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Solenoid Valves
Principles of Operation

A solenoid valve is a combination of two basic
functional units:
• A solenoid (electromagnet) with its core
• A valve body containing one or more orifices
Flow through an orifice is shut off or allowed by
the movement of the core when the solenoid is
energized or de-energized. ASCO valves have a
solenoid mounted directly on the valve body. The
core is enclosed in a sealed tube, providing a
compact, leaktight assembly.

Two constructions are available for 2-way valves:
• Floating diaphragm or piston which requires a
minimum pressure drop across the valve to remain
in the open position (Figures 2A, 2B).
• Hung-type diaphragm or piston held open
mechanically by the solenoid core. The valve
opens and remains open with zero pressure drop
(Figures 3A, 3B).

Direct Acting Valves (Figures 1A, 1B)
When the solenoid is energized in a direct acting
valve, the core directly opens the orifice of a
Normally Closed valve or closes the orifice of a
Normally Open valve. When de-energized, a
spring returns the valve to its original position.
The valve will operate at pressures from 0 psi to
its rated maximum.
The force needed to open the valve is proportional
to the orifice size and fluid pressure. As the orifice
size increases, so does the force required. To open
large orifices while keeping solenoid size small, a
Pilot Operated construction is used.

Figure 2A:
Pilot Operated, Normally
Closed Valve,
De-Energized

Figure 2B:
Pilot Operated,
Normally Closed Valve,
Energized

Figure 3A:
Pilot Operated, Normally
Closed Valve,
De-Energized

Figure 3B:
Pilot Operated,
Normally Closed Valve,
Energized

Manual Reset Valves
(Figures 4A, 4B)
Figure 1B:
Direct Acting,
Normally Closed Valve,
Energized

Internal Pilot Operated Valves
(Figures 2A, 2B)
Normally, these valves have a pilot and bleed
orifice which enable them to use line pressure for
operation.
When the solenoid is de-energized, the pilot orifice
is closed and full line pressure is applied to the top
of the piston or diaphragm through the bleed
orifice, providing seating force for tight closure.
When the solenoid is energized, the core opens
the pilot orifice, relieving pressure from the top of
the piston or diaphragm via the outlet side of the
valve. The line pressure then opens the valve by
lifting the diaphragm or piston off the main orifice.

Manual reset valves must be manually latched into
position and will return to their original position
only when the solenoid has been energized or
de-energized, depending on construction

Figure 4A:
No Voltage Release
Manual Reset Valve,
Un-Latched, De-Energized

Figure 4B:
No Voltage Release
Manual Reset Valve,
Latched, Energized
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Figure 1A:
Direct Acting,
Normally Closed Valve,
De-Energized

Engineering Information

4

Solenoid Valves

Types of Solenoid Valves
2-Way Valves
(Figures 1A, 1B, 2A, 2B, 3A, 3B)

4-Way Valves
(Figures 6A, 6B)

Two-way valves have one inlet and one outlet pipe
connection. They are used to allow or shut off fluid
flow, and are available in either:

Four-way valves are generally used to operate
double-acting cylinders or actuators. They have
four or five pipe connections: one pressure, two
cylinder, and one or two exhausts. In Position A,
pressure is connected to one cylinder port, the
other is connected to exhaust. In Position B,
pressure and exhaust are reversed at the cylinder
ports.

Normally Closed – closed when de-energized and
open when energized.
Normally Open – open when de-energized and
closed when energized.

3-Way Valves
(Figures 5A, 5B)
Three-way valves have three pipe connections
and two orifices (when one is open, the other is
closed, and vice versa). They are commonly used
to alternately apply pressure to and exhaust pressure from the diaphragm operator of a control
valve, single-acting cylinder, or rotary actuator.

