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Double path torsional damper

[0001] The present invention relates to the field of vehicle drive trains. More specifical-
ly, the invention relates to reduction of the conduction of engine vibration to the vehicle trans-
mission and more particularly to the dampening of engine vibration through the torque conver-

ter.

[0002] Clutches are used to provide a mechanical by-pass for the hydrodynamic
coupling in torque converters in order to improve fuel economy in vehicles. The clutch is en-
gaged and stays locked as soon as torque muiltiplication is no longer required. During clutch
engagement, the engine vibration will be transferred via the clutch to the drivetrain which cau-
ses excess wear on components of the drivetrain as well as passenger discomfort. To reduce
the transmitted torsional vibrations, torsional isolators or dampers are placed in clutches bet-
ween the engine output torque and the transmission input shaft. Torsional dampers typically
comprise an arrangement of springs and friction plates serving as an elastic member to redu-
ce the engine vibration amplitude. To isolate today's engine with more and more power, many
complex spring arrangements are being designed. However, they all can introduce extra un-

desirable resonant frequencies that cause or increase unwanted vibrations.

[0003] The problem of undesirable resonant frequencies is often addressed by using a
plurality of series torsional isolators in torque converters. This trend is also driven by the push
for improved fuel consumption and reduced fugging limits. To maintain or improve torsional
isolation, lower spring rates are required. Cylinder shutoff applications and a general trend
toward a decreased number of engine cylinders further enforce the need for lower spring rate
(increased isolator spring volume). Due to envelope constraints, the most efficient way to inc-
rease spring volume is to connect two concentric rows of springs together in series (hence the
so called series isolator). This arrangement provides the maximum spring volume for the typi-

cal envelope available for the torsional damper.

[0004] This arrangement requires the use of one or more plates to serve as a torsional
connection between the outer and inner row of springs (the so called "floating flange”). Unfor-
tunately, the inertia of floating flange(s) is substantial for any concentric spring series arran-
gement. This inertia introduces an addition degree of freedom to the torsional drivetrain sys-
tem that causes an objectionable vibration in the vehicle. One method of overcoming the addi-

tional degree of freedom is to introduce a friction package across one of the concentric spring
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packages to absorb the energy of the flange mode. However, this approach has the distinct

disadvantage of degrading the isolation the damper provides at all frequencies other than the

flange mode.

[0005] Thus, a problem exists in the field concerning the reduction of vibration produ-
ced in the engine that is transmitted through the drive train when a torque converter clutch is

engaged with the vehicle engine.

[0006] The present invention broadly comprises a double path torsional vibration dam-
per for a torque converter having a lockup clutch, the isolator comprising a first flange and a
second flange, with the first flange with the first flange attached to the turbine of the torque
converter, a first pair of springs, the first one of the first pair of springs extending between an
outer hub of the torque converter and the first flange and the second one of the first pair of
springs extending from the first flange to an output connection, the output connection operati-
vely connected to a transmission input drive. The invention also comprises a second pair of
springs, with the first one of the second pair of springs extending between the outer hub and
the second flange and the second one of the second pair of springs extending from the se-
cond flange to the output connection. The first pair of springs forms a first vibration path inc-
luding the outer hub, the first pair springs, the first flange and the output connection and the
second pair of springs forms a second vibration path including the outer hub, the second pair
of springs, the second flange and the output connection. In a preferred embodiment, the
spring rate of the first pair of springs is less than or equal to the spring rate of the second pair
of springs. In a more preferred embodiment, the spring rate of each of the vibration paths is

tunable (adjustable). In some embodiments, the outer hub may be the torque converter cover.

[0007] One object of the invention is to provide a device for reducing the transmission

of engine vibration when a torque converter clutch is engaged.

[0008] A second object of the invention is to supply a device that divides the vibration
path between the engine and the transmission.

[0009] A third object of the invention is to provide a vibration reducing device that is
adjustable for various sized drive train components.

