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SUMMARY

I. Title
Development of LPMS / IVMS for nuclear power plant

II. Objectives and Importance of the Project

The primary function of loose part monitoring system (LPMS) is to
detect the occurrence of any loose part in the primary coolant system
caused by being parted or loosened from the mechanical structure during
normal operation and refueling times. The existing LPMSs generates an
alarm when the detected signal from the accelerometer sensors attached
to the surface of the primary pressure boundary was bigger than the
alarm threshold value.

The internal vibration monitoring system (IVMS) senses a change of
vibration of the reactor vessel internal structure using the ex—core
neutron signals. The vibrations of internal mechanical structure are
caused by the high velocity flow of the pressurized primary coolant. If
the flow—induced vibration forces to loosen the internal components
supporting the fuel assembly, the safety of nuclear reactor will be
affected. The IVMS provides the information of abnormality in the
vibration pattern and amplitude for plant operators to take proper actions
against the abnormal condition for Nuclear Power Plants (NPPs).

Because the current LPMS and IVMS installed in the nuclear power
plants were supplied from oversea manufacturers, there are difficulties in
the aspect of maintenance and system improvement. Also, the diagnostic
functions included in the current systems cannot provide the detail
information about the loose part in a proper manner. Therefore, it i1s
necessary to develop and secure the improved hardware and software for
the LPMS and IVMS systems including more functional performances
than the current systems. An advanced LPMS should be capable to
identify the physical characteristics of the potential loose part from the
detected signal. Those improved diagnostic functions will be the
capabilities to analyze the detected signal and to estimate the expected
impact position and mass automatically.
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III. Scope and Contents of the Project

The scope and contents performed during the project are as follows:

(1) LPMS Prototype Design and Construction
A) SCU(Signal Conditioning Unit)
- Signal conditioning board
~ Normalization, Amplification
~ Remote configuration of System test-1, II
B) AMU(Audio Monitoring Unit)
- Pre—amplifier
- Power Amplifier
C) LSU(Local Station Unit)
- Multi—function board
- Analog to Digital Conversion
- Digital to Analog Conversion
- Digital Input, Output
- Interface program
- Device Driver
- API
- Application program
- Real-time data acquisition
- Event detection of the loose part
- Database
- Communication
D) ACU(Analysis Computer Unit)
- Application program
- Digital signal processing
- Alarm detection of the loose part
- Analysis the position and energy of the loose part

- Database

_ix—



- Communication
(2) IVMS Prototype Design and Construction
A) SCU(Signal Conditioning Unit)
- Signal conditioning board
- Amplification, Filtering
- Remote configuration of the gain and filter band width
B) LSU(Local Station Unit)
- Data acquisition board
- Analog to Digital Conversion
- Interface program
— Device Driver
- API
- Application program
- Real-time data acquisition
- Digital signal processing
- Database
- Communication
C) ACU(Analysis Computer Unit)
- Application program
- Analysis data archive and inquiry
- Database

-~ Communication

IV. Result of the Project

The technologies and methods of estimation for impact mass and
position as well as a new modeling method of reactor internal vibration
modes were developed and provided to Woojin Co. from Korea Atomic
Energy Research Institute (KAERI). Based on the transferred
technologies, Woojin Co. has designed the hardware systems of LPMS
and IVMS. Some of the hardware components were integrated and the
hardware-oriented software modules were also developed and designed.



V. The Plan of Applications

The 1improved design and algorithms of LPMS and IVMS
developed 1n this project will be used for replacement and upgrade' of the
old systems in NPPs. The developed software and algorithms are able to
be used for analysis of raw impact signals measured from nuclear plants.
The Acoustic Leak Monitoring System and Reactor Coolant Pump
Vibration Monitoring System among the NSSS (Nuclear Steam Supply
System) Integrity Monitoring Systems(NIMSs), are also required to be
newly developed and designed to accommodate various improved
performances as well as LPMS and IVMS.
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AgAaalole] Ay Al AABAE FAAE 3 Ao A 2 S A}o] of

e ARz ABY ABFoE
5
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shell % 2= 221 AASHFA bending REE thEd 22 3H
[«

O =AAALEF beam I& EE=
a8 316X BE dkep o] 1 ZEwrakel] mabA
- A =4 F A AEALel Y phaseZt 0° EE 180°

]9 A coherence’t =t}

- droisE =9 TR AT Aol 8] phase® AT 1807 ©f
™Al coherence’} =1}

— Asle] w9 FA A A3 Aol ol phase’t 0 o] HA]
coherence”} =1t}

Q@ =AAALEFY shell s 2=

(o]

a9 31.6M0eA EHE sviep Zo] I IgRT Aol
w2} A,
- oF E=AR "gA 7] Az Aol o] phaseZt 180° o] HA]
coherence 7} vl & =t}
- W& 242 &x7] 2135 AelY phase’t 84 00 9
M A coherence’} =T}

~ A3te] AR &x7] AlEArol9] phase’} 0° o]w
__Or_

coherence”} T

Q@ AR HEA bending =
=

A&A bending BE=v =AW reactivity 9

- WHF FA4A BH7) Aol 9 phasert 180° ¥ 2o
ol® @ $14re] Aol L coherence ol ATUA Zzjol ZAstel FAA
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39 APSDo| YElUE peakHES AESHE 9 2L AEgc=s 3
B 7 g a8y 96 wels CSBO beam AE BT AR 9 3
A2HEA A bendng REFEI4st 2HHAE ASe e o

s ) ot

coherence@ A7} AHHA Z& F7F Ad0H6,78]. s FoA A5

o Agede HAsIFA =AFEE YX g =9FAAT
Nl

coherence # ¢ ztel7} AA HBUER =544 wo e AAdEHTA
S} bending R=E A&stA £str7h e a3 =9FA4A Fed
T AAE WFFEEY JAFHE BW oldg dE 9 29Ex ¥
of st wabA HIZole =WFEAA FE GHENEAE 2931 92
ALY NEEANETES FA0 BAToRN =9 FLAsEA Ay

i
f
py
it
30
o

AT EA ol 2o ostd, ojwWl Ax="HlozRE n Jje AFE
3N SAFTCEN n Y ME SHEH A2de IFHEAHS & F 2
o] Aol Htete] AxE FEE71e S F 907 Eoz HAX9 4
el =254 ATE FAd FA, BEATZoRZN =93z A5y E
dE 4708 S3HE AReE 2ad & U dvh weba] delA Fg
=AAAYE 2 beam ¥ shell IFRE AR 4 BN A, &
dEdo] fxstE 4 Y =9FAHAA A5E G 2o " i 7).

