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Abstract

Control Element Drive Mechanism Control System(CEDMCS) plays a
decisive role in regulating the reactor power and shutting down the reactor in
the trip condition. But, due to the failure of CEDMCS, the operating plants
have had many experiences such as unexpected reactor trip or interruption
during normal plant operation. To prevent those kinds of problems, it is

required to improve control logic.

Zero cross detection cards in CEDMCS could be made trouble which
cause unexpected reactor trip resulted from fluctuating frequency of input
signal coming from M/G Set. Some of the problems have been solved by
modifying zero cross detection card circuit, but the other problems, such as
output voltage variation resulted from input frequency change. Because
current zero-cross detector was designed by analog technology, it was

difficult to resolve output voltage variation problem.

In this report the zero cross detector was improved to resolve voltage
fluctuating problem by using new devices such as digital noise filtering
circuit, variable cycle compensator and alarm circuit. And through the
performance verification it shows that new circuit is better than old one. If
suggested detector is applied to plant, it is possible to use it under House
Load Operation because stable output voltage can be generated by new

7zero—cross detector.
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Zlo] 8 TFFA Aol F(CEDMCS)L 4x2 7% % FNEH F %
Ao} AE AgAo] NEo) met FHA F5+ FAY A¥E x4 Wz 4
Y EE &3 922 Y& Aot qU} UANZRIAF HALIA
o YAz HARE7] PA ZE A& x4 Wz At AA 432
& A A= FAE ¥ £P5T Ao Y 7129 B
M Aoy FEFA Aol T nFoz o)) B3I dHL BA FAE
71 AY A4 A& 2Yste A4t Bk

4% 345719 Al &AH(Start-up Test)Fol 3L nFg 4oy A F9 3
7t 4393 €2 L=(Zero Cross Detector Card){ldl, ©] 7t=71 AW ate]
33 53 NEE Y FA AL FEZ Jl=o) Y& Eoln zE HARIL
FH& FHIA drl Foll HHFiring)A Aok st AAHAM H3lgt=ol Al
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o o] F IYAUGE AP £MHZ Aojgo s Aoy FEFAF 4
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H2g & B

A1 Aol¥ TEZA AolAE

1. Ao} FEZA AojAR A

Aolg TFFA AoAF(CEDMCS)2 €2 7]% 9 A4EA 5 &%
Aol Azy AFAMe Azo) met FHA F+ FAY AoEE x4 = 4
Y EE &3 422 Y& Aosts G A2 RIA T YAAZA
oYy Axz FAAG7] ARA BE AojB g x4 2 ARHE AlH 42
= ¢AsSA FAANIE oY ¢S FAs Utk |A2E AP A A
FAY A Y77 A B2 AolBe] Badt &3 34579
A% 73709 AMolBo]l Qe 47he] AojRo] 3o ¥IFL YAt 18719
Fa§e2 FAHY Ut ol§ BIF 1-470& 2ol Ao 2E(Control Group)
& ¥A3ed 2709 HA(Shutdown)1 &% 5712l ZH(Regulating) 1§, 122

1789 B2 A Part Strength)2§°] At}
Ao g FEFA AojAF Fa FAHAFES AvEd g3 P
7} Aol 8- FEFA] AMolA T T4
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4& A JehgE 29 13 2o



Vac
M/G 139 Vac M/G

Reactor Protection

RTSG je— .
Signal

Rod Moving'l Ao} =2} 3= | Current Power 22 | DC CEDM
Signal (Timing Module) | Signal Supply Coil

28 1 AR FEFA AAEY 4

(1) AB%7) ¢A7] ME(Motor Generator Set) ¢ €2 Az 293 7)o

{ Reactor Trip Switch Gear)

2 do] A7) $A7] MEE 139 Vde HE& 9A2 HA 2944 7|9 &
3 AYzz Ric f4x2 B30T o FA 24K 71o7F AYEHA
Aoj B A&, A, Aok AP AFy] LAY HMES Aol ===
ZE AMojgo] F¥H A8 x4 W2 A/ H33ie] {42 E GAA FA4A
U4

