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Design Analysis of Scissor Jack
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Abstract- The scissor jack is a mechanical device widely
used for lifting vehicles and other heavy loads during
maintenance and repair operations. This study presents a
comprehensive design calculation of a scissor jack,
focusing on direct stress, principal stress, shear stress and
torque acting on the screw. The load acting on the jack is
considered 2 tons to 4 tons. The maximum bending
moment and bending stresses are calculated according to
the variable loads. The parameters of the screw and nut
are design to resist the load acting on the jack. The
outcome is a robust and efficient scissor jack design that
meets industry standards and enhances user safety and
convenience. (scissor jack, shear stress, bending moment,
bending stress)

I. INTRODUCTION

This A scissor jack is a compact and efficient
mechanical device commonly used to lift vehicles for
maintenance, tire changes, and inspections. Its design
is based on a simple yet powerful mechanism that
converts rotational motion into linear displacement,
allowing users to raise heavy loads with minimal
effort. The scissor jack operates through a system of
linked, folding supports in a crisscross pattern—
resembling the blades of a pair of scissors—which
expand and contract to achieve vertical movement.
Understanding the design calculations behind a
scissor jack is essential for ensuring its structural
integrity, load-bearing capacity, and operational
safety. This involves analyzing key mechanical
components such as the screw thread, link arms, pivot
points, and base support. Factors like material
selection, stress distribution, and torque requirements
play a critical role in optimizing the jack’s
performance. This report aims to design the scissor
jack with the lifting capacity is 3 tons. The other
components such as lower arm, links, rivets and
crank will be designed in raising and lowering 3 tons
load.

IL. LITERARUE REVIEW
C.S. Dhamak et. al (2015) study design and
standardization of scissor jack to avoid field failure.

It paved the way to improve reliability, reduce human
effort, and address common field failures. MATLAB
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software was used for simulation and optimization.
Finally, it was suggested material combinations and
standard dimensions for future applications. Manoj
R. Patil and S. D. Kachave (2015) discussed to
redesign and analyze a scissor jack used in light
(LMVs) to improve
manufacturability, reduce cost, and enhance

motor vehicles

structural reliability. It focuses on eliminating
common failure points and optimizing the jack for
mass production. It reduced the number of parts to
streamline assembly and improve operational
efficiency. Onkar Vade and Prof. Dr. Premendra
Bansod (2021) investigated the optimization of the
scissor jack design—specifically to reduce physical
strain during vehicle maintenance. This study
focused on improving the design and operational
efficiency of a scissor car jack, a mechanical device
used to lift vehicles for maintenance. It improved
safety and performance through simulation and stress
analysis.

I1I. METHODOLOGY

The scissor jack is always designed to change or
repair one of the tires for the 3ton light weight
automobile, like as Toyota Vitz. In this type of the
automobile, the engine part exists at the front portion
of vehicle. The weight acting on rear and front axle is
40% and 60% of its total weight, hence the weight
acting on front axle is 1800kg. A weight of 900kg
exists on each front wheel. The maximum load on the
single start square thread screw shaft act when the
scissor jack is at its lowest position. Mild steel
material is used to design and analysis for this scissor
jack. Fig. 1 shows the mild steek scissor jack.

Fig. 1. Mild steel scissor jack
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A. Design Calculation

Table 1 shows the specifications of scissor jack.

Table 1. Specifications

Weight on each front wheel or | 900 kg
scissor jack

the distance between the centre lines | 50 mm
of nuts (top)

the distance between the centre lines | 210 mm
of nuts (bottom)

symmetrical links or arms of scissor | 110 mm
jack

coefficient of friction 0.25
bearing pressure on the pins 20 N/mm?
distance between two link pins in the | 30 mm
top or base plate

allowable tensile or compressive | 100 MPa
stresses

allowable bending stresses 248 MPa
allowable shear stress 50 MPa

Direct tensile stress in the screw
W,
=
Z (dc)z
shear stress in the screw
16T
T = —
n(d.)?

Ot

Maximum principal tensile stress on screw

o =1[0 +\/(0')2+4T2]
t.max 2 t t

Maximum shear stress

1
Tmax = E\/ (Gt)z + 4t?

The efficiency of self- locking square thread screw

_ tana

" tan (a + 0)

The effort to rotate screw
p =W, X tan (a + 0)

n

Torque required to overcome friction between the

screw and nut

T=P d
= X —
2
Bearing pressure on the threads
Wi
Py

T [(do)? = (d)?In
Thickness of nut
t=n.p
The width of nut
b=15x%d,
The load on the link,
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Buckling load
XA
Wer = : Xl Z
1+a.(m)

Wlein

Maximum bending moment, M = "

Bending stress on top plate,

Table 2. Results Table
No. Descriptions Results

1 Effort to rotate screw, P 42425 N

2. | Torque, T 41461.8 N-mm
3. | Tensile Stress, o; 55.34 N/mm?
4. | shear stress, T 42 .98 N/mm?
5 Max‘imum principal 72 78 N/mm?

tensile stress
6. | Maximum shear stress 51.11 N/mm?

Table 3. Bending Moment and Bending Stress for

Varying Loads
C‘ar W
No. | weight ™) M (N-mm) Ob
(Ton)
1. 2 5886 44145 14.39
2. 2.5 7375 | 55181.25 17.99
3. 3 8829 66217.5 21.58
4. 3.5 10300 | 77253.75 25.18
5. 4 11772 88290 28.78

Table 4. Results for bucking load

No. | Buckling Load Buckling Safe or
(Calculated) Load Unsafe
(Designed)
1. 47880 N 15705 N Safe
(horizontal plane)
2. 47759 N 15705 N Safe
(vertical plane)

B.  Results with MATLAB

The design calculations results are shown in the
above. MATLAB software is used to analyzed the
results. Fig. 2 shows the results of bending moment
and bending stress with the varying loads (2 to 4
tons). The comparison of buckling load results is
shown in Fig. 3.
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Fig. 2. Bending moment and bending stress
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Fig. 3. Comparison of buckling load
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V. CONCLUSION

This study successfully presents the design and
analysis of a scissor jack with a lifting capacity of 3
tons, suitable for light motor vehicles such as the
Toyota Vitz. Through detailed mechanical
calculations and analyzed with MATLAB, critical
parameters including tensile stress, shear stress,
principal stress, torque, and bending moment were
evaluated under varying load conditions. The results
confirm that the scissor jack design meets safety
standards, with calculated stresses remaining within
allowable limits and buckling loads exceeding the
designed thresholds—indicating structural reliability.
The use of mild steel and optimized geometric
dimensions ensures  both strength  and
manufacturability. Overall, the proposed design
offers a robust, efficient, and safe lifting solution for
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automotive applications, with potential for further
refinement and standardization in future work..
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