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ABSTRACT. Pigs can experience stressful moments during handling practices before arrival at the 

slaughter location, so adequate handling plays a crucial role in pig response to preslaughter stress. This 

work presents preliminary mechanical analysis and materials selection of a scissor lift system with the 

purpose of loading and unloading pigs for transport. The scissor lift offers a simple design and is frequently 

used as a lifting mechanism in the automotive, aerospace, advanced manufacturing, and transportation 

industries due to its flexibility to adapt to different uses. The design and mechanical analysis of the 

proposed scissor lift mechanism were performed to carry pigs ranging from 80 to 180 kg with a working 

height from 1 to 1.2 m to meet the first-floor height of traditional trucks. The model and the components 

of the system were dimensioned to ensure the well-being of the animals, avoid injuries, and reduce the 

stress that negatively affects meat quality. The structural analysis of the system was developed through 

classical analytical calculations in association with materials selection. The proposed design is apt to load 

and unload pigs safely and be used with different types of trucks. 
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Introduction 

Brazilian swine production plays a vital role in food production and stands out in the national 

economy as being consolidated and rapidly expanding livestock activity. According to the Ministério da 

Agricultura e Pecuária (Mapa, 2021), Brazil ranks fourth in pig production and exportation worldwide, and 

gathers all conditions to move further up in this rank. Projections from Mapa show that pork has the 

potential to reach an annual production growth rate of 3% in the period from 2020/21 to 2030/31, and 

become the second most consumed animal protein nationally, with a projected annual consumption 

growth rate of 2.1% in the coming years (Mapa, 2021). International demands are also expected to 

strongly contribute to the growth in production and consumption in the next ten years (Barcellos et al., 

2011; Zanella, 2017; Mapa, 2021). 

Brazilian pig farming contributes positively to the national economic development and is competitive on 

national and international scales, especially in slaughtering and processes of meat processing agroindustry. 

However, the country still faces obstacles due to expensive costs and inefficient logistics related to some steps 

in these activities (Costa et al., 2016; Zanella, 2017). Besides, good production practices regarding animal 

welfare must be widely adopted so that the national pig industry maintains its competitiveness in the global 

scenario since the quality of final products is directly connected to the pigs’ health and is essential in the 

search for a balance between increased profit margins and sustainability (Costa et al., 2016; Ludtke, Costa, 

Rohr, & Costa, 2016; Zanella, 2017). 

Transportation is an important, essential, and inevitable process in the multi-stage pig industry and is 

considered one of the most stressful events for pigs before slaughter. Excessive stress may result in economic 

losses due to its impacts on animal welfare, ranging from poor meat quality to higher mortality rates (Geverink 

et al., 1998; Costa et al., 2016). The pre-slaughter stage is composed of a series of procedures in which the 

pigs are handled on the farm for loading, followed by transport and unloading at the slaughterhouse. These 

activities are uncommon and stressful events in the pigs' lives and must be well-planned and professionally 

carried out to avoid decreasing animal welfare (Ludtke et al., 2010; Costa et al., 2016; Ludtke et al., 2016). 
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Pigs are usually loaded and unloaded from trucks using ramps with a maximum inclination angle of 20º, 

preferably lower than 13º, with non-slip rubberized or embossed floors, and should be led in small groups, 

with the number of animals depending on the width of the corridor and the dock. This step should be carried 

out with the help of boards and compressed air prods to incentive movement and avoid abrupt stops. These 

guidelines are essential to minimize stress during loading and unloading (Correa et al., 2010; Ludtke et al., 

2010; Ricci & Costa, 2015; Costa et al., 2016). However, handlers may still use electric prods to stimulate the 

movement of pigs and accelerate the loading process, which leads to increased heart rate, and negative 

changes in blood parameters, such as higher blood lactate and salivary cortisol concentrations, as well as 

carcass damage and inferior meat quality post-mortem, mainly when used by untrained handlers (Geverink 

et al., 1998; Correa et al., 2010; Ludtke et al., 2010; Costa et al., 2016; Goumon & Faucitano, 2017; European 

Commission, 2018). The use of modern vehicles with tailgate lifts for loading and unloading has been reported 

as a viable alternative to conventional ramps, with the benefit of reducing heart rate since the pigs do not 

need to climb or descend slopes (Garcia & McGlone, 2015). This system also contributes to easier handling 

and reduced loading/unloading times with minimum need for coercion by the staff (Gispert et al., 2000; 

Brown, Knowles, Wilkins, Chadd, & Warriss, 2005; Costa et al., 2016). 

