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SPECIFICATION
MOTOR SPEED CONTROL DEVICE

TECHNICAL FIELD

This invention relates to a motor speed.cohtrol device.
BACKGROUND ART |

Heretofore, for motor speed feedback control, a speed
detector such as a tachometer generator is popularly employed.
However, reéently a system has been intensively employed in
which a feedback speed signal is calculated from position data
which is detected, for instance, with an encoder. In this
speed feedback signal calculating method, the followihg formula
is generally employed: vlﬁ”Ay/Ts where Ay is an’ increment
dﬁring a sampiing period Ts of a position signal.

However, the method sqffers from the foilowing
difficulties: The phase of the speed signal thus calculated
lags the actual speed, and, accuracy in a range of low speeds
is considerably deteriorated. The latter problem that the
accuracy in a range of low speeds is éonsiderably deteriorated,
hés been solved by obtaining a moving:average of a piurality of

past points. However, in this case, the phase lag is further

increased. In the case where the sampling périod is long, or

the position detection is delayed, the phase lag is further
increased. If the feedback control is carried out with the
signal which lags in phase in the above-described manner, it is

impossible to set the feedback gain to a high wvalue, and
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accordingly the response speed becomes low.

On the other hand, Japanese . Patent Unexamined
Publication No. Hei. 4-9767 has disclosed a method in which the
speed at a calculation time instant is predicted and detected.
However, fhe:method is disadvantageous.in the following points:
In the method; the operating characteristics of the motor, and
the torque command are not -taken into account; that is, the
prediction is carried out only on the basis of the position
data detected-by an encoder or the like, and therefore the

predicted value may be different from the actual value.

DISCLOSURE OF THE INVENTION

In view of the foregoing, an bbject of the invention is
to provide a motor spgéd control device in which a speed is
predicted from position data detected with an encoder or the
like, the operating characteristics of a motor, and a torque

command, and a weighted moving average thereof is calculated,

so that the feedback signal is less deteriorated in accuracy

when the motor is in a range of low speeds, and has no phase

lag. _

The foregoing object of the invention has been achieved
by the provision of a motor speed control device in which, at
the preéent time instant i, a motor position y(i-K) which was
provided KeTs before (where K20, and Ts is the sampling period)
is detected to provide a detection signal, énd feedback control
is carried out with a motor speed feedback signal V, which is

calcuiated from the detection signal, which, according to the
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invention, comprises:

means for calculating a torque command u(i) from a
speed command and the motor feed back signal wvy,;

means for calculating a speed v(i-K) frdm the position
Y(i-K); |

means for storing the speed v(i-m) (where m=K, cee (M%)
whidh occurs from a past M’-th sampling to a time instant i-K;

a predictor for obtaining a speed prediction value
v*(i+m) (where m = -K+1, e » M) at a future M-th sampling
from a motor’s dynamic characteristic model, the torque command
u(i) and the position y(i-K); and

means for calculating the speed feedback signal from .
the following formula:

"I
Vg (1)= ): W’ (14m)+EW’v(J.—m)

m=-K+1
With thé.above-described.means, a speed feedback signal
which is less deteriorated in accuracy, and has no phase lag is
obtained. Hence, the feedback loop gain is high, and the speed

control system is high in response frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagtam showing a specific embodiment
of the invention;

FIG. 2 is an internal block diagram showing the
arrangement of an example of a predictor of the invention;

FIG. 3 is an internal block diagram showing the



- 10

15

20

25

arrangement of another example of a predictor of the invention;

FIG. 4 is an internal. bloék diagram showing the
arrangement of an example of a control calculator of the
invention; and _

FIG. 5 is a block diagram showing anbther embodiment of
the.invention.

BEST MODE FOR CARRYING OUT THE INVENTION

First, an example of a motor speed contrdl device,
which constitutes a first émbodiment of the invention, will be
described. .

