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UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF MICHIGAN
SOUTHERN DIVISION

' IMPCO TECHNOLOGIES, INC.,
a Delaware Corporation,

Plaintiff, Hon. John-Corbett O’Meara
Case Np. 00-73633
V.

+ GFI CONTROL SYSTEMS, INC.,
a Foreign Corporation; and DYNATEK, INC.
a Foreign Corporation,

c* o~

Defendants. o~ Y

I E_ v-"-b'I.

John E. Berg (P40428) - ® 7

Brian M. Ziff (P58124) ) -= -

Clark Hill PLC - L : j
500 Woodward Avenue, Suite 3500 SRS

Detroit, Michigan 48226-3435
(313) 965-8300
Attomneys for Plaintiff

Jerry A. Riedinger

Brian P. McQuillen

Perkins Coie LLP

1201 Third Avenue, Suite 4800
Seattle, Washington 98101
(206) 583-8888

Of Counsel

FIRST AMENDED COMPLAINT AND JURY DEMAND

Plaintiff IMPCO Technologies, Inc. (“IMPCO”), through its attorneys Clark Hill PLC, states
for its First Amended Complaint against Defendants GFI Control Systems, Inc. (“GFI”) and

Dynatek, Inc. (“Dynatek”) as follows:
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JURISDICTION AND VENUE

1. This case arises under the patent laws of the United States, 35 U.S.C. § 1, e seg.
Subject matter jurisdiction exists by virtue of 28 U.S.C. §§ 1331 and 1338.

2. Upon information and belief, GFI conducts business and sells products throughout
the State of Michigan and in this judicial District.

3. GFlis subject to personal jurisdiction in this judicial District. Venue is proper under
28 U.S.C. §§ 1391 and 1400.

4. Upon information and belief, Dynatek conducts business and sells products
throughout the State of Michigan and in this judicial District.

5. Dynatek is subject to personal jurisdiction in this judicial District. Venue is proper

under 28 U.S.C. §§ 1391 and 1400.

PARTIES
6. IMPCO is a Delaware corporation having its principal place of business at 16804
Gridley Place, Cerritos, California 90703.
7. On information and belief, GFl is a Canadian corporation having its principal place

of business at 100 Hollinger Crescent, Kitchener, Ontario N2K2Z3.
8. On information and belief, Dynatek is a Canadian corporation having its principal
place of business at 4410 46™ Avenue SE, Calgary, Alberta T2B 3N7.

PLAINTIFF AND ITS RIGHTS

9. IMPCO is a leading designer, manufacturer, and supplier of advanced fuel storage,
fuel delivery, and electronic control systems that allow internal combustion engines and fuel cells
to operate using clean fuels such as hydrogen.
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10.  OnMarch 28,2000, the United States Patent and Trademark Office duly and lawfully
issued United States Patent No. 6,041,762 (“the ‘762 patent™), entitled Control Module for Natural
Gas Fuel Supply for a Vehicle. IMPCO is the assignee and sole owner of the 762 patent, a true and
correct copy of which is attached hereto as Exhibit A.

PATENT INFRINGEMENT

11.  IMPCO repeats and reallages the allegations in paragrapﬁs 1 through 10 of this
Complaint as if fully set forth herein.

12. On information and belief, GFI has made, used, and offered for sale in the United
States a fuel tank having an internal hydrogen gas pressure regulator that has directly infringed and
continues to directly infringe one or more claims of the *762 patent. GFI has also taken actions to
infringe the ‘762 patent by inducement.

13.  GFI’s infringement of the ‘762 patent has been willful and carried out with full
knowledge of the ‘762 patent.

14. IMPCO has been, and will continue to be, damaged by such infringement in an
amount to be proved at trial and in 2 manner and amount that cannot be fully measured or
compensated in economic terms and for which there is no adequate remedy at law, The actions of
GFI have damaged, and will continue to damage, IMPCQO’s business, market, reputation, and
goodwill. Such irreparable damage will continue unless the acts of GFI are enjoined.

15.  Oninformation and belief, Dynatek has made, used, and offered for sale inthe United
States a fuel tank having an internal hydrogen gas pressure regulator that has directly infringed and
continues to directly infringe one or more claims of the *762 patent. Dynatek has also taken actions
to infringe the ‘762 patent by inducement.

0587301 3
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16.  Dynatek’s infringement of the *762 patent has been willful and carried out with full
knowledge of the ‘762 patent.

