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Abstract: Scissor lift is a widely used lifting device. Due to its simple structure, stable 

work, and easy maintenance, it is widely used in station, airport, plant maintenance, 

equipment installation, and maintenance of halls and outdoor facilities. In recent years, 

with the rapid development of the construction industry, the demand for scissor lifts 

has also rapidly increased. However, at present, there is no complete method for the 

theoretical analysis of the scissor lift, especially its hoisting mechanism, which makes 

the engineer can only rely on experience to design, which greatly limits the further 

development of the scissor lift. This paper mainly analyzes the structure and working 

principle of the scissor lift and reforms the traditional elevator design method. 

 

Keywords: Scissor lift, motion analysis, design method. 

 

1. Introduction 

In recent years, with the rapid development of China's economy, the pace of 

construction of some high-rise buildings and infrastructure has also been accelerating, 

which also prompted the increase in the demand for aerial equipment, scissor lifts have 

been widely used as a commonly used aerial work equipment. The scissor mechanism 

is a folding mechanism which includes two working states of contraction and unfolding. 

When not in use, the lift can be in a contracted state, which is convenient in 

transportation and storage, and is opened when needed. This shortens the 

construction time and improves work efficiency. Due to this superior feature of the 

scissor lift, it has a wide range of applications in various fields such as hall decoration, 

street lamp maintenance and equipment installation. 
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2. Scissor Lift Overview 

2.1  Classification of lifts 

The structure of lifts is rich and varied. According to the different forms of lifts, it can be 

divided into mechanical transmission, pneumatic transmission and hydraulic 

transmission. According to its structure, the columns are divided into gantry 

double-column lifts and four-column lifts; and scissor lifts can be divided into 

single-scissors, multi-scissors and mother-child scissor lifts. 

 

2.2  Scissor Lift Structural Features 

The scissor lift consists of three parts: the operating platform, lifting mechanism and 

base, as shown in Fig.1. The operating platform is located in the uppermost part of the 

lift and mainly provides the operating environment for the staff and bears certain loads. 

The perimeter is generally equipped with a guardrail and the lower part is supported by 

a boom. The base is located at the bottom, and its overall structure includes the 

support part, which mainly includes fuel tanks, controls, tires, and legs. 

 

Fig.1 Scissor lift 

 

2.3  Scissor lift working principle 

In order to facilitate the mechanical analysis of the lift, a parametric geometric model 

of the lift is first established. The mechanism of the elevator is shown in Fig.2. When 

the hydraulic cylinder extends, that is, the axis AF of the hydraulic cylinder becomes 

longer, the distance between AE and FE does not change, and the BD rod rotates 

around the fixed point B, and the D point slides in the direction of point A, that is, the 

slider slides in the track, thereby driving the AC rod to go around E point, and the point 

C slides to point B, so that the elevating platform moves upward. Similarly, when the 

hydraulic cylinder is retracted, AF shortens, BD rotates around point B, and point D 
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slides away from point A, causing AC to move and the elevator descends. Therefore, 

the up and down movement of the lifting table can be achieved through hydraulic 

cylinder expansion and contraction. 

 

Fig.2 Scissor lift mechanism diagram 

 

2.4  Single Fork Mechanism Modeling and Mechanical Analysis 

As shown in Fig.3, this structure is mainly used for low lift single-layer lift tables and is 

the simplest form. Set up a Cartesian coordinate system with fixed fulcrum A as the 

origin of coordinates. EF stands for lifting cylinder, CD stands for operating platform, AC 

and BD stands for shear arm, two shear arms connect at pin O via pin, and P stands for 

load. , A point fixed, B point can move along the X axis. The coordinates of each hinge 

point are solved as follows: 

 

Fig.3 Single fork structure 

EX =-AEsin  
                Ey =AEcos  

 

FX =-AOsin +OFsin     
       Fy =BFcos  

 

Wy =ACcos  
                Oy =AOcos  

 

Column work equation: 
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W F F E E Oy X y X y 3 y-P +Fcos( + ) +Fsin( ) -Fcos( ) -Fsin( ) -P =0               
 

Tank F's thrust calculation formula: 

3F= P ACcos P AOcos -AOsin +OFsin cos + +BFcos sin + +

AEsin cos + -AEcos sin +

        

     

  （ ）/[( ） （ ） （ ）

（ ） （ ）]
 

In the formula, 1 2P=0.5P +0.5P  

1P  — lifting load;  

2P  — Platform weight; 

3P  — Module module weight;  

F  — Hydraulic cylinder thrust. 

The above analysis is performed in an ideal state, and the following simplifications are 

made: the influence of the inertial force is not considered; the partial load is not 

considered; the weight of the cylinder is not considered. The center of gravity of the 

scissor arm is the symmetric center O point. Calculate the thrust of the cylinder by 

calculation, and then list the force balance equation and the moment balance equation 

for each component separately. Then solve the equation to obtain the force of each 

hinge point. As shown in Fig.4. 

 

Fig.4 Each hinge point is forced to 

For overall analysis: 
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Analysis of BD rods: 

Column X direction force balance equation: 

X XD O-F +Fcos f +F =0（ + ）  

Column Y direction force balance equation: 

y y yB O DF +Fsin -F -F 0  （ ）  

Take a moment to O: M O =0 （ ）  

y X yB D DF OB cos +F OD sin -Fcos + OF sin -Fsin + OF cos +F OD cos 0                  （ ） （ ）

 Simultaneously can obtain: 

X XB DF =F -Fcos f （ ）           y y yO B DF F Fsin + -F   （ ）  
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3. Force Analysis of Shear Arm and Hydraulic Cylinder 

3.1 Force Analysis of Scissors 

In certain extreme cases, such as when the lifter lifts to the limit, the angle formed by 

the scissor arm to the ground will be close to 90 . At this time, the force acting on the 

end surface of the scissor arm is considered to be vertically loaded to its cross section. 

Therefore, the scissor arm can be simplified as a two-piece lever, and the scissor arm 

is considered to be under pressure at both ends. The force is shown in Fig.5. 

 

Fig.5 Scissor arm force diagram 

 

3.2 Hydraulic cylinder force analysis 

The force analysis of the hydraulic cylinder is shown in Fig.6. As can be seen from the 

figure, since the speed of the hydraulic cylinder is relatively stable during the entire 

stroke and no significant change occurs, the force of the hydraulic cylinder also tends 

to a stable state, which can ensure that the speed of the elevator is relatively stable. 
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Fig.6 Hydraulic cylinder force diagram 

 

4. Conclusion 

China's hydraulic technology was developed after the founding of New China. In recent 

years, through the introduction of technology and scientific research, the level of 
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scissor lifts has also been improved, but there are many deficiencies, and there are still 

many gaps with the international level, but also we need to continue our efforts to 

improve our productivity. 
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