3L7] 95t WE Fdo| Yt wide
plate?] F3t@4slY o ¥& UYL $3sic)
@© DCPDYH & o838t FdZole &3

Johnson'”' & MIA|Hof Zajshs Fde) Zoj9t 23 Aalzte] BAAEG thez} 2
o| AH|¢tstadct.

10 Channel
\DCPD_SYSTEM

DCPD sYstt vy
A e

4

%% : Channal Selecton
B Fch Fon2 WO Bond B ns

M<hb T Ch? 7 Ch8 [ ChY. I Chip
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B R N -

FRowTime [ 0278 coum [ 61

i
12345878810 i
- Chidnnel Nuiber

WMEEEB@EEREO

(b)

133-61 thxld DCPD Al&¥ £33t
(a) &715pd
(b) A=A

cosh 22
a=2—Wcos_1 (ZW) (3-44)
T Ty
cosh
cosh 4 cosh 7! 2W
V, na, )
coS ZW)
A7 ae FUAol, as JIEFEZo], He AW E = AW ALY, L=

aoll M el AUgk ye Fd AYSF I Aglolt}

21(3-44)2 ddHo YU =] AF(uniform current density)7} T2 wligt 3
80| 7hssteg ARIFIIEAIL FholA Hel x5 ojof gtk thyo] gith
© snesdy 29 Q o4 Y

2%3-62(a)= BE FYol oL wide plate] FALoISH S 913l AT FB
2dz ARg A7 S 98] 3xd BAE o] &3ttt R of gt el
x Z5t71 913 ASTM-E6470llA A A8t Q= WH 2 S USHA AlHe Adsigt
£ I8 wt a4 FEdolE 25moll A 63.3m7tA| F AT
9712 8] g Zolo thste] $3B3tP L, S Tl B F ALFE AN Y
£ A(3-44)0l thiste FHACIE A&l ol & 7 M RAY FEHol
ok
H A RAE o] &3t & AFolA 4T A it R4S &
b 2¥3-62(b)= ABRAY} YT BAXAES F LY FoaRdo|th
o] Relg o] &3l FIE 25mmoll A 63.3mmT F7IAF|BA 971x] B Fof thsle 3

ol

g st

u!
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S, HAIE o] &3te] AL vl(Wi)ol thgh

$ N

mu=§g%=%§g Input (8A)
5 = B

Broagdteanine
mf%aﬁﬂ%ﬁw
BENESSEEuns:

T1%13-62 (a) MT AJ@He] 3x1¢d mesh
(b) #TaLHE AT FAZA

TdZol vl(asi g

é?‘s}“t} o AAA 2 ElFE S AFTI] 28 AA APe=NYH E2
joll thlste] FEZ IS ANt o] & AA $H T Fd ol vl

9l wide plate?] Fgd4do] XL ¢
=4 AFES AYBFDA] YA T
A st olsttt. Aol AHEE A
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2 Ao 4
Zlo] ASTM-E647
(2W)o] 98mm, =



/Current Input —_|

\0

____' Measurement
Points — oy |h

¢
a K&

T~ Current Output —

— W —— W —

1§13-63 DCPDY 22 9J%t MT A|8H

o[(h)7} 200mm, FAI(t)7} 8mm=E AL SMASCE AH&3tdTt 27| FH(a)d Hoj:

25mS A 2stATh FE2 HUSA ThAe] AL Sm, FEI} ARTI WA

o AL 15me FYHED, B AHIAL 842 FAFE FIshgc)
FIYHE 31N Instronatol A 2 2H UhsA Q7S A23tALy,

550

500 r M

_ 4
E 450 |

[3)

o

<

S 400 f

350 W

300 ! .
0 200 400 - 600

Count

J33-64 T2 Hg el ot DCPDY 3§ A
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>

©

g
Jo
%
o
2
i)
1M
A

) Ay o
O HE 24

1¥3-64= BF FEo| & wide plateo] ¥ 23}ES 2H8A]F| ™ DCPD Al AR S
AT YU 27T 25moll thE AJZH(K)2 343nl0) 7 X EFYE 2
olofl th¥t Mgt 50 o,,,[o]odr:} A HFFEZdolE ér’éff}ﬂ 23l A"l 35t
< 7iste] mwt A2 ¥ 2FFEAClE SFstd, I %S 2lmwol Aol

@ e Lsiy Az

J33-652 s Edof tht el S AZ } | ¢i3l ASTM-E6470llA A|A13}L Q)

A FYUSHA AlH e Asinhiol] ARFE TIoI NS $3st g2 A
X2 F3te] 73t asie} A}(3-44)S A}%v}oﬂ =23 a/WE ¥|323 FHojr} 2
d Zojoll thalM= F gtol YX3te 3, FHA0I7 F184F Al(3-44)L o]
&8t & a/i7h 22 3hE Yehgon, g0t 63.3mel B E F 3t
o] of 2x8] A& Uehidct weld 8 AP ZE3 Kt s e Ay
A sl Ao ”ﬁv}t} RE ¥Eshgrct

J33-662 Z3H 2o 2 Aol 53T APZRAL A &3l i8S £
B3 AE A 97}114 TdZolof thst S £3Pg AT A, o|F o] &3}
= Aol M 4383t Aol chet AUk ul(v i) oll chdt FE Aol ul(asw)e] BAA
=&st3a, 1 AL &3

lo r

0.7
8
0.6
&
0.5 @
S o
0.4 - g
]
0.3 | Qg : © FEM Analysis .
DJohnson's Eq.

@]

0.2 e — i 1
0-9 419 2.4 2.9

V/Vo

1%13-65 F8t 243042} Johnson WA S o] &3 FEZUo] vz A
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a _ V\? V \? 1%
Z 0.047( VO) +0.198( Vo) +o.092( V0)+0'013 (3-45)
0.7
<
0.6 F
O
0.5 } o
S o
0.4 <
<
Lo
0.3 } <
<o
0.2 1 I L 1
0.9 1.2 1.5 1.8 2.1 2.4
V/Vo
IU3-66 APS HEY SyassjyAt
0.45
0.41
0.37
0.33
0.29
0.25 1 AL [ 1
1 1.1 1.2 1.3 1.4 1.5

V/Vo

231367 AR Aol ohE Aetulet Fule) A
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33-68 16 2d AEHQ &AAX

O HdEAet A ass| Az vln

= dFolM T AF At fURRAHANE ulasta, A1(3-45)9] ElgA
€ A5 sl S T3 d2 AYLE A(3-45)0 thste FLPolE 13}
3l olE A H3g &ﬁ’éom} H]astget. 273-67+= AP o2 RE J2 AU
= A(3-45)0fl thdste] @& AT HF a/We= 0.421014Th. HIIN e 49mmo| 2
g 2 FFEZole 20.6mm°l9it}. A 2 FFFZdolE 2imoldong = A=
1.7%2] =12 2z dx|3tadct

Ll thaid 2EQd S 3H]

2 Aol = HIL WHS FE37] 98] FiteLsidoly 7§ AEHe] AAzR
A& 284, #dsh] ¢l chaiid AEdA SARAE susiact. 2 oA 7H
Il E}iﬂ‘:—:l 2Ed8Qd FEBA = I EAE Balx|(vheatstone bridge), g HI
. AqntZi(filter), $E7]|(amplifier), A/D converter® A% o] Qlt}. E]-iﬂ‘é
£2E8d SHZAE= 16718 A4S FAlo] I35 4 gon oA g A
S8 AMEY 4 gdth. 53], Z} 2idnojc Wed We o FEIE U o|E o] L35y
e AHFo] 212 1709 HE e} FFANE AT FAFHA AJAug 74
stoith TR13-402 & <AFolA 73t chald AEFQ FAax] o] Apzlelr).

1) st=sllo] &
(7}) ¥ EAE B8lx|(vwheatstone bridge)

LE A Aol o] Ay HIE A AN OoR WA= LEoR HYE P2
THe A3} o] wheatstone bridge®] U Mtz &9 kel ul= UehjoiAc)
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I 173
£ = Ke, . (3-46)

oA7IM, &€ & HBE, ¢, = 4¥AUL, e, = 2YAY, kK & gage factoro|t},

() Aguss

AYABRE T e Yel ZHIVS AT T 2B FFHAE A
S0 9% BAS YeolB o|Belol THSHAT, AW HRRANE £ZEqolE
olgstel AR EA LY Ade VWY 4 or}.

) oE}7](filter)
0451}71“ thlld 2B SFPAZ AIZE SHsI= F2, PN fUlE
A714Q AEE& AAsHZ] A3 Axjojtt. £ AolM = xbgt F347} 10HzQ low
pass o{3l7| & A}&3tich

g FEZAIE= %‘zlolt} 2 oA gt ciajd HYPE S A A s—%ﬂ
&2 40dB, 54dB, 60dB, 74dBE 4RO AZEQoFE LS MY £

AT EQ o] R
ZE o F= GUIE A|YU3}= Microsoft Visual C++Z 2Adsiglon aA = 3
Wi By z}nﬂoz 23 stglch

T#3-69(a)2t (b)= 22 3+ 3] x7] 3
zh Ad & E%Q T U B 3EY 2

= $F5ES Z%sla BEGIN &

2} Strain Calibration gt & %2
HHOZ A AET] A& 917 FIP
HMPBES SHsHA "ot

HJ )

71
kil

lm

ot A7l Aol A
£ZEQol Lol AAY FAZAL AA AWMl AT Sls) 202 E
Agsted A7) Ao #AE TAsHATE,

2. AXEgol}

2 AFoA = Hil 3§ WHE 7idstr] 13 3 FYo] 9+ wide plated] o
HAEE 93] 3tF AL A KL M S st
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fle Edt View Hep

Fiesay Gimort, LR e oy

e

J3-69 thAld 2EdA &R AR &5t
(a) 27]3d

) By
) sE 23 4R

5% 27 YL vide plated E@ Fdol ol Al wiBe] YT SHFsle] A
ol 283t 513 WS Rajshs Folr)

Fat7] $lal A 2ol cht £
%H*-M% e fYassy ey
£ A HhE Rl i A4

M
(A
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2 1T T DOPD systen 59 243 stoglo] ALELS Ay - B oks)

Bislol A% & shusteich
2 d7olA Zjute Tl DCPD systen A71Re] fBLLHNT AP Bl
o] YFHAD HIL ABdolE THE AW 2 LRES 45E Hasigct
oM U 2tE ZHAUED LZESIE ol 8T KL A BolEIE AR
d FHYBAE i) A Aol £25E iyt Fule} ARe 2Y 4 Ag
og yretuch Y FHUSBAE AAZA A2Y T2 918 vloleuols 7
Zolz A18Y 4 9g ZOoE wuHr,

a4
2 APl e FHEHIENE FAHA 2" 7ol HiL WEE& A &3] sls) &
_;l-_

A

o rlr oX
2
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4% ATNLRE AT U JloiE

