ELECTRI C COWERCI AL VEH CLE BATTERY REPLACEMENT DEVI CE AND BATTERY
REPLACEMENT SYSTEM TECHNI CAL FI ELD The invention relates to the
field of energy utilization technology, in particular to a battery
repl acenent device and system suitable for electric comerci al
vehi cl es. BACKGROUND As an inportant part of the new energy
strategy and mt%F'FTRWWVB'T“F'&sBAT%Y HACEYENG REVIF ANDBATERRY 5t egi ¢
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i ndustry and energy industry devel opnent. In the conmercialization
and industrialization process of electric vehicles, especially,
electric conﬂﬁﬁﬁkﬁ*lg%plcles how to power electric vehicles is an
extrenely inpor Influence factor. Well devel oped energy supply
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may occupy a |arge space. However, current battery replacenent
facilities usually enploy seniautonatlc or manual ly operated battery
repl acenent devices, for the replacenent process of a mass of
batteries, tbhekcrplerenent tinme is relatively |ong and the handling
is difficult, leading to a | arge anount of human/nmaterial resource
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turn-around time of the batteries of electric comrercial vehicles,
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The object of this invention is to provide a battery replacenent
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Well developed energy supply systems will become a critical support for the use of electric

—

vehicles.

Electric commercial vehicles are characterized by having a lot of battery packs, in most cases,
up to 12 sets, which may occupy a large space. However, current battery replacement facilities
usually employ semiautomatic or manually operated battery replacement devices, for the
replacement process of a mass of batteries, the replacement time is relatively long and the
handling is difficult, leading to a large amount of human/material resource consumption. For
battery replacement facilities, since the longer turn-around time of the batteries of electric
commercial vehicles, the utilization of their battery chargers is relatively low.

SUMMARY

The object of this invention is to provide a battery replacement device and a battery
replacement system for electric commercial vehicles, which can improve the efficiency of battery
replacement and save human and material resources.

In order to achieve the above object, a battery replacement device used for electric
commercial vehicles is provided in this invention, comprising:

a main frame;



a main frane; a positioning nechani sm conposed of a verti cal
posi ti oni ng mechani smand a horizontal positioning nechanism wherein
the vertical positioning mechanismis provided in the main frane, for
sliding to a preset position along vertical posts of the main frane
according to a consol e conmand; the horizontal positioning nmechanism
i's provi ded wunekiiontnk@egianismfaopresed fobe vertical positgniag cheghandinrgd aheriraatah
frame along a horizontal guide rail on the ground to a preset

posi tion BREEOPIEE AGChenisa, woRTebItee vesHsthRAekitioning meghapismas P idat A | TR
provi ded under the vertical positioning nechanism for rotating on
the verti&ame fRsHidingin fgrerd oo lphey veRticl Rastatof digmain {Ersragird e ¥ &
consol e co nd; a |l ateral novenent pechani sm provided qn th
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shifting by a pr t djsplacenent, al ong.t ratat.j on, mechani.smin

di'r ect 1 ontarufe P& PRlng e BoRRTBore R  Belirbls Pl SN wTHIRT S 3 e

mechani Snﬁq@ﬁif?ﬁ’&c@@rﬁin%& i 50|e%r%]§||]d; novenment nechani sm for according
e

to a conso command performng a push-pull action on a battery pack.

Further, the; RaltoR mechRRMAGEMRA lunGE the Gerida Bitbs HOTRY %éﬁniﬁnﬁf&ﬂ%&{i&t siPr
i ssui ng consol e conmands, coupled to the positioning nechanism the

rotation #Needaai sodtiodifEmdAhdindiby IRMENRBIE 20B&RA N Stthantoh@n@ush- pul |
mechani sm Further, the main frame conprises a bottom a top

frame and a Pplawralmdvymeit vkdniseadrop@sit & e réthtal rhathaishafgedcdgtpnpen
the bottom and top frane. Further, the vertical positioning
mechani s mocwigohsesd arerdly ehMingby § pane displnceale etvadiing thearotatiad maghanism in a
mechani sm and an el evator driving nmechani sm wherein the el evator
frame is qiechpngeticdl to the kpyaedal guide wilinded by the vertical posts, and
can slide along the vertical posts; the elevator actuating nechani sm
act uat es t he? eysbypill Bechapripryipryidad em &ie lstmeheewrdnhyechanian derpsestrding to a
command to nove the elevator frane to a preset position along the
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vertical {BSeLopmapdRerioEing 3 pushrgull action ong Rattepypackt he hori zont al
posi tioni ng hani sm conprjses novenment wheel s, a novenent actuating
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to a preset position along t rizontal guide rail on the ground.
Further, the main frame comprises a bottom, a top frame and a plurality of vertical posts

vertically arranged between the bottom and top frame.

Further, the vertical positioning mechanism comprises an elevator frame, an elevator
actuating mechanism and an elevator driving mechanism, wherein the elevator frame is provided
in a space surrounded by the vertical posts, and can slide along the vertical posts; the elevator
actuating mechanism actuates the elevator driving mechanism according to a console command
to move the elevator frame to a preset position along the vertical posts of the main frame.

Further, the horizontal positioning mechanism comprises movement wheels, a movement
actuating mechanism and a movement driving mechanism, wherein the movement wheels are
arranged under the bottom of the main frame; the movement actuating mechanism actuates the
movement driving mechanism according to a console command to slide the main frame with the
movement wheels to a preset position along the horizontal guide rail on the ground.

Further, the rotation mechanism comprises a rotation frame, a rotation actuating
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mechani sm and a rotation driving nechanism wherein the rotation
frame is arranged under the elevator frane, and can rotate around an
axis of the rotation franme on the elevator frame; the rotation
actuating nechani smactuates the rotation driving nechani sm accordi ng
to a console command to rotate the rotation frame around the axis of
t he rot at meshahisrared ortitioe dedingwredchanish, aherebbyhearoptiesiedmenin giramged under the
Further, the lateral novenent nechani sm conprises a |ateral novenent
frame, a tlewatar demapand wemictadearaend angximet tha mitetinndrathespnithe elevator fremesrtbet
driving nechanism wherein the lateral novenent frane is arranged on
t he rot at foiop pethding meeckeaiimmsiyates shegpiatier, dingrpechies ™ eddinS P § FUNRe | n
a direction vertical to the horizontal guide rail; the |ateral
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or releasing a battery pack according to a consol e conmand;

push- pul | fragd WAk i divgctiFR CRARKISIE M6 tHeatdmEl 130ie PAIE Rhd WhdralOhbiémaBt actuating
mechani sm according to a console conmand to cause the push-pull frane
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In order to achieve the above object, a battery replacenent system
conpri si ng reavy tief latetabmpyegenitmnedlatetadly by ¥ ppiah distamdetin ddirédtion vestical to the
provi ded, the system further conprising: a power supply unit for
suppl yi nghgpeesal edidy ra-he whol e battery repl acenent system a
charging unit for charging battery packs and putting the charged
battery pack&rihat éheapv%m@d@ﬁ@wmswmfee push-pull fragn  tRyEh-PiYl 2fkepting
conmuni cat if,%n unit c
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unit par y conpris
push-pull actuating mechanism actuates the push-pull driving mechanism according to a console

command to cause the push-pull frame to perform a push-pull action along the lateral movement
frame.

In order to achieve the above object, a battery replacement system comprising any of the
previous battery replacement device is provided, the system further comprising:

a power supply unit for supplying power for the whole battery replacement system;

a charging unit for charging battery packs and putting the charged battery packs into a
replacement sequence;

a monitoring and communication unit coupled to the power supply unit, the charging unit,
the battery replacement device through a controller area network {CAN) bus, for receiving in real
time operation data of a monitored object and achieving operation data storing, processing,
displaying, querying and warning functions.

Further, the power supply unit particularly comprises:
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an AC inlet cabinet for leading in 2-way AC power supply from outside
and switching the 2-way AC power supply; a AC feeder cabinet
for distributing the AC power supply of the AC inlet cabinet and

| eading it into the charging unit. Further, the charging unit
particularly conprises: a charging franme for placing a plurality of
battery packan AC inlet cabinsd fasdeadha ingwacAbpaver seuplydrampelasidenapdawithingahe t v
of chargers for charging the battery packs on the charging frane.
Further, EMaYCheawsr i#§PMnit further conpri ses: a snoke war ni ng
unit, for detecting snoke caused by overcharging or_short-circuiting
the battery Bé‘c‘%d ﬁali'??é?"éﬂﬁ‘i“ ?‘Wéta/er%ﬁwfﬁ’wﬁhﬂpgéﬁ*%}‘?f‘%@'ef FREINRTA{SR IR g
and connunlgg%i n unitwmﬁth a warning signal. Further, the charging
uni t furt HEF CRBFENESIE a battery information accessi ng nodul e

for accessinﬂggéﬁh@&xggﬁ%gwgﬁﬁghﬁggﬁgﬁk:rbattery managenent systemin

a battery pac atrron nodul e for according to

battery faulgdh&%% Hﬁkhﬂ%h&ﬁ@ém9¥m£Hﬁm§ﬂ25§&¥ managenent system

di
term nating the chargi ng operation of power chargers.
a power charger cabinet accommodating a plurality of chargers for charging the battery

packs on the charging frame.