x1(8) = g(D) + b,(8) + by(D) + s(D (10)
xé(t) = g(t) = by(B) + by() — s(9) (11)
x3(8) = g(8) = b,(H) — by(H) + (1) (12)
xy(8) = g(8) + b,(D — by(§) — s(P) (13)

ANA (), bi(D, b, (D, s(HE 247t global = HE(RE HEgom

in—phase® Hol&E A¥) =H4AAYEFL beaml IERZE= AR, beam?2 2
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$RE 4R, 193 =4AA L5 shell AFHE AR guj BTt o9}
#Ed ade ™ 3174 dvEha dn § EdERRE SAR
a0, (), 1), 4 (DG o1¢5e] 7474 28 v= YBE $58
w7 At %, A9 A4 10)~-A(3e2RE 3 T Qo] daid AP
44¢ ¥4 |
g(f) = () + 20D + 2D+ (D) a4
bi(D) = (0D — 2() — 2D+ 2,(D)) (5)
b)) = {x(D) + 1)) = x5(D) = 24(D)) (16)
s(8) =L (B) = x(D) + 2D — (D) an

2 B89 o474 2+ A3 i3 FFT(Fast Fourier Transformation) 2

G(H=Flg(D] (18)

B(()=F b, (1] (19)

By(H=F1by (9] (20)

S(H=FLs()] (21)

9 o] Holstwl, Eel® E w= RS9 APSDE ol#let Zo] 47
2e 7 A
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P =GNH*XxG ()
= L (X004 X, (0 + X (D + X DGO+ KD+ K D+ Xe (D)

= 16 1Gu(D+ GalN+ Gr(N + Gu(H +
2Re{ G12(f) + G13(f) + G14(f) + Gza(f) + Gz4(f) + G34(f)}] (22)

Pblbl(f) :Bl(f)x Bl*(f)
= L (X, - X% ()~ %D+ X DX~ K (D= KD+ Xy (Y’

=15 [Gu(N+ Go(N + G(D + GuD +
2Re{ — G12(f) - Glg(f) =+ Gm(f) + G23(f) - Gz4(f) - G34(f)}] (23)

P o) =By(Hx By (/)
:%{Xl(f)_}.xz(f)—X3(f)—X4(f)}{X1(J‘)+X2(f)“X3(ﬂ‘X4(f)}*

= Gu(D + Gl + G(N + Gu(H +
2R€{ Gu(f) - G13(f) - G14(f) - Gz3(f) - G24(f) =+ G34(f)}] (24)

PJ(H =SHx S (H
zf_ﬁ{Xl(ﬂ_XZ(ﬂ+X3(ﬂ+X4(f)){Xl(f)—‘Xz(f)+X3(]()+X4(f)}*

=GN+ G+ G(D+ Gulh) +
2Re{ — Gi12(H) + Gi13(H — Gu(H — G(N + Gy (/) — Gy (NH}] (25)
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CORE SUPPORT
BARREL

PRESSURE
VESSEL

EX-CORE NEUTRON
DETECTCR

CORE SUPPORT
BARREL

PRESSURE
VESSEL

EX-CORE NEUTRON
DETECTOR

(b) SHELL MCDE VIBRATION

a9 316 VAR dde] ARl =S4t 915 ¢

=
=AAAYF AFRE
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2| X} 2 Core Supported Barrel2| - Mode

Q obal Mde = g(t) Beuml Mde = b,(1)

x, (£) ® . . ® x (1) x,(t) ® ™ (1)

x3(1) ® o) wn® . ®x,0)

Bean2 Mvde = b,(7) Shell Mde = 57

(x,():iH M SE AL D)
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0 SCU : Signal Conditioning Unit
o LSU : Local Station Unit

0 ACU : Analysis Computer Unit
o AMU : Audio Monitoring Unit

)

a9 321 539 gAML AA A=

_33_



(2) st=dlof 71& 73
(7h SCU

O He

SCU= SCU-DM(SCU Display Module), SCU-MCM(SCU
Main Control Module), SCU-STIM(SCU System Test-I Module), ¥ 12 23
o] SCU-SCM(SCU Signal Conditioner Module)?} SCU-SPSM I/II(SCU
System Power Supply Module I/II), SCU-PPSM(SCU Preamp Power Supply
Module)s8l 77HA E&3 ol& A& st7] #g 19° 6U Subrackez FAE o] 3l
on 12204 ZAztel A% 7S MY AsE AAFEI|EZRE el o
Brst 2 FEste) LSU, AMU, Patch©@zt Go &3ttt &3 AXNZZ7]9 F
ol st £12~15VDCY FALd 44 7&x

& 24V Weighted contact 2138 HXZZ7)d &3}

@ THLx
@ SCU-DM(SCU Display Module)

DM

NOR WAR EXC

+15.3 V
LPMS SCU

WOOMHN INC.

WOQOUIN

19 322 SCU-DM 9%

7%
o AAFFI) FHYE FAY %2 AT FA B
o AANFEI TFNE AAY gol MY /1ZALA o
ol AL Ei= o5 A% 2 gelol wet x4, 34, A
go| Ax2 PEse] olF AN NAHow G
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THEY AR AIVES ALY

o ANZE7|d FFUE AANG ®e A2, A7A, 23
9, AA) 5o} 44X NERes AAs 7 Adel o
= A7, A2 ARE AR F Y= @)

Yllllls\\

/:
{s)
£

T S

AW R R W

00 Q0G0

4 HoOs

AR W

8US QIEIHIOIA S

e S

ot

ﬁ FND HOi &

s
—

19 323 SCU-MCM 8%
7%

o LS-MCMOZRE AAZF 93e A% wol AXZES|d

« [< ]
24VDC Weighted Contact Al5& ZFHFO2A A|2HE
AE 1SR A2 AXA H2E)S 33t

=]

LS-MCMo 2RE AAZF W3E g ol glar 25
o &



CPUE 3|2 AA7} &ol3t=2 8 Bit, 16 MHz & o)A
9] One Chip Type® A& Al&3ir}

Axegds &F 7% F7F 52 S5k 32KB olAte] %1
& &%E 7F Read/Write Cycle 100,000% o]Ake)
Flash Type (Z=Z3, dlolg drzgl2 24 A}
o A& /\}9“’"5&‘3}.

