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Consortium
Partner Role
RWP GmbH (D)* Project coordinator. Software developer. Modelling.
TECHNION (IL) University. Alloy characterisation. Corrosion research

Magnesium Research Institute (IL) Alloy development
Israel Aircraft Industries Ltd. (IL) Aircraft manufacturer, design and test of prototypes

Specialvalimo Oy (FI)* Foundry. Gravity die casting

VTT (FI) Research Institute. Investment casting. Modelling
INFERTA GmbH (D)* Research Institute. Materials testing.

TECOS (SI)* Tool and die development Centre. Die development.
Fémalk Rt. (HU)* Foundry. High-pressure die-casting.

Université Henri Poincaré(F) University. corrosion and coating development.
Mondragon Unibertsitatea (SP) University. Materials testing.

Fraunhofer-IST (D) Research Institute. Coating and corrosion testing
Stone Foundries Limited (UK)* Foundry. Sand casting. Investment casting.

* SME
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Criteria Based on Type of A/C
e Civilian
— Long life (20-40K)
 Inherent corrosion resistance
* Improved Fatigue-DT

* Proven alloys
e Costs

Military
— Short life ( 8-16K)

« Damage Tolerance
« Higher Temperatures
* Higher Loads
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Factors Influencing Material Selection

“ building block” approach:

— Coupons —scale testing : basic static and fatigue
design allowables

— Elements testing

— Subcomponents and full scale components

FAA JJAA committees :

MIL-HDBK-5 now MMPDS
for metals
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Factors Influencing Material Selection

Preliminary evaluation

- Static Mech. Prop., Fatigue, Corrosion resistance,
supplier’s production Capabilities.

Structural performance

- Materials evaluations for key design issues such as
fasteners and joints, damage resistance and damage

tolerance, corrosion, thermal and environmental
exposures.

Processing studies

- Sensitivity (Robustness) validation and process
variation (forming, bonding, finishing, etc).
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Factors Influencing Material Selection

Production readiness

fabrication of prototype parts to identify issues i n
fabrication and production,

evaluation of aircraft repairability and maintenance
- readiness of subcontractors- Availability

Manufacturing
- development of production parameters
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Metallic Materials and Processes

Aluminum alloys:

Improved strength and Corrosion resistance:Al 7150
Al 7055 with T 77 temper

Low density alloys

Improved Magnesium
Third generation Al-Li

Age creep forming alloys: Al 7449, 2022, 2139, 6156
High speed machining of very thick plate Al 7085

Improved Durability and damage tolerance Al 2524
Improvements

Computer Automated and Laser Shot Peening
Weldable high formability alloys Al 6013 ,Al 6056
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D.T. Criteria effect on final product
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Conservative Mg-Al Density
ratio with similar mechanicals
should yield a 20-30% weight
savings over the aluminum
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Established Goals

Mechanical properties

UTS: 290 MPa, TYS: 220 MPa, elongation= 3%
Axial fatigue strength for 10° cycles —

minimum 0.28 of UTS at R=-1 and 0.5 of UTS at R=0.2
Physical properties:

Thermal conductivity= 100W/m*K,

Electrical resistivity:. 65n . m

Short circuit test: 250 Amp. without any severe damage.
Corrosion properties

strict requirements for general and Galvanic corrosion
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Alloy Castabllity Test

WinCast® FE-mesh
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Casting and Solidification Simulation

Test plate: Solidification times. Test plate: Principal stress and
deformation after cooling.

Simulation plays a fundamental role in the
development of gating and feeding design of
castings. It is used to predict solidification patterns,
part deformation due to thermal stress as well as
microstructure and mechanical properties of the
component. The shown simulations were
performed with the FE-software WinCast®

Test plate with feeder: Grain size
distribution.

Test plate with feeder:
Distribution of UTS in the patrt.
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Mechanical properties of Mg-alloys

Gravity die-casting (T6) - Sand casting (T6) - High Pressure Die Casting

DEA

Commercial Alloys

AZ91E AZ91E AZ91D
Sand Cast Gravty HPDC

TYS [Mpa] 112 £ 12 215 165+ 5

UTS [Mpa] 287+ 9 209 + 14 268 + 10

E[%] 6.3+ 15 3.2+0.8 7%3

New Alloys

MRI 204 MRI 205 MRI 207 MRI 207 Alloy 1

Sand Cast Sand Cast |Sand Cast Gravity HPDC
TYS [Mpa] 198+ 6 221+ 10 218+ 12 112+ 12 180+ 19
UTS [Mpa] 309 + 10 319+ 4 288 + 11 209 + 14 273+ 1p
E[%] 4+1 12+ 2 4+1 3.2+0.8 611
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Fatigue of Sand-cast MRI 205

w.

The solid lines represent typical values for Al357 in T6 state
The blue squares present the measured values of MRI1205

Stress [MPa]

Axial fatigue behavior of MRI 205-T6
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Representative Prototypes of A/C Parts

Semi-structural Housing on pressure bulkhead
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Cast housings
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Representative Prototypes of A/C Parts

Reference part “Pedal”,
design for HPDC and
Investment casting

Design for
Gravity Die Casting
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Mould filling simulation

results

Simulation of mould filling of the Pedal

casting performed with Conifer Cast®. The

casting method in this case is gravity die

casting. Different colours denote different

temperatures. White: casting temperature,

blue: below liquidus temperature. The

blue areas indicate that solidification

might  happen already during mould

filling. In consequence, the pouring

temperature of the melt was increased to ensure complete filling of the die.
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Why Magnesium?
The lightest of all common metals
Excellent workability

Best strength to weight ratio

Desirable properties and excellent
damping characteristics

Excellent post process characterization
(machining & joining)

Excellent compatibility with oils, fuels and
greases

Fully recyclable
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In Conclusion -Work Fields and Tasks

- Alloy Development

IDEA

- Corrosion and Coating
- Optimisation of casting

Processes

- Development of simulation

tools

Aeronautics Days

- Testing of materials and
castings

- Production of Prototype
semi-structural castings

- Development of a Design
Manual for Magnesium
Castings for aircrafts
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Contact:

Shlomo Ramatti Achim Wendt

|.LA.l. Israel Aircraft RWP GmbH, Germany

Industries, Israel a.wendt@rwp-simtec.de
sramati@ial.co.ll
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