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Summary

An analysis is presented of the stresses in a carbide die-steel
bolster combination. Results from a computer treatment of this analysis
are given in tabular and graphical form. Suggestions are made as to the

choice of interface diameters, and a nomogram is drawn enabling the max-
imum allowsble interference to be selected.
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1. Introduction

This report considers die~bolster combinations, of the type
used in cold hesding operations, in which a carbide die is shrunk into
s steel bolster.

The result of this shrink fit is to induce a compressive hoop
stress into the carbide at the bore of the die. The hoop stress is
reduced when the die is working and the interference betwesn the die
and holster is selected so that The stress remains compressive under
working conditions in order to reduce die wesr., In addition the inter-~
ference induces a tensile hoop stress and 2 compressive redial stress
in the bolster, which have maximum values at the inner face of the
belster and are increased under working condltions.

In designing such a die~bolster combingtion the criterir to be
considered are that the stresses at the interface should not lead %o
Jailure of the bolster, the stresses in the carbide at the bore of the
die should not be excessive and the fluctuating stresses, due to working,
imposed on a high mean stress level should not lead to a fatigue failure.

2. Stresses resulting from interference fit

By applying the Lame equations together with the known boundary
conditions it can be shown that the radial pressure Prr between the die
and bolster is given by (using the notation tensile stress+ve compressive
stress-ve).
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where Ar is radial interference
ry is inner die radius
ro 1s interface radius
rz 1s outer bolster radius
EB is modulus of elasticity of the bolster material
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By is poissons ratio of the bolster material
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Similarly the maximum (tensile) hoop stress in the bolster
oceurring at the interface, is given by,
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and the meximum (compressive) hoop stress in the dle, which occurs
at the inner surface of the die is given by,

o - "..%EE'..EQ.__,. e —— 5
86 r] - r3 Prp



5. BStresses due to working

If under working conditions the pressure exerted on the die
by the material being deformed iz "k" then again by applying the
Lame equations it can be shown that the radial stress (compressive)

at the interface of the die and bolster, induced by This pressure,
is given by,

o o ox(x8zf - 2B aF)
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and that the corresponding hoop stress (tensile) is given by,

ol = k(r3 r§ + rg rf
69 ra(x5 - rf)
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Similarly the hoop stress (tensile) at the bore of the die is given by,

ol = XExri)
66 (Tz - Tl)
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4. Design criterie

The design criteria sre:-

2) Under working conditions the hoop stress at the die bore
should be compressive so ss to reduce wear.
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where Ogg 18 the hoop stress due to interference

1 .
99 is the hoop stiess (additional) due to working.

b) The combined stresses at the inner face of the bolster
should not lead to failure of the bolster. Using the
maximum shear stress criterion this can be expressed as,

(Pee + Pée) - (:prr + ?;r) 2‘> YB o s it e T B o s 8

where pgg is the hoop stress in the bolster due to

interference pyy 1s the radial stress in the bolster

due to interference and pdg eand Ppy ere the additional

hoop and radial stresses respectively induced by working.
Y 1is the yileld strength of the bolster material,

¢) The stress level in the carbide which will be e maximum

under non-working conditlions should not lead to failure
of the die.
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whers YC is the yield strength of the carbide.

d) The stress levels in both the die and bolster should
be such that a fatigue failure is unlikely during the
1life of the die.

Inspection of a number of failed dies has shown that catast-
rophic failure has predominantly been caused by excessive stresses
at the inner surface of the bolster and this analysis will be prim~
arily concerned with these stresses.

5. Computer Programme

As they stand it is difficult to draw any useful conclusions
from equations 1 - 9 and for this reason a computer study was made
using sctual values for the various parameters to determine their effect.

In order to reduce the computer time and to obtaln as much
information as possible from the computer output the squations given
above were stated in a more general form.

From equations 1 ~ 6 it can be seen for geometrically
similar dies the stresses are independent of the actual dimensions
of the die combination and that if the following substitutions are
made

a = I'E/I'l
b = r3fry
.00l n = Ar/ry

the equations become
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where Eg, Ep, MBs KD repﬁesents tge physical properties of the
die end bolster meterisls, @, b &n  the dimensions of the die
combination in ratio terms ( " represents .00l in interference/
inch of die bore) and "k" the working pressure in the die which will
be dependent on the work material and to some extent the geometry

of the die.

