wo 2014/175889 A1 I} A1 00O OO AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/175889 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

31

30 October 2014 (30.10.2014) WIPOIPCT
International Patent Classification:
FO2M 57/02 (2006.01)
International Application Number:
PCT/US2013/038199

International Filing Date:
25 April 2013 (25.04.2013)

English
Publication Language: English

Applicant: INTERNATIONAL ENGINE INTELLEC-
TUAL PROPERTY COMPANY, LLC [US/US]; 2701
Navistar Drive, Lisle, Illinois 60532 (US).

Inventors: SHEN, William Yunbiao; 225 E. 57th Street,
Westmont, Illinois 60559 (US). SCHULZ, Keith Steven;
727 Paces Run Ct, Columbia, South Carolina 29223 (US).
HANSEN, Erik Jordan; 10682 Two Notch Road #6305,
Elgin, South Carolina 29045 (US).

Agent: BACH, Mark C.; 2701 Navistar Road, Lisle,
Ilinois 60532 (US).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: FUEL INJECTOR

(57) Abstract: A dual-mode fuel injector has an internal part containing a

variable volume chamber space which fills with fuel at common rail pres-

| sure and a plunger which is operable to force fuel out of the variable
volume chamber space and to be injected out of the nozzle through the in-

jection orifices at amplified pressure greater than common rail pressure.
The plunger and the internal part have respective surfaces which come into
mutual abutment during filling of the variable volume chamber space with
fuel at common rail pressure and which, when in mutual abutment, create a
seal which seals fuel in the variable volume chamber space against escape

from the variable volume chamber space past the seal.

AX
i 36
39 .
|
|
DN

— )|

37 i 74
D 1
|
40 .

76 38



WO 2014/175889 A1 WK 00T 000 0O AR

Published:
—  with international search report (Art. 21(3))



WO 2014/175889 PCT/US2013/038199

FUEL INJECTOR

Technical Field

[0001] This disclosure relates to internal combustion engines
having cylinders into which fuel is injected, and in particular to
a fuel injector which injects liquid fuel directly into an engine

cylinder.

Background

[0002] A known type of direct-injection fuel injector which is
supplied with fuel from a fuel rail, inside of which liquid fuel is
under pressure, possesses a capability for injecting fuel into an
engine cylinder in either of two fuel injection modes. Those
modes may be referred to as a common rail injection mode and
an amplified pressure injection mode. When operating in the
former mode, the fuel injector injects fuel at prevailing pressure
in a fuel rail (i.e., common rail pressure); when operating in the
latter mode, the fuel injector injects fuel at amplified pressure
which is greater than common rail pressure.

[0003] Such a fuel injector comprises a pressure amplifying
mechanism for internally amplifying pressure of fuel which has
been introduced into the fuel injector from the fuel rail. Various
types of pressure amplifying mechanisms are known.

[0004] In both modes of operation, fuel is injected out of the fuel
injector through injection orifices at a tip end of a nozzle which
is disposed within a head end of an engine cylinder when the

fuel injector is mounted on the cylinder head.
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[0005] The nozzle is one part of a mnozzle assembly which
comprises a needle control mechanism which closes a fuel path
to the injection orifices by causing a needle to be biased against
a seat so that fuel cannot be injected out of the injection orifices
into an engine cylinder. In both common rail injection mode
and amplified pressure injection mode, injection occurs when a
needle control valve associated with the needle control
mechanism is operated to cause the needle to unseat from the
seat and consequently open the fuel path to the injection orifices
so that fuel can be injected out of the injection orifices into the
engine cylinder.

[0006] Unseating of the needle occurs by electrically energizing an
injection actuator to operate the needle control mechanism and
thereby allow fuel, which may be either at common rail
pressure or at amplified pressure, to flow lengthwise along the
needle through a space between the needle and a surface of an
interior wall of the nozzle which surrounds the needle, past the

seat, and through and out of the injection orifices.

Summary of the Disclosure

[0007] The present disclosure relates to a fuel injector which is
selectively operable to a common rail injection mode and an
amplified pressure injection mode.

[0008] The fuel injector has a longitudinal axis and comprises a
body having a fuel inlet port through which liquid fuel is
introduced into the body at a common rail pressure and a nozzle

assembly disposed at an axial end of the body. The nozzle
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assembly comprises a nozzle having injection orifices at a tip
end of the nozzle and a needle which is disposed within the
nozzle and is biased axially against a seat to close the injection
orifices to fuel in the body and an electric injection control
actuator.

