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Material name Material type Typical applications
EOS MaragingSteel MS1 O *++ , (-./+0 #
EOS StainlessSteel GP1 3 ! #
/1, (-121.
. pat & 3 1 #
EOS StainlessSteel PH1 (22, (-121+
. 57067 +//706 3 ! #
EOS NickelAlloy IN718 3 209.6 =-  .-199) i .- g i
EOS CobaltChrome MP1 < < ! 3 ; 5 #
EOS CobaltChrome SP2 < < !
. . L 3 ! #
EOS Titanium Ti64 98 1= ; ! 5 i
- . ) 3 1 #
EOS Aluminium AISi10Mg 8 (+ ; ! 5 S i
DirectMetal 20 $ % & - #
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Summary of tool steel types with examples

Material type

Nitriding steels

Case-hardened steels

Through-hardened
steels

Maraging steels

Pre-hardened steels

Corrosion-resistant
steels

EOS 2009 - M_Materials_en.ppt

Examples / designations
AISI / Material No. / German
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Characteristics & applications
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Characteristics of standard maraging steels
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Characteristics and applications
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Key properties

. After age hardening
Property As built (6 hours at 490°C)
Ultimate tensile ((++ @ O(++ @ 2+ @ O(++ @
strength (9+A O (2A D+A O (A
Yield strength (Rp (+++ @ O (++ @ O++ @ O(++ @
0.2 %) (12A O (2A /2A O (2A
Elongation at break )>YJO*J .JOo(JI

O+?70 O .+ 720

Youngs Modulus 9.2 o *
Hardness *x X/ 4L< 2+ 21 4L<
Ductility 12PO (+P ((PO1P
Relative Density - (++ 3

6 &

6 $<
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Folie 8

STGDE1 Vorschlag: als Tabelle, nicht benétigte Werte miissen noch rausgenommen werden
Denninger, Gerd; 31.07.2009
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Characteristics and applications
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Chemistry and metallurgy

7 (/1

Element

Iron

Manganese

Molybdenum

Nickel

Silicon

Carbon

Chromium

Copper

Seite 11

Content
(by weight)
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Mechanical properties

Property

Ultimate tensile strength, MPa
Yield strength (RelL), MPa
Young’s Modulus (GPa)

Remaining elongation

Surface hardness

- as laser-sintered

- (ground & polished)

Q= A;

EOS 2009 - M_Materials_en.ppt

?0( ;

Horizontal orientation Vertical orientation
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Typical tensile testing behaviour of EOS StainlessSteel GP1
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Physical & thermal properties

Property Value
Relative density - (++J
Density /-) , R
Max. operating temperature 22+ M<
Melting range 2+ (1*+ M<
Thermal conductivity
-+ M< *z, M<
(++ M< a:-, ¥
LS -, M<
et < . N< : 0.0010 in
Coefficient of thermal expansion 2e( : . 4(6(2+
.+ S 9++ M< @a "-° , M<
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Optical micrograph
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Characteristics and applications
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Mechanical properties

Property

Ultimate tensile strength
4 % CT6 @
= Uée @
Yield strength (Rp 0.2 %)
4 % CT6 @
= Uue @
Elongation at break
4 % CT
= U

Hardness

EOS 2009 - M_Materials_en.ppt
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As built

((2+ O 2+
(+2+ O 2+

(+2+ O 2+
(+++ O 2+

(93013

(/3013
*4 *2 4l<

After age hardening
(6 hours at 490°C)

G 1 (12+ O (++

GG (12+ O (++

(/+ ! (*++ O (++

((/+ 1 (*++ O (++

+3I 1 (-30.3J3

+J3 1 (-30.3J3
1+ 4L<
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Chemical and physical properties

— < (-121+
7 (22++-
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Element

Iron
Chromium
Nickel
Copper
Manganese
Silicon
Molybdenum
Niobium

Carbon

Seite 19

Content
(by weight)
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Physical & thermal properties

Property Value
Relative density -+ 3J
Density /) , R
Thermal conductivity
(=) 0 +)
-, M<
. (2-7/ 0 +-)
? -, M<

