087036894 A2 | N O 000 0RO R

=
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO A 00

International Bureau

(43) International Publication Date
27 March 2008 (27.03.2008)

(10) International Publication Number

WO 2008/036894 A2

(51) International Patent Classification:
B60S 1/38 (2006.01) B60S 1/40 (2006.01)

(21) International Application Number:
PCT/US2007/079157

(22) International Filing Date:

21 September 2007 (21.09.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/826,612 22 September 2006 (22.09.2006) US
29/249,129 22 September 2006 (22.09.2006) US
11/858,641 20 September 2007 (20.09.2007) US

(71) Applicant (for all designated States except US): FED-
ERAL-MOGUL CORPORATION [US/US]; 26555
Northwestern Highway, Southfield, MI 48034 (US).

(72) Inventor: HERRING, Richard, A.; 52622 Spring Valley
Lane, Granger, IN 46530 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KOPPEN, Scott,
Allen [US/US]; 621 Fieldcrest Circle, Wanatah, IN 46390
(US). LYTLE, Jamese, Lynn [US/US]; 6510 East 125th
Avenue, Crown Point, IN 46307 (US).

(74)

(81)

(34)

Agents: STEARNS, Robert, L. et al.; Dickinson Wright
PLLC, 38525 Woodward Avenue, Suite 2000, Bloomfield
Hills, MI 48304-5092 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: TWO-PIECE CONNECTOR FOR FLAT BLADE WINDSHIELD WIPER

(57) Abstract: A central connecting device (36) for a flat blade style wiper blade assembly (20) includes a plastic intermediate base
& (38) that is fixed, such as by ultrasonic welding, to a pair of flexors (26) extending the length of the wiper blade assembly (20). The
intermediate base (38) includes a recessed deck section (42) for receiving a metallic housing (54). The housing (54) is heat-staked in
position to the intermediate base (38) to secure the two elements together as an integral unit. A rivet (78) extends transversely across
the sidewalls (58) of the housing (54) for adjoining to a universal connector (82) or other suitable adaptor or by direction connection

to the end of a wiper arm.



WO 2008/036894 PCT/US2007/079157

TWO-PIECE CONNECTOR FOR FLAT BLADE WINDSHIELD WIPER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application Serial

No. 60/826,612 filed September 22, 2006. This application also claims priority to U.S.
Design Application Serial No. 29/249,129 filed September 22, 2006, now U.S. D540,243
granted April 10, 2007.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The subject invention relates to a central connection device for a flat blade style
wiper as used to clear the windshield of a motor vehicle.

Related Art

[0003] Windshield wipers are generally known. An emerging trend in windshield wipers
are the so-called flat blade or yokeless wiper, which are distinguished from the prior
generation wipers by the absence of yoke segments used to distribute contact pressure along
the length of the wiper element. A flat blade wiper distributes contact pressure through one
or more flexor elements preformed to a specific curvature. Typically, a spoiler is attached
along the entire length of the wiper blade to combat wind lift at high driving speeds.

[0004] The wiper blade connects to the outer end of an oscillating or sweeping wiper arm
through a central connection device. The central connection device is usually fixed on to the
upper side of the wiper blade, generally mid-way along its length. Much attention has been
given to the configuration of the central connection device, together with the method in
which it is fixed to the flexor or other components of the wiper blade. One issue which has
developed in connection with proprietary connector designs is that the end of the wiper arm is
specially shaped to mate with only proprietary-shaped connection devices on the wiper blade.
This, therefore, precludes the installation of these newer, flat blade wipers onto automobiles
having older style wiper arms.

