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Brush motors

Brushless motors

Stepping motors Variable reluctance (VR)
stepping motors

Permanent magnet (PM)
stepping motors

Hybrid (HB) stepping motors

D C motors

Induction motors make use of the rotation of a basket placed in a 
rotating magnetic field. Three phase AC is used to produce the 
rotating magnetic field, so most large output motors in factories 
are of this type. A rotating magnetic field produced using single 
phase in capacitor and shading coil types.

These use the same structure as DC brush motors, with the 
magnetic coil and electric coils being directly connected. They will 
rotate on DC as well. These are often used in vacuum cleaners and 
power tools because they are compact and provide high output.

The connection of the brush and commutator converts the 
electricity flowing in the electric coil into rotation. These are the 
least expensive of motors and are used in a wide variety of 
applications from toys to home electric appliances.

These motors use transistors for converting electric current. 
Because there are no brushes or commutators, they have long life, 
but they are expensive. Recently, brushless motors with 
propellors attached have been used as brushless DC fans.

These motors rotate syn chro-
nous ly with the frequency of the 
power supply.

Refer to the section on 
stepping motors.

These motors use soft steel rotors. The magnetic pull 
induced by the stator pulls on the magnetic pole of the 
rotor resulting in synchronous rotation. Capacitor and 
shading coil types are used for phase shifting. These 
are often used in timers and clocks.

These motors use multi-polarized permanent magnets 
for rotors. Capacitor and shading coil types are used 
for phase shifting. These are often used in recorder 
paper feeders and clocks.
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OUTLINE (MOTORS)
STEPPING MOTORS

■ FEATURES
Stepping motors differ from general motors that rotate 
simply by being attached to a power supply in that they 
rotate just a fixed angle when a pulse signal is applied 
to the driving circuit. In other words, the number of 
rotations of the motor is proportional to the number of 
pulse signals applied to the driving circuit, and the 
rotational speed is proportional to the frequency of the 
pulse signals.

■ TYPES
Stepping motors can be categorized into following 
types depending on their structure.

��Variable reluctance type (VR type)
The electromagnetic force generated by the stator coil 
turns a rotor made of electromagnetic soft steel.

��Permanent magnet type
The electromagnetic force generated by the stator   
coil turns a rotor made from a permanent magnet. 
Therefore, holding torque is generated even during 
deenergization.

��Hybrid type (HB type)
This is a combination of the above VR and PM types.

※ COPAL ELECTRONICS manufactures PM 
types only.

■ CONSTRUCTIONS
The structure of PM stepping motors (SPG etc.) is shown 
in the cross section. This stepping motor uses a bifilar 
wound four phase stator coil, and a ferrite permanent 
magnet rotor. The bearings used copper sintered metal or 
special plastic, and the motor can be used for a long 
period of time without oil.
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STEPPING MOTORS DRIVING CIRCUIT
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��1 phase exciting method

This method per forms constant excitation of one 
phase only. The input is small and little temperature 
increase occurs, so a small power supply is sufficient. 
The attenuation vibration for each step, however, is 
large, so hunting can occur easily. (Refer to Fig. 1, 2)

��2 phase exciting method
This method performs constant exciting of two phases, 
and one phase is always exciting during phase switch-
over. This results in braking effects during operation, 
and starting torque is always applied, so hunting 
decreases and the self starting frequency can be 
increased. The input is twice that of the 1 phase 
exciting method. (Refer to Fig. 3, 4)
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��1-2 phase exciting method

This method alternately per forms the 1 phase 
excitation method and the 2 phases excitation method, 
with the angle deviation being half that of the 1 phase 
excitation method and the 2 phases excitation method. 
The response frequency is approximately double. 
(Refer to Fig. 5, 6)
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SPECIAL APPLICATIONSSTEPPING MOTORS

<Stepping motors in common>

● Slow up/down
This is a method that allows you to gradually increase 
the frequency of the starting motor within the range of 
starting characteristics and to increase the range that 
can be handled during high-speed operation.
This is called slow up during acceleration and slow 
down during deceleration, but care must be taken to 
assure that the acceleration and deceleration of the 
rotator is on time for the change in frequency. If it is 
too early step out will occur; causing the motor to stop 
or the number of pulses and rotation angle to become 
mismatched. The time will differ according to the load 
inertia.
Depending on the application, frequency can be 
changed using analog or digital methods.

