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(57) ABSTRACT 
In a numerical control apparatus 1, a synchronous control 
management unit 11 manages the dominant relation of plural 
axes to be controlled synchronously. In case of the position 
control system (synchronous control of axes), in the axis 
control unit Which controls the reference axis, a synchronous 
position calculation processing unit 74 calculates the com 
mand position to the reference axis, by adding the moving 
stroke of the reference axis calculated in an axis control 
command value converting unit 72 to the reference position 
of the reference axis. On the other hand, in the axis control 
unit Which control the synchronous axis, the synchronous 
position calculation processing unit 74 calculates the mov 
ing stroke per unit time of the synchronous axis from the 
moving stroke received in a reference position input and 
output unit 73, the gear ratio of synchronous axis to refer 
ence axis, and the command unit time ratio, and adds the 
moving stroke to the reference position of the synchronous 
axis, thereby calculating the command position to the syn 
chronous axis. One axis control unit Which controls the 
reference axis and plural axis control units for controlling 
the synchronous axes issue the calculated command posi 
tions, and control the individual corresponding motors, and 
therefore control plural axes synchronously to one reference 

7 . . 

Int. Cl. ................................................... .. G05B 19/29 axis, and further control other axis synchronously by refer 
US. Cl. ............................................................ .. 318/600 ence to the corresponding synchronous axis. 

2 

PROCESSING 
PROGRAM 

1 

8 

‘3 7 PARAMETER 
ANALYSIS MEMo Y <51 SEUTJITNG 

PROCESSING SYNCHRONOUS 
UNIT CORRECTION 9 

COEFFICIENT 
HOLDING UNIT ggé?? 

UNIT 

I4 II I6 
MACHINE 

INTERPOLATION CGNTROL 
PROCESSING UNIT 

11 

SIGNAL 
PROCESSING 

U NIT 

i. 
SYNCHRONOUS CONTROL 

MANAGEMENT UNIT 

10a 10b 10c 

13 

DATA INPUT AND 
OUTPUT CIRCUIT 

AXIS CONTROL AXIS CONTROL AXIS CONTROL UNIT UNIT UNIT 

I 
I 

20 

SPINDLE AMPLIFIER 
(REFERENCE AXIS) 

( 21 

SPINDLE 
_ MOTOR GZEZAR 

(REFERENCE 
AXIS) /( 

2a 25 26 

5 REFERE NCE I SPINDLE ; WORK 
0 

24 
ENCODER 65 

62 
GEAR Is - 

NOUS AXIS b) 

NUMERICAL 
CONTROL 
APPARATUS 

I 40 I 60 
SPINDLE 
AMPLIFIER 
ISYNCHROA 
NOUS AxIs B 

44 
ENCODER 

___I_ 53 e4 ENCODER 

RoTARv TOOL 

TOOL P b 
Y(s1 

SPINDLE 



Patent Application Publication 

FIG.1 

Jan. 10, 2002 Sheet 1 0f 13 US 2002/0003416 A1 

PROCESSING 
PROGRAM 

XI 
3 ‘8 

v I7 PARAMETER 
ANALYSIS : MEMORY (51 _ SETTING 

PROCESSING SYNCHRONOUS UN'T 
UNIT > CORRECTION 9 

COEFFICIENT i 
HOLDING UNIT ' SCREEN 

DISPLAY 
‘‘ UNIT 

g 4 v I 6 I 5 

> A lNE , 
INTERPOLATION QAOS§ROL PLC 
PROCESSING UNIT ‘ SIGNAL ‘ CIRCUIT 

PROCESSING 
(11 UNIT 

SYNCI-IRONOUS CONTROL 
MANAGEMENT UNIT 

S10a l i10b l ‘100 
AXIS CONTROL AXIS CONTROL AXIS CONTROL 

UNIT UNIT UNIT "" " 

s13 " 
DATA INPUT AND NUMER'CAL 
OUTPUT CIRCUIT CONTROL 

APPARATUS 

0 l S2 v i ‘40 g6L) 
SPINDLE SPINDLE 

(SYNCHRO- (SYNCHRO 
NOUS AXIS) NOUS AXIS B) 

( 21 41 

' SPINDLE SPINDLE 
MOTOR GEAR GEAR MOTOR 

(REFERENCE 22 42 (SYNCHRO 
AXIS) 5/ NOUS AXIS) 

:4 i ’ :c 
O O SYNCHRO~ 

RESESSEIEIE :1 WORK 3 NOUS 
I I SPINDLE 
O O 

44 
24 ENCODER 

ENCODER I65 63 I 64 ENCODER 

ROTARY TOOL 
TOOL SPINDLE b 

S61 
SPINDLE 

e2 MOTOR 
GEAR- (SYNCHRO 

NOUS AXIS b) 





Patent Application Publication Jan. 10, 2002 Sheet 3 0f 13 

FIG.3 

US 2002/0003416 A1 

SYNCHRONOUS CONTROL MANAGEMENT MATRIX 

REFERENCE AXIS 

S6 

s1 s2 s3 s4 s5 S6 

s1 

s2 0 
(D 

3 _ 2 s3 0 
02> 
02>< 
I< 
0 s4 
2 
>_ 
U) 

s5 



Patent Application Publication Jan. 10, 2002 Sheet 4 0f 13 US 2002/0003416 A1 

FIG.4 

SYNCHRONOUS CONTROL N0 
COMMAND GIVEN? 

IS COMBINATION OF 
SYNCHRONOUS CONTROL AXES 

CORRECT? 

SET COMBINATION INFORMATION OF 
ALARM REFERENCE AXIS AND SYNCHRONOUS AXIS IN 

SYNCHRONOUS CONTROL MANAGEMENT DATA 

(S4 
OUTPUT OF SYNCHRONOUS CONTROL 
MODE (REFERENCE AXIS) TO SPINDLE 
CONTROL UNIT OF REFERENCE AXIS 

S5 

OUTPUT OF SYNCHRONOUS CONTROL 
MODE (SYNCHRONOUS AXIS) TO SPINDLE 
CONTROL UNIT OF SYNCHRONOUS AXIS 

SPINDLE CONTROL UNIT PROCESS 
SEQUENCE MANAGEMENT 



Patent Application Publication Jan. 10, 2002 Sheet 5 0f 13 US 2002/0003416 A1 

8 25 S 45 

26 
S 

CHUCK WORK CHUCK 

65 
ROTARY TOOL 



Patent Application Publication Jan. 10, 2002 Sheet 6 0f 13 US 2002/0003416 A1 

FIG.6 

EITHER REFERENCE AXIS OR 
SYNCHRONOUS AXIS OF SYNCHRONOUS 

CONTROL? 

Yes DURING SYNCHRONOUS 
CONTROL? 

