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FIELD OF THE INVENTION

This invention'rélates to position control

systems and position control method thereof for various

motor drives such as servo controllers, spindle

controllers = and _position' controller of numerical

control machines.

BACKGROUND OF THE INVENTION

Fig. 13 is a block diagram showing the flow

in a conventional

of a seva system'control signal

position control system by using transfer functions.

. Referring to the Figure, designated at 1 is a position

"loop gain operational unit having a gain Kp, at 2 a

speed loop proportional integral compensatioh unit, at

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

a position feedback signal is subtracted from a

position command at point A, and the difference is

amplified in the position loop:gain operational unit 1,

which has a transfer function'kp and outputs a speed

command. From the speed command, a speed feedback

signal is subtraéﬁed at point B, and the difference is

amplified in the speed loop: proportional integral

compensation unit 2, which has_a.transfer function Kv +

Ki/s and outputs a torque command. The torque

_command represents the motor-  speed corresponding to the
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15: Refertingto the Figure, designated.at 1 is a position loop gain -

operational unit having a gain Kp, at —22a-speed | oop proportional integral

conpensation unit, at 3 an inertia unit, and at 4 an i.ntegrator. In Fig.

13, a position feedback signal is subtracted from a 20 position

command at point, A, and the, djfference Lifl Ln,the pgsition | oop
o]

gai n oper at | tHEF t 1/ $OHPORFREY %§saat’F%ﬂ‘éﬁl"éjrggﬁﬁ@ff%%p?‘bdﬁﬂa Pplts a
sheed COMENtlag, HBREE SRRFAITRE, o105t (opbochpalinalels
|00, Poper AdgRL b1 SHLE RORTERSA ROINLD o cHU! GBS RolsBlsker
represents ti@bﬁ@i0ra§9&§9e&°£5@§@9ndfﬁg 5851@fon-value, which is '
5 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'
10" eéuivalently approximated by the position loop response
as shown in Figs. 14A,ll4B because the 'position loop
reéponse iis sufficiehtly high compared to the speed.

loop response. The characteristic of the position loop

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

15
G (S) = 1 e (1)
=S
. kp
20 Next a description.ié made for Fig. 14B.

Wwhen a positional'command for moving to a specified
posifion at a timing to (ﬁigration length §) is given,
actual -movement of a machine (motor) folloﬁé' with a
follow-up _delay_ of the pqsitiqnal loop (by ‘the
25 positional loop time constant). A speéd command for
the pqsition at this point_df time is inputted as shown
in the figure, and this area proﬁides the épécified

position (time x speed). When the input as described



-2-, inertiia conponent, less a reduction corresponding to a |oad torque,

~

as seen at point C. The speed i heyatively fed back from point D
.as the speed feedback signal . as noted above. The position value, which
is°5 the tine integral of the speed, is taken out at point E fromthe

I nt egrator 4@\/\,{1‘} ch har;sraavﬁlﬁ%f-| sferrot CIIOI’] %,e”ej;]@t xéglgtg sition

f eedback sig neé % Nl

IR B L T R Mf@t it B! Sk e
' ' figure. Aalso, the motor generates a steep torque when

: acceleratlon - is started and when deceleratlon is

5 started. | |

| In the above position control syetem, 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.

1d 15, the orbit of the actual motor draws.a circle on the

| inner side of the real circle in accordance with the

first degree delay time constant. The radius reduction

AR in this case is given as

: - . 1 - Fz | | .
15 AR—-——x—-—x( )
. | | 2 R kp*

LI ) (2)

Here, R is the radius of the c1rc1e, and F is
the speed in the tangential direction. Conventionally,
20 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 thls feed forward control,
the radius reductlon z&R is compensated for to
1~ F*  (1-a®)

2 R . kp?

_;.. (3)

"By canceling the firét degree delay having



as, shown in Figs. 14A, 14B because the position |l oop response is
sufficiently high conpared to the speedsgloop response. The characteristic
of the position |oop showmn in Fig. 14A is given as a transfer function G
(S)"[err] 15 20 : Next a descriptionis made for Fig. 14B.
Wien a positional conmmand for noving to a specified position at a
timng to (nithatibirsenglegSPeidiffeventiattvith bheenfeed ofonwaundhi ne

(notor) follows with a followup; delay of the positional |oop (by
the 25  posieewkkellenop? i mndorsthnthe feedpctarvasdnaneeffopicene
position at this point of tine is qugét gegsfgggmggigy éggh Lé gégt.gnd

this area proti iRt el s$e‘&?‘f"?§d°r

to the command can be obtained.

5 - 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

10 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

e
—~—in

oscillating components. Consequently, by sefting a =
1, machine vibrations are .liable to be inducéd.'
‘Therefore, it is difficult +to provide total
combensatio_n of for AR by using o above.
20 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
- 25 to the positiqn 'feedback sYstem.- To enhance the
suppression effect gn external distﬁrbances. to the
posifion feedback system, it is necessary to.provide a

high position loop gain kp. Doing so, however, leads



posi-tion (tinmg x speed). Wien the input as described -3- above is
provided, a rotation of the notor is execgted with a tine-lag of the first
order, as shown in the figure. Al so, the notor .generates a steep torque
wheh acceleration is started and when deceleration is 5 start ed.
In the above position control system the position Iloop has a first
degree del ay tei nbncreasedntmakar fspeedschangegoafmnd® ¥hes, terdghe a

real- circle drawn with two axes_(X and_Y axes), as shown in Fig.
waveform shown in Flg. 14B. Consequently, increased

lshocks are given to the machihe, and also the tendency
of pickiné up high frequency components (such as
si resonance of the machine system _and' noise) is
increased. For the abéve reasbns,_étable gain increase

can not be obtained. _
| . Figs. i7A "and 17B show graphs for a
cbmparison .betwéen thé gain incfeése prdvidéd bf a
ip' 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
'15~ Fig. 17A. Also, a disturbance- cbmponent 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
20 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.

25 - 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



1Q- 15, the otbit of the actual motor draws a circle on the inner
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- prevent vibrations of the machine.

5

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

10

'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

15

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.

20

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

25

second and third 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
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-4-, the first: degree differential with the feed forward controller 7,
and with the feed forward coefficient—ayset to 1, a notor orbit free from

delay with respect to the command can be obtained. 5 _ Here, kp
is-a position loop gain, 1/kp is a time constant of the position |oop, and
S is a Laplace operator. As other reference technical literature

pertaining tohidk | fyveauenny taemponentaeccelsr &si okhund EQSSlDéeelﬁpatlon

Control Systenf _disclosed in _Japanese
btaln 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;

5 Thﬁs, for the conventional position loép gain Kp, it is

possible to obtain 'Thigher position - loop gain and
realize gain increases'in thé servo loop control.

