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Refrigeration Circuits, Peltier Devices, Cooling Sources

Technical Data

P	Compressor
A compressor draws in low-pressure chlorofluorocarbon (CFC) 
refrigerant gas, compresses the gas and then discharges it as 
a high-pressure, high-temperature gas. Compressors are 
classified into various types (reciprocating, rotary, screw, etc.) 
according to the mechanical compression method used.

P	Refrigerator
A compressor that compresses a refrigerant gas. These are 
called refrigerators to distinguish them from machines such as 
air compressors.

P	CFC refrigerant
CFC (chlorofluorocarbon) refrigerants are organic compounds 
made up of elements including carbon, hydrogen, chlorine and 
fluorine. They are referred to generically using the DuPont 
brand name of Freon®. 
When CFCs are used as heat-transfer mediums and circulated 
inside refrigeration circuits, causing heating and cooling during 
their condensation and evaporation phase changes, the CFCs 
are referred to as CFC refrigerants. 

P	Specified CFC
Due to their stability as a chemical substance and their safety 
with respect to humans, CFCs came to be widely used as 
industrial materials, particularly refrigerants. However, it was 
later recognized that when CFCs (and HCFCs (hydrochloro
fluorocarbons)) containing chlorine are released into the 
atmosphere, they rise up into the ozone layer and deplete it. 
This resulted in the establishment of the Montreal Protocol in 
1987, which classified CFCs such as Freon R12 and HCFCs 
such as Freon R22 as “specified CFCs” and prohibited their 
manufacture. As a result, their use has now almost completely 
died out. 
Instead of specified CFCs and HCFCs, SMC products now use 
HFC refrigerants such as R134a and R404A that have an 
ozone depletion potential (ODP) of zero. 

P	Fundamentals of refrigeration circuits
In a refrigeration circuit, refrigerant gas injected into the circuit 
repeatedly travels through a cycle of compression, 
condensation, expansion and evaporation, creating high-
temperature and low-temperature sections in the circuit. The 
compressor compresses low-pressure refrigerant gas and 
discharges the gas at a high temperature and pressure level. 
The hot, pressurized refrigerant gas enters the condenser 
where it is cooled by the external air or cooling water and 
condenses to form a high-pressure liquid refrigerant. As the 
high-pressure liquid refrigerant passes through a constricting 
mechanism, such as an expansion valve, i t rapidly 
depressurizes and some of the refrigerant evaporates. The 
release of evaporation heat causes the refrigerant itself to cool

so that it becomes a combination of gas and liquid at a low-
temperature and pressure level. In its combined gas-liquid 
state, the refrigerant enters the evaporator where it continually 
evaporates while absorbing the heat within the evaporator, 
thereby cooling the interior of the evaporator. When the 
refrigerant emerges from the evaporator, it evaporates entirely 
and becomes a low-pressure refrigerant gas. The low-pressure 
refrigerant gas is then drawn into the compressor and again 
becomes a high-temperature, high-pressure gas as the cycle is 
repeated.

P	Condenser
A heat exchanger used to condense high-temperature, high-
pressure refrigerant gas. A condenser has the function of 
releasing heat drawn up by the refrigeration circuit to the 
outside. Condensers can be air-cooled or water-cooled, 
depending on the cooling method used.

P	Air-cooled condenser
Air-cooled condensers are generally made up of copper tubes 
through which the refrigerant flows, with numerous thin 
aluminum fins attached around the outside of the tubes. 
Outside air is forced over the fins by a device, such as a fan 
motor, to cool the pipes to the ambient temperature and 
condense the refrigerant gas.
If an air-cooled condenser is installed inside a building, it can 
be used to heat the interior of the building since the heat 
generated by the refrigeration circuit is released as waste heat 
from the outside of the condenser. The room in which an air-
cooled condenser is installed must have adequate ventilation 
or air-conditioning equipment.

P	Water-cooled condenser
A heat exchanger that uses cooling water to cool and 
condense the coolant. Water-cooled condensers can be used 
in environments, such as large factories where cooling tower 
water or the cooling water for an air-conditioning system can 
be circulated and used. 
Depending on their construction, heat exchangers can be 
double-pipe type, shell-and-tube type or plate type units. 

P	Refrigerant dryer
In a refrigeration circuit, a refrigerant dryer consists of filters 
that absorb and remove moisture inside the refrigeration 
circuit. Refrigerant dryers are normally installed in pipes 
carrying liquid refrigerant after it emerges from the condenser.

P	Expansion valve
A component that creates an expansion in the refrigeration 
circuit. As the refrigerant passes through this valve, a large 
pressure loss results, thereby making it possible to create 
high-pressure and low-pressure segments within the 
refrigeration circuit.
There are several types of expansion valve, including 
constant-pressure expansion valves and thermal expansion 
valves. Such types allow the size of the valve aperture to be 
adjusted using refrigerant pressure or temperature feedback 
from an outlet passage.

