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U.S. Patent No. 7,154,200

Clams1, 2,4,6,and 7
Toyota/ Aisin Water Pump
Toyota PN 161A0-29015
Aisin P/N WPT-190
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"1. A motor comprising:"

1. A motor comprising: The Toyota/ Aisin Water Pump (the “Aisin Pump”) has a Toyota part number 161A0-29015 and Aisin part number WPT-
190:

0O.E. AISIN
Part # Manufacturer Part #

|16120-49048  [Toyota WPT-065

Fo [ 16120-40085  [Toyots WPT-065
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Aisin Cooling Catalog 2016.pdf at 145 (hereinafter “Aisin
Cooling Catalog”), available at
http://aisinaftermarket.com/FlipBook/CoolingCatal og/mobil

g/index.html (downloaded Dec. 6, 2016)
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The Aisin Pump is marked with both the Toyota and Aisin logos:




IM C;_1695.JPG
The Aisin Pump isawater pump and is believed to be installed in the following 2016 Toyota models:
= ToyotaPrius C Persona Series 1.5L L4 — Electric/Gas

= ToyotaPrius C Four 1.5L L4 — Electric/Gas

= ToyotaPrius C Two 1.5L L4 — Electric/Gas

= ToyotaPrius C Three 1.5L L4 — Electric/Gas

= ToyotaPriusC One 1.5L L4 — Electric/Gas
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"1. A motor comprising:"

= ToyotaPriusV Five 1.8L L4 —Electric/Gas
= ToyotaPriusV Two 1.8L L4 — Electric/Gas
= ToyotaPriusV Four 1.8L L4 — Electric/Gas

= ToyotaPriusV Three 1.8L L4 — Electric/Gas

http//0 so0bdn.com /din -
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http://parts.ol athetoyota.com/oe-toyota/161a039025 (accessed December 12, 2016).

The Aisin Pump is made in Japan:
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"1. A motor comprising:"
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The Aisin Pump is an electric pump assembly, as indicated on the packaging label directly above and as listed below on the
purchase receipt.
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"1. A motor comprising:"
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"1. A motor comprising:"

As shown in greater below with respect to the other limitations of claim 1, the Aisin Pump is an electric motor having a
stator and a rotor, where the stator is designed to cause the rotor to rotate during operation.

Stator (Encapsulated in Thermoplastic)
y — ——

s

IMG_1711.JPG




Case 1:17-cv-00300-UNA  Dgeyiipgahing 7 TB2DE3/ 204k 1 Page 9 of 45 PagelD #: 389

"1. A motor comprising:"

I

IMG_1742.9PG
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"a) astator substantially encapsulated within a body of thermoplastic material; and"

a) a stator substantially The Aisin Pump comprises a stator substantially encapsulated within abody of thermoplastic material.
encapsulated within a body
of thermoplastic material; The Aisin Pump includes a“PPS — GF 30" |abdl:
and '

¥ "PPS-GF30" |

[ . 3
4

®
“f

IMG_1711.JPG

“PPS — GF 30" refers to polyphenylene sulfide with 30% glass fiber filler (*PPS-GF30”). See, e.g., U.S. Patent Publication
2009/0173903 (application No. 12/295,565), at 0114 (“The abbreviations of the resin names in the tables above are as
follows. PPS-GF30: Polyphenylene sulfide resin containing 30 wt % of glassfibers’). PPS-GF30 is athermoplastic —the
excerpt pictured below is asummary of its properties (including the categories of which it is amember, which includes
“thermoplastic”) from the MatWeb database of material property data.
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"a) astator substantially encapsulated within a body of thermoplastic material; and"

. Advertise with MatWeb! m
i\.

L at e Drata sheets for over 115,000 metals, plastics, ceramics, and composites.

