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Chapter 3 Engine  

Overview 
A diesel engine is technically known as a ‘compression ignition’ engine. The four cycles 
on a 4-cycle diesel engine are often described as suck, squeeze, bang, and blow.  

·  When the engine turns over, it pulls air into the cylinders through open air intake 
valves (suck).  

·  The air is compressed when the pistons push up on it (squeeze). 

·  This compression causes the air to heat up (this is the ‘Universal Gas Law’ that 
you dozed through in high school physics class). At the appropriate time, the fuel 
injector squirts fuel under high pressure into the cylinder, which then explodes on 
contact with the hot air (bang). 

·  The pistons are pushed back down causing the engine to rotate. After the 
explosion, the exhaust gasses are expelled from the cylinder through open exhaust 
valves (blow). 

·  The piston then pulls down to draw in more air for the next cycle (suck).   

As long as a diesel engine continues to have sufficient fuel and air  and stays cool and 
lubricated, it should continue to run pretty much forever. 

The sections in this chapter describe the process and components required to start and 
stop the engine as well as the systems that provide the much needed fuel, air, lubrication, 
and cooling to the engine.   

Manufacturer 
The engine in American Tug boats is a four cycle diesel engine – either a Cummins or a 
Volvo.  Our boat, manufactured in 2003, has a Cummins B series 330 HP engine of 5.9 
liters displacement, known as a model B 5.9M. Newer boats (after 2004) have 
electronically-controlled engines to meet the EPA ‘Tier 2’ diesel emission regulations, 
either a Cummins QSB or a Volvo.   

����� AT41s have either a Cummins QSC or a Volvo diesel. 

For general information on Cummins engines, you can access the corporate website at 
http://www.cummins.com/. 

A much better alternative is https://quickserve.cummins.com/info/index.html. 

I think that this second website is the one the Cummins dealers have used for a while, for 
looking up part numbers and technical information. Cummins has now made this site 
available with limited access to engine owners as well. 

You have to sign-up to use the site. You'll need your engine serial number when you do. 
There's a choice of either the 'free basic' or '$50-preferred' levels. I tried the free one first 
(hey, I'm an ex-sailor and we're all cheap.....). The free service allows you to register one 
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engine number only (probably not a limitation for a Tug...). You can access the Owner’s 
Manual and parts listings as well as a rather cool history of your engine. 

I recently coughed-up the $50 for the preferred level. This allows you to register up to 5 
engine numbers, and gives access to Service Bulletins, Operation Manuals, Service 
Manuals, and Special Tool information. (The available manuals vary by engine number 
and type, so other Cummins models may have more or less information available.) 

It’s a great resource.  I think the free version has most of what I needed, and the price was 
right. I recommend every Cummins owner give it a try. When you enter your engine 
number (for validation) it will tell you what information is available on the website for 
your engine. 

Gauges and Alarms 
The non-electronic engines have analog gauges, consisting of a tachometer (which runs 
from a sensor on the flywheel), as well as oil pressure, voltage and coolant temperature 
gauges. There is a blank spot for an additional two-inch round gauge, where an optional 
transmission pressure sensor would be installed. 

There are warning lights (which also sound audible alarms that can be reset) for: 
·  Low oil pressure alarm. This normally sounds when the key is turned, until the 

engine is started.  
·  High temperature alarm. 
·  Low voltage alarm. This often sounds when the key is turned, as the pre-heater 

circuits draw a lot of power from the battery which causes the voltage to drop. It 
should go out when the pre-heater cycles off and the voltage level returns. 

·  Water-in-fuel alarm.  This is not normally connected, and requires a sensor probe 
in the Racor filter. See the ‘Primary Racor Fuel Filters’ section in this chapter. 

 QSB only 

The QSB engines have the Cummins Smartcraft digital panel. Charles Pope (AT34-070 
“Oops”) provided this information about his Cummins QSB5.9-380 engine:  

“I have been impressed with our Cummins QSB5.9-380 engine. It starts within the 
first revolution with absolutely no smoke, white or black. The fuel consumption 
changes as the engine warms. The engine is controlled and monitored electronically 
with an electronic screen giving a complete array of information including fuel 
consumption.  It’s fantastic!! There are a few drawbacks, however, that create some 
problems for the back yard mechanic. 
·  An alarm will come on if any sensor detects a problem, which is a good thing. But 

it makes the old heart skip a beat! 
·  Some alarm notifications can only be reset by a Cummins technician, which we 

have not experienced. 
·  The alarm buzzer can not be silenced until corrected. 
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Starting the Engine 
We use the following checklist whenever we start our B series engine: 

·  Daily checks done and logged (see the chapter on Daily Checks) 
·  Intake thru-hull open 
·  Engine Start Battery On 
·  Gear Shift in Neutral 
·  Throttle all the way down 
·  Turn Ignition Key for preheat 

o Press ‘Alarm Reset’ to silence low oil-pressure alarm 
o Watch Voltmeter as air intake pre-heater operates  
o When voltage jumps up from less than 11 volts to greater than 12 volts 

(after approx. 5 –15 sec) indicating that the pre-heater has cycled off 
�  press Starter  

·  When Engine starts: 
o check outlet water flow (stern starboard side) 
o check oil pressure gauge (should be > 30 lbs) 
o ALL alarm lights should go out 
o Increase RPM to 600-700 to smooth out engine 

�  Note: Warm Idle = 500 RPM, Charging Idle >= 900 RPM 
·  Warm-up engine several minutes before heavy load 
·  Monitor gauges 

o Oil should be about 50 lbs 
o Temp should be 180-200 
o Volts should be 12-14 

Pre-heater  
A pre-heater is installed on older non-electronic engines. See later for the QSB Electronic 
engine. When you turn the engine start key you turn on one or two electric heater 
elements in the intake of the engine. These heat-up the incoming air giving the ignition 
process a leg-up to more easily start the engine.  

Cummins use this method rather than glow plugs because the pre-heater continues to run 
AFTER the engine has been started. This helps to reduce the white exhaust smoke that is 
a normal byproduct from a cold diesel engine. 

There is an Electronic Control Unit (ECU) on the starboard side of the engine that 
controls two relays (called ‘magnetic switches’ by Cummins) which are located 
underneath the ECU. These two relays supply +12V power via heavy cables to two 
heating elements on the port side in the intake manifold, above the aftercooler. Each 
heating element draws around 100Amps and cycles on/off for the first 20 minutes after a 
cold start as long as the engine is under 950 RPM and the coolant temp is less than160F 
(these numbers might vary by engine model/years). 
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We installed a manual switch to interrupt power to the 3A fuse (behind the injector 
pump) that powers the ECU.  This means we can turn-off the pre-heater manually after 
startup. 

Turning off the pre-heater reduces the load on the alternator and drive belt, and therefore 
helps to charge the batteries faster. If it’s a really cold day, we tend to leave the pre-
heater on after we’ve started to help warm up the engine, especially if we’ve been at 
anchor and have not had our engine block heater plugged in overnight.  

 

 
Don’t EVER use Starting Fluid. This stuff is basically ether, and when it hits those hot 
pre-heater elements, things will get pretty exciting in the engine room…..  
It tends to wash oil off the cylinder walls - and its just covering-up some basic engine 
problem that needs to be fixed anyway...   

 

  
 
 
Check the connections on the 2 magnetic 
switches under the ECU periodically. They 
tend to loosen, and the resulting bad 
connection melts the magnetic switch. I’ve 
seen this on three boats now – including 
mine.  
 
There is a spare in the Cummins ‘Cruise 
Parts Kit’. 
 

 

 

 QSB only 
The electronically-controlled engines use a different starting method. You hold the key in 
the start position until the buzzing stops, indicating that the fuel pump has pressurized the 
system. Then turn the key further to start the engine. There is no pre-heater – the engine 
computer adjusts the fuel mixture precisely. 

Starter motor  
When the intake air has heated up sufficiently for the pre-heater to kick off, you will see 
the battery voltage kick upwards on the instrument panel.  Once that has happened, you 
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can push the starter button to start the engine.  Pushing this button sends an electric 
current to a magnetic switch in the engine room which in turn closes the electric 
connection from the large electrical wires from the battery to the starter motor. The 
starter motor is a large electric motor which is designed to turn the engine over. 
 

  
The starter magnetic switch is identical to the two used in the pre-heater circuit. There is 
a spare in the Cruise Parts Kit, or in an emergency you could swap-out one from the pre-
heater circuit. The engine should still start on one pre-heater element. 

. 
Fuel Solenoid 
Pushing the start button also opens the fuel solenoid, which is the 2 inch diameter 
downward-pointing cylinder behind the injection pump on the port side. This has two 
internal windings.  The bigger higher-current one pulls the fuel supply valve open, then a 
smaller low-current draw winding keeps the valve open. 
 

  
If the fuel supply solenoid fails, no fuel will flow to the injector pump and the engine 
won’t start. You can disconnect the solenoid arm (held by a split pin), manually open the 
solenoid, and wire-tie it open. You’ll have to manually close it to stop the engine. 

To see how the solenoid works, have someone start the engine while you watch the port 
side of the engine. You’ll see the solenoid ‘snap’ upwards and open.   

 

 
We always look out of the door on startup to look for fumes and water coming out of 
exhaust on the stern starboard quarter. Above idle speed, the exhaust gases are routed 
through an underwater exit, and water does not come out in back, but bubbles up from 
underneath the starboard side of the boat near the pilot house door. 

