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MACHINE TOCL MONITORING SYSTREM

Technical Field
The present invention relates generally to machine
tool monitoring systems and, in particular, te an improved
machine tool monitering system comprising at least cne
position sensor linked to a controller, the system being
particularly suitable for data acquisition, performance
analysis, and productivity oprimization in cutting

applications urilizing band saw machines.

Background Art

A typical band saw machine of the type to which
the invention percains includes a tool carriage for
supporting a saw blade which is driven about a pair of band
wheels, and a support bed which supports a workpiece to be
cut by the saw. The carriage is moveable toward and away
from the support bed to advance ths saw blade through the
workpiece in a cutting operation and to withdraw the blade
from the workpiece when the cutbing operation is complete.

Monitoring systems for determining asnd displaying
the faed rate of a band saw blade through a workpiece are
known in the arc. Ope such system employs at least two
wmicroswitohes or limit switches which indicate the beginning
and end of the cutting operation. One microswitch ia located
at & distance [rom the suppert bed which corresponds to the
carriage positien just prier to the peipt where the saw
blade enters the workpiece. A second micreewitch iz located
=t the carrizge positien whers the saw blade has cut through
the work piece and concacts the support bed. An associated
timing device measures the time duration of the cutting
cperation, and the system calculates the average feed rate
of the blade through the workpiece based on the distance
berween the two switch locations and the measured time
duration of the cutting operaticn.

This system presents a number of drawbacks.
FPirst, the system doss rot provide a real time indication of
the feed rate of the saw blade throughout the workpiece.

JP 2004-500246 A 2004.1.8
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Rather, the operator tust wait until the entire cutting
operation is complete before the caloulated feed rate can be
obtained. Seceond, the system caleoulates only an average
feed rate over rthe entire cutbting operation. Thus, there is
no indication of how the feed rate might vary during
differsnt portions of the curting operation in ths cass, for
exampie, where the workpiece does not prasent a consistent
cross section. Further, the swite¢h location indicating the
start of the cutting operation must be continuously moved as
workpiecaes having different profiles are cut by the band
saw. This is the case since the distance between the
support ped and the point where the saw blade initially
enqages the workpisce will likely change as the profiles of
the workpieces changs.

in an alternative system, a rerractable wire spool
ie mounced on the tool carriage with the wire extending
batweer the carriage and the support bed. The spool is
linked to a gquadrature encoder, and as the carriage moves
toward the support bed during a curting operation and the
wire spocl retracts, the encoder translates the movement of
the carriage as displacement of the wire. Data signals
representing the relative position of the carriage with
respect to the workbed are fed to an associated rate meter
which determines the fe=d rate of the saw hlade through the
workpiece based on the data provided by the encader. The
rate meter provides a visual display of the feed rate to a
machine operator. This system does not record the feed
rate, but simply displays the feed rate as the curting
operation proceeds. Thus, in order to determine the feed
rate the operator wast fontinususly observe the ocutpur of
the rate meter throughout the actual cutting operation. The
operator can adjust the opsration of the machine based on
the rate that is observed, but any adjustments are the
result of completely manual feedback by the operator. HNo
data is recorded and, therefore, no continuous real-time
summary of the cutting operations performed by the band zaw
are provided. Thus, rChe operator cannot analyze the overall

JP 2004-500246 A 2004.1.8
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performance of the saw over a series of cutting operationa
—o optimize productivity.

Accordingly, an improved hand saw moniroring
system would provide the following capabilities. The
monitoring system would continuously calculate the relative
position of the cutting blade with respect Lo the workplece
during the cutting operation and the direction of movement
of the blade within, roward or away from the workpiece.
Baged on this data, the system would continuously determine
the feed rate of the blade throughout the cutting operation.
The sysram would alsc accurataly determine the time duration
of each cutting operation and provide an average feed rate
for the entire cuctting operation. The system would also
determine the running spsed of the cutting bhlade, i.e., the
rate at which the saw blade is advanced around the band
wheels. To optimize productivity and reduce premature blade
Zfailure, the system would provide a veal-time display of the
measured parameters to a machine operator for comparison
with optimum values. The system would also preserve the
measurad data for futurs analysis.

It is, therefore, an cobject of the present
invention to provide an improved machine monitering system
for a band eaw which overcomes the above-described drawbacks
and disadvantages of the prior art while providing the

aforementioned capabilities.

