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Theory Of Operation

CLEAN AIR ACT AMENDMENTS OF 1990 [TITLE VI - SECTION 608(C-1)]

"Effective July 1, 1992, it shall be unlawful for any person, in the course of maintaining,

servicing, repairing, or disposing of an appliance or industrial process refrigeration, to knowingly

vent or otherwise knowingly release or dispose of any Class I* or Class |I** substance used as

a refrigerant in such appliance (or industrial process refrigeration) in a manner which permits

such substance to enter the environment. De-minimus releases associated with good faith

attempts to recapture and recycle or safely dispose of any such substances shall not be subject
to the prohibition set forth in the proceeding sentence."

All FMS air conditioners are charged with a refrigerant that meets the current EPA standards. Al

units produced after Jan 1st, 2025 will be charged with “R32” or other acceptable refrigerants to

meet new EPA requirements. Any unit produced before Jan 1st, 2025 can be charged with

previous refrigerants and allowed to be sold until Jan 1st, 2028. Because FMS air conditioners

are custom built to order, the transition to “R32” and other refrigerants will begin in late 2024.

The new EPA requirements will allow parts and repairs on units and other refrigerants used
previously, and will only affect the production of new units.

Theory Of Operation

1.) Introduction:

Before going over how each mode works on FMMS air conditioners we are going to give a brief
explanation of how refrigeration works. This may help you understand the unit operation better
and assist with explaning the troubleshooting steps later in this guide. This is not meant to be a
complete explanation and is only for illustrational purposes.

Refrigeration is the method of moving heat from one area to another using a refrigerant. For this
explanation the refrigerant used will be “R410A”. The basic components of a refrigeration
system are: the compressor, condenser, evaporator, expansion device, and the refrigerant. This
is a mechanical system and the compressor is driven by electricity in FMS air conditioners.

The compressor is a mechanical pump. Compressors have a wide variety of shapes, sizes, and
methods to pump refrigererant. As it rotates it creates a suction force on the inlet and a
compression or pressurized force on the outlet. As the compressor is running it produces a
massive amount of heat and friction like the engine in a car. To overcome these effects the
refrigerant contains oil for lubrication and the inlet gas entering the compressor doubles as a
coolant for the electric motor inside. For the compressors on FMS air conditioners it is not
uncommon for the shell (or outside) of the compressor to reach 200 degrees F or more.
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The condenser’s job is to condense the refrigerant into a liquid. When the refrigerant leaves
the compressor it is a very hot gas. The hot gas enters the condenser and as it flows from the
condenser inlet to the condenser outlet it gets cooled and converts from a gas to a liquid.
Condensers can take many different forms but on FMS air conditioners the condenser is the
water coil that uses seawater or freshwater to cool the refrigerant gas into a liquid. The
condenser is the location of very high pressure in the system and must be made of a very
durable material. R410A operates between 300 to 500 psi based on various conditions and
FMS water coils are rated for 650 psi during normal operation and are made of copper and
cupronickel for durability. Close to the condenser is a high pressure safety switch that will stop
the unit from running if the condenser pressure rises too high. This pressure switch is set to go
off at 600 psi and reset at 475 psi.

The evaporator and the expansion device are paired together after the condenser to perform
the opposite task. The cool liquid refrigerant hits the expansion device and as it passes
through it moves into an area of low pressure in the evaporator coil. In the evaporator the
pressure drops from the 300+ psi in the condenser down to between 110 and 135 psi under
normal operation. In this low pressure environment the refrigerant changes from it’s liquid state
to a gas, and this transition creates a cooling effect. Airis passed over the evaporator coil and
temperature and humidity are removed. The BTU rating of the air conditioner determines how
much temperature and humidity are removed based on the volume of air that moves through
the evaporator coil. As the refrigerant leaves the evaporator coil it heads back to the
compressor to start the process all over again. This repeats until the thermostat tells the
system to stop running.

The refrigerant is a clear and colorless chemical. At room temperature R410A is over 200 psi
in a pressurized refrigerant tank or an air conditioner that is off and has not run recently.
Caution is advised any time refrigerant charging or servicing is involved. Because of the very
high resting pressure, any major leak or sudden discharge is cold enough to cause frostbite
within several seconds of exposure. Any time connecting or disconnecting gauges is usually
the point to be aware of refrigerant exposure to skin. Should any refrigerant contact the skin or
eyes it should be immediately washed with lukewarm water. Refrigerant and oil in an air
conditioner are designed to be compatible with each other and mix very well as they flow
around the circuit. This oil is often helpful for finding leaks on joints or coils as the refrigerant
leaves behind an oil residue near the leak location.

