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Outline of Talk

(23 slides )

(5) Why Accuracy in FEM Stress Estimates are Important ?

(5) COMSOL Solutions for a Wrench at different mesh densities.
(1) What is a logistic distribution ?

(5) Uncertainty of COMSOL Wrench Solutions using NL-LSQ.

(7) Stresses in a Cantilever Beam for different element types.
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(1) Why Accuracy
In
FEM Stress Estimates
Are
Important ?
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Fig 1. plot of Log(Creep Rupture Time) vs Log (Stress)

slope C - - 89

Linear Least Square Fit for 10 Minimum Creep Rupture Time vs. Stress Data
Material: APl 579 Grade 91 Steelat 5711 C (1060 F )

: Model: Y =A+C*X ResSD = 0.01944
Y-intercept = A = 20.2181 s.d. of Y-intercept = 0.189
| Lamda = anti-Log (A) = 1.652 E+20
* Islope= C = -89 sd.of C = 0.094

_| Creep Rupture Time t (hour) = Lamda * ( Stress (MPa) } = C,
* where t = anti-Log (¥), and Stress = anti-Log (X) .

Log (Creep Rupture Time (Hr))
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o Recent experimental results on Creep Rupture in Fig.1
coefficient of variation = s.d. / estimated mean.

e Let cv

o Following Fong et al [2015] considering classical laws of error
propagation, we establish Eq. (2) for the coefficient of variation
(cv) of the creep rupture time, t, as a linear function of the cv of
stress, o

cv(t) = [C|* cv(o). (2)

Need to assess carefully the uncertainty of the stress estimate,

1% variation in stress = 9% var. in creep rupture time

NIST
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There are at least four sources of uncertainty in FEM:

(1) Uncertainty due to Element Type (2015).

(2) Uncertainty due to Mesh Density (2015).
(3) Uncertainty due to Model Parameters (2014).

(4) Uncertainty due to Solution Platform (2016).

NIST
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Each flap represents
a simple circuit or
port element such
as a 50 Ohm feed or
a tuning capacitor.

(Standard finite
element modeling
approach for RF and
Microwave
components)

Jeffrey T. Fong, NIST, Gaithersburg, MD
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Non-Uniformity of NIRS Coil Magnetic Flux Density in Inner Water Tube
95% Uncertainty Bounds Plot with Dataplot (Fong-Stupic-Keenan-Russek, 2014)

"DEX" = Design of
Experiments, where
k = no. ot factors,

n = ne. of runs.

0.15 —

01 —

95% Lower

Probability

Ngn-Uniformity Coeff. ([YC ) =
49.58 ( B.77)

(fora 17 - run "DEX" with k = 7,
n =16 plus a center point)

Bt = 95% Upper
40.81 -
0.05 —| Bound =
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fong760R3.dp

sigma = 0.0001 +/- 10 %, epsilon =80 +/- 5%, C =177 +/- 2%, V0 = 500 +- 2%

Step 3 COMSOL-RF Analysis of NIRS Birdcage Coil with High C and Inner Water Tube
Maln Effects Plot
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Non-Uniformity of NIRS Coil Magnetic Flux Density in Inner Water Tube
95% Uncertainty Bounds Plot with Dataplot (Fong-Stupic-Keenan-Russek, 2014)

0.7 — DEX" = Design of
1 Experiments, where ;. YC-2 = 48.32 ( 1.9 )
067 k=7,and - (improved design)
- n=16+1 n
- O.Si .
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(2) COMSOL Solutions
for a
Wrench
at
different
mesh densities.
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Solved with COMSOL Multiphysics 5.0 Solved with COMSOL Multiphysics 5.0

Stresses and Stra”ls In a wren(:h The bolt’s fixed constraint is at the cross section shown below. A load 1s applied at the

box end of the combination wrench.
Introduction

This tutorial demonstrates how to set up a simple static structural analysis. The analysis
is exemplified on a combination wrench during the application of torque on a bolt.

