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POSITION CONTROL SYSTEM AND

- POSITION CONTROL METHOD THEREOF

FIELD OF THE INVENTION

-5 This inveﬁtion'rélates to position control
systems and position control method thereof for ﬁarioué
mdtor drives such ‘as servo controllers, .séindle
controllers = and _position' controller of numerical
control machines.

10

BACKGROUND OF THE INVENTION

Fig. 13 is a block diagram showing the flow
of a seva system'contxél signal' in a conventional
position control sjstem by ﬁsing transfer functions.

15 - Referring to the fiéure, designated at 1 ié a ﬁosition
" loop .gain operational unit having a gain Kp, at 2 a
speed loop proportional integral compensatioﬁ unit, at

3 an inertia unit, and at 4 an integrator. In Fig. 13,

a position feédback_ signal is subtracted from a

20 position commahd- at point A, and the difference .is
amplified in the position loop:gain operétional unit 1,
which has a transfer function'kp and outputs a speed.
command. From the speed command, a speed feedback
signél is subtraéﬁed af point B, and the'difference is

25 amplified in the speed. loop: proportional integral
compensation unit 2, which hés_a.transfer funcﬁion Kv +

Ki/s and outputs a torque command. The .torque

-command represents the motor- speed corresponding to the
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inertia'component, less a reduction corresponding .to a
load 'torque, as seen at poiﬁt' C. The speed is
_negatiﬁely fedlbéck froﬁ point D as the speed feedback
signal as nofed above. The_position-value, which is
the time integral of the sﬁeed, is taken out at point E
from <the integrator 4, which has a transfer function. |
1/S and generates the position feedback signal;

When a machine is.actuélly operated in the
above system,_ the operation of the ' machine _is'
eéuivalently approximated by the position loop response
as shown in Figs. 14A,ll4B because the 'position loop
reéponse is sufficiehtly high compared to the speed.
loop response. The'cﬁaracteristic of the positioh loop

shown in Fig. 14A is given as a transfer function G (s)

6 (= R
=S
. ]{p

Next a description. is made for Fig. 14B.
Wwhen a positional'command for moving to a specified
position at a timing to (migration length S) is given,

actual movement of a machine (motor) followé with a

follow-up _delay_ of the positional 1loop (by ‘the

_positional loop time constant). A speed command for

the pqsition at this point_df time is inputted as shown
in the figure, and this area proﬁides the specified

position (time x speed). When the input as described
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above is provided, a rotation of the motor is executed
with a  time-lag of the first order, as shown in the

figure. Aalso, the motor generates a steep torque when

- acceleration ' is started and when deceleration is

started.

In the above position control syétem, the

position loop has a first degree delay time constant

and follows the command. Thus, with a real circle
drawn with two axes (X and Y axes), as shown in Fig.
15, the orbit of the actual motor draws.a circle on the
inner side of the real circle in accordance with £he
firsﬁ degree delay time constant. The radius reduction
AR in this case is given as
1 F* 1)
AR= — X — X
_ 2 R ( kp’.)

Here, R is the radius of the circle, and F is
the speed in the tangential direction. Conventionally,

feed forward control as shown in'Fig. 16 is used to

compensate for the radius error AR which is generated -

due to the delay. By using this feed forward control,
the radius reduction AR is éompensated for to
1 F% (1—a?)

AR= X X
2 R . kp?

"By canceling the firét degree delay having

(2)

(3)
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the first degree différential with the feed forward
controller 7, and with the feed forward coefficient
a set to 1,.a motor orbit free from dglay with respect .
to the command can bé obtained. |

Here, kp is a position loop gain, 1/kp is a
time constant of the position looﬁ} and 8 is a Laplace
operator.

| As. other 'réference 'technical | 1iteratufe
pertaining to the invention, there is fAcceleration and
Deceléfation Contfol System". disclosed in Jépanese
Patent_Léid-bpen No. 209812/85.

In the ébove feedlfbfward contrel, however,
the command is differentiatea before being added.
Therefore, command pperation error | is also
differentiated, resulting in a waveform having' many
oscillating components. Consequently, by seftiné a =

1, machine vibrations are 1liable to be induced.

