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Correlation of SRNM and FMCRD

SENM and FMCRD both aim to attain high system
reliability. FEach system have the following features.

1. SENM is very sensitive to the High Frequency noise.

® Transmit the very feeble curren t.(nA~ud)
® Have long wiring from sensor to monitoring unit.
® Have amplifier to amplify the sensor output.

2. FMCRD produce the electromagnetic noise.

® Motor controlled b Vv Inverter.
® FMCRD cable transmits the inverter noise.

3. SENM and FMCRD arranged very near under

the vessel,

» It is necessary to consider the effective
noise shielding method.

Noise Considering in ABWR

ABWR Reactor Building

SRNM Cable

Sensor Output Induced T

(mA~uA)  Noise
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Shielding method for “Induced Noise”
* Shielding-Tube

" Installation cost increase
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Noise Considering in ABWR

ABWR Reactor Building

To Avoid Recurrence of Noise Effort :

New SRNM Cable Development
(Focus on Shielding Efﬁcnency)
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‘Development Policy for noise shielding

Noise Shielding for Signal Cable

Improvement object

(a) Signal Attenuation

Signal-to-noise-ratio

Improvement

- <

Signal
— [— > Reduce
Noise (b) Induced Noise
(c) Propagated Noise

[ > Shield

Change the construction/material of SRNM Cable

Determinate new SRNM Cable Specification

Target Efficiency

* 50% Reduction of Noise Level Compared with Existing Cable.

* Elimination of the installation work/cost for Shielding-tube.

SRNM Signal Cable
(Existing Cable)

Inner
Conductor

(Strands) Insulation

Shield
‘ (Tin Coated Jacket

L Copper mesh) L

Cable End |'< Sle

(b)

Improvement

object Targeted Structure Development
Signal (I)Inner Conductor | (1) Reduce 'Conductor Resistance
(a) Attenuation (2)Insulation (2) Reduce Insulation Permittivity
(b) | Induced Noise Shield Increase Shielding Coverage
(c) Propagated Noise Cable End Add Noise Reduction Route

within the Cable.




Determination of Cable Specification

(a) Signal Attenuation Signal Attenuation
Inner Insulation 1
Signal ;onductor (1)Signal Consumption
» % + By Conductor resistance

Consumption

| (2)Signal Leakage

(1) Signal Consumption reduction From Insulation
= Number of Strands are changed

Leakage

Effect of Changes
30 i 1 ' | . b
Strands for . l T Pl
E‘ ....... xisting Cable ': E { ;,"
Inner Conductor < 251 __ Developed Cable it
% T T | “.’5 /
) l I "... ]
20 | - // -
. . = ! ]
(2) Signal Leakage reduction E | =
= Insulation material is changed gr } '
= !
e 1
5
w2

(b) Induced Noise

Shielding Construction

Existing Cable Ideal Construction Developing Cable

Induced Noise Induced Nojse i Induced Noise i

90% Optical Covered Metal Pipe Increased Optical Coverage
* 100% Optical Coverage Adapted Covering Tape ‘

Electromagnetic Noise * Noise Absorption Increased layers t

can through the opening High Efficiency [ Hign Efficiency
of shielding braid for Noise Shielding for Noise Shielding
—— ] ]
Cable cannot bend under | Difficulty of Cable Bending.
the vessel .
Installation work is No difficulty for

impossible Installation work J
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Determrlnatlon of Cable Specnflcatlonv | | | |

(c) Propagated Noise (Add Noise Reduction Route within the Cable)

Electrical Equivalent Circuit of Cable Noise Route
Inner Conductor

* Noise current invades
from cable end and.
propagates to inner
conductor.

1 Inner Conductor * Insert Jacket among the
Z | l S shielding layers.
Propaga- |
<

Propaga-
ted Noise
Current

Existing Cable

Shield

red > T * Connect the both end of
Current cable shields and make
loop circuit in the cable.

|
= Loop-Circuit

Developed Cable

Noise current denies
mutually and decreases.

Page-12

For Existing/Developed cable,
we made electrical equivalent

— 100 | eeesess Existing Cable . .

< 100 & circuit and evaluated about the
o —— Developed Cable . .

iz wide band noise frequency.

§ 10

-~ ’ ‘b‘a‘ﬁ‘

g 1 ....... ¢

= .

(3] ost?

S e

° T From 100kHz to 10MHz,
= . .

2 caused noise is reduced
5 at Developed Cable.

g

St

0.

100 1000 1%x10*

Noise Frequency [kHz] Developed Cable is effective
for wide band frequency.
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Noise level is measured at the
following situation

*Changing the distance between cables ||
*Changing the SRNM Cable (Old/New)|ra

FMCRD Motor
Control Unit
—
SRNM
Monitoring
Tt Unit :‘,;
= N\_‘L T
, Conduit Pipe =
“Noise Level” Imitation circuit
Pre-Amp. SRNM Cable instead of
SRNM sensor

e e e e e e e i e e s rn e

""" Existing Cable
= = Existing Cable + Shielding-Tube Noise
= Developed Cable Current

FMCRD Cable

40

! Electromagnetic

| Field Distance

w
o
i

SRNM Cable

Noise Level

20/ N[ Noise Level Decreases
N ‘ With Increased
Distance Between Cables.

S~

Effect of Shielding-tube is
Noise Level reduce
from Existing Cable

0L
2 3 4
Distance Between FMCRD/SRNM Cable [cm]




Thermal & radiation Resistance (LOCA Test)

Pressure

—

In Accordance with IEEE-383, we evaluated the
thermal and radiation resistance of Developed Cable.

After thermal aging fest and irradiation test
(equal to 40 years life), Developed Cable was tested
under the environment

[y

2 Apply Voltage simulated LOCA.
5 171°C 171°C
g 160°C
& 150°C
121°C .
7day _fsese)\ | _48a36) 121¢
| I !
| I Pressure[kPa](kg/cm?) -
20 10 I L 177(1.8) All tests were cleared.
vy o L___lmus .
P .
IR I R R R Developed Cable is
Thermal o rpy O Smin 3h  Sh 8h 1lh 1sh 13day ded Cl‘ s 1E
lj‘"g\l,"ad'a"z’}, LOCA simulation _ ——2¢— | T€garded as Class IE.

Conclusion

Compare with existing SERNM cables,
New cable developed by Hitachi has advan tages as follows;

1. Signal Attenuation reduction;
Prevent the reduction of SRNM szgna]

2. Noise shielding;
Keep high shielding performance in the wide band
noise frequency and various type of noise route.

3. Shielding-tube is reduced.

This cable can be used as Class 1E |
#5> This cable can be used in BWR3.4.5 and ABWR
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