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DESCRIPTION 

Title Of Invention: FLANGE CONNECTION 

FIELD 

[0001]  The present disclosure relates to a flange connection for wind tower 

sections and the like. 

BACKGROUND 

[0002]  This section provides background information related to the present 

disclosure which is not necessarily prior art. 

[0003]  Wind towers experience high cycling loads, especially bending 

moments for the wind tower flanges. Existing flanges have fatigue sensitive bolts 

and flanges.  

[0004]  L-type flanges which are common in use have high displacement 

opening which can be a challenge if an additional sealing system (for example 

elastomer seal rings/gaskets) is needed to be implemented to protect against 

environmental conditions.  

 

SUMMARY 

[0005]  This section provides a general summary of the disclosure, and is 

not a comprehensive disclosure of its full scope or all of its features. 

[0006]  A flange connection system, includes a pair of flange rings each 

including a neck portion and a radially extending flange portion. The radially 

extending flange portion includes a distal face including a contact surface that 
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protrudes from a remainder of the distal face. The radially extending flange portion 

includes a plurality of circumferentially spaced bolt holes extending parallel to a 

center axis. The distal face including a first seal pocket radially inward of the 

contact surface and a second seal pocket radially outward of the contact surface. 

In an assembled condition, the contact surface of the first flange ring is disposed 

against the contact surface of the second flange ring, a first seal ring is disposed 

in the first seal pockets, and a second seal ring is disposed in the second seal 

pockets between the pair of flange rings.   

[0007]  The flange connection is provided primarily for wind tower structural 

connections. The design uses self-energized flange ring (by warping) controlled by 

the flange step to gain a proper contact forces profile on the flange face. The proper 

contact force profile on the flange face creates a static behavior of the flange for 

high bending moment loads which is desirable for wind tower connections. 

Combining the static behavior with elliptical (or other high order type) transition 

from flange ring to the flange neck will give connection with high fatigue resistance. 

Due to high contact pressure at the flange step, the connection can seal itself with 

or without additional sealing element. The flange itself can however support an 

additional seal for better protection against environmental conditions.  

[0008]  The bolted static connection includes two flanges where the bolt 

loads are transferred through metal to metal contact between the flange contact 

surfaces. When the bending forces and tensile loads are applied to the flange 

connection, the flange connection will not become loose and weakened. It will 

remain a static connection. 
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[0009]  Further areas of applicability will become apparent from the 

description provided herein. The description and specific examples in this 

summary are intended for purposes of illustration only and are not intended to limit 

the scope of the present disclosure. 

DRAWINGS 

[0010]  The drawings described herein are for illustrative purposes only of 

selected embodiments and not all possible implementations, and are not intended 

to limit the scope of the present disclosure. 

[0011]  FIG. 1 is a cross-sectional view of a flange connection according to 

the principles of the present disclosure; 

[0012]  FIG. 2 is a schematic view of a portion of a flange member according 

to the principles of the present disclosure shown in an un-deformed state;  

[0013]  FIG. 3 is a schematic view of a portion of a flange member according 

to the principles of the present disclosure shown in a deformed mounted state; 

[0014]  FIG. 4 is a schematic view of a portion of a flange member according 

to an alternative embodiment; 

[0015]  FIG. 5 is a schematic view of a portion of a flange member according 

to an alternative embodiment; 

[0016]  FIG. 6 is a schematic view of a partial cut-away perspective view of 

a flange member with the flange on an inner surface thereof; and 

[0017]  FIG. 7 is a schematic view of a partial cut-away perspective view of 

a flange member with the flange on an outer surface thereof. 
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[0018]  Corresponding reference numerals indicate corresponding parts 

throughout the several views of the drawings. 

DETAILED DESCRIPTION 

[0019]  Example embodiments will now be described more fully with 

reference to the accompanying drawings. 

[0020]  With reference to FIG. 1, a flange connection system 10 will now be 

described. The flange connection system 10 includes a first flange ring 12 

connected to a second flange ring 14 by a plurality of bolts 15. The flange rings 12, 

14 are made from metal and each include an annular body having a neck portion 

16 and a radially extending flange portion 18 extending from the neck portion 16. 