Further, the charging unit further comprises:

a smoke warning unit, for detecting smoke caused by overcharging or short-circuiting the
battery packs on the charging frame and reporting the monitoring and communication unit with
a warning signal,

Further, the charging unit further comprises:

a battery information accessing module for accessing battery data recorded by a battery
management system in a battery pack;

a charging termination module for according to battery fault information sent by the battery
management system terminating the charging operation of the power chargers.

Further, the power charging unit further comprises:

a charging selection module, for when battery data recorded by the battery management
system in the battery pack cannot be accessed, selecting not to charge or selecting a constant
flow followed by constant voltage charging method.

Further, the charging unit further comprises:

a charging state indication module for displaying the charging state of various battery packs
on the charging frame;

a fault warning module for sending fault warning information to the monitoring and
communication unit;

a battery information report module for transmitting battery data sent from the battery
management system of each battery pack to the monitering and communication unit.

Further, the monitoring and communication unit comprises:
a4



Furt her,

t he power charging unit further conprises: a charging

sel ection nodule, for when battery data recorded by the battery
managenent systemin the battery pack cannot be accessed, selecting
not to charge or selecting a constant flow foll owed by constant

vol tage charging nethod. Further, the charging unit further

conpri ses:

char gi ng

state of various battery packs on the chargi ng frane;
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a battery information report

a data grachaing imeduls.tfart receivingiic el thme oppdhtioe diterof ainepitasd elgect he

a

modul e for tFA&HEHE EAiRhmedis foF seherviing & eRiecamieahiadhency avd lesricramagEiRbnt

syst em of
Furt her,
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di spl ayi ng, . querying and warni ng functions;

Based on the above technical solution, the battery replacement device of this invention can
automatically replace battery packs for an electric commercial vehicle. The whole battery loading
and unloading process is accomplished by the battery replacement device, leading to handy and
time-saved replacement, improved replacement efficiency, and thus battery replacement
performed more times per unit time, and a shorter battery replacement period, so that power

chargers can be used to charge more sufficiently with an increased utilization.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings described herein are given to provide a further understanding
of this invention, which are part of this application, but are not limits of this invention, in which:

Fig.1 is a schematic structure diagram of a battery replacement system of an embodiment
of this invention;

Fig.2 is a schematic structure diagram of a power supply unit in the battery replacement
system embodiment of this invention;

Fig.3 is a schematic structure diagram of a power charging unit in the battery replacement
system embodiment of this invention;

Fig.4 is a schematic diagram of monitoring and communication connections of a monitoring
and communication unit in the battery replacement system embodiment of this invention;

Fig.5 is a schematic battery replacement flow of the battery replacement system
embodiment of this invention;

Fig.6 is a schematic diagram of the planar arrangement of battery replacement stations of
the battery repiacement system of this invention;

Fig.7 is a schematic structure diagram of a battery replacement device according to an



a renote control nodule for scheduling a replacenent sequence and
el ectric commercial vehicles, and renptely controlling the battery
repl acenent unit and the power charging unit; a data forwarding
nodul e for forwarding the operation data to an upper-I|evel control
center. Based on the above technical solution, the battery

r epl acenmenmbaivent ef tbk invdntisn;i nventi on can automatically repl ace
battery packs for an electric comrercial vehicle. The whole battery
| oadi ng and GeiBoadisdhgmatiodiegramiof aguttenptilshedntiowt dfethp dbttazy yeplacement
repl acenent device, |eading to handy and tine-saved repl acenent,

i nproved ARYjsespbebRentefthiséveriey, and thus battery repl acenent
performed nore tinmes per unit tinme, and a shorter battery repl acenent
period, so that power chargers can be used to charge nore

sufficiently with an i ncr ed¥$&dLAPOESCRIBHGNGF, EMIRQICERENDESCRI PTI ON OF THE
DRAW NGS The acconpanyi ng draw ngs descri bed herein are given to
provi de a f ufhenhéachnisatl splatioanefi %@j oyentieri svill he dwrthieoflesopipécc in agtall prih tthef
this application, but are not limts of this invention, in which:
Fig. 1 is #¥ceermenssfreviagsrgdenbulitintgr am of a battery replacement
R T MM WY K T RE N
syt em eriodh TR B HUSA. B i o e SRR s
system e”&%ﬁg@?'}]%o\%r sLFHI?uJitrhYgrBB\L/QQHarging unit 2, a battery replacement device 3 and a
monitoring and communication unit 4. Wherein, the power supply unit 1 is responsible for
supplying power for the whole battery replacement system; the power charging unit 2 is
responsible for charging battery packs available for an electric commercial vehicle and putting
the charged battery packs into a replacement sequence. Herein, the replacement sequence refers
to information of a plurality of full charged battery packs serving as alternative battery packs for
replacement.
The monitoring and communication unit 4 is connected to the power supply unit 1, the
power charging unit 2, the battery replacement device 3 through a Controller Area Network
(CAN), to monitor and control the power supply unit 1, the power charging unit 2, the battery
replacement device 3, receive gperation data from a monitored object in real time, and achieve
data storing, processing, displaying, querying and warning functions.
A schematic structure diagram of the power supply unit in a battery replacement system
embodiment of this invention is shown in Fig.2. The power supply unit particularly comprises an
AC inlet cabinet 11 and an AC feeder cabinet 12. The power supply unit leads in a 2-way AC
power supply from outside {for example, three-phase five-wire AC380V), wherein the two ways
are spare with each other. The AC inlet cabinet 11 is responsible for leading in the 2-way AC
power supply from outside and switching the 2-way AC power supply. The AC feeder cabinet 12 is

responsible for distributing the AC power supply of the AC inlet cabinet 11 and leading it into a

power charger cabinet of the power charging unit 2. The AC feeder cabinet 12 can distribute the
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Fig.4 is a schematic diagram of nonitoring and comruni cati on
connections of a nonitoring and conmmunication unit in the battery

repl acenment system enbodi nent of this invention,; Fig.5is a
schematic battery replacenent flow of the battery replacenent system
enbodi nent of this invention; Fig.6 is a schematic di agram of

t he pl anaiAC poweangenenipowaér chatdreabnetse Plegoeamsnpphsirditchions ool supply pbatrtter y
repl acenment systemof this invention; Fig.7 is a schematic structure
di agr am ofheghdsgiog 'erritybmt@bpaamh@nperet@mpewereferctbe dittegy teplagamentdeyioel anvisthe

of this invention; Fig.8 is a schematic diagramof a battery
repl acemeRerToripgRENgfcom Fanigasion B¥y repl acenent device enbodi ment of this
I nvention. DETAI LED DESCRI PTI ON OF EMBODI MENTS The techni cal

sol ution of f"ﬁF'%e”?aH?/é'i‘i‘ﬂq“Hﬁ digerEm ¢ h‘F lPPWﬁre?ha@égd’r"ftUédh? RatRet PlacRph

th .,
sohemat | cYaeD B@a&r@gvﬁ“. SRR Ao g awwﬁé?ﬁ ﬂg&sﬁfiﬁfs'wgwm BBl og

to an enbodi nen t vention ?tg\
 epl acen_e??tmpgse a[chargm Ifqrame ggasnd a pﬁg\?vrechar er ca n;/etgn pclitfa fbattt pac S CPE]F%Q

unit 2, apl?t%& BEE% chﬁ'gln%ﬁmﬂ, nQEﬁfngﬁan?érya&ngQO F(!:;EHaF%%EI Iaqtgfuﬁ@par ed batte%I e

communi cation unit ereln e power supp I'S responsi
for suppl yipg |rp<awesat{ew e MIR| Fodal haky oSRE 3F 8MRPhcemERi @égueﬁclaeare

power charging unit IS responsi ble for chargl ng battery packs

avai | abl eexf:l%hg@lﬂnt@'tﬁ*&éléﬂstﬁc EimmeERdis vatlicly/ ImIE bRteANshcRUh thddedMeomiRFged
battery packs into a repl acenent sequence. Herein, the replacenent

sequence vehickhi: dlaeed ¢ th¢ tRatdimgradk 2@ tdpbdiifed changing full char ged battery
packs serving as alternative battery packs for replacenent.

The power charger cabinet 22 comprises multiple power chargers for charging battery packs
on the charging frame 21. DC is usually adopted in charging. It is necessary to rectify the AC
power supply to obtain a DC working power supply.

Considering that battery packs in the charging frame 21 may be overcharged or
short-circuiting, or even fired, in order to find such severe situations timely, a smoke warning unit
is provided in the charging frame to detect smoke caused by overcharging or short-circuiting the
battery packs in the charging frame, and reporting a warning signal to the monitoring and
communication unit.

in another embodiment, the charging unit may further communicate with the battery
management system (BMS, for short} in the battery pack to perform more accurate control on
the charging process of the battery pack. The charging unit may comprise a battery information
access module for accessing battery data recorded by the BMS in the battery pack. The charging
unit may further comprise a charging terminaticn madule for terminating the charging process of
a power charger according to battery fault information sent from the BMS.

