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Technology short and to the point

Selection Guide
maxon DC motor
maxon EC motor
maxon compact drive
maxon gear
maxon sensor
maxon motor control
Key information
Conversion tables
Standard Specification

Here you can find short descriptions of the structure and tech-
nology of maxon products. Under "key information", you will find 
details about characteristics and diagrams, motor properties, 
motor selection, and many other important details.
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maxon DC motor
Technology − short and to the point

The outstanding technical features of 
maxon DC motors:
− No magnetic cogging
− High acceleration thanks to a low 

mass inertia
− Low electromagnetic interference
− Low inductance
− High efficiency
− Linearity between voltage and speed
− Linearity between load and speed
− Linearity between load and current
− Small torque ripple thanks to multi-segment 

commutator
− Able to bear high overloads for short periods
− Compact design − small dimensions
− Multiple combination possibilities with gears 

as well as DC tachometers and encoders

Characteristics of the maxon DCX range:
− High power density
− High-quality DC motor with NdFeB magnet
− High speeds and torques
− Robust design (metal flange)
− Easily configured online
− Fast delivery

Characteristics of the maxon DC-max range:
− High-performance at low cost
− Combines rational manufacturing and 

design of the A-max motors with the higher 
power density of the NdFeB magnets

− Automated manufacturing process
− Easily configured online
− Fast delivery

Characteristics of the maxon RE range:
− High power density
− High-quality DC motor with NdFeB magnet
− High speeds and torques
− Robust design (metal flange)

Characteristics of the maxon A-max range:
− Good price-performance ratio
− DC motor with AlNiCo magnet
− Automated manufacturing process

The maxon winding
The “heart” of the maxon motor is the world-
wide patented ironless winding, System 
maxon. This motor principle has very specific 
advantages. There is no magnetic detent and 
minimal electromagnetic interference. The 
efficiency of up to 90% exceeds that of other 
motor systems.

There are numerous winding variants for each 
motor type (see motor data sheets). They are 
differentiated by the wire diameter and number 
of turns. This results in various motor terminal 
resistances. The wire sizes used are between 
32 µm and 0.45 mm, resulting in the different 
terminal resistances of the motors.
This influences the motor parameters that 
describe the transformation of electrical and 
mechanical energy (torque and speed con-
stants). It allows you to select the motor that is 
best suited to your application.

Effects of wire gauge and number of windings 
are:

Low terminal resistance
− Low resistance winding
− Thick wire, few turns
− High starting currents 
− High specific speed (rpm per volt) 

High terminal resistance
− High resistance winding
− Thin wire, many turns
− Low starting currents 
− Low specific speed (rpm per volt)

The maximum permissible winding tempera-
ture in high-temperature applications is 125°C 
(155°C in special cases), otherwise 100°C or 
85°C.

Service life
A general statement about service life cannot 
be made due to many influencing factors. Ser-
vice life can vary between more than 20 000 
hours under favorable conditions, and less 
than 100 hours under extreme conditions (in 
rare cases). Roughly 1000 to 3000 hours are 
attained with average requirements.

The following have an influence:
1. The electric load: higher current loads result 
in greater electric wear. Therefore, it may be 
advisable to select a somewhat stronger motor 
for certain applications. We would be happy to 
advise you.
2. Speed: the higher the speed, the greater the 
mechanical wear.
3. Type of operation: extreme start/stop, left/
right operation leads to a reduction in service 
life.
4. Environmental influences: temperature, 
humidity, vibration, type of installation, etc.
5. In the case of precious metal brushes, the 
CLL concept increases service life at higher 
loads and the benefits of precious metal 
brushes are retained.
6. Combinations of graphite brushes and ball 
bearings lead to a long service life, even under 
extreme conditions.

Program

− DCX
− DC-max
− RE
− A-max

 1 Flange
 2 Permanent magnet
 3 Housing (magnetic return)
 4 Shaft
 5 Winding
 6 Commutator plate
 7 Commutator
 8 Graphite brushes
 9 Precious metal brushes
10 Cover
11 Electrical connection
12 Ball bearing
13 Sintered sleeve bearing

Turning speed
The optimal operating speeds are between 
4000 rpm and 9000 rpm depending on the 
motor size. Speeds of more than 20 000 rpm 
have been attained with some special versions.

A physical property of a DC motor is that, at a 
constant voltage, the speed is reduced with 
increasing loads. A good adaptation to the de-
sired conditions is possible thanks to a variety 
of winding variants. 

At lower speeds, a gear combination is often 
more favorable than a slowly turning motor.
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Commutation pattern
The commutation pattern shows the current 
pattern of a maxon DC motor over one motor 
revolution.
Please place a low-ohm series resistor in 
series with the motor (approx. 50 times smaller 
than the motor resistance). Observe the volt-
age drop over the resistor on the oscilloscope.

Legend
1 Ripple, actual peak-to-peak ripple
2  Modulation, attributable mainly to asymme-

try in the magnetic field and in the winding.
3  Signal pattern within a revolution (number 

of peaks = twice the number of commutator 
segments)

Mechanical commutation
Graphite brushes
In combination with copper commutators for 
the most rigorous applications.
More than 10 million cycles were attained in 
different applications.

Graphite brushes are typically used:
− In larger motors
− With high current loads
− In start/stop operation
− In reverse operation
− While controlling at 

pulsed power stage (PWM)

The special properties of graphite brushes 
can cause so-called spikes. They are visible 
in the commutation pattern. Despite the high-
frequency interference caused by the spikes, 
these motors have become popular in applica-
tions with electronic controls. Please note, that 
the contact resistance of the graphite brushes 
changes dependent on load.

Precious metal brushes and commutator
Our precious metal combinations ensure a 
highly constant and low contact resistance, 
even after a prolonged standstill time. The 
motors work with very low starting voltages and 
electromagnetic interferences.

Precious metal brushes are typically used:
− In small motors
− In continuous operation
− With small current loads
− With battery operation
− In DC tachometers

The commutation pattern is uniform and free 
of spikes, as opposed to that of other motors. 
The combination of precious metal brushes 
and maxon rotor system results in minimum of 
high-frequency interference, which otherwise 
leads to major problems in electronical circuits. 
The motors need practically no interference 
suppression.

CLL concept
With precious metal commutation, the wear on 
commutators and brushes is caused mainly 
by sparks. The CLL concept suppresses spark 
generation to a large extent, thus greatly ex-
tending service life.
When driven with a pulsed power stage (PWM) 
higher no load currents occur and an unwanted 
motor heating can result. Additional induc-
tance (chokes) in the motor supply lines help.

For further explanations, please see page 
72 or “The selection of high-precision 
microdrives” by Dr. Urs Kafader. 

Commutation pattern with
graphite brushes

Commutation pattern with
precious metal brushes
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maxon EC motor  ironless winding
Technology − short and to the point

Characteristics of the maxon EC motors with  
ironless winding:
− Brushless DC motor (BLDC)
− Long service life
− Highly efficient
− Linear motor characteristics, excellent 

control properties
− Ironless winding system maxon  

with three phases in the stator
− Lowest electrical time constant and 

low inductance
− No detent
− Good heat dissipation, high overload 

capacity
− Rotating NdFeB permanent magnet 

with 1 or 2 pole pairs

Characteristics of the maxon ECX SPEED 
range:
− Power optimized, with high speeds up to 

120 000 rpm
− Robust design
− Various types: e.g. short/long, sterilizable
− Lowest residual imbalance
− Easily configured online
− Fast delivery

Characteristics of the maxon EC range:
− Power optimized, with high speeds up to 

50 000 rpm
− Robust design
− Lowest residual imbalance

Characteristics of the maxon EC-max range:
− attractive price-performance ratio
− robust steel casing
− speeds of up to 20 000 rpm
− rotor with 1 pole pair

Characteristics of the maxon EC-4pole range:
− Highest power density thanks to rotor 

with 2 pole pairs
− Knitted winding system maxon with opti-

mised interconnection of the partial wind-
ings

− Speeds of up to 25 000 rpm
− High-quality magnetic return material to 

reduce eddy current losses
− Mechanical time constants below 3 ms
− Special version

Electronical commutation
Block commutation
Rotor position is reported by three in-built Hall 
sensors. The Hall sensors arranged offset 
by 120° provide six different signal combina-
tions per revolution. The three partial windings 
are now supplied in six different conducting 
phases in accordance with the sensor infor-
mation. The current and voltage curves are 
block-shaped. The switching position of each 
electronic commutation is offset by 30° from 
the respective torque maximum.

Properties of block commutation
− Relatively simple and favorably priced 

electronics
− Torque ripple of 14%
− Controlled motor start-up
− High starting torques and accelerations 

 possible 
− Servo drives, Start/stop operation
− Positioning tasks
− The data of the maxon EC motors are 

determined with block commutation.

Sensorless block commutation
The rotor position is determined using the 
progression of the induced voltage. The 
electronics evaluate the zero crossing of the 
induced voltage (EMF) and commute the motor 
current after a speed dependent pause (30°e 
after EMF zero crossing). 
When stalled or at low speed, the voltage 
signal is too small and the zero crossing can-
not be detected precisely. This is why special 
algorithms are required for starting (similar to 
stepper motor control).  
To allow EC motors to be commuted without 
sensors in a D arrangement, a virtual star point 
is usually created in the electronics.

Properties of sensorless commutation
− Torque ripple of 14% (block commutation)
− No defined start-up
− Not suitable for low speeds and  

for dynamic applications
− Continuous operation at higher speeds 

(Fans, mills, drills)

Legend
The commutation angle is based on the length 
of a full commutation sequence (360°e). The 
length of a commutation interval is therefore 
60°e. 
The commutation rotor position is identical to 
the motor shaft position for motors with 1 pole 
pair. The values of the shaft position are halved 
for motors with 2 pole pairs.