. In FIG. 1, reference numeral 5 designates a control
calculator which receives a speed command and a feedback signal
Ve, and outputs a torque command u; and 6, a unit including a
torque controller, a motor, and a position detector. The unit
6 receives a tbrque instruction u(i) at the present time
instant i, and outputs a motor position detection value y(i-K)
which is obtained K«Ts before (K20, and Ts: sampling period).
Reference nﬁmeral'l designates a predictor which obtains a
speed prediction value v*(i+m) (where m = -K+1, ... , M) at a
future M-th sampliﬁg from a motor’s dynamic characteristic

model, torque command u, and a position y. Reference numeral

4 designates a calculator which calculates a speed v(i-K) from

a position y(i-K) according to v(i-K) = Ay(i-K)/Ts (A

represents an increment value during a sampling period Ts).

Reference numeral 3 denotes a memory which stores a speed v(i-

m) which is provided from a past M’-th sampling till a time



with butanal, CHerr]CHerr]CHerr].CHO. in a solvent nmediumin the presence
of an acid catalyst. Prior art According to a previously known process
disclosed in in GB patent no. 1 429 922 Budesoni de i s nmanufactured by
reacting 16[err]-hydroxypredni sol one with butanal in di oxane and wth
perchloric acid as a catalyst. The product is recovered by diluting the
reaction mxture wth nethylene chloride, and neutrallsing by washing with
aqueous potassi um carbonate and water, evaporating the solvent followed by

crystalli satin®tant i-K (where m=K, ..., M’). Reference numeral 2 denotes
a calculator which obtains a speed feedback signal v, according
to the following Formula (1), and applies it to the control
calculator 5.

o'

. : M ’ .
5 Vea(i)= ) Wv*(im)+Y W/ v(i-m) (1)
m=-K+1 ' m=K

With respect to weights Wm and W'm, the average of speeds may
be obtained on the basis of Wm=W'm=1/(M+M’+1), or they may be
so set as to be one in total by weighting the respective spéeds
with different weights. M and M’ function as follows: The

10 difference M-M’ adjusts the phase of the speed feedback signal,
the sum M+M’ adjusts the speed resolution, and with M2M’, a
feedback signal has no phase lag.'

Now, concrete examples of the predictor will. be
described with reference to FIGS. 2 and 3.

15 In FIG. 2, reference numeral 11 designates the
predictor; 13, a memory for storing prediction coefficients A,
and B,,; 14 and 15, memories for storing past torgque command u
and past position increment values Ay which occur until the
present time instant, respecti§ely, and 16, a differential unit

20 which obtains a position increment value Ay from a position y.

Further in FIG. 2, reference numeral 12 designates a
calculator, which calculates and outputs a speed prediction
value v*(i+m) according to the following Formulae (2a) and
(2b): |
25 v'(i+m) = Ay*(i+m)/Ts (2a)°



fronTéthen/Iigroine. The product was further purified by chrdnatography

e:g.

an Sephadex. The nmin di sadvant ages of di oxane are its skin

penetrating and peroxide formation properties. Another disadvantage with
this prior art process is perchloric acid, which is a strong oxidi zi ng
agent -and the use of this catalyst results in 3 |less selective reaction,
which in turn nmakes the subsequent work-up and purification process
conpl i cated and expengj.y§. NbK-1
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ay*(i+m) = Y A Ay(i-n)+ Y B,u(i-n)

n=K n=0

m=-K+1, ... , M (2b)

in FIG. 3, reference numeral 21 designates the
predictor} 23, a memdry for storing prediction coefficients A,
and B,,; 24 and 25, memories for storing past torque instructibn
increment values Au and past pdsition increment values Ay which
occurs until the present timé instant, respectively, and 26 and
27, differential units which obtain increment values.

Further in FIG. 3, reference numeral 22 designates a
calculator, which calculates and outputs a speed prediction
value v*(i+m) according to the following Formulae (3a) and
(3b):
vi(i+tm) = Ay"(i+m)/Ts | _ (3a)

Na+K-1 | NbK-1
Ay*(i+HI) = E A,,,,,A_}’(i"ﬂ_)-*‘ Z anAu(i—n)
n=0

n=K

m=-K+l, ... , M | (3b)

Now, the prediction coefficients ih Formulae (2b) and
(3b) will be described.

