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invention relates to inprovenents in a patented energy

storage nethod for use wth cranes and other |oad

hoi sti ng machinery. More particularly, it relates to

i mprovenents in a method for storing energy in a

capacitor which is charged by the | oad hoisting
TIT 5!3@%?3;11‘{}{%@1% or. The stored energy is

resupplied to the system when the |load is being raised

and needs nore power. BACKGROUND ART The present

i himerdvied Enegly St@agd MethodrionlesndHaisting Mashis¢rgm or

nmet hod for energy storage in |oad hoisting cranes

which are driven by electrical power. It is

p ' | for machinery which is driven by

d?ggg?ﬁgﬁgg¥}ﬁgfggnerators that experience a w de

range of varying | oads. The system stores energy at

reverse or, small | oad and supplies power at peak or

| dhgPresspidaventigadelates talmRrovements iy pajenipgpnegey storage method for use

. 1;C . \/ . a . t .

with GRERRU s WL Mool Aoy S Mkt AERE 1o Bbrovemens in a
methsdfopstyrifigértdMa b yapuenst whith R\ehirgeebpthetradaoiting mackinery drive motor.

required to supply peak Pomer. However, until_ naqw,
The stased enest is seup tthe gystepwhen the Joaddy beipg ejesdrand npgds more power.

use. Conbi nation battery and generator energy storage

systens have been utilized to acconplish this result

i IBAORGROUNPART heoretically they are very

effective. However, in reality, the battery conponent

i nposes nunerous problenms such as: small electrica

e ouRugoERlsy EneFeRERYing SRS ol e Ror perey storage n
load Mé1SHrROMasddGhhigh SyeSdveni 1§ d&dtricat powent Ityis paiticalatle weehil for machinery

to acconplish energy storage utilizing even )
whicls isedrévenfbyt diesekelectsigt geaemptore Blah expegigncerd idrerange ppearying loads. The

systerggg)g%é%%ég%ratf %ger%%értm%{% lg%\%ﬁp?ie? ﬁg\g?r%é#elaaifkg)? gatrélegloads. ’l:heoretically,
this i§ 4 ¥ netinidaPgEere RN EY ok @ résuftahEbdiRYiBthat ihe pi Blectrical source is
capabl e of being driven over a w de range of speeds.

only fequigecdtiiersupply relaiealy constant evesaegypower ks ipyighwvie¢d ttsupply peak power.
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OWBEL Bt OPOMrate® BESH ] AFReCSOf MEIURBNAVE BITVABTE S BT t he
D@ dmbiRatH bateRy dnldypeh&elor BReey'@brabe Sybtdish4®B been utilized to accomplish
satisfactory for nunerous reasons anmong which the
this resill invwiha gasty endrthwordticaliyt they are very effective. However, in reality, the battery
component imposes numerous problems such as: small electrical capacity, electrical inefficiency,
large physical battery volume, heavy weight, and short battery life, whereby such a system is not
currently a viable way to accomplish energy storage utilizing even state-of-the-art battery technology.
Flywheel type energy storage systems have also been utilized to accomplish the result.

However, in order for the flywheel to store energy to create power, it must be capable of being driven

over a wide range of speeds. In order to transmit the energy to the flywheel at the variable speeds, a



1. In order for the flywheel to store energy, the

energy is neasured by'/2 x | x WZ where | = the
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speed. Therefore, high rotating speeds can store nuch

nore energy in the flywheel because the energy is

neasured by a square of the rotational speed.
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motdz Had BitdviYe titibeér £ diablieas 8] ogetdiplisitheydt. sources and
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f oRedenbdrvalopmentsgn iieHETigelnolopydaveipregesssedig threpoint where AC squirrel
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arbitfedy fredueaey il Ad @mbefdACEH DM révee0 B vifue ditle BT arbiirary frequency,
turn, is converted to ACwith an arbitrary fr;guency

the Afysquiree] icaged nduntion motgy cap pdtate avithpabjratyndiational apeedtupito 19y high speeds

is dri he A d in.t [ d 21
solvipg, st pEhe dbscsipefl st st yin e Mg anc
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alternating current freduency generated and contro
sourdeg ahdh enveitenveamtrotled Welaptiorhmotoo ddvé matlunenydar loné heisting m@chinery. The

. current i.s gener.ated. t he inducti not or. . Th .
diesq] S9ERE d 105 rEREN P Do IR e B ) e A3 SETa5 17 Thp glpmating currnt
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degenerative braking. FIG 2 of thé draw ngs discl oses
to AG withpineaitrayfraguenayfbydhe ineerter fl 7. o Ansquimghéage paduction fiotoy 19 is driven by

the ‘g‘g%‘ﬁ’ in o ;j Qr%\;gbqemgvg#ggéig%cfr é\%grlrsnégé?f‘ Z%ak}Lg rz{iselrei‘glg and lowering
speeds are controlled as a result of the alternating current frequency generated and controlled by the
inverter. When the load is lowered, reverse AC current is generated by the induction motor. The
reverse current is consumed by a resistor 25 in order for the induction motor to operate effectively as
degenerative braking.