‘Therefore, it is difficult to provide total

compensation of for AR by using o above.
Consequently, a smpqth response waveform can not be
obtained, reéulting in vibrations of the machine.
Further{ although the feed forward-controi is
effective so fér-as the property of foliowing'commands,'
it has no suppression effect on external | diéturbaﬁces
to the positiqn 'feedback sYstem.- To enhance the
suppression effect on external distﬁrbances. to the
posifion feedback system, it is necessary to.provide a

high position loop gain kp. Doing so, however, leads
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to increased motor speed changes as in the torqué

waveform shown in Fig. 14B. Consequently, Aincreased

shocks are given to the machihe, and also the tendency

of picking up high frequency components (such as
resonance of the machine system _and' noise) is

increased. For the above reasons, stable gain increase

can not be obtained.

Figs. i7A "and 17B show graphs for a
cbmparison .betwéen thé gain incfeése prdvidéd bf a
first order system and that provided by the high-order
system according lto the present invehtipnf " In Igain
increase with a conventional type of first order
sfstem, when a band reduired er.¢Ontrol is raised, the
system becomes like that shown with a dotted 1line in
Fig. 17A. Also, a disturbance- component becomes
adapted to gain increase, so it comes to vibrate more

éasily. jNamely,.in a conventional type of first-order

- lag system, a band is attenuated by-20 dB. For this

reason, when the gain.is increased, a higher band-width
is required. However, the gain of the high frequency
component also becomes higher, and the system' is
disadvantageously affected by’a high-freqﬁenCy noise

more easily.

- SUMMARY OF THE INVENTION

It is an object of a position control system
and " position control method thefeof, in which the

internal control loop gain is set to an adequate value
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in order to provide a high'response, a stable control

loop and a smooth response waveform, as well as to

. prevent vibrations of the machine.

According to the invention, there is. provided

a pqéition control system for feeding back position

~information detected by position detection means for

detecting the pbsition of a machine movable part, the

position control system including a second order system

'position control loop formed by providing an internal

second control loop.

According to the invention, there is also

.provided_ a position control system for feeding back

position information detected by position detection
means for detecting the position of a machine movable
part, the position control system including a . third

control loop formed by providing an internal second and

an internal third control loop.

According to the invention, a second control
loop or a second and a third control loop are provided

in the position control loop. Thus, the degree of the

position control loop is elevated, and the gains of the

second and lthird control loops are set to minimum

values free from overshoot with respect to the position

loop gain.

_As has been deScribed_in;the foregoing, with

the position control system according to the invention
it is possible to obtain high response and stable

position loop characteristic free from the influence of

This Sheet Has Been Replaced
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high frequency components. It is thus possible to

obtain smooth_acceleration and deceleration waveforms
as the response waveform of the motor, and thus stable

and shéck—free control of the machine can be realized;

" Thus, for the conventional position loop gain Kp, it is

possible to obtain higher position . loop gain and
realize gain increases in the servo loop control.

Other objects.and features of this invention

will become understood from the following description

with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a
construction of the position control system according

to the inventibn;

Fig. 2 is a flowchart showing~ah operation of

the position control system shown in Fig. 1;
Fig. 3 is a block diagram showing a different

construction of the position control system according

‘to the invention;

Fig. 4 is a.fibwchart gshowing an operation of
ihe position control system shown in Fig. 3;

Fig. .5 is a block diagram showing a further

construction of the position control system according

to thé invention;
Fig. 6 is a block diagram showing -a still

further construction of the position' control system

according to the invention;
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Fig. 7 4is a block diagram showing a yet

- further construction of the position contfol_ system

according to the invention;

Fig. . 8 is a'block diagram showing a yet

another construction of the position control system

according to the invention;

Figs. 9A and 9B are block diagrams showing a

further construction of the'position control system

-according to the invention;

Fig. 10_is a block diagram showing a further
coﬂstruction of the position control system accordipé
to the invention}

Fig. 11 ié ‘a graph showing the relation
between the speed and step respohse waveform in first
to third order éystem position control sysfems;

Figs. 12A and_iZB are graphs showing a motor
speed waveform when smoothing input is set to "0" time
constant state; . |

Fig. 13 is a block. diagram showing a
construction of thé conventional position control
system; | |
| Figs. 14A and 14B are views for explaining a
position loop characteriﬁtic of the -&théntional
position control system;

'Fig. 15 is a view for explaining the motor
orbit in thé conventional position contrbllsystem;.