17.  IMPCO has been, and will continue to be, damaged by such infringement in an
amount to be proved at trial and in a manner and amount that cannot be fully measured or
compensated in economic terms and for which there is no adequate remedy at law. The actions of
Dynatek have damaged, and will continue to damage, Dynatek’s business, market, reputation, and
goodwill. Such irreparable damage will continue unless the acts of Dynatek are enjoined.

WHEREFORE, Plaintiff IMPCO Technologies, Inc. respectfully requests that this Court
enter an Order granting judgment in IMPCO’s favor and against Defendants GFI Control Systems,
Inc. and Dynatek, Inc., and declaring that

a. GFI infringes the ‘762 patent by its manufacture, use, and/or offer for sale of a
hydrogen gas pressure regulator;

b. GFI’s infringement of the ‘762 patent is willful;

c. GFIbe enjoined from infringing the ‘762 patent by making, using, importing, selling,
or offering for sale, a hydrogen gas pressure regulator in the United States;

d. GFI be compelled to surrender all infringing products for destruction;

e. Dynatek infringes the 762 patent by its manufacture, use, and/or offer for sale of a
hydrogen gas pressure regulator;

f. Dynatek’s infringement of the ‘762 patent is willful;

g. Dynatek be enjoined from infringing the ‘762 patent by making, using, importing,
selling, or offering for sale, a hydrogen gas pressure regulator in the United States;

h. Dynatek be compelled to surrender all infringing products for destruction;

3058730.1 4
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i. IMPCO is entitled to and shall be awarded damages under 35 U.S.C. § 284 and said
damages shall be trebled;

) this case is exceptional under 35 U.S.C. § 285 and IMPCO be awarded its attorney
fees under 35 U.S.C. § 285, or as otherwise permitted by law;

k. IMPCO be awarded costs of suit; and

1. IMPCO be awarded such other and further relief as is just and appropriate under the

circumstances,

Respectfully submitted,

CLARKHILLPLC

4

John E. Berg (P46428Y/

Brian M. Ziff (P58124)

500 Woodward Avenue, Suite 3500

Detroit, Michigan 48226-3435

(313) 965-8300

Attomneys for Plaintiff IMPCO Technologies, Inc.

By:

Jerry A. Riedinger

Brian P. McQuillen

Perkins Coie LLP

1201 Third Avenue, Suite 4800
Seattle, Washington 98101
(206) 583-8888

Of Counsel
Date: August 18, 2000
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DEMAND FOR JURY TRIAL

Plaintiff IMPCO Technologies, Inc. hereby demands tria! by jury.

Respectfully submitted,

CLARK HILL PLC

By: @;% 277/

John E. Berg (P40428) U/

Brian M. Ziff (P58124)

500 Woodward Avenue, Suite 3500

Detroit, Michigan 48226-3435

(313) 965-8300

Attorneys for Plaintiff IMPCO Technologies, Inc.

