DESCRIPTION HYBRID ELECTRIC POWER DEVICE FOR CRANE AND CONTROL METHOD OF
HYBRID ELECTRIC POWER DEVICE FOR CRANE TECHNICAL FIELD The present invention
relates to a hybrid electric power device for a crane and a control method of the hybrid electric power
device for the crane. Some cranes such as a gantry crane and a jib crane mounted with tires driven by
an engine generator are driven by a mechanism of running a motor or the like using the engine

generator and a hybrid electric power source ingggi%g{ f@,ﬁlﬁggﬁic power accumulating unit such as a
battery. The present invention relates to a hybrid electric power device for a crane used in a

facility such as the gantry crane and a control method of the hybrid electric power device for the crane.
BACKGROUND ART,
HYBRID ELECTRIC POWER DEVICE FOR CRANE AND CONTROL

METHOD OF HYBRID ELECTRIC POWER DEVICE FOR CRANE

TECHNICAL FIELD

The present inventicn relates to a hybrid
electric power device for a crane and & control method of
the hybrid electric power device for the crane. Some
cranes such as a gantry crane and a 3ib crane mounted
with tires driven by an engine generator are driven by a
mechanism of running a motor or the like using the engine
generator and a hybrid electric power source including an
electric power accumulating unit such as a battery.

The present invention relates to a hybrid
electric power device for a crane used in a
facility such as the gantry crane and a control
method of the hybrid electric power device for the

crane.

BACKGROUND ART

As an example, an engine generator including a
diesel engine or the like has been used to drive an
electric motor in a crane or the like and an electric
motor for driving a pump. In this crane or the like, an
electric power generated by an engine generator 1is
supplied to the electric motor via a converter and an
inverter, and an electric power accumuiator such as a
battery is arranged in parallel to the inverter in a line

for supplying the electric power to the electric motor as



As an example, an engine generator including a diesel engine or the like has been used to drive an
electric motor in a crane or the like and an electric motor for driving a pump. In this crane or the like,
an electric power generated by an engine generator is supplied to the electric motor via a converter
and an inverter, and an electric power accumulator such as a battery is arranged in parallel to the
inverter in a line for supplying the electric power to the electric motor as disclosed in, for example,
Patent Document 1 and Patent Document 2. According to the techniques disclosed in Patent
Documents 1 and 2; suiplsselectric powesissioted it tHieealechioopoweitaccurmndlate®hén the
electric power reqlﬂ}i(rjecqﬂtg)lggge flectric motor is small. Therefore, energy efficiency can become high.
When the electric power required by the electric motor is greater, the electric power can be supplied to
the electric generator from both zhe-engirie:genseratoh and theteldctricepower sccwmakitor'There is an

advantage that the_engine generator can be downsized. RELATED ART DOCUM .PATENT
DOCUMENT I: Jagahesé aua%%"é“r‘?ﬁ%atsenmﬁb’l%:a i6n ﬁlbl.rfl-ﬁf?l%%ecuc“ Fler 15

stored in the electric power accumulatcor when the
electric power reguired by the electric motor 1is
small. Therefore, energy efficiency can become
high. When the electric power required by the
electric motor is greater, the electric power can
be supplied to the electric generator from both the
engine generator and the electric power
accumulator. There is an advantage that the engine

generator can be downsized.

RELATED ART DOCUMENT

PATENT DOCUMENT 1: Japanese Laid-Open Patent
Application No. 11-217193

PATENT DOCUMENT 2: Japanese Laid-Open Patent
Application No. 11-283165

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

With the techniques of Patent Documents 1
and 2, a lcad applied to the engine generator
varies in proportion to the electric power
necessary for the electric motor. Therefore, 1f
the electric power necessary for the electric motor
varies, the activated state of the engine generator
alsc varies. Therefore, it is difficult to
optimally maintain the operating state of the

engine generator. Said differently, 1t is



PATENT DOCUMENT 2: Japanese Laid-Open Patent Application No. 11-285165 DISCLOSURE OF
THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION With the techniques of
Patent Documents 1 and 2, a load applied to the engine generator varies in proportion to the electric
power necessary for the electric motor. Therefore, if the electric power necessary for the electric motor
varies, the activated state of the engine generator also varies. Therefore, it is difficult to optimally
maintain the operating state of the engine generator. Said differently, it is difficult to drive the engine
generator while maintaiing:daod:-fuebeomsamptien.eng i n el hegpresent ventiontis provided in
consideration of the aboye situation to provide the hybrid electric power device for the crane which can
constantly maintaif ﬁ"llenf%%ﬁélolnrslam%ﬁcgn 0 tﬁgﬁenaiérel %%%gr%%o%r%hd the control method of the hybrid
electric power device for the craiee present invention is provided in

consideration of the above situation to provide the
hybrid electric power device for the crane which
can constantly maintain the fuel consumption of the
engine generator and the control method of the

hybrid electric power device for the crane.

MEANS FOR SOLVING PROBLEMS
(Electric power source device)

According to a first aspect of the invention,
there is provided a hybrid electric power device for a
crane including an engine generator; an electric power
accumulating unit; and a control unit including an
electric power load calculating part configured to
calculate an electric power locaded on the engine
based on electric power reqgquired from an outside
load and charging electric power exerted by an
electric power accumulating unit, and a command
signal sending part configured to calculate
output torgue and a revolution speed based on the
electric power loaded on an engine and sending a
torgue command signal indicative of the output
torgue to the engine generator and a revoiution
speed command signal indicative of the revolution

speed to the engine generator.

According to a second aspect of the invention,
there is provided the hybrid electric power device
according to the first aspect whereiln the engine

generator includes an engine and a generator part capable



MEANS FOR SOLVING PROBLEMS (Electric power source device) According to a first aspect
of the invention, there is provided a hybrid electric power device for a crane including an engine
generator; an electric power accumulating unit; and a control unit including an electric power load
calculating part configured to calculate an electric power loaded on the engine based on electric power
required from an outside load and charging electric power exerted by an electric power accumulating
unit, and a command signal sending part configured to calculate output torque and a revolution speed
based on the elecitic powertloagdedpnan £ngere=and sending atorque cohimand signal indicative of
the output torque to the enginegenerator and a revo%tion;pgﬁzd command sai%r&auggirg:ative of the

revolution speed t&HE'ERGTE JEnvats NREbrding to

QL endgine .
o aSecond asp%c}fl 5 the' invéntion, there is
provided the hybrid elestrie powes device aceording tortbe fisstcaspect wherein theengine generator
includes an engine and a generator part capable of functioning as a generator and a motor that is

connected to an oRpEEEREFBFIRE elgint® andWh&F AR Tidremé rate6fthe Yeqhited eié&tric power

exceeds a predetegninedvalye; the generatorpayt assists rodatioptthe engine bydhewgenerator part
until the revolution speed of the engine reaches a predetermined revolution ‘
speed of the engine reaches a predetermined revolution

speed.

According to a third aspect of the invention,
there is provided the hybrid electric power device
according to the second aspect wherein a function of the
generator part changes from the motor for assisting the
rotation of the engine to the generator for generating

electric power using the engine.
According to a fourth aspect of the invention,

there is provided the hybrid electric power device
according to the first to third aspects wherein the
outside load includes a main unit and an assist unit,
and the revolution speed of the engine where a
main unit requiring power does not exist is lower
than the revelution speed of the engine where the
main unit reguiring power exists.

According to a fifth aspect of the invention,
there is provided the hybrid electric power device
according to the first to fourth aspects wherein the
engine generator includes an engine including an
engine body and an engine control part for
controlling activation of the engine body, and a
generator unit including a generator part capable
of functioning as a generator and a motor that is
connected to an output shaft of the engine and a
generator control part for controlling activation

of the generator part, and the command signal



speed. According to a third aspect of the invention, there is provided the hybrid electric power
device according to the second aspect wherein a function of the generator part changes from the
motor for assisting the rotation of the engine to the generator for generating electric power using the
engine. According to a fourth aspect of the invention, there is provided the hybrid electric power
device according to the first to third aspects wherein the outside load includes a main unit and an
assist unit, and the revolution speed of the engine where a main unit requiring power does not exist is
lower than the revSIBRGHSpeel dF the e whafe the hiaintintreqSRiRG PowerEdss

According to a fifthsaspeetiof theninantionthereds proyvided theihybtid electrie powerdavice according
to the first to fourth as\PeEtse/v.herein the %ging gCe}qerator{ infrlluede§ gn%ginglj}nciurgieng an engine body
and an engine controi ;)Oar%ifo%gélntrsoﬁi%a activation of the gnglne body, and a ggnerator unit including
a generator part capabtersf Junctioning asi a gensrator hrd & motoerahatdgacrneécted ¥ an output shaft

of the engine and a generatpr, controt part, fox cantrolling activation of the generatos part, and the

command signal sending part sends the revolution speed command signal containing information
indicative of the red6ltion*spe&d BEthe efdiné IGthe BhGRaE t6rtrdl part ahd sends the torque

command signal inglicativesefderque o be genesated in the generator part of the generator unit to the
generator control part.

According to a sixth aspect of the invention,
there is provided the hybrid electric power device
according to the fifth aspect wherein the command
signal sending part calculates time variation data
of the revolution speed for accelerating the
generator part of the generator unit so that the
revolution speed cf the engine corresponding to the
electric power lcocad on the engine satisfying a
maximum electric power value of the required
electric power 1s attained when an increment rate
of the reguired electric power exceeds a
predetermined value before the reguired electric
power reaches the maximum electric power value, and
sends the revolution speed command signal generated
based on the time variation data of the revolution
speed to the engine control part and the generator

control part.
According to a seventh aspect of the

invention, there is provided the hybrid electric power
device according to the first to fourth aspects wherein
the engine generator includes an engine including
an engine body and an engine control part for
controlling activation of the engine body, and a

generator unit including a generator part capable



According to a sixth aspect of the invention, there is provided the hybrid electric power device
according to the fifth aspect wherein the command signal sending part calculates time variation data of
the revolution speed for accelerating the generator part of the generator unit so that the revolution
speed of the engine corresponding to the electric power load on the engine satisfying a maximum
electric power value of the required electric power is attained when an increment rate of the required

electric power exceeds a predetermined value before the required electric power reaches the
maximum electric Foweriafiie; At serfls theTBUSHIAGR Spéed cBmAvdritEsighél(gererated based on

the time variation datatthedevelition speegie thegngine contrel park and the generator control part.
According to a seventh aspect of the ir1ven5ion, thetre %:s providedtthe fybrid eIectchc. power device
according to the first%o ?o%?tﬁ%%péﬁé\?vﬁ%reir?t%‘@ engi%g ggr?enrat%?intﬂags an erJTgirafe fh?:l%ding an
engine body and ar éndihe caritrot part for coatrallingzactivation ofthierengine hody,sahd a generator

unit including a 99@&‘%‘8&9@{‘ (baé)gpleo of fupctioning.as a,geperator gggfgsmqtlggthgbii; &glgjnected to

an output shaft of the engine and a generator control part for controlling activation of the generator
part, and the comnfaPdsRingl sehaihg paft st ifelcontrel unit seadthé Wrqaé Edrfimand Signal

containing information indicative pf:an eutpytiterque of the enginerte thecengine gengratar and a
revolution speed command si%nal indicative of the revolution speegl, and send% the. revoIEtion speed

command signal co?%ﬁ%ﬁ& in (ﬁm%ﬂgn fhdicative (’)“]ffiﬁ“é:' fevSition sp%%@%ﬁh gse:hgr%?or part of the

generator unit to the menerator centrof partsAccerdingtoianreightte ashectofdthe muentionhthere is
provided the hybridreé%cgriqlpgqv%efg dg&gg aceording tosthe §§¥le_££h @%B?ga‘y%%rﬁ? the command

signal sending part calculates time variation data of the revolution speed for accelerating the generator
part of the generator'tihft 56 #iat tie reb6luficr-speed ©f the ehginescofredporiihgts fiecel&ctric power

load on the engine satisfyirg.a maximum gleetric Powpk valueef the: reguired eleetdc pewer is attained
when an increment rate of the required electric power exceeds a predetermined value before the
required electric pogv%P FEathEs ths Thaximum Ridctric power value, sends the revolution speed
command signal generated basedarvthil timetvarkationidata of dlse sevolutiort speed to the generator

control par_t, and cal%%tg&tgﬁ pu{t_pllég_,tgrqtée : 989!{%% gcgﬁgr%?&g&h&g%g@@rip&g@ghiIe avoiding
a combustion state of the engine from degrading during an acceleration period of the generator part,
and device according to the seventh aspect wherein the
command signal sending part calculates Time
variation data of the revolution speed for
accelerating the generator part of the generator
unit so that the reveclution speed of the engine
corresponding to the electric power lcad cn the
engine satisfying a maximum electric power value of
the reguired electric power 1s attained when an
increment rate of the reguired electric power
exceeds a predetermined value before the required
electric power reaches the maximum electric power
value, sends the revoluticon speed command signal
generated based on the time variation data of the
revolution speed to the generator contrel part, and
calculates the cutput torgue enabling acceleration
of the generatocr part while aveoiding a combustion
state of the engine from degrading during an

acceleration period of the generator part, and



sends the torque command signal generated based on the output torque to the engine control part.
According to a ninth aspect of the invention, there is provided the hybrid electric power device
according to the first to eighth aspects wherein the control unit controls the engine generator so that
the engine is driven by the generator part in an electrically motive state. (Control method)

According to a tenth aspect of the invention, there is provided a control method for a hybrid electric
power device for a crane including an engine generator and an electric power accumulating unit, the
control method incfigfiriéscaléitatingatrclecifiepewer [badetEon thelengmedjeneratébaded on

electric power required fram a0 putsideslgad apd eharging electricpawer exeped by the electric power
accumulating unit; calculating output torque and a rev‘olutior[%lsgeg%ﬁedﬁba;fd on the electric power loaded
e

on an engine; and sending a torgue Contmand sighal hdica SGutpliftordi& ¥ Hé engine
generator and a revokitionispeedocaniamand:signgbintitative of the revolationispéed to the engine

generator. _Accaiding fo ap elgyenth,aspect ol the invenion Iber, s provided the contrl

method according to the tenth aspect, wherein the engine generator includes an engine and a
generator part capébie ©of functidrifg as algeneratérends Mdior thst eéohneéted %o AR dhtput shaft

of the engine, and whenandnerement rate obtheggquined electricRovwer exeeeds anpredetermined
value, the generator part | .
electrically motive state.

(Control method)
According to a tenth aspect of the invention,

there is provided a control method for a hybrid
electric power device for a crane including an engine
generator and an electric power accumulating unit, the
control method including calculating an electric
power loaded on the engine generator based on
electric power reguired from an ocutside lcad and
charging electric power exerted by the electric
power accumulating unit; calculating ocutput
torgue and a revelution speed based on the
electric power lcaded on an engine; and sending a
torque command signal indicative of the cutput
torgque to the engine generator and a revoelutiocn
speed command signal indicative of the revolution
speed to the engine generator.

According to an eleventh aspect of the
invention, there is provided the control method
according to the tenth aspect, wherein the engine
generator includes an engine and a generator part
capable of functiecning as a generator and a motor that
is connected to an output shaft of the engine, and when
an increment rate of the required electric power

exceeds a predetermined value, the generator part



assists rotation of the engine by the generator part until the revolution speed of the engine reaches a
predetermined revolution speed. According to a twelfth aspect of the invention, there is
provided the control method according to the eleventh aspect, wherein a function of the generator part
changes from the motor for assisting the rotation of the engine to the generator for generating electric
power using the engine. According to a thirteenth aspect of the invention, there is provided the
control method according to the tenth to twelfth aspects, wherein the outside load includes a main unit
and an assist unit, 2R ks nginess tontrofied Becle bt ise FaVolitnierErdiake RAGe where a

main unit requiring power does nat-exist is lowerthan therrevalution speed of the eagige where the
main unit requiring power exists. According to a fourteenth aspect of the invention, there is

provided the contrél TigRbE HELBffing o’ the et > ®if&tnth aspects, wherein the engine generator
includes an engine and a genegatar,ugl ineluding a-generator barteapable of Lingfioaing.asa
! .

generator and a motor that is connecte an output shaft of the’engine, and the revolution speed of
the engine and torqiie tebe ganeratedsin the geparator Unitaté controtted ¢ adjust eldéetric power

generated by the engine generator, . According toa gi{tgggtho%sg%cet of éﬁ%}%\{eo@oga&ere is

eV, N aspéct, wherein a
provided the control method adcan ing'to the fourteenth aspect, wherein when an increment
changes from the motor for assisting the rotation of the

engine to the generator for generating electric power
using the engine.

According to a thirteenth aspect of the
invention, there is provided the control method
according to the tenth to twelfth aspects, wherein the
outside load inciudes a main unit and an assist unit,
and the engine is controlled such that the reveolution
speed of the engine where a main unit reguiring
power does not exist is lower than the revolution
speed of the engine where the main unit reguiring
power existis.

According to & fourteenth aspect cf the
invention, there is provided the control method
according to the tenth to thirteenth aspects, wherein
the engine generator includes an engine and a
generator unit including a generator part capable
of functioning as & generator and a motor that is
connected to an cutput shaft of the engine, and the
revolution speed of the engine and torgue to be
generatéd in the generator unit are controlled to
adjust electric power generated by the engine
generator.

According tc a fifteenth aspect of the
invention, there is provided the control methed according

to the fourteenth aspect, wherein when an Increment



rate of the required electric power, exceeds a predetermined value, the engine is accelerated by
functioning a speed regulator so that a revolution speed of the engine with which electric power loaded
on the engine corresponding to a maximum electric power value of the required electric power is
attained before the required electric power reaches the maximum electric power value, and the
generator part of the generator unit is accelerated at a same speed as the revolution speed of the
engine. According to a sixteenth aspect of the invention, there is provided the control method
according to the tehfiF fo thifteBAth aSpEES IR Aerdthe ©hGinE YBRerafof fiftftitesan engine and a
generator unit inclydiag agepgrater patt:capablewd functioningag a geperatas aadadmbtor that is
connected to an o%tglut shaft of the engine, and the electric power generated by the engine generator
is adjusted by con ﬁ'ﬁ& ﬁw%nolurtl&t?orqﬁee %F the e%%lne and a revolution speed of the generator part
of the generator unibeed o fAccordingtoiasevehteenthaspectof thietinventionythere is provided the

control method accarding fo the sixteenth aspect whereinwhen:aningrementtaie afthe required
; : .

electric power exceeds a predetermined value, the engine is controlled to generate the output torque
to an extent of not Be§fadiigta BGHiBUStBA Stite Bf the Ehgin® Jandthe genéfaltdr parfst¥ie generator

unit is accelerated s thatwasreyeldtion=speed of the ergine withi which electric pawertoaded on the
engine corresponding to.a maximum electric[QO\évleévalue of the requirgd 1electri%g8w§r is. attained

before the requireclr SI3CHiC %0\7\/ rreached the maxw%EFnleCfeéfr?cw Eéweravailu%f élceording to an

eighteenth aspect gkthe irventiom ahrere o5 provideddhe: teritrot method aceordingetod 2hie tehth to
seventeenth aspecs, wherein whep the, electric,powet is-sppeliesirap ap guiside:the engine is driven
by the generator part of the generator unit in an electrically motive state.

engine.

According to a sixteenth aspect of the
invention, there is provided the contrcl method
according to the tenth to thirteenth aspects, wherein
the engine generator includes an engine and a
generator unit including a generator part capable
of functioning as a generator and a motor that is
connected to an output shaft of the engine, and the
electric power generated by the engine generator
is adjusted by controlling the output torgue of
the engine and a revelution speed of the
generator part of the generator unit.

According to a sseventeenth aspect of the
invention, there is provided the control method according
to the sixteenth aspect, wherein when an increment
rate of the reguired electric power exceeds a
predetermined value, the engine is controlled to
generate the output torgue toe an extent of not
degrading a combustion state of the engine, and the
generator part of the generator unit 1s accelerated
so that a revolution speed of the engine with which
electric power loaded on the engine corresponding

to a maximum electric power value of the required



EFFECT OF THE INVENTION (Electric power source device) With the first aspect of the
invention, it is possible to activate the engine generator in a condition causing the fuel consumption to
be the best in generating electric power. Therefore, the electric power can be most efficiently supplied
to the outside. With the second aspect of the invention, if the engine is accelerated to reach a
predetermined revolution speed, the acceleration can be assisted by a generator part of a generator
unit. Therefore, the time for accelerating the engine can be shortened. Further, because the generator
part of the generat®r Ghit 45sist® fHecacceeratiohadt ffcdenyfifed Boert ff the'érigine R being

accelerated, the engipe ean be getjvated while-awiding anabnarmal eanbustion staiesckherefore, if
the load suddenly increases, sufficient electric power can he supplied from the engine generator.

Therefore, it is pos%ﬁﬂél?o'prevent the fuel consumption of the engine generator from degrading and to
prevent black smoke from being,generatedy <o an eighteenth aspect of the

invention, there is provided the control method according
to the tenth to seventeenth aspects, wherein when the
electric power is supplied from an cutside the
engine is driven by the generator part of the

generator unit in an electrically motive state.

EFFECT OF THE INVENTION

{(Electric power scurce device)

With the first aspect of the invention, it
is possible to activate the engine generator in a
condition causing the fuel consumption to be the
best in generating electric power. Therefore, the
electric power can be most efficiently supplied to
the ocutside.

