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ABSTRACT

A support system (Figure 1) including a fixed bracket (30) with
a first damping member (40) connected to the fixed bracket at onc end (44)
and to the brace (50) at the other end (52), and a second damping member
(60) connected to the brace at one end (64) and supporting a roller bearmg

(170) at the other end (170a).
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Patent Application for

DAMPER SUPPORT ASSEMBLY FOR A SUPERCRITICAL
DRIVE SHAFT

Field of the Invention

[0001] The present invention relates to the damping of drive shafts. More
specifically, the illustrated embodiments of the present invention relate to a support
system for a rotating shaft, a bracket assembly for supporting a rotating shaft, and a

damping member for use in providing damping support for a shaft.

Summary

[0002] One aspect of the subject invention includes a support system for a
rotating shaft, comprising: a fixed bracket; a bracket assembly having a first
damping member having a first fixed end and a second movable end, the first fixed
end being securably attached to the fixed bracket and the second movable end
being movable in a first plane aligned with the shaft, the bracket assembly having a
brace securably attached to the second movable end of the first damping member,
the bracket assembly further having a second damping member having a first end
and a second end, the first end being securably attached to the brace and the second
end being movable in a second plane that is aligned with the shaft and is generally
perpendicular to the first plane; and a roller bearing securably attached to the
second end of the second damping member, the roller bearing being constructed
and arranged to provide a mechanical interconnection between the second end of
the damping member and the shaft.

100603} Another aspect of the subject invention includes a bracket assembly
for supporting a rotating shaft, comprising: a first damping member having a first
end and a second end, the first end being configured to be securably attached to a
fixed bracket and the second end being configured to be movable in 4 first plane
aligned with the shafl; a brace securably attached to the second end of the first
damping member, the brace having an opening so that the shaft can pass through
the brace; and a second damping member having a first end and a second end, the
first end being securably attached to the brace and the second end being configured
to be movable in a second plane that is aligned with the shaft and that is generally
perpendicular to the first plane, the first damping member including a first plate

member and a first damping element positioned within the first plate member and
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the second damping member including a second plate member and a second
damping element positioned within the second plate member; the first plate
member, the second plate member, and the brace together forming a one-piece,
unitary bracket element.

[0004] Another aspect of the subject invention includes a support system
for a rotating shaft, comprising: a fixed bracket; a bracket assembly having a first
damping member having a first end and a second end, the first end being securably
attached to the fixed bracket and the second end being con ﬁ'gured to be movable in
a first plane aligned with the shaft, a brace securably attached to the second end of

the first dampmg, » member, and a second damping member having a first end and a

sccond end, the first end being sca,urably attached to the brace and the second end

{‘3 bemg conﬁgured to be movable in a second plane that is ahgned with the shaft and |

15

o -that is generally perpend icular to the first planc the first damping member
. 'mcludmg_ a first plate member and a first dampmg element positioned within the -

- first plate member and the second damping member including a second plate

- member and a second damping element positioned within the second plate

20

member, the first plate member, the second plate member, and the brace together

- formmg a one-piece, unitary bracket element; and a bearing having a first bearing

portzon securably attached to the second end of the second dampmg mcmber and a

~ second bearin g portion structured and arranged to be securably attached to .the'
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o 10005] Another aspect of the subject invention includes a first elastomeric

- member; and a first plate member having a top, a bottom, a front, a rear, a first
. ;,sidé,;and a second side, each of the front and rear being configured to be securably

: 25 | _fast‘ened to other elements, the first plate member having a central opening

: eﬂcwndmg compleiely thmugh the first plate member between a first aperture in the

" first side and a second aperture in the second side, and the first plate member bemg

formed as a one-piece, unitary member, and the first elastomeric member being
- positioned within the central opening.