Summary of the Ipvention

The present invention provides a menitoring eystem
for a band saw of the type having a support bed for
supporting a workpiece and 2 tool carriage which supports a
band saw blade driven in a direction rtransverse to Lhe
workpiece, the tool carriage and support ked being movable
relative to one another during a cutting cperacion. The
system may be employed in conjunction with vertical,
horizoncal or pivot type bkand saw machines, and with band
saw machines of varicus fesd types, including pressure feed

JP 2004-500246 A 2004.1.8
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band szws, constant craverse feed saws and band sawe
employing 3 combination of these feed types.

The monitoring system comprises at least ome
positicn sensor, a contreller, and a gomputer including a
data storage device and a display unit, such as a PC, linked
with the controller. The controller utilizes output 2ignals
from che position senscr toa continuously calculate both the
velocity of the saw blade with respect to the workpiece as
the tool carriage and the support bed move relative to ane
ancther and the direction of that velocity either toward or
away from the workpiece. Based on this data, the concroller
continuously calculates the feed rate of the saw blade
through the workpiece during the pericd the saw blade is in
cutting engagement with the workpiece. The fead rate
calculated by the controller is forwarded to the computex
and 1s continucusly provided as a real-time display teo the
machine cperator as the cutting operation procseds. In
addition, the computer calculates the average feed rate over
the entire cutting cperation. The calculated average feed
rate is stored by the computer and is displayad to the
machine operator for comparison with a predetermined opt imum
value based on the particular workpiece being cut, the model
of band saw, performing the cutting operation, and the
particular type of saw blade being used. The machine
operator compares the calculated average feed rate with the
optimum feed rate to contrel the operaticn of the band saw
and optimize the cutting cperation.

In the preferred embodiment of the inventlon, the
position sensor comprises a retractable speol of wire and an
associated quadrature encoder having A and B channels which
provide square wave outputs. The wave outputs are 30% out
of phase wich esach other, apd the phase relationship
indicates the direction the wire spoel i@ turning and,
accordingly, the direction the carriage is movipg with
respect to the support bed. The sensor is mounted on either
the tool carriage or the suppert bed with the wire extending

between these scructures.
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In the preferred embodiment, the monitoring system
further includes a proximity sensor which provides data
signals to the concroller representing the band speed, i.e.,
the speed at which the blade is being driven in a direction
transverse to tne workpimoe. The ¢ontroller sums the data
signals received from the senser per pnit time and forwarda
thie information to the computer. Sased on the information
provided by the controller, the computer calculates the
actual band speed. The calculated value is gtored by the
computer and is provided as a real-rtime display to the
machine operator for cemparison with a predeterminad optimum
band speed. Preferably, at the conclusion of the cutting
operation, the system displays the average feed rate and the
predetermined cptimum feed rate, as well as the calculated
band speed and the optimum band speed for immediate
comparison by the machine cperator.

Other advantages of Lhe present invention will
become apparent in view of the following detailed

description and the accompanying drawings.

Brief Description of the Drawings

The inventicn will now be described by way of
example with reference to the drawings in which:

Fig. 1 is a schematic illustration of a pivot-type
hand caw machine with the pivet arm of the saw in the raiged
position.

FIG. 2 is a schematic iilustration of the pand saw
of Fig. 1 with the pivot arm in the lowsred peaition.

Fig. 3 is a partially cut away side view of the
pand saw of Fig. L with the pivot arm of the saw in the
raised position and including a monitoring system embodying
the invention.

Fig. 4 ic a partially cut away side view of the
band saw of Fig. 1 with the pivot arm of the saw in Cha
lowered positicn.

