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Failure Behavior of Piercing Plug during Seamless
Tube Manufacturing Process

Young-Bin Lim’, Jeong-Mo Yoon
Graduate School of Metallurgical Engineering, Division of Advanced Materials Engineering,
Chonbuk National University, Jeonju 54896, Korea

Abstract

In this study, failure behavior of piercing plug for seamless tube manufacturing process was studied.

Three different kinds of passed piercing plugs (10, 90, 215 times) were prepared. The shape deformation of the
passed piercing plugs was observed by 3D coordinate measuring machine, and the oxidized layer on the surface
of piercing plug was observed by optical microscopy. The length reduction of piercing plug presented at 215 times
passed plug. It was found that the oxidized layer consisted of outer scale, inner scale and internal oxidation lay-
ers, and the inner scale layer had vertical cracks, and interfaces had horizontal cracks. We proposed the failure
mechanism of piercing plug during seamless tube manufacturing process based on the formation of vertical and

horizontal crack.
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Fig. 1. Schematic diagram of the piercing process.

Table 1. The chemical compositions of the piercing plug (wt.%)

C Si Mn P

Cr Ni Mo w \% Fe

Piercing

Plug 0.19

0.83 0.37 0.02

0.01

1.34 2.92 0.27 013 | 0.01 | Bal
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Fig. 2. The piercing plug; (a) plug after 10 pass piercing,
(b) plug after 90 pass piercing, (c) plug after 215 pass
piercing.
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Fig. 3. Shape and radius of curvature of plug after 10, 90 and 215 pass piercing.
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Fig. 4. Cross-sectional images of plug tip after 10 pass piercing.
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Fig. 5. Cross-sectional images of plug tip after 90 pass piercing.
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Fig. 8. Optical micrographs showing microstructure of cross-section of plug tip after 215 pass piercing (1) Ferrite &

Pearlite and (2) Martensite.
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Fig. 9. SEM images and EDS analysis of plug tip after 215 pass piercing (area 1 and 2 of Fig. 8).

U 7 G99 TIAESe] e A, & F1HRY
Z1AEE0] Fold AduiAlgl LelAAlZ s
ol WSl 12 vod ¥ Tl Fig. 69 &
o] Aol Bl Y miEo] w=2H TXg&
AR Walaeke] F457t A5o] MAsEA W
a7 Z89a FHo 2 E o] F(Material

transfer) ¥ ZAxjo|c}.

B A7) AgEAE arEsie] vERAQl a1 v
old T0lN sk Eo 1 W] 9EAE
< Fig. 109l =280 Jepfilt}, a1 3oy
4 7] e dsos AdH0 slon, of
312 ym FAIY] HAF T Y3 Llsl5o] A
At 2= WEAETL P = 9 HY
e RERER] 32 B T A ZIAEEe]



Al B AETA Al Foid] E3a0] s 213

Spalling and wear
of the oxide scale

Wear of the
oxide scale |

R
------ B et
L ticro-rack ) Metal matrix Metal matrix
Fig. 10. Failure mechanism of piercing plug.
o g GugiAge] 2le][9-1110) o8 W8 4.4 B

o] WAE|aI[12], ©1E dA3H7] 213 Fig. 49
HAA A As8ks il 3 ddo] A=
[13-16]. ©]% 9030l x| wjxLol] o3 4kslE F717t
oF 100 um ZAEANCH, Fig. 59 2o] AkelEat
1A EE BAGSS w3 Tge] A=A
2B el e T g2 X&AR0 Tjold 34
ol AFHGAIE wet 7RSS W2 daj=o] A
AR TEE sk, TES wel 9 Ak
57} LA dEUoll F7HER1 AkslEe] A4
HAH17]. =3 A 89 FEBolA 7RSS
Hkeko 2w Al¢< (micro-crack)e] F7H2o= WAy
sled, Fig. 5(b)e}t o] Wiksht 71X 54 s
HE3IAT) o]F 21589 312 Fo4] Fgo] Z13Y
= AGE 2 9 kel dds wet 4kt
Zol 5] ¥ rlREo] 7|Ag4e] ejieEo] WA
siom, 2wl XTS5 AdiAIQ] "l eke]
5 HE0F g A F FHO R
E-7 o] (Material transfer)e] YEPHTHFig. 8, 9).