- [0006} Another aspect of the subject invention ncludes a support system =

for a rotating shaft, comprising: a fixed bracket; a first damping 'memberhavmg a

35

ﬁrst end and a second end, the first end being securably attached to the fixed,

: brﬁcket and the second end being configured to be movable in a first plane ali gnéd '

wiih the shéﬁ a floating bracket securably attached to the second end of the first

¥ dampmg member, and a second damping member having a first end and a sewnd o

. :fend the ﬁrst end being securably attached to the floating bracket and the second
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end being configured to be movable in a second plane that is aligned with the shaft
and that is generally perpendicular to the first plane, the first damping member
including a first plate member and a first damping element positioned within the
first plate member and the second damping mémber including a second plate

member and a second damping element positioned within the second plate

member, each of the first plate member and the second plate member being formed_. '_

as a one-piece, unitary plate member; and a bearing having a first bearing portion
securably attached to the second end of the second damping member, and a second
bearing portion structured and arranged to be securably attached to the shaft.

[0007] Other aspects, features, and advantages of the present invention will

become apparent from the following detailed description of the il.ltistrﬁtéd.

_ embodiment, the accompanying drawings, and the appended claims.

[0008]  Fig. 1 shows a view of a support system in accordance wzth

o :one ﬂlustrated embodiment of the present invention;

[0009] Fig. 2 is a side view of the system illustrated in Fig,. 1 wnth a '

partaal croqs-sectxon taken through the roller bearing;

- [00010]  Fig. 3 is a view similar to Fig. 2 but ﬂlustrated another

il l_u_st’rated embodiment of the present invention:

[00011]  Fig. 4 illustrates a perspective view of a damping member in -

::accordance with another illustrated embodiment of the present. mventlon

[0001 2]  Fig. § illustrates a perspective view of a support system mn

'acc,ordance with another illustrated embodiment of the prcscnt nwent:on

100013]  Fig. 6 illustrates a side view of a support system in

‘accordance with another illustrated embodiment of the present invention;

{(}00 14} . Fig. 7 is arear view of a the support system illustrated in
[00015]  Fig. 8 is a one-piece bracket element in accordance with

[00016]  Fig. 9 illustrates a side view of a support system in

accordance with another illustrated embodiment of the present invention.
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: respectwely, ‘which, when manually rotated, axially expand or contmct the- '
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Description of Illustrated Embodiments

[00017]  Referring to FIG. 1 of the drawings, the reference numeral 10
refers to a shaft which is supported for rotation relative to a support member, or

plate, 12. For the purpose of example it is assumed that the shaft 10 1s the tail rotor

“drive shaft of a helicopter or the interconnecting drive shatt of a tilt rotor aircraft,

and the plate 12 is a structural support member of the helicopter or aircraft. Only
one support assembly employing features of the present invention is shown, by the

reference numeral 14 and is adapted to support the shaft 10 in a slightly elevated

posxtion relatzve to the plate 12. It should be understood that any numbcr of

| support assemblies may be employed, including multlplc support assembhcs 14.

[00018]  The support assembly 14 is generally simiilar, except has

- discussed herein. Accordingly, certain aspects of the support assembly 14 are not
des-ci‘ibcd in detail as they are not necessary for the understanding of the illustrated
o embodmmm% of the present invention. ' B

[0{)019] Fig. | includes two spaced brackets 20 and 2’7 that are bolted to '

.gcannect the brackets 20 and 22, respectively, to a bracket 30. The bracket 30 IS R
gcnera!iy U-shapcd and has two spaced parallel legs 30a and 30b that extend. :

.f:f- | vertlcaily The respective ends of the turnbuckle 24 are ‘mounted for pwotalg =
'z:'movement relative to the bracket 20 and the leg 30a of the bracket 30, and thp
.respec,twe ends of the turnbuckle 26 are mounted for pivotal movement relative 10 _'  _

- the bracket 22 and the leg 30b of the bracket 20, all in a generally conventional

“turnbuckles, also in a conventional manner and for reasons to be described.
. {80020] An expansion bolt 32 is in threaded engagement with a threaded

~ bore (not shown) provided in the bracket 20 and has a head portion connected to

o the bmcket 30 by abolt 34 extendm g through aligned opemngs irf the bracket 30

- aad through an opening in the head portion. An expansion bolt (not shown) similar
10 b0]t“32 is in threaded engagement with a threaded bore (not shown) provided in
. thé bracket 22 and has a head portion connected to the bracket 30 by a bolt (not

shown) similar to bolt 34 extending through aligned openings in the bracket 30 and

through an opening in the latter head portion. The expansion bolt 32 and its

35

.. 'correspondmg, expansion bolt on the opposite side of the assembly 14 can be

- a‘cmlly expanded and contracted by rotating the bolts in a conventional manner.
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As a result of the foregoing, expansion and contraction of the expansion bolts,
including bolt 32, and the turnbuckles 24 and 26, adjust the position of the bracket
30 in an axial direction relative to the shaft 10, as well as its angular position
relative to a vertical and horizontal axis.