Despite its simplicity, and the fact that very few engineers would run a structural
analysis before trying to turn a bolt, the example provides an excellent overview of
structural analysis in COMSOL Multphysics.

Model Definition

The model geometry is shown below.

For the purpose of this model, assume that there is perfect contact between the wrench
and the bolt. A possible extension of the model is to apply a contact condition between
the wrench and the bolt where the fnction and the contact pressure determines the
position of the contact surface.

Model Library path: COMSOL_Multiphysics/Structural Mechanics/wrench

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 NIST 10
Email: fong@nist.gov Motional institute of Standards and Technelogy
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4 & wrench101.mph (roat) [E Build All
4 ) Global R
4 @ Definitions Label: |Mesh 1

Pi Parameters
[=5) Materials
4 [l Component 1 {comp 1)
= Definitions

¥ Mesh Settings

Sequence type:

P )2\ Geometry 1 IMEbEiccon
Hz8 Materials

Element size:
4 5= Solid Mechanics (solid)

w

o | E z | Normal
wmw Linear Elastic Material 1 -
T Free Extremely fine
= Initial Values 1 Extra fine
mw Fixed Constraint 1 Finer
= Boundary Load 1 Fine
A\ Mesh 1
~oo Stuchy 1

@. Results

Extra coarse

Extremely coarse

Mormal
Coarse P
Fine

Model Definitions

1odel Builder

T

Qwrencm(ﬂ.mph {root)
4 (] Global
. @ Definitions
Fi Parameters
Materials
4 [@ Component 1 {comp 1)
= Definitions
')j-\ Geometry 1
a5 Materials
4 55 Solid Mechanics (solid)
& Linear Elastic Material 1
mw Free 1
& Initial Values 1
mw Fixed Constraint 1
= Boundary Load 1
A5 Mesh 1
~ Study 1

@ Results

10/21/2015

Geometry Materials

Settings
Mesh
|8 Build Al

Label: |Mesh 1

* Mesh Settings

Sequence type:

i Physics-controlled mesh

Element size:

ik

Fine

Jeffrey T. Fong, NIST, Gaithersburg, MD
20899 USA. Tel: 1-301-975-8217
Email: fong@nist.gov

Mesh Study Results
Graphics ~ Convergence Plot 1

E

Messages

Progress Log Table

NIST

HNotional institute of Stondards and Technology
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4 & wrench101l.mph froot)
4 (i) Global
=) Definitions
Pi Parameters
i) Materials
4 il Cormponent 1 (comp 1)
= Definitions
'Y\ Geometry 1
== Materials

4 5= Solid Mechanics (solid)
Ta® Linear Elastic Material 1

G Free 1
= Initial Values 1
mw Fixed Constraint 1
= Boundary Load 1
A Mesh 1
~db Study 1
4 @, Results
% Data Sets
¢22 Derived Values
B Tables
Nl Stress (solid)
Export
B Reports

10/21/2015

Element Size: Fine

Settings Graphics Add Materia
3D Plot Group Q Q M LR O o Vo El B & Add to Component =
Plot surface: von Mises stress (N/m?) [} ekt ol
5
Label: | Stress (solid) | i|4.26x10' I:
S5 %108 425 Recent Materials
~ Data [ raterial Library
_ 4 % Built-In
Data set | Study 1/Solut ~ | [Z5 a5 X AC/DC
; 1 Batteries and Fuel Cells
Title 3 B Bioheat
* Plot Settings 25 g 3‘-: Efqui!ibrium Discharge
5 422 Liquids and Gases
View: | Automatic « | |3 L MEMS
R i 1.5 n Monlinear Magnetic
[] Show hidden entities 1 ¥ Piezoelectric
Plot data set edges X, Piezoresistivity
0.5 [] Semiconductors
5 Black 4 -
Galr 2t | Thermoelectric
Frame: Material (XY, £ ~ ¥ 1.38%10° ﬂ User-Defined Library

Log Tabl

Window Settings 1N 24, 606 EIem en tS

Color Legend Progress

Messages

Saved file: wrench3.mph
Opened file: wrench.mph
Saved file: wrench101.mph

»

Complete mesh consists of 24606 domain elements, 8189 boundary elements, and 2181 edge elements.

