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SYNCHRONOUS CONTROL DEVICE

TECHNICAL FIELD

The present invention relates to a synchronous control appratus for

driving a subsidiary shaft motor synchronously with a main shaft motor.

BACKGRQUND ART

According to the conventional synchronous control technique, a
command is synchronously privided to the main shaft motor control device and
the subsidiary shaft motor control device, respectively. Alternatiyely, a
command is provided to the subsidiary shaft motor control device
synchroriously with the present position of the main shaft motor. Further, the
present applicant proposed a synchronous control appratus in which the
predictive control is applied to the synchronous control as disclosed in
Japanese Patent Application No. 6-288994. In the synchronous control
appratus described above, predictive control is conducted on the subsidiary
shaft by a future positon command of the subsidiary shaft obtained by
predicting a future position of the main shaft.

However, according to the conventional synchronous control

technique, it is difficult to conduct synchronous control of high accuracy

because the dynamic characteristic of the main shaft is different from that of the
subsidiary shaft. The art disclosed in Japanese Patent Application No. 6-

288994 is proposed In order to solve the above problem and to enhance the
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synchronous accuracy. However, the following problems may be encountered
when the above device is used. In this device, when the future main shaft
position is predicted, not the main shaft position command of the future but the
main shaft position command at the present moment is used. Therefore,
when the main shaft position command is changed, control can not be changed
in quick response, and the synchronous accuracy is deteriorated.

According to the conventional synchronous control technique, when
input of the position command into the main shaft control device and the
subsidiary shaft control device is delayed or when detection of the main shaft

position is delayed, the synchronous accuracy is deteriorated in accordance

. with the delay.

The present invention has been accomplished to solve the above
problems. It is an object of the present invention to provide a synéhronous
control appratus capable of realizing synchronous control, the control accuracy
of which is higher than that of the conventional apparatus.  Further,
synchronous accuracy of this synchronous control appratus is not deteriorated
even if input of the position command is delayed and also detection of the main

shaft position is delayed.

DISCLOSURE OF THE INVENTION

In order to solve the abovg problems, there is provided a synchronous
control appratus by which a subsidiary shaft motor is driven synchronously with
a main shaft motor, comprising: a command generating device into which an
increment of the main shaft position command Ary(i+M-1) in the sampling period

is inputted and also an increment of the main shaft position Ay,(i-K) before K (K
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> 0) times of the samplings is inputted, and from which an increment of the
main shaft position command Ar(i) is outputted and also a plurality of
increments of the subsidiary shaft future position Ar,(i+m), m = D+1, D+2, ... ,
D+M, which are for several times of future samplings are outputted; a main
shaft device into which a signal of the main shaft position command increment
Ar(i-d) delayed by d (d > 0) times of samplings is inputted for controlling the
drive of the main shaft motor, and from which an increment of the main shaft
position Ay(i) is outputted; and a subsidiary shaft device into which signals
Ar,(i+m), m =1, 2, ... , M of the pl.urality of subsidiary shaft future position
command increment delayed by D (D > 0) times of samplings are inputted, and
which controls the drive of the subsidiary shaft motor so that the subsidiary
shaft position predicted by the dynamic characteristic model of the subsidiary
shaft can be made to coincide with the future position command of the
subsidiary shaft, wherein the command generating device includes: first
memory means for storing the main shaft position command increments
inputted into a plurality of time points from the past to the present; output means
for outputting the main shaft position command increment Ar(i) inputted before

(M-1) times of samplings in the values stored in the first memory means;

“second memory means for storing the main shaft position increments inputted

into a plurality of time points from the past to the present; a calculator for finding
predicted values of a plurality of main shaft position increments for several
times of future samplings by the dynamic characteristic model of the main shaft
device including delay factor which is d times of samplings and also by the
stored main shaft position command increments and the stored main shaft

position increments; and a converter for finding a plurality of subsidiary shaft
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future position command increments by a plurality of predicted values of the
main shaft position increments obtained by the calculator.

According to the present invention, there is also provided a
synchronoLJs control appratus for driving a subsidiary motor synchronously with
a main motor comprising: a fine adjustment device for inputting a signal into the
subsidiary shaft motor control device as a fine adjustment signal for adjusting
the asynchronization, the signal obtained by adding a signal, in which an
increment of the main shaft position in the sampling period or the predicted
value is multiplied by a rﬁultiplier Ky, to a signal, in which the main shaft position
command increment is multiplied by a multiplier K,,; and means for switching |
the value of the multiplier K, according to the positive or negative of the main
shaft position increment.