It is assumed that a transfer function model from a
torgue command u till a position increment value Ay is of a
discrete-time system as follows:
Gv(z)= (biz '+ ... +'bm,z"“’)/('l—alz'l - . —agz ")

Then, its input/output model is as indicated in the following
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Formula (4):

Ay(i)= %anAy(i—nhﬁbnu(i-n) (4)

ne=1 n=1

At the time instant i, the actually measured value
Ay(i-n)(nZK)-of the position increment value which is provided -
until the time instant i-K, is obtained. Hence, prediction is
made according to the following Formulae (5a) and (5b) by use

of the measured position increment value:

: Na Nb
Ay*(i-K+1) = Y a Ay(i-K+1-n)+Y bu(i-K+l-n) m = -K+1 (5a)
n=1 n=1 - _
m+K-1 . Na Nb
ay*(i+m) = Y aAy*(i+m-n)+ Y aAy(i+m-n)+Y b,u(i+m-n)
n=1 : n=m+K n=1

m > -K+1 (5b)
As a result, the positibn increment value prediction value
Ay* (i+m) is represented by Formula (2b), and if it is assu_méd
that a future. torque command is u(j)=0 (j>i), then the

prediction coefficients A, and B,, are as follows:

A(gs1)n = 8(pgsy MmM=-K+1, K<n<N,+K-1 _ (6a)
miK-a

A’"_‘ = jZ; ajA(m-j)n“a(mm, . m>-K+1, K<n<Na+K-1 (6b)

Biaim = Dea-ren) m=-K+1, 0<ns<Nb+K-1 (7a)
m+K-1

Bp= ;;-aij._j)natb(nm) m>-K+1, 0<n<Nb+K-1 _ (7b)
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The object of the invention is to create a novel process. which gives a
more sel ective réaction and a nore sinple and econoni ¢ work-up and
purification process. This is achieved with the process according to the
present invention, wherein the reaction is perforned in acetonitrile with
p-t ol uenesul phonic acid as a catal yst. The conbi nation of the |ess
basi c (conpared to di oxane) solvent acetonitril and the weaker. i.e. non-
oxi di zi ng p-tol uenesul phonic acid gives a nore selective reaction. and al so
a nore sinple and ewhaes), Caywl keingndaRdr bl | £t | 281 PARGEgSNCLMPared to the
above discussed prior art process using di oxane and perch ori’c acid.
According tdfa widfaufe) qduhetereftipf tien NBENtiNN Hdied1RACKBY iSs as
stopped by the addition of water and adjustnent of the pH of the reaction
m xture. Thf91lAPYEE be done by the addition of sodi um hydrogen carbonate in
wat er. The product then crystallizes. The crystals are filtered off,

di ssol ved i fl=Et yl ene chl ori de and net hanstKHfdst e t hen crystallized by
the addition a suitable hydrocarbon, such as |igroine. hexane, cyclohexane
or heptane, givipg.a crude pfoduct, which is then recrystallized in

et hgnol / wager =t oj; ajB(m-j)o+§bj m=1 (7b’)
| In the case where a transfer function model from a
torque command increment value Au to a position increment value
Ay is Gp(z)=(bjz"+ ... +byZ™)/(1-a;z7! - ... -aynz™), then its’
input and output model is represented by the following Formula
10 (8):
~ Na | ~ Nb .
Ay(i)= Y a,Ay(i-n)+Y b,Au(i-n) _ (8)
n=1 n=1 .
Formula (3b) is obtained by predicting a position
increment value similarly as in the case of Formula (5). " And
15 - if a future torque command increment value is Au(j)=0 (where

j>i), then prediction coefficients A, and B,, are as follows:

Aslin = @(a-kel) =-K+1, K<nsN,+K-1 (9a)
m+K-1 )

Ban = jz; ajA(m-j)n+a(n4m) m>-K+1, K<n<Na+K-1 (9b)

Biigsiin = Dagen : m=-K+1, 0s<n<Nb+K-1 (10a)

20

m+K-1 .

