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(57) On deécrit un piston d’accumulateur (10) pour
transmission automatique (12). Le piston (10) est
constitue de deux €léments a coupelles (32, 36) soudes
ensemble par leur extremite¢ fermeée adjacente. La
coupelle inferieure (32) inclut une partie enroulée vers
I’arnere munie d’une bride radiale sur laquelle est
dispos€e un joint €tanche a I'huile (34) bidirectionnel
s’¢tendant axialement, et des ¢videments espaces
dispos€s sur la partie enroulee vers 1'arriere pour
permettre a 1’huile de s’y €couler. La coupelle supérieure
(36) mclut une bride radiale de diametre reduit par
rapport a la bride de la coupelle mféricure. La bride
comporte ¢galement un joint a Ievre (40). Le piston (10)
est equipe de ressorts et se déplace de haut en bas dans
deux alesages opposes (46, 72), en réponse a
I’¢coulement fluide sur un cdét€e ou sur 1’autre, pour
absorber les chocs de déplacement.
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(57) An accumulator piston (10) for an automatic
transmission (12). The piston (10) comprises two
components, the first and second bemng cup elements
(32 and 36) welded together with their closed ends 1n
abutting relation. The lower cup (32) includes a curled
back portion with a radial flange having an axially
extending bi-directional o1l seal (34) thereon, and spaced
apart recesses 1 the curled back portion to permit o1l to
flow therein. The upper cup (36) includes a radial flange
of reduced diameter compared to the lower cup flange.
The flange also has a lip seal (40) thereon. The piston
(10) 1s spring-loaded and moves up and down 1n a pair of
opposed bores (46 and 72) i response to fluid flow on
either side to absorb shifting shocks.
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An accumulator piston (10) for an automatic
transmission (12). The piston (10) comprises

elements (32 and 36) welded together with their
closed ends in abutting relation. The lower cup
(32) includes a curled back portion with a radial
flange having an axially extending bi-directional
oil seal (34) thereon, and spaced apart recesses
in the curled back portion to permit oil to flow
therein. The upper cup (36) includes a radial
flange of reduced diameter compared to the lower
cup flange. The flange also has a lip seal (40)
thereon. The piston (10) is spring-loaded and
moves up and down in a pair of opposed bores
(46 and 72) in response to fluid flow on either
side to absorb shifting shocks.
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[IMPROVED] ACCUMULATOR PISTON
SACKGROUND C " NVENTION

The present invention relates generally to automatic
transmissions, and more particularly, to an accumulator
piston used therein. Specifically, the invention relates
to an improved so-called 1-2 accumulator piston, which is
made and assembled into one piece from two pieces, and
which 1includes two seals bonded to the piston. This
arrangement 1s advantageous from the standpoints of
simplicity, reliability, and installation in the intended
application.

As currently manufactured, one form of the 1-2
accumulator piston includes two O-rings as the seal. By
switching to a welded component having two deep-drawn cups
separately formed and then butt-welded together, with the
seals being bonded on to the stampings or casings, an
improved product is made.

Basically, the 1-2 accumulator piston in prior art
transmissions has either been an aluminum casting or
forging oxr a plastic piston. In the case of the aluminum
casting or forging, two loose lip seals or O-rings were
used. In Lhe case of the plastic p_i_s_tgn-, two loose lip
seals or O-rings were also provided. The aluminum gasting
approach had the disadvantage of being more expensive,
because of the machining required on several surfaces. The

aluminum [cupl] gasting, in addition, was heavier and in

some cases less [accurate] ggcuratelv machined. The loose

lip seals were not as durable as bonded seals. In

addition, the problem of a fit in the bore was presented.

A machined aluminum casting or forging with loose O-ring
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seals had the further disadvantage of galling in the steel
or aluminum bore formed in the housing.

In the case of plaStic, the strength was questionable
as regards the piston. This shortcoming was particularly
apparent over the life of the product, which could easily
exceed 100,000 miles or perhaps, even two or three times
that amount. Prior art plastic cups simply did not have
the potential 1life expectancy of a more [substantive]

subgtantial piston. The invention does away with the need

of O-ring or other loose lip seals, replacing them with
bonded seals having several advantages.

A one-step assembly process is [necessary to] pogsible
with the design, which includes a major diameter f£lange on
one cup and a smaller diameter flange on the other cup,

with the two cups being deep drawn and welded together at

the interface. The resulting metal pigton is much stronger
than prior art designs, it is lighter, [less] more durable,
and less expensive.

