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2104870 El ectromechanical Control for Hydraulic Elevators This invention.

es to hydraulic elevators and, “i ni“particul ar, electr @l

dl.s that are used in hydraulic elevators for control 2@@?&73 not i on

b car. In a typical hydraulic elevator, the car is rai'sed by punping

d froma tank through a contralj.able valve cluster into a cylinder that C

contains a sliding piston which is attached to the car. The car is 10 '

| onered by releasing fluid fromthe cylinder and gxhausting it through this «r
\

val ve cluster into the tank. Also, in the typical” hydraul i c el evator, the
accel eration éﬂ@qyaﬂmaﬂhﬁniﬂaltGﬂnﬁnQﬁnﬁonqHyﬂrauilqﬁﬂﬂavagpnﬂ t he car) is

ot her val ves BRIE dRVARRION e TAtRR (o THAFTH Ly (hEESFPRRer . The starti

ot her val ves er. e starting
and stopphﬁ@,s&nugﬂ&&idﬂmanJﬂéléﬁﬁﬁbﬁ&ﬁﬁﬁﬁd&ﬁﬂIgbntsohslyhby operating a
sol enoi d that 20 .c K I S e on one or
nor e of tﬁggeu %Fbg g&ﬁ;§5%§ {i%ﬁg% %gnﬁéjd%oéﬁégfvgagaggémﬁth ‘these -
tech- Bi gmetips Dﬁathchaﬁgas in the fluid viscosity (fromtenperature, for

exanple) will change the car's 25 acceleration and decel eration
characteristi @a edypicahdywpautliorbévater pi the varvis reisedsitive to

changes 1 gyf b%%e\%?g;h | Frdm 4L 'ﬁ’hP&P?l’li‘dQ”éoHEréﬁliaEhlé' d's

Vi scosity. erent technique utTlizes pressure_30 feedback to
control t¥8l¥e edusten dntq micbinder Ekﬁﬁa??%ﬁabﬁsval§éé LREt contro

Ijl ovvI to tpesewn gﬂiﬁzh @&iﬁﬁﬁhé@%é%ﬁe?&&ﬁgerﬂﬁéwaﬂﬂg ot heL controls ‘
ecelgratLo t heir eratl ul ated i onse to the notion o
the ¢ § k@@ﬁF& éihﬁg érgﬁ gh%xﬁ%ﬂb?s%gaﬁﬂ al so very _
conpllcateﬂhaustxng it through this valve cluster into the -
tank
Also, in the typlcal hydraullc elevator, the

-

acceleration and deceleration (the stopping and
15 starting of the car) is regulated by pilot valves
that respond to the fluid pressure to control other
valves that throttle the fluid to and from the cylinder.
The starting and stopping sequences are initiated
mechanically, usually by operating a solenoid that
20 controls a valve that controls fluid pressure on one
or more of these pilot valves. )
A notable and major disadvantage with these tech-
nigques is that changes in the fluid viscosity . {from
temperature, for examplé) will change the car's

25 acceleration and deceleration characﬁeristics because
the operation'of the pilot valves is sensitive to
changes in fluid flow, which is directly dependent
on the fluid's viscosity.

A somewhat different technique utilizes pressure

30 feedback to control two or more motors that control

' operation of valves that control flow to ;ﬁe cylinder.
One motor controls acceleration, the other qontrbls'
deceleration, and their operation is regulated in.....
response to the motion of the car. Needless to say,

35 this is very expensive and also very complicated.
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.,2-Sﬁéqording to the invention, there is provided apparatus for controlling
dhe flow, of a fluid between a punp, a tank containing the fluid, and a
cylinder containing a piston that noves in response to the flow of the
fluid in and out of '5 the cylinder, characterized by: a first bypass valva

having an inlet 'port for receiving fluid fr%n1the punp and an outlet port
corinecting with the tank, said valve being Biased to provide progressively
gﬂnre bypass flowto the 10 tank in direct proportion to the fluid pressure

M\ _the inlet port f t.h ; ' bl g, yal hayj inleg
The LI et PO ARG BUTR R0 0 UbRY! nkpl 8" RNLO0AER ABhELaREL!
outl et port, <£ordcontrolling thel §lowl 0§ Befhdyiddpetveencat punpi ed tapk

fluid that fluntRehWaen thies s1gh8l BAA! a2B¢11hdePUbbREaPRLAg ANpELEGAT i C
notor for adjusting thé adjust- able valyve;] Z secgnd bygisgdvalve aV|$g gn
inlet port 20thafafoves:.dprn&eepanes tRetBEt FiPwWpBFithe tipddalp u3Rd Bt e°
val ve and 8n ahil eylinder,Sehdraceapdzéipbgs val ve being biased to provide

