'l Crane, in particular nobile wharf crane, having a hybrid drive system The
invention relates to a crane, in particular a nobile wharf crane, having a
di-esel -el ectric drive, the three-phase generator of which supplies an AC
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sodi um sul phur or nickel-netal hydride storage batteries, in order to cover
aver age p@gder to cover short-term peaks in energy requirement such as those produced when
20  driving and braking the traction drive of the straddle carrier or when lifting and lowering
the containers. This short-term store can be charged when braking the traction and lifting
drives in a generator-based manner and therefore the energy supplied back into the DC
voltage intermediate circuit by the traction and lifting drives does not need to be
converted into heat using break resistors. The short-term store thus eliminates these
25  energy losses and is used as an intermediate store for the energy. The short-term energy
store is formed from double-layer capacitors which are connected together, have
extremely high capacitances and are also known as “ultra capacitors” or “Ultra-Caps”. In
addition to the short-term energy store, a further energy store is connected to the DC

voltage intermediate circuit via a further charge/discharge regulator. The further energy

30  storeis formed as a lightweight high-energy battery, in particular sodium chloride, nickel,

sodium-sulphur or nickel-metal hydride storage batteries, in order to cover average peaks
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regul ator’ for the short-termenergy store and the further energy store is
formed as an adj ustabl e two-quadrant DC/ DC converter. Further, an electric
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articulated on the tower approxinately inthe region of half of its length
and on the side

20  Furthermore, so-called mobile wharf cranes are known from the current company
brochure from Gottwald Port Technology GmbH, Dusseldorf, Germany, entitled
“Hafenkran-Modell 4" (“wharf crane - model 4”), by means of which containers or bulk
material are handled in seaports or container terminals. Such a mobile wharf crane
consists substantially of a lower carriage, by means of which the mobile wharf crane is

25  supported on land, e.g., on a quay, or on a floating pontoon, and an upper carriage which
is mounted on the lower carriage so as to be rotatable about a vertical axis. The lower
carriage can travel on the quay via tyres or on rails via rail wheels. During the handling
operation, the lower carriage is supported via stanchions. Disposed on the upper carriage
are a vertically extending tower, the rotating and lifting mechanisms for the rotation of

30  the upper carriage and the lifting of a load, and a counterweight. Further, a jib is

articulated on the tower approximately in the region of half of its length and on the side



3 renote fromthe counterweight. The jib is connected to the tower so as to
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its laterally projecting operating position into an upright rest position
via a .luffing cylinder articulated on the jib and at the bottomon the
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20  Based on this Prior Art, the object of the present invention is to create a crane, in

particular a mobile wharf crane, with an improved hybrid drive system.
!

This object is achieved by a crane, in particular a mobile wharf crane, having the features

of Claim 1. Advantageous embodiments of the invention are described in the subordinate
25 Claims 2 to 14.

j

In accordance with the invention, in the case of a crane, in particular a mobile wharf

crane, having a diesel-electric drive, the three-phase éenerator of which supplies an AC

voltage circuit, having a DC voltage circuit connected to the AC voltage circuit, having
30 electric motors which drive at least a rotating mechanism, a lifting mechanism and a

luffing mechanism of the crane, having at least one brake resistor and having a short-term



‘connected to the AC voltage circuit and to the DC voltage circuit and the
AC voltage 5circuit is connected to theg DC voltage circuit via a rectifier
such that "an energy exchange is possible between the AC voltage circuit and
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Al t hough the energy content per volune is smaller than that of batteries,
t hese pr opegrerensration of energy is achieved in an advantageous manner by virtue of the fact

20  that at least the electric motors of the lifting mechanism and of the luffing mechanism can
be operated in a generator-based manner for feeding electrical energy back into the AC

voltage circuit or into the DC voltage circuit.

In an advantageous embodiment, the electric motors are formed as three-phase motors.

25
In a preferred embodiment, provision is made that the short-term energy store is
connected to the DC voltage circuit via a DC converter. By using the DC converter, the
short-term energy store can be synchronised with the DC voltage circuit in terms of the
voltage level.

30

In a particularly advantageous manner, provision is made that the short-term energy store
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The main aimof the downsizing strategy is to

It is also particularly advantageous if at least the electric motor of the luffing mechanism

is connected to the AC voltage circuit.

20  In combination with the present invention, it is advantageous that the rotating mechanism
comprises a three-phase motor which is connected to the DC voltage circuit via an
inverter, the lifting mechanism comprises a three-phase motor which is connected to the
DC voltage circuit via an inverter, and the luffing mechanism comprises a three-phase
motor which is connected directly to the AC voltage circuit. An existing AC voltage

25  circuit can then be retrofitted with the short-term energy store with changing the design

of the electrical system of an existing mobile wharf crane.

In a particularly advantageous manner, provision is made that a power controller which is
adjusted via an operational strategy, is connected to the diesel-electric drive, the brake
30 resistor or its rectifier, the short-term energy store and the DC converter of the short-term

energy store and controls the short-term energy store and if required the brake resistor on
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In a particularly advantageous manner, provision is made that via the power controller the

20 short-term energy store is adjusted to a constant discharge power during a regular
boosting of the diesel-electric drive or is adjusted via the power controller such that
during boosting of the diesel-electric drive in the event of a corresponding power demand
a discharge power which is higher than the constant discharge power is made available
when the charging state of the short-term energy store is close to the maximum value

25  after a charging phase. Adjusting to a constant discharge power increases the degree of
efficiency of the short-term energy store during regular boosting. However, this does not
preclude that within the scope of the invention during boosting the constant discharge
power can be deviated from in the event of a corresponding power demand of the
consumer, in particular when the charging state of the short-term energy store is close to