Fig. 5 is a real-time screen display generated by
the menitoring system illustrated in Fig. 3 indicating

JP 2004-500246 A 2004.1.8
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operazing parameters of the cutting operation psrformed by

the band saw.

petailed Description of the Preferred Embodiment

A pivor-type band saw machine incorporating a
monitoring system embodying the invention is jllustrated in
Figs. 1-4. The band saw machine, generally designated 10,
ineludes a work table 12 defining a support bed 14 for
supporting a workpiece, such as the illustrated round metal
bar 16. The band saw further includes a pivot arm or tool
carriage 18 pivotally mounrad on the work tzhle 12 for
movement relative to the support bed 14 during 2 cutting
cperation between a raised posicion {shown in Figs, 1 and 3}
and a lowered position {shown in Figs. 2 and 41. A drive
motor 20 is mounted on the pivet arm and is coupled by an
output shaft 21 ee a driven band wheel 22 which also forme a
part of the drive assembly. An endiess band saw blade 24 is
looped around the driven band wheel 22 and an associated
idler band wheel 25 which is alsc mounted on the pivot arm.
The drive motor 20 advances the saw blade 24 around the band
wheeis 22 and 25 in a direction transverse to the workpiece
{indicated by arrow A} under the autsmaric controi of a
machine oparator.

A3 shown in Figs. 1 and 3. wien the pivot arm is
in the raised position, the saw blade 24 is disposed
immediately adjacent to the top of the werk pisce 16.
accordingly, the raised positien corresponds to the position
of the pivor arm 18 and the saw blade 24 at the start of a
particnlar cutting operation. &s shown in Figs. 2 and 4,
when the pivot arm is in the lowered position, the saw blade
24 has completely cut through the workpiece 16. Thus, the
lowered positicn cerrespends to the position of the pivot
arm and the saw blade at the completion of the cutting
operaticn. The machine oparator automatically controals the
movement of the pivot arm 18 between the raised and lowered
positicne to brirng the saw blade 24 into and out of cutting

engagem=nt with the workpiece 16.

JP 2004-500246 A 2004.1.8
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Referring in particular te Fig. 3, the monitoring
sysrem comprises a position sensor 26 which is mounted on
the pivot arm 18. The sensor provides signals repressnting
the changing position of the saw blade 24 as the carriage is
moved between the raised and lowersd positions. and the
direction of movement of the saw blade either toward or away
from the support bed. 2s shown inm Pig. 3, the positicn
sensor 26 comprises a spool of wire 28 mounted on a shaft 30
within a housing 32. The fres end 33 of the wire is
releasably attached to the support bed 14 by a suitable
coupling 34. As the pivot arm moves to the raised position,
the wire spool unwinds, and as the pivot arm woves to the
lowered position a band spring 36 connecting the spool te
the shaft 30 causes the spool to ratract. Thus, the gpool
of wire 25 unwinds and retracts in accordance with the
movement of the pivofL arm 18 berwsen the raised and lowered
positions.

The sensor 26 further includes a quadrature
encodéer 38 which is linked directly to the shaft 30, as
shown in Fig. 3. The encoder provides output signals based
on the rotational position of the shafr 30 as the spool
unwinds and retracts. Thus, the encoder translates the
arcuaie movement of the pivet arm 18 as displacement of the
wire 28. Az noted previously, the output signals of the
encoder are of the guadrature type having A and B channels
which provida square wave outputs. The wave outputs are 90°
out of phase with each other, and the pbase relationship
ingicates the directien the wire spool is turning and,
accordingly, the direction the carriage 1s moving with
respect to the support bed. Thus, these signals represent
not only the relative position of the band saw blade 24 as
the piver arm 18 iz moved between the raised and lowered
positicns, but also represent the direction of movement of
the gaw blade toward or away from the bed.

It will be appreciated by those skilled in the art
that the encoder nead not be linked directly to the shaft

30. 1iInstead, the encoder may be linked to a pulley over

JP 2004-500246 A 2004.1.8
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whirh the wire 28 extends. as the wire unwinds and recracts
in response tc the movement of the plvet arm 18 the pulley
is rotated accordingly, and the encoder generates output
signals based on the rotational position of the pulley.

Output signals from the encoder 38 are
continnowsly Fed to a controller 40 which is also mounted
within the housing 32. The controller sums ths output
signals from the encoder and continucusly calculates the
velocity of the saw blade 24 with respect to the suppart bed
14 as the pivet arm 13 moves betwesen the raised and lowered
positions. In order to maximize the accuracy of the
velooity calculation, the wire 28 is coupled te the support
bed in alignment with the center of the workpiecs 16 as
shown in Figs 1-4.

