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The design of the CVT on PE 10 bicycle

ABSTRACT: Based on the analysis of various CVT and CVT bikes,in this
dissertation ,we change some parts of the Kopp-B CVT forming a new kind of CVT used to
the bicycle .They are used to input or output the power through the friction and a pair of
helical gears is also used to adjust the speed, so the speed can change between 0.75 and
1.22.This research shows that when the CVT are used in the bicycle ,they can significant

improve the performance of bike so that all customers can use it convenient.

Keyword: CVT bike; CVT
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1 Executive Summary

1.1 Introduction

The purpose of this investigation conducted by Oxford BioSignals was to examine and
determine the suitability of its techniques in analyzing data from an example manufacturing
process. This report has been submitted to Rolls-Royce for the expressed of assessing Oxford
BioSignals’ techniques with respect to monitoring the example process.

The analysis conducted by Oxford BioSignals (OBS) was limited to a fixed timescale, a
fixed set of challenge data for a single process (as provided by Rolls-Royce and Aachen
university of Technology), with no prior domain knowledge, nor information of system
failure .

1.2 Techniques Employed

OBS used a number of analysis techniques given the limited timescales:

I-Visualisation, and Cluster Analysis

This powerful method allowed the evolution of the system state (fusing all available data
types) to be visualised throughout the series of tests. This showed several distinct modes of
operation during the series, highlighting major events observed within the data, later
correlated with actual changes to the system’s operation by domain experts.

Cluster analysis automatically detects which of these events may be considered to be
“abnormal”, with respect to previously observed system behavior .

II-Signature represents each test as a single point on a plot, allowing changes between
tests to be easily identified. Abnormal tests are shown as outlying points, with normal tests
forming a cluster.

Modeling the normal behavior of several features selected from the provided data, this
method showed that advance warning of system failure could be automatically detected using
these features, as well as highlighting significant events within the life of the system.

ITI-Template Analysis

This method allows instantaneous sample-by —sample novelty detection, suitable for
on-line implementation.

Using a complementary approach to Signature Analysis, this method also models normal
system behavior. Results confirmed the observation made using previous methods.

I'V-Neural network Predictor

Similarly useful for on-line analysis, this method uses an automated predictor of system
behaviour(a neural network predictor), in which previously identified events were confirmed,
and further significant episodes were detected.

1.3 Summary of Results

Early warning of system failure was independently identified by the various analysis
methods employed.

Several significant events during the life of the process were correlated with actual
known events later revealed by system experts.

Changes in sensor configurations are identified, and periods of system stability (in which
tests are similar to one another) are highlighted.

This report shall be used as the basis for further correlation of detected events against
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actual occurrences within the life of the system, to be performed by Aachen University of
Technology.

1.4 Observations

Based on this limited study, OBS are confident that their techniques are applicable to
condition monitoring of the example manufacturing process as follows:

Evidence shows that automated detection of system novelty is possible, compared to its
“normal” operation.

Early warning of system distress may be provided, giving adequate time to take
preventative maintenance actions such that system failure may be avoided.

Provision “fleet-wide” analysis is possible using the techniques considered within this
investigation.

The involvement of domain knowledge from system experts alongside OBS engineers
will be crucial in developing future implementations. While this “blind” analysis showed that
OBS modelling techniques are appropriate for process monitoring, it is the coupling of
domain knowledge with OBS modelling techniques that may provide optimal diagnostic and
prognostic analysis.
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2 Introduction

2.1 Oxford BioSignals Limited

This document reports on the initial analysis conducted by Oxford BioSignals of
manufacturing process challenge data provided by Rolls-Royce, in conjunction with Aachen
University of Technology(AUT).

Oxford BioSignals Limited(OBS) is a world-class provider of Acquisition, Data Fusion,
Neural Networks and other Advanced Signal Processing techniques and solutions branded
under the collective name QUICK Technology. This technology not only provides for health
and quality assurance monitoring of the operational performance of equipment and plant.

QUICK Technology has been extensively proven in the field of gas turbine monitoring
with both on-line and off-line implementations at multiple levels: as a research tool, a test bed
system, a ground support tool, an on-board monitoring system, an off-line analysis tool and a
“fleet” manager.

