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Sammendrag:
A method for repairing a gear (2) having a number of damaged teeth (4,4’, 4”), wherein the method 
comprises the step of removing material from the gear (2) hereby providing a pocket structure (28,5 28’, 
28”, 28”’), wherein said material includes at least one damaged tooth (4,4’). Said method further comprises 
the step of providing a segment (12,12’, 12”, 12’”) to be inserted into the pocket structure (28,28’, 28”, 28’”), 
wherein the segment (12,12’, 12”, 12’”) has a geometry that fits the geometry of10 the pocket structure (28, 
28’, 28”, 28’”). The method comprises the step of radially inserting the segment (12,12’, 12”, 12’”) into the 
pocket structure (28,28’, 28”, 28’”) and attaching radially extending attachment structures (60,60’) through 
at least a portion (18,18’) of the segment(12,12’, 12”, 12’”) and further into at least a portion (32,32’) of the 
15 underlying structure (64) of the gear (2).
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Method for Repairing a Gear and Processing Machine for Carrying 
out the Method

Field of invention

The present invention relates to a method for repairing a gear having a 
number of damaged teeth. The present invention also relates to a 
processing machine for carrying out the method including providing pocket 
structures in a gear. The invention is in particular applicable for repairing a 
yaw ring in a wind turbine.

Prior art

The prior art discloses several ways of repairing damaged teeth of gears.

US2009220343A1 discloses a method for repairing a hub pitch gear 
assembly. The method includes providing a ring assembly for adjusting a 
pitch angle of a wind turbine blade. The ring has a plurality of gear teeth. 
When applying the method, a segment comprising at least one gear tooth 
of the ring assembly is removed. Hereby, a repair cavity is formed. A 
repair segment configured to match the repair cavity is provided and the 
repair segment is directed into the repair cavity and fastened in position. A 
repaired pitch gear assembly and wind turbine are also disclosed.

WO2016062315A2 discloses a method for repairing a gear part in a wind 
turbine, in particular repairing damaged teeth of a toothed rim. A repair 
cavity is formed by removing material, including one or more damaged 
teeth, from the gear part by drilling one or more holes through the gear 
part along a direction which is substantially parallel to an axis of circular 
symmetry of the gear part. A repair segment comprising one or more 
replacement gear teeth, and having a geometry which matches a geometry 
of the repair cavity, is arranged in the repair cavity, and attached to the 
gear part by introducing one or more fasteners into fastener openings 
formed in the gear part.

US20140112789A1 discloses a roller bearing comprising a plurality of gear 
segments removably attached to an outer ring of the roller bearing.
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Accordingly, when one or more teeth are damaged, the respective 
segment(s) can be replaced with a new one.
When repairing a yaw gear, however, there is no space to axially attach 
the repair segments. Moreover, it is not possible to apply this method to 
replace adjacent repair segments because attachment of repair segments 
requires a fixed support (which is not present), to which the end structure 
of the repair segment is fixed.

Thus, there is a need for a method and a machine that can reduce or even 
eliminate the above-mentioned disadvantages of the prior art. It is an 
object of the present invention to provide a method and a machine that 
can be used to repair a yaw gear. It is also an object to be provide a 
method to replace teeth of non-segmented gears.

It is also an object of the invention to repair and replace adjacent repair 
segments.

Summary of the invention

The object of the present invention can be achieved by a method as 
defined in claim 1 and by a machine having the features as defined in 
claim 10. Preferred embodiments are defined in the dependent subclaims, 
explained in the following description and illustrated in the accompanying 
drawings.

The method according to the invention is a method for repairing a gear 
having a number of damaged teeth, wherein the method comprises the 
step of:
- removing material from the gear hereby providing a pocket structure, 

wherein said material includes at least one damaged tooth;
- providing a segment to be inserted into the pocket structure, wherein 

the segment has a geometry that fits the geometry of the pocket 
structure,

- wherein the method comprises the step of milling a damaged area, so 
that it fits the geometry of the new segment and
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- radially inserting the segment into the pocket structure and attaching 
radially extending attachment structures through at least a portion of 
the segment and further into at least a portion of the underlying 
structure of the gear.

Hereby, it is possible to provide a method that can be used to repair a yaw 
gear even though there is limited space available for carrying out the 
reparation.

The method also makes it possible to replace adjacent repair segments and 
thus all teeth in along a selection or the entire circumference of the gear 
can be repaired by using the method according to the invention.

In principle, the method according to the invention can be used for 
repairing all types of gears having a number of damaged teeth. The 
method makes it possible to replace teeth of non-segmented gears.

The method may in particular be used for repairing a yaw ring (gear) in a 
wind turbine.

The method comprises the step of removing material from the gear hereby 
providing a pocket structure, wherein said material includes at least one 
damaged tooth. This step is preferably carried out by applying a processing 
machine that is capable of being detachably attached to the gear and to 
process the gear radially from outside. Hereby, the method can be used in 
a wind turbine for repairing a yaw ring (gear).

The method comprises the step of providing a segment to be inserted into 
the pocket structure, wherein the segment has a geometry that fits the 
geometry of the pocket structure. The segment will be premanufactured. 
When the gear to be repaired is known, it is possible to provide a segment 
that has a geometry that corresponds to the gear. By providing a segment 
having a geometry that fits the geometry of the pocket structure, the 
geometric fit will prevent displacement of the segment tangentially and
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axially.

The method comprises the step of radially inserting the segment into the 
pocket structure. This step is of great importance when the method is 
applied for repairing a yaw ring (gear) in a turbine, because the space 
available allows for inserting the segment in this manner.