Other objects.ahd features of this invention

will become‘understood_from the following description

10 with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram_ showing a
éonstruction of the position control system according
15 to the inventibn; | |
Fig. 2 is a flowchart showing~ah éperation of
the position control system shown in Fig. 1; |
Fig. 3 is a block diagram showing a different
construction of fhe position controllsystem according
20 ‘to the invention; | | |
| Fig. 4 is a.fibwchart gshowing an operation of
ihé position control.system showp'in Fig. 3;
Fig. 5 is a block diagram showing a' further
construction of the_position control system according
25 to thé invention; |
| Fig. 6 is a block diagfam showing ‘a still
further 'cohstruétion '6f the positionj control sysfem

according to the invention;



Patent Lai‘d-Qoen No. 209812/85. In the above feed forward control,
however, the command is differentiated, before being added. Therefore,
command operation error is . also 15 differentiated, resulting
i m“a waveform having nmany oscillating conponents. Consequently, by '
setting [err] .= 1, -machine vibrations are |iable to be I nduced.
Theref ore, it is digflicultis ta blpeRviddagrainot showtigenaat yesr  of
for A R by usi ng [err] above. 20 Consequently, . a snooth :
response waveforthean canstrbetmbnalnédtheepnbummgn|nconbraﬂlosysmbmthe
~machine. Further, although the feed forward control is effective so far as
t he property éﬁcﬁﬁdeﬂﬁﬁg ébﬁnﬁﬁﬁ§ntFPn has no suppression effect on -

ext er nal dlsturbances
Fig. 8 1is a block diagram showing a yet

5 another construction of the position control system
_according to the invention; |

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

further construction -of.the'positioﬁ control system
-according to the invention;

10 ' | 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

15 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.

20 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; |

25 - '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;



25. ‘to the

position feedback system To enhance the suppression

effect on external disturbances to the pogition feedback system it

necessary to

provi de a high position |oop gain kp. Doing so, however,

S .
| eads

-6 to increased notor speed changes as in the torque waveform shown in

Fig. 14B.
al so the ten
resonance
above reasons

10

Cbnsequentl%l I ncreased shocks are given to the machi ne, and

dency of p| k¥ng ub7hi ghisreqdencyreBhponeAlBaringh akhe’

-of the. rlne sy st m and noi se), -is i-ncreased, _For the
O%Y%%Y%o f%ﬁﬁ?eﬁg er system gain’ increase and high _

harmonic system 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 flrst embodlment of 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

15

loop is formed at 10, providing position information
from the controlled object to a summing node A. And
speed loop 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

20

- 25

provision of the internal second control loop in unit

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

kp-kpl
G (S) = P xP

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

characteristic.

S’+kaS+kp kpl1 e ()



can not be obtained. Figs. 17A and 17B show graphs for a.

conpari son between the gain increase praevilded by a 10 . first order system
and that provided by the high-order system according to the present

I AVenti on. In gain increase with a conventional type of first order
system when a band required for control is raised, the system becones. |ike
that shown with a dottedlepnethg 190p FﬁgChaE?AterxﬁpéobY & dengldmisance
conponent becones adapted to gain increase, so it cones to vibrate nore
easily. Nanefge ﬁﬁcéeBGnﬁénFPénélsP?ﬁé of Tof MDEEEOr der lag system a band

I s attehuated by-20 dB. For this reason, when the gain is increased, a
hi gher band wi dth 20 Is required. However, the gain of the high
frequency . . kpl ' ' o

G(S) ¢=]— on =fkp-kp1

To obtain a characteristic free from

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

threshold { =1 free from overshoot, we may set
10 , _
By sﬁbstituting'equation 5 into eqﬁétion 4 we
have a second degree positidn,loop char@cteristic given
15  as -
_ 4kp? . 1
G (S) = - — =
: S +4kpS+4kp? - 1
I (1+ ———8)
2kp
® o (6)
20
In this .c'a'ISe', the radius reducf.ion AR is
given. as .
1 F? _ 1
AR= — . X ( = : ) .
2 R\ dkp* 4kp* cer (T)
25 | = X X

2 R 2kp?®
'Thus, the first degree position loop radius

reduction may be one half the value in the conventional



component* also becones higher, and the system is disadvantageously
affected by a high-frequency noise nore easily. 25 SUMMARY OF THE
INVENTION I't is an object of a posjtiom ddntTtol systemand position
control nethod thereof, in which the internal control loop gainis set to
an adequat e val ue 6'in order to provide a high response, a stable

U brati ons. ofire. FEHARE: ARG deRpaer 9 v 2en Douldde S
' nv.ent ion, t_f}_q.f %.é %&J&‘ﬂfgeq:@ &ﬂ?ﬁfﬂ qp 70_ $ (a = 0.7) feed forward

effect.’

Next description is made of. the lloop

5 operations. Fig. 2 is a lflow chart illustréfing
operations of the position control system shown in Fig.

"1l. At first, a différence between a position fgedback
(D) and a position command is computed (S201), a
position loop gain kp is multiﬁlied with the

10 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

15 command (8264).' Furthermore the given speed feedback
cpmponent. (C) is outputted by integrating ﬁhe ‘given.
acceleration component (1/S8) (S205), and also said
given speed feedback component.(C) is integrated (1/8)

to outputla_givan position'feedback component.(SZOG)..

20 | 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
operatlonal unlt (kp), at la a second control loop gain

25 operatlonal unit (kpl), at 1b a thlrd control loop
'gain. 6perational unit (kp2), at 10 is a first control
Ioop, at 11 is a second control loop, and at 12 is  a

third cbntrol loop.



control systemas set out in acconpanying Caim1l. According to a second
aspect of the present invention, there is jrqvided a nmethod for feeding .
back position information as set out in acconpanying Claimb5. According to
asthird aspect of the present invention, there is provided a position
control nethod for servo control.ling a novabl e object as set out in
acconpanyi ng C aim6. Attdhdi rfdnet 0 peosfiduirarh casyiantl ofysttemn pradwsimt  in
invention, there is provided a position control systemas set out in
acconpanying ®igi-m B, Aavdimd tde sepdnd @ndadpdard dmntermadr eanitinrenti on,
there is provided a nethod for feeding back position inf%{nation as set out

i n acconpanyi A®BSai rhlye 12acddheritdpnsFer dungtion & (% hak 3 ddvikd
invention, there i s prqvided a_ nethad for .feeding .bgck pasition information
2s et out | nOTOBEFHIHATy ROSHThoR, L1oRP ERAAGHFEISII] (kY S dhe

foregoing. with the position control systemaccording to the invention it
i's possibPe to obtain high response and stable position |oop

kp-kpl-kp2 .

