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Improve	
  inspec0on	
  capability	
  by	
  
developing	
  a	
  fluorescent	
  coa0ng	
  
to	
  visually	
  detect	
  impact	
  events	
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  mechanical	
  damage.	
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Develop	
  numerical	
  models	
  to	
  
predict	
  low	
  velocity	
  impact	
  of	
  
composite	
  laminate	
  structures	
  
•  Impact	
  response	
  &	
  damage	
  
•  Compressive	
  strength	
  a_er	
  

impact	
  

Boeing	
  Company,	
  Research	
  and	
  
Technology,	
  Sea`le	
  &	
  St.	
  Louis	
  

Low-­‐velocity	
  impact	
  experiments	
  were	
  
done	
  with	
  face-­‐on	
  and	
  edge-­‐on	
  impact.	
  
Finite	
  elements	
  models	
  using	
  Enhanced	
  
Schapery	
  Theory	
  (EST)	
  and	
  Discrete	
  
Cohesive	
  Zone	
  Method	
  (DCZM)	
  
elements	
  for	
  in-­‐plane	
  and	
  out-­‐of-­‐plane	
  
damage	
  and	
  failure,	
  respecbully.	
  Results	
  
agree	
  well	
  with	
  experiments.	
  

Face-­‐on	
  impact,	
  experiments	
  (le_)	
  and	
  simula0ons	
  (right)	
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  by	
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  thermal	
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  and	
  
iden0fy	
  damaged	
  areas.	
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thermal	
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  temp	
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Capable	
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Develop	
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  large	
  scale	
  
uni0zed	
  primary	
  structures	
  for	
  air	
  
&	
  space	
  vehicles	
  

Na0onal	
  Aeronau0cs	
  and	
  Space	
  
Administra0on	
  
University	
  of	
  Michigan	
  

•  Manufactured	
  from	
  cons0tuent	
  
materials	
  in	
  one	
  piece	
  

•  Minimal	
  post-­‐manufacturing	
  
processing	
  

•  Out	
  of	
  autoclave	
  capable	
  
•  Uni0zed	
  s0ffened	
  panel	
  unable	
  to	
  

delaminate	
  under	
  compressive	
  loads	
  
•  Best	
  void	
  volume	
  frac0ons	
  in	
  the	
  

industry	
  at	
  Vvf	
  <	
  1%	
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Use	
  direct-­‐prin0ng	
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  self-­‐sensing	
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  embedded	
  mul0func0onal	
  
nanofiber	
  network	
  

Samsung	
  Research	
  America	
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  a	
  non-­‐invasive,	
  non-­‐
contact	
  method	
  for	
  real-­‐0me	
  
monitoring	
  of	
  composite	
  materials	
  
for	
  detec0ng	
  and	
  localizing	
  
damage	
  

SMI,	
  Inc.	
   	
   	
  Toray	
  for	
  
	
   	
   	
   	
  material	
  support	
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-­‐	
  Capable	
  of	
  detec0ng	
  early	
  failure	
  
of	
  composites	
  in	
  real	
  0me	
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  Introduce	
  delamina0on	
  in	
  weakly	
  	
  
	
  	
  bonded	
  composites	
  using	
  solitons	
  
-­‐	
  Study	
  the	
  reflected	
  solitons’	
  	
  
	
  	
  characteris0cs	
  for	
  iden0fying	
  debond	
  	
  
	
  

JCATI	
  

	
  
The	
  soliton-­‐based	
  
diagnos0c	
  technique	
  
shows	
  promising	
  
results	
  in	
  terms	
  
detec0ng	
  weak	
  
bonds.	
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Inves0gate	
  the	
  effect	
  of	
  shallow-­‐
angle,	
  thin-­‐ply	
  laminates	
  on	
  the	
  
structural	
  performance	
  of	
  wings	
  

Stanford	
  University	
  
Chomarat	
  
JCATI	
  

64%	
  improvement	
  in	
  bending	
  
s5ffness-­‐to-­‐weight	
  when	
  using	
  
shallow-­‐angle,	
  thin-­‐ply	
  laminates	
  
compared	
  to	
  regular	
  laminates.	
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Understand	
  rela5onship	
  between	
  
material	
  microstructure	
  and	
  highly	
  
nonlinear	
  material	
  proper5es	
  
	
  

