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Numerical Evaluation of Backward Extrusion and Head Nosing
for Producing a 6.75L Small Seamless AA6061 Liner
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Abstract

As a pressure vessel, a small seamless aluminum liner with inner volume of about 6.75L is made from an initial billet
material of AA6061-0. To produce the aluminum liner, warm forging including backward extrusion and head nosing was
numerically simulated using a billet initially pre-heated to about 480°C. Compression tests on the billet material were
performed at various temperatures and strain rates, and the measured mechanical properties were used in the numerical
simulations. For the backward extrusion and the head nosing, the tool geometries were designed based on the desired
configuration of the aluminum liner. Furthermore, the structural integrity of the tooling was evaluated to ensure adequate
tool life. The seamless aluminum liner has an endurance limit of about 1.47MPa (15Kgg/cm?), estimated based on the
required inner pressure. The results confirm that the small seamless aluminum liner of AA6061-O can be successfully
made by using the two stage warm forging procedures without any bursting failures.
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Table 2 Chemical composition of AA6061(unit : wt%b)

Type Liner Reinforcement Cost
| e : Cheap
1| S| oW | gena
| A | R e
| PRI e

wo] F2 el o =
CER
2 AT AE

6.75L wo UF &4& 7HA
2% AAB06L ol E UAHP o

Sk (Backward Extrusion)# 5 %97 (Head
Nosing) &8< &A=z Fdshs Wts A
st theket 2k 2 W 54 (Strai

2.1 =
2FYE 87 AHIE HHOoFE AAG061-0
3] A 2312} 819tk AA6061-O
2= Table 22149} e sty 2AS 7IAE
E4o] Stk & AFdA = Table 20 AAlE 3}
s Ao 93] dolF AA6061-O A A (Fig.
1) ol&3te] 27 mAz2S BFsH. Fig.
1(b)oN A&} 7ol “d2(Room Temperature) Z=71o] A
AAB061-0%= ¢F 20~30um 59 PAA7|E 71HA
= Aow AE

2.2 7IAY &4
Ao A& A4 AA6061-0=
23 FHUAE el o8 Ay FH=E 4=

Si Cu | Mg | Cr Fe | Mn | Zn Ti

0.40 | 0.15 | 0.80 | 0.04

~0.80 [-0.400/ ~0.12| ~0.36 | 070 | 0-15 | 0-25 1 015

(b) Microstructure of AA6061-O (><500)
Fig. 1 Initial billet and microstructure of AA6061-O

AL, ojuje] 7hE 2= oF 480TC FEolth &,
A s A e AAB061-09] 7] WS dn
a3 & —?—HJ?J% e g3 1 FHE dE
Aoz Hgol XY= A ., o] uwt
Ao e AAG061-0 7] WY thofd &
= ‘;‘ M & 54 - (Strain Rate) 710 W& <=
Compression Tests)= 2 Al 591tk AAG061-0
‘O‘H]—OLZE]L— A—hsi L ?_] glk 480CE 7]
F£0 3 3007C, 350C, 400°C, 450C, 500C 2 550C
9o s WEELE7} 0.001s, 0.01s, 0.1/,
1.0/s & 3.0/s2 AEgste] AdFAHE HAEA
ok 2 ABAIFAA AHEE AlE 1= 10Ton £
ZFo] MTS ABAZA7IE A3t Fig. 2(a)+«
ASTM E9-09 2 KS D 6759 -zl wat 2 7ol
g15mmo] 3L =o] 7} 20mmel ¢EA|H A|He] Al
d A ly PGS BT Y7, 8] E3,

= mlo mlo

o

r«O

Bt=2MIH3 85 X /M 22/ M4ZE, 2013H/205



Fig. 2(b)el
3l t}okst

i

H
' A =
ks &%lt}[g, 10]. Fig. 2049} zro] tjekdh &=
A el A5/ AdAs ARy v

=

A1 Fig. 2(f)7+A1+= AA6061-
er 9 AgES

=
ol Foj & % WEE

70+
’a GO-F\V‘V‘\
0 :
% 3 300°C
§ 4()-%_‘
A 350°C
7 JIETY (e W
> M v 400°C
o 20-%»‘—- 450°C
79 P sncn 500°C
104 550°C
0.
00 01 02 03 04 05 06 07 08
Strain
(c) Strain rate : 0.01/s
100
i
g st 30°C
< —— 350°C
&% 00 6
E 400"(7
D 404 450°C
= s 500°C
S R TS
[ 204 550°C
0.
00 01 02 03 04 05 06 07 08

