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1571 ABSTRACT

A pulse width modulated controller for N20O and en-
richment fuel delivery includes a system control logic
section which processes signals from sensors for throttle
position, engine speed and a number of other user-
selectable parameters and a driver section controls elec-
trically operated injectors or solenoid valves. The
driver section allows the injectors to open only when all
of the parameters sensed in the control section are met.
Moreover, the driver section activates injectors accord-
ing to a pulse generated by a pulse width modulation
section which determines how long the injectors will
remain activated. The pulse width modulation section
receives signals based on the present throttle position
and engine speed and adjusts these values according to
values for N2O and enrichment fuel based on engine
speed and throttle position set by the user in a tuning
section and thereby continuously provides the driver
section with a pulse having a width proportional to the

- proper amount of N>O and enrichment fuel which
should be delivered at any given time. In addition, the
tuning section is also user-settable to a maximum igni-
tion timing adjustment and provides a signal propor-
tional to ignition timing retard to an ignition control
section for automatically adjusting ignition timing ac-
cording to the amount of N2O and enrichment fuel
being delivered at any given moment.

8 Claims, 6 Drawing Sheets

/-—AIR/FUEL MIXTURE FROM MAIN FUEL SYSTEM

103

/—LIQUID N,O IN
g—108

\~Nzo SOLENOID
,0 SPRAY

MIXED N,O AND ENRICHMENT FUEL

MIXED N,O AND ENRICHMENT FUEL
WITH MAIN AIR FUEL MIXTURE



Sheet 1 of 6 5,269,275

Dec. 14, 1993

U.S. Patent

1 'Ol

L0}

N\

FUNLXIN 13N HIV NIVN HLIM
713n4 INJWHOIENT NV O°N QaXIN chi

73n4 INIWHOIUNI ANV O°N aaxXIn

N><Em o°
QION310S O zl/

A 1 II\
NI O°N dinoI T~ HO193rNI 1304

€01

W3LSAS T3N4 NIVIN WOHd IHNLXIN 13N4/dIV

oLl NI 13N4 LNJWHOIENI



Sheet 2 of 6 5,269,275

Dec. 14, 1993

U.S. Patent

S v |

momw

gle

momx\MNW\

2

—Proih

novlg

804

02 £0¢

€02
V¢ 9Old / @A J@ 801

0kl

N ﬂ
, “?lmmiu
502

@ﬁmom momv@




Sheet 3 of 6 5,269,275

Dec. 14, 1993

U.S. Patent

€ 'Oid
009
INITVYAIND3 HO ASW NOLLO3S
W3LSAS NOILINDI | TOHLNOD NOILINODI
HOLO3rNI
1an4
601 NOILO3S
NOILO3S NOILYINAOW NOILO3S
dION30S H3AIHA HLdIM 3S7Nd ONINNL
|
O°N 008 004 00S

01 ¢ _

1901
TOHLNOD
W3LSAS

00y

S1NdNI
Loy




Sheet 4 of 6 5,269,275

Dec. 14, 1993

U.S. Patent

¥ "Old

%7
y/@ ® o o ® ®3AILIY

DODODO DO
._om_._.zoo SLNdNI NOESTPL ALV

SdINVT HOLYOION
———NI 9 XNV 94
IXV | 44
66€ W1 |||
PXNY | HOLYHYdWOD NEp XNV cky
YT ———NIE XNV OLp
ozy , NI 2 XNV 80%
oey e NI | XNV 90%
SHIAIHA OL TOHINOQ L4v1S INI0dL3S Sdl | O] HOSN3S
22y NI Sdl
82y NOESThL e | [eNOG|
N0ILo3S ONINNL OL | | YO INVN | liuvis 1NiOdI3S Wt _[siionoLzH| (DS
1NO SLTOA Wdd 0z ﬂ LA




Sheet 5 of 6 5,269,275

Dec. 14, 1993

U.S. Patent

9 'Old 019 SLTOAS IOVLION
ON3H343H NOILIND
219 809 409
1n0 mﬁoﬁ_,
QuvL3
— NIVO — 2
dINV Quv13y OPISLION uﬁ.uwbg 0°N
30ON3H34410 NOLLINSI 0°N
NpZE W1| .
135440 s Old
T3n4 || NveE W1 NP2ZE W1
NZe W1 H344ng
NI SLT0A13n4 SLIOA0L-0 gzs|l 3do1s wﬁm> /HOLSIS3H
D3ISAONMJ O gz | waaav 1and e\ﬂ%b
yes 4] 02S
NVZEWT| e
INIOd13S
334O3A/LTON 10 [NVeE T ] S SALINEEND NI S1701
SLIORZS1 048 |6 10 01-0| 3408
NOLLINOI OL SLT0A O°N INIOdL3s| €09
NI SLTOA 0°N 218 0iS WdH-WdY hzmmm@:w, ld,__w%g
0