With the second aspect of the inventiocon,
if the engine is accelerated to reach a
predetermined revolution speed, the acceleration
can be assisted by a generator part of a generator
unit. Therefore, the time for accelerating the
engine can be shortened. Further, because the
generator part of the generator unit assists the
acceleration of the engine, even 1f the engine is
being accelerated, the engine can be activated
while avoiding an abnormal combustion state.
Therefore, if the load suddenly increases,

sufficient electric power can be supplied from the



With the third aspect of the invention, when the engine reaches a predetermined revolution speed, the
operation is quickly changed to the electric power generating operation by the engine. Therefore, load
on the electric power accumulating unit can be reduced. With a fourth aspect of the invention, the fuel
consumption of the engine generator in a standby state can be improved. With the fifth aspect
of the invention, it is possible to change over the activated state of the engine generator between an
electrical generation state of supplying the electric power to the outside and a state of being driven by

electric power fromdthg puitsidasby:ghanging thederauede e generateddysthegeserator part of the
generator unit. Therefore, even if the electric power supplied to the outside slightly varies, it is possible

to maintain the staBifiZ8tRoPeratify statd of BPEngime- 107 Witk theSShdi B8pect of the invention, if

the engine is accelgrated-to-have a-revolytion-speedat yvhich:the glestricpower gan besupplied from
the engine when an increment rate of the load exceeds a predetermined value, the acceleration can

be assisted by the §éff8tato? paf of fHeSgehkefator unit. Therefore, an acceleration time period of the

engine can be shortened. Furthey,; because the:generatorpart.of the-generator unit asgists the
acceleration of the engine, even if the engine is being accelerated, the engine can be activated while

avoiding an abnorn¥dlcorRBdSHOT SRS Fhérefoia it theTddtPsuddaily erebsés &ffficichtelectric
power can be supplied from the engine: generator Therefore.tis Rossible o prevant the fuel

consumption of the engine generator from degrading and to prevent black smoke from being
generated. Wt SR MRSHELEs! e iRVENEESE TR poddiBleSbdfange éerthe activated

state of the engine generatgr petween, the electrical geperationstate.of supplying the electric power to
the outside and the state of being driven by electric power from the outside by changing the revolution

speed of the gener#tbt part of thexgeheratdraunit. Therefote, EVER IFthe BlecfridHower supplied to the
outside slightly varigﬁﬂgiﬁmﬁigg@ ta mainfainthe stabilized operating stateof the gngige. With
ft '

the eighth aspect of the invention, if the engine is accelerated to have the revolution speed at which
the electric power cahdessuppliedforhitlie engide when an increment rate of the load exceeds a

predetermined value, the accelergtian, can be assisted Qg%@ecgqufat%garg ofthe geperatorunit.
Therefore, the acceleration time period of the engine can be shortened. Further, because the
is possible to change over the activated state of

the engine generator between an electrical
generation state of supplying the electric power to
the outside and a state of being driven by electric
power from the outside by changing the torgue to be
generated by the generator part of the generator
unit. Therefore, even 1f the electric power
supplied to the outside slightly varies, it is
possible to maintain the stabilized operating state
of the engine.

With the sixth aspect of the invention, if
the engine 1s accelerated to have a revolution
speed at which the electric power can be supplied
from the engine when an increment rate of the load
exceeds a predetermined value, the acceleration can
be assisted by the generator part of the generator

unit. Therefore, an acceleration time period of

13!



generator part of the generator unit assists the acceleration of the engine, even if the engine is being
accelerated, the engine can be activated while avoiding an abnormal combustion state. Therefore, if
the load suddenly increases, sufficient electric power can be supplied from the engine generator.
Therefore, it is possible to prevent the fuel consumption of the engine generator from degrading and to
prevent black smoke from being generated. With the ninth aspect of the invention, since an
engine brake can be activated, it is possible to consume the electric power supplied from the outside in

the generator unit. Fugther; singe the fuebsupplied ta-the engine.carrke-cutwhie the-engise brake is
activated, it is possible to suppress the fuel consumed by the engine. (Control method With

the tenth aspect of ¥5& fvahticn, R possivlé fFadtivaiihé 8hgiHe Yenératdt T the 'dRdition causing

the fuel consumptign-to-he thedest ingenerating lectric, pawesnTherefores the.glestric pewer can be
most efficiently supplied to the outside.
being accelerated, the engine can be activated

while aveiding an abnormal combusticon state.
Therefore, 1f the locad suddenly increases,
sufficient electric power can pbe supplied from the
engine generator. Therefore, 1t is possible to
prevent the fuel consumption of the engine
generator from degrading and to prevent black smoke
from being generated.

With the seventh aspect of the invention,

i

it is possible to change over the activated state

4y

of the engine generator between the electrical
generation state of supplying the electric power TO
the outside and the state of being driven by
electric power from the outside by changing the
revolution speed of the generator part of the
generator unit. Therefore, even 1if the electric
power supplied to the outside slightly varies, it
is possible to maintain the stabilized coperating
state of the engine.

With the eighth aspect of the invention,
if the engine is accelerated to have the revolution
speed at which the electric power can be supplied
from the engine when an increment rate of the load
exceeds a predetermined value, the acceleration can
be assisted by the generator part of the generator
unit. Therefore, the acceleration time period of

the engine can be shortened. Further, because the



With the eleventh aspect, if the engine is accelerated to reach a predetermined revolution speed, the
acceleration can be assisted by the generator part of the generator unit. Therefore, the time for
accelerating the engine can be shortened. Further, because the generator part of the generator unit
assists the acceleration of the engine, even if the engine is being accelerated, the engine can be
activated while avoiding the abnormal combustion state. Therefore, if the load suddenly increases,
sufficient electric power can be supplied from the engine generator. Therefore, it is possible to prevent

the fuel consumptign of the engine enerator, f{;pén gg}rgﬁ'@g d te preventblack smeke from being
generated. With a ﬁ/\?erfﬁhrggpoe%t 8{%5 ir?ven:[rion, en the er%?ne reaches a predetermined revolution
speed, the operatiarrisglicklytchanged tocthe efectricypowes generafing bperatiariibythesengine.
Therefore, load on the electric poyer accumulating unit can be reduced. _ . . ;Agcording to the
thirteenth aspect o? %@qﬁvear\ﬁc(?ﬁ,wt,ﬁé ?u“e?%énsj%uiﬁn%ti%ﬁ tthe ecng?‘ne genae?atgir in the standby state
can be improved. whila&Vithithedourteenth aspectofthe invehtion; itds: pedsible to change over the

activated state of.tbf%%r% |%%9%nergtpr€g%/vefgg e glﬁggtnggjl%gngraé|gg tate 9f supplylng th(aT electric
power to the outside and the state of being dfiven by electric power from the outside by changing a

torque of the generataf partiof the géreratol unit Therefare reven ittherelectrit gowetr supplied to the
outside slightly varies, it is possible to. maintaip, the stabilized operating state o{)@e etngine.
With the fifteenth aSpect %?pth%‘%ﬁ\%n‘%i%ﬁ,rif th(la%ér?glfr?e“ i%ra%éeér‘ateldstophoa?/% ©

prevent the fuel consumption of the engine

generator from degrading and to prevent black smoke
from being generated.

With the ninth aspect of the invention,
since an engine brake can be activated, it is
vossible to consume the electric power supplied
from the outside in the generator unit. Further,
since the fuel supplied to the engine can be cut
while the engine brake is activated, it is possible

tc suppress the fuel consumed by the engine.

{Control method)

With the tenth aspect of the invention, it
is possible to activate the engine generator in the
condition causing the fuel consumption to be the
best in generating electric power. Therefore, the
electric power can be most eifficiently supplied to
the outside.

With the eleventh aspect, i1f the engine is
accelerated to reach a predetermined revolution speed,
the acceleration can be assisted by the generator part of
the generator unit. Therefore, the time for accelerating

the engine can be shortened. Further, because the
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revolution speed at which the electric power can be supplied from the engine when an increment rate
of the load exceeds a predetermined value, the acceleration can be assisted by the generator part of
the generator unit. Therefore, the acceleration time period of the engine can be shortened. Further,
because the generator part of the generator unit assists the acceleration of the engine, even if the
engine is being accelerated, the engine can be activated while avoiding the abnormal combustion
state. Therefore, if the load suddenly increases, sufficient electric power can be supplied from the

engine generator. Fhetefare; i is possibie to prepant the duel gonsumpiiosaf theengine generator
from degrading and to prevent black smoke from being generated. With the sixteenth aspect of the

invention, it is possibietoTHantR over theactivdidifstaty 6fthterdifie GeRtRitor Befifedi¥ the

electrical generation-state-etsupplyingtherglestsic powerdo the pitside andithe siate:efikejng driven
by electric power from the outside by changing the revolution speed of the generator_part of the

generator unit. TherBoré PGSR the STELtAE boet 'stipplied 18 ThE tutSide StighthF vafiés it is possible

to maintain the staliljized operating-state of the.engineent <1 Withiheseventeenihiaspect of the
invention, if the engine is acéelerated to have a revolution speed at which the electric power can be
supplied from the efigire Wreni&Pincremeti FatecofiRBIGad 8Xceeds A pretktermined Yalue, the

acceleration can be,gssisted.by the, geperator partafdhe generator unit. Hrerefaresthe acceleration
time period of the engine can be shortened. Further, because the generator part of the generator unit

assists the accelerafi¢ bREHE eAgife, 808K HtheErRjite IheiRG ERCelerated: tiE'8h§ine"&Eh be

activated while avoiding the, abnormal,compustion staje. Therefarg Jithe load syddenly increases,
sufficient electric power can be supplied from the engine generator. Therefore, it is possible to prevent

the fuel consumptici&fthé EAgine Yensratdrdroni dégradikg ard & prevertBisckshfokeSrfom being
generated. With the @k%e%iﬁ@ aspect gtthe invention, since thg,engine brake can be

activated, it is possible to consume the electric power supplied from the outside in the generator unit.
Further, because fue? stipyslietl 16 tHereriyifeearbel @t whilé Herghse Brake Ts activated, the fuel

Consumedbytheng@?ﬂ%SUp@§§§%¥ore, load on the electric power

accumulating unit can be reduced.

According to the thirteenth aspect ©f the
invention, the fuel consumption of the engine
generator in the standby state can be improved.

With the fourteenth aspect of the
invention, 1t is possible to change over the
activated state of the engine generator between the
electrical generation state cf supplying the
electric power to the outside and the state of
being driven by electric power from the outside by
changing a torgue of the generator part of the
generator unit. Therefore, even if the electric
power supplied to the outside slightly varies, 1t
is possible to maintain the stabilized operating
state of the engine.

With the fifteenth aspect of the

invention, 1f the engine 1s accelerated tc have a

14



BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a block chart illustrating a schematic structure
of a hybrid electric power device 1 for a crane of an embodiment. FIG. 2 is a flow chart
illustrating starting-up operation and ordinary operation of the hybrid electric power device 1 for the
crane of the embodiment. FIG. 3 is a flow chart of an operating state occurring when load
suddenly increases while an engine 20 is controlled to rotate in consideration of a revolution speed.
FIG. 4 is another flow chart of an operating state occurring when load suddenly increases while an
engine 20 is controlled 40 (ptate in spnrsiderationefiacievelutiorespeetr i ¢ power can be

supplied from the engine when an increment rate of
the load exceeds a predetermined value, the
acceleration can be assisted by the generator part
of the generator unit. Therefore, the acceleration
time period of the engine can be shortened.
Further, because the generator part of the
generator unit assists the acceleration of the
engine, even 1f the engine is being accelerated,
the engine can be activated while avoiding the
abrnormal combustion state. Therefore, 1if the load
suddenly increases, sufficient electric power can
be supplied from the engine generator. Therefore,
it is possible to preﬁent the fuel consumption of
the engine generator from degrading and to prevent
black smoke from being generated.

With the sixteenth aspect of the
invention, 1t is possible to change over the
activated state of the engine generator between the
electrical generation state of supplyling the
electric power to the cutside and the state of
being driven by electric power from the outside by
changing the revolution speed of the generator part
of the generator unit. Therefore, even i the
electric power supplied to the outside slightly
varies, it is possible to maintain the stabilized
operating state of the engine.

With the seventeenth aspect of the
invention, if the engine 1s accelerated toc have a

revolution speed at which the electric power can be

—_
Lh



FIG. 5 is a flow chart of an operating state in which a main unit MP undergoes a regeneration

operation. FIG. 6 is a flow chart of an operating state occurring when load suddenly increases
while the engine 20 is controlled in consideration of a torque. FIG. 7 is an exemplary
characteristic graph of an engine 20 of an engine generator. FIG. 8 illustrates a temporal

change of the speed of a hoisting motor MM in (A), a temporal change of required electric power when
the hoisting motor MM is driven in (B), a temporal change of the engine revolution speed in (C), a

temporal change of geperated efaciric powerdhy-amengine-generator 1@ #m@h ta tempeorat thange of
discharged electric power from the electric power accumulating unit 40 in (E), and temporal changes of

an output only fror e erigfirfe ST&EET aSsiSty Sitsdt o fhe GehBftor bt 30 in (F). FIG. 9 are

schematic views ot Rartal .grane € inyvhich-the hybed glgctic pewer devies 1 for theserane is
installed of the embodiment, wherein a front view of the portal crane is illustrated in (A) and a side view
m1hepoﬂahxane%ﬁ”&ﬁ@u&fﬁ?@??Or unit. Therefore, the acceleration

time period of the engine can be shortened.
Further, because the generatcr part of the
generator unit assists the acceleration of the
engine, even if the engine 1is being accelerated,
the engine can be activated while avoiding the
abnormal combustion state. Therefore, 1if the load
suddenly increases, sufficient electric power can
be supplied from the engine generator. Therefore,
it is possible to prevent the fuel consumption of
the‘engine generator from degrading and to prevent
black smoke from being generated.

With the eighteenth aspect of the
invention, since the engine brake can be activated,
it is possible to consume the electric power
supplied from the outside in the generator unit.
Further, because fuel supplied to the engine can be
cut while the engine brake is activated, the fuel

consumed by the engine is suppressed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block chart illustrating a
schematic structure of a hybrid electric power
device 1 for a crane of an embodiment,.

FIG. 2 is a flow chart illustrating
starting-up operation and ordinary operaticn of the

nybrid electric power device 1 for the crane of the
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The hybrid electric power
device for the crane of the embodiment of the present invention is used in machineries such as a yard
gantry crane of a rubber tired type and a jib crane mounted with -res. The hybrid electric power
device for the crane includes an engine generator and an electric power accumulating unit to thereby
supply electric power to a working actuator such as a winch and a transversely running apparatus and
drive the engine generator in a state of good fuel consumption regardless of a variation of a load by
properly controlling:thecaperation of the engine generator. Before explaining the hybrid electric
power device 1 for the crane of an embodiment of the present invention, a structure of a crane in

which the hybrid electric power device T for thé cran8'df i éfbodimehtisBr6vided i briefly

explained using a perial sraneasan examplen 1 cadRefedingrto ¥IG % aJsetarencersymbol C
designates the portal crane. Referring to FIG. 9, (A]: is a front view of the portal crane C, and (B) is a
side view of the poftal &AHe €2 ThE poitalFGané &lin@ddest gétat frame'F including a beam K and

pillars H supporting. the-heam- K+and:a pair ef traveling sectians;proyiged at lower ends of the pillars H
of the frame F. The travelling sections R, R include wheels S and a travelling motor RM.

FIG. 4 is another flow chart oI an
operating state occurring when load suddenly
increases while an engine 20 is contrelled to
rotate in consideration of a revolution speed.

FIG. 5 is a flow chart of an cperating
state in which a main unit MP undergoes a
regeneration operation.

FIG. 6 1s a flow chart of an operating
state occurring when load suddenly increases while
the engine 20 is controlied in consideration of a
torgque.

FIG. 7 is an exemplary characteristic
graph of an engine 20 of an engine generator.

FIG. 8 illustrates a temporal change of
the speed of a hoisting motor MM in (A), a temporal
change of reguired electric power when the hoisting
motor MM is driven in (B), a temporal change of the
engine revolution speed in (C), a temporal change
of generated electric power by an engine generator
10 in (D), a temporal change of discharged electric
power from the electric power accumulating unit 40
in (E), and temporal changes of an output only from
the engine 20 and an assisting output from the
generator unit 30 in (I).

FIG. 9 are schematic views of a portal



By driving the travelling motors RN, the portal crane C can be moved. Meanwhile, a trolley T
running on the beam K of the frame F is provided. The trolley T includes a transversely running motor
TM for transversely moving the trolley T and a hoisting machine M for pulling up a cargo. The hoisting
machine M includes a hoisting motor MM for winding up and feeding the wire to which a hoisting
attachment TA such as a hook for suspending a cargo at the end of wire is attached. The
hybrid electric power device i for the crane for supplying electricity to a travelling motor RN, a

transversely running,mator TM and,the hwisting mafarMM is peavideddn the feame £, i ce 1 Then, the

hybrid electric power device 1 for the crane is described next. Referring to FIG. 1, a reference symbol
MP designates a n¥diff uhit f the PoftalGané EGH tAE ket thié BmBBdiftent fiereinafter, the portal

crane C or the like jg,teferred to as,crane equipment)..the maipupit MR-includes the travelling motor
RN of the above traveling section R, a transversely running motor TM of the trolley T, and a working

actuator such as thelHoistingarheter MM dfthe poftaFeranee. vievw Reférifig k@ FE 4, the

reference symbol SE designates a device (an assist unif) other than the main unit MP in the crane
equipment. The assist unit SP is other than the main unit MP in the crane equipment, for example, a
control

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The hybrid electric power device for the
crane of the embodiment of the present invention is
used in machineries such as a vard gantry crane of
a rubber tired type and a Jib crane mounted with
tires. The hybrid electric power device for the
crane includes an engine generator and an electric
power accumulating unit to thereby supply electric
power to & working actuatcr such as a winch and &
transversely running apparatus and drive the engine
generator in a state of good fuel consumption
regardless of a variation of a load by properly
controlling the operation of the engine generator.

Before explaining the hybrid electric
power device 1 for the crane of an embodiment of
the present invention, a structure of a crane in
which the hybrid electric power device 1 for the
crane of an embodiment 1s provided is briefly
explained using a portal crane as an example.

Referring to FIG. 9, a reference symbol C
designates the portal crane. Referring to FIG. 9,
(&) is a front view of the portal crane C, and (Bj
is a side view of the portal crane C. The portal

crane C includes a portal frame F including a beam
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electric power, a power source for illumination and security, an ancillary electric motor or the like.
Each motor included in the main unit MP has an inverter for controlling the alternating-current (AC)
power supplied to the motors. The assist unit SP includes an assist unit inverter for controlling the AC
power supplied to the assist unit SP. Because the assist unit SP is connected to a direct current bus
bar La described later, there is a probability that the AC power supplied from the direct current bus bar
La varies depending on the voltage variation if the engine generator. However, because the assist unit

SP is connected tothergiregt qureent bus bara via theyassist inverer, thesAQ pewseesupplied to the
assist unit SP is controlled to have a stable voltage by the assist unit inverter. The_main unit MP and

the assist unit SP afefiR<idE oatlg Ct 1 O RAERIRGTE BIG 4, tHe"efer&itesymbol '€ designates

the direct current busibas for supplying:the diregtcutrent torhe putside:from theshybrid electric power
device 1 for the crane. The direct current bus bar La is connected to the main unit MP_and the assist

unit SP to which therelEctfi& féweris $lfsied fronttHé Rybfid 8ttt owet dévice Tor the crane.

The electric powergggenerated by-the motqrs of thermain iy isssupplied: tothe @ssistiunit SP and the
hybrid electric power device 1 for the crane via the direct current bus bar La. The direct current bus

bar La is adjusted forRdRe & predtermind operation voltage for the hybrid electric power device 1 for
the crane while the crane equipmentig Qperating, +rolley T running on the beam

K of the frame F is provided. The trolley T
includes a transversely running motor TM for
transversely moving the trolley T and a heisting
machine M for pulling up & cargo. The hoisting
machine M includes a hoisting motor MM for winding
up and feeding the wire to which a hoisting
attachment TA such as a hook for susp@ndingra cargo
at the end of wire is attached.

The hybrid electric power device 1 for the
crane for supplying electricity to a travelling
motor RM, a transversely running motor TM and the
hoisting motor MM is provided in the frame F.

Then, the hybrid electric power device 1 for
the crane is described next. Referring to FIG. 1, a
reference symbol MP designates a main unit of the portal
crane C or the like of the embodiment (hereinafter, the
portal crane C or the like is referred to as crane
equipment). The main unit MP includes the travelling
motor RM of the above traveling section R, a transversely
running motor ™™ of the trolley T, and a working actuator
such as the hoisting motor MM of the portal crane C.

Referring to FIG. 1, the reference symbol

SP designates & device {(an assist unit)} other than
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(Explanation of the structure of the hybrid electric power device 1 for the crane) Referring to
FIG. 1, the hybrid electric power device 1 for the crane includes an engine generator 10, an electric
power accumulating unit 40, an engine generator 10, and a control unit 2 for controlling operation of
the electric power accumulating unit 40. (Explanation of the engine generator 10) The engine
generator 10 includes an engine 20 and a generator unit 30 including a generator part 31 connected to
an output shaft of the engine 20. (Explanation of the engine 20) The engine 20 is a diesel

engine provided with 2 supercharging mechanism sueh-asa tube chargar: Therepgine 20 includes an
engine body 21 and an engine control part 22 for controlling active operation of the engine body 21.

The engine controBart 22 citidls 87 opérafiirg State-6fthe eRGinéBody 2Tbasédfon-& command

from the control unit2, ., »r,<The-engine.20 is net limited.ta the dieselengine.provided with the
supercharging mechanism such as the turbo charger and may be a diesel engine without a
supercharging me€harfisiiic power, a power source for illumination and

security, an ancillary electric motor or the like.

Each motor included in the main unit MP has an
inverter for controlling the alternating-current (AC)
power supplied to the motors. The assist unit SP
includes an assist unit inverter for controlling the AC
power supplied to the assist unit SP. Because the assist
unit SP is connected to a direct current bus bar La
described later, there is a probability that the AC power
supplied from the direct current bus bar La varies
depending on the voltage variation if the engine
generator. However, because the assist unit SP 1s
connected to the direct current bus bar La via the assist
inverter, the AC power supplied to the assist unit SP is
controlled to have a stable voltage by the assist unit
inverter. The main unit MP and the assist unit 5P are
outside loads.

Referring to FIG. 1, the reference symbol La
designates the direct current bus bar for supplying the
direct current to the outside from the hybrid electric
power device 1 for the crane. The direct current bus bar
La is connected to the main unit MP and the assist unit
SP te which the electric power is supplied from the
hybrid electric power device 1 for the crane.

The electric power regenerated by the motors
of the main unit is supplied to the assist unit SP and

the hybrid electric power device 1 for the crane via the



(Explanation of the generator unit 30) The generator unit 30 includes a generator part 31 and a
generator control part 32 such as an inverter for controlling the operation of the generator part 31.

