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Mechanical Properties of OFC Copper Fabricated by Multi-Axial
Diagonal Forging (MADF)

S. C. Kwon, S. T. Kim, D. V. Kim, J. K. Lee, S. J. Seo, T. S. Yoon, H. T. Jeong
(Received May 11, 2018 / Revised May 23, 2018 / Accepted May 24, 2018)

Abstract

Oxygen-free copper (OFC) was prepared as a 90 mm cube and then processed with Multi-Axial Diagonal Forging -
Initialization of Prior manufacturing History (MADF). The MADF process has been newly developed as a severe plastic
deformation method. The MADF process consists of upset forging with a thickness reduction of 30% and diagonal forging
with a diagonal angle of 135 °. 1 cycle process consists of a 12 passes forging process. In order to analyze the characteristic
changes according to the number of iterations, 1, 2, and 3 cycles of the MADF process were performed. The OFC specimens
were MADF processed without surface cracks up to 3 cycles. The microstructure, hardness and tensile test of processed
materials were analyzed to study the change of material properties according to the amount of MADF process. The results
showed that the MADF process effectively refined the microstructure and increased the strength of OFC. In the case of
specimens processed for more than 2 cycles, the grains of all measurement regions were refined to be less than 7 /m of
grain size. The 1 cycle MADF processed OFC showed the highest mechanical properties with the hardness of 132 HV and
tensile strength of 395 MPa. Hardness and strength seemed to be saturated when processed over 2 cycles.
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Fig. 1 Schematic diagram of forging processes in Multi-
Axial Diagnoal Forging(MADF)
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Fig. 2 Schematic diagram showing MADF process
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Fig. 3 Multi-axial diagonal forged OFC specimens



ot 2w = (MADF) 7}3-8t

a9 3o 90mm o] FAAE BEHA ] v
7t 2 (MADF)7Fe g Ao 93-S YEHATE 2
cycles o] % W ol crack Oi Rol= Age dxvt
A HASHE B (burr)7h 5 g Aol HAR
Ao ZA FHFol T Efﬂﬂﬂi olglet xHAE
9lo) &= thE Y% (MADF)E 3 cycles 71A] 7}&3F

A% wF A FEE AL F9T 5+ AU

2.3 Ct=OfZEhx
2
&2 (MADF) 7Fgo] g8d ASwHA 7
FTaAES AT A es W
Ho g, W% WS S=-1Ho R Hos)
of #2<el FAWE YEh+ S=01S
A AW s=0ml A 91X
ol 7] 9Jste], AMAS FAlWA s
o, WYY, FAHIGES 1949t FEo
Face(2), Center(3)= ¥AI3taL 7t oA Al HS A
Hstel = B4 9 AxE SAsGT. AL
dEE SAs] 9k
el upz AelA 7hast

(MADF) Zt&Mel =AM

Jom =& A A= 29 49 JERRQATH

Fig. 4 Photos showing the analyzed part

U=zt 2 (MADF) 7He Aol A HS
120ml + @4F30ml + FspdI10ge = F-2
& 1| 7 (Optical microscope, OM) 2. & 1] Al % 2]
9l om  FE-SEM(Inspect F, 1500M-T1-GE-EX)
EBSD 54& el QR4 e soinh

Al 9] 75‘_‘::_% Vicker’s HardnessE =743}9loH,
574 %712 Load 100gfo = Duration time 102 3}
Aot AEel A9 123 FAst] Ao HAaw
S Aeg 10719 dataE Htske] EAIEkAh

1AL QA HS Center(3)F Y nFZ ol A

1 O =

rulo ot ol
[o L ol Ju
T

Edge

Face

Center

Tel e 71AH AA 253

A #3843 2., Gage Length 6mm, Width 1mm 2] <173
AH o &2 7}-E3sle] Strain rate 2.8x10°%/s2 Q1A H S

sl

3.1 288

B S ol &% dx FAAARE 17 5ol
UERARIEE 1 cycle THEtHZbEE(MADF) 7
OFCe ZAHE A& wAs7E efo] #HAIT o
5 2 A4 Yol A5t 9lom, 2 cycles °]Fo =
U5z e 2(MADF) 7Hs Al AR Yol dASHA

mASEE s 4 5 Ao

lcycle 2cycles 3cycles

Fig. 5 Microstructure of MADF processed OFC

a9 63 1Y 7 EBSDE E3 Y%
olty. 1¥ 6 US4 tE(MADF)7HE e
2 Aol i3k EBSDZ 7 Orientation Map3}
7l sAes dYEa, o9" 7E o5
(MADF) 7}&38F A7) <] HXW, 7hE gl
7] #HAe JeENAH EBSDE S% Hit
7] EAEHEe 7 AAEY A7 44" <A
of w} &Aoo 7 H3H= Number averageH ¥
Zb ARe] A71E 3 AA Yol AAsE WA
w2} 715 5 Area average o] ldl, W9
zpole] mE wAg AA YU/ A= EBSDe
X1+ Area average™H o]l dnbEQl AAHAY] A
Avpel AR R, o] AF-o A% Area average#tS
71Zo 2 3Tt

Hm
1%
o BN

é“.:mﬁ
ol N oX
> ool ol L oot BNom



254 A4A - A - A

y \ .L Average Area : 268.63 im

Fig. 6 The IPF Map(ND) of the initial OFC
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of MADF processed OFC
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Table 1 The average hardness of the MADF processed
OFC for various cycles

Hardness(Hv) Standard deviation
Initial 101.5 3.2
1 cycle 132.9 2.95
2 cycles 130.6 2.25
3 cycles 123.8 1.45
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Fig. 9 The stress-strain curves of the MADF processed
OFC for various cycles

Table 2 Tensile of MADF processed OFC

YS(MPa) UTS(MPa) Strain(%)

Initial 78 188 67

1 cycle 334 395 34

2 cycles 319 384 40

3 cycles 295 359 31
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