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Summary 

I. Title 

Performance Test of lfave-C-1rrent FlUl!le and Instniments 

II. Siginificance and objectives of the study 

1. As the domestic industry is developed and the population is increased 

rapidly, the demands for the development of costal and oce.<>n resources has 

been increased. Applications of costal and ocean engineering to the 

construction of man-made stnictures and to the prediction of environmental 

changes caused by the development has been recognized very important. There 

are three different application techniques for solving those problems. 1bey 

are the numerical approaches, experi1De11ts, and field observations. In 

particular, the exp;'!rirnental techniques can verify the performance of the 

numerical one and reproduce the field condition in laboratory scale& in 

order to several alternatives. The present status of costal and ocean 

engineering in the country has put em?]asis on the numerical IIOdellings 

only. Therefore, the experimental 111odellings shot.!ld be incorporated in the 

soluiori techniques to achieve the balanced development of the expertise in 

the coontry. 
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2. In the present study, it is carried out the calibration and perforll:ID.":e 

test of the 2-dimen.sional wave-curr-ent flume irith available analog SGruiOrs, 

for the efficient applications of the flume to the proble11S of the C()l';tal 

and ocean engineering_ The f!Ulle was constructed by the 1990 endonent 

project {B.SPE 00166-276-2) in KORDl_ The autoaatic control system of the 

-..ave n,aking devices and analog sensors is construcec!, and the efficient 

data acquisition and analysis system is also established. 

III. c:mitents and results of the stooy 

l. Calibrations and perfor-mance tests of the flume 

Rl!gl.Llar and irregular waves 

- Reflected irave absorbing filter 

Inclined absorbina system of the flume 

Current making sy,aem 

2. Calibrations of the analog sensors 

- Wave gauge 

- Propeller current 111€ter 

Pressure transducer 

Load cell meter 

3, Establishment of the control and data acquisition system 

- Construction of COrltrol r0011 
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Establishment of the center-oriented automatic control 

and data acquisition system 
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4-7]71-!- 7J%A17]7] *MkJe 'T ~lo-J'll~ .6-il*lW ~~ol] ~omct. ~lol'll~ 

lf--'<! ~~<>11-1=- 4 6~]*lo'G ~~'B. 7]7]~~ ~~'{J--1-1- ~» YE}\..JI* ~7]:ilJ 

o] ~ ~£.ol, ~ ll}'t}:Ej 6-i-Pl* 31,' 'T ~t!El ~'U:i.J- ~"ff¾ Y°El-i.l 'T7] 

-i-1\! ~o]i:J. 

:"'t..,I S/W 0 

0 ..;..,;;11:111:1 
LL • - 01::1 0 

0 UPS :c A 1:11 I'.! 0 tj.,.. • -

0 0 1e ~~1:_1~1 (220 Volts) 0 

Fig. 2.2.3 Ma.in tn:1trol OOX . 

.... ,!1{:l;>Jlol'.!_(Control Room) ~01] -i-J;c]-a-]-2 ~£.ol. ;>JioHJ 'l!~;,1 .it ~*1 ~ 7]71 

El ~4'tlEJ¾ -i-H.! ~o]c]-. "J"o'·~ Fig.2.2.-421- Qc}. 



ON ON ON ON ON 

0 0 0 0 0 

0 11°I ,!,. -~J lli Il :'.c'-IliII .::rrr71 0 11""1 LL •- d' •-

0 0 0 0 0 

OFF OFF OFF OFF OFF 

Fig. 2.2.4 Remote o:mtrol l:at. 

2.3 UPS ~~it! 

UPS {!~'{!,g. "'r ~o-j'l.!S!.-¥-'61 220 Votls,!J ~-t:!.,&- ~l ll5 Volts.!! 'i!.'~l't! {!0J 

,& ~cl. S:.t!, {!7],a- ;<J1)-Y 4 91-E UPS2J t:J-¾;:ij-& £¾·6l7] '1'1: ~ 0 ]t:l ~ 

-¥- C:.-Y-l-"l.!l 8J ... J,g. Fig.2.2.5~ .{J:c}. 

200 Volts ~§.9..\ tj,ff.E] C:.""l-"]oJl ~::i;l-l! 115 Volts M~e UPS {!~"J 'ilof 

-'.l:-"l~<>l 9.lE..CJ!, Hydraulic System S/'il'of ~if-l! US Volts ~§.'E £:11}7] S/1 

PNL ~ofl ~-"]3:Jo-j 9J.c}. PNL '\lofle ~ ¼ff-.!! ~~7} 11,E..Dj, ~';1ofl,>,J .!l~-j, 

ii1 .2.~o] 115 Volt, ¥1_~ ~ ;,floj'fr.!J ~it!~~ C:.tl-"lotl 'i.'i~{! ?!o]c}. 'll 

't!~~ ~~~,e UPSE-j ~% ~ .. q %~ /.]C:.~ot ~~* W-e"}7l '1tJ:?!o]cl 

200 Volts~§. S/\li:; ~t! 1).~ :-11]<>1~.!J £~5'.. l!"e,~}7] ull¾oJI £~ S/J(YQJ 

-lt ~oJl ,$-]-"ll.n- :J]7l{!ofl 200 Volts~~ S/li'7} -;,j;:,;j 9,l,e.:•;J "!-~~lot t!tl 



L'PS,e 1l.t~"11l. '4-fOI] "J;<]~o-J 'll..9..o!, lKV~ ~7]-l- -"l1Jti"J.ol 1j{i;.J ~{! 

't!.71-i- Ntii * 7)W 7\~t:f. L'PS i..Jl.!j!--,e AC N.F.B, OC N.F.B. ¾a! 6"'1.1:] 

~ ~7] Fuse'g-0] 9.lt:\. AC N.F.B~ UPSoil AC{i~(220 Volts) N% ,6,~.1:]o]of, 

OC N.F.Be {17] Al~ ~tja]<'.>fl {!7](120 Volts)~ ~'b\7] ~lt! 6~].1:] o]c\. o] 

6¥]"-lil- .g:;.]oil On ;.J!l,& u:l]oJlE UPS ~7],f-s:.'I~ '¼!.'t! "5ja],;. ;>j;l:j 4.2.'E' ~7] 

(115 Volts) 0 ]t.f, AC N.F.B. ~J& ON ;.J~I:& ul<'>ll'E "15Ja]-I- ~¾'OJ;:,;] '?12 .:i'?,1' 

220 Volts~ ~i:!j ~JJol]J.j 7J 0J.!H 120 Vo\t7f ·~~;oft ¥ft:\. llte\J.-l, AC N.F.B.~ 

0C N.F.B't ~A]~ (}.J AJ7]e ~o] ,e.!jo]c}. .:li!lt.}, ¼ A\%¥-'b\7} ~e,ji!]~ %~ 

{lKVA)-j, ~2},Y u:Jl'E" OC N.F.B,& OffA]?'I 't..,1-,;r'!'] 7J~¥f ~71(120 Volts). A\¼Y 

"r.£ 9lc:.}. 

UPS$' 7\--i,J.]71,e l,"-\e 't!-"l UPS {i~'t..h.JI~ UPS {!,ti 200 Volts Sff-1-~ 

'b\.:i!. UPS i..Jl.ljl-~ CUTPUT SIW~ ~ t\t:l. o]llj], ~ ol"Qo] ~ {i~<>l] ~!-hin 

200 Volts 
(from Mo,n Control Box) ,,s Volts 

Con cents 
115 Volts 
Concents 

200 Voits uPS ~.'~' Hydroui;c Computer 
Concent S/W 200 Volh S/W System S/W $/W 

• 
200 Volts 
Concents 

200 Volt~ 

115 Volts 

Pig. 2.2.5 UPS electric p:M!I' 1:Dx. 
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On"~ ~Charging"<>!] ~] ii--<>! ..2..½::ci], o]ir!l, On SIii-§ 4'-~'i!i UPS7) 7~t:). lAl 

St'lf¾ ;,fl*,g_i;,j 7J-':J-~'lJ"(l2O Volts)1..]- 1'tE-Ja] ¾~~ 0J(115 Volts)o] .Z.:\},g-]-ol 

l..}t-P4,& ~ * 9.!.t:L UPS LR,¥,~ OlJJPlJf S/W½:: -¥-7'7) 9.!.L). ~';'!.O!l-"J .'i!.9.!.-j-lIW 

~~ S/i½:: UPS ~~>fr Llj-lj!Sj 1-lydrau] ic System 5119-} tj¾6J S/11'~ ~~~ ~o] 

nJ, ..2..~~~ oj~~ OOIPUT S/Jo]t:\. 

2,4 3SIPI S/W m. 

.:f.:!!}7]~ ~'U¥!E{25 Hp)~ 7}%A]7]7] ~\! 220 Volts~ ~-t!~. 'd{~ .6-~ 

.:\].s!. ~oj 9,!,t:} . .!E, o] 'il:lE-l::- -t!~~oJ'U-Sl ~n}7] S/'11 ..s:..£ 7J-.180] 7~li")L\. 

-f".:f.ofl ff ~il']--e ~E(S Hp),1- 7J-.l8i1)7] -9-](!: ~-t:J.o]O,. ¥J!i:.'f" 7.]11")~ 1(-•J 

3. ~61] -9-].:\]11")2 9,l.L\. ~E S/W'f" 7}--%-Sj 't!_~-1- -9-]11"\<>l 'l!E -2->IJ-ofl f].:\]-&-}.:il 9J. 

t:}. 3:.\!, lll.E 7~ -t!:lil~oJ'U0Sl ~~.!! Sti-i- 0 ]¼V -4'.'r. 9,!,t:). 

:!!)'({-~-ff- .lt\J"-4'~ ~O Hp~{!~ ¥IE-I- 7}%J.]7]7] -9-]\! ~-9-].:\]~. 7\%~ ~ 

~-1- -9-]'3"t<"l ~E'C"J-611 f].:\111")2 9,!,t:}. 3:.\!. -t!.?4~oJ'fr 0Sl ~¥IE StW-1- J.) 

-S-"'Y 9-.£ 9,!,L\. 220 VoltsSl ~~o]L). 
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~ ~l<>l~l-1!!1 ~'li~~ s1w,e £ll}7l s11 PNL ~ofl ~~lil<>l 'll."E- -¥-7RSI ~!o 

¾'I] !i!~ ,@-~.!"'.ol] ~7J. 'el. ~~. 1J-lil--8\.5:. 'l..!t! UPS!!1 ~% ~,>.](.£.~ ~ 

~§.ol] ~~~\'il:) ¾ll\7)$!1 Aj]oj ,>.]6.~ol] ~-t!& Jil~ W3}7] ,9-1~ ~o]c.l. 

1!.~MSI ii- 11R4 ,>.]1l_~ *,._11:l., t!:?,.,,11i.1.1- uR"'f",>.]-'j!j.5:. ~~DI. V· w14 

i:!" 'J.l Z1- '!J.!:!.!!1 ~]~]-e Fig.2.3.Iol.l &'l..! t:1\9.l- ~t:]-. 

*A]1:l_~ .:,.J,g-l "J.3.(125 m).£. ..ljl-E-J 4~ H W11"}7] ~Jtl: ,>.]-';i0 ]cl, 7}% 

{j~}.e r..1-%:..J- {l-t:\.. 

I) ~'!J.!:!. VI, \'2. \3, V4, V5. \6 -1- 7H"Jt!t:I. 

21 ¾t!'l!~ -'-J0Sl -'8-7]:,;;.¾ '!!.!:!.~ ;rTI"Jtir..l. 

3l "R? '!J.!:!.9.l- t!:-'?'!J.!:!.7\ ~7'1 'l.J.e:>:J '1-'l..!t!cl. 

4) .;;;; ~l<>l'li ~ ~~ ~l<>l'li 1.lsJ i!-9- ~E. S/W-I- On ,>.]{!i:}. 

5) -'J--4-'!l!.!:!.-l:l '{:!t:I. ~{!11"] 7H"J~ '!!.!:!. ~~ 7 ll}-'1-l 1£ 'tJ:i:R§. i-a!¾r..J. 

6) "?£~] .g..:,1 '8-~ile r;!.¾ 't!SAl J114<'!1..Q..£ 1!"~\"9°i -O}o1(~{1 >1J.:,.]}. 

