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GENERAL INFORMATION

UNDER PRESSURE DESIGN SOFTWARE

Under Pressure is a user-friendly software program running in a PC environment that uses theoretical
elastic stress and strain formulas to calculate the stresses, strains and deflections of smple pressure
vessel geometries. Under Pressure can provide quick and reliable results for pressure vessel
geometries that closely approximate the formulas. Under Pressure can aso help approximate more
complex designs, prior to the much more time consuming application of the finite element method of
stress analysis.

Under Pressure contains a database of commonly used pressure vessel materials that can be easily
edited and supplemented for the user's specific needs. Under Pressure evaluates structura
capabilities, deflections, and weights of common pressure vessel geometries such as cylindrical tubes,
spheres, as well as hemispherical, conical, flat circular, and flat annular end closures.

This program was developed primarily for the oceanographic instrument designer, but it lends itself to
all types of pressure vessel calculations. Under Pressure assumes that the designer understands the
application of these formulas to his or her specific vessel design problem. The designer must
manually iterate on wall thickness to achieve the safety factor and material sizing appropriate to the
particular problem.

Under Pressure is NOT an automated pressure vessel design program. Under Pressure will NOT
calculate exact stresses for real world geometry. The elastic formulas apply only to idealized pressure
vessel configurations and the designer must interpret and apply these results as appropriate. See
Appendix E for comparisons to Finite Element Method (FEA) analysis. Under Pressure cannot
evaluate the impact of tolerances (out of round conditions), materia variations (tempering variations,
surface damage in brittle materials under tension), O-ring sealing grooves, stress concentrations, off
center holes in round end caps etc. A sophisticated application of the finite element method is
required to model such situations.

Most importantly, Under Pressure is no substitute for good engineering practices. No pressure vessel
design should ever be considered complete until a qualified engineer has checked the calculations
performed by the software and verified the appropriateness of their application to the specific problem
and confirmed that the results are reasonable. This is particularly important when a design is to be
fabricated and human safety and/or significant costs are involved. It isthe engineer’s responsibility to
check the results of Under Pressure, not the other way around.

It is our hope that Under Pressure will aid pressure housing designers in efficiently creating more
reliable, higher quality designs.

DEEPSEA POWER AND LIGHT

DeepSea Power and Light was founded in 1983 with the goal of providing high quality, innovative
products to the oceanographic community. Initially manufacturing deep water power systems, the
company’s expertise has grown along with its product line to include underwater video and lighting
systems, as well as video pipe inspection systems. All of DegpSed’ s standard products are rigorously
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designed to perform in harsh marine environments, from wet/dry applications to full ocean depth
deployments. Under Pressure software is one of the important tools used in designing our standard
products.

DeepSea Power & Light is headquartered in over 62,000 square feet of high tech manufacturing
gpace. Included in the plant are environmental and pressure testing facilities, complete machine shop
with CNC lathes and mills, CAD and 3D drafting stations, e ectronics workshops, mold making and
ultrasonic welding stations, and assembly and repair facilities. Our staff includes mechanical,
electrical, and software engineers, machinists, and sales and service personnel.

Equipment manufactured by DeepSea has been used by various titanic expeditions (including lighting
for the IMAX film Titanica), Nationa Geographic Society, Woods Hole Oceanographic Institute,
Monterey Bay Aquarium Research Institute, NASA, Lockheed, Oceaneering Technologies, and on
dozens of deep diving submersibles including Alvin, Mirs 1&11, Sea Cliff, Turtle, Nautille, Shinkai
6500, and Kaiko, an 11,000m ROV that has explored the Mariana trench.

CUSTOMER SUPPORT
Customer support is available during normal business hours at (858) 576-1261. For emergencies
after hours or on the weekend, customer support can be reached by using the emergency paging
service. Just follow the instructions in the after hours recording. Faxes can be sent to (858) 576-
0219. Email can be sent to mall to: UPWIN@deepsea.com, or via our web site at
http://www.deepsea.com/.

