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AGV COMB-TYPE TRANSFER ROBOT 

 

TECHNICAL FIELD 

The present invention relates to vehicle transfer equipment, in particular to an AGV (Automated 

Guided Vehicle) comb-type transfer robot, and is applicable to the technical field of vehicle 

transfer.  

 

BACKGROUND ART 

With rapid popularization and development of automobiles, the supply of urban parking spaces is 

severely insufficient, and the requirement for parking spaces becomes greater and greater, 

therefore, the traditional parking mode gradually develops towards the mode of intelligent and 

mechanical stereo parking. The existing fully-automatic stereo garages are mainly divided into 

three types: planar moving garages, roadway stacking garages and vertical lifting garages. Simply 

speaking, their working principle is as follows: one or multiple transfer devices are available to 

lift up a vehicle from the bottom of the vehicle for transfer, and then move to a lifter together, the 

lifter then transfers the transfer device and the vehicle to different parking layers, and then the 

transfer device sends the vehicle to a designated parking space. 

Comb-type vehicle transfer is the most frequently used vehicle transfer manner in the existing 

stereo garage. The comb of the comb-type transfer device is arranged on a vehicle carrying 

platform, the vehicle carrying platform is moved to the parking position via a lifting transverse 

shifting device, the comb of the parking position is staggered with the comb on the vehicle 

carrying platform, the comb continues to descend to return back to the vehicle carrying platform, 

and then the vehicle is placed in the parking position. When the comb is used to replace the 

vehicle carrying board, as such a transfer device is free from back and forth transmittance of the 

vehicle carrying board, the operation efficiency is high. 

A patent entitled “Comb-type exchange vehicle transfer robot with automatic centering and 

locating apparatus” with the application number of 201220144962.0 discloses the following 

contents: a comb-type exchange vehicle transfer robot with an automatic centering and 

orientating apparatus, comprising an underframe (1) arranged on a track (20), a bi-directional 

travelling mechanism mounted on the underframe (1), a lifting comb-type frame (2) and a lifting 

mechanism, wherein the lifting comb-type frame (2) is mounted with a vehicle centering and 

orientating apparatus which is composed of two sets of centering drive apparatuses (11), 

centering installation pieces (9), centering pull rods (10) and push plates (19) mounted 

respectively in the front and rear parts, the centering drive apparatus (11) is mounted on the 
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lifting comb-type frame (2), the centering drive apparatus (11) is mounted with a centering 

installation piece (9) and drives the rotation of the centering installation piece (9), a pair of 

centering pull rods (10) are symmetrically hinged on the centering installation piece (9), the two 

hinged points are not overlapped with the installation point of the centering installation piece (9) 

on the centering drive apparatus (11), the connection line between the two hinged points gets 

through the installation point, and the other ends of the centering pull rods (10) are respectively 

provided with push plates (19). 

A patent entitled “Comb-type storage and retrieval mechanism in stereo parking lot or storage 

field” with the application number of 93105031.6 discloses the following contents: a comb-type 

storage and retrieval mechanism in an automated stereo parking lot or a storage field is mainly 

composed of a lateral transferring trolley, a storage and retrieval trolley and a comb-type lifting 

mechanism, wherein the front and rear parts of the two side edges of the lateral transferring 

trolley are respectively provided with two or several track wheels, the track wheels are mounted 

on the two horizontal tracks which are fixedly arranged on the central passage in each floor of the 

parking lot or the storage field; a drive mechanism is respectively fixedly arranged at proper 

positions of the front and rear ends of the storage and retrieval trolley; and the comb-type lifting 

mechanism is embedded into a storage and retrieval platform, and is mainly composed of a 

comb-type lifting platform, a lifting connecting rod group and a lifting drive mechanism. 

However, for such comb-type transfer equipment, the intelligence degree is relatively low, a 

travelling track often needs to be paved and a power supply cable needs to be connected, and the 

transfer equipment can only realize forward or backward movement, thereby leading to extremely 

low transfer efficiency, relatively high fault rate, difficulty in realizing efficient operation of the 

garage, and inability in reflecting intelligent parking in a real sense. 

 

SUMMARY OF THE INVENTION 

The objective of the present invention is to provide an AGV comb-type transfer robot aiming at 

the defects of the prior art. The transfer robot can realize self navigation and free travelling route, 

and can save space with fast vehicle storage and retrieval, safe performance and convenient 

maintenance. In future use, the transfer robot can not only be used in the field of parking garages, 

but also used in ordinary cargo handling. 

