Ti TI*E ‘OF *THE | NVENTI ON A CONTROL APPARATUS FOR HYDRAULI C ELEVATORS _
BACKRCUND OF THE | NVENTI ON Fi el d. of thealjnvention: This invention rel ates
tp a control apparatus for hydraulic el evators. Descri pti on of Background
In general ,. hydraulic elevators are controlled by flow contro es.
Accordi ng to t he ‘conventional control method, in the cag%‘%fk#?é?%% of an
el evat gr, cage,, a hydraulrc punmp is operated at a constant speed, and the
speed iQf the cage is controlled by a flow control valve. Unecessary

di schar gerTFLEhOFDUHE _INVEN®EONM back to a tank. In the case of descending
of the cage, the speed of the cage is controlled by controlling oil flow
froma hydraulic cyAi GONTROD ARPARATKISOFORg HYDRAUEICAEEEVATORS. In this
control nethod, oi [*TENMPETATUTE 15 Tl 5c0 DY eneroy. 1oss,  pecause the oil
is circulated in rising operatron Durlng a descendrno operation, . the
potential energy of the cagiRdls : PF _THELENVENTION oil. The oil flow

t hrough the valve |s controlled by a speed controller so as to run the cage
W th a pricd tils ISl ARl If oil tenperature and | oad pressure
are constant

This 1nvention relates to a control apparatus for

hydraulic elevutors.

Description of Backaround
In general, hydraulic elevatcrs are controlled by flow
control valves. ) |
According to theHConvantional cpntrol mqthod, in the case
of rising of an elevator cage, a hydraulic pump is operated at

- a constant.speed, and thé'speed of the cage is controlled by a

~ flow control valve. Unnecessary discharge of the pump is

flowed back to a tank. In the case of descending 6: the cage,
the speed of the cage is controlled by controlling oil flow
from a hydraulic cylinder to the tank owing to tho cage -
ueight. .

K/_ ' In this control method, oil temperature is raised by
energy loss, because tho oil is circulated in rising
operation. During a deacending operation, the potantiai
energy of the cage is consumed as pyrexia of oil. |

The oil flow through the valve is controlled by a speed
controller so as to run the cage with a predetermined speed

pattern. If oil temperature and load pressure are.conétant



-2- values, an actual run curve accords with the speed pattern "A' shown
- Fig. 14. In Fig. 14, the cage is starde ed by an activate command, and
~accélerated to the rated speed VO The cage is raised to the point of 4 .

i'n

decel erating switch, and starts deceleration for stopping at.a floor. The

- cage %Jﬁﬁﬁe%ﬁtaé‘t&ﬁ‘%@?tc&ﬁ%@'éé@of&ﬂedi{/ﬂ tﬁBdsE 8aP8dERbrhN#aR0I Nt

a stopping swtch. - But tenperature varies for t above nentioned ~,.

of

r easoshowid drasigpl’ eﬁ(sure_varl es. i n dependence on the actual nunber of-s,_,s2 :

passengers. The variations of oil tenperature and |oad pressure cause

vari ation iIn tFly~ibtodile cige his startedabycan! actlhateuoomana,does hOt

accord with the speed pattern because the volunmetric efficiency of the.
hydr agndc anaslératadiethisicated sspeedoVioi n The cageoistyabséedhtooi | .

When t he cage Is rising, .the dischar ae of the hydraulic punp decreases when:

t he t $iGen %Qﬁqordmejm% ng 1%
the tenperature or pressure is a:low-value. The curve "B" of Fi

i ndi c#0%s sheRRING 2% ¢ AR WERR (PRI Is eajsed; atcaronstan ressure i

<h) uand Tataxts cdecgke“tiens es when

S

~a hig vaI u,e The curye |cat s an_actua un_curve when the oil _
t enper® %ﬁﬁ]ﬁﬁa’sﬁ?"e ?rg" vﬁ‘aa?‘a% P?*l‘é ?h e cBERPP escendi ng,

I, B, UaBHSE il R

- bet weg.gagog,or %nd riJJhe p%%%lﬂfe Weridd O dEpertaensl o e actual
m;nber of passengers. The variations oz oil _tepperature and
load pressure cause variation in the viscosity of the oil. As
a re.suli:, the run curve does net ace_erd with the'_speed pgttern |
because the VOlu_Jﬁet:,ic 'eff.ieie'ncy of the hydraulic pﬁnp 'is_
lowered due to varieﬁion in the ﬁiseo_si'ty' of the oil.
| When the cage is rising, the discharge- et the hydraulic
punp decreases when tﬁe temperature or pressure is a high
value. The discharge increases when the temperature or
pressure is a Jow value. The curve "B* of riq. 14 indicates
 an actual run curve ‘When the oil temperature or load pressure
is a high value. The curve "C" indicates an ‘actual run curve
when the oil tenperature or load pressure is a low value.
" When the cage is deseending. the oppeeite phenomena are .
occurred. | | '
' In the case of the run curve "B", the service for
pass’en'q'ere become worse because it takes a long time to run .

between floors. In the case of the run curve "C", the cage



does. not stop at floors snoothly, and passengers feel ' unconfortable. In
order to solve these probl ens, variable éfeed patterns are .prepared so that
actual “fun curves coincide with the pattT wi thout rel-ation to
variations of |oad pressure and oi| tenperature. Actually, suitable

d f d
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di ffiau tuk@:mtatﬂlg Ch?ﬁ@%&ﬁ“ﬁcﬁ%ﬂvé hehesd \fﬁ.‘dﬁltéisthﬂablréjl €s, a

statical nodel iIs used generally. But to nake a statical nodel it iIs
necessar y speed ipatitdfiiy dieTprepared & ahak |autam 1 rum cuxfvesn i ded

a long tine are required to obtain these data. As the concept of the torm
"honogenewithdaha’ patterin *aM witthout relkatibm terardatdionsd oft Noatht a may
not indicate the exact characteristics of the hydraulic el evator.

Fur t her or pressurdaand aildenperatareab datuadly hysitakile parameters st ens

for lack of comonality. Further difficulty in nodeling charaistics of the

val ve wi t hrehpsleaited) | faom ac pagapeiess Sakie senrespendinge £oofinppt aul i c

system are varied for various.reasons, for exanple, oil tenperature, |oad

pressure @atanhfaom jan: ofilptemparaturs sensqcand p f\?ﬂ’y”@&?&%g t*heory

has been devel oped
sensor..

