Lesson Plan

Elective-Engines

Time:  1:00

This and other plans are for Sea Scout and leaders to teach maritime and leadership skills.  They are based on the 2016 Sea Scout Manual and requirements.  Some lessons have an accompanying PowerPoint presentation.  I consider PowerPoint an introduction the topic, to be followed by hands-on practice.  Several lessons will not have PowerPoint, usually because it is my judgement that PowerPoint is not an appropriate aid to teaching that lesson.  Lesson plans and presentations will be added and modified when ready.


Each plan and presentation has the rank, requirement number and short name.  LP means lesson plan, PPT means PowerPoint.  APP means Apprentice, the number is the number of the requirement.  ORD = Ordinary.  ABL = Able.  QM = Quartermaster.  There are a few miscellaneous items as well.


I created these lesson plans primarily for the Houston area Sea Scout Academy.  However, I hope that they are also useful for other Sea Scout situations and venues.  So, I expect everyone using the lesson plans to modify them to fit their audience and their style.  There are also other resources in the DVD with the Sea Scout Manual, and on www.seascout.org.  


I invite comments from those that use these lesson plans, so we can have continuous improvement.  If you are aware of a better example, or a great illustration that is not in them, please send them to me for inclusion.  Especially, if I miss applying a change from the Sea Scout Manual, Guide to Safe Scouting, or a Coast Guard publication, please contact me so we can keep these current and accurate.


You may contact me at George@Crowl.org or george.h.crowl@gmail.com.  

George Crowl; Skipper, Ship 1996; Sam Houston Area Council

Philosophy:  If the Sea Scout demonstrates mastery of parts of the subject, then the instructor should annotate on the class roster what has been passed, in the instructor’s opinion.  Skippers have the right to re-examine any Sea Scout in any requirement.

Sea Scout Advancement Electives 
Ordinary: Choose any three electives.
Able: Choose any four additional electives, level 2 or higher.
Quartermaster: Choose any four additional electives, level 3 only.
Requirements: Engines
1.Perform routine maintenance on your ship’s propulsion system, including filter, spark plug, oil changes, proper fueling procedures and other routine maintenance tasks. Refer to operations manuals or your ship’s adult leaders for correct procedures and guidance.
2.    i) Understand the safe and proper procedures for the use of gasoline and diesel inboard engines, including fueling, pre-start checks, ventilation, starting, running, periodic checks while running, securing, postoperative checks, and keeping an engine log.  

     ii) Using the type of engine aboard the vessel you most frequently use, demonstrate your understanding of basic troubleshooting and the preventive maintenance schedule recommended by the manufacturer.
3.   i) Explain the principal features of steam turbine, turboelectric, direct reversing diesel, diesel-electric, gas turbine, nuclear, gasoline, and diesel engines and the relative advantages of each type.                                                                                                                                                           
ii) Explain the operation of spark ignition and compression ignition for internal combustion engines used aboard small vessels.                                                                             
iii) Demonstrate your familiarity with the engine aboard the vessel used by your ship, including its principles of operation, fuel, lubrication, cooling and electrical systems, and their component parts.                                                                                                                             
iv) Demonstrate your ability to locate and correct minor engine troubles according to the engine manufacturer’s troubleshooting guide.
References:  Vessel and engine handbooks.  
Equipment Required:  A ship's vessel.  Appropriate tools.  Vessel checklists.
Ratio:  1:2.

Lesson Plan:
1.  Engines: Perform routine maintenance on your ship’s propulsion system, including filter, spark plug, oil changes, proper fueling procedures and other routine maintenance tasks.  Refer to operations manuals or your ship’s adult leaders for correct procedures and guidance.
Lesson Plan.  Because of the wide variety of vessel motors, inboard and outboard, any lesson plan is very generic.  Try to use each opportunity to work on your vessel(s) engine(s) as a learning opportunity.  If you have a manual for the motor, show it and use it.  If you do not, search for it, then buy or download it.

There are both oil and fuel filters that need to be changed, particularly the fuel filters for diesel engines.  It may be possible to clean and/or gap a spark plug instead of replacing it.  See the level 2 lesson plan for fueling.  

2. Engines:
i)  Understand the safe and proper procedures for the use of gasoline and diesel inboard engines, including fueling, pre-start checks, ventilation, starting, running, periodic checks while running, securing, postoperative checks, and keeping an engine log.

ii)  Using the type of engine aboard the vessel you most frequently use, demonstrate your understanding of basic troubleshooting and the preventive maintenance schedule recommended by the manufacturer.
References: SSM p. 82-83.
Equipment Required:   The ship's most commonly used motor.
Ratio:  1:2

Lesson Plan:

For Part i), the subject is inboard engines.  For fueling, read and follow page 82-83 for both gasoline and diesel.  Do the sniff check.  Do the mandatory powered ventilation for gasoline powered boats.  Follow the starting checklist, including opening the water valve.  Listen for anything unusual in the starting sequence, and insure the motor settles down into a smooth idle.  Check the water cooling system is pumping.  


