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(57) Abstract : The invention relates to a fan, in
particular for an aircraft cooling unit, comprising
a wheel (128) and a shaft line (136) for driving
the wheel about an axis (A), said wheel including
a hub (138) supporting an annular row of blades
(140), and means (142) for connection to said
shaft line that are housed inside said hub. The fan
is characterized in that the connection means in-
clude at least one meltable satety element (158)
designed to be broken and to rotationally disen-
gage at least a portion of the connection means
from the shaft line when a torque for driving the
wheel that is transmitted by the shaft line exceeds
a specific threshold.

(57) Abrégé : Ventilateur, en particulier pour un
groupe de refroidissement d'aéronef, comportant
une roue (128) et une ligne d'arbre (136) d'entrai-
nement de la roue autour d'un axe (A), ladite roue
comprenant un moyeu (138) portant une rangée
annulaire de pales (140), et des moyens (142) de
liaison a ladite ligne d'arbre, qui sont logés a l'in-
térieur dudit moyeu, caractérisé en ce que lesdits
moyens de liaison comprennent au moins un élé-
ment fusible (158) de sécurité configurée pour se
rompre et désolidariser en rotation au moins une
partie desdits moyens de ladite ligne d'arbre lors-

qu'un couple d'entrainement de la roue transmis par ladite ligne d'arbre dépasse un certain seuil.
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FAN ROTATABLY CONNECTED TO A DRIVE SHAFT BY MEANS OF A
FUSIBLE ELEMENT

TECHNICAL FIELD

[0001] The present invention notably relates to a fan, in particular for an aircraft cooling
unit.

PRIOR ART

[0002] The prior art notably comprises documents GB-A-2 334553 and US-Al-
2014/112809.

[0003] Aircraft engines are equipped with cooling units for fluids such as oil for example.
An oil cooling unit of the prior art comprises an air-oil exchanger and a fan that is
intended to draw air through the exchanger.

[0004] The exchanger is generally of the "brick” type and the fan comprises a wheel that
is arranged beside the exchanger and aspirates air through it so that the air takes heat
energy from the oil circulating in the exchanger.

[0005] The fan is a mechanical fan and its wheel is caused to rotate by a shaft line that is
connected to an output shaft of a gearbox or to mechanical off-take means on the
engine of the aircraft.

[0006] Engine manufacturers and/or helicopter manufacturers may require that, if there
1s a problem at the level of the fan wheel, such as blocking of the wheel or ingestion
of a foreign body into the fan, increase in the drive torque of the wheel beyond a certain
threshold lead to controlled breakage of a component in order to decouple or
rotationally disengage the fan wheel from the output shaft of the gearbox or of the
mechanical off-take means on the engine.

[0007] In current technology, this safety function is provided on the shaft line driving the
fan wheel. The shaft line comprises a section that has a fusible portion that is intended
to break if the torque transmitted to the wheel exceeds a certain threshold. This section
is called a "shear shaft" since this is what is intended to break in the aforementioned
case.

[0008] In addition to this shear shaft, the shaft line comprises several elements (main
shaft, sleeve, bearings, flange, pre-load washer, etc.) and is therefore relatively
complex. The shear shaft forms an intermediate component that leads to offset of the

wheel with respect to the output shaft and requires guiding of the shaft line by bearings
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and associated parts. Although this complexity is not demanded by the customer, it is
necessary for incorporating the safety function. The shaft line is therefore expensive
and is of considerable weight. Moreover, the presence of the bearings decreases the
reliability and service life of the fan.

SUMMARY OF THE INVENTION

[0009] The present invention proposes a simple, effective and economical solution to the
aforementioned problem.

[0010] The invention proposes a fan, in particular for an aircraft cooling unit, comprising
a wheel and a shaft line that drives the wheel about an axis, said wheel comprising:

- a hub carrying an annular row of blades, and

- means for connection to said shaft line, which are housed inside said hub, said

connection means comprising a bush with an internal bore configured for receiving said

shaft, said bush being located approximately in a plane transverse to said axis or is
traversed by said plane, which passes approximately through said blades,

characterized in that said connection means comprise at least one fusible safety element

that extends or is arranged around said axis and is configured to break and rotationally

disengage at least part of said means of said shaft line when a wheel driving torque
transmitted by said shaft line exceeds a certain threshold, said at least one fusible element
having an elongated shape, its extension axis being parallel to said axis.