Many of the techniques employed by OBS may be described as novelty detection
methods. This approach has a significant advantage over many traditional classification
techniques in that it is not necessary to provide fault data to the system during development.
Instead, providing a sufficiently comprehensive model of the condition can be identified
automatically. As information is discovered regarding the causes of these deviations it is then
possible to move from novelty detection to diagnosis, but the ability to identify previously
unseen abnormalities is retained at all stages.
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3 External References
Accompanying documentation providing further information on the data sets is available
in unnumbered documents.

4 Glossary
AUT- Aachen University of Technology
GMM-  Gaussian Mixture Model
MLP- Multi-Layer Perception
OBS- Oxford BioSignals Ltd.
S Data Description
The following sections give a brief overview of the data set obtained by visual inspection
of the data.
4.1 Data types
The data provided were recorded over a number of tests. Each test consisted of a similar
procedure, in which an automated drill unit moved towards a static metallic disk at a
fixed velocity (“feed”), a hole was drilled in the disk at that same feed-rate.
The following data streams were recorded during each test, each sampled at a rate of 20
KHz:
Ax— acceleration of the disk-mounting unit in the x-plane1 ,
A,- acceleration of the disk-mounting unit in the y-plane’',
A, acceleration of the disk-mounting unit in the z—plane1 ,
AE-RMS acoustic emission, 50-400 KHZ?,
SP-power delivered to the drill spindle’.
Tests considered in this investigation used three drill-prices (of identical product
specification) as shown in Table 1.
Table 1-Experiment Parameters by Test

Drill Number | Test Numbers | Drill Rotation Rate | Feed Rate

1 [12] 1700RPM 80 mm/min
2 [3127] 1700RPM 80 mm/min
3 [130194] 1700RPM 120mm/min

Note that tests 16,54,128,129 were not provided, thus a series of 190 tests are analysed
in this investigation. These 190 tests are labeled as shown in Table 2.
Table 2 —Test indices used in this report against actual test numbers

Test Indices | Actual Test Number
[115] [115]

[1652] [1753]

[53125] [55127]

[126190] [130194]

4.2 Prior Experiment Knowledge
4.2.1 Normal Tests
AUT indicated that tests [10110] could be considered “normal processes”.
4.2.2 AE Sensor Placement
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AUT noted that the position of the acoustic emission sensor was altered prior to
test 77, and was adjusted prior to subsequent tests. From inspection of AE data, it
appears that AE measurements are consistent after test 84, and so:

* AE is assumed to be unusable for tests [176] —the sensor records only white
noise;

* AE is assumed to be usable, but possibly abnormal, for tests [7783] —the sensor
position is being adjusted, resulting in extreme variation in measurements;

* AE is assumed to be usable for tests [94190] —the sensor position is held
constant during these tests.

Thus, the range of tests assumed to be normal [10110] should be reduced to
[84110] when AE is considered.

4.3 Test Description

Data recorded for during a typical test are shown in Figure 1. The duration of this test
is approximately t=51 seconds. This section uses this test to illustrate a typical process, as
described by AUT.

Drill power-on and power-off events may be seen at the start and end of the test as
transient spikes in SP.

The drill unit is then moved towards the static disk at the constant feed rata specified
in Table 1, between t=12 and 27 seconds. This corresponds to approximately constant
values of SP during that period, approximately zero AE, and very lowamplitude
acceleration in x-,y-,and z- planes.

At t=27 seconds, the drill makes contact with the static disk and begins to drill into
the metal. This corresponds to a step-change in SP to a higher lever, staying
approximately constant until t=38 seconds. During this time, AE increases significantly to
a largely constant but non-zero value. The values Ax and Az increase throughout this
drilling operation, while the value of Ay remains approximately zero (as it does
throughout the test).

At t=38 seconds, the tip of the drill-bit passes through the rear face of the disk. The
value of SP increases until t=44 seconds. During this period, AE reaches correspondingly
high values, while Ax and Az decrease in amplitude.

At t=44 seconds, the direction of the drill unit is reversed, and the drill is retracted
from the metal disk. Until t=46 seconds, the value of SP and AE decrease rapidly. A
transient is observed in Ax and Az at t =44 seconds, with vibration amplitude decreasing
until t=46 seconds.

At t=46 seconds, the drill-bit has been completely retracted from the metal disk, and
the unit continues to be withdrawn at the feed rate until the end of the test. The value of
SP decreases during this period(noting the power-off transient at the very end of the test),
while the values of all three acceleration channels and AE are approximately zero.

