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A multi-channel fiber feed through has been developed for visible and IR transmission
lines through secondary vacuum boundary (cryostat boundary) of ITER.

In the first phase, a scale down test-module which has ten fiber feed throughs in the
vacuum flange was manufactured and tested. The vacuum seal was realized by soldering
gold plated fibers to a vacuum flange with high temperature solder. The capacity to resist
inner pressure rise of 5 atm, the acceleration resistant of 15 g and the temperature resistant
from 20°C —200°C were achieved by the test module. The connecting loss and the uniformity
of transmission losses among each channels of the feed through were not well. Concerning
the connecting loss, the best value was 2.2 dB and the worst one was 13.5 dB.

In the second phase, the full performance test-module which has 57 fiber feed throughs
was manufactured and tested. The feed through was improved in order to achieve a good
transmission and the uniformity among each channels by using a optical fiber implanted in a
center of a quartz rod very accurately. The capacity to resist inner pressure rise of 5 atm,
the acceleration resistant of 15g and the temperature resistant from 40C—200T
(Temperature ramp rate: >90°C/hr) were achieved by the full performance test-module. The
connecting losses of the feed throughs were less than 3 dB, and the uniformity of
transmission losses among each channels of the feed through was larger than 60%. The
requirements for an optical-fiber feed through were almost satisfied with the full
performance test-module. |

Further developments will be necessary for the remote handling method.

Keywords : Optical Fiber, Feed Through, Multi-channel, ITER, Visible Light
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1. Introduction

In order to relay optical images from just outside the diagnostics port to the
diagnostic equipment through the cryostat vacuum boundary, it will be favorable
to use an optical fiber bundle in the visible and IR region. There are two
advantages as follows.

i) The optical fiber bundle relays optical images through the narrow labyrinth,
which is provided to prevents neutron stream, without a relay optics
composed of lenses and mirrors.

ii) The problem of the displacement of the optical axis which is caused by the
thermal distortion and the electromagnetic force of the diagnostic port will
be evaded by using the optical fiber bundle easily.

In this situation, it is necessary to use a image transmission system
through the vacuum boundary. As a one of the image transmission systems, a
multi-channel optical-fiber feed through has been developed here for visible and
IR light transmission lines through cryostat (second) vacuum boundary of ITER.
The feed through should be designed to put the fiber bundle on it and to remove

the bundle by remote control.
2. Specification
The specification of the optical-fiber feed through descrived in the work

order is summarized as below.

2.1 Requirement from ITER

Material of fiber core: Fused quartz
Diameter of fiber core: 200 um
Number of channel: >50
Vacuum Seal: He Leak < 1x 10-10Pa m3/s
Capacity to Resist Inner Pressure Rise: >2 atm (second vacuum boundary)
Mechanical acceleration

of structure: > 15g, duration 10 ms, 1000cycles
Temperature: 20°C - 200°C
Temperature ramp rate: > 20°C/hr,
Uniformity among each channels: > 60 %

Maximum connecting loss per channel: 3dB
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2.2 Item of R&D

-Vacuum seal method (< 1 x 10-10 Pa m3/5s)

-Fabrication of fiber connecting method (uniformity among each channels: >
60 %)

-Remote handling method

2.3 Item of Test

-Vacuum leak test: <1x1010 pa m3/5
-Transmission test: 350 - 1000 nm, <3dB per channel
-Uniformity check: > 60 %

-Capacity to Resist Inner Pressure Rise: > 2 atm

-Temperature Resistance of up to 200 °C with limited cycling up to 3 cycles.
-Acceleration test: > 15g, duration 10 ms, 1000cycles
-Put on and take off test of connector: reproducibility check
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3. Developing process

The optical-fiber feed through has been developed as the task description
shown in the work order.

Optical-fiber feed through has been constructed and tested according to the
specifications above.

In the first phase, design of a scale down test model and the trial
manufacturing was carried out in order to find out the problems.

In the second phase, the full performance test module has been fabricated.
The almost problems found in the scale down test module had been solved.
After the fabrication, the transmission test, the vacuum leak test, the
temperature resistance test, the pressurization test and the acceleration test were
carried out.

The detailed designs and the key points of the scale down test module and
the full performance test module are described in the following sections.

4. Scale down test-module (first phase)

4.1 Design (Scale down test-module)

The scale down test-module has 10 fiber feed throughs on a vacuum flange.
Each optical fiber plated by gold is inserted in a small SUS-pipe and soldered by
the high temperature solder (sp-27), and mounted in the vacuum flange by the
same solder as shown in Fig. 4.1-1. The schematic views of the optical-fiber feed
through and the connector are shown in Fig. 4.1-2 and 3. The assembly view and
the photograph are also shown in Fig. 4.1-4 and 5 respectively.

The specification of the scale down test-module is summarized as follows.

-Material of fiber core : Fused quartz
-Diameter of fiber core : 200 um
-Number of channel: 10
-Vacuum Seal Method: Gold plated fiber +
high temperature solder (sp-27)
-Capacity to Resist Inner Pressure Rise: 5 atm
-Mechanical acceleration of structure: > 15g, duration 10 ms, 1000 cycles
-Temperature: 20°C - 200°C
-Uniformity among each channels: 60 % (target)
-Maximum connecting loss per channel: 3 dB (target)
-Connector: Manual handling
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Vacuum flange
SUS-pipe

Solder
Optical fiber

Optical fiber

/ Sleeve

N

Ferrule of connector Ferrule of connector

Fig. 4.1-1 Cross section view of the optical-fiber feed through (scale down test-module).

Vacuum flange
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Fig. 4.1-2 Schematic view of the optical-fiber feed through (scale down test-module).
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Connector

w /

Ferrule 25
\ 2 Optical fiber

$36

(2,000)

L
Coupling nut -
FC-connector

Fig. 4.1-3 Schematic view of the connector (scale down test-module).

