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Presenter
Presentation Notes
[1]First, Let me talk about our company, Hitachi.
[2]Hitachi runs a several business in the world.
[3]The main business are Information & Telecommunication Systems, Social Infrastructure & Industrial Systems, Electronic Systems & Equipment, Construction Machinery, High Functional Materials & Components, Automotive Systems, and Smart Life & Ecofriendly Systems.
[4]And consolidated revenue is about 9162 billion yen
[5]
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Background HITACHL

B Complex mechanical parts in industrial Field .
Inspection item:

(MCircularity
@Concentricity =~ ~<x ]
@ Diameter L

Example: Oil hydraulic part Geometric & Size tolerance
evaluation is demanded

B Need for High Accuracy On-machine Meas.
@)In-Process

PDMeasurement
for Setup Measurement
Work position Machine In-process
Fast Feedback to L Fast Feedback to
Work position setting Rework, Finishing, etc.

Faster feed-back compared to off-line meas. method
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Presenter
Presentation Notes
[1] In an industrial field, there are many kinds of complex mechanical parts.
[2]One of the example is an oil hydraulic part (as you can see). This part has several holes with different diameters.
[3]In the inspection process, this parts is required to meas. not only its size of diameters but also geometric tolerance like circularity or concentricity.

[4]In this field, for high accurate manufacturing, in-process shape meas. is also demanded called on-machine meas. or in-process meas..
[5]It is because meas. data is able to feedback to the pre/post machine processing faster compared to offline meas. method like CMM.
[6]For example, work position setting, reworking & finishing .


@‘ssue of Conventional Method

Conventional on-machine meas. probe;
Meas. surface point by touching surface with mechanical displacement

HITACHI

Inspire the Next

Machine tool

f Meas. size:

4 meas. point

Problem 1 Point meas.

Another 4 meas. point

{Problem 2

F !

Cannot touch
I

No surface data

© Hitachi, Ltd. 2018. All rights reserved.

4



Presenter
Presentation Notes
[1]The most general conventional on-machine meas. probe is a touch probe which gets surface point by touching the surface of work by mechanical displacement.
[2]This probe can feedback to post/pre process speedy. However, this conventional on-machine shape meas. probe has 2 problems.
[3]First, the conventional probe generally cannot get the rich surface data speedy because the probe can get only point-data.
    Furthermore, meas. size may change if we choice another measuring points.
[4]Secondly, since this probe has to touch the surface to measure, the conventional probe cannot touch and get surface data such as shown in this complex shape.
[5]If those problems are overcome, the on-machine & in-line meas. is more speedy. 
[6]Therefore, we aimed development of a fast-on-machine meas. probe for 3D-shape inspection. And we set the target accuracy at +&-5um that covers 80% of high-precision part in Hitachi.
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Meas. system until now:
Flexible OCT* meas. system with robot arm for complex shape meas.

OCT:Optical Coherence Tomography

Laser beam
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oncept of Novel Developed Probe
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Multi-directional meas. probe overcoming the conventional problems is proposed
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Presentation Notes
[1]This shows a concept of our proposed probe.
[2]For the fast 3D-shape meas., multi-direction meas. based on laser distance meter is proposed.
[3]The proposed probe has 3 concepts.
[4] First, optical measurement method with OCT to get rich surface data.
     Second, Rotating the meas. beam with thin shaft to get the surface data that the conventional probe cannot meas..
     Finally, ”Switching the meas. direction to depth & radial for getting a datum plane to evaluate geometrical tolerance. 
[5]By using OCT and those functions, this probe can get richer data for 3D-shape inspection.
[6]We set a target accuracy plus or minus 5um.
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Presenter
Presentation Notes
Next, please let you know the principle of developed probe.