-

MATERIAL PROPERTY DATA HOME = SEARCH = TOOLS = SUPPLIERS = FOLDERS = ABOUT US = FAQ = LOGIN

o

Searches: Advanced | Category | Property | Metals | Trade Name | Manufacturer | Recently \iewed Materials PP3 m

Overview of materials for Polyphenylene Sulfide (PPS) with 30% Glass Fiber Filler

Categories: Pcolymer, Thermoplastic; Polvphenylene Sulfide (PPS); Polyphenylene Sulfide (PPS) with 30% Glass Fiber Filler

Material This property data is a summary of similar matenals in the MatWeb database for the category "Polyphenylene Sulfide

Notes: (PPS) with 30% Glass Fiber Filler”. Specific grades with glass content between 25% and 34% are included. Each
property range of values reported is minimum and maximum values of appropriate Mat\Web entries. The comments
report the average value, and number of data points used to calculate the average. The values are not necessarily
typical of any specific grade, especially less commen values and those that can be moest affected by additives or
processing methods.

http://www.matweb.com/search/datasheet_print.aspx?matquid=c43bc743bdc0413ead2b87aca2e38a30 (downloaded Dec. 9,
2016).

The“PPS — GF 30" label on the Aisin Pump denotes that the plastic body of the Aisin Pump is made of this type of
thermoplastic material.
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"a) astator substantially encapsulated within a body of thermoplastic material; and"
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IMG_1705.JPG

The Aisin Pump aso includes a stator. The general location of the stator is shown shaded in red in the photo below:
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"a) astator substantially encapsulated within a body of thermoplastic material; and"

Ce Y

IMG_1789.JPG

The stator is substantially encapsulated within the body of PPS — GF 30. For example, the photo below shows stator
conductors and a stator pole substantially encapsulated within the body of PPS — GF 30:
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"a) astator substantially encapsulated within a body of thermoplastic material; and"
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IMG._1840.JPG

The photo below shows the other side of the Aisin Pump where the rotor sits and depicts how the stator is substantially
encapsul ated within the body of PPS — GF 30:
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"a) astator substantially encapsulated within a body of thermoplastic material; and"

IMG_1806.JPG
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"b) one or more solid parts used in the motor either within or near the body;"

b) one or more solid parts
used in the motor either
within or near the body;

The Aisin Pump comprises one or more solid parts either within or near the body.

The Aisin Pump includes a number of solid parts within or near the body of PPS— GF 30. For example, the Aisin Pump
includes ametal insert within the body of PPS — GF 30:

- - i . 1 A g _[g.:
. | Metal Insert |

The Aisin Pump also includes metal inserts within mounting flanges the body of PPS — GF 30:

IMG_1805.JPG
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"b) one or more solid parts used in the motor either within or near the body;"

-----

Metal Inserts

IMG_1711.JPG

By way of further example, the Aisin Pump includes metal electric pathways and metal connections to conductors both
having portions within the body of PPS — GF 30:
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>

"b) one or more solid parts used in the motor either within or near the body;"

. Al ~ Connection to Conductors
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"b) one or more solid parts used in the motor either within or near the body;"

T — 'T

Connection to Controller Circuit
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IMG_1705.JPG

The Aisin Pump further includes metal laminations and metal wire windings as components of the stator substantially
encapsul ated within the body of PPS — GF 30:
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Metal Laminations k'
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") the thermoplastic materia having a coefficient of linear thermal expansion such that the thermoplastic material contracts and expands at approximately
the same rate as the one or more solid parts.”

c) the thermoplastic material | The Aisin Pump comprises a thermoplastic material having a coefficient of linear thermal expansion such that the
having a coefficient of linear | thermoplastic material contracts and expands at approximately the same rate as the one or more solid parts.
thermal expansion such that
the thermoplastic material As explained above, the Aisin Pump includes a body that contains alabel “PPS — GF 30,” which refers to athermoplastic
contracts and expands at material called polyphenylene sulfide with 30% glass fiber filler. The“PPS— GF 30" label on the Aisin Pump denotes that

approximately the same rate | the body of the Aisin Pump is made of this type of thermoplastic material.
as the one or more solid

parts. The coefficient of linear thermal expansion (“CLTE” or “CTE”) isameasurement that describes how the size of an object
changes in one dimension (e.g., length) per unit rise in temperature:

Most solid materials expand upon heating and
contract when cooled. The change in length with
temperature for a solid material can be ex-
pressed as:

(=I)ly=0, (T; =Ty Allly=o,AT
o, = 1/(dl/dT)

where [, and /; represent, respectively, the origi-
nal and final lengths with the temperature
change from 7|, to T;. The parameter o,; CTE and
has units of reciprocal temperature (K~!) such as
um/m - K or 10-9/K. Conversion factors are:

To convert To Multiply by
10-9/K 10-6/°F 0.55556
10-6/°F 10-9/K 1.8

ppm/°C 10-9/K 1

10-6/°C 10-6/K 1
(um/m)/°F 10-9/K 1.8

(um/m)/°C 10-/K 1
10-%/R 10-6/K 1.8

The coefficient of thermal expansion is also
often defined as the fractional increase in length
per unit rise in temperature. The exact definition

http://www.owl net.rice.edu/~msci301/Thermal Expansion.pdf (downloaded Dec. 6, 2016).
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") the thermoplastic materia having a coefficient of linear thermal expansion such that the thermoplastic material contracts and expands at approximately
the same rate as the one or more solid parts.”

PPS — GF30 has a CLTE value similar to that of one or more of the solid (e.g., metal) parts either within or near the body of
PPS — GF 30 of the Aisin Pump and, accordingly, contracts and expands at approximately the same rate as those one or more
solid parts.

More specifically, PPS — GF 30 is known to possess CLTE values in the range of 0.50 x 10 in/in °F to 2.06 x 10 in/in °F
when heated to temperatures between 212 °F and 392 °F, with an average value of 1.39 x 10° in/in °F:

Thermal Metric English Comments
Properties

CTE, linear 9.00 - 37.0 pym/m-°C 5.00 - 20.6 pin/in-"F Average value: 25.0 ym/m-°C Grade Count:8
m 10.0 - 52.0 pm/m-"C 5.56 - 28.9 uin/in-°F Average value: 31.0 um/m-"C Grade Count;2

@Temperature 100 - 200 °C @Temperature 212 - 392 °F
http://www.matweb.com/search/datasheet_print.aspx?matquid=c43bc743bdc0413ead2b87aca?2e38a30 (downloaded Dec. 9,
2016)

One or more of the solid parts, such as the metal insert, metal inserts within the mounting flanges, metal e ectric pathways
and metal laminations, are believed to be some type of steel. Steels are known to possess CLTE values withinthe CLTE
range of values of PPS— GF 30, namely from 0.63 x 10 in/in °F to 0.68 x 10” in/in °F:

Steels

Coefficient of Thermal Expansion
Material

106 (° '::JI 109 e :J-I-'

Plain Carbon and Low Alloy Steels

L]
n

=]

Steel Alloy A36 11

=]

n

Steel Alloy 1020 b

Steel Alloy 1040 1.3 5.3
Steel Alloy 4140 12.3 5.8
Steel Alloy 4340 12.3 5.8

http://www.amesweb.info/Material §/Linear-Thermal - Expansi on-Coefficient-M etal s.aspx (downloaded Dec. 9, 2016).
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") the thermoplastic materia having a coefficient of linear thermal expansion such that the thermoplastic material contracts and expands at approximately

the same rate as the one or more solid parts.”