If a circuit or interface fault accurs in the BSM of a battery pack, or if battery data recorded
by the BMS cannot be accessed normally due to some reason such as a protocol for information
interaction with the charging unit, a charging selection module can be provided in the charging

unit to select whether to charge and a charging strategy (for example constant current followed

by constant voltage) without the control of the BSM, to ensure that the total voltage over the
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The nmonitoring and comuni cation unit 4 is connected to the power
supply unit 1, the power charging unit 2, the battery repl acenent
device 3 through a Controller Area Network (CAN), to nonitor and
control the power supply unit 1, the power charging unit 2, the
battery repl acenent device 3, receive operation data froma nonitored
obj ect i nbaties] pagk wi notga devanthp eredeled wrpstlrt. ng, processi ng,

di spl ayi ng, querying and warni ng functions. A schematic
structure di Hg#"gHebEmperimeivibe cBasgips YniLimey fyrtheracommrisesr Kt e limigesnient
system enbodi nent of this invention is shown in Fig.2. The power
suppl y unferesgrfare (fdigetiop ey p %"'WFF‘H"%Wéa‘ﬁﬁﬁ@t'”fi’f‘aélﬁ'a’egﬂmﬁ&:
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supply BRI ES e 3P St Bendtbon, modS o Galnb M AROE the
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. it,
cabinet 1271s responsi or drstributing the ower supply of 't he
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t he power charging unit 2. The AC feeder cabinet 12 can distribute
the AC powemsevakl bitdhy HaWs EheGhitafis sAdlintfinkatiohh@itpovwer supply uni t
can not only supply power to the charging unit, but al so provide
oper ati on pometheinatic didgeanbéftriaityrifgapl asenB\idaticheoohcti@n df th enordating@nd ng
and conmuni cation unit. A schematic structure diagramof the
power chasoginngicativintunit pf thé batteat regacg mestpytape ereltdinsans bfehis Brdnddn wehttwndd
this invention is showmn in Fig.3. The power charging unit ma
parti cul arig-4 Teompritosies @ndc,thmrngi?imjion" p@itﬁeg@neﬁwoahq%@wgtrcheﬂaaﬁ gieqic?cmenet
22. A plurality of batter acks can be placed on the chargi ng frane
21, ki nc|I u@fﬁ@rqgaﬁtéwu | Rus; tb?smwamwgaagﬂﬁ%fp|60®ﬁtéitb@d HEPIWFi)e
packs. In the battery replacenent process atter acks in a .
repl acene?ﬂd_cgréﬁfﬂ'@%'@')( UHEhEREhiaR Y bvﬁqﬁ%iate%_@ngpféew%ﬁ 's ehhetapitoging and
e MR LT P B bt ) SRR GR Lo YEFe Bl
char ger cahi i i pLe power chargers for charging
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battery packs on rane 21. DC is usually adopted in

charging. | tniesma%ﬁfﬁs%rdymmuagtwf%ittmgp%tﬁﬁpﬁwom@&'aydat elold %itl,hnaea

DC wor ki ng power sup nsi derin at battery packs I n

char gi ng hémdBn2dorkRitioR a2 QVES GRBESRY 49! The RSk kerGdria8 W fedgaBsiblOfor B\ERng
fired, in order to find such severe situations tinmely, a snoke

war ni Ng Ugpetatibbddtd 6Naintadored objbu® akcdahiglinpkrfsred st dtRk 9fdce SR B pRAkS ed
by overcharging or short-circuiting the battery packs in the charging
frame, angherygygant wagirg fwationsng rel gmal The endnh@ingowiritsatibmge Rmekponsible for
comuni cation unit. I n anot her enbodi nent, the charging unit may
further comvulTisdbe epkafentent deaudnad drdrejectra nargmencialtvelivles arhrérBiEy cdnorolling
short) in the battery pack to performnore accurate control on the
char gi ng e beakers repfacerprat Yaiicecang theicharsinehenite fbg WIER gerueni 43 ipagsresivferies e
a battery information access nodul e for accessing battery data

recor ded BYvafding thviperaon fata 9p uepey-leyel sphedufiRgcedifar gi ng unit may
further conprise a charging termnation nopdule for termnating the
char gi ng pr o'?:eé%'%a'b?xegp%gv%&er(‘fﬁ%ﬂlaéwenég@%?"’d'i BFVED2BAEINB ] the QEFFEQ',"“"” of

i nformation sen romthe BVS, N ircuit or interface fault
occur s | 7% ABVEERIED! R P BT e ep aakottar ™ £ ShEDrls vk hitiest 5P aesepl
e e, AR oG 36689 SERARLIA Ay Ayt BuaR0F J S8R SHCM 1A bittery

protocol Tor i nforna raction w e chargin

char gi ng é@h&&%ﬁtoﬁo%%?&éh%e%g&g#ﬁﬁﬁ% Y ’ |aEJ?1¢eng i @Qou}hlniintﬂgt.e? in

sel ect whether to charge an charging strategy (for exanple
constant k" 66thuskOAd QMBF: RYmMERRET Aticld Abd 39RNW TRRUIoIfE HANbERKy Of

compartments usually arranged on two sides of the vehicle, two sets of battery replacement

devices are provided on hoth sides of the vehicle, as well as corresponding charging frames and
8



battery pack will not go beyond a predefined upper limt. In
anot her enbodi nent, the charging unit may further conprises, but not
limted to, a charging state indication nodule, a fault warning
nodul e, or a battery information reporting nodule as required. The
charging state indication nodule is responsible for displaying the
char gi ng pdvat ehaafer sadiineisThe batetyorylageaektpranss tdveprobsahgiolgvifgstape 21. The
fault warning nodule is responsible for sending fault warning

i nformati on Step 639d: aroaiédrrcompperciativebisierrame o § battenhieplaceTieat dsea acegrging
information reporting nodule is responsible for transmtting battery
dat a senttofapgwiregyen-BVS of each battery pack to the nonitoring and
communi cation unit. schematic di agram of nonitoring and

comuni cat i oﬁeEémeEEtCF‘&ﬁéheo?'e‘t“I‘fechf%P"’r’ bas quRreiHed. A PRURTY BRIaERTANt of

t he batter e | acenent aysten1enbod|nent of H@l i nvention IF sho
in Fig.4.™ ?’BtPf' 4RamEYRAYAD 48T MEATQh eétr‘EB?{Pn’B‘érf‘é'd’e ge R

E(rjmvfre \(/:\Ig.?rﬁ???l Vghl e |n ormatl%g\épéhgneﬂ%cé efé)nfn?'ebrtlfﬂe\}erﬁ@grt ro Q] vchqgle |rli*or’maglon
connunlca%&%nmgpb ik hrough the CAN bus. Related control comands of
t he nonitori'rng and comuni cation unit can be converted through a

protocol conygy §&%: 5c@or9|h§ Rﬁfh@ Re G ODFRIrRatfR IR BGSer MidrM&t A bSltdty packs
repl acenent devi ce. he nonitoring and conmunication unit nay

parti cul ambty h&E00ERA 1 € intd ad%bﬁce%fém/@é’quéﬂee theMMBifoRRd B VEMKSitidrO Onid 2
and a WEB server 43. The data server 41 is responsible for receiving
oper at i onpreiglrad a@éplaei®i kdqérd o3tteq hadkith kRGkddavihdgepeehadtl on dat a
storing, processing, displaying, querying and warning functions in
real time. Titep nENORt Giften gdetmmicdigattheo nrediZceimentr essens bthe th@nitoring and
schedul i ng the repl acenent sequence and el ectric commercial vehicles
and r enot @mnupigationginitiissgesteheshdsiulet wmmane iy sark tientlecigviopeneanind vettide at a
charging unit. The WEB server 43 is responsible for forwarding the
oper at i onba@atvaen'@eaﬁntmﬁ@mqoewelentsfeh@aﬂﬁsrv "ARjaceERptepfier the elecic| cotymetgisl
exenpl ary battery replacenent flow w |l be given according to the

descri pt 1 BHCBHS {RRCaIIHG 890 Pk R Yo FoIRRREITE SR PRERT b IAERHFRRE batiery

schemati c ﬂIOM/of a battery replacenment process of the battery

repl acemefit? €t em of thls |nvent|on is shown in Fig.S. The battery
repl acenent |shed on,.bat t ep
eatons. shouft TIBS R e RERT R AR Rl decl B BB R e

vehicl e hgs Awhel ative Iarge volune with battery conpartnents
usual |y arranged on two sides of the vehicle, tw sets of battery

repl acement ﬁ@ﬁ/Sﬁ)@sth@rlﬁ%tta“}Qé’ﬂlgglqelﬁrl:letﬁ@ésha!&' &@%at@éneg B b BdMaCd LiroR She
wel | as corresponding charging frames and power charger cabinets.

The bat t efaytesRBhREEAIRRGNPIMGEASSHE GRERgigTRmMet.Ne f ol | owi ng st eps.