[0005] Furthermore, there is a need to provide a connection system for a flat blade style
wiper which is strong, inexpensive, and adaptable for use with older generation, so-called
yoke style wiper blades. There is also a need for a central connection device for a flat blade

wiper that is lightweight, easy to manufacture, and easy to assemble.
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SUMMARY OF THE INVENTION

[0006] The invention relates to a windshield wiper blade assembly of the type connected to

the sweeping, i.e., oscillating, end of a wiper arm. The subject assembly comprises at least
one elongated flexor having a naturally curved condition but resiliently flexible to flatten and
conform to the shape of a windshield when pressed there against. A wiper element is carried
by the flexor for directly contacting a windshield to wipe water therefrom. A connecting
device is affixed along the length of the flexor for providing a connection point to the
sweeping end of the wiper arm. The connecting device includes a rigid housing having a
floor section and at least one upstanding sidewall adjoining the floor section. The floor
section includes at least one shaped keyway formed therein. The connecting device further
includes an intermediate base interposed between the flexor and the housing. The
intermediate base has a deck section directly connected to the flexor and the floor section of
the housing. The deck section includes at least one upstanding key extending through the
shaped keyway. The key includes a lip overhanging the floor section for securing the
housing in an operative position with respect to the flexor.

[0007] A windshield wiper blade assembly made according to this invention, wherein the
connecting device is a two part construction comprised of a housing and an intermediate
base, is easy to manufacture and assemble. Furthermore, the manner in which the housing is
connected to the intermediate base yields a strong, lightweight system. Furthermore, a
connecting device made according to this invention is conveniently adaptable for use with
older generation, yoke-style wiper blades, as well as with proprietary connection
configurations present in some applications.

[0008] The invention also contemplates a method for assembling a central connecting
device to a windshield wiper blade of the type connected to the sweeping end of a wiper arm.
The method comprises the steps of: providing at least one flexor having a plastic upper
surface and a bottom surface, joining a wiper element to the flexor so that the wiper element
extends laterally from the bottom surface of the flexor, providing an intermediate base
component of a connecting device, the intermediate base having a deck section with a plastic
lower surface and at least one upstanding key, positioning the lower surface of the deck
against the plastic upper surface of the flexor, welding the deck section to the flexor,
providing a rigid housing having a floor section and at least one upstanding sidewall, the

floor including at least one shaped keyway formed therein, coupling the housing to the
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intermediate base by positioning the deck section side-by-side with the floor section of the
housing so that the at least one upstanding key matingly extends through the shaped keyway
in the floor, and extending a lip on the key over the floor section so as to secure the housing
in an operative position with respect to the flexor. The connecting device made according to
this assembly technique provides a strong, inexpensive connection point to the sweeping end

of a wiper arm which is easily manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features and advantages of the present invention will become more

readily appreciated when considered in connection with the following detailed description
and appended drawings, wherein:

[0010] Figure 1 is a perspective view of a windshield wiper blade assembly according to
the subject invention, with the flexor and wiper element portions shown in a flattened,
operative condition and with the natural, curved state of the flexors depicted in phantom;
[0011] Figure 2 is a fragmentary side elevation view of the wiper blade assembly
illustrating the connecting device of the subject invention;

[0012] Figure 3 is a fragmentary, bottom perspective view of the central connecting device
as it engages the flexors;

[0013] Figure 4 is a top view of the housing component of the connecting device;

[0014] Figure 5 is an exploded perspective view depicting the housing separated away from
the intermediate base such as during the assembly process;

[0015] Figure 6 is an enlarged fragmentary view of the connecting device shown in an
intermediate assembly condition wherein the keys have not yet been heat-staked,

[0016] Figure 7 is a view as in Figure 6 but illustrating a post-assembly condition wherein
the tops of the keys have been heat-staked so as to secure the housing in an operative position
with respect to the flexors;

[0017] Figure 8 is a cross-sectional view taken generally along lines 8-8 of Figure 7,

[0018] Figure 9 is a cross-sectional view taken generally along lines 9-9 of Figure 7;

[0019] Figure 10 is a cross-sectional view taken generally along lines 10-10 of Figure 7,