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

(S+Pr) (St +2¢wn S+wn?) _ (9)'

15

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
20 respect to the .real number part of the. conjugate
| coﬁplex i’:oot of 82 + 2¢ wnsS + wn?. | Hence, it ié_

necessary to meet a relation

Prston | eee (10)
25 | |

The threshold value of the freedom from

overshoot is



Qhafacteristic free fromthe influence of -7- *high frequency

‘conponent s.
decel erati on waveforns as the response waveform of the notor,

‘I't is thus possible to obtaipszsoooth accel eration and
-and t hus

stabl e and shock-free control of the machine can be realized. 5 Thus, for
the conventional position |oop gain Kp, it is possible to obtain

pOSI tion

| oop galn
Q'her objects and features of this invention will

the followi ng description . Pr={wn : eee (11)

10

15

20

25

'By substitﬁting equation 11 into equaﬁion 9,

we have
| {wn®
- S“ +3&wn S? + (2¢2 +1) wn®S+ ¢ wn®
: ees (12)
.From equations 9 and 12 we have
kp-kpl-kpz—fwﬁ
kpl —'(2{2-+1) wn? - (13)

kp2=3(mn

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).“ usj

| - 8 ‘
and kpi= —kp ees (16)

For the minimum real root of kp2,

8
kpl=—%kp
3

hlgher

and realize gain increases in the servo |oop contro
becone undersstood from



10 . with reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi g. _1 is a block diagram l&hoewing a construction of the
position control "system according 15 to the invention; Fig. 2 is a

fl.omchart showi ng an operation of the position control systemshown in Fig.

1, Fig. 3 is a block dia ]g_bam showi ng a different construction of the
position control system3¥tcdith '~’ng”é§?' kr? e 3 freheiRle 19qt, 4 38 2

flowchart sh f t t Fig.

3 °2’Fg"’” oSO, LS o A B0nd, iter (Wt tm D EH %?%'“ '

positi on Cont r%o‘;eyStqq{gtia&xccg %&ﬂxces to an equation
16kp?

5 - G(8)=- bl — eee (17)
- (St+2kp) (S* +4kpS+8kp?) |

In this case, the radius reduction AR is

given as
10
1 Fz /1 I 1
AR= — X — X ( - - + + )
. 2. R 4kp? a? B*
1 Fz 1 ' ee. (18)
= x X : :

15 -2 R 4kp?

wheré a and B are second degree roots.
| Ffom equation 18, it will be seen that the
radius red_uction' may be made to be up to 1/4 of the
20 com.rentional' first degree .radius"r'eductién. That is,
it is possible to obtain an effect with double the |
position loop gain kp. and also obtain a feed forward
effect of 87 % { a = 0.87).
‘Next desci:iption is made for operation of the
25 'pdsition ~control .apparatus according to the pr_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



25. "to the invention; Fig. 6 is a block diagramshowing a stil

further construction of the position._- getrol systemaccording to the
-8- Fig. 7 1is a.block diagram showing a yet further

i nvention

construction

Fig. 8

S

of the position control system.according to the invention;

a block diagram showing a yet 5 anot her construction

the position (Rontangl they o ticgoratmmand (Ae isveranmited (5401),

10

15

20

25

then the ”difference is multiplied with the position

loop gain kp, and a command for the second control loop
(a given speed command component:B) is ontputted

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

‘command component (B) and the differentiated component

(a given speed feedback component:E) is multiplied nithf

the second loop gain kpl to output a command (C) for
the third control loop (5403); and-a difference between
the third control loop command (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..s 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 second control loep 11 has'high response compared
to the 'first control loop 10 but permits stanie
operation to be obtained. 'Designated at 5 is the speed

loop.

In the structure of Fig. 6, the feedback data

of



Figs. 9A and 9B are bl ock diagranms showing a further construction of the
position control systemaccording to the invention; 10 Fig.
10 is a block diagram showi ng a further-cbhstruction of t he position
centrol system according to the invention; Fig. 11 is a graph showing the .
-tel ati on between the speed and step response waveformin first 15 to

Lhird order Sysk SOORLONLONLLOa USKEDD] F005. 14200806 18D, 20851 2PNS

showi ng a not or speed waver en smoot hi i'sset-
constant statejafd bof tHe exferRal BhOsktidh age 882 cSPOW TRus, a&fh the

construction of the conventional  position control
' first (10) and second (11) control loqps are stable.
However, taking one-pulse_respbnse characteristic, with
5 - the input of a one—pulsé command the motor can be
driven 'by a command of one pulse x kp x kpl as the
speed command in the hgﬁ-operatidn state of the
machine.’
The structure shoﬁn in Fig. 7 is a third
10 order system version of the structure éhown'in_Fig. 5.
It has the féatufes of high response and high -
attenuation of high frequencies. The structure of Fig.
8 is a third'order system version. of the structure
| shown in . Fig. 6. It permits improvemeht of more
15 : forward gain (one pulse x kp x kpl x kp2). _
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 differenée
_éo between the position command_and the position feedback
by kp as.the speed'command. However,. a seéond order.
system structure can éutomatically produce not oniy the
'speed componeht with respect to £he comﬁand but. also a
'torque cdmponent. Thus, for a command of the torque.
25 loop, fér which thé fesponse is most important, a
torque. comﬁand may be producéd through ‘correction in
advance not only in response to a torque command

produced through propbrtional integral control of the



sySfenl-Figs.'14A and 14B are views for explaining a position | oop
characteristic of the conventional _p@%i tion control system 25 -
Fig. 15 is a view for explaining the nmotor orbit in the conventional
position control systen Fig. 16 is a block- diagram show ng
conventional feed forward control; -9- Fig. 17A is ~a graph
conparing speedonvditfifexaincki r sbudr dedsoystaemogdimg ncrtease tamgiuehi gh
information estimatéd from. the speed'feedback, that is,
by obtaining the érror'between the coﬁmand ‘and the
-torqué. Thus, it is possible'to obtain more robust
5 speed loop .characteristics. In Fig. '9A, 6 is a
differenfiator._ | |
The structure shéwn in Fig. 10 is a corrected
loop a command toréue cdmponent using the same third
order systeﬁ as that shown in Fig. 9#.

10. | '~ As has beén 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

15 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

20 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

25 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



har.moni ¢ systemgain increase; and Fig. 17B is a graph conparing the first
5 degree systemgain increase and hi ghl8harnonic system gain increase
according to the invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS Now, a
fi-rst enbodi ment of the invention will 10 be described. Fig. 1 shows a

posi tion contrgltagxst§g1gggi?g gg sﬂ%%ﬁnéb §§%onq7gonh59helgpp 5%ferr|ng

to the Flgure esignate gal n opera ti%onal -

uni t (kp), angd,g guéﬁ S awa%scoeem saamol lwﬂgehgallg O%r bl Uniat
(kpl). A positi ?eedback Poop s formed at 10, provi di ng

23 2 | ert e et SO e

words, in a high-order system, a band is attenuated by

5 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.eveq if the gain
~is raised. For this reéson, it is possible toh realize
~a stable system Which_is hardly affected by a hiéh-

10 frééuéncy noise. |

Although the iﬁvention hasl been described
with respect to a specific émbodiment for a complete
and clear disclosure, fhe apﬁended claims aré not to be
thus limited but are to Be construed as embodying all
15 modifications and alternative constructions that may
occur to one lskilled in the art which fairly fall

within the basic teaching herein set forth.

