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A Development of Algorithm for Variable Setpoint

in Digital Plant Protection System
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Abstract

The calculation algorithm for variable setpoint in order to follows various
plant conditions in digital plant protection system. Since the analog system has
the continuous properties, the variable setpoint can be easily changed on the
analog circuits as following the measures to represent the plant conditions. The
digital system must, however, require the algorithm for change of wvariable
setpoint according to the plant conditions, because the digital systems have the
characteristics of discontinuous sampling and execution period and . We have
developed the wvariable setpoint calculation algorithms which can follow the
allowable measures and decide the trip status in the case of abnormal plant
conditions. In this paper, we have developed the algorithms for manual reset
variable setpoint to be changed step by step from the plant conditions and
operator’s request and the algorithm for rate-limited wvariable setpoint to be
changed according to the various plant conditions. In the rate-limited variable
setpoint, if the measures from plant conditions are changed under the allowable
range, then the rate-limited variable setpoint follows the measures. If not, then

the rate—limited setpoint should vary as the predefined rate.

#sty] 918k nlo] g o] E(bistable) T RE FATAN, UANE HIAETS AX
Ego] == wle]xdeld =& FAsA Ak wepa spuaAAe) 4

Tae A we 4AAE WA gueEe] LAY, V£ oldm
of ZPHAEAGA 7 FANE Aol
v, A" AE

2 o

Fol A%A B4 4AL AT

=
ylt
i
g

¥2

L

7l

)=
Eo\j =

rlo
b

[0
2
il
o,
N,

E
W
B
o
B
o
i
ofN
=)
N

17 gl

o



°f

3
T

Ho},

o] e 2
EERE

i

7k

e Ee

ok
=

ok
ﬁo

)
o
-

o
T
o

o
=

fveel

_ZTI

_ZTI

ELERE

(manual reset) 7FWAA X7} 9t}

% 9

2439 Walo)
o=

el
3} A

=

o

e
4
LelN
-
o
Mo

o)
5

(rate-limited) 7PHAA X7} T}

i3

sk A

O] ]:]_‘[3]

s
o

HAl ==

AYE

°f

s

3

o A=l

i

I

—
o

fveel

ojy
i

-

P o) i

ML

=90
==}

ToR

olgdZ I =g

-
1.

Al 3 el A

Al 2 el A

Gl

Fo™ Al 47l A=

S

MR o w A 5

9 5] v,

7o %

w9 shgih,

Bl

T Al

<A

oF
o

B3 A

=]
=

A 7= FollA YA

e aga A

wl
=

2 A

B3 A%



K=l
A9
+ 4
(0
perating

b
vpa
S S)

o 7

7HHEL

=
o

o
}of

°©

1+

T
_nmoﬂ
ﬁ.mr y
ogmM ﬁ
:ﬂ%eg ‘_Nﬁ o
ﬂz 1.1r.1r
mgal Il d.%o%oﬂ
W - LlLlMlﬂnﬂf_w_
mom - ® 4 ﬂgﬁz
I eogu]
ﬂﬂ T} E%Wm%%%m@u
wou = wEZTﬂMJQOWL o @
wezu = %mﬁoi Eﬂ%m ﬂ_sm
Lm_ﬂx_uu N ,w._.é_viﬁﬂozfuj EMHHL
- o quggﬂgﬂe Gy
T waql G2 7
o Eh Efao ﬂ].}@mm ﬁ;u&u .poﬂlﬂ
o ° % mlnewﬂméxy @}} oﬂsof
2 z ﬂ%mw%gag 2 mmwkg
2 - wﬁzaz%nﬂ L2t %;%ﬂg
oﬂw e T%ori ]Ofﬁ @ﬂl%e _AT ZE
aﬁﬂ ®o anrmmoBo,_xmm@ f}wu Mﬂom.mﬂ
X 2 ol < Tl P of 3 o < " N T A} B
| u.mr. mxﬂ@@ofﬁﬂmh g@qﬂ %.ﬁﬂﬁﬂé
Il i i 0! B il e 1) wr o N ﬂu ! e ) N ar s Tor
g sl ao.fn&gﬂ% ,m.g G ﬁmmlo
Towo LE &E]ﬂ_rlLUﬂo\.rrjlm‘nmo dﬂx,ﬁe.rl 141_1_..HLUH
1o ‘Ur o —_— <R o n 0 H_Al\_ =l ‘Ur B E ,m. I KO o
- X -7 I ¢ _ Moo “ o
.9.,34 i Qﬁﬁ&lwi_ﬁoﬂ t@ﬂo_ @_don;
_ = 0 —_ — X i
- mew Mﬂ@@f?mq m%wv Eowﬁég
5 M o Mﬂffaaﬁuy .ﬂogg% i} ﬂow
e X 1_; ‘A‘.ﬁ U‘.# 1 :i AT ‘_M,Vv‘._ o ;o‘._ ‘_ﬂwl 1o el Lmlv wmwo EE o
Z_l,w_! H]E,aELﬂEJI%Eﬁ ‘ﬁumo#)A &ooT,UF.\.MOWrﬂ
Qu.H N UﬁﬁJLlﬂE%AME ﬂ,ﬂalm_fi MlﬁoﬂLﬂlL
@ume | e 730% g < ol =o ol
.;oo Oﬁ,l_lo# Eﬁ o — < J;E owEﬁ; — ﬂwl‘._f = —~
< — N ol o 0 . <= < 0
s Y G2 A m - Ml i =0 ™ o Tl —_
E]EEEBL Hrﬂyu“me W&roi <
ﬂ@iﬂa@ %Lz;o aﬂ&@g
ﬂoﬂ&mmoLoEEﬁqM mmgguﬁﬂ%&r
N .,o,_ctmﬂ 0\1}1&1@
) E‘yl
wELm_ﬁE &ﬂ.ag}
5§]a ﬁL}miv
N a ;omu&lx
oy WMMOE
7N\¢,ﬂ
6%%11
E%J
£ 2
e



