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Description

[0001] The present invention relates to a method to
remove a nose part of an injection nozzle from a cylinder
head, wherein the nose part is broken off or has become
detached of the injection nozzle and is left behind in an
injection nozzle opening in the cylinder head and wherein
the part of the injection nozzle, other than the nose part,
has been removed from the injection nozzle opening in
the cylinder head.

[0002] In combustion engines injection nozzles are in-
serted in cylindrical openings in the cylinder head. The
injections nozzles often are mounted essentially close-
fitting in the cylinder head. When an injection nozzle be-
comes defective and needs to be replaced, the injection
nozzle housing is being pulled out of the cylinder with a
pulling device.

During operation combustion gasses penetrate between
the injection nozzle and the cylinder head. Small particles
such as soot-particles from these combustion gasses will
be deposited between the injection nozzle and the cylin-
der head. Through this adhesion will take place between
the injection nozzle and the cylinder head. Also after
some time corrosion will occur between the injection noz-
zle and the cylinder head causing that the injection nozzle
gets more and more blocked in the cylinder head. This
corrosion can be oxygen corrosion, that is being accel-
erated by the high temperatures, but can also be corro-
sion caused by stray currents. Further contamination par-
ticularly around the edges can contribute to the injection
nozzle getting more and more stuck in the cylinder head.
This will make the pulling of the injection nozzle out of
the cylinder head considerably more difficult. Systems
and methods are known to remove a defective injection
nozzle from a cylinder head, in which the cylinder head
is being dismounted from the engine and the injection
nozzle is being removed with special tooling from the
cylinder head in a special workshop, for instance from a
company specialised in revising combustion engines.
However it is important that pulling out of a defective in-
jection nozzle can take place in situ on the engine, without
having to dismount the cylinder head from the engine.
[0003] For removing injection nozzles from cylinder
heads special pulling tools are available on the market.
In this respect pulling tools, as described in WO
2007/091883 of the applicant of the present patent ap-
plication deserves to be mentioned here. It is important
that the injection nozzle can be pulled out of the cylinder
head in its entirety without damaging the cylinder head.
If this is not successful, in many cases the cylinder head
has to be dismounted from the engine and attempts must
be made to remove the injection nozzle, or the remains
thereof, with other means.

[0004] An injection nozzle usually has a cylindrical
shape where at one end a nose part has been screwed
on. The nose of the injection nozzle is in the mounted
position the part that is deepest down in the opening in
the cylinder head. In certain cases, the nose part has a
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cylindrical shape with a smaller diameter than the remain-
ing part, the upper part of the injection nozzle. In those
cases the opening in the cylinder head for receiving the
injection nozzle will be a stepped bore with two diameters
to receive the injection nozzle and its nose part with a
close fit.

[0005] In removing for instance a defective injection
nozzle it may occur that the upper part of the injection
nozzle is being pulled out of the cylinder head, but that
the nose or part of the nose remains behind in the part
of the bore with a smaller diameter. Causes for this can
be the exertion of too large a pulling force during pulling
the injection nozzle out of the cylinder head. When this
pulling force exceeds the strength of the connection from
the nose part and the upper part of the injection nozzle,
it is likely that in this connection breakage will occur or
deformation/loosening of the thread such that the nose
part remains behind in the bore in the cylinder head. In
this case the cylinder head needs to be dismounted to
remove the remaining nose part from the injection nozzle
out of the cylinder. In most cases this needs to take place
using special tooling and in a different location notably
by a specialised company. It can also be envisiged that
the situation occurs by that the upper part of the injection
nozzle can be unscrewed, but the nose part remains be-
hind in the cylinder head, attached by the processes de-
scribed above.

[0006] It is an aim of the present invention to provide
a method for removing a nose part of an injection nozzle
from a cylinder wherein the nose part has been broken
off/become detached from the injection nozzle and re-
mains behind in the injection nozzle opening in the cyl-
inder head and the part of the injection nozzle, other than
the nose part has been removed from the injection nozzle
opening in the cylinder head, without the need to dis-
mount the cylinder head.

