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(57) Abregeé/Abstract:

The Invention relates to a method for the production of a high-pressure accumulator pipe as a composite pipe made of steel for
pressures up 1800 bar and above and having high static stability and endurance strength for fuel injection systems comprising
common rail systems for internal combustion engines, wherein a first inner pipe part (2) is inserted into a second outer pipe part (1)
with little clearance, and the inner pipe part (2) iIs connected to the outer pipe part (1) In a gap-free and non-positive connection by
means of mechanical forming. To achieve a high endurance strength, the mechanical forming comprises a rolling-in process,
whereln the inner pipe part (2) is subjected to a ductile expansion, and the outer pipe part (1) Is subjected to an elastic expansion
using an oversized rolling tool that is moved within the inner pipe part (2) and wherein a residual compressive stress adjusted to the
operating pressure Is applied to the inner pipe part (2) after the forming process via the elastic resilience of the outer pipe part. The
high-pressure accumulator pipe produced In this manner is characterized in that the inner surface of the inner pipe part (2) has a
roughness R, with the range of = 1.0 ym and a roughness R within the range of = 0.2 ym.
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Abstract

The invention relates to a method for the production of a high-pressure accumulator
pipe as a composite pipe made of steel for pressures up 1800 bar and above and
having high static stability and endurance strength for fuel injection systems
comprising common rail systems for internal combustion engines, wherein a first
inner pipe part (2) is inserted into a second outer pipe part (1) with little clearance,
and the inner pipe part (2) is connected to the outer pipe part (1) in a gap-free and
non-positive connection by means of mechanical forming. To achieve a high
endurance strength, the mechanical forming comprises a rolling-in process, wherein
the inner pipe part (2) is subjected to a ductile expansion, and the outer pipe part (1)
is subjected to an elastic expansion using an oversized rolling tool that is moved
within the inner pipe part (2) and wherein a residual compressive stress adjusted to
the operating pressure is applied to the inner pipe part (2) after the forming process
via the elastic resilience of the outer pipe part. The high-pressure accumulator pipe

produced in this manner is characterized in that the inner surface of the inner pipe
part (2) has a roughness R, with the range of < 1.0 um and a roughness R, with the

range of < 0.2 um.
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METHOD FOR THE PRODUCTION OF A HIGH-PRESSURE ACCUMULATOR PIPE
MADE OF STEEL FOR FUEL INJECTION SYSTEMS AND HIGH-PRESSURE
ACCUMULATOR PIPE PRODUCED ACCORDING TO THIS METHOD

Description
Field of the Invention
The invention ‘relates to a method of making a high-pressure accumulator pipe of

- steel for fuel injection systems, as well as to a high-pressure accumulator pipe. :

Background of the Invention

High-pressure accumulator pipes tor tuei injection systems of internal combustion |
engines are also designated as common rail system. Pressure generation and fuel
injection are decoupled from one another in the common rail system. '

A separate high-pressure pump produces continuously pressure which is stored in
the central high-pressure -accumulator lndependently from the lnjectlon sequence

High-pressure lines extend from this accumulator to the individual mjectors which are |

associated to the motor cylinders. The built-up pressure is constantly available in the
fuel line. '

In order to setisfy the high demands on the mechanical properties and the corrosion
and cavitation resistances, when the injection pressures of today reach up to 1800‘
'bar components which assume to a lesser degree a storage function but rather a
conductmg function, such as the hlgh-pressure fuel lines, e.g. known from the

documents DE 203 17 565 U1, DE 198 08 012 C2, and DE 197 16 659 C2, are
designed as composite pipes.

These composite pipes include a relatively thin-walled inner pipe part and an'
relatively thick-walled outer pipe part which are connected to one another via a press-
fit. The press-fit is realized for examplethroug’h cold drawing (DE 197 16 659 C2).
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The inner pipe part is made of a high-alloy, corrosion-resistant and high-strength
steel as a consequence of the direct contact with the fuel mixture under high

pressure, while the outer pipe part is typically made of unalloyed or low-alloy steel.

High-pressure accumulator pipes which do not assume a conducting function but
predominantly a storage function, must exhibit a high fatigue strength besides the
required mechanical properties in order to be able to withstand the high and pulsating
pressures during operation. This requires the presence of a superior inner pipe
surface with a very low roughness that cannot be realized using known production

methods for high-pressure accumulator pipes. For example, roughness values of R, <

1.0 um and R, < 0.2 um should be reached.

High-pressure accumulator pipes are disclosed e.g. in DE 10 2004 030 394 B3 and
DE 199 36 685 A1.

In order to satisfy the high surface demands, it is known to make the high-pressure
accumulator pipes from a pipe comprised only of one pipe part through deep drilling
of solid material or to use cold-finished, seamless or welded precision steel pipes

which are cold-rolled in two draws.