(Figure 1 and Figure 2) show a diagram of how a heat pump air conditioner works in the
forward direction (cooling mode) and in the reverse direction (heat mode). For heat mode the
only thing that changes is that the water coil becomes the evaporator coil and the previous
evaporator coil becomes the condensing coil. All other descriptions remain the same.



V1.09.24 Freedom Marine Solutions

(239)-689-5033

Theory Of Operation

FIGURE 1
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2.) FMS Unit Operation:

Cool only units are just that, they only have cooling mode available to them. If the thermostat
is placed in “heat” mode the fan will run but the compressor and pump will not operate. When
the thermostat is placed in “cool” mode the compressor, pump, and fan will all come on and run
until the thermostat meets the temperature it is set for.

Reverse cycle units have both heating and cooling modes which are driven by the compressor.
The common name for reverse cycle units is “heat pump”. When the thermostat is in “cool”
mode the compressor, pump, and fan all come on and run until the thermostat meets the
temperature it is set for. When the thermostat is in the “heat” mode the compressor, pump, and
fan all come on. In this mode the reversing valve is activated to change the direction the
refrigerant is flowing and produce heated air instead of cooled air (See Figure 1 and 2). The
unit will operate until the thermostat meets the temperature it is set for. The reversing valve
typically remains powered all the time while the thermostat remains in the “heat” mode.

Electric heat units have both heating and cooling modes but the compressor only operates in
cooling. When the thermostat is set to “cool” the compressor, pump, and fan all come on and
run until the thermostat reaches the temperature it is set for. When the thermostat is in “heat”
mode the fan comes on and power is also given to an electric heat strip located between the
evaporator coil and blower motor. The blower and electric heat strip will remain powered until
the thermostat reaches the temperature it is set for. This option is not available in 220V and is
available for the M6 and M9 units.

3.) Electrical:

All FMMS units operate on 115 or 220 VAC. Power is applied to the air conditioner through the
main circuit breaker through a dedicated air conditioner circuit breaker. This power is
converted to 24 VAC using a step down transformer. The thermostats use the 24 VAC to
activate relays and contactors inside the electrical box which supply main voltage power to the
individual components.

4.) Cooling Water:

Cooling water enters the boat through the foot scoop under the boat, up into the boat through
the sea cock, through the raw water strainer, through the pump, and into the “water in” on the
air conditioner. As it passes through the air conditioner water coil the refrigerant exchanges
heat with the water which is then expelled out the “water out” and overboard through the
thru-hull fitting.
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5.) Condensation Removal:

While an air conditioner is operating the evaporator will almost always create condensation.
This happens in both cooling and heating modes (in heat mode FMS units will sweat from the
water coil due to it acting as the evaporator) and the condensation formed can be a substantial
amount. The FMS M16 unit is a popular choice, and in a hot and humid environment it can
produce over 5 gallons of condensation in a 24 hour period. This condensation falls into the
drain pan where it accumulates and flows out the drain port. From here the choice of where the
drain will terminate is up to the installer/owner. Choices include draining into the bilge, running
to a nearby kitchen sink or shower, a condensate pump, or a device such as the FMS
Condensator Kit. The FMS Condensator Kit is a favorite of many air conditioner owners and
installers and the way it removes the condensate is by using a venturi effect created by the
cooling water as it flows through the air conditioner. The condensate is sucked up and joins the
cooling water as it flows out of the boat.

6.) Ductwork:

As the unit operates there is a large volume of air being moved through the unit and discharged
into the conditioned space (the area being cooled or heated). The air is pushed through the
ductwork and exits through vents placed strategically around the conditioned space. Based on
the size of the unit the size of the ductwork and the recommended number of vents will change
to allow the proper amount of airflow for operation. Undersized ductwork will lead to a unit
freezing in cooling mode and going off on high pressure in heat mode. Oversized or too much
ductwork leads to low air speed as it exits the vents and higher potential for biological growth.
Oversized ductwork is extremely uncommon in marine air conditioning. Ductwork should be
ran as straight as possible and sharp bends or loops should be avoided at all costs. Splitters,
tee’s, wye’s, plenum boxes, etc. can all be used to send airflow in multiple directions and if the
ductwork has a sweating risk it should be insulated to prevent this.

