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1. Full Stepping (90 degrees) 2. Half Stepping (45 degrees)

Eight steps per. revolution i.e. 45 deg. steps.
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Holding torque: 50 in. - oz
Dynamic torque: 30 in. - oz

Detent torque:  Sin. - oz

Force required (to pull
paper quickly) = 40 oz
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Holding torque: 50 in. - oz gl o> ol jo o3Y jglas
Dynamic torque: 30 in. - oz

Detent torque: 5 in. - oz Torque = force X radius =40 0z X 0.5 in. =20 in. - oz
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Pieces of highly permeable materials such as iron, situated in an ambient
medium of low permeability such as air in which magnetic field is

established, experience mechanical forces that tend to align them in such a
way to minimize the reluctance of the system.

Ferromagnetic pieces
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(a) Symbol (b) Construction
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Variable Reluctance (VR)
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* Three phases of winding
= p=3

+ Eight rotor teeth
= n =38

+ Twelve stator teeth

= n,=12

360 Rotor pitch 8, = 560
n, n

Stator pitch 8, =

For one-phase-on excitation A& =6, —r6, (foré, >6,)
AO0=6,-r6, (foré. > 6,)
where ris the largest positive integer such that A#is positive

Ubc.com



ELRCLY

:(SSVR) auad O psio (uilS'y), sl als 9590

dad olass g 518 slows

+ Three phases of winding
= p=3

+ Eight rotor teeth
= n =8

+ Twelve stator teeth

= n,=12
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+ If phase 1 is turned off and phase 2 is turned on, the rotor will turn 15¢ CCW
+ If phase 3 is turned on instead of phase 2, the rotor will turn 15° CW

+ |If phase 2 is turned on while phase 1 is on, the rotor will turn 7.5°¢ CCW

Eull Steopi CCW 1-2-3-1
ull Steppin
PPINS ™ ew 1-3-2-1
‘ CCW | 1-12-2-23-3-31-1
Half Stepping
CwW | 1-31-3-23-2-12-1
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6. =16, +& (for 8, > 6.) 6, =16, +ﬂ (for 6, > 6,)
b p
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” Number of steps per revolution
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Consider a stepper motor with n=5, ns=2, and p=2. A

schematic representation is given in Figure.

4 0
In this case, Or=360°/5=72° and 0s=360°/2=180°. —
AB=180°-rx72°. Here, the largest feasible value for r is 2, , - ,\’
which corresponds to a step angle of AQ =180°-2x72°=36°. 72 Q’
This is further confirmed by another equation, which gives ~
AO =72°/2=36°. ]

Phase 2 |
Pole 2

unstable equilibrium position

Mechatronics: An integrated approach, D Silva
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Microstepping:
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Powering with sine wave Powering with digital signal Powering with high resolution

digital signal
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Stepper motor » BLDC motors > View > (-Il I Q l ‘
36V a
6-lead unipolar control —
24v 48v P
57 | g’i The unipolar control is the simplest and
WA Al “B | B\ most economic control for stepper

motors, but has approx. 30 % less
torque compared with the widely used
bipolar technology.

Bipolar controls are generally used as
the cost benefits due to favorably
priced devices today are only very
marginal.
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The hybrid stepper motor combines the features of the PM and VR stepper
motors and is the type in most common use today. The rotor is toothed, which
allows for very small step angles (typically 1.8°), and it has a permanent magnet
providing a small detent torque even when the power is off.
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