Warming up the engine 
Opinions vary on warm-up time. Big diesels don’t get very hot without a significant load 
on them. My temperature gauge barely moves above 100F at idle (normal operating 
temperature is 175-185F).  

Because of this, I prefer to start the engine, remove the lines and go. The 3 or 4 minutes 
of idle speed leaving the marina or anchorage gets the temperature rising. Once we get 
going, I slowly increase the RPM 100 or 200 at a time. I try to wait until the temperature 
gauge is normal before using cruising RPM. 
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Stopping the Engine 
To stop a diesel engine, you need to either cut off the air or the fuel. When you turn off 
the key switch on the console in the pilothouse, it shuts off power to the fuel solenoid, 
which cuts-off the fuel flow, and the engine stops.  

This solenoid can be wired to an automatic fire-extinguisher shutdown circuit (and may 
be on some boats), but I don’t think this is standard equipment. I don’t like this 
arrangement anyway: I like to keep control of engine shutdown, just in case…  

 
It’s a really bad idea to stop the engine from sustained high RPM. The turbocharger is an 
expensive turbine that spins at many times engine speed (10,000 + RPM) and glows red-
hot at full power. Turning off the engine abruptly stops the oil flow to its bearings and the 
residual oil in there will ‘cook’ quickly. 

Always cool-down the engine slowly before turning it off. Your wallet will thank you…  

Fuel 
In the US and Canada, the fuel sold at marinas is sold for off-road use and is therefore not 
taxed as heavily as the diesel that you can purchase at gas stations for diesel cars and 
trucks.  Off road diesel is dyed red in the US whereas on-road (taxed) diesel is a straw-
yellow color.  

 
Low-sulfur diesel is appearing at fuel docks now. Cummins state that their engines are 
compatible with this, but they do not recommend Biodiesel.  

 
The fuel should be clean going into your boat.  This is usually not a problem in the US 
and Canada, but we have heard of problems in other places such as Mexico, South 
America and the Caribbean Islands.  If you are traveling outside of the US, it is 
recommended that you carry and use a pre-filter for any fuel going into your tanks.  Even 
in the US, it is possible to get contaminated fuel.  We have found the best (and 
coincidentally the cheapest) sources to be those that are frequented by commercial 
boaters and fishermen.  

Tank Vents 
Manufacturer 
Orcas Marine (now taken-over by Southco Marine in 2006): 

Southco Marine  
Customer Support Center & Show Room  
510 Haverty Ct.  
Suite J  
Rockledge, FL 32955  
USA  
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Ph# (1) 321 638 4990  
Fax# (1) 321 638 4979 
 
http://www.southcomarine.com/orcasmarine/ 
http://www.southcomarine.com/orcasmarine/Deck-Fills-and-Tank-Vents.pdf 
 
The tanks are vented to small chrome flush-mounted external vents, thru 5/8in ID hose. 
They are located on each side of the hull (up high in the white part). The same type of 
vents are used for the water and holding tanks 

Overflow Splash Stop 
Manufacturer 
Vetus Marine - in the Netherlands 

http://www.vetus.nl/it/index.php 

There is a ‘Splash Stop’ built into each filler hose just below the deck. This is a small 2 
liter (approx 3 ½ pint) container, designed to prevent spills when fueling. Any overflow 
in the filler hose goes into this container, which then drains back into the tank when the 
level goes down. 

These Splash Stops can be inspected through the screwed-in rectangular access hatches 
on the back wall under the sink (starboard side) and the small hanging locker (port side). 

Deck Fills 
Manufacturer 
Orcas Marine (now taken-over by Southco Marine): 

Southco Marine  
Customer Support Center & Show Room  
510 Haverty Ct.  
Suite J  
Rockledge, FL 32955  
USA  
Ph# (1) 321 638 4990  
Fax# (1) 321 638 4979 
 
http://www.southcomarine.com/orcasmarine/ 
http://www.southcomarine.com/orcasmarine/Deck-Fills-and-Tank-Vents.pdf 
 
The same type of fills (with the word ‘Waste’ or ‘Water’ rather than ‘Diesel’ cast into the 
top side) are used for all the deck fills. 
 
The ‘O’rings on the filler cap should be replaced every 2 or 3 years. 
McMaster sells packs of 100 for about $8: 
Part# 9452K138    BUNA-N O-RING, AS568A DASH NUMBER 133  
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We always have an inviolate rule on our boat whenever adding any fluids: 

Two people have to look at and verify that we are using the correct filler cap! 

We’ve heard way too many stories of people who either put gas in their diesel tanks 
(bad), water in their diesel tanks(also bad), or diesel in their water tanks (really bad). We 
also double check when we do a pump-out – since we heard the story of someone at a 
marina pumping out a gas tank by accident…...   

Fuel Tanks 
Manufacturer 
All the aluminum tanks (two 200 gallon fuel tanks and one 150 gallon water tank) are 
manufactured by: 

Coastline Equipment 
2235 E Bakerview Rd 
Bellingham,  WA  98226 
Telephone: (360) 734-8509.  Ask for Tom. 

 
The fuel system on the American Tug 34 is composed of two 200 gallon aluminum tanks 
for a total of 400 gallons. One tank is on the port side of the boat and one is on the 
starboard side.  
These tanks are designed to be interconnected, so that fuel is always drawn from 
and returned to both tanks while the engine is running.  
 

  
When filling the tanks, it can take 15 to 20 minutes for the levels to stabilize between the 
tanks - I think the small external vents slow-down the process. If there is any list on the 
vessel then the fuel levels will not even-out.  
It’s important to realize that this may be the result of the listing – not the cause… 

 
Fuel lines for sending fuel to the engine and generator are connected to valves located at 
the bottom of each tank. In order for the fuel to be drawn from both tanks – as designed – 
both valves must be open.   

The main engine returns fuel to both tanks, while the generator only returns fuel to the 
port tank.  Fuel return lines are connected to valves located at the top of each of the tanks.  
Again, all three of the return valves – the two on the port tank and the one on the 
starboard tank - are designed to be open at all times. 

Inspection ports 
There are two inspection ports on the top of each tank, in case the tank needs to be 
cleaned-out – this should be very infrequent. 

·  On the port side: 
o The aft inspection port is accessed through the floor of the aft salon locker.  
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o The forward inspection port is more difficult as it is under the forward 
storage compartment of the settee.  

·  On the starboard side: 
o The aft inspection port is under the floor of the aft galley cabinet – under 

the sink.  
o The forward inspection port is under the floor of the forward galley 

cabinet. 

Sight tube gauges 
All the tanks have visual level 
gauges, consisting of short (8in) 
lengths of special fuel-resistant 
‘Tygon®’ tubing. Over time they 
will eventually pick-up the red 
dye from the diesel fuel. The 
picture to the right shows our old 
‘dyed’ tubing on the top after 
about 4 years of use and new 
tubing on the bottom. 

Call Coastline or US Plastics if 
you need replacements – this is 
not the place to use some miscellaneous scrap tubing. In 2008 they charged me $3.50 for 
a pair, plus shipping. 

Donald Kull (AT 41 #008 “Over Indulgence” found this tubing at US Plastics. Their 
phone number is 419-228-2242. 

Try this link:  
http://www.usplastic.com/catalog/product.asp?catalog%5Fname=USPlastic&cate
gory%5Fname=7510&product%5Fid=7945 
It is part#57331 Tygon® Fuel and Lubricant Tubing 3/8"Idx1/2" ODx1/16" Wall. 
It is yellow in color, but fluid levels are easily visible. This is the ‘Fuel Oil 
Resistant’ version of Tygon: It's a yellow color but you can see the fuel through it 
very easy.  

I used the clear ‘Beverage Grade’ Tygon on my water tank. 

Twist to remove the old tubing after undoing the hose clamps. It helps to add a bit of 
silicon grease on the barbs when installing the new tubing.  

Coastline have an improved material available, but it won’t fit over the existing valves 
and barb fittings, and so requires replacing them. They sell the upgrade parts, but to 
install these fittings you will need to empty the fuel tanks one at a time. 

 
My neighbor, a Chevron Tanker Ship Captain, lectured me on keeping these sight gauge 
valves closed unless actually reading the levels. This is SOP on the big commercial ships, 
to prevent a disastrous loss of fuel if the tubes do leak… 
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It will slow-down the rate of dye absorption - mine lasted 4 years before needing 
replacement. 

Kurt answered the following question at a rendezvous: 
“How much capacity is left when the fuel reached the top of the sight gauge ?”. 
 The fuel tanks are 200 gallons each and are rectangular in shape.  This is approximately 
13.8 gallons per inch per tank.  (200/14.5" (height of tank) = 13.79 gallons/inch).  
The measurement is from the physical bottom of the tank.  The sight glass does not show 
fluid until a couple of inches up from the bottom. 
 
I’ve marked mine with a strip of masking tape, divided equally into approx 25 gallon 
increments. 

Fuel lines  
Fuel going to the engine or generator flows through ¾ inch lines connected to the bottom 
of each of the tanks to a ‘T’ connector located in the bilge on the port side of the boat.  
A single fuel line connects to the ‘T’ connector and leads forward to a custom-made 
Reverso manifold on the fwd tank room/aft engine room bulkhead. This extend thru the 
bulkhead into the engine room. There is a fuel line from that manifold to another located 
on the aft engine room bulkhead on the port side. On earlier boats this was a Reverso 
plastic manifold, but has been superseded with a bronze manifold. 