~ As it is difficult to moaei the characteristics of the
valve with physical rules, a'staticél rodel is used generally.
_ But.to make a statical model it 1s necessary to'obtain.hany
| homogeneous data. .A large amount of nanpowér and a long-time
are reqﬁirea to obtain the#e data. As the concepﬁ of tha term
'homogenebus data® 15 not definite, if many data are obtained,
the data may not indicate the exact characteristics of the
‘hydraulic elevator. Furthermore, thé data can not be
“adaptable to all hydraulic alevator systens for lack of
.connonality. | -
Further difficulty ih modeling characteristics of the
valve with physical rules occurs because the charaéteristica
- of hydxauiic,systen are varied for various reasons, for
éxaﬁpie, oil tehporaturd,_load pressure and hydraulic pipe -
length.
Also, recently tuzzy rcasoninq thcary has been developed

-.and various applications theretore considared. Reference is

made to Mamdani et al, "Fuzzy Reasoning and its Applications",



and various applications therefore considered. Reference is made to

Mandani et al, "Fuzzy Reasoning and its Applications", 910 21&IEBNE\W PAGE
16.11.93 -4- Acedenic Press, Inc., 1981, and Dubois et al. "Fuzgwsaegs and ,
Systens: Theory and Application", Academic Press Inc., 1980 as backgr ound
reference materials in the field of fuzzy reasoning. SUNNARY

| N\VENTI'ON Accordingly, it is an object of the present invention to provide

a novel control apparatus for a hydraulic. elevator which enables an ﬁ.@

el evator cage to run with an adequate run curve under various : o

ci rcunstances. The above object and oth&r~objects are achieved accordlng to

tlhe p{ eseatelEin2b! PRese) I'ithFO\l.ls@QS, &rﬁ?'ﬂ\iﬁfﬂlsﬁwrﬂ :Jlsvﬁxmztwwéwl l;: ' .
el evator's (o] si ng ow_cantr val ve for ing- anount o
oil ina ﬁ?é ggﬁk" l'{['%eg %rrég dicationy l“‘l %'}%1 tx%%fﬁ Rt and

| oad presigseo asdbpckguronmg mlfleete[nmedmageni;alts dat the fiedal iof) fudzy
storing nggg§okghgstor|ng correctlng rules of’ control |nstruct|on values

cor r espondi ng | P Nv
Accordingly, it is an object of the present
invention to provide a novel control apparatus for a
_hydraulic elevator which ‘enables an elevator cage to run
with an- adequate run curve under various circumstances.

The above object: and other objects are achieved
according to the present invention which provides a control
apparatus for hydraulic elevators, comprising. .

_ a flow control valve for controlling the amount of
oil in a hydraulic Jack,
: sensor means for detecting oil temperature and load -
pressure and producing corresponding input data;
' correcting rule storing means for storing
correcting rules of control instruction values corresponding
to input data from said sensor means;
: -fuzay reasoning means for calculating correcting
~values of control instruction values from fuzzy values -
corresponding to said input data by fuzzy reasoning on each
correcting rule; o .
' speed pattern correcting means for correcting said. Q,J
control instruction values with said correcting values
calculated by said fuzzy reasoning means; and _
speed controlling means for supplying said . -
corrected control.instruction values to said valve. ' E
' ' In embodiments of the invention we provide a novel
control system for a hydraulic elevator systenm, including_a
flow control valve for controlling the amount of oil in a
hydraulic jack, a sensor for detecting'oil temperature and

;)

‘page 4a follows



to i nput- data fron1sa|d sensor neans; fuzzy reasonlng means for calculatlng
correctlng val ues of control instruction values fromfuzzy val ues %
corresponding to said input data by fuzzy reasoning on each corre®EWPSGE
rule; speed pattern correcting means for correcting said control
instruction values with said correcting values cal cul ated by said ?uzzy
reasont:ng neans; and speed controlling neans for supplying said corrected
contral_instruction values'to said valve. In enmbodinents of the invention
we provide a novel control systemfor a hygraulic elevator system -
including a flow control valve for control¥ing the amount of oil in a .
hydraul i ¢ | akbadapsessaref,oa dereebtnggokhlhempmbayuteras&op&gg 4a fol |l ows

atoring corrSRTTRGCHIB. BU3PaTEePEERRERE, 1RRRURRIEN SaTiisE, BERT Rkrchipa
i nput data ftoninputsdatar framf theysensorai agfpzayeressondngc progessony
control 'nStfﬁftbﬂﬂcﬁihﬁgﬁ agoh¥£6Y &ﬂh!%ﬁc%&%ﬂ‘bQQubngE Qﬂ%@gaQQIEQ

correcting ru attern correctlng clrcult or corre |ng t
cont r ol from the. 1nput data and the correcting rules, a speed
'_pattern correctlng clrcult for correcting the control
instruction values based on the fuzzy'values calculated by
the fuzzy reasoning processor, and a speed controlling
circuit for supplying the corrected control instruction .

values to the valve.



bnstruction val ues based on the fuzzy val ues cal cul ated by the fuzzy
reasoni ng processor, and a speed controlling circuit for supplying: the
~corrected control -instruction values tp the valve. = - 6 BRI EF DESCRI PT{ ON

OF THE DRAW NGS A nore conpl et e appredeation of the invention and many of
the attendant advantages thereof mnll be readlly obt ai ned as the sane

3228??StPghtageﬁngggzrg;;ed |nrcon t I.on {hl?L;iécju.deta:Leddramnn
e B O gk mptates ammriea atan o bhe | L5vastion 4d Suvhor | &
ol varthe W@?d'@%&%‘gﬁr&tﬁﬁﬁéﬁdﬁﬂ%ﬁ%@&%ﬁ? wafic
ol evetehe %ﬁ’# Peandef pREeE Yriiliiidon B At 84 f%ﬁ%f'miiﬁt%ﬂ‘#e?
gener ey 8‘&%%0’{@&% Wﬁ’%%*ﬁ&‘é%‘f'?%&%%&t o aﬂﬂ{*ﬁf{hﬁre |
1IIust&g&hnqh@ph@gdyyyﬂyqddwdﬂy@g*&gnnﬁnéfégﬁ{ect|ng CIrCUIt

Figure 1 is a sohematio illustration of a hydraulio

elevator;
Figure 2 is a block diagran ot the speed controller for a
.. hydraulic elevator; |

Figure 3 is a sohematio diagranm ot a valvo of the ] '\;)
hydraulic elevator;

Figure 4 is a block diagram of the autonatic correcting
circuit, which is installed in the speed controller of the
£irst embodiment of the invention, .

