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A. Science Goal

Chris/Jim would you fill in a few sentences here?

B. Mission Scenario
B.1. Deploy the profiler and ESP. 
B.2. Profile from top to bottom while recording and displaying fluorescence value onboard the W/F.  
B.3. Make a decision about desired depth and pay in/out to that depth.  
B.4. Lock the winch.  Acquire sample.  
B.5. Monitor cable tension, ESP acceleration, other winch parameters and ESP functionality continuously to ensure safe operation.  It is possible that we may reposition the ESP to a “safe” depth after sample acquisition while waiting for the next profile.  
B.6. Repeat for N profiles during mission, N being defined by the maximum number of profiles per mission requirement below. 
B.7. Recover after 72 hours.  Note: System recovery may be required if sea state exceeds operational window. 
The profile is defined by the following user specified values: a constant profile velocity, a start depth, a stop depth and a sample acquisition depth.  For design purposes we assume the worst case that the profile will have to cover 2 X (max profile depth – min profile depth) meters.  For example, if the ESP is at the maximum profile depth at the start of the profile, the profile will go all the way up to the minimum profile depth and may have to return all the way back to the maximum depth for sample acquisition. 

NOTE: When the winch is locked, the ESP distance below the profiler buoy will remain essentially constant.  Since the buoy is basically following the wave profile, the ESP distance to the sea surface immediately above it will remain constant but the altitude above a fixed point, like the seabed, will vary with the wave elevation.

C.  Requirements
The actual requirements are presented below.  This introductory section provides some background for how and why the requirements below are structured.  The requirement for the ESP profiler are broken into 2 sections.  The Science Requirements (SRs, aka Functional Requirements) represent how the stakeholders (science users, funding agencies, support engineering group, etc.) expect the system to function.  In general, there should be a science (or other stakeholder) driver for each of these requirements.  Ideally, the stakeholders, not the engineers, “own” the science requirements.  
The Design Requirements (DRs) are defined in general by the engineering team for a variety of reasons important to the engineers.  However, they also identify design elements that may be important to the other stakeholders.  At this point in the design many of the design details that will eventually be in the DRs have not be defined and are shown as TBD.  
The emphasis of the current DRs is as follows. 

a) Describe the system design in enough detail that the stakeholders will understand how the SRs will be fulfilled.  For example, the deployment environmental conditions are defined in the SRs.  The exact methodology for how the environmental conditions are turned into engineering caculations that drive the design should be understood by the non-engineering stakeholders in enough detail (but not more) to confirm that “their” requirements are being met. 

b) Identify those design requirements that affect decisions that need to be made early.  For example, the project manager needs to know approximately how much the ship costs required to support at sea testing will be.
c) Identify work or decisions that have already been made that will drive design activities.  For example, the existing winch has been designed for a specific cable.  Changing to a different cable will require so much new design and procurement delay that we probably can’t finish the project by the deployment date with a reasonable amount of engineering resources.  Therefore, there is a design requirement to use the existing cable.  Similarly, enough analysis has already been done that there is a very high probability that alkaline batteries will be required to meet the mission duration and number of profiles.  The electrical engineer needs to know this in order to provide a reasonably accurate resource estimate for designing the motor drive subsystem.   

Science Requirements

SR1. Mission duration

The system shall be designed to support a mission duration up to 72 hours (per the CANON experiment plan).  

SR2. Profile depth range

SR2.1. Chris Sholin has reviewed the climatology for Monterey Bay in the September time frame and the minimum depth the profiler will have to reach shall be 5 meters.
SR2.2. The system shall using the existing ESP shallow water housing design which is rated for a maximum depth of 50 meters 
SR3. Profile speed
SR3.1. The minimum profile speed shall be slow enough to meet the sample acquisition time of the instruments in the existing ESP CTD.  These include conductivity, temperature, depth, fluorescence and optical back scatter.

SR3.2. In order to achieve synoptic measurements, the profiler shall have a maximum speed capable of a complete 2 way profile (twice the full profile range) in less than 60 minutes.

SR4. Profiles per mission

Profiling shall be synchronous with the ambient diel cycle.  The profiler shall allow at least 2 profiles to be taken during each diel cycle over the mission duration.  6 profiles per diel cycle is a desirable goal.