43



SAM_BO_1T00_011204_1_90_ssc.ASC.mal

Timae ()

Figure 1 - Test 90. From top to bottom: Ax, Ay, Az, AE, SP against time 7 {s) i

6 .Pre-processing
4.4 Removal of Start/Stop Transients

Assuming that normal and abnormal system behaviour will be evident from data
acquired during the drilling process, prior to analysis, each test was shortened by
retaining only data between the start and stop events, shown as transients in SP. For
example, for the test shown in Figure 1, this corresponds to retaining the period [1350]
seconds.

4.5 Removal of Power Supply Signal

The 50 Hz power supply appears with in each channel, and was removed prior to
analysis by application of a band-stop filter with stop-band [4951] Hz.
4.6 Frequency Transformation

Data for each test were divided into windows of 4096 points. A 4096-point FFT for
was performed using data within each window, for Ax,Ay and Az channels. This
corresponds to approximately 5 FFTs per second of data, similar to the QUICK system
used in aerospace analysis, shown to provide sufficient resolution for identifying
frequency-based events indicative of system abnormality.

For the analyses performed in this investigation, all spectral components of Ax, Ay,
and Ay occurring at frequency f with power Pf below some threshold Pf<h were
discarded. Time-domain signals were reconstructed by performing an inverse FFT
operation on each spectral window of 4096 points.

Figure 2 shows the spectral power content of Az for Test 19 after removal of the 50
Hz power supply signal, from [021] seconds, with each FFT shown between [0 fs/2] Hz.
Frequency content throughout this test is typical for all tests: the majority of significant
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spectral peaks are concentrated during the drilling operation(between 14 and 21 seconds,
in this test). As a hole is drilled in the metal disk, power is concentrated at higher and
higher frequencies, usually reaching a highest frequency(here, approximately 5.8 KHz
with a spike at 7.4 KHz) when the drill-bit passes through the disk.

Figuer 3 shows the same test are removal of all components with power P£<0.1. This
retains the significant peaks in the power spectral, whilst removing components assumed
to be insignificant due to their low power.

Figure 4 and Figure 5 show the corresponding time-series data for Ax in test 19.
After removal of low-power frequency components, the time-series retains only the
episodes in which significant-power vibrations were observed, which are used as the
basis for detection of system abnormality by several of the analysis methods used within
this investigation.
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Figure 2 — Power spectra for Test 19 after removal of 50 Hz
power supply contribution. The to
plat shows a 3-D “landscape™ plot of each i s @ “ F
R e e pe™ p spectrum. The bottom plot shows a “contour™ plot of

with increasing signal power shown as inereasing colour from black to red,

Figure 2-Power spectra for Test 19 after removal of 50 Hz power supply
contribution. The top plot shows a 3-D “landscape” plot of each spectrum. The
bottom plot shows a “contour” plot of the same information, with increasing signal
power shown as increasing colour from black to red.
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Figure 3-Power spectral for Test 19 after removal of all spectral components
beneath power threshold .

Figure 4 - A, against time (in seconds) for Test 19, before removal of low-power frequency
components

Figure 4-A, against time(in seconds) for Test 19, before removal of low-power
frequency components
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Figure 5 - A, against time (in seconds) for Test 19, after removal of low-power frequency
cOmponents

Figure 5-A, against time(in seconds) for Test 19, after removal of low-power
frequency components.
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Analysis I-Visualisation

This section describes the first of four analysis techniques applied to the manufacturing
process data-set.

4.7 Visualisation of High-Dimensional Data

4.7.1 Constructing a 2-D Visualization

The use of large numbers of measured variables introduces problems in the
visualization of the resulting data. A collection of temperatures, pressures, etc. forms a
high-dimensional representation of the state of a system, but this is not readily interpreted
by an operator.

Neuroscale allows the visualization of systems that have high-dimensionality by
mapping data to lower numbers of dimensions(typically two,for visual inspection). It
attempts to preserve the inter-pattern distances in the high-dimensional data. Data which
are close together in high-dimensional space are typically kept close together in 2-D
space, and data that are originally far apart remain well separated after projection.

The projection is performed using a non-linear function from the data’s k
dimensional space down to 2-D for visualization purposes. In this investigation, k is
5:[Ax, Ay, Az, AE, SP] are the high-dimensional sample vectors.