[

Vacuum | Atmosphere
- !
|
Optical fiber i
Vacuum flange i Optical fiber
Connector Connector
NIRRT

]
LA
L

Fig. 41-4 Assembly view of the optical-fiber feed through and the connector (scale down test-

module).
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10-ch Optical-fiber Feed Through

Fig. 41-5 Photograph of the optical-fiber feed through (scale down test-module).

.._6_
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4.2 Test and results (Scale down test-module)

The scale down test-module of the optical-fiber feed through and the
connectors were manufactured successfully. The vacuum leak test, transmission
test, uniformity check, pressurization test, temperature resistance test,
acceleration test and reproducibility check were carried out. The requirements
were satisfied except for the connecting loss and for the uniformity among each
channels. Concerning the connecting loss, the best value was 2.2 dB and the
worst one was 13.5 dB as shown in Table 5.1-1(a: before pressure resistance test,
temperature resistance test and acceleration test, b: after those tests). This
phenomenon was caused by the gap between the fiber center of the connector and
that of the feed through. The results comparing with the final requirements are
summarized in Table 5.1-2.

The large connecting loss has been solved by improving the fixing method
of the optical fiber as described in the next section.

Table 5.1-1(a) Connecting loss before pressure resistance test, temperature resistance test and
acceleration test

Connecting loss (dB)
Wavelength| 350 nm | 400 nm | 500 nm | 600 nm | 700 nm | 800 nm | 900 nm |1000 nm
Channel
1 2.75 2.76 2.75 2.75 2.76 2.75 2.73 2.76
2 2.88 2.86 2.86 2.87 2.86 2.87 2.85 2.87
3 3.04 3.03 3.03 2.99 3.02 3.02 3.01 3.01
4 2.04 2.05 2.05 2.03 2.04] 2.03 2.04 2.04
5 10.46| 10.45| 10.49| 10.48] 10.47] 10.48 10.49] 10.46
6 3.86 3.86 3.89 3.87 3.89 3.87 3.87 3.87
7 4.68 4.65 4.65 4.66 4.68 4.63 4.65 4.67
8 7.6 7.61 7.61 7.64 7.64 7.62 7.61 7.65
9 2.58 2.55 2.56 2.53 2.54] 2.56 2.54 2.57
10 2.5 2.54 2.55 2.54] 2.51 2.52 2.54 2.54
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Table 5.1-1(b) Connecting loss after pressure resistance test, temperature resistance test and
acceleration test.

Connecting loss (dB)
Wavelength| 350 nm | 400 nm | 500 nm | 600 nm | 700 nm | 800 nm | 900 nm {1000 nm
Channel
1 2.85 2.85 2.86 2.84 2.87 2.86 2.85 2.85
2 2.97 2.97 294 299 2.98 2.95 2.95 2.97
3 3.18 3.2 3.19 3.18 3.2 3.19 3.18 3.18
4 2.16 2.17 2.16 2.16]  2.19 2.17 2.17 2.18
5 13.46[ 13.45] 13.49] 13.48 3.47| 13.48| 13.46] 13.49
6 4.05 4.05 4.06 4.05 4.04, 4.05 4.03]  4.04
7 4.99 5 5.02 4991 497 4.98 4.98 4.96
8 10.34] 10.36] 10.31| 10.33 10.3] 10.32 10.3] 10.32
9 2.6 2.6 2.59] 257 2.62 2.6 2.61 2.59
10 2.29 2.28 2.32 2.29 2.31 2.29 2.61 2.28

Table 5.1-2. Summary of result for the scale down test-module comparing with final

requirement.
<Item> < Requiement > < Result >
Material of fiber core Fused quartz Achieved
Diameter of fiber core 200 um Achieved
Number of channel >50 10
Vacuum Seal He Leak
Achieved

Capacity to Resist
nner Pressure Rise

Mechanical acceleration
of structure

Temperature:
Temperature ramp rate

Uniformity among each
channels

Maximum connecting
loss per channel

<1x10°10p,4 m3/s

> 2 atm

(second vacuum boundary)

Achieved (5 atm )

z&?agt,ion 10 ms, 1000 cycles Achieved
20°C -200°C Achieved
>20°C/hr Achieved

> 60 % Not achieved
3dB 2dB-14dB
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4.3 Evaluation (Scale down test-module)

The scale down test-module which has ten fiber feed throughs in the
vacuum flange was manufactured and tested. The requirements were satisfied
except for the connecting loss and for the uniformity among each channels. We
evaluated the scale down test-module as follows.

i) The vacuum sealing method described in the section 4.1 is available in

the actual feed through.

ii) Concerning the connecting loss, the best value was 2.2 dB and the worst
one was 13.5 dB. This phenomenon was caused by the bad accuracy of
the gap between the fiber center of the connector and that of the feed
through.

It was necessary to improve the design of the part of the feed through in the

full performance test-module.
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5. Full performance test-module (second phase)

5.1 Design (Full performance test-module )

The full performance test-module has fiber feed throughs of 57 channels on
a vacuum flange. The feed through was improved in order to achieve a good
transmission and uniformity among the channels by using a fiber rod which
diameter of 2.3 mm. The each fiber rod, which is composed of core, clad and
jacket, was made by the same method as the optical fiber. The structure is shown
in Fig. 5.1-1. The rod is soldered on the vacuum flange by a high temperature
solder (sp-27) as shown in Fig. 5.1-2. The schematic views of the part of the
optical-fiber feed through, the connector and the partial cross section of the
optical-fiber feed through and the connector are shown in Fig. 5.1-2, 3 and 4
respectively. The assembly view and the photographs are also shown in Fig. 5.1-5,
6,7 and 8.

The accuracy of the gap between the fiber center of the connector and that of
the feed through will be improved than that of the scale down test-module,
because the soldering position is decreased from two to one for each feed

through. .
The specification of the full performance test-module is summarized as

follows.