ressare in the inict plriFae biblss yBivE hbviRy S LflePhorfiEST o
f.or-appl yi ng fredied viihes $unud d Eridre thier unlpy pasd amlowt eddguortase the bypass
Valve: and a COPBRtABH VAIER, SFs oy ool MR eding b AR} V2120 ¢
appl yi ng fl ui éopprovide poogressdyedy mpres PRRHSS ﬁé‘ﬂbr%h thee second
bypass vahye iQnfi §ACRHiRRRODYIrtd dn®d ltted MANASS Predshrdddrtyl i nder;
whereby sard %ﬂgaigﬁgi %LL%“%EOnP%%etg%mp: o
' "~ an adjustable valve having an inlet port
fgr_receiving fluid flow from the inlet port of the
bypass valve and an outlet port, said adjust4 |
15 able valve being adjustable to meter the fluid that
flows between its inlet port and its butlet port:
an electric motor for adjusting the adjust-
able valve; ' ' : '
' a second bypass valve havihg an inlet port
20 that is cdnnected to the ou£1et'port of said adjust-
able valve and an outlet port, said second bypass _
valve being biased to provide progressively more flow _
between its inlet port and outlet port as the presshre_
-iﬂ.the inlet port increases; - '
" 25 o a first control valve for applying fluid
| pressure to the'firSt bypass valveix:decréése_the prass
flow.ih'proportioﬁ to the fluid pressure”in the outlet
of the adjustable valve; and . _" b ' '
S ' a second control valve that is'Selectivély
- 30 operable fof_applyinq fluid préssure to the second
bypass valve to open the second bypass valve in
direct proportion to the fluid pressure in the
‘cylinder; - o R ._' _
' wheféby_said apparatus allows, when the __ .
35 pump is bpefating, f£luid to flow from the pump thrbugh |
the first bypass valve, the adjustable valve and the second



-f35 punp is operating, fluid to flow fromthe punp through the first byp5§é e
fahve, the adjustable valve and the second -3- bypass valve to the -
nder,. whereby the piston is noved in one direction; whereby, upon the
tion of t he second control valve, when the punp is not operating, the '
ohd bypass valve is noved to a-5-p05|t|on at which fluid may flow from Q)
‘the cylinder through the second bypass val ve, the adjustable val ve and the
first bypass valve to the tank to nove the piston in the opposite
di r ectbypas s lner ebytheecybinder of vhasehystbe PAs&ashigirection can be \~;F¥

cont r gl dsdly bj%’q L@ge Jéli’ i AREE Bbh OWHtfzréBﬁeehﬁ%r tReMBbekathibnt he preferred

enbodi nment ow to-and fromt ngln er is controlled by a single

_ val ve athdhe Segrnd FeHer @brt3 by e Wh§n atRBeBRUMPeyfl BPED el ectric notor.

Fl ow tep éfaéiﬂqﬂ\%héf§566ﬁ@ ByPPsd Svalve coathoVe@dtbyaval ves that regul ate
the fl ow .as

vaiveR A Er5h A o) £36" ErooinRdeh IEanpRl LUronol S

nntlomhﬁbughfrheﬂsaronﬂsbypmssevmmvey thefadpustabhe walve Variations in
car 29, A il WA Ul WP LY oDt o1 2 e
19 not i of

el i mi faCe : y|e precise and repeat a ontrol. The
i nveninofhei @Pﬂﬁﬂﬂte[ﬁﬂﬁﬁqn&RQZHanﬂeﬁhQ§Qh$tt@mam¢91¢EIPéble hydraul i c

el evagge £aaln 1\94 i ditedeish f&rnasw ESntSEHDRCky  ghéhough feedback,

preferably fromt car noti on, e used to prOV|de conpl ex velocity
(x%hrSPer?ﬁéOPn@@nﬁhﬁ1%%ﬂﬁﬁﬁﬂ?tWP%bFeIevator i ncl udi ng control apparatus

- as deflnednabgaepréﬂeeﬁaadéﬁbaaigéntbefnﬁyanfueﬁ wbl | now be described by.

30 way of exanple and with reference to the acconpanying_draw ings, in
whi ch:and from the cylinder is controlled by a single valve

that is opened and controlled by a speed regulated
electric motor. Flow to. this valve from. the pump
15 1is controlled by valves that regulate the flow as a
~ function of fluid pressure, making the flow through
this valve independent of fluid viscosity. Using a
" constant speed motor, the motion of this valve sets
the velocity profile of the car. Variations in car
20 motion resulting from variations in the speed of the
motor are eliminated, yielding highly precise and
repeatable motion control .
The invention, in short, provides, a simple, exceptionally
reliable hydraulic elevator control without the need for any

T25 feedback, although feedback, preferably from the car motion,
may be used to provide complez velocity control.
The invention extends to an elevator including control
apparatus as defined above. '
An embodiment of the invention will now be described by
30 way of example and with reference to the accompanying draw-
ings, in which:

Fig. 1 is a schematic diagram of a control apparatus
according to the present invention, and
Fig, 2 is a block diagram of an elevator system ub__.
35 that uses that control apparatus with velocity feedback,
sensed from the car.
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Fig. 1-is a schematic diagramof a control apparatus according to the

present invention; and Fig. 2 is a block diagram of an el evator system
“hat uses that -control apparatus with velocity feedback, sensed fromth

i

car. -4- The flui'd or hydraulic control that is shown in Fig. |is used
fgijcontrolling*fluid flowto and froma cylinder 11 that contains a piston
127 the piston is fixed to the car.. 5 -4d0 lift the car (ascent), a punp