The method comprises the step of attaching radially extending attachment 
structures through at least a portion of the segment and further into at 
least a portion of the underlying structure of the gear. Hereby, it is 
possible to prevent the segment from falling out. Accordingly, it is possible 
to provide a firm and reliable attachment of the segment. This fastening 
step prevents radial displacement of the segment.

The radially extending attachment structures may be bolts. The portion of 
the segment may be a through hole. The portion of the underlying 
structure of the gear may be holes.

It may be an advantage that the portion of the underlying structure of the 
gear is threaded holes.

It is preferred that the bolts are provided with an outer thread 
corresponding to an inner thread provided in holes provided in the 
underlying structure of the gear.

The method comprises the step of milling a damaged area, so that it fits 
the geometry of the new segment. Hereby, it is possible to replace teeth of 
gears that are not segmented but provided as a one-piece body.

Due to the thermal expansion properties of the segment, it may be 
beneficial to cool down the segment, prior to inserting the segment in the 
pocket structure, in order to facilitate the insertion of the segment in the 
pocket structure.
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It may be advantageous that the method comprises the step of providing a 
remaining structure at the end of the pocket structures.

Hereby, it is possible to leave a part of the original gear when processing 
the gear (creating the pocket structure). The remaining structure will 
prevent the segment from moving tangentially when the segment has been 
inserted into the pocket structure. Hereby, it is possible to provide a 
solution that fulfils the requirements with respect to mechanical strength.

It may be an advantage that the grove structure is surrounded by walls 
preventing that the segment can be displaced axially.

It may be beneficial that the method comprises the step of drilling a 
number of radially extending holes in the underlying structure. Hereby, it is 
possible to apply the holes when fixing the segment to the underlying 
structure e.g. by means of bolts.

It may be an advantage that each hole is provided with threads extending 
along at least a portion of the hole.

In one embodiment according to the invention, the holes are threaded, in 
which the threaded portion extends along the entire length of the holes.

It may be advantageous that the method comprises the step of fixing 
several segments in extension of each other, wherein adjacent segments 
are only separated by the remaining structures. Hereby, it is possible to 
replace adjacent repair segments.

It may be beneficial that the method comprises the step of providing the 
pocket structure that comprises a bottom surface extending between two 
opposing end structures.

Hereby, it is possible to provide a geometry that prevents the mounted 
segments from being moved in an efficient way. Moreover, it is possible to 
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limit the depth of the pocket structure near the remaining structure. 
Accordingly, less material is removed from the gear during the repairing 
process.

In one embodiment according to the invention, the bottom surface is 
formed as a plane surface.

In another embodiment according to the invention, the bottom surface is 
formed as an arced surface constituting a portion of a cylindrical surface. 
Hereby, it is possible to remove a minimum amount of material, when 
providing the pocket structure. Accordingly, mechanical strength of the 
gear is reduced as little as possible when providing the pocket structure.

It may be an advantage that no sharp corners are provided and that all 
corners are provided as arced structures in order to prevent the notch 
effect (stress peaks) which may reduce the mechanical strength of the 
repaired gear. Accordingly, it may be beneficial that the end structures are 
formed as a rectangle with rounded corners to prevent the notch effect.

It may be advantageous that the end structures are radially displaced 
relative to the bottom surface. Hereby, less material has to be removed 
from the gear and thus the mechanical strength of the processed gear ca 
be increased.

It may be beneficial that the width of the end structures is larger than the 
width of the bottom surface. Hereby, less material has to be removed from 
the gear and furthermore a stronger attachment between the segment and 
the pocket structure can be achieved.

It is preferred that the method comprises the step of providing holes in the 
bottom surface of the pocket structure.

It may be advantageous that the method comprises the step of providing a 
recess at least one end of the segment. The recess allows for leaving a 
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remaining structure being present at the gear and still being capable of 
inserting the segment into the pocket structure.

In a preferred embodiment according to the invention, the recess extends 
through a portion of the outermost tooth of the segment.

It may be an advantage that the remaining structure extends between the 
flanks of two adjacent teeth. Hereby, it is possible to replace the entire 
protruding part of damaged teeth and still apply the remaining structure to 
provide a reliable solution, in which the remaining structure prevents the 
segment from being tangentially displaced.

The processing machine according to the invention is a processing machine 
for repairing a gear having a number of damaged teeth, said processing 
machine comprising:
- a number of gear attachments configured to be detachably attached to 

the gear and
- a moveably arranged carrier having a spindle unit configured to carry 
out a milling process hereby removing one or more damaged teeth and 
providing a pocket structure configured to receive a toothed segment, 
wherein the processing machine is configured to carry out the milling 
process radially from outside the gear.

Hereby, it is possible to provide a machine that can be used to repair a 
yaw gear even though there is limited space available for carrying out the 
reparation.

The number of gear attachments may be one, two, tree, four or more. The 
gear attachments are configured to be detachably attached to the gear and 
may have any suitable size and may be of any suitable type.

In one embodiment according to the invention, the gear attachments are 
configured to be attached to the teeth of a gear.
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The processing machine comprises a moveably arranged carrier having a 
spindle unit configured to carry out a milling process hereby removing one 
or more damaged teeth and providing a pocket structure configured to 
receive a toothed segment, wherein the processing machine is configured 
to carry out the milling process radially from outside or inside the gear.

