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A method -of manufacturing a wall structure and a

machining tool

TECHNICAL: FIELD

The present invention relates to a method for
manufacturing a wall structure. The method is
particularly directed to manufacturing a wall structure,
which is capable of withstanding a high thermal load,
and especially to an engine wall structure. The method
is specifically directed to manufacturing the wall
structure of a thrust chamber (a combustion chamber
and/or an outlet nozzle) for use in a rocket engine. The
invention 1is further directed to a machining tool
configured for being used in a step in the manufacturing
method.

BACKGROUND OF THE INVENTION

During operation, a rocket nozzle is subjected to very
high stresses, for example in the form of a wvery high
temperature on its inside (in the magnitude of 800 °K)
and a very low temperature on its outside (in the
magnitude of 50 °K). As a result of this high thermal
load, stringent requirements are placed upon the choice
of material, design and manufacture of the outlet
nozzle. At least there is a need for effective cooling

of the outlet nozzle.

The wall structure forming the outlet nozzle has a
tubular shape with a varying diameter along a centre
axis. More specifically, the outlet nozzle wall

structure has a conicai'or parabolic shape. The outlet
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nozzle normally has a diameter ratio from the aft or

large outlet end to the forward or small inlet end in

the interval from 2:1 to 4:1.

The outlet nozzle wall structure comprises cooling
channels extending between an upstream end and a
downstream end of the nozzle. According to one
previously known design, the outlet nozzle wall
structure comprises an inner wall, to which hot gas is
admitted during engine operation and an outer wall,
which is colder than the inner wall during engine
operation. There 1is a plurality of elongated webs
connecting the inner wall to the outer wall dividing
the space between the walls into a plurality of cooling

channels.

During engine operation, any cooling medium may be used
to flow through the cooling channels. Regarding a
rocket engine, the rocket engine fuel is normally used
as a cooling medium in the outlet nozzle. The rocket
engine may be driven with hydrogen or a hydrocarbon,
i.e. kerosene, as a fuel. Thus, the fuel is introduced
in a cold state into the wall structure, delivered
through the cooling channels while absorbing heat via
the inner wall and is subsequently used to generate the
thrust. Heat is transferred from the hot gases to the
inner wall, further on to the fuel, from the fuel to
the outer wall, and, finally, £from the outer wall to
any medium surrounding it. Heat is also transported
away by the coolant as the coolant temperature
increases by the cooling. The hot gases may comprise a

flame generated by a combustion of gases and/or fuel.

PCT/SE2006/001447
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According to a known method for manufacturing the outlet

nozzle, in a first step, a first machining tool (a
turning lathe) is used for working an external surface
of the workpiece in order to achieve a desired workpiece
thickness. In a second step, a second machining tool (a
milling cutter) with two spaced rotary machining
elements in the form of cutting wheéls is used. The
cutting wheels are arranged at a mutual distance
corresponding to a desired web thickness. The milling
cutter 1is fed across an external surface of a
cylindrical workpiece forming two groves and an
intermediate web. The cutting wheels work on the side

surfaces of the web.

The milling cutter is indexed in the circumferential
direction of the workpiece and run, wherein a plurality
of webg are produced. Thus, the webs are integrated in
and project from an inner wall. Subsequently, an outer
wall is positioned around the inner wall, and joined to

the edges of the webs by welding.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a
method for manufacturing a wall structure provided with
cooling channels which extend in a diverging manner,
which creates conditions for a faster operation, and
robustly achieved channel height, than previously known
methods. The invention is especially directed at
manufacturing a tubular wall structure with an
increasing diameter with axial position and particularly

suited for a rocket engine member.

§'y

e . .
This objectwﬁis achieved with a method according to
(R

claim 1. Thﬁé, the object is achieved by a method
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comprising the steps of producing at least one

elongated web in a workpiece by feeding a machining
tool along the workpiece, wherein the machining tool
simultaneously machines a first side surface of the
web, a second side surface of the web and a top surface
of the web.

In this way, all three surfaces (side surfaces and top
surface) of the web are worked in one single run. The
height, which is very important for the cooling
performance, of the web is determined by the position
of an intermediate machining element in the machining
tool. Thus, the first turning step according to prior

art may be dispensed with.

Further, prior art problems relating to grindings
sticking between the two cutting wheels are decreased
or prevented. All in all, a more reliable manufacturing

process 1s achieved.

