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(54) High efficiency low-profile centrifugal fan

(57) An impeller (30) for a centrifugal fan (16) in-
cludes a hub (34), impeller blades (38), and struts (40)
for supporting the blades in a circumferential array
spaced apart from the hub. The number of struts can
equal the number of blades, each strut extended from
the hub to support two blades while each blade is sup-
ported by one strut nearer to its leading edge and another
strut nearer to its trailing edge. Another arrangement fea-
tures two struts per blade, with one of the struts coupled
to the hub and a given blade, and the other strut coupled
between the given blade and an adjacent blade. The
struts are recessed inwardly from the leading and trailing
edges to promote smoother air flow. The blades and
struts are provided with aerodynamic thickness profiles
to further improve air flow.
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Description

[0001] This application claims the benefit of priority
based on Provisional Application No. 61/242,853 entitled
"High Efficiency Low-Profile Centrifugal Fan," filed Sep-
tember 16,2009.

Background of the Invention

[0002] The present invention relates to cooling sys-
tems for computers and other electronic devices, and
more particularly to low-profile, compact centrifugal air
impellers designed to operate at high speeds.
[0003] Designers of a wide variety of electronic devices
continually strive to provide more utility in smaller pack-
ages. Notebook or laptop computers illustrate this trend,
in terms of the ongoing efforts to reduce their size and
at the same time enlarge their capacity and capability to
store and manipulate data. These devices generate heat
during use, with increased functionality leading to in-
creased heat generation. Failure to remove excess heat
subjects these devices to a variety of risks ranging from
reduced efficiency to serious and permanent damage.
[0004] Thus, designers of cooling systems for these
devices face the dual and competing goals of smaller
size and increased capacity for removing heat.
[0005] Typically, notebook computers have been de-
signed to incorporate an internal housing or compartment
for a dual-inlet, centrifugal type fan. In one conventional
design, blades of constant thickness are attached directly
to a rotor hub at their leading edges and extend away
from the hub in "backwardly-inclined" fashion. This de-
sign can be molded with relative ease at low cost, but
entails several disadvantages that become more pro-
nounced in a reduced size, higher speed environment.
One is the lack of an aerodynamically effective approach
to drawing air into the blades. High speeds lead to dis-
tortion of the blades, further reducing efficiency and gen-
erating unwanted noise.
[0006] Efforts to solve these problems have lead to
designs featuring structural or guide members along the
blades, either on the positive pressure side as in U.S.
patent application, Publication No. 2008/0130226 (Ya-
mashita et al.), or on the leeward side as in U.S. patent
application, Publication No. 2009/0028710 (Horng et al.
). Another known approach involves selectively varying
the blade thickness as shown in U.S. Patent No.
6,579,064 (Hsieh) and U.S. Patent No. 7,118,345 (Wu
et al.).
[0007] In yet another approach the blades, particularly
including their leading edges, are separated from the pri-
mary hub structure. This has been accomplished with an
angular plate extending from the hub as shown in U.S.
Patent No. 6,568,907 (Horng et al.), or with a ring sup-
ported radially outwardly from the hub, as in U.S patent
application, Publication No. 2008/0226446 (Fujieda) and
the aforementioned Wu patent.
[0008] Yet another approach is to support the blades

individually with posts or other members at their leading
edges. Examples of this approach include U.S. Patent
No. 7,063,510 (Takeshita et al.) and U.S. patent appli-
cation, Publication No. 2007/0274834 (Huang et al.).
[0009] Although the forgoing examples and similar ap-
proaches have led to improved performance compared
to the directly attached linear constant thickness blade
design, the above-identified problems persist. Accord-
ingly, the present invention is characterized by several
aspects directed to one or more of the following objects:

to provide an impeller with a mounting structure that
locates the impeller blades in spaced apart relation
to a hub while providing more stable support for the
blades;
to provide an impeller including a plurality of struts
for supporting a plurality of impeller blades in sur-
rounding, spaced apart relation to a hub in a manner
that provides positive support to each blade at for-
ward and rearward regions thereof, for improved sta-
bility;
to provide, in a centrifugal fan impeller, impeller
blades and blade-supporting struts with profiles
shaped for improved aerodynamic efficiency; and
to provide an impeller construction that facilitates in-
dependent optimization of blade inlet and discharge
angles.

