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STATOR VANE HAVING BOTH CHORDWISE AND SPANWISE CAMBER

[0001] The invention concerns stator vanes which support a cooling fan
motor, such as in an automotive application. The stator vanes have cambered airfoil

cross sections and also have camber along their lengths, or spans.
BACKGROUND OF THE INVENTION

[0002] Fig. 1 is a simplified cross-sectional schematic drawing of a cooling
fan. Ring 3, also shown in Fig. 2, supports an array of radial stator vanes 6, shown
in both Figures. Ring 3 is anchored to an external support (not shown). Stator
vanes 6 in Fig. 1 support an inner ring 9, which is also shown in Fig. 2. It should be
understood that the structure identified as ring 9 does not have to take the form of
a ring or a complete cylindrical 360° body of revolution. Inner ring 9 in Fig. 1
supports a motor, diagrammatically indicated as motor 12, which may be an el_ectric
or hydraulic motor. Motor 12 drives fan blades 15, which are supported by bearings
18.

[0003] Ideally, inner ring 9 acts as a perfectly rigid support for the motor 12.
However, in practice, this ideal is not attained, and the motor 12 and the inner ring 9
can move in an axial or tangential fashion, which is not desired.

[0004] Further, a given fan system will possess certain natural or resonant
frequencies. If an excitation occurs at these frequencies, as when the fan is
attached to an automotive engine and the engine vibrates at such frequencies, the
fan system will sympathetically vibrate at these frequencies. In general, such
sympathetic vibration is not desired. A sympathetic vibration of the fan system can -
be the source of objectionable noise or vibration that can be noticed within the

passenger compartment.
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SUMMARY OF THE INVENTION
[0005] An object of the invention is to provide an improved fan mounting
system.
[0006] in one form of the invention, a motor support is carried by an array of

spiral arms, each arm being concave on its radially outer side.

[0007] In one aspect, this invention comprises a fan, comprising a ring which
supports a fan motor which drives faﬁ blades, and stator vanes which support the
ring, and which re-direct exhaust of the fan blades, the stator vanes having
chordwise camber and spanwise camber.

[0008] In another aspect, this invention comprises a motor vehicle comprising
a cooling fan rotatably driven by a motor, the cooling fan comprising a support which
carries a motor which drives fan blades and stators coupled to the support, the
stators being chordwise concave on a first side and are spanwise concave on a
second side.

[0009] In yet another aspect, this invention comprises an apparatus
comprising a base effective to support a fan motor, a plurality of supports extending
from the base, the plurality of supports each redirecting exhaust of the fan and
increasing natural frequency of the base-support combination in at least one mode
of vibration, compared to a second base-support combination comprising a plurality
of radial supports.

[0010] In still another aspect, this invention comprises a fan assembly
comprising a base for supporting a fan motor that rotatably drives a fan, and a
plurality of stator vanes extending from the base, each of the plurality of stafor vanes
having at least two sides, both sides being generally arcuate.

[0011] While the form of apparatus herein described constitutes a preferred

embodiment of this invention, it is to be understood that the invention is not limited to



WO 2007/127169 PCT/US2007/009856

this precise form of apparatus, and that changes may be made therein without

departing from the scope of the invention which is defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a simplified cross-sectional schematic of a prior-art cooling
fan,

[0013] Fig. 2 is a perspective view of rings 3 and 6 of Fig. 1;

[0014]) Fig. 3 is a simplified perspective view of one form of the invention,
[0015] Fig. 4 illustrates conventional terminology used to describe airfoils in
the prior art; '

[0016] Fig. 5 illustrates an axial force applied during finite element modeling;
[0017] Figs. 6 - 7 illustrate exaggerated views of the deformation that occurs

at the first resonant mode of the structures;

[0018] Fig. 8 illustrates simulation results indicating the response of radial
stators to the applied moment of Fig. 10;

(0019} Fig. 9 illustrates simulation results indicating the response of dual-
cambered stators of the type shown in Fig. 3, to the applied moment of Fig. 10;
[0020] Fig. 10 illustrates a moment applied about the axis of rotation of the
fan, applied during finite element modeling;

[0021] Fig. 11 illustrates simulation results indicating the response of radial
stators to the applied gymbaling force of Fig. 13;

[0022] Fig. 12 illustrates simulation results indicating the response of dual-
cambered stators of the type shown in Fig. 3, to the applied gymbaling force of Fig.
13; .