It is preferred that the spindle unit is moveably arranged in the processing 
machine in such a manner that the spindle unit can be moved radially 
along the radial axis and/or the axial axis and/or the tangential axis of the 
processing tool.

It may be advantage that the spindle unit is moveably arranged in the 
processing machine in such a manner that the spindle unit can be moved 
radially along the radial axis and the axial axis and the tangential axis of 
the processing tool.
It may be beneficial that the processing machine comprises:
- one or more sensors configured to detect one or more parameters 

indicative of the geometry of the structure being processed by the 
spindle unit and

- a controller configured to control the spindle unit on the basis of said 
one or more parameters.

Hereby, it is possible to perform a milling process based on feedback, 
preferably provided (preferably instantaneously) by sensors capable of 
performing real-time measurement.

It may be advantageous that the processing machine machine comprises 
one or more sensors configured to provide geometrical information about 
the structure being processed by the processing tool.

It may be an advantage that the processing machine comprises sensors 
configured to provide geometrical information about the pocket structure 
being formed by the spindle unit of the processing tool.
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In a preferred embodiment according to the invention, the controller is 
configured to control the position of the spindle unit on the basis of said 
one or more parameters. The one or more parameters may be one or more 
geometric parameters such as one or more distances, one or more angles 
or one or more surface structure properties.

In a preferred embodiment according to the invention, the controller is 
configured to control the milling depth on the basis of said one or more 
parameters.

It may be beneficial that the processing machine comprises one or more 
guides and a slide comprising a carrier comprising said spindle unit, 
wherein said slide is moveably mounted on (attached to) the one or more 
guides. Hereby, it is possible to move the spindle unit along the length of 
the guide in order to position the spindle unit in positions in which material 
has to be removed from the gear.

It may be advantageous that the spindle unit is moveably arranged in the 
processing machine in such a manner that the spindle unit can be moved 
radially along the radial axis and/or the axial axis and/or the tangential 
axis of the processing tool. This may be done by applying one or more 
actuators.

It may be beneficial that the processing machine comprises a drilling unit 
configured to drill holes in the gear. Hereby, the drilling machine can 
provide holes, e.g. threaded holes in the gear.

In one embodiment according to the invention, the drilling unit is also the 
spindle unit.

It may be beneficial that the processing machine comprises a first arm 
extending between a first gear attachment and a support member being 
arranged parallel to the axial surface of the gear.
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It may be beneficial that the processing machine comprises a second arm 
extending between a second gear attachment and the support member.

It may be beneficial that the longitudinal axis of the support member 
extends parallel to the tangential axis of the processing machine.

It may be beneficial that the processing machine comprises a support 
member that comprises one (or two parallel) guides and a slide being 
slidably attached to the guide(s). Hereby, it is possible to move the slide 
along the tangential axis of the processing machine.

It may be an advantage that the processing machine comprises a CNC 
controller. Hereby, it is possible to carry out a fast and high tolerance 
quality milling process.

Description of the Drawings

The invention will become more fully understood from the detailed 
description given herein below. The accompanying drawings are given by 
way of illustration only, and thus, they are not limitative of the present 
invention. In the accompanying drawings:
Fig. 1A shows a top view of a yaw gear provided with a toothed outer 

rim;
Fig. 1B shows a perspective, side view of the yaw gear shown in Fig. 

1A;
Fig. 2A shows a side view of a part of a gear, in which several teeth 

have been replaced by using the method according to the 
invention;

Fig. 2B shows a perspective, side view of the gear shown in Fig. 2A;
Fig. 3A shows a perspective side view of a part of a gear, in which

several teeth have been removed;
Fig. 3B shows a close-up view of one of the pocket structures of the 

gear shown in Fig. 3A;
Fig. 4A shows a first perspective view of a processing machine used
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to provide a gear with a pocket structure configured to receive 
a segment comprising a toothed rim;
shows a second perspective view of a processing machine 
shown in Fig.4A;

Fig. 5A shows a perspective view of a segment to be attached into a 
pocket structure provided in a gear by using the method 
according to the invention;

Fig. 5B shows an end view of the segment shown in Fig. 5A;
Fig. 5C shows a side view of the segment shown in Fig. 5A and Fig.

5B;
Fig. 6A shows a perspective view of a gear provided with a pocket 

structure before a segment has been attached to the pocket 
structure;

Fig. 6B shows a perspective view of the gear shown in Fig. 6A, in a 
configuration, in which a segment has been attached to the

Fig. 6C
pocket structure;
shows a perspective view of a processing machine according 
to the invention;

Fig. 7A shows a top view of a gear comprising a damaged portion 
comprising a number of damaged teeth that need to be

Fig. 7B
replaced;
shows a top view of the gear shown in Fig. 7A in a 
configuration, in which the damaged portion has been 
removed by using the method according to the invention;

Fig. 7C shows a top view of the gear shown in Fig. 7B in a

Fig. 7D

configuration, in which the segment has been inserted into the 
pocket structure;
shows a top view of an internal gear, in which the teeth are

Fig. 7E
provided on the inside surface of a hollow cylindrical form; 
shows a top view of the gear shown in Fig. 7A in a 
configuration, in which the damaged portion has been 
removed by using the method according to the invention;

Fig. 8A shows a cross-sectional view of a gear being repaired by using 
the method according to the invention;
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Fig. 8B shows a view of the end tooth of the segment shown in Fig. 
8A;

Fig. 8C shows a top view of the portion of the gear shown in Fig. 8A;
Fig. 8D shows a cross-sectional view of a gear, in which a damage

portion has been removed to form a pocket structure 
configured to receive a segment provided with new teeth and

Fig. 8E shows a cross-sectional view of a gear shown in Fig. 8D in a 
configuration, in which the segment has been attached to the 
gear.