Deep drilling has shortcomings relating to the high material consumption and the
complicated deep drilling process. The surface quality and the properties of the
marginal drilling zone oftentimes do not meet the demands and the required high

fatigue strength can only be realized through an additional autofrettage process.

As cold-finished pipes require two drawing processes, high costs are incurred and
the pipes oftentimes exhibit insufficient surface quality and inadequate properties at
the marginal zones, and the application of a cost-intensive autofrettage is also
necessary. DE 103 03 853 A1 discloses a high-pressure accumulator pipe which

Involves a composite pipe of two pipe parts which are connected to one another
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through heat application and shrinkage. This is also disadvantageous because the inner

pipe part is produced by deep drilling.

Summary of the Invention

It is an object of some embodiments of the invention to provide a method of making a
high-pressure accumulator pipe of steel with high fatigue strength for fuel injection

systems, which method obviates the drawbacks of conventional production methods.

Some embodiments of the invention relate to a method of making a high-pressure
accumulator pipe as composite pipe of steel for pressures of up to 1800 bar and above and
exhibiting high static strength and fatigue strength for fuel injection systems with common '
rail systems for internal combustion engines, comprising the steps of. inserting an inner pipe
part into an outer pipe part with little clearance; connecting the inner pipe part to the outer
pipe part gap-free and by interference fit through mechanical forming, wherein the
mechanical forming step includes a rolling-in process by which the inner pipe part is
subjected to a ductile expansion, and the outer pipe patrt is subjected to an elastic
expansion using an oversized rolling tool that is moved within the inner pipe part, and
applying a residual compressive stress adjusted to an operating pressure to the inner pipe

part after the forming process as a result of an elastic resilience of the outer pipe part.

Some embodiments of the invention relate to a high-pressure accumulator pipe as
composite pipe of steel for pressures of up to 1800 bar and above and exhibiting high

static strength and fatigue strength for fuel injection systems with common rail systems,
sald accumulator pipe comprising: a seamless or welded outer pipe part; and a seamless
or welded inner pipe part having an inner surface which is defined by a roughness R, in a
range of £ 1.0 um and a roughness R, in a range of £ 0.2 um, joined with the outer part
by interference fit through expansion and application of a residual compressive stress as

a result of an elastic resilience of the outer pipe part.

According to the teaching of the invention, a method is applied in which the high-
pressure accumulator pipe is constructed as composite pipe, wherein a first inner pipe

part is inserted into a second outer pipe part with little clearance, and the inner

3



10

CA 02678752 2014-05-07

20337-637

pipe part is connected to the outer pipe part gap-free and by interference fit by means

of mechanical forming.

The mechanical forming involves a rolling-in process, wherein the inner pipe part is
subjected to a ductile expansion, and the outer pipe part is subjected to an elastic
expansion using an oversized rolling todl that is moved within the inner pipe part, and
wherein a residual compressive stress adjusted to the operating pressure is applied

to the Inner pipe part after the forming process via the elastic resilience of the outer

pipe part.

Rolling-in of'pipes IS a process which is based on the principle of reeling with
oversized roller, when the pipe parts are assembled together. The inner pipe part is
hereby locally expanded in a matched outer pipe part. The inner pipe part is
plastically expanded by the rolling tool which moves axially through the inner pipe

part with oversized roller.
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When there is only a slight clearance between inner and outer pipe parts, the outer
pipe part is elastically deformed by the ductile expansion of the inner pipe part so that
a high surtace pressure is established after the outer pipe part springs back in the

joining gap to thereby realize an interference fit.

This method, which is not applied to date for the production of high-pressure
accumulator pipes from composite pipes, could be adapted after extensive
examinations for this application in such a manner that the demands on the surface
can be met while at the same time production costs are lowered in comparison to

conventional methods.

As a result of the very small roughness values in the range of R, <1.0 um and R, <

0.2 pm that can be realized by the method according to the invention, the stress

concentrations and the notch effects which adversely affect the fatigue strength can

be reduced to such an extent that the accumulator pipe has a long service life.

As a result of the residual compressive stress introduced by the rolling-in process
onto the inner pipe part, the fatigue strength of the component is positively impacted.
This may lead to the elimination of the autofrettage treatment, required by the
conventional methods to Increase the residual compressive stress onto the
component, or of a complicated additional smoothing of the inner surface with this
process In dependence In the requested demands so that the production costs can
be further reduced. Also, the application of a complicated deep drilling process is no

longer necessary.

As a consequence of the realization of the high fatigue strength of the high-pressure
accumulator pipe while at the same time reducing the material costs, material

combinations can be advantageously used to suit the varying demands on the inner

and outer pipe parts.
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As the demands on the forming capability of the inner pipe part during plastic forming
are especially high when subjected to a rolling-in process, the inner pipe is

advantageously made of a high-alloy steel with high ductility.

