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(57) Abstract: A torsional vibration damper is disclosed. The
torsional vibration damper comprises a first member having a ra-
dially outer surface that comprises a central concave section axi-
ally between convex sections and a second member having a ra-
dially inner surface that comprises a central convex section axi-
ally between concave sections and that opposes said radially out-
er surface. The radially outer surface and said radially inner sur-
face are separated by a radial gap that defines a cross-sectional
profile having an axial center and axial ends, and wherein said
radial gap increases in thickness from said axial center to each
said axial end of said cross-sectional profile. Alternatively, the
first member may include a central convex section axially
between concave sections and the second member may include a
central concave section between convex section.



WO 2015/192012 A1 WK 00T VT O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, Published:
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

—  with international search report (Art. 21(3))

LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, —  before the expiration of the time limit for amending the
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, claims and to be republished in the event of receipt of
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG). amendments (Rule 48.2(h))

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



WO 2015/192012 PCT/US2015/035574

TORSIONAL VIBRATION DAMPER

TECHNICAL FIELD

[0001] The present application relates generally to a torsional vibration damper and more
particularly to a torsional vibration damper with an undulating or curved profile having an

increasing thickness from its center axially towards its periphery in either direction.
BACKGROUND

[0002] Torsional vibration dampers usually have straight or parallel curved profiles
defined by the innermost diameter of the damper ring, and the outermost diameter of the
damper hub (externals mass dampers) or the innermost diameter of the damper hub, and the
outermost diameter of the damper ring (internal mass dampers) that accepts a rubber strip
or ring. Having straight or parallel curved profiles make the damper susceptible to high
tear-drop shaped principal strain buildup at each axial periphery of the rubber fitted in the
profile. This unequal (or non-uniform) strain buildup is not desired by design.
Furthermore, rectangular profiles may have a better strain response than parallel curved
profiles but lack in the axial integrity of the damper which is typically undesirable.
Therefore, a balance is sought between axial integrity of the damper and the high principal
strain buildup. Accordingly, a torsional vibration damper with a non-parallel curved
profile is desired that provides a proper balance between the axial integrity of the damper

and the principal strain buildup within the rubber strip or ring.
SUMMARY

[0003] In one aspect, a torsional vibration damper is disclosed that includes a first
member having a radially outer surface that comprises a central concave section axially
between convex sections. Further, the torsional vibration damper includes a second
member having a radially inner surface that comprises a central convex section axially
between concave sections and that opposes said radially outer surface, wherein said
radially outer surface and said radially inner surface are separated by a radial gap that

defines a cross-sectional profile having an axial center and axial ends, and wherein said
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radial gap increases in thickness from said axial center to each said axial end of said cross-

sectional profile. A rubber insert is fitted in said radial gap.

[0004] In another aspect, a torsional vibration damper is disclosed that includes a first
member having a radially outer surface that comprises a central convex section axially
between concave sections. Further, the torsional vibration damper includes a second
member having a radially inner surface that comprises a central concave section axially
between convex sections and that opposes said radially outer surface, wherein said radially
outer surface and said radially inner surface are separated by a radial gap that defines a
cross-sectional profile having an axial center and axial ends, and wherein said radial gap
increases in thickness from said axial center to each said axial end of said cross-sectional

profile. A rubber insert is fitted in said radial gap.

[0005] In yet another aspect, a torsional vibration damper is disclosed that includes a first
member having a centerline and an axis and a radially outer surface having a first length
reaching axially between opposite ends. The torsional vibration damper further includes a
second member having a second centerline and a radially inner surface opposed to said
radially outer surface, wherein said radially inner surface has a second length reaching
axially between opposite ends. The gap has a gap length reaching between said opposite
ends and a thickness reaching radially between said opposed surfaces that define a cross-
sectional profile, wherein said thickness continually increases from a first thickness at said
center lines of said members to a second thickness at said opposite ends. A rubber insert is

fitted in said radial gap.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The above and other features of the invention, its nature and various advantages
will be more apparent upon consideration of the following detailed description, taken in

conjunction with the accompanying drawings.
[0007] Figures 1A-1B are isometric views of torsional vibration dampers.
[0008] Figure 2 is a cross-section of a portion of a torsional vibration damper.

[0009] Figure 3 is another cross-section of a portion of a torsional vibration damper.
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[0010] Figure 4 is a graph of torsional vibration damper gap thicknesses.
[0011] Figures 5-7 illustrate rubber insert principal strains.
DETAILED DESCRIPTION

[0012] The following detailed description will illustrate the general principles of the

invention, examples of which are additionally illustrated in the accompanying drawings.