According to the present invention, there is also provided a
synchronous control appratus by which a subsidiary shaft motor is driven
synchronously with a main shaft motor, comprising: a command generating
device including: a memory means into which an increment of the main shaft
position command Ar(i+M-1) in the sampling period is inputted and also an
increment of the main shaft position Ay,(i-K) before K (K > 0) times of samplings
is inputted; the memory means respectively storing the inputted main shaft
position command increment and the main shaft position increment; an output

means for outputting the main shaft position command increment Ar_(i) inputted

-pefore (M-1) times of samplings in-the values stored in the memory means; a

calculator for finding predicted values of a plurality of main shaft position
increments for several times of future samplings; and a converter for finding

and outputting a plurality of subsidiary shaft future position command

4 [ THIS SHEET FAS BeEn
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increments Ar,(i+m), m=D, D+1, D+2; ... , D+M by a plurality of predicted
values of the main shaft position increments obtained by the calculator; a main
shaft device into wh_ich a signal Ar(i-d) of the main shaft position command
increment delayed with d (d > 0) times of samplings is inputted for controliing
the drive of the main shaft motor, and from which an increment of the main
shaft position Ay(i) is outputted; a subsidiary shaft device into which signals
Ar(i+m), m =0, 1, ... , M of the plurality of subsidiary shaft future position
command increment delayed by D (D > 0) times of samplings are inputted, and
which controls the drive of the subsidiary shaft motor so that the subsidiary
shaft position predicted by the dynamic characteristic model of the subsidiary

shaft can be made to coincide with the future position command of the

subsidiary shaft; and a fine adjustmc_ant device for inputting a signal delayed by

D (D> 0) times of samplings of a signal obtained by adding a signal, in which
one of the increment of the main shaft position and the predicted value is
multiplied, to a signal, in which the main shaft position command increment is
multiplied, into the subsidiary shaft motor control device as a fine adjustment
signal for adjusting the asynchronization, wherein the calculator of the
command generating device includes: means for calculating and storing the
main shaft position command r, by the main shaft position command increment
Ar stored in the memory means; means for calculating and storing the main

shaft position y, by the main shaft-position increment Ar, stored in the memory

‘means; and means for determining the predicted value Ay, *(i+m) of the main

shaft position increment by the equation of

i+ Na+X Ny+K+m
!

Y. *( .m) = ZA,,,,,y:(i -n)+ ZB",,,r,(i +m—n)
=K n=1
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i+D i-1+D
)=y, *(

I . i—1

By, *(+D) =y, *( )

. } i+m i+m-1
Ay,*(1+nr)=y,*(l—.)—y,*( . )

m=D+1, D+2, ... , D+M

here, ys*({—’) is a predicted value of the main shaft position at the time i, which
’I

is predicted at the time i,, and N,, N, A, and B, are constants found by the

dynamic characteristic model of the main shaft device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a block diagram showing a conﬂgurétion of the synchronous
control appratus according to the first embodiment of the present invention:
Fig. 2 is a block diagram showing.a configuration of the synchronous control
appratus according to the second embodiment. of the present invention; and
Fig. 3 is a block diagram showing a configuration of the synchronous control

appratus according to the third embodiment of the present invention.

BEST MODE FOR CARRYING QUT THE INVENTION

s

Referring to the accompanying drawings, embodiments of the present
invention will be explained below,
Fig. 1 is a block diagram showing a configuration of the synchronous

control appratus according to the first embodiment of the present invention.
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In Fig. 1, at the present moment i, an increment Ar(i+M-1) in the
sampling period of the main shaft porition command and an increment Ay (i-K)
of the main shaft position at the sampling of K (K > 0) times before are inputted
into the command generating device 1, and the command generating device 1
outputs an increment Ar(i) of the main shaft position command at the present
moment and a plurality of increments Ar,(i+m), m = D+1, D+2, ... , D+M of the

subsidiary shaft future position command, which are for several times of future

- samplings. In this case, the mark A represents an increment in the sampling

beﬂod.

| In the command generating device 1, the memory 7 stores main shaft
position command increments which have been inputted into a plurality of
time points from the past to the present. The output means 7’ outputs a main
shaft poéition command in.crement Ar(i), which has been inputted at sampling

of (M-1) times before, out of the values stored in the memory 7, as a main shaft

. position command increment at the present moment. The memory 8 stores

main shaft position increments which have been inputted into a plurality of time
points from the past to the present. The calculator 9 finds prediction values
Ay, *(i+m), m=D+1, D+2, ... , D+M of a plurality of main shaft position
increments for several times of future samplings by the dynamic characteristic
model of the main shaft device 2 including the delay factor 4 and also by the

stored main shaft position command increments and the main shaft position

-increment.  The converter 10 finds a plurality of subsidiary shaft future position

command increments Ar, (i+m), m=D+1, D+2, ... , D+M by a plurality of
prediction values of the main shaft position increments obtained by the

calculator. For example, when the movement of the main shaft and that of the
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subsidiary shaft are similar to each other, the converter 10 can be realized by a
multiplier by which a constant is multiplied.

| The delay factors 4, 5 and 6 are inherent to the processes of
transmission, calculation and detection when the position command increment
and the main shaft position increment are transmitted between the devices.
Concerning the main shaft position command increment Ar(i) is inputted into
the main shaft device 2 as Ar(i-d) by the delay of d (d > Q) times of the
samplings according to the delay factor. 4, ,

In the main shaft device 2, the integrator 13 finds the main shaft
position command r(i-d) by the inputted main shaft position command
increment Ar(i-d). The main shaft position command r(i-d) is inputted into the
main shaft controller 11, and the main shaft controller 11 controls the position
Ys(i} of the main shéﬂ motor 12 according to the inputted value. A difference
device 14 finds the increment Ay,(i) by the main shaft position Y.(i). The main
shaft position increment Ay.(i) is outputted from the main shaft device 2 and
changed into Ay,(i-K) by the delay of K (K> 0) times of the samplings according
to the delay factor 5 and then inputted into the command generating device 1. ]

A plurality of subsidiary shaft future position command increments are
delayed by D (D > 0) times of the samplings according to the delay factor 6 and
Ar, (i+m), m=1, 2, ..., M are inputted into the subsidiary shaft device 3.