30  the maximum value after a charging phase.
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operat | O'lirﬂﬂ%{?@{ 1B ROES ie%\ver%gg%%%ﬁg%g&%ﬁﬁ%&ftﬁg&%ﬁéﬁdﬂﬁe 1?%361@9

i nternal conbustion enginme are als e i sconnecti ng

shor t 5t erdhagtieg gyteshigesof tHhstwrikasn angegstorare ef fect on consunpti on and
exhaust em ssion behavi our of the internal conbustion engine. 20The ability
of the hybrid drive systemof the crane to feed back energy is increased in

an advant Lt d : i ni sm
o udas. DREIBUS: DRRARE st Il ¢ fefflba p0Ss Y3 ind iier LEgh LalXimiTDTHAN BTV
driving tdesighyslplaohbial founptimsingghat@eodt dfEeidnamgsiback tenesgyf a Righer

exenplified enmhodj nent of the invention wll .be explained hereinafter with
et e ence e 1SRRG oW BRI B AR SHEARS o) HRAROT- A hglsT e whar
craney andofkl quiss 2XBR Yo dosdiddeation Wihaahabp&htids AKRE bkheshor i dnbgyymobi | e
wharf crane of 30Figure 1. 8 Figure 1 shows a view of a nobile wharf crane

1 for handéteny veltagedargss sddchcarp eahighas possiplp traborethgrdefind lover gharging

bet ween | . vi ce-versa or within container termnals. The
bl o S HRRC el B BarBng L SO VET SR O Wi gri pper for handling bul k

materials. The nobile wharf crane 1 consists substantially of a | ower
carriage 2 and an 5Supper carriage 3 having a tower 4 and a %ib 5. In a
convent i ohdP ageqrAdIce ithea Fasther feature of the invention, the power output of the short-
15  term energy store is reduced close to the switching limit between boost operation and
normal operation, then harsh loading requirements on the internal combustion engine are
also obviated when disconnecting the short-term energy store. This has a positive effect

- on consumption and exhaust emission behaviour of the internal combustion engine.

20  The ability of the hybrid drive system of the crane to feed back energy is increased in an
advantageous manner by virtue of the fact that the luffing mechanism includes a
hydraulic cylinder and a hydraulic pump and the electric motor driving the hydraulic

pump is capable of feeding back energy.

25  An exemplified embodiment of the invention will be explained hereinafter with reference

to a drawing, in which:

Figure 1 shows a view of a mobile wharf crane, and
Figure 2 shows a circuit diagram of a hybrid drive of the mobile wharf crane of

30 Figure 1.



‘wharf crane 1 is supported on land, in this case a quay 7, via its |ower
carriage 2. The nobile wharf crane 1 cgn travel on the quay 7 via the | ower
carriage 2 by neans of wheel tyre travelling nechanisns 6 and is supported
on the quay via stanchions 8 during the handling operation. It is also
possi bl e lf-'i%{lret NG IR i&y WhALobiE %ﬁrf]c{z%n% 1 fRNEAdIRR stRlhisRl cb ai:hgrsbﬁl
attached 1 fi a stationary nanner on a floating pontoon. Vbunt éd on t he | ower
carri age partiaulii8Ouppelingabetivagreiadd whd oiatet anvise-vpisu ot @dthabataigerverti cal
rotational axis D via rotati ng nmechani smd. The rotating nmechani smd
convent i offETI!ScoRprIdEs g e g a@ﬁg%fg@fépwlplagﬁa??rﬁ%an@ﬁag R whee!
The upper maRtihlsagte RE Q/h%l‘f%?ﬂ'{etlsccﬁsils{sfsh‘)ﬁgntm Q@Q'lé\%ﬂ%aﬂﬁ%ea; and an
counterweight 9 in the rearward region. Also supported on the upper

15car rS agepp8r caTiagee3 harntg g &dver 4emtland Mgint ovemvedticonal mamse, the pabilpul | ey head
10 is attached mﬁﬁh cable(ﬁuIF§ S.. Eurther, t eI%LbIS is articulated on the
Cower 4 aBBTORHEL & SEPAFEd @ 2o B Fasan duat!- 1RdSIBHER S o he si de
remot e frogbiid@nsOLRhen Wah &lel In tHd§udyl Dvid theSloGRPERALED bPnifs MRl 4 SO
as to be pivotable about a horizontal [uffing axis Wand can al so be

pi vot ed ofyre Bdvelling meghanigms ¥ apd o5 wwpprief optreanpnyiastichioond duriag the upri ght
rest 20 sit.ion via a luffin npsm w.whi.ch. s arficulated.on the jib
5°and at TRABEPRHeR 1 HatsiRarBEIRr IR ol SRR T het as
a hydreaul beattirhddiid @rstatiang o iner bine flobfindpdBodn Menite®bakicelotver dRbags a

| atti ce boom Munted in_a rotatable manner on the tip of the jib 5 renpote
from t he ##viB¢ uppescaTipge g Rdvicheemm be mpyntedgbouy p yeriisplantationaliay Ry s are

gui ded st j i f1d ol i | to the
Poad 1o o BERAeR TR Te'hiale FRENAR [cbperfohly il ks SBBO L 1 0o’ o
t he -nobi | engapat Witk n dneink todthéd ghed. The Appaeanidgb8dildonsupp@td nkiftiaduct i on,
such nobil e wharf cranes can,. in terns of their drive design, he serial
hybri ds smﬁ%‘@ntsme@alzfﬁ%mnéerwlaﬁ%aH_gthafreaawaf&gme e ?WPBOH?‘P R LPPR
- S0uhi oh 1 gighenis 6l v ERElIPex@hafadb &8 of Whbsd o £ABNE/ M 107 AugREhani cal
work by an internal conbustion engine 1la. The internal conbustion engine
. 11a dri vewith cttile pellgyha$erth®, the pibriais artiduldseddr thia towenearpsoximatelemithei cal
energy into.electrical, ener and s. lies. it to an AC vqltage circuit 12.
The. Chr ecteginel oAl RN 1 BribedBimE oAl e TR g teur en
with a voldme&ed RMBE tiferdd®d a¥io bOpARYbld BBuf ShéDnACIMBE 806 Whahbid 12,
the power supply for providing energy for the different electric notors of
t he nobi | dsabapiapted opheldtsilateratlydeisciznepevaingpgsition intajan uprghitiesth i s
conn ed tg.the AC wolt circuit. 12 Vi rectifier 16, of the
oot i or oo alat e MERRHERL S b B R B Bh ST Al R e i
12 and t hhe Dppat@hirige 3cint ¢ltdnvéntidrially fernedaa Aplyrautit eglindet aMo@RREL Yhe
recuper at ed by generator-based braking or generator-based operation of an

el ectric Wdf &y cpveninnaly Ermed &s a fattigsbqam. oMoupied i a refaablggeanaer eiythes 12, 17

and anot h lect r I . bl t he
Ut ing. ot Ran {8 P Bl CERHIRTE R PSR o en
consuner sareignided startog faom tikdiftieg pechanien dnviy the pofley head i0f tbitingload edhbi sm h
and the ro%&iing mechani smd, are connected to the DC voltage circuit 17,
in whxh & umers a new conversion of the electrical energy back into
mechani cal work takes place, which is used for luffing of the jib 5,