-Material of fiber core : Fused quartz

-Diameter of fiber core : 200 pm

-Number of channel: 57

-Vacuum Seal Method: Nickel/Gold plated fiber rod+

high temperature solder (sp-27)

-Capacity to Resist Inner Pressure Rise: 5 atm

-Mechanical acceleration of structure: > 15g, duration 10 ms, 1000 cycles

-Temperature: 20°C -200°C

-Uniformity among each channels: 60 % (target)

-Maximum connecting loss per channel: 3 dB (target)
-Connector: For remote handling
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Plated with Ni+Au

)

Jacket(2500x m)
Clad(250. m)

Core(200, m)

v

: \/\\/\—

2.5 mm (26 mm)
——————

Fig. 5.1-1 Fiber rod. (Core: Fused quartz, Clad: F-dorped fused quartz, Jacket: Fused quartz)
The fiber rod made by the same method as the optical fiber. The rod is plated with
Ni and Au.
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Y
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Fig. 5.1-2 Schematic view of the part of the optical-fiber feed through. Tere are 57 fiber feed
throughs.
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Fig. 5.1-3 Schematic view of connector.
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Fig.5.1-4 Partial cross section of the optical-fiber feed through and the connector.
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I [
N P B [ ZN
o s B |
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Vacuum flange |CF-203

Fig. 5.1-5 Assembly view of the optical fiber feed through.
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Fig. 5.1-7 Optical connector.
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Fig. 5.1-8 Assembled aspect of optical-fiber feed through.
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5.2 Test and results (Full performance test-module )

The full performance test-module of the optical-fiber feed through and the
connectors were manufactured successfully. The transmission test, the vacuum
leak test, the uniformity check, the pressurization test, the temperature resistance
test, the acceleration test and the reproducibility check were performed.

The vacuum leak test and the transmission test were carried out befor and
after the temperature resistance test, the pressurization test and the acceleration
test.

The details are described following sections. The requirements of the work

order were almost satisfied.

5.2.1 Transmission test

The connecting losses were measured with an optical spectrum analyzer at
wavelengths of 350 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm and
1000 nm as shown in Fig. 5.2-1. The connecting loss L is written as

LC =- 10 X ].Og (Pn/PR) (5.2‘1),

where P, is the transmitted power of the channel n (see Fig.5.2-2) and Py is the
transmitted power of the reference fiber.

Light Source Reference Fiber thical Spectrum Analyzer

/'[E E‘

- AN

‘/
-~ - - —-
O‘

-

O

7/
/
/

Optical Fiber
/ Feed Through \
FC-connector

o
N

FC-connector
Fig. 5.2-1 Measuring arrangement of connecting loss.

The measurements were carried out before and after the temperature
resistance test, the pressurization test and the acceleration test. Those results of
before and after those tests are shown in Table 5.2-1 and in Table 5.2-2
respectively. These results shows that the required maximum connecting loss of
3 dB was satisfied before and after the tests by omitting the shadowed channels as
shown in those tables. 53 channels of the feed through satisfied the requirement.

The required uniformity of > 60 % was also satisfied as shown in those
tables. Here, the uniformity U is defined as

— 16—
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U= Tmin / T1rnax

(5.2-2),

where Tpip is the minimum value and Tpax is the maximum value of

transmissivity among each channels.

The measurement of the transmissivity was carried out after the put on and
take off test. The difference of transmissivity

AT = T(after put on and take off test) - T(before put on and take off test)
is shown in Table 5.2-3. The maximum difference was 15.4 % and the averaged

value was 2.8 %.

< View from the atmospheric side >

2-45.0
Hole for nock pin

3 —
< For guide pin
3
54 41 33
55 9 4 34 2? 18
4
A 0 0 0|0 0 O
56 50 43 35 27 i9 1t
0 0O O o o
57 sl 44 3 28 20 12 5
0 00 0loo OO0
1N
\1/
A D
o,
<
(<

20- 482 P.C.D.181.1

Fig. 5.2-2 Channel number of the feed through.
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Table 5.2-1 Connecting loss and transmissivity of each channel before tests. Shadowed channels
were omitted.

53 channels of feed through are available.