In view of the failure of the prior art to develop an
accumulator piston of an advantageous type, it is an object
of the present invention to provide an [approved] improved
accumulator piston.

Another object of the present invention is to provide
a one-piece component in place gf components having O-rings
or other loose-fitting seals.

Yet another object of the present invention is to
provide a bonded accumulator piston and seal unit requiring
no additional assembly operations by the end user, that is,
the labor force at the automatic transmission assembly
point.

Still another object of the invention is to make

housekeeping easier for the user, in the sense of taking up
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less warehouse space with separate components requiring

assembly and subsequent fitting.

It is a further object of the invention to provide an
element which, in use, will avoid undue pinching of rubber
elements. In this connection, a dual molded lip is more
durable and less likely to be torn or otherwise damaged in
use than are O-rings.

In particular, it is an object of the invention to
locate the seals on the part where they will not engage the
ports or openings 1n the bores during the assembly process.

A still further object of the invention is to provide
a piston wherein scoring or galling of the running surfaces
can be avoided, particularly those where there would be
metal-to-metal contact in the event o©of misalignment in
either aluminum or steel housings. By way of explanation,
when a non-bonded O-ring moves in the groove in which it is
located, it eventually becomes torn or breaks down. Metal-
to-metal contact then occurs. This occurs with every non-
bonded O-ring. When there 1s misalignment, wear is
accelerated.

An additional object of the invention is to provide
reduced stresses and strains and increased fatigue 1life
over the expected life of the unit.

Yet another object of the invention is to provide a
lower cost assembly compared with an aluminum forging or
casting.

Still another object of the invention is to provide
easier installation than is attainable with constructions
containing O-rings.

More specifically, another object is to avoid the

presence of O-rings, which, during installation, and

thereafter, are more easily cut by the passages in the

bores, creating questionable installation reliability.

-3 -
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A further object of the invention is to avoid scuffing
and galling of the parts relative to each other.

A still further object of the invention is to do away
with scuffing of the boré surface by reason of having
rubber-to-metal contact rather than aluminum-to-steel
contact in the area of the bores or, in the alternative,
with aluminum-to-aluminum to contact in the bore.

The above advantages of the invention are achieved in
practice by providing a bonded piston, preferably laser
welded and made from two deep draws, with the open sides of
the draws being directed oppositely and with each end
portion of the piston having its own associated seal bonded

thereto.

The exact manner in which the foregoing invention is
achieved in practice will become more clearly apparent when
reference 1s made to the following detailed description of
the invention set forth by way of example and shown in the
accompanying drawings, in which like reference numbers
indicate corresponding parts throughout.

= I P < J I IN » JRAW | N

Fig. 1 1s a side elevational wview, with portions
broken away, showing the principal elements of the
invention along with an automatic transmission of the

invention in which the improved piston is used;

Fig. 2 18 a [side elevationall yertical sectional

view, on a greatly enlarged scale, ftaken along lines 2-2 of
Fig. 1 _and showing the bonded 1-2 accumulator piston in

position of use, and showing the sources of hydraulic fluid
and the ports served thereby;

Fig. 3 1is an exploded perspective view, showing one
form of the piston of the invention gpnd showing the same

before assembly;
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Fig. 4 is a view showing the laser-type welding being
accomplished so as to join the abutted [edges] faceg of the
piston [elements] gupsg together;

Fig. 5 1is a ye al _sections jew of a modified form

of the invention; and,

Fig. 6 1s a yertigs sections Ley a3 further

modified [view] form of the invention.
DESCRIPTION OF THE PREFERRED
ViBOLD T MEDN ® v VATANN O\

While the invention may comprise several aspects, and
may take on several forms in use, several presently
preferred embodiments of the invention will be discussed
below.

Fig. 1 shows the laser-bonded piston of the invention
generally designated 10 to be contained within an automatic
transmission generally designated 12. Fig. 1 shows the
invention to include a housing l4 for the transmission
generally designated [14] 12, a flex plate 16, a torque
converter 18, a plurality of gear sets 20, 22, and an
output shaft 24. 1In particular, the 1-2 accumulator piston
1s disposed in a bore in a shift body generally designated
26, which includes a [downward] downwardly biased spring
28, an upwardly biased spring 30, and a movable piston 10
operating between the two.