7.) Return Air and Filter:

The air exiting vents into the conditioned space is known as supply and the air being sucked
through into the unit is known as return. In order for the unit to create the proper amount of
airflow through the supply it needs to have access to the same amount or more of return air.
This is achieved through a return grill/vent and a filter to prevent debris and buildup on the
evaporator coil. Like the ductwork the return grill needs to be sized correctly and the filter
needs to be regularly checked and cleaned. The return should be placed as far away from the
supply vents as possible and no supply vent should be pointed directly at the return grill. If the
return is fed supply air the unit will freeze in cooling mode and go off on high pressure in heat
mode.
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Troubleshooting:

Before attempting troubleshooting it is recommended to review this entire guide. If at any point
you do not feel confident or willing to continue troubleshooting alone, please contact FMS
technical support for assistance. The basic steps are as follows:

-Check the main power
-Check the thermostat
-Observe unit operation
-Check the water flow

1.) Power:

Air conditioners pull a large amount of current at startup and while running compared to many
other electrical devices. Main power flows from the source, to the boats main electrical panel,
through a circuit breaker, to the air conditioner electrical box. Check each component in the
pathway starting at the source.

If your boat is hooked up to a pedestal make sure the breaker on the pedestal is in the “on”
position and is not tripped. If the pedestal is “off” or tripped nothing on the boat should have
power unless you have an alternative source such as a generator or battery bank.

Check the main electrical panel of the boat by visual inspection and making sure every
relevant power switch is in the “on” position and is not tripped. Check the dedicated air
conditioner breaker as well by performing the same inspection.

Older “Mermaid” air conditioners used a 30 AMP inline fuse or glass fuse in a holder. Current
FMS air conditioners use a 30 AMP resettable breaker and a 5 AMP fuse for the transformer.
Make sure the breaker/fuse is not blown or tripped and reset it or replace it. Next to the
breaker will be the main power input on the control box terminal strip. Make sure the wires are
intact and connected properly. If you have a multimeter, place it in “VAC” mode and check for
115/220 VAC. If voltage is present proceed to the next sections.

2.) Thermostat:

Standard FMS units operate using a 24 VAC thermostat. The thermostat communicates with
the air conditioner electrical box via 4 or 5 wires. The thermostat also has a set of batteries in
the back that it will run it in 4 wire installations or when the main power is off to save your
settings.
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Inspect the wires both behind the thermostat and at the electrical control box visually and
confirm that they are connected properly. If you have a multimeter, place it in VAC mode and
there should be between 24 and 28 VAC with one lead on the “R” wire and one lead on the
“C/BR” wire in a 5-wire setup which is the current configuration for FMS units. If the thermostat
has 4 wires there should be between 24 and 28 VAC with one lead on the “R” wire and one lead
on a nearby ground.

If the thermostat has batteries and you are troubleshooting the unit, replace the batteries with
a fresh set to make sure they are discharged. Many thermostats have an indicator of some kind
that the batteries are low, but there are models that may not indicate this. If the thermostat is in
a 4-wire setup the batteries are an essential component for the thermostat to function. If the
thermostat is in a 5-wire setup with the optional “C” wire, the thermostat draws power from the
air conditioner 24 VAC transformer to operate. This means that batteries can typically last for
years or thermostats that do not have batteries are able to function such as “Wi-Fi” enabled
thermostats.

Place the thermostat in the desired mode and wait the designated delay time for the unit to
operate. Many thermostats have a 3 to 5 minute delay before the unit will operate. This is a
short cycle prevention feature to make sure the unit has adequate rest time between off and on
for system longevity. You may hear an audible click inside the thermostat when the
communication pathway is activated to operate the unit.

If the thermostat is suspected to be faulty a jumper may be placed on the electrical box
thermostat terminals to bypass the thermostat and its wiring. Always turn off the main power
when attempting to place or adjust a jumper. Using a solid piece of wire to jumper between the
terminals should result in unit operation as follows:

-A jumper placed between the “R” terminal and the “G” terminal will result in only the fan
operating. No other component should operate or receive power. There is no harm in letting the
fan operate for an extended period of time.

-A jumper placed between the “R” terminal and the “W” terminal will result in an audible “click”
at the unit on a reverse cycle heat model. This is the reversing valve operating the switching
solenoid. There is no harm in letting the solenoid remain powered for an extended period of
time. It is not recommended to place a jumper between “R” and “W” on a cool only or electric
heat model unit. In a cool only unit, nothing will happen. In an electric heat unit, the electric heat
strip will become powered and if it remains powered for anything longer than a few seconds
with no fan operation it will burn up a fusible link high temperature safety device and no longer
function.
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-A jumper placed between the “R” terminal and the “BL” terminal will result in only the
compressor and pump running. No other component should be receiving power or operating.
It is not recommended to allow the compressor to operate for an extended period of time
without the fan.