Figure 2 shows a circuit diagram of a hybrid drive of the mobile wharf crane 1 of Figure
1. As described in the introduction, such mobile wharf cranes can, in terms of their drive
design, be serial hybrids since they operate by means of a diesel-electric drive 11 in

30  which the chemical energy of a diesel fuel is converted into mechanical work by an

internal combustion engine 11a. The internal combustion engine 11a drives a three-phase



-

‘15l ifting of |loads or rotation of the nobile wharf crane 1. The lifting

mechani sm h and the rotating nmechani smyd conprise electric three-phase
notors hl; dl, preferably asynchronous notors, which are each connected to
the DC voltage circuit 17 via an inverter h2, d2. In the inverters h2, d2,
t he DC vo [ e i Ll t . it i i i

possi bl o TBCa e AE Rl MOy oGSy A8 4ol plor Pl BHIER
circuit d.anFOC vblweldirchit ny. Mae faes-piaseigederator € plodsespmhee-phhase unni ng at
constant speed is connected to the AC voltage circuit 12 ich drives a
hydr aul i RISTRASOGSUITEH Yoty & VeltagsievghokddlaY - 3} %4%%&9&%? Aﬁ@%}%ﬁa FieHit E2:punp
W2 is congecte {BY BHoRMihE erfby IR MR RCIBRHE IS o R Bofe t he

nobi | e V\hntg??Bchra%gp% caﬁlrobelp Sot%}iﬂ aboeut ?ﬁg@?%?ng axis W Ql'lﬂee hydraul i c
punp W2 awblarf bnt hisdadehadC noltagge oncuit A wectPisfconmeettdsadhie Afatbltegecess

ener gy cannot _he .retur.ned i s rather discharged via inductors.  However,
it is |iKelEd s raadfesfiacy h€$§¥ NéYR hwara‘ftﬁlberﬁgw Wfr?aYn‘Ei‘C%‘?ﬂgetlﬁP%sélb%ase

motor W2 @hge&ralcev@fagt eRELINY BaLthc T VOYagthiehit TR HriRahpRNEr gy can be
returned to the AC voltage circuit 12 or even to the DC voltage circuit 17

vi a t he rdedtii¢dl gnergp rec@penated hargenerator hgsadiuaking py generatprobased pperatiertefd - are

provi ded an are connec ed di rectlyot.o thef' nt er.nal ~C0Ii"fg)l.11§tf70£]n a?n%lh%? lla
e

or are cofinected to the AC Vortage circurt 12. For. 10 exanpl €,

tractigon &edtMe mofdr Haben BB Y fequtiambntC ITReIrid e OF thRNy g @hahieh wliosi ng and
opening a four-cable bulk material gri(?per can be mentioned here.

Cor r es pontfinagctert foBe ASpetltege girgit hbasdifferanhesupges B BN than | i kewi se
be connec - - : ' gtifrers 4t J

possi bl o Parsile bitfes AP NARRE Lt b ahd e DR phock Bl bre oo 11
DC vol t age thé DCWdltagd cibduit 17, ilhehkE condunagea aew cunterdidn vt theiciveaidabr s. Om ng

to the disposition of the AC voltage circuit 12 a | so t C vol t age
circuit 1RergHbac “f‘ﬂﬁéﬁcgﬂgﬁgﬂ‘foéf( f%g%akaﬁe’t Clhﬁtué?‘ggﬁz nﬁ@?%"% iespecti ve
drives; | l'i‘ftiﬂg gg foali9of REHRR AR PG CHELS¥ratl Cirhd ‘H‘ft’ir%gméﬁll'aﬁ%%ddl? ghd the

gener at or-ba braki ng of the 10t hree-phase notors wlis fed
back i nt orotdiegA@chalismglecopiprisaictecttz threeiphtase mbordq, vd) prafpeabdy rcuit 17, a

short-term ener store 13. is conpected t h ol tage.circuit 17. The
cner gy i EPOEa S8 e BBIeARETAF S e RC Lol ety TSEDPE 15 i o
produced mygedrant 42l Inthé HivieRers hoVer, oD and 1tk oy @edtif® A@@Qlt?%’é_.d thus by
the generator- based braking of the three-phase motor hl of the lifting
mechani snilpwevdr, igisHik¢gmase nogsible to connect the three-phase motors hl, d1 to the AC
20 voltage circuit 12. For the luffing mechanism w, a three-phase motor w1 running at
constant speed is connected to the AC voltage circuit 12, which drives a hydraulic pump
w2, in particular an axial piston pump. The hydraulic pump w2 is connected to a
hydraulic cylinder w3 via which the jib 5 of the mobile wharf crane 1 can be pivoted
about the luffing axis W. The hydraulic pump w2 and the three-phase motor w1 can be
25  formed such that excess energy cannot be returned but is rather discharged via inductors.
However, it is likewise feasible that the hydraulic pump w2 and the three-phase motor w2

are capable of feeding back energy which means that energy can be returned to the AC

voltage circuit 12 or even to the DC voltage circuit 17 via the rectifier 16.

