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Development of the piezoelectric gas injection

valve for JT-60

Kazuo KAWASAKI and Hajime HIRATUKA
Department of JT-60 Facility
Naka Fusion Research Establishment, JAERI

(Received December 6, 1985)

Piezoelectric gas injection valve (PEV) for JT-60 have been developed
which was a piezo-electric element.

The raliability of the PEV under the actual condition of high magnetic
fields and high temperatures are veryfied, and it became clear that the PEV
had enough throughput range and sufficient repetability for long life
throughput characteristics. Remarkables of the developed PEV are summariz-
ed as follows,

(1) The maximum throughput rate, responce time and helium leakage

rate satisfy the desiged specifications.

(2) Throughput equation for PEV is clarified by comparison with

experiment.

(3) Reliabilities of PEV under the actual condition during coil

power test become clear.

Keywords: Tokamak, JT-60, Piezoelement, Gas Injection, MKS Baratoron,

Vacuum, Plasma, Gas Fuel Throughput.
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Table 2.1 Specification of gas feed line of gas injection system

Feed line Function Valve Max. supply 3
x Number | amount by one shot Pam
Main Feed line (D Quick initial gas filling FMV-Hx2 8
{H2 only) @ Slow initial gas filling PEV-Hx 4 467
(3 Density control PEV-Lx2 13.3
@ Plasma termination
Auxiliary feed line | (D Slow initial gas filling FMV-Lx2 1.9
{02,He, Ne,etc) | (@ Density control PEV-Hx4 467
@ Plasma termination PEV-Lx2]|. 13.3

@ Quick impurity injection
(%) Slow impurity imjection

Impurity feed line [ Slow impurity injection PEV-Lx4 13.3
-I ,~1I ‘
(He, Ne, Ar etc)

Control :II'Ir;SO
‘. ——————————————————————
Panel v
Gas Gas Gate Valve
T T 77777 Suppiyer Injecter |
}
|
i
I
b e e e — — —om Pumping

Fig. 2.1 Schematic diagram of gas injection system
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' Gas Feeder Injection vaive ‘?fg}‘se %I'gTr;f 0
Main feeder Gas Bomb —| Fressure Piezo electric valve
line control Fast magnetic vaive
Auxiliary fe}ei?lir Gas feeder > Injection vaive  —DI—
Impurity lzﬁgd—e{ Gas feeder 5>~ [Injection valve —Dt—
Impurity |E:§d-elr Gas feeder > Injection valve —D<—
Pumping - 1
Pumping - 2 >
Pumping — 3

Fig, 2.2 Structure of gas injection system

v : i
Spring
Seal matericl NBR e ; e
S _F
l | Iz i " _ Piezo-electric element
f -k
S N —— : i ~
& : i
T L e =
u iR <

! il )
]
; ™ Nozulle

/

e

0%

Current connecter

g152

Fig, 2.3 Cross—gectional view of the large sized PEV

_._8_
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Appearance of PEV

1

Photo.
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Table 3.1 Characteristic of Piezoelectric Element

PEV-L PEV-H
Permittivity €g 1800 1800
Charge coefficient
-12 180 152
dqp x 10 m/v
Density gr/cm? 7.7 7.4
Curie temperature °c 350 320

Table 3.2

Installation of PEV and MKS baratrom gauge

Port section

PEV number

MKS baratron gauges

P6-GM1

P11-GDL

P15-GM2

P18-GD1
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$2.0 Large sized PEV dimension

(#1.4) Small sized PEVY dimension
$ 1.0 Lorge sized PEV dimension

. {¢0.4) Smali sized PEVY dimension

Nozzle

NBR for segi

Fig. 3.1 Nozzle configulation of PEV

Photo. 2 View of the port section 6 showing

P-6 GM1 port
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Table 4.1 Measured seat leakage rate at various test

