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having an electric trave ive which conprises at |eaSt two electric
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"CGottwald Lift AGV' discloses a floor-bound heavy-duty automated gui ded
vehicle for 1SO containers. The 10 heavy-duty transport vehicle has an
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The vehicle frame 15supports a planar platformwhich can be lifted or
| owered and which is used to receive the |1SO containers which are to be
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t he object of the present invention in the case of a floor-

25heavy- dubstaitraiysypenvehickEhfrahehawng o fionpade end hecaowdeadn oppbsitecérelacy of t he
electric travel driv in.particular of the entire drive train. In
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tyres, in particular a 30 heavy-duty autonated gui ded vehicle, having an
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i nprovenepnt in the overall efficlhency, of .the electric travel .drive is
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and its peetpbfrsdhe frontiaxie andithe sacpnd eleetric motor drives the rear axle.

20  Between the front axle and the rear axle and beneath the vehicle frame, space is
provided for suspension of control boxes and for installation of the internal

combustion engine.

On the basis of this, the object of the present invention in the case of a floor-bound
25  heavy-duty transport vehicle is to improve the overall efficiency of the electric travel

drive, in particular of the entire drive train.

In accordance with the invention, in the case of a method of operating a floor-bound
heavy-duty transport vehicle which can be travel on rubber tyres, in particular a
30  heavy-duty automated guided vehicle, having an electric travel drive which éomprises
at least two electric motors, an improvement in the overall efficiency of the electric
~ travel drive is achieved by virtue of the fact that by means of a drive control the at
least two electric motors are operated with characteristic map optimisation according

to the operating conditions of the heavy-duty transport vehicle and its performance
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*C, 00001* 2 requirenent. By neans of the control wth characteristic map
optim sation, the energy consunption of the electric travel drive is
reduced considerably. By reason of the present invention, it is possible in
particular to prevent the electric notors of the heavy-duty-transport

vehi cl e, uhiifdheat. eBgJ%%éaggl8&&%@&%@&&%&&@5&&@9% ﬁﬂﬁsaﬁ@mh@tl on in the
|'oaded condi tion, ffom being operated frequentl F | ow performnce

requi r ensmegy cbnsmmtmf theebaitrii ttamel ctnnessawducrqd\pensld@ablya Blyerawn @bt y
transport, vehi cl under.st.0o

| di
ol oy e EishriPh o RSl R PSHRURTS 5B el Bl oSt il 2t

transpor theﬂ@ﬁﬂﬁﬂy&ﬁn ort BéiSclkYWRicRaR dBightd fir alax¥m s ipeatbingarice for
transportation of O contai ners. In an advant ageous manner, it is provided

that By rmomslomm th@éomed\ﬂ@nél@nmmmévpmlg@agltateérfeeqwntimlﬁwmhé%t t wo

el ectric tor s d on and off during continuous 15 operation in
dependené’ BB%“Frm“nﬁwgﬁ?operatlng conditions of the heavy-duty transport
vehicle and its performance requirenent. As a consequence, a further

i nprovenent in the overall efficiency of the electric travelﬁérlve IS

achi eved.In coppection Hath: the RrespRt AN REP R heay H APy TRRPELYRMGS 1S Arpfsrablect ri ¢

notors ar nchr onous
ot or s e e e BB e o A e ey B Y e

cont rldl ) equal tbriver Hengy- dhty tramspat vehiclbaof tylsaybeeane pgﬁouﬂarly laitablchfor

accel erati on, rotat| eed and the active and idle current of the

el ectric FAIERATEAUGRE ﬁ@?éB?@sty the drive control and the 25inverters, and
the loading of the electric notors is determ ned thereby.

In an advantageous manner, it is provided that by means of the drive control at least
one of the at least two electric motors is switched on and off during continuous

15  operation in dependence upon the given operating conditions of the heavy-duty
transport vehicle and its performance requiremeﬂt. As a consequence, a further

improvement in the overall efficiency of the electric travel drive is achieved.

In connection with characteristic map control, the electric motors are designed as
20  three-phase motors, in particular as asynchronous motors which are controlled with

vector control or DTC (direct torque control) via inverters.

It is particularly advantageous that the acceleration, rotational speed and the active
and idle current of the electric motors are detected by the drive control and the

25  inverters, and the loading of the electric motors is determined thereby.