14 draws fluid froma tank. The punp then supplies the fluid through a
\bhegk valve 15 to a valve cluster, which is generally identified 16 in Fig.

i; The fluid flow ls u :t.h lLiRd 1 s_uU 0 he 10
piston 12 to rai§e'?hgng%piéogktﬁga?F&?éEtggﬁxfgﬂqgﬁféi%%dgﬁﬁﬁ% gJiyrinder
i s exhausted frBigshd 8¢ naedr fonr caphreAdingl Fdudduddew 10 @8% he tank or

source to |lover gpbR gabyidRaeent). thhe ¥ahtainkusat pis¢ent ains i@ inlet port
17, 15 an internal ori 1§k and an outlet port 19. These, the main fluid
flow ports, defPhEtPRelfafhx8f tPutBerf8F-between the cylinder 11 and the

tank.. The pﬁrt 17kT6 mﬂﬂﬁeehedcaatéaseeﬁmdﬁ @ plampha 4pdmawssd f£aud & hr ough a
port 47 to the nk._ JThe, 20 w_t hro t hi rt 47 i trolled _
(throttled) by %seﬁl3et§§k'Po&#gl?uggtggﬁPysgin§8§ F§F0§}ﬁg%bluster 16, as
can be seen, coﬁheopghgathheekmﬁahvanlﬁnteraaVaQUetCABSthOSUhdpbning is
controlled by afsodenstabhy Yabiei#lea’bUgh! ¥igROLl 4BneoRIGals slokl
17with port 18, 25 as can De seen. Port 18, is Connected to port 19 through
an internal porfram thig chustpEntagthe crlindgrelhraPusbes 28 thecontrol | ed

by the positgonppéténVelVEo22aise the car 10; the fluid that is
' contained in the cylinder is exhausted from the
cylinder through the valve cluster 16 to the tank

"ot source to lower the car (descent).

The valve cluster contains an inlet port 17,

15 an internal port 18, and an outlet port 19. Thése,
the main fluid flow ports, define the path of fluid
flow between the cylinaer 11 and the tank.

 The port 17 is connected, at one end, with the
pump 14 and through a po;t 47 to the tank. The

20 flow through this port 47 is controlled (throttled)

. by é valve 20. Port 17 actually extends into the cluster
16;"as'can be seen, connecting there with an internal
port 45, whose opening is controlled by an adjustable
valve 21. Actually, port 45 connects port 17 with port 18,

25 as can be seen. Port 18 is connected to port 19

'thfqugh an internal port 48, and the opening of this
internal port 48 is contfolled by the position of a
valve 22. o

 The upper part 23 of valve 20 rests in a chamber

30 24, and in this'chamber_;here is a spring 25 which
pushes the valve 23 down. 'When there is no pressure
exerted on the valve 20, from within the po;t 47,
the spring 25 forces the valve closed, closing off
the path through the port 47. Chamber 24 is connected

35 to a valve 26, and this valve 26 is cqnnected to the
pump and port-18. The pressure within chamber 24 is



. : : ;
The upper part 23 of valve 20 rests in a chanber 30 24, and in-this ’e/ can

per there is a spring 25 which pushes the val ve 23 domn Wien fhere is .
bressure exerted on the valve 20, fromwthin the port 47, the spring 25
es the valve closed; closing off the path through the port 47. Chanber o
is connected 35 to a valve 26_gand this valve 26 is connected to the QJ'
funp and port 18. The pressure W hin chanber 24 is a function of the
operation of valve 26, which is a function of whether the punp is on or

o |(otTIQ§ I%Séi‘%‘nogfo‘ihéa' é%r%?::.o%f S GRR 14, W] Tater in thi s
chanber, fuhakben es: waﬁdthm:t lthe pump disacreron lefifs | s(Bi&o an expansi on

spring 2 nsu??oﬂ' %e% 'vef 96CES Wl crahea %.% ‘HB’% ddxgipse port 48, if

there is I ci ent pressure in port 48 to overcone 10 the bias of
t he sprlﬁgte¥henb§b#§nﬁGFCFHBtvéﬂvé 22 rests |n a chanber 30, and this

chanbgr is opmaecdpd 29 the euépualeé az- sel ansiod 1eelated3dn The inlet to

t hi I id | d T I d I 15 32

L bor et | SPanRE o chanBSE PhT abacPiRgin, sRis, hadke FHAre, o0 Sonnectad
‘to the tfsmalmoom@heﬁpaasbantsprhhgyzeowhichlbdasahvorBEoncbsns i ncluded to
overconet]pear‘pmélfz Vé‘éwf"i‘ g€3c¥_ﬁsgl #bgtpﬁ ssg_rfetw g;_l g the cluster 16. .