‘ 13 Yes \ 

EXECUTE BY CHANGING OVER AXIS 
FROM SPEED CONTROL MODE TO 

POSITION CONTROL MODE 

No 

S 

CALCULATE POSITION MOVING STROKE PER 
UNIT TIME FROM COMMAND SPEED S14 

IS IT SYNCHRONOUS AXIS OF 
SYNCHRONOUS CONTROL? 
+ 

Yes 

IS REFERENCE AXIS DURING 
SYNCHRONOUS CONTROL? 

7 Yes I 

MULTIPLY MOVING STROKE PER UNIT TIME OF 
REFERENCE AXIS BY ROTATION RATIO, CONVERT ~ 517 

INTO COMMAND UNIT OF AXIS, AND OBTAIN 
POSITION MOVING STROKE PER UNIT TIME OF AXIS 

S18 
IS IT REFERENCE AXIS OF 
SYNCHRONOUS CONTROL? 

Yes 

OUTPUT OF MOVING STROKE PER UNIT TIME TO 
AXIS CONTROL UNIT OF SYNCHRONOUS AXIS T 819 

IS IT SYNCI-IRONOUS AXIS OF 
SYNCHRONOUS CONTROL? $24 

OUTPUT OF 
CALCULATE SYNCHRONOUS AXIS POSITION AXIS SPEED 

CORRECTION AMOUNT T 521 Cg/NITAAIANNEUTTO 

V AND OUTPUT 
ADD SYNCHRONOUS POSITION CORRECTION v 822 PROCESSING 

AMOUNT TO POSITION COMMAND CIRCUIT 

OUTPUT OF AXIS POSITION COMMAND TO 
DATA INPUT AND OUTPUT PROCESSING UNIT T 523 

i 



Patent Application Publication Jan. 10, 2002 Sheet 7 0f 13 US 2002/0003416 A1 

. 2 

I Fl 6.7 PROCESSING 
PROGRAM 

I 
I 

(3 I I? PARAMETER 
ANALYsIs < MEMORY IaI _ sETTING - 8 

PROCEssING MULTI~LEVEL UN'T 
UNIT > ACCELERATION AND 

R PA M M ORY ~ 
UNIT DISPLAY ~9 

' UNIT 

(6 
,4 ' ‘ MACHINE 

INTERPOLATION ‘752m? PLC M 5 
PROCESSING UNIT _ PROCESSING 1 cIRCuIT 

WW 

I“ I82 REFERENCE ~83 
sYNCRRONOus CONTROL ‘_ ~ INCLINATION ‘ 

MANAGEMENT UNIT T ‘ AMOUNT 
MUL "LEVEL ' CALCULATION uNIT 
ACCELERATION 

AND _ L84 
OECELERATION MULT' LEVEL 
DECISION UNIT ACCELERATION AND 

DECELERATION < 
‘ PATTERN 

CALCULATION UNIT 

, (103 v €Icm , ‘10c 
AXIS CONTROL AxIs CONTROL AxIs CONTROL 

uNIT UNIT“ uNIT I I 

13 
V 

DATA INPUT AND NUMERICAL 
CONTROL OuTPuT CIRCUIT APPARATUS 

20 v i ‘40 ‘ <60 
sPINDLE SPINDLE sFINDLE AMPLIFIER 
AMPLIFIER AMPLIFIER (REFERENCE AXIS) (SYNCHRO- (SYNCHRO 
Nous AXIS) NOUS ms 5 

21 ‘41 
' sPINDLE sPINDLE 
MOTOR GEAR GEAR MOTOR 

(REFERENCE 22 42 (SYNCHRO 
AXIS) 1 Nous ms) 

‘23 I 25 ‘26 45 K 43 
X x 
O Q SYNCHFIO 

?g'gfsgt‘gtz 3 WORK 3 NOUS 
5 5 sPINDLE 

44 
24 65 ENCODER 

ENCODER K I63 64 ENCODER 

ROTARY TOOL 
TOOL SPINDLE b 

(61 
sPINDLE 

62 MOTOR 
GEAR (SYNCHRO 

Nous AxIs b) 



Patent Application Publication Jan. 10, 2002 Sheet 8 0f 13 US 2002/0003416 A1 

FIG.8 

REFERENCE SPINDLB MAXIMUM 
SYNCHRONOUS SPINDLE(rpm) ROTATING @AOOELERATION PATTERN 

SPEED OF SPEED CONTRCL 
8000 ............................ _. 