FIG. 2 of the drawings discloses a typical example of current from a municipal utility power

grid 27 being fed to the system by a cable reel power supply 29 instead of from the diesel



WD 2005/ 076989 PCT/ US2005/ 003795 engi ne/ gener at or
conbination of FIG 1. The incom ng voltage is | owered
whyooa/oteesnsf ormer 31. The alternating currentPCBUS1051003795

converted to DC by a DC converter 16 and, fromthat
poi nt on, the system is the same as disclosed in FIG
1 of the drawings. During |lowering of the | oad 283,
reverse current is sent back to the power grid 27 and,
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Machit¥gf te-prasft 1ﬁb&ﬁﬁmqﬁcm&@, i @8n-Bbviohi€inmpré@fthémon that design.
conpri se drrvrng t he induction notor of the

| oad- novi ng machinery to act as a generator and create

chinery is |lowering or

Dlsgﬁgﬁ%mg{#{ﬁﬂ@ﬁg@at ed reverse power conbi ned

wi th unused power, which occurs when the machinery is

at small load or idle, the conbined powers being

defThemdthad of thetpregsentgnyenition isytroVidedsidr the desizadgamirpose of energy storage and

crto to. store.the rest Rover ot en roY.. . .
recoSqte Fnditi-pOvR TSR, T aOBy e s g Wiiptyi controlled by
a ﬁrﬁ hVeaes THeRtepRBAMe h¥thd of IR inV&TtDn eHmbAS dﬁ’ﬁﬁétﬂe%&d&ﬁon motor of the
first inverter when the capacitor discharges.
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lowel g Brakiaa 160, TS afRunte dreverns BOBSBimbinas vBiiugsed e which occurs
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whegr@l%glﬁlgm%??y%tgsgllag 1?%(?] t@?gléﬁ the %drﬁ‘lSLCiégﬂ f%ﬁegrrg Lb%l odneﬁrng as rest power, is
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t he capacrtor can be char ged and the rest power can be
a dug} pveerrvgich P’&ié@ f CEPASIRLPIdFVEES. CUpsHoPackf (e, BFSt averter when the

capd'c%lgdlﬁ‘fﬁ]%e% e n (t:ltglpéon%&#o?ghre% 6gc§r tﬁlgeﬁ%lﬁec? %R@ﬁfetv‘aftage of the system
is meaprdiat the powasiupedidedtigyfirsflihecreapbies podentiabertbrgcvehicged the measured
voltage are transmitted to a programmable logic controller (PLC). The PLC controls the dual inverter
so as to convert AC to DC so that the capacitor can be charged and the rest power can be stored for
reuse in the capacitor. Power can then be retrieved from the potential energy of the capacitor to drive

the induction motor depending on the capacitor measured energy. The capacitor is discharged
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i nduction notor is rotated to produce power for
wo pdosiomgsa | oad. I n other words, power is retRPeTES2008003795
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i s anot her object of the present invention to
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op &ristherpforefan impertant objeetef Bre-piesenidAvansios fo pravise aa improged method for
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f.th toi ti i1l b .
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energy storage.

And it is yet a further object of the present invention to provide an apparatus for an induction
motor-driven hoist machinery energy storage system that employs a capacitor to store the energy.
Other objects and advantages of the present invention will become apparent when the

apparatus of the present invention is considered in conjunction with the accompanying drawings.
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THE DRAWNGS FIG 1 is a diagramof a standard prior

art drive machinery arrangenent for an autononous

| oad- hoisting crane; FIG 2 is a diagramof an

alternative standard prior art drive machinery

arrangenment for an electrical power-driven crane;

