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Design Problem and Objectives

* Design a balsa structure to support a limb in a human vehicle. The design should follow the
given space envelope to support a specific load. A Nastran analysis is followed to predict the
weight, ultimate load, and failure mode of the structure. Lastly, the structure will be

manufactured using the provided materials and tested for failure.

* The project goal is to design for the maximum strength/weight (S/W) ratio.
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Requirements Specifications

* Design requirements * Design specifications
e Stay within the space envelope.  Total weight of the structure < 0.15 Ib;
e Touch the support only where allowed. e 10 Ibs < applied load < 250 Ib;
* Lamination/overlapping of joints is unlimited. e Space envelope is given below.
* Analysis requirements * Analysis specifications
e Use the given materials and cross-sectional * If predicted failure load > 250 Ibs S/W = 250/\W.
Eropzrtles. \sis of S/W . - * Test specifications
* Provide analysis o = minimum failure . : _
load/weight. If actual failure load > 250 Ib; S/W = 250/W.

* Test requirements
18-inch maximum

* Manufactured structure will be weighted and loaded 6-inch diameter diamet
to failure. load plate T L~ diameter

* Actual S/W will be compared to the theoretical one. 1

18+/-1

inch height
2-inch hole

clear through
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Design 1
Humfrey Kimanya
Project 4

PDR

11/25/2022

Computed Strength to
Weight (S/W) is 3505.89

Baseline design contained
3/16x3/16 elements
throughout.

Iterations made for selected
mesh elements. See annotated
design image

Material Properties of
Balsa

E=0.55e6 psi
G=0.25E6 psi
r=0.0065 Ib,, /in3
Suir=1000 psi
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Force applied (0,0,-250)Ibf
via RBE2 (stiff in 123)

Smax Smin Lambda | Mass ||Smax|| Py Pcr P* safety w S/W
psi psi Ibf-s*/in psi Ibf Ibf Ibf |safe/fails| Ibf
Design 1 (hkimanya) | 2.37E+02 | -6.75E+02 | 1.53E+00 | 1.84E-04] 674.68 |370.55] 382.00 [370.55 safe |7.13£-02] 3505.89

6” wide octagon,
5/2” wide square,
concentric

3/32x3/32
Bracing

8” wide octagon,

_ 4/3” wide square,

1 _goncentric
N

hkimanya_project4_003_sim1 : Solution 1 Result
Subcase - Statics, Iteration 1

Stress - Element-Nodal, Unaveraged, 11

Beam Section : Maximum

Min : -595.97, Max : 236.95, Units = Ibf/in?
Coord sys : Native, Beam Coord sys : Local
Deformation : Displacement - Nodal Magnitude

236.95

! 167.54
98.13
2872
-40.69

-110.10

[Ibfiin?]

3/16 x 3/16
Columns

3/32x3/32
Octagons

3/32x3/32
Squares

SPC 123
constraints Base of
columns

hkimanya_project4 003 _sim1 : Solution 1 Result
Subcase - Buckling Method, Mode 1, 1.53
Displacement - Nodal, Magnitude

Min : 0.000, Max : 1.332, Units = in

Deformation : Displacement - Nodal Magnitude

- 1.332
1221
1.110
0.999

0.888

hkimanya_project4 003 _sim1 : Solution 1 Result
Subcase - Statics, lteration 1

Stress - Element-Nodal, Unaveraged, 11

Beam Section : Minimum

Min : -674.68, Max : 8.98, Units = Ibf/in?

Coord sys : Native, Beam Coord sys : Local
Deformation : Displacement - Nodal Magnitude

8.98
! -47.99

-104.96
-161.93
-218.90
-275.88
-332.85
-389.82
-446.79
-503.76

-56373
G177

674,68~
(Ibfin?]




Design 2
Linh Vu
Project 4
PDR
11/25/2022

Strength
3428.40

to Weight

Analysis Type: Structural

Material Properties for Balsa:
E =0.55E6 psi

G =0.25E6 psi

p =0.0065 Ib./in3

Suir = 1000 psi
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Ratio:

Lambda

Pu LT PCR P* safety

W

s/w

psi psi Ibf-s%/in psi Ibf Ibf Ibf

safe/fails

Ibf

oz 2 ) [iB2e08Bse0A FaERGB aBE 0 53260 | 30021 | 57750 | 3000 | _sale | 725602 | 380

Pentagon bases:
Outer (green) and Inner (pink): 1/8” x 1/8”
Maximum radius (bottom): 3”

Minimum radius (top): 1.2”

250 Ibf applied (0, O, -1)
via RBE2 (stiff in 123)

Columns:
Outer (green) and Inner
(pink): 3/16” x 3/16”
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lvud projd 1 sim1 : Solution 1 Resull
Subcase - Statics, lteration 1