Program

− ECX SPEED
− EC
− EC-max
− EC-4pole

− with Hall sensors
− sensorless
− with integrated electronics
− sterilizable
− heavy duty

1 Flange
2 Housing
3 Laminated steel stack
4 Winding
5 Permanent magnet
6 Shaft
7 Print with Hall sensors
8 Control magnet
9 Ball bearing

Block commutation

Signal sequence diagram for the Hall sensors
Conductive phases

Hall sensor 1
Rotor position

Hall sensor 2

Hall sensor 3

Supplied motor voltage (phase to phase)

Sensorless commutation

EMF

EMF
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Hall sensor circuit
The open collector output of Hall sensors does 
not normally have its own pull-up resistance, as 
this is integral in maxon controllers. Any excep-
tions are specifically mentioned in the relevant 
motor data sheets.

Winding arrangement
The maxon rhombic winding is divided into 
three partial windings, each shifted by 120°. 
The partial windings can be connected in two 
different manners - “Y” or “D”. This changes the 
speed and torque inversely proportional by the 
factor 3 .
However, the winding arrangement does not 
play a decisive role in the selection of the 
motor. It is important that the motor-specific 
parameters (speed and torque constants) are 
in line with requirements.

W1

U3-1

W3

U2-3

W2

U1-2 U3-1

W1

U1-2

W2
W3

U2-3

«Y»-circuit «∆»-circuit

Sinusoidal commutation
The high resolution signals from the encoder 
or resolver are used for generating sine-shape 
motor currents in the electronics. The currents 
through the three motor windings are related 
to the rotor position and are shifted at each 
phase by 120° (sinusoidal commutation). This 
results in the very smooth, precise running of 
the motor and, in a very precise, high quality 
control.

Properties of sinusoidal commutation
− More expensive electronics
− Field-oriented control (FOC)
− No torque ripple 
− Very smooth running, even at very low 

speeds
− Approx. 5% more continuous torque 

compared to block commutation
− Highly dynamic servo drives
− Positioning tasks

Legend
1 Star point
2 Time delay 30°e
3 Zero crossing of EMF

The power consumption of a Hall sensor is 
typically 4 mA (for output of Hall sensor = “HI”).

Currents in sine and block commutation

Turning angle

Sinusoidal phase currents

Block-shaped phase currents

Wiring diagram for Hall sensors

Hall sensor supply voltage

Hall sensor
output

GND

Control
circuit

RPull-up

For further explanations, please see page 
168 or “The selection of high-precision 
microdrives” by Dr. Urs Kafader.

Bearings and service life
The long service life of the brushless design 
can only be properly exploited by using pre-
loaded ball bearings.
− Bearings designed for tens of thousands 

of hours
− Service life is affected by maximum speed, 

residual unbalance and bearing load
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maxon EC motor  iron-cored winding
Technology − short and to the point

1 Flange
2 Housing
3 Laminated steel stack
4 Winding
5 Permanent magnet
6 Shaft
7 Print with Hall sensors
8 Ball bearing
9 Spring (bearing preload)

Characteristics of the maxon EC motors with 
iron winding:
− Brushless DC motor (BLDC)
− Long service life
− Comparatively high inertia
− Motor characteristics may vary from 

the strongly linear behaviour
− Hall sensor signals utilizable for simple 

speed and position control
− Multipole NdFeB permanent magnet
− Smaller commutation steps
− Winding with iron core and several teeth 

per phase in the stator
− Low detent torque
− Good heat dissipation, high overload 

capacity

Properties of the maxon ECX TORQUE- 
Programs:
− Highly dynamic due to internal, multipole 

rotor
− Mechanical time constants below one  

millisecond
− High torque density
− Easily configured online
− Fast delivery

Characteristics of the maxon EC-i program:
− Highly dynamic due to internal, 

multipole rotor
− Mechanical time constants below 3 ms
− High torque density
− Speeds of up to 15000 rpm

Characteristics of the maxon EC-flat program:
− Attractive price-performance ratio
− High torques due to external, multipole rotor
− Excellent heat dissipation at higher speeds 

thanks to open design
− Variants with open rotor or fan for even 

higher torques
− Flat design for when space is limited

In EC frameless motor kits, rotor and stator are 
delivered separately, without bearings and mo-
tor shaft. The motor is operational only when 
the two components are assembled. 
− High torque grace to multi-pole motor 

design
− Installation instructions with detailed  

specification for optimum integration.
− Sensor for supervising the temperature  

(NTC hot conductor)
− Space-saving integration into the application

Electronical commutation
Block commutation
Rotor position is reported by three built-in Hall 
sensors which deliver six different signal 
combinations per commutation sequence. 
The three phases are powered in six differ-
ent conducting phases in line with this sensor 
information. The current and voltage curves are 
block-shaped. The switching position of every 
electronic commutation lies symmetrically 
around the respective torque maximum. 

Properties of block commutation
− Relatively simple and favorably priced 

electronics
− Controlled motor start-up
− High starting torques and  

accelerations possible 
− Servo drives, start/stop operation
− Positioning tasks
− The data of the maxon EC motors are 

determined with block commutation.

Sensorless block commutation
The rotor position is determined using the 
progression of the induced voltage. The 
electronics evaluate the zero crossing of the 
induced voltage (EMF) and commute the motor 
current after a speed dependent pause (30°e 
after EMF zero crossing). 
When stalled or at low speed, the voltage 
signal is too small and the zero crossing can-
not be detected precisely. This is why special 
algorithms are required for starting (similar to 
stepper motor control). To allow EC motors to 
be commuted without sensors in a D arrange-
ment, a virtual star point is usually created in 
the electronics.

Properties of sensorless commutation
− No defined start-up
− Not suitable for low speeds  and  

for dynamic applications
− Continuous operation at higher speeds  

(Fans, pumps)

Legend
The commutation angle is based on the length 
of a full commutation sequence (360°e). The 
length of a commutation interval is therefore 
60°e. 
The values of the shaft position can be calcu-
lated from the commutation angle divided by 
the number of pole pairs.

Program

− ECX TORQUE
− EC-i
− EC flat
− EC frameless

− with Hall sensors
− sensorless
− with integrated electronics

Block commutation
Signal sequence diagram for the Hall sensors
Conductive phases

Hall sensor 1
Rotor position

Hall sensor 2

Hall sensor 3

Supplied motor voltage (phase to phase)

Sensorless commutation

EMF

EMF
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Sinusoidal commutation
Sinusoidal commutation or field-oriented 
control (FOC) for EC motors with grooved wind-
ing is possible. The main benefit of sinusoidal 
commutation − the smooth operation − only 
comes into play to a limited degree due to the 
detent. 

Hall sensor circuit
The open collector output of Hall sensors does 
not normally have its own pull-up resistance, as 
this is integral in maxon controllers. Any excep-
tions are specifically mentioned in the relevant 
motor data sheets.

Winding arrangement
The winding is divided into 3 partial windings 
which have several stator teeth each. The 
partial windings can be connected in two 
different manners - “Y” or “D”. This changes 
the speed and torque inversely proportional 
by the factor 3 .
However, the winding arrangement does not 
play a decisive role in the selection of the 
motor. It is important that the motor-specific 
parameters (speed and torque constants) are 
in line with requiremenats. 

W1

U3-1

W3

U2-3

W2

U1-2 U3-1

W1

U1-2

W2
W3

U2-3

«Y»-circuit «∆»-circuit

Legend
1 Star point
2 Time delay 30°
3 Zero crossing of EMF

For further explanations, please see page 
168 or “The selection of high-precision 
microdrives” by Dr. Urs Kafader.

The power consumption of a Hall sensor is 
typically 4 mA (for output of Hall sensor = “HI”).

Wiring diagram for Hall sensors
Hall sensor supply voltage

Hall sensor
output

GND

Control
circuit

RPull-up

Bearings and service life
The long service life of the brushless design 
can only be properly exploited by using pre-
loaded ball bearings.
− Bearings designed for tens of thousands 

of hours
− Service life is affected by maximum speed, 

residual imbalance and bearing load
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maxon compact drive
Technology − short and to the point

Properties of the brushless maxon EC-max 
motors with integrated electronics:
– Operated directly with DC voltage
– Integrated commutation electronics
– Ironless winding for good synchronization 

without cogging torque

Properties of the brushless maxon EC-i  
motors with integrated electronics:
– Can be operated directly with DC voltage
– Integrated commutation electronics with 

4-Q speed control 
– Separate set value input. Optionally with  

Enable or Direction input
– Speed monitor output
– Flat design with high torque

Properties of the brushless maxon EC flat  
motors with integrated electronics:
– Can be operated directly with DC voltage
– Integrated commutation electronics with 1-Q 

speed control (Hall sensor feedback)
– 2-wire version: Set value proportional to  

supply voltage
– 5-wire version: Separate set value input.  

Optionally with Enable or Direction input, 
speed monitor output

– Short design with high torque

Properties of the maxon IDX drives:
– Compact drive with integrated EPOS4  

positioning/speed controller
– Field-oriented control
– Command via CANopen, EtherCAT or I/Os
– Integrated absolute encoder
– High power density
– IP65-protected design
– Optional holding brake and gearhead

Integrated electronics
On motors with integrated electronics, the 
electronic commutation (usually block com-
mutation with Hall sensors) is built in.
Usually speed control and other functionalities 
(activation, reversal of direction of rotation, 
speed monitor) are also implemented.

Properties
– Easy operation with DC voltage
– Fewer connections than EC motor
– No additional electronics required for  

commutation
– Possible power loss due to space  

constraints and the thermal coupling in the 
motor

Program

– EC-max with integrated electronics
– EC-i with integrated electronics
– EC flat with integrated electronics
– IDX drives

1 Gearhead (optional)
2 Motor 
3 Holding brake (optional)
4 Encoder
5 Housing with connections
6 Electronics (EPOS 4)
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IDX drives
The maxon IDX drives consist of a motor 
based on EC-i technology, a magnetic absolute 
encoder and an EPOS4 positioning controller 
with integrated field-oriented control (FOC). 
– IP65 protection; only the output shaft needs 

to be sealed by the customer.
– Integrated temperature sensors on the 

winding and in the controller are evaluated 
directly in the drive and enable optimal utili-
zation of the operating range.