Fuel Manifold 
The fuel manifold has between two and four outlets depending on the equipment 
installed. One outlet feeds fuel to the engine Racor fuel filter and one goes to the 
generator Racor fuel filter. Additional outlets may be installed to feed a diesel heater and 
a fuel polishing system, if either of these systems is installed.  

The Reverso plastic manifolds have a history of leaking at the fittings, probably due to 
the differential expansion of the bronze fittings in the plastic body in the heat of the 
engine room.  To repair small leaks, Kurt used to recommend draining the manifold and 
then resealing with  sealant #565 along with the #7649 primer on all parts.  
However, newer boats have an all bronze manifold, which shouldn’t have the same 
issues. Tomco have been sending these to owners of older boats when leaks develop, and 
were kind enough to send me one as an upgrade.  
It’s a much better solution, and highly recommended if there are any fuel leaks from this 
manifold. It’s a safety issue. Really… 

Engine fuel routing 
The engine fuel is routed through the primary Racor fuel filter. This may either be a 
single or a dual Racor 900 filter.  At some point, Tomco started installing the dual filer as 
standard equipment. The dual provides the advantage of being able to swap filters ‘on the 
fly’ if the primary filter becomes clogged. We replaced our single filter with a dual, and 
used the old single filter to build a fuel polishing system. 
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The following fuel routing is for my mechanically-injected B series engine: 
·  From the Racor filter, the fuel feed goes down port side of engine room drip pan 

to a manifold on the port side of engine.   
·  A blue high pressure fuel hose is connected to the manifold and takes the fuel to 

the lift pump located on the engine.  
·   From the lift pump the fuel line feed goes to a secondary Cummins Fleetguard 

fuel filter.   
·  From there it goes via a high pressure blue hose to the injector pump.   
·  The fuel leaves the injector pump through 6 metal high pressure tubes which leads 

to each cylinder.  
·  From each cylinder, fuel tubing runs to a common return metal tubing which runs 

back down to injector pump where it joins with the injector pump return line 
before feeding down to the fuel cooler. The return lines carry unburned fuel back 
to the tanks. 

·  The excess fuel is used to cool the engine as it flows through the engine along the 
return path. The fuel cooler uses raw water to cool the fuel before it goes back to 
the tanks.  

·  The fuel flows out through a fuel return hose which runs through the aft engine 
room bulkhead back to the manifold located in the tank room.  

·  Two lines run out from the tank room manifold along the top of the tank room – 
one going back to the return valve on the port side tank and one back to the return 
valve on the starboard side tank.  

 

  
The B series Cummins engine returns approximately three times the quantity that it 
burns. The amount depends upon the RPM of the engine. For example, at full throttle the 
engine burns approximately 15 gallons per hour.  It pulls approximately 60 gallons per 
hour from the tanks and returns approximately 45 gallons per hour. 
The QSB electronic engine returns even more: approximately ten times as much as it 
uses. 
Even if both return valves are open (as they normally should be) differences in the hose 
lengths seems to send more fuel to one tank than the other. It can take a little time for the 
levels to equalize after shutdown. 

.  
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Primary Racor Fuel Filters 
 

The primary Racor fuel filter is the 
first line of defense against 
contamination, and everyone should 
know how to change one of these… 

With dual filters the yellow handle is 
used to switch between one filter to 
the other. The ‘arrow’ on one end of 
the handle points to the filter that is 
currently in use. In the picture to the 
left, the filter to the right is currently 
in use. We also mark the date the 
filters were changes and which one is 
‘current’ using a non-permanent 
marker. Moving the handle so that it 
points up will close off both filters 
and moving it so that it points down 
will open up both filters.  It’s always 
best to move the handle through the 
‘all on’ position when you are 
switching filters on the fly when the 
engine is running.    

Most, if not all, Tugs have vacuum 
gauges which measure how hard the lift pump is pulling against the filter and thus, by 
inference, how clogged-up the filter is. I change this filter whenever the vacuum gauge 
reading is more than 5 in Hg (inches of mercury – a measure of vacuum). Minimally, the 
filter needs to be changed at least once a year. 

I use the Cummins and Tomco recommendation of 10 micron (Racor part#2040TM, blue 
top) elements in my ‘B’ series engine. 

QSB only 
Electronically injected engines use much higher injection pressures, and have much more 
critical requirements – they need 2micron filtration, and the specified on-engine filter. 
The pressure in the injector lines is around 2000psi in the mechanical engine, but around 
10000psi in the QSB engine   
 

Some Cummins mechanics only recommend the 30 micron (Racor part#2040PM, red 
top) filters to reduce the strain on the fuel lift pump. There is also a 2-micron filter 
available (Racor part#2040SM, brown top). 

http://www.parker.com/racor 
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A micron is 1 millionth of a meter (or 1/1000 of a millimeter)! For comparison, a human 
hair is around 70 microns thick.  

Various filter manufacturers have different test criteria, but a ’10 micron’ filter is 
expected to catch 50% of the particles larger than 10 microns. 

 

  
I keep spare filters in gallon-sized freezer ziplock bags. Not only does it keep them clean 
and dry, you can use the bag for disposal of the old filter.  

I also have a small supply of clean diesel for topping-up filters. I keep mine in several of 
those ‘sports water bottles’ that someone somewhere is usually giving away. The thick 
plastic is not affected by the fuel, and I can use the ‘squirt’ function to flush the filter 
internals. Oh yeah, I mark them too, because the dyed fuel looks just like Cherry 
Gatorade….  

To change the filter element: 

1. Unscrew the ‘T’ handle on the filter body. 

2. Pry up the 2 semicircular plastic ‘handles’ and pull the filter straight up. Put it the 
ziplock baggie that you had your new filter in. 

3. If the clear plastic bowl looks contaminated, undo the small brass bolt and drain 
out the fuel. Be sure to use a wrench to hold the larger surrounding bolt. If you 
have installed a drain valve (see the upgrade suggestions below), open the drain 
valve to drain the fuel. There’s about 3 pints in there….. 

4. If the bowl is really contaminated, remove the larger bolt and use paper towels to 
clean the bowl from the bottom. 

5. I usually squirt some clean diesel into the filter to wash the turbine (that inverted 
plastic cone in the bowl). 

6. I do not recommend removing the bowl (by removing the 4 screws and retaining 
ring halfway up the filter body). It is extremely difficult to reinstall this bowl 
without removing and inverting the entire filter! 

7. If you removed the small brass bolt or opened the valve to drain out the fuel, 
reinstall the bolt or close the valve at this time. 

8. Fill the filter about 2/3 with clean fuel. It does not need to be completely full 
(unlike the secondary filter) but there must be enough fuel in there when the 
engine starts to keep pressure while the lift pump fills the filter. 

9. Install the new element slowly (otherwise it tends to splash the fuel). 



American Tug 34 Owner Experiences 
 

Chapter 3 Engine Page 3-14  

10. Inspect the 2 gaskets: a small orange ‘O’ ring on the ‘T’ handle and a large black 
ring under the lid. I don’t replace these every time - only if they look marked or if 
it has been longer than 6 months since the last filter change.  

11. If you replace the gaskets, clean the surrounding area, and lube them with a little 
clean diesel. 

12. Reassemble everything. The ‘T’ handle only needs to be hand-tight. 

  
It’s a good idea to have many spare filters on-hand - at least three, and preferably more.  

I picked-up contaminated fuel from a tanker truck on the Illinois River, and went through 
four filters in the next four days. I guess that wasn’t such ‘cheap fuel’ after all…. 

The most expensive place to buy filters is individually at West Marine (about $12-14 
each).  

The cheapest way is to buy them by a case of 12 either online or at a commercial 
fisherman’s supply chandlery. This usually averages out to about $7 each.  

 

  
The Racor filter will not pass fuel unless an element is in place. There is a check-valve 
inside the filter body to prevent this. 

If you’re really stuck with a clogged filter and no spares, shame on you! You can punch-
out the little bypass hole in the top of the clogged element. The good news is that fuel 
will then flow, the bad news is that it’s not filtered…..  

 

  
There are a number of simple but important upgrades for the Racor filters system:  

·  Water-in-fuel sensors (Racor part#RK21069) can easily be added into each filter 
bowl, and wired to the Cummins alarms. The wiring is already there and runs 
from the engine instruments to engine. It terminates down by the port aft engine 
mount in two pink/black wires. 

·  A UL-listed drain valve (Racor part#RK1949220726) is a good replacement for 
the drain plug, so the bowl can be easily drained and cleaned. 

·  A drag-pointer vacuum gauge (Racor part#RK11-1676E) is now available, to 
replace the standard gauge. This shows the highest vacuum reached since it was 
reset. 

Charles Pope (AT34 #070 “Oops”) reported: 

“The fuel supply had some black foreign material floating which was detected as 
water, thus setting off the bells and whistles. In order to correct the problem we 
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had to completely strip the Racor filter and clean the black specs from the sensor 
probe. (The problem comes with this sensor. Even if there were the dual Racor 
and one switched towers the alarm continues to sound until corrected.) The good 
news is that this engine has an electric fuel pump which makes priming an easy 
task. 

