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DEFROST SYSTEMS
Defrost Systems
Moisture control inside of the conditioned compartments is necessary for efficient operation. Every 
time a door is opened, moisture will enter the cabinet. Through either natural convection or forced 
air movement, the moisture will eventually condense on the coldest surface in the cabinet. The 
coldest surface is the evaporator. Since the evaporator in a refrigerator / freezer or freezer is well 
below the freezing point of water, frost will form on the evaporator.
With a plate style evaporator that relies on convection to maintain temperature, frost build-up affects 
the efficiency of the heat removal but will not prevent the system from maintaining temperature. 
The biggest issue is the loss of storage space as the thickness of the frost increased. In a forced 
evaporator system, the build-up of frost has more severe effects.
As the amount of frost builds, the airflow through the evaporator will decrease. If the evaporator 
becomes completely clogged, the airflow will stop and cooling performance will decrease to the 
point where the system cannot maintain the desired temperatures. In order to return cooling ca-
pacity, the frost must be removed from the evaporator.
Manual Defrost
Plate style evaporators most commonly relied on manual defrost methods. This holds true for 
many of today’s freezers. Chest type freezers and non-automatic defrost upright freezers require 
manual defrosting.
To manually defrost a system, the sealed system must be off and the contents of the refrigerator 
stored elsewhere until the defrosting is complete. The doors can be propped open and the outside 
ambient air can be used to thaw the frost. To accelerate the defrosting process, a large kettle of 
very hot water can be set inside of the cabinet. The use of a hair dryer or a heat gun can also 
accelerate the frost removal. Care must be used to avoid damage to the cabinet interior if heat is 
applied with a heat gun.
The use of scrapers, ice picks or chisels must be avoided. The chance of damaging the evapora-
tor is too great to risk the forcible removal of the frost in an attempt to speed the process. While 
evaporator repair kits are available, the durability of a repaired evaporator is much less than the 
durability of an undamaged evaporator.
Once all of the frost has been melted, the moisture must be allowed to evaporate so that the 
moisture doesn’t immediately refreeze when the system is powered up.
Automatic Defrost
Since the process of manually defrosting a refrigerator is time consuming and the frost affects 
system efficiency, most modern refrigerators incorporate an automatic defrosting system. An au-
tomatic system uses a timer to activate a defrost cycle.
In an automatic defrost system, a heater and thermostat is added to the evaporator assembly. The 
sealed system is de-energized and the heater is energized. The heater will heat the evaporator 
and melt the frost. The thermostat monitors the evaporator temperature and when it is heated suf-
ficiently, the heater de-energizes. This thermostat is often called a defrost termination thermostat 
or defrost terminator. The target temperature is usually between 40 and 60 degrees Fahrenheit. 
The water that results from the defrost process is often directed to a condensate tray in the base 
of the refrigerator. This flat tray is placed in the airflow around the compressor and the condenser. 
This warmed air will speed evaporation of the condensate.

http://waterheatertimer.org/Intermatic-Defrost-timers-and-manuals.html
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Some systems perform a defrost cycle based on elapsed time. A time is chosen as an interval 
between defrosts. Whenever the timer counts up the chosen amount of time, the system enters a 
defrost cycle. This type of system performs the defrost cycle without regard for the actual cooling 
demand on the sealed system.
A more efficient type of timed defrost is based on the amount of time the compressor runs. The 
timer only advances when the compressor is running. After the timer measures an accumulated 
run time equal to a predetermined amount, the system will enter into the defrost cycle. This type 
of defrost is often referred to as a cumulative run-time defrost.
Even the cumulative defrost systems fail to account for the number of times the door is opened 
and the relative humidity of the surroundings.