Bias

oo
N
)
off

gzo) AHEHE BE A volga zdxg Hd9
YA(ART WORKADS] AL8ald, wolz2 o3 952
% WA @,

of

Al FE= RS232, RS485F Md8idog Agd 4 gl
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oF 8w LS-MCM3hel $4€ 8 A$EE, A% vE,
dold HE, Ax HE, dE vE 59 WFES 44
2 4 glojop Bk

o Bz PAo] FolBuF T ATdx B NY A

£ AXg

& SCU-STIM(SCU System Test-I Module)

STim

OOO0UDHDOGOO /

a9 324 SCU-STIM 8%
7%
o AXZFEI Z+ Ad¥E DC Weighted Contact Signal
T Dry Contact Signalg ZZTomx A28 A

1SS AA AAA H2E)S Fasi)

e
o Y Yeol: B o AL WEAIY] sl PR
8% 20W o149 CHA Type® AH&8}
o Y Yeolel RIS AN WY BTG TOEE AE
g,

o Contact Signal 8 A1 ~ulola A8 Fola QUHY
=

ol Al BEE AW FHYe| 23]
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b3
T

S

=]

|25

Ea

il B Qe H o]

9|

_?:‘

. mRsaEe
BUS SIEIHOIAS

[e]

=

%% 81 Dry Contact, Weighted Contact
¥ 3.25 SCU-SCM 98 %

o ¢Hd 3= 3

o 3B Hro] &o
@ SCU-SCM(SCU Signal Conditioner Module)

;O,*

A AEE A

NE

mK

=
=

1

AMU(Audio Monitoring Unit) $

=
=2

k2

]

A
p 34

Alg I

)

=

]

E

fa

B

SCU-SCM | ™ =] Tt

=
=

I8 A=z
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o AANFEZ/ZRE 4P 7 Ady JtEE AA AT H=
Nz"E Ag T ASE
100mV / g2 A7tst o
o AFstd N3 E LSU(Local Station Unit)e] LSU-SPM
g W Bx2 AuFow 1 2 4, 84 FEHI}
4 Mg JHEE A9 I FIs 9y udl

1Hz~20KHz A= & Az HHdld digAd 2

o A% YR 1 FUFY ANFE/|g Ao o)
A AEEEs2 FASe] 100dB o149 ¥e CMRR

(Common Mode Rejection Rate)S F&gHc}

o 32 AEHE BE JAFZVE 50 iV olstY @
E

A A At 025 iV / T oldte] 2% =gzES
Zte= AAFe] AL AHgsd 14 F71E Hug2 & F
A== Tt

o A& AstE= Potentiometers AMEE 2R FA43HH
Z+ A9 9} Potentiometerd TF AAL dTF 7/tEE AA
o] Fxet APHo= wjPd F J=F

o Z+ Ade M3 AL Y3 Zero, Span £AH0] 7HEIIE
2 37 |

o d¥d 7}5:-5_{&*1 ANEE AMUS 9] @xjof] EEA
45 Qo] §EE I}

o AlA §1¥ sl Ao WHd wet F% o5 xAe] 7t
W oE g UEs I

= 2
g A% O #AevlE AN 4EE Aol i
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= 3

=
=

o UAY w0z WX

SRR EE LR EER

SCU-SPSM I/II(SCU System Power Supply Module I/11)

ooy

H =

o>

19 326 SCU-SPSM VII 9

Jo

+15VDC , +56VDC, +24VDC¢

—5‘—_]__

e

o SCU9 Fz

)

o
Ho

ojiy

% N

£ £15VDC, 500mA ©]

a

e

o AMEEE

]

o
Gk

o ojgz

+5VDC, 1A o3l %

e

o FND,
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o AREHE EE SMPS(Switching Modulation Power
Supplier)= 44, IAF B3327 WAdd AL A8

19 3.2.7 SCU-PPSM 918 %=

o AAFEFY F2ol dod £8~15VDCY dHUL =

T

@]

ol
il
2o
(o,
rlo
I+

al 8~15VDCAole| A 74l 7h58lofof ghe},
o AAFZ7|e AvAFIE HU 2/5mA ATo|nz
25mA X 12EA = 550mA o)kl ZR3
TE gk
© SMPSEH e Fo] 4ud =25 walol My 19]
FAE FH.

o 2% YT AYRalA 1mV ol Y2

A=t

rok
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©p Subrack
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(h AMU
D Ne
AMUE ¢d9e] &
wa] @ FuzA ol

o%k

A Ax

ru\m

r_\a

L=IE=4
T=

& ARt 274 A5 29 o
2283 AMU-ISM(AMU Input Selector

Module), AMU-PrAM(AMU Preamp Module), AMU-PoAM(AMU Poweramp
Module), AMU-SM(AMU Speaker Module) ¥ AMU-PSM(AMU Power

Supply Module) 59 57k4 EE3 ol& #4357 93
”ﬂ"i doem 12a0d Azt A VSR Ao AEE

Ade ABE FFeto 297 ke JEELR £¥

@ FHLL

19 4U Subracko &
SCUZEH gl A
o,

rt

@ AMU-ISM(SCU Input Selector Module)




o Ad Ag 3=z

nE

@ AMU-PrAM(AMU Preamp Module)

o,

s

ol AMU-PAMel| &5

©

EEZFER

ey
o

A
\

P

Al

[ [
AL T T ey
SR -

| .

a

i

a3 329 AMU-PrAM 938 %

s

1010]:

N
T
N

me
ooy

T Aok

3}
=

°]52 10 dB ~ 20 dB7}A] 79l

22HE () dB ~ -60 dB 74X 7hHEF 2= glojok

1+

)

gl

sl

oz
hE

=
=

20~20,000 Hze HH

gt

of

o THD(Total Harmonic Distortion)< 0.1% o] &

gt
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341717

A]

=
=

RS

o 3= FHzo] &

& AMU-PoAM(AMU Poweramp Module)

FRONT-END 3=

20H ESsl2

PoAM 9|8 &

a9 3.210 AMU-

?}__

Front-end

NEE
o},

EE

3] Ao
o Power on =

O

o)

i
A

O R HE Ay
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@]