We encourage you to send us suggestions for future releases of the Under Pressure program to the
above email address. Also please send us any materia information you would like to see included in
the standard material database in future release of the program.

DeepSea Power & Light 2 Rev. 3/27/01
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INSTALLATION
COMPUTER REQUIREMENTS

486-66 or better processor

Minimum 16MB RAM

VGA Graphics

20MB hard disk space

CD ROM drive

Parallel port (for software key “Dongle,” or hardware lock)

SOFTWARE REQUIREMENTS
Windows 95 or later, or Windows NT 4.0 or later.
INSTALLING UNDER PRESSURE

With power to you system turned off, plug the included software key into the printer port with the
side that reads “COMPUTER” connected to the printer port. If you also have a printer, you can
connect the printer cable to the other end of the key. This key must be installed in order for the
software to run.

Turn on power to your computer, and then once Windows is loaded, insert the CD install disk. The
installation program should automatically start. If not, double click on the “ Setup” program.

Follow the on screen instructions that guide you through the installation. Once this instalation is
completed, a new group and items in the Start menu will be added.

After thisinstallation, you will be required to install the drivers for the software key. Follow the on-
screen directionsto install. Carefully review the readme file during or after installation.

INSTALLING THE HARDWARE LOCK

Under Pressure is copy-protected using a hardware device called a hardware lock or dongle. The
hardware lock only permits one copy of Under Pressure to run a atime. Attempting to run Under
Pressure on more than one computer at atime, or attempting to defeat the intention of the hardware
lock isaviolation of the owner’s copyright, and is punishable by crimina and civil penalties.

Attach the hardware lock supplied with the program on the paralel printer port at the rear of the
computer. If you do not have a printer, place the hardware lock in the port by itself. If you have a
printer, disconnect the printer cable, then attach the hardware lock to the port, then attach the printer
cable to the hardware lock. Y our printer, and al other computer operations, will be unaffected by the
presence of the hardware lock.
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POLICY ON THE HARDWARE LOCK

Under Pressure is multiple-use protected by a device called a hardware lock. The hardware lock must
be attached to the computer on which Under Pressure is running. The hardware lock prevents more
than one copy of Under Pressure from running at one time. The registered user of the Under
Pressure software is allowed to install the Under Pressure software on more than one computer, as
long as there is no possibility that more than one copy of Under Pressure will be running at one time.
For example, the user is allowed to install the Under Pressure software on a computer at work and
another computer at home, as long as the two installations of Under Pressure are never used at the
sametime. The hardware lock must be physically moved from one computer to another, so that only
one copy of Under Pressure can be run at one time.

The hardware lock supplied with the Under Pressure software is worth the full purchase price of the
software. |If the hardware lock is lost or stolen, it will not be replaced without payment of the full
purchase price. Insure the hardware lock as you would any other business or personal asset of
comparable value.

DeepSea Power & Light 4 Rev. 3/27/01
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GETTING STARTED

NOTE: Most of the information in this manual is also available by clicking Help on the menu bar of
the Under Pressure Application Window or by pressing the F1 key on the keyboard

STARTING THE UNDER PRESSURE APPLICATION WINDOW
-From Windows Start menu, choose the Under Pressur e program by clicking on it.

-Select OK if you accept the conditions of the Liability Disclamer Box by single clicking on it to
open the Under Pressure Application Window.

U ZlUnder Pressure M=l

Eiler BEdit Materals Windew DMesign Dptioms

Liability Disclaimer

DeepSea Power & Light, Inc. [D5PEL] assumes no liability under any
circumstances beyond replacement of the distnbution media and accompanying
documentation. No warranty or affirmation of fact, express or implied. is
made or authorized by DSPEL. In no event zshall DSPEL be liable for any loss
of profit or any other damage. including. but not limited to special.
incidental. consequential or other damages.

