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Thermal Transients

We can expect fluctuations in surface heating
due to ELMS.

Will temperatures or stresses fluctuate in any
significant way?

We varied heating about the mean by £20%
Cycle times were 1, 10, and 100 ms.



Thermal Response to Surface Heat
Fluctuations
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Pulse Time =1 msec

=0.s, SUrface Temperature (Pt 1)
*Surface temperature fluctuates ~5 °C
*No cyclical variation seen at % tile depth
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Pulse Time = 10 msec

.. Surface Temperature (Pt 1)

1300

*Surface temperature fluctuates ~11 °C
*Small cyclical variation seen at % tile depth
*No cyclical variation seen at tile base
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1920,

Pulse Time = 100 msec

Surface Temperature (Pt 1)
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*Surface temperature fluctuates ~35 °C
*Temperature at % tile depth fluctuates ~4 °C
*Small cyclical variation seen at tile base
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High Cycle Fatigue Issue?

Figure 4
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Low Cycle Fatigue in Tungsten at 815 and 1232 C

| have not found high cycle fatigue data



High Cycle Fatigue in Tungsten Alloys

* Consider tungsten alloys:
e |T180 (W-3.5Ni-1.5wt%Cu)
e D176 (W-5Ni-2.5wt%Fe)

 Both show an endurance limit (210 and 425
MPa, respectively)

Fatigue Properties of Tungsten Heavy Alloys IT180 and D176
MS Thesis

Marc Miralda Lépez, Patricia Lorenzo Paez

LUND UNIVERSITY, JUNE 2011
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Thermal Creep

DL Robinson and OD Sherby, “Mechanical Behavior of Polycrystalline
Tungsten at Elevated Temperature,” Acta Met, 17, 1969, 109

W King, “Stress-Dependence of High-Temperature Creep of Tungsten
and a Tungsten-2 wt pct ThO, Alloy,” Met Trans, 3 (4), 1972, 941



Thermal Analysis Shows Temperatures in the
1100 — 1300 °C Range in the W Structure

* While structural temperatures are only ~0.4 T/T, data indicates that Tungsten does

creep at these temperatures.

* Power law creep model added to ANSYS analysis to evaluate creep behavior
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Significant Relaxation of Thermal
Stresses (Creep) Observed

Stress at Start (Thermal + Pressure) Stress After One Year
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Time Histories Show Thermal Stresses
are Relieved by Creep After a Few Days

Pt 2

Pt1l

1400 400
1200 1 Year -
1000 240

PT 3

800 160 =

BT

600 80 -
Stress (MPa) Shutdown Stress (MPa) .
200 -80

PT 2
i I I . ET .3 -160
-200 -240
-400 -320
-600 (x10**1) _a00
1) 400 800 1200 1600 2000 1) 40 80 120 160 200
200 600 1000 1400 1800 20 a0 100 140 180

Time (hr) Time thr)



Displacement {m}

Creep Due to Pressure Stresses Continues with
Time
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Creep Due to Pressure Increases with Time and
Deformation Becomes Evident

Creep After One Year
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High Thermal Stresses When Structure Cools Down
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Assumed Creep Strain Rate May not be
Applicable to this Application

* Most W creep data is for higher temperatures and lower stress

* Limited available data for temperatures/stresses of interest indicate creep behavior is

different in this range

ITER is investigating W creep in this
range:
http://www.extremat.org/ib/site/pu

blication/downloads/Paper%20Riet
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Using Data Fit from Previous Page Produces
Excessive Creep Deformation
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Conclusions

The problem is primary stresses from coolant
pressure

Thermal stresses are relaxed out
Relaxation could cause problems at shutdown

Creep rates are strong functions of stress and
temperature, so relatively small changes can
have dramatic effects



Next Steps

* Verify creep data
* Explore:

— Lower coolant pressure
— Thicker walls
— Lower temperatures

* We may need to employ a tungsten alloy with
enhanced creep strength



Seismic Analysis for ITER

e References

— Masataka Nakahira et al, “Design and Validation Test
of Seismic Isolation for ITER,” 7th Int Conf Nuc Eng,
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— “Tokamak Seismic Analysis,” Chapter 2.15, ITER G AO
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— Sorin, Barabaschi, and Sannazzaro, “Seismic Analysis
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Background

ITER site is considered to be low to medium
seismic area (6.2 quake in 1909, centered
nearby)

Reference ITER design considers horizontal
and vertical accelerations up to 0.2g.

Analysis employs response spectrum method,
with “loads” applied at anchor points.

Soil interaction is neglected.
5% damping is used in most cases



Desigh Response Spectra
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Figure 2.15.2-1 Horizontal Ground Acceleration DRS Scaled to 1 g at point A.
The points A, B, C, D are reference frequencies defined in the NRC guides.



Model

e 3-D FEM with
beams and shells

e 20 degree sector
(vertical motion)
and 90 degree
sector (horizontal —
symmetric and
antisymmetric)

Figure 2.15.3-1 Finite Element Model Used for the
DRS Seismic Analysis of ITER FEAT.
Thermal Shield Model Shown on the Right Side.



180 degree model

Figure 2.15.3-2 Seismic Model of the Tokamak Extended to 9 Sectors.



Natural Frequencies

Table 2.15.4-1 First Four Eigenvalues for Both Vertical and
Horizontal Excitation of the Tokamak.

Horizontal excitation Vertical excitation
| Frequency 2.82 Hz 810 Hz
2 Frequency 340 Hz 8.54 Hz
3 Frequency 53.37 Hz 0.90 Hz
4 Frequency .56 Hz 112 Hz

* Mode 1 — entire machine rocks
e 2 —cryostat horizontal translation/rocking

3 & 4 - horizontal oscillation of thermal shield
and vacuum vessel with respect to magnets



Displacements

Table 2.15.4-2 Relative Displacements Obtained in the SL-2 Seismic Analysis.

™ Hme Radial Vertical

ol mut ol

disp lac. displac.

mm mm

VV — TFC, equatorial inboard 6.7 25
WV —TFLC, top 74 21
VV —TFC, equatorial outhoard 6.9 22
5 — TFC, equatonial inboard 1.4 0.7
15 —TFC, equaton al mboard .6 .1
T5 - ¥V, equatorial inboard |8 IR




Reaction Loads

Table 2.15.4-3 Absolute Values of the Reaction Loads in the
Main Machine Supports
Triaxial Dead Triaxial and

Earthquake | Weight Dead Weight
Gravity Supports Response:
Axial load, MN TH -10.9 1¥.6
Toroidal load, MM 12.4 0 12.4
Radial moment (top), MNm 7.64 0] 7.6
Radial moment (bottom), MMNm 35.4 0 35
Toroidal moment, MMNm 0.44 .7 1.1
Axial (torsion) moment, MNm 3.0 0 3
VV Supports Response:
Axial load, MN 4.6 .4 11.1
Torondal load, MM 9.1 {0 9.1
Radial moment, MNm 9.1 {0 9.1
Toroidal moment, MNm 02 011 0.3




Conclusion

* |TER design meets 0.2 g specification without
isolation

 However, isolation will be employed



Seismic Isolation System

 Machine will be on
560 pads (elastomer
and steel)

* Tokamak building,
diagnostic building,
tritium building also
isolated

 Pads are 90x90x20
cmon 1.8 m tall
concrete columns




6-month plan

* Finish Thermal Creep Analysis (verify data,
design changes/parametrics)

 Complete analysis of magnet quench with
ferromagnetic internal components



12-month plan

* In addition to thermal creep analysis, progress
can be made on disruption analyses