The controller also continuously tracks the
direction the blade is moving either toward or away from the
workpiece based on the phase relationship between the output
channels A and B of bhe encoder. A phase reversal in the
outputs of the channels provides a precise and instantaneous
ingication thar the direction of the velocity of the saw
blade with respect to the workpiece has changed. A change
in direction occurs when the saw blade 24 has cut through
the workpiece 16 and the piveot arm 18 begins moving from the
lowered position to tha raised position. 2 change in
directicn also ocours at the start of the cutting operation
when the pivet arm 18 beging wmoving from the raised pesicion
to the lowered positicn. Thus, the output signals of the
encoder provide a precise indication of the beginning and
end of the cutting operation and, accordingly, an accurate
measurement of the time duration of the cutting operation.

The system continuously menitors the feed rate
throughout the antire ¢urting operation. The controller 40
is linked to a computer, such as PC 43, which includes a
monitor 44, a data storage device 46 and a keyboard 48
chyough which the machine operator interacts with the
system. Rs each cutting operation proceeds, the feed rate
caleulared by the central processer 49 is continoously

JP 2004-500246 A 2004.1.8
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digplayed on the monitor 44. At the end of each cutting
operacion, the average feed rate over tae entire cutting
operation is calculated by the c¢ompurer and is displayed an
the menitor and also stored in the data storage device 46.

It should therefore be apparent that the encoder
outputs serve the same purpose as the microswitches used in
prior art monitcring systems. Substituting the quadrature
encoder for the microswitches obviates the need to
repositicn the swirches each time a workplece having a
different profile is cut by the band saw. As noted
previously, this is one of the primary disadvantages of the
prior system. It should also he appreciated that, as
discussed previously, while guadrature encoders have been
uged in the past in conjunction with rate meters to
determine the feed rate of hand saw machines, the prior art
did not link the encoder to a gontroller to decermine the
directicn of movement of the tocl carriage and, accordingly,
permit a precise calculation of thes duration of the cutting
operation. Further, the prior art systems did not employ a
controller linked to a computer including data storage and a
display unit te record and provide a real-time display of
the feesd rate ro the machine operator.

The monitoring systems further comprises a
proximity semsor 4% linked to a moving component of the band
saw machine that represents band speed. In the illustrated
embodiment., the proximity sensor 42 is shown linked to the
gurput shafr 21 of the drive wotor 20. However, those
skilled in the art will recognize that the proximity sensor
could, for example, be linked bo the band wheel 22. The
sensor 42 continuously provides data signals to the
controllsr 40 based on the rotational position of the motor
chaft 21. The controller sums the data signals per unit
vite, typically the data signals provided by the sensor 42
per second, and forwards the summed value to tke PC.

To determine the actual band speed during a
cutting aperation, the PC mulciplies the number of data
signals received per unit time by a scale facter. The scale

JP 2004-500246 A 2004.1.8
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factor is oalculated during the initial set up of the
moniToring system by operating the band saw machins ab
maximum band speed and relating the number of data signals
per unit time at maximwm band speed to the number of data
signals obrained from the controllex. The scaling operaticn
ig based on the particular configuraticn of the band saw
wachipe's drive components and the position of the proximity
senscr 42. For example, in the drawings sensor 42 15 shown
sonnected to mobter shaft 2L and the shaft is shown directly
cormected to band wheel 22. However, as is well-known to
those skilled in the art, the metor shaft is typically
connected to band wheel 22 through a gear train or pulley
which controls the rotational speed of the band wheel 22
with respect to the rotational speed of the motor shafre.
since the monitoring system of the present ipvention can
aceommodate various arrangements of Gifferent drive
components, the positicn of the proximity seneoy can vary
depending on the particular band saw machine medel and typs
with which the wonitoring system is used.

The band speed is digplayed real-time on the
monitor 24 and is typically captured at a predetermined time
after the cutting operation has begun and recorded in the
data storage device 46. Accordingly, the machine operatar
can compare both the calculated average feed rate and the
caloulated band speed with prederermined optimum values for
these parameters. The optimum values ave provided by known
software programs which specify feed rate. band apeed and
blade type based on the size, shape and material composition
of the workpiece and the particular model of band saw
mwachine performing the cutting operation. One such program
ia available from American Saw and Mfg. Co. under the
trademark SAWCALCT. By comparing the calculated values to
the optimum values, the machine operztor can immediately
determine if the cutting operation is proceeding ar optimum
efficiency and, if not, the band speed and feed rate should
be adjusted to insure maximum productivity and blade life.
Moreover, the machine operator can wtilize the continuous
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real-time display of the fesd rate and band speed to adjustc
these paramecers while a particular cutting operation is
proceading. This is a partioular advantage when cutting
workpieces which do not present a gonsistent cross-sectlon,
such as the nmetal bar 15.