035 GO Md OL 715




U.S. Patent Dec. 14, 1993 Sheet 6 of 6 5,269,275

N20 VOLTS FROM TUNING SECTION

0-10 VOLTS 7
N>0 INTE- COMPAR-
clock | [ 1l|araTor | /\/ |ATOR PW N0 OUT
718
/2 NESS6 L 324 LM 324N 110 DRIVER SECTION
702 706 710
FUEL VOLTS FROM TUNING SECTION — 745
0-10 VOLTS ]
FUEL INTEGRA- COMPAR-
cLock | []_]{ToR /N |ATOR | ow EUEL OUT
1/2 NE556 LM324N LM324N —— 720
TO DRIVER SECTION
704 708 714
FIG.7
INJECTOR
W FUEL DRIVER
MC 348454-2 812 TO FUEL INJECTORS
1 OF 8
804 508
CONTROL——
N,O
SOLENOID
806 DRIVER 814 TON,O SOLENOIDS
PW N0 ———— MC 348454-2
10F 4 810

FIG. 8



5,269,275

1

PULSE WIDTH MODULATED CONTROLLER
FOR NITROUS OXIDE AND FUEL DELIVERY

FIELD OF THE INVENTION

The present invention relates to automotive fuel in-
jection systems. More particularly, the invention relates
to a system for injecting liquid nitrous oxide and enrich-
ment fuel in a high performance vehicle.

BACKGROUND OF THE INVENTION

Chemical supercharging of racing engines is well
known in the art. Nitrous oxide (N20) is a non-flamable
liquid/gas used for such chemical supercharging which
when introduced into the combustion chamber of an
engine breaks down into its components of nitrogen and
oxygen. The free oxygen is then available to oxidize
additional fuel (“enrichment fuel”) that is supplied to
the engine and mixed with the oxygen resulting in a
large increase in power. N2O injection or charging is
usually performed only at critical periods of a race to
provide a sudden burst of power since the amount of
N20 injected is difficult to meter and the use of N,O
can be hazardous if too much N7O is injected.

N20 charging or injecting systems usually consist of
a cylinder or container holding a supply of liquid N.O
under pressure, typically 900 psi. The N2O supply is
connected by a conduit to a solenoid actuated valve at
the carburetor of the engine. The solenoid actuator is
operated by the driver from within the vehicle at the
instant that a sudden burst of power is required. The
N2O supply container is usually quite small due to
weight and space limitations in racing vehicles. This
present several problems: the pressure in the small con-
tainer drops quickly once the solenoid actuated valve is
opened and thus affects the amount of N2O injected.
Since an improper mixture of oxygen and fuel will actu-
ally decrease performance, N;O injection can only last
a few seconds.

The actual amount of N,O which should be injected
is a function of engine speed (RPM) and if too little N,O
is injected, the performance increase is limited. More-
over, if too much N2O is injected, the engine will be
seriously damaged.

Several systems have been proposed for controlling
and/or automating N0 injection. U.S. Pat. No.
4,494,488 to Wheatley discloses a “Fuel Charging Sys-
tem for High Performance Vehicles” which includes a
supply cylinder of pressurized liquid N2O connected by
an outlet conduit to the vehicle engine. A second cylin-
der of nitrogen gas under a considerably higher pres-
sure is connected to the N,O cylinder through a pres-
sure regulator. The nitrogen gas maintains a high pres-
sure blanket over the N2O to force the N2O into the
engine at a relatively constant and sustained rate. This
results in an additional several seconds during which
N20 injection may be performed.

U.S. Pat. No. 4,683,843 to Norcia et al discloses a
“Nitrous Oxide Fuel Injection Safety System” which
includes a container of pressurized N2O supplied to the
engine through a spray bar. The supply line is also con-
nected to a vent tube having a normally open solenoid
valve communicating with a one-way low pressure
actuated check valve to prevent excess buildup of N2O
in the engine. A pair of pressure actuated electrical
switches are connected to and actuated by pressure of
oil and fuel to stop N2O injection when there is insuffi-
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cient fuel to mix with the N2O and to prevent N,O
injection when RPM is too low.