Figure 5 is a grapn-illustrating spéed patterns, which

- are generated by the controller of tne invention, '

Pigure 6 is a chart illustrating rules stored in the
automatic corrocting oirouit,

Figure 7 is an illustration of monbership functions for
caloulating nomhorship values;

Figure 8 is a flowchart of a proceas for obtaining spood
current valuos, _

Figure 9 is a block diaoran of an automatic ootreoting"
circuit installed in the speed controller of a second
embodiment of the invention; | -



Figure:-7 iks an illustration of nenbership functions for calculating

menber shi p Values; Figure 8 is a flowhart of a process for obtaining speed
current values; Figure 9 is a block diagragmof an automatic correcting
circuit installed in the speed controlleraz} a second enbodi ment of the

i ti on; Fi 10.,.i i, Lystrati f t] I
tabl e <6 gure 1EIFEEE2P| RAcARL i IHebFaE 10D of! 8 CBEFAEL AN PEERPYy
curremf_valifse gbfegenbership; Figure 12.is a flowhart of a process for .

a l'earning operation, “Figure 13 is a flowhart of the detailed process for

a learning operpijire [ho¥sCah?iljustdariBnObeaa! ¥alatiBnCHbYERSeH  NOUL
correction; and Figure 15 1s a graph illustrating a relation between speed,

current vabeppestingl burPERe! 9alues aRESERRBRbERERED]!HE PREFERRED
EMBODI MENTS Referring now to the drawing , wherein |1 ke reference nuneral s

desi gnat e i dentFiglirar 120iscapglowehaptr b Ahppogsest fobecastearaling ews,
and nore particularly to Figure 1 thereof, there is shown a hydraulic
el evat or iopebatbon;cage 1 is _ . _ ' . _
| rigute 13 is & flowchart of the detailed process for a
learning operation; _ |

Figure 14 is a gréph of actual run curves without
corrvection; and o |

Figure 15 is a graph illustrating a relation between

speed, current values and oil temperature.: -

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts thrbughout
the several views, andﬂmqré pariiéuiariy to ?1qure_1 thereot,
there is shown a hydraulic'elcvator in which a cage 1 is.
suspended by a rope 5, and the rope 5 is stretched by a pulley
4. The pulley 4 13'11£t¢d or pulied down by aﬂpluhgpr's of #
hydraulic jack 2. 0il is supplled-to the hyd:aulic jaqk 2 by -
a hydraulic pump 8 throudh a valve 9 and a hydrgulic pipe 6.

_'Oil flows back to a tank 10 through the hydraulic pipe 6. The
punp 8 is driven by a nqtor_7.conhected-aa power source 11.

An elevator controller 12 controls the totai_opcration of

the hydraulic elevator. A speed contréllerlls contré;p'tho



suspended by a rope 5, and the rope 5 is stretched by a pulley 4. The .
pulley 4 is lifted or pul l ed down by a plunger 3 of a hydraulic jack 2. oi
i's supplled to the hydraulic jack 2 by a hydraulic punp 8 through a vatve 9
and a hydraulic plpe 6. oil flows backBp a tank 10 .through the hydraulic
pipe 6. The punp 8 is driven by a motor 7 connected .as power source 11. An
el evat peeshiod the cageok:i ofB erderotal supplyt nesessarycsiguadsi to - -

el evator. A's d contr |l er 13 controls th eed of the cage 1. [lin;
order (e umgﬁsn‘&%gg% e%i J3al 2 i’ﬁcﬁﬁﬁrGﬁiBG ﬁﬂﬁﬁ’ﬁl fé rand a stop. -

oach O TS SR fapliTad IR 3"bhERL RaRECRRER' EreSEark 107 ana 2
const *e%%%ét&ﬁ%m%e*?ﬁ*ﬁi" "Us' SokPRAIRET ih tRRTEARRT S0008hR e RleRd, ©

digitalged o} r @i S heyl4, the .stop.switch 15 and the
etector %‘ g? bﬁ Qﬁff&& g* Qﬂe 681

speed ve controller generates a speed pattern -
accor di ng- t Opd iéycuonsfeeabe}te uBed)8kOsnei' 1 key, 32

val ve control uni eeds a control signal to the v ve 9 acco alng to
the speed paateigmi’hfnyetveiﬁcunelnﬂosu ¥8ppeied avgitali gnaixal ve 92

for descending and a check valve 95. " A punp control unit 133 drlves t he
ot or Zrdmwstiné | décedevating svitehnps) atnecstopsswitcni 35n@hd the

speed detector 18. A valve controller 131 generates a speed

pattern according to an operating instruction from the

elevator controller 12. A valve control unit 132 feeds a U

control signal to the valve 9 according to thc speed pattern.
The valve 9 includes a valvo 9; :or rising, a valve 92 to: |
'descending and a check valve 96. A p\'mp: édnt:o]. unit 133
drives the motor 7. | ' } |
Installation of the oil temperature sensor 17 is not
1imited to in thc tank 10, Instead, the oil tenperature
sensor 17 may be 1nsta11¢d at the jack 2 or thi-éipd 6.
Although detecting oil tenphrature and load pressure is
described, it is aisonossible to détact'valvtetehpdraturc,
| tank tenperatur. or oil flow value. |
When the cage 1 is stopping, the valvo 9 :t.s closed. The
motor 7 is started by the activate command from tha elevator
controller 12. The valve 9 is controlled according-to the -
speed pattern, and the cage 11is controlled by conerolling oil -
flow into the hydraulic jack 2.



limtéd to'in the tank 10. Instead. the oil tenperature sensor 17 may be
installed at the jack 2 or the pipe 6. hough detecting oil tenperature
and |l oad pressure is described, it is alsé-possible to detect valve

tenperature, tank te ature or oil ,fl ow.wvalue. en.the gage 1,is

st oppi ng, "t he Fvgegggé°§l8§Bﬁgfu?hé°ﬁbpﬁr pé ya F&r?egsﬁéhghﬁ in Figre
command<ffom t he ‘el evator ‘controller 12. 'The valve 9 is controlled
accordipg to the speed pattern, and the cage 1 is controlled by controlling

oi | flowinto bgsfydesulihg bpekation, EHE Yaivel 24 EopEtdtIda ofg OF the
valve 9 is shown I n“Fig. : ring rising operation, the valve is
control | egopgolsl,! OWs. The punp 8 is activated by a instruction "UP'. Wen
the-cage 1 is stopping, a flow control valve 91 is opened conpletely and
all of the oi | THesphepgsdidyacbivaten By aodnsibzaktiohoupe, t Her Othgr ough
the flow control valve 91. -An .el ectromagnetic proportional pilot control

val ve 93 cagepkr dscstbpping) ral £iowr eontreldvalyef Bdniscopendd val ve 91 is
operated to close. As a'result of the.operation of the flow control valve
91, the otompletely and alhkofothecoddsddscbarged byhthe ipurp 8 Blowsi dual
oil flows into the cxlinder of the hydraulic jack 2 through a.stroke sensor
95 and a k3ckkinto the tank 10 through the flow control valive 91.