Step S101: an electric comercial vehicle came into a battery

repl acenent Q&EF0ACES balieAGeplecetant desitdsUHdifoiNcharged batBhegciB iR ardy@diedis e
the electric comercial vehicle has submtted a battery repl acenent
request, dulh&romire regademgntaergien@intutiiedatterprompaittiem®mni tors the el ectric
commercial vehicle and read vehicle information of the electric
commer ci al vesen §108: it fsrabegkkd whetbéri adl| kattpmifoackshevedieen exptagadd ifi noh altl battese.
Step S103: according to the vehicle information and battery

i nf or mat i Ak Gpverhaen BpicepdbkroteretuE S0 PeeT 0b gtherwitester SL@t areettht
sequence, the monitoring and conmuni cation unit prepares a

repl acement J&yrettethss MeRERag yanda CNBMYHCaHRN OB o r&cPidt irkicle efsPiacastfBht .

information of the electric commercial vehicle through the vehicle information recognition
device.

Step 5§110: the electric commercial vehicle gets off the battery replacement region after the
battery replacement process has been accomplished.

Step $111: when the replaced battery packs are arranged on the charging frames from the
!



Step S104: after determ ning the replacenent sequence, the nonitoring

and comruni cation unit issues a schedule conmmand to park the electric

commercial vehicle at a battery replacenent position convenient for

battery replacenent; after the electric commercial vehicle is in

pl ace, the doors of the battery conpartnents are opened to prepare

for bat t eelpctrie prarpespiginiehicle, the cBereips SaiGScontmugiraigndth the BAGY tnathe rpriaved
supply of the whole electric commercial vehicle is shut down.

St ep 5106Yatteniaragiss ead gpt P@Efr\eftamﬁﬁraﬁﬁévti te Ehe mopReringFnd ra nusicRiia Wi the

replaced fromthe battery artnments and unload to the charg )

frames. monlt%ﬂwdgmwmf%@" g@ﬁ {edsr PinesihEg ey ed Gaitanerasks %w@ér’l& is

charged batter are uIIed out fromthe replacenment

sequence Pﬁ?ﬁm¥ﬂ§ ﬁFfEP§h€5ﬁﬁ% fent s. Step 5108: it is checked
whet her al | Qt%&ts‘ﬂzy tﬁ)ea%:aléﬁedh%\&gab;%%lg Jrg Q s géd to a amtengzlc[seoqa E%Iql'y fault

packs have been replace riocesEe retirng erw se

step Slogdlh&oﬁg(:ﬁl(a%a%enan , and ﬁm"f(?r;]ngﬁo |£ Q@orﬁ'&n' tor' ng and

conmuni cation unit recor S ve e rep acenent information of the

el ectric congey&ial th¥%|n§a‘tr@d %E&E&PM&kstaP@reYﬁFHdCtb thel RABINETLhQRnd enter the
recogni tion device. the electric comercial vehicle

gets of f fdimaleférking Moée@%%ﬁiﬂﬁ]&hs&@@'l%s@fehﬁéd.the battery repl acement
process has been acconplished. Step S111: when the replaced battery

packs are ar stapged: iotheintv@it@ingaed ghniunabies uhit 058 delfeemined &t 41l battery packs
commercial vehicle, the charging units communicate with the BM5 in

t he repl amedh bavrirel situpdmkeithontead foulif a biatrdigr yrocketra bagick, tnrehniginthe béterg he
nonitoring and comuni cation unit; the nonitoring and comuni cation
uni t det epasksraesscheiged witlppowef ghafgersd battery packs, if so step 5112 is

execut ed; otherw se step 5114 is executed.
Step S115: full charged battery packs are put into the replacement sequence waiting for

replacement in a later battery replacement process, after which step 5107 is executed.

Through the above batiery replacement process, it can be seen that all the battery
replacement process is controlled by the monitoring and communication unit, without manually
scheduling and battery loading/unloading, and thus is more convenient as compared to the prior
art, except for its shorter replacement time. Battery replacement efficiency is improved to
perform more times of battery replacement per unit time with a shorter battery replacement
period, so that power chargers can be used to charge more sufficiently with an increased
utilization.

Below, the structure of the battery replacement device according to an embodiment of this
invention will be described in detail with reference to Fig.7. The battery replacement device of
this embodiment is designed taking the characteristics of electric commercial vehicles into
account. Because an electric commercial vehicle has a relatively larger body provided with many
battery packs, generally at both sides of the body, in order to improve battery replacement
efficiency, the battery replacement device adopts a lateral battery carrying manner,

The battery replacement device may comprise the following components: a main frame 100,
a positioning mechanism, a rotation mechanism 400, a lateral movement mechanism 500, and a

push-pull mechanism 600. Wherein, the positioning mechanism is composed of a vertical
10



Step 5112: the faulted battery packs are transported to a nai ntenance
pl ace for fault diagnosis and mai ntenance, and fault information is
recor ded. Step S113: the maintained battery packs are returned
to the charging franes and enter the normal chargi ng procedure, after
whi ch step 5115 i s execut ed. Step 5114: if the nonitoring and
conmmuni caedsianioghinechhgism 2@ aed rihpdzdntekresitiering rigshanésmB08albk sertigabpasitioaing
normal situation w thout any fault, a char |ng rocedure begins, in
whi ch t hempeiiprigp yOGia greyided ia theapip &amailet wg%ers“ Ha @ geaset position alangdhe
5115: full charged battery packs are put into the repl acenent
sequence VGl Pﬂjtsfjé’rz 9 dpy BednEme 199 %F“FQP%F" B&PTSQPyCDF'éEF%CTé'ﬁéWf'Z°"ta]

process, after whi xecut e the a

h
bat tery r%%wa@a%@ﬁ ST Ao S BRI A0 %ndfae% ViR o
replacene rocess controll n| n onnunlca i on
unit, wit . rrelsﬁalpfsst' L5 Toﬁgcmgﬁﬁhggtﬁf' %h? cfﬁ’%ng T 5adi n g = %hd
thus is n&;rlgn Mm@nveni ent as conpared to the prior art, except for its
shorter replacenent tinme. Battery replacenent efficiency is inproved

to perform rrﬁ{eepoglhm R chBadt @quedrtQMCﬁQQ{E%Ete@%plééglhtenttd'em i3t Rsifton
shorter battery replacenent period, so that power chargers can be

used to ChalRniNAF Battehf feblGeaidhl, Yor Widnkbled thd KUFIEHES Bekitibhink in%alizn@M- moves
Bel ow, the structure of the battery replacenent device according to
an enbodi twemkttdf rdphicaménn\devidei tor pdshibn b@edase bathedcdmpadetai of thd ElBctric
reference to Fig.7. The battery repl acenent device of this enbodi nent
i s desi gn@chnteadidl wehitld erecérppsitetterths battesy phckeireteregacormeseqianke on the
vehicles into account. Because an electric comercial vehicle has a
rel ati vel ghaigie freme.lsaehy/thpribigindlerdquiied o ravpthe battesr fepipeeriest deyieneapedtedly at
both sides of the body, in order to inprove battery replacenent

ef fi ci encypring He fﬂd@‘?@?’gf 9 bpitese 83Ash resulng & dmargwist *Sattar‘/lfm'@?'aF"tlfﬁtCteéﬁ’Vy
carrying manner The battery regeoacemant devi ce may conprise the

f ol | owi ng'MeRTIEH @tiEoning W?F'SF'? 2Re MEEDAN & Jﬁ&@?rtt.aaﬁer%& tﬁé&%éﬁﬁ@ﬁf the
bushe pal 1 SRE R Eg o R Epet Ane FRRBCH P R e MR ine o
conposed f%ht‘_ﬁeylﬁrlgad%%gug%gd%%gme Jgchani sm 200 and a hori zont al

posi tioning nec I'cal positioning mechani sm 200 is

provided i neﬁh{é?%g?dnr}nécﬁﬁ% 4%ngproqﬁgd ol t?nl? L &Reat ﬁbs‘?iornﬁgerﬁ&harﬁs‘ﬂ?iob' Wth

along the v posts 102 o e main frane 100 according t

consol e CoFRAaxis b e p&Ridhiag mP@shitrh 0. Mtk BRESANEDRiHPEboicsn RV Hed
under the main franme 100, and can carry the main franme 100 to a

preset pasé tdredal fHs0BPnEmEBEHIHOTTI0R a Grisét@ngl@bdco@ing tdEcodéoRUBfNRARE @6 8§ NY
to a consol e command. The positioning nmechanismis used to nove
t he batt ebyfor ephaketent tdasy qRackt onleadpd Sioin & hatt@i \cempatitent @f thxatlbatia/
repl acenent, for exanple, the horizontal positioning nechani sm noves
t he bat t eymeel seraeatd advitae pedk wlpdsi rerore dlaging ftare lyat&edegrees to
conpartnent of the electric commercial vehicle are opposite to the
battery padikge the plaremenepfl thekattervraddqumaeefisient hanehar gi ng frane, such
that it is not required to nove the battery replacenent device

repeat edl y diieildigjahryeneimectarisrito0b Pride® Py theARIRMEON Mesanish 479 anA can

i nproved battery repI acenent efficien r)é The vertical positioni n(T:)
mechani snftR&YY Wﬁ‘kﬂ fo2rPresa) erstipR it @ diesctiy Yeﬁt{fa'ttB tPenE"’ﬁ%ﬂtﬂﬁt“df &iliaipas the
ground of the batt art nent and th | of the baht eri

the char JPRY°T s mi%afrca'éf N 13 4 fsq! ?1&0“1'%%[‘ %ﬁ?o’&ﬂ’?ﬂ‘ﬁ"t&i‘ec aa{‘fsf“eﬁ%@
packs. movidSoriRl ALY 8 RENANLAM, 400, | bawg.{notxg 98t AdELl s EE L2

pOSI tioni ng rre Ion axi s on

posi ti oniy {EE%L}?eW &,mpgﬁ.ﬂent-gﬁt?tl{e%a%g%ﬁ%y &Wr?&@uﬂ&?sﬂﬁlgﬂnl[aa%taaﬁ ‘?te:g ‘o

the vertical positioning mechani sm a preset anglé accor
a consol a,& R AdveriAit ASchhRsth 960 &¥ BIRLEA 16 bUtQh@balPt@FytpﬁElMatQ@Molé%Qf?&ed

suitable for the placement of the battery pack. As mentioned previously, the battery

compartments are generally provided on lateral sides of the vehicle, two battery replacement
11



