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COMMON RAIL

A high pressure reservoir (10) adapted to be arranged in a diesel fuel injection system, and comprising an outer
forged tubular body in which is inserted a seamless tube, the inner space being defined inside the seamless tube.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a high pressure
reservoir adapted to be arranged in a fuel injection equip-
ment.

BACKGROUND OF THE INVENTION

[0002] A diesel fuel injection equipment comprises a
high pressure reservoir, commonly known as a common
rail, wherein is delivered pressurized fuel and wherefrom
depart pipes joining fuel injectors that spray, upon com-
mand, said pressurized fuel into compression chambers
of an internal combustion engine. At both extremities of
the rail are typically arranged a pressure sensor and a
pressure limiting valve.

[0003] Considering that in use inner pressure fluctua-
tion is important and lasts for very long, , said common
rail is a highly stressed component typically manufac-
tured by machining a forged blank. The manufacturing
process comprises, in addition to the classical machining
operations, autofrettage of the two extremities performed
and creating residual compressive stresses acting
against the radial stress and enabling longer fatigue cy-

cling.
[0004] Rising required performance lead to further de-
velop the rail.

SUMMARY OF THE INVENTION

[0005] Accordingly, itis an object of the presentinven-
tion to resolve the above mentioned problems in provid-
ing a high pressure reservoir adapted to be arranged in
a diesel fuel injection system, the reservoir extending
along a main axis from a first end adapted to comple-
mentary receive a first device, such as a pressure sensor
to, a second end adapted to complementary receive a
second device, such as a pressure valve limiter. Said
reservoir has a peripheral wall defining an inner space
and, being further provided with a plurality of radial pro-
trusions defining radial holes opening in said inner space
and adapted to complementary receive inlet and outlet
pipes. Advantageously, the reservoir comprises an outer
forged tubular body in which is inserted a seamless tube,
the inner space being defined inside the seamless tube.
[0006] Also, the seamless tube is press-fitted with in-
terference.

[0007] Also, the opening of any radial channel into the
inner space is surrounded by a female sealing face pro-
vided in the wall of the seamless tube, said female sealing
face being adapted to receive in abutmenta complemen-
tary male sealing face of an inlet or an outlet pipe.
[0008] More precisely, said female sealing face may
be conical.

[0009] The nvention also extends to a method to man-
ufacture a high pressure reservoir as described above.
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The method comprising the steps of:

a) providing a forged housing comprising a main
member having an elongated shape extending along
the main axis from a first end to a second end, and
having a plurality of radial protrusions extending from
said main member;

b) drilling said main member along said main axis in
order to create a through axial hole having a prede-
termined diameter and extending from the first end
to the second end; said through hole having a forged
peripheral wall of a predetermined thickness;

c) providing a seamless tube with external diameter
slightly larger than said predetermined diameter;

d) inserting the seamless tube inside the through
hole, said insertion operation being done by press-
fitting with interference fit.

e) drilling a through hole in the radial protrusions, the
hole having substantially a constant large diameter
through the forged housing, and having a reduced
diameter through the seamless tube;

f) machining in the thickness of the seamless tube,
a tapered sealing face surrounding the opening of
the through hole, said sealing face joining the large
diameter to the reduced diameter.

[0010] Also, said sealing face machined machined
conical.
[0011] The method further comprising the step:

g) machining the first and second ends in order to
be able to arranged at each end a first and a second
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention is now described by way
of example with reference to the accompanying drawings
in which:

Figure 1 is an isometric view of a high pressure res-
ervoir as per the invention.

Figure 2is an axial section of a portion of the reservoir
of figure 1.

Figure 3 is a magnified are of figure 2.

Figure 4 is a schematic arrangement of an extremity
of the reservoir of figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] In reference to the figures is described a high
pressure reservoir 10, also known as a common rail 10,
adapted to be arranged in a fuel injection equipment of
an internal combustion engine. The rail 10 has an elon-
gated body 12 defining, an inner space S surrounded by
a peripheral wall 14 and, the rail 10 extends along a main
axis X from a first end 16, on the left of the figure, where
is arranged a first device 18 which here is a pressure
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sensor to, a second end 20, right of the figure where is
arranged a second device 22 here a pressure limiter.
[0014] In between said two ends 16, 20, the body 12
is provided with radial protrusions 24 each being centrally
pierced and externally threaded so that a nut 26 can seal-
ingly fix a high pressure pipe 28 for either delivering pres-
surized fuel into the inner space S or, for delivering said
pressurized fuel from said inner space S toward fuel in-
jectors.