An electromagnetic prdportiona_l pilot control valve 93 is
operated by control current, and the flow control valve 91 is
operated to close. As a result of the operation'or the tlcw'

\“{ control valve 91, the oil flow to the tank 19 decreases. on-
the other hand, the residual_oil flows into'the cylinder of
the hydraulic jack 2 through a strocke sensor 95 and a check
valve 96, and the cage 1 rises.

Duririg a descending operation, an elect’ronaq'netic'_
proportional pilot control valve 94 is operated by a "DOWN®
instruction, __and a flow control valve 92 is operated to open.

As a result of the cperation of the flow control valve 92, the
oil in the cylinder of the hydraulic jack 2 flovs into the
(_ tank 10, and the cage 1 descends.

If the valve is controlled according to a fixed spsed
pattern A0 without relation to change of the oil temperature
and load pressure, actual run curves vary according to change
of_char;dteristics of the oil. | | ' '



val've 96, and the cage 1 rises. During a descending operation, an

el ectromagnetic proportional pilot control valve 94 is operated by -a " DO
instruction, and a flow control valve @fbis operated to open. As a result
of the operation of the flow control v e 92, the oil in the cylinder of
the hydraulic jack 2 flows into the tank 10 and the cage 1 descends. |f
the valve | st r’tﬁ‘F%ﬁF%cﬁbﬂﬁg‘@Biﬁ“ﬁ pakterns ;shenld, AckuAliyhbe: .

Cor s Sy St o ot P LR LPECrBRbae R ln Bpeatebarnined o' i
necess shoul d actual ly be generated for running |n
spite %‘yc%g‘%es |$%§é¥%§'£§éd pressure and tenperature. In the case of
hi gh | oad pr Iuéﬂhﬁéﬁv% @&ggﬁF? Q??ICI Rief1 speed is |owered

by smal | arge ecause r|c 0 ncy of the hydraulic

punp 8€éﬂ&%ﬁuﬂ‘b el %ﬂwftepeéaes i’é&éﬁé&‘ by “@nalE aﬁéf;ﬁévﬁgiﬂi in

Fig. 5 is then requrred In the case of |ow |.oad pressure and

 tenper BedHusé the VlRbItrERE ool £ Sci@heploythe WpasasIie Peup A8l overed -

el evator speed pattern like the pattern A2.in:Fig. 5 is then required..
lowers. An elevated elevator speed pattern lika the pattern

”

| Al in Fig. 5 is then requ:.red. _ |
In the case ot 1ow load pressure and 1ow oil tenperatura, r
‘the elevator speed is raised by large discharge. A lowered -
elevator speed pattern like the pattern_az in Fig. 5 is then ';) _'l
reqguired. _ . _
' An automatie_cerrecting.circuif 2o.ls-eenstitnteq as
~ shown in Fig. 4. i | .. | |
a target value 1s fed to a speed pattern controller 24.
The speed pattern controller 24 teeds a speed control current
valua to the valve 9. The automatic corracting circuit 20
executes a corraction of the speed control currant value
according to the variations of oil temperature and load
: pressure. _

_ The autanatic correctinq circuit 20 ‘include a correctinq.' v/
rules storaqe portion 21, a fuzzy reasoning portion 22 and a
corrected data ari.thnetical portion 23. The correcting rulea

~.storage portion 231 stores correeting rules. The fuzzy '
reasoning portion 22 executes fuzzy reasoning wirn cbrractinq'

 rules and input data'fronrthe load pressure sensor 16 and the .



An aut'ormti'c correcting circuit 20 is constituted as shown in Fig. 4. A
target value is fed to a speed pattern controller 24. The speed pattern
controller 24 feeds a speed control current value to the valve 9. The
automatjc correcting circuit 20 executes,f correction of the speed controt
current ,yval ue according to the variations'of oil tenperature and | oad
pressure.” The automatic correcting circuit 20 include a correcting rules
st or age “poddi demperatime sansaxs d7i,n@ndocutputs? coxrecting syvrsentat a
arithmetical portion 23. The correcting rules storage portion 21 stores

correct i ny2tiess foph Ehe, spead: yaluas: Whieh ars, suppddedig
wth correcti rul es.,and J nout data frqmthe | oad pressure.sensor 16 and
the - BF B raeRltA)of Figay; Feaganlty 56 sHa, spaad RREEREA . val ues
for the speed.. Ol,current values which are supplied as the results of -
fuzzy reasoqgﬁgﬁgé&fﬁg'speed pattern. controller 24. The correcting rules

Storage pOrti oudl cHrRinY Thibd sttradel BBrtaB Y1 e Hudkelibd O

speed, acceleration an eration cor nding to | oad pressure and.oi

tenper at Ujgiag thaVtontrdll ihstitetion natal asf \%ﬁ@e@)e attRleratiln angare

represented wi'th fuzzy variable PB, ZO and NB, i ch respectively
' ~deceleration corresponding to load pressure and oil -

temperature as shown in Fig.s6. '

' The input data from the'éensors 16, 17 are reptesented"
with fuzzy variable PB, 20 and NB, which respectively
coxrrespond ﬁo 'High',_ﬂﬁiddle"_and "Low".. These fuazy
vatiable aie 6ontinuous variables,'defining msnbeiship' N
functions which are triangular type functions-ai shown in Fig,

The data Iv1, ra1, Idl,'..}, Ive, Ta9, Id9 in Pig. € are'
deﬁermined by experimental knowlédge_and stofage of know how.
These data réptesent'correcting current for the control
current. corresponding to rated speed, acceleration and
deceleration of a speed pattétn. Thé correcting cuirent
values corresponding to spoéd, acc&leration and daceleratioh |
are obtained by combination of the sensor input data.

The éorrectinglcufrent'data of the rule 1 and the rule §
are determined by the minimum and maximum correcting current

 ~ values so as to linit the :aﬁqé of corrééting current value

obtained by fuzzy reasoning;

»

’



correspond to "High" "M ddl "

conti.nuous vari abl es,

and '

"Low'. These fuzzy variable are

defini ng mermbership functions which are trlangular‘

type functions as shown in Fig. 7. ThdBata Ivl, lal, Id1l ..., v9, la9,

1d9 in Fig. 6 are determined by experinental

how. These Geiziy HUaRiing dy Widdited b Hied i SLctRENESDiowingent

corresponding to. rated speed,

patt er thréle st@psCt i ng ‘current val ues correspondi ng 'to speed,

accel eration and decel eration of a speed ..
acceleratlon.

knomdedge and storage of know

and decel eration are obtained by combination of the sensor input data. e
correcting ayr r @btaixingfoithdengeratural ¢ and ulead pressuxerpj ned by the

m ni nrum and maxi num correcti.ng current values so as to timt the range of

cor r ecWhhghc anecinpid stﬁﬂotfa'i%m Hen8s9r9 easoni ng.