Avoided 571 inverted elem&mie By teing linear geometry shape ord

Murnber of degrees of freedom solved for: 123657,
Solution time (Study 1): 38 s, E—

“

Jeffrey T. Fong, NIST, Gaithersburg, MD
20899 USA. Tel: 1-301-975-8217
Email: fong@nist.gov
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Component Add

15 Component = () Functions =
Model Definitions

Model Builde

- ® v =t 1

P ] wrench103.mph (root)
4 () Global
(E) Definitions
i Materials
4w Component 1 (comp 1)
= Definitions
;”\ Geometry 1
=z= Materials
4 == Splid Mechanics (solid)
i Linear Elastic Material 1
T Free 1
T8 Initial Values 1
mw Fixed Constraint 1
m Boundary Load 1
A Mesh 1
oo Study 1
4 @, Results

#: Data Sets
4 23 Derived Values
WA Yalume Maximum 1
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ri Stress (solid)
Export
E_‘@‘ Reports
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a= Variables »

Element Size: Fine

talLivelink - “= |52 Browse Materials o Rt L —. * e A
Add Solid Add Build  Mesh Compute Study Add Stress  Add
Material Mechanics = Physics Mesh 1~ 1= Study (solid) = Gro
Geometry Materials Physics Mesh Study Results
Settings .
Jolume Mg
| = Evaluate ~
Label: |Volume Maximum 1
¥ Data
Data set: | Study 1/Selution 1 v | |34
Selection
Selection: | Manual v
on [l | 1 %
Active E='|:| rgj
B
~ Expression + v %~
Expression: Messages Progress Log  Table 1
85 =1
pprisolid.mises) =Y T =N =~
Unit: pprisolid.mises) (MPa)

MPa - 364.35

I
[[] Description

N 364.35 MPa

Jeffrey T. Fong, NIST, Gaithersburg, MD
20899 USA. Tel: 1-301-975-8217
Email: fong@nist.gov
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Element
Size

Fine
Normal
Coarse
Coarser

Extremely Coarse

10/21/2015

Degrees of Max. Mises
Freedom (d.o.f.)  Stress (MPa)
(Log_10 (dof))

123, 657 364.35
(5.0922)

74,226 355.02
(4.8706)

47,022 339.37
(4.6723)

31,476 326.76
(4.4980)

10743 322.45
(4.0311)

Jeffrey T. Fong, NIST, Gaithersburg, MD
20899 USA. Tel: 1-301-975-8217

% of Stress
(100 for fine)

(100 %)
(97.4 %)
(93.1 %)
(89.7 %)

(88.5 %)

NIST 14
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(3) What is a logistic distribution ?

Pierre Francois Verhulst (1845)
fix) =y -L/(]1+exp(-k*(x-a)),

3-parameter Logistic: Y =L - L * { exp[-k*(X-a)] / [1 + exp[- k*(x-a)]] }
(Flelerance Fong-Filliben Heckert-Marcal- Flainsbergor Ma 201

15 — Let y1 = upper bound of a 4-parameter logistic function.
Let yO = lowerbound = 0, and L = y1-y0 = y1.
Let a = mean, and k = shape steepness coeff.

(a, L2),0r, (10, 5.0)

+ | Legend for 2 S-curves
—3p: A= 0 k=1, L=10
5 — 3. 2210, k=1, L=10.

Logistic Function Variable Y
-3
n
=
o
" \_i "oy

T T T T T T T T
-20 -10 0 10 20

Logistic Function Variable X

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 N'g 15
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(4) Uncertainty
of
COMSOL Wrench Solutions
Using
Nonlinear Least Squares
(NL-LSQ) Fit.