The generator part 31 is provided with, for example, a built-in magnet type synchronous motor (an IPM
motor). However, the generator part 31 is not specifically limited as long as the function of the motor is
provided in addition to the function of the generator part. The main shaft of the generator part 31 is
directly connected to the output shaft of the engine 20. The generator part 31 is connected to the

engine 20 so that the sevolutipn speed:ofthe genesatorpart 31,and the revehition, spegd-of the output

shaft of the engine 20 constantly become the same or constantly have a predetermined ratio. The
generator control peft 32 hastiarcliohs e corftrlfify Bie Bpe Rt n-erike Yetrerator pArE3 £ Jor

example functions of contyglling torque.generated in the generatarpart 31, the-revolytionespeed of the

generator part 31 and so on based on a command signal from the control unit 2. Specifically, the
generator control pare32 tantrofso Mz tiie t6volaiéh Speed and the generated torque of the

generator part 31 match command values by determining the voltage and, the. frequency given to the

generator part 31 based on a command sent from the control unit 2. The generator control part

32 controls the torquesganeradted rvthe geasrats partf3irandthe ¢evoliion speed of the generator

part 31 and so on Referring to FIG. 1, the hybrid electric

power device 1 for the crane includes an engine
generator 10, an electric power accumulating unit
40, an engine generater 10, and a control unit Z
for controlling operation of the electric power
accumulating unit 40.
(Explanation of the engine generator 10)

. The engine generator 10 includes an engine
20 and a generator unit 30 including a generator
part 31 connected to an ocutput shaft of the engine
20.
(Explanation of the engine 20}

The engine 20 is a diesel engine provided
with a supercharging mechanism such as a turbo
charger. The engine 20 includes an engine body 21
and an engine control part 22 for controlling
active operation of the engine body 21. The engine
control part 22 controls an operating state of the
engine body 21 based on a command from the control
unit 2.

The engine 20 1s not limited to the diesel
engine provided with the supercharging mechanism
such as the turbo charger and may be z diesel

engine without a supercharging mechanism.



thereby switching between a state of supplying the electric power generated by the generator part 31
to the direct current bus bar La and a state of operating the generator part 31 by receiving the supply
of the electric power from the direct current bus bar La. (Explanation of the electric power
accumulating unit 40) As illustrated in FIG. 1, an electric power accumulating unit 40 is
connected to the direct current bus bar La so that the electric power accumulating unit 40 is arranged
in parallel to the engine generator 10. The electric power accumulating unit 40 includes a buck-boost

converter 42 and ap-electric pqwey.accumuiator A1.such.as 2 battery anpgd a capacitor which can be

charged and discharged. The electric power accumulator 41 is connected to the direct current bus bar
La via the buck-boost converter 32£Sgig differdritly, the elechic powek @eedmaladitg Gie4® Ean supply

the electric power {fam the;elegtrig power accumulator 41, fo,the maln unit MP.andthe engine

generator 10 via the buck-boost converter 42 and the direct current bus bar La. Meanwhile, the electric
power from the maimuritzVP randidthe engine gendrator 10can bechhiged te thecéléctric power

accumulator 41. I@ecglgc&igigpgwgﬁ accumulating unit 40 includes the electric power control
. gener 4 . . . . . .
unit 43. The electric power control unit 43 has a function of monitoring a charger rate of the electric

power accumulator 41 and a funétien fermeorttoiingepératibnicf the buekasbost convérér 42. The
function for controllg e operation.afithe bugkchonst copuertey 42.Js o, switgh, over baasting,

operation, bucking operation and cutoff operation based on anelectric power command signal sent
from the control unit@:ox) . Heheelbeostingd:eperationdsta bpestthelvoltageodf the direct electric

power (hereinafter, referggdl anc;filg g?gu%/r?#%%% oglsthe el ctcrli %erﬁ%ggl%ait%fid:@es%&igg from the

- . .rl
electric power accumhuiator an & boosted direct electric power to the direct current bus bar
La for a predetermihedinoe pésiddiat apredetermimedtimingunction of the generator

part. The main shaft of the generator part 31 is
directly connected to the output shaft of the engine 20.
The generator part 31 is connected te the engine 20 s0
that the revolution speed of the generator part 31 and
the revolution speed of the output shaft of the engine 20
constantly become the same or constantly have a
predetermined ratio. The generator contrel part 32 has
functions of controlling the operation of the generator
part 31, for example functions of controlling torgue
generated in the generator part 31, the revoluticn speed
of the generator part 31 and so on based on a command
signal from the control unit 2. Specifically, the
generator ceontrol part 32 controls so that the revolution
spead and the generated torque of the generator part 31
match command values by determining the voltage and the
frequency given to the generator part 31 based on a
command sent from the contrel unit Z.

The generator control part 32 controls the
torgue generated in the generatcr part 31 and the

revolution speed of the generator part 31 and so on



The bucking operation is to buck the voltage of the direct current bus bar La and supply the electric
power from the direct current bus bar La to the electric power accumulator 41. The cutoff operation is
to electrically cut off a connection between the electric power accumulator 41 and the direct current
bus bar La. Since the electric power accumulating unit 40 is structured as described above, if
the buck-boost converter 42 is controlled to do the boosting operation, it is possible to supply a
direct-current (DC) power having a predetermined amount of voltage higher than the voltage on the
side of the electric r u tor f t ic pow umulator, : Fqdir current bus
bar La at a predete?%%%%%?ﬁui%ﬂggg %%r%rg)r%l%/l‘%%%%irégct gc%f%egr%t E%lfln t;é(;us%%%)%e%? or 3%
predetermined time: 1l ect r Meanwhile, ibthe busk-boosticonverted 4R $5 €6rrol 8¢ to-do’the bucking
operation, it is possible fg guipuit the.eleqtrig.powen rom fhe.direct current bug bar l-a.to the side of the
electric power accumulator 41. Therefore, the electric power accumulator 41 can be charged by
supplying the directelectit powet tosthe etectictpowearactumdlatoy 412 ce1viThe éeétric power
control unit 43 ordinarily controls the voltage of the direct current bu La.so. as.to maintain a
predetermined ope’?éltp E\/}c/)ltgge.%a(?d giif%%hﬁf/h,glf ‘ gv{’/%[?aggegﬁp%hsét ?%ec%%gﬁagﬁt bus bar La
becomes higher tham a predetérasingchopération voltage, the electric power accumulator 41 is

charged. On the coptrary, if the voltage of the direct current bus bar La be Igwglsl wer than a
predetermined openﬂaltfrlX lv%ﬁé%é e gﬁct?%%o%?glécru%culﬁgﬁv It S?JaF?pTﬁé% ]fheaéglectlgc power.

(Explanation of thewcontrolduhit 2)

As illustrated in FIG. 1, an electric
power accumulating unit 40 is connected to the
direct current bus bar La so that the electric
power accumulating unit 40 is arranged in parallel
t¢ the engine generator 10. The electric power
accumulating unit 40 includes a buck-boost
converter 42 and an electric power accumulator 41
such as a battery and a capacitor which can be
charged and discharged. The electric power
accumulator 41 i1s connected to the direct current
bus bar La via the buck-boost converter 42. BSald
differently, the electric power accumulating unit
40 can supply the electric power from the electric
power accumulator 41 to the main unit MP and the
engine generator 10 via the buck-boost converter 42
and the direct current bus bar La. Meanwhile, tThe
electric power from the main unit MP and the engine
generator 10 can be charged tc the electric power
accumulator 41.

The electric power accumulating unit 40
includes the electric power control unit 43. The

electric power control unit 43 has a function of
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The control unit 2 controls operation of the above engine generator 10 and the operation of the electric
power accumulating unit 40. Information (input information) input into the control unit 2 is, for
example, information related to operating states of the main unit MP and the assist unit SP, namely
electric power (e.g., a current value) supplied to the main unit MP and the assist unit SP, battery
information such as a charging rate, a battery current value, a battery voltage value and so on of the
electric power accumulating unit 40, a current value supplied from the generator control part 32 to the

direct current bus hay,| 2, and 3 operating state of.the engine 20 such as the-reelytion speed and the

fuel injection amount. However, needless to say, the input information is not limited thereto.
The control unit 2 iRElGEES AR EleEtrit bowet Ioad alktlalifg part Pa calketifafing éfedtric power loaded

on the engine geneyator 10 and the-electic power accumulating.unit40,ang;a command signal
sending part 2b generating a command signal sent to the engine generator 10 and send the command
signal. (Explanatiof eftheleectic®powaribad ealédlating partZ) fat 10The Bleklie powe foad

calculating part 2a fag a.function of calculating all electric, pewer which should be 1§%pplied to the direct

current bus bar La from the engine generator 10 and the electric power generator 40. Said differently,
there is a function efcatvulating théodigect electriesponiet (Herainaftet 2 feferfedto B8 FéGuiFed electric

power) which shoulc e supglied from.the epgine.generator 10,and the electiic powet accumulating
unit 40 to the direct current bus bar La. Specifically, the required electric power is a sum of electric
power (electric powsr ¢eduiret! forlmainunity .

The boosting operation i1s te boost the
voltage of the direct electric power (hereinafter,
referred to as the voltage on the electric power
accunmulator side) supplied from the electric power
accumulator and output the boosted direct electric
power tTo the direct current bus bar La for a -
predetermined time period at a predetermined
timing.

The bucking operation i1s to buck the voltage of
the direct current bus bar La and supply the
electric power from the direct current bus bar La
to the electric power accumulator 41. The cutoff
operation is to electrically cut off a connection
between the electric power accumulator 41 and the
direct current bus bar La.

Since the electric power accumulating unit
40 1is structured as described above, 1f the buck-
boost converter 42 is controlled to do the boosting
cperation, it is possiblie to supply & direct-
current (DC) power having a predetermined amount of
voltage higher than the voltage on the side of the

electric power accumulator from the electric power
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required for activating the motors of the main unit MP, electric power (assisting required electric power
required for assisting) for the hybrid electric power device 1 for the crane, and power (electric power
required for assist unit) required for operating the assist unit SP. The electric power load
calculating part 2a has a function of calculating direct electric power (hereinafter, referred to as outside
electric power) supplied from the main unit MP to the direct current bus bar La while the main unit MP
generates, said differently, the electric power input in the hybrid electric power device 1 for the crane.

The electric power Joad, caleulating part 28 has, a function of determining:a.jgading ratio of electric
power loaded on the engine generator 10 and the electric power accumulator 41 of the electric power
accumulating unit 40 basstEGt tiielreqdired-8lbétEic powet Endthbicharditd raté ofthe electric power

accumulator 41 or the like. The glectric poyerloadcalculating pad 2afurther das dunctipas of sending

an electric power command signal including information related to the loading ratio including
information of electrictower (electric power loaded on the engine) loaded on the engine generator 10

to the command signal sending part 2hand of sending.an glectric power command sigpalincluding
information related to the loading ratio including information of electric power (electric power loaded on

the electric power agcgmulator)loaded on thie alactri® pewsmatcamalating anit 40 fo the electric

poweraynmﬂunﬂé%SSible to output the electric power from the

direct current bus bar La to the side of the
electric power accumulator 41. Therefore, the
electric power accumulator 41 can be charged by
supplying the direct electric power to the electric
power accumulator 41.

The electric power control unit 43
ordinarily controls the voltage of the direct
current bus bar La so as to maintain a
predetermined operation voltage. BSaid differently,
if the voltage of the direct current bus bar La
becomes higher than a predetermined operation
voltage, the electric power accumulator 41 1is
charged. On the contrary, if the voltage of the
direct current bus bar La becomes lower than a
predetermined operation voltage, the electric power
accumulator 41 supplies the electric power.
(Explanation of the control unit 2)

The control unit 2 controls operation of
the above engine generator 10 and the operation of
the electric power accumulating unit 40.

Information (input information) input into
the control unit 2 is, for example, information

related to operating states of the main unit MP and

(=]
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The loading ratio loaded in the engine generator 10 and the electric power accumulating unit 40 may
be appropriately set. For example, the loading ratio may be 50% to 50% (1:1) if the main unit MP is in
an ordinary operation state. If the charging rate of the electric power accumulator 41 is high, the
loading ratio of the electric power accumulator 41 may be increased to thereby decrease the load on
the engine generator 10. In this case, because the load on the engine generator is decreased, the
engine generator 10 may carry out an energy saving operation. On the other hand, if the charging rate

ofthe electric poweraccuulalar 41is o dhe loaging,raty gfthe eleciic,power acgumulgtor 41 may

be decreased to thereby operate the engine generator 10 so as to prevent the charglng'rate of the
electric power accumulaging unied® fromsdeeedasing. AS described Lthe widctridFovierdodd €alculating

part 2a calculates g&g %q% ri%queréggdega%th fn%‘? based on the required electric power from
k : i

the outside load and the charging electric power fof the electric power accumulating unit 40.
When it is detected by thelelegctrie: pewerdoad caleulating pare2d that thesreqbirétE&IE6tHE power

suddenly increase%, othl% electr'ixg; Ppower !,:9 g cgg:ul ing2 part 2a can éaglsgrclaéc_%% aJevel of the

maximum electric powerargaluwed in the future (a predicted maximum electric power) and the timing of
requirements of the predictéd: marimunn: electic power.ur reni case whesa thelregdirddrelactric

power suddenly increases is, fo[_;1 ?xarmpclg,n\_/}t_/_hrgo%st?gigg t%\giqg p.a reop%i@ %‘c‘:{a% Amethod for
ele

detecting the sudden increment of the require tric power is not specitically limited. For example,
when the crane is wogndap it isspossible, by detecting how levers-andb$o dbh foreoperatiag athoisting

mac_hlne are opera;s%dc%nd bsy %%[ectlng\i_raonlllr}_%rf(gnnenEc3 raet%3 8f eaI%(grl% power gﬁeckfg_ilglcgceingﬁated in
starting to wind the crane,éfo predlect the maximum electric power. e predicted maximum
electric power can be calctilated by previouslysirput dlata af@ cargo hoistediupeertcan be predicted by
previously testing the Poist of the cargo bﬁ/ the grane angl cogectintq data of the test. However, the

L So1n ormat%%P S TiOT ﬁmzte TNereto. .. - .
method of obtaining the predicted maximum electric power is not specifically limited. (Explanation of
the command signal sending part2b) control unit 2 includes an electric power

load calculating part 2a calculating electric power
loaded on the engine generator 10 and the electric power
accumulating unit 40 and a command signal sending part 2b
generating a command signal sent to the engine generator
10 and send the command signal.

(Explanation of the electric power lcad calculating part
Za)

The electric power load calculating part 2Za
has a function of calculating all electric power which
should be supplied to the direct current bus bar La from
the engine generateor 10 and the electric power generator
40. Said differently, there is a function of calculating
the direct electric power (hereinafter, referred to as
required electric power) which should be supplied from
the engine generator 10 and the electric power
accumulating unit 40 to the direct current bus bar La.
Specifically, the required electric power is a sum of

electric power (electric power reguired for main unit)
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The command signal sending part 2b has functions of generating a signal indicative of the operating
state based on an electric cower loaded on the engine calculated by the above electric power load
calculating part 2a and sending the generated signal. The signal indicative of the operating state is a
torgue command signal indicative of the torque generated by the engine generator 10, a revolution
speed command signal indicative of the revolution speed of the engine generator 10 or the like.

In order to generate the torque command signal and the revolution speed command signal, the

command signal sending paxt 20 has a function of,galcyating an optputtorgue and A rayslution speed

for generating electricity while maintaining a good fuel consumption relative to the electric power
loaded on the engigésAkhégglyavnethcesef cdlchiatingdhe vath i eRE-and e Fevolution speed by

the functions is notr%ocﬁg'f' ally dimited, g%?;_(?@plejgge@lié an_%agl}gp QEQELPM@”ESWSQU'[F’N torque

and the revolution speed based on a correlation (map) indicative of a relationship between the electric
power and the outpifttorcuelofithe ériging yeaneratr@nabling gépeéetionisf thevsactric power with the

smallest fuel consung%&gr: gad &?agsiggggtgfgiog)a ;Aeé%qéglgggp ?8@"%‘?}[&%%{@“{@@”6‘ of the

engine generator 16 a e revolution speed and a fue ply amount (an amount of fuel injection)
enabling output of thesautputitorgjuéXvith the smallest fuel consumption or the like. An example

of the map used for calculating tt}% output torque ggg é@e Ef%vaocﬁ”té%’léﬂﬁ%% %gﬂeoggg_ingagenerator 10
0

is illustrated in FIG. 7. FIG. 7 is a characteristic diagram of the engine generator 10. Referring to FIG.
7, the right axis of abscissa Wesignates the @hgine:torque dhedeft axiscoftaliscisgardesignates the

o RSB SR s oo e P et ol e gt cous e

consumptions of theuvggpial fuel tomsuniptiorelimes:decrease from a5 tdiateThe botd solid lwe illustrates

the maximum torqug ling indigative qfifhe, capabllity of fhe enging. output. .,
differently, the electric power input in the hybrid
electric power device 1 for the crane.

The electric power load calculating part

2a has a function of determining a loading ratioc of
electric power loaded on the engine generator 10
and the electric power accumuiater 41 of the
electric power accumulating unit 40 based on the
reguired electric power and the charging rate of
the electric power accumulator 41 or the like. The
electric power load calculating part 2a further has
functionsg of sending an electric power command
signal including information related to the loading
ratic including information of electric power
(electric power loaded on the engine} loaded on the
engine generator 10 to the command signal sending
part 2b and of sending an electric power command
signal including information related to the loading
ratio including information of electric power

(electric power loaded on the electric power
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By using the map with reference to the electric power loaded on an engine, it is possible to obtain the
engine torque and the engine revolution speed with which the electricity is generated while maintaining
the smallest fuel consumption. Said differently, if the required electric power loaded on an engine is
P3, the fuel consumption changes from al or less to a5 or more depending on the revolution speed of
the engine. If the engine revolution speed is selected so that a cross point between the engine torque
and the revolution speed of the engine is positioned inside a region surrounded by al (for example, a

state tl in which the, engine torgue is T2 anrthedgvolutionsspeed isiN2)s the-alectricity can be

generated with good fuel consumption. By selecting the engine torque and the revolution speed of the
engine so that the @fg8poin betieenthé edAdiné for§lie arfd the révdlutin$peed of theengine is
positioned in a regign,wheyg the fuel consumption becomes the smallest, it is possible to gene-ate
electricity while making the fuel consumption small. The information from the various units is
input into the control unit 2. The BBAtrdl vait réonirdlsitRe dperafichsisT theéndiRd géfferator 10 and

the electric bower aegumulating upit 40 by sending,comrpand signals to.the gnging:gepgrator 10 and

the electric power accumulating unit 40 based on the input information. Theﬁcommand signal
sending part 2b contrels ahloreinarysherationTrede tiidey af dEdinaf Cpefatioh 4fid has'& function

for controlling with an aceeleratign mode whern the fequired electric;nower suddenly jpcreases.

In the ordinary operation, the engine generator 10 is controlled to have the output torque and the
revolution speed enalilingitienération ofalectriditywhile the $uet edmsunittohgs low basétton the

dedﬂcpowerbadgggpég%gngg%é of the electric power accumulator 41
is high, the loading ratio of the electric power
accunmulator 41 may be increased to thereby decreass
the load on the engine generator 10. In this case,
because the load on the engine generator 1is
decreased, the engine generator 10 may carry out an
energy saving operation. On the other hand, if the
charging rate of the electric power accumulator 41
is low, the loading ratio of the electric power
accumulator 41 may be decreased to thereby operate
the engine generator 10 so as to prevent the
charging rate of the electric power accumulating
unit 40 from decreasing. As described, the
electric power load calculating part 2Za calculates
the electric power loaded on the engine based on
the reguired electric power from the ocutside load
and the charging electric power for the electric
power accumulating unit 40.

When it is detected by the electric power
lcad calculating part 2a that the required electric
power suddenly increases, the electric power load

calculating part 2a can also calculate a level of
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In the acceleration mode, the revolution speed of the engine generator 10 is controlled to reach a
revolution speed (a target revolution speed) enabling the most efficient generation of the electric power
loaded on the engine with the engine generator 10 before a timing (a prediction timing) reaches the
predicted maximum electric power when the required electric power required by the main unit MP
suddenly increases. In order to control as described above in the acceleration mode, the
command signal part 2b produces time variation data of the revolution speed and generates the

revolution speed commang;signak based-an-the time,\ariatien; dataLf thereveldtion,speed and sends
the generated signal. The time variation data of the revolution speed are used to increase the

revolution speed of therarRfifecgeriérater L0t THesrevélitiorP§PERa reddHes thé targdt r8%olution
speed. For examplgcthedime variation data-of the revolution speed:arg datadndicating-a rate of the

time variation, data indicating revolution speeds for predetermined time intervals, and so on. However,
the time variation d&®& &fe-not specifically limited. The method of producing the time variation

data of the revolution speed is ngt specifically limited,, it isrgqﬁg,m@ adppt-a methad.of selecting

appropriate data from the time variation data of plural revolution speeds stored in the command signal
sending part 2b based ealdifferefcehbat®eert the presertt FéVoiution speéd aid tetarsét revolution

speed for a period between the preseqt time and the pregicted timing. i is.als,possible to adopt a

method of producing the time variation data of the revolution speed using ramp function based on a
time period betweeh:the ptsent tihe and dvepredictietiming, he présent fFsVokifiBR speed, the

tmgeUEVOMﬁonS%%@éﬁ@fgeg%%er is not specifically limited. For

example, when the crane 1s wound up it is possible,
by detecting how levers and so on for operating a
hoisting machine are operated and by detecting an
increment rate of electric power specifically
generated in starting to wind the crane, to predict
the maximum electric power.

The predicted maximum electric power <an
be calculated by previocusly input data of a cargo
hoisted up or can be predicted by previously
testing the hoist of the cargo by the crane and
correcting data of the test. However, the method
of obtaining the predicted maximum electric power
is not specifically limited.