FIG 3 is a diagramof a patented prior art nethod for

energy storage for |load hoisting nachinery; FIG 4 is

a nodification of the prior art of FIG 3 show ng the
BRIEFDESCRIPTIONGF THIP DRAWINGS denser ener gy storage

system of the present invention therein; FIG 5 is a

graph show ng the rel ationship of the frequency al pha

an@'léhﬁis‘@&i&%}% Ao RRdBEd Piorlalt dFrivEacBineryarPiodfabitYor an autonomous

the second 1 hverter controls AC frequency; Fl 6is
loadtHuistingsraney el ati onshi p for the operation of the graph

of .5, FIG 7 is a nore realistic rel.ationship of

©nEGrhis GpemineT ag HFERYE SEB0Y ZHPET GF e BRENERY atengement for an
elec{rﬁggpo‘(’@err-id?itvw&ah& the operation of a crane; FIG 8 is

a C

si ¢ power consunption graph for a standard prior
ar FIGoads audiagrgmnefca ipatented paior artgaatbnd ;forer@rgyd stogsagenfor load hoisting

g,deal_i stic power consunption graph representation for
macgingyys ve machi nery arrangenent utilizing the nethod of

ther@r asgny hlBHﬁ‘ﬁHi ofafd glll(g%' antOoff $1@. BOWRJwing the inclusion of the

consunption graph of FIG 10 defining rest power and
capaitormtangendeeenpogyestorape syseens dHihe gresBE STveiDbE tHeGin;

P N A TG XL —
S S PURRAT: RISt Hinster e
Vi @B6. 6 is5habastORWOAEHE SorPhel d pdTr B Bl3gtaph of FIG. 5;

FIG. 7 is a more realistic relationship of the graph of FIG. 5 which is suitable for complex
load variation in the operation of a crane;

FIG. 8 is a basic power consumption graph for a standard prior art load moving machinery
arrangement;

FIG. 9 is an idealistic power consumption graph representation for a drive machinery
arrangement utilizing the method of the present invention; and

FIG. 10 is a power consumption graph of FIG. 10 defining rest power and showing the power

to be stored.
BEST MODE FOR CARRYING OUT THE INVENTION

Reference is made to the drawings for a description of the preferred embodiment of the

present invention wherein like reference numbers represent like elements on corresponding views.



FIGS. 1 - 3 showthe prior art of present practices as

descri bed above in the DESCRI PTION OF THE PRI OR ART
w@erosionesof this specification. FIG 3 shows tPer/ps1005/003795

art patented apparatus which nodifies the apparatus

of FIG 1 by the additions shown within the broken

lines. The description of FIG 1 in the DESCRI PTI ON

OF THE PRI OR ART descri bes the operation of the

. dt 11, 13, 15, 1 1 1 d,2
ReFirS o) Rovibaarippakpegreieny actstyes désepbicbost 1 g DESCRIPTION
OF '?HE'ﬁlﬂ@ﬁedﬂggﬁoﬁ%%%ﬁg&ﬁbﬁﬁntFIG.nB shoWi€thedhrloP@f patented apparatus

IS ralse e chinery 21 of the system 'in '
whidhombdifiee tinr apparatng o ¥diGt hebypthe selditions ishewn iwaithin the broken lines. The

descgilaaét% E)gﬁa(‘ld 153?1%? éﬁ%ﬁﬁgﬁk(ﬁlﬁ %Em %lRe'ﬁtaéqu;f:gEgs the operation of the
prin@%‘ﬁf qhnAsRala03 13 15 14 bl bggsh to operate a first

tion notor’ 19 which is connected by a nechanical . _
poRefer¢ncans niads tcoRlGhBafos atdesdriptioh oé thehamivironmienteofrtbp present invention.

druns, 21. Power js consumed b e i nductigon notor
Whega PRt FUtaRY e RO GBRFIREY et SPa B g btk i art and the present
inveh QY el oicaf erde ﬂ(ﬁﬁ‘gith&@%lﬂﬁéiﬁﬁltu@iﬁgﬁgﬁﬁ&?ﬁto? #@8fan autonomous diesel
Syst In y t

emis seho FIG 3 encircle e broken | ne
engia@ gdoweared gengpatos Elisaftiliaelimcbpeeatda fiest ynduetiorcimotoz jPadesh is connected by

a et BperianomisSiouaRRT e RO HONDR S 1098 Arghs 21. Poweris consumed by
. . . I i .
the 1&1@&&1‘3%&@ &Hsru%g{g:‘f&lgg?lﬁhsl\?ﬁ% gle %b%ei’é{‘f@m it gﬁtglgé l%vJeBﬁ% gf the load.