[0010] A fourth object of the invention is to provide a vibration reducing device in which
two vibration paths are adjustable so that the frequency of one path is 180 degrees out of

phase with the other path when the vibration waves reach the ends of the paths.
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[0011] The nature and mode of the operation of the present invention will now be more
fully described in the following detailed description of the invention taken with the accompany-

ing drawing Figures, in which:

[0012] Figure 1 is a schematic view of a single path torsional vibration damper;

[0013] Figure 2 is a schematic view of a single path vibration damper in which a single

flange is attached to a torque converter turbine;

[0014] Figure 3 is a schematic of the double path torsional damper of the present in-
vention;
[0015] Figure 4 is a schematic drawing of the double path damper showing changes in

the amplitude in vibration along the vibration paths;

[0016] Figure 5A is a cross section view of double path damper of the present inventi-

on showing the structural relation of its component parts;

[0017] Figure 5B is a side perspective of the two flanges of the double path damper of

the present invention;

[0018] Figure 6 graphically portrays the damper characteristic for the V/4-V/8 engine.

[0019] Figure 7 is a graph of the damper effects of the double path damper at different

spring rate ratios;

[0020] Figure 8 is a graph comparing the damper effects of the double path damper of

the present invention with prior art dampers; and,

[0021] Figure 9 is a schematic view of an alternate embodiment of the double path

damper of the present invention.

[0022] At the outset, it should be appreciated that like drawing numbers on different
drawing views identify identical structural elements of the invention. It also should be appreci-
ated that figure orientations, proportions, and angles are not always to scale in order to clearly

portray the attributes of the present invention.

[0023] While the present invention is described with respect to what is presently con-
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sidered to be the preferred embodiments, it is understood that the invention is not limited to
the disclosed embodiments. The present invention is intended to cover various modifications

and equivalent arrangements included within the spirit and scope of the appended claims.

[0024] Adverting to the drawings, Figure 1 is a schematic view of a single path torsio-
nal vibration damper 10, typical of the prior art. Engine 11 is operatively connected to turbine
14 through clutch 12 and fluid coupling 13. By operatively connected is meant that a compo-
nent or device is connected either directly or indirectly to a second component and causes
that second component to function. For example, clutch 12 and fluid coupling 13 separately
operatively connect engine 11 to turbine 14 as both act to transmit the movement of the engi-
ne (or engine crankshaft) to turbine 14. The assembly of outer spring 15, floating flange 16,
and inner spring 17, is connected to isolator hub 18 which acts as an output connection to
transmission input shaft 19. It will be recognized that outer spring 15 and inner spring 17 may
be reversed and that flanges in the various embodiments of the dampers discussed infra, are

one form of inertial elements that may form vibration pathways.

[0025] Figure 2 is a schematic view of a series double damper 20 found in the prior art
in which a single flange 26 is attached to turbine 24. Engine 21 is attached to hub 29 through
clutch 22 and fluid coupling 23. Flange 26 is connected to turbine 24. Outer spring 25a and
inner spring 25b connect flange 26 to hub 29 and isolator hub 27. Similar to the embodiment

seen in Figure 1, isolator hub 27 acts as an output connection to transmission input shaft 28.

[0026] Figure 3 is a schematic of the double path torsional damper 30 of the present
invention. Engine 31 is operatively attached to outer hub 41 through clutch 32 and fluid
coupling 33. It is well known that fluid coupling 33 of damper 30 transmits rotational motion
from engine 31 through the pump (not shown) and turbine 34 of the associated torque conver-
ter, while clutch 32 transmits this rotational motion when engaged with engine 31. Engine vib-
ration will also be transmitted though clutch 32. Clutch 32 is operatively connected to outer
hub 41.

[0027] Flange 36 is attached to turbine 34. A pair of springs 35a and 35b attach flan-
ge 36 to outer hub 41 and isolator hub 39, respectively. Together springs 35a, 35b, and flan-
ge 36 form a first vibration path connecting outer hub 41 and isolator hub 37. A second pair of
springs 37a and 37b attach flange 38 to outer hub 41 and isolator hub 37, respectively. To-
gether springs 37a, 37b, and flange 38 form a second vibration path connecting outer hub 41
and isolator hub 37. In a preferred embodiment, the first vibration path and the second vibra-
tion path are substantially parallel. It should be noted that both the first and second vibration

paths begin on the outer hub 41 and terminate on isolator hub 37.
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[0028] Figure 5A is a cross section view of double path damper 30 showing the struc-

tural relation of outer hub 41, flanges 36 and 38, springs 35 and 37, and output connection

39. Figure 5B is a side perspective view of one possible structure of flanges 36 and 38.

[0029] Figure 7 is a schematic view of double path damper 30 adapted for use without
attaching a torque converter turbine to a flange in one of the vibratio pathways. Clutch 32
provides the operative connection of damper 30 to engine 31. In contrast to the embodiment
seen in Figure 3, the natural frequency of the upper pathway is made lower than that of the
lower pathway by adding mass to flange 36a rather than attachment to a torque converter tur-
bine. Such an embodiment may be used with drivetrains with manual transmissions which do
not normally utilize a torque converter. In addition, in this embodiment, first cover 41 and se-

cond cover 37 may be used to flank or surround the springs and flanges of damper 30.