12. FUzzy

reasoni ng i s executed by meang of .the follomn EBee st eps obtainlng
oi | tenpera?d e Galenia ﬂF%@?ﬁﬁ? éﬁgr 8t sens f*QﬁNﬁ

sensor
menber

t he ngﬁger

[err]

IpER, R AR A 7 etlsi‘ é‘” ; Varkablre 88 40
o5l B Pk a@w@r&p “eundttina ' £ JESHE" B Pig?! Uos

7. Thus, the membership values 0,1...099, Otl..,it, are

‘cbtained for the nine rules.

For example, in the.zule 31, ¢

has the value'ot PB, and 4., has the value of PB,

and, as shown. in the eqguation (1) below, the smaller

ata. The

éHmFrom

2

values between the membersh;p values Op and ¢, are obtained as
nembership values 01~D,._

8y = min’

82 = min

8, = min .

8, = min
¥s = min
b = min
f, = min
Iy = nin

#5 = min

(0gy,

( 'pz 4

(Opas
(95,
(856,
(97,
(0ca,

_ (855,

(0p3s

8e1)
(29
O¢e3)
.'£4)
Oes)
O¢6)
LX)
tes)
O¢e)

(1)

3) _compésinq the'respgctivé-corracting current of the

:mmnbetahipzvaiuns and rules by foraing:a'weighted average.

Q;/

L4
’

4



obtained for the nine rules. For exanple, in the rule 1 has the val ue of
PB, and ferr] has the val ue of PB. And, as shown in the equation (1) bel ow,
thé small er val ues between the nenbershlp Ehjues [err] and [err] are -
obt ai ned -as nenbership values [err] [err] 3) Conposing the respective '
correcti.ng cur CoMpoxird)cofrearspedd mw%nm alverade 1 \prforuua aswei ght ed

average, ; - conposing of a speed weighted average is perforned as

fol | owsY~ Follows: 9 [err] Cbnp05|ng of an accel eration wei ghted average
is perforned as follows: 9 Cbnp03|ng of a decel eration wei‘ghted
average in performed as follows: 9 9 [grr] Though the correcting -
current data in the latter par %h u*qssvép]%d@él ned as -discrete val ues

I

in the above- nentioned netho thﬁ-ﬂeg defined as functions.
of the | oad pressure and the 0|I tenperature Referrlng to F|g 8 t he
out put of the speed current -

Composing of an acceleration weighted average is

. performed as follovs:

.9 ’ ] .8
I, - 2 (8,xI,)/ % 8
* ez 2T

' Composing of- a deéele_fatioh weighted average is perforued

as follows:

9 | 9
Iy~ B (B, xX)/ XE 8
a5 Gaxla _Ii-l s

Though the correcting current data in the latter part of
the rules are defined as discreteuviluci in thc'above- |
_ 'ncntioned method, the data also can be detined as functions of
(U the load pressure and the oil temperature. | |
Retorring to Pig. 8, the output of the speed current
pattarn is processed according the following steps. |
. rirst, if an activate command is supplied by the clevator
 controller 12 when the elevator is stopping, the condition of
a step 3101 becomes "Yes". Nbxt, at a step S$102, if ths
'closure of doors and other protecting_operations are .



pattern*is processed according the following steps. First, it an.activate,
command is supplied by the el evator copt,roller 12 when the elevator.is
'stopping, the condition of a step S101 econes "Yes". Next, at a step S102,

if the closure of doors and ot her protectin operatlons are confirnmed,

t he coﬁ&"‘tfliﬂﬂﬂ‘o aﬂ&ﬁ SPnaibion B SteR S103,hecones OXen!'sonThENs step
-S303 b nes and t he next s _S11 Dat'a are bt ain romthe.
oi | ?%@r o?Z 1% skep §ié§p§?@“%ﬁ“3‘ onfPfet SaH e?gﬁpe seu)r
16 at a.s 8113 At a step Sl114, the marrbershl p values of the oil '
te'rrp_erat’u d‘rrespondl ng to the former part of the rules in Fig. 6 are

cal cul ated. "Eﬁf rY ﬂﬁ? h 8 egpuLe are.
cal cul at ed. e correc n%‘c%?fga? va aégiépar?o %1?{11:53 E;hgorgr'pggl §§ 8

correcCliidph %ilrfze”taﬂ&"f?énoéh@ 104! PPedire 4EREGECT62NET @0BLeBhe SPeed

correcting current I s obtal ned at a step S116, the acceleration
correcighig.current value is obtained at a step S117, and the decel eration .,
correcting current value is obtained at a step S118. In the case that the *
el evator cage is sttapSIUs Atthe fhenbersiip cvaliiés oof othehoidt ep S103 is

"Yes", and next step is S104. At the step 8104, speed current patterns are
~ temperature corresponding to the former part of the rules in '
Fig. 6 are calculated. At a step §115, the membership values
of the load pressure are calculated. |
‘The correcting current values are ohtained by composing _
correcting current values of all rules using weighted average. o/
The speed ccrrectihg current_value is.obtaiﬁedﬁat a step
S116, the a_ccgl'erat.:l.on. correcting current value is obtained at
a step 5117, and the deceleration corricting.. current value is
obtained at a step S118.
In the case that the elevator cage is stopping at a
floor, the condition of the_step 3103 is "Yes", and next step
1§ S104. At the step 5104, speed current‘patterns are
generated corresponding to tﬁe cogditidn of elevator runniﬁg;'
At a si;ep 5105, a jerk battern for starting acqeh:ation _ \J
is generated. After the acceleration reaches a predetermined
value, at a itép 81Q6, the acceleration is held at‘a_ccnstant_
value. The predstermined value of acceleration is obtained by
. adding a predatérnihad acéelqra_tion currcnt "valua s'térod in |

the valve cpntr'o'uer: 131 and the acceleration correction



¥

generated corresponding to the condition Of el evator running. At a step
S105, a jerk pattern for starting accel erz n is generated. After the
accel eration reaches a predeterm ned valu at a stop S106, the

accel eration is held at a constant value. The predeterm ned val ue of

accel er af iqrréntbvalaed bwhefdthe speeadeeachescd predetesninadcvales;
value sfgred in the valve controller 131 and the acceleration correction
currentSvaitiea sd&anle,spegdrkepabeorn.ﬁoedehdinynadoo&énction ‘dsst ep
S107, a jerk pattern for ending acceleration is generated. At the point of
r eachi ng - wemeﬂteﬂeedm:athe poépt&ﬂ&eamiBQeCdrotedesnew}. aatoasstep
value. The rated speed i s obtained by addi ng a predeterni ned speed current
val ue stor¥iP8n the sneed ionheldd at !32°§§§3¥‘§e"9§‘69d cEhectatad epeednt.

