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VALVE CARTRIDGE WITH LOW POINT OF CONTACT FOR INSTALLATION

RELATED APPLICATION

[0001] The present application is being filed as a non-provisional patent application
claiming priority under 35 U.S.C. § 119(e) from, and any other benefit of, U.S. Provisional
Patent Application No. 60/898,542 filed on January 31, 2007, the entire disclosure of which
is herein incorporated by reference. |

FIELD

[0002] The invention relates generally to valve cartridges and, more particularly, to a
valve cartridge having a low point of contact for installing the valve cartridge in a valve

body.

BACKGROUND

[0003] Typically, for a plumbing fixture (e.g., a faucet, a tub spout, a shower head), a
valve body conveys water flowing from a main water source to a desired destination (e.g., a
sink, a tub, a basin). The valve body generally has two water inlet passages through which
cold water and hot water from the main water source can respectively flow. The valve body
also has a water outlet passage through which the cold water, the hot water or a mixture of
the cold and hot water can be discharged to an outlet portion of the plumbing fixture (e.g., a
spout). Ina one-handle version of the valve body, the valve body has a cavity for receiving a

valve cartridge which allows a user to control the flow rate and the temperature of the water
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flowing through the water inlet passages to the water outlet passage using a single valve
actliex'ting mechanism.

[0004] One type of (conventional) valve cartridge is a structural assembly including a
housing in which two or more disks, plates or the like are disposed. The disks are generally
made of a hard material (e.g., ceramic or metal). At least one of the disks (i.e., a fixed disk)
is fixed relative to the housing. Another of the disks (i.e., a movable disk) is disposed above
the fixed disk and is movable relative to the fixed disk. The valve cartridge includes the
actuating mechanism that is directly or indirectly connected at one end to the movable disk.
Another end of the actuating mechanism extends through an opening in the housing for
manipulation by a user. The end of the actuating mechanism extending through the opening
in the housing can be connected to a handle, knob or the like to assist the user in operating the
valve cartridge.

[0005] In a one-handle version of this type of valve cartridge for use in the one-
handle version of the valve body, the fixed disk includes two inlet openings (i.e., a cold water
inlet opening and a hot water inlet opening) that substantially align with the water inlet
passages of tfle valve body when the valve cartridge is installed in the valve body.
Furthermore, the fixed disk includes an outlet opening that substantially aligns with the water
outlet passage of the valve body when the valve cartridge is installed in the valve body. The
actuating mechanism is connected to the movable disk via a coupling. The actuating
mechanism can be pivoted to cause translational movement of the movable disk. The
actuating mechanism can be rotated to cause angular movement of the movable disk.

[0006] In this ménner, the movable disk can assume different positions relative to the
fixed disk. In particular, pivoting of the actuating mechanism changes the flow rate of the
water from zero to a maximum flow rate, whereas rotation of the actuating mechanism

changes the temperature of the water. Accordingly, a one-handle actuating mechanism can
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control both the flow rate and the temperature of the water flowing through the valve
cartridge.

[0007] The valve cartridge also includes one or more seals for preventing water from
leaking out of the valve cartridge. The seals can be located, for example, below, between
and/or above the disks in the valve cartridge. When the valve cartridge is installed in the
valve body, a retention nut is used to secure the valve cartridge in the valve body. The
retention nut engages an installation ledge of the housing of the valve cartridge such that the
seals in the valve cartridge are compressed and, thus, apply a loading force to the components
(including the disks) in the valve cartridge. Accordingly, the fixed disk and the movable disk
are kept in water tight contact after installation of the valve cartridge in the valve body.

[0008] Typically, the conventional valve cartridge has the installation ledge formed
high on the housing of the valve cartridge, for example, near an upper opening of the valve
cartridge. The high installation ledge forms the point of contact between the retention nut
and the valve cartridge when the valve cartridgé is installed in the valve body.

[0009] As one example, a conventional valve cartridge 100 is illustrated in Figs. 1 A~
1C and also illustrated in U.S. Patent No. 7,063,106. As shown in Figs. 1A-1B, the
conventional valve cartridge 100 has several discrete components including a housing 102, a
lower seal 104, a bottom member 106, an upper seal 108, a fixed plate 110, a mobile plate
112, a carrier 114, a rotatable support member 116, an operating lever 118 and a cover 120. |
The housing 102 has a tubular shape for receiving the remaining components of the valve
cartridge 100.

[0010] The operating lever 118 is part of the actuating mechanism of the valve
cartridge 100. The operating lever 118 is connected to the rotatable support member 116 via
apin 122. A lower surface of the rotatable support member 116 rests on an upper surface of

‘the carrier 114. The rotatable support member 116 can rotate relative to the housing 102. A
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portion of the operating lever 118 extends below the rotatable support member 116 and into
the housing 102 which facilitates connecting the operating lever 118 to the mobile plate 112,
as described below. A portion of the operating lever 118 extends above the rotatable support
member 116 and out of the housing 102 which facilitates connecting the operating lever 118
to an operating member (not shown), such as a handle, a knob bor the like.

[0011] The housing 102 has an internal shoulder 124 formed near a lower opening of
the housing 102, wherein the internal shoulder 124 is shaped to receive a correspondingly
shaped portion of the bottom member 106. The cover 120 has teeth 126 that snap fit into
openings 128 formed near an upper opening of the housing 102. Accordingly, the lower
opening of the housing 102 is closed by the bottom member 106 and the upper opening of the
housing 102 is closed by the cover 120, thereby securing the components in the valve
cartridge 100.

[0012] The fixed plate 110 has a pair of water inlet passages 130 and a water outlet
passage 132. The fixed plate 110 is disposed above the bottom member 106. The mobile
plate 112 is supported on top of the fixed plate 110 and can slide on top of the fixed plate
110. The mobile plate 112 includes a mixing éhamber 134 for mixing cold and hot water
flowing into the valve cartridge 100 through the respective water inlet passages 130 in the
fixed plate 110. The mixed water then flows out of the valve cartridge 100 through the water
outlet passage 132 in the fixed plate 110.

[0013] The carrier 114 and the rotatable support member 116 function to translate»
movement of the of the opérating lever 118 into movement of the mobile plate 112. A lower
portion of the carrier 114 engages an upper portion of the mobile plate 112. An upper portion
of the carrier 114 has a recess 136 for receiving a lower end 138 of the operating lever 118,
thereby connecting the operating lever 118 (which is connected to the rotatable support

member 116 via the pin 122) to the carrier 114 and the mobile plate 112.
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[0014] The lower seal 104 fits in a recess on a lower surface of the bottom member
106 and the upper seal 108 fits into a recess on an upper surface of the bottom member 106.
The lower seal 104 forms a water tight seal between a valve body 140 in which the valve
cartridge 100 is installed and the bottom member 106 (see Fig. 1C). The upper seal 108
forms a water tight seal between the bottom member 106 and the fixed plate 110 (see Fig.
1B). The lower seal 104 and the upper seal 108 prevent water from leaking out of the valve
cartridge 100.

[0015] As shown in Fig. 1C, when the valve cartridge 100 is installed in the valve
body 140 of the plumbing fixture 142 (e.g., a faucet), a retention nut 144 is used to secure the
valve cartridge 100 in the valve body 140. The retention nut 144 engages an installation
ledge 146 formed on the cover 120 of the housing 102 of the valve cartrldge 100 such that the
seals 104 and 108 in the valve cartridge 100 are compressed and, thus, apply a loading force»
to the componenfs (including the fixed plate 110 and the mobile plate 112) in the valve |
cartridge 100.. Accordingly the fixed plate 110 and the mobile plate 112 are kept in water
tight contact after installation of the valve cartridge 100 in the valve body 140.

[0016] The position and the orientation of the mobile plate ‘1 12 relative to the fixed
plate 110 are controlled by the operating lever 118 projecting out of the housing 102. In
particular, the operating lever 118 can be pivoted within the rotatable support member 116
about the pin 122 and can cause the rotatable support member 116 to rotate by rotation of the
operating lever 118. The operating member (not shown) can be connected to the operating
lever 118 to facilitate manipulation of the operating lever 118 by the user. Accordingly, after
the valve cartridge 100 is installéd in the valve body 140, the user can manipulate the
operating member which moves the operating lever 118 to change the position and/or

orientation of the mobile plate 112 relative to the fixed plate 110, thereby controlling the flow
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rate and/or the temperature of the water flowing through the valve cartridge 100 and out the
plumbing fixture 142, such as through a spout 148 (see Fig. 1C).

[0017] The installation ledge 146 is formed on the cover 120 so as to be disposed
high on the valve cartridge 100. As noted above, the retention nut 144 engages the
installation ledge 146 to secure the valve cam'i.dge 100 in the valve body 140. In this manner,
the seals 104 and 108 are compressed and a loading force resulting from the compression of
the seals 104 and 108 is transmitted up to the components in the valve cartridge 100.

[0018] The high installation ledge 146 of the valve cartridge 100, however, has
several drawbacks. For example, tﬁe high installation ledge 146 results in less freedom in the
design of plumbing fixtures for receiving the valve cartridge 100. Furthermore, the high
installation ledge 146 can result in increased costs, as a height of sidewalls 150 of the valve

~ body 140 is often at least as high as tfle installation ledge 146.

[0019] Consequently, there is-a need in the art for a valve cartridge having a low point
of contact for installing the valve cartridge in a valve body.

SUMMARY

[0020] In view of the above, it is an exemplary aspect to provide a valve cartridge
having a housing with a low point of contact f.ormed on the housing for installing the valve
cartridge in a valve body.

[0021] It is another exemplary aspect to provide a valve cartridge having a housing
with at least one installation ledge Iformed on the housing, wherein a ratio of a height of a
highest installation ledge of the housing to a largest outer diameter of the housing is less than
or equal to 0.53.

[0022] It is yet another exemplary aspect to provide a valve cartridge having a

housing with at least one installation ledge formed on the housing, wherein a ratio of a height
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of a highest installation ledge of the housing to a largest outer diameter of the housing is less
than or equal to 0.50.

[0023] It is still another exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge formed on the housing, wherein Aa ratio of a height
of a highest installation ledge of the housing to a largest outer diameter of the housing is less
than or equal to 0.41.

[0024] It is another exemplary aspect to provide a valve cartridge having a housing
with at least one installation ledge formed on the housing, wherein a ratio of a height of a
highest installation ledge of the housing to a height of the housing is less than or equal to
0.49.

[0025] It is yet another exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge formed on the housing, wherein a ratio of a height
of a highest installation ledge of the housing to a height of the housing is less than or equal to
0.39.

[0026] It is still another ‘exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge formed on the housing, wherein a ratio of a height
of a highest installation ledge of the housing to a height of a pin of the valve cartridge is less
than or equal to 0.67..

[0027] Itis a;nother exemplary aspect to provide a valve cartridge having a housing
with at least one installation ledge formed on the housing, wherein a ratio of a height of a
highest installation ledge of the housing to a height of a pin of the valve cartridge is less than
or equal to 0.55.

[0028] It is yet another exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge fprmed on the housing, wherein a highest

installation ledge of the housing is below an actuating mechanism of the valve cartridge.
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[0029] It is still another exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge formed on the housing, wherein a highest
installation ledge of the housing is below an actuating mechanism of the valve cartridge and
above a mixing chamber of the valve cartridge.

[0030] It is another exemplary aspect to provide a valve cartridge having a housing
with at least one installation ledge formed on the housing, wherein a highest installation ledge
of the housing is below an actuating mechanism of the valve cartridge and above a fixed disk
of the valve cartridge. The highest installation ledge of the housing can extend over a portion
of the fixed disk.

[0031] It is yet another exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge formed on the housing, wherein a height of a
highest installation lledge of the housing is between 0.641 and 0.651 inches.

[0032] It is still another exemplary aspect to provide a valve cartridge having a
housing with at least one installation ledge formed on fhe housing, wherein a height of a
highest installation ledge of the housing is between 0.486 and 0.494 inches.

| BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above aspects and additional aspects, features and advantages will

become readily apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings, wherein like reference numerals denote like elements,

and:

[0034] Figures 1A-1C show a conventional valve cartridge in which a point of contact
between the valve cartridge and a rétention nut for securing the valve cartridge in a valve
‘bod).' is high. Fig. 1A shows the valve cartridge in unassembled form, as a cross-section.

Fig. 1B shows the valve cartridge of Fig. 1A in assembled form, as a cross-section. Fig. 1C
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shows the valve cartridge of Fig. 1B after installation in a plumbing fixture, as a cross-
section.

[0035] Figure 2 is a perspective exploded view of a valve cartridge, according to an
exemplary embodiment.

[0036] Figures 3A-3E show an exemplary housing used in the exemplary valve
cartridge of Fig. 2. Fig. 3A is a perspective view of the housing. Fig. 3B is a side elevational
view of the housing. Fig. 3C is a cross-sectional view of the housing shown in Fig. 10A,

“along line A-A. Fig. 3D is a cross-sectional view of the housing shown in Fig. 104, along
line B-B. Fig. 3E is a cross-sectional view of the housing of Fig. 3C, along line C-C.

[0037] Figure 4 is a perspective view of an exemplary ball-stem of the exemplary
valve cartridge of Fig. 2.

[0038] Figures 5A-5C show an exemplary spﬁng used in the exemplary valve
cartridge of Fig. 2. Fig. 5A is a perspective view of the spring. Fig. 5B is a plan view of the
spring. Fig. 5C is a side elevational view of the spring.

[0039] Figures 6A-6D show an exemplary bushing used in the exemplary valve
cartridge of Fig. 2. Fig. 6A is a perspective view of the bushing. Fig. 6B is a side elevational
view of the bushing. Fig. 6C is a bottom view of the bushing. Fig. 6D is a cross-sectional
view of the bushing of Fig. 6C, along line A-A.

[0040] Figures 7A-7D show an exemplary flow plate used in the exemplary valve
cartridge of Fig. 2. Fig. 7A is a perspective view of the ﬂdw plate. Fig. 7B is a plan view of
Vthe flow plate. Fig. 7C is a cross-sectional view of the flow plate of Fig. 7B, along line A-A.
Fig. 7D is a cross-sectional view of the flow plate of Fig. 7B, along line B-B.

[0041] Figure 8 is a perspective view of an exemplary manifold of the exemplary

valve cartridge of Fig. 2.
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[0042] Figures 9A-9B show an exemplary base seal used in the exemplary valve
cartridge of Fig. 2. Fig. 9Ais a top perspective view of the base seal. Fig. 9B is a bottom
perspective view of the base seal.

[0043] Figures 10A-10C show the exemplary valve cartridge of Fig. 2 in assembled
form. Fig. 10A is a plan view of the valve cartridge in assembled form. Fig. 10B is a cross-
sectional view of the valve cartridge of Fig. 10A, along line A-A. Fig. 10C is a cross-
sectional view of the valve cartridge of Fig. 10A, along line B-B.

[0044] Figure 11 is a mirror image of a cross-sectional view (along line B-B in Fig.
10A) of the exemplary valve cartridge of Fig. 2 after installation in a plumbing fixture.

[0045] Figure 12 is a perspective exploded view of a valve cartridge, according to
another exemplary embodiment.

[0046] | Figures 13A-13C show an exemplary upper housing used in the exemplary
valve cartridge of Fig. 12. Fig. 13A is a perspective view of the upper housing. Fig. 13Bisa
‘side elevational view of the upper housing. Fig. 13C is a cross-sectional view of the upper
housing of Fig. 13B, along line A-A.

[0047] Figure 14 is a perspective view of an exemplary ball-stem of the exemplary
valve cartridge of Fig. 12.

[0048] Figures 15A-15C show an exemplary spring used in the exemplary valve
cartridge of Fig. 12. Fig. 15A is a perspective view of the spring. Fig. 15B is a plan view of
the spring. Fig. 15C is a cross-sectional view of the spring of Fig. 15B, along line A-A.

[0049] Figures 16A-16C show an exemplary bushing used in the exemplary valve
cartridge of Fig. 12. Fig. 16A is a side elevational view of the bushing. Fig. 16B is a cross-
sectional view of the bushing of Fig. 16A along line A-A. Fig. 16C is a plan view of the

bushing.

10
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[0050] Figures 17A-17D show an exemplary carrier used in the exemplary valve
cartridge of Fig. 12. Fig. 17A is a perspective view of the carrier. Fig. 17B is a plan view of
the carrier. Fig. 17C is a bottom view of the carriér. Fig. 17D is a side elevational view of
the carrier.

[0051] Figures 18A-18C show an exemplary movable disk used in the exemplary
valve cartridge of Fig. 12. Fig. 18A is a plan view of the movable disk. Fig. 18B is a cross-
sectional view of the movable disk of Fig. 18A, along line A-A. Fig. 18C is a bottom view of
the movable disk.