READ MEASURE
OP’s REQUEST

NEXT VARIABLE AND
TIME STEP
" T=T+dT

A

OPERATING
BYPASS ?

Y
HYSTERESIS >

FIXED
SETPOINT ?

MANUAL RESET
SETPOINT
ALGORITHM

\ 4

RATE-LIMITED
SETPOINT
ALGORITHM

% 1 vfo]&HolE Ve TAE
&2 Al(manual reset) W7 gaglgeo] dEEHE 7MWAEAAA FHE Low

Steam Generator #1 Pressure®} Low Steam Generator #2 Pressure L¥]3l Low
Pressurizer Pressure’} $4th. A W4 =% AAx e} #d A7 ¢E #olal &

298y FEE Al ok pHAAA WAH I

A
(2
il
e
o,
(ld
o
Ex
>
Py
ko

of 3}aL
W favh ojuA s %
t}

o}



A7)

=1 7]

18]31 Low Pressurizer

3] (operating bypass) &ilg]Eo] F3) & o]

o

o)
T 1.

-
1.

20 olgdE 1 HIEATY I 2o A
2217 YER e gxE Ala

1

Alzdel 5474 Hh 25msec WREe] Aol

-
1.

SEE

P

of =L W&ol

iy
u

o

o

6T

Y
e

s

SIREIR=S

atA LA A =

73]

H
=

il

<
B
!
a3

ks

—
o

Al 2=

me 1 apold] PHg

S

Wol o] of

27 At a2y o]

4

d

o ou EE oIyt £x%

Al v &l 25msec ©]%&

A=)
-

T el AT

o

o 7]

7}A 31 o] # (hysteresis)

KeN
=

ol /] AR 3t

Hhs} 2ol

-
1.

of Al K

ol
o
i

w2 g 25msec vith A7 &

=]
=

o] oljg} T
e A =gaes

S

2omsec ¥ AAAZF A H o 7t

-
1.

d&Hoz 73

A5t 7kol

RE—
= 3
— &

o] Al kel A

o

o

o

— 2bmsec

o] 0] %)

A e Aol

Ko
]

of o

6T
av
B

)
b

=]
-

o oz FHz oA 1]

Moz 7=

A

e
=

ox

™



———————— SYSTEM PESSURE

.................. PRE TRIP SETPOINT

TRIP SETPOINT SETPOINT ARE RESTRICETED
TO UPPER LIMIT

MANUAL RESET AT
PRE TRIP ALARM

STEAM GENERATOR PRESSURE PSIA

SETPOINT HOLD
UNLESS
MANUALLY
RESET

SETPOINT

FOLLOWS
INCREASING
MEASRURES

TIME (HR)

A2 (L SG P) &4

-t
Y NEXT TIME STEP
T=T+dT
READ MEASURE m1
REQUEST
PRESENT TIME t1
STORE STATE AS OLD
t2=t1
m2 =ml
A

NEXT TIME STEP

T=T+dT

A
NEXT SETPOINT = N
SETPOINT + m1
STORE STATE AS OLD Y
2=t

m2=ml

A NEXT SETPOINT =

SETPOINT - RESET

SETPOINT > FIXED

Y

NEXT SETPOINT
= FIXED




bol

kel

=

=

b

<]

7}

=

A7 3

A
=

7 WskeA

[s)

=

dA g olskd Aol

AR AA 2 el A,

7t el

_ZTI

i
o

-

1.