2 Press.
1 Cyl.

2 Press.
1 Cyl.

3 Exh.

3 Exh.

Press. Cyl. Exh. Cyl.
B
A

Figure 5A:
Three-Way
Normally Closed Valve,
De-Energized

Figure 5B:
Three-Way
Normally Closed Valve,
Energized

Figure 6A:
Four-Way Valve, De-Energized

Three modes of operation are available:
Normally Closed – when the valve is de-energized,
the pressure port is closed and the cylinder port is
connected to the exhaust port. When the valve is
energized, the pressure port is connected to the
cylinder port and the exhaust port is closed.
Normally Open – when the valve is de-energized,
the pressure port is connected to the cylinder port
and the exhaust port is closed. When the valve is
energized, the pressure port is closed and the
cylinder port is connected to the exhaust port.

ENGINEERING

Universal – allows the valve to be connected in
either the Normally Closed or Normally Open
position to select one of two fluids or to divert flow
from one port to another.
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Figure 6B:
Four-Way Valve, Energized
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Solenoid
Except where noted, all ASCO valves are
equipped with coils which can be energized continuously without danger of overheating or failure.
Standard coils have 18" leads which can be connected to any controlling device. Spade, screw
terminal, and DIN-type spade connector coils are
also available. For three phase power systems, the
two leads can be connected to any two of the
three phases.
All coils are constructed in accordance with
Underwriters Laboratories Inc., NEMA, IEEE, and
other industrial standards ASCO Class B, F, and
H insulation systems are UL listed in the
Recognized Component Index (yellow book)
under Guide No. OBJY2.
For AC ambient capabilities, see chart to the right.
DC ambient capabilities are 104°F (40°C), or 131˚F
(55˚C) for RedHat II depending on construction.
These ambients are based on a minimum available
voltage of 85% of nominal. If minimum available
voltage is greater, a higher ambient limitation may
be possible. Consult factory for details.

* See Pages 469-472 for RedHat Next Generation
Electronic coils.

Coil Insulation Systems and
Temperature Limitations
RedHat II Solenoid Class F 311°F (155°C) and Class H 356°F (180°C)
EPOXY
ENCAPSULATION

AC Ambient Capabilities
Industrial Temperature Limitations  
and Thermal Characteristics of
ASCO RedHat II Solenoids and Coils
The typical watt ratings given show the relationship
between different classes of coil insulation and the
watt ratings to achieve higher temperature capabilites.
The information contained in these tables applies only to
Non-Explosionproof, AC constructions.
 Excess margin for higher fluid or ambient temperature
Temperature rise due to power input
Listed ambient
Notes:
 As measured by the “Resistance Method.”

 Ambient temperatures are directly additive to coil rise —
fluid temperature is not.

 For M-6, 50 Hz wattage values, add 2 watts to the
indicated values.
 Because of explosionproof codes and surface temperature
limitations, the maximum listed ambients for specific valves
should not be exceeded. Consult factory concerning
explosionproof applications where higher-than-listed ambients
are encountered.

 Maximum temperatures shown are industrial limits. For UL

limits, subtract 27°F (15°C) for Class F coils and 36°F (20°C)
for Class H coils.

Final Temperature °C (°F)
200
(356°F) 180
160
(311°F) 155
(284°F) 140
(266°F) 130
120
(212°F) 100
(194°F) 90
80
(140°F) 60
(125°F) 51.6
40
20
0

Class “F”
Limit

Class “H” Limit

Temperature Rise from
Power Input

Ambient

Ambient

Coil Class

FT

FB

HT HB

Typical M6 
AC
MXX
Wattage
Rating M12

6.1

9.1

6.1

10.1

17.1 10.1 17.1

9.1

16.1 20.1 16.1 20.1

BOBBIN
Class F and H
PPS
UL and CSA LISTED
600 VOLT LEADS
LEAD WIRE
6 STRAND 18 AWG
PE COATED

MAGNET WIRE
Class F: 392˚F (200˚C)
Class H: 392˚F (200˚C)
or 428˚F (220˚C)
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Coil Operating Voltage Ranges

Power Consumption

All coils are designed for industrial operating voltages
and can be used on the following voltage ranges:

Power consumption can be determined from the
ratings shown on individual Series pages. For AC
valves, the watts, volt-ampere “inrush” (the high
momentary surge occurring at coil energization),
and volt-ampere “holding” (the continuous draw
following inrush) are given.