7200 --------------------------------- -- INCLINATION 7 

6500 INCLINATION s 
5500 ........... 4.), _________ -0 INCLI 

: E NATION 5 

, I INCLINATION 4 

a) 4500 """" @ACCELERATION PATTERN OF 
I 3500 ______ INCLINATION 3 SPINDLE sYNOHRONIsM 

ROTATING 
SPEED = 

INCLINATION 2 

500-411-- <- E 
INCLINATION 1 

0 ‘___,I TIIvIE 
MULTI-LEVEL ACCELERATION AND 
DECELERATION TIME CONSTANT I 500ms 

SYNCHRONOUS SPINDLE b(1) MAXIMUM 
(rpm) ROTATlNG (DACCELERATION PATTERN 

SPEED OF SPEED CONTROL 
8000 ............... u, __________________________________________________________ __ 4 

7200 ................................. __ 
, INOI_INATION 7 

6500 ,- ; INCLINATION 6 
5500 ........... .......... __ INCLI 

: 5 NATION 5 

= INCLINATION 4 

(b) 4500 """" @ACCELERATION PATTERN OF 
3500 _______ __ ; 'NCL'NAT'ON 3 SPINDLE sYNOI-IRONIsIvI 

ROTATING 
SPEED g 

INCLINATION 2 

500-4--- -- i 
INCLINATION 1 

0 TIME 

MULTI-LE'VEL ACCELERATION AND 
DECELERATION TIME CONSTANT I BOOms 



Patent Application Publication Jan. 10, 2002 Sheet 9 0f 13 US 2002/0003416 A1 

MAxIMuM 

SYNCHRONQRJ?P‘NDLE b (2) ROTATING (DACCELERATION PATTERN 
SPEED OF sPEED CONTROL 

4ooo.._-_ 
3600... . _____________ _. WC 

3300 -- ________ " INCLINATION 6 LINATlON 7 

3000 -- . lNCLlNATION s 

(C) 2100 _______ INOI_INATION 4 
1600 _____ "5L _ f INCLINATION 3 

§ @ACCELERATION PATTERN OF 
ROTgglljfgg ,NCUNAT‘ON 2 SPINDLE sYNcHRONIsM 

400T" " INOLINATION I 
o - TIME 
4—>~ 

MULTI-LEVEL ACCELERATION AND 
DECELERATION TIME CONSTANT : 400ms 

SYNCHRONOUS SPINDLE b (3) MAX'MUM @AOOELERATION PATTERN 
(rpm) ROTAT'NG OF SPEED CONTROL 

SPEED 
2388 ---------- -------------- - 

4900 3:11:11: ::ii::':::.:I;:;1‘1‘-"-"‘" 'NCL‘NAT'ON 7 
4500 INCLINATION 6 

----------- ‘ 1:" INDLI 

5: ' NATION 5 

(d) 3500 ______ _.,;;'_ +9‘ lNCLlNATlON 4 
3000____,_,-',1'I 'NCLINATION 3 ®AOOELERATION PATTERN OF 

l- ;; sPINDI_E SYNCHRONISM 

ROTATING I‘ 5: 
SPEED 6:’ ,' INCLINATION 2 

450-5“ “ 
,: lNCLlNATION 1 

O I: TIME 
4—>' ‘ 

A --------- _->= 

MULTl-LEVEL ACCELERATlON AND DECELERATION 
TIME CONSTANT I 300ms~>375ms 



Patent Application Publication Jan. 10, 2002 Sheet 10 0f 13 US 2002/0003416 A1 

FIG.9 

MAXIMUM ROTATING SPEED 

BSOOms 

MULTI-LEVEL ACCELERATION AND DECELERATION'I 
TIME CONSTANT MULTIPLYING FACTOR =70 

MULTI-LEVEL ACCELERATION AND 
DECELERATION TIME CONSTANT (mS)=5OO 





Patent Application Publication 

FIG.II 

Jan. 10, 2002 Sheet 12 0f 13 

ARE MAXIMUM 
ROTATING SPEEDS 

MATCHED? 

COMPARE MULTI-LEVEL REFERENCE 
ACCELERATION AND DECLARATION TIME 
CONSTANTS, AND SELECT MULTI-LEVEL 

ACCELERATION AND DECELERATION PATTERN OF 
SPINDLE WITH LARGER MULTI-LEVEL REFERENCE 

ACCELERATION AND DECLARATION TIME CONSTANT 

Yes 

I 
SELECT MULTI-LEVEL ACCELERATION AND 
DECELERATION PATTERN OF SPINDLE WITH 
SMALLER MAXIMUM ROTATING SPEED 

CALCULATE MULTI-LEVEL REFERENCE 
ACCELERATION AND DECELERATION AMOUNTS 
PER UNIT TIME OF BOTH SPINDLE WITH SMALLER 
MAXIMUM ROTATING SPEED AND SPINDLE WITH 

LARGER MAXIMUM ROTATING SPEED 

IS MULTI-LEVEL 
- REFERENCE ACCELERATION 

AND DECELERATION AMOUNT PER UNIT TIME 
OF SPINDLE WITH SMALLER MAXIMUM ROTATING SPEED 
LESS THAN MULTI-LEVEL REFERENCE ACCELERATION AND 

DECELERATION AMOUNT PER UNIT TIME OF SPINDLE 
WITH LARGER MAXIMUM 

ROTATING SPEED’.7 

CALCULATE MULTI-LEVEL REFERENCE ACCELERATION 
AND DECELERATION TIME CONSTANT OF SPINDLE WITH 
SMALLER MAXIMUM ROTATING SPEED SO THAT MULTI 
LEVEL REFERENCE ACCELERATION AND DECELERATION 
AMOUNT PER UNIT TIME OF SPINDLE WITH SMALLER 
MAXIMUM ROTATING SPEED MAY COINCIDED WITH 
MULTI-LEVEL REFERENCE ACCELERATION AND 

DECELERATION AMOUNT PER UNIT TIME OF SPINDLE 
WITH LARGER MAXIMUM ROTATING SPEED 

V 
CALCULATE MULTI-LEVEL ACCELERATION AND 

DECELERATION PATTERN OF SPINDLE WITH SMALLER 
MAXIMUM ROTATING SPEED ON THE BASIS OF THE 

7 CALCULATED MULTI-LEVEL REFERENCE 
ACCELERATION AND DECELERATION TIME CONSTANT 

US 2002/0003416 A1 

S32 

S33 

S34 

~ S36 



Patent Application Publication Jan. 10, 2002 Sheet 13 0f 13 US 2002/0003416 A1 

gI02 
PROCESSING 
PROGRAM 

101 
I 

I103 v I107 PARAMETER 
ANALYSIS < 4 SETTING ~1oa 

PROCESSING UNIT 
UNIT > MEMORY 

V SCREEN 

DISPLAY ~109 
“ UNIT 

104 ‘106 
<, " MACHINE 

> CONTROL > 

PIFIIQOSEZSINQBTEJNIT S'GNAL CIE‘CCUIT “105 
‘ PROCESSING 

UNIT 

v ‘11021 W Knob v K110C 
AXIS CONTROL AXIS CONTROL AXIS CONTROL 

UNIT UNIT UNIT V V 

v (I111 v (112 
REFERENCE SYNCHRONOUS 

AXIS CONTROL CONTROL 
UNIT MANAGEMENT 

UNIT 

‘113 V V V 
NUMERICAL DATA INPUT AND 

OUTPUT CIRCUIT CONTROL 
APPARATUS 

‘120 v I ‘140 
SPINDLE AMPLIFIER ASJA'EE'TER 
(REFERENCE AXIS) (SYNCHRO 

NOUS AXIS) 

g121 __ _ g141 
SPINDLE SPINDLE 
MOTOR GEAR GEAR MOTOR 

(REFERENCE 122 ‘42 (SYNCHRO 
AXIS) j’ 1 NOUS AXIS) 

_ ‘123 K125 ‘200 (145 (143 
X 24 
o O SYNOHRO 

Rig-535E? :1 WORK 3 NOUS 
g 5 SPINDLE 

144 
I24 ENCODER 

ENCODER 



US 2002/0003416 A1 

NUMERICAL CONTROL APPARATUS 

TECHNICAL FIELD 

[0001] The present invention in general relates to a 
numerical control apparatus for synchronous control of tWo 
or more spindle motors or servo motors driven in a machine 

tool. More particularly, this invention relates to a numerical 
control apparatus capable of realizing synchronous control 
of higher precision. 

BACKGROUND ART 

[0002] Some of the machine tools are hitherto capable of 
executing synchronous control of tWo or more spindle 
motors or servo motors to be driven. For example, the 
numerical control apparatus executes the processing pro 
gram commanded from a paper tape or the like, that is, 
executes the numerical control process Written in the pro 
cessing program, and the spindle motors or servo motors of 
the machine tool are driven to process the Work as com 
manded. 