The reason for s use an I'ncip és behin s operation are wel
known lrnn$n£€m¢lem©Iﬁbu24 Presspusl@nopprts4ﬁh&°ppW#§FPHGetern1nant of al

elewﬂ;oréggb pidd i 9p Eﬂ@rgﬁgfﬁéstlcs The p05| ti-on of valve 21 .is

controll a speed regul ated 25 motor 36 (e.g.  constant speed) Thi s
motor is attERAROBYOR PEaENEcYRIVEOZEoTERESY ANV E Sha 30,

and this chamber ls connected to the output of a
-selenoid valve 32. ‘The 1nlet to ‘this solenoid - .
valve is supplied £rom port 19. This solen01d valve
15 32 is normally closed, except for lowering the car.
Port 18 is also connected to theé tank through
a barometrlcally controlled valve 33; it is included
‘to overcome barometric variations in fluid pressure
within the cluster 16. The reason for its use and
20 the principles_behind its operation are well known
~in the art. ' | | :
Valve 21 (its posxtlon) is the primary determinant
of all elevator car motion characteristics. The: -posi-
tion of valve Zl_is_controlled by a Speed regulated.
25'lmotor:36 (e.qg. constant speed) This motor is '
attached by a lead screw 40 to the valve 21, and
the lead screw 40 passes w1th1n a threaded tube 37,
whlch is rotated by the motor. As the motor rotates.
in one direction, the valve moves down, progre551vely
30 c1051ng the port 45; as the motor is rotated in the
opp051te directlon, the valve 21 moves up, openlng
the port 45 progresslvely more. '
' It should be observed that the valve 21 cannot
completely close of £ the port 45 for there 1s a -~
35 small cut, what mlght be called 1nternal port 46, on
the valve 21. As a result, when the valve 21 1s



the Iead screw'40 passes wthin a threaded tube 37, which i's rotated by hq}fL/
potor. As the notor rotates in one-direction, the valve noves down,
progressively 30 cI05|ng the port 45; as the notor is rotated in the

opposite direction, ‘the valve 21 noves up,®dpening the port 45

ptogressively nore. It should be observed that the val ve 21 cannot ,

-conpl etely cloteteﬁﬂytheapedt1¢5thﬁop°¢ﬁeﬁé.l§qme~flyid:§ﬁnlfkqx what

w be cal | egybiit B6R3! 1705heE0poBh 1B° KR bor e Tomd L, hon the

21 is % seated 1 n the port 745" sone fluid .ccan flow from
port 17 into pdPRSeR £RFolhAspénterpal Pﬁgtrégkdﬁ exPkained der nal port 46
i's explained Imoﬁerae@aaalhaha&e&nlﬁh&bi@e@e&W@tﬁhmon 5 At the end of

the screw 4Q.is a t 41 th s t hr ead Qnto the s maki ng the
magnet' s poSition gg gg?aﬁf‘g ? g T %gllﬁo\?eg‘aﬁp’ %’ng\l{dg’&ﬁ %ith the
val ve 21, as the nhreadea opebathé spxew 4§ bmakﬁmgetmeemagnewdhes 42 43

and 44, JThese Bhssteeh auhoheRIEont Al aUBRekONIONOLO it O 30

When t he magne 'S ne reed swit val've opened
when the magnedown vwitheshergadvew”lehassthehmorgrydsi operated nt ermedi at e

posi-tion; and p@sglﬁaebyaaﬂ%e%eéa a@aﬁ;chae 326 d §3Wahah 444 iﬂaesLﬁ val ve
Is fully closed, excé a sm flow that can_pass throu passage 46.

These reedl anFﬁﬁgssﬂgtcﬁesaﬁBnKH°§h89w§€n§8nfﬁgf@aF@et§3p8§ 038 *by
sensing the | owRéhothef mhffietBglecisdheat peedSEwetehl dase thel val¥e provi des

fl to th t d diti What fall IS
dGseri ption of 26 rEEVAPLBISORBRRS: OPRERGERE| BACPBE Gt SYaTa ok G8ter 16 i n 4

hydraul.ic el eveawbtchy4B8enthé@heatwedesdsi atl adeifteemediate position;  and
when the magnet 41 is near the reed switch 44, the
15, valve is fully closed, except for a small flow that

' can pass through passage 46. These reed switches
42, 43 and 44 thus sense the valve's p051tlon, by
sensing the 1ocation of the magnet 41.
A pressure release valve 34 provides flow into the
.20 tank under high pressure conditions. '
What now follows is a descrlptlon of the varlous
modes of operation for the valve cluster 16 in a
_ hydraulic elevator system. The modes include (see
the function diagram in block 51 in Fig. 2) ralslng
25 the car which includes startlng and acceleration
to a high speed (al), movement at constant speed (bl),
deceleration (cl) to a low speed (dl), and stopplng
(el) and descending ‘the car, which includes starting
and acceleration in a aescent (a2), descent at high
30 speed (bZ),'deceleration'during descent to a lower
speed (c2), lower speed'operation’(dZ),and stopping
(e2). These; of course, describe the normal modes
of elevator motion; that from a stop the car is
accelerated to some high speed, decelerated. to some
35 slow speed approach speed and then decelérated“to”a-'
stop. This occurs whether the car is being lifted ...
(ascent) or brought down to a lower floor (descent).



