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Manufacturing Methods applied
to Light Metals

Forming (of Mg)
Machining (of Ti)
Welding (of Ti)

Friction Stir Lap Welding (of Al, Ti)
Rapid Casting (of Al, Mg)
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Metal Forming of Mg ZE10 at elevated
temperatures

ZE10: 1% Zn
0.17 Rare Earths
Rest Mg
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Development of heated, rectangular tool

Punch

Blankholder
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Details of placement of heaters,
thermocouples and draw-beads

Measuring point
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Tool assembled inside press
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Stress-Strain curve of ZE 10 at elevated temperatures
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Limit drawing ratios
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Comparison of FEA model with experiment
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Future work

Investigation of draw-beads i.. 1
/ e~

Investigation of higher temperatures
Improvements of simulation model
Metallographic analysis

Investigation of other Mg alloys
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Materials for Landing Gears
(transition from steels to titanium)

ad Boeing 747: 4340M high strength steels
» Boeing 777: Ti-10V-2Fe-3Al

» Boeing 787: Ti-5Al-5V-5Mo-3Cr

AN


Presenter
Presentation Notes
From 4340M steels to Ti10V2Fe3Al: weight reduction by 580kg, less maintenance due to better corrosion resistance
From Ti10V2Fe3Al to Ti5553: Ti5553 is stronger
Advantages Over 10V-2Fe-3Al�
Lower forging temperature: longer die-life
Better hardenability in thick sections
Up to 6” section thickness vs. 3” for 10V-2Fe-3Al
Less distortion upon cooling/quenching
Higher strength with equivalent ductility & fracture toughness
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Machining of Ti 5553

Ti-5553

Beta Alloys
Metastable . Stable

L

B. Increasing B stability

Lean g alloys Rich g alloys

Phase Transformation during Heat Treatment of Ti-5553 Landing Gear
Components

Beta transus around 880°C

Ageing quenched Ti-5553 at 350 °C,
phase transformation occurred and w
phase formed

w phase

Brittle

Reduce fatigue life

Hardness (500HB, hard to machine)

Elimination of w phase to improve Ti-
5553 machinability
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Micro-hardness alteration

« Hardness measured at a distance about 50um from edge of drilled hole (original is

and 273 HK for Ti-5553 and Ti-64)

Microhardness

450

400

ECH

300 48

250 |—gie

Knoop hardness |HK @0.2kg)

200 e

10 20 30

Depth of drilling (mm)

 Hardness increase as drilling depth increase, higher hardness in dry than wet drilling
 Max. 15% of increase between dry and wet drilling of Ti-5553 at depth of 30mm

« Max. 10% of increase between depth of 10 and 30mm during dry drilling Ti-5553

« Max. 394HK obtained during dry drilling of Ti-5553, 23% greater than before drilling

. Hliﬁ_pg temp. at deeper depth of drilling, phases change results in alteration of hardness

§ ENGINEERING

H Dry drilling of Ti-5553

& Wet drilling of Ti-5553
® Dry drilling of Ti-64
i Wet drilling of Ti-64
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Analysis of experimental cutting force and torque

« Comparing dry and wet drilling, thrust forces increase 34% and 23%, torque
increase 10% and 11% for Ti-5553 and Ti-64 respectively

* Indry drilling, high cutting temp. leads to harder subsurface layer formed as a
result of phase transformation

» Ti-5553 produced a higher thrust force and torque than Ti-64 in all drilling tests

« Comparing drilling of Ti-5553 and Ti-64, thrust forces increase 45% and 30%,
torque increase 27% and 20% for dry and wet drilling respectively

* Results are closely associated with mechanical properties of alloys (higher
hardness for Ti-5553 than Ti-64)

» Effect of depth of drilling on variation of thrust force is insignificant
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 Dry drilling of Ti-5553
& Wet drilling of Ti-5553
M Dry drilling of Ti-64
i Wet drilling of Ti-64

Torque (Nm)
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wl Dry drilling of Ti-5553
i Wet drilling of Ti-5553
M Dry drilling of Ti-64
W Wet drilling of Ti-64
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Chip morphology analysis

