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57 ABSTRACT 

A die for metal shaping operations such as impact 
drawing comprises, held in at least one collar, a work 
ing ring inside a stress ring and having a smaller radial 
cross-section than the stress ring. The modulus of elas 
ticity of the working ring is greater than that of the 
stress ring which is in turn greater than that of tem 
pered steel. The stress ring can be of a calcinated or 
cast metal carbide and a layer of ductile material may 
be interposed between the working and stress rings, or 
between the stress ring and a collar, or both. 

12 Claims, 6 Drawing Figures 
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DE FOR SHAPNG METALS 

This is a continuation of application Ser. No. 
166,536, filed July 27, 1971 now abandoned. 
The present invention relates to dies for the hot or 

cold shaping of metals, and notably for the operations 
of drawing, impact drawing, cold-drawing, wire 
drawing, tube-drawing, stamping, forging and Swaging. 

Dies used for these operations should on the one 
hand be capable of withstanding tangential loads and 
alternating flexural loads, and on the other, have a 
good resistance to wear in the working zone. 
The elimination of tangential loads is generally 

achieved by the use of one or more collars which pro 
duce initial compressive loads such that the effect of 
internal stresses is compensated in the tangential direc 
tion. 
As regards resistance to alternating flexural loads and 

to wear, the dies of the prior art do not perform satis 
factorily. They comprise one or more rings, the ring in 
contact with the workpiece being so dimensioned as to 
be capable by virtue of its own strength to withstand al 
ternating flexural loads. 

In the prior art, there are dies in which the working 
ring is made of tungsten carbide, this ring being rein 
forced by a steel stress ring, the latter stress ring being 
itself held by a collar, also made of steel. Owing to the 
inadequate modulus of elasticity of the stress ring and 
the collar, for the working ring it is necessary to use a 
material whose modulus of elasticity does not differ 
greatly from that of the stress ring, which implies that 
the tungsten carbide of which the working ring is made 
must be of a quality whose modulus of elasticity is rela 
tively low, and hence less resistant to wear. If the work 
ing ring is made of a hard grade of tungsten carbide 
with a high modulus of elasticity, it has a tendency to 
crack, since it is not very well supported by the stress 
ring, whose modulus of elasticity is inadequate. 

It is an object of the invention to provide a die which 
may be of circular or polygonal form, which avoids 
these drawbacks and has an excellent resistance both 
to wear and to alternating flexural loads. 
According to the invention, there is provided a die 

for metal shaping operations in general, and impact 
drawing in particular, comprising at least two coaxial 
rings of which the first, known as the working ring, is 
placed inside the second ring, known as the stress ring, 
both these rings being held by at least one collar, in 
which the radial section of the working ring is smaller 
than that of the stress ring, and the modulus of elastic 
ity of the working ring is greater than that of the stress 
ring, the modulus of elasticity of the stress ring being 
greater than that of tempered steel. 

Preferably, the working ring has a modulus of elastic 
ity E1 and a resistance to alternating flexural loads o' 
for a given number of load cycles, which values are re 
spectively greater and less than the corresponding val 
ues of the modulus of elasticity E, and resistance to al 
ternating flexural loads o of the stress ring for at least 
an equal number of load cycles, the thickness of the 
working ring being at most equal to the product of the 
relation E X of E X o multiplied by the minimum 
thickness of the stress ring compatible with the maxi 
mum load which the die must withstand. 
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2 
A layer of ductile material can advantageously be in 

terposed between the working ring and the stress ring, 
or between the stress ring and a collar, or both. 
The stress ring can, for example, be made of a cal 

cinated or cast metal carbide. 
The invention will now be described and explained, 

by way of example, with reference to the accompany 
ing drawings, in which: 
FIG. 1 is a partial cross-sectional view of a tool for 

impact drawing; 
FIG. 2 is a partial cross-section in an axial plane of 

a circular die according to the invention; 
FIG. 3 is an explanatory diagram showing a cross 

section of the latter die in an axial plane; 
FIG. 4 is an explanatory diagram of a segment of one 

of the rings of the die; 
FIGS. 5 and 6 show other embodiments of a die ac 

cording to the invention. 
FIG. 1 illustrates the problems arising form the use of 

a circular die in an impact drawing tool which, in oper 
ation, enables metal containers to be made at a high 
rate of production from ductile blanks. 
The blank is placed at the bottom of the recess 