Summary of the Invention

[0010] To achieve these and other objects, there is pro-
vided a centrifugal impeller. The centrifugal impeller in-
cludes a hub rotatable on a hub axis and having a hub
outer periphery disposed circumferentially about the hub
axis. The impeller further includes a plurality of blades.
A blade mounting structure, narrower axially than the
blades, supports the blades integrally relative to the hub
and spaced apart from the hub in a circumferential se-
quence about the hub for rotation with the hub about the
hub axis in a forward direction. This determines in each
blade a leading edge and a trailing edge. The blade
mounting structure further supports the blades inclined
relative to the hub. This selects one of the leading and
trailing edges as a proximate edge spaced radially from
the hub outer periphery by a first distance, and selects
the other of the leading and trailing edges as a remote
edge spaced radially from the hub outer periphery by a
second distance greater than the first distance. The blade
mounting structure comprises a plurality of first structural
segments coupled with respect to the hub and associated
individually with the blades. Each first structural segment
is coupled to its associated blade at a first location near
the proximate edge. The blade mounting structure further
comprises a plurality of second structural segments as-
sociated individually with adjacent pairs of the blades.
Each second structural segment is coupled to a first blade
of its associated pair at a second location between the
first location and the remote edge, and further is coupled
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to a second blade of the associated pair to couple said
first and second blades.
[0011] The impeller features a blade mounting struc-
ture that supports each blade with structural segments
at two locations, a first location near the proximate edge
and a second location between the first location and the
remote edge. Two spaced apart structural segments,
preferably struts, replace a single, massive blade mount-
ing structure. Accordingly, the advantages of increased
stability and more aerodynamically effective air flow can
be achieved as compared to the single blade mounting
structure. To further improve air flow, the first and second
locations can be recessed from the proximate edge and
remote edge, respectively. This leaves portions of the
forward and rearward blade edges with smooth profiles
uninterrupted by the struts, to promote a more laminar
and less turbulent air flow.
[0012] In one version of the impeller, the second struc-
tural segment is coupled to the second blade of the as-
sociated pair at a location that coincides with the first
location. The second structural segment and its associ-
ated first structural segment are aligned end to end, and
resemble a single strut extending from the hub and
through the second blade toward a point of attachment
to the first blade. In an alternative version of the impeller,
the second structural segment is coupled to the second
blade at a third location disposed between the first loca-
tion and the second location.
[0013] In preferred versions of the impeller, the blades
are backwardly curved. In these versions, the proximate
edge of each blade is the leading edge, and the remote
edge is the trailing edge. Nonetheless, the principles of
the invention can be applied to impellers with forwardly
curved blades to achieve similar advantages.
[0014] The structural segments preferably comprise
blade-supporting struts. In one preferred arrangement
with backwardly curved blades, each strut is coupled to
the hub periphery, to the rearward region of a first one
of the blades associated with the strut, and to the forward
region of a second blade associated with the strut. The
second blade immediately follows the first blade in the
sequence. Each strut includes a radially inward section
between the hub and the second blade, and a radially
outward section between the first and second blades.
The strut sections are aligned end to end to provide the
appearance and function of a single strut.
[0015] This arrangement provides the combination of
two-point anchoring of each blade and a one-to-one cor-
respondence of struts to blades. Securing each blade at
its forward region and at its rearward region reduces
blade distortion and vibration. This is advantageous in
any event and particularly at high speeds. For example,
while conventional centrifugal fans of this kind typically
are operated at rotational speeds up to 5,000 RPM (rev-
olutions per minute), fans with two-point anchoring pur-
suant to the present invention can be operated at speeds
up to 10,000 RPM with minimal blade distortion. Support-
ing each blade with two struts rather than one allows the

