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ferromagnetic |ˌferōˌmagˈnetik| 
adjective Physics 
(of  a body or substance) having a high susceptibility to magnetization, the strength of  which depends on that of  
the applied magnetizing field, and that may persist after removal of  the applied field. This is the kind of  
magnetism displayed by iron and is associated with parallel magnetic alignment of  neighboring atoms.
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Figure	8.3

Half	Step

Full	Step
Half	stepping	improves	

the	positioning	
resolution	by	a	factor	
of	two,	but	requires	
that	both	phases	be	
energized	at	the	same	

time.



Micro-stepping
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Basic	idea:	instead	of	just	on	or	off,	precisely	vary	the	phase	current	in	small	steps.	
• Requires	a	more	expensive	motor	controller,	but	gives	a	more	precise	control	of	angle.		
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Stack #1 rotor teeth

Stack #2 rotor teeth
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A Brief Look at Stepper Motor Response Complexities
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Why	this	ripple?

Figure	8.23



Figure	8.22
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Figure	8.22
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Figure	8.22

For	sufRiciently	small	displacements	θ	of	the	
rotor	from	equilibrium	position	(θ = 0),	
restoring	torque	is	proportional	to	θ.			

Torque	versus	θ	characteristic	+	low	damping			⇒		high	overshoot	in	single-pulse	response	
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Lots	of	
Overshoot!

Figure	6.21Figure	8.21
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Ripple	
is	

due	to	
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response	
overshoot
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Why	are	stepper	motors	not	suitable	for	high-speed	slewing	operations?
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Figure	8.19		Torque	degradation	at	higher	stepping	rates	due	to	inductance:	(a)	low	stepping	rate 
	 	and	(b)	high	stepping	rate.	

Each rising edge 
triggers phase 

currents that cause 
rotor to rotate to next 
equilibrium position.
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Details	in	Sections	8.3.2,	but	no	coverage	of	
those	details	in	homework	or	exams.
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634 Sensors and Actuators: Engineering System Instrumentation

Stepper motors are incremental actuators. As such, they are ideally suited for digital control applica-
tions. High-precision open-loop operation is possible as well, provided that the operating conditions 
are well within the motor capacity. Early applications of stepper motor were limited to low-speed, low-
torque drives. With rapid developments in solid-state drives and microprocessor-based pulse generators 
and controllers, however, reasonably high-speed operation under transient conditions at high torques 
and closed-loop control has become feasible. As brushes are not used in stepper motors, there is no dan-
ger of spark generation. Hence, they are suitable in hazardous environments. But, heat generation and 
associated thermal problems can be significant at high speeds and in lengthy operation.

There are numerous applications of stepper motors. For example, stepper motor is particularly suitable 
in printing applications (including graphic printers) because the print characters are changed in steps 
and the printed lines (or paper feed) are also advanced in steps. Stepper motors are commonly used in 
x–y tables (see Chapter 7). In automated manufacturing applications, stepper motors are found as joint 
actuators and end effector (gripper) actuators of robotic manipulators, parts assembly and inspection 
systems, and as drive units in programmable dies, parts-positioning tables, and tool holders of machine 
tools (milling machines, lathes, etc.). In automotive applications, pulse windshield wipers, power window 
drives, power seat mechanisms, automatic carburetor control, process control applications, valve actua-
tors, and parts-handling systems use stepper motors. Other applications of stepper motors include source 
and object positioning in medical and metallurgical radiography, lens drives in autofocus cameras, cam-
era movement in computer vision systems, and paper feed mechanisms in photocopying machines.

8.9.3.2 Advantages

The advantages of stepper motors include the following:

 1. Position error is noncumulative. A high accuracy of motion is possible, even under open-loop 
control.

 2. The cost is relatively low. Furthermore, considerable savings in sensor (measuring system) and 
controller costs are possible when the open-loop mode is used.

 3. Because of the incremental nature of command and motion, stepper motors are easily adoptable 
to digital control applications.

 4. No serious stability problems exist, even under open-loop control.
 5. Torque capacity and power requirements can be optimized and the response can be controlled by 

electronic switching.
 6. Brushless construction has obvious advantages (see Chapter 9).

The disadvantages of stepper motors include the following:

 1. They are low-speed actuators. The torque capacity is typically less than 15 N · m, which may be low 
compared to what is available from torque motors.

 2. They have limited speed (limited by torque capacity and by pulse-missing problems due to faulty 
switching systems and drive circuitry).

 3. They have high vibration levels due to stepwise motion.
 4. Large errors and oscillations can result when a pulse is missed under open-loop control.
 5. Thermal problems can be significant when operating at high speeds.

In most applications, the merits of stepper motors outweigh the drawbacks.

Summary Sheet

Stepper motors: Variable-reluctance (VR) have soft-iron (ferromagnetic) rotors; permanent-magnet 
(PM) have magnetized rotors; hybrid (HB) have two stacks of rotor teeth forming the two 
poles of a permanent magnet located along the rotor axis.
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