Detailed description of the invention

Referring now in detail to the drawings for the purpose of illustrating 
preferred embodiments of the present invention, a gear 2 to be repaired 
by means of a method according to the invention is illustrated in Fig. 1A.

Fig. 1A illustrates a schematic top view of a yaw gear 2 of a wind turbine, 
whereas Fig. 1B illustrates a perspective, side view of the yaw gear 2 
shown in Fig. 1A.

The yaw gear 2 comprises a longitudinal axis X extending perpendicular to 
a first lateral axis Y and a second lateral axis Z of the yaw gear 2. The yaw 
gear 2 is provided with a toothed outer rim 8. A plurality of teeth 4, 4' are 
evenly distributed along the outer rim 8. The yaw gear 2 comprises an 
axial surface 44 provided with a plurality of axially extending holes 10 
(extending parallel to the longitudinal axis Y) provided in the axial surface 
44. The axial surface 44 extends perpendicular to the longitudinal axis Y.

When the yaw gear 2 is arranged in a wind turbine, it is not possible to 
access the teeth 4, 4' axially. The limited space available when the yaw 
gear 2 is arranged in a wind turbine, however, allows for accessing the 
teeth 4, 4' radially. Therefore, the methods suggested in the prior art 
including US2009220343A1 and WO2016062315A2 are not suitable for 
being used for repairing a yaw gear being installed in a wind turbine.
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Fig. 2A illustrates a side view of a part of a gear 2, in which several teeth 
4, 4' have been replaced by using the method according to the invention. 
Fig. 2B illustrates a perspective, side view of the gear 2 shown in Fig. 2A. 
The gear 2 corresponds to the one shown in Fig. 1A and Fig. 1B after a 
plurality of teeth 4, 4' have been repaired by using the method according 
to the invention.

It can be seen that a plurality of segments 12, 12', 12'', 12''' have been 
arranged in portions I, II, III, IV, into which the segments 12, 12', 12'', 
12''' have been attached to the gear 2. Initially, a corresponding number of 
pocket structures (see Fig. 3A) have been provided along the outer rim of 
the gear 2. In each pocket structure, a portion, I, II, III, IV has been 
inserted and attached. Each segment 12, 12', 12'', 12''' comprises a 
plurality of teeth 4, 4'. Hereby, it is possible to replace damaged teeth 4, 
4', by new teeth 4, 4' of the segment 12, 12', 12'', 12'''.

As it can be seen in Fig. 2A and Fig. 2B, adjacent portions I, II, III, IV are 
separated by a remaining structure 14, 14', 14''. Each remaining structure 
14, 14', 14'' is used for providing a reliable fixation of the segment 12, 12', 
12'', 12''' in the pocket structures. Moreover, the remaining structures 14, 
14', 14'' make it possible to arrange the segment 12, 12', 12'', 12''' in (end 
to end) extension of each other, whereas this is not possible when using 
the prior art methods.

The remaining structures 14, 14', 14'' comprise the structure between two 
adjacent teeth 4, 4' and thus, it is possible to replace all the teeth 4, 4' 
desired by using the method according to the invention.

Each portion comprises six teeth 4, 4', however, it is possible to apply 
segments 12, 12', 12'', 12''' having another number of teeth 4, 4'. In one 
embodiment according to the invention, the method comprises the step of 
attaching one or more segments 12, 12', 12'', 12''' having one tooth.

In another embodiment according to the invention, the method comprises 



DK 179485 B1

5

10

15

20

25

30

14

the step of attaching one or more segments 12, 12', 12'', 12''' having two 
teeth.

In a further embodiment according to the invention, the method comprises 
the step of attaching one or more segments 12, 12', 12'', 12''' having three 
teeth.

In an even further embodiment according to the invention, the method 
comprises the step of attaching one or more portions I, II, III, IV having 
four teeth.

In another embodiment according to the invention, the method comprises 
the step of attaching one or more segments 12, 12', 12'', 12''' having five 
teeth.

In an even further embodiment according to the invention, the method 
comprises the step of attaching one or more segments 12, 12', 12'', 12''' 
having six or more teeth.

It can be seen that each segment 12, 12', 12'', 12''' comprises teeth 4, 4' 
provided with holes 18 for fixing the teeth to the underlying structure. The 
holes 18, preferably, extend radially.

In one embodiment according to the invention, the holes 18 are formed as 
straight cylindrical holes.

In one embodiment according to the invention, the holes are formed as 
strait cylindrical holes 18.

In another embodiment according to the invention, the holes 18 are 
formed as threaded holes 18.

Each tooth 4, 4' is provided with two holes 18. In another embodiment 
according to the invention, the teeth 4, 4' may be provided with a single 
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hole 18. In a further embodiment according to the invention, the teeth 4, 
4' may be provided with three or more holes 18.

The gear 2 comprises an axial surface 44 provided with a plurality of holes
10. The holes 10 are evenly distributed along the axial surface 44.

Each segment 12, 12', 12'', 12''' comprises teeth 4, 4' separated by a 
bottom land 22. Each tooth 4, 4' comprises a top land 20 extending 
between faces 24 of the teeth 4, 4'. The proximate portion of each tooth 4, 
4' comprises a flank 26 extending between the between faces 24 and the 
adjacent bottom land 22.