[0003] FIG. 12 is an essential block diagram shoWing an 
outline of a conventional numerical control apparatus for 
driving spindle motors or servo motors of a machine tool. 

[0004] As shoWn in FIG. 12, the conventional machine 
tool comprises a numerical control apparatus 101 for syn 
chronously controlling a motor for driving a reference axis 
of a lathe and a motor for driving the synchronous axis, a 
processing program 102 in Which a program for numerical 
control processing is Written, the reference axis including a 
spindle ampli?er 120, a spindle motor 121, a gear 122, a 
reference spindle 123, and an encoder 124, and the synchro 
nous axis including a spindle ampli?er 140, a spindle motor 
141, a gear 142, a synchronous spindle 143, and an encoder 
144, and the rotating speed of tWo spindles is synchronously 
controlled by the numerical control apparatus 101, and 
further by closing chucks 125 and 145, a Work 200 is held 
betWeen the reference spindle 123 and synchronous spindle 
143. 

[0005] On the reference axis and synchronous axis, the 
spindle ampli?ers 120 and 140 are installed betWeen the 
numerical control apparatus 101 and spindle motor 121, and 
betWeen the numerical control apparatus 101 and spindle 
motor 121, respectively, and the spindle ampli?ers drive the 
corresponding spindle motors 121 and 141. The reference 
spindle 123 and synchronous spindle 143 installed by Way of 
the gears 122 and 142 are controlled according to the 
feedback position from the corresponding encoders 124 and 
144. The numerical control apparatus 101 comprises, as 
shoWn in the draWing, an analysis processing unit 103 for 
analyZing the information about the reference axis and 
synchronous axis, an interpolation processing unit 104 for 
issuing the interpolation position command or rotating speed 
command analyZed in the analysis processing unit 103 to 
subsequent circuits, a PLC circuit 105 for issuing a speci?ed 
signal, a machine control signal processing unit 106 for 
processing the speci?ed signal, a memory 107 for storing a 
processing program 102, a parameter setting unit 108 for 
setting parameters, a screen display unit 109 for displaying 
the information in the memory 107 on a screen, axis control 
units 110a, 110b, 110c, . . . for issuing the information about 
the reference axis and synchronous axis, interpolation posi 
tion command, and rotating speed command to the subse 
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quent circuits depending on the spindle to be driven, a 
reference axis control unit 111 Which controls the reference 
axis on the basis of the received information, a synchronous 
axis control unit 112 Which control the synchronous axis on 
the basis of the received information, and a data input/output 
circuit 113 for issuing various information to the reference 
axis and synchronous axis. 

[0006] The conventional numerical control apparatus Will 
noW be explained in detail. Herein, in the spindle motor 121 
for driving the reference spindle 123 and the spindle motor 
141 for driving the synchronous spindle 143, the spindle 
synchronous control is explained. 

[0007] In FIG. 12, for example, the processing program 
102 being read in from a tape reader is read out and stored 
in the memory 107. Since the spindle synchronous control is 
a control executed by the spindle synchronous command 
code, the spindle synchronous command coded described in 
the processing program 102 is read out into the analysis 
processing unit 103 in every block from the memory 107. 

[0008] The spindle synchronous command code thus 
being read out is analyZed in the analysis processing unit 
103, and the analysis processing unit 103 notices its analysis 
result, that is, the information about the reference axis and 
synchronous axis for synchronous control to the interpola 
tion processing unit 104. 

[0009] Receiving this information, the interpolation pro 
cessing unit 104 notices information about the reference 
axis, for example, to the axis control unit 110b (see FIG. 12) 
assigned to the reference axis, out of the axis control units 
110a, 110b, 110c, . . . , and notices information about the 

synchronous axis to the axis control unit 110c (see FIG. 12) 
assigned to the synchronous axis. Herein, the spindle syn 
chronous control is explained, but not in case of spindle 
synchronous control, for example, information about rotat 
ing speed is noticed to the axis control unit 110a (see FIG. 
12) not assigned to either reference axis or synchronous axis. 
In this case, therefore, information about rotating speed 
command is directly noticed to the data input/output circuit 
113, and the spindle ampli?er 120 receiving this rotating 
speed command controls the speed of the spindle motor 121 
according to this command, and rotates the spindle 123. 

[0010] The axis control units 110a, 110b, 110c, . . . are 
assigned as shoWn in the diagram for the sake of conve 
nience of explanation, but each axis control unit operates 
similarly When assigned to the reference axis, assigned to 
synchronous axis, or not assigned to either. 

[0011] Consequently, the axis control unit 110b notices 
information about the reference axis, rotating speed com 
mand and other information to the reference axis control unit 
111 as shoWn in the diagram, Whereas the axis control unit 
110c notices information about the synchronous axis to the 
synchronous axis control unit 112. In the reference axis 
control unit 111, the command position of the reference axis 
is calculated from the received rotating speed command, and 
notices this command position to the data input/output 
circuit 113 and synchronous axis control unit 112. The 
synchronous axis control unit 112 calculates the command 
position of the synchronous axis according to the command 
position of the reference axis noticed from the referenced 
axis control unit 111 and the information about the synchro 
nous axis is noticed to the data input/output circuit 113. 
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[0012] Finally, the data input/output circuit 113 notices the 
received position commands to the spindle ampli?ers 120 
and 140, and the spindle ampli?er 120 having received the 
command position of reference axis rotates the reference 
spindle 123 by controlling the speed of the spindle motor 
121 according to the received command position, and fur 
ther the spindle ampli?er 140 having received the command 
position of synchronous axis rotates the synchronization 
spindle 143 by controlling the speed of the spindle motor 
141 according to the received command position. Thus, in 
the conventional numerical control apparatus, the synchro 
nous axis control unit 112 controls the command position of 
the synchronous axis on the axis of the command position of 
the reference axis calculated by the reference axis control 
unit 111, so that spindle synchronous control is executed 
betWeen one reference spindle 123 and one synchronous 
spindle 143. 

[0013] In the conventional numerical control apparatus, 
hoWever, synchronous control about tWo spindles in the 
machine tool is possible, but this control is limited Within a 
set of reference axis and synchronous axis. It means that 
three or more spindles cannot be synchronously controlled at 
the same time. 

[0014] The reason is as folloWs. For example, if each axis 
is synchroniZed by noticing the command position, the axes 
are ?nally converged at the speci?ed position, but each axis 
of synchronous control is different in the position control 
gain, speed and load, and hence there is a position deviation 
amount, and the precision of synchronism is loWered in an 
intermediate process. Accordingly, in the conventional 
numerical control apparatus, for example, in case of syn 
chronous control of plural axes, one reference axis monitors 
?uctuations of tWo or more synchronous axes, and synchro 
nous control is effected While correcting so as to decrease the 
position deviation amount, and therefore the control is very 
much complicated, and three or more spindles could not be 
synchronously controlled at the same time. 

