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1. Introduction subject to constraints
YE+N+)=wt+N+i), i=1--- L

Model predictive control has proved to be an effiti Au(t+j-1)=0, j>M (M <N)
control strategy as a powerful tool for the contodl
industrial process systems.[1-4] A model predictive . . . . , _
control (MPC) method is applied to APR1000 reaemr  Where y(t+j[t) is an optimumj -step-ahead optimal
a power controller for power level and axial power prediction of the system output (power level) based
distribution controls with boron concentration aaht  data up to timet . The vector,w, is a setpoint sequence
logics. In this paper, daily load follow operatioase for the output vector andu is a control input change
numerically simulated by KISPAC-1D at EOC for (R5 control rod position change) between two
APR1000.[5] neighboring time stepsQ and R weight particular

components ofy—w) and Au at certain future time

intervals, respectivelyN is the prediction horizon and
M is the control horizon. The prediction horizon
represents the limit of the instants in which idesired

for the output to follow the reference sequence.
Equation (2) can be solved by using the Lagrange
multiplier technique.[3]

2. Methodology

The main idea of MPC algorithms is to solve an
optimization problem in order to find the contractor
trajectory that optimizes the cost function oveutre
prediction horizon. With the idea, MPC method is
applied to minimize control rod moving distancelaily
load follow operation for APR1000. .

2.3 Constraints

2.1 Model Definition There are two constraints. The first constraint,
The reactor dynamics is described by the odlatt Y+ N+ =wt+N+i), i =1L, which makes the
auto-regressive and integrated moving averageoutput follow the reference input beyond the preaic
(CARIMA) model and the predicted outputs can be horizon, guarantees the stability of the controliEne
derived as a function of past values of inputs andsecond constraintAu(t+j-1)=0 for j>M , means
outputs and of future control signals. that there is no variation in the control signaiteraa
A ) y(t) = B(gHau(t-1)+C (g H)Ewr) (1) certain intervalM < N .[4]
where y 0 R" is the output(n=the number of outputs),

Au0 R" IS the control input change between two 2.4 Control Input and Output variables

neighboring time steps(m=the number of inputs), , .
£ 0 R is a stochastic noise vector sequence with zero _The number of outputs is two and the outputs consis

. . . . of the power level and the ASI. The number of ispst
mean value, a (q-*) is monic matrix,g (q-*)is N x m

also two and the inputs are the axial positiongwaf
polynomial in the backward shift operatgr® .. types (regulating control banks and part-strengtftrol
banks) of control rod banks.
2.2 Cost Function
2.5 Parameter Estimation
The control strategy minimizes a weighted sum of
square predictive future errors and square costglal The reactor core dynamics changes according to
increments. In order to achieve fast responses andeactor power, a variety of control rod positioasd so
prevent excessive effort, a performance index foron. In order to reflect these various conditiond ann-
deriving an optimal input is represented by follogi linear characteristics, it is required to estimaie

quadratic function: reactor core dynamics every time step. Therefdre, t
Ay, T ] ) parameter estimation algorithm is used to identify
J ‘EJZ:;(V(” p1O-w+ D) Q(yt+j1)-we+ ) @) system dynamics every time step. This identifiestey

" model is used to solve the control problem.[4]
+%Z:Au(t+ i-1)TRAU+ j -1,

=
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3. Application to APR1000 reactor

The numerical simulation was performed to the daily
load follow operation of APR1000 which was
performed by KISPAC-1D code [5]. Following figures
are show results for daily load-following operatiah
12,000 MWDIT. It was applied for simulation that a
daily load cycle of a typical 100-50-100%, 2-6-2ht4
pattern. Allowable ASI band was sett®% band from
the ASI of 100% power equilibrium xenon state.dt i
shown that the reactor power follows well the dssir
reactor power and also the ASI remains within the
specified ASI band.
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Fig. 1. Reactor Power (%)

PRIMARY TEMPERATURES

‘THcsc:z%
TRCS(11
AR

620

610 -

600 |-

590 [\

DEG F

560 |

550

540 |

530

20 25

Fig. 2 Primary Temperature (Deg. F)
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Fig. 4. Axial Shape Index
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Fig. 5. Boron Concentration (ppm).
4. Conclusion

MPC controller is designed to control the powerlev
and maintain the ASI in a specified ASI band foilyda
load-following operation of APR1000. As a result of
this work, Model Predictive Control works well in a
condition of properly given boric acid scenario nfro
boron control logic of KISPAC-1D. It is shown that
daily load follow operation could be maneuveredesr
EOC of APR1000.
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