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SHUTTER ASSEMBLY WITH MOTORIZED LOUVER DRIVE SYSTEM 

ABSTRACT OF THE DISCLOSURE 

In one aspect, a shutter assembly (100) may include a shutter frame (1 12A, 

112B) having a top rail (120), a bottom rail (122), and first and second stiles (116, 

118) extending between the top and bottom rails (120, 122). The shutter assembly 

(100) may also include two or more louvers (114) extending between the first and 

second stiles (116, 118), with the louvers (114) including at least one driven louver 

(I 14A-- I 14D). The louvers (114) may be configured to rotate simultaneously relative 

to the shutter frame (112A, I 12B). Additionally, the shutter assembly (100) may 

include a motor (156) positioned within the shutter frame (1 12A, I 12B) that is 

rotatably coupled to the driven louver(s) (114A-114D) via at least one shaft (158).  

Moreover, the shutter assembly (100) may include a clutch (190) configured to 

rotationally disengage the driven louver(s) (1 14A- 14D) from the motor (156) when 

the louvers (114) are being manually rotated relative the shutter frame (112A, 11213).
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SHUTTER ASSEMBLY WITH MOTORIZED LOUVER DRIVE SYSTEM 

CRO SS-REFEREN CE TO RELATED APPLICATIONS 

[0001] The present application is based upon and claims priority to and the benefit 

of the earlier filing dates of U.S. Provisional Patent Application No. 62/184,282 filed 

on June .25, 2015; U.S. Provisional Patent Application No. 62/188,276 filed on July 2, 

2015; U.S. Provisional Patent Application No. 62/202,746 filed on August 7, 2015; 

U.S. Provisional Patent Application No. 62/252,598 filed on November 9, 2015; U.S.  

Provisional Patent Application No. 62/293,337 filed on February 10, 2016; and U.S.  

Provisional Patent Application No. 62/300,075 filed on February 26, 2016, the 

disclosures of all of which are hereby incorporated by reference herein in their 

entirety for all purposes.  

FIELD OF THE INVENTION 

[0002] The present subject matter relates generally to coverings for architectural 

structures and, more particularly, to a shutter assembly for use as a covering for an 

architectural structure, such as a window, that includes a motorized louver drive 

system.  

BACKGROUND OF THE INVENTION 

[00031 Any discussion of the prior art throughout the specification should in no 

way be considered as an admission that such prior art is widely known or forms part 

of common general knowledge in the field.  

[0004] Shutter assemblies typically include two or more shutter panels configured 

to be installed within a frame relative to an architectural structure, such as a window.  

Each shutter panel includes a shutter frame and a plurality of louvers configured to be 

rotated relative to the shutter frame. For instance, the ends of the louvers are often 

rotatably coupled to the shutter frame via louver pegs to allow the louvers to be 

rotated relative to the frame between a substantially vertical orientation and a 

substantially horizontal orientation. Additionally, in many instances, a tie bar may be 

secured to all or a portion of the louvers of each shutter panel to couple the louvers to



one another, thereby allowing such louvers to be rotated simultaneously relative to the 

adjacent shutter frame.  

[0005] To enhance the functionality and usability of shutter assemblies, attempts 

have been made to integrate automatic louver drive systems within shutter assemblies 

that allow for the automatic adjustment of the rotational orientation of the louvers.  

For example, louver drive systems have been developed in the past that include 

multiple motors as well as complex gearbox arrangements associated with each 

motor. As a result, these conventional louver drive systems are often costly and quite 

difficult to design and manufacture. In addition, due to the use of multiple motors and 

associated gearboxes, such louver drive systems significantly increase the overall 

weight of the associated shutter assembly and also reduce the available space for the 

louvers of the shutter assembly given the significant storage requirements for the 

motors/gearboxes.  

[00061 Accordingly, a shutter assembly having an improved motorized louver 

drive system would be welcomed in the technology.  

BRIEF DESCRIPTION OF THE INVENT ON 

[0007] Aspects and advantages of the present subject matter will be set forth in 

part in the following description, or may be obvious from the description, or may be 

learned through practice of the present subject matter.  

[0008] In various aspects, the present subject matter is directed to a shutter 

assembly for use as a covering for an architectural structure, with the shutter 

assembling including a motorized louver drive system. Specifically, in several 

embodiments, the shutter assembly may include a single motor configured to 

rotationally drive a motor drive shaft extending through one or more gearboxes 

installed within a shutter frame of the shutter assembly. Each gearbox may, in turn, 

be coupled to a louver drive shaft extending within the interior of a corresponding 

driven louver of the shutter assembly. Accordingly, by rotating the motor drive shaft 

via the motor, rotational motion may be transferred to each louver drive shaft via the 

associated gearbox to allow the rotational orientation of the louvers to be 

automatically adjusted.



[00091 Additionally, in several embodiments, the shutter assembly may include 

one or more clutches configured to rotationally disengage or decouple the louvers 

from the motor when the rotational orientation of the louvers is being manually 

adjusted, thereby allowing the automatic louver drive system to be manually 

overridden when desired. For instance, in one embodiment, each driven louver may 

include a clutch installed therein that is selectively engageable with or otherwise 

provided in operative association with the corresponding louver drive shaft extending 

within the driven louver. In such an embodiment, the clutch may be configured to 

rotationally disengage or decouple the driven louver from its corresponding louver 

drive shaft, thereby allowing the driven louver to be rotated relative to the louver 

shaft. For example, all or a portion of the clutch may be configured to slip relative to 

the louver drive shaft at a frictional interface defined between the clutch and the shaft 

when the driven louver is being manually adjusted.  

[0010] Moreover, in accordance with aspects of the present subject matter, the 

motor of the louver drive system may be configured to rotationally drive the louvers 

of one or more additional shutter panels positioned relative to the shutter panel within 

which the motor is installed. For instance, in one embodiment, adjacent shutter panels 

may include one or more louver shafts that terminate at or adjacent to an interface 

defined between the shutter panels. In such an embodiment, the adjacent ends of the 

shafts may be rotationally coupled to each other at the interface to allow rotational 

motion from one of the louver shafts to be transferred to the adjacent louver shaft 

across the interface, thereby allowing the motor to rotationally drive the louvers of the 

adjacent shutter panels.  

[0011] These and other features, aspects and advantages of the present subject 

matter will become better understood with reference to the following description and 

appended claims. The accompanying drawings, which are incorporated in and 

constitute a part of this specification, illustrate embodiments of the present subject 

matter and, together with the description, serve to explain the principles of the present 

subject matter.



BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] A full and enabling disclosure of the present subject matter, including the 

best mode thereof, directed to one of ordinary skill in the art, is set forth in the 

specification, which makes reference to the appended figures, in which: 

[0013] FIG. 1 illustrates a perspective view of one illustrative embodiment of a 

shutter assembly configured for use as a covering for an architectural structure in 

accordance with aspects of the present subject matter; 

[0014] FIG. 2 illustrates a front view of the shutter assembly shown in FIG. 1, 

particularly illustrating shutter panels of the shutter assembly in a closed position 

relative to the adjacent architectural structure; 

[0015] FIG. 3 illustrates another front view of the shutter assembly shown in FIG.  

1, particularly illustrating the shutter panels in an open position relative the adjacent 

architectural structure; 

[00161 FIG. 4 illustrates a simplified front view of the shutter assembly shown in 

FIG. I with the frames of the shutter panels being shown in wireframe to allow 

various internal components of the shutter assembly to be viewed, particularly 

illustrating one illustrative embodiment of a drive system configured for use within 

the shutter assembly in accordance with aspects of the present subject matter; 

[0017] FIG. 5 illustrates a perspective view of a several of the internal 

components shown in FIG. 4, particularly illustrating a portion of the drive system 

shown in FIG. 4; 

[0018] FIG. 6 illustrates another simplified front view of the shutter assembly 

similar to that shown in FIG. 4, particularly illustrating another illustrative 

embodiment of a drive system configured for use within the shutter assembly in 

accordance with aspects of the present subject matter; 

[0019] FIG. 7 illustrates yet another simplified front view of the shutter assembly 

similar to that shown in FIG. 4, particularly illustrating a further illustrative 

embodiment of a drive system configured for use within the shutter assembly in 

accordance with aspects of the present subject matter; 

[0020] FIG. 8 illustrates a perspective view of one illustrative embodiment of a 

gearbox suitable for use within the disclosed shutter assembly in accordance with 

aspects of the present subject matter;
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[0021] FIG. 9 illustrates a side view of the gearbox shown in FIG. 8; 

[0022] FIG. 10 illustrates a cross-sectional view of another illustrative 

embodiment of a gearbox suitable for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0023] FIG. 11 illustrates an exploded, perspective view of one illustrative 

embodiment of a clutch suitable for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0024] FIG. 12 illustrates an assembled, perspective view of the clutch shown in 

FIG. 11; 

[0025] FIG. 13 illustrates a perspective view of one illustrative embodiment of the 

clutch shown in FIGS. 11 and 12 installed within louvers of adjacent shutter panels of 

the disclosed shutter assembly in accordance with aspects of the present subject 

matter; 

[0026] FIG. 14 illustrates an exploded, perspective view of another illustrative 

embodiment of the clutch shown in FIGS. II and 12 in accordance with aspects of the 

present subject matter; 

[0027] FIG. 15 illustrates a perspective view of another illustrative embodiment 

of a clutch suitable for use within the disclosed shutter assembly in accordance with 

aspects of the present subject matter; 

[0028] FIG. 16 illustrates a cross-sectional view of the clutch shown in FIG. 15 

taken about line 16-16.  

[0029] FIG. 17 illustrates a cross-sectional view of a further illustrative 

embodiment of a clutch suitable for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0030] FIG. 18 illustrates a cross-sectional view of yet another illustrative 

embodiment of a clutch suitable for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0031] FIG. 19 illustrates a cross-sectional view of an even further illustrative 

embodiment of a clutch suitable for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter;
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[00321 FIG. 20 illustrates a cross-sectional view of another illustrative 

embodiment of a clutch suitable for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0033] FIG. 21 illustrates a perspective view of a further illustrative embodiment 

of a clutch suitable for use within the disclosed shutter assembly in accordance with 

aspects of the present subject matter; 

[0034] FIG. 22 illustrates a cross-sectional view of one illustrative embodiment of 

a gearbox including a clutch associated therewith in accordance with aspects of the 

present subject matter; 

[0035] FIG. 23 illustrates a cross-sectional view of another illustrative 

embodiment of a gearbox including a clutch associated therewith in accordance with 

aspects of the present subject matter; 

[0036] FIG. 24 illustrates a perspective view of louvers of adjacent shutter panels 

of the disclosed shutter assembly in accordance with aspects of the present subject 

matter, particularly illustrating one embodiment of coupling members configured to 

rotationally couple the louvers to one another at an interface defined between the 

adjacent shutter panels; 

[0037] FIG. 25 illustrates another perspective view of the louvers and coupling 

members shown in FIG. 24; 

[0038] FIG. 26 illustrates a partial. cross-sectional view of one of the coupling 

members shown in FIGS. 24 and 25, particularly illustrating one illustrative 

embodiment of features for adjusting the depth of the coupling member relative to the 

other coupling members and/or relative to the end of the adjacent shaft in accordance 

with aspects of the present subject matter; 

[0039] FIG. 27 illustrates a cross-sectional view of one of the coupling members 

shown in FIGS. 24 and 25, particularly illustrating one illustrative embodiment of a 

clutch that may be provided in operative association with the coupling member in 

accordance with aspects of the present subject matter; 

[0040] FIG. 28 illustrates a perspective view of one illustrative embodiment of 

coupling devices having coupling members associated therewith that are configured to 

rotationally couple the louvers of adjacent shutters panels to one another in 

accordance with aspects of the present subject matter;
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[0041] FIG. 29 illustrates a cross-sectional view of the coupling devices shown in 

FIG. 29 with the coupling members being engaged with each other; 

[0042] FIG. 30 illustrates a perspective view of one illustrative embodiment of a 

battery pack configured for use within the disclosed shutter assembly in accordance 

with aspects of the present subject matter; 

[0043] FIG. 31 illustrates a perspective view of one illustrative embodiment of a 

motor assembly configured for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0044] FIG. 32 illustrates a schematic view of one illustrative embodiment of 

suitable components that may be included within a motor controller of the disclosed 

shutter assembly in accordance with aspects of the present subject matter; 

[0045] FIG. 33 illustrates a perspective, cut-away view of one illustrative 

embodiment of a portion of a stile configured for use within the disclosed shutter 

assembly in accordance with aspects of the present subject matter, particularly 

illustrating various internal components of the shutter assembly installed within the 

stile; 

[0046] FIG. 34 illustrates a cross-sectional view of the stile shown in FIG. 33 

taken about line 34-34; 

[0047 FIG. 35 illustrates a perspective view of one illustrative embodiment of a 

panel section of the disclosed shutter assembly including two driven louvers in 

accordance with aspects of the present subject matter; 

[0048] FIG. 36 illustrates a perspective view of another illustrative embodiment 

of a drive system configured for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0049] FIG. 37 illustrates a cross-sectional view of various components of the 

drive system shown in FIG. 36 taken about line 37-37; 

[0050] FIG. 38 illustrates a perspective view of a further illustrative embodiment 

of a drive system configured for use within the disclosed shutter assembly in 

accordance with aspects of the present subject matter; 

[0051] FIG. 39 illustrates a cross-sectional view of various components of the 

drive system shown in FIG. 38 taken about line 39-39;
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[00521 FIG. 40 illustrates another simplified front view of the shutter assembly 

similar to that shown in FIG. 4, particularly illustrating yet another illustrative 

embodiment of a drive system configured for use within the disclosed shutter 

assembly in accordance with aspects of the present subject matter; 

[0053] FIG. 41 illustrates a perspective view of a portion of a pair of racks and 

associated gears of the drive system shown in FIG. 40; 

[0054] FIG. 42 illustrates a perspective view of one illustrative embodiment of a 

split-gear configuration suitable for use with one or more of the gears of the drive 

system shown in FIG. 40 in accordance with aspects of the present subject matter; 

[0055] FIG. 43 illustrates a side view of another illustrative embodiment of a pair 

of racks configured for use with the drive system shown in FIG. 40 in accordance 

with aspects of the present subject matter; 

[0056] FIG. 44 illustrates another simplified front view of the shutter assembly 

similar to that shown in FIG. 6, particularly illustrating an even further illustrative 

embodiment of a drive system configured for use within the disclosed shutter 

assembly in accordance with aspects of the present subject matter; 

[0057] FIG. 45 illustrates a perspective, exploded view of one illustrative 

embodiment of a split-gear configuration suitable for use with one or more of the 

gears of the drive system shown in FIG. 44 in accordance with aspects of the present 

subject matter; 

[0058] FIG. 46 illustrates a perspective view of one illustrative embodiment of a 

gear having a clutch associated therewith in accordance with aspects of the present 

subject matter; 

[0059] FIG. 47 illustrates another perspective view of the gear and clutch shown 

in FIG. 46, particularly illustrating a portion of the clutch exploded away from 

another portion of the clutch and being shown in cross- section; 

[0060] FIG. 48 illustrates an exploded, perspective view of one illustrative 

embodiment of an in-line gearbox configured for use within the disclosed shutter 

assembly in accordance with aspects of the present subject matter; 

[0061] FIG. 49 illustrates a perspective view of one illustrative embodiment of 

drilling alignment tool suitable for use when manufacturing the disclosed shutter 

assembly in accordance with aspects of the present subject matter;
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[0062] FIG. 50 illustrates a partial, perspective view of a drive shaft suitable for 

use within the disclosed shutter assembly in accordance with aspects of the present 

subject matter; 

[0063] FIG. 51 illustrates a cross-sectional view of the drive shaft shown in FIG.  

51 installed relative to components of a gear of the disclosed shutter assembly in 

accordance with aspects of the present subject matter; and 

[0064] FIG. 52 illustrates a top view of one illustrative embodiment of a means 

for coupling adjacent ends of shafts or shaft sections to each other within the interior 

of a louver in accordance with aspects of the present subject matter.  

DETAILED DESCRIPTION OF THE INVENTION 

[0065] Reference now will be made in detail to embodiments of the present 

subject matter, one or more examples of which are illustrated in the drawings. Each 

example is provided by way of explanation without intent to limit the broad concepts 

of the present subject matter. In fact, it will be apparent to those skilled in the art that 

various modifications and variations can be made in the present subject matter 

without departing from the scope or spirit of the present subject matter. For instance, 

features illustrated or described as part of one embodiment can be used with another 

embodiment to yield a still further embodiment. Thus, it is intended that the present 

subject matter covers such modifications and variations as come within the scope of 

the appended claims and their equivalents.  

[0066] In general, the present subject matter is directed to a shutter assembly 

configured for use as a covering for an architectural structure, with the shutter 

assembly including a motorized louver drive system. Specifically, in several 

embodiments, the motorized louver drive system may include a single motor 

configured to automatically adjust the rotational orientation of the louvers within the 

shutter assembly. For instance, one or more gearboxes may be installed within a 

shutter frame of the shutter assembly (e.g., within a stile of the shutter frame) that are 

configured to receive a motor drive shaft coupled to the motor. In such an 

embodiment, each gearbox may be coupled to one or more louver drive shafts 

extending within the interior of a corresponding driven louver of the shutter assembly.  

Accordingly, rotation of the motor drive shaft via the motor may be transferred
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through each gearbox to its associated louver drive shaft. which may, in turn, 

rotationally drive the corresponding driven louver. By coupling one or more 

additional louvers of the shutter assembly to each driven louver (e.g., using a tie bar), 

one or more groups or sections of louvers may be rotated simultaneously or otherwise 

in concert using the common motor.  

[0067] Additionally, the shutter assembly may also include one or more clutches 

configured to rotationally disengage or decouple the louvers from the motor.  

Specifically, in several embodiments, each clutch may be configured to rotationally 

decouple its associated louver(s) from the motor when the rotational orientation of 

such louver(s) is being manually adjusted. As such, the automatic louver drive 

system may be manually overridden when a user of the shutter assembly desires to 

manually adjust one or more of the louvers.  

[0068] For instance, in one embodiment, each driven louver may include a clutch 

installed therein that is selectively engageable with or otherwise provided in operative 

association with a louver drive shaft extending within the driven louver. In such an 

embodiment, the clutch may be configured to rotationally disengage or decouple the 

driven louver from its corresponding louver drive shaft when the rotational orientation 

of the driven louver (or another louver coupled to the driven louver) is being manually 

adjusted, thereby allowing the driven louver to rotate relative to the louver drive shaft.  

For example, all or a portion of the clutch may be configured to slip relative to the 

louver drive shaft at a frictional interface defined between the clutch and the shaft 

when the louver(s) is being manually adjusted.  

[0069] Alternatively, the clutches of the disclosed shutter assembly may be 

installed at any other suitable location relative to the motor and/or the driven louvers.  

For instance, as will be described below, the shutter assembly may include clutches 

integrated within or coupled to one or more of the gearboxes of the shutter assembly.  

In another embodiment, the clutches may be provided in operative association with 

one or more gears of the shutter assembly.  

[0070] Moreover, in several embodiments, the shutter assembly may include two 

or more shutter panels configured to be installed adjacent to each other within a frame 

positioned relative to the architectural structure. In such embodiments, the motor of 

the louver drive system may be configured to rotationally drive all of the louvers of
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the shutter assembly, including both the louvers of the shutter panel within which the 

motor is installed and the louvers of any other adjacent shutter panels. For instance, 

in one embodiment, adjacent shutter panels may include one or more louver shafts 

that terminate at or adjacent to an interface defined between the shutter panels. In 

such an embodiment, the adjacent ends of the shafts may be rotationally coupled to 

each other at the interface to allow rotational motion from one of the louver shafts to 

be transferred to the adjacent louver shaft across the interface, thereby allowing a 

single motor to rotationally drive the louvers of the adjacent shutter panels.  

[0071] It should be appreciated that various embodiments of different 

components, sub-assemblies, and/or systems will be described herein as being 

configured for use within the disclosed shutter assembly. In certain instances, specific 

embodiments of one or more components, sub-assemblies, and/or systems of the 

shutter assembly will be described in the context of other embodiments of one or 

more of the components, sub-assemblies, and/or systems of the shutter assembly.  