use of reduced profile, lighter weight struts. Each pair of
struts supporting a blade can have a combined mass
comparable to a single strut in prior designs. Smaller
struts with more aerodynamic profiles lead to less turbu-
lent flow across the blade surfaces. For selective place-
ment of strut-to-blade coupling locations, the struts can
be curved forwardly or rearwardly in a generally radial
direction of extension away from the hub.
[0016] Each of the blades preferably has a constant
blade width in the axial direction. A blade thickness, gen-
erally in the radial direction, varies gradually between a
first thickness proximate the leading edge and a second
thickness along a medial region of the blade. The blade
thickness further varies gradually between the second
thickness and a third thickness proximate the trailing
edge. Each of the first and third thicknesses is less than
the second thickness. Further in preferred versions, each
of the struts has a circumferential width, and an axial
thickness less than the width that varies gradually be-
tween a maximum thickness along a medial portion of a
strut and reduced thicknesses at forward and rearward
edge portions of the strut.
[0017] The blades and the struts accordingly have
thickness profiles that diverge from a forward edge to a
maximum thickness along a medial region or midportion,
then converge to a reduced thickness at a rearward edge.
This promotes a smoother, more laminar air flow in the
rearward direction along the blades and struts. The pro-
files can be curved on one side, curved on both sides, or
substantially identically curved on both sides to be sym-
metrical about a bisecting plane. In a particularly pre-
ferred version, the thickness of the blades is controlled
to provide a maximum thickness along the medial region
ranging from 1.25 to 1.40 times the blade thickness at
the leading edge.
[0018] Thus in accordance with the present invention,
a centrifugal impeller locates the impeller blades spaced
apart from the hub in a secure, stable fashion to minimize
distortion and vibration at high speeds, and with consid-
erably improved aerodynamic performance for more ef-
fective heat dissipation.

In the Drawings

[0019] For a further understanding of the above and
other features, reference is made to the following detailed
description and to the drawings, in which:

Figure 1 is a partial, sectioned view of a convective
cooling system constructed in accordance with the
present invention;
Figure 2 is an isometric view showing an air impeller
of the cooling system;
Figure 3 is an enlarged partial, top plan view of the
impeller;
Figures 4 and 5 show alternative impeller blade thick-
ness profiles;
Figure 6 is a sectional view taken along the line 6-6
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in Figure 3;
Figure 7 schematically illustrates an alternative strut
thickness profile;
Figure 8 is an isometric view showing an alternative
embodiment impeller;
Figure 9 is a schematic view showing part of another
alternative embodiment impeller;
Figure 10 is a schematic view showing part of a fur-
ther alternative embodiment impeller; and
Figure 11 is a chart comparing air power output for
different impeller designs.

Detailed Description of the Preferred Embodiments

[0020] Turning now to the drawings, there is shown in
Figure 1 a convective cooling system 16 intended for
placement inside of a notebook or laptop computer. Cool-
ing system 16 is operable while the notebook computer
is in use, to remove or dissipate heat generated by the
electrical components.
[0021] The cooling system includes a housing 18 with
a top wall 20 and a bottom wall 22 that determine a cir-
cular housing profile, and an annular side wall 24. A cen-
tral opening 26 in the top wall, and a similarly sized central
opening 28 in the bottom wall, provide opposite side inlets
that accommodate the flow of air into the cooling system.
Air flow out of the system is accommodated in a known
manner by one or more openings through side wall 24,
not shown.
[0022] Housing 18 contains an impeller 30 and a motor
for rotating the impeller about a vertical impeller axis rel-
ative to the housing. Components of the motor include
stator windings 32 arraigned about the axis and fixed with
respect to the housing. Impeller 30 includes a central hub
34 mounted on a spindle 36 for rotation about the impeller
axis. The hub integrally contains several motor compo-
nents, including a back iron and one or more permanent
magnets.
[0023] As seen in Figure 2, impeller 30 includes a plu-
rality of impeller blades 38, arranged in a sequence cir-
cumferentially about hub 34 for rotation with the hub
about the axis. Blades 38 have a constant width in the
axial direction, about equal to the axial height of hub 34
as perhaps best seen in Figure 1. In alternative impeller
configurations, the blade width may vary, and the axial
height of the hub may be considerably more than the
axial width of the blades. The blades are longer than they
are wide. Impeller 30 includes thirteen blades, and in
similar versions of the impeller, the number of blades
may range from eleven to nineteen.
[0024] A plurality of struts 40 support blades 38 in ra-
dially spaced apart relation to hub 34. There is a one-to-
one correspondence of struts to blades, in that each
blade is supported by two of the struts and each of the
struts supports two adjacent blades.
[0025] As indicated by the arrow in Figure 2, impeller
30 rotates about the axis in the counterclockwise direc-
tion. Thus, with reference to Figure 3, edges 42a, 42b,