The wire windings are believed to be some type of copper. Copper aloys are known to possess CLTE values within the
CLTE range of values of PPS— GF 30, namely from 0.90 x 10” in/in °Fto 1.14 x 10° in/in °F:
Copper-Base Alloys
—— Coefficient of Thermal Expansion
L 10%¢oyt || 108¢Ryt |
Copper Alloy C11000 (electrolytic tough pitch) 17.0 9.4
Copper Alloy C17200 (beryllium - copper) 16.7 9.3
Copper Alloy C22000 (Commercial bronze, 90%) 18.4 10.2
Copper Alloy C23000 (Red brass, 85 %) 18.7 10.4
Copper Alloy C26000 (cartridge brass) 19.9 11.1
Copper Alloy C27000 (Yellow Brass) 20.3 11.3
Copper Alloy C36000 (free - cufting brass) 20.5 11.4
Copper Alloy C51000 (Phosphor bronze, 5% A) 17.8 9.9
Copper Alloy C62300 (Aluminum bronze, 9%) 16.2 9.0
Copper Alloy C7T1500 (copper - nickel, 30%) 16.2 9.0
Copper Alloy C93200 (bearing bronze) 18.0 10.0
http://www.amesweb.info/M aterial s/Linear-Thermal -Expansi on-Coefficient-Metal s.aspx (downloaded Dec. 9, 2016).
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"2. The motor of claim 1 wherein the one or more solid parts comprise ametal.”

2. The motor of clam 1 One or more solid parts in the Aisin Pump comprise ametal.

wherein the one or more
solid parts comprise ametal. | As explained above, the Aisin Pump includes one or more solid parts. The solid parts are believed to be made from metal.
For example, as shown in the photo below, the Aisin Pump includes a metal insert.

—= ™

Metal Insert

IMG_1805.JPG
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"2. The motor of claim 1 wherein the one or more solid parts comprise a metal."

The Aisin Pump also includes metal inserts within mounting flanges of the body of PPS — GF 30:

Metal Inserts

IMG_1711.JPG
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"2. The motor of claim 1 wherein the one or more solid parts comprise a metal."

By way of further example, the Aisin Pump includes metal electric pathways and metal connections to conductors both
having portions within the body of PPS — GF 30:

-~

- Connection to Conductors

. A 3

......

Metal Electric Pathways ~ Ny

IMG_1713.JPG
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"2. The motor of claim 1 wherein the one or more solid parts comprise ametal.”

T — 'T

Connection to Controller Circuit

IMG_1705.JPG

The Aisin Pump further includes metal laminations and metal wire windings as components of the stator substantially
encapsul ated within the body of PPS — GF 30:
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"2. The motor of claim 1 wherein the one or more solid parts comprise a metal."

. -f' -“ r.“:‘.-

etal Laminations F}

IMG_1840.JPG
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"4. The motor of claim 1 wherein the one or more solid parts comprise a metal insert molded within the body."

4. The motor of claim 1 One or more solid partsin the Aisin Pump comprise ametal insert molded within the body.
wherein the one or more
solid parts compriseametal | Asexplained above, the Aisin Pump includes a number of solid parts within or near the body of PPS — GF 30. For example,
insert molded within the the Aisin Pump includes a metal insert within the body of PPS — GF 30:

body. _ e S

Metal Insert

IMG_1805.JPG
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"4. The motor of claim 1 wherein the one or more solid parts comprise a metal insert molded within the body."

The Aisin Pump also includes metal inserts within mounting flanges of the body of PPS — GF 30:

Metal Inserts

IMG_1711.JPG
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"4. The motor of claim 1 wherein the one or more solid parts comprise a metal insert molded within the body."

By way of further example, the Aisin Pump includes metal laminations and metal wire windings as components of the stator

IMG_1840.JPG
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"6. The motor of claim 1 wherein there are a plurality of solid parts that will be either within or near the body, and"

6. Themotor of claim 1 A plurality of the one or more solid parts of the Aisin Pump is either within or near the body.
wherein there are aplurality
of solid parts that will be The Aisin Pump includes a plurality of solid parts within or near the body of PPS — GF 30. For example, the Aisin Pump
either within or near the includes ametal insert within the body of PPS — GF 30:

bodly, and i W |

Metal Insert

IMG_1805.JPG
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"6. The motor of claim 1 wherein there are a plurality of solid parts that will be either within or near the body, and"

The Aisin Pump also includes metal inserts within mounting flanges of the body of PPS — GF 30:

Metal Inserts

IMG_1711.JPG
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"6. The motor of claim 1 wherein there are a plurality of solid parts that will be either within or near the body, and"

By way of further example, the Aisin Pump includes metal electric pathways attached to the body of PPS — GF 30 that may
connect conductors to the cont_rol ler circuit.

