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@ Construction of fan blades. -

@ A cooling fan for an engine or motor is constructed so that

the blades, at least, are formed of shape memory material. .

The construction procedure is such as to cause the material to !
assume one condition, in which the angle of attack for the / 2
blades is relatively low, for temperatures below a threshold
value and to assume another condition, in which the angle of
attack of the blades is relatively high, for temperatures above

the threshold value. £
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FANS

The present invention relates to fans, and in particulaé to
fans suitable for cooling engines or motors.

It is very often advantageous for an engine, such as an
internal combustion engine or for an electric motor to have a
fan to cool it during operation. Nearly all electric motors
are provided with such fans. On= of the problems of electrie
motors provided with fans is that they generate a rather high
noise level.

According to the invention from one aspect there is
provided a rotary fan having blades constructed of shape memory
material and capable of assuming a first angle of attack at
temperatures below a threshold value and a second angle of
attack, greater than the first, at a temperature above said
threshold value. . ‘

According to the present inventioq, from another aspect a
fan is provided, which may be used for cooling an engine or
motor, in which the biades have a2 small angle of attack at
ambient temperatures,~and due to being made of a shape memory
material, for example shape mehory brass or a
copper-zinc-aluminium alloy known as "Betalloy N-1040" and
manufactured by Raychem Ine. of California, U.S.A}, will deform
to give a normal fan angle of attack at a temperature above a
particular threshold value. An example of such a threshold
value, suitable for use with an electric motor, is 50 to 70°C.

The fan is advantageously punched out from sheet metal

‘shape mezory material so as to have a disc form at ambient

temperature. When it is raised to an elevated temperature, for
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example 50 to 70°C, then provided that the fan has an
appropriate construction history, the punched out blades of the
disec will incline to‘%he desired fan angle, so that air ié
pnojgbted~over the windings of the motor.

This is particularly advantageous with an electrié motor.,
bécause the heating of the motor takes place mainly when under: -
load at low speeds. The noise of the motor, however, is
highest when the motor is operating at a high speed.

' Thus with the construction according to the present
invention, when the motor starts off, the "fan" will be
essentially dise-shaped, and will make substantially no noise.
As the current builds up, the motor itself will increase in
temperature, and the fan will also increase in temperature,
because it will be connected thereto directly. The fan blades
will then begin to alter or form due to the shape memory
characteristies of the metal, and this will project air over the
armature, thus cooling it down. When the motor operates at
full speed, the actual rotation of-thé motor will itself induce .
a cooling, and the current demand will be greatly reduced, in
any event, so that the requirement for a fan will drop. Thus;
when the motor opérates at full speed, the temperature of tﬁe
armature will drop, and the "fan" will reassume its disc—like
configuration, thus reducing significantly thé noise.

If the fan is of disc form at ambient temperature, the
angle of attack will, of course, then be zero. It is possible,
-however, for the blades to have a smaller than normal angle of
attack at ambient temperature. '

A typical construction procedure for a fan in accordance
with.one example of the invention will now be described with.
reference to the accompanying drawings which show a fan in
various stages of construction.

The fan is initially formed (Fig. 1(a)) as a flat dise 1
with radial slots such as 2 defining the blades, such as 3, of
the fan. A central boss 4 is provided, and this member may or
may not be formed of shape memory material. It can be

advantégeous for the boss 4 to be formed of material of high
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thermal conductivity so as to assist heat flow to the vieinity
of the blades.

As shown in Figure 1(b), the blades are twisted, by cold or
not shaping, to form blades with a normal angle of attack for
s&éﬁ\fan;'(e.g.zso - 35°). )

The so formed fan is then heated to give austenitic erystal
structure (beta or parent phase) then rapidly cooled, or
subjectéd to stress whose magnitude is related to temperature,
to give crystal form of martensite.

As the next step in the procedure, the fan is re-forméd, at
room temperature, into a disc-shaped plate (i.e. matensite under
stress). The structure is "trained" by repeating several times
the foregoing sequence of "betatizing". quenching, deforming and
then betatizing again.

When the construction procedure is complete, the fan’
assumes its disc-like shape at relatively low temperatures but

reverts to this fan-like form, with angle of attack 25° -

_350, when its temperature is raised to, say, 50°C to 70°C.

It can be shown that, for shape memory materials, the

relationship

t max = 27 E max
Sin <
where t represents the material's thickness,
Z represents the blade root width
€ represents the strain, -and

ol represents the blade angle

On the basis of the foregoing relationship, and assuming a
certain maximum vaiue for the strain factor (typically 3%)
curves can bs drawn of material thickness plotted against blade

angle and it can be shown that different curves are produced by
different blade root widths. '
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For example, a blade angle of 300 corresponds to:

(a) a material thickness of approximately 0.70mm for a
\blade root width of 6mm, or .

(b) a material thickness of approximately 1.50mm for a

blade root width of 12mm, or

(c) a material thickness of approximately 2.20mm for a
blade root width of 18mm. '
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What we claim is:
1. A rotary fan having blades constructed of shape memory

material and capable of assuming a first angle of attack at
temperatures ,below a threshold value and a_second angle of attack,
greater ;han the first, at temperatures above said threshold value.
2. ' A fan according to Claim 1 wherein the shape memory
material comprises shape memory brass.

3. | A fan according to Claim 1 wherein the shape memory
material comprises an alloy of copper, zinc and aluminuim, known as
Betalloy N-1040. '

L, A fan according to any preceding claim formed with a boss
of high thermal conductivity.

5. A fan according to any preceding claim wherein said first
angle of attack is substantially zero and said second angle of
attack is in the range from 25o to 350.

6. A fan according to any preceding claim wherein the
threshold value of temperature is in the range from 50°C to 70°C.
T. A fan, for cooling an enging or motor, in which the blades
have a small angle of attack at ambient temperatures and deform to
give a greater angle of attack at temperatures above a threshold
value, wherein the blades are formed of a shape memory material.,

8. A fan substantially as herein described.
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