In a particular embodiment, it is provided that when the electric motors are operated
in parallel and a loading of the electric motors is determined to be below a specified
minimum loading, at least one of the electric motors is switched off, and that when the
30 electric motors are operated at minimum level and a loading of the electric motors is
determined to be above a specified maximum loading of the electric motors being

operated, at least one further electric motor which is in drag operation is switched on.



I'n a particular enbodinent, it is provided that when the electric notors
are operated in parallel and a loading of the electric notors is determ ned
to be below a specified mninum | oading, at |east one of the electric
notors is swtched off, and that when the 30electric notors are operated at
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t hr ee- phase generator. 15 In a second enbodi nrent as an alternative to this,
it is provided that the electric travel drive is designed as a
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i nvention w e explained 1 n greater herei nunder with reference to
an 20exemidsigneédds edixseli-clentic irhvali gtivatvdithi compridescan ingrmal nombusgtion Fi gure 1
shows a schematic yiew frombel ow of a floor-bound heavy-duty autonated

gui ded vefitEteAndf PrecaRlias BAGETon rubber tyres, and Fi gure 2 shows a

bl ocky 4li agram of a diesel-electric or battery-electric travel drive of
25t he heavy-duty transport vehicle of Figure 1, and Figure 3 shows a
char act er Inst $ecomdpmbédimisat asfahialtematiye ofthisnié isofrovided taetherelestimtraes of t he

heavy- dut Xri\t/er 2 %Elgrrletd e}/seama tler-gfectrﬁlc gV el dg’l've which comprises a traction battery.

The invention will be explained in greater detail hereinunder with reference to an

20  exemplified embodiment illustrated in a drawing, in which:

Figure 1 shows a schematic view from below of a floor-bound heavy-duty automated

guided vehicle which can travel on rubber tyres, and

Figure 2 shows a block diagram of a diesel-electric or battery-electric travel drive of
25 . the heavy-duty transport vehicle of Figure 1, and

Figure 3 shows a characteristic map of the efficiency of one of the electric motors of

the heavy-duty transport vehicle of Figure 1.

Figure 1 shows a schematic view of a floor-bound heavy-duty automated guided

30  vehicle 1 which can travel on rubber tyres. The transport vehicle 1 which is designed
as a four-wheel vehicle consists substantially of a vehicle frame 2, on which two front-
wheels 4a are mounted on a common front axle 3a and two rear wheels 4b are
mounted on a common rear axle 3b. The four wheels 4a, 4b are provided with tyres,

in particular air-filled rubber tyres. The vehicle frame 2 suppofts a planar platform



'Figure 1 shows a schematic view of a floor-bound heavy-duty automated

-gui ded 30vehicle 1 which can travel on rubber tyres. The transport vehicle
1- which is designed as a four-wheel vehicle consists substantially of a
vehicle frame 2, on which two front wheels 4a are nounted on a cormmon front
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sone can be driven. It is apparent that as seen in the |ongitudinal
direction L of the heavy-duty transport vehicle 1,  a power supply unit 5 1is
di sposed Rns igjarenetHathesebh albe 2omitddRel RRAcA NS iRORav e, Bhspitd t he rear
axl e 3b and can be designed as a diesel-electric drive with 10an internal
combust i oReldelgil nePeHer sYBRIFIUNES ipdisepsedonghe wls@lefﬁiaaw #lddetvean thet or 6a and
a second Cl i see ction L of
t he heavyﬁgﬁ{%ﬁ faanéiptger 1;9 le§P al@éa ﬁ@?ﬁn{lg r| (1:&({111“?5ilIllV VIg{tlﬁs attached
cent r 8 | ya@iiterhdl comdustRei eﬁa@ln@fanﬂ Reprlico pbwaxtoer fast ﬁkﬁlﬂ%[d&&ﬁi MotoR6a ¥edi Cl e
franme 2 and on the output-side drives the two front wheels 4a via a first
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6b is likewise attached centrally and in the region of the rear axle 3b underneath the
vehicle frame 2 and on the output-side drives the two rear wheels 4b via a second rear

transfer gearbox 3d.

20 A power supply unit is to be understood to be either a diesel-electric drive with an
internal combustion engine, a three-phase generator and a generator actuator or a

battery-electric drive with a traction battery.

In the case of one embodiment of the power supply unit 5, the diesel-electric drive is
25  provided in the form of an internal combustion engine 6a, in particular a diesel

enginé, whose generated mechanical energy is converted with the aid of a three-phase

generator and a generator actuator into electric energy in the form of a direct current.