Such descriptions are simply provided for exemplary purposes and should not be 

interpreted as limiting the scope of the present subject matter. In general, the various 

embodiments of the components, sub-assemblies, and/or systems described herein 

may be used, assembled, and/or combined in any suitable manner to produce a shutter 

assembly having one or more of the advantageous features of the present subject 

matter.  

[0072] Referring now to FIGS. 1-5, differing views of one illustrative 

embodiment of a shutter assembly 100 configured for use as a covering for an 

architectural structure 102 (FIG. 3) are illustrated in accordance with aspects of the 

present subject matter. Specifically, FIG. I illustrates a perspective view of shutter 

assembly 100, particularly illustrating first and second shutter panels 104A. 104B of 

shutter assembly 100 in a closed position relative to the adjacent architectural 

structure 102. FIGS. 2 and 3 illustrate front views of the shutter assembly 100 shown 

in FIG. 1, particularly illustrating the first and second shutter panels 104A, 104B in 

both the closed position (FIG. 2) and an open position (FIG. 3) relative to the 

architectural structure 102. FIG. 4 illustrates another front view of the shutter 

assembly 100 shown in FIG. 1, particularly illustrating a transparent or wireframe 

view of shutter panels 104A, 104B in their closed position to allow various internal
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components of shutter assembly 100 to be viewed. FIG. 4 also illustrates shutter 

assembly 100 with the majority of its louvers removed (except for a select few shown 

in phantom lines) for purposes of describing the internal components of shutter 

assembly 100. Additionally, FIG. 5 illustrates a partial, perspective view of several 

of the internal components shown in FIG. 4 installed relative to corresponding 

louvers of shutter assembly 100.  

[0073] As shown, shutter assembly 100 may generally include one or more shutter 

panels 104A, 104B configured to be coupled to an outer frame 106 (e.g., a frame 

defining or associated with the adjacent architectural structure 102). For instance, in 

the illustrated embodiment, shutter assembly 100 includes both a first shutter panel 

104A and a second shutter panel 104B coupled to outer frame 106. However, in other 

embodiments, shutter assembly 100 may only include a single shutter panel installed 

relative to the outer frame 106 or three or more shutter panels installed relative to the 

outer frame 106. As shown in FIGS. 1-3, shutter panels 104A, 104B may, in one 

embodiment, be pivotably coupled to the outer frame 106 (e.g., via hinges 108 (FIG.  

2)) to allow the shutter panels 104A, 104B to be moved between closed and open 

positions relative to the adjacent architectural structure 102. For example, as 

particularly shown in FIGS. 1 and 2, shutter panels 104A, 104B may be moved to the 

closed position to cover the adjacent architectural structure 102. In such closed 

position, shutter panels 104A, 104B may generally be positioned in a generally planar 

configuration (e.g., by extending in a plane oriented substantially parallel to the 

adjacent architectural structure 102), with ends of shutter panels 104A, 104B 

extending directly adjacent to each other along the height of the panels -104A, -104B 

such that a vertically extending panel-to--panel interface 110 (FIG. 2) is defined 

therebetween. Additionally, as shown in FIG. 3, shutter panels 104A, 104B may be 

moved to the open position to expose the architectural structure 102. For instance, 

panels 104A, 104B may be pivoted outwardly away from the architectural structure 

102 so that each panel 104A, 104B has an angled orientation relative to the plane 

defined by the architectural structure 102.  

[0074] In general, each shutter panel 104A, 104B may include a shutter frame 

112A, 112B and a plurality of louvers 114 configured to rotate relative to the 

associated frame 112A, -112B . As shown in FIGS. 1-4, a first shutter frame 112A of
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first shutter panel 104A may have a generally rectangular shape defined by a first 

frame-side stile 116, a first panel-side stile 118, and top and bottom rails 120, 122 

extending horizontally between the vertically extending stiles 116, 118. Additionally, 

first shutter frame 112A may also include a divider rail 124 extending horizontally 

between stiles 116, 118 at a vertical location defined between the top and bottom rails 

120, 122 so as to divide the first shutter frame 112A into a first upper panel section 

136A (FIG. 2) and a first lower panel section 138A (FIG. 2). Similarly, as shown in 

FIGS. 1-4, a second shutter frame 112B of second shutter panel 104B may have a 

generally rectangular shape defined by a second frame-side stile 126, a second panel

side stile 128, and top and bottom rails 130, 132 extending horizontally between the 

vertically extending stiles 126, 128. As particularly shown in FIG. 2, when shutter 

panels 104A, 104B are at their closed position relative to the architectural structure 

102, the first panel-side stile 118 of first shutter frame 112A may be configured to 

extend vertically adjacent to the second panel-side stile 128 of second shutter frame 

112B along the panel-to-panel interface 110 defined between the panels 104A, 104B.  

Additionally, second shutter frame 112B may also include a divider rail 134 

extending horizontally between stiles 126, 128 at a vertical location defined between 

the top and bottom rails 130, 132 so as to divide the second shutter frame 112B into a 

second upper panel section 136B and a second lower panel section 138B.  

[0075] It should be appreciated that the adjacent panel-side stiles 118, 128 of 

shutter frames 112A, 112B may be configured to contact each other at the panel-to

panel interface 110 or may be spaced apart from each other such that a gap is defined 

between the adjacent shutter frames 112A, 112B at the paniel-to-panel interface 110.  

Additionally, as will be described below, each shutter panel 104A, 104B may, in one 

embodiment, include a coupling member positioned at the panel-to-panel interface 

110 that is configured to rotationally engage a corresponding coupling member of the 

adjacent shutter panel 104A, 104B to allow the louvers 114 of shutter frames 104A, 

104B to be driven via a common drive system of shutter assembly 100.  

[0076] In the illustrated embodiment, each upper panel section 136A, 136B of 

shutter frames 112A, 112B is shown as defining a shorter vertical height than the 

corresponding lower panel section 136A, 138B of shutter frames 112A, 112B.  

However, in other embodiments, each upper panel section 136A, 136B may be
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configured to have the same vertical height as its corresponding lower panel section 

138A, 138B, or may be configured to define a vertical height that is greater than that 

of its corresponding lower panel section 138A, 1381B. It should also be appreciated 

that, in other embodiments, shutter frames 112A, 112B may not include the illustrated 

divider rails 124, 134. In such embodiments, each shutter frame 112A, 112B may 

define a single, continuous panel section between its top and bottom rails 120, 122, 

130, 132. Alternatively, each shutter frame 112A, 112B may include two or more 

divider rails 124, 134, thereby dividing the shutter frames 112A, 112B into three or 

more separate panel sections.  

[00771 As indicated above, each shutter panel 104A, 104B may also include a 

plurality of louvers 114 configured to be rotated relative to its associated shutter 

frame 112A, 112B. For example, as shown in the illustrated embodiment, first shutter 

panel 104A may include a plurality of louvers 114 extending horizontally between the 

stiles 116, 118 of the first shutter frame 112A within both the first upper panel section 

136A and the first lower panel section 138A. Similarly, second shutter panel 10411 

may include a plurality of louvers 114 extending horizontally between the stiles 126.  

128 of the second shutter frame 112B within both the second upper panel section 

136B and the second lower panel section 138B.  

[00781 In general, each louver 114 may extend lengthwise along a longitudinal 

axis between a frame-side end 140 (FIG. 5) and a panel-side end 142 (FIG. 5), with 

the frame-side end 140 of each louver 114 configured to be positioned adjacent to the 

frame-side stile 116, 126 of the associated shutter frame 112A, 112B and the panel

side end 142 of each louver 114 configured to be positioned adjacent to the panel-side 

stile 118, 228 of the associated shutter frame 112A, 1121. Additionally, in several 

embodiments, each louver 114 may include an end cap 144, 146 positioned at each of 

its ends 140, 142. For example, as particularly shown in FIG. 5, each louver 114 may 

include a frame-side end cap 144 positioned at its frame-side end 140 and a panel-side 

end cap 146 positioned at its panel-side end 142. In one embodiment, each end cap 

144, 146 may include a post or louver peg 148 extending outwardly from the adjacent 

end 140, 142 of the louver 114 along its longitudinal axis that is configured to be 

received within a corresponding opening (not shown) defined in the adjacent stiles 

116, 118, 126, 128. In such an embodiment, each louver peg 148 may provide a
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rotational connection between the louvers 114 and the associated stiles 116, 118, 126, 

128, thereby allowing the louvers 114 to be rotated relative to the shutter frames 

112A, 112B.  

[0079] As is generally understood, each louver 114 may be configured to rotate 

about its longitudinal axis relative to the adjacent shutter frame 112A, 112B 

approximately 180 degrees to vary the degree to which the architectural structure 102 

may be viewed through shutter panels 104A, 104B when the panels 104A, 104B are at 

their closed positions. For instance, the louvers 114 may be rotated to a substantially 

horizontal orientation (e.g., a fully open position as shown in FIGS. I and 2) to allow 

maximum exposure to the architectural structure 102 through shutter panels 104A, 

104B. Similarly, the louvers 114 may be rotated approximately 90 degrees in one 

direction or the other from the substantially horizontal orientation to a substantially 

vertical orientation (e.g., a fully closed position as shown in FIG. 3) to block the view 

through the shutter panels 104A, 104B. For instance, when at their substantially 

vertical orientation, adjacent louvers 114 may vertically overlap each other at their top 

and bottom ends to fully block the view through the shutter panels 104A, 104B.  

[0080] In several embodiments, one or more groups or sections of the various 

louvers 114 may be coupled together in a manner that allows the louvers 114 to rotate 

simultaneously or otherwise in unison with one another. For example, as shown in 

the illustrated embodiment, each individual panel section 136A, 136B, 138A, 138B 

includes a tie bar 150 that is configured to couple all of the louvers 114 included 

within such panel section to one another. As such, by moving the tie bar 150 for a 

given panel section up or down, all of the louvers 114 within such panel section may 

be rotated about their longitudinal axes. Similarly, due to the connection provided by 

each tie bar 150, rotation of one of the louvers 114 within a given panel section may 

result in corresponding rotation of the remainder of the louvers 114 included within 

such panel section. For example, when one of the louvers 114 of the second upper 

panel section 136B is rotated about its axis, the associated tie bar 150 may result in 

the remainder of the louvers 114 within the second upper panel section 136B being 

rotated about their longitudinal axes.  

[0081] In several embodiments., one or more of the louvers 114 of each panel 

section 136A, 136B, 138A., 138B may correspond to a driven louver 1 14A, 114B,
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114C, 1141) (e.g., a louver that is being directly driven, such as by a shaft), with the 

remainder of the louvers 114 in such section corresponding to non-driven louvers 

(e.g., a louver that is being indirectly driven via its connection to a driven louver).  

For instance, in the illustrated embodiment, the first upper and lower panel sections 

136A. 138A may include first upper and lower driven louvers 114A, 114C, 

respectively. Similarly, the second upper and lower panel sections 136B, 138B may 

include second upper and lower driven louvers 114B, 114D, respectively. As will be 

described in greater detail below, each driven louver 114A, 114B, 114C, 1141) may 

be coupled to a motor of the shutter assembly 100 via one or more shafts to allow 

such louver to be rotationally driven about its longitudinal axis. As a result, by 

rotating a given driven louver 114A, 114B, 114C, 114D. the remainder of the louvers 

114 in the corresponding panel section 136A, 136B, 1 38A, -138B may be rotated 

about their longitudinal axes.  

[00821 It should be appreciated that the tie bars 150 of shutter assembly 100 may 

generally be configured to be positioned at any suitable location relative to the louvers 

114. For instance, in the illustrated embodiment, the tie bars 150 are positioned at the 

ends of the louvers 140 located adjacent to the frame-side stiles 116, 126 along the 

front side of the shutter panels 104A, 104B (i.e., the side facing away from the 

architectural structure 102). However, in other embodiments, the tie bars 150 may be 

positioned at any other suitable location along the front side of the shutter panels 

104A, 104B, such as by positioning the tie bars 150 at a central location along the 

louvers 114 or by positioning the tie bars 150 at the ends of the louvers 114 located 

adjacent to the panel-side stiles 118, 128. Similarly, in another embodiment, the tie 

bars 150 may be positioned along the rear side of the shutter panels 104A, 104B (i.e., 

the side facing towards the architectural structure 102).  

[0083] It should also be appreciated that, in alternative embodiments, the louvers 

114 within the various panel sections 136A, 136B, 138A, 138B may be coupled to 

one another using any other suitable means that allows for each section of louvers 114 

to rotate in unison. For instance, in another embodiment, the louvers 114 may be 

coupled together using a rack and pinion-type driven arrangement installed within 

each shutter frame 112A, 112B.
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[0084] As indicated above, shutter assembly 100 may also include a motorized 

drive system 152 for rotationally driving the driven louver(s) 114A, 114B, 114C, 

114D of each panel section 136A, 136B, 138A, 138B. Specifically, in several 

embodiments, the drive system 152 may include a motor assembly 154 having a 

single electric motor 156 configured to be rotationally coupled to each driven louver 

114A, 114B, 114C, 1141). For example, as particularly shown in FIG. 4, the motor 

156 may, in one embodiment, be positioned within one of the stiles 116, 118, 126, 

128 of shutter panels 104A, 104B, such as the first frame-side stile 116 of the first 

shutter panel 104A. Additionally, the motor 156 may be coupled to each driven 

louver 114A, 114B, 114C, 1141) via a series of one or more gearboxes and associated 

shafts. Specifically, as shown in FIG. 4, the motor 156 may be coupled to a primary 

or motor drive shaft 158 extending lengthwise along the height of the first frame-side 

stile 116. The motor drive shaft 158 may, in turn, be coupled to one or more louver 

shafts for rotationally driving each driven louver 114A, 114B, 114C, 114D via one or 

more corresponding gearboxes 160, 162, 164, 166.  

[0085] For example, the motor drive shaft 158 may be configured to extend 

through first and second gearboxes 160, 162 (also referred to herein as "upper 

gearboxes") housed within the first frame-side stile 116 for transferring rotational 

motion to corresponding louver shafts 168, 170, 172 coupled to the driven louvers 

114A, 114B of the upper panel sections 136A, 136B of shutter panels 104A, 104B.  

Specifically, as shown in FIG. 4, the motor drive shaft 158 may be coupled to a first 

louver drive shaft 168 via the first gear box 160 for rotationally driving the driven 

louver 114A of the first upper panel section 136A. Similarly, the motor drive shaft 

158 may be coupled to a second louver drive shaft 170 via the second gear box 162 

and a corresponding upper pass-through louver shaft 172 for rotationally driving the 

driven louver 114B of the second upper panel section 136B. The upper pass-through 

louver shaft 172 may generally be configured to extend through one of the non-driven 

louvers 114 of the first upper panel section 136A without rotationally engaging such 

louver 114. As such, the upper pass-through louver shaft 172 may transfer rotational 

motion from the second gearbox 162 to the second louver drive shaft 170 without 

affecting the movement of any of the louvers 114 with the first upper panel section 

136A.
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[00861 Additionally, the motor drive shaft 158 may be configured to extend 

through third and fourth gearboxes 164, 166 (also referred to herein as "lower 

gearboxes") housed within the first frame-side stile 116 for transferring rotational 

motion to corresponding louver shafts 174, 176, 178 coupled to the driven louvers 

114C, 114D of the lower panel sections 138A, 138B of shutter panels 104A, 104B.  

Specifically, as shown in FIG. 4, the motor drive shaft 158 may be coupled to a third 

louver drive shaft 174 via the third gear box 164 for rotationally driving the driven 

louver 114C of the first lower panel section 138A. Similarly, the motor drive shaft 

158 may be coupled to a fourth louver drive shaft 176 via the fourth gear box 166 and 

a corresponding lower pass-through louver shaft 178 for rotationally driving the 

driven louver 114D of the second lower panel section 148B. Similar to the upper 

pass-through louver shaft 172 described above, the lower pass-through louver shaft 

178 may generally be configured to extend through one of the non-driven louvers 114 

of the first lower panel section 138A without rotationally engaging such louver 114.  

As such, the lower pass-through louver shaft 178 may transfer rotational motion from 

the fourth lower gearbox 166 to the fourth louver drive shaft 176 without affecting the 

movement of any of the louvers 114 within the first lower panel section 138A.  

[0087] In several embodiments, each pass-through louver shaft 172, 178 may be 

configured to be coupled to its associated louver drive shaft 170, 176 via 

corresponding coupling members 180, 182 secured to the adjacent ends of the shafts 

at the panel-to-panel interface 110 defined between the first and second shutter panels 

104A, 104B. Specifically, as shown in FIG. 4, a first upper coupling member 180A 

may be positioned at the panel-to-panel interface 110 along the first panel-side stile 

118 that is coupled to the adjacent end of the upper pass-through shaft 172 while a 

second upper coupling member 180B may be installed at to the panel-to-panel 

interface 110 along the second panel side stile 128 that is coupled to the adjacent end 

of the second louver drive shaft 170. Similarly, a first lower coupling member 182A 

may be positioned at the panel-to-panel interface 110 along the first panel-side stile 

118 that is coupled to the adjacent end of the lower pass-through shaft 178 while a 

second lower coupling member 182B may be installed at the panel-to-panel interface 

110 along the second panel side stile 128 that is coupled to the adjacent end of the 

fourth louver drive shaft 176. As will be described in greater detail below, each pair
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of coupling members 180, 182 may be configured to rotationally engage each other 

when the shutter panels 104A, 104B are located at their closed positions to allow 

rotational motion to be transferred from each pass-through louver shaft 172, 178 to its 

corresponding louver drive shaft 170, 176. However, the coupling members 180, 182 

may also be configured to be disengaged from each other to allow the shutter panels 

104A, 104B to be moved away from each other to their open positions (e.g., to allow 

the panels 104A, 104B or the adjacent architectural structure 102 to be cleaned).  

[0088] Referring particularly to FIG. 5, the portion of the drive system 152 

configured to rotationally drive the louvers 114 of the lower panel sections 138A, 

138B of shutter panels 104A, 104B is illustrated in more detail. As shown, by 

rotating the motor drive shaft 158 via the motor 156, rotational motion may be 

transferred through the third gear box 164 to the third louver drive shaft 174 to 

rotationally drive the driven louver 114C of the first lower panel section 138A. As a 

result, all of the louvers 114 within the first lower panel section 138A may be rotated 

about their longitudinal axis due to the connection provided by the associated tie bar 

150 (FIG. 2). Similarly, rotational motion of the motor drive shaft 158 may also be 

transferred through the fourth gear box 166 to the lower pass-through louver shaft 178 

extending through one of the non-driven louvers 114 of the first lower panel section 

138A. Such rotation of the lower pass-through louver shaft 178 may then be 

transferred to the fourth louver drive shaft 176 via the connection provided by the 

coupling members 182A, 182B to rotationally drive the driven louver 1141) of the 

second lower panel section 138B. As a result, all of the louvers 114 within the second 

lower panel section 138B may be rotated about their longitudinal axis due to the 

connection provided by the associated tie bar 150. As indicated above, the driven 

louvers 114A, 114B for the upper panel sections 136A, 136B may be rotationally 

driven in a similar manner.  

[0089] It should be appreciated that the motor 156 may generally be powered via 

any suitable power source. For example, in one embodiment, one or more batteries 

may be installed within the shutter assembly 100 to supply power to the motor 156, 

such as by installing a battery pack 184 within the frame-side stile 116 of the first 

shutter frame 112A at a location adjacent to the motor assembly 154. Alternatively, 

the motor 156 may be configured to receive power from any other suitable power
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source, such as by hardwiring the motor 156 to an external power source (e.g., a 120 

volt electrical circuit).  

[0090] It should also be appreciated that the operation of the motor 156 may, in 

several embodiments, be controlled automatically via a suitable controller or other 

electronic circuit. For instance, as will be described in greater detail below, the motor 

assembly 154 may also include a motor controller 186 communicatively coupled to 

the motor 156. In one embodiment, the motor controller 186 may incorporate or may 

otherwise be associated with a communications module for wirelessly receiving motor 

control signals. In such an embodiment, the operation of the motor 156 may be 

remotely controlled via a separate control device (e.g., a remote control device) 

configured to communicate with the motor controller 186 via the communications 

module.  

