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Originally authored for purposes of translator team training within the framework of multimillion word 
automotive service manuals project EN > DE (North American manufacturer), in function as SAE J2450 
evaluator.

Of switches, relays, solenoids, and solenoid valves...

Basic definitions:

1.   Switch  :
A very simple device that everyone is familiar with. Switches are used to interrupt or 
close electrical circuits. The switches we are used to in everyday life are all operated 
by hand, we actuate the switch directly, by hand, without any intermediaries. However, 
switches may be operated by remote control in any manner of ways, and by any 
manner of hydraulic, pneumatic, electrical, or mechanical devices.

2.   Solenoids  :
A solenoid is an electrical device used to exert an outward and/or inward 
mechanical force. This is done by using a magnetic field generated within a coil of 
insulated wire. The magnetic field will pull or push a usually round metal object, the 
plunger, whenever current is passed through the coil. So a remotely situated operator 
can initiate a plunging motion by controlling current flow to the coil. Simple solenoids 
are equipped with return springs. When current flow is cut off, the return spring 
forces the plunger back into its original position. Some solenoids work both ways, 
they feature one coil for inward and one for outward plunger travel. In other designs, 
current flow is reversed within the same coil to reverse plunger movement. 

3.   Solenoid valves  :
A solenoid valve is merely a valve operated by a solenoid. The valve must be 
engineered to close and open by way of an inward and outward motion of a 
plunger. The plunger closes off or opens a hydraulic, vacuum, or fluid passage, 
depending on the design, i.e. whether the coil inside the solenoid receives power or 
power is removed. Solenoid valves are operated just like solenoids, by a remotely 
controlled switch. Usually, a solenoid valve is controlled by some other mechanism or 
electrical circuit, i.e. a control module. Depending on its design, a solenoid valve can 
either open when energized, or close when energized.

Solenoid vs. Solenoid valve  :
Quite often, technical authors or engineers will drop the "valve" in "solenoid valve" 
by the wayside, when it is obvious to them that only a valve could be meant in the 
context at hand, e.g.: Automatic transmission solenoid, Vacuum solenoid. As 
terminology for either device may not be as similar in other languages - as it is in 
English - the translator must decide whether a true solenoid is at hand or a solenoid 
used to function as a valve.



4.   Relays  :
A relay is a remotely controlled switch opening or closing circuits with a heavy 
current load. A small switch is used to open/close a control circuit, which supplies 
power to a small coil. For this reason, the control circuit is also called the coil 
side circuit of a relay. The coil is nothing else than a solenoid in disguise, only 
that the internal mechanism in this solenoid is used to open/close another switch in a 
completely separate, but larger circuit with heavier current load, namely the load or 
power circuit. Because the switch for the load circuit is inside the relay, that circuit 
leading to and from the relay is also called the switched side circuit of the relay. 

When using a relay, a small switch is actuated by the operator or - in modern 
automobiles - an electronic control module. The switch closes a circuit with a very small 
wire, and using very little electrical power. As a result, this small switch can be 
positioned far away from the much larger switch the operator actually wants to close. 
This is necessary, because routing the very thick wire needed for the heavy current load 
in this larger circuit all the way to the operator's position would cause enormous 
expense in materials, waste needed space in tight quarters, and use an excessive 
amount of current. High wire temperatures would lead to frequently burnt wires and 
switch contacts. Using a small remote control switch to operate a much larger 
heavy duty switch positioned at a distance, namely the relay, saves valuable 
resources, weight, energy, and expense. 

As a result, relays of all kinds and sizes have become commonplace as a means for 
energizing any manner of electrical devices in an automobile.

It is important to remember: A relay uses a small amount of current in the coil side
or control circuit containing the switch operated by the operator and a small 
solenoid-type device within the relay. The mechanism of this small solenoid-
type device closes a larger switch within the relay. This larger switch in a 
circuit called the load circuit or switched side circuit switches power on and off in
the larger circuit featuring heavy current load and powering the actual device,
i.e. starter motor, horn, AC compressor clutch, etc..
          

Switch, relay, and solenoid - all in one  :

A very common, albeit somewhat more complex example of a solenoid is the starter 
solenoid. This uses two coil windings. One coil - the "pull-in" coil - is used to actuate a 
lever plunging the starter motor pinion into mesh with the flywheel. Once the pinion is 
engaged, the "hold-in" coil, the stronger of the two, holds the pinion in the extended 
position so as to not have it forced back by the reactionary force of the starter motor 
turning the flywheel via the pinion and flywheel ring gear as well as the return spring 
force. The current flow to the starter solenoid is controlled via the starting circuit on the 
ignition switch found on any automobile's steering column or instrument panel. 



