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Train on Aluminum Alloys and Controls of Extrusion Conditions
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Abstract The important thing in extrusion technology is the design and production of molds. Appropriate design of
the molds is essential for achieving the desired extrusion of molds at the same time to maximize the life of the molds
and increase their efficiency. The extrusion temperature and extrusion speed are the main parameters at the time of
extrusion. Different extrusion conditions should be added depending on the extrusion ratio, physical properties of the
material, and type of extrusion. In this study, the extrusion process of various 6xxx series aluminum cast alloys for
high speed train interior or exterior parts were investigated. The extruded die design was performed for the 6063,
6061, 6NO1, 6005, 5083 and 6060 alloy profiles and an extrusion test was conducted. In addition, the extrusion
conditions, such as extrusion pressure following as the billet temperature, extrusion temperature, and materials change,
were analyzed. Although the 6063 aluminum alloy can be extruded at the lowest temperature and pressure, the 6061
alloy can be extruded at the highest temperature and pressure. From these results, the successful extruded products
were manufactured from these established conditions.

Keywords : Aluminum Alloy, Die, Extrusion, Interior, Exterior Parts

aEHE oAl 71EY A% 2 AF WA 5 9= gu] FE 5o ALdE =2 el 3
T g axlE, skl s vl fiie ¢ x4 guigo] QT E) o= Qlsle] e YFvE

o] w2 20188 A% FHUITt wujshEdH] Aol oste] ATHUS(FAHE 2018 F039).
*Corresponding Author : Kee Joo Kim(Tongmyung Univ.)

Tel: +82-51-629-1545 email: kjkim@tu.ac.kr

Received April 25, 2018 Revised (1st May 28, 2018, 2nd June 7, 2018)
Accepted July 6, 2018 Published July 31, 2018

50



@

- A8 ¢RrE dE 4 2% M 2 4 249 A

RS

o] 4 ekth1,2]. et} .9l

=
=

we} gk

i3

=
=

]

o] A AHGH T o] Bl 7]Ee] FHE

A, o

ol

=

No

)
—_—

o

o

SHAl #lr.

7}

aja!

<)

S99 A B5H ol

o

)

[e]
=

ZH(AS: Air Slip Casting)©] 3t} DCF3HE =]

o #A7k Se

o Loj| A
oxxxAlE 2 Sxxx Al

q

3

)
2

23 7

=

HURESERE

il

A
T

1o} ojeja

3
i

sstoof

e

p
L

AR ol 2 g5

il

o= ]
=

3l 6xxx 2 Sxxx Al

31

0
0

2.

Al

_‘5;

Zn
0.01
0.00

(direct

¢}

s
=
Tz 5
0.1) |01]
0250]0.1]
Ti

0.01

0.01

Zn
0.125 ] 0.443 | 0.566 | 0.000 | 0.003 | 0.011 | 0.005

]

94

olgdtel Fz
Hdet.

Cr
0.3

Cr

0.15

0.00

[e]

=

I3

3 XH
AR
Mg

Cu
0.03
0.00

&

474
0.52

}o] Ar 7FAE g7t AA7)
Mg

©]500mm)

]
Cu

3t

I3
43
=2
Si

0.22

0.40

el

o]

2

AR H71A
Fe
Fe

=

0.293 1 0.745 | 0.895 | 0.366 | 0.096 | 0.013 | 0.002
0.141]0.744 | 0.530 | 0.000 | 0.007 | 0.012 | 0.000

0.15
0.11

=

=

=

Si

6063 |0.2-0.6(0.350] 0.10] [0.45-0.9| 0.1]
0.4-0.8]0.7 ] [0.15-0.4] 0.8-1.2 [0.04-0.35/0.25 | [0.15

0.4-0.9]0.350]0.35] |0.4-0.8

AL 22

1

il

£
21kw)

=]

o
s
=
6061
6NO1
Alloys
AS 6063
DC 6061
AS 6NO1
AS 5083
AS 6060

] 9k Table 1 & Table 20 & Ado| M ALgH &3
Alloys

casting mold)(8<21 4|
Table 1. Chemical composition standard (wt. %)
Table 2. Chemical composition (wt. %)