This work aimed to assess the preliminary mechanical aspects of using a scissor lift system for pre-

slaughter pig handling due to its similarity to the tailgate lift mechanism and the possibility of use with 

conventional trucks. The term ‘scissor’ comes from the ability of the device to open (expand) and close 

(contract) as a scissor which is achieved by the use of linked, folding supports in a cross ‘X’ pattern 

(Arunkumar, Kartheeshwaran, & J, 2021; Pappalardo, La Regina, & Guida, 2023). This lift mechanism is 

capable of moving in the vertical plane by the application of force to one or more supports. The force used to 

expand the scissors mechanism may be hydraulic, pneumatic, or mechanical via a lead screw and pinion 

system (Dengiz, Şenel, Yıldızlı, & Koç, 2018; Ismael, Almaged, & Mahmood, 2019). A scissor lift system based 

on a standard design was used (Čuchor, Kučera, & Dzimko, 2021), and the design parameters were defined 

according to the desired application of loading and unloading pigs for transport. The mechanical analysis and 

the material selection process allowed the correct dimensioning and provided a structure capable of 

performing its function adequately and in a safe manner. 

Material and methods 

Design parameters and considerations 

The scissor lift consists of a base platform, which supports the entire device, the scissors legs, and the top 

platform. This system must present a rigid and steady structure to maintain stability and reduce vibrations during 

operation since inadequate suspension can affect animal welfare by inducing nausea and muscular fatigue 

(European Commission, 2018). The platform's minimum width should be in the range of 1.0 to 1.1 m, considering 

a maximum width of 45-50 cm per pig, making it possible for at least two animals to pass simultaneously, which 

prevents the loss of visual contact with each other. The internal boarding dock walls must have approximately 1 m 

of height to avoid pigs jumping over during handling and relocation (Costa et al., 2016).  

The walls on the same side as the scissor legs were set to be used as ramps to avoid gaps and to ease loading the 

pigs into the lift and unloading into the truck. These ramps were designed to result in an inclination angle lower 

than 15º and with grooves on the surface to prevent slipping. The system was designed considering an initial height 

of 0.25 m and working height of 1.2 m, with a platform length of 2.0 m and width of 1.6 m, to accommodate 3 pigs 

at a time and to fit traditional trucks, which feature mean deck width and height of 2.4 and 1.0 m, respectively 

(Costa et al., 2016). The proposed scissor lift design used in the analysis is illustrated in Figure 1. 

In the case of loading pigs for transport, the maximum load capacity of the scissor lift is defined by the 

number of pigs in each group (n = 3) and their average weight (120 kg), along with the weight of the boarding 

dock platform and walls. The total load generated by the animals' weight was calculated using a safety factor 

of 1.5 to take into account the natural variability observed in large groups (Goumon & Faucitano, 2017). 

Therefore, the force generated by the weight of the pigs (𝑊𝑃) was calculated using Equation 1, resulting in a 

force of 𝑊𝑃 = 𝑚 × 𝑔 = (120 × 3 × 1.5) × 9.81 = 5297.4 𝑁. The force generated by the weight of the boarding 

dock materials was determined after the material selection process, which will be presented later. 
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Figure 1. Scheme of the scissor lift design with its main components and dimensions: 1. Boarding dock walls, 2. Boarding dock 

platform, 3. Legs, 4. Supporting tubes, 5. Hydraulic Cylinder, 6. Base. 

𝑃 = 𝑚 × 𝑔          (1) 

where: 

𝑔 is the acceleration of gravity, being adopted the value of 9.81 
𝑚

𝑠2 and 𝑚 is the mass to be lifted. 

Mechanical analysis 

The situations of maximum load and bending moment of a scissor lift system are set to happen when the 

lift is stationary at its lowest and highest positions, respectively. Therefore, the scissor lift system was 

modeled as a rigid body, and the mechanical analyses were performed primarily considering the static forces 

in these two positions: the highest when the lift meets the truck's first floor; and the lowest when it is closed 

and lying on the floor. The reactions and internal forces, along with their evolution during the lift's 

movement, were also calculated. Figure 2 presents the free body diagram of the lift at its lowest position. 

The wheels in points A and D allow the lift legs to open and close. The legs are connected by a pin at Point 

J and are fixed to the top and bottom platforms in points B and C, respectively. The member EF is the hydraulic 

cylinder and has a different angle to the leg angle. The support reactions analyses show that A and D are roller 

supports and B, C and J are pin supports. The total load weight (𝑊𝐿) (total weight of pigs plus boarding dock) 

acts at the top platform’s center of gravity and is transmitted to the legs structure. The load weight is divided 

by 2 since the lift system is symmetrical, and only one side is represented in Figure 2. For the lowest position, 

when the scissor is closed, the weight of the legs (structure weight) (𝑊𝑆) acts in the same action line of 𝑊𝐿 

force. These two forces (𝑊𝐿 + 𝑊𝑆) are transmitted equally to A and B supports. 