Jerry A. Riedinger

Brian P. McQuillen

Perkins Coie LLP

1201 Third Avenue, Suite 4800
Seattle, Washington 98101
(206) 583-8888

Of Counsel

Date: August 18, 2000
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United States Patent 9 (1] Patent Number: 6,041,762
Sirosh ct al. as] Date of Patent: Mar. 28, 2000
[34] CONTROL MODULE FOR NATURAL GAS 5,458,151 10/1995 Wass wveccsscsssssssssnrmers 2517144 X
FUEL SUPPLY FOR A VEHICLE 5,562,117 10/1996 Borland et ol covmecorcccrinnenss 2517144 X
5,566,713 10/1996 Lhomer et al. .oneeewens 137/505.25 X
[75] Inveotors: Neel Sirosh, Irvine; Syed Hussaln, 5,611,316  3/1997 Oshima et al.
Anaheim Hills; Ede G Adler, Irvine; 5,829,418 1171998 Tamura et ol .eevemrmeccemmusnnns 123/529
David Marley, Santa Ana, all of Calif. Primary Examiner—Gerald A. Michalsky
[73] Assignce: IMPCO Technologles, Inc., Cerritos, Attorniey, Agent, or Firm—Edward A. Sokolski
Calif. [57) ABSTRACT
. ‘The controls for controlling tbe supply of patural gas fuel for
[211 Appl. No.: 09/134,777 a vehicle arc integrated together in a module which is
{22] Filed: Aug. 15, 1998 located at the gas tank. Such controls include a high pressure
regulator for Jowering the pressure of the gas flowing from
Related U.S, Application Data the tank and an electronically controlled solenoid valve
[60] Provisional application No, 600055922, Aug. 16, 1997. which shuts off the gas flow when no fuel is required by the
w7 . engine and when the gas pressure in the 1ank falls below a
(51) Int. Q1. _ I('MD 16/00 predetermined value. Also included in the module arc &
[52] US. Cl o 123/529, 123/527; 137/505.25 pressure sensor for providing signals for controlling the
(58] Field of Search wowsmammmmsrnns 123/527, 529, ghyiofr valve; a check valve which permits one way fow of
13750525 gas into the gas fank when it is filled; a pressure relicf
mechanism responsive to the temperature and pressure sen-
[56] References Clted sors for allowing safe release of the gas to the outside should
U.S. PATENT DOCUMENTS the temperature risc above a predetermined Limit. The sole-
Lo noid valve, as indicated above, responds to the sensors and
i»‘l’gi:;fég gﬁ }g; ‘[:g“'dlfl‘“‘; - »»2511!2]332; additionally functions as an excess flow shut off valve to cut
5 ass et al. - . . . oas ine .
5197710 371993 Wass etal, .. o 25U14 X ;‘gg:;:"::hr::’:‘; 'L'B-""k should the gas line rupturc or the
5,330,031 7/1994 Hill et al. ......... w 123/527 X :
5341844 B/1994 Wass et al. ... . 2517144 X
5452738 9/1995 Borland et al, vcrcsniins 2517144 X 9 Claims, 3 Drawing Sheets
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CONTROL MODULE FOR NATURAL GAS
FUEL SUPPLY FOR A YENICLE

Continuing status for this application is claimed from
Provisional Application No. 60,055,922 filed on Aug. 16,
1997.

BACKGROUND OF THE INVENTION

1. Field of the lovention

This invention rclates 10 naiural gas fucl supply for a
vehicle engine and more particularly 1o a control module for
controlling the feeding of gas between a fuel tank and the
engine.

2. Description of the Related An

The usc of patural gas as a vchicle cngine fucl has
substantial covironment benefits in that the exhaust ¢mis-
sions of an engine using such fuel are extremely low. Natural
gas fucl, bowever, bas low encrgy density which necessitates
fuel storage in a vehicle in a highly compressed form lo
increase such density. This necessitales the regulation of the
fucl pressure down lo a lower value suitable for usc in the
vehicle combustion chamber. Due to this factor, the fucl
supply system represents 50-90% of the cost of conversion
of a vehicle 1o run on natural gas.

There are two Fundamental requirements for a natural gas
fuel supply system: 1. storing enough fuel to provide
adequate ravel range by compressing the fucl prioe to i1s
being fed into the fuel tank; 2. Regulating the compressed
fuel down lo 1 suitablc pressure and temperature so that the
air/fuel ratio can be controlled 10 achieve the required
emissions and fuel economy objectives.

In prior ant patural gas fuel supply sysicms such as
described in U.S. Pat. No. 5,611,316 issucd Mar. 18, 1997 1o
Oshima et al, the bigh pressure gas is fed through high
pressure lines to the engine where the pressure is lowered
and regulated by a suitable regutator and the feeding of the
fuel controlled. In such prior an systems, the fucl line
runping between the gas tank and the engine and other
relaled components must be able 1o handle the high pressure
which necessitates the use of expensive materials such as
stainless steel. Further, the feeding of the gas at high
pressure presents the danger of leaks and evaporative emis-
sions which could cause system breakdown along with the
resultant hazards.

SUMMARY OF THE INVENTION

The preseol invention provides an improvement over the
prior art by providing a fuel control module which integraies
a bigh pressure regulator for reducing the pressure of the fucl
with an electromagnetically controlled shutofl valve along
with temperature and pressure sensors, a high flow shut off
device, a check valve, and a safety relief device in a single
rugged manifold which is mounted on the fuel tank. The
pressure regulator reduces the pressure of the gas to a kevel
suitable for use by the engine and the low pressure fucl fed
through normal fuel lines 1o the engine. Also included in the
module are pressure and (emperature sensors for providing
signals for controlling a shutoff valve and a pressure relicf
mechanism lo allow safe release of the gas should the
temperature rise above a predetermined limit and a check
valve which permits only onc way flow of gas into the tank
when il is filled.

it is therefore an object of this invention to provide an
improved control device for controlling the patural gas fuel
supply to a vehicle enginc.

