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Forging Method for Consolidating I.oose Structure in Steel
Ingot with V Shaped Dies
Kunio I1soBE, Hidetami NoGUCHI and Kazunori KaTo
Synopsis :

The moire techinque is used to measure the two and three dimentional deformation of round billets in
forging with 135° V dies. Each billet is made by piling up 0.75 mm thin white plasticine sheets painted with
black ink. From the observation of moire fringes an Octagonal Forging Method (OFM), characterized by
sequential billet rotation through 0°~90°~135°~225° in the cross section, is proposed to consolidate the
loose structure in the wide area of ingot center. Strain distributions for various cross sections in a billet
are observed by the moire method. No deformation takes place in the center of the billet near the die
edges. A plasticine ingot is forged according to the OFM by axially shifting the ingot by the full die-width
or 1/4 of the width. A comparison of axial strain distribution is made between two ingots thus obtained.
A 3%Cr steel shaft by the full die-width shifting method with the OFM has loose structure remaining at the
center; the locations of the loose structure correspond to the small axial strain regions. Loose structure
in another 3%Cr ingot is consolidated by the 1/4 die-width shifiting method with OFM.

Key words : free forging; loose structure; steel ingot; V dies; moire technique; consolidation; strain

measurement.
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Table 1. Relation between Eulerian strain ¢ and natural strain €.
eE —1.00 —0.80 —0.60 —0.40 —0.20 0 0.10 0.20 0.30 0.40 0.50
€ —0.69 —0.59 —0.47 —0.34 —0.18 0 0.11 0.22 0.36 0.51 0.69
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Photo. 1. Cross sections of (a) 0.75mm-
layer-plasticine block and of deformed round
billets with (b) vertical and (c) horizontal grating
lines in plane strain forging with V dies : the forg-
ing reduction is 10 percent.

Photo. 2. Moire fringes showing same value of
(a) horizontal and (b) vertical displacements for
the specimens of r= 10% in plane strain forging;
the difference in the value of displacement is
0.75 mm.
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Photo. 3. Moire fringes showing value of partial
derivatives for the specimens of r=10% in plane

strain forging : (a); du/dx, (b); dv/3y, (c);
Qu/dy, (d); Ov/dx: the difference in the value

of derivative is 0.1.
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Fig. 2. (a) Slip-line-field for V die forging and

(b) variation of W/H with reduction r.

Internally sound region

Fig. 3. Octagonal Forging Method (OFM) and
internally sound region; the forging directions
are (a) 0°, (b) 90°, (¢) 135° and (d) 225°.
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(a)~(d): Plane strain condition
(e)~(): z=0 (Die center), (i)~(1):z=B/8, (m~(p):z=B/4
(~(t): 2=38B/8, (wW~X):z=B/2 (Die edge)

Photo. 4. Moire fringes showing same value of partial derivatives for the specimens of r=15%; (a)~
(b) in plane strain forging and (e)~(x) in forging without axial constraints; the difference in the value
of derivative is 0.1. :
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Photo. 6. Longitudinal sections
of; (a) 3%Cr steel ingot, (b)
plasticine ingot superposed on
the photo. (a) and rough forged
plasticine by (c¢) full die-
width shifting (FDWS) and (d)
1/4 die-width shifting methods
(D (QDWS) with OFM.
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Full die-width shifting method
1/4 die-width shifting method
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Fig. 4. (a) Distribution of &, along center of
plasticine ingots by the FDWS and the QDWS
methods combined with the OFM; ultra-sonic test
results in (b) bottom and (c) top region of a 3%Cr
steel ingot forged by the FDWS method.
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