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Table 1 Data ¢ of impulse response experiment
I MW [ MW /MW I MW
01 3010 06 2 975 011 232 016 128
02 5 800 07 2 160 012 192 017 118
03 6 504 Os 1401 013 160 Q18 108
04 6 010 Q9 862 014 147 Q19 99
05 4 100 910 460 [eJ13 133 G20 91
2
P(k+1) = g(zh)u(k) +& (k+1) )]
€ (k+1) k+1
3 1 s
Pa(k+1) = g(z'") u(k (4)
Pn(k+2) = g(z " u(k+1) (5)
Pa(k+i) = g(z ) u(k+i-1) (6)
Pa(k+ M-1) = g(zHu(k+ M- 2 (7
Pu(k+ M) = g(zHu(k+ M- 1) (8
Pn(k+ M +1) = g(z)u(k+ M- 1) (9)
Pn(k+9S) = g(zHu(k+ M- 1) (10)
'S M S M<S<
N
(4 (10 ,
Pm(k+1) = GU(K) + FoU(k- 1) (11)
Pm(k+1) =[ Pn(k+1) Pn(k+2) Pn(k+9S)]T JU (k) =

[u(k) u(k+1)
2 u(k-1]17
G Fo

u(k+M-1)]"

tU(k-1) =[u(k- N+1) u(k- N+
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Po(k+1) = Ph(k+1) + h[ P(k) - Pn(Kk)]

= GU(K) + FoU(k-1) + I8 (K (12)
‘Pe(k+1) =[ P.(k+1) P.(k+2)  P.(k+9S)]' £ (k) = P(k)
- Pn(k) £(K) Kk ; h=[h h, hs]™,
h1:1
Jo= SalP(k+i)- Po(k+i)]*+ _Z)\juz(k+ i- 1

= [P(k+1) - Po(k+1)]"Q[Pc(k+1) - Po(k+1)]+ UT(KAU(k) (13)
“Po(k+1) =[ Po(k+1) Po(k+2) Po(k+S)]"

Q=diag(aq: gs) A =diagh1 Ao Aw)

_0dc

du(k -9

U(K) = (GTQG+A) 'G Q[ Po(k+1) - FoU(k-1) - I8 (K)] (14
(GTQG+A) 1 M x M , k k+M-1
M , M M
(14)
M ,
(14) , u(k),

u(k+1) (14)

u(k) = [0 0](G'QG+A) *G Q[ Po(k+1) - FoU(k-1) - B (K] (15)

[2]



6 529
3
" . (1]
%% :p_'lﬁtp + -ZniCi + W
. - (16)
ﬁ:%kp-r]ici (i=12, ,n
B = »ZBi (17)
p :eu (18)
Ta =80 (19)
P=(UA){(Ti- Ta) (20)
0] e i ( n ) P
ol (9t (9 Bi ni(i=1,2, ,n)
(sh;w ) Ty () Ta
( );(uUA); (W );p
(Mw)
(18) (19) £06 (uUA) n=1, 3]
O (k+1) = "T[Ou(K) - BIO (K +NTci(K) +9 (K +T0 (K (20)
alk+ 1) :U%%p(k)-nﬂcl(k)wl(k) (22)
P(K) = (UA)( Ti(K) - €0 (K)] (23)
, T K 3000
T: (k) =500 + 10k (21) (22) (23) 2500}
20001
) 1[31 :;% |
0.005N:=0.35s1,1=10°%s, = (2/3) x 1500
100°8 =0.25,(UA)f =1.5 MW/ t=0 L00Of/F
@ (0) =3%x10°cm 25! ¢, (0) =2%x 500
109 0 1 i L { ! 1
0 100 200 300 400 500 600
(15) , T =20s, s
W [-1,1] 5
M=S=2, Po (k) =3 000 -
2 500e” 2, Q=diag(0.5,0.5) A = Fig.3 Dynamica repponse process of
diag(1,1) ; h,=2.5; the therma power tracking the

u(0) =0 referenced load of the nuclear reactor
3 : 1— 22—



35

530
4
[1] . [M]. : ,1988.10 55.
[2] . [M]. : ,1996.66  70.
[3] . [M]. : 1985.22 103.

Simulation Sudy of Multi-step Mode! Algor ithmic Control
of the Nuclear Reactor Thermal Power Tracking System

SHI Xiao-ping, XU Tiarrshu
(Simulation Center, Harbin Institute of Technology, Harbin 150001, China)

Abstract : The classca control method is usudly hard to ensure the therma power tracking accu
racy , because the nuclear reactor system is a complex nonlinear system with uncertain parameters
and disturbances. In the paper, a ©rt of norrparameter modd is constructed with the open-loop
impulse reponse of the sysem. Furthermore, a rt of thermal power tracking digital control law
is presented us ng the multi-step model agorithmic control principle. The control method present-
ed in the paper has good tracking performance and robustness. It can work degite the existence
of unmeasurable disturbances. The smulation experiment testifies the correctness and effective
nessof the method. The high accuracy matching between the thermal power and the referenced

load is achieved.
Key wor ds:nuclear reactor ; multi-step modd adgorithmic control ; system Smulation