ShH, oy FAoME 12 T Foll AduiAi!
el FAlolA shdk(fracture)o] e whi|2RE
A3H(Mannesmann effect)’} WA= EH|[1], ©]23H
gjcto] WAsh= el FAldll FH 1 HHEET A
Z3fod 9039 Tol] 3 R A GRS B
o] g 22 Aol vehd 2o g wdd
o} o] & £ AgllA Hed SEAToE Tde
BIARI 4kslFo] gker]o] 12 o} 3 T &
1 A FE0 2 HUEE Fo] Ago| oM [4],
olefgt 7R EEeE HdEe g Tk AEE A
3} 71X24 H3k(softening)e] ¢lo] {17, 18],
F2 3keS W Fold 3 Foll S8 AR
7} WMy E= A9E 7HASIthFig. 3).

2 AFeMs AA AlEl TR 9ol 385 10,
90, 2153] AAF = 1(0.19C-2.92Ni-1.34Cr-
0.27Mo-0.13W"H2] HHH (plug tipyll A AlES A
31, o FAe gk Z 19| d=AEES kst
Z0] Hsle} AdA|o] 8IS o de] Wy
< A FIS7NE ol 83l IS, HHEE
AlHe] TS JEFAnAS o 8sle] TSl 1
FHAETS] rlR AT S A48T B XRD=
2kelZo] 2kel 9 wiEZ W) A et

FAAF o= st Akslso] vERt 3 27 &
#19] AkslE Yol A, HHEAQ] 3. 1

{

{1 o oL

[e=S)

S =
A UR-3EOR SIsle] 5 Fo] WS, o)F
Fei o|Ralete] vhuo) ojg FAuLS) GG
5Q) )le) vle), NEEIAE5 o)}
RS Ao 5 Fhe] Bk A
A 54 B S 7L we) AslEe] vl o
PheslE] A8 siee] elo] Hlof FlE4e)
ool WASIGT. oleld Felm ki) )
EE FER AHOR AT AT WA
Fej7 wrowe] Baolse] Alo] Hri, Ao
He Mg oo 483k el P 3]
ofy Felel IR 18 Aol o] Fel
R85e) 27} Bdolw, sloly Fej1e] sk
B N850 wslsh ARAo} BAG 99 A7
Aske EAREA FF S8 A7 o} Bt
A B8 8 5 A Ao s,

ol of

s

Of

References

1. M. Yoshida : AIP Conf. Proc., 1252 (2010) 1333.



214

2.

3.

4.

10.

. G.E. Carr and R.H. Conde :

el

il

N. Morioka, H. Oka and T. Simizu : Kawasaki Steel
Tech. Rep., 38 (1998) 38.

T. Yamakawa and K. Shimoda :
(2008).

A. Ohnuki, S. Hamazu, T. Kawanami and K.
Nakajima : ISI]., 72 (1986) 450.

Surf. Coat. Technol.,

US 7,383,710 B2

203 (2008) 685.

. D. Geneve, D. Rouxel, P. Pigeat, B. Weber and M.

Confente : Appl. Surf. Sci., 254 (2008) 5348.

. R. Bhattacharya, G. Jha, S. Kundu, R. Shankar and

N. Gope : Surf. Coat. Technol., 201 (2006) 526.

. S. Liu, D. Tang, H. Wu and L. Wang : J. Mater.

Process. Technol., 213 (2013) 1068.

. S. K. Kim, C. Xu, Y. S. Hwang and D. B. Lee :

Korean J. Met. Mater., 51 (2013) 849.

D. R. Lide(ed.) : CRC Handbook of Chemistry and
Physics 84th edition, CRC Press, Section12-219
(2004).

11.

13.

14.
15.

16.

17.

18.

. M. G. Fontana and N. D. Greene :

o
- $AR

B. J. Skinner : Thermal expansion in Handbook of
Physical Constants, S. P. Clark, Jr.(ed.), Geol. Soc.
Amer. Mem., 97 (1966) 75.

Corrosion
Engineering, 2nd ed., McGraw-Hill, U. S. A. (1978)
N. Birks, G. H. Meier and E S. Pettit : Introduction
to the high-temperature oxidation of metals, 2nd
ed., Cambridge University Press, Cambridge, U. K.
(2006).

D. B. Lee : Korean J. Met. Mater., 50 (2012) 300.
H. Zhu, Q. Zhu, A. K. Tieu, B. Kosasih and C. Kong
: Wear, 302 (2013) 1310.

M. Takeda, T. Onishi, S. Nakakubo and S. Fujimoto :
Mater. Trans., 50 (2009) 2242.

Y. Birol and D. Isler : Surf. Coat. Technol., 205
(2010) 275.

N. M. Vavilkin, V. S. Goncharov, D. V. Bodrov, and S.
V. Lipnyagov : Steel. Transl., 39 (2009) 548.



