.\

DISENO

Ing. Martin Pacheco B. .
Mpb_design@hotmail.com / +58 (412) 0554148













Chasis




Mombre de modelo: DISENO CHASIS PARA SIMULAR modificado el 12-07-2013
Nombre de estudior Estudio torsion

Tipo de resultado: Tensicn axial y de flexion en el limite superior Tensiones1
Escala de deformacion: 24.9361

Valor global: 0a 234 333 Ninm”2 (MPa)
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Sistema de Suspension

“La suspension es la encargada de soportar todo el peso del vehiculo, asi como tambiéen
otorgarle estabilidad y absorber las irreqularidades del terreno.”

Muelle




Sistema de Suspension

Eje Rigido o Independiente
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Eje Rigido
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Sistema de Suspension

Independiente
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McPherson







— ROTATIONAL FORCE
N TRANSMISSION

Torsion Bar




Upper spring leg
mounting point

MacPherson

= Spring leg turns
—— ) «~"with steering

Coil 5 2
Spring | Camber changes
P b on bumps and roll
= - : 3 -

‘I-“ngs H Top view e
£EL b i
ET_I_‘:] ﬂ = | L - '
! | | ) |
i:_-_!'_‘i;*;;:'*- Sl
""'—--___‘:._'/\J
Lower control arm .2
Anti-roll bar
also takes driving
force and is integral
part of lower

= = control arm

Upper wishbone

Half-shaft

Tie rod

L Lower wishbone









Sistema de Suspension

Pull Rod Push Rod










Sistema de Suspensién

-Resistencia

Ventajas

Desventajas

rigidez

-Econdmico

-Invariabilidad de
sus componentes

-Poca
(Relativo)

estabilidad

-Simple, efectivo y
economico

-Requiere  mucho
espacio vertical
-Invariabilidad  del
caster

-Se ve afectada de
manera directa por
las irregularidades

del terreno.
-Variacion del
camber en

compresion

-Compacto,
eficiente,

-Ajustable

-Gran estabilidad
-Camber Invariable
-Mejor reparticion
de esfuerzos

-Fragil debido a Ia
cantidad de
components
-Costosa

-Mas pesada

-Compacto
-Permite colocar los
componentes en la
posicion deseada
-Facilidad de ajuste
de piezas

-Mayor estabilidad
-Gran precision
-Mejor reparticidn
de esfuerzos
-Cosotosa

-Mayor fragilidad
-Mayor peso

-Compacto

-Permite colocar los
componentes en la
posicion deseada
-Facilidad de ajuste
de piezas

-Mayor estabilidad
-Gran precision
-Mejor reparticidn
de esfuerzos
-Cosotosa

-Mayor fragilidad
-Mayor peso
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Pitch Roll Yaw

C_ 53“' Yaw

Roll

Roll

Pitch
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Camber Caster Toe

Camber negativo proporciona mejor
estabilidad en curvas y rectas

Caster positivo generara camber
negativo al girar las ruedas

Toe se utiliza para compensar en
subviraje o sobreviraje

Camber Estatico & Camber dinamico Negative Casibr | Positive Caster
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Toe Tﬂ Definition

Toe-Out : Tire direction
toward the outside.
Toe-In : Tire direction
toward the inside.

Create artificial
slip angle and
lateral grip !




Tire Wear and Wheel Alignment
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“Porta-masas”
(upright)
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Distancia entre ejes Ancho de ejes
(Wheelbase) (Track Width)
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Roll Center

punto imaginario debajo del vehiculo desde el cual las masas suspendidas van a rotar al sufrir los efectos de las cargas
laterales.
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Roll Center para McPhearson

CG Height: 371mm (14.6 in) Factory Ride Height

Roll Center Height: 133mum (5.24 i)
Eoll Couple Lengih: 238mum (9.4 in)
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Roll Center para Wishbone

VSu sp News (updated Dec 24} Blog What is VSusp? About/Contact DisclaimerTerms
74, 154 L Camb: 0.025 d=g R Camib: 0.025 dzg Dz {z2ic)
35ms {draw)
FSAEUFT: front
2
L ®
RC
IC L L FWSA length: 1523.523 mm (0, -42) mm R FW5A length: 1523.523 mm ICR
(34, -86) mm Track width: 1298.274 mm [-B34, -B8) mm
Left bump: ] mm Roll angle: ] deg Right bump: ] mm
Front/Rear Susp ( showing front } Reset roll and bumpddrocp Diagram scale (picels:mm) 2
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Roll Center para Wishbone

