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e Automotive lightweighting Research

with increased fuel efficiency

* Improvements in crash test ratings

material
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Figure 1: Chart displaying steel development [1]
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Motivation- Continued

e Traditional uniaxial testing is not an accurate enough measurement for
the prediction of complex multiaxial deformation

== Path change

P
»

& Minor Strain €5 te;

Figure 2: Various Strain Paths for Octo-Strain Device Figure 3: Strain Paths when Forming Automotive Parts
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Introduction- What is Octo-Strain?

e A device used for multi-
axial sheet metal testing

* Designed for specialized
test specimens with
eight arms

e Eight linear actuators
apply tensile or
compressive forces to
the test specimen

Figure 5: Strain Space for Octo-Strain

[2]

Figure 4: Assembled Octo-Strain Ring
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Introduction- Why use Neutron
Diffraction?

* Unlike traditional tensile testing, cross-sectional area is difficult to calculate
for complex geometries

 Neutrons are non-destructive with high penetration depth (cm)

e X-ray Diffraction penetrates surface millimeters in comparison

ﬁ Cross-
sectional
@ Area and
forces that
o = E v & 4:> . E/actonthe
A 0 = A gauge area is
unknown

Figure 6: Comparing traditional tensile test specimen to Octo-Strain test specimen

5/21

U.S. Deparitment of Commerce



Introduction- Stress-Strain

Relatio

Nship

Von Mesis
Effective Strain

0,550

Figure 7: Speckle Pattern Used for Strain [3]

Bragg’s Law Lattice Strain
neutron beam
do
<€ Hooke’s Law

Oy = SR [(1 —v)£X+v(£y+£Z)-
= Arna -z T et E)
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rodmalsed counts

Figure 8: Finding Strain using Digital Image Correlation

Figure 9: Finding Stress using Neutron Diffraction
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Introduction- Stress-Strain
Relationship

Neutron
Beam Path

A/Incident Beam

R TR s -«a;'%é

Diffracted Beam

Figure 10: CAD model of Octo-Strain Test Specimen _ _
Figure 11: Neutron Beam Path Location
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Introduction- Benefits of test
specimen geometry

’ |ncreased fallure Straln Octo-Strain (1mm radius) Cruciform (12mm radius)
by over 2x S |

von Mesis
Effective Strain

0.550
0.504
0.458
0.413
0.367
0.321
0.275
0.229
0.183
0.138
0.092
0.046
0.000

e |ncreased strain
homogeneity within
gauge area

e Early failure due to 3 Pl
sample geometry of /
Cruciform | L4 "
Figure 12: Strain Path of Octo-strain test specimen and cruciform
NIST

National Institute of .
Standards and Technology SURF Student Colloquium 501

U.S. Department of Commerce



Design Requirements

* 50 kN force applied to each of the eight
loading arms

* Allows for testing of High-Strength Metals
e Easy to assemble and make adjustments
e Keep weight of design under 500 pounds

* Max. Capacity of 3-axis measurement table

e Stepper Motors cannot protrude from
device

e This will allow for an increased range of
measurable scattering angles

NIST

Figure 13: Previous 10 kN design
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CAD Modeling

e Creo Elements direct drawing CAD software was used to model all components
of Octo-Strain
e From 3D models, engineering drawings were made and sent to machine shop

Y

Figure 14: Isometric and Front View of Octo-Strain Device
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Drive System

e Determined a timing belt would
work best for driving screw-jack

B 50 kN Lifting Force
J/

e Calculated Torque of 26.3 Nm to
drive screw-jack

e 1:1 gear ratio, 25 tooth, 30 mm
wide pulley

Figure 16: CAD model of completed drive assembly

26.3 Nm of torque at drive shaft

* Bearing eliminates radial Ioad required (includes Break-away Torque)
on motor shaft
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Figure 15: Free-body diagram of forces acting on screw-
jack [4]




Design Requirements- Continued

* Transmission and Reflection beam paths are possible

* Provides Measurement of all three principle directions
™ ./

Primary

Beam Stop Beam

Neutron
Detector

Transmission
Figure 17: Top and Side View of BT8 Beam Path

Reflection
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FEA Results

e Determined max deflection of test stand when Device is assembled into base

Displacement
Magniude
mm

03725932
03352079
0297926
0.2607172
02234719
01062266
01463313
0111738
0.07443064
003724532
1}

LoagCase: 1071

Maximum Vaue: 0372453 mm

S T

Figure 18: FEA Result of Max. Deflection due to gravity (0.37mm) Figure 19: Assembled Octo-Ring without Test Stand
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FEA Results- Continued

 Determined max deflection with loading condition of 50 kN (Compression)

(0.04 mm)

Displacement
Magnituce
mm

0.04019041
0.03617137
0.032159233
0.02813329
0.02411424
0.0200952
0.01607616
0.01205712
0.008035082
0.004015041
0

Figure 20: FEA Result of deflection due to 50 kN load in compression on Octo-Ring

& Vv
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Von Mises Stress
47.76 MPa
Yield Strength of
Aluminum 6061 =
276 Mpa
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FEA Results- Continued

e Determined max deflection with loading condition of 50 kN (Tension)

Case 2
Displacement
Magnitude
o i)
0.04261085
0.03834977 % &
0.03408668
0.0298276
0.02556651
0.02130543 ' <:
0.01704434 L.
0.01278326 7o M
0.008522171
0.004261085 N .
“ j 2 i
Von Mises Stress
47.76 MPa
Yield Strength of
Figure 21: FEA Result of deflection due to 50 kN load in tension on Octo-Ring (0.04 mm) Aluminum 6061 =

276 Mpa
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FEA Results- Continued

 Determined max deflection with worst case loading condition of 50 kN
Case 3

Displacernent
kagnitude
mm

0.40420357

0.3637833

0.323363

0.2829426

0.2425222

02021019

01616815

01212611

0.08084074 0 :
004042037 AR

Von Mises Stress 55.14

MPa
Yield Strength of
Figure 22: FEA Result of deflection due to 50 kN load on Octo-Ring (0.40 mm) Aluminum 6061 = 276

NST Mpa
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Comparison of Designs

Timing Pulley
Drive system

Increased Load Capacity
and larger Load cells

Larger diameter
Octo-ring with slim
profile

Bearing to aid in
sample alignment

Redesigned Grips for
faster sample changes

Figure 23: CAD model of 50 kN redesign compared to existing 10 kN design
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Conclusions

 With this device, material property data will be collected that will lead to the
adoption of generation three high strength steels in the automotive industry

* Increased load capacity
e Allows for testing of high-strength metals

e By using pulley and drive system, significant space is saved
* Increased range of measurable scattering angles

 FEA was performed to verify structural integrity of device
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Future Work

e Get all parts machined from engineering
drawings

e Assemble Octo-Strain device

e Begin Testing of high-strength metals
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