[0015] Inthe example embodimentpresented on figure
1, the rail 12 is adapted to a four cylinder engine and it
is provided with one inlet and four outlets. Other engine
types would require another rail with a different number
of outlets.

[0016] Furthermore, the rail 12 is provided with a hose
connector member 30 adapted to receive a flexible hose
of a return line joining a low pressure tank enabling, in
use, excess fuel in the rail to flow through said line when
the pressure limiter 22 opens. Also, for fixing the rail 12
the body is provided with pierced fixing ears 32, two on
the example of figure 1, the rail 12 being fixed via screws
engaged through the hole of the fixing ears and tightened
onto the engine block.

[0017] As visible on the section of figure 2, the body
12 comprises an outer member 34 and an inner member
36. The outer member 34 is a forged body, made of steel
having low mechanical properties relatively to the inner
member 36 that is a seamless tube which role is to rein-
force the rail structure. The forged body 34 is provided
with an axial X through hole 38 in which is press-fitted
with interference the inner member reinforcement seam-
less tube 36.

[0018] As represented on figure 2 and magnified on
figure 3, the protrusion 24 is provided with a radial hole
40 extending from the outer face of the protrusion and
opening 42 in the inner space S. As shown, through the
protrusion, the hole 40 is of constant diameter D40 ena-
bling engagement of the high pressure pipe and, in the
vicinity of the opening into the inner space S the section
of said hole 40 restricts and is tapered so that a conical
sealing face 44 is formed surrounding said opening 42.
As visible on figure 3, said conical female sealing face
44 is mainly provided in the thickness of the seamless
tube 36. It could be entirely in the thickness of the seam-
less tube 36.

[0019] Also, at the end of the high pressure pipe is
provided an enlarged head portion defining on one side
a shoulder joining the main part of the pipe and, on the
other side at the very extremity of the pipe, a tapered
male sealing face 46. Inside said extremity of the pipe,
arestriction 48 to the inner conduit of the pipe is provided.
As the head of the pipe is engaged in the radial hole 40,
the male sealing face 46 complementary abuts against
the female sealing face 44 and, the nut 26 is screwed on
a thread externally provided around the protrusion. As
the nut 26 is tightened, it generates a force sealingly forc-
ing the male and female sealing faces 44, 46, against
each other.
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[0020] Conclusive tests have been performed with rail
10 having an overall length of 240mm and an outer di-
ameter of the forged body 34 of 26 mm. The axial through
hole 38 had a diameter of 14 mm and the interference
press-fit was around 20pum. The seamless tube 36 inner
diameter was of 8 mm, the wall thickness of the seamless
tube being of 3mm.

[0021] Also, the forged body 34 has a yield strength of
650 MPa and an ultimate strength of 950 MPa while the
seamless tube 36 had a yield strength of 1100 MPa and
an ultimate strength of 1400 MPa.

[0022] Figure 4 sketches a section of the first end 16
of the rail. As represented, the seamless tube 36 ends
before the forged body 34 and, the very portion of the
forged body 36 is internally threaded. The pressure sen-
sor 18 which is outwardly threaded is complementary
screwed in the forged body 36 and, because of the dif-
ferent behavior of the materials and, of the sealing per-
formance required, a metallic washer 50 is inserted be-
tween the end face of the seamless tube and the pressure
sensor 18.

[0023] Thanks to this twin-concentric tube configura-
tion the rail 10 is mechanically reinforced and the man-
ufacturing is eased. Indeed, compared to an entirely
forged body, the classical operations of autofrettage, the
micro-hole machining of the inlet and outlets openings
42 into the inner space S and, the gun drill operation are
removed.

[0024] The method of manufacturing 100 the rail com-
prises the steps of:

- providing 110 the forged body 34;

- drilling 120 in said forged body the axial through hole
38;

- machining 130 both ends of the forged body with
required threads and other geometries enabling
complementary arrangement of the first and second
devices 18, 22;

- threading 140 the outer faces of the radial protru-
sions 24;

- providing 150 the seamless tube 36;

- inserting 160 with press-fit the seamless tube 36 in
the forged body 34;

- radially drilling 170 the protrusions 24 to provide the
radial hole 40;

- machining the female sealing faces 44.