Fig. 3A illustrates a perspective side view of a part of a gear 2, in which 
several teeth have been removed, whereas Fig. 3B illustrates a close-up 
view of one of the pocket structures 28 of the gear shown in Fig. 3A. The 
part of a gear 2 shown in Fig. 3A comprises four pocket structures 28, 28', 
28'', 28''' each separated by a remaining structure 14, 14', 14''.

Each pocket structure 28, 28', 28'', 28''' comprises a bottom surface 30 
provided with threaded holes 32 matching the holes in the teeth of the 
segments to be attached into the pocket structures 28, 28', 28'', 28'''.

In Fig. 3B, the gear 2 has an axial surface 44 provided with holes 10. The 
gear 2 is provided with a pocket structures 28 having a bottom surface 30 
provided with threaded holes 32. The end structures 34 are shaped as a 
rectangle with rounded corners and are raised to a higher level than the 
bottom surface 30. The segments (see Fig. 5A, Fig. 5B and Fig. 5C) have a 
geometry that matches the geometry of the pocket structures 28, 28', 28'', 
28'''. Accordingly, once a segment is arranged in a pocket structure 28, 
28', 28'', 28''', the geometry of the pocket structure 28, 28', 28'', 28''' will 
prevent the segment from being moved axially (along the longitudinal axis 
of the gear 2) and tangentially (along the circumference of the gear 2).

In order to prevent the segments from being moved radially, the segments 
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may be fixed to the pocket structures 28, 28', 28'', 28''' by using bolts (not 
shown) that are screwed into the threaded holes 32.

In a preferred embodiment according to the invention, the segments are 
attached to the pocket structures 28, 28', 28'', 28''' by using a shrink
fitting technique. By cooling down the segments before assembly, it is 
possible to arrange the segments in the pocket structures 28, 28', 28'', 
28'''. When the segments return to the ambient temperature after 
assembly, the thermal expansion of the segments an interference fit is 
achieved by the relative size change after assembly.

By applying said shrink-fitting technique, it is possible to expand the 
segments to slightly greater than the dimensions of the pocket structures 
28, 28', 28'', 28'''. Accordingly, the pocket structures 28, 28', 28'', 28''' will 
fit around the segments and provide a reliable attachment of the segments 
to the pocket structures 28, 28', 28'', 28'''. The length L2 of the pocket 
structure 28 is indicated in Fig. 3B.

Fig. 4A illustrates a first perspective view of a processing machine 50 
according to the invention used to provide a gear 2 with a pocket structure 
28 configured to receive a segment comprising a toothed rim. Fig. 4B 
illustrates another perspective view of a processing unit shown in Fig. 4A. 
The processing machine 50 comprises a first gear attachment 46 
configured to be detachably attached to the outer rim 8 of the gear 2. The 
processing machine 50 comprises a second gear attachment 46' configured 
to be detachably attached to the outer rim 8 of the gear 2.

Accordingly, it is possible to fix the processing machine 50 by means of the 
gear attachments 46, 46' adapted to be detachably attached to the outer 
rim 8 of the gear 2. A first arm 16 extends between the first gear 
attachment 46 and a support member 54 that is arranged parallel to the 
axial surface 44 of the gear 2. A second arm 16' extends between the 
second gear attachment 46' and the support member 54. The longitudinal 
axis of the support member 54 extends parallel to the tangential axis Y' of
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the processing machine 50.

The support member 54 comprises two parallel guides 48, 48' and a slide 
52 being slidably attached to the guides 48, 48'. Hereby, it is possible to 
move the slide 52 along the tangential axis X' of the processing machine 
50.

The slide 52 comprises a carrier 56 comprising a spindle unit configured to 
carry out a milling process hereby removing damaged teeth 4, 4' and 
providing a pocket structure 28 configured to receive a segment 
comprising a toothed outer rim 8. The processing machine 50 may 
comprise a Computer Numerical Control (CNC) controller. Hereby, it is 
possible to carry out a fast and high tolerance quality milling process.

The processing machine 50 may comprise one or more sensors configured 
to provide geometrical information about the structure being processed by 
the processing machine 50. It may be an advantage that the processing 
machine 50 comprises sensors configured to provide geometrical 
information about the pocket structure 28 being formed by the spindle unit 
of the processing machine 50.

The processing machine 50 is preferably configured to provide holes 32 
(preferably threaded holes 32) in the bottom surface of the pocket 
structure 28.

The spindle unit 58 of the processing machine 50 is preferably moveably 
arranged in the processing machine 50 in such a manner that the spindle 
unit 58 can be moved radially along the radial axis Z', the axial axis Y' and 
the tangential axis X' of the processing machine 50.

Fig. 5A illustrates a perspective view of a segment 12 to be attached into a 
pocket structure provided in a gear by using the method according to the 
invention. Fig. 5B illustrates an end view of the segment 12 shown in Fig. 
5A and Fig. 5C illustrates a side view of the segment 12 shown in Fig. 5A
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and Fig. 5B.

The segment 12 comprises a plurality of teeth 4, 4' evenly distributed 
along the outer rim of the segment 12. Each tooth 4, 4' comprises a top 
land 20 extending between faces 24 of the teeth 4, 4'. The proximate 
portion of each tooth 4, 4' comprises a flank 26 extending between the 
between faces 24 and the adjacent bottom land 22.

Two through holes 18 are provided in each tooth 4, 4'. The holes 18 are 
configured to receive a bolt (see Fig. 8A, Fig. 8D and Fig. 8E) for attaching 
the segment 12 to the underlying structure of the gear being repaired by 
using the method according to the invention.

