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Suspension system design for a vehicle under BAJA SAE parameters

Omar Franco-Camacho|** , Maria Mago-Ramos ? , Ricardo Rios|? ,

Luis Vallés-Defendine ®

2Maintenance Research Line, Faculty of Engineering, Universidad Libre, Mechanics Program, Bogota, Colombia.
bFaculty of Engineering, Universidad de Carabobo, Mechanics Program, Valencia, Venezuela.

Abstract.- This research focuses his study on the design of a suspension system for a BAJA SAE vehicle under the
PARAMETERS SAE (Society of Automotive Engineers). This society organizes seventeen (17) student competitions in
eight (8) design series between university students called as Collegiate Design Competitions and Collegiate Design Contests,
which is included representative themes that apply to vehicles Formula SAE, Formula Hybrid, SAE Aero Design, BAJA
SAE, and SAE Clean Snowmobile Challenge. This research article evaluates the types of suspension that are implemented
in mini-baja vehicles, and which, in turn, complies with the regulations established by the SAE competition of the year
2020. The methodology used from the mechanical engineering and control design components, use mathematical equations
that govern dynamic movement to evaluate the behavior of the suspension system that through a CAD system, achieves
modeling in a real environment, evaluating factors such as material, part dimensions or system selection, which can affect its
proper functioning. This research is intended to support future applications, where there are suspension systems that allow to
absorb the irregularities of the terrain with loads, where it is transmitted in less proportion according to the structure of the
vehicle improving the experience of handling and maneuverability required for this type of student competitions, meeting the
parameters established by SAE.

Keywords: design; suspension system; mini-baja vehicle; SAE parameters.

Disefio del sistema de suspension para vehiculo de acuerdo con
pardmetros BAJA SAE

Resumen.- Esta investigacion centra su estudio en el disefio de un sistema de suspension para un vehiculo BAJA SAE bajo
los Parametros SAE (Sociedad de Ingenieros Automotrices). Esta sociedad organiza diecisiete (17) concursos de estudiantes
en ocho (8) series de disefio entre estudiantes universitarios denominados Competencias de Disefio Colegiado y Concursos de
Disefio Colegiado, que incluyen temas representativos que se aplican a los vehiculos Férmula SAE, Férmula Hibrida, SAE
Aero Diseflo, BAJA SAE, y SAE Clean Snowmobile Challenge. Este articulo de investigacion evalda los tipos de suspension
que se implementan en los vehiculos mini-baja, y que, a su vez, cumplen con la normativa establecida por el concurso SAE del
afio 2020. La metodologia utilizada a partir de los componentes de ingenieria mecdnica y disefio de control, utiliza ecuaciones
matemdticas que gobiernan el movimiento dindmico para evaluar el comportamiento del sistema de suspension que a través de
un sistema CAD, logra el modelado en un entorno real, evaluando factores como material, dimensiones de la pieza o seleccién
del sistema, que pueden afectar su correcto funcionamiento. Esta investigacion tiene como objetivo dar soporte a futuras
aplicaciones, donde existan sistemas de suspensién que permitan absorber las irregularidades del terreno con cargas, donde
se transmita en menor proporcién segun la estructura del vehiculo mejorando la experiencia de manejo y maniobrabilidad
requerida para ello, mejorando las competencias de los estudiantes, cumpliendo los pardmetros establecidos por la SAE.

Palabras clave: disefio; sistema de suspension; vehiculo Mini Baja; pardmetros SAE.
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The manufacture of BAJA SAE vehicles today

is carried out in different universities as a

* Correspondence author: degfee optl‘on,® in order' to compete 1n the SAE
e-mail{omara-francoc @unilibre.edu.co, (0. Franco- ~ Design Series™ under different modalities, where
Camacho) it is innovated from mechanical engineering
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exchanging knowledge and experiences to expand
the professional vision of the student.

In this order of ideas, this research adjusts its
contribution in the line of maintenance research,
supporting the processes and competencies that the
student of the Mechanical Engineering Program
of the Free University can develop for the
sectors of the automotive area, in terms of
design applications of these baja SAE vehicles is
concerned, deepening knowledge and applications
in a practical way. Likewise, a mathematical
analysis is used in the modeling of the parts that
constitute said automobile, its correct simulation
provides information to the student and/or technical
staff interested in these areas of knowledge, of an
optimal performance that manages to adapt the
vehicle to the regulations of the competition for
the year 2020 and obtaining the control and safety
required, which will allow to occupy a relevant
position in this type of competitions [1, 2]].