‘ 350 nm 40nm | 500 nm 600 nm 700 nm 800 nm 900 nm 1000_nm
ch Loss(dB) T Joss(dB) T lossdB) T JossdB) T loss@B) T [lossdB) T JossdB) T Hoss@B) T
1 136 73.1% 1.83  65.6% 1.67 68.1% 1.60  69.2% 1.57 69.7% 152 70.5% 143 71.9% 1.49 71.0%
2 247  56.6% 2.49  56.4% 276  53.0% 250 56.2% 252 56.0% 236 S8.1% 233 585% 2.34 58.3%
3 1.10  77.6% 1.3t 74.0% 1.28 745% 132 73.8% 1.31  74.0% 1.18 76.2% 121 75.7% 1.16 76.6%
‘ 4 249  56.4% 2.61 54.8% 274 532% 276 S530%| 238 57.8% 230 589% 230 58.9% 2.27 59.3%
5 296 506% | 291 S12% | 3an s 325 473% | 282 322% | 269 S38% | 268 S43% | 266 542%
‘ 6 LI8  76.2% 1.59 69.3% 1.51  70.6% 1.56 69.8% 1.58 69.5% 133 73.6% 129 743% 130 74.1%
7 1.60  69.2% 1.95 63.8% 194  64.0% 1.81 65.9% 1.83  65.6% 1.75  66.8% 1.67 68.1% L.71  67.5%
8 1.04  75.0% 1.04 78.7% 096 80.2% 092 809% 096 80.2% 0.80 83.2% 0.76 83.9% 0.76 83.9%
9 .12 77.3% 1.56 69.8% 1.48 71.1% 142 72.1% 137 729% 1.29 743% 1.16  76.6% .24 752%
10 048 89.5% 075 84.1% 0.7! 849% 082 828% 0.80 83.2% 0.68 85.5% 054 83.3% 0.63 86.5%
It 256 55.5% 229 59.0% 2.68 54.0% 2.16  60.8% 235 58.2% 2,13 61.2% 226 59.4% 213 61.2%
12 136 73.1% 1.51  70.6% 1.5 70.6% 1.44  71.8% 147 71.3% 130 74.1% 145 71.6% 130 74.1%
13 072 84.7% 095 80.4% 082 828% 0.84 82.4% 085 822% 072 84.7% 0.76 83.9% 0.72 84.7%
t4 233 585% 229 59.0% 256 55.5% 206 62.2% 206 62.2% 199 63.2% 197 63.5% 1.92 643%
15 1.56  69.8% 1.84 65.5% 1.76  66.7% 1.62  68.9% 1.62  68.9% 1.59  69.3% 173 67.1% 1.59  69.3%
16 134 73.5% 1.55  70.0% 1.55  70.0% 1.48 71.1% 1.52 70.5% 133 73.6% 142 72.1% 1.28 745%
17 1.1 77.4% .34 73.5% 123 75.3% .16  76.6% .21 75.7% LIS 76.7% 1.19  76.0% 123 75.3%
18 1.06 78.3% 1.27 74.6% 117 76.4% 1.06 78.3% .11 77.4% 1.00  79.4% 1.07 782% 1.00  79.4%
19 1.62  68.9% 1.83  65.6% 193 64.1% 173 67.1% 1.76  66.7% 171 67.5% 1.66 68.2% LTT 66.5%
20 1.07 78.2% 120 75.9% .16  76.6% 1.16  76.6% 124 75.2% 1.09  77.8% 1.09  77.8% 106 78.3%
21223 598% | 211 615% | 237 57.9%| 193 641%| 194 640% 176 66.7% | 195 63.8%| 186 65.2%
22 L1l 77.4% 128 74.5% 122 75.5% .21 75.7% 1.16  76.6% 1.04 78.7% | 1.1S  76.7% 1.09 77.8%
23 1.44  71.8% 1.61  69.0% 1.59  69.3% 1.54 70.1% 1.46  71.4% .43 719% I 141 72.3% .33 73.6%
24 2.58 55.2% 233 58.5% 272 53.5% 225 59.6% 231 S8.7% 210 61.7% | 233 585% 221 60.1%
25 1.56  69.8% 1.97 63.5% 1.87 65.0% 1.78 66.4% 1.76  66.7% 1.62 689% 1.69 67.8% 1.67 68.1%
26 1.78  66.4% 1.97 63.5% 232 58.6% 1.94 64.0% 1.86 65.2% 1.78  66.4% .82 65.8% 1.84 65.5%
27 248 56.5% 2.68 54.0% 279 52.6% 278 52.71% 241 57.4% 225 59.6% 253 55.8% 262 54.7%
28 1.83  65.6% 225 59.6% 247 56.6% 197 63.5% 190 64.6% 1.80 66.1% 195 63.8% .86 65.2%
29 1.69  67.8% 205 62.4% 229 59.0% .85 65.3% 1.82 65.8% 1.68 67.9% 179 66.2% 1.76  66.7%
30 1.73 67.1% 200 63.1% 231 58.7% 193 64.1% 190 64.6% i.73 67.1% 179 66.2% 181 65.9%
31 1.50 70.8% 1.78  66.4% 175 66.8% 1.56 69.8% 1.57 69.7% 151 70.6% 1.59 69.3% 149 71.0%
32 .34 73.5% 1.59 69.3% 1.58 69.5% 1.35 73.3% 1.38  72.8% 131 74.0% 133 73.6% 137 729%
33 126 748% 139 72.6% 1.2 72.1% 130 74.1% 1.28 745% 128 745% 1.24 752% 123 75.3%
34 1.52  70.5% 1.83 65.6% 1.75 66.8% 1.62 68.9% 1.59 69.3% 147 713% 1.6 69.2% 148 71.1%
35 246 56.8% 209 61.8% 251 56.1% 204 62.5% 204 625% 191 64.4% 206 62.2% 193 64.1%
36 1.76  66.7% 1.87 65.0% 23 589% 1.78 66.4% [.83 65.6% 1.69 67.8% 1.84 655% L7 67.6% '
37 139 72.6% 1.67 68.1% 1.63  68.7% 144 718% 149 71.0% 134 73.5% 149 71.0% 136 73.1% |
38 252 56.0% 242 57.3% 274 532% 192 64.3% 221 60.1% 1.85 653% 1.89  64.7% 193 64.1%
39 1.83  65.6% 2.1 61.5% 251 56.1% 196 63.7% 198 63.4% 1.84 65.5% 1.81 659% 1.78  66.4%
40 77.8% 1.53  70.3% 1.5 70.8% 1.26 74.8% 1.19  76.0% 1.14  76.9% 114 76.9% Il 77.6%
41 67.1% | 184 655%| 181 659%| 171 675%| 173 61.1%| 176 66.7%| 174 67.0%| 173 67
WA% | 296 506% | 321 471% | 3! 6% | 32 479% | 27 526% | 271 ‘836% | 275 83
b 447% 37 427% | 384 443% | 346 483% | 267 341% 279 526% | 288
. 69.0% 185  65.3% 1.78  66.4% 1.8 66.1% 1.76  66.7% 1.7 67.6% 1.66  68.2% 171 67.5%
45 237 579% 223 59.8% 2.58 55.2% 214 61.1% 204 62.5% 204 625% 1.99  63.2% 203 62.7%
46 1.06 73.3% 1.29 74.3% 1.24 75.2% 132 73.8% 1.09 77.8% 1.08 78.0% 1.09 77.8% 1.08 78.0%
47 1.81 65.9% 197 63.5% 232 58.6% 193 64.1% 1.74  67.0% 1.76  66.7% 1.92 64.3% 177 66.5%
48 1.81 65.9% 227 59.3% 254 557% 2,15 61.0% 1.87 65.0% 1.86 652% 192 64.3% 1.87 65.0%
49 1.81 65.9% 195 63.8% 234 58.3% 1.93 64.1% 177 66.5% 1.77  66.5% 1.81 659% 1.76  66.7%
50 1.74  67.0% 208 61.9% 242 573% 198 63.4% 191 64.4% 189 64.7% 1.72 67.3% 1.84 65.5%
51 116  76.6% 147 71.3% 132 73.8% 1.27 74.6% 1.17  76.4% 1.i7  76.4% L3 77.1% .17 76.4%
52 1.54 70.i% 1.8l 659% 172 67.3% 1.65 68.4% 1.54 70.1% 1.5  70.0% 1.59 69.3% 153 70.3%
53 123 75.3% 153 70.3% 1.4 724% 1.35 73.3% 135 73.3% 1.24  75.2% 134 73.5% 1.2 75.9%
Sdi LU 774%) 146 71.4%| 132 738%| |31 74.0% 75.0% 117 764%| 125 750%| 112 77.3%
850 297 S05% | 368 493% | 329 469% | 315 484% L490% L 25 %62% | 219 s26% 1 268 Som
56 2 63.1% 2.16 60.8% 24| 57.4% 238 57.8% . 59.7% 19 64.6% 194 64.0% 1.2 75.9%
57 099 79.6% 1.2 759% .13 77.1% 1.01  79.3% 1 79.4% 1.03  789% 0.95 80.4% 096 80.2%
Tons 55.2% 54.0% 52.6% 52.7% 56.0% 58.1% 55.8% 54.7%
n. 89.5% 84.1% 84.9% 82.8% 83.2% 85.5% 88.3% 86.5%
max.
Uniformoty = Tnin /T max.
61.7% 64.1% 61.9% 63.7% 67.3% 67.9% 63.2% 63.2%