In the subsidiary shaft device 3, the subsidiary shaft controller 16

-controls a speed of the subsidiary shaft motor 17 according to the inputted

speed command. The difference device 18 finds the increment Ay,(i) by the
position y,(i) of the subsidiary motor shaft 17. The predictive controller 15

determines the speed command v(i) by predictive control so that the position of
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the éubsidiary shaft for several times of future samplings, which has been
predicted by the dynamic characteristic model of the subsidiary shaft motor 17
including the subsidiary shaft controller 16 and also pred'icted by the subsidiary
shaft position increment Ay, (i), can be made to coincide with the subsidiary
shaft future position commands r, (i+m), m=1, 2, ... , M which are determined
by a plurality of subsidiary shaft future position command increments Ar, (i+m),
m=1, 2, ... , M. In the case where the predictive controller disclosed in
Japanese Patent Application. No. 5-197956 is used for this predictive controller

15, the speed command v(i) is determined by the following equation.

N1

V()= vaArz G+m)- i PAY, (i —n)+ Ee(i)— Zg,,v(i -n) (1)

m=1 =0

where .Mz is a prediction horizon, e(i) is a positional deviation(= rz(i)—yz(i)),' N,
N, are degrees of the dynamic characteristic model of the subsidiary shaft, and
Vm» Pn E, @, @re constants for predictive control.

The speed command v(i) found by the predictive control is added by
the adder 20 to an output signal of a fine adjustment device 19 which is delayed
by D (D 2 0) times of the samplings from the v(i), and the thus added value is
inputted into fhe subsidiary shaft controlier 16 as a speed command.

The fine adjustment device 19 outputs a signal in which the signal

K.Ar,, which is obtained when the!main shaft position command increment Ar,

‘stored in the memory 7 of the command generating device 1 is multiplied by a

multiplier, and the signal K,Ay, obtained by multiplying the main shaft position
increment Ay, (or K,Ay,* obtained by multiplying the prediction value Ay * of the

main shaft position increment) stored in the memory 8 of the command
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generating device 1 by a multiplier, are added to each other. In this case, the
multipliers K, and K, are variable, and can be used for fine adjustment of
asynchronization.

The calculator 9 provided in the command generating device 1 will be
explained below.

The calculator 9 includes: means for calculating and storing tﬁe main
shaft position commands r,(i+M-1), r(i+M-2), ... , r,(i-K-N,) by the main shaft
position command inc;rement Ar, stored in the memory 7; means for calculating
and storing the main shaft positions y,(i-K), ys(i-K-1), ..., Ys(i-K-N,) by the main
shaft position increment Ay, stored in the memory 8; and means for determining
the prediction value Ay *(i+m), m=D+1, D+2, ... , D+M of the main shaft position
increment by the following equation according to the main shaft position

command r, and the main shaft position y, which are stored in these means.

N +K Ny+K+m
Y, *(G+m)= ZAm"ys(i—n)+ ZB,""rs(i+m -n) ()
n=K n= ’

1
Ay, *(+m) =y, * (i +m)=y, *(i+m—1)

In this case, N,, N,, A, and B,,, are constants found by the dynamic
characteristic model of the main shaft device 2 including the delay factor 4.
The calculator 8 may be configured by: means for determining the

prediction value Ay,*(i+m), m=D+1, D+2, ... , D+M of the main shaft position

increment by the following equation according to the main shaft position

command increment Ar, and the main shaft position increment Ay, which are

stored in the memories 7 and 8.

10
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No+K-1 Ny+K+m-1 .

Ay, *(i+m)= ZA,MAy,(i—n)+ ZBm"ArS(H»m—n) ' (3)
n=K

n=1

in this case, N,, N,, A, and B, are constants found by the dynamic
characteristic model of the main shaft device 2 including the delay factor 4.

The calculator 9 may be configured by: means for calculating and
storing the main shaft position commands r(i+M-1), r(i+M-2), ... , r(i-K-N,+1)
by the main shaft position command increment Ar, stored in the memory 7; and
means for determining the prediction value Ay *(i+m), m=D+1, D+2, ... , D+M of
the main shaft position increment by the following equation according to the
main shaft position command r, and the main shaft position increment Ay,

which is stored in the memory 8.

Ng+K-1 Ny+K+m-1

Ay, *(i+m)y= D 4,0y, (-n)+ > B r(i+m- n) (4)

n=K n=)

In this case, N,, N,, A, and B, are constants found by the dynamic

characteristic model of the main shaft device 2 including the delay factor 4.

First, equation (2) is introduced. If a transfer function model from the

- main shaft position command r (i) to the main shaft position y(i) is obtained by

the discrete-time system expressed by the equation of:

BZ 4ot by 27N

-1 N, ?
—aZ ——ay Z

Gy (2)=1 (5)

the input and output model can be expressed by the following equation.

