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Pine Cone Actuator Using Hygromorph

JUNTARO TAMARU™ TOSHIYAYUI™™ TOMOKO HASHIDA™

Abstract. Pine cones open and close through a moisture driven process called hygromorph. In this study, focusing
on the fact that pine cones are composed of a lattice of scales that transform by moisture, we propose an opening /
closing actuator that can be opened and closed at a desired angle by providing suitable moisture and aridity. In
addition, the height of a scale can be arbitrarily changed by arbitrarily combining the opening / closing actuators.
We realize a moving actuator that can move a scale by combining a height change actuator, the contact surface of
an opening / closing actuator, and the unevenness of two scales. In this paper, a mechanism based on the findings

of the experimental measurement results of the transformation characteristics of scales is shown.
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Figure 1  Operation of opening / closing actuator. When left is

dry, when right is moisture supply
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Figure 2  Principle of opening and closing
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Figure 3  The opening and closing angle 6 of the scales of the

pine cone
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Relation between elapsed time and angle
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Figure 6 Opening and closing pattern and its behavior
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Height actuator of each pattern : basic form, 2
steps, 3 steps
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Table 1 ~ Number of stages of the height actuator and its height
FEA 2 Bt 3 B
15mm 32mm 49mm
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Operation of the moving actuator (1st drying from
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Figure 8
the left, 1st moisture supply, 2nd drying)
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Figure 9  Present the timing of watering according to height.
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Figure 10  Accumulate the number of times the rain has fallen

due to the distance
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