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METHOD AND APPARATUS FOR DISPENSING AND DISTRIBUTING A FLUID

BACKGROUND INFORMATION

1. Field:

The present disclosure relates generally to a nozzle and, in
particular, to a nozzle for a fluid dispensing system. Still
more particularly, the present disclosure relates to an
apparatus and method for concurrently dispensing a fluid through
a nozzle and fairing a surface of the fluid deposited to form a

fillet using the nozzle.

Background:

Some manufacturing and assembly operations may require that
a material be applied to the interface between two or more
components to seal the interface, prevent a leakage of fluid
through the interface, and/or reduce undesired electromagnetic
effects at the interface. Oftentimes, the material used may
include, for example, without limitation, a sealant material, a
caulking material, an adhesive material, and/or some other type
of material.

As one illustrative example, a first component and a second
component may be joined to form an interface that is a corner.
The corner may be an interior corner, which may be also referred
to as an internal corner. A material, such as a sealant
material, may be dispensed as a fluid and applied to the corner
to form a fillet at this corner.

As used herein, a “fillet” may be a filling of an interior
corner in which the filling has at least one surface that
contacts the first component, at least one surface that contacts
the second component, and at least one surface that contacts

neither the first component nor the second component.
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The fluid forming the fillet may then be allowed to cure,
or harden, to form a seal at the interface. In some cases, the
shape of the surface of the fillet not in contact with the first
component or the second component may need to be changed. For
example, without limitation, the fillet may need to be reworked
such that the seal that will be formed has a surface shape that
is resistant to inconsistencies. In one illustrative example,
the fillet may be reworked such that the shape of the surface of
the fillet not in contact with the first component or the second
component has a curved shape with a desired radius of curvature.
The curved shape may be, for example, a concave shape with
respect to the corner. Depending on the implementation, the
curved shape may have a constant and/or varying radius of
curvature.

The curved shape desired for the fillet may be selected
such that the seal formed at the corner has a reduced likelihood
of peeling away from the corner over time or separating from the
surfaces of the components joined at the corner. Some currently
available techniques for forming fillets may include dispensing
a bead of fluid at a corner using a dispensing device to form a
fillet. Thereafter, one or more other tools may be used to
rework the surface shape of the fillet such that the surface
shape has a desired shape. The reworking of the surface shape
may include fairing the surface of the fillet. As used herein,
“fairing” may mean smoothing out, rounding, and/or reshaping the
surface shape in some other manner after the fluid has been
applied but prior to solidification of the fluid. In other
words, fairing may be performed while the fluid that was applied
to form the fillet is still workable.

The process of dispensing fluid to form a fillet and then
reworking the surface shape of the fillet, as described above,
may be more time-consuming than desired. 1In particular, using
multiple tools to perform these different operations may be more
time-consuming and, in some cases, more expensive, than desired.

2
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Therefore, it would be desirable to have a method and apparatus
that take into account at least some of the issues discussed

above, as well as other possible issues.

SUMMARY

In one illustrative embodiment, an apparatus may comprise a
nozzle and a fairing element associated with the nozzle. The
nozzle may be configured to dispense a fluid onto an interface
as the nozzle is moved along the interface to form a fillet.

The fairing element may be configured to work an exposed surface
of the fillet as the nozzle is moved along the interface and the
fluid is being dispensed from the nozzle.

In another illustrative embodiment, a fluid dispensing
system may comprise a structure, a nozzle associated with the
structure, and a fairing element associated with the nozzle.

The structure may be configured for association with a fluid
source. The nozzle may be configured to receive a fluid from
the fluid source through the structure. The nozzle may be
further configured to dispense the fluid onto an interface
through an opening in the nozzle as the nozzle is moved along
the interface to form a fillet at the interface. The opening
may have a position that is one of on-center and off-center
relative to a center axis of the structure. The fairing element
may be configured to fair an exposed surface of the fillet such
that a cross-sectional shape of the exposed surface takes on a
desired cross-sectional shape in a single pass of the nozzle
being moved along the interface while the fluid is being
dispensed from the nozzle. The fairing element may have a
curved shape configured to shape the exposed surface of the
fillet to have the desired cross-sectional shape as the nozzle
is moved along the interface and the fluid is being dispensed
from the nozzle. The curved shape may comprise at least one of
a spherical shape, a convex shape, a concave shape, and a semi-
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spherical shape. The curved shape may have a size selected
based on at least one of a size or a shape of the interface.

In yet another illustrative embodiment, a method for
forming and shaping a fillet at an interface may be provided. A
fluid may be dispensed from a nozzle onto the interface as the
nozzle is moved along the interface to form the fillet. An
exposed surface of the fillet may be worked using a fairing
element associated with the nozzle, as the nozzle is moved along
the interface and the fluid is dispensed from the nozzle.

In still another illustrative embodiment, a method for
concurrently forming and shaping a fillet at an interface may be
provided. A fluid may be received within a nozzle from a fluid
source through a structure with which the nozzle is associated.
The nozzle may be moved along the interface. The fluid may be
dispensed through an opening in the nozzle onto the interface as
the nozzle is being moved along the interface to form the
fillet. An exposed surface of the fillet may be faired using a
curved shape of a fairing element associated with the nozzle as
the nozzle is being moved along the interface and the fluid is
being dispensed from the nozzle in a single pass such that a
cross-sectional shape of the exposed surface takes on a desired
cross-sectional shape. The curved shape may comprise at least
one of a spherical shape, a convex shape, a concave shape, and a
semi-spherical shape. At least one of a rate or an amount of
the fluid being dispensed out of the nozzle may be controlled
such that the fairing element is able to work the exposed
surface of the fillet to have the desired cross-sectional shape.
The nozzle may be moved relative to the structure in a direction
along a center axis of the structure as the nozzle is moved
along the interface using one of a biasing element and a fluid
pressure created by a fluid chamber located between the opening
in the nozzle and an end of the structure such that the nozzle
maintains contact with the exposed surface of the fillet as the
nozzle is moved along the interface.

4
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In summary, according to one aspect of the invention there
is provided an apparatus including a nozzle configured to
dispense a fluid onto an interface as the nozzle is moved along
the interface to form a fillet; and a fairing element associated
with the nozzle and configured to work an exposed surface of the
fillet as the nozzle is moved along the interface and the fluid
is being dispensed from the nozzle.

Advantageously the apparatus wherein the fairing element is
configured to work the exposed surface of the fillet by fairing
the exposed surface such that a cross-sectional shape of the
exposed surface takes on a desired cross-sectional shape in a
single pass of the nozzle moving along the interface while the
fluid is being dispensed from the nozzle.

Advantageously the apparatus wherein the fairing element
has a curved shape configured to shape the exposed surface of
the fillet to have the desired cross-sectional shape as the
nozzle is moved along the interface and the fluid is being
dispensed from the nozzle.

Advantageously the apparatus wherein the curved shape
comprises at least one of a spherical shape, a convex shape, a
concave shape, and a semi-spherical shape.

Advantageously the apparatus wherein the curved shape has a
size that is selected based on at least one of a size or a shape
of the interface.

Advantageously the apparatus wherein the fairing element is
formed by a portion of the nozzle.

Advantageously the apparatus further including a structure
configured for association with the nozzle and a fluid source
such that the nozzle is configured to receive the fluid from the
fluid source through the structure.

Advantageously the apparatus wherein the nozzle is formed

as part of the structure.
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Advantageously the apparatus wherein the nozzle is separate
from the structure and configured for attachment to the
structure.

Advantageously the apparatus wherein the nozzle is at least
one of attachable to and detachable from the structure.