[0091] Additionally, in several embodiments, the drive system 152 may also 

include one or more clutches 190 associated with each panel section 136A, 136B, 

138A, 138B to provide a means for the louvers 114 within such section to be 

rotationally disengaged or decoupled from the motor 156, thereby allowing for 

manual adjustment of the rotational orientation of the louvers 114. As shown in 

FIGS. 4 and 5. in one embodiment, each driven louver 114A, 114B, 114C, 114D may 

include a clutch 190 positioned within its interior, such as at or adjacent to one of the 

ends of the driven louver 114A, 114B, 114C, 114D. For example, in the illustrated 

embodiment, the driven louvers 114A, 114C for the upper and lower panel sections 

136A, 138A of the first shutter panel 104A each include a clutch 190 positioned 

adjacent to their frame-side ends 140 while the driven louvers 114B, 114D for the 

upper and lower panel sections 136B, 138B of the second shutter panel 104B each 

include a clutch 190 positioned adjacent to their panel-side ends 142. However, in 

other embodiments, the clutches 190 may be positioned at any other suitable location 

within the driven louvers 114A, 114B., 114C., 114D, such as at any location along the 

longitudinal axis of each driven louver. Alternatively, the clutches 190 for the drive 

system 152 may be installed at any other suitable location along the drive train 

defined between the motor 156 and the driven louvers 114A, 114B, 114C, 1141). For 

instance, as will be described below, the clutches 190 may, in other embodiments, be 

incorporated within or coupled to a portion of one or more of the gearboxes of shutter



- 22

assembly 100 or may be incorporated into a gear(s) used within a rack and pinion

type drive arrangement.  

[0092] By including the clutches 190 within the disclosed shutter assembly 100, a 

user of shutter assembly 100 may manually override the drive system 152 to allow for 

manual adjustment of the position of the louvers 114. For instance, in the illustrated 

embodiment, a user may grasp one of the louvers 114 within the first lower panel 

section 138A (e.g., the driven louver 114C or any of the non-driven louvers 114) or 

may grasp the associated tie bar 150 to manually adjust the orientation of all of the 

louvers 114 within such panel section 138A. As the user begins to manually rotate 

the louvers 114, the clutch 190 associated with the first lower panel section 138A may 

allow the corresponding driven louver 114C to be rotationally disengaged from its 

louver drive shaft 174, thereby permitting the louvers 114 of the first lower panel 

section 138A to be rotated freely independent of both the motor 156 and the louvers 

114 within the remaining panel sections 136A, 136B, 138B of the shutter assembly 

100. Similarly, the clutches 190 associated with the other panel sections 136A, 136B, 

138B may function similarly to allow the rotational orientation of the louvers 114 

within each panel section to be manually adjusted.  

[0093] Referring now to FIG. 6, an exemplary variation of the illustrative 

embodiment of the shutter assembly 100 shown in FIGS. 1-5 is illustrated in 

accordance with aspects of the present subject matter, particularly illustrating a 

different arrangement for the drive system 152 of shutter assembly 100. Specifically, 

FIG. 6 illustrates a front view of the shutter assembly 100 similar to the simplified 

view shown in FIG. 4.  

[0094] As shown in FIG. 6, unlike the embodiment described above that includes 

a separate gearbox 160, 162, 164, 166 for each individual panel section 136A, 136B, 

138A, 138B, the drive system 152 only includes two gearboxes, namely an upper 

gearbox 161 and a lower gearbox 165. In such an embodiment, the motor drive shaft 

158 may be configured to extend through upper gearbox 161 to allow rotational 

motion to be transferred to the drive shafts 168, 170 coupled to the driven louvers 

114A, 114B of the first and second upper panel sections 136A, 136B. Specifically, as 

shown in FIG. 6, the motor drive shaft 158 may be coupled to the first louver drive 

shaft 168 via the upper gear box 161 for rotationally driving the driven louver 114A
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of the first upper panel section 136A. Additionally, the first louver drive shaft 168 

may, in turn, be coupled to the second louver drive shaft 170 via corresponding 

coupling members 1 80A, 180B for rotationally driving the driven louver 114B of the 

second upper panel section 136B. As such, the first and second louver drive shafts 

168, 170 may form a common upper drive shaft for rotationally driving the louvers 

114 within the first and second upper panel sections 1-36A, 1-36B of the shutter 

assembly 100.  

[0095] Similarly, the motor drive shaft 158 may be configured to extend through 

lower gearbox 165 to allow rotational motion to be transferred to the drive shafts 174, 

176 coupled to the driven louvers 114C, 1141) of the first and second lower panel 

sections 138A, 138B. Specifically, as shown in FIG. 6, the motor drive shaft 158 

may be coupled to the third louver drive shaft 174 via the lower gear box 165 for 

rotationally driving the driven louver 114C of the first lower panel section 138A.  

Additionally, the third louver drive shaft 174 may, in turn, be coupled to the fourth 

louver drive shaft 176 via corresponding coupling members 182A, 182B for 

rotationally driving the driven louver 114D of the second lower panel section 136B.  

As such, the third and fourth louver drive shafts 174, 176 may form a common a 

lower drive shaft for rotationally driving the louvers 114 within the first and second 

lower panel sections 138A, 138B of the shutter assembly 100.  

[0096] As shown in FIG. 6, similar to the embodiment described above, one or 

more clutches 190 may be associated with each panel section 136A, 136B, 138A, 

138B to provide a means for the louvers 114 within such panel section to be 

rotationally disengaged or decoupled from the motor 156, thereby allowing for 

manual adjustment of the rotational orientation of the louvers 114. For instance, in 

the illustrated embodiment, each driven louver 114A, 114B, 114C, 114D includes a 

clutch 190 positioned therein that allows the louver to be disengaged from its 

corresponding louver drive shaft 168, 170, 174, 176. As such, even with the common 

drive shafts, the louvers 114 within each panel section 136A, 136B, 138A, 138B may 

be manually adjusted independent of the louvers 114 within the remainder of the 

panel sections.  

[0097] Referring now to FIG. 7, an exemplary variation of the illustrative 

embodiment of the shutter assembly 100 shown in FIG. 6 is illustrated in accordance
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with aspects of the present subject matter, particularly illustrating a further 

arrangement for the drive system 152 of the shutter assembly 100. Specifically, FIG.  

7 illustrates a front view of the shutter assembly similar to the simplified view shown 

in FIG. 6.  

[0098] As shown in FIG. 7, unlike the embodiment described above that includes 

a single motor 156 for rotational ly driving the louvers 114 of the shutter assembly 

100, the drive system 152 includes two motors, namely an upper motor 156A and a 

lower motor 156B. In such an embodiment, the upper motor 156A may be configured 

to rotationally drive a corresponding upper motor drive shaft 158A that extends 

through upper gearbox 161 to allow rotational motion to be transferred to the drive 

shafts 168, 170 coupled to the driven louvers 114A, 114B of the first and second 

upper panel sections 136A, 136B. Similarly, the lower motor 156B may be 

configured to rotationally drive a corresponding lower motor drive shaft 158B that 

extends through lower gearbox 165 to allow rotational motion to be transferred to the 

drive shafts 174, 176 coupled to the driven louvers 114C, 1141) of the first and 

second lower panel sections 138A, 138B. As a result, the upper panel sections 136A, 

136:B of the shutter assembly 100 may be rotationally driven independent of the lower 

panel sections 138A, 138B of the shutter assembly 100.  

[0099] It should be appreciated that the two-motor drive system shown in FIG. 7 

may be similarly implemented with the configuration of the drive system 152 shown 

in FIG. 4. For instance, the upper motor drive shaft 158A may be configured to 

extend through both the first gearbox 160 (FIG. 4) and the second gearbox 162 (FIG.  

4) to allow the upper motor 156A to rotationally drive both the first louver drive shaft 

168 and the second louver drive shaft 160 (e.g., via the upper pass-through louver 

shaft 172 (FIG. 4)). Similarly, the lower motor drive shaft 158B may be configured 

to extend through both the third gearbox 164 (FIG. 4) and the fourth gearbox 166 

(FIG. 4) to allow the lower motor 156B to rotationally drive both the third louver 

drive shaft 174 and the fourth louver drive shaft 176 (e.g., via the lower pass-through 

louver shaft 178 (FIG. 4)).  

[00100] It should also be appreciated that, in embodiments in which the shutter 

assembly 100 includes multiple motors, the motors 156A, 156B may be powered via a 

common power source or separate power sources. For example, as shown in FIG. 7,
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the shutter assembly 100 may include a single battery pack 184 configured to power 

both motors 156A, 156B. However, in another embodiment, separate battery backs 

may be installed within the shutter assembly 100 such that each motor 156A, 156B is 

powered by its own battery pack. Additionally, in one embodiment, each motor 

156A, 156B may form part of a motor assembly having a motor controller 186 

associated therewith.  

[00101] Referring now to FIGS. 8 and 9. differing views of one illustrative 

embodiment of a gearbox 200 that may be utilized within the disclosed shutter 

assembly 100 is illustrated in accordance with aspects of the present subject matter.  

Specifically, FIG. 8 illustrates a perspective view of the gearbox 200 and FIG. 9 

illustrates a side view of the gearbox 200 shown in FIG. 8. It should be appreciated 

that the gearbox 200 shown in FIGS. 8 and 9 may, in one embodiment, be utilized as 

one or more of the gearboxes described above with reference to FIGS. 4-7, such as 

the first gearbox 160, the second gearbox 162, the third gearbox 164, the fourth 

gearbox 166, the upper gearbox 161, and/or the lower gearbox 165.  

[00 102] As shown, the gearbox 200 may include a housing 202 configured to 

extend lengthwise between a top end 204 and a bottom end 206 and a crosswise 

between an outer face 208 and an inner face 210. In one embodiment, a drive shaft 

212 (e.g., the motor drive shaft 158 or one of the upper or lower motor drive shafts 

158A, 158B of shutter assembly 100) may be configured to extend lengthwise 

through gearbox 200 between the top and bottom ends 204, 206 of housing 202. As 

such, suitable shaft openings (not shown) may be defined through the housing 202 at 

or adjacent to its top and bottom ends 204, 206 for receiving the drive shaft 212.  

[00103] In several embodiments, the inner face 210 of gearbox 200 may be 

configured to face inwardly towards the louvers 114 of shutter assembly 100 while 

the outer face 208 may be configured to face outwardly away from the louvers 114.  

As shown in FIG. 8. a louver shaft opening 214 may be defined through the inner 

face 210 of gearbox 200 that is configured to receive a corresponding louver shaft 216 

(e.g., one of the louver drive shafts 168, 170, 174, 176 or one of the pass-through 

louver shafts 172, 178 of shutter assembly 100). Moreover, in one embodiment, 

housing 202 may include one or more outwardly extending protrusions 218 (FIG. 9) 

configured to assist in assembling the gearbox 200 within a given shutter frame (e.g.,
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the first shutter frame 112A of shutter assembly 100). For example, as shown in FIG.  

9, a cambered protrusion 218 may extend outwardly from the outer face 208 of 

housing 202. In one embodiment, the cambered protrusion 218 may be configured to 

engage a corresponding feature defined in the shutter frame in which the gearbox 200 

is installed (e.g., by defining a recess in the first frame-side stile 116 that is configured 

to receive the protrusion 218).  

[00104] Additionally, in several embodiments, gearbox 200 may include a 

plurality of gears 220, 222, 224 for transferring rotational motion from the drive shaft 

212 to the louver shaft 216. For example, as particularly shown in FIG. 9. the 

gearbox 200 may include first and second drive shaft gears 220, 222 configured to 

receive the drive shaft 212. In one embodiment, the first drive shaft gear 220 may be 

configured to function as a drive or master gear for the gearbox 200 while the second 

drive shaft gear 220 may be configured to function as a passive or slave gear. For 

example, the drive shaft 212 may be configured to rotationally engage the first drive 

shaft gear 220 and simply pass through the second drive shaft gear 222. As such, the 

second drive shaft gear 222 may be configured to rotate relative to the drive shaft 212 

without engaging the shaft 212. However, it should be appreciated that, in another 

embodiment, the second drive shaft gear 222 may be configured to function as the 

drive gear for the gearbox 200 while the first drive shaft gear 220 may be configured 

to function as the passive gear. Alternatively, both the first and second drive shaft 

gears 220, 222 may correspond to drive gears configured to rotationally engage the 

drive shaft 212.  

[00105] Moreover, as shown in FIG. 9, the gearbox 200 may also include a louver 

drive gear 224 oriented perpendicularly relative to the drive shaft gears 220, 222. In 

several embodiments, the louver drive gear 224 may be configured to receive or 

otherwise be coupled to the louver shaft 216. In such embodiments, the louver drive 

gear 224 may be configured to mesh with the drive shaft gears 220, 222 such that, as 

the drive shaft 212 is rotated, the first drive shaft gear 220 and/or the second drive 

shaft gear 222 rotationally drives the louver drive gear 224, which, in turn, 

rotationally drives the louver shaft 216. As such, rotational motion of the drive shaft 

212 may be transferred to the louver shaft 216 via the meshing of the gears 220, 222,
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224 to allow an associated motor coupled to the drive shaft 212 (e.g., motor 156) to 

rotationally drive the louvers 114 of the disclosed shutter assembly 100.  

[00106] It should be appreciated that the gearbox 200 shown in FIGS. 8 and 9 

simply illustrates one example of a suitable gearbox configuration that may be utilized 

in accordance with aspects of the present subject matter. In other embodiments, any 

other suitable gearbox configuration may be utilized that allows rotational motion of a 

first shaft to be transferred to a second shaft.  

[00107] Referring now to FIG. 10, a cross-sectional view of another illustrative 

embodiment of a gearbox 300 that may be utilized within the disclosed shutter 

assembly 100 is illustrated in accordance with aspects of the present subject matter. It 

should be appreciated that the gearbox 300 shown in FIG. 10 may, in one 

embodiment, be utilized as one or more of the gearboxes described above with 

reference to FIGS. 4-7, such as the first gearbox 160, the second gearbox 162, the 

third gearbox 164, the fourth gearbox 166, the upper gearbox 161, and/or the lower 

gearbox 165.  

[00108] As shown in FIG. 10, the gearbox 300 may be configured similarly to the 

gearbox 200 described above. For example, the gearbox 300 may include a housing 

302 configured to extend lengthwise between a top end 304 and a bottom end 306 and 

crosswise between an outer face 308 and an inner face 310. Additionally, a drive 

shaft 312 (e.g., the motor drive shaft 158 or one of the upper or lower motor drive 

shafts 158A, 158B of shutter assembly 100) may be configured to extend lengthwise 

through gearbox 300 between the top and bottom ends 304, 306 of housing 302. In 

addition, a louver shaft opening 314 may be defined through the inner face 310 of 

gearbox 300 that is configured to receive a corresponding louver shaft 316 (e.g., one 

of the louver drive shafts 168, 170, 174, 176 or one of the pass-through louver shafts 

172, 178 of shutter assembly 100).  

[00109] Moreover, the gearbox 300 may include a set of gears 320, 324 for 

transferring rotational motion from the drive shaft 312 to the louver shaft 316. For 

example, as shown in FIG. 10, gearbox 300 may include a drive shaft gear 320 

configured to rotationally engage the drive shaft 312 and a louver drive gear 324 

configured to mesh with the drive shaft gear 320. Thus, as the drive shaft 312 is
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rotated, the drive shaft gear 320 may rotationally drive the louver drive gear 324, 

which., in turn, rotationally drives the louver shaft 316.  

[00110] Additionally, in several embodiments, the vertical positioning of the drive 

shaft gear 320 may be adjustable relative to the louver drive gear 324 to allow the 

alignment between the gears 320, 324 to be varied, which may be desirable to 

compensate for any offset in the timing of panel-to-panel louver movement in 

instances in which the adjacent shutter panels are being driven by the same motor.  

For instance, as described above with reference to FIGS. 1-6, four different panel 

sections 136A, 136B, 138A, 138B across two different shutter panels 104A, 104B 

may be driven by the same motor 156. In such instance, by adjusting the alignment of 

the gears 320, 324 within one or more of the gearboxes 300 to accommodate for the 

varving distances traveled by the louver drive shafts associated with the different 

panel sections 136A, 136B, 138A, 138B, the louver movement across such panel 

sections may be synchronized.  

[00111] As shown in FIG. 10, to allow for the vertical positioning of the drive 

shaft gear 324 to be adjusted, the gearbox housing 302 may, in one embodiment, 

define a threaded opening 330 configured to receive a threaded post 332 extending 

outwardly from the drive shaft gear 320 along the drive shaft 312. Additionally, as 

shown in the illustrated embodiment, an access slot 334 may be defined through the 

outer face 308 of the gearbox housing 302 to allow a user of the disclosed shutter 

assembly 100 to access the portion of the threaded post 332 extending within the 

threaded opening 330 using a suitable tool. For instance, the threaded post 332 may 

include radially extending openings 336 spaced apart around its outer circumference 

into which a tool may be received. The threaded post 332 may then be rotated 

relative to the housing 302 about the same axis as the drive shaft 312 by inserting the 

tool through the access slot 334 and into one of the openings 336 and subsequently 

manually rotating the post 332 using the tool. By rotating the threaded post 332 in 

one direction or the other relative to the threaded opening 330 defined by the housing 

302. the drive shaft gear 320 may be moved vertically along the drive shaft 312 

towards or away from the louver drive gear 324 to adjust the relative positioning 

between the gears 320, 324. Once the desired positioning of the drive shaft gear 320
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has been achieved, a set screw 338 extending through the housing may be tightened to 

lock the post 332 in position relative to the housing 302.  

[00112 ] Referring now to FIGS. I and 12, differing views of one illustrative 

embodiment of a clutch 400 that may be utilized within the disclosed shutter assembly 

100 is illustrated in accordance with aspects of the present subject matter.  

Specifically, FIG. II illustrates a perspective, exploded view of the clutch 400 and 

FIG. 12 illustrates a perspective, assembled view of the clutch 400 shown in FIG. 11.  

It should be appreciated that the clutch 400 shown in FIGS. 11 and 12 may, in one 

embodiment, be utilized as one or more of the clutches 190 described above with 

reference to FIGS. 4-7.  

[00113] As shown, the clutch 400 may include first and second clutch members 

402, 404 configured to be installed within a driven louver 114A, 114B, 114C, 114D 

of the disclosed shutter assembly 100. As will be described in greater detail below, 

the first clutch member 402 may be configured to be both engaged with and 

disengaged from a corresponding louver drive shaft 406 (e.g., one of the louver drive 

shafts 168, 170, 174, 176 of shutter assembly 100) based on slippage occurring at a 

frictional interface defined between the first clutch member 402 and the louver drive 

shaft 406. Additionally, the position of the second clutch member 404 may be 

configured to be selectively adjusted relative to the first clutch member 402 to vary 

the amount of friction provided at the frictional interface defined between the first 

clutch member 402 and the louver drive shaft 406, thereby adjusting the amount of 

torque required to cause the first clutch member 402 to slip relative to the louver drive 

shaft 406 at the frictional interface.  

[00114] It should be appreciated that the clutch 400 may be configured such that, 

when the motor 156 (or one of motors 158A, 158B) of shutter assembly 100 is being 

used to adjust the rotational orientation of the louvers 114, the first clutch member 

402 may be configured to rotationally engage the louver drive shaft 406 at the 

frictional interface, thereby allowing the driven louver within which the clutch 400 is 

installed to be rotationally driven by the motor 156. However, when the position of 

the louvers 114 are, instead, being manually adjusted, the first clutch member 402 

may be configured to slip relative to the louver drive shaft 406 at the frictional 

interface, thereby allowing the associated driven louver to be disengaged from the
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louver drive shaft 406. In addition, the clutch 400 may also function to realign a 

given panel section of louvers 114 with the remainder of the louvers 114 of the 

disclosed shutter assembly 100 after the louvers 114 of such panel section have been 

manually adjusted relative to the louvers 114 of the other panel sections. For 

instance, when operating the motor 156 of the shutter assembly 100 following manual 

adjustment of a given panel section, the clutch 400 may allow the motor 156 to rotate 

the corresponding louvers 114 of the panel section until the louvers 114 reach the end 

of their travel range (e.g., by contacting one another at their substantially vertical 

positions), at which point the first clutch member 402 may begin to slip relative to the 

louver drive shaft 406 to permit the shaft 406 to rotate relative to the clutch 400 

without further rotation of the associated louvers 114.  

