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TRAVEL WHEEL DEGRADATION DETECTION METHOD AND DETECTION
SYSTEM, AND TRAVEL CARRIAGE

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present invention relates to degradation detection for arunning wheel of a

running vehicle.

Description of the Related Art

[0002] The applicant has been devel oping and manufacturing overhead travelling
vehiclesthat travel in overhead spaces of clean-rooms or thelike.  The structure of the
running vehicle part in the overhead travelling vehiclesis disclosed in Patent Literature
1 (JP2002-308404A), for example. Inthe overhead travelling vehicles, apair of front
and rear vehicle units are each provided with following wheels and guide rollers, and a
driving wheel unit is further provided so asto span the pair of front and rear vehicle
units. Thedriving wheel unit is provided with a running motor and a running wheel
(driving wheel), and the running wheel is biased so as to be kept in contact with the
travel rail at the predetermined contact pressure.  The running wheel is solid and made
of polyurethane rubber, for example.

[0003] As aconsequence of repeated running, the running wheel made of synthetic
resin becomes to have rough surface dueto abrasion. The rough surface may lead to
running wheel bursting, in which the surface of the running wheel separates, and then it
becomes necessary to stop the overhead travelling vehicle and replace the running
wheel. The degradation is not uniform between the running wheels. Therefore, itis
necessary to choose whether to replace the running wheel well before the degradation
becomes problematic, or to let aburst or the like of the running wheel occur dueto

delayed replacement and thus to take the risk of the running route being impassable due
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to the stopped overhead travelling vehicle.

[0004] Patent Literature 2 (JP3509330B) discloses detecting the decrease in the
pressure of thetires of afour-wheel automobile based on the decrease in the diameters
of thetires. Patent Literature 2 detects adriving wheel dlip ratio according to the ratio
of the number of rotations of the driving wheel and that of the following wheel. It
concludes that, in the plot of the torque applied to the driving wheel and the dlip ratio,
the dip ratio at O torque reflects the decrease in the diameter of the driving wheel dueto
the decreasein thetire pressure. However, this method does not work for degradation
of the surface of the running wheels caused by abrasion or thelike. The inventor has

confirmed this fact by experiments.

Citation List

Patent Literature

[0005]

Patent Literature 1: JP2002-308404A
Patent Literature 2: JP3509330B

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

[0006] The object of the present invention is to detect the degradation of arunning

wheel without a specia sensor or the like.

Means for Solving Problem
[0007] One aspect of the present invention is arunning wheel degradation detection
method for arunning vehicle that travels with the running wheel that is rotated by a
running motor, comprising:

obtaining a difference between a velocity of the running wheel obtained based
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on anumber of rotations of the running wheel and a ground speed of the running vehicle
asadlip velocity; and

detecting degradation of the running wheel based on afact that torque of the
running motor and the slip velocity have passed through a predetermined abnormal
range in a space comprising a torque component and a slip velocity component.
[0008] Another aspect of the present invention is arunning wheel degradation detection
system for arunning vehicle that travels with the running wheel that is rotated by a
running motor, comprising:

ameans for obtaining a difference between a velocity of the running wheel
obtained based on a number of rotations of the running wheel and a ground speed of the
running vehicle as adip velocity; and

ameans for detecting degradation of the running wheel based on afact that
torque of the running motor and the slip velocity have passed through a predetermined
abnormal range in a space comprising a torque component and a slip velocity
component.
[0009] Y et another aspect of the present invention is arunning vehicle that travels with
arunning wheel that is rotated by a running motor and has a function of collecting data
for detecting degradation of the running wheel, comprising:

ameans for obtaining a difference between a velocity of the running wheel
obtained based on a number of rotations of the running wheel and a ground speed of the
running vehicle as adlip velocity; and

ameans for detecting and storing afact that torque of the running motor and the
slip velocity have passed through a predetermined abnormal range in a space
comprising atorque component and a dlip velocity component.
[0010] The inventor has found that degradation of running wheels is detectable based
on thetrgjectoriesin an at |east two-dimensional space comprising the slip velocity

component and the torque component, as shown in FIG. 3 (normal) and FIG. 4
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(abnormal).  Specifically, if the running wheel degrades, the trgjectories become to
pass through an abnormal range such asranges A, B, and C shown in FIG. 3. Thus,
the degradation of the running whedl is detectable. In contrast, no significant
characteristics have been found in the trgjectories of the dlip ratio and the torque (FIG.
9).