Advantageously the apparatus further including a biasing
element associated with at least one of the structure and the
nozzle in which the biasing element allows the nozzle to move
relative to the structure in a direction along a center axis of
the structure such that an end of the nozzle maintains contact
with the exposed surface of the fillet as the nozzle is moved
along the interface.

Advantageously the apparatus wherein the nozzle includes a
fluid chamber located between an opening in the nozzle through
which the fluid is dispensed and an end of a structure in which
the fluid chamber creates a fluid pressure that allows the fluid
in the fluid chamber to function as a biasing element.

Advantageously the apparatus wherein the fairing element is
at least one of attachable to and detachable from the nozzle.

Advantageously the apparatus wherein the nozzle includes an
opening through which the fluid is dispensed.

Advantageously the apparatus wherein the opening has a
position that is one of on-center and off-center relative to a
center axis of a structure.

Advantageously the apparatus wherein the fluid is selected
from one of a sealant, caulk, and an adhesive.

Advantageously the apparatus wherein the interface is an
interior corner.

According to another aspect of the invention there is
provided a fluid dispensing system including a structure
configured for association with a fluid source; a nozzle
associated with the structure and configured to receive a fluid
from the fluid source through the structure in which the nozzle
is configured to dispense the fluid onto an interface through an
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opening in the nozzle as the nozzle is moved along the interface
to form a fillet at the interface in which the opening has a
position that is one of on-center and off-center relative to a
center axis of the structure; and a fairing element associated
with the nozzle and configured to fair an exposed surface of the
fillet such that a cross-sectional shape of the exposed surface
takes on a desired cross-sectional shape in a single pass of the
nozzle being moved along the interface while the fluid is being
dispensed from the nozzle in which the fairing element has a
curved shape configured to shape the exposed surface of the
fillet to have the desired cross-sectional shape as the nozzle
is moved along the interface and the fluid is being dispensed
from the nozzle in which the curved shape comprises at least one
of a spherical shape, a convex shape, a concave shape, and a
semi-spherical shape and in which the curved shape has a size
selected based on at least one of a size or a shape of the
interface.

According to yet another aspect of the invention there is
provided a method for forming and shaping a fillet at an
interface, the method including dispensing a fluid from a nozzle
onto the interface as the nozzle is moved along the interface to
form the fillet; and working an exposed surface of the fillet
using a fairing element associated with the nozzle as the nozzle
is moved along the interface and the fluid is dispensed from the
nozzle.

Advantageously the method wherein working the exposed
surface of the fillet includes fairing the exposed surface of
the fillet using a curved shape of the fairing element such that
a cross-sectional shape of the exposed surface takes on a
desired cross-sectional shape in a single pass of the nozzle
being moved along the interface while the fluid is being

dispensed from the nozzle.
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Advantageously the method wherein fairing the exposed
surface of the fillet includes fairing the exposed surface of
the fillet using the curved shape of the fairing element such
that the cross-sectional shape of the exposed surface takes on
the desired cross-sectional shape in the single pass of the
nozzle being moved along the interface while the fluid is being
dispensed from the nozzle, wherein the curved shape comprises at
least one of a spherical shape, a convex shape, a concave shape,
and a semi-spherical shape.

Advantageously the method further including controlling at
least one of a rate or an amount of the fluid being dispensed
out of the nozzle such that the fairing element is able to work
the exposed surface of the fillet to have a desired cross-
sectional shape.

Advantageously the method further including receiving the
fluid within the nozzle from a fluid source through a structure
with which the nozzle is associated.

Advantageously the method further including moving the
nozzle relative to the structure in a direction along a center
axis of the structure as the nozzle is moved along the interface
such that the nozzle maintains contact with the exposed surface
of the fillet as the nozzle is moved along the interface.

Advantageously the method wherein moving the nozzle
relative to the structure in the direction along the center axis
of the structure includes moving the nozzle relative to the
structure in the direction along the center axis of the
structure using a biasing element associated with at least one
of the structure and the nozzle.

Advantageously the method wherein moving the nozzle
relative to the structure in the direction along the center axis
of the structure includes moving the nozzle relative to the
structure in the direction along the center axis of the

structure using a fluid pressure created by a fluid chamber
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located between an opening in the nozzle through which the fluid
is dispensed and an end of the structure.

Advantageously the method wherein dispensing the fluid from
the nozzle includes dispensing the fluid through an opening in
the nozzle onto the interface while the nozzle is being moved
along the interface to form the fillet.

Advantageously the method wherein dispensing the fluid
through the opening in the nozzle includes dispensing the fluid
through the opening in the nozzle onto the interface as the
nozzle is moved along the interface to form the fillet, wherein
the opening has a position that is one of on-center and off-
center relative to a center axis of a structure.

According to still another aspect of the invention there is
provided a method for concurrently forming and shaping a fillet
at an interface, the method including receiving a fluid within a
nozzle from a fluid source through a structure with which the
nozzle is associated; moving the nozzle along the interface;
dispensing the fluid through an opening in the nozzle onto the
interface as the nozzle is being moved along the interface to
form the fillet; fairing an exposed surface of the fillet using
a curved shape of a fairing element associated with the nozzle
as the nozzle is being moved along the interface and the fluid
is being dispensed from the nozzle in a single pass such that a
cross-sectional shape of the exposed surface takes on a desired
cross-sectional shape in which the curved shape comprises at
least one of a spherical shape, a convex shape, a concave shape,
and a semi-spherical shape; controlling at least one of a rate
or an amount of the fluid being dispensed out of the nozzle such
that the fairing element is able to work the exposed surface of
the fillet to have the desired cross-sectional shape; and moving
the nozzle relative to the structure in a direction along a
center axis of the structure as the nozzle is moved along the
interface using one of a biasing element and a fluid pressure
created by a fluid chamber located between the opening in the

9
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nozzle and an end of the structure such that the nozzle
maintains contact with the exposed surface of the fillet as the
nozzle is moved along the interface.

The features and functions can be achieved independently in
various embodiments of the present disclosure or may be combined
in yet other embodiments in which further details can be seen

with reference to the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the
illustrative embodiments are set forth in the appended claims.
The illustrative embodiments, however, as well as a preferred
mode of use, further objectives and features thereof, will best
be understood by reference to the following detailed description
of an illustrative embodiment of the present disclosure when
read in conjunction with the accompanying drawings, wherein:

Figure 1 is an illustration of a manufacturing environment
in the form of a block diagram in accordance with an
illustrative embodiment;

Figure 2 is an illustration of an isometric view of a
structure and a nozzle associated with the structure in
accordance with an illustrative embodiment;

Figure 3 is an illustration a cross-sectional view of a
structure and a nozzle in accordance with an illustrative
embodiment;

Figure 4 is an illustration of an opening in a nozzle
having a different position relative to a center axis of a
structure in accordance with an illustrative embodiment;

Figure 5 is an illustration of a cross-sectional view of a
structure and a nozzle in accordance with an illustrative
embodiment;

Figure 6 is an illustration of a nozzle attached to a
structure in accordance with an illustrative embodiment;

10
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Figure 7 is an illustration of a cross-sectional view of a
structure and a nozzle in accordance with an illustrative
embodiment;

Figure 8 is an illustration of a different type of nozzle
attached to a structure in accordance with an illustrative
embodiment;

Figure 9 is an illustration of a cross-sectional view of a
structure and a nozzle in accordance with an illustrative
embodiment;

Figure 10 is an illustration of a structure with a nozzle
attached to the structure in accordance with an illustrative
embodiment;

Figure 11 is an illustration of a cross-sectional view of a
structure and a nozzle in accordance with an illustrative
embodiment;

Figure 12 is an illustration of a nozzle attached to a
different type of structure in accordance with an illustrative
embodiment;

Figure 13 is an illustration of a cross-sectional view of a
structure and a nozzle in accordance with an illustrative
embodiment;

Figure 14 is an illustration of a cross-sectional view of a
structure and a nozzle being used to apply a fluid to an
interface in accordance with an illustrative embodiment;

Figure 15 is an illustration of a process for forming and
working a fillet in the form of a flowchart in accordance with
an illustrative embodiment;

Figure 16 is an illustration of a process for concurrently
forming and fairing a fillet at an interface in the form of a
flowchart in accordance with an illustrative embodiment;

Figure 17 is an illustration of an aircraft manufacturing
and service method in the form of a flowchart in accordance with

an 1llustrative embodiment; and
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Figure 18 is an illustration of an aircraft in the form of
a block diagram in which an illustrative embodiment may be

implemented.