Principle of OCT TACH!
Laser distance meter based on optical coherence tomography
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Presentation Notes
First, I explain a principle of OCT method.
This is a optical setup. frequency of Laser diode is swept by a waveform generator.
Laser is divided by beam splitter.
One divided laser is reflected by reference mirror and another laser is reflected by target.
When these reflected beam are combined at the Splitter, an interferential beat signal is generated.
By detecting analyzing the beat signal by Photo detector & FFT analyzer, we can measure a distance of the target.
This shows a meas. principle of OCT.
Horizontal axis represents time and vertical axis represents optical frequency.
This is a reference light reflected from ref. mirror and this is a measurement light reflected from the target.
There is a time lag of Δt between both light according to a difference of each distance of L.
Since the freq. is modulated, FFT analyzed freq. of fb is constant.
And we can calculate the distance since  there is a relationship between Δt & fb.
Light travels a roundtrip distance L during Δt.
Distance L is expressed using light speed c.
So, the distance is expressed like this.
Distance is proportional to frequency fb.
This OCT meas. method can meas. the distance at high speed as well as high accuracy of plus or minus 5um. 
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Presentation Notes
[1]Next, I’d like to explain a meas. direction switching system by polarization controlling.
[2]For switching the beam direction to depth/radial direction, I adopted a PBS(Polarizing beam splitter) and Polarization switcher.
[3]PBS transmits the light polarizing along Y-axis, and reflects the light polarizing along X-axis.
[4]So as shown in this picture, by entering the meas. beam polarizing this angle (click), depth-direction measurement is available(click).
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Presentation Notes
[1]To switch the measuring beam to radial direction, the meas. laser has to be reflected by PBS.
[2]In this situation, by turning on the polarization switcher (click), the angle of meas. laser is rotated to along X-axis (click).
[3]So radial-direction meas. is available (click).
[4]Since this switcher is electronically controlled, this technology is able to quick direction change in 100usec without dropping the throughput.
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Inspire the Next

To rotate the beam, HWP(Half-Wave Plate) is adopted
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Presentation Notes
[1]In addition, to rotate the meas. beam, Half-Wave Plate is adopted. 
[2]The HWP rotates the polarization angle of the entering light.
[3] When the PBS rotates, the polarization angle has to rotate respectively.
[4]In this situation, by synchronically rotating HWP with PBS, the polarization angle can rotate(click), and The laser is reflected by PBS(click).
[5] This devised technology is enable to measure fast by rotating the measuring beam at 450rpm.


@beveloped Optical Meas. Probe
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Presentation Notes
[1]This shows an image of the developed probe using OCT(Optical Coherence Tomography).
[2]the devised multi-direction meas. function by polarization control is implemented.
[3] The meas. range is 30mm, and the length of the probe is 150mm.
[4]
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Presentation Notes
[1]First, the measurement accuracy is evaluated.
[2]The accuracy of depth-direction was evaluated by measuring step gauge.
[3]And the accuracy of radial-direction was evaluated by measuring diameters of several ring gauges.
[4]As the results, the maximum meas. error is 1.3μm,  in the range of our target accuracy of ±5μm.
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(1)http://www.renishaw.com/en/omp60-optical-transmission-probe—6101
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Presentation Notes
[1]Next, I performed a comparison with the conventional method.
[2]First, a mechanical part was measured by the developed probe.
[3]This is the measured part and measuring points.
[4]The results are compared with the results by conventional on-machine touch probe.
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Presentation Notes
[1]Those point cloud data are the measurement results by each probes. 

[2]Left-Side shows the result by conventional touch-probe, and the right-side is the result by the developed probe that indicates error to the perfect circle by color mapping .

[3]While the conventional method takes 40sec to measure 4points of a circle, the developed probe can measure 3000 points in 0.6sec.

[4]Furthermore, since the result by developed probe is higher-density data, you can see 3-dimensional geometrical feature in um order.

[5]From those results, I confirmed that the developed probe can measure 3D-shape at faster speed than the conventional probe.
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| Rotation

On processing machine

Measurement accuracy +1.3 um
Scanning rate 3 kHz
Coherent length 30 mm
Probe length 150 mm
Probe diameter 6 mm
Max. rotation speed 450 rpm
Measurable direction Depth & radial
Switching time of meas. direction 100 psec
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Presenter
Presentation Notes
Let me conclude my presentation.
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B Conclusion

Developed:
« Multi-directional optical meas. probe for on-machine shape inspection
based on devised polarization control technologies & OCT system.

Achieved:

 Measurement accuracy of =1.3um (<Target : =5um)

« Higher density 3D-shape meas. than conventional method
 Measure complex 3D-shape part and rich 3D data.

B Future Work

« Development of a scanning meas. system which synchronizes with
tool position displacement of a machine tool.
« Development of a light source for higher-accurate probe.
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Presentation Notes
[1] First, We developed a multi-directional optical meas. probe for on-machine shape inspection based  on devised polarization control technologies & OCT system.

[2] Second, I achieved the measurement accuracy of 1.3μm which is in the range of our target accuracy of ±5μm.

[3] And, I achieved higher density 3D-shape measurement than the conventional method, and meas. complex 3D-shape parts & 3D data.

[4] My future work are here.
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