¾t!'l!~ -'-J0Sl -'8-7] XHoJ1-'-"l ¥ 0 1 'l-\.2.\'! -B-71¥.,t- '!J.!:!.¾ ::gtr..t. 

7) -'r¾ofl ~~N:;- {io] 'lia" ~o] '-I~ H ~.!:!.~ ~<fr'S] ~s:'.""!:\ 

8) *-¥IE. S/W~ Off .>.]{!i:\. 

- ~l -



I' 
,------.,-t---7 
' > "' ' I ii• I 

: ;;., I 

' ~, ' ~ 
r~ - ~-®- ~ 7-@-.J-®--,- 7 

',: I I I I I 
1 I I I I 

' ' ' ' 
' ' ' '-0-' 

' $ ' ' '. ___ -0- ___ _: 

" 
,, 
~ 

~ :: r ~ i= 
lf-----•,~-0--

,
' 

" ' 

.. 
" ' ~ 

i"J' I 

" ~' ~,: 
' " 

~ ' ~ 

0 ' ~ 
~ ' 

0 

:::c=:,7}: 
0 

;-----,;~-0-- m 

' ' " • .. 
"' ' 
~ [--©- - ' 
" ' ., '" ~ ' 

" 
~•-®-

< " ' ~ 
0 

' .. :::-.:-·}: • ' "' <$ 
.. 
" 

,, 
111111111 " .. 

r r. 

- 41 -

! 
" 'i 

i 
.! 
I 
~ 

i 
I 

i 
-ri 

" ~ 



~:::i; *Al1f~ 'tt;~'I;~ ~ilJE.SJ .:&'i.J:e~ :::ij1J. 0 l 1c!:~rt}::>.] Uol- ¥l_E 7}% 

A] ~'C"\oj :e~ ~ ~t-\A]1]€" ~o]i:}. n:}e\A-], *'!1!!,a. H~~ 7{ 

"'o~\ojot O"\o\, 'i!.2.A/ ~S,. 't!E7},%A] ::>.]'!}£. 1-1DJ7}A-j ¥jE,&~:e~ 'f!~}olot 

t}t:\. *'If!! Sli"E ;t.]'8\~ ~Ee '§oJI.£ '1!..l.]'9oJ 9.l.oJ ¥!.Ee~ 7i%-& £¾Y 

'r 9.l.t:\. 'r.£<'.>/1 H ~H-2 1-\-"J 11\'lJ,..,H::l--i- 4~,! 7J~-e ¾l!'!I!! V2, V5, 

V&g- ;g2,e ~o] 4-t:}. 

1,1~4~ ,._JEj7} 0J~t} A]~ofl-"J 'r.£~ ff lll'i'At!. 7J4, o] -.¼ t}A] ;t.]ll} 

~it3.~ :f!-4-Al"J 4 9.l.tl-. 2 -1!.l.\-E t\%4 :rJt:\. 

l l ~l!:'!I.!:!. V2, V5, V67\ ~~ 9.l..2.\1 7Jl"',M:!t:]-, 

2l ~~E.Sl ~7]~~ '!i!!-a- 7H 11J~t:\. 

3) l!:4-'!l!!.-I- 7i"Jt}t:l-. 

£.'S,!tl_ 1,!_\l_4-I- llff9"Aj~ttlJ A}-%ll}o\ .a.-si £-NJ:o{ '1'l_;ci'9o-j 9.l.i:j-, ~%l_*}-e 

t:}3-2\ Qi:}. 

I) ~'!JI.!:!. V2. V5, \'67} 'i)-il=j 9.l..2.\1 7(11.,1-t}t:]-. 

2) 'iM!¥lE~ ~7] X¼ ~!!.-I- 7("Jtit:l-. 

3) £4'!!1!!.'I- 7H"JtJ:c:t 



~ll}JJ :>floJ ,o.J.6_~.g. Fig.2.UoJ] ..!i!..'tl ~~~ tl-ff-lo-J* t1]¾t!: ojcj ;,(joj~::\]9-} 

%~-11:13%2! 7];1]~::\1§. ~~oJ 9.l:t:l. 0 ]-i-~ ,'l)-~'t!_~.g. 71-¥{!-t;Wl0 !E.-E-

220 Volts)2!- .:\}.li.~'®--1!.ofl ~"i!"HJ.i o],¥oj;,:.]i:,j ~:tm ,£ll}7l~ 7)-%-g- 0 ]'9" ~¼ii 

~ l:ttt! 1l.-'-16A 2J"i!"iJ.i ~ 7}18-"i!"}t:l. ~ll}7]~ ~~ 7\-%~::\}-e t:]--%4 {l-t:l. 

ll zt ~e 't!_~:;_J- ;,:.}.li.~¼i!~ 'i"!?J.o] "1/"Sf"i!"] ~oj 'l.J.l::;,:.] st'tlt!:t:}. ~$J. ;,:.}li. 

~¼i!:;..J- Data Control Box9.j-~ ~f.g. llNC CaY!ector~ ~oJ ~~ol. 0 ]-i

Coonecto~ ~¾{!~ ~~o:g **'1 7]~1 t1}t1]~e 'y'-7} 9.1.~ . .:\}.li.~ 

¼ii,& tl~\!:111 "i)-c.J(! "l'~7l At!t:l. Servo Control Box9-J- £ll}7] Control 

Box~ 150 !f.i::" 110 Volts ~-ll_o] Fig.2.4.IoJ] ~7]~ t1}9.} ~] -'!!lt!: M~ 

ol] ~~~oJ 9.J.-E-;,:.] ltiE,,_l st'tlll-t:l. zt ~e{i:;..J- ;,:.}.li.~¾1!.g. ztzt o]~Jl7} 

~~oJ 9.l.t:1-. 

2) 2r', :>floJ"J1..R~ ~ll}7l S/li'S-j- e~ UPS ;,floJ~ s,,.;. On ,o.J{lt:l. 

3) L'PS-1- OnJ.1'7'].2, UPS ~e'tJ: l..JI~ etrrPLT SIJ(UPS ltl, UPS #2)~ On ).j{jt:}. 

•J Da.ta Control Box2.} ~1f-tj¾ On ,o.]{)_t:}. Data Control Box~ On ~"Efi::" Box 

~\'!.Oil 9.1.e Balance Knob¥]~ *~oJl ~~loJ :tt'tl'Y 4 'l)_r:}. 

5) tl-ff-E-J~ ,£ll} bIIE~oJ-i 7\%\!t:}. ACQSYS.BAT !J'ii,£ "J~,o.J-,lj Main 

Acquisition Menu7\ i:J'aoJ] i...\E}i...\£~ t!:r:l. o] :;..J-"11.g. tHl-tjl..JI~ Data 

Translation 280] DIA Converter¾ ~f&] -"'..7]!'.},o.J-,lj ~ ~\!:-£ ~J-oj, ~ll} 

7] 'l;E.~ 7]-%~\7] ~<>ll ~4-'-!J~ ;-j::\jo) \!t:}. 't!~. o].;. oj{!_ 7.H-ofl-e 



' ' 

l 
' 



.,£.ll},i!-E.j ,i-'ll:'!l~ o]H ~i1!"}~ ¥!~ 7}%~;\] 'll. E} 7];11~"-lE.l e-'".l,&-

0):7),>.]~ 4, 91.£1..J 4':1.3] .£.{lt;}olo): t!c}. 

6) &l1}7] Sl'f m..~ On J.]7].i!t.} ~24 ~oj'l.)-E.j &11}7] S/J ,I- ()i J.j(!c.J-. 

7) &:11\7] Control Box2-J PlM'. SYSIDt INITIALIZATICJ-l. A.CC\.M.11..,\TOR PRESSlJRE ~ 

M ;\\i!fl~ ~cl-. o] u:JI, ¥!~ a,,,&-0 1 "J-10-}ol, '1J";tj;,tl7]otl 4El4-e 'lJ"al 

~ ~ 200 µ,i l.££. ~cHStaoo-by "<J"eH). 

8) ~*&I t.JIE-1 .,£.'II} ,!,..Ut"'!~oJ¾ -\l:~J.]jlj l1\'i{,j- 'l{-1J.](!t:l-. ll\'IJ ",M-'-1 {l-,U

.g ~ 2000 psi 1.£o]oj, ll}'il"sJ 'il"-1.1.J- .!i-J.]otl "~ ±%0] 7JA\7] ~A]'t:"~ 

o] ~-'IJ"o]c}. llf'i)- "J-1¾ ~ & key-I- 4'"~\'! ¾'U" J.]61\!l~ c.\J.] 

Stam-by -',Jeff.S:. ~]tjc}. ~. D:!.ta¾ ~](Fl key.;- f"¾) 'l{ltll,e J.J~ol] ii 

ilj'f:! ~]_.t.].n-'fol] 7.}%-"!j.2...5:. Stand-by -'/l"i1.S:. ~tl;t.J. 

9) *QJ~~,I: ~ufl-e -'/l"7] &ll}7] Control BoxE.l A,! ~M .2.~ol].!.J ~~.2...5:. 

;\I~~ *t.}. !E.i=", if_ll}7l Control BoxSj Fnerg«"IC)' Stop lij~o]\..j- Control 

Room'tlE.l D:!.ta Control BoxSj Fnergency Stop ~H 4"¾-?.£ 9,lc}. :1.ef\..j-, 

~-ifsj7} Signal,& ¾~A)7]2 9.l'E -%-'tl &ll"t7] Control BoxE.j E"nergeocy Stop 

~em't! 4'"~~ ~J.J -Ji!-=1-l-1- ilt;}.:ij C}A] lllll ~ojo): \l")E.l ~-'/l"~e ~ll]-71 

sJ .UH ~•H!: * 9.l..Q.E£. 7~~~ A\-%'6-\A] ue ~o] -t-c.). 

~ 'l'!_,U-JO!].!.J ..';1_*31:iJ.. ~e ~l1}7]i= 11]~~~.2..s:_ !Jr! o]Z4.iji!.]7} 5() ClllO]C}. 

o],;. :;J..~t;}~ ,l-,17~t! ll}i!J"¼ o]-!-~~ .,Z.'t!: ? ~c}. 1!~:11\1-J]Sl £~:lj- DI 

7\ -¥-A-JA]'E &.TI_(li]1\3J JJ\'i)- ~lt)otl 1'.JltlH .,z.~ :{:!.1-j¾ Fig.2.4.29.I Fig.2.-1.Jof 

?11 'l!. 47]'/!J.iotl ttfa\ 4E\1.f9:l.c\. 
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Wove per,od (sec) 

Pig. 2.4.2 Contour of l.im.itin; wave heights within linear waves . 

. ' ' 
' ' ' ' ' ' ' ... 

"' 

(Jj'(l··i':·lli: f&r• : : ; 4 
.... :; :: 

--:- -: . . : ' : ' : : : . . . . . ' 
·•· ·• ·• · ··• ·• - • • •ao 

~ ..... jo.,~ ... P.i··-,'f ; j .., · l 

Wave per,oo (sec) 

Pig. 2.4.3 Contour of lillitim wave heights inc:luduq IDJlinear .wea. 
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"i'-1f.1..J<>tl ~-3}2?-i~H::- :!!}~% 1j:~,>.];,]7] ~81"'1-e" 't!.-'l l!};,1-;irft~"'l(iave 

Probe).;- !l1}, 43:..!i!.l(System Calibration) ~ "J~l!}~ 6ll!l~~ .!L1}~ m;11 

,§, 7-J-'jo} tjc}. 

l!}~'ij-,1o/l 0 1¼5:Je :>1]~~,o,J-E: £:Iii~ ~'i1o/l ¥-~Y-J<>j 9.l½:- ~"'l(Feed-Back 

Sensor).2.} ?£ ¾0J~ 1)_~.:;tz!(test sec:tion)o/1 '!!lit! ;nZI* 7};(12 1l;t;Js;Joj 

9.le fJ1.!'.J 1l!l<J7} 9.!.C\(Photo 2.1.2. Photo 2.U ~£). o]t ~..>.l* ?l.~ ).l 

%o1] 'il:"-1 ~-"l.!'.J ~"i' ~o]~ M'C(Analog·Digital Converter)~ ¼~~'lJ-% 1,1%,,_1 

7l'i:." !l1}~'d¼ ttof t£-cf. !l,S~'l;f~ Fig.2,Hoff !l'¾l 1:ff9.f, {toJ 1,l,S{I- "'T°il~ 

~-e ~-i-eJ ¼7lof ~"'1.!'.J ~-1JS/-1-"l~ ~~;;i-e ~2£. ~'!tt-cJ. ~"'1.!'.J <t!.~tl-'-1 

~1Jig...g 5cm Z}:212£. JV\7} £lo-] 9.!..£.o1 ~-11¼ -il-'-1 Ocli. ~ ~-"I~ '11.¼. ~4 

~ol.£ -¥-Ial !l1J~Cd-& Al4t!t}, Table 2.4.lo/l .!L1}~.7J¾ l.,l,E-}9j-c}. 

