RIEEARTRAEIm

JAERI-Tech JP0550079
2004-072

DYNAMIC ANALYSIS OF ITER TOKAMAK
BASED ON RESULTS OF VIBRATION TEST USING SCALED MODEL

Nobukazu TAKEDA, Satoshi KAKUDATE
and Masataka NAKAHIRA

BEREFHARMA
Japan Atomic Energy Research Institute




AL R—- ML, BEREFHFEFPIRERICAT L TV E2HRHSEETT,

AFORMA&HLEE, BREFHHEREERLSIIEHRE (T319-1195 F®EIRE
BHEEH) T, BEHLELIFZE W, B, Z0EPCHHAEANBEFIILEESER LY
7 — (73191195 KBENRFEFENHREFNHEFRA) TEECLIEEERLY S
ZhoTBHET,

This report is issued irregularly.

Inquiries about availability of the reports should be addressed to Research Information
Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Energy Research Institute, 2005
WMEFRETT  HERRFIERER




JAERI-Tech 2004-072

Dynamic Analysis of ITER Tokamak
Based on Results of Vibration Test Using Scaled Model

Nobukazu TAKEDA, Satoshi KAKUDATE and Masataka NAKAHIRA

Department of ITER Project
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received October 20, 2004)

The vibration experiments of the support structures with flexible plates for the ITER major
components such as toroidal field coil (TF coil) and vacuum vessel (VV) were performed using small-sized
flexible plates aiming to obtain its basic mechanical characteristics such as dependence of the stiffness on the
loading angle. The experimental results were compared with the analytical ones in order to estimate an
adequate analytical model for ITER support structure with flexible plates. ~As a result, the bolt connection of
the flexible plates on the base plate strongly affected on the stiffness of the flexible plates. After studies of
modeling the connection of the bolts, it is found that the analytical results modeling the bolts with finite
stiffness only in the axial direction and infinite stiffness in the other directions agree well with the
experimental ones. Based on this, numerical analysis regarding the actual support structure of the ITER VV
and TF coil was performed. The support structure composed of flexible plates and connection bolts was
modeled as a spring model composed of only two spring elements simulating the in-plane and. out-of-plane
stiffness of the support structure with flexible plates including the effect of connection bolts.  The stiftness of
both spring models for VV and TF coil agree well with that of sheli models, simulating actual structures such
as flexible plates and connection bolts based on the experimental results. It is therefore found that the spring
model with the only two values of stiffness enables to simplify the complicated support structure with flexible
plates for the dynamic analysis of the VV and TF coil. Using the proposed spring model, the dynamic
analysis of the VV and TF coil for the ITER were performed to estimate the integrity under the design
earthquake. Asaresult, it is found that the maximum relative displacement Qf8.6 mm between VV and TF

coil 1s much less than 100 mm, so that the integrity of the VV and TF coil of the ITER are ensured for the
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expected earthquake event.
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1. Introduction

The ITER is an experimental fusion reactor which aims to demonstrate the
scientific and technological feasibility of fusion energy [1]. Major components of the
ITER tokamak device are superconducting magnets such as toroidal field coil (TF coil)
for magnetic confinement of the deuterium and tritium plasma and vacuum vessel (VV)
for tritium and activated dust as a safety boundary. These components are assembled in
a doughnut-shaped configuration, as shown in Fig. 1. The temperatures of these
components are changed in the large range from room temperature to 4 K during plasma
operation for TF coil and from room temperature to 200 °C during baking operation for
VYV, respectively [2].  The respective temperature changes induce thermal deformation
in the radial direction, so that the support structures of these components on the
tokamak floor have to be flexible in the radial direction while sustaining any forces in
the other directions. For this, an assembly of flexible plates is adopted as a support
structure of the TF coil and VV for ITER [2]. Figure 2 shows an example of the
support structure with flexible plates applied to the ITER tokamak device. The assembly
of flexible plates is installed at the bottom of the TF coil and VV by bolt connection.
The support structure composed of 18 assemblies of flexible plates is arranged along the
toroidal direction, and the respective flexible (low stiffness) directions are arranged in
the radial direction, as shown in Fig. 2.

