
EP 0 098 309 B1 -- Description This invention relates to a numerical
control machining system (hereinafter referred to as "an NC machining
system". when applicable) in which a machining apparatus Is controlled by a
numerical control 5  device (hereinafter referred to as "an NC". when
applicable) to machine a workplece, and more particularly to an NC
machining system in which, during machining, the load of a workpiece is
detected to monitor the machining conditions. 10 BACKGROUND ART In a
numerical control machining apparatus controlled by an NC (hereinafter
referred to as "an NC machining apparatus", when applicable) numerical data
Instruct the position of a tool with respect to the workpiece so that the
workplace is machined by being controlled numerical values which are
calculated by is the NC. Accordingly, with the NC machining apparatus, a
workpiece can be machined into an intricate product with ease and with high
accuracy, and the productivity can be Increased. In general, an NC
machining apparatus, as shown in Fig. 1, comprises: an NC 20 for performing
calculation on numeral data commands inputted through a terminal 10: and a
machining device 30 which Is controlled by the output data of the NC 20.
The NC 20 comprises: an input unit 21 to which commands are inputted; an
arithmetic 20 unit 22 for performing operation on commands from the input
section 21; a memory unit 23 for storing operation results outputted by the
arithmetic unit 22 and commands from the input unit 21; a control unit 24
for controlling the operation of the arithmetic unit; and an output unit 25
for delivering operation values such as operation results provided by the
arithmetic unit 22. out of the NC 20. On the other hand, in the machining
apparatus 30, a tool 31 is held by a tool holder 32 which is secured to the
chuck of a spindle 33, 25 and the latter 33 is rotated by a spindle motor
34 which is driven by signals from the output unit 25 in the NC 20. A
workpiece 40 is fixedly set on the table 35 of the apparatus 30 with a jig
or the like. In Fig. 1, reference numeral 36 designates a ball screw for
moving the table 35 along the X-axis. The ball screw 36 is driven through a
gear box 37 by an X-axis feed motor 38, which is driven by signals from the
output unit 25. Mechanisms (not shown) for moving the table 35 along the
Y-axis and the Z-axis are provided, which 3o are similar to the
above-described mechanism for moving the table 35 along the X-axis. These
mechanisms are also controlled by signals from the NC 20. In the
above-described NC machining system using the NC machining apparatus,
machining time can be reduced by heavy load machining; however, the system
suffers from a drawback that, when a load applied to the tool exceeds its
allowable value, the tool is broken. This drawback may be eliminated by 35
decreasing the load; however, in this case, the machining speed becomes
low. According, in the conventional NC machining system, In order to
increase the machining efficiency and to prevent the tool from being
damage, machining conditions calculated according to the tool's allowable
load are stored in the memory unit 23 of the NC 20, so that machining is
carried out according to the machining conditions thus stored. 40     Thus,
the conventional NC machining system is disadvantageous in the following
points: When the load of the tool exceeds its allowable value abruptly, the
tool may be broken, because the change of the load of the tool cannot be
detected during machining. If, in order to prevent the trouble that, when
the load of the tool changes abruptly, the tool is broken, the machining
conditions are determined with the load of the tool being much lower than
the allowable load, then the machining efficiency is lowered. 45     US-A-3
809 870 describes a method and apparatus for monitoring the condition of a
cutter on a cutting machine while it is being used and for indicating when
the cutter wear rate has increased sufficiently to economically require
removal for replacement and/or servicing. During at least a portion of an
actual cutting operation on the machine, the power being consumed by the
cutting machine drive motor is monitored and a frequency spectrum of the
monitored power consumption is obtained therefrom. At least part of this
power so consumption frequency spectrum is then integrated to provide a
wear rate Index value (called a "wear number") which, when compared with
previous wear rate index values, may be used as an indication of the
relative wear rate for the corresponding cutter. To minimize statistical
fluctuations, provisions are also made for averaging over several different
measurement or sampling periods. The data obtained is used to determine
when the cutter is to be replaced but is not used to control the machine by
a feed back control. 55     US-A-3 665 493 describes a machining system in
which the rate of feed of the cutter along its path and the rate of
rotation of the cutter are controlled by an adaptive system. The system
forms a servo loop about the actual cutting operation by sensing the torque
and vibration of the cutter. Maximum and minimum limits 



of torque, vibration, spindle speed and feed rate as well as variables
which may be derived from these 2    EP 0 098 309 B1 factors are preset
Into the system. The adaptive control acts to optimize spindle speed and
feed rate without violating any of these restraints. 5 DISCLOSURE OF THE
INVENTION The above subject is solved by a numerical control machining
system in which a spindle motor rotates the spindle of a machining
apparatus to which a tool is connected, a feed motor moves the table of
said machining apparatus to which a workpiece Is fixedly secured, a
numerical control device controls the speed 10 of rotation of said spindle
motor, a machining load current of said spindle motor Is detected, said
load current is averaged by said numerical control device and said
numerical control device controls the feed speed of said table, so that
said workplace is machined with said tool characterized In that rotation of
said spindle Is detected, said load current thus detected is sampled at two
rotational positions of said spindle, the positions being separated by
[err] rotation of said spindle, said sampled load current data being 15
inputted into said numerical device, said numerical control device operates
to average said sampled load current data and obtains a load output of said
spindle motor based on said average sampled load current data and the speed
of rotation of said spindle motor and said load output is compared with an
allowable load output of said spindle motor which has been calculated in
advance, so that when the former is equal to or larger than the latter, the
feed speed of said feed motor Is reduced. 20 BRIEF DESCRIPTION OF THE
DRAWINGS Fig. I Is an arrangement diagram for outlining an NC machining
apparatus. Fig. 2 Is an explanatory 25 diagram for a description of a first
example of an NC machining apparatus necessary for understanding the
Invention. Fig. 3 is a graphical representation for a description of a
method of averaging load current data. Fig. 4 Is an explanatory diagram for
a description of the generation of an alarm signal In the first example in
Fig. 2. Fig. 5 is an explanatory diagram for a description of a second
example of an NC machining apparatus. Fig. 6 is an explanatory diagram for
a description of a third example of an NC machining so  apparatus. Fig. 7
is an explanatory diagram for a description of a fourth example of an NC
machining apparatus. Fig. 8 is an explanatory diagram for a description of
a first embodiment of the invention. The part (a) of Fig. 9 Is a
perspective view shown a tool. The part (b) of Fig. 9 is an explanatory
diagram for a description of a method of detecting a spindle load current
In the first embodiment In Fig. 8. Fig. 10 is an explanatory diagram for a
description of a second embodiment of the Invention. BEST MODE FOR CARRYING
OUT THE INVENTION One example of a numerical control machining system will
be described with reference to Fig. 2. Fig. 2 40 Is an explanatory diagram
for a description of the example, in which the machining apparatus is a
milling machine. In Fig. 2, a Z-axis feed speed S mm/revolution (101, Fig.
