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A Study on Extrusion Forces in Hot Extrusion of Al-Si Alloys
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Abstract To investigate that the theoretical formulas for extrusion forces are applicable to the manu-
facturing plant, the maximum extrusion forces were calculated from Siebel’s and Geleji’s formulas and
also measured using 550 ton extrusion press. Parameters such as flow stress, K;, angle of dead metal
zone, @ were obtained experimentally in order to calculate the maximum extrusion forces by the theoreti-
cal formulas, and it was showed that the results were reliable as the deformation efficient factor, 7; was
determined to be less than 0.5. The maximum extrusion forces calculated from Siebel’s formula and
Geleji’s formula for the angle of dead metal zone, =50 were approached to the experimental results.

However, it was found that Siebel”s formula is more useful to apply to the manufacturing plant.
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Table 1. Chemical composition of specimens(wt% )

- Specimens Si Mn Fe Mg Al

Pure Al - 0.06 0.015 0.10 0.001 Bal
T Al-lwt% Si alloy 090 | 0075 | 0.3 0.005 ”

Al-5wt% Si anoy_m“:EjﬁsTﬁi 0033 | 021 | 0.067 ”

Al- 10wt% Si alloy 9.40 0.064 0.27 0.070 ”
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Fig. 1 Schematic diagram of pressure measuring

system for extrusion forces
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Fig. 2 Macrostructure of metal flow and dead
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metal zone after extruded at 300°C in pure Al
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Table 2. Formulas for total extrusion force (F))
Author ~ Formua
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L

Where, A

=cross sectional area of billet (or comamer)

a=cross sectional area of the extruded product
w=natural logarithm of the extrusion ratio( =In A/a)
= coefficient of friction between billet surface and container wall

K, =deformation resistance
Ki=flow stress
K. =mean deformation resistance

C=constant involving deformation resistance

v=ram speed

d, =diameter of billet

L =length of container(or billet)
d,” =d,-2ts(ts=thickness of shell)
L.-b=length of deformation zone
a=angle of dead metal zone
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Fig. 3 Schematic illustration of forward extrusion

forces
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Fig. 4 Variation of flow stress with true strain in (a) pure Al, (b) Al-1wt%Si alloy, (¢) Al-5wt%Si alloy
and (d) Al-10wt%Si alloy, respectively.



E % 2 ARSI S dutEel Aol

rameter 7} -2 0 2 7‘%'_755101"? gt Fig.
4= ¢ Al(a), Al-1%Si(b), Al-5%Si(c) %
Al-10%Si1(d) 3teol ot —QOIX“‘]%’%
Tatd €& FESH-UEgER BAE 7
Zeo] 2mof ‘ﬂra} VR Blojth. Sie) e
o] F7/t% £&% {58 L Frstn 9
ow, & AH 79, 400C o]z MWL, Rk

ol wet frEddel Frtste AFS uE
Wz o, 400C ol delMe Lﬁéviﬂﬂ o
Alglol Aol dAF e FAstE H Y

@

YER I Aok Sig 1% F7Fs Al-1%

ol A4, o= Alst A9 e AFS e
Wi 9lot, Sie] 5%l HvtE T 4
T U gE Ags ¥AEn Yo F,
300Co A% wud 5o 5288 Yg
e, 538 @2 WEdodo Hde §%58
g5 el o 298y, 5] ga
& 81 gl & FE AXNe AF¥e U
BT A&S o 5+ Ao FHolve WAal
Atolo] whahg HAIE A9, MY Fo] 2ol

Table 32

dgdol o3t

P Ky,
g A

ol
7zt e
% onga,

vho] =

o}
-

)
é
lo

Table 3. K., K¢, 71 and F, calculated by Siebel’s formula at different extrusion temperatures in pure

Al and Al-Si alloys

Materials ] . K. K; .
(Specimen) Temp. (C) (kg/mm?) (kg/mm?) & Fi(Ton)

300 11.1 2.7 0.23 301

350 10.4 2.5 023 | 282

pure Al 400 11.4 15 0.12 | 289

450 9.6 0.8 0.08 236

300 15.4 3.3 0.21 112

A 350 11.3 3.1 0.26 312

Al-1wt%Si alloy ‘ ‘ )

400 11.4 2.0 017 | 299

450 10.7 1.2 0.11 267

300 15.7 5.1 | 031 450

A5t allos 350 13.7 4.4 i 0.31 393

400 12.5 2.5 0.19 333

450 11.8 0.1 ‘ 0.03 272
300 16.1 7.6 0.46 502

AL 10wL%Si alloy 350 14.2 1 5.1 \ 0.35 418

400 135 4.4 032 | 389

450 ‘ 12.1 0.5 ‘ 0.04 287
MNEAHS ddste 127} bt = 81y ¥, Fitol £, gELn, S84 Alg
g8o] & = FE7hee]l gt A B o5 Fo #Agle] HEYEE 7 0.50]5 9
o F3 9tk MVater 5o Ad Ao 9 el Al 24"k skloh B o A] A Atk



842 Qe Mad A75 (1994)

o M o rE My 2 oo gk ofa
+
w2
o\
N
2
=)
iyl
rE
ot
2
Q_?L
)
10
T
o
e

ok 10 (0 ot o 4o~

2
ot
9
Fly
>

4 2
=
o
‘8' a
ru
§}£ I
o
T
huj
=
]

oy
Rl

APE S 2R, FA Sio] dAH g o
WA AR aies A vehuzA &
Fal Atk AGeleji Toll 218 A(2)4
“}01 dEE & vl AsME %

otviel, DMZ9] A2t aZ 3| k
a%‘fﬂw 235" DMZ9 A7t o=
60° 2] W) Ut Table 4= 7}
exo e HaHagAsg K.g Gelej
olgk A (2)°)] we} AMH FEHHEES
E} Aolty. DMZe] A7t e} =
e Aols el e d, oA

O
[e3

n(
i m]o o,

B2

ofo

O‘lr_t’;L
RNy

oo 2

:10

Okt
S

éi&irkﬂﬂ“o@ﬁrﬂu

Table 4. K, and F, calculated by Geleji’s formula at extrusion temperature 350°C in pure Al and Al

-Si alloys
Materials . Kn
(Specimen) ") (kg/mm?) Fi(Ton)
pure Al 45
50
60
Al-1wt%Si alloy 45
50
60
Al-5wt%Si alloy 45 52.4 493
348
246
Al-10wt %S alloy 571
403
285
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Fig. 5 Variation of extrusion forces with ram displacement
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