[0013] Figure 1A illustrates an isometric view of a torsional vibration damper 100. The
torsional vibration damper 100 includes a hub 102 and a ring 104 that are radially separated
by a gap fitted with a rubber insert 106. The ring 104 includes a radially outer grooved
surface 107 configured to receive a serpentine belt or the like. The hub 102 includes a
center aperture 108 having an axial centerline axis 110. The aperture 108 is configured to
securely affix to a shaft (not shown) of a rotating system, e.g., a rotating shaft of an internal
combustion engine. Figure 1B illustrates an isometric view of another torsional vibration
damper 150. The torsional vibration damper 150 includes a ring 152 and a hub 154 that are
radially separated by a gap fitted with a rubber insert 156. The ring 152 includes a center
aperture 158 having an axial centerline axis 160. The aperture 158 is configured to affix to

a shaft (not shown) as described above.

[0014] Before the rubber insert is fitted in the gap, the rubber insert has a pre-assembly
thickness that is greater than the cross-sectional thickness of the gap profile so that the
rubber insert goes under compression during insertion or the fitting process. This
compressive force that the elastomer exerts on the ring and the hub holds the torsional

vibration damper 100 together.

[0015] Figure 2 illustrates a cross-section of a portion of a torsional vibration damper
200. The torsional vibration damper 200 includes a first member 202 and a second
member 204 that are separated by a radial gap 206. The first member 202 and the second
member 204 rotate about an axis 208, ¢.g., a horizontal axis, of the torsional vibration
damper 200 and the second member 204 is radially outward of the first member 202. As
illustrated and described in Figures 1A-1B, the first member 202 and second member 204
can be a circumferentially extending ring and a circumferentially extending hub,

respectively, separated by a gap fitted with a rubber insert. Alternatively, the first member

-3-
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202 and the second member 204 can be a circumferentially extending hub and a
circumferentially extending ring, respectively, separated by a gap fitted with a rubber

insert.

[0016] In the illustrated embodiment, the first member 202 includes a radially outer
surface 210 having a first length L1 reaching between opposite axial ends 203 and 205 of
the first member 202. The radially outer surface 210 includes a central concave section
212 and axially adjacent convex sections 214 and 216. In other words, the central concave
section 212 is axially between convex sections 214 and 216. Further in the illustrated
embodiment, the second member 204 includes a radially inner surface 218 having a second
length L2 reaching between opposite axial ends 207 and 209 of the second member 204.
The radially inner surface 218 includes a central convex section 220 and concave sections
222 and 224. The central convex section 220 is axially between concave sections 222 and
224. The radially outer surface 210 and the radially inner surface 218 are undulating
surfaces that are reciprocally concave-covex, ¢.g., a convex portion is radially opposed to a
concave portion of an opposing surface and/or a concave portion is radially opposed to a

convex portion of an opposing surface.

[0017] In the illustrated embodiment, the radially outer surface 210 and the radially inner
surface 218 are radially opposing surfaces separated by the radial gap 206. The radial gap
206 has a gap length reaching between the opposite axial ends of the first and second
members and reaches radially between the opposed surfaces 210 and 218, defining a cross-
sectional profile 226 (outlined in dashed lines). The radial gap 206 thickness continuously
increases from a first thickness T1 at the centerline CL of the first and second members to a
second thickness T2 at each opposite end of the members 202 and 204. The radially outer
surface 210 and the radially inner surface 218 have a non-parallel curved relationship. In
other words, the first thickness T1 is at the axial center of the cross-sectional profile 226
and the second thickness T2 is axially spaced from the axial center of the cross-sectional
profile 226, e.g., the second thickness T2 is axially spaced at or about the axial ends of the
cross-sectional profile 226. In the illustrated embodiment, the first thickness T1 is less than
the second thickness T2 so that the radial gap 206 continuously increases in thickness
between the axial location of the first thickness T1 to the second thickness T2. In another
embodiment, the radial gap increases in thickness between the first thickness T1 to the

second thickness T2 following an Nth order polynomial relationship, e.g., a 2nd order

_4.-
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polynomial relationship. In another embodiment, the radial gap increases in thickness
between the first thickness T1 to the second thickness T2 following an inclined
relationship. In another embodiment, the radial gap increases in thickness between the first
radial thickness T1 to the second radial thickness T2 so that it does not have a single step

increase in thickness.