Once the engine is running, pay attention to how it sounds.  If it doesn't sound right, investigate and turn it off if needed.  Check the engine instruments regularly (we know they put them in inconvenient places, check anyhow).  You should have positive oil pressure (usually 40-80 PSI), and positive generator/alternator current.  The temperature gauge should be under 200°F.  


When it is time to shut down, again follow the checklist.  Most people believe it is better to close the raw water valve about 10 seconds before shutting down the engine, thus purging the engine manifold of water before shutting down.  Record your engine operating time so you can change the oil at the right interval.


When shutting an engine down for lunch or sailing, it may not be necessary to do certain tasks, such as closing the raw water valve.  Determine what those are, you may want to annotate them in your checklist.


For Part ii), the subject is the most frequently used engine, which may be an outboard.  If you do not have the preventive maintenance schedule, contact the manufacturer and get one, then follow it.  Properly cared for engines last a lot longer, and Sea Scouts need that.  Change the oil as indicated.  Perform the other preventive maintenance.  


Inboard troubleshooting – engine won't start – won't turn over:  battery dead? Battery cables corroded?  Disconnected?  Starter motor relay failed?  Ignition switch failure?



Turns over weakly – battery weak?  Cables corroded?



Turns over fine, won't start – defective fuel pump?  Fuel filter(s) clogged?  Spark plugs?  Diesel injectors clogged?



Runs, then stops – check fuel level?  Boat heeling or pitching?  Needs fuel?



Runs rough – electrical harness tight?  Spark plugs cleaned and gapped?  Carburetor dirty?



Overheating – temperature above about 190° - Faulty thermostat?  Water pump failing?  Water hose leaking?


Inboard engine preventive maintenance – determine the intervals for each of the items listed below, and keep track of engine hours or time since the last change.



Engine oil change



Transmission oil change



Fuel filter change



Spark plugs – gas engines



Diesel injectors


Outboard troubleshooting – starting difficulty – check: fuel tank full, primer bulb pumped hard, gear shift in neutral, kill switch set, throttle positioned to start, starter rope tight and pulled hard.



Engine does not start, other – Old fuel (over 30 days), spark plugs, ignition system

Be able to identify electrical problems, spark plug or injector issues, whether fuel is getting to the engine, etc.



Overheating – check water coming out of motor, check water intake clear, check water pump impeller



Excessive vibration – check propeller attached tightly, check isolation mounts – tighten or replace 



Propeller not turning properly – check prop or shaft for debris, check shear pin OK



Engine won't stay running – check:  Fuel system, fuel filter, carburetor, air filter, throttle friction



Make sure using correct fuel – gas/oil mix for two-cycle, straight gas for 4-cycle (check oil level)


Outboard engine preventive maintenance – engine oil ratio (2-stroke), engine oil change interval (4-stroke), oil filter change (4-stroke), transmission oil change, air filter change, spark plug change

3. Engines:
i) Explain the principal features of steam turbine, turboelectric, direct reversing diesel, diesel-electric, gas turbine, nuclear, gasoline, and diesel engines and the relative advantages of each type.

ii) Explain the operation of spark ignition and compression ignition for internal combustion engines used aboard small vessels.

iii) Demonstrate your familiarity with the engine aboard the vessel used by your ship, including its principles of operation, fuel, lubrication, cooling and electrical systems, and their component parts.

iv) Demonstrate your ability to locate and correct minor engine troubles according to the engine manufacturer’s troubleshooting guide.
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Requirement i) should be explained in the Engines download available at the seascout.org website, but at this writing it is not available.  The 10th edition, 2002, has a good explanation.  


The discussion is more logical if it is organized into reciprocating engines, turbines, electric drives, and nuclear propulsion.


Reciprocating engines cover gasoline and diesel engines, including 4-stroke and 2-stroke gasoline and 4-stroke diesel.  Cover the intake, compression, power, and exhaust strokes of a 4-stroke engine.  Then show how those are combined in the 2-stroke gasoline engine.  Both gasoline engines require a spark plug.  The 4-stroke diesel cycle is the same, but the power stroke comes from injection of the fuel, no spark plug.