[0011] The abnormal rangeis, for example, arange in which the inclination of torque
relative to the dlip velocity is smaller than or equal to areference value, and, particularly
preferably, that is arange in which the inclination of the torque relative to the dlip
velocity during deceleration is smaller than or equal to areferencevalue. If the
running wheel deteriorates, the inclination of the torque relative to the dlip velocity
shown in FIG. 3 and FIG. 4 decreases, and in particular, the inclination during
deceleration of the running vehicle remarkably decreases.

[0012] The running wheel to be monitored is solid and made of synthetic resin, for
example. According to one aspect of the present invention, roughening or roughness
of the surface of the running wheel due to abrasion is detectable as the degradation, for
example.

[0013] It is preferable to perform the determination, for example, based on the
frequency that the abnormal range is passed through, instead of directly determining the
abnormality upon the abnormal range being passed through once. It is preferable that
the inclinations of thelines L1 and L2 shown in FIG. 4 are taken into consideration in
addition to the frequency that the abnormal range is passed through. Furthermore, it is
more preferable that the degree of degradation of the running wheel is determined in
consideration with the transition of the frequency that the abnormal range is passed
through or the transition of the inclinations of the lines L1 and L2 in addition to the
transition of the frequency. For example, it is preferable that a range of the trgjectories
of the torque and the slip velocity for a new running wheel is defined as areference

range, and arange that is deviated from the reference range is defined as the abnormal
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range. Thismeans that the trajectories at the early stage of the running wheel are
assumed as normal trajectories, and the degree of degradation is determined based on
the degree of the shift from the trgectories at the early stage resultant since the usage of

the running whesl.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1isaside view showing an overhead travelling vehicle and a cutaway rail
according to an embodiment.

FIG. 2 isablock diagram of arunning wheel degradation detection system.

FIG. 3isadiagram showing trgectories of dlip velocity and torque for anormal
running wheel.

FIG. 4 isadiagram showing trajectories of dlip velocity and torque for a
degraded running whes!.

FIG. 5isadiagram showing trajectories of dlip velocity and torque for avariety
of contact pressures.

FIG. 6 isaflowchart showing an initial setting algorithm for degradation
detection.

FIG. 7 isaflowchart showing a degradation detection algorithm.

FIG. 8 isawaveform diagram showing encoder signal, linear sensor signal, dip
ratio, and torque.

FIG. 9 isadiagram showing trgectories of apair consisting of torque and adlip

ratio.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0015] The following describes a preferred embodiment for carrying out the present
invention. The scope of the present invention shall be determined based on the claims,

with reference to the description in the specification and well known arts, and in
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accordance with the understandings of the skilled man in the art.

Embodiment

[0016] FIGS. 1to 7 show the embodiment. Reference numeral 2 indicates an
overhead travelling vehicle which may be another running vehicle such as a stacker
crane or an auto-guided vehicle. Thetravelling vehicles that travel with one or more
solid running wheels made of synthetic resin are preferably monitored for the detection
of running wheel degradation. Reference numeral 4 indicates arail provided for
overhead travelling vehiclesin a clean-room, for example. The overhead travelling
vehicle 2 is provided with apair of front and rear vehicle units 6 that are located within
therail 4, and adriving wheel unit 8 is disposed between the vehicle units 6.

Reference numeral 10 indicates the main body of the overhead travelling vehicle 2.
[0017] The driving wheel unit 8 is provided with arunning wheel 12, which serves as
the driving wheel, and arunning motor 14. The driving whedl unit 8 is rotatably
supported about the vertical axis by the vehicle units 6 at the front and rear endsand is
pressed by abiasing part 16 such that the running wheel 12 is kept in contact with a
tread 50 of the rail 4 at a predetermined contact pressure. The running wheel 12 is
solid and made of polyurethane rubber, and enables the overhead travelling vehicle 2 to
travel with the friction between the running wheel 12 and thetread 50. The vehicle
units 6 are each provided with following wheels 20, and guide rollers 22 and 24 for
switching between divergence and straightforward travel, and the following wheels are
in contact with atread 51. The vehicle units 6 are each further provided with an
electricity pick-up unit 28 and support the main body 10 with cross-roller bearings 30.
The running wheel may be in contact with the rail at the bottom part thereof instead of
the top part.