_Vsu SE MNews (updated Dec 24} Blog What is WSusp? About/Contact DisclaimenTerms
098, 22 L Camb: 1.489 d=g R Camb: -1.577 dzg Tms calc)
26ms (draw)
FSAEUFT: front
o
RC ¢
ICL L FVSA length: 1363.846 mm {-135, -40) mm R FWVSA length: 1700.062 mm ICR
(867, -102) mm Track width: 1297 .86 mm -101%, -85) mm
Left bump: ] mm Roll angle: 27 deg Right bump: ] mm
Front/Rear Susp ( showing front ) Reset roll and bumpidrocp Diagram scale (picels:mm) 2




Roll Center para otras suspensiones

PARALLEL EQUAL
WISHBONES (ALSO TRAILING
LINK AND SLIDING PILLAR TYPE)

UNEQUAL LENGTH
CONVERGING WISHBONES

MAC PHERSON STRUT

SWING AXLE
(FRONT OR REAR)

DE DION OR TUBE AXLE
LOCATED BY WATTS LINKAGE
OR PANHARD ROD

TUBE ANLE ON LEAF SPRINGS




Relacion entre los brazos Wishbone y el
Roll-center

Mientras mas bajo sea el roll center, mas bajas seran las
fuerzas “jacking”.

Se puede reducir la altura del roll center inclinando los brazos
de la suspension pero esto tambien generara que la
respuesta de la suspension cuando se desee girar los
neumaticos sea muy lenta.

En cambio una corta distancia entre el centro de gravedad vy
el roll center dara una respuesta mucho mas rapida de la
suspension, pero se generaran también fuerzas “jacking”.

Configuracion de |Desplazamient Caida Roll Center
la suspensién o de la rueda
Negativo
Bady Ninguno
¥ Positivo
j ¢ Siempre
Eody ]
negativo
¥ ¥
Eody ﬂ Siempre positivo
¥ ¥
v
Bady — Siempre positivo
¥ v
: v Mayormente
Bodr ~ -
positivo
L ¥
A
: Mayormente
Eody )
j negativo
v v ?
Rody j Mayormente
negativo
¥ ¥




Sistema de Suspension

Relacion entre los brazos Wishbone y el
Roll-center

Distancia FVSA (front view swing arm) se refiere a la distancia
entre el centro de rotacion de la rueda y la linea central del
neumatico.

Esta distancia depende directamente de la inclinacién de los
brazos wishbone. Mientras mas larga, menor sera el aumento
de camber dinamico, y mientras mas corta, mayor sera la
ganancia de camber dinamico.

En estimaciones generales se hacen coincidir las lineas de
forma que la distancia FVSA sea solo ligeramente mayor que
el Track Width

Adicionalmente por lo general el Track Width del eje
delantero es ligeramente mayor que el del eje trasero, ésto
ultimo tiene como resultado una reduccion en |la
transferencia lateral de masas y para minimizar el efecto de
torsion en el eje trasero.
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B 30% ANTI-SQUAT BY CONVERGENCE AXES, LINE DRAWN
BETWEEN TIRE CONTACT POINT AND CONVERGENCE POINT
INTERSECTS PERPENDICULAR FROM cg AT 30% OF cg HEIGHT.
SAME PRINCIPLE APPLIES TO ANTI-DIVE.



WEIGHT
TRANSFER

SUSPENSION
MOVES UP

| SUSPENSION
( _MOVES DOWN
e
_«<”_'—
O

WRIGHT
CG LTRANSRER INETANT
- NTER

REAR ANTI-SQUAT

— Horizontal line from COG to the center of the hub
@® COG Location
Projection of upper and lower control arms
@ Instant Center (where control arm projections intersect)
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WEIGHT TRANSFER

Now that we've impressed upon you the importance of pushing your tires to the
edge of their performance envelope, you should know that this performance
envelope is not always constant.

* The performance envelope will change continuously depending on road
conditions, tire quality and driving technique.

A simple example to illustrate this point is the difference in tire traction depend-
ing on the road conditions. There is a clear difference in traction on an asphalt
road and on a dirt road, with the asphalt road providing a much larger friction
circle. Even with the same asphalt road, the traction will change dramatically
depending on whether it is dry or wet.

As for tire quality, sports tires provide much greater traction than normal tires.
The size of a tire also affects traction, with a larger contact surface area between
tire and road providing greater traction.

Driving techniques such as weight transfer also affect the tires’ road gripping
ability. A car’s weight is supported by its four tires. If a car weighs 1000kg and
its weight is distributed evenly between front and rear and left and right sides,
then each tire supports 250kg. This of course only applies to a car at rest.

