SAND2017-10949C

ﬁgi‘.?,':a. Mechanical Properties and Trends in Additively Manufactured Aluminum

Laboratories Andrea N. Exil, Jay D. Carroll, Lisa A. Deibler, Stephanie Delong, Bradley Jared, Chris Finfrock, Brad L. Boyce, Bradley Salzbrenner

Hot Isostatic Pressing

4 N

: : : Trends Identified with Powder Reuse:
The Cross-Sectional Area and Specimen Location , |
Large High Throughput Specimen
Additive manufacturing (AM) has great potential to revolutionize designs. However, for AU ; .
’ : : : uilds 1 - 5¢ Builds 1-5
high-reliability applications, the scatter in material properties must be well characterized Arsst\;lva:mrrjla;s;elgrus(;lrliIgTz;én;I:reo::ee;ecr;snbdeln BUILD Powder = 3 “ § I A
and understood. Properties of a selectively laser melted additively manufactured diffic’ult to define ﬁowever effactive cross Condition R jz 32 .;l
aluminum alloy AISi10Mg were characterized. Multiple defect types from the AM process , ' o 1 Fresh = gl 0. $3
. : . . sections can scale stresses significantly for the 0 ;8
had impacts on the material properties. Using ' , 4 affect qul ald 2 Reused Once = $F
Eg&‘ﬁ'ﬁ?&m 4‘ fractographic analysis, layer thickness of unfused fooum, Groome vo-ormm SwaAsSe wane1msm >Ma tspeutmhenlst,.ant at C T mfc) . utsr’1 yie 3 Reused Twice = = ? §
powder on the outer build surfaces of each sample >trength, Uitimate tensiie Strengtn. A Reused 3 Times <§E 1 1:« I
and porosity are found to increase with certain Locations 1-5 - > AT g i i i L8 powes decraaes ductiity
build parameters and locations. These flaws A layer of unfused powder on the 99.9 3-Parameter Weibull — 95% Cl > Reused 4 Times %
: : : | i i i T e 6 Fresh | 1 ! ,
determine the mechanical behavior of each outer build surfaces (crust) 90. F = Ey— 170 10 180 200 210 220 230 2 e FAlLURsE i 8 10
sample and point to important phenomena that 1. Large area measurements i . DHIMATE TERBIEE STRERGTH, MPA .
need to be considered by designers when using the micrometer = 50 i e f f 8 Reused Twice
2. Modulus, vyield strength and 0 -0 , Reusing powder-:
ultimate tensile strength § Ny o | .
Laser Powder Bed Fusion and High Throughput Tensile Testing appear lower & AN s Reduces strength (~10% )
3. Specimens with less crust tend - 5. S Tml o S Lowers ductility (~40%)
. . < yorg . -
—’// Large HTTB N Wil e to lie at the top of the build 5 1 N ATE 35 R —— Increases variability
%\ %@ ﬁ\ 4 \ "SAEE 1i plate. | % ' Density decreases with Powder
\\\\ Small HTTB % NI ) 4. Specimens with more crust VAN AN , Reuse, due to increasing porosity
! | : 0.1 i AR VAN TR 1 I N
N m . c tend tc? built at the bottom of 100 150 140 160 180 200
& @@ 5 the build plate. ULTIMATE TENSILE STRENGTH, MPA
5 Eliminating the Porosity Defect:
()
(@R
=