P	Capillary tube
The capillary tubes used in refrigeration circuits are simply 
small-caliber copper tubes, normally used in the expansion 
step, that act as a fixed restrictor in the refrigerant passage.

P	Evaporator
A heat exchanger used to cool the target substance (e.g., 
water or air) using the evaporative heat from a low-
temperature, low-pressure combined gaseous and liquid 
refrigerant in the refrigeration circuit. 

P	Cooler
→ Evaporator

Expansion valve

Exhaust heat

Evaporator

Facility water
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Fluid Control and Heat-related

P	Accumulator
A tank installed in a refrigeration circuit on the inlet side of the 
compressor. A compressor is a component designed to 
compress gas, so a malfunction will occur if any liquid coolant 
enters the compressor. Installing an accumulator has the 
function of separating out the coolant gas that is sucked into 
the compressor and any remaining refrigerant, and of 
preventing the liquid refrigerant from being sucked into the 
compressor. The inclusion of an accumulator creates a system 
that is highly resistant to variability in factors such as the 
cooling load.

P	Hot gas bypass
A refrigeration circuit sometimes includes a circuit that allows 
high-temperature, high-pressure refrigerant gas (hot gas) 
discharged from the compressor to bypass the condenser so 
that it reaches the evaporator (on the low-pressure side) 
without being condensed. This prevents the evaporator 
temperature (on the low-pressure side) from dropping too far 
and reduces the risk of liquid refrigerant being drawn into the 
compressor when the cooling load is low (if there is nothing to 
refrigerate), thereby ensuring more stable functions of the 
refrigeration circuit.
This also allows a flow of hot gas to be intentionally directed to 
the evaporator with the aim of heating the evaporator rather 
than cooling it. 

P	Water-regulating valve
A control valve, installed on the cooling water pipe for a 
water-cooled condenser, used to adjust the amount of cooling 
water flowing to the condenser. Water-regulating valves can be 
either pressure-regulated or temperature-regulated, with the 
amount of flow regulated using feedback from the condensing 
pressure or condensing temperature, respectively. 
When the cooling water temperature is low, a large flow of 
cooling water to a water-cooled condenser reduces the 
condensing pressure and lowers the cooling capacity. In this 
sort of situation, a water-regulating valve restricts the cooling 
water flow and maintains the condensing pressure at the 
desired value. Water-regulating valves also have the function of 
reducing water consumption by preventing unnecessarily large 
flows of cooling water.

P	Inverter control
In compressors that use an ordinary AC motor, the motor 
rotation rate is fixed according to the frequency of the AC 
power supply, with the result that the refrigerant discharge rate 
is also fixed. Inverter control in a refrigeration circuit is the use 
of an inverter to vary the compressor rotation rate and thereby 
control the rate of refrigerant circulation.
This provides means of saving energy by, for example, running 
the compressor at a slower rate when the cooling load is low.

P	Protective devices in refrigeration circuits
In refrigeration circuits, protection must be provided for 
electrical components such as compressors, and against 
abnormal refrigerant pressures. Protective measures for 
compressors (motors) include protective devices such as 
overload relays (built into the compressor to detect overcurrent 
and overheating), thermal relays (fitted externally to detect 
motor overcurrent) and temperature switches.
The devices used to protect against pressure faults include 
pressure switches, safety valves and rupture disks. However, in 
refrigeration circuits built into compact devices, the protective 
devices are often confined to just overload relays, or just 
thermal relays and pressure switches depending on the 
anticipated level of risk.

P	Facility water
The cooling water flowing through a water-cooled condenser 
used to expel waste heat generated in the refrigeration circuit

to the outside.
In ordinary factories or buildings, fluids such as cooling tower 
water or chiller water are used as facility water.

P	Cooling tower
A cooling tower is a facility that uses cooling water to expel the 
waste heat circulated and collected inside a factory or other 
building into the outside air. Cooling towers are installed in 
outdoor locations such as on the rooftops of buildings. The 
cooling water is sprayed down like a shower from the top of the 
cooling tower and forcibly brought into contact with the outside 
air by a fan motor. As well as being directly cooled by the 
temperature of the outside air, the partial evaporation of the 
cooling water itself draws off evaporation heat, cooling the 
water further. 
Because cooling towers are directly cooled by the outside air, 
the resulting cooling water temperature varies seasonally 
depending on the climatic conditions. In addition, the cooling 
water cannot theoretically be cooled to a temperature any 
lower than 5°C above the wet-bulb temperature of the outside 
air.