[0018] The overhead travelling vehicle 2 is provided with alinear sensor 32 that reads

magnetic marksthat are installed to the rail 4, and detects the absolute position of the
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overhead travelling vehicle 2. The overhead travelling vehicle 2 also detects the
number of rotations of the running wheel 12 with an encoder (not shown) of the running
motor 14. Furthermore, the overhead travelling vehicle 2 communicates with a ground
controller with a communication unit (not shown). The main body 10 is provided with
alateral unit 34 that laterally moves a6 unit 36 and a hoist 38 in a horizontal plane
along a direction orthogonal to the travelling direction. The 6 unit 36 rotates the hoist
38 about the vertical axis. The hoist 38 raises and lowers a hand 40 that is provided
withachuck 41. Therail 4 is provided with the treads 50 and 51, holds litz wires by
litz wire holders 52, and feeds electricity to the pick-up unit 28 without contact.

[0019] FIG. 2 shows a degradation detection system 60 for the running wheel.  Output
torque signal and encoder signal are taken out of the running motor 14. A difference
calculator 61 calculates the difference between the encoder signal and the linear sensor
signal, and thus the slip velocity is obtained. Note that, for example, asignal from an
encoder that is attached to afollowing wheel may be used in place of the linear sensor
signal. Thetorqueis calculated based on the driving current of the running motor 14,
for example.

[0020] Asshown in FIG. 3, an abnormal range is defined for the data of the pair of the
torque and the dlip velocity.  In addition to this data, the inclinations of linesL1 and L2
shown in FIG. 4 are aso useful for normality/abnormality determination, and in
particular, the inclination of theline L1 isuseful. Upon detecting an abnormal data
where the pair of the torque and the slip velocity falls within the abnormal range, an
extractor 62 counts and stores the frequency of abnormal datain atemporary memory
64. For example, when the pair passes through the abnormal range once or morein a
single cycle comprising accel eration, constant-velocity running, deceleration, and
stopping, the cycle is determined as being abnormal, and the frequency of abnormal
cycles per day is stored in the temporary memory 64. Also, in order to obtain the

inclinations of thelines L1 and L2 shown in FIG. 4, for each torque value, the
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maximum value of the slip velocity isstored. The inclination and the intercepts
corresponding to the line L1 shown in FIG. 4 are obtained by connecting the maximum
values within the negative range of the torque, and the inclination and the intercepts
corresponding to the line L2 are obtained by connecting the maximum values within the
positive range of the torque, for example. A memory 66 stores the maximum
frequency of abnormal data (abnormal cycles) per day for each month, and the
maximum value of the slip velocity for each torque within each month, for example.
[0021] Upon aproblem irrelevant to the status of the running wheel, such as grease
adhesion to therail, the trgjectories of the torque and the slip velocity may become
abnormal and significantly different from the trgjectories shown in FIGS. 3 to 5.
Therefore, the extractor 64 may examine the outlines of the trgectories in each cycle
and may process only trajectories that have a reasonable outline.

[0022] A single detection of an abnormal data may not be used as an indication of
degradation in order to exclude noises. The maximum frequency of abnormal data per
day may be substituted with the maximum frequency per week or the total frequency of
abnormal data per month. The data regarding the inclination and the gradient or the
dataregarding the inclination is extracted as reference data for normality/abnormality
determination. If the memory 66 has a sufficient capacity, the entire waveform shown
in FIG. 4 corresponding to abnormal data may be stored therein. Theranges A and B
during deceleration are useful for normality/abnormality determination, and the range A
where the absolute value of the torque during deceleration is greater than or equal to
40% of the maximum value in the trgjectoriesis particularly useful.