[00115] As shown, the first clutch member 402 may include a base portion 408 and 

first and second coned or angled portions 410, 412 extending outwardly from the base 

portion 408. In one embodiment, both the base portion 408 and the first and second 

angled portions 410, 412 may define an opening (not shown) configured to allow the 

louver drive shaft 406 to be received through the first clutch member 402.  

Additionally, a slot 414 may be defined through the first clutch member 402 that 

separates the first angled portion 410 from the second angled portion 412 and allows 

the angled portions 410, 412 to move relative to each other to increase/decrease the 

friction at the frictional interface.  

[00116] Moreover, as shown in FIG. 11, the second clutch member 404 may 

include an engagement block 416 defining a coned or angled recess 418 configured to 

receive the first and second angled portions 410, 412 of the first clutch member 400.  

As will be described below, by adjusting the extent to which the angled portions 410, 

412 are received within the angled recess 418 of the second clutch member 404. the 

amount of friction provided at the frictional interface between the first clutch member 

402 and the louver drive shaft 406 may be adjusted. For instance, to increase the 

amount of friction provided at the frictional interface, the relative positioning of the 

engagement block 416 and the angled portions 410, 412 may be adjusted such that the 

angled portions 410, 412 are received further within the angled recess 418, thereby 

forcing the first and second angled portions 410, 412 inwardly towards each other to 

allow the angled portions 410, 412 to more tightly wrap around or otherwise press
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against the louver drive shaft 406. Similarly, to reduce the amount of friction 

provided at the frictional interface, the relative positioning of the engagement block 

416 and the angled portions 410, 412 may be adjusted so as to partially back-out the 

angled portions 410, 412 from the angled recess 418, thereby allowing the first and 

second angled portions 410, 412 to move away from each other in a manner that 

loosens or reduces the frictional connection between the angled portions 410, 412 and 

the louver drive shaft 406. It should be appreciated that the second clutch member 

404 may define a shaft opening 420 configured to allow the louver drive shaft 406 to 

pass through the engagement block 416 without rotationally engaging the second 

clutch member 404.  

[00117] As particularly shown in FIG. 11, to allow the amount of friction provided 

at the frictional interface to be adjusted, the clutch 400 may also include adjustment 

screws 422 configured to be installed within corresponding slots 424, 426 defined 

through opposed ends of the base portion 408 of the first clutch member 402. For 

example, a first slot 424 defined at each end of the base portion 408 may be 

configured to receive the head of each adjustment screw 422 while a second 

transverse slot 426 defined at each end of the base portion 408 may be configured to 

receive a portion of the shaft of each adjustment screw 422.  

[00118] In general, the adjustment screws 422 may be configured to be screwed 

into corresponding threaded openings (not shown) defined in the engagement block 

416 of the second clutch member 404. As such, by rotating the adjustment screws 

422 in one direction (e.g., a tightening direction), the engagement block 416 may be 

pulled down towards the base portion 408 of the first clutch member 402, thereby 

increasing the friction between the angled portions 410, 412 and the louver drive shaft 

406. Similarly, by rotating the adjustment screws 422 in the opposite direction (e.g., a 

loosening direction), the engagement block 416 may be allowed to move away from 

the base portion 408 of the first clutch member 402, thereby reducing the friction 

between the angled portions 410, 412 and the louver drive shaft 406. It should be 

appreciated that suitable openings (not shown) may be defined through the base 

portion 408 that extend from each first slot 424 to an outer face 428 of the base 

portion 408, thereby allowing the screws 422 to be adjusted by inserting a tool 

through the openings (e.g., an Allen wrench).
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[00119] Additionally, as shown in FIGS. 11 and 12, the first clutch member 402 

may, in one embodiment, include locating tabs 430 extending outwardly from the 

outer face 428 of the base portion 408. In such an embodiment, the locating tabs 430 

may be configured to be received within corresponding features of the adjacent end 

cap of the driven louver within which the clutch 400 is installed.  

[00120] It should be appreciated that, in one embodiment, all or a portion of the 

first clutch member 402 (e.g.. the angled portions 410, 412) may be formed from a 

deformable, friction material selected to provide a desired frictional interface between 

the first clutch member 402 and the louver drive shaft 406. For instance, suitable 

deformable, friction materials may include, but are not limited to, nylon, acetal, 

polycarbonate and/or any other suitable materials.  

[00121] Referring now to FIG. 13, a partial, perspective view of driven louvers of 

adjacent panel sections of the disclosed shutter assembly 100 having the clutch 400 

shown in FIGS. 11 and 12 installed therein is illustrated in accordance with aspects of 

the present subject matter. For purposes of description, the driven louvers of FIG. 13 

will be described as corresponding to the driven louvers 114C, 114D of the first and 

second lower panel sections 138A, 138B of the shutter assembly 100 described above 

with reference to FIG. 6. However, it should be appreciated that, in general, the 

louvers shown in FIG. 13 may correspond to any suitable driven louvers of the 

disclosed shutter assembly 100.  

[00122] As shown in FIG. 13, a first clutch 400A may be installed within the 

driven louver 114C of the first lower panel section 138A, such as by installing the 

first clutch 400A within the driven louver 114C adjacent to its frame-side end cap 

144. Similarly, a second clutch 400B may be installed within the driven louver 114D 

of the second lower panel section 138B. such as by installing the second clutch 400B 

within the driven louver 114B adjacent to its panel-side end cap 146. By installing 

the clutches 400A, 400B adjacent to the end caps 144, 146 of the driven louvers 

114C, 1141), the adjustment screws (not shown in FIG. 13) of the clutches 400A, 

400B may be easily accessed from the exterior for the driven louvers 114C, 114D.  

For instance, as shown in FIG. 13, each end cap 144, 146 may define openings 147 

configured to be aligned with the corresponding openings defined through the base 

portion 408 of each clutch 400A, 400B. As such, a suitable tool (e g an Allen
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wrench) may be inserted through the aligned openings from the exterior of each 

driven louver 114C, 114D to allow the adjustment screws 422 of the associated clutch 

400A, 400B to be tightened or loosened, as desired.  

[00123] It should be appreciated that the shape and/or outer dimensions of each 

clutch 400A, 400B may be selected such that the clutch 400A, 400B engages the inner 

wall(s) or surface(s) of its corresponding driven louver 114C, 1141) when installed 

within the louver 114C, 114D, thereby allowing the clutch 400A, 400B to rotationally 

engage the louver 114C, 1141). For instance, as shown in FIG 13, each clutch 400A, 

400B may be configured to define a substantial width/height relative to the overall 

width/height of its corresponding louver 114C, 1141) to ensure that the clutch 400A, 

400B does not rotate relative to the louver 114C, 114D.  

[00124] As indicated above, the louver drive shafts of adjacent panel sections may, 

in several embodiments, be coupled to each other via coupling members to allow the 

rotational motion of one louver drive shaft to be transferred to the adjacent louver 

drive shaft. For example, in the embodiment shown in FIG. 13, the third louver drive 

shaft 174 extending through the driven louver 114C of the first lower panel section 

138A may include a first coupling member 1300 (described below with reference to 

FIGS. 24 and 25) secured to its end that is configured to engage a corresponding 

second coupling member 1302 (described below with reference to FIGS. 24 and 25) 

secured to the end of the fourth louver drive shaft 176 extending through the driven 

louver 1141) of the second lower panel section 138B. In such an embodiment, the 

clutches 400A, 400B may allow the driven louvers 114A, 114B of the adjacent lower 

panel sections 136A, 136B to be manually adjusted independent of each other despite 

their louver drive shafts 174, 176 being rotationally coupled to each other via the 

coupling members 1300, 1302. Specifically, when manually adjusting the rotational 

orientation of the louvers 114 within the first lower panel section 138A. the first 

clutch 400A may allow the associated driven louver 114C to rotationally disengage 

from the third louver drive shaft 174, thereby allowing the driven louver 14C to be 

rotated relative to the louver drive shaft 174. Similarly, the second clutch 400B may 

allow the louvers 114 within the second lower panel section 138B to be manually 

adjusted without transferring such rotation to the fourth louver drive shaft 176.
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[00125] Referring now to FIG. 14, an exemplary variation of the illustrative 

embodiment of the clutch 400 shown in FIGS. 11 and 12 is illustrated in accordance 

with aspects of the present subject matter. As shown, unlike the embodiment 

described above, the clutch 400 may include one or more springs 440, 442 configured 

to be positioned between the first and second clutch members 402, 404 to assist in 

separating the clutch members 402, 404 when the adjustment screws 422 are being 

loosened. Specifically, in one embodiment, a shaft spring 440 may be positioned on 

the louver drive shaft 406 at a location between the angled portions 410, 412 of the 

first clutch member 402 and the engagement block 416 of the second clutch member 

404. As such, when the adjustment screws 422 are loosened, the shaft spring 440 may 

provide a biasing force that pushes the second clutch member 404 away from the first 

clutch member 402. In addition to the shaft spring 440, or as an alternative thereto, a 

screw spring 442 may be positioned on each adjustment screw 422 at a location 

between the base portion 408 of the first clutch member 402 and the engaged ent 

block 416 of the second clutch member 402. Similar to the shaft spring 440, the 

screw springs 442 may provide a biasing force that serves to separate the clutch 

members 402, 404 as the adjustment screws 422 are being loosened.  

[00126] Additionally, when previously describing the clutch 400, the first clutch 

member 402 was shown in FIGS. 11 and 12 as corresponding to a single integral 

component. However, in other embodiments, the first clutch member 402 may be 

split into two separate components along its length. For example, as shown in FIG.  

14, the first clutch member 402 may be formed from an assembly of first and second 

components 450, 452, with each component 450, 452 generally defining one-half of 

the clutch member 402.  

[00127] Referring now to FIGS. 15 and 16, differing views of another illustrative 

embodiment of a clutch 500 that may be utilized within the disclosed shutter assembly 

100 are illustrated in accordance with aspects of the present subject matter.  

Specifically, FIG. 15 illustrates a perspective view of the clutch 500 and FIG. 16 

illustrates a cross-sectional view of the clutch 500 shown in FIG. 15 taken about line 

16-16. It should be appreciated that the clutch 500 shown in FIGS. 15 and 16 may, in 

one embodiment., be utilized as one or more of the clutches 190 described above with 

reference to FIGS. 4-7. For purposes of description, the clutch 500 will be described
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as being installed within the driven louver 114A of the first upper panel section 136A 

of the shutter assembly 100 described above with reference to FIG. 4. However, it 

should be appreciated that, in general, the clutch 500 may be installed within any 

suitable driven louver of the disclosed shutter assembly 100.  

[00128] As shown, the clutch 500 may include a sleeve member 502 configured to 

be installed onto a portion of the louver drive shaft 168 extending within the driven 

louver 114A of the first upper panel section 136A. Specifically, in the illustrated 

embodiment, the louver drive shaft 168 may include a first shaft portion 504 

extending outwardly from the adjacent end cap of the driven louver 114A (e.g., the 

frame-side end cap 144) along the exterior of the driven louver 114A (e.g., to allow 

the first shaft portion 504 to be received within a corresponding gearbox of the shutter 

assembly 100) and a second shaft portion 506 extending within the driven louver 

114A. In such an embodiment, the sleeve member 502 may be configured to be 

installed onto the second portion 506 of the louver drive shaft 168 such that the clutch 

500 is positioned within the interior of the driven louver 114A.  

[00129] In several embodiments, the sleeve member 502 may be formed from a 

deformable, friction material (e.g., nylon or any other suitable material) that allows 

the sleeve member 502 to be fit tightly around the louver drive shaft 168 to provide a 

frictional interface between the clutch 500 and the drive shaft 168. For instance, the 

sleeve member 502 may define an opening 508 extending along its length through 

which the louver drive shaft 168 is configured to extend. In such an embodiment, the 

diameter of the opening 508 may be smaller than the diameter of the louver drive 

shaft 158 so that the sleeve member 502 grips the louver drive shaft 168 tightly 

around the frictional interface. Additionally, in several embodiments, the shape 

and/or outer dimensions of the sleeve member 502 may be selected such that the 

sleeve member 502 engages the inner wall(s) or surface(s) of the driven louver 114A 

when the clutch 500 is installed within the louver 114A, thereby allowing the clutch 

500 to rotationally engage the louver 114A. For instance, as shown in FIGS. 15 and 

16, the sleeve member 502 may define a rectangular shape having top and bottom 

sides 510, 512 configured to engage corresponding inner surfaces 514 of the driven 

louver 114A. However, in other embodiments, the sleeve member 502 may define
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any other suitable shape that allows the clutch 500 to rotationally engage the driven 

louver 114A.  

[00130] Given the frictional interface provided between the clutch 500 and the 

louver drive shaft 168, the sleeve member 502 (and, thus, the driven louver 114A) 

may be configured to rotate with the louver drive shaft 168 when the motor 156 of the 

shutter assembly 100 is being used to rotationally drive the shaft 168. However, when 

the position of the driven louver 114A (or any other louver 114 to which the driven 

louver 114A is connected) is being manually adjusted, the friction between the clutch 

500 and the louver drive shaft 168 may be overcome, thereby allowing the sleeve 

member 502 to rotate relative to the louver drive shaft 168. In addition, the clutch 

500 may also allow the driven louver 114A (and any other louvers 114 connected to 

the driven louver 114A) to be realigned within the remainder of the louvers 114 of the 

shutter assembly 100 following manual adjustment. For instance, when the driven 

louver 114A reaches the end of its travel range, the sleeve member 502 may begin to 

slip relative to the louver drive shaft 168 to permit the drive shaft 168 to rotate 

relative to the clutch 500 without further rotation of the driven louver 114A.  

[00131] Referring now to FIG. 17, a cross-sectional view of a further illustrative 

embodiment of a clutch 600 that may be utilized within the disclosed shutter assembly 

100 is illustrated in accordance with aspects of the present subject matter. It should 

be appreciated that the clutch 600 shown in FIG. 17 may, in one embodiment, be 

utilized as one or more of the clutches 190 described above with reference to FIGS.  

4-7. For purposes of description, the clutch 600 will be described as being installed 

within the driven louver 114A of the first upper panel section 136A of the shutter 

assembly 100 described above with reference to FIG. 4. However, it should be 

appreciated that, in general, the clutch 600 may be installed within any suitable driven 

louver of the disclosed shutter assembly 100.  

[00132] As shown, the clutch 600 may be configured similarly to the clutch 500 

described above with reference to FIGS. 15 and 16. For example, the clutch 600 may 

include a sleeve member 602 configured to be installed onto a portion of the louver 

drive shaft 168 extending within the driven louver 114A of the first upper panel 

section 136A. Similar to the sleeve member 502 described above, the sleeve member 

602 may be formed from a deformable, friction material (e.g., nylon or any other
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suitable material) that allows the sleeve member 602 to be fit tightly around the louver 

drive shaft 168 to provide a frictional interface between the clutch 600 and the drive 

shaft 168. In addition, the shape and/or outer dimensions of the sleeve member 602 

may be selected such that the sleeve member 602 engages the inner wall(s) or 

surface(s) of the driven louver 114A when the clutch 600 is installed within the louver 

114A, thereby allowing the clutch 600 to rotationally engage the louver 114A.  

[00133] Moreover, as shown in FIG. 17, the amount of friction provided at the 

frictional interface defined between the clutch 600 and the louver drive shaft 168 may 

be adjusted using an adjustment screw 604 configured to be screwed into a split-end 

portion 606 of the louver drive shaft 168 extending through the sleeve member 602.  

Specifically, by tightening the screw 604 into the split-end portion 606 of the louver 

drive shaft 168, the split-end portion 606 may expand outwardly and press against the 

sleeve member 602, thereby increasing the friction between the clutch 600 and the 

louver drive shaft 168. Similarly, by loosening the screw 604, the split-end portion 

606 of the louver drive shaft 168 may contract or move away from the sleeve member 

602. thereby reducing the friction between the clutch 600 and the louver drive shaft 

168. Thus, by varying the positioning of the screw 604 within the split-end portion 

606 of the louver drive shaft 168, the amount of torque required to cause sleeve 

member 602 to slip relative to the louver drive shaft 168 at the frictional interface 

may be adjusted.  

[00134] Referring now to FIG. 18, a cross-sectional view of yet another illustrative 

embodiment of a clutch 700 that may be utilized within the disclosed shutter assembly 

100 is illustrated in accordance with aspects of the present subject matter. It should 

be appreciated that the clutch 700 shown in FIG. 18 may, in one embodiment, be 

utilized as one or more of the clutches 190 described above with reference to FIGS.  

4-7. For purposes of description, the clutch 700 will be described as being installed 

within the driven louver 114A of the first upper panel section 136A of the shutter 

assembly 100 described above with reference to FIG. 4. However, it should be 

appreciated that, in general, the clutch 700 may be installed within any suitable driven 

louver of the disclosed shutter assembly 100.  

[00135] As shown, the clutch 700 may be configured similarly to the clutches 500, 

600 described above with reference to FIGS. 15-17. For example, the clutch 700 may
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include a sleeve member 702 configured to be installed onto a portion of the louver 

drive shaft 168 extending within the driven louver 114A of the first upper panel 

section 136A. Similar to the sleeve members 502, 602 described above, the sleeve 

member 702 may be formed from a deformable., friction material (e.g., nylon or any 

other suitable material) that allows the sleeve member 702 to be fit tightly around the 

louver drive shaft 168 to provide a frictional interface between the clutch 700 and the 

drive shaft 168. In addition, the shape and/or outer dimensions of the sleeve member 

702 may be selected such that the sleeve member 702 engages the inner wall(s) or 

surface(s) of the driven louver 114A when the clutch 700 is installed within the louver 

114A, thereby allowing the clutch 600 to rotationally engage the louver 1-14A.  

[00136] However, as shown in FIG. 18, the sleeve member 702 of the illustrated 

clutch 700 may be configured to define a tapered opening 704 configured to receive a 

tapered end portion 706 of the louver drive shaft 168. In such an embodiment, an 

adjustment screw 708 positioned at an end 710 of the sleeve member 702 may be 

utilized to adjust the amount of friction provided at the frictional interface defined 

between the clutch 700 and the louver drive shaft 168. For example, as shown in 

FIG. 18, the adjustment screw 708 may be screwed into a corresponding threaded 

opening (not shown) defined through the end of the louver drive shaft 168.  

Additionally, the head of the adjustment screw 708 may be configured to engage a 

washer 712 abutting the end 710 of the sleeve member 702. As such, by tightening 

the screw 708, the tapered end portion 706 of the drive shaft 168 may be drawn 

further into the tapered opening 704 of the sleeve member 702, thereby increasing the 

friction between the clutch 700 and the louver drive shaft 168. Similarly, by 

loosening the screw 708, the pressure between the sleeve member 702 and the tapered 

end portion 706 of the louver drive shaft 168 may be decreased, thereby reducing the 

friction between the clutch 700 and the louver drive shaft 168. Thus, by tightening or 

loosening the screw 708, the amount of torque required to cause the sleeve member 

702 to slip relative to the louver drive shaft 168 at the frictional interface may be 

adjusted.  

[00137] Referring now to FIG. 19, a cross-sectional view of an even further 

illustrative embodiment of a clutch 800 that may be utilized within the disclosed 

shutter assembly 100 is illustrated in accordance with aspects of the present subject
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matter. It should be appreciated that the clutch 800 shown in FIG. 19 may, in one 

embodiment., be utilized as one or more of the clutches 190 described above with 

reference to FIGS. 4-7. For purposes of description, the clutch 800 will be described 

as being installed within the driven louver 114A of the first upper panel section 136A 

of the shutter assembly 100 described above with reference to FIG. 4. However, it 

should be appreciated that, in general, the clutch 800 may be installed within any 

suitable driven louver of the disclosed shutter assembly 100.  