P	Peltier device
An element with a structure made up of alternating layers of 
flat P-type and N-type semiconductors arrayed in series. When 
a direct current flows through the element, heat moves from 
one plate surface to the next, so that one surface is cooled as 
the opposing surface is heated. This is referred to as the 
Peltier effect. 
By changing the direction of current flow, the direction of heat 
movement can also be changed, providing a simple means of 
cooling and heating.

P	Thermo-module
→ Peltier device

P	Thermoelectric device
→ Peltier device

P	Thermoelectric system
A temperature control system that uses a Peltier element to 
directly cool and heat a liquid, gas or solid. 
Heat exchangers suitable for fluids are installed on both sides 
of the Peltier element, with the fluid to be temperature-
controlled on one side of the element while the heat exchanger 
on the other side is used to dissipate heat.

P	Pump capacity/Water-supply capacity
A pump’s water-supply capacity is indicated by the amount of 
water it can cause to flow at a given pressure (lifting height). 
The characteristic curve (pump curve) that indicates the 
correlation between pressure and flow rate varies depending 
on the pump type, and thus, the user must check that the type 
of pump selected is suitable for the intended application.

P	Lifting height/Pressure
Lifting height (in meters) is often used instead of pressure to 
indicate the pump capacity. Lifting height is a numerical value 
that indicates the capacity of a pump in terms of the height (in 
meters) to which it can lift a fluid. 
The value for pressure is obtained by multiplying the lifting 
height by the density of the fluid; for example, if a pump 
capable of generating a lifting height of 10 meters is used to 
pump water, which has a density of 1 kg/L, the unit pressure 
generated by the pump is 1 kgf/cm2 (0.1 MPa). 
If a more dense fluid is used, the pressure is higher even 
though the lifting height remains the same.

Technical Data
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P	Pipe resistance
When water or another fluid is caused to flow through a 
passage composed of pipes, valves, etc., the pressure 
differential generated by friction between the various devices 
and the fluid is known as “pipe resistance.” A synonymous 
term is “pressure loss.”

P	Centrifugal pump
This is one type of pump in which a bladed wheel (impeller) 
spins inside the pump chamber (casing), applying centrifugal 
force to the fluid. This force is converted to pressure that 
discharges the fluid. A large volume of fluid can be pumped, 
but it is difficult to attain high pressure. When high-pressure is 
desired, a type fitted with multistage impellers can be used.
This is a low-lifting height, high-flow volume pump.

P	Vortex pump
In this type of pump, a bladed wheel (impeller) spins inside the 
pump chamber (casing), applying centrifugal force to the fluid. 
This force is converted to pressure that discharges the fluid. As 
in a centrifugal pump, the fluid is discharged using centrifugal 
force, but the impeller has more blades than in a centrifugal 
pump, and in the pump chamber (casing), the aperture 
(clearance) is set more narrowly, allowing for a higher 
discharge pressure.
The pressure and flow rate characteristics attained are somewhere 
between that of a centrifugal pump and a vane pump.
This is a mid-lifting height, mid-flow volume pump.

P	Turbine pump
→ Vortex pump

P	Cascade pump
→ Turbine pump

P	Vane pump
In this type of pump, vanes set in a rotor inside the pump 
chamber brush against the inside walls of the chamber as they 
rotate, pushing out and discharging the fluid that is surrounded 
by the vanes, rotor and pump chamber walls. This is a type of 
PD (positive displacement) pump.
This is a high-lifting height, low-flow volume pump.
The vanes slide against the interior walls of the pump 
chamber, generating abrasion powder. In addition, this type of 
pump is susceptible to entry of foreign matter such as outside 
debris, etc.

P	Gear pump
Like the vane pump, this is a type of PD (positive displace-
ment) pump, in which a pair of gears meshes with one another 
and rotates, pushing the fluid through the gap between them 
and discharging it.
This is a high-lifting height, low-flow volume pump.

P	Sealing mechanism
The bladed wheel (impeller) in the pump chamber through 
which the fluid passes is linked to the shaft of the external 
electric motor, and the rotation of the impeller discharges the 
fluid. As water or other fluids seeping through the motor shaft 
and reaching the electric motor can cause short circuits and 
other damage, it is necessary to have a mechanism sealing 
the pump chamber off from the shaft. This is known as a 
“sealing mechanism.”
There are mechanical seal types, magnet coupling types and 
others.

P	Mechanical seal pump
This is a general terms for pumps that use mechanical seals 
for the sealing mechanism.
The rotating seal mounted on the motor shaft side and the 
fixed seal mounted on the pump chamber side rotate, and their 
surfaces touch one another, sealing off the fluid. As a result, 
there is a slight, external leakage of fluid. The volume of 
leakage increases over time, so it is necessary to replace the 
seal portions regularly.
This type can be used for applications where the motor shaft 
and impeller are directly linked and there is high-shaft power.

