
ELECTRIC COMMERCIAL VEHICLE BATTERY REPLACEMENT DEVICE AND BATTERY 

REPLACEMENT SYSTEM 

TECHNICAL FIELD 

The invention relates to the field of energy utilization technology, in particular to a battery 

replacement device and system suitable for electric commercial vehicles. 

BACKGROUND 

As an important part of the new energy strategy and intelligent power grids, as well as one 

of the strategic emerging industries determined by the State Council, electric vehicles will 

gradually become a focus in the China's automobile industry and energy industry development. 

In the commercialization and industrialization process of electric vehicles, especially, electric 

commercial vehicles, how to power electric vehicles is an extremely important influence factor. 

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; 
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a positioning mechanism composed of a vertical positioning mechanism and a horizontal 

positioning mechanism, wherein the vertical positioning mechanism is provided in the main 

frame, for sliding to a preset position along vertical posts of the main frame according to a 

console command; the horizontal positioning mechanism is provided under the main frame, for 

carrying and sliding the main frame along a horizontal guide rail on the ground to a preset 

position according to a console command; 

a rotation mechanism provided under the vertical positioning mechanism, for rotating on 

the vertical positioning mechanism by a preset angle according to a console command; 

a lateral movement mechanism provided on the rotation mechanism, for according to a 

console command laterally shifting by a preset displacement along the rotation mechanism in a 

direction vertical to the horizontal guide rail; 

a push-pull mechanism provided on the lateral movement mechanism, for according to a 

console command performing a push-pull action on a battery pack. 

Further, the battery replacement device also comprises a console for issuing console 

commands, coupled to the positioning mechanism, the rotation mechanism, the lateral 

movement mechanism and the push-pull mechanism. 

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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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. 

Further, 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 by a preset distance in a direction vertical to the 

horizontal guide rail. 

Further, 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-puil frame 

is arranged movably 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. 

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 leading 

it into the charging unit. 

Further, the charging unit particularly 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. 

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 monitoring and communication unit. 

Further, the monitoring and communication unit comprises: 
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a data processing module, for receiving in real time operation data of a monitored object 

and achieving operation data storing, processing, displaying, querying and warning functions; 

a remote control module for scheduling a replacement sequence and electric commercial 

vehicles, and remotely controlling the battery replacement unit and the power charging unit; 

a data forwarding module for forwarding the operation data to an upper-level control 

center. 

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.l 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 replacement system of this invention; 

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

5 



embodiment of this invention; 

Fig.8 is a schematic diagram of a battery replacement flow of the battery replacement 

device embodiment of this invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The technical solution of this invention will be further described in detail with the 

accompanying drawings and embodiments. 

As shown in Fig.l, a schematic structure diagram of a battery replacement system according 

to an embodiment of this invention. In this embodiment, the battery replacement system 

comprises a power supply unit 1, a power charging 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 operation 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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AC power every two power charger cabinets. The power supply unit can not only supply power to 

the charging unit, but also provide operation power for the battery replacement device and the 

monitoring and communication unit. 

A schematic structure diagram of the power charging unit in the battery replacement 

system embodiment of this invention is shown in Fig.3. The power charging unit may particularly 

comprise a charging frame 21 and a power charger cabinet 22. A plurality of battery packs can be 

placed on the charging frame 21, including battery packs to be charged and full charged battery 

packs. In the battery replacement process, battery packs in a replacement sequence are 

exchanged into the electric commercial vehicle, while battery packs in the electric commercial 

vehicle are placed on the charging frame 21 to wait for charging. 

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 termination module for terminating the charging process of 

a power charger according to battery fault information sent from the BMS. 

If a circuit or interface fault occurs 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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battery pack will not go beyond a predefined upper limit. 

In another embodiment, the charging unit may further comprises, but not limited to, a 

charging state indication module, a fault warning module, or a battery information reporting 

module as required. The charging state indication module is responsible for displaying the 

charging state of various battery packs on the charging frame 21. The fault warning module is 

responsible for sending fault warning information to the monitoring and communication unit. 