The following Table 1 shows, by way of example, the chemical composition for such
a steel:

N ekl - N ——— i

Chemical Analysis (%)

<0.07 | s1.00 | <2.00 | s0.045[<0.015 16.5-19.5 | <0.11 | 8.0-13.0 |

Table 1

In contrast thereto, the forming stress for the outer pipe part is smaller because the

pipe part is deformed only in the elastic range. For that reason, the outer pipe can

advantageously be made of cheaper unalloyed or low-allow steel, as illustrated by
‘way of example in Table 2: "

| o Chemical Analysis (%)
- C Si Mn P | S Al
<0.22 | <0.55 '<0.04 [ s0.04 | 20.02

Table 2 '

When special demands need to be met, it is also possible to make both pipe parts of
same material. | '

Brief Description of the D'rawing

Further features, advahtages and details of the invention are explained in the

- following description of an exemplary embodiment with reference to the attached

drawing, in which Figure 1 shows a sectional view of a high-pressure accumulator
pipe according to an embodiment of the present invention.

Detailed Description
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The high-pressure accumulator pipe constructed as composite pipe' includes a first
inner pipe part 2 which is inserted in a second outer pipe part 1 with little clearance.

In accordance with the invention, the composite pipe is produced through rolling-in
the pipe (not shown here) in such a manner that after the rolling-in process, the inner
pipe part 2 is acted upon with a residual compressive stress adjusted to the operating
pressure via the elastic resilience of the outer pipe part 1, and the inner surface of the

inner pipe part 2 has roughness values of R, in the range of < 1.0 um and a

roughness R, in the range of s 0.2 um.

The outer pipe part 1 is configured relatively thick-walled and is made of an unalloyed

or low-allow steel. The inner pipe part 2 is configured relatively thin-waliled
and made of a high-alloy material which is suited to a plastic deformation
during the rolling-in process of the pipe.

In order to be able to build up an internal pressure, the high-pressure accdmulator
pipe is provided on one end with a sealing plug 5.

To connect pressure lines for injection nozzles onto the high-pressure accumulator
pipe, the composite pipe is provided with a corresponding number of radial through

bores 3 for attachment on the outer pipe part 1 of coaxial connections 4 for the
pressure lines.
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List of Reference Symbols

No. Designation

outer pipe part

iInner pipe part

radial bore

connection pressure line

| K WO N —

sealing plug
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CLAIMS:

1. - A method of making a high-pressure accumuiator pipe as composite
pipe of steel for pressures of up to 1800 bar and above and exhibiting high static
strength and fatigue strength for fuel injection systems with common rail systems for

iInternal combustion engines, comprising the steps of:
Inserting an inner pipe part into an outer pipe part with little clearance;

' connecting the inner pipe part to the outer pipe part gap-free and by
interference fit through mechanical forming, wherein the mechanical forming step
includes a rolling-in process by which the inner pipe part is subjected to a ductile
expansion, and the outer pipe part is subjected to an elastic expansion using an

oversized rolling tool that is moved within the inner pipe part, and

. applying a residual compressive stress adjusted to an operating
pressure to the inner pipe part after the forming process as a result of an elastic

resilience of the outer pipe part.

2. The method of claim 1, wherein the inner and outer pipe parts are made
of differently alloyed materials, with the outer pipe part being made of a high-strength
material and the inner pipe part being made of a high-strength material with great

forming cap-ability.

3. " The method of claim 1, wherein the outer pipe part is made of an
unalloyed or low-alloy material, and the-inner pipe part is made of a high-alloy

material.

4. - The method of claim 1, wherein the inner and outer pipe parts are made

of a same material.

S, The method of claim 1, wherein the inner pipe part has a wall thickness

which is smaller than a wall thickness of the outer pipe part.
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6. A high-pressure accumulator pipe as composite pipe of steel for
pressures of up to 1800 bar and above and exhibiting high static strength and fatigue

strength for fuel injection systems with common rail systems, said accumulator pipe

comprising:
a seamless or welded outer pipe part; and

a seamless or welded inner pipe part having an inner surface which is
defined by a roughness R; in a range of £ 1.0 um and a roughness R, in a range of £
0.2 ym, joined with the outer part by interference fit through expansion and

application of a residual compressive stress as a result of an elastic resilience of the

outer pipe part.

7. - The accumulator pipe of claim 6 wherein the outer pipe part 1Is made of
an unalloyed or low-alloy material, and the inner pipe part is made of a high-alloy

material.

8. The accumulator pipe of claim 6, wherein the inner and outer pipe parts

are made of a same material.

9. - The accumulator pipe of claim 6, wherein the inner pipe part has a wall

thickness which is smaller than a wall thickness of the outer pipe part.
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