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Pressurizer @F@
Engineering model

Water energy balance
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Pressurizer @F@
State-space model
Pressure equation
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State-space model:
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Pressurizer
Parameters

State space equation matrices:

_m _ Kw
121_ M cpM
Kw
_ Cpw
WHE
D cop M nis
B=| oM | E=
0

1. Parameters with known values. Wy g, c,, M, m

2. Parameter with an acceptable initial guess: W,

o E3

Cow

3. Parameters with completely unknown values: Cy, Ky .
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ldentification @F@
Preliminary steps

Scaling to obtain a dimensionless form

Measured input and output: scaled
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Sufficient excitation: by the old "on-off" controller
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ldentification @F@
Structure validation
ESS method set of candidate model structures

& iz~ ! — Q1z'Z_1 + Q27;Z_2

1=1 1=1

Investigated structures (with= 0):

n.=1n.=0;,n.=2,n.=0; n, =3,n.=0
n.=4n.=0;n.=1n.=1;,n,.=1,n.=2

n,=3,n.=1, n.=2,n.=1

Result of model structure validation: physical model structure
(n, = 2,n. = 0) confirmed (// is known)
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|dentification P
Initial step @F@

Criterion functions:

-\ Do) 507 Va(V.0) = \ % Do 0(0) - ()

Parameters to be estimated:

0= [ Cow K Wi |+ (22(0)

Method: Nelder-Mead simplex search
parameter lower end(%) upperend (%)

Cow 93.284 107.46
Kw 94.69 105.983
Wioss 99.9432 100.0516 oo oo

Results:



ldentification @F@
Iterative procedure for refining
0 = |Cow Kw VVzoss]T andfd, = [co c1 c2 CS]T
1. i:=0; set the values @f, (0) andd,(0)
2. Using the initial value$, (i), estimated, with fixed 6, := 0, (;)

applying the simplex search method and criterion function
V = Vi + Vo results indy (i + 1).

3. Invert the temperature from the pressure measuremanty us
éz (4 1).

4. Using the initial value$, (i) estimate?; with fixed
0y = ég(z‘ + 1) applying the simplex search method and
criterion functionV’ = V; + Vy; results inf; (i + 1).

5. If sufficient convergence i , then stop, else I:=1+1; go to step
(2) . SYSID 2006, Newcastle — p. 14/17



|dentification
Results

Scaled model matrices:
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P
Conclusion @F@

Dynamic model: low order, based on first engineering principles
B Advantage: good initial guesses were available

B Model structure validation by ESS method

Parameter estimation nonlinear in parameters, simplex method
B physical parameters. small number, in the state equations
B pressure-temperature curve parameters: in the outputiequa

B simpleiterative scheme followed by an initial step
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Aim and the physical system

Aim: developing a dynamic model of the primary circuit of VVER plants for
controller design purposes. Model has to be minimal and its parameters

have to be physical meaning.
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Model: State space model

dN B p1v2+p2v+p3N+S 5)
dt A
dM
PC
- = Min — Mout (26)
dt
dTpo 1
el [cp, PC™in (TPC,I - TPC) +cp, PCMoutld + Wgr —
dt cp,PCMPC
a
—6 - K7 5G,1 (Tpc — Tw)® — Kioss,pc (TPC = Tout,PC) ] (27)
dMga
o = MgQG,in — MSG,out (28)
dT's g 1 L L
= = [cp sa™msa,in (Tsgsw — Tsa) + ¢p,sG™SG,outTsSG —
dt Cp,SGMSG
b
—msG,out Pevap,5G + K1,5G,2 (Tw — Tsa)” — Kioss, 56 (TsG — Tout,sc)] @
dTyy 1 a b
= ———— (KEr,56,1 (Tpc — Tw)® — K1,5G,2 (Tw — Tsg)”) (30)
dt Cp,WMW
dT 1
— R [Xm pp>0¢p,PcmPRTPC,HL T X oc mpRrTpPR —
PR p, ) MmMpr<0“p, PR PR*PR
dt Cp,PRMPR
~Wioss, PR+ Wheat,PR — ¢p,PR™PRTPR] (31)
WR =S C\I,N (32)
T
rsg = Py (Tsqg) 33)
1 Mpc
o = 2 (g,
Apr \¢(Tpc)
T
rpr = Dp.(TpRr) (35)
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Model: Variables and parameters

Variables
e State variables: N, Mpc, Tpc, Tpr, Msqa, Tsa, Tw

e Input variables: v, min, msa in, Wheat, PR
e Disturbances: mout, msa,out: I'sc,sw. Trc,1
e Qutput variables: N (WR), £pr (Mpc), PPR, PSG

Constants
e Reactor: parameters of nuclear physics: % S'; parameters of the control rod: p1, p2, p3;
other: cy.

Liquid in the primary circuit: ¢, pc, K7,5G.1, Kioss, PC, a.

. L
* Steam generator: ¢, g, K1,5G,2, Kioss,sG b.

Wall of the steam generator: ¢, w - My .

e Pressurizer: ¢, pr, Wioss,Pr: Vpo-

Known constants are 15, pc = 100 °C, Ty, s = 260 °C (in case of the unit 1 and 3) and
Tout,sg = 259 °C (in case of the unit 4)
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PE: Decomposition

It is seen from the state equations (25)-(31) that the parameters in the
neutron flux balance equation (25) can be estimated independently of the
parameters of the other operating units.

Then the coupled equations (26)-(30) describing the dynamics of the liquid
In the primary circuit, in the steam generator and the dynamics of the
tube-wall of the steam generator form another component.

The third component is the pressurizer that depends on the dynamics of the
liquid in the primary circuit.
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Results: Pressurizer 1

A good quality and long measured data sequence from the Unit computer
exists describing the dynamics of pressurizer using the old "on-off type"
pressure controller, this data sequence is used for parameter estimation.

Old data
Parameter Unit Time span: 8.88 h
Cp.PR J/kg/K | 5886.3
Wiess. PR |44 1.6811 - 10°
Error - 5.9828 - 10~
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Results: Pressurizer 2

Temperature
T T
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Results:

Quality of estimates 3

Error value
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