30  Furthermore, further drives — not illustrated — are provided and are connected directly to

the internal combustion engine 11a or are connected to the AC voltage circuit 12. For



'15 punp w2 and a three-phase notor W - which are both capabl e of feeding
back energy - are used, then the energ o' ecuper at ed fromthe hydraulic punp
w2 can al 50 be received by the short-termenergy store 13. However, in
princi-ple, .each of the electric notors can be fornmed to be capabl e of
feeding b A ' ([ or to the
e vol { agl PRe SarfOf e RRIERLGH: R afnd 1.ofdbl PSet EehhztaC

20ci r cui tepehhgantduldabdd bilkenaerial gyippawan bs upliynal leere oGoeedpedding diies ener gy
store systemor the short-termenergy store 13. For the instances when the
short-ter%e@ﬁ@{wmﬁ%@ thrge-phpsedroetre lisRuisg e&P“‘?‘iﬁ?“H@r‘hf‘e}HQrV@E‘?g% br ake
resistor & 7GePReahed. 1Qs bRE phAGiMOS G8Rate S litivesdria McombldkSarif Bke

25r esi st or 1114, t he vol tage ?e% By tlhe gil%g? ator-ba‘éed 12f)rakl ng o? t he

t hr ee-Sphasanews thxms tadthe DN valtegewircioatk or wtthe AlevA@gv olrtwg 2 wianovwartersl2 i s

converted.into heat. and.is us -not el i.m nat.ed. i.-ncorpor.ating the
Shor t -t er P Bisaedl GeBRaiorp iR Rroalt Brvigt Bl be PE vWHer SIS hbi
30oper at i g tBhApRiblob VaRethBYibd uded 18 1Rf reffestiv@lidg, wharf crane 1 are
produced. In addition to the previously conventional operating state
"normal operation", i.e., the 11 internal conbustion engine |la satisfies
the different. | [ ceurrin ' tio .t he nobi |l e
whar{ or haner S Rgob R EERIET uBRR bR deid BT DB v BB 300t 0 e
AC valat ag@ireziphase thotb?s d1,masst b lyis édbidRantoGhy Al R g€ tirdidi 12 drinto the
converted into heat in_the brake resistors 14, there are _further operating
states. 1ACHeltags cirayftyds e sharbtarmenersly| SEUE Ad 1opamsstehty the Rlevoltage AU oj nt

i ncrease" 4 i 1 .OR: Ll i ted in a nore
t avour abl & onr SR EhPhS RSBl RO AN aEL bk S BREITREY by

char gi ng prbhéucet aubstirgialty dnengiovatriap@and Brakinpoefahé loatiiaad thuslbattks gén@rator-

ting the jnt | i ine lla by th -
Storo. 13, Shsed Bk heeahest o B 0 M B AFE R IRE. 4t bPETBYE ho Ener gy
fed back ﬁd?ﬁ;?xﬁ&_%d %%%Q—Y)gés;e%ﬂ&of {4 er\Bidh e dth EfHble oFdecd@ifback (Rl €SI St or

- braki ng" which is a mxe ormof the operating states "store braking" and
"resi st orarbpsdd, thgh thaNrengt feeurshased fromr the bpdnaglc sump &v21@niatsofhglrkgeivddar ged,

"resi stor, brakjng" ._The.brak i stor 14 i d to the AC
vol t age. cr LarborLierty Gty uert 7y SPVEYES et spsR o PRSIt mPTE e ¢ hus
be swit chedfoasied RMBH daptble 6PTHlRIg Vask EAdref bRTibd/tdndite®@ULhBIAC POIRE NEt er .

This is advantageous in terns o
circuit 12 or to the DC voltage circuit 17. Therefore, at least indirectly, both voltage

20  circuits 12 and 17 of the energy power supply are connected to the energy store system or

the short-term energy store 13.

For the instances when the short-term energy store 13 cannot store energy or further
energy, a brake resistor 14 is connected to the AC voltage circuit 12. Via this brake

25  resistor 14, the voltage fed by the generator-based braking of the three-phase motors d1,
h1 and w1 back into the AC voltage circuit 12 is converted into heat and is thus not

eliminated.

By incorporating the short-term energy store 13 in the DC voltage circuit 17, various new
30  operating states for the hybrid drive of the mobile wharf crane 1 are produced. In

addition to the previously conventional operating state “normal operation”, i.e., the



‘150f energy. The short-termenergy store 13 is formed as a doubl e-| ayer
capacitor which is also referred to as,an "U tracap" or "Supercap". Such
doubl e- |l ayer capacitors have a | ong Ii%e, are free of naintenance, are

i ght -and have a | ow energy density with a high power 20density. These are
conseque r i red
W th bat ol Sbib M onting 1 B (BT B i bEREng SRRE

t he doubl@ekamrofd&pacblﬂ@wharf é#ahb@u@hi ‘trégisteniatikivig onvkich tieenev) fade i s
smal l er than that of batter.ies, thesewﬁ)r opertl es nean that doubl e-1ayer

capaci t orackinfo dhe AL valineearanoh - pessitleKathy DSt oltage sistuitle 1Sn nobi | e
wharf cr %ﬁéeﬁmﬁﬁo P{@A?@ th@\ﬁﬁﬂ(b D&id R4S, mereaargﬁmhleﬁowgtﬁﬁa% 3519{ & cail,

extrenely high powers | ow energi es occur over ivel'y short period
of time ohesw afrevhesfektmnig oaaﬂtlhgstawsc‘ébmfmmnncmasnﬁe]swhschdhe imemali fting and
ot her crane novenents, ower s .occut,.in each case only for a short
tinme. The® W’&”ﬁ??%@“%ﬁ%h@rﬁgﬁg ategﬁlfm%séesvowéh OPSFARg AN WY gy back into

the AC Voih&%%d'déb%%'E?fo?&&lc?'b&%%tgmjgzth§kHH'rﬁtetnheenE %&dreq.v, m\b@&ewhlm the
upper carriage 3 of the nobi wharf crane 301 is ow and thus th

accel er attelagesdaqupnotiigige pntemelsgeﬂsblatlen steing 1 embly thewhort termesngygy stq@ The

short-term ener store cnectedtoth volta cifrc 17~in a
bi di rectlf(?na?[ rfcggr%?llkeurlgha\l}lcﬁ1 relate coarrﬁ’/lggttheersuﬁa YeOhHEE s %% aglfe ekhwe‘Aé% The