For the design of the ITER, one of the issues is displacement of major
components caused by an earthquake. If the relative displacement of the components
becomes large and exceeds the initial gap between them, they might be damaged by the
collision. In general, the dynamic behavior of the component is strongly affected by
the mechanical feature of the support structure. The stiffness of the support structure
with flexible palates is relatively low in the out-of plane direction although high in-
plane direction, so that the support structures of the VV and TF coil strongly atfect on
the dynamic behaviors. The dynamic analysis is therefore required to estimate the
precise displacement of the VV and TF coil during the earthquake in order to ensure the
integrity of the ITER. The ITER is however composed of 18 support structures for TF
coil as well as 18 support structures for VV, arranged in the toroidal direction as shown
in Fig. 2. In addition, the support structure is composed of multi-plates, flanges and
connection bolts. For example, the TF coil support structure is composed of 21

trapezoidal flexible plates, whose dimensions are 1.035 m in upper width, 1.5 m in
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lower width, 2.25 m in height and 30 mm in thickness, respectively. The support
structure is connected by 36 bolts with nominal diameter of 100 mm (M100) on the
tokamak base structure and 20 bolts with nominal diameter of 80 mm (M80) at the
bottom of the TF coil through the flanges, respectively. Modeling the support structure
is therefore the most critical issue for the dynamic analysis of the ITER due to
complication of the precise modes of the support structures of VV and TF coil. For
modeling the support structure, the mechanical characteristics such as stiffness have to
be evaluated by the experiment. There are, however, insufficient studies of the support
structure in particular on the dependence of the stiftness on the loading angle in the past
[31

The present paper describes the basic performance tests on the vibration of
flexible plates using its small-sized model aiming to obtain the mechanical
characteristics such as dependence of the stiffness on the loading angle. The
experimental results are compared with that of numerical analyses in order to establish
an adequate analytical model for ITER support structure with flexible plates. Using
the proposed model, the dynamic analysis is performed under a design earthquake

assumed at Rokkasho, a candidate site of the ITER.
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2. Experimental Apparatus

Figure 3 shows a small-sized model of the support structure with flexible plates
(support model), which is made of a bulk material of stainless steel (Type SS-316) and
fabricated by electric discharge processing and machining. The flexible part of the
support model is composed of five flexible plates. The dimension of each plate is 33.7
mm in width, 73 mm in height and 1 mm in thickness, respectively. Purpose of the
experiment is to measure the respective stiffness of the support model in the several
horizontal directions: 0, 25, 45, 65 and 90 degrees from the out-of-plane (low stiffness)
direction of the flexible plate.

Experimental apparatus consists of a base plate, a weight and support model, as
shown in Fig. 4. Four support models were used to measure the stiffness at the angles
of 25, 45 and 65 degrees, while two were used for the angles of 0 and 90 degrees due to
their symmetric configuration in the vibration direction. The respective support
models were fixed on the base plate by eight bolts, as shown in Fig. 3. The weight of
280 kg 1s also fixed on the support model by eight bolts. The stiffness of the support
model was calculated from the eigen frequency based on the swaying vibration of the
whole support model. Location of four or two support models is arranged on the base
plate, according to the relation between installation angle of the flexible plates and
vibration direction, as shown in Fig. 4.