11
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Y, ()= Za,.y,(l =) +Z EAGS)] (6)

n=

At the time i, the measured value y (i-n) (n > K) of the main shaft
position to the time (i-K) is obtained. Therefore, the model estimate of the

main shaft position after that can be expressed by the following equation.

The model estimate p (i+m) (m > -K+1) is expressed by the

measured values as follows.

N, N,
J(i-K+D)=3a,y,(-K+1-n)+> b r,(i-K +1-n) (7a)
n=] n=|
= -K+1
m+K~1
y,(z +m)= Y a, . (i+m-n)+ Za,,ys(1+m n)+Zb,,r:(1 +m—n)
n=1 n=m+K : . n=)
m > -K+1 (7b)

Therefore, the following equation can be obtained.

Ny+K-1 Ny+K+m-1 .
y.s(l+m)_ Zanmys(l ")+ Z bmn s(l+’n n) (8)
n=K n=1

m > -K+1

In this case, the coefficientsa,, ,5,, can be given by the following equations.

B roton = Ton o m=-K+LK<n<N,+K-1  ~ -
m+K-1 .
a,, = yad, . +a,, m>-K+L,Ksn<N,+K-1
7=1 . . . > (9)
5(_K+,)"=b" m=-K+11<n<N,
m+K- .
Za} sy m>-K+1,1<n<N,+K+m-1 J

12



here, a,=0(n>N,), b,=0(n>N,), b

nn

=0(n<1).

When the main shaft position after the time (i-K) is predicted by the

following equation, the above equation (2) can be obtained.

Ny Ny

5 Y G mY= 3,4 m)+ (9, = K) = Y a,y,( - K~ n)=3 br,(i— K - 1))
n=1 n=l

m>-K+1 (10)

In this case, the coefficients A, and B, are given by.the following

equation and the equation (9).

10
A =1+a,, n=K
A,=4,-a,, K+1snsN,+K (11)
B, =by~b, gy 1SN<N,+K-+m
here, b, =0(n<1), E’N(N,,uc) = 5m(N,,+K+m) =0.
Next, the equation (3) is introduced. If the transfer function model
15 from the main shaft position command increment Ar (i) to the main shaft
position increment Ay(i) is obtained by the discrete-time system expressed by
the following equation,
bZ ™ 4t b, 77N
G, (z)=— ol 12
T e P % (12)
20
the input and output model can be expressed as follows.
N, N,
A, ()= a,AD,(i-n)+Y bAr,(i —n) (13)
n=1 n=1

13



At the time i, the measured value Ay (i-n) (n = K) of the main shaft
position increment to the time (i-K) is obtained. Therefore, when the main
shaft position increment after that is predicted using the measured values by

5 the following equation, the above equation (3) can be obtained.

N N '
Ay *(i-K+1)=> a,Ay (i—K+1-n) +Zb:b,,Ars(i—K+1 -n)  (14a)
n=] n=] :

= -K+1

m+K-)

. v, v, :
Ay *(i+m)= Y a by *(+m-n)+ > a Ay, (i+m—n) +> b,Ar(i+m—n)

n=) n=m+K n=1
10
m > -K+1 (14b)
In this case, the coeff'icients'Amn and B, are given by the following
equations. '
15
Ak = Qg m=-K+1,K<ns<N,+K-1 N\
m+K -1
A,= 2O A ot Uy M>-K+LK<n<N, +K -1
i=l > (15)
B g =1, m=-K+11<n<N,
m+K -1
20 B, = Za;‘B(m-an~j) +b, m>-K+L1<n<N,+K+m-1 J
J=1

‘here, a,=0(1>N,), b,=0(n>N,), B,,=0(n<1).

Next, the equation (4) is introduced. If the transfer function model
from the main shaft position command r,(i) to the main shaft position increment

25 Ay,(i) is obtained by the discrete-time system expressed by the following

14



equation,

bZ" 4 +b, Z

G = 16
rd(z) l—-a,Z" —""-CIN‘IZ_N" ( )
5 the input and output model can be expressed as follows.
N, N,
A9,()=2,a,89,(i—n)+3 b,r, (i —n) (17)
n=\ n=]

At the time i, the measured value Ay (i-n) (n>K) of the main shaft
10 position increment to the time (i-K) is obtained. Therefore, when the main
shaft position increment after that is predicted using the measured values by

the following equation, the above equation (4) can be obtained.

N, Ny
Ay *(-K+D) =3 a,py,(i-K+1-n)+> b,r,(i-K+1-n) (18a)
n=) .

) n=|
15 m = -K+1
m+K~)

N, Ny
Ay *(i+m)= Y aby *(i+m—n)+ > a,Ay,(i+m-n)+> br,(i+m—n)

n=} n=nt+ K n=l

m > -K+1 (18b)

20 In this case, the coefficients A, and B,,, are given by the following

equations.