[00021]  Two horizontally-spaced, parallel damping members 40 and 42
are mounted at one of their ends {o the bracket 30 by a plurality of bolts,
respectively, such as bolt 44, The damping members 40 and 42 are rectangular in
cross section and extend upright and horizontally. A bracket 50 is provided in a

spaced relation to the bracket 30 and is connected to the other ends of the damping

- members 40 and 42 by a plurality of bolts, respectively, such as bolts 52. The

R bracket 50 has a central opening 50a for receiving the shaft 10 with ample -

| clearance ' B e
B | {00022] Two vertically-spaced, parallel .dampingmembeirs 60 .;én.d62 are L e
. mounted at one end to the bracket 50 by a plurality of bolts 64 and 66,

-f: = 5 reSpccuvely The dampmo members 60 and 62 are rectangular in cross scctzon and :

R "i'.:_are angular spaced at ninety degree intervals.

['00023] A generally conventional mechanical bearing, such as a roller

o 'bearmg 170 is connected to the other end of the damping members 60 and 62 by a

v _pa‘lr of spaced mountmg plates 172a and 172b, respectively, affixed to pomon of

.  :‘ the roller bearmg,, 170 and provides a mechanical mterconnecnon betweenthe

' dampmg members 60 and 62 and the shaft 10. Although not shown in detail the
. | ‘drawings it 1s understood that the other end of the damping member 62 is
B connected to the roller bearing 170 by mounting plate 172b, which is substantially

identical to plate 172a. The rolier bearing 170 has a central opening 170a that

~receives the shaft 10 as generally known in the art.

[00024]  With reference to Figs. 1 and 2, the damping member 60is

~ formed by three stacked elastomeric damping pads 80a-80c. The pad 80a s

' sandwiéhed between two relatively thin, plates 82a and 82b, the pad 80b is
- -'sandwmhe,d between the plate 82b and an additional plate 82c, and the pad 800 is

sandwzched between the plate 82¢ and an additional plate 82d.

[00025]  The damper member 60 has openings therethrough SO as to

. *recuw the bolts 64 and 74 and thus permit a rigid mounting of the da’“p‘“g

~member 60 to the bracket 50 and to the plates 172a and 172b. It is understood that

35 the d.ampm_gmunbers 40, 42 and 62 are substantially identical to the damping

".',"'_"‘,'_extend horuontaliy relative to the shaft 10. The damping members 40 42 60 and 62 | B R
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member 60 and thus will not be described in detail. The use of two damping
members 40 and 42, as well as two damping members 60 and 62, allows radial
movement of the roller bearing 170 without causing any tilting, or angular
movement, of the bearing 170.

100026]  The mounting plates 172a and 172b and the roller bearing 170
(Hustrated present merely one example of a mechanical bearing assembly that can
be used and the illustration and description of the roller bearing shown in Fig,. 2
should not be limiting in any manner in the varieties of mechanical bearings and
roller bearing assemblies that can be used to mechanically interconnect the
damping plates 60 and 62 and the shaft 10. As illustrated in Fig. 2, the roller
bearing 170 inélud.es an outer race 171a that is securely and rigidly coupled to

bracket plate 172a, an inner race 171b securely coupled to and rotatable with shaft

10, and ball bearings 171¢ positioned therebetween. The general construction of ‘
~ the roller bearing 170 and its interconnection with mounting plates 172a and 172b

- and shaft 10 are as generally know in the art.