In this case, the generator actuator is a so-called boost converter.

30 It is also apparent that between the front axle 3a and the rear axle 3b space is provided
~ for suspension of control boxes 7 underneath the vehicle frame 2, in order to receive

control components.



In the case of one enbodi ment of the power supply unit 5, the
diesel-electric drive is 25provided ig the formof an internal conbustion
engine 6a, in particular a diesel engine, whose generated nechanical energy
is converted with the aid of a three-phase generator and a generator
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case, the generator actuator 1s a so-called boostlgonverter 30It 1s also
apparent1&hhbm@@¢ﬂ£ﬁﬁnﬁhe\khmhila&F@mﬁd,and the rear axle 3b space is

provi ded for suspension of control boxes 7 underneath the vehicle frame 2,
in order to receive control conmponents. 5 Figure 2 shows a bl ock dlagram

of the di Gv?ér‘%&]%_ﬁly%nf?% P& e ahe-@&alhawmﬁ\éeéquqtreu\éfecﬁ{c dngryigavy- duty
transport icle of Figure 1. The power supply unit 5 provides the drive
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each case via an inverter 10a, 10b are electric notors 6a, 6b, which are
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10b. henmotohg nebaﬁtmlmcase;agem@yonosls nmwewmdl 4y coiteol R edtls veetorebatrsl 6a, - 6b
I nto nmechani cal drjve ener to drive the heavy-duty transport vehicle 1
f or war ds. bymeagsiqfdhe léﬁﬁ’tefsgéfbdﬁb electric notors 6a, 6b are connected to
the direct voltage circuit 8 via a first inverter 10a and a second inverter
10b. The frequency and the voltage and therefore

Then, the electric energy is converted by the electric motors 6a, 6b into mechanical

drive energy to drive the heavy-duty transport vehicle 1 forwards. The first and

15  second electric motors 6a, 6b are connected to the direct voltage circuit 8 via a first
inverter 10a and a second inverter 10b. The frequency and the voltage and therefore
the rotational speed and the torque for the first electric motor 6a and the second
electric motor 6b can be adapted to the respective driving situation via the first and
second inverters 10, 10b. As a consequence, the transfer of power from the power

20 supply unit 5 to the two electric motors 6a, 6b can be controlled electronically. For
this purpose, the two electric motors 6a, 6b énd the two respectively allocated
inverters 10, 10b are connected in each case in terms of control technology to a

higher-ranking drive control 11.

25  The heavy-duty transport vehicle 1 is also braked via the two electric motors 6a, 6b.
The energy fed back into the direct voltage circuit 8 by the two electric motors 6a, 6b
during braking is directed into a brake chopper - connected to the alternating voltage

circuit § - and braking resistors 9 and is converted into heat and thus eliminated.

30  As stated previously, the two electric motors 6a, 6b are designed as three-phase
motors, in particular as asynchronous motors which are controlled with vector control
via the inverters 10a, 10b. All of the electric motors 6a, 6b are operated with
rotational speed control and torque control. The rotational speed of the electric

» ~ motors 6a, 6b is tracked in accordance with the required travel speed. Depending



'the Totational speed and the torque for the first electric notor 6a and the
second electric notor 6b can be adapted to the respective driving situation
via the first and second inverters 10, 10b. As a consequence, the transfer
of power fromthe power 20supply unit 5 to the two electric notors 6a, 6b
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cornering, the two inverters 10a, 10b are controlled via the drive control

11 such that the two electric notors 6a, 6b provide sufficient torque in
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10el ectric notors 6a, 6b is required only occasionally. In accordance wth
t he i nventa, 6b are in dual apstagiop oo wihde dhard ttanttive etegtricahetoty 6t 6petadns 6a, 6b are
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motors 6a, 6b brings about for instance a loading, which is twice as hi gh, of the
driving electric motor of the two electric motors 6a, 6b, whose performance is
sufficient for operation at a lower power requirement, in this case empty travel.
Switching off one of the two electric motors 6a, 6b can save energy without

25  negatively influencing the drive operation of the heavy-duty transport vehicle 1. In

relation to the electric motor 6a, 6b which remains in operation, a displacement of its
operating point is advantageously effected in the direction of a higher torque at the
same rotational speed, which leads to a higher level of efficiency. By switching off
one of the two electric motors 6a, 6b, the energy consumption of the heavy-duty

30 transport vehicle 1 is reduced considerably.