(Explanation of the command signal sending part Zb)

The command signal sending part Zb has
functions of generating a signal indicative of the
operating state based on an electric power loaded
onn the engine calculated by the above electric
power load calculating part 2a and sending the
generated signal. The signal indicative of the

operating state is a torque command signal



The target revolution speed may be a revolution speed for generating a rated output of the engine
generator 10 irrespective of a value of the predicted maximum electric power.In this case, even
though the actual maximum power exceeds the predicted maximum electric power or the load
suddenly increases from a time when the predicted maximum electric power is calculated, it is possible
to prevent the electric power supplied from the engine generator 10 from running short. If the electric
power load calculating part 2a does not have a function of calculating a prediction timing, the target

revolution speed is;rendered 1 be areyelution.speed generating the rated:oupus,of theamotor

generator 10 to thereby prevent the electric power from running short. The method of
calculating the predieticrrirhing is Aot spetifizalirdited. Fores@npielby previouslififput data of a

cargo to be hoisted yp, the pregliction timing gan,be caleulated based gn the weight of the cargo and

an increment rate of the electric power, or by previously testing to hoist up the cargo by a crane, the
prediction timing carebe estimated based ba theldaté.-Thus, the method is not specifically limited.

In order to generate the torgue command
signal and the revolution speed command signal, the
command signal sending part 2b has a function of
calculating an output torgue and a revolution speed
for generating electricity while maintaining a good
fuel consumption relative to the electric power
loaded on the engine. Although a method of
calculating the output torgue and the revolution
speed by the functions is not specifically limited,
for example, there 1is a method of'calculating the
output torgue and the revolution speed based on a
correlation (map) indicative of a relationship
between the electric power and the output torgue of
the engine generator enabling generation of the
electric power with the smallest fuel consumption
and a map indicative of a relationship between the
output torgue of the engine generator 10 and the
revolution speed and a fuel supply amount {(an
amcunt of fuel injection) enabling output of the
output torgue with the smallest fuel consumption or
the 1like.

An example of the map used for calculating
the output torgue and the revolution speed ¢f the
engine generator 10 is illustrated in FIG. 7. FIG. 7
is a characteristic diagram of the engine generator 10.

Referring to FIG. 7, the right axis of abscissa
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Further, if an electric power load calculating part 2a does not have a function of calculating the
prediction timing, the revolution speed command signal may be formed to reach the target revolution
speed after a passage of the predetermined period after detecting a sudden increment of the required
electric power. For example, in a case of a diesel engine provided with a supercharging mechanism
such as a turbo charger, the revolution speed command signal may be formed so as to reach the
target revolution speed within a time period of about 0.5 second in consideration of a time lag (e.g., 3

to 4 seconds) between;ipitiation of, acceleration and.an activation.gfithe supercharging mechanism.
Further, the command signal sending part 2b has a function for controlling in the regeneration mode
when the main unit¥ifieamiessoltlthe sagéneratiohoperatisicted 11pRe f&gFertsratiBn mode is a

control mode of opgrating he.engine20.qf the enging generatar10.as;a meansfor coasuming energy.
equal fuel consumption lines ol to ob. Outputs of the
egual output lines increase from Pl toc P8, and fuel
consumptions of the equal fuel consumption lines decrease
from b to «l. The bold solid line illustrates the
maximum torgque line indicative of the capability of the
engine output.

By using the map with reference to the
electric power loaded on an engine, it is possible
toc obtain the engine torgue and the engine
revelution speed with which the electricity is
generated while-maintaining The smallest fuel
consumption. Said differently, if the required
electric power loaded on an engine is P3, the fuel
consumption changes from ol or less To ad or more
depending on the revolution speed of the engine.

If the engine revolution speed is selected so that
a cross point between the engine torgue and the
revolution speed of the engine is positiocned inside
a region surrounded by ol (for example, a state tl
in which the engine torgue 1s 12 and the revolution
speed 1s N2), the eleciricity can be generated with
good fuel consumption. By selecting the engine
torgue and the revolution speed of the engine so
that the cross point between the engine torgue and
the revolution speed of the engine is positicned in
a region where the fuel consumption becomes the

smallest, it is possible to generate electricity



In order to carry out the control in the regeneration mode as described above, the command signal
sending part 2b of the control unit 2 has a function of producing a revolution speed command signal
indicative of the revolution speed of the engine 20 and a revolution speed command signal the
generator part indicative of the revolution speed of the generator part 31 of the generator unit.

With this function, the revolution speed command signal of the engine 20 is produced so that the
engine 20 operates at an idling speed, and the revolution speed command signal of the generator part

31 is produced so ihat the generalor parL31 gerates.alg-gpeed of tiedling speed + a. With this, the

engine functions as the load consuming the energy. The revolution speed of the revolution
speed command signal of the eritjire may derstightlyrsidwerthamthewavolgtibh speéd of the revolution

speed command signal of the g%ngrg%)r gg% drrespective, of the abgve mentioned reyqlution speeds.
the hybri C ice fo )

(Explanation of the's ructure hy electric power device for the crane The operation of
the hybrid electric pawermevicetfortheceare:tiavirg thé abbye meatiorredistiuettid Breseribed.

and the electric power accumulating unit 40 by
sending command signals to the engine generator 10
and the electric power accumulating unit 40 based
on the input infeormation.

The command signal sending part Z2b
controls an ordinary operation mode under an
ordinary operation, and has a functicn for
contrelling with an acceleration mode when the
required electric power suddenly increases.

In the ordinary operation, the engine
generator 10 is contrelled to have the output
torque and the revolution speed enabling generation
of electricity while the fuel consumption is low
based on the electric power loaded on the engine.

In the acceleration mode, the revolution
speed of the sngine generator 10 is controlled to
reach a revolution speed (a target revolution
speed) enabling the mest efficient generation of
the electric power loaded on the engine with the
engine generator 10 befeore a timing (a prediction
timing) reaches the predicted maximum electric
power when the regquired electric power required by
the main unit MP suddenly increases.

In order to control as described above in
the acceleration mode, the command signal part Zb

produces time variation data of the revolution



(1) Explanation of starting-up of the hybrid electric power device 1 for the crane The
starting-up of the hybrid electric power device 1 for the crane is described based on FIG. 2. Starting up
the engine 20 The hybrid electric power device 1 for the crane is started up by a start-up switch
or the like in step SI. Then, the engine 20 of the engine generator 10 is started in step 52. The control
unit 2 is prevented from starting up at a time of starting up the hybrid electric power device I.

The started-up engine 20 is controlled so that the engine body 21 is maintained in the idling state by

¢ . " Said di . . o
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signal based on the time variation data of the
revolution speed and sends the generated signal.
The time variation data of the revolutiocon speed are
used tTo increase the revolution speed of the engine
generator 10 until the revolution speed reaches the
target revolution speed. For example, the time
variation data of the revolution speed are data
indicating a rate of the time variation, data
indicating revoluticn speeds for predetermined time
intervals, and sc on. However, the time varlation
data are not specifically iimited.

The method of producing the time variation
data of the revolution speed is not specifically
limited. It is possible to adopt & method of
selecting appropriate data from the time variation
data of plural revolution speeds stored in the
command signal sending part 2b based on a
difference between the present revcoclution speed and
the target revolution speed for a period between
the present time and the predicted timing. It 1is
also possible to adopt a method of producing the
time variation data of the revolution speed using
ramp function based on a time period between the
present time and the prediction timing, the present
revolution speed, the target revolution speed and
the like.

T
T

he target revolution speed may be a
revolution speed for generating a rated output of

the engine generator 10 irrespective of a value of
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When the engine 20 of the engine generator 10 is started-up, the generating part 31 of the generator
unit 30 starts to generate electricity. When the voltage of the direct current bus bar La is maintained to
be a minimum operation voltage with which the assist unit SP is operable by the electric power
supplied from the generator part 31, the inverter inside the assist unit SP is started up in step S3.

If the generator control part 32 includes an inverter, the electric power generated by the generator part
31 undergoes three-phase full-wave rectification by a diode bridge of the inverter. The rectified electric

power is used to chayge the candepser,af the inyerter.conegted o the direct gurrent bus bar La.

If the generator part 31 of the generator unit 30 is an ordinary generator having field winding, in order
to prevent a problena eaused byra suddealindrameRtcof WhelelBetié BuffeMmaSUp plictrte s direct

current bus bar La,ti}tlig, ne%g ary fo.pr, glgg functiop of Ee_LSct_,riCEBiQQ an injtial.charge cyent in the
generator control part 32, On the other han , I an IPM motor is used as the generator part 31, the
generating voltage=of thieegenerator part 8¢ incfeases as thanevoluton $peedofeiid engire body 21

increases. Therefore, there is an ad\éant%ge tgate@e .fléncéign Q[Jrfggggng an injtial charge current in
the generator control Eérz{‘fﬁ can bé omitted. 33’ Star'fing up the control unit 2 When the inverter
inside the assist unitSR stalts ups therelectric power retessary for gomteailirgthe hybidd electric power

e e SRS e e e 01 L WS e e 2
If the electric power load calculating part 2a does
not have a function of calculating a prediction
timing, the target revolution speed is rendered To
be a revolution speed generating the rated output
of the motor generator 10 to thereby prevent the
electric power from running short.

The method of calculating the prediction
timing 1s not specifically limited. For example,
by previously input data of a cargoc to be hoisted
up, the prediction timing can be calculated based
on the weight of the cargo and an increment rate of
the electric power, or by previcusly testing to
heoist up the cargo by a crane, the prediction
timing can be estimated based on the data. Thus,
the method 1s not specifically limited.

Further, 1f an electric power load
calculating part 2z does not have a function of
calculating the prediction timing, the revolution
speed command signal may be formed to reach the
target revolution speed after a passage of the
predetermined period after detecting a sudden
increment of the reguired electric power. For

example, in a case of a diesel engine provided with
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The engine generator 10 and the electric power accumulating unit 40 are controlled by the started-up
control unit 2. The direct current bus bar La is maintained to have a predetermined operation voltage
by the electric power supplied from both the engine generator 10 and the electric power accumulating
unit 40. Then, the hybrid electric power device 1 for the crane is completely started up and the main
unit MP can be operated. Said differently, the crane equipment becomes operable. The
operation voltage of the direct current bus bar La is set higher than the maximum value of a voltage to

be supplied to the outside by gordinary generation by the generator part &f’tﬂ)grd&tigor gyent the
electric power (an AmouRt gf/cf & 5%%{}% crﬂ?r%}ﬁf}%gsaie%%ﬁ)% t%ge egng}%e generator 1%VO to'the direct

current bus bar Laftom becoming uncorgrofable cHimenelectrie pgwer.may notlse suppliedito the direct
current bus bar La by the ordinar %ergerggc%n Qf the eJCecyjé: poyver % rtlhes %nfgéat‘g&[g%rggl.aHowever,

in the hybrid electrfc po&%/\;s’er%ie)vilée or thecrane of the embodiment, the‘generator control part 32

controls the generatorpart 3t ke infa regenerativé brakingrstaté to enabie sepplying thecglectric
power from the generator part 31 tq the direcg cgérrenét bus Q%E‘E}a' mpéarll electric power supplying
means is providedto Eﬁﬁ) y él%gtrié%b%/'ef neces%ary t8 T1itro ?He ﬁfbrid electric power device 1 for
the crane in additiontothe inverter-in the-assist tmit SB; therhybeid etectricvpowier tevite 1ifer the
crane may be started up before starting up the inverter in the assist unit SP. (2) Operating the crane
equipment Iﬁliﬁ§ﬁ%?ﬁjr§é&ﬁc owerdevice 1 for the crane of the embodiment, the operation
is changed in response to an operating eéenditor:ofdbemainiunit B anaraely dherelectsic power
required by the main unit MP, while the crane e%uipment is gperatingi. nSpggigcally, the following states

are structured to opetatedfitifapptopiiate Condifionse " - 0 ++ 119

regeneration mode when the main unit MP carries out
the regeneration operation.

The regeneration mode is a control mode of
operating the engine 20 of the engine generator 10
as a means for consuming energy. |

In order to carry out the control in the
regeneration mode as described above, the command
signal sending part 2b of the control unit 2 has a
function of producing a revolution speed command
signal indicative of the revoluticn speed of the
engine 20 and a revolution speed command signal of
the generator part indicative of the revolution
speed of the generator part 31 of the generator
unit.

With thiszs function, the revolution speed
command signal of the engine 20 is produced so that
the engine 20 operates at an idling speed, and the
revolution speed command signal of the generator
part 31 is produced so that tThe generator part 31
operates at a speed of the idling speed + «. With

this, the engine functions as the load consuming
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1) Waiting state; 2) Ordinary operation state; 3) Sudden increment of the required electric power for
the main unit MP; and 4) Regeneration operation of the main unit MP. Next, operations of the hybrid
electric power device 1 for the crane of the embodiment in the states 1) to 4) are described. When the
control unit 2 sends the revolution speed command signal to the engine control part 22, the torque
command signal is sent to the generator control part 32. On the contrary, when the torque command

signal is sent to the engine control part 22, the revolution speed command signal is sent to the

generator control %ar\{g3.2€.nergy

The revolution speed of the revolution
speed command signal of the engine may be slightly
slower than the revolution speed of the revolution
speed command signal of the generator part
irrespective of the above mentioned revolution
speeds.

(Explanation of the structure of the hybrid
electric power device for the crane)

The operation of the hybrid electric power
device for the crane having the above mentioned
structure is described.

(1} Explanation of starting=-up of the hybrid
electric power device 1 for the crane

The starting-up of the hybrid electric
power device 1 for the crane is described based on
FIG. 2.

1) Starting up the engine 20

The hybrid electric power device 1 for the
crane is started up by a start-up switch or the
like in step S1. Then, the engine 20 of the engine
generator 10 is started in step 52. Tne control
unit 2 is prevented from starting up at a time of
starting up the hybrid electric power device 1.

The started-up engine 20 is controlied SC
that the engine body 21 1s maintained in the idling
state by the engine control part 22Z. BSaid
differently, the revolution speed of the engine
body 21 is increased to reach the i1dling speed.

2) Starting up the assist unit 8P
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Therefore, a case where the revolution speed command signal is sent from the engine control part 22
to the control unit 2, and the torque command signal is sent to the generator control part 32 is
described as a first embodiment. First Embodiment 1) Waiting state While all of the motors in
the main unit MP are not operated (the waiting state), the electric power is consumed only by the
hybrid electric power device 1 for the crane and the assist unit SP. In this case, the electric power
necessary for operating the hybrid electric power device 1 for the crane and the assist unit SP and the

electric power enabled to maintain the direc dﬁelzér{ pt bys bar La to have the operation yvoltage is

supplied to the direct current bus bar La. Undef the state, the electric power necessary for operating
the hybrid electric pewet atevisg-Lifor thecrgne armthesassistunitl SPis tbatroked tabemostly

supplied from the %rl]}gige ng;aatg{ % Moe%nv%giLe tin tg g@i_t;r&i , the, glectric p‘pg\iqgfgcé:umulating
unit 40 operates the €léctric power acc“umuﬁator*flil %y charging and discharging the electric power

accumulator 41 to siaintain the-woltagerot et divect Gurrerdtdbusshardiatebetiie bpekatioh voltage.
e e i agrate elibe SISeic RSl A THRRLA MefParaa deffiasgs along with
is operable by the electric power supplied from the
generator part 31, the inverter inside the assist unit 5F
is started up in step S3.

If the generator control part 32 includes
an inverter, the electric power generated by the
generator part 31 undergoes three-phase full-wave
rectification by & dicde bridge of the inverter.
The rectified electric power 1s used to charge the
condenser of the inverter connected to the direct
current bus bar La.

If the generator part 31 ¢f the generator
unit 30 is an ordinary generator having field
winding, in order to prevent a preblem caused by a
sudden increment of the electric current supplied
to the direct current bus bar La, 1t 1s necessary
to provide a function of restricting an initial
charge current in the generator control part 3Z.

On the other hand, 1if an IPM motor 1s used as the
generator part 31, the generating voltage of the
generator part 31 increases as the revolution speed
of the engine body 21 increases. Therefore, there
is an advantage that the function of restricting an
initial charge current in the generator control
part 32 can be omitted.

3} Starting up the control unit 2



Therefore, if the charging rate of the electric power accumulating unit 40 becomes a predetermined
value or less, the control unit 2 controls the engine generator 10 to supply the electric power charging
the electric power accumulating unit 40 in addition to the electric power necessary for operating the
hybrid electric power source device 1 for the crane and so on. Said differently, the control unit 2 sends
the revolution speed command signal and the torque command signal so that the engine generator 10
is operated at the revolution speed for generating the electric power as much as the sum of the electric
power necessary for operating t Q%bri&eleci[gqrQ%\g%rrso%cgiq%/icgrg@foggwgicg%n%gqq so on and
the electric power necessary for charging the eleciric power accumulating unit 40. The engine
generator 10 operdtés accordinglyrWheh ¢hezgharging tate of the electricgower dceamulator 41 is
recovered to a predetermined charaing raje, a1 more. the nging gengralor 03 [elurneddq an original
operating state. On the con rary,qft e chalbélng rate” increases, the engine generator 10 is controlled
so that the electric powersupplied fronicthe engime gélieraterf t0-to, the directcurentlbusar La
becomes smaller than the electric power necessary for operating.the.hybrid electric_ power source
device 1. Thus, therb elgc'“trige%%wgry g)gcﬁcr{nu?a%t:grc }f \éigcﬁégggsrelgei&ﬁégetoqfec%%@r t%%epredetermined
charging rate. crSaid differemthy; thedcamtrobumit 2 centrtolssthe chargingtratecofiihe etectric power
accumulator 41 to be in.a grelde;erminc d range. The.osperating State, ij_tr}?e gpginesgfnerator 10is
appropriately chanéjg&r tlocadjustTk?é: charSinng rate ‘of the S1ECHIC power acclmutator 41 in response to
the charging rate of the electric paweracgumulatpsddrator Wheathe mam uniteMP 13 not operated
(in the waiting state), the electric power required hy the main unit MP . is small. Therefore, it is
preferable to contrdl the Endifi& g H\gr%tbjr %8 t6'be in g%ﬁégtincgoﬁétre%m%?ch}%ﬁe %{19%88'[ electric
power generating efficiencysamaeng-alhopesatingrstates is obtained nammely therapetatianastate in
which the smallest £uae% c%gsumption is obtaine

18 malntalneg'to have a predetermined
operation voltage by the electric power supplied
from both the engine generator 10 and the electric
power accumulating unit 40. Then, the hybrica
glectric power device 1 for the crane 1s completely
started up and the main unit MP can be operated.
Said differently, the crane eguipment becomes
operable.

The operation voltage of the direct
current bus bar La is set higher than the maximun
value of a voltage to be supplied to the outside by
ordinary generation by the generator part 31 in
order to prevent the electric power {an amount of
the electric current) supplied from the engine
generator 10 to the direct current bus bar La from
becoming uncontrollable. The electric power may
not be supplied to the direct current bus bar La by
the ordinary generation of the electric power by
the generator part 31. However, in the hybrid

electric power device 1 for the crane of the
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In this case, it is possible to suppress the fuel consumption of the engine generator 10 to thereby
maintain the operation efficiency of the hybrid electric power device 1 for the crane at a high level. 2)
Ordinary operation state (step SS) Referring to FIG. 2, the ordinary operation of the hybrid electric
power device 1 for the crane is described. For ease of explanation, the ordinary operation of
the hybrid electric power device 1 is compared to an ordinary operation in a portal crane illustrated in
FIG. 9. Although the voltage of the required electric power varies in the ordinary operation, the

rate of the variation, pamaly an increment ate Andca decrement ate.of the reguired voltage are small.

For example, in the portal crane
the generator part 31 to be in a regenerative

braking state to enable supplying the electric
power from the generator part 31 to the direct
current bus bar La.

Tf£ an electric power supplying means 1is
provided to supply electric power necessary to control
the hybrid electric power device 1 for the crane in
addition to the inverter in the assist unit SP, the
hybrid electric power device 1 for the crane may be
started up before starting up the inverter in the assist
unit SP.

(2} Operating the cCcrane eguipment

In the hybrid electric power device 1 for
the crane of the enmbodiment, the operation is
changed in response to an operating condition of
the main unit MP, namely the electric power
required by the main unit MP, while the crane
eguipment 1s operating. Specifically, the
following states are structured to operate with
appropriate conditions:

1) Waiting state;

2) Ordinary operation state;

3} Sudden increment of the reqguired electric power
for the main unit MP; and

4} Regeneration operation of the main unit MP.
Next, operations of the hybrid electric power
device 1 for the crane of the embodiment in the
states 1) to 4) are described.

When the control unit 2 sends the
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illustrated in FIG. 9 or the like, the hoist motor MM does not operate. However, a travelling motor RN
and a transversely running motor TM are driven. In the ordinary operation state, the control
unit 2 (e.g., the electric power load calculating part 2a) calculates electric power necessary for
inverters included in the various motors of the main unit MP (specifically, an inverter for travelling, an
inverter for transversely running, an inverter for assist unit and an inverter for hoisting). Thus, the
required electric power for the main unit MP is calculated in step 96. Then, the control unit 2

determines whethey the, ingrement (e of the fequired eleitic power exceeds,3 prrdetermined

threshold value. If the increment rate does not exceed the threshold value, the control unit 2
determines that thecarairrerit MP4s irtthe ordifary opeiktion State intstép ST EThehs theedbntrol unit 2

controls to maintain the qrdinary aneration staten step.S8 . 5, Inhrivinghe travelling motor RM

and the transversely running motor TM, because of inettia force of devices and units caused in driving
the travelling motowRErandhthe trangversalp inhing raotdnTM is smaftdn ikerefrient rate of the

required electric power does poterdinarily exceed a predetermined fhreshold yalug.
command signal is sent to the generator control
part 32.

Therefore, a case where the reveolution
speed command signal 1is sent from the engine
control part 22 to the control unit 2, and the
torque command signal is sent te the generator

control part 32 is described as a first embodiment.

First Embodiment
1} Waiting state

Wnile all of the motors in the main unit
MP are not operated (the waiting state), the
electric power is consumed only by the hybrid
electric power device 1 for the crane and the
assist unit S8P. In this case, the electric power
necessary for operating the hybrid electric power
device 1 for the crane and the assist unit 3P and
the electric power enabled to maintain the direct
current bus bar La to have the operation voltage 1is
supplied to the direct current bus bar La. Under
the state, the electric power necessary for
operating the hybrid electric power device 1 for
the crane and the assist unit SP is controlled te
be mostly supplied from the engine generator 1.