Plop &

j
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3

2y

L& off Al
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il

L. 77
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Slojob
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THD(Total Harmonic Distortion)< 0.1% oW =& 3t}
297 HIZZE TSI Plop ACZRE 29AE

AFFEEL ICAE S8 &% Heat sinkE F&s3l

AE JYBe RCA AYHE Agsiel azsts Asy
2 =

& AMU-SM(AMU Speaker Module)

5 W
SPEAKER
A S |
[
({813}
WOLUGE
)
wESD
PHONE
LS
WO iW
13 3211 AMU-SM 938 =
. 7%
o 7 AT E Hd MW A9AE Folo E2HIT
. T4

o 8Q 10We| 4~uAZE ApEgit),
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AMU-PSM(AMU Power Supply Module)

Jo

o AMUS T35 48

N

o9 3212 AMU-SPM 3=

Subrack

. 71%

o).

g

o AMUSY 7t 74 EEE 199 4U9 e ¢

blo

o

oo

rackS A}
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(th LSU

D AL
LSUE MCM(Main Control Module), DIO Module 2 12 '8
o] A% AT REZ FTAY AYL daxgold oz SC-SCM LSUZEHANIE
dgvtol oMIE HE duYgEE Tyt oMIE A3d 4SS ol ACU
(Analysis Computer Unit)e] LAN(Local Area Network)2 Za] @53l =
3 ACUZRE olWlE 4359 BAAMNE dAFwol wjaddt @ FAojdo] HARE
WA 71T},
@ TH84
@ LS-SPM(Signal Processing Module)

S e
s LS~SPM "
C T - T 7—\ T ﬁi’j\l i
u S o : :
—— T’ H $
Y - ‘ ‘w{ LS-DM r
; — 5 —— @ ADC Panel |
U L A MUX
T
e o
S Lo
-
N 1’ e —— o
A ' R
L |
S - LS-MCM
: Control j
‘ T 77 Logic .
| A
‘ ‘l ) RS232CIT scu
[ -
? TCPAP |y e
. LS-DI/DO ‘ | Acu
e | i
- Alarm 1 ‘ .
- —= Alarm 2 ‘
’ 'Ef Alarm Disable 1
- Alarm Disable 2

198 3213 LS-SPM £ %
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. 7%

o 64K FIFO(Circular Buffer) % g lOusZ}—._O_E
Zb Adel A3 bolHE MAst

o d A w} Circular Bufferd] A48 Z+ 2d <
A% d°]E & Motorola DSP 56301 93] 24 PCI
Busol #A4%o] LS-MCMe| #Ege] A%z}

- A
o opd2 48 Ad : 12CH
~ Differential Inputs
- Programmable Gain control
- High Speed Parallel interface
- Sampling Rate : 50Khz/CH
- Resolution : 14bit
- Input Range : =10V
- FIFO Size : 64KB
o PCI Controller : Motorola 56301 DSP
- 24bit 66Mhz
- PCI Bus Operation to 33MHz
— PCI Purposed 2.1 Compliant Target/Slave Device
- High Speed Parallel interface
o opgr &9 A : 2CH
- Sampling Rate : 100KHz
Resolution : 12Zbit

- High Speed Parallel Interface
Voltage Output : =10V

|
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@ LS-MCM(Main Control Module)

a9 7%

O

o

e A AF deolHe & Alde] wiAzRe,

71
short term value, long term values& A&3sho}
A5 AYoJHE ACUREE Hgulo}

A ojiE
F AR A AT D FAlold Fdd] AR WA

)

ACUZRHH LSU ¥ SCUY Z+ 4 EEo 29 wigf
e wer
MMI(Man-Machine Interface)E Y3+ 2= AR E T A

3ot

Co

0]

O

@)

O

O

0]

O

O

CPU : Intel Pentium-III 800 MHz
RAM memory @ 256\IB
VGA © AGP-VGA Controller C&TR 69000 AGP-
VGA, on-board 2 MB SGRAM memory included,
LAN : 100Mbps
Floppy disk drive : 1 floppy disk drive
PCI Enhanced IDE : {IDE drives
- HDD : 30GB °]%
Serial port © 2 RS-232 ports
1 porttRS-422/485 selection)
Parallel port : SPP/ECP/EPP
DMA channels : 7 channels
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o Mouse : 6-pin mini-DIN connector
o Keyboafd : 6-pin mini-DIN connector
o 7|g}:
- Power supply voltage : +5V, =12V
- Maximum Power : +5V@12A(266MHz),
+12V@20mA,
-12V@20mA Consumption

€ LS-DIOM(Digital Input / Output Module)
. 7%
o AoE AAToZEEH dHolH FHE FANIZE
_1

o LS-MCMoel Hgsta Aos +%F

o ZAuwy Fx AEE JLwol LS-MCMel ¥z A
W FHATE G5
w2

o Input Channel : 8 Ch

o Input Interface Type : TTL
0 Qutput Channel : 8 Ch

0 Qutput Interface Type : TTL

@ LS-DM(Display Module)
7%
o 8 15" TFT Color &4 ZUHE Al&5td]
AN A B ge AEe

o Ny £8 W AW HY AT
o AxY ¢4 AW 7Y AF
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o Display Type : 15" TFT Color LCD
o Max. Resolution : 1024 X 768dots

o Display : VGA/SVGA

o Power Supply : 100/220VAC

LS-PSM(Power Supply Module)

. 7)F

o Input Voltage : 110/220VAC
o Qutput Voltage : +5\, =12V, +3.3V
o Maximum Power : +2V-12A, =12V-20mA
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A28

LSU¢|
(long term short term value, background noise)@ 37 ©o]E] #o] A3}

=

=

=3
o SCUY

o]

@b AC-MCM(Main Control Module)
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1R5E st
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ol

X
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|
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O

SIEEE
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]

A
i

3led DBM(Database Backup Module) <l

o A
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dlol® o] ~st
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S ¥

o CPU : Intel Pentium-II 400MHz
o RAM memory - 256MB

o VGA :

AGP-VGA Controller C&TR 69000 AGP-VGA,
on-board 2 MB SGRAM memory included

o

O

O

LAN : 100Mbps
Floppy disk drive @ 3.5” floppy disk drive
PCI Enhanced IDE : 4 IDE drives

- HDD : 64GB

@]

O

O

O

0]

Serial port : 2 RS-232 ports

1 port(RS-422/485 selection)