2 HAY AT EHL FHYSUE T24u]9] A ZA] XA T2S 9
stof n2Aduldl ALRE FAHo2 &AVIFE 35t Ay doledola 2
5, 2L el ¥ FPIUUS =2, 2= BUHIY s, T ULy
de8 H7le, FZ-IR M7|E, A BA] AZEC] J1&L s, A
LA AL’ 5 fls) AZe AAR gl 1 B/E Lo vlay Lol
BEFE ol 83t FF FulE MUstd olol Ay Az A AuE Austd
th = JPLE AME ol &St SHFUEYE 7122 T JRFA FAUA] A&
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{ Appendix 1 : Hardware Circuit >
Al-1 A/D Converter(AE System & DCPD System)
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Al-2 Amplifier & Filter(AE System)

A1-2.1 Amplifier

Al-2.2 Filter
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Al-3 RMS Circuit(AE System)
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Al-4 ECU Circuit(SES I System)
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Al-5 DCPD Circuit(Hardware-in-the-Loop) - 1
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< Appendix Il : Programing Source )

All-1 JAVA Programing Source(Web Server)

import java. io. 3:

import java.net. #:

import java.awt, .

import java.awt.event, ¥
import javax.swing, *;
import javax.swing.event. x:
import javax.swing. border. *:
import java.awt.Graphics. ®:
import java. awt.geom. .

import java.awt. image. *:

public class test extends JApplet implements Runnable{
Container frameContainer:
JTabbedPane tabbedPane = new JTabbedPane():
JPanel dialogPanel = new JPanel():
JPanel evaluationPanel = new JPanel():
JPanel onPanel = new JPanel():
JPanel aePanel = new JPanel():
JPanel loadPanel = new JPanel():
JPanel strainPanel = new JPanel():
JPanell] panels={aePanel, loadPanel, strainPanel, onPanel}
JTextArea aboutArea = new JTextArea():
JButton sensori=new JButton(“LD(AE)“):
JButton sensor2=new JButton("LD(STRAIN)"):
JButton fiberl=new JButton(“"Sensor(AE)"):
JButton fiber2=new JButton(“Sensor(STRAIN)®):
JButton ses=new JButton(“SES I”):
JButton power=new JButton(“POWER"):
Image iconl:
Image iconZ2:
Image icon3:

Image icond:

JLabel eml=new JLabel(“AE”, JLabel, CENTER):
JLabel em2=new JLabel(“STRAIN”, JLabel.CENTER):
JLabel voltl=new JLabel("Voltage”, JLabel.CENTER):
JLabel timel=new JLabel("Time”, JLabel.CENTER):
JLabel volt2=new JLabel(“Voltage”, JLabel,CENTER):
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JLabel time2=new JLabel(“Time”, JLabel.CENTER):
JProgressBar aePBar=new JProgressBar(JProgressBar.VERTICAL,O,100);

JProgressBar strainPBar=new JProgressBar(JProgressBar.VERTICAL,O,100)
AudioClip clip:

String(] tabs={"AE", "LOAD", "STRAIN", “About SES I"}:
String(] tabTips={"AE", "LOAD", “STRAIN", “Safety Evaluation System“}:
int datal ][ J=new int[10001[7]:
int curPanel=3;
int enrms=50, emraw=250, enstrain=250,
emsensorl=1, emsensor2=1, emses=0, enf iber1=0, emf iber2=0;
int imax=0, checkfile=0, audio=0:

int aemax=0, strainmax=0.

/7 2RUASFZ Update
public void run(){
while(){
if (imax>400) checkfile=checkfile+4:
imax=checkFileNumber (checkfile):
repaint():
try{
Thread. sleep(2000);

}catch (Exception e) {}

77 OlEE! A|ZA| ThreadA| 3t
public void start() {
Thread thd = new Thread(this):
try{
thd. start();
}catch (Exception e) {(}

77 WSS AIZIA] 7128 A1
public void init() {
clip = getAudioClip(getCodeBase(), "beep.au”):
for (int i=0:i<tabs.iength:++i)(
panels{i], setBackground(Color. lightGray);
panels[il. setBorder(new TitledBorder(tabTips[il])):
tabbedPane. addTab(tabs[i], null, panels[i], tabTips[il):
}
dialogPanel. setBackground(Color. lightGray):
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dialogPanel. setBorder(new TitledBorder("“System Status”)):
evaluationPanel. setBackground(Color, lightGray):
evaluationPanel. setBorder (new TitledBorder(“Evaluation”))
addComponentsToTabs() :

frameContainer = getContentPane():

frameContainer. setLayout(null);

tabbedPane, setBounds(0, 0, 500, 500) ;

dialogPanel. setBounds(0, 500, 700,50):
evaluationPanel. setBounds (500, 0, 200, 500) :

frameContainer. add(dialogPanel):

frameContainer. add(tabbedPane):

frameContainer, add(evaluationPanel):

tabbedPane. addChangel.istener (new TabbedPaneHandler()):
setSize(700,550):

public void addComponentsToTabs() {
setupOnPanel():
setupAePanel():
setuploadPanel():
setupStrainPanel():
setupDialogPanel():

setupEvaluationPanel():

void setupDialogPanel() {
dialogPanel. setLayout(null):
sensorl, setBorder(new BevelBorder (BevelBorder. RAISED)):
sensor2, setBorder (new BevelBorder (BevelBorder.RAISED)):
fiberl. setBorder (new BevelBorder (BevelBorder.RAISED)):
fiber2. setBorder (new BevelBorder (BevelBorder. RAISED)):
ses. setBorder (new BevelBorder (BevelBorder. RAISED)):
power . setBorder {new BevelBorder (BevelBorder. RAISED)):
sensorl. setBounds(20, 20, 100, 20)
sensor2, setBounds(130, 20, 100, 20);
fiberl. setBounds(240, 20, 100, 20):
fiber2. setBounds(350, 20, 100, 20) ;
ses. setBounds(460, 20, 100, 20):
power . setBounds (570, 20, 100, 20) :

dialogPanel. add(sensorl):
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dialogPanel. add(sensor2):
dialogPanel. add(fiberl):
dialogPanel. add(fiber2):
dialogPanel. add(ses):
dialogPanel. add(power):

void setupEvaluationPanel() {
evaluationPanel. setLayout(null):
eml. setBounds{40, 20,50,20):
em2. setBounds (110, 20, 50, 20)
iconl = getImage(getCodeBase(), “bar.jpg”):
icon2 = getImage(getCodeBase(), “safe-logo. ipg”)
Imagelcon icon_ae=new Imagelcon{iconl):
Imagelcon icon_logo=new Imagelcon{icon2):
JButton bar=new JButton("”,icon_ae):
JButton logo=new JButton(”", icon_logo):
bar. setBounds(90, 40, 20, 350) :
logo. setBounds (40, 400, 120,84) ;
aePBar . setBounds(40, 40, 50,350) ;
aePBar. setStringPainted(true):
strainPBar. setBounds(110, 40, 50, 350) ;
strainPBar. setStringPainted(true):
evaluationPanel. add(bar):
evaluationPanel. add{logo):
evaluationPanel, add(eml):
evaluationPanel. add(em2):
evaluationPanel. add(aePBar):

evaluationPanel. add(strainPBar):

void setupOnPanel() {
onPanel. setLayout(null):
icon3 = getImage(getCodeBase(), “ecu. jpg”):
icond4 = getlImage(getCodeBase(). “label. jpg”):
Imagelcon icon_ecu=new Imagelcon(icon3):
Imagelcon icon.label=new ImageIcon(iconQ);

"

JButton ecu=new JButton(”", icon_ecu):
JButton label=new JButton(””, icon_label):
ecu. setBounds (40, 40, 400, 300) :

label. setBounds {40, 350, 400,84):
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onPanel. add(ecu):

onPanel . add(label):

void setupAePanel() {
aePanel. setLayout(null);
voltl, setBounds(5, 20, 80, 15) :
timel. setBounds(40, 400, 400, 10):
aePanel. add(voltl):
aePanel. add(timel):

void setupLoadPanel(){
loadPanel, setLayout(null):
volt2, setBounds(5, 20, 80, 15) ;
time2. setBounds(40, 400, 400, 10):
loadPanel. add(volt2):
loadPanel. add(time2):

/7O &30 Eventd HEX FE

public class TabbedPaneHandler implements ChangeListener{
public void stateChanged(ChangeEvent e) {
curPanel=tabbedPane. getSelectedIndex():

repaint();
}

public void paint(Graphics g){
tabbedPane, setSelectedIndex(curPanel):
dialogPanel.repaint():
evaluationPanel.repaint():
Font newFont = new Font(“Dialog”,Font.BOLD,12):
g. setFont (newFont):
if (curPanel==3) drawonPanel(g):
else if (curPanel==2) drawstrainPanel(g):
else if (curPanel==1) drawloadPanel(g):

else if (curPanel==0) drawaePanel(g):

s =8 XD(8t
public void initPanel(Graphics g){
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Graphics2D g2d = (Graphics2D) g:
GradientPaint acyclicGradient = new
GradientPaint(0, 0, Color. white, 400, 350, Color. white, false)
g2d. setPaint(acyclicGradient):
g2d. fill(new Rectangle2D.Float(40,70,400,350)):;
g.setColor (Color, darkGray):
g.drawRect (40, 70, 400, 350) :
if (curPanel==0){
g.drawString(5+“”,30,75):
for (int i=1;i<5;i++){
g. setColor(Color. darkGray) :
g.drawString(5-i+”", 30, 75+i*70):
g. setColor(Color. lightGray):
g.drawLine(40, 70+i270, 440, 70+is70):
3} else if (curPanel==1 || curPanel==2){
g.drawString(4+"",30,75):
for (int i=1;i<4;i++){
g. setColor(Color. darkGray):
g.drawString(4-i+"", 30, 75+i*88);
g. setColor(Color. lightGray):
g.drawLine(40, 70+i#88, 440, 70+i*88):
1}
g. setColor (Color. darkGray):
g.drawString(“0”,30,425):
g.setColor (Color. lightGray):
for (int i=2:i<10:i=i+2)
g.drawLine(40+i=40, 419, 40+i240,69);
g. setColor (Color.darkGray):

/7218 AFAl Alarm
public void bell(){
clip.play():