[0023] Thelife span of the running wheel is about several years and depends on the
working conditions, in particular, the frequency of curverunning. Therefore, the
normality/abnormality determination may be performed once for a period from aweek
to three months, for example. For example, when the overhead travelling vehicle

arrives at a maintenance area, the datain the memory 66 is retrieved via an input/output
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(I/0O) 68, and an abnormality in the running wheel is detected by a personal computer
(PC) 80 provided with a statistical processing unit 82 or adiagnostic unit 84, and a
monitor 81. Note that another sort of computer may be used in place of the PC.

[0024] With the statistical processing unit 82, an operator may visually perform the
normality/abnormality determination based on information displayed on the monitor 81.
In this case, the statistical processing unit 82 causes the monitor 81 to display the
transition of the maximum frequency of abnormal data, the transition of the inclinations
corresponding to the lines L1 and L2, and so on for each month, during the period from
when the running wheel was new to the present time, for example. When the
normality/abnormality is determined by the system 60, the diagnostic unit 84 evaluates
these data and determines whether the wheel is normal or abnormal.  In addition, the
overhead travelling vehicle may perform a self-diagnosis of the normality/abnormality
of therunning wheel. For example, a self-diagnostic unit 70 similar to the diagnostic
unit 84 may be provided within the overhead travelling vehicle, and a notification may
be provided to the ground controller when the running whesel is determined as abnormal.
[0025] FIG. 3 shows the trgjectories of the torque and the slip velocity for five cycles
for anormal running wheel, and FIG. 4 shows similar trgjectories for a degraded
running wheel.  The contact pressures on the running wheels were set to be the samein
FIG. 3and FIG. 4, and the directions of the trgjectories are indicated by arrows in FIG.
3and FIG. 4. Theclear difference between FIG. 3 and FIG. 4 is that the inclination of
the torque to the slip velocity is reduced due to the degradation. There was a case
where the maximum value of the slip velocity during accel eration approaches the range
C for anormal running wheel at some contact pressures. Therefore, the reliability of
abnormality detection isimproved by determining whether or not the maximum value of
the dlip velocity has passed during decel eration through the ranges A and B or the range
A.

[0026] The running wheel isnormal at first, and alarge number of trgjectories that are
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similar to the trajectories shown in FIG. 3 are obtainable at thisstage. Therefore,
ranges deviated from the normal tragjectory distribution may be defined as the abnormal
ranges. For example, the ranges A, B, and C shown in FIG. 3 may be used as
abnormal ranges, the abnormal ranges A and B are preferably usable, and the abnormal
range A isthe most preferably usable.  The degradation of the running rail is
characterized by the decrease in the inclinations of thelines L1 and L2, in particular, the
decrease in theinclination of thelineL1. The normality/abnormality determination is
made easier by extracting these inclinations at the time of determination and comparing
them with theinitial values.

[0027] Thetrgjectories of the torque and the slip velocity change according to the
contact pressure on the running wheel, and, with reduced contact pressures, they change
asshowninFIG. 5. InFIG. 5, the contact pressure was changed for the entire range of
the practical pressures for adegraded wheel. It is preferable that the trajectories shown
in FIG. 3 are learned when the running wheel is new, the abnormal range A and so on
are defined based on the trgectories, and the line L1, or theinclination of theline L1, or
the like is stored.

[0028] FIG. 6 shows initial setting for the normality/abnormality determination to be
performed when the running wheel is exchanged, or when a new overhead travelling
vehicleisset to therail (step 1). Instep 2, the trgectories of the torque and the slip
velocity are measured.  In step 3, the abnormal range A and so on are defined, and the
initial values of thelinesL1 and L2, or theline L1, or the inclination of theline L1, or
the like is stored.

[0029] FIG. 7 shows the degradation detection (normality/abnormality determination)
for the running wheel.  In step 11, cycles passing through the abnormal range are
detected. In step 12, the maximum value of the slip velocity is extracted for each
torque, and thusthelines L1 and L2 or the line L1 having the minimum inclination is

extracted. In step 13, the frequency of trajectories passing through the abnormal range
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per day is obtained, and the maximum frequency (the maximum frequency of the
trgjectories passing through the abnormal range per day) is stored for each month.
Also, the minimum inclination of thelines L1 and L2 or the line L1 within each month
is stored.