Based on the above, this research is expected
to show the design parameters required by the
suspension system of the V1.0 BAJA SAE vehicle,
under the expertise of the mechanical engineering
student, in order to achieve a reduction in the weight
of the suspension system and decrease the efforts
caused by the loads in the supports generated by
the irregularities of the terrain, as well as a linkage
of the theoretical components and applications
required by the automotive sectors in real way
(3L 14]].

2. Methodology

For the elaboration of the required suspension
system, it was chosen to perform a simulation with
ANSYS, for a correct selection of the latter, taking
into account the critical variables to analyze, in
addition, Matlab’s Simulink was used to obtain
a dynamic behavior of the vibrations produced
by the ground, through a graphical programming
environment to model, simulate and analyze
dynamic systems that have multidomain [3, 16,
/]. This research features simulated analysis of
failures and behaviors in controlled environments,
by implementing these software programs better
performance in real applications such as the SAE
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competition.  The suspension system models
are correlated in such a way that a dynamic
model is simulated according to irregularities of
the terrain through an analysis of the stationary
system and its calculated maximum load, where
the manufacturer’s data that has been selected in
the design proposal is corroborated and then make
design improvements adapted to the market [8, 9.

2.1. Compression spring or springs

This research makes use of a series of springs
that follow the shock to withstand the stresses
produced by the irregularities of the terrain,
providing greater stability, passenger comfort, aid
to the recoil of the shock at the time of the shock,
decreasing the pressure exerted in this, so a coil
spring of compression is used (The helical spring
is the most widely used on the market nationally
in Colombia for general use in valves, greasers
and shock absorbers) [10]. There are cylindric,
conical, bionic and stamping coil compression
springs, however, a cylindrical helical spring will
be used, as this represents better attributes because
it withstands lower tension than the other types
of springs, so it distributes the loads evenly
throughout it [[11} (12} [13]].

2.2.  Spring materials

The springs are manufactured by cold or hot
procedures, depending on the size of the material,
the spring index and the desired properties, often
during the manufacture of springs, they are
relieved, after rolling, by means of moderate heat
treatment according Table [I]

A compression helical spring with an original
free length closes completely and returns to
a reduced value.  The process of inducing
a permanent deformation is used by spring
manufacturers to meet a free length specification
or to reinforce the spring, this process is called L,
“deformation removal” |15, 16].

In that order of ideas, a coil spring used in
the suspension of the mini-baja vehicle has elastic
properties and good toughness, to absorb the shock
between the surface and the chassis of the vehicle,
for this reason, materials such as 6150 H tempered
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Table 1: Carbon and spring alloy steels [[14]

UNS G10850 The most tenacious and employed
Piano Wire, AISI 1085 Increased stress resistance
0.80-0.95C ASTM A228-51 Increased efforts at repeated loads
Diameters from 0,12 to 3 mm
. UNG G10650 It is for general use
Oll_}\;ﬁiened AISI 1065 It’s cheaper than piano wire
0.60—0.7’0C ASTM 229-41 Not suitable for shock or impact loads
Diameters from 3 to 12 mm
Hard drawn UNS G 10660 General and cheaper use
wire, AISI 1066 It should only be used where duration,
0.60-0.70C accuracy and deflection are not important
ASTM A227-47 Diameters 0.8 to 12 mm
Chromi UNS G61500 Popular alloy for springs that involve greater stresses than those that
romium . . : - e
vanadium employ carbon steel and requires fatigue resistance and high durability.
AISI 6150 Used for shock or impact loads
ASTM 231-41 Diameters 0.8 to 12 mm
Silicon UNS G92540 It is an excellent material alloy for springs subjected
chromium to high stresses and impact loads that require long life
AISI 9254 Diameters 0.8 to 12 mm

steel trefiled wires, cooleds in oil, annelids, with a
diameter of 9 mm [[17,[18, [19]].

