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Abstract: The positioning mechanism of conventional transfer vehicles commonly 

employs a hydraulic or pneumatic driving mode, which requires control valves, actuators 

and pipe fittings, causing problems such as complex composition, high cost and 

inconvenient hauling of pipes and accessories when installed on transfer vehicles. In order 

to avoid the above difficulties, an electrical localization mechanism using electromagnets 

as power units has been designed. First, it explains its working principles and composition.  

Moreover, the implementation scheme and the structure of the electromagnetic thrust are 

then detailed, including the frame, the telescopic components and the power equipment. 

Next, based on the force analysis of the locator, we introduce the calculation of the 

electromagnetic thrust to the locator and design a reasonable angle between the locator 

and the pin. Finally, by switching the electromagnet on and off, the mechanism drives the 

positioning plate to reciprocate, thus enabling multi-position accurate positioning and 

rapid un-positioning of the transfer vehicle, contributing to the compact, low-cost and 

environmentally friendly maintenance of the mechanism. 

1. Introduction 

In engineering practice, a large amount of material flow needs to be realized by horizontal 

movement of the transfer vehicle, and accurate docking between the transfer vehicle and the upper 

and lower stations is required, which requires the transfer vehicle to be able to accurately locate 

multiple points and bear certain lateral loads [1]. The positioning mechanism of the transporter 

needs to be established when it uses an electric-driven roller and a guide-rail rolling transmission 

mode. The traditional positioning mechanism typically adopts hydraulic or pneumatic drive mode, 

which requires a control valve, drive cylinder (hydraulic cylinder or cylinder), pipeline and 

accessories, hose drag chain and additional supporting devices [2]. However, there are some 

problems, such as complex composition, inconvenient drag of pipeline and accessories and high 

cost [3-6]. 
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The main function of the machine tool positioning mechanism in the industrial field is to place 

the workpiece quickly and accurately on the equipment, through the bearing of the body and the 

clamping parts, so that the workpiece is precisely fixed in the predetermined position [7]. The 

positioning mechanism commonly used at home and abroad are inclined wedge positioning 

mechanism, screw positioning mechanism, eccentric positioning mechanism, centering and 

positioning mechanism, hinge positioning mechanism and so on [8-10]. Among them, the oblique 

wedge localization mechanism is the most basic form of localization mechanism and needs to be 

combined with other methods in practical production. The screw positioning mechanism has low 

efficiency and slow action, so it is not suitable for fast positioning. Eccentric localization 

mechanism forces are relatively small and are only suitable for situations where force is not 

sufficient; centering and positioning mechanism commonly requires the workpiece to be 

symmetrical, is mainly used for high requirements of neutralization occasions [11]. 

Because on the surface of the workpiece contour is different, the basic methods and different 

kinds of positioning a modeling also is varied, according to its basic model can be divided into the 

following categories: (a) column pin: the positioning of the workpiece is not smooth, the rules of 

each edge is not right, need dowel pin as reference edge, on the side can use dowel pin locating 

piece, but this way of positioning adjustment is bad; (b) plug pile positioning: if there is an accurate 

hole on the workpiece, the hole can be used as the positioning datum. On the body of the fixture, a 

plug-pile of suitable diameter is fitted as a positioning piece, and the holes of the workpiece are slid 

precisely so that the positioning piece is inserted into the holes to control the position of the 

workpiece; (c) conical positioning: if the section of the workpiece is a regular arc surface, and the 

precise relationship between the positioning and the center of the arc is needed, the conical 

modeling positioning piece can be used. This positioning slice can also be simultaneously centered. 

Thus, in this paper, the conical localization plate and the localization pin touch through the conical 

surface, which results in a transverse force and then the transport vehicle achieves accurate 

localization. The surface stress of the locating piece and the locating pin is slight and the wear 

degree is low [12]. 