The battery information reporting module is responsible for transmitting battery data sent from 

the BMS of each battery pack to the monitoring and communication unit. 

A schematic diagram of monitoring and communication connections of the monitoring and 

communication unit of the battery replacement system embodiment of this invention is shown in 

Fig.4. The monitoring and communication unit is connected to the power chargers in each power 

charger cabinet through a CAN bus; the smoke warning unit is also connected to the monitoring 

and communication unit through the CAN bus. Related control commands of the monitoring and 

communication unit can be converted through a protocol converter to dispatch console 

commands to the battery replacement device. 

The monitoring and communication unit may particularly comprise: a data server 41, a 

monitoring workstation 42 and a WEB server 43. The data server 41 is responsible for receiving 

operation data of a monitored object and achieving operation data storing, processing, displaying, 

querying and warning functions in real time. The monitoring workstation 42 is responsible for 

scheduling the replacement sequence and electric commercial vehicles and remotely controlling 

the battery replacement device and the charging unit. The WEB server 43 is responsible for 

forwarding the operation data to an upper-level scheduling center. 

Below, an exemplary battery replacement flow will be given according to the description of 

the above battery replacement system embodiment A schematic flow of a battery replacement 

process of the battery replacement system of this invention is shown in Fig.5. The battery 

replacement process can be accomplished on battery replacement stations shown in Fig.6, in 

which because an electric commercial vehicle has a relative large volume, with battery 

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

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



power charger cabinets. The battery replacement process comprises the following steps. 

Step S101: an electric commercial vehicle came into a battery replacement area according 

to an instruction. 

Step S102: because the electric commercial vehicle has submitted a battery replacement 

request, the monitoring and communication unit monitors the electric commercial vehicle and 

read vehicle information of the electric commercial vehicle through a vehicle information 

recognition device. 

Step S103: according to the vehicle information and battery information of battery packs 

that has been put into a replacement sequence, the monitoring and communication unit 

prepares a replacement sequence of battery packs to be used in this replacement. 

Step S104: after determining the replacement sequence, the monitoring and 

communication unit issues a schedule command to park the electric commercial vehicle at a 

battery replacement position convenient for battery replacement; after the electric commercial 

vehicle is in place, the doors of the battery compartments are opened to prepare for battery 

replacement. 

Step S105: high and low voltage power supply of the whole electric commercial vehicle is 

shut down. 

Step S106: the battery replacement devices take out batteries to be replaced from the 

battery compartments and unload to the charging frames. 

Step S107: the battery replacement devices load full charged battery packs that are pulled 

out from the replacement sequence into the battery compartments. 

Step S108: it Is checked whether all battery packs have been replaced; if not ail battery 

packs have been replaced, the process returns to step S106, otherwise step S109 is executed. 

Step S109: the monitoring and communication unit records vehicle replacement 

information of the electric commercial vehicle through the vehicle information recognition 

device. 

Step S110: the electric commercial vehicle gets off the battery replacement region after the 

battery replacement process has been accomplished. 

Step Sill: when the replaced battery packs are arranged on the charging frames from the 
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electric commercial vehicle, the charging units communicate with the BMS in the replaced 

battery packs, read out battery data and transmit to the monitoring and communication unit; the 

monitoring and communication unit determines there are faulted battery packs, if so stepS112 is 

executed; otherwise step S114 is executed. 

Step S112: the faulted battery packs are transported to a maintenance place for fault 

diagnosis and maintenance, and fault information is recorded. 

Step S113: the maintained battery packs are returned to the charging frames and enter the 

normal charging procedure, after which step S115 is executed. 

Step S114: if the monitoring and communication unit has determined that all battery packs 

are in a normal situation without any fault, a charging procedure begins, in which the battery 

packs are charged with power chargers. 

