FRACTURE IN VOLUME COLD FORMING DIES

M. A. R, V. Fernando o .

1. Inttoduction ' . ,

It was known for a long time that the possibilities of
volume forming are limited not by the formability of the
formed materials, but by the strength of tools. During
cold forming of steels, particularly during cold extrusigh,
pressure inside dies reach very near the values of ultimate
strength of materials with which tools are made, (200 - 300
.Kp/mm?), Thus in the design of tools mggh attention
has to be given, in addition to weatr coqd1t10ns_, to the
ability to ‘withstand such high stresses without fracture
or failure. A die may be put out of setvice due to wear or
premature failure due to fracture. '

2. Fracture of Dies ‘ _ L
 There are two main types of fractures, viz., Longi-
. tudinal (or axial) and Transverse. Longitudinal fracture
 is usnally-the result of overstressing. Load capacity of-a
die could be increased by radial prestressing of the die

insert using stress rings. Mzthods of calculation of pre- .

stress were based on Lame’s theory, though diff:rent
yield criterii might have been used. Invatiably all these
methods, at least in the calculation of interference be-
tween insert and rings (or between rings), seglected axial
stresses. . ’ o L

3. Overload Fracture '

Over stressing which cause longitudinal fracture may
result from insufficient presttess or too high an internal
pressure. - When insufficient prestress is suspected, it is
necessary to check whether the designed interferences
were really obtained in making the die assembly and
whether the prestress could not be increased by: (a) In-
creasing the -overall diameter of the assembly, (b) Using
additional stress rings, (c) Using. stress. rings of higher

strength.  ‘Assuming the extrusion operation being pet- -

formed properly, too high an internal pressure may be
caused by too high a flow stress of slug material due to

vatiation in material composition or insufficient anneal-

ing and/or surface treatment.

With mylti-ring stressing and giving due consider-
ation to the above factors, longitudinal cracks could be
avoided to a very large extent. Unfortunately the Trans-
verse Fracture represents a further danger to higbly

stressed dies and cannot be cduntered by radial pre-.

stressing.

4. Transverse Fatigue Fracture (TEF)

This transverse fracture is frequently observed in one
piece rods or tube extrusion dies, and sometimes in re-
inforced die inserts too, particularly with hard metal
inserts. This usually occurs in the vicinity of die shoulder
entry, and sometimes at locations corresponding to posi-
tion of rearface of slug at the end of extrusion operations.
The form of crack clearly shows occurrence of a fatigue
fracture as distinct from an overload.
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This was eatlier supposed to.be due to so-called
“Breathing Effect”. High pressure inside ‘the die bore
falls to z=to, almost instantaneously along.punch face,
and rapidly along the extrusion taper, during forward
extrusion. This internal pressure in only a limited portion
of the die bore causes elastic expansion (elastic breathing)
at the pressure zone of thie core. This elastic breathing
during each stroke was supposed to be leading to material
fatigue and occurrence of annular transverse cracks,start-
ing at the point where elastic elongation curve kinks
Fig. 1. Additional notch effect at throat cause this frac-
ture to-occur primarily at this transition zone.
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'Earlier, this elastic breathing was supposed to be an
inevitable and inherent evil.- Thus, certain remedial
measures that were adopted are: (a) limiting internal pres-
sure to.a level where commencement of fatigue fracture

. coincides with wear life of the die. (b) Use of tougher

materials, thus sacrificing better wear resistance. E.g.,
tool steels instead of sintered carbides, or decreasing hard-
ness of tool steels by 2 to 5 points on HRC series, if it
could be tolerated. (c) Splitting the die, axially or trans-
versely. ~ -

TFF could be delayed considerably by this splitting and
was earlier the best solution as other methods sacrifice
either tolerable internal pressure or ‘wear life. Thus in
short, harder grades of sintered carbides or tool steels
at higher ‘hardness levels, with better wear resistance
properties, could not be used to their best advantage,
earlier, due to this TFF, o . _
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5. Present Explanation of T.F.F.

Kudo et al! i 1970, analysed by numerical methods,
using an' elz=ctronic computer, the stress distribution of a
die due to an internal pressure in only a limited length of
the die bore. Their analysis showed, that in the zone
where pressure is acting in the bore, there exists a com-
pressive axial stress.in ‘the insert, which becomes tensile
immeldiately outside the pressure zone (Fig. 2). This
eff:ct is mast prominent at the bore surface of the insert
and.dies off rapidly across the cross-section. The tensile
component of the axial stress thus developed, during
each stroke, leads to fatigue failure of the insert, fracture
starting at the bore surface and propagating rad.tally out-
wards. According to both Tresca’s and Misse’s criterii
of yielding, the most dangerous point is C, (Fig. 2),
where &, is positive and Sr is negative (just outside
E and E’, even though &, may be higher than at C, &;
is z2ro), and not E or E'. But in practice transverse frac-
ture is observed.at E and E/, showing that this is due to
fatigue caused by the tenstle component of axial stress
,developed