DETAILED DESCRIPTION

The illustrative embodiments recognize and take into
account different considerations. For example, without
limitation, the illustrative embodiments recognize and take into
account that it may be desirable to have a method for both
dispensing fluid and fairing a surface of the fluid deposited
concurrently. Further, the illustrative embodiments recognize
and take into account that it may be desirable to use the same
tool to perform both the dispensing operations and the fairing
operations included in forming a fillet. Using the same tool
for both types of operations may reduce the overall time and
cost needed to perform these operations.

Thus, the illustrative embodiments provide a method and
apparatus for forming a fillet having a desired surface shape at
an interface. 1In one illustrative embodiment, an apparatus may
comprise a structure and a nozzle associated with the structure.
The structure may be configured for association with a fluid
source. The nozzle may be configured to receive a fluid from
the fluid source through the structure. The nozzle may be
further configured to dispense the fluid onto an interface as
the nozzle is moved along the interface to form a fillet. The
nozzle may have an outer nozzle shape configured to work an
exposed surface of the fillet as the nozzle is moved along the
interface.

Referring now to the figures and, in particular, with
reference to Figure 1, an illustration of a manufacturing
environment is depicted in the form of a block diagram in
accordance with an illustrative embodiment. In this
illustrative example, manufacturing environment 100 may be an

12
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example of an environment in which fluid dispensing system 102
may be used. As depicted, fluid dispensing system 102 may
include fluid source 104, structure 105, and nozzle 108.

Fluid source 104 may hold fluid 110. Structure 105 may be
configured to receive fluid 110 from fluid source 104 and allow
fluid 110 to flow to nozzle 108. Structure 105 may be comprised
of any number of components.

In some cases, structure 105 may include control wvalve 106.
Control valve 106 may be configured to control the flow of fluid
110 to nozzle 108. Nozzle 108 may be the portion of fluid
dispensing system 102 through which fluid 110 is dispensed. 1In
other words, fluid 110 may exit fluid dispensing system 102
through nozzle 108.

In these illustrative examples, nozzle 108 may be
associated with structure 105. As used herein, when one
component is “associated” with another component, the
association is a physical association in the depicted examples.
For example, without limitation, a first component, such as
nozzle 108, may be considered to be associated with a second
component, such as structure 105, by being secured to the second
component, bonded to the second component, mounted to the second
component, welded to the second component, fastened to the
second component, and/or connected to the second component in
some other suitable manner. The first component also may be
connected to the second component using a third component.
Further, the first component may be considered to be associated
with the second component by being formed as part of and/or as
an extension of the second component.

Although not shown in this example, nozzle 108 may be
formed as part of structure 105 in some cases. In this manner,
nozzle 108 may be considered a portion of structure 105 in these
examples. In other illustrative examples, number of fluid
transfer elements 112 may be used to connect nozzle 108 to
structure 105. In these examples, fluid 110 may flow through

13
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structure 105 to nozzle 108 through number of fluid transfer
elements 112.

As used herein, a “number of” items may be one or more
items. In this manner, number of fluid transfer elements 112
may be one or more fluid transfer elements. Further, as used

(4

herein, a “fluid transfer element,” such as one of number of
fluid transfer elements 112 may be any element configured to
allow fluid 110 to flow through a channel located within the
element. In one illustrative example, number of fluid transfer
elements 112 may take the form of number of tubes 114. 1In
another illustrative example, number of fluid transfer elements
112 may take the form of number of hoses 116.

Fluid 110 may be dispensed from nozzle 108 through opening
115 in nozzle 108. 1In other words, opening 115 may be the exit
hole in nozzle 108 through which fluid 110 exits nozzle 108.
Cross-sectional diameter 117 of opening 115 may be selected such
that fluid 110 exits opening 115 with a desired pressure.

For example, without limitation, fluid 110 may have
viscosity 118 within range 120. Viscosity 118 may be a measure
of the resistance of fluid 110 to gradual deformation by shear
stress or tensile stress. In particular, viscosity 118 may
indicate the resistance of fluid 110 to flow. A fluid having a
higher viscosity may be more resistant to flow than a fluid
having a lower viscosity.

Cross-sectional diameter 117 of opening 115 may be selected
such that fluid 110 may exit opening 115 with a desired exit
pressure, given range 120 of wviscosity 118 of fluid 110. Range
120 may be, for example, without limitation, between about 1
centipoise to about 20 centipoise (cP). Of course, in other
illustrative examples, viscosity 118 of fluid 110 may fall
within some other range.

In one illustrative example, fluid 110 may take the form of
sealant 122 and fluid source 104 may take the form of sealant

cartridge 124 configured to hold sealant 122. Sealant 122 may
14
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be a silicone-based sealant, a sealant for use in fuel tanks, or
some other type of sealant. Of course, in other illustrative
examples, fluid 110 may take some other form. For example,
without limitation, fluid 110 may take the form of adhesive 123,
caulk 125, or some other type of fluid having a higher viscosity
than water.

In this illustrative example, interface 126 may take a
number of different forms. For example, without limitation,
interface 126 may take the form of an interior corner, an
exterior corner, an edge, an angled joint, or some other type of
surface. In one illustrative example, interface 126 may take
the form of interior corner 128 formed by first object 130 and
second object 132. First object 130 and second object 132 may
take the form of, for example, without limitation, a first panel
and a second panel, respectively. The angle of interior corner
128 may be any value between about 5 degrees to about 175
degrees.

Nozzle 108 may be used to dispense fluid 110 onto interface
126 while concurrently fairing fluid 110 deposited at interface
126 as nozzle 108 is moved along interface 126. More
specifically, nozzle 108 may be used to simultaneously dispense
fluid 110, apply fluid 110 onto interface 126, and work fluid
110 deposited at interface 126 as nozzle 108 is moved along
interface 126.

For example, without limitation, nozzle 108 may be used to
dispense and apply fluid 110 onto interface 126 to form fillet
140. Fillet 140 may be a filling for interface 126. Fillet 140
may be formed such that fillet 140 has first surface 141 that
may contact first surface 156 of first object 130, second
surface 143 that may contact second surface 158 of second object
132, and exposed surface 133 that may contact neither first
object 130 nor second object 132. Nozzle 108 may be configured
such that exposed surface 133 of fillet 140 may be worked and
reshaped as nozzle 108 is moved along interface 126.

15
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As depicted, nozzle 108 may have inner nozzle shape 134 and
outer nozzle shape 136. Inner nozzle shape 134 may be the shape
of the channel or hollow portion of nozzle 108 through which
fluid 110 is received and dispensed. Outer nozzle shape 136 may
be the shape of the outer surface of nozzle 108.