Static equilibrium of a body requires a balance of forces (𝐹⃗) and moment (𝑀⃗⃗⃗). The force balance prevents 

the body from translating or having accelerated motion along a straight or curved path. The balance of 

moments prevents the body from rotating. These conditions are expressed mathematically as the equations 

of equilibrium (Equation 2 and 3) (Hibbeler & Schiavone, 2004). 

∑ 𝐹⃗ = 0           (2) 

∑ 𝑀⃗⃗⃗ = 0          (3) 

The Reaction forces in D and C were determined by considering the sum of moment and forces at point C, 

as expressed in Equation 4-11. 

∑ 𝑀𝑐 = 0          (4) 

−𝐷𝑦. 𝑑 + (𝑊𝐿 + 𝑊𝑆).
𝑑

2
= 0        (5) 

𝐷𝑦 =
(𝑊𝐿+𝑊𝑆)

2
          (6) 
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Figure 2. Free body diagram of the lift at the lowest position. 

∑ 𝐹𝑦 = 0          (7) 

𝐷𝑦 − (𝑊𝐿 + 𝑊𝑆) + 𝐶𝑦 = 0        (8) 

(𝑊𝐿+𝑊𝑆)

2
− (𝑊𝐿 + 𝑊𝑆) + 𝐶𝑦 = 0        (9) 

𝐶𝑦 =
(𝑊𝐿+𝑊𝑆)

2
          (10) 

𝐷𝑦 = 𝐶𝑦 =
(𝑊𝐿+𝑊𝑆)

2
         (11) 

The force (𝑃) generated by the hydraulic cylinder activity acts directly on points E and F and contribute to 

the internal reaction forces acting at point J. The hydraulic cylinder is a two-force member (Hibbeler & 

Schiavone, 2004), and the force and moment equilibria are satisfied only if the two forces present the same 

magnitude and act in opposite directions. Hence, 𝑃𝐸 = 𝑃𝐹 = 𝑃 and share the same line of action along the line 

joining points E and F. These forces were decomposed into 𝑥 and 𝑦 components for the analysis, as described 

in Equation 12 and 13. 

𝑃𝑥 = 𝑃 𝑐𝑜𝑠 𝜃           (12) 

𝑃𝑦 = 𝑃 𝑠𝑖𝑛 𝜃           (13) 

In the pin joint J, the internal reaction forces can be decomposed as 𝐽𝑥 and 𝐽𝑦, which values and directions 

are not known yet. These forces are responsible to keep the legs together and to allow the opening and closing 

movements for the scissors. 𝐽𝑥 and 𝐽𝑦 can be calculated using the legs dimensions and projections (Equation 

14 and 15) and the moment and force equilibria equations, as shown in Equation 14-23. 

𝐿𝑥 = 𝐿 𝑐𝑜𝑠 𝛼           (14) 

𝐿𝑦 = 𝐿 𝑠𝑖𝑛 𝛼           (15) 

∑ 𝐹𝑥 = 0          (16) 

𝑃𝑥 − 𝐽𝑥 = 0          (17) 

𝐽𝑥 = 𝑃𝑥           (18) 

𝐽𝑥 = 𝑃 𝑐𝑜𝑠 𝜃           (19) 

∑ 𝐹𝑦 = 0          (20) 

−
𝑊𝐿

2
+ 𝑃𝑦 − 𝐽𝑦 −

𝑊𝑠

2
+ 𝐶𝑦 = 0        (21) 

−
(𝑊𝐿+𝑊𝑆)

2
+ 𝑃 𝑠𝑖𝑛 𝜃 − 𝐽𝑦 +

(𝑊𝐿+𝑊𝑆)

2
= 0       (22) 

𝐽𝑦 = 𝑃 𝑠𝑖𝑛 𝜃           (23) 

The force 𝑃 can be determined by considering the moment at point J and using the following geometry 

rule (𝑠𝑖𝑛 𝜃 .𝑐𝑜𝑠 𝛼 +𝑐𝑜𝑠 𝜃 .𝑠𝑖𝑛 𝛼 ) =𝑠𝑖𝑛 (𝜃 + 𝛼) , as shown in Equation 24-30. 
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∑ 𝑀𝐽 = 0          (24) 

𝑊𝐿

2
. (

𝐿

2
𝑐𝑜𝑠 𝛼 ) − 𝑃𝑦. 𝑎 𝑐𝑜𝑠 𝛼 + 𝐶𝑦. (

𝐿

2
𝑐𝑜𝑠 𝛼 ) − 𝑃𝑥. 𝑎 𝑠𝑖𝑛 𝛼 = 0    (25) 

