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(57) Abstract: A cylinder head (6) of an internal
combustion engine comprises an opening (14),
and a sensor sleeve (20). The opening (14) ex-
tends through the cylinder head (6). The sensor
sleeve (20) is shrink fitted in the opening (14) of
the cylinder head (6). The sensor sleeve (20) is
adapted to receive a sensor (22). The sensor
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sleeve (20) is pre-machined before being shrink
fitted in the opening (14). Thereby, a mounting
mechanism and a sensor seat for the sensor (22)
are provided. After shrink fitting the sensor
sleeve (20), the sensor (22) can be easily moun-
ted in the sensor sleeve (20).
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Description

CYLINDER HEAD WITH SENSOR SLEEVE

Technical Field

The present disclosure generally refers to a cylinder head of an
internal combustion engine and more particularly to a cylinder head with a sensor

sleeve.

Background

To monitor and control operation of internal combustion engines,
one or more sensor may be arranged at suitable position of the internal
combustion engine. Those sensors monitor operating conditions of the internal
combustion engine such as pressure and/or temperature values, for example,
within each cylinder of the internal combustion engine.

A sensor may be provided within a cylinder head covering a
cylinder liner. The sensor may sense operating conditions such as combustion
temperature and/or combustion pressure within the cylinder during operation of
the internal combustion engine.

For example, DE 10 2010 048 464 A1, discloses a pressure sensor
arranged in a sensor shaft of the cylinder head. Specifically, an outer thread of the
sensor may be screwed into an inner thread of the sensor shaft to mount the
sensor in the cylinder head.

Machining of a sensor seat and a thread within a sensor shaft
extending through a cylinder head may require expensive special tooling and may

be difficult and complex to machine.
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[06] As a further example, US 2009/0126472 Al discloses a
combustion pressure sensor having a housing with a fixing functional member
fixed to an engine head.

[07] FR 2 656 247 Al discloses a flexible device for fitting refrigerated
inserts such as valve seats and valve guides in a cylinder head of an internal
combustion engine.

[08] The present disclosure is directed, at least in part, to improving or

overcoming one or more aspects of prior systems.

Summary of the Disclosure

[09] According to an aspect of the present disclosure, a cylinder head
of an internal combustion engine may comprise an opening. The opening may
extend through the cylinder head. The cylinder head may further comprise a
sensor sleeve. The sensor sleeve may be shrink fitted in the opening.

[10] According to another aspect of the present disclosure, an internal
combustion engine may comprise at least one cylinder unit. Each cylinder unit
may have a cylinder head. The cylinder head may comprise an opening. The
opening may extend through the cylinder head. The cylinder head may further
comprise a sensor sleeve. The sensor sleeve may be shrink fitted in the opening.

[11] According to another aspect of the invention, a method for
manufacturing a cylinder head of an internal combustion engine may comprise,
providing an opening extending through the cylinder head. The method may
further comprise, providing a sensor sleeve, and shrink fitting the sensor sleeve
into the opening of the cylinder head. |

[12] Other features and aspects of this disclosure will be apparent from

the following description and the accompanying drawings.

Brief Description of the Drawings

[13] Fig. 1 is a schematic cut view of a cylinder unit; and
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Fig. 2 is a schematic cut view of a sensor sleeve.

Detailed Description

The following is a detailed description of exemplary embodiments
of the present disclosure. The exemplary embodiments described therein and
illustrated in the drawings are intended to teach the principles of the present
disclosure, enabling those of ordinary skill in the art to implement and use the
present disclosure in many different environments and for many different
applications. Therefore, the exemplary embodiments are not intended to be, and
should not be considered as, a limiting descriptioh of the scope of patent
protection. Rather, the scope of patent protection shall be defined by the
appended claims.

The present disclosure may be based in part on the realization that
machining of a sensor seat and a thread for mounting a sensor within an opening
extending through the cylinder head may require expensivé special tooling.
Further, the filigree sensor seat and thread structure may be not reliable
machinable, for example, due to small opening diameters and a long length of the
opening extending through the cylinder head.

Accordingly, a cylinder head comprising an opening and a pre-
machined sensor sleeve shrink fitted in the opening, and adapted for mounting a
sensor is disclosed.

An exemplary embodiment of a cylinder head 6 is described in the
following with reference to Fig. 1 showing a cylinder unit 1.

Cylinder unit 1 of an internal combustion engine comprises a
cylinder liner 2, a piston 4, and cylinder head 6.

Cylinder liner 2 may be arranged within an engine block. The
engine block may comprise at least one cylinder unit 1.