EPOS4 positioning controller
The integrated EPOS4 enables different 
operating modes: Positioning, speed or cur-
rent control. The drive can be commanded 
via EtherCAT or CANopen. The IDX drive is 
equipped with configurable digital and analog 
inputs and outputs. These are matched opti-
mally to the various functions and operating 
modes of the CiA-402 device profile. 
– Easy commissioning due to preconfigured 

motor, encoder and brake parameters, as 
well as auto-tuning function

– EPOS Studio: Intuitive software for  
commissioning

– Libraries for lean integration into a wide 
variety of master systems

– All documentation and software is available 
free of charge

Alternative version without fieldbus  
(I/O version)
Commands are given via the inputs and 
outputs. In this case, only current and speed 
control are supported (no position control).

Optional brake
The holding brake blocks the motor when dis-
connected from power. The brake is controlled 
by the integrated controller. 
– Minimally longer drive
– Holding brake, not suitable for deceleration.
– The brake influences the temperature range 

and the minimum permissible supply voltage
 The electrical properties, performance data, 

dimensional drawings and CAD data of the 
brake with drive are available online.

Cables
Only minimal work is needed for cabling the 
IDX drive, as only the power supply, command 
cabling and, if necessary, the I/Os have to be 
connected. In the online shop, maxon offers a 
selection of suitable cables.

Drive selection
maxon IDX drives are integrated systems that 
cannot be viewed and specified like separate 
motor-controller combinations. The supply 
current and supply voltage are not the currents 
and voltages that are present at the motor. For 
this reason, the data sheet does not specify 
motor characteristics, such as torque constant 
or speed constant.

For specification in an application, the nominal 
torque, the maximum torque (short-term), the 
nominal speed, as well as the maximum drive 
speed have to be referenced for the given sup-
ply voltage. The operating range diagrams can 
be useful for this.

At www.maxongroup.com, detailed documen-
tation can be downloaded.

n [rpm]   48 V system  
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maxon gear
Technology − short and to the point

Gears
If mechanical power is required at a high 
torque and correspondingly reduced speed, 
a maxon precision gear is recommended. 
According to the gear ratio the output speed is 
reduced while the output torque is enhanced. 
For a more  precise determination of the latter, 
efficiency must be taken into consideration.

Conversion
The conversion of speed and torque of the 
gear output (nL, ML) to the motor shaft (nmot, Mmot) 
follows the following equations:

nmot = i · nL

ML
Mmot = i · ɳ

where:
i:  reduction
h:  Gearhead efficiency

Selection of gears
For the selection of the gearhead, the maxi-
mum transmittable power − the product of 
speed and torque − is decisive. It should be 
noted that the transmittable power depends on 
the number of gear stages. 
The load torque should be below the nominal 
torque (max. continuous torque) of the gear-
head MN,G. 

MN,G ≥ ML

For short-term loading, the short-term torque 
of the gearhead must also be considered. 
Where possible, the input speed of the gear 
nmax,G should not be exceeded. This limits the 
maximum possible reduction imax at a given 
operating speed. The following applies to the 
selection of the reduction i

nmax,G
i ≤ imax = nL

If the gear is selected, the data conversed to 
the motor axis (nmot, Mmot) are used to select the 
motor. The maxon modular system defines the 
proper motor-gear combinations.

 1 Output shaft
 2 Mounting flange
 3 Bearing of the output shaft
 4 Axial security
 5 Intermediate plate
 6 Cogwheel
 7 Planetary gearwheel
 8 Sun gearwheel
 9 Planet carrier
10 Internal gear

Program
− GPX/GP (Planetary gearhead)
− GS (Spur gearhead)
− KD (Koaxdrive)
− GPS (Screw drives) 

Service life
The gears usually achieve 1000 to 3000 ope-
rating hours in continuous operation at the 
maximum permissible load and recommended 
input speed. Service life is significantly ex-
tended if these limits are not pushed.
If the speed drops below this threshold, the 
gearhead may be loaded with higher torques 
without compromising the life span. On the 
other hand, higher speeds and thus higher 
reduction ratios can be chosen if the torque 
limits are not fully exploited.
Factors affecting life span include:
− Exceeding maximum torque can lead to 

excessive wear.
− Local temperature peaks in the area of tooth 

contact can destroy the lubricant.
− Massively exceeding the gear input speed 

reduces the service life.
− Radial and axial loads on the bearing.

Temperature/lubrication
maxon gears are lubricated for life. The 
lubricants used are especially effective in the 
recommended temperature range. At higher or 
lower operating temperatures we offer recom-
mendations for special lubricants. 

Spur gearhead
The gear consists of one or more stages. One 
stage represents the pairing of two cogwheels. 
The first cogwheel (pinion) is mounted directly 
on the motor shaft. The bearing of the output 
shaft is usually made of sintered material.
− Favorably priced
− For low torques
− Output torque up to 2 Nm
− Reduction ratios of 5:1 to 5752:1
− External − ∅12 − 45 mm
− Low noise level
− High efficiency
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Planetary gearhead
Planetary gears are particularly suitable for the 
transfer of high torques. Large gearheads are 
normally fitted with ball bearings at gearhead 
output.
− For transferring high torques up to 180 Nm
− Reduction ratios of 4:1 to 6285:1
− External diameter 4−81 mm
− High performance in a small space
− High reduction ratio in a small space
− Concentric gear input and output

Plastic versions
Favorably priced and yet compact drives can 
be realized with plastic gears. The mechani-
cal load is slightly smaller than that of metal 
designs, however, it is significantly higher than 
that of spur gears.

Ceramic versions
By using ceramic components in gearheads, 
the wear characteristics of critical components 
can be significantly improved. The result when 
compared to purely metal gearheads is:
− Longer service life
− Higher continuous torques
− Higher intermittent torques
− Higher input speeds

High power gearhead
Especially high output torques in the output 
stage of planetary gearheads can be achieved 
through the following measures
− Use of ceramic components
− 4 instead of 3 planet gears in the output 

stage
−  Additional motor-side support of the output 

stage
− Reinforcement of the output bearings

Heavy duty gearhead
The HD (heavy duty) gearheads are character-
ized by their robust construction. The use of 
stainless steel and optimized welding joints 
enable use under the most extreme conditions.

Reduced backlash gearhead
The reduction in backlash is achieved through 
a preloading of the planet gears in the output 
stage. Despite the wear that occurs during 
operation, the gearhead backlash remains 
constantly low, unlike for gearheads in which 
the backlash reduction is achieved by low-
tolerance manufacturing and material pairing.

Sterilizable gearhead
Sterilizable gearheads are characterized by the 
use of stainless steel and special lubricants. 
The bearing of the output shaft and the con-
nection to the motor are designed so that fluid 
leaking into the gearhead is inhibited.

Koaxdrive
Noise reduction
Noise is primarily generated in the input stage 
of the gearhead. The following measures can 
help to reduce noise:
− Smaller input speeds and thus smaller  

relative velocity of the tooth flanks
− Input stage with plastic gears
− Use of a Koaxdrive gearhead

The quiet “Koaxdrive” combines worm and 
planetary gearing. In the first stage, a sepa-
rately mounted worm drives the three offset 
planetary wheels which then mesh in the  
specially toothed internal geared wheel. All  
further stages are designed as a normal  
planetary gear:
− low noise
− high reduction ratio in the first stage
− other properties as planetary gears
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maxon sensor
Technology − short and to the point

Encoder
maxon offers a range of different encoders. 
Their main characteristics are:

Digital incremental encoders
−  Relative position signal, suitable for  

positioning tasks
−  Direction of rotation detection
−  Speed information from number of pulses 

per unit of time
−  Standard solution for many applications

Digital absolute encoders
−  Absolute single-turn position signal, suitable 

for absolute positioning within one motor 
revolution

− Solution for special applications without  
homing procedure

− Option to generate commutation signals

DC tacho
−  Analog speed signal
−  Direction of rotation detection
−  Not suited for positioning tasks

Resolver
−  Analog signal transmission
−  More complex evaluation electronics  

required in controller
−  For special industrial solutions

Encoder signals
Digital incremental encoders
Position changes (relative position) are trans-
mitted to the controller as square pulses. The 
controller evaluates these pulses for precise 
positioning or speed measurement. The signal 
transmission is implemented via two phase-
shifted channels (A and B) that are compared 
to determine the direction of rotation. Usually 
the phasing of channels A and B applies for 
operation in a clockwise direction (CW), relative 
to the motor shaft seen from the outside.
The maxon controllers evaluate the signal 
 edges. This results in a four times higher 
positioning resolution relative to the counts per 
turn of the encoder. The technical term for this 
is quad counts or states. The absolute position 
can be determined by homing to a fixed posi-
tion. The signal edges of index channel I can 
be used for a precise reference position.

The line driver is a driver built into the encoder 
to improve the signal quality through steeper 
edges. Additionally, it generates the comple-
mentary signals A, B, and I. Differential signals 
make it possible to eliminate faults during 
transmission.

Absolute encoders
Absolute encoders return the absolute posi-
tion as a bit sequence for transmission with a 
suitable protocol (SSI, BiSS-C) at the clock rate 
of the controller. The resolution given as a bit 
length; e.g. 12-bit equals 4096 positions.
Single-turn absolute encoders output the posi-
tion only within one motor revolution. Multi-turn 
absolute encoders determine the position 
unambiguously over several revolutions. They 
frequently have the capability to detect motor 
revolutions even without a power supply. At 
start-up, the motor position is determined over 
multiple revolutions.