[00027]  As arcsult of the above, the support assembly 14 provides a

- mechanically-coupled support of the shaft 10 in an elevated position relative to the |

' 'sﬁpport plate 12 (FIG. 1), transferring radial forces to be carried from the rotating

shéﬁ 10 to the support assembly 14 which acts as a damper and a restoring spring

to radial displacement of the shaft 10, without any impedance to rotation of the

100028] In operation, the shaft 10 is positioned in the ¢levated positic;n.
relative to the support plate 12 as shown in FIG. 1, and the support assembly 14 is

 positioned within roller bearing 170. The turnbuckies 24 and 26, together with the

screws 32 and is opposite-side corresponding screw, are adjusted so that the shaft

10, roller bearing 170 and support assembly 14 can all be properly aligned to

“decrease forces on the shaft 10 while maximizing the damping abilities of the

support assembly 14,
[00029]  The support assembly 14 thus provides a low friction, bearing for

rotation of the shaft 10. Also, any radial deflection of the shaft 10 causes

' of the shaft 10 that causes vertical movement of the shaft 10 will cause resultant

shear forces to be applied to the damper members 60 and 62 and cause¢ them to
move which dampens the deflective movement of the shaft 10.

[00{)30] Any deflections of the shaft 10 that causes movement of roller
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bearing 170 in a horizontal direction, e.g., in a direction substantially parallel to the

surface of plate 12, will cause corresponding shear forces to be applied to the
damper members 40 and 42 and cause them to deflect in the same manner as
discussed above in connection with the damper members 60 and 62. Of course,
deflections of the shaft 10 in a direction having both a horizontal and a vertical
component will cause corresponding movement of all of the damper members 40,
42, 60 and 62 in the manners discussed above.

[00031]  Thus, use of roller bearing 170 achieves most of the prior benefits

of magnetic-type elements while using more reliable technology. Additionally, the use

‘of a mechanical bearing such as roller bearing 170 eliminates many of the alignment

issues that may possibly come up with respect to use of the magnetic elements. Also,

bearin_ gs such as roller bearing 170 are smaller, lighter, and less expensive than

- magnetic elements. Thus, there are no strong axial forces imposed on the shaft that

have to ‘be reacted into supporting structure 14 and its damping members.

'ffAdd'itiona-l‘ly, bearings such as roller bearing 170 provide less of a blockage for wiring

“and hydraulics. Also, motion is transferred more efficiently because the mechanical

bearing is much stiffer than magnetic disks since there is nothing lost in the spring

action between magnets. Additionally, mechanical bearings such as roller bearing

170 may be used when the shaft is part of a curved drive path and may be used

with long, flexible, and curved drive shafts while simultaneously providing a

source of damping to preclude, for example, excessive motion during start up

- and dynamic whirl instability, while operating at high speeds. The mechanical bearing,

- such as roller bearing 170, therefore provides a low risk approach to quickly
‘achieve many benefits of supercritical shafting regardless of the presence of

grease-lubricated mechanical bearings. For example, the weight and cost benefits

achieved with mechanical bearing in place of magnetic elements may be very

“significant, and a smaller diameter shaft may be used. Further, mechanical
~ bearings, such as roller bearing 170. may provide improved survivability in

‘military applications.

[00032] It is understood that the additional support assemblies 14 on the

shaft 10 will function in a manner substantially identical to that of the support

‘assembly 14 discussed herein and that, when the shaft 10 is of a considerable
- length, additional support assemblies 14 can be utilized as needed. Also, o
situations in which a portion or portions of the shaft 10 must be curved by design

- due to its particular application, the support assembly 14, and any additional

identical support assemblies, can easily be positioned relative to the shaft to deflect
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the shaft into the desired curvature, thereby avoiding the need for angular
mi\salignment couplings.

100033 It is understood that several variations can be made in the
foregoing without departing from the scope of the invention. For example, any
number of support assemblies 14 can be used at spaced intervals along the shaft 10

to be supported with the number depending on the length of the shaft 10. Also,

- each roller bearing 170 can be formed by a plurality of roller bearings. Further, the

number of damping pads, and therefore the associated plates, in each of the

damping members can be varied.

[00034] Fig. 3 illustrates another embodiment of the invention. Support

- assembly 214 in Fig. 3 is substantially identical to support 14 described above with
respect to Figs. | and 2, except support assembly has four damper members 260

instead of damper members 60, 62, 40 and 42. Whereas damper members 60, 62,

40, and 42 are a laminate of metal sheets and elastomeric material, damper members

?__ 260 perform substantially the same function as dampers 60, 62, 40 and 42 but are
“made as a one-piece, unitary plate member 282 with an elastomeric material 280
positioned within said plate member 282 as seen best in Fig. 4.

