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Main housing tube

 OD: 11 7/8”, wall thickness: 3/8” wall. Based on available size.
* Material (12” OD, %2” wall) has been ordered and dimensions checked.

* Analysis for housing without ports was performed using Under
Pressure.

* Analysis for housing with ports was performed using Solidworks
simulation.
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(Not saved) _;I Tube Analysis - External Pressure o || = ||_E
— Project Parameters o
Froject Title [BOS 12" housing tubel | Pressure Bange: |1|:| 200 Bar j |Bar j Report | Done
Project Description |&nalysis for 12" tube for benthic observation - Theoretical Failure: Material ————————
spstem housing @ Thin'wal Buckling at 12621 m [sea] by 2 nodes ALUMINUM, B0E1-TE
_ _ {3 Shell failure at 1802.2 m [sea) [Thin wall eq's) “ield Strerjglh:
Froject Designer (Francois Cazenave | {2 Seat failure M I Ka
— Design Parameters O Shear failure N4 Fail valus units:
—Material
mlzeal - i
ALUMIMNUM, G0OG61-TE Choose Uit Ayl 39.168
Fressure  Depth Strezs Linear Deflection Angle Deflection
— Units Pressure Analysis Dptions ||:usi j |m [zea) j |Ksi j |Inches j |Degrees j
© Englfsh O Intemal [ Force Thlc_k W al Equations ] Pressure Depth Max Axial Max Hoop Max Equiv dID d oD
O Metric (=) Externdl [ Use warking Strength for Plastic psi m [zea) Stress, Ksi Stress. Ksi Stress. Ksi Inches Inches
—Analysis Type 145.04 99.544 -1.1120 -2.2239 1.9260 -0.0021571 -0.0021571
Enter G - 290.08 199.05 -2.2239 -4 4478 3.8519 -0.0043142 -0.0043142
(Tube | s 435.11 298.50 -3.3359 -6.6717 5.7779 -0.0064712 -0.0064712
580.15 397.9 -4 4478 -8.8956 7.7039 -0.0086283 -0.0086283
72519 497 28 -5.5598 -11.120 9.6298 -0.010785 -0.010785
870.23 596.61 -6.67F17 -13.343 11.556 -0.012942 -0.012942
10153 695.89 -7.7837 -15.567 13.482 -0.015100 -0.015100
11603 79513 -8.8956 -17.791 15.408 -0.017257 -0.017257
1305.3 894 32 -10.008 -20.015 17.334 -0.019414 -0.019414
14504 993.48 -11.120 -22.239 19.260 -0.021571 -0.021571
1595 4 10926 -12.232 -24_ 463 21186 -0.023728 -0.023728
; — [1740.5 11916 -13.343 -26.687 23112 -0.025885 -0.025885
@ Material Database (=0l 1645.2 [fail) 1263.1 14146 [-28.293 24.502 -0.027442 -0.027442
Main Cat - 4 [ b
ain Lategoty |Hetals J Updare sEarcn |
Sub-Category [Aluminum = 3- Tube [z=]
— Edit Controls —
Mame |ALUHINUH, GDE1-TE j Edit R 4 — Tube LD —————— — Wallthickness
it Recor | 11.125 [, - 0.37500 [,
Yield Strength 35 |K3i ﬂ Add | — Tube [0.T1, — Tube length
= 11.875 |, 29500 [,
. . - Delete
Young’s Modulus I—SHI |Hp3| J 4 {# Maintain .0, constant
. Update |
Density 0.098 |Ih.t’cu - ﬂ | — | {73 Maintain 0.0, constant
Done |
Poizzon's Ratio
] | Perform Analyzis |
Comments -
Comprezsive Young's Modulus = 10.1 Mpzi - Pipe Tables Cancel |
Compressive Yield Strength = 34 Ksi Minimum Welded
Yield Strength = 15 kpsi



Displacement, inside.