A second object of the present invention is to provide a
machining tool adapted for manufacturing a wall
structure provided with cooling channels, which creates
conditions for a faster operation than previously known
methods.

This object is achieved with a machining tool according
to claim 14. Thus, the object 1is achieved by a
machining tool comprising a first rotary cutting
element and a second rotary cutting element, wherein
the first and second rotary cutting elements are
positioned at a distance from each other, wherein the

machining tool comprises, a third rotary cutting element

PCT/SE2006/001447
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arranged between the first and second rotary cutting

elements.

Further preferred embodiments and advantages will be

apparent from the following description and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The

invention will be further described in the

following, in a non-limiting way with reference to

the
FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

accompanying drawings in which:

1 is a front view of a machining tool according
to a first embodiement,

2 is a perspective view of the machining tool of
fig 1,

3 is a perspective view of a tubular workpiece
with a varying diameter, which has been
machined by the machining tool in a first
step,

4 shows the tubular workpiece of fig 3, wherein
it has been machined by the machining tool
in a plurality of steps by indexing the
machining tool in the circumferential
direction of the workpiece,

5 shows the tubular workpiece after a further
maching step,

6 shows application of a cover jacket onto the
machined workpiece,

7 shows a perspective view of a wall structure
resulting from the method step of fig 6,
wherein the wall structure defines a double

wall/sandwich structure,

8 is a partial sectional view along the line A-A in

fig 7, and
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FIG 9 corresponds to the view of fig 8 with added wall

structure welds.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

Figure 1 and 2 schematically shows a machining tool 1.
The machining tool 1 comprises a first rotary cutting
element 2 and a second rotary cutting element 3,
wherein the first and second rotary cutting elements
2,3 are positioned at a distance from each other. The
machining tool 1 further comprises a third rotary
cutting element 4 arranged between the first and second
rotary cutting elements. Each of the rotary cutting
elements 2,3,4 has the shape of a circular disc with a
cutting surface in the form of cutting teeth 5,6,8 at

the periphery.

More particularly, the first and second rotary cutting
elements 2,3 have parallel axes of rotation 7, and
wherein the first and second rotary cutting elements
2,3 are positioned at a distance from each other in the
direction of the axes of rotation 7. More particularly,
the first and second rotary cutting elements 2,3 form
two spaced cutting wheels arranged at a mutual distance

corresponding to a desired web thickness.

The third rotary cutting element 4 is configured to
machine a surface simultaneously with the first and

second rotary cutting elements 2,3.

A cutting surface 5 of the third rotary cutting element
4 ig located at a different distance from a cutting
surface 6 of the first rotary element 2 in a direction

perpendicular  to the axis of rotation 7 of the first

PCT/SE2006/001447
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rotary cutting element 1. More particularly, the

cutting edge 5 of the third cutting element 4 1is
located at a smaller distance from the axis of rotation
7 than the cutting edge 6 of the first rotary element
2. A cutting edge 8 of the second rotary cutting
element 3 is located at substantially the same position
in a direction perpendicular to the axis of rotation 7
as the cutting edge 6 of the first rotary cutting

element 2.

By feeding the machining tool 1 along a workpiece 9
while rotating the rotary cutting elements 2,3,4 and
bringing the rotary cutting elements 2,3,4 in contact
with the workpiece, two parallel grooves 10,11 and an
intermediate elongated web (or rib) 12 are achieved in

the workpiece 9.

The axis of rotation of the second rotary cutting
element 3 is in parallel with the axis of rotation 7 of
the first cutting element 2. More precisely, the axes
of rotation of the first and second rotary cutting
elements 2,3 are co-axial. Similarly, the axis of
rotation of the third rotary cutting element 4 is in
parallel with the axis of rotation 7 of the first
cutting element 2. More precisely, the axes of rotation
of the first, second and third rotary cutting elements

2,3,4 are co-axial.

The first, second and third rotary cutting elements
2,3,4 are configured to rotate in unison at the same
speed. Further, the first, second and third rotary
cutting elements 2,3,4 are preferably arranged on a

common drive shaft 13.

PCT/SE2006/001447
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The cutting edge 5 of the third cutting element 4

extends over substantially the complete distance
between the first and second rotary cutting elements
2,3.

A first embodiment of a method for manufacturing a
tubular wall structure with varying diameter,
especially configured for withstanding high thermal
load in operation and particularly for a rocket engine
component in the form of an outlet nozzle, is described

below with reference to fig 3-9.