Specific heat capacity

19+ O .+ P,A M<
; 1/+ O .+ P,A M<
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Characteristics and applications
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B
/70
9)0. (00)
- >
8 ,8
Minimum AMS
requirements 5662
Tensile -1 o
Strength, R, O+A
Yield Strength, +*1 @
Rpo.2 +A
Elongation in 4D 9 (.J
Hardness **(43%

EOS 2009 - M_Materials_en.ppt

40 ;

AMS
5664

Gic e
O+A

+*1 0
@+ A

-3
*1( 4%

tensile
properties

Tensile
Strength, R,

Yield
Strength, R,

Elongation at
break, A25

Young’'s
Modulus

Hardness
[21 4 8

131 4 8

Mechanical properties, Room temperature

Heat treatment
per AMS 5662[2]

14000 (++ @
.+* 0 (2A

1150 O (++ @
(9/0 (2A

! 160*J

170 O.+ 2@
962 O *

8 "- 47 HRC
119 4%

299.6

29916

Heat treatment
per AMS 5664![3]

13800 (++ @
-++ 0 (2A
12400 (++ @
O+0 (2A
1 160*J

170 O.+ 2@
962 O *

8 "-43 HRC
1++4%
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Heat treatment and further properties
— 4 ;
8 299.
¢ 8 0)+°< C; 6 :
. 8 #; /.+°<) ; 6 9.+°<  _; 6
; 9.+°<) ; 6 .
8 2991
¢ 8 (+92°< C; 6 : -
. 8 #; /79+°< (+ ; 6 92+°< |
; 6 ; 92+°< ) ; 6 :
— @;1!
> ! & KE+J
' )-. , * +-.09 &, *
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Mechanical properties, High temperature (649°C, 1200°F)

— 1 tensile testin Heat treatment Heat treatment
/70 - - 9  per AMS 5662  per AMS 5664
Tensile 117002+ @ 121002+ 0@
(+++. 2 (00. Strength, R, (/+O/A (/20/A
Yield Strength, 970 O 2+ (@ 101002+ @
L > Rpo.2 (A1(O/A (190/7A
8 .8 Elongation at
v break, A25 SRR 20 0 =
Minimum
requirements AMS 5662
Tensile 092 (+++ @
Strength, R, (a+ (12 A
Yield Strength, )9. @
Ryo.2 (-2A
Elongation in 4D 9 (.J
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Chemistry
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7 +//()68 299.68 29916 = -
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Element

Nickel

Chromium

Niobium
Molybdenum
Titanium
Aluminium

Cobalt

Copper

Carbon

Silicon, Manganese
Phosphorus, Silicon
Boron

Iron

Seite 26

Content
(by weight)
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Micrographs
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Characteristics and applications
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Chemistry and metallurgy Element (bsovc:?gzt)
- A 6 X +-(+ J A Cobalt 9+ S92 J
7 6 & Chromium .9 *+J
Molybdenum 2 /3
Silicon —(+J
Manganese - (-+ 3J
Iron - +-/2 J
o I o e o Carbon " +-(9 J
<, & - L ; < & Nickel i+ (+J
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Mechanical properties at 20 °C (1)

Property As built High temp. stress relieved [1]
Ultimate tensile strength
4 % T (.++ 0 O(2+ @ ((++ @ O (++ @
(/1A O ._A (9+A O (2A
_ U (-++ @ O+ @ ((++ @ O(++ @
(/1A O ..A (9+A O (2A
Yield strength (Rp 0.2 %)
— U )+ @ O(++ @ O++ @ O2+ @
((9A O (2A YA O/A
Elongation at break
4 Y% CT )3 -.+J
= U -)3J -+ 3

- > : 2++ 9++ M<
GCH 9 ; ((2+ < V/ﬁs
/)
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Mechanical properties at 20 °C (2)

Property As built

Young’s Modulus
(0O+7?2@ O .+ 720

4 % CT ) o
= Uue @ (+2+ O 2+
Fatigue life >
’ Izlio;sa ’ Y !
&
Hardness

EOS 2009 - M_Materials_en.ppt -

After age hardening
(6 hours at 490°C)