The eigen frequencies of swaying vibration were measured from two tests:
frequency sweep test and hammering test. For the frequency sweep test, a vibrating
table was used to shake the base plate. The sine wave was applied to the vibration
tests with the frequency range of 10 Hz to 200 Hz. . Amplitudes of acceleration were
kept 0.03 G for the vibration test at the angle of 0 degree (out-of-plane direction) and
0.06 G for the other angles, respectively.
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3. Numerical Analysis

In order to predict the basic eigen vibration modes and frequencies of the
support model, numerical analysis was performed using the finite element method.
The flexible plates of the support model are modeled by the shell element, while the
bolt is assumed as a rigid body in the ideal case. Figure 5 shows the vibration modes
of support model with angle of 45 degrees, as an example of the results. Table 1
summarizes the modes and frequencies to the all arrangements of the angle of flexible
plates. Arrangement of the location of the support models at the angles of 0 and 90
degrees as well as 25 and 65 degrees are identical, respectively, so that the results are
described in the same column. As shown in Table 1, major modes in the low
frequency range are the swaying mode in the horizontal directioh, rotating modes
around the vertical direction, rocking modes around the horizontal direction and the
vertical vibration mode. It is noted as a special case of 90 degrees that the bending
vibration mode is induced because the weight is supported by only two supports.

Among the vibrating modes of the major components for ITER tokamak device,
the horizontal swaying mode is the most important for the analysis of their seismic
deformation, and is affected mainly by the horizontal stiffness of the support structure.
Therefore, the horizontal stiffness of the support model depending on the angle of the
flexible plates to the vibration direction was calculated from the frequency of the
swaying mode in Table 1, obtained by the eigen mode analysis. The analytical results

will be compared with the experimental ones in detail in the section V.
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4. Experimental Result

Eigen frequencies of swaying vibration, which are the most important for
obtaining the stiffness as mentioned above, were measured by two methods: hammering
test and frequency sweep test. In the former test, the weight was hit by a hammer and
the measured waveform of acceleration was analyzed by the fast Fourier transform, as
shown in Fig. 6 as a typical example. By comparing the result with Table 1, the peak
for the sway mode can be clarified among the other modes. In the latter test, a
vibrating table changing the frequency from 10 Hz to 200 Hz was used. Two deferent
accelerations of the table for input and the weight for output were measured,
respectively. The ratio of these two accelerations, or acceleration response factor,
shows a peaked response at the eigen frequency, as shown in Fig. 7 as a typical example.
The respective stiffness of the support model was calculated from the respective
frequencies obtained by two kinds of tests: hammering and frequency sweep tests. As a
result, it is found that the results of frequency and stiffness of the support model have a
good agreement between two deferent tests, respectively, as shown in Figs. 8 and 9.
Based on this result, mechanical characteristics such as stiftness of the support model
with flexible plates are clarified as a experimental basis for the estimation of the seismic

behavior of the ITER major components.
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5. Comparison of Experiment and Numerical Analysis

In order to estimate the experimental results and to find the adequate analytical
model of the support model, the experimental results are compared with analytical ones
in this Section. Figures 8 and 9 shows the analytical results of frequency and stiffness
obtained by the analysis mentioned in Section III, plotted with broken lines. In this
analysis, the connection bolts were assumed as rigid beams with infinite stiffness.
From Figs. 8 and 9, the experimental results are lower than those of the analytical ones.
It is therefore suggested that the effect of the bolt connection cannot be ignored on the
actual frequency and stiffness of the support model.

In order to estimate the effect of bolt connection, the bolt was modeled as a
beam with finite stiffness as another ideal case. In this case, the analytical results
plotted as dotted lines are however lower than the experimental ones, as shown in Figs.
8 and 9. This is because the bolts just connect the support model to the base plate and
the weight structure without any friction forces between them, so that the bolts act like
springs without any restrictions. Therefore, an adequate analytical model in agreement
with the experimental results is suggested in-between of the above two ideal analytical
ones.

