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Thank you for Mr. Chairman.

I will make a presentation of this title.

Outline of my presentation is as follow.
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Carbon microcoils (CMC)

3D helical-coiled carbon fibers
(Pure carbon)

- Double-helic or single-helix

 Diameter of coils : 1~20 um
- Coil Length : 50~1000 um

| 3'a|<u 3 00kx TE%y 5925

- Good elasticity (10 times longer carbon microcoils (CMCs)

than original coil length) (a) Representative shape
(b) Extended CMC

The large changes in electrical parameters by expansion and contraction.
—CMC sensor have attracted much attention for tactile sensors [1].

Recently, we observed weak electrical signals for an
approaching target object (human palm, metal object etc)

CMC sensor have proximity sensing property.

[1] X. Chen et, al Applied Physics Letters, 87, 054101 (2005)
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This is general property of Carbon microcoils.

This photograph shows representative shape of carbon microcoils.

Carbon microcoils have 3 dimension  helical-coiled carbon fibers with double-helic or single-helix.

Diameter of coils was from 1 to 20 micrometer and coil length is from 50 micrometer to 1 millimeter.

One of the unique properties of carbon microcoils is a good elasticity.

This photograph is shown extended carbon microcoil.

The carbon microcoil was extend about 10 times longer than original coil length.

The large changes in electrical parameters by expansion and contraction.

Therefore, CMC have attracted much attention for tactile sensors.

In addition to, we observed weak electrical signals for an approaching target object.

This means that CMC sensor have proximity sensing property.

Therefore, we studied CMC sensor with tactile and proximity sensing property.
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CMC proximity sensor is shown in this photograph.

CMC sensor was produced only mixing CMC with silicone.

For advantage of CMC proximity sensor, structure is very simple.

And, CMC sensor set up various location like spherical surface and corrugated surface.

In addition to, CMC sensor have high tactile and proximity sensing property.

Therefore, CMC sensor will be applied to artificial skin for humanoid robot. 

In this presentation, we will indicate electrical and proximity property of CMC sensor. 
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This photographs show the experimental setup.

CMC sensor properties  were studied by measuring the impedance as a function of distance between CMC sensor and target object. 

Electrical property of CMC sensors was measured by an impedance analyzer.

Experimental condition of electrical property is as follow.

Measuring frequency was varied  from 40 to 200 kilo hertz.

And, distance of CMC sensor to target object was varied  from minus 1 to fifty mili meter.
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Secondly, we investigated electrical property of various CMC content.

CMC content varied from 0.5 to 10wt%.

The experimental condition and shape of CMC sensor is as follows.

This figure show  frequency characteristic of various CMC contents.

Please pay attention to what the distance of CMC sensor to target object is 50mm.

Impedance is decreasing with increasing CMC content.

This result mean that the sensor of low CMC contents behave as capacitor, and sensor of high CMC contents behave as resistance.
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We investigate proximity and tactile sensing properties of CMC sensor.

These figures show the change in the impedance of the CMC sensor elements with various CMC content for an approaching Cu plate to the sensor element.

This figure shows big picture,and zoom in low and middle CMC content, and high CMC content. 

The impedance of sensor with low CMC content was almost negligible.

On the other hand, the impedance of sensor elements with middle CMC contents was increased with the closing of the target object.

However, slightly increase was observed at just contact of the object to the sensor element.

The change of impedance with a high CMC content was almost negligible and steeply increased at just contact.

These results mean no proximity sensing property of CMC sensors with low and high CMC content.

On the other hand, the proximity sensing property of CMC sensor with middle CMC content is very good.

This results show that double layer sensor elements to obtain both tactile and proximity properties seems to be one of promising technique for the improvement. 

Furthermore, we investigated optimization of CMC content for proximity sensors.
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To evaluate proximity sensing properties, we defined gain of proximity signal as follow.

This figure show gain of proximity signal as a function of the CMC content.

The gain of proximity signal of CMC sensor element with a CMC content of 2.5 wt% was largest.

And, that is about 1.29. 
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We investigated frequency characteristic of CMC proximity sensor.

Left graph and right graph show impedance and phase angle of CMC sensor for various distance.

The experimental condition is follow as.

The impedance of CMC sensor increased with decreasing distance for high frequency region.

And, The phase angle of CMC sensor increased with decreasing distance.

This result mean that CMC sensor 
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We investigated minimum detectable size of target object.

To investigated minimum detectable size of target object, the gain of proximity signal was measured for various size of target object.

The experimental condition is follow as.

The size of target object was varied from 3x3 square milimeter to 60x60 square milimeter.

This figure shows gain of proximity signal for various size of target object.

For comparison, we investigated gain of proximity signal for no target object.

And, this value is about 1.00.

On the other hand, the gain of proximity signal employing Cu plate increasing with increasing area of target object.

The CMC sensor could detect Cu plate of 9 square milimeter at least. 
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Firstly, We investigated proximity sensing property for various object.

The target object was employed human palm, acrylic board and Cu (Copper) plate.

The distance of CMC sensor to target object was varied from 50mm to –1mm.

The

The Distance s-o equal 0 means just contact.
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Finally, we investigated maximum detectable distance.

This figure shows real part of impedance when human palm approaching to and bearing off the sensor element within an interval of 10 seconds.

The proximity and tactile sensing signals were measured at 200 kHz.

And real part of impedance in CMC sensor element was transformed into a DC voltage output by employing tasting circuit of CMC sensor.

The real part of impedance increased for an approaching human palm to the CMC sensor element and decreased for a releasing.

This result indicated that the CMC sensor element detected the existence of human palm about 30cm away from CMC sensor element.

Furthermore, the dramatic change of impedance was observed just at contact.

We succeeded in the preparation of CMC sensor element with both tactile and proximity sensing properties. 
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Conclusions

We investigated proximity  and tactile sensing property of CMC sensor.

About electrical property of CMC sensor, the sensor of low CMC content behave as capacitor.

And, high CMC content sensor behave as resistance.

About proximity sensing property of CMC sensor, optimum CMC content is 2.5wt% and gain of proximity signal is about 1.29.

The minimum detectable size of target object is 9 square milimeter.

The maximum detectable distance between CMC sensor and target object is 30cm.
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