/79 Y Tt
public void status(){
for (int i=0:i<imax:i++) {
if (datalil(1]>aemax) aemax=datalil[1]:
if (datalil[31>strainmax) strainmax=datalil[2]:
if (datalil{1l>emrms i} datalil[31>emstrain) bell():

else if (audio==1) audio++:
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if(datalil{4]==emsensorl) sensorl.setBorder(new MatteBorder(2.2, 2,2, Color.red})
if (datal{i)[5)==emsensor2) sensor2.setBorder(new MatteBorder(2.2,2,2.Color.red))
if(datafil[2)<emfiberl) fiberl.setBorder(new MatteBorder(2,2,2.2,Color.red)):
if(data[il[3)<emfiber2) fiber2.setBorder(new MatteBorder(2,2,2,2,Color.red)):
if(datalil[1]==0 && datal[il[2]==0 && datalil{3]==0 88 datal[il[41==0)
power. setBorder (new MatteBorder(2,2,2.2.Color.red)):

else power.setBorder(new BevelBorder (BevelBorder.RAISED)):
dialogPanel. repaint():
}
aePBar. setValue(aemax=*100/255):
aePBar. setString(aemax*100/255+"x");
strainPBar. setValue(strainmaxs100/255):

strainPBar. setString(strainmax*100/255+"x");

//RE A& &
public void drawaePanel(Graphics g){
int c=0, x=40, temp=0, 01dy=0, curry=0:
if (imax>400) c=400:
else c=imax:
initPanel(g):
g.setColor(Color.blue):
for (int i=0:i<c:i++) {
temp=(350*datali][1])/255;
curry=420-temp:
g.drawLine(datalil[0]==1 ? datalil[03+39 : data[i-13[03+40 ,
datafil{0]==1 ? curry : oldy , datalil(0]}+40 , curry):
oldy=curry:
}
status():

g. setColor(Color.black):

//load S &F

public void drawloadPanel(Graphics g){
int ¢=0, x=40, temp=0, 01dy=0, curry=0.
if (imax>400) c=400:
else c=imax:
initPanel(g):
g. setColor(Color.red):
for (int i=0;i<c:i++) {
temp=(350*datalil[1]})/255:
curry=420-20;
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g.drawLine(datali1{0]==1 ? datal[i][0]+39 : data[i-11[0]+40 ,

datalil[0]==1 ? curry : oldy . data(i}[0]+40 , curry):
oldy=curry:
}
status():

g. setColor(Color. black):

//Strain 418 &Y
public void drawstrainPanel(Graphics g){
int ¢=0, x=40, temp=0, 01dy=0, curry=0;
if (imax>400) c=400:
else c=imax:
initPanel(g):
g.setColor(Color.green):
for (int i=0:idc:i++) {
temp=(350=datal1][3])/255;
curry=420-temp:
g.drawLine{datali])[0]==1 ? datalil[01+39 : datali-1][0]+40 ,
datalil[0]==1 ? curry : oldy . datalil(0]+40 , curry):
oldy=curry:
}
status():

g.setColor (Color.black):

//70j0|H UH
public int checkFileNumber(int num_file){
int k=0:
String filename:
k=0:
try {
for(::){
filename = new String(“http://10.24.31.41/ecudata/Test +num_file+”. dat”)
BufferedReader inStream = new
BufferedReader (new InputStreamReader (filename.openStrean())):
for (int i=0:i<100:i++){
for (int j=0:3<6:j++) {
datalk][jl=Integer. parselnt(inStrean. readlLine()):

}
K++:

)

num_file++:

inStream. close():
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}
Ycatch (MalformedURLException ex) {return K:

}catch (IOException e) {return K;}
}
}
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Al1-2 Visual Basic™ Programing Source(ECU Control)

/7 GIOIE M&E directory X%
Private Sub browse_Click()

Dlgl. ShowSave

If Err.Number = cdlCancel Then Exit Sub
End Sub

/7 T22Y HX|A|

Private Sub Close_Click()
MSComml.Output = “AB” + Chr(3)
End

End Sub

Private Sub Graph_Click()
Form2. Show

End Sub

// RS-232C S setup
Private Sub MSComml_OnComm()
Dim e As Integer
e = MSComml. CommEvent

If e = 1 Then

er =er +3
Else: er = 0
End If
if er > 5 Then

‘Close f

Print #f, O & Chr(10) & 0 & Chr(10) & 0 & Chr(10) & O

Close

fname = Dlgl.FileName & (FileNo + 1) & “.dat”

f = FreeFile

Open fname For Output As f

MsgBox ("Check power or Connector '!'!”)
er =0
msgcheck = 1

If (msgcheck = 1) Then Exit Sub
Exit Sub
End If
End Sub
Private Sub Quit_Click()
MSComm1.Output = “AB” + Chr(2)
StatusBarl.Panels(1). Text = "ECU Closing ..."
StatusBarl.Panels(1), Text = "ECU Closed. *
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Timerl. Enabled = False
Close £
End Sub

/7 T2 start
Private Sub Start_Click()
If Dlgl.FileName <> “" Then
f = FreeFile
fname = Dlgl.FileName & FileNo & “.dat”
Open fname For Output As f
End If

StatusBarl.Panels(1).Text = "ECU Loading ...”
Timerl.Enabled = True

“ECU Activated !''!”

StatusBarl. Panels(1).Text

S = Timer
End Sub

/7 B R)|5}

Private Sub Form_Load()
MSComml . PortOpen = True
FileNo = 0O
DataSet = 0
er =0
row = 0
before = 0
after = 0

End Sub

7/ Timer ZH&}

Private Sub Timerl_Timer()
MSCommi.Qutput = “AB“ + Chr(1)
Instring = MSComml. Input
Data0 = Len(Instring)

If DataO <> 3 Then Exit Sub
Data(j. 1) = Asc(Mid(Instring, 1, 1))

f

Data4 = Asc(Mid(Instring, 2, 1))

1

Data5 = Asc(Mid(Instring, 3, 1))
row = row + 1 'C|O|E|& &%l Grid2| index
DataSet = DataSet + 1 ‘' A4J5|= d|o|g SETS| %
DataNo = DataNo + 1 'ClOIE|S| & ¥S
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Gridl, AddItem (row)

Gridl. TextMatrix(row, 0) = DataNo

Gridl. TextMatrix{row., 1) = Format((Data(j, 1) 7 51), “0.000")

Data(j, 1)

Gridl. TextMatrix(row, 2)
Barl.Value = Data(j, 1)

If (Datad4 = 0) Then Labell.Caption = “LD #1 : On" Else Labell.Caption = “LD #1
0off”
If (Data5 = 0) Then Label2.Caption = “LD #2 : On" Else Label2, Caption = “LD #2
off”

Call Form2,Draw.data
Print #f, DataNo & Chr(10) & Data(j, 1) & Chr(10) & Data4 & Chr(10) & Data5
If DataNo = 400 Then DataNo = 0

i=ji+1

If 3=9Then j =0

If DataSet = 100 Then
DataSet = 0
FileNo = FileNo + 1
Close f
fname = Dlgi.FileName & FileNo & “.dat”
f = FreeFile
Open fname For Output As f

End If

Fi = Timer

. Form2, Text2.Text = Format({Fi - §), “0.0007)
End Sub
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LIMOs Server Algorithm Module Source (Visual Basic)

Option Explicit
Option Base 1

// {2 bottom UEHSE A4t

Public'Function CalTempBottomOuter (ByVal LoTempBelowBottom As Single, ByVal LoDeltaTemp As
Single) As Single

CalTempBottomOuter = LoTempBelowBottom + LoDeltaTemp
End Function
/7 Modified Heat Flux M4t

Public Function CalHeatFlux(ByVal LoHeatFluxRatio As Single, ByVal LoP1 As Single, ByVal LoP2
As Single, ByVal LoP3 As Single, ByVal LoP4 As Single, ByVal Lolength As Single) As Single

Dim LoSourceHeatFlux As Single
LoSourceHeatFlux = LoP1 + LoP2 * LoLength + LoP3 * LolLength ~ 2 + LoP4 = LolLength " 3
CalHeatFlux = LoHeatFluxRatio * LoSourceHeatFlux

End Function

// Reynold Number H|4t

Public Function CalReynoldNum(ByVal LoOuterDiameter As Single, ByVal LoThickness As Single,
ByVal LoMassFlux As Single, ByVal LoViscosity As Single) As Single

Dim LoInnerDiameter As Single

LoInnerDiameter = LoQuterDiameter ~ 2 * LoThickness

CalReynoldNum = (LolnnerDiameter * LoMassFlux) / LoViscosity
End Function

// Prantle Number Hjat

Public Function CalPrantleNum(ByVal LoSpecificHeat As Single. ByVal LoViscosity As Single,
ByVal LoFluidTherCond As Single) As Single

CalPrantleNum = (LoSpecificHeat * LoViscosity) / LoFluidTherCond

End Functién
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/v BEZ AF ALt

Public Function CalHeatTransfer{(ByVal LoFluidTherCond As Single, ByVal LoOuterDiameter As
Single, ByVal LoThickness As Single, ByVal LoReynoldNum As Single, ByVal LoPrantleNum As
Single, ByVal LoTempTopBulk As Single, ByVal LoTempToplnner As Single) As Single

Dim LolnnerDiameter As Single

LolnnerDiameter = LoOuterDiameter - 2 * LoThickness

CalHeatTransfer = 0.021 * (LoFluidTherCond / LoInnerDiameter) = (LoReynoldNum ~ 0.8) =
{LoPrantleNum ~ 0.4) = ((LoTempTopBulk / LoTempToplnner) ~ 0.5)

End Function
/7 B8 Top WWEHST A4t

Public Sub CalTempBulkTolnner(ByVal LoHeatFlux As Single, ByVal LoQuterDiameter As Single,
ByVal LoThickness As Single, ByVal LoHeatTransfer As Single, ByRef LoTempTopBulk As Single,
ByRef TempToplnner As Single)

Dim LoInnerDiameter As Single

LolnnerDiameter = LoOuterDiameter - 2 * LoThickness

TempTopInner = LoTempTopBulk + {LoHeatFlux =* LoQOuterDiameter / LolnnerDiameter) /
LoHeatTransfer

End Sub
/7 ®E Top YUBEHSZ A (by Newton Method)

Public Function CalTempBulkToInnerByNewton{ByVal LoHeatFlux As Single, ByVal LoQuterDiameter
As Single, ByVal LoThickness As Single., ByVal LoMatTherCond As Single. ByVal LoReynoldNum As
Single. ByVal LoPrantleNum As Single, ByVal LoTempTopBulk As Single, ByRef NewtonError As
Integer) As Single

Dim i As Integer

Dim LoInnerDiameter As Single

Dim LoInitialTemp, LoNextTemp As Single
Dim a, b, Convergence As Single

Dim Fn. DiffFn. SZ As Single

LolnnerDiameter = LoOuterDiameter - 2 * LoThicKness
LolnitialTemp = LoTempTopBulk
Convergence = 0.01

a = {LoHeatFlux = (LoOuterDiameter / LolnnerDiameter} / (0.021 = LoMatTherCond /

LoInnerDiameter * (LoReynoldNum " 0.8) ® (LoPrantleNum "~ 0.4) = LoTempTopBulk "~ 0.5))
b = LoTempTopBulk
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1f (LoInitialTemp < 1 Or LolInitialTemp > 1000) Then

NewtonError = -1: CalTempBulkToInnerByNewton = LoTempTopBulk: Exit Function
End If