Seat leakage rate (Pam3/s)
Before After
PEV throughput test | PEV-H M-1 4,3 E-9
M-4 9.2 E-9
M-3 6.8 E-9
PEV-L N-2 2.5 E-9
N-3 8.4 E-9
PEV fatigue test PEV-H M-2 2.7 E-8 1.7 E-9
PEV-1 N-3 8.4 E-9 5.6 E-9
PEV baking test PEV-H M-9 8.4 E-9 Leak
M-4 5.1 E-9 6.5 E-9
PEV-L N-3 2.0 E-9 Leak

Table 4.2 Comparison of characteristic for plezo-element

between TFTR element and JT-60 ones

TFTR JT-60
piezo-element piezo-element
Permittivity s 3400 1800
Charge coefficient 280 152
d31 x 10—10 n/v

Curie temperature °C 195 320
Quter diameter mmé¢ 75 75
Thickness am 1.2 1.1
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Fig. 4.1  Schematic diagram of test set
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Fig. 4.6 Relation between throughput and pulse time of

impressed voltage for PEV
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Fig. 4.10 Comparison of deflection between Before and
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HAENL D, No9DIIEH TRESNAEERTFHAEMCT, SV THERLHELH TS
KEBREBETHROBRESLBMEE Fig. 420737, HEEN 1 CRRENLIEBRTHT
. HAENTICHENTHBLZILESR SO, NEEBFEZTHAOEFES LEEE Fig-4211C
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Table 4.4 Measured seat leakage rate for 2 weeks

PEV-L
Candidate type-No 1121413 {4 |56 |7 89|10 11|12 13
Before
baking test 2\ x 22y x 2 2 s T
After
Initial baking test A L N O e e
After
fatigue test 2 | x 2 2 x 22X m T
After 1 week 2 x 2 2 X 2 2 X 212 2 2 -
After 2 weeks 2 X 2 2 X 2 2 % 212 2 2 -
PEV-H
Candidate type-No 112|314 1|5 6 7 8 | 910111213
Before
baking test 2 * 2 2 x 2 2 2 212 z z 2
. After
Initial baking test 2 X 2 2 b 2 2 2 2| 2 2 2 2
After s lxloatlalxl2l2]2]2]2/2]2]|:2
fatigue test
After 1 week 2 % 2 2 bes 2 2 2 21 2 2 2 2
After 2 weeks 2 X A 2 % 2 2 2 212 2 2 2
X . -9 3
Unit : x 1.33 x 10 Pa in /s
Pressure; 0.2 MPa (Me gas)
x : Seat leakage rate was larger than the permissible ones

(1.33 x 1070 pa m>/s).
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Table 4.10 Diviation throughput vs calculated one

Ca;jzzate ii;ir PEV-L PEV-H

(week) | 175 (¥) |100 (V) | 175 (V) | 100 (V)
No.l 1 +0.1% | -14.5% | -4.9%| -10.0%
2 -1.3 | -20.0 -3.6 | - 8.4

No.2 1 +3.2 | -12.1 -1.1 | - 4.4
2 +1.3 | -14.6 -1.6 | - 5.6

No.3 1 +0.5 | -31.2 2.0 | - 5.3
| 2 -1.6 | -36.6 0.7 | - 7.9
No.4 1 -3.1 | -50.2 -1.7 | -13.7
2 5.9 | -59.7 +0.2 | - 8.1

No.5 1 +2.2 | - 4.9 -1.5 | - 6.2
2 +0.5 | -24.3 2.1 | - 9.4

No.6 1 0.0 | - 9.4 +1.7 | - 4.7
2 0.3 | - 7.6 +0.5 | - 7.9

No.7 1 +1.2 | - 3.0 +1.5 | - 1.4
2 +1.5 | - 8.9 +0.1 | - 3.7

No.8 1 ~5.6 | -25.4 +1.4 | - 8.1
2 -2.7 | -16.3 +0.2 | -11.3

No.9 1 +9.5 | + 1.6 +2.1 | -10.5
2 +5.0 | -26.6 +2.6 | - 8.9

No.10 1 +2.1 | -22.1 +#0.2 | - 6.0
2 +0.5 | -30.5 ~1.5 | - 7.4

No.ll 1 +6.9 | - 5.3 ~2.1 | -11.2
2 +2.1 | -47.5 -3.1 | -13.1

No.12 1 -3.2 | -53.6 1.2 | - 6.2
2 0 5 7 1

—-64.
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Fig. 4.17 Long life performance of PEV-L
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Fig. 4.18 Long life performance of PEV-H
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improved long life performance of PEV
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Fig. 4.20 Relation between throughput and time (week)