Further, fairing element 137 may be associated with nozzle
108. 1In this illustrative example, fairing element 137 may be
considered part of nozzle 108. Fairing element 137 may be the
portion of nozzle 108 that surrounds opening 115 and that comes
into contact with fluid 110 that has been deposited at interface
126. In this illustrative example, fairing element 137 may be
configured to work exposed surface 133 of fillet 140 while
nozzle 108 is being moved along interface 126 and fluid 110 is
being dispensed from nozzle 108. 1In particular, fairing element
137 may be used to fair exposed surface 133.

As depicted, the portion of outer nozzle shape 136 of
nozzle 108 belonging to fairing element 137 may be configured
such that exposed surface 133 of fillet 140 is faired to have
desired cross-sectional shape 145. In this manner, seal 151,
formed by fillet 140 when fillet 140, is cured may have exposed
surface 133 with desired cross-sectional shape 145.

Desired cross-sectional shape 145 may be a shape in which
exposed surface 133 of seal 151 formed by fillet 140 may be
within tolerances. For example, without limitation, desired
cross-sectional shape 145 may be selected such that seal 151
formed at interface 126 has a reduced likelihood of peeling away
from interface 126 over time or separating from first surface
156 of first object 130 and/or second surface 158 of second
object 132.

For example, without limitation, the portion of outer
nozzle shape 136 belonging to fairing element 137 may have a
cross-sectional shape that takes the form of curved shape 138.
Curved shape 138 may be used to fair exposed surface 133 of
fillet 140 at interface 126 before fluid 110 solidifies or
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becomes unworkable. 1In other words, curved shape 138 may be
used to smooth and round out exposed surface 133 of fillet 140
at interface 126 before fluid 110 solidifies or becomes
unworkable.

Curved shape 138 may be implemented using a number of
different shapes. Curved shape 138 may be comprised of any
number of different radii of curvature. Curved shape 138 may be
implemented comprising at least one of spherical shape 142,
convex shape 144, concave shape 146, semi-spherical shape 147,
or some other type of curved shape. Convex shape 144 and
concave shape 146 may be with respect to opening 115. The size
of spherical shape 142 may determine the thickness of the
deposition of fluid 110 at interface 126.

Nozzle 108 may be moved along interface 126 such that the
cross-sectional shape of exposed surface 133 of fillet 140
substantially conforms to curved shape 138 of nozzle 108. 1In
this manner, depending on the implementation of curved shape
138, exposed surface 133 of fillet 140 may be reshaped to have
desired cross-sectional shape 145 that is one of a convex shape,
a concave shape, or some other type of shape.

The size of curved shape 138 may be selected based on a
number of different factors. The size of curved shape 138 may
be selected based on, for example, without limitation, at least
one of a size or a shape of interface 126. For example, without
limitation, a cross-sectional diameter of curved shape 138 may
be selected such that fairing element 137 does or does not come
into contact with first surface 156 of first object 130 and/or
second surface 158 of second object 132 as nozzle 108 is moved
along interface 126. 1In some cases, the cross-sectional
diameter of curved shape 138 may be selected based on the angle
between first surface 156 and second surface 158.

Curved shape 138 may allow exposed surface 133 of fillet
140 to be faired just after fluid 110 has been deposited such
that desired cross-sectional shape 145 for exposed surface 133
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of fillet 140 may be achieved in the same movement or pass of
nozzle 108 along interface 126. In other words, nozzle 108 may
not need to be moved along the same portion of interface 126
again in order to achieve desired cross-sectional shape 145 for
exposed surface 133. Further, no other tools may be needed to
work fillet 140 to achieve desired cross-sectional shape 145 for
exposed surface 133.

Depending on the implementation, curved shape 138 may be
selected such that curved shape 138 has a transitional effect on
fillet 140 such that the cross-sectional shape of exposed
surface 133 of fillet 140 is gradually transformed into desired
cross sectional shape 145. However, this gradual transformation
may still occur within the same pass of nozzle 108 moving along
interface 126.

In some illustrative examples, fairing element 137 may be
detachable from the rest of nozzle 108. For example, without
limitation, fairing element 137 may be a separate component
configured for attachment to and/or detachment from the rest of
nozzle 108. When fairing element 137 takes the form of this
type of separate component, fairing element 137 may have exit
139 that coincides with opening 115 such that fluid 110 flows
through opening 115 and exit 139. Exit 139 may have a same or
different cross-sectional diameter compared to cross-sectional
diameter 117 as opening 115.

As depicted, opening 115 in nozzle 108 may have position
150 with respect to curved shape 138. Position 150 of opening
115 with respect to curved shape 138 may be selected to improve
the precision and accuracy with which fillet 140 may be formed.
In one illustrative example, opening 115 may be positioned such
that position 150 of opening 115 lies along center axis 152 of
structure 105. However, in another illustrative example,
position 150 of opening 115 may be selected offset from center
axis 152. 1In this manner, position 150 of opening 115 may be
one of on-center and off-center relative to center axis 152.
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For example, without limitation, position 150 may be selected
such that fluid 110 exits opening 115 in the direction of travel
for nozzle 108. Position 150 may be selected such that the
dispensing of fluid 110 through opening 115 is more easily
automated. In some cases, position 150 may be selected such
that fairing of fillet 140 formed by fluid 110 is more easily
and accurately performed to achieve desired cross-sectional
shape 145 for fillet 140.

In some illustrative examples, when nozzle 108 is a
separate component attached to structure 105, nozzle 108 may be
configured to move relative to structure 105. In particular,
nozzle 108 may be configured to move relative to structure 105
in a direction along center axis 152. Nozzle 108 may be
moveable relative to structure 105 such that nozzle 108 may be
configured to maintain contact with fillet 140 as nozzle 108 is
moved along interface 126. In this manner, nozzle 108 may be
able to account for small undulations in first surface 156 of
first object 130 and/or second surface 158 of second object 132
that may not be taken into account by the movement system (not
shown) being used to move nozzle 108 along interface 126.

In one illustrative example, nozzle 108 may be configured
to move using biasing element 154. Riasing element 154 may be
associated with at least one of structure 105 and nozzle 108.
In one illustrative example, biasing element 154 may take the
form of a mechanical spring that may allow nozzle 108 to move
relative to structure 105 to accommodate variations in first
surface 156 of first object 130 and/or second surface 158 of
second object 132 forming interface 126. Biasing element 154
may provide a force that allows a minimal contact pressure to be
maintained with fillet 140 as nozzle 108 is moved along
interface 126 such that undesired out-of-tolerance
inconsistencies are not formed at exposed surface 133 of fillet

140, first surface 156 of first object 130, and/or second

19



10

15

20

25

30

WO 2015/020741 PCT/US2014/045018

surface 158 of second object 132 as nozzle 108 is moved along
interface 126.

In another illustrative example, nozzle 108 may be
configured to move using fluid pressure 160. In particular,
nozzle 108 may have fluid chamber 162 configured to create fluid
pressure 160. Fluid chamber 162 may be located between opening
115 and end 161 of structure 105 to which nozzle 108 may be
attached.

Fluid chamber 162 may be configured to hold fluid 110
within nozzle 108. Fluid chamber 162 may have a larger cross-
sectional area than opening 115 of nozzle 108. In other words,
fluid chamber 162 may have cross-sectional diameter 164 that may
be greater than cross-sectional diameter 117 of opening 115 of
nozzle 108.