and 42c of blades 38a, 38b, and 38c are leading edges
with a relatively close radial spacing from hub 34. Edges
44a and 44b are trailing edges of blades 38a and 38b,
radially more remote from the hub axis. Blades 38 are
backwardly curved, in the sense that their radial distance
from the hub axis progressively increases in the rearward
direction. In terms of radial spacing from the center of
hub 34, blades 38 are positioned to determine a ratio
R1/R2 in the range of 0.6 to 0.5, where R1 is the radial
spacing of each blade leading edge 42 and R2 is the
radial spacing of the blade trailing edge.
[0026] With further reference to Figure 3, each of
blades 38 includes a forward region 46 that encompass-
es the leading edge, a rearward region 48 encompassing
the trailing edge, and a medial region 50 between the
forward and rearward regions. Each of struts 40 supports
two adjacent blades. For example, strut 40b is coupled
to hub 34, blade 38b along forward region 46b, and to
blade 38a along rearward region 48a. In similar fashion,
each of the struts supports two adjacent blades.
[0027] Likewise, each blade is supported by two adja-
cent struts. Blade 38b, for example, is supported at its
forward region 46b by strut 40b, and supported at its rear-
ward region 48b by strut 40c.
[0028] Impeller 30 preferably is formed as a single
piece by injection molding, using an engineered plastic
such as glass-filled nylon or a metal such as magnesium.
Accordingly, strut 40b "extends through" blade 38b on
the way to blade 38a in a functional rather than literal
sense. Alternatively, strut 40b might be considered to
include a radially inward strut segment mounting blade
38b with respect to hub 34, and a radially outward strut
segment mounting blade 38a with respect to blade 38b.
In any event, each strut is integrally coupled to the hub,
the forward region of an associated strut, and the rear-
ward region of the adjacent associated strut to firmly sup-
port the blades in a manner that minimizes distortion and
vibration.
[0029] Blades 38 are aerodynamically designed for en-
hanced air flow through system 16. Each blade has a
diverging and converging thickness. More particularly,
the thickness increases gradually from leading edge 42
to maximum thickness along medial region 50, then di-
minishes gradually to a reduced thickness at trailing edge
44. In blades 38, this is accomplished primarily through
selective curvature of a positive pressure side 52 and to
a lesser extent the curvature of a suction side 54 of the
blade.
[0030] In preferred versions of blade 38, the maximum
thickness ranges from 1.25 to 1.40 times the thickness
at the leading edge. This ratio, combined with the pro-
gressive and gradual increase in thickness backwardly
from the leading edge, provides optimal efficiency by min-
imizing separation of airflow across the blade surfaces.
[0031] A selective curvature of positive pressure side
52 can afford the additional advantage of determining or
setting the blade inlet angle and blade discharge angle
independently of one another. The blade inlet angle is
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the angle between the meanline near the leading edge
and a tangent of the hub taken at the leading edge. The
discharge angle is the angle between the meanline near
the blade trailing edge and a tangent of a circle centered
on the hub axis with a radius extending to the trailing
edge. As an example, in preferred versions of the impeller
the inlet angle ranges from 22 degrees to 30 degrees,
and the discharge angle ranges from 44 degrees to 52
degrees.
[0032] Figure 4 and 5 illustrate alternative blade thick-
ness profiles. In figure 4, an impeller blade 56 exhibits a
more pronounced increase in thickness from a leading
edge 58 to a maximum thickness near a forward end of
its medial region, followed by a more gradual reduction
in thickness to a trailing edge 60. In the broader sense
of providing smooth transitions without abrupt changes,
both the increase and decrease in thickness can be char-
acterized as "gradual." In Figure 5, an impeller blade 62
is curved along its positive pressure side 64 and its lee-
ward side 66 to provide the desired divergence and con-
vergence between a leading edge 63 and a trailing edge
65. The opposite sides in Figure 5 can be symmetrical
about a bisecting plane.
[0033] Figure 6 illustrates the profile of strut 40c in a
plane substantially perpendicular to the strut length, to
illustrate the strut thickness profile. The strut has a width
w substantially in the circumferential direction. The strut
thickness t, perpendicular to the width, is considerably
less than the strut width, and varies in diverging/converg-
ing fashion. That is, the thickness increases gradually
from a forward edge 68 of a strut to point 70 of maximum
thickness in a medial region of the strut, then is reduced
gradually to a reduced thickness at a rearward edge 72
of the strut.
[0034] Figure 7 illustrates an alternative strut 74 with
forward and rearward edges 73 and 75, featuring a rel-
atively steep divergence in thickness followed by a rela-
tively gradual convergence. As noted above with respect
to the blades, the divergence and convergence in strut
thickness are both gradual in the broad sense of avoiding
abrupt changes.
[0035] Figure 8 illustrates an alternative embodiment
impeller 76 with a hub 78, a plurality of impeller blades
80, and a plurality of struts 82 for supporting the impeller
blades in a circumferential sequence about the hub in
spaced apart relation to the hub. Impeller 76 differs from
impeller 30 in that struts 82 are rearwardly curved instead
of forwardly curved as they extend primarily radially away
from the hub.
[0036] Figure 9 illustrates another alternative embod-
iment impeller 84 in which blades 86 are supported
spaced apart from a hub 88 by struts 90. Blades 86 are
forwardly curved, in contrast to backwardly curved blades
38 and 80. In this embodiment, the remote edges of
blades 86 are the leading edges, while the proximate
edges are the trailing edges.
[0037] Figure 10 illustrates a further embodiment im-
peller 92 in which backwardly curved impeller blades

