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Description
FIELD OF THE INVENTION

[0001] The present invention relates to mechanical connection of wear parts to underlying structures. It has been
created in relation to the connection of ground engaging tools to buckets of earth-moving equipment.

BACKGROUND TO THE INVENTION

[0002] Ground engaging tools (GET), for earth-moving equipment, such as those used in mining operations, operate
in a highly abrasive environment and are subject to significant wear. GET such as bucket teeth thus require regular
replacement.

[0003] Traditionally, GET are welded onto the lips of buckets. When the GET come to the end of their useful life, they
can be cut from the bucket, and new GET welded in their place.

[0004] It will be appreciated that such cutting and re-welding operations are complex, time-consuming and relatively
expensive. Further, they must generally be done in a workshop, requiring the bucket to be transported away from the
earth-moving equipment.

[0005] Various mechanical attachment methods have been proposed in an attempt to alleviate these problems. Many
of the methods involve the use of bolts and similar fastening devices, inserted within the lip of the bucket. In general,
such devices have proved to be of limited use. The insertion of a bolt or similar within a bucket lip can lead to undesirable
stress concentrations within the lip, resulting in cracking of the bucket lip. Even where this is avoided, the large forces
to which GET are exposed have a tendency to deform connecting bolts, thus making difficult their subsequent extraction
using mechanical tools. Indeed, in some cases the deformation can be so severe that the GET must be cut away,
completely negating any advantage of mechanical connection.

[0006] In response to these issues, the applicant has devised a number of mechanical connection means which
overcome these problems. Examples of the applicant’s devices are detailed in US Patent Number 7,219,454 and in US
Patent Application Publication NumberUS 2005/0229441, the contents of which are included herein by reference.
[0007] US Patent Number 7,219,454 discloses the subject matter of the preamble of claim 1.

[0008] US 2008/0172912 discloses an adapter for use in mounting cutting tools onto a mounting block which in turn
is to be mounted on the body of a rotating tool. The adapter has roughly the shape and function of a shim which is
arranged between a cutting tool and the mounting block. The cutting tooth comprises a threaded bore and is mounted
to the mounting block by means of a bolt extending through correspondingly aligned holes in the mounting block and
the adapter and threaded into the threaded bore of the cutting tooth. The adapter is made of a relatively softer material
so that any shocks applied to the cutting tooth during operation will be partly absorbed in order to prevent the cutting
tooth from being damaged.

[0009] The above described connection means involve the use of a shroud which mounts about

a lug or boss on the lip of an excavator bucket; a locking device which locates between the shroud and the boss; and
the application of an external compressing force to maintain the relative position of the shroud, locking device and boss.
[0010] Although these connection means have proved far less susceptible to deformation than previous mechanical
connectors, there have nonetheless been occasions where the connection means have failed due to a load being applied
which is higher than the means can bear. Where the external compressing force has been applied by a threaded element,
such as that described in US Application Number 10/509,016, one mode of failure observed has been the deformation
of the mating threads between the force applying element and the locking device.

[0011] When such a failure occurs, the force applying element (a bolt) seizes within the locking device. It can then be
difficult or impossible to remove the bolt using normal mechanical tools.

[0012] Depending on the relative hardness of the bolt and the locking device, deformation of the threads of either can
occur. In either case, the result can be seizure of the locking device.

[0013] Thepresentinvention seeks to provide a means by which such seizure of the locking devices can be substantially
avoided.

SUMMARY OF THE INVENTION

[0014] The invention achieves its effect by providing a failure mode for mechanical connection means which does not
result in seizure of a locking device within the mechanical connection means.

[0015] In accordance with a first aspect of the present invention there is provided a lock for use in an attachment
system, the lock having a body, a force applying member and a force receiving member, such that the application of
force by the force applying member causes the force receiving member to protrude from a first side of the body, and
where the relative hardnesses of the body, the force applying member and the force receiving member are such that
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the application of a sufficiently large force to the protruding portion of the force receiving member will preferentially cause
deformation of the protruding portion of the force receiving member ahead of deformation of the body or the force applying
member.

