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Piezo Motion Corp has developed a range (the ‘Imperial Series’) of low-voltage, high-torque rotary motors based entirely on piezoelectric 

principles. Available in both reversible and compact non-reversible PCB-mounted versions, the benefits of the Imperial series include 

very fast response times, high torque and zero-power consumption to hold. 

Traditional DC Motors

High Performance DC Motor Alternatives

Traditional DC motors are used for a host of industrial, technology 

and medical applications. The underlying principle for motion relies 

on the generation of mechanical energy through the creation of 

an electromagnetic field caused by electrical (DC) input. Control of 

speed is then implemented either via varying the input voltage or 

current. Generally DC motors are divided into several different types 

which include, brushed, brushless (BLDC), servo and steppers. 

For applications requiring accurate positioning control, a servo 

motor or stepper motor is normally the choice.  The servo motor has 

a detector (encoder) mounted on the back of the motor to detect 

the position and speed of the rotor. This enables high resolution 

closed-loop control of positioning. Servo motors are generally used 

where high speed, dynamic motion profiles and varying torque 

control is needed. Control of motion does however come at cost, 

because they require a complex control architecture coupled with 

a close-loop (feedback) control system.  

One of the key drawbacks of servo motors is that they must 

continuously hunt to stay at a required position. This means they 

are continuously working to sense and adjust for positioning errors 

in order to maintain and hold a target position. Dynamic response 

is therefore limited by sensor noise, motor inertia, inductance and 

mechanical tolerances

For more cost-sensitive applications that require accurate 

positioning, particularly short duration repetitive movements at 

low speed and high torque, a stepper motor is often a better choice 

because the control system is relatively simple and inexpensive. 

Stepper motors move in discrete steps in response to electrical 

step and direction pulses. Typical stepper motors have a step angle 

of between 1.8 degrees and 0.72 degrees, providing between 200 

to 500 steps per full rotation. These large step sizes create motor 

vibration leading to poor smoothness of rotation, mechanical noise, 

and resonance problems. The problem is even worse at slow speeds, 

which amplify the unevenness of rotation of the stepper motor. One 

way to alleviate the lack of smoothness and mechanical noise is to 

use microstepping. However, a key problem with microstepping 

is that it decreases the incremental torque substantially often by 

more than 70%.

Another factor limiting accuracy and resolution in traditional 

DC motors is the “stick-slip effect” - the spontaneous jerking 

motion created by a slight delay on movement in response to 

the applied force. Stick-slip limits angular resolution, response 

speed, and tolerable overshoot. The use of high ratio gearing can 

partly address stick slip, but only at the expense of hysteresis and 

backlash.

This class of standing wave-type piezomotors provide superior performance compared 
to conventional DC motors including; micro-radian resolution, extremely low hysteresis, 
and almost zero backlash.
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Principles of Operation

Piezo Motion’s Imperial series of rotary piezomotors, work on the principal of excitation 

of ultrasonic standing wave(s) within an angular-shaped piezoelectric resonator. A 

schematic illustration of the inside configuration of the piezomotor is provided in Figure 

1. The piezomotor consists of a piezoceramic ring resonator (1) and stainless-steel pushers 

(3). The pushers are attached to the ring resonator via a acoustic vibrational shell (2). An 

ultrasonic radial standing wave is excited in the resonator causing the ring to expand 

and contract in radial direction, stimulating movement of the pushers along the radius. 

Because of their elasticity, the pushers vibrate with the same frequency, although phase 

shifted, in a direction orthogonal to the radius of the ring. The superposition of the two 

orthogonal movements results in elliptical movements (5) of the pushers. Because the 

pushers are held pressed against the rotor (4), their movement, via friction at the pusher 

contact area, causes rotation of the rotor.

Control of the piezomotor is straightforward using 

an external signal source applied through the driver 

board. The driver board PCB provides economical user-

control interface and is supplied with pre-programmed 

firmware for optimization of motion control.  This enables 

factory customization of motor output performance 

specifications, including rotational speed and torque. 

Motion control is achieved by a train of electrical pulses 

supplied by a digitally controlled AC voltage source directly 

to the resonator ring. Motor speed is altered by varying 

either the repetition rate of the pulses or duration of each 

individual pulse (i.e., PWM). Modulation of the excitation 

voltage source enables the piezomotor to rotate either 

continuously or in a precise stepping mode. 

