JAERI 1060

JAERI 1060

72 IR F0 o H #hitH)

196448 A

B A& &+ J1 #F 58 B

Japan Atomic Energy Research Institute



JAERI 1060 UDC 621.039.572 : 621.039. 565.4

prge R 7 0 B BhiE S

E B

A£#@2s JRR-1 OB HEMLT 2 EEED 3 Che b, RABERILHLE->THORT
DR R A L+ B WA AR I A BAMICIR Y Wo e b D TH 2. TORRIBHIC
JRR-1 (251} 5 BABBREH BT ->OR 2 b T, $REAOBROFOHHREE HET 2
BT, FOHERFFICEANIBHEELGL BREYD S,

) 24, £< 0 DEDHEZCRASA TV 52+ FH#RIE> v TEoREEEH
BlF 3 7o, EEERFEE LTy FEEEENEASh, £OBY V- ORLHER
RYyFRevaIrv—FRllo THRENE,

2 E7ey A FEEGEOIAEE 2 25, BHAKOR ) & FEFEHES HEHS
N B BIEEE « XEGHER ) A FRBREICSV T, E& LTRSS ? O
Mt Bz she. JRRD KB T, ZoRKAERS v S REARET HEE 0
N ARERFIASERIEYICET Y AL LT 5 2 L B ERBICHID BN DT, 0
S LB b SRS BREEER A Y 4 FHORERHEERRVES M.

Lk o Emsagiatic v T BEr S A AIIREHHEERICE b, JRR1 ORETIRL SR
iF 20cps BmW) M H#2kW £ TOMRET, JE~VAF 20 #his 3 00 30 B oo B EhiEH)
EENE C bhe. T ORE HEEE OV R EHER 3,300cps (0.5W) T CIC icAW
B0 b, RIS A FEE G RHEGR I S BOIIEAR R~ Y A BT,

ORI kY /NETZEE o S A DiE W ke ERARS Th s &, o LEo
WA O 2 W IED TR S e,

1964 ¢ 1 H

BTSRRI T 71 T8 R BDF o R
B, BRI, HELR—

iAo s A e St i 3 SRS S S 5 AP R TR R TR AN e o § LA b




I
!

JAERI 1060

Automatic Start-up of a Research Reactor

Summary

This paper describes the control quality (various characteristics and per-
formances of a control system in transient and steady states) of an automa-
tic start-up system which must be understood before design in a practical
system to automate the start-up of JRR-1. Although limited to systems based
on period and power control, the results obtained here can be extended to
the system design of automatic start-up of other research reactors.

First, period and power transfer functions are introduced to examine the
control quality of a simplified model of automatic start-up. Next, the trans-
fer function of an adder circuit in the feedback network of the model is
derived, including a time-varying gain factor in it. Using these transfer
functions, gain-phase curves of the loop of the model are calculated. The
transient performances which are expected from the curves are confirmed
on an analog computer. In addition, two period setting methods are com-
pared in their effects on the control quality of the period control system.

As the next step toward putting into practice the full range automatic
start-up of JRR-1,this paper describes the design problem of a log. counting-
rate and period meter (LCRPM)used for period control in the counter range.
The design basis is to find the optimum point of compromise between the
two requirements such as smaller period signal fluctuations and faster res-
ponse of the LCRPM, under condition that the pulse sequence coming from
a fission counter is Poisson-distributed. Then, the LCRPM of optimum design
is applied to the automatic start-up experiments at JRR-1, ranging from
3mW of power (or 20cps) up to about 2 kW. The experiments demonstrate
the applicability of the design method and the feasibility of full range
automatic start-up.

January 1964

Kengt Sumita, Takeo Fujisawa, Koich W ATANABE
Division of Nuclear Engineering, Tokai Research Establishment
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TABLE 2 Constanis used in system analysis of simplified start-up model

Pre-amplifier K,=200V/V. T,=0.1sec

Servomotor K,,=0.03mm/sec/V. T,,=0.04sec

Control rod K,=0.0] %/mm

Reactor I=1.4%10"*sec, B=0.0843, 1=0.08{4 1/sec
Set point period 1/ p2o=30 sec

Set point power Ne=4.5%10%1/cm?

CIC, Amplifier b A=Ay« Ap=2.2x10"V/n

Differentiator : Ta=6.0sec

Log. N & period ampifier 1 DA, Tq=300 Vssec
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Fig.8 Block diagram of the simplified model of automatic start-up control system.
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3

Fig.9 Rearranged block diagram of Fig.8 for calculation of gain-phase curves.
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Fig. 10 Variation of gain-phase curves of the automatic start-up system shown in
Fig. 5, where set point period is 30 sec.
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Fig. 11 Gain-phase curves of the period control loop shown in Fig. 5 for various set point
periods from 3 to 30 sec, where the periods are changed by gain-adjusting method.
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Fig. 12 Period simulator of a nuclear reactor with one group of delayed neutrons
where EM denotes an electronic multiplier.
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Fig. 13 Static characteristic of the period simulator with one group
of delayed neutrons.
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Fig. 15 Characteristic curves of gain margin vs, set point period for
f two period setting methods in the period control system.
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Fig. 17 An example of automatic start-up of the simplified model on analog computer
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Fig. 28 Instrument-range coverage for automatic start-up control system.