Consequently, fluid pressure 160 of fluid 110 may be higher
within fluid chamber 162 than within opening 115 when the flow
of fluid 110 into fluid chamber 162 is greater than the flow of
fluid 110 out of fluid chamber 162. In other words, fluid
pressure 160 of fluid 110 may be higher within fluid chamber 162
than within opening 115 when the velocity of fluid 110 flowing
into fluid chamber 162 is greater than the velocity of fluid 110
flowing out of fluid chamber 162. The flow of fluid 110 may be
affected by viscosity 118 of fluid 110. The difference in fluid
pressure 160 between fluid chamber 162 and opening 115 may
result in movement of fluid 110 that is similar to the movement
of a piston within a cylinder.

In one illustrative example, fluid chamber 162 may be
formed from a material or coated in a material configured to
make the flow of fluid 110 having viscosity 118 above range 120
through fluid chamber 162 easier.

In some cases, some type of control or feedback control may
be used to control at least one of a rate or an amount of fluid
110 being dispensed from nozzle 108 such that fairing element
137 is able to work exposed surface 133 of fillet 140 to have
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desired cross-sectional shape 145. Further, with this type of
control, fillet 140 having desired cross-sectional shape 145
along the length of fillet 140 may be formed with minimal waste
of fluid 110.

The illustration of manufacturing environment 100 and fluid
dispensing system 102 with nozzle 108 in Figure 1 is not meant
to imply physical or architectural limitations to the manner in
which an illustrative embodiment may be implemented. Other
components in addition to or in place of the ones illustrated
may be used. Some components may be optional. Also, the blocks
are presented to illustrate some functional components. One or
more of these blocks may be combined, divided, or combined and
divided into different blocks when implemented in an
illustrative embodiment.

For example, without limitation, fluid source 104 may be
considered separate from fluid dispensing system 102. In some
illustrative examples, one or more components of structure 105
and/or nozzle 108 may be disposable parts that may be detached
from fluid source 104 and discarded after use.

In other illustrative examples, structure 105 may be
considered part of fluid source 104. For example, without
limitation, in these examples, structure 105 may be formed as
part of fluid source 104.

With reference now to Figure 2, an illustration of an
isometric view of a structure and a nozzle associated with the
structure is depicted in accordance with an illustrative
embodiment. In this illustrative example, structure 200 and
nozzle 202 may be examples of implementations for structure 105
and nozzle 108, respectively, in Figure 1.

Structure 200 may have first end 204 and second end 206.
First end 204 may be configured for attachment to a fluid source
(not shown). Nozzle 202 may be associated with second end 206

of structure 200. 1In particular, in this illustrative example,
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nozzle 202 may be formed as part of structure 200 at second end
206 of structure 200.

Further, nozzle 202 may include fairing element 205.

Fairing element 205 may be an example of one implementation for
fairing element 137 in Figure 1.

As depicted, nozzle 202 may have opening 208 through which
fluid (not shown) may be allowed to exit nozzle 202. Opening
208 may be an example of one implementation for opening 115 in
Figure 1.

Further, nozzle 202 may have outer nozzle shape 210. Outer
nozzle shape 210 may be an example of one implementation for
outer nozzle shape 136 in Figure 1. In this illustrative
example, outer nozzle shape 210 may include curved shape 211.
Curved shape 211 may be the portion of outer nozzle shape 210
belonging to fairing element 205. Curved shape 211 may be an
example of one implementation for curved shape 138 in Figure 1.
In this illustrative example, curved shape 211 is implemented as
spherical shape 212 with respect to opening 208. In other
words, the portion of outer nozzle shape 210 surrounding opening
208 may be spherical.

Spherical shape 212 may be an example of one implementation
for spherical shape 142 in Figure 1. Spherical shape 212 may be
used to smooth and round out, or fair, the fluid (not shown)
that is dispensed through nozzle 202,

With reference now to Figure 3, an illustration of a cross-
sectional view of structure 200 and nozzle 202 from Figure 2 is
depicted in accordance with an illustrative embodiment. In this
illustrative example, a cross-sectional view of structure 200
and nozzle 202 from Figure 2 is depicted taken with respect to
lines 3-3 in Figure 2. As depicted, lines 3-3 bisect structure
200 and nozzle 202 from Figure 2. Inner nozzle shape 300 of
nozzle 202 may be seen in this illustrative example.

Fluid (not shown) may flow through channel 302 formed by
structure 200 and nozzle 202 and may exit nozzle 202 through
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opening 208. In this illustrative example, opening 208 may have
position 306, which may be on-center relative to center axis 304
of structure 200. In this manner, the fluid (not shown) may
exit opening 208 in a same direction as the direction in which
the fluid (not shown) may flow through channel 302.

Turning now to Figure 4, an illustration of opening 208 in
nozzle 202 from Figures 2-3 having a different position relative
to center axis 304 of structure 200 is depicted in accordance
with an illustrative embodiment. In this illustrative example,
opening 208 may have position 400, which may be off-center
relative to center axis 304 (not shown) in Figure 3 of structure
200. In this manner, fluid (not shown) may exit opening 208 in
a direction angled with respect to the direction in which the
fluid (not shown) may flow through channel 302.

With reference now to Figure 5, an illustration of a cross-
sectional view of structure 200 and nozzle 202 from Figure 4 is
depicted in accordance with an illustrative embodiment. In this
illustrative example, a cross-sectional view of structure 200
and nozzle 202 from Figure 4 with opening 208 off-center
relative to center axis 304 of structure 200 is depicted taken
with respect to lines 5-5 in Figure 4. As depicted, lines 5-5
bisect structure 200 and nozzle 202 from Figure 4.

With reference now to Figure 6, an illustration of a nozzle
attached to a structure is depicted in accordance with an
illustrative embodiment. In this illustrative example,
structure 600 and nozzle 602 may be examples of implementations
for structure 105 and nozzle 108, respectively, in Figure 1.

As depicted, structure 600 may have first end 604 and second end
606. First end 604 may be configured for attachment to a fluid
source (not shown). Nozzle 602 may be attached to second end
606 of structure 600. In particular, in this illustrative
example, nozzle 602 may be a separate component attached to

second end 606 of structure 600.
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Nozzle 602 may include fairing element 603. Fairing
element 603 may be an example of one implementation for fairing
element 137 in Figure 3. Further, as depicted, nozzle 602 may
have opening 608 through which fluid (not shown) may be allowed
to exit nozzle 602. Opening 608 may be an example of one
implementation for opening 115 in Figure 1.

Further, nozzle 602 may have outer nozzle shape 610. Outer
nozzle shape 610 may be an example of one implementation for
outer nozzle shape 136 in Figure 1. The portion of outer nozzle
shape 610 belonging to fairing element 603 may take the form of
curved shape 611.

Curved shape 611 may be an example of one implementation
for curved shape 138 in Figure 1. 1In particular, curved shape
611 may be implemented as spherical shape 612 with respect to
opening 608 in this illustrative example. 1In other words, the
portion of outer nozzle shape 610 surrounding opening 608 may be
spherical.

Spherical shape 612 may be an example of one implementation
for spherical shape 142 in Figure 1. Spherical shape 612 may be
used to smooth and round out, or fair, the fluid (not shown)
that is dispensed through nozzle 602.

With reference now to Figure 7, an illustration of a cross-
sectional view of structure 600 and nozzle 602 from Figure 6 is
depicted in accordance with an illustrative embodiment. In this
illustrative example, a cross-sectional view of structure 600
and nozzle 602 from Figure 6 is depicted taken with respect to
lines 7-7 in Figure 6. As depicted, lines 7-7 bisect structure
600 and nozzle 602 from Figure 6. Inner nozzle shape 700 of
nozzle 602 may be seen in this illustrative example.

Fluid (not shown) may flow through channel 702 formed by
structure 600 and nozzle 602 and may exit nozzle 602 through
opening 608. In this illustrative example, opening 608 may have
position 706, which may be on-center relative to center axis 704
of structure 600. In this manner, the fluid (not shown) may
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exit opening 608 in a same direction as the direction in which
the fluid (not shown) may flow through channel 702.

