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(57) A pm-type double acting synchronizer clutch (10) 1s disclosed with improved pre-energizer spring assemblies
(46 or 52). The spring assemblies each include at least two leaf springs 48 or 54 sandwiched between split pin members
(44). Retainers (50 or 55) at opposite ends of the leafs prevent escape of the leafs from between the split pin members.
In one embodiment the retainers (50) are formed separate of the leafs and 1n another embodiment the retainers (55) are
integrally formed with the leafs (54) by an extension (54d,54¢,541) of one end of each leaf.
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ABSTRACT OF THE DISCLOSURE

A pin-type double acting synchronizer ciutch (10) is disclosed with
improved pre-energizer spring assemblies (46 or 52). The spring assemblies
each include at least two leaf springs 48 or 54 sandwiched between split pin
members (44). Retainers (50 or 53) at opposite ends of the leafs prevent
escape of the leafs from between the spilit pin members. In one embodiment
the retainers (50) are formed separate of the leafs and in another embodiment

the retainers (55) are integrally formed with the leafs (54) by an extension
(54d,54e,54f) of one end of each leaf. |

’
'''''
cccccc

. '.‘_.l.b
.

. d v ..
.......
R

IR |



10

15

----

| 9123840 92-TRN-155

SYNCHRONIZER PRE-ENERGIZER SPRING SYST EM

Field of the Invention

This invention relates to a pin-type synchronizer for a
transmission. More specifically, this invention relates to an improved pre-
energizer spring arrangement for such a synchronizer.

Background of the Invention

Pin-type synchronizers of the general type disclosed herein are
well known in the prior art as may be seen by reference to U.S. Patent
Numbers 2,667,955; 3,910,390; 4,018, 319; 4,478,321 and 4 989 ,106.

Pin-type synchronizers generally include an axially slidable clutch
collar that is mounted on a splined portion of a shaft on which a pair of axially

spaced gears are rotatably mounted. The clutch collar is provided with jaw
ciutch teeth which are adapted to engage complimentary jaw clutch teeth
formed on the rotatable gears to positive clutch a selected one of the gears to
the shaft. The clutch collar is formed with a radially extending flange having two
sets of circumferentially spaced openings extending axially therethrough and
parallel to the rotational axis of the shaft. Dlsposed through one set of the
openings are pins which are rigidly fixed at their ends to friction rings that are
adapted to cooperate with friction surfaces affixed to the aforementioned gears.
The pins, usually called blocker pins, have reduced central portions that define
radially outwardly extending shoulders adapted to cooperate with peripheral
edges of the openings for blocking axial movement of the flange relative to the
friction rings during nonsynchronous rotation of the shaft and a selected one
of the gears. Disposed through the other set of openings, which are alternately
spaced between the blocker pin openings, are longitudinally split pin assemblies
which are freely received at their ends in oblong recesses formed in mutually
facing surfaces of the friction rings. Each split pin assembly includes a pair of
members forming a centrally located annular groove which is biased into
engagement with the peripheries of the associated spiit pin opening by springs
sandwiched between the members. As is well known, the spilit pin assemblies
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cause one of the friction rings to engage a friction surface of a selected one of the gears in
response to initial axial movement of the flange, thereby effecting limited relative rotation of the
flange and friction rings during the aforementioned nonsynchronous condition for assuring
blocking engagement by the blocker pins.

While the above mentioned synchronizer assemblies have been widely used for many
years, problems have been associated with the springs sandwiched beﬁveen the members of
the split pin assemblies. One configuration of the springs have been prone, during certain
operating conditions, to partially escape from between the spiit pin members and thereby
cause the synchronizer assembly to jam.

More particularly in accordance with a first aspect of the invention there is provided, a
double acting synchronizer clutch including including two axially movable friction rings rigidly
connected together about a rotational axis in axially spaced relation on opposite sides of an
axially movable, radially extending flange; a plurality of circumferentially spaced apart openings
extending axially through the flange; a split pin assembly including a pair of members and a
spring assembly extending axially through each opening and between the friction rings for
effecting axial movement of the friction rings in response to initial axial movement of the flange
from a neutral position, each pair of members defining a generally cylindrical outer surface with
a radially outwardly open annular detent groove for receiving a peripheral surface of one of the
openings, the members of each pair of members each having first and second ends
respectively disposed to abut one of the friction rings; each spring assembly including at least
first and second opposed leaf springs each having a bowed length in the axial direction of the
opening and a width corresponding to a transverse direction, the leaf springs sandwiched
between mutually facing surfaces of each pair of members, the leaf springs each having first
and second end portions with the first and second end portions of the first and second leaf
springs respectively in contact with each other and with each first end portion axially
overiapping the associated second end portion, Characterized by: '

retainer means disposed at the leaf spring first and second end portions of each spring
assembly, each retainer means allowing the leaf spring end portions in contact with each other
to move axially relative to each other and including means reacting to roll forces tending to roll
the springs relative to each other.