Discharge outlet

Bladed wheel 
(Impeller)

Scroll chamber 
(Spiral casing)

Centrifugal pump

Vortex pump

Vane pump

Gear pump

Electric motor

Mechanical seal

Shaft

Bladed wheel (impeller)

Inlet

Water

Water Outlet

Casing
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Electric motor
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Fluid Properties, Materials, Physical Values

P	Magnet pump
This is a general term for pumps that use magnetic coupling 
for the sealing mechanism. 
Using magnetism to couple the rotor on the inside of the pump 
chamber to the permanent magnet mounted on the motor shaft 
side, with the pump chamber wall between them, the rotation is 
conveyed to the rotor inside the pump chamber. Since the 
pump chamber can be completely separated, pump chamber 
can be completely sealed off, so there is absolutely no external 
leakage.
Since a large magnet coupling is needed, this type of pump is 
more difficult to make in small sizes than the mechanical seal 
type, and the cost is also higher.

P	DC canned pump
A pump with a sealless construction combining the motor and 
the pump in one. It can be made in compact sizes with 
absolutely no external leakage of fluid. A DC brushless motor 
is used.

P	Pump heat input
The volume of heat applied to the circulation loop, generated 
by the operation of the pump. When calculating the overall 
volume of heat applied to the circulation loop, it is necessary to 
consider the volume of heat generated by the pump, along with 
that of the object being cooled.
The pump converts the electrical power entering the motor into 
the kinetic energy of the fluid, which causes the fluid to 
circulate. This kinetic energy is reduced as a result of 
undergoing pressure loss inside the piping, and eventually the 
entirety of the kinetic energy is released into the circulating 
fluid as heat.
While there are differences depending on the type of pump, for 
rough calculations, the nominal heat emitted from the pump 
can be treated as the pump heat input.

P	Solenoid valve
A component that switches the flow of fluid from ON to OFF, or 
changes the direction by moving the plunger (iron core) using 
the force of electromagnetism.

P	Relief valve
When the inlet pressure exceeds a set level, this valve opens 
to release the outlet pressure.

P	Flow sensor/Flow switch
These components monitor the flow rate of the fluid. The flow 
sensor measures the flow rate linearly. The flow switch only 
has the function of commencing operation when the flow rate 
reaches a certain level, and does not perform measurement of 
the flow volume.

P	Particle filter
A filter that removes debris and other particles.

P	Check valve
A check valve is a device that prevents reverse flow of the 
fluid, keeping it flowing in one direction only.

P	Non-return valve
→ Check valve

P	Level switch
A switch that detects the fluid level inside the liquid tank. There 
are many different types, but the most common type employs a 
floating buoy, which causes a lead switch (magnetic switch) to 
turn ON and OFF.

P	DI filter
A filter that is filled with ion exchange resin used to remove 
leftover ions from the water. DI stands for “deionized,” while “DI 
water” is deionized water, or water with its ions removed.

P	Density, specific gravity
The weight per unit of volume, measured in units of [kg/m3]. 
Specific gravity is the ratio of the density of a given substance 
to the density of water (1.0 [g/cm3]), and is a dimensionless 
quantity. When expressing this quantity within the CGS system 
of units, density and specific gravity have the same value.

P	Degree of viscosity
Thickness of a fluid. The units used to express absolute 
degree of viscosity are [Pa·s] units, but it is often expressed 
within the CGS system of units with [P] (Poise).
1 [Pa·s] = 10 [P]
The value obtained by dividing absolute degree of viscosity by 
density is called the kinetic viscosity. This can be measured in 
[m2/s] units, but in general, [St] (Stokes) are used.
1 [St] = 0.0001 [m2/s]

P	Specific heat, specific heat capacity
The heat energy required to increase the temperature of an 
object by a certain temperature interval, under specific 
pressure and volume conditions.
The specific heat of water: 1 [cal/g·K] = 4.184 x 103 [J/kg·K]

P	Cooling capacity
The volume of heat (heat energy) that temperature control 
equipment can absorb (cool) per unit of time, at an arbitrary 
temperature.

P	Heat load
 Cooling capacity

P	Heat
Terms such as heat, heat load, cooling capacity, etc., that are 
used in this catalog, indicate quantities of heat that can be 
absorbed or radiated per unit of time. As a result, the units 
employed are [W] = [J/s] (work rate) or [kcal/hr]. 
1 kW = 860 kcal/hr

Technical Data
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Temperature Measurement and Control

P	Specific resistance
A value indicating the electrical insulating properties of a liquid, 
and the unit used is [W·cm]. When expressing the specific 
resistance of deionized water, it is sometimes called “DI level.” 
At 25°C, the specific resistance of theoretically 100% 
deionized water is 18.3 [MW·cm].

