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m SMART|DT and
Comprehensive Probabilistic
Damage Tolerance Analysis

(PDTA

m Large Scale Computing

m Example: Through Crack in
Fastener Hole

m Conclusions and Future Work
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m Comprehensive PDTA requires evaluating the crack growth curve for every realization
m To estimate POF < 1077, Monte Carlo integration requires minimally 108 realizations
m O(10) seconds per realization for 108 realizations

— at least 30 years on a 10 core computer

— at least 3 year on a 100 core cluster
— at least 3 months on a 1000 core supercomputer 4
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m Verification — check results of fast methods against 108+ runs of
conventional crack growth codes
m Capability — increase the speed of fast methods by 100x or more
m Access — give SMART|DT users the option to leverage large cluster / cloud
systems
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m Large scale computing systems are becoming more available

m High Performance Computing cluster configurations can be configured and used on a
pay as you go basis at the 3 major cloud computing providers

m Coding for distributed memory parallelization is required to take advantage of these
systems
— More details in the next slides 6
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" Large Scale Computin

B Shared Memory (OpenMP)

— communication via shared
variables

2 cores

16 cores

m Distributed Memory (MPI)

— communication via message
passing over network

102400 cores

320 cores
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m Large scale computing incurs
an increased risk of system /

faults

m Checkpoints allow jobs to be
restart from somewhere in the

middle

m Restarting requires some
consistency checks in case files
have been modified or the
SMART|DT version has

changed

Checkpointing
Capability

SMART|DT DAT
version record
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Semorvisnon overview

Master Process X
load / init - service service all Y .
process send init block write MPI
MPLINIT f jrove e [ chede |2 0 B Guoue block check ol outputs | | FINALIZE
point file queue point received

receive request process checkpoint MPI
MPT INIT inputs block block results FINALIZE

Worker Processes N

m Master process performs all of the input reading and checking once and sends processed
inputs to the workers

m Small data packets exchanged to assign blocks and report block processing complete

m Checkpoint data is buffered so the worker can start processing the next block while the
results are transferred
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Scaling

Scaling measured on Shamu at UTSA, node speeds vary slightly

SMART|DT MPI

2501 o MP] _-Te
OpenMP & MPI et
2001 o OpenMP i
S 150 - ,/’,
O rd
8 ,/‘ 20 P
3 100 - a7 15 - 5
/’, 10 - PLse)
7 '
0. e N
r 0_@@ T T
g - M 0 10 15 20
0 50 100 150 200 250

# workers

m Near ideal scaling for 250+ processes running

HyperGrow realizations

10
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m Run realizations in parallel
— Large scale computing (uses lots of resources)

m Reduce cost of each realization W
— Master Curve (limited to 3 RVs) N
— HyperGrow (no retardation) ——
— Surrogate Model (adds complexity and uncertainty)

m Reduce total number of realizations
— Numerical Integration (low dimensions)
— FORM / SORM (many assumptions)
— Importance Sampling (requires a priori knowledge)

11
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m Ignores variation in crack growth rate, component

geometry, etc...
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HyperGrow

Variable step sizes - corner crack integration
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m Calculates Equivalent Constant Amplitude Stress for a given spectrum and

uses variable step size integration for significantly faster crack growth

evaluation

— >10000x faster than cycle-by-cycle integration

13



Example Problem

Beta table built using AFGROW 17 -

D=0.156

3
2
1 -
010 Oi5 1:0

J 8.3
1j5 2j0 2j

> ol
ai 0-

Geometry Deterministic(5 wide x 0.125 thick) in
Initial Crack Size Weibull(a=0.45, f=4.17e-5) in
Fracture Toughness Normal(p=35.0, 0=3.5) ksi Vin
log(Paris C) Normal(p=-9.0, 0=0.08)

Paris n 3.8

Maximum Load Frechet(u=13.4, 0=1.29, £=0.07)  Ksi
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m Visualizes which realizations contribute most to POF
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SMART|DT Untitled.smrt

®© ¢ W I~ Q

Information ~ Analysis Material Geometry Loading Inspections

0% complete. Start Analysis

®

Run

Results

DAT File

]

METHOD
!
INTEGRATION_METHOD = MC 10000 878361814
POF_MAX_INC = 30000 100
|

! FRACTURE MECHANICS
]
CRACK_GROWTH_CODE = MASTERC_USER icg_wspi-r5.avsn 35.0
INITIAL_CRACK_SIZE = LOGNORMAL 0.05 0.003
FRACTURE_TOUGHNESS = NORMAL 37.0 3.8

Analysis Details

Version 1.0.20

m SMART|DT GUI
m Continue HyperGrow Development and Verification
m Add FORM and Importance Sampling Methods 18
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m Large scale computing is necessary to verify
methods that speed up the fracture
mechanics or probabilistic method

m The combination of HyperGrow and Large
Scale Computing makes comprehensive PDTA
attainable

19
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m Cluster version of SMART|DT funded by
UTSA OpenCloud Institute

m This work received computational support
from UTSA’s HPC cluster Shamu, operated
by the Office of Information Technology.

m SMART|DT was developed under FAA
grant 16-G-005

20



Thank you

NS
TEXTRON AVIATION