For i =1 To 30 Step 1

1f (LoInitialTemp < 1) Then

NewtonError = -1: CalTempBulkToInnerByNewton = LoTempTopBulk: Exit Function
End If

Fn = LolnitialTemp - a * LolnitialTemp ~ (0.5) - b
DiffFn =1 - 0.5 * a = (LoIlnitialTemp) ~ (-0.5)

If DiffFn = O Then

NewtonError = -1: CalTempBulkToInnerByNewton = LoTempTopBulk: Exit Function
End If

LoNextTemp = LolnitialTemp - Fn / DiffFn
SZ = (LoNextTemp - LoInitialTemp) / LoNextTemp

If (SZ < 0) Then
SZ = -S82Z

End If

If (SZ <= Convergence) Then

NewtonError = 0: CalTempBulkToInnerByNewton = LoNextTemp: Exit Function
End If

1l

LolnitialTemp = LoNextTemp
Next i
NewtonError = -1: CalTempBulkToInnerByNewton = LoTempTopBulk
End Function
/7 FY Top QAR H| 4t
Public Function CalTempInnerToOuter(ByVal LoHeatFlux As Single, ByVal LoThickness As Single,
ByVal LoOuterDiameter As Single, ByVal LoMatTherCond As Single, ByVal LoTempToplnner As

Single) As Single

CalTempInnerToOuter = LoTempTopInner + LoHeatFlux % LoThickness / LoMatTherCond *
(LoOuterDiameter / (LoOuterDiameter - LoThickness))
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End Function
/7 RE ZAIRIRC EHBL A

Public Function CalMonitorQuterTemp(ByVal LoLehgth As Single, ByVal LoTempTopQuter As Single,
ByVal LoTempBottomOuter As Single, ByVal LoEqnType As Long, ByVal LoBottomTempType As Single.
Byval LoTopTempType As Single, ByVal LoPl1 As Single. ByVal LoP2 As Single. ByVal LoP3 As
Single. ByVal LoP4 As Single, ByVal LoP5 As Single, ByVal LoP6 As Single) As Single

Dim LoTemp As Single

Dim CorrectionFactor As Single

If (LoEqnType = 1) Then ‘Hyperbolic Decay Eqn (3 parameter)
LoTenp = LoP1 + {LoP2 = LoP3) / (LoP3 + LoLength)

Elself (LoEanType = 2) Then ‘Rational Eqn(3 parameter)
LoTemp = (LoP1 + LoP2 * LoLength + LoP3 * LoLength "~ 2) / (1 + LoP4 * LolLength + LoP5 =

LoLength * 2 + LoP6 * LoLength ~ 3)

End If

CorrectionFactor = (LoTemp - LoTopTempType) / (LoBottomTempType - LoTopTempType)
CalMonitorOuterTemp = LoTempTopOuter + CorrectionFactor * (LoTempBottomOuter -
LoTempTopOuter)
End Function
/7 RE BARIXIS RS AL
Public Function CalTempOuterTolnner(ByVal LoHeatFlux As Single, ByVal LoThickness As Single,

ByVal LoOuterDiameter As Single, ByVal LoMatTherCond As Single, ByVal LoTempMonitorQuter As
Single) As Single

CalTempQuterToInner = LoTempMonitorOuter - LoHeatFlux #* LoThickness / LoMatTherCond =
(LoOuterDiameter / (LoOuterDiameter - LoThickness))

End Function

-

/7 WOl ofgh SEAL

Public Function CalPressureStress(ByVal LolnnerPressure As Single, ByVal LoOuterDiameter As
Single, ByVal LoThickness As Single, ByVal LoRadiusRatio As Single) As Single

Dim LoInnerRadius As Single

Dim LoOuterRadius As Single
Dim LoMonitorRadius As Single
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LoOuterRadius = LoQuterDiameter / 2

LolnnerRadius = (LoQuterDiameter - 2 * LoThickness) / 2
LoMonitorRadius = LoInnerRadius + LoRadiusRatio * LoThickness
CalPressureStress = (LolnnerPressure * ((LoQuterRadius / LoMonitorRadius) ~ 2 + 1)) 7/

( (LoOuterRadius / LoInnerRadius) ~ 2 - 1)
End Function
/7 AT Otetegadlg AL
Public Function CalCreepRuturelifeUsed(ByVal LoTemp As Single, ByVal LoStress As Single. ByVal
LoUsedTime As Single, ByVal LoLMPC As Single, ByVal LoLMPhO As Single, ByVal LoLMPbl As

Single, ByVal LoLMPb2 As Single) As Single

Dim LoLMP As Single
Dim LoRuptureTime As Single

LoUsedTime = LoUsedTime

LoLMP = LoLMPbO + LoLMPbl * LoglO(LoStress) + LoLMPb2 * (LoglO(LoStress)) ~ 2
LoRuptureTime = 10 = (LoLMP / (273.15 + LoTemp) * 1000 - LoLMPC)
CalCreepRuturelLifelsed = LoUsedTime / LoRuptureTime * 100

End Function
77 D/B O|A. 2= 0| (HE S K| ReadingA| LR
Public Function FindMaterialProperty(ByVal LoTemp As Single, ByRef TempArray() As Single,

ByRef PropertyArray() As Single, ByVal LoRecordNum As Integer, ByRef ResultValue As Single) As
Integer

Dim i As Integer

If (LoRecordNum = 1) Then
ResultValue = PropertyArray(1)
Exit Function

End If

If (LoRecordNum = 2) Then
ResultValue

Interpolation(TempArray(1), TempArray(2), PropertyArray(1),
PropertyArray(2), LoTemp)

Exit Function
End If

If (LoRecordNum > 3) Then
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If (LoTemp <= TempArray(1)) Then
ResultValue = Interpolation(TempArray(1), TempArray(2), PropertyArray(1),
PropertyArray(2), LoTemp)
Exit Function
End If

If (LoTemp >= TempArray(LoRecordNum)) Then
ResultValue = Interpolation(TempArray(LoRecordNum - 1), TempArray(LoRecordNum),
Proper tyArray(LoRecordNum - 1), PropertyArray(LoRecordNum), LoTemp)
Exit Function
End If

For i = 1 To LoRecordNum Step 1
If (LoTemp < TempArray(i)) Then
ResultValue = Interpolation(TempArray(i - 1), TempArray(i), PropertyArray(i - 1),
PropertyArray(i), LoTemp)
Exit Function
End If

Next i
End If
End Function
/7 EEH At (by API 530)
Public Function CalThermalStress{ByVal LoMatTherExp As Single, ByVal LoE As Single, ByVal
LoPoissionRatio As Single, ByVal LoThickness As Single, ByVal LoOuterDiameter As Single, ByVal
LoHeatFlux As Single, ByVal LoMatTherCond As Single., ByVal LoOuterTemp As Single., ByVal
LoInnerTemp As Single) As Single
Dim X, Y, DeltaT As Single
DeltaT = Abs(LoQuterTemp - LolnnerTemp)
Y = LoOuterDiameter / (LoOuterDiameter - 2 = LoThickness)
X = ((LoMatTherExp * LoE) / (2 =* (1 - LoPoissionRatio))) = (DeltalT / Log(Y)) =
((LoMatTherExp * LoE) / (4 * (1 - LoPoissionRatio))) * (LoHeatFlux = LoOuterDiameter
/ LoMatTherCond)
CalThermalStress = X = ((2 =Y "~ 2) / (Y " 2 - 1) = Log(Y) ~ 1)
End Function

// Interpolation

Public Function Interpolation{ByVal LoA As Single. ByVal LoB As Single, ByVal LoC As Single,
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ByVal LoD As Single, ByVal LoAlpa As Single) As Single

Interpolation = (LoAlpa - LoA) / (LoB - Lod) * (LoD - LoC) + LoC

End Function
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LIMOs Client MainFrame Module Source
// LIMOs Client& A|Xf8 mf o XS AYE
Private Sub Form_Load(}
YN_ProgramStart = False //0nline0|E OfflineO|S O(X| ABS|X| QUUS.

LogOutProgram. Enabled = False //O%-Program-Log Out & H|&4]3}8tcCt
StartUpProgram. Enabled = False //0f%-Online Mode-Start Up & H|&AJ5}8tct,

SU_Online = True  //Online StartUpE& B UC= MEMAH (2O 22X 2o olFEA M)

ShutDownProgram, Enabled = False //0|5-Online Mode-Shut Down 2 H|&48}8tC}.

SD_Online = False //Online Shutdown® E42UCiE AMHAMN(EIQ X T20] OlEH MH)

StartUpOffline. Enabled = False //0|%-0ffline Mode-Start Up S H|&4{3|8tC},
SU_Offline = True

ShutDownOffline. Enabled = False

SD_Offline = False

CurrentWarning. Enabled = False

AccumulatedWarning. Enabled = False

OfflineWarning. Enabled = False

Set Image_Big.Picture = LoadPicture(”c:\1lms\bitmaps\InitScreen. jpg”)

10
100
Num_MaxLoc = 500
Num_MaxLocSub = 10
OnOff_Mode = 0

Num_MaxUnit

Num..MaxComp

Call Init_Control
End Sub

Private Sub AboutLimos_Click()
frmAbout. Show
End Sub

Private Sub AccumulatedWarning_Click()
AcuWarn, Show
End Sub

Private Sub C_LifeList_Click()
Call Find_Loc_NameID(C_LifelList, Text, Active_Loc_ID)

Call compulsory_update_locationscreen(Active_Loc_ID)
End Sub

Private Sub CurrentWarning_Click()
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CurWarn. Show
End Sub

/A X |0l control X7|3}
Private Sub Init_Control()

B_UpStepScreen. Enabled = False
B_PlantScreen. Enabled = False
B_UnitScreen. Enabled = False
B_ComponentScreen. Enabled = False
F_SelOutput. Enabled = False
L_CurrentScreen. Enabled
L_CurrentScreen. Caption
R_LifeUsed.Enabled = False
R_Temperature.Enabled = False
R_Pressure.Enabled = False

R_Stress, Enabled = False

R_RenLife, Enabled = False

R_OperHour . Enabled = False

T_Status.Enabled = False

T_Status.Text = "°

L_CurrentLocation.Caption = “(MEE|X| UUS)"

False
“ It can be seen after START-UP

Chart_Location. Visible = False
Image_Small,Visible = False
StatusBar, Visible = True
Timerl. Enabled = False
C_LifelList Enabled = False
C_Lifelist.Clear

For i = 0 To Num_MaxUnit - 1 Step 1
T_Unit(i).Visible = False

Next i

For i = 0 To Num_MaxComp - 1 Step 1
T_Comp(i).Visible = False

Next i

For i = 0 To Num_MaxLoc - 1 Step 1
T_Loc(i).Visible = False

Next i

For i = 0 To Num_MaxLocSub - 1 Step 1
T_LocSub(i).Visible = False

Next i

End Sub

//Logln
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Private Sub LogInProgram._Click()
frmLogin, Show 1
If frmLogin. LoginSucceeded = True Then
LogInProgram. Enabled = False
LogOutProgram. Enabled = True
StartUpProgram. Enabled = SU_Online '
ShutDownProgran. Enabled = SD_Online
StartUpOffline. Enabled = SU_Offline
ShutDownOffline. Enabled = SD_Offline
End If
End Sub