[0011] The invention thus proposes to provide the safety function on the fan wheel rather
than on the shaft line driving this wheel. The shaft line can thus be simplified and can
be less expensive and lighter than that of the prior art. This makes it possible to reduce
the cost of the fan but also increase its reliability. The fan wheel therefore incorporates
a fusible element allowing decoupling of the wheel from the shaft line when the torque
transmitted by the shaft or the shaft line exceeds a predetermined threshold.

[0012] The nominal torque to be transmitted by the fusible element of the wheel is
preferably between 1 and 15 N.m. The rupture threshold may represent ten times the
nominal torque, and be of the order of 10 to 150 N.m.

[0013] The fan according to the invention may comprise one or more of the following
features, taken in isolation from one another or in combination with one another:

- said at least one fusible element is located approximately in a plane transverse to said

axis or is traversed by said plane, which passes approximately through said blades,
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- said bush is mounted in a central hole in the hub and is rotationally integral with the hub

owing to said fusible element, such as one or more fusible needles,

- said bush comprises an outer annular flange applied against a transverse face of said

hub, said at least one fusible element being mounted in respective blind holes in said

flange and in said hub,

- said bush comprises at least one transverse slot configured for receiving a pin for

rotationally integrating the bush with said shatft,

- said at least one fusible element comprises one or more fusible needles, and

- the wheel is of the squirrel cage type, axial, centrifugal, or mixed.

[0014] The invention further relates to an aircraft cooling unit, comprising a heat
exchanger, for example air-o0il, and a fan as described above.

[0015] The invention also relates to an engine or a gearbox for an aircraft, such as a
helicopter, comprising an output shaft and a cooling unit as described above, the wheel
of which is driven by said output shaft.

[0016] The present invention finally relates to an aircraft, comprising at least one cooling
unit or an engine or a gearbox as described above.

DESCRIPTION OF THE FIGURES

[0017] The invention will be better understood and other details, features and advantages
of the invention will become clearer on reading the following description provided as
a non-limiting example, referring to the appended drawings, in which:

- Fig. 1 is a schematic perspective view of an aircraft engine equipped with a cooling unit,

- Fig. 2 1s a schematic perspective view of the fan of the cooling unit in Fig. 1,

- Fig. 3 is a schematic partial view in axial section of the fan in Fig. 2, and represents the

art prior to the present invention,

- Figs. 4 to 6 represent one embodiment, Fig. 4 being a schematic perspective view of a

fan wheel and of a drive shaft, and Figs. 5 and 6 being schematic views in axial section

and in perspective of the wheel and of the shaft, and

- Figs. 7 to 9 represent the embodiment of the invention, Fig. 7 being a schematic

perspective view of a fan wheel and of a drive shaft, and Figs. 8 and 9 being schematic

views in axial section and in perspective of the wheel and of the shaft.
DETAILED DESCRIPTION
[0018] Fig. 1 shows an engine 10 of an aircraft, here of a helicopter, which is equipped

with an engine oil cooling unit 12. The unit 12 comprises an air-oil heat exchanger 14
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and a fan 16, which can be seen more clearly in Fig. 2.

[0019] The heat exchanger 14 is of the "brick" type and is of parallelepipedal shape. It
comprises an oil circuit connected to oil supply and draining ports 18, just one of which
can be seen in Fig. 1. It further comprises fins 20 defining surfaces for heat exchange
with an air stream passing through the exchanger (arrow 22). The front or inlet section
24 of the exchanger is in the shape of a parallelogram. The outlet section (not visible)
of the exchanger is also of parallelogram shape. A connecting pipe is mounted between
the outlet section of the exchanger and the intake or inlet section 26 of the fan and
provides fluid communication between these sections.

[0020] The fan 16 is in this case of the centrifugal type and comprises a wheel 28 that is
driven by a shaft line 36 for forcing the air to be aspirated through the exchanger 14
and to sweep over the fins 20. The aspirated air passes through the wheel and is
expelled radially to the exterior. It is channelled through the body 30 of the fan which
forms a volute whose air outlet 32 has an approximately tangential orientation (arrow
34) relative to a circumference centred on the rotation axis of the wheel.

[0021] As can be seen in Fig. 1, the exchanger 14 and the fan 16 are arranged beside one
another. The body 30 of the fan is fixed on a casing of the engine and the exchanger
14 is generally fixed cantilevered on the fan (or directly on the engine or the gearbox).

[0022] The wheel 28 of the fan 16 and the shaft line 36 driving the wheel 28 can be seen
more clearly in Fig. 3.