SlE R[e|E]

Configurations

v @ 12inOD_housing_Assembly_FEA Confit
[F® & Default [ 12in0D_housing_Ast

< m
Display States

( ‘:' Display State-1

o

Té
X 4¥ Static 2 from [Static 1] (-Default-)
4 % Parts
X ?3 Connections
4 @ Component Contacts
L% Fixtures
(X Fixed-1
&y Roller/Slider-1
¥ ig External Loads
4L Pressure-1 (:450 psi:)
i_ Force-1 (:Per item: 25400 Ibf:)
» @ &* Mesh
Result Options
£\ Results
g Stressl (-vonMises-)
[’ Displacement1 (-Res disp-)|
@E Strainl (-Equivalent-)

4

4

External Loads advisor. [l name:12inOD_housing_Assembly_FEA
seawy Name:Static 2 from [Static 1)(-Default-)
Plot type: Static displacement Displacementl
Deformation scale: 40

URES (in)

1.937e-002
1.775e-002
1.614e-002
1.452e-002
1.291e-002
1.130e-002
9.683e-003
8.069e-003
6.456e-003
4.842e-003
3.228e-003
1.614e-003

3.937e-032
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Study name:Static 2 from [Static 1](-Default-)

@I J IE I -$- [ ej Plot type: Static displacement Displacementl

Deformation scale: 40

Configurations

bd @ 12inOD_housing_Assembly_FEA Confi¢
Hﬂ V Default [ 12inOD_housing_Ass

< | m [ 3
Display States
(® Display State-1
URES (in)
1.937e-002

. . e
Dlsplacement, outside. X /¥ Static 2 from [Static 1] (-Default-)

1.775e-002

b & Parts | 1.614e-002
¥ @; Connections . 1.4526-002
»
@ Component Contacts 12016002
A Ef) Fixtures
' (X Fixed-1 _ 1.130e-002
ixed-
&y Roller/Slider-1 9.683e-003
> ia External Loads 8.069e-003

4Ll Pressure-1 (:450 psi) : _ 6.456e-003
~ i Force-1 (:Per item: 25400 Ibf:) | 48426003
> @ 4 Mesh
3.228e-003
Result Options

- A Results 1.614e-003
g Stressl (-vonMises-) 3.937e-032

[%)' Displacement1 (-Res disp-) |

@E Strainl (-Equivalent-)




Model name:12inOD_hous ng_Assemaly FEA
Study name:Stat c 2 from [Static 1)-Default-)
Plot type: Static nodal stress Stres;1
Defornation scale: §2,824

12 @ 12inOD_housing_Asserrbly FEA Confi¢
[Fe & Default | 12in0D_housing_As:

< 1 | '
Display States
:\:\ Disolay State-1

von Mises (psil

=)

7. 2.200e-004
. . i C&t L,'Sl' Static 2 from [Stetic 1] (-Defaut-) 2.0-7e-004
StreSS, inside. r Fpats | 1.833e-004
_ ™ §] Connecticns . 1650e-004
» é Componznt Contacts 1.4676-004

v @ Fixtures [
O Fuedt _ 1.283e-004
£\ Reller/Slider-1 AN B0
v _1_,8 External Loads 9.167e-003
44 Prassure-1 (:450 psi) 7.333e-003
4 Force1 (Per item: 25400 Ibf:) £ Ey0e008
» @4 Msh_ 3.667e-003

Result Options

1.333e-003

» & Resuls

0.000e-00)




Stress, outside.

v @ 12inOD_housing_Assembly_FEA Confi

Model name:12inOD_housing_assembly_FEA
Study name:Static 2 from [Static 1](-Default-)
Plot type: Static nodal stress Stress1
Deformation scale: §2.824

[[@ & Default [ 12inOD_housing_As:

< | m | »

Display States

:\" Display State-1

N
Cét &L Static 2 from [Static 1] (-Default-)
» % Parts
¥ ?g Connections
g é Component Contacts
Eb Fixtures
(X Fixed-1
& Roller/Slider-1
La External Loads
44 Pressure-1 (:450 psi:)
4 Force-1 (:Peritem: 25400 Ibf;)
@ ;¥ Mesh
Result Options
£\ Results
5 Stress1 (-vonMises-)|
@“ Displacementl (-Res disp-)
& Strainl (-Equivalent-)

4

4

v

4

voh Mises [psi)

2.200e+004
2.017e+004
1.833e+004
1.650e+004
1.467e+004
1.283e+004
1.100e+004
9.167e+003
7.333e+003
5.500e+003
3.667e+003
1.833e+003

0.000e+000



Buckling:

Load factor at 450 PSI: 4.95
(buckling at 4.95x450= 2227psi)

The analysis was also performed
for a tube without holes. The
load factor was 5.96 (buckling at
5.96x450psi = 2682psi).
Compare with 1950PSI from
Under Pressure analysis.