[0030] For example, when the overhead travelling vehicle arrives at the maintenance
area, the datain the memory isretrieved (step 14), and normality/abnormality is
determined based on the af orementioned maximum frequency and the aforementioned
minimum inclination of thelines. If thereisan abnormality, the running whesl is
exchanged, and the procedures shown in FIG. 6 are executed (step 15). This
determination of normality/abnormality is based on the transition of the frequency of
trajectories passing through the abnormal range and the transition of the minimum
inclination of thelinesL1 and L2 or theline L1.

[0031] FIG. 8 and FIG. 9 show the torque and the dlip ratio for a degraded running
wheel. FIG. 8 shows the waveform of the torque and the dlip ratio over time, and FIG.
9 shows the trgjectory of thetorque and the dlip ratio. Thetrgectory shownin FIG. 9
is completely different from the trgectories described in Patent Literature 1. No
characteristic to determine degradation of the running wheel can be found in FIG. 8 or
FIG. 9. Also, athough not shown here, tragjectories that are similar to one shown in
FIG. 9 were obtained for anormal running wheel aswell. It may be assumed that
Patent Literature 1 detects a situation where the front wheel and the rear wheel have
different diameters due to a decrease in the tire pressure, and it is reasonable to assume
that the dlip ratio changes in such asituation.  According to the embodiment, how the
surface roughening of arunning wheel due to the abrasion influences the dlip velocity
has been investigated, and the slip velocity relative to the torque is extracted. It have
been found that, if the surface of arunning wheel is roughened, the inclination of the
torque relative to the dlip velocity decreases, and particularly, the inclination of the

torque relative to the dlip velocity decreases during decel eration of the running vehicle.
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These facts give a detection method for degraded running wheels.

List of Reference Numerals
[0032] 2 Overhead travelling vehicle 4 Rail 6 vehicleunit 8 Driving wheel unit
10 Mainbody 12 Runningwheel 14 Running motor 16 Biasing part
20 Following wheel 22, 24 Guideroller 28 Pick-up unit
30 Cross-roller bearing 32 Linear sensor
34 Lateral unit 36 6 unit 38 Hoist
40 Hand 41 Chuck 50, 51 Tread
52 Litz wire holder 60 degradation detection system for running wheel
61 Difference calculator 62 Extractor 64 Temporary memory 66 Memory
681/0 70 Self-diagnostic unit 80 PC

81 Monitor 82 Statistical processing unit 84 Diagnostic unit
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WHAT ISCLAIMED IS:
1. A running wheel degradation detection method for arunning vehicle that travels
with arunning wheel that is rotated by a running motor, comprising:

obtaining a difference between a velocity of the running wheel obtained based
on anumber of rotations of the running wheel and a ground speed of the running vehicle
asadlip velocity; and

detecting degradation of the running wheel based on afact that torque of the
running motor and the slip velocity have passed through a predetermined abnormal

range in a space comprising a torque component and a slip velocity component.

2. The running wheel degradation detection method according to claim 1, wherein
the abnormal range is arange in which an inclination of the torque relative to the slip

velocity is smaller than or equal to areference value.

3. The running wheel degradation detection method according to claim 2, wherein

the abnormal range is defined as a range during deceleration of the running vehicle.

4, The running wheel degradation detection method according to any one of claims

1 to 3, wherein the running wheel is solid and made of synthetic resin.

5. A running wheel degradation detection system for arunning vehicle that travels
with arunning wheel that is rotated by a running motor, comprising:

ameans for obtaining a difference between a velocity of the running wheel
obtained based on a number of rotations of the running wheel and a ground speed of the
running vehicle as adlip velocity; and

ameans for detecting degradation of the running wheel based on afact that

torque of the running motor and the slip velocity have passed through a predetermined
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abnormal range in a space comprising atorque component and a slip velocity

component.

6. A running vehicle that travels with arunning wheel that is rotated by arunning
motor and has a function of collecting data for detecting degradation of the running
wheel, comprising:

ameans for obtaining a difference between a velocity of the running wheel
obtained based on a number of rotations of the running wheel and a ground speed of the
running vehicle as adlip velocity; and

ameans for detecting and storing afact that torque of the running motor and the
slip velocity have passed through a predetermined abnormal range in a space

comprising atorque component and a dlip velocity component.