[0023] The wheel 28 comprises a hub 38 carrying an annular row of blades 40 at its
periphery. It also comprises connection means 42 to the shaft line 36. These connection
means 42 are housed in the hub 38 and in this case are formed as a single piece with
the latter. The connection means comprise a bore 43 passing through and extending
along the rotation axis A of the wheel. The blades 40 are also formed as a single piece
with the hub 38. The wheel 28 is thus monobloc.

[0024] The shaft line 36 comprises several elements: a main shaft 44, a second shaft or
shaft section called "shear shaft" 46, bearings 48, a sleeve 50, and associated parts such
as a flange, a pre-load washer, screws and bolts, etc.

[0025] The main shaft 44 comprises an end that passes through the bore 43 and comprises
means for rotational coupling that interact with the connection means 42 of the wheel
28.

[0026] The opposite end of the main shaft 44 receives one end of the shear shaft 46 which
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comprises a portion 46' of smaller diameter forming a fusible portion of the
aforementioned type. This portion 46' extends in a plane P1, radial or transverse
relative to the rotation axis of the wheel 28, which is remote from a parallel plane P2
passing approximately through the blades 40 of the fan wheel.

[0027] The main shaft 44 is centred and guided rotationally by the bearings 48 in the
sleeve 50 which surrounds a part of the section 44 and of the shear shaft 46 and which
is mounted in a hole 52 in the body 30 of the fan 16.

[0028] As explained in the foregoing, this technology is complex and has drawbacks
connected with the fact that the safety function is provided on the shaft line 36 by
means of the shear shaft 46.

[0029] The invention supplies a solution based on a fan shear wheel, which replaces the
shear shaft and makes it possible to simplify the shaft line driving the fan wheel.

[0030] Figs. 4 to 6 show one embodiment. These figures show a fan wheel 128 and its
drive shaft line, which may essentially comprise a drive shaft 136.

[0031] Although the rest of the fan is not described hereunder, reference may be made to
the features of the fan described in the foregoing and shown in Figs. 1 to 3 for an
example of integration of the wheel according to the invention.

{0032] The wheel 128 comprises a hub 138 carrying an annular row of blades 140 at its
periphery. It also comprises means 142 for connection to the shaft 136. These
connection means comprise a bush 142 that extends along the rotation axis A of the
wheel. The hub 138 comprises a wall approximately in the shape of a truncated cone
and the bush 142 is housed in the hub, in this case in the vicinity of its end with a
smaller diameter.

[0033] The bush 142, the blades 140 and the hub 138 are formed as a single piece. The
wheel 128 is therefore monobloc.

[0034] The bush 142 has a cylindrical and tubular general shape and comprises a
cylindrical internal bore 143 along axis A. This bore 143 passes axially through the
bush 142 and opens out at the centre of the hub, at its end with smaller diameter. At
this end, the bush or the hub defines a face 154 that is radial or transverse relative to
the axis A,

[0035] The bush 142 extends over part of the axial dimension of the hub (between 20 and
50% of its length in the example shown).

[0036] The axial end of the bush 142 is opposite said face 154, which is free and forms a
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radial face 156 as a stop for the shaft 136.

[0037] Away from its axial ends, the bush 142 comprises an annular groove 158 on its

outer periphery. This groove creates a local decrease in radial thickness of the bush
142 and therefore a local mechanical weakening of the bush. This groove 158 thus
defines a fusible portion of the bush. The mechanical strength of this fusible portion
will be determined as a function of the torque threshold, starting from which
decoupling or rotational separation of the wheel 128 with respect to the shaft 136 is
desirable on grounds of safety, and can be calculated by a person skilled in the art. The

groove 158 extends in a transverse plane P passing approximately through the blades

140.

[0038] In the example shown, the groove 158 is located approximately midway between

the faces 154, 156. Between the groove 158 and the face 156, the bush comprises a
transverse slot 160 extending approximately over half the cross-section of the bush.
This slot 160 receives a cylindrical pin 162 for rotationally coupling the wheel 128 to
the shaft 136.

[0039] The shaft 136 comprises two cylindrical portions with different diameters, which

are joined together by a cylindrical shoulder 164. The portion of the shaft 136 with
smaller diameter is inserted in the bush 142 and passes through it until the shoulder
164 comes up against the face 156 of the bush 142. The free end of this shaft portion
comprises an external thread for screwing a nut 166 that is intended to bear on the face
154. Simple support is sufficient, as the nut is not intended to clamp the shaft 136 and
the wheel axially. Rotational coupling of the wheel 128 and the shaft 136 is provided
by the pin 162, which is inserted in the slot 160 of the bush 142 and in a hole 168 in
the smaller-diameter portion of the shaft 136. The hole 168 preferably has a diameter
approximately identical to that of the pin 162.

