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5. Rock Breaking by Microwave Radiation

—effects of local heating and thermal fracture—

Taisei KOIWA*

Yasuo SHIRATORI**
Hidetoshi TAKAHASHI***
Shigeru MATSUMOTO***

Synopsis

In case of rock breaking by microwave radiation, thermal stress caused by local heating has a great
affection. In this report, authers tried to compare microwave power density distribution of five typs of
metal horns. Besides, two of them picked out to compare their heating characteristics when microwave
radiated to wet sands saturatedwith water. They did not show such remarkable differences in heating
effects as they showed in microwave power density distributions, on the other hand they presented
distinctive features concerning with power reflection coming back into the wave guide.

As effects of shape and volume of the heated domain in a mass become one of the interesting
problems, authers made some calculations using the finite element method;

number of elements 332 number of nodal points 193 radius of the mass 100cm

radius of the heated domain 6~20cm depth of the mass 50cm

depth of the heated domain 2~10cm E=1x10°kg/cm? ., v=0.2 a=10x10"

compressive strength of thé mass 300kg/cm? tensile strength of the mass 30kg/cm?

In the calculations, assumed that the whole system was axially symmetric and characteristics of the
mass were not variable while heating process. The results show that certain amount of thermal energy
is determined for the heated domain in order to obtain effective fracture in the mass, and the amount .
of energy is equivalent to the temperature rise as much as about 100°C in any heated domains. Beyond
this value of temperature rise, the volume of the heated domain has not essential meanmg for realizing
effective fracture in the mass.

Then authers made simulation models of rock fracture in case of mortar and granite blocks. In
these simulations, using the finife element method, assumed that E=0 in the elements of fracture
determined by stress conditions.

Dlstnbutlon of temperature rise in the elements was inputed by approx1matmg formulas based on
the data obtained at comparatively low temperature rise, driving the microwave oscilator of 915MHz
frequency and 30kW maximum power output. Through these simulations and experiments authers
confirmed that there was a linearly increasing relation between the amount of fracture in motar blocks
and radiated microwave energy, and in case of a granite block, appearlance of cracks.

* Chief of the Working Craft Development Laboratory, Machinery Division
** Senior Research Engineer, Machinery Division -
*x* Member of the Working Craft Development Laboratory, Machinery Division
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