2) instructed to the Z-axis feed motor 38 In Fig. 1 is overridden to S'
mm/revolution (102, Fig. 2), and a spindle speed N r.p.m. Instructed to the
spindle motor 34 (103, Fig. 2) Instructed to the spindle motor 34 is
overridden to N' r.p.m. (104, Fig. 2). The term 4s  "overriding" as herein
used is intended to means that the operator, monitoring actual machining
conditions, suitably corrects the Z-axis feed speed S and the spindle speed
N. The Z-axis feed motor Is to move the table 35 toward the main spindle
33. In the example, the feed motor 38 is the Z-axis feed motor. According
to the Z-axis feed speed S' and the spindle speed N', the NC calculates a
Z-axis speed per minute F = S' x N' (mm/min) (105, Fig. 2) which Is
supplied to a Z-axis feed speed servo control (106, Fig. so 2). The Z-axis
speed servo control drives a Z-axis feed motor 38Z through a Z-axis feed
motor servo amplifier (107, Fig. 2) according to the Z-axis feed speed per
minute F. Thus, the Z-axis feed motor rotates as required, to feed the
Z-axis at a predetermined speed. The spindle speed N' obtained through
overriding is used for spindle speed calculation (108, Fig. 2) and is
supplied to a spindle speed control (109, Fig. 2). The spindle speed
control drives the spindle motor 34 through a spindle motor amplifier (110,
Fig. 2) 55 according to the spindle speed N'. Thus, the spindle motor
rotates as required, to turn the spindle at a predetermined speed. 



As the table is moved In the Z-axis direction by the Z-axis motor 38Z while
the spindle 33 is turned by the spindle motor 34 as described above, a
desired recess or hole can be formed in the workplece 40 with 3    EP
0098309 B1 - the tool mounted on the spindle. One of the specific features
of this example resides in that the load current of the spindle motor is
detected during machining and is applied to the NC to obtain the load
output of the spindle motor, and the load output thus obtained is compared
with its allowable value, to control the feed speed of the Z-axis feed 5
motor. In other words, the load current (shunt current) is detected in the
spindle motor amplifier 110 and is subjected to A/D conversion (111, Fig.
2). The load current data is Inputted to the numerical control device (112,
Fig. 2) and is then averaged (113, Fig. 2). Another specific feature of the
example is to average the load current data. This averaging method is shown
in Fig. 3, in which the horizontal axis represents time while the vertical
axis represents cunent. The io load current is sampled periodically, for
instance ten times at time Intervals of 100 m sec. The ten load current
values thus obtained are averaged, to average the load current data. If, of
the ten load current values, the maximum and minimum ones are disregarded,
and the remaining eight load current values are used for averaging the load
current data, then the load current can be detected more accurately.
Referring back to Fig. 2, after averaging the load current data has been
achieved, a load output is 15 calculated from the average load current. An
allowable load output Is calculated (116, Fig. 2) from the maximum output
of the spindle motor (115, Fig. 2) and the spindle speed N' (108, Fig. 2).
The load output (114) is compared (118, Fig. 2) with an allowable load
output (117, Fig. 2) equivalent to a tool's allowable load (which is a
predetermined value). When the load output is equal to or higher than the
allowable load output i.e., the tool's allowable load, the Z-axis feed
speed is automatically corrected into S" (119, Fig. 2). ao Accordingly, the
Z-axis feed speed per minute F is automatically corrected, and therefore
the load output of the spindle motor 34 becomes lower than the tool's
allowable load, whereby the tool is protected from damage. When the load
output is lower than the tool's allowable load, the load current data of
the spindle motor is continuously inputted without correcting the Z-axis
feed speed S'. As is clear from the above description. in the first example
of an NC machining apparatus. the Z-axis 25 feed motor feed speed can be
controlled according to the load output of the spindle motor. In the first
example, the load output is compared with the allowable load output, and
when the former is higher than the latter, the Z-axis feed speed S' is
automatically corrected to S", as described above. In this connection, an
alarm signal may be outputted (120, Fig. 4), as shown In Fig. 4. In Fig. 4.