[0020] Figure 11 is a cross-sectional view taken generally along lines 11-11 of Figure 7;
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[0021] Figure 12 is an enlarged cross-sectional view taken through a flexor according to a
preferred embodiment of the invention, wherein the flexor is depicted comprising a metallic
core enveloped in a plastic skin;

[0022] Figure 13 is a cross-sectional view illustrating an assembly operation wherein the
intermediate base is prepared to be ultrasonically welded to the flexors, with ultrasonic
welding probes positioned immediately above the intermediate base;

[0023] Figure 14 is a view as in Figure 13, but showing a further progression in the
ultrasonic welding step, wherein the ultrasonic probes are temporarily seated in weld sockets
so as to generate ultrasonic vibrations and accomplish a weld between the intermediate base
and each of the flexors;

[0024] Figure 15 is an enlarged view of the welded region between the plastic base and a
flexor as indicated by the circumscribed area 15 in Figure 14; and

[0025] Figures 16A-C illustrate a progression in the forming process wherein the housing is
securely attached to the intermediate base in an exemplary heat-staking operation so as to

form a lip on the upstanding keys which overhangs the floor section of the housing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0026] Referring to the Figures, wherein like numerals indicate like or corresponding parts

throughout the several views, a so-called flat or yokeless style windshield wiper blade
assembly is generally shown at 20 in Figure 1. The wiper blade assembly 20 includes an
elongated rubber wiper element 22 adapted for direct contact against the windshield of a
motor vehicle for scraping water and snow from the windshield as the blade assembly 20 is
swept back and forth in an oscillating, repetitive pattern. As perhaps best shown in the cross-
sectional view of Figures 8-10, the wiper element 22 includes an upper body section 24
captured between a pair of side-by-side flexors, generally indicated at 26. The flexors 26 are
preferably, but not necessarily, made from a spring steel or other highly resilient material
formed with a curvature in its natural state. While the flexors 26 are, in the preferred
embodiment here described as arranged in a side-by-side pair, alternative constructions may
employ only one flexor or more than two flexors to accomplish the objectives for the wiper
blade assembly, which is to provide an optimal distribution of contact pressure along the
length of the wiper element 22, as against the windshield of a motor vehicle (not shown). In

Figure 12, a cross-section through a typical flexor 26 is illustrated, and depicts a construction
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comprised of a metallic core 28 substantially enveloped in a plastic skin 30. This preferred
construction is not required, however, as other applications may permit all plastic or
composite flexor designs, or substantially all metallic designs with only a small portion of
plastic disposed on the upper surface of the flexors against which the connecting device is
mounted, as will be described subsequently.

[0027] Spoilers 32 may be attached to the outboard, i.e., laterally spaced, edges of the
flexors 26, similar to that depicted in applicant’s co-pending U.S. Application
No. 2005/1072443, published August 11, 2005, the entire disclosure of which is hereby
incorporated by reference. The spoilers 32, although an optional feature, help maintain an
even pressure of the wiper element 22 against a windshield even during high driving speeds.
Endcaps 34 snap-connect to the flexor 26 ends and surround the outermost end of each
spoiler 32 to establish a finished, terminal end piece.

[0028] The inboard end of each spoiler 32 is spaced from the other spoiler 32 so as to
provide a clearance approximately midway along the length of the flexors 26. This clearance
is provided to receive a central connecting device, generally indicated at 36. The connecting
device 36 is permanently affixed to the flexors 26 and serves to provide a connection point
for the end of a wiper arm (not shown). The connecting device 36 also serves to capture and
protect the inboard ends of the spoilers 32, so that each spoiler 32 is trapped in a longitudinal
direction between a respective endcap 34 and the connecting device 36.