According to the above discussion, the stiffness of the bolts was assumed as
finite only in the axial direction and infinite in the other directions, as a more realistic
model of bolt connection. As a result, the analytical results plotted with solid lines
agree well with the experimental ones, as shown in Figs. 8 and 9. In this analytical
model, the horizontal slippage of the support structure relative to the base plate and the
weight structure is prohibited, and only the expansion and contraction of the bolts are
considered as deformations. It is therefore found that the support models in the
experiments were actually fixed tightly on the base plate by the bolts and the horizontal
slippage of the support models was restricted by the friction forces. This assumption
can be realized and ensured in the real machine by adopting a mechanism such as a
shear key to prohibit the horizontal slippage between connection interfaces of the
support structure. Based on this, the assumption applied here seems reasonable and
the analytical model is adequate to estimate the dynamic behaviors of the support
structure with flexible plates fixed by bolts. Using this analytical model, the eigen
modes were recalculated and summarized in Table 2. The modes and their orders are

the same as those of the rigid bolt model shown in Table 1. It is therefore confirmed
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that the experimental results estimated from the hammering test are not affected by the
analytical model.

Regarding the dependence of the frequency and stiffness on the angle, both of
analytical and experimental results on frequency and stiffness does not show smooth
curves to the variation of the angle of the flexible plates. This is because the layout
and number of the support models were not the same in the experiments, as shown in
Figs 8 and 9. This is however not a matter, because the mai;l purpose of the
experiments is to estimate the basic performance on the dynamic behaviors of the

flexible plates by comparison with the analytical results.
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6. Modal Analysis of ITER Tokamak Using Shell Model and Spring Model

Modal analyses were performed using a model of vibration system composed of
a dummy weight and four support structures of the ITER components with flexible
plates. The four support structures were placed on the circle with the same radius as
the real machine, at the angular intervals of 90 degrees, as shown in Fig. 10. Using
this model, parameter survey was performed with changing the values of angle between
out-of-plane (low stiffness) and vibration directions of the support structures in order to
estimate the dependence of horizontal stiffness of the support structure on the vibration
direction.

The support structure was modeled with shell elements for flexible plates and
beam elements for bolts fixing the support structure on the base and the component. In
the analysis model, the stiffness of the bolts was assumed as finite in the axial direction
only but infinite in the other directions based on the discussion in the previous section.
This assumption can be realized and ensured by adopting a mechanism such as a shear
key to prohibit the horizontal slippage between connection interfaces of the support
structure.

The horizontal stiffness of the support structure was calculated from the eigen
frequency of swaying vibration mode. The calculated stiffness of the VV and TF coil
support structures at the angles 0 (0, 25, 45, 65 and 90 degrees) of the flexible plates to
the vibration direction are shown as the symbols of circles and squares in Fig. 11,
respectively. From these results, a spring model of the support structure was proposed
for the simplification of the dynamic analysis model. This spring model is composed
of only two spring elements simulating the in-plane and out-of-plane stiffness of the
support structure with flexible plates including the effect of connection bolts. The
vertical stiffness of the spring model can be modeled as infinite. This is because (1)
the primary purpose of the dynamic analysis is to estimate the horizontal deformation of
the VV and TF coil caused by the horizontal vibration, and (2) the effect of the vertical
stiffness by bolt connection on the horizontal vibration is already included in the
calculated horizontal stiffness. The values of in-plane and out-of-plane stiffness of the
spring element were directly obtained from the results at 90 and 0 degrees shown in Fig.
11, respectively. Table 3 shows the in-plane (90 degrees) and out-of-plane (0 degree)
eigen frequencies fi-piane and fourof-piane for VV and TF coil obtained by the shell model,

respectively. The values Ky piane and Koy-ofpiane 0f stiffness used for the spring models
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for VV and TF coil are also summarized in Table 3, respectively. The angular
dependency of the support structure stiffness K.,y of the spring model can be
expressed as follows with Ky pianes Kout-of-piane:
Kipring = Kineptane Si1°0 + Kourof plane €05°0 (1

The results are shown as a broken line for VV and a dotted line for TF coil in Fig. 11,
respectively. The stiffness of both spring models for VV and TF coil agree well with
that of shell models although the both stiffness of the spring models are slightly lower
than that of the shell models. It is therefore found that the spring model with the only
two parameters, in-plane and out-of-plane stiffness, enables to simplify the complicated
support structure with flexible plates for the dynamic analysis of the VV and TF coil

with slightly safer side estimation.
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7. Dynamic Analysis of ITER Tokamak Using Spring Model

As mentioned above, the horizontal displacement of the VV and TF coil of the
ITER is the primary concern for the earthquake. Therefore, the dynamic analysis of
the VV and TF coil were performed in order to estimate the relative displacement in the
horizontal direction during the earthquake. Analytical models for VV and TF coil are
shown in Fig. 12. Based on the results in the previous section, the spring models were
adopted for the VV and the TF coil support structures.