parts corresponding functionally to those already described with reference
to Fig. 2 are designated by cor- 3o responding reference numerals and the
preceeding descriptions are applicable. The alarm signal may be used, for
instance, for stopping the NC machining apparatus. In the first example In
Fig. 2, the feed speed of the Z-axis feed motor 38Z is controlled. The
technical concept is applicable to the X-axis feed motor 38X for moving the
table 35 along the X-axis and the Y-axis feed motor 38Y for moving the
table along the Y-axis, to control the feed speeds thereof. 35     Fig. 5
shows a second example of an NC machining apparatus. In Fig. 5, those
components which have been already described with reference to the first
example in Fig. 2 are accordingly designated by the same reference
numerals, and it is omitted to describe them again in detail. In the second
example also, the machining apparatus is a milling machine, and of the feed
motors, only the Z-axis feed motor is indicated as a typical one. 40    In
the first example shown in Fig. 2, the load current of the spindle motor 34
is detected during machining, to control the feed speed of the Z-axis feed
motor. On the other hand, In the second example Fig. 5, the load current of
the spindle motor 34 is detected during machining, and the load current of
the Z- axis feed motor 38Z is detected during machining and Is applied to
the NC. Furthermore, the load torque is obtained, and according to the load
output of the spindle motor 34 and the load torque of the Z-axis feed 45
motor 38Z the feed speed of the Z-axis feed motor 38Z Is controlled. That
Is, in Fig. 5, a Z-axis feed motor servo amplifier 107 provides a load
current (shunt current) during machining and is subjected to A/D conversion
(121, Fig. 5), and the load current data is inputted to the 



numerical control device (122, Fig. 5) and is averaged (123, Fig. 5). This
load current data averaging method Is similar to that described with
reference to the first example. After averaging the load current data so
has been achieved, a load torque is calculated from the averaged load
current (124, Fig. 5). The load torque is compared with a tool's allowable
load torque (which is predetermined)(125, Fig. 5). When the load torque is
large than its allowable value, then the Z-axis feed speed S' is
automatically corrected to S". Accordingly, the Z-axis feed speed per
minute F is also automatically corrected, so that the load torque of the
Z-axis feed motor 38Z becomes smaller than its allowable value and the
damage of the tool can be prevented. 55 When the load torque is smaller
than the allowable load torque, inputting the load current data of the
Z-axis feed motor is continued without correcting the Z-axis feed speed 8'.
As is apparent from the above description, in the second example, the feed
speed of the Z-axis feed motor can be controlled according to the load
output of the spindle motor and the load torque of the Z-axis 4    EP 0 098
309 B1 feed motor. In the first and second examples, the technical concept
is applied to the spindle and the Z-axis of the milling machine; however,
it should be noted that the technical concept Is applicable to the other
axes of the milling machine, namely, the X-axis and the Y-axis, and to
other machining apparatuses such as lathes. 5     In the case where the
system according to the second example In Fig. 5 Is employed to move the
table 35 with the X-axis feed motor 38X, Y-axis feed motor 38Y and Z-axis
feed motor 38Z, the operation should be carried out as indicated In Fig. 6.
In Fig. 6, those parts which have been already described with reference to
Fig. 5 are accordingly designated by the same reference numerals or
characters, and it Is omitted to describe them in detail again. 10    In a
third example of an NC machining apparatus shown in Fig. 3, Load currents
supplied to the X-axis feed motor 38X, Y-axis feed motor 38Y and Z-axis
feed motor 38Z are detected by servo amplifiers 107a, 107b and 107c,
respectively, and are subjected to A/D conversion (121). The resultant data
are inputted to the NC (122) and are averaged (123) to calculate load
torques, respectively. The load torques are compared with their allowable
torques (125). When for at least one of the axes, the load torque is larger
than Its 15 allowable load torque, the feed speed is automatically
corrected (119). In the third example in Fig. 6, Interpolation is carried
out (126, Fig. 6) in order to distribute the to the three axes the signal F
which is obtained automatically correcting the feed speed, and the
resultant Interpolation signal is utilized to calculate feed speeds for the
axes (127, Fig. 6) which are applied, as signals, to the servo controls
106a, 106b and 106c. 20     Fig. 7 shows a fourth example of an NC
machining apparatus. In Fig. 7, those components which have been already
described with reference to the second example in Fig. 2 are accordingly
designated by the same reference numerals or characters, and are not
described in detail here. In the fourth example, only a feed motor is
indicated, and the machining apparatus Is a drilling machine. In the second
example shown In Fig. 5, the load current of the spindle motor 34 is
obtained during 26 machining, and the load current of the Z-axis feed motor
38Z is detected and Inputted to the NC and the load torque is obtained, so
that according to the load output of the spindle motor 34 and the load
torque of the Z-axis feed motor the feed speed of the Z-axis feed motor 38Z
Is controlled. On the other hand, in the fourth example shown In Fig. 7,
the load current of the Z-axis feed motor 38Z is detected during machining
and is inputted to the NC, and the load torque thereof is obtained, so that
according to the load torque of 30 the Z-axis feed motor 38Z the feed speed
of the Z-axis feed motor 38Z is controlled. More specifically, similarly as
in the first example shown in Fig. 2, the Z-axis feed motor 38Z moves the
table 35 along the Z-axis and the spindle motor 34 rotates the spindle 33,
so that a recess or hole having a desired configuration is formed in the
workpiece .40 with a drill 31 coupled to the spindle. The specific feature
of the fourth example resides in that the load current of the Z-axis feed
motor Is detected during 35 machining and the load torque of the Z-axis
feed motor is obtained from the load current thus detected, to control the
feed speed of the Z-axis feed motor 38Z. In other words, In the fourth
example in Fig. 7, the load current for machining is detected from a Z-axis
feed motor servo amplifier 107 and Is subjected to A/D conversion (121),
and the resultant load current data is inputted to a numerical control
device for Instance 



(122) and is averaged (123). 40     The load current data averaging method
is similar to that which has been described with reference to the first
example in Figs. 2 and 3. In Fig. 7, after the load current data have been
averaged, the load torque is calculated according to the averaged load
current (124). The load torque is compared with a predetermined allowable
load torque (125). When the former is larger than the latter, the Z-axis
feed speed S' is automatically corrected into a value S" 45  (119).