SR5. Environmental conditions
SR5.1. Operational conditions

The system shall be designed to operate with full functionality at a 90% confidence level in the conditions during the deployment planned for September as defined by NDBC Monterey Buoy 46042. 

SR5.2. Survival conditions

The system shall be designed to survive at a 95% confidence level in the conditions expected for September as defined by NDBC Monterey Buoy 46042. 

SR6. Deployment vessel
The Western Flyer will be used for this deployment.  The science party on the W/F shall stay in constant radio communication with the profiler during the deployment
SR7. ESP Integration

The profiler system shall be integrated with the ESP to allow command/control of the ESP and access to the CTD data.

Design Requirements

DR1. ESP/Profiler interface

the ESP(?) shall send CTD data in the following way …

TBD as soon as possible


DR2. Test vessel
A vessel with an A frame with a height and width and lift capacity … 
DR3. Maximum depth

45 meters ….
DR4. Environmental window

DR4.1. Operational window
The system shall be designed to operate in a significant wave height = 3 meters, Pierson-Moskowitz Spectrum (sea Monterey Bay NDBC buoy 46042 statistics below).

DR4.2. maximum window
The system shall be recovered as soon as possible if the Hs > 4 meters

Tension > XX, Tension < YY, Acceleration, …

DR4.3. Survival sea state

DR5. Battery type
Needs work … Alkaline primary (sealed lead acid rechargeable would sure be nice)

DR6. Buoy size 

The system shall use the current ESP Profiler Buoy.  A larger buoy may be required if analysis, design or test dictate.  This point will be reviewed at the Design review.
DR7. Winch speed resolution
m/second 

DR8. Winch speed accuracy
TBD (0.1 m/second ???)
DR9. Telemetry
The system shall use the existing ESP telemetry system: currently Freewave RF modems.

DR10. Profiler User interface:


The current user command interface shall be used.  Commands are entered as text for

DR10.1. Start

DR10.2. Stop

DR10.3. Set Speed

DR10.4. Pay in/out to user specified depth

DR10.5. The current Labview GUI for display of winch state shall be used. 
DR10.6. CTD data shall be displayed …. 

DR10.7. Minimum update rate >1second.  Faster logging (not display) of data is desirable.
DR11. Design load

TBD as a result of final calculations

DR12. Brake

DR12.1. The brake shall be tested against 1.5 X the design load.  If the integrated brake doesn’t meet this requirement, an external brake shall be designed in.  

DR12.2. All brakes shall be fail-safe e.g. the brake is active with no power applied and when ever the motor is not on.  Only a user request for winch operation shall release the brake. 

DR13. High Voltage Safety
The winch motor power bus and any subsystem >48VDC shall be designed by a MBARI electrical engineer using appropriate safety standards. 
(look into an emergency kill switch).
DR14. Mechanical safety
The current design doesn’t appear to require additional safeguards.  However, the design review will discuss safety and additional safeguards may be required.
DR15. Software Failsafe functionality
Currently, this is the only significant new software functionality that shall be added to the existing system.  The details of what specific fail safes shall be decided in discussion with the team (Gene, Wayne, Scott, Brent, ???)
1. Design guidelines

1.1. Design starting point

The current design shall serve as the basis for this effort.  New efforts will primarily be in the following areas. 

1.1.1. addressing the snap load issue by increasing the ESP “density” and increasing the motor size as required

1.1.2. ensuring the brake functions correctly 

1.1.3. Adding software fail safes

1.1.4. More testing

1.2. No follow on effort is required for this mission and a high probability of success is required for the September deployment.  Design decisions should be made with this in mind, e.g. if 2 approaches appear to solve a design problem, a lower risk/higher cost approach is more desirable if the cost is reasonably acceptable.   As a specific example, if there is reason to believe an existing (and available) MBARI buoy is a lower risk option than the current profiler buoy and the cost to re-design for this buoy is acceptable, this may be the right choice.

1.3. COTS hardware and software shall be used to the greatest extent possible.

1.4. No follow on missions are currently planned for this system.  Documentation (and other tasks) must be adequate for this mission but do not have to support future activities.
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