Fig. 16'.'is a block diagram showing

conventional feed forward control;
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Fig. 17an is a §raph comparing the

' conventional first order system gain increase and high

harmonic sfstem gain increase; and
Fig. 17B is a graph comparing the first
degree system gdain increase and high harmonic system

gain increase according to the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

~ Now, a first embodiment 6f the invention will
be described. Fig. 1 shows a position control system
having' an inte:nai second control loop. Referring to
the Figure, desiénaﬁed at 1 is a positibn lloop gain
operational unit (kp), and at la is a second control
loop gain operational unit (kpl). A position feedback
loop is formed at_;o, providing position information
from the controlled objéct to a summing node A. And
speed 1oop is formed at 11, providing speed_information

to a summing node B. Integration 4 . are caused to

. generate speed and position feedback values. With the

provision of the internal second control loop in unit

la, the transfer function G (S) is given as

G (S) = - 4
S* +kp1S+kp-kpl cee (4)

"and . . has a second order system position 1obp

characteristic.
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Also, the loop is characterized by a dangling

coefficient { and a speed wn, where

. /'kp'l - '
G(S) ¢=]— on =fkp-kp1
4kp , -

To obtain a characteristic free from

overshoot, it is necessary that { = 1. To obtain a

threshold { =1 free from overshoot, we may set

By sﬁbstituting'equation 5 into equétion 4 we

have a second degree positidn,loop char@cteristic given

as _
) 4kp? o 1
G (S) = ' — =
: S +4kpS+4kp? 1
: : (14 ——9)?*
_ 2kp
cer (6)
In this .c'a'ISe', the radius reducf.ion AR is
given. as
B | F? . :
AR= — . X ( : - 4 : ) :
2 R\ 4kp*  4kp? cer (T)
1 F? 1

= — X X
2 R 2kp?

'Thus, the first degree position loop radius

reduction may be one half the value in the conventional
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art. Further, with respect to the feed forward effect,

it is possible'to obtain a 70 ¢ (a = 0.7) feed forward

effect.
Next description is made of the loop
operations. Fig. 2. is a flow chart illustrafing

operations of the position control system shown in Fig.

"1l. At first, a difference between a position feedback

(D) and a position command is computed (S201), a

position loop gain kp is multiﬁlied with the
difference, and a given spéed command (B) is outputted
(§202). Then, a difference between the_.given speed
command (B) and a given speed feedback (C) is cdmbuted
(s203), and a gain kpl is multiplied with " the
difference to output an acceleration component as a
command (8264).' Furthermore the given speed feedback

component (C) is outputted by integrating the given.

acceleration component (1/S8) (S205), and also said

given speed feedback component (C) is integrated (1/S)
to outputla_givan position'feedback component.(SZOG)..
Now, a second embodiment of the invention
wili be described. Fig. 3 shows a- position control
syétem having a second and a'third' internal control
loop. _Designated at. i_ is a position loop gain
operatiohal unit (kp), ét la a second contro1'19op gain

operational unit (kpl), at 1lb a third control 1loop

'gain operational unit (kp2), at 10 is a first control

Ioop, at 11 is a second control loop, and at 12 is a

third cbntrol loop.
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With the position control system shown in
Fig. 3, having the second and third internal position
loops 11, 12, the transfer function G (S) has a third

order system position lbdp charactetistic given as

kp-kpl-kp2 .

G (S) = — : _ :
' S*+kp2S? +kplkp2S+kp-kpl-kp?2
| ' ve. (B)
The'thifd_grder system is_éenerally given as
: o Pr - wn®
G (S)= '

(S+Pr) (St +2¢wn S+wn?) _ (9)'

where Pr is first degree root.

- In orde: that ﬁhis.third order system is free
from overshoot, it is necessary that Pr is small with
respect to the .real number part of the. conjugate
coﬁplex i’:oot of 'Sz_+' 2¢ onsS + wn?. | Hence, it ié_

necessary to meet a relation

Prston | ee. (10)

The threshold value of the freedom from

overshoot is
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Pr=fwn . eee (11)

'By substitﬁting equation 11 into equaﬁion 9,

we have
| - | {wn®
G. (S) = —
- S*+3¢&wn S* + (2¢2 +1) wn?S+ ¢ wn?
_ : T ees (12)
.From equations 9 and 12 we have
kp-kpl-kp2={wn’®

kpl-kp2=(2¢* +1) on? 0 (13

kp 2= 3.¢&wn

By eliminating ¢ and'ayn in equation 13,
2kp2® —9kplkp2+27kp-kpl=0 ... (14)
A third order system free from oVershoot -can
be obtained by-giving kpl and Kp2 satisfying equation
14. |

The'conditions that kp2 has the real root afe

D=81kpl1? —-216kpkp120 (kpl, k§>0)... (15)

_ : : 8 '
and kpi= —kp ees (16)

For the minimum real root of kp2,

' 8
kpl=—%kp
3
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In this case, kp2 is a multiple root, as a

result, kp2 = 6kp. By giving kpl (8/3 kp) and kp2, the

above equation 8 reduces to an equation

16kp® =
(St+2kp) (S* +4kpS+8kp?)