Meanwhile, in the waiting state, the
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When it is determined that the hybrid electric power device 1 for the crane is in the ordinary operation
state, the electric power to be loaded on the engine generator 10 and the electric power accumulating
unit 40 is calculated by the electric power load calculating part 2a of the control unit 2. Then, the
command signal sending part 2b calculates the output torque and the revolution speed, by which
electricity is generated with the small fuel consumption, relative to and based on the electric power
loaded on the engine. Then, the revolution speed command signal containing information of the

calculated revolutioerisepce%eg ‘acnd a tvg)é%uea%o{gnrpnaqda%i%@lal cgp}tﬁqkni%inégé@gg%%gf tEg galculated
output torque are génera &d and Sérit respecﬁvelfy tot e%nglne control part 22 and the generator
control part At the sdme tinie, the electrieowen [oad ccalculating pantz2agsends #hetielectric power

command signal C%I%inwginfgamat' neof eﬂf{% elgtj:ftrgr»ig power, to bg?clgﬁgn%dlo@, g‘? e %ctricopower
accumulator to the electic p'ccﬁlvergton 1ol UHit43; PYhe engine conrol part 22 of the engine 20

controls the enginenadyt2l1iso asto maihtainythegévalutionspeed of therengine 20:sasedon a
command for the revolqrtion speed contained in the revolution speed command signal. Specifically, the
engine body 21 is &o%tr()ﬁeé) go 48 To MRAintain the above révolution ébee%%Zu%Fn%’a speed regulator
(hereinafter, simply-refertedio as=rgovefnarh e el eOndtlieothewhand; the:generator cdritrol part 32

of the generator unit 30 is controlled so that the generatfr Rart 31 gen rlslaltes t gtor%u%g\gicated by
the torque command'$igial *Tte fao?ﬁile Sfthe Generator part 31 iscon rolied $6 tha

the generator part
31 generates the electrierpowes loaded on the engine at the above revolution speed. Then, the electric

power corresponding to the revolution sEeedmof th egﬁjne 20 and the tor%qce of the gﬁréerator part 31
is generated and the electric powetcofre§Fondintto the indicated discti¢ power Toad&d on the engine
is supplied to the disec eurrent Busar Laccumulating unit 40 becomes a

predetermined value or less, the control unit 2
controls the engine generator 10 to supply the
electric power charging the electric power
accumulating unit 40 in addition to the electric
power necessary for operating the hybrid electric
power source device 1 for the crane and so on.
Said differently, the control unit 2 sends the
revolution speed command signal and the torgue
command signal so that the engine generator 10 is
operated at the revoluticn speed for generating the
electric power as much as the sum of the electric
power necessary for operating the hybrid electric
power source device 1 for the crane and so on and
the electric power necessary for charging the
electric power accumulating unit 40. The engine
generatcr 10 operates accordingly. When the
charging rate of the electric power accumulator 41
is recovered to a predetermined charging rate or
more, the engine generator 10 1s returned to an

original operating state.
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The electric power to be loaded on the electric power accumulating unit 40 is supplied to the direct
current bus bar La based on the electric power supplying instruction. Therefore, the predetermined
electric power can be supplied from the engine generator 10 and the electric power accumulating unit
40 to the direct current bus bar La. Said differently, the required electric power can be supplied from
the hybrid electric power device 1 for the crane to the main unit MP. Furthermore, the fuel
consumption of the engine generator 10 can be improved because the engine body 21 of the engine
generator 10 is controlled to be @éh% 0 erating& state with \é/higgetheﬁ%nggnelg nerator 10 can most

efficiently generate the electric power]f‘oadcéa onthe ghgir:ﬁ“e. & efeciric power load calculating

part 2a of the controt urit 2 €esstanthemenitors thesregeired-electiié powerctorchange the electric

power to be loaded on the engine generator 10 and the electric power accumulating upit 40 along with
the variation of thetrgaﬁiretd%eqecerli% ngl\:/ér(.: Tﬁgr‘f,etﬁe %bli%ﬁ\éln%%ig%n}é?gﬂen“ |neg p?ar}gfﬁl 8hanges the

command signal seririe the-enginesgeneratoe 1@ itheteforen evemtholgls theareqliieed electric power

changes, the engine generator 10 can be ¢ [ [ [ .
g g bé%omes sma%%er t?ggmggg)be””h?§8“@8H¥¥”Q¥§E%@§ry

eiliect
for operating the hybrid electric power source
device 1. Thus, the electric power accumulatcor 41
discharges electricity to recover the predetermined
charging rate.

Said differently, the control unit Z
controls the charging rate of the electric power
accumulator 41 to be in a predetermined range. The
operating state of the engine generator 10 is
appropiiately changed to adjust the charging rate
of the electric power accumulator 41 in response to
the charging rate of the electric power accumuliator
41.

When the main unit MP is not operated (in
the waiting state), the electric power reqguired Dby
the main unit MP is small. Therefore, it 1is

referable to control the engine generator 10 to be
in an operating state in which the highest electric
power generating efficiency among all operating
states 1s obtained, namely the operation state in
which the smallest fuel consumption is obtained.

In this case, it is possible to suppress the fuel
consumption of the engine generator 10 to thereby
maintain the cperation efficiency cof the hybrid
electric power device 1 for the crane at a high

level.



Referring to FIG. 7, an influence on the fuel consumption by the variations of the revolution speed of
the engine and the engine torque in the ordinary operation is described. Referring to the characteristic
graph of the engine illustrated in FIG. 7, the command signal sending part 2b may calculate the engine
torgue and the revolution speed of the engine. In this case, the engine generator 10 may be driven
under conditions that the engine torque is Ti and the revolution speed of the engine is Ni, namely the

required electric power is 31 or less at a point tO in FIG. 7. The electric power required by the
main unit MP may i cr%arsgj,r,lom the co@nggiogg.nlngt%igg e gﬂé elggt)ric power load calculating part

2a calculates the electric powearﬁgadqe% on the engine P3, the electric power command signal may be
sent. After the electric power command signal isareésived By, the komprahd signal sending part 2b, the

command signal sending part 2b can output the electric power loaded on the engine P3 hased on the
engine characterisfi¢ Srla?%%lo?}&lcg.% éirf;1I (E,Jbafﬁ%a élﬁfslteecla%térblé% revolution speed N2 and an engine
torque i2 at a cross:peintdrinreeregondaside abwhere the fuel consumption is the smallest.
According to the instruction fromEtg% commandél%naéﬁtenrglrlcq.part 2% the operation. f the engine

generator 1 is changed so that the fevolution %peed{of Re gngllr?é1 is fgn the engine torque is i2, the

engine generator 10canouipit thefeleeateic power B3 4daeled on thevengime white. the fleliconsumption

is the smallest. 2) Sudden increment of tg% r%%érgd e(l)ectrig Power for the main unitMp__ ~ The
case where the req%‘ﬁ@g et icbpoovx?er? for tﬁle Avain uriit MP 01? e hylbridaeléjctrlc power d%vi“ce 1 for
the crane suddenlyiingreasesiised in FIG. 9.

Although the voltage of the reguired
electric power varies in the ordinary cperation,
the rate of the variation, namely an increment rate
and a decrement rate of the reguired voltage are
small. For example, in the portal crane
illustrated in FIG. 9 or the like, the hoisting
motor MM does not operate. However, a travelling
mctor RM and a transversely running motor TM are
driven.

In the ordinary operation state, the
control unit 2 (e.g., the electric power load
calculating part 2a) calculates electric power
necessary for inverters included in the various
motors of the main unit MP (specifically, an
inverter for travelling, an inverter for
transversely running, an inverter for assist unit
and an inverter for hoisting). Thus, the reguired
electric power for the main unit MP is calculated
in step S6.

Then, the control unit 2 determines
whether the increment rate of the reguired electric

power exceeds a predetermined threshold value. If



described based on FIG. 3. For ease of explanation, the ordinary operation of the hybrid
electric power device 1 is compared to an ordinary operation in the portal crane illustrated in FIG. 9.
When the hoisting motor MM is driven in the ordinary operation state or the waiting state so as to drive
the hoisting motor, the control unit 2 calculates electric power required by the inverter of hoisting using
the control unit 2 (electric power load calculating part 2a). In a manner similar to an ordinary operation
state, the required electric power for the main unit MP is calculated to thereby determine whether the

increment rate of the required electric power exceeds a predetermi eq thre%hold. Eﬂe tré'lc power
: . ne Th .
required by the othte%?n\%ﬁgﬁ:s%?%%% c%?cb?até &8 no[%In ﬁﬁsc e%;1%((r:;felera%on of:g%o%%ng motion of

the hoisting motoris:unlike thase in travellirig and trarfisverselyruimieg described labove: Said

differently, it is necessary to hoist up within a prgdetermined time. Therefore, a great amount of electric
power needs to be"Stppliétt to'the frivertaFfor hoisting: Furthérmore, the ﬁg%ﬁﬁg fotor MM rotates a

flywheel for hoisting7a. ropehand, so:-or: Therefere] awreat inertiacforcedias aminflaenceoiran overall
hoisting mechanism. When the hoisting motor MM is driven, the inc;grgeg%rate of the required electric

power exceeds a prédetermingd thfesold vaige” S=a=< 0 3

in driving the travelling motor RM and the
transversely running motor TM, because of inertia
force of devices and units caused in driving the
travelling motor RM and the transversely running
motor T™ is small, an increment rate of the
reguired electric power does not ordinarily exceed
a predetermined threshold wvalue.

When it is determined that the hybrid
electric power device 1 for the crane 1s in the
ordinary operation state, the electric power to be
iocaded on the engine generator 10 and the electric
power accumulating unit 40 is calculated by the
electric power load calculating part Za cf the
control unit 2. Then, the command signal sending
part 2Zb calculates the output torgue and the
revolution speed, by which electricity 1s generated
with the small fuel consumption, relative to and
based on the electric power loaded on the engine.
Thern, the revolution speed command signal
containing information of the calculated revolution
speed and & torgue command signal containing
information of the calculated output torgue are
generated and sent respectively to the engine
control part 22 and the generator control part 3Z.

At the same time, the electric power load
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When the required electric power exceeds the predetermined threshold value, namely the required
electric power suddenly increases, if the engine generator 10 is suddenly accelerated so as to follow
the sudden increment of the required electric power, the combustion state of the engine generator is
degraded. In the worst case, the engine stalls to thereby stop the entire system. Therefore, in
the hybrid electric power device 1 for the crane of the first embodiment, if the control unit 2 detects that
the increment rate of the required electric power for the main unit MP exceeds a predetermined value,

the engine generalor 40,5 stugyed o pperale under aniagceleclion modg lpseribed later in order to

prevent deterioration of the combustion state of the engine generator 10 (see FIG. 3). When the
control unit 2 detectstiattie MEmTent F4ate of el feguitstEsIS&HE pOWerfer theSmain unit MP

exceeds a predetermined value ?»9 ntrel in fhe acceleration, made.is started,in step 320.-The electric
alc '

power load calculating part 2a ulates predicted maximum electric power and a timing when the
predicted maximumdetectric povwer i$ obtairredsin stepr32d. Pheit thecslaéthie powerbaded on the

engine is calculated. When the cglculated electric pawer {oaded on the engine,is sent;tothe command

signal sending part 2b, the command signal sending part 2b calculates the revolution'speed of the
engine 20 with whizh the predicted hiaximurs etecticogone? is mostaetficientRy2otfpir if'step S22.

When the target revolution speed is calculated, a time yariafign data of therevalytion speed is
generated by the c%gnemgr?dvgérﬁl :'égﬁdﬁé?%%ﬁ Z%Wn step 823%Based on the time variation data of the
revolution speed, therevalution speed eomatand signahis seqeehtialyisent ¢ theldhgifescontrol part

220fmeenmneg%%¥% ﬁ%ggkﬁg%ggé'command signal. Specifically, the
engine body 21 is controlled so as to maintain the
above revolution speed using a speed regulator
{hereinafter, simply referred to as a governor).

On the cther hand, the generator control
part 32 of the generator unit 30 is controlled so
that the generator part 31 generates the torque
indicated by the torgue command signal. The torgue
of the generator part 31 is contreolled so that the
generator part 31 generates the electric power
loaded on the engine at the above revolution speed.
Then, the electric power corresponding to the
revolution speed of the engine 20 and the torgue of
the generator part 31 1s generated and the electric
power corresponding to the indicated electric power
loaded on the engine is supplied to the direct
current bus bkar La.

The electric power to be lcocaded on the
electric power accumulating unit 40 is supplied to
the direct current bus bar La based on the electric
power supplying instruction.

Therefore, the predetermined electric



On the other hand, in the acceleration mode, the command signal sending part 2b sends a revolution
speed command signal including the same information as the revolution speed command signal sent
to the engine control part 22 to the generator control part 32 to which the torque command signal is
sent in the ordinary operation in step S24. As described, the revolution speed command signals
containing the same information of the revolution speed are sent to both the engine control part 22 and
the generator control part 32, the generator part 31 assists the engine 20 to increase the revolution

speed of the eng"}?oJQ&!&éa%a%(@'eJa%%B%’@dﬁéH@ engine.2Q;is-shogened-whilg-preyenting
ee

degradation of the combustion state of t ngine 20. The reason why the degradation of the
combustion state cfitHe ERGINE 26 €af be préventeBWRehe Yendatctpakt F1assiststha increment

of the revolution speedlofithe.gngine, 205 as follows,, . ,\Whea the-evolution speetLof the engine

20 is accelerated from the present revolution speed to the target revolution speed, the governor
operates so as to in€reass tie faeksupplyarneurt ¥o &/ Bxteft 6T avsitingthd Begratidtion of the

CombUSﬂonsuue'hybrid electric power device 1 for the crane to the
main unit MP.

Furthermore, the fuel consumption of the
engine generator 10 can be improved because the
engine body 21 of the engine generator 10 is
controlled to be in the operating state with which
the engine generator 10 can most efficiently
generate the electric power loaded on the engine.

The electric power load calculating part
2a of the control unit 2 constantly monitors the
reguired electric power to change the electric
power to be loaded on the engine generator 10 and
the electric power accumulating unit 40 along with
the variation ©of the required electric power.

Then, the command signal sending part 2Z2b changes
t+he command signal sent to the engine generator 10.
Therefore, even though the required electric power
changes, the engine generator 10 can be controlled
to be in the optimal operating state.

Referring to FIG. 7, an influence on the fuel
consumption by the variations of the revolution speed of
the engine and the engine torqgue in the ordinary
operation is described. Referring to the characteristic
graph of the engine illustrated in FIG. 7, the command
signal sending part 2b may calculate the engine torgue

and the revolution speed of the engine. In this case,
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When the increment rate of the required revolution speed is high, even though the fuel supply amount
is increased to the above described extent, the revolution speed of the engine 20 may not follow the
required revolution speed. This is because responsivity of the engine 20 is low. More specifically, if the
amount of injecting to the engine 20 becomes great, the air to be supplied is insufficient. Therefore, the
engine may not accelerate. Therefore, the revolution speed of the engine 20 is not sufficiently
accelerated to thereby cause a delay in the acceleration. The governor is apt to supply a greater

amount of the fuel,tg increase the revqlytion speeglen this case,dhe fuelds exsessivelysupplied and
therefore the combustion state is"degraded. Under the state in which the revolution speed and a

supercharging raté datndtiiscrengé nthet@¥ging 20may st gereraté Rih-dRput By Htradsient
phenomenon. The{%fé’r%ni%m?eloﬁg qp the,engine is gxcessivelygreah theresis g prebabildy that the

engine 20 stalls. f the generator part 31 is instructed to increase its revolution speed under
the same conditior? asatie ehgine 20 atherevelutibnisSpeetof the generator part 31 is accelerated in a

required rate of increasing the reyolution speed. Therefore, if there is.a delay in theaceeleration of the
engine 20 and the acceleration of the generator part 31 is delayed, the generator control part 32

controls to increasethe tofGuenapplied ¢o thehain Shaft ot the ¢eheratorpaft-31 iMordBr® accelerate
the generator part 31 a theiges&gp@teedl@&e&fﬂgcrggﬁjgg theggyolution-speed; (?idgdgfgegently, the
: /8 |

generator part 31 is operated as a driving means of driving the engine 20 by the direct electric current
supplied from the dieect surrerit bus bar-bae Theaorgueapplieteat this fifffeccoriespdiids to a difference

between the tordug generated.y 1bg enaing 20.hendhe Juel supply amounlys Incregsedd an extent
ratio

of avoiding the deteri n of the combustion state and the torque inherently necessary to accelerate
the engine 20. Said differently; thertordue insufficienicy fordincreasingter@veluteispeed of the

engine 20 is assisted by the generalpr parl 34, .o WD Ihe.generalor part 31 gssiststhe engine
20, the fuel supplledetoé{ﬁe englné] Zgls suppresseg to be an amount with which the

command signal sending part 2b can output the

celectric power loaded on the engine P3 based on the

engine characteristic graph of FIG. 7 and can

calculate a target revolution speed NI and an

engine torgue 12 at a cross point tl in a region

inside ol where the fuel consumption is the

smallest.

According to the instruction from the
command signal sending part 2b, the operation of
the engine generator 1 1s changed so that the
revolution speed of the engine is NZ and the engine
torque 1s 12, the engine generator 10 can output
the electric power P3 loaded on the engine while
the fuel consumption is the smalliest.

2} Sudden increment of the reguired eslectric power

for the main unit MP

ric power

s

The case where the regquired elec
for the main unit MP of the hybrid electric power

device 1 for the crane suddenly increases 1is

47



combustion state is not deteriorated. Therefore, the acceleration period of the engine 20 can be
shortened while preventing the deterioration of the combustion state of the engine 20. There is a case
where the engine is assisted by the generator part 31 by supplying power (torque) to the engine body
21 (a flywheel for the engine) and a case where the generator part 31 accelerates by itself to reduce
the load on the engine body 21 to assist the acceleration of the engine body 21. The command
signal sending part 2b detects whether the revolution speed reaches the target revolution speed. Until

the revolution speeg.reaches.thetatget revglution speed, the operation is continued in the acceleration
mode in step S25.

For ease of explanation, the ordinary
operation of the hybrid electric power device 1 is
compared to an ordinary operation in the portal
crane illustrated in FIG. 9.

When the hoisting motor MM is driven in
the ordinary operation state or the walting state
so as to drive the hoisting motor, the control unit
? calculates electric power required by the
inverter of heisting using tThe control unit 2
(electric power load calculating part Za). In a
manner similar to an ordinary operation state, the
required electric powey for the main unit MP is
calculated teo thereby determine whether the
increment rate of the reqguired electric power
exceeds a predetermined threshold. Electric power
required by the other inverters is alsc calculated.

In this, acceleration of a hoisting motion
of the hoisting motor is unlike those in travelling
and transversely running described above. Said
differently, 1t i1s necessary to hoist up within a
predetermined time. Therefore, a great amount of
electiric power needs to be supplied to the inverter
for hoisting. Furthermore, the hoisting motor MM
rotates a flywheel for holsting a rope and so on.
Therefore, a great inertia force has an influence
on an overall hoisting mechanism. When the
hoisting motor MM is driven, the increment rate of
the reguired electric power exceeds a predetermined

threshold value.
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When the engine 20 reaches the target revolution speed, the command signal sending part 2b
generates the revolution speed command signal and the torque command signal so that the engine 20
is operated in the operating state with which the power loaded on the engine corresponding to the
required electric power can be most effectively generated. The control returns to the ordinary operation
state in step S26. In the acceleration mode, the control is carried out as described above.
Therefore, if the revolution speed of the engine generator 10 reaches the revolution speed with which

the engine generator 10 can supply: therglectricpowerdeaded-ondthe engipg drthepredigted maximum
electric power before the predicted maximum electric power is required, it is possible to reliably supply

the electric power 0a8e® BAHEE EAGIRE &Fthe e St @entBusar LAdHehthé Predicted maximum

electric power is regujred.. o 4 = 1\While the coniralis donejinthe aceeleratian mode ftheelectric
power is supplied from the electric power accumulator 41 so as to maintain the direct current bus bar

La to be at the opefatibhnoltage sSad differehtly,Snot AR IR tecpif 6@ eREREHowWR! béfalso all the

electric power containing,the glectric. pawer fequired for.gperatingsthe generator pae 31 are supplied
from the electric power accumulator 41 and the direct current bus bar La is maintained to have the

operation voltage. €1 &<t IRufthBR #es-abdveleSenption fslhe case Whefeithe eBmpldnt Sgnal
sending part 2b sepds, the.reyolution speed.command signal do {he-ganeratar.contrgkpart 32 while the

control is done in the acceleration mode. However, referring to FIG. 4, the generator part 31 may

assist the engine 20'byicatcutdting tise Fequired torlue asivgthe kho®n inerfia foréd Rerent in the

engine generator 10, Therefore, in the hybrid electric power

device 1 for the crane of the first embodiment, if
the control unit 2 detects that the increment rate
of the reguired electric power for the main unit MP
exceeds a predetermined value, the engine generator
10 is structured to operate under an acceleration
mode described later in corder to prevent
deterioration of the combusticn state of the engine
generator 10 (see FIG. 3).

When the control unit 2 detects that the
increment rate of the required electric power for
the main unit MP exceeds a predetermined value, a
control in the acceleration mode is started 1in step
§20. The electric power load calculating part Za
calculates predicted maximum electric power and a
timing when the predicted maximum electric power is
obtained in step S21. Then, the electric power
loaded on the engine is calculated. When the
calculated electric power loaded on the engine is
sent te the command signal sending part 2b, the
command signal sending part 2b calculates the

revolution speed of the engine 20 with which the
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a predetermined rise-up time (5 seconds) and the target revolution speed and inputting the calculated
torque as the torque command into the generator control part 32 as in step 524a. Thus, the generator
part 31 may assist the engine 20 (FIG. 4). Referring to FIG. 8, an example of carrying out the
acceleration mode in the portal crane C illustrated in FIG. 9 is described. FIG. 8 illustrates a
temporal change of the speed of a hoisting motor MM in (A), a temporal change of required electric
power when the hoisting motor MM is driven in (B), a temporal change of the engine revolution speed

in (C), a temporal ghasge et the generaies electsie power by theenginergenerator 10 in (D), a
temporal change of the discharged electric power from electric power accumulating unit 40 in (E), and
temporal changes 6fithé Bufpitit oily HohPthe erfgine2Pandthe assisting output from the generator

unit 30 in (F). When the heisting mator haistsdip the (epe; thesacceiesationiof the revolution
speed of the hoisting machine is required to end within a predetermined time t2 (e.g., 5 seconds) due
to the specification &t & crahé and The-rel8Iulic dFeet Dt thehdisting machine i€ Yedtlired’to be

changed to a constaptrate as illystrated i M) 9% FIG. 8. Tharefare, the sequired elactricpower is
calculated so that the acceleration is finished within the predetermined time t2 (e.g., 5 seconds) as
HMSUmEdin(B)OfPKEleb in step S23. Based on the time variation

data of the revolution speed, the revolution speed
command signal i1s seguentially sent tc the engine
control part 22 of the engine generator 10 in step
s24.