50k,

1=}
=
2]

51

ol @p5lof gk

[€)
Al Ase] ©HA

o ¢

tﬂ o]

L
L

Aejolu] o} tho] Apole] w}
1A =

Q3

= Wyt W+ W,
o)
=)
o]

2.1 USUH AILA]

W,

wYPe A o7 77



Bl =wA Al9d A7E, 2018

S}
of

2
=

o

e

ARTEZE Tl FrE o dBAWE
T W — 0 <+ o f WO T
mvoTzT_ﬂHﬂ %Wmﬁ%%9%% ﬂ%gﬂmﬁ;ﬂ %
ol G . X o e —
G Gy R 2 eSSt TE_EER
i Bl B - Ko oD E D i
b%%%ﬁﬂﬂ%%%ﬂw@ﬁ% o By T e
N oo o xR HT B R P ot%aﬁmo%]oﬂ o
= - iwuﬂﬁahmo,ﬂ:m%aoﬁr%%ﬁﬂ.dr.%maﬁﬁrah% W o
: 2 ¢ i ooy B LWy * I ER
E EE B . Egmm W gy o B Lol L i
° S g .“_."_.oo.h\..u\m,Ll1r %W&om/\@l],m—l]zﬁ_’__lmwla ay —- ©
° g ok B RN L S X ol e Q @azﬁo%1¢. K
< e 8 mFE o ~ @ S kool 2 ok . o A
& £ 20 Egpwo g8 38N aX Wy e TS WS I
s z 8 Aﬁmﬁ%owe%ofrﬂlg)a%7Eo,ﬂﬂﬁﬂ%ﬂoHﬂ% H %
% g oopoop .%@%EﬂggﬁﬂE%}ﬂ@ﬂ%ﬁaT e
E & w I - BT R B T B
S R T R W oot 2 N o Mo T T wo
- |smEEE|mM s Qﬁ.mumm @mﬂermﬂ%‘/%?% - =
S mUCEEETCRALL FRTET B & B b A=
o _ ~ = il
A x._kauﬁﬂ,w,ou@%%o,zmww_nmaﬂweﬂ%mxx%ﬁm ;o
I RO AN e SR A o %
N 4@%zi%gaMiﬁwmu..%m%w% M_%zﬁﬂﬂ o
. — © —_— = S ‘o] gl pa— —_
o 2zTo@%%wmﬁmuwmﬂmmﬁﬂﬂﬂi_ﬂxe%%ﬂ% ﬂ
i o N v BT ) = K o N
o Hp R N _z_jmma%om%%ﬁ%%:mimﬂ%ux i
= e © osz_lﬂmﬁ_ﬂH‘,%
1o
@o% n l#\./
= $ of @ = o " WP T T
X o
T L S ipaficrEiis
oﬁm 87 s & o ol K Eﬁwa‘_ﬁ o ﬂxﬂ_dudr.
N g idﬂ%atﬁﬂﬂo?uﬂoe%ﬂn%
7 9 5 TE e W P oo
%5 5 T T T gAﬂﬁ@%ﬁ%ubﬂ
2 g, - B e TN TR LT N
i o 2 5 g Q1M%1Q@Eﬁolo}:wnua
W ; A 2 LRI TETxgRFOG
" £ i mm EE,WJAI T g — Iz
5 — § 2 22 R e T T E g
s s1 | < - o 5E m%ﬂ@%&mr&ﬂ@wgi]ﬂ
T % = ! £ 5 E TﬂbﬂmAﬂwa@z%%ﬂw
= s S - 5 & H -3 y -
Ao a i S TE foow arﬁwwdaho,%%zi
o Mo o = G - SRR SR
R T e g B NEpmz it RV L
Mo B < mﬂm %ﬂ.%%m?%%%mﬂ%ﬂo@
o X SE R 5o ETRIERE G ME
~ o KT . %zol,%.mhiwﬁwxaomﬁﬂ
N T ;oﬂwxhdmﬁu o Mo 3w
o %Enw]AerWmﬂi_ﬂ].%N
i = Ex PR =F %
iC ,xeﬁoPXﬂHiﬂAanWwM

52



=8 N % g= =19 Ao

=
=

39 ¢

o=

R
h:3

60617} 6NO13}

= A

3 g gl
z en

ol
H

Q17po]e.

