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Similation of Drive Characteristics of

JT-60 Movable Limiter

*
Tetsuo TAKASHIMA and Hiroyuki CKAMURA

Division of Large Tokamak Development,

Tokai Research Establishment, JAERI

{Received May 31, 1977)

A drive mechsnism of the fast movable limiter for JT-60 uses an oil-
pressure hydraulic system, which is controlled by servovalves. The signal
which operates servovalves is generated by a mixing-amplifier amplifying
the difference between a signal from tre potentiometer and a input signal.

However causés which decide the actual drive characteristics are so
numeroug that it is very difficult to guess the actual drive patterns from
a certain input signal.

We introduced some equations at each parts of the drive mechanism and
simulated the drive characteristics. The time dependences of the sterke,
the velocity and the acceleration obtained by the simulation are in good

agreement with the experimental results.

Keywords: Fast Movable Limiter, JT-60, Tokamak, Qil-pressure Hydrsulic

System, Servovalve, Computer Simulation, Drive Mechanism.
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Sinulation of Drivé Characteristics of

JT-60 Movable Limiter
Qutline in English

§2. Introduction

The drive mechanism of the JT-60 movable limiter moves a member
weighing about 200kg for a stroke of about lm in O.lsec synchronizing in
the build-up phase of plasma current. 1%t uses an oil-pressure hydraulic
system, which is controlled by four servovalves. The signal which operates
the servovalves is generated by a mixing amplifier amplifying the
difference between a signal from z potentiometer and a preprogramed input
signal. Hewever, causes which decide the actusl drive characteristics are
so numerous that it is very difficult to make beforehand an accurate
estimation of the actual drivepatterns from a certain unput signal.

As a result, 1t is very importanf that the dependence of the actual
drive patternon the input signal, the oll-pressure of a cylinder, the gain
of the mixing amplifier and go on may be made clear., On top of this, to
operate the movable limiter gefely, it is indispensable to make clear the
drive charascteristics in the accident thet a fault in scme conpoments
shoulé happen.

In order to obitain the dependence of the actual drive pattern on the
input signal, we simulate the drive mechanism under scome assumptions and

compare the simulated results with the experimental ones.

§2. Simulation
The following assumptions are used in the simulation of the movable
limiter.

a) The oil flow between the cylinder unit and the oil power unit which
supplies the o0il tec the cylinder unit can be neglacted during the
operation of the movable limiter because the supplied oil is small in
quantity in comparison with the volume inside the cylinder. '

b) The pressure inside the cylinder can be assumed to be uniform.

c) The pressure drop between the inlet and outlet of the cylinder can be
neglected, because these areas are guite large.

d) The compressibility of the c¢il inside the cylinder is taken into
account.

e)'The inertias of the bladder, wvalve and o0il in accumalaters are

neglected.
1)
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Under these assumptions we obtain some equations at each part of the
éylindér unit. The symbols used in the eguations and the equations

are shown in Tables 1 and 2 respectively.

§%. Comparison between the simulation and experimental results.

We obtained the simulated drive characteristics, for examples the time

dependence of the stroke behavior, velocity, acceleration,oil pressures
and so on, and compared them with the experimental results of the full
scale movable limiter. Moreover, we discussed from the simulation the
dependence of the drive characteristics on various weights of the limiter
and the servevalve malfunction.

A calculation code of the Continuous System Modeling Program, called
CSMP, is used in the simulation.

(1) Simulation and Experiment

The simulation and experimental results are shown in Fig. 3.

The time dependence of the stroke behavior, calculated by the simulation,

is in good agreement with the experimental results.

The slight difference between the both results in the stroke of €0mm~

910mm are within 10mm and 20mm in the cases of fast ans siow operation
respectively. .

In the experiment the acceleration has vibration with a freguency of
about 300Hz due to the longitudinal vibration of the axis which connects
the piston to the limiter head. However, the acceleration obtained by
the simulation shows the meen value of the experimental result and
obtains no high frequency vibration. No observation of the vibratiecn in
the simulation is caused by the fact that the elasticity of the rod is
not taken. |

The simulated oil pressures inside the cylinder are generally high.
In the initial stage of the travel of the piston, the control oil

pressure in the experiment is higher than the gimulation result.

Because as the upper and lower effective sreas of the piston and differ-

ence, to fix the piston at the lowest position, the piston has to be -
pressed at the bottom of the cylinder by the higher control oliil pressure
than the drive o0il pressure.

The difference of the stroke pattern in the later half stage of the
stroke is caused by the difference of thémeasurementposition betﬁeen
the experiment and the simulation and the neglect of the inertia of the

0il and the bladder in the simulation.

