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Characteristics of Forming Load in Forward and Backward
Can Extrusion Processes

H. J. Chei, B. S. Ham, J. H. Ok, J. H. Shim, S. H. Kim and B. B. Hwang

Abstract

This paper is concerned with the analysis of the forming load characteristics of a forward-backward can extrusion
process. The analysis in this paper is extended to the selection of press frame capacity for producing efficiently final
product at low cost. The possible extrusion processes to shape a forward-backward can part with different outer diameters
are categorized to investigate quantitatively the forming load, forming energy and maximum pressure exerted on the die-
material interface. The categorized processes are composed of combined and/or some basic extrusion processes. After the
analysis of the forming load characteristics, the frame capacity of press suitable for a selected process could be determined
along with securing the load capacity and with considering productivity. In addition, it is also suggested that different load
capacities be selected for different dimensions of a part such as the wall thickness in forward direction. The work in this
paper could be a good reference for analysis of complex extrusion and selection of proper frame capacity of press to
achieve low production cost and thus high productivity.
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o] T3 PA F FF9 HUF A (stopper) I
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AN Fod 9%e FRsA BYO. A5y 120° ol 1o
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FERY A48 N EFe 2AFES dFH é
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AFuY 43 470 G2 FUE AN $E arall
o Ao o] SEHE H-FH AN EFUSE ‘
TRE A2 Wf&ﬁ-i%(m% o] &3 EoH Fig. 1 Die geometry used in analysis
g0l Al st =g AARSFY
FANE g8 AE X¢rt Walgd o) Table 1 Dimensions of die and billet
2 ABskE, vhol & ® Tl Aule] A3 Parameter Values
oA ARA dFE MA=A 2HA 2 Aot Initial billet Diameter (Dy) @ 32.0 mm
2. QB AMAM R ZYZH Punch diameter (D,) ?20.0 mm
Mandrel diameter (D,,) ?10.0 mm
B =RoAE 3w Bigorze] mojald Forward can diameter (Df) 9 22.0 mm
9 9 AT AL AEn)FITIT AA 2024 Punch stroke (H;) 30.0 mm
2 AgEton §598e BE (power law) Punch corner radius (R;) 2.0 mm
®o Gz the A 2} Die radius (R;) 2.0 mm
Transition radius (R3) 2.0 mm
5 =386.55 £%'5* (MPa) ) Mandrel radius (R,) 2.0 mm
Punch angle (2a) 160.0°
w35 _;’:ZHQ]_ 28 5e] AAWNAE H)F 3 3 Backward can thickness (W) 6.0 mm
2 7138t vlaEAb4(friction factor) F(m)S 0
2 714 3}9&\3]-. Table 2 Parameters used in process analysis
Fig. 19& Alg#o)dE A4 24 (bille)2t Symbol Description
A HTPES EF HEHAL, Table 10} Iy Backward can height
v8A 24 % AFYY B AFHPRE Iy Forward can height
B ATt Table 20 A = SRS A8 MTE w Formard can thickness
of &3 Ay AEFXST W W MPFEA ! Thickness 1ot
% Ad gl dee ndge A=yl A W/ W = 0.6, o.ss,ral.(()), 12, 1.4
&
d&
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Mandrel Mandrel

Process I Forward can Backward can
extrusion extrusion
Mandrel

Mandrel

Backward can
extrusion extrusion

Punch Punch

“

Mandrel Mandrel

Process III Forward can Forward can &
extrusion backward can
extrusion
Punch Punch
32 Dia.
™ ‘ N T
Initial
gbillet /%
’ N .
N ; N\ Die
N
N o N
Process IV Mandrel Mandrel

