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Lifetime Evaluation of First Wall and Divertor
Plate by Crack Analyses during Plasma Disruptions
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Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
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{Received April 1, 1988)

The first wall and divertor armor in fusion devices are subjected
to high heat and particle fluxes. In particular, disruption heating is
an intense thermal shock which may cause melting or vaporization of the
armor surfaces. The behavior of the armor materials is one of the
major factors limiting the lifetime of these components.

Generally the surface temperature of armor due to disruption gets
so high that the surface may become cracked. However, even if only the
surface of the armor is cracked, the function of the armor will not be
lost as long as the damage is limited to within a small depth of the
surface.

In this study, the lifetime of the armor is evaluated by two
stages: crack initiation life and crack propagation life which are
related to the fatigue life and the energy release rate, respectively.
Materials are graphite and C/C composite (carbon fiber reinforced
carbon composite) for the first wall, and tungsten for the dinertor.
For disruption conditions of Fusion Experimental Reactor, the fatigue
life and the energy release rates are calculated by thermal, and stress

analyses.
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Results show that crack initiation is expected after only a few
disruptions, and the energy release rate as a function of the crack
length comes up te the maximum value at a small crack length, and
decreases with increasing of the crack length. This decreasing means
that a crack propagation rate reduces. An unstable fracture does not
occur if the maximum energy release rate does not exceed the critical

energy release rate which can be obtained from the fracture toughness.

Keywords: Fusion Experimental Reactor, First Wall, Divertor, Lifetime,
Disruption, Thermal Shock, Crack Propagation, Energy Rerease

Rate, Fracture, Graphite, Tungsten
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Table 3.1 Design conditions for disruption
Component s Heat Load Duration Time
P [MT/;m” ] [ms]
Divertor 2.45 3
Guard Limiter 7.15 15
First Wall 0.82 15
First Wall 2,08 15

Table 3.2 Material properties of tungstem

0°c

1000°C 2000°C

3000°C

Young's
Modulus
[GPa]

400

370 310

310

Poisson's
Ratieo

0,28

0.29 0.31

0.31

Yield Strength
[MPa]

1150

460 100

51

Strain Hardening
Medulus
[MPa]

6530

650 510

510

Thermal
Expansion
Coefficient

[1/°C)

4.1x10°°

4.2%x107% | s.1x107®

5.8x%107¢

Thermal
Conductivity
[W/m K]

166

99 136

147

Specific
Heat
[J/kg K]

134

154 183

223

Density
el
[kg/m”]

1.98 x 10*
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Table 3.3 Material properties of graphite

Graphite C/C composite

Young's Modulus : E [GPa] 6.83 26.3
Poisson's Ratio : W 0.14 0.22
Yield Strength : Gy [MPal 48 -
Strain Hardening Modulus : H [MPa] 2.83 -
ggi??ﬁiigiga?séo?1/°c] 4.6x107° 5.8x107°
Density : Y [kg/ma] 1750
Specific Heat : C [kJ/kg K] 2.09-1.81 exp{-(T+273)/600} ; T[°C]
Emissivity : 0.8
Thermal Conductivity 13.0+1.86%107%xT ; T[°C]

A [W/m K] T = 1100°C for T > 1100°C
Latent Heat :.L [MI/ke] 59.1
Vapor Pressure : P [Pa] exp{32.1-8.85%x10% /(T+273)} ; T[°C]
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Fig. 3.3 Divertor configuration
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% means a result of thermal shock experiment [8]

¥ means a reference disruption conditionm.
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Fig. 4.4 Stress distribution across thickness
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Fig. 4.5 Goodman fatigue diagram of IG-110 graphite [2]
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Fig. 5.1 Crack subjected to thermal loading
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Fig. 5.2 Cracked cylinder for benchmark calculation
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Fig. 5.13 Circumferential stress distributicn around a

crack tip with a length of 0.5 mm
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