2.3. Helical spring design

Due to the value of the equipment required
by the suspension systems, the properties of the
materials, the necessary parametric relationships,
their adequacy assessment in terms of weight
reduction, increase of the safety factor and design,
which is necessary to take into account the
maximum stresses, curvature effects, deflection-
force ratios, tensile and compression efforts, as
indicated in the following equations.

Where; the maximum stress of the wire is
calculated by overlaying equations (equation (I)).

(1

2|

T,
Tmax = 17 +

T:p

Tmax = It is the formula of the maximum

torque (in order to calculate the particular effort).
F
—: is direct shear stress (not bending).

But it is necessary to calculate the spring index
as follows in equation (2), and the constant stress
factor in equation (3)).

C=— 2)

2C+1
- 2C )

Torque may be measured by a measure of the
spiral curvature (which also determines the larger
shear stress), as indicated in equation (@).

K

e @)
D

In addition, the curvature correction factor
increases the stress inside the spring, but only
decreases a little on the outside, which is important
for fatigue, even if there is no stress concentration
factor as indicated in equation (3).

T=K =

Kg  2CA4C+2)
Ks (4C-3)2C+1)

The deflections of coil springs have a deflection-
force ratio obtained by the Castigliano theorem,
where the total corresponding deformation energy
is shown in equation (6).

Kc = (5

T? F2l

V=367 24G

(6)

y

_0U _8FD? RN 8FD’N
T OF  d*G 2c2] T d4G

where the spring ratio is therefore;
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d*G
k =
8D3N
Extension springs must have means to transfer
the load from the spring to the spring body, the

stress increase factors are given by equation (8)), as
indicated (The C index is in Table[I).

(7)

4C2-Ci -1 2
" a="2L @®

a0 T

Table 2: Preferred range of torsional stresses due
to initial stress, in steel extension coil springs [20]

Index (C) Stress Interval Stress interval
(MPa) (kpsi)
4 115-183 16,7-26,6
6 95-160 13,8-23,2
8 82-127 11,9-18,4
10 60-106 8,71-15,4
12 48-86 6,97-12,5
14 37-60 5,37-8,71
16 25-50 3,63-7,26

Compression springs have four types of ends:
simple type on the right, end to square and frosted
on the left, end-to-square or closed right and simple
end and frosted on the left, being necessary for
the calculation of the dimensions of these springs
review Table 3l

2.4. Stability

A column will suffer buckling when the load is
very high, so the coil springs will have a lateral
deflection (roll) when it is very large, taking into
account that the critical deflection is given by

equation (9).

, ( G )
ycr:Locl I- 1_2_ )
efec
Where;
yer:deflection corresponding to the onset of
instability.

Aefec: effective slenderness ratio.
C} y CJ: elastic constants.
L,: absolute stability.

REevisTta INGENIERIA UC, ISSN: 1316-6832, Online ISSN: 2610-8240.
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2.5. Description of the structure

The structure used in this research is a shock
absorber whose spring is SAE 6150 H steel
(Figure [I) with the addition of vanadium that
allows to inhibit the growth of the grain at high
temperatures, improve the strength and toughness
of the spring, in order to have high degrees of
elasticity (Table [3)), also, the 6150 H steel has
the material components indicated in Table {]and
Bl This suspension system has the dimensions
required for the perfect coupling to the vehicle
[21},122, 23].

3. CAD modeling and simulation for dynamic
analysis

For the analysis of behavior of static suspension
system as shown in Figure [I] the shock absorber
subjected to a load was modeled and simulated
with the ANSYS software. On the other hand,
for the analysis of structure dynamic behavior, the
system was modeled and simulated with ANSYS,
SolidWorks and Matlab. All these software apply
the finite element analysis technique to predict
how the system will work and react in a real
environment, allowing to evaluate the performance
of the system before the manufacturing process.
Now, the mathematical model for static analysis
follows equation (0] [24} 25].