20

25



to,.- a summ ng node B. Integration 4 are caused- te~geﬁerare—speed and

position feedback values. . Wth the 20 §rOVISIOn of the |n ‘pal second-
control loop in wunit la, the transfer furk

i uni ton @i tiE [err].
has a second order system position Ioop “ -
Al so, the loop is characterized by a dangllng coef

and a

speed [err]n, Wﬁgergs[@&ﬁhmed is:

10

15

20

. 25

1. A -position control system for feeding back
position _1nformatlon detected by position detection
meens  for _detectihg'the-position of a mevable part,
said position control system having first and .second
control loops fqr forming a position:contrel loop to
second order system by providing_an internal second

controi loop.

2. - A pos1t10n control system accordlng to claim
1, whereln a transfer function of said - second order

system position control 1oop characteristic is:

G(s) = — 1
(-1+' 1 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 positibn.control.SYStem'for feeding back

position informetion 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 leop._

and
10 -

T



To . obtain a characteristic free fromovershoot, it is necessary
t-hat [err] [err] 1. To obtain a thresphgld [err] 1 free from
overshoot, we nmay set 10 kpl=4kp By .substituting equation 5 into equation 4
we "have a second degree position |oop characteristic given 15 as [err]
(6) 20 In this case, the radius reduction A Ris given as [err]
4. A position control system according to claim

3, wherein a'transfer function of said third order

- system position control loop characteristic is:

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

N 1]

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] *



Thus‘

the first degree position |oop

10

15

20

25

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

integratlng said speed feedback component.’

7. ~ The pOSItlon control method as set forth in

cla1m 6 wherein sald transfer functlon is for a second
order system and said internal high order loop gain is

kpl.

8. The position control method as set forth in

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

defined as

(1+ 1 g
5i5°)

~

where S = a Laplace operator

kp = first order loop ga1n

and the second order loop galn kpl is set to

_ be equal to 4kp.

9. A position control method comprising:

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 control loop (speed command component) by

multiplying said difference with a position loop gain;

* ¢ L M 8§ *

radi us reduction may be one half the

val ue in the conventional art. Further 21lwi~t h respect miesﬁehﬁ{aﬁeeﬁl sioadr d
effect, it is possible to obtain a 70 % ( [err] 0.7) f ect
Next description is nmde of t he | oop 5 operatl

a flow chart |Ilustrat|ng operations of the position c

shown i-n Fig. 44ffexenceisi "4 difference between a posrtron feedback (D
and a position command __is ut ed S201) sitjo op, . gain
kp is rmultiplied wi ggne Fﬁ@ %P sp% %P feed%é%i oﬂponeﬂt by



is Sh et Has Been Replaced

Desi gnat ed Apeed ééhméhdrgﬁﬂﬂéﬁghtléﬁ@ a @Ptferentiated component

5

10
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to

of said p051t10n feedback (speed feedback component)
with a second control loop gain; and.
an acceleration

a fourth' step  to' outpﬁt

feedback component by multiplying a difference between
séid third control loop édmmand and a two timed
differentiated component of said position 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 moveablé 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 object 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 féeding back said position signal

said .first summing'juﬁction and defining a first

TR T R

10. ‘differen speed command (B) is outputted (S202).

Then, a diff the given -=spd2d-comuand (B) and a given speed
f eedback (O | 203) and a gain kpl is nmultiplied wth
the difference output an accel eration conponent as a 15 - conmand
(S204) . FurthernDre the give eed feedback conpo | S tputted
by integrating the giﬁreﬁ‘ g?%t?%@‘&%‘bn%n?% § f%éo%) hﬁgal S0
'said given spee d mponent is_integrated (,1/ to out

gi ven positi dif q@ﬁ%ﬁ gﬁ’ ﬁ%% tﬁ* Qéiiﬁ (ﬁ'f¥%rence beé%% Pgecond
enbodi nent of__th BME o)

posi tion contto Ciasy':Ls "’%‘%vﬂﬁ?\ ‘%a‘l“:’sltlaitt':)oncfij d‘ﬂp)fe%l: r%g erna%]gcon roI | oop.



operatlonal unit (kp), at la a second control |oop garn 25—-eperati-onal—

unit. (kpl),

at |b athird control |Qp&éﬁﬂn operatlonal umt

10 is a first control loop, at 11 is a second controII

thi-rd contro

Fig. 3, havi

| oop. - 12 - Wth the position contro
ng the second and third internal p05|t|on

transfer funcideitrel( Sodas a third order systen1p05|t|on Ioop
characteristic given as [err]

10

15

position loop gain means for processxng said
diffefence signal and generatlng a speed command
signal, said position loép gain means'having a gain kp;
- a second summing junction for arlthmetlcally
processing at least a flrst SLgnal and a second s1gnal,
said first signal comprlslng-sald speed command signal,
and outputting a secohd 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.

at
a?eé a

the

11. A position control syétem éccording to claim:

10, wherein said transfer function is for a second

20

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

25

(+* 3559

where S is a Laplace transform operator, and

the value of kpl is set to be subétantially equal to

4kp.

- —

g



S .. (8) 10— _ —Fhe—third order systen1is .generally given as [err]
.(9) 15 where Pr |s first. de ree root. In order that this third order

systemis fré@ls it is me@dssary that Pr is small with 20
r.espect to part of the conjugate conplex root of
Slerr] + 2[err Hence, it 1is necessary to neet a
relatlon [err] 25 _ ' '

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
5 order gain looplhaving a gain kpl and a. secondu,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
10 defined as

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

where S is a Laplace transform operator, and
15 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 Ifor. servo
20 contfdlling a movable object in'.response to input
position commands, wherein said control is via.é servo
system haviné a system transfer function,.comprisiﬁg:
computing a difference between a position
feedback and a position command;
25 _ : 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 *



The éh@k@a%ﬁl edf the freedom from overshoot is -13 - Pr=[err]n
: tlng equation 11 into xyuation 9, 5 we have [err]
( |ons 9 and 12 we have 10
kp Kpht! — rr] kpl . kp2 = (2[err] +1 )[err] kp 2= 3 [err]n
' generating an acceleration component_ - by
multiplying an internal nigh order loop gain with said’
‘difference; |
generating a speed feedback component by
5 . 1ntegrat1ng sald acceleratlon component‘ and

generating a position feedback component by’

integrating said speed feedback component.

16. The position control method as set forth in
10 ‘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
15  claim 16, wherein said system transfer function G(S) is

defined as 1

G(9) = - z_ips)z

a Laplace operator

where S

20 . : kp first order loopngain
and the second order loop gain kpl is set to

be equal to 4kp.

i8. . A position control method comprisin§°
25 ' a first step to compute a dlfference between
a pos1tlon feedback and a p051tlon command ;
a second step to output a command .for a

second control loop (speed command component) by

*x € L M-S *



=9kplkp2+27kp. kpl =0 ... (14) A third ordgs systemfree f

By el imnating [err] and [err]n in equation 13, 15 2kp2[Té"slsﬁetHasBee“R"PIaced
be obtained by giving kpl and Kp2 satisfying equation 2

(A G

can

conditions that kp2 has the real root are D=8 1 kp 1[err]-216kpkpl[err]O

(kp 1, kp>O

10

15

20

25

(15) [err] For the m ni mum real root of kp2, [err]
multlplylng said difference with a p051t10n 1oop gain;

a thlrd step to output a command for a third
control loop by multlplylng a_dlfference between said
speed command component and a difference between said

speed command cOmponént and a differentiated component

of said position feedback (speed feedback component):

with a second controlsioop gain; ahd_
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__contrdl

loop gain, and by integrating séid_ product by said.

multiplying.

