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Abstract

STEM is an acronym that stands for Science, Technology, Engineering, and Mathematics. It represents a broad
educational focus aimed at developing problem-solving skills, critical thinking, and innovation. STEM education
integrates these four disciplines to encourage students to apply theoretical knowledge to real-world challenges,
fostering a deeper understanding of how various fields interconnect. This study focuses on the static and
kinematic analysis of a scissor lift STEM toy, utilizing both analytical methods and design software simulations.
The first objective is to develop a detailed 3D model of the toy’s scissor lift mechanism based on physical
measurements and observations. The model is then analysed using computer-aided design (CAD) software to
evaluate its static equilibrium and motion characteristics. The results from the software simulations are compared
with the analytical findings. The study contributes to understanding the mechanical behaviour of scissor lift
mechanisms and demonstrates the advantages and limitations of different analysis approaches.

Keywords: STEM toys; scissor lift; statics; kinematics; design software.

relatively small footprint, making it ideal for
environments with limited space.
1 Introduction Force Distribution: The mechanical advantage
inherent in the crossed arms distributes loads evenly,
enhancing stability and supporting significant weight.

Versatility in Actuation: While industrial scissor
lifts often employ hydraulic or pneumatic systems for
motion control, simplified versions—such as those
found in STEM toys—may use manual inputs or basic
mechanical linkages. This adaptability makes the
mechanism an excellent educational tool.

Complex Kinematics: The interplay between
rotational and translational motions in the mechanism
presents rich opportunities for both static and
kinematic analysis. Understanding these interactions
deepens insights into the dynamics of mechanical
systems and reinforces core engineering principles.

Since the lifting platforms that use scissors
mechanism are so commonly used, it is no surprise
that a lot of different authors approached the problem
of finding the optimal solution for the construction of

In modern STEM education, integrating hands-on
projects with theoretical concepts is essential for
cultivating practical engineering skills. The scissor lift
mechanism, commonly wused in industrial and
construction applications, has been adapted into a
STEM toy, offering an accessible platform to explore
fundamental mechanical principles.
The scissor lift mechanism, Figure 1, is a fascinating
engineering structure that utilizes a series of
interconnected, pivoting arms arranged in a crisscross,
or pantograph, configuration. As the arms expand and
contract, they convert horizontal movement or an
applied force into vertical displacement, allowing a
platform to raise or lower. This design offers several
advantages:

Compactness and Efficiency: The scissor
configuration enables a large vertical lift within a
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the devices. The analysis of scissor lift platforms is a
multidisciplinary area encompassing both static
(force, stress, stability) and kinematic (motion,
displacement, velocity, acceleration) considerations,
crucial for ensuring safe and efficient design and
operation. Researchers employ various mathematical
modelling techniques to represent the complex
geometry and interconnected linkages of scissor
mechanisms.  The increasing availability and
sophistication of computational tools and simulation
software, such as MATHCAD, Working Model, ANSYS,
SolidWorks, and finite element analysis (FEA)
packages, have become integral to analysing the
behaviour and structural integrity of these systems
under diverse loading conditions.

Figure 1. 3D model of a scissor lift mechanism

A significant portion of the literature focuses on
optimizing the structural design of scissor lift
components. This includes determining optimal
dimensions, material selection, and  joint
configurations to maximize load-bearing capacity
while minimizing weight and material usage.
Methodologies like the Harris Hawks Optimization
(HHO) algorithm in (Todorovi¢, Zdravkovi¢, Savkovic,
Markovi¢, & Pavlovi¢, 2021) and parametric analysis in
(Dang, Nguyen, & Nguyen, 2023) have been applied to
achieve these optimization goals.