//Log0ut

Private Sub LogOutProgram_Click()
frmLogin. Show 1
If frmLogin.LoginSucceeded = True Then
LogInProgram. Enabled = True
LogOutProgram. Enabled = False
StartUpProgram. Enabled = False
ShutDownProgram, Enabled = False
StartUpOffline.Enabled = False
ShutDownOffline. Enabled = False
End If
End Sub

Private Sub OfflineWarning_Click()
OffWarn. Show
End Sub

//0ffLine mode & ASA| =R)|5}

Private Sub StartUpOffline_Click()
StartUpProgram. Enabled = False
SU_Online = False
ShutDownProgram. Enabled = False
SD_Online = False
StartUpOffline. Enabled = False
SU_Offline = False
ShutDownOffline. Enabled = True
SD_Offline = True
CurrentWarning. Enabled = False
AccumulatedWarning. Enabled = False
OfflineWarning. Enabled = True

- 137 -



OnOff_Mode = 2

StatusBar. Panels. Item(2).Text = "Offline Mode”

Call Activate_Control_Offline
Call Init_ID

End Sub

Private

Sub Activate_Control _Offline()

B_PlantScreen.Enabled = True

StatusBar, Visible = True

End Sub

//0ffline mode®2 AEA] YXAI2t 2tHH2=2 813 Updata

Private
Dim
Dim
Dim
Dim
Dim

Dim

Sub Compulsory_Update.Offline(Smode As Long, Rmode As String, UCL_ID As Integer)
.rv_Rmode As Double

rvunit_Rmode As String

rv_Comp_ID As Integer

rv_Comp_IDIndex As Integer

rv_Loc_ID As Integer

rv_Loc.IDIndex As Integer

Call InitTextBox
//K2& unit 1742 a2{sted #F {2 unitS DA
I1f Smode = O Then

Set Image_Big.Picture = LoadPicture(“c:\1ms\bitmaps\InitScreen. jpg”)

For i = 0 To Num_Unit - 1 Step 1
Set db = CreateObject(“adedb. connection”)
db.Open "LimosDB”, ““, "~

SQL = “select * from Unit where ID = °
SQL = SQL & T_Unit(i).Tag
SQL = SQL & “ order by ID”

Set rs = CreateObject("adodb. recordset”)
rs.Open SQL, db

T_Unit(i).Left = Image_BigLeft + Image_BigWidth * Unit_HotSpotX(i) / 1000
T_Unit(i).Top = Image_BigTop + Image_BigHeight * Unit_HotSpotY(i) / 1000
T_Unit(i).Visible

True

T_Unit(i).Caption = Unit_Name(i)

rs.Close

- 138 -



db. Close
Set rs = Nothing
Set db = Nothing

Next i
If YN_ProgramStart = True Then
L_CurrentScreen.Caption = " <PLANT Mode> "
End If
End If
If Smode = 1 Then
Dim Active_Num_Comp As Long
Set db = CreateObject(“adodb. connection”)
db.Open “LimosDB”, ““, "*
SQL = “select * from Unit where ID = " & UCL_ID

Set rs = CreateObject(”adodb. recordset”)
rs.Open SQL, db

imsil = rs(“PictureName”)
“C:\1lms\bitmaps\" + imsil

insi2

Set Image_Big.Picture = LoadPicture(imsi2)

rs.Close
db. Close
Set rs = Nothing
Set db = Nothing

B.UnitScreen. Enabled = True

Set db = CreateObject(”adodb. connection”)

db.Open “LimosDB”, ““, "“

SQL = “select * from Component where Unit_ID = ” & UCL_ID
Set rs = CreateObject(”adodb. recordset”)

rs.Open SQL, db

i=0
Do Until rs.EOF

Dim Active_Comp_ID As Integer
Active_Comp_ID = rs("ID")

Set dbl = CreateObject(“adodb. connection”)
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dbl.Open "CurrentDB”, "7, "~

SQL1 = “select * from Current_Locations where Comp_ID =

SQL1 = SQL1 & Active_Comp_ID & “ AND AssessmentType <> 3"

SQL1 = SQL1 & " order by " & Rmode & " desc”

Set rsl = CreateObject(“adodb. recordset”)

rsl.Open SQL1, dbl

If rs1.EOF Then

Else
T_Comp(i).Left = Image_BigLeft + Image_BigWidth * Comp_HotSpotX(i) / 1000
T_Comp(i).Top = Image.BigTop + Image_BigHeight * Comp_HotSpotY(i) , 1000
T_Comp(i).Visible = True

"

rv_Rmode = Val(rsi(Rmode))
Select Case Rmode
Case “Lifelsed”
rvunit_Rmode = Format(rsi(Rmode). "0.007)
rvunit_Rmode = rvunit_Rmode & “ x”
Case "Temp”
rvunit_Rmode = Format(rsl(Rmode), "0.07)
rvunit_Rmode = rvunit_Rmode & " C”
Case "Pressure”
rvunit_Rmode = Format(rsl(Rmode), “0.0")
rvunit_Rmode = rvunit_Rmode & " MPa“
Case “Stress”
rvunit_Rmode = Format(rsi(Rmode), "0.07)
rvunit_Rmode = rvunit_Rmode & " MPa”
Case "RemLife”
rvunit_Rmode = Format(rsl(Rmode), "07)
rvunit_Rmode = rvunit_Rmode & " Hr”
Case "OperHours_Logging”
rvunit_Rmode = Format(rsl(Rmode), “0")
rvunit_Rmode = rvunit_Rmode & " Hr”
End Select

rv_Loc_ID = rsi(“Loc_ID")

Call Find_Loc_IDIndex(rv_Loc_ID, rv_Loc_IDIndex)

T_Comp(i).Caption = “ - Name : “ & Comp_Name(i) & “ “ & Chr(13) &
Chr(10) & “ - Description : " & Comp_Description(i) & "

“ & Chr(13) & Chr(10) & Chr(13) & Chr(10) & " - Serious

Location : " & Loc_Name(rv_Loc_IDIndex) & " “ & Chr(13)

2 Chr(10) & "+ Value : “ & rvunit_Rmode & “ °

T_Comp(i).Tag = rsi("Comp_ID")
End If

rsi.Close
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dbl.Close
Set rsl1 = Nothing
Set dbl

Nothing

i=i+1
rs. MoveNext

Loop

Active_Num_Comp = i
rs,Close

db.Close

Set rs = Nothing
Set db = Nothing

Dim rv_unitid As Integer
Call Find_Unit_IDIndex(Active_Unit_ID, rv_unitid)
L_CurrentScreen.Caption = ” <UNIT Mode> <Unit : “ & Unit_MName(rv_unitid) & ">

End If
If Smode = 2 Then
Dim Active_Num_Loc As Long
Set db = CreateObject(“adodb. connection”)
db.Open “LimosDB”, “", “*
SQL = “select * from Component where ID = “ & UCL_ID

Set rs = CreateObject(”adodb. recordset”)
rs.Open SQL, db

imsil = rs(“PictureName”)
"C:\1lms\bitmaps\” + imsil
Set Image_Big.Picture = LoadPicture(imsi2)

imsi2

rs.Close
db.Close
Set rs
Set db

Nothing
Nothing

B_ComponentScreen. Enabled = True

Set db = CreateObject(“adodb. connection”)
db.Open “CurrentDB“, "“, “"

SQL = "select * from Current_Locations “
Set rs = CreateObject(”adodb. recordset”)
rs.Open SQL, db
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i=0
Do Until rs.EQF
If UCL_ID = rs("Comp_ID") And rs(”AssessmentType”) <> 3 Then
T_Loc(i).Left = Image_BigLeft + Image_BigWidth * Loc_HotSpotX(i) / 1000
T_Loc(i).Top = Image_BigTop + Image_BigHeight * Loc_HotSpotY(i) / 1000
T_Loc(i).Visible = True

rv_Rmode = Val(rs(Rmode))
Select Case Rmode
Case "LifelUsed”
rvunit_Rmode = Format(rs(Rmode), "0.00")
rvunit_Rmode = rvunit_Rmode & " x”
Case "Temp”
rvunit_Rmode = Format(rs(Rmode), “0.0")
rvunit_Rmode = rvunit_Rmode & " T*
Case "Pressure”
rvunit_Rmode = Format(rs(Rmode), "0.0")
rvunit_Rmode = rvunit_Rmode & " MPa”
Case “Stress”
rvunit_Rmode = Format(rs(Rmode), “0.07)
rvunit_Rmode = rvunit_Rmode & “ MPa”
Case "RemLife”
rvunit_Rmode = Format(rs(Rmode), "07)
rvunit_Rmode = rvunit_Rmode & ” Hr”
Case “OperHours._Logging”
rvunit_Rmcde = Format(rs(Rmode), "07)
rvunit_Rmode = rvunit_Rmode & " Hr”
End Select '

- " & Loc_Name(i) & " " & Chr(13) & Chr(10) _
& "« " & rvunit_Rmode & * “-

T_Loc(i).Caption

T_Loc(i).Tag = rs(“Loc_ID")
End If
i=i+1
rs. MoveNext

Loop

rs.Close
db. Close
Set rs = Nothing
Set db = Nothing

Dim rv_compid As Integer

Call Find_Comp_IDIndex(Active_Comp_ID, rv_compid)
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L_CurrentScreen, Caption = “ <COMPONENT Mode> <Unit : “ & Unit_Name(rv_unitid) & “>* g
" <Component : “ & Comp_Name(rv_compid) & “>*

End If

If YN_ProgramStart = True Then
Call Find Lifelist
End If

End Sub
/7 Offline mode A3§o| &E=EF

Private Sub ShutDownOffline_Click()
StartUpProgram. Enabled = True
SU_Online = True
ShutDownProgram. Enabled = False
SD_Online = False
StartUpOffline. Enabled = True
SU_Offline = True
ShutDownOffline. Enabled = False
SD_Offline = False
CurrentWarning. Enabled = False
AccumulatedWarning. Enabled = False
OfflineWarning. Enabled = False

OnOff_Mode = O

StatusBar.Panels. Item(1). Text
StatusBar, Panels. Item(2). Text
StatusBar. Panels. Item(3). Text

"Server Status”
"On-0ffline Mode Status”

"Warning Status”

End Sub

/22O BR

Private Sub StartUpProgram_Click()

Call Check_Server_OnOff(Server_OnOff)
If Server_OnOff = False Then
MsgBox {“Server7} X8t QUX| SUHLICE ")
Else
MsgBox (“Server?t S3t8f11 /USLICE ")
End If
Call Check_Warning_Status
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screenmode = 0
locationscreen = 0