“the function diagramin block 51 in Fig. 2) raising 25 the car w%hich ST
¥ des starting and accel eration to a high speed (al), novenent at _ L

ant speed (bl), deceleration (cl) to a |low speed (dl), and stopping . =

and descending’the car, whick7rncl udes starting and acceleration ina

ent (a2), descent at high 30 speed (b2), deceleration duri-ng descent tqQ

a | ower speed (c2), |ower speed operation (d2),and stopping (e2). These, of

course, describe the normal nodes of elevator notion; that froma stop the =«

car is aRadising &he Capme Asegntpéal) decel erated, to some 35 slow speed \WJ/™
approach speegh aiuk ddavhelespt elfﬁ’éﬁ?uﬁ\ §45i§pf1r§9' §tQ§EEEiS whet her the car . -

IS belng I|fted (asc nt br.oug to a_l ower oor'(descent) -7~
. 'Rai si ng O 9$§;ﬁ% %hﬂ h%PP%H%e R Yatveseld unﬂ 1808527 1 st .
started, atw :Jwa:thé:w (txﬂ.ma&wmepositmyal dﬁd €Re Yaleed 2¢ are in '
their I ‘§ S s ns,...and the,val ves d 32 ar at rest = -
(unpové 5%6 v??fl)a%% aE s’%%} %@PR%WeE%‘H Yh:h‘é %ﬁawnlby €e the punp 14
is start@@ll\ﬁalli@e% lopéhea.esl-to mememeMeM 2iist stpoted]8 and pressure
hoct P el e rkha e R IR Y Y MR MR 0PN 0%
E)hroughf m:retsl sﬁﬁ:earids L dtemd tihe \taamefz@mm@hngttnél Gam&éedodcreatl ng ah -
ypass ow_t hrou oart 47, The noto ergi zed to nove the
vave” 1y MR, AR (onis, e BROEE 47, TIRER FRSRT. 745 | neo is
port 108. flAmst iﬁmnhaqurramprﬂe&ethlsoqgleslshc ecllnelel:dvn@lve 1Be chanber 24 as

fluid is (E,otﬂ._r qﬁggqtc?eo %\S/ﬁéé}# Qt%lf!@v\f’fcﬁﬁ agg 'val ve 23 starts _

to nove & as a resu port 47. The

~ pres- sumlsﬁn@&qd.lrmnm@f dmass Thiowrdrrough othe heortuéa

“The motor 36 is then energized to move the valve 21 up-
_ ward, and fluid flows from port 17 through port 45 into

15 port 18, As this happens, there is pressure buildup in
the chamber 24 as'fluid is supplied through the valve 26
to that chamber,_and:valve 23 starts to move downward as
a result, closing off'flow through the port 47. The pres—'
sure in port 17 thus increases. The pressure of the fluid

20 in port 18 opens ‘the valve 22; the fluld then proceeds to
- the cylinder 11.

High Speed (bl) :
For a high speed ascent (hlgh speed 1ift) the

valve 21 is moved to its maxlmum position (magnet 41
25 is . aligned with switch 42). All the fluid from the

pump flows into the cylinder ll.and maximum force

is applied to the piston'li + which moves at 'maximum

speed, belng limited only by the velocity flow from

the pump 14.

30 Deceleratlon (cl) to Intermedlate Speed (al)

For an ascent at a low or 1ntermed1ate speed the
motor 36 is energized to align. the magnet 41 w1th
reed switch 44; as that happens the flow ls reduced.
A small fluid- flow through the orifice 46 is pro-



20 \Tﬁ port 18-opens the valve 22; the fluid then proceeds to the cyllndezgg;§>
41. High Speed (bl’) For a high speed ascent (high speed lift)the valve 21 _
¢S noved to its nmaxi num position (mgnet 41 25 is.aligned with switch 42).

All the fluid fromthe punp flows into the cylinder 11 and maxi numforce is
aQ¢}|ed to the piston 12, which noves at maxi num speed, being limted only
by~the velocity flom/fron1the punp 14. 30 ‘EEceIeratlon (cl) to

xtnternedlate Speed (dl) For an ascent at a |low or internedi ate speed the

totor 36 is ener t l | et wth re switch,44: as that
happens t he flowq’:iéd%(r%e'dg%hg' }9}& %g'ﬁ?%qﬁ hoﬂ'?‘fﬁ oﬁ?ﬁw ﬂ?l??c% 46 i's.

‘pr o- - 8- vi dethodghiatte ispead f(dl)ent to nove the car 10 at a noderate

speed (dl). Stopping (el) Finally, to stop the car at the floor, the punp

14 5 is deenergized, which termnates:the flow of fluid to the cylinder

11. The val ves S¢oPPAngyfiedd are then fully cl osed, preventlng any reverse =

flow over the line 3¥inadmy,hacWidiahe aut tdie G £186r | QR NSug P4 ace

" because all the valﬁes are atSL\ %gF Descent (a%&;r(nnfﬁo t0 ngh Speed
(b2) To accel 8rat& ERENEXTASM ¥ %bteFW& il ehe& &R the

resul tant pressutdei cylliedelrariiler The wWalsies 20C025C wiidi dneﬂ&.lfe'ln by the

val ve 32, pushes the valve 22 upward and fluid then flows from15 port 19
through port 48 Enid¥pElesed. prevensisgnanyi meversendilow Iers theer gi zed

to nove the val vgidé BRWEFEEm \&hlecayllaﬁatetzs R e Wl Ml R¥ai 1 NtO

the port 17. The greisure I n the % forces the
ace because the valves are at rest.