[0016] In accordance with a second aspect of the present invention there is provided a lock for use in an attachment
system, the lock having a body, a force applying member and a force receiving member, such that the application of
force by the force applying member causes the force receiving member to protrude from a first side of the body, and
where the hardness of the force applying member is larger than that of the force receiving member, so that the application
of a sufficiently large force to the protruding portion of the force receiving member will preferentially cause deformation
of the force receiving member ahead of deformation of the force applying member.

[0017] Inaccordance with a third aspect of the present invention there is provided an attachment system for connecting
a ground engaging tool to a bucket lip, the bucket lip having a lug attached thereto, the ground engaging tool having a
recess which receives the lug in use, a lock being disposed, in use, between the lug and the ground engaging tool, the
lock having a body, a force applying member and a force receiving member, such that the application of force by the
force applying member causes the force receiving member to protrude from a first side of the body and to engage the
lug, and where the relative hardnesses of the lug, the body, the force applying member and the force receiving member
are such that the application of a sufficiently large force via the lug to the protruding portion of the force receiving member
will preferentially cause deformation of the protruding portion of the compressing member ahead of deformation of the
body or the force applying member.

[0018] If a sufficient force is applied to cause deformation of the lock, the arrangement is such that this force will
preferentially result in deformation of the force receiving member. Deformation of this member allows the lock to continue
to perform its locking function, and also be readily removed when necessary.

[0019] Preferably, the force applying member is located in a threaded connection extending internally of a second
side of the body, the second side of the body being opposite the first side. It is preferred that the force applying member
is substantially axially aligned with the force receiving member.

[0020] The force receiving member may be substantially cylindrical in shape. In a preferred embodiment, the force
receiving member has a bevelled outer edge, located within the protruding portion. This allows a small degree of plastic
deformation of the force receiving member to occur without significantly affecting operation of the lock.

[0021] The force receiving member may have a hardness less than 90% of the hardness of the force applying member.
It is preferred that the ratio of hardness of the force receiving member to the force applying member be between 0.7
and 0.9. Testing has suggested that a hardness ratio of about 0.8 provides an efficacious result.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Itwill be convenient to further describe the invention with reference to preferred embodiments of the attachment
system and clamping member of the present invention. Other embodiments are possible, and consequently, the partic-
ularity of the following discussion is not to be understood as superseding the generality of the preceding description of
the invention. In the drawings:

Figure 1 is a cross-sectional view of a ground engaging tool connected to a bucket lip using an attachment system
in accordance with the present invention;

Figure 1 a is an enlarged portion of a region of Figure 1;

Figure 2 is a cross-sectional view of the arrangement of Figure 1, shown after plastic deformation within the attachment
system; and

Figure 2a is an enlarged portion of a region of Figure 2.

DESCRIPTION OF PREFERRED EMBODIMENT

[0023] Figures 1 shows a ground engaging tool 10 attached to a bucket lip 12, substantially in accordance with the
applicant’s US patent number 7,219,454 and US patent application publication number US 2005/0229441.

[0024] The bucket lip 12 includes a lug 22 on its upper face. The lug 22 is attached to the bucket lip 12 by suitable
means such as welding.

[0025] The ground engaging tool 10 includes an attachment portion 42, extending across the upper face of the bucket
12, and having an engaging recess 50 located adjacent the upper face of the bucket 12. The engaging recess 50 has
a first portion arranged to locate about the lug 22.

[0026] The ground engaging tool 10 also has a stabilizing member 98, which is inserted within an aperture of the
attachment portion 42 away from the lug 22. A second portion of the engaging recess 50 is thus defined between the
lug 22 and the stabilizing member 98. A lock 60 is located within this second portion of the engaging recess 50.
[0027] Thelock 60 hasthree main elements: a body 61, aforce applying memberin the form of a substantially cylindrical
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bolt 114, and a force receiving member in the form of a substantially cylindrical lug engaging member 62.

[0028] The body 61 has a first side 64 oriented towards the lug 22, and a second side 66 opposite the first side 64.
The second side 66 is thus oriented toward the stabilizing member 98.

[0029] The lug engaging member 62 is largely contained within a chamber 80 extending inwardly within the body from
the first side. An outer portion 63 of the lug engaging member 62 protrudes from the first side 64, so that it engages with
the lug 22.