[0052] Figures 19A-19D show an exemplary fixed disk used in the exemplary valve
cartridge of Fig. 12. Fig. 19A is a top perspective view of the fixed disk. Fig. 19Bisa
bottom perspective view of the fixed disk. Fig. 19Cisa plaﬁ view of the fixed disk. Fig.
19D is a bottom view of the fixed disk.

[0053] Figures 20A-20B show an exemplary base seal used in the exemplary valve
cartridge of Fig. 12. Fig. 20A is a top perspective view of the base seal. Fig. 20B is a plan
view of the base seal.

[0054] Figures 21A-21D show an exemplary lower housing used in the exemplary
valve cartridge of Fig. 12. Fig. 21Aisa top perspective view of the lower housing. Fig. 21B
is a bottom perspective view of the lower housing. Fig. 21C is a plan view of the lower
housing. Fig. 21D is a bottom view of the lower housing.

[0055] Figures 22A-22C show the exemplary valve cartridge of Fig. 12 in assembled
form. Fig. 22A is a plan view of the valve cartridge in as_sembled form. Fig. 22B is a cross-
sectional view of the valve cartridge of Fig. 22A, along line A-A. Fig. 22C is a cross-

sectional view of the valve cartridge of Fig. 22A, along line B-B.
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DETAILED DESCRIPTION

[0056] While the general inventive concept is susceptible of embodiment in many
different forms, there are shown in the drawings and will be described herein in detail
specific embodiments thereof with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the general inventive concept.
Accordingly, the general inventive concept is not intended to be limited to the specific
embodiments illustrated herein.

[0057] A one-handle valve cartridge 200, according to an exemplary embodiment, has
a low point of contact for securing the valve cartridge 200 in a valve body 240. Accordingly,
the valve cartridge 200 may overcome the drawbacks of conventional valve cartridges having
a high point of contact.

[0058] As shown in Figs. 2 and 10A-10C, the exemplary valve cartridge 200 has
several discrete components including a housing 202, a ball-stem 204, a pin 206, a spring
208, a bushing 210, a flow plate 212, a manifold 214 and a base seal 216. The flow plate 212
and/or the manifold 214 can be made of a hard material. For examﬁle, the flow plate 212
and/or the manifold 214 can be made of stainless steel. The housing 202, for example, cdn be
made of plastic or metal.

[0059] As shown in Figs. 3A-3E, the housing 202 has a domed portion 218 and a
cylindrical portion 220. A cavity 222 is formed in the housing 202 for receiving the |
remaining components of the valve caﬂﬁdée 200. The cavity 222 extends inside the domed
portion 218 and the cylindrical portion 220 of the housing 202. The cylindrical portion 220
of the housing 202 includes a lower opening 224 through which the components can be
inserted into the housing 202. The domed portion 218 of the housing 202 includes an upper
opening 226 through which a stem portion 228 of the ball-stem 204 extends. The cavity 222

in the housing 202 is wider near the lower opening 224 than near the upper opening 226. A

12
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portion of the cavity 222 near the upper opening 226 of the housing 202 receives a ball
portion 230 of the ball-stem 204. Accordingly, a first inner surface 232 of the portion of the
cavity 222 near the upper opening 226 has a shape that substantially conforms to a shape of
the ball portion 230 of the ball-stem 204 (see Figs. 10B-10C and 11).

[0060] A portion of the cavity 222 near the lower opening 224 of the housing 202
receives the bushing 210, the flow plate 212, the manifold 214 and the base seal 216. A
diameter of the cavity 222 near the lower opening 224 is substantially the same as a diameter
of the base seal 216, the manifold 214 and a flat annular portion 234 of the bushing 210, such
that only a small gap is present between these components and the housing 202 wilen the
components are received in the housing 202.

[0061] A portion of the housing 202 where the domed portion 218 meets the
cylindrical portion 220 forms an installation ledge 236 on an outer surface of the housing
202. The installation ledge 236 is substantially below the upper opening 226 of the housing
202. A retention nut 238 engages the installation ledge 236 to secure the valve cartridge 200
in a valve body 240 (see Fig. 11). Furthermore, the housing 202 has one or more keys 242
that each engage a complementary-shaped recess (not shown) in the valve body 240 to
prevent rotation of the housing 202 relative to the valve body 240 after the valve cartridge
200 is installed. The one or more keys 242 can have a lobular shape. The housing 202 also
includes a pair of slots 244 formed on opposing sides of the housing 202 that interface with
distal ends of the pin 206 to function as temperature-limit stops, as described below.

[0062] As shown in Fig. 4, the ball-stem 204 ié the actuating mechanism for the valve
cartridge 200. The ball-stem 204 iﬁcludes the ball portion 230 and the stem portion 228. The |
ball portion 230 and the stem portion 228 can be discrete components or can be formed
integrally. The ball portion 230 includes a projection 246 extending from a side of the ball

portion 230 that is opposite a side of the ball portion 230 from which the stem portion 228

13
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extends. The projection 246 acts as a coupling device for connecting the ball-stem 204 to the
flow plate 212, as described below. The ball portion 230 and the projection 246 can be
discrete components or can be formed integrally.

[0063] A bore 248 is formed through a center of the ball portion 230 of the ball-stem
204. The bore 248 is orthogonal to the stem portion 228 of the ball-stem 204. After the ball-
stem 204 is inserted into the cavity 222 of the housing 202, the pin 206 can be inserted
through one of the slots 244 in the housing 202 and into the bore 248 of the ball-stem 204. In
this mannér, the pin 206 retains the ball-stem 204 in the housing 202.

[0064] As shown in Figs. SA-5C, the spring 208 has an annular shape with a central
opening 250. The spring 208 is disposed below the ball portion 230 of the ball-stem 204 in
the housing 202 (see Figs. 10B-10C). The spring 208 is connected to a second inner surface
252 of the housing 202 (e.g., by or through threading, friction fitting, snap fitting, welding),
such that the spring 208 also retains the ball-stem 204 in the housing 202. The spring 208 has
a plurality of notches 254 formed on an outer periphery 256 of the spring 208. The notches
254 engage corresponding tabs 258 formed on the second inner surface 252 of the housing
202 (see Fig. 3C), thereby securing ’the spring 208 within the housing 202 below the ball-
stem 204. |

[0065] The projection 246 of the ball-stem 204 extends through the central opening
250 in the spring 208. Some of the ball portion 230 of the ball-stem 204 can also extend
through the central opening 250 in the spring 208. The spring includes a plurality of elastic
flanges 260 surrounding the central opening 250. The elastic flanges 260 of the spring 208
contact the ball portion 230 of the ball;stem 204 and urge the ball portion 230 of the ball-
stem 204 against the complementary-shaped first inner surface 232 of the housing 202.

[0066] As shown in Figs. 6A-6D, the bushing 210 includes the flat annular portion

234 and a raised annular portion 262. A diameter of the flat annular portion 234 is greater

14
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than a diameter of the raised annular portion 262. The bushing 210 is disposed below and
can be spaced apart from the spring 208 in the cavity 222 of the housing 202 (see Figs. 10B-
10C). An upper surface 264 of the flat annular portion 234 of the bushing 210 contacts a
third inner surface 266 of the housing 202, which is located below the installation ledge 236
(see Figs. 3C-3D and 10B-10C). A lower surface 268 of the flat annular portion 234 of the
bushing 210 rests on an upper surface 270 of a flat portion 272 of the flow plate 212.
Additionally, the raised annular portion 262 of the bushing 210 extends into a portion of the
cavity 222 of the housing 202 immediately above the installation ledge 236. The raised
annular portion 262 .Of the bushing 210 is sized to fit closely in that portion of the cavity 222
of the housing 202 receiving the raised annular portion 262 of the bushing 210. Accordingly,
the bushing 210 provides a support surface between the housing 202 and the flow plate 212.

[0067] The bushing 210 has an opening 274 that extends through the flat annular
portion 234 and the raised annular portion 262 of the bushing 210. A raised portion 276 of
the flow plate 212 extends into the opening 274 of the bushing 210. The raised portion 276
of the flow plate 212 forms a mixing chamber 278. A portion of the opening 274 of the
bushing 210 has an inner surface shaped to conform to a shape of the raised portion 276 of
the flow plate 212 (see Figs. 6C-6D). Additionally, a coupling recess 280 is formed on the
raised portion 276 of the flow plate 212 (see Figs. 7A-7D). After the flow plate 212 is
installed in the valve cartridge 200, the coupling recess 280 is positioned within the opening
274 of the bushing 210 and surrounded by the raised annular portion 262 of the bushing 210
(see Figs. 10B-10C).

[0068] The coupling recess 280 of the flow plate 212 receives the projection 246 of
the ball-stem 204, thereby connecting the actuating mechanism (i.e., the ball-stem 204) and
the flow plate 212. The projection 246 of the ball-stem 204 can have four sides that contact

four corresponding sides of the coupling recess 280. The projection 246 of the ball-stem 204
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does not contact a bottom surface of the coupling recess 280. It will be appreciated that
notwithstanding the exemplary embodiments described herein, the ball-stem 204 can be
connected to the flow plate 212 in any suitable manner that allows the ball-stem 204 to impart
translational and angular movement to the flow plate 212.

[0069] As shown in Figs. 7A-7D, the flow plate 212 is a valve member formed as a
plate, disk or the like that is movable relative to the housing 202. The flow plate 212 includes
the flat portion 272 and the raised portion 276. The flat portion 272 of the flow plate 212
forms a sealing surface that can cover and uncover water inlet apertures 282 and 284 in the
manifold 214 to allow only cold water, only hot water or both cold and hot water to flow
through the manifold 214. The water flowing through the water inlet apertures 282 and 284
in the manifold 214 enters the mixing chamber 278 (i.e., a cavity formed under the raised
portion 276 of the flow plate 212) where the cold and hot water mixes prior to being
discharged through a water outlet aperture 286 in the manifold 214. Furthermore, as noted
above, the flow plate 212 also includes the coupling recess 280, which is formed on the raised
portion 276 of the flow plate 212.

[0070] As shown in Fig. 8, the manifold 214 is a valve member formed as a plate,
disk or the like that is fixed relative to the housing 202. The manifold 214 includes one or
more projections 288 formed on a periphery 290 of the manifold 214, wherein each of the
projections 288 fits inside an internal cavity 292 of one of the keys 242 of the housing 202
(see Figs. 3A and 3E). The projections 288 fix the manifold 214 relative to the housing 202,
thereby preventing rotation of the manifold 214 within the housing 202.

[0071] The manifold 214 includes the water inlet apertures 282 and 284, which
correspond to a cold water inlet aperture and a hot water inlet aperture, respectively. The
manifold 214 also includes the water outlet aperture 286 through which cold water flowing

through the cold water inlet aperture 282, hot water flowing through the hot water inlet
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aperture 284 or a mixture of the cold and hot water can flow to a water outlet passage (not
shown) of the valve body 240.

[0072] As shown in Figs. 9A-9B, the base seal 216 is a sealing member formed of an
elastic material (e.g., rubber). The base seal 216 includes one or more projections 294
formed on a periphery 296 of the base seal 216, wherein each of the projections 294 fits
inside the internal ca{/ity 292 of one of the keys 242 of the housing 202. The projections 294
fix the base seal 216 relative to the housing 202, thereby preventing rotation of the base seal
216 within the housing 202. The base seal 216 also includes one or more tabs 298 formed on
the periphery 296 of the base seal 216, wherein the one or more tabs 298 are deformable to fit
in and extend through a corresponding one or more openings 300 formed in the housing 202
to secure the base seal 216 in the housing 202. The one or more tabs 298 can have different
sizes.

[0073] Like the manifold 214, the base seal 216 has a cold water inlet aperture 302, a
hot water inlet aperture 304 and a water outlet aperture 306. The cold water inlet aperture
302 and the hot water inlet aperture 304 of the base seal 216 each have walls 308 that slope
from near a lower surface 310 éf the base seal 216 to near an upper surface 312 of the base
seal 216 to improve the flow of water through the base seal 216 and into the valve cartridge
200. The water outlet aperture 306 of the base seal 216 has walls 314 that slope from near
the upper surface 312 of the base seal 216 to near the lower surface 310 of the base seal 216
to improve the flow of water through the base seal 216 and out of the valve cartridge 200. It
is important that the apertures 282, 284 and 286 in the manifold 214 are aligned with the
apertures 302, 304 and 306 in the base seal 216 when the valve cartridge 200 is assembled.
Accordingly, the projections 288 on the manifold 214 and the projections 294 on the base

seal 216 insure that the manifold 214 and the base seal 216 fit into the housing 202 in only
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one orientation, wherein the apertures 282, 284 and 286 in the manifold 214 are aligned with
the apertures 302, 304 and 306 in the base seal 216 in this orientation.

[0074] A ridge 316 surrounds the apertures 302, 304 and 306 in the base seal 216 on

~ the upper surface 312 of the base seal 216 (see Fig. 9A). Similarly, a ridge 318 surrounds the
apertures 302, 304 and 306 in the base seal 216 on the lower surfacé 310 of the base seal 216
(see Fig. 9B). The ridges 316 and 318 of the base seal 216 are compressed when the valve
cartridge 200 is installed in the valve body 240 (see Figs. 10B-10C and 11 which show the
ridges 316 and 318 overlapped with the compressing structure for purposes of illustration
only). In particular, as the retention nut 238 is tightened down on the installation ledge 236
of the housing 202, the ridge 316 is compressed between the manifold 214 of the valve
cartridge 200 and the base seal 216, while the ridge 318 is compressed between the base seal
216 and a seating surface 320 of the valve body 240 (see Fig. 1 1). It should be noted that
although the projections 288 of the manifold 214 prevent the manifold 214 from rotating
within the housing 202, the projections 288 nonetheless allow the manifold 214 to move
axially within the housing 202. In this manner; the compression of the ridges 316 and 318 of
the base seal 216 exerts a loading force on the flow plate 212 and the manifold 214.
Accordingly, the flow plate 212 and the.manifold 214 are kept in water-tight engagement
with one another, after installation of the valve cartridge 200.

[0075] The retention nut 238 is a hollow nut that engages sidewalls 322 of the valve
body 240 to secure the valve cartridge 200 in the valve body 240 (see Fig. 11). For example,
the retention nut 238 can have external threads for engaging complementary threads on the
sidewalls 322. An inner surface of the retention nut 238 is shaped to conform substantially to
a shape of the domed portion 218 of the housing 202. The installation ledge 236, however, is
the only portion of the housing 202 that the retention nut 238 contacts during installation of

the valve cartridge 200 in the valve body 240.
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[0076] Additionally, the retention nut 238 and/or the valve body 240 can have
structural features that prevent an excessive amount of torque from being transferred to the
valve cartridge 200. For example, the retention nut 238 includes an annular flange 326 that
bottoms out on a surface 328 of the valve body 240 to prevent excessive tightening of the
retention nut 238 (see Fig. 11). Accordingly, the annular flange 326 functions to limit the
maximum amount of torque that can be transferred from the retention nut 238 to the valve
cartridge 200.

[0077] The position and the orientation of the flow plate 212 relative to the manifold
214 are controlled by the stem portion 228 of the ball-stem 204 projecting out of the housing
202 through the upper opening 226. For example, pivoting the stem portion 228 of the ball-
stem 204 about the pin 206 changes the position of the flow plate 212 relative to the manifold
214, which changes the flow rate of the water. Rotating the stem portion 228 of the ball-stem
204 changes the orientation of the flow plate 212 relative to the manifold 214, which changes
the temperature of the water.

[0078] An operating member 330 such as a handle, knob or the like (see Fig. 11) can
be connected to the stem portion 224 of the ball-stem 204 to facilitate manipulation of the
stem portion 228 by the user. Accordingly, after the valve cartridge 200 is installed in the
valve body 240, the user can manipulate the operating member 330 which moves the stem
portion 228 of the ball-stem 204 to change the position and/or orientation of the flow plate
212 relative to the manifold 214, thereby controlling the flow rate and temperature of the
water flowing through the valve cartridge 200 and out a plumbing fixture 332, such as
through a spout (not shown) of the plumbing fixture 332 (see Fig. 11).

[0079] Pivoting of the stem portion 228 of the ball-stem 204 about the pin 206 can be
limited by the stem portion 228 contacting opposing surfaces of the upper opening 226 of the

housing 202. Thus, the stem portion 224 of the ball-stem 204 contacts a first surface 334 of
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the upper opening 226 of the housing 202 when the valve cartridge 200 is in a fully closed
position corresponding to a flow rate of zero (see Fig. 10C). The stem portion 228 of the
ball-stem 204 contacts a second surface 336 of the upper opening 226 of the housing 202
when the valve cartridge 200 is in a fully open position corresponding to a maximum flow
rate.