AC

DC

Nominal
Normal
Nominal
Normal
Voltage Rating Operating Range Voltage Rating Operating Range
24

20-24

6

5.1-6.3

120

102-120

12

10.2-12.6

—

—

24

20-25

240

204-240

120

102-126

480

408-480

240

204-252

Note: Special coils are required for battery charging
circuits where wider voltage ranges are typically
encountered. For these applications, special
continuous duty Class H coils are available that will
accommodate a voltage range equivalent to 12%
over nominal, 28% under nominal, and a 140°F
(60°C) ambient. Standard nominal voltages are
125 and 250 DC, which translate to a voltage
range of 90-140 and 180-280, respectively. Add
prefix “HC” to the catalog number. “HC” prefix is
only applicable to valves with coil classes FT and
HT. Consult factory for other constructions.
Most ASCO valves, depending upon construction,
will operate at 15% under nominal voltage and
maximum operating pressure differential, and are
capable of operating for short periods at 10% over
nominal voltage. For coil classes other than FT and
HT, over voltage is not recommended. For wider
voltage ranges than shown here or for operating
voltage ranges for specific catalog numbers,
please consult your local ASCO sales office.

The current rating for inrush and holding may be
determined by dividing the voltage into the
volt-amp rating:
volt-amp inrush
Inrush
=
voltage
Amps
volt-amp holding
Holding
=
voltage
Amps

DC valves have no inrush current. The amp rating
can be determined by dividing the voltage into
the DC watt rating:
Amps =

watts (DC)
voltage

Notes:
1. When a valve has been energized for a long
period, the solenoid becomes hot and can be
touched by hand for only an instant. This is a
perfectly safe operating temperature. Any excessive
heating will be indicated by smoke and the odor
of burning coil insulation.
2. Valves for AC service can be converted to
other AC voltages simply by changing the coil.
Similarly, DC valves can be converted to other
DC voltages. When converting from AC to DC, or
vice versa, consult your local ASCO sales office
for instructions.

Solenoid Constructions

ENGINEERING

Internal parts in contact with fluids are of
non-magnetic 300 and magnetic 400 series stainless
steel. In AC constructions, the shading coil is
normally copper, except that silver is mostly used in
valves with stainless steel bodies. Other materials
are available, when required. In DC constructions,
no shading coil is required. Typically, the core
tubes are of 300 series stainless steel.
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Enclosure Classifications and Types

ASCO offers two types of enclosures, each for a
variety of applications: a one-piece molded
epoxy construction called the RedHat II solenoid
and a conventional RedHat metallic construction.
Both meet ICS-6 ANSI/NEMA, and UL Standards
429, 508, and/or 1002. These standards define
enclosure protection levels and the tests passed
to earn each Type designation. (See Page 469 for
RedHat Next Generation Solenoid Enclosures).

Type 1

General Purpose

Intended for indoor use, primarily
to provide protection for enclosed
parts in locations without unusual
service conditions.

Type 2

Dripproof

Intended for indoor use, primarily
to provide protection against limited
amounts of falling water or dirt.

Type 3

Raintight, Dusttight,
and Sleet (Ice)
Resistant

Intended for outdoor use, primarily
to provide protection against windblown dust, rain, and sleet;
undamaged by the formation of ice
on the enclosure.

Type 3S

Raintight, Dusttight,
and Sleet (Ice)
Resistant

Intended for outdoor use, primarily
to provide protection against windblown dust, rain, and sleet; external
mechanism remains operable when
ice laden.

Type 3R

Rainproof, Sleet (Ice)
Resistant

Intended for outdoor use, primarily
to provide protection against falling
rain and sleet; undamaged by the
formation of ice on the enclosure.

Type 4

Watertight and
Dusttight

Intended for indoor or outdoor
use to provide protection against
splashing water, water seepage,
falling or hose-directed water, and
severe external condensation;
undamaged by the formation of ice
on the enclosure.

Type 4X

Watertight, Dusttight,
and Corrosion
Resistant

Same as Type 4, but provides additional protection to resist corrosion.

Submersible

Intended for indoor or outdoor use
to provide protection against entry
of water during submersion at a
limited depth. (Tested to 6’ for 30
minutes.)