The | ateral novenent nechani sm 500 is provided on the rotation
mechani sm 400, and can laterally nove to a preset position in a
direction vertical to the horizontal guide rail along the rotation
mechani sm according to a consol e conmand. The | ateral novenent
mechani sm 500 is provided for the fact that there is a certain space
bet ween t tevickatdnereyprowqHdamelnein sidebeafi tbe eitdc bothertiblevebialet Batigry packs are
conpartnent and the charging frane. In order to successfully unload a
battery, tiheadbairen die asvsrenmenisokhinle snd 50 Qatteanpdsles ansleaded intpihe velkide
battery pack laterally to a position suitable for the placenent of

t he bat t ebythplhatekal maxenpshinpdaridn P%vi ousl y, the battery conpartnents
are general I¥ provided on lateral sides of the vehicle, two battery
repl acement ThevpieRd! ngeshanisen 9P S\prayided ehthp Biare! BovRsRenbMeghpRisie PRz andjcan

i al hi cl e. tt K | oaded f th l ectri
LR IR AR SR K S
by the | at t, . hani 500. Th h- pul hani
T IS AR

f - I A di
et O 1 By R Y BB B G501 R e SIS

manner, Ofgpifel IQt\?\ﬁagxf,] &l &C Qeﬁf TBARRLNER24P O qﬁ&n?}&f e aﬂr‘é&ﬂ% Rkt of the

mechani sm 600. a battery pack is taken out/put into the electric

COMEr Ci adlecVi@hbgeLod2akied BL hdlanthdes biead(@ Yon&rOIRY:E Rl ifpld @rz@rdy neans
of the attractive force of the el ectromagnet 602, wth the advant ages
of easy to ceibiDhedidsnisah alelbdéry répladdgrhet 8évidd Chrlifetaive commaMBIids@ddSFrom
mechani snms in the battery replacenent device can receive conmands

i ssued f rbaettlaal exhesringlandmnintubichtiog uainchr @ oomaale tapaieipedvidadinkide 1be battery
consol e can be provided inside the battery replacenent device, which
can be opeplateednizipviesm whigk raatbe operatedl bsareperates Bl isucwmmin@s nEndy e oaeive
commands fromthe external nonitoring and conmunication unit, and

t hen conveemmapeliene she pitaspal Alonteing Greé cevnwisten By aedihen gpnvert them to
Bel ow, various nmechani sns of the battery replacenent device wll be
descri bedMerat @pIOlErgMPENdsifg oY he main frame 100 conprises a bottom
101, a top frame 103 and nmultip|e vertical posts 102, ich are

di sposed bet Wie®h "2'17E° D6t B'Wﬁtfltl‘%ﬁadtef"hrép'i"&ﬂe?tr e ‘fé?eygﬂ'gl@aﬁ%ﬁm%rhe
T o R B3l S 6 5 Sl DBt

The vert! £l whBslt RBLD0 RERNL SBHANEATRNL SG5 A RRSKALSK, bR

201, an el evator actuating nechanism and an el evator drivin

mechani s M, ti@o Glneyddt & anfdv@a®rtlortie REEGRGRLerhdht Be RIS Fron duppdiced
by the vertical posts 102 and can slide along the vertical posts 102.
The el evappsusaekralsmig nmechani sm can actuate the el evator driving
mechani sm according to a consol e conmand, to cause the elevator frane
201 to sl i deTHeOvericgIl RSi€bnifRO SietHafibm 00 gmpites We klevad frirns b1, 10 2I0itot he
mai n frame 100. The el evator actuating nechani sm may be a notor
comonl y ats@ting rmeckandpmand ian Aigyatdrilevied eechsrdsm. dhnd alévaigr freahzniisamangey irke a
rack-pi nion mechanismto nove el evator frame 201 upwards or

downwar dsspace surrodfided fyothezetical pqstss102iandicany slive ciirmaithev80@! postspills Else
novenent wheel s 301, a novenent actuation nechani smand a novenent
drivi ng rakypeRidyRfingmRechpfiReRe REtuth helelevaordriding meghapig desarding deg consnte
bottom 101 of the main frame 100. The novenent actuation nechani sm
can act udCERMARe P EArEH R EEMHPNTANg 208 EheliA? M meebPesitieg 2logs Heysiied pests
command, to use, the in frane 100 to slide to a preset ositign

al ong thelOHB&%B’ﬁ'P "Iamag?‘ijéher%‘?"f’t"barfutaﬁ'ég BT Wi e atfwawrfaw&%'wse n

wheel s. The. nove ntI act yat.i on rﬂrechani Sm may, be a m?]t Qr_common used
O g g B e e
novenment fgarnj;e\éioggpwrg%:stlg%ﬁmagd%pch as through a transm ssion axis) to

The horizontal positioning mechanism 300 comprises movement wheels 301, a movement

actuation mechanism and a movement driving mechanism. The movement wheels 301 are
12



The rotation nmechani sm 400 conprises a rotation frame 401, a rotation
actuating nmechanismand a rotation driving nechanism The rotation
frame 401 is provided under the elevator frane 201, and can rotate
around a rotation axis of the rotation frame 401 provided on the

el evator franme 201. The rotation actuating nechani smcan actuate the
rot ati on sovigédipdergbhibaifogiOa etive thaindrame 160. Clonrsolepentiaatvaliveh, machansause
the rotation frame to rotate by a preset angle around the rotation
axi s of tpduatethgtmaypment drengyperhprivd acsprding o @ransele eammangnte. cadsg ghe main
rotation actuati ng nmechani smnmay be a notor commonly used in

engi neer i figne #@Petorsﬁ‘ieatf’lao‘?fe-‘tﬂ P‘?Fit'ﬁﬁ alopg H‘émoﬁﬁ"%?" ‘Efe"ai o &hr Bredr itighe o
rotate the rotation fra rotation of the rotation
nmechani sn{”E‘éﬁ’f‘eBEWg oﬁ?ﬂ P‘QYF@H-“ Adyayan f’ﬁéhaﬁ‘émd“?yq}fnaem"% CE’BWﬁ%{Y éi‘fdt'b a
rotation rrechanlsmr tatlc{}ge tpe main fr e rotat;ﬂon mech

rotating FHEFHES H"é"crm‘ia'll] e, {he” movement elerg ié)nbocFuﬁEn e moveren h FNIng

stability m m!‘.rﬁ(s as r&]}ﬁattrgns\(ﬂgfo hﬁs)?Jslr& P due to its small

rotation ra esl because rotation of the battery pack is

finished i ”SWELE r&ﬁ%n”ﬁbéﬂaﬁ.&@%o dobphiss SATREtioh NREind AbALL Dotafidhe altBiifg
frane, and is not prone to endanger the safety of opérators

surroundi fgchbMem 4RY b GRatidn@iving thidch MR MTERN Rt AFAMO DL RO r&lided wdder the
rotation nanner, because it is not prone to be upset, has a base much
smal | er t&aatdr hame D@ bk @Al roMite Broliia Folition BxtisdTehd Btatiod Mdreao1 piddided bis
the space of the battery replace station can be saved. The

| at eral mbeeestbr frevod anl. Sihe 5O8tiaompratise Mechahiarh ep@lactnay elwe nitatfon ateing
501, a lateral novenent actuating nechanismand a | ateral novenent
dri vi ng nmpethamisrs aecorfiing té aresel corovaettcafise dheroblitn framptooetatell opreehe
rotation frame 401, and can nove laterally along the rotation frane
401 in a ¥eleeraundiheveiptiqneyis ofthe frion Grme payided Qibefeleveigr framerfilee rotation
rotation frame 401 may be provided with a guide or groove in the

di rect i onPSHHRE E‘éfhat“é'"t% lI"F‘oi" |"2Ct5‘i”(t@I‘“”@’L’ll\follé““iL a F"g"‘éﬁ"d‘gt flee Tosgtiep griving
nmovemnent f%fgme 501 can mgve | ateral al on gui de or groove. The

