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TOOL AND NUVMERI CALLY CONTROLLED MACHINE TOOL 5 TECHNI CAL FI ELD OF THE

| NVENTI ON The p |on relates to a nethod of comirotbupgpaT
‘nunerically con”mmmﬂmmmwm ne tool such as_ a mlling machine, machining
center or electric dischar 10 machine having a plurality of feed shafts
of three orthogonal 'axes of X Y and z or having a plurality of feed
shafts of at |east one of the rotarypsbBaRtgrabNaxes of A B and Cin
addition to the three orthogonal axes of X, Y and Z. Further, the present
i nvention relates to a 15 nunerically controlled nachlne tooI I n ot her
words, the pMeggob DEVEONTBOLLENGt 8E SARLEYW €Ol AGHINBNEPPES| | y

control | ed nachi ne too y r n h wi th high
accuracy even at a hlghNE Ngﬂbﬁgcﬁ&WQ gBB@%gan§ MQ%HE%% TB@@ - ARTIg

Concerni®g a nunerically controll ed nmachine tool, Is required that a

wor kpi ece i s accur & E@hmxcggh@a@ﬂnl@FaTH@hqman@&bad that is, it is
required that a workpiece Is highly efficiently an@@éﬁpgrately machi ned.

In general, it isThowseERAL ﬁﬁ&ﬁﬂﬁﬂﬁ& FELarssy tPs &g 8fed when the

feed speed Ofc%n%&%huﬂ%gt@Ohumérﬁ@biQQ cHhits o 1deide maehdhieotood sachi asng
accuracy is caused_hy a

| ost, notion.of the feed shaf
servo- cont rol Softk ﬁemﬁﬁﬁéPSCapﬁf%&Bﬁpﬂogﬁg %ﬁa§ﬁ?ﬁge%5%ﬁ% gﬁe?é? %
thehcaspoof ?g@ﬁmaﬁ@cabhﬁnqomtpobkadlmgcbﬁnéeEdobhaﬁms oﬁd@hree conduct
machi ni ng w | acgurac e e t he hi gh
Pg§§ %angQ apg 2 % g % fur?her ??gtbq it

val ue, backla§l’ft i's correc ion of the
feed 35 shaftfé@db@mmé¢$eoi ared lleastthengood §b@ed0§@FNsﬁmﬁ§tsc@ﬁtPéﬁsof t he

f eed shaft |s du ! e di h
temperature of % %dagggr 1143 1%3 %o Weledhth @ 3rWRIgRINGae anee bife

X Y and Z. Further, the present invention relates to a
15 numerically controlled machine tool. In other words, the
present invention relates to a new technique of a
numerically controlled machine tool by which a workpiece
can be machined with high accuracy even at a high feed
speed. o
20
DESCRIPTION OF THE PRIOR ART
Concerning a numerically controlled machine tool,
is required that a workpiece is accurately machined in a
short period, that is, it is required that a workpiece is
25 highly efficiently and accurately machined. In general,
it is known that machining accuracy is deteriorated when
the feed speed of a machine tool is raised. This
deterioration in machining accuracy is caused by a lost
motion of the feed shaft and a delay of servo-control of
30 the numerically controlled machine tool. Therefore, in
the case of a numerically controlled machine tool, in
order to conduct machining with high accuracy even when
the feed speed is raised to a high value, backlash of the
feed shaft is corrected and further friction of the feed
35 shaft is corrected, and furthermore speed adjusting
control of the feed shaft is conducted according to the
weight of a workpiece and the temperature of the feed
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-2 shaft notor. For exanple, the following prior arts are provided. The
first prior art is disclosed in Japanese Patent Publication No. 2606773,
whi ch discl oses an acceleration 5 control nethod and device in a servo
system According to this prior art, lost ymtions of the feed shaft caused
by backl ash, el astic deformation and static friction in the case of

i nversion in the direction of novenent of the feed shaft are corrected by

conducting thesp®st AOLSPPr OPst A LaSTE) 1 | £ LM K@D | pEBF esPONCG t O
the respective charagteristics so as to reduce the deterioration of

machi ni ng accUEeYr99%: acconplish the above object, the first, second and
third accel eration THerf Lospepsidr ngrd hiss |disdc s édnin craysatedyy Heoki@ash,

15 el astic defornation, and, st at | cti,on .n,t e Y. ed to
t he speed co i sl%?tqf%%qg%f \a/%é&c{jn%’r o"fhlucnrll tqlgcgl%%eg ?rﬁeas%gﬁa%%a%ggd by
the | ost 5 noticorstoah methodeatdtddyicmden up. saiwee ssodrin pridrcending a

servo motor cog rols g iad: 20, di 56l0Sest 1k JPRNGRE PALNINFHDIdSdON Mo

2709969. According t i's nmetho or the object of conducting the nost

appropri at e baex|karkkash ectlast iy deimeintinn and 19wt koniiqtgen in
fluctuates, thend ¥H8 Y& URdSs S8 Al tife \B Mot 14 Sf Fowimet Wk Itthe

reverse to that, of the 25 integrator_aqof the speed control unit before the

direction of FWRREMBIALT 2T RRTEREtehPH CRNIRF UG TR Wh the val ue of

the integrat Ofaﬁ%r%ﬁﬁaﬁw%@@mfﬁimidoﬂﬁrobL&ﬁfl@é[ﬁd}&iﬁﬁﬂﬁ&&ﬁ@r get
value is nultlg led by a .constant, and the thQ%%obaiine value is made to
S

be a 30 val ue DTSRRI FIRRIT AT OIFS £ 1RF SREPHIR St unit, for
exanpl e, a valdeteabiatatetbmheh reeckal ey prasportacgnal Td eddmnslgusdr eehreoot  of

fverted 1o it b TR it s ah ol bl LS e P ot 55
val ue of back|&eh eritengatinh the thests matd avhtgaiseshikly bagdelasdird prior
art is agnmethoth and deyd €8rftion and static friction in the feed
system are added to the speed commands of the servo
control unit, so that the delay caused by the lost
motions can be immediately made up.
The second prior art is a servo motor control method
20 disclosed in Japanese Patent Publication No. 2709969.
According to this method, for the object of conducting
the most appropriate backlash correction even when the
cutting condition fluctuates, the target value is set at
a value, the sign of which is reverse to that, of the
25 integrator of the speed control unit before the direction
of movement is inverted, and a value obtained when the
value of the integrator of the speed control unit is
subtracted from the target value is multiplied by a
constant, and the thus obtained value is made to be a
30 value of backlash acceleration in the speed control unit,
for example, a value obtained when a value proportional
to the square root of a positional deviation at the
moment when the direction of movement is inverted is
multiplied, and the thus obtained value is made to be a
35 value of backlash acceleration in the speed control unit.
The third prior art is a method and device of
controlling acceleration and deceleration of a machine



-control ling accel eration and decel eration of a machine 3 tool disclosed in
Japanese Unexam ned Patent Publication No. 11-90769. According to this
prior art, for the object of ensuring high machining accuracy and
shortening the machining tine when the weights of noving things such 5 as
a tool and a workpiece are changed in the case of replacing them the
drive systemis controlled by an acceleration corresponding to the
rigidity of thgoshcdlselosed!in npabdme sy Woexamizyed abd oaveth| Bulel raat)iamd

wei ght of the_ workpi Th i S,.there is. disclosed te i 10 in
whi ch the accel@r affbfl&fgg bhgl%ﬁ%ce%r%%r}? ets%o%bll ngp%%éfhaelat'l ofactrjg]i%gereti a which
has been previduigt sef .edher inyrhigpriachining saecwpeey] avhtshRragnindt a
servo notor di | 0 XA : {1 i

6-274763. Thi ség%%z%iipﬁﬁl?ca{ |%ﬁ”%?descpl?%e@?{a§%fr glﬁ%%o (ggér}ilfe)drb%l%uv\%}} ch
the | oad5t or quas i & testignd el YoiRiere AnprhangefielbftheecdsrPkhaf t

ot or and ther@&ff@&fr{g?ltti_@é}n,oftﬁé‘ dlbi\?&tsﬁ&é}ﬂ? 1 8k r o CEP T8 Nhto this
techni que, a change in the estimted_ ,6 value of the Jpad to e i s detected,
and the | oad RFTHLRIIHIR RITERRJALHEQ He tlffeg*%aw i‘?f{e%'fea"i‘/ﬁﬁ %has

begndse_t in ]Eh@oép,r qw@cl lmﬂ$mg/eacdxsra@{lfwmoﬁdmelé idt oy iand ardigist afret hod
an evice o contr ing a nerica control |l ed device disglos in
Japanese Paten?h??‘d’f)(?ﬁﬁ%lt?(g%' No%az%Sls’?)QS%%%ojr%i*gsq]go%fﬁ&se% clhcﬁ} que,
for thelobj ectirofwipiavetité narddisefaeibn stmfchanded dowmnespardiow itw Even
when t he notor, | I i no: accel erated and
decel erat ed belcéa%dsel %qwewis%haf{ I?;%él:}} %%%L{s:%gfﬁgé{he t enper ature of
the feed shaft notdPhe sfometiurpuionrrFa0s e IMRRA MemUrEd Wep&fataure is
conpared wi th dhe,, pEsdst e&i@é@sé&@?@é_;&&rﬁeé@“%é&drﬁ% tinddi feed shaft

notor. According to the result_ of_ conparison, the acceleration and the
decel eration CUREATIMe Ned shHf 163 ar & HohtR 9 Ed %g?]ﬂg:actrféﬁbed. 35
According to tdesdiilsds i €trdqud ,obdervancalerdiicm the forthdomuk tiwe t hus

found accelereﬁééﬁhééééu¥¥%htéhéioutput torque of the feed shaft motor
and the acceleration of an object to be driven.
According to this technique, a change in the estimated
value of the load torque is detected, and the load
20 inertia is estimated, and then the load inertia which has
been set in the torque observer is renewed.

The fifth prior art is a method and device of
controlling a numerically controlled device disclosed in
Japanese Patent Publication No. 2853023. According to

25 this technique, for the object of preventing the feed
shaft motor from overheating even when the motor is
continuously operated being frequently accelerated and
decelerated because the feed shaft is quickly rotated,
the temperature of the feed shaft motor is measured, and

30 the thus measured temperature is compared with the
predetermined temperature data allowed to the feed shaft
motor. According to the result of comparison, the
acceleration and the deceleration curve of the feed shaft
are controlled being changed.

35 According to the first prior art, the acceleration
is found, and the thus found acceleration is added to a
speed command value of the servo control unit. 1In a



-speed command val ue of the servo control unit. Ina - 4 nunerically
controll ed machine tool, which is actually wused, it is finally required

t hat how hi gh torque command value or how high electric current command
value is outputted to the feed shaft noLoj drive neans. 5 Therefore, when
t he speed command value in the mddle of servo control is changed |ike the
first prior art, a delay is caused when the conmand val ue is converted
into a torquenﬁméﬂn@le9luenafoaneelm&thiﬁecuoobntwnnmmBhd avahaklyand

arrives at the f eed shaf ri

prior art, the UB3 klég éagnég }gt Fh%Qdﬁgccor%ﬁgtéf%ﬁghcgﬁﬁgﬂg

posi tional devahneoquBowaUeghoebecarb@c&masﬂnacchmﬂ@d|Wml¢ﬂ ife speed

control unit. %hgg@%g t? gﬁéaye§$ éﬁa?%'ﬁééof”dri@? NQ syst em conposed
a ack 15 contr

of a position means and speed feed ack control neans.
According to tReerefereprvbenathe speed opemmard tyaluesipree gusdglesfat a

predeterm ned yaiys. cdhersioLs, ché@&eétcmk@r@sé 0f‘1t§t §edapegcof ding to
the weight of a _workpiece. That i1s, when the MBI? a workplgce is 20

heavy, the acc@?%@&t%%nC?%S?ﬁl%%%nt%h%nc%WW%%%bY% W?rﬁ? CORYRI 1

wei ght of a wogktpreee d:@mﬂr'a@diltvaltﬁl@ oﬁC§1€|@I@¢tﬂﬂcléull'W esomitiied t he
acceleration is .| ower nachlnh eriorated. The

t he e i S
fourth prior a¥feiyel %?‘gséfﬁl‘ée?o?ﬁu% g%? e.?hag% W%Yoﬁs‘ilf%?lrﬁ% ¥%e | oad
torque afo a conmon Becoondimg oto tﬁ'élesémmidtprmne ast psthedback baglor ding to

the speed "?88 ?ét'fonaz?%%%@fﬁé’é‘d éé‘&?cﬁi :grﬁé ;?é&f'tlé‘:‘?&Prd' ng to

t he esti mat ed estlnat trai1s sent to the
transfer functd@‘ﬂl@'@l@ﬁ memmhm.lwas%@eha% %%C@eﬁ%mﬁ:tlfi cleltp

control .  Accogdidg é@n'EP@l aﬁ@l@nenflﬁé’f@ﬁof@Ch@' &’é’Pa sé'@ﬁPl tdweid ©adin
inertia is an estinated val ue, gg s caused. i p 1 he

d shaft of the
devi ce, and th%hﬂniﬁ¥ﬁ?nﬂy%k%%r%%®P? a?#e%tgﬁﬁiﬁﬂqmﬁ} %éb ags According
to the fiisfth peb@treltmedhe AhdEssees! Boddbatk acset esntmeunsnd decel eration

's controlled in According to the third prior art, the load inertia
is previously set at a predetermined value. Therefore,
the accelération is changed according to the weight of a
workpiece. That is, when the weight of a workpiece is

20 heavy, the acceleration is raised to an allowable limit,
and when the weight of a workpiece is light, the
acceleration is lowered. When the acceleration is
lowered, the machining efficiency is deteriorated.

The fourth prior art relates to a torque observer

25 for estimating the load torque of a common servo motor.
The load torque is estimated according to the speed
command value, and the load inertia is estimated
according to the estimated load torque. Then, the
estimated load inertia is sent to the transfer function

30 of the mechanical system so as to conduct feed control.
According to the aforementioned technique, since the load
inertia is an estimated value, a delay is caused in the
feed shaft of the device, and the machining accuracy is
affected by the delay.

35 According to the fifth prior art, the time constant
of acceleration and deceleration is controlled in
accordance with the temperature of the feed shaft motor,



-accordance with the tenperature of the feed shaft notor, 5 so that the feed
shaft notor is prevented from overheating w thout changing the command
feed speed. Wien this technique is adopted, it is possible to prevent the
feed shaft nmotor from overheating, howevers the tine 5 constant of

accel eration and deceleration is increased, and the machining accuracy is
deteriorated. Qther than the above prior arts, there are provided

conventi onal nedhodati bhahfeddcohatetmotonfibagkeasited framrecti on of

f t duct ed. . Ho ' 1 I t hods,
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different feed spee Mension o anges When t
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curvature of "‘Ql?&hthé ﬂééﬁfﬁ?fi‘% aééumplﬂgddgwfl@ra@é&ral ity of

guadrants, the speed | east one , feed shaft once beconesﬁﬁa%o in
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feed speed isconventednalhesehods, ianwihRier esptéonion ofevacialash dn this
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direction of MPYCIELL §DEn8LE° i&lﬁg Sc6RSLadlar BEATEL Nh %/&;Tﬁs}g after a

tenporary stoppage. 0 con correction tion
according to a@eeb@eeulgndoéc@em@vamgombm¢0h ol nghebfaee . oBM@Toncer ni ng
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exa

device, for e val Ue inertia in the cas | oadi ng a
wor kpi ece, thePWéfﬁ%‘F 5% PRchEned #hId difiecenki HRd oiPeed nakirum
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when this constant value is ed t he accel tion at , b [
out putted correction ."l'.S con Men a curvec? P ace, tahe eraa(.: 11}5 me S

of curvature of which is different, is machined over a
plurality of quadrants, the feed speed of at least one
feed shaft once becomes zero in the case of changing over
20 the quadrant. After that, the direction of the feed
speed is inverted. Therefore, an acceleration is
generated. In this case, the acceleration is changed by
the radius of curvature. When the conventional
correcting method is applied to the aforementioned case,
25 the machining size is changed. That is, in the case of
inverting a direction of movement and also in the case of
starting a movement after a temporary stoppage, it is
necessary to conduct correction of friction according to
the speed and acceleration of a moving object.
30 Concerning the value of load inertia of the
conventional numerically controlled device, for example,
the value of load inertia in the case of loading a
workpiece, the weight of which is half of the weight of a
maximum workpiece to be loaded, is adopted as a constant
35 value. A value found when this constant value is
multiplied by the acceleration at each time is'outputted
to the feed motor drive means as a torque command. Under



‘to the feed notor drive neans as a torque comand. Under 6 the above
controlling condition, even if the load inertia 1is increased when a heavy
work is loaded, it is inpossible to generate a necessary torque comand.
Therefore, the actual novenent of the feedgshaft is 5 delayed with respect
to the novement command. Even if the load inertia is decreased when a

| i ght workpiece is |oaded, a torque conmand, which is unnecessarily high,
is generated, tEe abavet8éntpyihinyodyndst Joneneveshbtkthésload riasettiat he

feed speed fluctuates i ni an 10 no fo wi th accuracy
and the thus ob?afﬂ%ﬂéai?gfgﬁﬁn @g?%¥|%9g¥eﬁé gﬁrgﬁé {gffiough t he
wei ght of a mmmkpsemhlehaoggenenetg senemdssahﬁttosqu@J¢¢mm@¢dthe | oad

| nertia Changeﬁhe£9§?£§g ?ﬁecggPﬁﬁf * %ﬂ@ﬂt & “éﬂém% % sRLAer; yor ds,

servo control can no condl i on anges every
second. As a dedayed Whehnn@ﬁpﬁ¢hgtect@¢am9V¢%e%haﬁ§@Ean@11 o THE

| NVENTI ON The pesesbal IRt LN Dagobiessad opnal | shecyho volysiedd 1

above problens o rior art IS an o éect 0

res i nvention
to provide a rria@ﬁ@@ldofac*é%‘ﬁ‘é?l?‘P@ma’&dnu‘ﬁ%%"? a+$yu%%‘?ﬁ?%$$%ﬂl¥rg'bh$l?le %ol .

Al'so, it is an e@@t@@édpfséhﬁh@£eﬁE@tmoﬁyﬁ@tbémytDspgDWQNEaasmmwMHlcmély
control |l ed nac%

i ne a | e, of d h
accuracy even 7fIg5 5?nbh%b?%%?O%?Cgﬁeyﬁ%%ﬂg%%eC IWN238%§%¥A¥£%h Speed. It
i s anot her object bé péef@rmeénwlthvem¢mnmcyoanénhmmthmﬁeOMG@hnmdng
accuracy in th f
plurality of fgrﬁgige %a??épé?%ﬁ g%%ng$ﬁ£€?€%i2a£€ﬁ¥§g%5§§ er &gﬂggggo?
the present ingewoibpiece changes ﬁﬁ@h?n$¢epm¢tkﬂh@@hl%cc®#%hgu%@ ®i ng
consi deration {g,a EH?PQPa'@hé@&eQY“@HéCt$f¢&%'éﬁﬁﬁaﬁ&r£§ k&l also a

change in the static Ictional "force_in thée 35 case of invertin
direction of neoRHEARtof IMeOtRel WRREFt SPEVRAISNFFOL HEAR ARRE o %th ng a

nmovenent; sf r om ghe S{ 9PPa86ndition which changes every second. As a
result, the machining accuracy is changed.

SUMMARY OF THE INVENTION
The present invention has been accomplished to solve
20 the above problems of the prior art. It is an object of
the present invention to provide a method of controlling
a numerically controlled machine tool. Also, it is an
object of the present invention to provide a numerically
controlled machine tool capable of conducting machining
25 with high accuracy even if a moving object of the machine
is moved at high speed.

It is another object of the present invention to
enhance the machining accuracy in the case of machining a
profile or a curved face by moving a plurality of feed

30 shafts simultaneously.

It is still another object of the present invention
to conduct machining with high accuracy by giving
consideration to a change in the dynamic frictional force
and also a change in the static frictional force in the

35 case of inverting a direction of movement of the feed
shaft and also in the case of starting a movement from a

stoppage.



7 1t is still another object of the present invention to conduct nachining
with high accuracy by giving consideration to a change in the weight when
a workpi ece |oaded on the noving body of the feed shaft or an 5 attachnent
is replaced or when a workpiece is machipeg so that the weight of the

wor kpi ece is reduced with tine. It is still another object of the present

I nvention to conduct machining highly efficiently with high accuracy

wi thout the occurremeelgfseyeahaabtﬁértbegéeedoiotﬁbabregahar1ﬁventiénthe

f eed shaf ' ile i f
aggeIngt;dng;gg é§8§ %gggg §P ngrgé%g E Q@QéﬁgP%éﬁytﬁgrggggggoﬁjects t he

present inventconsiderenposetioas €bhhgesinByheswafjghhewhés axecukpbeceesul t

Lo Miert cabakieOBh" hbefloDfAgT BELYabE PRLAEBEH LROFL!BE afif vo control

unit of the numerircally contro a desired torque command or an
el ectric Turreattaehmand, iashrenlaeedesportent 8 workhange i MaehiRedtsonal

force of the f%ﬁQt”@ﬁQaQé§?h9f gotheewgﬁﬁﬂléééflsofe8@6é35@99ﬂstiﬁea change
in a workpiece, is_estinm cal cul at1on nd the thus obtained,

esti mation val ue |sléu%ﬁuFFééltBnPHBeFe@EJﬁBfo? th?ePrﬂﬁﬁﬂg 1ngeREHPRg t o

the present inventbalucthpeehisirg ﬁﬂEnngedfalaEéh@dyoﬁlannhi@hIlng a
nunmerically controlled na hi ne gool aving a g%ura ﬁ% %e d sg fés of
three orthogoRGFUXacyywit ﬂHtZt ReSCERTXEHTe aPT | BRETBAE et EF59shaft s
of A-, B0 and &hafesmotioaddivthonftoha fpekdrahafy ndtdeedlssbafit snwbushyee

orthogonal ?heog?gggegfég%%é §§e§soEregu§Q ﬁf%gé%f39a£gdt3§é the method

conpri ses i g NUNEeri I'Ag program data from a
readi ng and i ndecpterahgdunit provided in a nunerically controlling device

to execute the programdata tg QcéémF?YQHEEEeCQEB@QdoghééﬁébU{hQ“
controlling unit and a, servo control unit; estinating an_appropriate
t or que or el ecP¥peeRyr ippention 1is composed as follows. By using the

15 execution result of the numerically controlled program
data obtained from the servo control unit of the
numerically controlled device, a desired torque command
or an electric current command, which corresponds to a
change in the frictional force of the feed mechanism of

20 the feed shaft or corresponds to a change in a workpiece,
is estimated by calculation, and the thus obtained
estimation value is outputted to the feed motor drive
means.