[0080] Rotation of the stem portion 228 of the ball-stem 204 can be limited by the
distal ends of the pin 206 contacting end portions 338 of the slots 244 (see Figs. 2, 3A-3B and
10A). Accordingly, the length of the slots 244, which function as temperature limit stops,
define the range of temperatures for which the valve cartridge 200 can deliver the water.

[0081] The valve cartridge 200 has a low point of contact (i.e., the installation ledge
236 formed on the housing 202) on which the retention nut 238 bears down. The installation
ledge 236 is a circular ledge that extends around the housing 202 where the domed»portion
218 of the housing 202 meets the cylindrical portion 220 of the housing 202. The installation
ledge 236 is the highest point on the housing 202 that contacts the retention nut 238.

[0082] In an exemplary embodiment of the exemplary valve cartridge 200, one or
more installation ledges (e.g., the installation ledge 236) are formed on the housing 202 of the
valve cartridge 200. The highest of the installation ledges is a low point of contact on the
housing 202 for installing the valve cartridge 200 in the valve body 240.

[0083] A ratio R; of a height &, of the highest installation ledge on the housing 202 to
a largest outer diameter d of the housing 202 is less than or equal to 0.50 (see Fig. 10B),
which can be expresised as h;/d <0.50. In another exemplary embodiment of the exemplary
valve cartridge 200, the ratio R, of the height 4, to the largest outer diameter d is less than or
equal to 0.41 (see Fig. 10B). In still another exemplary embodiment, the ratio R, of the

height 4, to the largest outer diameter d is approximately equal to 0.40.
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[0084] According to still another exemplary embodiment of the exemplary valve
cartridge 200, a ratio R, of the height /, to a height 4 of the housing 202 is less than or equal
to 0.39 (see Fig. 10B), which can be expresséd as h;/h; <0.39. In another exemplary
embodiment, the ratio R, of the height 4, to the height A, is approximately equal to 0.38. In
still another exemplary embodiment, the ratio R of the height 7, to the height A; is
approximately equal to 0.36.

[0085] - According to yet another exemplary embodiment of the exemplary valve
cartridge 200, a ratio R; of the height 4, to a height h3 of the pin 206 (e.g., from a bottom of
the housing 202 to é centerline of the pin 206) is less than or equal to 0.55 (see Fig. 10B),
which can be expressed as #;/h; <0.55. In another exemplary embodiment, ratio R3 of the
height A, to the height h; is approximately equal to 0.54. In still another exemplary
embodiment, ratio R; of the height 4, to the height h; is approximately equal to 0.50.

[0086] According to another exemplary embodiment of the exemplary valve cartridge
200, the highest installation ledge on the housing 202 is below an actuating mechanism (e.g.,
the ball-stem 204) of the valve cartridge 200 (see Fig. 10B). In still another exemplary
embodiment of the excmpléry valve cartridge 200, the highest installation ledge on the
housing 202 is below the actuating mechanism and above a mixing chamber (e.g., the mixing
chamber 278) of the valve cartridge 200. In yet another exemplary embodiment of the
exemplary valve cartridge 200, the highest installation ledge on the housing 202 is below the
actuating mcchaﬁism and above a fixed disk (e.g., the manifold 214) of the valve cartridge
200. |

[0087] According to an exemplary embodiment of the exemplary valve cartridge 200,
the height A, of the highest installation ledge on the housing 202 is between 0.486 and 0.494
inches. In one ef(emplary embodiment, the height %; of the highest installation ledge on the

housing 202 is approximately equal to 0.490 inches.
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[0088] According to another exemplary embodiment of the exemplary valve cartridge
200, the height 4, of the housing 202 is between 1.377 and 1.385 inches. In another
exemplary embodiment, the height 4 of the housing 202 is between 1.277 and 1.285 inches.
In one exemplary embodiment, the height &, of the housing 202 is approximately equal to
1.381 inches. In another exemplary embodiment, the height 4 of the housing 202 is
approximately equal to 1.281 inches.

[0089] Aécording to still another exemplary embodiment of the exemplary valve
cartridge 200, the height A3 of the pin 206 is between 0.977 and 0.994 inches. In another
exemplary embodiment, the height /3 of the pin 206 is between 0.902 and 0.919 inches. In
one exemplary embodiment, the height 43 of the pin 206 is approximately equal to 0.986
inches. In another exemplary embodiment, the height /3 of the pin 206 is approximately -
equal to 0.911 inches.

[0090] According to yet another exemplary embodiment of the exemplary valve
cartridge 200, the outer diameter d of the housing 202 is between 1.216 and 1.224 inches. In
one exemplary embodiment, the outer diameter d of the housing 202 is approximately equal
to 1.220 inches.

[0091] As illustrated by way of the exemplary embodiments described herein, the
installation ledge 236 (as a highest installation ledge on the housing 202) is a low point of
contact on the housing 202 on which the retention nut 238 can bear down during installation
of the valve cartridge 200 in the valve body 240. Accordingly, the valve cartridge 200 has a
compact structure that provides increased flexibility in the design of plumbing fixtures (e.g.,
the plumbing ﬁxturé 332 shown in Fig. 11) that will accommodate the valve cartridge 200.
Furthermore, the low installation ledge 236 allows less material to be used in forming the
valve body 240, since sidewalls 322 of the valve body 240 can be made shorter (see Fig. 11).

As a result, the low installation ledge 236 provides a cost savings.
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[0092] A one-handle valve cartridge 400, according to another exemplary
embodiment, has a low point of contact for securing the valve cartridge 400 in a valve body
(e.g., the exemplary valve body 240 shown in Fig. 11). Accordingly, the valve cartridge 400
may overcome the drawbacks of conventional valve cartridges having a high point of contact.

[0093] As shown in Figs. 12 and 22B-22C, the exemplary valve cartridge 400 has
several discrete components including an upper housing 402, a ball-stem 404, a pin 406, a
gpﬁng 408, a bushing 410, a carrier 412, a movable disk 414, a fixed disk 416, a base seal
418 and a lower housing 420. The movable di.sk 414 and/or the fixed disk 416 can be made
of a hard material. For example, the movable disk 414 and/or the fixed disk 416 can be made
of cerarﬁic. The upper housing 402, for example, can be made of plastic or metal.

[0094] As shown in Figs. 13A-13C, the upper housing 402 has a domed portion 422
and a cylindrical portion 424. A cavity 426 is formea in the upper housing 402 for receiving
the remaining components of the valve cartridge 400. The cavity 426 extends inside the
domed portion 422 and the cylindrical portion 424 of the upper housing 402. The cylindrical
portion 424 of the upper housing 402 includes a lower opening 428 through which the
components can be inserted into the upper housing 402. The dome portion 422 of the upper
housing 402 includes an upper opening 430 through which a stem portion 432 of the ball-
stem 404 extends. The cavity 426 in the upper housing 402 is wider near the lower opening
428 than near the upper opening 430. A portion of the cavity 426 near the upper opening 430
of the upper housing 402 receives a ball portion 434 of the ball-stem 404. Accordingly, a
first inner surface 436 of the porﬁon of the cavity 426 near the upper opening 430 has a shape
that substantially conforms to a shape of the ball portion 434 of the ball-stem 404 (see Figs.
13C and 22B).

[0095] A portion of the cavity 426 near the lower opening 428 of the upper housing

402 receives the bushing 410, the carrier 412, the movable disk 414, the fixed disk 416 and
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the base seal 418 (see Figs. 22B-22C). Furthermore, as described below, the lower housing
420 interfaces with the upper hoﬁsing 402 to form a housing assembly 438 that retains these
components in the cavity 426 of the upper housing 402 (see Figs. 22B-22C).

[0096] A portion of the upper housing 402 where the domed portion 422 meets the
cylindrical portion 424 forms an installation ledge 440 on an outer surface of the upper
housing 402 (see Figs. 13A-13C and 22A-22C). The installation ledge 440 is substantially
below the upper opening 430 of the upper housing 402. In one exemplary embodiment, a
retention nut (e.g., the retention nut 234 shown in Fig. 11) engages the installation ledge 440
to secure the valve cartridge 400 in a valve body (e.g., the valve body 240 shown in Fig. 11).
Furthermore, the upper housing 402 has one or more keys 442 that each engage a |
complementary-shaped recess in the valve body to prevent rotation of the upper housing 402
relative to the valve body after the valve cartridge 400 is installed. The one or more keys 442
can have a lobular shape. The upper housing 402 also includes a pair of slots 444 formed on
opposing sides of the upper housing 402 that interface with distal ends of the pin 406 to
function as temperature-limit stops, as described below.

[0097] As shown in Fig. 14, the bal];stem 404 is the actuating mechanism for the
valve cartridge 400. The ball-stem 404 includes the ball portion 434 and the stem portion
432. The ball portion 434 and the stem portion 432 can be discrete components or can be
formed integrally. The ball portion 434 includes a projection 446 extending from a side of
the ball portion 446 that is opposite a side of the ball portion 434 from which the stem portion
432 extends. The projection 446 acts as a coupling device for connecting the ball-stem 404
to the carrier 412, as described below. The ball portion 434 and the projection 446 can be

discrete components or can be formed integrally.

[0098] A bore 448 is formed through a center of the ball portion 434 of the ball-stem

404. The bore 448 is orthogonal to the stem portion 432 of the ball-stem 404. After the ball-
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stem 404 is inserted into the cavity 426 of the upper housing 402, the pin 406 can be inserted
through one of the slots 444 in the upper housing 402 and into the bore 448 of the ball-stem
404. In this manner, the pin 406 retains the ball;stem 404 in the upper housing 402.

[0099] As shown in Figs. 15A-15C, the spring 408 has an annular shape with a
central opening 450. The spring 408 is disposed below the ball portion 434 of the ball-stem
404 in the upper housing 402 (see Figs. 22B-22C). The spring 408 is connected to a second
inner surface 452 of the upper housing 402 (e.g., by or through threading, friction fitting,
snap fitting, welding), such that the spring 408 also retains the ball-stem 404 in the upper
housing 402 (see Figs. 13C and 22C). In one exemplary embodiment, at least a portion of an
outer periphery 454 of the spring 408 is welded to the second inner surface 452 of the upper
housing 402.

[00100] The projection.446 of the ball-stem 404 extends through the central opening
450 in the spring 408. Some of the ball portion 434 of the ball-stem 404 can also extend
through the central opening 450 in the spring 408. The spring 408 includes a plurality of
elastic flanges 456 surrounding the central opening 450. The elastic flanges 456 are spaced
apart from one another such that gaps 458 are formed between the elastic ﬂanées 456. The
elastic flanges 456 of the spring 408 contact the ball portion 434 of the ball-stem 404 and
urge the ball portion 434 of the ball-stem 404 against the complementary-shaped first inner
surface 436 of the upper housing 402. The gaps 458, for example, function to reduce the
stress placed on the spring 408 from engaging the ball-stem 404.

[00101] As shown in Figs. 16A-16C, the bushing 410 includes a flat annular poﬁion

460 and a raised annular portion 462. A diameter of the flat annular portion 460 is greater
than a diameter of the raised annular portion 462. The bushing 410 is disposed below and
can be spaced apart from the spring 408 in the cavity 426 of the upper housing 402 (see Figs.

22B-22C). An upper surface 464 of the flat annular portion 460 of the bushing 410 contacts a
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third inner surface 466 of the upper housing 402, which is located below the installation ledge
440 (see Figs. 13C and 22B). A lower surface 468 of the flat annular portion 460 of the
bushing 410 rests on an upper surface 470 of a flat portion 472 of the carrier 412 (see Figs.
17A-17B, 17D and 22B-22C). Additionally, the raised annula;r portion 462 of the bushing
410 extends into a portion of the cavity 426 of the upper housing 402 immediately above (and
adjacent to) the installation ledge 440. The raised annular portion 462 of the bushing 410 is
sized to fit closely in that portion of the cavity 426 of the upper housing 402 receiving the
raised annular portion 462 of the bushing 410. Accordingly, the bushing 410 provides a
support surface between the upper housing 402 and the carrier 412.

[00102] The bushing 410 has an opening 474 that extends through the flat annular
portion 460 and the raised annular portion 462 of the bushing 410. The raised annular
portion 462 can include a first raised annular portion 476 and a second raised annular portion
478 with ribs 480vdisposed between the first and second raised annular portions 476, 478 (see
Fig. 16C). A raised portion 482 of the carrier 412 extends into the opening 474 of the
bushing 410 (see Figs. 17A-17B and 17D). Additionally, a coupling recess 484 is formed in
the raised portion 482 of the carrier 412. After the carrier 412 is installed in the valve |
cartridge 400, the raised portion 482 including the coupling recess 484 is positioned within
the opening 474 of the bushing 410 and surrounded by the bushing 410 (see Figs. 22B-22C).

[00103] The coupling recess 484 of the carrier 412 receives the projection 446 of the
ball-stem 404, thereby connecting the actuating mechanism (i.e., the ball-stem 404) and the
carrier 412 (see Figs. 22B-22C). The projection 446 of the ball-stem 404 can have four sides
that contact four corresponding sides of the coupling recess 484. The projection 446 of the
ball-stem 404 does not contact a bottom surface of the coupling recess 484. It will be

appreciated that notwithstanding the exemplary embodiments described herein, the ball-stem
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404 can be connected to the carrier 412 in any suitable manner that allows the ball-stem 404
to impart translational and angular movement to the carrier 412.

[00104] As shown in Figs. 17A-17D, the carrier 412 includes the flat portion 472 and
the raised portion 482. A lower surface 486 of the flat portion 472 of the carrier 412 includes
structure for interfacing with an upper surface 488 of the movable disk 414, such that the
carrier 412 and the movable disk 414 are joined and do not move relative to one another. In
one exemplary embodiment, the lower surface 486 of the carrier 412 includes three U-shaped
projections 490 that friction fit into three corresponding U-shaped recesses 492 formed in the
upper surface 488 of the movable disk 414. The spacing between adjacent U-shaped
projections 490 (and, thus, the correspondir;g U-shaped recesses 492) can be varied so that
the carrier 412 will only interface with the movable disk 414 in one orientation. Furthermore,
as noted above, the carrier 412 also includes the coupling recess 484, which is formed in the
raised portion 482 of the carrier 412. In this manner, the carrier 412 functions to interconnect
the actuating mechanism (e.g., the ball-stem 404) and the dynamic sealing elements (e.g., the
movable disk 414), in the valve cartridge 400. |

[00105] As shown in Figs. 18A-18C, the movable disk 414 is a valve member formed
as a plate, disk or the like that is movable relative to the upper housing 402. As noted above,
the upper surface 488 of the movable disk 414 includes the U-shaped recesses 492. The
upper surface 488 is substantially flat. A lower surface 494 of the movable disk 414 includes
a mixing chamber 496 (i.e., a cavity formed in the movable disk 414). In an alternative
exemplary embodiment, the mixing chamber 496 extends through the movable disk 414 (i.e.,
from the lower surface 494 to the upper surface 488). The lower surface 494 is substantially
flat. The lower surface 494 of the movable disk 414 forms a sealing surface that can cover
and uncover water inlet apertures 498 and 500 in the fixed disk 416 to allow only cold water,

only hot water or both cold and hot water to flow through the fixed disk 416. The water
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flowing through the water inlet apertures 498 and 500 in the fixed disk 416 enters the mixing
chamber 496 where the cold and hot water mix prior to being discharged through a water
outlet aperture 502 in the fixed disk 416.

[00106] As shown in Figs. 19A-19D, the fixed disk 416 is a valve member formed as a
plate, disk or the like that is fixed relative to the upper housing 402. The fixed disk 416 has
an upper surface 504 and a lower surface 506. The fixed disk 416 includes structure for
interfacing with the lower housing 420 to fix (i.e., prevent rotation) of the fixed disk 416
relative to the housing assembly 438 once the valve cartridge 400 is assembled. For example,
four notches 508 are formed along a periphery 510 of the fixed disk 416. One or more
notches 508 engage corresponding projections 512 formed on the lower housing 420, thereby
preventing the fixed disk 416 from rotating relative to the lower housing 420. In one
exemplary embodiment, two notches 508 engage corresponding projections 512. By varying
the size of and/or the spacing between the notches 508 (and, thus, the corresponding
projections 512), it is possible to insure that the fixed disk 416 will interface with the lower
housing 420 in only one orientation. Thus, because the fixed disk 416 is prevented from
rotating relative to the lower housing 420 and the lower housing 420 is secured to the upper
housing 402, as described below, the fixed disk 416 will not rotate within the housing
assembly 438.