The positioning function needs to be driven by a power source. Hydraulic and pneumatic are 

commonly used, but have some problems. Pipes for power equipment are more numerous and larger 

in size, hydraulic drives need to be equipped with hydraulic stations, complex structures, and late 

maintenance requirements are high. In addition, the disadvantage of low accuracy of traditional 

hydraulic system has gradually emerged [13-16]. The mechanical limit is required to achieve 

accurate localization. The electromagnet uses the magnetic leakage principle of the spiral tube [17], 

and uses the electromagnet moving slide bar and the static iron core to pull together long distance to 

realize the linear reciprocating movement of the traction bar, which has the advantages of simple 

structure, simple circuit, rapid action and large force increase [18]. In this paper, the electromagnet 

is used as the power source and fast and accurate localization of the transfer vehicle can be achieved 

only by controlling the on and off of the electromagnet.  

2. Principles and compositions 

The electric positioning mechanism is installed on the transfer vehicle. By controlling the power 

device of the mechanism push and pull electromagnet on and off, the transfer vehicle is precisely 

positioned in the desired position. Figure 1 shows the positioning mechanism structure of the 

transfer vehicle.  

The push and pull electromagnet is fastened on the frame with screws, and the telescopic 

component is installed inside the frame. The upper plane of the frame is connected with plate 1, 

which is fastened by bolts through the waist hole. The plate 1 is welded at the set position of the 
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transfer vehicle. The locating pin assembly is fixed on the washer plate 2 below by screws. The 

washer plate 2 is fixed on the embedded foundation plate below by welding after the alignment of 

the telescopic component and locating pin assembly of the transfer vehicle is properly adjusted. 

 

Figure 1: Positioning mechanism structure of the transfer vehicle. 

When the push-pull electromagnet is energized, the telescopic component is pushed down under 

the action of electromagnetic thrust. The lower end of the telescopic component covers the locating 

pin assembly on the floor to complete the precise positioning and stopping of the transfer vehicle. 

When the push-pull electromagnet is powered off, the elastic force of the compression spring 

carried by the expansion component itself makes the expansion component rise, disengage from the 

locating pin assembly, remove the positioning, and the transfer vehicle can move horizontally. 

3. Scheme and structure 

3.1 Telescopic Components 

The telescopic components include locating pieces, lifting columns, limiting parts and 

compression springs. The compression springs are set on the outer cylinder surface of the lifting 

column, between the upper limit parts and the plane of the frame flange. The lower end of the lifting 

column is fastened with countersunk screws and the locating piece, as shown in Figure 2. 

 

Figure 2: Telescopic components diagram. 

(a) Upper view of telescopic component. (b) Positioning view of telescopic component. 

The locating piece is used for unilateral contact with the conical surface of the locating pin to 

generate a lateral force to promote the positioning and stopping of the transfer vehicle. The locating 
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piece is designed as a conical locating piece structure. The conical cavity of the locating piece has 

an oblique angle, which has high guiding accuracy and positioning accuracy. It can be automatically 

compensated after wear, and its symmetry is good, and it is convenient to manufacture. 

Taking the positioning mechanism installed on the transfer vehicle as an example, Figure 3 is the 

operation status diagram of the locating piece. When the transfer vehicle stops near the designated 

place, the locating pin is within the range accessible after the locating piece drops, and is in the 

positioning relieved state. When the electromagnet is energized, the locating piece drops to the 

positioning contact state; as the locating piece continues to fall, its left inner cone surface contacts 

the left side of the outer cone surface of the locating pin, producing a transverse force that drives the 

transfer vehicle to move horizontally and horizontally to the left until the locating piece is stuck to 

the locating pin on the ground to achieve accurate positioning of the transfer vehicle. In addition, 

there is a gap between the bottom of the locating piece and the top of the locating pin, which can 

play a vertical wear compensation role. 

 
(a) Release state. (b) Contact state. (c) Positioning state. 

Figure 3: Operating state diagram of locating piece. 

 

Figure 4: Limit map of scaling components. 