We have added a Racor 1000 in series with the two supplied by American Tug for 
the two engines (main propulsion and generator). This means that the fuel is 
always being filtered when the engines are running and having the extra large 
unit, we have not had the problem of clogging. We have also added a fuel transfer 
pump through this filter, to filter the fuel. This also added capability of 
transferring fuel from on tank to the other.” 

Secondary Fuel Filter 
For my mechanical engine, the standard on-engine secondary fuel filter is a Fleetguard 
FF5285. This has a filter size of 7 microns. Fleetguard is a division of Cummins. 

The QSB engine has a different (and smaller gauge) filter.  

I change my secondary fuel filter once a year, as I rely on the Racor to do most of the 
filtering of the fuel. This is really a ‘last-chance’ filter…  

To change this filter: 

1. Remove the old filter with a strap wrench (there is one in the Cummins ‘Cruise 
Parts Kit’).  

 
Note that this filter was installed on your nice new engine by the Cummins 
factory trained gorilla, and then they sprayed white paint around it just to make 
doubly sure that it’s in good and tight.  

It might be a little ‘challenging’ the first time you try to remove it.  

2. Carefully clean around the filter with a clean cloth, and ensure you’re removed 
the old black sealing gasket. 

3. Fill the new filter completely with clean diesel. 

4. Moisten the new black gasket with clean fuel. 

5. Carefully install, tightening ½ a turn or so past hand-tight. 

6. Clean up the fuel that you spilled. 

The electronic engines are ‘self-priming’ (by holding the key in the first position while 
the fuel pump ‘buzzes’), but the older mechanical are not. It is necessary to completely 
fill the new filter (so that it overflows on tightening), then start the engine and 
immediately run at 1000RPM + for 5 minutes or so. This will pump-up enough fuel to 
keep the engine going, but you’ll still probably notice a ‘stumble’ or two until all the air 
is out of the fuel-lines. 
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Fuel Polishing 
We also have installed and use a fuel filtering, or polishing system on our boat, using a 2 
micron Racor 900 filter (Racor part#2040SM, brown top). We use this whenever we are 
not running the boat, as running the main engine provides a ‘polishing’ function by 
pumping and filtering more fuel than is used. 

Air  
Air is the second component required for a diesel engine to run. Diesels use a lot of air, 
especially at higher RPM. This air comes in through a large air filter on the port aft side 
of engine.   

From the filter it goes into the intake side of the turbocharger (or turbo) at the back of the 
engine. This is a large turbine pump that consists of two paddle wheels joined together. 
Exhaust gases spins one side, which causes the other side to turn and push compressed air 
into the engine.  The turbo does not have much effect at lower engine speeds 
(<1400RPM) because the exhaust gases are moving too slowly. There is a wastegate to 
dump off excess exhaust gases at maximum RPM.  The turbo is an expensive piece of 
precision machinery. It is designed to spin at upwards of 10,000RPM in a red-hot exhaust 
gas stream. 

From the turbo, the air goes to the aftercooler, the large rectangular ribbed box on the 
port side of the engine. The big disadvantage of a turbo is that it heats up the incoming 
air, from heat transfer from the exhaust side but mostly because increasing the pressure 
on the air causes it to heat-up (that old high school physics ‘Universal Gas Law’). The 
aftercooler uses seawater to cool down the air so it can hold more oxygen. 

From there, the intake air goes past the electric pre-heater grids and into the engine 
through the intake valves. Note that the pre-heaters are only on when the engine is cold at 
low RPM. The turbo only works when the engine is hot at higher RPMs.  

Walker AirSep 
I think most, if not all, of the Cummins engines installed on Tugs have the Walker AirSep 
air filter system installed. It’s an option added by the Cummins distributor in place of the 
paper element filter, and I assume Tomco specify it as part of the ‘Customer Spec’ for all 
the engines they buy. It is not covered in the Cummins manuals that come with the 
engine. 

Basically, it does two things: 

·  Filters the incoming air using a reusable oiled-gauze filter, and 

·  Recycles the gases from the inside of the engine back into the intake system so no 
oily vapor scuzzes-up the engine room. Just like the Positive Crankcase 
Ventilation (PCV) system fitted to cars for the last 25 years or more.  

It’s pretty low-maintenance, really. Just clean the big air filter every year or 250-300 
hours or so.  If you leave it too long, a red indicator ‘flag’ will appear in the small ½” 
diameter cylinder to indicate restricted airflow. The little ‘vacuum regulator’ filter 
doesn’t seem to pass much air: I clean this every second or third time. 
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Removal 
There are 2 different types of filter on the AT34 – one for the 330/370 mechanical 
injected engine, and a more complex version for the 355/380 QSB ‘Electronic’ engine. 
 
For the B Series 330/370 engine,  

·  Use a pair of pliers to remove the 3 long springs to remove the large filter.  
·  Use a screwdriver on the hose clamp to remove the little filter. 

 

 QSB only 

For the QSB 355/380 electronic engine, it’s a bit more complex. Richard Gray (AT34 
#087 “Gray Dawn”) supplied the following information: 

“The QSB380 uses a CCE Walker AirSep system. There is a hose coming out of 
the rear of the valve cover to a disc and then another hose from that disc to the top 
of the Walker AirSep. Oil blow-by goes through this into the Walker AirSep. 

On the back of the disc is a small knob that looks like a "castle" with notches 
around the top. If the Walker AirSep is in need of cleaning, etc. oil can weep out 
of this knob. It is not unusual for oil to collect in the hose from the valve cover to 
the disc. You can disconnect it and pour it out if you want.  

The Walker AirSep has a metal casing with a lever activated band around it to 
hold on the "air filter". This is a cleanable filter with a cotton interior and a wire 
mesh cover inside. 

Inside the air cleaner and housing is what Walker calls the "coalescing elements". 
There are two:  

·  One is a large metal covered filter with a "window" or hole cut in the 
bottom for oil to drain out and a wire bale handle to help remove it. 

·  The other is called a "puck" and fits into the inside of the metal body of 
the Walker AirSep right where the hose from the previously mentioned 
disc attaches on the outside.  

Both are removable and are NOT cleanable. The Cummins part number is 
3971070 and the Walker part number is 41-2008.  Walker charges $94.95 EACH 
for these.  

There are two large O-rings to hold the large coalescing element and the silencer 
and the air filter together without an air leak.” 

 
Cleaning 
The actual filters are made by K&N engineering – who manufacture these performance 
filters for cars and motorcycles. Walker just packages these filters into a mount for big 
diesel engines. 

You’ll need a cleaning kit, which consists of 2 chemicals: a spray bottle of degreaser to 
remove the old oil (and attached dirt), and an aerosol can of new oil (with a red dye). 
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West Marine now stock the official Walker AirSep kits, but I buy the K&N version from 
an auto parts store (like Kragen) – it’s much cheaper. 

You need to set aside a few days for this. It takes less than an hour, but you will be 
washing the filter in water, and must let the filter dry overnight (or longer), so don’t plan 
on running the engine for a while. 

Follow the instructions on the cleaning kit to wash the filter, then allow it to completely 
dry before spraying with the oil. 

Complete instructions are available on the Walker website:  
http://www.walkerairsep.com/default.asp 

The cleaning instructions are:  
http://www.walkerairsep.com/pdf/tech/Cleaning_Instructions.pdf 

There is information specific to the Electronic QSB/QSC engines:  
http://www.walkerairsep.com/pdf/tech/20.pdf 

 
There a couple of misleading items on the Walker website, designed to increase their 
parts sales!!  

Its not necessary to use their kit (the K&N one works fine), and its definitely not 
necessary to replace the filter every 2 or 3 cleanings!!! Just inspect it very carefully on 
the inside to ensure it’s in good condition. 

Exhaust Muffler 
When the exhaust valve opens it pushes out hot (600deg F) exhaust gasses into the 
exhaust manifold, which connects all 6 cylinders.  

These gases go into the turbocharger at the rear of the engine and spin the exhaust 
paddlewheel. From there they go into through the exhaust elbow and into the waterlift 
muffler.   

The elbow is large 5 inch diameter cast iron pipe with an orange colored hose leading 
from it. This orange hose is called the ‘Hump Hose’. Really – I’m not making that up!  

The raw cooling water is sprayed into this elbow a few inches after the turbocharger, 
which cools down the exhaust gases to a manageable temperature.  From there the cooled 
gases and water go into the large waterlift muffler.   

This muffler is a large fiberglass cylinder, which is normally about ¾ full of water.  
Exhaust gasses bubble through this water and are forced out of the boat.   

At low RPM, the exhaust pressure is fairly low, and the exhaust gasses and water go 
through a long hose aft and exit on the aft starboard quarter, about 2-3 inches above the 
water line.  Above idle speed, the increased exhaust pressure forces gases and water out 
of an underwater exit which is located in the hull just behind the starboard side pilot 
house door.   
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We always look out of the door on startup to look for fumes and water coming out of 
exhaust pipe.  However, above idle speed, water does not come out in back, but bubbles 
up from under boat.  

Exhaust Maintenance 
This is pretty minimal, but I periodically check the exhaust elbow for cracks. I look for 
soot or rust stains that may indicate a leak. Kurt recommends inspect it thoroughly every 
5 years. It has probably the worst possible environment on the boat - hot exhaust gasses 
and salt water spray. 

I also check the ‘Hump hose’ for cracks. This is the orange hose between turbo elbow 
and the muffler. 

 
Check, but don’t over-tighten, the hose-clamps on the exhaust mufflers (engine and 
genset). It is possible to crack the fiberglass nubs if you over-tighten the hose clamps. 