[00107] The fixed disk 416 includes the water inlet apertures 498 and 500, which
correspond to a cold water inlet aperture and a hot water inlet aperture, respectively. The
fixed disk 416 also includes the water outlet aperture 502 through which cold water flowing
through the cold water inlet aperture 498, hot water flowing through the hot water inlet
aperture 500 or a mixture of the cold and hot water can flow to a water outlet passage of the
valve body. The cold water inlet aperture 498 and the hot water inlet aperture 500 of the

fixed disk 416 each have walls' 514 that slope from near the lower surface 506 of the fixed
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disk 416 to near the upper surface 504 of the fixed disk 416 to improve the flow of water
through the fixed disk 416 and into the valve cartridge 400. The water outlet aperture 502 of
the fixed disk 416 has walls 516 that slope from near the upper surface 504 of the fixed disk
416 to near the lower surface 506 of the fixed disk 416 to improve the flow of water through
the fixed disk 416 and out of the valve cartridge 400.

[00108] As shown in Figs. 20A-20B, the base seal 418 is a sealing member formed of
an elastic material (e.g., rubber). The base seal 418 forms a watertight seal around the cold
water inlet aperture 498, the hot water inlet aperture 500 and the water outlet aperture 502 of
the fixed disk 416. Like the fixed disk 416, the base seal 418 has a cold water inlet aperture

518, a hot water inlet aperture 520 and a water outlet aperture 522. In one exemplary
embodiment, the water outlet aperture 522 of the base seal 418 is formed by inserting a
member 524 (e.g., a plastic insert) having the water outlet aperture 522 therein into an
opening in the base seal 418. In another exemplary embodiment, the base seal 418 is formed
integrally with the lower housing 420.

[00109] The cold water inlet aperture 518, the hot water inlet aperture 520 and the
water outlet aperture 522 are all connected by a hub 526 near the center of the base seal 418.
Furthermore, the cold water inlet aperture 518 is connected to the water outlet aperture 522
by a first connection 528; the hot water inlet aperture 520 is connected to the water outlet
aperture 522 by a second connection 530; and the cold water inlet aperture 518 is connected
to the hot water inlet aperture 520 by a third connection 532. The joining of the cold water
inlet aperture 518 to the water outlet aperture 522 by the first connection 528 forms a first
space 534; the joining of the hot water inlet aperture 520 to the water outlet aperture 522 by
the second connection 530 forms a second space 536; and the joining of the cold water inlet
aperture 518 to the hot water inlet aperture 520 by the third connection 532 forms a third

space 538.
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[00110] It is important that the apertures 498, 500 and 502 in the fixed disk 416 are
aligned with the apertures 518, 520 and 522 in the base seal 418 when the valve cartridge 400
is assembled. Accordingly, as described below, the hub 526, the first connection 528, the
second connection 530, the third connection 532, the first space 534, the second space 536
and the third space 538 are used to align the base seal 418 in the lower housing 420 and, thus,
with the fixed disk 418.

[00111] As shown in Figs. 21A-21D and 22B-22C, the lower housing 420 interfaces
with the upper housing 402 to form the housing assembly 438 for retaining the components
(e.g., the bushing 410, the carrier 412, the movable disk 414, the fixed disk 416 and the base
seal 418) therein (e.g., in the cavity 426 of the upper housing 402) after assembly of the valve
cartridge 400. The lower housing 420, for example, can be made of plastic or metal. The
lower housing 420 éan be formed from the same material as the upper housing 402.

[00112] Furthermore, the lower housing 420 functions as a support member to orient
and retain the fixed disk 416 and the base seal 418 prior to asscmbly'of the valve cartridge
400. Similar to the fixed disk 416 and the base seal 418, the lower housing 420 includes a
cold water inlet aperture 540, a hot water inlet aperture 542 and a water outlet aperture 544
(see Figs. 21A-21D). As noted above, the lower housing 420 also includes the projections
512. One or more projections 512 can extend above a sidewall 546 of the lower housing 420.
In one exemplary embodiment, two projections 512 extend above the sidewall 546. One or
more projections 512 can have a height that is substantially the same as a height of the
sidewall 546. In one exemplary embodiment, two projections 512 have a height that is
substantially the same as the height of the sidewall 546.

[00113] One or more projections 512 can fit into corresponding openings 548 formed
in the upper housing 402 below the keys 442 (see Figs. 13A-13C). In one exemplary

embodiment, three projections 512 fit into three openings 548. These projections 512 have a
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shape that is substantially the same as a shape of the keys 442, for example, a lobular shape.
By fitting into the openings 548 below the keys 442, the projections 512 also function as part
of the keys 442, for example, by engaging the complementary-shaped recesses in the valve
body.

[00114] The size and/or shape of the projections 512 can be varied such that the lower
housing 420 will interface with the fixed disk 416 and the upper housing 402 in only one
orientation, thereby insuring that the fixed disk 416 will be properly oriented relative to the
upper housing 402 and the lower housing 420 when the valve cartridge 400 is assembled. By
engaging the notches 508 in the fixed disk 416, the projections 512 also prevent the fixed
disk 416 from rotating relative to the lower housing 420 (and, thus, the upper housing 402).

[00115] The lower housing 420 includes a first recess 550, a second recess 552, a third
recess 554 and a fourth recess 556. The lower housing 420 also includes a first projection
558, a second projection 560 and a third projection 562. The hub 526, the first connection
528, the second connection 530 and the third connection 532, respectively, of the base seal
418 fit into the first recess 550, the second recess 552, the third recess 554 and the fourth
recess 556, respectively, of the lower housing 420. Furthermore, the first projection 558, the
second projection 560 and the third projection 562, respectively, of the lower housing 420 fit
into the first space 534, the second space 536 and the third space 538, respectively, of the
base seal 418. Accordingly, the lower housing 420 orients, fixes and retains the base seal 418

| in the lower housing 420.

[00116] The lower housing 420 also includes a pair of elastic flanges 564 that each
have an angled upper portion 566. The notches 508 in the fixed disk 416 allow the elastic
flanges 564 to be pressed inward (i.e., toward a central vertical axis of the valve cartridge
400), such that the angled upper portions 566 can enter the cavity 426 in the upper housing

402. When the angled upper portions 566 are aligned with corresponding openings 568
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formed in the upper housing 402 (see Figs. 13A-13C), the elastic flanges 564 press outward
and the angled upper portions 566 are received in the openings 568. In this manner, the
lower housing 420 (including the fixed disk 416 and the base seal 418 interfaced therewith)
can be secured to the upper housing 402 (see Figs. 22B-22C).

[00117] It shéuld be noted that although the notches 508 of the fixed disk 416 interface
with the projections 512 of the lower housing 420 to prevent the fixed disk 416 from rotating
within the lower housing 420 (and, thus, the upper housing 402), the fixed disk 416 is
nonetheless allowed to move axially within the housing assembly 438 (i.e., the upper housing
402 and the lower housing 420). In this manner, compression of the base seal 418 exerts a
loading force on the movable disk 414 and the fixed disk 416. Accordingly, the movable disk
414 and the fixed disk 416 are kept in water-tight engagement with one another, after
installation of the valve cartridge 400.

[00118] The position and the orientation of the movable disk 414 relative to the fixed
disk 416 are controlled by the stem portion 432 of the ball-stem 404 projecting out of the
upper housing 402 through the upper opening 430. For exarﬁple, pivoting the stem portion
432 of the ball-stem 404 about a pivot (e.g., the pin 406) changes the position of the movable
disk 414 relative to the fixed disk 416, which changes the flow rate of the water. Rotating the
stem portion 432 of the ball-stem 404 changes the orientation of the movable disk 414
relative to the fixed disk 416, which changes the temperature of the water.

[00119] An operating member (e.g., the operating member 330 shown in Fig. 11) such
as a handle, knob or the like can be connected to the stem portion 432 of the ball-stem 404 to
facilitate manipulation of the stem portion 432 by a user. Accordingly, after the valve
cartridge 400 is installed in the valve body, the user can manipulate the operating member
which moves the stem portion 432 of the ball-stem 404 to change the position and/or

orientation of the movable disk 414 relative to the fixed disk 416, thereby controlling the
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flow rate and temperature of the water flowing through the valve cartridge 400 and out a
plumbing fixture (e.g., the plumbing fixture 332 shown in Fig. 1 D).

[00120] Pivoting of the stem portion 432 of the ball-stem 404 about the pin 406 can be
limited by the stem portion 432 contacting opposing surfaces of the upper opening 430 of the
upper housing 402. Thus, the stem portion 432 of the ball-stem 404 contacts a first surface
570 of the upper opening 430 of the upper housing 402 when the valve cartridge 400 is in a
fully closed position corresponding to a flow rate of zero (see Fig. 22C). The stem portion
432 of the ball-stem 404 contacts a second surface 572 of the upper opening 430 of the upper
housing 402 when the valve cartridge 400 is in a fully open position corresponding to a
maximum flow rate.

[00121] Rotation of the stem portion 432 of the ball-stem 404 can be limited by the
distal ends of the pin 406 contacting end portions 574 of the slots 444 (see Fig. 22A).
Accordingly, the length of the slots 444, which function as temperature limit stops, define the
range of temperatures for which the valve cartridge 400 can deliver the water.

[00122] The valve cartridge 400 has a low point of contact (i.e., the installation ledge
;440 formed on the upper housing 402) on which the retention nut bears down. The
installation ledge 440 is a circular ledge that extends around the hpper housing 402 where the
domed portion 422 of the upper housing 402 meets the cylindrical portion 424 of the upper
housing 402. The installation ledge 440 is the highest point on the housing assembly 438 that
contacts the retention nut.

[00123] In an exemplary embodiment of the exemplary valve cartridge 400, one or
more installation ledges (e.g., the installation ledge 440 are formed on the housing assembly
438 of the valve cartridge 400. The highest of the installation ledges is a low point of contact

on the housing assembly 438 for installing the valve cartridge 400 in the valve body.
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[00124] A ratio R, of a height /4, of the highest installation ledge on the housing
assembly 438 to a largest outer diameter d of the housing assembly 438 is less than or equal
to 0.53 (see Fig. 22C), which can be expressed as 4,/d < 0.53. In another exemplary
embodiment of the exemplary valve cartridge 400, the ratio R, of the height 4, to the largest
outer diameter d is less than or equal to 0.52. In still another exemplary embodiment, the
ratio R, of the height 4, to the largest outer diameter d is approximately equal to 0.53.

[00125] According to still another exemplary embodiment of the exemplary valve
cartridge 400, a ratio R; of the height %, to a height /, of the housing assembly 438 is less
than or equal to 0.49 (see Fig. 22C), which can be expressed as /,/h,; < 0.49 In another
exemplary embodiment, the ratio R, of the height %, to the height 4 is less than or equal to
0.47. In still another exemplary embodiment, the ratio R, of the height /4, to the height 4; is
approximately equal to 0.48. |

[00126] According to yet another exemplary embodiment of the exemplary valve
cartridge 400, a ratio R; of the height 4, to a height /; of the pin 406 (e.g., from a bottom of
the housing assembly 438 to a centerline of the pin 406) is less than or equal to 0.67 (see Fig.
22C), which can be expressed as h,/h; <0.67. In another exemplary embodiment, ratio R; of
the height /, to the height A; is less than or equal to 0.65. In‘still-another exemplary
embodiment, ratio R; of the height 4, to the height 43 is approximately equal to 0.66.

[00127] According to another exemplary embodiment of the exemplary valve cartridge
400, the highest installation ledge on the housing assembly 438 is below an actuating
mechanism (e.g., the ball-stem 404) of the valve cartridge 400 (see Fig. 22C). In still another
exemplary embodiment of the exemplary valve cartridge 400, the highest installation ledge
on the housing assembly 438 is below the actuating mechanism and above a mixing chamber
(e.g., the mixing chamber 496) of the valve cartridge 400. In yet another exemplary

embodiment of the exemplary valve cartridge 400, the highest installation ledge on the
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housing assembly 438 is below the actuating mechanism and above a fixed disk (e.g., the

fixed disk 416) of the valve cartridge 400.

| [00128] According to an exemplary embodiment of the exemplary valve cartridge 400,
the height &, of the highest installation ledge on the housing assembly 438 is between 0.641
and 0.651 inches. In one exemplary embodiment, the height 4, of the highest installation
ledge on the housing assembly 438 is approximately equal to 0.646 inches.

[00129] Accordiﬁg to another exemplary embodiment of the exemplary valve cartridge
400, the height 4, of the housing assembly 438 is between 1.339 and 1.369 inches. In one
exemplary embodiment, the height /; of the housing assembly 438 is approximately equal to
1.354 inches.

[00130] According to still another exemplary embodiment of the exemplary valve
cartridge 400, the height /3 of the pin 406 is between 0.973 and 0.993 inches. In one

“exemplary embodiment, the height /3 of the pin 406 is approximately equal to 0.983 inches.

[00131] According to yet another exemplary embodiment of the exemplafy valve
cartridge 400, the outer diameter d of the housing assembly 438 is between 1.220 and 1.228
inches. In one exemplary embodiment, the outer diameter d of the housing assembly 438 is
approximately equal to 1.224 inches.

[00132] As illustrated by way of the exemplary embodiments described herein, the
installation ledge 440 (as a highest installation ledge on the housing assembly 438) is a low
point of contact on the housing assembly 438 on which the retention nut can bear down
during installation of the valve cartridge 400 in the valve body. Accordingly, the valve
cartridge 400 has a compact structure that provides increased flexibility in the design of
plumbing fixtures (e.g., the plumbing fixture 332 shown in Fig. 11) that will accommodéte

the valve cartridge 400. Furthermore, the low installation ledge 440 allows less material to
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be used in forming the valve body, since sidewalls of the valve body can be made shorter (see
Fig. 11). As aresult, the low installation ledge 440 provides a cost savings.

[00133] The above description of specific embodiments has been given by way of
example. From the disclosure given, those skilled in the art will not only understand the
general inventive concept and its attendant advantages, but will also find apparent various
changes and modifications to the structures and methods disclosed. It is éought, the;efore, to
cover all such changes and modifications as fall within the spirit and scope of the general

inventive concept, as defined herein, and equivalents thereof.

36



WO 2008/095107 PCT/US2008/052670

CLAIMS

1. A valve cartridge for controlling a flow rate of a fluid and operable to be
secured in a valve body by a retaining member, the valve cartridge comprising:

a housing;

an actuating mechanism; and

a fluid control member,

wherein the fluid control member is disposed in the housing,

wherein a portion of the actuating mechanism extends through an upper opening in
the housing,

wherein movement of the actuating mechanism moves the fluid control member to
vary the flow rate of the fluid,

wherein a highest point on the housing for contacting the retaining member forms an
installation ledge, and

wherein the installation ledge is substantially below the upper opening in the housing.

2. The valve cartridge of claim 1, wherein a ratio of a height of the installation

ledge on the housing to a largest outer diameter of the housing is less than or equal to 0.50.

3. The valve cartridge of claim 2, wherein the height of the installation ledge is

between 0.486 and 0.494 inches.

4. The valve cartridge of claim 1, wherein a ratio of a height of the installation

ledge on the housing to a height of the housing is less than or equal to 0.39.
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5. The valve cartridge of claim 4, wherein the height of the installation ledge is

between 0.486 and 0.494 inches.

6. The valve cartridge of claim 1, wherein a pin secures the actuating mechanism
in the housing so that the actuating mechanism is operable to pivot about the pin, and
wherein a ratio of a height of the installation ledge on the housing to a height of a

center of the pin is less than or equal to 0.53.

7. The valve cartridge of claim 8, wherein the height of the installation ledge is

between 0.486 and 0.494 inches.

8. The valve cartridge of claim 1, wherein a ratio of a height of the installation

ledge on the housing to a largest outer diameter of the housing is less than or equal to 0.53.

9. The valve cartridge of claim 8, wherein the height of the installation ledge is

between 0.641 and 0.651 inches.

10.  The valve cartridge of claim 1, wherein a ratio of a height of the installation

ledge on the housing to a height of the housing is less than or equal to 0.49.

11.  The valve cartridge of claim 10, wherein the height of the installation ledge is

between 0.641 and 0.651 inches.

12.  The valve cartridge of claim 1, wherein a pin secures the actuating mechanism

in the housing so that the actuating mechanism is operable to pivot about the pin, and
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wherein a ratio of a height of the installation ledge on the housing to a height of a

center of the pin is less than or equal to 0.67.

13.  The valve cartridge of claim 12, wherein the height of the installation ledge is

between 0.641 and 0.651 inches.

14.  The valve cartridge of claim 1, wherein the installation ledge is located below

the actuating mechanism.

15.  The valve cartridge of claim 14, wherein the installation ledge is located above

the fluid control member.