On the other hand, in the acceleraticn
mode, the command signal sending part Zb sends a
revolution speed command signal including the same
information as the revolution speed command signal
sent to the engine control part 22 to the generator
control part 32 to which the torgue command signal
is sent in the ordinary operation in step S524.

Ls described, the reveolution speed command
signals containing the same information of the
revolution speed are sent to both the engine
centrol part 22 and the generator control part 32,
the generator part 31 assists the engine 20 to
increase the revolution speed of the engine. Thus,
the acceleration pericd of the engine 20 is
shortened while preventing degradation of the
combustion state of the engine 20.

The reason why the degradation of the
combustion state of the engine 20 can be prevented
when the generator part 31 assists the increment of

the revolution speed of the engine 20 is as
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However, a response of the engine 20 to the increment of the required electric power is insufficient.
Therefore, if the required electric power suddenly increases, the revolution speed of the engine 20
may not be suddenly increased so as to associate the increment of the required electric power like a
broken line in (C) of FIG. 8. Therefore, time duration between the time ti and the time t3 may be
necessary until the revolution speed of the engine 20 reaches Ne. As described, under the state in
which the revolution speed of the engine (the revolution speed and the supercharging rate on the
engine provided witlfothésupercharger), it is impossible to sufficiently increase the output of the engine

generator 10 as in a broken line ﬁg and ftgr thet frgFu% % §f the Mgﬁ] \p{@ileQMvhen the
[ erc

revolution speed of the engine (the revo utlon spee arging rate on the engine
provided with the suiperghargés) irdreasesramd theengme vatput becomiestPEit lsgconkstpossible to
accelerate the revol tion speed fth ine. 20 so that the r uired ele nc > ROy r| upplied only by
the output from the gﬁglneg k- SH%n(:-:‘greSfore “until the Tévo ?ftlon spee hecomes % Weﬁ% which the
engine 20 can be aas:oeletat&cbat&lhe timeeste sa that énly thesoutput frommtherengine 20ican supply the
increment of the requi lectric power the g nerat r art %}% S.0 eratgd {Q assist the acceleration of
the engine 20. % £§a|§ dﬁére%¥ly, % cr%mentgra eernguwed‘ ele%trlc power calculated by
the electric power loadhcaleulating part2a is

When the increment rate of the required
revolution speed is high, even though the fuel
supply amount is increased to the above described
extent, the revolution speed of the engine 20 may
not follow the reguired revolution speed. This is
because responsivity of the engine 20 is low. More
specifically, 1f the amount of ihjecting to the
engine 20 becomes great, the air to be supplied 1is
insufficient. Therefore, the engine may not
accelerate.

Therefore, the revolution speed of the
engine 20 is not sufficiently accelerated to
thereby cause a delay in the acceleration. The
governcr 1s apt to supply a greater amount of the
fuel to increase the revolution speed. In this
case, the fuel is excessively supplied and
therefore the combustion state is degraded. Under
the state in which the revolution speed and a
supercharging rate do not increase, the engine 20
may not generate a high output by a transient
phenomenon. Therefore, 1f the load on the engine
is excessively great, there is a probability that

the engine 20 stalls.
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determined to exceed a predetermined threshold value, the generator part 31 is switched from an
electricity generating operation to a motoring operation. The generator part 31 is operated to assist the
engine 20 by a discharging electric power from the electric power accumulating unit 40 in the hatched
area between the times tO and tl in (D) of FIG. 8. Between the times tO and ti, the discharge
electric power from the electric power accumulating unit 40 is consumed by the engine assist
operation by the generator part 31 and the hoist operation by the hoisting motor MM. Between the
times tO and tl of (D) of FIG. 8, d fiegdtive Yaluezé® (a tateted3dreayrddsignatescdischarging electric

power consumed by the generalqr part 31, 4nd.a positie valie area (a blaok ate) designates
[ MM

discharging electric power consumed by the hoisting motor . When the generator part 31
carries out the enginenassist operatior, ltke generator parnt 3t assisstorue insuffigient fordrfcreasing

the revolution speed to the engine 20. With this,the revolution speed of the enging 20.suddenly
increases like a solid fine on %%5 after the Ti%neét i% S(C?b’f%ééé%\ﬁ/ %e the revolut'onlsfpeed is

suddenly increasingathe fuel isicontiracushosuppted-toithe sndine 26 wdhg thiSterns, fantengine
output (a solid line j (@‘of JI::IeG.i8g Withége gs_sist can,be madceeri’;lgifdgytlf?qerél}a %%engine output (a

"
S . Corh
broken line in (F) of FI without fhe assist allorﬁg with the increment of the revolution speed and the

fuel supply to the engimernEheréatterdtherenginecassist eperatiorely thiecgeneratorepartis continued

until the time tl like the ot.chain “nﬁeolf %{)}&{FIQ% Thggefore the re!olutloms%??d of the

engine can be incréased with a ﬁig résSponsivity. erevoldtion s‘be%a%¥ fhe erﬁﬁnre”Z can reach the

revolution speed Newith-whieh the autputonbeof the: enginer2@ capbé inoteased hydhetime ti in

shaft of the generator part 31 in order to
accelerate the generator part 31 at the designated
rate of increasing the revolution speed. Said
ifferently, the generator part 31 1s operated as a
driving means of driving the engine 20 by the
direct electric current supplied from the direct
current bus bar La. The torque applied at this
time corresponds to a difference between the torgue
generated by the engine 20 when the fuel supply
amount 18 increased to an extent of avoiding the
deterioration of the combustion state and the
torgue inherently necessary to accelerate the
engine 20. Said differently, the torgque
insufficiency for increasing the revolution speed
of the engine 20 is assisted by the generator part
31.

When the generator part 31 assists the
engine 20, the fuel supplied to the engine 20 1is
suppressed to be an amcunt with which tThe
combustion state i1s not deteriorated.

Therefore, the acceleration period of the
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(F) of FIG. 8. Said differently, at the time tl, the engine 20 can obtain the revolution speed and the
supercharging rate with which the output of the engine 20 can be sufficiently increased. At the
time tl, since the engine 20 already reaches the revolution speed Ne with which the output only of the
engine 20 can be increased, the generator part 31 is switched from the engine assist operation to the
electricity generation operation at the time tl in (D) of FIG. 8. Simultaneously, the electric power
consumed from the generator part 31 to assist the engine disappears. Therefore, the corresponding
discharging electrie powersfrohi theaeledtric power acctinuidting winit 49 adsotdecredses. Therefore,

e dscharog elecHE TSI e ReEE Pones st i 4pdemparaptegeases
20

There is a case where the engine is
assisted by the generatcr part 31 by supplying
power (torgue) to the engine body 21 (a Zlywheel
for the engine) and a case where the generator part
31 accelerates by itself to reduce the load on the
engine body 21 to assist the acceleration of the
engine body Z1.

The command signal sending part Z2b detects
whether the revolution speed reaches the target
revolution speed. Until the revolution speed
reaches the target revolution speed, the cperation
is continued in the acceleration mode in step S525.

When the engine 20 reaches the target
revolution speed, the command signal sending part
2b generates the revolution speed command signal
and the torqgue command signal so that the engine 20
is operated in the operating state with which the
power lLoaded on the engine corresponding to the
required electric power can be most effectively
generated. The control returns to the ordinary
operation state in step S26.

In the acceleration mode, the control is
carried out as described above. Therefore, if the
revolution speed of the engine generator 10 reaches
the revolution speed with which the engine
generator 10 can supply the electric power loaded

on the engine in the predicted maximum electric

wh
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continuously accelerates to thereby continuously increase the required electric power. Therefore, the
discharging electric power from the electric power accumulating unit 40 continues to increase.
Meanwhile, since the revolution speed of the engine 20 reaches the revolution speed Ne, the engine
20 can suddenly increase the engine output by the output only from the engine 20 between the times tl

and t2 in (F) of FIG. 8.

When the revolution speed of the engine reaches NL at the time t2, the

operation of the hybrid electric power device 1 for the crane is switched to the above-described
ordinary operationpower RAs fleseribedsthe:hybrid ekedtric powerdevides T for ke prame tarries out

the engine assist oPgration uﬂngéhe output frorg tgq g_eLréer@tgr g%rgﬁﬁgrjy t@% eg\)/ﬂytigggpeed of the
- i — | .

engine and the supercﬁﬁaﬁg rate ‘with which ﬁ1eseng|ne 20 can suf

clently increase the output from

the engine 20. Witk this; teven though théredsia delay of the respoisivity celative t0 theinerement of

the required electriggower,éh%{zes\/o ution fge%%gkthg engine

can be 6iﬁné:r %sgg n1’1%HI\}/Ie within a short

e

time by the engine asgig?(‘y)}peratlon of the generator par 31F heref%?’e, without degrading the
electric power is reguired.

While the control is done 1in tThe

acceleration mode, the electric power 1s supplied

from the electric power accumulatcer 41 so as to

maintain the direct current bus bar La to be at the

operation voltage. Said differently, not only the

required electric power but also all the electric

power containing the electric power required for

operating the generator part 31 are supplied from

the electric power accumulator 41 and the direct

current bus bar La 1s maintained to have the

operation voltage.

Further, the above description is the case

where the command signal sending part 2Zb sendg the

reveolution speed command signal to the generator

control part 32 while the control i1s done in the

aceceleration mode. However, referring te FIG. 4,

the generator part 31 may assist the engine 20 by

calculating the reguired torgue using the known

inertia force inherent in the engine generator 10,

a predetermined rise-up time (5 seconds) and the

target revolution speed and inputting the

calculated torgque as the torgue command into The

generator control part 32 as in step SZ24a. Thus,

the generator part 31 may assist the engine 20

(FIG.

4.
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combustion state, the revolution speed of the engine can be increased. Then, the hoisting motor MM
can finish the acceleration by the predetermined time t2. As a result, in an ordinary crane such as a
portal crane C illustrated in FIG. 9, the hoist operation can be completed within about 50 seconds.

It is also possible to return to the ordinary operation mode before the revolution speed of the engine 20
reaches the target revolution speed. For example, it is also possible to return to the ordinary operation
mode when the revolution speed of the engine 20 reaches a revolution speed smaller than the target
revolution speed by several perceaf @6): B Regenetation Gperationsef e inaincunit MP (a
regeneration modegraw . .In the crane equipment provided with the hybrid electric power device 1
for the crane of the wét‘é?ﬁﬁgdir%léﬁt, When ?hcgcl%%g%r%réﬁgﬁqisr%%?r?edlout by the main unit MP the
regenerated electric power s firsticonsumed for the Bpératicn afthe assistivrtcSP. However, if
the regenerated electric power exceeds the consumption electric power o the}‘assis;m\ unit. SP, the
remaining electric power is suppﬁg[g; tot ej‘di‘rzéltscn#égte Eusabal%‘iprgpggiaEdiff:erlgr?tﬁlfth% electric power
is supplied to the hybrd eleetsic power denices T fardhencrane fiorh the oulside. T heryrthe elettric
power supplied to the direct cugrent bus, bar La for operating the assist unit SR is left in_the hybrid
dedﬂcpowerdewggi?&%hg Eﬁ]gulreé'egecvwlcg£ower whern the gomsklng

motor MM is driven in (B), a temporal change cf the
engine revolution speed in (C), a tempcral change
of the generated electric power by the engine
generator 10 in (D), a temporal change of the
discharged electric power from electric power
accumulating unit 40 in (E), and temporal changes
of the output only from the engine 20 and the
assisting output from the generator unit 30 in (F).

When the hoisting motor holsts up the rope,
the acceleraticn of the revolution speed of the
hoisting machine 1s required to end within a
predetermined time t2 (e.g., 5 seconds) due to the
specification of the c¢rane and the revolution speed
of the hoisting machine is reguired to be changed
to a constant rate as illustrated in (A) of FIG. 8.
Therefore, the reguired electric power is
calculated so that the acceleration is finished
within the predetermined time t2 (&.g., 5 seconds)
as illustrated in (B} of FIG. 8.

However, a response of the engine 20 to
the increment of the reguired electric power 1is
insufficient. Therefore, 1f the reguired electric
power suddenly increases, tThe revolution speed of

the engine 20 may not be suddenly increased so as



If there is a margin in the charging rate of the electric power accumulator 41 of the electric power
accumulating unit 40 and the voltage of the direct current bus bar La increases with the electric power
supplied from the outside, the electric power accumulating unit 40 charges the electric power
accumulator 41 so as to maintain the voltage of the direct current bus bar La to be at the operation
voltage. However, if the electric power amount to be charged increases, the load on the electric power
accumulating unit 40 caused by the charge increases. Especially, in the hoisting motor MM
used in the portal cranex@ sltustrated in #4G 19, df:tbedime forfthe regenetation operation tscardinarily
long (being about one minute). Therefore, if the entire regenerated electric power regenerated by the
no sting motor hois%ﬁ&’?ﬁot )'g%hgrg a%{ﬁﬂe e]elléé}ﬁc 60W€$ e%ccﬁrhulg iﬁgg uré\ilf 40, the electric power

accumulating unit 40 may be oversharged.urthet,tbe engiae 26 mayddie svhile theshaistieg motor
carries out the regeneration operation. Therefore, the fuel consumption of the en?'ne 20 is degraded.

Therefore, in the hybrid®alEctiic fower'Gevice To¥ thecrafé; FIRE Biecttic power fegenerated

exceeds electric powver sonsurmption:efdhe assistwnit SRy thesgeneraterspart31 iscoperated to drive
the engine 20 to consume the regenerated electric power. The electric power which_is not consumed
by driving the engifte56: naifely a Shfpfus d18&tic bAwér, i charyed into! fhe electric povier
accumulator 41 of thg @lectrigrpawer asedmyiating Heit 48 as illustraied ipklés Sand the

supercharging rate on the engine provided with the
supercharger), it 1s impossible to sufficiently
increase the output of the engine generator 10 as
in a breken line on and after the time t0 of (F) 1in
FIG. 8.

Meanwhile, when the revolution speed of
the engine (the revoclution speed and the
supercharging rate on the engine provided with the
supercharger) increases and the engine output
becomes PE, 1t becomes possible to accelerate the
revolution speed of the engine 20 so that the
required electric power is supplied only by the
output from the engine 20.

Therefore, until the revolution speed
becomes Ne with which the engine Z0 can be
accelerated at the fTime £l so that only the cutput
from the engine 20 can supply the increment of the
required electric power, tThe generator part 31 1is
operated to assist the acceleraticn of the engine
20.

Said differently, the increment rate of
the required electric power calculated by the

electric power load calculating part 2a 1is
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Said differently, if the regenerated electric power exceeds the electric power consumed by the assist
unit SP, the hybrid electric power device 1 for the crane drives the engine 20 by the generator part 31
SO as to be operated to suppress the increment of the voltage of the direct current bus bar La. Only
when the increment of the voltage of the direct current bus bar La is not suppressed does the electric
power accumulating unit 40 charge the surplus electric power to maintain the voltage of the direct
current bus bar La to be at the operation voltage. Then, since the engine 20 is driven by the
generator part 31, fuet supplieddo the engine=hbdy 2irefdke engine: generatoe 48 can be decreased.

Additionally, because only the surplus electric power is sg&plied to thetelgc !:? power aé:glumulating unit
40, the load on the’@&&tfic pbwar gc%ﬁ%f’a%iﬁg uRit 20 cadsed by ¢harging and discharging can be
decreased. Specifically, ifit is detectedithat the elestricqprowes supplieddromthe outside (the
electric power regenerated by the main unit MP) exceeds the electric power re uir%g Locg operating the

assist unit SP, the SBMAfENIEignal Sefidif Part 2bof thedontrolunit2 §&erates the fevolution

speed command sigaakand sendsdhe;ravelution speed command signal tolthe ergine control part 22

of the engine 22 in step S32. ‘ ‘Simultane*c_)uslly, the commandFs%;n]gl sending part of tBe control
unit 2 generates a G8H&rAtor Pt réviutionSSpedd Comtand siinalfd thuse tHe geherator part 31 to

operate at a speed;of anHdling:speed plusra-certait ameunt @nand-sends the)genesatot part revolution
speed command siggz}al to IheF?gnergtor control part 32 of the generator unit 30 in step 531.
o] I e "

Between the times t0 and tl, the discharge
electric pecwer from the electric power accumulating
unit 40 is cocnsumed by the engine assist operation
by the generator part 31 and the hoist operation by
the hoisting motor MM. Between the times t0 and tl
of (DY of FIG. 8, a negative value area {a hatched
area) designates discharging electric power
consumed by the generator part 31 and a positive
value area {(a blank area) designates discharging
electric power consumed by the hoisting motor MM.

When the generator part 31 carries out the
engine assist operation, the generator part 31
assists torgue insufficient for increasing the
revolution speed to the engine 20. With this, the
revolution speed of the engine 20 suddenly
increases like a solid line on and after the time
£0 in {(C) of FIG. 8. While the revolution speed is
suddenly increasing, the fuel 1s continuocusly
supplied te the engine 20. During this term, an
engine output (a sclid line in (F) of FIG. 8) with
the assist can be made rapidly larger than an

engine output {a broken line in (F) of FIG. 8)



Since a revolution speed command for the engine body 21 is lower than a revolution speed command
for the generator part 31, the generator part 31 is operated to increase the revolution speed of the
engine thereby applying engine brake. Therefore, the electric power regenerated by the main unit MP
is consumed. As described, the generator part 31 operates to drive the engine 20 to thereby control to
consume the regenerated electric power. The electric power which was not consumed by driving the
engine 20, namely the surplus electric power, is charged into the electric power accumulating unit 40
in steps 533 and S34:hout Hithe akovecontrakia garried lout whilei the meair whit MP ¢arees out the

regeneration operation, the fuel supplied to thedent%ine Qodé/ﬂZl can tie d%cree%shed aenIg thgéoad on the
electric power accdridIatig dfmfad B4eRd By charging Afd-digcharging efectricity cart be réduced. In

comparison with a tase-wheredhe elggtricpowen suppliet fromothe outsidenistwastedeas thermal
energy via a resistance and so on, a part of the electric % Wer cq tri% tgs improve:_nﬂeqt of the fuel

consumption of the?&itie 2@ And tHe-sutpius SRciHE Howel Ear be rélised by Supplying Tt to the direct

current bus bar La fremn the €lectricipoweraecumulator 44 £ Thereforey the electric power supplied from
the outside can be effectively used. Especially, it is preferable to egarov'de tpeﬁgrg)ntrol unit with a

function of determining whether theerigiieody 218 GRvénatthé Spédd™stthe iling Speed plus a

certain speed a by thejregenerated-electric pewerte beisuppliedtodhe disess sumentibusg bar La from
the outside. By providing the function and determining that electric power driving the engine

body 21 at the spead 6f tha Ydlihg 'she8d PRIETRe Cértain Spéatia Afuélcut d8miiand signafis sent
from the control unit 2+tg the-enginesgentrol part 22 of therenginece output only of

the engine 20 can be increased by the time tl in
(Fy of FIG. B.

Said differently, at the time tl, the engine 20
can obtain the revolution speed and the
Supercharging rate with which the output of the
engine 20 can be sufficiently increased.

At the time tl, since the engine 20
already reaches the revolution speed Ne with which
the output only of the engine 20 can be increased,
the generator part 31 is switched from the engine
assist operation to the electricity generation
operation at the time tl in (D} of FIG. B.
Simultaneously, the electric power censumed from
the generator part 31 to assist the engine
disappears. Therefore, the corresponding
discharging electric power from the electric power
accumulating unit 40 alsc decreases.

Therefore, the discharging electric current from
the electric power accumulating unit 40 temporarily
decreases at the time tl in (E} of FIG. 8.

After the time tl, the holsting motor MM
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Then, the engine 20 is completely operated under an electrically motive state. Therefore, the fuel
supplied to the engine body 21 can be completely cut to thereby drastically improve the fuel
consumption of the engine generator 10. Second Embodiment In the second embodiment, a case
where the torque command signal is sent to the engine control part 22, and the revolution speed
command signal is sent to the generator control part 32 is described.

continuously accelerates to thereby continuously

increase the required electric power. Therefore,

the discharging electric power from the electric

power accumulating unit 40 continues to increase.

Meanwhile, since the revolution speed of
the engine 20 reaches the revolution speed Ne, the
engine 20 can suddenly increase the engine output
by the ocutput only from the engine 20 between the
times t1 and t2? in (F) of FIG. 8.

When the revolution speed of the engine
reaches NL at the time t2, the operation of the
hybrid electric power device 1 for the crane 1is
switched to the above-described ordinary operation.

As described, the hybrid electric power
device 1 for the crane carries cut the engine
assist operation using the output from the
generator part 31 until the revolution speed of the
engine and the supercharging rate with which the
engine 20 can sufficiently increase the output from
the engine 20. With this, even though there 1s a
delay of the responsivity relative to the increment
of the reqguired electric power, the revolution
speed of the engine can be increased to Ne within a
short time by the engine assist operation of the
generator part 31.