Pt ] SN | Rsmedndzmalll | | Beaseds oon

iRl stk ibottri G deiebrand | |

Model name:12inOD_housing_Bukling_FEA&

& [EREES
¢
(1] Front
1] Top
[E-] Right
L, Origin
g @ Boss-Extrudel
> [@ Cut-Extrudel
v [@ Cut-Extrude2
&) Chamferl
» () Cut-Revolvel

&) Chamfer2
< 1

m

V-

C§\ Buckling 2 from [Buckling 1] (-Default-)

& 12in0D_housing_Bukling_FEA (-[SW]6061-T6 (S5

?; Connections
s E?D Fixtures
(X Fixed-1
&y Roller/Slider-2
X i& External Loads
L4 Pressure-1 (:450 psi:)
4 Force-1 (:Per item: 25400 Ibf:)
i Force-2 (:Per item: -7157 Ibf:)
i Force-3 (:Per item: -7157 Ibf:)
i Force-4 (:Per item: 7157 Ibf:)
4 Force-5 (:Per item: 7157 Ibf:)
@ Mesh

~ [&) Resuits

(% Ampiitude (-Res Amp - Mode Shape 1-)|

7 o o

Study name:Buckling 2 from [Buckling 1)(-Default-)
Plot type: Buckling Amplitudel

> Mode Shape : 1 Load Factor = 4,9252
Deformation scale: 340,554

AMPRES

2.210e-004
l 2.026e-004
. 1842e-004

_ 1.657e-004

_ 1.473e-004

_ 1.28%e-004

 1.105e-004
9,208e-005
_ 7.366e-005

_ 5.525e-005

3.683e-005
1.542e-005
0.000e+000

E=IMode shape: 1[E=]




Endcaps

e 11.875” diameter, 0.875” thickness.

* Analysis was performed using Under Pressure and Solidworks
simulation.



(Mot saved)

_J Flat Circular Endcap Analysis - External Pressure

— Project Parameters
Froject Tile |BOS 12" housing endcap |

Project Description [Analysiz for 12" endcap for benthic

obzeryation spstem endcap

Project Desianer [Francois Cazenave |

Pressure Range: |1E| - 200 Bar

;I IEar
— Theoretical Failure:

=]

{*} Fadial Stress Failure at 46019 m [zea] [plate center]
{_ Tangential Stress Failure at 460,19 m [zea] [plate center]
{7} Seat faiure at 2221.0 m [zea)

— Dezign Parameters
—Material

ALUMINUM, 6061-TE

Chooze |

— Units Preszure Analyziz Options
{*} English O Internal [[] Force Thick wall Equations
) Metric % External [ Use working Strength for Plastic

—Analysiz Type

=

I Endcap Only

— Endcap Configuration

Enter Geometry

IFIat Circular ;I
"Edge Restraint Options

ISimpIy Supported

Table eval dia., De = plate center for Max Radial
Table eval dia., De = plate center for Max T angential

Fail walue unitz:

I mizea) I

Flepultl Done |

Materisl ————
ALUMINUM, B0E1-TE

Yield Strength:
K0

A9 4971

671.03 [fail)

& Material Database

Main Category I Metals

Update Search

(=) = =]

Sub-Category |A|uminum

Name |ALUH|NUH, GOG1-TG

— Edit Controls —

— Units:

Freszure  Depth Stress Linear Deflection Angle Deflection wiater will 5. 9076

Ipsi LI Im [zea) LI IKsi LI IInches LI IDegrees j
Pressure Depth De Max Radial |(De Max Tan Avg Seat CL Deflection FD Shear
pEi m [zea) Stress, Ksi Strezs, Ksi Strezs, Kzi Inches Stress, Ksi
145.04 99. 544 7.5649 7.5649 -1.6613 -0.014975 -0.46868
290.08 199.05 15.130 15.130 -31226 -0.029949 -0.93736
43511 298.50 22 695 22.695 -4 6E40 -0.044924 -1.4060
580.1% 3977 30260 30.260 -6.2453 -0.059898 -1.8747

460.19 E T E -7.2236 -0.069282 -2.1684
P I e I gy S - R

Edit Record |

Yield Strength

35| |Ksi

Young's Modulus

a1 IHpsi

=]