[0007] Thisobjectiveisreached by amethod according
to claim 1 of the present invention.

[0008] Following the method of claim 1 a thread form-
ing tool and a guide are being arranged in the injection
nozzle opening above the nose. Then with this thread
forming tool using the guide an internal thread is being
made in the opening of the nose part wherein this internal
thread is coaxial with the nose part. The diameter of the
thread is such that the wall thickness of the nose part
that the outer part of the thread seen in a radial direction,
is kept very small, without however running the risk that
this thread is extending to beyond the nose part, what
would cause damage to the cylinder head. The thread
forming tool can be any suitable tool, such as a tapping
tool, a rolling tool, etc. Further it is of importance that the
thread is extended in axial direction as far as possible to
the far end of the nose part. Preferably and if possible
the thread is extended over the entire length over which
the nose part is in contact with the cylinder head, respec-
tively over which the nose part is being stuck to the cyl-
inder head. Subsequently a pulling device is being
mounted on the cylinder head and a pulling spindle of
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the pulling device is being attached to the nose part using
the thread that has been obtained by tapping. The re-
maining part of the nose after applying the internal thread,
is a thin sleeve. When using the pulling device a pulling
force is being exerted on this thin sleeve, this sleeve will
mainly be squeezed between the external thread of the
pulling spindle and the cylinder head. Through this it is
possible to exert on this sleeve a pulling force that is far
beyond the yield strength of the sleeve. When this occurs
the material of the remaining part of the nose, that is
situated between the cylinder and the thread will plasti-
cally deform and will flow. Through this the nose part can
be moved slowly upwards and eventually can be re-
moved from the cylinder head without causing damage
to the cylinder head. It is of importance that the pulling
force is being selected sufficiently large to create plas-
ticity of at least a part of the sleeve, but not so large that
the cylinder head is being damaged. When plasticity is
being reached it requires a certain amount of time for the
sleeve to follow a movement in the pulling direction, be-
cause this movement takes place as aresult of the plastic
flow of the material. It must be avoided that the pulling
force is being increased until the nose part snaps loose.
In that case it is likely that the pulling also damages the
cylinder head.

[0009] In certain cases it can be necessary that the
existing opening in the injection nozzle nose has to be
pre-processed before the tapping of the thread can take
place. It can for instance be necessary to bore out or
ream the opening.

[0010] Also it can be advantageous to use a vibrating
device to generate vibrations and transfer these vibra-
tions to a nose part prior to pulling with the pulling device.
Using these vibrations corrosion parts between the nose
part and the cylinder can be loosened after which a small-
er pulling force is required to loosen the nose part from
the cylinder head.

[0011] In a preferred way the method is operated with
caution in that the pulling device is set to a certain pulling
force and this pulling force is being exerted for some time
on the nose part. When this pulling force is set such a
way that the stresses occurring at the wall of the nose
part and in particularly in the thinnest part are such that
this part will experience plastic flow, then the nose part
willmake a small movement in the direction of the exerted
pulling force, and therefore in the direction of pulling out
the nose part out of the opening in the cylinder head.
Through this small movement the exerted pulling force
will in general decrease and the pulling force can be set
again and the process is repeated. Through this in a cau-
tious way, without a risk for damage the nose partis being
pulled out of the opening in the cylinder head in small
steps.

[0012] The invention will now be explained by descrip-
tion of the preferred embodiment of the invention with
reference to the drawing in which:

Fig. 1 schematically shows a part of a cylinder head

10

15

20

25

30

35

40

45

50

55

with a injection nozzle opening and aremaining nose
part in cross section,

Fig 2. shows a schematic view in cross section of an
embodiment of a pulling device for use with the meth-
od according to the invention,

Fig. 3 schematically shows a side view of an embod-
iment of further parts for use with a method according
to the invention,

Fig. 4 shows schematically a view in cross section
of placing the sealing plug of figure 3,

Fig. 5 shows a view in cross section of tapping tool
in an injection nozzle opening and a cylinder head
with a remaining nose part of an injection nozzle,
Fig. 6 shows a schematic representation of a pulling
device with a pulling spindle attached to the nose
part, and

Fig. 7 shows a representation on a larger scale of
the thread of the pulling spindle and the thread of
the nose part.