In accordance with a second aspect of the invention there is provided, a double acting
synchronizer clutch including including two axially movable friction rings rigidly connected
together about a rotational axis in axially spaced relation on opposite sides of an axially
movable, radially extending flange; a plurality of circumferentially spaced apart openings
extending axially through the flange; a split pin assembly including a pair of members and a
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spring assembly extending axially through each opening and between the friction rings for
effecting axial movement of the friction rings in response to initial axial movement of the flange
from a neutral position, each pair of members defining a generally cylindrical outer surface with
a radially outwardly open annular detent groove for receiving a peripheral surface of one of the
openings, the members of each pair of members each having first and second ends

respectively disposed to abut one of the friction rings; each spring assembly including at least
first and second opposed leaf springs each having a bowed length in the axial direction of the
opening and a width corresponding to a transverse direction, the leaf springs sandwiched
between mutually facing surfaces of each pair of members, the leaf springs each having first
and second end portions with the first and second end portions of the first and second leaf
springs respectively in cohtact with each other and with each first end portion axially
overlapping the associated second end portion: characterized by:

retainer means disposed at the leaf spring first and second end portions of each spring
assembly for limiting movement of the leaf springs relative to each other in the transverse
direction. '

- Embodiments of the invention will now be described with reference to the accompanying
drawings in which;

Figure 1 is a vertically sectioned view of a double acting synchronizer clutch having a
schematically illustrated split pin assembly therein shown ninety degrees out of its correct
position;

Figure 2 is the split pin assembly of Figure 1 shown in detail and rotated ninety degrees
from the position shown in Figure 1;

Figure 3 illustrates the split pin assembly while the clutch is fully activated rightward from
the neutral position of Figures 1 and 2;

Figure 4 is a sectional view of the split pin assembly looking along line 4-4 of Figure 2;

Figure 5 is a spring end retainer for the springs in Figures 2 and 3:

Figure 6 illustrates a position of the split pin assembly with the retainer of Figuré o
Installed and looking along line 6-6 of Figure 2 while the clutch is in a neutral position with
centrifugal forces acting on the split pin assembly;

| Figure 7 is the same as Figure 6 but without the retainer and with the springs in one of
several positions they may move to;

Figure 8 is a perspective view of the split pin springs with forces acting thereon while the
split pin assembly is in the position of Figures 6 and 7: '
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' ' Figure S ié an alternative embodiment of the springs in Figures 2-
4; and

Flgure 10 is a sectional view of the springs in Figure 7 Iooklng
along line 10-10 of Figure 9.

Detailed Description of the Preferred Embodiments

-Looking first mainly at Figure 1, therein is a simplified illustration
of a gear and synchronizer assembly 10 for an otherwise unshown transmission
of the type intended for use in a land vehicle, particularly of the type used in
medium and heavy duty trucks. However, assembly 10 may be used in other
applications. The assembly includes a shaft 12 mounted for rotation about a
central axis 12a in unshown manner, spaced apart ratio gears 14,16 rotatably
Supported on the shaft and secured against axial movement relative to the shaft
Dy annular thrust members 18,20 affixed to the shaft in known manner, and a
double-acting pin-type synchronizer clutch mechanism 22. When assembly 10
s part of a twin countershaft transmission, such as disclosed in U.S. Patents
3,648,546 and 4,788,889 teeth 14a, 16a on the gears will be in constant
mesh with engine driven gears 15,17 on countershafts, shaft 12 will be
connected to or selectively connectable to a load, and shaft 12 will be
free to move somewhat radially as is well known in the prior art. Herein

gear 14 represents a lower speed ratio gear than does gear 16: both

may be up and down shifted into.

The synchronizer mechanism 22 includes annular friction .
members or rings 24,26 and annular jaw clutch members 14b,16b affixed to
gears 14,16, a jaw clutch or collar member 28 having internal spline teeth 28a
slidably mating with external spline teeth 12b integrally formed with the shaft or




10

15

25

2123840

-5.

members and through openings 32¢ alternately spaced between openings 32b.
Blocker pins 40 and split pin assemblies 42 may be more or less in number
than disclosed herein.