rotationa p and "a pr ogr ammab
| ogihe paented @hbigy s(oPhde)sydtBm i¥kbowmid BKH 3i enchyelied dpy the broken line and is

com!g?ime&déqu e%}iqib&itr}qg; ir}eg(hm ,;hlgn%%glkcnqes&%e 11%1%%2%&1 Iﬂ@e ?,—%h%dfnz a second inverter

35, ?gé:cgﬁﬁ iddu2fibd Botd: 7', %%&gnﬁ&gioﬁ) ulsk %'eﬁér QPS5 \Psich BB8cts the rotational
oa olst drum Zl°reverse drives its hoist notor,

speddhe flgwhéed il saridi a @bgranahebld lopicroohwsllet 9PLAV43.Nng | ower i ng

of the 1load 23, The first induction notor acts as a . .
gertéhen dloadris beinggowered yr B thoxst ma@b@ﬁ%l%@m@?. » Qg is stored in the

CMI T ' [ e Bitye- .
oaiSF BEACLY TP phnE BONEPL AL InE 00! Mgl bs: o ond o
drurl 20 devete daivels ithikoibt hetor,ithygisteat's firét indsctionrmstot 19, dukiag lowering of the
vol tage _at the_ point A becones high. The voltage at

load 3% T fitst imduetion HetosAEES ahP GRNSANER CleRdng AGFURSALer reverse power. The
i |,$ i@lon ' ; 15t i

slTAE R 0 8 1 OV 110,00 G s et

the dibge ACagBMe fastaRver@r 17.NAs Auesult] thakoltigel at the admex beontks high.

t hrough the di ode 15 el evates the voltage at the point . .
A vithervoltage abﬁwnétom!ﬁ?pb%m%h@h@h%gw lnad §pist machinery is at idle,
chinery. i ' . Thj e
sorf L B TR L P S SREERLE e AC secror

or tiaavicipeladilitppéivérigsidpOv@igh Clgadiodel s édévates thevdrge hite point A when the
vol tage at the point A becones |ower due to the |ack,
powst censaaiptipe pf the lqarkhaistenaphinenoisayite spall eralmask gergo This creates unused

pov&e(r). Wh%ﬁ ?heblggcp h(t)is emeli'lcrllltflnse%(fjh&gt\é\% ﬁleS‘v”y%EJ] Gnd S 85\‘%16&nsumption is large, the
voltage at the point A becomes lower due to the lack of electricity.
The energy storage system works so as to store both the unused power and the generated

reverse power produced by the first induction motor 19 when it is driven to act as a generator when
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conbi ned unused power and the reverse power are

defined for purposes herein as rest power. The rest

power is controlled by a second inverter 35. A second

i nduction nmotor 37 is driven by the rest power and is

controlled by the,second inverter to rotate the .
lowering gieadh The chmhibed Baoep oo andhe eyPrseie Wer ke ST g frurposes herein
asre%ﬁ;o"%&eir.onal energy when the voltage at point Ais high.

e systemworks so as to retrieve power fromthe ‘

f | Yhdreest povedrag contralled bea ggcoad thvsupdy A besohdaiduofion motor 37 is driven

el ectricity, when t vpltage, at the paoint A.is |
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as toaktrienp powedfrém thdywheel raatiombl energyoagidsupply tthelable of electricity when the

(PLO), 43, The PLC controls the second inverter 35 so
voltage af e PO Y 1S 18X t o AC with a controlled frequency.
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thghéﬁggggggﬁﬁkﬁago ' t'he vo?%%be at pol nt %\andF?ﬁ% ometer of puise
generatdbe3d whish isqaeaectad tottheflfwiyeshéklare fFansmitdd ergepwitedttdithe programmable

point Ais _co r with a set vo]tage | ue Vo whic .
logiCenmglePLCY 68 Tar Lo thesep Sy cHra 3 b s & comvert DC 1o AC with
r ' :
o HITESUEST TR SRt LSy mdlhba g aErLC cpndingor
the exlpge st yoinhd and i rataticed] apgedraftths flyfvhedle Plad eoltagd at the point A is
prior art invention show) therein which jncludes the :
compared Math aglivelfags VARE d varch sandemrerigtaranuatly inh prgggammed logic.
pu r; r ' 0, eF : ; i
t hlgﬁglrl%\;e\ljg%@c\?ﬁ? gﬁlag rt}(?f &g@t ﬁ g?zh d?liﬁal{l?)l%gl Ta}lr? Oﬂrgﬁenfl 1rR/fent10n eliminates a
portiintof teaikpsresiaipd cainplicaéd apphangrof enfatantedgiior an invention shown therein
whic:‘gp Sggzgqgsd Fg]:aegt@gqotx}geiaaggi‘%é\?\%g%ﬁ o3f7[;}tgﬂ%hgél3$ lr’%q@n&e pulse generator 39.
n i r: . i 8, .
RerfSh L 0000, #ARRRRATLH Gl Rl 5P ety apartus o
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poirft APi8 hiighef th4h tHeSeChrrgReermitibdranerV j, the PLC 43 commands the dual inverter 35
to convert the output from the first inverter to DC whereby the capacitor 45 is charged and power is
stored as potential energy. If the voltage at the point A is lower than the set value V,, the dual
inverter controls the capacitor whereby it is discharged, thereby generating power which is supplied