 1 End cap
 2 Electrical connections motor and encoder
 3 PCB
 4 MR sensor
 5 Graduated disk
 6 Magnetic multi-pole wheel
 7 Encoder housing
 8 Solid measure
 9 Flange
10 Sensor with housing
11 Encoder fork coupler

Program
− MILE (inductive encoders)
− EASY, MAG, MR, MEnc  
 (magnetic encoders)
− Enc, HEDS, HEDL, AEDL,  
 RIO (optical encoders) 
− DC-Tacho, Res (analog sensors)

Key points for encoder selection
These are the main characteristics of maxon 
incremental encoders:
− Counts per turn (increments)
− Accuracy
− Use of an index channel
− Use of a line driver
− Maximum supported speed
− Suitability for special ambient conditions 

(dust, oil, magnetic fields, ionizing radiation)

Encoders and maxon controllers
− The input frequency of the control electronics 

may limit the maximum possible counts per 
turn of the encoder.

− The higher the counts per turn and the ac-
curacy, the easier it is to achieve a smooth, 
jolt-free operation even at low speeds.

− maxon controllers can be adjusted for ope-
ration at low or high speeds, as well as for 
encoders with low or high counts per turn.

For positioning systems, the following  
applies:
− The higher the counts per turn, the more ac-

curate the positioning. For 500 counts (2000 
quad counts), a mechanical angle resolution 
of 0.18° is achieved. This is usually much 
higher than the precision of the mechanical 
drive components (e.g. due to gear backlash 
or the elasticity of drive belts).

− In positioning controllers, only encoders 
with an integrated line driver should be used 
(e.g. RS422). This prevents signal loss and 
accumulated positioning errors due to elec-
tromagnetic interference. 

− Positioning applications often required the 
encoder's index channel for precise determi-
nation of a reference point.

Recommendations on encoder selection
(✓) Conditionally applicable

*OPT, ENC, AEDL, HEDL, HEDS QU
AD

M
En

c

M
R

EA
SY

M
IL

E

op
tic

al
*

RI
O

1 very high speed ✓ ✓ ✓ ✓ (✓) ✓

2 very low speed (✓) (✓) ✓ ✓ ✓

3 precise position (✓) (✓) (✓) ✓ ✓

4 line driver possible ✓ ✓ ✓ ✓ ✓

5 index channel possible ✓ ✓ ✓ ✓

6 compact design ✓ (✓) ✓ ✓ ✓ ✓

7 dust, dirt, oil ✓ ✓ ✓ ✓ ✓ (✓)
8 external magnetic fields (✓) (✓) (✓) ✓ ✓ ✓

9 ionising radiation ✓

Representation of the output signal  
of a digital encoder

90° e      Phase shift A,B
360° e    Cycle

Index puls width
Phase shift of index pulse

Channel A

Channel B

Channel I

CW
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Magnetic encoders
In magnetic encoders, a small permanent 
magnet is installed on the spinning motor shaft. 
Sensors in the stator capture the changes in 
the magnetic flux. The signals are evaluated in 
the encoder and transmitted to the controller 
as pulses or as an absolute signal. Magnetic 
encoders are typically very small and resilient 
to dirt.

EASY and MAG encoders
−  Integrated circuit based on Hall sensors and 

interpolator
−  EASY incremental: Factory programmable 

resolution from 1 to 1024 counts per turn, 
with index channel and line driver

−  EASY absolute: Single-turn with 4096 states 
(12-bit) and Biss-C or SSI interface

−  MAG incremental: Various resolutions  
available (up to 256 counts per turn); recom-
mended for battery operation

MR encoder (incremental)
−  Magneto-resistive Sensor with/without  

interpolator
−  Various resolutions available  

(up to 1024 counts per turn)
−  With/Without index channel and/or line 

driver

MEnc and QUAD encoder (incremental)
−  Digital Hall sensors without interpolation
− Line driver not available
−  MEnc: 12 or 16 counts per turn
−  QUAD: 1 count per turn (4 states)

DC tacho
In principle, any maxon DC motor can be used 
as a DC tacho. For motor-tacho combinations, 
we offer a DC tacho that has the tacho rotor 
mounted directly on the motor shaft.

Characteristics
− Output DC voltage proportional to the speed 

due to precious metal brushes
− AlNiCo magnet for high signal stability even 

with temperature fluctuations
− Without additional tacho bearing; no added 

friction torque
− No couplings, high mechanical resonant 

frequency

Resolver
The resolver is attached to the continuous 
shaft of the motor and aligned perfectly with 
the rotor's magnetic field.
A high-frequency alternating voltage (10 kHz) 
is transmitted to the rotor via a transformer. 
During retransformation on two stator coils, the 
signal is modulated with the sine/cosine of the 
rotation angle. This makes it possible to derive 
the position of the rotor.

Characteristics
− Robust, for industrial use
− Long service life
− No mechanical wear
− Interference-free signal transmission over 

long distances
− No sensitive electronics
− Special signal evaluation required
− Only one encoder for position and speed 

information
− EC motors with resolvers are delivered  

without Hall sensors

Optical encoders
In optical encoders, an LED emits light through 
a finely structured code wheel (HEDL, AEDL, 
HEDS, Enc22) or directed at a structured 
reflector (RIO) attached to the motor shaft. The 
receiver converts the light/dark signals into 
electrical currents, which are amplified and 
turned into electrical pulses by the respective 
electronics. Optical encoders typically have a 
high resolution and high accuracy.

RIO encoder
− Reflective interpolated optical encoder
− Very high resolution (typically 4096 to  

16,384 counts per turn), programmable at 
the factory

− With index channel and RS422 line driver
− Very small size

Encoder attachment AEDL, HEDL, HEDS
− Transmissive optical encoders
− Up to 5000 counts per turn (AEDL)
− With line driver RS422 (AEDL, HEDL)
− Relatively large size

Inductive encoder
With inductive MILE encoders, a high-frequency 
alternating field is transmitted via transformer 
while being modulated angle-dependently  
using a structured copper disk.

Characteristics
− Highly resistant to magnetic and electrical 

fields as well as soiling.
− High speeds possible
− High accuracy
− Line driver (can be acc. to RS422)
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Controllers
The maxon motor control program contains 
servo amplifiers for controlling the fast reacting 
maxon DC and EC motors. 
Special characteristics:
− built-in additional inductance for operation 

with low-inductance motors.
− high PWM frequencies (>50 kHz)
− high efficiency

The zub machine controllers are program-
mable master controllers for sophisticated 
multi-axis systems
− EtherCAT and/or CANopen master  

(and/or slave)
− Highly dynamic drive synchronization
− Curve interpolation (camming)

Set value specification
Servo controllers (speed and current control-
lers) are usually designed for analog specifica-
tion of set values. Alternatively, PWM signals or 
fixed set values are also possible.

maxon positioning controllers (EPOS) require 
a higher-level master, which takes care of pro-
cess control and sends individual commands 
to the positioning controller and to other slave 
modules in the system via the bus system 
(RS232, USB, CANopen, EtherCAT). Typically, 
the master reads the parameters of the slave 
modules (e.g., the current position or the status 
of an input), and uses them to generate new 
commands (e.g., a new target position or set-
ting of an output). The master runs an applica-
tion specific program.

Possible master systems
− zub motion control
− PLC
− Microcontroller
− PC

maxon motor control
Technology − short and to the point

Controlled variables
Speed control
The function of the speed servo amplifier is to 
keep the prescribed motor speed constant and 
independent of load changes. To achieve this, 
the set value (desired speed) is continuously 
compared with the actual value (actual speed) 
in the control electronics of the servo amplifier. 
The controller regulates the power stage of the 
servo amplifier to eliminate this difference as 
much as possible. The control loop is closed.

Position control
The position controller ensures that the 
currently measured position matches a set 
position, by sending appropriate correction 
values to the power stage, just like the speed 
controller. The required position information is 
usually received from a digital encoder.

Current control
The current control provides the motor with a 
current proportional to the set value. Accor-
dingly, the motor torque changes proportionally 
to the set value. The current controller improves 
the dynamics of a higher-level position or speed 
control loop.

Motor type
− maxon DC motor
−  maxon EC motor 

with or without sensor
Control variables
− Speed
− Position
− Current
Feedback
− Encoder
− DC Tacho
− IxR compensation
− Hall sensors
Set value specification
− Analog voltage
− Digitally via field bus

Program

−  DEC module: 1-Q speed controller (closed 
loop) for brushless (maxon EC) motors

−  ESCON: 4-Q speed and current  
controller for DC and EC motors

−  EPOS: Position controller for DC  
and EC motors

− MACS5, MiniMACS, MasterMACS:
 Programmable multi-axis masters

Feedback sensors
Digital encoder control
The motor is equipped with a digital encoder 
that provides a certain number of pulses per 
revolution. Incremental or absolute encoders 
can be used (cf. p. 54: Encoder signals).
− Digital encoders are often found in  

positioning controls, in order to derive and 
measure the travel or angle.

− Digital encoders are not subject to mecha-
nical wear.

− If an EC motor's Hall sensor signals are used 
for control, then the result is similar to using 
an incremental encoder with a low resolu-
tion.

Principle of a control circuit

Set value

System deviation Con-
troller

Power stage 
(actuator)

Actual value Sensor

Motor
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DC tacho control
The motor must be equipped with a DC 
tacho-meter that provides a speed propor-
tional signal. In the maxon modular system, 
the tachometer rotor is mounted directly on 
the through motor shaft, resulting in a high 
resonant frequency.
− Limited service life of the DC tacho 

generator
− For speed control only
− Analog feedback signal

IxR compensation
The motor is provided with a voltage that is 
proportional to the applied speed set value. 
The speed would drop with increasing motor 
load. The compensation circuitry increases the 
output voltage with increasing motor current. 
The compensation must be adjusted to the ter-
minal resistance of the motor which depends 
on temperature and load. 

The attainable speed precision of such a sys-
tem is subject to limits in the percent range.
− Favorably priced and space-saving
− No tacho-generator or encoder required
− Only analog speed control possible
− Less precise control when there is a load 

change
− Ideal for low-cost applications without high 

demands on speed accuracy

Control concepts
Traditional PI or PID controllers often addition-
ally use a feed forward that is proportional to 
speed and acceleration in order to compen-
sate for friction and inertia.

