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ABSTRACT OF THE DISCLOSURE

A cutting edge is formed by build-up welding on a die of a die assembly
made of a base material of an aluminum/copper-based zinc'alloy. The cutting edge
compriscs an undcrlying laycr and an overlying layer. The underlying layer is made of
a copper alloy that can be welded to both a zinc alloy and 2 nickel alloy, and the over-
lying layer is made of a nickel alloy., The cutting edge is of high machinability, high
durability, and high hardness. .




R

CA 02336558 2001-02-14

DIE ASSEMBLY AND METHOD OF MANUFACTURING DIE ASSEMBLY

BACKGROUND OF THE INVENTION
Field of the Invention:
The present invention relates to a die assembly such as a pressing dic as-
sembly for bending a blank to a desired shape or a trimming die assembly for drawing

a blank and trimming a peripheral edge therebf, and a method of manufacturing such a

“die assembly.
Description of the Related Art:

Automotive bodies are produced by pressing, drawing, and trimming
blanks.

Die assemblies for pressing, drawing, and trimming blanks are generally
made of cast iron or cast steel, and so rigid that they can withstand several hundred
thousand pressing cycles. However, such die assemblies are expensive to manufac-
ture. ‘

Other die assemblies which do not machine blanks, but are relatively in-
expensive to manutacture and suitable for manufacturing products of many different
types in small quantities are made of base materials of zinc alloy, as disclosed in
Japanese laid-open patent publications Nos. 5-84591, 5-195121, 5-208296, and 5-
237656.

Specifically, Japanese laid-open patent publication No. 5-84591 discloses
that a zinc alloy containing magnesium and aluminum and having a Vickers hardness
of 150 or more is welded on a zinc alloy containing aluminum and copper by build-up
- welding. .

Japanese laid-open patent publication No. 5-195121 proposes a zinc alloy

for a pressing die assembly, which is made of 9.5 - 30 wt % of aluminum, 6.0 - 20

wt % pf copper, 0.01 - 0.2 wt % of magnesium, and the remainder of zinc.
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Japanese laid-open patent publication No. 5-237656 shows a method of
repaing a die assembly of aluminum by plating only a peripheral region of the die
assembiy, except for a region to be repaired, with Ni — P, and padding the region to be
repaired with a filler metal for thereby achieving desired hardness of the peripheral
region.

' According to Japanese laid-open patent publication No. 5-208296, it has
been proposed 1o use a zinc alloy as a base material of a die assembly for molding
plastics and to use an aluminum alloy containing Si or the like as a filler metal for re-
pairing the die assembly,

Die assemblies made of base materials of zinc alloy are lightweight, easy
to cast, and of excellent maintainability, Though zinc alloys have excellent ma-
chinability, they are soft. Therefore, a different _mcta] necds to be added to a certain
region of zinc alloy if a cutting edge or the like is mounted on the zinc alloy. -

Specifically, even if a zinc alloy containing magnesium and aluminum or
an aljuminum alloy containing Si or the like is welded on a zin¢ zalloy containing alu-
minum and copper by build-up welding, as disclosed in Japanese laid-open patent
publications Nos. 5-84591 and 5-208296, the welded region is not sufficiently hard
for use as a trimming blade. The method disclosed in Japanese Jaid-open patent pub-
lication No. 5-237656 fails to achieve a sufficient level of hardness.

Therefore, die assemblies of zinc alloy are actually limited to use as die
assemblies for molding plaslics.

Japanese laid-open patent publication No. 5-195121 proposes 2 pressing
dic assembly, which has a cutting edge that needs to be hard and a bending member
that needs to be resistant to wear. Howcver, the problems of the cutting edge and the
bending member remain to be solved.

According to other proposals, a cutting edge that needs to be hard is not

formed by build-up welding, but a region to serve as a cutting edge is plated with a
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hard chromium layer or a cutting edge is formed by evaporation, sputtering, or the
like. With these proposals, however, it is difficult to form 2 cutting edge of a thick-
ness required to keep it durable. Tn addition, these proposed processes are not cost-
effective enough.

Furthermore, as disclosed in Japanese patent No. 2838657, a cutting edge
is formed by defining a bevel on an edge of a die assembly, welding a filler metal of
nigh hardness on the bevel-by build-up welding, and then grinding the filler metal
with a grinder, However, it is known in the art that only a Cu-based or Zn-based ma-
terial can be directly welded to a zinc alloy, but there is no Cu-based or'Zn-b.ased ma-
terial that is hard enough for use s a cutting edge material.