of improved PEV-H



Normalized throughput

Normalized throughput

JAERI-M 85-215b

& PEV-L NO. | Impressed voltage 175V
L PEV"L. N0.2 HZ gus
o PEV-L NO.3
N e~
100%ﬁ7 -
10} . i
} ] ] | 1
Initial 2 4 8 10 {2 14
nitia After weeks
& PEV-L NO. 9 Impressed voltage 175V
* PEWI— L NO.IO H2 gas
o PEV-L NO.13
+{0F I
100%
~-10F 7
‘ | [ 1 | |
Initi 2 4 8 10 12 14
Initial After weeks

Fig. 4.21 Relation between throughput and time {week)

of improved PEV-L
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Table 4.11 Relation between PEV and the feed line

Feed PEV Type P-6 UPPER | P-11 UPPER | P-15 LOWER | P-18 LOWER
7P Section Section Section Section
I PEV-H FC12 FC13 FC17 FC18
PEV-L FC1l1l FCl6
s PEV-H FC22 FC23 FC27 FC28
FEV-L FC21 FGC26
I PEV-L FC31 FC36
v PEV-L FC43 FC48
Table 4.12 Relation between throughput and
CAMAC command
CAMAC Injected
PEV-NO command gas throughput Accuracy
Pam3/s Pam-/s
FC 12 53.33 53.411 1.00
11 5.33 5.285 0.99
22 14.25 15.01 1.05
21 1.43 1.414 0.99
3 5.33 5.475 1.03
17 53.33 53.556 1.00
16 5.33 5.344 1.00
27 14,25 14.609 1.03
26 1.43 1.463 1.02
36 5.33 5.281 0.99
13 53.33 53.334 1.00
23 14.25 14.347 1.01
43 5.33 5.432 1.02
18 53.33 53.274 1.60
28 14.25 14.16 0.99
48 5.33 5.464 1.03
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Table 4.13 Calibration of the throughput from the measured

pressure at branch pipe

MKS No. PE 16 (PEV No. FC 16)
PEV-~-L
Q=a*P "2+b*P+c
a= 15.000D-04 b= 0.1678 c= =0.4443
Command test cal. Diff-Q Errer
(Pa) (Pa*m"3/s) (Pa*m~3/s) (Pa*m~3/s) (%)
5.53 0.53 0.53 0.00 0.07
11.73 1.73 1.73 -0.00 -0.04
17.40 2.93 2.93 -0.00 -0.00
22.66 4.13 4.13 0.00 0.02
27.60 5.33 5.33 -0.00 -0.01
MKS No. -PE 17 (PEV No., -FC 17)
PEV-H
Q=a*P " 2+b#*P+c
a= 43.884D-04 b= L3165 c= -11.4397
Command test Cal. Diff-qQ Errer
(Pa) (Pa*m~3/s) (Pa*m~3/3) {(Pa*m"~3/s) %)
34.8 5.33 4.89 0.44 8.99
54.7 17.33 18.97 ~1.64 -8.66
65.7 29.33 28.26 1.07 3.77
78.7 41.33 40.68 0.65 1.59
91.1 53.33 53.84 -0.51 -0.95
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Table 4.14 Dependency of throughput for PEV
on toroidal field
Toroidal field strength
PEV-NO 0 % 30 % 50 % 100 %
FC 17 86.26 87.32 88.26 91.59
(1.00) (1.01) (1.02) (1.06)
13 48.66 48.86 49.4

