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Experimental Study of Piercing Characteristics and Wear of Plugs
in Press Roll Piercer of Seamless Pipe

Akira OHNUKI,

Synopsis :

Yoshiki SHIBATA, Shori NopaA, and Kse NAKAJIMA

Plug life of PRP (Press Roll Piercer) process, in which a square bloom is directly pierced and rolled si—
multaneously, is strongly affected by its own shape. A plug with a sharp conical top thrusts through the

solid material to get galled in the earlier stage by metal flow on its surface.

On the other hand, a plug

with dull top or a flat top has a longer life, since it is protected by dead metal induced in front.
As for plug material, conventional tool steel for hot metal forming is durable enough, only if surface scale
layer is formed before use. The product quality is also influenced by plug shape. Especially dull one

is advantageous.
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Fig. 1. Schematic view of Press Roll Piercer
model mill.
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Fig. 2. Shape of test plugs.

Table 1. Tool materials of test plug.

Composition of test

plug materials Alloy tool steels

Hot work tool steels
(Chromium based)
5Cr—Mo-V Type series

3Cr—Ni Type

High Mo—Cr—Ni Type T::elifslod hot work tool
(Tungsten and Molybdenum)
based series

High W—Cr—Co Type
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Fig. 3. Piercing test pieces for the experimenta-
tion of plug shape and metal flow.
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a) F-plugs after use.

b) A discard made from F-plug.
¢c) Adhered discard to a metal
surface plug of C-Type.

d).,e) :C-plugs and discards
after pierced plain carbon
steel (d), and high alloy
(e).

Lubricous

scale layer.

Scale film on the r B Sfr%sxsidseectlon

plug surface

built in bef scale layer on
uilt in before the plug top
use. after use. °

— Matrix. J

g) Side scale layer of the
plug.

h) Cross section of C-plug
after use.

Photo. 1. Appearance of plugs and discards after piercing of follow piece and microphotographs
for the cross section of scale layer on C-Type plug surface.
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Photo. 2. Metal flow of pierced follow
pieces with the plug of different type.
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Table 2. Pierced materials for the test plugs and
piercing characteristics of alloy steels.

111:‘:}5': load ratio P
. N lon pierci iercing
Pierced materials plug for plai:g temperature
carbon steel
Plain carbon steel
(Low C) 1.0 1220~1270C
Special steels 13 Y
(Boiler tube) :
Stain SUS 410 1.0 ”
tainless I'gus 430 1.0 "
SUS 304, 316 1.5~1.8 ”
High 9Ni steel 1.0 4
alloy Superal loy 18 1240C
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Photo. 3. The vertical sections and
the sulphur prints of semipierced fo-
llow piece with different type plugs:
a) and c¢) use C-Type, b) and d)
use F-Type.
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Photo. 4. External appearance of plugs after piercing: a) teared A-

ype, b) D-Type of

scale lubricous, ¢) and d) shows glassily teared surface on plugs with glass lubrication,
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Fig. 4. The effect of the diameter of reserved
hole in test piece on piercing loads.
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Fig. 5. The relation among piercing loads of plug
pusher, thrust and roll at lower and higher tem-
perature of piercing materials.
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Fig. 6. Relation among total loads of pusher,
roll and plug thrust as piercing temperature of 3
stages of the test piece.

BB, BRICHOTFHILLIKREL kD E, 75725 A

P, R AR LU0 LARAKHEREAL L, HEoAHf
BWEKREL LAEARDS. L L 10mm FFHIL
Tk, BAHFD T T SERCET O SR 04t
U, BAHBEENME T L. L7 7EMD 2 20
7Er—=, VY, FOBEELMLEBSIHEETRS K
b EEZ DN, TRBRHEHOAMASS.

Fig. 5 iy, BFAE 3Cr-INi B0 CH 75 7%
R L7 1270°C, 1220°C % X8 1170°C ks 1+ %
HEME AFLEIEE AR, ARIFDRIEE B X O LiAdk
HEOCBEFELR L. Zhd b LIAZREN 2t(0.56
kg/mm?) T3 20mm/s OFF LALEE T 1270°C @
B AL RRTREIS 2 Lo 5.
¥k, RBHORESN LAZEE L 165mm/s Th D
2N, CORERETHIL 7~8t O LALAGE T+
Sl Engsote. Fig. 6 1k, A5 A FEFEICE LIE
THLAAR L v - LOWATOAEEY, CALEER
SHUTEBLAELDOTHD. hbhrb, BAFLEEE
AT, EBR2ALGEXRES Ly, REM<TIER, 77
FASAL, BIVr—AREOKRSHHM AL T
b, CAFLEENKREL LB Eabhnb. 75 7K
LR AFLEZEATFMEOBFR 2 AL FERECEE TS
L, SiAENT, BULCHMATRI D AS A MREIMEED
EREERL, FEARHLAL, A5A MEFHELCK
v, Eh, PFHEEOEMMCRER Y OT - 2EBE (H
) 13, REEBFCMEYEC L, BAMAKE /S
32, BAFBED 75 LHIIT AN — FEIEE LT
BhT, 79 /7BRELTCRAEES bR, B, ¥
AFLEERTC 10 ) BB EREE AL 2T 2T
75 FEBRALIWT, TALBAN SR IZEALY
BN N0 fe. Fig. 7 it 75 7o i &
BBz 1o A EEROBERERT. 77 7L,

— 78



REEEED VAR - L E TV —RAILENE 75 /7 0EE

229

roll center

caliber pottom
diameter head R
180 m c: 82
E F H .L mm
CD T D: 125
- ——8 — E: 175
b F: o
2} <]
__ plug position
16l +i 0 -i
~
c - plug-thrust load
£ 14 %—%\E—"ﬁ/
- n
Il
° roll load
L
@
2 - I
o
H I pusher load
e 8 g,———-ﬁ——'—g-\@/
7k |
1707— intet speed
3s |
a8 150
a} I
®
2E o}
! 1 | |
~5 0 +5 +10C(mm)
0

+0.02 +0.04 ()

Ptlug position .
D; roll diameter

i ; changing distance of
plug position

Fig. 7. Influence of the plug position on piercing
loads and inlet speed of the test piece.
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Fig. 9. The relationship between the fillet wide
and the elongate ratio at high elongate-piercing.
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Fig. 10. The relation between piercing loads
and plug shape.
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Fig. 11. Suitable shape of piercing plug of N
compared with C-Type.
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Fig. 12. Eccentricity of the shell thickness of
follow pieces at top, middle and bottom with
different shape plugs.
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