@)
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Especially, the peak value of the control oil pressure in the experiment
is lower than the simulation results. It seems to be caused by mainly -
the neglect of the pressure drop and the inertia of the bladder.

However, the simulation results obtained by various input signalsg,
for example the time dependence of the stroke behavior, velosity and
acceleration, are in good agreement with the experimental results.
Moreover, the time dependences of the oil pressures in the simulation
have the same tendency as the experimental results., |

(2) Drive characteristics with various weights

Figures 5 and 6 show the time dependence of: the stroke behavior with
various weights and of the -upper and lower movable limiters respectiﬁely.
The difference of the stroke between the upper movable limiter is about
20mm, However, its difference can be shortened by changing the input
waveform and the drive oil pressure.

(3) Simulation in the cage of the servovelve malfunction

Figure 7 shows the time dependence of the stroke behavior, velocity
and accelelation in the cases of the normal operation, one servovalve
malfunction and four servovalves with malfunctions.

In the case of one servovalve malfunction the delay time of start
from the switch-on becomes short.

Tn the case of four servovalves with malfunction a large amount of
deccelelation (about 100G) is observed at the collision with the shock
absorber. The deccelelation caused in the case that one servovalve has
trouble- is almost the same s one caused in the normal operation (about
45G). Using the other three normal servovalves, the operation of the

limiter is almost completely controlled.

§4. Conclusion

We introduced some equations at each ports of the drive nechanism
and simulated the drive characteristics. The time dependences of the
stroke, the velocity, and the acceleration obtained by the simulation is
in good agreement with the experimental results, |

By using this simulation, it is possible to imprové the total drive
system involving the shock absorber and to decide the most suitable
parameters, for examples the various amplifier, the feed back voltage,
and the oil pressure.

Moreover, we can simulate the various rising patterns of the plasma

in the plasme experiment.
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Fig. 1 Schematic view of drive mechanism
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Table 1 Symbols used in the analysis
HEIWELFTE
Ay E2 b rHSER (BHA) (nd) P BEEAMTHL-2HE S (kgoom’)
Ay " (HER) (em?) P, + R ANVTHOEOET  (kgtn?)
B Af ETVTDTr4 Y Pg BERITE a2 —2 REF (kg om?)
Am F v IT YT 4 Q: v v D ATR (m'ssec)
Ams - KNV THET AV Q2 v v EhLORMITEER Ssec)
Ag V—BT T v V) BEERT + 201 -2 AR (o)
At | =ApeAp-As v, | EEm v ()
Ci  |® (12) kRdEs X | exFrossE (cm)
Co # (10) “ Xa Vaw 0TI —EEME (om)
E, FH—HANLTDANEE (V) Xy L&A b= (em)
Ej A B 5 (V) Z PR RT — VB {cm)
By | #5vvad —atbomatosr (V) | 2o | Bghal 7 T MOTERES
F, Ve w dTTI oD (kg) 7 ?7‘;/\)&727 — DA =N (7m
Ft B o# E R (kg) S 777 RAERODEH
Fo | MEBWES (eg) | @ | RTS8 HA DO
Hi~Hs |3 (17) 1050 BEH 5 EEm
K | 2 AT DR R O | R T RIS 2R
Ko VBN O BERERE (kgom®) wn » B g
ki~ks | KA ZENX T L 7KE ORI K Tl — FB AN R ( Ny ) DHFAKL
M WEYHIOEE (kg sec?)
P, SE M (mEH) U/f*’P"ilEtgj
P, | ®EBAOYY ¥ SPRED (kg or)




Bkt

JAERI-M 7130

Table 2 Equations and parameters used in the simulation of
drive mechanism
EBEREEL I ab—va YIZERLEEHOFRA L YT 4 -4
Items Equations Parameters
Ap =205 (v, v}
Inpu:1 volt.age to E, =Ai(E;-Ey¢) oy Ap=051 {v/v)
the main Ay =Ag *Am Ay (2} Ag=10 (v v)
servovalves A¢=10255 (v/v>
Qutput of the ,
By = ky* (3 k,=0179
potentiometer f pr¥ ) P Cusem)
Ams®tEa “n=5152 (rad/ sec)
Servovalve spool =— 4 § —0629
2
' 2twnS +o Ans=0094 (mv)
k;= 0123x10°
ky= 0140x10°
Flow rate through =4K [P;—P {5
roug @ Jir TR B e -01296x107
servovalves K=Ikiz +kez’+kez'+kez' ko= 04497x107
+ksz +kez® ® | ks= -066x107
ks= 0.2855x%107
Overlap of the spool| Z=Zy—Z' M | z'= 00255 (em)
Inlet of the
accumulator in the Q.= 808 Pp—P, (8) B=4000 ( (ms/sec)/}kg/cmz)
fower pressure '
Insid f th .
ngide 0 e' Pch=C2 @) Cy=T7.54 x 108 (kg/mz_(ma)l 4 )
accumulator in the Z . ‘
Q= -8V 10 £==140
lower pressure
Qutlet of the
accumulater in the 1=8a {P.—Py an a=5000 ((cnf’/sec )//kg/cmz)
higher pressure
Inside of the
P.V:=C (12 .
accumulator in the st ! C;=95x10° (kg/ma'(m3)14)
. =8V, {13) )
higher pressure
=A%+ (A x/ K Py K,= 194 x10* (kg /")
Cylind (Q=AX) 14 | Av=66 (o)
inder . ;
yiinae Ay =785 (em®)