[0030] The body 61 has a substantially cylindrical slot 110 extending from the chamber 80 to the second side 66 of
the body 61. The slot 110 is internally threaded.

[0031] The bolt 114 is externally threaded, and is arranged to engage with the internally threaded slot 110. The bolt
114 is advanced into the slot so as to provide a force on the rear of the lug engaging member 62. This pushes the outer
edge 63 of the lug engaging member 62 against the lug 22. Furtheradvancementofthe bolt 114 increases the compressive
loading on the lug engaging member 62. This compressive force acts against the lug 22, and the opposing force is
transmitted in turn through the bolt 114, via the threaded connection to the body 61, then the stabilizing member 98 and
the attachment portion 42 of the ground engaging tool 10. The resultant force on the ground engaging tool 10 thus
promotes tight engagement of the ground engaging tool 10 with the bucket lip 12.

[0032] This is the arrangement shown in Figure 1, and described in the applicant’s prior patents referred to above.
[0033] The applicant has now done some experimental work on failure mechanisms of this arrangement. During use,
the ground engaging tool 10 may be subject to forces which result in stresses on components of the attachment system
which are beyond their yield strength. This results in deformation of those components.

[0034] It will be appreciated that the stress concentrations caused will be largely dictated by the geometry of the
components concerned. It will also be appreciated that the yielding point will be a combination of both the stress applied
and the component hardness.

[0035] The present invention proposes arranging the components in such a way that yielding occurs in the protruding
part of the lug engaging member 62, adjacent the outer edge 63. This can be achieved through a combination of a
number of mechanisms, including appropriate choice of materials for the various components, appropriate hardness
treatments, and appropriate design of the relevant geometry such that particularly high stress concentrations in the
threads and against the stabilizing member are avoided. In particular it is important to design and treat both the internal
threads of the body 61 and the external threads of the bolt 114 so that the protruding part of the lug engaging member
62 deforms in preference to the threads.

[0036] The resulting deformation can be seen in Figure 2. The effect is a ‘'mushrooming’ of the lug engaging member
62. The result of this mushrooming will be that the lug engaging member 62 will not be able to be withdrawn into the
chamber 80. Nonetheless, the bolt 114 will still be able to be tightened, to restore the required clamping force, and will
also be able to be removed, allowing for removal of the stabilizing member 98 and the lock 60. The ground engaging
tool 10 can then be removed and replaced as required.

[0037] If reuse of the lock 60 is desired, it will be simple to remove the deformed lug engaging member 62 by the
simple expedient of pulling out the deformed member 62, or by advancing the bolt 114 through the chamber 80 after
the lock 60 has been removed from the ground engaging tool 10. A new lug engaging member 62 can then be pushed
into position.

[0038] Inthe embodiment of the drawings, it will be seen that the lug engaging member 62 has a bevel 65 about the
outer edge 63. One advantage of this is that a small degree of plastic deformation will not affect use of the lock 60. Only
deformation which has the effect of expanding the diameter of the outer edge 63 beyond that of the chamber 80 will
cause the device to be deformed beyond the point where the lug engaging member can be withdrawn into the chamber
80. Small deformations will thus not prevent the ready re-use of the device.

[0039] Tests have been conducted to determine relative hardnesses of the bolt 114 and the lug engaging member 62.
The table below shows the results of controlled tests performed on a lock 60 as described above. The tests were
performed in a hydraulic press, at incremental loadings stepped in 50 KN increments.
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Observations

Test
Hardness (Rc)
Bolt Hardness (Rc)
Maximum Load Tested
(KN)

Lug Engaging Member

End of bolt mushrooming and seizing on threaded body at load
1 43 40-41 550 | indicated. Only small amount of permanent deformation on lug

engaging member.

End of bolt mushrooming and seizing on threaded body at load
2 43 43-44 550 | indicated. Only small amount of permanent deformation on lug

engaging member.

43.44 End of bolt mushrooming and seizing on threaded body at load

3 43 End Sé* 550 | indicated. Only small amount of permanent deformation on lug
n

engaging member.

