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Input Signal Selection Circuits Development of Electronic Cards
for Thermal Degradation in Nuclear Power Plant
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[Abstract]

Excore Nuclear Flux Monitoring System in Nuclear Power Plant monitors continuous reactor power up to maximum 200%. The
monitoring method, however, has to be different depending on the reactor power level. Because the logarithmic pulse signals must be
counted and processed exactly due to large uncertainty if their levels are low, on the other hand, they must be processed through
statistical methodolgies if theirs are high to get exact monitoring values, in point of thermal degradation view. Therefore, we developed
thermal degradation input signal selection circuit to transfer low level reactor power monitoring circuit to high level reactor power
circuit at rated value in this paper. We proved their validities through testing them using real data used in nuclear power plant and
analyzed their results. And, These methods will be used to measure the neutron level of excore nuclear flux monitoring system in

nuclear power plant.
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Fig. 1. Overall functional block diagram.
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(a) Voltage Changing Circuit
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(b) Voltage Inverting Circuit
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(c) Multiplier Circuit, Adder and Inverting Circuit
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Fig. 2. Overall proposed circuit.
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Fig. 3. Voltage changing circuit.
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Fig. 4. Voltage inverting circuit.
VCG VCC
Us T 5 T
1
B2 G >—£— Wi
3 | %2 7 T | X2 =
A o - 1 o A s 7Yl W -
5 Y2, e
& i
I
Jz gl
VEE WEE

a8 5 5932
Fig. 5. Multiplier circuit.

RT
muleiplisrl —/yyy

RE
r2 A

muleiplies

38 6. 7H7|
Fig. 6. Adder.

www.koni.or.kr



J. Adv. Navig. Technol. 23(6): 554-560, Dec. 2019

Sla) 3)20) 7t Aol ther 3 19] g A gate] Al
ATk Ak AL G0 Vel 10 VA A% o=

waZkske 2o Abgalaint BE TA9R sl %

A Aok A& 5 sloh 223 71EAFE VR2 = 10 VE

e 7SI o] 3kE Hashd 7] ), @) 24 of
e} o] FAHL)

e Vi= —47V,+240, V, < Vp, (6)

V,= =410, V> Vy ©)

J8 7. Meede 2 e 8AA(0) 0] A= 10velth ma A7) 9] 5

Fig. 7. Voltage inverting circuit.

r°1'

Pﬂ% ovelt}. o] 3|25 AlEdloldst A7}, viz v2e] =

3-4 TR 28 19l 89 Ak Vil A, dEke] 2 wiE 10VE Al
-4 JRE
g % FA7E BAAG)NA V1] Fro] &) gho €7
2] ) AR RPN NN = & =
o) WP T 63 o] TATI AASES| Us, A o SISl AEStel e gl M wik S, Vs =
R7, RS, RO, RI0O.2 o]=0]7 73] s o, ool o 100V oA 0 VE €t hHF ko] VR Ak} obA=
—= N vH £7HZ Vs = VR 1=5 VY o) o] #ete &5 voltl.

g vholgo] 7k gAi7]e] ZEAS Vml, Vm2e} 5 o 7}
A17]9) 2418} Vats

H1. 320 REHE U

Table 1. Part values of circuits.

RIO

vV, =— (% Vit N sz) (4a) components | values components | values
7 8 VCC +15V D3 1N4740
VEE -15V R1 10k
o|t}. 19l d] B4 R7=R8=R10°]| 2. & 4}7] 2] VR1 5V R2 470k
VR2 10V R3 1k
U1 LM224 R4 100k
V== (Vo t Vi) (4b) u2 LM224 R5 100k
us LM224 R6 100k
22X 1 SHASS AT sdate whol 519 #e= U4 AD633/AD | R7 10k
s} =, 22 YEgke] 7 E o] o] FRoA EFHE us AD633/AD | R8 10k
L ue LM224 R9 10k
= Aol u7 LM224 R10 10k
D1 1N4740 R11 10k
3-5 HgHkds|= D2 1TN4001 R12 10k

o] 3|2 19 73} o] FAE M, 7719 EEFke] 2()
9] glo|B 2 o] & WA AA Y3k 28-S &7 S8 3|2 o]
=4

ol AAEE7) U7, A8 R11, RI12E o] Fo]7 w3l
ﬁo%ﬂO]D} o] H71E Fe 25 YEalse) 5Y
Al

Wl curve V2-curve

olN
o,
1)

¢

rob

Vie == Vo=V, ®)
oltt.
¥R1
IV. AlZzflo|M T8 8. 7| EHY F9lo| HMof Ho|BM
Fig. 8. Control changing circuit around reference voltage.
2 Aol APk 19 29k 28 520 45 A5

https://doi.org/10.12673/jant.2019.23.6.554 558



o] HgtHels| =] EF&7gte]
7 89] vas} 2wk a g S A €k o] RlellA MY
0|32 o] mo] o] RS Al9] gk ¥ 9lelA] 10 Vi= 0 VE,
0V 10VE W ghelgl
¢ VRIS T 0= sho] gt Hoju= A&
TRreIAE VIdh B R Vio] aPd-S ARk AlelA
S5 ARk & grol H= =3 =, Vs =5.106 VOllA 10 V
= gk 71EdS VR29F 2K So] 10vel Altte| e =5
olgslglom e 17 gl B+l ol S0l gho
N E = Zlo] ofy 2} 10VE OVE, OVE 10VE B F AT

Tl el E9vEe a7l 99 Atk §jEalse] 3717t
e = A w7 el FHbete] EEE Ui, 1S d Yy
VRI1 =5V 2ol G438 sbdsl= 212 = 5= Slth VRI
ol A Ashe] Hold el Ao wA17] 19] A
BA3] sPdshz whd AE7HA] FH Aol 0 VEA A8
aHA 99 w71 29] Edo] 43| SUksA TS s
) o] 5 =9 71EHS VRIOIA deaatshs 2
Sl = vk

19 109] 32 s 22 A3 HEEEA Tl o]

= off

1tipli 2 t

ttern

g 9. 547|9 £ utd

Fig. 9. Output pattern.

a8 10, 2 E5EHNE

Fig. 10. Resultant output signal.