Parallel port : SPP/ECP/EPP
DMA channels : 7 channels
Mouse * 6-pin mini-DIN connector

Keyboard : 6-—pin mini-DIN connector

,@ AC-DBM(Database Backup Module)

-

a7

o DVD-RAMI} Zg 1& 1879 Wl 71718 ARE-shd

Bl o] ¥ ¥ o]

uoA

i

= Bﬂoé% 1:}

= 1

o SEH o] @ Fast SCSI-2
o wjo] A Read/Write DVD-RAM,Read Only

DVD-ROM,,

0 Data Transfer Rate :

DVD-RAM - 1,385 KB/sec
DVD-ROM - 2,770 KB/sec (2X)
CD-ROM - Up to 3,000 KB/sec (20X)

o Buffer Memory @ 2 MB
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o A& ojA :
- DVD-RAM Disc : LM-DB26, LM-DA52
- & ZF: 26GB (single-sided), 5.2GB (double-sided)

@ AC-DM(Display Module)
. 7

o W& 15" TFT Z&t 944 ZYHE A&t H A A

A e As
o Alzg &8 Wg A I AT
o Aag 28 ARIW AT
o olE AF duzF FuH 44 AW AF
o FAMZ gt AFAA i A AT
o Az FAE FHET W AT
o YAz PF FEEY JFdY FH AT
. T

o Display Type : 15" TFT Color LCD
o Max. Resolutions : 1024 X 768dots
o Display : VGA/SVGA

@ AC-PSM(Power Supply Module)
. 7%
o ACU 7A4EEE
L A
o Input Voltage : 110/220VAC
o Qutput Voltage : +dV, 12V, +3.3V
0 Maximum Power @ +5V-12A, =12V-20mA

tlo

TE3] T,
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3) 2ZEHY 7]& 7

(7} SCU

@ A A4 FE o5 A%
O A% we goz AY ALY FE o) WA
® 99 =c Ay
@ A ¢4 nE
VY 297 W (/=)

B A" HAE(]) B=
dE 292 M4 (AA/E =)
24Vdc weighted contact(D/O) &8
& Alz=g H2E(D) B=
B 2R WA (AA/EEE)

o AEHE (50KHz)

o Event buffer size (80ms/160ms)

© Pre-triggering size (20~80%)

© Long term constant (10~ 1000)
& & =5(D/0) 95 A=

o Ao} A(CRDM Inhibit) A& A

©
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o]

O

@ o+

o=t oAl (Alarm Disable) A& A

A28 HAE(IL) BEE A

wn
O
(-
ol\
e
£
Jn
X
l—-‘

X
o
X
N
X
x

L
=,
|m
jxhi)
i
o

2 shebu)g A%
-. Fixed level setpoint

—. Floating offset

AEAIE [YES

@ AoE SA(CRDM Inhibit) A& (D/T)

O

@]

O

‘As T2F dd ¥ (D/O)
‘Aw T2 e A%

& oA (Alarm Disable) A% (D/I)
Ag 4H &% (D/O)

o)
o)
AAF e HAE

HE HE dudF 57

Instant peak 734l

Short term average AAF 2 7§l
Short term average peak 7341
Long term average A4 92 74l
Floating level Al4F 2 784l
Floating level peak AAF % 7821
Fixed Event ZA}

Floating Event 7A}

@ oliE HolE A%

@]

O

Event data

Instant peak
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O Short term average

o Short term average peak

o Long term average

0 Floating level

o Floating level peak

o Event &% (Fixed/Floating/All)

ACUS #4437t ‘ddold &7 &9 (D/O)

@ &4 dhvH
o RS232C stebwlE
o TCP/IP s}ejvE
@ ojWlE ey
o Instant value
o Instant peak
o Short term average peak
o Floating level peak
© Background noise
o Preamplifier bias voltage
o Fixed level setpoint

o Floating level setpoint
@ o|MEJL AEd AA YA £A
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(th) ACU

© A9 873 474
@ Ad 1§ 44
O ¢ ¥ LreE B oy 47
o RMS Ratio threshold

© Amplitude Ratio threshold
o Significant Ratio threshold
o Ringing Frequency threshold
© .Inter Channel Delay threshold
© Impact Duration threshold
o Event Period, Event count
® AF A dds #H e 43
o MM HE (AT/FFHE, HuFH)
2 2, 9%, WAE |
o , wave AY &%
@ ¢ 44 s 79
@ RMS Ratio Comparison Test
@& RMS Ratio Comparison Test
& Amplitude 'Ratio Test
@ Ringing Freqﬁency Test
Collection Zones Test
Inter Channel Delay Test
@ Impact Duration Test
Event Period Test

@ AF e daeE 73

2y
O 348 WAE, 34 4% 33 d4A
@ ¥4 2% 9 $d A YxE 59
® dlole 4% 3 g
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. IVMS

(1) Alz"d A%

0 SCU : Signal Conditioning Unit
oLSU : Local Station Unit
© ACU : Analysis Computer Unit

a9 3214 W TZ2E ZAAA 2" #AA FAHE
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2) st=dlo 71 +3
(71 SCU

O 7Ma
SCU+ SCU-MCM(SCU Main Control Module) 2 12 g 9]
SCU-SCM(SCU Signal Conditioner Module)?t SCU-SPSM I(SCU System
Power Supply Module D% 37I1] EE3 ol& F4str] €3 19° 6UY
Subracko 2 450} gon 1228 7329 o] T AE7]9 As g dFgu
of o] S F HE Y3t LSU &3t

@ T84
@ SCU-MCM(SCU Main Control Module)
7. 7%
o LS-MCMe27H B¥-g& dF ol SCU-SCMY

o5 B Y WAL YA

ofN
I

o CPU+= 8 Bitd On-Chip Micro-processors AH&3HCH

o Wi FF 7T F7F & Sste] 32KB ot FE

E+ RS232CE o83, LS-MCM#e] A&
A AFEE, A HE, doly HE, A=A HE, ¥

HE Fo) W5 24T 5 glojop Wk

& SCU-SCM(SCU Signal Conditioner Module)
. 7%
o 7} Ad 9] Ex-core Neutron Detector A2 & dZHute=t)
A1%%E LSU(Local Station Unit)®l LSU-SPM¢ 4=
#delxo] gtx2 Melxog 10, 20, 40, Y0} ZZ-aic}

O
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& 100dB ©)4+9)