Direct reversing diesel engines are quite old, and not in favor today.  They have to be stopped to change direction, meaning no need for a transmission, but changes to the engine itself are required.  The major disadvantage is that they may not restart going in the opposite direction at a critical time.


I have often mentioned that Watt's original steam engine was a reciprocating engine.


The next major advance in propulsion is the steam turbine.  About 120 years ago an experimental vessel named “Turbina” was built with turbine power, able to go 32 knots, far faster than any other vessel.  Straight steam turbines required gear boxes to gear down and reverse the high speed turbine thrust.  No straight steam turbine ships are in service today.


Turbines, however, had been identified as wonderful electric generating devices.  Turboelectric drive married a turbine driving a generator with an electric motor driving the propeller.  Electric motors did not require gearboxes, and were instantly responsive to needed thrust changes.  Both turbine electric generation and electric motors took up much less space and weight.


Diesel motors driving generators led to the diesel-electric drive, with space and weight savings.


Initially, we had steam turbines generating electricity.  That gave way to gas turbine /generator combinations, burning gasoline, diesel, and bunker fuel.  That is one of the most common arrangements today. 


Finally, the military has found significant advantages in installing nuclear engines in submarines and aircraft carriers.  They have an unlimited range, submarines do not need to surface for as long as 90 days, and they are extraordinarily quiet, a significant military advantage.  The nuclear power plant heats the water with nuclear energy, runs a steam turbine that produces electricity, and uses an electric motor to produce the thrust with the propellers. 


Advantages / disadvantages are:



Gasoline – OK for small boats, especially outboards, a more dangerous fuel, requires a transmission



Diesel – safe, fuel efficient, less dangerous fuel, requires a transmission



Direct reversing diesel – requires no transmission, engine more complex, may not restart



Diesel-electric – high efficiency, no transmission, better propeller efficiency, high reliability, more payload (smaller equipment)



Gas turbine – highly reliable, light weight, very responsive, significantly more expensive to run



Nuclear – great for subs, no emissions, very expensive, not suitable for commercial ships

Requirement ii) – comparing a 4-stroke engines, gasoline is usually lighter, can turn faster, fuel is less expensive, but you burn more of it, engine maintenance is usually less expensive


Diesels are usually heavier, have better torque, fuel cost per mile is usually less, engines can handle continuous use, but more expensive to repair.


Spark ignition uses gasoline and some other fuels (LNG, etc.), has moderate compression of 5:1 > 8:1.  Spark sets off explosion in cylinder, spark plug is key, needs electricity, and right spark gap.


Compression ignition uses diesel, has high compression 16:1 > 24:1, fuel is injected into very hot gas mixture, explodes.  No spark plug, very reliable, injectors do need occasional maintenance.


Requirement iii) relates to the specific vessel that is used by the candidate's ship.  The information following is built around a nominal 30' Diesel sloop.  These principles should apply to many vessels, but details will be different for nearly every vessel.


Most have 4-cycle Diesel as described above.  Diesel fuel is heavier and less volatile than gas.  There is a transmission connecting the motor and prop shaft, with forward and reverse gears.  The prop has fixed pitch blades.


Engine lubrication requires Diesel engine oil, code begins with C (such as CC, and newer ones require as high as CJ).  Usually SAE 30, but may vary.  Check the oil dipstick every trip, it should be between two marks.  Add oil if needed at the oil cap on top.  Change at the manufacturer's specified interval.


Diesel and gasoline engines need to be cooled.  Car engines are closed cycle, cooling with the radiator.  Boat engines can be closed or open cycle.  Open cycle uses raw water from lake or ocean directly.  Closed cycle will use raw water in a heat exchanger, somewhat similar to a car's radiator.  Both require a water pump, which will require occasional change.  It is important to check that water is coming out of the raw water exit to confirm water pump operations.


There are two electrical systems, 110V and 12V on most boats.  110V comes from the dock box.  It is AC, 30A or 50A circuits, with different connectors. Heavy cables run to the boat connector, with AC circuit breakers.  Runs lights, microwave, toaster, TV, air conditioner, etc.  12V DC comes from 2-4 batteries in parallel, charged by the engine generator.  Controlled by the master switch (OFF – 1 – BOTH – 2), and circuit breakers for each system.  DC powers the navigation lights, other cabin lights, engine starter motor, ignition system (if required), fuel pump, bilge pumps, instruments, radio, depth sounder, GPS/chartplotter, inverter, etc.


Requirement iv) also relates to troubleshooting for the candidate's ship's vessel.  Some engine manufacturer’s do not have much troubleshooting in their guide.  Troubleshooting guides for gasoline and diesel engines can be found on the internet.
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