Figure 1

© 2022 Piezo Motion Corp  |  piezomotion.com  |  (941) 907-4444



Imperial Series

Piezo Motion has developed several different sizes of motors within its Imperial series these range in diameter from 38 mm to 80 mm 

and include reversible and non-reversible models. Table 1 shows a summary of the models currently developed by the company.

Motor Model PM-20R PM-22R PM-28R UPM-20 UPM-22 UPM-46

Reversible or 
Non-Reversible Rev Rev Rev Non-Rev Non-Rev Non-Rev

Max Torque 
(Nm) 0.1 0.5 1.2 0.1 0.5 5

Self-braking 
Torque (Nm) 0.11 0.55 1.4 0.11 0.5 5

Max Speed 
(RPM) 60 30 >20 60 30 >30

Min Angular 
Step (µrad) 5 2.5 2 5 2.5 1.5

Dynamic range 
(kHz) 4 3 2 4 3 2

Supply Voltage 
(VDC) 12 12 12 12 12 12

Operating 
Current <400 mA <700 mA 1 A 400 mA <700 mA <1.8 A

Weight (g) 100 220 750 30 50 250

Dimensions 
(mm) Ø38x45 Ø50x50 Ø80x80 Ø32x24 Ø45x30 Ø80x28
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One of the most remarkable performance specifications for the Imperial series is their incredible angular resolution, which is determined 

by measuring the number of incremental steps achieved during a rotation. This extremely high resolution also enables the piezomotor 

to be operated silently and with an ultra-smooth rotation.

Using a laser autocollimator a minimum angular increment/step of less than 2.5 µrad can be measured. To perform these measurements 

a mirror is attached to a small optical table that is firmly mounted to the shaft of the piezomotor (refer to Figure). The test entails 

measuring the change in the angle of reflection (as the motor is rotated at its minimum step) of a collimated light beam, originating 

from the autocollimator and reflected back from the mirror. The method enables angular step movement to be resolved to better than 

2.5 µrad which is equivalent to more than 2.5 million steps per rotation.

Superior Resolution and Smooth Rotation

Set-up for measurement of angular resolution of piezomotor. This diagram shows how angular deviation of the reflected beam is measured during 

motor rotation.

Reversible Piezomotor Model PM-22R Non-Reversible Model UPM-22
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Parameter Piezomotor Stepper Motor

Precision @>1,250,000 steps = >1000 x Greater Precision 200 steps = poor precision

Torque Full torque during steps Torque decreases >70% with microstepping

Hold Power Zero power to hold position Power required to maintain hold position

Rotational Smoothness Ultra-smooth rotation Motor vibrates during rotation

Noise Silent rotation with zero harmonics Mechanical noise and harmonics during rotation

Response time <30 µs (>100-times faster) 10 to 100 ms

Mass Lightweight design Heavier design due to windings and magnets

Environmental/EMC Issues
Motion is not created by electromagnetic 

principles eliminating interference and 
susceptibility to EMC

Motion is created by electromagnetic principles 
creating interference and susceptibility to EMC

Summary of Key Benefits of Piezomotor vs. Stepper Motor

Piezo Motion is a leader in piezo motor technology with multi-million dollar investments in research and development of affordable 

piezoelectric motors to meet, and exceed, the needs of today’s global markets. 

The company is committed to developing innovative piezoelectric technology and motion products that enhance their functionality in 

a multitude of applications. 

Piezo Motion partners with startups, OEMs, research institutions, and industrial companies worldwide; empowering the visionaries 

behind their products.

About Piezo Motion

Another key performance specification of the Imperial series is how quickly they respond to a command for motion. With a typically 

response time of less than 30 µsec they are at least 100-times faster than an equivalent stepper motor. This fast response can also be 

beneficial in reducing or eliminating the “stick-slip” effect which is one of the major factors limiting resolution. The effect is caused by 

the fact that the coefficient of static friction is greater than the coefficient of dynamic friction. When a driving force is applied to a motor, 

movement from rest is slightly delayed on the applied force. Initially, with finite force, there is no movement until the force exceeds the 

static friction. At this point there is a jump in position. Piezo Motion’s Imperial series of piezomotor can overcome the “stick-slip” effect 

due to the unique start-stop characteristic of the motor. This is because the angular position of the rotor is locked by the self-decelerating 

torque of the motor. To limit the effect of any jump when initiating motion the unlocking process must occur almost instantaneously 

(ideally a time constant in the range of 10-100 µsec). The piezomotor can implement an angular step within 20-50 µsec per 5 µrad thereby 

essentially eliminating any static friction effects.
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