G(8) = ' cee (17)

In this case, the radius reduction AR is

given as
Fz2 /7 1 I 1
AR=-——><——><( N )
2 R . 4kp? a’ B*
1 Fz 1 ' ee. (18)
= x X : :

wheré a and B are second degree roots.

| Ffom equation 18, it will be seen that the
radius reduction' ﬁay be made to be up to 1/4 of the
conﬁentional' first degree.radius'réductién. That is,
it is possible to obtain an effect with double the |
position loop gain kp.and'élso obtain a feed forward
effect of 87 % (Ln_'= 0.87).

‘Next desctiption is made for operation of the

position control apparatus according to the p:eéent

invention. Fig. 4 is a flow .chart ;illuétrating

~ operations of the position control system shown in Fig.

3. At first a difference between the position feedback
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(F) ahd the position commande(A) is eomputed (S40i);
then the ”difference is-multiplied wiﬁh the position
loop gain kp, and a commahd for the second control loop
(a given speed command componeﬁt:B) is oﬁtputted

(S402). Then,_ a difference between the given 'epeed

‘command component (B) and the differentiated component

(a givenlspeed feedbaek,compoﬁent:E) is multiplied ﬁithf
the second loop gain kpl to output a com@and (C) for
the third control loop (5403); and-a difference between
the third control loop commaﬁd (C) and a two-times
differentiated eomppnent_of the pesitionz feedback (a

given acceleration feedback7e0mponent:D) is multiplied

 with the third.control loop gain kp2,'end the product

is integrated to output a given acceleration feedback
component (D) (S404). _
Figs. 5 to 10 show further embodiments of the

invention. The structure shown in Fig. 5 pefmits an

internal process loop to be obtained when forming a

second degree harmonic system by forming an internal

second control loop before the speed loop. The

' external loop is constructed by ueing data of the

external position detector kposition feedback from the
machine .end in the closed specifications). Thus, the.
inner secohd conﬁrol ;oep 11 has'high responee compared
to the 'first control loop 10 but permits staﬁie
operation to be obtained. 'Desigﬁated at 5 is the speed
loop; |

In the structure of Fig. 6, the feedback data
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' of the internal second control ioop is formed by usiﬁg

data of the external position detector. Thus, both the
first (10) and second (11) control loops are stable.
However, taking one-pulse response characteristic, with

the input of a one—pulse command the motor can be

driven by a command of one pulse x kp x kpl as the

speed command in the hon-operation state of the
machine.’

The structure shoﬁn in Fig. 7 is a third
order system version of the structure shown'in_Fig. 5.

It has the features of high response and high -

attenuation of high frequencies. The structure of Fig.

8 1is 'a third order system version of +the structure

shown in . Fig. 6. It permits improvemeht of more

forward gaih {one pulse x kp x kpl x kpz); _

With the structure shown in Fig. 9A, the
sfructure of the first order system is as shown in Fig.
9B. Therefore, the control loop can only provide a
component obtained by multiplying ' the differenoe
between the position commahd_and the position feedback
by kp as.the speed'command. However,. a seoond order.

system structure can eutomatically produce not only the

speed componeht with respect to the command but. also a
'torque component. Thus, for a command of the torque.

~ loop, for which the response is most important, a

torque. command may be produced through ‘correction in
advance not only in response to a torque command

produced through proportional integral control of the
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speed difference but also according to - torque
information estimated from. the speed feedback, that is,

by obtaining the error between the command -and the

- torque. Thus, it is possible'to obtain more robust

'speed loop characteristics. In Fig. '9A, 6 is a

differentiator.
The structure shown in Fig. 10 is a corrected

loop a command torqgque cdmponent using the same third

order system as that shown in Fig. 9A.