The flange portion 18 can extend radially inwardly  from the annular neck portion 

16, as shown in FIG. 6, or can extend radially outwardly from the annular neck 

portion 16, as shown in FIG. 7.  

[0021]  The neck portion 16 can be cylindrical in shape and can include an 

end portion 16a that can be configured to be connected to, for example, a wind 

turbine tower section 20 by welds 22. The neck portion 16 transitions to the flange 

portion 18 with a curved transition 24 that can have a round or elliptical or other 

high order type profile.  

[0022]  The flange portion 18 includes a plurality of circumferentially spaced 

bolt holes 26 that extend parallel to an axis of the flange ring 12. The flange portion 

includes a distal face 28 facing in a direction axially away from the the neck portion 

16 and a proximal face 30 that faces in a direction axially toward the neck portion 
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16. The distal face 28 includes a stepped annular contact surface 32 that protrudes 

axially from a remainder of the distal face 28. The stepped contact surface 32 can 

be defined by two angled surfaces 32a, 32b and the height H. The first surface 32a 

can be angled α1 from 0 to 90 deg and the second surface 32b can be angled α2 

from -5 to 5 deg as seen in FIG. 3 but different in value from each other. For 

example if the first surface 32a is 90 deg and the second surface 32b is 0 deg it 

creates the embodiment of Fig. 4. The angled surfaces 232a, 232b can also be 

blended by a radius 232c, as shown in Fig. 5. The stepped contact surface 32 

protrudes from the distal face by a distance H which is dependent upon the flange 

stiffness and the particular distance between the bolt holes 26 and the stepped 

contact surface 32. The annular contact surface 32 has a width W in a radial 

direction of between 10 and 100% of a distance between an outer edge of the bolt 

holes 26 and the outer diameter of the flange 12, 14. The radial thickness T of the 

flange ring 12, 14 is dependent upon the specific application The lever arm 

distance L can be measured from a center of the contact surface 32 to a center of 

the bolt holes 26 and is dependent upon other flange ring parameters. A first 

annular seal pocket 34 is provided radially outward of the contact surface 32 and 

a second annular seal pocket 36 is provided radially inward of the stepped contact 

surface 32.  

[0023]  In an assembled condition, as shown in pre-tension in FIG. 1, the 

contact surface 32 of the first flange ring 12 and the second flange ring 14 engage 

one another with a first seal ring 38 disposed in the first annular seal pocket 34 

and a second seal ring 40 disposed in the second annular seal pocket 36. The first 
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and second seal ring 38, 40 can be made from an elastomeric material, although 

other materials such as metal can be used. In the case when a metal seal ring is 

used in any pocket it can help guide the flanges into proper position during the 

assembly. The metal seal ring can also enhance the shear capacity of the 

connection on the face plane, which is already assured by the friction and high 

contact forces on the step. The bolts 15 are inserted through the bolt holes and a 

nut 42 is tightened onto the bolts 15 to deform the flange portions 18 together so 

that an outer perimeter edge 28a of the distal face 28 engage one another (See 

FIG. 3). The contact surfaces 32 serve as a lever for deforming the flange portions 

18. The tightening forces are increased through the stepped contact surfaces 32 

so that a static connection is obtained with at least 50% and up to 100% of the bolt 

force value goes through the contact surfaces 32 and the remaining forces are at 

the outer perimeter edge 28a. As shown in FIG. 1, the proximal face 30 has an 

inclined surface (at an angle α of between 0.1 and 10.0 degrees) in an un-

deformed state and which in a deformed, assembled state as shown in FIG. 3 

becomes generally planar. In the assembled condition, the first and second seals 

38, 40 are compressed within the first and second annular seal pockets 34, 36.  

[0024]  As shown in FIG. 4, the first seal pocket can be eliminated and the  

stepped contact surface 132 can extend to the edge equivalent with the neck 

portion 16. As a further alternative as shown in Fig. 5, the contact surface can be 

formed as a radiused surface 232c with angled surfaces 232a, 232b radially inward 

and outward thereof.  
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[0025]  Example embodiments are provided so that this disclosure will be 

thorough, and will fully convey the scope to those who are skilled in the art. 