The segment 12 has a length L1 and a width W1 that allows the segment 12 
to be inserted into a pocket structure 28 provided in the gear to be 
repaired. It may, however, be beneficial to cool down the segment 12 in 
order to facilitate (due to the shrinkage of the segment 12 when cooled 
down) the insertion of the segment 12 in the pocket structure 28.

The segment comprises a lower surface 36 and a support structure 38 
extending between the lower surface 36 and the bottom portion of the 
teeth 4, 4'. Each end portion of the segment 12 is formed as a recess 
having an end wall 40 angled relative to the lower surface 36 of segment 
12. The angle θ between the end wall 40 and the adjacent portion of the 
lower surface 36 is approximately 90 degrees. It is, however, possible to 
angle the end wall 40 differently relative to the adjacent portion of the 
lower surface 36. The angle θ between the end wall 40 and the adjacent 
portion of the lower surface 36 may be in the range 70-110°, preferably 
between 80-100o. If the angle θ between the end wall 40 and the adjacent 
portion of the lower surface 36 is less than 90o' is it required to reduce the 
size of the segment 12 relative to the size of the pocket structure 28 in 
order to insert the segment 12 into the pocket structure 28. This may be 
done by cooling down the segment 12.
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Fig. 6A illustrates a perspective view of a portion of a gear 2 provided with 
a pocket structure 28 before a segment 12 (see Fig. 6B) has been attached 
to the pocket structure 28. Fig. 6B illustrates a perspective view of the 
portion of the gear 2 shown in Fig. 6A, in a configuration, in which a 
segment 12 has been attached to the pocket structure 28.

The gear 2 has an axial surface 44 provided with axially extending holes 
10. The pocket structure 28 has a bottom surface 30 being a part of a 
convex cylindrical surface. A plurality of threaded holes 32 extend from the 
bottom surface 30 into the deeper layers of the gear 2. The holes 32 are 
configured to receive bolts for mechanically attaching the segment 12 to 
the pocket structure 28.

Each end structure 34 is formed as a rectangle with rounded corners. The 
length L2 of the pocket structure 28 is indicated in Fig. 6A. A remaining 
structure 14, is provided next to each end structure 34 of the pocket 
structure 28.

In Fig. 6B, it can be seen that the segment 12 has been inserted into the 
pocket structure 28 shown in Fig. 6A. Bolts (not shown) can be inserted 
through the holes 18 provided in each tooth 4, 4' of the segment 12 in 
order to prevent the segment 12 from moving in the radial direction.

Fig. 6C illustrates a perspective view of a processing machine 50 according 
to the invention. The processing machine 50 basically corresponds to the 
one shown in Fig. 4A, and Fig. 4B and is attached to a gear 2 in order to 
repair the gear 2. The processing machine 50 has been used to provide a 
pocket structure 28 configured to receive a segment 12 corresponding to 
the one shown in Fig. 6B.

The processing machine 50 comprises two gear attachments 46' configured 
to be detachably attached to the outer rim of the gear 2. An arm extends 
between each gear attachment 46' and a support member 54 arranged 
parallel to the axial surface of the gear 2. The longitudinal axis of the 
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support member 54 extends parallel to the tangential axis of the 
processing machine 50.

The processing machine 50 comprises a slide 52 comprising a carrier 56 
having a spindle unit 58 configured to carry out a milling process hereby 
removing damaged teeth 4, 4' and providing a pocket structure 28 
configured to receive a segment comprising a toothed outer rim.

The processing machine 50 is configured to provide threaded holes 32 in 
the bottom surface of the pocket structure 28.

Fig. 7A illustrates a top view of a gear 2 comprising a damaged portion 62 
comprising a number of damaged teeth 4, 4' that need to be replaced.

Fig. 7B illustrates a top view of the gear 2 shown in Fig. 7A in a 
configuration, in which the damaged portion has been removed by using 
the method according to the invention. A segment 12 has been provided to 
replace the damaged portion. The segment 12 is provided with tooth 4, 4' 
and is configured to be radially inserted into the pocket structure 28 
provided in the gear 2 as indicated with the arrow.

Fig. 7C illustrates a top view of the gear 2 shown in Fig. 7B in a 
configuration in which the segment 12 has been inserted into the pocket 
structure. The segment 12 is hereafter being fixed to the gear 2 by means 
of bolts 60 being radially screwed into gear 2.

By using the method according to the invention, it is possible to replace all 
teeth 4, 4' in the gear 2. Moreover, it is possible to process the gear 
radially from outside.

Fig. 7D illustrates a top view of an internal (annular) gear 2, in which the 
teeth 4, 4' are provided on the inside surface of a hollow cylindrical form. 
This gear 2 may be used in planetary gear systems. The teeth 4, 4' may be 
cut using a gear shaper machine. The gear 2 comprises a damaged portion
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62 having a number of damaged teeth 4'' that need to be replaced.

Fig. 7E illustrates a top view of the gear 2 shown in Fig. 7A in a 
configuration in which the damaged portion 62 has been removed by using 
the method according to the invention. A pocket structure 28 is provided in 
the gear 2 at the position, from which the damaged portion 62 has been 
removed.

Fig. 7F illustrates a top view of the gear 2 shown in Fig. 7E in a 
configuration, in which a segment 12' has been inserted into the pocket 
structure. The segment 12 comprises new teeth 4, 4'. Bolts 60 are 
preferably inserted into through holes in the segment 12 in order to screw 
the bolts 60 into radially extending threaded holes provided in the 
underlying structure of the gear 2. Hereby, it is possible to firmly fix the 
replaced segment 12 to the gear 2.