With reference now to Figure 8, an illustration of a
different type of nozzle attached to structure 600 from Figures
6-7 is depicted in accordance with an illustrative embodiment.
In this illustrative example, nozzle 800 may be another example
of one implementation for nozzle 108 in Figure 1. Nozzle 800
may have opening 802 through which fluid (not shown) may exit.
Further, as depicted, nozzle 800 may have fairing element 803.
Fairing element 803 may be an example of one implementation for
fairing element 137 in Figure 3. Nozzle 800 may also have outer
nozzle shape 804. Outer nozzle shape 804 may be an example of
one implementation for outer nozzle shape 136 in Figure 1.

The portion of outer nozzle shape 804 that belongs to
fairing element 803 may take the form of semi-spherical shape
806. Semi-spherical shape 806 may be an example of one
implementation for semi-spherical shape 147 in Figure 1. Semi-
spherical shape 806 of fairing element 803 may be used for
fairing.

Turning now to Figure 9, an illustration of a cross-
sectional view of structure 600 and nozzle 800 from Figure 8 is
depicted in accordance with an illustrative embodiment. In this
illustrative example, a cross-sectional view of structure 600
and nozzle 800 is depicted taken with respect to lines 9-9 in
Figure 8. As depicted, lines 9-9 bisect structure 600 and
nozzle 800 from Figure 8. Inner nozzle shape 900 of nozzle 800
may be seen in this illustrative example.

Fluid (not shown) may flow through channel 702 formed by
structure 600 and nozzle 800 and may exit nozzle 800 through
opening 802. In this illustrative example, opening 802 may have
position 904, which may be on-center relative to center axis 704
of structure 600. In this manner, the fluid (not shown) may
exit opening 802 in a same direction as the direction in which
the fluid (not shown) may flow through channel 702.
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With reference now to Figure 10, an illustration of a
structure with a nozzle attached to the structure is depicted in
accordance with an illustrative embodiment. In this
illustrative example, structure 1000 and nozzle 1002 may be
examples of implementations for structure 105 and nozzle 108,
respectively, in Figure 1.

As depicted, structure 1000 may have attachment feature
1004 configured for use in attaching structure 1000 to a fluid
source (not shown). Fluid (not shown) from the fluid source
(not shown) may flow through structure 1000 and through nozzle
1002.

In this illustrative example, nozzle 1002 may have fairing
element 1006. Fairing element 1006 may be an example of one
implementation for fairing element 137 in Figure 1. As
depicted, nozzle 1002 may have outer nozzle shape 1008. Outer
nozzle shape 1008 may be an example of one implementation for
outer nozzle shape 136 in Figure 1. As depicted, the portion of
outer nozzle shape 1008 belonging to fairing element 1006 may
take the form of semi-spherical shape 1011. Semi-spherical
shape 1011 may be an example of one implementation for semi-
spherical shape 147 in Figure 1. Fluid (not shown) may be
dispensed through opening 1014 of nozzle 1002 and applied to an
interface (not shown), while being concurrently faired using
semi-spherical shape 1011.

Turning now to Figure 11, an illustration of a cross-
sectional view of structure 1000 and nozzle 1002 from Figure 10
is depicted in accordance with an illustrative embodiment. In
this illustrative example, a cross-sectional view of structure
1000 and nozzle 1002 from Figure 10 may be depicted with respect
to lines 11-11 in Figure 10. As depicted, lines 11-11 bisect
structure 1000 and nozzle 1002 from Figure 10.

As depicted, nozzle 1002 may have fluid chamber 1100.

Fluid chamber 1100 may be configured to create a fluid pressure
that allows nozzle 1002 to move relative to structure 1000 in a
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direction along center axis 1102 of structure 1000. In
particular, fluid chamber 1100 may be configured to hold fluid
(not shown) that flows through structure 1000 into nozzle 1002.
Fluid chamber 1100 may have diameter 1104 that may be greater
than diameter 1106 of opening 1014. This difference between
diameter 1104 and diameter 1106 may create a fluid pressure that
allows the fluid (not shown) within fluid chamber 1100 to
function as a biasing element, such as, for example, without
limitation, a damper, or a spring.

With reference now to Figure 12, an illustration of nozzle
1002 attached to a different type of structure is depicted in
accordance with an illustrative embodiment. In this
illustrative example, structure 1200 may be another example of
one implementation for structure 105 in Figure 1. 1In this
example, nozzle 1002 is attached to structure 1200.

As depicted, structure 1200 may have attachment feature
1202 configured for use in attaching structure 1200 to a fluid
source (not shown). Further, structure 1200 may have biasing
element 1204 associated with structure 1200. Biasing element
1204 may be configured to allow biased movement of nozzle 1002
relative to structure 1200 in a direction along center axis 1206
of structure 1200. In this illustrative example, biasing
element 1204 may take the form of a spring. Of course, in other
illustrative examples, biasing element 1204 may take some other
form.

Turning now to Figure 13, an illustration of a cross-
sectional view of structure 1200 and nozzle 1002 from Figure 12
is depicted in accordance with an illustrative embodiment. In
this illustrative example, a cross-sectional view of structure
1200 and nozzle 1002 may be depicted with respect to lines 13-13
in Figure 12. As depicted, lines 13-13 bisect structure 1200
and nozzle 1002 from Figure 12.

With reference now to Figure 14, an illustration of a
cross-sectional view of structure 200 and nozzle 202 from
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Figures 4-5 being used to apply a fluid to an interface is
depicted in accordance with an illustrative embodiment. In this
illustrative example, a cross-sectional view of structure 200
and nozzle 202 is depicted taken with respect to lines 5-5 in
Figure 4. Nozzle 202 from Figures 4-5 may be used to dispense
and apply fluid 1401 to interface 1400 to form fillet 1406 in
this illustrative example.

Interface 1400 may take the form of a corner formed between
first part 1402 and second part 1404. Interface 1400 may be an
example of one implementation for interface 126, and interior
corner 128 in particular, in Figure 1. Further, fillet 1406 may
be an example of one implementation for fillet 140 in Figure 1.
As depicted, spherical shape 212 of nozzle 202 may allow nozzle
202 to fair fillet 1406 while nozzle 202 is being moved in the
direction of arrow 1405 and fluid 1401 is being dispensed from
nozzle 202 all within a single pass. In particular, spherical
shape 212 of nozzle 202 may be used to fair fillet 1406 such
that exposed surface 1408 of fillet 1406 may have a desired
cross-sectional shape, such as desired cross-sectional shape 145
in Figure 1.

Spherical shape 212 of nozzle 202 and position 400 of
opening 208 of nozzle 202 may allow exposed surface 1408 to be
faired to achieve the desired cross-sectional shape without
requiring any additional passes of nozzle 202 along interface
1400. In other words, nozzle 202 may not need to be moved along
interface 1400 again. Further, no other tools may be needed to
rework fillet 1406 in order to achieve the desired cross-
sectional shape for exposed surface 1408.

With reference now to Figure 15, an illustration of a
process for forming and working a fillet is depicted in the form
of a flowchart in accordance with an illustrative embodiment.
The process illustrated in Figure 15 may be implemented using,
for example, without limitation, nozzle 108 of fluid dispensing
system 102 in Figure 1.