£:11!'{!<>1] -¥,-!15:lol 9.!.-e ~Af~ ~Il[~fof £:llf.7[ :.>l[of ,>.J~~<>il 4;,-eK 9.l.'E 'li'-l'IIf 

¼4.v.l.~.!'.J 7j,%o/l 7]<>j\]:L\. ~!1}71 :.>1)0, AD.E~o-J~ 7H"J~l'a DATA 

AOlUISITHN Uf!LITY7\ q.2.-E:'Lfl o]¾OJl -PERFORM CALIBRAT!Ct-15"4 1!,tjj(!c}. c}% 

<>I] ~CALIBRATE INSTRLMEXr"ii' {!tj/tif~ Acquisition Oiannel 't\~~ %e, 1!,~oj L.]

.2.-E:-i:~. o\~ No. I,& 1!,'f'~,a\oM t]:-c}. "J £lf}.7].!'.j Feed-Back Sensori:' -t':,i!I] 271 
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Table 2.4.1 Calil::ration factors for wave~ 

Wave probe Calibration factor 

Probe-I o. 000196t9 

Probe-2 0.00027009 

Feed back sensor 0.00006952 

Wave probe 

Water level 

Pig. 2.4..4 Wave probe calilration. 



7} .!,!-!t~o-J 9J.9:l2-l..J-, Stability"<,' No.2~ ;it]?jii}2 No.l'tf,&- 1."f-%·t}2 9:lc;j-_ 0 ] 

Feed-Back ~-"1'1::- Test Setu~ i4!1J}tl 

.:s!.-11~-"~ c;}¾.2} ~cf-. 

1) .:s!.~7] 'r!'!J~~¼~ $]-"l-1- 'S(0l1!of 2~/.]{!c}. 

2) Data Control Box ~'E~ Probe 3 BNC Connectorofl ~-"I rti 0 1¼&- '(!~A]{!c.\. 

3) Data Control Box ~~~ Balance Knob(PllOBE 3)-1- ,j-tl;j ~-"I~ 'S{I-& 5,1-¾c]-

(Knob$]~ ~~o] ~011-"l ~-"'I~ t1\.q.]e ~a}). 

4) 'r!~~~.:g.~ ~ ¾7f-A17]~-"l zJ- V-& Ans$1Jo-j~ .R-7'-t.~~ ilsl'!t!c.1-. 

5) .!i!,.1Jo] ,i!l..j-~ ~zj¾ J.j-1;,1 !Ee !!_~lajOI] ¾~A];,j ~'ii£* 'S{~t!C}. 

6) ~".l.!r..7\ oJ:Hl-'i!. .!;!.~~~~ !i!.~71l"'r'(calibration factor)2.J- 'S1!~ 7)'\JO"f-

2 .!i!.~~ ~5HJ:c.}. 

1!.tl""T"~\..JloJ1'1::- ¼'J i'"7H~ ~-"l-i -¥-];t.J,>.]-;1Jecil. oJe ,£:ll"}7]oJ] ~!,~ ,!-~~ llj

iil"~ ~~~ ~~~~ il,.\u\.2.f ❖2. ir'd: .'Ee 1!.tl ""T".£~611 ~!,R >t.1-A\xJ,e 

'tJ:,>.J-.!!1-fi -7-'!!_!,ff 1.-~7] $]~1-01 -'.!-"l~l'E" ~-"l 0 ]c."f. 0 1 f {l!,>.Je zP-t probe-I:;,.} 

probe,~ ~~£10,j, ,£11'.tJ') ~oJl 1l_;t.]£1¼: {l!A-j~ probe-I~ t!t.l-. o],§- ~"-l~ 

Data Control Box-2.}~ ~{!.g. Box$!.) ~'i!.oJl 1l-"l'e. BJIC Comectoro/1 ~ii"\oj 0].if-o-j 

{!t:]-(Zj- '!:!.~7]- tgAl~o-J 9.J..g.). 0 ]~ {l!A-j~ .!i!.~'6cl7] ~ofl Cbannel Name, Unit, 

Scan rate H TEST srnJPO!]A'! ~~'6c\°1°t tit.I. TEST SETUP.g. DATA AOJ.UISITICN 

VTiLITYo/1"-l 1.AOlUIRE TEST D\TA~ {i~iiM l..}£.'E" TEST IJl"ILITY Menu$!.) 2.EDIT 

TEST SETLP-£ -tl""~-6-\0j '?~~ '? 9.lt:]-. ~"'1~ .'5!.~~ -¥-Jt! honE$J]o-J¼: f ~"'1 

- ~o -



,I- %-.,,]OI] 1;1.1J\J" 4, ~.1l] xj<>f ~i?.l-}, ZfZj- 4eJ-&-}e -?1°J ll}tj,~6"\t} . .J;l.1-'il::,:~ 

,e Feed-Back Sensor2J, %~-&-)~ s!.1! 0 1 ~t..l1i1, ~I~ CALIBRATI~ lITILITY~ 

-'o1"~ "LIST PARMIETE!lS~9/, ~7) "TF.Sf SETIJP~ /.!enuH ~~"ti)-oj, ,1;1.l~2f7) -"'!Jeff 

~ ~af0 1 ~<>f ~,e;,:J 1l~tjt:\. 

Ph:>to ~- 4.1 Wave ~ in test eectio:o. 
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¾.lf\7] ~~ A].:::l.~<>1 :f.U/7]0!] !!l"&"l~ B~il"l;<Q u/~2£. ~t!~9ic.l illt.lc}.£ 

~"111l<'J-,g. -'?¾.~ ~o] "J'-"££. 1\~il}';'!_A-] ~\lO-le ~o] 'l,l't}~o]c.}. tq-c},i.j, 

"./;<] 11\JT{!i..MA-J 71]~~ A],2'(!.g, ,£11}71 <lJ~ A]2"A.:4e t:}±2l -"J-oli- .'i!.0] 

,i] !tl.t.l. o]j;: llli!J" ;<l~.21 ll]-tl\l ,._J~~¼ ~ ll}i!J" A}~2j ~<>I].£ :elf!~\..} 4 

¾. ~ '?,l. ~ 01~ 't!.il. 9.£ ll}~!!l Et ~ £!1$}<-"I ~ll!~e ~f-7} Ylt.l. t4 

i!J-.',1. ~.:1lf7] .:.J.:4 A].:!.~.g, oJR.j- ~~ -'?:f.!!J ;!.*1} ~-i:- A}~,:,/1 7J'{l:il]-ol -"fl,£ 

t-\~ot l£.!i:l. o]e c.J-%£!1 4~1/Syste:a Calibration) i!'-1¾ 'r'&,!Y~"'l 'ili 

I) ,..,H:IT{!l.R<>!l 31± 111!!1 ll}i'Jlfl~A-].;. 1!'-n:!L). 

2) 92- l!i~ "lt"'i!:<>11 .>,P-1{! {lA}-~.j ±11}71~ o]-S-~c.L 

3) f11!!J White Noise¾ 1Hll£.!t:}(WHITE1, lHITE2: Fig.2.4.5 .g¾.}. White 

Noise!!J 6'!'j.§.'fl1(:.g, 91l-i- 2am U\'lJ!!l :t\lllllJ:lfl-1: .:i!i!il"il]-ol ~1tl:t:I. 

Fig.2.4.Si:° 0,7 m 4--'ilof t.m ~o]t:}, "tl".½-Jll}¾ AJ-¼"'Y 4'£ 9J..2_l..}. 0,i!J 

"ri!K'-'8~.:./1 t:1&~ ZfZf i!tJ-j. '"'r'~ilJ~ot ill~ White Noise 6~.§.~-i- ~ 

-e ~~ll]¾ Af-%1lle "J'd<>l 't!~'tJ.t:l. 

4) ~~E-JE.j DATA ACQUISITI~ UTILITY --> 6.M,\KE WAVE FILES --> 2.AANin4 SEAS 

--> 6. CIJSTO.j S1'ECTRI.IM-£ {'!~{tt:}. 

5) "Please enter ~ave duration(Mod. sec):"O!li:" ~'ll:tl: >Hl:-& -tl18r°'l ~~ill 

oM 1lf--ei-O 7)-lg-il]-~ '"IESI' smfP",:,/1-"1 ~~"ille 11\~;,;}~ ~f]Al{!-2} ~J!] 

l~,:;f--e ~ 0 1 ~~{!t:}. Fig.2.-4.5<>1] q&ff,>,Jj;: 210~ ~\9:1.c.l. 

6) "Use e.<isting basin calibration file?"i!}e 1):.g2} "Single Spiked 

Spectrum?" 0 )i!H:_- 1/M N-i- t!c.L 



7) 9-:11~ ,,_J%*\-e 6~~~{1,& 'J~1!"C:t. Fig.2.4.SOI] t1$~~,e Table2.4.2 

9-J- ~c}. 6.l!!j.§.~~~ 0J~oJ ~i..1.:iV-l ~ u.J,e ¼?'I.! ~:11\-4-1- ~aj,:l:c}. 

Table 2.4.2 Spectral density for ti«> llhite rmsea. 

Frequency (H2) Spectral Value (!# sec) 

JHITEI o. 09 0.00 

0.10 0.03 

1.30 0.03 

I. 31 0.00 

'IIITEZ o." 0.000 

l.00 0.005 

2. 00 0.005 

2 01 0. 000 

0.04 

u 
V 
V WHITE I 

' 003 
E 

' 
V 0 02 C 
V 
u 

2 
u '°' V 
a WHITE2 
~ 

I I 

Frequency (Hz) 

Pig. 2.4.5 Bame,:\ llhite ooise spectra for flme calibration. 
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8) 't!~ 7oJl-"l 'il:~'t! itHJ-_.,l:i~¾ o]%tcJ-ol ll}'t/",&. ,l~_.,]():c:}. ~11}7],;. 

Stand•by "lJ-tlX ti\2(4. l ~11}7) 7l%1!_.:\]- ~~) DI.TA AO'.XJISITIO. UTILITY 

-----> I.AOlUIRE TEST DATA -----> l.RlJN TEST-A- ~~$J-ol ll},l"-& 't,1-~ ... l{):ct. o]u.JI 

,UAe-M TEST SE1UP¾ 'l'"''tMJc:\ (it\"J:lU<.~ ~_.,J.:d~ lc!Jill ~ 11},J-:l]4j_.,] 

-TI:tJ- ~~ {!~t;J--e ~ 0 ] 'r!~-l!c:\). Data Acquisition Steady State Screen 

oiJAi AID Valuef- ZeroOI] t{!0-}711 Thi.ta Control Box$.J &leoce Knob-I- 2f.l'8"} 

oj 11.~-=t--:U~ n\"J~l~~~ 0H!-i- ~¾ • Il}'l)--&- 'tl-1.,,l{!c:]-. ll\ii:,h:>l 1 

"lJ-"lJ-r~ot] o]~ ... Fl Key& ~cl D\i!J.at]-.5<.-I- ~-E-c:J-. o]-q, 't]An\ ¼-'r'-'ll:to-Ji:" 

7}%--S\.atl 'U-Er.~ o]~~ RUN TEST MenuSj ,+7\ optionotl,.., '"Do you want to 

change PID parameters or probe calibration?" ~M Y-C- Type t!t:1-% -4'!:! 

"Change wave probe cal factor""£ 1:!"~*1-<>l Cal. Factor¾ ~..2...£. Y..2...£.~ 

~"ll~-? ';Jc:}. 