'at er al FsrE ALY AR STREAT e ﬁﬁ@}wa?rema?%lthe ateral ersn

driving mechﬂ’nl S{T} accprdl to a onso

lateral movenBHprPoL AL s ndhatil o e geieli RS RN Pl oy

the ot aliARalhq'e Aon' Hechlifnf!Ididifit lu%nmmrung%e FdtatloR Snd2 ] s?noﬂtgga?ikg

gw de I’al novenent actuati ng mechani sm my

commonl y y§&thi thahhRnRNGENR il Hbodflt hdiGighatil @'anHQVr%FFrBF.e S intiD 9r
mechani sm may be a rack-pinion nmechanismto nove | ateral novenent

frame 401id @ieab &t bifall rotation rhtigs. BadidRE, aecdiBY/ BEPSbtIONRE BRMNYatER; RN Bfkhbd
this enbodi nent, as conpared to a battery tray structure with a fixed
| engt h, Cciasidetak maihlf@mit i@ salérabancatigohe shingnme 2na arrdt pgnd © dhlidger the
positions of the charging frane and the vehicle, so as to accurately
al i gn t hesafeat &rapleratony gmenddidfer thergleviet thetrhiatigomithiagism @flofting suzhtat retayion
pack, so that battery push and pull actions can be performed snoothly
Wit h | essmafnkpbecause it is nqtrpeong s he piset, herschram imyeh BBderabarpthptsreguirgd when
push-pul |l frame 601, a push-pull actuating nmechani sm a push-pull
driving e Al Eiefatas ey ﬁ@fﬂ@ﬁﬁgﬁe&th%wewcwsw;famg snav&érre 601
is slidably provided on the | ateral novenent frame 501.

el ect r omagnethed®erai BoSMENs BRI PH0eopREtss 6Lﬁt‘?ra'fri"é’ﬁ'§e’ﬁdf"'§r§81 cdpferal

attract and rel ease a bat ack thr h the e]ectro net effec
accor di ngnPEmEMtc AT %eaﬁwﬁﬁ"dgnfmeatﬁﬁ ST N LT fﬁsabh@ﬁ.*gtﬁsa

h di
28%;35,[%0\%@%%% nl%%ﬁ : prowc:ielra%fnr{ﬁe ro?%i_c’) %3%8{ Incrlul.;’ant r%)ov% I%E%@I e]]onéét[\ei on

performa pus

al ong t he {aﬁgr?{r%e JBQY mlt&ttc]cn v?ﬂf:al{’ootée thhz‘S Q%ﬁﬁe palﬁl‘}he@&gt%{)%tf"aﬁmqtllﬂlemay

mechani sm may be notor conmmon use he engl neering, an

push- pul 'bed;rereegu.tﬂ%%nfa@IosgpomMn Be Redidf Kermamoqne RERAAL TR TR, Mdshe OF

lateral movement frame 501 can move laterally along the guide or groove. The lateral movement

actuating mechanism may actuate the lateral movement driving mechanism according to a
13



Step S201: when a vehicle with batteries to be replaced is in place,
a novenent mechanismdrives the battery replacenent device to an

appropriate position. Step 5202: the lateral novenent nechani sm
| aterally noves toward the battery conpartnent of the vehicle and is
docked with the vehicle. Step 5203: a push-pull nechani sm

al i gned wFgngele Ffé“%‘fjtt‘éF%P’S‘?ﬂhéé"’é‘?fé'r{‘ﬂo"ﬁ'ag'?ttfraﬁ'ﬁ SPhtotmve @d¥sel Esteshtetanlie s
to nove towar theb ter packsmthebtter conpartnent of the
vehicle. P& etrﬁ‘é“‘é’l %Vﬂjrdaﬁ'a d'ﬁft'%"n‘@rtﬁastﬂ tb%l*?m%%aw?m Tl s

with a chuck on a tter

reverse di Pve@ienﬁﬁd”a A ™ % 3 é'l“ec?y %enﬁ'gtr% rfm'{‘héseéd esfrﬁgpqg%‘/@ghiﬂﬁ' tgf"n
takes out the r?%feﬁq@ﬂtydrﬁl%fgkme%%gﬁ%h Say 01 C'ra?ckﬁ% r%Qc%arﬁIm ttE mgﬂu%{%ra?f

the battery % er as bee
extract edmb&bnfé'n@ﬁa‘?neio*ﬂ%tér .eral novement mschanl sm rmves in the
reverse direction to return into the main frane. Step 5205: the

rotation mechgansm h@&%ﬁsmwaémamda@%.s éﬂoohmmt as Ed.%darela%fa%aery

pack placed on the pull-push nechanismon the side of the charging

frame premsyottfichird Sith Gt Ble@dedgth, the nfakdl BexidlOgittah@ ddistnkat b&bMing to the
compartment of the vehicle, while the extracted battery pack is

rot at ed t gostioes fitbkechatz0gdraing ahdh eheclabitigisngs fa @b®ately align tfd BiRrab2BGmdnbe
| at eral novenent mechanismat a position aligned with the battery

pl acemnent fraees with die pesitich eof \tedh battesy packes thetwbattent biesh\eshipoll ertidnhean be
push-pul | nmechani sm pushes the battery pack to the battery pl acenent
posi tion @ﬁ"fotrh@sb‘@t?'ﬂ“gwthé%ﬁﬁ@ﬁt ment of the vehicle by means of the
el ectromagnet; the el ectromagnet di sconnects fromthe chuck of the
battery pack HeoPusbedhprerenist R90| comarisey aotush-pel fraree 69y ap’&ékp“'bﬁﬂﬂ”aﬁ'ﬂ%s
t he steps of | aci ng a batter ack in the vehicle are conplete

St ep SZO?me"c“H@”}Erﬁ\Pé‘ %{' | dripd BRS Pf? FP‘R'/%TEE"ECHémB%{'FE@Fy”}Eé’Hf“aE@ﬁ@H‘F 501

char g ng_F HIGREY plo 8% &PEE FERANAletd a@sgﬁg%%s'gﬁ%a*aéfﬁ? off'e snpiges on
el eva.t or 'é Uﬁl ptu fl‘amlé' d c% a{tl%&p(%gq tE a%Mr ucht) élécwamg neI he
AU Ana R0 SPPERRPRATEH b B AFpRR BRI e fBndthel

char gi ng ter t ani sm
noved | at Qfe@tj Lc}éor@mg tQaaSc&?(ﬁ@ cs'lﬂﬁmkﬁﬁ The push-pull actuating mechanism actuates the

push-pull driving mechanism according to a console command to make the push-pull frame 601
to perform a push-pull action along the lateral movement frame 501. The push-pull actuating
mechanism may be motor commoniy used in the engineering, and the push-pull driving
mechanism may be a rack-pinion mechanism to push or pull the battery pack. A rolier can be
provided on the push-pull frame 601 to convert a sliding friction between the battery pack and
the push-pull frame 601 to a rolling friction between the rollers, so that the battery pack can be
pushed or pulled more smoothly.

A battery replacement process of the battery replacement device embodiment of this
invention will be given below to describe the operation relationships between various
mechanisms of the battery replacement device embaodiment. A schematic flow of a battery
replacement process according to a battery replacement device embodiment is shown in Fig.8. In
an initial state, a full battery pack is taken out by the push-pull mechanism on the side of the
charging frame, and the push-pull mechanism on the side of the parked vehicle is free, The

battery replacement process of the electric commercial vehicle mainly comprise two parts:
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with the charging frame, the push-pull mechani sm pushes the battery
pack to a placenent position on the charging frane. Step S210: the
push-pul | nechani smand the | ateral novenent nechani smreturn back
Step S211: the battery repl acenent device nove to a position
corresponding to a full battery pack. Step S212: the rotation
mechani sniep@tieg bajtepheackson abq whictermexgipneingobagieyrrags withribie chiesing fsamg or
mechanismlifts the elevator frame to a height corresponding to the
battery p&%wmkﬂyﬁﬁb*ﬁﬁen out, and the lateral novenent nechani sm

noves | aterall nd is doc cha frane. St .
S213: the pu§tﬁg§%ﬂlw'??§(?ﬁ’ﬁm %Wﬂ”\t,\ﬂéﬁ?é@“&&?e R b D RTT oremept THERITe
Char gl ng rwes atpe realace t device 10 na I rlaénl Ssltﬁ]anr et urns baCk the

el evator frame 8 ”% P'8 Hb?ton1an3 v@??p a hext vehicle with a

battery paCkS% ts%z ﬁ@he ?ﬂ mI\m{i%nt trrPe ha%FSFn' & alf&f m%?/(egh%@gﬁe s gatter

battery pack ween attery replacenent device an r

frame ar e ARGRMPAtoFRE Jenicle and isldocke @Btk fhe 986 f r Om t he above battery
repl acenent process that the battery replacenent device can take out

a battery pagkp k5@Mat igh-W@incdhenidh dlighdll with 88 bhikGy GRANENDGoditiA® the
conveniently. The whol e process is conpleted in an electri cal

control | eghitRRBGMuestid I dYg tovafd B E batteRP bARCAERY bafterdyicOfipfment Bfthe Vdriche.
hi gh repl acenent efficiency, wthout tedious physical |abor of

oper at or sAfteart@ eldauiemageaichf thg plt-@ll InevienBach chathoy withtsdhucklon atbettery pak, thde
whol e battery replacement system because of a short battery

r epl acenemtsh-pdl mechanibatroaey inr & piverse disertions sand Bee plestfooraamed of thegpehpll,
so that free tinme of the power chargers can be reduced, and power
char ger umpdhpoien fases @ hehatteRymaelyisem the vehicleibi gidags oftthe thwgh of the beteaned
that the above enbodinent is nerely given to illustrate, but is not
lints toPkhe technical solution of this invention Although this

i nventi on ha scribed in detail with f erence t

er oy od oS Sal, B8k Jeterk e b fog e A b e mavermeat

nodi fi cations to therﬂﬁrtlcu(@ n? g t.his i nvention or
cha vas ] e reverse direction ore{urnl 0t emaln rrafjfle.