AL F
L AE

Where it is evident, that the unitary elongation
experienced by the spring is directly proportional
to the force applied on it. Using for this case the
mathematical model shown in equation (T1)) of the
Law of Hooke, which relates the force exerted by
the spring to the elongation (x) provoked by the
external force (F') applied to the end of this, as
follows according to (TT).

g (10)

F=—-k-x (11

The suspension has its critical point at the time
the vehicle jumps and its weight falls on both
wheels, so a dynamic analysis is performed with
a 45-degree lifting angle as seen in Figure [2]
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Table 3: Formulas for calculating compression spring dimensions [20]]

Term Simple Simple and frosted Squared and closed Squad and frosted
Extreme coils 0 1 2 2
Total spire Nto Nio + 1 Nio + 2 Nio + 2
Free length p-Nio+d p-Nip +1 p - Nio +3d p - Nio +2d
Solid length d(N + 1) dNy d(Ny + 1) dNq
Step (Lo — d)/Na Lo/(Nto + 1) (Lo = 3d)/Nio (Lo — 2d)/Na

Figure 1: JLMoto brand suspension system dimensioning reference 3100026.

Source: J1 motor official store, https://bit.ly/3p66Gxi

Table 4: Steel elements SAE 6150 H

Element Content %
Iron, faith 96,885 — 97,88
Manganese, Mn 0,60 — 1
Chromium, Cr 0,75 - 1,2
Silicon, Yes 0,15 - 0,30
Vanadio, V 0,15
Sulfur, S 0,040
Phosphorus, P 0,035

Table 5: Good properties of steel SAE 6150 H

Property

International System

Tensile strength
Elastic limit
Elasticity module
Volume module
Cutting module
Poisson coefficient
Elongation to breakage
Brinell hardness
Rockwell B hardness
Rockwell C hardness
Machinability

924 MPa
800 MPa
205 GPa
140 GPa
80 GPa
0,29
19,50 %
269
99
27
55 %

The speed at which the vehicle hits the ground

378

Figure 2: Critical load model scheme

in a given flight time is then calculated.

In that sense, accordigng the model presented in
Figure [2] the followings characteristic parameters
can be estimated.

The Final speed is calculated by equation (12).

Vi = V;cos45(i) + V; sin45 — gt(j) (12)
when: g: gravity, [m/s?]

t: time, [s].

V;: initial velocity, [m/s]. V;= 13,88 m/s

tan45°: Y/A

y: vertical component, [m].

REevistA INGENIERTA UC, ISSN: 1316-6832, Online ISSN: 2610-8240.
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A: horizontal component, [m].
Distance A-1 m.

The Horizontal distance reached, knows as X
value (m), was calculated by equation (13).

_ (tan45°)X — (gX?)
~ 2Vi2cos(45°) + 1
By developing the quadratic equation, you get:

(13)

1 =X-0.050x?
0.050X>-X+1=0
Xi=2m;Xp =18 m

Where X? is the distance taken for the following
calculations, because it is the vertical component.
To determine the Flight time it was used

equation (T4).
X
ft= ——
Vi cos45°
Itis necessary to know and work with the vertical
component, as it corresponds to the force with
which the vehicle will exert a compression load
on the suspension system.
Final velocity component Y [m/s] was estimated
by equation (13), as follows.

(14)

Vy, = (Visin45° — gr) j (15)

At the same time, the Average strength [N] was
calculated by equation (L6)), as fallows.
Ap

Fprom = A_

. (16)

Ap = mVy —mV;
At: time delta [s]. At =0.5s
To Suspension system calculations, it was
considered m = 265 kg with approximately 70
kg rider. In that sense, taking as start point
equation (I7)), the force can be calculated.

F=m-a 17

a: Acceleration, [m/s?].
m: mass of a rider, [kg].

F =265 kg - 9,81 m/s® = 2599,65 N

X
Q) FAcULTAD

@INGEEEENA
Spring calculations are based in equation (I8).

F =kx (18)

k: spring constant, [kg/s?].
x: variation in length, [m].

_2599,65N
~0,05m
According to the manufacturer’s data, the spring

distance is 207 mm and the distance of the
compressed spring is 70 mm

= 51993 kg/s?

F =51993 kg/s® - 0,137 = 7123,041 N

In this way, you have a compression coil spring
made of Chromium-vanadium number 17, whose
outer diameter is inches and the ends are flat and

frosted T inches with a total turn 10—.

To estimate Creep effort are used equations (19)

and (20).