The input acceleration wave for the dynamic analysis of the VV and TF coil was
calculated by the response analysis of the whole tokamak building [4]. The input
earthquake motion for the analysis of the building was 0.45 m/s in velocity at the base
stratum [4]. This is almost the same as the maximum design seismic wave used for the
nuclear facility in Rokkasho area, a candidate site for the ITER.

Figure 13 shows typical deformation results of VV and TF coil under the
dynamic analysis, respectively. The maximum horizontal displacements of the VV and
the TF coil were 4.1 mm at the point A and 4.5 mm at the point B as shown in Fig. 13,
respectively.  The point A of VV and the point B of TF coil face with a current design
gap of 100 mm between VV and TF coil. The maximum relative displacement
between VV and TF coil can therefore be estimated as a sum of their maximum
displacement. It is therefore found that the maximum relative displacement of 8.6 mm
between VV and TF coil is much less than 100 mm, so that the integrity of the major
components (VV and TF coil) of the ITER tokamak device are ensured for the

earthquake event.



JAERI-Tech 2004-072

8. Conclusion

The vibration experiments of the support structures with flexible plates for ITER
major components were performed using small-sized flexible plates aiming to obtain its
dynamic behaviors such as dependence of the stiffness and frequency on the loading
angle. The experimental results were compared with the analytical ones in order to
estimate an adequate analytical model for ITER support structure with flexible plates.

Using the model, the dynamic analysis was performed for the ITER tokamak regarding

the seismic load. '

The results are summarized as follows:

(1) The experimental results obtained by the hammering and frequency sweep tests
were agreed each other, so that the experimental method is found to be adequate; The
basic mechanical characteristics such as dependence of the stiffness and frequency
on the loading angle are obtained as a basis of the support structure with flexible
plates.

(2) The numerical analyses were performed for comparison with the experimental
results. As a result, the bolt connection of the flexible plates on the base plate
strongly affected on the stiffness of the flexible plates. Among three typical analytical
models, the analytical results modeling the bolts with finite stiffness only in the axial
direction and infinite stiffness in the other directions agree well with the
experimental ones. This analytical model is therefore found to be adequate to
estimate the dynamic behaviors of the support structure with flexible plates fixed by

~ bolts.

(3) The stiffness of the support structure for the ITER VV can be estimated, using the
adequate analytical model. This analytical model can be ensured by adopting a
mechanism such as a shear key to prohibit the horizontal slippage between
connection interfaces of the support structure.

(4) The simplified analytical model of the support structure with multiple flexible plates
was proposed for the dynamic analysis of VV and TF coil as the ITER major
components. The support structure with flexible plates and bolt connection was
modeled as a spring model composed of only two spring elements simulating the in-
plane and out-of-plane stiffness of the support structure with flexible plates including
the effect of connection bolts. The stiffness of both spring models for VV and TF
coil agree well with that of shell models although the both stiffness of the spring
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models are slightly lower than that of the shell models. It is therefore found that the
spring model with the only two parameters, in-plane and out-of-plane stiffness,
enables to simplify the complicated support structure with flexible plates for the
dynamic analysis of the VV and TF coil with slightly safer side estimation.

