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1.2. Glossary & Definition of Terms

TERM Definition
IME Incremental motion encoder (Shaft motion measurement instrument)
A two-dimensional graph of the motion of a rotating shaft perpendicular to the
ORBIT PLOT . . . ;
axis of rotation (as determined by a shaft reference point)
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2 Introduction

Gyrometric design and manufacture measurement systems for parameters related to rotating
shafts which incorporate a revolutionary patented technique. These digital measurements are used
in high value drives and equipment to monitor the condition of bearings and other mechanical
elements.

The purpose of the test was to validate the Gyrometric IME measurement system in radial
measurement mode against an external standard. A Gyromech spindle monitoring device
incorporating a Gyrometric IME was used.

Test was carried out at the University of Nottingham Institute for Advanced Manufacturing.

3 Method

In order to validate a system for measuring values in the low numbers of microns, it is obviously
necessary to create movements in this range, which are known, and known to a high standard of
accuracy. This is difficult and achieved in this test by using a high accuracy machining centre to
make the necessary known movements.

A Kern EVO ULTRA PRECISION Machining Centre which is specified to have a table positional
accuracy of = 0.5 ym was chosen as the reference for the test.

Figure 1: Kern EVO ULTRA PRECISION Machining Centre
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The Kern EVO has a very small spindle, and it was necessary to modify the Gyromech to fit it.
A program was written for the Machining Centre to:

e Move +20 microns in the X axis, wait

e Move +20 microns in the Y axis, wait

¢ Move -20 microns in the X axis, wait

e Move -20 microns in the Y axis

This program effectively creating a square of side 20 microns with measurement points on each
corner. Measurements were recorded for each revolution.

The setup and results from the IME are shown below.

The Kern machine spindle was fitted with a 6mm collet chuck. The Kern spindle could be aligned to
the base plate mounted ER collet chuck using a 70 mm length of precision ground 6mm diameter
shaft. A 6mm ER collet was available for the base plate collet chuck to enable alignment. See
figures 2 and 3.

Figure 2: 6mm ER collet
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6mm shaft in spindle with
25 mm encoder disc

25mm shaft in ER collet allows
adjustment of height without
machine movement

Figure 3: Kern IME sensor setup
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4 Results

41.

Movement test: Kern Machine Set to 4 positions (20micron square)
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Figure 4: 20 micron square
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The Kern machine was set to move in steps of 20 microns in a square pattern. At each step 5
contiguous revolutions where recorded. The mean displacements for each revolution were
recorded, see Figure 4.

The Standard deviation of readings in X is typically 3 Nano meters. In Y it is much larger - typically
0.2 microns

Spindle motion at 6000 rpm
Results shown include a correction for encoder disc errors.

4.2. Orbit plot
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Figure 5: Orbit plot - 16mm radius

Figure 5 shows the spindle motion over 5 contiguous revolutions with a 16mm orbit imposed at a
speed of ~6000 rpm.
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4.3. Centre of Rotation
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Figure 6: Centre of rotation (orbit removed)

Figure 6 shows the same data with no orbit. Note the orange image which shows a previously
saved reference data. Typically, the data shows patterns which closely follow the same shape but
shifted a few tenths of microns. The standard deviation of each rotation (5 revolutions) are
extremely consistent varying in X by ~3 Nano meters.
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4.4. Motion of mean centre of rotation
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Figure 7: Mean centre of rotation (40 points)

From 1000rpm to 6000rpm over 10 minutes the centre moved ~2 um
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4.5. Resonance in XY and angular velocity
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Figure 8: Low speed resonance

Figure 8 shows a resonance in the X and Y axis and the angular velocity.

Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the title
page of this document. Page 10 of 12



Gyrometric Measurement System Validation at University of Nottingham

Version 1.0

4.6. Low speed resonance waterfall chart
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Figure 9: Waterfall frequency plot (Low speed resonance)

Figure 9 shows resonance in X axis at~300 RPM of frequency 12 cycles per revolution
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4.7. High speed resonance waterfall chart
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Figure 10: Waterfall frequency plot (3000 rpm resonance)

Figure 10 shows a resonance in the X axis at 3000 rpm and approximately 8 cycles per revolution

5 Conclusion

The IME device measures the angular motion and the X Y motion (motion perpendicular to the axis of
rotation). It was tested up to 6000 RPM. The actual measurements were between the spindle and the three-
axis machine table. This motion is the sum of motion of the spindle in its bearing and the small motions of
the machine table due to temperature changes and vibrations.

The device measures vibrations (resonance) in three degrees of freedom to near nano-metric resolution.
The 20 micron square test shows the machine coordinate accuracy (0.5 micron) is borne out by the IME
measured results in that the correlation between the programmed movements and results was within the
claimed accuracy of the machine. The measurement repeatability over short intervals (milliseconds) was
found to be a few Nano-meters.

Thus, both the Gyrometric IME measurement method, and the claimed machine accuracy were validated.
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