Applica0ons:	
  shock	
  mi0ga0on,	
  low-­‐
density	
  materials,	
  acous0cs/structural	
  
vibra0on	
  

Related	
  wave	
  propaga0on	
  in	
  designed	
  
materials	
  projects	
  
(ARO/NSF):	
  	
  

Leverage	
  wave	
  
tailoring	
  exper5se	
  in	
  
flexible	
  AM-­‐enabled	
  
material	
  toolbox	
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stiffness at extremely low densities 
(record-breaking stiffness to density 
ratios at low densities [5,27-28]), where 
this unique combination of properties 
stems from the microscale truss unit 
cells. At the most preliminary level, we 
note that while there have been 
investigations of the impact response of 
ultralight microlattice materials [29-
32], and more generally into the 
dynamics of lattice materials [6], there 
remain many open questions regarding 
the impact response of microlattice 
materials, particularly concerning their 
effective properties [33-37]. This will 
be an integral element of the proposed 
investigation, and an important aspect 
of this study, however we aim to go 
much further.  
 
By combining lattice materials with the flexibility of additive manufacturing, we will open a new class of 
materials having tailorable, extreme material nonlinearities stemming from microscale geometric 
nonlinearities. When the scale of structures inducing the geometric nonlinearity becomes small enough 
(for example, compared to the spatial width of an impulse), it is essentially indistinguishable from an 
effective material nonlinearity. This provides advantages because, as previously described, material 
nonlinearities are typically small, whereas, geometric nonlinearities can be extremely large. Some simple 
examples of geometric nonlinearity include contact mechanics [25], snapping of two-bar linkages and 
buckling [16], large deformation curved beams [38], and large deformation of truss structures [15]. 
Making an analogy to contact mechanics between two 
spheres, the Hertzian relationship is know to have a 3/2 
power law nonlinearity, where as you compress two elastic 
spheres, the contact area increases, resulting in a stiffer 
contact. One can extrapolate from this point, that there is 
no reason that this nonlinearity caused by the shape of the 
particles could not be extended to an ultralight truss 
structure, by imagining that the shape is approximated by a 
lattice/mesh, as one would for a finite element method 
(FEM) simulation.  
 
It has been previously demonstrated that springs with an 
arbitrary shape of a nonlinear force-displacement relation 
could be created, by using a simple topology optimization 
that changed just the path (and not even the thickness) of 
an elastic member [38]. This is a perfect match with a 
microstructured lattice material, wherein, simply by 
changing the geometry of the unit cell members or varying 
their thickness, we can change the effective nonlinear 
response of the material. Figure 5 shows preliminary 
examples that demonstrate that, simply by changing the 
curvature of a beam, we can modify the effective 
nonlinearity of the truss members.  

Figure 4: Additively manufactured microstructured lattice materials. 
(a) Polymer octet lattice printed in the PI’s laboratory using direct 
light printing. (b) Unit cell of microlattice structure from [5]. (c) 
Hollow nickel microlattice structure from [5]. 

Figure 5: Simplified example demonstrating 
effect of beam geometry on effective “nonlinear 
spring”. Hardening (a) and softening (b) 
nonlinearity. 
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5.4. Experimental characterization: The quasi-static response of microlattice structures (both single and 
multiple unit cell) will be tested using an instrumented Instron 5585H 250 kN Electro-Mechanical Test 
Frame, as shown in Fig. 6b. Strains may exceed 80%. In addition to the load-displacement measurements, 
the internal deformation and failure of the lattice structure will be visualized and recorded on video and 
tracked via digital image correlation (DIC). Figure 6b shows the mechanical testing of a single unit cell 
printed at UW. The quasi-static compression/tension experiments provide a critical foundation for the 
design of materials with effective nonlinearities based on microstructural geometric nonlinearities. We 
note that the dynamic performance may differ, however, it will be an important aspect of our study to 
explore these differences. In addition, we plan to remain in the long-wavelength regime, so it is not 
expected that we will see localized dynamic buckling at the sub-unit cell level, past the buckling 
phenomena observed in the quasi-static experiments.  
 