-+ 70 O .+ 720

-0
¢

35-45HRC

2++ 9++ M<

Seite 32

O *
(12+ O (++

%S

e-Manufacturing Solutions



< & <; @(

Physical & thermal properties

Property Value
Relative density -+t J
Density )--0 , R
Max. operating temperature ((2+ M<
Melting range 2+ (1*+ M<
Thermal conductivity 2+ (1*+ M<
-+ M< -, M<
*++ M< O -, M
2++ M< ..o, M<
(+++ M< oo, M< .
Coefficient of thermal expansion == aC : 6
.+ S 2++ M< 9"(+° , M<
2++ S (+++ M< Q- "H=+° , M
. > . 2++ 9++ M<
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Micrographs
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Micrographs

AccY Spot Magn Det WD 1 200 m
2Q0|(V 38 100x SE 104 0b5C1130

Accv Spot Magn Det Wb ————
200 kv 35 100x SE 107 05C1134
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EOS 2009 - M_Materials_en.ppt - MS/SW

Seite 35 e-Manufacturing Solutions



Micrographs
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Comparison with cast and wrought material

— @ 2)*. 1 8 3/2 < < I
__ @ 2)*. (. 8  3(2%/ - < < 16
B & &l ;
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Characteristics and applications
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Key properties
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Summary of the most important Ti materials

Material -

name Composition

Ti CP #  X+-QOQI#
grade 1 X+-+*

Ti CP #  X+-.236
grade 2 X+-+*

Ti CP #  X+-*2J6 X
grade 3 +-+2J

Ti CP # X +-1+3J6 X
grade 4 +-+23
Ti6AI4V #8 9J# = 1J#
(grade 5) X+-.+J6 X +-+2J
Ti6Al4V #8 9J# = 1J#
ELI X+-(236 X +-+2J
<@ E ! 6 E *
*) 4 87?6

EOS 2009 - M_Materials_en.ppt -

Typical applications

62 !

Tensile strength
(*) [ MPa ]

1+
*12
12+

22+

)02

Seite 42

Elongation at
break (") [ % ]
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Physical and chemical properties

> 1 -+t J
M 1-1 , R +(9+ &, R

B 8 3(1/. 98 1= 8
3(*9 98 1= -
"1 X _+++ (2++
X /++
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Metallurgy
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Mechanical properties

Property Value
Ultimate tensile strength (((29+9%90+A @
Yield strength (Rp 0.2 %) (“E;I 8 é: . @
Young’s Modulus (((gg(/ 20

Elongation at break (J0.J

-1++ 1*+ 4=

Hardness 1( 11 4L<
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Examples of parts built in EOS Titanium Ti64

6@ 6 ;A
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4358-3 Probe:2 T95 EOS X-Z

; <@ ! 6 ; 6 ; I
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Mechanical properties (preliminary)

Property

Ultimate tensile strength

Yield strength (Rp 0.2 %)

Young’s Modulus

Elongation at break

EOS 2009 - M_Materials_en.ppt -

Value

122 @ O(+ @
9+A O (62 A

*/+ @ O(+ @
21A O (62 A

02 2@ O (+ 20
¢! O (62

(03O (I
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Characteristics and applications
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Mechanical properties

Property As built Heat treated T6 [1]
Ultimate tensile strength in - "
vertical direction (2) 1+01+ @ (20.+ @
Yield strength (Rp 0.2 %) in
horizontal direction (XY) -2+ 02 0 -9+ 02 0
Elongation at break (-2J30+23 (--0+23J
Hardness (- +024%: ((-024%:
Fatigue strength in .
vertical direction (2) [2] 070/ 0 0= o* 0
G(H4 9 2;,2*%+N<6 B ; & ;6 >
; (-5, (O+N<
G.H 3 ; B 1 2+4% LE (6

| e%5
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Chemical and physical properties

Element
Silicon

Iron
Copper
Manganese
Magnesium
Nickel

Zinc

Lead

Tin
Titanium

Aluminium

Seite 52

Content
(by weight)

O-+S ((—+3
-+-223
-++2 3
-+-12 3

+-.S+12 3
-++2 3
-+ (+ 3
-++2 3
-++2 3
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Characteristics and applications
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Key properties

,7 -1++ Q@
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Any shape - Anytime - Anywhere
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