19. A position control method according to claim

18 wherein said transfer function is for a third order

system and said géin loop means comprises a first 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



- 14-‘ In this case, kp2 is a multiple root, as a result, KpfisShebdis BecBReplaced

gi'ving kpl (8/3 kp) and kp2, the above eqRati-on 8 reduces tjl!munmnﬂlﬂﬁull

6 kp[err] 5 : G (S =

(S+2kp) (S[err] +4kpS+8kp[err]) In this case, the radius

is given as 10 [err] _where [err] and [err] are second degree roots. From
equation 18, Fhey; vplpe §§e P?h&? Fﬁé tadPgsspbatarténldity BEuARdetPo be up
to 1/4 of

th3/3 kp and the value of kp2 is set to be substantially

equai to 6kp.

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

speed loop.

22. A positien control system according to claim
10 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
- 15 13 wherein said second 'high order gain loop is

responsive to said position detector.

24, . A position control eystem, sﬁbstantially as

_ herein described with reference to figures 1 and 2,
20

figures 3 and 4, or any of figures 5 to 10 of the

accompanying drawings.

25. A'ﬁethod”of poéition cbnﬁrol substantially as

herein descrlbed with reference to figures 1 to 12 of the
25

accompanying drawings.

AR



20 _ conventional first degree radi.us réduCt|On That is, it is possible
t'd obtain an effect with double the: pos1t|on 'L oop gain kp and al so obtain

a feed forward effect of 87 % ([err] 0.87). Next description is made.
fQr operation of the 25 position _control apparatus according to :the
present invention. Fig. 4 is a flow8chart illustrating operations

of the position control system shown ABSIRACT At first a difference
‘bet ween the position fePASIFEON CONTROL(SYSTENIAND:POSITIONN cormand (A
S corrput ed (S401) CONTROL METHOD THEREOF

- A position control system for feeding back position information detected by position

“detection means for detecting the pqsition ofa maéhine movable part, includes a |
second order system position control loop formed by pfoviding an internal second

' contr_ol loop 11. By appropdgtely setting the internal control loop gain, a high
resp‘onsé and stable control loop and also smooth responée wa\}eform can be obtained,
thus ensuring vibration-free opération of the machine.

Figure 1

This Sheet Has Been Replaced

0w I




‘then the difference is multiplied with- the position |oop gain kp, and a
~command for the second control loop (a given speed command conponent: B)
is out putted 5 ($402). Then, a difference between the given speed
.command conmponent (B) and the differentiated conponent (a given speed

f eedback conponents) is nultiplied with the second |oop gain kpl to output
a coomand (C) for the third contrroll:oop (5403), and a difference between
10 = the third control |oop comand:(<C) land* a two-tines differentiated
conponent of the position feedbackF(' of 'eh'aqcel eration feedback
conponent:D) is nultiplied with the third control |oop gain kp2, and the
product is integrated to output a given acceleration feedback 15
conponent (D) (S404). . :

1P -1aP 4? -4P

+A | +B ' 1 c 1 D
—30 kp p—o— kp! '
- - S S




e

.Figs. 5 to 10 show further enbodi nents of the invention. The structure
shown in Fig. 5 permts an internal process |oop to be obtained when
.form ng a second degree harnonic systemby formng an internal 20 second

.control loop before the speed

| oop. The external loop is

constructed by using data of ' the extérnal;ﬁoqition detector (position
feedback from the machine end inghe cgssed 32ecifications). Thus, the

i nner second control |oop 11 has hi*gh te

onse fonpared 25 to the first

control loop 10 but permts  stable operation to be obtained.-

Designated at 5 is the speed | oop.
dat a

In the structure of -Fig. 6, the feedback

QSTART )
1

DIFFERENCE BETWEEN POSITION FEEDBACK(D) AND POSITION.
COMMAND (A) IS COMPUTED.

\

—~ 5201

POSITION LOOP GAIN kp IS MULTIPLIED WITH DIFFERENCE, -{~$202
AND GIVEN SPEED COMMAND (B) IS OUTPUTTED. '

DIFFERENCE BETWEEN GIVEN SPEED COMMAND(B) AND GIVEN -~ S203
SPEED FEEDBACK (C) IS COMPUTED.

GAIN kp1 1S MULTIPLIED WiTH DIFFERENCE TO OUTPUT 4~-85204
ACCELERATION COMPONENT AS COMMAND.

[

GIVEN SPEED FEEDBACK COMPONENT (C) IS OUTPUTTED BY -~ S205
INTEGRATING. GIVEN ACCELERATION COMPONENT (1/S).

]

GIVEN SPEED FEEDBACK COMPONENT (C) IS INTEGRATED
(1/S) TO OUTPUT A GIVEN POSITION FEEDBACK COMPONENT.

\

~_ $206

D



~

-. 16 of ‘the internal second control loop is formed by using data of the
‘external position detector. Thus, both the first (10) and second (11)
«ontrol |oops are stable. However, taking one-pul se response
.characteristic, with 5 the input of a one-pulse conmand the notor
can be driven by a command of one pulse x kp x kpl as the speed
command in the non-operation state of the machi ne. The structure
shown in Fig. 7 is a third 10 order systemversion of the structure
shown in Fig. 5. It has the features OEB hi gh response and high

3
1b>
kp2
/
7 B
12
1R ] 7 109

| G.

| SRS 4o —

1aP
kpl

+8 -
| SR Vo e

1
kp

+ A
.-;I___.
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attenuation of high frequencies. The structure of Fig. 8 is a third order
"system version of the structure showmn in Fig. 6. It permts inprovenent of
.nore 15 forward gain:(one pulse x kp x kpl x kp2). Wth the structure
.shown in Fig. 9A the structure of the fhrst order systemis as shown ‘in
Fig. 9B. Therefore, the control |oop can®onl .provide a conponent
obtained by nmultiplying the dF?fdreﬁ}q 20 bet ween the position
command and the position feedback by kp as the speed command. However, a
second order systemstructure can automatically produce not only the speed
conponent with respect to the commuand but also a torque conponent.

Thus, for a conmand of the torque 25 | oop, for which the response is

nost inportant, a : _
(:7 START 4:)
i

DIFFERENCE BETWEEN POSITION FEEDBACK (F) AND POSITION
COMMAND (A) 1S COMPUTED. : -1~ 5401

H

DIFFERENCE iS'MULTIPLlED WITH POSITION LOOP GAIN kp, -mS402
AND COMMAND FOR SECOND CONTROL LOOP (GIVEN SPEED
COMMAND COMPONENT:B) 1S OUTPUTTED.