Step S115: full charged battery packs are put into the replacement sequence waiting for 

replacement in a later battery replacement process, after which stepS107 is executed. 

Through the above battery 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 
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positioning mechanism 200 and a horizontal positioning mechanism 300. The vertical positioning 

mechanism 200 is provided in the main frame 100, and can slide to a preset position along the 

vertical posts 102 of the main frame 100 according to a console command. The horizontal 

positioning mechanism 300 is provided underthe main frame 100, and can carry the main frame 

100 to a preset position along a horizontal guide rail on the ground according to a console 

command. 

The positioning mechanism is used to move the battery replacement device to a position 

convenient for battery replacement, for example, the horizontal positioning mechanism moves 

the battery replacement device to a position where the battery compartment of the electric 

commercial vehicle are opposite to the battery packs in the replacement sequence on the 

charging frame, such that it is not required to move the battery replacement device repeatedly 

during the replacement of battery packs, resulting in improved battery replacement efficiency. 

The vertical positioning mechanism may make an adjustment according to the height to the 

ground of the battery compartment and the height of the batteries on the charging frame to 

facilitate the loading/unloading of battery packs. 

The rotation mechanism 400 is provided under the vertical positioning mechanism 200, with 

a rotation axis on vertical positioning mechanism 200. The rotation mechanism 400 can rotate on 

the vertical positioning mechanism 200 by a preset angle according to a console command, so as 

to for example turn a battery pack unloaded from a battery compartment of the electric 

commercial vehicle and a battery pack unloaded from a charging frame by 180 degrees to 

facilitate the placement of the battery pack in a more efficient manner. 

The lateral movement mechanism 500 is provided on the rotation mechanism 400, and can 

laterally move to a preset position in a direction vertical to the horizontal guide rail along the 

rotation mechanism according to a console command. The lateral movement mechanism 500 is 

provided for the fact that there is a certain space between the battery replacement device and 

both the battery compartment and the charging frame. In order to successfully unload a battery, 

the lateral movement mechanism 500 can be used to put the battery pack laterally to a position 

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 
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devices can be provided on both sides of the electric commercial vehicle. Battery packs are 

unloaded from the electric commercial vehicle and full battery packs are loaded into the vehicle 

by the lateral movement mechanism 500. 

The push-pull mechanism 600 is provided on the lateral movement mechanism 500, and can 

perform a push-pull action on a battery pack according to a console command. A battery pack 

can be held or released in a pure mechanical manner, or with an electromagnet 602 provided on 

the push-pull mechanism 600. When a battery pack is taken out/put into the electric commercial 

vehicle laterally, it is very convenient to do so by means of the attractive force of the 

electromagnet 602, with the advantages of easy to control and relatively simple structure. 

Various mechanisms in the battery replacement device can receive commands Issued from 

the external monitoring and communication unit, or a console can be provided inside the battery 

replacement device, which can be operated by an operator to issue console commands or receive 

commands from the external monitoring and communication unit, and then convert them to 

internal console commands for control. 

Below, various mechanisms of the battery replacement device will be described. Referring 

to Fig.7, the main frame 100 comprises a bottom 101, a top frame 103 and multiple vertical posts 

102, which are disposed between the bottom 101 and the top frame 103 vertically. The main 

frame 100 functions as an overall frame of the battery replacement device to provide support for 

various mechanisms. 

The vertical positioning mechanism 200 comprises an elevator frame 201, an elevator 

actuating mechanism and an elevator driving mechanism. The elevator frame 201 is arranged in a 

space surrounded by the vertical posts 102 and can slide along the vertical posts 102. The 

elevator actuating mechanism can actuate the elevator driving mechanism according to a console 

command, to cause the elevator frame 201 to slide to a preset position along the vertical posts 

102 of the main frame 100. The elevator actuating mechanism may be a motor commonly used in 

engineering, the elevator driving mechanism may be a rack-pinion mechanism to move elevator 

frame 201 upwards or downwards. 