SUMMARY OF THE INVENTION

The weldr.-.xbilit}r of a zinc alloy and a nickel alloy with respect to each
other 1s so poor that the nickel alloy cannot be welded on the zinc alloy to form a
highly hard build-up welded region. As a result of studies made by the inventors of ,
the present invention, it has been found that a copper alloy can be weld éd to both a
zinc alloy and a nickel alloy. The present invention resides in that an underlying layer
of copper alloy is welded on a base material and an overlying layer of nickel alloy 1s
welded on the underlying layer.

A die assembly according to the present invention comprises an upper die
and a lower die for trimming or bending a workpiece, at least one of the upper die and
the lower die having a cutting edge or a bending member. The upper die and the
lower die being made of a base material of an aluminum/copper-based zinc alloy, the
cutting edge or the bending member having a machined build-up welded region com-
prising an underlying layer made of a filler metal of a copper-based material that can
be welded to a zinc alloy and an overlying layer made of a filler metal of a nickel-

based material thal has a sulficieni hardness and can be welded 1o (he underlying layer

of the copper-based material. '
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If the overlying layer is brought into contact with the base material when
1t 1s welded on the underlying layer, sputtering occurs, causing a welding defect. It is
therefore necessary to weld the overlying layer on the underlying'layer out of contact
with the base material.

h The at least one of the upper dic and the lower dic may have a bevel on
which the cutting edge or the bending member is disposed. The bevel has a vertical
dimension which substantially corresponds to the width of one weld pass of weld
‘beads and a horizontal dimension which substantially corresponds to the width of two
weld passes of weld beads, and including a flat area in a transversely outer region
thereof, the flat area having a width which substantially cérresponds (o the width of
| one-weld pass of weld beads. With this structure, the underlying layer is prevented
from falling, and sputtering and blow holes are prevented from occurring due to cop-
tact between the base material and the overlying layer.

For effectively preventing blow holes from occurring, the bevel may have
a chamfered surface and an extension extending therefrom. The underlying layer Is
disposed in covering relation to the bevel in its entirety and made of a copper-based
material, and the overlying layer is disposed on the underlying layer out of contact
with the base material and made of a nickel-based material. The overlying layer can
be welded while a produced gas is being discharged through the underlying layer
formed on the extension. |

The copper-based material may be pure copper, aluminum bronze, silicon
bronze, or the like. For better weldability, silicon bronze is most preferable.

The silicon bronze is preferably composed of 1.0 — 8.0 wt % of Si. 0.3 —
4.0 wt % of Mn, 0.03 - 4.5 wt % of Pb, 0.03 — 11.0 wt % of Al, 0.03 — 7.0 wt % of Ni,
0.03 — 6.0 wt % of Fe, and the remainder of Cu.

Si (silicon) is an element required for deoxidization, and is also an ele-

ment for increasing hardness. If the amount of Si were less than 1.0 wt %, then de-




Nl

CA 02336558 2001-02-14

oxidization would be insufficient and blow holes would be liable to occur. If the
amount of S1 exceeded 8 wt %, then the silicon bronze would not be of a one-phase
structure, but many phases would be precipitated, and the structure would become
fragile.

Mn (mangancsc) is an element required for deoxidization and desulfuri-
zation. If the amount of Mn were less than 0.3 wt %, then the effect of its addition
would not appear. If Mn were added in excess of 4.0 wt %, then no further effect
would be achieved. -

Pb (lead) is an element for increasing machinability. If the amount of Pb
were less than (.03 wt %, then almost no effect would be obtained from its addition.
It the amount of Pb exceeded 4.5 wt %, then it would easily bring about weld cracks.

Al (aluminum) is a colorant. If Al increases, then the silicon bronze
changes its color from copper red to gold, Al is also an element for increasing hard-
ness. If the amount of Al were less than 0.03 wt %, then the effect of its addition
would not appear. If the amount of Al exceeded 11 wt %, then the hardness and clon-
gation would be lowered. .

Ni (nickel) is an element effective to increase hardness. If the amount of
Ni were less than 0.03 wt %, then almost no effect would be obtained from its addi-
tlon If the amount of Ni exceeded 7.0 wt %, then it would be excessive and the hard-
ness would be lowered.

Fe (iron) is an element for reducing the grain size and Increasing hard-
‘ness. If the amount of Fe were less than 0.03 wt %, then almost no effect would be
obtained from its addition. If the amount of Fe exceeded 6.0 wt %, then 1t would be

excessive and no effect would be obtained from its addition.

- The nickel-based material of the overlying layer preferably is composed

of 1.0 - 6.0 wt % of B, 5.0 — 20.0 wt % of Cr, 1.0 - 7.0 wi % of Si, 0.03 — 4.0 wi % of
Fe, 0.5 - 6.0 wt % of Cu, and the remainder of Ni.
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B (boron) is an element for reducing the grain size and increasing hard-
ness. If the amount of B were less than 1.0 wt %, then the effect of its addition would
be extremely small. If the amount of B were in excess of 6.0 wt %, then it would be
cxcessive, tending to produce weld cracks.

