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Relationship between Characteristics of Hollow Shells and
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Plug Shapes in Press Roll Piercing
Synopsis :

Influence of plug shape on surface properties of hollow shell and on plug life was investigated on a press
roll piercing (PRP) test mill by piercing test billets with artifical defect. Tool shape had an effect on tool
life.  Plugs with a sharp head (C type) had a poorer life than those with a head of egg bottom shape (N
type). Hollow shells pierced by N type plug showed good surface qualities on outer and inner surface,
Stable loads in piercing process were observed by using N type plug. However, mandrel thrust load by
N type plug was larger than that by sharp head plugs. As far as porocity defects in a CC-billet were
concerned, it was observed that the larger the radius of curvature of plug tip became, the more reduction
in defects was attained due to forging effect. Additionally, the relationship between metal flow and plug
shape in PRP process was explained by experimental results.
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Table 1. Tool materials of test plugs.
Plugs Chemical compositions (%)
References
No. Material C Si Mn Ni Cr Mo \%
Hot work tool 0.32~0. 42 0.82~1.20 (<0.50) — 4. 50~5, 50 1.00~1.50 0. 80~1. 20 a)
PR-0 alloy steel*
(SKD 61) 0.37 1.09 0.38 — 4. 90 1. 10 1.10
Developed tool (0.3) (0.5) 0.5~0.8 (1.0) 2.0~3.5 5.0~6.0 — b)
PR-1 alloy steel-1* —
| (2Cr-5Mo-1Ni) 0.28 0.32 0. 66 0. 64 1.70 5. 10 —
| Developed tool (0.3) 0.5~1.0 0,4~0.6 1.0~2.0 2.5~3.5 0.5~0.7 0.2~0.3 ¢)
| RR-10 alloy steel-10* -
(3Cr-Ni) 0.38 0.98 0.39 L5 2.90 0. 62 0.25

x Each plug had treated magnetite scale film on the surface.
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a) Billet with artificial porosities.
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Fig. 2. Test billets (a) with arti-
ficial porosity and (b) with holes

b) Test piece for investigating metal

flow.

inserted with low carbon steel rods
in them.

Table 2. Test conditions of piercing.

Plugs Piercing condition Pierced materials
Test No.| Plug Material Diam. Piercing Pircing Pushing Cross Item of test
shape No. (mm) temp. speed pressure Materials section
(C) (mm/s) t) (mm?)
1~2 PR-0 (square) plug lifes for
Plain C steel of ccomparison of three
3~4&9 N PR-1 48 1280 300 2 KG 15 & low alloy steel 80 tool materials
5~6 PR-10
7 plastic deformation
PR-0 48 1280 300 25 KG15 80 of steel with
8 C artificial porosities
10 C
metal flow on heads
) PR-0 48 1280 300 25 KG15 80 of plugs for plain C
N and low a.lloy»‘sdteéls
12 PR-1 48 1280 300 25 low alloy steel g0 | Buorced by Nan
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a) Pierced by C type plug (for KG—15 of CC billet)
b) N-type plug (for KG—15 of CC billet)
" ¢) N-type plug (for 5Cr—0.5Mo steel billet)

Photo. 1. External appearance of hollow shell
picked out during piercing process by different
shape plugs.
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Fig. 3. Change of artificial holes on test pieces
before and after piercing.

Y : Cross scction at @

7 ZERCTRALL, ZTOMMED LI TIOEH2£E)
BT HFER, ABXEELoFZEHDO PRP £AFL
X AR EEC BET 50 Bl FBE D
7z. Photo. 2 &, T h BINTHO ¥ AFLEDELDO—BF
FRLE. T, TOEEYEME R L, LC F
FOADENETN, 77 7RI EETS LA
DX b 10mm FREORWAR EDO/NLIE, BAHLFA
AR Fig. 4 @RT X5, 735 7BRe IoT

Piercing
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Artificial . }
porocities >
35

Hollow shell

- N-Type plug
piercing

C-Type plug
piercing

Distance from internal surface of hollow shell (mm)

0.5 8
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0 1 ] Q
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A Piercing direction —

Flow of artificial porosities

Fig. 4 Flow of artificial porosities which are
originally on a concentric circle of 20 mm dia.
around a center of square billet after pierced by
N and C type plugs.

Photo, 2. Change of shapes of
artificial porosities in piercing
with N-type plug.
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Fig. 5 Variation of defomed ratio of artificial
porosity diameter before and after piercing with
N and C plugs.
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Photo. 3. Cross section of plain carbon steel (with
fine steel rods) pierced by different shapes of
N(b) and C(a) type plugs.
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Photo. 4. Cross section of low alloy steel (with
fine steel rods) pierced by N type plug.
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Fig. 6. Change of loads on plug and roll in
piercing with plugs of different shapes.
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Photo. 5. Surface characters of shells [A—a), B—a)] and billets [A—b), A—c), B—b)]
before and after piercing for casted (A) and machined (B) surfaces of billets.

Photo. 6. Micro structure of
shell cross section after pierced
by PRP for CC billet worked
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Photo. 7. Cross section of inner surface layer of
hollow shell with defects of non-metallic inclusion.
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