[00138] As shown, the clutch 800 may include a clutch member 802 configured to 

be installed with a portion of the louver drive shaft 168 extending within the driven 

louver 114A of the first upper panel section 136A. In several embodiments, the 

clutch member 802 may include a detent portion 804 and a post portion 806 extending 

outwardly from the detent portion 804. The detent portion 804 may generally be 

configured to engage the driven louver 114A along its outer perimeter to ensure that 

the clutch 800 and the driven louver 114A rotate together. In addition, the detent 

portion 804 of the clutch member 800 may be configured to engage a corresponding 

detent portion 808 coupled to or foirned integrally with a portion the louver drive 

shaft 168. As shown in FIG. 19, each detent portion 804, 808 may include a wavy or 

ratcheted end face configured to mate with a corresponding end face of the other 

detent portion 804, 808 at an engagement interface 810 defined between the detent 

portions 804, 808.  

[00139] Additionally, as shown in FIG. 19, the clutch 800 may include a spring 

812 compressed between the detent portion 804 of the clutch member 802 and a 

washer 814 positioned at the end of the post portion 806 (e.g., by retaining the washer 

814 via a screw 816 tightened into the end of the post portion 806). The spring 812 

may generally be configured to provide a biasing force against the detent portion 804 

of the clutch member 802 that biases such detent portion 804 into rotational 

engagement with the detent portion 808 of the louver drive shaft 168. A such, when 

the motor 156 of shutter assembly 100 is used to rotationally drive the louver drive 

shaft 168, rotational motion may be transferred from the louver drive shaft 168 to the 

clutch 800 (and, thus, to the driven louver 168) via the engagement interface 810 

defined between the adjacent detent portions 804, 808. However, when the driven 

louver 114A is being manually adjusted, the detent portion 804 of the clutch member
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802 may be camrned outwardly against the force of the spring 812 in a direction away 

from the detent portion 808 of the louver drive shaft 168, thereby allowing the clutch 

member 800 to rotate relative to the louver drive shaft 168.  

[00140] Referring now to FIG. 20, a cross-sectional view of another illustrative 

embodiment of a clutch 900 that may be utilized within the disclosed shutter assembly 

100 is illustrated in accordance with aspects of the present subject matter. It should 

be appreciated that the clutch 900 shown in FIG. 20 may, in one embodiment, be 

utilized as one or more of the clutches 190 described above with reference to FIGS.  

4-7. For purposes of description, the clutch 900 will be described as being installed 

within the driven louver 114A of the first upper panel section 136A of the shutter 

assembly 100 described above with reference to FIG. 4. However, it should be 

appreciated that, in general, the clutch 900 may be installed within any suitable driven 

louver of the disclosed shutter assembly 100.  

[00141] As shown, the clutch 900 may include a plurality of friction pads 902 and 

corresponding friction disks 904 configured to be installed onto a portion of the 

louver drive shaft 168 extending within the driven louver 114A of the first upper 

panel section 136A. The clutch 900 may generally extend lengthwise along the 

louver drive shaft 168 between a clutch flange 906 coupled to or formed integrally 

with the drive shaft 168 and a spring 908 retained relative to the end of the louver 

drive shaft 168 via a washer 910 and corresponding screw 912. As shown in FIG. 20, 

the friction pads 902 and friction disks 904 may be provided in an alternating 

arrangement along the portion of the louver drive shaft 168 extending between the 

clutch flange 906 and the spring 908.  

[00142] In general, the friction pads 902 may be configured to be installed within 

the driven louver 114A such that the pads 902 engage the driven louver 114A along 

its outer perimeter. For instance, the dimensions of the friction pads 902 may be 

selected to ensure that the pads 902 rotationally engage the driven louver 114A, 

thereby allowing such components to rotate together as the rotational orientation of 

the louver 114A is being adjusted. In addition, each friction pad 902 may be 

configured to define a central opening 914 through which the louver drive shaft 168 

extends, with each openings 914 having a diameter that is larger than the diameter of
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the louver drive shaft 168. As such, the frictions pads 902 may be allowed to rotate 

relative to the louver drive shaft 168.  

[00143] In contrast to the friction pads 902, the friction disks 904 may be 

rotationally engaged with the louver drive shaft 168 while being allowed to rotate 

relative to the driven louver 114A. For instance, in one embodiment, a keyed 

connection may be defined between the louver drive shaft 168 and the friction disks 

902. such as by including a groove or spline along the louver drive shaft 168 that is 

configured to engage a corresponding feature of the friction disks 902. In another 

embodiment, the louver drive shaft 168 and the corresponding opening defined 

through each friction disk 904 may be configured to have complementary shapes 

(e.g., a hexagonal shape). Alternatively, the friction disks 904 may be rotatably 

coupled to the louver drive shaft 168 in any other suitable manner.  

[00144] When adjusting the rotational orientation of the driven louver 114A, the 

frictional interface defined between each pair of adjacent friction pads/disks 902, 904 

may serve to maintain the louver drive shaft 168 rotationally engaged with the driven 

louver 114A as the motor 156 is being used to rotate the louver 114A. However, 

when manually adjusting the driven louver 114A, the friction pads 902 may be 

configured to slip relative to the friction disks 904, thereby allowing the driven louver 

114A to rotate relative to the louver drive shaft 168.  

[00145] It should be appreciated that the amount of friction provided at the 

frictional interface defined between each pair of adjacent friction pads/disks 902, 904 

may be adjusted by tightening and loosening the screw 912 positioned at the end of 

the louver drive shaft 168. For example, by tightening the screw 912, the spring 908 

may be further compressed between the clutch 900 and the washer 910, thereby 

increasing the compressive force applied by the spring 908 and, thus, increasing the 

amount of friction between the friction pads/disks 902, 904. Similarly, by loosening 

the screw 912, the spring 908 may expand between the clutch 900 and the washer 

910, thereby reducing the compressive force applied by the spring 908 and, thus, 

decreasing the amount of friction between the friction pads/disks 902, 904.  

[00146] It should be appreciated that, in one embodiment, the various clutches 600, 

700, 800, 900 shown in FIGS. 17-20 may be configured to be installed within each 

driven louver at the end of the louver positioned opposite the end at which the louver
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drive shaft extends into the driven louver from the gearbox. For instance, in the 

embodiment shown in FIG. 4, each of the clutches 600, 700, 800, 900 may be 

configured to be installed adjacent to the panel-side ends 142 of the driven louvers 

168, 174 of the first upper and lower panel sections 136A, 138A and adjacent to the 

frame-side ends 140 of the driven louvers 170, 176 of the second upper lower panel 

sections 136B, 1-38B. In such an embodiment, the louver drive shafts 168, 170, 174, 

176 for such driven louvers 114A, 114B, 114C, 114D may be configured to extend 

lengthwise from one end of each driven louver to the other to allow the drive shafts to 

be received within each clutch 600, 700, 800, 900.  

[00147] Referring now to FIG. 21, a cross-sectional view of a further illustrative 

embodiment of a clutch 1000 that may be utilized within the disclosed shutter 

assembly 100 is illustrated in accordance with aspects of the present subject matter. It 

should be appreciated that the clutch 1000 shown in FIG. 21 may, in one 

embodiment, be utilized as one or more of the clutches 190 described above with 

reference to FIGS. 4-7. For purposes of description, the clutch 1000 will be 

described as being installed within the driven louver 114A of the first upper panel 

section 136A of the shutter assembly 100 described above with reference to FIG. 4.  

However, it should be appreciated that, in general, the clutch 1000 may be installed 

within any suitable driven louver of the disclosed shutter assembly 100.  

[00148] As shown, the clutch 1000 may include an in-line sleeve member 1002 

configured to be installed at the location of adjacent ends of two separate shaft 

sections 1004, 1006 (e.g., first and second shaft sections 1004, 1006 forming the 

louver drive shaft 168 extending within the interior of the driven louver 114A of the 

first upper panel section 136A). Specifically, in one embodiment, the sleeve member 

1002 may be configured to extend lengthwise between a first end 1008 and a second 

end 1010, with a shaft opening 1012 being defined through the sleeve member 1002 

between its first and second ends 1008, 1010. In such an embodiment, the ends of the 

adjacent shaft sections 1004, 1006 may be configured to be inserted into the shaft 

opening 1012 at the opposed ends 1008, 1010 of the sleeve member 1002 so that a 

portion of each shaft section 1004, 1006 is received within the sleeve member 1002.  

[00149] In several embodiments., the sleeve member 1002 may be formed from a 

deformable, friction material (e.g., nylon or any other suitable material) that allows
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the sleeve member 1002 to be fit tightly around the shaft sections 1004, 1006 to 

provide a frictional interface between the clutch 1000 and each shaft section 1004, 

1006. For instance, the diameter of the shaft opening 1012 may be smaller than the 

diameters of the shaft sections 1004, 1006 so that the sleeve member 1002 grips each 

shaft section 1004, 1006 tightly around the frictional interface. As such, when the 

motor 156 of the shutter assembly 100 is being used to rotationally drive one of the 

shaft sections (e.. the first shaft section 1004), the friction provided between the 

sleeve member 1002 and each shaft section 1004, 1006 may allow for rotational 

motion to be transferred through the clutch 1000 to the other shaft section (e.g., the 

second louver drive shaft 1006). However, when the associated driven louver 114A is 

being manually adjusted, the shaft section coupled to the louver 114A (e.g.. the 

second shaft section 1006) may be configured to slip relative to the sleeve member 

1002, thereby allowing the louver 114A to be rotated relative to the other shaft section 

(e g. the first shaft section 1004).  

[00150] It should be appreciated that, although the clutch 1000 is shown in FIG. 21 

as being positioned within the interior of a driven louver, the clutch 1000 may 

generally be positioned at any suitable location along the drive train defined between 

the motor 156 and each driven louver 114A, 114B, 114C., 114D of the disclosed 

shutter assembly 100. For example, in another embodiment, the clutch 1000 may be 

installed between ends of adjacent shaft sections forming all or a portion of the motor 

drive shaft 158 of the shutter assembly 100.  

[00151] Referring now to FIG. 22, a cross-sectional view of another illustrative 

embodiment of a clutch 1100 that may be utilized within the disclosed shutter 

assembly 100 is illustrated in accordance with aspects of the present subject matter.  

As shown, unlike the clutch embodiments described above, the illustrated clutch 1110 

is configured to be integrated within or coupled to one of the gearboxes of the shutter 

assembly 100. For instance, for purposes of description, the clutch 1100 will be 

described as being integrated into the gearbox 200 described above with reference to 

FIGS. 8 and 9. As such, the same reference numbers will be used in FIG. 22 to 

identify the same or similar components of the gearbox 200 shown in FIGS. 8 and 9.  

However, it should be appreciated that, in other embodiments, the clutch 1100 may be 

installed within any other gearbox having any other suitable gearbox configuration.
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[00152] As shown in FIG. 22, the dimensions of the gearbox housing 302 may be 

selected or adjusted, as necessary, to allow the clutch 1100 to be installed within its 

interior. For instance, as compared to the gearbox 200 described above with reference 

to FIGS. 8 and 9, the sidewalls of the housing 202 have been elongated so that the 

inner face 210 of the housing 202 is spaced further apart from the louver drive gear 

224, thereby defining a cavity 1102 between the inner face 210 and the louver drive 

gear 224 in which the clutch 1110 may be installed.  

[00153] As shown, the clutch 1100 may include a clutch shroud 1104 rotationally 

coupled to the louver gear drive 224 such that the shroud 1104 rotates with the louver 

drive gear 224 when such gear 224 is being driven via the drive shaft 212 and 

associated shaft gear(s) 220, 222. The clutch shroud 1104 may generally be 

configured to extend outwardly from the louver drive gear 224 towards the inner face 

210 of the housing 202 so as to enclose a friction assembly 1106 of the clutch 1100.  

Additionally, as shown in FIG. 22, the clutch shroud 1104 may define a shaft opening 

1108 configured to be aligned with the shaft opening 214 defined through the inner 

face 210 of the housing 202 to allow the louver shaft 216 to be received within the 

shroud 1104 and extend through the friction assembly 1106.  

[00154] As shown in FIG. 22, the friction assembly 1106 of the clutch 1100 may 

generally include a plurality of friction pads 1110 and spring washers 1112 provided 

in an alternating arrangement along the portion of the louver shaft 216 extending with 

the clutch shroud 1104. In general, the friction pads 1110 may be configured to be 

installed with the clutch shroud 1106 such that the pads 1110 engage the shroud 1104 

along its outer perimeter. For instance, the dimensions of the friction pads 1110 may 

be selected to ensure that the pads 1110 rotationally engage the clutch shroud 1104., 

thereby allowing such components to rotate with each other. In addition, each friction 

pad 1110 may be configured to define a central opening 1114 through which the 

louver shaft 216 extends, with each opening 1114 having a diameter that is larger than 

the diameter of the louver shaft 216. As such, the frictions pads 1110 may be allowed 

to rotate relative to the louver shaft 216.  

[00155] In contrast, the spring washers 1112 may be rotationally engaged with the 

louver shaft 216 while being allowed to rotate relative to the clutch shroud 1104. For 

instance, in one embodiment, a keyed connection may be defined between the louver
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shaft 216 and each spring washer 1112, such as by including a groove or spline along 

the louver shaft 216 that is configured to engage a corresponding feature of each 

spring washer 1112. Alternatively, the louver shaft 216 and the corresponding 

openings defined through the spring washers 1112 may be configured to define 

complementary shapes (e.g., a hexagonal shape).  

[00156] Unlike the embodiment of the gearbox 200 described above with reference 

to FIGS. 8 and 9 in which rotation of the louver drive gear 224 is directly transferred 

to the louver shaft 216, the louver drive gear 224 is not directly rotationally coupled to 

the louver shaft 216 within the embodiment of the gearbox 200 shown in FIG. 22.  

Rather, rotation of the louver drive gear 224 may be transferred through the clutch 

shroud 1104 and corresponding friction assembly 1106 to the louver shaft 216. Thus, 

when the motor 156 of the shutter assembly 100 is being used to rotationally drive the 

louver drive gear 224 (e.g., via the drive shaft 212 and shaft gear(s) 220, 222), 

rotation of the clutch shroud 1104 may be transferred to the louver shaft 216 via the 

frictional interface defined between each pair of adjacent friction pads/washers 1110, 

1112. However, when the louver shaft 216 is being rotated separately (e.g., during 

manual adjustment of a corresponding driven louver), the spring washers 1112 may 

slip relative to the friction pads 1110 at each frictional interface, thereby allowing the 

louver shaft 216 to be rotated relative to both the clutch shroud 1104 and louver drive 

gear 224.  

[00157] Referring now to FIG. 23, a cross-sectional view of another illustrative 

embodiment of a clutch 1200 that may be utilized within the disclosed shutter 

assembly 100 is illustrated in accordance with aspects of the present subject matter.  

As shown, similar to the embodiment described above with reference to FIG. 22, the 

illustrated clutch 1200 is configured to be integrated within or coupled to one of the 

gearboxes of the shutter assembly. For instance, for purposes of description, the 

clutch 1200 will be described as being integrated into the gearbox 300 described 

above with reference to FIG. 10. As such, the same reference numbers will be used 

in FIG. 23 to identify the same or similar components of the gearbox 300 shown in 

FIG. 10, such as the gear alignment features that may be used to synchronize louver 

movement across two or more adjacent shutter panels. However, it should be
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appreciated that, in other embodiments, the clutch 1200 may be installed within any 

other gearbox having any other suitable gearbox configuration.  

[00158] As shown, the clutch 1200 may include a threaded portion 1202 coupled to 

the louver drive gear 324 and a gripper portion 1204 that is configured to receive a 

portion of the louver shaft 316 (or louver peg) extending outwardly from one of the 

driven louvers 114A, 114B, 114C, 1141) of the disclosed shutter assembly 100. In 

general, the gripper portion 1204 may have any suitable configuration that allows it to 

fit tightly around the louver shaft 316 to provide a frictional interface between the 

clutch 1200 and the louver shaft 316, thereby allowing the gripper portion 1204 to 

rotationally engage the louver shaft 316 when the motor 156 of the shutter assembly 

100 is being used to rotationally drive the louver drive gear 324. In addition, the 

gripper portion 1204 may also be configured to allow the louver shaft 316 to slip 

relative to the gripper portion 1204 when the corresponding driven louver is being 

manually adjusted.  

[00159] In one embodiment, the gripper portion 1204 may be configured similar to 

the sleeve members 502, 602, 702, 1002 described above. For instance, the gripper 

portion 1204 may be formed from a deformable, friction material (e.g., nylon or any 

other suitable material) that allows the gripper portion 1204 to grip tightly around the 

louver shaft 316. Alternatively, the gripper portion 1204 may have any other suitable 

configuration that allows it to function as described herein.  

[00160] Additionally, in several embodiments, the gearbox/clutch 300, 1200 may 

incorporate one or more components or features for adjusting the amount of friction 

provided at the frictional interface defined between the sleeve member 1204 and the 

louver shaft 316. For example, as shown in FIG. 23, in one embodiment, a clutch nut 

1206 may be installed onto the threaded portion 1202 of the clutch 1200 that is 

configured to engage the gripper portion 1204. In such an embodiment, the 

positioning of the clutch nut 1206 along the threaded portion 1202 may be adjusted by 

accessing a clutch adjuster 1208 via an access port 1210 defined through the outer 

face 308 of the gearbox housing 302.  

[00161] As shown in FIG. 23, the clutch adjuster 1208 may include an adjuster 

shaft 1212 extending from the access port 1210 to an adjuster gear 1214 configured to 

engage corresponding gear teeth defined around the outer circumference of the clutch
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nut 1206. Additionally, a spring 1216 may be positioned between the inner face 310 

of the housing 302 and the clutch adjuster 1208 to bias the adjuster gear 1214 away 

from the clutch nut 1206. Thus, in its normal position, the adjuster gear 1214 may be 

spaced apart from the clutch nut 1206 (e.g., as shown in FIG. 23). However, by 

pushing the adjuster shaft 1212 inwardly relative to the housing 302 against the 

biasing force of the spring 1216 (e.g., using a tool inserted through the access port 

1210). the adjuster gear 1214 may be moved into engagement with the clutch nut 

1206. Thereafter, rotation of the clutch adjuster 1208 (e.g., utilizing the same tool 

used to initially depress the adjuster 1208) may, in turn, be transferred to the clutch 

nut 1206 to allow the nut 1206 to be translated along the threaded portion 1202 of the 

clutch 1200 towards or away from the gripper portion 1204. Such translation of the 

clutch nut 1206 may allow for the gripper portion 1204 to be tightened around or 

loosened relative to the louver shaft 316 (e.g., depending on the direction of 

translation) to adjust the amount of friction provided between the gripper portion 1204 

and the louver shaft 316.  

[00 162] Referring now to FIGS. 24 and 25, perspective views of one illustrative 

embodiment of coupling members 1300, 1302 that may be utilized within the 

disclosed shutter assembly 100 are illustrated in accordance with aspects of the 

present subject matter. It should be appreciated that the coupling members 1300, 

1302 shown in FIGS. 24 and 25 may, in one embodiment, be utilized as any of the 

pairs of coupling members described above, such as the coupling members -180A, 

180B, 182A, 182B described above with reference to FIGS. 3-7.  

[00163] As indicated above, the disclosed shutter assembly 100 may include one or 

more pairs of coupling members configured to be coupled to adjacent ends of 

corresponding louver shafts at the panel-to-panel interface 110 defined between 

adjacent shutter panels 104A, 104B. For purposes of description, the coupling 

members 1300, 1302 of FIGS. 24 and 25 will be described as being installed between 

the upper pass-through louver shaft 172 and the second louver drive shaft 170 of the 

first and second upper panel sections 136A, 136B of the shutter assembly 100 

described above with reference to FIG. 4. However, it should be appreciated that, in 

general, the coupling members 1300, 1302 shown in FIGS. 24 and 25 may be
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installed at any suitable location within the disclosed shutter assembly 100 to allow 

the adjacent ends of two shafts to be coupled to each other.  