(5) Using the simplified spring model, the dynzimic analysis of the VV and TF coil for
the ITER were performed for the estimation under the design earthquake at
Rokkasho area. As a result, it is found that the maximum relative displacement of
8.6 mm between VV and TF coil is much less than 100 mm, so that the integrity of

the major components (VV and TF coil) of the ITER tokamak device are ensured for

the earthquake event.
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Table 1 Eigen Modes and Frequencies
0/90 degree 45 degree 25/65 degree
Mode | Frequency (Hz)| Mode | Frequency (Hz)| Mode | Frequency (Hz)
0 degree 25 degree
4.04 Sway 105 63.8
sway sway
90 degree 65 degree
) 13.7 Rotation 141 126
bending sway
Rotation 99.6 Rocking 382 Rotation 141
90 degree
124 Vertical 408 Rocking 246
sway
Vertical 288 Vertical 408

Table 2 Eigen Modes and Frequencies (elastic bolt for tension)

0/90 degree 45 degree 25/65 degree
Mode Frequency (Hz) Mode | Frequency (Hz) | Mode | Frequency (Hz)
0 degree 25 degree
4.03 Sway 88.3 53.6
sway sway
90 degree 65 degree
] 12.4 Rotation 118 106
bending sway
Rotation 83.5 Rocking 329 Rotation 118
90 degree ) )
104 Vertical 352 Rocking 211
sway
Vertical 249 Vertical 352

Table 3 Eigen Frequency Obtained by Shell Model and Stitfness of Support Structure

Used for Spring Model

. . 7( I:fz»p/ane ﬁu/f—aﬁpl{mg K in-plane K. out-of-plane
Weight ,
(90 degrees) | (0 degree) | (90 degrees) | (0O degree)
Vacuum Vessel 9,300 ton 8.7 Hz 0.48 Hz 7.0 GN/m 21 MN/m
Toroidal Field Coil | 9,370 ton 8.6 Hz 0.37 Hz 6.8 GN/m 13 MN/m
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TF Vacuum
Coill Vessel
Support
Structure

Fig.1 Overall layout of ITER
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Arrangement of
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Fig.2 An example of support structure for ITER using flexible plate
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Fig.3 Support model for vibration test
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Fig.4 Configuration of vibration test (25 degree)
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(a) Arrangement of support structures

6=6~5°f},\_‘\_m «Vibration,

\ N /‘.
gf;tn%f e Flexible Plate

s

(b) Schematic plan view

Fig. 10 Example of Vibration System for TF Coil (65 degree)
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Stiffness of TF Coil Support Structure (GN/m)
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Appendix

Effect of Support Structures on Eigen Frequencies and Modes of Vacuum Vessel and TF-CS Coil
System

Table A-1 shows the eigen frequencies and modes of the vacuum vessel. In Table A-1, “Rigid
Support Structure™ means the results assuming infinite stiffiness for the horizontal stiffness of the support
structure, while “Normal Support Structure”™ uses the normal model with finite stiffness.  The results using
“Rigid Support Structure” show the eigen modes of the V'V itself without the effect of the support structure.
The effective stiffness &, and k- of whole system and the V'V itself can be calculated from the frequencies
Jrorma a0 frigig of “Normal Support Structure”™ and “Rigid Support Structure”, respectively, as follows:

Khole = Megcive (27 Froma)”

kyy = Mygene (270 ﬁ,g,zd'?
where is the effective stiftness regarding to the eigen mode. The effective stiffness o 0f the support
structure can be calculated as follows:

Vkgyporr =1k o — 1kyy
The contribution rate of the support structure on the effective stiffness of whole system can be defined as:

(1kaypord/(1/ ko)
The results are shown in Talbe A-1.  For the horizontal modes, the contribution rate is highest comparing to
other modes and the effect of the support structure is dominant because the rate is 62%. It also affects on the
vertical mode with rather small contribution ratio, 44%. On the contrary, it does not affect on the oval mode
of the V'V upper half, because the lower half of the VV and the support structure does not move in this mode.

Table A-2 shows the eigen frequencies and modes of the TF-CS coil system. The effect of the
support structure on the vibration of the whole system is estimated in the same manner as the VV.  In Table
A-2, “Out of Phase” means the TF coils and CS coil moves out of phase.  The contribution rate is relatively
low comparing to the VV.  In the horizontal mode, the rate is 36% and even in the highest case, the rocking
mode, it is41%. This means the stiffness of the TF-CS coil system itself is éomparable or relatively lower
than that of the support structure.