[0023] Fig. 13 illustrates a moment applied perpendicular to the axis of
rotation of the fan, applied during finite element modeling;

[0024] Figs. 14 and 15 are summaries of results of finite element analyses;

[0025] Fig. 16 illustrates one form of the invention;
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[0026] Figs. 17 and 18 illustrate a specific embodiment;

[0027] Fig. 19 illustrates reference directions in a cylindrical coordinate
system; _

[0028] Figs. 20 - 23 illustrate various references or definitions for spanwise or

chordwise camber direction; and
[0029] Figs. 24A — 29B show reduction in out-of-plane and in-plane

deformation and Von Mises stress with the dual-cambered stators.
DETAILED DESCRIPTION OF THE INVENTION

[0030] Fig. 3 is a simplified rendition of one form of the invention, showing a
motor mount ring 30, which is analogous in function to inner mounting ring 9 in Figs.
1and 2. In Fig. 3, stator vanes 33 are attached to the inner ring 9, and also to an
outer ring, or individual support members shown as element 32, which is analogous
in function to outer ring 3 in Figs. 1 and 2.

[0031] In Fig. 3, the stator vanes 33 are constructed with two types of
camber. Camber generally is illustrated in Fig. 4, which illustrates a cross-sectional
view of an airfoil. The meah camber line is the line which is midway between the
lower and upper surfaces, with the distance being measured perpendicular to the
mean camber line. The forwardmost point of the airfoil is the leading edge, and the
rearmost point is the trailing edge, as indicated.

[0032] The straight line connecting the leading edge and the trailing edge is
the chord line. The camber is the maximum distance between the mean camber line
and the chord line, as indicated. This type of camber will be called chordwise
camber because it is measured with respect to, or along, the chord of the airfoil.
[0033] In Fig. 3, the vanes 33 are shown by wireframe representations of the
mean camber lines of the vanes 33: the vanes 33 are illustrated as having no

thickness, and the cross-sections of the vanes are not shown for ease of illustration.
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Nevertheless, it is understood that the vanes 33 are three-dimensional airfoils.
Therefore, one feature of the stator vanes 33 is that they possess chordwise
camber.

[0034] A second feature is that the stator vanes 33 have spanwise camber.
That is, a span line 58 is defined as the straight line running from the root 52 to the
tip 55 of the stator vane 33. Spanwise camber is a distance, measured
perpendicular to the span line 58, from the span line 58 to the camber line CL,
shown in wire frame. Alternately, spanwise camber can be termed a distance from
the span line 58 to the surface (not shown) of the stator vane 33.

[0035] A third feature is that the concavities of the two cambers are in
opposite directions. That is, on the one hand, the concavity of the chordwise
camber faces clockwise. For example, the vane 33 at approximately the 3 o'clock
position, as viewed in Fig. 3, is concave downward. That direction is clockwise from
the vane 33.

[0036] On the other hand, the concavity of the spanwise camber faces
counter-clockwise. For example, the spanwise concavity of the same blade at the 3
o'clock position is concave upward. That direction is counterclockwise from the
vane 33.

[0037] From another perspective, the vanes 33 in Fig. 3 are chordwise
concave because they are concave along a chord. Also, the vanes 33 are spanwise
concave, because they are concave along the span line 58.

[0038] From another perspective, in considering the vanes 33 as airfoils, the
pressure side (that is, the bottom side in Fig. 4) has a surface running from the
leading edge to the trailing edge. That surface in Fig. 3 is concave, and the
concavity is bounded by the leading and trailing edges.