(1.00) (1.00) (1.02)
18 47.53 48,06 47.86 52.13
(1.00) (1.01) (1.01) (1.09)
28 43.33 42,13 43.93 45.00
(1.00) (0.97) (1.01) (1.04)
11 23,73 23.66 24,26 26 .40
(1.00) (1.00) (1.02) (1.11)
16 24,13 24.2 24.73 26.93
(1L.00) (1.00) (1.02) 1.12)
21 20.66 20,66 21.33 22.06
(1.00) (1.00) (1.03) {(1.07)
26 20.46 20.53 21.40 22.60
(1.00) (1.00) (1.05) (1.10)
31 26.93 26.60 26.93 27.60
(1.00) (0.99) (1.00) (1.02)
36 35.26 35.33 33.86 36.26
(1.00) (1.00) (0.96) (1.03)
43 28,00 28.06 28.06 30.46
(1.00) (1.00) (1.00) (1.09)
48 27.33 27.80 29.53
(1.00) (1.02) (1.08)

Upper value means the pressure rise (Pa)

(

) value means the normalized pressure ratio
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15 Dependency of throughput for PEV

on vertical field

PEV-_NO Vertical field strength

0% 30 % 50 % 100 %

FC 17 86.26 89.39 §9.39 89.86
(1.00) (1.04) (1.04) (1.04)

12 91.66 91.06

18 47.53 50.26 50.53 49,8
(1.00) (1.06) (1.086) (1.05)

28 43.33 45.53 45,53 44,00
(1.00) (1.05) {(1.05) (1.02)

11 23.73 25.40 25.40 24.46
(1.00) {1.07) (1.07) (1.03)

16 24.13 26.2 26.13 25.20
(1.00) (1.09) (1.08) (1.04)

21 20;66 21.93 21.86 21.40
{1.00) (1.06) {1.06) (1.04)

26 20.46 22.33 21.93
{(1.00) (1.09) (1.07)

31 26,93 27.80 27.86 27.06
{1.00) (1.03) (1.03) (1.00)

36 35.26 36.73 36.33 35.86
(1.00) (1.04) (1.03) (1.02)

48 27.33 29.00 28.20 28.46
(1.00) {1.06) {(1.03) (1.04)

Upper value

(

} value

means the pressure rise (Pa)

means the normalized pressure ratio
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Table 4.16 Comparison of throughput for PEV during

coil pow test

Throughput (Pam3/s) Differential
PEV~-NO Before power test After power test throughput
 '84.11.18 '85.3.29 (Pam/s)
FC 12 53.411 58.47 5.06
11 5.285 6.06 0.78
22 15.01 ' 15.62 0.61
21 1.414 1.62 0.21
31 ‘ 5.475 6.27 0.80
17 53.556 57.37 3.81
16 5.344 3.67 0.33
27 14.609 15.33 0.72
26 1.463 1.62 0.16
36 5,281 5.97 0.69
13 53.334 | 60.5 7.17
23 4,347 15.01 0.66
43 5.432 6.36 0.93
18 53.274 57.54 4,27
28 14,16 15.50 1.34
48 5.464 6.05 0.59
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Table 4,17 Comparison of throughput between at after

coil power test and recalibrated of the

same PEV
CAMAC command Measured throughput Recalibrated
PEV-NO at after power test throughput

Pam3/s Pam3/s Pam3/s

FC 12 53.33 58.47 52.48
11 5.33 ’ 6.06 53.20

22 14.25 15.62 14.18

21 1.43 1.62 1.39
51| 5.33 6.27 5.13

17 53.33 57.37 52.67

16 5.33 5.67 5.39

27 14.25 15.38 14.18

26 1.43 1.62 1.43

36 5.33 5.97 5.28

13 53.33 60.5 52.98

23 14,25 15.01 14,20

43 5.33 6.36 5.18

18 53.33 57.54 53.24

28 14.25 15.50 14.15

48 5.33 6.05 5.16
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