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Influence of Punch Nose Radius on the Surface Expansion
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Abstract
This paper is related to an analysis on the surface expansion in backward can extrusion process using spherical punches.

It is generally known that the backward can extrusion process usually experiences severe normal pressure and heavy

surface expansion. This is a reason why the backward can extrusion process is one of most difficult operations among
many forging processes. Different punch nose radii have been applied to the simulation to investigate the effect of punch
nose radius on the surface expansion, which is a major effort in this study. AA 2024 aluminum alloy is selected as a model
material for investigation. Different frictional conditions havé also been selected as a process parameter. The pressure

applied on the punch has been also investigated since heavy surface expansion as well as high normal pressure on the tool
usually leads to severe tribological conditions along the interface between material and tool. The simulation results are
summarized in terms of surface expansion at different reduction in height, deformation patterns including strain
distributions and maximum pressure exerted on the workpiece and punch, the effect of punch nose radius and the
frictional condition on the surface expansion and the location and magnitude of maximum pressure exerted, respectively.
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Fig. 1 Surface area before and after deformation
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Do : Initial billet diameter
Dr : Punch diameter

hs : Punch stroke

H : Initial billet hight

R : Punch nose radius

L : Extruded Length

h(land) = 0.3Dp to 0.7Dp
b(relief angle) = 4° to 5°
Ds(mm) =Dp - (0.1 to 0.2)
Dy = punch diameter

R(punch nose radius)
=10, 11, 15,30 mm

Fig. 2 Die and punch geometry used in analysis
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Table 1 Parameters used in simulation

Parameters Values
Initial billet height (H) 20mm
Billet diameter (D,,) 28mm
Punch diameter (Dy,) 20mm
Punch stroke (hy) 15mm
Land length (h) 2.24mm
Radius of curvature (R) 10, 11, 15, 30mm
Friction factor (m) 0.1,0.2
Reduction in area 51%

S AAste] FA YA A&tk T A4
He AdAMY B FFALE dEFAo
SAds] AgEH =2d we PIAAHE A
Ei
B

.

E 499 12mm 2 LA FEHUG
4 U882 o8 717
FENH o] FHI A
AFH oz dolu izt AL
AN 7FE7A s ol HlnE oFgt AA 2024

] AAgEG o A
fresdy fFavygey @
A& Power Law o] ohg} o243 ZT){7].

G =386.558""* (MPa) for AA2024 )
3. sliAgy ¥ 2

31 HA =22 ZEHHES EE
Fig. 3@~(de Tg¢d A==
e FAHY AHRE Ao FAHA Y
HAPH, o) HAEEHY A7 2 A89A S
S  &Al(current configuration) ¥ X7 FHEA
(original configuration)2 -3+ 242 JEH A
olty. ZHM & & ARl AFTAH ha A
A PAALHE 4 T2 FAAT 3mm I
g duitt FAY4 2d4E Ed9Y 4 2" Y
A g A= ETE T vX S HE:E 208

ol Ao Wl T X dY F

He AAE 722 e Aeln. i ¥
AEE 05 7t W Hi F
FHaT A 2ol HA
ol ¥y WA E AMETE T
AESE o] AH= HA=
J Rz vpebgeh =g 7] U9

o
r

N

- g

M o
Hd
Norl 2 M1 o ol ofe

By px

il 4

584 /B3I B EEX|/H 16H MEE, 2007H

L

> % o i
z2
o, M DY

o
®
(2
>

ol o
o o

o,
£l fo i

F

T
-

2 A3HE AAAAE, A5
2 HolXtp7h Adele] ¢Eo]
A & FA BFoR olgde AY

0;

2s™
EOEM—C‘
o o
Eﬁéré
= ot

>
inj
ry
PR
o |
B
pas
o
*
o
oy
o
=
e
o

g UEdan. 2oy A 4E
[e]

)=]
s
APHAA AP HEH L v ZFEHeAN B
bl

2
n
rlr
>
et
=
o
)
Au)
\O
8
2
2
x
12
)
L2 N
Ry
rir
2 SL o o > 2 e

= Agro] ZEukAol 10mm ¥ Wi(Fig. 3(a))}t Hl

wste] G o=

A& A7le ]

omm W 7bg A et AdEoz B

o FEVHOl 10mm ¥ W&}
]

oM,
ook
o
iad
L
=
O,
OB
Pl

st A fAHR
[e]

o

N
—

=
TRl
flrﬁﬂﬁ\i-‘?.la‘;o g -
o g 15
to ofv no i £ & ok

Y

Az wwgoen 27 ¢ Hoxltt
olm] gttt
Fig. 3(c)o1A FE%HH 0] 15mm o W A
B2 ARFSEE ol %!
He ZEWNH] TS
g wel A e Bg
£33 I e P27 F FAHANA FdHA
Aol Akt Al APl
Aoz & FHKZLE o5 AL
Ak m=E FAo] JPHUA HHYH A7
ks