[0018] In the illustrated embodiment, the radial gap defined by the cross-sectional profile
226 is fitted with a rubber insert 228 (only partially shown) that radially fits entirely
between the radially outer surface 210 and the radially inner surface 218 of the first
member 202 and the second member 204, respectively. The rubber insert 228 may be a

strip or a ring and made of an elastomeric material, e.g., butyl rubber or the like.

[0019] In the illustrated embodiment, the outer convex sections 214 and 216 have a first
radius R1 and the outer concave sections 222 and 224 have a second radius R2. The
second radius R2 is greater than the first radius R1 plus a fraction F1 (not shown) of the
first radial thickness T1 of the radial gap 206, e.g., the fraction F1 can be in the range of
10-90% the thickness of the first thickness T1. Further in the illustrated embodiment, the
central convex section 220 has a third radius S1 and the central concave section 212 has a

fourth radius S2.

[0020] Figure 3 illustrates another cross-section of a torsional vibration damper 300. The
torsional vibration damper 300 includes a first member 302 and a second member 304 that
are separated by a radial gap 306. The first member 302 and the second member 304 rotate
about an axis 308 of the torsional vibration damper 300 and the second member 304 is
radially outward of the first member 302. As discussed above, the first and second

members circumferentially extend about the axis 308.

[0021] In the illustrated embodiment, the first member 302 includes a radially outer
surface 310 having a first length L1 reaching between opposite axial ends 303 and 305 of
the first member 302. The radially outer surface 310 includes a central convex section 312
and axially adjacent concave sections 314 and 316. In other words, the central convex
section 312 is axially between concave sections 314 and 316. Further in the illustrated
embodiment, the second member 304 includes a radially inner surface 318 having a second

length L2 reaching between opposite axial ends 307 and 309 of the second member 304.

-5-
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The radially inner surface 318 includes a central concave section 320 and convex sections
322 and 324. The central concave section 320 is axially between convex sections 322 and
324. The radially outer surface 310 and the radially inner surface 318 are undulating
surfaces that are reciprocally concave-covex, ¢.g., a convex portion is radially opposite a
concave portion of an opposing surface and a concave portion is radially opposite a convex

portion of an opposing surface.

[0022] In the illustrated embodiment, the radially outer surface 310 and the radially inner
surface 318 are radially opposed surfaces separated by the radial gap 306. The radial gap
306 has a gap length reaching between the opposite axial ends of the first and second
members and reaches radially between the opposed surfaces 310 and 318, defining a cross-
sectional profile 326 (outlined in dashed lines). The radial gap 306 thickness continuously
increases from a first thickness TT1 at the centerline CL of the first and second members to
a second thickness TT2 at each opposite end of members 302 and 304. The radially outer
surface 310 and the radially inner surface 318 have a non-parallel curved relationship. In
other words, the first thickness TT1 is at the axial center of the cross-sectional profile 326
and the second thickness TT2 is axially spaced from the axial center of the cross-sectional
profile 326, e.g., the second thickness TT2 is axially spaced at or about the axial ends of
the cross-sectional profile 326. In the illustrated embodiment, the first thickness TT1 is
less than the second thickness TT2 so that the gap 306, e.g., a radial gap, continuously
increases in thickness between the axial location of the first thickness TT1 to the second

thickness TT2.

[0023] In the illustrated embodiment, the radial gap defined by the cross-sectional profile
is fitted with a rubber insert 328 (only partially shown) that radially fits entirely between
the radially outer surface 310 and the radially inner surface 318. The rubber insert 328

may be a strip or a ring and made of an elastomeric material, ¢.g., butyl rubber or the like.

[0024] In the illustrated embodiment, the outer convex sections 322 and 324 have a first
radius R1 and outer concave sections 314 and 316 have a second radius R2. The second
radius R2 is greater than the first radius R1 plus a fraction F1 (not shown) of the first
thickness TT1 of the radial gap 306, ¢.g., the fraction F1 can be in the range of 10-90% the

thickness of the first thickness T1. Further in the illustrated embodiment, the central
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concave section 320 has a third radius S1 and the central convex section 312 has a fourth

radius S2.