formed by the anvil 2 and the die 1, which latter is com 
posed of an external steel collar 13 and the working 
and stress rings 11 and 12 respectively. The punch 3 
descends and exerts a pressure on the blank such that 
the metal flows into the space left between the punch, 
the working ring 11 of the die 1, and the anvil 2. 
When the workpiece is drawn, considerable radial 

stresses are exerted on the inside face of the ring 11. 
The tangential loads are compensated by the initial 
compressive stresses exerted by the conical male 
threaded ring nut 4 on the collar 13 which, in turn, 
transmits them to the rings 12 and 11. 
On the other hand, the control of the flexural and 

shearing stresses exerted on the working ring 11 and 
the stress ring 12 is ill-defined and often inadequate. 
The working ring 11 must at the same time withstand 
wear in the drawing zone, flexural and shearing 
stresses, and also thermal shocks. The die. according to 
the invention accordingly has the following characteris 
tics: 
The working ring is preferably made of an extremely 

hard material whose modulus of elasticity E is very 
high, but whose resistance of to alternating flexural 
loads for a given number of cycles is low. 
The stress ring is made of a material less hard than 

that of the working ring, since it is not subjected to any 
frictional stresses. It is dimensioned in accordance to its 
modulus of elasticity (the modulus of elasticity E of 
the ring is lower than E) such that it can withstand a 
number of load cycles at least equal to that defined for 
the working ring; its flexural resistance o is greater 
than O. 
The thickness h and h of the working and stress 

rings respectively are so chosen that the stress ring 
keeps in check the distortion of the working ring under 
load, and limits this distortion such that no. flexural 
loads are produced in the working ring liable to cause 
breakage. This latter point is the fundamental charac 
teristic of the die according to the invention. The 
choice of the thicknesses h and h can be effected 
quite simply by calculation, using the basic formulae 
relating the load P to which the die is subjected (see 
FIG. 3), the deflections f and f, of the working and 
stress rings respectively under the effect of this load P, 
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the inherent characteristics of each of the rings, namely 
their moduli of elasticity E and E2, their resistances to 
alternating flexural loads for a definite number of cy 
cles or and o, and finally their geometrical dimen 
sions. 
Before commencing this calculation, it is indispens 

ible to make certain assumptions: 
The support afforded by the collar 13, which is gen 

erally made of steel, cannot be taken into consideration 
for the flexure of the working and stress rings, since this 
collar, owing to the low modulus of elasticity of the ma 
terial of which it is made, does not offer sufficient sup 
port to the rings 11 and 12. Apart from this, the outside 
and inside surfaces of the stress ring and the collar re 
spectively have a certain degree of roughness and 
sometimes show geometrical imperfections; this allows 
flexure and settling to take place to an extent which ex 
ceeds the flexure of the carbide under no-load condi 
tions, this latter being only a few microns. 
Under these conditions, let us consider, for calculat 

ing the stresses and thicknesses of the working and 
stress rings, the most unfavourable case (see FIGS. 3 
and 4), namely: 
A load P concentrated in the centre of the circular 

die. 
Support by the collar exerted only at the edges of the 

stress ring. 
For this calculation, which obviously also applies to 

a polygonal die, it is assumed that the ring is cut into 
segments 1 millimeter in width. For the sake of simplic 
ity, it is further assumed that for the working and stress 
rings these segments have a rectangular cross-section, 
although the latter is in fact trapezoidal, thus allowing 
an extra safety margin. 

If we consider one of these segments (see FIG. 4), 
under a load Pit assumes a flexure f such that: 

O 

f = 1 of6E x 1°/h 
(2) 

where P is the load supported by the segment, E is its 
modulus of elasticity, J its moment of inertia, o the 
flexural stress produced in the segment by the action of 
the load P, and l and h are the length and thickness of 
the segment respectively (see FIG. 4). 
From the above two relationships we deduce: 

P = 4 orW/1 

(3) 
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where W is the modulus of inertia of the segment. 
The load P, which we have assumed to be the maxi 

mum load applied to the circular die when in use, is for 
the most part transmitted to the stress ring 12 by the 
working ring 11. In order that the stress ring should not 
break before having carried out the chosen number of 
operating cycles, the stress produced by the load P in 

4 
the stress ring must remain below the limiting resis 
tance to alternating flexural loads on for the num 
ber of cycles considered. This implies that the stress 
ring must have geometrical dimensions such that in ac 
cordance with Equations (3) and (3'), and for a seg 
ment of the stress ring as defined above: 

or a P1/4W < on, 
OT: 

Well > P14 Omar 
(4) 

where W is the modulus of inertia of the segment in 
question. 
Now, 

(5) 

where g, the width of the segment (see FIG. 4) is equal 
to 1 millimeter, so that: 

W = h/6 
(6). 