𝑊𝐿

4
𝐿 𝑐𝑜𝑠 𝛼 − 𝑃 𝑠𝑖𝑛 𝜃 . 𝑎 𝑐𝑜𝑠 𝛼 +

(𝑊𝐿+𝑊𝑆)

2
. (

𝐿

2
𝑐𝑜𝑠 𝛼 ) − 𝑃 𝑐𝑜𝑠 𝜃 . 𝑎 𝑠𝑖𝑛 𝛼 = 0   (26) 

𝑊𝐿

4
𝐿 𝑐𝑜𝑠 𝛼 +

𝑊𝐿

4
𝐿 𝑐𝑜𝑠 𝛼 +

𝑊𝑆

4
𝐿 𝑐𝑜𝑠 𝛼 − 𝑃. 𝑎(𝑠𝑖𝑛 𝜃 .𝑐𝑜𝑠 𝛼 +𝑐𝑜𝑠 𝜃 .𝑠𝑖𝑛 𝛼 ) = 0  (27) 

𝑊𝐿

2
𝐿 𝑐𝑜𝑠 𝛼 +

𝑊𝑆

4
𝐿 𝑐𝑜𝑠 𝛼 − 𝑃. 𝑎 𝑠𝑖𝑛 (𝜃 + 𝛼)  = 0      (28) 

(
𝑊𝐿

2
+

𝑊𝑆

4
) 𝐿 𝑐𝑜𝑠 𝛼 − 𝑃. 𝑎 𝑠𝑖𝑛 (𝜃 + 𝛼)  = 0       (29) 

𝑃 = (
𝑊𝐿

2
+

𝑊𝑆

4
)

𝛼 

𝑎𝑠𝑖𝑛 (𝜃+𝛼) 
         (30) 

Figure 3 presents the free body diagram of the lift in the highest position, and Equation 31-51 present the 

determination of forces for this situation, similarly to what was done for the lowest position. 

The Reaction forces in D and C can be determined by considering the moment at point C and the sum of 

forces in the 𝑦 axis (Equation 31-37). 

∑ 𝑀𝑐 = 0          (31) 

−𝐷𝑦. 𝑑1 + 𝑊𝐿. 𝑑2 + 𝑊𝑆. 𝑑3 = 0        (32) 

𝐷𝑦 =
(𝑊𝐿.𝑑2+𝑊𝑆.𝑑3)

𝑑1
, 𝑤𝑖𝑡ℎ 𝑑1 > 𝑑2 > 𝑑3       (33) 

∑ 𝐹𝑦 = 0          (34) 

𝐷𝑦 − (𝑊𝐿 + 𝑊𝑆) + 𝐶𝑦 = 0        (35) 

𝐶𝑦 = (𝑊𝐿 + 𝑊𝑆) − 𝐷𝑦         (36) 

𝐶𝑦 = (𝑊𝐿 + 𝑊𝑆) −
(𝑊𝐿.𝑑2+𝑊𝑆.𝑑3)

𝑑1
        (37) 

The internal reaction forces in point J can be determined by using the static equations of equilibrium in 

the 𝑥 and 𝑦 axis, as shown in Equation 38-45. 

∑ 𝐹𝑥 = 0          (38) 

𝑃𝑥 − 𝐽𝑥 = 0          (39) 

 

Figure 3. Free body diagram of the lift in the highest position. 
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𝐽𝑥 = 𝑃𝑥           (40) 

𝐽𝑥 = 𝑃 𝑐𝑜𝑠 𝜃          (41) 

∑ 𝐹𝑦 = 0          (42) 

−𝐷𝑦 + 𝑃𝑦 − 𝐽𝑦 −
𝑊𝑠

2
+ 𝐶𝑦 = 0        (43) 

−
(𝑊𝐿.𝑑2+𝑊𝑆.𝑑3)

𝑑1
+ 𝑃 𝑠𝑖𝑛 𝜃 − 𝐽𝑦 −

𝑊𝑠

2
+ (𝑊𝐿 + 𝑊𝑆) −

(𝑊𝐿.𝑑2+𝑊𝑆.𝑑3)

𝑑1
= 0    (44) 

𝐽𝑦 = 𝑃 𝑠𝑖𝑛 𝜃 + 𝑊𝐿 +
𝑊𝑠

2
− 2 ∙

(𝑊𝐿.𝑑2+𝑊𝑆.𝑑3)

𝑑1
       (45) 

The force 𝑃 can be determined by considering the moment at point J and using the following geometry 

rule (𝑠𝑖𝑛 𝜃 .𝑐𝑜𝑠 𝛼 +𝑐𝑜𝑠 𝜃 .𝑠𝑖𝑛 𝛼 ) =𝑠𝑖𝑛 (𝜃 + 𝛼) , as shown in Equation 46-51. 