9) 't!:71 S<>l]_.,j ~<>J't)_ D}i!Jt-Oo1E]¾ DATA AO:!UISITHN Uf!LITI _. 5.DATA 

RIDJCTICN _. 3.PSD PLITTS-£ ~~l!i}oj 6~~'tJ-i- -,1-0"\2, 0 \~* ~;tj White 

Noise~ ti].28"\-0l zt .irIIJ-4-oll tff(! .!i!.1;7l]-'?--I- l.~t.)-c}. C~§.~~ ~1!-.1.J 

1;oH Smoothing p::,int-e 15{1..£..x 8"]-2 Path nlllllberj::" i!:. (!c:\. .6.l!!JS~ 

SI i;].2-e 7R~ 0 ]1'!. ¼¼li 4":IIK>ot] t~&H~ "T'"aie-1--e ~ 0 1 ¾E..4 ~sJ"ll" 

10 - 1s ~ 1£.ot] tRsVJ 4iJt1\1'!. ff-Slc:J. ~SI 4:111--4'-otl tRli .!i!.~~4 

(Cr1 )i:" c:],%:i} :Qo] 11~ 4 ';le:\. 

Cri(Hz) = 
White :-loise Spectral Value (Hz) 

~1/'H Spectral Valoo {Hz) 

Fig.2.-4.6:;:J. Fig.2.4.70!! ~ \l"hite NoiseoJl tlsff 'l:!<>l't! ~~§.~* L-]-E\'--H 

9;lE..oj. Table 2.4.3 ';.; Table 2.4.4oJl zt 7J40!1 tHJ: .!i!.17114¾ L-]-E}i.119;! 
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t:}_ 4~~ cf~~~ f-:.l'f•-'r~~oJ] cflt} _!;!_~;;,f-?-e ¥ lh.ite NoiseOlJ qu 

!l..~7/l--'r611 ~1'1 4~~i::.). 4, ¾-)1-5:j:>.] ~.g. 'rl1J4 ~<l'lof 'l!tHJ<J-e -3.cW..!c. 

A)-S--6)2 ¾l!,-!f:l_ ffon t:ft1AJi:- f 7J4"~ ~ii-~ XJ-%-S-);,jl.-}- ..t;!.1).;,f-4'-7) 

~-cl-e-] 'l'!_-6):>.] tilll i!j~ii] 7J.~l1:t:\. Table 2.4.soQ f White Noiseofl cM(! 

..t;!_~Jrll4-¾ t!\EJ.£.£_ 7J.1t} 4'~~ .',l..17!14'¾ t.}lc\\.Jl9it:}. 

101 DATA AOJ.UISITI~ Ul'lLlli' ..... !,W(£ WAVE Fil.ES --, 4, INl'Vf SYSTEM CALIBRATION 

-& 1i"~ii\~ ~Jt 9<:>l]J.l .:;t.t.} zJ- f-lll--4-<>tl Lft} ..t;!_~,tl4-;- OJ~{!t:L ,U~of 

-ir"L-\~, o] UH IJ)EJ-..Q..§_ zt ~~f-lif.ej,-A}ol9-J ii:-&, 11~.!i!.Z)--6-}ol ~~t]-

'Tll}4 {!:-cl..Q..§. "TISI'~ Directory L~~ BASIKCAL.!c. :>.]%1~ .-.J~~t:). 

lq~),t,J, -'f-s:..!;!~-3, t:\-e -?{JO!] cij~1"'i ,,,_~~ ,.,,HY ~~of 7]~~ BASIN.CAI.. 

.g. t:}e o]¾~ :,,j~l-1;1 f6-]o} \_1:t:}. _!;!_~)ll4¾ CU~Y Jtl -?~~ ,o.}tJ.g. 

~~o] :e 4;1}4 ¾ ~]~ ',{_g. f-J1\4S} ~ -?llJ--4'- A)o]"i:" ~~..t;!_l.~)c,;j .);!_ 

1Jrlla ?J.~-B")"-1~. 0 1~~ ..ij\-ll\-4-oJ] c~tVJe tJ"IJ- ..5!117114 {);-£ ls!. n--r

ii}.?I] :Et::J-e ~o]t:). 
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Table 2.4. 3 Correctioo factor (Cn) for lilITR1 

Spectral Density (.Zsec) Correction Factor 
Freq. (Hz) 

Cu -~ .. Target 

0. I 0. OOXJJ 0.03 31.6 
0.2 0.00010 17.3 

0.3 0.00015 lU 
0.4 0.00032 9, 7 
0, 5 0. 00054 7,. 

0.55 o. 00065 6.8 

0.6 0.00050 7. 7 
0, 7 0.00116 5. I 
0. 77 0. 00140 4. 6 
0,8 0.00132 <.8 
0,87 0.00170 •. 2 
0, 9 o. 00160 4. 3 
1.0 0. 00106 5,3 

I.I o. 00080 6. I 
1.2 0.00040 8,7 

1.3 0.00020 12. 2 

Table 2.4.4 Con-ection f&ctor (Cu) for !tll.TE2 

Spectral Density (1112sec) Correction Factor 
Freq. (Hz) -~"' Target '" 1.0 0.00016 0.005 5, 6 

I.I 0. 00039 3, 6 

1.2 0.00029 ,.2 
1.3 0.00027 <.3 
1.4 0.00022 <.8 
1.5 0.00012 6, 5 
1.6 0,00006 9, 2 
1.7 0.OOXJ5 10. 0 
1.8 0.OOXJ3 12.9 
1.9 o. 00002 15.8 
2. 0 o. 00002 15.8 

-w-



Table 2.4.5 Correction factor (Cri) foe lftlYe fll.De 

Correction Factor Correction Factor 
Fraq, (Hz) Fn,q. (Hz) 

'" '" 
0.1 31.6 1.0 5.5 

0.2 17.3 I.I •. 9 
0,3 14. l I. 2 '· 2 o., 9. 7 1.3 •. 3 
o. 5 7. 4 1.4 <.8 
0.55 6.8 1.5 6. 5 
0,6 7. 7 1.6 9. 2 
o. 7 5.1 1.7 10. 0 
0. 77 

'· 6 1.8 12. 9 
o. 8 

'· 8 
1.9 15.8 

0. 87 •. 2 2. 0 15.8 
0. 9 

'· 3 

-9'~1,.,1oJ1 lI/~% ~A!.i.17]7] ,?-]&-1.i.-J-E ~:>.I ~d"J--e lIPh~ "1)-%1'"1--e lI}'61" A].::!.'@ 

-&- ,U,tAJ-;Jjof (!c\. o]"E DA.TA ACQUISITI~ UTIL!Tf9-j 6.MAKE llA\IE FILFS,&- 1!.~ 

\l:.2..lc..ioj 7}-18-6-}cl-. o]u~ aJ-.>J!B. :n"}ilJ- A].::r';g.g. "1)-7]9-j 4-~~61.>.i ~o-]~ 

llA.SlN.CA!,oJ] .'!J-6"1-ol ,tj~e:ji..H<>l]Aj I}:.} 4"~'{! ~o]c}. 4-1-\!. A].::r_'(j_.,g_. DAC-i- ?j~ 

~:1111] *'U A]~~E-1 &!rvo-Valve~ ~'i)-~oj. ~¾'!1.2..lc. l1]6.~---j ~lI}:i!J¾ 7}% 

Af{!r:f. 9-¾S!~oj of"J~~ ~9:icf~ ,:f.:11f'{!9-/ o/~ ~d"f-oj 'fl"t't! 1rJ~.g. 11'. 

~T~~;,j ~.R~1i :11JaJ.1j ~~ii] 'lJ_}:.]~o-Jot (!c} . .::I~i...1-, 'lJ.'i}'!j~ "l)-7]E.j 

4-.:f...!i!.1;~ ,¥J:'!j6-}7'] ~C}i;: ~.,g_. 7JE.j ~1~6"\:i!.., 'E. sl:i!\ %ofl 9-jti( ~{!-E.j ~} 

ol71 l-fc.}t.j-71] '{!c}. n:l-i!]-A1. o]oi] L~~ ~~~'d¾ .>,jAjd"},::,jot (!cl. 0!]5:. !i!.'l! !i!. 

-oo-



seastate 2)'& ,lJ-S-"a°}~cl Seastate 1.g. 1:1,,~.lm, T. 01.~. A-=f"J.ITT, B=O.O!I, 

r-3.4~ ~4<>]:i!.. Sea.state 2e" Hs=O.lm, Ts=-2.0sec, A=O.ITT, B=0.09, r..J.4~ ~ 

-ioJr.L .!i!.~~<dE-1 -ll~li::- r:J-%2.J- ~r.l. 

I) DATA ACX!VlSlTICN LITILITY _, 7.MAKE WAVE FILES---> 2.RANiXJ,! SEAS-I- {i~"&"J-ol 

~~ll}E.j Al::Z.'11!-a- ¢)-"lJ(!c}. o]u:( BASIN.CAL-&- ~-HJr.WVse Existing 

Basin Calibration File?~o{ Y-1- <u"~l. 

2) ~ll}.7]-I- Stand-by ~l~_li!. ffc\. 

3) D\TA ACOUISlTION LITILIIT-+ 1.ACXIUIRE TISI' D\TA ..... 2.EDIT T£ST SE.1U'¾ {i 

~-a-}~ Setup 4°Jof \!711 Ioi].kj ~-"'8(! ll}'lJE-1 ~21- JI~ ),.}OJ-& il-tt!c}. 

4) 4-<B-l 1lt-i1-{)-0!l -'¥-71E.J ll\1i711·~-~H-I: -';l.~lt!:r.}. $t-ff.oll 1),.1-~ ~_:il.}7]7} 

.>g.x]~o-] 91-& u:!lO!le probe-I 'tl--&- ,,_}%-a-}ol, :QiiJl!j .!E.,e .£.~ -=j!-~¾<'l 11 

i1;]5:loj 1){!: '{!Afll}7} ot]~~ ?J-i probe-I.:!!- probe-2-1- ~'i,1-\} {)-Zj-j- -'f-_:i!. 

11.-"lt!cl. ;uzi.g_. 1~:iiH~tj ,,_1-%-¾1~-"l~ .y~~fol :fl1;~f!<l". N~uf.!/ 

?J-i (!JI] 7<J"T111-"r'-of &H'o~~ ll}~(UllaX)-£ --,7-'1; -,:, c}g- ~,1,o,J,l- o]¼~} 

oj 7,(~t-1-e ~o] ~~{dt:l. 

ti. X L 0. 05 Lmu 

7.!.1!'B t,xe .2-'T"llH"- "il~E-l ll\",,1-£ .¥.~Ill 4 91,e.:,c] c}% ~;11"'1-& o]¼~l

oj ~.!H!c}. 

L L ti. X / 0. 4 5 
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5) ACQUIRE TEST D,1,TA-> I.RlN TEST,1- {!~$]-ol ll}i!J,i 'll:~,i,]{!c}. <>]u.W 4"~ 

.,.~ ~"t!of 7JAP--l ±:ll}7]7} 11_;t]~<>i ~.£~ ~!-,i,}11} ¼-r1!6'1• 7\%-e"}Al 

~2ol, ~-c:l~ ~~'ill !E.e -?a]5'.SJ'Ta<:..§<>l ~l!TZ..k>ll ~'-l~<>i ~- 7J~ 

ofe 'tiA}ll} ¼?lf!.i;-J-!- 7)%(!:-c:t_ 

61 ~lH<'.l:~ l1}"J71'i~J.-JPH'1ll 1, ~hll 2)of ~*J-ol ;if~ ,i,].::r'aot -c:tecH,i,,J 

C.>i!l~tj ¾-!<J,& 1]:cHSaDothing ix,int: 15, Pass number: 2). 7J,i,p..J ±l1}7] 

7} 1!'-1~'11.~ 7J+olll=- 5.n,\TA Rffll.'TICN-> 3.PSD ~ {!~-6:J-ol C.~~ 

~-&- -;1-a,-},~.(Fig,2.4.8, Fig.2.4.9 {!-£), oJ~,& t}~ C.>i!)~~2} ll]23},:,j 

zt ~11}?'!!:~ .!i!..l;i!l?{Cu)-§- ~~(!:-c:}. Fis.2.4.a;,..J- Fig.2.4.9<>!1 t..}'E}'t! .!f 

~¥1 -c:~1]: .!i!..l;il""N::- Table 2.4.62} Table 2.4.7<>{1 t..}'E\i..W'1J.c}, .!i!..l;il"'r'" 

cu-e 1:J--&-2l- ~o] ~1.?fict. 