In order to achieve the above objective, the present invention adopts the following technical 

solution: 

In one aspect, the AGV comb-type transfer robot based on the present invention includes: 

a lifting frame, with comb teeth being mounted on the lifting frame; 

a travelling frame, with a comb tooth lifting apparatus being mounted on the travelling frame, and 

a travelling drive mechanism and a central control system being mounted in the travelling frame; 
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the comb tooth lifting apparatus includes a lifting drive motor and a gear set in transmission 

connection with the lifting drive motor; the travelling drive mechanism includes a travelling drive 

motor and a travelling wheel set mounted in the travelling frame to realize omnidirectional 

travelling. 

Preferably, the transfer robot is further mounted with a power supply apparatus, a navigation 

apparatus and a safety detection apparatus, and the power supply apparatus comprises batteries 

and a charging mechanism electrically connected with the batteries which are mounted in the 

travelling frame. 

Preferably, the navigation apparatus comprises a laser navigation module mounted in the 

travelling frame, or a magnetic marker navigation module or an electromagnetic navigation 

module mounted on the periphery of the travelling frame, or an inertial navigation module 

mounted in the travelling frame. 

Preferably, the safety detection apparatus comprises a laser anti-collision module, a mechanical 

anti-collision module, an infrared anti-collision module or an ultrasonic anti-collision module 

which is mounted on the travelling frame for recognizing the objects surrounding the transfer 

robot. 

Preferably, the central control system is composed of a main controller and a travelling module, a 

transfer module, a guidance and orientation module, a safety module, a power supply and 

charging management module, a communication module and a human-computer interaction 

apparatus which are electrically connected with the main controller. 

In another aspect, the present invention further relates to a method for storing a vehicle by 

utilizing the above mentioned AGV comb-type transfer robot, comprising the following steps: 

a transfer robot goes below a lifting platform, a main controller controls a lifting drive motor to 

lift a vehicle, when the vehicle reaches a limited height, a high-position limit switch sends signals 

to stop lifting; 

the transfer robot leaves the lifting platform and transfers the vehicle to a corresponding comb 

tooth frame of a parking space; 

after the transfer robot reaches corresponding comb tooth frame of the parking space, the lifting 

drive motor inverses, and the vehicle descends to the comb tooth frame of the parking space; and 

the transfer robot leaves the comb tooth frame of the parking space. 

In yet another aspect, the present invention further relates to a method for retrieving a vehicle by 

utilizing the above mentioned AGV comb-type transfer robot, comprising the following steps: 

a dispatching system of an upper computer sends a vehicle retrieval command at corresponding 

parking space, the transfer robot travels to corresponding parking space from its position after 
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receiving the vehicle retrieval vehicle; 

the lifting drive motor drives the lifting frame to ascend, to separate the vehicle from the comb 

tooth frame of the parking space; 

the transfer robot travels to transfer the vehicle out of the comb tooth frame of the parking space; 

and 

the transfer robot travels to the lifting platform, the lifting drive motor drives the lifting frame to 

descend, the vehicle is parked on the comb tooth frame at the entrance and exit, and the transfer 

robot leaves. 

In addition, for vehicle storage and retrieval by utilizing the above AGV comb-type transfer 

robot. 

The AGV comb-type transfer robot for implementing the present invention has the following 

beneficial effects: 

Under the guidance of a control system in a parking lot, the transfer robot in the present 

invention can realize self navigation and free travelling route, thereby not only saving the space 

of the parking lot, but also realizing safe and rapid vehicle storage and retrieval with convenient 

maintenance, and realizing intelligent vehicle parking in a real sense. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of the transfer robot in the present invention; 

Fig. 2 is a diagram showing the state when the comb teeth of the transfer robot are lifted up; 

Fig. 3 is a diagram showing the state when the comb teeth of the transfer robot are dropped down; 

Fig. 4 is a bottom view of the transfer robot in the present invention; 

Fig. 5 is a principle diagram of the central control system of the transfer robot in the present 

invention; 

Fig. 6 is a schematic diagram showing the pivot steering of the transfer robot in the present 

invention; 