15
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A(-—K-H)n :a("_K+]) m= "'K +1,K <n< Na +K _I \

m+K-1

A= D 04 s, +a,.,, m>-K+LK<n<N,+K-]
" f (19)

B(—K+])n=bn m=—K+l,1£nsNb

m+K -]
Bm,,:ZajB(m_an_j)+b" m>-K+11<n<N,+K+m-1 J

f=1

here, a,=0(n>N,), b, =0(n>N,), B, =0(n<l).

When the sampling periods of the main shaft devic_e 2 and the
subsidiary shaft device 3 are 1/n of that of the command generating device 1,
the inputted position command increment may be multiplied by the multiplier of
1/n.

As described above, the synchronous control appratus of the first
embodiment comprises: a command generating device 1; a main shaft device
2; and a subsidiary shaft device 3, and further the command generating device
1 includes: a memory 7 for storing the main shaft position command increments
inputted into é plurality of time points from thé past to the present; an output
means 7' for outputting the main shaft position command increment Ar (i)
inputted at sampling of (M-1) times before out of the values stored in the
memory 7; a memory 8 for 'storing the main shaft position increments inputted
into a plurality of time points from the past to the present; a caiculator 9 for

finding prediction values of a plurality of main shaft position increments for

several times of future samplings by the dynamic characteristic model of the

main shaft device including the delay corresponding to d times of the samplings
and also by the stored main shaft position command increments and the main

shaft position increment; and a converter 10 for finding a plurality of subsidiary

16
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shaft future position command i.ncrements by a plurality of prediction values of
the main shaft position increments obtained by the calculator. Due to the
above arrangement, it is possible to realize a synchronous control of high
accuracy. Further, it is possible to provide a synchronous control appratus,
the accuracy of synchronization of which is not deteriorated even if the input of
the position command and the detection of the main shaft position are delayed.

Fig. 2 is a block diagram showing a configuration of the synchronous
control appratus according to the second embodiment of the present invention.
Same reference numerals are used to indicate common barts in Figs. 1 and 2.
In the synchronous control appratus of the first embodiment, there is a
possibility that the accuracy of synchronization is deteriorated when the
dynamic’.characteristic of the main shaft in the case of normal rotation and that
in the case of reverse rotation are different from each other. In order to solve
the above problems, the synchronous control appratus of the second
embodiment includes a fine adjustment device 21 having a function of changing
over the multiplier K, according to the positive and the negative of the main
position increment Ay,.

The fine adjustment device 21 outputs a signal obtained when the
signal K,Ar,, which is obtained by multiplying the main shaft position command
increment Ar, stored in the memory 7 of the command generating device 1 by a

multiplier, and the signal KAy, obtained by multiplying the main shaft position

-increment Ay (or K,Ay,* obtained by mulitiplying the prediction value Ay,* of the

main shaft position increment) stored in the memory 8 of the command
generating device 1 by a multiplier, are added to each other. As described

above, the muttipliers K, and K, are parameters used for fine adjustment of

17 e i
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asyhchronization. These multipliers K, and K, are previously stored in the fine
adjustment device 21 in the process of adjustment. Especially, concerning the
multiplier K;, two types of multipliers K,, and K, are stored so that they can be
used in the normal and the reverse rotation of the main shaft. When the main
shaft position increment Ay,(i-K) is not less than zero, the multiplier K, is used,
and when the main shaft position increment Ay, (i-K) is negative, the multiplier
Kiy is used.

Setting of K,; and K, is conducted as follows. First, the adjustment
is conducted under the condition that the main shaft is rotated normally, and the
multiplier K1-p for normal rotation is set and stored. Next, the adjustment is
conducted again under the condition that the main shaft is rotated reversely,
and the multiplier Ky = Kip + Kpy for reverse rotation is set and stored. In this
case, Koy is a coefficient used for correcting a difference of the dynamic
characteristic of the main shaft. K,y may be calculated by the above equation
while Ky is stored instead of K,,. In this connection, K, is set so that the
asynchronization can be reduced when the main shaft is in an accelerating and
decelerating condition.

As described above, the second embodiment includes a fine
adjustment device 21 for inputting a signal, which is obtained when a signal, in -
which the increment in the sampling period of the main shaft position or the

prediction value is multiplied by the multiplier of K, and a signal, in which the

-main shaft position command increment is multiplied by the multiplier of K,, are

added to each other, into the subsidiary shaft motor control device as a fine
adjustment signal for adjusting the asynchronization. In this case, two types of

multipliers K; are stored and changed over according to the positive and

18
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negative of the main shaft position increment. Due to the fdregoing, even if
the dynamic characteristic of the main shaft in the case of normal rotation and
that in the case of reverse rotation are different from each other, it is possible to
provide a synchronous control appratus, the accuracy of synchronization of
which is not deteriorated.

Fig. 3 is a block diagram showing a configuration of the synchronous
control appratus according to the third embodiment of the present invention.
Same reference numerals are used to indicate common parts in Figs. 1 and 3.

in the synchronoﬁs control apprétus of the first embodiment, there is a
possibility that the prediction accuracy of the main shaft position increment is
somewhat deteriorated by the torque saturation or disturbance torque. In
order to solve the above problems, in thé synchronous control appratus of the
third embodiment, a prediction value, which was found in the sampling of 1 time

before, is considered when the prediction value of the main ‘shaft position

increment is found.