Accordingly, the Z-axis feed speed per minute F is also automatically
corrected, so that the load torque of the Z-axis feed motor 38Z becomes
smaller than the allowable load torque and the tool is prevented from being
damaged. When the load torque Is smaller than the allowable load torque,
inputting the load current data Is carried out again without correcting the
Z-axis feed speed S'. In the fourth example in Fig. 7, the machining
apparatus Is a drilling machine, and the technical concept 50 Is applied to
the Z-axis. However, it should be noted that the technical concept Is
applicable to the other machining axes such as the X-axis and the Y-axis,
and that the technical concept can be applied to other machining
apparatuses such as a milling machine and a lathe. In the case of a milling
machine, a large load is applied to the spindle motor, and therefore it is
preferable to employ the system according to the first example shown In
Fig. 2. In the case of a drilling 55 machine, a large load acts on the
Z-axis motor, and therefore It is desirable to employ the system according
to the fourth example shown in Fig. 4. Fig. 8 shows a first embodiment of
the invention. In Fig. 8, those parts which have been already described
with reference to the first example in Fig. 2 are accordingly designated by
the same reference 5    EP 0 098 309 B1 numerals or characters and their
detailed descriptions are omitted. In the first embodiment also, the
machining apparatus is a milling machine, and only the Z-axis feed motor is
indicated. The specific feature of the first embodiment resides in that the
load current of the spindle motor 34 for machining is detected in
synchronization with the rotation of the spindle to take into account the
waviness 5  which attributes, for instance, to the number of edges of a
tool encountered during one revolution of the spindle, the load output of
the spindle motor is obtained from the load current thus detected, and the
load output thus obtained is compared with an allowable load output, to
control the feed speed of the feed motor. In other words, in detecting the
load of the spindle, in order to take into consideration the load current
waviness attributing for instance to the number of edges of a tool, current
at a certain angle in one 10 revolution and that at an angle which is
obtained by adding [err] to the aforementioned angle are averaged to cancel
out the load current pulsation in one revolution, so that a load current
small in variation is detected. Detecting the machining load current as
described above makes it possible to detect the load of the tool. Similarly
as in the first example in Fig. 2, the Z-axls feed motor 38Z moves the
table 35 along the Z- is axis and the spindle motor 34 rotates the spindle
33, so that a recess or hole having a desired configuration is formed in
the workpiece 40 with the tool 31 secured to the spindle. The specific
feature of the first embodiment resides in that the machining load current
of the spindle motor 34 is detected in synthronization with the rotation of
the spindle, and the load output of the spindle motor is obtained from the
load current, to control the feed speed of the Z-axis feed motor 38Z. In
other 20  words, in Fig. 8, the machining load current (shunt current) is
detected from the spindle motor amplifier 110 and is subjected to AD
conversion in synchronization with a one revolution signal from a spindle
encoder 130 (Fig. 8) and a half revolution signal which is formed from the
one revolution signal, and the resultant load current data is Inputted to
the numerical control device (112) and is averaged (113). This load current
data averaging method is similar to that which has been described with
reference to 25 the first example shown in Figs. 2 and 3. A method of
detecting the load current of the spindle in the first embodiment will be
described with reference to Fig. 9. When the load current of the spindle 33
is detected, pulsation occurs during one revolution of the spindle because
of the number of edges of the tool 31 or the inclination of the working
face thereof. It has 



30 been known through experience that the pulsation Is about 10 to 20% of
the actual load. Therefore, the pulsation cannot be disregarded to suitably
control the load. Therefore, a method of eliminating the pulsation to
detect a true load current will be described. In the part (a) of Fig. 9,
reference character T designates a tool which is an end mill by way of
example, and  [err] and [err] cutting edges of the tools, respectively. In
the part (b) of Fig. 9, reference characters [err] 35 and [err] designate
the pulsations which attributes to the loads of the cutting edges [err] and
[err], respectively, Po the position of a one-revolution one-pulse signal
of the spindle encoder 130, and Pi the position which is apart by 180 from
the position Po. As is apparent from the part (b) of Fig. 9, the pulsation
can be eliminated by averaging two different load currents at two positions
which are apart by 180 from each other. Accordingly, a load current 40
pulsation due to each cutting edges is: [ERR] 45 A load current pulsation
at a position different by 180 in phase is: [ERR] Averaging the two values,
55 6    EP 0 098 309 B1 [ERR] In the above-described expressions, [err] is
the pulsation of the composite current of the load currents at the 10
position [err] which attribute to the cutting edges, and 1218 the pulsation
of the composite current of the load currents at the position [err].