16.  The valve cartridge of claim 1, wherein the installation ledge extends around

an outer circumference of the housing.

17. A valve cartridge for controlling a flow rate and a mixture ratio of cold water
and hot water and operable to be secured in a valve body by a retaining member, the valve
cartridge comprising:

a housing;

an actuating mechanism;

a movable control member; and

a fixed control member,

wherein the movable control member and the fixed control member are disposed in

the housing,
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wherein a portion of the actuating mechanism extends through an upper opening in
the housing,

wherein movement of the actuating mechanism about a first axis is operable to move
the movable control member relgtive to the fixed control member to vary the flow rate of at
least one of the cold water and the hot water,

wherein movement of the actuating mechanism about a second axis is operable to
move the movable control member relative to the fixed control member to vary the mixture
ratio of the cold water and the hot water,

wherein a highest point on the housing for contacting the retaining member forms an
installation ledge, and

wherein the installation ledge is substantially below the upper opening in the housing.

18.  The valve cartridge of claim 17, wherein the installation ledge is located

below the actuating mechanism.

19.  The valve cartridge of claim 18, wherein the installation ledge is above the

fixed control member.
20.  The valve cartridge of claim 18, further comprising a mixing chamber within
the housing for mixing the cold water and the hot water, and

wherein the installation ledge is located above the mixing chamber.

21.  The valve cartridge of claim 17, wherein the installation ledge extends around

an outer circumference of the housing.

40



WO 2008/095107

W

S\

" |
\\ "'%zz
. CNIN / L

PCT/US2008/052670

146
126

§\\\) \\\\\\\\\%klm

% m—— 104
u +~_-128
N N
N N
1 j§ 124 §
\d \
N NN

SUBSTITUTE SHEET (RULE 26)

PRIOR ART

FIG. 1R



2/59

N
118
122
NN \<s§§‘[,—11s
120 146
5 / \ =
20/ / \
/<<\\ / \\\\\\ @/«m
e \ \\\\ issg
N4 N
102 Sgggi d 7 52;;—_\\\\\\\§§§§§r”’112
W U 2N
1os--_§§§§?§%§§§§§§§§§ I ;“<§§§§ / N

104 10 (
130 132 106

PRIOR ART
fiG. 18

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/052670

3/59

WO 2008/095107

\\ ,

7

PRIOR ART
FIG. 1C

SUBSTITUTE SHEET (RULE 26)

, Z

[ —4
>
-~

. H%\\%\ //\.ﬁ,,.
3

102
140




WO 2008/095107 PCT/US2008/052670

0

202

22

214

216

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

5/59
m
38 1 — | 24
’
QO
_—— N\
(===
218 \\
_ ' \
;/ | \ )
A~
4 " 00 ~
MW — |
= g
>
22
300
300

., FHG.3n %

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

6,/59
Zol \
338 %4
218
2%
u
m | Adm

1

w” HG. 3B

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

7/59

m

SECTION A-A

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107

202

2

8/59

o

258 258 258

L L e

PCT/US2008/052670

218

236

<
I Eu

220

(
( )
300 224
SECTION B-B
FIG. 3D

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

9/59

SECTION C-C

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

10/59

204

230

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

11/59

SUBSTITUTE SHEET (RULE 26)



12/59

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

13/59

)

3\/260 -

260

nS
<on
o

NN

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

14,/59

0

~\\N\ 274

264

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

15/59
"
~
B |22
M
( A

= C
268
FIG. 6B

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

16,/59

20

274

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

17/59
Al
RN
7 262
w0 m
£ 1
234
%
268
SECTION A-A
FIG. 6D

' SUBSTITUTE SHEET (RULE 26)



PCT/US2008/052670

WO 2008/095107

18/59

=
~

FIG. 7R

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

19,/59

RN
B<-——| 280

= ' 276

B | 270
FIG. 7B

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107

1M

-

20/59

PCT/US2008/052670

//// 210
v
s
SECTION A-A
FIG. 7C

SUBSTITUTE SHEET (RULE 26)



21/59

-
W///////// (ko
. SECTIZZ;;Q B-B
FiG. 7D



WO 2008/095107 PCT/US2008/052670

22/59

M
Y

SUBSTITUTE SHEET (RULE 26)



PCT/US2008/052670

WO 2008/095107

23/59

SUBSTITUTE SHEET (RULE 26)



24 /59

 SUBSTITUTE SHEET (RULE 26)



25 /59

0
RN




AN
N\

7Y

/4

| / /zzs
77/

24 \ \ ? /|

0000000000000000

26 /59

G N

-2
\\ (™
\\‘ N s
N
\\\\" N 210

<

b=
iy
___\

—

~—220

SECTION A-A
FiG. 10B




WO 2008/095107

20

232

202

-~ 266—

12—

214

27/59

228 2%
334 336
m
28
\\/\/
SECTION B-B
FIG. 10C

SUBSTITUTE SHEET (RULE 26)

PCT/US2008/052670

200
230

218




WO 2008/095107 PCT/US2008/052670

28/59
™
330
AT . ,
228
206
232
28 208
326 2\ ‘ o
s
N g: B
266 2 \
7 = F —214
W L\\\\\\\\\
240> o
FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

FIG. 12

SUBSTITUTE SHEET (RULE 26)



30/59

FIG. 13A

(RULE 26

SUBSTITUTE SHEET



WO 2008/095107 PCT/US2008/052670

31/59

ﬂ\
A= o
/ /,/\J
574 f > o
( 4
o \ / \ T m
4425 puy

o ™
L ~

548 z
.| 548
=
FIG. 13B

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

32/59

SN

AL

— ) A"

v
440 440
%
-
| ZI:
% P Z
7
| 7
(] 568
568 ] |
H [
o 548 s
SECTION A-A
FIG. 13C

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

33/59

404
__._\

FlG. 14

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 : PCT/US2008/052670

34/59

S

FIG. 19A

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

408

FIG. 198

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

36/59

408

456

RN

2

%

Z

é SECTION A-A

% FIG. 19C
454

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107

37/59

PCT/US2008/052670

=

.]’_f 462

p~—

" FiG. 16A

SUBSTITUTE SHEET (RULE 26)

k468

460



WO 2008/095107 PCT/US2008/052670

38/59

SN

474

/ 462

468

SECTION A-A
FIG. 16B

SUBSTITUTE SHEET (RULE 26)



39/59

FIG. 16C



WO 2008/095107 PCT/US2008/052670

40/59

FiG. 17A

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

41/59

412
_._\

FiG. 178

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

412
__\

FIG. 17C

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

43 /59

M2
.—\

482

/ | K .

| (\ L486

FIG. 17D

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

44 /59

414
___-\

492

’———>>

jA
@S
)

88

FiG. 18R

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

45/59

414
__-\

488 492

)

w\\\\\\\

SECTION A-A
FIG. 188

.

SUBSTITUTE SHEET (RULE 26)



© WO 2008/095107 PCT/US2008/052670

46 /59

414
_—\

FiG. 18C

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

47/59

504

FIG. 197

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

48 /59

SN

514

FIG. 198

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

49 /59

416
RN

54
508

500

504

508

508

FIG. 19C

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

FaY R AR ALCREL A A

50,59

S

500 S0 498

506

| — 908
58— |

508 502

FiG. 19D

SUBSTITUTE SHEET (RULE 26)



51/59

FIG. 20R



WO 2008/095107 PCT/US2008/052670

52 /59

48
_—.\

e 532

518 " A\‘“/A 520

Ve

w1 — ‘/ %

su—" / s

524
522

SUBSTITUTE SHEET (RULE 26)



53 /59

FIG. 210



WO 2008/095107 PCT/US2008/052670

20
4 \

512 0
546 -

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670

P
RN 0

556

564

1 i%c%{}%l .

554

52

SUBSTITUTE SHEET (RULE 26)



WO 2008/095107 PCT/US2008/052670
56 /59

420
_——-_\

§12

512 | 544 512

FIG. 21D

SUBSTITUTE SHEET (RULE 26)



57 /59

432

FIG. 221

SUBSTITUTE SHEET (RULE 26)



0000000000000

‘ 414 —

//////// Wil /////// / g

\ m
— N
o M\\\

%7/////////// e, A/

i ///g@

420) 418

\

A

“ \\\\&\\k\\\\

I \

N
\

SECTION A-A
FIG. 22B




WO 2008/095107 PCT/US2008/052670

59 /59

@l\

432

438 20

N 570 VL
e

)

402 406
Z\ 446

( _
462 A¢§;§§§>> 0 |
s\ \ h2
40

— 412
—414

hes "

h‘* 44—

SN\
MR

RSN\

r
4/%%%92
N
N M<\\
—

— 416

]
(—
=
me

=

SECTION B-B
FiG. 22C

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/AJS2008/052670

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - F16K2 7/04 (2008.04)

USPC - 137/625.17
According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - F16K2 7/04 (2008.04)
USPC - 137/625.17

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

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

PatBase -

C. DOCUMENTS CONSIDERED TO BE RELEVANT

“P" document published prior to the international filing date but later than  « g, .
the priority date claimed &" document member of the same patent family

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,209,581 B1 (GY0OZ0) 03 April 2001 (03.04.2001) entire document 1-21
[:l Further documents are listed in the continuation of Box C. D
*  Special categories of cited documents: . “T”  later document published after the international filing date or priority
“A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to und;e,rstand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the intemational “X™ document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L"  document whit;hhmay lhro'\y dqubtﬁ:n priority '::laim(s). or which is step when the document is taken alone
533;:‘1":::32“&5 ;l;c?fl_:g‘;)cauon te of another citation or other “Y" document of particular relevance; the claimed invention cannot be
— - ) L considered to involve an inventive step when the document is
0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the an

Date of the actual completion of the international search Date of mailing of the international search report
12 June 2008 2 5SJUN 2008
Name and mailing address of the ISA/US Authorized officer:

Mail Stop :‘% y ﬁ:t;;:alr?:rgs\./‘g?mam;szs;?r:: ‘Iga Patents Blaine R. Copenheaver

acsimieNo.  571.275.3201 PCT OSP. STAaTIr T

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




[19] PEAREMEERHRANE

10023 |

[51] Int. CL
F16K 27/04 (2006.01 )

. ] XBENRBFLAHIRAH

E 4
. X
*

[43] AF B8 201042 10 H

[21] iFS 200880003710.2

[11] 27 = CN 101646891A

[22] eigA 2008.1.31
[21] eiig= 200880003710.2
[30] #f5E4

[32]2007. 1.31 [33] US [31] 60/898,542
[86] EfRmis PCT/US2008/052670 2008. 1. 31
[87] EERa% WO02008/095107 # 2008. 8.7
(851 #AERMEAH 2009.7.31
(71] i A EBARGERLE

wik 5 E AR

[72] %A M-S YlFER WeR-#HK%

[74] ERREBNMG P IR RAEZRSETF

A & BT
KREA 7K 5

BURIZSR 453 T 40845 26 T W 59

[54] %EABHR
BA T % e R #e ik 2 10 1S
(57] HE

—FEFRRY, ZRCAFATERE+T R
RS HR AR . RIFEBEEXREMA L,
LUK 19 85 [ E 7E WA o

2~

-] u




200880003710. 2 W O F E Kk B $1/37

1. —#ES, A FEHAKRGAE, B IRFAHTHRAER
Bl 2 AT, Pk eds:

k7T

BHMM, AR

FARIE B A4,

HoP AT ARG R MR BEAESNTF,

A bR GG — Iy IL TR T LFa,

£ PR B AM KR SR BT R ARSI M MIE S, A KT AR
ARG TR RE,
RPN LA FEEBAERIMNEHO RS EERERELFE,
VAR

R PR R OFREARETHES TP AL EF 28T H,

2. MRFERFER 1 FFEGRY, AP Aridstr LMt 2RO H
0 S B TR S T R KM R BB ) T R ¥ F 0.50,

3. RBRAERK 2ATAEGAY, AYREALZROIFNMAEZTEL
0.486 5 0.494 &~ Z 9],

4. RERAZR 1 ATAGEYS, APARI T L ERZRDHF
S ES ATt AN A FRFTF 0.39.

5. RERAERKATENES, AR R OFTNAEZAEEL
0.486 5 0.494 X~ 219,

6. REFEARFA|ZRK1FTAGHE, LF4K TR SHIME X LFT
BINT P, AR RS PM T RA MG TR IS, AR

EY st EHARAZR O TN ZEEMARMGFOHNFTEY
A s F X EF 0.55. | |

7. RERANEZKLKSHENHG, HYARLZELHHHAZTEL
0.486 5 0.494 FE-~F Z ),

8. MIBMAZK 1 ARG, HF MR E LR RE NI




200880003710. 2 ’OF O E K P OFE2/3m

W3 B SRk S A e & KA E N T RF T 0.53.

9. RBARAERK SHAEAMNMRY, AP AR bFGMEZEL
0.641 5 0.651 £+ ). -

10. RERAER 1 AFRGRG, LV EATELRD
HHGHESFENEHZEAMADTRFTF 049,

11. REBRHER 10 TGRS, AYTRZ RO FHAEZE
£ 0.641 5 0.651 &~ 14,

12. REBRFAER 1FFEGRS, Y48 MEKINMAE AL
%ﬁﬁm¢,u&ﬁ%i&%%%T&ﬁ%%%ﬁ%ﬁ%,u&

PR AE LA RREO TGS ESTE4N TS FHEY
A FRF T 0.67.

13. RERFERK 2 ARG, XYM 2R O FGEGHE
£ 0.641 5 0.651 &+ 4,

14. BRERA)ER 1 FAEGHE -?L“I’Fﬁxi” 2O H AL FATiEE
HAME) TF 7.

15. RBFERAER 14 RGNS, L PR TN F AL FARER
Wi s M6y L,

16. R\FARAFEZK 1 FEHEYS, HPrideR O FLATEN T
¢ 91 B f) AEAT |

17. —# %, LA T4 47K Fa B IK B AEARA L, F 18 iT
ﬁ%%#Tﬁﬁ%@&&ﬂ%? B i 1) % 6L 4%

O

KA,

STiE B4R R M AR

) & 3% %) M4

ﬁ*ﬁﬁTk@fﬂ%##%i@k#ﬂ%#ﬂﬁﬁﬁ%ﬁ%m

H PR FHIAM G — R BTSN AP ey EF O,
Hob B B By A G e — A 2R, 89 35 B IT BRAF S AR AT 1K VT 18 B 45 4



200880003710. 2 M M 'E Ok B OHEI/IW

M FErRA B £ 4\ MAED), ARTERELSKFFERKFH
Ey—ANTRAE,

£ BT iR B Bh Bt G F = A 4R 4915 B 5T Rk 34k BT i VT 38 ) 4% 4
M AR AT T i B R A 4 MR 3D, A K TR B R A K Fu BT A # K 64 P
& RA L,

Ldridstk LA TFEBARRBMEORG EHALELT,
VA &

AR OEARE TR ETHAAEEF O Fa.

18. RBARA)EZR 17 FRARE, AP RERE LT -FAAAK

M 8T 7 .
19. ARFBARA)ZR IS ARG EYG, EP AR RO F4AF AL E
RIEHMBG LS.,

20. RIBARF)|ZRK 18 AW RS, LOIEEFEIS ERARAST,
B F bk KA K, AR . '

LAk g LT TR RS TN L.

21. REBERAZRK 17T FFEGEYS, AP OFERFAI &
#9118 B & AT,



200880003710, 2 i B B W1/26

BA A FREARBEA LGS

A0 K ¥

[0001) A ¥4 AT F A W HR K, HL4R$E 35 U.S.C. § 119
(e) 2RKREH 2007 % 1 A 31 AR ER KN £ ¥F
N0.60/898,542 4L AR A EMELCRE, AEANAARBILAL ST
o

FHARAR IR |
[0002] AKX B &R L F ARG, HEERIKRR®, KRAATRER
TR Y 2RI RS WS,

#EFBA |

10003 A M, sFFREARE (Hlke, KEX, BERT. W&
k), BAREMNIKBRBMGKELIBH LM E M3 (Hlde, Kig,
Ba. BE) . WAKRETEARANRNKER, Kk f IKEYELEKPH

BB N ALBLEE . FE A Sﬁa_ WEl 4k e Bl AL ..l/ va AL S +h
/J\ J VA}] IJJIIIU—H./'/I iL iy I —‘-LL/J"“JL 1S P> w25 7F) t-l-' AL My T I K

KB H A KA BR G RAKTAB LA /KEREHEE| 2 A B
sy (Flde, fu), EARANEFAFTREY, WALA A TH
KBRS ERE, FREISAHR P ARR RN RSP RIZH B LS
KB A B KER KRG ARETARA.