Therefore, without degrading the
combustion state, the revolution speed of the
engine can be increased. Then, the hoisting motor
MM can finish the acceleration by the predetermined

time t2. As a result, 1in an ordinary crane such as

59



Because (1) the waiting state and (4) the regeneration operation of the main unit MP (regeneration
mode) are the same as the case where the revolution speed command signal is sent to the engine
control part 22 and the torque command signal is sent to the generator control part 32, (2) the ordinary
operation state and (3) sudden increment of the required electric power (acceleration mode) for the
main unit are now described. 2) Ordinary operation state The ordinary operation of the hybrid
electric power device 1 for the crane is described. For ease of explanation, the ordinary
operation of the hydbrid etectric powereledice 1 isxcompareditoian érdihanfeperatiorinilse portal crane -

|IIustraFed in FIG. 9%? ara c fgtgo%%%tk}??voétg%r?% gfe tthg ée%uirgg gﬁe%%%%(%w%r@’a%% glntgg prqllnary
operation, the rate e variation, namely an increment raté and a decrement rate of the required
voltage are small. For example, the drdinatysepegrationisiate irt thexportakcrahe Ctillgstrated in FIG. 9 is
a case where the hoisting motor MM does not oggrﬁgt% ti}ectraveil'n% maotor RN and th | ggrgg%\/ersely

] radifnar ! t
running motor TM Sﬁe afe“or'a cdse Whers the 10ad ca&sed%ey the Oﬁéﬁﬁfg motor small.

In the ordinary opesdtionistate ntherconttol unit22-(e=g, the electricqmwer ¢oadicatcutating part 2a)
calculates electric power?necessary for inverters included inithe various @ftor%oof tlbebma}_jnl unit MP
(specifically, the invérter for travailing HEFinvertet for tranaversel§ Funning, the inverter Tof assist unit
and the inverter for-hoisting). d:hs rithe yequiretelacitic pewes farrthe mair umit MPLis taleolated.

Then, the cqntrol unit 2 determines Whgther the increment rate of.the reqfirgd electric power exceeds
a predetermined thf&Shofdl Value: 1fth& lﬁ%}&%er#toraf%eo%(fﬁ]eerseqalrerc? &IR¢tric power does not exceed
the predetermined ghreshold valde rthe igentral 1t 2 determinesithat the arain it MEis irethe
ordinary operation state.

percent (%) .

3} Regeneration operation of the main unit MP (a

regeneration mode)

In the crane egulpment provided with the
hybrid electric power device 1 for the crane of the
first embodiment, when the regeneraticn 1s carried
out by the main unit MP the regenerated electric
power 1s first consumed for the operation oi the
assist unit SP.

However, 1f the regenerated electric power
exceeds the consumption electric power of the
assist unit 8P, the remaining electric power 1s
supplied to the direct current bus bar La. 5aild
differently, the electric power 1s supplied to the
hybrid electric power device 1 for the crane from
the outside. Then, the electric power suppiied o
the direct current bus bar La for operating the
assist unit SP is left in the hybrid electric power
device 1 for the crane.

If there is a margin in the charging rate

of the electric power accumulator 41 of the
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In driving the travelling motor RN and the transversely running motor TM, because inertia force of
devices and units caused in driving the travelling motor RN and the transversely running motor TM is
small, the increment rate of the required electric power does not ordinarily exceed the predetermined
threshold value. When it is determined that the hybrid electric power device 1 for the crane is in
the ordinary operation state, the electric power to be loaded on the engine generator 10 and the
electric power accumulating unit 40 is calculated by the electric power load calculating part 2a of the
control unit 2. Thea,itbe commandywsignak sending paitr2h catcutatesithe roditpLih torque. ardithe

revolution speed, by which electricity is generated with the small fuel consumption, relative to and
ia eas§ %g \é%e

based on the electri€ pB\kR/gr adéd on fheré:r?gnlr?e. en’the revolulti%ﬁlépee csfor‘f{r%and signal

containing informatior: etthe €ajsulated revplutior spaecband:antorquetcommand signal containing
information of the calculated output torque are E%enerated and sent £%spectiveéy to tgg engine control

part 22 and the gefierator contrdl PAF3 2 Betalse the Bitplt torque of the sigitie 20 ¥

varies in
response to the fuelamaunt supplied fo thecenginieshady 24 theccommand sighal sending part 2b
instructs the minimum fuel amount with which the engine 20 can generate the gredgtermiped output
torque by the torquEconifiandSighdls =T fire EginE Contrdl fart 23 of fhe ehgine 20 controls the
engine body 21 sohat the fuel efithe predetersmined ampuntds supdliediie thelenginei 20 based on the

instruction of the fuel amount contained in the torque command signal.
power amount to be charged incredses, the load on
t+he electric power accumulating unit 40 caused by
the charge increases.

Especially, in the hoisting motor MM used
in the portal crane C illustrated in FIG. 9, 1f the
time for the regeneration coperation is ordinarily
long {being about one minute). Therefore, if the
entire regenerated electric power regenevated Dby
the hoisting motor hoisting motor is charged to the
electric power accumulating unit 40, the electric
power accumulating unit 40 may be overcharged.
Further, the engine 20 may idle while the hoisting
motor carries out the regeneration operation.
Therefore, the fuel consumption of the engine 20 1s
degraded.

Therefore, in the hybrid electric power
device 1 for the crane, 1f the electric power
regenerated exceeds electric power consumption of
the assist unit SP, the generator part 31 1is
cperated to drive the engine 20 to consume the
regenerated electric power. The electric power
which is not ceonsumed by driving the engine 20,

namely a surplus electric power, 1s charged into
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Specifically, in a case of the diesel engine, the fuel injection amount is controlled. On the other
hand, the generator control part 32 of the generator unit 30 is controlled so that the generator part 31
rotates at the revolution speed indicated by the revolution speed command signal. Said differently,
while the engine body 21 generates the above described output torque, the revolution speed of the
generator part 31 is controlled so that the generator part 31 can generate the electric power loaded on
the engine. Then, the electric power corresponding to the revolution speed of the engine 20 and the
torque of the genetater pare3l isigenprated-and:thereléciricopowser cofrespanding:totthe. indicated
electric power loaded on the engine js supplied to, the direct current bus bar L The electric
power to be loaded 81 tHe &8&%@%%@%% ép&ulrﬁh ;ttinéjéunﬁ 20 %sfsTﬁipsgi‘lg %et eldrilregtic%'rrent bus bar
La based on the elgctric power supplying instruction. Therefore, the predetermined electric

power can be supplied from the gqginer%e% rator 1Qland the elggtéicJpowerr]ggcau%uéating unit 40 to
the direct current bus bar La. Safddiffeféh $,%ﬁ§?equ¥réd glectric pow%?%an be supplied from the

hybrid electric powet deviee t ferdhe eranede thesmainaune MRt ric power consumed
by the assist unit SP, the hybrid electric power
device 1 for the crane drives the engine 20 by the
generator part 31 so as tc be operated to suppress
the increment of the voltage of the direct current
bus bar La. Only when the increment of the voltage
of the direct current bus bar La 1s not suppressed
does the electric power accunmulating unit 40 charge
the surplus electric power to maintain the voltage
of the direct current bus bar La to be at the
operaticn voltage.

Then, since the engine 20 is driven by the

generator part 31, fuel supplied to the engine body
21 of the engine generator 10 can be decreased.
Additionally, because only the surplus electric
power 1s supplied to the electric power
accumulating unit 40, the load on the electric
power accumulating unit 40 caused by charging and

discharging can be decreased.

Specifically, if it 1s detected that the
electric power supplied from the ocutside (the
electric power regenerated by the main unit MP)
exceeds the electric power required for cperating
the assist unit $P, the command signal sending part
2b of the control unit 2 generates the revolution

speed command signal and sends the revolution speed
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Furthermore, the fuel consumption of the engine generator 10 can be improved because the engine
body 21 of the engine generator 10 is controlled to be in the operating state with which the engine
generator 10 can most efficiently generate the electric power loaded on the engine Further, the
electric power load calculating part 2a of the control unit 2 constantly monitors the required electric
power to change the electric power to be loaded on the engine generator 10 and the electric power
accumulating unit 40 along with the variation of the required electric power. Then, the command signal
sending part 2b changes:the commarid sighal isenttoghe engine gencratos 10. Tierefbre, leven though
the required electric power changes, the eng'g1§2generator 10 can be controlled to be in the optimal
operating state. 3) BHHBH irfcremiéntof te régtired electric power for the main unit MP In a

case where the required electricpower ok thednain wnit MR increasas,dhe comieol uat 2&ontrols to

simultaneously increase electric power to be Joaded on, the electric Jpower .
part of the control unlt 2 generates a generator
part revolution speed command signal to cause the
generatcor part 31 to operate at a speed of an
idling speed plus a certain amount o and sends the
generator part revolution speed command signal to
the gensrator control part 32 of the generator unit
30 in step S31.

Since a revolution speed command for the
engine body 21 is lower than a revolution speed
command for the generator part 31, the generator
part'Bl is operated to increase the revolution
speed of the engine thereby applying engine brake.
Therefore, tThe electric power regenerated by the
main unit MF is consumed. As described, the
generator part 31 operates to drive the engine 20
to thereby control to consume the regenerated
electric power. The electric power which was not
consumed by driving the engine 20, namely the
surplus electric power, ls charged into the
electric power accumulating unit 40 in steps 533
and 834.

If the above contrcl 1is carried out while
“he main unit MP carries out the regeneration
operation, the fuel supplied to the engine body 21
can be decreased and the load on the electric
power accumulating unit 40 caused by charging and

discharging electricity can be reduced.



accumulator and electric power to be loaded on the engine thereby satisfactorily supplying the
required electric power. Then, the engine generator 10 is controlled to accelerate so as to deal with the
increment of the electric power loaded on the engine. When the required electric power
suddenly increases, if the engine generator 10 is suddenly accelerated so as to follow the sudden
increment of the required electric power, the combustion state of the engine generator 10 is degraded.
In the worst case, the engine stalls to thereby stop the entire system. Therefore, if the control
-unit 2 detects that the incrementinate-afthe requiredelectricaponses forile: mainturst MP exceeds a
predetermined value, the hgbrid electric power. soucrlcefdevicet forotg% crane i§” gp%rgtegeig the
following acceleratfonnode ih &ra&Fto prlel\%ﬁ]t teferioration of the combustion state of the engine
generator 10 (see EK>.8)=rmal When the controkunit2 deteets ¢kat dmedinsrenuent rate of the

required electric power of the @ﬁin unit MP exceeds the predetﬁerr&i}rlfdevaluqe a cogter%!é% the
acceleration mode & &tartad i Step 348 it IS, 6 The elechie power load c‘aﬁtlc%ica?ing part 2a

calculates predicted maximumelectre pewerandtming whea thegredictetomaximunt.electric power
is obtained in step 341. Then, the electric power loaded on the enraine js calculated, When the

calculated electric FOWEHBEAEH 6T fhiednghie’i& Sefftd the cdrmmand sighal s&Rbing part 2b, the
command signal sending part 2b galeulatesdhe revotution speed-ofithe engine 20avith which the
Pred et XU B R e TS e Y RPN SR o fore, the
electric power supplied from the ocutside can be
effectively used.

Especially, it is preferable to provide
the control unit with a function of determining
whether the engine body 21 is driven at the speed
of the idling speed plus a certaln speed o by the
regenerated electric power to be supplied to the
direct current bus bar La from the outside.

By providing the function and determining
that electric power driving the engine body 21 at
the speed of the idling speed plus the certain
speed o, a fuel cut command signal 1is sent from the
control unit 2 to the engine control part 2Z of the
engine 2.

Then, the engine 20 i1s completely operated
under an electrically motive state. Therefore, the
fuel supplied to the engine body 21 can be
completely cut to thereby drastically improve the

fuel consumption of the engine generator 10.

Second Embodiment

In the second emboediment, a case where the
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When the time variation data of the revolution speed are generated, the command signal sending part
2b sequentially sends the revolution speed command signal to the generator control part 32 based on
the time variation data of the revolution speed in steps 343 and 344. On the other hand, the
command signal sending part 2b calculates the maximum fuel supply amount with which a combustion
state of the engine does not degrade (e.g., no black smoke) at any revolution speed. The command
signal sending part 2b generates a torque command signal containing the information of the fuel
supply amount. The generatedterguescommand sigralde sent ta-therengineccontrokbpart 22 in steps
S43 and 545. When the above torque command signal and the above revolution speed

command signal af?dent fof theEhGine tontrEMsart22 8Ad the GeHeioF tontrolfatt 32 the engine 20

accelerates along with, thecaccelesation of the-generatar pait 3L Becagse the enginer2omay not
generate the output torque following the increment of the revolution s%ee%of the gin?ra%?part 31
with the supplied fuel amount, theSgehefitor part 31'8ssids the Bhgfheto Suppl§ torgde Whfch is

insufficient for the iperement gt therevolutiontspegd -Said differently, the generator part 31 is operated
as a driving means of driving the engine 20 by the dire;;t electric current supp ed from the direct
current bus bar La. ! T ISDPRE: Hitfle Iaﬂgiﬁg tHeF Endifié 26 Gfider &condition HF fiot dgFading the

combustion state of the engine; 20, the revglution spagcef thesengine canbe increased biydhe torque
generated by the generator part 31. Therefore, it is possible to prevent degradation of the fuel

consumption of the2Hiee2C aRd §ererbtiditofihe Btk §MmBke BaMHthe FeBEIBfation, and the
acceleration period.of the engige 2Q can pg sharenad: c » 2« o Fhe seasep why:the degradation of the

combustion state of the engine 20 can be prevented
(2) the ordinary operation state and (3) sudden
increment of the reguired electric power
(acceleration mode} for the main unit are now
described.
2) Ordinary operation state

The ordinary operation of the hybrid
electric power device 1 for the crane is described.

For ease of explanation, the ordinary
operation of the hybrid electric power device 1 1is
compared to an ordinary operaticn in the portal
crane illustrated in FIG. 9.

Although the voltage of the required
electric power varies in the ordinary operation,
the rate of the variation, namely an increment rate
and a decrement rate of the reguired voltage are
small. For example, the ordinary operation state
in the portal crane C illustrated in FIG. % is a
case where the hoisting motor MM does not operate,
the travelling motor RM and the transversely
running motor TM operate or a case where the load

caused by the hoisting motor MM is small.
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when the generator part 31 assists the increment of the revolution speed of the engine 20 is as
follows. When the revolution speed of the engine 20 is accelerated from the present revolution
speed to the target revolution speed, the governor operates so as to increase the fuel supply amount
to an extent of avoiding the degradation of the combustion state. However, when the increment rate of
the required revolution speed is high, even though the fuel supply amount is increased to the above
described extent, the revolution speed of the engine 20 may not follow the required revolution speed.
This is because responsivity of the engiae 204 los: Mase specifically, dfithe amountof injection to the

engine 20 becomes great, the air to be supplied is jrr}qsufficille"nt. T}herefore, the efgin 20 may not
accelerate. FhEreRSIE, thE Tévolutioh speed of theengine 205s Rot'sufficiently accelerated to

thereby cause a delay in.the aceejeration. The govemen issapt to supplyca greatesamount of the fuel to
increase the revolution speed. In this case, the fuel is ,excessiveli% supplied and therefore the

combustion state iS'@6grAdET UrideF the'State 1iF Whichthe FEVBItioR spédd artta Sliercharging rate
do not increase, the epging 20smay, Botgenerate a-highrenough outputby a ransieat phenomenon.

Therefore, if the load on the engine is excessively great, there is a Qrobabilitg that the engine 20 stalls.
inverter for travelling, the inverter IOr
transversely running, the inverter for assist unit
and the inverter for hoisting). Thus, the required
electric power for the main unit MP is calculated.
Then, the control unit 2 determines whether the
increment rate of the required electric power
exceeds a predetermined threshold value. If the
increment rate of the required electric power does
not exceed the predetermined threshold valu@} the
control unit 2 determines that the main unit MP is

in the ordinary coperation state.

n driving the travelling motor RM and the

b

transversely running motor TM, because inertia
force of devices and units caused in driving the
travelling motor RM and the transversely running
motor TM is =small, the increment rate oI the
required electric power does not ordinarily exceed
the predetermined threshold value.

When it is determined that the hybrid
electric power device 1 for the crane 1s 1in the
ordinary operation state, ‘the electric power to be
loaded on the engine generator 10 and the electric
power accumulating unit 40 is calculated by the
electric power load calculating part Za of the

control unit 2. Then, the command signal sending
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If the generator part 31 is instructed to increase its revolution speed under the same condition as the
engine 20, the revolution speed of the generator part 31 is accelerated in a required rate of increasing
the revolution speed. Therefore, if there is a delay in the acceleration of the engine 20 and the
acceleration of the generator part 31 is delayed, the generator control part 32 controls to increase the
torque applied to the main shaft of the generator part 31 in order to accelerate the generator part 31 at
the designated rate of increasing the revolution speed. Said differently, the generator part 31 is
operated as a driving means of driving thesengine=2@ by thetdirectreleetrie sdrrentsupplied from the
direct current bus bar La. Tbe_ torque applied at this time corllfes onds tq a difference between the
torque generated by tHE ehghB20 ke the fuel @Eﬁpﬁ? a%oﬁr#lg incteased To i extent grc{;voiding
the deterioration ofthe wombustionstaterandithe torguenipherently recessarydo accelerate the engine

20. Said differently, the torque insufficient for increasing the revolution speed of the engine 20 is
asggedtwthegeﬁﬁﬁﬁﬁp8ﬁ3ﬁbe electric power 1oade£ o£ Lg@ englge.

Then, the reveolution speed command signal
containing information of the calculated revolution
speed and a torgue command signal containing
information ¢of the calculated output torgue are
generated and sent respectively to the engine
control part 22 and the generator control part 3Z.
Because the output torgque of the engine 20 varies
in response to the fuel amount supplied to the
engine body 21, the command signal sending part 2b
instructs the minimum fuel amount with which the
engine 20 can generate the predetermined output
torque by the torgue command signal.

The engine control part 22 of the engine
20 controls the engine body 21 so that the fuel of
the predetermined amount is supplied to the engine
20 based on the instructicn of the fuel amount
contained in the torgue command signal.
Specifically, in a case of the diesel engine, the
fuel injection amount is controlled.

On the other hand, the generator control
part 32 of the generator unit 30 is controlled so
that the generator part 31 rotates at the
revolution speed indicated by the revclution speed
command signal. Said differently, while the engine
body 21 generates the above described output

torgue, the revolution speed of the generator part
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When the generator part 31 assists the engine 20, the fuel supplied to the engine 20 is suppressed to
be an amount with which the combustion state is not deteriorated. There is a case where the
engine is assisted by the generator part 31 by supplying power (torque) to the engine body 21 (a
flywheel for the engine) and a case where the generator part 31 accelerates by itself to reduce the
load on the engine body 21 to assist the acceleration of the engine body 21. The command
signal sending part 2b detects whether the revolution speed reaches the target revolution speed. Until
the revolution speeghireaghesdhe targetreveldtiemspeedh thepperationds centinted in theracceleration
mode in step S46. When the engine 20 reaches the tgrge revolution sgegd, the command

signal sending par@55'Frodiidesthe révdiition speBd ¥6mmand Sighal &nd the t5F4die tommand signal

so that the engine 2@ és qperated in theroperating.state vth mehigh-the inowet toaded on the engine
corresponding to the required electric power can be most effecti\é%ly gegera%ed. The control returns to
the ordinary operafidivétatetin Sfep“$4£d ©F the engine nd the torque of

the generator part 31 1s generated and the electric
power corresponding to the indicated electric power
loaded on the engine is supplied to the direct
current bus bar La.

The electric power to be loaded on the
electric power accumulating unit 40 is supplied to
the direct current bus bar La based on the electric
power supplying instruction.

Therefore, the predetermined electric
power can be supplied from the engine generator 10
and the electric power accumulating unit 40 to the
direct current bus bar La. Said differently, the
required electric power can be supplied from the
nhybrid electric power device 1 for the crane to the
main unit MP.

Furthermcre, the fuel consumpticn of the
engine generator 10 can be improved because the
engine body 21 of the engine generator 10 is
controlled to be in the operating state with which
the engine generator 10 can most efficiently
generate the electric power lcaded on the engine.

Further, the electric power load
calculating part 2a of the control unit 2
constantly monitors the required electric power to
change the electric power to be loaded on the

engine generator 10 and the electric power
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In the acceleration mode, the control is carried out as described above. Therefore, if the revolution
speed of the engine generator 10 reaches the revolution speed with which the engine generator 10
can supply the electric power loaded on the engine in the predicted maximum electric power before
the predicted maximum electric power is required, it is possible to reliably supply the electric power
loaded on the engine to the direct current bus Imm, La when the predicted maximum electric power is
required. While the control is carried out in the acceleration mode, the electric power
command signal isssentioitheeleciric pawericonirbbunit 48isththahtheelectricpoweraecessary for
operating the generﬁtor art 31 is supplied from the electric pQwer accgmglaéig% ugir'géo. Said
differently, the elect 'c,@p &rtonma %@hgﬁg sEAtL6 the electerlrclz’power control unit 43 so that the
required electric peweyris entirelysuppliet ramabe elegttig powehaccuwmunatori4 kingluding the

electric power required to operate the generator part 31. With the second embodiment, when the portal
crane C is operated 7' the e ceferatioh 85&?@‘%&@ e oL

Vatiafidns such as & time Variation of the speed of
the hoisting motor MM, astime wariation.af thel reguired electricpower hdrivingsthe hbisting motor MM,
a time variation of the revolution speed of the engﬁjne, atime vgriatifﬂ of the el%ctric pow r generated
by the generator p&it e YAR&HGH-GFthe discRarging efedtiiciowet discharged fom the electric

power accumulating-unitinand ag yarationof heiergine output becomes the time variations illustrated
in FIG. 8. It is also possible to return to the ordinary operation mode before the revolution

speed of the enginé 20TH&EHES the trgBERVolbton <eed SESH example ftid AlsS pBssibié to return
to the ordinary opetationdnedewhen the;reveltion speed of the engine 20 reaches a revolution speed

In a case where the reguired electric
power of the main unit MP increases, the control
unit 2 controls to simultaneously increase electric
power to be loaded on the electric power
accumulator and electric power to be loaded on the
engine thereby satisfactorily supplying the
reguired electric power. Then, the engine
generator 10 is centrolled to accelerate so as to
deal with the increment of the electric power
loaded on the engilne.

