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HYDRAULICS

· The most common type of reservoir used in the Coast Guard is the Vented Reservoir referred to as a non-pressurized reservoir
· Fluid in the reservoir should be maintained above 110 degrees

· Pressure is created whenever the flow of fluid is resisted.
· Bypass check valves are installed to insure uninterrupted flow of fluid.
· Contamination causes 80% of all hyd. System Failures
· Suction lines usually terminate 2 inches above the bottom of the reservoir to prevent air from entering the system
· Reservoirs are usually mounted 2 to 6 inches above the deck.
· Non-positive Displacement Pumps are NOT used in Hyd. Systems.
· An Inner Tube is a synthetic rubber layer that is oil-resistant.
· Extra-High Pressure Hoses are used when pressure is up to 5000 psi.
· Shelf-life for a synthetic hose is not to exceed 10 yrs.

· In a hydraulic system a Baffle Plate prevents fluid from immediately being drawn back into the system.

· The Breather Assembly ensures atmospheric pressure is maintained in the reservoir.
· The MOST frequently used hyd. Fluid in the Coast Guard is Navy Hydraulic Oil in Series 2 and 8.
· 12oo psi is the MAX pressure of a Medium- Pressure Flexible Hose.
·  If Hydraulic fluid is COLD it will have Greater VISCOSITY and be too Thick.
· It can cause: 
· -Cavitation of the Pump.
· - High resistance to Flow.
·  - Greater tendency for air to remain in the Fluid.
· If hydraulic Fluid is to HOT it will have LOW Viscosity and be to Thin. 

· It can Cause:

· -Decrease in pump efficiency.

· -Increased internal Leakage.
· -Loss of lubrication between Moving Parts that will cause excessive wear and     possible seizure under heavy loads

· Suction Hoses must be selected to ensure the hose will withstand the VACCUM and PRESSURE of the system.
· An Accumulator is a component that absorbs hydraulic shock and stores fluid under system pressure as an auxiliary energy source.
· Springs, weights, or Compressed gas are used to maintain Pressure.
· Gas-charged Accumulators – are the most common in the coast guard.
· When the pipe diameter increases, there is a decrease in Velocity and a increase in pressure
· When the pipe diameter decreases pressure in the small pipe decreases and the velocity increases.
· Laminar Flow – this is the most desirable type of flow, has minimal friction, low velocity and occurs in straight piping.
· Turbulant Flow – Fluid particles do not move smoothly parallel to the flow direction, reduced cross- section of pipe size, or fluid velocity that is too high.
· Dynamic Seal is primarily used to prevent fluid leakage between a stationary and a non-stationary part.

· Pressure is created whenever the flow of fluid is resisted.
· An Accumulator is a component that absorbs hydraulic shock and stores fluid under pressure as an auxiliary energy source.
· Kinetic Energy is energy in motion (a Moving Actuator.)

· Potential energy is stored energy. 

· Changes in velocity and pressure when pipe diameter changes, as long as there is constant flow rate, describes Bernoulli’s principle.
Electrical
· A capacitor also known as a condenser is a device that stores energy in an electric field.

· The simplest of all diagrams is the Pictorial.

· The Multimeter  type of Ammeter must be wired in series with the loads in order to monitor current
· An alternative to the lead-Acid Battery, which is more commonly used today, is the Gel-Cell battery. 
· An atom with an Equal number of electrons and protons is said to be electrically Neutral.
· A Resistor is used to control the amount of current flowing in a circuit.

· An Isometric Diagram will assist you in locating a component within a system.

· A Ohmmeter measures resistance

· An Ammeter measures amperage.

· A Closed Circuit is considered an energized circuit, and has a complete path of current flow.
· The most common form of insulator used for terminals is Heat Shrinkable Tubing.
· Heat shrinkable tubing shrinks to one half of its original Diameter when heated.
· A Block diagram shows the major components of a system and interconnections of these components and often is used with accompanying text.
· An Actuator is a device that usually moves or controls equipment to give a change in position or direction.

· Increasing the current flowing through the wire causes voltage to be produced by the magnetic field, which opposes the charge in current, This is known as Inductance.
· In a simple circuit, the function of the load is to provide Resistance.
· Fatalities have occurred from circuits with voltage as low as 30.
· DO NOT operates a battery above 125deg F.
· The Polarity of a battery can be determined by measuring between the terminals with a Voltmeter
· A rectifier uses a series of Diodes to change AC electricity into DC electricity 
· A Diode is like a one-way check valve for Electron flow.
· A Series Motor can be hooked up to AC or DC voltage.