DIFFERENCE BETWEEN GIVEN SPEED COMMAND COMPONENT (B) 4~ 5403
AND DIFFERENTIATED COMPONENT (GIVEN SPEED FEEDBACK .
COMPONENT:E) IS MULTIPLIED- WITH SECOND LOOP GAIN kpt
TO OUTPUT A COMMAND (C) FOR THIRD CONTROL LOOP.

T

DIFFERENCE BETWEEN THIRD CONTROL LOOP COMMAND (C)

AND TWO-TIMES DIFFERENTIATED COMPONENT OF POSITION
FEEDBACK (GIVEN ACCELERATION FEEDBACK COMPONENT:D) IS
MULTIPLIED WITH THIRD CONTROL LOOP GAIN kp2, AND
PRODUCT IS INTEGRATED TO OUTPUT GIVEN ACCELERATION
FEEDBACK COMPONENT (D).

o) .

~\ 5404

\




e

torque -conmand may be produced through <correction in advance not only
in response to a torque command produced through proportional integral

control of the - 17 - speed di fference but also according to
.torque information estimated fromthe speed feedback, that is, by
obtaining the error between the conmand and the torque. Thus, it is
possible to obtain nore robust 5 speed |oop characteristics. I n

Fig. 9A, 6 is a differentiator. The structure shown in Fig. 10 is a
corrected ' : : o
3
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|l oop a‘'command torque conponent using the sane third order system as
“that shown in Fig. 9A 10 As has been shown, with the above
~enbodi-nments hi gh response and stable control | oops can be obtained by
.elevating the degree of the position control |oop to the second, third and
so forth and setting the internal control |oop gain to an adequate val ue.
Thus, in- the 15 position step response, by elevating the degree of the
position control |oop, the response waveformcan be nade snoother, as
shown in Fig. 11, thus precluding vibrations of the machine. Figs. 12A
and 12B show notor speed waveforns 20 “*wi'th t he snoot hi ng i nput  (of
accel erating and decelerating circuit) tothe "0' time constant state.
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As shown, the first and third degree systens have different response

¢haracteristics.

Wi | e the above enbodi nents concerned up to the third

order systens, it 25 is also possible to construct higher degree
systens than the third. By introducing a high order system as

descri bed above,

a band (responsibility) required for - 18 - control

rai sed as shown in Fig. 17B, while a high- freqqﬁncy wave = conponent,

which .is to becone ° a disturbance conponent,
<«

ot her

4

F1G.

s greatly attenuated.
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words, ih a high-order system a band is attenuated by 5 40 dB in a
second order systemand by 60 dBin a third order system and an
attenuation factor for a gain of high-frequency wave conmponent is high even
[f the gain is raised. For this reason, it is possible to realize a stable
systemwhich is hardly affected by a high- 10 . frequency noise. Al though
the invention has been described with respect to a specific enbodi nent for
a conplete and clear disclosure, the appende® clains are not to be thus
limted but are to be construed as enbodying all 15 nodi fications and
alternative constructions that ®may occur to one skilled in the art which
fairly fall within the basic teatthg,naLgin set forth
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20 25 ° 19 CLAIMs: 1. A position control systemfor feeding back
"position information detected by position detection neans for detecting the
- position.of a novable part, said position control system having first and
.second control | oops coupled together to forma second order system
"position control loop, a transfer function of said second order system

position control |oop beigg defined by the eqﬁhtion: [err]
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where S ="a Lapl ace operator; and kp= a first order |oop gain, wherein 4kp
i8 equal to a second order | oop gain. .2. A position control systemfor
feedi ng back position information detected by position detection nmeans for
detecting the position of a novable part, said sition control system

including a third order system positionecontr ol op conprising a first
control loop, an internal second controly loop and an internal third control
| oop. 3. A position control system.adcording {o claim2, wherein a
transfer function of said third order] system posi§tion control |oop
characteristic is: [err] where Sis g tqpbPace transform operator, and the
val ue of kpl is set to be substantiatlly egyal to 8/3 kp and the val ue of
kp2 is set to be substantially equal -t.0.|16kp...4. pesiti-on contr ol
system according to claim 3, whet eilf smite—rtern ;\—sqcpnd control | oop
conprises a speed | oop. 5. A etfdd 1 or fleedi hd Pack Jposi tion
information in a systemfor servp = “ § )
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controlli‘ng a'novabl e object in response to input position commands, said
position 20 information being provided by a detector for detecting the
position of said novable object, said system being defined by a system
transfer function, said nmethod conprising the steps of: conputing a first

di fference between a position feedback si gal and said i nput position
commands; -generating a speed conponent_b tiplying said first difference
with a position | oop gain; conp&finﬁ £35900n dffference bet ween sai d speed
conmponent and a speed feedback signal;

) o=

SPEED

# fer 77 SECOND ORDER SYSTEM

N
THRID ORDER SYSTEM

v

STEP RESPONCE WAVEFORM



generating an- accel erati on conponent by
I-6op gain with said second difference;
signal by integrating said acceleration
posi tion feedback signal by integrating
said systemtransfer function S) is f
defined by the equation: [err] where S
kp a first order |oop gain, wherein 4
order | oop gain. 6. A position contr
movabl e object via a system ecof di(fg, t
conpri si ng:

SPEED

- o — o
-

7
7z -

mul tiplying an internal high order
generating said speed feedback
conponent; and generating said
sai d speed feedback signal; wherein
or a second order systemand is.
= a Lapl ace transform operator; and
gﬁzis equal to said internal high
met hod for servo controlling a
o fny2 ofAthe clainms 2, 3 and 4,
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a first step to conpute a difference between a position feedback and a
position conmand; a second step to output a conmand for a second control
l:00p. (speed command. conponent) by multiplying said difference with a
pesition | oop gain;. 21 a third step to output a command for a third
control loop by multiplying a difference between said speed conmand
conponent and a differentiated conponent of said position feedback (speed
f eedback conponent) with a second control |oop gain; and a fourth step to
out put an accel eration feedback conponent by multiplying a difference
between said third control |oop command and a twice differentiated
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conponent of 'said position feedback (accel eration feedback conponent) with
a third control loop gain, and by integrating said product to give the
accel eration feedback conmponent. 7. A position control systemfor servo
controlling a novabl e object in response to input conmmands, wherein said
systemis defined by-a systemtransfer function, conprising: neans for
detecting a position of said novable object and for generating a position
signal; a first summing junction for arit hifeq icall proce53|ng at | east a
first signal and a second signal, said fi rst si gnalf~ c rrpGS|1ng4:aB i nput
commands and said second signal conprising said position signal, and
generating a first difference signal; neans for feeding back said position
signal to said first summ ng junction and .defi rAosgrieNfirst control | oop;

posi.tion | oop Fpiq ntgns for 9!02£55i”9 sai d diPfyerence signal and

generating a . _ POSITION —
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speed command signal, said position | oop gain neans having a gain kp; a
-second sumring junction for arithnetically processing at least a first
~signal and a speed feedback signal, sai irst signal conprising said speed
.command signal, and outputting a secondJa¥fference signal; a second or

hi gher order internal control IoPp(geans To ected to receive said second
di fference signal and conprising'a xohtrol |%op gain neans for providing a
signal for controlling the novabl e object, whereby, said systemtransfer
function has a second or higher order position | oop characteristic. 22
8. A position control system accorgi®g to claim?7, wherein said transfer

function is .
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#or a second -order system and said gain | oop neans conpri ses a second order
gain |l oop having a gain kpl. 9. A position control systemaccording to
¢claim8, wherein said systemtransfer function GS) is defined as [err]