 
Exhaust temp alarm 
If the raw water pump or its impellor fails, it can overheat the muffler and hoses. The 
exhaust temperature is around 600 deg F. Fiberglass melts at 300deg F – so it is 
important for the water to continue to flow in order to cool the exhaust gasses before they 
get to the muffler. 

The Cummins engine panel alarm sounds when the coolant temperature reaches 195deg 
F, but by the time it reaches that temperature it may be a bit too late. For that reason, you 
should consider adding an alarm to the exhaust system. 

I’ve added an Aqualarm exhaust temperature alarm, and Randy Guzar (AT34 #095 
“Heart Tug”) has added a Borel exhaust alarm. 

These alarms consist of a metallic sensor in a large hose clamp that is fastened around the 
Hump hose of the exhaust (see the picture of the Aqualarm unit below). The sensors set 
off an alarm (a light and a loud buzzer) if the temperature of the exhaust gasses starts to 
rise. 
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I ran the two sensor wires (18 gauge wire) along the stbd side of the engine pan, up the 
bulkhead and into the electric panel. Then up and right behind the dash. 

The Aqualarm unit also requires +12V and -12V power. I ran those from the terminal 
strip behind the Cummins panel. (it is labeled with the circuits, and there should be spare 
connection) I used + from a connector next to the Fireboy alarm feed, so that it is 
powered only when the key is 'on'. 

Cooling 
There are 2 different and separate water cooling circuits in the engine - the fresh water 
cooling system and the raw water cooling system.  

There is no direct contact between the two systems, which ensures that no corrosive sea 
water gets inside the engine cooling passages. A Heat Exchanger is used to pass the heat 
from the engine coolant to the raw water. 

Fresh water cooling  
This consists of fresh water and antifreeze, and is held in the header tank at the front of 
the engine. It is circulated by a Cummins pump at the front of the engine, and passes 
inside the engine cooling passages, through the external hot water heater and Heatercraft 
heater to the heat exchanger, where it is cooled down by the raw water cooling system. 
Basically it is very similar to that on an automobile, except that a heat exchanger is used 
instead of a radiator.  

The coolant should be replaced every two years, using either the Fleetguard (Cummins 
division) product, or any antifreeze that states it meets the Cummins specifications. On 
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the mechanical engine, there is a drain plug on the aft end of the crossover tube, which 
runs under the heat exchange on the starboard side of the engine. The manual specifies to 
open a bleed valve near the thermostat while the new coolant is added. 

 QSB only 
Charles Pope (AT34 #070 “Oops”) did this: 

We flushed out the antifreeze and installed fresh as recommended by Cummins, 
only to have the alarm sound saying low coolant water. The problem turns out to 
be trapped air around the sensor. To fix the problem one must remove the sensor 
to allow the fluid to replace the air. 

In addition, there does not appear to be a drain plug on the crossover tube on this engine. 
In fact, there does not appear to be one anywhere, so a hose needs to be removed… 
 
It’s a good idea to check all engine hose-clamps for tightness. You’ll need an 8mm socket 
and a screwdriver on the Cummins engine I think. 

Raw water cooling  
The raw water cooling system is a little more complex. Cummins get full value from the 
raw water pumped into the boat for cooling. It is used five times for different purposes ! 

The raw salt or fresh water comes into the boat on the port side of the engine room, 
through a 2-inch thru-hull. There is a triangular slotted external strainer on the outside of 
the hull.  

After the water enters the thru-hull, it goes into a large bronze strainer with a Monel 
basket located on the forward port side of the engine room. From there it goes into the 
Sherwood raw water pump, on the lower port side of the engine, which forces the water 
around the engine. 

From the water pump, the water goes into the fuel cooler, which is a double-walled 
bronze tube. The diesel fuel returning to the fuel tanks goes through the outer wall, as it is 
used to cool the fuel injectors and has picked-up some heat. Hot fuel expands, and is not 
as efficiently measured by the injection pump, so the excess fuel is cooled before being 
returned to the fuel tanks.. The cooling water goes through the middle of the fuel cooler. 

The cooling water then goes into the aftercooler, which cools the heated air coming out of 
the turbocharger. This is a large aluminum box with large number of bronze tubes 
running through the middle. The water goes through these tubes, and the air passes 
around them and into the engine. 

The water then goes through the transmission oil cooler on the back of the engine, which 
uses a similar process to cool the transmission oil from the gearbox. There is a fitting off 
this cooler to supply a small amount of water to the Tides prop shaft seal. 

The water then goes into the heat exchanger, which also has a large ‘bundle’ of bronze 
tubes, and cools the regular antifreeze coolant. 

The last stop is the exhaust elbow, where the tired cooling water is sprayed into the 
exhaust gases to cool them, and then goes through the waterlift muffler and overboard. 
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Strainer 
The large bronze strainer on the engineroom bulkhead is sized for the 2-inch thru-hull. 
Mine is a SEAS-UM 2.00 manufactured by: 
Marine Hardware  
Website is http://www.marinehardware.com/ 
Catalog at http://www.marinehardware.com/downloads/import.pdf 
There's a photo of the strainer on page 12 of the catalog– it’s recognizable by 2 large 
bronze ‘ears’ on the top cap for the removal tool. 

However, several other owners (Bob Miller AT34 #036 “Strega”, Duane Duncan AT34 
#037, Bill Pyszka AT34 #058 “Muddy Paws”) have reported that they have a Groco 2000 
strainer. It’s recognizable by 3 holes on the top cap for removal. 

 
Kurts Tip: The Monel basket strainers eventually wear-out – usually at the welds. 
Plastic or metal replacements are available from Groco or Perko for the smaller strainers.. 

Sherwood Water Pump 
The raw water pump is from Sherwood – a model 1730X. on the ‘B’ series engine, and a 
model 2701X on the QSB. They are popular pumps, and parts are easy to obtain, but are 
not very highly regarded in the marine diesel world. 

www.sherwoodpumps.com 

My 1730X lasted 3 years and 850 hrs before the seal started to leak. 

How to spot this?? There are a series of slots cut in the front of the pump (the items 
circled in red in this photo). By design, when the seal starts to fail, water will drip out of 
these slots. 
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We discovered a ‘slight problem’ when we had to replace the water pump on the ‘B’ 
series. The pump is bolted to the engine by 2 15mm bolts (in the yellow circles in the 
photo). Unfortunately, the bottom bolt (and the pump itself) cannot be removed with the 
port engine mount in the way. 

 QSB only 
This problem is only on the mechanically-injected ‘B’ series engine: everybody with a 
QSB electronic injected engine can relax ! The QSB engine has a different belt-driven 
pump mounted higher-up on the engine.  It’s much easier to reach.  

 

You need a small hydraulic bottle jack, or something similar, to support the corner of the 
engine while the engine mount is removed. The entire engine weighs around 1200lb, so a 
1 ton 8in jack has adequate safety margin. Make sure its securely in place under a strong 
part of the block. 

With the jack in place, remove the three 15mm bolts holding the mount to the engine, and 
the two 19mm vertical nut/bolts holding the mount to the engine bed. Remove the entire 
engine mount. 

 
Do not undo the large alignment nuts on the top of the mount, so that the overall engine 
alignment is not changed.  

In addition, I marked the original location of the mount so I was sure it went back in the 
same position. 

Removing large water hoses is always a challenge. Since the inlet and outlet right angle 
pipes need to be transferred to the new pump anyway, I left the hoses attached to these 
pipes and moved both the hoses and pipes to the new pump.  

I had my old pump rebuilt by a marine machine shop, as a hydraulic press is needed to 
remove the large gear from the shaft. A Sherwood ‘Minor Repair Kit’ (part#23972 for the 
1730X pump) was needed for the rebuild - the total was about $170. A ‘Major Repair 
Kit’ (part#23974) is about $280 alone… 

SeaMax Water Pump 
This is a re-engineered and much improved pump, produced by Tony Athens. the resident 
Cummins Guru at www.boatdiesel.com  He runs South Bay Marine  www.sbmar.com , a 
Cummins dealer in Southern California. 

I installed one in 2008 and am very happy with it so far: its manufactured to a higher 
standard, uses a better impellor, and does not require removing the motor mount to 
remove/replace. 

As of June 2009 this pump was only available for the ‘B’ series: a QSB version is under 
development… 
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A new Sherwood or Seamax pump will cost around $700 – but I strongly recommend 
cruisers in remote places carry a complete spare. 

Why ?? well there’s a consistent history of the pump failing and needing rebuild at 700-
1000 engine hours. There have also been stories of the pump shaft breaking. 
It’s a heavy chunk of bronze: it’ll cost a lot to have one flown-in to Moose Droppings 
AK, or Left Armpit Island, Bahamas…. 

Impellor 
The main maintenance item on the raw water pump is the rubber impellor. The Cummins 
manual specifies to remove it and inspect every 300 hrs / 12 months. Well, once you try 
removing one of these little sweethearts, you won’t want to put the old one back in – it’s 
a bear of a job…. 

I’d recommend removing the rear plate and visually inspecting the impellor for missing / 
cracked blades on their schedule (and whenever you accidentally run the engine with the 
thru-hull closed…) and removing and replacing it completely every 2 or 3 years. 

