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External transition joints help alleviate one
of the most challenging aspects of HHF(C’s:
differential stresses from thermal expansion

1. The transition is moved out of the high heat flux zone.
2. A compliant tantalum ring is placed between the W and steel.

3. The geometry is kept simple, with only 2 joints per module.
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Fabrication of the transition uses joining
techniques appropriate for each material
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Explosion welding between the thin ODS ring and the thin Ta-ring
Making seal welds between the thin ODS ring and the ODS manifold
Diffusion welding of the thin ODS ring to the ODS manifold

Brazing the thick Ta ring to the W-alloy plate

TIG or laser weld between the thin Ta ring and the larger Ta part
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Properties of Tantalum

Temperature 20° C 800° C

Yield stress (MPa), pure Ta 500 180
Ta-2.5W 700 252
T-111 (Ta-8W-2Hf) 950 620

€40 Dure Ta >15% >10%
Ta alloy 15.4% 13%

Note, Ta-111 is rejected due to Hf radioactivity.
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Reduction to 2D model for ANSYS analysis

A 2D model was utilized for purpose of
scoping, parametric studies and design
1mprovement.

. Generalized plane strain element including
both elasticity and plasticity

. Bilinear 1sotropic material model

. Stress-free temperature 1s assumed to be
1050 C (brazing and diffusion welding
temperature)

The transition joints during all
fabrication steps and transient Y
operations were simulated

A full 3D elastic-plastic model
was developed and initial results
obtained (later).
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Thermal loading for fabrication step 2
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Step 1: Explosion welding between small ODS-steel ring and tantalum ring
(this process happens in microseconds, and the residual stress is small)

Step 2&3: Seal welds and diffusion welding between large and small
ODS-steel rings in a HIP chamber



Thermal loading for fabrication step 3

1200 Subassembly 2
1050 °C
61000 \ Taring (large)
o 800 T
: \
S 600
L » \ Braze joint
\
200 20 OC
0 .
1 2 3 4 W Ring

Time Step

Step 4: Brazing between the Ta Ring and Tungsten Ring

Step 5: TIG or laser beam welding between large and small Ta rings
(Both rings will be cold, and the heat affected zone will be small).
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Loading conditions during cyclic operation
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* Warm shutdown: Pressure load
(p=10 MPa) 1s applied at step 2
and maintained throughout
operation, repeating Steps 2-8 for
additional cycles.

* Cold shutdown: Pressure load 1s
applied at time step 2 and
removed at time step 5, repeating
Steps 2-6 for additional cycles.



Results indicate the joint can survive

during fabrication
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Fabrication Step-4

No plastic strain in
sub-assembly 2, and
the maximum elastic
strain 1s ~0.2% for Ta
and ~0.1% for W

The maximum plastic strains in the ODS/Ta/W joint during
fabrications are all within design criteria.
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The transition joint meets design criteria
during operation with warm shutdown
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* Maximum plastic strain in Ta increases from 1.8% (after fabrication) to ~2.9%
when 10 MPa pressure is applied for the first time, but remains at ~0.9% for
following cycles (<e =15% at RT).

* Maximum plastic strain in ODS steel 1s ~0.2% (<e_;;..=2.3% at RT) and 0 in W.
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Ratcheting occurs during cold shutdowns
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* Ratcheting occurs at the Ta interface during operation with cold shut down.

* The maximum plastic strain of the Ta Ring is ~7.2% in a very small region
close to the sharp tip of the ring, however it i1s still under the allowable
value (< e _;, =15%) after 100 cycles.

allow™

* Ta-2.5%W has higher yield strength and uniform elongation, and the
maximum strain can be reduced by a factor of 2.
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Initial results of 3D structural analysis

3D computational grid Distribution of plastic strain
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* 3D non-linear structural analysis was performed to validate
the 2D results at the load conditions of 20 °C and 10 MPa.

® The maximum plastic strain in the thinner Ta-ring is 2.7%
(2.9% for the 2D result at the same load conditions).

* However, the maximum plastic strain in the ODS-steel is
~7 times higher than the result obtained from 2D analysis
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3D structural analysis, continued

CCT 21 2010
- * Element refinements are needed
0 for the ODS-steel ring because
.001625I of its sharp tip.
-LRES * Anew 100-GB computer was
004875 acquired to allow more refined
0065 calculations in the future.
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Enlargement of plastic strain in the
ODS-steel
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Summary of results and future work

* Non-linear structural analyses were performed to investigate the
responses of the divertor transition joints between W and steel manifold.

* The results indicate that the Ta rings mitigate the CTE mismatch
between W and ODS. The maximum plastic deformations are:
o Fabrication: ~1.8% for Ta, 0% for ODS-steel and W
o Warm shutdown: ~2.9% for Ta, 0.2% for ODS-steel, and 0% for W
o Cold shutdown: ~T7.2% for Ta, 0.2% for ODS-steel, and 0% for W

* Ratcheting occurs at the interface of Ta during operation with cold shut
down, but the maximum strain (reached asymptotically after 100 cycles)
1s within the allowable limit.

* Ta-2.5%W is a better material to be used for the divertor joints, and the
plastic strain could be reduced by a factor of 2 compared with pure Ta.

* Future plans:
o Resolve discrepancies between 2D and 3D analyses
o Include thermal creep in analysis
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