val ue.. Wen the c e 1 congs,to a start. decel erati on_point t_a ,step S109,
2 jerk pati®robrainedapy, nédaese#epmsﬁemfgsﬁemee cuasarﬁeg VAiue

decel erati e es pre eterm u p_ 81

decel er at ﬁ?"rP g& T‘dtgf Bﬁs?% h¥ﬁ€ Je'”fhﬁng gé t@?ﬁ?& ﬁ°§§?ﬁ%"’3ﬂ
decel erat i d by adding a. predetermi ned decel eration current
val ue storéelgriﬁng g@ﬁ?ve controller 131 and-the decel eration correcting

current value wen the £4de 1 GoES 49 8 EOME GhcRrBRELELRBbIRE, detance

before the fl oor i . _
step 5109, a jerk pattern for starting deceleration is

‘generated. Aafter the deceleration reaches a predetermined
L val_ué, at a step sno, ‘the deceleration is held at a constant
value. .Tho predetermined value of . deceleration is obtained by
addinq.a predetermined deceleration current valuo stored in
the valve controller 131 and the deceleration correcting
eurrent valua. | -

When the cage 1 comes to a point at a predetermined
distarioe before the floor to be stopped, at a step 3'111, a
jerk pattern for endinq deceleration is generated and the cage
1 is stopped at the floor. |

| At step $119, a new speed value, a new aooolaration
value and a. new deoelcroti.on va.luo are obtained as
predetarnined values for a next correction of a speod pattern.
| According to tho abovo ngntionad embodincnt, it is
possible to run the oaqo with a tazget curve, if oil
- tenperaturo and load pressure vary.

—



jerk pattern for ending deceleration is,generated and the cage 1 is stopped
at the floor. At a step Sl 19, a new spéécb,val ue, a .new accel eration val ue -
and a. new decel eration value are obtained as predeterm ned values for- a

- next .correcTnothe secprkdenlsddinent jcasrshown tin thig al®y cankearning
enbodi ment, it is possible to run the cage with a target curve, if oil

t enper portdam@8 dal addad in theyautomatic coxxectingnebucwdtt 20as show:in
Fig. 9, a learning portion 25 is added in the automatic correcting circiis
20 sho@hown fding FAg. e fuzzy reasoning portion 22 -executes fuzzy reason’%ﬁ‘g
of correcti ng current for the valve ¢ontrol current value. The | Sar ning -

portion 25 _@%ﬁ_q%ﬁ%%@@ﬁ%?@nz%femwli‘:’éﬂxl;ES‘PFQE Pdg the
ocor dPhy e T e e EORCRS! ValPe cott gl EETERt Raliees speed

of 2, 7her i Ao i’ AU vl SPERGEBICRY ™

B LD, £ BRBEF AT U P ReRCE
 Porpor ARsPRatIta b Uibectlig Mnd bRl (el Tied En'h JoteR |

t uned ' I t = £ 1 ' _ when.
the of PEFSioR OF sy r¥dedniy! PRILHTACHIEMg 40 A UFRErERER NO"
between the target speed and the actual speed of a speed
pattern corrected by fuzzy reasoning. |

In the seéond_.embbdinent, it is defined that a referencé

- oil 'temperat'ur-c to,' a reference load p_z?es'su'z_'e po "_a'md a control \J

current IO in the case of that the 0il temperature is tO and
the load __ﬁéssuie is pb-.' A speed control current is tuned
éutomatically 80 that a correcting current value becomes zero-_.
vhen the 61,1 temperature is to and the load pressure is po.

. Then a correcting ct_irrent value is calculated from an actual
speed control current Value and a difference betwe’eh an 'act\ial |
speed ﬁnd’ a target speed, and stbréd as a -'l'earning ‘data.

Anong the data in the correcting current vaiuo- table

ghown in Fig. 19. pnl'y'a corrcéting durrént. value IS5 is _

changeable by lepining. 15 is the co'n'ec't'iﬁg' current value in
the case of -th_ét th. oil tenp_etatt'z_rc and the _lbad pressure are

'-ll;l_.ddlcl". res'plgctivcly.' Otherwise, if all data in ‘the . |
correcting current valﬁe: table were changeahic- during -

{



Then a correcti ng current value is-calculated froman actual speed control
current - value and a difference between an %tual speed and a target speed,
and stored as a | earning data. Anong the a.in the correcting current
val ue table shown in Fig. 1Q only a correcting current value I5 is
changeabl &earn g nicarrecting current reslues chtamedetmxzzyt he case of
t hat thé‘ oi | erature and the | oad pressure are "M ddl e" "respectivel y
O her witse, rqars@raniaowwaun sodivergemceurrent value table were
changeabl e during 17 learning, correcting current val ues, obtai ned by
fuzzy reasoni ngdheBigGaubt, 2% the jEixst condigions P%t Qlﬁﬁu r&R iﬂ)rﬂjl tion,

PBis [er NBis [err]. As a result | earnin |f t he

I(:orglectl ngf]z(ﬁzﬁc‘)f)le'ﬁt”%a{ero in A %eﬁ%"!ﬁtt‘?fathw-’tﬂq' t’ﬁﬂnﬂ?%\t R9f1e .
0 Z '
roods"t o B vl i S G0N Tof 0l B S Bl efiS and Z‘hes
h | ' i .
Curront cdoRd f’“’? Af‘ﬁ?}‘%‘?"%g ek fﬁer%%éierqgh%“{‘ﬂé o
Egrf]er'?'thgb?cﬁ\tro |ng current v+%§#?/?£segelti%%é ‘]Tt?é) ?"or runnl- ng
at the rapel sHPHB \drd Lot dif® values without relation to the | -

learning.

Fig. 15 ahows correcting of the speed ourxent
. corresponding to the oil temperature in the case that the oil
ténperaturc range of the hydraulic élevatog.is controllable is
0°C = 70°C. The controlling current value I1 is set at
installation for running at the rated speed‘VI in'the'casé
that a standard oil temperature is 35°c and a standard load
pressure is 20 kgf/cn? | | |

When the oil temperature is 50°C, the cage fups at actual
speed V2(V1>V2) with controlling cuérent value :2 that is the
result of adding correcting current Ai” to the éohtrollinq"
current.value_xi.. In this case, it is-cdhsidnred that the
controlling qurrent I2 is not ah:adequatc value.