[0029] The connecting device 36 includes an intermediate base 38, preferably fabricated
from a plastic material. During the assembly process, the intermediate base 38 may be slid
along the flexors 26 to its designated operative position. The intermediate base 38 includes a
pair of cuffs 40 on the bottom side thereof as shown in Figure 3. The cuffs 40 wrap around
the laterally spaced side edges of the flexors 26 to provide lateral stability in addition to the
welded fixation points, which will be described below. The intermediate base 38 also
includes a deck section 42 on the top side thereof. The deck section 42 is shown in Figure 5
in the form of a depressed area forming a receiving pocket. The deck section 42 overlies the
flexors 26. At least one, but preferably a plurality of upstanding keys 44, 46 protrude
upwardly from the deck section 42. The keys 44, 46 may take any of a variety of forms.
However, in the embodiment illustrated herein, the keys 44 comprise a pair of generally oval,
or oblong features oriented generally transverse to the longitudinal extent of the wiper blade

assembly 20. By contrast, the keys 46 comprise a pair of parallel, generally oval features
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oriented obliquely or angularly relative to the longitudinal extent of the blade assembly 20.
The non-symmetrical nature of the keys 44 relative to the keys 46 provide a polarization, or
poke-yoke, feature to prevent backward installations. The longitudinal ends of the
intermediate base 38 are formed in a profile generally matching the profile of the spoilers 32
so that the ends of each spoiler 32 can be captured by the intermediate base 38.

[0030] Referring now to Figures 13-15, the method of attaching the intermediate base 38 to
the flexors 26 is depicted. A plurality, in this case four, weld sockets 48 are formed in the
recessed region of the deck section 42. These weld sockets 48 receive probes 50 like that
illustrated in Figures 13 and 14. The probes 50 descend into the weld sockets 48 until they
make contact with the plastic intermediate base 38, as shown in Figure 14. The probes 50 are
then vibrated at high frequency, typically at ambient temperature, to create a material bond
between the plastic intermediate base 38 and the plastic skin 30 surrounding each of the
flexors 26. This material bond is shown by the weld region 52 in Figure 15. Depending upon
the vibrational frequency and other process parameters, an additional material bond may form
between the plastic coating skin 30 and the underlying cuffs 40. In any event, a secure, fixed
connection is established between the intermediate base 38 and the flexors 26 via this
ultrasonic welding technique.

[0031] Once the intermediate base 38 has been securely attached to the flexors 26 via the
mechanical features of the cuffs 40 and the material bonds represented by the weld region 52,
a rigid, preferably metallic housing 54 is loaded into the recessed deck section 42, as shown
in Figure 5. The housing 54 includes a floor section 56 and at least one upstanding
sidewall 58 adjoining the floor section 56. However, in the preferred embodiment illustrated
in the Figures, the housing 54 is essentially U-shaped having a pair of opposing sidewalls 58
extending upwardly from the floor section 56. The floor section 56 includes keyways 60, 62
shaped and oriented to receive the respective keys 44, 46 as shown in Figure 11.

[0032] The keys 44, 46 include respective lips 64, 66 which overhang the floor section 56
for securing the housing 54 in an operative position with respect to the flexors 26. Although
various methods may be employed to achieve lips 64, 66 which function in accordance with
the objectives of this invention, including pawls, latches, barbs and the like, in the preferred
embodiment of this invention the lips 64, 66 are formed in a heat-staking operation like that
illustrated in the progressive views of Figure 16A-C. More specifically, during the assembly

process, a heat-stake tool 68 plastically deforms the protruding tops of the keys 44, 46 in a
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spreading, upset configuration to mechanically lock the housing 54 into an operative position
within the deck section 42 of the base 38. As shown in Figures 7 and 11, the heads of
adjacent keys 44, 46 may melt together during the heat-staking process to form a merged,
common retaining lip 64, 66 for each pair.

[0033] Referring again to Figures 5 and 10, the intermediate base 38 and housing 54 are
shown including additional complimentary features, such as opposing lugs 70 which are
received in corresponding notches 72 formed into the floor section 56 and sidewalls 58 of the
housing 54. In addition, stub tabs 74 extend from each longitudinal end of the floor
section 56, and are received in correspondingly shaped pockets 76 recessed together with the
deck section 42. All of these features, including the shape of the pockets 76, the keys 44, 46,
the lugs 70, the stub tabs 74 and the heat-staking operation cooperate to permanently and
securely fix the rigid metallic housing 54 to the plastic intermediate base 38.