Figs. 7 is schematic diagram 1 showing vehicle transfer in a stereo garage utilizing the transfer 

robot in the present invention; 

Figs. 8 is schematic diagram 2 showing vehicle transfer in a stereo garage utilizing the transfer 
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robot in the present invention; 

Figs. 9 is schematic diagram 3 showing vehicle transfer in a stereo garage utilizing the transfer 

robot in the present invention; 

Figs. 10 is schematic diagram 4 showing vehicle transfer in a stereo garage utilizing the transfer 

robot in the present invention; 

Figs. 11 is schematic diagram 5 showing vehicle transfer in a stereo garage utilizing the transfer 

robot in the present invention; 

Figs. 12 is schematic diagram 6 showing vehicle transfer in a stereo garage utilizing the transfer 

robot in the present invention. 

Reference numerals in the drawings: 1. travelling frame, 13, travelling drive mechanism, 15. 

comb tooth lifting apparatus, 151. lifting drive motor, 152. gear set, 153. vertical gear, 14. power 

supply apparatus, 16. laser navigation module, 17. laser anti-collision module, 18. passive 

travelling wheel, 2. lifting frame, 21. front comb, 22. rear comb. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The embodiments of the present invention will be further described in detail below in 

combination with the accompanying drawings. 

As shown in Fig. 1 and Fig. 4, the comb-type transfer robot includes a lifting frame 2 and a 

travelling frame 1, wherein the lifting frame 2 is provided thereon with comb teeth for 

supporting the vehicle wheels, and the comb teeth include a front comb 21 and a rear comb 22. 

The travelling frame 1 is provided with comb tooth lifting apparatuses 15 which are 

symmetrically mounted at two ends inside the travelling frame and used for lifting a vehicle, the 

travelling frame 1 is further internally mounted with a travelling drive mechanism 13, a central 

control system, a power supply apparatus 14, a navigation apparatus and a safety detection 

device. 

As shown in Figs. 1-3, the comb tooth lifting apparatus 15 of the transfer robot includes a lifting 

drive motor 151 and a gear set 152 in transmission connection with the lifting drive motor, and 

the gear set 152 is engaged with a vertical gear 153 on a side plate 154 of the lifting frame 2. 

When the lifting drive motor rotates clockwise, it drives the lifting frame to ascend; and when 

the lifting drive motor rotates anticlockwise, it drives the lifting frame to descend. 

The travelling drive mechanism 13 of the transfer robot includes a travelling drive motor and a 

travelling wheel set mounted in the travelling frame to realize omnidirectional travelling. 

Meanwhile, the four corners of the travelling frame of the transfer robot are further provided 

with four passive travelling wheels 18, so as to coordinate with the travelling of the active 
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travelling wheels and enhance the stability of the transfer robot during travelling. 

The power supply apparatus 14 of the transfer robot includes batteries and a charging 

mechanism electrically connected with the batteries which are mounted in the travelling frame, 

and the charging interface through which the charging mechanism is connected with an external 

power supply is arranged on the bottom surface of the frame body, thereby realizing automatic 

charging of the transfer robot in a parking space in a stereo garage. 

The navigation apparatus of the transfer robot includes a laser navigation module 16 mounted in 

the travelling frame, and the navigation module can also be a magnetic marker navigation 

module or an electromagnetic navigation module mounted on the periphery of the travelling 

frame, or an inertial navigation module mounted in the travelling frame, especially a gyroscope. 

The principle of the laser navigation module is as follows: multiple artificial markers (such as 

reflective glue) are arranged in the space where a transfer robot moves, in the travelling process 

of the robot, the laser navigation module measures the distance and angle of each reflective glue 

through the transmitted and reflected laser beams, and then obtains its own position information 

through geometric calculation for position navigation. The safety detection apparatus of the 

transfer robot includes two laser anti-collision modules 17 which are respectively mounted in 

the travelling frame, and the anti-collision modules can also be a mechanical anti-collision 

module or an infrared anti-collision module or an ultrasonic anti-collision module for scanning 

and recognizing the objects surrounding the transfer robot. 

The working principle of the laser anti-collision module is as follows: the laser anti-collision 

module transmits laser beams to irradiate surrounding objects, recognizes whether barriers exist 

through detecting the reflected light of the laser beams, and feeds back signals to the control 

system, such that the control system sends commands to control the travelling and stopping of 

the robot. 