The 12-bladed rubber impellor for the ‘B’ series is: 

·  Cummins part#3897337 - probably the most expensive 

·  Sherwood 17000K West Marine catalog page 237 part#4572731 $66.00 

·  South Bay Marine   www.sbmar.com  sell their much improved Impellor (as well as 
the complete pump), and I’m happy with the one I’ve installed. I think it was 
around $75.   

The impellor kit usually contains: 

·  Impellor. 
·  Large but thin O ring gasket for the pump body / rear plate seal. 
·  Woodruff Key – the oblong steel key for the drive shaft. 
·  Possibly a rubber disc to cover the rear plate end of the drive shaft (see 

explanation below). 
·  Possibly a few extra ‘O’ rings for the input and output pipes. These are not 

normally needed. 
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Contents of the impellor kit, and my impellor extractor 

 QSB only 
The 12 bladed impellor for the QSB engine is Sherwood part# 27000K. It is an improved 
design, as it uses a splined shaft, rather than a smooth round shaft and a separate 
woodruff key. It is much easier to change. 
 
There are 2 variations on these impellors, which affects the method of extracting the little 
bugger from the pump: 

1. Some impellors have a threaded end on the center shaft. If you screw a large (3/4” 
I think) bolt into this thread you can pull the impellor out using that bolt. These do 
not use a rubber disc on the end – the thread keeps the woodruff key in place. The 
original one on my engine had this type. 

2. Other impellors have no thread on the end, and use a rubber disc to hold the key 
in place (and thus not score the end plate). The replacement shown in the picture 
above is this type. I think these are slightly easier to install, but harder to remove. 

 

 
The Sherwood part is approx half the price of the re-boxed and renamed Cummins 
equivalent. Keep several spares onboard, and keep them out of the sun, air and the engine 
room (the UV and heat will degrade them quicker).  

 
Sooner or later you’re gonna have to replace the impellor. It’s another one of those 
‘everyone should know how to do’ jobs. 

1. Close the engine thru-hull. Don’t forget to open it afterwards, otherwise this 
might all be for naught……I hate when that happens. Hanging the engine keys on 
the thru-hull when you close it is always a good reminder.  
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Better yet, you can skip this step altogether and leave the engine thru-hull open. 
The strainer is well above the waterline so no water flows past it. 

2. Remove the 3 ½” bolts holding the backplate. Note which way the impellor 
rotates (CCW -counter-clockwise): I painted an arrow on the outside of my 
backplate to remind me. Incidentally, the manual says to remove the water hoses 
too – this is not necessary. 

3. ‘Bump’ the start to rotate the pump until the key and keyway is at the ’12 o clock’ 
position. It’s less-likely to fall out and go down the intake hose in this position. 
This step is not necessary with the QSB engine – it has a splined impellor without 
a key. 

4. Remove the old impellor. Ha! - simple words, but possibly a struggle the first 
time, unless you’ve lived right, or someone greased the old impellor properly… 

a. If you have the threaded version, and a suitable bolt handy, try screwing 
that on the impellor. 

b. The manual shows two methods, using either two screwdrivers or two 
needle-nosed pliers. Good luck with that ! – it’s impossible to develop 
enough leverage to drag the little devil out - and the screwdriver method 
risks scoring the pump body. 

c. I bought an ‘Impellor Extractor’: Jabsco/Rule part #50070-0200 (West 
Marine page 240 part #286880) $77.99.  It’s worth it… Seadog also make 
one. The puller needs to be sized for a 3 ¼” impellor. 

5. If the impellor failed, find all the bits! There were 12 blades, so try to get all of 
them. If not, make a mental note to remove and flush the Aftercooler, 
transmission oil cooler and heat exchanger until you find them… They can also 
fall forward – into the intake water hose loop….  

6. Remove and save the old drive key (and the O ring too).  

7. Insert the new impellor. More simple words – this is the worst step. 

a. Grease the pump shaft and the inside of the impellor to make it easier for 
the next poor person to do this job. A waterproof or silicon grease works. 

b. Use 3 or 4 wire-ties or hose-clamps to compress the impellor vanes. It’s 
best to try to get the vanes going the right way as you put the new impellor 
in. Use the arrow that you marked the back plate in step 2 as a reference. If 
you don’t get them going the right way, don’t worry – they will re-align 
themselves in the first rotation without any damage. Spend a little time on 
this step to get the vanes well compressed – it’ll save a lot of time when 
inserting the impellor in the pump body. 

c. Use Pam spray or grease or liquid soap as a lubricant to help shove that 
puppy back in there. Be liberal with the lubricant and the swear-words 
here. As you push the impellor in, the wire-ties will slide off. 
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d. When the impellor is half to three-quarter in, try to rotate it to line-up the 
keyway. Insert the new woodruff key all the way in. Again, not needed 
with the QSB engine/P2701 pump, as there is no key. 

e. To get the last inch or so inserted, bolt the backplate on, and evenly 
tighten the bolts. You may need longer bolts for this step…. 

8. As the manuals says: “Re-assembly is the reverse of disassembly – except you say 
‘Bugger’ in different places”.  Don’t forget to install the new O ring, with a little 
grease. 

9. Oh yeah – open the thru-hull, and test….. 

 
If you’ve never replaced an impellor before, try to replace the generator impellor first for 
practice: it’s the same principle, but much easier as it is a fraction of the size. 

 

����  
Tom Law posted an update from his experience changing his impellor after 285 hours 
and two years - it was in excellent condition - no cracks or obvious wear. There are a 
couple of slight twists for his AT-41, QSC 8.3L 540hp Cummins: 
 

There are two wires attached to the engine block that are in the way.  I 
disconnected them and pushed them out of the way.  Then, there is a rather thick 
part of the engine wiring harness that impedes my Jabsco impeller puller (the 
same one pictured in Jeremy's article).  Rather than unbolt the wires from the 
engine block in two places - I hate to crack that thick white paint on the engine 
unless I have to - I opted to alter my impeller puller.  After failing to locate a 
suitable, long, 12mm (why metric?) bolt, I hack sawed the "T" connection off and 
replaced it with two 12mm nuts and a lock washer.  Now, I can turn it with a 
ratchet wrench - much easier! 
 
The tension screws on the "pincer arms" of the impeller puller couldn't be turned 
because of the two bronze bolts with caps that are screwed into the impeller 
housing.  I'm not sure what purpose they serve.  If you remove the caps, water 
from the impeller housing will spurt out.  Maybe someone could explain their 
purpose.  I removed them - caps and bolts - to give me room to turn the screws. 
 
Once that was done, I was able to "install" the impeller removal tool and crank 
away.  The impeller slowly came out until I was able to work it back and forth 
and remove it. 
 
I pretty much followed Jeremy's directions for removal and installation.  After a 
couple of tries, I was able to push the new impeller into the housing.  Liberal 
doses of dish soap helped.  I reinstalled the two bolt nipple/caps and the two 
wires, plus the new housing O-ring (greased!) and the housing cover plate. 
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Aftercooler 
The Aftercooler is the large (maybe 18” tall by 6” wide) white rectangular thing located 
in the middle of the port side of the engine. As stated, the aftercoolers function is to cool 
the intake air from the turbocharger, to produce more power at higher RPMs. 

For some strange reason, diesel people refer to these things as aftercoolers: Car people 
usually call them intercoolers. 

 

 
 
This photo shows an aftercooler from my engine (a Cummins ‘B’ series) with the top 
cover removed for servicing. 

Air from the turbocharger flows in through the hose at the lower right from rear/bottom 
of the aftercooler to the top/front, passing over a bundle of brass tubes inside and exiting 
through the hose at the top left. These tubes have raw water from the cooling pump 
passing from bottom to top which is used to cool the intake air. The raw water enters the 
hose at the lower left and flows up the aftercooler through the bundle of brass tubes 
before exiting via a top hose (not shown). 

If you were not throwing spitballs at the girls during High School physics class, you’ll 
remember that compressing a gas heats it, and it expands and takes more volume. The 
turbocharger heats the intake air as it forces it into the engine, so the aftercooler cools it 
down, condensing it and allowing more oxygen for a given volume. 
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Just visible is the sealing ‘O’ ring (orange color) and the bronze colored tube bundle 
which has the brass tubes inside.  

The yellow item is the dipstick, and the 2 thick wires behind that are for the air pre-
heater. 

My Owners Manual specifies to back flush fresh water through the zincs every 300hrs/12 
months, but that isn’t really enough. I think removing and cleaning every 1-2 years is 
required. After 3 years/1200hrs my aftercooler was about 30% blocked with salt/calcium 
deposits, and the lower O ring seal was showing signs of leaking (this showed-up on an 
Oil Analysis report – see later in this chapter). 

There is a detailed write-up on this process on Tony Athens’s website: 
http://sbmar.com/Maintenance/Aftercooler.cfm 

Jim Shates (AT34-47 “Annies Song”) and I have both removed and cleaned the 
aftercoolers on our boats. Jim did his first and wrote a detailed description of the process, 
which I updated a bit after I did mine. 

1. You don’t  have to remove the aftercooler body: there is enough space (at least on the 
AT34) to remove the ‘guts’ (cooler bundle) either up or down. 

2. Close the engine thru-hull. Hang the ignition keys on it (Kurt’s tip) for the obvious 
reason…. 

3. Remove upper and lower zincs (22mm nut). Drain sea water into appropriate 
container. 

4. Index both caps. I.e. make a matching mark on the body and the cap. Top and bottom 
caps are identical, so I marked mine to know which was which.  