Therefore, the pulsation component can be eliminate by averaging the values
at two positions which are different by 180 in phase from each other: In
the first embodiment in Fig. 8, after the load current data have been
averaged (113), the load output 16  is calculated according to the averaged
load current (114). An allowable load output is calculated (116) from the
maximum output which Is set for the spindle motor 34 (115) and the spindle
speed N' (108), and the aforementioned load output is compared (118) with
the allowable load output (117) which is equivalent to the (predetermined)
allowable load of the tool. When the load output is equal to or larger than
the allowable load output, i.e., the tool's allowable load, the Z-axis feed
speed S' is automatically corrected to a value S". 20 Accordingly, the
Z-axis feed speed per minute F is also automatically corrected, so that the
load output of the spindle motor becomes smaller than the tool's allowable
load and the tool Is protected from being damaged. When the load output is
smaller than the tool's allowable load, the load current data of the
spindle motor is carried out continuously with the Z-axis feed speed S' not
corrected. As Is apparent from the above description, according to the
first embodiment of the invention, the feed 25  speed of the Z-axis feed
motor can be controlled according to the load output of the spindle motor.
In the first embodiment, the feed speed of the Z-axis feed motor is
controlled; however, the feed speed of the X-axis feed motor or Y-axis feed
motor can be equally controlled. Fig. 10 shows a second embodiment of the
invention. In Fig. 10, parts which are equal to or correspond to those
described with reference to the second example in Fig. 2 and the first
embodiment in Fig. 8 are 30  accordingly designated by the same reference
numerals or characters, and their detailed descriptions are omitted. In the
second embodiment also, the machining apparatus is a milling machine and
the feed speed of the Z-axis feed motor is controlled by way of example. In
the second example In Fig. 5, the machining load current of the spindle 34
Is detected to obtain the load output, the machining load current of the
Z-axis feed motor 38Z Is detected and inputted to the NC, 35  and the load
torque is obtained, so that the feed speed of the Z-axis feed motor 38Z is
controlled according to the load output of the spindle motor 34 and the
Z-axls feed motor 38Z. On the other hand, In the second embodimentin Fig.
10, the technical concept of the first embodiment in Fig. 8 is applied to
the second example In Fig. 5. That Is, the machining load current of the
spindle motor 34 is detected in synthronization with the rotation of the
spindle to obtain the load output, the machining load current of the Z-axis
feed motor 



40  38Z is detected and Inputted to the NC, and the load torque is
obtained, so that the feed speed of the Z- axis feed motor 38Z is
controlled according to the load output of the spindle motor 34 and the
load torque of the Z-axis feed motor 38Z. In the second embodiment In Fig.
10, the machining load current (shunt current) is detected from a Z- axis
feed motor servo amplifier 107 and Is subjected to A/D conversion (121),
and the resultant load current 46  data Is inputted into the numerical
control device (122) and averaged (123). A method of averaging the load
current data Is similar to that which has been described with reference to
the first example In Fig. 2. After the load current data have been
averaged, the load torque is calculated according to the averaged load
current 124. The load torque is compared with the (predetermined) allowable
load torque of the tool (125). When the load torque is equal to or larger
than the allowable load torque, the Z-axis feed speed S' Is 60
automatically corrected to a value S". Accordingly, the Z-axis feed speed
per minute F is also automatically corrected, so that the load torque of
the Z-axis feed motor 38Z becomes smaller than the allowable load torque
and the tool is protected from being damaged. When the load torque is
smaller than the allowable load torque, the Z-axis feed speed S' is not
corrected, and the load current data of the Z-axis feed motor Is inputted
continuously. 55     As is clear from the above description, according to
the second example of the invention, the feed speed of the Z-axis feed
motor can be controlled according to the load output of the spindle motor
and the load torque of the Z-axis feed motor. In the second embodiment, the
spindle of the milling machine and the Z-axis are controlled. However, 7
EP 0 098 309 B1 the technical concept of the invention is applicable to
other machining axes such as the X-axis and the Y- axis. Furthermore, the
technical concept can be applied to other machining apparatuses such as for
instance lathes. In the NC machining system according to the invention, as
was described above, the machining load 5  current of the spindle motor or
the feed motor is detected, the detection signal is inputted to the input
unit of the NC to obtain the load output, and the load output is compared
with the allowable load output, so that the comparison signal is utilized
to control the feed speed of the feed motor and the tool is protected from
being damaged. Furthermore, as the load output of the motor can be set
close to the tool's allowable load, the machining efficiency can be
increased. 10 Claims 15 1. A numerical control machining system in which a
spindle motor (34) rotates the spindle (33) of a machining apparatus to
which a tool (31) is connected, a feed motor (38) moves the table (35) of
said machining apparatus to which a workpiece (40) is fixedly secured, a
numerical control device (20) controls the speed of rotation of said
spindle motor (34), a machining load current of said spindle motor (34) is
detected, said load current is averaged by said numerical control device
(20) and said numerical 20     control device (20) controls the feed speed
of said table (35), so that said workpiece (40) is machined with said tool
(31) characterized in that rotation of said spindle (33) is detected, said
load current thus detected is sampled at two rotational positions of said
spindle (33), the positions being separated by 180  rotation of said
spindle (33), the sampled load current data being inputted into said
numerical device (20), said numerical control device (20) operates to
average said sampled load current data and 25     obtains a load output of
said spindle motor (34) based on said averaged sampled load current data
and the speed of rotation of said spindle motor (34) and said load output
is compared with an allowable load output of said spindle motor (34) which
has been calculated in advance, so that when the former is equal to or
larger than the latter, the feed speed of said feed motor (38) is reduced.
