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MOTIVATION &
OBJECTIVES
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Modeling Thermal Protection Systems (TPS) = AL
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Macroscale Modeling Microscale Modeling EEE

Full scale material response solvers, using Used to inform material properties and ] - = = ==
volume-averaged techniques to solve material response parameters used in THEN
conservation equations for ablation macro-scale modeling iE = = ==
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Lachaud and Mansour, JTHT 2013

Simulation of surface temperature
for MSL heatshield*! ul

*1 Meurisse, Jeremie BE, et al. "Multidimensional material response simulations of a full-scale S
tiled ablative heatshield." Aerospace Science and Technology 76 (2018): 497-511.
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Ferguson, J. C., Panerai, F., Borner, A., & Mansour, N. N. (2018).

PuMA: the Porous Microstructure Analysis software. SoftwareX, 7, 81-87.

https://software.nasa.gov/software/ ARC-17920-1

CT Reconstruction of FiberForm



https://software.nasa.gov/software/ARC-17920-1

Challenges 1in Micro-scale modeling

As NASA moves towards
woven TPS materials, our
modeling must adapt
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generated with PuMA




Objectives

Computation of Effective Material Properties
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Fiber Orientation Estimation*! Physical and Numerical Model*?
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*I Federico Semeraro, Joseph C. Ferguson, Francesco Panerai, Robert J. King, Nagi N. *2 Federico Semeraro, Joseph C. Ferguson, Francesco Panerai, Nagi N. Mansour. Anisotropic
Mansour. Anisotropic Analysis of Fibrous and Woven Porous Media, Part I: Estimation Analysis of Fibrous and Woven Porous Media, Part II: Computation of Effective Conductivity.

of Local Material Orientation. Journal of Computational Physics [to appear] Journal of Computational Physics [to appear]
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Overview

* Ray Casting (novel)
e Artificial Flux*!

e Structure Tensor*?2

*1 Matti Schneider, Matthias Kabel, Heiko André, et al. Thermal fiber orientation tensors for digital
paper physics. International Journal of Solids and Structures 2016; 100-101 234

*2 Krause M, Hausherr JM, Burgeth B, Herrmann C, Krenkel W. Determination of the fibre orientation
in composites using the structure tensor and local x-ray transform. J Mater Sci 2010; 45(4):888-96.




Ray Casting
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Artificial Flux

i, j+1
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Structure Tensor

4 Steps:
1. Vi,(z)=V(ox*I(x))
Iz I,
2. VI,VI, = | LI, I}
I.1, 1,1,

3. J,(x) =px (VI,VI)

4. Local orientation vector v 1S
the eigenvector related to the
smallest eigenvalue of J,(x)

1.1,
1,1,
12
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Conductivity Tensor Rotation

V= U,1+ vy + vk

kLong. 0 0
k// — 0 kTrans. 0
0 0 k,Trans.
. Vy
f = arcsinv, ¢ = arctan —=
Ug
g=|[R'K'"R| VT
k
(cosd 0 —sinf| [ cos¢ sing
R=1| 0 1 0 —sing cos
sinff 0 cosf | | O 0
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APPLICATION TO
MATERIALS



Parametric Study

Artificial Straight Fibers 2D Weave
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Results on Real Fibrous Samples

o ot

]
HEEEE BN
|
|
i
(D)
<
S
O
3%5.
oooo
=
ia
3
=
o1}
—
=
L -
2 ep
mn
=
= .2
N
2 43
- DN
ma
g K
v
)
p—
O
<
o
VO
W6.
D =
mm__
mnu.a
S =
—
QO
O
oy
o

16



Resolution (vox)

Elliptical 100 x 800 x

(a) 2002 x 50 voxels
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Improved Workflow for Weave Orientation

Individual tow segmentation

Mean Filtering
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Artificial Structure
Flux (AF) Tensor (ST)
UE AF = 2.3° : 6 ue.st = 1.7°
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Real Woven Sample*!
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*1J. M. L. MacNeil, D. M. Ushizima, F. Panerai, N. N. Mansour, H. S. Barnard, D. Y. Parkinson, B - = = = = =
Interactive volumetric segmentation for textile micro-tomography data using wavelets and nonlocal o HEN
19 means, Statistical Analysis and Data Mining: The ASA Data Science Journal 12 (4) (2019) 338-353 o = o = = ==
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Summary

1. Ray Casting:

Performs well on artificial straight fibers ( u~3 — 5°) and similar to other
methods on binarized woven structures ( u~10 — 15°). Slight improvement
in new workflow ( u~9°)

affected by large fiber curvatures and computational expensive

2. Artificial Flux:

Easy to use because independent on inputs. Performs similar to other
methods on binarized weaves ( u~15°). Very accurate when using new
workflow for woven materials ( u~1 — 3°)

Performs poorly on artificial straight fibers due to regions not
being in the path of heat flux through the material ( u~15 — 20°)

3. Structure Tensor:

Performs effectively on artificial straight fibers ( u~1 — 5°) and similar to
other methods on binarized weaves ( u~20° ). Very accurate when using
new workflow for woven materials ( u~1 — 2°)

hard to define optimal window a priori. For high resolutions,
window must be sufficiently large, which can be very expensive