[0040] The pin 162 is centred on either side of the shaft (force fit) and then the bush is

positioned on the shaft (sliding fit), taking care to align the pin with the slot 160 to
bring the face 156 properly in contact on the shoulder of the shaft.

[0041] When a torque transmitted by the shaft 136 is above the predetermined threshold,

the bush 142 will break at the level of the groove 158 and divide into two axial parts,
a first part that stays connected to the hub 138 and a second part that stays connected
to the shaft by the pin 162. The nut 166 is not tightened and does not participate in the

rotational coupling of the wheel, which therefore becomes free to rotate on the shaft
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136 once the bush is broken. The nut 166 allows the wheel 128 to be held in place
axially after breakage of the bush 142.

[0042] For example, the wheel 128 is made of aluminium and the shaft 138 is made of
steel.

[0043] After breakage of the bush 142, the shaft 136 can still be rotated for a certain
length of time, for example one or two hours. Owing to the speed difference between
the shaft 136 and the wheel 128, heating of the components may occur and cause
binding of the bush 142 on the smaller-diameter portion of the shaft 136, in particular
in the above example where they are of different materials. To prevent this
phenomenon, this shaft portion may be treated with an anti-binding coating.

[0044] Figs. 7 to 9 show how the invention is implemented. These figures also show a
fan wheel 228 and its drive shaft line, which may essentially comprise a drive shaft
236. As in the preceding embodiment, although the rest of the fan is not described
hereunder, reference may be made to the features of the fan described with reference
to Figs. 1 to 3 for an example of integration of the wheel according to the invention.

[0045] The wheel 228 comprises a hub 238 carrying an annular row of blades 240 at its
periphery. It also comprises means 242 for connection to the shaft 236. These
connection means comprise a bush 242 that extends along the rotation axis A of the
wheel. The hub 238 comprises a wall approximately in the shape of a truncated cone
and the bush 242 is housed in the hub, in this case in the vicinity of its end with a
smaller diameter.

[0046] The blades 240 and the hub 238 are formed as a single piece and the bush 242 is
inserted in a central hole 241 of the hub, which is aligned on the axis A. This hole 241
passes axially through the hub 238 and opens out at one end onto a first radial face 254
of the hub and at an opposite end, located inside the hub, on a second radial face 256.

[0047] The bush 242 has a cylindrical and tubular general shape and comprises a
cylindrical internal bore 243 along axis A. This bore passes axially through the bush
242, The bush 242 further comprises an outer annular flange 245 intended to be applied
axially against the face 256 of the hub.

{0048] The flange 245 is in this case located near an axial end of the bush 242, In the
assembled position of the bush 242 in the hole 241 of the hub, the axial end of the bush
located at a distance from the flange is slightly retracted relative to the face 254,

towards the interior of the hub, and its opposite axial end (located nearest to the flange
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245) forms a radial face 255 as a stop for the shaft 236.

[0049] In the vicinity of the flange 245, the bush 242 comprises a transverse slot 260
extending approximately over half the cross-section of the bush. This slot 260 receives
a cylindrical pin 262 for rotational coupling of the bush 242 to the shaft 236.

[0050] The bush 242 extends on a portion of the axial dimension of the hub (between 20
and 50% of its length in the example shown).

[0051] The hub 238 comprises at least one blind hole 270 (or even several) which opens
onto its face 256, i.e. beside the flange of the bush 242. This blind hole 270 has an
elongated shape in a direction parallel to axis A.

[0052] The flange 245 of the bush 242 comprises, opposite the face 256, a blind hole 272
or even several. This blind hole 272 thus opens out on the annular lateral face of the
flange that is intended to bear against the face 256. The blind hole 272 has an elongated
shape in a direction parallel to axis A.

[0053] The blind holes 270, 272 have approximately the same diameter and are located
on one and the same circumference centred on the axis A. They are intended to be
aligned axially to receive a needle 274 for coupling or rotational integration of the bush
242 with the hub 238. The needle 274 has an elongated shape and extends along axis
A.

[0054) This needle 274 thus forms a fusible element. The shear strength of this needle
will be determined as a function of the torque threshold starting from which decoupling
or rotational separation of the wheel with respect to the shaft is desirable on grounds
of safety, and can be calculated by a person skilled in the art. The needle 274 is
traversed by a transverse plane P' passing approximately through the blades 240.