More sophisticated control concepts may 
also be used on a case-by-case basis. These 
include
− Observer-supported control
− Sensorless control through evaluation of 

motor parameters (EMF, impedance)
− Dual loop control for load-side control with 

compensation of backlash and elasticity
− Gain scheduling

One key aspect for users is automatic control-
ler tuning, which is available as standard for all 
maxon motor control products and ensures 
optimum system adjustment.

Multi-axis motion controllers
Multi-axis motion controllers are freely pro-
grammable controllers that make it possible 
to easily synchronize coordinated movements 
of several axes. Powerful commands are pro-
vided, for example for completing the following 
tasks (among others)

− PLC functionality as a sequential program  
(cyclical processing) or as state machines 
that work in parallel

− Coordinated time or path-synchronous  
multi-axis positioning

− Synchronous execution of CAM profiles  
(cam disks) on several axes

− Control of freely definable path trajectories 
with different kinematics (X-Y tables, 3D  
plotters, Scara robots, Delta robots…)

− Master-slave synchronization of several axes 
with marker comparison.

amplifierMulti-axis motion 
controllers

CANopen

EtherCAT

position 
encoder signal

drives

Power

PC or SPS

Principle: Multi-axis motion controllers
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Pmech = 30 000 M · n

PJ = R · Imot
2

Pel = Umot · Imot
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maxon DC motor and maxon EC motor
Key information 

The motor as an energy converter
The electrical motor converts electrical power Pel (current Imot and voltage 
Umot) into mechanical power Pmech (speed n and torque M). The losses that 
arise are divided into frictional losses, attributable to Pmech and in Joule 
power losses PJ of the winding (resistance R). Iron losses do not occur 
in the coreless maxon DC motors. In maxon EC motors, they are treated 
formally like an additional friction torque. The power balance can there-
fore be formulated as:

Pel = Pmech + PJ

The detailed result is as follows
�

Umot · Imot = 30 000 n · M + R · Imot
2

Electromechanical motor constants
The geometric arrangement of the magnetic circuit and winding defines 
in detail how the motor converts the electrical input power (current, 
voltage) into mechanical output power (speed, torque). Two important 
characteristic values of this energy conversion are the speed constant kn 
and the torque constant kM. The speed constant combines the speed n 
with the voltage induced in the winding Uind (= EMF). Uind is proportional to 
the speed; the following applies:

n = kn · Uind

Similarly, the torque constant links the mechanical torque M with the 
electrical current Imot.

M = kM · Imot

The main point of this proportionality is that torque and current are 
equivalent for the maxon motor.
The current axis in the motor diagrams is therefore shown as parallel 
to the torque axis as well.

See also: explanation of the motor 

Motor diagrams
A diagram can be drawn for every maxon DC and EC motor, from which 
key motor data can be taken. Although tolerances and temperature 
influences are not taken into consideration, the values are sufficient for a 
first estimation in most applications. In the diagram, speed n, current Imot, 
power output P2 and efficiency h are applied as a function of torque M at 
constant voltage Umot.

Speed-torque line
This curve describes the mechanical behavior of the motor at a constant 
voltage Umot: 
− Speed decreases linearly with increasing torque.
− The faster the motor turns, the less torque it can provide.
The curve can be described with the help of the two end points, no load 
speed n0 and stall torque MH (cf. lines 2 and 7 in the motor data).
DC motors can be operated at any voltage. No load speed and stall 
torque change proportionally to the applied voltage. This is equivalent 
to a parallel shift of the speed-torque line in the diagram. Between the 
no load speed and voltage, the following proportionality applies in good 
approximation

n0 ≈ kn · Umot

where kn is the speed constant (line 13 of the motor data).

Independent of the voltage, the speed-torque line is described most 
practically by the slope or gradient of the curve (line 14 of the motor data).

n0 = MH

Δn
ΔM

Derivation of the speed-torque line
The following occurs if one replaces current Imot with torque M using 
the torque constant in the detailed power balance:

Umot · n · M + R ·�
 = 30 000

M
kM

M
kM

2

Transformed and taking account of the close relationship of kM and kn, an 
equation is produced of a straight line between speed n and torque M.

n = kn · Umot −
30 000

�
R

k M
2· · M

or with the gradient and the no load speed n0

 · M
Δn
ΔMn = n0 −

Units
In all formulas, the variables are to be used in the units according to 
the catalog (cf. physical variables and their units on page 64). 

The following applies in particular:
− All torques in mNm
− All currents in A (even no load currents)
− Speeds (rpm) instead of angular velocity (rad/s)

Speed n

Torque M

Motor constants
Speed constant kn and torque constant kM are not independent of one 
another. The following applies:

�kn · kM =
30 000

The speed constant is also called specific speed. Specific voltage, gen-
erator or voltage constants are mainly the reciprocal value of the speed 
constant and describe the voltage induced in the motor per speed. The 
torque constant is also called specific torque. The reciprocal value is 
called specific current or current constant.
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The speed-torque gradient is one of the most informative pieces of data 
and allows direct comparison between different motors. The smaller the 
speed-torque gradient, the less sensitive the speed reacts to torque 
(load) changes and the stronger the motor. With the maxon motor, the 
speed-torque gradient within the winding series of a motor type (i.e. on 
one catalog page) remains practically constant.

Current gradient
The equivalence of current to torque is shown by an axis parallel to the 
torque: more current flowing through the motor produces more torque. 
The current scale is determined by the two points no load current I0 and 
starting current IA (lines 3 and 8 of motor data). 
The no load current is equivalent to the friction torque MR, that describes 
the internal friction in the bearings and commutation system.

MR = kM · I0

In the maxon EC motor, there are strong, speed dependent iron losses 
in the stator iron stack instead of friction losses in the commutation 
system. 

The motors develop the highest torque when starting. It is many times 
greater than the normal operating torque, so the current uptake is the 
greatest as well.
The following applies for the stall torque MH and starting current IA

MH = kM · IA

Efficiency curve
The efficiency h describes the relationship of mechanical power delivered 
to electrical power consumed.

η =
�

30 000
n · (M − MR)

Umot · Imot

· 

One can see that at constant applied voltage U and due to the propor-
tionality of torque and current, the efficiency increases with increasing 
speed (decreasing torque). At low torques, friction losses become  
increasingly significant and efficiency rapidly approaches zero. Maxi-
mum efficiency (line 9 of motor data) is calculated using the starting 
current and no load current and is dependent on voltage.

ηmax =  1 −
I0
IA

2

Maximum efficiency and maximum output power do not occur at the 
same torque.

Rated operating point 
The rated operating point is an ideal operating point for the motor and 
derives from operation at nominal voltage UN (line 1 of motor data) and 
nominal current IN (line 6). The nominal torque MN produced (line 5) in this 
operating point follows from the equivalence of torque and current.

MN    kM · (IN − I0)

Nominal speed nN (line 4) is reached in line with the speed gradient. 
The choice of nominal voltage follows from considerations of where the 
maximum no load speed should be. The nominal current derives from 
the motor’s thermally maximum permissible continuous current.

Speed n

Torque M

Current I

Speed n

Torque M

Current I

Torque M
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Operating range diagram

Motor diagrams, operating ranges
The catalog contains a diagram of every maxon DC and EC motor type 
that shows the operating ranges of the different winding types using a 
typical motor.

Permanent operating range
The two criteria “maximum continuous torque” and “maximum permis-
sible speed” limit the continuous operating range. Operating points 
within this range are not critical thermally and do not generally cause 
increased wear of the commutation system.

Short-term operating range
The motor may only be loaded with the maximum continuous current 
for thermal reasons. However, temporary higher currents (torques) are 
allowed. As long as the winding temperature is below the critical value, 
the winding will not be damaged. Phases with increased currents are 
time limited. A measure of how long the temporary overload can last is 
provided by the thermal time constant of the winding (line 19 of the motor 
data). The magnitude of the times with overload ranges from several 
seconds for the smallest motors (6 mm to 13 mm diameter) up to roughly 
one minute for the largest (60 mm to 90 mm diameter). The calculation 
of the exact overload duration depends highly on the motor current and 
the winding temperature at the beginning.

Max. permissible winding temperature
Due to the winding resistance, the motor current causes the winding 
to heat up. To prevent the motor from overheating, this heat needs to 
be dissipated to the environment via the stator. The maximum winding 
temperature (line 22 of the motor data) must not be exceeded even for 
a short time. For graphite brush motors and EC motors with their usually 
higher current load, it is 125 °C (in some cases up to 155 °C). Precious 
metal commutated motors only allow for low current loads, so that the 
rotor temperature must not exceed 85 °C. Precautions taken during 
installation, such as good air circulation or cooling plates, may signifi-
cantly lower the temperature.

Permissible continuous current, permissible continuous torque
The electrical heat losses define the max. permissible continuous 
current at which the maximum winding temperature is reached under 
standard conditions (25°C ambient temperature, no heat dissipation via 
the flange, air circulating freely). Larger motor currents result in too high 
winding temperatures.

The nominal current is selected to correspond with this maximum 
permissible continuous current. It is highly dependent on the winding. 
Windings with thin wire have lower nominal currents than windings 
with thick wire. In the case of windings with very low resistance, the 
current capacity of the brush system can further restrict the permissible 
continuous current. The graphite brush motors significantly increase 
the friction losses at high speeds. In EC motors, the eddy current loss in 
the magnetic return increases when the speed increases and gener-
ates additional heat. The maximum permissible continuous current 
decreases at higher speeds.

The nominal current assigned to the rated torque is practically constant 
within the winding type of a motor type and is one of the characteristics 
of the motor type.

The maximum permissible speed
for DC motors is primarily limited by the commutation system. The  
commutator and brushes wear more rapidly at very high speeds. 
The reasons are:
− Increased mechanical wear because of the large traveled path of 

the commutator 
− Increased electro-erosion because of brush vibration and spark 

formation. 