Accordingly, a controlling current at 35°C (standard oil
temperature) and 20 kgf[cnﬁ (standard load pressure) is
calculated fran the data at s0°c.

This controlling current value is obtained hy'linéar

approximation.



that a standard oil tenperature is [err] and a standard | oad pressure is.20
~[err] Wen the oil tenperature is [err] the cage runs at actual speed
V2(V1>V2) with controlling current val WI 2 that is the result of adding-
correcting current [err] to the control Mg current value 11. In this case,
it is consjdered that_the controlling current 12 is not an adequate val ue.
Accor.diwgﬂwl‘év%bﬂ?b;?i ng current at 35C (standard oil tenperature) and 20

kgf / T (standarg | | ' | gul from t. SOCy
Thi's contt oM enfraht fod) GEFeRE. V1R, 1E, PrfRe PR Kb OYRRR, O O e
V1: (Vl(z\%)sr%,;l.: 13 The controlling current value is reset by the val ue
(rr+3) ° resul t, the_-p05|t|(_)n of 20 is noved to the right in Fig. 11.
The range ofag £oRd&@it] genau%em;salue b 18" hdvedtedOekal i’ibﬁg Inis

limted as Imn-Imax 1 n Fig. because the position of PB. and are .

const apigAlUES EhéOHinge! 621 ancbatrealihgdcuieent Kvaluu, athssrenaaqol the , _'

controlling current values obtained by fuzzy reasoning is limted to a
regi on 0 XgE/cawktcds iuited cist TmihyImax| in Bigyval®; lscaesgé sther ge

damage,mﬁ:ion- of PB and NB are constant values without relation to
learning. o . | ~_

| A’cé:ordingly, the | range _ot the coﬁt:ollinq current values _. |
~ obtained by fuzzy :éasoniné. ié linltéd to a regién R. ﬁ'he -

speed control of the hydraulic elevator prevents large damage,

even if the microcomputer of the automatic. correcting circuit
enters an abnormal ;tét&-. R .' |
' The learning operation is executed .hy neans of the
following été;is. | o
1) Obtaining data of speed V, acceleration A and
' deceleration D with a constant intmai. -
2) Calculating average of the data, as follows:
Vs E W - v
Y *
Asve = .ii-’l Ag

D = B D
ave a1 ;3

{



even i'f ‘the nj croconputer of the automatic. correcting circuit enters an
abnornal..state. The | earning operation is executed by neans of the

followi ng steps. 1) obtaining data of sp V, acceleration A and
deceleration Dwith a constant interval. 2) Calculating average of the
data, as follows: [err] 3) Cal cul ati ng deferences by conparing the
aver ag€’ vaBhes Wallcwladdng mﬁmw b)ﬁ&dnpdnimg ther aiverage Caluesat i ng
correct§ng current val ues [err] proportional relation, as follows. -
[err] 5)  stor Wigh theanetdins gr ntas faldowss | earned data by

exponenti al snoothing, as foll ovvs gerr] The val Ee K |s predeterm ned so as -
to have the follow ng rel ation. Vg a?éoHUVB I nstallation of the
apparatus; Kis set as a larger vaI e be ause h Iearnl ng time is then
short. The value K nmay be changed. Aayal r§ ﬁorrespondi ng to | earning

tines. | ip = 1nm- Do
4) Calculating correctin’g current-vai],ues AT, AX,, AI4. by
preﬁortional relation, as follovss _ -
WWive=AL, T, AL, = (I, * AV)/V
AA t A= AL 1 I, | A1, = (I * Aa)/A
AD : D = ATy | ATg = (Igo * AD)/D
-~  5) sﬁoiing the cd:reéting current vglués as learned data py

(1]
d’

| '.exponential smoothing, as follows:
Tiay = (1 = K) & Ipq, + K ® AL,
Ty = (2 = K) ¥ g + K # AL,
Ijge = (1 - K) Ijsa + K * 8Z4
'rhe value K is predetermined so as to have the followinq
relation. o '
| (1-%¥ >K
However, at installation of the app'aratus,.l.t is set as a
larger value becausa the learning time is then short. _
The value K may be changed automat:lcany oon_':espondihg to
learning times. . | |
1) learn times < 10 times
K=08.
ii) 10 times < J.earn_. tines < 20 tims' '
X = 0.6



1) learn tinmes < 10 tinmes K= 0.8 ii) 10 tines [err] learn times < 20

timnes X =0.6 20. iii) 20 times [err] learn times K =0. 4 The fuzzy
reasoni ng and the | earning operation of this enbodi nent are executed by.
nmeans. of the followi ng steps. In this. odi nent, the output operation of
speed current pattern is executed as i he first embodi ment shown in Fig.

8. The | ear opgsaé[%é)élﬁe% fégﬂ*t@gnggcordl ng to the flowhart shown |n
rit Ng oper

Fig. 12 and FI ion includes a process during -

runni ng and a processggul@g*stoppl ng. In.the process. during runni ng, t’?i'e'E
condition of a step S201 is "Yes". The condition of a step S202 is "Yes"

uhen the caghd eyaiy¥éadinidy &AdondPLesnihe Sopeeae o tor LERLAC! Ual

sped of the cage Is ‘detected by t spee 18 at a constant
i ntervampidindt are Tdice Og”mé’ini 5!9%52@611&!%58'&. p the cage is.

" being accelerated. At a step S2 t he actual acceleration o
: In this embodiment, the output operation of speed current
'.pattern is exocuted as in the first enbodinant shown in Pig._
8. N B _
The learnzng operation is executed according to the
flowchart shown in Fig. 12 and riq. 13. -
The 1earning operation includes a process durinq running
and a process during stopping. - S L &;i_'
In the process durinq running, ‘the condition ot a stop |
5201 is "Yes®. | | -
The condition ot a step 8202 is "Yes" when the cage is
" running at the rated spoed. at a step 5203, the actual speed
of the cage is detected hy the speed detector 18 at a constant
interval and stored. - | |
The condition or a step 5204 is. "Yes" when tho.cago'is'_
being accelerated. At a step Szos, the aotuai acceleration of
the cage is dcteoted by the speed detector 18 at a constant Q;J
interval and stored. ' ' '
The condition of a ‘step 8206 is "ch' whon the cage: 1:
being dooo;eratcd. At a step 5207, the actual deceleration of
the cage is detected by the spaed detector 18 at a constant.
interval and sﬁored. | | |



the cage i5 detected by the speed detector 18 at a constant interval and
stored. .The condition of a step 8206 is "Yes" when the cage is being
decel erated. At a step S207, the actual- %gfleration of the cage is
detect ed. by the speed detector 18 at a cofidtant interval and stored.