The dynamic response measurements of individual unit cells and multi-unit cell lattice materials will be 
conducted at both low strain-rate and intermediate strain-rate regimes (up to 103 s-1) using high velocity 
impactors, high speed camera visualization, and force sensor instrumentation, as shown in Fig. 9. 
Similarly to the quasi-static experiments, the structures will be tested to large strains (potentially 
exceeding 80%). This approach 
has been used previously to 
study the dynamic response of 
microstructured lattice materials 
[29-32]. The PI has many years 
of experience with dynamic 
testing over multiple time and 
length scales, including 
piezoelectric transducer-based 
methods [14,55-60] and 
ultrafast photoacoustic 
characterization [61,62].  
 
For this project, in all cases, 

Figure 8: Discrete element model (DEM) simulation of spatiotemporal localization in 2D, discrete nonlinear 
systems subject to the same dynamic input. (a) Hardening nonlinearity causes pulse to self-localize in the direction 
of propagation but delocalize along the wave front. (b) Softening nonlinearity causes localization in the propagation 
direction and self-localization perpendicular to the propagation direction.  

Figure 9: Schematic of dynamic impact experimental setup. 

Self-­‐energy	
  localiza0on/delocaliza0on	
  via	
  tailored	
  
material	
  nonlinearity:	
  	
  

Web:	
  h`p://faculty.washington.edu/boechler/	
  

N.	
  Boechler	
  et	
  al,	
  Nature	
  Materials	
  10,	
  665	
  (2011)	
  	
  	
  

The metamaterial is composed of a monolayer of
D¼ 1.02 lm diameter polystyrene microspheres deposited on,
and adhered to, the aluminum side of an aluminum-coated
(100) silicon membrane of thickness 2H ¼ 1:27 lm, as shown
in Fig. 1. The thickness of the membrane was measured with
ellipsometry. The aluminum film is 50 nm thick and serves as
a medium to absorb the optical pump light. To fabricate the
metamaterial, we utilize a self-assembly procedure, in which
polystyrene microspheres are assembled at the air/water inter-
face and then transferred to the membrane, as shown in Figs.
1(a) and 1(b).28 The resulting monolayer covers nearly the
entire area of the membrane, which has dimensions of
4.8 mm" 4.8 mm. A representative microscope image of the
monolayer packing is shown in Fig. 1(c).

The laser-induced transient grating technique26,27 used
in this study is summarized as follows. The configuration of
the beams and the sample is illustrated in Fig. 1(e). Two op-
tical pump beams derived from a pulsed laser source
(532 nm wavelength, 430 ps pulse duration, and 1 kHz repeti-
tion rate) are overlapped at the aluminum layer in the
metamaterial and form a periodic interference pattern. The
pump spot has a 500 lm diameter at 1=e2 intensity level.
Absorption of the pump pulse light by the metamaterial indu-
ces a rapid thermoelastic expansion, which induces counter-
propagating acoustic waves with a wavelength equal to the
optical interference pattern that is defined by the crossing
angle of the beams. The acoustic wavelength is controlled by
changing a phase mask pattern used to split the pump beam
into þ=$1 diffraction orders. The detection of the metama-
terial acoustic response is accomplished with a quasi-cw
probe beam (wavelength 514 nm and average power 10.7
mW at the sample) chopped to 50 ls pulses with an electro-
optic modulator. The probe beam passes through the same
set of optics as the pump beam and is focused at the center
of the interference pattern to a spot of 300 lm diameter.
Pump-induced surface ripples and refractive index variations
caused by the propagating acoustic waves (including contri-
butions from the silicon membrane, aluminum film, and

microspheres) lead to a time-dependent diffraction of the
probe beam. The diffracted probe light is superimposed with
an attenuated reference beam and is directed to a photodiode
where it is recorded with an oscilloscope.