A further reason for limiting the speed is the rotor’s residual mechanical 
imbalance which shortens the service life of the bearings. Higher speeds 
than the limit speed nmax (line 23) are possible, however, they are “paid 
for” by a reduced service life expectancy. The maximum permissible 
speed for the EC motor is calculated based on service life consid-
erations of the ball bearings (at least 20000 hours) at the maximum 
residual imbalance and bearing load.

ON  Motor in operation
OFF Motor stationary 
ION  Max. peak current 
IN Max. permissible continuous current (line 6)
tON ON time [s], should not exeed tw (line 19) 
T  Cycle time tON + tOFF [s]
tON%  Duty cycle as percentage of cycle time.
 The motor may be overloaded by the relationship 
 ION / IN at X % of the total cycle time.

 
Ion =  IN 

T
tON

Time

Speed [rpm]

Current [A]

Torque [mNm]

Intermittent operation
Switch-on duration and current
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maxon EC flat and EC-i motors
Multi-pole maxon flat motors and EC-i motors require a greater number 
of commutation steps per revolution (6 x number of pole pairs). Due to 
their wound stator teeth, they have a higher terminal inductance than 
motors with an ironless winding. At high speeds, the current cannot fully 
develop due to the short commutation intervals. The torque is therefore 
less. In addition, some current is returned to the controller power stage. 
As a result, the behavior deviates from the ideal linear characteristic 
depending on voltage and speed: The apparent speed/torque gradient is 
steeper at higher speeds and flatter at very low speeds.
Mostly, flat motors are operated in the continuous operation range where 
the achievable speed-torque gradient at nominal voltage can be approxi-
mated by a straight line between no load speed and nominal operating 
point. The achievable speed-torque gradient is approximate.

 ≈
Δn
ΔM

n0 − nN 
MN

The stall torque specified on the product page is equal to the linearly 
calculated load torque (without magnetic saturation effect) which causes 
the shaft to stall at nominal voltage. With EC-flat and EC-i motors, this 
torque often cannot be achieved due to saturation effects.

Start with constant terminal voltage
Here, the speed increases from the stall torque along the speed- 
torque line. The greatest torque and thus the greatest acceleration is 
effective at the start. The faster the motor turns, the lower the accelera-
tion. The speed increases more slowly. This exponentially flattening 
increase is described by the mechanical time constant tm (line 15 of 
the motor data). After this time, the rotor at the free shaft end has 
attained 63% of the no load speed. After roughly three mechanical time 
constants, the rotor has almost reached the no load speed.

n n

M

U = constant

Time

− Mechanical time constant tm (in ms) of the unloaded motor:
JR · R

kM
2τm = 100 ·

− Mechanical time constants tm’ (in ms) with an additional load 
inertia JL:

τm'  = 100 · 1 +
JR · R

kM
2

JL

JR

− Maximum angular acceleration amax (in rad/s2) of the unloaded motor:
MH

JR
αmax = 104 · 

− Maximum angular acceleration amax (in rad/s2) with an additional load 
inertia JL: 

MH

JR + JL

αmax = 104 · 

− Run-up time (in ms) at constant voltage up to the operating point  
(ML , nL ):

Δt = τm'  · ln

ML + MR

MH

1 – · n0

1 –
ML + MR

MH

· n0 – nL 

Speed n

Torque M

UN ideal

Nominal operating point

actual stall torque

calculated
stall torque

Acceleration
In accordance with the electrical boundary conditions (power supply, 
control, battery), a distinction is primarily made between two different 
starting processes:
− Start at constant voltage (without current limitation)
− Start at constant current (with current limitation)

Start under constant current
A current limit always means that the motor can only deliver a limited 
torque. In the speed-torque diagram, the speed increases on a vertical 
line with a constant torque. Acceleration is also constant, thus simpli-
fying the calculation. Start at constant current is usually found in applica-
tions with servo amplifiers, where acceleration torques are limited by the 
amplifier’s peak current.

n n

M

l = constant

Time

− Angular acceleration a (in rad/s2) at constant current I or constant 
torque M with an additional load of inertia JL: 

kM · Imot

JR + JL

M
JR + JL

α = 104 · = 104 ·

− Run-up time Dt (in ms) at a speed change Dn with an additional load 
inertia JL: 

�
300

JR + JL

kM · Imot

Δt = · Δn ·

(all variables in units according to the catalog)
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Tolerances
Tolerances must be considered in critical ranges. The possible deviations 
of the mechanical dimensions can be found in the overview drawings. The 
motor data are average values: the adjacent diagram shows the effect 
of tolerances on the curve characteristics. They are mainly caused by 
differences in the magnetic field strength and in wire resistance, and not 
so much by mechanical influences. The changes are heavily exaggerated 
in the diagram and are simplified to improve understanding. It is clear, 
however, that in the motor’s actual operating range, the tolerance range is 
more limited than at start or at no load. Our computer sheets contain all 
detailed specifications. 

Thermal behavior
The Joule power losses PJ in the winding determine heating of the motor. 
This heat energy must be dissipated via the surfaces of the winding and 
motor. The increase DTW of the winding temperature TW with regard to the 
ambient temperature arises from heat losses PJ and thermal resistances 
Rth1 and Rth2.

TW − TU = DTW = (Rth1 + Rth2) · PJ

Here, thermal resistance Rth1 relates to the heat transfer between the wind-
ing and the stator (magnetic return and magnet), whereas Rth2 describes 
the heat transfer from the housing to the environment. Mounting the 
motor on a heat dissipating chassis noticeably lowers thermal resistance 
Rth2. The values specified in the data sheets for thermal resistances and 
the maximum continuous current were determined in a series of tests, in 
which the motor was end-mounted onto a vertical plastic plate. The modi-
fied thermal resistance Rth2 that occurs in a particular application must be 
determined using original installation and ambient conditions. Thermal 
resistance Rth2 on motors with metal flanges decreases by up to 80% if 
the motor is coupled to a good heat-conducting (e.g. metallic) retainer. 

The heating runs at different rates for the winding and stator due to the 
different masses. After switching on the current, the winding heats up 
first (with time constants from several seconds to half a minute). The sta-
tor reacts much slower, with time constants ranging from 1 to 30 minutes 
depending on motor size. A thermal balance is gradually established. 
The temperature difference of the winding compared to the ambient 
temperature can be determined with the value of the current I (or in inter-
mittent operation with the effective value of the current I = IRMS). 

(Rth1 + Rth2) · R · I mot
2

1– αCu · (Rth1 + Rth2) · R · I mot
2ΔTW =

Here, electrical resistance R must be applied at the actual ambient 
temperature.

Influence of temperature
An increased motor temperature affects winding resistance and 
magnetic characteristic values.

Winding resistance increases linearly according to the thermal 
resistance coefficient for copper (αCu = 0.0039):

RT = R25 · (1 + αCu (T −25°C))

Example: a winding temperature of 75°C causes the winding resis-
tance to increase by nearly 20%.

The magnet becomes weaker at higher temperatures. The reduction 
is 0.5 to 5% at 75°C depending on the magnet material.

The most important consequence of increased motor temperature 
is that the speed curve becomes steeper which reduces the stall 
torque. The changed stall torque can be calculated in first approxi-
mation from the voltage and increased winding resistance:

Umot

RT

MH = kM · IA = kM ·   

Tolerance field presentation
for maxon motors

Tolerance for
starting current
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Motor selection
The drive requirements must be defined before proceeding to motor  
selection.
− How fast and at which torques does the load move?
− How long do the individual load phases last?
− What accelerations take place?
− How great are the mass inertias?
Often the drive is indirect, this means that there is a mechanical transfor-
mation of the motor output power using belts, gears, screws and the like. 
The drive parameters, therefore, are to be calculated to the motor shaft. 
Additional steps for gear selection are listed below. 

Furthermore, the power supply requirements need to be checked.
− Which maximum voltage is available at the motor terminals?
− Which limitations apply with regard to current?
The current and voltage of motors supplied with batteries or solar cells 
are very limited. In the case of control of the unit via a servo amplifier, the 
amplifier’s maximum current is often an important limit.

Selection of motor types
The possible motor types are selected using the required torque. On the 
one hand, the peak torque, Mmax, is to be taken into consideration and on 
the other, the effective torque MRMS. Continuous operation is characterized 
by a single operating or load point (ML, nL). The motor types in question 
must have a nominal torque (= max. continuous torque) MN that is greater 
than load torque ML.

MN > ML

In operating cycles, such as start/stop operation, the motor‘s nominal 
torque must be greater than the effective load torque (RMS). This pre-
vents the motor from overheating.

MN > MRMS

The stall torque of the selected motor should usually exceed the emerging 
load peak torque.

MH > Mmax

Selection of the winding: electric requirement
In selecting the winding, it must be ensured that the voltage applied 
directly to the motor is sufficient for attaining the required speed in all 
operating points. 

Uncontrolled operation
In applications with only one operating point, this is often achieved 
with a fixed voltage U. A winding is sought with a speed-torque line that 
passes through the operating point at the specified voltage. The calcula-
tion uses the fact that all motors of a type feature practically the same 
speed-torque gradient. A target no load speed n0,theor is calculated from 
operating point (nL, ML).

Δn
ΔMn0, theor  = nL +   ML

This target no load speed must be achieved with the existing voltage U, 
which defines the target speed constant.

n0, theor

Umot

kn, theor  =  

Those windings whose kn is as close to kn, theor as possible, will approxi-
mate the operating point the best at the specified voltage. A somewhat 
larger speed constant results in a somewhat higher speed, a smaller 
speed constant results in a lower one. The variation of the voltage 
adjusts the speed to the required value, a principle that servo amplifiers 
also use.

The motor current Imot is calculated using the torque constant kM of the 
selected winding and the load torque ML.