[00164] As shown in FIGS. 24 and 25, a first coupling member 1300 may be 

coupled to the end of the upper pass-through louver shaft 172 extending outwardly 

from a corresponding louver 114 of the first upper panel section 136A while a second 

coupling member 1302 may be coupled to the end of the second louver drive shaft 

170 extending outwardly from the driven louver 114B of the second upper panel 

section 136B. In general, the coupling members 1300, 1302 may be configured to 

rotationally engage each other to allow rotational motion to be transferred from the 

pass-through louver shaft 172 to the second louver drive shaft 170 (and vice versa).  

In several embodiments, a male/female--type coupling joint may be defined between 

the first and second coupling members 1300, 1302. For instance, as particularly 

shown in FIG. 25, the first coupling member 1300 may include both a semi-circular, 

outwardly curved end face 1304 and a lateral slot 1306 extending across the end face 

1304. Additionally, as particularly shown in FIG. 24, the second coupling member 

1302 may include both a semi-circular, inwardly curved or recessed end face 1308 

and a lateral tab 1310 extending outwardly from the recessed end face 1308. In such 

an embodiment, when the coupling members 1300, 1302 are positioned end-to-end, 

the outwardly curved end face 1304 of the first coupling member 1300 may be 

received within the recessed end face 1308 of the second coupling member 1302 

while the lateral tab 1310 of the second coupling member 1302 may be received 

within the lateral slot 1306 of the first coupling member 1300, thereby allowing the 

coupling members 1300, 1302 to rotationally engage each other.  

[00165] It should be appreciated that coupling members 1300, 1302 may be 

configured to be positioned end-to-end when the associated shutter panels 104A, 

104B are moved to the closed position (e.g., as shown in FIG. 4) so that the shutter 

frames 112A, 112B of the panels 104A, 104B are positioned adjacent to each other 

along the panel-to-panel interface 110. In the event that the coupling members 1302, 

1304 are not properly aligned when the shutter panels 104A, 104B are moved to the 

closed position (e.g., the lateral tab 1310 of the second coupling member 1302 is not 

aligned with the lateral slot 1306 of the first coupling member 1300), subsequent 

rotation of one of the shafts 172, 170 (e.g. by the motor 156 or manually) may result
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in the coupling members 1300, 1302 becoming aligned. For example, with the motor 

156 of the shutter assembly 100 being coupled to the upper pass--through louver shaft 

172, the motor 156 may rotate (he pass-through louver shaft 172 relative to the second 

louver drive shaft 170 until the first coupling member 1300 is properly aligned with 

the second coupling member 1302, at which point the coupling members 1300, 1302 

may rotationally engage to allow the rotation of the pass-through louver shaft 172 to 

be transferred to the second louver drive shaft 170.  

[00166] It should also be appreciated that the coupling members 1300, 1302 may 

have any other suitable configuration that allows for the coupling members 1300, 

1302 to rotationally engage each other at the ends of adjacent shafts. For instance, as 

will be described below with reference to FIGS. 28 and 29, embodiments of the 

disclosed coupling members may include spring-loaded features to facilitate engaging 

the coupling members with each other.  

[00167] Referring now to FIG. 26, a simplified view of one embodiment of an 

attachment configuration for allowing the depth or position of the coupling members 

1300, 1302 described above with reference to FIGS. 24 and 25 to be adjusted relative 

to the ends of the adjacent shafts is illustrated in accordance with aspects of the 

present subject matter. For purposes of description, the attachment configuration will 

be described below with reference to the first coupling member 1300 shown in FIGS.  

24 and 25. However, it should be appreciated that the same or a similar attachment 

configuration may also be utilized for the second coupling member 1302 to allow its 

position to be adjusted relative to the end of its corresponding louver shaft. It should 

also be appreciated that both the coupling member 1300 and a portion of the 

associated louver shaft have been shown in cross-section in FIG. 26 to illustrate the 

interface between the coupling member and the louver shaft.  

[00168] As shown, the end of the louver shaft to which the coupling member 1302 

is attached (e.g., louver shaft 172) may include a threaded outer portion 1320 

configured to engage a corresponding threaded sleeve or spline 1322 of the coupling 

member 1300. In addition, a threaded opening 1324 may be defined through the end 

of the louver shaft 172 that is configured to receive a screw 1326 extending through 

the coupling member 1300. For instance, the screw 1326 may be accessible via an 

opening (not shown) defined through the end face 1304 of the coupling member 1300,
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such as by configuring the opening to extend to the bottom of the lateral slot 1306 of 

coupling member 1300. In such an embodiment, by loosening the screw 1326, the 

coupling member 1300 may be rotated relative to the louver shaft 172 to move the 

spline 1322 along the threaded portion 1320 towards or away from the end of the 

shaft 172, thereby allowing the depth of the coupling member 1300 to be adjusted.  

Accordingly, by adjusting the depth of one or both of the coupling members 1300, 

1302. it can be ensured that the coupling members 1300, 1302 engage each other 

when the associated shutter panels are moved to the closed position. It should be 

appreciated that the screw 1326 may be tightened to lock the coupling member 1300 

in place once the desired depth is achieved.  

[00169] It should also be appreciated that, although the coupling members 1300, 

1302 have been described above as being directly coupled to the ends of their 

corresponding louver shafts, the coupling members 1300, 1302 may, instead, be 

indirectly coupled to the louver shafts. For instance, in one embodiment, each louver 

shaft may be coupled to a louver peg at the adjacent end cap of the corresponding 

louver, with the louver peg. in turn, being coupled to the associated coupling member 

1300, 1302. In such an embodiment, the threaded portion 1320 and the threaded 

opening 1324 shown in FIG. 26 may, for example. be defined by the louver peg as 

opposed to the louver shaft 172.  

[00170] Referring now to FIG. 27, a simplified view of yet another illustrative 

embodiment of a clutch 1400 that may be utilized within the disclosed shutter 

assembly 100 is illustrated in accordance with aspects of the present subject matter, 

particularly illustrating the adjustable clutch configuration shown in FIG. 23 being 

provided in operative association with one of the coupling members 1300, 1302 

described above with reference to FIGS. 24 and 25. For purposes of description, the 

clutch 1400 will be described below with reference to the first coupling member 1300 

shown in FIGS. 24 and 25. However, it should be appreciated that the same or a 

similar configuration may also be utilized with the second coupling member 1302 to 

provide a clutching mechanism at or adjacent to such coupling member 1302.  

[00171] As shown, the clutch 1400 may include a clutch housing 1402 configured 

to be mounted within or coupled to an adjacent shutter frame 112A, 112B of the 

disclosed shutter assembly 100, such as by mounting the housing 1402 within one of
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the panel-side stiles 118, 128 of slutter assembly 100. In general, the clutch housing 

1402 may be configured to at least partially encase the various internal components of 

the clutch 1400. For example, as shown in FIG. 27, the clutch 14010 may include a 

gripper portion 1404 that is configured to receive a portion of the louver shaft (or 

louver peg) to which the coupling member 1300 is being secured (e.g.. louver shaft 

170) and a clutch shaft 1406 extending through the clutch housing 1402 from the 

gripper portion 1404 to the associated coupling member 1300. In addition, the clutch 

1400 may include a clutch nut 1412 positioned on a threaded portion 1414 of the 

clutch shaft 1406 extending adjacent to the gripper portion 1404.  

[001721 In general, the gripper portion 1404 may be configured the same as or 

similar to the gripper portion 1204 described above. For example, the gripper portion 

1404 may be configured to fit tightly around the louver shaft 170 to provide a 

frictional interface between the clutch 1400 and the louver shaft 170, thereby allowing 

the gripper portion 1404 to rotationally engage the shaft 170 when the motor 156 of 

the shutter assembly 100 is being used to drive the associated louver 114B. In 

addition, the louver shaft 170 may be allowed to slip relative to the gripper portion 

1404 when the louver 114B is being manually adjusted.  

[00173] It should be appreciated that the various components and/or features used 

to adjust the amount of friction provided at the frictional interface defined between 

the gripper portion 1404 and the louver shaft 170 may generally function the same as 

the components and/or features described above with reference to FIG. 23. Thus, the 

same reference numbers will be used in FIG. 27 to identify the same or similar 

components and/or features shown in FIG. 23. However, unlike the embodiment 

described above, the clutch adjuster 1208 may be accessed via aligned access ports 

1408, 1410 defined through the clutch housing 1402 and the coupling member 1300, 

respectively. In such an embodiment, by inserting a tool through the aligned access 

ports 1408, 1410 to push the adjuster shaft 1212 inwardly relative to the housing 1402 

and against the biasing force of the spring 1214, the adjuster gear 1214 may be moved 

into engagement with the clutch nut 1412. Thereafter, rotation of the clutch adjuster 

1208 (e.g., utilizing the same tool used to initially depress the adjuster 1208) may, in 

turn, be transferred to the clutch nut 1412 to allow the nut 1412 to be translated along 

the threaded portion 1414 of the clutch shaft 1406 towards or away from the gripper
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portion 1404. Such translation of the clutch nut 1412 may allow for the gripper 

portion 1404 to be tightened around or loosened relative to the louver shaft 170 (e.g., 

depending on the direction of translation) to adjust the amount of friction provided 

between the gripper portion 1404 and the louver shaft 170.  

[00174] Referring now to FIGS. 28 and 29, differing views of an illustrative 

embodiment of coupling devices 1500, 1502 incorporating corresponding coupling 

members 1504, 1506 that may be utilized within the disclosed shutter assembly 100 

are illustrated in accordance with aspects of the present subject matter. Specifically, 

FIG. 28 illustrates a perspective view of the coupling devices 1500, 1502 exploded 

away from each other. Additionally, FIG. 29 illustrates a cross-sectional view of the 

coupling devices 1500, 1502 with their corresponding coupling members 1504, 1506 

being rotationally engaged with each other. It should be appreciated that the coupling 

devices 1500, 1502 and associated coupling members 1504, 1506 shown in FIGS. 28 

and 29 may, in one embodiment, be installed in place of any of the pairs of coupling 

members described above, such as the coupling members 180A, 180B, 182A, 182B 

described above with reference to FIGS. 3-7.  

[00175] As shown in FIGS. 28 and 29, a first coupling device 1500 may include a 

first coupling member 1504 configured to be coupled to the end of a first louver shaft 

1508 (e.g., one of the pass-through louver shafts 172, 178 shown in FIG. 4 or one of 

the louver drive shafts 168, 174 of the first panel 104A shown in FIGS. 6 and 7) 

while a second coupling device 1502 may include a second coupling member 1506 

configured to be coupled to the end of a second louver shaft 1510 (e.g., one of the 

louver drive shafts 170, 176 of the second panel 104B shown in FIGS. 4, 6 and 7). In 

general, the coupling members 1504, 1506 of the coupling devices 1500, 1502 may be 

configured similar to the coupling members 1300, 1302 described above with 

reference to FIGS. 24 and 25. For instance, the coupling members 1504, 1506 may 

be configured to rotationally engage each other to allow rotational motion to be 

transferred from the first louver shaft 1508 to the second louver shaft 1510 (and vice 

versa). Additionally, a male/female-type coupling joint may be defined between the 

first and second coupling members 1504, 1506. For instance, as shown in the 

illustrated embodiment, the first coupling member 1504 may include an outwardly 

extending tab 1512 configured to be received within a corresponding slot 1514
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defined in the second coupling member 1506. As such, when the tab 1512 is received 

with the slot 1514, the first coupling member 1504 may be rotationally engaged with 

the second coupling member 1506, thereby allowing rotational motion to be 

transferred between the first and second louver shafts 1508, 1510.  

[00176] As shown in FIGS. 28 and 29, each coupling device 1500, 1502 may also 

include an outer housing or frame 1516, 1518 configured to rotationally support each 

coupling member 1504, 1506. For example, the first coupling device 1500 may 

include a first frame 1516 having a first backing plate 1520 coupled thereto (e.g., via 

screws) to enclose a volume within the device 1500 for at least partially receiving the 

first coupling member 1504 and the first louver shaft 1508. Similarly, the second 

coupling device 1502 may include a second frame 1518 having a second backing 

plate 1522 coupled thereto (e.g., via screws) to enclose a volume within the device 

1502 for at least partially receiving the second coupling member 1506 and the second 

louver shaft 1510. Additionally, the coupling devices 1500, 1502 may define suitable 

openings for accommodating the louver shafts 1508, 1510 and associated coupling 

members 1504, 1506. For example, a first shaft opening 1524 may be defined 

through the first backing plate 1520 for receiving the first louver shaft 1508 while a 

first aperture 1526 may be defined through the opposed end of the first frame 1516 for 

receiving the first coupling member 1504. Similarly, a second shaft opening 1528 

may be defined through the second backing plate 1522 for receiving the second louver 

shaft 1510 while a second aperture 1530 may be defined through the opposed end of 

the second frame 1518 for receiving the second coupling member 1506.  

[00177] In several embodiments, one or both of the coupling members 1504, 1506 

may be spring-loaded to allow the coupling devices 1500, 1502 to accommodate 

misalignment between the coupling members 1504, 1506 when the shutter panels 

104A, 104B of the shutter assembly 100 are moved to the closed position. For 

instance, as shown in FIG. 29, the first coupling device includes a spring 1532 

configured to be compressed between the first backing plate 1520 and the first 

coupling member 1504 such that the spring 1532 applies an outward biasing force 

against the first coupling member 1504. As such, in the event that the tab 1512 of the 

first coupling member 1504 is not aligned with the slot 1514 of the second coupling 

neiber 1506 when the coupling members 1504, 1506 are positioned end-to-end, the
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first coupling member 1504 may be pushed inwardly relative to the first frame 1516.  

Thereafter, the first coupling member 1504 may be rotated relative to the second 

coupling member 1502 (e.g., via the motor or manually) until the tab 1512 is aligned 

with the slot 1514, at which point the spring 1532 may force the first coupling 

member 1504 outwardly into engagement with the second coupling member 1506.  

[001781 It should be appreciated that, in several embodiments, a keyed connection 

may be provided between the first louver shaft 1508 and the first coupling member 

1504 to allow the first coupling member 1504 to slide axially relative to the louver 

shaft 1508 with compression/expansion of the spring 1532. For instance, the first 

louver shaft 1508 may include a groove or spline that is configured to engage a 

corresponding feature of the first coupling member 1504. Alternatively, the louver 

shaft 1508 and the corresponding shaft opening defined by the first coupling member 

1504 may be configured to have complementary shapes (e.g., a hexagonal shape) that 

allow for such relative axial movement while still maintaining the rotational 

connection between the louver shaft 1508 and the coupling member 1504.  

[00179] It also should be appreciated that, although the first coupling member 1504 

is shown as being spring-loaded, the second coupling member 1506 may, instead, be 

spring-loaded relative to the second frame 1518. Alternatively, both the first coupling 

member 1504 and the second coupling member 1506 may be spring-loaded.  

[00180] Referring now to FIG. 30, a perspective view of one illustrative 

embodiment of the battery pack 184 described above with reference to FIGS. 4, 6 and 

7 is illustrated in accordance with aspects of the present subject matter. As shown, 

the battery pack 184 may include a battery tray or sled 185 configured to support a 

plurality of batteries 187. For example, in the illustrated embodiment, the battery sled 

185 is configured to support eight batteries of a given size. However, in other 

embodiments, the battery sled 185 may be configured to support any other suitable 

number of batteries 187 depending on the power requirements for the shutter 

assembly 100 and/or any dimensional constraints related to installing the battery pack 

184 within one of the shutter frames 112A, 112B of the shutter assembly 100.  

[00181] Additionally, as shown in FIG. 30, the battery pack 184 may also include 

two connection members 189 extending outwardly from the battery sled 185. In one 

embodiment, the connection members 189 may be utilized to couple the battery pack
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184 to an adjacent component(s) of the disclosed shutter assembly 100, such as an 

adjacent motor housing of the motor assembly 154 (described below) of the disclosed 

shutter assembly 100.  

[00182] Referring now to FIG. 31. a perspective view of one illustrative 

embodiment of the motor assembly 154 described above with reference to FIGS. 4, 6 

and 7 is illustrated in accordance with aspects of the present subject matter. As 

shown, the motor assembly 154 may include a housing 191 configured to encase both 

the motor 156 and the motor controller 186 of the assembly 154. For instance, the 

motor 156 may be positioned within the housing 191 adjacent to one of its ends to 

allow an output shaft 192 of the motor 156 to extend outwardly from the housing 191.  

A suitable coupling device 193 (or a gear box) may be coupled between the output 

shaft 192 and the motor drive shaft 158 to allow the motor 156 to be rotationally 

coupled to the louvers 114 via the drive system 152 described above. Alternatively, 

the output shaft 191 of the motor 156 may correspond to the motor drive shaft 158 

and, thus, may eliminate the need for the separate coupling device 193 (or gearbox).  

[00183] Moreover, as shown in FIG. 31, the motor assembly 154 may also include 

a support tray 194 extending outwardly from the motor housing 191. In several 

embodiments, the battery pack 184 may be configured to be installed onto the support 

tray 194. For instance, in one embodiment, the battery sled 185 of the battery pack 

184 may be slid onto the support tray 194 until the connection members 189 of the 

battery pack 184 engage corresponding features of the motor housing 191, thereby 

securing the battery pack 184 to the motor assembly 154.  

[00184] Referring now to FIG. 32, a schematic view of one illustrative 

embodiment of suitable components that may be included within the motor controller 

186 of the disclosed shutter assembly 100 is illustrated in accordance with aspects of 

the present subject matter. In several embodiments, the motor controller 186 may 

correspond to any suitable processor-based device and/or combination of processor

based devices. Thus, the motor controller 186 may, for example, include one or more 

processor(s) 195 and associated memory device(s) 196 configured to perform a 

variety of computer-implemented functions. As used herein, the term "processor" 

refers not only to integrated circuits referred to in the art as being included in a 

computer, but also refers to a controller, a microcontroller, a microcomputer, a
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programmable logic controller (PLC), an application specific integrated circuit, and 

other programmable circuits. Additionally, the memory device(s) 196 may generally 

comprise memory element(s) including, but not limited to, computer readable medium 

(e.g., random access memory (RAM)), computer readable non-volatile medium (e.g., 

a flash memory). and/or other suitable memory elements. Such memory device(s) 

196 may generally be configured to store suitable computer-readable instructions that, 

when implemented by the processor(s) 195, configure the motor controller 186 to 

perform various functions including, but not limited to, the controlling the operation 

of the motor 156 based on wireless control signals received from a separate device 

(e.g., a remote control device).  

[00185] Additionally, the motor controller 186 may also include a communications 

module 197 to facilitate communications between the motor controller 186 and the 

motor 156. For instance, the communications module 197 may allow the controller 

186 to transmit suitable control signals to the motor 156 for controlling its operation.  

Moreover, in several embodiments, the communications module 197 may include 

suitable components for allowing the motor controller 186 to communicate wirelessly 

with one or more separate devices, such as a remote control device. For instance, in 

one embodiment, the communications module 197 may include or may be coupled to 

a wireless communications device 198 (e.g., an antenna or wireless receiver) for 

providing wireless communications between the motor controller 186 and one or 

more separate devices via radio waves or any other suitable wireless communications 

protocol, such as Bluetooth, WiFi, near field communication (NFC) and/or the like.  

In such an embodiment, the motor controller 186 may be configured to receive user 

inputs wirelessly from a separate device(s) for controlling the operation of the motor 

156.  

[00186] Referring now to FIGS. 33 and 34, differing views of one illustrative 

embodiment of a suitable configuration for a stile (e.g., stile 116) that may be utilized 

within the disclosed shutter assembly 100 are illustrated in accordance with aspects of 

the present subject matter. Specifically, FIG. 33 illustrates a perspective view of the 

stile 116 having a portion of the stile 116 removed to show an exemplary arrangement 

of the various internal components of the shutter assembly 100 within the stile 116.  

Additionally, FIG. 34 illustrates a cross-sectional view of the stile 116 shown in FIG.
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33 taken about line 34-34. For purposes of description, the stile configuration shown 

in FIGS. 33 and 34 will be described with reference to the frame--side stile 116 of 

shutter assembly 100. However, it should be appreciated that, in general, any stile(s) 

of shutter assembly 100 may have the stile configuration shown in FIGS. 33 and 34.  

