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A Study on Microstructure and Mechanical Properties of IF Steel Cube
Fabricated by Multi-Axial Diagonal Forging Ver.1 and Ver.2 Processes
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Abstract

In this study, IF steel, which has a body-centered cubic (BCC) crystal structure, was fabricated as a 25 mm-long cube, and
then processed for one cycle without intermediate heat treatment by applying MADF Ver.1 and Ver.2 processes. MADF
processing was performed with graphite lubrication for each pass at room temperature. The development of the
microstructure and texture was analyzed and compared by the location of the specimen using EBSD measurements of the IF
steel. Vickers hardness test and miniature tensile test were also performed to analyze the mechanical properties. The coarse
grain size of 742.6 um of the as-received IF steel was refined to a grain size of 53.0 um after one cycle of MADF Ver.1
processing and 27.0 wm after MADF Ver.2 processing. Vicker's hardness of the as-received IF steel at 94 Hv was increased
to 185.6 Hv and 191.2 Hv after one cycle of MADF Ver.1 and Ver.2 processing, respectively.

Keywords : Interstitial-Free Steel, MADEF, EBSD, Texture, Microstructure, Vicker’s Hardness
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Fig. 1 Schematic diagram showing MADF process(a)
Plane Forging(PF), (b) Return-Plane Forging(R-
PF), (c) Diagonal Forging(DF), (d) Return-
Diagonal Forging(R-DF)
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Fig. 3 Schematic drawing showing experimentally
observed positions

Table 1 Measurement condition of EBSD

As- MADF MADF Ver.2
Received | Ver.l
Scan area[um] 1600*4800 | 120*150 120*150
Step size[um] 5 0.2 0.2
Magnification | x150 x2000 x2000

Table 2 Measurement condition of Vickers Hardness

As- MADF MADF Ver.2
Received | Ver.1
Load [gf] 250 250 250
Dwell Time 10 10 10
[sec]
Number of 25 25 25
measurement
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Table 3 Grain size of IF Steel processed MADF Ver.1
and Ver. 2 by area

Grain As- MADF MADF Ver.2
Size[um] Received | Ver.1

Edge 642 53.2 3.9

Face 1 486 32.3 26.7

Face 2 1063 1241 75.0

Center 778 2.4 25

Avg. 742 53.0 27.0
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Table 4 Average Vickers Hardness of IF Steel processed

by MADF Ver.1 and Ver.2
As- MADF MADF Ver.2
Received | Ver.l
Avg. Hv 94 185.6 191.2
Standard 3.8 219 17.3
deviation

1 Cycle (Ver. 1)

Avg. HV: 185.6 SD:21.9
=
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