[0034] A metallic rivet 78 is fixed cross-wise between the sidewalls 58 of the housing 54,
as shown in numerous of the Figures. Aligned through-holes 80 are spaced a short distance
from the rivet 78. The rivet 78 and the through-holes 80 form part of the connection system
adapted for any one of the multiple prior art style wiper arm fittings. For example, as shown
in phantom in Figures 10 and 11, a universal connector 82 can be snap-fit over the rivet 78.
The universal connector 82 forms the basis for connecting to a particular sized hook-shaped
wiper arm or a side pin style wiper arm. The universal connector 82 also forms the
foundation for additional adaptors which can be connected thereto for attaching to other style
wiper arm ends. This universal connector and adaptor-based connection system is depicted in
the applicant’s own U.S. Patent No. 5,807,016, issued September 15, 1998, the entire
disclosure of which is hereby incorporated by reference.

[0035] The invention also provides a method for assembling a central connecting device 36
onto a windshield wiper blade assembly 20 of the type connected to the oscillating end of a
wiper arm. The method comprises the steps of providing at least one flexor 26 having a
plastic upper surface and also a bottom surface. The method further includes joining a wiper
element 22 to the flexor 26 so that the wiper element 22 extends from the bottom surface of
the flexor 26. The method goes on to include providing an intermediate base 38 component
of a connecting device 36. The intermediate base 38 has a deck section 42 with a plastic
lower surface and at least one upstanding key 44, 46. The plastic lower surface of the deck

section 42 is positioned against the plastic upper surface of the flexor 26, and the deck
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section 42 then welded to the flexor 26, such as by generating ultrasonic vibrations to form a
welded region 52 therebetween. A rigid housing 54 is provided having a floor section 56 and
at least one upstanding sidewall 58. The floor section 56 includes at least one shaped keyway
60, 62 formed therein. The method includes the step of coupling the housing 54 to the
intermediate base 38 by positioning the deck section 38 side-by-side with the floor section of
the housing 54 so that the at least one upstanding key 44, 46 matingly extends through the
shaped keyway 60, 62 in the floor section 56. And furthermore, the method includes
extending a lip 64, 66 on the key 44, 46 over the floor section 56 so as to secure the housing
54 in an operative position with respect to the flexors 26. The connecting device 36 so
assembled provides a strong, inexpensive connection point to the sweeping end of the wiper
arm, and which is easily manufactured. The step of extending the lips 64, 66 may include
heat-staking the tops of the keys 44, 46 in a mushrooming operation.

[0036] Those with skill in the art will readily appreciate many additional features,
construction details and assembly steps useful in or with the subject invention by reference to
the accompanying figures. A wiper blade assembly 20 including a central connecting
device 36 as described herein is able to connect to a variety of older style wiper arm ends, as
well as any of the newer proprietary end fitting types. The central connecting device 36 is
inexpensive to manufacture as a multi-part construction and provides a more secure
foundation than current prior art designs. For example, by manufacturing the housing 54
from the metallic material and the intermediate base 38 from a plastic material, durability,
toughness and weight can be optimized and the overall functionality of the wiper blade
assembly 20 enhanced. Furthermore, the central connecting device 36 is considered stylish
and blends well with the surrounding structure of the assembly 20 in terms of its aesthetic
appeal.