10

15

0

35

45

50

55

o]

65

2

1t is a further object of this invention to obviate the need
for high pressure fuel lincs between the gas tank and the
engine in a natural gas driven engine,

Other objects of the invention will become apparent from
the following description taken in coonection with the
accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective schematic view illustrating the
device of the inveation installed in a vehicle;

FIG. 2 is a schematic view illustrating the installation of
the module of the invention in a gas lank;

FIG. 3 is & side schematic view illustrating the module of
the invention;

FIG. 4 is a view taken along the plane indicated by 4—$
in F1G. 3; and

FIG. 8 is a block diagram illustrating the operation of the
control system of the invention.

DETAILED DESCRIPTION OF TIE
INVENTION

Referring now to the Figures, a preforred embodiment of
the invention is illustrated.

Integrated module 7 is attached 10 the wall of tank 18 with
a portion thereof, high pressure regulator 11 extending into
the interior of the tank, as shown in FIG. 3. Mounted on or
within module 7 are regulator 11, pressure and temperature
transducers 14, pressure relief device 13 and check valve 16,

Pressurized natural gas is filled in tank 18 through check
valve 16 which only allows unidirectional Bow, i.c. flow into
the tank. The pressurized gas in tank 18 fows out of the tank
thraugh high pressure regulator 11 which extends into the
tank. Regulator 11 may comprise a balanced poppet in line
fow regulator which reduces the gas pressure of the gas fed
from the tank from about 5,000 psi to about 160 psi. The
regulator may have an overall diamcter of less than two
inches so that it fits conveniently in the neck of the tank with
minimum overhang so that fatigue due to exiended vibration
is minimized. In order to prevent excessive cooling of the
pressure regulator due to gas expaosion and the Joule-
Thomson effect, bot engine coolant is circulated around the
regulator, this coolant being fed in through inlet 17 and
exiled through outlet 9.

Balanced pressure regulator 11 is an integra! portion of
the cap for tank 18 and is used 10 regulate the pressure of the
gas fed to the engine within namow limits. Compressed
natural gas coters the high pressure chamber 1le of the
regulator through inlet port 112 and filier ¢lement 115 and
flows through inlet passageways 11c and around balancing
chamber 114 into the high pressure chamber 1le. The
balancing chamber 11g has the same area as pappet regu-
lator scat 114, assuming that the poppet 11p is not biased by
upstream or regulated pressure, Poppel scat 114 is fixedly
attached to balanced piston 117 which is slidably mounted in
the casing. The balanced piston receives a biasing foree from
spring 11 in the direction towards pressurized gas inlet port
11a. Regulated pressure is communicated through a passage
11fin the balanced poppet 11p. Regulated pressure is sensed
by the balance piston 117 and the poppet area exposcd io the
regulated pressure in chamber 110, Upstream pressure in the
high pressure chamber 1le is also balanced by the balance
piston arca and the regulator scat. Aimospheric pressure is
ported through passage 117 to the back side of piston 114

When the pressure in high pressure chamber 11e exceeds
the force of the regulator spring 1lm and the atmospheric
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pressure sensed on the back side of the piston 115, the piston
is driven lo the right and the poppet is unseaied (as shown
in F1G. 3) to permit flow of gas to outlet 11n. When the
pressure in high pressure chamber falls below the force of
the regulator spring, the piston is driven lo the keft {o seat the
poppet valve 11p and shut off the supply of gas to the outlet.
It is to be noted that poppet valve 11p is fixedly mounted on
the housing while poppet scating 11/ is attached to slidably
mounted balanced piston 117, Whether the poppet valve is
open closed is dependent on the relationship between the
forces on the opposite surfaces of sensing piston 11 due to
the gas pressurcs on these surfaces and the bias force of
spring 1im on balance piston 11 One end of spring tlm
abuts against member 11r which is threadably anached to
the bousing. The unit can be calibrated by rotating member
11r to move this member laterally, thereby changing the bias
force of the spring and determining the relative gas pressures
on the opposite sides of sensing pision 11j needed to bring
the poppet valve to cither the open or closed position. In this
manner, the difference between the pressure of the gas fed
into regulator 11 and that fed out of the regulater is auto-
matically maintained.

