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Time Optmum Control for a Reactor with Two
Types of Internal Feedback

Yuichi OGAwA

Abstract

A control which bring a reactor system to an equilibrium state in time optimum
way is discussed. Non-linear integral equations containing the effcts of two types of
internal feedback and delayed neutrons and an external control system were adopted for
the dynamic equations of the system. These equations were reduced to quasilinear
(parametric) differential equations which were affected by the external control in the form
of a combination of the control reactivity, its variational speed and the acceleration.

Pontryagin’s Maximum Principle was applied to the quasilinear system and several
modes of optimum control patterns (nodal, focal, saddle and mixed) were obtained accor-
ding to the nuclear and thermal properties, the thermal out-put of the reactor and the
magnitude of the external control. Optimum control was obtained as the piecewise
constant control with respect to the new control parameter which consists of a linear
combination of the control reactivity, its speed and acceleration.
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Fig. 1. Switching Boundary and Optinum Trajectory in
Phase Space (Two Nodal Singular Points)
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WEL T3, Fig. 412k, 2 00HERED 5 bo 1 HHMUBAYEIE, W72 LS008 T
HBYH @ Schema %3, 30D HIRD S E X, TR PTG - BT AYH %
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Fig. 2. Switching Boundary and Optimum Trajectory
in Phase Space (Two Nodal Singular Points)
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Locgr, Eacin, Lo, Tosw, -
pb g i, s, g

Fig. 3. Switching Boundary and Optimum Trajectory
in Phase Space (Two Focal Singular Points)
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Fig. 4. Switching Boundary and Optimum Trajectory
in Phase Space (One is Nodal and the Other
is Focal Singular Point)

T

L -, Ko —5 M
B—0l, G=-10, §=10, =5, 5=0

Fig. 5. Switching Boundary and Optimum Trajectory
in Phase Space (One is Nodal and the Other
is Focal Singular Point)
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Appendix A

U, 2 KoBEr HEXBEH HEUIKRD L 5 @), 6 Rofsy HERNCA BRI D,
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B ¢ t—t ,
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0(t) = 0(0)+ Ewl(t )+F§ w(l)exp<~— t:" ) ar (2)

w(t) =

Rk, QRLH
0(f) = f——rtoe St w(t) exp <~—tjl/> dar (App-1)

PRSI0

2, Thé @QRXOBFDEAXEMWL T
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BB, E
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0 To

— Aw() [D(t)— FEw(t)—F S’ w(¢) exp < ——t—;—) v ] (App-4)

Licans, ToROWLE ¢ THST DL

1 : ’ t—t ’ 4.
—?ogaw(t)exp(— = >dt+w(t)

_ Aw(t)[ dgt(” —E d“;’t(“ +—§— S; w(t) —Z ) dt’—Fw(z)}
+A d“g;” [D(t)—Ew O)—F S; w () exp < Mt:_—t-) dt’] (App-5)

w18 %, (App-5) K> /2T (App-2) KA AL CEMET 2 &
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Lo

L/ AE .\ AD(z AD{s)
= wie) (—2—AF )+ { o]
+(—24E)w () L8 D) “;’t(” (App-6)
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= fw )+ G w
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Lk, (App-8) ROWMAF O ¢ TR+ 5 &
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dD) dw(t)
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dt?

dw(t)
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dt

}+ADU
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|
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|
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AP (L)
’ {(App-10)
2K Tl N

2f~AF = "5 —3 7

Lkl E
‘ , t—1t dw (¢
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[( FAF—eH)w?()+{ AF G(o)—e AD(0)+ AF dgt“)}wu)]
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N {i%(tl}z [_. AD() [+ AFG (t)+ 2A°F d?ﬁ” ]
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dD(t) Lo dG(t) d*D(#)
dt “dr dt?
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OMOPFHRAAE L Z Exn b,
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AL BT KGL
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by = — :1 (L+dy) (App-37)
1
ky = o (1—dy) (App-38)
v
oL

(App-39)




27 2o [ B R T B BT o i 1 117
ELTHESNRBE, 26) Kofkthkl b, WHMCHBILAOERTHEZ L)ibhD,
L E
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E LT (App-35) A, B LU, (App-36) X&M< &, ke HBHNR D, bbb

al) = — 4L ey ot bV g7 (App-41)
i) = —k, lﬁ@’*‘i?@}f%@ bty _.?‘g:h]él_i_/\/g:—_—ﬂ,), ohat (App-42)

N

ARG, 1o7iL, bR T, Mok (App-35) R Uiy M, (App-36) o i
HUTHE ~MAEHHAT L0 TH B, DT (App-41) K & (App-42) iz s\ T ¢ KT

De, w, o wEEEE LT DA U A SEEELE oK
i+ k(M —uw) ]"\ [ 4 by M —u) }"'3 )
JHamUM ) | TR ) —4
|: wg+ Ry (M —uy) wy+ kg (M — ) (App-43)
72_/ {t}‘ %) °

M CFENC X 0, (App—43) KOWMI O KIEMRHAD - F L HELR D, KO 2 EH
i+ (M—uy=0: L,
G4y (M—u)=0: L,

VEHT, (App-43) Ko EfE s (M, 0 @ B\CHX L, F7o, L, L, HEMSHSED —#TH 5

Fig. 6. Trajectory of Control Parameters in Phase
Space (u, #t) (for Fixed Value of v)
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ZEDbh B,

Fig. 6 1=, I (o, 1) 2B 27 & ZOHIHHLE X E - TH D, Kk,
SR Tl R HOETRE S MOS0 TH D,  Fio, AR CEze b okl
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. oM ~Laage . La-an:
"= ["e o te o ] (App-46)
XBE, ZhID, g 2FDLdCis,
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ELTRkDBRD, Lil, (App-50) R THREN D HIELT L L E X b b SUIRM O RANM
EART LD TS, LIt T, 4 OFREL, ZOHKHEORKAM M 2k 5 2 & it
W5,
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1

T7T
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i u h
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Fig. 7. Determ,nation of the Point where Acceleration
# has its Maximum Value
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