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(54) METHOD FOR DESIGNING A PREARRANGED HARD SURFACE OR HARD POINTS FOR 
CASTING PRODUCT AND CORRESPONDING CASTING

(57) Disclosed is a casting manufacturing method,
comprising: using a scanner to obtain contour data of an
unworn casting; using a scanner to obtain contour data
of the casting in a state of wear limit; obtaining contour
data of the worn-off portion according to the contour data
of the unworn casting and the contour data of the casting
in a state of wear limit; and manufacturing a hard surface
or arranging hard points according to the contour data of
the worn-off portion so that the overall shape of the hard
surface or hard points is consistent with the contour of
the worn-off portion.
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Description

Related Applications

[0001] This application claims priority from Chinese
Patent Application No. 202010112564.X filed on 24 Feb
2020 and Australian Patent Application No. 2020256420
filed on 16 October 2020, the content of each is herein
incorporated by reference in its entirety.

Technical Field

[0002] The present invention relates to a design meth-
od of casting products, specifically to a method for de-
signing prearranged a hard surface or hard points for
cast steel product.

Background

[0003] Cast steel products, including cast alloy steel
products, are widely used in industrial fields, especially
in mining mechanical equipment. The manufacturing
process of cast steel products is well known. First, a mold
is designed and made, then steel is melted and the mol-
ten steel is poured into the mold and finally, the molten
steel is processed into a finished product after cooling
and shaping.
[0004] Cast steel products and mechanical products
of any other material have the problem of wear during
use. If the wear reaches a certain degree, the product
must be scrapped and its service life will end. In order to
enhance wear resistance and prolong the service life of
the product, in the prior art, a surface layer made of a
more wear-resistant material, i.e., a hard surface, is add-
ed to the surface of the cast steel product, or, a plurality
of columns made of a more wear-resistant material are
embedded on the surface of the cast steel product, that
is, a plurality of hard points are embedded. The materials
constituting the hard surface or hard points include, for
example, Al2O3, tungsten carbide, titanium carbide,
nickel-chromium alloy and zirconium alloy.
[0005] In the prior art, the setting of a hard surface or
hard points has the following defects:

1. Too many human factors;
2. Lack accurate diagnosis and analysis formed
based on the wear characteristics of castings;
3. Unable to provide an objective and error-free hard
surface or hard point design scheme; and
4. Without a design scheme, the research and de-
velopment of hard surface technology stays in tech-
nological update of hard surface and hard point ma-
terials, other than reasonable application of existing
technologies, thereby wasting huge resources.

Summary

[0006] It is an object of the present invention to sub-

stantially overcome or at least ameliorate one or more of
the above disadvantages. In some embodiments, the
thickness distribution of the hard surface or the length
distribution of each hard point is quantitatively deter-
mined according to the actual degree of wear of the cast
steel product during use.
[0007] According to one aspect of the present disclo-
sure, there is provided a casting manufacturing method,
comprising:

obtaining contour data of an unworn casting;
obtaining contour data of the casting in a state of
wear limit;
obtaining contour data of the worn-off portion accord-
ing to the contour data of the unworn casting and the
contour data of the casting in a state of wear limit; and
manufacturing a hard surface according to the con-
tour data of the worn-off portion so that the manu-
factured hard surface and the worn-off portion have
substantially the same contour.

[0008] According to another aspect of the present dis-
closure, a casting manufacturing method is provided,
comprising: obtaining contour data of an unworn casting
(the casting can be a part of an apparatus); then, obtain-
ing contour data of the casting in a state of wear limit;
obtaining contour data of the worn-off portion according
to the contour data of the unworn casting and the contour
data of the casting in a state of wear limit; and then, man-
ufacturing a hard surface according to the contour of the
worn-off portion.
[0009] Further, putting the manufactured hard surface
into a mold and pouring molten steel or alloy into the mold
so that the cooled molten steel or alloy is combined with
the hard surface to form a casting with a hard surface.
[0010] In an embodiment, the material constituting the
hard surface and the materials for other parts of the cast-
ing have similar mechanical properties.
[0011] In an alternative embodiment, the material con-
stituting the hard surface is more corrosion resistant than
the materials for other parts of the casting.
[0012] According to another aspect of the present dis-
closure, a casting manufacturing method is provided,
comprising: obtaining contour data of an unworn casting;
then, obtaining contour data of the casting in a state of
wear limit; obtaining contour data of the worn-off portion
according to the contour data of the unworn casting and
the contour data of the casting in a state of wear limit;
determining the maximum fusible density of molten steel
and hard points and setting the actual hard point density
and thickness of each hard point (e.g., cross section or
diameter) to be adopted (the actual hard point density to
be adopted is smaller than or equal to the maximum fu-
sible density of molten steel and hard points); calculating
the total number of hard points and the coordinates of
each hard point on the horizontal plane according to the
set actual hard point density to be adopted; calculating
the length of each hard point (i.e., the total cross section
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length of numerous particles of the wear-resistant mate-
rial constituting the hard point) according to the contour
data of the worn-off portion and the coordinates of each
hard point; manufacturing hard points with a correspond-
ing length and required transverse section; fixing the plu-
rality of hard points to corresponding coordinates in the
mold respectively, with the length of each hard point be-
ing consistent with the thickness at the corresponding
location of the contour data of the worn-off portion; and
pouring molten steel or alloy into the mold so that the
cooled molten steel or alloy is combined with the hard
points to form a casting with hard points.
[0013] In the foregoing casting manufacturing method,
those skilled in the art can understand that the step of
determining the maximum fusible density of molten steel
and hard points is to determine the maximum weight ratio
between molten steel or alloy and hard points to keep
the weight ratio between molten steel or alloy and hard
points in a reasonable range, thereby ensuring that the
solid composite of the molten steel or alloy and the hard
points is firm, not easy to generate cracks, and ensuring
that the hard points are not easy to fall off.
[0014] Further, if the length of the hard points is too
large, the hard points cannot be firmly fused with the cast-
ing. That is to say, in practical applications, the length of
the hard points has an upper limit, i.e., the maximum
usable length of hard points. If the worn length (or depth)
at some locations of the extremely worn surface exceeds
the maximum usable length of hard points, the arrange-
ment of each hard point should be reduced in proportion
to the maximum usable length to ensure that the contour
of wear limit is basically consistent with the contour of
the original casting.
[0015] The present invention further provides a casting
manufactured according to the method of the present
invention and arranged with a hard surface or hard points.

Brief Description of the Drawings

[0016] Preferred embodiments of the present invention
will now be described, by way of example only, with ref-
erence to the accompanying drawings, in which:

Fig. 1 is a schematic sectional view of an irregularly
shaped casting according to an embodiment of the
present invention;

Fig. 2 is a schematic sectional view of the casting
shown in Fig. 1 when it reaches the limit of its service
life after being worn;

Fig. 3 is a comparison diagram of the sectional con-
tours before and after wear obtained by overlapping
the sectional views in Fig. 1 and Fig. 2;

Fig. 4 is a sectional view of a hard surface manufac-
tured according to an embodiment of the present in-
vention;

Fig. 5 is a sectional view of a casting arranged with
a hard surface according to an embodiment of the
present invention;

Fig. 6 is an overlapping diagram obtained by over-
lapping a comparison diagram of the sectional con-
tours of a casting not arranged with a hard surface
before and after wear and a comparison diagram of
the sectional contours of a casting arranged with a
hard surface according to an embodiment of the
present invention before and after wear;

Fig. 7 is a flow diagram of manufacturing a casting
arranged with a hard surface according to an em-
bodiment of the present invention;

Fig. 8 is a schematic sectional view of a casting ar-
ranged with a plurality of hard points according to an
embodiment of the present invention;

Fig. 9 is a schematic sectional view of a casting ar-
ranged with a plurality of hard points according to an
alternative embodiment of the present invention;

Fig. 10 is a flow diagram of manufacturing a casting
arranged with hard points according to an embodi-
ment of the present invention.

Detailed Description

[0017] In order to make the objects, technical solutions
and advantages of the present invention more evident,
the present invention is further described in detail below
with reference to embodiments and accompanying draw-
ings. It should be understood that the specific embodi-
ments described herein are intended to illustrate and not
to limit the present invention.
[0018] Fig. 1 is a sectional contour diagram of a hypo-
thetical irregularly shaped casting 100 (the casting is, for
example, a cast steel product) in an example of the
present invention. The casting 100 is to be assembled
into an apparatus including a plurality of parts. During
use, the casting 100 and other parts of the apparatus are
in contact with and wear each other, so that the upper
surface 101 of the casting 100 is gradually worn. In order
not to lose universality, the casting 100 in this embodi-
ment shown in Fig. 1 has an irregular upper surface 101,
but it is not a limitation and the method of the present
invention can be applied to castings with various regular
geometric shapes or irregular shapes.
[0019] In a method according to an embodiment of the
present invention, firstly, a scanner is used to scan a
casting 100. For example, a scanning instrument accu-
rate to 0.01 mm is used to obtain a sectional view of Fig.
1. In Fig. 1, the upper surface 101 of the casting 100 is
an irregular surface. For easy description, it is assumed
that in actual use, only this irregular surface 101 is worn
and other surfaces are not worn, or the wear of other
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surfaces can be ignored. However, the present invention
is not limited to this and the method of the present inven-
tion can also be used in a situation where a plurality of
surfaces of the casting are worn.
[0020] The condition of wear of the casting 100 during
use is simulated in a laboratory. The upper surface 101
of the casting 100 shown in Fig. 1 is ground (or used) so
that the upper surface 101 of the casting 100 is worn until
the limit of service life of the casting 100 is reached. The
foregoing scanner is used to scan the casting that has
reached the limit of service life to obtain a sectional con-
tour diagram of a worn casting 200 that has been used
to a limit state as shown in Fig. 2. The casting 200 in a
limit state has an upper surface 201. Fig. 2 is a sectional
contour diagram of the casting 200 that can still be used
normally and is in a state of wear limit. That is to say, on
the basis of the sectional contour diagram of Fig. 2, if the
upper surface 201 of the casting 200 is further worn any
more, the casting 200 will be scrapped.
[0021] Fig. 3 is a comparison diagram of the sectional
contours before and after wear obtained by overlapping
the sectional views in Fig. 1 and Fig. 2. In Fig. 3, the
shaded area represents the difference between the two
sectional views, that is, the shaded area 110 represents
the worn-off portion of the casting 100. It can be seen
from Fig. 3 that the amount of worn-off substance 110 of
the casting 100 (i.e., the thickness worn off) varies with
locations. Although Fig. 1 to Fig. 3 only show the two-
dimensional sections of the casting, three-dimensional
shapes of the casting (unworn and worn) can be obtained
through scanning, and by comparing the three-dimen-
sional shape of the unworn casting 100 with the three-
dimensional shape of the casting 200 that has been worn
to the limit, the three-dimensional shape of the worn-off
substance 110 can be obtained.
[0022] In the foregoing embodiment, the worn casting
200 that has been used to a limit state as shown in Fig.
2 is obtained through simulation in a laboratory. The
present invention is not limited to it. For a part used after
it is installed on an apparatus, the part can be removed
from the apparatus after it has been used and worn to a
limit state (or approximate to a limit state), and then is
scanned with a scanner to obtain a sectional view (or
three-dimensional contour data) of the casting 200 that
is worn to a limit state (or approximate to a limit state) as
shown in Fig. 2.
[0023] After the contour data of the worn-off substance
110 is obtained as described above, a hard surface is
manufactured according to the contour data of the worn-
off substance 110 so that the manufactured hard surface
and the worn-off substance 110 have the same contour.
[0024] Specifically, the external surfaces of the shaded
area 110 in Fig. 3, including the upper surface 101 and
the lower surface 201, are both known, and data of these
external surfaces are obtained by scanning as described
above. In an embodiment, a first mold is made according
to the shaded area 110 in Fig. 3. The first mold has an
inner cavity in a shape same as the contour of the worn-

off substance 110. A material for hard surface is melted
and poured into the first mold, i.e., injected into the cavity.
After the material for hard surface is cooled, a hard sur-
face 120 is obtained, as shown in Fig. 4. The hard surface
120 and the worn-off portion in Fig. 3, i.e., the shaded
area 110, have the same shape. As shown in Fig. 4, the
hard surface 120 has an upper surface 121 and a lower
surface 122. The upper surface 121 is the same as the
unworn upper surface 101 of the casting 100 shown in
Fig. 1 and the lower surface 122 of the hard surface 120
is the same as the upper surface 201 of the casting 100’
that is worn to the limit as shown in Fig. 2.
[0025] Next, a second mold is made according to the
shape of the casting 100. The second mold has an inner
cavity in a shape same as the casting 100.
[0026] Then the hard surface is arranged on a corre-
sponding side of the inner cavity of the second mold, so
that the upper surface 121 of the hard surface 120 is
attached to a side wall of the inner cavity with the same
shape. Then, molten steel is poured into the mold (the
present invention does not limit the material to molten
steel, as long as the material is the same as the material
constituting the casting 100). After the molten steel is
cooled, the steel is solidified to the lower surface of the
hard surface 120 to form a complete casting 100’, as
shown in Fig. 5.
[0027] Fig. 5 is a schematic sectional view of a casting
100’ arranged with a hard surface 120 and manufactured
according to this embodiment. The appearance of the
casting 100’ with a hard surface is the same as that of
the casting 100 shown in Fig. 1, but the uppermost part
of the casting 100’ in Fig. 5 is a hard surface 120 made
of a wear-resistant material, while the casting 100 in Fig.
1 does not have a hard surface. Except for the hard sur-
face 120, the materials for other parts of the casting 100’
shown in Fig. 5 are the same as the casting 100. Further,
the sectional view of the casting 100’ arranged with a
hard surface 120 in Fig. 5 looks similar to Fig. 3, but the
shaded area 110 in Fig. 3 represents the material that is
worn away, while the shaded area 120 in Fig. 5 repre-
sents a hard surface.
[0028] Then, the casting 100’ is scanned to obtain its
contour data (it is the same as the contour of the casting
100. Alternatively, the contour data of the casting 100
can be used to substitute the contour data of the casting
100’).
[0029] Next, the situation where the casting 100 is worn
in the use state is simulated again and the casting 100’
with a hard surface manufactured above is ground (the
inventors of the present invention performed simulated
grounding in the laboratory). The grinding method is the
same as the foregoing grinding method for the casting
100 without a hard surface. After the casting 100’ with
the hard surface 120 is worn to a limit state (compared
to the embodiment shown in Fig. 1, it takes a longer time
to reach a state of wear limit because the hard surface
is arranged in this embodiment), a scanner is used to
obtain a contour diagram of the casting 100’. The contour
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diagram of the casting 100’ that has been worn to a limit
state is shown as the solid curve in Fig. 6. This contour
is very similar to the contour of the casting 100 not having
a hard surface and worn to a limit state as shown in Fig.
2. Then, the contour diagram is overlapped with the sec-
tional contour diagram without wear to form a comparison
diagram of sectional contours before and after wear. The
comparison diagram of sectional contours is overlapped
with the comparison diagram of sectional contours of the
casting 100 without a hard surface before and after wear
as shown in Fig. 3 to obtain Fig. 6. Among them, the
contour curve with wear to a limit state in Fig. 3 is shown
as a dashed line and the contour curve with wear to a
limit state after the hard surface is arranged in this em-
bodiment is shown as a solid line. It can be seen from
Fig. 6 that the sectional contour of the casting 100 with
a hard surface cast according to the present invention in
a state of wear limit (solid line) is very similar to the sec-
tional contour of the casting 100 without a hard surface
in a state of wear limit (dash line). In other words, the
hard surface 120 arranged in the casting 100’ according
to the present invention can be completely worn away in
actual use. This is because the present invention has
precisely designed the shape of the hard surface 120.
[0030] In contrast, in the prior art, due to inaccurate
design of the hard surface, some locations of the hard
surface of the casting have been worn through (in other
words, the hard surface material is completely worn
away), resulting in scrapping of the casting, while some
locations of the hard surface are still very thick, so when
the casting is scrapped, there is still a lot of hard surface
material remaining on the casting. As the more wear-
resistant hard surface material is relatively expensive,
this increases the cost of casting manufacturing in the
prior art. The present invention designs the shape of the
hard surface 120 reasonably and accurately, so that
when the casting 100’ reaches the wear limit, the hard
surface 120 is basically completely worn away, thereby
making full use of the hard surface material.
[0031] By referring to the flow diagram shown in Fig.
7, a method for manufacturing a casting arranged with a
hard surface according to an embodiment of the present
invention is introduced below.
[0032] At step S1100, an unworn casting 100 is
scanned, for example, with a scanner, to obtain contour
data of the casting 100. The contour data can be spatial
coordinates of the points on the outer surface of the cast-
ing 100. At step S1200, a casting 200 in a state of wear
limit is scanned to obtain contour data of the casting 200.
At step S1300, the contour data of the unworn casting
100 is compared with the contour data of the casting 200
in a state of wear limit to obtain contour data of the worn-
off substance, for example, obtain contour data of the
shaded area shown in Fig. 3. At step S1400, a hard sur-
face is manufactured according to the contour data of
the worn-off substance obtained at the step S1300 so
that the contour of the hard surface is the same as the
contour of the worn-off substance. In an embodiment,

the step S1400 includes making a first mold according
to the contour data of the worn-off substance and then
pouring molten wear-resistant substance into the mold
to obtain a hard surface after the wear-resistant sub-
stance is cooled and shaped.
[0033] The subsequent steps also include making a
second mold according to the shape of the unworn cast-
ing 100, putting the completed hard surface into the sec-
ond mold to keep the top surface of the hard surface fit
the corresponding surface of the second mold, injecting
molten steel (as required, it can be an alloy molten liquid
made of other components), taking it out from the mold
after the molten steel is cooled and solidified to a side of
the hard surface, to obtain a casting with a hard surface.
[0034] The above has introduced an embodiment of
the present invention for arranging a hard surface on a
casting. Alternatively, in other embodiments, a plurality
of hard points can be used instead of a hard surface and
a plurality of hard points can be arranged in a regular
density (in other embodiments, the density of hard points
can be irregular, too) to form a hard surface that can tally
with natural wear. Such hard surface formed by points
can retain a contour of limit wear and at the same time
increase the service life of the product and optimize the
layout of the hard surface. It replaces the conventional
design of fixed hard surface. The so-called hard points
are shaped columns with a certain length formed by a
wear-resistant material, or a plurality of particles formed
by a wear-resistant material. The so-called hard points
are columns with a certain length made of a wear-resist-
ant material and the columns extends downward from a
surface 101 of the casting to be worn (towards the inside
of the casting). As the material constituting the hard
points is more wear-resistant than the material constitut-
ing the casting 100, a number of hard points are arranged
on the surface 101 of the casting 100.
[0035] Fig. 8 is a schematic sectional view of a casting
100" arranged with a plurality of hard points 160 accord-
ing to an embodiment of the present invention. The con-
tour of the casting 100" in the figure is same as that of
the casting 100 shown in Fig. 1 and that of the casting
100’ shown in Fig. 5. Particularly, the upper surface 121
of the casting 100" is the same as the upper surface 101
of the casting 100 in Fig. 1. In this figure, the hard points
160 are shown as black columns. Every hard point 160
is made of a wear-resistant material to improve the wear
resistance of the casting 100". A plurality of the hard
points 160 are equally spaced and extend downward
from a top surface 121 of the casting 100" (it is also called
as a longitudinal direction. The direction perpendicular
to it is called a horizontal direction). Each hard point 160
has an upper end and a lower end and the length of each
hard point 160 corresponds to the thickness at a corre-
sponding location of the hard surface 120 shown in Fig.
4. In other words, the hard points 160 are arranged in
such a way that the upper surface 121 of each hard point
160 is the same as the upper surface 121 of the hard
surface 120 in Fig. 4 and the lower surface 122 of each
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hard point 160 is the same as the lower surface 122 of
the hard surface 120 in Fig. 4.
[0036] The hard points are manufactured by bonding
particles of a wear-resistant material (also known as hard
point particles) together through a bonding substance to
form columns with a certain length and cross section.
The length of a hard point refers to the longitudinal length
of the columnar hard point, or in other words, the length
of the hard section of a columnar body formed by hard
point particles. According to the existing technology, the
minimum hard points are 1.5 mm in diameter and the
fusible bonding spacing (i.e., the distance between ad-
jacent hard points) can be reduced to 1 mm. The maxi-
mum hard points can be up to 100 mm in diameter. As
their specific gravity is large, the fusible bonding spacing
must be at least 100 mm. In a preferred embodiment of
the present invention, each of the columns is 16 to 20
mm in diameter and there is a distance of 20 to 25 mm
between adjacent hard points.
[0037] In practical applications, the length of hard
points will be limited. If the length of the hard points is
too large, the hard points cannot be firmly fused with the
casting. That is to say, in practical applications, the length
of the hard points has an upper limit, i.e., the maximum
usable length of hard points. If the worn length (or depth)
at some locations of the extremely worn surface exceeds
the maximum usable length of hard points, the arrange-
ment of each hard point should be reduced in proportion
to the maximum usable length to ensure that the contour
of wear limit is basically consistent with the original cast-
ing.
[0038] Fig. 9 shows such an embodiment. Fig. 9 and
Fig. 8 show the same unworn surface 121 of a casting.
The difference between Fig. 9 and Fig. 8 is that in Fig.
8, the location of the surface 122 in a state of wear limit
is shallower, while in Fig. 9, the location of the surface
122 in a state of wear limit is deeper, so that the thickness
of the worn-off portion of the casting exceeds the maxi-
mum usable length of hard points. For example, the hard
point at A1-A3 in Fig. 9 has the maximum usable length.
At this location, the thickness of final wear is the thickness
of A1-A2, greater than the maximum usable length of the
hard point at A1-A3. Below the setting of the length of
each hard point in this case is introduced.
[0039] Further, by referring to Fig. 9, the hard point at
B1-B3 is taken as an example to introduce a method for
determining the length of each hard point. Let the dis-
tance from point A1 to point A2 be dA, which is the thick-
ness of the casting that is finally worn at point A; and the
distance from point B1 to point B2 be dB, which is the
thickness of the casting that is finally worn at point B. It
is assumed that the wearing rate of all locations (all
points) of a component is constant during the process
from an unworn state to a state of wear limit. It is assumed
that the wear rate at point A is VA and the wear rate at
point B is VB and the two satisfy the following relation: 

[0040] Let the length from point A1 to point A3, i.e., the
length of hard point A, be LA, and the length from point
B1 to point B3, i.e., the length of hard point B, be LB, and
the two satisfy the following relation: 

i.e., the length of the hard point at point B is: 

[0041] In other words, the length LB of each hard point
should be set according to Formula (2). In Fig. 9, point
A is a reference point. At point A, the depth of final wear
is greater than or equal to the maximum usable length
of hard points. Further, in the figure, point B is adjacent
to point A, and this is just an example. In fact, point B
can be at any location of the casting and the hard point
at point B represents any hard point on the casting.
[0042] Below the method of manufacturing a casting
with hard points according to an embodiment of the
present invention with reference to the flow diagram
shown in Fig. 10.
[0043] Steps S2100, S2200 and S2300 in Fig. 10 are
the same as corresponding steps S1100, S1200 and S
1300 in Fig. 7 and are not described in detail herein.
Below the differences between the flow diagram shown
in Fig. 10 and the flow diagram shown in Fig. 7 are intro-
duced.
[0044] At step S2400, calculate the total number of
hard points and the coordinates of each hard point on
the horizontal plane according to the density of hard
points to be arranged. The horizontal plane here refers
to a plane perpendicular to the longitudinal direction of
hard points 160 in Fig. 8.
[0045] At step S2500, calculate the longitudinal length
of each hard point according to the contour data of the
worn-off portion and the calculated coordinates of each
hard point on the horizontal plane. The longitudinal length
of each hard point corresponds to the distance between
the unworn surface 101 and the surface 201 in a state
of wear limit shown in Fig. 3 at the coordinates of this
hard point.
[0046] At step S2600, manufacture columnar hard
points with a corresponding length and required diame-
ter. Various methods in the prior art can be used to man-
ufacture the hard points. In this embodiment, the diam-
eter (or cross-section) of each of the columnar hard points
is the same.
[0047] At step S2700, fix the manufactured hard points
to corresponding coordinates in the mold. It is clear to
those skilled in the art that various methods in the prior
art can be used to fix each hard point.
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[0048] The subsequent steps also include pouring mol-
ten steel into a mold arranged with hard points (alterna-
tively, it can be an alloy molten liquid made of other com-
ponents). The molten steel will enter spaces among the
hard points. After the molten steel is cooled and solidified
with each hard point into a body, it is taken out from the
mold to obtain a casting arranged with hard points.
[0049] The above figures show two-dimensional sec-
tional views of a casting. Those skilled in the art can read-
ily understand that a scanner can be used to scan the
casting surface, thereby obtaining a curved surface of
the casting distributed in a three-dimensional space. Ac-
cording to the curved surfaces of the casting distributed
in a three-dimensional space before and after wear of
the casting, a three-dimensional distribution of a hard
surface or hard points can be manufactured.
[0050] It can be seen from the foregoing introduction
that the design basis of hard surface and hard points of
the present invention is to ensure the contour of a casting
manufactured according to the present invention in a
state of wear limit is the same as or consistent with the
contour of the original casting in a state of wear limit,
thereby assuring the stability and use safety of the prod-
uct as an accessory. The casting manufactured using
the hard surface casting technology of the present inven-
tion not only is wear resistant (because a hard surface
or hard points are added) but also the sectional contour
in a state of wear limit is basically consistent with the
sectional contour of the casting without a hard surface
or hard points in a state of wear limit, thereby making full
use of the added wear-resistant material, further prolong-
ing the service life of the casting and reducing manufac-
turing cost.
[0051] In another aspect of the present invention, the
properties of a material for hard surface or hard points
are selected according to the properties of the material
for casting 100. According to the defects of the existing
mechanical properties of the material for casting 100, a
material for hard surface or hard points is selected in a
targeted manner. The purpose is to make up for the ex-
isting defects of the product through material upgrading
of the surface or points, thereby improving the overall
performance and service life of the casting.
[0052] In an embodiment, the mechanical properties
of the selected material for hard surface or hard points
are the same as or similar to those of the original casting
material. This can ensure that after the hard surface or
hard points are formed, the entire product will not have
other unexpected wear curves due to difference between
the worn surface and other surfaces in mechanical prop-
erties, resulting in unstable overall performance of the
product.
[0053] In an alternative embodiment, the selected ma-
terial for hard surface or hard points is more corrosion
resistant than the original casting material.
[0054] Although the present invention is described
through specific embodiments, those skilled in the art
should understand that various changes and equivalent

replacements can be made to the present invention with-
out departing from the scope of the present invention. In
addition, for specific situations or materials, various mod-
ifications can be made to the present invention without
departing from the scope of the present invention. There-
fore, the present invention is not limited to the disclosed
specific embodiments, but should include all the imple-
mentation manners falling within the scope of the disclo-
sure herein of the present invention.

Claims

1. A casting manufacturing method, comprising:

obtaining contour data of an unworn casting;
obtaining contour data of the casting in a state
of wear limit;
obtaining contour data of the worn-off portion
according to the contour data of the unworn cast-
ing and the contour data of the casting in a state
of wear limit; and
manufacturing a hard surface according to the
contour data of the worn-off portion so that the
manufactured hard surface and the worn-off
portion have substantially the same contour.

2. The manufacturing method according to claim 1, fur-
ther comprising,
putting the manufactured hard surface into a mold,
and
pouring molten steel or alloy into the mold so that
the cooled molten steel or alloy is combined with the
hard surface to form a casting with a hard surface.

3. The manufacturing method according to claim 1 or
2, wherein the material constituting the hard surface
is more wear resistant than the materials for other
parts of the casting.

4. The manufacturing method according to any one of
claims 1 to 3, wherein the material constituting the
hard surface and the materials for other parts of the
casting have similar mechanical properties.

5. The manufacturing method according to any one of
claims 1 to 3, wherein the material constituting the
hard surface is more corrosion resistant than the ma-
terials for other parts of the casting.

6. The manufacturing method according to any one of
claims 1 to 5, wherein the step of obtaining contour
data of the casting in a state of wear limit comprises,
scanning the casting that is worn approximately to a
limit state in actual use to obtain its contour data; or,
manually grinding the casting in a simulated use
state, and scanning the casting when it is worn ap-
proximately to a limit state to obtain its contour data.
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7. The manufacturing method according to any one of
claims 1 to 6, wherein:
the step of manufacturing a hard surface according
to the contour data of the worn-off portion comprises:

calculating the total number of hard points and
the coordinates of each hard point on the hori-
zontal plane according to the maximum fusible
pasting density of molten steel or alloy and hard
points;
calculating the length of each hard point accord-
ing to the contour data of the worn-off portion
and the coordinates of each hard point;
manufacturing hard points with a corresponding
length and required transverse section;
fixing the plurality of hard points to correspond-
ing coordinates in the mold respectively, with
the length of each hard point being consistent
with the thickness at the corresponding location
of the contour data of the worn-off portion; and
pouring molten steel or alloy into the mold so
that the cooled molten steel or alloy is combined
with the hard points to form a casting with hard
points.

8. The manufacturing method according to claim 7,
wherein when the thickness of final wear exceeds
the maximum usable length of hard points, the step
of calculating the length of each hard point compris-
es:

selecting a reference point A, where the hard
point has the maximum usable length LA,
determining the length of any other hard point B
according to the following formula, 

where, LB is the length of hard point B, dA is the
thickness of final wear at point A and dB is the
thickness of final wear at point B.

9. The manufacturing method according to claim 7 or
8, wherein,
the diameter of each hard point is 1.5 to 100 mm.

10. The manufacturing method according to claim 9,
wherein,
the diameter of each hard point is 16 to 20 mm and
the distance between two adjacent hard points is 20
to 25 mm.

11. The manufacturing method according to any one of
claims 7 to 10, wherein the material constituting the
hard points and the materials for other parts of the
casting have similar mechanical properties.

12. A casting, manufactured by a method according to
any one of the preceding claims.
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