P	Electric conductivity
A value indicating the ease with which electricity passes 
through a liquid, and is inversely proportional to the specific 
resistance. The unit used is [S/m], incorporating [S] (Siemens), 
the opposite of [W] (resistance).
At 25°C, the electric conductivity of theoretically 100% 
deionized water is 0.055 [µS/cm].

P	Tap water
Water that has been filtered and distilled and any impurities 
eliminated. It is also known as purified water.

P	Deionized water
Water that has had any impurities or ion elements removed. It 
is obtained by removing ion elements with ion exchange resin, 
after filtering out impurities with a particle filter. Its theoretical 
specific resistance has a limit of 18.3 [MW·cm], but it is 
impossible to actually attain this value. As a general rule, water 
with a specific resistance of 1 to 10 MW·cm is referred to as 
deionized water.

P	Ethylene glycol aqueous solution
Ethylene glycol is a type of alcohol, and adding it to water 
causes the freezing point of the water to drop. It is a major 
ingredient in antifreeze for automobiles. At a concentration of 
60%, the freezing point drops to –40°C or lower, but the 
viscosity increases as the temperature drops, so taking fluidity 
into account, it is practical to consider about –20°C as the 
minimum temperature.
By adding ethylene glycol to deionized water, it is possible to 
raise the fluid’s specific resistance, so it can be used for 
applications where circulating fluid with high insulating 
properties is desired.

P	Propylene glycol aqueous solution
Propylene glycol is a type of alcohol, and adding it to water 
causes the freezing point of water to drop. Like ethylene glycol, 
it is a major ingredient in antifreeze for automobiles.
It has lubricating properties, and is characteristically non-volatile.

P	Fluorinated fluids
Inert fluids in the fluorine series. There are many types, 
including perfluoropolyether (PFPE), perfluorocarbon (PFC), 
hydrofluoropolyether (HFPE), and hydrofluoroether (HFE), but 
they share the characteristic of high electrical insulation 
properties, and grades can be selected with appropriate fluidity 
even at low temperatures, such as –100°C, and high 
temperatures, such as 200°C and above.
They are chemically inert and non-poisonous.
Products are sold on the market, such as Fluorinert, made by 
3M, and GALDEN, made by Solvay Solexis.

P	GALDEN®

The product name of a fluorinated fluid manufactured by 
Solvay Solexis. It is a perfluoropolyether with a high polymer 
compound, and various grades can be selected with differing 
temperature ranges and viscosity ranges depending on the 
degree of polymerization.

P	Fluorinert™
The product name of a fluorinated fluid manufactured by 3M. 
Its basic structure is a perfluorocarbon, but it has a wide 
variety of chemical structures, and various grades can be 
selected with differing temperature and viscosity ranges.

P	Circulating fluid, constant temperature circulating fluid
Fluid that circulates among the user’s equipment, with 
temperature controlled by a chiller.
Taking freezing temperature, boiling point, electrical insulation 
properties and so on into consideration, tap water, deionized 
water, ethylene glycol aqueous solution, fluorinated fluids, etc., 
can be selected depending on the application.

P	PT sensor, platinum resistance temperature detector
A type of temperature sensor taking advantage of the 
properties of platinum (Pt), which has an electric resistance 
that increases in proportion to the temperature. A sensor with 
the specification Pt 100W has a resistance of 100W at 0°C. As 
the resistance value is relatively small, and the sensor is easily 
influenced by the resistance value of the conductive wires, an 
input circuit is generally used which cancels out the resistance 
value of the conductive wires, by using, for instance, 3-wire or 
4-wire wiring configurations and long conductive wires.

P	RTD (Resistance Temperature Detector)
→ PT sensor

P	Thermo couple
This is created by forming a loop, connecting the ends of two 
wires made of two different metals, and by keeping the two 
wires at separate temperatures at the connecting point. 
Thermoelectric power is generated according to this 
temperature differential (the Seebeck effect).
As a sensor, by keeping the end of one wire at a standard 
temperature and measuring the thermoelectric power 
generated, it can determine the temperature of the other wire 
terminal. A thermo couple is a sensor employing this principle.

P	Thermistor
A temperature sensor employing a semiconductor with electric 
resistance that changes in accordance with the temperature. 
There are two types, 
PTC: positive temperature coefficient (a type for which the 

resistance increases as the temperature rises) 
NTC: negative temperature coefficient (a type for which the 

resistance decreases as the temperature rises.)
The resistance value is generally large, amounting to several 
MW, and there is little influence from the resistance of the 
conductive wires, so a 2-wire configuration is generally used.