∑ 𝑀𝐽 = 0          (46) 

𝐷𝑦. (
𝐿

2
𝑐𝑜𝑠 𝛼 ) − 𝑃𝑦. 𝑎 𝑐𝑜𝑠 𝛼 + 𝐶𝑦. (

𝐿

2
𝑐𝑜𝑠 𝛼 ) − 𝑃𝑥. 𝑎 𝑠𝑖𝑛 𝛼 = 0    (47) 

(𝐷𝑦+𝐶𝑦)
𝐿

2
𝑐𝑜𝑠 𝛼 − 𝑃 𝑠𝑖𝑛 𝜃 . 𝑎 𝑐𝑜𝑠 𝛼 − 𝑃 𝑐𝑜𝑠 𝜃 . 𝑎 𝑠𝑖𝑛 𝛼 = 0    (48) 

[𝐷𝑦 + (𝑊𝐿 + 𝑊𝑆) − 𝐷𝑦]
𝐿

2
𝑐𝑜𝑠 𝛼 − 𝑃. 𝑎(𝑠𝑖𝑛 𝜃 .𝑐𝑜𝑠 𝛼 +𝑐𝑜𝑠 𝜃 .𝑠𝑖𝑛 𝛼 ) = 0   (49) 

(𝑊𝐿 + 𝑊𝑆)
𝐿

2
𝑐𝑜𝑠 𝛼 − 𝑃. 𝑎 𝑠𝑖𝑛 (𝜃 + 𝛼)  = 0       (50) 

𝑃 = (𝑊𝐿 + 𝑊𝑆)
𝐿𝑐𝑜𝑠 𝛼 

2𝑎𝑠𝑖𝑛(𝜃+𝛼) 
         (51) 

Materials selection 

The objective of the materials selection analysis was to minimize the mass of the structural components 

of the lift while attending the mechanical constraints of the project. Steel and aluminum were initially 

selected due to their high strength and light weight, respectively, as well as their commercial availability in 

diverse shapes and sizes. Table 1 presents the typical properties for these materials (Ashby, 2011). 

Table 1. Material properties (Ashby, 2011). 

Material 𝜌 (𝑘𝑔 𝑚−3) 𝐸 (𝐺𝑃𝑎) 𝜎𝑦 (𝑀𝑃𝑎) 𝑣 

Aluminum 2700 70 120 0.35 

Steel 8750 200 320 0.30 

 

In the case of the boarding dock, the floor and the walls are shaped as panels, which have specified length (𝐿) 

and width (𝑏), but no determined thickness (ℎ). These panels are loaded in bending when supporting the pigs, so 

the stiffness constraint sets the maximum deflection (δ) allowed. Material index equations were used to assess the 

suitability of each material using the objective function presented in Equation 52 to minimize mass (Ashby, 2011).  

𝑚 = 𝐴𝐿𝜌 = 𝑏ℎ𝐿𝜌         (52) 

The constraints for stiffness (𝑆) and strength (𝐹) are presented in Equation 53 and 54, respectively, and 

the second moment of area (𝐼) in Equation 55 (Ashby, 2011). 

𝑆 =
𝐶1𝐸𝐼

𝐿3            (53) 

𝐹 = 2𝐶2
𝐼𝜎𝑦

𝑏ℎ𝐿
          (54) 

𝐼 =
𝑏ℎ3

12
           (55) 

where: 

𝐶1 and 𝐶2 are constants that depend on the distribution of the loads. 

The mass of the panels can be reduced by reducing the thickness (ℎ), but limited to the constraints. The 

performance equations can be obtained by combining Equation 52 with Equation 53 and 54, and eliminating 

the free variable ℎ, as shown in Equation 55 and 56, in which the material index is in bold (Ashby, 2011). 
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𝑚1 = (
12𝑆

𝐶1𝑏
)

1

3
𝑏𝐿2 (

𝜌

𝐸
1
3

)         (56) 

𝑚2 = (
6𝐹𝑏

𝐶2
)

1

2
𝐿

3

2 (
𝜌

𝜎𝑦

1
2

)         (57) 

The cross-section of the lift legs (Figure 2) is rectangular and can be solid or hollow, however, the latter 

presents a higher shape-efficiency factor in bending (∅𝐵
𝑒 ), which leads to the development of lower bending 

stresses under the action of the same bending moment, by distributing the mass away from the center of 

gravity (Ashby, 2011). The bending factor of a solid and a hollow rectangular section is shown in Figure 4. 