DC cqro)verxtcmragaﬁﬁerafeamearduhazf L t5t 618/ re¥istediarakinggwhitd iy 8liirgefon dfffiee DC
voltage circuit 17. 5A series of further functionalities can be
i ncor por aARSERUENE SHECSt Store Brakingr and everiston brakings't thniti}e VROTEFETRIRPETSY SHUSi ti ve

eff ect 0“13%@% a?%éd“gre?ist%?\é AU cﬁljé'eThE'B s1s?<ﬁ”f91§§tcbr9xﬂec&e§q l1la. As

aresult, n adlt urt er savings In enerate ol 1 ut ant
em ssi on Aérvoahga)mhmltclanaa deescadﬁleyl4aezd1dahdbra1€hees$dwlt4~¢aﬁrtmseﬁeavg§chsd ay e 13
can permt a SOW f t he mterrig conbustign engine 1lla b %/
corresporf&ﬂ‘fi@edl iSngf ccled MimEn o¥ERlS ROV g dRCFR gl SRS pUaghpup Hbtepﬂ er nal
combugt i oy gRghne 1lla are thus obviated. This has positive effects on the
transient consunption and the exhaust em ssion behaviour of the internal
conbusti on engl ne 11 a. A definable m)tor base load is also provided in

phases of t|ve ower req ternal conbustion engine 1la is
Phus abl cTRoRPlEE BBk PR G st bBE P et ey SRR abior o 1t i s
15 ensur ex‘éfefrﬂatto b1 POMREaPTort Bap&bart -Sueh dbeBleN &er %zﬁ;ﬁ'&ﬁor%%a{/@a g{r@dual Iy
reduced close to the switching limt between "boost" and "nor mal

oper at i onlifeE drep of mainienanes. dse hghiand havoatpw enpugy density woth aligh powver nal
Conb%t : O&ngl?yg 'Pl?es% %re CO%Qqu?lgIQ&}; pz?ngulgItly gulta'bﬁ: as Sgglq ‘term energy stores.

Compared with batteries, substantially higher powers can be received or output by the
double-layer capacitors. Although the energy content per volume is smaller than that of
batteries, these properties mean that double-layer capacitors are excellent as short-term
energy stores for use in mobile wharf cranes since when lbwering loads of a mobile wharf
25  crane 1, extremely high powers but low energies occur over a relatively short period of
time of a few seconds and for acceleration processes during lifting and other crane
movements, high peak powers occur in each case only for a short time. The rotating
mechanism d only feeds small amounts of energy back into the AC voltage intermediate
circuit 12 since the rotating movement of the upper carriage 3 of the mobile wharf crane

30 1 1is slow and thus the accelerating and braking processes are short and low in energy.



'The 'short-termenergy store 13 is controlled via a power controller 15, a
so-cal | ed power 20co-ordinator, i.e., J%‘ue char ge/ di scharge power of the
short-termenergy store 13 is fixed in"Terns of anpbunt and duration. The
power -controller 15 is paraneterised by the operational strategy used. The
power co- pnat {10 r [ H| Nal-Gi NG, f:he.:

Shor t - t or eamaracim PaEy R 0Tkl @i PLAPIpEMENAah b Eronal ) o
task of theneeN&ring @M oddverterl Ba onhéutad therebatsuees. ThaDCeonesserdier gy i s
supplied directly to. 25 the drives_or three-phase nmptaors_dl, hl and w1l
connect edSENeHhe Amctign phaepting Eif Yoltpge B’rthf’ﬁ?é/p t%lctr‘éﬂéf%i rcuit 17 in
order to obviate |osses occurring during internediate storage in the
short-termenergy store 13. Internediate storage is effected only when none
of theé cofsenmsraf finahee fanctionditipy caebieincerponitedneing to ttheshoerern emergy he

short-termenerqy stfore 13.still has.free chargi ng capaci.ty. The brake |
resi st or s%t(irﬁqgr"g%f}hfhasvelfs@dltﬁ@ eﬁé‘?%%‘ﬂ“@é’ﬂ&&?ﬁ?,%)é%"g’ﬁf Pﬁt%leﬁfétglé\%nt t hat one
of the drioeRBEPERIRY 1 flahrAes RIS Sn ABAIALR 1¢Ifurthbl sAths W fiRl hegerdAf&l not

have an energy requirenent at the |level of the fed-back energy, or the 13

short - t ermlkteat gyissionrcen 8o bawpwtideratlzirediicad.c bhe ghoplotetn soeramsion 1 beanener gy .
A recuperatiqn strat or_.a_downsi zj. t.r i ively used as
oper at | oA AP a8 in g BRI B e ARk B SE Rl T oY ey,

the mai N Wodling ABrup€Geish toll reqiiferidis 6 eieditefrat cdrabilstibatagihbelHéevol t age
circuit 12 or into the DC voltage circuit 17 and thus to avoid_ the use of

t he br akehpeehdated.sThis haspesitivagiiests ot the Hapderieopsumpsion jad thg gxhepst s

oper ati ong| . j Lng 1t h 5 store
13T o o oahis b R PRI PR ROR S L0 1 8 R RAE hRRTAREIE P ea o
be so | owistaBatpréhidedsinghtsds @f posties pywatroqirehdent.s Thik medraal gechbustianl  t he
entire recuperation energy can he received in the next arge cycl e.

Ther ef or cnid I8Hofs feleid ESHET gy ol & andpign foad reaesgieats- ﬁlﬂ%?@?%?éhtsy whi ch

i's asshi g%is?t%ﬁg@ﬁ?ﬂé%&ver loR tHUhSrtGEM Edrey &obVEls g%agf Feﬂh@?cpéloé\eh@rﬂ%e)

limt is defi or' the di scharging (c%arge status, 0 fully discharged,
1: fully ohghgedjmitbatweedé&bodstt artdimotibali@petating This getush avdids shash laadr m
energy store 13 to

requirement on S iinperrtla ecorrrllibggleosntenggnsesl%b\!v envkgjolotsta(%%ration 1s ended.
The short-term energy store 13 is controlled via a power controller 15, a so-called power
20  co-ordinator, i.e., the charge/discharge power of the short-term energy store 13 is fixed in
terms of amount and duration. The power controller 15 is parameterised by the
operational strategy used. The power co-ordinator also controls the transition from
charging the short-term energy store 13 to using the brake resistors 14. The particular
task of the power controller 15 is thus to ensure that excess energy is supplied directly to
25  the drives or three-phase motors d1, h1 and w1 connected to the AC voltage circuit 12 or
the DC voltage circuit 17 in order to obviate losses occurring during intermediate storage
in the short-term energy store 13. Intermediate storage is effected only when none of the
consumers have an energy requirement and at the same time the short-term energy store
13 still has free charging capacity. The brake resistors 14 are thus used as an emergency
30  system in the event that one of the drive motors or three-phase motors d1, h1 and w1

either does not have an energy requirement at the level of the fed-back energy, or the



ranges. This is also used for optimsing the degree of efficiency since at
a higher voltage, the |osses are | ower Qmﬁng to the internal resistance of
the short:termenergy store 13. In soné cases, the constant di scharge power
can al-so be deviated fromduring boosting. For exanple, in the case of a
cor r espongli - maxi mum
dischargggggag$9§§%ﬁg%ﬁgpg%%#gﬁngggg égﬁgm?ﬁgggﬁﬁpﬁgfggﬁégﬁergy store 13
is close to the nmaxi num val ue after a charging phase. The main aimof the
downsi zing strategy is to limt the power requirenent on the.