ML

kM

Imot  =  

Advices for evaluating the requirements:
Often the load points (especially the torque) are not known or are 
difficult to determine. In such cases you can operate your device 
with a measuring motor roughly estimated according to size and 
power. Vary the voltage until the desired operating points and 
motion sequences have been achieved. Measure the voltage and 
current flow. Using these specifications and the part number of the 
measuring motor, our engineers can often specify the suitable  
motor for your application.

Additional optimization criteria are, for example:
− Mass to be accelerated (type, mass inertia)
− Type of operation (continuous, intermittent, reversing)
− Ambient conditions (temperature, humidity, medium)
− Power supply, battery 

When selecting the motor type, other constraints also play a  
major role: 
− What maximum length should the drive unit have, including 

gear and encoder diameter? 
− What service life is expected from the motor and which 

commutation system should be used?
− Precious metal commutation for continuous operation at 

low currents (rule of thumb for longest service life: up to approx. 
50% of IN).

− Graphite commutation for high continuous currents 
(rule of thumb: 50% to approx. 75% of IN) and frequent current 
peaks (start/stop operation, reversing operation).

− Electronic commutation for highest speeds and longest service 
life.

− How great are the forces on the shaft, do ball bearings have to 
be used or are less expensive sintered bearings sufficient?

Speed-torque line high enough
for the required load speed

U = constant

Speed-torque
line too low for the
required load speed
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Example for motor/gear selection
The following speed curve is to be repeated cyclically. 

The accelerated load inertia JL is 300 000 gcm2 = 0.03 kgm2. The friction 
torque is 400 mNm. The motor is driven with the 4-Q servo amplifier  
ESCON 36/2 DC for DC motors. The power supply has a maximum out-
put of 3 A and 24 V.

Calculation of load data
The torque required for acceleration and braking are calculated as  
follows (motor and gearhead inertia omitted): 

π
Mα = JL � 30

Δn
Δt

= 0.03 � π
30

100
0.5�           =  0.628 Nm = 628 mNm

Together with the friction torque, the following torques result for the 
different phases of motion.
− Acceleration phase (duration 0.5 s)  1028 mNm 
− Constant speed (duration 2 s) 400 mNm 
− Braking (friction brakes 

with 400 mNm) (duration 0.5 s)  -228 mNm 
− Standstill (duration 0.7 s) 0 mNm 

Peak torque occurs during acceleration. 
The RMS determined torque of the entire operating cycle is

t1 · M
2

1 + t2 · M 2
2 + t3 · M 2

3 + t4 · M 2
4

MRMS =
ttot

0.5 · 10282 + 2 · 4002 + 0.5 · (–228)2 + 0.7 · 0
=

3.7
≈ 486 mNm

The maximum speed (100 rpm) occurs at the end of the acceleration phase 
at maximum torque (1028 mNm). Thus, the peak mechanical power is:

π
Pmax = Mmax � 30 nmax = 1.028 � π

30 �  100  ≈ 11 W

Regulated servo drives
In operating cycles, all operating points must lie beneath the curve at 
a maximum voltage Umax. Mathematically, this means that the following 
must apply for all operating points (nL, ML):

Δn
ΔMkn · Umax = n0 > nL + ML

When using servo amplifiers, a voltage drop occurs at the power stage, 
so that the effective voltage applied to the motor is lower. This must be 
taken into consideration when determining the maximum supply voltage 
Umax. It is recommended that a regulating reserve of some 20% be in-
cluded, so that regulation is even ensured with an unfavorable tolerance 
situation of motor, load, amplifier and supply voltage. Finally, the average 
current load and peak current are calculated ensuring that the servo 
amplifier used can deliver these currents. In some cases, a higher resis-
tance winding must be selected, so that the currents are lower. However, 
the required voltage is then increased.

Physical variables and their units
  SI Catalog
i Gear reduction*   
Imot Motor current A A, mA
IA Stall current* A A, mA
I0 No load current* A mA
IRMS RMS determined current  A A, mA
IN Nominal current* A A, mA
JR Moment of inertia of the rotor* kgm2 gcm2

JL Moment of inertia of the load kgm2 gcm2

kM Torque constant* Nm/A mNm/A
kn Speed constant*  rpm/V
M (Motor) torque Nm mNm
ML Load torque Nm mNm
MH Stall torque* Nm mNm
Mmot Motor torque  Nm mNm
MR Moment of friction  Nm mNm
MRMS RMS determined torque  Nm mNm
MN Nominal torque Nm mNm
MN,G Max. torque of gear* Nm Nm
n Speed  rpm
nL Operating speed of the load  rpm
nmax Limit speed of motor*  rpm
nmax,G Limit speed of gear*  rpm
nmot Motor speed   rpm
n0 No load speed*  rpm
Pel Electrical power  W W
PJ Joule power loss  W W
Pmech Mechanical power  W W
R Terminal resistance  W	 W
R25 Resistance at 25°C* W	 W
RT Resistance at temperature T W	 W
Rth1 Heat resistance winding housing*  K/W
Rth2 Heat resistance housing/air*  K/W
t Time s s
T Temperature K °C
Tmax Max. winding temperature* K °C
TU Ambient temperature K °C
TW Winding temperature K °C
Umot Motor voltage V V
Uind Induced voltage (EMF) V V
Umax Max. supplied voltage V V
UN Nominal voltage* V V
aCu Resistance coefficient of Cu = 0.0039
amax Max. angle acceleration  rad/s2

Dn/DM Curve gradient* rpm/mNm
DTW Temperature difference  
 winding/ambient K K
Dt Run up time s ms
h (Motor) efficiency   %
hG (Gear) efficiency*  %
hmax Max. efficiency*  %
tm Mechanical time constant* s ms
tS Therm. time constant of the motor* s s
tW Therm. time constant of the winding* s s
(*Specified in the motor or gear data)

Speed-torque line high enough
for all operating points

acceleratingbraking

Speed-torque
line too low for
all operating points

Time (s)

n = 100 rpm
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Gear selection
We are looking for a gearhead with a maximum continuous torque of at 
least 0.486 Nm and a short-term torque of at least 1.028 Nm. This re-
quirement can be fulfilled by the ceramic version of the configurable GPX 
22 gearhead with 2 or 3 stages. With 2 stages, the maximum gearhead 
input speed of 10 000 rpm permits a maximum ratio of 

imax = 
nmax, G

nL

= 100:1=
10000

100

Three-stage gearheads permit higher input speeds, and the maximum 
ratio is 120:1. Because of the shorter design, we decide to use the 
2-stage gearhead. To keep the motor torque as small as possible, we 
select the highest possible ratio of 44:1. The 2-stage gearhead has an 
efficiency of 81%.

Motor type selection
Speed and torque are calculated to the motor shaft

nmot = i · nL = 44 · 100 = 4400 rpm 

MRMS
Mmot, RMS =

i � η =
486

44� 0.81 ≈  13.6 mNm

Mmax
Mmot, max = i � η =

1028
44� 0.81 ≈  28.8 mNm

The possible motors, which match the selected gears in accordance 
with the maxon modular system, are summarized in the table opposite. 
The table shows only motors with graphite commutation because they 
are better suited for stop-and-go operation.

We select the DCX 22 S, which has sufficient continuous torque. The 
motor should have a torque reserve so that it will be able to function in 
slightly less favorable conditions.
The additional torque requirement during acceleration is no problem for 
the motor. The short-term peak torque is only slightly less than twice as 
high as the permissible continuous torque of the motor.

Selection of the winding
The DCX 22 S motor has a mean characteristic gradient of about  
110 rpm/mNm. The desired idle speed is calculated as follows:

Δnn0, theor = nmot + ΔM � Mmax = 4400 + 110 � 28.8 = 7570 rpm

The extreme operating point should of course be used in the calculation 
(max. speed and max. torque), since the speed-torque line of the winding 
must run above all operating points in the speed / torque diagram.
This target no load speed must be achieved with the maximum voltage  
U = 24 V supplied by the control (ESCON 36/2), which defines the mini-
mum target speed constant kn, theor of the motor.

n0, theor
kn, theor = 

Umot

=              = 3157570
24

rpm
V

If one considers the speed constant of the windings, then the first choice 
would be the motor with a nominal speed of 36 V. At a speed constant 
of 342 rpm V-1 however, it has only a small speed control reserve. If the 
tolerances are insufficient, then the winding with the next higher speed 
constant (24 V nominal voltage) offers better safety.
The higher speed constant of the winding compared to the calculated 
value means that the motor runs faster at 24 V than required, which can 
be compensated with the speed controller. The motor can be equipped 
with an encoder to record the speed. The speed constant of the 
selected 24 V winding is 18.4 mNm/A. The maximum torque therefore 
corresponds to a peak current of 

MmaxImax = kM

+ I0 =             + 0.036 = 1.6 A 28.8
18.4

This current is smaller than the maximum current (4 A) of the controller 
and the power supply unit (3 A).

Thus, a gear motor has been found that fulfils the requirements (torque 
and speed) and can be operated by the controller provided.