[0030] Figure 4 is a schematic drawing of the double path damper 30 of the present
invention. Vibration path A extends from the engine and clutch (not shown in Figure 4) to out-
put hub 41. Vibration path A is divided into two parallel vibration paths B and C respectively
including the two separate intermediate flanges 36 and 38, respectively. Additional mass, for
example the mass of turbine 34, is attached to flange 36 to lower the natural frequency of that
flange. Additional mass may be added by increasing the size of inertial element or flange 36
of pathway A. This creates two separate natural frequencies for each vibration pathway B and
C rather than one single frequency. These two separate natural frequencies can be selected
or “customized” for a specific drivetrain by determining the spring rate distribution between
paths B and C as well as adjusting the inertia of the flanges individually based on the specific
elastic elements and inertial elements used to form the vibration pathways. Examples of
elastic elements include rubber slugs, compression springs, and ball ramps combine with di-
aphragm springs. The original single vibration A from the engine enters into the two parallel
vibration paths B and C each with the same wave phases but different amplitudes. During en-
gine speed ramp up or acceleration, when the engine vibration A having a frequency (w) rea-
ches to the path B (turbine+flange) having a natural frequency (wq,), only the vibration phase
in turbine+flange path B, will be shifted 180° opposite of the original wave. The natural fre-
quency of the second flange (path C) is much higher than for path A. Therefore, the vibration
wave continues to pass along vibration path C without any shift in the phase. Because the fre-
quencies of paths B and C can be determined based on the specific components chosen for a
particular vibration path, they can be adjusted so that the two vibration waves B, and C reach
output hub 39 180° out of phase with each other, producing a vibration cancellation or reducti-

on effect. In other words when the turbine+flange path B, starts to resonate 180° out of phase
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with the original path C, it serves somewhat like a mass absorber. This results in an output

vibration D having a much lower amplitude.

[0031] The inertia of a floating flange in a series torsional isolator is substantial for any
concentric spring series arrangement as seen in Figure 1. This inertia introduces an additio-
nal degree of freedom to the torsional drivetrain system (flange mode). Since the spring rate
and the flange inertia are dictated by the design requirement of the flange — spring assembly,
the natural frequency of the flange itself cannot be adjusted. The construction of a double
path damper 30 with two parallel vibration paths B and C with two separate series spring ar-
rangements 35 and 37, respectively, provides two individual flanges 36 and 38 with two natu-
ral frequencies instead of one. The effective spring rate (K) in a parallel configuration is
K=K;+K3, so by variably distributing the spring rate between these two paths one path can be-
come softer as the other path becomes stiffer. The flange with softer spring rate (flange 36)
will have a lower natural frequency while flange 38 with stiffer spring rate would have a higher
natural frequency than the natural frequency from an isolator having one vibration path. In
addition, if more inertia is added to flange 36, the natural frequency of flange 36 will decrease
further. Since the turbine in a torque converter has no acceleration or ramp-up function when
the clutch is locked to the engine, the inertia of the turbine 34 can be added to the inertia of
flange 36 when it is attached to it, which further lowers the natural frequency of flange 36.
(See Figures 3 and 4 for a schematic construction of the attached turbine.) Figure 8 displays
a graph of the comparison between a prior art Series Turbine Damper (STD 10) (see in Figure
1), a prior art Series Double Damper (SDD 20) (see in Figure 2), and the Double Path Damper

(DPD 30) with variant distribution spring rate of the present invention (see in Figure 3).