As is readily seen, friction members 24,36 and 26,38 pair up to
define friction ciutches for synchronizing the gears to the shaft prior to
engagement of the jaw clutches. Cone clutches are preferred; however, other
types of friction clutches may be used. Friction members 24,26 may be affixed
to the associated gears in any of several known ways, e.g., by welding, or as

~is known in the art, they may be formed integral with the gears. Friction

members 24,26 have internal cone friction surfaces 24a,26a which respectively
mate with external cone friction surfaces 36a,38a. Members 24,26 and 36,38
also are respectively referred to as synchronizer cups and rings. A wide range
of cone angles may be used; herein, cone angles of between twelve degrees
and seven and one-half degrees are contemplated. However, other angles may
be used, even fiat plates in some applications. The friction surfaces 36a,38a
and/or 24a,26a may be defined by any of several known materials.

Each pin 40 includes major diameter portions 40a having
diameters slightly less than the diameter of flange openings 32b, a reduced
diameter or groove portion 40b spaced between friction rings 36,38 (herein
midway), and conical blocker shoulders or surfaces 40c,40d extending radially
outward from the pin axis and axially away from each other at angles relative
to a line normal to the pin axis. The grooved portions, when disposed within
their respective flange openings, allow limited rotation of the rigid friction rings
and pin assemblies relative to the flange to effect engagement of the pin
blocker shoulders with chamfered blocker shoulders 32d,32e defined about the
flange openings. The shoulders, when engaged, provide blocking until
synchronism is substantially reached. |

Each spiit pin assembly 42, which is shown in the correct
rotational positions in Figures 2, 3, 6 and 7, includes a pair of semi-cylindrical
members 44 having a major diameter less than the diameter of openings 32¢
when squeezed together, semi-annular grooves 44a with chamfered ends 44b
and a leaf spring assembly 46 sandwiched between mutually facing inner
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surfaces 45 of members 44 for biasing the annular grooves apart to engage
groove chamfers 44b with flange chamfers 32f formed about opposite ends of
openings 32c. Ends 44c,44d of the members 44 abut friction rings 36,38 and
are disposed within elongated recesses 37,39 therein.

While flange 32 is in the neutral position, the friction surfaces of
the cone clutches are spaced apart. When it is desired to couple either gear
to the shaft, an appropriate and unshown shift mecnanism connected to the

outer periphery of flange 32 in known manner moves the flange axially along
the axis of shaft 12 either left to couple gear 14 or right to couple gear 16. The |

shift mechanism may be manually moved by a vehicle operator through a
linkage system, may be selectively moved by an actuator, or may be moved by
means which automatically initiate shift mechanism movement and which also
controls the magnitude of the force applied by the shift mechanism. When the
shift mechanism is manually moved, the force is proportional to the force
applied by the operator to a shift lever.

Initial axial rightward movement of flange 32 by the shift

mechanism engages flange chamfers 32f with pre-energizer chamfers 44b to

effect movement of friction ring surface 38a into engagement with friction
surface 26a. The initial engagement force of friction surfaces 38a,26a is, Of
course, a function of the force of spring assemblies 46 and the angles of the
chamfers. The initial frictional engagement, provided an asynchronous
condition exists, produces an initial cone clutch engaging force and
synchronizing torque which ensures limited relative rotation between flange 32
and the engaged friction ring, and hence, movement of the reduced diameter
pin portions 40b to the appropriate sides of the flange openings 32b to provide
engagement of pin blocker shoulders 40c with flange blocker shoulders 32d.

‘When the blocker shoulders are engaged, full operator shift force on flange 32

is transmitted to friction ring 38 via the blocker shoulders, whereby the cone
clutch is engaged by the full force of the operator shift force. Since the blocker
shoulders are disposed at angles relative to the axial direction of operator shift
force, they produce a counter force or unblocking torque which is counter to
the synchronizing torque from the cone clutch but of lesser magnitude during
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asynchronous conditions. As substantial synchronism is reached, the
synchronizing torque drops below the unblocking torque, whereby the blocker
shoulders move the pins into concentric relation with openings 32b to aliow
continued axial movement of the flange and engagement of the external jaw
teeth 28b of jaw member 28 with internal jaw teeth of jaw member 16b. As is
known in the prior art and as is specified by reference numbers only for jaw
member 16b, the lead portions of the jaw teeth have rake leading edges 16¢
to reduce tooth damage during initial contact, and have chamfer or wedge

‘faces 16d to clock the teeth into mating alignment. Jaw teeth with such lead

portions are disciosed in greater detail in U.S. Patent 4,246,993 along
with U.S. Patent 3,265,173 which

‘provides a teaching for the rake angles. The wedge faces, which may be

asymmetric, prevent delay of shift completion due to abutting contact of the
leading edges of the teeth. To facilitate smooth and relatively effortless
completion of shifts, the jaw teeth are preferably as fine or small, as practicable,
in the circumferential direction, thereby minimizing the number or rotational
clocking degrees necessary to matingly align the jaw teeth.