[0013] In Fig. 1 a part of a cylinder head 1 with an in-
jection nozzle opening 2 and a broken off nose part 3 in
the opening 2 has been represented.

[0014] Fig. 2 shows a schematic representation of a
pulling device that as whole is indicated with the refer-
ence number 4. Pulling device 4 comprises a housing 5,
that can be fixed to cylinder head 1 (not shown in fig. 2)
so thatitis supported by the cylinder head in such a way,
that pulling spindle part 6a is aligned with the opening of
nose part 3. Pulling spindle 6 comprises pulling spindle
parts 6a and 6b that can be coupled to each other. It is
also possible that pulling spindle 6 comprises one piece
such that pulling spindle parts 6a and 6b form one part.
Pulling spindle part 6b comprises at an end opposite to
the end coupled to pulling spindle part 6a, an external
thread 8 at the exterior of the shaft. External thread 8 of
the pulling spindle part 6b engages an internal thread in
a hexagonal nut 9 that is rotatingly supported by housing
5. Hexagonal nut 9 can be engaged by a tool such as a
torque spanner. Pulling device 4 comprises further a vi-
brating member 30 for generating mechanical vibrations.
[0015] Fig. 3 shows thread forming tool 10, that in this
example is embodied by a tapping tool 10. Tapping tool
10 comprises a shaft 10a, that at one end comprises a
tapping thread 11 and at the other end 12 is shaped such
thatitcan be engaged by atommy bar or a suitable socket
wrenge. Further guide 13 is shown in fig. 3 for centred
axial guidance of tapping tool 10 with respect to the axis
of the nose part 3 of the injection nozzle. Guide 13 com-
prises a cylindrical sleeve 13b with a shoulder 13a atone
end, wherein the cylindrical sleeve has an external diam-
eter that corresponds to the diameter of the injection noz-
zle opening 2 and the cylindrical sleeve has an internal
diameter that corresponds to the external diameter of the
shaft 10a of tapping tool 10. Further in fig. 3 plug 14 is
shown for covering opening 15 (see fig. 1) at the end of
nose part 3.

[0016] The removal of nose part 3 from cylinder head
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1 while using the system and the method according to
the invention is as follows.

[0017] Firsttheinjection nozzle is dismantled, meaning
that the loose internal parts such as springs, needle and
nozzle are being removed from the injection nozzle nose.
Subsequently plug 14 is inserted in opening 15 of nose
part 3 that continues in cylinder head 1. Plug 14 serves
to prevent chips that are being formed during tapping
(see below) and possible used tapping fluid from falling
into the cylinder in cylinder head 1. The position of the
mounted plug 14 in opening 15 is shown in fig. 4.
[0018] Then tapping tool 10 and guide 13 are inserted
in injection nozzle opening 2. Guide 13 through its shoul-
der 13a is supported on the upper surface of cylinder
head 1 and through the external face of sleeve 13b
against the wall of the injection nozzle opening 2. The
inner wall of sleeve 13b guides tapping tool 10 in such a
way that tapping thread 11 can tap a thread in opening
16 in nose part 3 in such a way that the obtained thread
is coaxial with the external wall of nose part 3, that is in
contact with the wall of the part of the injection nozzle
opening that surrounds the nose part 3. Now thread 18
(see fig. 7) is being tapped in nose part 3 of the injection
nozzle that is remaining in the cylinder head, using the
tapping tool and the tap wrench. The tapping thread 11
of tooling 10 is chosen such, that after tapping the re-
maining wall thickness d (see fig. 7) of the nose part at
the outer part, seen in the radial direction, of thread 18
is smallerthan 3,0 mm and larger than 0,0 mm, preferably
smaller than 1,5 mm and larger than 0,5 mm. After com-
pletion of the tapping of thread 18 in nose part 3, tapping
tool 10 and guide 13 are being removed from injection
nozzle opening 2, and chips and possible drops of tap-
ping fluid are being sucked out of opening 16 in nose part
3, after which plug 14 can be removed.