10 Descent (a2) from Stop to High Speed (b2)
. . To accelerate the car from a stop, the valve 32
is energized, and the resultant pressure in the" chamber
30, which is connected to line 31 by the valve 32,
pushes the valve 22 upward and fluid then flows from
15 port 19 through port 48 into port 18. At the same
time the motor 36 is energized to move the valve 21
upward, which results in flow from the port 18 into
the port 17. The pressure in the port 17 forces the
valve 20 upward, which gives rise to flow through the
20 port 47 and then to the tank. _ |
| The motor 36 is energized so as to move the valve
21 to its uppermost-position; with the ﬁagnet 41
aligned with switch 42. This gives rise to maximum
flow from the cylinder 11 to the tank and thus a
". 25 maximum acceleration (a2) to some desired speed.
When the desired high speed (b2) is reached, the
motor 36 is energized so as to move the valve 21
downward to a position af which the magnet 41 is
aligned with the switch 43, which gives rise to a
30 smaller intermediate flow through' port 46, that
corresponds to a partlcular constant car speed (b2)
and descent.



_ progressi

Y |94 20 upward, which gives rise to flom1through the 20 port 47 and then -
R t e tank. The notor 36 is energized so as to nove the valve 21 to its p

uppérnost position, with the magnet 41 aligned with switch 42. This gives ‘2
rise tﬁ1naX|nun1flom1fron1the cylinder 11 to the tank and thus a 25 B
“maxi mum accel eration (a2) to sone -«@sired speed. Wen the desiTed high . Q;i

speed (b2) is reached, the nmotor 36, is energi zed so as to nove the.valve 21
downward:to a position at which the’ magnet 41 is aligned with the swtch i
43, whi Cfbébé/rérétﬁ@mto:a) 390 Feeteediater spdedt édRdow t hrough port 46,

“that co ds,_ t ul d t. o
oo becel or alorecalefite fie et (PRORTLNES BRETnE SkeRE] BOGREN L
thi-s conai}ﬁltxn@mecbﬁb:?s emélsgxmedr566asstenmogezshesmaayetto‘iﬁove t he

magnet 4. ef";ﬁ O+r?r%%§§€;fééé§dwﬂﬁhré§8d5§£’\é5ﬁh 444 THEkS S5

romthe cylin 11 into the t ank

t hrougg tﬁhﬁo :?éé’@l@élﬁ?t@l‘.osé@dofhetﬁér £1bws £2bAVEhdOWY 1iader 11t er nedi at e
speed whi

Stabiljzes jtself val QSi- tion
associ at PR tH'S RPEVFRERUD. tﬁﬁ ?3? BBi ﬁ!y fgﬁf'TSnét %E‘et %@ Tcar, the valve
32 is thathyleasRiws Z@6kvn - tdi sl intereediaeepspeedr whicht he chanber 30,
al | owi ng o d r ogpl ete S off all fluid
flom/froﬁﬁrﬁéié% %mﬁﬁééi?cﬁﬁgh {QS sngg HE EE L¥ ?ggehggoop hydraul i c
elevatortmnnraﬁsqnlatedrgptherge@séﬂttchvéﬂt|on ‘but in this systemthe
velocity of the car is nmeasured by a sensor 50. The operation of this

vel ocity sensor 50 is initiated by a main controller 49 that initiates 1he o
10  Stopping (e2) .

To ‘stop the car, the valve 32 is then deenerglzed,
-whlch removes the pressure in the chamber 30, allowing
vaive 22 to drop down, thereby completely closing off

all fluid flow from the cylinder 11.-

15 | Fig. 2 shows a closed loop hydraulic elevator
control utilizing the present invention, but in this
system the velocity of the car is measured by a sensor
50. The operation of_tﬁis vélocity sensor 50 is
initiated by a main controller 49 that initiates the

20 operation of a pattern geheratqr Sl_that.geuerates
.acceleration and velocity signal for the car, depend-
ing on the_time following initiation of a cér motion
signal. In this pattern generator the.
portions of the g:aph indicate velocities and

"~ 25 accéleration patterns for al, a2, bl, b2, cl, c2,
dl, d2 that have been used prevzously to describe the
sequences for moving the car with the valve shown in
Fig. 1. :
The output from this pattern generator 51 is
30 supplied to a comparator 52 that recelves the veloc;ty
signal from the sensor 50. The operation of thls
comparator is controlled, as required, by the opera-
tional or group controller 49. This comparator 52
compares the actual car velocity with the velocity