[0004]—Fr £ A ¢4 (4hgty) MG R QISR HysE MU, AFF
ERFRERARARELEANE. RF. SR FHERAAH (e,
MESRERE) #IA. REEFTHES —ANE (BF, BEZE) AT
FEE, XEHEFHF—ANE(F, TEFHE)AELABRZRAN LS,
FAATFEARZATRIES ., WS LIERFIIM, AMERKHIME—
At AR AR B TIESNE, BAHNME H — ik 84d @ L9 &



200880003710. 2 #w o FE2/2601

TEF O, UAE PR, KM ESEd s P e 2 ehsR AT
iR T, k4aF, AR FRERS.

[000S| XA AMGEEHETFRFZEY, ZRESAELT WA
AT, B iAo (Bp, SR#KT FahoRitRKT ),
LG RBELEREYE, TEBAARKD X KE B4R 6 8t KEB T4,
o, Brfaidke, YRHSRREERARTES, bk xR
B R ARBAE, RANM S BERERETEHE, Tk
WK HNM, ABKBETEHNRFHBES. TAREBEHNM, UK
1TiESHZAEF,

[0006)i XA, TEZFHZETUAMN FEHRERRRABFNGLE., L4
o, EAVMEGEEERGAEZRAEZR LI RRKAE, MM
R EAGRE., B, 2546053 AM BE T R 35471 B % ¢
KA B TAEHLRE.

[0007) ] EiE LFE—NRENFHMH, A TFEHILKMNERE F R,
BHAG T TR PR LG TF ., I F/REF. %ES
ZRAERKFE, REEFATHRRGCETAEARNKY. REFFHSL
RSt EHRELE, ABEERSPHEHGRESE, FERMEGHE
LR (iER) AR S, Bk, B A& TEFHRXERD
ZRE AWK Z G RIFKE LR,

[0008): A%, HAMMESEARXRLT, MMAZEKNFHARAER
SHbAE LR G EL, Flhe, FHEEASHEFO, HETRER
ERERYE, BEHERALFERBEGE RS20 RERS.

[0009]4F 4 — A =41, A4S 100 A8 1IAE1CF T B4 A
£ B % %) No.7,063,106 ¥ #{8A. =@ 1A £ 1B ¥ FF 7, 44 E 100
EAETFLBGFM, L@ E 102, TEIHHF 104, RIFMHF 106,
L EH4 108, BEAR 110, THHK 112, ARBH 114, Taesd £ 3%
B 116, BAEA 118 AR E 120. M & 102 A ERHBRKR, A FiIK
% 100 & HA 34,

[0010)344F 118 Z & 100 ¢9 B WM &4 — B3 5. H4EH 118

6



200880003710. 2 v 8 1 ZE3/26

G4l 122 B4 TREZEMME 116, Tt LHEMME 116 9T A
HMEAARBM 114 89 LR B E, Tikss L MM 116 T AR F5h
102 3t sk, BT 118 49— AT st LM 116 69 T F &4y
FisbA 102 ¥, SA S FHRB|A 118 £ R B THHIK 112, XK A
AT #ATHLIA . BT 118 #)— 3R £ T4 LM 116 69 L7 &
fhk sk A& 102, XA B FHBREA 118 28w F4n. —4EFHR
et (RFT8H) .

[0011)3F & 102 B4 A A3 124, FH RASL T 102 69 F A 2 Mg,
£ 9 1R 124 8 T KR T ARIICR IR A 106 89 AR B AR &G I 4
£ 120 BA % 126, Frid# 126 RABA B HARASFE 102 Y EF 0
WitehF e 128 F. Bk, 5 102 9 TFTH 2 R4 106 %5,
FESE 10265 EF 2 & £ 120 X H], oy pb 31X 26 3044 B) & A2 1% 200
$

[0012] B 4K 110 £ A & KiB X 132 fe— st it /KER 130. B £A1
110 A B AREME 106 69 L5 . THHMK 112 L EBD LI 110 4
W L, FETUAERZMK 110 49TRE LS. THFHK 112 L8R
A% 134, FTARAT 134 A FRABITE LR 110 F 6948 4 6 31K
HEH 130 ARG 100 95 KAk, RE, R KELE LR 110
F 44y ZKGR B 132 7 8 S 100,

[0013] R E A 114 Fo 7T 2248 X HEM B 116 &9 3h 684 K RAEAF 118
HEFHEWATH DK 112 55, REM 114 A TRIELSTH
o112 8 B34, AREBA4 114 9 LS5 LA 2R 136, AT EH
A 118 #9 TF 3% 138, G H|AEH 118 (AT B 118 2 H44 122
H 4 E T4 LMY 116) BB KB 114 T4 3 112,

[0014] F F 34 104 Bo oA /RIHMH 106 69 F A& Legudp 4,
FE L4 108 B AR R 106 49 LR ® Loy uidnd . FEH4
104 25 F 2 E A S 100 9 4R 140 5 RS 106 2 8 &K
FHEHMH (ALB 1C) . LFHHH 108 £&RIEMH 106 5 B 44 110
ZIAHBAEERS (ALE 1B) . TEHH4 104 = L F 4 108 &



200880003710. 2 Pt B3 B FEa/26

1B TKAAHE G 100 AR,

(001514 B 1C ¥ Af7, S 100 2K AE LA ZE 142 ( #4e,
KAEK) IRk 140 F B, RFFEF 144 A TH RS 100 B £ £ WK
140 ¥ . REFEH 144 BASHRAERTE 100 6958 % 102 694 120 L #
ZEDIH 146, VAMEAEINE 100 F 69 F 34 104 A= 108 A /ESE, H 4t
FE I 100 F e (QIFE R 110 A THBHIK 112) Ende
A. Bk, BEZK 110 B THHIK 112 £B S 100 ZEERIK 140 F
ZEREKTEE.

[0016)7T A )44 112 A8t F B Z 4L 110 ¢94{2 E Fo o i@ i A &
202 R B ABAEA 118 484, BARM, BAEAF 118 TUA LT £ 3%
HIPE 116 A 3R584H 122 R4, F B ToA@ 34464 118 #9246 818 T
P XM 116 7cds . BAEMM (AT T3 B B4 118,
AR B B P BROVRAEA 118, Ak, AR 100 2K ERK 140 F
B, B P T ARMBEMM, BEMGBHREFI 118, AR ETH
g 112 A8xF F B 24K 110 942 A/ R 75 @, dibde )@ @S 100
AE LA REL 142 KGR ER/ZE, Fliod it o 148 Lk 2 A
BE (ALB 1C) . |

[0017] %5 & F 146 HALEELZ 120 £, NEAEAEYS 100 L&
BEe i, wEAiR, RFRFT 144 EESZE L F 146, AR
K140 F B E 100. XA4F, A 104 A= 108 WESE, HFEHTF
A 104 Fo 108 BT F A VB H G LAEEE) S 100 F 8925
%,
| [0018)%A W, REMWZR L 146 A ZETHE. 4l4v, BF5H

FHELI 146 FRAMA FHKAE 200 9 24 BELHRITFBAHAK Y
MAd, F, RKENZROT 146 2 FB U m A, XLEAHH
140 MBSO ZERFTEVALRELF 409 HE —HE.

[0019] A b, REAGMBEFEFE AL, ZWSEARATFLER

P g B G f AR A AR



200880003710. 2 W B P FE5/2600

KA A :

00205 F Lt A%, ALY — MR FTHIRM—FRT,
LAAIE, ks EEAHAAZISIE LY. ATFEBRIKY LR
ORI AR S

[0021| KA A5 — AN HB T EHIR{E—FFRG, LRLFIT,
EELIHBRAEY—AREALE, RS RARSGERELDTFNGHA
b E RIMRAAE D FRF T 0.53.

[0022) A A AW X —ARBF HEARE—HEL, LEA R,
BINELHBRAEY —AZELDH, HPITHRGEELFHNHE
59 B 6y & KM 2 AE ) F R F T 0.50.

0023 RL A H—NARFTEHRARB—FEE, LRLAFR,
EIELHBREEY —ANZELDE, PSR RZLEOFHH[R
5o ey R KSR AL T RF T 0.41.

[0024] AL BAE4 7 — A EBFHRARB—FE L, LRAI R,
ENEIHBEAAEEY —ANREDF, RPN RSZTREDTFNHE
oAby B A A T RF T 049,

[0025| KR A A X — AR FEERHE—FFEG, LRAAN T,
ESEIHMBRAEY —ANEELF, AP mRetR2 TN aA
bk AN TRF T 0.39.

[0026| KL AW BHE—NRAAEFTEERBS—FEG, LEH R,
ENELHBEEY—AZELF, AFIRARZEZEDLTNFHA
5S4 e B AE D FRF T 0.67.

[0027)] RL A —ARBEFEARB/—FEE, LEHI X,
ESNEIBBRAEY —ANEELTF, AP BRGERXOTFNGHA
5 044k 64 HE A B TR F T 0.55.

[0028] A& BA Y X — A&l 5\ BB —FP i, L BA I X,
BSETHBRAEEY—NEELFE, AV AR GLEES T THE
LR BHIMAME T .

[0029] AKX A BFB—NHAB T EIRB—FWE, LBELFHI R,



200880003710. 2 " OB B FEe/26

ENELHBAAE Y —ANREOT, AP ANRBALADHALTH
CHRHNMY T A TFRESHREEH LT .

[0030] AKX AR X —ANHAEF EHARB—FEYE, LEAIS T,
ENELBAEEY—ALELH, A PSRN RBLRIFALTH
GHRAPHATHFALATFREHBARZEN LS. IR RFIRERD
F T AR AR B 2R — g,

0031 AL A X —ANARF HAR{—FFES, LRLHSR,
ESELHBAAEY—AREDE, AP R RSELROTHNZFA
A 0.641 5 0.651 &~ X9,

0032 R A A B—ANRAFTEHARBJ—FRS, LA,
ESELHBEAEEY —AZRELF, AR RB[LRODTFNHA
R 0.486 5 0.494 X0, |

& L8

[0033] Lid 5 @A 5 sh e 5 & . AR VAR A AR A
MR RL P TR EARG M ERERFTE, L FAE M EAF
PWATAR KT, ET:

[0034]8 1A £ IC 7 THLARS, X P ERCEERFEFTZN
HERSKR S, MEAKFESEA TARNAFREERS, B 1A T8 T
AEEHXGEASHHRAEB, B 1B 7 THARHBXNAHE 1A RS H
FME, BICTHTHIBHARYREEIARETZIEHHAAE;

[0035] 2 RARE T HI M KAEH) RS o5 BERE;

[0036]H 3A £ 3E-FH T AAEB 28 FTHIHEGF 6 FHI R T,
A 3A 2S5 A0EAE, B3BASTHMNNE, B 3CRLEHE 10A
b A-A TR R BAE, B 3D AL AER 10A ¥4 4 B-B4F
s e 3AME, B 3E REEHE 3C YLK C-C 1F2 695t T2
AE.

(00378 4 2B 2 ) FHIMESH THIHIRE 6 ENE;

[0038]B SA£5CTHTAAB 2N FTHHEAS T B FHHRE,

10



200880003710. 2 ¥ OB B FEr/2601

BSAARENEAE, BSBERFHITEHE, B SCARFZTHMR
A;

[0039]E 6A £ 6D 7~ T AAE 28 FHMRAILF & THHEATE,
A 6A 2itEHiEAE, B 6B EAAEHMAAE, B 6C RAFTEHITMR
B, B6DALER 6CHAAAFRINAITENINNE;

[00401E 7TA £ 7D 7 4 T A A B 2 &) T HI M 1S b 6 74 IR,
B 7A RARNENE, B TBRAAKNGFEAE, B 7C ZE4HHE 7B
HE A-A BRI HAKRGIAE, BTDRALEE 7B 94K B-B 53¢
AR B B ALE ,

[004115 8 & B 2 &7 4|1 &6y T H B E ENE;

[0042]5 9A £ 9B = T A A B 2 6741 18 & F 64 7 4] b K 27
T4, B 9A RARFHANTREMNE, B 9B 2R FHMH 6K
HEAE; |

[0043]8 10A £ 10C =& TARH XN E 2 65 T4 S, B 10A
RBEHXHRAESHIFEOE, B 10B 2EFAE 10A 94 A-A 1538
WGe#ME, B 10C AL 4B 10A 494 B-B A2 69 RS e 2ME;

[0044]8 11 AX¥ATABEFZLEABR 2 THMHETE (LF
B 10A 94 B-B /33|69 ) A 8%,

[0045] 8 12 RARYE H — AT M KB 69 S 5B ENE,

[0046]E 13A £ 13C TE T ALE 12 9T HI MRS T 6 F4H 1
Eoh, B 13A R EStawEARAE, B 13B & LSt EHMAE, B
CBCARLEB 13B AL A-AFRH LI IANE,

[0047]8 14 *H TH 12 9 THIMEEH FH MR ZEHEAE;

[0048]E 15A £ 15C =4 T AAR 12 ) 61 MBS F 6§ 7 F M
BE, B 1SA AREFHEME, B 15SB AREHTFEE, B 15C &
BEE 15B K A-AFEHRFTHINE;

[0049]E 16A £ 16C ~H T ALE 12 ) THHBEF =64
A, B 16A ZRATEGHMNAE, B 16B 2548 16A 4% A-A 133
HAatE e 3AR, B 16C AAEH-FEA;



200880003710. 2 ¥ B A ZE8/26M

[0050]8 17A £ 17D +H T AAE 12 ¢4 FHIHE S F & 761
A8, B 17A RABHHENER, B 17B RAREHHFTEEH, B
17C RABAAHMAB, B 17D 2AEF e MAHE ;

(00518 18A £ 18C T~ T AAE 12 6T HIM B F & T 412
Tizgh&, B 1A RTEHANFEHER, B 18B L HE 18A MK
A-ABREINTEFHEGIAE, B 18CRTEHHZNHTAE;

[0052)8 19A £ 19D T T AAE 12 - THHEEF ¢ FHH
Blxd, BI19A ZBAZAMNTANERE, B 19B £ B &£ &R FEN
B, B19CRAZANFEE, B 19D REZEGWARE;

[0053]B 20A £220B 7 T AAR 126 T HIMIR S F &5 T4 K
HEHM, B 20A RAXKEHAGRREANED, B 20B AR FHH
colsali sz |

[0054)8 21A £ 21D =T AAR 12 Y THHE S F 674K
THE, BlARTHAEHRFEAAE, B 21B & T oo R ER
B, B21C & T4 rnd+aB, B 21D £ FS5b T PRE;

[0055]F 22A £ 22C TH TARHXAR 12 TR ES, B
VA REEHBXNGEAEHFERR, B 2B R2LHEB 22A 94K A-A F
540 e 2ALE, B 22C AL EE 22A 494K B-B F 2] 64 1 G 49 3
A .

B4R 5465 X |

[0056] &% A KL At —RIBARF S TRAH Xy E#k4], 22
EWBA Y FHFRARFERAARLFELES, HEEH, KoOFK
BAARALPNH —BRBSHAREGEGIHLA. B, RAAH—K
WA % A B BB 6 4 A PR A )

[0057)4R4% 7 4 M R 364l ) £ F A/ % 200 BA A F AR 240
b B S 200 dhIRAEARE. Eit, FG 200 Tk AMRAA &S
64 G B B R R

[0058]4= B 2 #= 10A £ 10C F Fiw, FTHIMHEE 200 LH 2 FH

12



200880003710. 2 w B P /26

A, HE3ssE 202, HKE 204, 45 206, K 208, ATE 210,
AR 2120 BE 214 AR AR E I 216, AR 212 Fo/RBLE 214 7T
VA & AR A A A Bl e, AR 212 A/ E 214 T VA B AR 4 AR
S A& 202 Bl ho T A B HRE B AR

[0059]40 B 3A £ 3E ¥ AT &, $F% 202 2AA FTHAS 218 A A
A 220, £ E 202 FPHAA T 222, A TR S 200 49 H 43
. TR 222 MK 202 9T TR S 218 Ao B AR 4 220 A FREM,
I & 202 B A AR 220 R T A2 224, 4 TABLAETHA
224 HAE| 4K 202 F . Sht 202 69T TS 218 €4F B 9 226, K
%204 thE Ay 228 MBI ATE EFF T 226, % 202 F 9 ERE 222
ﬁii&T%U 224 AHHFFEEEF T 226 3o, TR 222 x40

£ 202 49 LI O 226 94 IR E 204 ¢3RS 230, B, £
222 fif LA T 226 HiE A E — A AT 232 B RAKRE K Z 204
HIRA N 230 9K — (ANLE 10B £ 10C F+ 11) .