In Fig. 3, at the present moment i, an increment Ar(i+M-1) in the
sampling period of the main shaft porition command and an increment Ay,(i-K)
of the main shaft position at the sampling of K (K > 0) times before are inputted
into the command generating device 1, and the command generating device 1
outputs an increment Ar(i) of the main shaft position command at the present

moment and a plurality of increments Ar,(i+m), m = D+1, D+2, ... , D+M of the

-subsidiary shaft future position command, which are for several times of future

samplings, are outputted from the command generating device 1.
The calculator 22 finds a plurality of prediction values Ay, *(i+m), m=D,

D+1, D+2, ... , D+M of the main shaft position increment for several times of
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future samplings by the dynamic characteristic mode.l of fhe main shaft device 2
including the delay factor 4 and also by the stored main shaft position command
increment and the main shaft position increment. The converter 10 finds a
plurality of subsidiary shaft future position command increments Ar, (i+m), m=D,
D+1,. D+2, ... , D+M by the prediction values of a plurality of main shaft position
increments which have been obtained. |

A plurality of subsidiary shaft future position command increments are
delayed by D (D > 0) times of samplings according to the delay factor 6, and Ar,
(i+m), m=0, 1, 2, ... , M are input{ed into the subsidiary shaft device 3. The
predictive controller 15 determines the speed command v(i) by predictive
cohtrol so that the. position of the subsidiary shaft for several times of future
samplings, which has been predicted by the dynamic characteristic model of
the subsidiary shaft motor 17 including the subsidiary shaﬁ controller 16 and
also predicted by the subsidiary shaft position increment Ayz(i), can be made to
coincide with the subsidiary shaft future position commands r, (i+m), m= 1, 2,
... , M which are determined by a plurality of subsidiary shaft future position
command increments Ar, (i+m), m= 1, 2, ... , M. In the case where the
predictive controller disclosed in Japanese Patent Application No. 5-197956 is
used for this predictive controller 15, the speed command v(i) is determined by

the following equation.

v(i) = % v, Ar, (i +m) —Ni—:] Ay, (i—n)+Ee(i)— Ni—:lgnv(i -n) (20)
m=1 n=0 n=1

where M, is a prediction horizon, e(i) is a positional deviation(= r,(i)-y,(i)), N,,,

N,, are degrees of the dynamic characteristic model of the subsidiary shaft, and
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Ve Pn E, @, @re constants for predictive control..

The speed command v(i) found by the predictive control is added by
the adder 20 to an output signal of a fine adjustment device 19 which is delayed
by D (D > 0) times of the samplings from the v(i), and the thus added value is
inputted into the subsidiary shaft controller 16 as a speed command.

The fine adjustment device 19 outputs a signal in which the signal
K,Ar,, which is obtained when the main shaft positioln command increment Ar,
stored in the memory 7 of the command generating device 1 is multiplied by a
multiplier, and the signal K1Ays obtained by multiplying the main shaft position
increment Ay, (or K,Ay,* obtained by multiplying the prediction value Ay* of the
main shaft position increment) stored in the memory 8 of‘ the command
generating device 1 by a multiplier, are added to each other. In this case, the
multipliers K, and K, are variable, and can be uéed for fine adjustment of
asynchronization.

The calculator 22 includes: means for calculating and storing the main
shaft position commands r (i+M-1), r(i+M-2), ... r(i-K-N,) by the main shaft
position command increment Ar, stored in the memory 7, means for calculating
and storing the main shaft positions y(i-K), Ys(i-K-1), ... , v,(i-K-N,) by the main
shaft position increment Ay, stored in the memory 8; and means for determining
the prediction value Ay *(i+m), m=D+1, D+2, ... , D+M of the main shaft position

increment by the following equation according to the main shaft position

-command r, and the main shaft position y, which are stored in these means.

N +K Ny+K+m

YHE+T)= Y Ay =)+ DB,k mn) (21)
n=1

n=K
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By, 4+ D)=y, 1+ D)= by, (1= 1+-2) (22a)
! 1—

m=D

'Ay,*<f+m)=Ay,*(f+§)—Ay,*<i+m—}> (22b)

m=D+1, D+2, ... , D+M

here, y.*( '.—2) is a predicted value of the main shaft position at the time
7

i, which is predicted at the time i,.

When the discrete-time system expressed by the equation of

B2 4ot by 27 23
1-aZ7 ——q, ZN’

G,(2) =

is used as a transfer function model from the main shaft position command r(i)
to the main shaft position y,(i), the coefficients A,,, and B,,, can be given by the

following equations in the same manner as that of the synchronous control

appratus of the first embodiment.

~

AmK:1+amK n:K
Am=a,,—-a,,, K+1<n<N,+K
B =b,~b, . 1Sn<N,+K+m

mn

(24)

~

here, 5, =0(n<1), AN, ek) = bm(N,,+x+m) =0.
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k1) :a(n-K+1) ’ m:—K'f'],K <n SN0+K—‘] 3\
m+ K~
4,,= 2 ad, .+, m>-K+L,K<n<N,+K-1

o7 > (25)
b xaym =0, m=-K+1,1<n<N,
m+K-1

5mn::: Zafg(m—‘j)(n—j)+bn m>—K+l,1SnSNb+K+m—l )
=

here, a,=0(n>N,), b, =0(n>N,), b =0(n<l).