[0039) From another perspective, the vanes 33 in Fig. 3 collectively form an
array of spiral arms, extending between the inner ring 30 and outer ring 3. The amms

are concave on their radially outer, RO, sides, as indicated in the Figure.
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[0040] For ease of understanding, Applicants are including several
iflustrations in Figs. 20 — 23. Fig. 20 illustrates a chordwise camber as viewed from
a rear direction (i.e., as if airflow was coming directly toward the reader out of the
page). The chordwise camber, as viewed from the downstream or pressure side,
the chordwise positive camber reference direction is the same direction as
circumferential travel along the concave path starting at the trailing edge and ending
at the leading edge. Notice that by this definition, the positive camber direction is
clockwise. Alternatively, the direction of chordwise camber can be viewed from the
downstream or pressure side, the positive camber reference direction is the same
direction as a perpendicular vector V (Fig. 21) starting from the chord line, going
towards the mean line. In the illustrations being described, this definition leads to
a positive camber direction that is counter-clockwise as illustrated in Fig. 21.
[0041] Still another way to describe the chordwise camber direction is by
reference to the direction of fan rotation, rather than as a counter-clockwise or
clockwise reference. Therefore, alternatively, the camber direction can be
referred to as a chordwise positive camber direction that is counter to the direction
of fan rotation if the chordwise camber reference direction is as viewed in Fig. 20,
or chordwise positive camber direction is the same as the directi_on of the rotation
of the fan if the definition or reference of the chordwise is that which is referred to
in Fig. 21. For ease of illustration and simplicity, the definition and reference for
the chordwise camber as referred to in Fig. 21 will be used to describe various
features of the invention.

[0042] For ease of illustration, the term sweep or spanwise camber, when
viewed from a downstream or pressure side of the fan, the spanwise positive
camber reference direction is the same direction as the radial travel along a
concave path starting at an inner section (small radius) section and ending at a tip
section (a large radius) connecting the same features on the inner and outer airfoil

cross sections referred to .below (that is, both leading edge, or both trailing edge,
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or both mid-chord locations). Note that if this is the same direction as a
perpendicular vector starting from a line connecting the same features on the
inner and outer airflow cross-section (that is, both leading edge, or both trailing
edge, or both mid-chord locations), going towards a concave path starting at the
inner section (the smallest radius) section and ending at the tip section (the
largest radius section). If this is the reference, then note that the positive camber
direction is clockwise as illustrated in Fig. 23.

[0043] As with the positive chordwise camber, instead of describing the
spanwise direction reference as clockwise or counter-clockwise, the spanwise
camber direction reference can be linked to the direction of fan rotation. This
leads to the alternative definitions which are that the positive spanwise camber
direction is the same as the direction of the fan rotation if the reference is the
reference or definition referred to in Fig. 22 above as viewed from the downstream
side of the fan. Alternatively, if the reference or definition is that which is shown in
Fig. 23, then a positive spanwise camber direction is counter to the direction of fan
rotation.

[0044] For ease of illustration, the reference of definition referred to in Fig.
23 will be used for consistency and simplicity of illustration.

[0045] The particular structure of the vanes 33 in Fig. 3 provides several
desirable features. The features were demonstrated by finite element analyses
undertaken of (1) radial, chordwise cambered vanes, which lack spanwise camber,
such as vane 6 in Fig. 2 (camber is not shown), and (2) dual-cambered vanes of the
type shown in Fig. 3.

[0046] ~ Inone analysis, a cyclic axial force was applied to inner ring 9, while
outer ring 3 is held stationary. Fig. 5 illustrates the force 50. Figs. 6 and 7 are
exaggerated views of the deformation that occurs at the first resonant mode of the
vanes 33. The contour magnitudes are not “real,” but give the relative

deformation of different parts of the structure with respect to each other. Note also
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that Figs. 24 — 26 show reduction in out-of-plane and in-plane deformation and Von
Mises stress with the dual cambered stators. The software used to perform the
analysis produced a scale 55, which is displayed on a computer monitor as a multi-
colored spectrum. Because the Figures are monochrome drawings, the colored
spectrum will not be used, but arrows will connect colored cells in the scale 55 to the
corresponding regions of the vanes. For example, arrow A1 indicates a relative
deflection in the range of 21.5 to 24.1 units for region 58.