—18
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Table 5.2-2 Connecting loss and transmissivity T of each channel after temperature resistance test,
pressurization test and acceleration test. Shadowed channels were omitted.
53 channels of feed through are available.

350 nm 400 nm 500 nm 600 nm 700 nm 800 nm 900 nm 1000 nm
¢h|Loss(@B) T JLoss(dB) T [LossdB) T |Loss(dB) T |Loss(dB) T JLoss@B) T JLoss(dB) T JlLoss(dB) T
1 1.52 70.5% 1.68 67.9% 1.6 692% 1.78 66.4% 1.73  67.1% 1.61  69.0% 1.53  70.3% 1.69 67.8%
2 2.53 55.8% 2.56 55.5% 281 52.4% 2.51  56.1% 2.54 55.7% 2.16  60.8% 221 60.1% 23 589%
3 1.41 72.3% 1.5  70.6% 1.58 69.5% 1.6 69.2% 1.61  69.0% 148 71.1% 1.5 70.8% 1.32 73.8%
4 t.52  70.5% 1.65 68.4% 1.61  69.0% 1.75 1.55  70.0% 1.55 70.0% 1.65 68.4%
sl izey s12m | 295 8% 30 0% 3A 274 832% ] 271 S36% |27 536%
6
7,
8]

1.04  78.7% 1.46  71.4% 1.4t 723% 1.42 136 73.1% 1.33 73.6% 1.3 74.1%
171 67.5% 201 63.0% 202 62.8% 1.95 1.84 65.5% 1.78  66.4% 1.75  66.8%
1.1 75.0% 1.14  76.9% 1.08 78.0% .01 095 80.4% 096 80.2% 091 8L.1%

9 1.32 738% 1.63  68.7% 1.58  69.5% 1.54 70.1% 149 71.0% 141 72.3% 1.32 73.8% 1.36  73.1%
10 0.5 89.1% 0.73 845% 0.73 84.5% 0.85 822% 0.86 82.0% 072 84.7% 06 87.1% 0.62 86.7%
11 159  69.3% 1.6 69.2% 1.61  69.0% 1.67 68.1% 155  70.0% 1.39  72.6% 1.54 70.1% 1.5 70.8%
12 1.37  729% 142 72.1% 1.46  71.4% 151  70.6% 1.52 70.5% 1.4 72.4% 1.46 71.4% 136 73.1%

13 0.76 839% 0.95 80.4% 0.88 81.7% 0.84 82.4% 09 8lL3% 0.81 83.0% 079 83.4% 078 83.6%
14| 197 63.5% 192 64.3% 2.1 6L7% 1.88 649% 1.85 65.3% 1.79  66.2% [.78 66.4% 1.76  66.7%

15 1.499  71.0% 1.74  67.0% 1.72 67.3% 1.58  69.5% 213 61.2% 1.45  71.6% 162 68.9% 1.47  71.3%
16 144  71.8% 1.61  69.0% 1.59 69.3% 1.56 69.8% 1.46  71.4% 1.44  71.8% 1.43  71.9% 1.37 72.9%
17 112 77.3% 134 73.5% 1.31 740% 1.27  74.6% 121 75.7% 1.08 78.0% 124 75.2% 1.t 77.6%
18 1.09  77.8% 129  743% 1.28  74.5% 118 76.2% 1.17  76.4% 1.26  74.8% 1.09 77.8% 116 76.6%
19 1.68 67.9% 1.96 63.7% 228 59.2% 187 65.0% 1.88 64.9% 1.74  67.0% 1.8 66.1% 1.66 68.2%
20 1.1 77.6% 1.2 759% 1.16  76.6% 1.16  76.6% 1.24  75.2% 1.09 77.8% 1.09 77.8% 112 71.3%

21 1.63  68.7% 1.58 69.5% 1.57 69.7% 1.55 70.0% 1.55 70.0% 142 72.1% 1.5 708% 1.5 70.8%
22 1.14  76.9% 125 75.0% 121 75.7% 1.16  76.6% 1.55  70.0% 142 72.1% L5 70.8% 1.5 70.8%

23 1.66 68.2% 1.9 64.6% 1.77  66.5% 1.79  66.2% 171 61.5% 1.83  65.6% 1.59  69.3% 169 67.8%
24 208 61.9% 231 58.7% 2.61 54.8% 22 60.3% 228 59.2% 208 619% 213 61.2% 211 61.5%
25 1.48 71.1% 1.56  69.8% 1.62 68.9% 1.63  68.7% 1.54  70.1% 149 71.0% 1.55 70.0% 1.51 70.6%