As described above, the synchronous control appratus of the third
embodiment includes: a command generating device 1 for finding and
outputting the subsidiary shaft future position command increment Ar, by the
predicted value of the main shaft position increment; a main shaft device 2 for
outputting the main shaft paosition increment Ay, a subsidiary. shaft de\)ice 3 for
conducting the predictive control on the subsidiary shaft motor 17; and a fine
adjustment device 19 for inputting a fine adjustment signal to correct the
asynchronization into the subsidiary shaft device 3, wherein the predicted value
of the main shaft position increment is determined by the calculator 22
according to the predicted value of the main shaft position which has been
predicted at the time (i - 1) before one sampling. Due to the foregoing, it is
possible to provide a synchronous contrdl appratus, the prediction accuracy of
the main shaft position increment of which is not deteriorated by the torque

saturation or the disturbance torque.
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INDUSTRIAL APPLICABLITY

As described above, it is possible for the present invention to provide a
synchronous control appratus capable of conducting a synchronous motion of
an accuracy higher than that of the prior art irrespective of the delay of input of
the position command increment and also irrespective of the delay of detection
of the main shaft position increment. |

According to the present invention, it is possible to correct a difference
between the dynamic characteristic in the case of normal rotation of the main
shaft and the dynamic characteristic in the case of reverse rotation. Therefore,
it is possible to realize a synchronous control appratus capable of conducting a
synchronous motion, the accuracy of which is higher than that of the
synchronous control appratué of the prior art.

According to the present invention, when the predicted value of the
main shaft position increment is found, the predicted value which was found in
the past by one sampling is considered. Therefore, the accuracy of prediction
of the main shaft position increment is enhanced to be higher than that of the
conventional apparatus. As a result, it is possible to realize a synchronous
control appratus, the accuracy of synchronous motion of which is higher than

that of the prior art.

24
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WHAT IS CLAIMED |S:

1. A synchronous control appratus by which a subsidiary shaft motor is
driven synchronously with a main shaft motor, comprising:

a command generating device into which an increment of the main
shaft position command Ar(i+M-1) in the sampling period is inputted and also
an increment of the main shaft position Ay (i-K) before K (K > 0) times of the
samplings is inputted, and from which an increment of the main shaft position
command Ar(i) is outputted and also a plurality of increments of the subsidiary
shaft future position command Ar,(i+m), m = D+1, D+2, ... , D+M, which are for
several times of future samplings are outputted;

a main shaft device into which a signal of the main shaft position
command increment Ars(i-d) delayed by d (d > 0) times of samplings is inputted
for controlling the drive of the main shaft motor, and from which an increment of
the main shaft position Ay(i) is outputted; and

a subsidiary shaft device into which signals Ar,(i+m), m =1, 2, ... , M of
the plurality of subsidiary shaft future position command increment delayed by
D (D = 0) times of samplings are inputted, and which controls the drive of the
subsidiary shaft motor so that the subsidiary shaft position predicted by the
dynamic characteristic model of the subsidiary shaft can be made to coincide
with the future position command of the subsidiary shaft,

wherein the command generating device includes:

first memory means for storing the main shaft position command
increments inputted into a plurality of time points from the past to the present;

output means for outputting the main shaft position command

e

LT !!il
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incremeht Ar(i) inputted before (M-1) times of samplings in the values stored in
the first memory means;

second memory means for storing the main shaft position increments
inputted into a plurality of time points from the past to the present;

a calculator for finding predicted values of a plurality of main shaft
position increments for several times of future samplings by the dynamic
characteristic model of the main shaft device including delay factor which is d
times of samplings and also by the stored main shaft position command
increments and the stored main shaft position incremehts; and

a converter for finding a plurality of subsidiary shaft future position
command increments by a plurality of predicted values of the main shaft

position increments obtained by the calculator.

2. The synchronous control appratus as set forth in claim 1, wherein the
calculator of the command generating device includes:

means for calculating and storing the main shaft position command r,
by the main shaft position command increment Ar; stored in the first memory
means;

means for calculating and storing the main shaft position y, by the
main shaft position increment Ay, stored in the second memory means; and

means for determining the predicted values Ay, *(i+m), m=D+1, D+2,

*... , D+M of the main shaft position increment by the main shaft position

command r; and the main shaft position y, stored in these means, by the

equations of
N,+K Ny+K+m

* [ L ] S *

¥, *(+m)= ZAmny: i-m+ Zanrs(i +m—n)
n=K n=1
26
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Ay ¥ (i+m)=y *(i+m)-y *(@i+m-1)
here, N,, N,, A., and B,,, are constants found by the dynamic characteristic

model of the main shaft device.

3. The synchronous control appratus as set forth in claim 1, wherein the
calculator of the command generating device including:

means for determining the predicted values Ay *(i+m), m=D+1, D+2,

, D+M of the main shaft position increment by the main shaft position

command increment Ar, stored in the first memory means and the main shaft

position increment y, stored in the second memory means, by the equatlon of
No+K-1 Ny+K+m-1

Ay, *(+m)= ZA,,,,,A}',(I -m+ ) B, Ar(i+m-n)

n=1

here, N,, N;, A, and B,, are constants found by the dynamic characteristic

" modeél of the main shaft device.