Fig. 8A illustrates a cross-sectional view of a gear 2 being repaired by 
using the method according to the invention. A damaged portion of the 
gear 2 has been removed and thus a pocket structure 28 has been made. 
Several radially extending threaded holes 32 have been provided in the 
underlying structure 64 of the gear 2.

The pocket structure 28 comprises a bottom surface 30 constituting a 
section of a cylindrical surface. The pocket structure 28 moreover 
comprises end surfaces provided in opposite ends of the bottom surface 
30. It can be seen, that the remaining structures 14, 14' are arranged next 
to each end of the bottom surface 30. A contact wall 68 extends from the 
bottom surface 30 at each end of the bottom surfaces 30.

A segment 12 is provided above the pocket structure 28. The segment 12 
is being radially inserted into the pocket structure 28 by moving the 
segment 12 in the direction indicated by the arrow.

The segment 12 comprises a lower surface 36 and is provided with six 
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teeth 4, 4' being evenly distributed along the outer rim of the segment 12. 
One or more through holes 18 are provided in the teeth 4, 4'. Accordingly, 
it is possible to fix the segment 12 into the pocket structure 28 of the gear 
2 by screwing bolts 60 extending through the holes 18 in the teeth 4, 4' 
into the threaded holes 32 provided in the underlying structure 64 of the 
gear 2.

Fig. 8B illustrates a view of the end tooth 4' of the segment 12 shown in 
Fig. 8A. The end tooth 4' is provided with a through hole 18 and has an 
end wall 40 configured to bear against the contact wall 68 of the pocket 
structure 28. The end tooth 4' has a support surface 66 configured to bear 
against the remaining structure 14' next to the pocket structure 28. The 
contact between the end wall 40 and the contact wall 68 of the pocket 
structure 28 will prevent the segment 12 from moving tangentially when it 
is inserted into the pocket structure 28. The bolts 60 will increase the 
break loose force required to break loss the segment 12.

Fig. 8C illustrates a top view of the portion of the gear 2 shown in Fig. 8A. 
The gear 2 is provided with a pocket structure 28 comprising a bottom 
surface 30 extending between two opposing end structures 34, 34' formed 
as a rectangle with rounded corners. Two threaded holes 32 are provided 
for each tooth in the bottom surface 30.

Fig. 8D illustrates a cross-sectional view of a gear 2, in which a damage 
portion has been removed to form a pocket structure 28 configured to 
receive a segment 12 provided with new teeth. The method according to 
the invention is applied to remove the damaged portion of the gear 2 and 
provide the geometry of the pocket structure 28. Fig. 8E illustrates a 
cross-sectional view of a gear 2 shown in Fig. 8D in a configuration, in 
which the segment 12 has been attached to the gear 2.

The pocket structure 28 comprises a tangentially extending bottom surface 
30 and an underlying structure 64 provided with two radially extending 
holes 32, 32' for receiving corresponding bolts 60, 60'. The pocket 



DK 179485 B1

5

10

15

20

25

23

structure 28 comprises two opposing radially extending contact surfaces 74 
extending perpendicular to the extending bottom surface 30. The pocket 
structure 28 moreover comprises a tangentially extending end structure 34 
that extends parallel to the bottom surface 30 and is provided in the same 
level as the bottom surface 30.

It may be an advantage that no sharp corners are provided and that all 
corners are provided as arced structures in order to prevent the notch 
effect (stress peaks) in which may reduce the mechanical strength of the 
repaired gear 2.

The segment 12 comprises holes extending from a countersink arranged at 
the top portion of the segment 12. The segment 12 comprises a lower 
surface 36 extending between two parallel radially extending contact 
surfaces 72. A tangentially extending surface 70 extends between the 
outer contact surface 78 and the radially extending contact surface 72.

In Fig. 8E, the tangentially extending surface 70 of the segment 12 bears 
against the radial surface 76 of the gear 2 and the radially extending 
contact surfaces 72 of the segment bear against the radially extending 
contact surfaces 74 of the pocket structure 28 of the gear 2. The lower 
surface 36 of the segment 12 bears against the bottom surface of the 
pocket structure 28 of the gear 2. The bolts 60, 60' are screwed into the 
threaded holes 32, 32' in the underlying structure 64 of the gear 2. It can 
be seen that the bolt head has been fully received by the countersink 80.
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List of reference numerals

2 Gear
4, 4', 4'' Tooth
6 Inner structure
8 Outer rim
10 Hole
12, 12', 12'', 12''' Segment
14, 14', 14'' Remaining structure
16, 16' Arm
18 Hole
20 Top land
22 Bottom land
24 Face
26 Flank
28, 28', 28'', 28''' Pocket structure
30 Bottom surface
32, 32' Hole (e.g. threaded hole)
34, 34' End structure
36 Lower surface
38 Support structure
40 End wall
42 Recess
44 Axial surface
46, 46' Gear attachment
48, 48' Guide
50 Processing machine
52 Side
54 Support member
56 Carrier
58 Spindle unit
60, 60' Bolt
62 Damaged portion
64 Underlying structure
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66
68
70
72
74
76
78
80

X, Y, Z
X', Y', Z'
I, II, III, IV

Support surface
Contact wall
Tangentially extending contact surface
Radially extending contact surface
Radially extending contact surface
Radial surface
Outer contact surface
Countersink
Axis
Axis
Portion
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PATENTKRAV