P	Thermostat
A switch that turns ON or OFF when it reaches a certain set 
temperature. Most thermostats are bimetallic.
They are sometimes used for direct temperature control, such 
as switching a heater ON or OFF, but are also used often for 
safety circuits which switch OFF when the temperature 
becomes abnormally high.
The switch can be returned to its original position either 
automatically or manually.

GALDEN® is a registered trademark, belonging to the Solvay Group or its corre-
sponding owner. Fluorinert™ is a trademark of 3M.
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P	Temperature fuse
A fuse in which an internal metal wire melts, breaking the 
circuit when exposed to a temperature exceeding the set 
temperature. When this kind of fuse blows, it cannot be reset 
and must be replaced.

P	PV
PV: Process Value. In temperature control equipment, this 

indicates the current temperature measured by the 
temperature sensor. 

P	SV
SV: Set Value. In temperature control equipment, this indicates 
the target value (set value) for performing temperature control.

P	ON/OFF temperature control
A control method for adjusting temperature by turning tempera-
ture control output ON or OFF relative to the set temperature.
When the temperature is above (below) the set temperature, 
output of the refrigerator (heater) is turned ON, and when the 
temperature is below (above) the set temperature, output is 
turned OFF.
Since there are only two operating rates relative to the set tem-
perature, 0% or 100%, this is also called 2-position control.

P	Adjustment sensitivity (Hysteresis)
When the PV is extremely close to the SV in ON/OFF control, 
there may be “chattering” where the temperature control output 
repeatedly turns ON/OFF with small temperature variations, 
and this may have an adverse impact on output relays and 
connected equipment. To prevent this, spacing is provided 
between ON and OFF operation to stabilize control. This 
operation spacing is called adjustment sensitivity (hysteresis).
For example, if the cooling output ON point (SV) is set to 20.0°C 
and hysteresis is set to 1.0°C, then cooling output will go OFF 
when temperature drops to 19.0°C, and go ON when temperature 
rises to 20.0°C.

P	PID control
A control method for producing temperature control output by 
comparing the temperature difference between the input value 
from the temperature sensor (PV) and the set temperature 
(SV), and using a combination of P (Proportional) operation, I 
(Integral) operation and D (Derivative) operation. 
Output is linearly variable from 0 to 100%, and this enables 
smooth temperature control with no temperature wavering.
P (Proportional) operation:	 Operation where the amount of 

output is varied from 0 to 100% in 
proportion to the deviation between 
PV and SV (temperature differ
ence). The range of temperatures 
for performing proportional opera
tion (proportional band) must be in-
put as a parameter.

I (Integral) operation: Operation where the temperature 
discrepancy is corrected by adjusting 
the amount of output relative to the 

time that deviation between PV and 
SV has continued. Since the amount 
of output is determined in response to 
the time that deviation continues, the 
integral time must be input as a 
parameter. 

D (Derivative) operation:	 Operation where output is produced 
in accordance with the derivative 
(speed of change) of the tempera
ture deviation. This is used to quickly 
correct sudden temperature varia
tions when there is a sudden change 
in the ambient environment or load. 
The derivative time is input as a 
parameter, and the longer the 
derivative time, the stronger the 
correction output that is produced. 

P	ARW width (Anti-Reset Windup width)
Range of integral operation used for PID control. This value is 
used to designate the range for calculating the integral term, to 
suppress buildup of the integral component.

P	Auto-tuning
In PID control, P, I, D and each parameter must be optimally 
set for the balance of the heat capacity of all parts where the 
circulation loop is connected. Auto-tuning refers to a function 
for automatically determining the setting of those parameters.
SMC’s temperature control equipment is shipped with PID 
parameters set at factory shipment to the greatest common 
factor for the various use conditions. However, if those 
parameter settings are likely to be unsuitable for the actual 
operating environment, some models provide a function which 
can automatically set parameters by using auto-tuning.

P	Time division proportional output
When controlling output of a heater or other device via a relay 
or SSR, this method of operation makes the ratio of ON time to 
OFF time proportional to the control output over a fixed time 
(0.2 to 1.0 sec) in accordance with a previously set time cycle. 
For example, if the control cycle is 1.0 sec, and the control 
output is 70%, then the ON time will be 0.7 sec and the OFF 
time 0.3 sec.

P	PWM control
→ Time division control

P	Offset function
Function for shifting the target temperature for actual 
temperature control from SV by adding or subtracting a 
separately set offset value (+ or – a certain number of °C) to or 
from the set temperature (SV).
For example, if the temperature upon arrival at the object of 
temperature control is shifted higher (or lower) relative to the 
temperature discharged from the chiller because a certain 
amount of heat input is received from piping due to the effects 
of ambient temperature, this offset value is set to correct that 
effect.