[0015] Accordingly, in the machine tool conventionally 
used, in order to perform spindle synchronous control on 
plural axes, it is necessary to install plural numerical control 
apparatuses, and the cost of the machine tool is higher. As a 
result, the control panel for installing the numerical control 
apparatuses becomes larger in siZe. 

[0016] Further, in synchronous control of the conventional 
numerical control apparatus, When grabbing one Work 
betWeen spindles and closing the chuck, the axes may 
?uctuate due to disturbance or the like. Thus, in a state 
having a stagnant position deviation amount, When the 
reference axis and synchronous axis are mechanically 
coupled through the Work, each axis moves in a direction for 
recovering the position deviation amount, and an abnormal 
torque occurs, and the Work may be ?aWed or distorted. 

[0017] It is an object of this invention to present a numeri 
cal control apparatus capable of realiZing synchronous con 
trol of tWo or more spindles in a machine tool, realiZing 
synchronous control of three or more spindles at the same 
time, and also enhancing the precision of synchronism more 
than in the conventional apparatus. 

DISCLOSURE OF THE INVENTION 

[0018] The numerical control apparatus according one 
aspect of this invention is for synchronously controlling a 
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plurality of spindle motors or servo motors driven by a 
machine tool according to a processing program. This 
numerical control apparatus comprises a memory unit (cor 
responding to a memory 7 described in an embodiment later) 
Which stores the processing program, a synchronous control 
management unit (corresponding to synchronous control 
management unit 11) Which manages the dominant relation 
of plural axes to be controlled synchronously, and plural axis 
control units (corresponding to axis control units 10a, 10b, 
10c, . . . ) having information about reference axis as the 
reference of synchronous control and information about 
synchronous axis for operating synchronously With the 
reference axis stores according to the dominant relation of 
axes managed by the synchronous control management unit, 
for controlling the corresponding motors on the basis of the 
command position calculated inside. In this construction, 
one axis control unit stores information about reference axis, 
and plural axis control units stores information about syn 
chronous axis control the individual motors, and the plural 
axes can be controlled synchronously in relation to one 
reference axis, and also other axis can be controlled syn 
chronously on the basis of the reference axis. 

[0019] According to the above-mentioned aspect, the pro 
cessing program being read out from the tape reader or the 
like is stored in the memory unit, and the information about 
the reference axis or synchronous axis, and the information 
about the rotating direction of synchronous axis, rotation 
ratio and others are analyZed inside, for example, on the 
basis of the spindle synchronous command described in the 
program, and the result is noticed to the synchronous control 
management unit. In the synchronous control management 
unit, combination of all axes for synchronous control is 
management, and this information is noticed to the plural 
axis control units, thereby setting one axis control unit Which 
controls the reference axis, and one or plural axis control 
units Which control the synchronous axis. Thus, the numeri 
cal control apparatus of the invention realiZes synchronous 
control of three or more spindle motors or servo motors 
easily by management of the synchronous control manage 
ment unit. That is, for one reference axis, plural axes 
(synchronous axes) can be control synchronously, and also 
other axis can be controlled synchronously on the basis of 
the synchronous axis. 

[0020] Moreover, since combination of plural sets of syn 
chronous controls can be managed, Wrong combination of 
synchronous controls can be judged easily, and in the event 
of a Wrong combination of synchronous controls, it is 
noticed to the user by alarm or the like, and the Wrong 
combination still exists, by performing synchronous control 
by exchanging the reference axis and synchronous axis, 
synchronous control is possible in an arbitrary combination 
Without user’s consciousness about reference axis and syn 
chronous axis. 

[0021] Furthermore, in the numerical control apparatus, 
each one of the plural axis control units comprises an axis 
control system changeover unit (corresponding to an axis 
control system changeover unit 71 described in embodiment 
beloW) Which changes over to either system of speed control 
system (speed control mode) for driving the corresponding 
motor depending on the speed command value described in 
the processing program or the position control system (posi 
tion control mode) for driving depending on the moving 
stroke per unit time converted from the speed command 
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value, an axis control command converting unit (corre 
sponding to an axis control command converting unit 72) 
Which calculates the moving stroke per unit time from the 
speed command value With respect to the reference axis, 
reference position input and output units (corresponding to 
reference position input unit 73 and reference position 
output unit 75) Which issues the moving stroke per unit time 
of the reference axis calculated in the axis control command 
value converting unit to other axis control unit, or for 
receiving the moving stroke per unit time of the reference 
axis calculated in other axis control unit, and a synchronous 
position calculation processing unit (corresponding to syn 
chronous position calculation processing unit 74) Which 
calculates the command position corresponding to the per 
tinent axis, on the basis of the moving stroke calculated in 
the axis control command value converting unit or the 
moving stroke received in the reference position input unit. 

[0022] Thus, in synchronous control of axis (position 
control system), When controlling the reference axis, the 
synchronous position calculation processing unit adds the 
moving stroke of the reference axis calculated in the axis 
control command converting unit to the reference position of 
the reference axis, and calculates the command position to 
the reference axis, and When controlling the synchronous 
axis, on the other hand, the synchronous position calculation 
processing unit calculates the moving stroke per unit time of 
the synchronous axis, from the moving stroke received in the 
reference position input and output unit, the gear ratio of 
synchronous axis to referenced axis, command rotation 
ratio, and command unit time ratio, and adds the moving 
stroke to the reference position of the synchronous axis, 
thereby calculating the command position to the synchro 
nous axis. As a result, on the reference axis and synchronous 
axis, an accurate command position can be calculated, and 
the precision of synchronous control of axis can be 
enhanced. 

[0023] Furthermore, in the numerical control apparatus, 
the axis control system changeover unit of the axis control 
unit Which control the synchronous axis calculates a theo 
retical command position by subtracting the speed command 
value described in the processing program, theoretical value 
of position deviation amount calculated from the position 
control gain of the motor, and delay amount corresponding 
to the sampling delay time of feedback position, from the 
feedback position from the axis, and later changes over from 
the ordinary speed control system to the position control 
system in a contracted state of ?uctuation of position devia 
tion amount. 

[0024] Thus, since changeover from the speed control 
system of spindle for synchronous control to position control 
system is executed by calculating the theoretical command 
position in the speci?ed procedure (calculation by axis 
control system changeover unit in the axis control unit 
Which controls the synchronous axis), and then contracting 
the ?uctuation of of the position deviation amount, the mode 
can be changed over to the synchronous control mode 
(position control system) Without causing any effect on the 
operation of the reference axis. Therefore, since the syn 
chroniZation of the axis can be controlled Without causing 
effect on processing during processing at the reference axis 
side, the processing cycle can be shortened. 