The parameters of the Rectangular Hollow Section (RHS) were determined by applying the slenderness limit 

for b/t (Zhao, Wilkinson, & Hancock, 2005), which is shown in Equation 58, to prevent buckling before the yield 

stress is reached, and by analyzing the real stresses in the structure calculated from the mechanical analysis. 

𝑏

𝑡
≤ √

𝑘𝜋2𝐸

12(1−𝑣2)𝜎𝑦
          (58) 

where: 

𝑘 is a constant dependent on stress distribution, 𝐸 is the elastic modulus, 𝑣 the Poisson ratio, and 𝜎𝑦 is the 

yield stress. 

 

Figure 4. Shape-efficiency factors in bending (∅𝐵
𝑒 ) for (a) solid and (b) hollow rectangular sections (Ashby, 2011).  

Selection of size for pins, bearings, and hydraulic piston rod 

The size of the pins used to fix the legs at points B and C, the size of the central pin located in point J, as 

well as the size of the pins used to fix the wheels at points A and D were estimated based on the condition of 

use (single or double shear) along with the calculated loads and the allowable stresses for each material. 

The hydraulic cylinder acts as a bar with pinned ends and is subjected to direct compressive force which 

may lead to buckling in the rod. Euler's method of calculation was used to estimate the size of the hydraulic 

cylinder’s buckling load (Equation 59) (Hibbeler, 2016). 

𝐹𝑘 =
𝜋2×𝐸×𝐼

𝑠𝑓×𝐿𝑘
2           (59) 

where: 

𝐹𝑘 is the admissible buckling load, 𝐸 the elastic modulus, 𝐼 the moment of inertia of rod, 𝑠𝑓 the safety factor, 

and 𝐿𝑘 the free buckling length. 

The free buckling length is a function of the measured length of the rod, 𝐿, and the effective length factor, 

𝐾. The effective length factor is obtained using the boundary conditions applied to the hydraulic cylinder, i.e., 

the fixations of cylinder and piston rod have to be considered. In this case, 𝐾 = 1 since the hydraulic cylinder 

is pinned ends (Hibbeler, 2016). The moment of inertia of a rod with circle cross-section is given by Equation 

60 and the piston rod diameter 𝑑 can be estimated by Equation 61. 

𝐼 =
𝜋×𝑑4

64
           (60) 

𝑑 = (
64×𝐹𝑘×𝐿𝑘

2 ×𝑠𝑓

𝜋3×𝐸
)

1

4
         (61) 
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Results and discussion 

The results from the materials selection process for the boarding dock platform and larger lateral walls, 

which are highlighted in Figure 1 with darker shades, are presented in Table 2. Equation 55 and 56 were used 

along with the properties presented in Table 1 and the following variables: 𝐿 = 1.6 𝑚, 𝑏 = 2.0 𝑚, 𝐶1 = 384/5, 

𝐶2 = 24, 𝐹 = 𝑊𝑃 = 5297.4 𝑁, 𝑆 = 1.589. 106 𝑁/𝑚. 

Table 2. Results of the performance equations for reducing mass. 

Material 𝑚1 (𝑘𝑔) 𝑡1 (𝑚𝑚) 𝑚2 (𝑘𝑔) 𝑡2 (𝑚𝑚) 

Aluminum 167.3 19.37 16.34 2.97 

Steel 342.9 13.65 29.09 1.82 

 

The minimum possible weight for the panels to meet both constraints, for a given material, is determined 

by the larger of 𝑚1 or 𝑚2. In this case, stiffness is the limiting constraint, and aluminum yields the lighter 

components. The minimum thickness of these panels was set as 20 mm (𝑚𝑝 = 2 𝑚 × 1.6 𝑚 × 0.02 𝑚 ×

2700 𝑘𝑔/𝑚3 = 172.8 𝑘𝑔, 𝑚𝑙𝑤 = 2 × [2 𝑚 × 1 𝑚 × 0.02 𝑚 × 2700 𝑘𝑔/𝑚3] = 216 𝑘𝑔). Pinus wood (𝜌 =

420 𝑘𝑔 𝑚−3, 𝑡 = 20 𝑚𝑚) was selected as the material for the smaller boarding dock walls to reduce weight, 

since these components are not structural (𝑚𝑠𝑤 = 2 × [1.6 𝑚 × 1 𝑚 × 0.02 𝑚 × 420 𝑘𝑔/𝑚3] = 26.88 𝑘𝑔). The 

total load (𝑊𝐿) to be lifted is comprised of the pigs’ weight (𝑊𝑃) and the weight of the entire boarding dock, 

aluminum platform and walls and Pinus wood walls: 𝑊𝐿 = 𝑊𝑃 + 𝑔(𝑚𝑝 + 𝑚𝑙𝑤 + 𝑚𝑠𝑤) = 5297.4 + 9.81(172.8 +

216 + 26.9) = 9375.4 𝑁. 