NEZE7NE FA

%< CMRR
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K

5]

(Common Mode Rejection Rate)S

~K

L

=)

2]

7}

<5

}od Calibration

)

g A4 A4 025 v /T olEkY

2 Y=

=
T

A8

so) Hdf Pl wek

al
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% o} SCU-SCM

%l

o LS-MCMCOo2RE A7 WH&
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CcOw

—COUvVHCO

nwrrzH-—w

(1h) LSU
@ Me
LSUE MCM(Main Control Module), DIO Module % 12 Xj
49 A3 A EER FAE e fazHolde=m
SC-SCM¢] LSUEHASE ¢gitel dx2 FAFATE 94
F2](Phase Separation) €318&S 73 & 1 Ay &

ACU(Analysis Computer Unit)d] LANS %3] @48},

© THex
@ LS-SPM(Signal Processing Module)

o o o S "
| LS-SPM
| e S - ~
o i
1.5 I ‘ | il
PN | | Ls-DM
‘1 A | & > ADC - Panel ||
N ]
LA MUX ; |
U —— —
15
I
{ } % R,
j | | LS-MCM
| Control | FIFO |
| 1 Logic | MEMORY |||
. L i
i Z i | i A ee—p
| | ! RS232Q, scu
| - —
‘ TCP/IP 7T7ACU
: ‘ }
i B
1

14 3215 LS-SPM E5%
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-1, 7]

olf

o 64K FIFO(Circular Buffer) W= &¢] 10usZtB oz
zt Aol A5 dHolHE A%

o g AA w} Circular Buffero] %€
A3 dHolEE Motorola DSP 5630191 <))
Busell A$5o] LS-MCMe] #Eglef A

v A

o opd=21 UH ad : 12CH

- Differential Inputs

-~ Programmable Gain control

}

High Speed Parallel interface
Sampling Rate : 50Khz/CH
~ Resolution : 14bit
- Input Range : =10V
- FIFO Size : 64KB
o PCI Controller : Motorola 56301 DSP
- 24bit 66Mhz
-~ PCI Bus Operation to 33MHz

!

- PCI Purposed 2.1 Compliant Target/Slave Device
~ High Speed Parallel interface

@ LS-MCM(Main Control Module)

-1, 7%
o A]A]Zl-oi 2A4x}§

A
LS-SPMo 2 HE HEH

o dAE FLAFE MCMO 14 ZRAHME o] 43td T

e FH(FIR), AUTO/CROSS, Phase &~%HE
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Ho
o
Mo
)
2
fd
A
oy
o
)
ofo
o
£
rio,
>
bt
Mo
ol
sl
{r
=2
k=)
i

|

LAY a7 o2t AR &F

Nz 2 AT}

o ACUZHE LSU ¥ SCUY 7} #+4 EE
s et

o TFT Screeng %3 LSU % SCU9 Z

o

¥ LPMS LS-MCM Al A%
@& LS-DM(Display Module)

0. 7%

fih
B
ﬂllﬂl
i)
ol

o oy 15" TFT Zg AA ZUEE AHgsto] &4

Bege ATT
o NxY 2§ WF 43 HE AT

o Axd £8 ARHA AT

o gAg ﬂi‘iﬂ% % setuE A4 HH AT

R 2
% LPMS LS-DM AM¥s} A%
€@ LS-PSM(Power Supply Module)

. 7%
o LSU FHEEES F&3] &8A17
v, T

% LPMS LS-PSM Abekst Ak
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3) 2ZEM ] A& 74

(7h sCU
@ AZ Ade] FF o5 AF
@ A% e oz I Ade Z=F olE WA
(x10, <20, x40, x80)

(1h) LSU
O ANed 873 A4
@ AN A, °lF
O ¥4 9=% Au
o A= FF

(Rectangular, Hanning, Triangular, Flat-Top)
o Yx$ Hol (512, 1024, 2048, 4096)
o Y= FA 7ol (0, 256, 512, 1024, 2048)
@ T3 B9 (64, 128, 256Hz)
© Average 35 (1~300)
O FF o5 (X1, X2, X4, X8)
@ FIR ZH AHE
o 4B FF
o QAL
@ For 49 AaA
@ Auto spectrum

K

Fi

LA

)

© Cross spectrum
© Phase spectrum
€ Spectrum average
® AT m=d FIg 54 75
@ Global mode
© Beam mode 1
@ Beam mode 2
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€ Shell mode
@ 314 §A

@ Time domain signal trend

@ Auto spectrum trend
® Cross spectrum trend
@ Phase spectrum trend

Phase separation trend
HESA dZ A

(th) ACU

O 4 44 EUHd
@ Phase separation trend
@ 4 =7 vy

==
.

H1

@]
o
k1
o
ofN

=
T

o
H

—o

oLl

o
3o

i

N

o

® ©
HE MHT
jzjzo
mﬂ [UH, rO ro
ST
L V)
I < )
o
wn
8.
<

o
Mr A

O
ox,
8 1%
of,
18
J {
fu)
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(1) SCU

(7h) Main Control Module

@D A=A Schematic

2% 331 SCU-MCM9] AA =%
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X2

2 GND CX

1 NC vCC
16M

® SCU-MCM F8 AlF3z
@ CPU3 =

68K

3
S¥REEREE S
el

Qo

O ©
o CPUE g2 AAV gol3t=& 8 Bit, 16 MHz & °]&
2] On-Chip Type® AL A3}
=]

HRe & 75 F7F 52 s 32KB oldY F
g &FE 7FF Read/Write Cycle 100,0003] o]/
Flash Type (Z223, dlo]e wEHZ FA AME 71%)
o Re AHEEHL

- 4KB of In-System Re-programmable Flash Memory
— Endurance : 1,000 Write/Erase Cycles

- Fully Static Operation : 0 ~24MHz

- 128 X 8 Bit Internal RAM

- 32 Programmable I/O Lines

- Two 16 Bit Timer/Counters
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- Six Interrupt Sources
- Programmable Serial Channel
o Memory
- Fast Read Access Times - 150 ns
- Endurance - 10,000 ~100,000 Cycles
- Data Retention - 10 Years

© Memory, Peripheral 2 I/O Uiy 3=

19 33.3 SCU-MCM% Memory 32 %

R REE=

MEMORY MAP

0000 ~ 7FFF
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L. Peripheral 2 I/O @