According to the present invention, there is

25 provided a method of controlling a numerically controlled
machine tool having a plurality of feed shafts of three
orthogonal X-, Y-, and Z-axes of X or at least one of
rotary shafts of A-, B- and C-axes in addition to a
pluraiity of feed shafts of three orthogonal X-, Y-, and

30 z-axes of X, characterized in that the method comprises
the steps of:

taking numerical controlling program data from a
reading and interpreting unit provided in a numerically
controlling device to execute the program data in a

35 movement command distribution controlling unit and a

servo control unit;
estimating an appropriate torque or electric current



-8 conmmand corresponding to the changes in frictional force in the feed
mechani sns of the respective feed shafts or in the weight of a workpiece
based on the results of execution of the nunmerically controlling program
data 5 outputted fromthe servo control_uypit; outputting the estimated
appropriate torque or electric current command to notor drive neans of the
feed shafts; and driving feed notors by the appropriate torque or 10

el ec:]ri fc cgrrejﬁmmfm&r&mgcﬁm@im e tdimamdengas fricdidnedl dualcd orce
in the feed nec I S of the respecti f eed shfts h i ght of a
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body by a feed® &4 sCrHrrcﬁ% FAWMAKEF9 MotHadhive MRansd oflis £88% he
steps of: cal cdtddg shd orque or electric current command, 25 based on a
novi ng conmand valgﬁfoul g%;d fromth%> venent conmand dlstrlbutlon

i9F 1P¥uri
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current Comnfdrn.cqcn.ountaplmft & rlSang‘]t rf0|thlé|nllle %%Cttqgf feed

shaft notor driVving neans: nat n es re ect I C current
comrand corresfmﬁdjlaigiftts td:e Jaha:rigiagvelmfﬁ [eei} |80er in the feed

mechani sms of the rg Jcﬁ%é*ﬁ?ﬁés’%rﬂ.f 1r§zr%rft'10tnhe LRIt Of 2

wor kpi ece based on t res ts of execution of the nunerically controlling
progr am dat a Rﬁﬁ"mﬁqdecﬁ MeFRh @ & &R 1 iting aufumerically controlled

15 machine tool including the steps of taking numerical
controlling program data from a reading and interpreting
unit provided in a numerically controlling device to
execute the program data in a movement command
distribution controlling unit and a servo control unit;

20 and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to
move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:

calculating a torque or electric current command,

25 based on a moving command value outputted from the
movement command distribution controlling unit, in the
servo control unit to output to the feed motor driving
means to drive the feed motor;

taking the torque or electric current command

30 outputted from the servo motor control unit to the feed

shaft motor driving means;

estimating a desired torque or electric current
command corresponding to the changes in frictional force
in the feed mechanisms of the respective feed shafts or

35 in the weight of a workpiece based on the results of
execution of the numerically controlling program data

outputted from the servo control unit;




-9 outputting the estimated desired torque or electric current command to
not or drive neans of the feed shafts; and Estimation of the desired torque
or electric current 5 conmand corresponding to the changes in frictional
force in the feed nechanisns or in the weight of a workpiece is an
estimation of a torque or electric current comand corresponding to the
changes in frictional force in the feed nechanisns or in the weight of a

wor kpi ece based on éQtphet&anuﬁeOésehQQEéHCdéaﬂfeatt59aﬁan6rae@e&helc _
acceleration of the feed sha whi ¢ been t aken Furt cord
o he Bt boont CREGERE BATRARE: 50| BoEPE, AHLHC AR AT oFNEaEELe) Bhacear |

nunerically canéirolled machine tool including the steps of taking 15

numeri cal controlllggtgﬁggﬁgﬁ‘gét erSQ%§rESaQ%ggu8ngriéi?ﬁg %o 95#$%%ta

provided in a nunerircally control I''ng evice execu
in a noveénent command cdrsespboding tonthelthaggeaiinaﬁdiat$enab tonceol

unit; and outp QQQEEFS REERYAE QﬂstBr”?BOEhQr%¥§ﬂ§§aB§ of b pg %Qcé

shafts through t notor r|V|ng neans ve a nDV|ng ody
f eed nechanlsn?ncﬁétéﬁﬁéipﬂeéflﬁ torguet Ar abeabuliconprrert ep@maReps of

calculating a. &@fge§§ehd§h30£blehéueasﬂgesonnaﬁﬁlctbéﬁsﬂ B8r e PN e
command val ue out put fromthe 25 novéenent comrand di stri bution

controlling unf?ed Reehanigmpyer coRt Fbe ﬂﬁFGhFooguépﬂ?r¥Bl?%% paged n®k or

gFIVIngliﬂE?nSthQ dbrq&e;behéﬁgdtgbbﬁé$rﬁéheC&bﬂﬂaﬁ@ aﬂaetﬁeon oflthe
lrection of npve t ed_S t t he accel eration
of "the feed ShEFECLPEaEARR: PhetiRCRERE PROEF s ERIEP DRES PPER TORED:
novenent of the feBdrshaft ascdediéngeto thecpte$emg im@embadntotMQeebased
on the torque lE'§E63%8e8uérﬁ8£h88”8P“90 Lﬁﬂi%ﬁ? Sﬁ%épfbéf%%o control

35 unit at the e I nversion o ection o ment of the
feed shaft is depbepddedomaghing Haot hincleding okkrestePdref thekivger si on

of the disrecti gim@fical controlling program data from a reading and
interpreting unit provided in a numerically controlling
device to execute the program data in a movement command
distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the

20 feed shafts through feed shaft motor driving means to
move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:

calculating a torque or electric current command,
based on a moving command value outputted from the

25 movement command distribution controlling unit, in the
servo control unit to output to the feed motor driving
means to drive the feed motor;

detecting an inversion of the direction of movement
of the feed shaft;

30 calculating the acceleration of the feed shaft at
the time when he inversion of the direction of movement
of the feed shaft is detected;

calculating the load torque based on the torque
electric current command outputted from the servo control

35 unit at the time when the inversion of the direction of
movemént of the feed shaft is detected to set it as the
load torque before the inversion of the direction of



-- 10 novenent of the feed shaft; inverting the sign of value of the toad
torque and nmultiplying the | oad torque before the inversion of the
direction of nmovenent of the feed shaft by a 5 predeterm ned constant to
set the product as a target value for thggl oad torque for the operation
after the inversion of the direction of novenent of the feed shaft;
calculating a load torque for the operation after the direction of

movenment of thgoteeeénthaftthe fewerdesit; 10 between the tine of the
detection of the inversion of the direg%ion%of qgv nent of the feed shaft
SR by d'a

h
and the tinme when tREEFBAAT( HhGUE Fa § AU Uty
ti me constantmexpipsgedgashe Ioandttoayud lebeterdie adnvdrdimn ¢f nehef the

i nversion of the directiop of the fee ft. 15 C ting a desired
torque or el ecﬂ’f%c;ch??e%? m%%rﬁq%rh% %gsébdgo%e?%esfoa%%gr%ue after the
directi oh of poedeearmbhed heciseanshed tsés thwepredicolapia tiangathe

desi red tmq“%é’f%'?&%%ﬁec £§”€or@9{:'%&d {10 f@&%.feae Sy S fEAsS e the

feed shafts; and nDV|ng t he noving body by the shatt notor and the
f eed mechani sminvEesieadot orbried Bfeerieamect MiRienent £ the dieettShitt iof

novenent of the feedssbafitimy deisad %:?%j £yr UShdbperd 4 18h consdant

which is in inverse proportion to square 25 roof of the acceleration,at the
ti me when the ?lﬁ?/e‘?% %?I&‘E)IF ‘Pﬂem%ﬁ‘? ' o*i‘h?m’{ﬁegf%rﬁh%#t tHe FRFRSHrt s

det ect edo The satwedrttive vimé hef | osl dotepei o tef the inverssivmorobftiee

di rection of vement of the feed shaft, ., 30.c¢ e term ed b | O
until the set Jolf%?tb?nl%%ﬁ?%?lﬁ%t r?aagactf'u % foeréalcgy&aé1 dfT S adqn?éeh%dr%%aﬁéﬁdeed
shaft when anthevkeadonoofue heeatihesttiion tofrgay ermhite ofbyt hsined wimEt i s
detected. Furt oL di the prasent; dhventd b1 48 &n 3 Ith

provi ded a mt%f%@%oﬁ%%%% E%'Jts'enurnerl ca c?y &gont ro %ed lmatnchi ne teool

i ncl udi ng t he siepsohfthakimer merreldhe shirestion of ddrahand £530m a

readi ngi1and calculating a desired torque or electric current

command based on the load torque after the direction of
movement of the feed shaft is inverted;

outputting the desired torque or electric current
command to motor drive means of the feed shafts; and

20 moving the moving body by the feed shaft motor and

the feed mechanism.

The load torque after the inversion of the direction
of movement of the feed shaft may be calculated by using
a time constant which is in inverse proportion to square

25 root of the acceleration at the time when the inversion
of the direction of movement of the feed shaft is
detected.

The calculation of the load torque after the
inversion of the direction of movement of the feed shaft
30 can be terminated by a ratio until the set point of load
torque reaches or by a distance from the feed shaft when
an inversion of the direction of movement of the feed
shaft is detected.
Further, according to the present invention, there
35 is provided a method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and



-- 11 interpreting unit provided in a nunerically controlling device to
execute the programdata in a novenent conmand distribution controlling
unit and a servo control unit; and outputting the execution to notor drive
nmeans of the 5 feed shafts through feed _shaft notor driving neans to nove
a noving body by a feed nechanism characterized in that the nethod
conprises the steps of: setting previously a desired torque conmand and a

speed command Qﬁt@rg_estmg eheet pi6vLded e so:mmméudlcamﬂlp cd@tﬁ@.‘ﬁhﬂug
comand, depen atic frictiona f eed nechaqﬁsm

calcul ating a g%Ygﬁ% bP %f%%???ct%%rPE%?r%%d%%hﬁ lnb%§@ﬁV%WF%Frﬁﬁmmﬁf
command val ue @usﬁnlbeﬂlbnocmmhﬂolhnwgnmmitcmmmnmdbehwbrcémﬂrm&nmmmtrolI|ng

unit, in the 15 eLvo cont ol i output to t drg v,
means to drive®the ?ggﬂgﬁﬁ{;%r?#ﬂ%e%’ééc ‘il%lg&gnto n@%?‘gs%eo%lel‘? rs:ﬁéé)ﬁolsl réefctilhg% of
movenent 5 of tfneecﬂeehlaéhafthmu@lm feedishain ndtomvaneningfmedms e ati onary

feed shaft; 20,008 PUtADDOng WIS TR & MHELET AL RLnL01F, UK ECALO0: Beq MRy eTent

of the feed sha or t oh of novenent he stationary feed
shaft is detectkdt the m@§h¢@mpom2ﬁ%ﬁ%5c@%@mﬁﬁ?@ﬁmpﬁhe speed command or the

desired electric CHEteDhgCORERIGL S éf@eépﬁé@ €PN ot £ B 25

previously set, to the fee shaft not or vi ng, neans and servo coq;rol
means; and movFRSEE hECHBIPAPCHR ?EAY?Qe? FRUERRYT CRmandap
mechani am Furépbeed acansnd ngdépeidiengresetiie i swetid ofyidthiseal fbrce

provi ded a net hod_pof ntrolling.a nunerically controlled machine too
i ncl udi ng the %?eﬁg fg?%k H ha%h%%?ical controlling programdata from a

readi ng and interpcatcuating @rtm@quﬁi¢rlQﬂennmﬁd(ﬂﬂﬂ@emnnﬂqmmaqdu;_
device 1o exechlged gy Pt s ARG dntdhd PRMAIRAL GAMENG: o AR 11 but T on

controlling unit and servo cont unit; and outputting the execution to

motor drive nEBPECBENt heomRaRe Ghelk ou ke PRl Ling tulist oritirthe ng

means tQs servo control unit to output to the feed motor driving
means to drive the feed motor;
detecting an inversion of the direction of movement
of the feed shaft or an initiation of movement of the
stationary feed shaft;

20 outputting, when the inversion of the direction of
movement of the feed shaft or the initiation of movement
of the stationary feed shaft is detected, the desired
torque command and the speed command or the desired
electric current command and the speed command, which are

25 previously set, to the feed shaft motor driving means and

- servo control means; and
moving the moving body by the feed shaft motor and
feed mechanism.
Further, according to the present invention, there

30 is provided a method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and
interpreting unit provided in a numerically controlling
device to execute the program data in a movement command

35 distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to



-- 12 nove a noving body by a feed nechanism characterized in that the
nmet hod conprises the steps of: setting previously a desired torque conmand
and a speed command or a desired electric current command and a 5 speed
command, depending on the static frictiqngl, force in the feed mechani sm
calculating a torque or electric current conmand, based on a noving
command val ue outputted fromthe novenent comrand distribution controlling

unit, in the 1lRo¢er ¥omeenhgobodyi byte HeéPuhedPatihemf eclla raosr tiedi hy
means to drive the feed n? detecting an inversipn of the direction of

or; .
movenent of thB2FeblesHS %ogrc%mp¥h???af?%w@%ﬁp%ﬁ9€hent of the stationary
feed shaft; 15 cal caéating pheviceel pratdeninédtbherdeedcatradnd adand tde time

when he inversion of the directjio f \Y; {_.of ee i

det ect ed; cal cﬁ?%?ﬁ?nﬁo?‘%%g?ogg %o@%sgjér%gsgggg%r%%ec@%f%%% g%rﬁrgﬁé.iécg%uar rent
command déut put $pdedr oomnaed sedepernding obn Pge ustatie fhectiomalhErrede

i nver si on of tgg gﬁéegé%@nmgéhgpygﬂent of the feed shaft is detected to set

it as the load torque before the Inhversion of the direction of novenent
of the feed shaft; Faverlfshinghd EPHAUDIONV R LRCHFLE HUEERRE tPHIRSNd 25

nul tiplying thgaseadoh 04 GHEY e OF Smtkdied | FYBIS| Qe it td e ££bii eghe on of
novement of the feed shaft b% a fred term ned constant to set the product
as a target VEPYVEMERF FRBMRLA AT tRIFEPN (FRN ROt erih He'e

inversi o of tkerdbreshtool ointovereniteit tthe floedf sddbfmot@d dmlwinaqti ng a
| oad torque for the ggeration af t the direction of novenent of the feed

;
shaft is inver?%ﬁ?s taﬁéﬁet?ﬁftf#ﬁgcﬁo?%%’detection of the inversion of
the direction of ndeeeeningfan hentessiehadf @rel diwedtien wiemovdrentad

torque reaches_thg,targeh %ﬁéﬁg,o$yaysi?&ﬁ%g%%e$§i%ﬁy%§% SxpEssed as a

function of acceleration at t ime of t e direction of
the feed shaftstathpearatferdaSkrREired torque or electric current

15 calculating the acceleration of the feed shaft at
the time when he inversion of the direction of movement
of the feed shaft is detected;

calculating the load torque based on the torque
electric current command outputted from the servo control

20 unit at the time when the inversion of the direction of
movement of the feed shaft is detected to set it as the
load torque before the inversion of the direction of
movement of the feed shaft;

inverting the sign of value of the toad torque and

25 multiplying the load torque before the inversion of the
direction of movement of the feed shaft by a
predetermined constant to set the product as a target
value for the load torque for the operation after the
inversion of the direction of movement of the feed shaft;

30 calculating a load torque for the operation after
the direction of movement of the feed shaft is inverted,
between the time of the detection of the inversion of the
direction of movement of the feed shaft and the time when
the load torque reaches the target value, by using a time

35 constant expressed as a function of acceleration at the
time of the inversion of the direction of the feed shaft;

calculating a desired torque or electric current



.- 13 comuand based on the |oad torque after the direction of novenent of
the feed shaft is inverted; outputting the desired torque or electric
current command to notor drive nmeans; 5 outputting, when the inversion of
the direction of novement of the feed shaft or the initiation of novenent
of the stationary feed shaft is detected, “the desired torque command and
the speed command or the desired electric current conmand and the speed

command, Wwhi che@fifadd mdsad %ﬁ'ﬁ/hée]?oaci ocdifud eaepke%maéﬁe et tdidyidyg neans
and servo control neans; and m)vm t he novi ng tﬁ% by the feed shaft
p

motor and f eeBOVERNi i tiRir§9RS | Shatlork ng er resent invention,

there 15 is provi degkpu el i d 0 d‘émifélﬂﬁqutﬁe rosmes i el 4 e aoner | ed
machi ne t ool |nclud“gqa§he steps_pof takin nunerical controlling program

data froma r S ’Wﬁ%’?p ®tYhd"ttR provided in a numerically
controllsng devi ceodtpexeiny £ when ptﬂmgrnamaiaiaa:n rofa tioy ehierdce twicmrenfd 20

di stribution an e t he
execution to no%%rg(#rl chf unét;ﬂaénsfaé]‘%d a%ﬁa{? eedqﬁL ﬁlnl EIrtolumﬁr}%eeg sHaeH ?mtor
driving nmeans ¢ thewwtatimary frely Patt ficedatmdtad s Q:W‘eﬁrsa?clt%il zed in

that the net h%f@f@rdoﬁ%ﬁé‘%&i e Qs.f Y% d?:ﬁ‘t{nféﬂcﬁtdr“&rfé tyduepr electric

current command based on a noving connan val ue outputted fromthe

moverment comeRtPHEYG | BITIH G ianf dhia sReed r?é’m%aéﬂ/'o YR Arni t

to outpup to theedent Nptayt driyidie AN Hax Wimiotet ki fheiath Malats 3
t aki ng the torque or el'ectric current, command outputted to the feed shaft

mot or drive Ve HYtgPk Meantr vid*tontrol unit as a torque or el ectric
current comand f aiowtirey nihe mepv eyl sdwf thy adlec eltd rehafd omctdmenntd a
based on the tor aécje Jolen n3155me| ectric current command for the noving feed

shaft and the Bccelerationin the feed shaft; calculating a desired torque

or electric currentFurther, according to the present invention, there

15 is provided a method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and
interpreting unit provided in a numerically controlling
device to execute the program data in a movement command

20 distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to
move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:

25 calculating a torque or electric current command,
based on a moving command value outputted from the
movement command distribution controlling unit, in the
servo control unit to output to the feed motor driving
means to drive the feed motor;

30 taking the torque or electric current command
outputted to the feed shaft motor drive means through the
servo control unit as a torque or electric current
command for the moving feed shaft;

calculating a load inertia based on the torque or

35 electric current command for the moving feed shaft and

the acceleration in the feed shaft;
calculating a desired torque or electric current



- 14 command corresponding to the calculated load inertia; outputting the
desired torque or electric current command to the feed notor shaft notor
drive nmeans; and noving the noving body by the feed shaft nmotor and 5 the
feed mechani sm Further, according to thepresent invention, there is
provi ded a met hod of controlllng a nunerically controlled machine tool

i ncluding the steps of taking nunerical controlling programdata froma

readi ng and 10cbmhaherébreesgahalﬁgovbdeﬂeleaacayaEéacabéa £RBEEOA} I Ng
devi ce to execute the gran1 ﬁta in,a venent nn? distributj
pBtEF ht

control I'ing unit anﬂué +89cbRer 8fSLhe toﬁﬂﬂeoﬁf ?hEUEQ%%ttlon to
not or ?rlzg meabsmahdt Be thégdeﬁbaﬁb?ofhsbugh fheedr sbaive nméans gr and ng
nmeans to nove a novi.n y . chanj s h erj t hat
t he met hod conprise@OYﬁggsggﬁsm8¥}gga$§§¥QEYngﬂé o?%u%ﬁ%?£e%%E§?l%chrrent
command, 5 basetthenfaedomeapasdamand val ue out putted fromthe novenent
command d'Str'b“t'OPu?QHEgO'BbBQrHEhg b”tﬁ@e 29séﬁ£V$nGQH££8ﬁ uphdré O
output to the feed notor dfivin to dr not of ; detecting
the wei ght of asworRpided @rmathﬁduﬂé %Gﬂyrolblﬂﬁl%hn@%%rh%@kaece i's

mount ed; CalCUEahteglﬁeaOﬁgchmséttaoba§ﬁ@1@@lﬁ@etﬁ@t§@épg o25t4Rigf! ;
calculatlng a desired torque or_electric current _conmand based on.the

cal cul ated | 0aBUIRELERA; COBEFB&@%PﬂgpFﬂgrﬂ%sg?Eﬂ fePHuR bPaRfRet#Re current
command 1 thejigpeegrebahly aBLerpdovyeedeanss naudeddcablyngohbeobbimag body

by the feed shaft t h Furth h
p¥eseﬁt ?ﬁveataSngghg%engguﬁ?o%ﬁﬁeﬁrggﬁﬁﬁﬂ%%g%flag%tﬁéY?ﬁgég gnﬂnné?cglfy
control |l ed macHieertbotibnctadtngll hegsteps mmdtaksagv35comh2¢lc@mlt'

oM ot el Dr 8HaBL PR hETL Ao T £200001 B0\ ROBEP! ELLIY Hauhs POEVLEET |0

a nunerically contro execute t programdata In novenment
command feed shafts through feed shaft motor driving means to
15 move a moving body by a feed mechanism, characterized in

that the method comprises the steps of:
calculating a torque or electric current command,
based on a moving command value outputted from the
movement command distribution controlling unit, in the
20 servo control unit to output to the feed motor driving

means to drive the feed motor;

detecting the weight of a workpiece or a moving body
to which the workpiece is mounted;

calculating a load inertia based on the detected

25 weight;

calculating a desired torque or electric current
command based on the calculated load inertia;

outputting the desired torque or electric current
command to the speed shaft motor drive means; and

30 moving the moving body by the feed shaft motor and
the feed mechanism.

Further, according to the present invention, there
is provided a method of controlling a numerically
controlled machine tool including the steps of taking

35 numerical controlling program data from a reading and
interpreting unit provided in a numerically controlling
device to execute the program data in a movement command



«- 15 distribution controlling unit and a servo control unit; and
outputting the execution to notor drive neans of the feed shafts through
feed shaft nmotor driving means to nove a noving body by a feed nechani sm
ctharacterized in 5 that the nethod conprisggs_the steps of: calculating a
torque or electric current conmand, based on a noving command val ue
outputted fromthe novenent conmand distribution controlling unit, in the

servo control J4idy 119 P Worktd 1N e &th iDtaaid & isdrv® tomeals und tdri ve
the feed notor; setting and storing a t.inme constantﬁﬁi acceleratkor)cfh and
r Teed

decel eration di"4 3% dMhthe YobI % e B MFES <
shaft notor; tRdddgHdfrd ariptengdr fadeel tarhiact tcuratent dodiviiagd mEBnsuttput t ed

fromthe servo control_unit .to,the fe r dNjn : ' in

the tenperat ur®¥t § AIO¥RAH 2G5 [%yrm% gér%er%g“geecé]agﬁst\{'lfe%thar%%n%teg?qs%gngﬁl °

el ectri c5cur r erttatc orheame t haxb muanpmicp etsh e e edtie@ss|of :st ored al | owabl e 20

temperature data and, {he Sstigml e IperAl i d R, fed Hidfdndrot of
at’i on celeratio ' ]

cal cul ating an acceler i ntine constant based on the
conpari son resAses @btd MAVIY £amsnce ¥ alovay e terkiiedd oMk hE ectric 25

current Ccommang, ford RS RUMNANH L & GIARGSH Rdhi&olfling ienal, fier emeof the
feed nechani smor the meugﬂt of a workpiece ohtained based on.the torque

command or theSeR@IMMEThriEft tQmERItak® e f&8d a3 A3 iM% f eed

shaft owpputt egednord her ses Whe @¥gdImatyrt; to the feed 30 shaft rnotor
drive neans; outputti

command to the feeos%r%d{ghgqqeigtr%%%gg: da:%grm%%oﬁasgﬁgﬁgronﬁlﬂ %erlit?o%&)}ﬁlgy '? Efa
feed shaft notard afeteldientioed afectenifend 3l et aldevwddieng to the
Paving a pl rsisr SR S, e M el X vo, e e
taking the torque or electric current command
15 outputted from the servo control unit to the feed motor
driving means;
estimating the temperature of the feed shaft motor
based on the taken torque or electric current command;
comparing the previously stored allowable
20 temperature data and the estimated temperature of the
feed shaft motor;
calculating an acceleration deceleration time
constant based on the comparison results;
estimating a desired torque command or an electric
25 current command corresponding to a change in the
frictional force of the feed mechanism or the weight of a
workpiece obtained based on the torque command or the
electric current command and the acceleration of the feed
shaft outputted from the servo control unit to the feed
30 shaft motor drive means;
outputting the estimated desired torque or electric
current command to the feed motor drive means; and
moving the moving body by the feed shaft motor and
the feed mechanism.
35 Further, according to the present invention, there
is provided a numerically controlled machine tool having
a plurality of feed shafts of three orthogonal X-, Y-,



-- 16 and Z-axes or at |east one of rotary shafts of A-, B- and C-axes in
addition to a plurality of feed shafts of three orthogonal x-, Y-, and
Z-axes, characterized in that the numerically controlled machine too

Tonpri ses:

5 a feed nechani smfor noving ving body of each feed shaft;

a feed shaft notor for driving the feed nméchanism a feed shaft notor
drive neans for driving the feed shaft notor; 10 a nunerically controlling

means for execa}lang taka@s BYNBEI cakby 598t59I kséapyognafrwaéa 40, dpivgnd he

feed shaft notor nDV|ng conmmand djstrjbution
servo control Gnﬁfeénanfégdb t

nit and a

PRt EPNY P%Bra}éEﬂl?f ?e% e%ﬁ??Bg ?g Y%Ee?eed

shaft Irr})tor thb@ﬁg?gbh3115 -fewd, shafit zaakes, dechyecadeanszed tnal thbattha
controlling neans for timtin desiyed torgue commapnd or an el ectric
current connanaum85??82;3n89ﬂbr85fﬁdcﬂ%ﬁ én?ng?ﬁg ?m%flgg%l force of the

f eed nmeclani sm or t hefeedghechénasmof&pi Bovindt ai nedirg badedobHneadlr t or que
command or theagggcgﬁg?ﬁcurrent command and the accel eration of the feed

shaft outputte

romthé servo control unit to the feed shaft notor drive

nmeans when the feedasfiatd gbadt netari fen dvivibputhe hEeedsneeh@pRiSHesired
torque or electric QUELERT sRQFTBAGLLP 351%86m£§ﬁg FPfoérﬂviH§ Hﬁénﬁeed

Further, according to the present invention, there 1is provid
nunerlcally cofbp&F| BEtRHEhi ne t ool |nclud|ng a nunerically controlllng

device why ch has a ar gaﬁléﬁgcamlyn&@ﬁﬁf@nmgguméansaf@avaﬁr@m»cmm 30

di stribution controLllﬁg uni t foi eéecutin% a ngnE{i tro% DL ogram
data, which haBUBEEACAFAVnCPPERPTHEd PERAFAY AATFntRr ?%Y?n Uttt he
result of execmhafh mbeongbputpmbdtengtocommépéddssafibwbian obénwrébbinghaft
t hrough a feed f o] acQpv y. a feed
mechani sm chargg eélggé Eeg?ﬁ ? ?ﬁggfnéﬁﬁgP%g fggo%€9% tggﬁaﬁﬁlne t oo

conpri ses:
15

20

25

30

35

a feeduibchinesartbionpye nghe ﬁ%@dnghﬁéﬁmeﬁoéa%mrough the
feed shaft motor drive means;

a calculation controlling means for estimating a
desired torque command or an electric current command
corresponding to a change in the frictional force of the
feed mechanism or the weight of a workpiece obtained
based on the torque command or the electric current
comhand and the acceleration of the feed shaft outputted
from the servo control unit to the feed shaft motor drive
means when the feed shaft motor is driven to output the
estimated desired torque or electric current command to
the feed motor drive means.