· Power is measured in Watts.
· The unit of measurement for resistance is OHMS it is represented by the letter R

· Two 12 Volt 200 amp batteries that are connected in parallel  will result in having 12 volts 400 amps
· Rubber tape is a splicing compound used when the original insulation is Rubber.

· Conductors are materials that permit many electrons to move freely.
· Insulators are materials that allow only a few electrons to move freely.
· Wires that are connected are usually Depicted on a diagram with a DOT
· An atom with an equal number of electrons and protons is said to be Electrically Neutral.

· Power is the rate at which work is done. 
· Power is represented bye the symbol P

· The Parallel Circuit is a circuit that has more than one path of flow for the electrical current.
· Farad – the standard unit of measure for capacitance. It has a unit abbreviation of “F”
· Flux- invisible magnetic lines of force.
· Resistance measurements are useful in locating defective circuits and components during corrective maint.
· The number of cycles per second made by voltage induction in the armature is the Frequency of the generator.

    OUTBOARDS
· Two-Stroke engines use Reed Valves and open and close by pressure difference.

· On the down stroke the piston moves toward the crankcase, This movement pressurizes the Air/Fuel Mixture in the Crank Case.
· To supply cooling water through the engine, a pump housing a Rubber Impeller is used..
· The major advantage of the fuel injection system are that the amount of fuel can be more precisely controlled
· Never use Wing-nuts to fasten Battery cables: Always use lock washers and Hex-Nuts.
· The Drive-shaft is splined to the crank-shaft in the Power head and turns at engine speed.
· In order to harness enough electricity that will provide a good spark until a cylinder is ready to fire, the electricity must be stored or collected in a device called a Capacitor.
· The two types of Compression testers are Threaded and Hand-held.
· Avoid accidental starting of the engine while servicing by twisting and removing all spark plug leads
· Metal rings on the piston create a seal between the piston and cylinder wall.
· Outboard Fuel filters are the spin on type
· The Battery supplies the needed voltage to turn the starter motor.
· An in-line fuse protects the low amperage part of the starting system from damage due to faulty wiring or operator error.

· The starter solenoid is a remotely operated, semiautomatic, switch used to relay power from the battery to the starter motor.

·  The low-voltage side of the ignition system is called the primary circuit.
· Ammeter- This meter is used to accurately measure Amperage. The ammeter is inserted into a circuit within a series, causing all of the electrons flow/current to pass through the meter.

· The outboard service manual will contain.

· 1. engine specs

· 2. torque specs

· 3. safety precautions

· 4. servicing procedures

· 5. troubleshooting procedures

· 6. drawings and schematics
· The exhaust port is machined in the cylinder wall of a 2 stroke engine; Piston movement open and closes the port.
· When using shop air to clean or dry parts, ensure psi doesn’t exceed 25psi
· A primer is used to provide a richer fuel mixture for starting a cold engine.
· On a 4-stroke engine, you should NOT adjust the Spark Plug Electrode Gap
· The Model/Product Number is used to determine which serviced manual is required for the outboard engine.
· The drive-shaft has a gear called the Pinion pressed onto the bottom end that is in constant mesh with the forward and reverse gear and each turns in opposite directions anytime the engine is rotated.
· The pinion gear turns both the forward and reverse gears constantly but the forward/reverse gears Do Not directly move the prop, That is the purpose of the Clutch-Dog Shifter.
· The average built in fuel tank will hold 18-50 gallons 

· A portable fuel tank will hold 6 gallons.

· When doing PMS on an outboard always refer to the manufacturer’s technical manual.
· When doing a compression test on an outboard, pressure gauge readings between cylinders shouldn’t vary by more than 15psi, if they do notify supervisor and investigate possible causes.
· Never- over tighten spark plugs, Never coat threads with any substance.

· Always use a belt-tension gauge to check the alternator belt, DO NOT use your thumb.

· Never paint the zincs on an outboard or they won’t be effective.

· Spark plug replacement should be done when the engine reaches its first 100Hrs.
· Manufacturers recommend that you should replace the water pump al least annually or more often if a casualty occurs on an outboard.
· The Ignition Coil uses electromagnetic induction to raise voltage.
· An (EUI) Electronic Unit Injector  is a lightweight compact unit that injects diesel fuel into the combustion chamber.