28



10

15

20

25

30

WO 2015/020741 PCT/US2014/045018

The process may begin by moving nozzle 108 along interface
126 (operation 1500). Next, fluid 110 may be dispensed from
nozzle 108 onto interface 126 as nozzle 108 is moved along
interface 126 to form fillet 140 (operation 1502). Further,
exposed surface 133 of fillet 140 may be worked using fairing
element 137 associated with nozzle 108, while nozzle 108 is
being moved along interface 126 and fluid 110 is being dispensed
from nozzle 108, (operation 1504), with the process terminating
thereafter.

In operation 1504, fairing element 137 is used to work
exposed surface 133 of fillet 140 such that a cross-sectional
shape of exposed surface 133 of fillet 140 may take on desired
cross-sectional shape 145. The process described in Figure 15
may be performed in a single pass of nozzle 108 concurrently
moving along interface 126 and dispensing fluid 110 onto
interface 126 moving such that exposed surface 133 of fillet 140
has desired cross-sectional shape 145.

With reference now to Figure 16, an illustration of a
process for concurrently forming and fairing a fillet at an
interface is depicted in the form of a flowchart in accordance
with an illustrative embodiment. The process illustrated in
Figure 16 may be implemented using, for example, without
limitation, nozzle 108 of fluid dispensing system 102 in Figure
1.

The process may begin by receiving fluid 110 within nozzle
108 from fluid source 104 through structure 105 with which
nozzle 108 is associated (operation 1600). Next, nozzle 108 may
be moved along interface 126 (operation 1602).

Fluid 110 may be dispensed through opening 115 in nozzle 108
onto interface 126, while nozzle 108 is being moved along
interface 126, to form fillet 140 (operation 1604). Exposed
surface 133 of fillet 140 may be faired using curved shape 138
of fairing element 137 associated with nozzle 108 as nozzle 108
is being moved along interface 126 and fluid 110 is being
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dispensed from nozzle 108 in a single pass such that exposed
surface 133 of fillet 140 has desired cross-sectional shape 145
(operation 1606). Curved shape 138 may comprise at least one of
spherical shape 142, convex shape 144, concave shape 146, and
semi-spherical shape 147.

At least one of a rate or an amount of fluid 110 being
dispensed from nozzle 108 may be controlled such that fairing
element 137 is able to work exposed surface 133 of fillet 140 to
have desired cross-sectional shape 145 along the length of
fillet 140 (operation 1608). Operation 1608 may be performed to
ensure that only a single pass of nozzle 108 moving along
interface 126 is needed to form fillet 140 and sufficiently work
fillet 140 such that exposed surface 133 of fillet 140 has
desired cross-sectional shape 145. Further, operation 1608 may
be performed to reduce the amount of fluid 110 wasted during the
fillet-forming and fairing process.

Further, nozzle 108 may be moved relative to structure 105
in a direction along center axis 152 of structure 105 as nozzle
108 is moved along interface 126 such that nozzle 108 maintains
contact with exposed surface 133 of fillet 140 at interface 126
as nozzle 108 is moved along interface 126 (operation 1610),
with the process terminating thereafter. 1In operation 1610, one
of biasing element 154 and fluid pressure 160 created by fluid
chamber 162 located between opening 115 in nozzle 108 and end
161 of structure 105 may be used to allow nozzle 108 to move
relative to structure 105 in a direction along center axis 152.
Illustrative embodiments of the disclosure may be described in
the context of aircraft manufacturing and service method 1700 as
shown in Figure 17 and aircraft 1800 as shown in Figure 18.
Turning first to Figure 17, an illustration of an aircraft
manufacturing and service method is depicted in the form of a
flowchart in accordance with an illustrative embodiment. During

pre-production, aircraft manufacturing and service method 1700
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may include specification and design 1702 of aircraft 1800 in
Figure 18 and material procurement 1704.

During production, component and subassembly manufacturing
1706 and system integration 1708 of aircraft 1800 in Figure 18
takes place. Thereafter, aircraft 1800 in Figure 18 may go
through certification and delivery 1710 in order to be placed in
service 1712. While in service 1712 by a customer, aircraft
1800 in Figure 18 is scheduled for routine maintenance and
service 1714, which may include modification, reconfiguration,
refurbishment, and other maintenance or service.

FEach of the processes of aircraft manufacturing and service
method 1700 may be performed or carried out by a system
integrator, a third party, and/or an operator. In these
examples, the operator may be a customer. For the purposes of
this description, a system integrator may include, without
limitation, any number of aircraft manufacturers and major-
system subcontractors; a third party may include, without
limitation, any number of vendors, subcontractors, and
suppliers; and an operator may be an airline, a leasing company,
a military entity, a service organization, and so on.

With reference now to Figure 18, an illustration of an
aircraft is depicted in the form of a block diagram in which an
illustrative embodiment may be implemented. In this example,
aircraft 1800 is produced by aircraft manufacturing and service
method 1700 in Figure 17 and may include airframe 1802 with
systems 1804 and interior 1806. Examples of systems 1804
include one or more of propulsion system 1808, electrical system
1810, hydraulic system 1812, and environmental system 1814. Any
number of other systems may be included. Although an aerospace
example is shown, different illustrative embodiments may be
applied to other industries, such as the automotive industry.

Apparatuses and methods embodied herein may be employed
during at least one of the stages of aircraft manufacturing and
service method 1700 in Figure 17. In particular, fluid
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dispensing system 102 from Figure 1 may be used for dispensing,
for example, without limitation, sealant 122, over various
surfaces during any one of the stages of aircraft manufacturing
and service method 1700. For example, without limitation, fluid
dispensing system 102 from Figure 1 may be used for sealing
fastener elements installed for aircraft 1800 during at least
one of component and subassembly manufacturing 1706, system
integration 1708, routine maintenance and service 1714, or some
other stage of aircraft manufacturing and service method 1700.

In one illustrative example, components or subassemblies
produced in component and subassembly manufacturing 1706 in
Figure 17 may be fabricated or manufactured in a manner
similar to components or subassemblies produced while aircraft
1800 is in service 1712 in Figure 17. As yet another example,
one or more apparatus embodiments, method embodiments, or a
combination thereof may be utilized during production stages,
such as component and subassembly manufacturing 1706 and system
integration 1708 in Figure 17. One or more apparatus
embodiments, method embodiments, or a combination thereof may be
utilized while aircraft 1800 is in service 1712 and/or during
maintenance and service 1714 in Figure 17. The use of a number
of the different illustrative embodiments may substantially
expedite the assembly of and/or reduce the cost of aircraft
1800.

The flowcharts and block diagrams in the different depicted
embodiments illustrate the architecture, functionality, and
operation of some possible implementations of apparatuses and
methods in an illustrative embodiment. In this regard, each
block in the flowcharts or block diagrams may represent a
module, a segment, a function, and/or a portion of an operation
or step.

In some alternative implementations of an illustrative
embodiment, the function or functions noted in the blocks may
occur out of the order noted in the figures. For example,
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without limitation, in some cases, two blocks shown in
succession may be executed substantially concurrently, or the
blocks may sometimes be performed in the reverse order,
depending upon the functionality involved. Also, other blocks
may be added in addition to the illustrated blocks in a
flowchart or block diagram.

The description of the different illustrative embodiments
has been presented for purposes of illustration and description,
and is not intended to be exhaustive or limited to the
embodiments in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art. Further, different illustrative embodiments may provide
different features as compared to other desirable embodiments.
The embodiment or embodiments selected are chosen and described
in order to best explain the principles of the embodiments, the
practical application, and to enable others of ordinary skill in
the art to understand the disclosure for various embodiments
with various modifications as are suited to the particular use

contemplated.
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CLAIMS:

What 1s claimed is:

1. An apparatus comprising:
a nozzle configured to dispense a fluid onto an interface
as the nozzle is moved along the interface to form a fillet; and
a fairing element associated with the nozzle and configured
to work an exposed surface of the fillet as the nozzle is moved
along the interface and the fluid is being dispensed from the

nozzle.