Submersible

Same as Type 6 Enclosure, but
provides prolonged submersion
protection at a limited depth.
(Tested to 6’ for 24 hours.)

RedHat II
RedHat II solenoid enclosures are of one-piece
molded epoxy construction, with an integral 1/2"
NPT conduit hub. This epoxy encapsulation serves
as the enclosure. The magnetic frame is molded
into the coil.
RedHat II solenoids are offered as Type 1 General
Purpose or Type 7 (A, B, C, and D) Explosionproof.
Type 1 – Solenoids are green and come equipped
with three 18" long leads (the green lead is a
ground wire). Also available as options are 1/4"
spade connectors, screw terminals, and DIN-type
terminals meeting ISO 4400 and DIN Standard 43650.
An optional junction box/terminal coil construction
is also available for use with spade and screw
terminal constructions. Refer to the “Optional
Features” Section for details.
Type 7 – Solenoids are black and are available
only in the leaded construction.
All RedHat II solenoids also meet the requirements
for Types 2 Dripproof, 3 and 3S Raintight, and 4
and 4X Watertight-Corrosion Resistant.
The Following wattages carry Type 7 and Type 9
approvals as shown; for

Wattage

Type 7
Class I, Div. 1 & 2
Gas Groups

Type 9
Class II, Div. 1
Dust Groups

6.1, 10.1, 17.1

A, B, C, D

E, F, G

16.1, 20.1

A, B, C, D

E, F

10.6, 11,6

A, B, C, D

E, F, G

Type 6

Type 6P

Type 7 &
Refer to charts on next page.
Type 9
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RedHat Metallic Enclosures
Conventional metallic enclosures are offered to
meet Type I General Purpose enclosure applications
and Type 7 (C and D) Explosionproof enclosure
applications.
Type 1 — General Purpose metallic enclosures are
epoxy-painted, zinc-coated steel with a 7/8" diameter
hole to accept standard conduit hubs or connectors.
Type 7 (C and D) — Explosionproof metallic enclosures are epoxy-painted, zinc-plated steel or die-cast
aluminum with a 1/2" threaded conduit hub.
Type 7 enclosures also meet Type 3 (Raintight) requirements as well as some also meet Type 7 (C and D)
Explosionproof and Type 9 (E, F, and G) DustIgnitionproof requirements for Class I, Division 1,
Groups C and D; Class I, Division 2, Groups C and D;
and Class II, Division 1, Groups E, F, and G. Please
contact your local ASCO sales office for details.
Also available as options are: Type 3R (Rainproof),
Type 4 and 4X (Watertight), Type 6 (Submersible),
Type 7B (Explosionproof for Hydrogen Atmospheres,
Class I, Division 1, Group B), as well as Splice Box
enclosures. Please contact your local ASCO sales
office for details on these options.
Note: Metallic solenoid enclosures provide part of
the magnetic circuit for the solenoid. Removal will
affect valve operation.

Hazardous Location Solenoid Temperature
Range Codes
Hazardous location solenoids are marked to indicate
the maximum exposed surface temperature or
temperature indicating code. This temperature is
based on the maximum obtained in the temperature
or burnout (blocked core) tests, whichever is higher,
at a minimum ambient of 104°F (40°C) or at the
rated maximum ambient temperature.
To prevent ignition of hazardous atmospheres, do
not install in areas where vapors or gases having
ignition temperatures lower than the marked
temperatures are present.
The operating temperatures for each indicating
code are shown in the following chart:

Solenoid Valves

Operating Temp. Range Indicating Code No.
Maximum Temperature
Degrees in C
450
300
280
260
230
215
200
180
165
160
135
120
100
85

Degrees in F
842
572
536
500
446
419
392
356
329
320
275
248
212
185

Code Number
T1
T2
T2A
T2B
T2C
T2D
T3
T3A
T3B
T3C
T4
T4A
T5
T6

Note: Except where otherwise noted in specific Series, all RedHat
metallic enclosure solenoids have temperature range Code T3C.

Most RedHat II solenoids and/or solenoid valves
are marked:
“To prevent fire or explosion, do not install where
ignition temperature of hazardous atmosphere is less
than 329°F (165°C). Open circuit before disassembly.”
This corresponds to code number T3B.