Further, according to the present invention, there
is provided a numerically controlled machine tool
including a numerically controlling device which has a
reading an interpreting unit, a movement command
distribution controlling unit for executing a numerical
control program data, which has been drawn from the
reading an interpreting unit, the result of execution
being outputted to a feed shaft motor of a feed shaft
through a feed shaft motor drive means to move a moving
body by a feed mechanism, characterized in that the
numerically controlled machine tool comprises:

a feed mechanism for moving a moving body of each



«- 17 feed shaft; a feed shaft notor for driving the feed nmechanism a
feed shaft notor drive neans for driving the feed shaft notor; 5 a
nunerically controlling neans for executing the nunerically controlled
programdata to drive the feed shaft notqgr, by a noving command
distribution controlling unit and a servo control unit and for outputting
the result of execution to the feed shaft notor through the 10 feed shaft
notor drive neapBgd anhgak¢ul ation controlling means for estimating a
desired torque command or, an electric gurr nt co nd _corresponding to a
change in the frict?oﬁﬁ?dfﬁpégtomoFﬂE PEeHr HELRANTAM BPed HBCGRAYHEMbf a
wor kpi ece obt ai ned 35rbageghaptthetbor queveonsans dortdeieiegtthe fesdent
command and the, agccel eration of the feed shaft outputted fromthe servo
control unit tShPﬁg P@garéhaft notor drive neans when the feed shaft notor
is driverbto outputathemeestabbyedodesoltiingonegars of ol exécutinyrtkat

dto 20 th t | , | t
Cvent o, ¢hePanerScaroy: GeathoLEnErPRSpr ot AREA 1O CGPLAL IEnL o6 SgE Presen
i ncl udi ng a nuasbeftampyorohyral hongndevporanfi ¢hshntbutieragengrahl ing

interpreting uphty @nH0YCEERyoCOBHBPLL 28n dt ShA& DESE 0By €O £ 0hG 1 i uni t for
executing a nunerical _control program data, whjich has been dra fromthe

readi ng an i nt 8EpReti A§ BREEUtinR Feshhe Seedxelatt JOteEi Hyrowdhuthied to a

feed shafg not eeeaf snateeslosbaférivbrneghsa feed shaft notor drive neans to

nove a noving 30 body by a.feed nechgni ?# characterized {n that the
numeri cal |y control Pe@3hERARRECR oBP2 Bﬁg 82 sTeaH 08P | DR HBAT Y Heans for
cal cul ati ng a dpeededcoorgud bdameandnoan anvebeotr toncwrdent ¢doremdmdd shaft

outputted fromith | strjbutio ok L] = a
speed control ﬁ%ﬁ%gg?éggga%cﬁ?g??ﬁgag§€oégugﬁécgﬂﬁg%%sgéia%$%€%é¥€?€§e
current conmanflebdsmdcbhanise speelle weight of a workpiece obtained

15 based on the torque command or the electric current
command and the acceleration of the feed shaft outputted
from the servo control unit to the feed shaft motor drive
means when the feed shaft motor is driven to output the
estimated desired torque or electric current command to

20 the feed motor drive means.

Further, according to the present invention, there
is provided a numerically controlled machine tool
including a numerically controlling device which has a
reading an interpreting unit, a movement command

25 distribution controlling unit for executing a numerical
control program data, which has been drawn from the
reading an interpreting unit, the result of execution
being'outputted to a feed shaft motor of a feed shaft
through a feed shaft motor drive means to move a moving

30 body by a feed mechanism, characterized in that the
numerically controlled machine tool comprises:

a position control means for calculating a speed
command based on a movement command of the feed shaft
outputted from the movement command distribution

35 controlling means;

a speed control means for calculating a torque
command or an electric current command based on the speed



- 18 commuand of the feed shaft outputted fromthe position control neans;
a feed shaft notor drive neans for outputting an electric current to drive
the feed shaft notor according 5 to'the torque conmand of the feed shaft
or the electric current comand out putted,fgraomthe speed control neans; a
detecting neans for detecting an inversion of the direction of novenent of
the feed shaft; an acceleration calculating neans for calculating an 10

accel erati on Wagmmandi S¥efsé ofedd $hef €i seehuviedf framvenenposit fared shaf t
by the detectlngﬁneans; and a |load torque cal cul ating neans for cal cul ating

a load torque€ _Fé?lt%%a?%bersion of the direction of novement of the
feed shaft by usi ngaaféédrescofistmatod 5dekps assats form durmittimaefan he t oque

command or the [electri t d t I

e ot the tPHECERLH THETTHE o OATY fie Hed Eha O Mot SRARE S 10,
feed shafit is tetebeetobyue heomreamd tdhgthereterd ath ftheotact & lagqenc

cal cul at ed by &51 réera& g%éit?ﬁgp‘?@{é:@ﬁ%?@g%ﬂs@ ed&h i1 in{g/ag{ss;i on of

the direction of novenent ¢ eed s , ected to , output the
cal cul ated desired &oieERcHing|Bears cfetrdeiRct ¥mamd BRTEIbIf fd'& o the

| oad torque tog}hecERERTf CRGEEMbn HEGAS: n@5E&ul tdreas accor ding to the

present invention, there js provided a phunerically controlle chi ne t ool
i ncl udi ng a numeri c&l| §CERHRY ?+?%9F%&ﬁﬁiéﬁkﬁﬁ(ﬁ?§ﬁ%; rr%ﬁﬁﬁ##f g an

i nt erltorqtoi ng Ué‘d:ct:el@f@gié@zﬁlﬁﬁlﬁeﬁloﬁmﬂﬂvetﬁﬁém ibfitiln drdetnidn ref unit for
executing a nunerica contro ogr.am dat ich h e awn from
the reading aRCYRTERHratihge rﬁ?%gY%%Vr%&ﬁnig%ﬁggiﬂgédﬁg%%g %g%%g out put t ed
to a feed shaft notarloddatdepde staitulatinygeanyd eber stafeulaitiold & i ve

Teans Lo move pgBviag.Dody: By and Cot,dBENANI SMe A A ALIGeG N that the

35 nunerical |l y"con ed nachine tool conprises: a position control means
for cal cul ati ngoeenpredof cobernfredaskalf brby Wolithehtt EERERE H % he f eed

shaft 5 expressed by a function of the toque command or the
electric current command outputted from the speed control
means at the time when the inversion of the direction of
movement of the feed shaft is detected by the detecting
means and the acceleration, calculated by the

20 acceleration calculating means, when the inversion of the
direction of movement of the feed shaft is detected to
output the calculated desired torque or electric current
command corresponding to the load torque to the speed
control means.

25 Further, according to the present invention, there
is provided a numerically controlled machine tool
including a numerically controlling device which has a
reading an interpreting unit, a movement command
distribution controlling unit for executing a numerical

30 control program data, which has been drawn from the
reading an interpreting unit, the result of execution
being outputted to a feed shaft motor of a feed shaft
through a feed shaft motor drive means to move a moving
body by a feed mechanism, characterized in that the

35 numerically controlled machine tool comprises:

a position control means for calculating a speed
command based on a movement command of the feed shaft



-- 19 outputted fromthe novenment command distribution controlling neans;
a speed control neans for calculating a torque conmmand or an electric
current command based on the speed 5 command of the feed shaft outputted
fromthe position control neans; a feed §Eait nmot or drive neans for
outputting an electric current to drive the feed shaft notor according to
the torque command of the feed shaft or the electric 10 current comrand

outputted frongd{usnaed cantind nBafent &dieiand idigvmEans for detecting an
i nversion of the direction of novenent of the feed shaft or the initiation

of novement ofSYHF SN DI Sieed shaft; and a static friction correcting
means for outputting sifedd aftairsll neshriefared dlendlet icomaanchrayue speed

command or electric,current .co nd and spee t he.fe haf t
motor drive meaHESHH Phe TR ngg%inci o1t 5 ans?f%nﬁnga(r)grgrie%%ﬁoer?gioklg%thg f.é eee§t atic
frictional forosmmEnd hef fidesl feast hers fsmontgn tittesd ifnamr gihen pefs ittiendi r ect i on

of novenent 2%¥Ht§4¥iﬁ{?ﬁgshaft or the initiation of the novenment of the
feed shaft is detecte t'he detecting nmeans. Further, according to the

present invention, & H@aed ishaftowiatar Anivifemedas f ot dutdd "Wadti ne t ool
! ”fL‘rjd'r ng a n%&&gﬂd nﬁmr{@ldd r&ig@é!t(l’% \@gséaw st mo%ﬁr_r @a,@iormiaa][g
Ie>r<]ecu!toi ng agnu%rtir&?altogﬂ(;%rgapﬁn?%%n&ﬁn%‘;ﬁ : A ¥ :sg}%f%gg}r[) ¥ ﬁlférrjll"lr;irco%rt he
readi ngian i ntaipfeit pnmid dltputasd tf rein ehecwesn deeitr lomepmisted to a
o o O T ot L AL B B b Y™
nunerical |y coddrenddieth nefcovered oforire sesed #hedsi oo heorndsliadans for
o S ot 24" RTINS T a1 e oo Shel
speed control means fdrateld it ine £agefrdng means for outputting
15 predetermined desired torque command and speed command or
electric current command and speed command, to the feed
shaft motor drive means and the speed control means,
corresponding to the static frictional force of the feed
mechanism when the inversion of the direction of movement
20 of the feed shaft or the initiation of the movement of
the feed shaft is detected by the detecting means.
Further, according to the present invention, there
is provided a numerically controlled machine tool
including a numerically controlling device which has a
25 reading an interpreting unit, a movement command
distribution controlling unit for executing a numerical
control program data, which has been drawn from the
reading an interpreting unit, the result of execution
being outputted to a feed shaft motor of a feed shaft
30 through a feed shaft motor drive means to move a moving
body by a feed mechanism, characterized in that the
numerically controlled machine tool comprises:
a position control means for calculating a speed
command based on a movement command of the feed shaft
35 outputted from the movement command distribution
controlling means;
a speed control means for calculating a torque



-- 20 command or an electric current command based on the speed command of
the feed shaft outputted fromthe position control neans; a feed shaft
notor drive nmeans for outputting an 5 electric current to drive the feed
shaft notor according to the torque conmgRd_of the feed shaft or the
electric current command outputted fromthe speed control neans; a
detecting neans for detecting an inversion of the direction of novenment of

the feed shaft grmihe &P éhaélé)@tr:l@ @jrf@:v@rmmmdtws@a adn ofled Yspearil
shaft; and an accel eration cal cul tlngﬁneans or cg#culqi 3%3 t he

accel erati on WheRANER@ @bt bhei FgeFeRhRl U B tFR LT oM et St
direction of neyeeesl wéahke feed shaft; a | oad torque cal cul ati ng neans

for calculating a 15_1oad to ﬂsff‘% (;%e rlheerﬁé' %&p ﬁtéﬁ%ﬂi%%'on of

movenent of the feed SR&FtShHY cons eXpresse
functi on sof theleoqneccounnﬂmtotot&ELVQIEmﬁrfeﬁdnﬂhﬁﬁﬂ mnﬂnnuﬂFQQn¢kﬂ§ed

fromthe speed cgoglt]éojco @gs %5? dfrsrﬁr}ﬁ/\{lgéb dfvessiofe di1ddieric

di rection of anene etected by the detecting
nmeans and the @@té?@ta@¢®manéa¢@npﬁttﬁﬁtﬁﬁ@@mﬁhﬁxﬁ@%ﬁ AtFIH A AT ng

means, when the '”V§r§é9@c9in«?hﬁeaﬁér?&f'&é‘téﬁti@é’%ﬁ?“ﬁn@rém fepdshaf t
is detected to outgut the ca

cul ated_desired electric ¢c rent 25
command cor r esPHREF REPR 00 HBCY RSNt P f e ® of"'t’?fi %t%'ﬂ O% Frit§ o Jrﬁ:-,*]rﬁ oy
static ﬁKiCtiOBfCﬂéﬁ@ﬁéhﬂgoﬂEﬁmﬁ §£ﬁt£bﬂ¢mytfé§ﬁ $H&Xk¥6ﬂﬁdn6d desi red
torque comand and speed c tric current_c e, eed
comand, to the fee?i‘g)%c%‘ﬁg‘?faﬂb?%r ?if‘f‘g“g m%éneaWt%elpscpaee Ok[rﬁg
nmeans, correspohadatigelersbiostwhen thte od e toavatt 1 rroea g dé@é@(ﬁhemacham sm

when the inversgj he-djrecti t f 1 he
initiation of ?%‘Zgﬁ%%%éreﬁf {-_1%8 {HﬁP&f‘ d‘{m(%af t&;em e% e%eﬁ;lf%rﬁ %Iheﬁtctl ng
means. 35 Further, acb@@dlhgrq@ﬁt¢mﬂ?#kﬁﬁﬂng|mﬁ%ﬂﬁ|fﬁF G heFel aﬁ%ﬁ%ﬂ%wwded a

numeri calg y COPB&@'%@Pq”@CQfQ&tQHé in PS8 theTed i fedd dorc s rol i ng
devi ce which has a
movement of the feed shaft by using a time constant
expressed by a function of the toque command or the
electric current command outputted from the speed control
means at the time when the inversion of the direction of
20 movement of the feed shaft is detected by the detecting
means and the acceleration, calculated by the
acceleration calculating means, when the inversion of the
direction of movement of the feed shaft is detected to
output the calculated desired torque or electric current
25 command corresponding to the load torque to the speed
control means;

a static friction correcting means for outputting
predetermined desired torque command and speed command or
electric current command and speed command, to the feed

30 shaft motor drive means and the speed control means,
corresponding to the static frictional force of the feed
mechanism when the inversion of the direction of movement
of the feed shaft or the initiation of the movement of
the feed shaft is detected by the detecting means.

35 Further, according to the present invention, there
is provided a numerically controlled machine tool
including a numerically controlling device which has a



-- 21 reading an interpreting unit, a novenent conmand distribution
controlling unit for executing a nunerical control program data, which has
been drawn fromthe reading an interpreting unit, the result of execution
S being outputted to a feed shaft notor of,a feed shaft through a feed
shaft nmotor drive nmeans to nove a noving body by a feed nechani sm
characterized in that the nunerically controlled machine tool conprises: a

posi tion ContrPéaa@ﬁﬁaﬁ]91n@@fﬁy%?iwgﬁiﬁpe@choa&n@mmed on a
e a

novenment command of | feed s . out uttﬁg fromthe novenent co nd
distribution SbREFHPLFHYD nEAREIOL EPRe thnt Phl eFEAHS 1S A i g a
torqued c?mrﬁn@?@faanh%@gfamcww{j&gﬁi@mm@h dodars edlr o tiheomspaesl 15
command of the fe shaft , outputte romithe _positi control _.neans; a
? gﬁe OCP Uil l?a&g drive

feed shaft notbPe@tP9eHedRETBYCHIRPUIR Ty BFECTiT curten
t he feedsshaftbebhgroacpottiédgtota fded tshafe noremnef of fdad fgwfshaft or

th I ic 2 ;
Speca foedt or iAo At rBPeReeL Y R P S R A AP TR o

t he movenent coodmndy o féedfpechanhsmi MAPREERELFISDMR HabvieHent command

distribution goRtroLiing EBhirbY1&6@ RARIAONESSL Qrdriptii dde: speed 25
command to the speed control neans; an accel eration feedforward control

means for estinmatidgPanl hteR| €PREIdh BRaRY iRk B9 the’R shaft
out putt ag froméhraN@VISABEE 69NaBRek shéit | dormand epnilodlfdad shtt by
Shart motor  PYVRTHESherTaRdaa TRENITE: CHTRUTAR | T e 19 cal cul ati ng
a load inertieobesell bngtheatorque or electric current command, outputted
ot he Led Shalt B! Shefs Ao RATSLAT AU OB SPERCk RPN relegans, 0
control neanscammardeoncar| ket ibic fasr ¢nt veenarmtbatededhsthe speed

15 command of the feed shaft outputted from the position

control means;

a feed shaft motor drive means for outputting an
electric current to drive the feed shaft motor according
to the torque command of the feed shaft or the electric

20 current command outputted from the speed control means;

a speed feedforward control means for estimating a
speed command based on the movement command of the feed
shaft outputted from the movement command distribution
controlling unit by calculation to output the speed

25 command to the speed control means;

an acceleration feedforward control means for
estimating an acceleration or torque command of the feed
shaft outputted from the movement command distribution
controlling unit by calculation to output the

30 acceleration or torque command to the feed shaft motor
drive means; and

an inertia calculating means for calculating a load
inertia based on the torque or electric current command,
outputted to the feed shaft motor drive means from the

35 speed control means, and the acceleration of the feed
shaft to output the load inertia to the speed control
means and the acceleration feed forward control means,



*- 22 the speed control nmeans outputs a desired torque or electric current
command based n the load inertia, calculated by the inertia calculating
neans, to the speed shaft notor drive neans. 5 Further, according to the
Ppresent invention, there is provided a_nygerically controlled machi ne t ool
i ncluding a nunerlcally controlling device which has a reading an
interpreting unit, a novenent command distribution controlling unit for

executing a numlgpéeaoc6@@fdsplméﬁmr@mﬂ@£§ akuﬁrdtasukmm dsawn from
the reading an |nte£gret| resu i.on ei ng outputted

to a feed shaf$r$otb o?u’ér%’é‘éac%rﬂﬁﬂg b35S grh tahq :ﬁ?ﬁauéﬁe{ﬁr%ﬁ’or drive
neans to nove @abhovlagedbpgytly indéeeth nezhanlstingheract erizeche rspdrd t he

15 nunerlcally coptrolle | conprises: a position control neans
for calculati n%h%fl%plge%ogc%?rﬁ*rgéngf Etérgée)d on a novenent conmmand of the feed
shaf t oGt put t ed frourther novenendiconrantheli stesdnt i owerdoimnr ol $here neans;

20 a speed con fﬂ§? ﬁggqFﬁgi n electric
current connan%%bgsggf@%dt%e sp)féﬁéﬁ%#hnéhﬁéﬁ e fee aft:%utputted
from the positimnludbng ral nweemnicakly ceer it tinmdidavine vl istadad

out putting an Qéa@iﬁgtaﬁclﬁ%fﬁfétirpg dihve, thendwaskshaddmmaror accordl ng
to the torque ¢omman he feed shaft or the electric current co nd

out put t ed froH?%%Er%B%Eﬂo%cﬁﬁ?Yﬁ & undy PRGNV T2 eans
for estiugati ngc@atﬁ@eeplr@@mmmhw,semmhtm rsaerednavronfreond tife t he f eed

30 shaft out putteglb%%o?rp%t{hﬁ% s% dlc%cé)mnt r?%sllééu.pﬂl e e?é(}f{fgrl'”g uni t

by cal cul ation" ¥ nmreind’ He speed neans
accel eration flee:lrﬁg)rmtplucmd rod arekesd fshaftesudtan |Crfg arfeastahaft i on or

torque comand, of . G?tl? fepgdog : car\R %Mf\ﬁ‘é’ fdH8 the W@@%o eq{qmon or

di stribution contr ing unit tron to output, th acce
torque conmandb@@y tlhie @ efredHeg¢hamigh, characterized in that the

15 numerically controlled machine tool comprises:

a position control means for calculating a speed
command based on a movement command of the feed shaft
outputted from the movement command distribution
controlling means;

20 a speed control means for calculating a torque
command or an electric current command based on the speed
command of the feed shaft outputted from the position
control means;

a feed shaft motor drive means for outputting an

25 electric current to drive the feed shaft motor according
to the torque command of the feed shaft or the electric
current command outputted from the speed control means;

a speed feedforward control means for estimating a
speed command based on the movement command of the feed

30 shaft outputted from the movement command distribution
controlling unit by calculation to output the speed
command to the speed control means;

an acceleration feedforward control means for
estimating an acceleration or torque command of the feed

35 shaft outputted from the movement command distribution
controlling unit by calculation to output the
acceleration or torque command to the feed shaft motor



- 23 drive neans; a weight detecting neans for detecting the weight of a
wor kpi ece or a noving body to which the workpiece is nounted; and 5 an
inertia calculating nmeans for calculating a load inertia based on the
torque or electric current conmand, outputsted to the feed shaft notor
drive neans fromthe speed control neans, and the acceleration of the feed
shaft to output the load inertia to the speed control 10 neans and the
accel eration fgedyfon¥and; control nmeans, the speed control neans
outputting a desired torque or electric current, command based on .t he | oad
inertia, calculatef ¥§teht S%E??Fén%aw%%?%t£ﬁ5 ?ﬁ&ﬁﬁle?)fhﬁa¥ﬁﬁﬁﬁF %%aft
motor drive nmeangoripi&tetbera meedrdi bogdy otd heh priesent wowlgnieon,ig here

is provided a feed chani,.sm for noving a noving body of each feed shaft;
a feed shaft n%?%?tggr #fving the feed mechanism a feed shaft notor
drive means for drisnnijnéheideealc@Vashngtneansrion gaieulabiny & okradl | ing
means for execytLpg;ng, < DUNELi CALI Yorant rol | efborags amdals: (euflidne, the
feed shaft notor By a nbving conman Istribution controlling wunit and a
servo control awntpubhedfbe biuepieed nghafie PELeesATIVOMRBRTUETTR §RF t he

feed shaft notgr.throyghrbiencifed shaf tndviode it yei dRaNS; tide deded St Or age
nmeans for storihg a tinme constant of _accel eration and dec Iera&hgg of the
a

feed shaft andShaffobRbPetPehpehartPed :ferFi? FRPSIERE

tenperatiyy e cah6ghat bng tRaNscéOlerstiont fogd foiwardlcant el adats on, the
e e o ehOCabeed, Shrbiot TR PIE ETI S RS e o
servo notor coaleotrieaosrrébt acomcard ehasednonleted ekerd cinertia const ant
cal culating means.(pLe S§thy Nn& AGFELETEL1 A aCEee I ONed | e CHISIRN
ased on a conparison beéetween

shaft motor drive means.

15 Further, according to the present invention, there
is provided a feed mechanism for moving a moving body of
each feed shaft; _

a feed shaft motor for driving the feed mechanism;

a feed shaft motor drive means for driving the feed

20 shaft motor;

a numerically controlling means for executing the
numerically controlled program data to drive the feed
shaft motor by a moving command distribution controlling
unit and a servo control unit and for outputting the

25 result of execution to the feed shaft motor through the
feed shaft motor drive means;

a data storage means for storing a time constant of
acceleration and deceleration of the feed shaft and
allowable temperature data for feed shaft motor;

30 a temperature calculating means for estimating,
through an calculation, the temperature of the feed shaft
motor based on the torque or electric current command
outputted to the feed shaft motor drive means from the
servo motor control means;

35 an acceleration deceleration time constant
calculating means for setting an acceleration
deceleration time constant based on a comparison between



*- 24 the allowable tenperature data previously stored in the data storing
nmeans and the tenperature of the feed shaft nptor estimted by the
tenperature calculating neans to output the resultant tine constant to the
movenment 5 command distribution control Lipg unit; and a cal cul ation
controlling neans for estimating a desired torque conmand or an electric
current command corresponding to a change in the frictional force of the

feed mechani smips & heoweh Dt @fipér yOutePi dLtea Cﬂltéiiinﬂfbl'ly) draaat mm tdre t or que
conmand or the electrlc current co nd and(%hqiacce t|o tﬁg%feed

shaft out put t 682 t# roMTHE JEF I r Bte LT TP THeE f Grive
means when t hemdeer silaimatmd asy |1shedrte)r@se:taxtmﬁ pmlcttiﬂeatm mlmm&d tma3| red

torque or el ectrlré;?,%:u |lﬁrjliew%g %q?elt%émgnecedc o fideeans. In the

nunerically con present i1nvention, according to
t he novesent covmmand w@mbwcﬁm mm%h@mntlmomd di stributing

control Uity 1t 13 eessibled sonco e RSN St Sl inpla 20

movenent fron1stop , ca ation_of acceleration t he second. order
di fferentiati offS TRRAMERTMIY TUMIR Of 2B RIRE TR Cftbfe*cﬁrbtr\ﬁér"a“%trol of

accelber ati gn thﬂ% S@in e€<|9rae dhendeeth lSth@‘ tf At ol drd e, o £ ald Ol

can be conduc cal cul ati.on contr.o 25 Accordingly, even

if the feed s |I§ecﬁ?%ﬂ‘ﬁs%&%t}ﬂ$d” e ght bqs-'cl cégr’(‘fﬂfgipe’c?% 3P 57 d:lccuracy.

According to tlisms@d esenthé M cortneend esperts Wlectofid e fmed shaft

notor is estinat C t LM W eds

t enperature dat rﬁg“i‘ GA tgltfa Acp fé}fdat @%%q)rsot%é;éé dé){% %%t const ant

of accel erati oﬁ@mmmc&ﬁmqtqmml turel eimj Hivaffiedds Sl’tﬁrfdhgmf—(a”c&;frldﬁeng to

the result of GOIMATLSAN. HAEA sndfie ORI &k QA QUTRADAL el 1T ¢
rictional

current conman corresponding to c anges 1nt force of the 35
feed shaft andeshinakedrdevired irPiec iSlRHR RE LI SAHRTEREP shaf t

mot or dnrigve negns. rddy LY efeife nidueNti on, the above control can be
conduct ed bei ng , .

In the numerically controlled machine tool of the
present invention, according to the movement command
outputted from the movement command distributing control
unit, it is possible to conduct the detection of start of

20 movement from stoppage, calculation of acceleration by
the second order differentiation, feedforward control of
speed, and feedforward control of acceleration.
Therefore, before the feed shaft motor is driven, control
can be conducted by the calculation controlling means.