2. The apparatus of claim 1, wherein the fairing element is
configured to work the exposed surface of the fillet by fairing
the exposed surface such that a cross-sectional shape of the
exposed surface takes on a desired cross-sectional shape in a
single pass of the nozzle moving along the interface while the

fluid is being dispensed from the nozzle.

3. The apparatus of claim 2, wherein the fairing element has a
curved shape configured to shape the exposed surface of the
fillet to have the desired cross-sectional shape as the nozzle
is moved along the interface and the fluid is being dispensed

from the nozzle.

4, The apparatus of claim 3, wherein the curved shape
comprises at least one of a spherical shape, a convex shape, a

concave shape, and a semi-spherical shape.
5. The apparatus of claim 3, wherein the curved shape has a

size that is selected based on at least one of a size or a shape

of the interface.

34



10

15

20

25

30

WO 2015/020741 PCT/US2014/045018

6. The apparatus of claim 1, wherein the fairing element is

formed by a portion of the nozzle.

7. The apparatus of claim 1 further comprising:
a structure configured for association with the nozzle and
a fluid source such that the nozzle is configured to receive the

fluid from the fluid source through the structure.

8. The apparatus of claim 7, wherein the nozzle is formed as

part of the structure.

9. The apparatus of claim 7, wherein the nozzle is separate
from the structure and configured for attachment to the

structure.

10. The apparatus of claim 7, wherein the nozzle is at least

one of attachable to and detachable from the structure.

11. The apparatus of claim 7 further comprising:

a biasing element associated with at least one of the
structure and the nozzle in which the biasing element allows the
nozzle to move relative to the structure in a direction along a
center axis of the structure such that an end of the nozzle
maintains contact with the exposed surface of the fillet as the

nozzle is moved along the interface.

12. The apparatus of claim 1, wherein the nozzle comprises:

a fluid chamber located between an opening in the nozzle
through which the fluid is dispensed and an end of a structure
in which the fluid chamber creates a fluid pressure that allows

the fluid in the fluid chamber to function as a biasing element.

13. The apparatus of claim 1, wherein the fairing element is at
least one of attachable to and detachable from the nozzle.
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14. The apparatus of claim 1, wherein the nozzle comprises:

an opening through which the fluid is dispensed.

15. The apparatus of claim 14, wherein the opening has a
position that is one of on-center and off-center relative to a

center axis of a structure.

16. The apparatus of claim 1, wherein the fluid is selected

from one of a sealant, caulk, and an adhesive.

17. The apparatus of claim 1, wherein the interface is an

interior corner.

18. A fluid dispensing system comprising:

a structure configured for association with a fluid source;

a nozzle associated with the structure and configured to
receive a fluid from the fluid source through the structure in
which the nozzle is configured to dispense the fluid onto an
interface through an opening in the nozzle as the nozzle is
moved along the interface to form a fillet at the interface in
which the opening has a position that is one of on-center and
off-center relative to a center axis of the structure; and

a fairing element associated with the nozzle and configured
to fair an exposed surface of the fillet such that a cross-
sectional shape of the exposed surface takes on a desired cross-
sectional shape in a single pass of the nozzle being moved along
the interface while the fluid is being dispensed from the nozzle
in which the fairing element has a curved shape configured to
shape the exposed surface of the fillet to have the desired
cross-sectional shape as the nozzle is moved along the interface
and the fluid is being dispensed from the nozzle in which the
curved shape comprises at least one of a spherical shape, a
convex shape, a concave shape, and a semi-spherical shape and in
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which the curved shape has a size selected based on at least one

of a size or a shape of the interface.

19. A method for forming and shaping a fillet at an interface,
the method comprising:
dispensing a fluid from a nozzle onto the interface as the
nozzle is moved along the interface to form the fillet; and
working an exposed surface of the fillet using a fairing
element associated with the nozzle as the nozzle is moved along

the interface and the fluid is dispensed from the nozzle.

20. The method of claim 19, wherein working the exposed surface
of the fillet comprises:

fairing the exposed surface of the fillet using a curved
shape of the fairing element such that a cross-sectional shape
of the exposed surface takes on a desired cross-sectional shape
in a single pass of the nozzle being moved along the interface

while the fluid is being dispensed from the nozzle.

21. The method of claim 20, wherein fairing the exposed surface
of the fillet comprises:

fairing the exposed surface of the fillet using the curved
shape of the fairing element such that the cross-sectional shape
of the exposed surface takes on the desired cross-sectional
shape in the single pass of the nozzle being moved along the
interface while the fluid is being dispensed from the nozzle,
wherein the curved shape comprises at least one of a spherical
shape, a convex shape, a concave shape, and a semi-spherical

shape.
22. The method of claim 19 further comprising:
controlling at least one of a rate or an amount of the

fluid being dispensed out of the nozzle such that the fairing
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element is able to work the exposed surface of the fillet to

have a desired cross-sectional shape.

23. The method of claim 19 further comprising:
receiving the fluid within the nozzle from a fluid source

through a structure with which the nozzle is associated.

24. The method of claim 23 further comprising:

moving the nozzle relative to the structure in a direction
along a center axis of the structure as the nozzle is moved
along the interface such that the nozzle maintains contact with
the exposed surface of the fillet as the nozzle is moved along

the interface.

25. The method of claim 24, wherein moving the nozzle relative
to the structure in the direction along the center axis of the
structure comprises:

moving the nozzle relative to the structure in the
direction along the center axis of the structure using a biasing
element associated with at least one of the structure and the

nozzle.

26. The method of claim 24, wherein moving the nozzle relative
to the structure in the direction along the center axis of the
structure comprises:

moving the nozzle relative to the structure in the
direction along the center axis of the structure using a fluid
pressure created by a fluid chamber located between an opening
in the nozzle through which the fluid is dispensed and an end of

the structure.

27. The method of claim 19, wherein dispensing the fluid from

the nozzle comprises:
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dispensing the fluid through an opening in the nozzle onto
the interface while the nozzle is being moved along the

interface to form the fillet.

28. The method of claim 27, wherein dispensing the fluid
through the opening in the nozzle comprises:

dispensing the fluid through the opening in the nozzle onto
the interface as the nozzle is moved along the interface to form
the fillet, wherein the opening has a position that is one of
on-center and off-center relative to a center axis of a

structure.

29. A method for concurrently forming and shaping a fillet at
an interface, the method comprising:

receiving a fluid within a nozzle from a fluid source
through a structure with which the nozzle is associated;

moving the nozzle along the interface;

dispensing the fluid through an opening in the nozzle onto
the interface as the nozzle is being moved along the interface
to form the fillet;

fairing an exposed surface of the fillet using a curved
shape of a fairing element associated with the nozzle as the
nozzle is being moved along the interface and the fluid is being
dispensed from the nozzle in a single pass such that a cross-
sectional shape of the exposed surface takes on a desired cross-
sectional shape in which the curved shape comprises at least one
of a spherical shape, a convex shape, a concave shape, and a
semi-spherical shape;

controlling at least one of a rate or an amount of the
fluid being dispensed out of the nozzle such that the fairing
element is able to work the exposed surface of the fillet to
have the desired cross-sectional shape;

and
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moving the nozzle relative to the structure in a direction
along a center axis of the structure as the nozzle is moved
along the interface using one of a biasing element and a fluid
pressure created by a fluid chamber located between the opening
in the nozzle and an end of the structure such that the nozzle
maintains contact with the exposed surface of the fillet as the

nozzle is moved along the interface.
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