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LIP FOR EXCAVATING BUCKET

RELATED APPLICATION
[01] This application claims the benefit of priority from US Provisional Patent Application
No. 62/824,949, filed March 27, 2019 the entirety of which is incorporated by reference.

FIELD OF THE DISCLOSURE

[02] The present disclosure pertains to a lip for an excavating bucket for use by excavating

machines such as dragline machines, cable shovels, face shovels, hydraulic excavators and
the like.

BACKGROUND OF THE DISCLOSURE

[03] Excavating machines, such as used in mining and construction operations, include

buckets that engage the ground to gather a load of earthen material. The bucket is generally
defined by a rear wall, a bottom wall and sidewalls to define a cavity with an open front for
receiving the excavated material. The front edge of the bottom wall is provided with a lip on
which ground engaging tools such as teeth, adapters and/or shrouds are generally attached
to protect the lip against wear and to better break up the ground during digging. The lips are
either formed of plate steel (which are called plate lips) or by a casting process (which are

called cast lips).

SUMMARY OF THE DISCLOSURE

[04] In a first example, a cast lip for excavating equipment is composed of a ferrous alloy

having at least 7% chromium, by weight, and a primarily martensitic structure.

[05] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having at least 7% chromium, at least 3% nickel and 0.12% or less carbon, and a primarily
martensitic structure.

[06] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having at least 10% chromium, at least 3% nickel and 0.12% or less carbon, and optionally
3% or less of one or more of manganese, silicon and/or molybdenum, and a primarily
martensitic structure.

[07] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having 10%-15% chromium, 3%-6% nickel and 0.12% or less carbon, and a primarily
martensitic structure

[08] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having 10%-15% chromium, 3%-6% nickel, and <0.10% each of carbon, manganese, silicon

and molybdenum, and a primarily martensitic structure.
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[09] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having from 7% to 10% chromium, at least 3% nickel and 0.12% or less carbon, and a primarily
martensitic structure.

[10] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having 7-9% chromium, and 0.12% or less carbon, and a primarily martensitic structure.

[11] Inanother example, a cast lip for excavating equipment is composed of an alloy having
the same constituent makeup as a CA6NM alloy, and a primarily martensitic structure.

[12] In another example, a cast lip for excavating equipment is composed of a low- carbon
stainless steel having a primarily martensitic structure.

[13] In another example, a lip having any of the above-noted alloys is formed by sand
casting and/or air hardening processes.

[14] In another example, a cast lip having any of the above-noted alloys includes an inner
surface and an outer surface, wherein the outer surface includes recesses, which, for
example, can reduce the overall weight of the lip.

[15] In another example, a cast lip having any of the above-noted alloys includes a curved
portion at least near each end of the lip such that the lip ends bend upward and generally align
with the sidewalls of the bucket. Such a lip is suited for use with a cable shovel though other
uses may be possible. Optionally, the outer surface of the lip includes recesses.

[16] Each of the above-noted examples of the disclosure are suited for use as a cast lip for
a large excavating bucket such as found in draglines, cable shovels, face shovels and
hydraulic excavators. Such lips extend across the width of the bucket to form the primary
digging edge. Such lips can, e.g., weigh as much as about 30,000 pounds, and/or can have a
maximum thickness of about nine inches or more.

[17] Lips in accordance with the present disclosure can provide improvements in yield
strength, fatigue strength and/or endurance limits regarding welds, hardness and/or wear life
as compared to current low alloy steel cast lips.

[18] In one example of a process for making cast lips in accordance with the present
disclosure, one of the above-noted ferrous alloys is melted, the molten alloy is fed into a sand
mold to form the alloy into a lip structure for use with excavating equipment, hardening the
alloy to give it a primarily martensitic structure, and then tempering the lip for toughness. In
one example, the lip is air hardened.

[19] A castlip in accordance with the present disclosure can be repaired, rebuilt, secured
in the bucket and/or provided with attachments by welding processes. In one example, the
welding is accomplished by a weld material that is the same or similar to the alloy of the base

material
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[20] In one other example, the lip and weld material are each a chromium ferrous alloy. In
another example, the lip is composed of a CAB6NM alloy and the weld material is Type 309
stainless steel.

BRIEF DESCRIPTION OF THE DRAWINGS

[21] Figure 1 is a perspective view of an excavating bucket with a lip in accordance with

the present disclosure.