5. Loosen hose clamps at top and bottom of after-cooler. (8mm bolts). It will be easier 
to remove the end caps if both clamps are loosened on the top hose and the bottom 
hose. 

6. Remove the three bolts from the top cap (10mm bolts), work the cap loose and 
remove. This should reveal the tube nest and the upper “O” ring seal. Leave the “O” 
ring in place until you are ready to remove the tube nest. Note the amount of the tube 
nest that protrudes above the cooler housing, about 5/16 to 3/8”. This is where you 
want the tube nest when it is re-installed. 
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7. Remove the lower three bolts (10mm) and work the lower cap off. After the cap is 

clear the tube nest can be removed from the bottom. Remove the upper “O” ring, 
support the bottom of the tube nest and it should drop down and carefully clear the 
housing. If you’re really unlucky, it’ll stick in there, and require persuasion with 
WD40 and maybe a rubber mallet…. Note the orientation of the tube nest as it comes 
out of the housing; it should go back the same way. Air flow is rear to front through 
the fins; air flow to the engine can be restricted if not installed properly. The ‘flat’ 
sides of the tube bundle face the air inlet and outlet. 

8. Follow Tony’s instructions on cleaning the tube nest. Jim used a 3/16” wood dowel, 
tooth brush and simple green, and also used 400 grit wet/dry sand paper to polish the 
sealing surfaces where the “O” ring mounts on the tube nest and the caps. Jeremy 
found minimal corrosion, but lots of salt/calcium deposits on the tubes. 

9. Reassemble in the reverse order. We deviated here from Tony’s instructions because 
we couldn’t find the anti-seize goop (Alco Metalube) he used. Jim used “Permatex 
Copper Anti-Seize Lubricant” and Jeremy used Aqua Lube waterproof grease. 
Basically, look for something that is heavy-duty, waterproof, O-ring safe – that’ll do 
the job.  

10. You will also need two new “O” ring seals. The Cummins part number for these is: 
4019975 for our engine – yours might vary as Cummins used two different sizes. 
‘Fat’ and ‘Thin’. The very early boats used the ‘thin’ version, but our engines used 
the ‘fat’ ones -  250 thousands in diameter. The reason we mention this is Cummins 
gave Jim the wrong seals originally and he had to have the correct seals air shipped 
in, he wasn’t very happy. Take your engine serial number with you – and double-
check the parts guy, My experience is that Cummins Dealers are not very savvy on 
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the marine-related stuff – most of their business is trucks/RVs. Oh yeah - be ready for 
‘Sticker Shock’…. 

  
Cummins charged me $62.50 EACH for these O rings.  Piracy lives !! 

However, free enterprise is alive and well: Tony Athens at Seaboard Marine now sells 
kits (of 2) for around $30. Actually his kit has 4 O rings in it: 2 fat and 2 thin – you will 
need one size or the other – not both – but you’ll be sure to get the right size !. 

11. Coat the mating surfaces with the anti-seize lubricant then insert the tube nest from 
the bottom with the fins oriented in the correct direction (flat sides facing the air 
intake/outlet). Push the tube nest up so the sealing ring protrudes the proper amount. 
To hold in this position use a small “C” clamp and a block of wood on the edge of the 
sealing ring. This will secure the tube nest while the bottom “O” ring and cap are 
installed. 

12. Stretch the lubed O ring around the tube bundle and install the bottom cap. You’ll 
probably have to attach the water hose first. After securing the bottom cap remove the 
clamp from the upper end. Install the “O” ring and upper cap. Torque both upper and 
lower cap bolts to specifications, 22ft-lbs (30 Newton-Meters for you metric people). 
Install and tighten hose clamps.  

13. Install zinc plugs, renew zincs if they are the slightest worn - after paying $120 for 
those blasted O rings, $10 for zincs is just ‘chump change’... 

14. Open sea cock, start engine and check for leaks. 

15. Open a beer….or equivalent. You’ve earned it. 

Muffler 
The large fiberglass engine muffler (and the similar but smaller generator muffler) is 
made by UniCraft Marine Products of Bellingham WA. 

www.unicraftmarineproducts.com  
Phone(360)734-2285 
FAX (360)671-9108 
admin@unicraftmarineproducts.com  

Jim Shates (AT34-47 “Annies Song”) found a small pinhole leak that was dripping 
miniscule amounts of water, just underneath the cap of the muffler. It can be repaired 
with epoxy or MarineTex. 

Bill Schultz (At34-105 “Thunder III” found Unicraft to be responsive to minor problems 
(weeping resin) in their product, and shipped him a new Muffler. 

Don’t over-tighten the hose clamps on these muffler – you could crack the fiberglass. 
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Zincs 
The Cummins engine uses three 1/2in diameter pencil zincs - two in the aftercooler and 
one in the heat exchanger. The brass heads are normally painted red on a new engine to 
make them easier to find.  

The lower aftercooler zinc wears the fastest by far.  

Replacement zincs are in the ‘Cruising Spares’ kit, and can be purchased from most 
marine supply stores as Camp E-2 zincs, either as a complete bolt head/zinc assembly 
(West Marine #194282), or just the zinc pencil (West #194308). 

A 22mm wrench or socket is needed to remove and replace the zincs. Be careful not to 
over-tighten the zincs when you replace them. 

 

 
Engine zincs have been known to come loose from the brass head. Even for zincs 
purchased complete with the brass head, attach the zinc to the bolt head with blue Loctite, 
and tighten them carefully (remember, zinc is a soft metal). 

No sealant should be used on installation if possible, as it inhibits electrical contact. 
However if there are persistent water leaks, a little gasket sealant can be used. 

 

 
Check the length of the old heat exchanger zinc. On some (but not all) engines this needs 
to be shortened by 3/8 to 1/2in – the 330Hp B series only I think. Camp does sell 
specialized E-2C shortened zincs, but I usually just use a hacksaw to shorten a few 
standard sized zincs as needed. 

 QSB only 
Charles Pope (AT34 #070 “Oops” found that on the QSB engine: 

“The only problems we have with maintenance is removing the zinc from the front 
end of the heat exchanger. There is not clearance to remove it without loosening the 
whole unit which is not a big problem but a pain. The problem should have been 
corrected on the future engines. Another problem is the plastic shroud protecting the 
front of the engine. It can be loosened but not removed from the engine compartment. 
It is difficult to replace the belts but can be done.” 
 

Bill Schultz (AT34 #105 “Thunder III” found that his aftercooler used unusual zincs: 
“I confirmed at the Cummins booth at the Newport Boat Show that my aftercooler 
takes two different zincs; a C-2 on the bottom and not just a short C-2 on top, but a C-
1 on top with a plug threaded differently, shorter and tapered. The inside thread only 
will accept a C-1 and that seems to fit well.” 
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Remove the top Aftercooler zinc first. When you remove the lower zinc it'll drain faster 
and flush-out all the debris that tends to accumulate there (impeller blades, crud that got 
through the strainer, zinc bits, etc). 

 
The cheapest place to buy zincs is a commercial fisherman’s chandlery: they use a lot of 
these zincs. 

Other owners have recommended http://www.boatzincs.com/ 

 

Shaft bearing water supply  
The standard Cummins installation supplies water to the Tides dripless shaft seal from a 
fitting on the transmission oil cooler at the back of the engine. 

However, that is after the aftercooler zincs (which tend to erode pretty quickly) so I 
added a filter in-line in the hose. 

Charles Pope (AT34 #070 “Oops”) changed the location of raw water supply for the 
dripless shaft seal from the heat exchanger for the gear unit to the rear of the raw water 
pump. This location was strongly suggested to him by the Cummins rep at the ‘Captains 
Briefing’ to ensure that the shaft got a good supply of clean water. 

 
He also added a rotary flow sight glass to ensure that the pump was supplying water to 
the shaft seal. 

I added a strainer (Jabsco Pumpguard filter) to the water line supplying water to the shaft 
seal on my boat. I check and clean this daily as part of my morning engine checks.  It 
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helps to ensure a clean supply of water to the shaft seal, but it would be a problem if it 
should become clogged over time and shut off or restrict the flow of water to the seal. It’s 
the same filter that’s used in the raw water deck washdown line – so I have a spare filter 
in case it’s ever needed.  

Lubrication 
The engine carries between 12 and 15 quarts of oil in the engine sump at the bottom of 
the engine. Oil is pumped when the engine is running by the engine oil pump, which 
pushes it over the oil pressure sensor then through the engine oil filter on the starboard 
side of the engine.  From the filter the oil goes through internal passages in the engine to 
all internal moving parts to lubricate them.  

According to Tony Athens, less is better when it comes to the oil level – it can be 
whipped-up and‘foam’ if there is too much. Try to keep the level around the lower part of 
the cross-hatched area on the dipstick. 

A warning light and alarm comes on when the oil pressure is too low. Normal pressure at 
speed is 50 pounds per square inch (psi), controlled by an over-pressure relief valve. At 
idle speed, especially when the engine is warm, this can drop to 10 or 20 psi. This is 
normal (the hotter the engine, the lower the pressure, since warm engine oil gets thinner). 

 
Oil weight 
Cummins recommends 15W/40 oil multigrade, with no recommendation for or against 
synthetic. If you use synthetic oil, they recommend changing it at same intervals as 
standard, so there’s no real advantage. I use Chevron Delo as it is readily available, but 
any quality name-brand oil is fine. Other owners have used Shell Rotella. 

