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Motivation
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D=1.36in
Height = 0.26 in







Stiffness Equation:

k is stiffness (lb/in)
F is force applied (lb)
0 is displacement (in)

(2) 0 =

o is stress (psi)
F is force applied (lb)
A is cross sectional area (in"2)
Z=F
()=
o is stress (psi)

€ is strain
E is Young’s Modulus (psi)

pe=2
) &£="5

€ is strain
AL is change in length

L is the length Stiffness is found
by dividing force
and displacement




Model Validation:

y 0.1275 in
0.16226 in

A =(0.1275)(0.16226)
= 0.02069 square inches

E = 29,000,000 psi

- (29x10° psi)(0.02069 in?)
B 0.13 in

k = 4.456x10° [b/in




Model Validation: @®

Model name:Part1
Study name:Static 1(-Default-)
Plot type: Static displacement Displacement2

UY (in)

0.000e+00

l -1.788e-07

_ -3.576e-07

| Value
-3.842e-03

. -5.364e-07

. -7.151e-07

2112206 |

2.089¢-06 |
| 2145006 i

o . 211206

-1.788e-06
-1.967e-06
-2,145e-06

. -8.93%e-07

'm -1.073e-06

. -1.251e-06

Average displacement in y direction is -
2.112x100 | thus the stiffness is:

B 10 pounds
"~ 2.112x107%nches

k = 4.734x10°lb/in



10

Single Unit Cell Support/Load Scheme

Fixed Support :




Preliminary Results: Single Unit Cell FEA
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Displacement
in compression
aX.iS “y”
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Strut 1 Removed

Stiffness was calculated by dividing the applied force by the

displacement at the loaded face: k = f/;




Preliminary Results: Single Unit Cell, One Strut Removed

No Support Load Test

Stiffness (Ib/in)

original remove 1-4 remove 5, B5, 7, and B7 remove 6, B6, 8, and B8




Preliminary Results: Single Unit Cell, Multiple Struts Removed @

No Support Load Test, Multiple Strut Removal

Stiffness {Ib/in)

remove 5and 1 or5and 4 remove 5and 2 or 5and remove 5and 6or5and 8 remove 5and 7or5and remove 5 and B6or 5 and

original
3or5andB7 B5 B8

W Ky
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Second Iteration of Testing: Unit Cell Matrix Support/Load Scheme @
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No Struts Removed
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Second lteration of Testing: Unit Cell Matrix Testing Plan

» Selectively remove struts from different locations
* Measure Displacement from the 8 top faces
« Compare for different removal locations
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Data Collection and Analysis




Initial Results

6 7 8

Original 3.18E-04 3.18E-04 3.31E-04
Remove 1 . X i iy 3.18E-04 3.18E-04 3.31E-04
Remove 2 A k ! 3.12E-04 3.14E-04 3.32E-04
Remove 3 A - i 3.18E-04 3.19E-04 3.31E-04
Remove 4 . . ! g & 3.17E-04 3.18E-04 3.31E-04
Remove 5 : £ 3.18E-04 3.18E-04 3.32E-04
Remove 6 3.19E-04 3.20E-04 3.30E-04
Remove 7 3 3.21E-04 3.18E-04 3.32E-04
Remove 8 3.19E-04 3.17E-04 3.29e-04
Remove 9 3.19E-04 3.25E-04 3.35E-04
Remove 10 3.20E-04 3.13E-04 3.31E-04
Remove 11 i A i 3.13E-04 3.19E-04 3.38E-04
Remove 12 3.13E-04 3.18E-04 3.38E-04
Remove 13 3.27E-04 3.16E-04 3.23E-04
Remove 14 L X ; ) s 3.20E-04 3.08E-04 3.44E-04
Remove 15 : . . i 3.27E-04 3.18E-04 3.236-04
Remove 16 4 . ! i 3.10E-04 3.19E-04 3.39E-04
Remove 17 ) it 4 3.12e-04 3.11E-04 3.26E-04
Remove 18 s . } 3.16E-04 3.20E-04 3.32E-04
Remove 19 { i 5 3.12E-04 3.11E-04 3.27€-04
Remove 20 3.11E-04 3.10E-04 3.26E-04
Remove 21 3.11E-04 3.09E-04 3.25E-04
Remove 22 i ;. 3.25E-04 3.17E-04 3.25E-04
Remove 23 3.13E-04 3.20E-04 3.37E-04
Remove 24 3.10E-04 3.09E-04 3.26E-04
Remove 25 H 3.18E-04 3.17E-04 3.30E-04
Remove 26 3.18E-04 3.19€-04 3.31E-04
Remove 27 3.23E-04 3.17E-04 3.30E-04
Remove 28 i i 3.23E-04 3.17E-04 3.30E-04
Remove 29 4 4 i . 3.24E-04 3.15E-04 3.196-04
Remove 30 4 3.18E-04 3.22E-04 3.32E-04
Remove 31 ] 3.23E-04 3.21E-04 3.38E-04
Remove 32 3.23E-04 3.16E-04 3.29E-04
Remove B5 3.16E-04 3.18E-04 3.32E-04
Remove B6 3.08E-04 3.14E-04 3.32E-04
Remove B7 3.20E-04 3.11E-04 3.23E-04
Remove B8 5 y ; 3.16E-04 3.18E-04 3.30E-04
Remove B13 i 2.53E-04 ! . 3.23E-04 3.25E-04 3.37E-04
Remove B14 2.56E-04 3.31E-04 3.14E-04 3.32E-04
Remove B15 2.90E-04 3.22E-04 3.19E-04 3.16E-04
Remove B16 2.58E-04 3.12E-04 3.19E-04 3.38E-04
Remove B21 i 2.56E-04 3.12E-04 3.09e-04 3.25E-04
Remove B22 2.54E-04 3.16E-04 3.13E-04 3.29e-04
Remove B23 2.67E-04 3.20E-04 3.14E-04 3.22E-04
Remove B24 5 2.58E-04 3.11E-04 3.09E-04 3.25E-04
Remove B29 2.56E-04 3.18E-04 3.20E-04 3.33E-04
Remove B30 2.57E-04 3.24E-04 3.17E-04 3.29e-04
Remove B31 L 2.65E-04 i 3.21E-04 3.20E-04 3.27E-04
Remove B32 2.61E-04 3.23E-04 3.17E-04 3.29E-04
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MatLab surf function
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MatlLab scatter3 function

w
-
/)

w
L

N
©
i

Inches x10-03

o
=
L

w
L

Inches x10°03
N
o
L




Surf and Scatter3 Transposed
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Conclusions




Future Work @ |
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Verify the computer simulation
- Destructive model testing

> Rerun with mirror unit cells

- Hand Calculations

Changing the strut size

768 total struts i
- How does one affect other sections

Is this the best lattice arrangement for the loading
parameters
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Engineering Does not
Happen in a Vacuum
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