[0037] The foregoing invention has been described in accordance with the relevant legal
standards, thus the description is exemplary rather than limiting in nature. Variations and
modifications of the disclosed embodiment and method of assembly may become apparent to
those skilled in the art and fall within the scope of the invention as defined by the
accompanying claims. Accordingly the scope of legal protection afforded this invention can
only be determined by studying the following claims, and not reading therein limitations

attributable merely to exemplary or preferred embodiments of the invention.
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What is claimed is:

1. A windshield wiper blade assembly of the type connected to the sweeping end
of a wiper arm, said assembly comprising:

at least one elongated flexor having a naturally curved condition but resiliently
flexible to flatten and conform to the shape of a windshield when pressed there against;

a wiper element carried by said flexor for directly contacting a windshield to wipe
water therefrom;

a connecting device affixed along the length of said flexor for providing a connection
point to the sweeping end of the wiper arm;

said connecting device including a rigid housing having a floor section and at least
one upstanding sidewall adjoining said floor section, said floor section including at least one
shaped keyway formed therein; and

said connecting device further including an intermediate base interposed between said
flexor and said housing, said intermediate base having a deck section directly connected to
said flexor and said floor section of said housing, said deck section including at least one
upstanding key extending through said shaped keyway, said key including a lip overhanging
said floor section for securing said housing in an operative position with respect to said

flexor.

2. The assembly of Claim 1 wherein said deck section of said intermediate base

1s welded to said flexor.

3. The assembly of Claim 2 wherein said intermediate base is fabricated from a

plastic material.

4. The assembly of Claim 3 wherein said flexor has an upper surface contiguous
with said intermediate base and a lower surface, said upper surface of said flexor being

fabricated from a plastic material that is welded to said intermediate base.
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5. The assembly of Claim 4 wherein said flexor includes a metallic core

substantially enveloped in a plastic skin.

6. The assembly of Claim 1 wherein said housing has a generally U-shaped
configuration, and said at least one upstanding sidewall adjoining said floor section

comprises a pair of sidewalls upstanding from opposing lateral sides of said floor section.

7. The assembly of Claim 1 wherein said housing is fabricated from a metallic
material.
8. The assembly of Claim 1 wherein said at least one elongated flexor comprises

a pair of flexors operatively disposed in parallel, side-by-side relationship.

9. The assembly of Claim 1 wherein said at least one upstanding key includes a
plurality of upstanding keys obliquely oriented relative to one another upon said deck section,
and wherein said at least one shaped keyway comprises a plurality of shaped keyways in said

floor section corresponding in mating fashion to said plurality of upstanding keys.

10.  The assembly of Claim 1 wherein said intermediate base includes at least one
lug, and said housing includes at least one notch extending through both of said floor section

and said sidewall, said lug received in said notch.

11. The assembly of Claim 1 wherein said floor section of said housing includes at
least one stub tab, and said intermediate base includes a complimentary-shaped receiving

pocket for receiving said stub tab of said housing.
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12.

The assembly of Claim 1 wherein said intermediate base includes at least two

spaced apart cuffs engaged around laterally spaced side edges of said flexor.

13. A method for assembling a central connecting device onto a windshield wiper
blade assembly of the type connected to the sweeping end of a wiper arm, said method
comprising the steps of:

providing at least one flexor having a plastic upper surface and a bottom surface;

joining a wiper element to the flexor so that the wiper element extends from the
bottom surface of the flexor;

providing an intermediate base component of a connecting device, the intermediate
base having a deck section with a plastic lower surface and at least one upstanding key;

positioning the plastic lower surface of the deck section against the plastic upper
surface of the flexor;

welding the deck section to the flexor;

providing a rigid housing having a floor section and at least one upstanding sidewall,
the floor section including at least one shaped keyway formed therein;

coupling the housing to the intermediate base section by positioning the deck section
side-by-side with the floor section of the housing so that the at least one upstanding key
matingly extends through the shaped keyway in the floor; and

extending a lip on the key over the floor section so as to secure the housing in an
operative position with respect to the flexor, whereby the connecting device provides a
strong, inexpensive connection point to the sweeping end of the wiper arm which is easily

manufactured.

14, The method of Claim 13 wherein said step of welding the deck section the

intermediate base includes generating ultrasonic vibrations.

15, The method of Claim 13 wherein said step of extending a lip on the key

includes heat-staking the top of the key.
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