Adaptive Automatic Defrost
With the decreased cost of logic circuits and controllers, a more efficient method of controlling the 
defrost frequency has been introduced by many manufacturers. The system measures the time 
it takes from the start of the defrost cycle until the defrost terminator opens. This type of defrost 
system is known as adaptive defrost.
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The theory behind an adaptive system is that an evaporator with a heavier frost load will take a 
longer time to reach the target defrosting temperature. An evaporator with a light frost load will 
reach the defrost temperature sooner. An ideal defrost time is chosen that should be reached with 
a frost load that is neither too light to warrant a defrost cycle nor too long to affect efficiency.
After power is applied to an adaptive defrost system, the first defrost will usually occur in six to 
eight hours of cumulative run time depending on manufacturer. The amount of time is measured 
from the start of the defrost cycle until the defrost termination thermostat opens. If the defrost 
cycle takes longer than the ideal defrost time, it indicates that a heavier than normal frost load 
was on the coil. With a heavier than normal frost load, the system calculates that the next defrost 
should happen sooner than the initial cumulative run time. The accumulated run time before the 
next defrost is shortened and the system begins to monitor run time.
If the defrost terminator opens sooner than the ideal defrost time, it indicates that the system can 
operate for a longer period of compressor run time before defrosting is required. The defrost control 
lengthens the cumulative run time before the next defrost and begins monitoring the compressor 
run time.
Over the course of several defrost cycles, the time between the start of the defrost cycle and the 
opening of the terminator will get closer to the ideal defrost time. The system has adjusted the 
amount of run time between defrosts to occur often enough to maintain a clean coil, but not so 
often as to use excessive energy.
As humidity conditions change and the frost load increases or decreases, the system will adjust 
the cumulative run time to match the change in the frost load.
A seldom seen but possible defrost system is a hot gas defrost system. Hot gas defrost systems 
are used in commercial ice machines to aid the harvest process. When used in a residential re-
frigerator, the sealed system adds a bypass valve to the condenser at a point before the refrigerant 
begins to condense into a liquid state. When this valve opens, the hot gas enters the evaporator 
after the capillary tube inlet. This hot gas will thaw the frost from the inside. A drawback of this 
type of system is the addition of sealed system components. Any added components are potential 
sources of system failures.
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Typical Defrost Circuits
Because of energy consumption regulations, most of the refrigerators that still utilize a defrost 
timer are wired so that the timer only advances when the compressor is running (cumulative run).  
Older models that were produced before energy consumption was as great a concern were wired 
in a continuous run configuration.  We’ll examine both configurations since there are millions of 
these older units still in the market place today.

 

Timer motor circuitTimer motor circuit

Continuous Run
In a continuous run configuration, the timer mo-
tor is wired directly across the 120 VAC power 
source.  The motor is energized anytime the 
refrigerator is plugged in and, depending on 
the internal timer gearing, initiates a defrost 
every 8,10 or 12 hours regardless of compres-
sor run time. 

During the cooling mode of operation, contacts 
1 to 4 are made, providing power to the com-
pressor and fans (if used).

Timer motor circuitTimer motor circuit

Timer in Run 
Mode   To Compressor 

and Fan Circuits 

 

Timer motor circuitTimer motor circuit

Timer in Defrost Mode 

After the timer motor has run for the predeter-
mined amount of time specified by the timer 
gears, the motor advances the internal cam 
into the defrost position.  Contacts 1 to 4 open 
and contacts 1 to 2 close.  This de-energizes 
the compressor and fans and energizes the 
defrost heater (assuming the defrost termina-
tion thermostat is closed).  
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Cumulative Run
When configured as a cumulative run timer, the 
timer motor is in series with the cold control and 
is only energized when the thermostat contacts 
are made.  When the thermostat contacts close, 
power to the motor is supplied from L1, through 
the cold control, to pin 1 of timer, through the 
timer motor and out to neutral through pin 3.
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In the “cool” mode, contacts 1 and 4 of the timer 
are also made and this supplies power to the 
compressor and any fan motors that are in the 
circuit (evaporator and/or condenser).
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After 8 hours of compressor run time, the timer 
advances the internal cam into the defrost posi-
tion.  At that time, contacts 1 and 4 break and 1 
to 2 are made.  This energizes the heater. 
The heater remains energized until the defrost 
termination thermostat opens or until the de-
frost timer advances the internal cam out of 
defrost position and back into the cool mode.
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Adaptive Defrost
Most of the high efficiency refrigerators being 
produced today utilize Adaptive Defrost.  Adap-
tive defrost gets its name from the units’ ability 
to adapt the defrost time and frequency to the 
ambient conditions in the customer’s home
A computer chip on a printed circuit board moni-
tors compressor run time, door openings, the 
length of time the heater was energized during 
the previous defrost, etc.  In some of the newer, 
more advanced systems, the chip may even 
monitor ambient temperatures in the home to 
determine how often the evaporator needs to 
be defrosted.  
Based on the algorithm that is programmed into 
the chip, the refrigerator may go into defrost as 
soon as six hours of run time or, if the refrigera-
tor doors aren’t opened for extended periods 
of time (such as when the customer goes on 
vacation), the unit may not defrost until 72 hours 
of run time have elapsed.
Every manufacturer uses a slightly different 
algorithm in its programming of the chip but the 
principle of operation of most of these units is 
very similar.  A typical adaptive defrost cycle is 
described below.  The steps are representative 
of the programming that is used but does not 
reflect any one model or manufacturers’ adap-
tive defrost programming.