Looking now at Figures 2-5, therein is a detailed illustration of split
pin assembly 42 and in particular mutually facing surfaces 45 of the spiit pin

" members 44 and spring assembly 46. Split pin member surfaces 45 each

include longitudinally extending side surfaces 45a,45b separated in a transverse
direction by a longitudinally extending channel 45c¢, and flat recessed surfaces
45d,45e respectively between the ends of channel 45¢ and member ends
44c,44d.

Each spring assembly 46 includes at least two substantially
identical leaf springs 48 which, when sandwiched between members 44, have
their spring ends in contact and their centers bowed away from each other.
Herein, each spring is a single leaf; however, each spring may be composed
of muiltiple leafs. Each leaf includes a central portion 48a having a transverse
width closely embraced by the sidewalls of channel 45¢ of one of the spiit pin
members and end portions 48b,48¢c in contact with the ends of the other
spring. Each leaf has a bowed axial length less than the distance between spiit
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pin member ends 44c,44d, thereby allowing the axial length of the leafs to
increase when they are compressed and allowing the touching ends of the leafs
to move axially relative to each other. Each leaf end portion is provided with
an extended transverse width greater than the transverse width of the central
portion but less than the minor diameter of the friction ring oblong recesses
37,39.

Split pin members 44 and spring leafs 48, as thus far described,
are substantially as known in the prior art. The central portions 48a of the leafs
provide the effective spring action and the fransversely extended width of the
leaf end portions are for maintaining the leafs in their proper position between

the split pin members 44. However, during some modes of the transmission

operation, the leafs have partially escaped their proper position between the
split pin members, thereby causing the synchronizer to jam and become
inoperative. One operational mode of the transmission believed to cause or
allow partial escape of the springs occurs while the synchronizer assembly shift
flange 32 is in neutral and centrifugal forces are acting on split pin members 44
as illustrated in Figures 6 and 7, thereby causing the inner surfaces of the split
pin members to open in clamshell fashion. As may be seen in Figures 7 and 8,
such clamshell fashion opening of members 44 applies forces F to leaf springs
48 which biases the springs in directions tending to roll the springs relative to
each other in the direction of arrows E in Figure 8 and to also move transverse
or widthwise to each other. With reference to Figure 7, such tendency of the
springs to roll and move transverse relative to each other is believed to be the
cause of the spring ends escaping from between members 44 and out of the
associated friction ring recess. For example, while members 44 are open, as
in Figure 7, the leaf end portions axially spaced furthest from the respective
ends of members 44, such as end portions 48b, have moved transverse relative
to their opposed leaf spring, i.e., radially inward in Figure 7, and out of the
associated friction ring recess, thereby jamming the split pin members in their
expanded position and preventing axial movement of shift flange 32 out of
detent grooves 44a.
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Such relative movement of the leaf spring end portions in the
spring assembly embodiment of Figures 2-4 is prevented by retainers 50, one
of which is shown in the perspective view of Figure 5. Each retainer 80 is a
rigid bracket having spaced apart wall portions 50a,50b,50¢,50d defining a
rectangular opening receiving the leaf spring first and second end poftions at
both ends of each split pin assembly. Wall portions 50a,50b define a U-shaped
cross-section with a closed end 50e thereof abutting the axially facing surfaces
of oblong recesses 37,39. Wall portions 50a,50b are spaced apart enough to
allow relative axial sliding movement of the leaf end portions therein during

flexing of the leafs but sufficiently close together to react the roll tendency

forces F. Wall portions 50a,50b are also sufficiently close together to not
interfere with movement of flat recess surfaces 45d,45e of the split pin
members. Wall portions 50¢,50d, which define rigidly secured together tabs,
slidably embrace the transverse width of the leaf end portions on the interior
surfaces thereof and are in turn slidably embraced on their outer surfaces by
radially spaced apart wall surfaces 37a,37b and 39a,39b of oblong recess
37,39.

