BioPhysical Oceanographic Sensor Array (BiOSA): Mechanical Design 

The BioPhysical Oceanographic Sensor Array (BiOSA) will be an instrument frame with well-defined Ethernet interface that will operate as a network object in marine environment. Its small size and low power consumption will make NOSA deployable on a variety of existing, and emerging platforms, including cabled seafloor and moored observatories, moorings, remotely-controlled/autonomous vehicles, floats, and gliders. The instrument functionality will be defined by a set of plug-and-play sensors carried in standardized “sensor sockets”. BiOSA will be equipped with a 32-bit processor running Linux and Java, and will operate as field-reconfigurable remote server. The object-based communication software will allow access to the instrument sensors using standardized set of object “methods” and “properties”, common for all the NOSA-compliant sensors, and the instrument data will be distributed in XML (eXtended Markup Language) format. A well-defined and documented mechanical/electrical architecture of NOSA will allow development of future sensors by a third party, promoting development of a new family of instruments. These instruments will be easily adaptable to specific applications and requirements, by simply modifying the sensor configuration, while maintaining the generic character of the BiOSA electronics and software. The open software architecture will permit an implementation-independent interface, simplifying the logistics of instrumenting a vide variety of observational programs. The first implementation of the proposed BiOSA instrument will carry a Fast Repetition Rate Fluorometer (FRRF) sensor to measure photosynthetic pigments and to characterize oxygenic/anoxygenic photosynthesis, a dissolved oxygen sensor, a nutrient sensor, and a pCO2/pH sensor. In this configuration the instrument will measure some of the most critical chemical/biological properties related to the carbon cycle in the ocean.

Mechanical Design: Instrument Housing and Sensor Cup

Design Criteria: 

1. Pressure rating: 

 4000 meters

2. O-Ring face deformation: 
0.002”

3. Axial deformation:

 < 0.01”

4. Safety Factor: 


> 1.33

Material: Titanium Allvac 6


Yield Strength:
820 MPa


Tensile Strength:
860 MPa

Design Problem:


The asymmetric design of the instrument housing (several sensor sockets on one side of the instrument body - Fig.1) produces axial flexing of the housing under pressure. 

Solution: 

1. Design of the Data/Signal Bus cavity in a form of two cylindrical holes, 0.7” diameter, with solid metal core between sensor sockets (Fig.1).

2. Because in this geometry the front-back pressure flexes the housing upward, compensate the flexing force with conical face between sensor socket and and the housing

3. Fine-tune the extent of flexing buy controlling the height of the mounting collar on the sensor socket (Fig.2)

 Benefits of the proposed design. 

1. Conical design of the sensor-housing face will eliminate the O-ring insertion force, while self-centering the O-ring faces. 

2. Easy machining of the Data/Signal Bus cavity – the holes will be drilled from the back of the housing. 

3. A pair of MINK-BCR connectors will terminate the two Data/Signal Bus cavities. Presence of two connectors on the instrument body will allow daisy chaining of multiple instruments.
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	Property Name
	Value

	Elastic modulus
	1.1e+011 N/m^2

	Poisson's ratio
	0.3 

	Shear modulus
	4.3e+010 N/m^2

	Thermal expansion coefficient
	8.8e-006 /Kelvin

	Mass density
	4600 kg/m^3

	Thermal conductivity
	22 W/(m.K)

	Specific heat
	460 J/(kg.K)

	Yield strength
	8.2e+008 N/m^2

	Tensile strength
	8.6e+008 N/m^2

	Compressive strength
	0 N/m^2


	Mesh Information

	Mesh Type
	Solid mesh

	Mesher Used: 
	Standard

	Automatic Transition: 
	Off

	Include Mesh Controls: 
	On

	Smooth Surface: 
	On

	Jacobian Check: 
	4 Points 

	Element Size:
	3.7842 mm

	Tolerance:
	0.18921 mm

	Quality:
	High

	Number of elements:
	64437

	Number of nodes:
	102275
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	Name
	Type
	Min
	Location
	Max
	Location

	Plot1
	VON: von Mises stress
	470.886 N/m^2

Node: 38339


	(-0.0512845 m,

-0.0346728 m,

-0.119582 m)


	4.71407e+008 N/m^2

Node: 63162


	(-0.0225432 m,

-0.0153942 m,

-0.0330414 m)







� EMBED Word.Picture.8  ���


��





Figure 1. Design of the instrument housing.
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Figure 2. Design of the Sensor Cup.
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Figure 3. Instrument assembly for stress analysis.
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Figure 4. Results of deformation analysis.
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Figure 5. Results of stress analysis.
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