« Overall continuous chip with three regions initial spiral cone, steady -state
spiral cone (from contact to full engagement of cutting edge) and folded long
ribbon (deeper drilling increase resistance to eject chip) was found

« Continuous chip obtained in dry drilling of Ti-5553, discontinuous chip
produced under wet drilling of Ti-5553

¢ Ti-5553dry % Ti-5553 wet

Ti-64 wet
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ELECTRON BEAM WELDING OF Ti
Welding combinations:

CPTI/CPTI

Ti64/Ti64 Similar Titanium
Ti5553/Ti5553

CPTi/Ti64 L .
CPTi/Ti5553 Dissimilar Titanium
Ti64/Ti5553
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Initial characterization
of Ti5553 and Tie4

Ti15553

Strength 1100 MPa
Hardness 310 Hv
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Chemica

Elemental Concentration (wt%)
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Hardness Distribution across Weld

Hardness (HV) Hardness (HV)

Hardness (HV)
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Tensile Testing using Aramis System

Tensile sample
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Sample Preparation




Preliminary Tensile Test Data

Welding UTS or Yield Total Localized Fracture
Combination | premature Strength Elongation at | Deformation | Location ***
Fracture (MPa) Fracture (%) in the
Strength Vicinity of
(MPa) the weld (%)
CPTI/CP Ti 552 430 35.9 21.0 BM - CPTi
CP Ti/Ti64 505 400 26.3 1.5 BM - CPTi
CP Ti/Ti5553 505* 400 17.5** 1.8 WZ
Ti64/Ti64 796* 740 15.0 10.2 wZz
Ti64/Ti5553 744* 715 12.0 10.1 WZ
Ti5553/Ti5553 67/8* N/A 10.5 4.2 WZ

* Indicates premature fracture before necking
** Indicates adjustment of strain due to grip settling
&[u].ﬂ_, " WZ = weld zone; BM =base metal

ENGINEERING



a) Weld profile

v

b) Initial stage before
sample is tested

c) Highly localized strain
In the weld zone

Tensile testing direction

ﬁ-

A5

T [ |
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TiCP / Ti 53
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Summary

Based on our preliminary investigations
we have formulated the following
conclusions:

— Noticeable ductility within weld reaching up to
around 10% was possible to be measured
with the Aramis system

— Comparison between total and local
elongation shows a high degree of complexity
In the deformation pattern

— Additional testing and analysis are needed
and are underway
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Friction Stir
Lap Welding

i‘i’?“ ...... Q’EI ?? oy
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[llustration of the macro/micro-features
affecting mechanical properties

We are studying how v, o & L
and the subsequent fracture strength

volume, interfacial reaction .....
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JCross-se&ional view of a AI6060TS FSLap

—_— Vv
|
N
— 0
D
Top plate |
Bottom plate ]
< Welded—> Being Welded

Top sheet

..;_._,' € 3

Bottom sheet

weld made using w = 1,000 rpm and v = 224
mm/min showing hooking on the advancing
side and next to the stir zone as outlined with
the flow direction in the stir zone during FS

indicated

affect the temperature field, flow mode and



Hook A!
1000 rpm
615 mm/min

Hook B:
500 rpm
315 mm/min

Hook C:
500 rpm
112 mm/min

Cross sectional views of FSLap welds (A6060-T5): three hooks of welds made with
various » and v values. The small arrows point to locations of hook discontinuity.
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450

Mode 3 @ 1000 rpm
400 - 630 mm/min @ 500 rpm

1 \@ 112 mm/min
/AMode 1a \
1000 rpm

500 rpm .
1 Mode 3a 315 mm/min m§ 224 mm/min

Mode 1

200 1 Shear fracture

150  Mode 2

Tensile fracture
- hook

Mode 3
Tensile fracture
- HAZ softening

0+ o BIe , .
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

h, mm
* (Not shown) The equivalent max oy, for bead-on-plate = 410 N/mm

* When h < heiiia = 0.9 (=~ 30% of plate thickness) other factors compete for location deformation &
fracture to lower oj,,, but oy, is close to op.p
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* Dissimilar alloys with a large difference in melting point (AT eyng ) — difficult to fusion
weld