Using this technique, we measured the acoustic response
of the aluminum-coated membrane before the microspheres
were deposited (the “without-spheres” case). In this case, the
pump pulses have an energy of 19 lJ and both pump and
probe beams are incident on the aluminum-silicon interface in
the metamaterial, such that they pass through the silicon mem-
brane. As a result, the measured signal for the without-spheres
case includes contributions from surface ripples from both the
aluminum film and the silicon membrane, and refractive index
variations in the silicon. After the microsphere deposition, we
measured the acoustic response of the metamaterial (the
“with-spheres” case). In this case, both the pump and probe
beams enter the metamaterial from the opposite side, such that
they are incident on the aluminum-microsphere interface, and
the pump pulse energy is reduced to 5.6lJ. Measuring the
side with the microspheres provides enhanced sensitivity to
microsphere motion,16 in addition to signal contributions from
surface ripples of the aluminum film.

Figure 2 shows the normalized Fourier spectra of the
acoustic oscillations corresponding to the without- and with-
spheres cases at k¼ 0.78 lm$1. In the without-spheres case,
two peaks are clearly observed. We identify the low fre-
quency peak at 270 MHz as the A0 mode of the membrane,
and the second peak at 1040 MHz, as the S0 mode. Because
of the presence of the aluminum film, we predominantly
excite antisymmetric modes, as can be seen by the relative
amplitude of the A0 and S0 modes.29 We measure the disper-
sion of these two modes by varying the acoustic wavelength,
and plotting the peaks identified in the Fourier spectra, as
shown in Fig. 3. The measured spectra and their identified
peaks for all wavelengths can be found in Fig. S2 of the sup-
plementary material.30 Using a silicon density of qm ¼ 2:33
g/cm3 and typical wave speeds in silicon31 of cL¼ 9133 m/s

FIG. 1. Illustration of the metamaterial self-assembly fabrication procedure,
including (a) monolayer formation at the air/water interface and (b) transfer
of the monolayer to the membrane by pulling the membrane out of the water
subphase. (c) Representative image of the polystyrene microsphere mono-
layer. Schematic illustrations of the (d) theoretical model and (e) experimen-
tal setup.

FIG. 2. Spectra of Fourier transform magnitudes where the black curve cor-
responds to the without-spheres case, the red curve corresponds to the with-
spheres case, and each spectrum is normalized to its maximum amplitude.
The markers denote the identified peaks, which are plotted also in Fig. 3
using the same markers and colors. The vertical lines denote the frequencies
of the fitted microsphere contact resonance (fc) and spheroidal resonance
(fs). The inset shows a closer view of the peaks corresponding to the spheroi-
dal and dilatational modes.

071903-2 Khanolkar et al. Appl. Phys. Lett. 107, 071903 (2015)
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1)	
  to	
  formulate	
  mul$scale	
  models	
  
for	
  effec0ve	
  crashworthiness	
  design	
  
of	
  tex$le	
  composite	
  structures;	
  	
  
2)	
  to	
  develop	
  new	
  experiments	
  for	
  
material	
  characteriza0on	
  and	
  
scaling	
  from	
  lab	
  to	
  structure	
  

Dept.	
  of	
  Energy,	
  GM,	
  Ford,	
  
Chrysler	
  

1)	
  Effec0ve	
  mul$scale	
  model	
  based	
  on	
  
microplane	
  decomposi$on	
  (b)	
  with	
  
excellent	
  agreement	
  with	
  experimental	
  
data	
  (d);	
  
2)	
  mesostructural	
  op$miza$on	
  enabled	
  by	
  
the	
  proposed	
  mul0scale	
  framework	
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  experimental	
  and	
  
computa$onal	
  tools	
  to	
  asses	
  the	
  
durability	
  of	
  large	
  tex5le	
  (2D	
  and	
  
3D)	
  composite	
  structures;	
  2)	
  To	
  
provide	
  tools	
  for	
  mesostructural	
  
op5miza5on	
  for	
  durability;	
  

NSF	
  (pending),	
  Albany	
  Composites	
  

1)	
  A	
  general	
  computa0onal	
  framework	
  is	
  
under	
  development	
  to	
  account	
  for	
  (a)	
  
fa$gue,	
  (b)	
  matrix	
  degrada$on,	
  (c)	
  
randomness	
  of	
  material	
  proper0es;	
  
2)	
  A	
  new	
  set	
  of	
  experimental	
  protocols	
  is	
  
under	
  study	
  to	
  characterize	
  material	
  
degrada$on	
  from	
  lab	
  to	
  large	
  structures	
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Mul0scale	
  scheme	
  adopted	
  