It iz azsumed that persons who use the UNDER PRESSURE deszign tool are
already experienced in pressure housing design, and are aware of the
applicability and limitations of the formulas uzed. It is the rezponsibility
of the individual designer to incorporate a reasonable factor of zafety into
a pressure housing design where appropriate, as there are no safety
allowances provided for within the program. DSPEL azssumes no responsibility
for the accuracy of the formulas utilized in UNDER PRESSURE. In case of
any doubt regarding the accuracy of a particular formula, please consult
the references provided.

0K Quit

Under Pressure Liability Disclaimer Box
STARTING A NEW PROJECT

-Click on File on the menu bar of the Under Pressure Application Window then click on New Design
or enter Ctrl+N from the keyboard.
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[_.]Under Pressure
File Edit HMatenals

.[Hnt saved]
— Project Parameters

Froje

Froject Descrption

Window [Design  Options

ct Title P[uigc["

Froject Designer

—Design Parameters

—Matenal

Choose |

— Units

% Englizh
{ Metric

Preszure —_—
" Intemnal [ Farce Thick ' all Equations
% External

Analysziz Options

[ Use Warking Strength for Plazstic

—Analyziz Type

Tube

M|

Enter Geometry

Under Pressure Application Window

SETTING PROJECT PARAMET

ERS

-Use the cursor and keyboard to enter user defined Project Parameters:

§ Project Title
§ Project Description
§ Project Designer

SETTING DESIGN PARAMETERS

Select pressure vessel M aterial

User Manua

-Click on CHOOSE in the Under Pressure Application Window to open the Material Database
Diaog Box (aternatively the Material Database Dialog Box can be accessed by clicking on M aterials
on the menu bar in the Application Window and clicking on View Material or by entering Alt+M+V

from the keyboard).

-Click on the appropriate Main Category of the desired material by clicking on the scroll arrow and

clicking on choice.

-Click on the appropriate Sub-Category of the desired material by clicking on the scroll arrow and

clicking on choice.

-Click on the Name of the desired material by clicking on the scroll arrow and clicking on choice.

DeepSea Power & Light
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-Click on Done.

[ : Under Pressure =]
Main Category |2y H_NNG_GGEEE ~ |  Update Scarch
Sub-Category | j| — Edit Controls —
H -
ame | H |
Yield Strength [Ksi =l Add
Young's Modulus | | |Hpsi j| Delete
Density | | |Ihh:u in j| Done
Poisson's Ratio |:| Cancel
Comments |
=]
LI -
4| | By

Material Database Dialog Box

Sdect Analysis Units

-Click on either the English or Metric Option Button depending on the user’s preference. (Note:
you must switch to another analysis type or exit and reenter the Under Pressure program for this
change to take effect.)

Select Pressur e Orientation

-Click on either the Internal or External Option Button

-Internal option should be used when the magnitude of the applied pressure is greatest on the interior
walls of the enclosed pressure vessel. External option should be used when the magnitude of the
applied pressure is greatest on the exterior walls of the enclosed pressure vessal.

Examples of Internal Pressure Vessels:

§

wn W W W W W

Boilers

Reactors

Hyperbaric Chambers

Compressors

Gas Storage, Scuba Tanks

Steam Generators

Pumps, Piping, Vaves and other equipment used in energy systems, chemica processing
plants etc.

Examples of External Pressure Vessels:
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Submerged Housings
Vacuum Chambers
Hyperbaric Chambers
High Altitude Chambers

wn W W W

Select Analysis Options

-Click on the Force Thick Wall Equations check box if the user desires to force the use of thick
wall equations for stress of analysis of tubes, spheres, and hemispheresin lieu of thin wall equations.
Thick wall equations can be used for al ratios of mean shell wall radius to shell wall thickness. Thin
wall equations are only recommended for ratios of mean shell wall radius to shell wall thickness > 10.
This check box has no relevance to the analysis of conical, flat circular, or flat annular endcaps.

-Click on the Working Strength for Plastic check box if the user desires to evaluate calculated
stresses for plastic pressure vessel geometry’s using the Working Strength of the selected plastic in
lieu of the Ultimate Strength of the selected plastic. This check box has no relevance to pressure
vessel materials other than plastics (such as metals, ceramics, and glass).