Kinematic analysis is essential for understanding
the motion characteristics of the platform, including
its lifting height, velocity profiles, and acceleration.
Several studies such as [ (Dang, Nguyen, & Nguyen,
2023), (Cirak, 2019), (Dogi, Lajqi, & Bibaj, 2021)] aim
to refine the understanding of these relationships to
ensure smooth and controlled lifting operations. A
critical aspect explored is the minimization of
oscillations that can occur during lifting, particularly
when handling maximum loads, as these oscillations
can compromise safety and operational efficiency,
(Dogi, Lajqi, & Bibaj, 2021).

While many analyses simplify the problem by
focusing on static behaviour under the assumption of
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low lifting speeds and negligible inertia forces as
presented in (Todorovi¢, Zdravkovié¢, Savkovic,
Markovi¢, & Pavlovi¢, 2021) and (Cirak, 2019), the
importance of dynamic analysis is increasingly
recognized. Dynamic studies aim to model and predict
the time-dependent behaviour of scissor lifts,
including the influence of inertia, damping, and
external disturbances. This is particularly relevant
when considering motion regulation and control
strategies to achieve desired lifting speeds and
minimize unwanted vibrations as shown in (Dogi,
Lajgi, & Bibaj, 2021) and (Islam, Yin, Shenggi , &
Rolland, 2014). The forces exerted by hydraulic
cylinders during lifting are a key parameter
investigated in dynamic analyses, (Dogi, Lajqi, & Bibaj,
2021).

Furthermore, research explores specific design
configurations, such as double-layer scissor lifts in
(Dang, Nguyen, & Nguyen, 2023) and lifts for

specialized applications like magazine lifting
mechanisms in (Hua-Ting, Chen, Ke, Chen-Xu, & Lei,
2024). These studies often involve tailored

mathematical models and simulations to address the
unique challenges and requirements of these designs.
The role of actuator positioning and its impact on the
mechanical advantage and force output of scissor lifts
is also a subject of investigation in (Saxena, 2016).

This study focuses on developing a detailed 3D
model of a scissor lift toy in SolidWorks to perform
both static and kinematic analyses. The static analysis
examines force distributions and equilibrium
conditions to ensure stability, while the kinematic
analysis investigates motion parameters such as
displacement, velocity, and acceleration during
operation. The same static and kinematic analyses
were also conducted analytically using Wolfram
Mathematica software to plot diagrams during
platform ascent. The relatively simple motion of this
scissor mechanism allows for analytical analysis,
unlike the more complex mechanism described in
(Ziga, Caro, & Meseljevi¢, 2024), which necessitated a
purely numerical approach. This simplicity enables the
utilization of mathematical software to obtain plots of
various parameters and to compare them with
diagrams obtained in motion analysis software.

By employing both traditional analytical methods
and advanced software simulations, the research aims
to validate computational models against theoretical
predictions. This dual approach not only highlights the
strengths and limitations of each method but also
reinforces the educational value of applying real-
world engineering analysis to simplified models.
Ultimately, the study seeks to enhance our
understanding of mechanical interactions within
scissor lift mechanisms and demonstrate how such
models can be effectively used in STEM curricula to
bridge the gap between theory and practice.
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2 Static analysis

The construction solution of the scissor lift
mechanism being analysed is shown in Figure 2. The
mechanism consists of an upper platform on which
the load Wis applied. The platform is connected to the
scissor mechanism via pin B and slider A. The distance
between pin B and slider A is denoted by s, and its
value changes as the slider moves. The scissor
mechanism is composed of four equally long levers
(AE, BD, DP and EN) connected at their midpoints by
pins C and M. The base is connected to the scissor
mechanism via pin P and piston N. Free body diagrams
of the described mechanism are shown in Figure 3, 4
and 5.
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Figure 2. lllustration of lifting platform with scissor mechanism

Given that the lifting speed, weight and
acceleration of the platform are not high, inertia
forces can be neglected, and the entire construction
can be considered static. The static equations can be
determined for the system depicted in Figure 3, 4, 5.