30 2. A numerical control machining system as claimed In claim 1,
characterized in that when said load output is equal to or larger than said
allowable load output, an alarm signal is generated. 3. A numerical control
machining system as. claimed in claim 1, characterized in that said
allowable load output is calculated from a maximum output set for said
spindle motor (34) and a spindle speed 36     command. 



4. A numerical control machining system as claimed in claim 3,
characterized in that controlling the speed of rotation of said spindle
motor (34) by said numerical control device (20) is carried out through
calculation on said spindle speed command. 40 5. A numerical control
machining system is claimed in claim 3, characterized in that controlling
the speed of rotation of said spindle motor (34) by said numerical control
device (20) is carried out with a feed speed per minute calculated from a
feed speed command and said spindle speed command. 45  6. A numerical
control machining system as claimed In claim 1, characterized in that said
load current of said spindle motor (34) is detected by a shunt resistor. 7.
A numerical control machining system as claimed in claim 1, characterized
in that rotation of said spindle (33) is detected by utilising a signal
from a spindle encoder (130). 50 8 A numerical control machining system as
claimed in claim 1, characterized In that a machining load current of said
feed motor (38) is detected and inputted into said numerical control
device, said numerical control device calculates a load torque of said feed
motor (38) from said load current thus detected and said load torque is
compared with an allowable load torque of said feed motor (38) which 55
has been calculated in advance so that when said load torque is equal to or
larger than said allowable load torque, the feed speed of said feed motor
(38) is reduced. 9. A numerical control machining system as claimed in
claim 1 or 8, characterized in that said spindle 8    EP  0 098 309 B1 the
technical concept of the invention is applicable to other machining axes
such as the X-axis and the Y- axis. Furthermore, the technical concept can
be applied to other machining apparatuses such as for instance lathes. In
the NC machining system according to the invention, as was described above,
the machining load 5  current of the spindle motor or the feed motor is
detected, the detection signal is inputted to the input unit of the NC to
obtain the load output, and the load output .is compared with the allowable
load output, so that the comparison signal is utilized to control the feed
speed of the feed motor and the tool is protected from being damaged.
Furthermore, as the load output of the motor can be set close to the tool's
allowable load, the machining efficiency can be increased. 10 Claims 75  1.
A numerical control machining system in which a spindle motor (34) rotates
the spindle (33) of a machining apparatus to which a tool (31) is
connected, a feed motor (38) moves the table (35) of said machining
apparatus to which a workplace (40) is fixedly secured, a numerical control
device (20) controls the speed of rotation of said spindle motor (34), a
machining load current of said spindle motor (34) is detected, said load
current is averaged by said numerical control device (20) and said
numerical 20     control device (20) controls the feed speed of said table
(35), so that said workpiece (40) is machined with said tool (31)
characterized in that rotation of said spindle (33) is detected, said load
current thus detected is sampled at two rotational positions of said
spindle (33), the positions being separated by 180  rotation of said
spindle (33), the sampled load current data being inputted into said
numerical device (20), said numerical control device (20) operates to
average said sampled load current data and 25     obtains a load output of
said spindle motor (34) based on said averaged sampled load current data
and the speed of rotation of said spindle motor (34) and said load output
is compared with an allowable load output of said spindle motor (34) which
has been calculated in advance, so that when the former Is equal to or
larger than the latter, the feed speed of said feed motor (38) is reduced.
30  2. A numerical control machining system as claimed In claim 1,
characterized in that when said load output is equal to or larger than said
allowable load output, an alarm signal is generated. 3. A numerical control
machining system as. claimed in claim 1, characterized In that said
allowable load output is calculated from a maximum output set for said
spindle motor (34) and a spindle speed 35     command. 



4. A numerical control machining system as claimed in claim 3.
characterized in that controlling the speed of rotation of said spindle
motor (34) by said numerical control device (20) is carried out through
calculation on said spindle speed command. 40 5. A numerical control
machining system is claimed in claim 3, characterized in that controlling
the speed of rotation of said spindle motor (34) by said numerical control
device (20) is carried out with a feed speed per minute calculated from a
feed speed command and said spindle speed command. 45  6. A numerical
control machining system as claimed in claim 1. characterized in that said
load current of said spindle motor (34) is detected by a shunt resistor. 7.
A numerical control machining system as claimed in claim 1, characterized
in that rotation of said spindle (33) is detected by utilising a signal
from a spindle encoder (130). 50 8. A numerical control machining system as
claimed in claim 1. characterized In that a machining load current of said
feed motor (38) is detected and inputted into said numerical control
device, said numerical control device calculates a load torque of said feed
motor (38) from said load current thus detected and said load torque is
compared with an allowable load torque of said feed motor (38) which 55
has been calculated in advance so that when said load torque is equal to or
larger than said allowable load torque, the feed speed of said feed motor
(38) is reduced. 9. A numerical control machining system as claimed in
claim 1 or 8. characterized in that said spindle 8    EP 0 098 309 B1
and/or feed motor load currents thus detected are inputted into said
numerical control device by sampling said load currents periodically at
predetermined time Intervals. 10. A numerical control machining system as.
claimed In any of claims 1 to 9 characterized In that three 6     table
feed motors (38 X, Y. Z) are provided respectively for three machining axes
consisting of X-, Y- and Z-axes with respect to said spindle (33). 11. A
numerical control machining system as claimed in claim 10, characterized in
that load torques detected from said three feed motors (38 X, Y. Z)
provided for said three machining axes and 10     calculated, respectively,
are compared with respective allowable load torques. Revendications t6  1.