Warning
Never place a jumper between the “C/BR” terminal and any other terminal. The “C/BR”
terminal is the 24 VAC ground. Any 24 VAC power that is applied directly to this terminal
could cause the transformer in the electrical box to fail and will result in the repairs not
being covered under warranty.

After verifying operation of each terminal separately, proper unit operation can be verified by
combining jumpers. Combining several terminals together with jumpers will simulate normal
thermostat operation. Be aware that as long as the jumpers are installed that the unit will run in
the mode without stopping until main power is removed.

Cooling Mode:

Jumpers placed between the “R” terminal and both the “G” and the “BL” terminals will result in
the compressor, fan, and pump operating. This will run cool only, reverse cycle, and electric
heat models all in cooling mode. As long as main power is on and the jumpers are installed this
should result in the unit operating indefinitely unless a safety device removes main power or
disables the unit.

Heating Mode (not applicable to cool only models):

In a cool only model refer to the previous “cooling mode” section for the jumper configuration
for proper operation testing.

In a reverse cycle model jumpers placed between the “R” terminal and the “G”, “W”, and “BL”
terminals will result in the compressor, pump, and fan operating but also adds power to the
reversing valve which allows heat to be produced instead of cooling. As long as main power is
on and the jumpers are installed this should result in the unit operating indefinitely unless a
safety device removes main power or disables the unit.

In an electric heat model jumpers placed between the “R” terminal and the “G” and the “W”
terminals will result in the blower and electric heat strip operating. As long as main power is on
and the jumpers are installed this should result in the unit operating indefinitely unless a safety
device removes main power or disables the unit.
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If placing jumpers at the electrical box are successful in resolving the issue, the problem is in
the wiring or the thermostat. Double check all connections and replace thermostat with a store
bought unit or replacement from FMS or run a new wire to the existing thermostat to see if the
issue is resolved. Contact FMS technical support for assistance if needed and review the
thermostat installation section for wiring instructions.

3.) Observing Unit Operation:

If a unit is not operating as designed, observe the operation and go to the section of
troubleshooting related to that issue. This guide is meant to be as thorough as possible and will
be updated as needed as time goes on. If you are experiencing an issue that is not covered in
this guide please contact FMS technical support for assistance.

4.) Checking Water Flow:

If the unit is operating the water pump should have power any time that the compressor is
running. If the compressor is running and no water is flowing through the unit, depending on
the mode the unit will either go out on high pressure or freeze protection. Check ball valves and
make sure they are open, especially the sea cock. Check the pump strainer and make sure it
is clean and flowing water properly. Make sure that the pump is primed and is not running dry.
If the pump is not properly primed it can cavitate and will result in the air conditioner cycling on
high pressure or the freeze stat because not enough water is flowing. Pumps can lose there
prime in a multitude of ways, which often makes this the first check if the air conditioner is not
functioning correctly.

Troubleshooting Continued (Specific Scenarios):

Note:
All of these troubleshooting scenarios assume that main power has been previously checked
and verified. Power is often overlooked and checking what most would consider a basic step
can save time, frustration, and cost associated with a step being missed. See the previous
basic troubleshooting steps for a brief overview of often overlooked or easy to diagnose
problems.

Unit Does Not Operate In Any Mode (No Fan, No Compressor):

If the unit was previously operating and suddenly shut down the unit may have shut down on
high pressure. The high pressure switch will prevent all components from operating while the
unit is cooling off. Allow up to 10 minutes for the unit to reset before moving on with diagnostic.
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If the unit is not operating in any mode attempt the jumper method described previously to
eliminate the thermostat and thermostat wiring as the cause. If the jumpers do not force the unit
to operate proceed to turn off the power and remove the lid of the electrical box. Once inside the
electrical box you will need to understand the pathways all the wires take in order to find where
operation is being prevented. Review the following wiring diagrams for your model. If you have a
cool only unit, the reverse cycle wiring diagram is the correct wiring to refer to. The only
difference will be the absence of the reversing valve. Full size diagrams are available by request
with our technical support team.

Reverse Cycle Wiring Diagram
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Electric Heat Wiring Diagram
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Soft Start Wiring Diagram
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