A workpiece 9 with a cylindrical shape is used as a
starting material. More specifically, the workpiece 9
is tubular with a circular cross section, wherein a
cross section diameter varies in an axial direction 14
of the workpiece. Thus, the workpiece 9 forms a hollow
component. More specifically, the workpiece 9 presents
a rotational symmetric outer surface. The diameter of
the workpiece 9 continuously increases with axial
position in one direction along the axial direction 14.
Further, the workpiece 9 has a substantially uniform
thickness and is preferably formed by a sheet metal. In
some cases a forging or casting, with varying thickness

along the axial direction 14 could be preferred.

The method comprises machining an external surface 15
of the workpiece 9 by means of the machining tool 1.
More particularly, the method comprises the step of
producing an elongated web 12 in the envelope surface
15 of the workpiece 9 by feeding the machining tool 1
along and into the workpiece from a first end 16
towards a second end 17 of the workpiece 9 in the axial

direction 14. Thus, the machining tool is fed along a

PCT/SE2006/001447
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curved line matching the contour of the workpiece 9. In

other words, the method comprises milling two parallel
grooves 10,11 in the outer surface of a monolithic

channel wall section.

The first end 16 has a smaller cross section diameter
than the second end 17. The machining tool 1
simultaneously machines a first side surface 18, a
second side surface 19 and a top surface 20 of the web

12, see figure 1.

In other words, the method comprises simultaneously
machining a base (depth) of the first groove 10, which
defines the first side surface 18 of the web, and a
base (depth) of a second groove 11, which defines the

second side surface 19 of the web 12.

Referring now to figure 4, the method comprises the
steps of producing a plurality of spaced elongated webs
12,112,212 in the same way by indexing said machine
tool 1 a distance in a circumferential direction of the
workpiece 9 after each web is produced. More
particularly, the machining tool 1 is indexed such a
distance 1in the circumferential direction that the
first rotary cutting element 2 is positioned in the
groove 1l produced by the second rotary cutting element
3 in the previous step. Due to the varying diameter of
the workpiece 9, the webs 12,112,212 are produced so
that they extend in a diverging manner from the first
end 16 to the second end 17.

A non-machined, triangular region 21,121 of the
workpiece 9 1is left between two produced adjacent

diverging webs 12,112,212. This region 21,121 is

PCT/SE2006/001447
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machined in a later step, preferably by means of amn

additional machining tool, specifically adapted for
removing such a region. The non-machined region 21,121
is machined in the later step to such an extent that a
workpiece surface between the produced webs is, 1if
desired, substantially  even, see fig 5. More
particularly, the non-machined region 21,121 is
machined in the later step to such an extent, if
desired, that a workpiece thickness is substantially
constant between the webs 12,112,212. Preferably, the
workpiece 9 is machined by means of the machining tool
1 in consecutive, indexed runs all around its
circumference first, and then all the non-worked

regions 21,121 are machined in later steps.

Referring now to fig 6, an inner wall 25 is formed with
circumferentially spaced elongated webs 12,112,212
projecting from the inner wall 25 and at right angles to
the wall. Thus, the webs 12,112,212 are integrated in
the inner wall 25. In other words, the inner wall 25 and
the webs 12,112,212 are formed in one-piece. The inner
wall 25 forms a cylinder and is preferably continuous in

a circumferential direction.

The method comprises the step of applying a cover
jacket (or second wall element) 22 onto the workpiece 9
after said webs are formed and the non-worked regions
are removed. The cover jacket 22 has a cylindrical
shape which is complementary to the shape of the
workpiece 9. Thus, the cover jacket 22 is tubular with
a circular cross section, wherein a cross section
diameter varies in an axial direction 14. More
particularly, an internal surface of the cover jacket

22 is adapted to fit tightly onto the external surface

PCT/SE2006/001447
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of the webs 12,112,212. The cover jacket 22 is moved in

the axial direction 14 relative to the workpiece 9

until it is fitted onto the workpiece 9.

Figure 7 shows a wall structure 23 formed when the
cover jacket 22 is applied onto the workpiece 9. The
webs 12,112,212 are adapted to form mid walls between
the inner wall 25 and the outer wall 22 formed by the
cover jacket. Thus, the webs form distancing elements
for keeping a distance between the inner and outer walls

25,22. Fig 8 shows a cross section A-A from figure 7.