As a car begins to move, this weight distribution changes. For example, a car
at rest viewed from the side will appear level. But once the car begins to

Even weight distribution at constant speed or at rest.
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accelerate, its tail will sink down. If the brakes are applied, the nose will dip.
This is due to the weight transfer occurring in the car.

At rest, the front and rear tire sets each support 500kg. During acceleration,
however, weight is transferred to the rear. If the load in the rear increases to
600kg, the load in front decreases to 400kg. This weight transfer can be felt
when driving. If you step on the gas, your back gets pressed against the car
seat. If you step on the brake, your body leans forward.

Depending on the weight transfer that occurs in a car, each tire's traction
will change. As more weight is transferred to a tire, its traction also rises.
To illustrate this example, think about a pencil eraser. The harder you rub

it against a piece of paper, the greater the friction between the eraser and
paper. If a car supporting 500kg on the front tires at rest decelerates so

that the front load increases to 600kg, the traction of the front tires will rise
accordingly. In terms of the tires’ friction circle, think of the circle increasing
in size. If the load in front increases 20% from 500kg to 600kg, then the
surface area of the friction will also increase 20%.

By using the weight transfer that occurs in a moving car, you can do things
like stabilize the car or drive faster.

BASIC RULE

Always be aware of how much weight is being carried by each of the car’s
four tires.

Weight transfer to rear during acceleration. Welght transfer to front during braking.
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Sistema de Suspension

- O o e e O e e e

masa no
suspencica

Masas Suspendidas compresicn

Cuerpos cuyo peso es soportado netamente por el sistema de
suspension, como lo son el chasis, los pasajeros y piloto, carroceria,
motor, transmision, asientos, direccion, etc.

Masas no suspendidas
Cuerpos cuyo peso no afectan al sistema de suspension, por ejemplo
el sistema de frenos, porta-masas, neumaticos, rines, mesetas. Etc.
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Centro de Gravedad
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Centro de Gravedad

|
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High centre of gravity

ow centre of gravity

Centre of gravity (G)
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cartopples L car does not topple over

‘A’ Bus topples over

Centre of gravity ()
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Sistema de Suspension

Centro de Gravedad
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Restricciones de FSAE
Camber &Caster

Masas Suspendidas N s
Masas No Suspendidas Ubicacién del Roll Center /

. - . T 4 ]
4 Dimensiones del Sistema de Suspensidn Kngiloda ke
Ubicacién del Centro de g

Gravgdad Angulo de Slip

\/_' Cdlculo de Aceleracién Lateral q,\\-)

Célculo de Fuerzas en las Ruedas

Disefio del Sistema de Suspensién
4 Vi .

W
Disefio de Resortes Sligy Disefio de brazos Disefio de Barra
Disenio de Rocker

Helicoidales Wishbone Push Rod
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@é _______________

entre of turning circle
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+r.

WL G iz Ec. 1
u

(_HEJ — ? Ec. 2

La ecuacion 1 se refiere a las ruedas delanteras y la ecuacion 2 a las ruedas

traseras. en las que: V*..W_ .

v - L LR LR TSR R CRVE VR PR RSV PP OT. o)

d es el angulo de giro de los neumaticos en una curva determinada

’3 ~

a; v @, se refieren al angulo de slip de los neumaticos delanteros y traseros

a, v @, ¢s la distancia desde el centro de gravedad hasta ¢l ¢je de las ruedas

r es la velocidad angular del vehiculo o a la que se desea ir en la curva

v representa la velocidad lateral del vehiculo

u es la velocidad lineal longitudinal del vehiculo
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Caso practico

Luego. obteniendo las welocidades u y v. se caleulan las aceleraciones

AT IEFETRUNPNTS

longitudinales y laterales a través de la ecuacién 3 y 4 respectivamente extraidas del

estudio de Inocenti (2013) también.

a, =u —v.r Ec. 3 ¥ o g SR &
e v i : ]
= Ec. 4 &

En la que U representa una velocidad en un estado invariable vy R es una

constante que representa el radio de la curva sobre la que esta girando el vehiculo. en

>
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Figura 16
Fuerzas actuantes en las ruedas

manera dinamica en los neumaticos al estar sometido a cargas laterales, estas fuerzas
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Straight Line Braking
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Fuente: Pacheco (2014)
Figura 46
AMaxima deformacion de la barra Push Rod critica
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Fuente: Pacheco (2014)
Figura 48
Deformacion maxima en brazo wishbone delantero
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Wrangler JK; off road modifications
anti-roll bar function and limitations

on streeft curve, the anti-roll off road, the anti-roll bar must
bar reduces body roll for be disconnected, to allow full
improved handling suspension articulation

soote phill