« Al to steel lap joints — applied in automotive industry

« Alto Ti alloy lap joints, if weldable, large potential in aerospace industry

* FS (diffusion) lap welding of dissimilar alloys with large ATy, , h =0

Al6060T5 to Mild Steel FSLW Al6060T5 to Ti-6Al-4V FSLW
® = 1,000 rpm, v = 50-85 mm/min ® = 1,000 rpm, v = 85 mm/min

Al

Oiap= 398 N/mm, close to max o ,, (AI6060-Al6060)
Strong interface, thus high o ,,

L

OLap= 394 N/mm, close to max o ,, (AI6060-Al6060)

Olap~ 145-228 N/mm Strong interface thus mode 3 & high o,
Brittle interfacial intermetallics thus low o ,,

MUT

FS (diffusion) lap welding Al to Ti alloys —
ENGINEERING weldable!

>
|
H
w
>

=
=5




Rapid Prototyping and Manufacturing

Scanning Mirrors
\ Part

Material
N Feeder

|
!

Support Material
Feeder

Support
"Material

| Laser
=25

Power
Delivery Piston

Delivery Piston

20mm
g




Rapid Prototyping and Manufacturing

Direct Production of

sand moulds using
SLS

Two Approaches

» Laser treating of
polymer coated
sand particles

 Direct melting and
fusing of sand
particles

canning Mo

Delivery Piston

Delivery Piston
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, Rapid Prototyping and Manufacturing

« Direct printing of sand

— moulds from CAD files

POWDER « Pattern-less moulding

* Unlimited freedom, short
lead times

LiIauiD ADHE SIVE
SUPFPLY

IHK.JET HE Ak
ROLLE

POWVWITIER
DELIVERY T l FABRICATIOHN
SYSTEM PISTOH

AU
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' Rapid Prototyping and Manufacturing

«««««

nnnnn

J\\“J. PN .UV NP, . S SO S T:: -J\\JJ. PN W M S N RS
CaSO4 0. 67H2T5 “““““ CaSO4 0.67H,0 (50 wt, %)
Calcium Sulphate Hemihydrate MgSiO, (50 wt. %)

Both materials yield similar
compressive strength and
permeability values

ZP131 gives better surface
guality part definition




Rapid Prototyping and Manufacturing

Experimental
Factors

*Mould material
Mould coating
*Alloy type
*Pouring
temperature

MUT

UNIVERSITY

Mould Mould Pouring Alloy
material coating temperature
Level 1 ZP131 Isomol 200 690°C Mg : AZ91HP
(graphite based)
Level 2 | ZCast501 Zircoat W 730°C Mg: AM-SC1
(Zirconium
Silicate based)
Level 3 Resin Magcoat S 770°C Al: A356
bonded (Magnesium
Silica Oxide based)
sand

‘ENGINEERING

Pouring

sleeve
Faeder

Cylindrical
samples




' Rapid Prototyping and Manufacturing

Trial Mould Coating Alloy Temp

type (°C)
1 ZP131 ISOMOL AZ91HP 690
2 ZP131 ZIRCOAT SC1 730
3 ZP131 MAGCOAT A356 770
4 ZCAST ISOMOL SC1 770
5 ZCAST ZIRCOAT A356 690
6 ZCAST MAGCOAT AZ91HP 730
7 SILICA ISOMOL A356 730
8 SILICA ZIRCOAT AZ91HP 770
9 SILICA MAGCOAT SC1 690

=
S
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. Rapid Prototyping and Manufacturing

(AZ91HP): 15t
S

690°C:90%: 2"d

A356: 90%: 1st
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Rapid Prototyping and Manufacturing
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, Rapid Prototyping and Manufacturing

Experimental analysis of centrifugal casting

Complex Shapes

AT iencINEERING
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