/O MAP
ADC

A000 ~ A003

FND
DIG4 DIG3 DIG2 DIG1
A004 A005 A006 A007
LAMP
NORMAL WARNING EXCESS BUZZER
A008.0 A008.1 A008.2 A008.3
STIM
CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 CHI10CHI11
A009.M009.14009. 2.009.3:A009.4A009.A009.6A009. A00A A00A.AOOA.AQ0A.3
SCM
CHO CH! CH2 CH3 CH4 CH5 CH6 CH7 CH8 CH9 CHI10CHI1

GAIN CO000 C004 C008 CO0C C010 C014 C018 CO1C E000 E004 E008 EOOC
MUX €001 C005 C009 C00D CO011 CO15 C019 CO1D E001 E005 E009 E00D

u? VCC

vee C224 1 1
; 1o I ¢ w21 Ej c?
vee b co 3 | i j 10u
GND i I 20
10u |8 2y 10
= L c2- Y I o

THL 11 14
™ > o T1IN T1OUT |~ —TTYTX

%] r2in 12007 [
RXD 2o Zleiour Rim 3 RX
RES R20UT  R2IN RESIN
MAXZ32
vee vee
u?
® vee
B o
B? 7D 4
103 = R?
I 2 1K
K UNES
r—a 6
- RAD =L, }n L 2] TIC? % R?
7 102 150
O} r? <_JLINE-
2 R?
vee RS SN75176 ; 7

= O O
o B ¥EE RS-232CE 7|2 dEso]2z AT

o)
o
i
=
W
&
0]
N
1o
i}
o
y
il
o
>
oo
o
w
O
-
lo
ot
o
flo
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ste] B4 Z2EZS Fn|sith

H_ 3L
v FoEE A

o RS-232C

- SAIEE - Al FAlgk JhE
o RS-485
- A Edo] - 30 m

@ ADC 3=

2 qgweases

a9 3.35 SCU-MCM% ADCI 2%

- 72 -



el

)

w9 o

20,000 =¥ ool £1 Ag/HAd

A
L

o ADC

o ADC 3|24 AF&H

)
.5L

dlo

JaA oldz

=
=

U4 e A

A
L.

o ADC 3&d F45

o ADC

- Accuracy - =1 Count Over Entire =20,000 Counts

- Guaranteed Zero Reading for OV Input

- True Differential Input

- Multiplexed BCD Outputs
o Voltage Reference Diode

- Low Temperature Coefficient

- 0.2Q Dynamic Impedance

- 1% Initial Tolerance Available

- Easily Trimmed for Minimum Temperature Drift
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@ tlz=Zdo] Ao =

. AAMESE

>
rlo
B>
=
rN
S
N
3
k]
o
o
b
9
IN
o3

o Dynamic Drive W
datthe AAE 7HAa ANk Ao} oW FEIF B
stmg Fyubio] 73k Static Drive WS A &38ht)

|

o AE ADYE AARHRE FEHRYE W74 A

>~

I
© Photo Coupler

- LED
Forward Current - 25 mA
Reverse Voltage - 5V

- DETECTOR
Output Current — 8 mA
Output Voltage - 0 ~15 V

- Isolation Voltage — 2,500 Vrms
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@ I/O & QIEFo] 23R

74HC245

AR RN

o 7z IC &Azte] dile] BYE welste] F, LS, HC
C &2E H43] AHggh

£ Agszz A8 24 ICd 3

™ Fan Out& 123t Bus Transceivers 43| A&

gt

L. I/O Write Timing

ADRESS ENABLE
1

i DATA WRITE

A1l 5.,m' ll / N
JWR \ '/
D7..0

VALID DATA

- 75 -



(W) System Test 1 Module
@ AA Schematic

5 1 Tt 1 8 P P

137 e sl ol

N
o
w
w
Qoo
w
O
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!
=
=
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i‘l

@ SCU-STIM 8 AMF3&
@ Contact Output &=
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A
«

o

]
s

A4

=

=
Al HH HSE to]=g AR

=

=

=

£33 183 Dry Contact, Weighted Contact 8¢
9 ddlold B

|5 20W o9 CHA Type

@]

JESCEE B

Gl

ERCIES DR P E)

A

k2

—

o Contact 4

i

A BlAQlE Ho] 2 el A

].

2 9
22

=

32 F3
J218 - Au
AlZE - 3 ms °]3}
AAZF - 2 ms ©]

H
f=]

23]
&

L.

e}
- 8% - AC 110V/0.3A, DC 20V/1A

- HAEFAY - 1e
-

o Relay

O

- 24 VDC

1

ol

o

il
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(th) Signal Conditioner Module

(D AA Schematic

213 3310 SCU-SCM%F A T4%=

@ SCU-SCM F8 AF-3=
@ AHs 2 FEI2
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(Common Mode Rejection Rate)S F&#3gHc}.

o zo) AHSEHE RE AUFE/NE 50 W ol3te] @
2§ AL 025 & / T oldte 2% =azZe
£ 4URe A& AHgde Sezed gF 948

R R
0 Analog Switch
- Switching Time - 0.6us
- Analog Signal range - -15 ~+15 V
- Drain Source On Resistance - Max 450 Q
o Opamp
- Offset Voltage - Max 230 @&V
- Drift -~ Max 0.25u4V. C
- CMRR - Min 115 c¢B
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@ SCU-SCM 7|54 HXAE
aRCEER
Input : 1[Vpp] 5[KHz] Signal + 2[Vpp] 500[Hz]

Common-mode Signal + Noise

1.804—

1. 8ul

600KHZ

508KH2z

280KHZ 300KHZ LoeKHz

Ay :1 {f”t'w%*ﬂv'\" o vgm

o

1

18BKHz 20BKH2z 3B0KHZ 4A0KHZ S8BKHZ 600KH2
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(2} Preamp Power Supply Module

D A A Schematic
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— snonaren
n
.....
; e
T e r..
Bare: s Mo vmmber_ T A Shaat, 1

a9 3312 SCU-PPSM A F4H%E

@ SCU-PPSM F82 AF3=2
@ dZdoldsz

u?
|M317
w out |2 '
ADJ NP3
N40O:
1 R? &
2407
+-C? +_C? — +«1_c7 o
220n 1000u/35V" 10u 220n
o o
R1 vl cril 2
ELS 220n

|

Tmu
o

19 3313 SCU-PPSM=Z #d=ZdolAd 325




o &% IF AW FslolA ImV o]&7t HEE i)

0 Regulator
- Output Voltage Tolerance - 0.1 %%
- Line Regulation - Max 0.01 %
» Load Regulation - Max 0.3 %
- OQutput Current - 15 A
- Ripple Rejection - 80 dB
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(2) AMU

(71) Input Selector Module

(D Schematic

29 3314 AMU-ISM A 4%

Z9A

= ddo]

s

3

d e o] A

i

1.