(2) AolB FEFA AojAE =2 =2

g Hols 12709 FEMAA2])9} 2709 FEMAA 77 dASH
. o] Hlze 4R £F EE AFAo] Azl gt 3 AF F o=
Aol g& AU EE AEY AYHE FAZA, YAD cAo met AojRE £
Joz 44717 A oy N2 g HF AYHI) FFUc




(3) Aol¥ FEFA AjAF AY A=z

A9 H=E 23 A A=9 AY A 24 5oz FYHY, 35S %
A7) AEM FIHE AAE £2) H2M B £ Pl me} AF AF
goz WBAA 8% Aol¥e] 4¥o)F(Upper Lift), 4% 2 (Upper Gripper)
31§-o] F(Lower Lift), 22l 31t 3 A(Lower Gripper) Z Yol FFH 2N A
48§ U2, AN, A4Y Ak

(4) Mo FE3Y (CEDM Coil)

u U 50V
U _ Upp [—|
25V
Upper Upper 50V
Gripper ripper Py _l ’ | I I
Lower Lower 50V
Lift Lift l I | I
25V
léoyver léower 50V
ripper 1
o P—_L
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2t Aol FEIYL Aoy, FRFA, sHeolF 2n FREFYA =
YL (Stack)2 2 2450 Atk Aol F A e A& A =2 H2g A
Zof e} AL RFEH FIFE AR AKE Pol, A& Ee ¥) o Yoz
A A& A Ev &A1, AR Yl /& delle ¥ FA 2
Yol AAgel FFHo| Aoj¥ol A HAAM PA Y@ AAHEF Ut

(¥ 2 A=)

- (5) Hold Bus

A2 wPo2 Asty Az Fley F=, £ & A7) ¢ HA R
F9 N7t FAY AF ¥F FaFo dY AYE GRM FIsle BF
Foll Aojgol H3ts= & ool drh Hold Bus Power Supply 7} ©] A€
€ F33 Ftd, Hold Bus Logic Circuit & A4l F371& 83 ¥2§ &
ZA1H F1 Hold Bus A¢F 2AN2E= FAA=de] AAE& F3 U7l F&

¢ AEE HE 5 JISF o

Y. AolE TEFA MM TAE

(1) ¥A=2 AE (Start-up)

2 7h9 AA(Shutdown) 1 &L FFo2 &3 A& lojo} 3jxn &
gAlo] 2FL vlg] 4R &Alol et 5oz ¢HE AFH 15% °)39
FYME AF Aol JHedty ojd Aolg Fia2 Az YA FFLx
(Tavg) ol ]3] Aoj€r}.

(2) AlojBo FF&=



Aol B FFFA AjAFL AojBe] FFLEF MY + UAeH &
(High Rate)d @< 30 Inch/Min®l £52, 383 H&(Low Rate)¥ H& &
Azt 110, & 3 Inch/Ming] £52 Aolg + Utk

(3) Aol¥ WA(Bank)e] 2&E &aAlof

v o FAY AUNF =%7] AMA 2z Ao} WAL aF22 YFolA
Az & 24 duedM FAREF dASH sich AHYHEAM AFIHE F
e Fgatalo] 7i(Master Sequencer)oll o3 AHF Aol 7P 2| (Shutdown)
W3 ga] FEatAols)o) o8 2 HF WA QoA £aA oz FAPL

2. Aol FFFA AojAF =R

w2l dFY 2ol 242} e FEAA] 7| (Slave Sequencen)7}
Az o] REAAslE AGN2 FHE Fof A Aol FEFAL TF
SE& P AAN2E 2 AojRg 0 IPMY 452 2Fo|A e, 4=
£ FeAA 719 RERAI AN Asol 2sto] FHED oot BAW A
3o F2E 29 39 UeY gk