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

actuation mechanism and a movement driving mechanism. The movement wheels 301 are 
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provided under the bottom 101 of the main frame 100. The movement actuation mechanism can 

actuate the movement driving mechanism according to a console command, to cause the main 

frame 100 to slide to a preset position along the horizontal guide rail on the ground with the 

movement wheels. The movement actuation mechanism may be a motor commonly used in 

engineering, which can drive the movement wheels 301 through the movement driving 

mechanism (such as through a transmission axis) to slide. 

The rotation mechanism 400 comprises a rotation frame 401, a rotation actuating 

mechanism and a rotation driving mechanism. The rotation frame 401 is provided under the 

elevator frame 201, and can rotate around a rotation axis of the rotation frame 401 provided on 

the elevator frame 201. The rotation actuating mechanism can actuate the rotation driving 

mechanism according to a console command, to cause the rotation frame to rotate by a preset 

angle around the rotation axis of the rotation frame provided on the elevator frame. The rotation 

actuating mechanism may be a motor commonly used in engineering. The rotation driving 

mechanism may be a gear bearing to rotate the rotation frame 401. 

The rotation of the rotation mechanism can be accomplished inside the main frame, as 

compared to a rotation mechanism rotating the main frame, the rotation mechanism rotating 

inside the main frame used in this embodiment has high stability and is not prone to vibrate or 

tip due to its small rotation radius. Besides, because the rotation of the battery pack is finished 

inside the main frame, it is safer than rotating the main frame, and is not prone to endanger the 

safety of operators surrounding the device; the rotation mechanism adopting such a rotation 

manner, because it is not prone to be upset, has a base much smaller than that required when 

the main frame is rotated, and thus the space of the battery replace station can be saved. 

The lateral movement mechanism 500 comprises a lateral movement frame 501, a lateral 

movement actuating mechanism and a lateral movement driving mechanism. The lateral 

movement frame 501 is provided on the rotation frame 401, and can move laterally along the 

rotation frame 401 in a direction vertical to the horizontal guide rail. The rotation frame 401 may 

be provided with a guide or groove in the direction vertical to the horizontal guide rail, and the 

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 
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console command to cause the lateral movement frame 501 to move a preset distance laterally 

along the rotation frame 401 in the direction vertical to the horizontal guide rail. The lateral 

movement actuating mechanism may be motor commonly used in the engineering, and the 

lateral movement driving mechanism may be a rack-pinion mechanism to move lateral 

movement frame 401 laterally. 

The lateral movement mechanism adopted in this embodiment, as compared to a battery 

tray structure with a fixed length, can make flexible distance adjustment according to the 

positions of the charging frame and the vehicle, so as to accurately align the lateral movement 

frame with the position of the battery pack, so that battery push and pull actions can be 

performed smoothly with less effort. 

The push-pull mechanism 600 comprises a push-pull frame 601, a push-pull actuating 

mechanism, a push-pull driving mechanism and an electromagnet 602. The push-pull frame 601 

is slidably provided on the lateral movement frame 501. The electromagnet 602 is provided on 

the push-puil frame 601 and can attract and release a battery pack through the electromagnet 

effect according to a console command. 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-puil actuating 

mechanism may be motor commonly used in the engineering, and the push-pull driving 

mechanism may be a rack-pinion mechanism to push or pull the battery pack. A roller 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 embodiment. 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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replacing battery packs in the vehicle and exchanging battery packs with the charging frame, 

particularly as follows. 

Step S201: when a vehicle with batteries to be replaced is in place, a movement mechanism 

drives the battery replacement device to an appropriate position. 

Step S202: the lateral movement mechanism laterally moves toward the battery 

compartment of the vehicle and is docked with the vehicle. 

Step S203: a push-pull mechanism aligned with the battery placement position in the 

vehicle continues to move toward the battery packs In the battery compartment of the vehicle. 

