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(71) Applicant(s)
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(72) Inventor(s)
CORNELIUS JOHANNES THOMAS FERREIRA

(74) Attorney or Agent
H R HODGKINSON & CO, Level 3, 20 Alfred Street, MILSONS POINT NSW 2061
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(57) Claim

L. A steering wheel comprising a unitary aluminium alloy casting,
said alloy including 11,5 - 14% by weight of silicon and 350 - 450

parts per mxlhon of strontium.

S. A process for the manufacture of a steering wheel, said process

comprising the steps of:

a) preparing a rotatable mould in which the steering wheel

is to be cast;

b) introducing a molten alloy having constituents according

to claim 1 into the mould;
c) rotating the mould; and

d) allowing the alloy to cool sufficiently to enable the
steering wheel to be removed from the mould.
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COMPLETE SPECIFICATION

ORIGINAL
Name of Applicant: M J GROOTES INVESTMENTS CC
Actual Inventor: CORNELIUS JOHANNES TIiOMAS FERREIRA
Address for Service: H.R. HODGKINSON & CGC.

Patent and Trade Mark Attorneys
26A Alfred Street
Milsons Point NSW 2061

Invention Title: STEERING WHEEL

The following statement is a full description of this invention, including the best method
of performing it known to us:
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BACKGROUND TO THE INVENTION

THIS invention relates to a steering wheel, and more particularly, to an

aluminium steering wheel.

Steering wheels are generally fabricated from a number of different
components including a metal rim, spokes, and a central hub which
connects to the steering column. Thé rim is generally covered with a
resilient foam material or the like after the metal components have been
interconnected. There are various problems with this prior art tYpe of
steering wheel including problems relating to connecting the distal ends
of the spokes to the rim. Generally the point of connection between the

rim and the spokes is found to be a zone of weakness for most wheels.

Steering wheels are safety critical components in most vehicles. It is
important that the steering wheel is able to absorb a high impact load
and preferably will deform under load rather than break. It is well
known that cast materials tend to shatter rather than bend. It is also
known that castings often crack and, accordingly, casting processes are
not usually considered appropriate for the manufacturer of steering

wheels.

Applicant is aware of certain prior drt which contemplates cast
aluminium steering wheels. European applications nos. EP-A-0292038,
EP-A-0412605 ana EP-A-0050309 all deal with the concept of cast

steering wheels. However, none of the prior art specifications referred
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to satisfy Applicant’s requirements that the steering wheel be cast as a

one piece casting, that the wheel is of high strength and relatively

resilient, and that it can be made crack-free.

SUMMARY OF THE INVENTION

According to the invention there is provided a steering wheel which is

cast as a one-piece aluminium alloy casting, said alloy including 11.5 -

14% by weight of silicon, and 350 - 450 parts per million strontium. The

preferred range is 12.5 - 12.6% silicon and 380 - 420 parts per million

strontium.

The steering wheel may be cast in a casting process which includes the

step of rotating the mould about the axis of the steering wheel.

An example of an alloy for the steering wheel comprises:

Cu
Mg
Si
Fe
Mn
Ni
Zn
Ti
Pb
Sn
Sr

Pure aluminium

% by weight
0.04

0.04
12.56
0.38

0.34

0.01

0.01

0.06

0.01

0.01

420 ppm

Remainder

It is Yound that a characteristic of this alloy is that the ferro-silicon hair-
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like strands which are found in aluminium-silicon alloys are absent or at
least are very short. It is the addition of the strontium into the alloy
which gives the alloy this characteristic. The preferred alloy one where
the ferro-silicon in the alloy is in the form of small, round bead-like
particles. Where the ferro-silicon is in bead-like particles the allcy tends
to be resilient. The long ferro-silicon strands tend to make the alloy
brittle which is dangerous for steering wheels. It is thus important when
selecting the exact constituents of the alloy to ensure that the strontium
and silicon constituents of the alloy are carefully controlled so that

formation of the ferro-silicon strands is prevented.

The material from which the mould is made is also important to ensure
proper formation of the wheel within the mould during rotation of the
mould. The alloy should comprise 2 to 4% by weight of copper and 5
to 7% by weight of silicon. This alloy is dimensionally relatively stable

and compatible with the wheel alloy. A preferred mould alloy

comprises:
% by weight
Cu 2.90
Mg 0.15
Si 6.00
Fe 0.55
Mn 0.51
Ni 0.06
Zn 0.30
Ti 0.03
Pb 0.03
Sn 0.03
Pure aluminium Remainder
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The mass of the mould is preferably approximately 30 times the mass of
the steering wheel to be cast so that the mould is able to absorb the
heat of the wheel without degradation. The material is similar to that
of the wheel so that the heat loss from the wheel during cooking does

not have the effect of altering the molecular structure of the alloy.