X
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Y 3 =229 A% BT EE
7k A" 29 (System Clock)

=23 2oe 100Hz F35 DA77 Al2d Y822 AHS Hed oA
& Ao} FEFFA MojAFol BaYy BE A 29 EolY 75 & AF¥G. ®
8 o] Al2Y ol 1Y W& Afol HAE 4 Ue WrE A2 Fol
UM A&z A2y EolPE AFY + A=F Hol U

. F&2apAo] 7] (Master Sequencer)

FEapAolr)le &9 AolaF8ez ¥ Jg Y 2§82z ¥ A%
Ack. FEaAols7le Y@ B 1F MY A3 E FeaAorz 2dd. £F
#aH(Manual Sequential) ¥ A £ Automatic Sequential) L= &8
Aol2Fe FELEE &Y Ao|2FE FEAAI 4 =HHED FF
£T & F£2 30 IPMo|A % AF £aF ZEAM AR UEY W AL F
R4 1/109 4£52 7F HER Z2ay =Hol Atk £ FEAA A=
HlZ o]Ho] TFEUD ¥ 2&FF FEHYE 71A¥ 5 ' 71dH27t A

A P A4 ol olFo] LARA gt

k. R #zapAo] 7] (Slave Sequencer)

REaAol 7l BE AolaFd & AY o REAAIIE £F 2
F 2N &4 289 ¥ 2§88 T FEHA ¥EF AL HF& Fo
A FYdsta AP FEAA e JEAe2 FEAANIG EE
71%5& 7H 2 floh



3. A% A8 FFFA oy 2§ Y AY =

Aol¥ FEZANE FEAIIE HeEld JEE 7€ PAHE adez Y
Bl 2@ 49 gt

Phase Sync. Pulse
& CEA Select [

Coil Driver Zero Crossing
Actuating i | Detector
Logic
Control T »SCR ——> CEDM
Logic ——ﬁ ACTM > Coil
Circuit
30, 139Vac

ad 4 Y e F8 T4

7t AF Aol FEAA] Elo|d 2E (Automatic CEDM Timing Module)

() AF 2§ FEFA ol Zg9 F8 7%

(7hH AoB& FEAINZ HHAME Aoy FEIYA AHEY A2 3,

A, 9 AL FFAME 3=, o AFLE Alojstr] AP gy V2AE
LA



v

Up
Gn;ger

Lower
Lift

Lower
Gripper

Upper
L

Upper
Gripper

Lower
Lift

Lower
Gripper

| 1350
860 1100
350 I
180 390
I 1060
10 220
’ l 1300
500 1000 1500
1Y 5 Insertion Timing Sequence
10 350
l l—f70
1030 1250
60 D
72 1040
1060
270 470

1Y 6 Withdrawal Timing Sequence
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() HojB-& FFAINE £5+ F2 30 IPMe2 A3 Algsin &544
292 & AHREle L& EE AL ﬁlc}.

(th Z5 Aoy F5FA oy 2Eo]l nP%E Ay LHL FRI) 23
Bu& B3 YA(gripper)ol 22 AYo] FFHEF Pl

(2h) Mg 3 S+ 2L 93 MP(Motion Pulse) A& & WA 7t
MP= Aoj o] Aoj§ <& 715 AE AojF A M5 Azdl €8
ujoich AR

(=}) 2HE AojB FEFA ElolY B2E T AF 4AME o8 HFZ Ao
& ¥ 5 Ao

(2) Aoj¥ FEFA FE& AP AY FF TA

Ao Bo] £E37) MM AR FEIY HAY T2 HANBF)
& FF8 Folok ot a2 59 6 AY R UEF A 4 MY ZAUL, UG,
LL, LG)__isl HYFF A& JedG.