. The characteristic map-optimised control of the two electric motors 6a, 6b is effected
via the drive control 11 which for this purpose has a master drive circuit 11a and a

slave drive circuit 11b. The master drive circuit 11a is allocated to the first electric
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circuit ldiruandbt Per Gidifpsbiel the uabhIsel th thd coddBReéd Obtard bivakddahd Which i's
below a preset mninumutilisation, be determned in the slave drive

circuit 1hpsecond slertsicanpniph tsdhesicaupladrie natiparwigiout gareanin a srecalisdond
el ectyy C is switched off via switch-off logic integrated in the
slavékhr|€gé§ ?%@F% lib. For this purpose, the inmpulses to the second
inverter 10b are bl ocked and the second electric notor 6b is thus coupled
in nDtion wi t hout current in a so-called 20drag operation,
In order to prevent the drive train or the drive control 11 from being loaded by a
torque jerk by virtue of the fact that one of the electric motors 6a, 6b is switched on or
off, it is provided that the drive control 11 controls the switching-off of the second
25  electric motor 6b with a controlled torque transfer from the second electric motor 6b,

which is to be switched off, to the first electric motor 6a which is to be loaded to a

greater extent. As a result, the second electric motor 6b which is to be switched off

outputs its proportion of power slowly and the first electric motor 6a which is to be

loaded to a greater extent accepts this proportion of power until the second electric

30 motor 6b eventually runs along therewith without current in a drag operation.

In the event that the first electric motor 6a is operating alone or in the case of more
than two electric motors 6a, 6b only some of the electric motors are operating at

minimum level, and in the master drive circuit 11a utilisation is determined which is



‘I'n order to prevent the drive tréin or the drive control 11 frbm bei ng

| oaded by a torque jerk by virtue of tghe fact that one of the electric
nmotors 6a, 6b is switched on or off, it is provided that the drive control
11 controls the switching-off of the second 25 electric notor 6b with a.
control | eg, oL gu&et k 3l &l ' ) ichis to
be svm"tcheg o? % , F 0 %ﬂgi’ufrl{ ?tfélﬁs%g}) %??}hﬁéﬁﬁ%ﬁﬁggﬁﬁﬁgﬁ%%rg{l?%agrég\lp%aded to a
gr eat er esonendf.thé\sleatric @subits optlading ecmirdmahelet €li thigeicomnfuhicaledehtties to be
switched of f. outputs i proportion of power slowly and the first electric
not or 6a @‘m ’Gﬁeritgitoé aBéﬁ]eosﬁ%Hl qlectHc gogaityis éb@éléml%h%@bi’@ theslayepr opor ti on
of pover aifd dirchfi 1680 Shefdse! e FAPIRELSS Y, ong
therewith wt kllrgut current 15;9;1#‘?% | ’raa oBg?%lst?(lg éﬁ?sﬁ%}éﬁ?hﬁ%}é%%ﬁg@ht he first
el ect 15 ¢ netsiased Bid as 8 regudtrthe sevgnd klengicanoton 6b Hencasis upf which endahisithat Wo

electric fors 6a, 6b on SO f the'electric ors are operating at
mi ni mum |%8%FZectgﬁdﬁ?tﬂrstﬁﬁe%‘ﬁﬁgif%ﬁegiﬁwég trfﬁ@aﬁﬁorﬁ%?ﬁﬁ? f OPSBef %?§S_

det er mi ned duhi Glrdton. SHANONE o AINBFBSRLuIR¥i SN We! dfesRll b9 Rirlle Jitge First
electric notor 6a operating alone or sone of the electric notors operating

at m ni muieey thgtehe hedylysluts transpaninviebigteelreceivehe ldaidr She powerreeuirehdat afid t he

second el | aor 6b . is then swtched on via the slaye drive circuit
11b. For tﬁ %lﬁﬁ]gt%beg%%cs%?tof faop eﬁ%tﬁrfgsaggn%]fmfeﬁ%es_saé86?1%1t1ti’ ﬁ[%ffe?ll s\gl? oRBHat & t hen