Cu(Hz) = 
tl~ .6.lt'J~'tl ~(Hz) 

;,fl~ .6.~!c,J ~(Hz} 

o] itll~ Cn ~.g. 4~1,i,] Cf! ~,:;>.}e 7111!-"J~o] cJ--8--i- .f!-~-ec~of 1]:c}. 

-?~Oil ~~'ill .<E.e .!<'.:~.,i-~~<>l! ~""l°'l 1lti 't!Alll}7l ~-1,t 7J"9-('t!Alfl 

¼9-lf!.i;-J 7\%)of,e 5.DATA REil.lCTICN-> 6.SPECIRAL DECOIPOSITICN& ~"t:f3} 

oi ~JA11l9.J- >t]-,i,J-111-1- ~i!m ""· 0.J,,,1111-~ spectrum-£ ~11'1 c.ll!l~ti;;J- ll\2 

-6J-ol Ci2 i.hi flt!:tf. 
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Table 2. 4-. 6 Correction factor {Cu) for llealltate 1 

Spectral Density (..Zsec) Correction Factor ,,.,,,_ (H,) 
Cu -~ed Target 

0.9 0.00042 0. 00042 1.0 

1.0 0. 00055 0.00~ 0.545 

I. 2 0.00020 0.00020 1.0 

Table 2. 4. 7 Correction factor {Cu) for aenatate 2 

Swctral Density (~soc) Correction Factor 
Freq. (H,) 

Measured Target Cu 

0.45 0.0024 0.0024 1.0 
0. 5 0. 0027 0.0038 l. 41 

0. 54 0.0024 0. 0024 1.0 
0.6 0.0017 0.0010 0.59 

0.7 0.0006 o. 0006 1.0 

S~% ~.if-tj1} .>tJ--%,.!J~ en it:% 7111_.1--ec]--oj &lY 4 9!£~ ~\1°1 

!&joj 9.lE.t..J-. f/'!:>:1 All:E$Jloj ~OJ) q_;,{!9-j ,g.~~o] 9J.E.!..] o] -Z~~o] ti~~ 

~11 ~7,1\;,:Je >-J-8-ti\<>J-"le ~~cl 

8) 'i!~ 7ofl-"l .!;!.~~ lll'lJ" A].:J.'il!~ oJ-$-,,-\o,j 11\'i)-,& ~~.A]?j A~.£--8:- Jt]~.A].::!. 

':al_~ -,Ltl'f_'il 6.~!:.~-&, ~-1!~ t:\% 'lJ;:;j 6.~S~zj l:l]:i1.(!t:}. ~\0]7\ o]~ 

~,~ .tc~!:.'1:1 .!i!.~ 'SJ"'d..g. +~-'il" ~~4 ~1°111 ~;:>.J$t~ 't!JJQ 79.l 21-l,& 



't}~(!r;'f. 0 11tlle tl711 7ofl;.-J o]o] ~o-]~ Cu i,!:~ o]-S-aM 'lt}of ~lo]7l t! 

-"'It! ~lllf-'iiMJ.i~ Cu {1~'11 Als~.01 71]~~}oj 0.,l~'lt}~ .\l_cL 7]~ Cu 

iJ:-&- 0 ]¼qJ 1-¥- .:!. Cu {l:H ~~'11"}2. 'Jl,e i.1-~'!!,& ~*&joq;.,J ..8.,Z.'&"}e 

t.TI~ <J~'lt}~ .\l_c}. o] 21~-i- :i!Jol .1t ~'1.\l. ll}"ol-o!l t.JlaM i!o-]~ .6.ll!j~'iJ: 
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~;tfl ~JOll,._l .!i!.*"it}.."i!. 'll'E 0 1-'ilc..:l ~-"],e Table 3.1.1~-"] 1 .. f1:h! ~2.t ~ 0 ] 

Propeller Current Meter, Pressure Transducer, Load Cell Meter, tave Gauge. 

Hot-fib1 Anemmeter, La!ier Doppler Anemometer(LDA) %<>lt:}, o] ¾Oil Hot-fil• 

Sensor~ LDA'E A}~ Data Acquisition System,& ,r_,{&-}2 'll.£ol, ~l 7]~ S. 

n}7] 7}% _._ri:E.$/[ojoi] 1!ll¥! frlta Acquisition Utilit~ ,>.\-$-'&'}£-it !clo-J 9J.t:}, 

.=_1lf7J 7~ AllE~<>j<>i! 'iMJ~oj 91,e frlta i\cquisition Syst~ ¾ 16 ~ff'li 

§. ~!i:joj 9l.£ol, ol ifOl] 9' ~N(l, 2)~ ~-i-~ LJI~ frlta Translation C.ard 

g.j. 'Bf~oj ~n},>.]~tj 'tl%~ n}.,171].j. ~rJii}.£~ '\l:;11 l<joj 9l.£ol. l..}iJlA] I.( 

~N~ o}';!:§...:1 ~-"]~ 'fl{!_ii}o,j t.Jlo1E~ ~-lll!: 4 9.1£~ l<joj il,r.l, o] U ~~ 

'd.g. tHF-~ i..~~ PC LAB C.ardo!! 'fl{!,£joj 9.12, zt ~Al£.,¥~~ o}'l!S!....:1 ,>.].2'g' 

~ PC LAB C.ardoJ! ~ii\0, t:];t.1\£ ,V~ 'l'l_:f!~t:\(Analog-Digital Conversion), t! 

:.H Analog-Digital Conver-sion(AOC),e ± lOV~ o}~§...::1.. ';J~o{I i:f"it)-<.:,] - 2048 oj]-"] 

• 204.7 .ljfA(~ ,g4-¾ -a,~'l{l 4- 9./7'1! £/0, 9./cf, .2;;j4', AOC-!::-~£. ~.£~ 

a:J-i!} -'Si!o] ~ii\ol, 1MZ! ,>.}-$-\!: 1~ 'lJ~~0J:z} *;tj AOC ,V ,>.}o]~ ~Jfl7} 'ti 

ii}e ~o] ~d[o].E..§.. 4r'7]'!j~ o]H ~1J~H ~of l!:cJ. ~'i!-, 'lJ~~oJ-AOC 

~~ ~;,lilt -';!~~'B 'l:l~ AOC ,V.£.§. -¥-1'7 ~~,&- 11711 JftltU- 4- 9.lr:}. t!;tH 

ni.ta Acquistition System-.g. o] 71ltl-& ;t.}~'!j.Q..il_ 4'e,J"it}£~ £lo-J 9J..£ol, oJ.;. 
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1.1 AOC2.J .!i!. ~ 

Power Supply Unit% Data Control BoXo/1 ~~*~ 0 - 10 Volt~ :&J~~•ll& ii 

o]~ Data Acquisition Soft.are~ Mlt-BI'RLMENf 

s:!~lo! .!i!..~,& 1!_.1.Jtlcl oJ.s>.J- il,€;- .il~-i- '-l~ Joi.Ai Jth! 16 :9}~1 'li~*lol .!i!.. 

~~.ii-I- 7]~*l~ ~cl 1991. 6. 17~ ~H! .!i!..~~.il--e Table 3.1.2,S>.J- il"~ol. zt 

'-l"do!I ~H:!: .!i!..1!~.il¾ Fig.3. l.l-Fig.3.1.14ofl Y-~li../1~:c}. 

Table 3.1.1 Analog BeDIIOCII 

Sensor 'ii ,j % £ 

Current Meter • chamel -'li 
Pressure Transducer 12 chamel ~S/~'li 
Load Ce! I Meter • ohamel 1'"}¾.?4].q. 

"lave Gauge 16 chemel lt}.:i!A]~ 

&it-film Sensor 3 components '-"' 'll ~Bl~ 
LDA 3 cOlllfl)nents \Iff->I~ 

Table 3. 1.2 Calilration factor for &ta illC!Jl}altion channels 

Channel No. Calibration factor Channel No. Calibration factor 

3 0.004885517 10 o. 004875554 

• 0. 004878734 11 0. 004884325 

5 o. OCM875006 12 o. 004882753 

6 0. 004869131 13 0. 004.879811 
7 0. 004884944 14 0.004881985 
8 0. 004875022 15 o. 004880180 

9 0. 0048762U 16 o. 004879335 
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~SIS! o}l~.5D {'!!J.f~ ,¥,Bl t:~oJt:;J-;. ~-tl!l71 ~tlkJe Cata Acqui11tion 

System¾ A}s,&H 0 t !"j-nj t}%Sj 'Jl.:il;t<>~ 1tj--@:ct. 

I) o}t{~ {!!J,,/. Ihta Cootrol Bax ~~sJ B\C c.oonectorOI) ra1ftJ-c:.t. 

2) tj,ff-Bj ~nE~oJO!];.J ])\.TA ACQUISlTlct,1 UTILITY _. ITST UTILITY Menu ----> 
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nt~ofl t:f\! ~~ ~n}Sj ~ -R71J'a).o] o].;. .llj-.:;J.~Sj .'i',.>g}t14-I- <Jaf 

A]~c:.}. 0]-.cit Base Channel-€; '-l'lll to] ~ol. Olannel Uniti:' ~r.lieter-~ U 

t:}. zt 0J'I!:~ ;1;1'::isJ ,!;!.~71]* "'1CiA]l"]oj, ~zero~ it~ 'l'!,.5:J,;. <J;:;jA] 

tJ ~.£,e (d.r:}. ~ ~hd~ Scan RateE .!/2 200 lf:al'j-;,;J \!' ,;,. 2.1~4. l'!}.:il. 

711-1- ~tt ;1;1':,f 121- '-~'Ill 2e 20 - JO Hz~£';'!. *e-tct. 

3) .a!:.11}7].g. J.]-g-;l;j <?J-% ~~e ~.ll}7] S/'li¾ Off~ *_;,;Jt!t:j-, ..::1.!il-}, DI.TA 

AOlUISITIIJ',/ SOITTAllE7} .a!:..ll]¾ ~;;,j)~ !"}7] -.cit~OW 3",.'lfj-Sj ~ lf;>qaJ.o] 
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,4) 1}\TA AaJVISITlON lrrlUTt _,. 1.AC!lVIRE TESf DATA -,. 1,RUN TESfl- {'ltl!"f<::-1 

~ t:10]{:\-4- 7<1~1!1 Te5t No.~ 'l,J~'tj-2(k-.:<\s!..), nt't}- ti-~ -NCNEw-&, .:<]~ 

(!r:}. Data Acquisition Steady State Screenoff;.J AID Value7l- ~ol C~Y 

~(Stand-by AJ~M-"l) ¾.Q.nl, oJ,§- ~]t-l-"1 Ie.ta Caitrol BoxSI Ila.lance 

Knob-I, .a!:.~ttcl( ~Ol]AJ ~1~ llj-l;>]'E 'i!;",zl). 
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5) o]-'g.5:.2 ~-"l-1- "Rl.N" ,._cM~ ,lpj.:il. 1!_::>.] ~O"l.2::>.l '$"}-e tj)o]E]--1- ~l1:c}. 
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2) l."ERIVE,FORI- -9-:gt_1:c.t. ~- ~~ L!,!J ¾f!l~'!J--i-i!]'h".!l -ll:;11-1- 41~l 

•'I ::tW'IJ~ t_1:r..l-. 

3) MAKE 1."ER.WJ<-& 1J~-&-'f¢1 ID.IVE.EXEi- 'li.§t.}. 

4) DERIVE.EXE¾ -'?~-&-foj 'l,;9-j Test No.,!J Derived channel* 'liecl. o] ;o}"1of 

.!l~J-ol ¼~~'/J.!J J.]7fl~~ 1!."-] i!°i!]i!J'~ it!.t!~of Derived Chw-nel 'tl~ 

-A- Ye tl-~o/1 .>\J1J"'Bt:l. 

