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- 20154 & 7| SHR ARt S| -

ShRMT| S
SIRt2 M A T Lt
HY7|ad otys

mhoon@kepco-enc.com

€3 ICEDCO 1

€exC



Contents

1. 70

2. A SI| PLA|0f7] S

3. Simulation Z1t 8§l EAM
4. 22
5. QRA

€5 KEPCO



1. 7L : PI Controller

& PI Controller (HI3{™E X 7))

e PI Control : Proportional Integral Control

1
Laplace Form - Yis) = I{:(l—l—;) « X(s)
E [
Time-domain ftn. : y(t) = kz(¢) —f—; z(7)dr

Error
X(t)
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1. 7§ : Other Control Schemes
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1. 7§ : PI Controller

€ Closed Loop Control System

&C System
ncluding NPCS cabinet
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2. dd= 7|18 PL N 07| S8

e

¢ 2™ 7|8 NSSS Control SystemQ| I&C Platform H|

"

. NPP
. YGN 384 YGN 586 SKN 182 SKN 384 SHN 182

System. | UCN 384 UCN 5&6 SWN 1&2 BNPP

"

PPCS Foxboro 200 Foxboro 200 Ovation

PLCS (Analog) Micro DCS
Ovation OPERA
FWCS DCS DCS
Foxboro 200
SBCS Micro Omron PLC
(Replaced withthe (Duplication) Ovation OPERA
RRS ‘Triconex’ for FWCS) DCS DCS

* PLC : Programmable Logic Control « PPCS : Pressurizer Pressure Control System ¢ FWCS : Feedwater Control System
e DCS : Distributed Control System e PLCS : Pressurizer Level Control System e SBCS : Steam Bypass Control System
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2. dd= 7|18 PL N 07| S8

Fo

¢ 2™ 7|8 NSSS Control SystemQ| I&C Platform H|

= Foxboro System : &34 7|, 2%134=2 7|

= Omron PLC : & 563 7|, &XI5627|, AM102|123 7|, MEM]1235 7|
=  QOvation DCS : M 112| 34 7|, BNPP 1,2,3,42 7|

= OPERA DCS : AlSHZE 1,23 7|
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2.

&

M=z 7|9 PI 07| £/ — Foxboro System

€ Foxboro System

CONTROL MOOE PRIORITY (1<HIGHEST)
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2. M3 7|1 Pl §Of7| £/ - Foxboro System

€ Foxboro System

Limiter (0~100%)

+
EEr(rSr K S ® » Y(s)
roportional + :
P %aritn Saturation
1 <
Ts+1
Lag Filter
1
Yis) =kE(s)+H(s)Y(s) <—— H(s)=
s+ 1
_ Y(s) 1
T(s) = Fls) k(14 p )




2. )Mz 7|9H PI H§O{7] E — Omron PLC & OPERA DCS

€ Omron PLC & OPERA DCS System

PID Calculation Algorithm

_—

Error = SP-PV

P term = Kp * Error

— Output = P term + | term

INTG += Error*dt

I term = Ki * INTG

if(Output > high_limit)
Iterm = Ol & I term;

else if(Output < low_limit) { ------——-2 Anti-windup (clamping)

Iterm = O|& I term;
Output = P term + I Term
if(Output > high_limit)

Output = high_limit; R

else if(Output <low_limit) «r---------4 Saturation
Output = low_limit;
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2. M=z 7|Y¥ PI K|O{7] £/ - Ovation DCS

4 Ovation DCS

=  Simulation &=

s
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PID SEHEA
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PID STEY
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2. )M 7|98 PI §O7] EM - E&% I&C Platform3 PI |0 7| AlAF 2|

€ PI Controller Algorithm

Foxboro

Omron PLC / OPERA DCS

Ovation DCS

n=0;
I[-1]=0;
y[-1]=0;
while (1) {

P[n] = K * e[n];

AL = (At /1) * (y[n-1]-1[n-1]);

I[n] = I[n-1] + AL,
y[n] = P[n]+I[n];

if (y[n] > HOLIM ) {

y[n] = HOLIM;
}
else if (y[n] < LOLIM ) {
y[n] = LOLIM;
}
n++;

}

n=0;
I[-1]=0;
y[-1]=0;

while (1) {

P[n] = K * e[n];

Al = (K/T) * e[n] * At;
I[n] = I[n-1] + AL
y[n] = P[n]+I[n];

if ( (y[n] > HOLIM) OR (y[n] < LOLIM) ) {
I[n] = I[n-1];
}

y[n] = P[n]+I[n];

if (y[n] > HOLIM ) {
y[n] = HOLIM;
}

else if (y[n] < LOLIM ) {
y[n] = LOLIM;
}

n++;

}

n=0;
e[-1]=0;
y[-1]=0;
while (1) {

AP = K * (e[n] - e[n-1]);
Al = (K/T) * e[n] * At;

y[n] = AP + Al + y[n-1];
if (HI_Enable == ‘TRUE’ ) {

if ( (e[n]>=0) AND (y[n-1]==HOLIM) ) {
y[n] = HOLIM;

}
else if ( (e[n]<=0) AND (y[n-1]==LOLIM) ) {

y[n] = LOLIM;
}
¥
if (y[n] > HOLIM ) {
y[n] = HOLIM;
}
else if (y[n] < LOLIM ) {
y[n] = LOLIM;
}
n++;
}
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3. Simulation Z 1t

¢ 2™ T 7|8 NSSS Control System?| Platform H| il
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3. Simulation 41 8! 2A

¢ 2™ T 7|8 NSSS Control System?| Platform H| il
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3. Simulation 21 8! &AM : Hard-inhibit function in the Ovation DCS

€ Hard-Inhibit 7|

ol : PI §|0{7| OutputO]| Limit Z}(0 = 100%)Q1 AL,
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100 100 T
|
|
| |
| |
0 L » 0 ! >
Hard Inhibit (X) Hard Inhibit (O)

€exC



ME

3. Simulation 21 8! &AM : Hard-inhibit function in the Ovation DCS

€ Hard-Inhibit 7|

* |Input Signal Ramp function &l
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3. Simulation

[ —|
21 5 2

A . Omron, OPERA system?| 11.q £

€ Error-holding effect

Error A
e(t)
E2f----g7c-—----
; i.ﬁEeﬁ -
Ey .
Esf----t---
Output A
YO 100l |
| 3
| Ay =K-AEg
0 \é I >

. Time (sec.)

OutputO| Low_Limit (0%)0]] =E&H3I= A|™(t=tl)
Anti-windup (Clamping) => [ termO| 14 El.

HtH Ovation DCSQ| 42, Er
Bisi2tof ofsf ATt Z Ao

" Ay = f( e[n], e[n-1])
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3. Simulation 41 8! 2A

& [&C Platformd PI H|0{7| EAM ™|

Property Foxboro Omron PLC OPERA Ovation
Saturation O @) O @)
Hard inhibit function X X X O
Clamping (I term 12 &) X O O X
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5. Q&A
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