5r el el@sedhangeratin@pdigsellthe fifke eRegRMA0WB! 62 béil8 nTIE FonbiheloPBMuAL arts up,

whi ch nmeans that both electric notors 6a, 6b drive the heavy-duty transport

vehi cl e 1cfBricnsy repgain thashasagterigiganaro pad an thnpthardiasd ityguldatadhritsr eased
utilisati : f e jr . the. t .the heavy-duty
transpor tlﬁékelﬁﬁg} Q&X&rlfer@glinv%s&ére oad .glgTﬁ}télS %%ﬁ?enfrl&r?%a&%ﬂplf%é rlr%% Co%dtean?er\:e first
el ectri c wibh dre ifeentipe i@than@eadlpending poineapes tas ekctrRHbtors GNEb nththe one

hand 10 t he tgﬁer@%i ng point of the first electric notor 6a could nove from
t he opti ri?H ' @ﬁg“ﬁ‘sﬁl‘éﬁ’é@ 1§ thep FRIVRIRE (81 ePHBYN CIRGFNCYAMEEHY t he ot her

hand jist %H{c‘flirftg%cthe Eéc%n&r@?%l:mérﬂl&gy\ﬁl% whidhl ﬁasib@erﬁayi?eﬁteﬂg etrﬁ B§Cent THI S 1S

conpensated for in accordance wth the invention int e operating

point of the two electric notors 6a, 6b in the conbined characteristic map
is then returned to ap opti num efficiency range 5switching on the
second ellﬁé)tr‘ﬁ@lrgo ﬁWB?E‘%Bt%WRPE’ﬁr ‘ﬂ%i’?_i%‘éréhj 3#/96%63{%&}%@%%@F g%_?\rte In order
t o ensur e,di BaddehRAo Ry the BN Hltkfricin SBH6S bei‘h@ ewitbiitonlt f‘r‘ﬁgﬂbbf&eﬁnt or 6a

are not suddenly 'l oaded by the second electric notor 6b bei ng sw tched on,
it is prdbitdbeldiivecontiob ] Hronteole thetsmitiching-anoefithosesonheesric troitonfdp- on of t he

seco electric r 6b 20wi.th.a controlled torque transfer fromthe first
el ectri (rai c ‘ot or Olgg’q%gécr’rﬁfl? ﬁ&"sg?r (gn?lbe féﬁgelgﬁtﬁﬁﬁb"t‘gﬁ @&Rﬁfﬁémﬁﬁ[%e SBewhi ch is
to be swidechirickleviric At Gbesith is th be shviitchdd &. At & k&uRDheirdaledlpRr at i ng al one
outputs its proportion of power slowy and the second el ectric notor 6b

whi ch i s Hfopea eRfratitgerlonowpes ifs srapertionpeidsorer slowlpandtbasecondt i | the fir st
25cur entees aReeh st LY SR ek RAE e ReRos iR oF R Tl BRrent o
phase- first electric motor 6a finally drives on an equal basis. Moreover, when the
25 currentless second electric motor 6b is switched on, the development of phase-

oppositional short-circuit currents is avoided, in that prior to switching on the

currentless second electric motor 6d the rotational speed and/or phase position thereof

is/are detected and is taken into account upon release the impulse of the second

inverter 10b. Moreover, when the second electric motor 6b is switched on,

30 synchronisation with the first electric motor 6a operating alone is observed and is

maintained.

Figure 3 shows by way of example an efficiency characteristic map of the - in this

case - identically constructed electric motors 6a, 6b of a heavy-duty transport vehicle



‘opposi tional short-circuit currents is avoided, in that prior to swtching
on .the currentl ess second electric notpr 6d the rotational speed and/or
phase position thereof is/are detected and is taken into account upon

rel ease the inmpulse of the second inverter 10b. Mreover, when the second
el ectric yRLRn 1§Qe§1§ne8"éﬂs L GOy RS véﬁ’iébé%ﬁrh%lﬁ@&én% li‘Hl:st ﬁdtt% diddgsd el ectric
nmot or 6a operating alone is observed is mai ntained. Figure 3 shows by
way of exmaotokedtamnbddifthe trami)drwharThct:hara@emmcnnqu SHowss e effician¢ym of case -

i denti cal onstruct | ectric. notors heavy-duty transport
vehicl o b alPlR UOHEE Bt a tiacioTsal TamBn Suske i e BRI RERS TS Bon r e
l'ines and 1@ §medh ik pfotiBArtBe LaxisOhd & 1tsttbﬁ]qu M8 toilrhMfes [NRE which
characteristic map shows the efficiency 11 of the electric notor 6a, 6b as

a funéti daplsitedios thoy-arisodae adpadaes of tl@vovmlpoﬁ@ lﬂe:rtramdrhnr@fe[rqycm n] which