25 Accordingly, even if the feed speed is high, machining
can be conducted with high accuracy.

According to the present invention, the temperature
of the feed shaft motor is estimated by calculation and
compared with the predetermined temperature data allowed

30 to the feed shaft motor, and the time constant of
acceleration and deceleration of the feed shaft is
changed according to the result of comparison. Further,
the desired torque command or electric current command
correéponding to changes in the frictional force of the

35 feed shaft and the weight of a workpiece is outputted
into the feed shaft motor drive means. In the present
invention, the above control can be conducted being



- 25 conbined. As described above, according to the present invention, it
is possible to provide a nethod of controlling a nunerically controlled
machi ne tool by 5 which nachining can be conducted with high accuracy even
when a noving body of the nachine tool is,spved at high speed, also it is
possible to provide a nunerically controlled machi ne tool by which
machi ni ng can be conducted with high accuracy even when a novi ng body of
10 the machi nectgplints. noved at high speed. Even if the quadrant of a feed
shaft is changed over whil e, machi ning or curved face machining is

rofile
bei ng conduct ed by AﬁD@?ﬁﬁrégﬁgu?EPY?y BFCPELHEnEPt ERei HEFESheousl y, or
even if the wehgbhtoénp Yorkpi peesgbyventd opideideecs méelhddist 15 changed,

machi ni ng accuracy._can.be kept high,.Even if hange is_caused .in the
dynamic and st&OTEZST 0] Srarmbreal oY (e TobE hetRaN A SO E Y| nver si on
of noverment ofwhhehfeachshahg cad be ¢bedetted with npivgmeatcirary stogpage,
it is possible C )1 hi, Ai 1 i u kpi ece
mounted on thgﬁﬁ%vgﬂgggo% Og?gfhggfgg%v%%ék{%?gFéggl%%g%m8¥h§%:qg% achment
used for attacBPagdt hels®rkpi £€ePPssileht atedrantdal oL eRklei ght of a

wor kpi ece i s regHeedl Yed hmadhiBe Wb E b WiSidei b RBEIMHedhn p&lesi red
torque command 25 or electric conmand i's outputted into the feed shaft

motor drive meBRRAWRFER VithoMighs2GCRRaFYeeYSR i 'ARER | & MSLRBPIHY tHe
change i1 the veéghichTher €bOl eis thievedbgshi gty Sseed ACYEEaD DE dept hi gh.
Further, even when the feed_shaft ngtor iénconténuousl erate J.O]?eing 30
frequent |y acc@leihdRy Rhd? dEReYf et l, 13 HENFFIS rﬂyefxﬁhéi#lRﬁﬂp €

over heat of theatkebtdishadt cotwved f#ceanakmiphing nbshven my cenmdbetexbrisiuct ed
with high acc 921 b oL | O%ng | t.he

af orement i one '§?§%gp%?§+@%§?§ s6$o éggmghéé%%r |ngf§%#£%¢hgi2ré¥5?%?%w
art, various attetlkeareébmkt cafisedvorkpiree FHeDrso athe afrRRA Thrfthel Speed

command 16f thec§£fY&Od, machining accuracy can be kept high.

Even if a change is caused in the dynamic and static
frictional force of the feed mechanism at the inversion
of movement of the feed shaft and at the start of
movement from stoppage, it is possible to conduct

20 machihing with high accuracy. When a workpiece mounted
on the moving body of the feed shaft is replaced or an
attachment used for attaching the workpiece is replaced
and also when the weight of a workpiece is reduced with
time while it is being machined, a desired torque command

25 or electric command is outputted into the feed shaft
motor drive means while it follows a change in inertia
caused by the change in the weight. Therefore, the
machining accuracy can be kept high. Further, even when
the feed shaft motor is continuously operated being

30 frequently accelerated and decelerated, there is no
possibility of overheat of the feed shaft motor.
Accordingly, machining can be conducted with high

accuracy.
The present invention is compared with the
35 aforementioned five prior arts as follows. According to

the first prior art, various accelerations caused by lost
motions are added to the speed command of the servo



-- 26 control unit, and the feed shaft notor is driven via the speed
control unit after that. On the other hand, according to the present

i nvention, the desired torque command or electric current command is
‘estimated by 5 calculation, and the resultcof estimation is directly
outputted into the feed notor shaft drive nmeans. Therefore, the feed shaft
not or can be driven w thout causing any delay. According to the second

prior art, theyfsdl [dniex) sdrid aitel Rded BHEELY ot &y Qfritviee 1A apagid i onal
f eedback controlli nean%'and t he spee feedbac%ﬁgo roII|n nmeans.
However, accorth el Hodeftt Fton, Thé &}%‘ &Je"q9rs not

caused. Accoraﬁdtg:damg he tdHe byagenrt amveradesl ertdid @esdfredhaorigeed shaft
is controlled S9 t ha he Iome ed. 5 the ot ccording to
Oc%q o.tI BN trrlact Oefnt[ e rrﬂ’naéuép 1m@%%%[ b

the present i Rt acce t an
appropri ate maédmla‘tmm‘ed arg udie mueltdw re@d:mm‘tqum wm@arx@cctrly electric

t t f wh
curren conna%%ﬂﬁﬁg%g&niﬁ %ﬁ?1‘ere€i %Q-%m%éftﬂ?%ung eTne nmeans en a

val ue of inertia’ls change re, the ma iciency is not

be deterior atBEr QLG it tieachdedir (IPL9L Gabe drHyen yigheushser ver

?ﬁte?:tsda chatra,%glm faent Qﬂaf[ié rqu@:co&ﬁﬂth tt%ﬂtl?ﬁc(la ts'é%o'iﬂag l@?mﬁﬁd and t
e oa lnertra 1 s i mate er an accordin (0] e presen
it o Aoty Ene

25 invention, Y&EE L £X¥istS By s&Livieg styﬁé;egrbp du&hecommand or

el ectrigocurr q;a;tsmﬁmmnd f&sﬁdb%ldky dbilllttmdiltlﬁ.dlg melam st hedf ed@ shakd not or
drive neans. actual_ | oad %% ertia can be f.

fare Qun d a
accurate torq 5 4§ﬁ%ﬁmﬁf ﬁ%ﬁ%QiﬁTﬁw¥%d o e F@ggrgﬁgﬁt%ﬁo%g drlve
30 neans. The driefsten tprinore rdritorr, eltdiee sibioy ea dedelyniiguaoftocaugeduent i ng t he

feed shaft moty chofzqurﬂgg‘;cﬁ gch%t 39 OB ARG 4 tthe c'&%ri@ra%%%r diengpko the

pr esent |nvent|on tor que comman: l'ectric _current command
cor r espondi ng faes Ehadded s WQﬂﬁiq:Maétﬁ@hﬁmaﬁoﬂéecéﬂ e lpwegefech®®i sm 35

and thepyei ghten@f c2he kRIRGE deeoRdipyt tted thet @ rikenteedvenkabh mtor drive
eans. Theref%%%elefgyfynpgmc%%eb%e %on%u%%eqs %@thb%ha%C%%£%% riate
predetermined value, and a desired torque command or
electric current command is outputted into the feed shaft
motor drive means when a value of inertia is changed.

20 Therefore, the machining efficiency is not be
deteriorated. According to the fourth prior art, the
torque observer detects a change in the load torque
estimated by the speed command, and the load inertia is
estimated. On the other hand, according to the present

25 invention, load inertia is calculated by using the torque
command or electric current command actually outputted
into the feed shaft motor drive means. Therefore, more
actual load inertia can be found, and an accurate torque
command can be outputted into the feed shaft motor drive

30 means. The fifth prior art relates to a technique for
preventing the feed shaft motor from overheating. On the
other hand, according to the present invention, a desired
torque command or electric current command corresponding
to changes in the frictional force of the feed mechanism

35 and the weight of a workpiece is outputted into the feed
shaft motor drive means. Therefore, machining can be

conducted with high accuracy.



-- 27 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an overall arrangenent
view of the nunerically controlled machine tool of the present 5
invention. Fig. 2 is a block diagram showing a structure of the first
enbodi ment of the control unit for controbking the numerically controlled
machi ne tool of the present invention. 10 Fig. 3 is a block diagram
showi ng a structure of the second enbodi nent of the control unit for
controlling the nunerically controlled nmachine tool of the present
invention. Fig. 4 is_a block diagr oW ture of the 15 third
enbodi nent of the c%%%?%lD%%§$I?ﬁhéﬁlﬁﬁn¥ﬁ¢¥bébﬁi&égnunericaIIy controlled
machi ne tool of therpgesenisiawvemtérall &rpndemnenta \nlexlodidyr am showi ng a
structure of the four enbodi 0 I i f rolling the
20 nurmeri cal | yn%%%ﬁ%?ﬁe])ﬁ ?r%lgﬁél%f %ﬁa%&e}%%e{%éie)soeyn[%ﬁ? rﬁreen{l on. Fig. 6is
a bl ock 6iagrahm%©mmimg-a structure of the fifth enbodiment of the control
uni t for controlling;ghe, pUerdeablvacanidplding, e na Rt dheene

ig. s a

present 25 invention. : view tor explalning an inversjon of the
direction of thir$eeem_edinenivef cihe LPRPHRY Yokt i ¥ FFontEQLLling &he gr aph
showi ng a changené pitHEL§ €8s SPSELeAtdbh19S PESS1 teX ttee tir@serand a | ower
portion of Fig, 7 1is. a graph showi ng a change in the load torque with
respect to theY¢HeO®ig. 8 is a view for explaining a method of

cal cul atlipng the | oagignesti@, a Wiksek rd sagreppeshgaiig an sfrudiuxe &f sthe
graph showi ng a change in.the fee ee i es t £

m ddl e porti ons%cfoﬁ g?m%oﬁhsm%nt g?gpﬁrp% hcg(\)/m%%&a C Jl3’11-'ng3¢'}<;oerlc nc%rﬁcegéa@cledgﬁar%%on
with respect muméhicalhe, candrelledheragving el ¢ ¢thed presenfy aph - 28

invention.
Fig. 4 is a block diagram showing a structure of the
15 third embodiment of the control unit for controlling the

numerically controlled machine tool of the present
invention.
Fig. 5 is a block diagram showing a structure of the
fourth embodiment of the control unit for controlling the
20 numerically controlled machine tool of the present

invention.
Fig. 6 is a block diagram showing a structure of the

fifth embodiment of the control unit for controlling the
numerically controlled machine tool of the present
25 invention.
Fig. 7 is a view for explaining an inversion of the
direction of the feed shaft, wherein an upper portion of
Fig. 7 is a graph showing a change in the feed speed with
respect to the time, and a lower portion of Fig. 7 is a
30 graph showing a change in the load torque with respect to
the time.
Fig. 8 is a view for explaining a method of
calculating the load inertia, wherein an upper portion of
Fig. 8 is a graph showing a change in the feed speed with
35 respect to the time, a middle portion of Fig. 8 is a
graph showing a change in the acceleration with respect
to the time, and a lower portion of Fig. 8 is a graph



-showi ng a change in the load torque with respect to the tinme. Fig. 9Ais a
flow chart showing a nethod of <calculating the load inertia. 5 Fig. 9B is
a flow chart showing a nethod of <calculating the load inertia. Fig. 10 is
a flow chart showing a controlling nmethod.,.of the fifth enbodi nent of the
present invention. Fig. 11 is a graph showng a tenperature curve of 10
the feed shaft nmotor which is made in the fifth enbodi nent of the present

invention. Figshddih§ & ShaRbe SIOMRE Poi&l 8dFohe Rpiveerespaet i tatimn O of
the tenperature, curve and accel eration and deceleration time constant ti in
the fifth enbo®t®ent 15 of the present invention. THE MOST PREFERRED

EVMBODI MENT Referringigp §a0isla £Iew new@rt cshdwin®md muddesd sm@chi ne tool of
t he present invention mﬁllEﬁg §§§%ained . 20 below. As shown in Fig. 1, the
n

nunerical |y con®roftagt? P49 4&* a horizontal type machi ning
center amsd provideHigd t9Bthe dHeflld? oaxth sisowiig an Mdwchdd amf of a

factory. On the p face e. be there is 25 provided a Z-axis
guide rail 28 ?%f€%g£%%$ i%nzﬁgh%i%%% Ion of Z-axis. In Fig. 1, the
hori zontal directiohigofl?-ixia fhow echawerswouwlingc icomtrihel inhirethpd t o

which a workpiggee Ml i £; £4Xnpd 1 Cabt v i (RENREhL i forfiXi S gui de
rail 28. Fig. 1 shows an exanple in which 30 NC rotary table capable of
rotating round B-axFi9isliike® THARN tHMOVHH & PURRF A HE S e Wi s

nount ed 19n t her h NCrE6d aglya £ h@toHOYRME . 1d tmdfe POSSIHY e dfxnirectly nount
t he wor kpi ece Won. the tabée 14 wit hout arrang#gg the NC rotary table. On
1

the upper facefPOFHEEHRPR NS BEESERT NG 36 is arranged in a
hori zontal directionigpelPpeislicumph Ehbvwidic,a treltation detweergui de rai l
36 is - 29 arranged in a direction perpendicular to the surface of Fig.
1. The col um aBclinatia wiathhe FPRer atvg ex.cigve and acceleration

and deceleration time constant 1 in the fifth embodiment

15 of the present invention.

THE MOST PREFERRED EMBODIMENT

Referring to Fig. 1, the numerically controlled
machine tool of the present invention will be explained

20 below.

As shown in Fig. 1, the numerically controlled
machine tool 10 is a horizontal type machining center and
provided with the bed 12 which is set on the floor of a
factory. On the upper face of the bed 12, there is

25 provided a Z-axis guide rail 28 in the horizontal
direction of Z-axis. 1In Fig. 1, the horizontal direction
of Z-axis is a traverse direction. The table 14, to
which a workpiece W is fixed, is slidably attached to the
Z-axis guide rail 28. Fig. 1 shows an example in which

30 NC rotary table capable of rotating round B-axis is fixed
onto the table 14 and the workpiece W is mounted on the
NC rotary table. However, it is possible to directly
mount the workpiece W on the table 14 without arranging
the NC rotary table. On the upper face of the bed 12, X-

35 axis guide rail 36 is arranged in a horizontal direction
perpendicular to Z-axis, that is, X-axis guide rail 36 is



‘guide rail 36. In the colum 16, Y-axis guide rail 34 is arranged in the
direction of Y-axis which is 5 perpendicular to both X-axis and Z-axis,
that is, Y-axis quide rail 34 is arranged in the direction of the upper
‘and Iomer sides of Fig. 1. The spindle hegg 18 for pivotally supporting
the main spindle 20 is slidably attached“fo the Y-axis guide rail 34. 10
On the lower side of the table 14 in the bed 12, Z- axis feed screw 24 is

arranged in thergdhrgedi on @fdzr@dtﬁonéﬁeﬁﬁbmélwwra@oatrzeagmﬁfé@@doﬁhaft.
The nut 26 screwed totheZ xis f S ed to t | oner, face

f {N¥/24 is fi {b
of the table %9 7! axi $'¢ &% ‘é’%ﬁ‘vt mbt oF LM ER LYY BHrRCEed 8% We et ®nd
of the Z-axis §eedescatl 24. Whentiseryolummtds, M-asigrgvide spabb 3o iotate

the Z-axis feed SCI ew, 24, the,table, 14 |$ £Dved aloqglthe Z- axi s guide
rail 28. In thEF3%7E nbﬂn%?e T TR D THEDRHE cbfurm 16 in  the
bed 12, % axi spéependicelar nod sdiohvi-axds cdnd sZ2-saxd6 20tlet sid peth-ahidt, is
arranged in th e n, pf . X- axj o) ce of -t cﬂ!ng 16, a
nut (not shomm? 9%%rg%%g %P %%&é%%%??%&?%%ggg%r%ﬁ%ﬁéﬁ%éa %F gﬁaX| eed
servo notor Mang towerecsidesieh Die. ehd dfhe epidadde sheddelB stoew. when

x-axis feed sepyoolploy MobdrdiiyemdTand dhemdidxie oo sgmomy s

rotated, the colum 1 noved al ong the X-axis guide rail 36. Further,
Y-axis feed sEFedried VWN%%Pl%F%ﬁ%ﬁEﬁN%ﬁ?e%ﬁ?%k%ﬁt is arranged in the

colum 16 in the digecthOnl®bery-axds .ot e 4ok 143f1rt hehes el ¥2 hemd 18,

the nut 30 screwed o the Y-axis 30 feed screw 32 is.fixed. Y- f eed
oo horor MATES {et SodaPad 78 ASEn s S 3nd Pl i E o [ B P 12
When the Y-axivhfckedisersed nad oa Mlax s dieaersleafik t hel'he raxti s2 4 eseu'esmcbw 32

is rotated, the. s dl e he V. Y-

35 A tool 22, ?or%%a%rp?pl?dfé@d cr!ﬁ) ﬂj ZEIE J&% %Sl%l\?\gfr%&en
the mai n spi ndtlee 26ab Wi 1 4. t he-a%id f@@il%emm rmptrcm M.eds chanestemn 16
spindl e gead 18; andyre 3&&@@'&&% 2458 4 et ild vsedxye £d IWhérheséwoectl ons

of X, Y and Z axis. Due to the foregoing, the peceW I xed
motor M, is drlven so as to rotate the -axis feed screw

24, the table 14 is moved along the Z-axis guide rail 28.
In the same manner, on the lower side of the column 16 in
the bed 12, X-axis feed screw (not shown), which is an X-

20 axis feed shaft, is arranged in the direction of X-axis.
On the lower face of the column 16, a nut (not shown)
screwed to the X-axis feed screw is fixed. X-axis feed
servo motor M, is connected with one end of the X-axis
feed screw. When X-axis feed servo motor M, is driven

25 and the X-axis feed screw is rotated, the column 16 is
moved along the X-axis guide rail 36. Further, Y-axis
feed screw 32, which is a Y-axis feed shaft, is arranged
in the column 16 in the direction of Y-axis. On the back
of the spindle head 18, the nut 30 screwed to the Y-axis

30 feed screw 32 is fixed. Y-axis feed servo motor M, is
connected with an upper end of the Y-axis feed screw 32.
When the Y-axis feed servo motor M, is driven and the Y-
axis feed screw 32 is rotated, the spindle head 18 is
moved along the Y-axis guide rail 34.

35 A tool 22, for example, an end mill is attached to
the forward end of the main spindle 20. While the tool
22 is being rotated, the column 16, spindle head 18 and



‘to the table 14 can be nmachined into a predeterm ned shape. Wien NC rotary
table is fixed to the machine, the 5 nunerically controlled machi ne too
10 can be said to be a four-axis type nunerically controlled machine tool
having B-axis. The nunerically controlled chine tool 10 includes a
numerical ly control unit 40 for controlling servo 10 notors MX, MY and MZ
for feeding in the three axis directions of X, Y and Z axis of the colum

16, spindle heaslé81ansréapé@aéﬂveq ﬁ@@é@emlﬂhé hcelﬁéa@elm@r@fl\ie y ot ary
table is fixed tQ the machine, B-axjs feed servo nDto %not s$ %é
k%+

provi ded. The ﬁﬁﬁe?|€é¥ﬁy 1BU€ oRP r bRe LFPE SR P e | HRRSY
and interprettpgthai taddef di é@ﬁdb@gmammlm@deimt@tangré&btemmmmam142 an

interpreted programstqrin nit, 46 for oparily. s ter et ed
program a pro@ﬁﬁﬂ?'ex@%ﬁ??% EBhEN T A l%n?? % t%p% pr|§Q%+€ dr@%nng
a 20 program f nomet heal by ec pn et el d ogacind s¢ otwﬂg Lhi cad6bansiaidutpure i ng

executi on progagdat a8 FUNETRICOTIPIY o SLET BUAT Hdc ol rabotini ¢ 50

for outputting a novenen direction o and z axis
according to th@V@R@cEtaéhSprogran1data fromthe program execution 25

commandi ng unit 48; Tﬁ@dn@méﬂwlppnéé@ér&méd SRad9ine OLEHLL L b NOhGL dESIUE
command or electric current command to the feed shaft t or dr|V|ng uni t

54 according t® P%@erh%%%%%n?o%ﬁﬁﬂﬁnﬂn¥?oﬁQtﬁ%rdﬂ%%ﬁ%ﬁ& oI ©

di stri butg ng ﬁ@ﬂbf@lm,y,mm, sfdang s ¢ exndiargliing dhe tﬁ”r&e‘eeeaihaa(:k signal 30

described |l ater, The.fe drivin uqit 54 outﬁgts ectrlc
e

g ftYnDt r
current accord?hﬁe?Bl?%% Porgue’ ToImAnY bt ¢t e chent
fromthe servohea@nlaozhndmtabﬁé B0. asOf ccaunrse, f oedtishataserorivese NG WY

and M of X /x8Pdrg pxboe fUTEDELs {8 0L SnEdiPOM "B@taxﬁg Eded & d o

provi ded a calcu 3ty oh“2ont ol correctin ue conmmand or
el ectric currenetenmigmrdiots SMowiy)omst I oyddes! - coﬁmﬁomwmQQQQ§ 1Yo the feed

ZR@L;I ;m}%l NMOL Ok + H51 ViR UDb t i Ré1udeX! , a reESEFAN I d i fhg-arka @ preferred
interpreting unit 44 for reading and interpreting NC
program 42; an interpreted program storing unit 46 for
temporarily storing an interpreted program; a program
execution commanding unit 48 for appropriately drawing a

20 program from the interpreted program storing unit 46 and
outputting execution program data; a movement command
distributing control unit 50 for outputting a movement
command of each direction of X, Y and 2 axis according to
the execution program data from the program execution

25 commanding unit 48; and a servo control unit 52 for
outputting a torque command or electric current command
to the feed shaft motor driving unit 54 according to the
movement command from the movement command distributing
control unit 50 and also according to the feedback signal

30 described later. The feed shaft motor driving unit 54
outputs an electric current according to the torque
command or electric current command sent from the servo
control unit 52 so as to drive feed shaft motors My, M,
and M, of X, Y and 2z axis. Further, in this embodiment,

35 there is provided a calculation control unit 56 for
correcting a torque command or electric current command
sent from the servo control unit 52 to the feed shaft



-including the servo control unit 52 and the calculation control unit 56

w Il be explained below In the 5 enbodi nrent shown in Fig. 2, the
calculation control unit 56 is provided with the |oad torque cal cul ating
unit 70 by which backl ash acceleration_cgﬁrgction is conducted. Like
reference characters are used to indicateike parts in Figs. 1 and 2. In
the foll ow ng descriptions, only 10 the feed control of Z-axis on the table
14 i's expl ai negyy o NONEYSI n iﬁn§poghq be understood that |ikew se the feed
control of X-axis and Y-axf's can be executed. The servo control, K unit 52

i ncl udes: a subtrac¥e¥t perefeFr Epdphei htdt her ndVRRRHEL E/PmeMPSEMR % r om t he

nmovement 15 coppmndiglystrébséien control wmit 5P ¥hdhthédecPDewlavion

f eedback signal sent fron1pg§iti§f det ect or, SP uc? as a. d{gital | i ner
scal e attached®PBtifk P2t >4 4%l pogi e¥Rha 18Rt POt OWini t 180 ¥Br anpl i fyi ng
an out puts fr omembediset rsicten H8; Fhag subj raee ecabRuiaticonpantngl tiwelbut put

20 value of thg_position., control, uni i § } gnal
from pul se codg? ?ﬁ:%f?%%ﬁ%% Y%£¥e€%é g%ééﬂt$ké€§ iﬁ?gg%%égﬁgg%ggtgggtro
unit 64 for anplvijcmgbackbashurcoélehet somtcerrestson On e¢orduttre. hand,

the moverrent  conpang, pULENLL e 25, L1 OR the. Mpyggreny comTERd di id | Bailion

control unit 5 ~sent to bot e detecting unit 66 and the acceleration
cal cul ati ng uni® BBIvet yaRécdnd. ITheheefeblownari¢se6iraien gz N &Y

novenent; gkconmapge Se8td fEOM EHE HPVELRRL s cOMMBERE €aiste i bt i H0eHOTY 110dd pni t
50 and nonitors a 30 change in.the directijon_of nDVﬁggnt.of the:%$Q£e 14.
Wien the direcPPBRVSFr mbbePRPEldrPe nanEers £Pq9 That i hikeYEEe the Hf¥%ction

of novenent inysfitidy 6f gadxis awdit puixio ¢de becekerwatédn cal cul ating

U0 19 10, e plgte b s, ERLEALL 10y UL L8 I e Bl o |
unit 70 incl udésr acomper ingnshanmovcemnent atdomuandi seV?, fiomdtherepeement
correctihgn - 3g mGalgu ﬁf'ﬂb\'x?ién 7<§'on@f'(513[ l@l?ﬂttf% Qe el Retpdwi ¢dd 76 as
essential” conponents. e acceleration calculating unit
feedback signal sent from position detector SP such as a
digital liner scale attached to the table 14; a position
control unit 60 for amplifying an output from the
subtracter 58; a subtracter 62 for comparing the output
20 value of the position control unit 60 with the speed
feedback signal from pulse coder PC attached to feed
shaft motor M,; and a speed control unit 64 for
amplifying an output of the subtracter 62.
Oon the other hand, the movement command outputted
25 from the movement command distribution control unit 50 is
sent to both the detecting unit 66 and the acceleration
calculating unit 68 every second. The detecting unit 66
analyzes a movement command sent from the movement
command distributing control unit 50 and monitors a
30 change in the direction of movement of the table 14.
When the direction of movement of the table 14 is
inverted, the direction of movement inverting signal is
output to the acceleration calculating unit 68 and to the
load torque calculating unit 70 which provides an example
35 of the calculating control unit 56.
The load torque calculating unit 70 includes a time
constant calculating unit 72, load torque correction



-68 conducts the second order differentiation on the noving command so as to
find an acceleration of the 5 noving body, and the thus found accel eration
is sent to the tine constant calculating unit 72. The time constant