[0047] It should be noted that the force 50 in Fig. 5 is cyclic, and thus the
deflection will be cyclic, that is, in-out-in-out. Fig. 6, and similar Figures, illustrates
the deflection occurring at the time of maximum deflection.

[0048] Arrow A2 in Fig. 7, compared with arrow A1 in Fig. 6, indicate that the
deflection of the corresponding regions is smaller for the dual-cambered stators of
Fig. 3.

[0049] In the simulations of Figs. 8 and 9, a moment was applied to the inner
ring 9, with outer ring 3 held stationary. Fig. 10 illustrates the momeht 60 applied. to
the inner ring 9. Figs. 8 and 9 are exaggerated views of the deformation that occurs
at higher resonant modes of the structures (mode 2 for the radial stators - Fig 8, and
mode 4 for the dual-cambered stators — Fig. 9). Note also that Figs. 27A-27B, 28A-
28B and 29B-29B show reduction in out-of-plane and in-plane deformation and Von
Mises stress with the dual-cambered stators 33. A comparison of arrow AS in Fig. 9
with arrow A6 in Fig. 8 indicates, again, that deflection is less for the dual-cambered
stators of Fig. 3. Figs. 11 and 12 are exaggerated views of the deformation that
occurs at higher resonant modes of the structures (mode 3 for the radial stators —
Fig. 11, and mode 2 for the dual-cambered stators — Fig. 12).

[0050] Fig. 13 illustrates the gymbaling force 70. It applies a moment about
an axis which is perpendicular to the axis AX of the fan in Fig. 5. The drop in natural
frequencies associated with the “gymbaling” (out of plane bending) modes with dual-

cambered stators implies that these stators are relatively less stiff for these modes.
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Although there is a loss of stiffness, the out of plane bending modes typically occur
at higher frequencies compared to the axial and torsional modes of radial stators, so
these frequencies are not that much of a concemn from a vehicle application point of
view.

[0051] Fig. 11 illustrates the simulation for the case of radial stators. Fig. 12
illustrates the case of dual-cambered stators, of the type shown in Fig. 3. A
comparison of arrow A7 in Fig. 11 with arrow A9 in Fig. 12 indicates, again, that
deflection is less for the dual-cambered stators of Fig. 3.

[0052] Fig. 14 is a summary of simulation results. Line L1 refers to the
situations of Figs. 6 and 7. Line L2 in Fig. 14 refers to the situations of Figs. 8 and 9.
[0053] Column C1 refers to the radial stators, of Figs. 6, 8, and 10. Column
C2 refers to the dual-cambered stators of the type shown in Fig. 3, in the simulations
of Figs. 7, 9, and 12. Column C3 refers to the change in natural frequency found,
between the radial stators and the dual-cambered stators. Column C4 refers to the
change in global stiffness in the two cases.

[0054] In Fig. 14, the term "in-phase” refers to the fact that, in some
deflections, all blades deform into approximately the same shape, as in Fig. 6 for
example. "Out-of-phase” refers to the fact that all blades do not deform into the
same shapes. For example, blades 80 and 83 in Fig. 11 deform into different
shapes.

[0055] Simulations were also done for static loading. Fig. 15 is a summary of
results. Line L10 refers to axial loading of the type shown in Fig. 5. Line L11 refers
to an applied moment, of the type shown in Fig. 10.

[0056] Block B1 refers to the axial movement of the ring 9. However, this ring
9 does not form the “roots of the stators.” Typically, the “roots” of the stator are the
portions that deflect less, which are the tips of the stators 33 at the outer ring (3).
"Radial" refers to radial stators. "Swept" refers to the dual-camber stators of Fig. 3.