L
L

A

H]x

heating temperature.

53

No-6
6063

No-5
6060

No-2 No-3 No4
6061 5083

6N01

No-1

6005

%maniEéﬂcM%m g - g kol
TP AL wET LR 22 HEE z
= I o N \ eI 0 . 22 << << 7
T oo m o T oolg 33 $333 p
= R = = I~ ~ p3 o
K A I A e n e . E
ﬂlmre LMo,o|\urq_AI oweomaw,vur ® | = - * 18 W

—_ Af‘mﬂwﬂo]rh ﬂAI.@M o =
Noo g~ Ay oo o & e g g3
I B I I e £ g% 7

. - s @ .
b Ta @ g g < s 2 s £ &
Moy E T oM R T %o ' m 48 £ < - » 18 g © E
T T E SN F o NF g = 2z ¢
o A oE S T oK omx P o E g =2
N S ) © UMM%ﬁ_zEEo o S @ © o
8T EE g v 5 = ¢ 7
WV)MMMHE %ﬂr_iﬂ_/l]oﬂouoi @ 2 Bmw
—_ — = o —_ o

..(D\ATdﬁ%Mc,WOMWﬁo@WMEo . ] 18 5 - 4 18 Z &
=K oy ri ot WH m AT = OE A o ;‘Imﬂ = m
—~ 0 = — o o 5 9
S rH G 2 Z
n &e o) gl - — x° M la — m
oy 7 A% X w g P R o Mo AT O o - 5
24 TN e g Do T g e e g e gt g 8 g =8 8 ¢ .
PRR o o T Eg DM 888 FEEE T o
™o N RGN E o
® W o wE ST RE T W 5 ANES?: alnssald (;wo/BY) ainssald ir
oW 2 F o 3T oo M o g oob T

— = ) -~ X

) < ) o= 2 v g Koo
jwMTuﬂ%W%Wﬂ B - SR R RN EEE 5%% 85
o] & % . S { S A TK 44
oy R’ I ~ 7 E R £ £
3 aanllﬁ, )
J@nw%ﬂwwmﬂ%w% g2 % N

) =
A ST £3 o

T 1z

aadﬂM@oH 1+ EM‘UIZA Mm555544116677 Jwﬂ,.mwr%ﬁﬁ
T MG I SR [ B oo
Mo o N % Moo B M T 2 W Moo
g X o o o) %mi@r 2 om w W

<o te} - = L, .
WE WP aeqn T F 25 |ge82885/8 8088 PP
B O Y e %fr@_ﬂy S| 22 i e o H 2 &
‘Llwm M_ﬂ .&ﬂ R ‘M,.Iﬁ ﬂmo Ot ol o iﬁ m i = muu o
N s R RN = e o o AR
— N oo = o - g 8% |o|lo|lololololololololele Ny
o = ) — M om S| = & |9|n|v|d|E IS EIS|alaFIF LG C Iy |
Eo“ .o#:uol .Luo Bl B E T T T T T T T T T T ,mu_zi_&uoe
TTERPLELTY Bl C v =g

] ol B B = o

) <

BHEERE BT - O olglelzlellelelelelgls] F oo @
%erﬂa.%%%aﬁwx o o |TIEEEZEEEEZET ﬂ%ﬂ% _ T
O L = —_ ° 1._|r
%q o8 2 6 BN e o = clzlzlalsl o Mm ok 2T g 8 8 8 8
o W R W o= B Moo iy A 8 slz|&|&| s ¢ T o W (,woyBy) @anssaid
MoRe TR R & BN M oF oF - T 4 =

Fig. 4. Extrusion pressure variation following as alloys.
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