Referring in particular to Fig. 2, the composite
piston 10 is shown to include a reduced diameter [housing]
cup 32 which includes a radial lip seal 34 bonded to a
flange 35 at the gpen end thereof, and the spring 28 held

captive [therein.] in the cup 32, The second [component]

cup generally degignated 36, contains a captive spring 30,
shown [somewhat] compressed in Fig. 2, and this cup

includes a convoluted wall section 38, having an enlarged
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diameter, two way seal 40 [forming] bonded to a flange 39,

which formsg its end portion.
The [piston] gcup 36 includes a closed end 42, and

plural scallops 44 or the like, permitting entry of oil for
the purpose of actuating the piston. The bore 46, which is
enlarged to accumulate the larger [end of] flange on the
piston 10, includes a snap-ring 48, and a piston support
[50] 48, having a seal 50 on [the] jitg end portion 51. The

support 49 includes a well 52 and a surrounding ridge 54,

which engages and sgupportsg the bottom [of] gup 36 when the
[piston] gup 36 is in [the] its downwardmost position.

The bore 46 includes a pair of inlet ports, a lower
port 56 and an upper port 58. The lower port 656 is

serviced by a pressure passage 60, and the [second part]

upper port 58 is serviced by a pressure passage 62. On the

opposite side of the bore 46 1is an exhaust port 64,
serviced by a passage 66 [and] which is connected in use to
a line tap. In use, pressure in the port 56 serves to move
the piston [36] 10 up, while pressure in the port 58 serves
to move the piston [36] 10 down.

Finally, an outlet port 68 and a passage 70 serve the
purpose of permitting the o0il on the upper side of the
piston to return by venting to a clutch housing area. The
seal 34 gon the flange 35 is positioned in a counterbore 72
of somewhat reduced diameter in respect to the first or
principal bore 46. Preferably, a plug 69 in the end of the
bore serves as a perch for the upper spring 28, and a
contoured opening 71 therein leads to the outlet port 68.
Assembly is aided by [the use of] a taper 74 formed where
the principal bore 46 meets a shoulder 70 in the [bore]
counterbore 72.

The hydraulic accumulator is necessary to modern

automatic transmissions. Accumulators are used in parallel

-6 -
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to cushion the application of servos and hydraulic
clutches. When hydraulic fluid accelerates or changes
direction rapidly such as when pressure is applied through
a shift valve, it is subject to surging. A rapid surge of
hydraulic pressure can cause an "apply" device to vibrate
or to engage harshly. This would cause rough shifts and
could conceivably damage the transmission.

An accumulator cushions or damps hydraulic pressure
surges. This 1s done‘by temporarily diverting a part of
the fluid in the <c¢ircuit 1into a parallel circuit or
chamber, in this case having a resiliently movable piston.
The diversion allows pressure to 1increase 1in the main
circuit more gradually (although still in a relatively
short time) and provides the desired smooth engagement of
the band or clutch with which it is associated in use. In
this case, i1t is the 1-2 shift mechanism.

The 1-2 accumulator thus comprises a pair of back-to-
back welded gupg ox piston halves or the like that are able
to move ag a unit from one position to another in use. To
move the piston upward as shown in Fig. 2, the unit
operates as described. The overdrive-drive-1 pressure that
was blocked at the 1-2 shift valve in first gear is shifted
so that the hydraulic pressure flows through the valve to
the 1ntermediate clutch, the 1-2 accumulator, and to the
overdrive-servo regulator valve.

As a result, the pressure appearing in the o0il thus
flows through the line and appears at the port 656. A
scallop or relief on the underside of the piston 10 permits
oil to fill the [piston] gup 36, as well as passing between
the seals [42] 40 and [43] 50 and exerting a biasing-apart
force on them. This urges the piston in an upward
direction, causing flow out the port 58 and the line 62,

until the piston 10 reaches the top of its travel. This

-7 -
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moves fluid from the region above the piston to a clutch
housing area. Whereas there 1s line pressure in the line
62, the accumulator sees more pressure by reason of filling
the entire interior 42 of the [piston. In addition,
causing] cur with oil. This caugseg the piston to move to
its upwardmost position and compresses the spring 28, while
relieving the pressure on the spring 30. The port 64 and
line 66 are connected to a line tap.

In another situation, an opposite movement of the
accumulator piston takes place. 1In this instance, the line
or higher pressure 1s seen at line 62 and port 58, while
the port 56 and the line 60 see a diminished pressure.
With this condition, the pressure 1s greater on the
upwardly facing surfaces (Fig. 2) than the downward facing
surfaces, and the piston compresses the spring 30 and
descends to its low position as shown in Fig. 2.