Static equations for the platform AB, Figure 3:
YY,=0: F,+Fg—W=0 (1)
ZMBZO:W'S()/Z_FA'S:O (2)

Static equations for the beam AE, Figure 4:

ZX,:=O: FCX+FEX=O (3)
ZYL=O _FA+FCy+FEy=0 (4)
ZME b 0:

Fy +lcost — Fy, -écose — Fey -ésine =0 (5)

Static equations for the beam BD, Figure 4:

2Xi=0: —Fge —Fp, =0 (6)
ZYL =O: _FB_FCy+FDy =0 (7)
XM, =0

—Fg - lcos® — Fy, -%cos@ + Fex -ésin@ =0 (8)

Static equations for the beam DP, Figure 5:

2Xi=0: Fpy 4+ Fyx +Fpr =0 (9)
ZMPZOZ

Fpy +lcos® — Fpy - lsin® — Fy,, -écose

—Fyy -ésinﬁ =0 (11)

Static equations for the beam EN, Figure 5:

2X;=0: —Fyy—Fg —Fyxy =0 (12)
ZMN =0:
l
—Fgy * lcosO+Fg, - Ising — Fy,, -Ecose
+Fyy -ésinﬁ =0 (14)
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Figure 3. Free body diagram of mechanism for the platform AB
A

Figure 5. Free body diagram of mechanism for beams EN and DP
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From equations 1 and 2 it follows that F, =
W-so/(2s) and Fg =W —W-s,/(25) .

1 0 0 0 1 0
0 1 0 0 0 1

1451n[6] «Cos[6] 0 0 ] ]
-1 ] -1 0 ] ]
0 -1 0 1 0 0

i.sm[e] -i:Ccs[Er] 0 0 0 0
0 0 1 0 0 0
0 0 0 -1 0 0
0 0 ~1+8in[6] L«Cos[6] 0 0
0 0 ] 0 -1 0
0 0 0 0 0 -1
0 0 0 0 1+Sin[8] lsCos[8]

The total weight on the top platform is W =2 N, and
this weight is distributed across both the front and
rear scissor mechanisms, Figure 1. The function s is:

s = 86.8 — 4t2 + §t3and is described in detail in the

next section, where so = 86.8 mm at the start of the
lifting and / = 87.5 mm is the length of one scissor bar.
For the numerical analysis, the weight is not divided
between these two mechanisms because the
SolidWorks model yields the total reaction magnitude
on one axle, which encompasses two mirrored
scissors. Therefore, on a single scissor pin, half the
calculated reaction value will be acting. In the
numerical analysis, the weight is applied linearly from
zero to its maximum value of 2 N over a duration of
0.1 seconds. Consequently, all SolidWorks static
diagrams show a value rising from zero to a level that
closely approximates the analytical findings at the
start of the ascent. This weight value then remains
constant for the remaining 4 s of the lifting period.

2.1 Results

Once the system of equations (15) is solved, the
reaction forces in the joints can be determined and
represented using diagrams for the defined time
interval of 4 seconds. The results from both the
analytical and numerical methods are shown in
Figures 6-9. The labels of all reaction forces are not
fully consistent in the equations and diagrams and the
markings on the coordinate axes (t or time) and units
of measurement are not consistent (s or sec) because
analytical diagrams are obtained in mathematical
software, and numerical ones in SolidWorks software,
and these diagrams are copied from these software
with all limitations in the possibilities of indexing
forces and marking time.

At point N, there is a movable support. The force
Fny is the vertical reaction force, and Fux is the piston
force. Fn is the total force at point N. In this case,
where the total load is W = 2 N, the difference
between the total force Fy and the piston force Fnx is

Equations 3-14 can be written in matrix form, which is
suitable for solving with the use of computer:

0 0 00 D0 O
0 0 00 0 O gy o
0 0 000 0| |Fey Fa
0 0 0o g of |Fax Fax1sCos[8]
0 0 po o of |FW 0
Fex Fb
0 0 000 0} lpey| __|Epalscosiel (15)
1 0 100 0| |Fmx 0
0 1 010 0| |Foy 0
2 .5in[6] -2+Cos[6] 00 D O Fpx 0
2 z Fpy 0
-1 0 00 -10| |pny o
0 -1 00 0 1 {pyy 0
EaSin[B] -f.t:os[e] D00 O

negligible. The value of Fny changes from 1 to 1.33 N
during the lifting period.
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Figure 6. Reaction forces in the pin B and slider A obtained by a)
analytical method; b) numerical method
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Figure 7. Reaction forces in pins C, D and E obtained by a)
analytical method; b) numerical method
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Figure 8. Reaction forces in pins M and P obtained by a) analytical
method; b) numerical method
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Figure 9. Piston force Fv obtained by a) analytical method; b)
numerical method

3 Kinematic analysis

In the scissor lift mechanism, the linear motion of
a piston, Figure 10, is transformed into the vertical
movement of the platform through the lever's floating
motion. By setting a velocity function for the piston to
be a second order parabola, the corresponding
displacement (s) and height (h) functions are derived.
Adopted function as piston velocity is:

Vpiston = 8t — 2t2 [@] (16)

Piston displacement will be:
s = — [ Vpiston dt = — [(8t — 2t?)dt (17)
5= 86.8 — 4t2 +2¢° (18)

Where so=86.8 mm at the start of the lifting and
/=87.5 mm is the length of one scissor bar.
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Figure 10. The scissor lift STEM toy

The height h is obtained by applying Pythagoras
theorem:

h= %wz — 52 (19)

Equations 16-19 allow us to determine the
displacement and velocity of the scissor lift platform.

Figure 11 shows diagrams for displacement,
velocity and acceleration of the piston obtained in
SolidWorks using Motion Analysis study. For this
analysis, linear motor motion is assumed, with
adopted piston displacement as expression:

—4t2 + 213,

@
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Figure 11. Diagrams for displacement, velocity and
acceleration of the piston obtained in SolidWorks using Motion
Analysis study

Piston velocity and the distance s from the Figure
10 are obtained in the software. The origin of the
coordinate system is set at the centre of the axle that
aligns with the piston head. The results from both the
analytical and numerical methods are shown in
Figures 12-14.
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Figure 12. Piston velocity obtained by a) analytical method; b)
numerical method

According to Figure 10, platform displacement (P;)
will be:

Applying previously defined equations (18) and (19),
platform displacement can be defined as:

2
P, = 2\/87.52 - (86.8 — 4t2 4+ §t3) [mm]  (21)

Platform position at the beginning (0 s) is Pqo = 22.09
mm, and at the end of the observed time interval (4s) is
Pgs=116.11 mm.
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Figure 13. Distance s obtained by a) analytical method; b)
numerical method
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Figure 14. Platform displacement obtained by a) analytical
method; b) numerical method
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The results of analytical, as well as numerical
method for platform displacement, are shown in
Figure 14.

Velocity of platform can be defined as:

—dPa _ 4 2 _ a2 23)
v, =2 —dt<2\/87.5 (86.8 4t +3t)) (20)

_ —2(86.8-at2+3t3)(-8t+2t?)
), =

[mm/s] (21)

\/87.52—(86.8—4t2+§t3)2

The results of analytical, as well as numerical
method for platform velocity, are shown in Figure 15.

platform velocity [mmy/s]
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Figure 15. Platform velocity obtained by a) analytical method; b)
numerical method
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Maximum platform velocity is for t = 0,815 s,
where platform acceleration is zero, Figure 16.

Vpmax 1—o g15s) 38,6513 mm/s
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Figure 16. Platform acceleration obtained by analytical method

4 Conclusion

It can be concluded that the results of the static
and kinematic analysis of the scissor lift stem toy
obtained by software and analytical methods agree to
a large extent.

The scissor lift platform has a maximum velocity
about 4.5 times higher than the maximum velocity of
the piston and the platform has about 4.5 times the
displacement in relation to the piston. This
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