Looking now at Figures 7 and 8, therein an alternative spring
assembly 52 also includes two leaf springs 54 and retainers 55. Retainers 35,
though functionally equivalent to retainers 50, differ in that they are formed
integrally by an extension of one end of each leaf spring. Each leaf includes
a central portion S54a and first and second end portions 54b,54c with transverse
widths greater than the width of the central portion. Each retainer 55 is defined
by the first end portion 54b, an axial extension 54d thereof reverse bent to form
walls with a U-shaped cross-section as with retainer 50 and transverse
extensions 54e,54f of the axial extension or the first end portion are bent at right
angles to form tabs equivalent to tabs 50¢,50d or retainer 50. |

Two embodiments of the invention have been disclosed for
illustrative purposes. Many variations and modifications of the disclosed
embodiments are believed to be within the spirit of the invention. The foliowing
claims are intended to cover the inventive portion of the disclosed embodiments
and variations and modifications believed to be within the spirit of the invention.
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CLAIMS

1. A double acting synchronizer clutch including two axially movable friction
nngs rigidly connected together about a rotational axis in axially spaced relation on
opposite sides of an axially movable, radially extending flange: a plurality of
circumferentially spaced apart openings extending axially through the flange; a split pin
assembly including a pair of members and a spring assembly extending axially through
each opening and between the friction rings for effecting axial movement of the friction
rings in response to initial axial movement of the flange from a neutral position, each pair
of members defining a generally cylindrical outer surface with a radially outwardly open
annular detent groove for receiving a peripheral surface of one of the openings, the
members of each pair of members each having first and second ends respectively
disposed to abut one of the friction rings; each spring assembly including at least first and
second opposed leaf springs each having a bowed length in the axial direction of the
opening and a width corresponding to a transverse direction, the leaf springs sandwiched
between mutually facing surfaces of each pair of members. the leaf springs each having
first and second end portions with the first and second end portions of the first and second
leaf springs respectively in contact with each other and with each first end portion axially
overlapping the associated second end portion, characterized by:

retainer means disposed at the leaf spring first and second end portions of each
spring assembly, each retainer means allowing the leaf spring end portions in contact with
each other to move axially relative to each other and including means reacting to roll
forces tending to roll the springs relative to each other.

2. The double acting synchronizer clutch of Claim 1. wherein mutuaily, axially
facing surfaces of the friction rings each include a plurality of blind, oblong recesses equal
in number and circumferential spacing to the circumferentially spaced apart openings in
the flange and circumferentially positioned to receive the ends of the members of the split
pin assemblies, each oblong recess being elongated in the circumferential direction and of
sufficient diameter in a radial direction relative to the rotational axis to allow sliding
movement of the ends of the members in the circumferential direction.

3. The double acting synchronizer clutch of Claims 1 or 2, wherein each
retainer means further includes spaced apart tabs ngidly secured together and embracing
the width of at least the second end portion for limiting widthwise movement of the leaf
springs relative to each other in the transverse direction.
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4. The double acting synchronizer clutch of Claim 3, wherein each retainer
means includes a rigid bracket having four spaced apart side walls defining a rectangular
opening receiving the first and second end portions with two of the spaced apart side walls
In the transverse direction defining the tabs and two of the spaced apart side walls
extending between the tabs reacting to the roll forces.

5. The double acting synchronizer clutch of Claims | or 2, wherein each first end
portion includes a U-shaped cross-section receiving the second end portion associated
therewith, each U-shaped cross-section formed by reverse bending an axial extension of
the first end portion and thereby defining means reacting to the roll forces tending to roll
the springs relative to each other.

6. The double acting synchronizer clutch of Claim 9, wherein opposite edges
defining the width of one of the end portions of each first and second end portions in
contact with each other includes tabs extending therefrom at substantially right angles and
embracing the width of the other end portion.

7. A double acting synchronizer clutch Including two axially movable friction
rings rigidly connected together about a rotational axis in axially spaced relation on
opposite sides of an axially movable, radially extending flange; a plurality of
circumferentially spaced apart openings extending axially through the flange; a split pin
assembly including a pair of members and a spring assembly extending axially through
each opening and between the friction rings for effecting axial movement of the friction
rings in response to initial axial movement of the flange from a neutral position, each pair
of members defining a generally cylindrical outer surface with a radially outwardly open
annular detent groove for receiving a peripheral surface of one of the openings, the
members of each pair of members each having first and second ends respectively
disposed to abut one of the friction rings; each spring assembly including at least first and
second opposed leaf springs each having a bowed length in the axial direction of the
opening and a width corresponding to a transverse direction, the leaf springs sandwiched
between mutually facing surfaces of each pair of members, the leaf springs each having
first and second end portions with the first and second end portions of the first and second
leaf springs respectively in contact with each other and with each first end portion axially
overlapping the associated second end portion: characterized by:
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retainer means disposed at the leaf spring first and second end portions of each

spring assembly for limiting movement of the leaf springs relative to each other in the
transverse direction.

8. The double acting synchronizer clutch of Claim 7, wherein mutually, axially
facing surfaces of the friction rings each include a plurality of blind, oblong recesses equal
in number and circumferential spacing to the circumferential ly spaced apart openings in
the flange and circumferentially positioned to receive the ends of the members of the split
pin assemblies, each oblong recess being elongated in the circumferential direction and of
sufficient diameter in a radial direction relative to the rotational axis to allow sliding
movement of the ends of the members in the circumferential direction.