Referring now to Figs. 3 and 4, a method of making the
unit 1s shown. Here, the upper [section] gup 32 and the
lower [section] gup 36 are shown. The deep draw into a cup
32 1s made, following which the radial elastomeric lip geal
34 1s bonded to the [unit] flange 35. In Fig. 3, the

bottom surface 42 of the [piston]

cup 36 1s shown, as 1is

the curl 38 or return upon itself, and the dual lip seal 40
on the flange 39. The scallops [42] 44 are also shown in
this i1llustration. In this instance, the gide walls 33, 35
of the upper and lower [pistons] gupg 36, 32 are of the
same diameter. Once the cupsg are held in aligned rélation,
a laser beam 80 is shown melting the edges of the piston
and securiﬁg the two halves together along the interface 92
shown in the drawings. The laser welder is the preferred
method of welding, using a highly localized beam and little

heat outside that concentrated at the welding point.
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In Fig. 5, an embodiment 1is shown wherein the

[enlarged diameter piston portion 136 lgup 136 containing

the larger flange 139 contains, 1in addition to the
convoluted portion 138 and the dual lip seal 140, a

depressed center section generally designated 182. This
section 182 is shown to include a wall section 184 and a
bottom section 186 constituting a further draw 1in the
steel. The scallop 144 1is 1illustrated as beiling 1n a
rounded or out-of-phase position with respect to 1its
counterpart in the other embodiments.

Shown with the cup 136 is the other piston-forming
[unit] gcup 132 having a side wall [132] 133 and a bonded
seal 134 gffixed to a flange 135. This unit also includes
a second draw 142 in the portion into which the nose 186
will protrude. In addition to the bottom wall 138, the
[piston] gup includes an offsetting center wall 140, and a
[re-entrant] pbottom wall portion 142. In addition, an
optional second wall portion 144 1s taken from the portion
cof metal forming the end wall 146. This form of apparatus
is used when the centering between the two units 1s 1in
question, or when a stronger bond is preferred. A weld at
the interface 192 1is shown. In use, the piston J._Q_Q_
operates in the same manner as 1its counterpart shown in
Fig. 2. The weld 192 1s formed on a smaller diameter than
in its Counterpart in Fig. 2.

Referring now to Fig. 6, a still further embodiment of
the invention is shown. Here, the smaller diameter portion
232 of the piston [232] 200 having the bonded seal 234 gpn
the flange 235 is shown to include, at the depth of the

principal draw 246, a stepped or second draw 242. This

presents a reduced diameter nose portion [242,] to be

accommodated in a pocket in the upper portion of the piston

[236] 200. This pocket is generally designated 243, and is

-g-




10

15

20

CA 02309651 2000-05-09

shown to be defined by a side wall 284, and a bottom wall
286, formed in the larger diameter portion of the piston
[236] 200. In this case, a somewhat different
configuration of scallop 244 is shown as being drawn from
the stack that formed the curl 238 in the side wall 236.

The dual lip seal 240 1i1s of the same kind as 1is shown
in the other illustrations, and is formed in the same way.
The circumference of the [position] portion at which the
weld is made, 292 1is also somewhat reduced in size, as the
opening 243 serves as a pilot diameter for the side wall
246. This insures a close fit between parts and does away
with any possible misalignment.

Referring to the material from which the components of
the invention are made, the two cups of the invention are
preferably made from a steel material. In one respect, the
simpler form of the first embodiment is preferred, while
the interlocking function may be achieved by the other.
The seals are made from a hydrogenated nitrile rubber
preferably or may be made from other synthetic elastomers
of a suitable type.

It will thus be seen that the present invention
provides a new and improved accumulator having a number of
advantages and characteristics including those pointed out
and others which are inherent in the invention. Several
preferred embodiments of the invention being shown by way
of example, it 1s anticipated that several variations may
be made from the preferred form of the invention and that
such modifications and changes may be made without
departing from the spirit of the invention and the scope of

the appended claims.

-10 -
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1. An accumulator piston for an automatic
transmission, sald accumulator piston being formed in one
piece from two components, said first component being a cup
element having a bottom wall, a side wall, and a first
radially outwardly extending flange, and~ bonded to said
first flange, a first elastomeric sealing lip having a
gradually enlarging diameter, the second component also
being a cup element having a bottom wall, a side wall, a
skirt of enlarged diameter folded over so as to lie
radially outwardly of said cup side wall, and a gecond
radial flange extending outwardly from said [side walll
gkirt, said folded over portion of said cup element having
at least one re-entrant portion in said skirt, and, bonded
to said gecond flange, [an] a_gsecond elastomeric seal body
comprising a palr of sealing lips each extending radially
outwardly from said flange and axially outwardly in
opposite directions from a point of minimal outer radial
diameter, said cup elements being fastened together with
their closed ends in abutting relationship so as to form

sald two- [piece] gomponent accumulator piston.