End of bolt mushrooming and seizing on threaded body at load
4 43 47-50 650 | indicated. Only small amount of permanent deformation on lug

engaging member.

End of bolt mushrooming and seizing on threaded body at load
5 43 50-53 700 | indicated. Only small amount of permanent deformation on lug

engaging member.

Lug Engaging Member mushrooming significantly and seizing on end
of bore of clamping member body. Bolt still removable from body at
6 32 40-41 800
load indicated. Lug engaging member able to be removed from bore
by tightening bolt.

* End of bolt in Test 3 induction hardened to 52 Rc

[0040] These results suggest that the hardness of the lug engaging member must be significantly less than that of the
bolt in order for mushrooming of the lug engaging member to preferentially occur. In particular, it suggests that the ratio
of hardness of the lug engaging member to that of the bolt needs to be about 0.8 or below.

[0041] Modifications and variations as would be apparent to a skilled addressee are deemed to be within the scope
of the present invention.

Claims

1. Alock (60) for use in an attachment system to connect a ground engaging tool (10) to a bucket lip (12), the lock
having a body (61), a force applying member (114) and a force receiving member (62), such that the application of
force by the force applying member causes the force receiving member to protrude from a first side of the body to
apply aforce to a lug (22) on the bucket lip, characterised in that relative hardnesses of the body, the force applying
member and the force receiving member are such that the application of sufficient force to the protruding portion of
the force receiving member will preferentially cause deformation of a protruding portion of the force receiving member
ahead of deformation of the body or the force applying member.

2. Alockas claimed in claim 1, wherein the force applying member is located in a threaded connection (110) extending
internally of a second side (66) of the body, the second side of the body being opposite the first side (64).
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3. A lock as claimed in claim 2, wherein the force applying member is substantially axially aligned with the force
receiving member member.

4. Alock as claimed in any preceding claim, wherein the force receiving member is substantially cylindrical in shape.

5. Alock as claimed in claim 4, wherein the force receiving member has a bevelled outer edge (63), located within the
protruding portion.

6. Alock as claimed in any preceding claim, wherein the force receiving member has a hardness less than 90% of the
hardness of the force applying member.

7. A lock as claimed in claim 6, wherein the ratio of hardness of the force receiving member to the force applying
member is between 0.7 and 0.9.

8. A lock as claimed in claim 7, wherein the ratio of hardness of the force receiving member to the force applying
member is about 0.8.

9. An attachment system for connecting a ground engaging tool (10) to a bucket lip (12), the bucket lip having a lug
(22) attached thereto, the ground engaging tool having arecess (50) which receives the lugin use, and the attachment
system includes a lock according to any one of claims 1 to 8, the lock being disposed, in use, between the lug and
a portion of the ground engaging tool.

Patentanspriiche

1. Verriegelung (60) zur Verwendung in einem Befestigungssystem zum Verbinden eines Bodeneingriffswerkzeug
(10) mit einer Schaufelkante (12), wobei die Verriegelung einen Korper (61), ein Kraftaufbringungselement (114)
und ein Kraftaufnahmeelement (62) hat, sodass die Aufbringung von Kraft durch das Kraftaufbringungselement
dazu fuhrt, dass das Kraftaufnahmeelement von einer ersten Seite des Kérpers hervorsteht, um eine Kraft auf einen
Vorsprung (22) an der Schaufelkante aufzubringen, dadurch gekennzeichnet, dass die relativen Harten des Kor-
pers, des Kraftaufbringungselements und des Kraftaufnahmeelements so sind, dass die Aufbringung einer ausrei-
chenden Kraft auf den vorstehenden Teil des Kraftaufnahmeelements bevorzugt eine Deformation eines vorste-
henden Teils des Kraftaufnahmeelements vor einer Deformation des Korpers oder des Kraftaufbringungselements
verursacht.

2. Verriegelung nach Anspruch 1, wobei das Kraftaufbringungselement in einer mit einem Gewinde versehenen Ver-
bindung (110) positioniert ist, die sich innerhalb einer zweiten Seite (66) des Korpers erstreckt, wobei die zweite

Seite des Korpers gegenuber der ersten Seite (64) liegt.