- where S is a Laplace transformoperator, and the value of kpl is set to be
Substantially equal to 4kp. 10. A position control system according to
claim?7, wherein said transfer function is for a third order system and
said gain | oop neans conprises a second or higher order gain |loop having a
gain kpl and a second or higher order gai Koop havi ng a gain kp2. 11. A
position control system according t claig%'?i wherein said systemtransfer
function S) is defined as | rﬁ S Lapl ace transform operat or,

re S
and the value of kpl is set to be :

o kp |—>o : B
]— . |



'Esubstantialhy equal to 8/3 kp and the value of kp2 is set to be

.,substantially equal to 6kp. 12. A position control system according to
wclai m 10, wherein said second or higher order gain |oop conprises a speed
loop. 13. A position control system according to claim 10, wherein said

¥

position control system conprises a speedagzop and said second or higher
order gain loop is forned prior to said s d loop. - 23 14. A position
control systemaccording to cIeﬂFﬁ 1P,Q§hereir sﬁiqg§econd or higher order
gain loop is responsive to said position®detector. 15. A position control
system according to claim 11, wherein one of said second or higher order
gain loops is a speed |oop and the other of said second or higher order

gain G
A H1GH~FREQUENCY COMPONENT
NECESSARY BAND FOR CNOTROL
— — kp  2p  3kp
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l'oops is an accel eration | oop. 16. A method for feeding back pospl.gnie
information in a systemfor servo controlling a novable object in response
to an input position command si‘gnal, said position information being
provided by a detector for detecting the position of said novabl e object,
sakd system bei ng defined by a systen1tran%fer function, said nethod
conprising the steps of: conputing a first "difference between a position

f eedback signal and said input position comand signal; generating a sSpeed
conmponent signal by nmultiplying said first difference with a position | oop
gai n; conput i igoestqsroviddiathigh esponsd) atstabteconabliosp and a smopthresyonse gnal and -
a speed feedback signal; generating an acceleration conponent signal by
mul tiplying aﬁvaiVPﬂOEFln%ﬁWﬁ?%tod}fﬁ@ﬂwlb@yotﬁa?ﬁfhmaﬁh@&i d second difference;

According to a first aspect of the present invention, there is provided a position

control system as set out in accompanying Claim 1.

According to a second aspect of the present invention, there is provided a

method for feeding back position information as set out in accompanying Claim 5.

According to a third aspect of the present invention, there is provided a position
control method for servo controlling a movable object as set out in accompanying

Claim 6.

According to a fourth aspect of the present invention, there is provided a

position control system as set out in accompanying Claim 7.

: According to a fifth aspect of the present invention, there is provided a method

for feeding back position information as set out in accompanying Claim 16.

v According to a final aspect of the present invention, there is provided a method

for feeding back position information as set out in accompanying Claim 17.

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
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generating said speed feedback signal by integrating said acceleration
conmponent signal; and generating said position feedback signal by

i nfegrating sai d speed feedback signal wherein said systemtransfer
function S) is for a second order systen1and defined by the equati on:
[etr] where S a Laplace transformoperator; and kp = a first order |oop
‘gain, wherein 4 kp is equal to said |nternbﬁ hi gh order | oop gain. 24
17. A netho%nbgﬁugpeding back position information in a systemfor servo

1. = A position control system for feeding back position information detected by
position detection means for detecting the position of a movable part, said position
control sjstem having first and second control loops coupled together to form a second

order system position control loop,

a transfer function of said second order system posmon control loop being
defined by the equation: '
| 1

(1)

where S = a Laplace operator; and

| G(S)=

kp = a first order loop gain, wherein 4kp is equal to a second order lbop gain.

2. A position control system for feeding back position information detected by
~ position detection means for detecting the position of a movable part, said position |
control system including a third order system position control loop comprising a first

control loop, an internal second control loop and an internal third control loop..

3. A position control system acdording to claim 2, wheféin a transfer function of
) ~ said third order system position control loop characteristic is:
P 16kp°
G 2 2
(S +2kp)S? + 4kpS + Shp )

where S is a Laplace transform operator and the value of kpl1 is set to be

'subsfantlally equal to 8/3 kp and the value of kp?2 is set to be substantially equal to 6kp.

4. A position control system according to claim 3, wherein said internal second

control loop comprises a speed loop.

5. - A method for feeding back position information in a system for servo

controlling a movable object in response to ihput position commands, said position

This is the replacement sheet
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control I'ing a novabl e object in response to input position commands, said
position infornmati on being provided by a detector for detecting the
position of said novable object, said system being defined by a system
transfer function, said nethod conprising the steps of: conmputing a first

di fference between a position feedback signal and said input position
comands; . generating a speed conponent by ﬁ%ltiplying said first difference

Conponent - and HOSBRAT TS by AeP<BE 18 deettoe B TREBoR o S Bhfochont

by mul tiplyi ngpadd ishid@ystah Héix%"ﬂeﬁhg&ﬁy b Q(Rerf Hafisfé fulictiod, Shid MY comprising

di fference: generating sal d speed feedback signal by infegrating said
accel erati on the steps of:

computing a first difference between a position feedback signal and said input
position commands; |

generating a speed component by multiplying said first difference with a
position loop gain;

coinputing a second difference between said speed cdmponent and a speed
feedback signal, _

generating an-acceleration componeht by multiplying an internal high order loop
gain with said second difference; |

generating said speed feedback signal By integrating said acceleration
component; and | _

- generating said position feedback sighal by integrating said speed feedback
| -signal; _ | ' _

wherein said system transfer function G(S) is for a second order system and is

defined by the eqﬁation: | |
1

(HE]EST '

where S = a Laplace transform operator; and

G =

kp = a first order loop gain, wherein 4kp is equal to said internal high order loop

gain.

6. A position control method for servo controlling a movable object via a system
according to any of the claims 2, 3 and 4, comprising: '

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 control loop (speed command

~ component) by multiplying said difference with a position loop gain;

This is the roplabemem sheet
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conponerit; and generating said position feedback signal by integrating said
speed feedback signal; wherein said systemtransfer function S) is for a
second order systemand is defi'ned by the equation: [err] where S a
Lapl ace transform operator; and kp = a first order |oop gain, wherein 4 kp-
I s.equal to said internal high order |oop gain. 18. A position control
system substantially as herein described 2th reference to Figures 1 and
2, Figures 3 and 4, or any of Figures 5 to 10 .of the, acc any.i dr awi ngs.
J a third steg to o'utputga command for a third control loop %gpmlmllp y?ng a g
~ difference between said speed command component and a_differenti'ated component of
said position feedback (speed feedback component) with a second control loop gain;
and _ '
a fourth step to output an acceleration feedback component by multiplying a
difference between said third control loop command and a twice differentiated
component of said position feedback (acceleration feedback component) with a third
control loop gain, and by integrating said product to give the acceleration feedback

component.