2
~~
T
L]
W
~~
£
= F
=
A
offt
o me

ru}rrj:H

.
b
0
K
2
0y
Ol ol 2ox A 1|

—_



[Unit : MPa], Strain contour : 0.5 by 0.5 increase

Stroke : 3mm 6 mm 9 mm 12 mm
q, G, G G
648 | 8.81 6.16 o 3.9 - 78
™ T T .
| j 1350 1220 1340 87654321 3
I | 905 i
2
| | B
— 2l ‘ f
(a) R=10mm
Stroke : 3mm 6 mm 9 mm 12 mm
q G ¢ G
7.13 7.79 519 3.9 618
i N | iog
1170 1700 87654321
‘ 1 2530 ‘ .3
| | 1650 | 2
I I v il 1
‘ : : | :
T 1 t
(b) R=11mm
Stroke : 3mm 6 mm 9 mm 12 mm
G , ¢ )
9.16 7.13 583 | 454 ,\ o yi
D 3 ﬂ J ‘ (i
1320 '
2230 87654321
I r 1070 ] I
| | 1020
‘ . |
I I I
(c) R=15mm
Stroke : 3mm 6 mm 9 mm 12 mm
(i (i (i 78
_:z_gH 7.79 [_6.8 5.83 6
| » i
5
179 1230 L 82634321
‘ 1360, [ ‘ 4
‘ ! 1200 123
I ] i
— i ;

I

(d) R=30mm
Fig. 3 Deformation patterns for various radius of curvature at different reductions in height (m=0.1)
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Fig. 4 Magnitude of maximum pressure for frictional condition and radius of curvature
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Fig. 5 Surface expansion for frictional condition and radius of curvature

Fig. S(a)oﬂ /ﬂ
o] A% |

HEo] APHUAN ZFHI O
3 Z7etE AL B2 o
e YEhE 1A
A & FA ZBo= O]
Zz7d dejr =

o m=02) Ho) 3

ATk ol Ak
aﬂ ZﬂQOEW
3
}E}
o

O,
\%3

D¢

10

PG
o O i

o 5 o
aﬂﬁﬁﬂ
(1 o rIr
oyl

2 4
" o
o M2
_>'4_‘ o=
o
© g
s,

o
o
o,
I}
E

Ud
°
2

2]

LS

>~
-
°
o
-

O
N
T2
o
ol
ol

==

erE
N
N
o,
~N,
SR F VIS (=)

Ao X e rfr ot N
Mo B ol M4 ofd Bt O mdb > Al = oo dd ¥ o

ox, rr n:,d
i
rlr
ot
o

el
=2
_>.:

,Z
£ o
)
o
2

ru‘,
L

)

N

s

—_

<o

~ 2

L > T

[\

<

o

i lo

jule

tlo

=
20 i

Ol

ol

iz

oX, Jot g
O od 2
ol e

ke
(2
o

A9 FES BT sHeA o) 2}% 2
A2 2 4 vk 2ed, HY 29
A HE<rEe 97 A2 o] @
| wZoll wi¢ SAE 20L& ohd Ao
o},

Fig. S(b)oﬂ A n

W o] X

Thare

fe 2 do ok off
N i
r&ﬂ\,é‘l_{ﬂ{g

el A uelel ®
A AR

o ot

==

of

o2 ueixtrh w79
Akt A& WA
ARSI DY SC R RS
N BdEEEE vEtds
H(twin extreme point)2] 3
R ol A2 A9 F
A E A Ho HEEH o

i EHsgo] dojue AH Hr c}’b}
oA o W 94 0};‘1‘3]’ A #

SRS

L oX

oM EE X/ 167 MB8F, 2007H/587



R=11

o

87654321

R=15

4861

22.33

Fig. 6 Deformation patterns for various punch face radius at the punch stroke of m=0.1(top) and m=0.2(bottom)
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