The rotational speed of the mould is important to ensure the centrifugal
force on the material being moulded is optimized. The centrifugal force
acting upon a rotating body is proportional to the radius of rotation and

to the square of the velocity. Thus

F =mro?=—-
’
Where: F, = centrifugal force
m = mass
r = radius

w = angular velocity

v = peripheral speed
The gravitational force on the same mass would be given by:
F, = mg

where g is acceleration due to gravity.

Hence the factor which the normal force of gravity is multiplied by

during rotation is given by:

- m e
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Expressed in the more convenient speed units of revolutions per

minute N the expression becomes:

Gractor="( H)2N2 0.011rN?
g3

More usefully:

1
N=( Gfactorxg) 2.29.9( Gfactor) 2493 Gfactor)
0.011r D

Where D is rotational diameter expressed in meters.

This can also be expressed as per the graph shown in Figure 1 to
determine the optimal speed of rotation for different diameters. A
correction of 0.26 has been allowed for due to the specific gravity of the

special material.

A component dersity test will determine what degree of correction will
be required. A test conducted on product manufactured in accordance

with the invention produced in accordance with the description herein
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had a resistance to breaking of in excess of 4000 Kg. This is a safety
factor of 10 over the expected maximum forces to be applied to a

steering wheel under normal overating conditions.

The rotational speeds achieved by rotation according to the above
formula according te the above formula will have the effect of
substantially increasing the pressure in the moulten alloy, particularly the
material which flows into the radially outer parts of the mould to form
the rim of the steering wheel. This ensures that the molecular structure
of the alloy does not alter during mould rotation. The alloy thus retains

its resilient characteristics and the cast product is crack-free.

A unitary construction aluminium alloy steering wheel is advantageous
for a number of different reasons. These include the fact that, once the
mould has been constructed the manufacture of the steering wheels
thereafter will be a relatively non-labour intensive operation. The
steering wheels will be light weight and will be relatively non-corrodible

and thus suitable for use in marine applications.

BRIEf DESCRIPTION OF THE DRAWINGS

Figure 1 shows a range of curves depicting the relationship
between the rotational spesd of the mould and

diameter of the steering wheel;

Figure 2 shows a sectional side view of a mould for the
| manufacture of a steering wheel according to the

invention;

Figure 3 shows the mould of Figure 2 filled with alloy;

e — e — L —— s
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Figure 4 shows the moulded product and mould of Figure 2

during removal of the product from the mould;

Figure 5 shows a perspective view of the moulded product

after it has been removed from the mould; and

Figure 6 shows a perspective view of the finished product.

DETAILED DESCRIPTION

Figure 1 depicts the rotational formula referred to in the specification
in diagrammatic form. For different wheel diameters the optimal
rotational speed can be selected. Thus, the dotted lines shown in the
drawing depict the selected rotational speed for a 30cm diameter wheel.
The set of diagonal lines shown in the diagram depict different pressures
experience 1 by wheels moulded in rotating moulds. The uppermost
curve, for example, is marked as "200g", that is, it represents a pressure
of 200 times the force of gravity. Where it is found that a particular
wheel configuration requires a pressure of 200g it can be calculated from
the curve what the rotational speed will need to be. The dotted lines
show that for a 30cm wheel to be moulded at a pressure of 200g it will

need to be rotated at a speed slightly more than 1L00rpm.

Generally, for any particular wheel/mould configuration, there will be
a need to conduct tests on the molecular make-up of the finished
product to find the optimum rotational speed. In practice, for most
wheel configurations, it is found that the alloy should be pressurised by
rotation to between 100g and 250g. It will be a relatively quick
experimental procedure working within those limits to find the optimum

rotational speed.
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It is found that by increasing the pressure using io:ational moulding
techniques as opposed to other "artificial" pressurising techniques, the
cast material has very low internal stresses and thus the cast product
experiences very little distortion after being removed from the mould.
Also problems with porosity and associated corrosion that have been
found to occur with alloys moulded under pressure applied by rams or

the like are not found with this method of casting.

Figures 2 to 4 depict, somewhat diagrammatically, the method of
manufacture. As shown, a mould 10 comprises an upper section 12 and
a lower section 14. The lower section 14 is mounted on a spindle 16 and
is rotatable on an axis 18. A mould cavity 20 in the form of a steering
wheel is defined between the two mould halves. An alloy inlet 22 is
defined on the axis 18 for introducing alloy into the cavity 20. Alloy is
adapted to be introduced into the cavity by means of a ladle spout 24.
The mould 10 may be heated prior to the introduction cf alloy into the
mould cavity 20, the preferred temperature being approximately 260°C.
The temperature of the alloy to be introduced into the mould cavity will

be approximately 1100°C.