.7 . A position control system for servo controlling a movable object in response to
input commands, wherein said system is defined by a system transfer function,
comprising; | '
a. means for detecting a pbsitioh of said movable object and for generating a
‘'position signal; | o
a first summing junction for arithmétically processing at least a first signal and a
second signal, said first signal comprising said input commands and said second signal
comprising said position signal, and generating a first difference signal;
means for feeding back said position signal to said first summing junction and
defining a first control loop; |
| position loop gain means for processing said difference signal and generating a
speed command signal, said position loop gain means having a gain kp;
| a second summing jt_mctioh for arithmetically processing at least a first signal
and a speed feedback signal, said first signal comprising said speed command signal,
- and outputting a second difference signal; |
a second or higher order internal control loop means cbnnected to receive said
second difference signal and comprising a control loop gain means for pr_dviding a
signal for controlling the movable object,
whereby, said system transfér function has a second or higher order position

loop characteristic.

, Thi‘s'is the replacement ahwet
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25 19. ° A method of position control, substantially as herein described
W th reference to Figures 1 to 12 of the acconpanyi ng draw ngs. - 26-
mul tiplying said difference with a position |oop gain; a third stepto
out put a conmand for a third control loop by multiplying a difference
bet ween said speed command conponent and a difference between said 5
speed conmmand conponent and a di fferenti at®d conponent of said position

feedback (s pegd f e%dgc?s?nkoncc%% s%g'ge)n according to claim 7, whérein said transfer function is
for a second order system and said gain loop means comprises a secqnd order gain loop

having a gain kpl.

9. A position control system according to claim 8, wherein said system transfer

function G(S) is defined as

-1
GS)=———
(+59)
14—
2hp
where S is a Laplace transform opérator, and the value of kpl1 is set to be -

substantially equal to 4kp.

10. A position control system according to claim 7, wherein said transfer function is
for a third order system and said gain loop means comprises a second or higher order

gain loop having a gain kpi and a second or highef order gain loop having a gain kp2.

11. A position control system according to claim 10, wherein said system transfer
function G(S) is defined as '

_ - 16kp°
e (S + 2kp)(S? + 4kpS + 84p*)

where S is a Laplace transform operator, and the value of kp1 is set to be

substantially equal to 8/3 kp and the value of kp2 is set to be substantially equél to 6kp.

12. A position control system according to claim 10, wherein said second or higher

order gain loop comprises a speed loop.

13. A position control system according to claim 10, wherein said position control
system comprises a.speed loop and said second or higher order gain ldop is formed

prior to said speed loop.
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with a second control loop gain; and a fourth step to output an

accel eration feedback conponent by nmultiplying a difference between .10
said third control |l oop command and a two tined dlfferentlated
conponent of said position feedback (accel eration feedback conponent) with
a third control loop gain, -and by integrating said product by said
mul tiplying. 15 19. A position contréd¥ method according to claim 18

oo meane. cor 1 sdupasitit ot syfeeny bpsprifh fo i, bR i NsaRf of nBen 4
second high 204er gd86p B3espohfPP1d VAN pisbitoriieedidrP2

15. A position control system according to.claim 11, wherein one of said second or
higher order gain loops is a speed loop and the other of said second or higher order gain

loops is an acceleration loop.

16. A method for feeding back position information in a system for servo
controlling a movable.object in response to an input position command signal, said
position information being provided by a detector for detecting the position of said
‘movable object, said system being defined by a system transfer function, said methed :
. comprising the steps of: |
computing a first difference between a position feedback signal and said input
.. position command signal; | |
generating a speed componenf signal by multiplying said first difference witha
posmon loop gain; | |
computing a second difference between said speed component signal anda -
- speed feedback signal; _ _
generating an acceleration component signal by multiplying an internal high
order loop gain with said second difference; |
generating said speed feedback signal by integrating said acceleration
component signal; and | _
generating said position feedback signal by mtegratmg said speed feedback
signal wherein said system transfer function G(S) is for a second order system and
defined by the equation: | |
1

(1+—1—S)
2kp

where S = a Laplace transform operator; and

G(S)=

kp = a first order loop gain, wherein 4 kp is equal to said internal high order

loop gain.
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20.

A position control nethod according to claim19, wherein said

systemtransfer function GS) is defined as 25 [err] where Sis a
Lapl ace transform operator, arrd -27- the value of kpl is set to be
substantially equal to 8/ 3 kp and the value of kp[err] is set to be
substantially equal to 6kp. 5 21. A position control system
according to claim - 24

17. A method for feeding back position information in a system for servo
controlling a movable object in response to input position commands,
said position information being provided by a detector for detecting the posrtlon .
of said movable object, _
_ said system being defined by a. system transfer function, said method comprising

the steps of: |

'compuﬁng a first difference between a position feedback signal and said input
position corﬁmands; .

generating a speed component by multiplying said first difference with a
position loop gain; L | _

computing a second difference between said speed component and a speed
feedback signal; |

generating an acceleration component by multiplying an internal high order loop
-gain with said second difference: _ |

generatmz said speed feedback signal by integrating said acceleration
component; and _

genereting said position feedback signal by integrating said speed feedback
signal; .

wherein said system transfer function G(8) is for a second order system and is
defined by the equation:
1

(1 + —LS)
2kp |

where S = a Laplace transform operator; and

G(S) =

kp = a first order loop gain, wherein 4 kp is equal to said internal high order

loop gain.

18. A position control systerri substantially 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.

This is the replacernant sheet

RN O AR P
* c L M [ * . Da‘h: = B A!.J‘u VUG



13 wherein said second hi gh order gain | oop conprises a speed | oop. 22.
A position control systemaccording to claim10 13, wherein said
position control system conprises a speed |oop and said second high

order gain loop is forned prior to said speed | oop. 23. A position
coritrol system according to "claim15 13, .wherein said second high
order gain |oop is responsive to said §§)S| tion detector. 24. A

position control system substantially as herein described with reference
to figures 1 and 2, 20 figures 3 and 4, or any of figures 5 to 10 of the
acconpanyi ng deaw m’gmzthfbﬂ of position éoﬂmﬂImHstmitlaﬂgsasthn desotibel with reference to

substantially_as
Figures 1 to 12 of the accompanying drawings.
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her.ei n *descri bed with reference to flgures 1 to 12 -of the 25 acconpanyi ng
dr.awi ngs. : L _

-26

 ABSTRACT
POSITION CONTROL SYSTEM AN D POSITION
CONTROL METHOD THEREOF

A position control system for feeding back position information detected by position .
detection means for detecting the position of a machine movable part, includes a
second order system position control loop formed by providing an internal second
control loop 11. By appropriately setting the internal control loop gain, a high
response and stable control loop and also smooth response waveform can be obtained,
thus ensuring vibration-free operation of the machine. -

Figure 1

o . This is the replacernsnt sheet
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