The creation of a non-linear mapping from 5-D space to 2-D requires sample data
from across the range of tests. In order to reduce the large number of available sample
data to a quantity suitable for constructing the mapping, a summary of the data-set is
required. Each test was summarized by a number of prototype 5-D vectors using the
k-means clustering algorithm(in which a large number of data are represented by a
smaller number of prototype vectors). The non-linear mapping was trained using the
prototype 5-D vectors from all tests.

4.7.2 Automatic Test Segmentation

To allow the examination of the 5-D data using visualization, it is convenient to
divide the drilling process in to three stages, corresponding to the typical behaviour of the
process described in Section 5.3.

A heuristic algorithm was produced to perform automatic segmentation into three
episodes using the SP channel, as illustrated in Figure 6(which shows a low-pass filtered
version of SP superimposed on the original signal as a red line). The three states
identified correspond to :

State S1: the approximately constant-power (or slightly decreasing) initial period

of drilling;

State S2: the peak-power period where the drill-bit passes through the disk and is

removed

State S3:  the approximately constant-power period of retraction.

Note that this segmentation is only the identification of the times of onset and offset
of each of the three described states, for the purposes of graphical display as described in
the next sub-section.
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Figure 1 - Test 90. From top to bottom: Ax, Ay, Az, AE, SP against time 7 {s) 3

6 Tk

6. 1 BERITEE/ A IEBRSEIRE

{ECBELE W AN IE W [ AR ZEA T o #RE VRS DN LIl e v (1 Kt BORE S 2. AE i 2
1, BRI AS WA e, B N AETTAp AN 2 b2 TRl R8s, IXRBILAE SP B AYIBEAZ . L an
UL, AEE 1T, AR PR T L1350 .

6.2 BIRRHBEFETIMGES

55



50HZ 1) HL Y - HA o g A Ui Lt IR 724007 2 17, 4 207 (4951 1 Hh 114
S B A FH o e 2ok AT B .
6.3 MERIEH

AR B W7 1 4096 A AAURIG T T, — AN A 4096 A A 37
PAEREAN AT O R R AL, FITX, Y, 2 D S, SR LB 5 YR AR Ak, [ b ”
F G (07 AT R, S0 T SRS R PO o 2 5 1RGSR 0 USRS b
i1

TR, x, v, 207 B OISy, MR ZE O B T ALl i
T DL B E A, TR EREAS 4006 f G HEAT 1 L 7)1 L7 s ] LA 5 4
SRS

B 2 R R R TS 5 2 R IR 19207 F e R M 0~21
B, ML (LA 2RO~ £s/ 2R B ALY . AR I
E AT I 2 M T M 2 P TR I T R B (ZE MR
FURAE 14 R 21 FDZ ) M7E SRR LRI, AR ISR B IO, Mk
Sz AL IO . ST RS R (FEIXE, K4 5.8 (TSR 7.4 T
)

Bl 3 BRI SR R, KSR T T AN T0. LI RS R T
KR A T A T T 1 A P e b 1 2

Bl 4 R 5 FORMEAENGA 190X REIET (I )ROSR . G AR
R RSB JG, TR N - R GECR DU IS T B ) R AR oW 55, iX
e g 2 U P G S 2 B 2R 2

56



Bl T Plored, osndel Dt Srearca d 0] - FFIa [T S T RN ———

e e B

Figure 2 — Power spectra for Test 19 after removal of 50 Hz power supply contribution. The top
plot shows a 3-D “landscape™ plot of each spectrum. The bottom plot shows a “contour™ plot of
the same information, with inecreasing signal power shown as inereasing colour from black to red,

D NP PN =N BN > T —\ £ El_/\
K] £ 2-1E 2 B b0HZ FE 4015 5 5 MR 1911 e Gt 8] 34 X 3 S /s R 26—

S 07 . R AR 5 0 R I 02 L, A B 10 € B0 G50 1 1

T 5 1) RE - A 19 .

T 18 Sier v - 7T o 1 O S il 4

Hi— AR v _|I
o =
i
Im
T -
i 5 -
|
By s ; - bs T oy T |
o ] 2 300 4000 o [ T B0 o0 D
Fregaray. Hr

Figure 3 — Power spectra for Test 19 after removal of all spectral components beneath power
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Figure 4 - A, against time (in seconds) for Test 19, before removal of low-power frequency
components
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Figure 5 - A, against time (in seconds) for Test 19, after removal of low-power frequency
COmponents
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