● Countermeasures for counter-voltage
If coil magnetization is stopped, counter-voltage could 
damage the main circuit transistor. If the current is 
returned, however, to the power line via this kind of 
diode, current will flow in the coil, so it will remain in a 
magnetized state even if magnetization is cut off, but 
during this time motor output will be reduced. To 
counter this, the example circuits in Fig. 1 to 3 can be 
used.

Fig. 1 Fig. 2 Fig. 3

SPモータ逆起電力対策



HANDLING NOTESSTEPPING MOTORS

��According to the increase of the load torque, the 
stepping angle error will be increased.

��Do not attempt to modify or disassemble the step-
ping motors. In particular, pinholing or cutting the 
shaft will result in degraded per formance and 
should be absolutely avoided.

��Do not hold or carry by the lead wires.
��Error or misapplication of power supply voltage may 
damage the stepping motor. Be careful when 
wiring.

��Performance of stepping motors varies with 
the following factors. Please contact your 
nearest business office.
1. Drive Circuit

2. Motor temperature rise due to continuous running 
or motor peripheral temperature

3. Input voltage variation
4. Inertia load



STEPPING MOTORS

��Static maximum torque
This is the maximum torque generated when the rated 
current is appl ied in each phase and angular 
displacement is applied to the motor shaft from its 
static point. If the external load is lower than this value, 
when it is removed, the shaft will return to its previous 
position.

��Detent torque
This is the maximum torque that occurs when angular 
displacement is applied to the rotor of a PM or hybrid 
type in the deenergized state.

��Pull-in torque
This shows the dynamic characteristics stepping motor 
and is the load torque measured that is required to 
start up the motor where the number of steps of the 
stepping motor are exactly equal to the frequency of 
the input pulse.

��Pull-out torque
This is the motor load torque when the motors is start-
ed within the range of the pull-in torque characteristics 
and is rotating synchronously and the input pulse 
frequency is gradually increased such that the motor 
rotates synchronously one to one at an input 
frequency higher than the maximum self starting 
frequency.

��Maximum starting torque
This is the maximum torque that the stepping motor 
can move, and is the maximum torque that can be 
moved when the motor is operated at an input signal 
frequency of less than 10 pps.

��Maximum pull-in pulse rate
This is the maximum input signal frequency at which 
the motor can self start with no load and a one to one 
correspondence with the input signal.

��Maximum continuous response frequency
This is the maximum input signal frequency at which 
synchronous rotation can occur when the motor is 
started with no load at a frequency less than the 
maximum self starting frequency and the frequency is 
gradually increased.

��Slewing characteristics
This is the relationship between the maximum 
generated torque and input pulse such that a one-to-
one correlation is maintained at frequencies over the 
starting characteristic when the motor is started within 
the starting characteristic range with synchronous 
rotation and the input pulse is gradually increased. 
(Fig. 1)

Characteristics curves (Fig. 1)
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��The relationship of frequency to rotational speed
Normally the stepping motor rotates one step for each 
pulse. The number of pulses per second is the 
frequency, and the unit of measure is PPS. Further, 
the number of rotations can be derived from the 
frequency using the following formula:

��Starting characteristics
This is the relationship between the maximum torque 
generated by the motor and the input pulse such that 
the number of steps and the input pulse have an exact 
one to one correlation. (Fig. 1)

��Angle accuracy
1. Step angle accuracy
This shows the difference between the actual angle 
and the theoretical angle when the motor rotates one 
step.
(The base point is random, and measurement is 
performed for one rotation.) (Refer to Fig. 2)

2. Hysteresis accuracy
This is the angle defference between rotating in the 
CCW direction.

��θ –T characteristics
This characteristic shows the relationship between the 
deviation angle of the rotor shaft when external torque 
is applied to the motor shaft and the torque when the 
motor is energized at the rated voltage. (Refer to Fig. 
3)
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