· A Electronic Control Module Controls the EUI, The ECM sends a command pulse that activates the injector solenoid.

· Wearer Rings are collar type rings that protect the Impeller and Housing from wear.
· An Idler Gear is placed  between 2 other gears to transfer motion from 1 gear to the other without charging their directions
AC&R
· Condensation- Heat removed from a vapor to change it to a liquid without a change in temp.

· Never fill a cylinder over 80% full there must be room in the cylinder to allow the refrigerant to expand.
· Expansion takes place at the Metering Device that allows high-pressure, high-temp liquid
· Capillary tube is a pre determined length of copper tubing used to maintain consistent refrigerant flow.

· Refillable Non-shattering Cylinders are usually painted Orange.
· Sensible Heat- is measurable heat that causes a change in temperature without a change in the state of matter and can be detected by touch and thermometer.

· Latent Heat- is hidden heat.

· Refrigerants are categorized based on two characteristics.
· Their chemical makeup

· The amount of damage they will inflict on the earth’s ozone layer if released into the atmosphere.
· Never allow liquid refrigerant to contact the skin, or frostbite may occur.
· The Condenser and Evaporator are the only two components where there is direct pressure temperature relationship.
· A Metering Device controls the amount of refrigerant entering the evaporator coil.
· Disposable Filters are the most commonly used filter on shore bases and many ships.

· A Total Test Kit detects moisture and acids in one test. The unit is connected to the compressor at the suction or discharge service valve.
· Refillable non shattering:

· Used by military and commercial technicians.

· Normally painted orange in colure. Stenciled with the refrigerant they contain on each side.
· Do Not store cylinders where temp is expected to exceed 125Degrees.
· Compressors are classified according to there principle of operation 

· Scroll 

· Centrifugal

· Reciprocating

· rotary

Pumps
· Most Centrifugal Pumps use Mechanical Seals.
· Which part of the pump transmits centrifugal force to the fluid spinning at a high number of RPM’s? Impeller
· Excessive discharge pressure: Check Pump Valve Alignment.

· If dowel pin locations are not specified in technical manual, they should be installed in the front feet ( feet closest to the coupling) of each unit.

· When aligning a pump, exercise extreme care, in consideration for thermal growth.
· For Horizontal pump unit alignment, rim and face method can be performed.
· For Vertical pump unit  alignment, it is necessary to use both rim and face readings (Not Simultaneously)
· The Main Purpose of a strainer is to remove larger particles of contamination within a fluid system.
· A Motor driven pump is required to run for 4 hours before a Hot alignment check can be done.
· 2 types of Pump-casing for centrifugal pumps are the Volute and Diffuser.
· Centrifugal Pumps are either 1 Stage or 2 Stage.

· A single Stage has only one Impeller, A 2- Stage uses 2 or More Impellers.
· There are 3 types of positive displacement pumps- Gear, Vane, and Piston
· On coupled pumps- use the indicator reverse method of alignment to reduce excessive forces on bearings, seals, shafts, and couplings.

· Mechanical seals are used to prevent air or fluid from entering or exiting the pump housing. They are installed on the shaft behind the impeller

· A Diffuser type of pump-casing is more efficient and expensive
    PRIME MOVERS
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HYDRAULIC PUMPS
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Valves
· If you remove a valve from a system ensure valve is marked for.

· 1. direction of flow

· 2. valve position

· 3. flange alignment

· 4. relief valve discharge direction

· Brass and Bronze Valves are not to be used when temps exceed 550 deg F
· Globe valve has 3 different functions
· When spotting in a valve you use a thin coat of Prussian Blue
· When Grinding in a valve first apply a thin coat of grinding Compound
· A Non-Rising valve takes up less space and is less likely to leak.
· Gate valves are Not used for Throttling
· A Spring Check Valve can be mounted in either the Horizontal or Vertical Position.
· Never Paint valves stems
· Never Tighten or loosen packing Gland or Flange Nuts on an operating system

· If a valve is hard to open or close: the valve should be removed and disassembled for inspection

· When packing valves; use the correct type and size of packing and Do Not use too many rings of packing or over tighten the packing.

· Sewage valves are painted Gold

· The Globe valve is the most common type of stop valve found on board Coast Guard Cutters and small boats
Advantages and disadvantages of each of the configurations are as follows: 

	Advantages 
	Disadvantages 

	NON-RISING 
	Less likely to leak. 