[0032] For an engine with a deactivation system (V4-V8 — four cylinders are shut down

when idling) a series damper with characteristic like Figure 6 is needed. Figure 6 graphically
portrays the damper characteristic for the V/4-V/8 engine. During the V4 mode, the engine is
running in the first stage and during the V8 mode the engine runs in the second stage. For a
conventional series damper (Figure 1) we need a spring rate of 18.25 Nm/® for the first stage
and 53.69 Nm/° for the second stage. The only results shown are for the V4 mode, which is
the worst case, in which Turbine Inertia =0.03 kgmZ2/rad, Floating flange Inertia =0.0135
kgm2/rad, and Isolator Hub Inertia = 0.002 kgm2/rad.

[0033] The simulation results for two conventional dampers are shown in Figure 8.
Series Double Damper 20 has a damper mode at about 1500rpm and Series Turbine Damper
10 has an inner flange mode at about 2500rpm. In V8 mode the turbine mode in SDD 20 is
about 750rpm and inner flange mode in STD 10 is about 1250rpm. Therefore both prior art
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series dampers have a resonance made at about 1200~1500rpm either in V8 or V4 mode
which is well within the normal driving conditions for several types of vehicles. Due to design
limitations, these resonance frequencies cannot be shifted to a less critical region. However if
the vibration path is divided along two parallel paths and split the floating flange inertia to half
(0.0135/2) and attach the turbine mass to one of the flanges as in the DPD 30 (Figure 3), two
separate natural frequencies are formed. Since it is preferred to keep the damper characte-
ristic the same as the original design, the spring rate is distributed in two different paths. Diffe-
rent trials were used to determine an optimum spring ratio. A 50/50 spring rate ratio distributi-
on means the spring ratio is 50% for path B and 50% for path C (Figure 7 line 2). Note that
the damper characteristic would not change. If the spring ratio is changed to 30% for path B
(with turbine mass) and 70% for path C, we see the results in line 3 of Figure 7. By running
simulations for different spring ratios, it was found that an optimum spring ratio can be deter-
mined for eéch design. In the present example, the ratio of 24% for path B and 76% for path C
has the best result as seen in Figure 7 line 4. If the spring ratio is decreased further to 20% for
path B and 80% for path C, the drivetrain mode (vibration) returns at about 800 rpm (Figure 7
line 5). Therefore, by adjusting the spring rate of the two vibration paths of DPD 30, vibrations
normally present during normal driving modes can be reduced or eliminated from the vehicle

drive train.

[0034] In some embodiments, the inertia of the flange 36 may be close to zero when
the natural frequency of flange 38 approaches infinity. If needed, a small amount of friction
42 can be added internally between flange 36 and flange 38 in order to damp the natural fre-
quency of the flange 38. Since the flange has a small inertia and a high frequency, it would
need a small amount of friction 42 to eliminate the resonance. In addition, since the added
friction is just between internal flanges it does not diminish the quality of the flange in the other

frequency.

[0035] Thus it is seen that the objects of the invention are efficiently obtained, although
changes and modifications to the invention should be readily apparent to those having ordina-
ry skill'in the art, which changes would not depart from the spirit and scope of the invention as

claimed.
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Claims:

1. A damper for a vehicle drivetrain having a clutch comprising:

a first cover;

a second cover,

a first vibration pathway having a natural frequency, said first vibration pathway inclu-
ding a first inertial element disposed between a first pair of elastic elements, wherein one of
said first pair of elastic elements is operatively connected to said first cover and the second of
said first pair of said elastic elements is operatively connected to said second cover; and,

a second vibration pathway having a natural frequency, said second vibration pathway
including a second inertial element disposed between a second pair of elastic elements, whe-
rein one of said second pair of elastic elements is operatively connected to said first cover and
the second of said second pair of said elastic elements is operatively connected to said se-
cond cover; .

wherein said second vibration pathway is substantially parallel to said first vibration
pathway; and,

wherein the natural frequency of said first vibration pathway is lower than said natural

frequency of said second vibration pathway.

2. The damper for a vehicle drivetrain as recited in Claim 1 wherein the combined spring rate
of said first pair of elastic elements is lower than the combined spring rate of said second pair

of elastic elements.

3. The damper for a vehicle drivetrain as recited in Claim 1 wherein the mass of said first iner-

tia element is greater than the mass of said second inertia element.

4. The damper for a vehicle drivetrain as recited in Claim 1 wherein the mass of said first iner-
tia element is greater than the mass of said second inertia element and the combined spring
rate of said first pair of elastic elements is lower than the combined spring rate of said second

pair of elastic elements.