[0025] Figure 4 illustrates a graph 400 of gap thickness plots of three torsional vibration
damper profiles from a centerline CL to an axial edge AE. The radial gap of the torsional
vibration dampers discussed herein do not have a constant thickness. For example, gap
thickness plot 402 is shown as having a constant gap thickness of 4.0 across the axial
length (from 0 to 20 on the horizontal axis). Further, the radial gap of the torsional
vibration dampers discussed herein do not have a step increase in gap thickness at only one
location. For example, gap thickness plot 404 is shown as having a gap thickness that step
increases at only one location along its axial length, i.e., gap thickness plot 404 is shown as
having a gap thickness of 4.0 up to a point where it step increases at only one location to
5.2. The torsional vibration dampers discussed herein have a continuously increasing gap
thickness that continuously increases from at or about the centerline CL to each axial edge
AE, for example, gap thickness plot 406 illustrates that the gap thickness continuously
increases from 4.0 to 4.6 between the centerline CL and the axial edge AE. As described
above, the continuously increasing gap thickness may have a Nth order polynomial

relationship, an inclined relationship, and the like.

[0026] Figures 5-7 illustrates the principal strains of the rubber insert fitted in the gap of
torsional vibration dampers (only one half of the insert is shown, from centerline CL to
axial edge AE). The strain designations 511-520 represent a range of principal strains.
Designation 511 represents the lowest principal strain and designation 520 represents the
greatest principal strain, as shown in detail in the Principal Strain Table to the right of
Figures 5-7. Specifically, Figure 5 illustrates an example strain profile of a rubber insert
506 disposed between a first member 502 and a second member 504 having a straight gap
profile, as is typical in the prior art. Figures 6 illustrates an example strain profile of a
rubber insert 606 disposed between a first member 602 and a second member 604, similar
to the example embodiment discussed above in Figure 3. Figures 7 illustrates an example
strain profile of a rubber insert 706 disposed between a first member 702 and a second

member 704, similar to the example embodiment discussed above in Figure 2.

[0027] Figure 5 illustrates that the prior art straight gap profile design exhibits greater

principal strain towards the axial end AE where a tear-drop principal strain value 520 is

-7 -
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shown. High principal strains towards the axial ends may not be an ideal design as it may
lead to wear of the rubber insert in the torsional vibration damper. Figures 6-7 illustrate
that the torsional vibration damper embodiments described above in Figures 2 and 3
(undulating radially inner and radially outer surfaces or surfaces having a non-parallel
curved relationship) reduce the maximum principal strain in the rubber insert, essentially

reducing the wear of the rubber insert in the torsional vibration damper.

[0028] The embodiments of this invention shown in the drawings and described above
are exemplary of numerous embodiments that may be made within the scope of the
appended claims. It is contemplated that numerous other configurations may be created
taking advantage of the disclosed approach. In short, it is the applicant's intention that the

scope of the patent issuing herefrom be limited only by the scope of the appended claims.
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What 1s claimed is:

1. A torsional vibration damper comprising:

a first member having a radially outer surface that comprises a central concave

section axially between convex sections;

a second member having a radially inner surface that comprises a central convex
section axially between concave sections and that opposes said radially outer surface,
wherein said radially outer surface and said radially inner surface are separated by a radial
gap that defines a cross-sectional profile having an axial center and axial ends, and wherein
said radial gap increases in thickness from said axial center to each said axial end of said

cross-sectional profile; and

a rubber insert fitted in said radial gap.

2. A torsional vibration damper of claim 1, wherein said first member is a hub and

said second member is a ring.

3. A torsional vibration damper of claim 1, wherein said first member is a ring and

said second member is a hub.

4. A torsional vibration damper comprising:

a first member having a radially outer surface that comprises a central convex

section axially between concave sections;

a second member having a radially inner surface that comprises a central concave
section axially between convex sections and that opposes said radially outer surface,
wherein said radially outer surface and said radially inner surface are separated by a radial
gap that defines a cross-sectional profile having an axial center and axial ends, and wherein
said radial gap increases in thickness from said axial center to each said axial end of said

cross-sectional profile; and

a rubber insert fitted in said radial gap.
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5. A torsional vibration damper of claim 4, wherein said first member is a hub and

said second member is a ring.

6. A torsional vibration damper of claim 4, wherein said first member is a ring and

said second member is a hub.