-~

- Connection to Conductors
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IMG_1713.JPG
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"6. The motor of claim 1 wherein there are a plurality of solid parts that will be either within or near the body, and"

T — 'T

Connection to Controller Circuit
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IMG_1705.JPG

The Aisin Pump further includes metal laminations and metal wire windings as components of the stator substantially
encapsul ated within the body of PPS — GF 30:
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"6. The motor of claim 1 wherein there are a plurality of solid parts that will be either within or near the body, and"

IMG_1840.JPG
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"the solid parts have different coefficients of linear thermal expansion, and”

the solid parts have different
coefficients of linear
thermal expansion, and

The solid partsin the Aisin Pump have different coefficients of linear thermal expansion.

As explained above, the Aisin Pump includes a number of solid metal parts. Two or more of the solid parts are known to
possess CLTE values that are different.

As stated above, one or more of the solid parts, such as the metal insert, metal inserts within the mounting flanges, metal
electric pathways and metal laminations, are believed to be some type of steel. Steels for example are known to possess
CLTE valuesfrom 0.63 x 10° in/in °F to 0.68 x 10° in/in °F:

Steels
Coefficient of Thermal Expansion
Material

e

| D-S I::c '::JI | E,-S I::c :J.I_;
Plain Carbon and Low Alloy Steels

Steel Alloy A36

-
]
5]

Steel Alloy 1020 M7 6.5
Steel Alloy 1040 1.3 5.3
Steel Alloy 4140 12.3 5.8
Steel Alloy 4340 12.3 5.8

http://www.amesweb.info/Material §/Linear-Thermal - Expansi on-Coefficient-M etal s.aspx (downloaded Dec. 9, 2016).

As stated above, the wire windings are believed to be some type of copper. Copper alloys are known to possess CLTE
values from 0.90 x 10”° in/in °Fto 1.14 x 10” in/in °F, different from those of steels:
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"the solid parts have different coefficients of linear thermal expansion, and”

Copper-Base Alloys
ateria Coefficient of Thermal Expansion
|_108¢ey! || 108¢R |
Copper Alloy C11000 (electrolytic tough pitch) 17.0 9.4
Copper Alloy C17200 (beryllium - copper) 16.7 9.3
Copper Alloy C22000 (Commercial bronze, 90%) 18.4 10.2
Copper Alloy C23000 (Red brass, 85 %) 18.7 10.4
Copper Alloy C26000 (cartridge brass) 19.9 11.1
Copper Alloy C27000 (Yellow Brass) 20.3 1.3
Copper Alloy C36000 (free - cufting brass) 20.5 11.4
Copper Alloy C51000 (Phosphor bronze, 5% A) 17.8 9.9
Copper Alloy C62300 (Aluminum bronze, 9%) 16.2 9.0
Copper Alloy C7T1500 (copper - nickel, 30%) 16.2 9.0
Copper Alloy C93200 (bearing bronze) 18.0 10.0
http://www.amesweb.info/Material §/Linear-Thermal - Expansi on-Coefficient-M etal s.aspx (downloaded Dec. 9, 2016).
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"the thermoplastic material is designed to have a coefficient of linear thermal expansion intermediate the maximum and minimum coefficients of linear
thermal expansion of the different solids.”

the thermoplastic material is | The thermoplastic material in the Aisin Pump is designed to have a coefficient of linear thermal expansion intermediate the
designed to have a maximum and minimum coefficients of linear thermal expansion of the different solids.

coefficient of linear thermal
expansion intermediate the | Asexplained above, the Aisin Pump includes a body of PPS — GF 30:
maximum and minimum ;
coefficients of linear
thermal expansion of the
different solids.
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"the thermoplastic material is designed to have a coefficient of linear thermal expansion intermediate the maximum and minimum coefficients of linear
thermal expansion of the different solids.”