is plott X1 nd. of or-gue_i.n whi ch 5
is plott gtg %0 ex% 600% aﬁhg%}e PP tlé)rrlltoaftgtg%es}%o?’y dH I\tllrenv v oﬁCI%?élg}'llmﬁust rat ed

by ref er eficgedtic ﬁiﬂ)t(ﬁ%f’@ laf® opeane bmemla@vm@wah@artafehicnel heavy bt y
transport vehicle 1 having an electric notor 6a to an operation of the

heavy- dut§/eHHaROIF fas@nicle 1 having two el ectric notors 6a, 6b. 10A first
upper line ML which is in parallel with the x-axis represents the torque,
which is provided by an electric notor 6a, for operation of the heavy-duty
t r ansigor t A festiupper line Nl evigtiesstin iparaliel with Gz paay igeseitotguerght, wiicsecond

| ower line M2 ich alsois in parallel with t Xi S represents in each
case the i quwg] Wﬁ%ﬂefﬁ%m%ﬁ%@rm@a{% ofthe ?Wcﬁ%fra?@oetave  for
oper ati om ofpd Q@cth@%or%ﬂﬁi‘o“d@@ﬁﬂ%ﬁéwem Qc@ndl-}o“@ﬁﬁe Mhﬁcﬁ'@lsgw el ectric -

notors 6a, 6b provides torque M Is equal to twce . In the case of a
r ot at i onah pepdletiwoh thdve axis eepiresentsnoteach Gae dre tbtqsetwﬂmclebmtdedbym ors 6a, 6b

which is proportional to the travel ed of the heav t ransport

Vehi o o INAHIEHNTS SOLHS it (o o8 PO L HEUS AP S bnEoSt 1 s i n

par aljlsel ydthdrdd8leNridtistorsHAa6h poeldedtorghid ML VIEYs dqualdh raReWI2.70% i s

achi eved for the electric notor 6a and in each case a |evel of efficiency ¢

of about 50% i s achieved for the two electric notors 6a, 6b. It is

For aue. ar"38E Hirg oL bl sl S e s pn e 4R oo ekt Belot Sher oy
consunpt i &ﬂwhﬁﬁ WES@patioasidb lﬂlﬁki ﬁt‘avdb/@;ﬁ&@\bﬂhe Heaey-Budtntpor! whsgs10f the
switched off el ectrl c not or The fields of application of the

descri bedNWéhwﬂv@wynﬁhEaﬁggembw@mﬂ@rdshnqc wikghyg o papdlch with thaey-afs, | SO
cont agone;@ewa &%‘Fﬂf{lé}{k @m’mh{‘ (W‘H eenéi/gh £ tﬁgglgg%ntc nPo"t@r"&ea%d Rééicha“d

30r ai resent | ntion escri erence to

f 1 oor - bowaee a heavyf dfitignaim Oﬁ'ﬁﬂicﬁlﬂ 50w id achivedd fot the 1wm/eleetlﬂ1cmotsr6avel on
rubber tyres Essentially, it is possible to use this type of heavy-duty
transport t\/ehl cle 1 to transport heavy | oads,

It is apparent from this that by switching off one of the two with the same torque an
25  increase in efficiency of 20% can be achieved with energy consumption reduced

accordingly. Moreover, there are no losses of the switched off electric motor 6a, 6b.

The fields of appIication of the described heavy-duty transport vehicles 1 include the
handling of ISO containers in docklands and in intermodal transport between road and

30  rail.

The present invention has been described by reference to a floor-bound, heavy-duty
automated guided vehicle 1 which can travel on rubber tyres. Essentially, it is

possible to use this type of heavy-duty transport vehicle 1 to transport heavy loads,



10 such as e.g. |SO containers, swap containers, containers, slabs or coils
in nmetallurgy, steel and rolling m il §echnology. In one enbodi nent of the
heavy-duty transport vehicle 1 for transportation of |SO containers, the
heavy-duty transport vehicle 1 can have an unl aden wei ght of about 35 t.
The wei ghjucRhs £BEIIEIRAALR] R doftalRrOLoRRBBAY §188k droliffimadd@gdyt 0 this,
whi ch neans that in the | oading condition a total weight of about 95t is
achi eved.stephendedlyz ol echnelpgy olntongehibotlienent ebthe heawadutp predspait h a
platformfor . .receivin he | which is.to be transported,.or.-with a

flevi co o nAb SR iR RE0 HEEHer BB NB AR BARGRL Rpied L p) i o
enbodi memtayvk ain u@lladbe detght 8f HDVEBS5 8 UPK Weidhi df the ST 6bhtSiHORbIKES two el ectric
notors 6a, 6b which in each case 10drive the wheels 4a, 4b of an axle 3a,