5) "C:\TEST" Directoryol]-"! "AOJSYS.BAT"I- 9-t,!'t! .'.f. DATA ACQUISITICN 

lITJLITY ..... 5.DATA Rm.'CTICN-£ 1i~O-l•'l Derived OiaMel.!l -!-;,f~,& 1!.J.] 

ltt.l. 

- ~) -



o.,t~ "J3J"~ %dr¾ ~~~ 4' ~e ]11~7171~. t!,;(1 -t ~W'4.!.:. -1--1!!Ll~ ~r:f 

(Photo 3.2.1 "1£). ± 10 Volts.2.j ~~,& 'lla(,1-? 9,l.Q.ol, zJ- {'!J.j.2.j .!i!.~~ 

~-"17} -§-of ;,Jn:JI, Pr-obe-il-~ ~~ ~r'i!"O"\-e "'i'-e ~ ll]ill{~t:J-e ~~ o].g.tf 

~ 7\-.l~-,~lt:l. "lt!;iH .!i!.*"O"f."i!. ~,e 471~ {'!Js.Je il-'t~"i .!i!.:-,J!LJ9:J..Q.aJ, Zl" {'!-"lof 

c\~ Calibration sheet-e Fig. 3. 2.1-Fig. 3. 2. 4of .!i!. 'tl 4.¢1- ~t:}. 

~'6"},:i!..a} -C\-e *4~ "/H·loJl II}af ~7].2.j ~ll"}4 'l:1-V-l £¾ Koob-I- 2:.-ltWot 

(ft:}. 200 Hz, 500 Hz, 1 KHz, 2 ~ -~ 'tl.v-17} ~.Q.Dj, ~ .£."°9-!::. (Bi, 

Uni, 0, 100 Hz)E.j Knc:bl- 100 Hzo/1 -V-l~I A]~,& 1--9-, zt:tj- 5 Volts, 2 Volts, 0.5 

Volts~ 'i-~-& l-}'~}';!!t:}. -ff-4;-E.j ~1-1!.~~ t:}%:ij- ~t:}. 

1) ~J.l-1- PrclJe6{1 <i:!.-'it!:t:}. ~J.j~ ~ EeG~~ .i"j~o/1 ~~--i- 'll.Q.7]7] ~ 

~.E'...!.:.. {'!,t.J,a. probeOfl ~ll"V -aJl-e 'tis] ~-"l~ _;,.].a] 11J-cW -¥¾-1- oJ-8-tW 

o]: (ft:}. ~-"l~ ~~<iJo] ~"tg-i- o]~'1]'.'!, ~-"l~ ~o] 'f!:ll" 4' ~_Q_ 

E..!,! ~~-t}olo]: \!t:f. Probe ri,fA] 'i-~ ~~] i'~ofl 'i!.~f~ -'IJ"~tj

~E.j-§- At!:t:}. 1!-"l~ probe i/-"tl A}--8,~o/l ~te ¼~of ll: .i.n~ t"fof 

ol ~t:}. ~cl~- ~,t.j.g. ~7d~ ,f-;,Jt.-l-, 4-¾oflJ.j -if--'*J o]%AJ,1fJ.J"e U 

tit:}. 

2) ~7] • .2..~~ofl ~~$}~ f"~ ~,U-j. ~~ft,'!,t.J, ~1tJ: ~ll\-4> ti 

-91,t- ~"{HJt:H~ I KHz7} -'!J~tt). 

3) ,tj-ff-t;{~ Data Acquisition Menu,§- JH"Jt)<,f ~ 2'},J.ol],t.J 'd-'a-t!: -'ti~~ II}a} 

Ci]O]'E-H;- ~lt!:t:l. 0 ]1t{. Steady statel- :tl~l!- -al~ ~11 .£..E.~ "ow o/1 -V-1 

~]A]7]."i!(Stand-by Ac/-E1l t!:t:}. 
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(a)Seaoor 

{b) Aaplifier 

Footo 3. 2.1 Prqieller curnmt aeter am a.plifier. 
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4) Steady state¾ A1~ \1: .'.f . ..?HI~-§ 'l!:.2.~ uJ,c} Uni !E-l:; Bi.5:.1!,t!:l}t:}. 

5) ~1!¥! ~'U ,.,1711~:i- %4~ ,.,1711~~ ~t!l!t:}. 0 ]l::- ID.IVE.FOR-I- 7W"01-6J,ot 

4JJl4-~~ ~ 4lll4-¾4r~ ~741,;. E£.J.~ot1 1t1~,.,1"' .;z.v? 9J.-ct. on 
,& ~ 4JJJ-,=i:,-;. 1 KHz.s;. 1!~~}9:1.-£ ;;gf-, 3 Volts,l::- 3Xl Hzofl 3J~lnl 3Xl 

Hzofl 3ff"o~l-l= -\l::.11 ~ ,.,~-"I~ .!i!.1!~~ •~ :1itll ~ 9J.t:.f 

(Fig.3.2.1-Fig.3.2.4. {!"~). 

6) -R-4j',~ A]71J'i¾ o].§-'&'}~ -!-Ji!~* 1!.,.,]l}cl{I&.ta Acqui11itioo Menu~~ 

Cata Reduction Menu 1!~). 

7) {!l<j,;. AJ-%(! +-'Qe {!.a.fofl .!j!-~l(:! o]~~,& .:.1{7{'&'}7] ~'4'J,ol, {!J.j~ probe 

~ ~te %~(3-l°")o/l I~ 1!.£ ~7} ~9.l:t:.}7} ~~'&'] ,&7ll- ~;j'(! ... 

.!i!.=€'(!c}. 
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~ ~a{ ~:.g¾ 7]7]~ oJ'2T Druck J.}i! :IJl¾.£.5!. Strail'l gauge tt!~~ ~~ 

oj 9.J.cl (Photo 3.3.1 {;"~}. ~;it .!i!.%'0'}2 9.l.e ~-'<Ii::" .tJcM ~~ <J-<lij'tJ'.~7} 

200 Kpe - 3500 Kp:i !i'- !ltJ1l:~%.93.e J.}-g-o] -2-{..l-'6cfol, 'T°£. ~?Ji! 1!,i-o{ ,¥

~'lo\ A'\%~ 4 '3,lL\. ~7\e % IS ~N~ 0t't!-~ J..\:J.'a-&- ½~~ q- 'il~ 

ol, ¾.:ii {!<J--€:- -"H'.!loll ~~~o] ± 2 Volts0 Jc}. o]~ ~ 71171-E- -\1~1Jol]J.-J "J 

31}:IJ] .£.~.AJ_ti:jJ..j "1!"",lt)--e 10 - 30 Kpa2J <J-~SJ ~~oJ 7Hf"t}c}. :ie-jl.}, -i-;tj{!. 

i}ol cJ,l-ll-tl7] ui~ ~71SJ "r'-~"1l~lollA-l >Y:,i·&'f-l::- {!_;•} TI1f11}$J ~ 1'J'.~3. 11 

-&-}oj 7fl~ c~o]E)Sj !ifl"l)-£{Resolution)7} '@oj~Cl-e ~Aj]~o] 9.l.c}. 

~ 7l]7]e {!]A-j2j- t~o]E\ ~4" J-/jo]~J.t,>]Sj <;,!~ 'f ~o] "J4-~C]7} ~oj ~;1,] tl 

7\ tr.!\~~. ".!\l.".! S'..3J.,.J'tjo1\..\- \:"J-7\1¥\ J..~ ~ 9-Sj-t.}<>\of- '2:t:}. 'il~ <;,! 

~~ A}-o].£ £0] .!:ol-i- 7clf-, {!]J.-j~ ~"So] ~-&-\71] ~oj A)-%0] .. 7]¾-tl;>l! ~ 

tl u:j-e}-"], ~ ~-"l-1- ~J.-J J.)-%"° ""11-l::- ~-"l ~~ +M ~tl: "J?~e].;. 

$ljo}1i! (!-ct_ "J-4-e Silicon glueij- Aj-%1'"}e ~o] ,J-c}, .7J~~~Aj]% 't;4~e] 

;iJJ2.J- {lo] ~"-l -"-l~ol] ~<>!%~¾ 7}~ -? 9.l.e ~.g. -l!c~.aJ.2...'i!.. 31]-aflo} "t!t:l. 

~ ~-"l-e ~).l~ ~-&-l.2 9.le 1;!1cf1l- 1;1J2-!J a.7J ull¾o/11 ~7<! <'!.-t' 2CAI} ~ 

tj~ ~-¥ .7.}=J;o\1 Lflt.fi-") {!]-'<j~ ½~ ,'-\:J.~01 ~e ~t.J-% 11H- nj4j~"C}. ~-"l 

SJ 1J1!j -i1-~~6Q -¥~.g. ~,,_, ~SJ -f-~oJl SJ!iflJ.J 7Jls--tlnf, *~ -¥-"--tSJ ~SJ 

7J~ol] cfsflJ.j ¾~ A].:i~oj 'lJ--l::- oJ!iJ..g. u],lJl-&-}c}_ 0]9-l- ~..g. {l.g. <il'U~EJi:. 

<J-~ 4-~% {!]-'<Jol]A-J ",l-~il-l::- ~-'<l ~cffot ~~l~ <J-;tjo{ Sit! ¾~.$1 1lt!: 't! 

11- "8 30i.g. 11~:IJ]~ 4- 9.l.o-J uflJ;<. %2]-t\c}. 'fr'?.!.<>ll ~,o,JSJ ~-~-';:fl7} 3.7] tI!l¾o{ !I. 
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(al Sensor 

(b) Aaplifier 

Ph:>to 3.3.1 Pressure trilIIBCb:er and aa()lifier. 

-w-





~"J~<>1le A\.%2-J ~~ol u~cr. ~. 5'.~-'i'-£~2-1 ¾~~ .3.7]71- ti].i!.~ ¥Jo]:~ 

c}e ¾;•Jl.to] 9lct_ ,5'.~.:;t~.g.g,J .3.7]7} ~~ 7.H·<>ll.\::- ~A-J :>.}~2-J 3J]ofl ~tl 

4~ ~.!! ~ti-£- '<l-::1 ~.i.1.!'.l oJ~{.;¾ofi ~~,&. ~ 4£ 9lr.1-. {IJA-j~ «71-l= 

'.l-¼>1~<>11 .;g.,g- .!i!.lo] ~oj 9l..Q..oj, !Jt.l~~ 1/:l.~l<>ll i:J-a-J,ol ± 2 Volts.!'.l ,l\!il,&. 

i.:A:>1 ~oj i(tl-. .:J.elt.l. ~7\-0 J..\-H4,e {IJJ<jg,J lt-'clo] ~\t 4- 9lc}. uj-c}-"f, 

~A-J.!'.l ~01 ~t!: 7J~,e !;!_~~-"l !E.e 4-~ ~4':l& ~~*to! Ai£-¾ .l;!.1 

-'!/-'l:1-i- 4'-tA-a-f.ofot ,Uc}. ~ J117l'E 5'.:€ Strain Gauge~£? ;,,f/7/~ 111-""J-7};,:/~ oJ 

at;.zt ¾of!. ~'U~ -tl~l!7'lc,Jj ~L~ol. 3{l t..i.;,.l -Hl<>I t.~al .!i!.1-'&f'l:I-& 4'-~*}~ ~ 

rs-a-tel-. 

Il {IJ.kJ-1- «7]ofl CB~at;1 if,71¾611-"I ~71.!'.l +-4K>Ofl "1-"lt!: ~~ £~~ 

-"1-C. of%*tol ~7fof 41oJLH:- 'r~l7l ,:g01 £1£.Jf .r:1HJ·c1. 

2) D\TA AOlUISITict.J unurr----> I.AOlUIRE TEST DATA----> I.RLN TEST-I- ,l:l_tj/-4}.,:t 

Steady State £.'; .lj-~~A-j {IJ-"J71 'B?J.~o\ 91,e -"1"-ofi !il<i/·-41-,e AID -!l;o] 

~<>I] -2-.::Jll]-£~ ~7].!'.J ~~ £~\..}A}¾ £1\!"t]-. Steady State~-&~~ 

1]:t:'f. 