9. The double acting synchronizer clutch of Claims 7 or 8, wherein each
retainer means each include spaced apart tabs rigidly secured together and embracing the
width of at least the second end portion and the récesses are of sufficient depth to slidably
support the spaced about tabs of the retainer means.

10. The double acting synchronizer clutch of Claim 9, wherein each retainer
means includes a rigid bracket having four spaced apart side walls defining a rectangular
opening receiving the first and second end portions with two of the spaced apart side walls
In the transverse direction defining the tabs and two of the spaced apart side walls
extending between the tabs reacting to roll forces tending to roll the springs relative to
each other.

11. The double acting synchronizer clutch of Claims 9 or 10, wherein opposite
edges defining the width of one of the end portions of each first and second end portions in
contact with each other includes the tabs extending therefrom at substantially right angles
and embracing the width of the other end portion.

12. The double acting synchronizer clutch of Claim 11, wherein each first end
portion includes a U-shaped cross-section receiving the second end portion associated
therewith, each U-shaped cross-section formed by reverse bending an axial extension of
the first end portion and thereby defining means reacting to roll forces tending to roll the
springs relative to each other.

IP-OTT-1/178038.1




///

j"' o 'L“\\\\\\\\\\\“‘

AN '
‘ \rl \
NG

5 w =

—

v ad '
.....

-
.o
v -
.
.
.
PR
..
]
u
LY
.



bl

$. 1

- R
s .

