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Apresentacgao

Este documento apresenta as figu-
R ACE ras do Capitulo 6 do livro de Derek
Seward (SEWARD, 2014).
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Resultados deste capitulo
LEARNING OUTCOMES

At the end of this chapter:

£ You will know which components are involved in the front wheel assembly and how they are
packaged

You will understand that it is important to minimise the unsprung mass

You will be able to define various aspects of front wheel geometry

You will understand racing car steering systems and how to avoid problems such as bump steer
You will be able to specify wheel bearings

You will learn how to evaluate the loads on wheel uprights to facilitate effective cornering and
braking

]
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Figura: 6.1: Montagem da roda dianteira - Formula Ford Van
Diemen RF99.
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Figura: Montagem da roda dianteira - Férmula SAE /

UnB.
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Figura: Montagem da roda dianteira - Quadriciclo.
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Rim

Spindle

FIGURE 1.18. Ilustration of a wheel attched to the spindle axle.

Figura: Montagem do cubo na roda.
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Figura: 6.2: Montagem da roda dianteira.
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e Geometria da roda dianteira
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Figura: 6.3: Angulo de caster e caster.
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+ve caster trail

Figura: 6.4: Combinagao de um caster elevado com um
deslocamento negativo do pino-mestre.
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Jable 6.1 Camber change on outer wheel with caster angle and KPI

p—
Change of camber with caster angle and kingpin inclination

Caster (deg) 4
fa

ging P1 (deg) il
Steer. Inc. E
—

Camber change with caster angle and KPI
a0 T = Camber change

n (caster)

d

:.;'n 2.00 Camber change
£ 100 (KP1)

| [ e e Camber change
@

£ 000 (total)

5 100

h

H

E -2.00

Y -3.00 y r u

0 10 20 30 40
Steering angle (degrees)

‘Steering angle Camber change (caster) Camber change (KPI) ‘Camber change (total)
'] .00 Q.00 0.00

5 -0.35 0.04 =031

0 -0.69 017 -053

15 -1.04 037 -0.66

20 -137 066 -070
25 -1.69 103 066
30 -2.00 147 -053
35 -2.za 199 -0.30
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Taoe-in Toe-out

Figura: 6.6: Inicio da curva com convergéncia e divergéncia.
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Figura: 6.7: Sistemas de direcdo paralelos.
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 Anti-Ackermann

1 Ackermann

¢ Part-Ackermann

Figura: 6.8: Direcdo de Ackermann.
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Table 6.2 Calculation of Ackermann angles and turning radius

Ackermann calculator

£ track (mm) 1200

yWfoase (mm) 1600

guter wheel angle® o] 5 10 15 20 25
inner wheel angle® 0.0 5.3 1.5 18,5 266 ELF
Quter turn rad. (m} 18.4 9.2 6.2 4.7 3.8

UFPR
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° Projeto do eixo e mancais
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Fig 3-14: Carga nas rodas

Exemplo 3.2

Wiong =12 621 M |
Woer =10 541 N Woer = 1ID 576 N
a) max. vertical load b) max. braking

Wiong = 5124 1y

|
|
|

Wit =17 712N P
]
2 L Woen =3416 N
Woort =14 760
©) max. cornering d) max. acceleration
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Figura: 6.10: Eixo dianteiro e mancais.
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(EKAMPLE 6.1 w

Determine the required diameter of an EN 24T alloy steel axle given the
following data:

Wy, =4275 N, W = 2850 N, bearing spacing, I, = 44 mm, distance I

b=
53 mm, rolling radius, R, = 270 mm.