Strain

(e) Strain rate : 1.0/s

o

R
ol 8oFE & 9k 7 hEAY Astel YolA,
F& 2RdeE 27] Ul Softening Aol
=ege & 5 Aok EF, FY eE 204
MY ESET 27l e FRge] a2
7hes & ¢ k. 2 Aol A AAB061-0 4
60
= 50
o
g 40 -""“ 300°C
2
- e 350°C
@ 0
B 20 400°C
.= Sl UL e 450°C
= 10
0
00 01 02 03 04 05 06 07 08
Strain
(b) Strain rate : 0.001/s
80
—_
S 70 )
E 300°C
60
el
A 350°C
é 50 ;
% 40 400°C
% 30
= 450C
B 5 500°C
550°C
10
04 ’ . ' ’ ’ ’ ’ )
00 01 02 03 04 05 06 07 08
Strain
(d) Strain rate : 0.1/s
- 1004 )
& 300°C
80
Em, 350°C
5
5 60 (""’“‘\—“ e 400°C
v 0,
PN S ————
o 401 500°C
o e 550°C
20
00 01 02 03 04 05 06 07 08

Strain

(f) Strain rate : 3.0/s

Fig. 2 Uni-axial compression test results according to various temperatures and strain rates
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Fig. 5 2D layout and 3D configuration of small
seamless AA6061-O liner
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Table 3 Billet dimension and results of backward
extrusion for various wall thickness

Wall Max.
Thickness| Height Radius Stress Max.
(mm) (mm) (mm) (MPa) Strain
2.0 27.4 73 56.2 3.62
2.5 341 73 55.8 3.77
3.0 40.7 73 55.5 4.01
35 47.3 73 55.4 4.02
4.0 53.8 73 55.3 3.80
45 60.3 73 55.0 4.16
5.0 66.8 73 55.0 3.97
5.5 73.2 73 54.9 4.94
6.0 79.5 73 54.9 5.48
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Fig. 8 Results of forging load prediction for backward
extrusion
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Fig.10 Forging load conditions for tool structural
integrity evaluation
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Fiber Composite)S A Z3te] FHEAQA AP UL
[

715 AfeA Ao AFd9H S Bl
9 AAG061-0 eholu = AFH = fAl 52 7
Aol s HAGkE q48E 72 9ded, 9
Fol AFE H53A FxEe] WS AAG= o
s gk ol2d 2FkH 8 Af W
e 7t 71E o2 vgke] oF 1.47MPa(SF15kgdcm?)
T R o] BASHA &

$718 Age o= Wty v ool w

212 [et= a7t 55 A /H 223 HM4F, 2013

o
&
iy

Fig.12 FE model for inner pressure condition of
15kgdcm?

gA B AFdAE ygdsErE 71Eed
147MPag] Ugzx7d 7oz $UdE 4 F
Foeedd 42y geoldd gid 38 3 Wy
g TPt
Fig. 12+ Fig. 9ol A]
oA Wge] HE&H FHHAAY 2ds e
Zolth 23 AA6061-O THolule] that a4
Wkds H7 23 A5, Fig. 13(a)ol A <
ol HufasEe oF 165 MPaE Zlolge] A
HoSdd AAzEd oA dFER oYy, o
= oA 327 A Odr}fz ol o] £ 34
A Ei:ml DEFORM94

Q2

Z F Y gaxzom B wE o dw
9 Aoz ZAH. o]H 3 wHA
)=}

.

f
i
2,
o,
o

l_,
rr
2
2
o 2
o
O _11_0‘_‘

S
<
3?
£
ol
1 o
5
ol
oo M
_IE
r—[n:
F
i
o
oo
ﬂlf 1
P

2 o

oﬁ B\

ATt 3, Fig. 13(b)o] AAE W
gﬁi?i, oF 1.47MPa2] Wte] 7si4
ol AR ¢k 0.008mm(8um)e] 7}t
S o 42 9o} o] £FY WHYYE v &
FFoz AT 4 9S8 oz HuryE )
= Aareldel A HdRl 67509
AAB061-0 holol= WgAdsH 7 7Eol
e Ao g B