ver aeSvar ve oty iue, BeSLfde W 1SR Becilfd, Bnd) SBndiglon el ac?'ual

average“val ue of the a ccel eration and

decel ekat | gRodt gacdngduri NFhieUAVERAGY Vel WOithd heenalt!l spekd, aths! eps
S208- S210. At a step S211, the learning process is executed. As shown in

Fig. 13, ahcgualeactdlération andethe aeituadn debeleration sporddodugingd at
the step S208 and the ideal speed (rated speed) is calculated. At a step

S302, a speatindngr azei calculated vespactivadycatastdpsr S208h8210(f cAtnae
speed by the above nmentioned nethod. At a step S303, a difference betmeen
the aver agetepc8rdnat the denxning wmastispesacﬂtadd t he ideal
acceleration is calculated. At a step S304, an accel eration correcting
current val ue |bsc§heﬂhaﬂédfﬂﬂonﬂ§hel&'Pf@ﬁ@ﬁb§39&bué éitéﬁgengsobetnsea

Step Sa10 $RE’ BRETAB.PPAsACPELAIAGY RE Lhe: Atapch2oh: andckap deed o ¢
decelerat'ogeed {(rated speed) is calculated. At a step 8302, a speed
correctinq current value is calculated from the difference
speed by the above mentioned method.
B At a step 5303, a difference between the average
~ acceleration obtained at the sﬁép £209 and the ideal
acceleration is calculated. At a ste§ 8304, an:;dceleration
| correcting current value is calculated from the difference
value of step S303.° | o _

At_a'step ssds, a differenée bé;weén the average
deceleration obtained at the step s?zo and the ideal
acceleration is calculated. At a stey saos, a deceleration
correcting current value 1: calculated from the ditfereneo
value of step 8305. | _

At a step 8307, the correctin§ cuxrent values are storéd.

" as learned data. | | '

According to this enbodimant, an adequate control can be
automatically executed cor:esponding to various circumstances
ot oper;tion of the hydraﬁlic_elavator_by'correcting rules.

Y



correcting current value is calculated fromthe difference value of step
S305., At a step S307, the correcting current values are stored as |earned
data. According to i s enbodi nent,. an adequate control can be ' .
automati-cal |y executed corresponding t@®arious circunstances of operation
of the hydraulic elevator by correcting rules. obvi ously, numerous

nodi fi cat i orobwishady ) ammﬁ nédi piesebons nandt variattonssetbthei n || ght

of the above teachings. is therefore to be understood that within the
scope @fr&miawcnamrs mﬁwihlneﬁmbﬁghhyoﬁetpeacbqwod ot her wi se
~as specifically described herein. CLAI M5 A control aratus .
for hy&eashindseyateris Mﬁt@‘ﬁgﬁOabQ W%!ﬁ¥¢@¢ thatcwithi Boggﬁol li-ng
t he anmount of. 0|I |n a hydraul | ack; sor ans for_  det ectlgg 0i- |
terrperm EP@Q% ?)rﬂm V%\'- R Ay ke Practideds;
correctil | e Ztorlp nmeans égcaﬂfr&en Brr?clgl girul es of control _

i nstru®

n

RN
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to input data fromsaid sensor neans; fuzzy reasoning neans for calculatlng
correcting val ues of control instruction values fromfuzzy val ues
corresponding to said input data by fuzzy reasoning on each correctlng
rul e; speed pattern correcting nmeans for correcting said control

i nstruction val ues with said correcting values cal cul ated by said fuzzy
reasani:ng neans; and speed controlling means for supplying said corrected
contrtL,lnstructlon val ues to said valve. 2. A control apparatus for
hydraulic el evators according to claim1, which further conprises: speed
detector nmeans for detecting actual elevélab speed; and | earning nmeans. for
correcting rules based on a conparison%%ﬁiggd corrected control .
instruction values with said actual €le speed. 3. Contr ol
apparatus as clainmed in claim1l or 2 wherein said sensor neans are

addi ti-onal | yp capabl e pfcsistwst |dPa@m t FED Hypd €L B e e v SXERICT Ng | nput
Control apparatus as claimed in any

dat a correspondlnﬁ i hereto.
precedi ng clMR h said sensor neans are additionally capable of
detecting tank tenpennLi&awennhtﬁoxnvnnnsrﬂprrqnﬂtnb&lﬁng the amount of

0il in a hydraulic jack;
' sensor means for detectiné oil temperature and load
pressure and producing corresponding input data; |
correcting rule storing means for storing
_ correcting rules of control instruction values corresponding
U - to input data from said'senser means;
~ fuzzy reasoning means for calculatlng correctlng
values of control 1nstruction values from fuzzy values
corresponding to sald input data by fuzzy reasoning on each
correcting rule, _ '
speed pattern correctlng means for correcting sa1d
control instruction values with said correcting values
calculated by said fuzzy reasoning means; and
speed controllihg means'fbr supplying said
corrected control instruction values to said valve. -

2. A control apparafus for hydraulic elevators

_ accordlng to claim 1, which further comprises:
AN - speed detector means for detectlng actual elevator

speed; and

_ learning means for correctlng rules based on a
~comparison of said corrected control instruction values with
said actual elevator speed. ' '

3. Control apparatus as claimed in claim 1 or 2
wherein said sensor means are additionally capable of
detecting valve temperature and of producing 1nput data
corresponding thereto. '

N



correspondi ng thereto. 5. Control apparatus as clainmed in any
precedi ng clai mwherein said sensor neans are additionally capabl e-of
‘detetting oil flow value and of producing input data corresponding thereto.
6. . Control apparatus as clainmed in any preceding clai msubstantially
as -herein described or exenplified. 7. Control apparatus as clained
I n any one of claims 1to 5 substantially as herein |IIustrated in-any .- -
_flgure of the acconpanylng dr awi ngs. : _ '§E$

o | 24 __ )

4.  control apparatus as claimed in any preceding claim

wherein said sensor means are additionally capable of

detecting tank temperature and of produclng input data

corresponding thereto.

5. . Control apparatus as claimed in any preceding claim

. wherein said senSor means are additionally capable of
detecting oil flow value and of produczng input data -
-corresponding thereto.

6. | COntrol apparatus as claimed.infany preceding:claim U
substantially as herein described or exemplified. . R

7. Control apparatus as claimed in any one of claims 1
" to's substantially as herein illustrated in any figure of
the accompanying drawings. ~

* C L M S *
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