As has been shown, with fhe above-embodiments
high response and stable.éontrol loops.can be .obﬁained
by elevéting the degree of the position'control'loop to
the second, third ﬁnd_so forth and setting the internal
control loop gain to an adequate value. Thus, in the
position step response, by elevating'the degree of the
position. control 1oop, the response wavéfbrm can be
made smoother, as shown in Fig.lll, thus precluding
vibrations of the machine; |

Figs. 12A and 12B show motor speéd waveforms
with the smoothihg: input (of acceierating and
decelerating circuit) to the "0" time constant state.
As éhown, the first and third degree systems have
different reSpénse characteristics. ﬁhile the above
émbodiments.concerned up to the third o:der systems, it
is also._possib1e~to construct higher degreé systems
than the third. |

| By introducing a high order system as

described above, a band (responsibility) required for
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control  is raiséd as shown in Fig. 17B, while a high-
frequency ,wavé componént, which i$ to become a
disturbance.compohent, is gfeatly'attenuated.. In other
wofdé, in a high-order systém, a band is attehuated by
40- dB in a second order system'and bY 60 dB in a third

order 'system, and an atténuation'féctor for a,gaih of

high-ffequency wave component is high even if the gain

is raised. For this reason, it is possible to realize

~a stable system Which_is hardly affected by a high-

frequency noise.

Although the invention has been described

with respect to a specific émbodiment for a complete

and clear disclosure, the apﬁended claims are not to be

thus limited but are to be construed as embodying all

modifications and alternative constructions that may
occur to one skilled in the art which fairly fall

within the basic teaching herein set forth.
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What is claimed is:
1. A -position control system for feeding back

position'_information detécted'by position detection
meéns for _detectihg'the-position of a movable part,
said position control system having first and .second
control loops for forming a position:control loop to
second order system by providing_an internal second

controi loop.

2. - A position control system according to claim
1, whereln a transfer function of said - econd order

system position control 1oop characteristlc is:

G(s) = — L
(-1+' L g
2kp )

where S = a Laplace operator
kp = first order loop gain
and the second order loop galn kpl is set to

be equal to 4kp.

3. A position.control.SYStem'for feeding back
position informotion detected by position detection

means for detecting the position of a movable part,

'said ‘position control system having firét, second and

third control loops for forming a position control loop
to third order system by providing an internal second

control loop and an internal third control loop._

T
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4. A position control system according to .c1aim
3, wherein a'transfer function of said third order

- system position control loop characteristic is:

5 | G(S) = 16kp? ' s Sheet Has Been Replaced

il

where S is_a Laplace transform operator, and
the value of kpl is set to be éubstantiélly equal to
10 8/3 kp_and the value of kp2 is set to be . substantially

‘equal to 6kp.’

5. A position control system according to claim
4 wherein said second high order gain loop comprises a

15 speed loop.

6. A position control method for. servo
controlllng a movable object in response to input
p051t10n-command, wherein said control is via a system
20 'having-a éystem transféi function, comprising:
computing a differénce between a position’
feedback and a position commandf'.
gengrating a speéd.cemponent by'multipIYihg a
said difference with a position loop gain;
25 computihg é difference between said sbeed
command a speed feedback; | |
| therating an acceleratioh component by

multiplying an internal high order loop gain with said

* [ L M H] *
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generating "a speed feedback component by

.difference;

1ntegrat1ng sald acceleration component, and
generatlng a pOSltlon feedback component by

integratlng said speed feedback component.’

7. ~ The positidn control method as set forth in
ciaim.ﬁ, wherein said'transfer function is for a second
order system and said internal high order loop gain is

kpl.

N
=

8. The position control method as set forth

claim 7, wherein said system transfer function G(S) is

defined as

1+ .s)
2kp

~

where S = a Laplace operator
kp = first order loop galn

and the second order loop galn kpl is set to

_ be equal to 4kp.

9. A position control method comprieing:

a first step to compute a difference between
a position feedback and a positiOn_command;

'a second step to output a command for a
second controi loop (speed command component) by

multiplying said difference with a position loop gain;

* ¢ L M 8§ *
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"~ a third step to output a command for a third
control loop by'multiplying a differén¢e between said
speed comﬁand component and a differencehbetwéen said
speed commahd COmpdnent_and a differentiaféd component
of said position féedback:(speed feedback component)
with a second control loép gain; and. |

a fourth' step  to' oufpﬁt an acceleration
feedback component by multiplying a difference between
séid third control loop édmmand and a two timed
differentiated component of said positibn feedback
(acceleration feedback component) with a'third' control
loop gain, and by integrating said product by said

multiplying.

i0. A position control system for servo

controlling a moveable object in response to input

-ICOmMands,' wherein. said system is defined by a system

transfer function, comprising:

means for detecting a position of said
moveable objéct and for generating a position signal:;

a first summing junction for ariﬁhmetically
-proceséing at leést-'a firsﬁ signal and a second
signal, said first signal comprising' said, input
commands and SAid second signal comprising said
position. signal, énd generéting a. first difference
signal; \

means for feeding back said position signal

to said first summing junction and defining a first

TR T R
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position léop gain means for_processing said

control loop;

diffefence signal and generating a speed command
signal, said position loép gain means'having a gain kp;

a second summing junction for arithmetically
processing at least a firsi signal aﬁd a second sighal,
said first signal comprising-séid speed command signal,
and outputting a second difference signa;; | |

a high order internal control_ loop means
connectéd to receive said Sécond difference signal and
coﬁprising a control loop gain means;

whereby, said systém tranéfer function has a

high order position loop characteristic.