2. An accumulator piston as defined in claim 1,
wherein said two cup elements are formed from a steel

material by drawing.

3. An accumulator piston as defined in claim 1,

wherein [all of] said f£irst and gecond sealing lips are

formed from a carboxylated nitrile material.

4. An accumulator piston as defined in claim 1,

wherein said cup elements are fastened together by welding.

-11-
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5. An accumulator piston as defined in claim 1,

wherein said [piston] gup elements are fastened together by

laser welding.

6. An accumulator piston as defined in claim 1,

wherein sald cup elements further include auxiliary

formations nesting with one another to assure
concentricity.
7. An accumulator piston as defined 1n claim 6,

wherein said elements are fastened together by welding and
said contour of said cups are such that said weld is formed

on a smaller diameter than the major diameter of said

piston element.

8. An accumulator piston as defined in claim 6,
wherein said auxiliary formation in nesting relation [is]
are formed by an outwardly extending second draw on said

first cup and inwardly extending draw on said second cup.

S. An accumulator piston as defined in claim 6,
whereln said aguxiliary formation ip nesting relation [is]
are formed by an outwardly extending second draw on said

second cup and inwardly extending draw on said first cup.

10. An automatic transmission and accumulator piston
assembly comprising, in combination, an automatic
transmission housing having a first bore, an opening in
salid first bore forming a first outlet port, a second,
slightly enlarged bore coaxially aligned with said first
bore and having therein at least first and second inlet

ports and a third port communicating with a clutch housing,

a circumferential groove in_ gaid enlarged bore, [and a

-12-
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further enlarged diameter portion coaxially aligned with
said first and second bores,] a snap-ring located in said
groove, a piston supporting member held in place by said

snap-ring, said piston support member including a radially

outwardly extending mounting flange and a peripheral lip
seal bonded Lo gaid flange, [thereto,] and a formation for

receiving a compression spring, a first ¢ompression spring
supported at one @f Jitg endg [end] by said formation, and
a composite accumulator piston element disposed in said
first and second bores, said piston including a first cup
body, [at least one opening in said cup body side wall,] a
skirt lying at least partially radially outside said cup
a_re-entrant

a radial

body and axially overlying said cup body,

- ' » ® e T » » =T

¢

flange forming the outermost part of said skirt, a double
lip seal having portions extending axially from said skirt
flange in both axial directions, and into contact with the
wall of said second bore, with said first compresgsion
spring having 1ts other end received at least partially
within said first cup body, and, located at least partially
within said first bore, a [second piston part comprising al
second cup beody and a radially outwardly extending flange
portion with a lip seal element bonded to ‘the radially
outermost portion therecf and extending into contact with
sald first bore, said first and second [piston] cupl(s]

bodieg being arranged with their closed ends together and

being fastened to each other, [along at least a major part
of their circumference,] and a second [piston] spring
disposed in said first bore between the first cup [of said
second piston] and the end of said f£irsgt bore, whereby, in
use, said piston is alternately driven up and down in said

bores by pressure appearing at said first and second ports.

-13-
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11. An automatic transmission and accumulator piston
assembly as defined in claim 10, wherein said piston cups

are made from a drawn steel material.

12. An automatic transmission and accumulator piston

assembly as defined in c¢laim 10, wherein said cups are

drawn from a thin steel material and are fastened together

by welding.

13. An automatic transmission and accumulator piston
assembly as defined in c¢laim 10, wherein said cups are
drawn from a thin steel material and are fastened together

by laser welding.

14. An automatic transmission and accumulator piston
assembly as defined in claim 10, wherein said first and
second piston cups further include respectively, formations
extending axially 1inwardly and outwardly in nested
relation, thereby insuring that said piston cups, in their

assembled relation, abut each other.

15. An automatic transmission and accumulator piston
assembly as defined 1in claim 14, wherein said cups are
welded together about a smaller diameter than the diameter

of said piston cups.

16. An automatic transmission and accumulator piston
assembly as defined in claim 14, wherein said nested
relation is formed by an outwardly extending draw on said
first cup and an inwardly extending draw on said second

cup, said two cups being fastened to each other by welding.

~-14-
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17. An automatic transmission and accumulator piston
assembly as defined in claim 14, wherein said nested
relation is formed by an inwardly extending draw on said
first cup and an outwardly extending draw on said second

cup, said two cups being fastened to éach other by welding.

-15-
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