To manufacture the steering wheel the mould is clamped shut as shown
in Figure 2 and is rotated on its axis as indicated by rotational arrow 26.
Whilst being rotated, alloy is introduced via the spout 24 into the inlet
22 until the entire cavity is filled as shown in Figure 2. The rotational
speed will be selected in accordance with the curves shown in Figure 1.
The rotational speed will be such that the alloy in the rim 30 of the
wheel is at a pressure significantly higher than atmospheric pressure.
This will ensure that the rim 30 is crack-free and that alloy properly fills
all interstices of the cavity 20. It is found that a rotation time of about

20 seconds at terminal speed is satisfactory for proper casting.
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As shown in Figure 4, once the alloy has coorled sufficiently so that the
steering wheel is solid and stable the mould halves 12 and 14 can be
separate as indicated in Figure 4 and the steering wheel 30 can be
removed from the two mould halves. It is found that the whole cycle
can be reduced to about 35 seconds per steering wheel. Conventionally

fabricated wheels take about half an hour per wheel to manufacture.

The steering wheel as it comes out of the mould is shown in Figure S of
the drawings. It is found in practice that virtually no machining of the
steering wheel needs to be done. Generally the inlet stem 32 is cut-off
and possibly minor imperfections might be cleaned up. The mould
"skirt" as indicated at numeral 34 which is defined at the join between
the two mould halves can be left on the rim 30 and need not be
removed since that skirt 36 will generally be covered by a foam grip or
leather cover and the skirt will enhance the adhesion between the foam
and the rim. The finished product is shown in Figure 6 of the drawings.

That product is ready for mounting to the steering column of the vehicle.

The alloys described herein have proved satisfactory for the manufacture
of both the mould and the steering wheels, but variations may be made
to these alloys which would still prove to be satisfactory in operation.
The important criteria for the steering wheel alloy is the relative
proportions of silicon and strontium to ensure the silicon does not form
into long hair-like ferro-silicon strands on cooling which would result in

unacceptable stiffness.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

A steering wheel comprising a unitary aluminium alloy casting,
said alloy including 11,5 - 14% by weight of silicon and 350 - 450

parts per million of strontium.

A steering wheel according to claim 1 wherein the alloy has 12.5

to 12.6% by weight of silicon.

A steering wheel according to either preceding claim wherein the

alloy has 380 to 420 parts per million of strontium.

A steering wheel according to any preceding claim wherein the

alloy comprises substantially of the following constituents:

% by weight
Cu 0.04
Mg 0.04
Si 12.56
Fe 0.38
Mn 0.34
Ni 0.01
Zn 0.01
Ti 0.0¢
Pb 0.01
Sn 0.01
Sr 420 ppm
Pure aluminium Remainder

A process for the manufacture of a steering wheel, said process




Pt Y7}

12

comprising the steps of:

a) preparing a rotatable mould in which the steering wheel
is to be cast;
b) introducing a molten alloy having constituents according
to claim 1 into the mould;
A c) rotating the mould; and
| et d)  allowing the alloy to cool sucficiently to enable the
{ seds™ steering wheel to be removed from the mould.
}' °u:~oﬁ
6. A process according to claim 5 wherein the mould is rotated at
L 93aa a speed of N revolutions per minute where
N = 42.3 (G factor)*
R D
o and where:
o os rw2 )
Gfactor=—— , and
D
D = diameter of the steering wheel.
7. A process according to claim 5 or & wherein the mould is

manufactured from an aluminium alloy, said alloy including 2 -

4% by weight of copper, and 5 - 7% by weight of silicon.
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8. A process according to claim 7 wherein the mould alloy

comprises substantially the following constituents:

% by weight
Cu 2.90
Mg 0.15
Si 6.00
Fe 0.55
Mn 0.51
Ni 0.06
Zn 0.30
Ti 0.03
Pb 0.03
Sn 0.03
Pure aluminium Remainder
9. A process according to any one of claims S to 8 wherein the

mould is rotated at a spee:' sufficient to induce a pressure of
between 100g and 250g in the rim of the steering wheel during

rotation.

10.  Asteering wheel manufactured as a unitary casting from an alloy

substantially as hereinbefore described.

11.. A process for the manufacture of a steering wheel substantially

as hereinbefore described with reference to the drawings.

Dated this 22nd day of June, 1994.

M J GR oT VESTMENTS CccC
BY:

Pate t Atto hey t Applicant




ABSTRACT

A steering wheel (32) is cast as a unitary éastihg from an alloy which
includes 11,5 - 14% by weight of silicon and 350 - 450 parts per million
of strontium. The invention extends to a method of forming such a
wheel the method including the step of rotating thé mould (10) in which
the wheel is cast. The mould is rotated at relatively high rotational

speeds so that the wheel experiences a pressure of 100g to 250g during

casting. The optimum rotational speed is determined using a formula

disclosed in the specification.
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