LIST OF REFERENCES

[0025]

S inner space
X main axis
D40  diameter

10  high pressure reservoir - common rail
12 body
14 peripheral wall
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16 firstend

18 first device - pressure sensor

20 second end

22  second device - pressure limiter

24 radial protrusions

26 nut

28  high pressure pipe

30 hose connector member

32 fixing ear

34  outer member of the body - forged body
36  inner member of the body - seamless tube
38  axial through hole

40 radial hole

42  opening

44  female sealing face

46  male sealing face

48  restriction

50 washer

100 method

110  providing step

120  drilling step

130  machining step

140 threading step

150  providing step

160 inserting step

170  drilling step

180  machining step

Claims

1. High pressure reservoir (10) adapted to be arranged

in a diesel fuel injection system, the reservoir (10)
extending along a main axis (X) from a first end (16)
adapted to complementary receive a first device (18)
such as a pressure sensor to, a second end (20)
adapted to complementary receive a second device
(22) such as a pressure valve limiter; said reservoir
(10) having a peripheral wall defining an inner space
(S) and, being further provided with a plurality of ra-
dial protrusions (24) defining radial holes opening in
said inner space (S) and adapted to complementary
receive inlet and outlet pipes, characterized in that
the reservoir (10) comprises an outer forged tubular
body (34) in which is inserted a seamless tube (36),
the inner space (S) being defined inside the seam-
less tube (36).

High pressure reservoir (10) as claimed in the pre-
ceding claim wherein the seamless tube (36) is
press-fitted with interference.

High pressure reservoir (10) as claimed in any one
of the preceding claims wherein, the opening of any
radial channel into the inner space (S) is surrounded
by a female sealing face (44) provided in the wall of
the seamless tube, said female sealing face (44) be-
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ing adapted toreceive in abutment a complementary
male sealing face (46) of an inlet or an outlet pipe.

High pressure fuel reservoir (10) as claimed in claim
3 wherein said female sealing face (44) is conical.

Method (100) to manufacture a high pressure reser-
voir (10) as claimed in any one of the preceding
claims, the method comprising the steps of:

a) providing (110) a forged housing comprising
a main member having an elongated shape ex-
tending along the main axis (X) from a first end
(16) to a second end (20), and having a plurality
of radial protrusions (24) extending from said
main member;

b) drilling (120) said main member along said
main axis in order to create a through axial hole
having a predetermined diameter and extending
from the first end to the second end; said through
hole having a forged peripheral wall of a prede-
termined thickness;

c) providing (150) a seamless tube with external
diameter slightly larger than said predetermined
diameter;

d) inserting (160) the seamless tube inside the
through hole, said insertion operation being
done by press-fitting with interference fit.

Method (100) as claimed in claim 5 further compris-
ing the step:

e) drilling (170) a through hole in the radial pro-
trusions, the hole having substantially a con-
stantlarge diameter through the forged housing,
and having a reduced diameter through the
seamless tube.

Method (100) as claimed in claim 6 further compris-
ing the step:

f) machining (180) in the thickness of the seam-
less tube, a tapered sealing face surrounding
the opening of the through hole, said sealing
face joining the large diameter to the reduced
diameter.

Method (100) as claimed in claim 7 further where
said sealing face is machined conical.

Method (100) as claimed in any one of the claims 6
to 8 further comprising the step:

g) machining the first and second ends in order
to be able to arranged at each end a first and a
second device.



I 'OIAd




EP 3 249 212 A1

28
_ 24
26\ N /
37\ & \--\%
14 ) \"§ \\ 40
ORI
v /‘<\ /




\

50

Lo

M/JW//////%,

FIG. 4



10

15

20

25

30

35

40

45

50

55

des brevets

EP 3 249 212 A1

Eutrop;a'isc{l:s
European -
0)» et EUROPEAN SEARCH REPORT Application Number

[

EPO FORM 1503 03.82 (P04C01)

EP 17 17 2586

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X JP 2000 073908 A (DENSO CORP) 1,2,5,7,] INV.
7 March 2000 (2000-03-07) 8 FO2M55/02
Y * paragraph [0012] - paragraph [0028]; 6,9
figures 1,2 *
* abstract *
X JP 2010 159725 A (DENSO CORP) 1,3,4
22 July 2010 (2010-07-22)
Y * paragraph [0023] - paragraph [0046]; 6,9
figures 2,3 *
* abstract *
X DE 103 03 853 Al (SCHMITTERSYSCO GMBH 1,3,4

[DE]) 12 August 2004
* paragraph [0008] -
figure 1 *

* abstract *

(2004-08-12)
paragraph [0029];

TECHNICAL FIELDS
SEARCHED (IPC)

FO2M
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 14 September 2017 Hermens, Sjoerd

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 249 212 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 17 17 2586

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

14-09-2017
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 2000073908 A 07-03-2000 JP 3888410 B2 07-03-2007
JP 2000073908 A 07-03-2000
JP 2010159725 A 22-07-2010 JP 5040928 B2 03-10-2012
JP 2010159725 A 22-07-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82



	bibliography
	abstract
	description
	claims
	drawings
	search report