Select Analysis Type (Pressure Vessel Geometry)
-Click on the scroll arrow and select the user’ s choice of:
§ Tube
§ Sphere
§ Endcap Only
by clicking on choice.
-If Endcap Only Analysis Type is selected, Click on the user’s choice of Endcap Configuration by
clicking on the scroll arrow and selecting:
§ Flat Annular
§ Conical
§ Hemispherical
§ Flat Circular
by clicking on choice.
-If Flat Annular Endcap Configuration is selected, click on the user’s choice of Edge Restraint
Options-Outer/Inner by clicking on the scroll arrow and selecting the Appropriate Boundary
Condition:
Fixed/Free
Fixed/Guided
Fixed/Simply Supported
Fixed/Fixed
Simply Supported/Free
Simply Supported/Guided
Simply Supported/Simply Supported
Simply Supported/Fixed
Guided/Simply Supported
Guided/Fixed
Free/Smply Supported
Free/Fixed

wn

wn W W W W W W W W W W
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by clicking on choice. Outer refers to the boundary condition that exists at the outside diameter
(outer edge) of the plate. Inner refers to the boundary condition that exists at the edge of the center
through hole in the plate.
-If Flat Circular Endcap Configuration is selected, click on the user’s choice of Edge Restraint
Options by clicking on the scroll arrow and selecting the Appropriate Boundary Condition:

§ Simply Supported

§ Fixed
by clicking on choice.

ENTERING PRESSURE VESSEL GEOMETRY AND ANALYIZE RESULTS

-Click on Enter Geometry to open the Geometry Dialog Box for the selected shape (Tube, Sphere,
Flat Annular Endcap, Conical Endcap, Hemispherical Endcap, or Flat Circular Endcap). The title bar
of this dialog box is based on the selected geometry and boundary conditions, for example: Flat
Annular Endcap - Simply Supported/Free.

=k Flat Annular Endcap - Simply Supported/Free
— Free Dameter ———————  — Thickness
irl il in -
— Cap Otade iameter ——  — Center Hole Dnameter ——
| ﬂ in &8

E nable Unifarm Load

Enable Line Load Update | Done
Loading Options. .. Perform Analysis
Cancel

Radial Increment s ——————
’7 1]

Geometry Dialog Box (shown for Flat Annular Endcap)

-Use the cursor and keyboard to enter dimensions and units of pressure vessel shape in the Geometry
Diaog Box.

-Click on Perform Analysisto generate analysis results.

-Analysis results are displayed in an Analysis Dialog Box. The title bar of this dialog box is based on
selected geometry and loading, for example: Sphere Analysis - Externa Pressure.

DeepSea Power & Light 9 Rev. 3/27/01
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Pressure Range: !1DDD - 20000 psi

=] [E—]

r— Theoretical Failure:
O Thin*all Buckling at 2.2030 Ksi

[_] Under Pressure HEi=l
File  Edit Materialz ‘window Design Optionz Help
] Sphere Analysis - External Pressure Hi=l B3 L:_!

Report | Done I
b aterial

ALUMINUK, BOB1-TE

4.0000 (fail)
5.0000 (fail)

6.0000 (fail)

7.0000 (fail) mm_ 4175 4175
8.0000 [fail) 17804 -162.00 -162.00

(& Shell failure at 1.7284 Ksi [Thin wall eq's] ield Stremgth
O Seat failure MAA 3B ks
) Shear failure NAA
Fail value units:
K | |~ Weight——
- Airwt |3.9455
Uitz
Pressure  Depth Stress Linear Deflection &ngle Deflection | | Water wi |-16.940 =
|K$i ;j |Ft [zea] :J IKSi ;j Ilnu:hex ;j |Flau:|ian$ ;j Unitz |lbs _‘_'_j
FPressuie Depth Max Meridional |Max Hoop Max Equiv -
k=i Ft [zea] Stress. Ksi Stress. Ksi Stress. Ksi
1.0000 2248 .8 -20.250 -20.250 20250