[0009] When energized while the fuel injector is in common rail
injection mode, the electric injection control actuator is
effective to cause the needle to be unseated from the seat and
fuel to be injected out of the nozzle through the injection
orifices at common rail pressure.

[0010] A pressure-amplifying mechanism is internal to the body
and comprises an internal part containing a variable volume
chamber space which, when the electric injection control
actuator is not being energized, fills with fuel at common rail
pressure from the fuel inlet port, and a plunger which when the
electric injection control actuator is energized to unseat the
needle from the seat while the fuel injector is in the amplified
pressure injection mode, is operable to force fuel out of the
variable volume chamber space and to be injected out of the
nozzle through the injection orifices at amplified pressure
greater than common rail pressure.

[0011] The plunger and the internal part comprise respective
surfaces which come into mutual abutment during filling of the
variable volume chamber space with fuel at common rail
pressure and which, when in mutual abutment, create a seal
which seals fuel in the variable volume chamber space against

escape from the variable volume chamber space past the seal.
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[0012] The foregoing summary, accompanied by further detail of
the disclosure, will be presented in the Detailed Description
below with reference to the following drawings that are part of

this disclosure.

Brief Description of the Drawings

[0013] Figure 1 is a longitudinal cross section view of one
embodiment of a dual-mode fuel injector which is capable of
operating in a common rail injection mode and an amplified
pressure injection mode.

[0014] Figure 2 is an enlarged fragmentary view in circle 2 of
Figure 1 showing further detail.

[0015] Figure 3 is an enlarged fragmentary view in circle 3 of
Figure 1 showing further detail.

[0016] Figure 4 is a view of a portion of another embodiment.

[0017] Figure 5 is a view of a portion of still another embodiment.

[0018] Figure 6 is a view of a portion of still another embodiment.

Detailed Description

[0019] Figures 1, 2, and 3 show a fuel injector 10 which mounts on
a cylinder head of an engine (not shown) and which is operable
to inject liquid fuel directly into one of the engine’s cylinders
where the injected fuel combusts in charge air which has
entered the engine cylinder to force a piston to downstroke
within the engine cylinder and impart torque to a crankshaft

through a piston rod.
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[0020]  Fuel injector 10 has an imaginary longitudinal axis AX and
comprises a body 12 having a fuel inlet port 14 through which
liquid fuel is introduced into internal fuel passages within body
12. Fuel is provided to fuel inlet port 14 through a fuel rail (not
shown) which serves multiple fuel injectors of a multiple
cylinder engine. The fuel rail provides fuel to the fuel injectors
at a controlled pressure referred to as common rail pressure.

[0021] At one axial end of body 12, fuel injector 10 comprises a
nozzle assembly 16 which has an axially extending nozzle 18
having a tip end 20 which comprises injection orifices 22
through which fuel is injected out of fuel injector 10 when the
fuel injector operates. Nozzle assembly 16 further comprises a
needle 24 which is guided by a surrounding internal wall
surface of nozzle 18 for displacement along axis AX. A spring
26 biases needle 24 to seat a needle tip end against an internal
tapered seat 28 which is axially inward of injection orifices 22
on the internal wall surface of nozzle 18.

[0022] An electric-operated injection control actuator 30 is operable
to cause fuel to be injected through and out of injection orifices
22 during an injection of fuel into an engine cylinder. An
injection of fuel is caused by electrically energizing injection
control actuator 30 to unseat needle 24 from seat 28 and thereby
open injection orifices 22. Along the axial length of nozzle 18,
slight radial clearance exists between needle 24 and the internal
wall surface of nozzle 18 for fuel to flow through a fuel passage
32 and to continue along the needle’s length to seat 28. When

electric energization of injection control actuator 30 ceases,
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needle 24 re-seats on seat 28 to close injection orifices 22
thereby terminating the fuel injection. With needle 24 seated,
Figure 3 shows a small space 33, commonly called a sac
volume, between seat 28 and injection orifices 22.

[0023] With fuel injector 10 operating in common rail injection
mode and injection control actuator 30 not being electrically
energized, fuel at common rail pressure is present along the full
length of fuel passage 32 and the radial clearance between
needle 24 and the surrounding internal wall surface of nozzle 18
as far as seat 28. When injection control actuator 30 is
electrically energized, the unseating of needle 24 opens
injection orifices 22 to allow fuel flow from inlet port 14 to
injection orifices 22, thereby causing an injection of fuel at
common rail pressure, understood to be actual pressure in the
common rail less whatever internal pressure drop may be
present in fuel injector 10.