5. The damper for a vehicle drivetrain as recited in Claim 1 further comprising a friction con-

nection between said first inertia element and said second inertia element.

6. The damper for a vehicle drivetrain as recited in Claim 1 wherein said first cover is operati-

vely connected to an engine crankshaft of said vehicle drivetrain.
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7. The damper for a vehicle drivetrain as recited in Claim 1 wherein said second cover is ope-

ratively connected to a transmission input shaft of said vehicle drivetrain.

8. The damper for a vehicle drivetrain as recited in Claim 3 wherein the mass of said first iner-

tia element includes a turbine, said turbine fixedly attached to said first inertia element.

9. The damper for a vehicle drivetrain as recited in Claim 1 wherein at least one of said first

and second pair of elastic elements comprises compression springs.

10. The damper for a vehicle drivetrain as recited in Claim 1 wherein at least one of said first

and second pair of elastic elements comprises rubber slugs.

11. The damper for a vehicle drivetrain as recited in Claim 1 wherein at least one of said first

and second pair of elastic elements comprises a ball ramp with diaphragm spring.

12. The damper for a vehicle drivetrain as recited in Claim 1 wherein at least one of the inerti-

al elements is a floating flange.

13. The damper for a vehicle drivetrain as recited in Claim 1 wherein said first cover is an ou-

ter hub and said second cover is an inner hub.

14. A damper for a torque converter having a clutch comprising:

an outer hub;

an inner hub;

a first vibration pathway having a natural frequency, said first vibration pathway inclu-
ding a first inertial element disposed between a first pair of elastic elements, wherein one of
said first pair of elastic elements is operatively connected to said outer hub and the second of
said first pair of said elastic elements is operatively connected to said inner hub; and,

a second vibration pathway having a natural frequency, said second vibration pathway
including a second inertial element disposed between a second pair of elastic elements, whe-
rein one of said second pair of elastic elements is operatively connected to said outer hub and
the second of said second pair of said elastic elements is operatively connected to said ;

wherein said second vibration pathway is substantially parallel to said first vibration
pathway; and,

wherein the natural frequency of said first vibration pathway is lower than said natural

frequency of said second vibration pathway.
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15. The damper for a torque converter as recited in Claim 14 wherein the combined spring ra-

te of said first pair of elastic elements is lower than the combined spring rate of said second

pair of elastic elements.

16. The damper for a torque converter as recited in Claim 14 wherein the mass of said first

inertia element is greater than the mass of said second inertia element.

17. The damper for a torque converter as recited in Claim 14 wherein the mass of said first
inertia element is greater than the mass of said second inertia element and the combined
spring rate of said first pair of elastic elements is lower than the combined spring rate of said

second pair of elastic elements.

18. The damper for a torque converter as recited in Claim 14 further comprising a friction

connection between said first inertia element and said second inertia element.

19. The damper for a torque converter as recited in Claim 14 wherein said outer hub is opera-

tively connected to an engine crankshaft of said vehicle drivetrain.

20. The damper for a torque converter as recited in Claim 14 wherein said inner hub is opera-

tively connected to a transmission input shaft of said vehicle drivetrain.

21. The damper for a torque converter as recited in Claim 14 wherein at least one of said first

and second pair of elastic elements comprises compression springs.

22. The damper for a torque converter as recited in Claim 14 wherein at least one of said first

and second pair of elastic elements comprises rubber slugs.

23. The damper for a torque converter as recited in Claim 14 wherein at least one of said first

and second pair of elastic elements comprises a ball ramp with diaphragm spring.

24, The damper for a torque converter as recited in Claim 14 wherein a turbine is fixedly atta-

ched to said first inertia element.

25. The damper for a torque converter as recited in Claim 16 wherein a turbine is fixedly atta-

ched to said first inertia element.

26. The damper for a torque converter as recited in Claim 17 wherein a turbine is fixedly atta-

ched to said first inertia element.
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27. The damper for a torque converter as recited in Claim 14 wherein at least one inertial

element is a flange.