Nanocomposites	
  for	
  Large	
  Lightweight	
  Structures:	
  
Experiments	
  and	
  Modeling	
  	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS	
  (ongoing):	
  

PARTNERS:	
  

Contact:	
  
Dr.	
  Marco	
  Salviato	
  	
  
salviato@uw.edu	
  |	
  206.543.2170	
  
	
  

1)	
  To	
  develop	
  new	
  nanocomposites	
  
with	
  enhanced	
  quasi-­‐sta$c	
  and	
  
fa$gue	
  behavior;	
  
2)	
  To	
  formulate	
  models	
  for	
  material	
  
and	
  structural	
  op5miza5on	
  

Royalty	
  Research	
  Funds	
  (pending)	
  

1)	
  Strength	
  and	
  fa$gue	
  threshold	
  
enhanced	
  by	
  more	
  than	
  50%	
  compared	
  
to	
  epoxy	
  specimens;	
  
2)	
  Ongoing	
  work	
  focuses	
  on	
  transla0ng	
  
these	
  results	
  to	
  3D	
  tex0le	
  composites;	
  
3)	
  a	
  mul$scale	
  modeling	
  framework	
  is	
  
under	
  development	
  to	
  describe	
  fa$gue	
  
damage	
  

Predicted	
  fa0gue	
  damage	
  at	
  RVE	
  level	
  
for	
  a	
  SiO2/epoxy	
  system	
  

SiO2	
   Epoxy	
  

CCAM-­‐Lin	
  



Strength vs. temperature 

Moisture content vs. time 

Residual strength vs. 
damage size & damage type 

Maximum load vs. time of 
damage existence 

Damage size & damage type 
spectra 

Flight temperature spectra 

Probability of detection vs. 
damage size & damage type 

Lifetime W,% 

Damage Size 

Failure Load 

Maximum Load 

Damage Size 

Flight Temperature 

T° 
R 

2L  R 

Strength degradation due to 
environmental exposure 

Life time 
R 

Inspection intervals, Repair 
philosophy, Structural risk 

  
 

Probability of failure  

Objective:  Develop probabilistic methods for evaluating structural  
                   component reliabilities suitable for aircraft design, inspection,  
                   and regulatory compliance 
Sponsors: 

Various failure modes 

Reliability-­‐Based	
  Damage	
  Tolerant	
  
Structural	
  Design	
  

Contact:	
  Prof.	
  Kuen	
  Lin	
  
lin@aa.Washington.edu	
  



Objective:  To analytically predict crack arrest capability in  
                     bonded-bolted composite structures and to  
                     verify analysis by experiments 
Sponsors:       
 

Crack propagation 

Delamina5on	
  Arrest	
  Features	
  in	
  
Bonded	
  Structures	
  

Contact:	
  Prof.	
  Kuen	
  Lin	
  
lin@aa.Washington.edu	
  



Enhanced	
  Schapery	
  Theory	
  for	
  Progressive	
  Failure	
  
Analysis	
  and	
  High	
  Fidelity	
  Tes5ng	
  for	
  Valida5on	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  
§  Mesh	
  objec0ve	
  predic0ons	
  
§  Unified	
  approach	
  for	
  modeling	
  	
  	
  	
  	
  	
  	
  	
  

in-­‐plane	
  and	
  flexural	
  problems	
  
§  Excellent	
  agreement	
  with	
  

experiments	
  

	
  
§  Digi0al	
  Image	
  Correla0on	
  and	
  

Acous0c	
  Emission	
  measurements	
  

PARTNERS:	
  

Contact:	
  
Prof.	
  Anthony	
  M.	
  Waas	
  
awaas@uw.edu	
  |	
  206-­‐221-­‐2569	
  
	
  

Develop	
  and	
  validate	
  high	
  fidelity,	
  
computa0onally	
  efficient	
  models	
  
for	
  the	
  progressive	
  failure	
  analysis	
  
of	
  polymer	
  matrix	
  composites	
  and	
  
make	
  virtual	
  tes0ng	
  possible.	
  