Relative Density of Pre and Post HIP
Post-HIP ~O-Pre-HIP 100% density is 2.67 g/cm?3
104.00%
e Argon flow : —
6.25x6.25mm, 2.5 x 2.5 mm 102.00% T
8 Builds defined condition of powder e R T A 100,000 o
Large HTTB have 12 print locations and Small HTTB have 5 print locations B mlo JERe geih = 5 oD S SV S SEND o
: . et 2 98.00% ) 1 i
~ 600 specimens printed: 400 Small & 200 Large Build 3: Location 4 o
High Throughput Tensile Testing streamlines testing process by 10x ' > 96.00% 1 |
: = | 1 |
Location 4 Percentage of Cross-Sectional Area to the overall Area o 94.00% ‘ T | I _— ‘% —d
Trends ldentified with Build Locations: (ocation s LB 0 02.00% T | o
. . 200 - Ll O —
Small High Throughput Specimen jo <8 . 8 8 @ o ? 90.00% L
_ F ) ! <0 o © O O 8 8 0 1 2 3 4 5 6 7 8 9 T
< 150 &3\ AR 5 2 o O oo O \_ BUILD - O
Average Ultimate Tensile Strength = Ll 5 o al
> i w DO 75 O o
—.200 > o 1001 f M \‘% & D 7 O o o & 2007
= | RO L O O Pre HIP
= Z @\ S ~ 50§ I ﬁ'i‘%i‘ﬁl S S 70 O g O 8 150
I 8 O 2 5 i - | - H\ 1@3} LS W T Post HIP .
5 175 o 6 © o 3 § o # # a LR mi\hﬂm'ﬁ}, | o = 0s The Hot Isostatic Pressed samples seemed to
> : ge) ‘ o RTINS T . . ol . - . .
o o B8 c o e SR N - = OO 1 2 3 45 6 7 8 g 65 S 100 L \ ) gain ductility while loosing around 50% of
S N IR NRNRN . . .
w150 O © o O ﬁ @éﬁ% > STRAIN (%) A % | \\i\w N \ \ their strength. Furthermore, there is a higher
2 © o o ° 9 & VA o O SUILD PLATE Z 5ol O DR Strain to Failure distribution that calls into
& o) o) O O < s OLlocation1 OLocation2 OLlocation3 O Location4 O Location5 W N TN \\l\ IRV \ \| \\E\H* | _ o _
= > A 1\ N O ) NS question the reliability of the HIP material.
I<_E 125 O ¢ f \f/f = \\\L LA L\\L\L\,\ AN N AN
> 7))
= 0 1 2 3 4 5 6 7 8 9 N N o ©
— 7 ) 8 . . . i )) .
> BUILD PLATE &L & : Eliminating the “Crust” Defect: STRAIN (%)
OLlocation1 OVLlocation2 O Location3 OLocation4 O Location5 O . .
Average Ductility Using Image Processing
6
c 8 The small and large HTTB
- O o experienced location dependence, Sources of Variability in the Structural Properties of Additively
4.5 O 5 6 © 3 but this dependency was examined —————— Manufactured AlISi1l0Mg:
z 4 8 e 8 S p further in the smaller HTTB. v\ } * Crust fraction and Location: Crust thickness increases at build plate locations where
— . T . 2 L | L L .
QBE @ 8 o 8 o) Specimens built in location 5 were ZIRWEN \. ‘ specimens are weakest.
Dz : o 8 stronger, and more ductile. < 200 - With Cru;st * Porosity distribution and Powder Reuse: Porosity increases with powder reuse, and
, However, specimens built in s _J,J/M—__—_—i\ ® results in weaker, less ductile samples.
. . L | —
0 1 2 3 4 5 6 7 8 9 location 4 were weaker, less ductile 5 1500 | 2 ‘| 3
SUILD PLATE and had more variability. = 1001 1 VN ‘ Areas for Further Research:
OLlocation1l OVLlocation2 OLocation3 OLocation4 O Location5 Ad]usting £or the crust area | .2 Crust fraction and Location:
Ultimate Tensile Strength Doubles 50 ¢ NN * Identify causes of crust discrepancies on the build plate.
Sandia National Laboratories is a multi-mission laboratory managed and operated by National Technology and Engineering Yield Strength Increases O , | L N/ |  Explore the remaining crust on the larger samples.
Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s Unloading Modulus Increases . < ao® e .
‘ National Nuclear Security Administration under contract DE-NA0O003525 O 1 2 3 4 5 Por05|ty distribution: _ _
STRAIN (%) Research effects the HIP temperature has on material properties