Takes up less space. 
	Cannot tell by looking at it whether it is open or closed. 

	RISING 
	Easy to tell whether it is open or closed. 
	Because the stem moves up and down, the chance of a packing leak is greater. 

Requires more space to operate. 

	OUTSIDE SCREW AND YOKE 
	At a glance, watch stander or operator can determine if the valve is open or closed. 
	Because the stem moves up and down, the chances of a packing leak is greater. 

Requires more space to operate. 


	Type of Fluid/System 
	Color of Valve Handwheel and Operating Lever 

	Steam 
	White 

	Potable Water 
	Dark Blue 

	Nitrogen 
	Light Gray 

	High Pressure (HP) Air 
	Dark Gray 

	Low Pressure (LP) 
	Tan 

	Oxygen 
	Light Green 

	Salt Water 
	Dark Green 

	JP-5 
	Purple 

	Fuel Oil 
	Yellow 

	Lube Oil 
	Stripped Yellow/Black 

	Fire Plugs 
	Red 

	Foam Discharge 
	Stripped Red/Green 

	Gasoline 
	Yellow 

	Feed Water 
	Light Blue 

	Hydraulic 
	Orange 

	Hydrogen 
	Chartreuse 

	Helium 
	Buff 

	Helium/Oxygen 
	Striped Buff/Green 

	Sewage 
	Gold 


Gauges and Thermostats
· If the source pressure is greater than the atmospheric pressure the liquid will be driven down in the leg connected to the source pressure and up to the atmosphere

· If the pressure is below atmospheric pressure (Vacuum) the liquid will be driven down the leg open to the atmosphere and up the leg connected to the source pressure.

· Bourdon tube Gauges can be used to measure both pressure and Vacuum
·  Thermo wells- are used to provide isolation between a temp sensor and the environment, liquid, gas, or slurry
· It is important that you select a gauge that has a pressure range, temperature range, and material construction that is a compatible with the system you intend to install it in.

· Aditionaly when selecting a pressure gauge, you will need to ensure the gauge meets the following criteria.
· It has a range in which the anticipated maximum normal working pressure is about 66% of maximum scale reading.

· Its system normal working pressure is in the middle third of the scale range(33-66%)

· The relief valve setting for the system is less than the maximum scale reading.

Propulsion Shafting Seals
· The stern tube shaft seal assembly incorporates an inflatable seal to provide emergency sealing of the shaft to allow for inspection, maintenance, or repair to the seal while the ship is underway 
· Stuffing boxes are used to lubricate and cool various types of rotating shafts

· When using 4 or more packing rings, the ends should be staggered 90 degrees apart to reduce leakage.
· The proper leakage rate for the Stuffing Box while underway is 7 to 10 drops per minute
· The MX9 stern tube seal should be inspected every 8hrs while underway
· Mechanical face seals are widely used in the coast guard because of their ability to minimize leakage fort the main propulsion shafting.
· The most common type of packing material are: Braided Flax (Most commonly used for higher speeds and softest type), Teflon (most slippery, longest life and used for higher temps), and Semimetalic (hardest for slower speeds)
Main Diesel Engines
· Two Stroke Engines require only one rotation of the crankshaft to complete a cycle.
· The exhaust Manifold is used on Multi-Cylinder Engines to receive, collect, and direct exhaust gases away from the engine.
· The Ross Shell and Tube Heat Exchanger consist primarily of a bundle of tubes encased in a shell
· Units that submit samples for lab analysis will take samples every 250 hrs or Quarterly
· When using Micrometers back the spindle away from the Anvil before stowing

· 5% Viscosity loss allowed

· Diesel engines require a speed limiter commonly called a Governor

· Two types of Silencers commonly used in the Coast Guard are:
· DRY

· Viscous

· A Blower is also known as a Supercharger which is a positive displacement pump that is used to supply e engine with a large volume of low-pressure air.
· A common type of Blower found on Coast Guard engines is the Roots-type blower
· The most important characteristic of Lube-Oil is its Viscosity
· The 4 types of lube oil filtering systems are : 

· 1. shunt system

· 2. bypass system

· 3. sump system

· 4 full flow

· Full Flow system is the Most common type of lube oil filtering system in the Coast Guard

· There are two types of Conn Rods:

· 1. Conventional

· 2. Fork
· Only one type of piston ring will be used on an engine – DO NOT mix rings of different construction

·  Most diesel engine pistons have several rings (2 to 5) with each piston ring performing a distinct function--- the top ring acts primarily as the pressure seal and is known as the compression ring—the intermediate ring or rings act as wiper ring(s) and remove and control the amount of oil film on the cylinder walls.—the bottom ring is an oiler ring and ensures that a supply of lube-oil is evenly deposited on the cylinder walls. This ring is also called the oil control ring.
· Valve-OVERLAP is the time frame when both intake and exhaust valves are open

· Valve-LASH is the term given to the "slop" or "give" in the valve train before the cam actually starts to open the valve.