[0060] % B 222 49 & 202 &9 T 7F O 224 #93R 43544 £ 210,
A 212, B F 214 AR EHMF 216, BAE 222 FHTFF 2 224
AR KRE LA FEHM 216. 5 F 214 FoAT £ 210 49 -F KA 3R 4 234
AR, AR YK IR AL 202 PR, AiXskRH s
b & 202 Z A ARAFA B 0 B R

[0061] %} 202 ¢4 T TRER 4 218 5 B Az 3R 4 220 A3 69 3R o £ 5F
E202 A B EHAREDH 236, R L F 236 A ARALTF X 202
W LEFa 226 T FH. RIFFH 238 246K B H 236, vAE IR 240
o B RS 200 AE 11). sk, shK 202 BA —AR B A4 242,
BAEARG K 240 YR EAN KRG R (ATFTh) 84, UABIEAR
6200 REZEING 202 05 T 4K 240 424, — AR Z AN 242 T
ARLA et B BB AK, S A 202 iE AN E 202 494 69 M B b
R — 3t A A 244, Pk — 3T 1A 244 544 206 69 i% 3% 483 interface ),
AARRERFBHER, XA TERAETHA.

[0062]# B 4 ¥ AT-7, RZE 204 2 FHRI 200 9K FHH. K

13



200880003710. 2 o8 B FE10/260

% 204 L3RI H 230 A ZH 4 228, K4 230 o EE 4 228 T KA
BB A R E T A — R R . KRR 230 L FEIIRER L 230 49
— M IEAb B AL 246, ATRAE N 228 MIRER 4 230 t9AR R &9 5 —
b, FAL 246 AMBEERE, A THIKE 204 2R 212, X
BAEATHATAR, RED 230 XA 246 TAR S B G H XA T
vA — AR 3 AR, .

[0063]2 LK E 204 #93RE0 4 230 49 F S A A 7L 248, L 248 5
RE 204 HEHS 228 EX. EKRE 204 AR T 202 69 ERE 222
2B, 4% 206 T AR LS K 202 P H)— /N IRAE 244 /AR K E 204
W3l 248 . AL, 4K 206 RAFIRZ 204 KA A 202 F, |

[0064] %= B 5A £ 5C ¥ A, 3% 208 A F R 250 ¢ 3F
BB, % 208 £ F 202 FH A ELAKE 204 493K 5 230 89T
F (ARE 10B £ 10C) . #% 208 (#lde, BTt id,. BHEA
A RAEA. B EBINE 202 HEZRAT 252, UELR
% 208 CLARKIKE 204 &L AT 202 . % 208 A4 S A wig 254,
Bk 3 AN wiAg 254 AR 208 699 Flih 256 £, Xk miE 254 5
AL E 202 WE A ARE 252 LeyAast Bt K k30 258 (A RLE
3C) 44, wstES A 202 N K 208 B AR E 204 9 T 7.

[0065]3% 2 204 #) K AL 246 IE4F 8 T 5 57 208 F 65 F RFF 2 250,
HZ 204 HhIRIAD 230 F 49K — 5 T AR E i 208 F e F
£Fa 250, BEOLBEFRAD 250 95 NRMELLK 260, BF
208 #h 3L 260 HARIKE 204 #93KER 4 230, FEBEIRE 204
#hIkEn S 230 M ES £ 202 W EAME R FE — A KT 232,

[0066]3= B 6A £ 6D F i, ATE 210 &4&-F A5 234 o by
HHH4 262, FHRHIAS 234 HARKT LAHESL 262 49 212,
A0 FREAINE 202 9 TR 222 PHRF 208 9 THF S5 HL 19K
F (ARLE 10B £ 10C) . #E 210 9 F XT3 o 234 4 LR & 264
B E 2024 F ZNEAT 266, FTAF ARG 266 42T ZEOFH
236 44 F# (A LE 3C £ 3D# 10B £ 10C) . 4+%& 210 #F 3 ¥

14



200880003710. 2 w O P FEir/26W

234 85 F A& 268 8 B A A 212 ¢ -F 323k 4 272 9 LR & 270 L.
B4b, ATE 210 89 MIRH A 262 EAY B St T 202 &9 TR 222 HEL
£ ME 236 W EFHHST. AHE 210 4L FHEHS 262 RTR T
AEFEA LI E 202 ¥ ERE 222 BAKATE 210 & D FHH K5 262
Wik Bk, A 210 E5h & 202 B 212 LR RBEXH AT,

[0067)44 % 210 A4 FF 1 274, AT 9 274 & 4p @ AT £ 210 &9
IR I 234 Ao IR 262, AR 212 69 G4 276 AP E| A
A£210 GF T 274 &, R 212 #3276 HARASE 278, AE
210 7T 274 th—H S A AT HBRERKR 212 69 L35 276 &
Hk—5 (ARLE 6CE6D) . H, AAK212 69 L345 276 L
BABREYR 280 (ALE 7A £ 7D) . AR 212 LFEAERT 200
bz 5, BV 280 EALEATE 210 897 9 274 A FF EAATE 210
KM 262 B2 (ALE 10B £ 10C) .

[0068]i/44 212 #9BA4E 1135 280 3 ULIK Z 204 #) KA 246, B Juik
BE MM (B, HKE 204) FifAR 212, FKE 204 ¢9 KA 246 T AL
ARG, HWAME S5 5 B30 280 ¢9A8xF AL &) Ml & kA
HE 204 9 EAL 246 IR B BBRBE W 280 YR A @, M HEMF,
RGBT 7oLk, [223KE 204 TABTAFRE 204
1 FAR 212 FABiE FhAe f 1B B AR FTIE 4 69 F NiE 2| IR 212,

[0069]4= 8 7A £ 7D ¥ Fi &, A 212 R ALBAART F5h T 2024E
HET R AK. BFHRAME. AR 212 & FEERS 272 L3 o
276. AM 212 B FEFHS 2N ERAEH AT, FEFEHREOTUAREES
FoATFBLE 214 F 69 HKIL O 282 A 284, PARAHFARI A, AR,
REA KA BB RACGRITEE 214, BL#KILT 282 A5 284 AN
B E 214 T HKHENRSE 278 (B, HARALARMK 212 9034 276
MTHBETRE), ARERAT 278 &, SRt KEBLIRE 214
B gtk kI T 286 HEAAZ ATHEATIRA, b, S EAFIE, FUIR 212 &
@363 W30 280, FTIR AR UTER 280 AR A AR 212 #9345 276
E.
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[0070]4= B 8 F A7+, HE 214 ARz F5h A& 202 ARG B AN
. BEGEME, BT 214 GRS NMKA 288, ATiE—IK
FAEA 288 ALK E 214 9 /A4 290 £, H P B KA 288 kb
BES% 202 93N 242 PO AFZTE 292 7 (RALE 3A#
3E) . KA 288 AR Fob g 202 B EBKE 214, A Bl E 214 £
sh % 202 A ks,

(007138 214 €L3EdtKIL 0 282 v 284, Fridit/KiLw 282 A
284 55 A KBAKILD Fe i KSKILT AT . BE 214 L OLIEH
KiLa 286, witéK#AKILD 282 #94 K, Rit A KHEKILT 284
H oK. R E A KA R R R K AR T AR AT AT IE R FL e 286 IR E)
Bk 240 #9RKER (KRTd) .

[0072)4 B 9A £ 9B ¥ AT, RIRFHMHF 216 L MM (4
do, BB ) R FH M R FH A 216 e —ANRE AR A 294,
Frik— AR ARAR 294 B RAKIFEFHH 216 ¢9 B4 296 L, X F
B KA 294 HELA IS 202 89 3 AN 242 FH— AN AR E R 292
., BA 294 AxT TN E 202 B AR FHM 216, Am kI
4 216 A5 & 202 MakdE, AHMEHSF 26 LA —AREAR S
3298, ATk — AR B AK 30 298 H ALK F 4 216 49 8 4 296
F, BEF—AREATEIH 298 T B M BT LA 45—/~ R F A
FFu 300 J e b @i AT AT B &) — AR B AT T 300, ARG A
HEHM 216 AL AT 202 F, LFAE-NRZANF T 300 F A&
BsE202F. —ARBEAMAREI 298 TAEF RE &4 R .

[0073] %0 Bl % 214 — 4%, £ 30 F 44 216 B A 4R KL T 302,
HoKHEKILT 304 FhkIL D 306. AR FHM 216 494 KitKIL
302 Ao oKHEARKIL T 304 & B AR A A 308, ATk A 308 A3 FE 34
216 #9 TR @ 310 WL & AR F /4 216 ¢ LA T 312 ML M4, &
1248 5 A L A3 E I 216 FFANE S 200 P KeG RSy, A FH
216 ¢ KILT 306 BA A 314, FTIEAE 314 MA T A 216 8
LAE 312 ML R F 4 216 T AE 310 WEir M4, U@ERF
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BRI EH B 216 Ak S 200 9K AT . EEAR, LS
200 EE 5, B 214 F6930 0 282, 284 Fu 286 H A FHH 216 F
B30 302, 304 A2 306 3. Bt, B F 214 L& RA 288 PAFEK
#4216 LA 294 AREE 214 o AHEHMG 216 RE—NF G
B AF|sh & 202 7, HP S E 214 $e93L 0 282, 284 v 286 H A E
H4 216 ¥ 3L T 302, 304 F= 306 WEiEF G5t AR

(0074 A K FHH 216 ¥ LR & 312 LB SLAHEFH4+ 216 F
B30T 302, 304 Fu 306 AR A3 316 (ALE 9A) . £k, AKX
HOEHAE 216 4T AT 310 LB LA FEHH 216 F 5302 302, 304
#2306 49 R H 318 (A NLE 9B) . & WS 200 23 4 B4R 240 75,
AT 216 086 316 A2 318 K EH (A LA 10B £ 10C F= 11,
BERBATHTHEHTHTEEREEMIEGHE 316 2 318) .,
PR, BRFES 238K TR AT 202 49RO F 236 LA,
B3 0316 /£ 200 B9 3E 214 HAIEHM 216 I MB/ELGE, @A
3318 EAH T 216 H K 240 49 F B A E 320 Z A /EH (AL
M11). 4285, ZREET 214 49T A 288 BFab B F 214 ASh
202 M Acdt, {22 AL 288 AT 214 ESM T 202 A G IE S,
KA, KR E A 216 K943 316 A0 318 9B 5 £ AR 212 ok F 214
EpemE A, B, EHES 200 ZRZE, Ak 212 A E 214 %
FAERKF L

[0075)4R & 288 238 &= F, LAWK 240 o5M4A 322 1A
B0 200 B AR 240 F (ALE 11) . Hlde, RIFEF 238 7T
AR sMEs, B FRAOMA 322 Loy BAMEL, RIFEF 238 694
ABOHKILITREAES £ 202 TR 218 B KR—K. K,
R M 236 AR 240 F 2K 200 #AE S & 202 HRFES
238 AR HYE— 3.

[0076] % 4t ARIFHEE 238 Fo/R Ik 240 TIA LA L F 694
A6 4% 1% ) IR G 200 69 S M FAE . ) o, PRFF SRR 238 IR B 4 326,
Bk SR dh 4k 326 fE M 4K 240 ¥ R & 328 LR M E &KL, AR IRk
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BRI EITE (ALB11) . Bk, XM LK 326 9L AR
MR IFIEF 238 A 2| IS 200 MR KA 4EE.

[0077)7Hh 212 ARzt FHRE 214 6442 BEfeF ) @K E 204 49 Z 5
228 454, iR E e 228 i LA T 226 AL 202 R, Hldw,
4% 206 AR E 204 69 E 39 228 TT AR T AL 212 4B T E 214
B E, SEEKRGART. mHEKRE 204 09 234 228 TRAKRTRAR
2 ARAT FHE 214 A F 6, X EKGRE.

[0078]i4 4o F-48. Z&R4LF 9 RAEMA 330 (LA 11) Tk
B3R Z 204 49 404 228, R BN A P RRE S 228, Bk, £R
G200 R AR 240 FAE, B P T ARMBRIEM M4 330, FTiRiR
MM AE 330 B BHIRZ 204 HE N 228, AKRE AR 212 AT F R F
2 A EF/RF &, i HE RS 200 SHRE A SR 332 4
KA TFRE, Fl@dTAREINHRT (RTEH) AREZ4
BE332 (ALA11) .

(00793 i Z 354 228 Akt & 202 ¢ LI 17 226 9AET 49 R &
TUATRAI IR E 204 #9 Z 34 228 S48 206 ¢94R%. B, 4 RS 200
RAEESRAFMATEHTAFAAIZER, KZE 204 69 £ 3845 228 B4
ShE 202 9 EFF T 226 F—KE 334 (ALE 10C) . HIE 200
RAESRRAREAMST L AALITAAZEN, RE 204 69 Z 34 228 42
fRoh £ 202 69 EFF 0 226 95 =& &\ 336,

[0080]:8 it 44 206 &% 3% AR kAR 244 935309 338 TAFR4|K
%204 4h 2345 228 WyksE (ALE 2. 3A £3B#/ 10A) . A,
$AE 244 89K FRZ S 200 T oA4E £ 6 KRR I E, AT IRAR
244 AR ARG E.

[0081]F) %% 200 EA KRS (7, A% 202 LR ED
F236) , HRAIFER 238 FAEEKBAEAS L, RELHF 236 £ 49
£202 AHEHLF, AxEHLIFL, shx 202 49T RS 218
Bk £ 202 HE AR RS 220 404, KO F 236 £ % 202 Leg 54K
HEH S HBARD L.
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(0082 F 41 B S 200 ¢ FH M EHHIF, —ARESERD
I (Flde, RELIF 236) HALERSE 200 #9587 202 L. £EXLF
RS RAERTERK 240 F ZE S 200 69505t 202 L 691K A%
&

AR I

[0083]5F % 202 LR B LR LT HFHE b, Bk 202 IR KL
Rd R, D FRFF 050 (ALE 10B) . HTAEKRTH hy/d<
0.50. EF=HIMHEE 20085 —NTHMRERSFY, HE hH5EKS)
RAHWAER D FREFF 041 (ALE 10B) . AT M 200 49
X —ANFH R FEEA T, HELERKINZ A IAE R, KH4F T 0.40,

[0084]4R 45 7 4 £ R 3% 200 ¢ X — A TR K XS, HE b 5
E 202 I EE h i R, D FRFT 039 (ARLE 10B) , HT w4
ATH N h,€039, BEF—NTHMEHRAFT, GE LIGHE b K
WAl R, K% F 038, AX—ATHMEAEGY, FHE GE b,
Bl R, K4 % T 0.36.

[0085]4R % T 6 W 1 & 200 ¥) B — /N T B EES], HE h, 54
206 ¢ ZHE h; (Flde, MM 202 #9RE B4 206 ¢ P LK) #IbE
R, N FRETF 055 (ALE10B) , HTUAKRTH hy/ h;<0.55, £ 7
—ANTFHR TSP, HE b HE YA R REGFT 054, £
X —A TR ERG T, HE b WEGHE h; QAR R; K F T 0.50.