VOP

1

o], Low Steam Generator #1 AP/F¢} Low Steam Generator #2 AP/F

=1
19 40 old R NEAE Wae

(e}

4+= VOP(Variable Over Power) 183 Low Steam Generator #1 AP/F¢t Low

Steam Generator #2 AP/F7F 913l VOP W¢s F71Y WE&

il

3
T

il



~ TRIP SETPOINT
________ CORE POWER SETPOINT ARE
RESTRICETED TO —
UPPER LIMIT

BISTABLE /|

7’
TRIP POINT, v }(

SETPOINT FOLLOWS
/ DECEASING POWER

PERCENT

o
w N
§ AN CORE POWER INCREASE
w N AT A RATE GREATER J/
£ \\ THAN SETPOINT /
&) AN d
\\\ I/I
\\ I/
\\\ I’ J/
N ’ /
N 1 4
\\ ,I
\\ //
\\ 7/
_____________________ 4
TIME (HR)
a7 4 MstEAS TRAA A (VOP) ofg =1 s2-9e
AA 715E wEShAA oy gk FPHAAA ARl Tes HAE LA EoE

Y
2,
=
o
)
2
i
2
X0
2

(0]
o
ol
ol
K
ko
o
AN
)
g
i
o
rir
i
o
E
g
oty
ol
s
=
o
o
off

AA ol w AR AR FES I} 5] Motk =g A A
o S8l Yo HEF HAA AAE & AN o vhew rh wAe



)

0%l Al whxlo] 8%olar 7P Agk ko] 5% thg WAl AAA = 13%7F "k
Lejal Azbe]l Aol v @Al SA kol 3%ehal iy s W SA gt AAFA A
of 7} wkxI(8%) H.v} Arn = FXAAAE 11% (3%+8%)°] ¥HaL =L thg AAXA
1626(11%6+52¢)0] v}, ®bd thg SAA7F 13%7F A8 Hd A A9 2polrh whxl
O deornz dAle dAA 13%7F FxAAATE Ha 2 g dAle AAAE
18%7F Avt. o= yPAMA A S Wk Ag gre AWM AAAVE FAkE F
FoHA Avh 2 v 9A SA3ke] 19%7F HW Ede] AEA Har Ego] A

3hE JPAAARARE v ol WAER i o] H(hysteresis) SA4bol] o] A A=z

iy

-

AAGA Ak =3 VOP Wgs H AAAVF A4 glens o olge &4
;e FEA @i Y AAAE 7RIt 9 5ol ®skEA JPEAA A<

VOP Ao gAd dargsel o7 F2del7t vep glar a7 6ol WakEA
A

$3——— TRIP SETPOINT
~+—--—--  MEASURE POINT +
/> MARGIN + 7
/
- ‘? Fixed & hysteresis
,/4 ————»d Setpoint
4
/-
<7
ﬁ’/‘
// -
igt S
L 7
SR AE
__>{2( i : Rt J
- A G M 7 o)
I e j} [ 9P A 1z
1T Or-A s’ [V 7
I g X
H i ~ 7z Ve — H
T Vs =
} = -
v i A i =
5] iz 10,
—- = E [ [
- Ha) i\,
S . H = '
V».l [ +
PR S . v l/ - -
. S = -
. o
e
Follow Maintain
- meazures 'l - Rate Limit >
unader In measures
Rate Limit over Rate Limit
TIME TRIP

Occurs

19 5 WskeAl ZPRAA A (VOP) HAE &4

_10_



A
=

A HE2= 7t

°©

T+dT

A

4

SETPOINT
MEASURE+MARGIN

NEXT TIME STEP
T

=

=

2]

=
.

p=R
=

START
A J
READ MEASURE
h J
DIFF
SETPOINT-MEASURE
FIXED

SETPOINT+RATE

DIFF>MARGIN
NEXT SETPOINT
SETPOINT > FIXED
NEXT SETPOINT

Ego] =e & rho] o]

T+dT
A

A

NEXT TIME STEP
T

WEAES &

o

ojy

i

=

1 oF

Y &)

s

BN
T

B

—_—

o

o

fveel

%

_11_



@
o
2
i
r2
2
ri
AC)
o
Ay
P
ot
o
24
I
>
i
e
L
o
_O|L
i
S
=
=
Rl
o
R
=
=
)
1.

A
iy
flo
©
it
il
I
X
off
i)
do
>,
&
D
re
>,
L
p0e)
i
o,
o
)
N
ki
il
ol
32
v
o
o
re
4 K

FAE e SnelEe B 2 A% sy 99 ALe A4 4%e F
3 Aol

Acknowledgement

B AT derleRe] A ATIIEAS dBor AT

1L 48 9, WAY FAE WSAE TR AL 20004 24T
st e, 59 26-27, 31e, B,

2. A5 9, “Development of Digital Plant Protection System,” Proceeding of
the 2000 American Nuclear Society International Topical Meeting on Nuclear
Plant Instrumentation, Control and Human—Machine Interface Technologies,

Washington D.C, Nov. 13-16, 2000.

3458 9, gAY H3AEY 7+x 9 29 =7 Jj2 KAERI/TR-2465/03,
2003.

4. N. Storey, Safety—Critical Computer System, Addison-Wesley, 1996.

5. WEAAH LML 34357 HEMHAAEH WAL, Shad H AL

_12_



	분과별 논제 및 발표자