1. When power is applied to the refrigerator, the board begins to monitor the operation of the 
refrigerator. The number of door openings and the compressor run time are weighted and 
when the initial run time algorithm is satisfied (typically 8 or 10 hours), the board energizes the 
defrost heater.

2. During defrost, the board monitors how long the defrost termination thermostat keeps the 
heater energized.  

3. If the defrost termination thermostat opens in less than the average 12 minutes, the computer 
chip recognizes that the amount of frost build up was very light and automatically increases 
the amount of run time between defrosts by 2 hours.  The refrigerator will now have to run for 
2 hours longer before the next defrost is initiated.  

4. If it takes longer than 12 minutes for the defrost termination thermostat to open, the chip recog-
nizes that the frost build up was heavier than normal and decreases the time between defrosts 
by 2 hours.
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5. The computer continues to monitor all of the described conditions and adjusts the time between 
defrosts accordingly until either the upper or lower limits of the algorithm are met.  The lower 
limit is typically 6 hours and the higher limit can be as high as 72 hours.  This means that no 
matter how light or heavy the frost, the refrigerator will never defrost more often than every 6 
hours.  This also means that it could go as long as 72 hours between defrost if the customer 
never opens one of the refrigerator doors and lives in a very dry climate.

Adaptive defrost has the great advantage that it can tailor the operation of the defrost cycle to the 
exact conditions encountered by the refrigerator.  The lighter the customer usage and humidity 
levels in the home, the less defrost energy refrigerator uses.
Forcing a defrost on these models varies from unit to unit and among manufacturers.  In some 
cases, the refrigerator light switch is turned on and off a certain number of times within a specific 
time frame (such as 5 seconds).  Other times, the cold control is cycled on and off.  Because there 
are so many different ways to force a defrost, always refer to the technical data sheet or service 
manual for the model in question for instructions on how to initiate a defrost.

Defrost Timer

The defrost timer controls how often the refrigerator goes into defrost.  (Defrosting the evaporator 
periodically prevents excess frost from forming and blocking air movement though the coil.)  The 
timer also limits the maximum amount of time that the defrost heater can be energized.   There 
are two major timer wiring configurations used on refrigerators:
• Continuous run
• Cumulative run
The difference between the two is the way the timer motor is energized.  When wired as a continu-
ous run timer, the timer motor is wired across the line and is energized anytime the refrigerator 
is plugged in.  Typically, a continuous run timer will cycle the defrost heater every eight hours, 
regardless of operating conditions of the refrigerator.  
When wired as a cumulative run timer, the timer motor is wired in series with the operating ther-
mostat and is only energized when the thermostat is calling for cooling and the compressor is 
energized.  Thus, it can be said that cumulative run timers rely on compressor run time to deter-
mine how often to defrost.  The logic behind tying defrost to compressor run time is that, for the 
most part, frost only forms on the evaporator when the compressor and fans are operating.  The 
longer the compressor runs, the more frost is formed and the sooner the evaporator needs to be 
defrosted.  Conversely, if the usage is very light, very little frost is formed and the need for defrost 
is reduced.
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The timer is made up of leaf switches that ride a cam.  The motor and gear are typically config-
ured for the internal contacts to switch from the run mode into defrost after 8 hours of timer run 
time (regardless of how the timer is wired).  The switches drop into a groove in the cam and the 
contacts #2 to #3 make.  This energizes a heater that is imbedded in or positioned underneath the 
evaporator coil.  After about 20 minutes, the timer motor advances the gear so that the leaf switch 
no longer sits in the groove and the contacts transfer back into the run position (#3 to #4). 
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Although the contact numbers may differ from 
one timer to the next, all mechanical defrost 
timers work on the principle described above.
Most mechanical timers are equipped with a 
studded shaft that allows the technician to man-
ually advance the unit in and out of defrost.