[00187] In several embodiments, the configuration of the stile 116 shown in FIGS.  

33 and 34 may be utilized for stiles formed from wood or medium-density fiberboard 

(MDF) as opposed to vinyl stiles. Specifically, the stile configuration may allow for 

a wooden or MIF stile to house the various internal components of the disclosed 

shutter assembly 100 while maintaining a solid structure. However, it should be 

appreciated that the stile configuration shown in FIGS. 33 and 34 may also be utilized 

for stiles made of any other suitable material, including a vinyl material.  

[00188] As particularly shown in the cross-sectional view of FIG. 34, the stile 

116 may include an outer shell 1600 (e.g., formed from wood or MDF) and an inner 

housing 1602 within the outer shell 1600. In one embodiment, the inner housing 1602 

may be formed from a lightweight, structural material, such as aluminum and/or the 

like, while the outer housing 1602 may be formed from wood or MDF. The inner 

housing 1602 may generally define an internal cavity 1604 Configured to 

accommodate the various internal components of shutter assembly 100. For example, 

as shown in FIG. 33. the inner housing 1602 may be configured to accommodate a 

motor assembly (e.g.. motor assembly 154), a battery pack (e.g., battery pack 184), a 

motor drive shaft (e.g., drive shaft 158), one or more gearboxes (e.g., gearbox 164) 

and/or any other suitable components of shutter assembly 100.  

[00189] Moreover, as shown in FIG. 34, the inner housing 1602 may include 

opposed flanges 1606 extending inwardly within the cavity 1604 that define a track 

1608 for slidably receiving one or more of the internal components of shutter 

assembly 100. In such an embodiment, one or more locking mechanisms 1610 may 

also be received within the track 1608 to maintain the relative positioning of the 

internal components within the stile 11-6. Additionally, as shown in FIG. 34, to 

finalize the assembly once the internal components of shutter assembly 100 have been 

installed within the stile 116, a connection member 1612 may be slidably received 

within a slot (not shown) defined between opposed sides of the outer shell 1600 and 

the inner housing 1602 at the open ends of such components. In one embodiment, the
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connection member 1612 may define suitable flanges 1614 configured to engage with 

corresponding flanges 1616 defined by the inner housing 1602 and the outer shell 

1600, thereby interlocking the various components of the stile 116 together.  

[00190] Referring now to FIG. 35, a partial, perspective view of another 

illustrative embodiment of one of the panel sections of the disclosed shutter assembly 

100 is illustrated in accordance with aspects of the present subject matter. For 

purposes of description, the panel section will be described as corresponding to the 

first lower panel section 1-38A of shutter assembly 100 shown in FIG. 6. However, it 

should be appreciated that, in general, the illustrated panel section may correspond to 

any suitable panel section of the disclosed shutter assembly 100.  

[00191] As shown in FIG. 35, unlike the embodiment described above in which 

the first lower panel section 138A includes a single driven louver 114C, the panel 

section 138A includes two driven louvers 114C. Specifically, the motor 156 may be 

configured to rotationally drive a louver drive shaft 174 extending through each 

driven louver 114C via the motor drive shaft 158 and an associated gearbox 165.  

Each louver drive shaft 174 may, in turn, rotationally drive its respective driven 

louver 114C via a suitable clutch (e.g., the clutch 400 described above with reference 

to FIGS. 11 and 12). As such, the driven louvers 114C may be rotated in concert via 

rotation of the motor drive shaft 158 by the motor 156. Additionally, as shown in 

FIG. 35, the tie bar 150 associated with the panel section 138A may connect all of the 

corresponding louvers 114, 114C together to ensure that the driven 114C and non

driven louvers 114 rotate simultaneously.  

[00192] It should be appreciated that, although the panel section 138A illustrated in 

FIG. 35 is shown as only including two driven louvers, each panel section of the 

disclosed shutter assembly 100 may generally be configured to include any suitable 

number of driven louvers, such as three or more driven louvers. By increasing the 

ratio of driven louvers to non-driven louvers within a given panel section, the 

likelihood that all of the louvers 114 within such panel section rotate in unison may be 

similarly increased. In doing so, the exact ratio of driven louvers to non-driven 

louvers utilized for a given panel section may vary depending on the amount of 

rotational slack or play exhibited between the various louvers 114 and other system 

components.
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[00193] Referring now to FIGS. 36 and 37, differing views of another illustrative 

embodiment of a drive system 1700 that may be utilized within the disclosed shutter 

assembly 100 are illustrated in accordance with aspect of the present subject matter.  

Specifically, FIG. 36 illustrates a partial, perspective view of various component of 

the drive system 1700 installed within a shutter frame (e.g.. the frame side stile 116 

and top rail 120 of shutter frame 112A), with the components of the shutter frame 

being shown in phantom lines. Additionally, FIG. 37 illustrates a cross-sectional 

view of the drive system 1700 shown in FIG. 36 taken about line 37-37. It should be 

appreciated that, in one embodiment, the drive system 1700 may be used an 

alternative to the drive system 152 described above with reference to FIGS. 4-7.  

[00194] As shown, unlike the embodiment of the drive system 152 described 

above, the drive system 1700 includes a belt 1702 configured to rotationally drive one 

or more louvers 114 of the shutter assembly 100 (e.g., via an associated motor 

assembly 154 and battery pack 184). Specifically, in the illustrated embodiment, the 

belt 1702 may be configured to extend lengthwise between a drive gear 1704 coupled 

to the motor 156 and an end gear 1706 coupled to one of the louvers 114. In such an 

embodiment, at least a portion of the belt 1702 may be toothed to allow the gears 

1704, 1706 to rotationally engage the belt 1702. For instance, as particularly shown 

in FIG. 36, the belt 1704 may include an upper toothed section 1708 and a lower 

toothed section 1710 configured to extend around the drive gear 1704 and the end 

gear 1706, respectively.  

[00195] Additionally, in one embodiment, the belt 1702 may be configured to 

frictionally engage a louver peg(s) 148 of the louver(s) 114 positioned between the 

drive gear 1704 and the end gear 1706. For instance, a middle section 1712 of the 

belt 1702 may include an inner friction surface configured to rotationally engage the 

louver peg(s) 148 as the belt 1702 is driven by the motor 156. In addition to the 

friction surface or as an alternative thereto, the middle section 1712 may be retained 

in engagement with the louver pegs 148 by the sides of the stile 116 within which the 

belt 1702 is installed or by any other suitable means (e.g., using one or more springs 

positioned between the belt 1702 and the sides of the stile 116). As such, as the motor 

156 is used to rotationally drive the drive gear 1704, the translation of the belt 1702
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between the drive and end gears 1704, 1706 may cause the louvers 114 coupled to the 

belt 1702 to rotate about their longitudinal axes.  

[00196] In the illustrated embodiment, the belt 1702 is configured to drive three 

corresponding louvers 114. However, in other embodiments, the belt 1702 may be 

coupled to any other suitable number of louvers 114 to allow such louvers to be 

rotationally driven by the motor 156. For instance, in one embodiment, more than 

two louvers 114 (e.g., three, four, five, or more louvers) may be positioned between 

the drive and end gears 1704, 1706, with each louver 114 having a louver peg 148 

configured to rotationally engage the belt 1702.  

[00197] It should be appreciated that, in other embodiments, the entire belt 1702 

may be toothed. In such an embodiment, the louver pegs 148 may include or be 

coupled to suitable gears configured to rotationally engage the belt 1702, thereby 

allowing the various louvers 114 to be rotationally driven by the motor 156. It should 

also be appreciated that, although the motor assembly 154 and associated battery pack 

184 are shown as being installed within one of the top rails 120 of the shutter 

assembly 100, the motor assembly 154 and/or battery pack 184 may, alternatively, be 

installed at any other suitable location within the shutter assembly 100, such as within 

one of the bottom rails or within the same stile as the belt 1702.  

[00198] Referring now to FIGS. 38 and 39, differing views of a further illustrative 

embodiment of a drive system 1800 that may be utilized within the disclosed shutter 

assembly 100 are illustrated in accordance with aspect of the present subject matter.  

Specifically, FIG. 38 illustrates a partial, perspective view of various component of 

the drive system 1800 installed within a shutter frame (e.g., the frame side stile 116 

and top rail 120 of shutter frame 112A), with the components of the shutter frame 

being shown in phantom lines. Additionally, FIG. 39 illustrates a cross-sectional 

view of the drive system 1800 shown in FIG. 38 taken about line 39-39. It should be 

appreciated that, in one embodiment, the drive system 1800 may be used an 

alternative to the drive system 152 described above with reference to FIGS. 4-7.  

[00199] As shown, unlike the embodiment of the drive system 152 described 

above, the drive system 1800 includes first and second racks 1802, 1804 configured to 

rotationally drive one or more louvers 114 of the shutter assembly 100 (e.g., via an 

associated motor assembly 154 and battery pack 184). The racks 1802, 1804 may
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generally be configured to extend lengthwise within the adjacent stile 116, with each 

rack 1802, 1804 including a toothed section 1806 configured to rotationally engage a 

drive gear 1808 coupled to the motor 156. Additionally, in one embodiment, the 

racks 1802, 1804 may be configured to frictionally engage a louver peg(s) 148 of the 

louver(s) 114 coupled to the racks 1802, 1804. For instance, the racks 1802, 1804 

may define an inner friction surface 1810 configured to rotationally engage the louver 

peg(s) 148 as the racks 1802, 1804 are linearly translated relative to the peg(s) 148 via 

rotation of the drive gear 1808 by the motor 156. In addition to the friction surface 

1810 or as an alternative thereto, the racks 1802, 1804 may be retained in engagement 

with the louver pegs 148 by the sides of the stile 116 within which the racks 1802, 

1804 are installed or by any other suitable means. For instance, as shown in FIGS. 38 

and 39, springs 1812 may be positioned between each rack 1802, 1804 and the 

adjacent side of the stile 116 to force the racks 1802, 1804 inwardly towards the 

louver peg(s) 148. Thus, as the motor 156 rotates the drive gear 1808, the racks 1802., 

1804 may be translated in opposite directions relative to the louver pegs 148 to allow 

the corresponding louvers 114 to be rotated about their longitudinal axes.  

[00200] It should be appreciated that, in other embodiments, the racks 1802, 1804 

may be have a toothed configuration along their entire lengths and/or may include 

discrete toothed sections at the locations of the louvers 114. In such an embodiment, 

the louver pegs 148 may include or be coupled to suitable gears configured to 

rotationally engage the racks 1802, 1804 to allow the various louvers 114 to be 

rotationally driven by the motor 156. It should also be appreciated that, although the 

motor assembly 154 and associated battery pack 184 are shown as being installed 

within one of the top rails 120 of the shutter assembly 100, the motor assembly 154 

and/or battery pack 184 may. alternatively, be installed at any other suitable location 

within the shutter assembly 100, such as within one of the bottom rails or within the 

same stile as the racks 1802, 1804.  

[002011 Referring now to FIGS. 40-42, differing views of yet another illustrative 

embodiment of a drive system 1900 that may be utilized within the disclosed shutter 

assembly 100 are illustrated in accordance with aspects of the present subject matter.  

Specifically, FIG. 40 illustrates a front view of the shutter assembly 100 similar to the 

view shown in FIG. 4, particularly illustrating a transparent or wireframe view of the
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shutter panels 102A, 102B in their closed position to allow the various internal 

components of the drive system 1900 to be viewed. FIG. 40 also illustrates the 

shutter assembly 100 with the majority of its louvers 114 removed (except for a select 

few shown in phantom lines) for purposes of describing the internal components of 

the drive system 1900. Additionally, FIG. 41 illustrates a perspective view of a 

portion of racks 1902, 1904 configured for use within the drive system 1900, and 

FIG. 42 illustrates a perspective view of a split-gear configuration that may be 

utilized for one or more gears of the illustrated drive system 1900.  

[00202] As shown, the drive system 1900 may include many of the same or 

similar components of the drive system 152 described above with reference to FIG. 4 

and, thus, the same reference numbers will be used to identify the same/similar 

components shown in FIG. 40. For instance, the drive system 1900 may include a 

motor assembly 154 having a motor 156 and associated motor controller 186. The 

drive system 1900 may also include a battery pack 184 for powering the motor 

assembly 154. The motor 156 may be configured to rotationally drive a motor drive 

shaft 158 extending through corresponding gearboxes 160, 162, 164, 166, which are, 

in turn, coupled to louver shafts associated with the various panel sections 136A, 

136B, 138A, 138B of shutter assembly 100. For instance, a first gearbox 160 may be 

coupled to a first louver drive shaft 168 for rotationally driving the louvers 114 of the 

first upper panel section 136A while a second gearbox 162 may be coupled to a 

second louver drive shaft 170 (e.g., via an upper pass-through louver shaft 172 and 

associated coupling members (not labeled in FIG. 40)) for rotationally driving the 

louvers 114 of the second upper panel section 136B. Similarly, a third gearbox 164 

may be coupled to a third louver drive shaft 174 for rotationally driving the louvers 

114 of the first lower panel section 138A while a fourth gearbox 166 may be coupled 

to a fourth louver drive shaft 176 (e.g., via a lower pass-through louver shaft 178 and 

associated coupling members (not labeled in FIG. 40)) for rotationally driving the 

louvers 114 of the second lower panel section 138B.  

[00203] However, as shown in FIG. 40, unlike the embodiment of the drive system 

152 described above, the louvers 114 within each panel section 136A, 136B, 138A, 

138B may be configured to be rotated using a rack and pinion-type drive arrangement.  

Specifically, in one embodiment, the drive system 1900 may include a pair of racks
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1902, 1904 (shown in dashed lines in FIG. 40) associated with each panel section 

136A, 136B, 138A, 138B of shutter assembly 100, with the racks 1902, 1904 being 

installed within the panel-side stiles 118, 128 of the shutter panels 104A, 104B to 

allow each pair of racks 1902, 1904 to rotationally engage corresponding gears 1906, 

1908 coupled to the louvers 114 within each associated panel section 136A, 136B, 

138A, 138B. In such an embodiment, each louver drive shaft 168, 170, 174, 176 may 

be coupled to a drive gear 1906 rotationally engaged with one of the pairs of racks 

1902, 1904, with the remainder of the louvers 114 within each section 136A, 136B, 

138A, 138B being coupled to corresponding driven gears 1908 via their louver pegs 

(not shown) or any other suitable coupling means. Thus, by rotationally driving the 

louver drive shaft 168, 170, 172, 174 associated with a given panel section 136A, 

136B, 138A, 138B, the racks 1902, 1904 installed across such panel section may be 

linearly translated to rotationally drive the louvers 114 within the panel section.  

[00204] It should be appreciated that the driven gears 1908 for the louvers 114 

through which the pass-through louver shafts 172, 178 extend have been removed 

from FIG. 41 for purposes of illustration. One of ordinary skill in the art will readily 

appreciate that each of such driven gears 1908 may be configured to rotationally 

engage its corresponding pair of racks 1902, 1904 while allowing the associated pass

through louver shaft 172, 178 to extend through the gear 1908 without rotationally 

engaging the gear 1908.  

[00205] As shown in FIG. 41, each pair of racks 1902, 1904 may include a first 

rack 1902 and a second rack 1904 extending adjacent to the first rack 1902, with the 

various gears 1906, 1908 being positioned between the first and second racks 1902, 

1904. As is generally understood, the inner surfaces of the racks 1902, 1904 may be 

toothed to allow the gears 1906, 1908 to rotationally engage the racks 1902, 1904.  

Thus, as the racks 1902, 1904 are linearly translated in opposite directions within the 

associated stile(s) 118, 128 (e.g., via rotation of each drive gear 1906), each driven 

gear 1908 may be rotationally driven to allow its associated louver 114 to be rotated 

about its longitudinal axis. It should be appreciated that, as an alternative to 

configuring the inner surfaces of the racks 1902, 1904 to be toothed along their entire 

length, the racks 1902, 1904 may, instead, include discrete toothed sections along 

their length. For example, as shown in the alternative embodiment of FIG. 43, each
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rack 1902, 1904 may include a toothed section 1910 extending lengthwise adjacent to 

the location of each gear 1906, 1908 to allow the associated louver 114 to be 

rotationally driven.  

[00206] Additionally, as shown in the illustrated embodiment., each drive gear 1906 

may, in one embodiment. have a split-gear configuration. Specifically, as shown in 

FIG. 42, each drive gear 1906 may include a first gear portion 1912 and a second gear 

portion 1914. The first gear portion 1912 may generally be configured to define an 

opening 1916 having a diameter larger than the diameter of the corresponding louver 

drive shaft 168, 170, 174, 176, thereby allowing the drive shaft to extend through the 

first gear portion 1912 without rotationally engaging the gear portion. Moreover, the 

second gear portion 1914 may be configured to be rotationally engaged or coupled to 

the corresponding louver drive shaft 168, 170, 174, 176. As such, when the louver 

drive shaft 168, 170, 174, 176 is rotated, the drive shaft may rotationally drive the 

second gear portion 1914 without driving the first gear portion 1912.  

[00207] Further, as shown in FIG. 40, the louver shafts extending through the 

louvers 114 of the first shutter panel 104A (e.g., the first and third louver drive shafts 

168, 174 and the upper and lower pass-through louver shafts 172, 178) may each be 

divided into two separate shaft sections (e.g.. a motor-side section 1922 and a rack

side section 1924), with the shaft sections 1922, 1924 being coupled together via a 

suitable clutch 1920 positioned within the corresponding louver 114. In the illustrated 

embodiment, each clutch 1920 has the same in-line clutch configuration as the clutch 

1000 shown in FIG. 21. However, in other embodiments, the clutches 1920 may 

have any other suitable clutch configuration that allows each clutch 1920 to function 

as means for disengaging the separate sections 1922, 1924 of the louver shafts 168, 

172, 174, 178. such as any of the other clutch configurations described herein. By 

providing the clutches 1920 between the separate sections 1922, 1924 of the louver 

shafts 168, 172, 174, 178, the rack-side section 1924 of each louver shaft may be 

decoupled from its motor-side section 1922 when the louvers 114 within the 

corresponding panel section are being manually adjusted. For instance, the rack-side 

section 1924 of the first louver drive shaft 168 may be configured to slip relative to 

the clutch 1920 when the louvers 114 of the first upper panel section 136A are being
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manually adjusted, thereby allowing the rack-side section 1924 to rotate relative to the 

motor-side section 1924 of the first louver drive shaft 168.  

[00208] Referring now to FIGS. 44 and 45, differing views of a further illustrative 

embodiment of a drive system 2000 that may be utilized within the disclosed shutter 

assembly 100 are illustrated in accordance with aspects of the present subject matter.  

Specifically, FIG. 44 illustrates a front view of the shutter assembly 100 similar to the 

view shown in FIG. 6. particularly illustrating a transparent or wireframe view of the 

shutter panels 102A, 102:B in their closed position to allow the various internal 

components of the drive system 2000 to be viewed. FIG. 44 also illustrates the 

shutter assembly 100 with the majority of its louvers 114 removed (except for a select 

few shown in phantom lines) for purposes of describing the internal components of 

the drive system 2000. Additionally, FIG. 45 illustrates a perspective view of a split

gear configuration that may be utilized for one or more gears of the illustrated drive 

system 2000, particularly illustrating one of the gear portions being exploded away 

from the other gear portion.  