=]

=l
=]
=]
=]

| Done I

Density 0.098 Ilhfcu in
Poizzon's Aatio 0.33

Comments

Compressive Young's Modulus = 10.1 Mpsi -

Compressive Yield Strength = 34 Kz Minimum Welded
Yield Strength = 15 kpsi

Cancel |

r Flate Free Diameter —

11.310 IE

0.87500 IE

"Hate Thickness ————

r Flate Otside Diameter —

11.875 IE

Update | Done |

| Perform Analysis I

Cancel




Acrylic port

e 3” diameter, 0.625” nominal thickness.

* Analysis was performed using Under Pressure and Solidworks
simulation.

e A thick window is used to minimize deformation. Deformation of the
port could result in stereo measurement error.



(Mot saved)

-

_;l Flat Circular Endcap Analysis - External Pressure

 Project Parameters
Project Tite |BOS 3.5" acivlic port | Pressure Bange: |{10-200Bar j |Ear ﬂ Heport | Done
Fraject Descrption (&nalwsis for acrylic port for Benthic observation — Theoretical Failure: Material————
spstem (%) Fadial Stress Failure at 752.7 m [zea) [plate center) PLASTIC, ACHYLIC
() Tangential Stress Failure at 752.7 m [sea) [plate center) Ultimate Strength:
Project Desigrer |Francois Cazenave | ) Seat failure at 1426 m [sea) B Ksi
“Desian P Whorking Strength:
esign Parameters - . Fail walue units: 0.8 ki
— Material Table eval dia., De = plate center for bax R adial :
Table eval dia., De = plate center for Max T angential mlzeal  *
PLASTIC, ACRYLIC Choose e
Fressure Depth Stress Linear Deflection  Angle Deflection
— Units Pressure Analysis Options |psi j |m [seal j |Ksi j |Inches j |Degrees j
{*) Enaglizh O Internal [[] Force Thick 'wall Equations = -
M et Esternal PPV e e = Pressure Depth De Max Radial |De Max Tan Awg Seat CL Deflection FD Sh
Q Metric @ Externa 0 Use Werking Shength for Plastic psi m [sea) Stress, Ksi Stress, Ksi Stress, Ksi Inches Stiess
rAnalpsis Type 145.0 99.54 1.057 1.057 -0.5570 -0.005678 -0.174
2901 199.0 2113 2113 -1.114 -0.01136 -0.349
|Endcap Only =l 4351 2985 3170 3170 1,671 -0.01703 -0.523
— Endcap Configuration 580.2 3979 4226 4226 -2.228 -0.02271 -0.698
P g 7252 4973 5.283 5.283 -2.785 -0.02839 -0.873
|Flat Circular j Enter Geomeliy 8702 596.6 6.339 6.329 -3.342 -0.03407 -1.048
Edae Restraint Options 1015 6959 ¥.396 ¥.396 -3.899 -0.03975 -1.222
g p 1098 [fail) ¥o2 7 8.000 8.000 -4.218 -0.04299 -1.322
|Simpl5| Supported ﬂ .
& Material Database [= || = || &=
M ain Category |Plastics j Update Search B3+ Flat Circular Endcap - Simply Supported ==z
Sub-Category [Thermoplastics - — Flate Free Diameter —— — Flate Thickness—————
| J — Edit Controls — no |, - 0.6250 [;, «
Mame |pPLASTIC. ACRYLIC - g
| J Edit Record ‘ r Hlate Ohtsde Diareter —
3500 [, -
Ultimate Strength 8 |Ksi j Add ‘
Working Strength 0.8 |K_;i j Delete Endats | Do ‘
‘ Perform Analysis |
Young's Modulus 0.35 ||n.r|p3i j Done ‘
Cancel ‘
Density 0.0417 ||hicu in j Cancel ‘

Poizzon's Ratio

Comments

Cast Rods or Sheets Compreszive Ultimate Strength =| »
11 kpsi Known Commercially as Plexiglass etc.




Pressure test of prototype

A 12” long housing with 1 port is being built by the
machine shop and will be tested to a depth of
400m. Endcaps will be reused in the final version.
The test will be performed from R/V Paragon
because the housing will not fit in MBARI’s pressure
chamber.