[0055] When several blind holes 270, for example three, are aligned with blind holes 272,
a needle 274 is housed in each pair of blind holes 270, 272 (i.e. three needles in the
aforementioned example).

[0056] The shaft 236 comprises two cylindrical portions with different diameters that are
joined together by a cylindrical shoulder 264. The portion of the shaft 236 of smaller
diameter is inserted in the bush 242 and passes through it until the shoulder 264 comes
up against the face 255 of the bush 242. The free end of this shaft portion comprises
an external thread for screwing a nut 266 which is intended to bear on the face 254,
for example by means of a washer 265, separated by an axial clearance of the bush

242. Rotational coupling of the wheel 228 and the shaft 236 is provided by the pin 262
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which is inserted in the holes 260 of the bush 242 and in a hole 268 of the smaller-
diameter portion of the shaft 236. The pin 262 is housed in the holes 260, 268 before
screwing on the nut 266. The shaft 236, the bush 242 and the pin 262 may be assembled

before the whole is inserted in the hub.

[0057] When a torque transmitted by the shaft 236 is greater than the predetermined

threshold, the needle will break in the plane P' and separate into two parts, a first part
that stays inserted in the blind hole 270 of the hub 238 and a second part that stays
inserted in the blind hole 272 of the flange 245 of the bush 242. The nut 266 is not
tightened and does not participate in rotational coupling of the wheel, which therefore
becomes free to rotate on the bush 242 once the needle 274 is broken. The nut 266
makes it possible to hold the wheel 228 in place axially after breakage of the needle
262.

[0058] For example, the hub 238 and the blades 240 are made of aluminium and the shaft

138 is made of steel. The bush 242 may be made of plastic or composite, so as to limit
the aforementioned risk of binding on breakage of the needle. The needle 274 may be
made of steel (for example 32CDV13, 100C6, Z100CD17) or of aluminium (for
example 2024, 5086, 6061, 7000).

[0059] In the two embodiments of the invention described in the foregoing, the pin 162,

262 is designed to withstand the breaking torque of the wheel. The pin 162, 262 may
be replaced with similar means such as splines. The shaft 136, 236 could for example
comprise rectilinear splines at its outer periphery, engaged in complementary

rectilinear splines of the bush 142, 242,

[0060] The choice of one or other of the embodiments described above may notably

depend on the constraints on configuration of the wheel, the mechanical power to be
transmitted (indirectly determining the dimensions of the fusible portion or element),

the environment (notably vibratory), etc.
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CLAIMS

1. A fan comprising a wheel and a shaft line that drives the wheel about an axis, said

wheel comprising:
- a hub carrying an annular row of blades, and

- connection means for connection to said shaft line, which are housed inside said
hub, said connection means comprising a bush comprising an internal bore
configured for receiving said shaft, said bush being located approximately in a
plane transverse to said axis or is traversed by said plane, which passes

approximately through said blades,

wherein said connection means comprise at least one fusible safety element which
extends or is arranged around said axis and which is configured to break and
rotationally disengage at least one part of said means of said shaft line when a
drive torque of the wheel transmitted by said shaft line exceeds a certain threshold,
said at least one fusible element having an elongated shape, its extension axis

being parallel to said axis.

2. The fan according to claim 1, in which said at least one fusible element is located
approximately in a plane transverse to said axis or is traversed by said plane, which passes

approximately through said blades.

3. The fan according to claim 1 or 2, in which said bush is mounted in a central hole
of the hub and is rotationally integral with the hub owing to said at least one fusible

clement.

4. The fan according to claim 3, in which said bush comprises an outer annular flange
applied against a transverse face of said hub, said at least one fusible clement being

mounted in respective blind holes of said flange and of said hub.

5. The fan according to any one of claims 1 to 4, in which said bush comprises at

least one transverse slot configured for receiving a pin for rotational integration of the
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bush with said shaft.

6. The fan according to any one of claims 1 to 5, in which said at least one fusible

element comprises one or more fusible needles.

7. The fan according to any one of claims 1 to 6, in which said wheel is of the squirrel

cage type, axial, centrifugal, or mixed.

8. The fan according to any one of claims 1 to 7, wherein the fan is for an aircraft
cooling unit.
9. An aircraft cooling unit, comprising a heat exchanger, and a fan according to any

one of claims 1 to 8.
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