26 2.0t 63.0% 242 57.3% 249 56.4% 229 59.0% 221 60.1% 221 60.1% 2.19 60.4% 201 63.0%
27 235 58.2% 2.47 56.6% 259 S5.4% 253 558% 254 55.7% 231 58.7% 2.51  56.1% 241 57.4%
28 1.68 67.9% 1.88 649% 241 57.4% 2.11 6L5% 195 638% 1.87 65.0% 1.82 65.8% 194 64.0%

29 1.58  69.5% 1.82  65.8% 179 66.2% 1.76  66.7% 1.68 67.9% 1.6 69.2% 1.59  69.3% 1.65 68.4%
30 1.83  65.6% 232 58.6% 2.56 55.5% 238 578% 212 61.4% 2.18 60.5% 2,19 60.4% 192 643%
31 L.14  769% 123 75.3% 1.22 75.5% 121 75.7% 115 76.7% 113 77.1% 1.1 77.6% 111 77.4%
32 1.39  72.6% 1.65 68.4% 1.58  69.5% 149 71.0% 143 719% 1.4 72.4% 1.36 73.1% 1.27  74.6%
33 118 76.2% 1.35 73.3% 126 74.8% 1.3 741% 1.18  76.2% 123 75.3% 1.09 77.8% 1.18  762%
34 139 72.6% 1.73  67.1% 1.7 67.6% 1.68 67.9% 1.66 68.2% 1.46  71.4% 1.57 69.7% .4 71.8%
35 1.85 65.3% 203 62.7% 261 54.8% 207 62.1% 209 61.8% 201 63.0% 1.95 63.8% 2 63.1%
36 173 67.1% 196 63.7% 233 58.5% 196 63.7% 1.83  65.6% 1.74  67.0% 1.75  66.8% 1.8 66.1%
37 142 72.1% 1.85 653% 169 67.8% 1.62  68.9% 1.53 70.3% 1.61  69.0% 1.4 72.3% 1.58 69.5%
38 173 67.1% 1.9 64.6% 1.84 65.5% 1.85 65.3% 192 64.3% 1.62  68.9% 1.79  66.2% 171 67.5%

39 .52 70.5% 1.76  66.7% 1.77  66.5% 1.61  69.0% 2.18 60.5% .46 71.4% 1.64 68.5% I.51  70.6%
40 121 75.9% 1.65 68.4% 1.58 69.5% 1.43  71.9% 1.45  71.6% 137 729%
1.39 67.1%| 1.5 70.8% 152 705%| 136 73.1%| 145
0 3% % 281 524% | 274 $33% | 271
: o i 1% | 332 ME% | 271 536% | 281 524% | 278
44 1.48  71.t% 1.87  65.0% 1.68 67.9% 68.4% 1.42 72.1% 1.65  68.4% 145 71.6%

45| 241 574%| 251 S6.09%| 262 54.7% S45%| 241 57.4%| 234 583%[ 221 60.1%
46| 11 T76%| 128 745%[ 141 723% 7410%| 114 769%) 134 73.5% 12 759%
471 182 658%| 194 640%| 235 58.2% 64.7%| 193 64.1%| 181 659%| 182 658%
48| 156 69.8%| 206 622%| 194 640% 673%| 169 678% 1.68 679%| 171 61.5%
a9 17 67.6%| 189 647%[ 222 60.0% 67.0%| 161 690%| 176 667%| 172 61.3%
sof 181 659%| 202 628%| 235 582% 64.0%| 168 619%| 185 653%| 18 66.1%
si| 185 653%| 201 630%| 24 S57.5% 628%| 172 673%| 188 649%| 182 658%
52| 157 697m| 169 678%| 167 68.1% 685%| 141 T23%| 1.64 685%| 1.53 70.3%
s3l 18 752%| 141 T23%) 143 719% 3% 127 746%| 152 T05%| 121 757%
54 098 798%| 151 706%| 141 723%]|

71.6%| 134 735%| 1492 T21%| 142 721%
483% F 252 860% | 282 512% | 273 .8333%
58.3% 243 57.1% 234 38.3% 241 57.4%

551 296 506% | 341 508% ] 33 468% )
56! 238 57.8% 2.48 56.5% 253 55.8%

57 0.71 849% 132 738% 126 74.8% 121 75.7% 1.14  76.9% 1.19 76.0% 1.14  769% 1.22 75.5%
i 55.8% 55.5% 52.4% 54.6% 54.5% 57.1% 56.1% 57.4%
m;r;( 89.1% 84.5% 84.5% 82.4% 82.0% 84.7% 87.1% 86.7%

Uniformoty =Tmin /T max.
62.7% 65.6% 61.9% 66.2% 66.4% 67.5% 64.4% 66.2%
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Table 5.2-3 The difference of transmissivity between after and before put on and take
off test of the connector.
AT = T(after put on and take off test) - T(before put on and take off test)

350 nm |400 nm {500 nm [600 nm [700 nm |800 nm [900 nm [1000 nm
ch| AT At AT | At A | At | At AT
| 1.6% 0.5%( -0.2% 3.0% 3.0% 1.9% 2.0% 3.7%
2l -0.6%| -0.8% 1.2%] -09%( -09%{ -3.4%| -2.4%| -1.1%
3] 0.5%f -2.2% 1.5% 0.2% 2.4% 1.5% 2.7%| -0.3%
4 -14%| -20%| -23%| -09%| -05%| -33%| -0.5% 0.5%
51 04% | 34%% 07% | -0.7% | -1.7% | -29% | -0.2% | -8.1%
6
7
8