Block B2 refers to the circumferential movement of the ring 6, or roots of the stators,
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in the direction of the arrow shown in Fig. 10. Block B3 refers to the changes in Von
Mises Stresses.

[0057] Fig. 16 illustrates one form of the invention. A heat exchanger 95,
such as a cooling radiator, is present within a motor vehicle 100. A fan 110is
present, having dual-cambered stators 115, of the type discussed herein.

[0058] Fig. 17 illustrates a specific embodiment of the stators, in cross-
section. The tangent 145 to the camber line 135 at the leading edge LE is parallel to
the mean incoming airstream 140, at 6ne operating pbint of the system. The -
direction of the mean incoming airstream 140 will change, as the operating point
(that is, engine speed) changes. The operating point selected at which parallelism
is secured may be (1) the operating point which occurs most often in time, (2) the
operating point at which the cooling system requires the maximum volume of
cooling airflow, or (3) another desired point.

[0059] The tangent 150 to the camber line 135 at the trailing edge TE is
parallel to the axis of rotation AX.

[0060] Fig. 18 is a view, viewed from the direction of arrow E in Fig. 16. The
vanes, represented by camber lines 135, accept the incoming airstreams 140, which
represent the exhaust of the fan 125 in Fig. 16, and which have a component of
motion in the tangential direction. ‘

[0061] Each adjacent pair of vanes cooperates to define an inlet channel,
having a central axis CAX. The vanes are configured so that the central axis CAX of
the inlet channel is parallel to the incoming airstreams 140. The vanes redirect the
incoming airstreams to be parallel with the axis AX.

[0062] The term axis of concavity can be defined. In Fig. 4, such an axis
would lie midway between the leading and trailing edges and extend perpendicularly
into the paper. For example, if the bottom surface of the airfoil shown were
p.arabolic in shape, concave downward, then the axis of concavity would be a line

coincident with the focus of the parabolic surface.

10
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[0063] Numerous substitutions and modifications can be undertaken without
departing from the true spirit and scope of the invention. What is desired to be

secured by Letters Patent is the invention as defined in the following claims.

1"
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CLAIMS

1. A fan, comprising:
a) a ring which supports a fan motor which drives fan blades; and
b) stator vanes which support the ring, and which re-direct exhaust of the
fan blades, the stator vanes having
i) chordwise camber and

i) spanwise camber.

2. The fan according to claim 1, wherein the chordwise camber is concave in a

clockwise direction.

3. The fan according to claim 1, wherein a tangential component of the positive
chordwise camber direction parallel to the plane of fan rotation is aligned with the

direction of fan rotation.

4, The fan according to claim 1, wherein a tangential component of the

chordwise camber direction is opposed to the direction of fan rotation.

5. The fan according to claim 1, wherein the spanwise camber is concave in a

counter-clockwise direction.
6. The fan according to claim 3, wherein the tangential component of the

positive spanwise camber direction is opposed to the component of the positive

chordwise camber direction parallel to the plane of fan rotation.

12
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7. The fan according to claim 1 wherein said fan is mounted in operative
relationship to a radiator in a motor vehicle in which the fan is mounted, and used for

cooling purposes.

8. A motor vehicle comprising:
a cooling fan rotatably driven by a motor; said cooling fan comprising:
i) a support which carries a motor which drives fan blades; and
ii) stators coupled to said support;
said stators being chordwise concave on a first side and are spanwise

concave on a second side.

9. An apparatus comprising:
a) a base effective to support a fan motor;
b) a plurality of supports extending from the base;
said plurality of supports each redirecting exhaust of the fan and increasing
natural frequency of the base-support combination in at least one mode of vibration,
compared to a second base-support combination comprising a plurality of radial

supports.

10. The apparatus according to claim 9, wherein the increase in natural
frequency is in an axial displacement mode, wherein the base oscillates along the

axis of rotation of the fan.
11.  The apparatus according to claim 9, wherein the increase in natural

frequency is in a torsional mode, wherein the base oscillates in rotation about the

axis of rotation of the fan.