As shown in Fig. 5, the central control system is composed of a main controller and a travelling 

module, a transfer module, a guidance and orientation module, a safety module, a power supply 

and charging management module, a communication module and a human-computer interaction 

apparatus which are electrically connected with the main controller, wherein the travelling 

module realizes AGV travelling, the drive mode of the travelling module is double-wheel drive, 

with two drive motors, two steering motors, four servo drivers and four encoders included; the 

transfer module realizes transfer of a vehicle, and includes a comb tooth lifting motor and a 

vehicle position centering motor; the guidance and orientation module is used for guiding and 

orientating the travelling path of the transfer robot; the safety module is used for preventing the 

transfer robot from being collided with surrounding objects during its travelling to ensure safety; 

the power supply and charging management module is used for providing and detecting 

electricity and automatic charging; the communication module is used for conducting wireless 

communication between the transfer robot and the outside; and the human-computer interaction 

apparatus is used for setting the parameters of the transfer robot and displaying the operating 

state of the transfer robot. 
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The working flow of the guidance and orientation module is introduced below: an upper system 

sends a task table/travelling segment table through wireless network and broadcasting stations, a 

communication module monitors these data and stores the data in a segment table queue. An 

AGV takes out segment table parameters, point information and operation code information 

from the segment table queue, thereby realizing generation of the speed, determination of a 

destination point and output of a transfer operation code command. The main controller realizes 

position calculation with the following principles: two position calculators are adopted to 

complete the accurate estimation and calculation of the positions, wherein the main position 

calculator adopts a dead reckoning method, and calculates the theoretic position of the AGV in 

real time based on the previous position information, encoder information (speed encoder and 

angle encoder) and kinematic model of a vehicle body. However, as the theoretical position will 

have an accumulated error along with the elapse of time, so an auxiliary calculator is required 

for position amendment. The auxiliary position calculator can obtain the real position based on 

such information as the laser head/magnetic dot sensor of a navigation apparatus. The main 

controller converts the speed information into electric signals and sends to a steering servo 

driver and a drive servo driver of the travelling module, and the servo drivers control the motor 

to complete travelling. 

The working flow of using the transfer robot in the present application to store and retrieve a 

vehicle is as follows: 

Vehicle storage process: 

A transfer robot goes below a lifting platform, a main controller controls a lifting drive motor to 

lift a vehicle, when the vehicle reaches a limited height, a high-position limit switch sends 

signals to stop lifting. The transfer robot leaves the lifting platform and transfers the vehicle to a 

corresponding comb tooth frame of a parking space. After the transfer robot reaches 

corresponding comb tooth frame of the parking space, the lifting drive motor inverses, and the 

vehicle descends to the comb tooth frame of the parking space. The transfer robot leaves the 

comb tooth frame of the parking space and comes to a rest area or a charging area. 

Vehicle retrieval process: 

A dispatching system of an upper computer sends a vehicle retrieval command at corresponding 

parking space, the transfer robot travels to corresponding parking space from its position (e.g., a 

rest area or a charging area) after receiving the vehicle retrieval command. The lifting drive 

motor drives the lifting frame 2 to ascend, to separate the vehicle from the comb tooth frame of 

the parking space. The transfer robot travels to transfer the vehicle out of the comb tooth frame 

of the parking space. The transfer robot travels to the lifting platform, the lifting drive motor 

drives the lifting frame 2 to descend, the vehicle is parked on the comb tooth frame at the 

entrance and exit, and the transfer robot leaves. 

As shown in Fig. 6, under the guidance of a navigation apparatus, the transfer robot carrying a 

vehicle can realize such actions as moving forward and backward and pivot steering. 
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The working process of a transfer robot in a parking layer of a stereo garage is described below 

in combination with Figs. 7-12: 

As shown in Fig. 7, a vehicle in a parking space a1 in a parking lot needs to be transferred out, 

the transfer robots C1 and C2 travel to the outside of the parking space a1, the transfer robot C1 

drills into the parking space a1 via the bottom of the vehicle on the parking space a2, the comb 

teeth of the transfer robot C1 are lifted up to transfer the vehicle on the parking space a1 (as 

shown in Fig. 8). Then, the transfer robot C2 drills into the bottom of the vehicle on the parking 

space a2, and transfers the vehicle on the parking space a2 (as shown in Fig. 9). Afterwards, the 

transfer robots C2 and C1 carrying the vehicle travel out of the parking space successively, and 

park in the middle roadway (as shown in Fig. 10). Finally, the transfer robot C2 transfers the 

vehicle back to the parking space a2, lays down the vehicle and leaves the parking space, and 

comes to the middle roadway to await orders. The transfer robot C1 carries the vehicle for pivot 

steering and moves the vehicle out of the parking layer (as shown in Fig. 11 and Fig. 12). 