Systhme d'usinage a commande numdrique dans iequel un moteur de broche (34)
fait tourner la broche (33) d'un appareil d'usinage auquel east connecte un
outil (31), un moteur d'avance (38) d6place la table (35)dudit appareil
d'usinage a laquelle est assujettie fixement une plice A usiner (40), un
dispositif de commando num6rique (20) regle la vitesse de rotation dudit
moteur de broche (34), un courant de charge d'usinage dudit moteur de
broche (34) est detocte, ledit courant de charge est 20     calcule en
moyenne par ledit dispositif de commande num6rique (20) et ledit dispositif
de commando num6rique (20) regle la vitesse d'avance de ladate table (35),
de telle sorte que ladite piece a usiner (40) est uslnde avec ledit outil
(31), caracteris6 en ce que la rotation de ladite broche (33) est detectee,
ledit courant de charge ainsl d~tect6 est 6chantillonnd a deux positions de
rotation de ladite broche (33), les positions 6tant separees de 180* de
rotation de ladite broche (33). les donn6es de courant de 26     charge
echantillonne 6tant Introdultes dans ledit dispositif numerique (20), ledit
dispositif de commande numerlque (20) fonctionne pour calculer la moyenne
desdites donnees de courant de charge dchantil- lonne et obtient une charge
de sortie dudit moteur de broche (34) en fonction de la moyenne desdites
donnees de courant de charge dchantillonnM et de la vitesss de rotation
dudit moteur de broche (34) et ladite charge de sortie est comparee a une
charge de sortie admissible dudit moteur de broche (34) 30     qui a ete
calculde d'avance, de telle sorte que, lorsque la premlere est egale ou
superieure & la dernibre, la vitesse d'avance dudit moteur d'avance (38)
est reduite. 2. Systbme d'usinage a commando numdrlque solon la
revendication 1, caracterise en ce que, lorsque ladite charge de sortie est
egale ou superieure & ladite charge de sortie admissible, un signal 35
d'avertissement est engendrd. 3  Systeme d'usinage a commande numerique
solon la revendication 1, caractdrisd en ce quo ladite 



charge de sortie admissible est calculeo & partir d'une charge de sortie
maximale 6tablie pour ledit moteur de broche (34) et d'une Instruction de
vitesse de broche. 40 4. Systbme d'usinage & commande numerique solon la
revendicatlon 3, caracterise en ce quo le r6glage de la vitesse de rotation
dudit moteur de broche (34) par ledit dispositif de commande numerique (20)
est execute par le calcul effectu6 en reponse A ladite instruction de
vitesse de broche. 45 S. Systeme d'usinage A commando numerique solon la
revendication 3, caracterise en ce que le reglage de la vitesse de rotation
dudit moteur de broche (34) par ledit dispositif de commande numjrique (20)
est execute avec une vitesse d'avance par minute calculee & partir d'une
Instruction de vitesse d'avance et de ladite Instruction de vitesse de
broche. 6o  6. Systeme d'usinage A commando numdrique solon la
revendication 1, caracterise en ce que ledit courant de charge dudit moteur
de broche (34) est detecte par une resistance de derivation. 7. Systbme
d'usinage & commando numerique solon la revendication 1. caract6ris6 en ce
que la rotation de ladite broche (33) est d~tectee par la mise en oeuvre
d'un signal provenant d'un codeur de broche 5S     (130). 8  Systeme
d'usinage & commande numerique solon la revendication 1, caracterlse en ce
qu'un courant de charge d'usinage dudit moteur d'avance (38) est detectd et
introduit dans ledit dispositif de    EP 0 098 309 B1              I 111111
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numerique, ledit dispositif de commando numdrique calcule un couple de
charge dudit moteur d'avance (38) a partir dudit courant de charge ainsl
detecte et ledit couple de charge est compare a un couple de charge
admissible dudit moteur d'avance (38) qui a ets calcule d'avanco, de tells
sorte que, lorsque ledit couple de charge est egal ou superieur audit
couple de charge admissible, 5      la vitesse d'avance dudit moteur
d'avance (38) est reduite. 9. Systeme d'usinage A commands numerique selon
I'une quelconque des revendications 1 et 8, caracterise en ce quo lesdits
courants de charge de moteurs de broche etfou d'avance ainsi ddtectis sont
introduits dans ledit dispositif de commande numdrique par echantillonnage
deadits courants de tO     charge periodiquement A intervalles de temps
prddeterrines. 10. Systeme d'usinage h commande numerique selon l'une
quelconque des revendications 1 a 9, caracterise en ce que trois moteurs
d'avance (38X) 38Y, 38Z) de table sont prevus respectivement pour trois
axes d'usinage constitues par des axes X, Y et Z. par rapport A ladite
broche (33). i5 11. Systbme d'usinage & commando numerique solon la
revendication 10, caractdrise en co quo les couples de charge d6tectds a
partir desdits trois moteurs d'avance (38X,38Y.38Z) prevus pour lesdits
trois axes d'usinage et calcules, respectivement. sont compares a des
couples de charge admissibles respectifs. 20 Ansprtche 1. Numerisch
gesteuertes Bearbeitungssystem, in welchem ein Spindelmotor (34) die mit
einem Work- 25     zeug (31) verbundene Spindel (33) sines
Bearbeitungsger~ts drobt, ein Vorschubmotor (38) den Tisch (35) des
Bearbeitungsger~ts bewegt, an dem ein Workst~ck (40) sicher befestigt ist,
sine numerische Steuervorrichtung (20) die Drehgeschwindigkeit des
Spindelmotors (34) steuert, sin Bearbeitungslast- strom des Spindelmotors
(34) erfalt wird, der Laststrom durch die numerlsche Steuervorrichtung (20)
gemittelt wird und die numerische Steuervorrichtung (20) die
Vorschubgeschwindigkeit des Tisches 30     (35) derart steuert. daB das
Werkstick (40) mit dem Werkzoug (31) bearbeitet wird, dadurch gskenn-
zeichnet. daB die Drehung der Spindel (33) erfait wird, der dadurch erfa8te
Laststrom an zwei Drehpositionen der Spindel (33) abgetastet wird, wobel
die positionen durch 180 -Drehung der Spindel (33) vonsinander getrennt
sind. daB die abgetasteten Laststromdaton in die numerische Vonichtung (20)
singogebon werden, daB die numerische Stbuervorrichtung (20) arbeitet, um
die abgetasteten 35     Laststromdaten zu mitteln und sine
Lastausgangsgrolfe des Spindelmotors (34) erhalt basierend auf den
gemittelten abgetasteten Laststromdaten und auf der Drehgeschwindigkeit des
Spindelmotors (34) 



und daB die Lastausgangsgr6Be mit elner erlaubten Lastausgangsgrdle des
SpIndelmotors (34) verglichen wird, die im voraus berechnet wurde, so daB,
wenn die erste gleich oder grdoer als die zweite ist, die
Vorschubgeschwindigkelt des Vorschubmotors (38) reduziert wird. 40 2.