-0.9% L5%] 0.0%| 24%| 22%| 3.8%| -0.8% 2%
1.1% 37%| -1.4% 1.2%| 05%| 2.1% L5%| 0.0%
03%( -48%| -42%| -7.0%| -5.1%| -66%| -52%| -5.9%
9 40% 3.4%)  41%| 48%| S8%| 39%| 4.0%| 33%
10 -1.8%| -27%|_ -0.4% 17%) 35%| 02%| 08%| -12%
LY -13.8% -10.2%[-154% | -10.7%) -11.8%| -13.5%{ -10.4%] -12.9%
2 22% 1.0% 1.7% 1.5%| 3.8%| 20%| 39%| -03%
13{ -1.0% 04%| -09%| -19%| -04%] -02%| -2.1%| -1.7%
14 41%| -0.3% 43%| 03% 1.5%| -0.6% L7%} 0.3%
15| -43%| -20%) -20%| -2.5% 5.4%| -54%| -22%| -45%
16| -28%| -37%| -49%| -4.1%| -5.7%| -5.1%| -3.7%| -6.3%
17Y -07%( -L5%| -1.0%]| -09%| -3.4%| -2.8% 2.6%| -4.2%
18]  1.4% 1.7% 1.0% 1.1%| 0.9% 1.9% 1.6%| -0.4%
19 21%} -09%| -27%| -3.2%] -1.5%| -20%| -12%| -3.7%
20]_-19%| -4.6%| -49%| -38%| -03%| -38%| -05%| -1.6%
21 11.8% 14%) 69%| 68%| 73%| 57%| 72%| 49%
22 1.6%| -0.2% 0.0%| -0.4% 73%| 59%| 49%| 45%
23 22%)  0.7%) -1.7% 0.0%| 05%| 3.1%| -0.5% 0.6%
24] -1.8%| -1.6% 1.4%) -35%| -09%| -35%( -2.8%| -3.7%
250 -21%| -3.0%| -3.1%| -23%| -39%| -37%| -3.0%| -27%
261 1.5%| 3.3%| 09%| 39%| 3.6%| 4.6%| 3.0%| 3.0%
270 08%| -0.6%{ -0.8%| 03%| 08%| -07% 1.3%| 05%
28[ -5.0%| -3.6% 09%| -1.4%[ -4.0%| -4.5%]| -5.0%| -3.2%
29 -27%| -0.6%| -7.1%| -2.7%] -29%| -09%| -1.3% L1%
30] -1.5% 1.6% 1.8%| 38%| 09%| 37%| 2.1%{ -06%
f -58%| 97%| -7.6%| -68%| -7.9%| -63%| -8.0%| -6.8%
32| 3.6% -19%| -1.1%| -41%| -50%| -1.6%| -35%] -5.5%
33 -26% | -3.0%| -32%| -28%| -3.4%| -22%| -33%| -3.1%
34| -1.8% L1%| 03% 1.3% 1.6%| -2.4% 1.5%) -1.1%
351 -03% 0.3% 3.1% 1.3% 1.6%| 25%| 0.6%| 3.0%
36 -0.9% 07%| 0.5%| 0.0%| -03%| -20%| -08%| -0.2%
N -12% 2.0%| -0.6%) 02%| -8.4%| -3.3%| -33% 0.6%
38 -6.0%) -5.8%| -82% 18%| -5.1%) -9.6%| -6.5%| -8.4%
9 -6.1% | -59%| -8.6%| -7.6% 1L.0%| -7.0%| -5.6%| -7.2%
40 1.4%( S.1%| 41%| 29%| 2.5%| 53%] 3.5%| 3.6%
aly -7.6% | -48%| -142%| -83%| -6.5%| -5.0%| -8.7%| -5.5%
2 08% | 18%{ -03% | -0.1% ] -06% | -0.7% | -1.5% | -0.4%
43 07% | 03% ] 10% | 0.7% ] -06% | 0I% | 04% | -04%
37%( -04%| -17%| -2.7%( -2.0%(| -59%] -0.9%| -4.0%
45 0.0%| -4.1%| -1.6% 0.3% 1.9%| -1.8%| -09%| -4.8%
4.5%| -32%| -29%| -4.7%| -43%| -3.5%| -1.8%| -3.7%
47| 0.6%| -29%| -0.1%| -1.6%| -2.6% 1.2%) -2.7%)| -2.1%
48! -0.2% 20%| 07%| 0.8% 1.6%| 0.6%] 09%| 0.6%
49 -1.7% 0.4%| -08%| -09%{ -1.2%| -20%| -03%| -1.4%
500 08%{ 09% 1.1% 1.2% 13%| 2.5%| 2.1% 1.9%
Sl 45% 1.8%| 84%| 39%| 59% L1%| 37%| 2.2%
521 00%| -33%| -3.8%| -03%| -2.6%| -5.6% 0.3%}| -3.6%
53| 32%| 6.6%| 53%| 29%| 47%| 33%| 9.1% 1.8%
54 0.0% 1.0%| -1.8% 0.8%| -1.5% 1.7%] -1.0% 1.0%
551 08% | 05%f 07% | 06% i 04% | 08% i 05% | 0.2%

56| 03%| -1.3% 0.6%| -0.8%| -12%{ 07%| 0.1%| 04%
57| _-59%| -0.8%| -0.5% 0.0%| 0.5%] 05% 1.8%) 25%
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5.2.2 Temperature resistance test

The temperature resistance test of the optical fiber feed through was carried
out up to 200 °C by putting it in the oven. Three cycles of the test were carried out
with the temperature ramp rate of >20 °C/hr. Temperature of the feed through
was measured by a thermocouple as shown in Fig. 5.2-3. The thermocouple was
attached just near the one of the feed through channels it self. The measured
result of the temperature and the picture of the feed through acomodated in the
oven are shown in Fig. 5.2-4 and 5.

Heater

Thermocouple Recorder

Optical Fiber
Feed Through

™

Oven
Fig. 5.2-3 Arrangement of the temperature resistance test.
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Fig. 5.2-4 Chart of the temperature of the heat cycle. The temperature was measured by a

thermocouple attached just near the one of the feed through channels it self.
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Fig.5.2-5 Feed through acomodated in the oven.
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5.2.3 Acceleration test

The acceleration test of the optical fiber feed through was carried out in the
condition of 15 g (10 ms, 1000 cycles) along the three different directions crossing
at right angles. The arrangement of the testing instrument is shown in Fig. 5.2-6.