A 169

- 19
d™ ~ 0.0390.168 .

Sut =

= 291 kpsi

Ssy = 0.45 - 5,, = 0.45(291) = 131kpsi  (20)

To determine the static load according to creep
effort, it is considered that the medium diameter

7
of the spring coil is I = 0,400 inches. So,
parameters C, Kp and F are calculated by

equations 21), 22)y (23)

0,400
- 21
0039 0,3 21
4C +2
= = 1,131 22
530341 z2)
b nd3sgy _ 7(0,039)° - 131(10°) 23)
8KpD 8(1,131) - 0,400
F =6,75Ibf
where

C: Spring index, [m].
Kp: Bergstrosser’s factor.
F: Cutting force, [1bf].

Revista INGENiERTA UC, ISSN: 13166832, Online ISSN: 2610-8240. 379
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To determine the spring scale is used equa-
tion (8), obtaining k factor

d*G  (0,039)*(11.2)10°

k =
8D3N,  8(0,400)3(9,5)

k = 5,33 Ibf/pulg

In that sense, deflection caused by shear force is
calculated by equation (24)

F 6,75 Ibf

y=-

= 2P 4 26 pul
k = 5,33 Ibf/pulg bt’e

(24)
So, the solid spring length is estimated by
equation (25))

LS = d . N[
L = (0.039)(10.5)
L; = 0.400 pulg

(25)

Equations allows to estimate the free length
(L,) as follows

L,=y+L;=1,26+0,400 = 1,66 pulg (26)

L,: [pulg] .

To verify the absolute stability to prevent
buckling, it is necessary the accomplish of
condition:

L, < 2,632 < 2,630’400
a 0,5

b

< 2,10 pulg

Because the free length is less than 2,10 inches;
a buckling in the spring may not occur, however, a
rod inside it may be necessary, resulting in the use
of the shock as a mechanical aid component in the
system [26} 27]].

Finally, the step between coils is calculated by

equation(27)

L, 1,66

N,+1 95+1 @7)

p = 0,158 pulg

In the Table [6] is presented a resume of the
parameters estimated by the aplication of the
models mentioned.

pad FACULTAD
o7 DE
5 INGENIERIA

Table 6: Results given after the application of the
models

Horizontal distance X =2
reached, [m] X, =18
Flight Time (¢), [s] 1,83
Final velocity component -8,14
Y (Vfy), [m/s]
Average strength 4314,2
(FpromY), [N]
Spring force (F), [N] 2599,65

Spring constant (k), [ kg/s2] 51993

Hooke’s law (F), [N] 7123,041
Static load force (F), [N] 30,0255
Spring scale (k), [N/m] 933,46
Deflection (y), [m] 0,032
Solid spring length (Ly), [m] 0,010
Free length (L, ), [m] 0,053

4. Simulation for shock analysis

In accordance with the design of the suspension
system previously performed, a simulation is
carried out using the Matlab Simulink Program,
in order to observe the behavior under established
parameters, thus the expected result is to reduce
costs and time in the manufacture of these systems
in the automotive industry. The results obtained are
of interest, when evaluating the time of restoration
of the system from the starting point and the on
peaks that can reach when generating the crash,
with the irregularities of the terrain, based on free
models [[1]].

The above makes it necessary to raise the
system state equations, having as a parameter
the acceleration a time range. As the system is
purely mechanical, it does not have an electrical
part, so Newton’s second law is used to determine
the model of the state equation as noted below
(Figure[3)) [28] 29].

%= L[k[y — 2] + [y - £]]
m

where:
X: acceleration of the system, [m/s?].
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Figure 3: free body diagram of suspension system

s

Suspension oscillations

Figure 4: Control model for dynamic study of the suspension system

x: speed of the system, [m/s].

x: system displacement, [m].

yv: wheel speed, [m/s].

y: wheel displacement, [m].

m: mass, [kg]. m =256 kg

k: spring constant, [N/m]. k = 52000 N/m

c:  Viscous coefficient of friction, [N-s/m].
c =1000 N - s/m

The Figure [ shows the diagram of the
implemented control and how it shows the
oscillation of vibrations in the system over time.
Obtaining from the previous model, a peak
envelope of three (03) centimeters of deformation
when taking a system input disturbance of two (02)
centimeters as the initial value to which you want
to reach, once the suspension, into contact with
their regularities of the terrain. It is also observed
that the system has a one-second signal start time as
part of the system behavior with a stabilization time

of approximately four seconds until the required
control signal is reached (Figures [ and [3).