Y. A4Ex "2 g AoF Hd 3z

zZt B 2FE 2 A HAYEZR FIET UM @ Fl=e ARelsa 4
A 2d8oz nAG 24 A4 R AA} 44 A Y2E FFHL, o
8 @ Jl=€ sRolE R YA 2Yse2 F kA ¥2g FF¥d Y
B Jt=e AY 29Ad Qe FFAY EA Ft=2HH Ao IFE A

- 11 -



=
L

AAE& UGLR ol F JkA ¥2E nEedH 2AY L4 AF ¥ze

110 - 153 Vdcel AYE, AMY ¢4 482 50 -85 Vded 448 + o
At =28 YAFER =€ MIManual Individual) €4 o 49 2§

A

.

o]

(D

(3

e)

65

A AojBo YFE AF Aol% FFAA o] EF& 7H3A ¥
2Y =2y J|F ==

Zt B afole F /e 2y =2ty =Ft=(2d =2tol¥)7t e
Jl=e d&34 2L 715§ 7HIAL UG

AdEx Fl=zRE UYgE ol AF2HA  SCR(Silicon  Control

Rectifier)ell Zlo]lE 413§ A)F¥c}

g AF Aol FFEAA el 2E 248 ¢4 FAEHT Adrt 2P
o] HAHA ARFAA Zdel PAAA AYEE IFE F U= V=&
A3},

Aol g EE U% B3Pl Y& A9 AAY ¥A N2a¥E AW
o) AHNE o F Y FAHE FAAUL,

Reactor Power Cutback(RPC) 2137} U= ogd ¥ J2F e 2&
Ao B FEIUL HUY] AASA AojBo] Ho|x)A Jc}

=28z HUAA AN 2ol VA A A4E TIY £ U
Nz g ABBY.
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2. AP292) o] AH=2] (Power Switch Assembly)

(1) SCR (Silicon Control Rectifier)

Y Eejsi2 RE JojE NI F wol AC AYE DCE @3y A
o] TEIU FFE FRVIZA I T Yz FFECD

BA —k
Gate
7B CEDM Coil (LG)
Gate
oC
Gate
PA_ OB OC QA 0B OC .
(a) High DC Voltage
a
15.148,4%,

@A @B OC OA OB 0OC

_J\ l\ l\ I\ h h h Low DC Voltage
1551 251 L%,

(A) High (B) Low

- Voltage Sequence
(c) _ for Any Coil (LG)
Timer. Timer Timer
l € High 3|E Low a' Off

2" 7 SCRel A% Aojg FEFA 758 Y 74

()]

AC d9 33(H14A, B, C) ol ztzt SCRol A= 2Y =olHz
B Alc|E &g wed HASA S gled, FHd wt 7] g Ay
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& 9& F At 3H 744 ERo| nyY wk Ho]F F B& FEe] SCR &
FHETE DAYE A& 5 AL HE5FF AAYR d=d A4 A B, Ot
SCRE 3% 24 #3td Haztoh ol 27 79 #Y @4 (MY Yo

A3 Aoy FEAUL AF A% FEZA EolY REZVEHY &
Aeto) mhet 2y 79 (OBYANE A4 AFwed

(2) 439994 €A 7}= (Zero Cross Detector Card)
A" AHlol 93-S FA3= & BANY 94 A B, Coll Ui 57 ¥
2(Sync Pulse)3 I4EZX 7i=o] BuUlM DAY 2 448 2(Phase High

Pulse)s} A AY¢ B4 $J4H A(Phase Low Pulse)& T+57] €3 7|&437F €
o}.
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A28 A=z JAA9Y dAr +4