Piston 4 is adapted to reciprocate within cylinder liner 2 during

operation of internal combustion engine.
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Cylinder head 6 is mounted onto cylinder liner 2, for example, via
a plurality of bolts (not shown). Cylinder head 6 comprises a combustion zone
face 8 directed to reciprocating piston 4 and a cover face 10. Cover face 10 is
opposed to combustion zone face 8. Cover face 10 may be adapted to receive a
cylinder cover.

Cylinder head 6 comprises an injection system 12. Injection
system 12 is fluidly connected to a fuel supply system. Further, injection system
12 may be mechanically and/or electronically actuated to inject fuel into cylinder
unit 1 upon actuation. A control unit may be connected to liquid injection system
12 to control quantity and timing of injection. The control unit may be part of an
electronic control module (ECM) controlling operation of the internal combustion
engine.

Cylinder head 6 further comprise at least one inlet valve and at
least one outlet valve. The at least one inlet valve may be fluidly connected to an
air intake system. The air intake system may comprise at least one air intake, for
example, one for each cylinder of the internal combustion engine. The at least
one outlet valve may be connected to an exhaust gas system. The exhaust gas
system may comprise a particle filter, an exhaust gas recirculation line connected
to the air intake system and/or a catalyst, for example, a SCR catalyst and/or an
oxidation catalyst. Air intake system and exhaust gas system may be configured
as a single-stage or two-stage turbo charged system.

Cylinder head 6 further comprises an opening 14, a sensor sleeve
20 shrink fitted in opéning 14, and a sensor 22 mounted in the sensor sleeve 20.

Opening 14 extends through cylinder head 6 from an opening inlet
16 in cover face 10 to an opening outlet 18 in combustion Zone face 8.

Opening 14 comprises a guiding section 17 and a mounting
section 15. Guiding section 17 extends from cover face 10, and is adapted to
guide sensor 22 in a mounted state. Mounting section 15 extends from

combustion zone face 8, for example, along a length within the range of 10 mm
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to 50 mm, and is adapted for receiving sensor sleeve 20 by shrink fitting. Guiding
section 17 has a different diameter than mounting section 15. Guiding section 17
and mounting section 15 are connected by inner shoulder 19.

Some embodiments may comprise guiding section 17 that extends
from combustion zone face 8, and mounting section 15 that extends from cover
face 10. Other embodiments of cylinder head 6 may comprise opening 14 having
mounting section 15, without having guiding section 17

In some embodiments, mounting section 15 may be positioned in
opening 14 without extending from either cover face 10 or combustion zone face
8.

Some embodiments may comprise one or more additional sections
within opening 14.

Cylinder head 6 further comprises a sensor sleeve 20. Sensor
sleeve 20 is shrink fitted in opening 14. Specifically, sensor sleeve 20 is shrink
fitted in mounting section 15 of opening 14.

Mounting section 15 has an opening diameter D1. Opening
diameter D1 comprises the same nominal dimension as an outer sleeve diameter
D2 of sensor sleeve 20 as is described in greater detail later on with reference to
Fig. 2.

In some embodiments, sensor sleeve 20 may be cryogenic shrink
fitted in opening 14. Specifically, sensor sleeve 20 may be cryogenic shrink fitted
in mounting section 15 of opening 14.

In some embodiments, opening 14 may extend through cylinder
head 6 in a longitudinal direction or in an inclined direction as indicated by
alternative or additional opening 14°.

Sénsor sleeve 20 is adapted to receive and mount sensor 22. In
some embodiments, sensor 22 may comprise an outer thread 26, and sensor
sleeve 20 may comprise an inner thread 24 adapted to engage with outer thread

26 of sensor 22.
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Sensor 22 is configured to sense an operation condition of the
internal combustion engine. For example, sensor 22 may be configured to sense a
pressure and/or temperature within cylinder unit 1. Sensor 22 is connected to a
control unit, for example, the ECM controlling operation of the internal
combustion engine.

Some embodiments may additionally or alternatively comprise a
sensor 22’ arranged within a sensor sleeve 20’ in opening 14°.

Turning to Fig. 2, a detailed view of an exemplary embodiment of
sensor sleeve 20 is described in greater detail.

As already described with reference to Fig.1, sensor sleeve 20
comprises an inner thread 24. Inner thread 24 is adapted to engage with outer
thread 26 of sensor 22 (see Fig. 1). Inner and outer thread 24, 26 may be an ISO
metric screw thread within the range of M8 to M20, for example, M14. It is noted
that other embodiments may comprise additional or alternative mechanisms for
mounting sensor 22 in sensor sleeve 20 known by those skilled in the art.

Sensor sleeve 20 further comprises an upper face 28, a
circumferential face 36 and a lower face 32.

In a2 mounted state, upper face 28 contacts inner shoulder 19 of
opening 14 (see Fig. 1).