Cr (chromium) is an clement for increasing hardness and increasing acid
resistance at high temperatures. If the amount of Cr were less than 5.0 wt %, then the
effect of its addition would be small. If the amount of Cr were in excess of 20.0 wt %,
then 1t would be excessive, lowering the machinability.

S1 (silicon) is 2 deoxidizing element and an element for improving fluid-
1ity. If the amount of Si were smallcr than 1.0 wt %, then the cffect of its addition for
[luidity would be small. If the amount of Si were greater than 7.0 wt %, then it would
be excessive, tending to produce weld cracks.

Fe (iron) is an element for reducing the grain size and increasing hard-
ness. If the amount of Fe were less than 0.03 wt %, then almost no effect would be
obtained from its addition. If the amount of Fe exceeded 4.0 wt %, then it would be
excessive and no effect would be obtained from its addition.

Cu (copper) is an element effective for increasing toughness. If the
amount of Cu were Iéss than 0.5 wt %, then almost no effect Would be obtained from
1ts addition. If the amount of Cu exceeded 6.0 wt %, then it would be excessive, and
the toughness would be lowered, tending to cause weld cracks.

For welding the layers on the bevel, a portion of the die along the bevel is
preheated, and then an oxide film on the bevel is removed. Thereafter, the underlying
layer is welded on the bevel. At least a portion of the die along the underlying layer is
preheated, and an oxide film on the underlying layer is removed, after which the over-

lying layer is welded on the underlying layer. The weldability of the cutting edge is

Increased by thus preheating the base material in its entirety or a portion thereof where
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the layers are to be formed by buil d-up welding; before the layers of copper-based ma- -
terial and nickel-based material are formed by build-up welding.

The bevel is preheated to about 200°C before the underlying layer is
welded on the bevel, and the underlying layer is preheated to about 250°C before the
overlying layer is welded on the underlying layer.

The underlying and overlyiné layers should preferably be welded by a
TIG (tungsten inert gas) welding process because the TIG welding process is less con-
ducive to the generation of blow holes than MIG welding and ar¢ welding processes. .

The underlying [ayer may be welded by an AC TIG welding process. The
AC TIG wclding proccss has a cleaning action to remove an oxide film to make the
underlying layer smooth. Specifically, the aluminum/copper-based zinc alloy is liable
to produce an oxide {ilm thereon which is responsible for a welding failure. Accord-
ing to the AC TIG welding process, a negative pole spot is apt to be formed in an area
where an oxide is present on the surface of the base material. The negative pole spot
removes the oxide with intensive heat, then moves toward a next oxide, and similarly -
removes the next oxide.

The AC TIG welding process is also effective to minimize the penetration
of the underlying layer into the base material, and prevent a zinc alloy of the base ma-
terial from rising to or nearly to the surface of the underlying layer, thereby preventing
8putter:ing.

If the underlying layer were welded by the AC TIG welding process, then
since the aluminum/copper-based zinc alloy has a low melting point, the base material
might be melted before the welding rod is melted, producing a hole and causing a
welding failure.

The overlying layer may be welded by a DC TIG weldin.g process. The
DC TIG welding process serves to increase the weldability. S pectfically, since the

underlying layer is made of a copper-based material which is a good heat conductor,




CA 02336558 2004-04-15

the underlying layer does not easily reach its melting point. However, because the DC
TIG welding process has a large current capacity and allows the overlyinglayer' to
penetrate deeply into the underlying layer, the underlying layer 1s melted for increased
weldability,

Both the AC TIG welding process and the DC TIG welding process
should preferably employ a shield gas of helium or a mixture of helium and argon.
Since helium 1s more effective to concentrate heat without spreading 1t than argon, it
is preferable o use a gas of helium or a mixed gas of helium and argon for TIG-
welding materials of high heat conductivity, such as zinc alloy. Itis preferable to
wcld the undcrlying laycr according to the AC TIG welding process and to weld the

overlying layer according to the DC TIG welding process.