13
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12.  The apparatus according to claim 9, wherein
i) anincrease in natural frequency occurs in an axial displacement mode,
wherein said base oscillates along the axis of rotation of the fan; and
ii) anincrease in natural frequency occurs in a torsional mode, wherein

said base oscillates in rotation about the axis of rotation of the fan.

13.  Afan assembly comprising:
a) a base for supporting a fan motor that rotatably drives a fan; and
b) a plurality of stator vanes extending from the base, each of said
plurality of stator vanes having at least two sides, both sides being

generally arcuate.

14. The fan assembly according to claim 13, wherein each side of each of said

plurality of stator vanes has an axis of concavity and the two axes are non-parallel.

15.  The fan assembly according to claim 14, wherein the two axes are

perpendicular.

16.  The fan assembly according to claim 13, wherein each of said plurality of

stator vanes comprises a concave surface on its radially outside surface.
17.  The fan assembly as recited in claim 13 wherein each of said stator vanes is

swept in a predetermined direction that is the same as the direction of rotation of

said fan.

14
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18.  The fan assembly as recited in claim 13 wherein each of said plurality of
stator vanes comprises a longitudinal cross-section and a width-wise cross-section;
said longitudinal cross-section defining a longitudinal radius of curvature that
is larger than a width-wise radius of curvature of said width-wise cross section, said
longitudinal radius of curvature being in a different direction than said width-wise

radius of curvature.

15



PCT/US2007/009856

WO 2007/127169

1/25

(LYV ¥OIYd)
2-91d

g~ 4
{LMV HOINd)
1-914



WO 2007/127169 PCT/US2007/009856
2/28

- CAMBER
ZUINE CL

RADIALLY
~ OUTER RO

TIP55
SPAN 58

AXIAL __A

" PLANE _RADIAL

S

~ PLANE




WO 2007/127169 PCT/US2007/009856
3/25




PCT/US2007/009856

WO 2007/127169

4/25

FIG-6

bS5

— a ... .1—

=Pl s s

m 3 ™ |
o= N
| .2 ,:.1
_Q(u. . .x\~
=l Y
g ) NI,
| N\ F—LL
S LS
£ << )
o -
)
73 . .
0
>
(7p]



WO 2007/127169 PCT/US2007/009856
5728

FIG-7

| Substep 1. Time/Freq 36.094532
- | Displocement -{Mag)
229
205

| 178
R~/ g

AN \.-'JMP.ROVEU N

R SWEPT- STATORS

I N



WO 2007/127169 PCT/US2007/009856
6/25

: B Substep 2. Time/Freq 70.376343 |
- FlG'B o " Displocement (Mog) -
; o 2381

725.5
23.2

s

W
N

|

o
N

1)

\7[ R
. | \ RADIAL



WO 2007/127169 PCT/US2007/009856
7/25

FIG- 9

| Substep 4. T:me/Freq IOT 29399! | o
‘ Dnsplocement (Mag) . ]
. 219 o

\.—mmvso .

SWEPT STATORS.



WO 2007/127169 PCT/US2007/009856
8/25

FIG-11

Substep 3. . Time /Freq - 74.169235
o Displacemenr (Mag)

29.2-

' 26.0-

2271+

19.5 1=

152

130+

9.7 71

- 5.5

C | <
W . C \
: - “-RADIAL -

- STATORS




WO 2007/127169 PCT/US2007/009856

9/25

~ FIG-12

- | Substep 2. Time/Freq 56.774155 . . |.
— - Displocement (Mag)

. 3.8
283
241+
C2l2E
T

+H
e e mmOOw >

3 E\ F& \SWEPT

. STATORS ~ . -



PCT/US2007/009856

WO 2007/127169

10/25

%.6- o | ZOH | %se | eni0 | €080 | %o | 8s00- | oego- | “MRNOODSTT i
“Sl- | 62 | zek | s | oze0 | 2990 | % | w0 | zeow- | _NOORL
| 6Bueys % | 1dems | [ejpey | eBueuD % | 1dems | [eipey | eBusus; ldems | reipey ——
(BdIN) sseng sesjy uopA (Ww) uopnosyaq eueid-u| (ww) uoposyeq rejxy ese) peo
_ _ . Gl 'Ol