Valves with Class H solenoids and valves used on
steam service are marked:
“To prevent fire or explosion, do not install where
ignition temperature of hazardous atmosphere is less
than 356°F (180°C). Open circuit before disassembly.”
This corresponds to code number T3A.

The Class II, Group F, Dust Location designation is
not applicable for solenoids and/or solenoid
valves used for steam service, or when a Class H
solenoid is used.
RedHat II Explosionproof solenoids include an
internal, non-resettable thermal fuse to limit solenoid temperature in the event that extraordinary
conditions occur which could cause excessive
temperatures. These conditions include high
input voltage, a jammed valve, excessive ambient temperature, shorted coil, etc. This unique
feature is standard only in RedHat II solenoids.

When used on valves having fluid temperature
ratings exceeding 250°F (121°C), consult ASCO
for applicable enclosure class, groups and
temperature range codes. For temperature
range codes of optional solenoids and features,
or if a better temperature range code is desired,
consult your local ASCO sales office.
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Operating Pressures

Maximum Ambient Temperature

Maximum Operating Pressure Differential
(M.O.P.D.)

The nominal maximum ambient temperatures listed
are based primarily on test conditions used by
Underwriters Laboratories, Inc. for setting safe limits
for coil insulation. They are determined under continuously energized conditions and with maximum
fluid temperatures in the valves. Actual conditions,
in many applications, will permit use at considerably
higher ambient temperatures. In addition, modifications to standard constructions are available to
extend maximum ambient temperature limitations.
Consult your local ASCO sales office with your
specific needs.

The maximum operating pressure differential refers
to the maximum difference in pressure between the
inlet and outlet, against which the solenoid can
safely operate the valve. If the pressure at the valve
outlet is not known, it is safest to regard supply
pressure as the M.O.P.D.
Minimum Operating Pressure Differential
The minimum operating pressure differential is
that which is required to open the valve and keep
it open. For 2-way valves with a floating piston or
diaphragm, the valve will start to close below the
minimum operating differential pressure. For 3
and 4-way pilot valves, the minimum operating
pressure is measured between the pressure and
exhaust ports, and must be maintained throughout the operating cycle to ensure complete
transfer from one position to the other.
Note: Direct acting, hung diaphragm or hung piston valves do not
require a minimum pressure, but may not yield maximum flow on low
pressure differentials.

Safe Working Pressure
Safe working pressure is the line or system pressure
to which the valve may be subjected without being
damaged. Contact the factory or your local ASCO
sales office if you require this value.
Proof Pressure

Response Times*
Response time from fully closed to fully open or
vice versa depends on the valve size and operating mode, electrical service, fluids, temperature,
inlet pressure, and pressure drop. The response
time for AC valves on air service, under average
conditions, can be generalized as follows:


Small direct acting valves: 5 to 10 milliseconds.



Large direct acting valves: 20 to 40 milliseconds.



Internal pilot operated valves:
1. Small diaphragm types: 15 to 50 milliseconds.
2. Large diaphragm types: 50 to 75 milliseconds.
3. Small piston types: 75 to 100 milliseconds.
4. Large piston types: 100 to 150 milliseconds

Proof pressure is five times the safe working pressure. Contact the factory or your local ASCO sales
office if you require this value.

Generally speaking, operation on liquids has relatively little effect on small direct acting valves;
however, response time of large direct acting and
internally piloted valves will slow by 50% to 100%.

Ambient Temperatures*

Response time of DC valves will be 50% slower
than equivalent AC valves. For specific response
time on any critical-timing applications, response
time can be reduced to meet specific requirements.

Minimum Ambient Temperature
The nominal limitation of 32°F (0°C) is advisable for
any valve that might contain moisture (water vapor).
Where freezing water is not a factor, minimum
ambience as low as 0°F (-18°C) can be tolerated. In
addition, special constructions are available for
ambient temperatures down to -40°F (-40°C).
ENGINEERING

Consult your local sales office with your specific needs.
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*See Page 469 for RedHat Next Generation
Solenoid Valves).