My, = W,R-W,_l,= 4275x270-2850 x 53

lat™*'r vert’
= 1003 200 Nmm
1.5xM 1.5 x 1003200
Elastic modulus, Z = "V axle - X
a, 650
= 2315 mm?®

Try a 30 ram diameter axle:

s nx15%
4 4

= 2651 mm? > 2315

Z.=

Conclusion:

L Use a 30 mm diameter EN 24T axle
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e e e =G
Effective spacing

Figura: 6.11: Projeto dos mancais da roda dianteira.
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EXAMPLE 6.2 w

Specify suitable angular contact ball bearings for a car with the following
maximum front wheel loads:

Load case Vertical load (kiN) Lateral load (kM) Longitudinal load (kN)

- Cornering 2.850 4275 -

Braking 2,033 - 3.050

Axledia. = 30 mm, bearing spacing [, = 44 mm, distance I, = 53 mm (see Figure
6.10), rolling radius R = 270 mm.

Try angular contact ball bearing 7206 BEP — from manufacturer's (SKF)
data sheet:

Dimensiona = 27.3 mm (see Figures 6.11 and 6.12)
Width, B = 16 mm
Basic static load, C; = 143 kN
Basic dynamicload, C, = 22.5kN
Effective bearing spacing = 44 -16 +(2x 27.3) = 82.6 mm

(Note — the vertical wheel loads could be reduced by the weight of the wheel,
tyre, axle and hub as these are transmitted directly to the ground without
passing through the bearings - however this will be ignored here.
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Case 1 - cornering

For radial load on inner bearing take moments about V:
—(2.850 x 35.7) + (4.275x 270) = P, x82.6
P, - 12.7kN

A
B
<

For radial load on outer bearing take moments about X:
~(2.850 x 118.3) + (4.275 x 270) = P,_x 82.6
P, - 9.9kN

[m] = - =
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Case 2 - braking

[nner bearing vertical load
Inner bearing longitudinal load
Inner bearing resultant radial load, P,

Quter bearing vertical load
Outer bearing longitudinal load
Outer bearing resultant radial load, P, =

Check static loads

From above, maximum radial load P,

Equation [6.3]  Static safety factor, 55 =

2.033x35.7/82.6 = 0.88kN
3.050x35.7/82.6 = 1.32kN

= (0.887+1.327) = 1.6kN

'2.033 % 118.3/82.6 = 2.91 k¥
3.050 % 118.3/82.6 = 4.38 kN
V(2.912+ 438%) = 53KkN

12.7 kN

C, 143

=2 -2 211510
. 127
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Check dynamic loads

Dynamic lead profile

.Aciivity Assumed % time  Inner bearing load  Outer bearing load
Turning right 30 12.7 929

Turning left 20 3* 4*

Braking 15 1.6 5.3
Accelerating 25 0.8" 1.6”

Cruising 10 i 2*

* estimated
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Fquation [6.4]  Mean equivalent dynamic load, P_|

= W(PPT, + P,PT, + P3T, )

Inner bearing, P_.
= 31272 x0.3) + (3.0 % 0.2) + (1.6% x 0.15) + (0.8%x 0.25) + (1.03 x 0.1)]
- 85kN

Quter bearing, P_

= 3[(9.98 % 0.3) + (4.0 x 0.2) + (5.3% x 0.15) + (1.6° x 0.25) + (2.03 x 0.1)]
= 6.9kN

Equation [6.5]

G\
Estimated fatigue life = (P' ) % 108 cycles

m

225
For inner bearing life = ( - ) % 10 cycles = 18.5 = 10° cycles

Assuming say 5000 km of racing:
~ Circumference of wheel = 71 x 0.540

= 17m

Number of revolutions = 5000 x103/1.7 = 3.0x10°<185x10°8

LUse angular contact ball bearing 7206 BEP

J UFPR
U
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© Projeto e andlise da manga
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Wiong = 12 691 N
Weor =10 541 Wyen =10 576 N

a) max. vertical load ) max. braking

Wi =17 712N
l
Wien =3416 N

Wiern =14 760\\4

©) max. cornering d) max. acceleration

Figura: 3.14: Carga de projeto nas rodas.
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Figura: 6.15a: Cargas da manga dianteira na frenagem maxima.
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H, brake

Figura: 6.15b: Cargas da manga dianteira na frenagem méaxima.
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rE)MMPLE 6.3
Determine the front upright loads under both maximum cornering and
maximum braking for the case considered in Example 6.2. The relevant data
is repeated below:

Load case  Vertical load (ki) Lateral load (kN) Longitudinal load (kN)

Cornering 2850 4275 B

Braking 2033 - 3.050

Bearing spacing /, = 44 mm, distance [, = 53 mm (see Figure 6.10), rolling
radius R, = 270 mm.