A typical screen display provided on the monitor
14 is shown in Fig. 5. & display header provides general
information including the current date and time, ths name of
the machine operator, and information regarding the
particular saw hlade heing used, including the blade
identificatlon pumber and the tooth pitch (T.P.I.} of the
blade. The header zlsc indicates the total square inches of
material (Total Squares}) cut by the identified saw Llade as
caleulated by summing the area of meterial cuft in each
individual cutting operation. Operating informasnion for
sach cut made in the workpiece is displayed in a separate
row below the header. As chown in Fig. 5, each row includes
2 seriea of fields arranged im columms indicating the out
numbar, the date the cut was actually made and whether blade
failure oecurred on that parbicular cut. 1t should be noted
that the fallure message will appear in this column for the
cut following the cut on which the actnal fajlure occurred.
deparate fislds are provided for the work order number, the
grade and size of the workpiece and the c¢ross-sectional area
of the workpiece. Ib should also be notad that with respect
to the size of the workpiece, if no entry is made in field W
then the part has a round cross section.

Saparate fields are alsc provided for fead rate
[TRAV} and band apeed. As noted previously, the band speed
is displayed real-time on the monitor 44 and is typically
capturad at 2 predetarmined bime after the cutting cperation
has begun and recorded in the data storage device 46. The
display further provides the start and stop time of each
cut, the time duration of each cub and the average €quare
inches cut per mintte.

as shown in Fig. 5, the monitor 44 provides a

veal-time display of an entire series of cutting operations
P )

JP 2004-500246 A 2004.1.8
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50 that the machine operatoy £ap continuously analyze the
performance of the band saw and adjust the cutting
parameters to maximize production. As noted above, the
operator performs the analysis by comparing bhe calculated
band speed and average feed rate values with the
predetermined optimum values which may be retrieved from
data storage or which may be displayed in a separate field
on the moniter.

another advantage provided by the inventicn 1s
that existing medels of band saw machines can be easily
retrofitted with the moniteoring system. The houging 32
ineluding the spool of wire 28, the quadrature encoder 38,
and the controller 40 ¢an be mechanically attached or even
magnetically attachad to any band saw machine. The coupling
34 is then simply mounted to the support bed and the wire
extendad From the spool to the coupling. The <able
connections are made to the encoder 38 and to a suitable BC,
such as the PO 43, To complete the system, the proximity
sensor 42 is mounted in the machine and linked to the
ceontroller, As nated previcusly. the positicn of the gensor
42 is machine independsnt. Thus, the system is universally
adaptable to any, new or exieting band saw model.

25 will be recognized by those skilled in the
pertinent art, numercus modifications may be made £o thege
and other embodiments of the present invention without
departing Irom the scope of the invention as defined in the
claims. For example, a real-time display of the feed rate
ie preferably provided by the concrcller as well =s tha
display monitor. Moreover, the proximity sensor could be
linked to the driven baud wheel instead of the motor shaft,
or the spool of wire could be mounted on the support bed and
the free end of the wire coupled to the pivot arm. Further,
since the system determines and records the start and stap
time for sach cutting operation, the non-outting time
between cutting operations ¢an also be guantified and

recorded.
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Accordingly, the detailed description of the
embodiments set forth abowve must be raken in an illustrative

rather than a limiting sense.
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what is claimed isg

1. A monitoring syscem for a band saw machine of
the type Raving a support bed for supporting a workpilece and
a tool carriage which supports a band saw oblade driven in a
direction transverse to the workpiece, the rool carriage and
support bhed being movable relative to one another and the
saw blade being driven relative to the workpiece during a
cutting oparation, said monitoring system cowprising;

at least one position sensor mounted on one of the
tool carriage and The support hed for providing output
signals Tepresenting the relative position of the band
saw blade with respect to the support bed and the dirsction
of movement of the saw blade relative to the support bed
during the cutting eperation;

a cantroller for receiving the data provided by
the position sensor and contimwously caiculating the
veloecicy of the saw blade with respect to the support bed
and continuously tracking the dirsction of movement of the
saw blade toward or away for the support bed;

a computer linked to the controller and including
a daka storage device for storing data repregenting the feed
rate calculated by the controller; and

a display unit foxr providing & real-time dtsplay

of the calculated feed rate.