eqU|vaIeHP PP "ons ™ {0 Sore "0 TEchni ca éatures are

possi bl e wi tﬁ%zoﬁ‘??{%&k?ﬂ Qi E;ga@g;y&sade feel Db EMRRL d)%aJ dLon

of this invention u be covered I n t

this i ”V%H&S’Pull ptﬁrﬁ'el\@m\!m% theSsidd c@'tm-‘;nlgﬁiﬁ frime DredBhdSE VotJt@@{oakﬁ@HFJ‘t

devi ce suitab el ectric comercial vehicles, conprising: a main
frane; close to the battery compartment of the vehicle, while the extracted battery pack is rotated to

the side close to the charging frame.

Step S206: the lateral movement mechanism at a position aligned with the battery
placement position in the vehicle moves toward the vehicle; the push-pull mechanism pushes the
battery pack to the battery placement position of the battery compartment of the vehicle by
means of the electromagnet; the electromagnet disconnects from the chuck of the battery pack
to accomplish the loading of the battery pack, and thus the steps of replacing a battery pack in
the vehicle are completed.

Step 5207: the movement mechanism drives the battery replacement device to a position
corresponding to an empty position on the charging frame.

Step S208: the elevator mechanism lifts the elevator frame to a height corresponding to the
empty position on the charging frame.

Step 5209: after the lateral movement mechanism has moved laterally and has been docked
15



a positioning nechani sm conposed of a vertical positioning nmechani sm
and a horizontal positioning nechanism wherein the vertical
positioning mechanismis provided on the main frane, for sliding to a
preset position along vertical posts of the main frame according to a
consol e command; the horizontal positioning mechanismis provided
under t hewithitle ¢haeging, framgy theapusk-prigmagidnish ipdsheg) thehkattaei rack tapwlagdromy a
hori zontal guide rail on the ground to a preset position according to
a consol eP@Bigianthe charging fiameot at i on mechani sm provi ded under the
vertical positioning nmechanism for rotating on the vertical

posi tioning FﬁSBﬁzalHl frPys)-ryll ’ﬁ?‘@%’é‘t’“ %{Wdh%'atéf?éﬁPYfi“ﬁﬁt rPRshapisehREE! Rack.
conmmand,; E erah ovens ﬁ hani sm provi ded on the rotatio
mechani sm f 8FP a? ﬁte{yoreaa%}‘?&b e IRNED A BEEPACPIESRHCE iR g fHC
preset dIF acenent along the rotation nechanismin a direction
vertical to rHe horizont al guide rail; a push-pull nmechani sm

provi ded on E«J@S shBt ealjotam?ry %QBQB.HH‘?-&P@E"H%%& i FAGE %gq?@ge &bs azknd the

consol e conmand performng a pus action on a b

2. The ba&bﬁﬁynke%h@%ﬁﬂ?ﬂkeﬁ@MhQ%n%QEng%m&ohgp&hﬁgqbﬁmtﬁﬁé&%&ﬂt&ﬁ@
battery replacenent device also conprises a console for 1ssuing

consol e CRRIMAIESN QU AIthdvEndn theRRfkh INDlbsSeRLIME R (DMRed tvhﬁtHthzﬂrthn
mechani sm the | ateral novenent mechani sm and the push- pul

mechani snrame. 3. The battery replacenent device accordlng to claim
1 or claim2, wherein the main franme conprises a bottom a top frane
and a pl ur al $teyS28: the pesheall mpdehism vakes ¢ut alfdiybagteny paddcnbbe wesedingt freene,
bottom and top frane. 4. The battery repl acenent device

accor di ngthe &tegdl giomer@ent wiaehaeim ratires hagk, thecddvatpoisinig dspisrigbotmotmaniveits for
conprises an el evator franme, an el evator actuating nmechani smand an
el evat or quwmglemwr?ahﬁt@mpaq}mP@weﬁ'afqdewﬁ dReadctipnsfof exseangise pbastenoragk i n
a space surrounded by the vertical posts, and can slide along t he
verti cal tﬂfé‘g‘i%‘ thsctﬁéte'é‘lr%‘ﬁ%?"ta%’fcﬁé’ﬂ‘ﬂl?ﬁ chasgitArme Areactompliied  he

el evator driyving nechani s ng to a consol e co e the
Sl ovator ok e Ana A56S ﬁeapfea'ﬁ%?ﬂﬁn&waceeseﬁhfﬁtmatﬁagfeg Bgament

main fr AMEvice can tak{eﬁut Tttl?tergg Gf\nro% tﬂe?\%h%fé%ngnut it on\{llua c%a%]%gprame co%vemently

claim3, er €i 1'oni hg necha

movenent Haegls, r@ce&%’@‘o’ﬁﬁ:ﬁ&edﬁﬁ%#@k&tﬂ&l %%ﬁ’d&'é&ﬁhé’r”%rﬁg %N&Fﬁgﬁﬁment

driving nechanlsn1 wherel'n the novenent wheels are arfanged er the

bot t om of pdB@ofMIwhk ﬁagm.sep&%emfm wmgéeioﬁwpmﬁ&hmrémp@%w%ﬁé
t he nnvenent driving méchani smaccording to a consol e command

sl i de t hehiRkdHigk@aRwWakel bbh@st @ iE Bf thvAe ek Sattedy @plﬁ&’eﬁﬁﬁﬁsy@@ﬁ'ﬂetéﬂﬁb
al ong the horizontal guide rail on the ground.
of a short battery replacement period, battery replacement can be performed frequently, so that
free time of the power chargers can be reduced, and power charger utilization can be improved.
Finally it should be noted that the above embodiment is merely given to illustrate, but is not
limits to, the technical solution of this invention. Although this invention has been described in
detail with reference to the preferred embodiments, those skilled in the art may appreciate that
modifications to the particular embodiment of this invention or equivalent substitutions to some

of its technical features are possible without departing from the spirit of the technical solution of

this invention, all of which should be covered in the scope of this invention.
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6. The battery replacenent device according to claim4, wherein the
rotati on nmechani smconprises a rotation frane, a rotation actuating
mechani smand a rotation driving nechanism wherein the rotation
frame is arranged under the elevator frame, and can rotate around an
axis of the rotation frane on the efkexmypr franme; the rotation
actuating nechanisntactuates the rotation driving nmechani smaccordi ng
to a cons g to rotate the rotation frane around the axis of
the rotati tF gnae ff'the el evator frame by a preset angl e. 7.
The battery r cenent deyice ac (ﬁgereln t he
ater al - moveaHE AR CIRF LAl UEts o G s SRl Eprrarit spike PPare o

| at er al nnvenentfgg%uatlng mechani sm and a | ateral novenent driving

. din .
mechani sm wheérein the lateral novenent frame is arranged on the

rotation fr ag‘ﬁoﬁt%ﬂm%%cﬁ%% doftbledtlo I’ ¥ vajt %ggosﬁtn: ink gﬁ@ﬁa: n@ dnb 3MRribdtaf

direction vertical to the horizonta ateral nopvement

act uat i NgpAREHRS MMafich URk&ESn ttrﬁhevén%ﬁﬁcﬁinoﬁm%/ ﬁ]@&ﬂhusrﬁﬁd Mol Bed B @ HaAM
according to a console conmand to nove th ateral novenent frane

| at eral | yirahngr didiRe £o0h plek@pokitie BokyvericAIN @5€tof UheS aif GRMeMcébrding to a
direction vertical to the horizontal guide rail. 8. The battery
r epl aceneghsdtesonbenaBe hétizogaltpositdnéig Melhanbmas piotidédedpuss maiilfltame, for
mechani sm conpri ses a push-pull frame, a push-pull actuating

mechani smgarrging ash sijing | the maini fregnendoigen haerr guin ral ecthecamagdeat a preset
wherein the push-pull frame is arranged slidably on the |ateral
movenent Hasitipeaccerties ol acconsotsreagmend:i s arranged on the push-pull frane
for attracting or releasing a battery pack according to a console
comand; t he? pUEien mechaniet Rj&‘t'qeﬁg'“%dg% rde ResitipRireegeqhpristy (fayoisting on
driving nechanlsntaccordl to a consol e conmand to cause the

push- pul | the yesiig@! R%‘t'ﬁ’érﬂ&'ﬂ‘?‘:ﬁ’g EHRYAPr5 6l Ane's TP igRe & Q)??querFQmI”“&t“ér al
novenent fra emc nprls t he