After determining 𝑊𝐿, the weight of the legs structure (𝑊𝑆) was defined based on the legs’ geometry and 

section shape. The slenderness limit (Equation 58) for the RHS was calculated using the materials properties 

from Table 1 and 𝑘 = 0.425 (Zhao et al., 2005), and yielded the following guideline: 𝑡 ≥  0.065 𝑏. Figure 5 

presents the bending factor calculated for a solid and a hollow section varying the width (𝑏) in function of the 

height (ℎ) (Figure 4), and using the slenderness limit for the hollow section. 

The maximum bending factor for the solid section is 4 when 𝑏 = 0.25ℎ, which is 8 times lower than the 

value for the hollow section (∅𝐵
𝑒 = 32). Therefore, the RHS was selected and the mass of the legs structure was 

calculated based on 𝑏 = 0.25ℎ and 𝑡 = 0.07𝑏. The calculated mass of one leg was 17.97 and 6.18 kg for steel 

and aluminum, respectively. The weight of the legs structure for each material was: 𝑊𝑆 𝑠𝑡𝑒𝑒𝑙 =

9.81(4 × 17.97) = 705 𝑁 and 𝑊𝑆 𝐴𝑙 = 9.81(4 × 6.18) = 242 𝑁. A structure made of aluminum yields a lower 

weight, but the predominant force acting on the system originates from the boarding dock load (𝑊𝐿). This 

way, the difference between 𝑊𝑆 𝑠𝑡𝑒𝑒𝑙 and 𝑊𝑆 𝐴𝑙 is not significant to the real loads acting on the structure and 

the strength constraint becomes more important, indicating that steel may be the best choice, as it will be 

discussed later (Table 4 and Figure 9 and 10). 

 

Figure 5. Shape-efficiency factor in bending (∅𝐵
𝑒 ) for a solid and a hollow section. 
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The force (𝑃) generated by the hydraulic cylinder activity was calculated based on 𝑊𝐿 and 𝑊𝑆 (Equation 30 

and 51), its (𝜃) and the legs angle (𝛼), the leg length (𝐿 = 1.7 𝑚), and the distance (𝑎) between point E and J 

(Figure 2 and 3). Table 3 presents the values of each variable used in the calculation of 𝑃 during the movement 

of the lift from the lowest to the highest position, and Figure 6 shows its evolution in function of the legs 

angle (𝛼), both considering legs made of steel. The situation of maximum load happens when the lift is at its 

lowest position. The selected maximum height of the lift (1.2 𝑚) (Figure 1) leads to the following values: 𝜃 =

53°, 𝛼 = 43°, 𝑎 = 0.125 m, and 𝑃 = 48.6 𝑘𝑁. 

All the other forces acting on the structure were also calculated and are presented in Table 4. In the highest 

position, the distances indicated in Figure 3 are: 𝑑1 = 1243, 𝑑2 = 850, and 𝑑3 = 621 mm. 

All calculated forces must be decomposed into 𝑥′ and 𝑦′ components concerning the leg axis angle, using 

the rules of geometry, in order to determine the normal force, shear force, and bending moment diagrams, as 

well as the real stresses in the legs. Figure 7 shows the details of the force decomposition and the diagrams 

for one leg, while Figure 8 shows the same for the other leg. All the values presented in these Figures concern 

legs structures made of steel in the lowest position, which represents the maximum load condition. Negative 

and positive values indicate compressive and tensile forces, respectively. 

Table 3. Values of the variables used in the calculation of force 𝑃. 

Hydraulic cylinder angle (θ) (°) Legs angle(𝛼) (°) Distance E-Ja(m) 

13 5 0.309 

19.4 10 0.222 

25.6 15 0.191 

31.4 20 0.172 

36.5 25 0.160 

41.5 30 0.149 

46.2 35 0.135 

50.3 40 0.126 

54.6 45 0,115 

 

 

Figure 6. Evolution of the hydraulic cylinder force (𝑃) during operation. 

Table 4. Values of the forces acting on the lift at the lowest and highest positions. 