:F.

]

EL

7] 984

(1}) Preamp Module

o,
1 Mute

5]

% glojet @

Z Aee 10dB~ 20dB7HA] 7pwis

AUZ

1.

0dB ~ -60dB 74A 7b#E & glofok

7P I ghefof

=, 3dB WY

e,

e

Shejol @

=
==

=
=y

89

# 2~3F 20~20,000Hz<]

o
T
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o).
2. THD(Total Harmonic Distortion)& 0.19% °JU|& ‘?}‘4

@ Schematic
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i ey SR =3 F— IS ——
e s | i n
L ar T 9.1y

st s S

a¥ 3315 AMU-PrAM AAFAHE
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(th) Poweramp Module
@O AA Schematic

yurs = v o —

23 3316 AMU-PoAM #AA 4%

@ Front-end3 & Schematic

EL Ll Lo -
:_ﬁ“? J‘ 2% l_l_\“”“
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2 Re -
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§L TE
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s
¥
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a3 33.17 AMU-PoAM<= Front-end 3|2 %
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@ 2HARIZ3E Schematic

T=C24
100wE3V
N ~ ¢os 3
Twsv 3 $ 8
o
2 ) as
013 °
nC [ —— 2 R106 1M
GND3 [ R1O7 1M 1N4148 .
&
+DC [ — AN 2 z MJE30SST
y 4
R109 1M ¢S« h
ES% 014 RLY+
ﬁﬂ 24V W
N2 | — = S JRLy.

a9 3318 AMU-PoAM= 497 B3 325

@ AHFZZ3)|2 Schematic

“UNREG

23 3319 AMU-PoAMT AF5% 2%

® AL
1,80 23 ALS A AZo| FHS A 10W 744 TG
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L wjolols AUS bsie] AT ZE, ABR ZES AuE
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o

9] Heat sinkE ¥-32s}o]

&

B33

=
=

A}

(2}) Power Supply Module

@D Schematic

TREY
¥ AAA A ..
3 RE

e 3 L AAA
<3
i
HE] " n.w.. EH
— LAt Kl Ko dans e —
] 2
mn
1ff 2 - I
A} i\

H
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S

13 3320 AMU-PSM A+
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(3) LSU

(7}) DSPE ©]£ 3 Signal processing module

O 8=

—

Configration
EEPROM
4

DSP

MEMORY

BLACK

A4

Dse

EON {x A
A
M> <J\:1/l\ N P >
1
j Databust CPCI njcerface L :>
Logic
M$ o — i%
—
» ERr
- S
m =
o a |ld 3
2 -
0 <
Control P F
Logic (— > ]
ﬂ‘

A

Program

Data
Memory

L]

71 3321 DSPE ©]&3% LS-SPM 4=
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- SPM F8 AM
@ Analog Input
1. Sampling Rate @ 100khz
L. Resolution : 16bit
. Input Range : =10V
@ Analog Output
1. Sampling Rate : 100khz
L. Resolution : 16bit
=. Qutput Range : £10V
@ CPCI Slot
7. PICMG 2.0 Rev2.1 CompactPCI Specification compliant
€ PCI Controller 3=
1. PCI Controller : AMCC 55920
Memory Block 3=
1. DSP Program/Data Area 64KB X 32bit
. Event Data Area 256KB X 32Zbit
A3 HE ZEAA 32

=, o|WlE HEA] olWlE HRE SPM-Controllerd] &3t}
@b SPM-Control 3|2
1. PCI-Controller AMCC S592094 A3l HElZ2EA H
3Bit o=@l ~9h HlolHE TaYga, |
L. PCI-Controller AMCC S59200|A4] Al &3l= Aojrls 2
FH AsES dEvet

=. 40MHz OSC A13g ol NZH
=. SRANM |2 o} W= HHE ojsc

O, ADCellA Wgd deolgs SRAM wiEz EFo 104

sec 7|2 AAsch
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4B8Vrms

X

a8 d

Spectrum Analyrer

diiVrms

Spectium Analyzer
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@ Analog Output 23
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(U4) DAS H=E o]83 Signal processing module

D FA=
Voltags Aln Calibration ] 1 Aln Power
A Refarance [~ DACs.: . | | Conditiones
Clock :
3
164) |, Gate /
‘ 731y
-0l
1. [ Ext Aln Corw Clock S
: =L, Ext. Aln Scan Clack
= . | Ext. Trigger g
Wrome || pandmios 0
5 PowerDAQ I —————— ] o =
3 it — ' Q|
g Data Acquisition N — Buffer |\ gt O
Ext. Aln Corw Clock CDnU‘Dl and i . y Latch- g
g Ext. Aln Scan Clnok otarn §
SJ =i An ean Llock DOut Cantral
3 Ext. Tnoger Oagieal
Al Clock Dut Output (16}
§ > (Briver]
______ Adn Clocking & Triggenng
i
Outpnug !
Amplifiars ‘_@
{ | Canfiguration
T - ‘—T‘-‘ & Calibration
;———1 ' Lo 4]
Matorols BEMHz DSP 56301 | [

DACs

AQut Calibration Valtage

Raference

&

Bus Master PClinterface

32 Bit POl Bus

&

a9 3322 DAS REEZE o] 83 LS-SPM
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@ DAS HE= 7% AF
@ Analog Input 238 :
d4g HY o £5V
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@ Analog Output 28
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@ Digital Input A% : 48 A &

z%7] A8 : Normal OFF
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Sl
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gl O C O

@ Digital Output 2€ : &8 Ay 2
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\. CH | 11
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49

(th) Main Control Module
(D Bandpass filtering
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(2}) Digital Input/Output Module

® 4=

CPCIBUS

Address bus

Dala bus

11l

i Contigration
i EEPROM

it
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h 4 O
1} C Digitat | O
| input
. o 8CH
CPCI Interface N ~*>
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Control N T —C
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