NIST
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A Non-Linear Least Square Fit using an S-curve Logistic Function:

COMSOL wWrench Stress Analysis (6 Fine to Coarse Meshes)

Least Squares Won-Linear Fit for:

4-Parameter Logistic Function Model:

sample 5ize:

5

¥05 = Y1 - L*(EXP(-K*(XLOG-X0))/(1 + EXP(-K=(XLOG-X0))))

Mo Replication Case:

Number

Comvergence
Measure

Residual
standard
Deviatiaon

Parameter
Estimates|

« 1000000E-01
« 1139062E+00
«5695313E-01
. 2847656E-01
.1423828E-01
F118141E-02
« 25595 70E-02

« 2886132E+02
27 82295E+02
« 1013394E+02
- 1516070E+01
1218623E+01
1217993E+01
«1217981E+01

« 2643500E+03
« 37 20484E+03
 3644373E+03
. 365 9203E+03
. J663495E+03
. 3663420E+03
« 3663429E+03

« 4190000E+02
« 3211696E+02
421 2619E+02
43713B0E+02
4436871E+02
. 4436138E+02
 4436449E+02

-
(Hy

Parameter Estimates

3166, 3426

TN
oo
[’

FResidual

standard Dewviation:

Residual Degrees of Freedom:

10/21/2015

44,3641
8. 2487
4.7336

Approximate

standard Dewiat

Jeffrey T. Fong, NIST, Gaithersburg, MD
20899 USA. Tel: 1-301-975-8217

Email: fong@nist.gov

s s s o o o

« 1000000E+01
9727 18E+01
« B006263E+01
«8126122E+01
B229342E+01
. B2L0083E+01
« 8248517E+01

« 5000000E+DL
« 4835044E+01
«4635532E+01
4737073E+01
47337 77E+OL
«4733750E+01
47337 3I9E+01

366.34 MPa
s.d. =2.0 MPa

NIST
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5/02/2015 at 14:30 EDT

Nonlinear Least Squares Logistic Fit for Y versus LOG_10(X)  Degreesof Max. Mises

(FEM Uncertainty, Fong-Filliben-Heckert-Marcal-Rainsberger, 2015) Freedom (d.of)  Stress (Mpa)
= 380 (Log_10 (dof})
o |
s 3707 366.34 MPa 123, 657 364.35
8 a0 sd = 2.0 MPa (5.0922
M 350 74,226 355.02
T 1 (4.8706)
2 340
@ 1 47,022 339.37
= 330 (4.6723)
g = 31,476 376.76
n 310 7 (4.4980)
> 300 - 10743 322.45

L e e — — T (4.0311)

3 4 5 6 7 8 9

LOG_10( X) where X = degrees of freedom ( d.o.f.) of

COMSOL Wrench FEM Solution with Tetra-04 Element from Coarse to Fine Meshes
fem6b.dp

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 NE. 18
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Element Degrees of Max. Mises
Size Freedom (d.o.f.)  Stress (Mpa)

(Log_10 (dof})

Fine 123, 657 364.35
(5.0922)

Normal 74,226 35502
(4.8706)

Coarse 47,022 30T
(4.6723)

Coarser 31,476 326.76
(4.4980)

Extremely Coarse 10743 322.45
(4.0311)

Predicted Max. Mises Stress = 366.34 MPa, s.d.=2.0 MPa.

Question: Is that good enough ?

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 NE' 19
Email: fong@nist.gov Motional Institute of Standards and Technology
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Settings
Table Grag
Plot
Label: |Table Graph 1
* [ata
Table: Tahle 2 v | |2y
x-axis data: Murnber of degrees of freedom (1) v
Plot columns: Manual "
Columns:
hd
pprisolid.mises) (MPa)
Murnber of degrees of freedom (1)
Transfarmation: Mone -

[ ] Plot imaginary part
Preprocessing

¥ (Coloring and Style

Line style
Li

« Max. Mises Stress = 369.71 MPa = 371

-

Graphics Cornvergence Plot 1
Q Q @ HWE | @&
a

o p— I — — ol
= 368 | -
E ]
S 366G i
==
a= 364 J
& 362 i | i _

2 4 x10%

Number of degrees of freedom (1)

Messages Progress Log Table 2
EEY T EEBEEE -
hd pprisolid.mises) (MPa) Murnber of degrees of freedom (1)

1.0000(361.40 1.1875E5
2.0000/368.55 3.1397E5
3.0000|369.24 7.3222E5
4.0000369.72 1.1196E8
5.0000(269.73 1.5173E6
6.0000(369.61 2.1136E6
7.0000|369,54 2.6701E6
3.0000369.80 3.4118E8
9.0000369.72 4.1930E6
10.0:00(369.72 5.0332E6

369,61 3.9196E6

693206 = 6,932,883 [(d.o.f.)