From these results, it is found that the support structure strongly affects on the vibration of the
component.  Therefore, it is essentially important to investigate mechanical characteristics of the support

structure for the seismic design.
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Table A-1 Eigen Frequencies and Modes of Vacuum Vessel

Normal Support Structure | Rigid Support Structure | Contribution of
Modes Frequency Support
Frequency (Hz) | Figure () Figure Structure (%)
Horizontal 3.94 A-1 6.41 A-2 62
Vertical 6.96 A-3 9.30 A-4 44
Rotation 7.34 A-5 7.74 A-6 10
Rocking 9.52 A-7 10.6 A-8 19
Oval (Out of Phase
between Upper and 153 A-9 - - -
Lower Half)
Oval
(Upper Half Only) 154 A-10 154 A-11 0

Table A-2 Eigen Frequencies and Modes of TF-CS Coil System

Normal Support Structure | Rigid Support Structure | Contribution of
Modes Frequency Frequency Support
Figure Figure
(Hz) (Hz) Structure (%)
Horizontal 5.40 A-12 6.74 A-13 36
Horizontal 9.70 A-14 9.78 A-15 1.6
(Out of Phase)
Vertical 9.88 A-16 10.3 A-17 8.0
Rotation 114 A-18 12.5 A-19 17
Rocking 122 A-20 159 A-21 41
Rotation
164 A-22 16.5 A-23 1.2
(Out of Phase)
Vertical
16.9 A-24 172 A-25 3.5
(Out of Phase)
Rocking
. 182 A-26 19.7 A-27 15
(Out of Phase)
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Fig. A-1 Horizontal Mode of Vacuum Vessel (Normal Support Structure)

Fig. A-2 Horizontal Mode of Vacuum Vessel (Rigid Support Structure)
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Fig. A-3 Vertical Mode of Vacuum Vessel (Normal Support Structure)

Fig. A-4 Vertical Mode of Vacuum Vessel (Rigid Support Structure)
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Fig. A-5 Rotation Mode of Vacuum Vessel (Normal Support Structure)

Fig. A-6 Rotation Mode of Vacuum Vessel (Rigid Support Structure)
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Fig. A-7 Rocking Mode of Vacuum Vessel (Normal Support Structure)

Fig. A-8 Rocking Mode of Vacuum Vessel (Rigid Support Structure)
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Fig. A-9 Oval Mode (Out of Phase between Upper and Lower Hall) of Vacuum Vessel

(Narmal Sinnort Stnichire)
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Fig. A-11 Oval Mode (Upper Half Only) of Vacuum Vessel (Rigid Support Structure)
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Fig. A-12 Horizontal Mode of TF-CS Coil System (Normal Support Structure)

Fig. A-13 Horizontal Mode of TF-CS Coil System (Rigid Support Structure)
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Fig. A-15 Horizontal (Out of Phase) Mode of TF-CS Coil System (Rigid Support Structure)
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Fig. A-17 Vertical Mode of TF-CS Coil System (Rigid Support Structure)
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Fig. A-19 Rotation Mode of TF-CS Coil System (Rigid Support Structure)



-

JAERI-Tech 2004-072

Fig. A-21 Rocking Mode of TF-CS Coil System (Rigid Support Structure)
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Fig. A-22 Rotation Mode (Out of Phase ) of TF-CS Coil System (Normal Support Structure)

Fig. A-23 Rotation Mode (Out of Phase) of TF-CS Coil System (Rigid Support Structure)
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Fig. A-25 Vertical Mode (Out of Phase) of TF-CS Coil System (Rigid Support Structure)
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Fig. A-26 Rocking Mode (Out of Phase) of TF-CS Coil System (Normal Support Structure)

Fig. A-27 Rocking Mode (Out of Phase) of TF-CS Coil System (Rigid Support Structure)
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