It can be verified that the suspension system
properly absorbs the irregularities of the terrain in a
time of 4 seconds to maintain stability and comfort
in the driver. Likewise, you can control the number
of oscillations that this can have by varying the
spring constant and damping, as well as the value of
the system peak is of paramount importance since
by absorbing so much energy, this value of 75 %
is linked to the establishment time and the energy
that is has to stabilize the system. However, by
having a lower vibration in the suspension system,
it transmits greater kinetic energy to the body.
Therefore, affecting the driving experience, so this
type of suspension meets the optimal parameters
for the correct power dissipation at right times [30]].

This research requires the use of the CAD
program like ANSYS 2020 for the corresponding
simulation of the suspension system, incorporating

Revista INGEntER{A UC, ISSN: 13166832, Online ISSN: 2610-8240. 381
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Position

Suspension system simulation

Figure 5: Suspension system oscillations under set parameters

the mesh of the suspension system and reaching
the verification of the quality of the element
through the mesh quality presentation offered by
the ANSYS student community where a quality
of the skewness metric parameter evidenced for
0,40063 which refers to a very good quality and
an orthogonal quality parameter corresponding to
0,7329; significant of an equally very good quality
as referred the theory evidenced below (Figure [6).

As stated above, we proceed to perform the
test in which the system suspended has two
rolling brackets and a maximum force, which was
previously calculated at the top end of this, since it
is the part that is fixed to the chassis of the vehicle
and transmits the loads, Figure[7} Likewise, a mesh
sizing is made which becomes thinner on the stem
and spring of the damping since they are the areas
of interest in deformation stresses.

By implementing the ANSYS 2020 R1 program,
it is possible to generate a meshing of the
suspension system with an applied force calculated
in equation (12). Performing a rounding
approximation of 7200 N and its due movement
restrictions on the lower pin supports a stop.
Having said the above, we proceed to a suspension
system solution in which a focus is made on total

deformation, the equivalent elastic deformation of
von-Mises, and the equivalent effort of von-Mises
Table [5S| According to the data provided by this
simulation, it is observed that the suspension stem
suffers the highest efforts and elastic limits, so that
it could result in future defects or discontinuities
due to fatigue or external loads in this. Likewise, a
focus is made on this last effort as it is the one
that gives us the information necessary to have
an understanding of the maximum value in MPa
and understand if the material fails with respect to
the properties said in Figure [§] for this suspension
system with SAE 6150 H steel.

According to the data obtained in figure 8, a
topological analysis study is carried out in order to
obtain a reduction in efforts and to be able to opt
for another type of shock which generates greater
reliability in both performance parameters and
compliance with the regulations of the regulations
of Baja SAE Design. Having said that, this study
is generated in such a way that the restrictions
are assigned Figure [§] Optimization such as the
bottom bracket and shock spring as you do not
want to delete or reduce material from these areas
as they would affect the operation of the system for
malfunction (Figure[9)) [31].
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Skewness mesh metrics spectrum:

Excellent Very good Good
0-0.25 0.25-0.50 0.50-0.80

Orthogonal Quality mesh metrics spectrum:

Unacceptable Bad
0-0.001

Acceptable

0.001-0.14 0.15-0.20
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Unacceptable
0.98-1.00

Acceptable

0.80-0.94 0.95-0.97

Very good
0.70-0.95

Good
0.20-0.69

Excellent
0.95-1.00

Figure 6: ANSYS mesh quality

X =
0000 5.000 _ 10.000 (em) . W
-
2500  7.500

Figure 7: Meshing, Loads and structural supports
applied to the suspension system

Once optimization is implemented, it is observed
that there are areas such as the lower head that
can be reduced by positively affecting the system
and evidence that an extension of the diameter can
be generated in the stem head. For the above,
modifications are made to the Cad SolidWorks so
that the shank diameter is extended, the diameter
of the shock is enlarged, and the size of the lower
head is reduced as seen in Figure[T0}