[0019] Pulling spindle part 6a comprises at its free end
external thread that corresponds to thread 18 that has
been tapped in nose part 3 and pulling spindle 6ais being
attached to nose part 3 using this thread and thread 18
of nose part 3. Then pulling device 4 is mounted such
that it is supported by cylinder head 1 over injection noz-
zle opening 2 and pulling spindle 6a is being coupled to
pulling spindle 6b of pulling device 4.

[0020] Then using e.g. an torque wrench on head 9,
pulling device 4 is being tensioned to a predetermined
level. This tension is selected such that the material from
nose part 3 atleastin certain places will deform plastically
and plastic flow will start. Through this, injection nozzle
nose 3 will move upwards over a small distance. Also
material of nose part 3 can flow to spaces 20 that are
being determined by the peaks of thread 18 in nose part
3 and the corresponding thread at the end of pulling spin-
dle part 6a. Through this the pressure and the therefore
the friction between nose part 3 and the wall of the cyl-
inder head that forms the injection nozzle opening 2 can
decrease and thus the movement of the injection nozzle
nose in the pulling direction is facilitated. This upward
movement will reduce the pulling force exerted by the
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pulling device on the nose part until the stress in the ma-
terial is decreased such that it doesn’t flow any longer.
[0021] Now the pulling force can be increased again.
However a waiting time of at least 5 s is necessary before
increasing the pulling force, to enable the described proc-
ess of plastic flow to take place. Further once an albeit
small movement of the nose part has taken place, the
sticking between nose part and cylinder head is at least
partly reduced, so that following movements of the nose
part as a consequence of the pulling force will be easier.
The process of increasing the pulling force by using the
torque wrench, and subsequently waiting a few seconds
(at least 5s) to enable the pulling force have it's affect, is
being repeated until the nose partis completely loosened
from the cylinder head.

[0022] Ifnecessary priorto pulling the nose part 3, nose
part 3 can be subjected to mechanical vibration, using
vibratingmember 30, to loosen up the sticking connection
between nose part 3 and cylinder head 1. Prior to and/or
during the vibrating a solvent fluid is being injected at the
upper part of the nose part 3 to at least partly dissolve
contamination between nose part 3 and cylinder head 1.
By the vibration capillary cavities will be created through
which this fluid can spread between nose part 3 and cyl-
inder head 1. The generation of such vibrations and also
its effects are being described in WO 2007/091883, rea-
son for which this will not in further detail be discussed
here. In persistent cases injection of the vibrations can
also take place between the various pulling steps.
[0023] The invention has been described using exam-
ples of embodiments. For a person skilled in the art it will
be possible to apply many modifications and variations
all belonging to the invention as being determined by the
appended claims.

List of reference numbers.
[0024]

1 cylinder head

2 injection nozzle opening
3 nose part
4 pulling device

5 housing of 4

6 pulling spindle

6a pulling spindle part
6b pulling spindle part
8 thread

9 tensioning nut



7 EP 2 361 729 B1 8

10 thread forming tool

10a  shaftof 10

11 tapping thread

12 end of 10

13 guide

13a  shoulder of 13

13b  sleeve of 13

14 plug

15 opening in end of 3 continuing in 1
16 opening in 3

18 thread in 3

20 space between threads

30 vibrating member

Claims

1. Method for removing in situ of a nose part (3) of an

injection nozzle from a cylinder head (1), wherein
the nose part (3) has become detached of the injec-
tion nozzle and is remained behind in an injection
nozzle opening (2) in the cylinder head and wherein
the remaining part of the injection nozzle, other than
the nose part(3) has been removed from the injection
nozzle opening (2) in the cylinder head (1), charac-
terized in that the method comprising the following
steps:

a) providing in the injection nozzle opening (2)
over the nose part (3) a thread forming tool (10)
including a guide (13);

b) forming of an internal thread (18) in an open-
ing (16) in the nose part (3), of such a diameter,
that the wall thickness (d) of the nose part at the
outer part of the thread, seen in radial direction,
is smaller than 3,0 mm and larger than 0,0 mm,
preferably smaller than 1,5 mm and larger than
0,5 mm;