Numerous specific details are set forth such as examples of specific components, 

devices, and methods, to provide a thorough understanding of embodiments of the 

present disclosure. It will be apparent to those skilled in the art that specific details 

need not be employed, that example embodiments may be embodied in many 

different forms and that neither should be construed to limit the scope of the 

disclosure. In some example embodiments, well-known processes, well-known 

device structures, and well-known technologies are not described in detail.  

[0026]  The terminology used herein is for the purpose of describing 

particular example embodiments only and is not intended to be limiting. As used 

herein, the singular forms "a,” "an," and "the" may be intended to include the plural 

forms as well, unless the context clearly indicates otherwise. The terms 

"comprises," "comprising," “including,” and “having,” are inclusive and therefore 

specify the presence of stated features, integers, steps, operations, elements, 

and/or components, but do not preclude the presence or addition of one or more 

other features, integers, steps, operations, elements, components, and/or groups 

thereof. The method steps, processes, and operations described herein are not to 

be construed as necessarily requiring their performance in the particular order 

discussed or illustrated, unless specifically identified as an order of performance. 

It is also to be understood that additional or alternative steps may be employed. 

[0027]  When an element or layer is referred to as being "on," “engaged to,” 

"connected to," or "coupled to" another element or layer, it may be directly on, 
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engaged, connected or coupled to the other element or layer, or intervening 

elements or layers may be present. In contrast, when an element is referred to as 

being "directly on," “directly engaged to,” "directly connected to," or "directly 

coupled to" another element or layer, there may be no intervening elements or 

layers present. Other words used to describe the relationship between elements 

should be interpreted in a like fashion (e.g., “between” versus “directly between,” 

“adjacent” versus “directly adjacent,” etc.). As used herein, the term "and/or" 

includes any and all combinations of one or more of the associated listed items. 

[0028]  Although the terms first, second, third, etc. may be used herein to 

describe various elements, components, regions, layers and/or sections, these 

elements, components, regions, layers and/or sections should not be limited by 

these terms. These terms may be only used to distinguish one element, 

component, region, layer or section from another region, layer or section. Terms 

such as “first,” “second,” and other numerical terms when used herein do not imply 

a sequence or order unless clearly indicated by the context. Thus, a first element, 

component, region, layer or section discussed below could be termed a second 

element, component, region, layer or section without departing from the teachings 

of the example embodiments. 

[0029]  Spatially relative terms, such as “inner,” “outer,” "beneath," "below," 

"lower," "above," "upper," and the like, may be used herein for ease of description 

to describe one element or feature's relationship to another element(s) or 

feature(s) as illustrated in the figures. Spatially relative terms may be intended to 

encompass different orientations of the device in use or operation in addition to the 
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orientation depicted in the figures. For example, if the device in the figures is turned 

over, elements described as "below" or "beneath" other elements or features would 

then be oriented "above" the other elements or features. Thus, the example term 

"below" can encompass both an orientation of above and below. The device may 

be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially 

relative descriptors used herein interpreted accordingly. 

[0030]  The foregoing description of the embodiments has been provided for 

purposes of illustration and description. It is not intended to be exhaustive or to 

limit the disclosure. Individual elements or features of a particular embodiment are 

generally not limited to that particular embodiment, but, where applicable, are 

interchangeable and can be used in a selected embodiment, even if not specifically 

shown or described. The same may also be varied in many ways. Such variations 

are not to be regarded as a departure from the disclosure, and all such 

modifications are intended to be included within the scope of the disclosure. 
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CLAIMS 

 What is claimed is: 

1. A flange connection system, comprising: 

a first flange ring and a second flange ring each including a neck portion 

and a radially extending flange portion, the radially extending flange portion 

including a proximal face facing in a direction of the neck portion and a distal face 

facing in a direction opposite to the neck portion, the distal face including a contact 

surface that protrudes from a remainder of the distal face, the radially extending 

flange portion including a plurality of circumferentially spaced bolt holes extending 

parallel to a center axis, the distal face including a first seal pocket radially inward 

of the contact surface and a second seal pocket radially outward of the contact 

surface, wherein in an assembled condition, the contact surface of the first flange 

ring is disposed against the contact surface of the second flange ring, a first seal 

ring is disposed in the first seal pocket, a second seal ring is disposed in the second 

seal pocket and a plurality of bolt assemblies are inserted through the plurality of 

bolt holes and tightened to bring an edge portion of the flange portion in contact 

with one another and to compress the first seal ring and the second seal ring.   