94a-c are supported in spaced apart relation to a hub 96
by struts 98a-c and 99a-c. As compared to the struts in
previous versions, struts 98 and 99 are circumferentially
offset from one another. For example, shorter strut 90a
is coupled to hub 96 and to blade 94a near its leading
and proximate edge. Longer strut 99a is coupled to blade
94a near its trailing and remote edge, and further is cou-
pled to blade 94b at a medial location between the loca-
tions along the blade at which struts 98b and 99b are
coupled. This doubles the ratio of struts to blades, but
affords more flexibility in terms of placing the struts with
respect to the blades. More particularly, because it is
offset rather than aligned end to end with strut 98b, strut
99a can be coupled to blade 94a at a point nearer to a
trailing edge 100a.
[0038] In the preferred impeller, the struts are centered
on a reference plane (not illustrated) passing through the
hub and perpendicular to the hub axis. More preferably,
the reference plane is axially centered with respect to the
hub. In alternative impellers, the struts are staggered to
position adjacent struts on opposite sides the reference
plane. The staggered arrangements require an even
number of struts, and thus require an even number of
blades in arrangements featuring a one-to-one corre-
spondence of struts to blades. Staggered struts may be
parallel to or inclined relative to the reference plane.
[0039] Impellers designed in accordance with the
present invention are more efficient in terms of the air
power output generated in response to a given level of
input power. Figure 11 is a chart illustrating different lev-
els of air power output at a fixed input power for several
impeller designs.
[0040] Three different impellers were tested in the
same system. One of the impellers was a conventional
design in which the impeller blades were linear and of
constant thickness. The blades were backwardly in-
clined. The blades were attached directly to the hub, with
their leading edges contiguous with the hub. This design
is represented by the bar labeled "C" in Figure 11.
[0041] A second impeller was like the first in that its
blades were of constant thickness and their leading edg-
es were contiguous with the hub. This impeller differed
from the first in that its blades were backwardly curved.
This design is represented by the bar labeled "B" in the
chart.
[0042] The final impeller, represented by the bar la-
beled "A," also had backwardly curved blades. In accord-
ance with the present invention, the thickness of the
blades varied gradually between a maximum thickness
along a medial region of the blade and reduced thick-
nesses near the blade leading and trailing edges. Fur-
ther, the leading edges of the blades were spaced apart
radially from the hub, supported relative to the hub by
aerodynamically designed struts.
[0043] A comparison of the bars B and C in Figure 11
illustrates the improvement in efficiency that results sim-
ply from introducing curvature in the impeller blades.
Comparison of bar A with bar B illustrates the consider-
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able further improvement in efficiency achieved by sep-
arating the blade leading edges from the hub to allow
airflow through a radial gap between each blade and the
hub, and by selectively varying the blade thickness to
improve aerodynamics and independently control curva-
ture along the positive pressure surface and the suction
surface of the blade. Thus, the improved impeller is ca-
pable of removing more excess heat at a given input pow-
er level, or alternatively producing the same cooling effect
at a reduced input power level.
[0044] In accordance with the present invention, an
impeller for a centrifugal fan is improved structurally and
aerodynamically for moving more air through a cooling
system at higher speeds. The impeller blades are sup-
ported in spaced apart relation to the hub at locations
proximate but recessed from the blade leading and trail-
ing edges, to provide a favorable combination of smooth-
er air flow and increased stability. Multiple strut-to-blade
couplings enable the use of smaller, lighter weight struts
to provide the desired stability. Aerodynamically de-
signed struts further enhance airflow.