 

ScrewdriverScrewdriver

Defrost heaters are high wattage electrical ele-
ments that generate a great deal of heat when 
power is applied to them.  When energized, the 
heater melts any frost that has accumulated on 
the evaporator coil.  

Defrost heaters come in two varieties:
• Calrod heaters look much like the spi-

ral burners found on electric ranges.  
• Many new refrigerators models today 

use glass enclosed heaters. 
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Defrost Termination Thermostat
(Bimetal)
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The purpose of the defrost termination ther-
mostat is twofold.  One, it prevents the defrost 
heater from energizing unless the freezer is 
at the correct temperature.  More specifically, 
the thermostat senses the temperature of the 
evaporator coil and completes the circuit to the 
heater only if the coil is around 5º F or lower.   
Two, it opens the circuit to the heater at the 
completion of the defrost cycle.

The defrost termination thermostat utilizes a 
bimetal disc to sense temperature.  The disc 
is made of two dissimilar metals that expand at 
different rates.  When exposed to temperature 
changes, the disc warps, making or breaking 
a set of electrical contacts.  
Even though the defrost timer allows a maxi-
mum defrost of about 20 minutes, the length 
of defrost actually depends on the amount of 
frost on the evaporator.  As soon as the bimetal 
senses that the coil temperature is somewhere 
between 45-60º F, the bimetal disc warps and 
opens the internal contacts and the heater is 
disabled.  The heavier the frost, the longer it 
takes for the frost to melt and for the bimetal 
to open.  
Once the bimetal opens, the defrost cycle con-
tinues with no heat until the defrost timer cycles 
back into the cool mode. This allows the defrost 
water to drain completely before the compres-
sor is energized and brings the evaporator back 
down to freezing temperatures.
The thermostat is physically clamped to the 
uppermost pass of the evaporator.  By placing 
the thermostat at the very top of the evapora-
tor, we’re assured that the entire coil will be 
defrosted by the time the thermostat opens.  

Under normal frost conditions, the bimetal 
opens in about 12-15 minutes of defrost time.  
Heavier frost buildup may take longer.  If the 
frost formation is greater than the heater can re-
move in the 20 minutes the defrost timer allows, 
the timer advances from defrost back into the 
cool mode before all of the frost is removed.
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Automatic Defrost Systems
In a forced evaporator system, the build-up of frost has more severe effects.
As the amount of frost builds, the airflow through the evaporator will decrease. If the evaporator 
becomes completely clogged, the airflow will stop and cooling performance will decrease to the 
point where the system cannot maintain the desired temperatures. In order to return cooling ca-
pacity, the frost must be removed from the evaporator.

Automatic Defrost
Since the process of manually defrosting a refrigerator is time consuming and the frost affects 
system efficiency, most modern refrigerators incorporate an automatic defrosting system. An au-
tomatic system uses a timer to activate a defrost cycle. In an automatic defrost system, a heater 
and thermostat is added to the evaporator assembly. The sealed system is de-energized and the 
heater is energized. The heater will heat the evaporator and melt the frost.
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Cycle Defrost System
This type of defrost system is used on inexpensive refrigerators. The freezer evaporator is manual 
defrost but the refrigerator evaporator is defrosted every time the compressor cycles off. A special 
thermostat and two low wattage heaters are used.

Cycle Defrost Thermostat
When the thermostat is closed, current flow bypasses the evaporator plate heater and the drip pan 
heater energizing the compressor. When the plate evaporator reaches temperature, the thermostat 
contacts open. Current flows through the heaters and the cooling circuit. The resistance of the 
heater circuit limits the current flow to the compressor circuit. The compressor will not operate. 
The thermostat closes when the temperature reaches 36 degrees, this insures the plate evapora-
tor is cleared of ice.

Whirlpool Automatic Defrost Control
Initiates defrost only when necessary• 
Mounts same as electromechanical timer• 
4-wire connector is the same• 
Also connects to brown and white wires• 
ADC board has no serviceable components• 
Cannot be substituted for regular timer• 

Operation
When first plugged in, unit will defrost after 6 hours of compressor run time• 
Defrost mode lasts 21 or 25 minutes depending on model• 
After initial defrost the ADC:• 
Monitors compressor run time• 
Monitors defrost heater-on time• 
Adapts from 8 to 100 hours between defrosts• 