1. 71&9 JAA% 4471

Aol FEFA AAEL ARE FFAINI HAHA AHoF FFZA
of FY T2 AGE FFsc UL Vo o] AYL YYo=z Foles
A& FY 29ASCRIA @3 AP A7lol AENEE FEH22HA
d& 7 Uk 3% AYY FHFE 60Hzoln FAFL aJAY %L F
Add. o] AYAYE YYPAE2 AU JYUEIt IFE Ad A Aot
Fo) AY2=9AAF AR =l met At 27t eAle o gad o
2 9P AAE A7) ANAME Qa7 P& FAse AHE FFEHA #A
dof ¥t olFA FFE FAHA AN RN E 27} dHAY A
Zlolth. J8ju YA 3el xo]Z7} 4o Foled o FfolE kol of 9
st PaA & FANEE YEdT FF e AYs & F Wi ¥4
ot 33 A ©A7 el kolzg AAy] AY d9YEH e 3o

(19 8

Band Pass Zero-Cross Power
Filter Detector Circuit

~ 398 9FAY ¥AA 74
It oY BEHE A8 kolzE AASUAT WH AHgoz A
AYAdel AN VIS AYE A Eok E 144 & & A%l olAR
ARl 42 Feohe FOAWRAE 4714 €k o) Aol IV olsto)
W AR A2 AAsIFel siel AolR dsirpust AW, of B
Ag HFsr) AA dAERE FA DARHY g AES 2AH A
o3 7¥2Ycl AW # A& PE2 AT UTHE 2). 22} ol¥A A4S
e AFAE 3¢ Ushe 99 ohlE R3IVH ot AT AolR FER
U} $BAIE YL & + Ak
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55 Hz{ 60 Hz { 63 Hz | 65 Hz Remarks
Mod-1 { 839 40 209 -89.0 Phase shift results in a switch over to

the negative part of the sine wave.

£ 1 Coil Voltage Readings for Mod-1

S58Hz [585Hz | 59Hz [59.5Hz |60Hz [60.5Hz |61Hz |61.5Hz |62Hz
Mod-2| 521 | 488 | 46 432 [401 |375 |348 |321 | 294

E 2 Coil Voltage Readings for Mod-2

2. A4 -9 A7

Az FUHE 9INY "gAZe o= AANZ, 43 €Az, FH
A2, FEs 347, agla ARz FALYG(aY 9)

o o | Auaz

o
X
r)
la
i

EEEEN N R 39 | 77193 7713 23
 [aAaz " as CE) Bz e

299 A IAUY ¥AY PAE
b molz AA fze 7Y

ALY A3 2AAME AF7F 9HE EH3E A0l Fa}D I 949
AzE L& AR Feo. 2oz YdYPeR FoleE A o NEH
3to] YA FUF Vs & tAM FRgE AHA FEoz2 I FHE A
T szt fuAA g Ftel xolZe AMAYY. 249 10dc kol=
AA B2 AzEng A5 AFH0)7 T4HY AUk
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3 Phase — —
240v Tzl et e i )
(Phase A) Shift1| Shift2] Shift3] Shiftd4] ShiftS| Shifté| Shift7{ Shiftg snmg
o=
+
+
+
+ i Filtered
+ —’@—’ Signal
¥ Gain1
+
]
Sum1

(a) 49Yz2z

L I e : ' B ——
a g0as 001 0015 002 0025 003 0335 00+ 0045 DGS
Ture (secona)

(h) YgAas

o8

|
|

P} SRS SN

!
!
|
i

I
i !
o at:os 001 oms o;:z ogzs 0@y col$ a?u ao-ts'a;':s
Ture (socond)
tor 234 3%
(b) dYZ3 (4-dYAF, -2 23)
23 10 kolz A 2 g NEHZ AY
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v 93NN A3z

APez Fojot MIsl YHE EJY uni 2IAEE WEUHA SHol
e AFAY BAZIE YPANES GHE FAHE 2 A 2FANEE @
HANT. F1ENZAME LAY ARAQLE AHHRonE YPFU5e 3
717k dstae adel sl AU A2 ARE A2e F/0EsE BAES
AEZE AP T Fo)ds A8 oA R AY2PA2 By
th 29 11& 9¥ A3 4HE ERE o 1Y €A ANZE WANIES
2 A GA 22 dgAHelrt