By = 2; 2B (n5yn*D (nom) m>-K+1, 0<n<Nb+K-1 ~ (10b)
J= .



gi ve pure budesoni de. The process according to the invention for the
menuf act ure of budesoni de thus consists of two steps. Step 1. Budesoni de
crude ‘16[ err] - hydr oxypredni sol one is reacted with butanal in _
acetonitrile. p-Toluenesul phonic acid is added as a catal yst. The reaction
m xture is diluted wth water and aqueous sodi um hydrogen carbonate. After
cooling to 5-15[err]C the crystallized product is filtered off and washed
with water.. The wet or dried substance is then dissolved in nethylene

chloride. If the sukhbaacg Feth3® )\ehndh® Wah ef nohashqf QLHd upon
di ssolution is renoved. N@thaﬁg} ig'added and tLe resﬁ?tldgﬁcrude

budesoni de is preciWhen}esitly X+@ aeldlivith sfcontdnRicl® erandFeiefuneitiahl
hydrocarbon (e.g. hexane. heptane or cycl ohexane) and is then flltered.off.
Step 2. Bud@ggﬁgdgrom torque command to position as 1/JS%2, discretion is
effected with the zero-th order hold and sampler taken into
5 account, then the coefficients of the model Gv(z) of the
predictor shown in FIG. 2 are Na=l1, a;=1, N,=2, b;=b,=b=T,2/2J
and the coefficients of the model Gp(z) of the predictor shown
in FIG. 3 are Na=2, a;=2, a,=-1, Ny=2, b,=b,=b=T,2/2J.
| In the case where the predictor shown in FIG. 2 is
10 employed and M=2, the coefficients in Formula k2b) are A;o=A,=1, -
By1o=B;;=b, By=3b, and B,=b according to Formulae (6), (7) and
(7b’).
If, in Formula (1), M‘=0, w,=0.5, w,=w’,=0.25, then the
following Formula (11) is obtained according to Formulae (1)
15 and (2): |
 Vap(1)=[Ay(1)+b{1.75u(i)+0.75u(i-1)}]/T, (11)
It goes without saying that, in FIG.'l, the predictor 1 and the
calculators 2 and 4 are provided as one unit to obtain vﬂ(i). 
In.the case where the detection value or prediction
20 value of a disturbance torque u; is obtained, the difference
which is obtained by subtracting the disturbance torque uy; from
the torque command u may be employed as a torque command to
obtain the speed prediction value. 1In the case where, in the
control calculator 5, the torque command is determined from an
25 operation which includes PID control and I-P coﬁtrol
integration operations, the resultant integration operation

value may be employed as the aforementioned disturbance torque



The crude budesoni de is dissolved in nethanol at about 60[err] C. The
solution is fi'ltered through a cloned filter and the product is
crystallized by the addition of water. After cooling to 5-20[err]C,
filtration and washing w th nethanol/water the budesonide is dried in
vacuum=at 40-45[err] C This process is sinplified, nore econom c and

| ess heal th hazardous conpared to prior art processes. Wrking exanple
The reaction is carried out in a nitrogen atnmosphere. 15.4 g

p- t ol uenesul el ct on drd kuali s Fow dhstanee2@d fheaeasenivheirk. ag0shBfn in
solution 50,0 16[ err] - hydroxypredni sol one and 17.6 nl butanal are added.
The terrperatUr(g- rd s&he gontrel palewnlatonih qadstulEtashe tergueatommand by

hours. < he r B | SRS RpehnBy LHEFSERRES optimined b BBbErasting: oan
3??;3%% SL%ﬁw@ﬁlﬁfdﬁ%lm%f&R% tolgud QALE BN LhégSis [NE
5 only the PD (proportiona;'and differential) operation value is
applied, as a torque command, fo the predictor 1.

'~ FIG. 5 is a block diagram for a description of the case
where, when a control calculator outputs the PI operation value -
sﬁbjected to primary filtering or n-th order filtering as a

10 toique command u(i) at the next sampling period, the speed
feedback signal Vg (i) is obtained according to Formula (11).
In the circuit shown in FIG. 5, an integratioh value provided
one period before is employed as a disturbance torque ug;
hoﬁever, it may be subjected to filtering to obtain a
15 | disturbance torque uy. A speed v(i) is obtained according to
Ay(i)/T,; however, the invention is not limited thereto or
 thereby. - That is, it may be obtained according to a
conveﬁtional speed calculating method such as a method of using'
a speed detector, or a method of calculating the speed by

20 measuring the pulse duration time éf an encoder.
As was described above, in the motor speed control
device of the invention, the speed feedback signal is employed
which is less deteriérated in accuracy when the motor is in a
range of low speeds, and has no phase lag. Hence, the motor
25 speed control device is high in feedback loop gain, and high in

response characteristic.