Controler

Optical Fiber

Feed Through
Accelero Meter

NI

Fig. 5.2-6 Arrangement of the acceleration test of the optical fiber feed through.

The charts of the acceleration tests along the three different directions
crossing at right angles and the pictures are shown in Fig. 5.2-7(a), (b) and (c).
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SHOCKe1 OPERATE (Post Test) IMVU RC-1120
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Fig. 5.2-7(a) Chart of the acceleration test along the direction of X, and the picture of
the test.
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Fig. 5.2-7(b) Chart of the acceleration test along the direction of Y, and the picture of
the test.
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Fig. 5.2-7(c) Chart of the acceleration test along the direction of Z, and the picture of

the test.
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5.2.4 Pressurization test

The pressurization test of the optical fiber feed through was carried out in
the condition of up to 5 bar (5 x 10% Pa) by nitrogen gas. The arrangement of the
test is shown in Fig. 5.2-8. The pictures of the test are also shown in Fig. 5.2-9.
There were no trouble during this pressurization test. The requirement of 2 bar
was satisfied sufficiently.

Optical Fiber
Feed Through

[j

= «fF—— N, gas (5bar: 5x109Pa)

Pressure gage

Fig. 5.2-8 Arrangement of the pressurization test of the optical fiber feed through.

Fig. 5.2-9 Pictures of the test. The optical fiber feed through was pressurized up to 5 bar
(5 x 10° Pa) by nitrogen gas.
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5.2.5 Vacuum leak test

The vacuum leak test of the optical fiber feed through was carried out before
and after the temperature resistance test, the pressurization test and the
acceleration test by a He-leak detector calibrated with standard leak of 1.8 x 10-9 Pa
m3/s.

The arrangement of the test is shown in Fig. 5.2-10. The leak was lower than
the detection limit of 5 x 10-12 Pa m3/s before the temperature resistance test, the
pressurization test and the acceleration test. The chart of the leak test after those
test is shown in Fig. 5.2-11. The leak was not detected as shown in the chart. The
requirement of < 1 x 10-10 Pa m3/s was satisfied sufficiently.

He
Optical Fiber y 4

Feed Through &

He Leak Detector

Fig. 5.2-10 Arrangement of the vacuum leak test of the optical fiber feed through.

Leak (x10 11 Paxm3/sec)

Time (10 sec/div) A
He blowing
on the feed throgh

Fig. 5.2-11 Chart of the leak test after the temperature resistance test, the pressurization test
and the acceleration test.
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5.3 Evaluation (Full performance test-module )

The full performance test-module which has 57 fiber feed throughs in the
vacuum flange was manufactured and tested. The result of the full performance
test-module comparing with the requirements is summarized as Table 5.3-1.

Table 5.3-1 Achieved values of full performance test-module comparing with required values.

Required item

Required value

Achieved value

Material of fiber core

Material of fiber core

Diameter of fiber core

Vacuum Seal

Capacity to Resist Inner
Pressure Rise

Mechanical acceleration
of structure

Temperature

Temperature ramp rate
Uniformity among each
channels

Maximum connecting
loss per channel

Fused quartz

200 pm
> 50

He Leak <1 x 1010p, m3/s
> 2 atm (2 bar, 2 x 10° Pa)

> 15g,

(duration 10 ms, 1000cycles)

20°C- 200°C
> 20°C/hr,
> 60 %

3dB

Fused quartz
200 pm
53

He Leak <5 x 10'12Pa m3/s
5atm (5 bar, 5 x 10° Pa)
~15g,

(duration 10 ms, 1000cycles)

40°C- 200°C
>20°C/hr,
61.7 %

2.8dB

The requirements were almost satisfied. Concerning the connecting loss and
the uniformity, the requirements were satisfied by improving the vacuum
sealing method at each optical fiber feed through. The temperature resistance test
was carried out from 40 °C to 200 °C, unfortunately, because of the limitation of
the temperature range of the oven.

The design is not optimized for remote handling. The improvement of the
design should be necessary for remote handling treatment.
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6. Conclusion

A multi-channel fiber feed through has been developed for visible and IR
transmission lines through secondary vacuum boundary (cryostat boundary) of
ITER.

In the first phase, a scale down test-module which has ten fiber feed
throughs in the vacuum flange was manufactured and tested. The vacuum seal
was realized by soldering gold plated fibers to a vacuum flange with high
temperature solder. The capacity to resist inner pressure rise of 5 bar (5 x 105 Pa),
the acceleration resistant of 15 g and the temperature resistant from 20 °C - 200 °C
were achieved by the test module. The connecting loss and the uniformity of
transmission losses among each channels of the feed through was not well.
Concerning the connecting loss, the best value was 2.2 dB and the worst one was
13.5 dB.

In the second phase, the full performance test-module which has 57 fiber
feed throughs was manufactured and tested. The feed through was improved in
order to achieve a good transmission and the uniformity among each channels
by using a optical fiber implanted in a center of a quartz rod very accurately. The
capacity to resist inner pressure rise of 5 bar (5 x 105 Pa), the acceleration resistant
of 15 g and the temperature resistant from 40 °C - 200 °C (Temperature ramp rate:
> 20°C/hr) were achieved by the full performance test-module. The connecting
losses of the feed throughs were less than 3 dB, and the uniformity of
transmission losses among each channels of the feed through was larger than 60
%. The requirements for a optical-fiber feed through were almost satisfied with
the full performance test-module.

Further improvements and R & D for the optical fiber feed through are
expected before manufacturing an actual module for ITER as follows.

i) To reduce the connecting loss.

ii) To increase the uniformity.

ii) To improve the reproducibility of connecting a connector and a feed

through.

iii) To reduce the size.

iv) To improve the design for remote handling treatment.

v) Actual test of remote handling treatment with a test module.

vi) Neutron and y-ray irradiation test.

In addition, it will be favorable to develop the other method which
separates the part of the connector from the feed through as same as the electric
feed through of ITER.
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