di esel - el BEFGUPETaHPT FEALGLY AP WIS B3k 19 SHECHEEsYSH 8s PBETaIYB! oper at e t he
nobi | e ane 1 25with a reduced internal conmbustion engine 1 la and a
reduced t hase generator |lb without any power |losses. In order to
ensuré this, the short-termenergy store 13 also receives - in addition to

t he ener%¥ fed back into the AC voltage circuit. 12 - chargg 2 t he | oad
poi nt i ndPEABETEEOR WHN i TErRSFARon ARy e Bl WE 10 oeitRpd oL Hif werey
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useable S ran of th hort-term,ener store 13.,.1n.thi 14. downsi zi ng
tr ategy eeTopsrferttirangilps HOpaRTsH el Sk i gea ki the ©
boosti0st adodstahesbvidie TRRXiSBhmRR Poler Af selddeditd bekd Rlw tanihyShorefer@ngents | 1a is
reached. In addition to the operational strategy, further factors have an
i nf | uencesters 18 Aedigelangadamtid g mtireFecup@atitiodner$Yetambe fiegeiieddr dieanex8. The DC
converter d ~h i ount il el '
possi bl o VATEERO B S MOShATRUE ot PRGS 13145 RUMEE. DML O bbitn,
short -t erisaehighgy psisivie. In3thisScomexit,tadlvedr 8OCsEer oftchange eluaittis dd¢fmed éorvi ce
life being shortened due to exc s?ige heat i ng, . 10The hasic i pl e of
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cont r ol | i g dtsRerama ehares stundt: gyl issharges. b tehly chars WBrOTEBPF B er 15 i s
the 18Ul Al fiheQndd it AR fn ey APOILTo B inldiehishELBoRIAS Solger al or

l1b to a definéd desired value. Corfection IS effe y adjusting the
st or e powengesf Thiras slsonsed for wpemésigy thetdegeee D8 efffeianch enpoatey highe vobags,

controlle 5 also, controls the.rectifier 1l4a.of the brake resistor. 14. In
The case BREPSREIET eumin B l'Ehel hapaE Hoerelersh Sey ket {21 B m
ener gy stQuf chdes, Qo8RRI sdRAMRpolwr EANES b&8eviAtPirbRafurind bob&ing! e
resistor 14. In this manner, the previously described operating states are

aut omat i cexlamplead thstcask ofRurortesponging paves dsoaed. thosiskenl tarbel®osiedir i ses a

L m g aodul & {1’%%;1%?%”135@92 Wi e LiE i%glsfea?to hé eo{x."t@tte' 03l o$ A POy and
t hus ‘tThe ‘associate raneters dare establ'ishea within the 5 wer- controller

15. The sabdeabitigmbtifiuns valepeneenthabpegphdre. short-term

The main aim of the downsizing strategy is to limit the power requirement on the diesel-
electric drive 11 such that it would be possible to also operate the mobile whart crane 1

25  with areduced internal combustion engine 11a and a reduced three-phase generator 11b
without any power losses. In order to ensure this, the short-term energy store 13 also
receives — in addition to the energy fed back into the AC voltage circuit 12 — charge by
the load point increase of the internal combustion engine 11a. This can be controlled by
an upper SOC limit. The short-term energy store 13 can be discharged to a fixed SOC

30 lower limit. This is defined by the lower voltage adjusting range of the DC converter 13a

— SOC > 0.25 — or the useable SOC range of the short-term energy store 13. In this



‘20energy store 13, the limting by the voltage adjusting range of the DC
converter 13a and the tenperature m)ni? ring are inplenmented therein. The
vari abl e i ncrease represents a definable ranp tine for the DC converter 13a
of the short-termenergy store 13. The soft start of the internal

conbusti o r t hus
ensur ed. @éﬁﬁ% r&teSt}alt@gr)r/gglgl Sggﬁ\/\/rt]éarﬁ éne n%%rfe 19’([?3?11 rhgreargg? %)rtl)l i '? t&g t he
short - t ersnatendeg yhes:hmx1muir8p<aseraﬂ tlmqtneemlsal oombwitiog ch@inetl$a rmdadhad.

construction of the assenblies and functionalities. The continued presence
of the brake resistors 14 in addition to the short-termenergy store 13

further Hﬁi%nttg'ﬂ-f @aﬁaﬁ%ﬂai &etegg%hhareasrs%aeegn Geh UG ht SdRREEAt i on in

t he event t at 30t hort-term ehergy store 13 fails. 15 The power
cont r 6l | growkd ofitie shhe-tepeemtrgngiost IatHgyD@cenvenpt Elreused diniits the amogrtafimabl e

| ogi c contr PLC) whi.ch ca St converter 13a and thus the
short - terHﬂS%‘H? R_ﬂ)"geﬂ)&)“év tp4ts pﬂﬁggtﬁ Vé’#tﬁgeparq?‘ﬂf@lnﬁlr@vfio “’[Th"é'mé’&/\é ®controller 15
is the anghggMeirs boiR!shof-téh @fetdy8ofRaBaE m¥Blired Il SrddhioGiewaniteRERME Y
measures the power output of thethree- 5phase generator |lb and nmakes this

i nf or mat i1 bawngishai¢nedidye thexqessivd fidaing.14a of the brake resistors 14 and to
the DC converter 13a of the short-termenergy store 13. The brake resistor
14 remains in the systemand is used if the short-termenergy store 13