1.7284 (fail) 38826 -35.000 -35.000
2.0000 (fail) 44909 -40.500 -40.500
3.0000 (fail) 6726.2 -60.750 -60.750

Analysis Dialog Box (shown for Sphere Analysis)

REVIEWING ANALYSISRESULTS

User Manua

-The Anaysis Dialog Box displays calculated results for the user defined design (material, geometry,
boundary conditions, type of pressure loading - external or internal, etc.). Various scroll arrows
allow the user to change the units used to display the analysis results. The structure of the Analysis
Dialog Box is dependent upon the pressure vessel geometry that has been analyzed. Further detail on
the specific information contained in the Analysis Dialog box is addressed in the section DETAILS

ON ANALYSISTYPE.

PRINTING THE RESULTSOF A COMPLETED PROJECT ANALYSIS
-Click on FEile on the menu bar of the Application Window, then click on Print or enter Alt+F+P

from the keyboard. See the section REPORTS for more details.

SAVING A PROJECT

-Click on Eile on the menu bar of the Application Window, then click on Save As or enter Alt+F+A
from the keyboard to open the Save As Dialog Box.

DeepSea Power & Light
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Save As i
File name: Folders:
= pij ¢ hupdl

— _ Cancel l
annularl.prj - L -
platel_prj 3 updl
spherel. pij -3 up Hetwork. _. ]
tubel._prj
-,
-
Save file as type: Drives:
;F“miect =-prl __V__i ; = c _I.j

Save As Dialog Box

-In the Save As Dialog Box use the keyboard and cursor to enter afile name (*.prj) and directory and
click on OK.

OPENING AN EXISTING PROJECT
-Click on File on the menu bar of the Application Window, then click on Open Design or enter
Ctrl+O from the keyboard to open the Open Dialog Box.

opn  HEH|

File name: Folders:
= prjl | ¢ hupdl

o — Cancel l
annularl.prj “ L L &
platel_prj = 40 ]
3DhElE1 .Dli \-j up HEtWDIk.._
tubel_pr
Lizt files of type: Drives:
;F‘miect =-pnil __V__i ; = o _I.j

Open Dialog Box

-Click on the desired project file name (*.prj) in the Open Dialog Box.
-Click on OK.

EXITING UNDER PRESSURE
-Click on FEile on the menu bar of the Application Window, then click on Quit or enter Ctrl+Q from
the keyboard or click on the “x” in the upper left corner of the main Under Pressure window.

DeepSea Power & Light 11 Rev. 3/27/01
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EXAMPLES

Example 1 - Aluminum Tube Design
Requirements:

Aluminum Alloy Cylindrical Electronics Housing for Undersea service
4500 ps maximum external service pressure

Internal diameter of 6.00"

Internal length of 24.00"

Minimum safety factor of 2.0 on buckling and stress (shell materia failure)

wn W W W W

Procedure:

-Follow the steps outlined in GETTING STARTED to set up the Under Pressure Application
Window for this example.

-Use the cursor and keyboard to enter the Project Title, Project Description, and Project Designer
in the Project Parameters portion of Application Window.

-Click on CHOOSE to open the Material Database Dialog Box.
-Select Main Category - Metals by clicking on the scroll arrow and clicking on Metals.
-Select Sub-Category - Aluminum by clicking on the scroll arrow and clicking on Aluminum.

-Select Name - 6061-T6 as afirst option for this example by clicking on scroll arrow and clicking on
6061-T6. Note 6061-T6 has ayield strength of 35,000 psi.

-Click on Done to return to the Application Window.

-Click the Units - English Option Button.

-Click the Pressure - External Option Button.

-Click the Analysis Options - Force Thick Wall Equations Check Box.

-Select Analysis Type - Tube by clicking on the scroll arrow and clicking on Tube.