3b. | i straspertgdds dhanl addedtonthise whichimggne thahethe ading deaditiap aftefal el ectric
notors, of _.a C j ; £ th - i Vi ng nore
Chan tvio SGERESIRORES L9dR ey FRK: G Yo AR e b B folped

cor r espondliting platfoigasereceivingahaloab evhic is & Betranspon@t, of svithGaleetcalfoax| es can

be without a drive or can_ be drivingly connected to a common, el ectric
mot or. | HSEARRESON dERpsitingdhe ff@fh gé“:;th‘aﬁ@lr%tﬂi"’o?i‘,emtpﬂge&é‘é‘W&HWPE/‘SﬂFlﬁWQpOrt

vehicl e Jto%gdbv@ér §Qpﬁﬁgﬁﬂ Rt s%ﬂp i% Ao UILNEE mSidr&Ba, f6Br Hl@l{'ﬁle%cf? pgkat i on.
Li st of reference nunerals lheavy-duty transport vehicle 2vehicle frane
53af rldént driegh8hheels 4a)dbeof an axle 3a, 3b. It is also feasible to have a single-wheel

drive having four electric motors, or a construction of the heavy-duty transport vehicle

1 having more than two axles in terms of a multiple-axle vehicle incorporating a

corresponding increase in the number of electric motors. Several axles can be without

a drive or can be drivingly connected to a common electric motor. Instead of for

15  driverless operation, the heavy-duty transport vehicle 1 can also be equipped with a

driver's cab for manned operation.



‘3cfront transfer gearbox 3drear transfer gearbox 4afront wheels 10 4brear
wheel s S5power supply unit 6afirst fro { el ectric notor 6bsecond rear
electric nmotor 7control boxes 158direct voltage circuit 9braking resistors
10afirst inverter 10bsecond inverter .11drive control 20l|amaster drive
circuit 1plbstR¥ectlcinGers cuit 12afirst sensors 12bsecond sensors
25MLfirst |ine ' _

1 heavy-duty trénsport vehicle
2 vehicle frame

5 3a front axle

3b rear axle -

3c front transfer gearbox
3d rear transfer gearbox
4a front wheels

10 4b rear wheels

5 power supply unit
- 6a first front electric motor
6b second rear electric motor
7 control boxes
15 8 direct voltage circuit
9 braking resistors

10a  first inverter
10b seconc_l inverter
11 drive control

20 1la  master drive circuit
11b  slave drive circuit
12a  first sensors

12b second sensors
| 25 Ml first line
M2 second line

a third line

L longitudinal direction



‘M2second line athird line longitudinal direction 12 Clains 1. Method of
operating a floor-bound heavy-duty transport vehicle which can travel on
rubber tyres, in particular a heavy-duty automated gui ded vehicle, having
an 5electric travel drive which conprises at |east tw electric notors,
charactergggfsin that by neans of a drive control (11) the at |east two
electric notors (6a, 6b) are operated with characteristic map opti m sation
according to the operating conditions of the heavy-duty transport vehicle

1 d i f i . 102.. Method as.clajmed in claimi,
Civar act er -<Mitioq O RRGHARYE fns oA risa iy dPEaReT BRI SpoRea 8258 one. of
the at | egsfubb¥d (E),QEFp"aﬁféufﬁPta@lre%}(-@ﬂy afdateti AMMdIGRARIORadAg T f during

‘conti nuous operation in dependence upon the given operating conditions of

t he héeavyelautiy trayed dsipe mthichedomprisey dt)leashiva ¢lectpe mfoteraenboraciesiged mghatnt . 153.

Met hod as,_ cl ai ned _in. claim r.2,, characterised . in ih the eleciric
notors ( G}E)Y mgﬁrﬁs ] idEW eﬁ?’étr%}tja(éﬂgtﬁgat IS%S?W:? See-Ctp éns%to%g%?%,) arien()pﬁ%ar?dlt cul ar as
asynchr ongifs chirh@éristicai® eprmisidnedcotiing 1 8t dperati@Biconditions ke (di rect
torque control) via inverters (10a, 10b). 4. Method as clainmed in any one
of cl ai mehepvy-§uty, tranpperhrehiele §BpndAtssEferpHee PEREEBICRY: at i on, rot ati onal
speed and the active and idle current of the electric notors (6a, '

10 2. Method as claimed in claim 1, characterised in that by means of the drive control
(11) at least one of the at least two electric motors (6-a, 6b) is switched on and off
during continuous operation in dependence upon the given operating conditions of the

heavy-duty transport vehicle (1) and its performance requirement.