¢) mounting of a pulling device (4) on the cylinder
head (1), respectively supported by the cylinder
head (10);

d) attaching a pulling spindle (6a) to the nose
part (3) using the thread (18) obtained at step b);
e) exerting a pulling force while using the pulling
device (4) on the nose part (3).
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2,

Method according to claim 1, characterized in that
prior to step a) the method comprises the step of
a0) pre-processing the opening (16) in the nose part

3).

Method according to claim 1 or 2, characterized in
that prior to step e) the method comprises the step
e0) providing a corrosion dissolving fluid at the nose
part (3) and the part of the cylinder head (1) adjacent
to the nose part (3) and using a vibrating member
generating vibrations that are being transferred by
the pulling device (4) to the nose part (3) during a
predetermined period of time.

Method according to one of the claims 1 to 3, char-
acterized in that step e) comprises the following
steps:

e1) setting of the pulling device (4) to a pulling
force of a predetermined level;

e2) exerting the pulling force by the pulling de-
vice (4) on nose part (3) during at least 5 s.;
e3) increasing the pulling force exerted at that
moment by the pulling device (4) to the nose
part (3) with a predetermined amount;

e4) repeating of steps e2) and e3) until the nose
part (3) has been removed from the injection
nozzle opening (2) in the cylinder (1).

Patentanspriiche

1.

Verfahren zum lokalen Entfernen eines Vorderteils
(3) einer Injektionsdiise aus einem Zylinderkopf (1),
wobei das Vorderteil (3) von der Injektionsdiise ab-
getrennt wurde und in einer Injektionsdiisen-Off-
nung (2) im Zylinderkopf steckengeblieben ist und
wobei das verbliebene Teil der Injektionsdiise, im
Gegensatz zu dem Vorderteil (3), von der Injektions-
diisen-Offnung (2) im Zylinderkopf (1) entfernt wor-
den ist, dadurch gekennzeichnet, dass das Ver-
fahren die folgenden Schritte umfasst:

a) Bereitstellen eines Gewindeschneid-Werk-
zeugs (10), einschlieBlich einer Fiihrung (13), in
der Injektionsdiisen-Offnung (2) tiber dem Vor-
derteil (3);

b) Bilden eines Innengewindes (18) in einer Off-
nung (16) in dem Vorderteil (3), und zwar mit
einem Durchmesser, so dass die Wanddicke (d)
des Vorderteils (3) am duBeren Teil des Gewin-
des, in radialer Richtung betrachtet, kleiner als
3,0 mmund gréRerals 0,0 mmist, vorzugsweise
kleiner als 1,5 mm und gréRer als 0,5 mm;

c) Befestigen einer Zieh-Einrichtung (4) am Zy-
linderkopf (1) mit entsprechender Abstilitzung
am Zylinderkopf (1);

d) Anbringen einer Zieh-Spindel (6a) an dem
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Vorderteil (3) unter Verwendung des unter
Schritt b) erzielten Gewindes (18);

e) Ausiiben einer Zieh-Kraft, wahrend die Zieh-
Einrichtung (4) an dem Vorderteil (3) angewen-
det wird.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Verfahren, vor Schritt a), den
Schritt umfasst:

a0) Vorbehandeln der Offnung (16) in dem Vor-
derteil (3).