11. A position control syétem éccording to claim:

10, wherein said transfer function is for a second

order system and said gain loop means comprises a high

order gain loop havihg a_gain kpl.

12. A position control'system accdrding to claim
11, wherein said system transfer function G(S) ié

: defined as

1

(+* 3559

G(S). =

where S is a Laplace transform operator, and
the value of kpl is set to be subétantially equal to
4kp. '

o
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13. A p051t10n control system according to claim

10, whereln said transfer function is for a third order
system and said gain loop means comprlses a first  high
order gain loop having a gain kpl and a second  high

order gain loop having a gain kp2.

14. A positioh control system according to claim

13, wherein said system transfer fﬁnction G(s8) is

defined as

G(5) = 16kp>
(S+2kp)(52+4kps+8kp2)

where S is a Laplace transform operator, and
the value of kpl is set to be substantially equal to
8/3 kp and the value of kp2 is set to be substantially

equal to 6kp.

15. A position céntrol method for servo
controlling a movable object in response to input

position commands, wherein said control is via a servo

system having a system transfer function, comprising:

computing a difference between a position
feedback and a position command;

generatlng a speed component by multlplylng a

‘said dlfference w1th a p051t10n loop galn,

computing a dlfference between said speed

-.command a speed feédback;

* [ L n s *
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' generating an acceleration component  - by

multiplying an internal high order loop gain with said’

‘difference;

generating  a speed feedback_ component by

- integrating said acceleration component; and

generating a position feedback component by’

integrating said speed feedback component.

16. The position control method as set forth in

‘claim 15, wherein said transfer function is for a

second order system and said internal high order . loop

gain is kpl.

17. ‘The position control method as set forth in

 claim 16, wherein said system transfer function G(S) is

defined as

6(8) = ———5
+ S
(*7259)
where S = a Laplace operator
kp = first order loop gain

and the second order loop gain kpl is set to

be equal to 4kp.

18. . A positioh control method comprisin§°
a first step to compute a dlfference between
a pos1tlon feedback and a p051tlon command ;
a second step to Qutput a command .for a

second cohtrol loop (speed command compcnent) by

*x € L M-S *
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multiplying.said difference with a poSition loop gain;

a third sfep to output élcomménd for a third
control loop by multiplying a_difference between said
sﬁeed command component and 5 difference between said
speed command cOmponént aﬂd-a differentiated component
of said position feedback (speed feedback component):
with a secéﬁd controlsioop gain; ahd_ J

a fourth step to output an acceleration
feedback component by multiplying a difference between
said third control loop command and a two timed
differentiated component of .said position feedback
(acceleration feedback'domponent) with'a third__contidl
loop gain; and by integxatipg séid_ préduct by said.

multiplying.

19. A position control method according to claim
18 wﬁerein said transfer function.is_for a'thifd order
system and said géin loop means comprises a fiist high.
order - gain loop having a.gain kpl and a second high

order gain loop having a gain kp2.

20. A-position control method according to claim
19, wherein said system transfer function G(S) is
defined as

_ 16kp?
(S+2kp) (S2+4kpS+8kp?)

G(S) = -

.Whére S is a Laplace transform operator, and

e
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‘the value of kpl is set to be substantially equal to

8/3 kp and the value of.kp2 is set to be substantially

equai to 6kp.

21, ' A position control system according to claim

'13 wherein said second high order gain loop comprises a

speed loop.

22. A positién control system according to claim

13, wherein said position control system comprises .a

- speed loop and said second high order gain loop is

formed prior to said speed loop.

23. A position control system according to élaim
13 wherein said second 'high order gain loop is

responsive to said position detector.

24, . A position control 5ystem, sﬁbstantially as
herein described with reference to figures 1 and 2,
figures 3 and 4, or any of figures 5 to 10 of the

accompanying drawings.

25. A'ﬁethodtof.poéition cbnﬁrol, substantially és
herein described with reference to figures 1 to 12 of the

accompanying drawings.
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