It should be emphasized that the above content is a further detailed description of the present 

invention in combination with specific preferred embodiments, and it cannot be deemed that the 

specific implementation of the present invention is only limited to these description. For those 

skilled in the art, numerous simple deductions or substitutions made without departing from the 

concept of the present invention shall all be deemed as falling within the protection scope of the 

present invention. 
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Claims 

1. An AGV comb-type transfer robot, comprising: 

a lifting frame, with comb teeth being mounted on the lifting frame; 

a travelling frame, with a comb tooth lifting apparatus being mounted on the travelling frame, 

and a travelling drive mechanism and a central control system being mounted in the travelling 

frame; 

wherein the comb tooth lifting apparatus comprises a lifting drive motor and a gear set in 

transmission connection with the lifting drive motor; the travelling drive mechanism comprises 

a travelling drive motor and a travelling wheel set mounted in the travelling frame, and the 

travelling drive motor comprises a drive motor and a steering motor to realize omnidirectional 

travelling. 

2. The AGV comb-type transfer robot of claim 1, wherein the transfer robot is further mounted 

with a power supply apparatus, a navigation apparatus and a safety detection apparatus, and the 

power supply apparatus comprises batteries and a charging mechanism electrically connected 

with the batteries which are mounted in the travelling frame. 

3. The AGV comb-type transfer robot of claim 2, wherein the navigation apparatus comprises a 

laser navigation module mounted in the travelling frame, or a magnetic marker navigation 

module or an electromagnetic navigation module mounted on the periphery of the travelling 

frame, or an inertial navigation module mounted in the travelling frame. 

4. The AGV comb-type transfer robot of claim 2, wherein the safety detection apparatus 

comprises a laser anti-collision module, a mechanical anti-collision module, an infrared 

anti-collision module or an ultrasonic anti-collision module which is mounted on the travelling 

frame for recognizing the objects surrounding the transfer robot. 

5. The AGV comb-type transfer robot of any of claims 1-4, wherein the central control system is 

composed of a main controller and a travelling module, a transfer module, a guidance and 

orientation module, a safety module, a power supply and charging management module, a 

communication module and a human-computer interaction apparatus which are electrically 

connected with the main controller. 

6. The AGV comb-type transfer robot of any of claims 1-4, wherein the four corners of the 

travelling frame are further provided with passive travelling wheels. 

7. A method for storing a vehicle by utilizing an AGV comb-type transfer robot of any of claims 

1-6, comprising the following steps: 

a transfer robot goes below a lifting platform, a main controller controls a lifting drive motor to 
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lift a vehicle, when the vehicle reaches a limited height, a high-position limit switch sends 

signals to stop lifting; 

the transfer robot leaves the lifting platform and transfers the vehicle to a corresponding comb 

tooth frame of a parking space; 

after the transfer robot reaches corresponding comb tooth frame of the parking space, the lifting 

drive motor inverses, and the vehicle descends to the comb tooth frame of the parking space; 

and 

the transfer robot leaves the comb tooth frame of the parking space. 

8. A method for retrieving a vehicle by utilizing an AGV comb-type transfer robot of any of 

claims 1-6, comprising the following steps: 

a dispatching system of an upper computer sends a vehicle retrieval command at corresponding 

parking space, the transfer robot travels to corresponding parking space from its position after 

receiving the vehicle retrieval vehicle; 

the lifting drive motor drives the lifting frame to ascend, to separate the vehicle from the comb 

tooth frame of the parking space; 

the transfer robot travels to transfer the vehicle out of the comb tooth frame of the parking 

space; and 

the transfer robot travels to the lifting platform, the lifting drive motor drives the lifting frame to 

descend, the vehicle is parked on the comb tooth frame at the entrance and exit, and the transfer 

robot leaves. 