00000000000000000

\ ’
J@E W 19

21\\\

16 17

Fig. 1

22 —[//29 //,24 ////

_}i}k______ 2728
g%\g\ﬂ

31\\\

26 “ogp
Fig. 2

\\ - /37 e

37

40

\r—
9

\\\\—37b

33 37a 38

Fig. 3

42



PCT/EP2009/006898

WO 2010/043301

/34

35a




WO 2010/043301

3/7
% 41
N T
41
37
38
36

PCT/EP2009/006898




9 "6i4

I1dNVYX3 8/A - ¥/IA (S334DIA NI) ITONY
dNANIM H04 DI1SIH310VHVHO H3dAvd v

PCT/EP2009/006898

WO 2010/043301

4/7

o€

G¢

0¢ Gl ol

abe}g puodsg

obe)g 15114

00l

00¢

00€

oov

00S

009

004

008

(wN) enbiao



PCT/EP2009/006898

57

WO 2010/043301

RE

ANIONT H3ANITAD-¥ V HO4 ¥3dINVA 379N0A SIS HLIM FHVAINOD 31V ONIFdS
NOILNAIYLSIA LNVIIVA HLIM ¥3dAva SHLVd 3N0YO01 ¥3dWva 3719N0a

000¢ 006¢ 000¢ 00§ 0001 00S

e L ey T A L e
o

i

08/0¢ —-—---- -
9./vC
0.4/0¢€
0G/0G st
yyed s|buis ——




g b4

IANIONT H3IANITAD-¥ V HO4 H3adWvd INIGINL S3IH¥3S ANV
H3dINVa 3719N0A SIIA3S HLIM FHVANOD H3dINvA SH1Vd 3N0HO0L 3719n0d
(Wd¥) d33dsS 3INIONT

PCT/EP2009/006898

6/7

WO 2010/043301

0l

0
-

Q
N

0
"

0¢

8|buy spnyjdwy JaplO pugz



WO 2010/043301

32

77

Fig. 9

PCT/EP2009/006898




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/006898

CLASSIFICATION OF SUBJECT MATTER

INV°FT6F 157134

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F16F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A DE 38 23 384 Al (FICHTEL & SACHS AG [DE]) 1-27
11 January 1990 (1990-01-11)
the whole document

A US 5 980 387 A (FRIEDMANN OSWALD [DE] ET 1-27
AL) 9 November 1999 (1999-11-09)
abstract; figures

A EP 0 308 178 A2 (TOYOTA MOTOR CO LTD [JP]) 1-27
22 March 1989 (1989-03-22)
abstract; fiqures

A DE 198 39 528 Al (DAIMLER CHRYSLER AG 1-27
[DE]) 2 March 2000 (2000-03-02)
abstract; figures

~/—

Further documents are listed in the confinuation of Box C. E See patent family annex.

* Special categories of cited documents : . . i .

“T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“A" document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier document but published on or after the international

filing dat “X" document of particular relevance; the claimed invention
iing cate cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another

citation or other special reason (as specified) Y" document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the intemational search Date of mailing of the international search report
25 February 2010 . 04/03/2010
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, :
Fax: (+31-70) 340-3016 Kramer, Pieter Jan

Form PCT/ISA/210 (second sheet) (April 2005) - ~



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/006898

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

FICHTEL & SACHS AG [DE]; MANNESMANN SACHS
AG [) 25 September 1996 (1996-09-25)
abstract; figures

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 36 36 014 Al (FICHTEL & SACHS AG [DE]) 1-27

28 April 1988 (1988-04-28)

abstract; figures
A GB 2 299 147 A (FICHTEL & SACHS AG [DE] 1-27

Form PCT/ISA/210 (continuation of second sheet} (April 2005)




INTERNATIONAL SEARCH REPORT

. |. \nternational application No

Information on patettlt 1ami|y_membérs PCT/EP2009/006898
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 3823384 Al 11-01-1990  NONE
US 5980387 A 09-11-1999 US 6196923 B1 06-03-2001
EP 0308178 A2 22-03-1989 DE 3876559 D1 21-01-1993
DE 3876559 T2 24-06-1993
us 4950205 A 21-08-1990
DE 19839528 Al 02-03-2000 EP 0984195 A2 08-03-2000
ES 2235403 T3 01-07-2005
DE 3636014 Al 28-04-1988 R 2605696 Al 29-04-1988
GB 2299147 A 25-09-1996 BR 9601102 A 06-01-1998
DE 19510833 Al 02-10-1996
ES 2142188 Al 01-04-2000
FR 2732085 Al 27-09-1996
us 5725080 A 10-03-1998

Form PCT/ISA/210 (pateni tamily annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