By substituting this expression in Equation (4) we ob 
tain: 

h > W 6/4 X Pl/or 
(7), 

Consequently, in order to withstand without break 
age the number of cycles envisaged without the load P, 
the stress ring would have to have a minimum thickness 
of he min F 6/4 X Plfo 2 mar, 

Since the stress ring does not in fact take all the load 
P (one part is absorbed by the stress ring and another 
part by the collar), the stress ring may in fact have a 
thickness slightly less than h; min. 
The stress ring should limit distortion of the working 

ring in such a manner as to prevent dangerous flexural 
loads being created in the latter. This means, if we as 
sume limiting conditions, that at the moment when the 
stress ring 12 assumes a maximum flexure fm, corre 
sponding to a stress of Omar equal to the limit of resis 
tance to alternate flexural loads, there will be created 
in the working ring, which assumes a flexure f equal to 
fina, a flexural load equal to or less than the stress of 
nar corresponding to its limit of resistance to alternat 
ing flexural loads. Hence, if we assume that the stress 
ring 12 has the minimum thickness hi: 

(8) 

If the lengths of the segments of the stress and working 
rings are the same, 1 = 12, so that after simplification 
we obtain: 

h1 s h 2 min XO1 mar/EX Ea?o, 
(9). 

This leads to the conclusion that the thickness of the working ring is always less than that of the stress ring. 
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If h is not less than, but equal to the value given by 
Equation (9), the working and stress rings would theo 
retically break at the same time. It should be pointed 
out, however, that the moment the stress ring breaks, 
the working ring, being deprived of support, will also 
break. Hence, the advisability of having a stress ring for 
which the number of load cycles envisaged under limit 
ing conditions is higher than that of the working ring. 

The materials used for the working and stress rings 
may be metal carbides with or without such additives 
as cobalt or ceramic materials. 
Hence, the working ring may be made of calcinated 

tungsten carbide with a small percentage of cobalt, cast 
tungsten carbide, boron carbide, alumina-based ce 
ramic, or any other abrasion-resistant material. The 
moduli of elasticity of such materials lie between 
30,000 and 65,000 kg/mm, and the limit of resistance 
to alternating flexural loads for 10 cycles could be in 
the region of 46 kg/mm. 
For the stress ring, use is made of calcinated carbides 

such as tungsten carbide with at least 6 percent cobalt, 
cast titanium carbide (Ferotic) or other cast carbides 
(Stellite). Hence, for the stress ring we obtain a modu 
lus of elasticity between 28,000 and 55,000 kg/mm 
and resistance to alternating flexural loads greater than 
50 kg/mm for 10 cycles. 
The practical realization of this die (FIG. 2) presents 

certain difficulties owing to the extremely high machin 
ing precision required for the inside and outside faces 
of the working and stress rings respectively, which are 
in contact. Any geometrical errors in the shapes of 
these surfaces, particularly if they are of a macroscopic 
order, would give rise to very high stresses when assem 
bling the die, which could be added to the stresses pro 
duced in operation. 

Since the materials constituting these rings are prac 
tically devoid of ductility, the points of contact of the 
surface may be compared to the pillars of a bridge 
whose span is equal to the length of the error curve and 
whose height is that of the amplitude of the error in 
question. 
The methods generally used for machining these 

rings do not enable sufficiently accurate surfaces to be 
obtained to avoid the aforementioned stresses. 

In the die according to the invention, perfect contact 
maybe obtained between the working and stress rings 
by cladding either the cylindrical outside face of the 
working ring, or the inside face of the stress ring, or 
both these faces, with a layer of material which is easily 
machined and sufficiently ductile to enable geometrical 
errors to be cancelled out when the rings are assembled 
together. 
The surfaces in question may be cladded by electro 

plating, tinning, welding, projection in an oxy 
acetylene flame or by plasma deposition. 
The collar 13a, 13b 13 may, of course, be replaced 

by a multiple collar (FIG. 5). 
In accordance with another embodiment of the in 

vention (FIG. 6), a ring 14 of ductile material is inter 
posed between the working and stress rings. The object 
of this ring is to facilitate replacement of working rings 
and also to serve as an equalising and protective cush 
ion. In any case, it should be of limited thickness so as 
not to neutralise the effect of the stress ring 12. 
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6 
In comparison with dies of the prior art, the die ac 

cording to the invention offers the following advan 
tages: 
Very high resistance to both wear and flexural loads. 