- The Under Pressure Application Window should appear as follows:

DeepSea Power & Light 13 Rev. 3/27/01
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U ZUnder Pressure [_ O]
File Edit Matenalz ‘window Dezign  Options

EXAMPLEIPRY  HE
— Project Parameters
Froject Title |Example 1 |

Project Descrption |aluminum alloy cylindrical housing for 4500 psi
external pressure service

Project Deszigner [R.P.J. |

—Design Parameters
—Matenal

ALUMINUM BOB1 T-6 Chooze |

— Units Pressure Analpsizs Options ————
% Englizh |Vf" Internal_‘ |V|7§F|:|rn:e Thick ‘/all Equations

 Metric % External [ Uze Warking Strength for Plastic

—Analyziz Type

Tube j| Enter Geometry

EXAMPLE 1 APPLICATION WINDOW
-Click on Enter Geometry to open the Geometry Dialog Box.
-Use the cursor and keyboard to enter 6.00 inchesfor Tubel.D.

-Estimate the appropriate Tube O.D. or Wall thickness and enter this corresponding value using the
cursor and keyboard.

-Use the cursor and keyboard to enter 24.00 inches for Tube length.

-Click the Maintain 1.D. constant Option button given that the 6.00 inch Tube I.D. is a fixed
constraint for this particular example.

-Click on Perform Analysisto generate analysis results.

-Review the analysis results in the Analysis Dialog Box, for this example a minimum safety factor of
2.0 was desired on buckling and stress for a design pressure of 4500 psi. Therefore the Theor etical
Failure portion of the Analysis Dialog Box (titled Tube Analysis-External Pressure for this example)
should indicate that Thin Wall Buckling and Shell Failure occur at a pressure greater than or equal
to 9000 psi (Safety Factor equals Failure Pressure/Maximum Service Pressure, or 9000/4500 = 2). A

DeepSea Power & Light 14 Rev. 3/27/01
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safety factor of two was arbitrarily selected for this example. In actua practice, the safety factor that
is selected will depend on the specific requirements of the pressure vessel and the confidence of the
pressure vessal designer. In addition to specific requirements that may exist, safety factors should be
used by the pressure vessel designer to account for any number of variables that could affect the
structural performance of a pressure housing design. Variables that could affect the pressure housing
performance could include dimensiona tolerances (imperfections), corroson allowances, materia
properties, creep behavior (duration of load, temperature effects), cyclic loading (fatigue), dynamic
loading, stress concentrations, residual stresses etc.

Variations in the pressure vessel geometry alowed by dimensional tolerances on the pressure
boundary components can significantly effect structura performance. In particular, buckling of shells
subjected to external pressure is sensitive to any geometric imperfections that may exist. Out of
roundness (ID/OD) or concentric and/or wall thickness variations of tubes and variations in thickness
such as flat spots on spheres and hemispherical endcaps can impact buckling resistance.

Stress concentrations include any deviations from the idealized pressure vessel geometry analyzed by
Under Pressure such as O-ring grooves, through holes, blind holes, screw threads, notches, shoulders
and generally any variations or discontinuities in wall thickness or curvature of the pressure vessel
geometry.

-Select Done in the Analysis Dialog Box to return to the Geometry Dialog Box to iterate on required
Wall thickness (or aternatively Tube O.D.) until the requirements of this example auminum aloy
cylindrical housing are met.

-For aluminum alloy 6061-T6, a wall thickness of 1.03" is found to be adequate for this example as
shown by setting up the Geometry Dialog Box below:

{ ZUnder Pressure M=l
File Edit Matenals *window Design  Options

N Tube E
...Tu'he ID ....................................... Wa" ﬂ"'liCk'l’lE"SS .............................
6.0000 in =] | 1.0300 in =]
—Tube OO0 ———————— ;---Tuhe lenigth
8.0600 |:in =] | 24000 |:in =]

{* Maintain 1.0, constant

£ Maintain 0.0, constant Update

Perform Analyzis |

Pipe Tables I Cancel |

EXAMPLE 1 GEOMETRY DIALOG BOX (6061-T6)
-The Analysis Dialog Box for the geometry shown above appears as follows:

DeepSea Power & Light 15 Rev. 3/27/01






















































































































































































































































































































































































































