T _ T

ed 29 i

%61- %01- 899 | L N0 Qm“ﬁ_%m_

%0€Z+ %25+ €20} 704 Bupsim L 21

%LE+ %L+ VIE | 806 |, punueq ow.u__m_.ﬁ .

mmo.ctzw jeqo|o Aouenbeiy jdemg (iBjpey)
uj efuey) %, u eBueyn %, ) >ucoﬂ,u_oﬂ“mm edeys epojy
128 €0 20 (%o yL 'Ol4



WO 2007/127169

o

11/25

CEAN |

PCT/US2007/009856




WO 2007/127169 PCT/US2007/009856
12/25

FIG-20

TRAILING
EDGE)
J STATOR | ROTATION
HUB VANE :-T‘P DIRECTION
I/ ) T ] -] OFTHEFaN .
- LEADING . '.la('l')CAMBER.
EDGE . - DIRECTION ~
| FIG-21 |
- AXIAL DIRECTION AN BLADE

| l DIRECTION OF
B ————————E g
FANELADE ROTATION
) ) ' .LEADING EDGE
'PLANE OF ROTATION |  [HICANEER
SRR | L7 DIRECTION -
CHORD UNE/\ ) \COMPONENT

. PARALLEL TO.
PLANE OF -

. TRAILING EDGE
- ROTATION



WO 2007/127169 PCT/US2007/009856
13/25

FIG-22
TRAILING . - |
EDGE. (4)cAMBER\

DIRECTION

o (RADJAt LINE .

Y FAN ROTATION - .
— DIRECTION -

<[ JICAMBER
" "LEADINGEDGE - / DIRECTION -



WO 2007/127169 PCT/US2007/009856
14/25

Substep 1 Time/Freq 1.000000
C - ~ Displacement (x)

-0.907-
-0.793
=0.678—1-
-0.564
-0.449—
-0.335
. -t _-0.2201— . -
_'-qg' | THETH __=0.1054

: [--0.009

ANN




WO 2007/127169 PCT/US2007/009856
15/25

Substep 1 T:me/ Freq 1.000000

FIG-24B - D'SP'ﬂcﬁfpg;;(X)
' | -0.899

— - -0.184
-0.669
_~0.554-

- -0438
.. -0.23
- -0.208~
00931+
-0.022—

/i
/

a4




WO 2007/127169 PCT/US2007/009856
16/25

: [ Substep _Time/Freq 1.000000 L

T * ... Displacement [Y) -
S FIG'ZSA A . 0.657-1= .-

' - .0.364T

- 0.070~

) -0076 -1




WO 2007/127169 PCT/US2007/009856
17/25

Substepl Tlme/Freq 1000000
L e T D:sp!acement (Y)‘;_ff

. 0249 .
SRS 0.'78 "~.,.r”
-Qtﬁz&.. T,

| [0z 1
<0317




WO 2007/127169 PCT/US2007/009856
18/25

© [ Substep 1. Time/Freq 1.000000. - |
e e | -'S'ttés's'(Voﬁ'M'i_ses,éMﬁq)
ST oo 10000~
“FlG-26A. 7.802--
coo L s 6.T08——

| . 5805
T 4506
v 3407 1
A e 2309

A -0 -

—_ T MMOO @,




WO 2007/127169 PCT/US2007/009856

19/25

substep1 Tlme /Freq 1.000000

Stress (VonMises Mox)
10.000

FIG-26B

8913

- 1.827

' 6740

c - 4.567

- 34817

2394
. 1308

0.221

— T MNMMOO WP




WO 2007/127169 PCT/US2007/009856
20/25

o 'Substep { Time'/F'r-eq,_l.OOO‘OOO .
U ElG-27A . . Displacement [X)
N I -0.498—11 -

- -0.372 7

—-0.310-
-0.247—

_=0.059 44 -
© +0:004




WO 2007/127169 PCT/US2007/009856

21/25

A A | Ll

Substepl Tlme/Freq 1000000

- Fle- 273 L D'svlocemennm
- v _*=0.058-

20.0454

-0.032 +—
.- -0007—

. +0.0064.
- fOO,B
. +0.031 :
+0.057—-




WO 2007/127169

PCT/US2007/009856
22/25

.Substepi Time/Freq .'-000000 . | .
C L Displacement [v)
- FlG-28A =~ - . .