So a switch - the starter/ignition switch everyone is familiar with - is used to close 
contacts in a small electrical circuit, allowing current to flow to the starter solenoid "pull-
in" coil, whereby a plunger is moved forward, causing the starter pinion to mesh with 
the ring gear on the engine flywheel. In addition, this solenoid works as an additional 
internal switch, an internal relay, in fact. Contacts within the solenoid close immediately 
once the starter pinion is engaged, energizing the "hold-in" coil and that circuit carrying 
the heaviest current load in any automobile, the starter motor circuit. This holds the 
pinion in mesh with the flywheel ring gear and causes the starter motor to turn and 
crank the engine.

So by closing a simple rotary switch on the steering wheel, the operator closes a circuit 
providing a small amount of electrical power to one coil winding within the starter 
solenoid. Once the plunger in this winding has moved forward, internal contacts close a 
switch within the solenoid causing a very high current supply straight from the battery 
to the starter hold-in coil as well as to the starter motor. As a result, the starter pinion, 
held in mesh with the flywheel ring gear, is turned by the starter motor, until the engine 
starts. When the driver actuating the starter/ignition switch on the steering column 
releases the rotary starter/ignition switch, current flow to the weaker of the two coil 
windings in the starter solenoid is cut off. The resulting forward holding force of both 
windings is no longer strong enough to hold the pinion in mesh with the flywheel ring 
gear. A return spring forces the pinion back into its original position while an 
overrunning clutch prevents overspeeding of the starter motor in case an unattentive 
operator fails to release the starter/ignition switch.    

If the solenoid were not there, we would have two options:

1.) 
Every time we want to start the engine, we have to push a foot pedal to engage the 
pinion on the starter motor shaft forward into the flywheel and hold it in place manually 
(i.e. by foot), then close the starter switch mounted on the starter or steering column.

2.)
Likewise, if the starter solenoid were not acting as an internal relay, the very thick and 
heavy starter motor wire would have to be laid from the battery to the dashboard onto a
grossly oversized starter switch, which would get very hot when operated, and then 
routed back to the starter motor. The increased wire resistance alone would use up a lot
of current, and the vehicle's battery would have to have more capacity by design. 



Relay circuits:

There are four electrical wires (A - D) leading to and from a relay:

Coil side:
A. The wire from battery positive to the relay coil
B. The wire from the relay coil to the switch actuated by the operator

Switch side:
C. The (load) wire from battery positive to the switch within the relay
D. The wire from the switch within the relay to the powered electrical device, e.g. 
starter motor, AC compressor clutch, horn, et al.  

English German
circuit
1. any closed loop of electrical wire 
containing switch and load, or
2. any electrical wire leading from one 
electrical device to another

1. Stromkreis
2. Leitung

coil side Steuerstromseite
control circuit (1.) Steuerstromkreis
coil side circuit (1.) Steuerstromkreis
coil side voltage supply circuit (2.) (=A) Stromzufuhrleitung im Steuerstromkreis 
control circuit (2.) (=B)
= coil side control circuit

Schalterseitige Leitung im Steuerstromkreis

switch side Laststromseite
load circuit (1.) Laststromkreis
power circuit (1.) Laststromkreis
switched side circuit (1.) Laststromkreis
switched side voltage supply circuit (2.) 
(=C)

Stromzufuhrleitung im Laststromkreis

..X.. voltage supply circuit (2.) (=D)
(X = powered electrical device)

Verbraucherseitige Leitung im 
Laststromkreis (X = Verbraucher)



Examples:

The meaning of "circuit" is indicated by (1.) or (2.) as defined in chart, respectively. 

Compare text samples to chart above.

--------

Test the coil side circuit (1.) of the A/C compressor clutch relay before testing the 
switched side circuit (1.) of the A/C compressor clutch relay. 

--------

Connect a test lamp between the control circuit (2.) of the A/C compressor clutch 
relay and the coil side voltage supply circuit (2.) of the A/C compressor clutch relay.
With a scan tool, command the A/C compressor clutch relay ON and OFF.
Does the test lamp turn ON and OFF with each command?

--------

Probe the coil side voltage supply circuit (2.) of the A/C compressor clutch relay 
with a test lamp that is connected to a good ground. Does the test lamp illuminate?

--------

Connect a ~n1~ amp fused jumper wire between the switched side voltage circuit 
(2.) of the A/C compressor clutch relay and the A/C compressor clutch supply voltage 
circuit (2.) of the A/C compressor clutch (=X !!!). Turn ON the ignition, with the engine 
OFF. Does the A/C compressor clutch engage?

--------

Connect a test lamp between the controlled positive voltage circuit (2.) (= control 
side voltage supply cicuit) and the park lamp relay control circuit (2.) of the park 
lamp relay.

© auto-trans