P	Learning control
A function for automatically calculating and setting the offset 
value (correction value for the set temperature).
A temperature sensor (external sensor) is provided near the 
object to be temperature controlled, and those signals are 
input to the chiller. The offset value is automatically calculated 
from the deviation between the discharged temperature and 
the external sensor.

P	External sensor
Temperature sensor mounted to the outside of temperature 
control equipment and used for learning control, etc.
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P	Band width, Temperature upper/lower limit width
Temperature range for outputting alarms, etc., when PV 
deviates by more than a fixed temperature from the set 
temperature (SV).

P	Power supply frequency
There are two frequencies for commercial AC power: 50 Hz 
and 60 Hz. The AC motors installed in temperature control 
equipment turn at a rotation speed corresponding to the power 
supply frequency. When operating with a 60 Hz power supply, 
the rotation speed is generally 10% faster than with 50 Hz. In 
the case of a pump, the flow rate and pressure increase, 
and in the case of a compressor in a refrigeration circuit, the 
cooling capacity increases. Current consumption also 
increases in the same way.
In the case of a resistance load, such as a DC pump or heater, 
performance does not depend on the frequency.

P	Three-phase power supply
With three-line AC current or AC voltage, the phases of the 
lines are shifted by 120°.
The current values of each line are 1/  3 smaller than single 
phase with the same level of transmitted power, so thinner 
wires can be used. There is also the advantage that a rotating 
magnetic field can be easily produced. (It is possible to use a 
3-phase motor with a simple structure.)
A 3-phase power supply is used for equipment with high 
output.

P	Breaker
A device which protects load circuits and wires by breaking the 
circuit when an abnormal current flows in an outlet circuit due 
to problems such as overload or shorting. Depending on the 
application, a breaker may be called a motor breaker, circuit 
protector or other names. Earth leakage breakers monitor both 
current in the main circuit and leakage current, and break the 
circuit if leakage current is too high.

P	Relay
A switch which turns a mechanical contact ON/OFF with the 
power of an electromagnet (solenoid). This makes it possible to 
turn ON/OFF the high power of the contact with the low power 
needed to drive the electromagnet only, and thus relays are 
used for amplification. They are also frequently used as logic 
elements in sequence circuits.

P	Electromagnetic contactor
An electric device for turning power circuits ON/OFF to start 
and stop power equipment (e.g. motors, heaters). Just like a 
relay, these devices open or close a mechanical contact with 
the power of a solenoid. The principle of operation is the same 
as a relay, but a contactor is designed for high-voltage and 
large current. 

P	Thermal relay
A circuit protection device incorporated into the power input 
circuit of a motor to provide output when motor overcurrent is 
detected. It is comprised of a heater which heats up in 
response to current, and a bimetal which opens and closes a 
contact in response to that heat. Since the thermal relay itself 
cannot open and close a high capacity power circuit, the main 
circuit for a motor or other device is broken by incorporating a 
control circuit with an electromagnetic contactor or relay.

P	Electromagnetic switch
A device integrating an electromagnetic contactor with a 
thermal relay.

P	Overload relay
This has the same structure as a thermal relay, and is used for 
the same purpose. Overload relays built into the compressors 
of small refrigeration circuits are installed on the wall of the 
compressor, and are actuated not by heat due to overcurrent 
but by the temperature of the compressor itself. In many small 
compressors, the main circuit is directly broken by the overload 
relay.

P	Impedance protection
A type of motor protection generally used for small AC fan 
motors and other small motors. 
The motor is constructed so that it will not rise above a certain 
temperature, even when locked for some reason, due to the 
inherent impedance (AC resistance) of the motor coil itself. 
Therefore, the motor itself is protected against burnout, even 
though no thermal relay or other protective device is installed.

P	Solid state relay (SSR)
A relay which enables switching of high power using low power 
by using a thyristor or other semiconductor element. In 
comparison with an electromagnetic relay, this type has no 
mechanical moving parts, and thus is capable of high-speed 
switching. SSRs are compact, and have a long service life. 
However, this does not mean that contacts are physically 
isolated. The fact that there is some leakage current even when 
the device is OFF must be taken into account.

P	Phase reversal relay (Plugging relay)
A switch which monitors the phase sequence of a 3-phase 
main power supply, and issues a warning if anything is 
abnormal. 
When driving a 3-phase motor with a 3-phase power supply, 
the motor will turn backwards if the phase sequence of wiring 
is wrong. This relay is installed to prevent such reverse rotation. 
These relays are also called plugging relays. 

P	DC power supply
A device which produces DC power from commercial AC 
power. DC power is for CPUs inside equipment and other 
control circuits. Peltier elements for Peltier circulators, 
thermoelectric baths and other equipment are driven with DC 
power, so they have a high-capacity DC power supply built-in.