‘cal culating unit 72 calculates a tinme con tant according to the

accel eration sent fromthe accel eration c?lculatlng unit 68. On the other
hand, the load torque 10 detecting unit 76 receives a direction of

nmovement invegtipg) st 9n 'uﬁ§9t7ErOQh&h§oQ§t€8£QQ9 H@iéc@§n€n@n§t horage
command or electric currént command which is an™ output of fhe speed

control unit 62S8ENthelsePPBORBRAES o Tﬁﬁl%ngl?ﬁabﬁ@bu?a%¢¥%?ﬁh%gc%%ﬁﬁnd or

el ectric currepg één&@@ﬂ@nﬂhénHB@bﬁaede@?f@iﬁféf@ntﬂ&@iénoﬂnofhéhe
direction of novenment of the table to.the | oad torque co%rectlon

cal cul ati ng unfeV¥39 FA™PAPS 83s8S F? f%n%o§glﬁ?%e BTaFERRi 0B BRCact ual
el ectric scurremdbvonypodded &ndfekd tshaffound cacd&léramioheis esentshdt

ot or dri Ving WaLt« Do 200REEONE! 0B L1 LDEG oLgNe GOTTRRL OF £l SCLEL Eane

current command o0t put fom T he  speed roI uni t rovi de
torque connandcakceletlngcunutréhtccbmwhmdes|ﬂnbdmat@¢y8b@mbr@C¢¢mﬂlﬂg

nversion 11 tbg ghEeELEONoPLy: GRVEEROL £ Rlm  Be ! AOLE1LAaE Lok e | 02 torque

correction 25 calculatin ['oad forque correction calcul ating
unit 74 calcul@@é@uhatb&@ wbifueB eor PRcER®NOLRGT UBaRE cob P nhPRY EPEAYE ne

const anty,g Whi Cet8c8ihgSUhit 96 +8EcERb &V Al PEC€OHUSE elobaméie tine
const ant calculatlngtunlt 72, . and algo accordln to,the torq conmand

or electric cutPBRFCERAMBAANImBEREL Y?mb%?%r%e ﬁEl?%v%?%?oﬁglﬁn h2
direction of naaeq&etcmmmahdlersenéctfi@nmthembadommam@eme¢mCisngnunit

76, qnen. the Lhus,; cakchal £d.Leadoh PEGYIS, OLTEEILPN NG UEryS oMl 4P Lhe

speed control e inversion rn the drirection and
t he cal cul ati onndt 5hetac@@tpuataohonqyen@@mm@@df@nn@le¢©m1¢h@umﬁ@@hent

command, Hut tPSYmERY Denborad Pybé%félgtw m@epyiﬁyét F'Qﬁ‘é"d%@&'ié@d

1
fromthe - 33 position contro? uni t . found by , using
the accel erati®h Beyie®enht Phched F%b%%elﬁDVanhe 1oad Orque correction

calculating unit 74. In this case, it is possible to
receive an actual electric current outputted to feed
shaft motor M, from the feed shaft motor driving unit 54
20 according to the torque command or electric current
command outputted from the speed control unit 64 to
provide a torque command or electric current command
immediately before the inversion in the direction of
movement of the table 14 to the load torque correction
25 calculating unit 74. The load torque correction
calculating unit 74 calculates a load torgue correction
value according to the time constant, which is a result
of the calculation conducted by the time constant
calculating unit 72, and also according to the torque
30 command or electric current command immediately before
the inversion in the direction of movement which is sent
from the load torque detecting unit 76. Then, the thus
calculated load torque correction value is sent to the
speed control unit 64. The inversion in the direction of
35 movement and the calculation of the acceleration may not
be found from the movement command, but they may be found
by taking in the output signal outputted from the



-body. Referring to Fig. 7, there is showmn a state in which 5 feed control

i s conducted under the condition that the acceleration is constant. The
graph drawn in the upper portion Fig. 7 shows a change in the feed speed
Wth respect to the tinme, and the graph dr,awn in the lower portion Fig. 7
shows a change in the load torque 10 corr gpondlngly i npressed upon the
feed shaft with respect to the tinme. In Fig. 7, the change in speed with

respect to thepssmm %ﬂ@é@%w gaich ﬁlé@nn@ﬁem@é 50afgesg | By speed
difference AV Wi th respect to predetermned tine dlfference AT are

connected wit &S the aEFREeHytien AFYHOT i #isached thR Hraghewhan in Fig.
7, the nonent wddyhich feed speed V is changed from negative to positive

(At this nmoment, the feed speed js zero.) is jndicated b nark
this time, the | oadEHFqe’EhENgesd as’ QOtI%%T‘Fo’m% SHYW | Dt At ‘@Haqtges
fromload tor qt@edgo:onNWrtm chmdtocrmte bhedet ecHe, Cdﬁiﬁcgettﬂmdtﬁ@r que

Q. In the exa shown in_ Fi t he ¢ ion that the

accel eration i%CT oﬁsﬁ%ﬁt CRihe ¢ %é%iﬁﬁfe e']IEIEJ o GFeP qb %’W"Hh s q?ﬂ]e

which is a torppnetimf FegTC skowd & hehaape as the n%émbls,peeed/atuﬁa of tar get

| oad torque Qg t f e

opposite to the {E*é%éﬂ%{me, Qnén%égi f A%§Wh q{C‘Hﬁ%ve I nver si on

of the di recthﬁtT-‘@forHrlT% of $hws s%rqmﬁﬁﬁ mnl@%al@%ij taxspuexanpl e, at a

turni ngipoi nt @frreih ﬁ@l’ff@ﬁﬁré@ééh Qfpdhec it e et sfHaOE’E Qpsluadrant to
ca

the other when the nurrer controlled ITB.ChI ne tool 10 conducts cutting
process al ong HHFREE Jé’%ﬁ'nt In f{fd t o t HEDAEES HhFRIGE I of

the feed screweddgwt nmhum ﬁmﬂ Arexpred sd ai |sudmveemamed itat del ay
is 35 caused generally in the notion of the machine tool. Therefore, the
| oad torque | ShARERMAIIY PREGFTVMRICBAY pHickh FRSRESHd fr que Qo to

et 020 LS o g SO A ATRE N B | U
15 other by straight lines.

In the graph shown in Fig. 7, the moment at which
feed speed V is changed from negative to positive (At
this moment, the feed speed is zero.) is indicated by
mark Tc. At this time, the load torque changes as

20 follows. The load torque changes from load torgque Qp,
which is a torque before Tc, to target load torque Qt.
In the example shown in Fig. 7, under the condition that
the acceleration is constant, the absolute value of
previous load torque Qp, which is a torque before TC, is

25 the same as the absolute value of target load torque Qt,
and the sign (+, -) of previous load torque Qp is
opposite to the sign (+, -) of target load torque Qt.

The above inversion of the direction of drive of the
servo motor is caused, for example, at a turning point of

30 the movement path of the tool 22 from one quadrant to the
other when the numerically controlled machine tool 10
conducts cutting process along an arc. At this point,
due to the backlash and friction of the feed screw, the
machine tool can not instantly invert so that a delay is

35 caused generally in the motion of the machine tool.
Therefore, the load torque is gradually changed from



-wor kpi ece. 5 The inventors made various experinents and found the
follow ng conditions which allows no protrusion or recess to be produced
in the machined face of a workpiece when the direction of novenent of the
moving body is inverted. There is a certajy correlation between the |oad
torque 10 correction and the accel eration of the noving body. In
particular, if the time constant of the load torque correction is a value

which is in lnyﬁésgo@§OD@aaIQBr@@e quaéeté§9étoioé@et6£@@éeQﬁtI@@ t he
occurrence of the gove defects.in can _be P{evented 15

f
According to t RROYBoDE ﬂnBﬁPEﬁﬁell?ﬁelPogE %Fﬁ%% aC%?r%cf?%ﬁ s found as

follows, in thpsoeﬁhﬁdbﬂemc préduséd anchbhageachinée flacectfoa of novenent
of the table s.monitored by the detecting unit 66. When the direction
of novenent ofw?ﬁ% %sﬁ?e 14 is inverted, a 20 direction of novenent

i nversi ord si gnal sTbetpuveadofsomadeheaUe@QStengeunmeneﬁ apdtfeund the

accel eration C?&ffééﬁhggcoH3i£1§§saggléﬁe 19395tﬂéq#§b€?ﬁ§y$ﬁléﬁgr&@éés70

The accel eration ca | at 1 ng uni t sen s an accel eration of the novi ng
body to the tihe kenBrafucedl ¢ul e fachired2face Qhe® YHEKRERES e¥BET on

cal cul ating untﬁe6§l£@@@iaﬁsofh@ovgmé@@tbent@é ﬂ@Vﬁﬂ@nﬁodﬁvﬁéSi@ﬁeﬁt@@a|
The time constant cal cul atlng unit 72 cal cul ates the tlnﬁ?%$nstant by the
Tc

fol | owi ng for nBPErBas®d ofef helBceRf ER bR FHAn f PehYeeR et atPoRe
cal cul atiiong untbrb8ctasd &he th@Saé@@léﬁaﬂbbﬁlOﬁdtmenmowﬁmgthﬂdyis Bent to

the | oad torque goLr ction.calculatin t 74 I h oy mul a, ti
is time constaRPitAC Fgar3515c€% %%T?o %n& *E gb%og $C|§ﬂ%8§or t he
time constantcoﬁtethientlaea Vhbuéouml¢brqﬂelmei@%ermg prpporeion 380 sends

the output val yguote! Beoppeed.fonteckunliion, ele sheadissstion ofe

novement inversron Si receive | oad torque before the
i nversion of tﬁbOVG|¢%§@¢bﬁ b ﬁ%@e%%%?ln@% fﬁ%el%éﬁ @%rEﬁ@V%%ﬁ?%ctlon 5

cal cul atjigng unit 74acdBeqiRgded Of Kkleals&vé eRhdWledge, the load torque

correction is found as follows, in this embodiment.
First, a change in the direction of movement of the table
14 is monitored by the detecting unit 66. When the
direction of movement of the table 14 is inverted, a

20 direction of movement inversion signal is outputted from
the detecting unit 66 to the acceleration calculating
unit 68 and the load torque calculating unit 70. The
acceleration calculating unit 68 sends an acceleration of
the moving body to the time constant calculating unit 72

25 when the acceleration calculating unit 68 receives the
direction of movement inversion signal. The time
constant calculating unit 72 calculates the time constant
by the following formula based on the acceleration from
the acceleration calculating unit 68, and the thus the

30 obtained time constant is sent to the load torque

correction calculating unit 74.

In the above formula, t is time constant, o is
35 acceleration, and k is a coefficient for the time

constant.
At this time, the load torque detecting unit 76



-cal culating unit 74 sets the load torque Q before the inversion in the
direction of novenent fromthe load torque detecting unit 76 as a | oad
torque reference value Q. Next, the load torque correction cal cul ating
unit 74 10 inverts the sign of the |oad tojgue Qo before the inversion in
the direction of novenent (that is, + - are changed fromeach other), and
thus obtained value is nmultiplied by a predeterm ned constant to provide a
load torque tgeges ¥YRkUButbuenvhbheefsedtpBatpedlit€nthel lonivveisian in

the direction of vement . xt, accordin to,the followng fornmula, the
| oad torque coFP@ggFBﬁCt&QPCBFaT?HﬁmﬁﬂFtlgﬁeFFhag Fbe a?g$ﬁg%gcorrection oQ

to be added teetbéevk@adatonqueagenerahedbbyorbetspetnveroivn obf unhe 64

based th t d and the_ 20 back, si I =

T h x O BERhoBS B beRERE chAsk At 1O80 Tar BUBcHRTERE HAT oh mmy be

found by Sexpertcakotsatkoyg ematplé, "Eheikogélﬂbe@ueocmheecatgeleration of

the moving body, phL 8L ped;byyi ey, Agcel erabl pRagal Gpbali @Y HOES: S8 nand
ated’as ata ta at it

stored and accommoda _ a daft bl e "so can be appropriately
cal l ed out andingedsbasedinohhacéireehiPpnof. npverertrfped apOvEC2€orrection

AQ is calcul atedrhye GbPBcEORSt@ALt T7¥hAEhal So8XPESS BYf @rénest v aTuef
acceleration a in"the case of _an_inversion in the - ection

6. dir of
novement . BaseBSon ¥@¥tcoFPRctPeh FeFaus CPREFEhENR ?%&C?L%t+%%du95?dU% Q

at an inversi opn8rthethdi seghi 6h dhe NDygaEBOrqud QP béEotarges | oad torque
Q@ which has been_set whe sion in_the direction of 5 novenment of

the table 14 iénﬁﬁfﬁé?ﬁd?ngﬁéggd%ﬂggﬁéo?03 MPYFRTRAC d R Eheet Ed%ggol
unit 64 cal cul ahesgaddésbmedach ootner § pnamddtbus edlecd ined cualeatigomuand
corr espondi ng multiplied by a predetermined constant to provide a load
torque target value Qt on the feed shaft after the

15 inversion in the direction of movement. Next, according

to the following formula, the load torque correction

calculating unit 74 finds load torque correction AQ to

be added to the load torque generated by the speed
control unit 64 based on the movement command and the

20 feedback signal.

1
AQ = a x 0s x —

-~

e

= a x Qs x-la
k

25 Where, the constant "a" is a constant which may be
found by experiments. For example, "a" is related to the
acceleration of the moving body obtained by the
acceleration calculating unit 68, and stored and
accommodated as a data table so that it can be

30 appropriately called out and used based on acceleration

(X«c
As described above, correction AQ is calculated by
time constant t which is expressed by a function of

acceleration o in the case of an inversion in the



to the load torque Q after the inversion in the direction of novenent. The
torque command or electric current 10 command thus obtained is outputted to
the feed shaft notor driving unit 54, and feed shaft notor MZ is driven

to nove the table 14. In the enbodi ment shgwn in Fig. 2, the time constant
is found as a value which is in inverse proportion to the 15 square root
of the acceleration. The above nethod gives an excellent result when the

table 14, colu 16, an i d1 i Vj . QDV ) dy, are
relatively Iig_i?eﬁ%ﬁ8€e§? ﬁﬁgﬁmgﬁg'ta%?%$Q4§Hc€$€n%ggﬁéggﬁgps%?ﬁd e head
18, which proviferéhensofbngthedyoadreo2Queedat avedy heweysion Wwhephe he

static friction,is high, .tine tan tay / f th
accel eration iﬁ%f%gglg? ?ﬁeﬁgaﬁﬁggéhg§bp?§v?%§e€%£%?%s§o%gt?éfgﬁﬁxég or the
cal cul ati on ofwhbchebasoheed) $et vhen| bhe irveystomminbehe ef Hre@dkEen he&ed

on the incremeplyLREnt N 28nb 088 10! JHC1 8Pk Oedfiga] ArBate & ofr 08 1418

di stance from t%e position o shaft at the_inversion in the
di rection of nﬁ?éﬁ@ﬁt@:Ihh€a§Ee?ﬁa?°EB§?¥iEPéﬁt6$fC§%%Y}%t?$i%té?ﬁﬁ?%dhigh,

two time constaptgudi céffladd, oPNeLEELL2EYELEriERE ¢bRMSAd Ot bt esparyd beg used

so that when the djrectiqgn of novene is inverted, the spaller ti
constant Ti isFQeFBEtiﬂ?g EﬂHqFﬁeﬁ ?géefaﬁﬁgrl?Y%ES%%%sf%ngg%2§+géé% Rt ed.
This allows hbghmboagleh ot quBhé Otbequapcessendoor t dkeshnit ¢erdentservo

not or s , MY and [ [ | ft [ spQn j h gy ection of
nnvenenﬁ% SO tﬁﬁ?m%%Q gg$§y8%$a¥ﬂ§d-fé7&3§8¢€%g%o% r%ﬁéigg?%d§%%%§ as shown
by the solid |naotoondrinéngraphtohdi handofieedssbefbfmeter M, iisn drdyen hat

t he coeff|C|en£ooﬁo§gaEhg gghggigg_is high, a static friction correcting
unit 80 may be added to the enbodinent of Fig. 2 as shown in Fig. 3.

That is, a desired forgbe evRAdhaEent| 8BeVRciRuF#8nt 2 cofRRNELBE CYPRRRAL

conmmand correspandhpgqt 8st Beyglaki ghiehCcisotn ofnvdese f pedpOREIGMI S0 tise
FLEV}ggéﬂghzstéﬁggggargggqg% %ggnggge éragkggfrlfhgugﬁggé ﬁggﬁggdg§§@§ to
an excellent result when the table 14, column 16 and
spindle head 18, which provide the moving body, are
relatively light. However, when the table 14, column 16
and spindle head 18, which provide the moving body, are
20 relatively heavy, or when the static friction is high,
time constant obtained by 1/3 or 3/5 power of the
acceleration instead of the square may provide results

better. The calculation of correction AQ for the load
torque may be terminated based on the increment for the
25 load torque up to the target Qt or on the distance from
the position of the feed shaft at the inversion in the
direction of movement.
In case that coefficient of static friction is high,
two time constants 1l and 12, one is larger than the

30 other, may be used so that when the direction of movement
is inverted, the smaller time constant 1l is selected,

and then the larger time constant 12 is selected. This

allows high load torque to be impressed on the shaft feed
servo motors M,, M, and M, immediately after the inversion
35 in the direction of movement, so that the delay of the



-10 driving unit 54 can be determ ned based on the preset desired torque

command, electric current conmand or speed conmand. Incidentally, |ike
ref erence nunbers are used to indicate like parts in Figs. 1, 2 and 3. In
the enbodi ment shown in Fig. 3, the stati 15 friction correcting unit 80

is provided between the detecting unit 66 and the servo control unit 52.
The static friction correcting unit 80 outputs the speed correction 82,

which is a desieedosperdr62MBNdedabddl hes §REAHELFOERECELDI BRinahbEh (s a
desired torque command, 20 resp ctlvelggéfg%he,sub racter 62 and the

subtracter 94 t%?rﬁﬁ@@h PR the dBWRSt? F+@- speed control unit 64.
Static friction causgscaser ehhemnbesoefncittienyg dhestable fidctLob ubam 16

d spi ndl haft, 18 ich i th ' bod t i f
rati onary stabbant SrebisCERYEETen FarfRrtiTenttnt sl oyt Sshen ¢ he
directios of novehentmbbdimentrovinBipody as sheentid. Fipereforehatinst he
embodi ment Sho&“dé.@éfégi-ngggc%ﬂhg%tOe]EQStrvagﬁ'P{‘%nEOé‘?S%{i‘Qnée&% from

the novenent conman utron confrol unrt 5 he detecting unit 66
sends 30 out nepeed| gomnandi gerrespobdingvedrehiie| avats¢ ofrkeien obfthe

movi ng body bueghsRetREnTBXCNENLrbPibhdiy Ofler 51 GR@l a YBEGHe | dEHhRA&Sod hat
t he novi ng body_has started noving from'stationar e, to the | oad

: g y_stat
torque cal cul 8t FREL &R FUYPBRRJCSTERRPE FPRELFONtRYr FRRYi M thiTOYRr 80. The

| oad tornque cafigiyghgn@nidi 64 78ancbs detdshanéd abdyed hen seine pise ddie

enbodi nent sho c.friction correct%qg@unit §0
e

un I n Fig. 2.  Wen_the s#at%

recei ves - 38 98SUFFRcEPHATGT CRHBURRE Nt STRTETEF oRUET Ghal C P mPee
initiation sigoahméndem theciléértaihy, ubike 66ef arene e debeser s exir & peset
command is senj _t b t y it i's S d, conmand in the
shape of inver%%d9n%rg%?g5£%?§a§%5?%,l?npgﬁfbhltﬁ% %%%e%’increases linearly
and then decreasesIhinearéybofiinentspeevntnthegtide, the satic¢o the

subtractigr 62. A cfN6n SABr&éfBngl IR1E1H0 1 £5 61080 SOEK&ES [ #)ge UNi t 80
outputs a predgternlned torque_command conposed of rectangul ar W?ves to
t he subtract erd®gecting unit 66 and the servo control unit 52. The
static friction correcting unit 80 outputs the speed
correction 82, which is a desired speed command, and the
torque correction 84, which is a desired torque command,
20 respectively to the subtracter 62 and the subtracter 94
arranged in the downstream of the speed control unit 64.
Static friction causes a problem when including the table
14, column 16 and spindle shaft 18, which provide the
moving body, start moving from stationary state, and also
25 the static friction causes a problem when the direction
of movement of the moving body is inverted. Therefore,
in the embodiment shown in Fig. 3, according to the
movement command sent from the movement command
distribution control unit 50, the detecting unit 66 sends
30 out not only the direction of movement inversion signal
of the moving body but also the movement initiation
signal, which indicates that the moving body has started
moving from stationary state, to the load torque
calculating unit 70 and static friction correcting unit
35 80. The load torque calculating unit 70 acts
substantially the same as the embodiment shown in Fig. 2.
When the static friction correcting unit 80 receives



-10 arranged in the downstream of the speed control unit 64 to control the
accel eration of feed shaft notor M According to the prior art, with the
| oad inertia assunmed to be constant, and a value, which is obt ai ned by
hultiplying the load inertia by the accel ggation at every 15 nonent, is
outputted to the feed shaft notor driving unit 54 as a torque connand
However, the load inertia changes with the weight of a workpiece fixed to

the table 14 @nglﬁé§@15h38leﬁo%éﬁ@n£hﬂn@é@§16§5$9@n91 aacm¢m¢m@nof t he
wor kpi ece. Therefore t he t? ?ue co nstant it is

i npossi bl e to FﬂbeQEl?ﬂesﬁﬂEﬁ ﬁﬁmaEgnag%§ t*ﬂ%r%?b?e I n*the enbodi nent
shown in Fig. ﬁreHBEermhaegespaeﬁheommadd|nersemtlsocaheu$ab9ﬁa¢beneﬁérn1ne

the torque co d.or I eg ic t.co en.t feed,shaft
notor driving u %ﬁ’ %g §ﬁé£gglﬁﬁla edgh?%%dgfng?%gftgénéfdg%taIIy,
li ke ref érencetnuabguéear en ubedhtbhe neipead ein¢reapeast inearlysang themnd

4. The embodi ngof ghowg ignggglxhwiﬂﬁlyg§%e@9 thethéarif@l Cub addng vl t 96

and an inertia storrng unit rovides to the calcul atjon
control unit 5Bhehewatractey. 63. htth%eeﬁﬁ%ﬁlﬁ%m?rsh%%nsF%tF$gFrM¢t%%%

servo control capkécéznz;nﬁhyéeﬁon@ﬁtpﬁﬂcy 8 PPEibiOPMCREA N Bbrifé tcSfinamndl
speed control unit 64 but also speed feedforward control unit_ 90 and

accel eration feeBPBFRAr af cHREEBNIVARAY @?Ve%5t9h5h§p%%3t¥%%ﬁ?5r rd control
unit 90 1and acgelengédionn trediownatdesondtothensped? gemeral eumitspeed

f eedf orward ﬁéuggﬁ Q? oﬁﬁ% g%%g%ﬁ%ﬁ ggogga£geaaéH§fp ?%Bf"hthe - 39

position comma conmrand™ " di’s ron control unit
50. The speed feedfsceardingntoothenpri®n avhdueiththiee ioadtinguleia

differentiatiogg Qem%éﬁﬁgvxgnsahsEQHFgU?néegtvaﬁuérOWhiéﬁ ﬂQV@@@@&n&@mﬁand

di stribution contro ate a s The spee
cal cul ated i s Buipipiedngothaelradrinarehs chy gh%ga%ﬂ?%eé%t%ﬁﬂ Q%éevery

subtractiey 62 grhangediknotibgudonastseehe ofeéiesPOst thetor CONI¥ Dhg umit 60
as a speed feedforward val ue. The
54 as a torque command. However, the load inertia
changes with the weight of a workpiece fixed to the table
14 and also changes with the progression of machining of
the workpiece. Therefore, if the torque command is kept
20 constant, it is impossible to improve the machining
accuracy.

Therefore, in the embodiment shown in Fig. 4, the
change in the load inertia is calculated to determine the
torque command or electric current command given to the

25 feed shaft motor driving unit 54, based on the calculated
load inertia. Incidentally, like reference numbers are
used to indicate like parts in Figs. 2, 3 and 4.

The embodiment shown in Fig. 4 includes an inertia

calculating unit 96 and an inertia storing unit 98 which

30 provides to the calculation control unit 56 shown in Fig.
1. In the embodiment shown in Fig. 4, the servo control
unit 52 includes not only a position control unit 60 and
speed control unit 64 but also speed feedforward control
unit 90 and acceleration feedforward control unit 92.

35 The speed feedforward control unit 90 and acceleration
feedforward control unit 92 generate a speed feedforward
value and acceleration feedforward value based on the



-10 acceleration feedforward control unit 92 operates as follows. The
accel eration feedforward control unit 92 cal cul ates an accel eration by
conducting the second order differentiation on the novenent command sent
fromthe novenent command distribution_cggtrol unit 50. The thus 15

cal cul ated acceleration is outputted to t%e inertia control unit 96, and
at the sane tine, the calculated acceleration is nultiplied by the val ue

of inertia so ﬁ‘émwoﬁaé&%@ﬁ@ s ber apesh ef 1 i ey dreadf dnighyal ue. The

accel eration feedforward val ue thus cal cuI ated is 20 outputted to the
subtracter 94 @FFERHRUCIANt FROHEMSIPEamOof the speed control unit 64. In
the subtracter 62, @hélléﬁ:@é@nﬁée&)ﬁémf‘dtémmbdmiteegﬁ arovedut vl thes the

output fromth 03| control _unit. 60 and S fe

sent fromthe ghf d§+£€ﬁf?gf}?ﬁﬁﬁ?ef |r§ ‘8S§%QEJ?gon§rol unlt 64.
In the speed £omhrohe LmoVerﬁénttd:mmnhrﬁd edmmbtstmmshw yanitul 54 pia ed
by the gain 64g and Lner $4<§) SPh é&‘et Joatk1Qf sjoutputted. The

accel erati on fee ormard ue froﬁ%nﬁ% acce eration gee orward contr ol
unit 92 30 is addpdttedthe tbedlm@rm el @btat g Hnitorfueatbrivhthd, and

the torque COgE@ﬂ%éélHér 0p} awegln%éd% Pt d g 0s £ eam fee s afds TDE &

driving unit e Inertia calculating unit 96 cal cul ates the |oad
inertia as fol F@RErPhsedlbnt @ has spetRP9F or RO P 5 Yedf OtSvar d cont r ol

unit 90, ot he a&@@éﬁéﬁétwnff@@af@ﬁmma%ﬁﬁl Qﬁhiteeatf o:spw*wtemrﬁs ol unit
92 and the torg £1 command or el ctrlc cu £$ﬁ§] nd i.n ed tcb}he f eed

- 40 shaft no ﬂV?V|nEh%n?TC% Cr et r %Pnt a dgest 1 i Speed,
accel erati on @atchbagee ameas&mmwramudmnby|¢mnﬁwwtinqe¥ﬂﬂxﬂeqqndPQIdQﬁne

n case that thecBOYLO0: oty |, 2008 RELAL | O0maRd AL AN Yorp

predet er m ned %h consta acce era Ion an nDV|ng‘%ody i's
rapi dly traversedement s@@eldam dfeteibunion cenerdl dinkharts SHEWERYS Fi gs.