In addition:

l3 =70 mm, [, = 30 mm, I5 =80 mm.

Maximum cornering

Taking moments about the centre of the inner bearing:

Wy ¥ R) = (W, x 4 + 1))
Foutex = —%Il_"'
_ (4.275x270) - (2.850 x (44 + 53)
44
= 19.95kN P
Summing vertical forces:
aner = Fau(er = W\'erl
= 19.95 +2.850
= 22.8kN ¥

rl(

\—dl
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Maximum braking

Taking moments about the centre of the inner bearing:

Wox (i +1)  2.033 x (44 + 53)

outer

L h 44
4 Vg (vl 3050x (44453
e = 44
Summing vertical forces:
Viner = Vower = Wy = 4.5-2.033

Summing horizontal forces:

inner ~ kutez 5 M/lvng = 6.7-3.050
Brake torque:
. Wiong * R, 3.050 % 270
brake = 41, ~(70+30)
Bt 1.9
Vorake = ] )
Eoiie "1y 6.0x30
Hyee = L T

_

4.5 kN

6.7 kN

2.5kN

3.7kN

= 1L9kN

6.0kN

2.25kN

(SEWARD, 2014) (DEMEC-UFPR)

TMECO078-FDV




Comentarios

@ Andlise mais precisa deve ser feita utilizando Elementos Finitos.
@ Criterio de falha usual: Von Mises, com fator de seguranca 1,5.

@ Aplicar técnicas de otimizagao para remogao de material em regides
menos carrregadas.

UFP
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Analise por elementos finitos de uma manga
Aluminio 7075 T6 (0 ese = 505 N/mm?) - 0 zgm = 337 N/mm?

(a) Curva maxima (b) Frenagem méaxima

von Mises (Ninm"2 (MPa)) von Mises (NAnm*2 (MPa))

4648

lus\
L 3873

5266

"l.m
L 4389

B s
388
01

— Yield strength 5050

880
444
03

—¥ Yield strength: 505.0

(b)

v
ure
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Resumo

@ Pino mestre: inclinagdo do eixo de estercamento na vista frontal.
Define o braco a terra que nao deve ser tdo grande a ponto de
produzir choques no volante durante uma batita brusca na
suspensao.

@ Angulo de Caster: inclinacdo do eixo de estercamento na vista
lateral. Algum caster é necessario para estabilidade mas nao pode
ser muito grande.

@ Tanto o pino mestre quanto o caster afetam a cambagem em curvas.

@ numa curva, os angulos das rodas devem seguir os angulos de
Ackermann. Contudo, devido ao fato de a roda interna atingir picos
de aderéncia em derivas menores do que a roda externa (mais
carregada), projetistas preferem a geometria anti-Ackermann
(aproximadamente paralela).

UFPR
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Resumo

@ O bump steer pode ser minimizado posicionando-se a barra de
diregdo apontando para o centro instantaneo da suspensao.

@ As pontas de eixo sofrem cargas elevadas de flexdo e devem ser
fabricadas com material de boa qualidade.

@ Nos mancais dianteiros normalmente utiliza-se rolamentos de
contato angular ou de rolos conicos. Eles sdo utilizados aos pares e
devem ser selecionados tanto para fadiga quanto para carregamento
estatico.

@ Mangas dianteiras devem ser analizadas para curva maxima e
frenagem méaxima. Recomenda-se que, devido a complexidade
geométrica, ela seja analisada por pacotes de elementos finitos,
aplicando a tensé@o de Von Mises e um coeficiente de seguranca 1,5.

Atuali 17 i 201 4
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