40 i

Lk oW

oo of IN rlo ox O

b



Effective
Stress(MPa)

. 165

110
[y

IO

< o

Sy

6.75L7 43 AA6061 etoluie] 3

Effective

Strain
. 3.68
1

245
=

1.23
I 0
e

- -~

(a) Effective stress and strain distributions

\

/\ [After applying P;,]

= e

[0.008mm=8ym]

[Before applying P;,]

(b) Displacement of AA6061-O small liner
Fig.13 Results of structural integrity evaluation for
AAB061-O small seamless liner by applying
inner pressure of 15kgy/cm?

= =
B ATl M= HAE 4% Seamless %‘31%71
o T8 wEA dxE<Q AAG6L-O Fhold A4F
S 9T 2 FYgE % R =94 T4
w3 FEas AP sk & A
AelAs AaA Fdes 4 7IHe A5
of FtE 3N T =94 A dolA

o BAYY 5L g8 AHFAHANA dAYs=
Fasdy favdE E¥ agu HAd Ags
T TS FH8AHE ol&3t dMd HaEs F
3 o Zskglom, ¢F 148mm o AES A=
AA6061-0 z}oly ol sl thdst o5+ ¥ FA 9
gt M4 dT= FrrHez Fsigich B
AFE Fd dold AsES aoshd vy

(1) 675L =] WiF 84S A= 4Fe
AAB061-0 ZHolUE Ad3str] gt 238 9 &2A
b oakEd ATe whEASE oF 015 FEe A
S HolE A FHHE z7] WIS AME
s Zlo] Bl Aoz ZARE AL

(2 2 dFolAes 27 ¥ FA7F 2.0mm <l
AAB061-O ol 231 FHkgtEo] gloja], oF
56.2MPa ¢ Hulfa8d, 362 o HAUFaWUFE
1813 4,897kN & Hdl ©hx3tFo] ATk

°]

ol HBoE FWUE TAHS dsA dad
Ty &g °F 500Ton Fo] & 2
dEHA o, dAdHow dese T A
gr 2 oqF &% gn 58 ugsty B4Ho
2 AA 552 AA skFe] oF 50% oA A
dee udd A, 2l
AAB061-0 tolds FESHY] A= oF
1,000Ton 3¢ ZH2E HLs= Ao gt
Ao et

(3) °ol¢t tiEo], FF =94 FAH JAAE
B35S uEd T HofasHol o
20.0MPa, Xltﬂ aWHYEo] ¢ 368 FFom 7
ZF dE5EHA, FHE =9 3 H8 AREN
Nozzle ﬂ’“-ﬁ'ﬂv‘loﬂ A FAT A SIS o
A} ol FA FTrEANS Bt FE
g 5ol o s FRI] JsiAE AR
of FAE 24T Bavt IS & F AU

47MPa)oll o}

(@) =%, WA 71E(eF L
S

2 U 4%e FAgoz d5% Ad o
[e) o]
o

slek
% 7]

BoATE RS A 3 A T 24)

o A9 wob FAE AFATYUL. EF, ¥



-
fu)

AT 20129 % gholl U] 7] 7191 (KETEP) 9
ol 1 %] o1 & ek A %] - A1]1 (No. 20124030200020)°1 <]
g = AFH

REFERENCES

[1] M. J. Vick, K. Gramoll, 2012, Finite Element Study
on the Optimization of an Orthotropic Composite
Toroidal Shell, J. Press. Vess. Technol., Vol. 134,
No. 5, Article No. 051201.

[2] J.H.Kim, K. B. Shin, T. K. Hwang, 2013, Study on
Size Optimization for Skirt Structure of Composite

Pressure Vessel, Trans. Kor. Soc. Mech. Eng. A, Vol.

37, No. 1, pp. 31~37.
[3] Y. B. Yoon, S. W. Cho, S. K. Ha, 2002, Optimal
Design of Filament Wound Composite CNG

Pressure Vessel, Trans. Kor. Soc. Mech. Eng. A, Vol.

26, No. 1, pp. 23~30.