Thus, the tubular outer wall 22 is positioned around
the inner wall and thereafter attached to the workpiece
9, preferably via joining it to the edges of the webs
12,112,212 by welding from an outer side of the outer
wall relative to the cooling channels, see figure 9.
Thus, the wall structure 23 forms a welded sandwich

structure.

Preferably, laser-welding is used for joining the outer
wall 22 to the webs. The welding is performed in such a
way that the joined-together portions of the wall 22
and each web 12,112,212 form a T-shaped joint 26, see
figure 9. Suitable selection of material parameters and
welding parameters makes it possible to obtain a T-
shaped Jjoint with rounded corners, or at least a
relatively smooth transition, between the wall and the
respective web. This results in a high-strength
construction and thus an extended life. Alternatively,
a construction with thinner wall thicknesses and thus

reduced weight can be obtained.

PCT/SE2006/001447
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Tn order that the welded joint comes to lie in exactly

the correct position, a previously known joint-tracking

technique can be used.

Elongated channels 24 are formed between the webs
12,112 and the cover jacket 22. The elongated channels
24 are adapted for intermal cooling. Thus, a cooling
channel cross section area increases progressively in
direction from the first end 16 (inlet end) of the wall

structure 23 to the second end 17 (outlet end) .

More specifically, the wall structure 23 forms an
engine wall structure. The wall structure 23 forms a
rocket engine member for a thrust chamber. The thrust
chamber is a combustion chamber with an outlet nozzle
for expansion of the combustion gases. More
specifically, the wall structure forms an outlet nozzle
for use in a liguid fuel rocket engine. The ligquid fuel

is for example liquid hydrogen.

The nozzle 23 is cooled with the aid of a cooling medium
that is preferably also used as fuel in the particular
rocket engine. The invention is however not limited to
outlet nozzles of this type but can also be used in
those cases in which the cooling medium is dumped after

it has been used for cooling.

The materials used for the walls 25,22 and webs
12,112,212 consist of weldable materials, such as
stainless steel, for example of the type 347 or A286.
Use can alternatively be made of nickel-based alloys
such as, for example, INCO600, INCO625, INCO718 and
Hastaloy x. According to other variants, cobalt-based
alloys, for example of the type HAYNES 188 and HAYNES
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230, can be used. Various types of aluminum alloys can

also be used. Combinations of different materials are

also possible.

For the welding operation, laser-welding is preferably
used, Dbut other types of welding arrangement, for
example an electro-beam welder, can also be used

according to the invention.

By accurate matching of the welding procedure, material
selection and dimensions of walls and webs, the laser-
welding produces the T-shape at the joint and also a
softly rounded shape on the inner corners between the
outer wall 110 and the web edge. Welding is suitably
effected by means of a continuous weld. The rounded
shape of the welded joints results in a high-strength
construction and thus a long life of the component.
This type of joining together affords opportunities for
complete fusion of the welded Jjoint and £fine

transitions between the parts.

Tn order to obtain a desired diameter ratio of the
outlet nozzle, the cross sectional area of the cooling
channels must increase towards the part of the nozzle
with a larger diameter. The nozzle is therefore
normally built in several sections in the axial
direction. The number of webs is larger in the nozzle
section with larger diameter. Adjacent axial sections
are joined by a weld at the inner wall. The webs are
interrupted and a manifold is arranged in a tangential
direction between the ends of the webs forming a

tangential cooling duct.



10

15

20

WO 2008/076007 PCT/SE2006/001447

14
The invention is not limited to the above-described

embodiments, but several modifications are possible

within the scope of the following claims.

According to an alternative to laser welding, soldering
may be used to attach the outer wall to the webs.
Further, solid state welding, e.g. friction welding may
be used. According to a further alternative, the outer
wall is built up via an electrochemical process, such

as plating.

According to an alternative embodiment, the wall
structure is configured to form an aircraft engine

component, such as turbine engine housing.

Further, the invention is not limited to being applied
to circular cylindrical structures, but may as well be
applied on a substantially flat sheet. The sheet may in

a later stage be curved to form said cylindrical shape.
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1. A method of manufacturing a wall structure (23)
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comprising the steps of producing at least one
elongated web (12,112,212) in a workpiece (9) by
feeding a machining tool (1) along the workpiece,
wherein the machining tool (1) simultaneously
machines a first side surface (18) of the web, a
second side surface (19) of the web and a top

surface (20) of the web.

. A method according to claim 1, comprising the

steps of simultaneously machining a base of a
first groove (10), which defines the first side
surface of the web, and a base of a second groove
(11), which defines the second side surface of the

web.