Force (kN) 
Aluminum structure Steel structure 

Closed (lowest) Open (highest) Closed (lowest) Open (highest) 

𝑃 84.2 48.1 86.3 50.4 

𝐽𝑥 82.1 28.9 84.1 30.3 

𝐽𝑦 18.9 34.9 19.4 36.5 

𝐶𝑦 
4.8 

3.1 
5.0 

3.3 

𝐷𝑦 6.5 6.8 
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Figure 7. Scheme of the decomposition of forces to the components of the axis of the first leg in the lowest position (a), and the 

diagrams for (b) normal force, (c) shear force, and (d) bending moment. 

The sections of the legs that are subjected to the highest forces are located between the points EJ and FJ, 

however, the cross-section areas in points E and F are the smallest, resulting in higher stresses. Figure 9 and 

10 show the areas of these points and the stresses calculations for legs structures made of aluminum and of 

steel for comparison. The area is multiplied by 2 in the stresses calculations due to the fact that there are two 

symmetric legs in each side supporting the boarding dock. Table 5 presents the allowable normal stress with 

a safety factor of 3 and the shear stress calculated from the normal stress by applying a safety factor of 1.7. 

Figure 11 presents schemes of the different loads acting on the pins at points A, B, C, D, and J, and on the 

hydraulic piston rod, along with the conditions of use. The pins in points B, C, and J are under double shear 

and the situation of maximum load (𝐶𝑦 and 𝐽, respectively) occurs when the lift is in the closed position  

(Figure 2). The pins in points A and D are under single shear and the maximum load (𝐷𝑦) happens when the 

lift is open (Figure 3). The maximum load (𝑃) acting on the piston is generated when the lift is closed (Table 

4) and its minimum diameter was estimated based on the buckling load and the piston work length. 

The minimum diameter of each pin was calculated using the loads presented in Table 4, which were divided 

by 2 to account for the symmetry of the system and each pair of points, and the allowable shear stresses of 

each material (Table 5). Regarding pins in points A and D, the shear stress is the limiting factor considering 
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that the radial stresses generated by a pin acting as a shaft for a plain bearing will be lower for any diameter 

larger than the minimum one calculated. The calculations presented in Figure 11 can be adjusted for any 

chosen material to guide for any other selection processes. 

In general, structures made of steel are subjected to stresses well within the safety factors. The same 

happens to the aluminum legs, but with a lower margin of clearance, with the highest equivalent stress of 

39.5 MPa nearing the allowable normal stress of 40 MPa. Besides, aluminum presents no endurance limit and 

tends to fail in fatigue after repeated cycles, even with small stress amplitudes, as opposed to steel. The only 

advantage of aluminum over steel in this case would be its natural resistance to rust and corrosion, since the 

weight difference does not impact significantly the forces acting on the lift structure. However, there are 

several successful strategies that can be adopted to avoid the issues of corrosion in steel structures, such as 

selecting adequate compositions of stainless steel as well as applying protective coatings. 

The time for loading pigs in a truck using the proposed scissor lift can be estimated based on an average 

lifting time of 30 s for a maximum height of 1.2 m and faster descent with no pigs, considering that the average 

speed of 0.5 m s-1 for commercial pistons and the need of a slow ascent to account for the animals’ welfare. 

Therefore, a group of 120 pigs could be loaded into a truck within 30 minutes, considering groups of 3 and an 

average time of operation of 40 seconds per group, which is similar to the time range when hydraulic systems 

are used (Costa et al., 2016) and slightly lower for when sloped ramps are used (Garcia & McGlone, 2015).  

 

Figure 8. Scheme of the decomposition of forces to the components of the axis of the second leg in the lowest position (a), and the 

diagrams for (b) normal force, (c) shear force, and (d) bending moment. 
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Figure 9. Details of the cross-section area in Point E and the stresses calculations. 

 

Figure 10. Details of the cross-section area in Point F and the stresses calculations. 

Table 5. Allowable stresses for the materials. 

Material 𝜎𝑁 =
𝜎𝑦

3
 (𝑀𝑃𝑎)  𝜏 =

𝜎𝑁

1.7
 (𝑀𝑃𝑎) 

Aluminum 40 24 

Steel 107 63 
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Figure 11. Scheme and calculations of minimum diameter of pins in points B and C (a), of pins in points A and D (b), of the central pin 

in point J (c), and for the piston rod (d). 
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Conclusion 

The static analysis of the scissor lift mechanism for loading pigs for transport was carried out with analytics 

methods and provided the framework for this work. The materials selection process and the mechanical 

analysis allowed to determine the optimal sizing and design of the structural elements. These simple analyses, 

using analog calculations, lead to the development of a preliminary design for a practical scissor lift that 

represents an evolution from the sloped ramp method that is currently used, and allows a faster, more 

efficient, and safer way of loading and unloading, both for the pigs and for the handlers. 
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