Claims

1. A centrifugal impeller, including:

a hub rotatable on a hub axis and having a hub
outer periphery disposed circumferentially
about the hub axis;
a plurality of blades; and
a blade mounting structure, narrower axially
than the blades, supporting the blades integrally
relative to the hub and spaced apart from the
hub in a circumferential sequence about the hub
for rotation with the hub about the hub axis in a
forward direction to determine in each blade a
leading edge and a trailing edge, the blade
mounting structure further supporting the blades
inclined relative to the hub to select one of the
leading and trailing edges as a proximate edge
spaced radially from the hub outer periphery by
a first distance and to select the other of said
leading and trailing edges as a remote edge
spaced radially from the hub outer periphery by
a second distance greater than the first distance;
wherein the blade mounting structure comprises
a plurality of first structural segments coupled
with respect to the hub and associated individ-
ually with the blades, with each first structural
segment coupled to its associated blade at a
first location near the proximate edge, the blade
mounting structure further comprising a plurality
of second structural segments associated indi-
vidually with adjacent pairs of the blades, each
second structural segment coupled to a first
blade of its associated pair at a second location
between the first location and the remote edge

and coupled to a second blade of the associated
pair to couple the first and second blades.

2. The impeller of Claim 1 wherein:

the first location of each of the blades is recessed
from the proximate edge, and the second loca-
tion of each blade is recessed from the remote
edge.

3. The impeller of Claim 1 or Claim 2, wherein:

the blades are backwardly curved, thereby to
select in each blade the leading edge as the
proximate edge and the trailing edge as the re-
mote edge.

4. The impeller of Claim 3 wherein:

each of the blades comprises a forward region
encompassing the leading edge, a rearward re-
gion encompassing the trailing edge, and a me-
dial region between the forward region and the
rearward region, wherein a thickness of the
blade varies gradually between a first thickness
proximate the leading edge and a second thick-
ness along the medial region, and the second
thickness is in the range from 1.25 to 1.40 times
the first thickness.

5. The impeller of Claim 4 wherein:

the thickness of each of the blades further varies
gradually between the second thickness and a
third thickness proximate the trailing edge, and
the third thickness is less than the second thick-
ness.

6. The impeller of Claim 1 or Claim 2, wherein:

the blades are forwardly curved, thereby to se-
lect in each blade the leading edge as the remote
edge and the trailing edge as the proximate
edge.

7. The impeller of any preceding claim further including:

a stationary housing surrounding the hub and
blade and defining air inlet passages on oppo-
site sides of the hub near the hub axis;
a motor stator integral with the housing and dis-
posed about the hub axis; and
a rotor integral with the hub and disposed about
the hub axis.

8. The impeller of any preceding claim, wherein:

the first and second structural segments com-
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prise struts, each strut having a circumferential
width and an axial thickness that is less than the
width and varies gradually between a maximum
thickness along a medial portion of the strut and
reduced thicknesses at forward and rearward
edge portions of the strut.

9. The impeller of Claim 8 wherein:

the struts are curved forwardly in the direction
of radial extension away from the hub.

10. The impeller of Claim 8 or Claim 9 wherein:

the struts are substantially equally spaced about
the hub.

11. The impeller of any of Claims 8 to 10 wherein:

each of the struts is substantially centered with
respect to a plane perpendicular to the hub axis.

12. The impeller of any preceding claim wherein:

each of the second structural segments is cou-
pled to the second blade of its associated pair
at a location that coincides with the first location.

13. The impeller of any of Claims 1 to 11 wherein:

each of the second structural segments is cou-
pled to the second blade of its associated pair
at a third location disposed between the first lo-
cation and the second location.

14. The impeller of any preceding claim wherein:

the blades have a substantially constant width
in the axial direction.

15. The impeller of any preceding claim wherein:

the plurality of blades consists essentially of a
number of blades selected from 11, 12, 13, 14,
15, 16, 17, 18 and 19.
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