¢ -. I\/“ . : .
20 oper-ation of' a pattern generator 51 that generates accel eration and -
welocity signal for the car, depend- ing on the tine followng initiatio

ef a car motion signal. In this pattern generator the portions of the-
graph indicate velocities and 25 accel erz on patterns for al, a2, bl, b2,
cli_,c2, dI, d2 that have been used previ STy to describe the sequences for

nmoving the car with the val ve shown in Flg. 1. The output fromthis pattern
fenerator 51 i sc@frespphdingtboatbengesired velopityr édeterningd b¥l ocity

sT'yoal ffomthgtﬁﬁgﬁ&téiﬂn JHé’r?@Sﬁ?t'O'EthréEhit@gpaﬁaE%oks controll ed,

as required, b oper a- |ona roup controller 49. This conparator
52 conpar es thés%&ﬂﬁkj(%%#u%blﬁ%1?9197tﬁ Pﬁﬁt%6908?49°1tyl1Bha80rrespond|ng

to the desired i/@lpﬁéaucé&leéﬁreheedu@yuthswahéeeemg%sfafosk. Thesr esul t
is an. error S|gnahﬁgac1ual I00|é% ga& ern VE|OCI£¥; Qgt IS oduced at
the output df t§EF ?%T%r % SupRtie O rdFi¥eEnthafs bﬁﬁ?l o a
driver that dnnmwbtfnﬁruncmuéﬁ arnway cés atoagodalabe ntlel posithenposi tion

o 14, 20 thaiof HE PR 108 PERLLRNS, CORL SBRENEL By | BoBHbLEBRR1ng? < 43
correspondlng tteo tgwd tiches pu{3ir@mdtﬁ@,p&@tthhtgbheruebpcsty 9Et hout

depar ting from{e dduqyPoner gl fife | WESEL LY E68E65BBRALIGI BB LAL! oW ng

clains, there w |l e nunerous nodificatlons,” variations and alterations,
in whol e c&°|r1?EﬁR“ tF @mctReRAEHRTR geperatornglinvention that has jUSt
been. descri bed. Without departing from the true scope '

-of the invention described in the follow1ng claims,

there will be numerous modifications, variations and
| .alterations, in whole or in part, to the embodiment
15 of the invention that has just been described.



1. Apparatus for controlling the flow of a fluid between a punp,,é"J x
contalnlng the fluid, and a cylinder containing a piston that noves in
esponse to the flow of the fluid in and out of the cyl i nder,
characterlzed by: a first bypass=-lalve having an inlet port- for receiving
fluid fromthe punp and an outlet port connecting with the tank, said valve
- being biased 10 to provide progressively nore bypass flowto the tank in \J

direct proportion to the fluid ﬁ%es@are in the inlet port fromthe punp; "an . >
~adj ust abl e val ve having an.inlet port for receiving fluid flow fremthe k“,é§

inlet port of the 15 . bypass valve and an_outl et- port, said adjust- able
val ve bei ng adj usthbl APPaFateF  £AE FPHFH°9§&ngFHﬁsf&€FMé@h its inlet port

and-its a)%iﬁa e twe slpﬁmiswarreaﬁk éeﬁtaﬁlnmﬁgl Reet Fauddj,ust - abl e
val ve; pass,V % an i,nlet port that

connecteﬁPqcFt?ﬁ}%ﬁﬁ?ﬁtcﬁ%??fﬁ+n§afdpéﬁ ﬁgt Y&PvéBand an outl et port
sai & seameapdnyg=siso velhe ef bewngf btheeﬂlmb_dpﬂ.nvadd putgoEssheel y nore fl ow

.betweenlifiﬁdﬂfﬁ #ﬁ&é?ééér v ée%%port as the pressure 25 in the inlet

port increases fve for applying fluid pressure to the
first bypass val veatﬂ-lé%*tr%%sﬁ kg havingvan ripketp@attorfan the fluid.

pressulr&-édl’éit\}ﬁ}]@%iﬁdo.frérﬁ]etﬁ?l#&h béﬁ‘dV&hVQutiélé Bért uid pre a second.
cont 101 st wont LSS ok SRE PR Tk hedR byadel ULl D essure Lo”
pr Quor t it grovide fprogr gsebvele moréhbypass flow to- the . '
tank in direct proportion to the fluid pressure in
the lnlet port from the pump; '
- . - an adjustable valve having an inlet port
for rece1v1ng fluld flow from the lnlet port of the.
15 bypass valve and an outlet port, said adjust-
' able valve being adjustable to meter the fluld that
flows between its inlet port and its outlet port;
an electric motor for adjustlng the adjust-
able valve: _ _
20 a second bypass’ valve having an inlet port
" that is connected to the outlet port of said adjust-
able valve and an outlet port, said second bypass
valve being biased to provide progressively more flow
between its inlet port and outlet port as the pressure
25 in the inlet port increases; '
- a first control valve for applylng fluid
pressure to the first bypass valve to decrease the bypass -
flow in proportion to the fluid pressure in the outlet
' of the adjustable valve; and
30 ~ a second control valve that is selectively
operable for applying fluid pressure to the second