Boeing	
  Research	
  &	
  Technology	
  



Development	
  of	
  New	
  Material	
  Systems	
  for	
  Binder	
  
Jeang	
  AM	
  (Powder	
  Bed	
  Prin5ng)	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  

Contact:	
  
Dr.	
  M.	
  Ganter	
  /	
  D.	
  Stor5	
  	
  
ganter@uw.edu	
  /	
  stori@uw.edu	
  
	
  

To	
  developed	
  new	
  powdered	
  
material	
  systems	
  for	
  Binder	
  Jet	
  
AM	
  such	
  as	
  ceramics,	
  glasses,	
  bio-­‐
printable,	
  cements,	
  etc.	
  

University	
  of	
  Washington	
  (Solheim	
  
Addi0ve	
  Manufacturing	
  Lab),	
  
Open3DP,	
  Sea`le	
  Po`ery,	
  Olympic	
  
Color	
  Rod	
  	
  

To	
  date:	
  we	
  have	
  successfully	
  tested	
  
and	
  released	
  more	
  than	
  20	
  different	
  
materials	
  systems	
  for	
  Powder	
  Bed	
  
Prin0ng.	
  	
  



Development	
  of	
  Vat	
  Photo-­‐Polymeriza5on	
  Systems	
  
–	
  devices	
  &	
  materials	
  (DLP	
  systems)	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  

Contact:	
  
Dr.	
  D.	
  Stor5	
  /	
  M.	
  Ganter	
  
stori@uw.edu	
  /	
  ganter@uw.edu	
  
	
  

To	
  aid	
  in	
  the	
  development	
  and	
  
adop0on	
  of	
  vat	
  photo-­‐
polymeriza0on	
  systems	
  and	
  
materials.	
  	
  

University	
  of	
  Washington,	
  
Li`leRP,	
  LLC	
  

Autumn	
  2015	
  ME480	
  class	
  fabricated,	
  
tested	
  and	
  printed	
  with	
  10	
  new	
  
systems.	
  	
  	
  	
  

Tested	
  several	
  new	
  
photopolymers	
  for	
  
photoelas0c	
  
engineering	
  uses.	
  



Development	
  of	
  Mechanochromic	
  Materials	
  for	
  
Mul5-­‐Material	
  AM.	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  

Contact:	
  
Dr.	
  A.J.	
  Boydston	
  /	
  D.	
  Stor5	
  /	
  M.	
  Ganter	
  	
  
ajb1515@uw.edu	
  /	
  stor0@uw.edu	
  

To	
  deploy	
  recently	
  developed	
  
mechanochromic	
  materials	
  into	
  
the	
  3D	
  Prin0ng	
  world	
  via	
  Filament	
  
Prin0ng.	
  	
  

UW	
  Chemistry	
  Department,	
  
Research	
  Corpora0on	
  for	
  Science	
  
Advancement	
  (RCSA)	
  

New	
  materials	
  were	
  successfully	
  
deployed	
  in	
  a	
  mul0-­‐material	
  AM	
  
system	
  to	
  create	
  force	
  sensors.	
  

7	
  mm	
   4	
  mm	
   1	
  mm	
  



Development	
  of	
  Mul5-­‐Material	
  &	
  Graded	
  Property	
  
Materials	
  via	
  Vat	
  Photo-­‐Polymeriza5on	
  AM.	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  

Contact:	
  
Dr.	
  A.J.	
  Boydston	
  /	
  M.	
  Ganter	
  /	
  D.	
  Stor5	
  
ajb1515@uw.edu	
  /	
  ganter@uw.edu	
  
	
  

To	
  modify	
  exis0ng	
  Photo-­‐
polymeriza0on	
  system,	
  models	
  
and	
  materials	
  to	
  allow	
  for	
  the	
  
crea0on	
  of	
  mul0-­‐material	
  and	
  
graded	
  property	
  materials.	
  

UW	
  Chemistry	
  Department,	
  
Research	
  Corpora0on	
  for	
  Science	
  
Advancement	
  (RCSA).	
  

Successfully	
  demonstrated	
  graded	
  
property	
  objects	
  using	
  vat	
  photo-­‐
polymeriza0on	
  AM	
  via	
  DLP.	
  