After the electromagnet of the push-pull mechanism contacts with a chuck on a battery pack, the 

push-pull mechanism moves in a reverse direction, and the electromagnet of the push-pull 

mechanism takes out the battery pack from the vehicle by means of the chuck of the battery 

pack. 

Step S204: after the battery pack has been extracted in place, the lateral movement 

mechanism moves in the reverse direction to return into the main frame. 

Step S205: the rotation mechanism rotates by 180 degrees, so that a full battery pack placed 

on the pull-push mechanism on the side of the charging frame previously is rotated to the side 

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 S207: 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 S209: after the lateral movement mechanism has moved laterally and has been docked 
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with the charging frame, the push-pull mechanism pushes the battery pack to a placement 

position on the charging frame. 

Step S210: the push-pull mechanism and the lateral movement mechanism return back. 

Step S211: the battery replacement device move to a position corresponding to a full 

battery pack. 

Step S212: the rotation mechanism rotates the rotation frame by 180 degrees, and the 

elevator mechanism lifts the elevator frame to a height corresponding to the battery pack to be 

taken out, and the lateral movement mechanism moves laterally and is docked with the charging 

frame. 

Step S213: the push-pull mechanism takes out a full battery pack from the charging frame, 

the lateral movement mechanism returns back, the elevator frame drops to bottom and waits for 

a next vehicle with a battery pack to be replaced. Thus, the actions of exchanging a battery pack 

between the battery replacement device and the charging frame are accomplished. 

It can be seen from the above battery replacement process that the battery replacement 

device can take out a battery pack from the vehicle and put it on the charging frame conveniently. 

The whole process is completed in an electrical controlled manner, during a short replacement 

period of time, with high replacement efficiency, without tedious physical labor of operators, and 

thus leading to a lowered labor cost. In terms of the whole battery replacement system, because 

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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CLAIMS 

What is claimed is: 

1. A battery replacement system comprising the battery replacement device suitable for 

electric commercial vehicles, 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; 

the battery replacement device comprises: 

a main frame; 

a positioning mechanism composed of a vertical positioning mechanism and a horizontal 

positioning mechanism, wherein the vertical positioning mechanism is provided on the main 

frame, for sliding to a preset position along vertical posts of the main frame according to a 

console command; the horizontal positioning mechanism is provided under the main frame, for 

carrying and sliding the main frame along a horizontal guide rail on the ground to a preset 

position according to a console command; 

a rotation mechanism provided under the vertical positioning mechanism, for rotating on 

the vertical positioning mechanism by a preset angle according to a console command; 

a lateral movement mechanism provided on the rotation mechanism, for according to a 

console command laterally shifting by a preset displacement along the rotation mechanism in a 

direction vertical to the horizontal guide rail; 

a push-pull mechanism provided on the lateral movement mechanism, for according to a 

console command performing a push-pull action on a battery pack; 

wherein the main frame comprises a bottom, a top frame and a plurality of vertical posts 

vertically arranged between the bottom and top frame; 

the vertical positioning mechanism comprising an elevator frame, an elevator actuating 
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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; 

the rotation mechanism comprising 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. 

2. The battery replacement system according to claim 1, wherein the battery replacement 

device also 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 system according to claim 1 or claim 2, wherein 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. 

4. The battery replacement system according to claim 1 or claim 2, 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. 

5. The battery replacement system according to claim 4, wherein the push-pull mechanism 
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comprises a push-puil 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. 

6. The battery replacement system according to claim 1, 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. 

7. The battery replacement system according to claim 1, 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. 

8. The battery replacement system according to claim 7, 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. 

9. The battery replacement system according to claim 8, wherein 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. 

10. The battery replacement system according to claim 9, wherein the power charging unit 
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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. 

11. The battery replacement system according to claim 9 or claim 10, 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. 

12. The battery replacement system according to claim 1, wherein the monitoring 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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