[0024] Fuel injector 10 also comprises a pressure amplifying
mechanism 34 which has a movement 35 comprising a plunger
36 which is axially displaceable within a variable volume
chamber space 38 of an internal part 39. A lower end portion 37
of plunger 36 has a close sliding fit to an inner wall surface 40
of part 39 which surrounds variable volume chamber space 38.
Variable volume chamber space 38 can be filled with fuel
through a passage 42 which branches from passage 32 to the
bottom of variable volume chamber space 38.

[0025] A check valve element 44 is disposed at the intersection of

passage 42 and passage 32. In common rail injection mode,
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pressure amplifying mechanism 34 does not operate, causing
check valve element 44 to assume a position which allows
passage 42 to be open to passage 32 and passage 32 to be open
along its entire length from inlet port 14 to injection orifices 22.
In amplified pressure injection mode, pressure amplifying
mechanism 34 operates to cause fuel to be injected at amplified
pressure, a pressure greater than common rail pressure, by
forcing check valve element 44 to close the portion of passage
32 coming from inlet port 14 while leaving passage 42 open to
the portion of passage 32 extending from passage 42 to seat 28.

[0026] Movement 35 further comprises a piston 46 which is axially
displaceable within a bore 48 with a close sliding fit and which
has a lower axial end face abutting an upper axial end face of
plunger 36. Plunger portion 37 has a smaller diameter than that
of piston 46.

[0027] Figure 1 shows a condition where variable volume chamber
space 38 is filled with fuel at common rail pressure which has
flowed from fuel inlet port 14 through passage 32 and passage
42 and into variable volume chamber space 38.

[0028] A passage 50 extends from fuel inlet port 14 to a valve
mechanism 52 which is operable to open and close passage 50
to the upper end of bore 48 while concurrently closing and
opening a drain passage from the upper end of bore 48, the
drain passage not being visible in the view of Figure 1. Valve
mechanism 52 is controlled by an electric-actuated injection

pressure control actuator 54.
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[0029] When injection pressure control actuator 54 is not
electrically energized, valve mechanism 52 closes passage 50 to
the upper end of bore 48 and opens the drain passage from the
upper end of bore 48. When injection pressure control actuator
54 is electrically energized, it causes valve mechanism 52 to
open passage 50 to the upper end of bore 48 while closing the
drain passage so that fuel at common rail pressure acts on the
upper axial end face of piston 46, thereby placing fuel injector
10 in pressure amplifying mode.

[0030] Because of the difference in the respective diameters of
piston 46 and plunger lower end portion 37, placement of fuel
injector 10 in pressure amplifying mode creates a downward
force on movement 35 which is effective to cause check valve
element 44 to close the portion of passage 32 coming from inlet
port 14 while leaving passage 42 open to the portion of passage
32 extending from passage 42 to seat 28. This creates amplified
pressure in variable volume chamber space 38, passage 42, and
the portion of passage 32 extending from passage 42 to seat 28.

[0031] When injection control actuator 30 is electrically energized
to cause an injection of fuel, the downward force acting on
movement 35 imparts downward displacement to movement 35
as fuel passes through valve mechanism 52 into bore 48. The
force maintains amplified pressure on fuel being forced out of
variable volume chamber space 38, through passage 42, and
through the portion of passage 32 extending from passage 42
past seat 28 to injection orifices 22, thereby causing fuel to be

injected out of injection orifices 22 at amplified pressure.
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[0032] As long as injection control actuator 30 continues to be
electrically energized and movement 35 continues to force fuel
out of variable volume chamber space 38, fuel is injected out of
injection orifices 22 at amplified pressure.

[0033] Energization of injection control actuator 30 terminates
before variable volume chamber space 38 is completely
emptied, thereby terminating amplified injection. Immediately
after injection control actuator 30 ceases being energized,
energization of injection pressure control actuator 54 also
ceases, causing valve mechanism 52 to close passage 50 to bore
48 while opening the drain passage from bore 48. Because
amplified pressure has now been lost, check valve element 44
ceases being forced to close the portion of passage 32 coming
from inlet port 14, thereby allowing fuel from fuel inlet port 14
to refill variable volume chamber space 38 as pressure of fuel
entering variable volume chamber space 38 exerts upward force
on plunger 36 which displaces movement 35 upwardly and
causes piston 46 to force fuel out of bore 48 through the drain
passage.