Numerisch gesteuertes Bearbeitungssystem nach Anspruch 1, dadurch
gekennzeichnot, daBI wenn die Lastausgangsgrdfle gleich odor gr6fler als
die erlaubte Lastausgangsgr5ffe ist, sin Alarmsignal erzsugt wird. 45  3.
Numerisch gesteuertes Bearbeltungssystem  nach Anspruch 1, dadurch
gekennzeichnet. daB die erlaubte Lastausgangsgr6fie von einer maximalen.
fOr den Spindelmotor (34) eingestellten Ausgangs- groile und einem
Spindelgeschwindigkoitsbefehl berechnet wird. 4. Numerisch gesteuertes
Bearbeitungssystem  nach Anspruch 3, dadurch gekennzeichnet. dan das 50
Steuern der Drehgeschwindigkeit des Spindelmotors (34) durch die numerisch
gesteuerte Vorrichtung (20) durch Berechnen auf der Basis des
Spindelgeschwindigkeltsbefehl ausgeffhrt wird. . Numerisch gesteuertes
Bearbeitungssystem  nach Anspruch 3, dadurch gskennzeichnot, daO das Steuem
der Drehgeschwindigkeit des Spindelmotors (34) durch die numerisch
gesteuerte Vorrichtung 55     (20) mit einer aus elnem
Vorschubgeschwindlgkoitsbefehl und einem Spindelgeschwindigkeitsbefehl
berechneten Vorschubgeschwindigkeit pro Minute durchgefflhrt wird. 6.
Numerisch gesteuertes Bearbeitungssystem  nach Anspruch 1, dadurch
gekennzeichnet, daB der 10    EP 0 098 309 Bt                I I!III1j
IIII1j11111 IlI II I!II K..t    Laststrom des Spindelmotors (34) durch
einen Nebenwiderstand festgestellt wird. 7. Numerisch gesteuertes
Bearbeitungssystem  nach Anspruch 1, dadurch gekennzeichnet, daB die
Drehung der Spindel (33) mittels eines Signals von einem Spindelkodierer
(130) festgestellt wird. 5 8  Numerisch gesteuertes Bearbeitungssystem nach
Anspruch 1, dadurch gekennzeichnet, dafl sin Bear- beitungslaststrom des
Vorschubmotors (38) erfalt und in die numerisch gesteuerte Vorrlchtung
einge- geben wird, daB die numerlsch gesteuerte Vorrichtung eln
Lastdrshmoment des Vorschubmotors (38) von dem dadurch erfaften Laststrom
berechnet und dabl das Lastdrehmoment mit elnem erlaubten 10
Lastdrehmoment des Vorschubmotors (38) verglichen wird, das im voraus
berechnet wurde, so daB dann, wenn das Lastdrehmoment gleich oder .grolier
als das erlaubte Lastdrehmoment ist, die Vorschubgeschwindigkeit des
Vorschubmotors (38) reduziert wird. 9. Numerisch gesteuertes
Bearbeitungssystem nach Anspruch 1 oder 8, dadurch gekennzeichnet, dae die
16     so erfalten Spindel- und/oder Vorschubmotorlaststr6me in die
numerisch gesteuerte Vorrichtung durch perlodisches Abtasten der Laststr6me
bei vorbestimmten Zeitintervallen eingogeben werden. 10. Numerisch
gesteuertes Bearbeitungssystem nach einem der Anspr~lche 1 bis 9, dadurch
gekennzeich- net, daB drel Tisch-Vorschubmotoren (38 X, Y. Z) jeweils fOr
drel Bearbeitungsachsen vorgesehen sind, 20     die aus X-, Yund Z-Achsen
mit Bezug auf die Spindel (33) bestehen. 11. Numerisch gesteuertes
Bearbeltungssystem nach Anspruch 10, dadurch gekennzeichnet, dao die
Lastdrehmomente, die von den drel fOr die drel Bearbeitungsachsen
vorgesehenen Vorschubmotoren (38 X. Y, Z) erfallt und jeweils berechnet
werden, mit jeweiligen erlaubten Lastdrehmomenten vergil- 25     chen
werden. 30 35 40 45 50 55    