0903
0.702

- 0.501=

- 0.300+

0.09-

; | -0.102-+
L -0.3021
G ~ 205031
L0704
. -D.905

s}




WO 2007/127169 PCT/US2007/009856
23/25

L L Substep 1. Time/Freq 1.000000 :

. o U Displocement (Y)
. - FIG-28B S ALk R

o -

. . : - 0.080--

| - 0.049-

oo oord

| D 0048t

. -00774

o =0.109

- =0.140 -

T O DO G I




WO 2007/127169 PCT/US2007/009856

24/25

- | Substep 1._Time/Freq 1.000000 ]
| ~ Stress(VonMises {Max)

FIG-29A

5.000
4.453 4
3.907 4
3.360 -
2.814
- 2.267
R Y 4 e o
AN G =
0:828T
0.081——

A rammooo>




WO 2007/127169

PCT/US2007/009856
25/25

- _‘ .‘st.nbst'ep . .Ti‘r,ne'lF'réq"l.OQOOOQ -
. ’S:treés(VonMgsgso.giqx)_
- FIG-29B - . ¢ . ad47-
e 2789

L o peard
RPN




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/009856

A. CLASSIFICATION OF SUBJECT MATTER

INV.

FO1D9/04 F04D19/00

F04D29/52

F04D29/66

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO1D FO04D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 139 265 A (ALIZADEH AHMAD [US]) 1,4,5,
31 October 2000 (2000-10-31) 8-18
column 5 - column 7; figures 1,2,5-10
Y US 5 342 167 A (ROSSEAU TODD D [US]) 1,2,9,13
30 August 1994 (1994-08-30)
abstract; figures 1,2
Y US 2 154 313 A (MCMAHAN KENTON D) 1,9,13
11 April 1939 (1939-04-11)
abstract; figures 1-4
Y FR 1 499 693 A (BRISTOL SIDDELEY ENGINES 1,9,13
LTD) 27 October 1967 (1967-10-27)
abstract; figures 1,4,7,8
- / —

Further documents are listed in the continuation of Box C.

E See patent family annex.

Ar
e

e

o

pr

* Special categories of cited documents : o

document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date but
later than the priority date claimed

e

oy

%

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

20 September 2007

Date of mailing of the intemational search repon

01/10/2007

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authorized officer

de Martino, Marcello

Formn PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/009856

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

EP 1 312 754 A (FIATAVIO SPA [IT] AVIO S P
A [IT]) 21 May 2003 (2003-05-21)

abstract; figures 1,3

DE 42 28 879 A1 (ASEA BROWN BOVERI [CH])

3 March 1994 (1994-03-03)

abstract; figqures 1-3

1,2,9,13

1,9,13

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2007/009856
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6139265 A 31-10-2000  NONE
US 5342167 A 30-08-1994  NONE
US 2154313 A 11-04-1939  NONE
FR 1499693 A 27-10-1967 NONE
EP 1312754 A 21-05-2003 CA 2411873 Al 16-05-2003
IT T020011075 Al 16-05-2003
USs 2003118447 Al 26-06-2003
DE 4228879 Al 03-03-1994 CH 688867 AL 30-04-1998
CN 1086579 A 11-05-1994
CZ 9301705 A3 17-08-1994
GB 2270348 A 09-03-1994
JP 6173605 A 21-06~1994
PL 299621 Al 07-03-1994
RU 2109961 C1 27-04-1998
us 5342170 A 30-08-1994

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