- 10 -



met hyl ene chl oride and nethanol and is crystallized by the addition of
li'groine (b.p. 40 -. 65), giving crude budesoni de. The crude budesoni de
product is recrystallized from net hanol /water giving pure budesonide with
isomer ratio A°B = 1:1 (HPLC),[err][err] 100.0[err](c = 0. 2:

CH errtCL[err]): Merr] 430 (theor. 430.5)

INDUSTRIAL APPLICABILITY

The invention is applied to a motor speed control

device.

- 11 =



- 3- Clalms nuf acture of (22
R-S)y-16[err] 17[emﬂmmil Ii“j ﬁlﬁa 1 1[err] 21-di hydroxypregna- 1. 4-di ene-
3. 20-di one ' _

WHAT IS CLAIMED IS:

1. A motor speed control device in which, at present
time instant i, a motor position y which was provided K.Ts
before (where K20, and Ts is a sampling period) is detected to

5 provide a detection signal, and feedback control is carried out
with a motor speed feedback signal V;, which is calculated from
- said detection signal, CHARACTERIZED by comprising:

means for caICulatihg a torque command u(i) from a
speed command and said motor feed back signal vy;

10 - | means for calculating a speed v(i-K) from said position
Y(i-K);

means for storing said speed v(i4mj (where m=K, ...
+M') which occurs from a past M’-th sampling to a time instant
i-K;

15 a. predictor for obtaining a speed prediction value
| v*(i+m) (whére m = -K+1, ... , M) at a future M-th sampling
from a motor dynamic characteristic model, said torque command
u(i) and said position y(i-K); and
' means for calculating said speed feedback signal from
20 the following formula:

MI

v (i)= };1 W,v (1+m)+2 w!/ v(i-m)

where W, and W', are weight coefficients.

2. A motor speed control device as claimed in claim 2,

- 12 -
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CHARACTERIZED in that said predictor comprises: _
means for obtaining a position increment value Ay from
a position y, where A represents an increment.vaiue for a
sampling period Ts,;
means for determining, on the basis of a transfer
function model, from a torque command u till a position
increment value Ay, Gv(z)= ¢(byz'+ ... +bgz™)/(l-a;z’! - ... -
amz""),' prediction coefficients A, and B, according to the
followin§ sformulae | | |
A wnn = 8amn m=-K+1, K<nsN,+K-1

mtK-a

B = Y @Aty  W>-K+l, K<n<Na+K-1
J=1 '

B(-k'l'.l)n = b(n—Kﬂ) m=-K+1, 0<n<Nb+K-1
m+K-1 .

Bu™ Y. ;B 5yn*Pinim) m>-K+1, 0<n<Nb+K-1
j=1

where a,=0 (n>N_), and b,=0 (n<l and n>N,);

means for storing past torque command and position
increment values until a presentltime instant; and

means for 6btaining, on the basis of said prediction
coefficients, torque command, and position increment values,
said speed prediction value according to the following
formulae:

v'(i+m) = 'Ay*(i+m)/Ts
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. Na+K-1 _ Nb+K-1
n=K n=0

3. A motor speed control device as claimed in claim 2,
CHARACTERIZED by comprising:

.means for employing, as to said B,,, the following

formulae:
By, = 0 -K+1<m<0 -
m+K-1 m ' . .
Bmo_ = E aj‘B(m—j)0+E bj le
: 3=1 : J=1