As the most common cause of die failure is rupbure of the
bolster due to overstressing at the interface the programme (Fig. 1) °
was arranged to work through equations 10-15 and using the condition
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(where YR < Ypand represents the maximum allowable stress level in
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the bolster material) to calculate the maximum permissable value of"n"
for one set of material properties and a given value of "a"ang"p" |

The computer output gave printed values of'a, b, n"and
(ogg + aée }, the hoop stress at the die bore, for three different
values of Yﬁ representing three grades of bolster material, for
s range of values of "e"and "b",

In practice it seems that the ratio of the die bore to the
o0.d. of the bolster varies between 1 : 4 and 1 : 12 and so nine
values of "b" were used in the computation to cover this range.
Similerly nine values of''a" were taken for each value of "b" so
that 2 range of interface diameters between that of the die bore
and that of the bolster o.d. were covered.

The material constants used in the programme were taken as:e

By = 13400 tpi
ED = 35700 tpl
Yp a 70 tpi (Hov)
b 80 tpi (Crovan)
¢ 110 tpi (Msraging steel)
p.B = 0.3
by = 0,3

k = 30 tpi



(the velue of'k" which is a function of the shear flow stress

of the work material will vary from one product to the next, but
a value of 30tpi was chosen to be sufficiently high to cover the
materials in conventional use).

As these material constants (except for poissons ratio which
will always have a similer value) appcar at the end of the programme
as part of the data tape the programme can conveniently be adapted
for other die or work materials should the occasion arise.

6. Results

The computer oubtput is given in Fig. 2. The first column
gives blocks of nine values of "2" ynder the appropriate value of
"p" | columns 2, 4 and 6 give the values of "n" and columns 3, 5
and 7 the values of the hoop stress under working conditions at the
bore of the die for the three grades of bolster steels, It can be
seen from this figure that as the interface diameter is decreased
s0 the allowsble interference is also decreased but that the comp~
ressive hoop stress at the die bore, which tends to improve wear -

resistance, increases.

The first criterion of design of a die~bolster combination
is that the interfence should not be so great that the bolster fails
at the interface. The maximum allowable iInterference for any con=-
figurstion can be obtained from figure 2 but it can more casily be
chosen graphically. Figures 3, 4 and 5 show valucs of "n"(Ar/;001%),
plotted sgainst "a", (T2/r; ), for all value of "b" for the three
bolster materials respectively. It can be seen that the points,
which have a certain amount of scatter, are more or less independent
of"b", (13/r1) and that if a curve is drawn along the lower boundary
of the points this will give the same maxirum value of "n" for all
values of "b", (4€b< 12 ). Using these figures of "n" against "a"
it is possible to construct a nomogram figure 6 from which the maximum
allowable interference can be read directly for a known die bore and
interface diameter,

( In using this nomogram the scales can be considered as in
units of inches or tenths of inches so that they can be used for a
wide range of die sizes. A guide to remember, so that the final
answer is not out by a factor of ten, is that the interference should
be in the region of 7/1000, 5/1000 end 4/1000 inches per inch diameter
for Maraging, Crovan and Hov bolster steels respectively).



The second design criterion is that the hoop stress at the
bore of the die in the non~wroking condition should not be excessive.
Figure 7, 8 and 9 have been prepared from the data in figure 2 and
show the hoop stress at the bore plotted against the interface radius,
which is in terms of percentage wall thickness. (i.60 Tp = 1y % 100 )

rz - Iy )
The area to the right and above the points represents the condition
under which the bolster will fail, the area below the dotted lines
represents the condition under which the hoop stress will become
tensile when the die is working. From these figures it is possible
to read off the percoentage carbide to be used in a die-bolster comb-
ination to give a certain stress level in the bore. In general it is
considered that the wearing properties of carbilde are increased by a
compressive hoop stress but obviously if this stress were too high
the carbide would crinmble. Unfortunately there is no quantitative
information as to the e¢ffect of a compressive stress on wear resist-
ance.,

In view of this lack of information the best approach would
seem to be to make an intelligent guess at the optimum stress level
and then to vary this In light of experience.

The figures show the high compressive stresses which it is
possible to obtain by using Marasging steel as a bolster material.

The equation 1 - O enable the mean stresses and the fluctuating
stresses to be estimated so that an analysis of the fatigue behaviour
can be investigated when information as to the fatigue properties
of die and bolster materials become available.

Conclusions

The report gives an analysis of the stresses in a die bolster
combination together with a computer programme enabling these stresses
to be calculated for given die and bolster meterials.

Although in many cases the interface diameter selected for
a particular die will depend on such parameter as the size of the
bolt or rivet head to be madc, figures 7, 8 and 9 can be used for
selecting a bolster material and interface diameter to give a pre-
determined stress level at the bore of the die,



Once the interface diameter and bolster material have been
chosen the nomogrem in figure & can be used to determine the maximum
allowable interference which can be tolerated without overstressing
the bolster.
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