[00209] As shown, the drive system 2000 may be configured similarly to the 

embodiment of the drive system 1900 described above with reference to FIGS. 40-42 

and, thus, the same reference numbers will be used to identify the same/similar 

components shown in FIGS. 44 and 45. For example, the drive system 2000 includes 

a pair of racks 1902, 1904 (shown in dashed lines in FIG. 44) associated with each 

panel section 136A, 136B, 138A, 138B of shutter assembly 100, with the racks 1902, 

1904 being installed within the panel-side stiles 118, 128 of the shutter panels 104A, 

104B to allow each pair of racks 1902, 1904 to rotationally engage corresponding 

gears 1906, 1908 coupled to the louvers 114 within each associated panel section 

136A, 136B, 138A, 138B. Additionally. similar to the embodiment described above, 

each drive gear 1906 may have a split--gear configuration, including both a first gear 

portion 1912 and a second gear portion 1914. As indicated above, the first gear 

portion 1912 may generally be configured to define an opening 1916 having a 

diameter larger than the diameter of the corresponding louver drive shaft 168, 170, 

174, 176, thereby allowing the drive shaft to extend through the first gear portion 

1912 without rotationally engaging the gear portion. Similarly, the second gear 

portion 1914 may be configured to be rotationally engaged or coupled to the
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corresponding louver drive shaft 168, 170, 174, 176. As such, when the louver drive 

shaft 168, 170, 174, 176 is rotated, the drive shaft may rotationally drive the second 

gear portion 1914 while the first gear portion 1912 may be rotationally driven by the 

translation of the associated racks 1902, 1904.  

[00210] However, unlike the embodiment described above with reference to FIGS.  

40-42, the drive system 2000 only includes two gearboxes, namely an upper gearbox 

161 and a lower gearbox 165. In such an embodiment, the motor drive shaft 158 may 

be configured to extend through the upper gearbox 161 to allow rotational motion to 

be transferred to the first louver drive shaft 168 for driving the louvers 114 within the 

first upper panel section 136A and to the second louver drive shaft 170 (e.g., via 

coupling members (not labeled in FIG. 44)) for driving the louvers 114 within the 

second upper panel section 136B. Similarly, the motor drive shaft 158 may be 

configured to extend through the lower gearbox 165 to allow rotational motion to be 

transferred to the third louver drive shaft 174 for driving the louvers 114 within the 

first lower panel section 138A and to the fourth louver drive shaft 176 (e.g., via 

coupling members (not labeled in FIG. 44)) for driving the louvers 114 within the 

second lower panel section 138:B. Thus, by rotationally driving the louver drive 

shafts 168, 170, 174, 176, the associated racks 1902, 1904 may be linearly translated 

in opposite directions within each shutter panel 104A, 104B (e.g., via rotation of the 

drive gears 1906) to allow the louvers 114 to be rotated.  

[00211] Moreover, unlike the embodiment described above with reference to 

FIGS. 40-42 that includes clutches 1920 positioned between separate shaft sections of 

the louver drive shafts, the illustrated embodiment includes clutches incorporated into 

the drive gears 1906. Specifically, as shown in FIG. 45, the second gear portion 1914 

of each drive gear 1906 may define an opening 2002 configured to receive a clutch 

2004, which, in turn, is configured to rotationally engage the associated louver drive 

shaft 168, 170, 174, 176. For instance, in one embodiment, the clutch 2004 may 

include a sleeve member 2006 configured to be fixed within the second gear portion 

1914 at the interface defined between the clutch 2004 and the second gear portion 

1914. Similar to the sleeve members 502, 602, 702, 1002 described above, the sleeve 

member 2006 may be formed from a deformable, friction material (e.g., nylon or any 

other suitable material) that allows the sleeve member 2006 to be fit tightly around the
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louver drive shaft 168, 170, 174, 176 to provide a frictional interface between the 

clutch 2004 and the associated drive shaft. In such an embodiment, the louver drive 

shaft 168, 170, 174, 176 may be pressed into the sleeve member 2006 to allow the 

clutch 2004 to rotationally engage the drive shaft. Thus, when the motor 156 is used 

to turn the louver drive shafts 168, 170, 174, 176, rotational motion may be 

transferred through each clutch 2004 to the second gear portion 1914 of each drive 

gear 1906 to rotationally drive the associated racks 1902, 1904. However, when one 

of the louvers 114 associated with a drive gear 1906 is manually rotated, the clutch 

2004 may allow the sleeve member 2006 to slip relative to the associated louver drive 

shaft 168, 170, 174, 176, thereby allowing the second gear portion 1914 of the drive 

gear 1906 to rotate relative to the drive shaft.  

[00212] It should be appreciated that, in the embodiment illustrated in FIG. 44, the 

second and fourth louver drive shafts 170, 176 are each shown as extending across the 

entire width of the second shutter panel 104B to a corresponding coupling member 

2008, 2010. Such a configuration may be desirable, for example, when the disclosed 

shutter assembly 100 includes one or more additional shutter panels configured to be 

rotationally driven by the common motor 156. In such an embodiment, the louver 

drive shafts of an adjjacent panel may be coupled to the louver drive shafts 170, 176 of 

the second shutter panel 104B (e.g., via the coupling members 2008, 2010) to allow 

the louvers of the adjacent panel to be rotationally driven by the motor 156.  

[00213] Referring now to FIGS. 46 and 47, differing views of another illustrative 

embodiment of a drive gear 2100 configured for use within a rack and pinion-type 

drive arrangement are illustrated in accordance with aspects of the present subject 

matter, particularly illustrating the drive gear 2100 provided in operative association 

with a correspond gear clutch 2102. Specifically. FIG. 46 illustrates a perspective 

view of the gear 2100 and associated clutch 2102 in an assembled state relative to a 

corresponding louver drive shaft 2104 (e.g., any of the louver drive shafts 168, 170, 

174, 176 described above). Additionally, FIG. 47 illustrates another perspective view 

of the gear 2100 and clutch 2102 shown in FIG. 46, with a portion of the clutch 2102 

being exploded away from the gear 2100 and shown in cross-section for illustrative 

purposes.
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[00214] As shown, the clutch 2102 may include a first clutch member 2106 

coupled to or formed integrally with the drive gear 2100 and a second clutch member 

2108 configured to be removably coupled to the first clutch member 2106. The first 

clutch member 2108 may generally include a first threaded portion 2110 extending 

outwardly from the drive gear 2100 and a first tapered or frustoconical portion 2112 

extending around the louver drive shaft 2104. In one embodiment, the louver drive 

shaft 2104 may be configured to extend through the drive gear 2100 and the first 

threaded portion 21-10 of the first clutch member 2106 without rotationally engaging 

such components. Additionally, as will be described below, the first frustoconical 

portion 2112 may be configured to engage the louver drive shaft 2104 such that a 

frictional interface is defined between the first clutch member 2106 and the shaft 

2104, with the amount of friction provided at the frictional interface being adjustable 

based on the position of the second clutch member 2108 relative to the first clutch 

member 2106. Moreover, as shown in FIG. 47, the first clutch member 2106 may 

also include one or more cut-out portions 2114 defined through the first frustoconical 

portion 2112 to facilitate adjusting the diameter of the first frustoconical portion 2112 

relative to the louver drive shaft 2014.  

[00215] The second clutch member 2108 may generally include a second threaded 

portion 2116 configured to be screwed onto the first threaded portion 2110 of the first 

clutch member 2106 (e.g., by using a tool configured to engage a slot 2120 defined on 

the exterior/end of the second clutch member 2108) and a second tapered or 

frustoconical portion 2118 configured to receive the first frustoconical portion 2112 

of the first clutch member 2106. In such an embodiment, by screwing the second 

threaded portion 2116 onto the first threaded portion 2110 in a manner that results in 

the second clutch member 2108 moving towards the drive gear 2100. the second 

frustoconical portion 2118 of the second clutch member 2108 may press inwardly 

against the first frustoconical portion 2112 of the first clutch member 2106, thereby 

tightening the first frustoconical portion 2112 around the louver drive shaft 2104 and, 

thus. increasing the friction between the first clutch member 2106 and the shaft 2104.  

Similarly, by screwing the second threaded portion 2116 relative to the first threaded 

portion 2110 in a manner that results in the second clutch member 2108 moving away 

from the drive gear 2100, the second frustoconical portion 2118 of the second clutch
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member 2108 may be moved away from the first frustoconical portion 2112 of the 

first clutch member 2106 to allow the first frustoconical portion 2112 expand 

outwardly relative to the louver drive shaft 2104, thereby decreasing the friction 

between the first clutch member 2106 and the shaft 2104.  

[00216] Referring now to FIG. 48, a perspective, exploded view of one 

embodiment of an inline gearbox 2200 for increasing the torque transmitted from the 

motor 158 of the disclosed shutter assembly 100 is illustrated in accordance with 

aspects of the present subject matter. As shown, the inline gearbox 2200 may include 

an outer frame or housing 2202 configured to encase a plurality of planetary gears 

2204 (e.g., three planetary gears). The planetary gears 2204 may be fixed within the 

housing 2202 and may be configured to be driven via a sun gear 2206 coupled an 

output shaft 192 of the motor 156. The planetary gears 2204 may, in turn, drive a ring 

gear 2208 coupled to an output drive shaft 2210 (e.g., the motor drive shaft 158 

described above) to allow torque to be transferred through the remainder of the drive 

train of the shutter assembly 100.  

[00217] Referring now to FIG. 49, a perspective view of an alignment tool 2300 

for drilling properly aligned holes within the stile(s) 116, 118, 226, 228 of the 

disclosed shutter assembly 100 to accommodate one or more of the louver shafts 168, 

170, 172, 174, 176, 178 is illustrated in accordance with aspects of the present subject 

matter. As shown, the alignment tool 2300 may include a base portion 2302 and first 

and second arm portions 2304, 2306 extending outwardly from the base portion 2302.  

Each arm portion 2304, 2306 may define a louver channel 2308 at its top end.  

Additionally, the first and second arm portions 2306, 2308 may be spaced apart from 

each other such that a stile channel 2310 is defined between the arm portions 2306, 

2308 that is configured to receive the stile 116, 118, 226, 228 being drilled. For 

instance, when the alignment tool 2300 is positioned relative to a stile, the stile may 

be received with the stile channel 2310 such that the outer face of the stile (e.g., the 

side positioned furthest away from the louvers 114) contacts an inner surface 2312 of 

the base portion 2302 and the arm portions 2304, 2306 extend outwardly to the 

opposing side of the stile to allow the adjacent louver 114 to be received within the 

louver channels 2308. With the stile positioned within the stile channel 2310 and the 

adjacent louver 114 within the louver channels 2308, a drill bit may be inserted
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through a guide hole 2314 defined through the base portion 2302 to allow a suitable 

opening to be drilled through the stile.  

[00218] Referring now to FIGS. 50 and 51, differing views of one illustrative 

embodiment of a drive shaft 2400 that may be utilized within the disclosed shutter 

assembly 100 are illustrated in accordance with aspects of the present subject matter.  

Specifically, FIG. 50 illustrates a perspective view of a portion of the drive shaft 2400 

and FIG. 51 illustrates a cross-sectional view an attachment configuration for 

coupling the drive shaft 2400 to a shaft gear(s) of a gearbox of the disclosed shutter 

assembly 100 (e.g.. one or more of the shaft gears 220, 222, 320 described above).  

[0021 9] In several embodiments, the drive shaft 2400 may be designed to have a 

configuration that reduces or eliminates backlash within the drive train of the shutter 

assembly 100. As shown in the illustrated embodiment, the drive shaft 2400 may 

include two notches 2402 (e.g., "V-shaped" notches) extending along its length.  

Additionally, as shown in FIG. 51, when coupling the drive shaft 2400 to a shaft gear 

of a gearbox, the drive gear 2400 may include or be coupled to a threaded housing 

2404 having an adjustable nut 2406 configured to be received on the threaded housing 

2404. Moreover, in one embodiment, shaft prongs 2408 may be configured to extend 

inwardly from the adjustable nut 2406 through the threaded housing 2404 to allow 

each prong 2408 to be received within one of the notches 2402. In such an 

embodiment, when the adjustable nut 2406 is moved along the length of the threaded 

housing 2404 in a given direction (e.g., by turning the nut 2406 in a tightening 

direction relative to the housing 2404), the prongs 2408 may be pressed inwardly 

towards the shaft 2400, thereby reducing the spacing between the prongs 2408 and the 

shaft 2400 and, thus, reducing backlash between the shaft 2400 and the associated 

shaft gear.  

[00220] Referring now to FIG. 52, a simplified view of another illustrative 

embodiment of a means for coupling adjacent shafts or shaft sections 2500, 2502 to 

each other is illustrated in accordance with aspects of the present subject matter. As 

shown in FIG. 52, the adjacent ends of first and second shaft sections 2500, 2502 

extending within the interior of a louver 114 may be coupled to each other to form a 

joint 2504 between the shaft sections 2500, 2502. For instance, in the illustrated 

embodiment, a tongue and groove-type joint is defined between the adjacent ends of
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the shaft sections 2500, 2502. However, in other embodiments, the shaft sections 

2500, 2502 may be coupled to each other at the joint 2504 using any other suitable 

connection means.  

[00221] Additionally, as shown in FIG. 52, the ends of the shaft sections 2500, 

2502 may be configured to be received within a coupling sleeve 2506 extending 

lengthwise between a first end 2508 and a second end 2510 such that the joint 2506 

defined between the shaft sections 2500, 2502 is positioned between the opposed ends 

2508, 2510 of the coupling sleeve 2506. As such, the coupling sleeve 2506 may serve 

to maintain a secure connection between the adjacent ends of the shaft sections 2500, 

2502. Moreover, as shown in FIG. 52, a suitable clutch 2512 may be provided in 

operative association with one of the shaft sections (e.g., the first shaft section 2500) 

to allow one or both of the shaft sections 2500, 2502 to be disengaged from the motor 

156 when manually adjusting the position of the associated louver 114.  

[00222] This written description uses examples to disclose the present subject 

matter, including the best mode, and also to enable any person skilled in the art to 

practice the present subject matter, including making and using any devices or 

systems and performing any incorporated methods. The patentable scope of the 

present subject matter is defined by the claims, and may include other examples that 

occur to those skilled in the art. Such other examples are intended to be within the 

scope of the claims if they include structural elements that do not differ from the 

literal language of the claims, or if they include equivalent structural elements with 

insubstantial differences from the literal languages of the claims.  

[00223] Unless the context clearly requires otherwise, throughout the description 

and the claims, the words "comprise", "comprising", and the like are to be construed 

in an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say. in 

the sense of "including, but not limited to".
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CLAIMS: 

1. A shutter assembly, comprising: 

a shutter frame including a top rail, a bottom rail, and first and second stiles 

extending between said top and bottom rails; 

two or more louvers extending between said first and second stiles, said 

5 louvers including at least one driven louver, said louvers being configured to rotate 

simultaneously relative to said shutter frame; 

a motor positioned within said shutter frame, said motor being rotatably 

coupled to said at least one driven louver via at least one shaft; and 

a clutch positioned within said at least one driven louver and being selectively 

10 engageable with coupled to said at least one shaft, said clutch being configured to 

rotationally disengage said at least one driven louver from said motor when at least 

one of said louvers is manually rotated relative said shutter frame.  

2. A shutter assembly as in claim 1, wherein: 

said at least one shaft comprises a motor drive shaft and a louver drive shaft; 

said motor drive shaft is coupled between said motor and a gearbox positioned 

within said first stile; 

said louver drive shaft extends from said gearbox into an interior of said at 

least one drive louver; and 

said clutch is selectively engageable with said louver drive shaft.  

3. A shutter assembly as in claim 2, wherein a portion of said clutch is 

configured to slip relative to said louver drive shaft when said at least one of said 

louvers is manually rotated to allow said at least one drive louver to rotate relative to 

said louver drive shaft.  

4. A shutter assembly as in claim 1, wherein: 

said clutch includes a first clutch member and a second clutch member 

provided in operative association with said first clutch member; 

said first clutch member is positioned relative to said at least one shaft such 

5 that a frictional interface is provided between said first clutch member and said at 

least one shaft; and 

said first clutch member is configured to slip relative to said at least one shaft 

at the frictional interface when said at least one of said louvers is manually rotated.
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5. A shutter assembly as in claim 4, wherein said second clutch member 

is configured to be moved relative to said first clutch member to adjust an amount of 

friction provided at the frictional interface.  

6. A shutter assembly as in claim 5, wherein: 

said first clutch member includes first and second angled portions positioned 

relative to said at least one shaft such that the frictional interface is defined between 

said first and second angled portions and said at least one shaft; 

5 said second clutch member defines an angled recess configured to receive said 

first and second angled portions; and 

the amount of friction provided at the frictional interface is configured to be 

adjusted by adjusting the relative positioning of said first and second angled portions 

within said angled recess.  

7. A shutter assembly as in claim 1, wherein: 

said clutch comprises a sleeve member positioned relative to said at least one 

shaft such that a frictional interface is provided between said sleeve member and said 

at least one shaft; and 

5 said sleeve member is configured to slip relative to said at least one shaft at 

the frictional interface when said at least one of said louvers is manually rotated.  

8. A shutter assembly as in claim 7, wherein: 

said at least one shaft comprises a split-end portion received within said sleeve 

member; and 

said split-end portion is configured to be expanded or contacted relative said 

5 sleeve member to adjust an amount of friction provided at the frictional interface.  

9. A shutter assembly as in claim 7, wherein: 

said sleeve member defines a tapered opening; 

said at least one shaft defines a tapered end portion configured to be received 

within said tapered opening; and 

5 the amount of friction provided at the frictional interface is configured to be 

adjusted by adjusting the relative positioning of said tapered end portion within said 

tapered opening.  

10. A shutter assembly as in claim 7, wherein:
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said at least one shaft comprises a first shaft section and a second shaft 

section; and 

adjacent ends of said first and second shaft sections are configured to be 

received within said sleeve member.  

11. A shutter assembly as in claim 1, wherein: 

said clutch comprises a detent portion configured to engage a corresponding 

detent portion coupled to said at least one shaft at an engagement interface: and 

said detent portion of said clutch being configured to be cammed outwardly 

5 relative to said corresponding detent portion when said at least one of said louvers is 

manually rotated to allow said detent portion to rotate relative to said corresponding 

detent portion at the engagement interface.  

12. A shutter assembly as in claim 1, wherein: 

said clutch comprises at least one friction pad rotationally engaged with said at 

least one driven louver and at least one friction disk rotationally engaged with said at 

least one shaft; 

5 said at least one friction pad is configured to slip relative to said at least one 

friction disk at a frictional interface defined between said at least one friction pad and 

said at least one friction disk when said at least one of said louvers is manually 

rotated.  

13. A shutter assembly, comprising: 

a first shutter panel including a first shutter frame and at least one first louver 

configured to rotate relative to said first shutter frame, said first shutter panel further 

including at least one first shaft extending within said at least one first louver; 

5 a second shutter panel including a second shutter frame and at least one 

second louver configured to rotate relative to said second shutter frame, said second 

shutter frame configured to extend adjacent to said first shutter frame at a panel-to

panel interface defined between said first and second shutter panels, said second 

shutter panel further including at least one second shaft extending within said at least 

10 one second louver; 

a motor rotatably coupled to said at least one first shaft; 

a first coupling member coupled to an end of said at least one first shaft; and 

a second coupling member coupled to an end of said at least one second shaft;
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wherein said first and second coupling members are configured to engage each 

15 other at the panel-to-panel interface such that rotational motion of said at least one 

first shaft is transferred to said at least one second shaft across the panel-to-panel 

interface.  

14. A shutter assembly as in claim 13, wherein said first and second 

coupling members are configured to engage each other at the panel-to-panel interface 

via a male/female-type coupling joint defined between said first and second coupling 

members.  

15. A shutter assembly as in claim 14, wherein said first coupling member 

includes a post configured to be received within a corresponding slot defined by said 

second coupling member.  

16. A shutter assembly as in claim 13, wherein at least one of said first 

coupling member or said second coupling member is spring-loaded.  

17. A shutter assembly of claim as in claim 13, wherein a depth of at least 

one of said first coupling member or said second coupling member is adjustable at the 

panel-to-panel interface.  

18. A shutter assembly as in claim 13, wherein: 

said at least one first louver comprises a driven louver of said first shutter 

panel; 

said at least one first shaft comprises a louver drive shaft extending within said 

5 drive louver; and 

said louver drive shaft is configured to rotationally engage said driven louver.  

19. A shutter assembly as in claim 14, further comprising a clutch 

positioned within said driven louver, a portion of said clutch being configured to slip 

relative to said louver drive shaft when said driven louver is manually rotated.  

20. A shutter assembly as in claim 13, wherein said at least one first shaft 

comprises a pass-through louver shaft extending through said at least one first louver 

without rotationally engaging said at least one first louver.
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