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EXPLANATION OF

STEPPING MOTOR

1. What is a Stepping Motor?

A Stepping Motor 1s a special electric motor which is operated with DC (Direct Current) and its staior
windings, generale rotaling power by drawing a motar with electromagnetic force produced angle (step angle)
by changing over stator windings which feed current. This is also called a Pulse Motor or o Stepper Motor,

2. Types of Stepping Motor

1) Variable Reluctance Type
This is such type thit draws and rotates o teeth shaped rotor made of electromugnetic mild steel, through the
electromagnetic force produced by stator winding. 1 s called simply VR ype.

2) Permanent Magnet Type

This is of such type that draws and rotules 2 molor wsing permanent magnet, through the clectromagnetic foree
produced by stator windings, therefore, 1 generates holding torgue even at ime of no excitanon, it 1s called
simply PM tvpe.

3) Hybrid Type

This is the type in which the above two types of VR and PM are combined. Another type of stepping maotor that
has a permanent motor or the synchronous inductor operated under the combined principles of permanent
magnet and variable reluctance. The hybrid stepping motor, together with the VR stepping motor are the mast
commonly used step motors in the industry, The most popular step angle for the hybrid stepping motor is 1.8
degrees, or 200 steps per revolution.

3. Driver Circuit Method
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5. The Characteristics of Stepping Motor

Stepping motors are driven by i device 10 excite stor wirings in the specified sequence. Connect the motor
with this kind of droving unit and provide input pulse signals. The mtor wall mtate through a Bived angles and
sty at rest until the next input pulse in provide. [ input signals are given in Sequence, the motor will rotate with
a stepped motion. Because the input signal is usually given in pulses, the aggregite rotation angle of the output
shaft is proporional with the total number of input pulse and the rotation speed is proportional with the
freqquency of imput pulse.

11 Rotation angle is proporensl with the number of input pulses.

23 Rotation speed s proportonal with the frequency of mput pulses.

11 Without receiving an input signal the motor keeps the same position of rest.

41 The maotor is capable of immediate stop.,

6. Stepping Motor Mechanical Construction

The construction of Hybrid type is chamctenzed by having conl, muli-toathed stator and pole with permanent
magnet. This construction offers small step angle, sufficient torque and speed.
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7. Driving System of Stepping Motor
7-1) Construction of Driving Circuit
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The DC power supply is switched 1o each phase in sequence 10 operte stepping motar, Ondinary DC or AC
power supply will not run stepping motor unless the driving circuit includes o switching cireuit. The signal
circuil is wsed to generate pulses, chinge or stop frequencies, and 1o generate reversing signals The logie circuit
distributes signal pulses 10 cach wire geconding o the number of phase and the excitation method, The
amplification circuit amplifics the signal pulses from the logic to sufficient strength to excite the stepping motor
The charactenistics of a steeping motor vary widely depending on its driving circuit. Due consideration shoubd
be given to this fact when selecting a stepping motor. The capacity of the DC power supply varies acconding 1o
the driving system and excitation method.

7-2) Excitation methods
The stepping motor has a system o drve a rotor by exciting the hixed number of winngs. Stepping motors are
classified according 1o the number of phases 1o be excited as follows

7-2-1) Single-phases excitation

Always only one phase is excited in the system. This method requires less input power and only raises the
temperature a littde, Thus it does not require a lage power supply. Where the oscillation o each stepping damgp
less quickly, racing may occur,

7-2-1) Single-phases excitation
0 Excitall phasa .
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Twor phise are always-exciied, Becarse one phase remains exciled even when an excitation cument i swilched from
one phase o another, oscillation 15 suppressed. Becawse the driving forgue s always provides, racing is reduced and
augonstic frequency is rised, Required input curment is twice as lange as single-phase excitdion system.

7-2-2) Two-phase (full-step) excitation

Two phease are always-excited. Becsuse one phase remains excited ¢ven when an excitition current is switched from one
phaze 10 ancther, oscillation is suppressed. Becaese the driving sorgie is always provides, rcing is reduced and autcmitic
frequency is rmiced, Required input current is tance as large a8 sinpla-phaze excitation system

7-2-3) Half-step excitation
Thas svstem combines single-phise and two phase excitation. This reduces te step angle o ball of that of the simgle phose
and two phase excataton end the response frequency becomes double,

7-3) Drive Methods

The use aof the cormect controd svstem is the key 1o achieving the desired performunce charuoleristics in o siepping motor.