The lower end of the lifting column is precisely installed in the sink at the top of the locating 

piece with screws to ensure the council after assembly; in order to prevent the lifting column from 

rushing out of the cylinder in the process of falling and impacting the mounting plate in the process 

of rising, limit measures are set on the upper and lower ends of the lifting column, as shown in the 

limit diagram of the telescopic component in Figure. 4. The rising limit of the telescopic component 

by increasing the diameter of the lower end of the lifting column, the rising limit of the telescopic 

component is realized by the steps limit on the frame, so as to prevent the lifting column from rising 

and hitting the end face of the electromagnet, causing damage, which plays the role of the end limit 

of the rising movement. The drop limit of the telescopic component is composed of an elastic 

retaining ring, a flange cover and a retaining ring. The retaining ring is stuck in the groove at the 

upper end of the lifting column, and the flange cover is buckled in the outer ring of the retaining 
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ring, and the upper plane installation shaft is fixed with an elastic retaining ring. After the push and 

pull electromagnet is powered off, in order to prevent the lifting column and the locating piece from 

rising and recovering to the retracted state due to the action of gravity, a pressure spring is installed 

on the upper end of the lifting column, and the lower part of the pressure spring is fixed on the 

plane of the frame flange to prevent its free fall. 

3.2 Power Device 

The push and pull electromagnet is mainly composed of coil, moving slide bar, static iron core 

and power controller accessories, as shown in Figure. 5. It uses the principle of magnetic leakage of 

spiral tube, and makes use of electromagnet moving slide bar and static iron core to pull the long 

distance, so as to realize the linear reciprocating movement of the traction bar. The push and pull 

electromagnet is based on the principle of electromagnetic power to control the overall action and 

power size. The role of the electromagnet is to generate magnetism through the current, using 

different magnetic coils and power supply to control the size of the magnetism, forming a push and 

pull action, so that it runs in a whole, just like the piston movement. 

 

Figure 5: The push and pull electromagnet diagram. 

 
(a) Push-pull electromagnet power off. (b) Push-pull electromagnet power on. 

Figure 6: Power device diagram. 

The power device of the positioning mechanism provides axial force by the push and pull 

electromagnet, driving the lifting column and locating piece movement; when the electromagnet is 

energized, the sliding rod can reach the stroke directly under the action of the electromagnetic force. 

The copper rod on the sliding rod moves the telescopic assembly. The copper rod with a smaller 

diameter is installed in the front of the sliding rod, which aims to prevent the sliding rod from 

rushing out of the electromagnet when energized. Fast return to position under spring force when 

power is off [19].  In addition, the push and pull electromagnet has a relatively small volume and is 

easy to install in some small space places. The push and pull electromagnet is installed on the rack, 
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and the specific structure is shown in Figure 6. 

3.3 Frame 

The frame is used to assemble the power unit and telescopic assembly into a positioning 

assembly, which is then mounted on the transfer vehicle. Moreover, the frame comprises a cylinder, 

plate 1 and the base plate, which are used to connect the telescopic assembly, the power plant, and 

fix it with the transfer vehicle, as shown in Figure 7. 

 

Figure 7: Frame structure diagram. 

The cylinder, base, and plate 1 are fixedly connected with four double end studs; in the process 

of docking between the locating piece and the locating piece pin, a transverse force is generated. 

The cylinder can provide a certain lateral support force for the locating piece to improve the lateral 

bearing capacity of the locating piece and prevent the lifting column from twisting. In addition, the 

lower end of the cylinder body is provided with a stepped through hole, the middle is provided with 

a through hole flange. Its purpose is to lift the column that can move up and down freely within the 

range of travel. Polyurethane cushion material should be selected, which has light weight, good 

compression resistance, simple installation, good buffering effect, impact resistance, no noise, no 

spark in the buffering process, good explosion-proof, safe, reliable and stable [20-23].  There are 

three buffer pads on the frame of the mechanism: (a) at the steps inside the cylinder body, the 

purpose is to prevent the impact of the lifting column movement in place, which can prolong the 

service life of the lifting column and cylinder body; (b) The flange in the middle of the cylinder 

body is to prevent the impact of the retaining ring on the lifting column and the flange of the frame 

when the electricity is energized; (c) A cushion is installed on the base to prevent the impact of the 

sliding rod and the base when power is cut off. 