Lower sensitivity to thermal shocks produced in nor 
mal operation since the reduced dimensions of the 
working ring avoid its having to withstand temperture 
gradients, and hence extra stresses due to differential 
expansion. 
Lower cost price; in effect, the stress ring and the col 

lar can be used again when the working ring requires 
replacement. 
What is claimed is: 
1. A die for metal shaping operations in general and 

impact drawing in particular comprising a working ring 
of metal carbide, a coaxial stress ring of metal carbide 
closely surrounding and radially supporting said work 
ing ring and a coaxial steel collar closely surrounding 
and radially supporting said stress ring, the radial thick 
ness of said working ring being less than that of said 
stress ring, the modulus of elasticity of said working 
ring being greater than that of said stress ring and the 
modulus of elasticity of said stress ring being greater 
than that of said collar. 

2. A die according to claim 1, in which the thickness 
of the working ring is at most equal to the product of 
the ratio Ego/Eo, multiplied by the thickness of the 
stress ring, where E is the modulus of elasticity of the 
working ring, E is the modulus of elasticity of the stress 
ring, o is the resistance of the working ring to alternat 
ing flexural loads and O, is the resistance of the stress 
ring to alternating flexural loads, and where O is 
greater than O. 

3. A die according to claim 1, in which at least one 
of the interengaging surfaces of the working ring and 
the stress ring is cladded with a layer of ductile and eas 
ily machined material to provide a more perfect 
contact between said rings. 

4. A die according to claim 1, in which the working 
ring has a modulus of elasticity of between 30,000 and 
65,000 kg/mm and the stress ring has a modulus of 
elasticity of between 28,000 and 55,000 kg/mm. 

5. A die according to claim 4, in which thickness of 
the working ring is at most equal to the product of the 
ratio Ego/EO, multiplied by the thickness of the stress 
ring, where E is the modulus of elasticity of the work 
ing ring, E is the modulus of elasticity of the stress ring, 
oi is the resistance of the working ring to alternating 
flexural loads and O, is the resistance of the stress ring 
to alternating flexural loads, and where o is greater 
than ol. - 

6. A die according to claim 4, in which the working 
ring has a resistance to alternating flexural loads of ap 
proximately 46 kg/mm for 10 cycles and the stress 
ring has a resistance to alternating flexural loads of at 
least 50 kg/mm for 10 cycles. 

7. A die according to claim 4, in which the working 
ring is calcinated metal carbide. 

8. A die according to claim 7, in which the stress ring 
is cast metal carbide. 

9. A die for metal shaping operations in general and 
impact drawing in particular comprising a working 
ring, a coaxial stress ring closely surrounding and radi 
ally supporting the working ring and a coaxial steel col 
lar closely surrounding and radially supporting the 
stress ring, the radial thickness of the working ring 
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being less than that of the stress ring, the modulus of 
elasticity of the working ring is greater than that of the 
stress ring, the modulus of elasticity of the working ring 
is between 30,000 and 65,000 kg/mmand the modulus 
of elasticity of the stress ring is between 28,000 and 
55,000 kg/mm. 

10. A die according to claim 9, in which the thickness 
of the working ring is at most equal to the product of 
the relation Ego/Eo, multiplied by the thickness of 
the stress ring where E is the modulus of elasticity of 
the working ring, E is the modulus of elasticity of the 
stress ring, or is the resistance of the working ring to al 
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8 
ternating flexural loads and o, is the resistance of the 
stress ring to alternating flexural loads, and where O2 is 
greater than O. w 

11. A die according to claim 9, comprising a layer of 
ductile material interposed between the working ring 
and the stress ring. 

12. A die according to claim 9, in which the working 
ring has a resistance to alternating flexural loads of ap 
proximately 46 kg/mm for 10 cycles and the stress 
ring has a resistance to alternating flexural loads of at 
least 10 kg/mm for 10 cycles. 

k sk k k k 
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