[0034] Upward displacement of movement 35 continues until
stopped by a surface 74 of plunger 36 coming into abutment
with a surface 76 of part 39 at which point variable volume
chamber space 38 has become refilled. Surface 74 has a
frustoconical shape whose taper narrows in the direction away
from lower end portion 37 of plunger 36. Surface 76 has a
frustoconical shape whose taper also narrows in the same

direction along axis AX but at a different cone angle.
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[0035] Surfaces 74, 76 provide plunger 36 and the inner wall of part
39 with respective tapered shoulders which come into mutual
abutment to stop plunger displacement. Hence, surfaces 74, 76,
when mutually abutted, define not only an upward axial limit of
travel for plunger 36 but also a seal which prevents flow of fuel
at common rail fuel pressure in variable volume chamber space
38 past the seal, meaning past movement 35 and into the drain
passage. By preventing flow of fuel at common rail fuel
pressure from variable volume chamber space 38 past
movement 35 while injection control actuator 30 is not
energized, energy which creates common rail pressure is
conserved.

[0036] Electric current for energizing the respective actuators 30,
54 is carried through electric conductors from an electric
terminal assembly 80 on fuel injector 10 above actuator 54.

[0037] From the foregoing description, it can be understood that in
either mode of operation, the duration of an injection of fuel out
of injection orifices 22 is controlled by the duration for which
injection control actuator 30 is energized.

[0038] Figure 4 shows an embodiment where surface 74 of plunger
36 and surface 76 of part 39 lie in planes perpendicular to axis
AX.

[0039] Figure 5 shows an embodiment where surface 74 of plunger
36 lies in a plane perpendicular to axis AX as in Figure 4.
Surface 76 however is provided by a flat circular washer 82

which is secured in place against a shoulder 84 located at the

10
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junction of surfaces 40 and 48 and which has an inside diameter
smaller than that defined by surface 40.

[0040] Figure 6 shows another embodiment where surface 76 of
part 39 lies in a plane perpendicular to axis AX. Surface 74 also
lies in a plane perpendicular to axis AX but is contained in a
separate part 86 (corresponding to plunger portion 37 in Figure
1) which is fastened to plunger 36 by a fastener 88. The radial
clearance between part 86 and the wall surface 40 is shown

somewhat exaggerated.

11
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WHAT IS CLAIMED IS:

1. A fuel injector which is selectively operable to a common rail
injection mode and an amplified pressure injection mode, the fuel injector
having a longitudinal axis and comprising:

a body having a fuel inlet port through which liquid fuel is introduced
into the body at a common rail pressure;

a nozzle assembly disposed at an axial end of the body, the nozzle
assembly comprising a nozzle having injection orifices at a tip end of the
nozzle and a needle which is disposed within the nozzle and is biased axially
against a seat to close the injection orifices to fuel in the body;

an electric injection control actuator which when energized while the
fuel injector is in common rail injection mode, is effective to cause the
needle to be unseated from the seat and fuel to be injected out of the nozzle
through the injection orifices at common rail pressure;

a pressure-amplifying mechanism which is internal to the body and
comprises an internal part containing a variable volume chamber space
which, when the electric injection control actuator is not being energized,
fills with fuel at common rail pressure from the fuel inlet port, and a plunger
which when the electric injection control actuator is energized to unseat the
needle from the seat with the fuel injector in the amplified pressure injection
mode, is operable to force fuel out of the variable volume chamber space
and to be injected out of the nozzle through the injection orifices at
amplified pressure greater than common rail pressure; and

the plunger and the internal part comprising respective surfaces which
come into mutual abutment during filling of the variable volume chamber

space with fuel at common rail pressure and which, when in mutual

12
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abutment, create a seal which seals fuel in the variable volume chamber

space against escape from the variable volume chamber space past the seal.

2. The fuel injector as set forth in Claim 1 in which the respective
surfaces which come into mutual abutment during filling of the variable
volume chamber space with fuel at common rail pressure comprise

respective frustoconical surfaces having different cone angles.

3. The fuel injector as set forth in Claim 1 in which the respective
surfaces which come into mutual abutment during filling of the variable
volume chamber space with fuel at common rail pressure comprise

respective flat surfaces which are perpendicular to the longitudinal axis.

4. The fuel injector as set forth in Claim 3 in which one of the
respective flat surfaces comprises a surface of a circular washer secured in

place on the internal part.
5. The fuel injector as set forth in Claim 3 in which one of the

respective flat surfaces comprises a surface of a part assembled to the

plunger by a fastener.

13
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