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015

20899 USA. Tel: 1-301-975-8217
Email: fong@nist.gov
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4/30/2015 at 21:30 EDT
Nonlinear Least Squares Logistic Fit for Y versus LOG_10(X)
(FEM Uncertainty, Fong-Filliben-Heckert-Marcal-Rainsberger, 2015)

_ FEM Degrees of
= 380 369-2 MPG, S.d. - 0.6 IVIPCI Result Freedom (dof)
o 1 ¥ (MPa) X
E 370 & :e'_‘_'_o,o;";iiiiiiiiiiliiiiiZiliiiiii el e IR I e L L e R I s
';; T o 322.45%5 10743
0 360 | 3Z26.76 31476
p - 339.37 47022
N 350 j 355.02 74226
- 8 361,40 118750
Q 340 : 364,35 127663
) . ZeE5.55 313970
§ 330 ;i 369.24 732220
X gog 369.73 1517800
= 4 369.61 2113600
1 310 post - g S
~ | Residuals.D.=1.38 (Fitis GOOD.) 561 o 2 0o

| 369.72 L0Oz232200

| ' \ ' J | | ' \ ! | ' | 369.61 919600

3 4 5 6 7 8 9 369.71 ===y 6,932,883
LOG_10 ( X) where X = degrees of freedom (d.o.f.) of :
COMSOL Wrench FEM Solution with Tetra-04 Element from Coarse to Fine Meshes |
fem7_cms_0506070809_10_12.dp I
v

Ans. Max. Mises Stress at 95 % confidence level = (368.0,.....,370.4 MPa )

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 N'g 21
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(5) Stresses
In a
Cantilever Beam for
Different
element types.

NIST
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Hexahedron — 8-node, 1

or, Hexa-8. Tetrahedron — 4-node,

or, Tetra-4.

(b) 10 nodes

7

Tetrahedron — 10-node,
or, Tetra-10.

Hexahedron- 27 nodes
or, Hexa-27

Hexahedron- 20 nodes
or, Hexa-20

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 N'g 23
Email: fong@nist.gov Notional Institute of Standards and Technology
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Pascal 1
Triangle /\
Y

/\/\/\/\/\/\

Jeffrey T. Fong, NIST, Gaithersburg, MD
10/21/2015 20899 USA. Tel: 1-301-975-8217 ler 24
Email: fong@nist.gov Maotional Institute of Standards and Technology
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FEM Uncertainty due to Element Type

Truncation error in displacement method in
FEA, uis a single d.o.f. and {a} the
undetermined coefficients , and h(0)" the
truncation error-

o For quadrilaterals in 2-D with 9 nodes AR e

or, Hexa-27

u=1_[1,x, xy, y, X3, x%y, x?y2, xy?, y2]{a} + h(0)3

o For simplex elements in 2-D with 6 nodes
u = [1, x xv, y, X% y21{a} + h(0)? |
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Tetrahedron — 4-node,
or, Tetra-4.

1

Hexahedron — 8-node,
or, Hexa-8.

g =1

8 nodes

Hexahedron- 27 nodes
or, Hexa-27

Hexahedron- 20 nodes
or, Hexa-20

Jeffrey T. Fong, NIST, Gaithersburg, MD

10/21/2015 20899 USA. Tel: 1-301-975-8217 N'g 26
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Hexahedron- 27 nodes
or, Hexa-27

10/21/2015

Nonlinear Least Squares Logistic Fit for Y versus LOG_10( X)
{FEM Uncertainty, Fong-Filliben-Heckert-Marcal-Rainsberger-Ma, 20‘1 5)

-a 1750 —

Q.