P	EMO circuit
An EMO (EMergency Off) circuit is an electrical circuit provided 
to shut off all power and ensure safe conditions when an 
emergency stop button (EMO button) is pressed in an 
emergency.

P	Hardware interlock
This is an equipment control circuit for shutting off power in 
case of trouble. The circuit is logically configured using only 
relays and other hardware, and does not use software running 
on the CPU.

P	RS232C
A standard for serial communication. This is the communication 
standard when connecting a PC with an acoustic coupler or 
modem, and is used for one-to-one communication between PCs. 
Since RS232C itself only roughly stipulates the use of wiring 
systems and other hardware, detailed hardware specifications 
and software protocols are determined independently by each 
equipment manufacturer.
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P	RS485
A standard for serial communication. Only one-to-one 
communication between devices can be done with RS232C, 
but with RS485 it is possible to communicate simultaneously 
with multiple devices by wiring them in a chained, multidrop 
fashion, and providing addresses via software. 
Since RS485 itself only roughly stipulates the use of wiring 
systems and other hardware, detailed hardware specifications 
and software protocols are determined independently by each 
equipment manufacturer. Actual detailed protocols are 
determined independently by each equipment manufacturer.

P	DeviceNet
A standard for serial communication.
An open network owned by ODVA (Open DeviceNet Vendor 
Association Inc.), a non-profit organization headquartered in 
the US. This is a field network standard covering a wide scope, 
from the sensor level to the device level.

P	Analog communication
A method of communicating with external devices using 
voltage output such as 0 to 10 V. This enables output of PV 
(measured temperature, etc.) and reception of values like SV 
(set temperature).

P	Signal input/output, I/O
Input/Output signals such as alarm signal, or operation signals. 
Since there are various communication methods depending on 
the equipment model, such as relay output and open collector 
output, communication specifications must be checked before 
wiring.

P	Insulation withstand voltage
Electric potential difference where an insulator material will not 
be destroyed. In withstand voltage testing at product shipment 
from the factory, a high AC voltage of 1.5 kV (varies depending 
on the model) is applied between the electric circuit conductor 
and the chassis (grounded). Then it is checked that there is no 
flow of leakage current above the reference value.

P	Insulation resistance
Electric resistance between the conductor inside the device 
and the chassis (grounded). In insulation resistance testing at 
product shipment from the factory, it is checked that the 
resistance value with a measured DC voltage of 500 V (or 250 
V) is at or above the reference value (a value such as 1 MW; 
varies depending on the model).

P	CE/UKCA marking
For machinery and other equipment distributed in the EU 
(European Union), it is mandatory to display the CE/UKCA 
mark. To display the CE/UKCA mark, a product must declare 
itself to be in compliance with EU Directives. The main EU 
Directives relating to the products in this catalog are the 
Machinery Directive, EMC Directive and Low Voltage Directive. 
Each directive requires product compliance with the 
corresponding EN Standard (European Standard).

P	UL standards
Standards of a non-profit testing organization founded by the 
US National Fire Protection Association.
In the US, some states and municipalities require UL 
certification for the sale of electrical products.

P	CSA standards
Safety standards by the Canadian Standard Association, a non-
governmental Canadian standardization organization. 
Electrical products distributed in Canada must be CSA certified.

P	NRTL (National Recognized Test Laboratories)
Testing organizations capable of certification (of UL or CSA 
standards, etc.) which have been recognized according to 
Occupational Safety and Health Law set forth by OSHA (the 
US Occupational Safety and Health Administration). At 
present, 18 organizations have been recognized as NRTLs. UL 
and CSA are examples of certified organizations.

P	eti mark
eti (Electro-Test Inc.) is the mark that demonstrates compliance 
with UL standards.

P	ETL mark
Intertek ETL SEMKO is an NRTL, and issues the ETL mark. 
This mark demonstrates compliance with UL standards.

P	SEMI S2
SEMI is an international industry association of companies 
producing equipment and materials for the manufacture of 
semiconductors and flat panel displays. It has established its 
own standards as safety guidelines for the design of 
semiconductor manufacturing equipment. 
SEMI S2 requirements relate to the work environment, health 
and safety for products used in semiconductor manufacturing, 
and cover chemical, radiation, electrical, physical, mechanical, 
environmental, fire, earthquake, emissions and ergonomics, as 
well as quality, documentation, manuals, etc. Many 
semiconductor manufacturers require that equipment operating 
in their plants comply with SEMI S2.

P	SEMI S8
SEMI S8 is a guideline on ergonomics which is more detailed 
than the ergonomic requirements in Section 14 of SEMI S2.

P	SEMI F47
SEMI F47 is a SEMI standard which stipulates guidelines 
regarding voltage sag immunity. 
Semiconductor manufacturers require this standard for 
temperature control equipment, just like SEMI S2.

Safety Standards
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