PPS — GF 30 is known to possess CLTE values in the range of 0.50 x 10™ in/in °F to 2.06 x 10™ in/in °F when heated to
temperatures between 212 °F and 392 °F, with an average value of 1.39 x 10° in/in °F:

Thermal Metric English Comments
Properties

CTE, linear 9.00 - 37.0 pym/m-°C 5.00 - 20.6 pin/in-"F Average value: 25.0 ym/m-°C Grade Count:8
m 10.0 - 52.0 ym/m-°"C 5.56 - 28.9 pin/in-°F Average value: 31.0 um/m-°"C Grade Count:2

@Temperature 100 - 200 °C @Temperature 212 - 392 °F
http://www.matweb.com/search/datasheet _print.aspx?matquid=c43bc743bdc0413ead2b87aca?e38a30 (downloaded Dec. 9,
2016) Also, asindicated above, steels are known to possess aminimum CLTE value of 0.63 x 10”° in/in °F and a maximum
CLTE value of 0.68 x 10° in/in °F. Because the range of known CLTE values of PPS — GF 30 spans these minimum and
maximum CLTE values of sted, it can be said that the body of PPS — GF 30 of the Aisin Pump is known to possess a
coefficient of linear thermal expansion intermediate the maximum and minimum coefficients of linear thermal expansion of
one or more solid steel parts.

Also, asindicated above, steels are known to possess aminimum CLTE value of 0.63 x 10 in/in °F and amaximum CLTE
value of 0.68 x 10”° in/in °F and copper aloys are known to possess aminimum CLTE value of 0.90 x 10° in/in °Fand a
maximum CLTE value of 1.14 x 10° in/in °F. Accordingly, the range of CLTEs intermediate the maximum and minimum
CLTEs of the copper and steel solid components of the Aisin Pump extends from at least 0.69 x 10 in/in °F to 0.89 x 10
in/in °F. Moreover, because the range of known CLTE vaues of PPS — GF 30 extends through this intermediate range of
CLTE values, it can be said that the body of PPS — GF 30 of the Actuator is known to possess a coefficient of linear thermal
expansion intermediate the maximum and minimum coefficients of linear thermal expansion of the steel and copper solid
parts.
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"7. The motor of claim 6 wherein the different solids comprise steel and copper.”

7. The motor of claim 6 Two or more of the different solid partsin the Aisin Pump comprise steel and copper.
wherein the different solids
comprise steel and copper. Upon information and belief, two or more solid parts of the Aisin Pump are made from steel and copper. For example, the
Aisin Pump includes a stator having metal laminations that are believed to be some type of steel and wire windings that are
believed to be some type of copper:

B s T

IMG_1840.JPG
The Aisin Pump includes a metal insert that is also believed to be some type of stedl:
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"7. The motor of claim 6 wherein the different solids comprise steel and copper.”

Metal Insert

IMG_1805.JPG

By way of further example, the Aisin Pump includes metal inserts within mounting flanges that are believed to be some type
of stedl:
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"7. The motor of claim 6 wherein the different solids comprise steel and copper.”

Metal Inserts

IMG_1711.0PG

The Aisin Pump further includes metal electrical pathways attached to the body of PPS — GF 30 having portions that are
believed to be some type of steel, aswell as metal connectors that are believed to be some type of copper:




Case 1:17-cv-00300-UNA  Docdnepint 144 ﬂ@ﬂé@,@l?@/&% -Page 44 of 45 PagelD #: 424

"7. The motor of claim 6 wherein the different solids comprise steel and copper.”

>

‘_,1 iy oy ~ Connection to Conductors
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"7. The motor of claim 6 wherein the different solids comprise steel and copper.”

———— v—v

Connection to Controller Circuit
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