TABLE 3 Characteristic constants and circuit components used

in LCRPM

A 0. 09 Vsec C 60 uF

D 0.1 V/neper ’ Cp 1 ulF

Q 1.9 coulomb . Cyp 1,000 puFF

Tom 0.5mV (or 180-sec period) Cy, 11 puF

Pm 10 cps | Rp 100k

o 10 cps ! Ry 5.8kQ
( T, 6.1kQ.
i Ty 5.8 sec
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Fig.29 Block diagram of automatic start-up control system used in the experiments at JRR-1.
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Fig.30 Input-output relation of period and power recorders.
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Fig. 31 Location of the chambers in the thermal column of JRR-1.
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Fig. 33 Calibration of CIC current to reactor power,
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Bt 5T LREAHEE T2 L TABE 4 [RTELAS. 2EL, chidhfEFRafoEL
ZIWETH 3.

TaBLE 4 Sensitivity of CIC and FC

i B
i

(W) (av) A (A/nv) (cps) (eps/nv)

0.5 0.057x 107 3x 1078 5.2x10"4

(4% 10°1)

0.5 0.025x 107 3.1x10 1.2x107!
(1.4x10™YH)

Sensitivity in parentheses is that showed by the maker (Westinghouse).
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9. HEEL LJUZOREEKE
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Fig. 35 Structure and location of control rod in glory hole,
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EEFHORIHEHEERE L JRR-1 OFHR2ER L 2D, RAKEES LW WER—O#ETH 5.
FATERL, ERCEBERILZFAT 5 cDHEBELHFRCHEHL Cn 5o L Th 5. HIEEREER
T LF oY e - OERGEEL 75 rpm €, ChEHEBECHEL, C=av2EbL TS v 7 cEih
Zinz 5. HEAIE PID SRERCHE s CHESBIES S hbhs. -2 2oy r—ck -
CRGEICRF I 5.




JAERI 1060
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Fig. 36 Calibration curve of control rod position

to reactivity,

TABLE 5 Specifications of control rod used in the experiments

v
|

Movable length

Total reactivity worth 5
Velocity

Change of reactivity per unit time at center of rod position

Change of reactivity per unit length at center of rod position

380 mm (15in)

1.2%

2.54 mm/sec (0. lin/sec)
0. 011 % /sec

0. 0044 %5 /mm

TABLE 6 Leakage of radiation from glory hole with control rod fully inserted

1
Reactor power i 7-ray leakage

} Thermal neutron leakagei Fast neutron leakage

- ; :
40 kW 10 mR/hr i 100 ¢/min /cm?

P

i 100 ¢/min/cm?
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Fig.37 Simulator test for automatic start-up experiments, using pulse converter,
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Fig. 38-a Automatic start-up experiment with JRR-1 in a range from 3 mW of power
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Fig. 39 Comparison of rod movement’ calculated and obtained in
automatic start-up experiment from neutron source level.
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Fig.40-g Automatic start-up experiment with JRR-1 in a range from 3 mW of power
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' Fig. 41 Automatic start-up experiment with JRR-1 in the counter range
from 3mW (or 20 cps) to 120 mW (or 830 cps) where set point
period is 30 sec.
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Fig.43 Transient responses of control rod and reactor power in !/,

power decrease test,

TABLE 7 Set point values in each automatic start-up experiment

Auto. Auto. Auto. . Power
start-up start-up start-up stt?;;)tance down
exp. 1 exp. 2 exp. 3 test
Set point period (sec) 30 20 30 30 —
Controlled period in pulse .
counting range (sec) 30 20 30 30
Controlled period in CIC range 28 19 28 28 —
(sec)
S int 1.7kW 2.1kW 0.12W 1.7kW 17TW
et point power 1.0X10#A | 1.3x10~A| 834cps | 1.0X1074A | 1.0X10~°A
Initial 3mW 3mW 3mW 3mW I70W
nital power 20 cps 20 cps 20 crs 20 cps 1.0x 10-5A
o1 3300 cps 3300 cps 3300 cps
Switching level 3% 10-8A 3% 10-5A — 3% 10-8A —
Reactivity disturbances
at 1000 cps . B . 0.15% .
at 4.7x10"7A 0.10%
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el

Fig. A1 Computer schematic diagram of reactor period simulator with 6 groups
of delayed neutrons.

IOp 273K

Electronic Recorder

multiplier

Log. diode

Fig. A2 Schematic diagram of obtaining standard deviation of period signal random fluctuations.
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Fig. A3 Fluctuation distribution of period signal about infinity period,
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Discriminator

Fig.A4 Block diagram of “analog to pulse counting-rate” converter that simulates
reactor kinetics and random fluctuations of counting-rate,
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1

0 ol ° a2 03 o4 © 05
Discriminating level (arbitrary units)
Fig.A5 Analog to pulse counting-rate conversion characterisiics of
7#nS sensor. Parameter H.T. is a photo-multiplier voltage.
The sensor was set 2 cm apart from %Co source.
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Fig. A6 Linear characteristic of pulse converter having random fluctuations
in pulse counting-rate.
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Fig. A7 Schematic circuit to connect log. N

amplifier to reactor simulator.
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Fig. A8 The effect of high resistances which connect reactor simulator and
log. N amplifier.
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Fig. A9 Error of log.converting characteristic due to finite resistance of R.



