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PLASTIC FLOW IN THE EXTRUSION OF RIBS ON FLAT PLATES

WaNag, JEN
(Peking University)

A BSTRACT

We consider the extrusion of ribs on thin flat plates as a problem in the theory
of plane strain for perfectly plastic-rigid materials. These assumptions imply that ’
I»2(w+d), (Fig. 1), and that the effect of work hardening being distributed over
the deformed regions.

The problem is one of coining. The author is unaware of other solutions treat-
ed in the present manner, except a similar initial motion problem given in Ref.
15. However, if the thickness 4 of the plastic material is large compared to the
width of the extruded bar d, the flow region will be concentrated around the die
and this is the familiar problem of inverted extrusion (Ref. 1, 14). The effect of the
base plate, however, is not known. Hipwmuk (Ref. 16) has recently given an ap-
proximate solution to the present problem. His.results are discussed in section 4.

The present solution assumes that the friction between the flat plate and the
lower die surface to be sufficiently large so that there is no slip between them. How-
ever, the coefficient of friction u between the flat plate and the upper die is taken
to be zero or larger than 0.175, corresponding respectively to free slip and no slip
between these surfaces. ‘

§2 deals with the case of u=0. The slip line field and the corresponding hodo-

graph and stress planes (Ref. 6) are given for the caseof h=+/2 d, in Fig. 3. Because
of symmetry only one half of a flowing unit is shown, theslip line field satisfies
both the stress and the velocity conditions in the plastic and rigid regions and is
therefore a complete solution (Ref. 4).

The solutions for the cases of A>and< v 2d are given in Figs. 4 and 5 res-
pectively. In the latter case, the requirement of zero resultant force along the ex-
truded surface A41D', gives the mean normal stress at point G as a function of 2/d
which is plotted in Fig. 6.

§3 deals with the case of £>0.175. Since the pressure on the die is always larger
than 5.712k (Fig. 8), 4>1/5.712 =0.175 means that there is no slip along the con-
tact surface. The slip line field and the corresponding hodograph and stress planes
are given in Fig. 7 for the caseof A= v/ 2 d. Similar solutions can be obtained for
other values of 4/d.

In &4, the pressure distribution along the upper die is given in Fig. 8. The
average pressure p/2k (where k is the yield stress in shear of the plate material)

versus the reduction ratio, r =w/w+d, is given in Figs. 9 and 10, for smooth and
rough dies respectively. In these figures, Johnson's results (Ref. 14) are denoted as
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h /d = oo, since he does not consider the effect of the bottom surface. It is seen that
his results are lower bounds to the present solutions. The effects of the base plate in
the cage of inverted exfrusion can be clearly seen.

The approximate solutions of Mapwmus is also plotted in Fig. 10. According to
his assumptions, the case of g = 0.25 corresponds to zero slip along the entire contact
surfaces. His example with p=0.25 (using 2=d) is remarkably close to the present
exact solution, however, if other values of @ are used, the solutions approach each
other only when w»d. His golution also does not consider the effect of »/d separ-
_ ately. Plotting average pressure versus(w +d)/k (Fig. 11), we see that the average
pressure varies very little for different values of 4/d near unity. The relative va-
riation diminishes for larger values of (w+d) /4. Thus Hasomut’s assumptions seem
to be reasonable. '

Finally, the deformation of an originally square grid is followed through with

the help of the hodograph. In the undeformed case, w/d=>5.1 and h/d=+/ 2, see

Fig. 12. After the upper die has moved a distance of 0.054, the deformed grid line
is shown in Fig. 13.