Virtual	
  manufacturing	
  of	
  advanced	
  tex5le	
  
composite	
  aerostructures	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  

Contact:	
  
Dr.	
  Anthony	
  M.	
  Waas	
  	
  
awaas@aa.washington.edu	
  |	
  206.221.2569	
  
	
  

-­‐  To	
  numerically	
  study	
  the	
  effect	
  of	
  
processing	
  on	
  strength/shape	
  of	
  
cured	
  composite	
  aerostructures	
  

-­‐  To	
  iden0fy	
  key	
  processing	
  
parameters	
  that	
  dictate	
  
performance	
  

GE	
  Global	
  Research,	
  GE	
  Avia0on,	
  
Air	
  Force	
  Research	
  Lab	
  

-­‐  Processing	
  induces	
  residual	
  stresses	
  in	
  
the	
  cured	
  structure	
  

-­‐  If	
  stresses	
  during	
  curing	
  exceed	
  a	
  
certain	
  limit,	
  microcracks	
  can	
  form	
  in	
  
the	
  matrix	
  à	
  which	
  can	
  lead	
  to	
  
reduc0on	
  in	
  s0ffness	
  and	
  strength	
  

-­‐  Simula0ons	
  are	
  performed	
  with	
  Epon	
  
862	
  data	
  on	
  curing	
  (i)	
  at	
  microscale	
  for	
  
unidirec0onal	
  laminates	
  (ii)	
  for	
  tex0le	
  
composites	
  such	
  as	
  sa0n	
  weave	
  

Response	
  of	
  fiber-­‐matrix	
  RVE	
  
under	
  transverse	
  tension	
  -­‐	
  with	
  
and	
  without	
  effect	
  of	
  
processing	
  	
  

Response	
  of	
  8-­‐harness	
  saAn	
  
weave	
  strip	
  under	
  transverse	
  
tension	
  -­‐	
  with	
  and	
  without	
  
effect	
  of	
  processing	
  	
  

Tows	
  

Random	
  
fiber	
  RVE	
  



Cer5fica5on	
  of	
  Discon5nuous	
  Fiber	
  Composites	
  in	
  
Aircrad	
  Structures:	
  S5ffness	
  and	
  Strength	
  Predic5ons	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  
Ctr	
  for	
  Adv	
  Materials	
  in	
  Transport	
  

Aircra_	
  Structures	
  (AMTAS),	
  	
  
The	
  Boeing	
  Company,	
  and	
  Hexcel	
  	
  

Contact:	
  
Dr.	
  Mark	
  Tuele	
  
tu`le@uw.edu	
  |	
  206-­‐543-­‐5710	
  
	
  

Develop	
  sta0s0cal	
  methods	
  to	
  
predict	
  s0ffness	
  &	
  strength	
  of	
  
chopped	
  fiber	
  composites	
  such	
  as	
  
HexMC™,	
  leading	
  to	
  cer0fica0on	
  
based	
  on	
  analysis	
  w/modest	
  
experimental	
  database	
   Predicted	
  

Measured	
  

Contour	
  Plots	
  of	
  Major	
  
Principal	
  Strain	
  in	
  a	
  
HexMC	
  Intercostal	
  



Effects	
  of	
  Moisture	
  Diffusion	
  in	
  Sandwich	
  Composites	
  

OBJECTIVE:	
  

Collabora0ve	
  Center	
  for	
  Advanced	
  Manufacturing	
  |	
  January	
  14,	
  2016	
  |	
  Aerospace	
  Execu0ves	
  Forum	
  

RESULTS:	
  

PARTNERS:	
  
Ctr	
  for	
  Adv	
  Matl’s	
  in	
  Trans	
  Aircra_	
  

Str	
  (AMTAS),	
  Boeing	
  ,	
  Bell	
  
Helicopters,	
  3M	
  Company	
  

Contact:	
  
Dr.	
  Mark	
  Tuele	
  
tu`le@uw.edu	
  |	
  206-­‐543-­‐5710	
  
	
  

Evaluate the impact of moisture 
and thermal cycling (room 
temps to -55ºF) over long times 
on stiffness and fracture 
toughness of honeycomb core 
sandwich composite structures	
  

Single	
  Can0lever	
  Beam	
  (SCB)	
  
sandwich	
  specimen	
  used	
  to	
  
measure	
  Mode	
  I	
  Fracture	
  
Toughness	
  