In some embodiments, upper face 28 may comprise a sensor seat
36. Sensor seat 36 may provide a contact surface for a contact shoulder of sensor
22 in a mounted state of sensor sleeve 20 and sensor 22 in cylinder head 6.
Sensor seat 36 and the contact shoulder may have a finish roughness that
provides a fluid tight sealing between both in a mounted state.

In some embodiments, sensor sleeve 20 may further comprise one
or more inner shoulders 38 for guiding sensor 22.

Circumferential face 30 of sensor sleeve 20 has an outer sleeve
diameter D2. Outer sleeve diameter D2 and opening diameter D1 have the same

nominal dimension. Outer sleeve diameter D2 has a different tolerance compared
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to opening diameter D1 to facilitate shrink fitting of sensor sleeve 20 into
opening 14.

Circumferential face 30 provides a contact surface for an inner
circumferential face of mounting section 15 of opening 14. Some embodiments
may comprise circumferential face 30 and mounting section 15 that may have a
finish roughness that provides a fluid tight sealing between both in a mounted
state.

In some embodiments, sensor sleeve 20 may be made up of a high
grade steel.

In some embodiments, outer sleeve diameter D2 and opening
diameter D1 may have a nominal dimension within the range of 14 mm to
40 mm, for example, 28 mm.

Some embodiments may comprise an internal combustion engine
that may comprise at least one cylinder unit 1. Each cylinder unit 1 may have a
cylinder head 6 comprising opening 14, sensor sleeve 20 being shrink fitted in
opening 14, and sensor 22 being mounted in sensor sleeve 20. Cylinder head 6

may cover cylinder liner 2 of cylinder unit 1.

Industrial Applicability

When assembling a cylinder unit 1, cylinder liner 2 may be
inserted into the engine block. Before mounting cylinder head 6 on cylinrc\ier liner
2, cylinder head 6 may be manufactured and prepared.

A method for manufacturing cylinder head 6 comprises, providing
opening 14 extending through cylinder head 6. Opening 14 comprises mounting
section 15 and may comprise further sections as described before. The method
further comprises, providing sensor sleeve 20. Sensor sleeve 20 is shrink fitted
into opening 14 of cylinder head 6.

The method step of shrink fitting sensor sleeve 20 into opening 14

may comprise cryogenic shrink fitting.
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The method step of shrink fitting sensor sleeve 20 into opening 14
may comprise cooling or heating of sensor sleeve 20 and/or cylinder head 6 at
least in a region of opening 14, for example, around mounting section 15.

The method step of shrink fitting sensor sleeve 20 into opening 14
may comprise, cooling sensor sleeve 20 with liquid nitrogen, inserting cooled
sensor sleeve 20 into opening 14, and warming sensor sleeve 20 to ambient
temperature such that sensor sleeve 20 is cryogenic shrink fitted in opening 14.
Specifically, cooled sensor sleeve 20 is inserted in mounting section 15 of
opening 14.

The method for manufacturing cylinder head 6 may further
comprise pre-mounting injection system 12 in cylinder head 6, and machining
inlet and outlet valve seats.

The method step of providing opening 14 may comprise,
providing opening 14 with opening diameter D1, and the method step of
providing sensor sleeve 20 may comprise providing sensor sleeve 20 with outer
sleeve diameter D2. Opening diameter D1 and outer sleeve diameter D2 may
have the same nominal dimension within the range of 10 mm to 40 mm.

The method of manufacturing cylinder head 6 may further
comprise, mounting sensor 22 within sensor sleeve 20. Sensor 22 is configured to
sense an operating condition of the internal combustion engine, for example a
pressure or a temperature. '

In some embodiments, sensor 22 may be mounted in sensor sleeve
20 when cylinder head 6 is already mounted onto cylinder liner 2.

The method step of providing sensor sleeve 20 may comprise
providing inner thread 24 within sensor sleeve 20 and/or providing sensor seat 36
within sensor sleeve 20. Sensor 22 may comprise outer thread 26, and the step of
mounting sensor 22 within sensor sleeve 20 may comprise screwing outer thread

26 of sensor 22 into inner thread 24 of sensor sleeve 20.
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[58] Herein, the term “internal combustion engine” may refer to
internal combustion engines which may be used as main or auxiliary engines of
stationary power providing systems such as power plants for production of heat
and/or electricity as well as in ships/vessels such as cruiser liners, cargo ships,
container ships, tankers, and other vehicles. Fuels for internal combustion engines
may include diesel oil, marine diesel oil, heavy fuel oil, alternative fuels or a
mixture thereof, and natural gas.