2 0

0 | -

% 1250

T

'E' o

D

S 750

c Samplesize = n = 5

3 Y(1) = 1,028 MPa for X(1) = dof{(1) =  495.

g 250 — Y(2) = 1,266 MPa for X(2) = dof(2) = 2,835.

= Y(3) = 1,354 MPa for X(3) = dof(3) = 8,463.

" Y(4) = 1,401 MPa for X(4) = dof(4) = 18,819.

- Y(5) = 1,455 MPa for X(5) = dof(5) = 35,343.
-250

— T ————————
1 2 3 4 5 6 7 8 9 10 N
LOG 10( X ) where X = d.o.l. of MPACT Beam hexa27 Coarse to Fine Mesh Densities

where d.o.f. (dof) = degrees of freedom.

femS1.dp

Jeffrey T. Fong, NIST, Gaithersburg, MD
20899 USA. Tel: 1-301-975-8217
Email: fong@nist.gov
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Nonlinear Least Squares Logistic Fitfor Y versus LOG_10(X) =
(FEM Uncarta_mty,_ F_ong-FiIIi_I;an-Heckert-MqrcuI-Rainsbatger-Ma. 2015)

| Samplesize = n = 5. SmallestY = 1028 MPa (dof = 495)

= 1750 LargestY = 1455 MPa (dof = 35,343)
B )

E- I o¥’ -

& 1250 e Let xx =log 10 ( X). Let yy =Y.
?_ n" Assume lower bound = 0.

7 '

E: ] Nonlinear Least Sq. 3-para Logistic Fit :
o — ?m |

= Let yy=y1{1- [exp{-k(xx-x0))]/[1 + exp{-k(xx-x0))] }
g_ where starting y1 = largest yy-data ( = 1455 MPa )
o 250 | starting x0 = ave.of xx-data ( = 3.5)

= and k = shape steepness coeff. (start with k = 1.0)

Y =

-250 - Residual Stand. Dev. = 12.48 ( Logistic Fit is good.)

T - + S + ¥ - - - r - T ¥ * T

1 2 3 4 5 6 7 8 9 10 1n
LOG 10( X ) where X = d.o.l. of MPACT Beam hexa27 Coarse to Fine Mesh Densities

where d.o.f. (dof) = degrees of freedom. ——p
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Tetrahedron — 4-node,
or, Tetra-4.

Hexahedron — 8-node,
or, Hexa-8.

Hexahedron- 20 nodes
or, Hexa-20

or, Hexa-27

10/21/2015

b

Hexahedron- 27 nodes

Nonlinear Least Squares Logistic Fittor Y versus LOG_10(X) s
(FEM Uncertainty, Fong-Filliben-Heckert-Marcal-Rainsberger-Ma, 2015)

1750 | At ~ Logistic function estimated upper bound
500 MPa heonetcan =\ = 1560 MPa (MPACT-Hexp-27, + 4.0 % eror)
o0 ......... 1462 MPa (ABAQUS-Hexa-08, - 2.5 % error)

07 T ——1383 MPa (ABQ-Tetra-04, 12 pts, - 7.8 %)
; 4 74: 1339 MPa (ABQ-Tetra-04, 10 pts, - 10.7 %)

\

:

1344 MPa (MPACT-Hexa-08, - 10.4 % error)

™\ Line of Extrapolated Stresses at
X =53, or, 200K degrees of freedom

Exirapolated Stress | Relative
a1 200K deg. of fdm. | Error (%)

1500 MPa | + 0 (bast)
1350 MPa | -10%
1250 MPa | -17%
1150 MPa| -23%
1MT0MPa| -22%

*
b

- |
3

Legend

«=@== MPACT-Hoxn-27 Fit with 5 points,

«+@-- ABAQUS-Hexa-08 Fit with 11 points.