[00035] As seen in Fig. 4, plate member has a front 284, a rear 286, atop

288, an opposite bottom (not shown in Fig. 4) and two sides 290, Each side has at
- least one slot 292 that extends completely through the plate member 282 between

the two corresponding apertures on opposite sides of the plate member 282. As
tlustrated in Fig. 4, the plate member 282 can have multiple slots 292 separated by
thin portions 294 of the plate member 282. Elastomeric material 280 is inserted
into each slot 292 to provide the desired damping characteristics required from the

' ].p-lia,t\e member 282. Plate member 282 has bolt holes 296 extcndiﬁg completely
- therethrough for attachment of the damping member 260 to the other members of
“the support assembly 214. Plate member 282 is preferably made from metal such as

- steel. For example, plate member 282 may be formed by electro-discharge

- machining from a single piece of corrosion resistant steel.

30

[00036]  Fig. 5 illustrates another embodiment of the present invention.
The embodiment of Fig. 5 is substantially identical to the system illustrated, except

that instead of using the laminate damping members as previously known, the

~ support assembly 314 uses damping members 260, which are described above with
- respect to Figs. 3 and 4. In other words, the support assembly 314 is similar to

' support assembly 214, except that support assembly 314 employs a magnetic
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bearing assembly 70, 90 instead of the roller bearing 170 disclosed above.

[00037]  Figs. 6-7 illustrate another embodiment of the present invention.
A support assembly 414 is illustrated that is similar to support assembly 14
illustrated in Fig. | except a bracket assembly 450 is employed instead of the
assembly of the damping members 40, 42, 60, 62 and the floating bracket 50. That
is, bracket assembly 450 replaces the multi-part assembly of damping members 40,
42, 60, 62, bolts, and floating bracket 50. Bracket assembly 450 performs
substantially the same functions as the various parts from support assembly 14 that
it replaces, except that it, for example, simplifies assembling and replacement

associated with those parts it repiace‘s since bracket 450 may be handled as a single

; mulﬂ-elemem part it may replace.

[00038]  As seen in Figs. 6 and 7, the support assembly 414 includes a

- rigid bracket 420 that is rigidly coupled to plate 12. Bracket assembly 450 1s
~ attached to bracket 420 by bolts 444 extending through bolt holes 445, Bracket

assembly 450 includes four damping members 460 and a ﬂoatmg brace 452, Each

~of the damping members 460 includes a plate member 482 havmg a slot 492 that
- _extends completely through its respective plate member 482 in a manner similar {o
- ~ the slots 292 described above with respect to the embodiment of Fig. 4. Each slot

492&3- filled with elastomeric material 280 similar to the matenal used to fill slots

292 above. The elastomeric material 280 can take various forms and can be varied

25

' ~ to provide the desired damping characteristics. Preferably the elastomeric material

is a high damping elastomer with a high loss coetficient.

[00039] It should be understood that although four damping members 460

'. are illustrated, the number of damping members 40 can be adjusted for the

o appropriate needs. Also, although only one slot 492 is illustrated, any appropriate

30

33

- number of slots 492 filled with elastomeric material 280 can be used in each damping

member 460. For example, there can be three slots 492 in each damping member 460

similar to the three slots 292 illustrated in Fi g4,
[00040]  The brace 452 interconnects the four spaced plate members 482

| and the four plate members 482 and the brace 452 are formed as a one-piece,

unitary bracket. The unitary bracket that forms brace 452 and plate members 482
is preferably made from metal such as steel. For example, the unitary bracket may

be formed by electro-discharge machining from a single piece of corrosion

- resistant steel.
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[00041]  Similar to support assembly 14, two of the free ends of the
damping members 460 opposite the brace 452 are securably coupled to fixed
bracket 420 while the free ends of the other two damping members 460 are
securably coupled to a mechanical bearing such as the roller bearing assembly
472. Roller bearing assembly 472 is substantially identical to the roller bearing
170 and the brackets 172a and 172b of support assembly 14, except roller bearing
assembly 472 is configured differently to be securably coupled to the two damping
members 460. As seen in Figs. 6 and 7, the securing that occurs between the
damping members 460 and the roller bearing assembly 472 is accomplished with
bolts 473 extending through bolt holes 475 in damping members 460. The roller
bearing assembly 472 includes roller bearing 470, which is substantially identical
to roller bearing 170 described above and which securably attaches to shaft 10 in a
conventional manner. As seen in Figs. 6-8, brace 452 includes an opening 453 for
receiving shaft 10 extending therethrough.