fail soor TWeic preaily 6f Edieroliiy the slrPrhh edérgh ik MwehRekdgyowd0 The power
controller 15 conmmunicates via_ a bus sy stemvmth a_superodj nate main
cont r ol | efontrofes 15 is thesiegwlation of e ntqqelrﬁ%mtwé DRMAT of tRE &H@e phaspesRHachg upon

whi ch bus, ﬁ%tﬁ@inw esHRAVARL! @oﬁe@tﬁcﬁl Y2FBded 8395'%&1{1%3[&& Q[Bﬁe G Bf Mled an

i nt erface In order to communi cate t-term energy
store 13, shbhetex}m)\ﬂm’roy, etmer M. | eurthkbmoreethe podeO&MtBUSG Enaso cnrmromhenhet o]

comn cale U405 T COMErLer 18, L tieee SN JREEN BUS WL eh 1
r ef ergnceppuRahahSerkMRirkestRarS i &R&s power is converted into heat in the brake
resistor 14. In this manner, the previously described operating states are automatically
adjusted. Furthermore, the power controller 15 comprises a limiting module by means of
which the selected operational strategy and thus the associated parameters are established
within the power controller 15. The switching limits dependent upon the short-term
20  energy store 13, the limiting by the voltage adjusting range of the DC converter 13a and
the temperature monitoring are implemented therein. The variable increase represents a
definable ramp time for the DC converter 13a of the short-term energy store 13. The soft
start of the internal combustion engine 11a and the soft exit from the boost process are
thus ensured.
25
Existing mobile wharf cranes 1 can be retrofitted with the short-term energy store 13 as
an extension owing to its modular construction of the assemblies and functionalities. The
continued presence of the brake resistors 14 in addition to the short-term energy store 13
further ensures that the mobile wharf crane 1 can continue its operation in the event that

30  the short-term energy store 13 fails.



‘Lower carriage 53Upper carriage 4Tower 5Jib 6Wieel tyre travelling
mechani sm 7Quay 108St anchi ons 9Count er ywei ght 10Pul | ey head

11D esel -electric drive |Ilalnternal conbustion engi ne 1511 bThree-phase
generator 11c Active power neter 12AC voltage circuit 13Short-term energy

store 13%}%&9&\@35&%@%9%ﬁ§ ﬁpel%%efaeﬁﬁg%ﬁ%@g}fﬁ%lﬁ%ﬁeﬁén?erd in a programmable
logic controller (PLC) which controls the DC converter 13a and thus the short-term
energy store 13. The basic principle for the power controller 15 is the analogue signal of
an active power meter 11c which continuously measures the power output of the three-
5  phase generator 11b and makes this information available to the rectifier 14a of the brake
resistors 14 and to the DC converter 13a of the short-term energy store 13. The brake
resistor 14 remains in the system and is used if the short-term energy store 13 fails or

cannot receive the entire amount of braking energy.

10 The power controller 15 communicates via a bus system with a superodinate main
controller — not illustrated — of the mobile wharf crane 1. Depending upon which bus
systems the controllers are using, communication occurs via an interface. For example,
in order to communicate with the short-term energy store 13, the power controller 15 uses
a J1939 BUS and in order to communicate with the DC converter 13a, it uses a CAN

15  OPEN BUS which is also used by the main controller of the mobile wharf crane 1.



‘15Power controller 16Rectifier 17DC voltage circuit 25 dRotating nechani sm
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List of reference numerals

1 Mobile wharf crane

o

Lower carriage

5 3 Upper carriage

Tower

Jib

Wheel tyre travelling mechanism
Quay

10 Stanchions

O 0 3 O W b

Counterweight
10 Pulley head
11 Diesel-electric drive
1la  Internal combustion engine
15 11b  Three-phase generator
l1ec  Active power meter
12 AC voltage circuit
13 Short-term energy store
13a DC converter
20 14 Brake resistor
14a  Rectifier
15 Power controller
16 Rectifier
17 DC voltage circuit
25 d Rotating mechanism
dl Three-phase motor
d2 Inyerter
h Lifting mechanism
hl Three-phase motor
30 h2 Inverter.

w Luffing mechanism



e arms 1.

wl
w2

w3

5 10 15 2.

Three-phase motor
Hydraulic pump
Hydraulic cylinder
Rotational axis

Luffing axis

20

17

25



‘5. 30 6. Crane, in particular a nobile wharf crane (1), having a

di esel -electric drive (11), the three-igase generator (11b) of which
supplies an AC voltage circuit (12), haVing a DC voltage circuit (17)
connected to the AC voltage circuit (12), having electric notors which
drive at &Bﬁﬁg a rotating mechanism(d), a lifting nmechanism (h) and a

| uf fing nmechanism(w) of the crane, having at |east one brake resistor (14)
and having a short-termenergy store (13) which is connected to the AC
voltage circuit (12) or to the DC voltage circuit (17) for the internediate
st orage of exce®ae.dn@pgirulag paobile syhasiegane(1).Hhayvings desehelessie datvel(bhst one

of L e, el ect 1| fio MR OKRact 3cRAMEPIRT of Aniche Aot ah LRSS Rl Shir (1) and to

the DC voltage circu and 't voltage circuit hnected to
t he DG vol t agehavinrgcalDC oltdge vir@nita(17padnntited to the)AG uslageeircuia il 28 iering
exchange i s possible between the AC voltage circuit (12) and the DC voltage
circuit (17). AR AR PR s 52 fj oating e%{émiééa liffing machagisnt east
the electric nmyefda (UHing WebhHisrh () Jc)ift_BE tRde TG RN S dhe AL Iggistro]f'e

| uf fing mechani sm (w) can be operated in a generator-based nmanner for
f eedi ng el ect r{léninddmeinga Hactkteimienergh eto Mo wthades comegied t¢ IR)AGr into t he

DC voltage circuit (17). ane as ai.hed in. l or 2, characterised in
Chat the el ectilteesrabehir ey ol PEeergitud Bt hudnafalistiogt:
Cranejgas cl ai ngrbxtdss 3RdrgONGatlctclsad MBthdt ih@ach cAsb af [88dt OhE SLMhelelctdtat t he
short-termenergy store (13) is connected to the DC voltage circuit (17)

via a DC convepplers is tarnectedrta e AS veltagneitruitd 1 Ampdda sheoPCalodtpgrscitcuito 4,
characterised (i t rt-term-ene i;8. forne a
doubl o- 1 ayer ddphilhe WRe ARG LubRf (ARG eatOlant B vothg: UBRE(T
charact eri sed vinatréwifiet (16) btichkt@at ah%nefsi kchinge 1dpossibl€oanneat @#d A© the AC
voltage circuit (12). via a rectifier (14a). 7. Crane as clainmed in any one
of Clains 1 to'®Begehiasulctér pddeDf voliage strepiglsh)- the el ectric notor (w 1)
of theg luffing mechanism (w) is connected to the AC voltage 5circuit (12).