. '
'
Ye
4
¥
'
>
'
'
-
-y b
[ T
r
« b 1D
'y .
® o 4 -

A WP W L ) A
hil t

t
.
- 4. 7
.t:' ‘
' ‘

I |
r. - o
. . - o . T rh¥y 14 vl a.air - PR PSRRI A EUNC A Y UL BRI J . o
e . R A L ,'."0 » Y. AL IR S RN I 'tt”"' f' {‘."."0.‘ . ¥ .".-’.. ¢+ .t \ ,'. . ' . o, ¥ LY | v'&l' Y 4 ' ‘.» o . . . . .
P . " v .- ". [ R | ¥ ae .0 @ . ra J, -h "4 - L I P I r ¢ ) ' Y, Fi - \o‘\ 4 p: 4 & L ’ . ' . : . #r. ¢ o "‘f g
.' ey Pl q'a .“:;“ AN 2B . Yy ad P FLEE BN .1 4 c e . '1 ¢ d - , dw, . - . da K X Falp- LR RN ‘l’"’ Y “.-o, e PN ) '
R L Y R Y L K L T e - R L " . L TR T RN T T e gt r ~"~1"' R e R ' ‘ | £ o v 2 '
1.0 007 5T . ERF ABARAR AN K ' '3 A TR Y R « e e R el i I = i ' y i ZU e R RS B T A
.,.’ - 1 t!_-r‘ . e g r g s ,‘.‘ L lt'. a¥, l! P L . ¢ " E LN B A g0 v‘.:"-‘o r - - ¢ ) ' rs . : . .. 4"" LR . “ 4 ~" ' - "~ ) "_ \ .' 4 P ,
F RN . 1 P . TL: x 2 s p - p o . i, v L PR | PP PR sl Aagd @ . r .4 . * '] . . ‘. ‘ -".-, . aMr ¢ b r . T | . 'l LI A I‘ l.‘
b bu b e o S eaprlen " *z.!':i)-$'l~-' S A A I E 1toe et P b T ’ o t“é‘ n . . PREARSUN BN R LR LA ¢ 1hayne @ 4 '
bt . . » . F:i1 - g a2 st et P By 4 P . D ) * . 1. . '4 - PRCT R ’ . D | « p o ’ . » ‘f ', .. . . al- ses - P
S 2 ’ v ’.-‘i‘-u.c.\'l {4 NPERETEN TP L A ) £ - o R I R S TR B - , e salan Cag s fega o . PR LK "4 Y -
ed cl . K 3'... Sy ud 'Y, P d - 4 - Py ’ ‘ v, N Loe . o ,,..""}.l L R RN . B I ra -
. 5 n ..‘..,.-.,.l Py a2 b . P Vs Eoa " \ . r cr .['* bt T PR JL I T I B PR Vool ‘e . P P
A0, e hgy gk o P 4 « e | o, . g R Y N R T AR T RN 2 SRR Y S ' 0 T N RIS A bt
4“ P R N 01.‘\ EERBN AN YL EEREXE R - e wra . 4 1, * ¢ 1 L L I T R O B B R UL T ' : Y I EEE B ? . . L "
% t . 3 "(‘ ] ] . 44 “3. L f‘ * = ' o ‘ ' re s, F RN L A r e, f" ! s : LI pare wad o | [ . ’ L 1] )
,.f' . i"" g - " ’ PO R A WL e ae 1, ‘- . ‘ + A - e e g ' i .o" . ¢ 1‘ —_— ."‘i’ woa b 1y e ' v . r ¥ ] ¢ .
3 x vie D " s 4 f | P R _‘ . o . . e I e ) ’ ¢ ' . - ar " PRI | '!‘ S P DR ' f. [} I g € ¢ R | T . REEETE
v h e . ." N . ’ | ’ - ’ f" ;’a . . z‘?v s L ¢ 7 - . . ' ’- " 2 :-l - - . ""“ ‘(‘." 1 r ."" ] t 7.\" , ; ;‘-- ~ “..M . i r_.llf L =g = T == -l. ‘_’v
g A - : . L . - a .- . ; . ¢ .o - o - ‘- e ' ! -
B TN NRY " 0 b e 5. , . S T A N DI/ - T L PN I DT
¢ «r 4 ) .: d : . . E IR . s ot . :
. Ll A I P P (o b 3 43 #ayr 40 1.4 » - " g = ' ] el ‘L ' * a 5 g . 3 i . I3 1 .: 2 . Y |
dop eratyté et [ NS LR "o . / ' .4 P o s . . . A N J I P T L I TR c e e S s i,
. s l" . " P e 4 e s Xk g xS t ’, a- ‘ ..“ ’ . . . 3 i} ~ 4 . ; ’ '. . .‘ "- ) ‘. -I' .! E . ". . N > . ’ { '
e M s . ' T . L L | ' ' . ' . - . . .
! .'J e . ‘}‘-‘~'t ) L S i :, . . ' ’ . 4 P ¢ v bipratntd o i gy N S T '
'y ,r.,”“ , , gl , . i'a - , P ' " Y = m g WITH! o ! 1o hk 476 aur . ' . R . -
. . 5 ‘ ' ‘4 ;d‘w ] ' R - ¢ 1 ' ..f =g oo P ’ |'- I . . . . - _0
L " ‘. .... j’ "EEE. L, rae . ‘ ' - N ' ’ L g . ’ ’ P ' '
{.' r4 t . - . ’ ' ' Jooa i~ 4 Pt . . ’ LI ‘. b v ' 3 .
! 1 heea ¢ v ' ) | ’ . ‘ ] : ‘
4 . - . J 3 . ¢ ' - - .4 ‘r .o e . N e Y T 4
Pt 4 v AR , : { o gt r . . S . .1 LR B
J M B I B ' . . I ¢ . ] . 5 . ‘
'!‘) ’,‘ .‘ . . . . '.i ' RS ¢ ¢ . ’ . ] ¢ . 3 N ' . ’ Vs ’ ,
* "] . | - [] “w 4 ¢ . 1 . R v 2 - . . 0 « P e
."'.“$" "‘ rl1 - ad gt doe : AL 143 ! 1€ ol et oK A .’: 1' . 'a ’a ;.1.‘4 . . . ’ rf
L tto“.'t*b‘l'*""' i A 'J‘“" ' \ B vyl P ' i . e g ;0 m S A e ) . L .
‘ 4 . _f""." k2 e Y 4 LI & ' 4 - ' “ r o . L . > g 2 sr 2t . s i » R "" - Fab - ¢ o . " ' *
3, . " :14 . b . . . ' e ’ -a . -3 alr, ’ T T - - B D - .. .
‘ s 4. F « v § 1 ‘ ' e P vyt w 2 ..' . ' . ¢ e $ Wty . . ar lool'n.lao~o-}o' .4 .
. .- . " . P s e® . N . ' ] ' -4 4 = =y “a, 3 - &, ‘urp ' e B a4 oy ’ ..y ’ ' . "-
i ’ . ‘J‘ ‘l 0. "( . . 1 ) ‘C. . - ) ) - ' e 23 4 i... ‘) b, 4 a -t 4, . ! . r .3, s
oA St ." l‘ " LI ;‘}‘ e e b e e - . y . ) , X g e 4 s o . vy . . .{1".~‘ + P r o
4 . . . & . ] Ve .. . - ., ey # Mo bt pad . . Adl r o . o e s . oL T
«r - s A 3N a.z..tfr; ‘poao.u_iuf AR .\} B T « o TISe Y g L a i a N d e r . e .. . R A A qprtey
) 182 p be? 744 r v PE 4t ’ : i fa A - B 1 e
4 4 “ p . g . S, ' ¢ et e PR R R . €.d e 'R v & 7 . - ’ -" ’, e ., [ I L TR L "’ '.“~' , L VIR .“".“ . g 1.
: . ' Fl i e - . . b en ’ r . . L age v - ‘. - IR & T . 0t cHs » peten & a .8 ’ . % .. . e .
v % B.02 o« ¥ O B B PR | i~ ‘ ¢, ) | ¢ 1 . . ¢ ‘I Fogs > . v 4 - ' 4 .wd " 1 e . .
. - a - — - . [l - o '] v LA | a y - 4+ 4 vy » . 4 - v
t.; : - ':‘n‘ ,0;3 "..q‘. \‘0‘&} C!‘"" e, PR . - @ g . - s ’ . ., ,‘.' et e ,‘l % a2l o ‘.‘.“‘. ., 14y 1._%.* a Q.".-.. . LY
- t’. ".r ro ’.’ 4% ¢ ‘A"_. " i’ t . ks g = ‘,[ te 4t N - ‘ '_ 4 2 . uJ se 5 a "d‘lff ..:’ a S ..tl:.:. -.'..‘!’."._‘- _.. N 'S :?. -;A‘-'-'t‘.;.~ Pr &