The above and other objccts, features, and advantages of the present in-
vention will become apparent from the following description when taken in conjunc-
tion with the accompanying drawings which illustrate preferred embodiments of the
present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(2) and 1(b) are cross-sectional view of a trimming die assembly
according to the present invention, showing a process of trimming a workpiece;

FIG. 2 is a flowchart of a method of manufacturing a die assembly ac-
cording to the present invention;

FIGS. 3(a) through 3(d) are enlarged fragmentary cross-sectional views
illustrative of a process of forming a cutting edge of the trimming die assembly; '

FIG.4 (a) is a diagram of a photograpﬁ'ic représentation (x 1) showing a metal
structure of the cutting edge;

F1G. 4 (b) is a diagram of an enlarged photographic representation (x 100) of a
portion B in FIG. 4 (a):
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FIG. 4 (c) is a diagram of an enlarged photographic representation (x 100)
of a portion C in FIG. 4 (a);

FIGS. 5(a) through 5(I) are enlarged fragmentary cross-sectional views
illustrative of a process of forming a cutting edge according to another embodiment of
the present invention;

FIGS. 6(a) through 6(d) are enlarged fragmentary cross-sectional views
1llustrative of a process of forming a cutting edge according to still another embodi-

ment of the present invention; and

FIG. 7 is a fragmentary cross-sectional view of a bevel according to yet
another embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
As shown 1n F1GS. 1(a) and 1(b), a trimming die assembly comprises an
upper die 1 having an upper end attached to a vertically movable plate 3 and a lower
die 2 fixedly mounted on a base plate 4. A presser pad 5 is vertically movably sup-
ported 1n the upper die 1, with springs 6 disposed between the presser pad 5 and the

vertically movable plate 3.

The presser pad 5 has a forming recess 5a defined in a lower surface
thereof, and the lower die 2 has a land 2a for placing a workpiece W thereon. The up-
per die 1 has a cutting edge 7 on an inner peripheral edge of the lower end thereof, and
the lower die 2 has a cutting edge 8 on an outer peripheral edge of the upper end
thereof.

As shown in FIG. 1(a), after the workpiece W is placed on the land 2a of
the Jower die 2, the vertically movable plate 3, the upper die 1, and the presser pad 5
are lowered toward thc lower die 2. The presser pad S has a lower end proj ccting
slightly downwardly from the lower end of the upper die 1. Therefore, before the
lower end of the upper die 1 contacts the workpiece W, the presser pad 5 presses a

peripheral edge of the workpiece W downwardly against the outer peripheral edge of



RN

CA 02336558 2001-02-14

the upper end of the lower die 2. Continued downward movement of the upper die 1
causes the cutting edges 7, 8 to cut off the peripheral edge of the workpiece W, as
shown in FIG. 1(b).

A process of forming the cutting edges 7, 8 will be described below with
reference to FIGS. 2 and 3(2) through 3(d). Since the cutting edges 7, 8 are formed in
the same manner, only the cutting edge 8 of the lower die 2 will be described below.

As shown in F1G. 3(a), a bevel 10 is formed on the outer circumferential
cdge of the upper end of the lower die 2. Then, the bevel 10 is preheated by a burner,

or the lower die 1s preheated in its entirety, at a temperature of about 200°C. If the
preheating temperature were lower than 200°C, then a welding failure would occur, If
the preheating temperature greatly exceeded 200°C, then the base material of the
lower die 2 would be melted. Therefore, the preheating temperature should preferably
be in the vicinity of 200°C.

Thereafter, the lower die 2 is machined along the bevel 10 with a grinder
or an NC machine tool‘ to remove an oxide film. Then, as shown in FIG, 3(b), a un-
derlying layer 11 is formed on the bevel 10 by a TIG welding process. The TIG weld-
ing process is an AC (alternating current) TIG welding process performed under the
conditions of a shield gas of helium or argon and an alternating current ranging from
120 to 150 amperes.

The AC TIG welding process for welding the underlying layer 11 has a
clcaning action to remove an oxide film and minimizes the penetration of the underly-
Ing layer Into the base material, as shown in FIGS. 4(a) and 4(b). Since the penetra-
tion of the underlying layer 11 into the base material is minimized, a zinc alloy of the
base material is prevented from rising Lo or closely to the surface of the underlying
layer. If a zinc alloy rose into the underlying layef, then sputtering would be caused

when an overlying layer (described later on) is welded.

- 10 -
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A filler metal used to weld the underlying layer 11 comprises a copper
alloy. In the present embodiment, the copper alloy 1s composed of 0.84 wt % of Mn
(manganese), 3.7 wt % of Si (silicon), and the remainder of Cu (copper).

However, the copper alloy 1s not limited to the above composition, but
- should preferably be composcd of 1.0 — 8.0 wt %.of Si, 0.3 — 4.0 wt % of Mn, 0.03 -
4.5 wt % of Pb (lead), 0.03 — 11.0 wt % of Al (aluminum), 0.03 - 7.0 wt % of Ni
(nickel), 0.03 — 6.0 wt % of Fe (iron), and the remainder of Cu.

After the underlying layer 11 has bccni formed 1n covering rclaﬁon to the
entire bevel 10, the underlying layer 11, a region extending around the underlying
layer 11, and the entire lower dic 2 are heated to about 250°C. Aftcr an oxide film is
removed again using a grinder or an NC machine tool, an overlying layer 12 is formed
on the underlying layer 11 out ot contact with the base material by a T1G welding
process, as shown in FIG. 3(c).

The TIG welding process for welding the overlying layer 12 1s a DC (di-
rect current) TIG welding process performed under the conditions of a shield gas of
helium or argon and a direct current of 130 amperes. A filler metal used to weld the
overlying layer 12 comprises a nickel alloy. In the present embodiment, the nickel
alloy 1s composed of 2.3 wt % of B (boron), 3.2 wt % of Sj, and the remainder of Ni.

However, the nickel alloy is not limited to the above composition, but
should preferably be composed of 1.0 — 6.0 wt % of B, 5.0 -~ 20.0 wt % of Cr (chro-
mum), 1.0-7.0 wt % of S1, 0.03 - 4.0 wt % of Fe, 0.5 - 6.0 wt % of Cu, and thc re-
mainder of Ni.

A shield gas of helium is preferable for the reasons described below . The
DC TIG welding process allows the overlying layer to penetrate deeply into the under-
lying layer, as shown in FIGS. 4(a) and 4(c), thus increasing the peeling strength of

the cutting edge.,

- 1} -
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Then, the underlying layer 11 and the overlying layer 12 are machined
into the cutting edgc 8 by a grinder or an NC machine tool, as shown in FIG. 3(d).

The cutting edge 8 thus formed is capable of trimming workpieces in scveral ten thou-

- sand cycles.

A process of forming the cutting edge & according to another embodi-

ment of the present invention will be described below with reference to FIGS. 5(a)
through 3(f). As shown in FIG. 5(a), a bevel 20 formed on the outer circumferential
edge of the upper end of the lower die 2 has a vertical dimension t1 which substan-
tially corresponds to the width p of one weld pass of weld beads and a horizontal di-
mension t2 which substantially corresponds to the width of two weld passes of weld
beads., The bevel 20 includes a flat area 20a in a transversely outer region thereol, the
flat area 202 having a width which substantially corresponds to the width of one weld
pass of weld beads,

The vertical dimension t1 substantially corresponds to the width of one
weld pass p of weld beads because if the vertical dimension t1 were too small, then an
underlying layer would fall off the bevel when it is welded, and if the vertical dimen-
sion t1 were too large, then the number of welding cycles for forming an underlying
layer would be increased, making a subsequent machining process complex. The ver-
tical dimension t1 may nol exactly correspond to the width of one weld pass p of weld
beads, but may be in the range of the width of one weld pass p + 10 %.

The horizontal dimension t2 substantially corresponds to the width of two
weld passes of weld beads in order to form a gas discharge passage for discharging a
gas produced at the time an overlying layer is welded and also to avoid contact be-
tween the overlying layer and the base material, If the horizontal dimension t2 were
too small, the opening of the gas discharge passage would be of an insufficient size,
and if the horizontal dimension t2 were too large, then the number of welding cycles

for forming an overlying layer would be increased. The horizontal dimension t2 may

- 12 -

SR




CA 02336558 2001-02-14

- not exactly correspond to the width of two weld passes of weld beads, but may be in

the range of the width ot two weld passes + 10 %.

The width of the flat area 20a substantially corresponds to the width of
one weld pass of weld beads in order to form a barrier in welding a first underlying
layer, as described later on. The width of thc flat arca 20a may not e¢xactly correspond
to the width of one weld pass of weld beads, but may be in the range of the width of

one weld pass p * 10 %.

Then, the bevel 20 1s preheated by a burner, or the lower die 2 is pre-
heated in its entirety, at a temperature of about 200°C, If the preheating temperature
were lower than 200°C, then a welding failurc would occur. If the preheating tem-
pcramre greally exceeded 200°C, then the base material of the lower die 2 would be
melted. Therefore, the preheating temperature should preferably in the vicinity of
200°C.

Thereafter, the lower die 2 is machined along the bevel 20 with a grinder

or an NC machine tool to remove an oxide film. Then, as shown in FIG. 5(b), a first
undcrlying layer 21a is formed on the flat area 20a, and a groove 20b is formed in the
bevel 20, using the first underlying layer 21a as a barrier.

Then, as shown in FIG. 5(c), a second underlying layer 21b is welded in
the groove 20b. In the present embodiment, the first and second underlying layers are
welded. However, third and fourth underlying layers may additionally be welded de-
pending on the volumc of the groove.

‘The first and second underlying layers 21a, 21b are welded by an AC TIG

wélding process performed under the conditions of a shield gas of helium or argon

~and an alternating current ranging from 120 to 15() amperes. A filler metal used to

weld the underlying layers 21a, 21b comprises a copper alloy which is composed of

0.84 wt % of Mn, 3.7 wt % of Si,_and the remainder of Cu (copper).

- 13 -
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The AC TIG welding process for welding the first and second underlying
layers has a cleaning action to remove an oxide film and minimizes the penetration of the
underlying layers into the base material, as shown in FIGS. 4(a) and 4(b) (the two
underlying layers 21a and 21b corresponding to the single underlying layer 11 in figures
4a, 4b, and 4c¢). Since the penetration of the underlying layers into the base material 1s
minimized, a zinc alloy of the base material 1s prevented from rising to or closely to the
surface of the underlying layers. If a zinc alloy rose into the underlying layers, then
sputtering would be caused when an overlying layer (described later on) is welded.

While a shield gas of argon can be used, since helium i1s more eftective to
concentrate heat without spreading it than argon, it i1s preferable to use a gas of helium or
a mixed gas of helium and argon for TIG-welding matenals of high heat conductivity,

such as zinc alloy.

The copper alloy 1s not limited to the above composition, but should
preferably be composed of 1.0-8.0 wt % of 51, 0.3 - 4.0 wt % of Mn, 0.03 -4.5 wt % of
Pb, 0.03-1.0 wt % of Al, 0.03-7.0 wt % of N1, 0.03-6.0 wt % of Fe, and the remainder of

Cu.

After the underlying layers 21a, 21b have been formed in covering relation
to the entire bevel 20, the thickness of the underlying layers 21a, 21b (collectively
referred to as the underlying layer 21 as shown 1n FIG. 5(d)) 1s adjusted to about 2 mm by
a grinder or an NC machine tool. However, the thickness of the underlying layer 21 may
not be adjusted. -

The underlying layer 21, a region extending around the underlying layer 21,
and the entire lower die 2 are heated to about 250° C. After an oxide film 1s removed
again using a grinder or an NC machine tool, an overlying layer 22 is formed on the

underlying layer 21 out of contact with the base material by a TIG welding process, as

shown 1n FIG. 5(e).

The overlying layer 22 is formed in overlapping relation to the underlying

layer 21, which has an exposed upper surface over the groove 20b. The underlying

14
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layer 21 is nearly in a melted state due to the heat of the overlying layer 22 when it is
welded. When the overlying layer 22 1s welded, a gas 1s produced. The produced gas
passes through the underlying layer 21 in the melted state and 1s discharged from the
exposed upper surface of the underlying layer 21.

The TIG welding process for welding the overlying layer 22 1s a DC TIG
welding process performed under the conditions of a shield gas of helum or argon and a
direct current of 130 amperes. A filler metal used to weld the overlying layer 22
comprises a nickel alloy which is composed of 2.3 wt % of B, 3.2 wt % of S1 and the
remainder of Ni.

However, the nickel alloy is not limited to the above composition, but
should preferably be composed of 1.0-6.0 wt % of B, 5.0 — 20.0 wt % of Cr, 1.0 -7.0 wt
% of Si, 0.03 -4.0 wt % of Fe, 0.5- 6.0 wt % of Cu, and the remainder of Ni.

A shield gas of helium is preferable for the reasons described above. The
DC TIG welding process allows the overlying layer to penetrate deeply into the
underlying layer, as shown in FIGS. 4(a) and 4(c) (the overlying layer 22 corresponding
to the overlying layer 12 of figures 4a and 4c), thus increasing the peeling strength of the
cutting edge.

After the overlying layer 22 has been formed, it is ground into the cutting
edge 8 by a grinder, as shown mn FIG. S(f)..The cutting edge 8 thus formed has a hardness
of 41.1 (HRC) at its tip, a hardness of 37.6 (HRC) at its center, a hardness of 18.9 (HRC)
at the boundary between the underlying and overlying layers, and a hardness of 80.9
(HRC) at the boundary between the base material and the underlying layer. When
subjected to a striking test using a hammer, no crack was formed in the cutting edge 8.

A process of forming the cutting edge 8 according to still another em-

bodiment of the present invention will be described below with reference to FIGS. 6(a)

through 6(d).

15
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As shown 1n FIG. 6(a), a bevel 30 formed on the outer circumferential
edge of the upper end of the lower die 2 comprises a chamiered surface 30a and an
extension 30b extending along the upper surface of the lower die. For example, the
chamfered surface 30a has a length of 5 mm, and the extension 30b has a Jength of 8

mm and a depth of 0.5 mm. The chamfcred surface 300a may comprise a flat surface

or a round surface.

After the bevel 30 has been formed, the lower die 2 i1s preheated to re-

move an oxide film. Then, as shown 1n FIG. 6(b), an underlying layer 31 is formed on

the bevel 30 by TIG welding under the same conditions as those in the above em-

bodiments.

After the underlying layer 31 has been forrmed in covering relation to the
chamfered surtace 30a and the extension 30b, the thickness of the underlying layer 31
1s adjusted to about 2 mm by a grinder or an NC machine tool, The underlying layer
31 and a region extending around the underlying layer 31 are heated to about 250°C.
After an oxide film 1s removed again using a grinder, an overlying layer 32 1s formed
on the underlying layer 31 a DC TIG welding process under the same conditions as

those In the above embodiments, as shown in FIG. 6(c).

The underlying layer 31 extends over the extension 30b, but the overlying
layer 32 does not extend over the extension 30b. Therefore, only the underlying layer 31
1s disposed on the extension 30b and is nearly in a melted state due to the heat of the
overlying layer 32 when it is welded. When the overlying layer 32 is welded, a gas 40 i1s
produced. The produced gas 40 passes through the underlying layer 31 in the melted state

and 1s discharged from the underlying layer 21 over the extension 30b.

Then, the underlying layer 31 and the overlying layer 32 are machined
1nto the cutting edge 8 by a grinder or an NC machine tool, as shown in FIG. 6(d).
The cutting edge 8 thus formed is capable of tnmming workpieces in several ten thou-

sand cycles.

- 16 -
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FIG. 7 shows in cross section a bevel 30 according to yet another em-
bodiment of the present invention. In FIG. 7, the bevel 30 comprises a chamfered sur-
face 30a, an extension 30b extending along the upper surface of the lower die, and an
extension 30¢ extending along the vertical surface of the lower die. Since the exten-
sions 30b, 30c¢ arc positioncd on opposite sides of the chamfered surface 302, the peel-
ing strength of a resultant cutting edge is further increased.

While the trimming die assembly has been described above, the princi-
ples of the present invention are also applicable to a pressing die assembly. In each of
the illustrated embodiments, the cutting edge is constructed of two layers formed by
build-up welding. Thc othcr portion of the die than the cutting edge may be con-
structed of an underlying layer of copper alloy and an overlying layer of nickel alloy
which are formed by build-up welding.

According to the present invention, as described above, since the base
material of the die assembly is a zinc alloy, the die assembly has better machinability,
electrical-discharge-machinability, and grindability than die assemblies of cast iron,
aluminum, and steel, can be manufactured in a greatly reduced period of time, and has
excellent repairability and maintenability.

T'o form the cutting edge or bending member which poses problems when
the base material is made of a zinc alloy, a layer of nickel alloy of high hardness is not
directly welded on the base material by build-up welding, but an underlying layer of
copper alloy is welded on the base material, and then an overlying layer of nickel alloy
1s welded on the underlying layer. Therefore, the cutting edge or bending member is
of sufficiently high hardness.

The bevel for welding a cutting edge thereon by build-up welding may
have a vertical dirriension which substantially corresponds to the width of one weld
pass of weld beads and a horizontal dimension which substantially corresponds to the

width of two weld passes of weld beads, and may include a flat area in a transversely

- 17 -
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outer region thereof, the flat area having a width which substantially corresponds to

the width of one weld pass of weld beads. -With the bevel thus shaped, even if the

base material 1s made of a zinc alloy and an underlying layer of copper-based material |
and an overlying layer of nickel-based material are formed by build-up welding, the
underlying layer does not fall off when it is welded, and a gas produced when the
overlying layer is welded 1s discharged through the underlying layer. Therefore, weld-
ing defects such as blow holes are avoided, and a cutting edge of excellent peeling
strength can be formed by build-up welding,.

The bevel for welding a cutting edge thereon by build-up welding may
have a chamfered surface and an extension extending therefrom. With the bevel thus
shaped, even if the base material is made of a zinc alloy and an underlying layer of
copper-based material and an overlying layer of nickel-based material are formed by
build-up welding, a gas produced when the overlying layer is welded is discharged
through the underlying layer. Therefore, welding defects such as blow holes are
~ avoided, and a cutting edge of excellent peeling strength can be formed by build-up
welding, ' '

The weldability of the cutting edge is increasedby preheating the base
material In its entirety or a portion thereof where the layeis are to be formed by build-
up welding, before the layers of copper-based material and nickel-based material are
formed by build-up welding. ' .

If an underlying layer of copper-based material is formed by AC TIG
welding and an overlying layer of nickel-based material is formed by DC T1G weld-
Ing, then 2 hardened portion of excellent peeling strength can efficiently be formed as
a cutting edge.