[59] Although the preferred embodiments of this invention have been
described herein, improvements and modifications may be incorporated without

departing from the scope of the following claims.
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Claims

1. A cylinder head (6) of an internal combustion engine,
comprising:

an opening (14) extending through the cylinder head (6); and

a sensor sleeve (20) shrink fitted in the opening (14).

2. The cylinder head (6) of claim 1, wherein the sensor sleeve

(20) is cryogenic shrink fitted in the opening (14).

3. The cylinder head (6) of claim 1 or 2, wherein the sensor

sleeve (20) comprises an inner thread (24).

4. The cylinder head (6) of any one of the preceding claims,

wherein the sensor sleeve (20) comprises a sensor seat (36).

5. The cylinder head (6) of any one of the preceding claims,
wherein:

the opening (14) has an opening diameter (D1) and the sensor
sleeve (20) has an outer sleeve diameter (D2),

the opening diameter (D1) and the outer sleeve diameter (D2)

having the same nominal dimension within the range of 10 mm to 40 mm.

6. The cylinder head (6) of any one of the preceding claims,

wherein the sensor sleeve (20) is made up of a high grade steel.

7. The cylinder head (6) of any one of the preceding claims,

further comprising:
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a sensor (22) comprising an outer thread (26) engaging with the
inner thread (24) of the sensor sleeve (20), the sensor (22) being configured to

sense an operating condition of the internal combustion engine.

8. The cylinder head (6) of any one of the preceding claims,

wherein the sensor (22) is configured to sense a pressure and/or a temperature.

9. An internal combustion engine, comprising:
at least one cylinder unit (1), each cylinder unit (1) having a

cylinder head (6) according to any one of claims 1 to 8.

10. A method for manufacturing a cylinder head (6) of an
internal combustion engine, comprising:

providing an opening (14) extending through the cylinder head

(6),

providing a sensor sleeve (20); and

shrink fitting the sensor sleeve (20) into the opening (14) of the
cylinder head (6).

11. The method of claim 10, wherein the method step of shrink
fitting the sensor sleeve (20) into the opening (14) of the cylinder head (6)
comprises:

cooling the sensor sleeve (20) with liquid nitrogen;

inserting the cooled sensor sleeve (20) into the opening (14); and

warming the sensor sleeve (20) to ambient temperature such that

the sensor sleeve (20) is cryogenic shrink fitted in the opening (14).
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12. The method of claim 10 or 11, wherein the method step of
providing the opening (14) comprises providing the opening (14) with an opening
diameter (D1); and

the method step of providing the sensor sleeve (20) comprises
providing the sensor sleeve (20) with an outer sleeve diameter (D2); and

the opening diameter (D1) and the outer sleeve diameter (D2)

having the same nominal dimension within the range of 10 mm to 40 mm.

13. The method of any one of claims 10 to 12, further
comprising:

mounting a sensor (22) within the sensor sleeve (20), the sensor
(22) being configured to sense an operating condition of the internal combustion

engine.

14. The method of any one of claims 10 to 13, wherein

the method step of providing the sensor sleeve (20) comprises
providing an inner thread (24) within the sensor sleeve (20) and providing a
sensor seat (36) within the sensor sleeve (20); and

the sensor (22) comprises an outer thread (26), and the step of
mounting the sensor (22) within the sensor sleeve (20) comprises screwing the
outer thread (26) of the sensor (22) into the inner thread (24) of the sensor sleeve
(20). ‘

15. The method of claim 13 or 14, wherein the sensor (22) is

configured to sense a pressure and/or a temperature.



1/2

FIG 1

\,_,\\\\\ N\

),

o

/.\4

o ////////////é//va

@

,\\\\,\\

vl

\\,

&~




WO 2014/032799

2/2

PCT/EP2013/002582

24 ~

38~




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/002582

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO2B77/08 FO2F1/24 B23P11/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

FO2B FO2F B23P

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)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A DE 10 2010 048464 Al (DAIMLER AG [DE]) 1,10
19 April 2012 (2012-04-19)
cited in the application
A US 2009/126472 Al (HIROSE YOSHINOBU [JP] 1
ET AL) 21 May 2009 (2009-05-21)
abstract; figures

A FR 2 656 247 Al (RENAULT AUTOMATION [FR]) 10
28 June 1991 (1991-06-28)
abstract; figures

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" 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 art

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

Date of the actual completion of the international search Date of mailing of the international search report

6 December 2013 18/12/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 Coniglio, Carlo

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



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/002582
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 102010048464 Al 19-04-2012  NONE
US 2009126472 Al 21-05-2009 DE 102008043822 Al 10-06-2009
US 2009126472 Al 21-05-2009
FR 2656247 Al 28-06-1991  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report

