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auianumeninves lavgnaniinna- lnmidion
Density (g/cm’) 6.4-6.3
Melting point (°C) 1250
Thermal conductivity (W/mK)
martensite 8.6-10.0
parent phase 18
Electrical resistivity(x 10°Qm)
martensite 0.5-0.6
parent phase 0.82-1.1
Co. thermal expansion(x 10°K™)
martensite 6.6
parent phase 10.0-11.0
Specific heat capacity(J/kgK) 470-620
Enthalpy of transformation(J/kg) 19.0-28.0
Transformation temperature range (°C) -200-120
Corrosion performance Excellent




Bio-compatibility

Excellent

auiianenaved langwauiinmna- iy

Young’s modulus (X 10’ N/mz)
martensite
parent phase
Yield strength (x10° N/m’)
martensite
parent phase
Ultimate tensilte strength (x 10° N/mz)
martensite
parent phase
Elongation at failure (%)
Fully annealed
Work hardened
Hot workability
Cold workability

Machinability

28-41

70-97

70-140
195-690

895
1900

25-50
5-10
Poor-fair
Poor

Poor
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Frequency f=14.8kHz

Amplitude a,=15um and a,=15 um

measured (under no load condition)
Ironing speed v, = 38 mm/s

1. Press oll (Viscosity= 1473 mnt'/s at 40C)
2. Emulsion type water- soluble ol
Lubricants | (10% dilution,Viscosity=1 mm/s at 40C)
3. Solution type water- soluble ol

(10% dilution,Viscosity=1 mm’/s at 40C)

Work Alur‘r;;;lum (A1050-H24) :0,= 185 MPa,
w -
materials | Gtoo] (SPCE) : 0, = 345 MPs, %= 25%

Blank Th Gmm) <RRWT(%)>
thickness (Th) 1.0 <25.0>, 1.2 <37-5>. 1.3 <42.3>.
ey |14 <46.4>, 15 <60.0>, 1.6 <63.1>,
D 1.7 <55.9>, 1.8 <58.3>

05 : Tensile strength (MPa), ¥ : Elongation (%)
RRWT : Reductlon Ratio of Wall Thickness (%)
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(a) Aluminum (A1050-H24)

T RRWT Press Emul Solut No-—lub
mm P Cl Ry o [CRvls] o [ERMG o [LRvi-
1.0 25.0 O <] o | 4 o [ o
1.2 37.5 o o o o
1.3 42.3 o (@] (@] x
1.4 46.4 o o o x
1.5 50.0 o x x x
1.6 53.1 o x - -
1.7 55.9 x x - -
1.8 58.3 - - - -

(b) Steel (SPCE)

RRWT Press Emul Solut No
ms d cr k= ct | B8 IS RS ci
1.0 25.0 o o o o
1.2 37.5 o o o x
1.3 42.3 o o (@] x
1.4 46.4 o o (@] x
1.8 50.0 o (@] x x
1.6 53.1 % x - -
1.7 55.9 - | q - - -

7, : plate thickness (mm)

Press : Pressoil, No—-lub : No-lubrication

Emul : Emulsion type water-soluble oil

Solut : Solution type water—soluble oil

O : Success of ironing, X : Failure of ironing
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Frequency 15.1 kHz
Die | :
Worailon | [ APOEE ) ECERAVEOLE
condition Frequency | 148 kHz
Plug :

Amplitude : 25 um(undernoload)—

% fori Alumingm A1100-0
orkpecematenal | g ,=93.0Nmar’, Elongation=378%

O U

Die .  WC-Coaloy
Tool matrena :
Plug ' SKD11+DLC coating
- Wl;t:.“:m | owazsc (COSMOOIL Co.Ltd)
s (Viscosity : 560mmr’/s at 4T)
" Drawirgspeed | v=30mms
RedL:(;h_on ratio of 2506

cross sectionarea(R)
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8, Mises

8, Mises
(Ave. Crit.: 75%)

(Ave. Crit.: 784)
7680+

8, Mises

(Ave. Crit.: 75%)

SN oo rcreree@DDDDDED

B T
© o
2
£
£ 3

ﬂﬁ 2.21 MWLLE AN von-misses stress [25]

Tag 1UU a ADMIAINBLUULNA (V = 40 mm/s)
A = J Y o A ) A a o 9 v A A
uu b Aomsaane TasldmsauaziiouarsnuAge AANNMTAUATIWAVAANIIN
ABAADUN (V = 40 mm/s, £ =20 kHz, a = 10 um)
A =< 1 9 o A v A a ¢ Aa A v a A
uu ¢ Aemsaene Iaeldmsduazioudionnudge Nanemsduiinafenunamei

AUAADUN (V = 40 mm/s, £ =20 kHz, a = 10 um)
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Method Lubricant Surface condition® Evaluation” Drawing farce”
CD RIZO0 Luster, VFB o L
E1 3000 Luster, F5 Y L
E1Z)X Luster, F§ iy L
E&N Luster, FS o L
ELO) Luster, MS £ L
RVD [z, = §um) RIZ{XN Luster, N3 (W M
EL XM Luster, N3 @ M
E1 3K Luster, VFB o M
ES000 Luster, VFB o M
E1000 Luster, M5 Fay M
AVD (% = Epm) R12000 Luster, MS x 3
E1300M M3 ® 5
E1300 M3 ® 5
AVID (2 = 4pum) RIZ(0 Luster, N3 o M
E120008M Luster, NS (w0 M
E12000 Luster, NS (w0 M
E&0 Luster, M5 ® M
E1(K0 M3 ® M

“ N3 no scratch, VES: very few scratches, FS: a few scratches, MS: many scratches.
® (i@ very good, () good, [ A fair, () poor.
© % small, M: medium, L: large.
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v Y
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o v ~ y A 3 =2 &
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9 dg@l 1w A 1 < =2 1 3 a
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' v [~ 1 3 a { J
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(a) V=30 mm/s (by V= 1000 mm/'s

51 2.23 nuaaImInaszrusslumsdsalauuy cd Tasld FEM [26]
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g g il
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F z oo
= = i1
& §4so||(ll.|ﬁll|\|
0.1075 0.1080
Time sec Time scc
(a) Vy=30 mm/s (b) Details of the
fluctuation period for
T drawing force
. 0s W ’ (Vz =30 mm/s)
Z os
°§- 04
03
< o2}
=
E 01
Z2 : " N
S 00 0005 001 0015 002

Time sec
(c) Vy= 300 mm/s

31 2.24 aluaasnsinszrusslunsdsalauuy AUD Tasld FEM [26]
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(@) Vu =30 mm/s (b) V=300 mm/s
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(c) V;= 1000 mm/s
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(b) Axial ultrasonic-vibration drawing (AUD)

(c) Radial ultrasonic-vibration drawing (RUD)

ﬂﬁ 2.26 mwLmﬂqﬂammu“luﬂiwmumimmmmu CD, AUD ttag RUD (¥, =300 mm/s)[26]
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