1. Fremgangsmåde til at reparere et tandhjul (2), der har et antal 
beskadigede tænder (4, 4', 4''), hvor fremgangsmåden omfatter følgende 
trin:
- fjernelse af materiale fra tandhjulet (2), hvorved der tilvejebringes en 
fordybningsstruktur (28, 28', 28'', 28'''), hvor dette materiale omfatter 
mindst en beskadiget tand (4, 4', 4''');
- tilvejebringelse af et segment (12, 12', 12'', 12'''), der skal indsættes i 
fordybningsstrukturen (28, 28', 28'', 28'''), hvor segmentet (12, 12', 12'', 
12''') har en geometri, der passer til geometrien af fordybningsstrukturen, 
kendetegnet ved at, fremgangsmåden omfatter følgende trin:

- fræsning af et beskadiget område, således at det passer til geometrien 
af det nye segment (12, 12', 12'', 12''');

- radial indsættelse af segmentet (12, 12', 12'', 12''') i fordybnings
strukturen (28, 28', 28'', 28''') og fastgørelse på tandhjulet (2) af 
fastgørelsesstrukturer (60, 60'), der strækker sig radialt, via mindst en 
del (18, 18') af segmentet (12, 12', 12'', 12''') og yderligere ind i 
mindst en del (32, 32') af den underliggende struktur (64).

2. Fremgangsmåde ifølge krav 1, kendetegnet ved at fremgangsmåden 
omfatter trinnet at tilvejebringe en resterende struktur (14, 14', 14'') ved 
enden af fordybningsstrukturerne (28, 28', 28'', 28''').

3. Fremgangsmåde ifølge krav 1 eller 2, kendetegnet ved at 
fremgangsmåden omfatter trinnet at fastgøre flere segmenter (12, 12', 12'', 
12''') i forlængelse af hinanden, hvor de tilstødende segmenter (12, 12', 12'', 
12''') kun er adskilt af de resterende strukturer (14, 14', 14'').

4. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved at 
fremgangsmåden omfatter trinnet at bore et antal radialt udstrækkende 
huller (32, 32') i den underliggende struktur (64).

5. Fremgangsmåde ifølge et af de foregående krav, kendetegnet ved at 
fremgangsmåden omfatter trinnet at tilvejebringe fordybningsstrukturen (28,
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28', 28'', 28'''), således at den omfatter en bundoverflade (30), der strækker 
sig mellem to modsat rettede endestrukturer (34, 34').

6. Fremgangsmåde ifølge e af de foregående krav, kendetegnet ved at 
fremgangsmåden omfatter trinnet at tilvejebringe et indhak (42) ved mindst 
en ende af segmentet (12, 12', 12'', 12''').

7. Fremgangsmåde ifølge et af de foregående krav 2-6, kendetegnet ved at 
den resterende struktur (14, 14', 14'', 14''') strækker sig mellem flankerne 
(26) på to tilstødende tænder (4, 4').

8. Forarbejdningsmaskine (50) til reparation af et tandhjul (2), der har et 
antal beskadigede tænder (4, 4', 4''), idet denne forarbejdningsmaskine (50) 
omfatter:
- et antal tandhjulsfastgørelseselementer (46, 46'), der er indrettet til 

aftagelig fastgørelse på tandhjulet (2), og
- en bevægeligt arrangeret bærer (56), der har en spindel (58), der er 

indrettet til at foretage fræsningsprocessen, hvorved en eller flere 
beskadigede tænder (4, 4', 4'') fjernes, og der tilvejebringes en 
fordybningsstruktur (28, 28', 28'', 28'''), der er indrettet til at modtage et 
tandet segment (12, 12', 12'', 12'''),

kendetegnet ved at forarbejdningsmaskinen (50) er indrettet til at udføre 
fræsningsprocessen radialt fra ydersiden af gearet (2).

9. Forarbejdningsmaskine (50) ifølge krav 8, kendetegnet ved at 
forarbejdningsmaskinen (50) omfatter:
- en eller flere sensorer indrettet til at måle en eller flere parametre, der 

indikerer geometrien af den struktur, der forarbejdes af spindlen (58), og
- en kontrol, der er indrettet til at kontrollere spindlen (58) på basis af de 

en eller flere parametre.

10. Forarbejdningsmaskine (50) ifølge krav 9, kendetegnet ved at 
kontrollen er en Computer Numerical Control (CNC) kontrolenhed.

11. Forarbejdningsmaskine (50) ifølge krav 9 eller 10, kendetegnet ved at
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forarbejdningsmaskinen (50) omfatter:
- en eller flere styrerenheder (48, 48'),
- en slæde (52), der omfatter en bærer (56) omfattende spindlen (58), hvor 

denne slæde (52) er bevægeligt monteret på en eller flere styreenheder
5 (48, 48').

12. Forarbejdningsmaskine (50) ifølge et af kravene 9-11, kendetegnet ved 

at spindlen (58) er bevægeligt arrangeret i forarbejdningsmaskinen (50) på 
en sådan made, at spindlen (58) kan bevæges radialt lange den radiale akse

10 (Z') og/eller den aksiale akse (Y') og/eller den tangentielle akse (X') i forhold
til forarbejdningsmaskinen (50).

13. Forarbejdningsmaskine (50) ifølge et hvilket som helst af kravene 8-12, 
kendetegnet ved at fræsningsenheden er indrettet at bore huller (32, 32')

15 i tandhjulet (2).
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