U™ L3t MAFIES] AL T MES| 2 JHE

LM 245 AATHE= ARt Zststel whet A3t
Huz ol gk tiHjo] B et o] A3t 7hEE FollM
ST AA M 227 FhEEe AR e wllo A LA
e SAAES  dAREE e 200%7HA] AEA o= 3t
Ale iz, Atz o] vhe o] 99} 55 o] 7
F-o FEA A s A e gRlo] Febof gtk AAtE & o]
e = dieH o R B E 245 E AP )
o] B A A2 E sof HARE, FH o] AXA Hw F7)
o] 2ol ot oz Aefslol F et gh& A& 5 7
Foltk. o) AAFH=T} Ase = Zlo] 217} Hrk

whehA, AR Az st whE dte] el A 1
2310w} ARl EHalset aHl 2HEE skl
Aelgens S Ags S48 g8 o= A%
atol Aelar] 913k A58 =7k A as).

HEellAE FA7)E o8t HxsiHalse] A7)
uteb FA71e] Qe s RS, 108 wetel 1 At
2 1002 WA 7 Aleg tahs A FHalgldh o7
she Ve eE st B RS TAske] ofe] 434
HEal7] f1ste] ofol At Fbe] e FoF F, H=
He STk BRI o R TR AEE o]
& gl o] AlE ol AE Fato] 7 v 2 uky
HER Aute} dAATRe AL B8tk w3, HEE

Te alols

o
=
<
3

Yghe HxPENTt BASA etk 2 Slsg
o Folstel YA e T A& Holsh Uz 717
Q1) o] 717l o) el flo] AP ALHoR
Ps5)= A Sessnk

B mRol i o 2ol W 828 Tt HYL Fato]
ole] S AZIAL FF olel @ 82T Wiz @Yo
4 g3to] AFHUL B F T e Yo R AT
B5)7] e,

Acknowledgments

~N
ip
1ok
>
~

>
fir)
X
N
iy o
Y

=
@
o
Y
JE o
o

AZNENBARY/ DA b
Ad S S AJASTIEAGAIAE T A
(20181520102740)°] Al o2 = AFHT

559 www.koni.or.kr



J. Adv. Navig. Technol. 23(6): 554-560, Dec. 2019

References

[1] B. Gilbert,
subnanosecond response,” IEEE Journal of Solid-State
Circuits, Vol. SC-3, No. 4, pp. 365-373, Dec. 1968.

[2] All Syllabus, Analog Multipliers, Available:
http://allsyllabus.com.

[3] A. N. Saatlo, and I. S. Ozoguz, “Design of a high-linear,

high-precision analog multiplier, free from body effect,”

“A precise four-quadrant multiplier with

[Internet].

Turkish Journal of Electrical Engineering & Computer
Sciences, Vol. 32, No.2, pp. 820-832, March, 2016.

[4] A. K. M. Obais and R. S. Khadair, “Design of a high
linearity four-quadrant analog multiplier in wideband
frequency range,” Journal of Babylon University, Vol. 25,
No. 2, pp. 568-578, 2017.

[5] C. Sakul, “A new CMOS squaring circuit using

4 & & (Jong-ho Kim)
19904 : WX|Ch&hm Atoinpstch st S2|&kat (0| &AL
1999 : WX|CHEtm Atedmpstoh st chstal 22(5m} (o]
2000 ~ 2005'—4 ( IMGAC|M FA AT A AT
2009 ~ A} : @MY SHATA AT AR
¥ ZAEOF: ?H|0171I RN
Z| 71 &l (Gyu-shik Che)
19734 : M2rstl S s MY |Ssta (SEA))
1993 : WX|CHst M7 |SET} (SEHEHA]
1993 ~ 2014 : Atostw o|Zstn} m==
2015 ~ &A@ (F) LS 02
'. x ZHAlEOF: FMAbs| =, 2RI
https://doi.org/10.12673/jant.2019.23.6.554 560

voltage/current input,” in The 23rd International Technical

Conference and

on  Circuit/Systems,  Computers
Communications, Trang: Thiland, pp. 525-528, 2008.

[6] C. T. Remund , Design of CMOS four-quadrant Gilbert Cell
multiplier circuits in weak and moderate inversion,
Brigham Young University, Utah, USA, November, 2004.

[71 B. Boonchu and W. Surakampontorn,
CMOS
Technical Conference on Circuits Systems, Computers and
Communications, Seoul: Korea, pp. 646-649, 2015.

[8] B. Boonchu and W. Surakampontorn, Voltage-Mode CMOS
Squarer/Multiplier Circuit, Manhanakorn University of
Technology, Bangkok, Thailand, July, 2002.

[9] C.-I. H. Chen, 1-GHz CMOS analog signal squaring circuit,

Wright State University, Dayton, Ohio, USA, Aug 4, 2016.

“Voltage-mode

squarer/multipler ~circuit,” in International

199244 : WX|clstm Kfod nfsto) st o &2l S2|stnl (0| 5H AR
SHEEAD 1997 ~ 20004 : AP K} APA A Td TfStod 1A o 12|

2005t ~ 20094 : SHRUAIMT|&F FAodTA o PAS

19834 : wE3 15 M7 |3 stn} (S8 A}

197814 ~ 19931 : BHRF2Y|s BYet 7o el

20143 ~ 20156 : (F)ULnpe] AFAY