15 3. Method as claimed in claim 1 or 2, characterised in that the electric motors (6b, 6¢)
which are designed as three-phase motors, in particular as asynchronous motors, are

controlled with vector control or DTC (direct torque control) via inverters (10a, 10b).

4. Method as claimed in any one of claims 1 to 3, characterised in that the
20  acceleration, rotational speed and the active and idle current of the electric motors (6a,
6b) are measured by the drive control (11) and the inverters (10a, 10b), and the

loading of the electric motors (6a, 6b) is determined thereby.

5. Method as claimed in claim 4, characterised in that when the electric motors (6a,
25  6b) are operated in parallel and a loading of the electric motors (6a, 6b) is determined
to be below a specified minimum loading, at least one of the electric motors (6a, 6b)

is switched off.

6. Method as claimed in claim 4 or 5, characterised in that when the electric motors
30 (64, 6b) are operated at minimum level and a loading of the eleétﬁc motors (6a, 6b) is

determined to be above a specified maximum loading of the electric motors (6a, 6b)

being operated, a further electric motor (6a, 6b) which is in drag operation is switched

on.



‘6b) 'are neasured by the drive control (11) and the inverters (10a, 10b),
and the |oading of the electric motorg (6a, 6b) is determ ned thereby. 5.
Met hod as clainmed in claim4, characterised in that when the electric

notors (6a, 256b) are operated in parallel and a |oading of the electric

notors (6a; v@lbdias cARh&S M DGR 3 & @‘gcg%%t‘gi)’i’s&i iAReg shvitetinBloniady | 0adi ng, at

| east one of the electric notors ( Is swtched off. 6. Method as

cl ai med iswitchaigmfobthe §lectriamatotse(6i.sd i§ eontioled b e drive ceheelt @i not or s
30(6a, 6b).are o ted at m.ni.mum | evel, and a | oadi of the electric
ot ors ¢ okt Bl e e TS e R A B i ot meof

the electric notors (6a, 6b) being operated, a further electric notor (6a,

6b) which is in drag operation is switched on. 13 7. Method as clained in
cl ai m55 of. MethoHas sleireed wedeimnd ehatchemitenbidngtloa pantfosswitphingoii aig- of f of

the electric notors (6 6b) isS ¢ rolled by th rive control (-11) with a
controlIe@a§8P%ﬁ§&fFgﬁEFH?m%EV§%é%Sﬁﬁ@ogﬁgggﬁpg: 6F§%€%§¥“%BTF&58. Met hod
as cl ai ne@e eRc@ichdbR (66, 6£) bEiabpethtias 8Gnitdunt 2Rkl P dbtEted @ndiet Chi ng on at

| east one of the electric notors (6a, 6b) the rotational speed and/or phase

posi ti on Tefatiopd speesdcand/qr phategrositiogof thecat 1458t ong Deséiametpr 46a. 9Phioksm | evel i s

det ect ed Q i peed and/or phase.position of the at |east one
el ectric ﬁ@?@%&§%§fh%@%8?%%%§'smﬁtched on is adapted thereto. 10 9. Mt hod

as cli@ med in any one of clains 1 to 8, characterised in that the electric

travel drive is desjgned as a diesel-electric travel drive i ch conprises
an int er nal M@B\?ﬂ@éfl%ﬂe‘hﬁ‘gﬁ“ﬁé’naﬁgc‘&"?%} 8. pharegtegaqrbip dhas the ﬁ\i@%? Met hod as

cl ai med it!t]av%mfri‘%c}@ d_@gi%ﬁééiaais%iéseT—Qle&ric%%lacﬁ{\f%r\illﬁﬁgC(.Srﬂptrist&gtan tdiemsl ectric

travel drive 1s desighed as a battery-electric travel drive which conprises
a tracti ocondastier gngirkland a three-phase generator.

15 10. Method as claimed in any one of claims 1 to 8, characterised in that the electric

travel drive is designed as a battery-electric travel drive which comprises a traction

battery.

20