4.' A motor speed cont;ol device as claimed in claim 1,
CHARACTERIZED in that said predictor comprises:

means for obtaining a position increment values Ay and
a torque command increment value Au from a position y and a
torque command u; |

means for detérmining, on the basis of a transfer
function model, from a torque increment -Au till a position
increment value Ay, Gp(z)= (biz™'+ ... +bpz™)/(l-a;zt - ... -
ay.z ™), prediction coefficients A, and B,, according to the
following formulae, and storing said prediction coefficients

thus determinedy

Ais)n = @qa-kel) m=-K+1, KSnsN,+K-1
m+K-1

A = Y @At qnm) ~ m>-K+1, K<SnsN,+K-1
j=1

Biawiin = bPareny m=-K+1, 0<n<Ny+K-1

- 14 -
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din that the reaction is perfornmed in

err§' herr]CH[er ]CHO in a solvent nmediumin the presence
sul phonic acid as a catalyst. 2. Process

according to clarm 1. characterized in that the reaction is term nated by
the addition of water
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m+K-1 )
jz; 4B (a31n*D (nimy m>-K+1, 0<n<N,+K-1

where a,=0 (n>N,), and b, = 0 (n<l and n>N,);
means for storing past torque command increment values
and position increment values until a present time instant; and
means for obtaining, on the basis of said prediction
coefficients, torque command increment values, énd position
increment values, said speéd prediction valué according to the
following formulae:

v'(i+m) = Ay"(i+m)/Ts

Na+K-1 Nb+K-1
Ay*(i+m) = Y A,Ay(i-n)+ }: B Au(i-n) m=-K+1, ... , M.
n=K

5. A motor speed control device as claimed in claim 1,
CHARACTERIZED by comprising:

means for obtaining the detection value or prediction
value of a disturbance torque uy; and

means for obtaining a speed prediction value with the
difference regarded as a torque command which is obtained by
subtracting said disturbance torque us from said torque

instruction u.

6. A motor speed control device as claimed in claim 5,

CHARACTERIZED in that
in the case where a torque command is determined by an
operation including a PID control or I-P control integration

operation, an integration operation value is employed as said

- 15 -



and by .adjustment of the pH of the reaction mixture. 3. Process according
to:claim ' ized in that the crystals obtained upon
term nati mﬂmmluwﬂmnm:nmktl on are filtered off, dissolved in nethyl ene

chl oride afid fretharfbl *and are then crystallized by the addition a
sui t abl e hydrocarbon, such as |igroine, hexane, cycl ohexane or heptane,
giving a crude product, which is then recrystallized i n methanol /wat er

to give pure budesoni de.
. disturbance torque ug.

- 16 -
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ABSTRACT OF THE DISCLOSURE

A motoxr speed contrbller which detects the position
y(i-k) of a motor at the time KeTs (k20, Ts: sampling period)
ago from the present time (i) and feédback-controls the speed
of the motof by using a motor speed feedback signal Vfb
calculated based on the detection signal is provided with a
means which calculates a torque comménd u(i) from a speed
command and the motor speed feedback signal vfb, means which
calculates the speed v(i-k) from the position y(i-k), means
which stores the values of the speed v(i-m)(m=k, ..., M’) from
M’ sampling periods before to the time i-K, a predictor.which
predicts the speed prediction value v*(i+tm)(m = -K+1, ..., M)

at the times up to M sampling periods after from the dynamic

characteristic model of the motor, the torque command u(i), and

the position y(i-K), and means which finds the speed feedback

signal from formula:

M M’
V(i)=Y Wy (iwm)+Y W/ v(i-m)
m=-K+1 m=K

where Wm and W’'m represent weight factors.

- 17 =~
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with butanal, CH err]CH err]CH err] CHO i.n a sol vent mediumin the presence
of a catal yswossmavesct eri sed in that the reaction is pReyypod@sy i N
acetonitrile with p-tol uenesul phonic acid as a catal yst. 2. Process,
according to claiml. characterized in that the reaction is term nated by
the addition of water and by adju;&;?nt of the pH of the reaction
m xture. 3. Process according to cl 2 or 2. characterized in that
the crystal s ‘obtai ned upon term nation of the _ reaction are
filtered off, dissolved in nethylene chloride and nethanol and are then
crystallized b¥ I6e 4 addition a suitable hydrocarbon, such as

| i groi ne, hexane, cycl ohexane or heptane, giving a crude - pr oduct ,
which is then recrystallized in nethanol/water to give pure budesoni de.
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