[0025] Furthermore, in the numerical control apparatus, 
each one of the plural axis control units further comprises a 
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synchronous position correction unit (corresponding to a 
synchronous position correction unit 76 described in 
embodiment beloW) Which corrects the ?uctuation of the 
axis by calculating the position correction amount form the 
position deviation amount of reference axis and position 
deviation amount of synchronous axis, and adding the 
position correction amount to the command position of the 
synchronous axis. 

[0026] Thus, in case of synchroniZation control of axis, the 
axis control unit Which controls the reference axis calculates 
the command position to the reference axis, and the plural 
axis control units Which control the synchronous axis cal 
culate the command position to the synchronous axis on the 
basis of the moving stroke per unit time received from the 
axis control unit Which controls the reference axis. The 
synchronous position correction unit corrects the ?uctuation 
of the axis by adding the obtained position correction 
amount only to the command position of the synchronous 
axis. Therefore, since the axis can be controlled simulta 
neously Without causing effect on processing during pro 
cessing at the reference axis sided, the processing cycle can 
be shortened, and further by correcting the command posi 
tion of the synchronous axis, the synchronous precision is 
enhanced. 

[0027] Furthermore, in the numerical control apparatus, 
the synchronous position correction unit in the axis control 
unit Which controls the synchronous axis multiplies the 
position deviation amount of reference axis by the command 
rotation ratio of reference axis and synchronous axis, and the 
command unit time ratio, and calculates the difference 
betWeen the calculation result and the position deviation 
amount of the reference axis, then determines the value of 
passing the obtained difference through the primary delay 
?lter according to a speci?c time constant determined by the 
parameter as the position correction amount. 

[0028] Thus, since the deviation occurring during syn 
chronous control is corrected by passing the difference 
betWeen the calculation result and position deviation amount 
of reference axis through the primary delay ?lter, abrupt 
changes of command position by correction do not occur, 
and occurrence of useless alarm can be avoided. 

[0029] Furthermore, in the numerical control apparatus, 
each one of the plural axis control units comprises a theo 
retical position deviation amount calculation processing unit 
(corresponding to an theoretical position deviation amount 
calculation processing unit 77 described in embodiment 
beloW) Which calculates the theoretical position deviation 
amount from the speed control value described in the 
processing program and the position control gain of the 
motor, and the synchroniZation position correction unit, in 
the axis control unit Which control the synchronous axis, 
calculates the difference betWeen the theoretical position 
deviation amount of the reference axis calculated in the 
theoretical position deviation amount calculation processing 
unit and the actual position deviation amount obtained from 
the reference axis, and determines the value calculated from 
the difference, the command rotation ratio of the synchro 
nous axis to the reference axis, and the command unit time 
ratio, as the position correction amount. 

[0030] Thus, since the synchronous position correction 
unit of the axis control unit Which control the synchronous 
axis corrects the deviation portion occurring in synchronous 
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control by using the actual delay amount to the theoretical 
position deviation amount of the reference axis as the 
position correction amount, synchronism deviation portion 
due to delay caused by cutting load or the like can be easily 
corrected, and moreover since the position control gain and 
load are different, even in case of synchronous control 
betWeen axes alWays having a difference in position devia 
tion amount, synchronous control of high precision can be 
realiZed Without causing improper torque by correction. As 
a result, ?aW or torsion of Work can be prevented, so that 
processing of higher precision is possible. 

[0031] Furthermore, in the numerical control apparatus, 
each one of the plural axis control units comprises a syn 
chronous correction amount ?xing unit (corresponding to a 
synchronous correction amount ?xing unit 78 described in 
embodiment beloW) Which calculates the average of the 
position deviation amount in steady rotation on the reference 
axis and synchronous axis for synchronous control, and 
further calculates their difference, and the synchronous 
position correction unit determines, in the axis control unit 
Which control the synchronous axis, the difference calcu 
lated in the synchronous correction amount ?xing unit as the 
position correction amount. 

[0032] Thus, since the synchronous position correction 
amount of the axis control unit Which control the synchro 
nous axis corrects the deviation portion occurring during 
synchronous control by using the difference of the average 
values of position deviation amount on the reference axis 
and synchronous axis for synchronous control as the posi 
tion correction amount, the position correction amount is a 
?xed value, so that the load by calculation of the position 
correction amount can be lessened. 

[0033] Furthermore, in the numerical control apparatus, 
the memory incorporates a synchronous correction coef? 
cient holding unit (corresponding to a synchronous correc 
tion coef?cient holding unit 51 described in embodiment 
beloW) Which calculates the average of the position devia 
tion amount in steady rotation on the reference axis and 
synchronous axis for synchronous control, at the time of 
initial adjustment of the machine tool, and holds the value 
obtained by dividing this average by the speed control value 
as the coef?cient for obtaining the position deviation 
amount, and the synchronous position correction unit cal 
culates, in the axis control unit Which control the synchro 
nous axis, the average of the position deviation amount in 
steady rotation on the reference axis and synchronous axis 
for synchronous control, by applying the speed command 
value by the coef?cient held in the synchronous correction 
coef?cient holding unit, and obtains this difference as the 
position correction amount. 

[0034] Thus, the synchronous position correction unit of 
the axis control unit Which control the synchronous axis 
calculates the average of the position deviation amount on 
the reference axis and synchronous axis for synchronous 
control, and the value obtained by dividing this average by 
the speed command value is held in the synchronous cor 
rection coef?cient holding unit as the coef?cient for obtain 
ing the position deviation amount. This held value is a 
constant for obtaining the position deviation amount not 
depending on the speed command value, and therefore if the 
speed command value is different from the time of initial 
adjustment in synchronous control, the position deviation 
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amount in steady rotation can be easily calculated by mul 
tiplying the coef?cient by the speed command value. 

[0035] The numerical control apparatus may preferably 
further comprise a synchronous correction amount error 
canceling unit (corresponding to a synchronous correction 
amount error canceling unit 79 described in embodiment 
beloW) Which cancels the variation component of position 
deviation amount caused by variation due to disturbance or 
the like, by subtracting the difference betWeen the average of 
the position deviation amount in steady rotation on the axis 
for synchronous control and the actual position deviation 
amount, temporarily from the position correction amount. 

[0036] Thus, When grabbing the Work in a state changed in 
the position deviation amount of the axis, the difference 
betWeen the average of the position deviation amount in 
steady rotation on the synchronous axis for synchronous 
control and the actual position deviation amount calculated 
preliminarily is subtracted temporarily from the position 
correction amount applied on the synchronous axis. As a 
result, variation component of the position deviation amount 
caused by variation due to disturbance or the like can be 
canceled, and synchronous control is realiZed at an optimum 
position deviation amount. 