N

c t1 < .
onstan __’:_T]__’———‘AND' output Signal
T Relational ?
Input Signal %7y / Operator1 éogical
rator
Dead Zone > I——:-] pera
———e ]
-1 Relational
Constant2 Operator2
(a) 233=

0 GOt 0.02 0.03 0.0+ 005
Tine (seconc)

(b Sgz

aY 11 FFAY gz ¥ 4YEn
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UHUE7L 43S A F 2 2 Fol SCR IAV2 & F=vol wa}
d& 5 AT WY o] e YNNI Ft WY Feele FA
T go]gol] o] Ao K-gHAM WA ¢4yl W) AAY AGE & F
gA Ao o2& AA37] A FrEsel ¥-3-3te JHA A YA
G4 AP AL WA 22 A& 4 USF AT TP YUz 9
F717F 4B 4R ooz WHEAY ko= AANZE FAY ko=
o3 gl AR &YJIIl Folgd vt FRIJAR JIF HfM &
AYREL ¥ ANl & + U=F HASAG. 2d 12 F71HA =,
F7lds B4yl 9 ZARg2 g E5doloagdez vEd Aot

2t Az

APANF Y F77F 4R ooz WIHE ol dhelw HAJI2F
B J3& ¥ol $HYRE HEAN5Z B} ot AHe] £Fog A
gt g dFF Y ARNFIRE AHEY + Ak 2oy dAY dgEgH
qn}?l%f?l'ﬁﬂﬂl o} Yz)do] MY Ho2 wWgsloe Fos Ui o

€ HRAE Y oF Agstaof A (2™ 12)
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A1l AFAY 2 FH

MATLABL2. 2 23& Jigsln AlSHolHE £93ld ttg 7|15 & HFE
dck. 29 13 A 9HAY YA 7o B35 cholojajolnt

F71E% BV 4R3I ojde ARAE LA AldF dAF A HE
Blwdtz] A8 7€ FRFU 60HzE 71F22 T0Hz, S0Hz, 40HzolA Al P At

3Y 14,15 16 R 17 BAVE 4287 oA Z} FHFol P AlY
Azo)n 29 18,19, 20 ¥ 21 BAYE 4AY Fo] FIAJH Fr)Eg 2
A7g dAgte A Mz w4 AFol Y AFEHASE ¢ F UL

E 32 A gdle]dd AE ZAZ A& Adgtod. Y A= A
o] AP Fol glon, HHAYY HeAx 10+2V UM Htel BFHE ¢

%+ 9k
e -,}.Lifﬁ&bﬂr_fi____fﬁ:j S0z | 60Hz | T0Hz
High Voltage M8V 148V | 148V __, M8V
| Low Voltage | 4214V 4134 Y | 4045V | 3973V

E 3 M FHAY HA7IE A T 0o LAY HF
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Abstract (15-20 Lines)

Control Element Drive Mechanism Control System(CEDMCS) plays a decisive role in reguiating
the reactor power and shutting down the reactor in the trip condition. But, due lo the failwe of CEDMCS,
the operating pfants have had many experiences such as unexpecled reactor trip or interruption dunng
nommal plant operation. To prevent those kinds of problems, it is required to improve control logic.
Zero cross detection cards in CEDMCS could be made trouble which cause unexpecled reaclor tnp
resulted from fluctuating frequency of input signal coming from M/G Set. Some of the problems have
been solved by modifying zero cross delection card circuit, but the other problems, such as output
voitage variation resulted from input frequency change. Because current zero-cross detector was designed
by analog lechnology, it was difficult o resoive output voltage variation problem. In this repon the zero
cross detector was improved to resolve voltage fluctuating problem by using new devices such as digial
noise filtering circuit, variable cycle compensator and alarm circuit. And through the performance
verification it shows that new circuil is belter than old one. If suggesled detector is applied to plant, #t is
possible 1o use it under House Load Operation because stable output voltage can be generated by new
Zero-cross geteclor.
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