Dim RmodeString As String
resultmode = “LifeUsed”

StartUpProgram. Enabled = False
SU_Online = False
ShutDownProgram. Enabled = True
SD_.Online = True
StartUpOffline. Enabled = False
SU_Offline = False
ShutDownOffline. Enabled = False
SD_Offline = False
CurrentWarning. Enabled = True
AccumulatedWarning. Enabled = True
OfflineWarning. Enabled = False

YN_ProgramStart = True
OnOff_Mode = 1

Call Activate_Control

Call Init_ID

ReDim C_LifelistString(Num_Loc) As String 'IBIR|=A0] EAIE SXiHuE SHMA
Call Compulsory_Update(screenmode, resultmode, 0) 'Gi7]A{ 02 O}lfo|D|SS
StatusBar. Panels, Item(2). Text = “Online Mode”

End Sub
Private Sub Activate_Control()

B_PlantScreen, Enabled = True
F_SelOutput. Enabled = True
L_CurrentScreen. Enabled = True
R.LifeUsed.Enabled = True
R_LifeUsed. value = True
R_Temperature. Enabled = True
R_Pressure.Enabled = True
R_Stress.Enabled = True
R_RemLife. Enabled = True
R_OperHour.Enabled = True
T.Status. Enabled = True

StatusBar.Visible = True
Timerl.Enabled = True
C_Lifelist, Enabled = True
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End Sub

/7 Unit, Component, Location®| &Y reading
Private Sub Init_ID()

Set db = CreateObject(”adodb. connection”)

db.Open “LimosDB”, ", “*

‘Unit IDE 021 MH+E ute}

SQL = “select = from Unit order by ID”

Set rs = CreateObject(“adodb. recordset”)

rs.Open SQL, db

i=0

Do Until rs. EOF

T_Unit(i).Tag = rs(“ID")

Unit_ID(i) = rs("ID")

Unit_Name(i) = rs(“Name”)

If rs("SerialNo”) <> “” Then
Unit_SerialNo(i) = rs("SerialNo”)

End If

Unit_Description(i) = rs(“Description”)

Unit_PictureName(i) = rs("PictureName”)

SQL1 = "select = from ItemTypes where item = 'UNIT' and ID
SQL1 = SQL1 & rs("TypelID”)

Set rsl = CreateObject(”adodb. recordset”)

rsl.Open SQL1, db

Unit_Type(i) = rsi(“Name”)

rsl.Close

Set rsl1 = Nothing

Unit_HotSpotX{(i) = rs(“HotSpotX”)
Unit_HotSpotY(i) = rs(“HotSpotY”)

i=i+1
rs. MoveNext
Loop
Num_Unit = i

rs.Close

// Component IDE &0{21 &&= Dt}
SQL = "select = from Component order by ID”
Set rs = CreateObject(”adodb. recordset”)
rs.Open SQL, db
i=20
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Do Until rs. EOF

T_Comp(i).Tag = rs("ID")

Comp_ID(i) = rs("ID")

Comp_Unit_ID{i) = rs(“Unit_ID")

Comp_Name(i) = rs{“Name”)

If rs("SerialNo“) <> "" Then
Comp_SerialNo(i) = rs("SerialNo”)

End If

Comp_Description(i) = rs(“Description”)

Comp_PictureName(i) = rs(“PictureName”)

SQL1 = “"select * from ItemTypes where item = ‘COMP’ and ID
SQL1 = SQL1 & rs("TypelD”)

Set rsl = CreateObject(”adodb. recordset”)

rsl.Open SQL1, db

Comp_Type(i) = rs1(“Name”)

rsl.Close

Set rsl = Nothing

Comp_HotSpotX(i) = rs("HotSpotX“)
Comp_HotSpotY(i) = rs(“HotSpotY”)

i=i+1
rs. MoveNext
Loop
Num_Comp = i

rs.Close

// Location IDE 0|22 $& &jet

SQL = “select = from Location order by ID”
Set rs = CreateObject(“adodb. recordset”)
rs.Open SQL, db

Active_Loc_ID = rs(”ID*) 'ID7} 74&b &232i0| RV|steict.
i=0

Do Until rs.EQOF

T_Loc(i).Tag = rs(“ID")

Loc_ID(i) = rs("ID")

Loc_Unit_ID(i) = rs("Unit_ID")
Loc_Comp_ID(i) = rs(“Comp_ID")

Loc_Name(i) = rs("Name")

SQL1 = "select % from ItemTypes where item = ‘LOC’ and ID
SQL1 = SQL1 & rs("TypelD”)

Set rsi = CreateObject(“adodb. recordset”)

rsi.0Open SQL1, db

Loc_Type(i) = rsi("Name")
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rsl.Close
Set rsl = Nothing

Loc_Description(i) = rs(“Description”)

SQL1 = “select = from ItemTypes where item = 'ASSESS' and ID
SQL1 = SQL1 & rs("AssessmentType”)

Set rsi = CreateObject(“adodb. recordset”)

rsi.Open SQL1, db

Loc_AssessmentType(i) = rsi(“Name”)

n

rsi.Close
Set rsl = Nothing

If rs("SerialNo”) <> "" Then
Loc_SerialNo(i) = rs("SerialNo")

End 1f

Loc_HotSpotX(i) = rs("HotSpotX”)

Loc_HotSpotY{i) = rs(“HotSpotY")

If rs("PictureName”) <> " Then
Loc_PictureName(i) = rs(“PictureName”)

End If .

Loc_HotSpotSubX(i) = rs(“HotSpotSubX”)

Loc_HotSpotSubY(i) = rs(“HotSpotSubY”)

If rs("Material”) <> O Then
SQL1 = "select * from ItenmTypes where item = 'MAT’ and ID
SQL1 = SQL1 & rs(“Material”)
Set rs1 = CreateObject(“adodb. recordset”)
rsi.Open SQL1, db
Loc_Material(i) = rs1("Name”)
rsl.Close
Set rsl = Nothing
End If

i=1+1
rs. MoveNext
Loop
Num_Loc = i

rs.Close
db.Close
Set rs = Nothing

Set db = Nothing

End Sub

- 147 -



// Unit HE SEIA| 8l &8

Private Sub T_Unit_DblClick(index As Integer)
B_UpStepScreen, Enabled = True
Active_Unit_ID = T_Unit(index).Tag
Active_UCL_ID = T_Unit(index).Tag
screenmode = 1
Call Compulsory.Update(screenmode, resultmode, Active_Unit_ID)
If locationscreen = 1 Then
Call compulsory_update_locationscreen(Active_Loc_ID)
End If

End Sub

// Component HHE ZEAl &H &

Private Sub T_Comp_DblClick(index As Integer)
Active_Comp_ID = T_Comp(index).Tag
Active_UCL_ID = T_Comp(index).Tag
screenmode = 2
Call Compulsory.Update(screenmode, resultmode, Active_Comp_ID)
If locationscreen = 1 Then
Call compulsory_update_locationscreen(Active_Loc_ID)
End If

End Sub
// Location HE ZA| 2tH &

Private Sub T_Loc_Click(index As Integer)

Active_Loc_ID = T.Loc(index).Tag

locationscreen = 1

Call compulsory_update_locationscreen(Active_Loc_ID)
End Sub

Private Sub T_Loc_DblClick(index As Integer)
ImsiloclID. Tag = Active_Loc_ID
Dim frm As LocFrm
Set frm = New LocFrm
frm. Show

End Sub
Private Sub B_UpStepScreen_Click()

If screenmode = 1 Then
Call B_PlantScreen._Click

- 148 -



End If

If screenmode = 2 Then
Call B_UnitScreen_Click

End If

End Sub
Private Sub B_PlantScreen_Click()

B_UpStepScreen. Enabled = False

B_UnitScreen, Enabled = False

B_ComponentScreen. Enabled = False

screenmode = 0

Call Compulsory_Update(screenmode, resultmode, 0) ‘O{7|Af 02 o}FQ0|gS
If locationscreen = 1 Then

Call compulsory_update_locationscreen(Active_Loc_ID)
End If

End Sub
Private Sub B_UnitScreen_Click()

B_ComponentScreen. Enabled = False

screenmode = 1

Active_UCL_ID = Active_Unit_ID

Call Compulsory_Update(screenmode, resultmode, Active_Unit_ID) 'O{7|A{ O OfFelo|QUS
If locationscreen = 1 Then

Call compulsory_update_locationscreen(Active_Loc_ID)
End If

/7 8tHEO| F7| HHA| AYEH

Private Sub Form_Resize()

MFWidth = MainFrm.Width

MFHeight = MainFrm. Height

If MFWidth >= 12090 And MFHeight >= 9495 Then

If MainFrm. WindowState <> 1 Then

Image_Big.Visible = False
T_Status. Visible = False
L_CurrentScreen, Visible = False

Image_Big.Left = 3540
Image_Bigleft

Image_Big.Left
1700

Image_Big. Top
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Image_BigTop = Image_Big.Top
Image_Big.Width = MFWidth - 300 - 3410
Image_BigWidth = Image_Big.Width
Image_Big.Height = MFHeight - 600 - 2200
Image_BigHeight = Image_Big.Height

T_Status.Width = MFWidth - 300 - 6120
L_CurrentScreen. Width = MFWidth - 300 - 3400

Image_Big.Visible = True
T_Status.Visible = True
L_CurrentScreen. Visible = True
End If
Call Compulsory_Update(screenmode, resultmode, Active.UCL_ID)
Else
If MainFrm WindowState <> 1 Then
MsgBox ("= AIO|=E C{o|& &Y+ eUsLICL")
MainFrm. Width = 13000
MainFrm. Height = 9495
End If
End If

End Sub

/7 BHEFYEL HHA

Private Sub Change_ResultMode(Rmode As Long)

Dim RmodeString As String
If Rmode = 0 Then
resultmode = “LifeUsed”
Elself Rmode = 1 Then
resultmode = “Temp”
Elself Rmode = 2 Then
resultmode = “Pressure”
Elself Rmode = 3 Then
resultmode = "Stress”
Elself Rmode = 4 Then
resultmode = “RemLife”
Elself Rmode = 5 Then
resultmode = “OperHours_Logging”
Else
resultmode = “LifeUsed”
End If

Call Compulsory_Update(screenmode, resultmode, Active_UCL_ID)
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If locationscreen = 1 Then

Call compulsory_update_locationscreen(Active_Loc_ID)
End If

End Sub

Public Sub Find_Unit_IDIndex(U.ID As Integer, index As Integer)
For i = 0 To Num_Unit - 1 Step 1
If U_ID = Unit_ID(i) Then
index = i
End If
Next i
End Sub

Public Sub Find_Comp_IDIndex(C_ID As Integer, index As Integer)
For i = 0 To Num_Comp - 1 Step 1
If C_ID = Comp_ID(i) Then
index = i
End If