2. Crane as claimed in Claim 1, characterised in that at least the electric motors (hl,
w1) of the lifting mechanism (h) and of the luffing mechanism (w) can be
operated in a generator-based manner for feeding electrical energy back into the
AC voltage circuit (12) or into the DC voltage circuit (17).

20
3. Crane as claimed in Claim 1 or 2, characterised in that the electric motors (d1, hl,

w1) are formed as three-phase motors.

4, Crane as claimed in any one of Claims 1 to 3, characterised in that the short-term

25 energy store (13) is connected to the DC voltage circuit (17) via a DC converter

5. Crane as claimed in any one of Claims 1 to 4, characterised in that the short-term
energy store (13) is formed as a double-layer capacitor.

30

6. Crane as claimed in any one of Claims 1 to 5, characterised in that the brake



‘8. CGrane as clainmed in any one of Clains 1 to 7, characterised in that the
rotating mechani sm(d) conprises a thrg phase nDtor (dl') which is
connected to the DC voltage circuit (1 via an inverter (d2), the lifting
mechani sm ((h) conprises a 10three phase motor (hl) which is connected to

t he DC vol tag f g nmechani sm
(w) conprlsesqggtﬁpééﬁfﬁééée%% or ?ﬁﬁyaakgécﬁgﬂ szneé&qu%&ﬁg% Iy to the
AC voltage circuit (12). 9. Crane as clained in any one of Clains 6 to 8,

characterjised in that a power 15controller %15 whi ch is_adjusted via an
oper ati onal stY@begyclameddgappeneal temns e@é@%ﬂf’éﬁ‘%}nﬁéatcﬁ‘ﬂ%“ 41), the

brake resistoreld) m%for'(m 1 E'hiij{iﬁ%ﬁ( ﬁ)lsmt(a?lss&ﬂﬁécté@{o%@ﬂgwgéOr e

(13) and the DC converter rt-termenergy store (1

contrdl s the stwenit{t2rm energy store (13) and if required the brake
resistor (14) on the basis of the data of an active power neter (1lc)
allocated to 20t he t hree-phase generator (11b) and of the charging state of

the shortgter TRACHINRE QS ahy Bhe oflOlairkd ARG 7 ahafdcRir¥BHin tRatChétdithg
characterised in that via the power controller (15) the short- ternlenergy

store (13) is mejhassedd) compusnsttaee- phassrohatpgéilpmh ldtqpmmg@é to Bredddl ar
oSt 19,0 & A1 hERhah T balaf AP (dof e R Sn B HSH) Liifpd e gPover
sucC a

controller (15 uring oos di ese rive (11)

in the event ahree- ﬁ@ﬁdﬁst@@ﬂﬂi)%lﬁpi&%nﬁi@mrtd tﬁe D@M@B@armm W@laﬁh i's
hi gher than the constant discharge power is nade avai | abl e when the
char gi ng st at dnysrter K2 )s#nsk the {uffipng ervshgyss () eomnrzyes adhrep-phgsemaotohe” haxi mum

val ue after a Vgllﬁgﬁw 2 tﬁe@@cﬁrecﬁgtoﬁ%z&?%ha% Polfu@)per charging state

limt are define power “controller rthe short-term energy
store (13). 12. Crane as clainmed in Caim 11, characterlsed in that the

| ower charging.state |im¢t 5is def ed a % of the r charging state
limt., 13 oad nagseﬁlg?%aaphoam f?fciaqhﬁgacw o b APt or i sed i n

that i a the pOWeHIGAMSY Rhickls e(d}és)[e& 8 aH%%ratI%l Rithte8¥, 1§ &ﬁm%&@ﬁ to thgr m
energy store (13) is reduced close to the swtching fI’'mt between boost
oper ati on and diesehralectopealriati(bh), tk brdle resistor (14) or its rectifier (14a), the short-

term energy store (13) and the DC converter (13a) of the short-term energy store

(13) and controls the short-term energy store (13) and if required the brake

resistor (14) on the basis of the data of an active power meter (11c¢) allocated to

20 the three-phase generator (11b) and of the charging state of the short-term energy
store (13).

10. Crane as claimed in Claim 9, characterised in that via the power controller (15)
the short-term energy store (13) is adjusted to a constant discharge power during a
25 regular boosting of the diesel-electric drive (11) or is adjusted via the power
controller (15) such that during boosting of the diesel-electric drive (11) in the
event of a corresponding power demand a discharge power which is higher than
the constant discharge power is made available when the charging state of the
short-term energy store (13) is close to the maximum value after a charging phase.
30

11. Crane as claimed in Claim 9 or 10, characterised in that a lower charging state



"10diresel -electric drive (11). 14. Crane as clainmed in any one of Clains 1
to 13, characterised in that the luffi g mechani sm (w) includes a hydraulic
cylinder (w3) and a hydraulic punp (V\Q? and the electric motor (W) driving
t he hydraul.ic punmp (wW2) is capable of feeding 15back energy.

limit and an upper charging state limit are defined via the power controller (15)

for the short-term energy store (13).

12. Crane as claimed in Claim 11, characterised in that the lower charging state limit
5 is defined as 25% of the upper charging state limit.
13. Crane as claimed in any one of Claims 9 to 12, characterised in that via the power

controller (15) the power output of the short-term energy store (13) is reduced
close to the switching limit between boost operation and normal operation of the

10 diesel-electric drive (11).

14.  Crane as claimed in any one of Claims 1 to 13, characterised in that the luffing
mechanism (w) includes a hydraulic cylinder (w3) and a hydraulic pump (w2) and
the electric motor (w1) driving the hydraulic pump (w2) is capable of feeding

15 back energy.