9A and,3B, thg,ppeiaiien 95ei£¥h£&@ﬁef§ SHDOgE vENt L M d e Diheredd ai ned
beIOM/on t he assunption t% t he speed,
control unit 96, and at the same time, the calculated
acceleration is multiplied by the value of inertia so as
to calculate the acceleration feedforward value. The
acceleration feedforward value thus calculated is
20 outputted to the subtracter 94 arranged in the downstream
of the speed control unit 64.

In the subtracter 62, a difference between the speed
feedforward value, the output from the position control
unit 60 and the speed feedback signal sent from the pulse

25 coder PC is inputted into the speed control unit 64. In
the speed control unit 64, the difference is successively
multiplied by the gain 64a and inertia 64b, so that the
load torque is outputted. The acceleration feedforward
value from the acceleration feedforward control unit 92

30 is added to the load torque to obtain the torgue command,
and the torque command thus obtained is outputted to the
feed shaft motor driving unit 54.

The inertia calculating unit 96 calculates the load
inertia as follows based on the speed from the speed

35 feedforward control unit 90, the acceleration from the
acceleration feedforward control unit 92 and the torque
command or electric current command inputted to the feed



-10 accel eration and torque are changed as shown in Fig. 8. First, after a
rapid traverse signal is received, step S10 determ nes, by the speed sent
fromthe speed feedforward control unit 90 and the acceleration sent from
the accel eration feedforward control unit,92, 15 whether the shaft feed is
rapid traverse condition or not. If the shaft feed is not rapid traverse
condition, that is, when the result is "No" in step S10, the flow chart

waits for rapléjf.,éf@\&&;ts& ) tiPrundd 541e shaft feed is rapid traverse
condition, that is,_ when the 20 result s}}ﬁYes" in ste SlO tep S12
ér eicec‘é?

determines, by the RGNS iFQ Het Brc b NF SehiSH %4t i on

f eedf or var d CoiMd ofotilid He wihers thenathiadis fugisth ixsespmnelte:aﬂmd under
the condition of a constant accqieratlon or. Qﬁz | f th fed at a
st

constant 25 atd® eFAtGHE Tt T NHed ke acce otep S12,
in step 514, tahmttmrmnqz adtdthe shaftedets i riexd lm:emgi \Hccbezl a@toerwtans:

subjected to e comre ;

comand sent %e eed‘g L%n% tt}.h Jﬁ:ﬁ bO%m%dg%rpﬁmlgﬁqfagle%gnp ing is
30 conduct ed be;peehia P ed e Tigth mmﬂ:e‘re N lavhechasdvde shewitplimdiigs . 9A
conpl eted, thaf et emt%fa‘?&l&ﬁ ds th\éespreééhéte@rl%o%]i%eﬂéﬁ%ﬁllo%

sanpling is co nunber tinmes of sanpling js smaller
than N, that |6§<Pl%|rf@fi thRl e f tthes a‘WmRW%’c & a%) he KPSH%gr am r et ur ns

35 to step Slcbccaé%ﬁér@l&armid neprafud ArpieHaeendciedwagaim Fid.n g.he case
where the shaft is not f ed a constat - 41 accel eratlon that s, when

the result is "No" §iF Stef 3" AR Ot AV S G S B L § S angé in the
speed sent frauep mal(srxwtcbﬁmeth‘s),r\wcthmrﬁpeﬁd wEnt fromtdiehepeadde shaft
is fed at a cons t nst ant
speed, that is, v&?p V?‘%g&?ceog{ Ol unVJ\Pr\e( rhﬁjr?sg?{et %fBeslefr%%l% %fgﬁ
sanpling is cdhdmmtthﬁtaﬂcQlﬂraﬁqunieadﬁqnWQHﬂaQﬂﬂﬁﬁph @nﬂéd9éh a const ant
speed, jkhrougl, die. £ angue m&rlseh%fﬁfd GGyl HaRAGn /Nt to the

feed shaft notor r|V|n%un| 54. \Wen thi's
not. e shaft feed is not rapid traverse condition,

that is, when the result is "No" in step S10, the flow
chart waits for rapid traverse condition. If the shaft
feed is rapid traverse condition, that is, when the

20 result is "Yes" in step S10, step S12 determines, by the
change in the acceleration sent from the acceleration
feedforward control unit 92, whether the shaft feed is
accelerated under the condition of a constant
acceleration or not. If the shaft is fed at a constant

25 acceleration, that is, when the result is "Yes" in step
S12, in step S14, the torque of the shaft, which is being
accelerated, is subjected to sampling through the torque
command or electric current command sent to the feed
shaft motor drive unit 54. When the sampling is

30 conducted by the predetermined number N, the above
sampling is completed, that is, when the result is "Yes"
in step S16, the above sampling is completed. When the
number of times of sampling is smaller than N, that is,
when the result is "No" in step S16, the program returns

35 to step S10, and the sampling of torque is conducted
again.

In the case where the shaft is not fed at a constant



-10 sanpling is conducted by the predeterm ned nunber M the above sanpling
is conpleted, that is, when the result is "Yes" in step S22, the above
sanpling is conpleted. When the nunber of sanpling is smaller than M that
is, the result is "No" in step S22, the pfpgramreturns to step 15 S10,
and the sanpling of torque is conducted again. Wen the torque sanpling is
conpl eted under the condition that the acceleration is constant or the

speed is conskapkleauehade G&aef1§9rquenuaﬂerréb@1acgelenavlgﬂ s€epdition
and average Q of ue und r t he constgg N ﬁ c eed con
6-dahd

to 1fron ar
calculated in Stép Ségp ReRt ¢ eFﬁrm%Pﬁﬁs %gefFPcFﬁﬁnsPﬁ? uBSRF
which is propegirbmonak EpebhefééeﬁdruadarcbheramcehEtaEOpnwheﬂhdrttbe and

I ti t I t by the t d
apoed cond {1 oR "BEER Send=ao8% 61 FOUFAG EQUREFBnOT GrOL- O TRERVRF v S B = q
- QF = QB- Qix fv¥dl ¥t)a mheseant speadtabhaShaﬁt Wbed speedeaHHErla_rapld
traverse 30 Vin, §Ve§ﬂgﬁt§ akt gf eeq §98§d596de§aﬂ% g?tﬁgtc Aggetegatyon a

a: constant accél&ration under the acceferatl on tion aver age
t or que under amhaceerepablwhléGBShéyShéﬁeragefﬁéqueaa@oﬁsééﬁét%R?eépeed

under a rapid £p¢dy hrexeréeraeadbbmﬁandcsr é§8€£§iétb@ﬁréQEQé6th%& ln
step S30, | oad |nert|a Jis calculated with g equati on.
n

Qa/a. - JNPRREr&C HhPsfFEsthﬁéFtW8t°5n6r5K$P§ HB%Br er fren tﬂkit in
Step S32,0 the sampuuagcabcabaauageanby 9he paéeutarmsnea AGEBEEr M} i thve

e b Sl Eab0se CoRnt SRR de, 8RB 8ol 8 (e
inertia storingyesi't iB8stepep2534rhe above sampling is completed When
the number of sampling is smaller than M, that is, the
result is "No" in step S22, the program returns to step
15 S10, and the sampling of torque is conducted again.

When the torque sampling is completed under the
condition that the acceleration is constant or the speed
is constant, average Ql of torque under the acceleration
condition and average Qr of torque under the constant

20 speed condition are calculated in step S24. Next, in
steps S26 and 828, friction torque Qf, which is
proportional to the speed under the acceleration
condition, and acceleration torque Qa are calculated by
the torque under the constant speed condition with the

25 following equation.
Qf = Qr x (vm/Vr)
Qa = Qm - Qf = Qm - Qr x (Vm/Vr)

where
Vr: constant shaft feed speed under a rapid traverse
30 vm: average shaft feed speed under a constant

acceleration a
o: constant acceleration under the acceleration
condition

Om: average torque under an acceleration «

35 Qr: average torque at a constant speed under a rapid



‘The inertia value thus calculated is outputted to the speed control unit
64 so that the latest inertia value is used when the torque command or the
electric 15 current conmmand is cal culated. At the sane tine, the

talculated inertia value is outputted alsqg.tq the acceleration feedforward
control unit 92 so that the latest inertia value is used when the
acceleration feedforward value to be outputted to the adder 94 is 20

cal cul ated. The | oad inefgbargenayn@@tg@hculated based on in the torque
command or the electric current comand iven to the feed shaft notor
driving unit 54. InQPhea%ﬁBéﬁFﬂEﬁ?nsFBEﬂu n Fig. 4, in order to calculate
load inertia J, thenspegdiandtapcsberaload iRérold pmti@dcdaycmhetéqbaeﬂth
feedforward co he accel eration feedforward control unit

92 are used. Eé %8$T°an§h%ﬁPﬁEb% hoted that the present invention is

not limted to the gbavgagpeci fuc enbodi ment. For exanple, as shown in
Fig. 5 load inertia J may be 30 calculated in such a manner that a change
in the weight of tHBeHBrkpi 28el@PdsineFiiel yaRdallr 88 MPEPL t Hee Xkl Yht

detector 100 such aﬁeﬁt$t£ﬁl St eguUge?2 attla@hﬁdef@lé healabl £t id4 ,uzaﬂd 961e
measur ed val ue |§ or Eutted |ntolthe lner# cal cul ati g un|# 0.

cal cul ate the FBAGUFAEFTi &0 J2CSBLRER 1O F RFFE MG 3L FY %f %, Tt %ﬁ%ﬁﬁ °©
enbodi ment of this poesentertivend| omnav révibee ewdpd aacwell dued oion Li ke _

ref or ena® char AELEES-LPq WSEHL QLI CALE LLLE BALE Sed Neiq Shod L gus Vi eve

i ncl udi ng Fi descri bed b ore, 'in & servo conttol® Uni (Fi gs.
1to 5, NC prbgeama-?tleasfsoamlmet p?&t 6stew SPhbgram readi ng and

nterpreting unit fineligepe QT de CRECU 4 L1 COMBNG S A U RV, Lhe

interpreted program fenporarily stored in the Tnferpreted programstoring
unit 46 then, the feeedsPREErbtHREt ME W %fh%lt N flatRst iRl |y

controlled WﬁchaD@eti)@'ué-QdekﬂM tile R@rqde Edmenats®ldiesl s dicng to the
novenent, _conmand 10 out from %f ment ch% nd dlsIrlbutlng

h
control *unit SBFTSHERC %n rht i o L?Poange\e/‘g'el drath § Hefeedle

calculated inertia value is outputted also to the
acceleration feedforward control unit 92 so that the
latest inertia value is used when the acceleration
feedforward value to be outputted to the adder 94 is

20 calculated. The load inertia J may be calculated based
on in the torque command or the electric current command
given to the feed shaft motor driving unit 54.

In the embodiment shown in Fig. 4, in order to

calculate load inertia J, the speed and acceleration

25 outputted by the speed feedforward control unit 90 and
the acceleration feedforward control unit 92 are used.
However, it should be noted that the present invention is
not limited to the above specific embodiment. For
example, as shown in Fig. 5, load inertia J may be

30 calculated in such a manner that a change in the weight
of the workpiece W is directly measured with the weight
detector 100 such as a strain gauge attached to the table
14, and the measured value is outputted into the inertia
calculating unit 98 to calculate the load inertia J.

35 Next, referring to Fig. 6, another embodiment of the
present invention will be explained below. Like
reference characters are used to indicate like parts in



.shaft notors are repeated in a short period, the feed shaft notor driving
unit 54 and feed shaft notors MX, MY and MZ are heated. Wen the
tenperature reaches the 15 allowable upper limt, the thermal alarmis
Yaised, so that the nunerically controll machi ne tool is stopped in
energency. Tinme constant of acceleration and deceleration of the feed
shaft suitable for the nunerically controlled 20 machine tool 10, the
relation betwegprtiBgEst QLEWE ¢AEMBAUnGrFegectric current comand, which is
taken out fromthe servo contro]l unit 52, and the tenperature of EfCh f eed
shaft motor MX, My, ARrdeserpeedt BRECERr val phRePRT VY g%%%ﬁ%ﬁsu?+ﬁ

tenmperatures ofriged shabt sypt RCSpMEgr M, 4 Mer@ddahendt heteppestsutients are
conti nuously sugglled to éeed saaft nDtorf.NK, NW£ k@, nd relatéons
between the i REPPRAT] BREAE Er 2 Pe PERDRT BELPE RUtVes angh?h%r???mp
constant s of aexepetabhonommdndeUBEEra8idnam$ the ige@rpsﬂaédspE@qrém _
previ ous)y det eebRed, by, CYPRELACA S RR0 A0e SOPEEEY | Br bhEafiAl fostiay | 1O UMt !

110. Further, pa ers resentlng the size tors M,
MY, Mz and thenitedbshben, nbbher faedvehaliinneteus dhe Mvsandt¥r &f Ghe the

data storing uUfjhhetifalThecbRABSL BEUT RackBhEULSS]1 ND0 Ushéwd 12n il gl At es and
estimates 35 tenperatures_of the drive neans such as feed shaft notors M,

MY, MZ every nBREnEOBYTELlPat PRECTRENE oFuEn@ IRYEReRF CRMBRRG i ¢ current
command feaken gutphitoslt heoRetNe BOVEROIt -cdfimandi diSPr ibhbiddecsetvdi ons

bet ween the torqu or electrjc current co nd, and_t h
t enper at ur es of f‘geg&shg ?nnﬁfﬁ?gemél%{, arvf éI‘Ffée %E%Pe?rét?%nﬁh%dfeed
decel erati on tsheftomstant abecaépedtednin umi$hdid peciodestize ribmdt of

calculation sgpl frggLipestpyparaliiie ¢4l chhating Hlte Wx oAl

Ay , M
cal cul ates an acceleration and celeration tinme constant of the&'feéd
shaft of everyapBn¥ntalisadept®d + hahasl fhieotenperadsy e FE3ChESi &€ on of the

t enper atjy e CUéY}Eo&QEiel@?ﬁbﬁV\mmﬁﬂﬂ the areah£T adl N all secadey add on time
constant storeghgg %QS g@m@rfégiiygcggééofféh éggkf%gr¥g§ﬁ is stopped
in emergency.
Time constant of acceleration and deceleration of
the feed shaft suitable for the numerically controlled

20 machine tool 10, the relation between the torque command
or electric current command, which is taken out from the
servo control unit 52, and the temperature of each feed
shaft motor M,, M,, M,, temperature curve presenting
changes in temperatures of feed shaft motors M,, My, M,

25 when the rated currents are continuously supplied to feed
shaft motors M,, M,, M,, and relations between the
inclinations Q of the temperature curves and the time
-constants of acceleration and deceleration of the feed
shafts are previously determined by experiments and

30 stored in the data storing unit 110. Further, parameters
presenting the sizes of the feed shaft motors My, M,, M,
and the feed shaft motor driving unit 54 are also stored
in the data storing unit 110. The temperature
calculating unit 112 calculates and estimates

35 temperatures of the drive means such as feed shaft motors
M,, M,, M, every moment by collating the torque command or
electric current command taken out from the servo control



accel eration and deceleration tinme constant of the feed shaft. The

accel eration and deceleration tine constant conmanding unit 116 gives a
command of the acceleration 15 and deceleration tinme constant of the feed
Shaft of every nonent fromthe acceleratign and deceleration tine

constant calculating unit 114 to the novenent command distribution control
unit 50 just in time with the progress of operation of the nunerically
control led 20 umchi Be (eeh iHe kalhbhan§056eﬁééﬁnthattbb@uénbbmmah@norof
control, predetﬁrn1ned accel eration aad dec hgr tion i me cog % TO of
the feed shaft StECHttEcFPYTEBAt CPPMap CEBRTARYTBF sPti bEEFon
control unit 5@hbf@mmotbesds}a Mt OM,Ng un|t 110. 25 Next, referring to Fig.
10, operation of th&g enbogine t mﬁlld § g ai ed bglom/ Fhrga necessary
data are set in the data°st Ffﬁgloﬁn?P 1 6cf ?56 éSB) o G [ %Ed above,

t he necessary cdatalakeéngt heiactéheratebveand deselerafi oaltuhattonst ant 30
o he feed ShabheSUkbAnLfol ObnbDE PUPE! LEFLLYEORL! OhLEdy 1 gachhge 1 00 10
the rel ati ons between fectric current cormand from
t he servo cont?éﬂcuhﬁteSSQHaﬁécﬁh@r@éhﬁéréﬂ@ré@céieéébhomeb@m%h%@ﬁsﬁﬁmbrs

MX, MY, M the Eﬁ@pﬁééauéﬁa§9r8§5e689§ ﬁbﬁéﬂi Bé@é@néhn9h§h§@95§1§§ in
the tenperatures of the fe not ors. MX, when the rated

currents are cBREVABBUER§ éHEEFPéHl?B ?EeﬂhesH%TPeﬁ%F%¥§ FBEVENIDRE; t he
relatioms)betmeﬁawhmeand45helaebemataﬂﬂsnoénah@e&en@eaaiumetQMéves and the
accel erati on and d ceLerg § nnEhcons ant of .the feed lEhaft%zoand the

t R&°EF%ed

paramet ers preSEATAY f B4t SHEPT L APt BPET Mk
driving unit 53cc@hesetaos 5n¢réecehsrqtdemetnmaedohgt@upemfnemesf@m@

stored during man C n o} t oo
10. Wien the nuhgﬁFca %écégég%g% %P@n *XE§QP%§ %%ﬁ?atedggccordlng
to NC program 2ommapdingrgnét ébﬁn@hﬂe%rae¢@%m¢m@ efirtleatacemdrimtjen

successijgel Y phdl8et8lerhbech CHDRE At St &7 Cot at haOf e t sHAL: (S eyl 2)
fromthe servo control unit 5
moment from the acceleration and deceleration time
constant calculating unit 114 to the movement command
distribution control unit 50 just in time with the
progress of operation of the numerically controlled
20 machine tool 10. 1In this connection, at the initiation
of control, predetermined acceleration and deceleration
time constant TO of the feed shaft is directly sent to
the movement command distribution control unit 50 from
the data storing unit 110.
25 Next, referring to Fig. 10, operation of this
embodiment will be explained below.

First, necessary data are set in the data storing
unit 110 (step S50). As described above, the necessary
data are: the acceleration and deceleration time constant

30 of the feed shaft suitable for the numerically controlled
machine tool 10; the relations between the torque command
or electric current command from the servo control unit
52 and the temperatures of each feed shaft motors M;, M,,
M,; the temperature curves (not shown) presenting changes

35 in the temperatures of the feed shaft motors M,, M,, M,
when the rated currents are continuously supplied to feed
shaft motors M,, M,, M,; the relations between the



‘The tenperature calculating unit 112 collates the torque command or
electric current conmand with the relation between the torque conmand or

el ectric current 15 command and the tenperature of the drive neans of feed
motors MX, M, M stored in the data storigg unit 110 to calculate and
estimate the tenperature of the drive neans at every nonent, and nmakes the
tenperature curve of the drive neans with respect to the | apse of tine,

for 20 eXaﬁQhQnaEhanEGBEe&ﬁbUt@m ufaearélbu@ods(ahdsbnwn inFig. 11
(step S54). The accel eration gng atlo? Lime n% @Icglaéing
unit 114 conpafSSELREASPaAPENEEEE eFﬁ FPRatBf 6°8F ?ﬂ P n% Fat@if® curve
with the inclishafiten @fdathehpasameteerspprasaneifigenperaives M 1f2Ed in

Fig. 11), of t re cufve,fo h r t p i ously
cet in biep 50725 BECRER) By iV Snd Br{PLEE WLl | S0 MNESE R OO
i nst ant arfeous pirevipnatlyodedernined hmdexperhmeGQSeaod séﬁpedadurén€urve

(2), the 'nsta;eﬁ@nﬁ@ ﬁfhe%hgaabkoehg hﬁingglcyﬂﬁyrgél’“:}ﬁ§9ed ma@hif@nparison

is applled to ere atlon et ween Inclination eterrperature curve
shown in Fig. t20laAd.acWBear shpoRuBfdigaééyerantonliedenashsrantoqlollt he

f eed shaft IfiQ Bp@QaEéﬁeacbﬂﬁdﬁﬁéukb Né ﬁ¥6? mn4§t69h§5§®rq§5 such
as 0 01), an acceleratlog ecel eration

const an her
than TOis cal EGMEABA BEsE eSﬁrﬁﬁechEFﬁFlSﬂmQﬁgamanSFFﬁesﬁﬁvfi¥ %60)
and outpudted inte thbetampeﬂaatréoaamﬁdldt$hg|buitomlzontt@¢ §ni2)50 via

the accelerati.gn_an n opstant command unit 5 116
(step S62). IffSPm tg 0%8 ﬁﬁeg Pﬁéogesuff EE "No" in step S52, such as 0 =
02), accel eration aﬁdedEGmperatunﬁ cgbaslanhingQunitt hé2feetlabas tthahich is
previously Settb?90§t88m§59 b3 éfﬁ&t??c uk?eﬁ@ &gﬁﬁgﬁaeﬂﬁgﬁ £pgmand

di stribution control unit via the acceleration decel eration
time constant EBAREBABNURPEWEER tBEepoxBUg. compapd gor 12leqbris FRFF Mt and

decel er atg on t tBRmag@Nshanthd eémpbeaterd &hathehasivepeéahs vt fe@k, Wwhich
does not allow overheat of the drive neanﬁie%f i f

motors M,, M,, M, stored in the ata storing unit 110 to

calculate and estimate the temperature of the drive means

at every moment, and makes the temperature curve of the

drive means with respect to the lapse of time, for

20 example, the temperature curves (1) and (2) shown in Fig.
11 (step S54). The acceleration and deceleration time

constant calculating unit 114 compares the instantaneous

inclination 0 of the temperature curve with the

inclination 6, at the same temperature (temperature MT1
25 in Fig. 11), of the temperature curve for the rated

current which previously set in step S50, (step S56). 1In
the case of temperature curve (1), the instantaneous

inclination 6 is 6,, and in the case of temperature curve

(2), the instantaneous inclination 6 is 6,. The result
30 of comparison is applied to the relation between

inclination 6 of the temperature curve shown in Fig. 12

and acceleration and deceleration time constant T of the
feed shaft.

If 6 > 6, (when the result is "Yes" in step S58,

35 such as 6 = 6,), an acceleration and deceleration time



-accel eration and decel eration are continuously repeated. 15 There
exists a mnimuminclination OP of the tenperature curve which corresponds
to Tmax. That is, in arange in which 8 is higher than OP, T is Tmax. In
this connection, the tenperature curve ofjdhe drive neans is not limted
to that shown in Fig. 11. The tenperature 20 curve of the drive neans
may be expressed in the formof a table in which the relation between the

time and nLngIbaa%taﬂtohughexp&ﬁaﬁedobysacaaedeheéa1Badealan tﬁér%Odh Tpe .
present enpodi me i.nclu eratures .o e 1ee
shaft nmotors aF@ ggion ngf"’BullﬁtEﬂi‘i'anbjgeé\é\”ig ééagy ﬁpo gﬁﬂégegfl Prhes of

accel erations ahe devemenatcommanﬂ dhettebdtsbaftsntnol uhettéﬁpenatuhes of
the feed shaft _not

Sensors. o acBSPErRtEtigR phoaErAPERERRE, cale RARFEARELEORRAR bRB |

of 30 Qpnparu&@n(gkebhgsnsnpe&@tufeé thgls (il Re@ we@hlkth albowahl e
tenperature. The preferred enbodi nents of T he present invention are
expl ai ned abovetepbﬂéversuch shotl € @ﬁ,n@b@@ﬂﬂﬂﬂtlomhenprdseﬁﬂewﬁWQWDion is

not limted to the abov eC|f| t rLagi d
modi fications SORFE ﬁa&B bg Sﬁe sﬁ Fb h?ﬁﬂtgg é?gv¥§?%g%tg§gpg$tlng
fromthe splr|StapdS§©opesoEenheapreSems tavehei naveFent egampérd in t he
enbodi ment dess&g@gégaQ9§ﬁ csﬁtrS@'Lﬁﬁtb§6kbéﬁhtﬁecséééféfgelsﬁra&&tlng

control in Fi , Inertia correcting control in Fig nd 5,
and accel%ratu6ﬁcsﬁerééé@netawpoﬁOEéh@né|Cemmﬁﬁé reél éhéftstﬁﬁtéﬁé)rn Fig.