· the basic symbol for a control component is a square
· 2 types of filters and SURFACE and DEPTH
· Depth Filters trap contamination on multiple layers

· the HARRISON PLATE type heat exchanger is used for OIL ONLY

· The Skirt of the Piston takes the Side Force. 

· The Crown is the Top of the Piston
· The Vibration Dampener us a device connected to the crankshaft to lesson the tensional vibration (twisting and untwisting)
· There are two types of Bearings: Friction and anti-friction
Admin

· Laminate red tags are used for designated PMS
· Removed tags shall be destroyed after they have been delivered to the authorizing officer
· The second component in the PMS indicates the frequency with which the procedure is to be performed
· The ships work breakdown structure (SWBS) groups similar Naval Eng. Equipment into categories and assigns a three digit code between 001 and 999

· In the areas of conflict between the NEM and NSTM, the NEM shall take presidency.

· The Charicteristics data response screen shows a technical description of the item.
· The CO is ultimately responsible for the safety of all maintenance, personnel and for protection of the cutter’s equipment.

· Two-Tag out logs are required to be maintained on A WHEC, WMEC, or WAGB, one for the Operations depart and one for the Engineering Department. All other cutters require a single Tag-Out Log.
·    Labels  ( out of calibration –Out of commission) are maintained in the Instrument Log
· Danger and Caution Tags shall be removed immediately when the situation requiring the tag-out has been corrected.
· The three components of the MPC serial number are System, Frequency, and Index ID.
· In areas of conflict between the NEM, and NSTM, the NEM shall take precedence.
· CMPlus : List all permanent supply and maintenance information for any particular unit.
· FEDLOG: Contains Management, Part number, Supplier, Freight and characteristics data for items in the federal stock sytem.
· MICA Manual contains detailed supply and technical information an every piece of equipment attached to a specific unit.

AUX/Random
· The files you would use for Cast-Iron are:

· 1. Bastard Cut

· 2. Second Cut
· In the startup procedure, if the compressor stops due to low-pressure switch you should crack open the compressor suction stop valve
· Every MPC is assigned a serial number that is made up of three components:
· First component  indicates the system that the item belongs to:
· M- Main propulsion/ Machinery
· A- Auxiliary
· E- Electrical
· R- Damage Control
· Second Component indicates the Frequency with wich the procedure is to be performed.
· H- hourly             Q- Quarterly
· D- Daily                 S- Semiannually
· W- Weekly              A- Annually
· M- Monthly              C- Conditionally
· Third Component indicates the numerical indexing identification number used to identify the MPC within the MPC master data base.
Piping and tubing
· Cork has good compressibility ; it can be cut into almost any shape, Temp range is up to 270 degrees
· Type M copper tubing is used with soldering fittings only
· The purpose for flange shield is to prevent fires resulting from leaking fluids and to ensure safety
· Due to its strength and high corrosion resistant quality, Copper Nickel is used.
· Copper tubing is primarily used on low-pressure applications
· Overall there are three types of copper tubing that you will be using:
· 1. Type K is primarily used for general purpose plumbing and underground services.
· 2. Type L is solely used in general plumbing environment.
· 3. Type M is used with soldering fittings only
·  Sealing materials can fall into one of two of the following categories: 
• STATIC SEAL – Seals between two stationary or nonmoving parts. 
This type of seal is frequently referred to as a GASKET. 

• DYNAMIC SEAL – Seals between two parts where one or both parts  

 Move. This type of seal is frequently referred to as PACKING
· FLUX is the primary material used to overcome problems caused by oxidation
· NON RISING VALVES ARE LESS LIKELY TO LEAK
· OUTSIDE SCREW AND YOKE REQURES MORE SPACE TO OPERATE

·  Incases where the joints are butted against machinery, tightly secure the shield to the flange by fitting a metal band or hose clamp arrangement around the shield over the perimeter of the flange joint.