Next i
End Sub

Public Sub Find_Loc_IDIndex(L_ID As Integer., index As Integer)
For i = 0 To Num_Loc - 1 Step 1
1f L_ID = Loc_ID(i) Then
index = i
End If
Next i

End Sub

Public Sub Find_Loc_NameID(L_Name As String, L_ID As Integer)
For i = 0 To Num_Loc - 1 Step 1
If L_Name = Loc_Name(i) Then
L_ID = Loc_ID(i)
End If

Next i

End Sub

Private Sub Find_LifeList()
Set db = CreateObject(“adodb. connection”)
db. Open “CurrentDB”, ““, "

SQL = "select * from Current_Locations where AssessmentType <> 3 order by “ & resultmode &
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" desc”

Set rs = CreateObject("adodb. recordset”)
rs.Open SQL, db

i=0

Dim rv_id As Integer

Dim rv_index As Integer

Do Until rs.EOF
rv_id = rs("Loc_ID")
Call Find_Loc_IDIndex(rv_id, rv_index)
If i < Num_Loc Then

C_LifeListString(i) = Loc_Name(rv_index)

End If
i=13+1
rs. MoveNext

Loop

rs.Close
db. Close
Set rs
Set db

Nothing

Nothing

For i1 = 0 To Num_Loc -~ 1 Step 1
C_LifelList. List(i) = C_LifeListString(i)
Next i

End Sub

Private Sub R_LifeUsed_Click()
Call Change_ResultMode(0)

End Sub

Private Sub R_Temperature_Click()
Call Change_ResultMode(1)

End Sub’

Private Sub R_Pressure_Click()
Call Change_ResultMode(2)

End Sub

Private Sub R_Stress_Click()
Call Change_ResultMode(3)

End Sub

Private Sub R_RenLife_Click()
Call Change_ResultMode(4)

End Sub

Private Sub R_OperHour_Click()
Call Change_ResultMode(5)

End Sub
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Private Sub InitTextBox()

For i = O To Num_Unit - 1 Step 1
T_Unit(i).Visible = False
T_Unit(i).MousePointer = 1
T_Unit(i).BorderStyle = 1
T_Unit(i).Appearance = 0
T_Unit(i).AutoSize = True
T_Unit(i).BackColor = &HCOFFCO ‘green

Next i

For i = 0 To Num_Comp — 1 Step 1
T_Comp(i).Visible = False
T_Comp(1).MousePointer = 1
T_Comp(i).BorderStyle = 1
T_Comp(i). Appearance = 0
T_Comp(i).AutoSize = True
T_Comp(i).BackColor = &HCOFFCO

Next i

For i = O To Num_Loc - 1 Step 1
T.Loc(i).Visible = False
T_Loc(i).MousePointer = 1
T_Loc(i).BorderStyle = 1
T_Loc(i).Appearance = 0
T_Loc{(i).AutoSize = True
T_Loc(i).BackColor = &HCOFFCO

Next i

For i = 0 To Num_MaxLocSub ~ 1 Step 1
T_LocSub(i).Visible = False
T_LocSub(i).MousePointer = 1
T_LocSub{(i).BorderStyle = 1
T_LocSub(i).Appearance = 0
T_LocSub(i).AutoSize = True
T_LocSub(i).BackColor = &HCOFFCO

Next i

End Sub

v/ AE

0%

e AU

Private Sub T_Status_Update(new_string As String)
Dim T.Status_String_imsi(9) As String
For i =0 To 9 Step 1
T_Status_String_imsi(i) = T_Status_String(i)
Next i
For i =0 To 8 Step 1
T_Status_String(i + 1) = T_Status_String_imsi(i)
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Next i

T_Status_String(0) = new_string

& T_Status_String(0) & Chr(13) & Chr(10) _
“ " & T_Status_String(1) & Chr(13) & Chr(10) _
& T_Status_String(2) & Chr(13) & Chr(10) _
& T_Status_String(3) & Chr(13) & Chr(10) _
“ & T_Status_String(4) & Chr(13) & Chr(10)
“ & T_Status_String(5) & Chr(13) & Chr(i0)
“ & T_Status_String(6) & Chr(13) & Chr(10)

T_Status.Text = “

"

& T_Status_String(7) & Chr(13) & Chr(10) _
" & T_Status_String(8) & Chr(13) & Chr(10)
“ " & T.Status_String(9) & Chr(13) & Chr(10)

0 Qo Q0 Q0 RO PO o X P

End Sub
/7 Location &tHO| HE ZjAl

Private Sub compulsory_update_locationscreen(L_ID As Integer)
Chart_Location. Visible = True
Call ChartControl(L_ID)

Set db = CreateObject(“adodb. connection”)

db.Open “LimosDB”, ““, "~

SQL = "select = from Location where ID = “ & L_ID
Set rs = CreateObject("adodb. recordset”)

rs.Open SQL. db

Dim imsil As String

Dim imsi2 As String

imsil = rs(“PictureName”)

imsi2 = “C:\lms\bitmaps\" + imsil
Image_Small.Visible = True

Set Image_Small.Picture = LoadPicture(imsi2)

Dim rv_locid As Integer
Call Find_Loc_IDIndex(L_ID, rv_locid)
L_CurrentLocation. Caption = “(” & Loc_Name(rv_locid) & ")"

SQL = “select * from Location_Map where ID = ” & L_ID & " Order by Input_Seg
Set rs = CreateObject("adodb. recordset”)
rs.Open SQL, db

i=0

Dim num_LocSub As Long

Do Until rs EOF

T_LocSub(i).Tag = rs("Source_ID")

i=i+1
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rs. MoveNext
Loop

num_LocSub = i

rs.Close
Set rs = Nothing
db.Close
Set db

Nothing

Set db = CreateObject(“adodb. connection”)
db.Open “CurrentDB”, ““, "”
Set rs = CreateObject(”adodb. recordset”)

For i = 0 To num_LocSub Step 1
SQL = “select * from Current_Locations where Loc_ID = ” & T_LocSub(i).Tag
rs.Open SQL, db
Dim rv_locsubid As Integer
rv_locsubid = CInt(T_LocSub(i).Tag)
Call Find_Loc_IDIndex(rv_locsubid, rv_locid)

T_LocSub(i).Left = Image_Small.Left + Image_Small.Width =
Loc_HotSpotSubX(rv_locid) / 1000
T_LocSub(i).Top = Image_Small.Top + Image_Small.Height =
Loc_HotSpotSubY(rv_locid) / 1000
T_LocSub{(i).Visible = True
T_LocSub(i).Caption = “ “ & rs("Temp”) & " "
T_LocSub(i).ToolTipText = " “ & Loc_Name(rv_locid) & " ”
rs.Close
Next i
Set rs = Nothing
db. Close
Set db = Nothing

End Sub
/7 YEARZE 2tHQ stHe| HE A4l g

Private Sub Compulsory_Update(Smode As Long, Rmode As String, UCL_ID As Integer)
Dim rv_Rmode As Double
Dim rvunit_Rmode As String
Dim rv_Comp_ID As Integer
Dim rv_Comp_IDIndex As Integer
Dim rv_Loc_ID As Integer
Dim rv_Loc_IDIndex As Integer
Dim i As Integer
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Call InitTextBox
//K22 unit 1748 D2ist=0 §F o2 unitE 2203
If Smode = O Then

Set Image_Big.Picture = LoadPicture(“c:\lms\bitmaps\InitScreen. jpg”)

For i = 0 To Num_Unit - 1 Step 1

Set db = Createdbject("adodb.connection')

db.Open “CurrentDB”, "", *°

SQL = “select * from Current_Locations where Unit_ID = "
SQL = SQL & T_Unit{(i).Tag & " AND AssessmentType <> 3"
SQL = SQL & " order by “ & Rmode & “ desc”

Set rs = CreateObject(“adodb. recordset”)

rs.Open SQL, db

T_Unit(i).Left = Image_BigLeft + Image_BigWidth * Unit_HotSpotX(i) / 1000
T_Unit(i).Top = Image.BigTop + Image_BigHeight * Unit_HotSpotY(i) / 1000
T_Unit(i),Visible = True

rv_Rmode = Val(rs(Rmode))

Select Case Rmode

Case "LifeUsed”
rvunit_Rmocde

Format(rs(Rmode), "0.00")
rvunit_Rmode & “ %"

rvunit_Rmode
Case "Temp”

rvunit_Rmode = Format(rs(Rmode), “0.0")

rvunit_Rmode = rvunit_Rmode & “ C”
Case "Pressure”

rvunit_Rmode = Format{(rs(Rmode), “0.07)

rvunit_Rmode = rvunit_Rmode & “ MPa“”
Case “Stress”

rvunit_Rmode = Format(rs(Rmode), “0.0")

rvunit_Rmode = rvunit_Rmode & " MPa“
Case “RemLife”

rvunit_Rmode = Format(rs(Rmode). “0“)

rvunit_Rmode = rvunit_Rmode & “ Hr”
Case “OperHours_Logging”

rvunit_Rmode = Format(rs(Rmode), "07)

rvunit_Rmode = rvunit_Rmode & " Hr
End Select

rv_Comp_ID = rs("Comp_ID")

Call Find_Comp_IDIndex(rv;Comp_ID, rv_Comp_IDIndex)

rv_Loc_ID = rs("Loc_ID")

Call Find_Loc_IDIndex{(rv_Loc_ID, rv_Loc_IDIndex)

T_Unit(i).Caption = " - Name T " & Unit_Name(i) & " “ & Chr(13) & Chr(10)
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” v on

& 7 - Description & Unit_Description(i) & & Chr(13) &
Chr(10) & Chr(13) & Chr(10) & “ - Serious Component : “ 8§

Comp_Name(rv_Comp_IDIndex) & “ " & Chr{(13) & Chr(10) & " - Serious

Location : " & Loc_Name(rv_Loc_IDIndex) & “ “ & Chr(13) & Chr(10)
& "+ Value : " & rvunit_Rmode & " "

rs.Close

db. Close

Set rs = Nothing

Set db = Nothing

Next i

If YN_ProgramStart = True Then
L_CurrentScreen. Caption = “ <PLANT Mode> "
End If

End If

If Smode = 1 Then

Dim Active_Num_Comp As Long

Set db = CreateObject(”adodb. connection”)
db.Open “LimosDB", ", ""

SQL = “select * from Unit where ID = “ & UCL_ID
Set rs = CreateObject("adodb. recordset”)
rs.Open SQL, db

imsil = rs{"PictureName”)

“C:\lms\bitmaps\“ + imsil

imsi2

Set Image_Big.Picture = LoadPicture{imsi2)

rs.Close
db.Close
Set rs = Nothing
Set db

Nothing

B_UnitScreen. Enabled = True

Set db = CreateObject(“adodb. connection”)

db.Open “LimosDB“, ““, ““

SQL = "select * from Component where Unit_ID = " & UCL_ID
Set rs = CreateObject( “adodb. recordset”)

rs.Open SQL, db
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Dim imsi_Comp_ID As Integer
Do Until rs.EOF

imsi_Comp_ID = rs(“ID")
Call Find_Comp_IDIndex(imsi_Comp_ID, i)