Diesel engines blacken the oil quickly, due to the soot that is a byproduct of combustion, 
so new oil turns black in about 5 to 10 hours.   

Changing the Oil 
The best time to change the oil is when the engine is warm.  The oil is thinner (less 
viscous) when it is warm and therefore easier to drain out of the engine.   The very best 
time is in the evening of a cold day after you’ve been running for several hours.  The 
warmth of the engine room on a cold day has even drawn the admiral down into the Holy 
Place to perform this simple task. 

All American Tugs have been fitted (thank you Kurt!) with a Reverso Oil Change 
system.  The system is plumbed into engine oil pan, gear box drain, and generator engine 
oil pan.  

As mentioned previously, the engine holds between 12 and 15 quarts of oil – so you will 
need to line up enough old containers to hold about 4 gallons.  Old oil containers seem to 
work the best for us.  Old gallon milk jugs work good as well as long as you don’t fill 
them too full.  Oil is much heavier than milk, and you really don’t want the container to 
explode on you once you’ve filled it with old oil.  
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Uncoil the outlet hose next to the Reverso Pump and put the end into the first container, 
open the appropriate valve and turn the switch to ‘Drain’. Don’t forget to close the valve 
and put the safety cover over the switch when you’re done. 

The Reverso system can be used to fill the engine with fresh oil, but I prefer to add it 
manually through the filler cap. I find it easier to keep track of the amount added.  

Normal oil change interval is 300 hours or once each year.  Change both BEFORE and 
AFTER long term storage.  We do it between 100 – 200 hours, depending on ease of 
disposal of all that used oil.  

Oil filters 
We change oil filters every second oil change.  

For the mechanical engine, the best filters are (in descending order): 
·  Fleetguard LF3894 ’Stratapore’ (a patented cellulose medium) premium  
·  LF3959 
·  LF3552 
·  LF3349 basic. 

 QSB only 
For the Electronic QSB engines, the LF3894 is not recommended by Cummins. There is a 
technical ‘Daily Note’ dated 09 April 2007 where they specifically recommend only the 
LF3959 filter. 
 

 
The Cummins engine has been around a long time (since the 4B of the 1970’s), and many 
different oil filters have been manufactured that all physically fit the threads. 

Be sure to use the one recommended for your particular engine… 

 

 
The Cummins factory trained gorilla installed this filter on a new engine. It will need a 
little effort to remove the first time. There is a large strap wrench in the Cruise Parts Kit 
that will help you to remove the filter. 

Don’t be like him. Tightening the filter about ½ - ¾ turns past hand-tight is adequate.  

Oil Analysis 
This is the equivalent of a blood test on a person - except at around $25-40 it’s a lot 
cheaper. Less painful too. I pull a sample every oil change, and send it off to the lab to be 
tested.  

I use Herguth Laboratories in Vallejo CA as I used to live in that area, but there are many 
other places nationwide. The contact information for Herguth Labs is 



American Tug 34 Owner Experiences 
 

Chapter 3 Engine Page 3-36  

Herguth Laboratories  
101 Corporate Place, Vallejo , CA 94590-6968  
 
Phone: (707) 554-4611  
Toll Free: 1-888-HERGUTH (437-4884)  
FAX: (707) 554-0109  
info@herguth.com   
 

A sample report from Herguth is included on the next page. 
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The important thing is to keep using the same lab, so that the cumulative results can be 
viewed as a trend. One sample by itself is not as helpful. 

The analysis from my Cummins B series engine included above shows distinct ‘spikes’ in 
the sample taken 12/16/2006. These were abnormal values of copper, lead and sodium. 
I’ve included a larger copy of the pertinent sections of the report below.  

 

 
After a short investigation I discovered that one of the ‘O’ rings on the aftercooler was 
starting to leak. The sodium values were from the seawater intrusion, and the lead and 
copper were probably from the engine bearings. 

I replaced the O-ring (see the section on aftercoolers in the cooling section), and in the 
following oil test, the results were normal. 

Valve Clearance Adjustment 
It is very important that the valves completely close at the appropriate points in the 
combustion cycle. However, when the engine gets hot the internal components expand 
and clearances and tolerances change. This is especially true of exhaust valves which live 
in the extremely hot exhaust gases. To allow for heat expansion, the engine designers 
calculate clearance on valves when engine is cold, knowing that this will change when 
engine heats up.   
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The Cummins ‘Owners Manual’ lists all routine servicing for the engine – except valve 
clearance adjustment. Odd, because its not really that difficult to do as long as you are 
somewhat mechanically inclined.  Must be like a 401(k) plan for their mechanics…. 

 

 
These instructions are for the 330HP 6BTA5.9 engine, but the same procedure applies to 
the 370HP. 

The newer ‘Electronic’ QSB engine is slightly harder, because it has twice as many 
valves (4 per cylinder or 24 altogether). 

When to check 
The manual calls for checking this clearance at 600 hrs, but according to Tony Athens 
(the resident Cummins guru on www.boatdiesel.com  ) its best done at around 500 hrs, 
and then every 1000/2000 hrs after that. 

I did this at 700 hrs, and again at 1700 hrs and only 2 or 3 valves needed minor 
adjustments each time. 

Tools needed  
The good news is that no special tools are needed. You’ll need a good torque wrench 
(always a good idea to have one), plus 15/16”, 10mm, 14mm, 15mm sockets, a hex 
wrench and a really good set of feeler gauges. 
 
Parts needed  
Even better news – there are no special parts required to do this job. You may find that 
the reusable rubber gaskets on the valve covers are worn and need to be replaced, but 
that’s not likely. 

Checking Clearances 
1. The engine MUST be COLD. i.e. left overnight (or longer). Make sure you don’t 

leave the block heater plugged in when you plan to do this! 

2. Remove the belt guard (3 10mm bolts). Now would also be a good time to check 
the serpentine accessory belt, like you’ve been meaning to do for a while!  

3. Remove the 6 valve covers (15mm bolt).  Clean and check the gray gasket and 
‘O’ ring on each cover. They can be reused if they’re OK. 

4. If you feel flush, you can buy a special ‘Barring Tool’ from Cummins to rotate the 
engine. However, a 15/16 socket on the alternator pulley bolt works fine, and 
provides a 3X mechanical advantage. You will be rotating the engine clockwise. 

5. Take a good look at the data plate on the injector pump on the port side to find the 
correct clearances. Note the valve clearances (mine are .010” intake, .020” 
exhaust) and the firing order. That’s 10 thousands of an inch for the intake, 20 
thousands of an inch for the exhaust. Yours may be different. 



American Tug 34 Owner Experiences 
 

Chapter 3 Engine Page 3-40  

6. You need to find TDC – Top Dead Center – for each Cylinder. That’s the point 
where the piston is at the top of the power stroke and both valves are closed. 
There’s a couple of way of doing this: 

·  The Official Cummins way is to find a tiny plastic ‘pin’ behind the water 
pump on the lower port side of the engine. You push this pin in while slowly 
turning the engine. At TDC for the #1 cylinder, the pin will slide into a hole in 
the back of the timing gear. 

I must say that this is a lousy method because unless you are a contortionist, 
it’s a 2-person operation. In addition, you MUST remember to remove the pin 
before rotating the engine, because otherwise it will break off and ‘cause 
engine damage’ as they say. 

They helpfully covered mine in white paint. It’s stuck so I couldn’t use it even 
if I wanted to.… 

·  A much better way is to rotate the engine a few times using the alternator 
pulley, and watch the valves move. You start to see the pattern in which the 
valves move. The intake valve opens, then closes. Then things get still as the 
engine goes over compression. This position is TDC. As you continue to 
rotate, the exhaust valve opens, then closes just as intake valve opens again. 

When you have identified TDC for the #1 cylinder, make a mark on the 
flywheel with a magic marker to note it’s location. Put two more marks at 
approximately 120 degrees apart around the flywheel to indicate where TDC 
is for the remaining valves. 

7. When you think you have identified TDC for a cylinder, try to move the valves. 
There should be a little side to side clearance, and a little up-and-down clearance. 
The exhaust valves (with green springs) have more clearance than the intake.  

8. Test the clearances with the feeler gauge.  

9. For the intake, a .010” gauge should just slide-in, but an .011 or .012 should not. 
And a .008 gauge should be loose.  

10. Similarly, for the exhaust, a .020 should be a snug fit, but a .022 should not fit.  

11. I recommend rotating the engine, and checking and recording ALL clearances 
before adjusting anything. You should find a few are OK, and the rest are no more 
than .002 or .003 out of specification. 

12. To adjust a clearance, loosen the locknut (14mm) a little, then turn the adjuster 
with a hex wrench until the feeler gauge just slides in. Tighten locknut, then check 
clearance … it is probably now wrong, as tightening the locknut inevitably turns 
the adjustment screw. Try again… you’ll soon learn to compensate for this. Then 
tighten the locknut to 18 ft-lbs (which is 24 newton-metres for the metric-
inclined). Then check again. 

13. Then do 1 complete rotation of the engine, checking all clearances one last time. 
Just being paranoid… 

14. The valve cover torque on each of the 6 covers is also 18 ft-lb. 
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That’s it for another 1000 hrs. It’s fairly straightforward if you work carefully. It took me 
about three hours the first time, on a rainy day when I had nothing better to do.  

 