—0— MPACT-Hexa-08 Fit with 11 points,

«s#ss ABAQUS-Tetra-04 Fit with 10 points.

—6— ABAQUS-Tetra-04 Fit with 2 more points.
.._..'.f4T+.I.T..,.T.'
1 2 3 4 5 6 7 8 9 10 n

LOG_10( X ) where X = degrees of freedom (d.o.f.) of

ABAQUS Hexa08 (black), Tetra04 (blue), MPACT Beam hexa27 (red) and hexa08 (green)
lemS1.dp

Max. bending stress (MPa)
2
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(6) Concluding Remarks.

In this talk, we show how one can quantify FEM

uncertainties due to the following three sources:
(1) Uncertainty due to Element Type (2015).

(2) Uncertainty due to Mesh Density (2015).
(3) Uncertainty due to Model Parameters (2014).

In 2016, we will show that a combination of the NL-LSQ
fit method and the design of experiments approach can
address uncertainty due to the 4% source, namely,
e (4) Uncertainty due to Solution Platform (2016).

NIST

Motional Institute of Standards and Technology
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Disclaimer

Certain  commercial equipment, instruments,
materials, or computer software are identified in this talk in
order to specify the experimental or computational
procedure adequately. Such identification is not intended to
Imply recommendation or endorsement by the National
Institute of Standards & Technology, nor is it intended to
imply that the materials, equipment, or software identified
are necessarily the best available for the purpose.

Dr. Jeffrey T. Fong, P. E., Physicist
October 21, 2015 NIST, Gaithersburg, MD 20899-8910 USA ler

Email: fong@nist.gov National Institute of Standards and Technology



A Biographical Sketch of the Speaker

Dr. Jeffrey T. Fong has been Physicist and Project Manager at the Applied and
Computational Mathematics Division, Information Technology Laboratory, National Institute
of Standards and Technology (NIST), Gaithersburg, MD, since 1966.

He was educated at the University of Hong Kong (B.Sc., Engineering, first class honors,
1955), Columbia University (M.S., Engineering Mechanics, 1961), and Stanford (Ph.D., Applied
Mechanics and Mathematics, 1966). Prior to 1966, he worked as a design engineer (1955-63) on
numerous power plants (hydro, fossil-fuel, nuclear) at Ebasco Services, Inc., in New York City,
and as teaching & research assistant (1963-66) on engineering mechanics at Stanford University.

During his 40+ years at NIST, he has conducted research, provided consulting services,
and taught numerous short courses on mathematical and computational modeling with
uncertainty estimation for fatigue, fracture, high-temperature creep, nondestructive evaluation,
electromagnetic behavior, and failure analysis of a broad range of materials ranging from paper,
ceramics, glass, to polymers, composites, metals, semiconductors, and biological tissues.

A licensed professional engineer (P.E.) in the State of New York since 1962 and a chartered
civil engineer in the United Kingdom and British Commonwealth (A.M.I.C.E.) since 1968, he has
authored or co-authored more than 100 technical papers, and edited or co-edited 17 national or
international conference proceedings. He was elected Fellow of ASTM in 1982 and Fellow of
ASME in 1984. In 1993, he was awarded the prestigious ASME Pressure Vessels and Piping
Medal. Most recently, he was honored at the 2014 International Conference on Computational &
Experimental Engineering & Sciences (ICCES) with a Lifetime Achievement Medal.

Since 2006, he has been Adjunct Professor of Mechanical Engineering and Mechanics at
Drexel University and taught a graduate-level 3-credit course on “Finite Element Method
Uncertainty Analysis.” Since Jan. 2010, he has given every 6 months an on-line 3-hour short
course at Stanford University on “Reliability and Uncertainty Estimation of FEM Models of
Composite Structures.” In 2012, he was appointed Adjunct Professor of Nuclear and Risk
Engineering at the City University of Hong Kong, and Distinguished Guest Professor at the
East China University of Science & Technology, Shanghai, China, to teach annually a 1-
credit 16-hour short course on “Engineering Reliability and Risk Analysis.”
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