7. A torsional vibration damper comprising:

a first member having a centerline and an axis and a radially outer surface having a

first length reaching axially between opposite ends;

a second member having a second centerline and a radially inner surface opposed to
said radially outer surface, wherein said radially inner surface has a second length reaching

axially between opposite ends;

a gap having a gap length reaching between said opposite ends and a thickness
reaching radially between said opposed surfaces that define a cross-sectional profile,
wherein said thickness continually increases from a first thickness at said center lines of

said members to a second thickness at said opposite ends; and

a rubber insert fitted in said radial gap.

8. A torsional vibration damper of claim 7, wherein said radially outer surface
comprises a central convex section and axially adjacent concave sections, and wherein said
radially inner surface comprises a central concave section and axially adjacent convex

sections.

9. A torsional vibration damper of claim 8, wherein said axially adjacent concave
sections have a first radius and said axially adjacent concave sections have a second radius,
wherein said second radius is greater than a sum of said first radius and a fraction of said

first thickness.

-10 -
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10. A torsional vibration damper of claim 8, wherein said first member is a hub and

said second member is a ring.

11. A torsional vibration damper of claim 8, wherein said first member is a ring and

said second member is a hub.

12. A torsional vibration damper of claim 7, wherein said radially outer surface
comprises a central concave section and axially adjacent convex sections, and wherein said
radially inner surface comprises a central convex section and axially adjacent concave

sections.

13. A torsional vibration damper of claim 12, wherein said axially adjacent convex
sections have a first radius and said axially adjacent concave sections have a second radius,
wherein said second radius is greater than a sum of said first radius and a portion of said

first thickness.

14. A torsional vibration damper of claim 12, wherein said first member is a hub and

said second member is a ring.

15. A torsional vibration damper of claim 12, wherein said first member is a ring and

said second member is a hub.

16. A torsional vibration damper of claim 7, wherein said radially outer surface and

said radially inner surface are reciprocally concave-convex.

17. A torsional vibration damper of claim 7, wherein said thickness continuously

increases at a Nth order polynomial.

-11 -
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18. A torsional vibration damper of claim 7, wherein said thickness continuously

increases at an incline.

-12-
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3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Group I: claims 1-3;

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were acéompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-Continued from Box No. Ill Observations where unity of invention is lacking-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: claims 1-3 are directed toward a torsional vibration damper comprising a central concave section axially between convex
sections.

Group lI: claims 4-6 are directed toward a torsional vibration damper comprising a central convex section axially between concave
sections. ' }

Group lI: claims 7-18 are directed toward a torsional vibration damper compnslng a gap having a gap length reaching between said
opposite ends.

The inventions listed as Groups [-Ill do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13 2, they lack the same or corresponding special technical features for the following reasons.

The special technical features of Group | include a first member having a radially outer surface that comprises a central concave section
axially between convex sections; a second member having a radially inner surface that comprises a central convex section axially
between concave sections (which is not present in Groups II, lI).

The special technical features of Group Il include a first member having a radially outer surface that comprises a central convex section
axially between concave sections; a second member having a radially inner surface that comprises a central concave section axially
between convex sections (which is not present in Groups |, {ll).

The special technical features of Group lll include a first member having a centerline and an axis and a radially outer surface having a
first length reaching axially between opposite ends; wherein said radially inner surface has a second length reaching axially between
opposite ends; a gap having a gap length reaching between said opposite ends; wherein said thickness continually increases from a first
thickness at said center lines of said members to a second thickness at said opposite ends (which is not present in Groups |, II).

The common technica! features of Groups |-l include a torsional vibration damper comprising: a first member having a radially outer
surface; a second member having a radially inner surface that opposes said radially outer surface, wherein said radially outer surface
and said radially inner surface are separated by a radial gap that defines a cross-sectional profile having an axial center and axial ends,
and wherein said radial gap increases in thickness from said axial center to each said axial end of said cross-sectional profile; and a
rubber insert fitted in said radial gap. -

‘These common technical features are disclosed by US 2004/0108639 A1 (KATO): a torsional vibration damper comprising: a first
member (16; figure 11) having a radially outer surface; a second member (62) having a radially inner surface that opposes said radially
outer surface, wherein said radially outer surface and said radially inner surface are separated by a radial gap (as shown) that defines a
cross-sectional profile having an axial center (approximately at 68) and axial ends (left and right ends), and wherein said radial gap
increases in thickness from said axial center to each said axial end of said cross-sectional profile (as shown); and a rubber insert fitted in
said radial gap (70). . '

Because the common technical features are disclosed by KATO, the inventions are not so linked as to form a single general inventive
concept. Therefore, Groups I-IIl lack unity.
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