[0037] The numerical control apparatus may preferably 
further comprise a multi-level acceleration and deceleration 
parameter memory unit (corresponding to a multi-level 
acceleration and deceleration parameter memory unit 81 
described in embodiment beloW) Which stores the multi 
level acceleration an deceleration speed generated by the 
acceleration and deceleration pattern of ordinary speed 
control system, multi-level reference acceleration and decel 
eration time constant, and multi-level acceleration and 
deceleration time constant multiplying factor by manipulat 
ing the parameter setting screen, a reference inclination 
amount calculation unit (reference inclination amount cal 
culation unit 83) Which calculates the reference inclination 
amount, as the acceleration and deceleration speed per unit 
time, from the maximum rotating speed and multi-level 
reference acceleration and deceleration time constant of the 
reference spindle and synchronous spindle, a multi-level 
acceleration and deceleration pattern calculation unit (multi 
level acceleration and deceleration pattern calculation unit 
84) Which calculates an appropriate multi-level acceleration 
and deceleration pattern from the set multi-level acceleration 
and deceleration pattern, and a multi-level acceleration and 
deceleration decision unit (multi-level acceleration and 
deceleration decision unit 82) Which determines the multi 
level acceleration and deceleration pattern to be noticed to 
the synchronous control management unit. 

[0038] Thus, in spindle control betWeen tWo or more 
spindle motors, When controlling the acceleration and decel 
eration of spindle motors by the multi-level acceleration and 
deceleration pattern of the position control system, the 
con?guration for selecting an appropriate multi-level accel 
eration and deceleration pattern is designated. For example, 
if the multi-level acceleration and deceleration pattern is 
different on each spindle, the multi-level acceleration and 
deceleration time constant is determined on the basis of the 
one of the largest inclination of acceleration and decelera 
tion, and other acceleration and deceleration patterns de?ned 
by a constant multiple (1 or larger integer) of the multi-level 
acceleration and deceleration time constant, and therefore an 
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appropriate multi-level acceleration and deceleration pattern 
can be selected and judged by a simple process of compari 
son of multi-level acceleration and deceleration time con 
stants. 

[0039] For example, similarly, since an appropriate multi 
level acceleration and deceleration pattern is calculated from 
the ratio of the multi-level acceleration and deceleration 
time constants betWeen spindles different in the multi-level 
acceleration and deceleration pattern, if it is necessary to 
select the one of the large inclination of acceleration and 
deceleration, it can be easily corrected to an appropriate 
multi-level acceleration and deceleration pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 shoWs a con?guration of a numerical con 
trol apparatus according to a ?rst embodiment; 

[0041] FIG. 2 shoWs a con?guration of axis control unit in 
the numerical control apparatus; 

[0042] FIG. 3 shoWs a synchronous control management 
matrix for management of a set of synchronous control; 

[0043] FIG. 4 is a ?oWchart for management of synchro 
nous control; 

[0044] FIG. 5 shoWs a combination of synchronous con 
trol axes by analysis of spindle synchronous control com 
mand; 
[0045] FIG. 6 is a ?oWchart of axis control unit; 

[0046] FIG. 7 shoWs con?guration of a numerical control 
apparatus according to a second embodiment; 

[0047] FIG. 8 shoWs a speci?c example of multi-level 
acceleration and deceleration pattern for synchronous con 
trol; 
[0048] FIG. 9 is a diagram shoWing a method of calcu 
lation of multi-level acceleration and deceleration time 
constant multiplying factor; 

[0049] FIG. 10 shoWs an example of setting of multi-level 
acceleration and deceleration pattern for synchronous con 
trol; 
[0050] FIG. 11 shoWs a method of selection and calcula 
tion of multi-level acceleration and deceleration pattern; and 

[0051] FIG. 12 shoWs a con?guration of a conventional 
numerical control apparatus. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0052] The invention is more speci?cally described beloW 
While referring to the accompanying draWings. It must be 
noted, hoWever, that the invention is not limited to the 
illustrated embodiments alone. 

[0053] FIG. 1 is an essential block diagram of the numeri 
cal control apparatus according to the ?rst embodiment. This 
numerical control apparatus is capable of driving spindle 
motors or servo motors of a machine tool. 

[0054] As shoWn in FIG. 1, the machine tool of the 
invention comprises a numerical control apparatus 1 for 
synchronously controlling a motor for driving a reference 
axis and a motor for driving a synchronous axis, a process 
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ing program 2 storing a program for numerical control 
process, a reference axis including a spindle ampli?er 20, a 
spindle motor 21, a gear 22, a reference spindle 23, and an 
encoder 24, a ?rst synchronous axis including a a spindle 
ampli?er 40, a spindle motor 41, a gear 42, a synchronous 
spindle 43, and an encoder 44, and a second synchronous 
axis including a spindle ampli?er 60, a spindle motor 61, a 
gear 62, a synchronous spindle 63, and an encoder 64, in 
Which the rotating speed of the three spindles is synchro 
nously controlled by the numerical control apparatus 1, and 
a Work 26 is held betWeen the reference spindle 23 and 
synchronous spindle 43 by-closing chucks 25 and 45, and 
further a rotary tool 65 is rotated. 

[0055] In the reference axis, ?rst synchronous axis and 
second synchronous axis, the spindle ampli?ers 20, 40, and 
60 are installed respectively betWeen the numerical control 
apparatus 1 and spindle motor 21, betWeen the numerical 
control apparatus 1 and spindle motor 41, and betWeen the 
numerical control apparatus 1 and spindle motor 61, and the 
spindle ampli?ers are driving the corresponding spindle 
motors 21, 41, and 61. The reference spindle 23, synchro 
nous spindle 43, and synchronous spindle 63 installed 
respectively by Way of the gears 22, 42, and 62 are driven 
according to the feedback position from the corresponding 
encoders 24, 44, and 64. 

[0056] The numerical control apparatus 1 comprises, as 
shoWn in the draWing, an analysis processing unit 3 for 
analyZing the information about the reference axis and 
synchronous axes, an interpolation processing unit 4 for 
transmitting the interpolation position command and rotat 
ing speed command analyZed in the analysis processing unit 
3 to succeeding circuits, a PLC circuit 5 for issuing a 
speci?ed signal, a machine control signal processing unit 6 
for processing the speci?ed signal, a memory 7 storing the 
processing program 2 and incorporating an synchroniZation 
correction coef?cient holding unit 51 described beloW, a 
parameter setting unit 8 for setting various parameters by 
user s manipulation, a screen display unit 9 for displaying 
the information in the memory 7 on the screen, a synchro 
nous control management unit 11 for managing the combi 
nation of spindles for synchronous control, axis control units 
10a, 10b, 10c, . . . for controlling the corresponding spindles 
by output of information about reference axis and synchro 
nous axes, command position, speed command, etc., and a 
data input and output unit 13 for sending various informa 
tion to the reference axis and synchronous axes. In this 
embodiment, for the sake of convenience of explanation, in 
particular, synchronous control of three spindles is 
explained, but the number of spindles for synchronous 
control is not limited, and any plurality of spindles can be 
synchronously controlled by the management of the syn 
chronous control management unit 11. 

