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A Study on the Flow Behaviors of the Multi-Pass Ironing
Process by the Finite Element Method
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Abstract—The ironing is a precision metal forming process by which dimensional accuracy of the product
is precisely controlled. The ironing process is carried out usually in cold condition and often multi-passes are
employed instead of a single-pass process.

The objective of the present study is to analyze single-pass and multi-pass ironing by the rigid-plastic finite
element method and to find proper design parameters and optima!l design conditions for the ironing process.
In the present study the semi-cone angle of the die and pass number are taken as process parameters in the design
of the process. In the present analysis the forming load, stress and strain distributions and grid distortion are
determined both for single-pass ironing and multi-pass ironing. Then the effect of process parameters on these
values are discussed.

Experiments are carried out for tube ironing of aluminum alloy specimens at room temperature. It is then
shown that computed resuits are in good agreement with the experimental observation both in forming load and
in grid distortion.

Keywords: Rigid-plastic finite element method/multi-pass Ironing/flow behavior/precision metal forming
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Table 1. Computation results of deformation process

Did Angle (deg) Load Strain
IST 2ND  3RD (Ton) mandrel die
Single Pass (R.A., = 36.99%)
6 13.14 A1 544
7 12.80 513 554
12 11.93 515 620
13 — 11.86 515 637
16 12.23 515 691
18 12.55 515 738
21 13.23 513 833
Two Pass (R.A. = 22.64, 18.56%)
6 6 15.69 527 .663
12 - 16.20 .525 806
18 17.76 .387 1.056
9 9 - 14,95 518 121
12 6 15.52 516 139
12 - 15.99 514 .880
18 17.69 .403 1.146
15 5 - 17.41 441 1.047
18 6 17.92 .515 .899
12 - 18.58 513 1.041
18 20.02 431 1.249

Three Pass (R.A. 14.34, 14.28, 14.20%)

6 6 6 16.78 519 718
12 12 12 20.99 276 1.250
18 18 18 23.23 008 2.192
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Table 2. Comparison of theoretical and experimental results

Did Angle (deg) Deformation E.adD (Ton)

18T 2ND Theory Experiment
Single Pass (R.A. = 36.99%)
6 - 13.14 12.55
12 - 11.93 11.0¢
18 - 12.558 11.76
Two Pass (R.A. = 22.64, 18.56%)
6 6 15.6% 14.84
12 16.20 *15.00
12 6 15.52 14.52
12 15.99 *15.00

cf) *: fracture
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Fig. 14. Axial stress distributions for die angle (a) 6° and
(b) 18° in three-pass ironing.
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NOMENCLATURE

E DY HEE (traction)

k ) 82 23 (shear yield stress)
m - abaAba (friction factor)

N; . 3 A8k {shape function)

Ao SES el B A 45
t S I
DB 2 abA
S Sy A IR A T
2=l vbeizl B
VoV e el e vy S
o a8 8- (vield stross!
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