6 are described sepapakehy. 1blowa¥eeleradyont aggoyst¥l6pa0ioh NPikde above
various types of control are appro rlat(fF| Wi th each ot her_will éOVIde a
[

10 highly effi EPBALPHE QnefaEéar eedn8RAfhi R§SprBREEsI 1Pt FRaXphophich
descri ption, theeBUﬁBtlaaubw eoathehtedf shehdntveonbans &wvenpiesent

invention is a_horizontal type,machini center havi na
axes of X, Y 8RE®zS4R4CKs? éﬁoﬂﬁc?ﬂeﬁ?ggoﬁ a?%mev%¥ RQ?&Q%g %g%&g% “noted
that the presefhekBVEREERD hSmPALmlinNiHEUih8tIBE OP of the temperature

curve which corresponds to Tmax. That is, in a range in

which 0 is higher than 6P, T is Tmax. In this
connéction, the temperature curve of the drive means is
not limited to that shown in Fig. 11. The temperature

20 curve of the drive means may be expressed in the form of
a table in which the relation between the time and

inclination 6 is expressed by a predetermined time
period. The present embodiment includes a method in
which the temperatures of the feed shaft motors are

25 calculated and estimated by the number of times of
accelerations and decelerations of the feed shafts, or
the temperatures of the feed shaft motors are actually
detected by temperature detecting sensors, to accelerate
and decelerate the feed shafts based on the result of

30 comparison of the temperatures thus obtained with the
allowable temperature. _

The preferred embodiments of the present invention
are explained above. However, it should be noted that
the present invention is not limited to the above

35 specific embodiments, and variations and modifications



-above specific machine. For exanple, in addition to the three axes of X-,
Y- and Z-axis, it is possible to provide the two axes of A- and B-axis by
which the table 14 can be turned round a horizontal axis, that is, the 20
present invention may be applied to the fi,ve_axis type nunerically
control l ed machine tool. Further, the présent invention may be applied to
the four axis type nunerically controlled machi ne tool having the four

axes of X-, VYpay Zbeaiﬂgdé\ @%'éme%kﬁii@d ned | vied yafmﬂapéwtde?ﬁaﬁﬁwtlon
may be applled to the four axis type nunericall % ontrol |l ed pachi ne t ool

havi ng the fou?r%&egheo$9¥¥ltYan z§0%m% o 5he P Wﬁw%qﬁﬁqﬁﬁ%Pthe present
invention may be apnﬂbreélx&x@pwp TNt Céiﬁﬂ)ddﬂﬁ‘rttf add etk i et halseyve o nunber

of axes of which % ngt £s8 t han si x. Furthernore e

i nvention can $2ligP PR ?W o nidtC ?Sﬁﬁ+ﬂﬁrﬁﬁﬁ5ﬁﬁﬁ¥ﬂgtiﬂﬁa?égﬁﬁqu of Tent er
shown inﬁlFig 21abﬂt3a1sne$fﬁa|¢mﬂr¢q¢mngmmﬁntmm@ ceritigys. ahdarad Her and
nunerically co | i | ne.

Furt her nore, %‘é&gi‘l’égéej%?&?nc{’/@&;ltéeg%%%né%%rgf&{qél I otr{e?g{%ér}?csqﬁfstchar ge
di esi nki ng nadho‘q@ss havi hgg . tmeamrcé@scamé@ed)fseparaftelahd Alewgver Al so, the
present . | nvenk kol £a8e56s APRLAAL: A thd Nen i difo Rl adrisal djsehasge - 48

machi ne having t axes V-axis. THe cal cu] ation

control unit 5%°n’élé@bc%¥%gafe9ﬁ‘?9367eat%gdéé73e‘?1ht?w Qiher afdhly RAAEGS 2 | oad
torque qal cul afigQly e £idDensiwd i &nd ra@duﬁwqmacﬂcﬁmrrg; rtdcdi . inertia 5

calculating unit 96_and inertia torln unit 98 are nent s whi.ch are
functional Iy |ndepe%%e€? e £3hoN ¢ Qﬁﬂég%?ﬁﬂl Nolelsia il 4%% 'H$é¢“¥gre
t hese conponentsch hiy b@ohomsexherpﬁé&enxnﬂnxenxﬁnnu}sMafhdﬂmzanha&w cally

control unit 40, I h‘ﬂ!%sse
casing of the %% Irﬁ\%&@%ﬁﬂ’%é’ené&aﬁa arrangeéﬁioepar ate Ci%romthe

casing for theYnuméricakly asoshow lmllTlglO 1. Apwenet, jist (ﬁfmq’ﬂ&j hes: 1. A
method qfs contgol by ng, & nimericaldye invention is not limited to the

above specific machine. For example, in addition to the
three axes of X-, ¥- and Z-axis, it is possible to
provide the two axes of A- and B-axis by which the table
14 can be turned round a horizontal axis, that is, the

20 present invention may be applied to the five axis type
numerically controlled machine tool. Further, the
present invention may be applied to the four axis type
numerically controlled machine tool having the four axes
of X-, Y-, Z- and A-axis, or alternatively the present

25 invention may be applied to the four axis type
numerically controlled machine tool having the four axes
of X-, Y-, Z- and B-axis, and furthermore the present
invention may be applied to the numerically controlled
machine, the number of axes of which is not less than

30 six. Furthermore, the present invention can be applied
to not only the horizontal type machining center shown in
Fig. 1 but also vertical type machining centers and other
numerically controlled machine tools such as a milling
machine. Furthermore, the present invention can be

35 applied to electric discharge diesinking machines having
the three axes of X-, Y- and Z-axis. Also, the present
invention can be applied to the wire electrical discharge



control |l ed machine tool having a plurality of feed shafts of three
orthogonal X-, Y-, and Z-axes of X or at least 5 one of rotary shafts of
A-, B- and C-axes in addition to a plurality of feed shafts of three
brthogonal X-, Y-, and Z-axes, characteriged in that the nethod conprises
t he steps of: taking nunerical controlllng programdata 10 from a reading
and interpreting unit provided in a nunerically controlling device to

execute the pregedihedakging ane0¥eIRNhxegMBRNG-di gLri but haa ¢opkiel!ing
unit and a servo control _unit; ,, estimting-an aggroprlate torque or 15

electric current coﬁﬁﬁn&aééﬁﬂé§ﬁ8ﬁdFﬁ§tFBltHElEh gedetRCEERPCEPORab bt or ce

in the feed negaeeuaaatqhntBalbaiaeghgvanlteed shabéstekqhs bBQcM@hﬂbh?Of a
wor kpi ece based o of execution f t he ngngalcall¥tcontro l'ing

progr am dat a oHP&Gt%Bd FFBﬁthgr%EF%BnCSRFFSF 4Rguni + ine
outputt|nﬂ)theca&tuﬂat&dgappiﬁpBSabad ioeguéaostekenyrunicupBeatre, conmand
to motor drive gﬁgBEeBEStQﬁ ﬁegréhﬁtkgtléﬂglﬁg'YhQQ Lrad EDE9§ﬁ ?ﬁ the
appropriate | 8CEFI ¢ Chrrent ~connant corre spon I'ng €
changes in fr|@umenabaﬂéyceonhrpheuﬁeéd4ﬁechﬁhe§ﬁ€06e,thbesesgemp©vent%ed
shafts or in thgyn8LoRbuabqd; HOEKRI E6fimon2 caélﬂ§tQQQhOEhQOH&hQLieaglﬁ

nunerically con machi ne tool 1 ncludin he steps of taking
nuner i cal contF@PFFﬁé Bﬂéﬁréﬁ?daﬁétPFBﬁFéVFé&dlHﬁeﬁﬁdcgmpPﬂﬁéFﬁr@?Ynﬁeunlt

providedi g n a RYABEHCRh! ¥ @aaiﬁglbfnghedﬁaeﬁ@né0c6xegaleuhbe WhOgh afs dat a
in a novenent command). distributign controllin |t a d a servo ntro
uni £; " and out BAEEPAG: AEPBXELALY oRTPB RBE oF 281 G et e apae oR R REL R LEY
shafts throughcbaedoihahtitmyvor driving neans to 35 nove a noving body by a
feed mechanism characterized in that the nethod conprises the steps of:
calculating,a torque or electric current - 50 conmand, based on a noving
command val ue outputted from the novenent comrand distribution controlling
unit, in



«t he servo control unit to output to the feed notor driving neans to drive
the feed notor; 5 taking the torque or electric current conmand outputted
fromthe servo notor control unit to the feed shaft notor driving neans;
'estimating a desired torque or electric_ gurrent command corresponding to
the changes in 10 ,frictional force in the feed nechanisns of the
respective feed shafts or in the weight of a workpiece based on the
resul ts of executiofhQf {Hecpaimedcasly controlling programdata outputted
fromthe servo control unit; outputtin esti mat ed desig d torque or 15

th
electric current cohmand®tBERBPHrOHr FRRELTRAME 12 tHE§BEP khafts; and
driving feed nebgtBobYed heaciethe etodDrigaeingra epbotal ct e ust efeed oatreafiics 3.
A nmethod of conirolling a nunerically .20 tyro i ordi ng
to claim2, cf rs}&’f%‘?iQjéﬁh??lo?%gfxfheYéSt%%tziroén’tegéj ﬁgpdé%iérgg'fef%tfque or
el ectri c scurr eobe cofmeatacyrskspondoHight p BheandHarapess i bn fad&itmmaltd or ce
in the feed ”Eghﬁfﬁfgfi{” oP £808 YRLBOL OF 0N KPLEESgbFa Bk £S5t ITRLT ON Of
a torque or 25 efectric LuPten conmand corresponding t0 the changes- in
frictional foraedif-2kesfceiarectenized b et HEISQEIYHIOBICAMRIYIGT ece

based on the topgue.@rsebectric current conmand and the accel eration of
t he feed shaft, which have been taken. 30, 4._ A net hod of controllgﬁgxg

nunerical ly controlled machi haKied| DVRRY 16k h S e ¥t eI R IHGH

numer ijcaqlo_ cont £ pbh| @gr@é@gﬁ@rraﬁ@tﬁ;ﬁé@md@ctm@dhm mvidlédﬁrm eding ugi t
provided in a nunerjca control]in evice to_execute the program data
in a movenent Eﬁlﬁﬁﬁhﬂaggdﬁ:%ﬁ}f% J(Jr%% BREFDI T PRFTRT TE aTitf aplcs)%?flsa:)&cont rol

unit; and out@atai iy & heoeereent i oomandod Dstuibwel orearenofol hing fureid

shafts through e riying neans to - 51 nove a noving body
by a feed nech%%?s%]g%ﬁ%éa%?%?%%gd&¥%€’that the nethod conprises the steps

of : ‘estimating-an appropriate torque or

15 electric current command corresponding to the changes in
frictional forcerin the feed mechanisms of the respective
feed shafts or in the weight of a workpiece based on the
results of execution of the numerically controlling
program data outputted from the servo control unit;

20 thpﬁtglngﬁthe estimated appropriate
torque or electric current {ommand to motor
of the feed shafts; and

driving feed motors by the appropriate
torque or electric current command corresponding to the

25 changes in frictional force in the feed mechanisms of the
respective feed shafts or in the weight of a workpiece.

2. A method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and

30 interpreting unit provided in a numerical%y controlling
device to execute the program data in a(ﬁQY§mgnt"qomm§qd)
distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to

35 move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:

(éélculating.a torque or electric current

_



-cal culating a torque or electric current command, based on a noving
command val ue outputted from 5 the novenent conmand distribution
controlling unit, in the servo control unit to output to the feed notor -)
driving neans to drive the feed notor; detgcting an inversion of the
direction of novenent of the feed shaft; "10 cal cul ating the accel eration
of the feed shaft at the tinme when he inversion of the direction of

movenent of theohreldshehtelisofiehenbiingCabrmaAd | Pa1EECohL86: £ 84 dEoRased
on the torque electric current command outgutted fromthe servo 15

control unit abPenBOYERENHneAMPARd| AYEEELIBATHPN t FRNEFPLEIRDNUBEE movRent of
the feed shaftths sdeiestedntpolsehitt ta8Sotbputogd tBeEqfiecbehotsrt he

inversion of the, direction of vene % o%%the feed shaft; inverting the

si gn of val ue 8¥1Yh%gt%%ﬁn52g°tg$hﬁﬁ g @ HeFEiPriPhy the | oad torque before
the inveérsion of the directibmkbﬁgnbhenggfgu@wgheeieeﬂrﬁéwﬁmrréwta

predet erm ned ESNRAART ot Lonfled hfﬁ%?gh'&tsé’a?\?é‘ ?éﬁﬂeéoé{ﬂde‘f {9l thhe | 0ad

torque for the operation e inversion o e ditéciton of novenent
of the feed 2Bhehfged shaftlmetoy drivaagtdeau®; for the operation after

the direction of novenent of é@@iﬁgggn%ﬁ%g%%siﬁed[mgiﬁﬁghofmgygggkfge time

of the detection of the inversion of : rection of novenent of the feed
30 shaft and tRer¥¢he GPRRRRACPHRASPRRGLRT reacHe ¢hangesaryet val ue, by

Ufsi tnﬂ a 1toi ne gpﬂﬁé?ﬂ&?srpfd@.ﬁé@?msm? fé’é‘&}ﬁé&fﬂh&ﬁﬁ?ﬁé)%?[@i% Oﬂtfe@éeé@%;é! rred
o e inversion e direction o e feed shaft; calculating a desire
torque or elecg??g S@%PE%r?En%ncE%%aﬁﬂﬁg% éﬂ?d% W?ﬁk?%ﬁﬁ?t?ﬁ%ﬁéaéht%ﬁethe
direction of noysukos of ¢hechebon sdfftheé snumeeid£lly arbpiitdlngnd he desired
torque of el ectriy i 5% §ULE AN ¢ FQEMREG: t on Ol ALy ST b FIBRN, Af , the feed

shafts; and
outputting the estimated desired torque or

15 electric current command to motor drive means of the feed
shafts; and -
driving feed motors by the desired torque
or electric current command.
3. A method of controlling a numerically
20 controlled machine tool according to claim 2,
characterized in that the estimation of the desired

torque or electric current command corresponding-zo the
dﬁéﬁgéérinifrictionginfgfée in the feed mechanisms or in
the weight of a workpiece is an estimation of a torque or
25 electric current command corresponding to the changes in
frictional force in the feed mechanisms or in the wgigh?

[

of a workﬁiece based on the torque or electric current
have been taken.

30 4. A method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and
interpreting unit provided in a numerically controlling
device to execute the program data in a movement command

35 distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to



-movi ng the noving body by the feed shaft notor and the feed nechanism 5
5. A nethod of controlling a nunerically controlled machine tool according
to claim4, wherein the  load torque after the inversion of the direction
of rmovenent of the feed shaft is calculatgd by using a tinme constant
which is in inverse proportion to square root of 10 the acceleration at the
time when the inversion of the direction of novenent of the feed shaft is

detected. 6. Aowet Boﬁooinqoﬁbﬁz| biyng BesanmetBahliymgonhsphtedrimedi pg t ool
according to cgg|n14 e Loa% %ggque after the inversion of the
a

wherein t
direction of 1 ﬁﬁthﬁnPeg OEhEOPBEHS i S@BFcBFf At ed by using a
plurality of time constants whatbudaeing anvergee oropdettoictousgente root
of the accel erat]j t i .1 he i i Q he_di t] of
movement of ¢ naonfead chafet; SRz HEPLhE SHRIERS RIS SUFPRERET i T PG
nurericaldy coherobvemdnhachmmendodistrtbutioy contralbidg wheteiint he g2
cal cu ation of chbestpod LORAVEIBLREL LBShBNGESLONCAL EbEq flbiartion of ) 71T

movenment of the fee I's term nated aratro un e set point of
| oad torque reBERBENGrMBnSty drivantkef fendthetpted shaft when an

i nversion of the Qirection oaeggygﬂggta@fiﬁ@@rgggg ébaéﬁeiéig@é@£é§d0f8. A
nmet hod of controlllgg a gungrrgarry' cgntroh#edwﬁﬂchrﬂe~teohvfﬁe+udrng t he
steps of taki n§CVERGRFi @4l “Bnt BRI $REHF ogram data from a reading and 30
interpretd ng unit provided i ncaloubetingl tye canidedDétatifon defi€iee t Pe@Xecut e

t he program da I nt _c n di stributiop controlling unit and a

servg cgntrol %ﬁ?%? ggggxgzﬁﬁu?tﬁﬁggtﬁ% %§€%E%+%%‘?g ﬁ%ﬁo l%ﬁ?ﬁé@?mﬁls of

the feed shafmgvenhentughffteked ftadtshafbrisirdetegtedans to 35 nove a noving

body by a feed mechani sm cha&gg&gigggg?ighetﬁgégtgg%éggkgg%g@g@ﬁiéﬁg t he
a o] e-="33—~comuand an

steps of: setting previously esire rqu " a speed
comand or a dBSFEed @lect¥ie GUFFeRt CONMRRME QEPutteR etk immdservo

dependi ng on thenetdliGnit at the time when the inversion of the
direction of movement of the feed shaft is detected to
set it as the load torque before the inversion of the

direction of movement of the feed shaft:

20 torque and multiplying the load torque before the
inversion of the direction of movement of the feed shaft
by a predetermined constant to set the product as a
target value for the load torque for the operation after
the inversion of the direction of movement of the feed
25 shaft;
calculating a load torgue for the
operation after the direction of movement of the feed
shaft is inverted, between the time of the detection of
the inversion of the direction of movement of the feed
30 shaft and the time when the load torque reaches the
target value, by using a time constant expressed as a
function of acceleration at the time of the inversion of
the direction of the feed shaft;
calculating a desired torque or electric
35 current command b;ged on the load torque after the
direction of movement of the feed shaft is inverted;
- T —

outputting the desired torque or electric



-frictional force in the feed nechanism calculating a torque or electric
current 5 command, baséed on a noving conmand val ue outputted fromthe
novenent conmand di stribution controlling unit, in the servo control unit
to output to the feed nmotor driving meang,to drive the feed notor;
detecting an inversion of the direction o 10 novenent of the feed shaft
or an initiation of novenent of the stationary feed shaft; outputting,

when the inversiepeRt tBRmafiir 86t h8@Bo8T dADYENRELENST ot hend eodeshahatos; t he
initiation of mgvenent of the stationary feed shaft is detected, the 15
desired torqueaéénnand and the speed command or the desired electrlc
current command and the speedmeoingnthe mbvihgabedprieyithisl fesetshadtt he
feed shaft notor driving s .,and servo control means; and noving the
novi ng body bym9ﬁ8rf@88 EHﬁfgeegomﬁﬁﬁﬁ?l%ﬂd feed mechanism 9. A nmethod of
control li:ng a nunerbcal | ¥ meohbdobf edomacdl heng oal numetiahly t he steps of
Laking nureri £8hyFARtER! hioh: RE OBbAT LA LLAM fo! ERALAG Ao tOLETORE! | N0
unit provided rn“a-numer controlTrn evicé to execute the program
data in a noveiead tgnqaﬁdafdestth@u%n%ﬁr%bﬁmr@fIth@ dhrectien 0Eer vo

control unit;. no50f eHHt BE't ’ch@gfééé §P§§§Ht1§ncépc@m@édd5yv1@sﬂwn§ ©imé he
feed shafts throug feed shaft nptor driving neans,to nbve novi n ggd

by a feed mech@AREhERNENHRAEReiFZzER FRVEDSE R OPPEL HRR hbY %“ﬁiﬁ?sﬁgo h

st epsdoflo Sgt t }:Hst 9&@&&@H§£y?ﬁ gestredt 110¢ Guigen COnEBMGV &Sl Gn S@ﬂeglheommnd
or a desired electric curcren n e ependi ng on
the static fr?&??ﬁﬁé?nfBFCEOYﬁm?ﬂgB?geghﬁﬁgﬂ%ﬁ %%?f Sl%ag%ﬁ %&%%g agtorque
or electric currenté.conmamndthbdsefl oontrobVimg &onueedieallie out putted
from the ”D"egﬁlr‘{; m@nﬂaghgwggs;ogcggagmngcfgira 'n'kvshelf’ed?t@t?e

servo control o out pu eed drivin ive the
f eed notor; load torque after the inversion of the direction of
15 movement of the feed shaft is calculated by using a

plurality of time constants which are in inverse
proportioﬁ to square root of the acceleration at the time
when the inversion of the direction of movement of the
feed shaft is detected.

20 7. A method of controlling a numerically
controlled machine tool according to claim 4, wherein the
calculation of the load torque after the inversion of the
direction of movement of the feed shaft is terminated by
a ratio until the set point of load torque reaches or by

25 a distance from the feed shaft when an inversion of the
direction of movement of the feed shaft is detected.

8. A method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and

30 interpreting unit provided in a numerically controlling
device to execute the program data in a movement command
distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to

35 move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:

SEEE&ng previously a desired torgue



-detecting an inversion of the direction of novenent of the feed shaft or
an initiation of novenent, 5 of the stationary feed shaft; calculating the
acceleration of the feed shaft at the tine when he inversion of the
direction of novenent of the feed shaft i.s detected; calculating the |oad
torque based on the 10 torque electric’céﬁrént command outputted fromthe
servo control unit at the tinme when the inversion of the direction of

movement of 1 NeofieflaSaAL! ol Spdel CebRflaA® o5 dds Bred N1 0B A qhEET OT €
the inversion of the. diFfection of novenent of i e feed shaft; 15 1nverting
the sign of vaf@emardifedidafPeedreREnaid, eRePE IR PR hehe oHEREF que

before th? | nyeist oon gl EbBecdi {gcthons&da mpvendis®f the feed shaft by a
predet erm ned constant to set the froduct as a target value for the | oad

torque for the operation aftef2PNtHel BRI EPTIISIOY HRL RS Fets i O otnt

novement 50f t heofpgtld, sbaséd 68l &uhadimg Commatd twdTive dWwipidieed opesmt i on

after the direction of novenent q%ﬁ%he fﬁgd . Shaft_is i?yertedq bet ween t he

time of the det®BtTOREBFOsCPRBEHA T SHOHP B L The At Pt 1o Hovetfent  of

the feed shafthansethe ¢tomerehamitetd cadtpwr gue theachessd timtort ar get

val ue, by using.a f} gglqgt@gt%leﬁgé 558U 8Sq Anofdipcti on of accel eration at
e di

the time of the rnversion of t irection of the feed shaft; 30
calculating a desired torque SRteEELFidn EWNGEHOR dHivete Fhise’F okPn HeE | oad

torque after thgyeflbRecst opnof sy edmiit r tdie fepdi Stadd d6 ndiveiddd,
outputting the desired torque or_electric current command to notor drive
means; 35 out pok tFhR), ShkkHORMeY i FRRE IRAEF the direction of novenent of

the feed shaft or the initiaté@rpudingyeimed e therstiidrones wHeed shaft
is detected, the - 55 desired torque caomand g%ﬁ%%ﬁ %p%ﬁ%a%gﬁm%¥¥fgnthe
desired el ectr Jcr%cif?Jr%’ﬁtoﬁo‘Pﬁr‘é?fEeré%aoﬁ htg‘%pgeeeoda o
of movement of the stationary feed shaft is detected, the
15 desired torque command and the speed command or the
desired electric current command and the speed command,
which are previously set, to the feed shaft motor.dfiving
means and servo control means; and o
moving the moving body by the feed shaft
20 motor and feed mechanism.