Set dbl = CreateObject(“adodb. connection”)
dbl.Open “"CurrentDB“, "”, “"

SQL1 = "select = from Current_Locations where Comp_ID =
SQL1 = SQL1 & imsi_Comp_ID & “ AND AssessmentType <> 37
SQL1 = SQL1 & " order by " & Rmode & “ desc”

Set rsl = CreateObject(”adodb. recordset”)

rsl Open SQL1, dbl

If rsl EOF Then

Else
T_Comp(i).Left = Image_BigLeft + Image_BigWidth * Comp_HotSpotX(i) / 1000
T_Comp(i).Top = Image_BigTop + Image_BigHeight * Comp_HotSpotY(i) / 1000
T_Comp(i).Visible = True

rv_Rmode = Val(rsi(Rmode))
Select Case Rmode
Case "LifelUsed”
rvunit_Rmode = Format(rsi(Rmode), “0.00")
rvunit_Rmode = rvunit_Rmode 8 “ x”
Case "Temp”
rvunit_Rmode = Format(rsl(Rmode), “0.0")
rvunit_Rmode = rvunit_Rmode & °~ T~
Case “Pressure”
rvunit_Rmode = Format(rsi(Rmode), "0.0")
rvunit_Rmode = rvunit_Rmode & “ MPa”
Case “Stress” =0
rvunit_Rmode = Format(rsi(Rmode), "0.0")
rvunit_Rmode = rvunit_Rmode & “ MPa“
Case “RemLife”
rvunit_Rmode = Format(rsl(Rmode), "0”)
rvunit_Rmode = rvunit_Rmode & ” Hr”
Case "OperHours_Logging”
rvunit_Rmode = Format(rsi(Rmode), “0")
rvunit_Rmode = rvunit_Rmode & " Hr”
End Select

rv_Loc_ID = rsi{“Loc_ID"})
Call Find_Loc_IDIndex(rv_Loc_ID. rv_Loc_IDIndex)

T_Comp(i).Caption = ” - Name : " & Comp_Name(i) & “ " & Chr(13) &
Chr(10) & " - Description : “ & Comp_Description(i) &
& Chr(13) & Chr(10) & Chr(i3) & Chr(10) & “ - Serious
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Location : " & Loc_Name(rv_Loc_IDIndex) & " " & Chr(13)
& Chr(10) & " - Value : “ & rvunit_Rmode & “ "

T_Comp(i).Tag = rs1(“Comp_ID")
End If

rsl.Close
dbl.Close
Set rsl = Nothing
Set dbl

Nothing

i=1i+1
rs. MoveNext

Loop

Active_Num_Comp = i
rs.Close

db.Close

Set rs = Nothing
Set db = Nothing

Dim rv_unitid As Integer
Call Find_Unit_IDIndex(Active_Unit_ID, rv_unitid)
L_CurrentScreen. Caption = " <UNIT Mode> <Unit : " & Unit_Name(rv_unitid) & ">"

End If

If Smode = 2 Then

Dim Active_Num_Loc As Long

Set db = CreateObject(“adodb. connection”)

db,Open "LimosDB”, “”, "”

SQL = “select * from Component where ID = “ & UCL_ID
Set rs = CreateObject(”adodb. recordset”)

rs.Open SQL, db

imsil = rs(“PictureName”)
“C:\1lns\bitmaps\” + imsii

imsi2

Set Image_Big.Picture = LoadPicture(imsi2)

rs.Close
db. Close
Set rs = Nothing
Set db = Nothing
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B_ComponentScreen. Enabled = True

Dim imsi_Loc.ID As Integer

Set db = CreateObject("adodb. connection”)

db.Open “CurrentDB”, ", “*

SQL = “select = from Current_Locations ”

SQL = SQL & “where Comp_ID = “ & UCL_ID & " AND AssessmentType <> 3
Set rs = CreateObject(“adodb. recordset”)

rs.Open SQL, db

i=0
Do Until rs.EOF

imsi_Loc_ID = rs(“Loc_ID")

Call Find_Loc_IDIndex(imsi_Loc_ID, i)

T_Loc{i).Left = Image_BiglLeft + Image_BigWidth * Loc_HotSpotX(i) / 1000
T_Loc(i).Top = Image_BigTop + Image.BigHeight ® Loc_HotSpotY(i) / 1000
T_Loc{(i).Visible = True

rv_Rmode = Val(rs(Rmode))
Select Case Rmode
Case “LifelUsed”
rvunit_Rmode = Format{(rs(Rmode), “0.007)
rvunit_Rmode = rvunit_Rmode & " x”
Case “Temp”
rvunit_Rmode = Format(rs(Rmode), "0.0")
rvunit_Rmode = rvunit_Rmode & " T~
Case "Pressure”
rvunit_Rmode = Format(rs(Rmode), “0.07)
rvunit_Rmode = rvunit_Rmode & “ MPa”
Case “Stress”
rvunit_Rmode = Format(rs{Rmode), “0.07)
rvunit_Rmode = rvunit_Rmode & " MPa”
Case "RemLife”
rvunit_Rmode = Format(rs(Rmode), "0")
rvunit_Rmode & “ Hr”
Case “OperHours_Logging”
rvunit_Rmode = Format(rs(Rmode), "0")
rvunit_Rmode & “ Hr”

rvunit_Rmode

"

rvunit_Rmode
End Select

- " & Loc_Name(i) & * " & Chr(13) & Chr(10) _
& "+ " & rvunit_Rmode & " ”

T_Loc(i).Caption

T_Loc(i).Tag = rs(“Loc_ID")
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rs. MoveNext
Loop

rs.Close
db.Close
Set rs
Set db

Nothing

Nothing

Dim rv_compid As Integer

Call Find_Comp_IDIndex(Active_Comp_ID, rv_compid)

L_CurrentScreen, Caption = “ <COMPONENT Mode> <Unit : “ & Unit_Name(rv_unitid) & ">“ &
" <Component : " & Comp_Name(rv_compid) & “>"

End If

If YN_ProgramStart = True Then
Call Find_LifelList
End If

End Sub

// Graphic mode 3™ 2| control A%

Private Sub ChartControl{(Location_ID)
Dim value(59) As Double

For i = 0 To 59 Step 1
value(i) = 0

Next i

Set db = CreateObject(“adodb. connection”)

db.Open “DisplayDB”, "“, ““

SQL = “select * from Display_Locations where Loc_ID = ”
SQL = SQL & Str{Location_ID)

SQL = SQL & “ Order by Date DESC”

Set rs = CreateObject("adodb.recordset”)

rs.Open SQL, db

i=0

Do Until rs.EOF

value(59 - i) = rs(resultmode)
i=1i+1

rs. MoveNext

Loop
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rs.Close
db.Close
Set rs = Nothing
Set db = Nothing

Chart_Location. chartType = VtChChartType2dline

Chart_Location. TitleText = resultmode

Select Case resultmode
Case "LifeUsed”

Chart_Location, TitleText

"EHMH|F(x)"
Case "Temp”
Chart_Location, TitleText = "&  &(T)”
Case "Pressure”
Chart_Location, TitleText

“of 2 (MPa)”
Case "Stress”

Chart_Location. TitleText = "&£ 2 (MPa)”
~Case “RemLife”
Chart_Location, TitleText = “Xt0{<~%(Hr)"

Case “OperHours_Logging”
Chart_Location, TitleText
End Select

"

2AIZHHr)"

/7 Increase the size of the chart plot. XIE 1&le| 9|X8 AMANE
Chart_Location. Plot, AutoLayout = False
With Chart_Location.Plot. LocationRect

.Min. X = -150

.Min ¥ = 200

.Max. X = 3650

.Max.Y = 2300
End With

With Chart_Location

.RowCount = 60
.ColunnCount = 1
.Column = 1

For i = 0 To 59 Step 1
Row =1+ 1

.Data = value(i)

Next i
End With
End Sub
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/7 AHAZ Ho2 MYES Y

Private Sub Timerl_Timer()
Call Compulsory_Update(screenmode, resultmode, Active_UCL_ID)
If locationscreen = 1 Then
Call compulsory_update_locationscreen(Active_Loc_ID)
End If
Call T_Status_Update(“aaa”)
Call Check_Server_OnOff (Server_OnOff)
Call Check_Warning_Status

End Sub

// Server®2| On & Off AMEf A=

Private Sub Check_Server_OnOff(OnOff As Boolean)
Set db = CreateObject( “adodb. connection”)
db.Open “CurrentDB”, “", “"

SQL = “select * from Current_Logging”

Set rs = CreateObject( “adodb. recordset”)

rs.Open SQL, db

If rs.EOF Or rs.BOF Then
StatusBar.Panels. Item(1). Text
OnOff = False

ElseIf rs(“Status”) = 1 Then
StatusBar.Panels. Item(1). Text

"Server 0ff”

“Server On”

OnOff = True
End If
rs.Close
db.Close
Set rs = Nothing
Set db = Nothing
End Sub

// Warning &E| A=

Private Sub Check_Warning_Status()
Dim Num_CurWarn As Long

Dim Num_AcuWarn As Long

Set db = CreateObject(”adodb. connection”)

db.Open “CurrentDB”, ““,

SQL = “select * from Current_Alarms”
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Set rs = CreateObject(“adodb. recordset”)
rs.Open SQL., db

Num_CurWarn = 0
Do Until rs.EOF
Num_CurWarn = Num_CurWarn + 1

rs. MoveNext

Loop

rs.Close

db. Close

Set rs = Nothing

Set db = Nothing

Set db = CreateObject(“adodb. connection”)

" "o

db.Open “HistoryDB”,
SQL = "select = from History_Alarms”

Set rs = CreateObject("adodb. recordset”)
rs.Open SQL, db

Num_AcuWarn = 0

Do Until rs.EOF

Num_AcuWarn = Num_AcuWarn + 1
rs, MoveNext

Loop

rs.Close
db. Close
Set rs = Nothing
Set db = Nothing

StatusBar. Panels. Item(3).Text = “Now:” & Str(Num_CurWarn) & “ Sum:” & Str(Num_AcuWarn) &

“ Warnings”
End Sub

Private Sub ShutDownProgram_Click()
StartUpProgram. Enabled = True
SU_Online = True
ShutDownProgram, Enabled = False
SD_Online = False
StartUpOffline. Enabled = True
SU_Offline = True
ShutDownOffline. Enabled = False
SD_Offline = False
CurrentWarning. Enabled = False
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AccumulatedWarning. Enabled = False
OfflineWarning. Enabled = False

YN_ProgramStart = False

OnOff_Mode

End Sub
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