4. The synchronous control appratus as set forth in claim 1, wherein the
calcdlator of the command generating device includes: |
means for calculating and storing the main shaft position command r,
by the main shaft position command increment Ar, stored in the first memory
means; and
means for determining the predicted values Ay*(i+m), m=D+1, D+2,

., D+M of the main shaft position increment by the main shaft position

command r, stored in the means and also by the main shaft position increment

Ay, stored in the second memory means, by the equation of
N +K-1 Ny+K+ni-l
Ay *(i+m)= Y A, Ay (i-n)+ Y B, Ar(i+m-n)
n=K n=1

here, N,, N,, A, and B,,, are constants found by the dynamic characteristic

model of the main shaft device.
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5. The synchronous control appratus as set forth in claim 1, further
comprising:

means for adding a signal obtained by multiplying the main shaft
position command increment Ar, stored in the first memory means of the
command generating device to a signal obtained by multiplying one of the main
shaft position increment Ay, stored in the second memory means and a
predicted value Ay.* of the main shaft position increment obtained by the
calculator; ' |

means for adding a signal of the added value delayed by D (D > 0)
times of samplings to the calculated predictive control value in the subsidiary
shaft device; and |

means.for finely adjusting the asynchron-ization' by changing the

multipliers.

6. A synchronous control appratus for driving a subsidiary motor
synchronously with a main motor comprising:

a fine adjustment device for inputting a signal into the subsidiary shaft
motor control device as a fine adjustment signal for -adjusting the
asynchronization, the signal obtained by adding a signal, in which an increment

of the main shaft position in the sampling period or the predicted value is

. multiplied by a multiplier K,, to a signal, in which the main shaft position

command increment is multiplied by a multiplier K,; and
means for switching the value of the multiplier K, according to the

positive or negative of the main shaft position increment.

R
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7. The synchronous control appratus as set forth in claim 6, wherein the
switching ' means has a value of multiplier K, in the case of normal rotation of
the main shaft and also the switching means has a value of multiplier K, in the
case of reverse rotation of the main éhaﬁ, the value of normal rotation of the
main shaft is selected when the main shaft position increment is. not lower than
zero, and the value of reverse rotation of the main shaft fs selected when the

main shaft position increment is negative.

8. A synchronous control appratus by which a subsidiary shaft motor is
driven synchronously with a main shaft motor, comprising:
a command generating device including:

a memory means into which an ihcrement of the main shaft
position command Ar,(i+M-1) in the sampling period is inputted and also an
increment of the main shaft position Ay,(i-K) before K (K > 0) times of samplings
is inputted;

the memory means respectively storing the inputted main
shaft position command increment and the main shaft position increment;

an output means for outputting the main shaft position
command increment Ar(i) inputted before (M-1) times of samplings in the
values stored in the memory means;

a calculator for finding predicted values of a plurality of main
shaft position increments for several times of future samplings; and

a converter for finding and outputting a plurality of subsidiary

shaft future position command increments Ar,(i+m), m=D, D+1, D+2, ... , D+M
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by a plurality of predicted values of the main shaft position increments obtained
by the calculator,

a main shaft device into which a signal Ar(i-d) of the main shaft
position command increment delayed with d (d > 0) times of samplings is
inputted for controlling the drive of the main shaft motor, and from which an
increment of the main shaft position Ay(i) is outputted;

a subsidiary shaft device into which signals Ar,(i+m), m =0, 1, ... , M of
the plurality of subsidiary shaft future position command increment delayed by
D (D > 0) times of samplings are inputted, and which controls the drive of the
subsidiary shaft motor so that the subsidiary shaft position predicted by the
dynamic characteristic mode! of the subsidiary shaft can be made to coincide
with the future position command of the subsidiary shaft; and

a fine adjustment device for inputting a signal delayed by D (D > 0)
times of samplings of a signal obtained by adding a signal, in which one of the
increment of the main shaft position and the predicted value is multiplied, to a
signal, in which the main shaft position command increment is multiplied, into
the subsidiary shaft motor control device as a fine adjustment signal for
adjusting the asynchronization,

wherein the calculator of the command generating device includes:

means for calculating and storing the main shaft position command r,

by the main shaft position command increment Ar, stored in the memory

- means;

means for calculating and storing the main shaft position y, by the
main shaft position increment Ar, stored in the memory means; and |

means for determining the predicted value Ay, *(i+m) of the main shaft
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position increment by the equations of
N+K Ny+K+m

}’,*(I-F.m)= ZA,,,,,y,(i—n)+ ZB,Mr,(Hm—n)
1 n=K n=1

, i+D_ i-1+D
b, MG+ D) =, () -y, M

)

i+m-1

by, *rmy=y,* (- y, + L

m=D+1, D+2, ... , D+M

here, ys*(i.—z) is a predicted value of the main shaft position at the time i, which
’ Il .

is predicted at the time i,, and N,, N,, Am, @nd B,,, are constants found by the

dynamic characteristic model of the main shaft device.
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