This variation in shock dimensions represents
changes in maximum stress at the time of
application of the same 7200 N load provided in
the kinematic study of the maximum load received
by the shock in a given instant of time. In this way
a second static load study is carried out using the
CAD program ANSYS 2020R1 in which variations
are observed in terms of all stress values and
deformations, resulting in a 5,34% decrease in the

(a) Total deformation

(c) vonVon-Mises’ equivalent effort

Figure 8: Results for simulation in suspension
system

shock mass and reduction an equivalent effort being
now 662,42 MPa. According to the properties of
the material SAE 6150 H in Table[d] Its elastic limit
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B: Topology Optimization
Optimization Region
It

O Exclusion Regi
Figure 9: Areas to exclude in topological
optimization

(a) Shock absorber JLMotor 250mm without
topologically optimizing (mm)

(b) Topologically optimized JLMotor 250mm shock
absorber (mm)

Figure 10:
modifications

JLMotor 250 mm buffer design

is 800 MPa which represents that such topological
study and modification of the suspension geometry
helps to reduce the failure in the elastic area
of the material that could occur when having
irregularities of the terrain. The implementation
of the topological study helps reduce the efforts

5 “FACULTAD
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and deformations as seen in Table This way
it can be selected under the JLMotor catalogs the
type of suspension with the same or similar design
characteristics proposed and thus is more optimally
adapted due to the external parameters and factors
posed by the SAE [32] 133, 20].

Table 7: Stress and deformation values for JLMotor
250 mm shock before and after topological
optimization

JLMotor 250mm JLMotor 250mm
shock absorber shock absorber
topologically
optimized
Mesh (mm) 300 300
Sizing (mm) 2 2
Elements 15168 15780
Nodes 31129 31506
Skewness 0,40063 0,46614
orthogonality 0,7329 0,7329
quality
Element 0,66375 0,59083
quality
Total 12,541 52,578
deformation
(mm)
Equivalent 0,00011672 0,000381
elastic
deformation
(mm / mm)
Equivalent 2510,2 662,41
stress (MPa)
Mass (kg) 25,984 24,595

According to the data provided by the simula-
tions regarding the optimizations of the topological
and performance of this in when the static
simulation, the purchase of the shock absorber
shock JLMotor 3100026 (Figure [TT).

5. Discussions

Analyzing the results of total deformation,
elastic deformation equivalent of von-Mises and
effort equivalent of von-Mises obtained with a
mesh of 350 mm and topological optimization to
avoid defects due to external loads in steel 6150
H, together with design considerations such as
topological optimization, three important points
can be highlighted of the results obtained:

1. The selected suspension system from
the JLMoto catalog meets the design and SAE
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Gimorgp

Source: J1 motor official store.
https://bit.ly/3p66Gxi

Figure 11: JLMoto brand suspension system
dimensioning reference 3100026

requirements for optimal competitive operation
with the consideration that said simulated model
does not respond to machining cost issues in its
topological optimization and vibration reduction
without affecting the mechanical properties of the
material.

2. An equivalent Von-Mises stress value is
achieved by ANSYS 2020R1 of 662,41 MPa,
thus ensuring that the suspension system does
not fail under the critical conditions of dynamic
displacement, because the elastic limit of the SAE
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6150 H material is 800 MPa.

3. The ANSYS software through the topological
study allows reducing the shock mass by 5,34 %;
making it lighter and with better performance
mechanical characteristics for the conditions posed
by the SAE formula and making a contribution
to the automotive industry from the mechanical
Engineering.

6. Conclusions

The topological optimization of the suspension
system can contribute to the automotive sector
at the same time reducing costs in materials and
manufacturing times. In this way, it is advisable
to evaluate the conditions to which the suspension
system will be exposed, and accordingly, areas that
do not have stress concentrators are optimized.

The analysis of oscillations over time shows
a high overshoot and an establishment in four
seconds, for which the system adequately absorbs
the irregularities of the ground without suffering
high efforts that compromise the material and
generate discontinuities or cracks.

The suspension system designed exclusively
for competition provides greater reliability and
improved results in terms of time reduction
and absorption of terrain irregularities, providing
comfort and a pleasant driving experience.
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