6. The Effect of Partitioning of Die

The effect of an axial split of a die as 2 measure against

TFF could be explained better with the new stress ana-
lysis. The inner part of the insert is usually prestressed
by warm shrinking with much interference as possible,
or sometimes force fit with slight taper may also be used.
Considering outer part of insert, two radial forces are
acting on inner surface, one due to prestress with inner
part of insert and other ‘due to internal pressure (or 16ad)
at the bore. By analysing these two components separately
. and according to new analysis, and then summing up the
two components, it could easily be shown that the axial
stress at throat may be fully, or at least to a great extent,
prevented from becoming tensile. Stress distribution in
inner part of insert too becomes much favourable. In
addition to radial reinforcement due to interference with
outer part, extrusion pressute imparts 2 favourable axial
compressive stress in the inner part of the insert, which
is higher, larger the included angle is. This is sultable for
hizh angled dies, and is found in practxce to be parti-
,cularly eff:ctive for dies with incladed” angle over goe.
Further advantage of both axial and transverse split is
:that notch effzct too, at the bore surface at throat, is elimi-
nated. But, both these methods could combat TFF at
the lower critical point only

7. How to Avoid Tensile Axial Stress Component

7.1 Now the questmn arises ‘whether this dangerous
- tensile component of axial stress could be avoided,
and if so, how? Let us consider the effxct of
superimposing an axial compressive stress on the
insert by some means. Then the stress pattern
will be shifted to compressive direction as a
whole unit. If the imparted compressive stress is

sufficiently high, axis may be shifted far enough _

to make axial stress at all points compressive,

thereby avoiding the TFF. Infact, even a partial .

counteting of tensile' component of axial stress,
just sufficient to make fatigue hfe coincide with
wear, would be enough. -
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7.2 Now, how is this comptessive stress 1mparted>
This may be accomplished by: (1) Post stressing
of insert (i.e.: stressing after assembling insert .
with ring(}). {(b) Prestressing of insert (i.e.
stressing of insert before, or duung assembling
with ring(s) or (c) Combination of both pre-
and post-stressing.

8. Post Stressing

" Several techniques may be used for axial post stressing
of a die insert, e.g.; by powerful clamping of die insert,
or die, in axial d1rect10n or by mousting it in a die sleeve
with a screw in pxessure pad or by a bolted assembly.
Contrary to certain Clalms, the merit of this method as an
eff>ctive Way of imparting an axial compressive stress in
the insert is questionable. External force applied, though
applied only through insert, will be shared both by insert
and ring (s). Thus, effective stress imparted on insert will
be small except at the immediate vicinity of application
of force. For example, for a die of diameter ratio of 4

“(i.e. D/d = 4) with an interface diameter -of twice bore

diameter, where an’internal pressure of Oy is acting at
bore, it can be shown that afi axial stress of about 0.4 or
would be required to completely eliminate the tensile
component of axial stress developed due to internal pres-
sure. If that axial post-stress (Gz=0.40r) is attempted,
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assuming same E for both ring and insert, axial stress at
the immediateé vicinity of application of external. force

(6;) will be five times that of inside, (6;=55,=20)

. 1)s
which may even lead to plastic deformation at that zone.
If, on the other hand, applied force is restricted. to safe
limits, then axial stress eff=ctive on insert will be too

small and would obviously be inadequate. Further, this.

method could be used only if other considerations such as
geometry, space etc., permits it. Yet, with all these draw-
backs, it is claimed that post stressing with powerful
clamping has increased die life by about 20%.

9. Prestressing

This could be subdivided into two categories. (a)

Automatically, (or self) induced axial ‘stress, if

- any, as a result of obtaining interference fit. (b)

Any axial stress, or enhancement, purposely
imparted by some suitable technique. ‘

A technique developed recently—pending patent
—autilises stress rings not only to impart radial
. prestress, but axial prestress too. Even when
thermal means are used to obtain the interference
fit, usual methods of ‘calculations—other than

* that published in ref. 2—ignore any axial effects
(to the best knowledge of author), and assume
that stress rings contract only in radial direction.
But in reality, they do contract in axial direction
too, thereby imparting a compressive prestress in
insert, the axial force involved being transmitted
through interface of ring and insert.

9.1

If a compressive axial stress is kept operative on
insert, by suitable external means, e.g.,.ram force
of a press, while shrinkage union between ring(s)
and insert is taking place, the automatically—or
self-imparted compressive axial stress in insert
could be enhanced. Imparted stress could be
well controlled by controlling the pperative axial
force and could be precalculated.? .

In case of taper and force fit, required axial com-
pressive prestress could be imparted to the insert
by farcing (pressing) insert into ring and, after
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-requirements, against a base block. The base
block ‘is to be placed at a distance so adjusted
to get the depth of penetration required for inter-

- ference before the insert gets pressed against the
block—pending patent. In the case of combined
thermal and force fit too, same technique could
be employed.

Advantages of both pre- and post-stressing could
be. combined in certain cases, for example, if
design and geometry warrants, by use of already
prestressed’ components in a transversely split
and post-stressed assembly. Fig. 3.

9.4

0. Complete elimination of TFF, ot its postponement to

coincide with wear life, will enable the use of much
harder, and less tough, materials with better wear resist-
ance properties, such as harder grades of sintered carbides
or tool steels at much higher hardness levels than that
commonly-used at present, in die inserts, thereby increas-
ing the useful life of dies (and die assemblies). Though
multi-ring radial prestressing prevented longitudinal
fracture, the allowable internal pressure at the bore of a

- die (load capacity), yet, was limited by, or due to, trans-

verse fracture. Thus, suppression of TFF by these methods
will ease limitations on load capacity of dies (and die
assemblies). )

Experiments have shown the practicability and
effectiveness of axial prestressing, both natural and en-
hanced, of dies. Calculation of dies (and die assemblies),
when axial prestressing is to be used much differ from
standard methods of calculations and results may even be
catastrophic if axial prestressing is attempted with dies
calculated according to methods which do not take axial
stresses into account. New method of calculation suitable
for use with axial stressing is given in reference 2.
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