Q2=A3X“{\z (X% ~X)
/Ko'PZ

X,.=1064(m)

¥
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Kinetic equation
of the pisteon

MX= P1A1 '"PgAg" Ff_Fg"Fa (16)

F;=200 (kg)
Fg=235 (kg)
F =235,/980 (kg {cm sec?))

Shockabsorber

Hye X?
Fa— ! an
Hg' (XT _X)+H3
(X>X, )
Fa=0 )
2 (X<X, ) “

Hi=0151
H;= 0949
H,=0.78
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*%%¥PROBLEM INPUT STATEMENTS***
TPITLE  DYNAMIC CHARACTERISTICS OF MOVABLE LIMITER
* CASE A (USUAL)
INITIAL
P1I=180,0
C1=P1I*2359,0%*1.4
P2T=(P1¥A1-F6)/A2

PARAMETER M=0.2398 , XR=106.4 s A1=66.0 R

ALF=5000. , BET=4000. ’ AZ=T78.5 yuaa

JT=0,629 ,  WN=515,22 , H1=0.151 seas

H2=0.949 , H3=0,78 s H4=200.0 ;...

P6=235.C , KO=1.94FE+04 y AMPT=0,25%0,+4+

GF=0,1786 , AMPS=0,0941 ; Ce=T7.54E+05 sees
K1=0.1230E+05 , K2=0.1401E+06 , K%==0.1296E+07  s...
K4=0.,4497E+07 , K5=-0.660CE+07 , K6=0.2850E+07 ,4..

OVER=0,0255
DYNAMIC
EI=6F*(60.00*STEP(0.01) ...
+571.43%(RAMP(0.01)-RAMP(0.08) ). ..
+128,00%(RAMP(0,08)-RAMP(0.13)))
EF=GF*X
E1=LIMIT(-10.0,10.0, D1)
D1=AMPT*(EI-EF)
ZO2DOT=AMPS*WN**2¥E1 -2, O*JT*WN*ZODOT-WN**2%Z0
Z0DOT=INTGRL(0,0,Z02D0T)
70=INTGRL(0.0, ZCDOT)
71=LIMIT(~0,105 , 0.375 , ZO) .
Z:(Zl—OVER)*NOT(OVER—Zl)—(ZI+0.099—OVER)*NOT(Zl+0.099 oo
—-OVER) .
K=K1%Z+K2*¥Z# ¥ 24 KFX ¥ Z4KAXTHF ¥4, . .
TKG*Z**54KE* 2% %6
Q=8 O*K*BRT/SQRT(K**2+4, O¥BET**2) *SQRT (ABS{P2-BC)) . ..
*(pz-pC) /ABS(P2-PC)
V2=INTGRL(5000.0 , -0.125%Q2)
PO=C2/V2**1.4
PoDOT=( A2*¥XDOT-(2 ) ¥K0/A2/ ( XR-X)
P2=INTGRL(P2T , P2DOT)
FA=E1*XD0T**2/ (Ho* {XR-X ) +H3)
B=NOT(90,7-X)
Fr=H4* (NOT(XDOT)-NOT{-XDOT) )
X2DOT={ A1 *D1-A2¥P2-G*FA-FG+FF) /M
XDOT=INTGRL(0.0 , X2DOT)
X=INTGRT.(0.0 , XDOT)
QL=A1*XDOT
V1=INTGRL{2359.0 , 0.125*Q1)
PS=Q1/V1*¥1.4
P1=PS-Q1%%*2/64.0/ALF**2

TERMINAL

PRINT X, XDOT,X2D0T, EI,PS,P1,P2,PC,%0,Z,FA,QL,Q2, EF
DRTFLT X(XDOT,X2DOT)

LAREL DYNAMIC CHARACTERISTICS OF MOVABLE LIMITER

TIMER FINTIM=0.250, PRDEL=0.005

BND

STOP