All of the known systems for injecting N2O have one
common disadvantage. N0 is injected in a predeter-
mined amount for a predetermined time only. These
systems do not control the amount of N2O injection
over time, but rather control the amount of N2O injec-
tion at a specific time. N2O injection is still limited to a
brief moment of increased power rather than a continu-
ous span of increasing power.

Moreover, it is known in the art that during N»O and
enrichment fuel injection, ignition timing should be
retarded by 4°-10°. However, only a few systems in-
clude provisions for adjusting ignition timing during
N2O injection.

Electronically controlled fuel injection systems have
been widely used in normal gasolene and diesel pow-
ered engines. One such system is sold by Haltech, Inc.
of Garland, Tex. The Haltech ™ F3 electronic fuel
injection system includes sensors for air temperature,
engine temperature, throttle position, engine rpm and
manifold vacuum and a programmable controller so
that the amount of fuel applied to combustion chambers
is metered in steps according to information gathered
by the sensors. Specifically, this system allows pro-
gramming of 64 different vacuum/pressure adjustments
to map fuel delivery over the range of engine speeds. It
is only recently, however, that this technology has been
applied to N,O fuel injection systems.

Nitrous Oxide Systems of Cypress, Calif. has com-
bined features of electronic fuel injection technology
with N>O injection systems to control N2O boost ac-
cording to throttle position and temperature and to
“ramp” N2O injection for a more even boost when N2O
injection is activated.

To date, however, these electronically controlled
N0 injection systems operate in a relatively static man-
ner, requiring the user to pre-program the system with
a personal computer according to certain parameters
which will be followed by the system during activation
of N20 injection.

Recently, Jacobs Electronics of Midland, Tex. has
introduced the “Nitrous Mastermind” (NMM) system.
This system allows the user to present the rpm at which
N2O injection begins and at which N2O injection
reaches 100%. The NMM system begins N>O injection
at 40-50% and increases injection to 100% over a
straight line proportional to the selected engine speeds.
The system also includes several safety features such as
an automatic shut-off when fuel pressure falls and/or
rpm drops. The NMM system also includes an ignition
timing retard adjustment which retards ignition timing
4°-10° during N,O injection.

The NMM system does not, however, account for
throttle position as a factor in considering the amount of
N0 injection. It does not allow the adjustment of offset
or slope-in plotting the N,O injection curve. In fact, the
NMM system does not plot an injection curve but uses
a straight line “in direct proportion to the engine rpm”.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
electronic control system for N2O and enrichment fuel
delivery which automatically controls the rate of N2O
and enrichment fuel delivery according to rpm, throttle
position, oil pressure, and fuel pressure.

It is also an object of the invention to provide a sim-
ple means for adjusting the starting point of N,O and
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enrichment fuel injection and the slope of the delivery
curve without requiring complicated programming of
the system.

It is another object of the invention to link N>O injec-
tion and enrichment fuel injection so that the proper
ration of N2O/enrichment fuel is always maintained.

It is still another object of the invention to automati-
cally adjust ignition timing by as much as 20° to com-
pensate for N>O injection.

It is also an object of the invention to provide a grad-
ual injection of N2O and enrichment fuel for a predict-
able increase in power.

It is another object of the invention to provide for
auxiliary inputs so that injection of N2O and enrichment
fuel may be controlled according to a number of user-
selected additional parameters including safety devices
to automatically shut down N2O injection upon the
sensing of any particular condition.

It is yet another object of the invention to create a
“universal stand-alone” system which is not limited to
the number of cylinders, N2O injectors, fuel injectors,
or electrical current capacity which will work in an
automobile, a boat, a plane or a stationary engine with
carburetors or fuel injection, either 2 stroke or 4 stroke,
rotary, diesel, gasoline, LPG, natural gas, or alcohol
powered.

These objects and others are achieved by a pulse
width modulated controller for N2O and enrichment
fuel delivery where a plurality of inputs including throt-
tle position and engine speed are combined to determine
the starting point of N2O and enrichment fuel injection;
where the throttle position and engine speed are con-
stantly monitored and the amount of N2O and enrich-
ment fuel delivered to the engine is increased automati-
cally as throttle position and engine speed increase; and
where ignition timing is automatically adjusted in pro-
portion to the amount of N2O and enrichment fuel de-
livered to the engine.