Stress - Elemnent-Nodal, Unaveraged, 11

Beam Section : Maximum

Min - -B26 27, Max - 422 19 Units = |bffin®
Coord sys . Nalive, Beam Coord sys ;. Local
Deformation : Displacement - Nodal Magnitude

. 42219
. 31815

21411
110.07
6.03
-98.00
20204
-306.08
-410_1%

“
51414
-518.20
—f¢2:._2~( ‘kk

-826.27

[fin]

Bracings (orange):
3/32” x3/32”

SPC 123 constrains

base of columns

lvud_projd 1_simi: Solution 1 Result
Subcase - Buckling Method, Mode 1,271
Displacement - Nodal, Magnitude

Min 0000, Max : 1.097, Units = in
Deformation ; Risplacement - Nodal Magnitude

1.097
o 1.005
0.914
0.823
0.731
0.640
0.548
0457
0.366
02743
0.001
0.000
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vud projd 1 simi : Sclution 1 Result
Subcase - Statics, lteration 1

Stress - Element-Nodal, Unaveraged, 11

Beam Saction : Minimum

fdin ; -832 68, Max - 50 .84, Units = Ibfin®
Coord sys . Malive, Beam Coord syvs - Loca
Deformation : Displacement - Modal Magnitude

l o084
. -22.79

-96.42
-170.04
-243.67
-317.30
38092

-484. 55
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.538.18
61180
685.4

F5904 "l: :

-832.68
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Designed 3
Rafael Luna
Project 4
PDR
11/25/2022

Papp

Strength to Weight:
1268.41

Material Properties:
E=0.55e6 psi
G=0.25E6 psi
r=0.0065 Ibm /in3
sULT=1000 psi
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rlumad_Projectdd_simi : Selution 1 Regull
Subcasa - Biatles, Heration 1

Stress - Element-Modal, Unaveraged, 11
Bigarm Seclion | Madmum

Bl ; 4270, Waw ; 431,56, Units = loffin*
Coord svs - Mative, Bearn Coord sy Losnl
Delormation : Displacemeant - Nodal Magnitude

431,56
. 3R0.01
288,45
216.450

145,34
FEN

b

5833

140,582
21244 t Py
2 ek
<355.55., \ W
4270

[Iniiin®]

Smax Smin

Lambda | Mass ||Smax|

P*

safety w

S/W

psi psi

’Design 3 (rluna3)

-

Force applied (0,0,-250)
Via RBE2 (stiff in 123)

3/8 x 3/8 Bracing

> 3/16 x 3/16 Bracing

SPC 123 constraints
Base of Columns

Stress Maximum

|bf-SZ/ in psi

Ibf

safe/fails Ibf

rlumad_Projectdd_simi © Solution 1 Result
Subcage - Buckling Method, Mods 1, -2, 3582 +00
Displacemaent - Modal, Magnitude

Miry - DUDO0. Rdaa 2 1.000, Unts = in

Dafarmaten : Displacement - Nodal Magnitude

1.000
. 0y
0813
0750
Q687
0583

(=]
g
L=

Qa7

0,333 Z

. Y
0250. t -
QAEF
D0RT- \!\ X
0.000
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First Positive Eigen Value

rlumad_Projectdd_simi - Solution 1 Resull
Subcase - Slatics, leraton 1

Sires - Element-Nodal, Unaveraged, 11
Biearm Saction : Minimwm

Min ; -481.89, Max ; 398,05, Units = lffin*
Coard svs - Nalive, Bearn Ceord sy Losal
Delormation - Displacemant - Nodal Magnitbude

398.09
. 324.TH
26142
178.08
104,76
.43
-41.480
11523
-155-5?2
4038 56, e, ¥
-481.85
(I

Stress Minimum




summary

Team design
data

Pugh matrix

Team direction
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Design 1 (hkimanya)

Design 2 (lvu4)

Design 3 (rluna3)

Criterion Design 1 |Design 2 |Design 3
Ease of Assembly + Baseline +
Robustness Baseline
Optimization + Baseline -
Current S/W value + Baseline -
Total +3 Baseline -1

Currently, Design 1 has the highest S/W value, but Design 3 is easier to assemble. Both
Design 2 and 3 have high chances of being optimized. Before deciding our final design,
we will optimize Design 2 and 3.

Smax Smin Lambda | Mass ||Smax]|| Py Pcr P* safety w S/W
psi psi Ibf-s’/in | psi Ibf Ibf Ibf |safe/fails| Ibf
674.68 |370.55| 382.00 |370.55 7.13E-02| 3505.89
832.68 |300.24| 677.50 |300.24 7.29E-02| 3428.40
481.89 |518.79|1743.44|518.79 1.97E-01| 1268.41