 

2. The flange connection according to claim 1, wherein the radially 

extending flange portion extends radially inward from the neck portion. 

 

3. The flange connection according to claim 2, wherein the first seal 

pocket and the second seal pocket are disposed radially outward of the bolt holes. 
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4. The flange connection according to claim 3, wherein the second seal 

pocket opens to an outer edge of the first and second flange rings. 

  

5. The flange connection according to claim 1, wherein the radially 

extending flange portion extends radially outward from the neck portion. 

 

6. The flange connection according to claim 5, wherein the first seal 

pocket and the second seal pocket are disposed radially inward of the bolt holes. 

 

7. The flange connection according to claim 1, wherein the neck portion 

is configured to be welded to a tower section of a windmill.  

 
8. A flange connection system, comprising: 

a first flange ring and a second flange ring each including a neck portion 

and a radially extending flange portion, the radially extending flange portion 

including a proximal face facing in a direction of the neck portion and a distal face 

facing in a direction opposite to the neck portion, the distal face including a contact 

surface that protrudes from a remainder of the distal face, the radially extending 

flange portion including a plurality of circumferentially spaced bolt holes extending 

parallel to a center axis, wherein in an assembled condition, the contact surface of 

the first flange ring is disposed against the contact surface of the second flange 

ring and a plurality of bolt assemblies are inserted through the plurality of bolt holes 

and tightened to bring an edge portion of the flange portion in contact with one 
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another such that between 50% and 100% of the bolt force is applied through the 

contact surfaces.   

 

9. The flange connection according to claim 8, wherein the radially 

extending flange portion extends radially inward from the neck portion. 

 

10. The flange connection according to claim 9, wherein the first seal 

pocket and the second seal pocket are disposed radially outward of the bolt holes. 

 

11. The flange connection according to claim 10, wherein the second 

seal pocket opens to an outer edge of the first and second flange rings. 

12. The flange connection according to claim 8, wherein the radially 

extending flange portion extends radially outward from the neck portion. 

 

13. The flange connection according to claim 12, wherein the first seal 

pocket and the second seal pocket are disposed radially inward of the bolt holes. 

 

14. The flange connection according to claim 8, wherein the neck portion 

is configured to be welded to a tower section of a windmill. 

 
15. A flange connection system, comprising: 

a first flange ring and a second flange ring each including a neck 

portion and a radially extending flange portion, the radially extending flange portion 

including a proximal face facing in a direction of the neck portion and a distal face 
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facing in a direction opposite to the neck portion, the distal face including a pointed 

contact surface that protrudes from a remainder of the distal face, the radially 

extending flange portion including a plurality of circumferentially spaced bolt holes 

extending parallel to a center axis, wherein in an assembled condition, the pointed 

contact surface of the first flange ring is disposed against the pointed contact 

surface of the second flange ring and a plurality of bolt assemblies are inserted 

through the plurality of bolt holes and tightened to bring an edge portion of the 

flange portion in contact with one another.   

 

16. The flange connection according to claim 15, wherein the radially 

extending flange portion extends radially inward from the neck portion. 

 

17. The flange connection according to claim 16, wherein the first seal 

pocket and the second seal pocket are disposed radially outward of the bolt holes. 

 

18. The flange connection according to claim 17, wherein the second 

seal pocket opens to an outer edge of the first and second flange rings. 

  

19. The flange connection according to claim15, wherein the radially 

extending flange portion extends radially outward from the neck portion. 

 

20. The flange connection according to claim 19, wherein the first seal 

pocket and the second seal pocket are disposed radially inward of the bolt holes. 