[0057] FIG. 2 is an essential block diagram speci?cally 
describing the axis control units 10a, 10b, 10c, . . . in FIG. 
1. 

[0058] As shoWn in FIG. 2, each axis control unit com 
prises an axis control system changeover unit 71, an axis 
control command value converting unit 72, a reference 
position input unit 73, a synchronous position calculation 
processing unit 74, a reference position output unit 75, a 
synchronous position correction unit 76, an theoretical posi 
tion deviation amount calculation processing unit 77, a 
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synchronous correction amount ?xing unit 78, and a syn 
chronous correction amount error temporary canceling unit 
79. Each axis control unit can control either reference axis 
or synchronous axis by the management of the synchronous 
control management unit 11. 

[0059] The axis control system changeover unit 71 
changes over the corresponding motor in either speed con 
trol system (speed control mode: control in ordinary state) 
for driving according to the command speed described in the 
processing program, or position control system (position 
control mode: synchronous control) for driving according to 
the moving stroke per unit time converted from the corre 
sponding speed command value. The axis control command 
value converting unit 72 calculates the moving stroke per 
unit time from the command speed to the reference axis. The 
reference position input unit 73 receives the moving stroke 
per unit time of the reference axis calculated in other axis 
control unit. The synchronous position calculation process 
ing unit 74 calculates the command position to the corre 
sponding axis on the basis of the moving stroke calculated 
in the axis control command value converting unit 72 or the 
moving stroke received in the reference position input unit 
73. The reference position output unit 75 issues the moving 
stroke per unit time of the reference axis calculated in the 
axis control value converting unit 72 to other axis control 
unit. The synchronous position correction unit 76 calculates 
the position correction amount from the position deviation 
amount of the reference axis and position deviation amount 
of synchronous axis, and corrects variation of axis by adding 
the position correction amount to the command position of 
the synchronous axis. The theoretical position deviation 
amount calculation processing unit 77 calculates an ideal 
position deviation amount from the speed command value 
described in the processing program and the position control 
gain of the motor. The synchronous correction amount ?xing 
unit 78 calculates the average of position deviation amount 
in steady rotation on the reference axis and synchronous axis 
for synchronous control, further calculates the difference 
thereof, and determines the result of calculation as the ?xed 
position correction amount. The synchronous correction 
amount error temporary canceling unit 79 subtracts the 
difference of the average of position deviation amount in 
steady rotation on the reference axis and synchronous axis 
for synchronous control and the actual position deviation 
amount, temporarily from the position correction amount, 
and cancels the variation component of position deviation 
amount caused by variation due to disturbance or the like. 

[0060] The operation of the numerical control apparatus 
Will be explained beloW. 

[0061] First, by the spindle synchronous command 
described in the processing program 2, synchronous control 
of three spindles is explained, assuming to control the 
spindle 23 as reference spindle and spindle 43 as synchro 
nous spindle, and further to control the spindle 23 as 
reference spindle and spindle 43 as synchronous spindle. In 
FIG. 1, the axis control unit 10a controls the spindle 23 
through the spindle ampli?er 20, the axis control unit 10b 
controls the spindle 43 through the spindle ampli?er 40, and 
the axis control unit 10c controls the spindle 63 through the 
spindle ampli?er 60. 

[0062] The processing program 2 being read out, for 
example, from a tape reader is stored in the memory 7, and 
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When executing the processing program 2, the analysis 
processing unit 3 reads out the processing program 2 block 
by block from the memory 7, and analyZes the described 
spindle synchronous command. This spindle synchronous 
command is analyZed by the analysis processing unit 3 as 
information about reference axis and synchronous axes, 
rotating direction and rotation ratio of synchronous axes, 
and noticed to the interpolation processing unit 4. In the 
interpolation processing unit 4, these items of information 
are noticed to the synchronous control management unit 11. 

[0063] In the synchronous control management unit 11, 
combination of commanded synchronous control axes is 
managed, and the information about the reference axis is 
noticed to the axis control unit 10a responsible for control of 
reference axis, out of axis control units 10a, 10b, 10c, . . . 
, or the information about synchronous axes, and informa 
tion of rotating direction and rotation ratio of synchronous 
axes 43 and 63 to the reference axis 23 are noticed to the axis 
control units 10b, 10c responsible for control of synchro 
nous axes. Moreover, the reference position output unit 75 
of the axis control unit 10a and the reference position input 
unit 73 of the axis control units 10b, 10c are connected With 
each other, so that the synchronous control reference moving 
stroke of the reference axis mentioned beloW may be noticed 
to the synchronous axes. 

[0064] Herein, the management method of combination of 
synchronous control in the synchronous control manage 
ment unit 11 is explained according to the synchronous 
control management matrix shoWn in FIG. 3. 

[0065] In the case of synchronous control in combination 
of a plurality of axes, all combinations are managed in the 
synchronous control management unit 11, and it is required 
to perform synchronous control according to the dominant 
relation thereof. In the example shoWn in FIG. 3, spindle S1 
is the reference spindle, and spindle S2 is synchronously 
controlled, and further spindle S1 is the reference spindle, 
and spindle S3 is synchronously controlled. By managing to 
control sequentially from the axis other than the synchro 
nous axis, a plurality of spindles are controlled synchro 
nously. 

[0066] Further, by using the synchronous control manage 
ment matrix, unjust synchronous control pattern is checked. 
For example, in principle, it is not alloWed to combine one 
synchronous axis With plural reference axes, and therefore if 
it is attempted to control spindle S4 as reference axis and 
spindle S1 simultaneously during synchronous control of 
spindle S2 With spindle S1 as reference axis, in the syn 
chronous control management unit 11, since spindle S2 is 
already controlled synchronously With spindle S1 as refer 
ence axis, synchronous control With spindle S4 as reference 
axis is disabled. Therefore, such command is judged to be 
synchronous control command of unjust combination. The 
synchronous control management unit 11 develops such 
matrix on the memory, and realiZes a similar management. 

[0067] By such management of the synchronous control 
management unit 11, the folloWing operation is carried out 
in the axis control units 10a, 10b, 10c receiving such 
information. 

[0068] The axis control system changeover unit 71 calcu 
lates a theoretical value of position deviation amount from 
the command speed described in the processing program and 




