Forward can &
backward can
extrusion

Fig. 2 Possible processes selected for the forward and
backward can extrusion
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FHEFE - YT ST ARE - HAHAYE - FRE
450
Material : AA 2024 A Can (Forward, Rg=2.67)
400 F Friction factor (m) : 0.1 B Can (Backward, Ry=1.26)
"A"  Speed : 1.0 mm/sec C Can (Backward, Rg,=1.64)
Billet : 32.0 mm DIA (20.0 mm DIA) D Sequence (Forward— Backward)
350 E Combined
300 |
z A
b 250 Forward
2 R=2.67
=]
= 20 | \ Backward
150 |
Backward
Rpy=1.64
100 |
m ng"
50 =t ot et e aeh S Ml * Ak -—-;;
Flow of forward can stopped
L— at 7.594 mm
0 PP T A .
0.0 5.0 10.0 15.0 20.0 25.0 30.0
Stroke (mm)
Fig. 3 Comparison of forming load among possible processes
3.2 MY 2 296 HENUH Table 3 Forming load and deformation energy
i A .34 7 Yo =3 o2 . i .
Fig. _3 of| A = A5 Al 48 1 75 & s Possible process Forming energy | Max. Force
A Gy BggEAY 4¥5FY wgs B ) (kN)
odFth gIHFoZ ojRoAE d&EITAHY A Process I (A+C) 6.4817 443.8
HE=0 B slor=o0o 7;]0 vl o S P-4 =)
;"}T | =g °T OI‘”}T Adh o Process Il (B+C) | 6.3521 322.8
Fol oF 800%7t Tl Atte A& & & Yok A4
83}3E Curve A 9 B = 9|7o] B NRYS Process IIT (D) 2.5720 2422
AR &3t A9olth Curve A & AWSHE, Process IV (E) 1.3309 60.8
Curve BE THUEE A BdS g = &
AHojth, HAEEE Curve C & 970  AE T Table 4 Maximum pressure exerted on the die-
i A$EAN FUgEoth dite AW A material interface
Dok A¥EEFT C C, ®e C B
& BB Curve A S C, E= Curve < Curve | A B C D E
C 9 Ago= 7M53ty, o5 FH ol Process
17 Process & B43HA dth. 4F3F Curve Pressure 1) 030 | 1,176 | 991 | 421 | 410
D & Process Il <, Curve E &= Process [V E 213} (MPa)
A7 AMATelt adAY Aol Fe A
zope] AWHECurve AN 71 2 AR 3T S IECIER S
I e T L - 2 oo = B I - Table 3 9l A& Fig. 294 Ud3 7tss 4
(Curve Dyolu} B§4E(Curve E)2l 5o 43 29 AYoix 9 HWsFe ARG A
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600 70
ser . Press stroke (2r) = 100 mm 60
500 ¢ A . Torque capacity = 13.0 mm
4s0r 13.0 mm 505
a0 gL TR e 17 &
a0 | 3 T H T e e 140 &
g 300 7/1-'\ _____________________ z
& 250 E < + A : Lower part in forward extrusion 3 ;
200 : = B Lower part in backward extrusion | 50 &
150 1 ——C : Upper part in backward extrusion =
100 B . - - G : 60 ton press 10
50 H - - - H: 45 ton press
0 k + 0
0.0 10.0 20.0 30.0 40.0 50.0 60.0
BDC Stroke (mm)

(a) Press Capacity for Process I and Process I1
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- D : Combined extrusion
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Press Capacity for Process III and Process IV

Fig. 4 Press capacity for various extrusion processes
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Fig. S Deformation patterns for various TRs

Table 5 Die pressures & extruded lengths for
various TRs

Thickness ratio ( Wy/W))

Description
0.6 1.0 1.4
Punch 4355 4152 400.
Max.
pressure Die 196.6 106.2 86.7
(MPa)

Mandrel 405.5 3959 | 385.

Extruded | Backward | 43.9 38.8 31.7
length

(mm) Forward 13.6 16.8 18
150 16
—-e = - —— WI_Wb=0.6 -+ - Wf_Wb=0.8
i'C ——WEWb=1.0 - WEWb=12 4 14
125 ¢ i Tr o —— Wf_Wb=1.4 ~=J:10 ton press

13.0mm  —-L:15 ton press 112
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Fig. 6 Load-stroke relationship and required load
capacity for various TRs
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