Although certain preferred embodiments of the present invention have

been shown and described in detail, it should be undersiood that vadous Changes and

- 18 -
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modifications may be made therein without departing from the scope of the appended

claims.
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What is claimed i1s:

1. A die assembly comprising an upper dic and a lower die for tnmming
or bending a workpiece, at least one of said upper die and said lower die having a cut-
ting edge or a bending member, said upper die and said lower die being made of a
base material of an aluminum/copper-based zinc alloy, said cutting edge or said bend-
ing member having a machined build-up welded region comprising an underlying
layer made of a filler metal of a copper-based material and an overlying layer made of

a filler metal of a nickel-based material.

2. A die assembly according to claim 1, wherein said al least one of said
upper die and said [ower die has a bevel on which said cutting edge or said bending
member is disposed, said bevel having a vertical dimension which substantially corre-
sponds to the width of one weld pass of weld beads and a honizontal dimension which
substantially corresponds to the width of two weld passes of weld beads, and includ-
ing a flat area in a transversely outer region thereof, said flat area having 2 width

which substantially corresponds to the width of one weld pass of weld beads.

3. A die assembly according to claim 1, wherein said at Jeast one of said
upper die and said lower die has a bevel on which said cutting edge or said bending
member is disposed, said bevel having a chamfered surface and an extension extend-
ing therefrom, said underlying layer being disposed in covering relation to said bevel
1n its entirety and made of a copper-based material, said overlying layer being dis-
posed on said underiying layer out of contact with said base material and made of a

nickel-based matcrial. '
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4. A die assembly according to any one of claims 1 through 3, wherein

said copper-based material is silicon bronze.

5. A die assembly according to claim 4, wherein said silicon bronze is
composed of 1.0 — 8.0 wt % of Si, 0.3 — 4.0 wt % of Mn, 0.03 — 4.5 wt % of Pb, 0.03
~11.0 wt % of Al, 0.03 — 7.0 wt % of Ni, 0.03 — 6.0 wt % of Fe, and the remainder of

Cu.

6. A die assembly according to claim 4, wherein said nickel-based mate-
rial is composed of 1.0 - 6.0 wt % of B, 5.0 — 20.0 wt % of Cr, 1.0~ 7.0 wt % of S,
0.03 - 4.0 wit % of Fe, 0.5 = 6.0 wt % of Cu, and the remainder of Ni.

7. A mcthod of manufacturing a die assembly, comprising the steps of:

forming a bevel on an edge of a die which is made of a base material of
an aluminum/copper-based zinc alloy;

welding an underlying layer of a coppcer-based filler metal on said bevel
In 1its entirety by build-up welding; and

welding an overlying layer of a nickel-based filler metal on said underly-

ing layer out of contact with said base material,

8. A method according to claim 7, wherein said bevel has a chamfered
surface and an extension extending therefrom, said underlying layér is welded on said
chamfered surface and said extension with said extension extending along an upper
surface of said die, and thereafter said overlying layer is weided on said underlying
layer out of contact with said base material while 2 produced gas is being discharged

through the underlying layer on said extension.
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9, A method according to claim 7, further comprising the steps of:
preheating at least a portion of said die along said bevel;

then removing an oxide film on said bevel before said underlying layer is

welded on said bevel;
prcheating at least a portion of said die along said underlying layer; and
then removing an oxide film on said underlying layer before said overly-

" ing layer is welded on said underlying layer'.

10. A method according to claim 7, whereln said underlying layer is

wclded by an AC TIG welding process, and said overlying layer is welded by a DC

TIG welding process.

11. A method according to claim 10, wherein both said AC TIG welding
process and said DC TIG welding process employ a shield gas of helium or a mixture

of helium and argon.

12. A method according Lo any one of claims 7 through 11, wherein sad

bevel is preheated to about 200°C before said underlying layer i1s welded on said

bevel, and said underlying layer is preheated to about 250°C before said overlying

layer i1s welded on said underlying layer.

13. A method according to any one of claims 7 through 11, wherein said

copper-based filler metal comprises silicon bronze.

14. A method according to claim 13, wherein said silicon bronze is com-

posed of 1.0 -~ 8.0 wt % of Si, 0.3 - 4.0 wt % of Mn, 0.03 — 4.5 wt % of Pb, 0.03 -
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11.0 wt % of Al, 0.03 — 7.0 wt % of Ni, 0.03 — 6.0 wt % of Fe, and the remainder of

Cu.

15. A method according to claim 7, wherein said nickel-based filler metal

“is composed of 1.0 — 6.0 wt % of B,5.0-20.0wt % of Cr, 1.0 - 7.0 wt % of Si, 0.03
~4.0wt % of Fe, 0.5-6.0wt % of Cu, and the remainder of Ni.

- 23 -
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