3) ~-"f-§- 4-¾2-J 5'."a.;z.£.-i-<>l] -lj!-~1]:t:1-. o] u.1 {IJ.kjg,J *of!.{!'U~ ~-"Jg,J .If-~ 

4---'-Jofl ~l"Jll\-e ~-?'ti-&- 31:.~l-~ 'Ht:t. Ilj-~~ 2-J1! %4-o,J-t1J--& ~~3}.:il 

:>.f \! !If;-l::- tj;;f I:;>./ 1t!711' Z<'.>fl"'12-/ <g1f .Z1i-& ~A/71 4¾~ .£.~T.ZN 

-¥-~~ "oi-EMJ.J -4--8,'!a}i;,i -lit\. 

4) DATA AOlUISITict.J LTIUIT2-J A}¾ol .!'.j(!: ~A-1 -f,slij~ ~oJ~ \..}E}L}ol, -1-

~~<J"¾ 1l:~l 'ti-~~ :t!-tl~ .!- 1)-.!'.l ~ Il:ofl-"l ~'il-1! "J'dofl ¾t!:t:l 

(Zj- oJ~ {IJA-12-1 !Ji:f~~ 11:l.~le ± 2 Voltsofl tlj,l-tj). 
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-a-AA1!~5<],e ~::ii Strain Gauge 'l!'-t Inductaoce fljs] ~"IW ~l.~ 4 9.l. 

,e Altfi-3000 ~71{~~ HBM ,q ~]%)~ 1"1-'-i~e ~~~ .!t.-l::- ~~a(,£ -2t1!\!" 

"? 'Jl,E Load Cell 471. ~~ '!:!.lH;; ~1!ll: 4'- 9.l.e Piezoelectric Pressure 

Transducer 87M9-]- ..:;t-~£ 'tl~¼ ~~ll: 4 9.l.i= r.J-4,Sj Strain ~ +-\il'xloJ 

9,),t}(Fboto 3.4.l {)-~). ol ~71-l::- ~-"121 J'!i::];,;) ~<J--j- 1, 2.5, 5 Volts~~ 

~\!" "? 9.l.i:" AC ~7] 2 ::l:N1J- 1, 5. 10 Volt~ ~~-y- 4- 9.l.e OC ~71 .( ;l:M 

't!.~ +'Bxl°l 'Jlr.t. 01 ¾Jt71Sl 7}~ e ~?!~ ~-"ISi ~'1:1-ii,a. &-1!\!" 4- 9l 

.£.oj, ..?n!'!:l~ol] ¾~~~hi ± 10 Volts~ a..1!"0'f<::-I ~SI ~1!~~1Sl af.aJ.£-§- 9" 

[.Rt!-\t 4 S'.l.r.J-.e ~o]c:t. ufcH . ..<1% ~-"ISi !Jtt Z;-1!'!:1~71 ..<J-% ~11'!:I-Vl& 

-'i!{l -'ll"!Jt!-r.1 -Olt:-li::1£ 1!'lJ~ ~1!-&- 7]'tl",;, 9.l.c)-. A}Ai]t!- ~:&J-'d~ ..<)--8-A)- >t!_ 

;;J-~ ~df."O}l;,I_ xloJ, ~7]ofl-'-i-l::- ~7]2-J ..'5!.1!"J-':Jol] r)aij--'l 7]~'6-17]~ ~tJ-. 

.!i!.1/.S-\--e- "J-':l.£..'i'.-1-:- 1.-J!-¥-Sl ..'5!.1! ..<].::!.';hi 0 ]%-0f.e "J-':J11- ~HI '6"\-¾i- 0 ]%-&-} 

,e "J-':J % f7}A]7) 1).cl. oj f "J'!:!2-1 ~1!~.::l:c]-e t:J-&1-t {{cl. 

l) ~7]E.j CAL key,i- *c}. o] 1t1 ~7]-l=- l.OmV!VSI Al.ii ..<]..:l't!.-i- "J~..<] 

{lt:}. 

2) RAN'.,E FINE potentiomete~ ~~..-Joo! A}¾ 111-'-iSJ {1-5:.(Sensitivity: 11.V/V)9.\

CAL Al.::!.~ l.OmV/VSI ll]½ol] al<'J-'"H= Digital indication ~l& 'i::l-erl 
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(11) ~ 

(b) ~ier 

Photo 3.4.1 Load cell meters !Im ~illW. 

- \O', -





1) J.}%'6-J-.;g-oJl cff'6-lol. lndication i.1°] .!Ms<.~£~ ~~'t)-9-l(Measuri11,11 Range) 

,a. 'Z!"{HJc.t. 

2) {1!.>.10!] Calibration '8~ 71(!:t:l. 

3) A\-¼'&'}¾¢] Irxlication i.1..4 iJ--&·'&'}£~ FINE ~~1-H¾ ~~(!:t:} . 

.>J7] ¥- !l~'l!,~li=, ~k!oJl *~.:<11:: '&']¾~ •~~'U !E.-1::- Digital irxlication 

{I: A}o]oJ11:!tl,;l~;,li7} ,e;i1"&"1i=, Strain Gauge !E."E Inducti~ trazlSCk.icersJ .'i!.¾l! 

"<ll!.oJl ~71~ f:;:,_ ~E-oj, -9'i!]£tP.J~SJ 7<H-, oJ 9°7}.:<] "J'tl¾ o-]s "J'tl-i

"'l¾ii]--o,]5:. ,¥-"J'&"lt:J-. .1~4. ~.x}-e ~A-12.J- ~71 A]-o]Sl c-Oo]'E.} ~'! ~oJH 

Sit! ~SJ-o] .:;!i!:j~;;,:] £l~7] ~'tt:oJl 1l]o]* ~o]Jl 1:1).i!.aj ii"~(~ ICb 0 ]1-JI) 14 

01] <!J'l!.U "J'do]uj, -lAsJ "J'/::1.g, ~.x\o{I 1:1]$}:-J ,Zi!fo] ",l~ 'l,jo] E"E ~~oJ 

9J.7]"E '8]-;;t]'iJ, :J{[oj~ ~0111 <1 {H-o!'I ~Vt!" "J'tl0]t:l. 

'8~1 ~Ais<.i::- Load Cell, Pressure Transducer,2.J- Strain Gauge ~o] 9.1..2.oj 

o],i- ~k!i-°1 i''&'] Strain Gauge ~~.Q.lc. ~5'.J<>I 9.).7] UWM J.'f¼"J'!:l~ ~ .\l" 

t:). 7ffq~12 AJ-%>1J'l:J.g, 'L)--%~ ~'Lj-, 

l) ~),j~ 8')-¾o] 7]--S~.:<17] ~OI] ~7]2.j Auto - tare key,;. A},%'8}-o,] Digital 

indication {lo] qjo] ~£~ (!:'L\. 

2) ~J,jol] iiJ-¾o] 7]--SH~ ,,_JE~oH ~7]2.J range dial¼ £-l,-SM ~7lsJ ,t

~H!~01 ± 10 v 0)1-10!) ~°171.£_. 1!,!c}. -i-~~~Sl aH.>J£4- 7J-!B-UU !I 

cl£ '8}7] ~'6-\oj !Jct ¾~~ 0Jo] 71-a,~oM ± 10 V~ '2At-1£.~ t!:tl. 
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3) DATA ACllUISITION UTILITY AUE~oj,a. o]..g--e}:,j ¾~.:ti"lfl- ~(!:i;;J. 

4) ¼~~~¾ DERIVED Ch.vine! Utility-I: ;.J..g--e-}¢1 ~1-e-}.,:t_~} '6"}-e -e-J--,g-~ ot!_ 

t!"t}c.}. \'!l!:-iJ.g. i;;]-%.zt {Ii;;}. 

,2;--~'1::!tl (mV/V) 

Table 3.4. t OiaracteriBti.ca of ll!lal.oq seneora 

""'" Serial No. 
Sensitivity Nominal load Bridge voltage 

(mV/V) (Volts) 

Load Cell: Dn718 2.00 100 kgf AC,OC 5 

U2A D7Tl!9 

D7n20 

D77721 

Pressure 89L89Ll3-002 L 70 5 Jl"i oc IO 

Transducer 89L89Ll3-003 l. 41 
(Entran): 89L89LI3-006 2.01 
El')( series 90B89Ll3-004 1.37 

90B90Al 9-COl 1.35 

90B90Al9-C02 1.09 

90B90Al9,COJ 0.88 

90B90AI9-C04 0.61 

Pressure 284875 10.00 
200 '"" 

OC IO 

TrMSducer 284876 
200 ""' 

{Druck): 290469 350 Kpa 

POCR 911 290470 350 KP" 
292062 1500 Kpa 

292063 1500 Kpa 

280763 3500 ,,. 

2807&1 3500 ,,. 
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~.,.~ .!il..41']-,2 'll'E ~Al<?..! {I-.£. -'8-.½J .!.!r.:H ~"I-¾. SlT 1:!Cl-"l ~,u,g. 

Table 3.4.1 ~i::I. 

Table 3.4.1<>1H .!i!.'1._l_ ~~'ti Load Cell "1eter'E SLT 1:!C].a\] ~ 0Jo] ~ Voltso17] 

i.R-/E-0!1 Alpa-~ ~c ';.: re ~.7)~ .2.-¥ >.J-S-V ? ~.2.o!, ENIBAN Pressure 

TransduceN':" OC 10 Vol ts0]E...s:. OC ~7]0J~ A'!¼\l 4 9J.t:J-. Load Ce! I Meter~ 

_l;!_1J,g. ilSJ ¾~J'?./ ~;tlj~ ~"'.!t! ;:<JH A\-.g...,]-o,j ¾i'J& ~it! t:J-%, o] -i-~i

Load Cell Meter<>fl 'c!~tiJ-ol .::::r.. ¾'1J"<>11 3ff"o~~ ~7)'?./ Digital Indicatiooo] q 

e]-L.]-.£~ RANGE FrnE Dial-£ Z:.1!_1']-;<) '\':1.t:]-. Load ee11,g. ~~~~ ~"Jt1J~ 

"f%<i\Jc oJ~~ !f.-'E '1._l_~e:j~ ~13~ '? 9J.£~ ",!~~of 1;.7] u:f;-r6l] ~"J&-.,,'oj],>.J 

~°11-\'E 0'"1-¾£ ~%A];,]~ ~A1'?.] :ilf~* ~i!Ht{l- '? 9,l~ 3':1)3~ot V;i::). o] 

Load CelJB;- 'i,if';:\:/;!].7]- :X/o-J 9J..2.l--J-, -e~l!J Nf.N;. t:8ll)i!:)<>j Sillcoo Glue¾ A}¾ 

i'i}o,j ~A-j t},)_ ~A-12.J- r;~o]iq ~¾ 1i)o1-H-<?..! 'lH!-¥'9-15- ~.7]-~~ "J4~C],B- ..,1-,e 

~"'l ¾t:l 

ENTRA.\ Pressure Transducer-\:; piezoelectric typ, !!....!l. ~o] ~~ :,,cjoj51.li;;]-_ 

~S'c!~~ "'i,!tq{ ,<J-%-"f '1:!<tl-<>11 'lH~<>-1 'l!'E £2.3.~ 7\<i)-e ~ol llj-tj~-0:]-aj, 

21-£t! 3':.'lJ.g. ~A-J'?./ <>J-i1-~"J~ 't!.Q.~ "'r 9J.J) tIJ!~ ll]3M {!t:]-, .'Ell-, 7Jsl'j 

{i~,l//-E ~-11<?.J ~-i1-\"lt¾ ~~RI/J -4" 9J.~ o]~ i{.g. ~~,&- -1~1'},q ~J./~ 

rl~]-0:}e "J'd,g. A}¾t;J;,] "'Jo\of t!t:I. 0)2.J- {to] ~J.-j'?..) ¼~~oJ,g. 4-.sZ:..'iJ~ 

lS:..<>11 11;\21 ~B\E...s:., 1l.t!'¾<>1l 'lJ<?..! ~~'lJ 1:MO!lkJ ~.1.J<?..! oJ{!Z1!,i- t! o] 

+ol]i= ~A-j'?..) zo,J:g£¾ 'l'!_j} ,>.]7];,.l 0Jof-o): it]:c]-. ~;tff ..'5!...f?-¾'l! ~Ali= "J-~ 

lj-11'"]-o,j ~Al~ ~ 2 m 1.£'?..! tl[olc.} {!¾ ~jo]ff ~-ijl-11]~ ~!!...s:. ~t!j .1<1--l:::- &/l 
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~2..5'. 5:joj il,L\. <IJ""uHt -fi-~ 4:SC..t! \I~ .ff-~ ll}H 0t7]~ "r 9.17] ~ 

.g.oi] "r°~~ Jlt!tl EH!. ~"T"u]iJ ,fi-1:!.e" t,flo]E\ ~¾ ,Oo]~~ Shield screen 

.2/ 't!~!cJoj 9J.oJ0 t -a}oj, lo] 't!.?J.J.]01]-l::- ~7]~ ~::r.] 5LE.9} -W-.!:!.t 'l:'!_~1'"l-e0\ 

o] ll}tj~'6lc:}. 