4. Force analysis and calculation 

Assume that the gravity of the transfer vehicle is G, the stroke is S, the height of the locating pin 

is h, and the total weight of the contraction component (including the locating piece, lifting column 

and moving slide rod, etc.) is G1. The angle design of the locating piece is related to the vertical 

thrust. Generally, the electromagnet with small vertical thrust is selected as far as possible under the 

condition that the requirements can be met. The force analysis of the locating piece when the 

locating piece is in contact with the locating pin is shown in Figure 8. 

49



 

 

 

Figure 8: Stress analysis of locating piece. 

Where, F1 is the reaction force of the vertical thrust, the resultant force of G1 and the spring 

elastic F7, F7 is slightly larger than G1, F3 is the friction force generated when the locating block 

contacts the conical surface of the locating pin, F2 is the normal force generated when the locating 

piece contacts the locating pin and is perpendicular to the contact surface, F4 is the horizontal 

component force generated by F2. This force is used for the rolling friction that the transfer vehicle 

needs to overcome when positioning and moving and the inertia force required for starting and 

accelerating. F5 is the rolling friction of the transfer vehicle, F6 is the force generated by the 

transfer vehicle from rest to start, which is very small and negligible, and f is the rolling friction 

coefficient of the transfer vehicle. The calculations are as follows: 

{

 F4 = F5 + F6 = G * f

 F4 = F2 * cos α        
 F2 = F1 * sin α         
F1 = F8 - F7 - G1      

            (1) 

According to the above calculation: 

F8 = 
 2 * G * f

 sin 2α
 + F7 + G1            (2) 

The rolling friction coefficient of transfer vehicle movement: f=0.002, telescopic components: 

G1=25N, compression spring tension: F7=50N, then: 

F8 = 
0.004G

sin 2α
 + 75            (3) 

In the sin2α function, 2α increases from 0 to π/2, and the value of α ranges from 0 to π/4. In 

equation 4.6 above, when the function of F8 is inversely proportional to sin2α, it gradually 

decreases from 0 to π/4. When α approaches 0, F8 is infinite.  

Table 1: Relation of Gravity G, Angle α and F8 

G (N) α (°) F8 (N) 

G=10000 

15 155 

30 121 

45 115 

G=20000 

15 235 

30 167 

45 155 

G=30000 

15 315 

30 213 

45 195 

The gravity G is 10000N, 20000N, 30000N, the angle α is 15°, 30° and 45° respectively. Plug 
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that into formula 4.6, the results are shown in TABLE 1. 

According to Table 1, the change of angle α with F8 can be drawn when gravity G is determined, 

as shown in Figure 9. 

 

Figure 9: Variation of Angle α with F8. 

As can be seen from Figure. 9, no matter how big the gravity G of the transfer vehicle is, as long 

as the angle α is larger, the electromagnetic thrust F8 will be smaller, so α=45°. 

Set the height of the locating pin h=15mm, the travel of the expansion component S=25mm, and 

the transfer vehicle G=10000N, then the horizontal and lateral moving distance of the transfer 

vehicle X< h*tanα=15mm, F8=115N. Therefore, according to the electromagnet thrust greater than 

115N, stroke greater than 25mm, to select the appropriate push and pull electromagnet. 

5. Conclusion 

The electric positioning mechanism of the transfer vehicle designed in this paper only needs to 

be attached with the cable shared with additional actuators or signal devices on the transfer vehicle, 

avoiding the installation and dragging of large special pneumatic or hydraulic pipelines and tow 

chains. A set of the mechanisms is installed on the transfer vehicle, and the corresponding locating 

pin is installed on the ground of the designated parking position. Through the control of the power 

supply, the moving slide rod in the electromagnet drives the lifting column and the locating piece 

and the locating pin are connected in the middle, and the multi-position accurate positioning of the 

transfer vehicle can be realized. 
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