[0086]4R 4% T # M 1 % 200 69 5 — T HlH K H#AEH], shT 202 L
MBESEELTRARS 200 9K SHMAM (Flde, 3KE 204) T F

(ALE 10B) . EFHHES 200 X —ATHMHERBF, shE

202 LR HERENFR ARG 200 K FHIMME T H LERESE(H)
4o, BRAET 278) A LF., ETHMEG 200 & F —A T 5 M4 K )
d, 5bE 202 LARGERELF LAY 200 9B SHAM G T H LA
BE& (Hlde, HE 214) HLEF,

[0087)4R 4% T #) M B & 200 ¢~ Bl M EAES, ST 202 LHARG
HRELFHFHE AL 0486 5 0.494 KT, E AT KR
B, spFE 202 LR SERGFTGHE b, KEYHF T 0.490 %+,
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[0088]4R 4% T 4] M 1] & 200 &9 H — AT oI FE S, SF7T 202 6
SE R, AL 1377 #1385 KT, AF—ATHMERS, Stk
2020 EHE b RA127THF 1285 T8 £ 5 —ANTHIHEES T,
SR 202 GE L, KHYF T 1381 . AF —ANTHMERS P,
S & 202 ¥ B K hy KEF T 1.281 &+,

[0089]4R 3B = 4] M 1 % 200 69 X — AT Hl L4, 45 206 695
E hy; A 0.977 #= 0994 2~FZ R, EFH—ANTHMEEEE, 45 206
BEE bR 0902 2 0919 BT X, E—ANTHHEXRS P, 44
206 9 S h; KA FT 0986 X, EFH — AT HIHEHRE T, 45 206
HEE h KHFTF 0911 £,

[00904R 3% T 4] M I & 200 #9 X — AT HIMEHP), Shk 202
Sh42 d R 1216 F0 1.224 T ZH, E—ANTHMHERGF, SbE
202 495042 d KREF T 1.220 %+,

[0091 4w i@ it /£ Sb AT £ 6 T Bl M K AES) 6935080, RO F 236 (M
A& 202 LR SERREDF AN T 202 LA IREA S, AWK 240
o RS 200 B0, RIFES 238 TUA A A FRAEA S £, Eb,
W% 200 BA BEEM, ZEALEMAZTMELE 200 924 XZE ()
Yol 11 T IA R 332) BEHRB R AR, I, &
F 4K 240 #9RAE 322 TTAGIE AR EE (ALE 11) , ATV T &85
H 236 AR Y AR AR 240, R, TEERDF 236
VA AN,

[0092)4R 45 5 — T O KRG 6L F AR S 400 BA A TEH
R (Blde, B 11 FAATE TR 240) F B 2 S 400 69 1K48 AR
A B, B 400 TALREA B ENEHESHEE S,

[0093)32 &) 12 #= 22B £ 22C F A&, T 6 M 1% 400 BH F T4
B, 64 EobE 402, 3 E 404, 4 406. B HF 408. AT £ 410,
ABAE 412, TEHA 414, B LR 416. £HFBHH 418 A B T £
420, TiEsH# 414 Fo/RE T & 416 TA QAT A4 R, Hlde, T
EHHE 414 Fo/RE X 416 TAB A RHFAR. E9M57% 402 0T d &
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[0094]40 B 13A £ 13C ¥ AT, Lshk 402 A TS 422 =
Bl A 304 424, A LA 402 FHERA K 426, A THIKHEE 400
W LA, TR 426 £ LMK 402 89 TRER S 422 AR AR 4 424
MRt id, Lo E 402 9 EARRS 424 LT 428, HAFELH
R TIF O 428 ToAdEAZE| LsbE 402 F. Lok 402 69 T RIS 422
G4 EFF O 430, K ZE 404 ¢ 234 432 BB T FTE EF 0 430, E
SE AR THTE Q26 FLETHF O 2889 R T HRALLF O 430 &
. TR 426 FE BN K 402 89 LA T 430 #93HRIR E 404 4
R 434, B b, T 426 KL LA O 430 4935 F —AKE 436
B RAEKREIRE 404 HEEH 5 434 B R —B( AL E 13C# 22B),

[0095]7% B 426 % i L5 A 402 & T 77 1 428 #4936 548 4k At £ 410.
ABM 412, TEFHHE 414, BEH 416 ARKXIFFHHF 418 (A LB
22B £ 22C) . ko, ke ARTHATHAMGASE, Fshxt 4205 L
g2 402 ABE A ARSI R A 438, TSN R LA 438 X sk AR
BAEESE40209 5 426 7 (AR 22B £ 22C) .

[0096] L4} & 402 49 T A S 422 5 E A2 355 424 4042 a9 3040k
EShE 402 95 RE LB AR R D H 440( A LE 13A £ 13C A K 22A
£22C) . RELHF 440 EARE LS A 4029 EF 2 4308 FH. &
— AT EES T, REFT (B4, B 11 F A7 e9RFHE 234)
B L 440, ALRK (Flde, B 11 FATEBEIK 240) F B
RIS 400, sh, EIRE 402 B —AR B AL 442, BAEATE R
oy BAMY K AR A, AL ARG 400 ZHE XS LI E 402 48
st F AR s, — AR B A4 442 TTUA A et B K. LS & 402
T LI LI E 402 BhARST M B BT R4 — 5T Ik AE 444, PRiE—3T
WA 444 54K 406 HiksEARiE, AARBEMRFBHOER, ZHEEXT
#HATHLEA. |

[0097]4= B 14 F AT, KZ 404 2/ TS 400 &K ShAuM. 3K
2 404 GLIERIH 434 o E A5 432, KD 434 o E 345 432 T LA
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AABAFAERETA—ARIH K. KIS 434 LIEMAIKI S 434 45
— R R A 446, PR E S 432 RIS 434 #9ABE 4 H — A
Ak, BAL 446 AIVBBEEE, A THKE 404 25 KB4 412,
EHFEATHATHA., RS 434 XL 446 TUARZ S H R RE
T VA — AR A,

[0098] 42 it 3K 2 404 H9IRIF 5 434 49 P S R A FL 448, 3L 448 5
HE A4 EHD 432 ER.AKRE 404 EAZF) LI & 402 ¢ TRE 426
b2 5, 4% 406 T AiB it E ST 402 AR 444 F H—/AHEN B K
2 404 4930 448 P . XAF, 4K 406 PRIFIKE 404 L £ LI & 402 F.

[0099]4c B 15A £ 15C P AT, % 408 L LA FRF 2 450 ¢
FHHIR, BE 408 £ L% 402 ¥ A E ALK ZE 404 693K 5 434 &)
FTFH (AILE 22B £ 22C) . #% 408 (Hlde, BidEeag4E . BE
Bod. "RAEA. F#) HE3 Lobx 402 R A KRT 452, AR
138 % 408 EARK K E 404 LA LA 402 F (A LA 13C F 22C).
B—ANTHEERE P, 3K 408 495 F) L 454 89 £V —H 5 IF 2 3
gt E 4025 FE AN KREF 452 L.

[00100]3K 2% 404 9 T AL 446 3E 478 3 32 5 408 F &4 F R 1 450,
HKE 404 3R 434 FHE RSB T AP EIT R FK 408 P oy F
&I T 450, K 408 LIFFE LT R T 450 49 B 4 504 D 456,
Mk 456 AR B REF, ABRAEREM LLE 456 X9 F 4 TR 458, #
% 408 93 M W4 456 HARIR 2 404 ¢3RS 434, F BB EHK ZE 404
BRI D 434 K LM & 402 I EAME KR FE — A A B 436. T IE 458
Blhoh b AR HELSIKE 404 MM ERE 408 LR,

(00101]4= B 16A £ 16C T Af &, A4 410 LIz F KK L 460
Fo MRS 462, FIRHBIHS 460 H) A2 KF HIRH IR 462 A
B, MEANOFREAELI T2 T 426 PHRK A48 THHF 5
£EBA (ALE 2B £ 22C) . 414 410 ¥9-F R H 445 460 #9 E&
& 464 AR LSh T 402 9F ZAKE 466, FTIEAH = AKRE 466 41T
ZHEMT 44089 FF (ALE 13C A 22B) . A5 410 4 FHH HH

22



200880003710. 2 % o8 H FE19/26

460 49 T A & 468 M E AEABM 412 69T 1234 472 69 LR & 470 L

(ALE 17A £ 17B. 17D A K 22B £22C) . # %, A& 4109 %
A4 462 AP E| Lo & 402 69 s 426 A LR G F 440 9 £
F (FEH5ZELF 440 4848 ) 9345 F . ATE 410 ¥ L34 462
RoTi& i A EFmBed £ LN E 402 4 TR 426 4942041 £ 410 89 0
RN 462 H93A T . Eib, 44E 410 £ LS T 402 5AKEA 412
ZERBEXFRE.

[00102]4F & 410 BLA A 2 474, Frid 9 474 @498 id4FE 410
b TR 34 460 A LIRS 462, LI I G 462 TUA LER —
LF R 476 T L HH KL 478, EF — LK KRS 476 = &
Z R 478 Z R BEA SR 480 (A LA 16C) . ARHEMH 412
LR 482 EAMEATE 410 9 2 474 F (RALE 17A £ 17B #
17D) . A%k, EREAM 412 690345 482 F B R A B4 w36 484, ped
ABH 412 ZE ARG 400 T 25, QIETRB IR 484 #5535 482
EALEATE 410 970 474 AHF BAATE 410 B2 (ALA 22B £
22C) .

[00103]RH A 412 #9BRIE T30 484 IR £ 404 KA 446, &
sLif K M (BF, 3RE 404) FoAREBAF 412 (A LE 22B £ 22C).
HE 404 ¥ RA 446 TA LA @AM &, ATk w9/~ & 5 5] 5 B w
2 484 t9ARRT M B AEAE. RE 404 Y RA 446 H A F B BRKE W
A8 AR E. FELEM, RETANKAT THMEHEE, 22
RE 404 TABIT A HIKRE 404 BARBMG 412 - FBEFHAEFH N
fE4TiE & o4 & X4 2| R B A4 412,

[00104]4= B 17A £ 17D ¥ AFF, AREM 412 €EF 32545 472
Fih S 482, ARV 412 XS 472 9T AT 486 LEAF 5
TEH A& 414 49 LR T 488 AL A M), AMEIEARBM 412 FoTiE 5
# N4 MEELERRABEES)., E—ATHMHERESF, KBS 412
HTRE 486 LR ZA UH TR 490, A=A UK KA 490 B# AR
AFANt e UMW 492 F, Frid U B3 492 B RATIESH &
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414 t4 F A 488 . TUAKEANARY UK KA 490 Z A ¢ )3 (F
B T oA A R A AR L 6 U R RT3 492 XA Y IR SE ) A MRARAK &K
P 412 BAE—AF O 5 TEDE 414 48:%. seob, w LATE, KE
B 412 iF G35 B3 3R 484, FTIABRIE LT3 484 AR EARBM 412 &
LS 482 b . M, ARBH 412 (9 R AT 400 F B S
(Hl4e, KE 404) ot AFHAM (Hlde, TEFHE 414) A L&,

[00105]3= ] 18A £ 18C ¥ A+, TiE&EH& 414 RAAst F Lo
402 TEDEH ARSI, ZFHEAME, w AT, TEHE 414 &
LAE 488 L4 UMW 492, LA E 488 AR R P4y, TEHA
414 45 F A0 494 L3R4 F 496( 87 , U ARATEZ &K 414 T E L),
ETERG TN LA T, RESE 496 3EAPB T TE 3 & 414 (PP,
IWTFAE 494 £ LA ® 488) . TA®E 494 AARFimeh, TEHH
414 HTART 494 A EHAD, MEFHABTUELEFTFEAL
& 416 ¥ A HAKILT 498 Fo 500, AARAFARAK. MK, KA
KoK B AL R & 416, ALEZA 416 T AL T 408
F2 500 49 K BARAST 496, EFTRRAE 496 LA KA #oK Ll T
B x & 416 ¥ 8 B KL T 502 HEAAZ AT #HATRA.

[00106]%= & 19A £ 19D F #7 =, B & & 416 AR T L4h 7 402
Bl g AR A%, SFHIME, BTH 416 £F LAE S04 TR
& 506. EE & 416 LiEA F5 TFoh 420 A& NEH, UE—EH
X400 A5, MsTFIr LBt 438 BB A& 416 (P, BFubEE
& 416 AT F 4 E 404 438 2 dt ) . Hlde, LA B A 416 #7514 510
HA AU 508. —ARF AU 508 24 RE Tk 420 L&
TR o RAL 512, wsbbiak B & 416 ABsT F T ohx 420 k4. &
—ANFHMEEA Y, BAUMN 508 At e KA 512, AidK
% WA 508 #9 R Ao/ R WAY 508 X 18] ¢4 8] JE ( FF B m s WARRT 4G R
2512 RTH/XEARSI1ZZIAAIE) , BAHKEZH 416 15
—AFEE T E 204EE. AR, BHEZR 416 B4 FF
Sh & 420 eSS BTSN A 420 B A 2| LS 402, S fEA FRATHA
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BARAE, FIAE 2 & 416 R AESh T 438 M akss.

[00107] B & & 416 L35#/KIL T 498 F= 500, PTEEKILD 498
#2500 A HAK#ARIL T FethKIRKILT AT B, BZR 416 L&
kIl a 502, AiEAKIAKILD 498 #9A K. R ARKBRKILD
500 #) Ik, REAKFRKEG RS KAFTABILAE B KILT 502
AE) ARG B KA, B A 416 t94RKHEKILDT 498 Fo Kt KIL
o 500 & f AREA A 514, FTiEAE 514 MBI & 416 49 F &8 506 M
EEE A& 416 B9 LA E 504 WA M4r, AERFJ[ATEHZH 416 A
A 400 T HK G RT. BERE 416 9 KkILa 502 BA A 516,
Fir ik BE 516 M) 2 A& 416 #9 L& & 504 B iE & B 2 & 416 #9 T & & 506
W4, AER FHETE ZA 416 A E B 400 89K AF).

[00108] 4= B 20A £ 20B F A7 7, 2 3 F 214 418 & oy 3 b A HH( 4
4o, BIR) HARAFHMME. RFFHH 418 HAB R E & 416 ¢
Aokt kIL T 498, MAKBEKILET 500 Fo il KIL T 502 49K F FH 4.
BB & 416 —4, AHFTHM 418 LA A KItKILT 518, #Kit
Ko 520 F=EAKILT 522, E—AFTHIMERE, KIRFHH 418
g dkIle 522 B P A HRILD 522 MMM 524 (Blde, 32
MAEANE) BAZAFFEHH S FHF P AHE R, £FH—ANTH
M EES T, KEFHMF 418 5 Tk 420 — R H A,

(001094 /Kt K3La 518, #HKiERKILT 520 vA R KL T 522
ARBLFHAFFRM 418 65 F S dt 526 4k, sbIb, SR
Ko 518 Bt F —& 49 528 A F FKFL T §522; MAK#tKILO
520 @it — 54390 530 £ E HAKIL T 522; AR KL 518 @ if
F=HH 532 B EHKAKILT 520, BiLF —E A 528 K
WA KHEKILT 518 5 HKRILT 522 Z M4 H AT S — 51 534;
Wit =i 3R 530 EIMARKEEAKRILT 520 5 KL 522 Z )9 44
EHHBRTE =R 536; HH, BidF =153 532 LR A K
KT 518 5 #K#KIL T 520 X Mgk H R T H =504 538.

[00110]E &2, BT 40048 K5, AR 416 P #IL T 498,
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500 #= 502 5 A REHM4 418 43l 518, 520 = 522 x4, Eb,
Sodb e vA T #4700 6 AR AL, S09% 526, F —i5 430 528, F — ik
530. £ =43 532, B — 5 534, £ =51 536 ARE =% 538
A TFHAETINE 420 FPHASEH4 418, FEREFRZA 416 5
v

[00111]4= & 21A £ 21D VAR 22B £ 22C ¥ Fr+, Téhx 420 &
Lo E 402 sTREUB RIS EAH 438, ATFAEARY 400 AR ZE, £
Frid st & 484 438 F (Hldm, £ LSNT 402 89 E R 426 F ) RIFHAMF
(Hldm, AT£ 410, REM 412, T 414, B X A& 416 vAB A
T4 418) . T E 420 Bl TUAHEH KL A4 K. TIHE 420
Taw g Esh & 402 69 AHHAR R 69 A HRS AR

[00112]3k3), TFoh7% 420 A4k X HMA, AERY 400 AR Z AT
R FRHFE LA 416 AT 418. 5B LA 416 R I FK 3
# 418 £k, Tk 420 iEAKEARKILT 540, HARKHAKILT 542
AB dKILT 544 (ATLE 21A £ 21D) . #e LATE, TFToh& 420 &
CIERR 512, —AREANRA 512 BAPRIL T 5% 420 49 MAE 546,
A—NTHMEEG T, AT 512 EPALZTMAEE 546. — R P
ANERSIZAOGETARKEMAE 546 9 [ EAE . £—/TH M E
BT, MARARSI2 G GEEAREMA 546 69 5 EADE .

[00113]— AR E A KA 512 TABLA- 2|40t L84 FF 0 548 F, Ff
AT 548 48 LI K 402 FHRAELE 442 09 T H( A RLE 13A £ 13C).
E—NTHHEEFF, ZARLSIZEAZ AN 548 F, Xk
KA 512 9 KRARE 4 442 T RAB B, Blde, At H K,
LB 402 T AT T 548 F, KA 512 & ARG 442 435
B, Hlde, BiL4ESRART 6 LAY K 69 3R,
©[00114] TRAEEA 512 R TA/RMIK, REETIE 420
BAL it —AF e B A& 416 o Lo & 402 3F3%, &g s 1% 4 K 400
EE, B RE 416 FAsT T LAb T 402 Fo T & 420 HAE L EG,
Bt B A 416 FHH UM 508, FA 512 5L E R & 416 Aast
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FF I £ 4205045 S B M FF 1k B & 416 4Bz F L5b T 402 424 ),
[00115] F 4} & 420 G365 — W36 550, H = w18 552, % = 3¢
554 #o % VI 3% 556. T I A 420 L — AL 558, F KA 560.
AR R ZER 562, AHFHMH 418 ¢940 8 526, F—% 23 528. F
R4 530 Ao ik 532 A EA 2| T bk 420 9 F — I3
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