2. The menitoring system ©f claim 1, wherein the
position sensor compriges:

a retractable spcol of wire mounted on one of the
tool carriage and the support bed with the wire extending
therebetween, the wire having = free end coupled to the
other of the tool carriage and support bed, wherein the wire
spoel unwinds and retracts in accordance with the movement
of the tool carriage and the support bed relative to one
another; and

a quadrature encoder having guadrature outputs

associated with the retrastable spool for translabing the

JP 2004-500246 A 2004.1.8
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movement of the tool carriage and the support bed relative
to one another as displacement of the wire as the spool
wnwinds and retracts in accordance with the movement and for
representing the direction of movement of the teol carriage

and support bed relative to one another.

3. The monitoring system of claim 2, wherein the
dispiay unit further provides a display of the average feed
rate for the cutting operation and an optimum Eeed rate for

the cutting operation.

4. The monitoring system of claim 1, further
comprising:

2 prowimity sensor for providing data signals
repregenting che speed at which the biads is being driven
about the band wheels, wherein the controller sums the data
signals provided by the proximity sensor per unit time and
the computar calculares the actual band speed based on the

sum of the data signals.

5. The menitoring system of claim ¢, wherein the
calculated hand speed is stored together with an cptimum
pand speed and wherein the display unit provides a real-time
display of both the calculated and the optimum band speeds.

E. The wonitoring system of claim 5, wherein the
data storage device stores the paiculated average feed rate,
the calculated band speed, the optimum average feed rate and
the optimum band speed for a plurality of cutting oparations
and the display unit provides a real-time display of the
saloulated and cprimum faed rabes and band speeds.

7. The menitoring system of claim &, wherein the
computer calculates tie time duration of the cutting

oparation.
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B. A method for monitoring cthe performance of =
band saw macnine of the type having a support bed for
supporting a workpiece and & tool carriage which supports a
band saw blade driven in a directlien transverse te the
workpiece, the cool ¢arriage and support bed being movable
relative to one another and the saw blade being driven
relative to the workpiece during a cutting operaticon, said
method comprising the steps of:

a) providing data representing the ralative
pesition of the band saw blade with respect to the support
ped during the cutting cperatiom;

b) providing data representing the direction of
movement of the saw blads relative to the support bed during
the cutting operation;

¢} concinuously calculating the feed wate of the
saw blade through the workpiece when the klade is in cutting
engagement with the workpiece based on the data;

d) continucusiy tracking the direction of movement
of the tool carriage and support had relative to one
ancther;

e} prowviding a real-time display of the calculaved
feed rate as the cutting operation proceeds, and a
calculated average feed rate for the entire cutting
cperation;

£} providing an optimum feed rate for the saw
blade when it is in cutring engagement with the workpiece;
and

g) comparing the calcoulated average feed rate to
the optimum feed race to determine if these rates differ.

9. The method of claim 8 further compriging the

arep of:

h) adjusting the cperation of the band saw so that
the calculated average feed rate equals the optimum feed

rate.

JP 2004-500246 A 2004.1.8
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10. *he method of ¢laim 8 further ineluding the

steps of:

i) calgulating the band speed of Che saw blade
during the period the blade is in cutting engagement with
the workpiecse;

3) providing an optimum band speed for the blade

during this periocd;

k) providing a real-time display of the calculated

band speed;

1) comparing the calculated band speed and the
optimim band speed to dsbermine if chese speeds differ; and

m! adjusking the operation of the band saw B0 chat

the calculated band speed cguals the cptimum band speed.

11. The methed of claim 10, wherein steps &) - m)

are reps=ated for a plurality of cutting operations.

12. The method of slaim 10 wherein steps £} and i)
are further characteriged in that the cptimum feed rata and

band speed, respectively, are gimaltansously displayed

13. The mathod of claim 10, further including the
step of calculating the duration of each cutting operation
hased on changes in the dirsction of movement of the tool

carriage and support bed rglacive Lo one another.

14. The method of c<laim 10, Ffurther including che
step of calculating the time betwsan cutting operations
based on changes in the direction of movemenc of the tool

carriage and suppert bed relative to one another.
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