[4] J.S. Kim, S. G Lee, T.E. Jin, 2002, Development
and Evaluation of Predictive Model for
Microstructures and Mechanical Properties in Heat
Affected Zone of Pressure Vessel Steel Weld, Trans.
Kor. Soc. Mech. Eng. A, Vol. 26, No. 11, pp.
2399~2408.

[5] H.S. Lee, J. H. Yoon, J. S. Park, Y. M. Yi, 2005, A
Study on Failure Characteristic of Spherical
Pressure Vessel, J. Mater. Process. Technol., \Vol.
164, pp. 882~888.

[6] W. C. Jiang, X. W. Guan, 2013, A Study on the
Residual Stress and Deformation in the Welding
Between Half-pipe Jacket and Shell, Mater. Des.,
\ol. 43, pp. 213~219.

=

oY

¥

207~214.

[11] J. H. Kang, B. H. Ko, J. S. Jae, S. S. Kang, 2005,
Lubrication and Cooling Characteristics of Warm
Forging Lubricants, Trans. Mater. Process., Vol. 14,
No. 7, pp.619~623.

[12] D.J. Jeong, D. J. Kim, J. H. Kim, B. M. Kim, T.A.
Dean, 2001, Effects of Surface Treatments and
Lubricants for Warm Forging Die Life, J. Mater.
Process. Technol., Vol. 113, No. 1-3, pp. 544~550.

APPENDIX
2 RERo A= AAG061-0 AAlE ©]8F 6.75L
20141

W 29 gholvie] FudkE 3ol

=77} 2.5mm, 3.0mm, 3.5mm, 4.0mm, 4.5m

3
o
o
3
3

Z12]ar 6.0mmel A-g-oll v F3hes aa At
E A3 Aew faeYy 2 FANMIE X

= HeEhh AT

| Effective —

Stress(MPa) Strain

60 - 6.0

40 4.0

20 20
. 1 l

0 o
Max. : 55.8MPa Max. : 3.77

.o/

[7]

(8]

(9]

[10]

ASTM International, 2009, Standard Rest Methods
of Compression Testing of Metallic Materials at
Room Temperature, ASTM E9-09.

KSA, 2002, Aluminum and Aluminum Alloy
Extruded Shapes, KS D 6759.

D. J. Yoon, S. Y. Hahm, Y. S. Lee, 2012, A Study on
Forming of Al-Zn-Mg-Sc Aluminum Alloy Bolts,
Trans. Mater. Process., Vol. 21, No. 7, pp. 447-452.

D. H. Yoon, J. E. Jung, Y. W. Chang, J. H. Lee, K. S.

Lee, 2012, Influence of High Temperature
Deformation Process Variables on the Microstructure
and Thermo-physical Properties of a Ni-Fe-Co
Alloy, Trans. Mater. Process., Vol. 21, No. 3, pp.

214 [et= a7t 55 A /H 223 45, 2013

Al t=25mm
wl Effective - Effective
Stress(MPa) Strain
60 . 6.0
40 4.0
|
20 2.0
I 0 I 0
Max. : 55.5MPa Max. : 4.01
rd
o
5./ ,-/ ——

A2.t=3.0mm



6.75L5t 4% AAG0GL holusl FgE L w94 4o B HNH AT

Effective — Effective o Effective J— Effective
) Strain Strain
i i N N
. 40 . 4.0 . 40 ' 40
20 20 20 20
' 0 . 0 I o I 0
Max. : 55.4MPa Max. : 4.02 Max. : 55.0MPa Max. : 3.97

Lo — —

A3. t=3.5mm AG. t=5.0mm
Effective (]  Effective —  Effective ) Effective
Stress(MPa) Strain Stress(MPa) Strain
. 60 . 6.0 60 . 6.0
' 40 4.0 . 40 4.0
20 ! 2.0 20 l 20
l 0 l o I 0 l 0
Max. : 55.3MPa Max. : 3.80 Max. : 54.9MPa Max. : 4.94
A4. t=4.0mm A7.t=5.5mm
Effective ) Effective
— Effecti — Effecti
l4o . 4.0 . 40 . 40
20 20 20 ..
' [ I o I 0 . 0
Max. : 55.0MPa Max. : 4.16 Max. : 54.9MPa Max. : 5.48
AS5. t=45mm A8. t =6.0mm

=2 MItE 85 X /M 227 M4, 2013H/215