3. Verriegelung nach Anspruch 2, wobei das Kraftaufbringungselement im Wesentlichen axial zu dem Kraftaufnah-
meelement ausgerichtet ist.

4. Verriegelung nach einem der vorherigen Anspriiche, wobei das Kraftaufnahmeelement im Wesentlichen eine zy-
lindrische Form aufweist.

5. Verriegelung nach Anspruch 4, wobei das Kraftaufnahmeelement eine schrage dulere Kante (63) hat, die an dem
hervorstehenden Teil liegt.

6. Verriegelung nach einem der vorherigen Anspriiche, wobei das Kraftaufnahmeelement eine Harte von weniger als
90% der Harte des Kraftaufbringungselements aufweist.

7. Verriegelung nach Anspruch 6, wobei das Verhaltnis zwischen der Harte des Kraftaufnahmeelements und des
Kraftaufbringungselements zwischen 0,7 und 0,9 liegt.

8. Verriegelung nach Anspruch 7, wobei das Verhaltnis zwischen der Harte des Kraftaufnahmeelements und des
Kraftaufbringungselements ungeféhr 0,8 ist.

9. Ein Befestigungssystem zum Verbinden eines Bodeneingriffswerkzeugs (10) mit einer Schaufelkante (12), wobei
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an der Schaufelkante ein Vorsprung (22) befestigt ist, wobei das Bodeneingriffswerkzeug eine Aussparung (50)
aufweist, die bei der Verwendung den Vorsprung aufnimmt, und wobei das Befestigungssystem eine Verriegelung
nach einem der Anspriiche 1 bis 8 aufweist, wobei die Verriegelung wahrend der Verwendung zwischen einem
Vorsprung und einem Teil des Bodeneingriffswerkzeugs angeordnet ist.

Revendications

Verrou (60) a utiliser dans un systéme de fixation pour connecter un outil de prise avec le sol (10) a une méachoire
de godet (12), le verrou ayant un corps (61), un élément d’application de force (114) et un élément de réception de
force (62), de sorte que I'application d’'une force par I'élément d’application de force améne I'élément de réception
de force a dépasser par rapport a un premier c6té du corps pour appliquer une force a une patte (22) sur la méachoire
de godet, caractérisé en ce que par rapport a la dureté du corps, I'élément d’application de force et I'élément de
réception de force sont tels que I'application d’'une force suffisante a la partie protubérante de I'élément de réception
de force provoquera de maniére préférentielle une déformation d’une partie protubérante de I'élément de réception
de force avant une déformation du corps ou de I'élément d’application de force.

Verrou selon la revendication 1, dans lequel I'élément d’application de force est situé dans une connexion filetée
(110) s’étendant a I'intérieur d’un deuxieme cdté (66) du corps, le deuxiéme cbdté du corps étant opposé au premier
coté (64).

Verrou selon la revendication 2, dans lequel I'élément d’application de force est substantiellement aligné axialement
avec 'élément de réception de force.

Verrou selon 'une quelconque des revendications précédentes, dans lequel I'élément de réception de force est
substantiellement de forme cylindrique.

Verrou selon la revendication 4 dans lequel 'élément de réception de force a un bord extérieur biseauté (63),
positionné avec la partie protubérante.

Verrou selon 'une quelconque des revendications précédentes, dans lequel I'élément de réception de force a une
dureté inférieure a 90 % de la dureté de I'’élément d’application de force.

Verrou selon la revendication 6, dans lequel le rapport de la dureté de I'élément de réception de force sur celle de
I'élément d’application de force se trouve entre 0,7 et 0,9.

Verrou selon la revendication 7, dans lequel le rapport de la dureté de I'élément de réception de force sur celle de
I'élément d’application de force est d’environ 0,8.

Systéme de fixation destiné a connecter un outil de prise avec le sol (10) a une machoire de godet (12), la méachoire
de godet ayant une patte (22) fixée a celle-ci, 'outil de prise avec le sol ayant un renfoncement (50) qui regoit la
patte en utilisation, et le systéme de fixation inclut un verrou selon 'une quelconque des revendications 1 a 8, le
verrou étant disposé, en utilisation, entre une patte et une partie de I'outil de prise avec le sol.
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