tt t
bat tery repl GELH ﬁtwsraw@éﬂ@%ﬁaﬁéﬁmﬁ&“&ﬁ%mﬁ% PP aﬁ?é gt o
further C%%’I‘e c%|’n hd %te?aﬁ%lltlfti? Bﬁ%\ Xreke@ Idtspll:c% ﬁ?tua%?t:%)ﬁllenr%tag(o) echa r he

whol e bat ter acenen C argl ng

battery p&&&%n@%cﬁ%ﬁthéﬁlﬂnz&ﬁﬁg&ﬁ'@ﬁﬁled battery packs into a
repl acenment sequence; noni toring and conmuni cation unit

coupled to u]SusP%WFne@Hpi%){)rd’HEE@ on E%Qat@ﬂ%gd'eﬂﬂnﬁﬂé@ham;nhQorbﬁEcIr@ﬁQ’toa
repl acenment device through a controller area network (CAN) bus, for

recei Vi Ngohddle'@Mnahd feRfoRMRE Apdsp-pultkatioh dfa At Pador ed obj ect and_
achi eving operation data storing, processing, displaying, querying
and war ni ng 1.0hebat@nsreplacement dellice Ideerdipgttd daiyh ¥, @pb@Deh® hittesy ®plet®ment
according to claim9, wherein the power supply unit conprises:
device alsc comprises a console for issuing console commands, coupled to the positioning
mechanism, the rotation mechanism, the lateral movement mechanism and the push-pull
mechanism.

3. The battery replacement device according to claim 1 or claim 2, wherein the main frame
comprises a bottom, a top frame and a plurality of vertical posts vertically arranged between the
bottom and top frame.

4, The battery replacement device according to claim 3, wherein the vertical positioning
mechanism comprises an elevator frame, an elevator actuating mechanism and an elevator
driving mechanism, wherein the elevator frame is provided in a space surrounded by the vertical

posts, and can slide along the vertical posts; the elevator actuating mechanism actuates the

elevator driving mechanism according to a console command to move the elevator frame to a
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an AC inlet cabinet for leading in 2-way AC power supply from outside
and swtching the 2-way AC power supply; an AC feeder cabi net
for distributing the AC power supply of the AC inlet cabinet and

| eading it into the charging unit. 11. The battery repl acenent
system according to claim9, wherein the charging unit conprises: a
char gi ng PrEYEOSP 29n&EF Mytia! RastieBIPe MpindP™Bat t ery packs; a power
charger cabi net accommmodat i ngﬁ%ﬁgl urality of chargers for charging

the battery padRIIHY feﬁlé‘ce_cf'ﬁé a‘fc_PerWE.t claim 3, W_T?. i"ﬁ?eh%ié"c"fa_é%ﬁ' i°”i_“g
further  oBRgEN SR EPm e hellal theilar MU oAl Tt maHPRET ANG® SR
caused by, Qer AL AL NGN0L SHOLbietleh ik B 1S HALIETY. DACKS, A Lhe
chargi ng AR reporting LRe monitoring and commini catlon uni

with a wafrg},i,glg h§.| rg&%hﬂent actuati_n&sm c?;mﬁsnp%t:&%y tﬁeemcﬁgrﬁ n&rivﬁ‘ngslli'lgrfmmism
1 2, ?16 er com

according to’'claim12, wherein t charging unit furt rises:

a batter yadc&ﬁm%m LRDIAGRRRAH R ITDHY hRinfiRMme 3HG SRS BB mBRLHHREY tFRr8set
recorded by a battery nanagenent systemin a battery pack; a charging

t er m nat i pRitieREbhEhé RirizakAQiide RYod GeBaliery fault information sent by
the battery

6. The battery replacement device according to claim 4, wherein the rotation mechanism
comprises a rotation frame, a rotation actuating mechanism and a rotation driving mechanism,
wherein the rotation frame is arranged under the elevator frame, and can rotate around an axis
of the rotation frame on the elevator frame; the rotation actuating mechanism actuates the
rotation driving mechanism according to a console command to rotate the rotation frame around
the axis of the rotation frame on the elevator frame by a preset angle.

7. The battery replacement .device according to claim 6, wherein the lateral movement
mechanism comprises a lateral movement frame, a lateral movement actuating mechanism and a
lateral movement driving mechanism, wherein the lateral movement frame is arranged on the
rotation frame and can move laterally along the rotation frame in a direction vertical to the
horizontal guide rail; the lateral movement actuating mechanism actuates the lateral movement
driving mechanism according to a console command to move the lateral movement frame
laterally along the rotation frame by a preset distance in a direction vertical to the horizontal
guide rail.

8. The battery replacement device according to claim 7, wherein the push-pull mechanism
comprises a push-pull frame, a push-pull actuating mechanism, a push-pull driving mechanism
and an electromagnet, wherein the push-pull frame is arranged slidably on the lateral movement
frame; the electromagnet is arranged on the push-pull frame for attracting or releasing a battery
pack according to a console command; the push-pull actuating mechanism actuates the push-pull
driving mechanism according to a console command to cause the push-pull frame to perform a
push-pull action along the lateral movement frame.

9. A battery replacement system comprising the battery replacement device of any of claim
18



managenent systemterm nating the chargi ng operation of the power
char gers. 14. The battery repl acenent system according to claim
12, wherein the power charging unit further conprises: a
chargi ng sel ection nodule, for when battery data recorded by the
battery managenent systemin the battery pack cannot be accessed,
selectlnglhbg'méﬂbhﬁﬁg@fﬁﬂwé@W§%WP$g a constant flow fol |l owed by
const ant vol tage chargi ng net ho 15. The battery repl acenent
syst em accor APPSR VAL ri‘B’pBF‘gEP‘%ﬁrﬁ?ri'lF WWf’é}aE?'ﬁrecpﬁéerﬁed‘é?V@tieWg uni t
further conp char te i ndj cat ule for

(i Spl ayi g L REHERGE YITG" STRE HeaoB e e Y (TAERE CHiFY pebs o o
char gi ng fr fault warning nodule for sending fault warning
i nformati O nltorlng and conmuni cation unit; a battery

| nf ormati on_& RAkdgRHk ! 3rca&orn%mgwpﬁedmgthlag,fgwsxgﬂkaar@t BEthah O he

battery managenent em of each battery pa moni t or ahd

comuni Ca{hh ‘Bg'ttélWeBIacement devnl@thr fFa Q&Fhroﬁ?é’%re'é ﬁ&l{\@ﬁ&@ﬁﬂtbu§ Yo?‘ﬁ’&m/mg in real
accor di ng to claim 9, wherein the nonitori ng and comruni cation unit

CONPr i SeSiime operatnUtRtaRofSEMbRtored Sject BREbNIITE bPerit®Rl datd ABHRPELALIRN
data of a nonitored object and achieving operation data storing,

pr ocessi n@splingRpuaying 8nd HiSRgfuR@ioasnd war ni ng functi ons;

f’i%en'iephsequen

10. The battery replacement system according to claim 9, wherein the power supply unit
comprises:

an AC inlet cabinet for leading in 2-way AC power supply from outside and switching the
2-way AC power supply;

an AC feeder cabinet for distributing the AC power supply of the AC inlet cabinet and
leading it into the charging unit.

11. The battery replacement system according to claim 9, wherein the charging unit
comprises:

a charging frame for placing a plurality of battery packs;

a power charger cabinet accommodating a plurality of chargers for charging the battery
packs on the charging frame,

12. The battery replacement system according to claim 11, wherein the charging unit
further comprises:

a smoke warning unit, for detecting smoke caused by overcharging or short-circuiting the
battery packs on the charging frame and reporting the monitoring and communication unit with
a warning signal.

13. The battery replacement system according to claim 12, wherein the charging unit
further comprises:

a battery information accessing module for accessing battery data reccorded by a battery
management system in a battery pack;

a charging termination module for according to battery fault information sent by the battery
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a nonitoring workstation for scheduling a replacenent sequence and

el ectric commercial vehicles, and renptely controlling the battery

repl acenent unit and the power charging unit; a WEB server for

forwardi ng the operation data to an upper-1level scheduling center.
management system terminating the charging operation of the power chargers.

14. The battery replacement system according to claim 12, wherein the power charging unit
further comprises:

a charging selection module, for when battery data recorded by the battery management
system in the battery pack cannot be accessed, selecting not to charge or selecting a constant
flow followed by constant voltage charging method.

15. The battery replacement system according to claim 13 or claim 14, wherein the charging
unit further comprises:

a charging state indication module for displaying the charging state of various battery packs
on the charging frame;

a fault warning module for sending fault warning information to the monitoring and
communication unit;

a battery information report module for transmitting battery data sent from the battery
management system of each battery pack to the monitoring and communication unit.

16. The battery replacement system according to claim 9, wherein the manitoring and
communication unit comprises:

a data server, for receiving in real time operation data of a monitored object and achieving
operation data storing, processing, displaying, querying and warning functions;

a monitoring workstation for scheduling a replacement sequence and electric commercial
vehicles, and remotely controlling the battery replacement unit and the power charging unit;

a WEB server for forwarding the operation data to an upper-level scheduling center.
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