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass das Verfahren, vor Schritt e),
den Schritt umfasst:

e0) Bereitstellen eines Korrosions-aufldsenden
Fluids an

dem Vorderteil (3) und dem Teil des Zylinder-
kopfes (1), welches an das Vorderteil (3) an-
grenzt, und Verwenden eines Vibrier-Elemen-
tes, welches Vibrationen erzeugt, welche ber
die Zieh-Einrichtung (4) auf das Vorderteil (3)
fur eine vorbestimmte Zeitdauer Ubertragen
werden.

4. Verfahren nach einem der Anspriiche 1 bis 3, da-

durch gekennzeichnet, dass Schritt e) die folgen-
den Schritte umfasst:

e1) Einstellen der Zieh-Einrichtung (4) auf eine
Zieh-Kraft eines vorbestimmten Niveaus;

e2) Ausliben der Zieh-Kraft durch die Zieh-Ein-
richtung (4)

auf das Vorderteil (3) fir wenigstens 5 Sekun-
den;

e3) Erhéhen der ausgelibten Zieh-Kraft wah-
rend dieses Momentes durch die Zieh-Einrich-
tung (4) an dem Vorderteil (3) um einen vorbe-
stimmten Betrag;

e4) Wiederholen der Schritte e2) und e3), bis
das Vorderteil (3) aus der Injektionsdiisen-Off-
nung (2) im Zylinderkopf (1) entfernt worden ist.

Revendications

Procédé pour extraire sur le site un bec (3) d'une
buse d’injection d’'une téte de cylindre (1) dans lequel
le bec (3) s’est détaché de la buse d’injection et est
resté en arriere dans I'orifice (2) de labuse d’injection
dans la d'une téte de cylindre et dans lequel la partie
restante de la buse d’injection, autre que le bec (3)
a été retiré de l'orifice (2) de la buse d’injection dans
la téte de cylindre (1), caractérisé en ce que le pro-
cédé comporte les étapes suivantes consistant a :
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a) introduire dans l'orifice (2) de la buse d’injec-
tion, pardessus le bec (3) un outil de formage
d’'un filetage (10) comprenant un guide (13) ;
b) usiner un filetage intérieur (18) dans une
ouverture (16) dansle bec (3), ayantun diamétre
tel que I'épaisseur (d) de la paroi du bec, dans
la partie extérieure du filetage, vu selon une di-
rection radiale, est inférieure a 3,0 mm et supé-
rieure a 0,0 mm, de préférence inférieure a 1,5
mm et supérieure a 0,5 mm ;

c) monter un dispositif de traction (4) sur la téte
de cylindre (1), respectivement portée parlatéte
de cylindre (10) ;

d) attacher une broche de traction (6a) dans le
bec (3) en utilisant le filetage (18) usiné au cours
de I'étape b) ;

e) exercer une force de traction en utilisant le
dispositif de traction (4) sur le bec (3).

Procédé selon larevendication 1, caractérisé en ce
que, antérieurement a I'étape a), le procédé com-
porte une étape consistant a a0) prétraiter I'ouver-
ture (16) dans le bec (3).

Procédé selon les revendications 1 ou 2, caractéri-
sé en ce que antérieurement a I'étape e), le procédé
comporte une étape consistant a

e0) amener un liquide corrosif de dissolution vers le
bec (3) etla partie de la téte de cylindre (1) adjacente
au bec (3) en utilisant un organe générateur de vi-
brations qui sont transmises par le dispositif de trac-
tion (4) aubec (3) pendant une durée prédéterminée.

Procédé selon 'une quelconque des revendications
1 a 3, caractérisé en ce que I'étape e) comporte
les phases suivantes consistant a :

e1) régler le dispositif de traction (4) en vue de
I'application d’'une force de traction d’intensité
prédéterminée ;

e2) exercer la force de traction au moyen du
dispositif de traction (4) sur le bec (3) pendant
aumoins 5s;

e3) augmenter la force exercée a ce moment
par le dispositif de traction (4) sur le bec (3),
d’'une quantité prédéterminée ;

ed) répéter les étapes e2) et e3) jusqu’a ce que
le bec (3) s’extrait de 'ouverture de la buse d’in-
jection (2) dans le cylindre (1).
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