. A method according to claim 1 or 2, comprising the

steps of producing a plurality of spaced elongated
webs (12,112,212) in the same way by indexing said
machine tool (1) in relation to the workpiece (9),
wherein the webs are produced so that they extend

in a diverging manner.

. A method according to c¢laim 3, wherein a non-

machined region (21,121) of the workpiece (9)
between two produced adjacent diverging webs

(12,112,212) is machined in a later step.

. A method according to claim 4, wherein the non-

machined region (21,121) is machined in the later

step to such an extent that a workpiece surface
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between the produced webs (12,112,212) is

substantially even.

6. A method according to claim 4 or 5, wherein the
non-machined region is machined in the later step
to such an extent that a workpiece thickness is
substantially constant between the webs
(12,112,212) .

7. A method according to any preceding claim, wherein

the workpiece (9) has the shape of a sheet metal.

8. A method according to any preceding claim,
comprising the step of applying a cover jacket
(22) onto the workpiece (9) after said webs
(12,112,212) are formed and attaching the cover
jacket to the workpiece, wherein elongated
channels (24) are formed between the webs
(12,112,212) and the cover jacket (22).

9. A method according to any preceding claim, wherein
the workpiece (9) has a cylindrical shape and
comprising the steps of producing said web
(12,112,212) on an external surface of the

cylindrical workpiece.

10. A method according to claim 9, wherein the
cylindrical workpiece (9) has a circular cross
section and that a cross section diameter varies

in an axial direction of the workpiece.

11. A method according to claim 8 and any of
claims 9-10, comprising the step of applying an

annular cover jacket (9) around the cylindrical

PCT/SE2006/001447
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13.

14.

15.

16.

17
workpiece after said webs (12,112,212) are formed

in the external surface of the workpiece (9).

A method according to any preceding claim,
comprising the step of configuring the wall
structure (23) to withstand a high thermal load in

operation.

A method according to any preceding claim,
comprising the step of configuring the wall

structure (23) to form a rocket engine component.

A machining tool (1) comprising a first
rotary cutting element (2) and a second rotary
cutting element (3), wherein the first and second
rotary cutting elements -are positioned at a
distance from each other, wherein the machining
tool comprises a third rotary cutting element (4)
arranged between the first and second rotary

cutting elements.

A machining tool according to claim 14,
wherein a cutting surface (5) of the third rotary
cutting element (4) is located at a different
distance from a cutting surface (6) of the first
rotary element (2) in a direction perpendicular to
an axis of zrotation (7) of the f£first rotary

cutting element.

A machining tool according to claim 14,
wherein a cutting edge (5) of the third cutting
element (4) is located at a smaller distance from

an axis of rotation (7) of the first rotary

PCT/SE2006/001447
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cutting element (2) than a cutting edge (6) of the

first rotary cutting element (2).

17. A machining tool according to any of claims
14-16, wherein the first and second rotary cutting
elements (2,3) have parallel axes of rotation (7),
and wherein the first and second rotary cutting
elements are positioned at a distance from each

other in the direction of the axes of rotation,

18. A machining tool according to any of claim
14-17, wherein a cutting edge (8) of the second
rotary cutting element (3) is located at
substantially the same position in a direction
perpendicular to an axis of rotation (7) of the
first rotary cutting element as a cutting edge (6)

of the first rotary cutting element (2).

19. A machining tool according to any of claims
14-18, wherein the first and second rotary cutting
elements (2,3) are configured to rotate at the

same speed.

20. A machining tool according to any of claims
14-19, wherein an axis of rotation (7) of the
third cutting element (4) is in parallel with an

axis of rotation of the first cutting element (2).

21. A machining tool according to any of claims
14-20, wherein a cutting edge (5) of the third
cutting element (4) extends over substantially the
complete distance between the first and second

rotary cutting elements (2,3).
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22. A machining tool according to any of claims

14-21, wherein the third cutting element (4) is
configured to rotate at the same speed as the

first cutting element (2).

23, A machining tool according to any of claims
14-22, wherein the first, second and third rotary
cutting elements (2,3,4) are configured to rotate
in unison.
10
24, A machining tool according to any of claims
14-23, wherein the first, second and third rotary
cutting elements (2,3,4) are rotationally rigidly
connected to a common drive shaft (7).
15
25. A machining tool according to any of claims
14-24, wherein each of the rotary cutting elements

(2,3,4) has the shape of a circular disc.

20
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