9. A method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and
interpreting unit provided in a numerically controlling

25 device to execute the program data in a movement command
distribution controlling unit and a servo control unit; .
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to
move a moving body by a feed mechanism, characterized in

30 that the method comprises the steps of:

setting previously a desired torque
command and a speed command or a desired electric current
command and a speed command, depending on the static
frictional force in the feed mechanism;

35 calculating a torque or electric current
command, based on a ﬁbving command value outputted from
the movement command distribution controlling unit, in



-whi ch are previously set, to the feed shaft notor driving neans and servo
control neans; and 5 noving the noving body by the feed shaft notor and
feed mechanism 10. A nethod of controlling a nunerically controlled
machine tool including the steps of taking, nunerical controlling program
data froma reading and 10 interpreting unit provided in a nunerically
controlling device to execute the programdata in a novenent command

di stribution omér@éﬂz@gcéMEOpnﬁfc%V&x Qb 4HY tfeedNfbtdlt putting the
execution to nptor, drive neans t he e $hafts t hrough feed shaft notor
S tockpyree

driving means 1ol EP GORARS neki Hiy: Bods'd gt Heichani sm characteri zed

in that the nethod conprlseSdé&Htﬁﬁﬁﬁﬁhnﬁlnvéﬁsibnﬂdﬂuxhetdﬂxnutxnn of
electric current conman nd val u

V|n Rl frony
the novement CBPHENE Ui r?}b%tfo%é)co}?ﬁgg gnunl ,latlorbd:'fhe se“lée\eli](c)lc J
control @nit tmfcmhgnstathmmryeﬁﬁbdmﬂkﬁfﬁrlV|ng means to drive the feed

notor; taking the torque or ta t e feed
éaejﬁédih VO Coné?él%tr 3_@5&% Ry dd

shaft nmotor drive nmeans thr ~unt-t--as, a torque or
electric 25 oiﬁ&%mta%omn@m%rwh% l“rﬁ)vifh‘gelfse’ém Hafthe HixagEIhPh | oad

inertia based g dhent tOF Qe Ofesd B4 € pgjrd@c_rgctcézfmand for the noving
feed shaft and the acceleratlon in the feed shaft ‘cal ¢ Iat%gcHh esired
éBBHL [*Cul

torque or electric 30 currerf2xBHtnidEdrte iYRFGYE ¢ %®d | oad
i nertiajoout puididige tdBediesid ath il ecohimal Uit tad riddm et t he

[ co motor shal L BENSEL U8, (RS Ene Yhl (R DR A P g ody, by Lhe
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nurer i cal Contgé)é Ii@gagr% %ﬁt%giﬁn@ef&?gi% a:ﬂ'ﬂlersion of the
direction of movement of the feed shaft;

15 i&ygrting the sign of value of the toad
torque and multiplying the load torque before the
inversion of the direction of movement of the feed shaft
by a predetermined constant to set the product as a
target value for the load torque for the operation after

20 the inversion of the direction of movement of the feed
shaft;

calculating a load torque for the
operation after the direction of movement of the feed
shaft is inverted, between the time of the detection of

25 the inversion of the direction of movement of the feed
shaft and the time when the load torque reaches the
target value, by using a time constant expressed as a
function of acceleration at the time of the inversion of
the direction of the feed shaft;

30 ' calculating a desired torque or electric
current command based on the load torque after the
direction of movement of the feed shaft is inverted;

outputting the desired torque or electric
current command to motor drive means;

35 outputting, when the inversion of the
direction of movement of the feed shaft or the initiation
of movement of the stationary feed shaft is detected, the



-interpreting unit provided in a nunerically controlling device to execute
the programdata in a novenent command 5 distribution controlling unit and
a servo control unit; and outputting the execution to notor drive neans of
the feed shafts through feed shaft motor (@riving neans to nove a noving
body by a feed nmechanism characterized in that the nethod conprises the
steps of: 10 calculating a torque or electric current command, based on a

novi ng comnddéahyedwb@qﬁéeeoﬁm@ﬂa bhe ﬂ@é’e@p@édc@@iﬂiﬁ@ﬂdd@ﬁtfh@u'ﬂ on
controlling unit, in_ the servo control unit to o t ut to the feed notor
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out put ti rig the desired torquemoviegetheimgocimg emody oryravie t feedeskpted

shaft notor # geggﬁ;fggg mg@ﬂa@gs he noving body by the feed shaft

not or and the nrsm met hod of controlling a nunerically
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control ling pr&gﬁeﬁbﬂ@éa HhaOM Re I €861 NOn@NEih L ERPT SLe D i Lalpiyi ded in
a nunerically contro devjce to execute. t éEVngan]da ain a novement

comand 30 d|s9FWBE%F6% 86%??%*1%%% RRPIT AR AR} OMFHLRHiI 34  and

out puttimng t heigxeeptéingoundt Opreivided nbans miméiﬂ:BcaIdec@htafdsBlifmg ough
feed shaft notor dr|v

bod f eed
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the servo contro to o ut t nDtor Iving neans to drive
the feed notorfeed shafts through feed shaft motor driving means to

15 move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:
calculatlng a torque or electric current
command, based on é“mOV1ng command value outputted from
the movement command distribution controlling unit, in
20 the servo control unit to output to the feed motor
driving means to drive the feed motor;
taking the torque or electric current
command outputted to the feed shaft motor drive means
through the servo control unit as a torque or electric
25 current command for the moving feed shaft;
calculating a load inertia based on the
torque or electrzgmgafrent command for the moving feed
shaft and the acceleration in the feed shaft;
calculating a desired torque or electric
30 current command corresponding to the calculated load
inertia;
outputting the desired torque or electric
current command to the feed motor shaft motor drive
means; and
35 moving the moving body by the feed shaft
motor and the feed mechanism.
11. A method of controlling a numerically



-setting and storing a tine constant of acceleration and decel eration of
the feed shaft and 5 all owabl e tenperature data for feed shaft notor

taking the torque or electric current conmand outputted fromthe servo
ctontrol unit to the feed notor driving I S; estimating the tenperature
of the feed 10 shaft notor based on the taken torque or electric current
command; 15 conparing the previously stored all owable tenperature data and

the estimated &@ﬂﬁ@banuaema&hah@ tBs@dlﬁbaﬁalﬂgt@ﬁe §@ég§latleakaﬂg
accel eration deceleration ti const ant bas on _t conpar.i, son rgsults
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the movement command distrlbutlon controlling unit, in
the servo control unit to output to the feed motor
driving means to drive the feed motor;

15 detecting the weight of a workpiece or a
moving body to which the workpiece is mounted;

calculating a load inertia based on the
detected weight;wﬂ " ) |

calculating a desired torque or electric

20 current command based on the calculated load inertia;

outputting the desired torque or electric
current command to the speed shaft motor drive means; and

moving the moving body by the feed shaft
motor and the feed mechanism.

25 12, A method of controlling a numerically
controlled machine tool including the steps of taking
numerical controlling program data from a reading and
interpreting unit provided in a numerically controlling
device to execute the program data in a movement command

30 distribution controlling unit and a servo control unit;
and outputting the execution to motor drive means of the
feed shafts through feed shaft motor driving means to
move a moving body by a feed mechanism, characterized in
that the method comprises the steps of:

35 calculating a torque or electric current
command, based on a moving command value outputted from
the movement command distribution controlling unit, in



-a feed shaft notor drive neans for driving the feed shaft notor; a
nunerically controlling neans for 5 executing the nunerically controlled
programdata to drive the feed shaft notor by a noving command
distribution controlling unit and a servoggontrol unit and for outputting
the result of execution to the feed shaft notor through the feed shaft
notor drive neans; 10 a calculation controlling neans for estimating a

desired torquetgensBAdo OtoRtrél echit Cto Colit @it toOMBAdieed respending to a
change in the frictional force,of thehfe d ﬂechanisn1or t he wei ght of a
2 %oﬁﬁﬁ

wor kpi ece obt afhttiBAsBERR FReEHYGu ¥t he 15 electric current
command and the accel eration sé¢tthegfaed stsdaing catpine ecolsoant hef servo
control unit to the feed shaft ' el the Feegd, ghaft ot or
is drivento 8ﬁ?ﬁg?r%ﬁ%o%sgﬁéa?%§é3é§?§%¥ t%fé@%agggg?;%$?|€ g%%rrent
command t5 t healkedahbeotenpévatuweandat0fan, fegedusaftandyoxrontrol | ed

machi ne tool including a nunggiegl ynSondrohd 1Ny deveceimierdigs a

reading an interpreting unit, a nbvenent conmand %lstrlbutlon controlling
unit for executPRHRRA nRWERPREEEd cHFRR oFhe pFRFARMEECL Wit th FRstIR e awn
fromthe readiggtgp EpivMiGrRESLENY unit, the result of execution being
outputted to a feed shaft notor of a,feeqéshaft t hrough a_ feed.shaft notor
drive means to move a novi ng POEBYIBYIRI ¥ %xf?ﬂﬁﬁﬁﬁﬁ%#% hat2&t£95%ed in

t hat thaonunerggaft ymotont basée domrache neakteo! t aonps | sese 18Ot wid emdrrent
mechani sm f or nvvingda novi ng body of each feed shaft; a feed shaft notor
for driving t N&°F834 % hrechani sm a feed shaft notor drive neans for driving
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a novi ng conman
feed shaft motor;

15 calculating_anVacceleratipn deceleration
time constant based on the compariéon fééults;
- estimating a desired torque command or an
electric current command corresponding to a change in the
frictional force of the feed mechanism or the weight of a
20 workpiece obtained based on the torque command or the
electric current command and the acceleration of the feed
shaft outputted from the servo control unit to the feed
shaft motor drive means;
outputting the estimated desired torque or
25 electric current command to the feed motor drive means;
and
moving the moving body by the feed shaft
motor and the feed mechanism. _
13. A numerically controlled machine tool having a
30 plurality of feed shafts of three orthogonal X-, Y-, and
Z-axes or at least one of rotary shafts of A-, B- and C-
axes in addition to a plurality of feed shafts of three
orthogonal X-, Y-, and Z-axes of X, characterized in that
the numerically controlled machine tool comprises:
35 a feed mechanism for moving a moving body
of each feed shaft;
a feed shaft motor for driving the feed



-di stribution controlling unit and a servo control unit and for outputting
the result of execution to the feed shaft notor through the feed shaft
notor drive nmeans; 5 a calculation controlling nmeans for estimating a
desired torque command or an el ectric cur%gnt command corresponding to a
change in the frictional force of the fe mechani sm or the weight of a
wor kpi ece obt ai ned based on the torque command or the 10 electric current
command and t hgeagaaligmati on of the feed shaft outputted fromthe servo
control unit to the feed shaft notor drive means when the feed shaft notor
is driven to output the esti faf&8 dé?ﬁﬁédmPGPﬁuQréWeeméépﬁléorcGFﬂgﬁpg
command to thetheederdt ehadii wotdeans. 15 15. A nunerically controlled
machi ne tool including a nunericall cg&trol g geV|ce mhlcE has a
reading an interpreting unit? Quﬂﬁgéﬁﬁ Yo S5RAGAE LAEE8r PEARFOo °rcontrolllng
unit for ®xecukkeguaingmehecalumesdtadly pbngramudatprogMamhdaaa been dr awn
fromthe readi . i pr g h sult X ution being
outputted to ag?égg %ﬁgf?eggtgﬁgf mgggédbghgfkg 8ugP|mren g?eed shaft notor
drive nmeans todastsikubbenngobsdyplbyng Uﬁeedanéchaﬁesnp chataclennied in
that the numerpcal kg seegeekhﬁg PRENLBE1R0bCATRELEESn 28 BnBOFLELON
control neans for calcula command based on a novenent conmmand
of the feed sﬁaﬁﬁtompﬁeFtéarppeﬁmghe fBeEnEReLEORABAY EriVei BEENSA

control ligmg neans; a speed coat E:@'.'Lc{maﬂiof'xOéoﬁakém.@hlgnﬂeans3@o£0r que
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current conmand out pu r0n1 speed con neans;
means for detewprhglaqe obtalned based on the torque command or the

i ng

15 electric current command and the acceleration of the feed
shaft outputted from the servo control unit to the feed
shaft motor drive means when the feed shaft motor is
driven to output the estimated desired torque or electric
current command to the feed motor drive means.

20 14. A numerically controlled machine tool including
a numerically controlling device which has a reading an -
interpreting unit, a movement command distribution
controlling unit for executing a numerical control
program data, which has been drawn from the reading an

25 interpreting unit, the result of execution being
outputted to a feed shaft motor of a feed shaft through a
feed shaft motor drive means to move a moving body by a
feed mechanism, characterized in that the numerically
controlled machine tool comprises:

30 a feed mechanism for moving a moving body
of each feed shaft

a feed shaft motor for driving the feed
mechanism;
| a feed shaft motor drive means for driving

35 the feed shaft motor;

a numerically controlling means for
executing the numefdcally controlled program data to



-inversion of the direction of novenent of the feed shaft; an acceleration
cal cul ating neans for calculating an accel eration when an inversion of the
5 direction of novenent of feed shaft by the detecting neans; and a | oad
torque cal culating neans for calculating |_oad torque after the inversion
of the direction of novenent of the feed shaft by using a tinme 10 constant
expressed by a function of the toque command or the electric current

comand out put §edyvér enet 56e§p§ﬁ‘§lft crots 8! byrean:soain@ h@ommar@dvxhen t he
inversion of the direction o eed s ftected by
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current command to the feed motor drive means

15 15. A numerically controlled machine tool including
a numerically controlling device which has a reading an
interpreting unit, a movement command distribution
controlling unit for executing a numerical control
program data, which has been drawn from the reading an

20 interpreting unit, the result of execution being
outputted to a feed shaft motor of a feed shaft through a
feed shaft motor drive means to move a moving body by a
feed mechanism, characterized in that the numerically
controlled machine tool comprises:

25 a ppsit;enmgqpprol means for calculating a
speed command based on a movement command of the feed
shaft outputted from the movement command distribution
controlling means;

a speed control means for calculating a

30 torque command or an elect}ie current command based on
the speed command of the feed shaft outputted from the
position control means;

a feed shaft motor drive means for
outputting an electric current to drive the feed shaft

35 motor according to the torque command of the feed shaft
or the electric current command outputted from the speed

control means;



-outputting an electric current to drive the feed shaft notor according to
the torque command of the feed shaft or the electric current command
outputted fromthe speed 5 control neans; a detecting neans for detecting
an inversion of the direction of novement of the feed shaft or the
initiation of novement of the stationary f% shaft; and 10 a static
friction correcting neans for outputting predeternined desired torque

command and speed command or selRelicit§ n guhk%%% Q%@”%%@e%QQn%p%%d comand,
to the feed shaft nmotor drive nmeans and the speed control
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cont rol progran1 8¢a®™thi ch has been drawn fromthe readi ng an
interpreting unit, the result aofloedetotiqoe beilrgl25iogt peenhedfvws a feed
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the detecting means and the acceleration, calculated by

15 the acceleration calculating means, when the inversion of
the direction of movement of the feed shaft is detected
to output the calculated desired torque or electric
current command corresponding to the load torque to the
speed control means.

20 16. A numerically controlled machine tool including
a numerically controlling device which has a reading an
interpreting unit, a movement command distribution
controlling unit for executing a numerical control
program data, which has been drawn from the reading an

25 interpreting unit, the result of execution being
outputted to a feed shaft motor of a feed shaft through a
feed shaft motor drive means to move a moving body by a
feed mechanism, characterized in that the numerically
controlled machine tool comprises:

30 a position control means for calculating a
speed command based on a movement command of the feed
shaft outputted from the movement command distribution
controlling means;

a speed control means for calculating a

35 torque command or an electric current command based on
the speed command of the feed shaft outputted from the
position control means;



outputting an electric current to drive the feed shaft notor according to
the torque command of the feed shaft or the electric current command
outputted fromthe speed control neans; a detecting neans for detecting an
inversion of the direction of novenent of t.he feed shaft or the initiation
of movenent of the stationary feed shaft; and an accel eration cal cul ating
means for 10 calculating the acceleratlon when t he detecting neans

detects the inversion of the gifesdi &Onapf HOVEFENti@d hdend eegr shaft; a

| oad torque cal cul ating neans for  calculating a |pad torque after_the
| nversion of (PRCRSCHRGCER oL eFCRLY CRETESBE hedT bt *slh%ffe%@ 3ty a tine

constant expr essesir byceotding i 06 biie t HierdoeUcompamanei othe t fiwed| stcdft C
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by 20 thé det econgobem@anand the accel eration, calculated by the
accel eration cal cul ati ng neang, dé@@@%%ﬁ& h@yﬁgsfégl éte {@h?léﬁctlon of

a

movenent of the feed shaft is detect to out put t e c ated desired
torque or el eciRYersieR rehttkenbirRc bR e@boreVemeis ehetheatredraiatto t he

25 speed control PRANSHiei st bk Cof rxh&&éxﬁ’éh@%f echd Ngt ABENSa Pl feddit Ut ting
predeterm ned desired torque conmand and speed comrand or €l ectric current

command and spER¥tton?RAd, to the feed shaft notor drive means and the
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I nterpreting novenent
means, corresponding to the static frictional force of

15 the feed mechanism when the inversion of the direction of
movement of the feed shaft or the initiation of the
movement of the feed shaft is detected by the detecting
means.

17. A numerically controlled machine tool including

20 a numerically controlling device which has a reading an
interpreting unit, a movement command distribution
controlling unit for executing a numerical control
program data, which has been drawn from the reading an
interpreting unit, the result of execution being

25 outputted to a feed shaft motor of a feed shaft through a
feed shaft motor drive means to move a moving body by a
feed mechanism, characterized in that the numerically
controlled machine tool comprises:

a position control means for calculating a

30 speed command based on a movement command of the feed
shaft outputted from the movement command distribution
controlling means;

a speed control means for calculating a
torque command or an electric current command based on

35 the speed command of the feed shaft outputted from the
position control means;

a feed shaft motor drive means for



-<controlling unit for executing a nunerical control program data, which has
been drawn fromthe reading an interpreting unit, the result of execution
being outputted to a feed shaft notor of a feed shaft through a 5 feed
shaft notor drive neans to nove a noving bg?y by a feed nechani sm
characterized in that the nunerically contfolled nachine tool conprises: a
position control neans for calculating a speed command based on a novenent

command of theoﬁ%?@t%@nﬁh%EteQ%EQQEEe@ur&%%EtQ% @9&%@8Qmecqggan@naft
dlstrlbutlon con i ng neans; a speed control neans for calculating a
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di stribution comt tdkl ingtdaitt oby ofahmowkeaensnofo thet stiet2bnamy $§pedd command
to the speed cgpik@l., aR@ns; an acceleration feedforward control means for
estimating an accel ération or torque command of the feed shaft outputted
fromthe novenent command di 8Pr PEGEILEHaEdAr 6RILCHGaGARY Beasal éakation to

out put 3 the aggeherdingNtle hecaueraeIBRNgnka the Beeaciﬁaatmeangor drive
nmeans; and an inertia cglc ulatin calcylating a | 0a %rtla
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accel eration of the feed shaf u t.th ad_in i o.the speed
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calculating a load torque after the inversion of the

15 direction of movement of the feed shaft by using a time
constant expressed by a function of the toque command or
the electric current command outputted from the speed
control means at the time when the inversion of the
direction of movement of the feed shaft is detected by

20 the detecting means and the acceleration, calculated by
the acceleration calculating means, when the inversion of
the direction of movement of the feed shaft is detected
to output the calculated desired torque or electric
current command corresponding to the load torque to the

25 speed control means;

a static friction correcting means for
outputting predetermined desired torque command and speed
command or electric current command and speed command, to
the feed shaft motor drive means and the speed control

30 means, corresponding to the static frictional force of
the feed mechanism when the inversion of the direction of
movement of the feed shaft or the initiation of the
movement of the feed shaft is detected by the detecting
means.

35 18. A numerically controlled machine tool including
a numerically controlling device which has a reading an
interpreting unit, a movement command distribution



-forward control neans, the speed control neans outputs a desired torque or
electric current conmand based n the |load inertia, calculated by the
inertia calculating neans, to the speed shaft notor drive nmeans. 5 19. A
mnunerically controll ed nmachine tool includiyng a nunerically controlling
devi ce which has a reading an interpreting unit, a novenent comrand
distribution controlling unit for executing a nunerical control program
data, which hagoheesidiagnuhientbpeekeadtifggan AlGmenieapr ebhogolnit, the

result of execution_bei,n outputted tp a feed shaft or_of .a fe shaft
through a fee8*SALPT HB?SV HLES& ﬁﬁﬁnge?B ﬁﬁegna?HSWrgéebﬁﬁ9d599aggfeed
mechani sm chadateepreedngnunhat the naseitcafl gxecohionl beiingachi ne t ool

conprises: 15 iLtiqn,_cont f | cul at | a e n
based on a movoHSAR e of Ao asy NoRaF, 8 fprRPagepaBEFhESHRRTE
command di stri BeedoahaddonmpoPki Agiveaneana speddveont oVingahedyopy a

calculating a f%tha&eﬁsngeﬁvaeﬁaeacearghsetihctﬁaﬁreﬂé fORERNEa Daged on
t he speed command of _the feed shaft outputted fromthe position control

nmeans; a feed SRAEEOARDHESr MaFhdBenEanRs FBMPTHEEPtti ng an el ectric current

to drive the feed shaft 25 nptgpsaceendepgtioltNEahor G0 €Q1PBIDEL Dhgthe
feed shaft or the electric curreat comrand outﬁutted fro

t he spee
control rmeans; SREEHeER™NERHf BRREFdORofit FBY SHE] chg@angsn¥ ??nge% speed
command liased ehatbeoubpatest f£oomanle BOvehmehbecdmmandhaistoibbpuiomed from

t he novenent c L SLr Lon controlling unit by cal culation to output
t he speed conn%%gggglgkggs%gghgControI nmeans; an accel eration feedforward

control means for estimatingaadpaederenbrpbnmepns of quecebawbating ahe 35
feed shaft outputhed LoRAhACOFDNATEDLCEOMERAE: SURLT EbAAAD 68864 obhi NO

unit by calculation to output the acceleration or torque command to the
feed shaft - ebhe speed command of the feed shaft outputted from the
15 position control means;

a feed shaft motor drive means for
outputting an electric current to drive the feed shaft
motor according to the torque command of the feed shaft
or the electric current command outputted from the speed

20 control means;

a speed feedforward control means for
estimating a speed command based on the movement command
of the feed shaft outputted from the movement command
distribution controlling unit by calculation to output

25 the speed command to the speed control means;

an acceleration feedforward control means
for estimating an acceleration or torque command of the
feed shaft outputted from the movement command
distribution controlling unit by calculation to output

30 the acceleration or torque command to the feed shaft
motor drive means; and

an inertia calculating means for
calculating a load inertia based on the torque or
electric current command, outputted to the feed shaft

35 motor drive means from the speed control means, and the
acceleration of the feed shaft to output the load inertia
to the speed control means and the acceleration feed



.otor drive neans; a weight detecting neans for detecting the weight of a
wor kpi ece or a noving body to which the workpiece is nounted; and 5 an
inertia calculating neans for <calculating a load inertia based on the
torque or electric current command, outpytted to the feed shaft notor
drive neans fromthe speed control neans, and the acceleration of the feed
shaft to output the load inertia 10 to the speed control neans and the

accel eration fegdyatarwehdrednhefhsEBNE, shBBISEERHr60NhEShs NB@PSuts a
outputting a desire torgue or electric current connang baseg on the |oad

inertia, calcuPSPadeBytPR8UFNEFt PACELFEEI SPFRE heGR@maRd PRged pRetN€haf t
motor drive nmeassad ihezZQiaA Eetdulrebanbgntherineytig eabdvlagihedy of

each feed shaft; _a feﬁd ggaft nn%orhfgé drgving t he feed nechanism a feed
shaft motor dri'G8"Feah8 FBF GPFGRNnG 256 TRECT B LRaPEaMdtor; a numerically
control lisng neans fof. eXxenuhenjcthiynooetrocaléy maochiné| edoprimgehmidaga to

drive the feed_s [ b b ng_C bsiributio olling
unit and a ser@oﬂgé% ?g%gﬁ%i¥°§59§¥%9?8rggg?ggtY?%gﬂtﬁ%gr%sﬁ %ggééeétcution
to the feed shaterppebinghvbigh e&heovewsenthedmmandofigtrikubkems; a data

storage means £QRtSLP1LRAY BnlitMBof0BREAREIRG ACKELEFBLL DGR r&decel eration
of the feed shaft and all owable tenperature data for feed shaft 30 notor

a tenperature BEPBLANL AR neWREChoRas cRepRadr AW fFRPBUBRE aFeRAHRYUI 2R on,
the tenperat ur eneérpibeifigednsbaf thaotesubesetl exetheidoriseiengr electric

current commang, PUPILICE.2 i, ERd gl omouer ELue e sean g s e

cal cul ati ng nefiasdf shafethotigr adr iceeheans | oo mo®® a moving body by a
feed mechanism, characterized in that the numerically
controlled machine tool comprises:

15 a position control means for calculating a
speed command based on a movement command of the feed
shaft outputted from the movement command distribution
controlling means;

a speed control means for calculating a

20 torque command or an electric current command based on
the speed command of the feed shaft outputted from the
position control means;

a feed shaft motor drive means for
outputting an electric current to drive the feed shaft

25 motor according to the torque command of the feed shaft
or the electric current command outputted from the speed
control means;

a speed feedforward control means for
estimating a speed command based on the movement command

30 of the feed shaft outputted from the movement command
distribution controlling unit by calculation to output
the speed command to the speed control means;

an acceleration feedforward control means
for estimating an acceleration or torque command of the

35 feed shaft outputted from the movement command
distribution controlling unit by calculation to output
the acceleration or torque command to the feed shaft



.decel eration time constant based on a conparison between the allowable
tenperature data previously stored in the data storing neans and the
tenperature of the feed shaft notor estinmated by the tenperature

cal culating neans to 5 output the resultgy tinme constant to the novenent
command distribution controlling unit; and a cal culation controlling neans
for estimting a desired torque conmand or an electric current command
correspondi ng hetarchange mBahbBe 10 frictional force of the feed nmechani sm

or the weight of a workpiece_obtained.,based.on the tofpgue nd o he
electric current command and Phﬁeé85§|€?§? ﬁngfm?ﬂ%sfégﬁ déﬁggﬁlgﬁt%% t ed
fromthe servowetghtobfuni workptibeef eeda mbuitgnbody toiwkickabkewhen the

feed shaft nDtorFLsiéged%gvggPhgeggéggg the estinmated desired torque or

. wO .
electric curren onmand "t o not or drive neans.

5 an inertia calculating means for
calculating a load inertia based on the torque or
electric current command, outputted to the feed shaft
motor drive means from the speed control means, and the
acceleration of the feed shaft to output the load inertia

10 to the speed control means and the acceleration feed
forward control means, the speed control means outputting
a desired torque or electric current command based on the
load inertia, calculated by the inertia calculating
means, to the speed shaft motor drive means.

15 20. A feed mechanism for moving a moving body of
each feed shaft;

a feed shaft motor for driving the feed
mechanism;

a feed shaft motor drive means for driving

20 the feed shaft motor;

a numerically controlling means for
executing the numerically controlled program data to
drive the feed shaft motor by a moving command
distribution controlling unit and a servo control unit

25 and for outputting the result of execution to the feed
shaft motor through the feed shaft motor drive means;

a data storage means for storing a time
constant of acceleration and deceleration of the feed
shaft and allowable temperature data for feed shaft

30 motor;

a temperature calculating means for
estimating, through an calculation, the temperature of
the feed shaft motor based on the torque or electric
current command outputted to the feed shaft motor drive

35 means from the servo motor control means;

an acceleration deceleration time constant

calculating means for setting an acceleration
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deceleration time constant based on a comparison between
the allowable temperature data previously stored in the
data storing means and the temperature of the feed shaft
motor estimated by the temperature calculating means to
output the resultant time constant to the movement
command distribution controlling unit; and

a calculation controlling means for
estimating a desired torque command or an electric
current command corresponding to a change in the
frictional force of the feed mechanism or the weight of a
workpiece obtained based on the torque command or the
electric current command and the acceleration of the feed
shaft outputted from the servo control unit to the feed
shaft motor drive means when the feed shaft motor is
driven to output the estimated desired torque or electric
current command to the feed motor drive means.