[22] Figure 2 is atop perspective view of a cast lip.

[23] Figure 3 is bottom perspective view of a cast lip.

[24] Figure 4 is a perspective view of a second excavating bucket with a lip in accordance
with the present disclosure.

[25] Figure 5 is a perspective view of another example of a cast lip in accordance with the
present disclosure with ground-engaging tools attached.

DETAILED DESCRIPTION OF PREFERRED EXAMPLES

[26] The present disclosure pertains to cast lips for excavating buckets such as used with

dragline machines, cable shovels, face shovels, hydraulic excavators and the like.

[27] Castlips are large steel structures that extend across the width of a bucket for a digging
machine, typically a large mining machine, to form its primary digging edge. Lips can be
formed by casting the entire lip in one mold or by casting lip segments that are welded together
to form a complete lip. For example, cast lips can weigh on the order of about 6500 pounds to
about 29,000 pounds. Lip segments are typically smaller; as one example, an end segment
can weigh about 2000 pounds. Cast lips tend to have a maximum thickness of about 9 inches
or more. Often, they range from about 4-16 inches maximum thickness though other
variations are possible. The thickness dimension is the distance between the inner and outer
faces of the lip. Cast lips may include forwardly-projecting noses for mounting excavating
teeth. The noses are often cast integrally with the lip or lip segments. Noses can also be cast
separately and welded to the front of the lip. Sometimes, such noses could also be provided
by adapters welded to the lip. In other examples, adapters with noses are mechanically
attached to the lip. This is usually the case for cable shovel lips. Cast lips have for decades
been composed of low-alloy steels because of their high strength and toughness, and their
low cost of manufacture.

[28] Cast lips for excavating equipment are usually manufactured by a sand-casting
process where molten steel is fed into a sand mold. As with any large steel casting, it is
exceedingly difficult to make a defect-free lip casting. It is not unusual for large castings to
have some defects in the as-cast condition. Typical defects may be inclusions, hot tears,
cracks, porosity, etc. It is a routine practice in the steel foundry business to repair such defects
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by welding as long as the repairs won’t harm the functionality of the finished part. Welding on
cast lips is common for other purposes as well. For example, on account of their size, cast lips
are at times cast in segments (typically as two or three segments) that are welded together to
form a single lip. The cast lip is welded into the bucket. The noses, adapters and shrouds are
sometimes welded to the lip. Attachments, such as bosses and the like, are at times welded
to the lip for the securing of wear parts. Damage to the lip during use, typically along the front
end, is also commonly repaired and/or rebuilt through welding processes.

[29] While in some cases, weld repairs on low alloy cast lips are made with welding filler
materials that roughly match the lip material’s strength, repair welds are very often made with
softer iron-based weld materials such as E70-Series carbon steel filler materials. When weld
repairs can be post-weld heat treated (as is sometimes the case for casting repairs in the
foundry), the use of matching materials can give advantages in terms of fatigue resistance
and wear resistance. If repair welds cannot be post-weld heat treated, then an undermatched
filler material may be used. The use of undermatching filler materials is a welding engineering
technique that can be extremely helpful for avoiding hydrogen-assisted cracking when welding
hardenable steels, particularly when post-weld heat treating cannot be performed. For the
same reason, undermatching filler materials are also preferred for fabrication welding, such
as welding lips into buckets. These fabrication welds may be quite thick and the associated
stresses can be quite significant. Use of the undermatching filler materials limits the magnitude
of these stresses greatly increasing the likelihood of making good, crack free fabrication welds.
However, the use of a softer weld material makes the lip more susceptible to damage at those
locations during use. For example, the softer material is less able to withstand the high and
cyclic loads commonly applied during digging, and/or the high level of abrasion typically
encountered in digging.

[30] The present disclosure pertains to a cast lip for excavating equipment that is composed
of a ferrous alloy having a relatively high level of chromium. In one example, the cast lip can
be composed of a ferrous alloy having at least 7% chromium by weight and preferably 10% or
more. All the constituent percentages given herein are by weight. A ferrous alloy is one that
is at least 50% iron. The lip also preferably has more than or equal to 3% nickel and less than
or equal to 0.12% carbon. Other elemental combinations are possible. The lip will be hardened
to have a primarily martensitic structure to provide sufficient strength for use as a lip for earth
working equipment.

[31] In another example, a cast lip for excavating equipment is composed of a ferrous alloy
having at least 10% chromium, at least 3% nickel and less than or equal to 0.12% carbon, and
optionally less than or equal to 3% of one or more of each of manganese, silicon and/or
molybdenum, and a primarily martensitic structure.
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[32] Inanother example, a cast lip for excavating equipment is composed of a ferrous alloy
having between 10%-15% chromium, 3%-6% nickel and less than or equal 0.12% carbon, and
a primarily martensitic structure.

[33] Inanother example, a cast lip for excavating equipment is composed of a ferrous alloy
having between 10%-15% chromium, 3%-6% nickel, and less than or equal to 0.10% each of
carbon, manganese, silicon and molybdenum, and a primarily martensitic structure. A lower
amount of carbon (i.e., £0.10%) is preferred for high performance of the lip but up to 0.12%
can commonly be accepted.

[34] Inanother example, a cast lip for excavating equipment is composed of an alloy having
a CABNM composition, which is a ferrous-based alloy including less than or equal to 0.06%
carbon, less than or equal to 1% manganese, less than or equal to 1% silicon, less than or
equal to 0.04% phosphorus, less than or equal to 0.03 sulfur, 11.5%-14% chromium, 3.5%-
4.5% nickel and 0.4%-1% molybdenum, and hardened to a primarily martensitic structure. In
another example, a cast lip for excavating equipment is composed of a low-carbon stainless
steel having a primarily martensitic structure.

[35] While steels with a relatively higher level of chromium (such as found in the stainless
steel alloys discussed above) will provide a generally preferred level of the desired benefits, it
may alternatively be desirable to reduce costs of the cast lip through use of a non-stainless
steel alloy (i.e., one with less but still a sufficiently high level of chromium to gain benefits
discussed herein). In such cases, a cast lip for excavating equipment can be composed of a
ferrous alloy having 7%-10% chromium and less than or equal 0.12% carbon, and a primarily
martensitic structure. In another such example, a cast lip for excavating equipment is
composed of a ferrous alloy having 7%-9% chromium and less than or equal 0.12% carbon,
and a primarily martensitic structure. Also, as mentioned above for other examples, 3%-6%
nickel and/or 3% or less of one or more of manganese, silicon and/or molybdenum.
Alternatively, the alloy can be limited to <0.1% each of manganese, silicon and/or
molybdenum.

[36] By usingthe chromium alloys as noted above, a weld material that matches or is similar
to the base alloy of the lip can be used. For example, if a lip were made of the CA- 6NM
composition, filler materials of the “410Ni-Mo” composition can be used. Weld deposits made
with this material respond to heat treatment much like the CA-6NM base metal and can
achieve similar properties as well, when appropriately heat treated. The use of the lips
described herein and a welding material of a similar composition can enable the welded area
to have a similar strength and abrasion resistance as the base alloy and thereby avoid certain
weaknesses encountered in current low-alloy cast lips. Preheating the base material around
the area to be welded and heat treating of the welded area after welding can result in a welded
area that generally matches the base alloy of the lip in strength and toughness. When post-
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weld heat treatment is not possible or not desirable (as when fabrication welding a lip into a
bucket), a dis-similar austenitic stainless steel filler material like Type 309 may be used for the
welding lips of the present disclosure. While this combination is considered unique, it is noted
that using an undermatched filler material is a known welding process that is commonly used
when fabrication welding highly-hardenable steels such as the conventional low alloy steel
lips. While this austenitic filler material is soft, it is useful in avoiding hydrogen-assisted
cracking which can be a major concern when welding high strength steels.

[37] Other benefits are also achievable with a cast lip in accordance with the present
disclosure. For example, lips in accordance with the present disclosure can provide
improvements in yield strength, fatigue strength and/or endurance limits regarding welds,
hardness and/or wear life as compared to current lips composed of low-alloy steels. In one
example, the table below compares one example of an inventive cast lip alloy (nominally
0.03%C-0.05%Mn-0.6%Si-12.75%Cr-4%Ni-0.5%Mo), as compared to one current low-alloy

steel cast lip.

Table 1: Mechanical Property v. Improvement

Mechanical Property Improvement of Inventive Lip
over Current Low-Alloy Lip

Yield Strength 20%-30%

Fatigue endurance limit (Repair weld) 30%-50%

Fatigue endurance limit (Factory weld) 75%-100%

Hardness 20%-25%

\Wear Life 0%-20%

[38] A cast lip in accordance with the present disclosure can maintain significant fatigue
strength after welding, be lighter than conventional low-alloy cast steel lips, and/or provide
improved strength. These advantages can offset the increased cost associated with the
chromium alloys described herein such as by providing, e.g., longer service life, less machine
downtime, easier repair and/or component attachment, increased load capacity, better
penetration, use of less material and/or corrosion resistant.

[39] The improved mechanical properties of a cast lip in accordance with the present
disclosure can enable the use of a slimmer lip for the same excavating machine as compared
to a conventional low-alloy cast lip. The reduced weight of the lip provides a greater maximum
load for the machine because maximum loads include the weight of the bucket and
attachments as well as the load contained in the load. A slimmer profile also eases the
penetration of the bucket into the ground during digging. Such a lip in accordance with the

disclosure, then, can provide lighter and better penetrating lips, more production by the digging
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machine, less wear on the equipment and/or faster cycle times. All in all, the advantages lead
to a more efficient digging process. Alternatively, a cast lip having the same dimensions as a
current low-alloy cast lip can also be used in more robust environments — for example, an
inventive lip made with the same dimensions as a low-alloy cast lip made for normal use could
be used in a heavy-duty and/or extra heavy-duty environment.

[40] Each of the above-noted examples of the disclosure are suited for use as a cast lip for
a large excavating bucket such as found in, e.g., draglines, cable shovels, face shovels and
hydraulic excavators. Such lips extend across the width of the bucket to form the bucket’s
primary digging edge. The above-discussed examples of lips in this disclosure are well suited
for use in lips weighing at least 6500 pounds, formed of lip segments of at least 2000 pounds,
and/or that have a maximum thickness of at least 9 inches. As examples, such lips can weigh
on the order of about 6500 pounds to about 29,000 pounds, lip segments can weigh about
2000 pounds or more prior to being welded together to form a lip, and cast lips can have a
maximum thickness ranging from about 4-16 inches, though other variations are possible. The
cast lips generally have a varied shape to maximize strength, minimize weight, and/or
customize the shape for a particular operation and/or the attachment of wear parts.

[41] In one example, a process for making a lip for earth working equipment in accordance
with the present disclosure includes melting one of the above-noted chromium ferrous alloys,
feeding the molten alloy into a sand mold to form the alloy into a lip for use with earth working
equipment, and hardening the alloy. The lip is preferably air hardened in an ambient
environment to form the primarily martensitic structure though a quench is possible. Current
low-alloy steel cast lips are quenched to form the desired martensitic structure. After
hardening, the cast lip is tempered to provide the desired toughness for use as a lip for earth
working equipment. This combination of hardening and tempering can result in a combination
of strength and toughness that is desired for a cast lip secured in a bucket of an excavating
machine.

[42] Referring to Figures 1-3, one example of a cast lip 10 includes a forward portion 20, a
rearward portion 16, ears 45 on both sides of the lip 10, upper surface 46, and lower surface
32. The cast lip 10 in accordance with the present disclosure is, e.g., welded to a drag-line
bucket 2 at a forward portion 4 of the bucket 2 at a back face 44 at the rear portion 16 of the
lip and along wings or ears 45 to bucket body 8. This lip construction is as disclosed in US
Patent 9,963,853, which is incorporated herein by reference.

[43] The lip 10 has an elongate construction or length 25 extending between the opposite
sidewalls 40 of the bucket 8 (e.g., across the bucket width). The lower surface 32 includes
various recesses 36 separated by ridges, ribs, spacers or other structures 35; these recesses
lower the weight of the lip while still providing the required strength. This is just one example

and other lip constructions are possible.
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[44] In the illustrated example, the lip 10 includes a set of noses 26 spaced along the
forward portion 20 of the lip 10. The noses 26 extend forward of the main lip structure 25 for
mounting ground-engaging tools. The front or forward portion 20 of the lip 10 also includes
forward edges 30 between the noses. Ground-engaging parts such as shrouds are typically
secured over the forward edges 30. Tooth assemblies typically secure over the noses 26. This
lip 10 is shown secured into a dragline bucket but it could be secured in buckets for other
machines including, for example, cable shovels, face shovels and/or hydraulic excavators.
[45] Referring to Figures 4-5, a cable shovel dipper bucket 102 including shell defining a
cavity for receiving earthen material is shown with a cast lip 110 and ground-engaging wear
products. The lip 110 includes a forward portion 120, a rearward portion 116, ears 145 on
both sides of the lip 110, upper surface 146, and lower surface 132. Each ear or wing 145 is
curved upward on each end 112 for use in a cable shovel dipper 102. The forward edge is
covered with mounting ground-engaging tools, such as tooth assemblies 107 and shrouds
109. The shrouds 109 are illustrated to continue up the wings 145.

[46] These illustrated lips are simply examples; virtually any other cast lip structure is

possible with the present disclosure.
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Claims:

1. A cast lip for an excavating bucket defined by at least one cast body having a
length to extend between sidewalls of the bucket, the lip being composed of a ferrous alloy
having at least 7% chromium by weight and 0.12% or less carbon by weight, and a primarily
martensitic structure.

2. The cast lip of claim 1, wherein the ferrous alloy includes 3%-6% nickel by
weight.

3. The cast lip of claim 1 or 2, wherein the ferrous alloy includes 7%-15%
chromium by weight.

4, The cast lip of claim 1 or 2, which is composed of 7%-9% chromium by weight.

5. The cast lip of claim 1 or 2, which is composed of 7%-10% chromium by
weight.

6. A cast lip for an excavating bucket defined by at least one cast body having a

length to extend between sidewalls of the bucket, wherein the cast lip is composed of a
ferrous alloy having 10%-15% chromium by weight, 3%-6% nickel by weight, and 0.12% or
less carbon by weight, and a primarily martensitic structure.

7. The cast lip of any of the preceding claims, wherein the ferrous alloy includes
3% or less by weight of at least one of manganese, silicon, and molybdenum.

8. The cast lip of any of the preceding claims, wherein the ferrous alloy includes
0.10% or less of each of carbon, manganese, silicon, and molybdenum by weight.

9. The cast lip of any of the preceding claims including a plurality of forwardly
projecting noses each for mounting a tooth component, and a plurality of mounting areas for
mounting shrouds between the noses.

10. A cast lip for an excavating bucket defined by at least one cast body and a
length to extend between sidewalls of the bucket, the lip comprising a plurality of forwardly
projecting noses each for mounting a tooth component, wherein the lip is composed of a
stainless steel having 0.12% or less carbon by weight, and a primarily martensitic structure.

11. The cast lip of claim 10, wherein the stainless steel includes 0.10% or less

carbon by weight.
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12. The cast lip of any of claim 1, 7 or 10, which has the constituent makeup of a
CABNM alloy.

13. The cast lip of any of the preceding claims, which weighs at least 6500
pounds.

14, The cast lip of any of the preceding claims, which has a maximum thickness
of at least 9 inches.

15. A bucket for earth working equipment, the bucket comprising a shell defining
a cavity for receiving earthen material and a lip in accordance with any of the preceding
claims.

16. A method of making a cast lip for use with excavating equipment, the method
comprising:
melting a ferrous alloy having at least 7% chromium by weight;
feeding the melted ferrous alloy into a sand mold to form a lip structure;
hardening the ferrous alloy into a primarily martensitic structure; and
tempering the lip.

17. The method of claim 16, wherein the hardening of the ferrous alloy is by air
hardening.

18. The method of claim 16, wherein the hardening of the ferrous alloy is by

quenching.

19. The method of any of claims 16-18, wherein the ferrous alloy includes 3%-6%
nickel by weight and 0.12% or less carbon by weight.

20. The method of any of claims 16-19, wherein the ferrous alloy includes 3% or
less by weight of each of manganese, silicon and molybdenum.

21. The method of any of claims 16-20, wherein the ferrous alloy includes 0.10%
or less of each of carbon, manganese, silicon, and molybdenum by weight.

22. A method of making a cast lip for use with excavating equipment, the method
comprising:

melting a stainless steel with 0.12% or less carbon by weight;

feeding the stainless steel into a sand mold to form a lip structure;

10
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hardening the ferrous alloy into a primarily martensitic structure; and
tempering the lip.

23. The method of any of claims 16-22, wherein the lip structure is formed to
include a plurality of forwardly projecting noses each for mounting a tooth component.

24, The method of any of claims 16-23, wherein the lip structure weighs at least
6500 pounds.

25. The method of any of claims 16-23, wherein the lip structure has a maximum

thickness of at least 9 inches.

11
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