When the reguired electric power suddenly
increases, if the engine generatcor 10 1s suadenly
accelerated so as to follow the sudden increment of
the reguired electric power, the combustion state
of the engine generator 10 is degraded. In the
worst case, the engine stalls to thereby stop the
entire system.

Therefore, 1f the control unit 2 detects
that the increment rate of the reguired electric
power for the main unit MP exceeds a predetermined

value, the hybrid electric power source device 1
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smaller than the target revolution speed by several percent (%). (Emergency control) If the
command signal is not sent to the various devices and units by a failure of the control unit 2 or the like,
by enabling to automatically operate the engine generator 10 at a rated speed, it is possible to
maintain electric power supply to the main unit MP, the assist unit SP and so on. The present
invention is not limited to the above embodiments and various modifications are possible.
INDUSTRIAL APPLICABILITY The embodiments of the present invention are applicable to a
hybrid electric powes fleyice faf Bacrane sucipas a ganiry crané and alibardmesmounted with tires

driven by an engine generator and supplying. electric. power to a direct current bus bar aof inverter in
maneequmenHﬁ&ﬁ&ﬁ&ﬁﬁ?&%ﬂegggé 1in ordgr %o preven% é%terloré%lgn

of the combustion state of the engine generator 10
(see FIG. ©).

When the contreol unit 2 detects that the
increment rate of the reguired electric power of
the main unit MP exceeds the predetermined value, a
control in the acceleration mode is started in step
540 in FIG. 6. The electric power load calculating
part 2a calculates predicted maximum electric power
and timing when the predicted maximum electric
power is obtained in step S41. Then, the electric
power loaded on the engine is calculated. When the
calculated electric power loaded on the engine is
sent to the command signal sending part 2b, the
command signal sending part 2b calculates the
revolution speed of the engine 20 with which the
predicted maximum electric power 1s most
efficiently output in step S4Z.

When the time variation data of the
revolution speed are generated, the command signal
sending part 2b sequentially sends the revolution
speed command signal to the generator control part
32 based on the time variation data of the
revolution speed iIn steps 543 and S544.

On the other hand, the command signal
sending part 2b calculates the maximum fuel supply
amount with which & combustion state of the engine
does not degrade (e.g., no black smoke) at any

revolution speed. The command signal sending part
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EXPLANATION OF REFERENCE SYMBOLS 1: hybrid electric power device for crane 2: control unit

2a: electric power load calculating part 2b: command signal sending part 10: engine generator 20:
engine

2b generates a torgue command signal containing the
information of the fuel supply amcunt. The
generated torgue command signal is sent to the
engine control part 22 in steps 843 and S545.

When the above torgue command signal and
the above revolution speed command signal are sent
to the engine control part 22 and the generator
control part 32, the engine 20 accelerates along
with the acceleration of the generator part 31.
Because the engine 20 may not generate the output
torque following the increment of the revolution
speed of the generator part 31 with the supplied
fuel amount, the generator part 31 assists the
engine to supply torgue which is insufficient for
the increment of the revolution speed. Saild
differently, the generator part 31 is operated as a
driving means of driving the engine 20 by the
direct electric current supplied from the direct
current bus bar La.

Then, while driving the engine 20 under a
condition of not degrading the combustion state of
the engine 20, the revolution speed of the engine
can be increased by the torgue generated by the
generator part 31. Therefore, 1t 1is possible to
prevent degradation of the fuel consumption of the
engine 20 and generation of the black smoke during
the acceleratiocn, and the acceleration period of
the engine 20 can be shortened.

The reason why the degradation of the

combustion state of the engine 20 can be prevented
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21: engine body 22: engine control part 30: generator unit 31: generator part 32: generator control part
40: electric power accumulating unit

when the generator part 31 assists the increment of
the revolution speed of the engine 20 1is as follows.

When the revolution speed of the engine 20
is accelerated from the present revolution speed to
the target revolution speed, the governor operates
S0 as to increase the fuel supply amount to an
extent of avoiding the degradation of the
combustion state. However, when the increment rate
cf the required revoluticon speed is high, even
though the fuel supply amount is increased te the
above described extent, the revolution speed of the
engine 20 may not follew the reguired revcelution
speed. This is because responsivity of the engine
20 is low. More specifically,'if the amount of
injection to the engine 20 becomes great, the air
to be supplied is insufficient. Therefore, the
engine 20 may not accelerate.

Therefore, the revolution speed of the
engine 20 is not sufficiently accelerated to
thereby cause a delay in the acceleration. The
governcr is apt to supply a greater amount of the
fuel to increase the revolution speed. In this
case, the fuel 1is excessively supplied and
therefore the combustion state is degraded. Under
the state in which the revolution speed and a
supercharging rate do not increase, the engine 20
may not generate a high enough output by a
transient phenomenon. Therefore, if the load on
the engine 1s excessively great, there is a

probability that the engine 20 stalls.



CLAIMS A hybrid electric power device for a crane comprising: an engine generator; an electric
power accumulating unit; and a control unit including an electric power load calculating part
configured to calculate an electric power loaded on the engine based on required electric power
required from an outside load and charging electric power exerted by an electric power accumulating
unit, and a command signal sending part configured to calculate output torque and a
revolution speed based on the electric power loaded on an engine and sending a torque command

signal indicative of the output torquietin ¢heyengine:generatarand a revolutioatspeed edmnhyand signal
indicative of the revolution speed to the engine generator.

increase its revoiutlon speed under the same
condition as the engine 20, the revolution speed of
the generator part 31 is accelerated in a2 required
rate of increasing the revolution speed. Therefore,
if there is a delay in the acceleration of the
engine 20 and the acceleration ¢f the generator
part 31 is delayed, the generator control part 32
controls to increase the torgue applied to the main
shaft of the generator part 31 in order to
accelerate the generator part 31 at the designated
rate of increasing the revolution speed. Said
differently, the generator part 31 1s operated as a
driving means of driving the engine 20 by the
direct electric current supplied from the direct
current bus bar La. The torgque applied at this
time corresponds to a difference between the torgue
generated by the engine 20 when the fuel supply
amount 1is increased to an extent of avoiding the
deterioration of the combustion state and the
torgue inherently necessary to accelerate the
engine 20. Said differently, the torque
insufficient for increasing the revolution speed of
the engine 20 is assisted by the generator part 31.

When the generator part 31 assists the
engine 20, the fuel supplied to the engine 20 1is
suppressed to be an amount with which the
combusticn state 1s not deteriorated.

There is a case where the engine 1s

assisted by the generator part 31 by supplying
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2.The hybrid electric power device for the crane, according to claim 1, wherein the engine
generator includes an engine and a generator part capable of functioning as a generator and a motor
that is connected to an output shaft of the engine, and when an increment rate of the required
electric power exceeds a predetermined value, the generator part assists rotation of the engine by the
generator part until the revolution speed of the engine reaches a predetermined revolution speed. 3.
The hybrid electric power device for the crane according to claim 2, wherein

power (torgue) tc the engine body 21 {a flywheel
for the engine) and a case where the generator part
31 accelerates by itself to reduce the load on the
engine body 21 to assist the acceleration of the
engine body 21.

The command signal sending part Zb detects
whether the revoluticn speed reaches the target
revolution speed. Until the revolution speed
reaches the target revolution speed, the cperation
is continued in the acceleration mode in step S546.

When the engine 20 reaches the target
revolution speed, the command signal sending part
2b produces the revolution speed command signal and
the torgue command signal so that the engine 20 is
operated in the operating state with which the
power loaded on the engine corresponding to the
required electric power can be most effectively
generated. The control returns to the ordinary
operation state in step S547.

In the acceleration mode, the control is
carried out as described above. Therefore, if the
revolution speed of the engine generator 10 reaches
the revelution speed with which the engine
generator 10 can supply the electric power loaded
on the engine in the predicted maximum electric
power before the predicted maximum electric power
is required, it is possible to reliably supply the
electric power lcaded on the engine to the direct
current bus bar La when the predicted maximum

electric power 1s reguired.
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a function of the generator part changes from the motor for assisting the rotation of the engine to the
generator for generating electric power using the engine. 4. The hybrid electric power device for the
crane according to any one of claims 1 to 3, wherein the outside load includes a main unit and

an assist unit, and

the revolution speed of the engine where a main unit requiring power does

not exist is lower than the revolution speed of the engine where the main unit requiring power exists.
5.The hybrid electric power device for the crane according to any one of claims 1 to 4, wherein

While the contrel is carried out in the
acceleration mode, the electric power command
signal 1s sent to the electric power control unit
43 so that the electric power necessary for
operating the generator part 31 1s supplied from
the electric power accumulating unit 40. Said
differently, the electric power command signal 1s
sent to the electric power control unit 43 so that
the required electric power 1is entirely supplied
from the electric power accumulator 41 including
the electric power required to operate the
generator part 31.

With the second embodiment, when the
portal crane C is operated in the acceleration mode,
time variations such as a time variation of the
speed of the hoisting motor MM, a time variation of
the reguired electric power in driving the hoisting
motor MM, a time variation of the revolution speed
of the engine, a time variation of the electric
power generated by the generator part, a time
variation of the discharging electric power
discharged from the electric power accumulating
unit, and a time variation of the engine output
pecomes the time variations i1llustrated in FIG. 8.

It is also possible to return to the
ordinary operation mode before the revolution speed
of the engine 20 reaches the target revoluticn
speed. For example, it i1s also possible to return
to the ordinary operation mode when the revoclution

speed of the engine 20 reaches a revolution speed
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the engine generator includes an engine including an engine body and an engine control
part for controlling activation of the engine body, and a generator unit including a generator
part capable of functioning as a generator and a motor that is connected to an output shaft of the
engine and a generator control part for controlling activation of the generator part, and the
command signal sending part sends the revolution speed command signal containing information
indicative of the revolution speed of the engine to the engine control part and sends the torque

command signal inglicative of torgue torhe generpted indhe generator pas ofithegenerataralnit to the
generator control part. 6.The h?lgbrid electric power device for the crane according to claim 5, wherein
paercent 5.
{(Emergency control)
If the command signal is not sent to the
various devices and units by a failure of the
control unit 2 or the like, by enabling to
automatically operate the engine generator 10 at a
rated speed, it 1s possible to maintain electric
power supply to the main unit MP, the assist unit
SP and so on.
The present invention is not limited to
the above embodiments and various modifications

are possible.

INDUSTRIAL APPLICABILITY

The embodiments of the present invention
are applicable to a hybrid electric power device
for a crane such as a gantry crane and a Jib crane
mounted with tires driven by an engine generator
and supplying electric power to a direct current
pus bar of inverter in crane eguipment including

the crane.

EXPLANATION OF REFERENCE SYMBOLS

1: hybrid electric power device for crane
2: control unit

2a: electric power load calculating part
2b: command signal sending part

10: engine generator

20: engine
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the command signal sending part calculates time variation data of the revolution speed for accelerating
the generator part of the generator unit so that the revolution speed of the engine corresponding to the
electric power load on the engine satisfying a maximum electric power value of the required electric
power is attained when an increment rate of the required electric power exceeds a predetermined
value before the required electric power reaches the maximum electric power value, and sends the
revolution speed command signal generated based on the time variation data of the revolution speed
to the engine contrpl partand the generator control part. 7.The hybrid electric power device for the
crane according to any one of claims 1 to 4, wherein the engine generator includes an
engine including art engifié Body afd &n Jﬁe?@in%‘—“c%‘_ﬁtrol part for controlling activation of the engine
body, and 30: generator unit

31: generator part
32: generator control part

40: electric power accumulating unit
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a generator unit including a generator part capable of functioning as a generator and a motor that is
connected to an output shaft of the engine and a generator control part for controlling activation of the
generator part, and the command signal sending part of the control unit sends the torque
command signal containing information indicative of an output torque of the engine to the engine
generator and a revolution speed command signal indicative of the revolution speed, and sends the
revolution speed command signal containing information indicative of the revolution speed of the
generator part of thé-§enefator unit to the generator control part. 8.The hybrid electric power device for
the crane according to claim 7, wherein the command signal sending part calculates time
variation data of the revolution speed for accelerating the generator part of the generator unit so that
the revolution speed of the engine corresponding to the electric power load on the engine satisfying a
maximum electric power value of the required electric power is attained when an increment rate of the
required electric power exceeds a predetermined value before the required electric power reaches the

maximum electric power value,
1. A hybrid electric power device for a crane

comprising:
an engine generator;
an electric power accumulating unit; and
a control unit including
an electric power load calculating part
configured to calculate an electric power loaded on
the engine based on required electric power
required from an outside load and charging
electric power exerted by an electric power
accumulating unit, and
a command signal sending part
configured to calculate output torgue and a
revolution speed based on the electric power
loaded on an engine and sending a torgque command
signal indicative of the ocutput torgue to the
engine generator and a revolution speed command
signal indicative of the revelution speed to the

engilne generator.

2. The hybrid electric power device for the
crane, according to claim 1, wherein

the engine generator includes an engine and a
generator part capable of functioning as a generatoer

and a motor that is connected tc an output shaft of the
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sends the revolution speed command signal generated based on the time variation data of the
revolution speed to the generator control part, and calculates the output torque enabling
acceleration of the generator part while avoiding a combustion state of the engine from degrading
during an acceleration period of the generator part, and sends the torque command signal
generated based on the output torque to the engine control part. 9.The hybrid electric power device for
the crane according to any one of claims | to 8, wherein the control unit controls the engine
generator so that thB&hgfhe R7tfiven by the generator part in an electrically motive state.

when an increment rate of the reguired
electric power exceeds a predetermined value, the
generator part assists rotation of the engine by the
generator part until the revolution speed of the engine

reaches a predetermined revolution speed.

3. The hybrid electric power device for the
crane according to claim 2, wherein
a function of the generator part changes from
the motor for assisting the rotation of the engine to
" the generatcor for generating electric power using the

engine.

4. The hybrid electric power device for the
crane according to any one of claims 1 to 3, whereiln
the ocutside load includes & main unit and an
assist unit, and
the revolution speed of the engine where a
main unit requiring power does not exist i1s lower
than the revolution speed of the engine where the

main unit requiring power exists.

5. The hybrid electric power device for the
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10.A control method for a hybrid electric power device for a crane including an engine generator and
an electric power accumulating unit, the control method comprising: calculating an electric
power loaded on the engine generator based on required electric power required from an outside load
and charging electric power exerted by the electric power accumulating unit; calculating output torque
and a revolution speed based on the electric power loaded on an engine; and sending a torque
command signal indicative of the output torque to the engine generator and a revolution speed
command signal inéfcativesstERe Févblutich §ﬁéed3f¥th%gen@%?elﬁ@n eraldt, 4 wherein

the engine generator includes
an engine including an engine body
and an engine control part for controlling
activaticon ¢of the engine body, and
a generator unit incliuding a
generator part capable of functioning as a generator
and a motor that is connected to an cutput shaft of the
engine and a generator contrel part for
controlling activation of the generator part, and
the command signal sending part sends the
revolution speed command signal containing
information indicative of the revolution speed of
the engine to the engine contrel part and sends the
torgque command signal indicative of torgue to be
generated in the generator part of the generator

unit to the generator control part.

6. The hybrid electric power device for the
crane according to claim 5, wherein

the command signal sending part calculates
time variation data of the revolution speed for
accelerating the generator part of the generator
unit sco that the revolution speed of the engine
corresponding to the electric power load on the
engine satisfying a maximum electric power value of
the reqgquired electric power 1s attained when an
increment rate of the reguired electric power
exceeds a predetermined value before the requlired

electric power reaches the maximum electric power
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11.The control method according to claim 10, wherein the engine generator includes an engine and a
generator part capable of functioning as a generator and a motor that is connected to an output shaft
of the engine, and when an increment rate of the required electric power exceeds a
predetermined value, the generator part assists rotation of the engine by the generator part until the
revolution speed of the engine reaches a predetermined revolution speed. 12. The control method
according to claim 11, wherein a function of the generator part changes from the motor for assisting
the rotation of the &ddiHé to the YeREratot forgeneratig lechie povrst GsmgtAe BAgine. 13. The

control method accprding 1o gayene efclaimssldtod?, wherettime variation data

of the revoluticon speed to the engine control part

and the generator control part.

7. The hybrid electric power device for the
crane according to any one of claims 1 to 4, wherein
the engine generator includes
an engine including an engine body
and an engine control part for controlling
activation ¢f the engine body, and
a generator unit including a
generator part capable of functioning as a generator
and a motor that is connected to an output shaft of the
engine and a generator controel part for
controlling activation of the generatocr part, and
the command signal sending part of the
control unit sends the torgue command signal
containing infeormaticn indicative of an output
torgue of the engine to the engine generator and a
revolution speed command signal indicative of the
revolution speed, and sends the revolution speed
command signal containing information indicative of
the revoluticn speed of the generator part of the

generator unit to the generator control part.

8. The hybrid electric power device for the
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the outside load includes a main unit and an assist unit, and the engine is controlled such that
the revolution speed of the engine where a main unit requiring power does not exist is lower than the
revolution speed of the engine where the main unit requiring power exists. 14. The control method

according to any one of claims 10 to 13, wherein the engine generator includes an engine and
a generator unit including a generator part capable of functioning as a generator and a motor that is
connected to an output shaft of the engine, and the revolution speed of the engine and

torque to be generdfed i MEyEreradr Lfit afé EBntfolldt B st electric power generated by the
engine generator. 15. The controh methaghaceardingito-claimeldi whereiert calculates

time variation data of the revolution speed for
accelerating the generator part ©f the generator
unit so that the revolution speed cf the engine
corresponding to the electric power load on the
engine satisfying a maximum electric power value of
the required electric power 1is attained when an
increment rate of the required electric power
exceeds a predetermined value before the required
electric power reaches the maximum electric power
value,

sends the revolution speed command signal
generated based on the time variation data of the
revolution speed to the generator control part, and

calculates the output torgue enabling
acceleration of the generator part while avolding
a combustion state of the engine from degrading
during an acceleration period of the generator
part, and

sends the torque command signal generated
based on the output torgque to the engine control

part.

9. The hybrid electric power device for the

crane according to any one of claims 1 to 8, wherein
the contrel unit controls the engine

generator so that the engine is driven by the

generator part in an electrically motive state.
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when an increment rate of the required electric power exceeds a predetermined value, the engine is
accelerated by functioning a speed regulator so that a revolution speed of the engine with which
electric power loaded on the engine corresponding to a maximum electric power value of the required
electric power is attained before the required electric power reaches the maximum electric power

value, and the generator part of the generator unit is accelerated at a same speed as the
revolution speed of the engine. 16. The control method according to any one of claims 10 to 13,
wherein the engine generator includes an engine and a generator unit including a generator

part capable of functioning as a generator and a motor that is connected to an output shaft of the

engine, and the electric power generated by the engine generator is adjusted by controlling the output
torque of the engine and a revolution

10. A control method for a hybrid electric power
device for a crane including an engine generator and an
electric power accumulating unit, the centrol method
comprising:

calculating an elsctric power locaded on
the engine generator based on required electric
power reguired from an outside lcad and charging
electric power exerted by the electric power
accumulating unit;

calculating ocutput torque and a
revolution speed based on the electric power
loaded on an engine; and

sending a torgue command signal
indicative of the output torgue tc the engine
generator and a revolution speed command signal
indicative of the revolution speed to the engine

generator.

11. The contrcl method according to claim 10,
wherein the engine generator includes an engine and a
generator part capable cof functioning as a generator
and a motor that is connected to an output shaft of the
aengine, and

when an increment rate of the required
electric power exceeds a predetermined value, the
generator part assists rotation of the engine by the

generator part until the revolution speed of the engine
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speed of the generator part of the generator unit. 17. The control method according to claim 16,
wherein when an increment rate of the required electric power exceeds a predetermined value,
the engine is controlled to generate the output torque to an extent of not degrading a combustion state
of the engine, and the generator part of the generator unit is accelerated so that a revolution
speed of the engine with which electric power loaded on the engine corresponding to a maximum
electric power value of the required electric power is attained before the required electric power
reaches the maxiniifif €lectic ppWRR G aRET 48 F heControF AMSthGP&ECording to any one of claims 10
to 17, wherein when the electric power is supplied from an outside the engine is driven by the
generator part of the generator unit in an electrically motive state.

12. The control method according to claim 11,

wherein a function of the generator part changes from
the motor for assisting the rotation of the engine to
the generator for generating electric power using the

engine,

13, The control method according to any one of
claims 10 to 12, wherein

the outside load includes a main unit and an
assist unit, and

the engine is controlled such that the
revolution speed of the engine where a main unit
requiring power does not exist is lower than the
revolution speed of the engine where the main unit

requiring power exists.

14. The contrel method according te any one of
claims 10 to 13, wherein

the engine generator includes an engine
and a generator unit including a generator part
capable of functioning as a generator and a motor that

is connected to an output shaft of the engine, and
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the revolution speed of the engine and
torgue to be generated in the generator unit are
controlled to adjust electric power generated by

the engine genserator.

15. The control methed according to claim 14,
wherein

whern an increment rate of the reguired
electric power exceeds a predetermined value, the
engine is accelerated by functioning a speed
regulator so that a reveolution speed of the engine
with which electric power loaded on the engine
corresponding to a maximum electric power value of
the reguired electric power is attained before the
reqguired electric power reaches The maximun
electric power value, and

the generator part of the generator unit
is accelerated at a same speed as the revolution

speed of the engine.

1le. The control method according to any one of
claims 10 te 13, wherein

the engine generator includes an engine
and a generator unit including a generator part
capable of functioning as a generator and a motor that
is connected to an output shaft of the engine, and

the electric power generated by the
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engine generator 1s adjusted by controlling the
output teorgue of the engine and a revolution

speed of the generator part of the generator unit.

17. The control method according to claim 16,
wherein

when an increment rate of the reguired
electric power exceeds a predetermined value, the
engine 1s controlled toc generate the cutput torgue
to an extent of not degrading a combustion state of
the engine, and

the generator part of the generator unit
is accelerated so that a revolution speed of the
engine with which electric power loaded on the
engine corresponding to a maximum electric power
value of the required electric power 1s attained
before the regquired electric power reaches the

maxinmum £lectric power value.

18. The control method accerding to any one of

claims 10 to 17, wherein

when the electric power is suppiied from
an outside the engine is driven by the generator
part of the generator unit in an electrically

motive state.
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