9!-"J </:!'B°t!: ~~tj Ali:ha-3000.g. Strain Gauge Type~ {!!-"JH -?%~,? 9.17] 

uJlM ~ ~ 3~6l]-"J ±JH! Dnick pressure trans<i.lcer.£ Alpa-JOOOoll 'e~:t;H.kJ 

/.\%~ '? 9.lt:}. o] ?JM Alpa-3000~ ~~~~(Measuring range)~ ~~'6'foo] ~ 

1~ 1'U.£.;. *'l.!. 4 il,t:}. t:\'t!, 0 ] .7JM-l::- Dnick Tran5WCer~ 'fl.~ plug-l

Alpa-~ l!:SC..~ 'M?JJ.]~ot (!t:}. 

Load cell:zl- Pres5ure transducer~ '!j-E---'3-8, L'-}0"\7] ~-a\oj, u\i!J-1* Jil-'14'

~--'-llof ,TI~ 741-iH! »~~ 1!~]-t;-\c,J 1l:th1 4-tJ"-B-\9:lt:}. l'ig.3,4.lofl .:s!.'l! lf\9-} 

~ 0 ] ll\271], ~Jll. Load cell, Pressure transducer,& 11:~]-t;-\9:lt:\., Load ce!l.g. 

\1"2..5=. ~ If},;)- 0,Moil 't:!_4;;1-2 cell~ ,UtHll'l-& "J~ -¥-R-:itl~ ;1-ff"i'.\'l]ol] 'fl.~~} 

o,j 7([~c\'l!6ll 7}aH;.,:],e <tl~~£ ~~~}9:lt:}. 1!~u}~..g. 4---'.J SOoa, u\.:;r 15cm, 

~71 ~ftl ..;:/--!jil}<:>]oj, ,._J'l':!~* Fig.3.4.2011 "L-}Eli..\l~t\, 
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Pig. 3.4.2 Test results for a taut D:X>red lu:,y. 
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~ 7]7],e ~¾2.J Capacitance type~ 11t~.£,i,j 16 Owinel~ Jave Monitor2..\ 

7-Jo] 50 cm."-! probe 8Jt 7Jo] 100 cm."-J probe 8Jl~- 'T"'B!<Jo! 'llcl(Photo 3. 5 .. 1 ~ 

a.). Probe-e -'f-7~~ wire.£ ~!<Joj 'l.!.2.ol, Po.er StJi::ply UnitOil-"J ~£1,e 0C 

15 VoltO!] 2-j"!"\oj 114'!€. .'f 1'ire {!011 -e-e,e ~ff Monitor7t ~A]"!°J-ol Voltage 

~ ~tl:11"\oj ½~Ui::}. Jr- wire Z}~ ~-ff-e probe7\ ~ {l:7],e ~o]ol ll]'<lfl'1 

cf. 

1) Zero Sensitivity: iave Monitor Module& Case<>/1,i,j ~a]11-toj Sensitivity 

Switch~ ~"1/t}i::\. 50 cm2j probe¾ AJ-%~e Switch-I: "S"ol], 100 ~ 

probe-i- AJ-%..>.l~ "L"O!] ~~i;;). o] Switche Monitor Modu\e2-j "SET IJATI.1(' 

2-j Sensitivity~ 3'c'!l:11"\7] !1-lt}~_ol"c:\. 

2) Lead Coaipensation: Probe~ ~4 ~0]2..J ¾~ Voltagezl:2-J ~~(!: -tl$J"8-& 

:lf~.:C"\7] Jl.]"O"\oj probe2..\ Monitor A\0]2-j Data Cable A\~2-j -'M:I"* li!.~'1t:\ 

(Lead C".ovlpensation). Probe cab!~ probeOl]A-j -!,!-e]11"\oj Amplifier2-j TESf 

socket<>!] 't!i!t"\2 Toggle s1'itch~ TISI 2-j;\]e>q 1F"et::-l SET CUTPUT dial-& 

"-]7!1"6°°"J~ .;.ll\-'•'1 -§-~c\. SET DAmt dial,i- tat lndicater2-J lcllifo) "1/ 

¾0Jojl Jl.l;\]"O"\£~ t!t:}. Push button,& ~~~Ill! Indicater2-J \EEO] ~t"\A] 

~,& rrilll\A] C01P control 1 ... \-AJ~ ;?c~t}c}. a.-1°1 ~Jt£1~ cable-&- probe 

Oil 't!~Vct. 

- Ill -



3) Calilration: ~~-;;f:;:v,} -e-J-,e ll}2~ 2e,J-;;Jo, Wire~ ~4{10],;. ?J_~(!r:}. 

~-? ~0]7\ '9"±\M-l:;,(Q{ 10cm c]'t!} ~4~0]2} ,!}~ Voltage J.}o]o/1 14<1 

9-j ll]B.~"cJo] -e.:<Htg '? 'll7] u.Jl~l 7~i;}~ 15cm o]-'l,'~ 1)4,{lo].g. ~"'? 

~ "d'}oJ1A-J ~.!;ti;~ ~o] .Jr:}. SET DAIDI r:]-o]~,i- 1.J,%"t}ol ~4~o/lA-J 

probe.9-j ze~ ~&,r:1. ~~ ll\"'J.9-j ~~ >-Ji::01-6~ 'B~ 7J.o]£ zero ~ 

Ol]J.1 .>.J. i;f.5:, 'iH!t! {'Z'j~ 1.-J--fO, ~~r~~ Calibrati~ ,>.JJ.](!r:l. 

Calibration% 'l:!.£21 %7]o\1,<,J "'Jtl°" 4X.611 ~~l't}ol zero ~,£ ~,+:;:i_ 1J 

;o.J~~¾ "'?tJ'll '?.£ 9.li>,1-} 1!.'ti~ ~'il:~ 7]ii\7] $]'0"\ol 4.X.otkJ 11.~7'11 

't'.! 1i4'BOJ1"'1 Calibration~ ~'6\2 .2 ~"T''B~ probe~ 1)-'?~0]3' M]'t} 

~ ~~Oil !J"fi;~ ~o] .Ji:J.. Calibration A]Ol]i:,- Out volt~ probe~ 

lM '!'!~LHOflJ.j ± 10 \olts<>tl !ltc~.5:. ,2-~'t\£~ SET IJJfPUT dial,& X.1!, 

(!r:J.. 

4) If::;J~~: 1/"f~oJ]A-f SET DAllM r:\o](j;j.i- ~1/'0"f-o] probe~ zerofi: q.t¾r:}. 

Calibration A] .>.J,%ii}9i~ l)itp.,t scale-£ 't!:l),.>.]7].;o.J tl-2 .>.J'ti,& 4'~".H}r:}. 

SET OUIPUr diaJ.g. rock ~~]7} 4--l...J!<jo-] 9.J.o-] CalibrationA] Settifl,'1\1 i(:-3' 

2'1)J.]~ 4 ';tl..Q.oj o].:fo\lt:' Calibration -i, r:\1.) 48l\r {lff ;,fl.£j't}.:i!.t:' 

1Ji:R's:. rock,i- ~-<>!Ale 'tlt!r:l. Wire Pr<:ibei:: f- .-ire7} ll}"'J~ {I~"Je-J'<">ll 

~~"0"\711 ".!"]x1o-J°F \!:t:\. ~l..fii)\'I. probe 'troJ] 1PHJ 4°' wire.9-j '\'.'!{! ~ 

~ -"'ltl"% .!1± .. ~ . .-a-}7] ~ltHA-f01r:l. 

Probe~ ~J.]Z!:- J.1-%-;;\0, probe .H.'Bo.Jl 71¾¾ ~~ 0 ]~'1l, qj-o] ig"cl\! 7.H

probe {'~ ~-it-~~o] "o~H~ ~Ji] ;,..]~ probe.9-j .!;!.t!A]oJle Alcohol.5:. •irel

~±t1 ¥-,e ~o] ~I:}, ~ probe~ ±i:r~oJlA-j A},g-'tJ-.e ~,g_. ~!j.'!ji'..5:. ~.:,]t;\ 

1:: ~o] %I:}, 
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(11) Sensor 

(bl AJ,pillier 

Ph:ito 3.!i.1 We,ve gaugea and aq,lifier. 
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~ ~~kJe 1989\:1.5:. 7)~'\'!,Z.J.}'d~ {!~~ ll}i,1'-1,fl- ~\14.&.!'..) ~-i-.!l<tl 

H-,&- ~H.! 4.&.~ &~ 'll 11~,,_Pll& 4~*\9:f.2-o1 . .!i!.-fl-*l.:i!. 9.!.e cl-?~ ;,tJ~ 

7]7]~ {l•21-i- 4~-&-}'."rlc}. 

~ 'r~ "8'8'"J.]tl?J:~. 'L~\!" 'tltl: ~1.tl- ~9ic}. 4-, 4:'f:. ~~J.oll 11:-"n.! 1 

;.p.-J ±:.ll}11e JJl Ol!Ll"'l* :vt.!l~ H.s-te ~2£. 4El;;J;2-ol. 1!.t!J.l £\1,Z. 

.&.-«~ -¥-el it!J.l~oj .&.ll}7]~ c};.J ~l ~e it]:J.tll},1- .:a-4'6}7] ~afl 11.~1tl: 't} 

J.\lII ¼4-'i!E-l~ "S~J.Jtl~~- ~'l!:l.s-1c1-2e * <r ~2-4 71!'..l r.tff~ 'frJ.llll-1-

*tiH'= ~~ \..jE\',;l;c}. !E., ~ 4.£¾ 7~4~ ~tlofl J.]-S- 7Po',;,i- oj-¥-ofl t.l 

tl: 1!.tl?J:~. oJ '2'!,,_l N-&-1 7J--l8'-'1&- ~? 9.!.9icl. ~ '\'!~oflkJ &-fl-'612 9.!.e 

cl-4-!'..) ~"J }1]..?j.7]7]of t.Ht!: A]ttl~.21.'r. 'L~\I: 'tl:t!: ~~ \..fE},lc}. !E.t]:, o).ij

{l.g. 1l:tl¾ ~--&~2-St 4"&-J\!? 9.!..£~ .&.11\7] ';,;. .?t~-"l~ 71-i-& ~-it-el-l

oJ,S.t1\oj .:<}Ji~ \! 4 9.l.,e ~OJ~~1J. Aj]ojJ.],6~ 'J,l ~ t.fo]E\~ ~J.],6 

~-&- ~-&-}'.°de\. 

~ 4.&.e 1>'-"l 't!~lir~ofl l!~~ 7].:i:. IJ.! %%'\'!.;t, 4-, ~1f¼ ;;,il~7]7l!'..l {l 

¾, 7~4-~!'..l 1~. 11\'IJ;,.} 1-§-01 %-J.Jofl ~::>:fl.S-}e 7<H·. ll}i,1'~ '!:!\I Jg-of l!~~ 

7]..:i:.~-i'-.2.J-~ >iJ-11\:.IJJ!'..l ~~1!.tl. ~ ±»-l-"ll!'..l 11.tl ~!'..! ¼-Q,'\'!.,z.on 1l~ 

~~ 4- 'll.¾ ~~ »J~~ul. 4'-c]1):tl -¥-:::,:H~ ~Ll '\'!~~ti" 'U~ofl ~~ 'i-ti 

* ~\i!] i!\ ~"Jt!c\. 
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