Pressure and temperature transducers 14 are provided in
the module to provide signals in accordance with the tem-
perature and pressure of the gas stored in tank 18 10 monitor
the mass of such gas. Signals from transducers 14 are also
used to control solcnoid valve 12 to shut off flow from the
tlank when the pressure gocs below a predetermined level,
Maintenance of a low pressure threshokd in the tank allows
control of the extent of compression heating or Joule-
Thompson cooling of gas during filling or venting.

Solcnoid valve 12 also functions as an ¢xcess fow shut off
valve such that the flow of gas from the lank is cul off in case
the fucl control module is accidentally sheared off or if the
gas linc to the engine mipturcs,

Pressure relief device 13 allows safe relcase of gas from
the tank to the outside if the temperature riscs above a
predetermined limit. Pressure relief deviee 13 employs a
metallic fusible eutectic malerial that activates within a
narrow lemperature range, allowing release of the gas. This
device ensures thal the gas pressure in the tank is safely
released if the temperature riscs, as in the case of a fire,

Gas flow from the tank to the engine can be controlled by
means of solcnoid valve 12 which is normally closed and
only permits a flow of gas when electrically activated. Thus
a current control switch can be utilized to activate and
deactivaie valve 12 o provide gas flow (o the engine as may
be desired.

It is 1o be noted that while the device of the invention is
disclosed as utilized in conjunction with a patural gas supply
lo an intemal combustion engine, this device could also be
employed in conjunction with other fuel gasses such as
methane and hydrogen and for the fuel supply for other
devices such as a fuel cell device.

While the invention bas been described and illustrated in
detail it is to be understand that this is inteaded by way of
illustration and example only, the scope of the invention
being limited by the terms of the following claims.

We claim:

1. In a vehicle baving an enginc capablc of operating with
gascous fucl, a fuel tank having pressurized gascous fucl
therein and a fuel line for feeding gascous fuel from the tank
to the engine, the improvement comprising;

a pressure regulator mounted in the interior of said tank

for lowering the pressure of said gascous fuel,
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said pressure regulator being connected between the inte-
rior of said tank for fecding lowered pressure gascous
fuel to said engine.

2. The system of claim 1 and funther including a control
module mounted on said tank for controlling the supply of
gascous fuel to the engine and wherein the pressure regu-
lator is part of said control module and extends from the
main body thercof. '

3. The sysicm of claim 2 wherein said modulc includes
electrically controlled valve meaans responsive to an electri-
<al signal of a predeiermined minimum amplitude, said
valve means shutting off the feeding of gascous fuel to said
engine when said minimum amplitude electrical signal is not
being fed thercto.

4. The system of claim 3 and additional including tem-
perature and pressure transducers incorporated in said mod-
ule for gencrating electrical control signals in accordance
with the temperature and pressure of the gas being fed to the
engine respectively, the electrical control signals from said
transducers being fed 1o said electrically controlled valve
means.

5. In a vehicle having an engine capable of operating on
gascous fucl, a fucl tank baving pressurized gascous fucl
contained thercin and a fucl line for feeding gaseous fuel
from said tank to said engine, the improvement censtituting
a control module mounted on said tank for controlling the
supply of gascous Fuel to said engine comprising:

a pressure regulator mounted on said module for lowering
the pressure of said gascous fuel, said pressure regu-
lator extending from said module into the interior of
said tank and connected to said line for feeding gaseous
fuel to said engine,

a pressure transducer incorporated in said module for
generating an electrical signal in accordance with the
pressure of the gascous fuel being fed to said engine,

a temperature transducer incorporated in said module for
gencraling an electrical signal in accordance with the
temperature of the gascous fuel being fed 1o said
engine, and

electrically controlled valve means incorporated in said
module responsive to a predetermined minimum ampli-
tude electrical signal, said valve means shutting off the
feeding of gascous fuel 1o said engine when said
minimum amplitude clcctrical is not being fed thereto,

the signals generated by said sensors being fed 10 said
valve means 1o cause said valve means (o shut off the
supply of gascous fucl to said engine when the gascous
fucl temperature or pressure is below predetermined
values.

6. The device of claim § wherein said electrically con-

trolled valve means comprises a solenoid.

7. The device of claim 8 wherein said pressure regulator
reduces the pressure of the gascous fuel 1o a value of the
order of 160 psi.

8. The device of claim 3 and further including means for
feeding heated coolant from said engine 1o said pressure
regulator to prevent excessive cooling thereof.

9. The device of ¢laim 8 and further including a pressure
relicf device incorporated in said module to provide release
of gascous fuel from the tank in the event that the ambicnt
lemperature riscs above a predetermined Limi.