7-3-1) Uni-polar and bi-polar operations

A stepping motors gre gviilable width cither 2 phase bipolar or 4 phose anipoler windimg. A unipolar, sometimes called a
hifilar winding, has 2 coils wound on the sutor and the stutor flux is reversed by energizing one coil or the other coil
alternatively. The unipolar drivie is used for reasons of ssmplicity and Jow cost o bipolar, sometimes called a monofilar
winding, has one coll wound on the staor and stsor flux is reversed by reversing the current in the winding, It produce
e borguee al low 1o medium second compined to unipodir drive,

7-3-2) Series rasistance drive

To obtwin improved performance rom o maotor, o cun be done by adding a series resistor in series with the phose winding
and raising the power supply vodtage. Series resistance used in this munner changes the winding 1o nesistance moflL/RK)
and reduces the winding rise time and produces o higher torgue. It is an inexpensive and simple method reguiring po
fdditional electronics.

7-3-3) Chopper drive

The chopper dnive utilizes @ corment seénsor in the comrol cirowit and encrgize o higher supply voltage than the phase
winding rated voltage. The comrent sensor tums off whenever the cument exceeds a predetermined high kevel and tum on
whenever the curment fulls below o predetermined bow kevel,

8. Stepping Motor Principle

When the coils of phase A are energized as shown in Fig, 8-1 the teeth alignment of the motor is & shown, When the
excitution s shifled from phase A w phase B, s shown in Fig, 81 the pole reeth of the motor will move (o the mght by
/4 of 1 tooth pitch. Starting from the position shown in Fig. 8 il the windings on phase A are again encrgized but with
1 polarity opposite o thit of Fig. 8-1 wnd phase B is de-energized, the moving par will shift o the right by one more step
increment. thus the control sequence of the motor for bedrectiomal controd is easily escblished. Tn faet, if 8 cosine curment
is applied 10 phase A and 4 sine current 1w B, then the two currents being 90 degrees out of phase will cause the motor (o
move by any increment comesponding to om incremental chunge of the exciting currénts, Thus the step resofution cin be
made as small as desined.



6) Pull-in and Pull-out Rate
Thie maximum stepsdsecond at which a loaded motor can start or follow without losing steps.
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7) Slewing Characteristics

After starting & modor in the self staring charscteristic range, the pulse frequency is gradually increased. The
relation between the frictional load torque and the maximum pulse frequency with which the motor cin
synchromize i called the slewing chanscienstic.

8) Maximum Slew Pulse Rate

The maximum frequency with which the molor can synchromize with the pulse train an unlosded stepping
rotor starts with a frequency below the maximum staring pulse mie and enters the slewing chamctenistics
range.

9) Positional Accuracy of Stepping Motor

In used the term of “positional sccuracy” to define the accuracy is defined as the largest angular enor value
between the theoretical rest position and the actual rest position ol the motor shaft. The accuracy 1s measured in
a full revolution of 360 degrees of the motor shaft Fig, 10-2 shows that the angular erars of actual rest positions
from the theoretical positions always remain withing the value of positional accurscy. The rotor can start from
and position of stop at any position. Thus, the angular error at cach step does not acoumulaie after numerous
revolutions of the motor shaft.
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EXAMPLE

4{UNI-POLAR)
kL 2(BI-POLAR)

1 SAEHAN SERIES
15560 : SOUARE "6

75568 : ROUND "4
35420 : SOUARE “42
45390 SQUARE “'3

AS marked 4
"N NO HOUSING Type

“T" Torque-up Type
" P, (onnedor Type
"L", Low Vibration Type

PHASE VOLTAGE €
(12000120)

10]

T

——p OVERALL LENGTH
{54:54mm)
(31:3 1 mm)

SHAFT TYPE <«
"§" - single shaft motor
"W" - double shaft motor




Dimension Specification

Wiring Dlagram
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GENERAL SPECIFICATIONS
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Dimension Specification

Wiring Diagram
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Dimension Specification

Wiring Diagram
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