In accord with the invention, the preferred pulse
width modulated controller for N,O and enrichment
fuel delivery includes a system control logic section
where signals from sensors for throttle position, engine
speed and a number of other user-selectable parameters
are combined and sent to a driver section which con-
trols electrically operated injectors or solenoid valves.
The driver section allows the injectors to open only
when all of the parameters sensed in the control section
are met. Moreover, the driver section activates injectors
according to a pulse generated by a pulse width modu-
lation section which determines how long the injectors
will remain activated. The pulse width modulation sec-
tion receives signals based on the present throttle posi-
tion and engine speed and adjusts these values accord-
ing to values for N2O and enrichment fuel based on
engine speed and throttle position set by the user in a
tuning section and thereby continuously provides the
driver section with a pulse having a width proportional
to the proper amount of N2O and enrichment fuel
which should be delivered at any given time. Moreover,
the tuning section which monitors engine speed and
throttle position and has been set with amounts of N,O
and enrichment fuel deliverable accordingly, is also
user-settable to a maximum ignition timing adjustment
and provides a signal proportional to ignition timing
retard to an ignition control section for automatically
adjusting ignition timing according to the amount of
N20 and enrichment fuel being delivered at any given
moment.
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BRIEF DESCRIPTION OF THE DRAWING

With these and other objects in view, which will
become apparent in the following detailed description,
the present invention, which is shown by example only,
will be clearly understood in connection with the ac-
companying drawing, in which:

FIG. 1 is a cross sectional schematic view of a fuel
intake passage with injectors for enrichment fuel and
N20.

FIGS. 2a and 2b are plan schematic views of modi-
fied carburetor plates with enrichment fuel and N,O
injectors.

FIG. 3 is a block diagram of the electronic control
system of the invention.

FIG. 4 is a block diagram of the system control logic
section of the electronic control system of FIG. 3.

FIG. 5 is a block diagram of the system tuning section
of the electronic control system of FIG. 3.

FIG. 6 is a block diagram of the ignition control
section of the electronic control system of FIG. 3.

FIG. 7 is a block diagram of the pulse width modula-
tion section of the electronic control system of FIG. 3.

FIG. 8 is a block diagram of the driver section of the
electronic control system of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Turning now to FIG. 1, an intake passage 101 of an
engine is shown in the vicinity of intake valve 105.
There is typically one such intake passage for each
cylinder in the engine. Normally, an air/fuel mixture
103 enters the intake passage upstream of the intake
valve 105 from the main fuel system of the engine (not
shown). In FIG. 1, the intake passage 101 is modified to
include a solenoid operated N30 injector 107 and an
enrichment fuel injector 109. Injectors 109 and 107 are
coupled through connections 110, 108 to respective
sources of enrichment fuel and N2O (not shown) and
are controlled by the electronic control system of the
invention which is described in detail below. When
activated by the control system of the invention, injec-
tors 109, 107 inject measured amounts of enrichment
fuel and N>O which are mixed together with each other
and with the air/fuel mixture 103 at a point 112 down-
stream of the injectors but still upstream of the intake
valve 105. The installation of separate enrichment fuel
and N2O injectors at each intake passage is the pre-
ferred method of utilizing the electronic control system
of the invention. However, it is possible to use the in-
vention with a single enrichment fuel injector and a
single NO injector in a carbureted engine.

FIGS. 2a and 2b show two arrangements for using a
single enrichment fuel injector and a single N2O injec-
tor in a carbureted engine. FIG. 2a shows a carburetor
spacer plate 201 having a bolt patern 203 to match a
particular carburetor. Intake manifold 205 receives a
mixture of air and fuel from the carburetor (not shown).
An enrichment fuel injector 109 and a N>O solenoid
valve (injector) 107 are mounted opposite each other in
the sides of the spacer plate 201. The injectors 107, 109
are coupled via connections 108, 110 to respective
supplies of N2O and enrichment fuel (not shown) and
are activated by the electronic control system described
below.

FIG. 2b shows an alternative embodiment to the
arrangement shown in FIG. 2¢. Here, a carburetor
spacer plate 201 with a bolt pattern 203 matching a