-~

O



ylﬁﬁﬂer wher eby said apparatus allows, when the 5 . punp is operating, ’
L|Uld to fl'ow fromthe punp through the first bypass val ve, 'the adj ust a I%?Lﬂ
yal ve and the second bypass valve to the cylinder, whereby the piston is o
nnved in one directiron; whereby, upon the operation of the second control

ngv‘e when the punp is not 10 oper ati md2=t he second bypass valve is

ed to a position at which fluid may flow fromthe cylinder through the

second bypass valve, .the adjustable val ve and the_flrst bypass-val ve to the
-apnk, to nove the piston in the opposite dIFECé g _and g@ereb% t he notion
of 15 'the pi sPypasH EaéﬁedFPeEPPBn &nSBEOPBNPYBRPEAVBY VN operati on of

the electric noyprec?. pPBpePRRGAt U6 Bheofluld peeskairm in tharacterized in
t hat the notor ached to the adjustable valve by a |ead screw coupling

to nove 20 th%Y%é?é%ras the notor rotates. 3. An apparatus according to
claim1l or ,-characterlzeﬂerebyhaalahapBPpatasusléOWSalnbene$h9 for

‘sensing the posbﬁégnlgfo# Qgh @QLg?xebv?%oé £roR ?Bgagghgstﬁgggbﬂlng to

clainms 2 an er| € neans ensit ng the

position of thethe] ﬁsrablbynass/evasbmr ithesadiys takle tyalire snfttdmesearndin

act trat or. f or OPS{;QSA-EQVH%S%t Eﬁéscyiﬁhdeéctuab%b?eltna paska liead screw
and its. p05|t|on | ead _screw, being st abl e rg ative t the :

swi t ches. - moved 3R abﬁaﬁéfﬁgtAEEorHPﬁge %+ aHPOBr EdPR&ré
characterized igetbné sb8eondj oehebbe. Vah.ve,cahebetﬁavpdmbeu\seanta f| rst

BOSI L1 on L5 P SUachReg, MLALTUILEL AV RORUA0A00E 43! HGyRRO b 3ec0nd
appar at us accorﬁosgtionchalwh5¢h fluid may flow from the cyllnder
through the second bypass valve, the adjustable valve
‘and the first bypass-valve to the tank to move the piston
in the opposite direction; and whereby the motion of
15 the plston in each direction can be controlled by the
' operatlon of the. electrlc motor.'

2. An apparatus according to claim 1, =
characterized in that the motor is attached to the
adjustable valve by a lead screw coupllng to move

20 the valve as the motor rotates.

3. An apparatus according to claim 1 or 2,
characterized in that the apparatus'contains means
for sensing the position of the adjustable valve.

_ 4. An appafatﬁs according to claims 2 and 3,
25 characterized in that the means for sensing the position
of the adjustable valve comprises a plurality of switches.
and an actuator for oberating the switches, said actuator
being on the lead screw ahd its position on the lead screw
being adjustable relative to the switches, '

-
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aracterized in that the adjustable valve contains a land that is nnved‘ﬁy 4
e notor to control flow through a main port in the valve and a secondary .
Rt 10 - on the land for providing said mnimmflow - 7. An el evator 3
pri sing apparatus as clainmed irl3my preceding claimand an el evator car -
>énnected to. said piston to be raised and | owered thereby. 8: An el evatoy
~according to claim?7, .character- 15 ized by neans for providing a first )
signal that repigeseys 4 gi&gr&%ssa&ebeaw £BEaRg EQécEHQMtgdbﬂ!afﬁ‘ second
signal that represents esired car velocity for the car"s position; \‘I?§
nmeans chmmi@d dn Hhdt rghe adiuskabe sTahee sCaRoPeprovi ding a third

si gna efse hg deS|red vel ocity and

' h&% vé oClI ty andl% ﬁfbﬁ{i&g Them i

the ac responsive to the é |rd naI for powering
t he modavimus ffarst W%J‘E}'ﬁ MRV AR "1‘05%%‘&% ?‘H%" Nto nove so as to

gducef&m%ﬁwﬂﬂr@@ rptien £ 16w dest sesh vehecvayvend the actual 25
vel ocity. 9 Fluid flow control apparatus’ substantial ly. as hereinbefore

described with reference to Figure 1 of the acconpanying draw ngs. 10. An
el evator substarg. alAy sspahwatis edooxd By “tesctabwdSwith reference to the

acconp%@éé%%é%f%@d“fﬁ that the adjustable valve contains
a land that is moved by the motor to control flow
through a main port in the valve and a secondary port
10 on the land for providing said minimum flow.

) - 7. An elevator comprising apparatus as claimed
in any preceding claim- and an elevator car connecteéd . to.
said piston to be raised and 1owered thereby.

8. An elevator according to claim 7, character-
15 ized by means for providing a first signal that represents
‘the car's velocity; means_for providing a second signal
that represents a desired cer velociry for the car's
position; means, responsive:to the first and second
signals, for providing-afthira signel that represents
20 the difference between'the desired velocity and the
actual velocity:.and means responsive to the third.
signal for powering the motor to adjust the adjustable
valve to cause the car to move so as ‘to reduce the
o difference between the deSired velocity and the actual
- 25 veloc1ty. - . _ _ R

9. Pluid'flow control apparatus'substantially as
hereinbefore described with reference to Figure 1 of the
accampanying drawings. ' '

_ 10. An elevator substantially as hereinbefore
30 described with reference to the accompanying drawings.

* c L =-H'-=:.:: s':'-'*= .