L L B Pk oo VR
« 1 .

.
-
.

gol-b
SO

AN

N

NN

}.\\‘\\

U S

=) AR

Al

'i

oty - Y R
. ¢
roa '

? " P

. (- .
. T, p 0

N IR I .
LI B + f'
[ B “ Ner in
ire ' .
. PR

.
, .
- ’r ’ -
SR I -

1+ @81 pr 0.
. 2N g
L S . - L

“
CR R |
Vo e ' .
ot 4 d '
| ' ’

. .
I‘J . ] '
» Tj ’

r ¥ Vo

]
’ L)
' .
‘ ]
¢ ’
’
r
]
'
R ]
rd o4 q
’
+ ¢ 1 |
¢ . e
+ R
. , v
. oa ? ‘
. ..
Y 2 A& - a

r¥oor F]
. 1
4 ‘e
' '
TN . LR
. -
. ()
- '
!
' . 4
PO
.00 -
R
et B~
« ey
Lgo
. [
'
' "l. . .
1-
P
3
IR 2
'
' Ld
' 1
.
. 4 e
'
3 LI ]
' S,
’
w xu N =
-9 e - .
‘ '
LK Sapn
4 PR '
‘ .. ‘.
L1 . .
'
« ..
‘* 2 $’- 4 4

. 1. o, - 4 '  ?
' lJl .
(] ' .
b L 4 .
P “, P I
|~
(' v “I "u
’; l' : . l. . ja) I.\“-'.- .: .
1 ) . ¥ ‘ .
PR | e uba ‘
L. . P . . . .
4 o A Fav 3
] ! A4 r.i- ' 4 .
., .4 af F] - - .
’ e ".'il ' f
P
IR r ’ .
. . LI . -
' . 1 - * 0 .!’J. . L
prer 4 e - . .
1 . -t ,l . .
od N o .
. as P . 1 Ave ot 4 ' P
v . s
DAY L
. N )
. 4 .l' .
4
B, s ' ] o
] “
i e L.
' .« - . .
s » .y ' .
: “\ ¢ P
’ 4 "‘ LERE N '
N, . ] a - . .
, 4 . . - '
P B 3 . EEEL AN | Pl .
PP S R 1ok Rt w b 4 =, 3
oL R A A
T L2 T N
, . - Fry }" el
. b Pow MeLtd, s Y, 0 g, 4
L “ + wp 0" '
*a .= T - ) f [,‘ -

.l F]
’

'

e
R
$wan v,
» .

Yrmd
'

v

. !
'
.
.
'
2 .
'
'
. -
‘. ..
. -
.
'
'
.
.
v
'
v
. ‘.
‘
*
. PR
~ ]
[
[
'
U T
"4
‘
[
o -
-
'
L)
.
.
"
’
'
o
L
] .
« ' .
. R
- u v/
-, s
+*
[ L
.
. .9
4 ]
...'c..

. ¢,
'
'
.
R |
.
B .
.o
. .
.
'
f .
’
]
L]
.. o
.
'
« 1
- "
- . .
.
.
.o
.
.
.
-
s 4 4
4
.
.
4 PN
-
'
e s '
.
' ‘“ 4
.
. -

.
. ¢
1 .
a !
P
. . ‘
"o
. N
' '
4
. !
'
P [
'
’
'
‘
¢
' .
. .
R I |
. '
. .
.
-
- s a
v o '
-
.
.
‘






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings

