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Abstract 
This report documents the design of the New Waterproof Housing, designed May 
– August 2005 for the Institute for Ocean Technology.  The new waterproof 
housing was designed to allow for enough space to implement the PHINS 
(Inertial Navigation System) in the Victoria sub.  Several modifications and 
improvements have been made to the old waterproof housing in the process.  
This report documents these modifications.  It also shows the relevant 
calculations that ensure integrity and functionality of the housing. The 
engineering drawings for the housing and a presentation to the Institute are 
included. 
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Background 
Institute for Ocean Technology owns a piece of equipment listed in this document 
as the old waterproof housing.  The old waterproof housing is an aluminum, 
cylindrically shaped housing that seals via a rubber gasket and a plate that bolts 
to the front face of the housing.  It contains ample space for a motion pak, two 
inclinometers and little else.  The equipment inside the housing rests on an 
internal plate (see figure 1).   
 
The old waterproof housing was used in the Victoria sub model that was tested 
during 2004.  A cantilevered frame bolted to the front of the internal sub balance 
and the housing was attached to the frame using two threaded rods that bent 
around the cylinder and bolted to the frame.  The motion pak and inclinometers 
require accurate positioning.  The threaded rods were intended to give the 
housing a high degree of adjustability.  To adjust the internal base plate, it was 
intended that it was simply a matter of tightening the threaded rods on either 
corner of the frame.  Testing however, showed this was not the case.  It was 
found that tightening the threaded rods around the housing causes the housing 
to twist unpredictably.  It was very difficult to position the internal plate of the 
housing in the desired plane and hold it there.  Disassembling the frame and 
housing, reassembling it and returning it to its original position was also 
impossible.  While these problems are correctable there are other issues with the 
old waterproof housing  
 
One problem with the old housing is that it has limited space inside.  A new piece 
of IOT equipment called the PHINS (inertial navigation system) could potentially 
be used in further testing of the Victoria sub model.  The PHINS does not fit in 
the old waterproof housing nor will most other equipment taller than 4 inches.  
The old waterproof housing is small and the cylindrical shape renders much of its 
internal space unusable. This is because in order to mount the internal 
equipment on a flat plate, much of the space under the plate is left inaccessible 
(see figure 2).  It is also difficult to screw the equipment into the plate with access 
from only an 8-inch hole in the front of the housing.  At IOT, there is always the 
potential for situations to arise where there is excess water and a waterproof 
housing is needed.  The old waterproof housing offers little flexibility as most 
other equipment will not fit inside.  For these reasons it was decided by the 
design and fabrication group in a preliminary meeting that a new waterproof 
housing would be needed.  A waterproof housing that would both correct the 
problems of the old waterproof housing and offer more flexibility for future 
applications. 
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Components 
The CAD file for the waterproof housing is available under 
Projects/42_945_10_Victoria/Tosmond/Water Housing.ckd 
 
The new waterproof housing is composed of the following components: 

- The base plate (13.5 x 10.5 x 0.25 aluminum plate, 8 aluminum upper 
pads, 3 aluminum lower pads, 1 aluminum reinforcing plate, an exit pipe) 

- The inner plate (12.5 x 9.5 x 0.375 aluminum plate) 
- The top frame (1 x 1 x 0.25 aluminum angle bar, 5 aluminum plates) 
- A rubber gasket 
- 23 0.25-20 F593C steel screws, 0.625 inch length 
- 4 0.125-inch steel dowel pins, 0.5 inch length 
 

A mounting frame has also been designed to mount the housing to the Victoria 
sub model (1.5 x 1.5 x 0.25 HSS, 3 aluminum pads). 
 
Other optional components include: 

- An inclinometer platform 
- 3 0.138-32 steel screws, 0.625 inch length 
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Design Criteria  
The design criteria for the new waterproof housing is listed below: 

- The new waterproof housing must be completely waterproof 
- The equipment contained within the new waterproof housing should be 

more accessible than the old housing 
- The housing should be repeatable 
- The housing should be larger than the old waterproof housing 
- The housing should be flexible in it’s ability to accommodate unforeseen 

types of equipment 
- The housing should be adjustable 
- The housing must also provide a perfectly flat surface to mount equipment 

to it 
 
The new waterproof housing must be completely waterproof.  This is because the 
equipment contained in the housing can easily be over 100 000 CAD in value.  
Exposure to water to a damaging degree would be detrimental to the Institute.  
The housing is designed to be waterproof up to the deepest location within the 
IOT facilities (7 meters in the tow tank). The waterproof housing has a number of 
features designed to ensure it does not leak.   
 
First of all the frame for the top of the housing is built with 0.25-inch aluminum 
angle bar.  This design gives the housing strength to withstand the 12 psi of 
pressure applied to the housing at the deepest point in the tow tank.  All 
connections are first chamfered at the edges and then welded with watertight 
welds (see figure 3).  The plates that make up the five walls of the housing are 
0.1875-inch thick aluminum plates, thick enough to easily withstand the pressure 
of the 12 psi (see calculations – Deflection and Stress of Top).  The plates are 
sealed to the top frame again using watertight welds around the frame (see figure 
4). 
 
The base plate of the housing is a 0.25-inch thick aluminum plate.  Only one hole 
is cut into this plate, the hole for the equipment wires to exit.  The wires exit 
through a pipe that is welded watertight to the base plate (see figure 5). 
 
The top frame and the base plate seal together via a rubber or neoprene gasket 
(see figure 6).  The rubber is cut to fit around the outside of the base plate and 
clamped down with the top frame using 18 0.25-inch steel bolts (see figure 7). 
 
The equipment inside the housing does not attach to the base plate but to an 
inner plate that rests on 8 small pads, 0.25 inches offset from the base plate.  
This gap or offset between the base plate and the inner plate offers several 
advantages: 

- Should there be any leakage in the housing, the offset allows more water 
to enter before the level of water will reach the equipment.  A certain 
amount of water will run down into the exit pipe before it begins to back up 
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and rise to the level of the equipment.  This should provide more time for 
any leaks to be noticed. 

- Absorption packs can be placed in the lower space to absorb any water 
that should enter the housing via condensation or leakage. 

 
Any leaks noticed in the testing phase are to be corrected.  The above features 
allow the housing to be completely waterproof. 
 
With the new waterproof housing, design considerations have been given to 
allowing the equipment contained in the housing to be easily accessible.  The 
new waterproof housing is easier to use than its predecessor; it is simpler and 
faster to take equipment in and out of it.  The housing rests on lower mounts as 
oppose to the upper mount system of the old housing.  This allows those working 
with the housing to easily access the equipment.  The top is removable by 
loosening the 18 bolts and handles are designed into the top to allow it to be 
easily lifted off (see figure 8).  At such time that the top is removed all equipment 
becomes easily accessible. 
 
Due to the thickness of the inner plate, equipment can be easily attached to the 
housing by screwing, bolting or pinning it.  It is also strong enough to deflect less 
than 0.001 inch when fully loaded with equipment (see Calculations – Deflection 
of Inner Plate).  Multiple footprints may be drilled into one inner plate so that 
many different types of equipment may be attached or multiple inner plates may 
be fabricated with different footprints and attached as desired.  The inner plate 
allows the new waterproof housing to accommodate many different types of 
equipment and the offset design prevents it from deflecting due to external water 
pressure.  Because the base plate does not contact the inner plate at a central 
location deflection transferred from the base plate to the inner plate is minimized.  
This translates in to better repeatability, as the inner plate will not move with 
respect to the machined pads even during submersion. 
 
The waterproof housing is designed to be highly repeatable.  The housing has 
three pads welded to the bottom that mount on three pads on the mounting 
frame.  The three pads on the mounting frame are machined to be perfectly 
coplanar with the horizontal plane of the vessel being tested.  The three pads on 
bottom of the housing are also machined to be coplanar.  Two to three highly 
accurate steel dowel pins are used to pin the housing to the mounting frame.  
There are 8 small pads on the upper side of the base plate.  These pads are 
machined to be parallel with the three lower pads on the base plate.  This 
ensures that the inner plate that mounts to the 8 upper pads is perfectly parallel 
with the three pads on the mounting frame and is thus parallel to the horizontal 
plane of the vessel being tested.  The inner plate is both dowel pinned and bolted 
to the base plate.  The inner plate is now precisely positioned with respect to the 
mounting frame. 
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As mentioned above the old waterproof housing has little space and will not 
accommodate equipment much taller than 4 inches.  Maximum internal surface 
area is 13.5 inches long by 8 inches wide.  Although the internal volume of the 
housing is 678.6 in2, only between 30 to 70% of this space is usable depending 
on equipment size and shape as well as accessibility.  The new waterproof 
housing contains over 800 in2 of space.  Of this space over 95% is usable and 
the new housing can accommodate equipment as tall as 7 inches, 12.5 inches 
long and 9.5 inches wide.  The new housing fits the PHINS system, the Motion 
Pak, 2 inclinometers and a temperature/humidity gauge, all completely 
accessible with room to spare.  The exterior dimensions of the housing are 14.5” 
x 11.5” x 7.5”.  Empty, the waterproof housing weighs approximately 25 lbs (see 
appendix A) indicating the housing is a balanced design between size and 
weight. 
 
The new housing also has the ability to change from being repeatable to 
adjustable.  Because the housing mounts via a three-pad system with one in the 
front and two on the rear, it is particularly amiable to shimming.  If the pins are 
removed from the lower mounts, shimming under the two rear pads will control 
the roll angle of the housing and shimming under the forward pad will control the 
pitch of the housing.  This way minor adjustments can be made if necessary. 
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Calculations 
The follow calculations were made for the new waterproof housing. 
 
Pressure of Water at Maximum Depth 
Maximum Depth: d = 7 meters = 275.6 inches 
Density of Water: ρ = 62.4 lbs/ft3 = 0.03611 lbs/in3 

Safety Factor: SF = 1.2 
Pressure: P = d * ρ * SF 
P = 275.6 inches * 0.03611 lbs/in3 * 1.2 = 11.94 lbs/in2 ≈ 12 psi 
 
Deflection and Stress of Top 
Using the deflection and stress of plates equations taken from the Machinery’s 
Handbook 26, pgs 268 – 270. 
 
Using the equations for a rectangular plate, uniformly distributed load, supported 
at all ends.  Supported was selected over fixed because the values are more 
conservative and there is some ambiguity between how the welded plates will 
react.  Only calculations for the top plate are presented here because it is the 
largest and will experience highest deflections and stresses.  Calculations for the 
four walls are not necessary. 
 
Pressure: P = 12 psi 
Area: A = 11” * 8” = 88”2

Modulus of Elasticity: E = 10.0 * 106 psi 
Thickness of plate: t = 0.1875 inches 
Long side: L = 11 inches 
Short side: l = 8 inches 
Deflection: D = (0.1422 P*A) / [Et3 (L/l3 + 2.21/L2)] 

= (0.1422 * 12 psi * 88”2) /  
[10.0 * 106 psi * 0.1875”3 (11”/8”3 + 2.21/11”2)]  
= 0.0573 inches 

 
Safety Factor: 1.2 
Stress: σ = (SF * 0.75 P*A) / [t2 (L/l + 1.61*l2/L2)] 
  = (1.2 * 0.75 * 11” * 8” *12 psi) / 
  [0.1875”2 * (11”/8” + 1.61*82/112] 
  = 12 141 psi 
 
Ultimate Tensile Stress: Sult = 45 000 psi  Machinery’s Handbook pg 554  

- Al 6061-T6 
Yield Stress: Sy = 40 000 psi 
 
Sy / σ * 100% =  12 141 psi / 40 000 psi * 100% = 30.35% 
 
Because the deflection of the wall is approximately 0.06 inches and the stress is 
only 30% of the yield stress given very conservative estimates, we have a safe 
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and comfortable margin of error and we can say that the walls will not fail due to 
pressure stress nor due to fatigue given numerous immersions to a maximum 
depth of 7 meters. 
 
Deflection of Base Plate 
The objective in designing the base plate was to support it to bring deflection to 
less than 0.005” 
 
Using equation for rectangle, uniformly distributed load, fixed edges. Machinery’s 
Handbook 26, pg 269. 
Area: A = 12.5” * 9.5” = 119”2

Long side: L = 12.5” 
Short side: l = 9.5”  
Deflection: D = (0.0.284 P*A) / [Et3 (L/l3 + 1.056 l2/L2)] 

= (0.1422 * 12 psi * 119”) /  
[10.0 * 106 psi * 0.25”3 (12.5”/9.5”3 + 1.056 9.5”2/12.5”4)]  
= 0.0140 inches 

 
D = P*k = 12 psi * 0.0011667 
k-1 = 857.14 
 
0.005 / 857.14 = P1 = 4.2857 
P2 = 12 – 4.286 = 7.714 psi 
Load per inch: w = 7.714 psi * 12.5” = 96.429 lbs/in 
 
Using a sectional method approximating the uniform load across the center of the 
bottom plate. 
 
vmax = -5w L4 / 384 E I 
0.005” = (96.429 lbs/in) * 9.54 / [384 * 10 * 106 * I] 
Solving for I 
Moment of inertia: I = 0.040907 = 1/12 * b * (0.5)3

Width: b = 3.927 
I will use 4.5” width of supporting bar to prevent deflection more than 0.005”. 
 
Properties of Housing  
See excel spreadsheet Projects/42_945_10_Victoria/Tosmond/Properties of 
Housing.xls or Appendix A 
 
Weight: 
W = Σ (Volume * Specific Weights) or 
W = Σ (Length/weight * Length) 
Weights – reference densities and weight per length from Russel Metals Inc. 
 
Moment of Inertia: 
I = Σ Ix + Ady

2 
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Centroid: 
xc = Σ mixi / Σ mi

yc = Σ miyi / Σ mi 

zc = Σ mizi / Σ mi
 
Buoyancy Forces: 
Fbouy = Volume of water displaced * ρwater 
 

Deflection of Inner Plate 
Using the equation for a uniform load, simply supported, rectangular plate. 
 
Load: W = 13.3 lbs 
Long Side: L = 12.5” 
Short Side: l = 9.5” 
Deflection: D = (0.1422 W) / [Et3 (L/l3 + 2.21/L2)] 

= 0.1422 * 13.3 / [10.0 * 106 * 0.375”3 (12.5/9.53 + 2.21/12.52)] 
  = 1.24586 * 10-4 inches 
 Because this value is much less than 0.001 we know that there is no appreciable 
deflection due to loading within the housing. 
 
Deflection of Frame 
Center of Gravity: (6.826, -0.002, 5.095) 
Modulus of Elasticity for Steel: 29 * 106 psi 
Moment of Inertia: I = 0.4368 in4

 
Ry= 37.3 lbsMoment: M = (14.5” – 6.83”) * 37.3 lbs = 286.1 in-lbs 

 

14.5”

6.83” 
M = 286.1 in-lbs

 
 
 
 
 
 

37.3 lbs  
 
Calculating deflection due to bending in horizontal portion of frame 
Reference Hibbler “Mechanics of Materials, 5th ed”, chapter 12, pg.  591 
 
EI * d2v/dx2 = - 286.1<x – 0>0 + 37.3<x – 0>1 – 37.3<x – 7.67>1 

EI * dv/dx = - 286.1x + 37.3/2 x2 – 37.3/2<x – 7.67>2 + c1 
EI v = -286.1/2 x2 + 37.3/6 x3 – 37.3/6 <x – 7.67>3 + c1x + c2 
v(0) = 0 dv(0)/dx = 0  Therefore c1 = 0 and c2 = 0 
EI v = -286.1/2 x2 + 37.3/6 x3 – 37.3/6 <x – 7.67>3

Maximum Deflection: v(14.5) = -0.00103 
 
Calculating deflection due to bending in vertical portion of frame 
Reference Hibbler “Mechanics of Materials, 5th ed”, appendix C 
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өmax = ML/EI = 286.1 in-lbs * 9.5” / [29 * 106 psi * 0.4368 in4] = 2.1457 10-4 rads = 
0.0123 degrees 

M

ө

M

Deflection: 14.5 sin(0.0123) = 0.00311 
 
Dtot = 0.00311 + 0.00103 = 0.00414 
 
Frequency of Frame 
See algor results 
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Figure 5 
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