to the induction motor 19 whereby energy is recovered from the capacitor.



stored as potential energy. If the voltage at the
point Ais lower than the set val ue Vo, the dua
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di scharged, thereby generating power which is supplied
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consunption of the induction notor for such operation )
consumption required to accelerate the load to lift speed; block B represents the power consumption
to move and lift the load at constant speed; block C represents the power consumption to stop the
movement of the load; block D represents the reverse power or braking effect to permit the load to

accelerate to lowering speed; block E represents the reverse power/braking effect to permit the load

to lower at constant speed; and block F represents the reverse power/braking effect to stop the



with a specific load is shown graphically illustrated
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is controlled by a dual inverter. The capacitor is discharged to supply power to the induction motor

when the motor is consuming power in excess of its average power consumption.

The method of the present invention also includes measuring the energy (voltage) stored in the
capacitor and measuring the voltage at the power input side of the first inverter which controls the
induction motor. The capacitor energy measurement and the measured voltage at the inverter input

are transmitted to a programmable logic controller. The measured voltage is compared in the
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aver age power consunption. The nethod of the present
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that it will fulfill all the objects and advantages attributable thereto. While it is illustrated and

described in considerable detail herein, the invention is not to be limited to such details as have been

set forth except as may be necessitated by the appended claims.
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which is controlled by a dual inverter, (b) a
progranmabl e | ogic controller (PLC) controls the dual
wo ewsnt@sy (c) means for sensing voltage at theECPUSEN5/003795
i nput side of the first inverter and for sensing
voltage in the capacitor, and (d) programmed | ogic for
the PLC for conparing the sensed voltage and the
out put of the pul se generator with a set voltage
val ue. The energy storage system al so i ncludes an
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the | i ' [ : ]
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nec%,ssi tated by th? appended clains. 10 WD 2005/ 076989
patlizanecat] 1seiRavT 19T CRATRING 2 4@Paitqfet hod for ener gy
st . : . Lag machi nery powered
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i ndischiagging s4id capagier cosppplgipogedtd vaidgndaitioni moltoc twhen said motor is
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CONSWYRENG ROBYRE 1 Fgetsrol 1§ AYRARGPAVI FRBSUNEIIO]- 1 ever se power
conbi ned wi th unused power when said | oad hoisting
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c It . 1.Q, ¢l Is tor when
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i ncluding, neasuring the energy stored in said
Pfogtaﬁﬁﬁfthl‘i@g}cwgﬂ?rpﬁ@the vol tage at the power input
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whetheér said qapagitoashmild e chapel eatidchadgbdr, and conpari ng

said neasured voltage in said controller with a preset

val ue for determnining

3. The method of claim 2 wherein said controller determines that if the measured voltage
at the power input side of said first inverter is higher than said set value, said dual inverter converts
the output of said first inverter to charge said capacitor, and if said voltage is lower than said set
value, said dual inverter converts and controls the output of said capacitor delivered to said first

inverter to supply said induction motor with power from said capacitor.

4. A load moving machinery energy storage system comprising
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whet her said capacitor should be charged or
di scharged. 3. The nethod of claim2 wherein said
wa@onsnmoker determnes that if the nmeasured voPCEHYS2008003795
the power input side of said first inverter is higher
than said set value, said dual inverter converts the
output of said first inverter to charge said
capacitor, and if said voltage is |ower than said set
val ue, said dual inverter converts and controls e . .
o G adtar ugs U f Pete FOmET fising &pd DWwering a load, said
moto'r@éﬁﬁf&ll%ﬂ(?&% ARl ez 2l d i nduction motor wi th power
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o4l ikeRéf ol led by a first inverter, an energy
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Sefsial gnygﬁg @cifdr, t he power input side of said first
inverter and for sensing voltage in said capacitor,
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senajed voltages with a set voltage value, an engine
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out put of saird A
a diode controlling the AC output of said ACG.
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