{00042]  Thus, the embodiment of Figs, 6-7 includes a support assembly
414 that achieves all of the supporting and damping benefits afforded by support

assembly 14 described above, yet includes a one-piece unitary bracket with

elastomeric inserts that can be handled as an single element in place of the multiple
elements relied upon in support assembly 14 to provide the necessary damping
characteristics described. Additionally, the one-piece, unitary bracket is lighter

and less expensive to manufacture than the multiple elements it replaces,

{00043]  Fig. 9 illustrates yet another embodiment of the present invention.

Support assembly 514 illustrated in Fig. 9 is substantially identical to support
assembly 414 illustrated in Figs. 6 and 7 and employs the bracket assembly 450,
except the support assembly 514 does not use a mechanical bearing. Support

assembly 514 instead employs a magnetic bearing assembly 70, 0 similar to that

described above with respect to support assembly 314.

[00044]  Other variations and modifications of the invention are possible.

~ All such modifications or variations are believed to be within the sphere and scope

- of the invention as defined by the claims appended hereto.
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege is claimed

are defined as follows:

i, A dampmg member, comprising:

a first elastomeric member; and

a first plate member having a top, a bottom, a front face, a rcar face, a first side,
and a second side, each of said front and rear faces bemg configured to be securably
fastened to a support assembiy, satd first plate member having a central opening
extending completely through said first plate member between a first aperture in sard
first side and a second aperture in said second side, said central opening being
separated from said front and rear faces by portions of the first plate member, and said
first plate member being formed as a one-piece, unitary member, and

said first elastomeric member being positioned within said central opening.

2. A damping member according to claim |, wherein said first plate member is
metal.
3. A damping member according to claim 1 or 2, wherein each of said top, said

bottom, said front face, said rear face, said first side, and said sccond side are generally

rectanguiar in shape.

4 A damping member according to any one of claims 1 to 3, further comprising:
a second elastomeric member and a sccond opening extending completely

through said first platc member between a third aperture in said first side and a fourth
aperture m said sccond side, wherein a portion of the first platc member extends from
the central opening to the second opening to separate the central and second openings
from each other and wherein the second elastomeric member is positioned within said
second opening; and

a third elastomeric member and a third opening extending completely through
said first plate member between a {ifth aperture in said first side and a sixth aperture in
said sccond side, wherein a portion of the first plate member extends from the second
opening to the third opening to separate the second and third openings from each other

and wherein the third elastomeric member is positioned within said third opening.

11
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5. A support system for a rotating shalt, comprising:

a fixed bracket;

a first damping member as claimed in any one of claims 1 to 4 having a {irst
end and a second end, said first end being securably attached to said fixed bracket and
said second end being contfigured to be movable in a first plane aligned with the shaft,

a floating bracket sccurablv attached to said second end of said first damping
member, and

a second damping member according to any onc of claims | to 4 having a first
end and a second end, said first end being securably attached to said floating bracket
and said second end being configured to be movable in a second plane that is aligned
with the shaft and that is generally perpendicular to said first plane,

said second damping member including a second plate member and a sccond
damping element positioned within said second plate member,

said second plate member being formed as a one-piece, unitary plate member;
and

a bearing having a first bearing portion securably attached to said second end
of said second damping member, and a second bearing portion structured and

arranged to be securably attached to the shafl.

0. A support system according to claim 5, wherein

satd bearing is a roller bearing constructed and arranged to provide a
mechanical interconnection between said second end of said damper member and the
shafl.
7. A support system according to claim 5, wherein

said bearing is a magnetic bearing having first and second magnetized

rcmbers.

12
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