Motor MN Suitability
DCX 22 S ≈ 15 mNm good
DCX 22 L  ≈ 30 mNm too strong, builds long
DC-max 22 S ≈ 11 mNm too weak

Alternative solutions

GPX 19 ceramic gearhead
3 stages (138:1 reduction)
with motor type DCX 16 S (graphite brushes)

GPX 22 gearhead, standard configuration
3 stages (111:1 reduction)
with motor type DCX 19 S (graphite brushes)

n [rpm]
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on B A oz-in-s-1 oz-in-min-1 in-lbf-s-1 ft-lbf-s-1 W = N · ms-1 mW kpm s-1 mNm min-1

W = N · ms-1 7.06 · 10-3 1.17 · 10-4 0.113 1.356 1 1 · 10-3 9.807 2p⁄60000

mW 7.06 0.117 112.9 1.356 · 103 1 · 103 1 9.807 · 103 2p⁄60

oz-in-s-1 1 1/60 16 192 141.6 0.142 1.39 · 103 2.36 · 10-3

ft-lbf-s-1 1⁄192
1⁄11520

1⁄12 1 0.737 0.737 · 10-3 7.233 1.23 · 10-5

kpm s-1 7.20 · 10-4 1.2 · 10-5 1.15 · 10-2 0.138 0.102 0.102 · 10-3 1 1.70 · 10-6

B A oz-in ft-lbf Nm = Ws Ncm mNm kpm pcm
Nm 7.06 · 10-3 1.356 1 1 · 10-2 1 · 10-3 9.807 9.807 · 10-5

mNm 7.06 1.356 · 103 1 · 103 10 1 9.807 · 103 9.807 ·10-2

kpm 7.20 · 10-4 0.138 0.102 0.102 · 10-2 0.102 · 10-3 1 1 · 10-5

oz-in 1 192 141.6 1.416 0.142 1.39 · 103 1.39 · 10-2

ft-lbf 1⁄192 1 0.737 0.737 · 10-2 0.737 · 10-3 7.233 7.233 · 10-5

B A oz-in2 oz-in-s2 lb-in2 lb-in-s2 Nms2=kgm2 mNm s2 gcm2 kpm s2

g cm2 182.9 7.06 · 104 2.93 · 103 1.13 · 106 1 · 107 1 · 104 1 9.807 · 107

kgm2=Nms2 1.83 · 10-5 7.06 · 10-3 2.93 · 10-4 0.113 1 1 · 10-3 1 · 10-7 9.807
oz-in2 1 386.08 16 6.18 · 103 5.46 · 104 54.6 5.46 ·10-3 5.35 · 105

lb-in2 1⁄16 24.130 1 386.08 3.41 · 103 3.41 3.41 ·10-4 3.35 · 104

B A oz lb gr (grain) kg g B A oz lbf N kp p
kg 28.35 ·10-3 0.454 64.79·10-6 1 1 · 10-3 N 0.278 4.448 1 9.807 9.807·10-3

g 28.35 0.454 · 103 64.79·10-3 1 · 103 1 kp 0.028 0.454 0.102 1 1 · 10-3

oz 1 16 2.28 · 10-3 35.27 35.27 · 103 oz 1 16 3.600 35.27 35.27 · 10-3

lb 1⁄16 1 1⁄7000 2.205 2.205 · 103 lbf 1⁄16 1 0.225 2.205 2.205 · 10-3

gr (grain) 437.5 7000 1 15.43 · 103 15.43 · 106 pdl 2.011 32.17 7.233 70.93 70.93 · 10-3

B A in ft yd Mil m cm mm m

m 25.4 · 10-3 0.305 0.914 25.4 · 10-6 1 0.01 1 · 10-3 1 · 10-6

cm 2.54 30.5 91.4 25.4 · 10-4 1 · 102 1 0.1 1 · 10-4

mm 25.4 305 914 25.4 · 10-3 1 · 103 10 1 1 · 10-3

in 1 12 36 1 · 10-3 39.37 0.394 3.94 · 10-2 3.94 · 10-5

ft 1⁄12 1 3 1⁄12 · 10-3 3.281 3.281 · 10-2 3.281 · 10-3 3.281 · 10-6

B A s-1 = Hz rad s-1 B A min-2 s-2 rad s-2 min-1 s-1

rad s-1 2p p⁄30 1 s-2 1⁄3600 1 1⁄2p 1⁄60

1⁄60 1 30⁄p rad s-2 p⁄1800 2p 1 p⁄30

B A in-s-1 in-min-1 ft-s-1 ft-min-1 m s-1 cm s-1 mm s-1 m min-1

m s-1 2.54 · 10-2 4.23 · 10-4 0.305 5.08 · 10-3 1 1 · 10-2 1 · 10-3 1⁄60

in-s-1 1 60 12 720 39.37 39.37 · 10-2 39.37 · 10-3 0.656
ft-s-1 1⁄12 5 1 60 3.281 3.281 · 10-2 3.281 · 10-3 5.46 · 10-2

B A
(°F -305.15) / 1.8 + 273.15 1

(°F -32) / 1.8 1 -273.15
1 1.8°C + 32 1.8 K + 305.15

maxon May 2020 edition / subject to change

maxon Conversion Tables

General Information
Quantities and their basic units in the 
International System of Measurements (SI)

Quantity Basic- 
unit

Sign 

Length
Mass
Time
Electrical current
Thermodynamic
Temperature

Meter
Kilogram
Second
Ampere

Kelvin

m
kg
s
A

K

Conversion Example
A   known unit
B   unit sought
known: multiply by sought:
oz-in 7.06 mNm

Factors used for …
… conversions:
1 oz = 2.834952313 · 10-2 kg
1 in = 2.54 · 10-2 m
… gravitational acceleration:
g  = 9.80665 m s-2

 = 386.08858 in s-2

… derived units:
1 yd = 3 ft = 36 in
1 lb  = 16 oz = 7000 gr (grains)
1 kp = 1 kg · 9.80665 ms-2

1 N  = 1 kgms-2

1 W  = 1 Nms-1 = 1 kgm2 s-3

1 J  = 1 Nm = 1 Ws
Decimal multiples and fractions of units

Prefix Abbre-
viation

Multiply Prefix Abbre-
viation

Multiply 

Deka . . da 101 Dezi . . d 10-1

Hekto . . h 102 Zenti . . c 10-2

Kilo . . k 103 Milli . . m 10-3

Mega . . M 106 Mikro . . m 10-6

Giga . . G 109 Nano . . n 10-9

Tera . . T 1012 Piko . . p 10-12

Arc definition

Units used in this brochure

Angular Velocity w [s-1] Angular Acceleration a [s-2]

rpm

rpm

Temperature T [K]

° Fahrenheit ° Celsius = Centigrade Kelvin
Kelvin
° Celsius
° Fahrenheit

Power P [W]

Torque M [Nm]

Moment of Inertia J [kg m2]

Mass m [kg] Force F [N]

Length l [m]

Linear Velocity v [m s-1]
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Our standard specifications gives you the means to assess the key aspects of maxon 
products. In our experience, the standard specifications cover normal cases. It is part of 
our Terms and Conditions of Delivery.

maxon standard specification

Standard specification no. 101
maxon EC motor

Standard specification no. 102  
maxon gear 
maxon screw drive

Standard specification no. 100 
maxon DC motor

Standard specification no. 103 
maxon sensor
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Standard specification no. 100 
maxon DC motor

1 Basics
 The standard specification describes tests and inspections that are per-

formed on the finished motor and during the manufacturing process. To 
safeguard our high quality standard, we inspect materials, individual parts, 
assemblies, and the finished motor for conformity with specified dimen- 
sions and properties. The results are recorded statistically and can be viewed 
by the customer on request. Sampling plans in acc. with ISO 2859 and DIN/ISO 
3951 are used (attribute inspection, follow-up inspection and variable inspec-
tion), as well as self-monitoring procedures of the manufacturing departments. 
This standard specification applies in all cases where no other specification 
has been agreed upon between the customer and maxon.

2.  Data
2.1  Electrical data apply at temperatures between 22 and 25 °C. Data check within 

one minute of runtime.
 Measuring voltage ±0.5% for voltages ≥ 3 V and
   ±0.015 V for voltages ≤ 3 V
 No-load speed ±10 %
 No-load current ≤ maximum
 Direction of rotation cw = clockwise
 Motor orientation horizontal or vertical
 Additional information: The measuring voltage may deviate from the  

nominal voltage listed in the catalog. The no-load current specified in the cata-
log is a typical value, not the maximum. If the red wire or the terminal marked + 
is connected to the positive terminal, then the shaft (seen from the face) turns 
clockwise. For counterclockwise (ccw) operation, the specified tolerances may 
be exceeded slightly.

 Terminal resistance: Winding resistance is checked in samples during pro-
duction. The terminal resistance is determined during the product qualifica-
tion. Observe that the terminal resistance depends on the rotor posi-tion. Be-
cause contact resistance of graphite brushes varies with the current density, 
resistance measurement with an ohmmeter does not deliver meaningful re-
sults for small currents. In the case of precious metal brushes, the resistance 
measurements show a value that's too low when the brush bridges two com-
mutator plates, shorting part of a coil.

 The inductance is determined during the product qualification. The measur-
ing frequency is 1 kHz. The terminal inductance of the motor is frequency- 
dependent.

 Commutation: The check for neutral setting and electrical errors, e.g. win-ding 
discontinuities or winding shorts, is performed using an oscilloscope. The 
commutation graphs of precious metal and graphite brushes are not directly 
comparable. Precious metal brushes have a clearer commutation graph that 
remains interference-free up to the limit speed, approximately. For graphite 
brushes, this can only be expected at speeds up to 1/3 of the limit speed. For 
graphite brush motors, the brush contact resistance changes over time. The 
same applies to the torque constant due to the overlap between commutator 
plates. As a result, the no-load current and the speed change slightly. A similar 
effect can be observed when the motor has been run without load over a long 
time.

2.2  Mechanical data as shown in the dimensional drawing: Assembly-dependent 
dimensions are sampled in acc. with the sampling schedule. This does not ap-
ply to form and position tolerances. The process uses standard measurement 
tools (electrical length measurement, micrometers, dial gauges, calipers, plug 
and thread gauges, etc.). The calibration of the measuring instruments follows 
the standards listed below:

 − EN ISO 10012:2003 Measurement management systems − Requirements 
 for measurement processes and measuring equipment

 − EN ISO/IEC 17025 General requirements for the competence of testing 
 and calibration laboratories

 − VDI/VDE/DGQ 2618 Test equipment monitoring
2.3  Imbalance: Rotors are balanced according to our standard during the  

manufacturing process.
2.4  Noise: A subjective test is made for outliers within a batch. The motion inside 

a motor causes noise and vibration depending on speed. The noise and vibra-
tions may vary in their frequency and intensity. The noise level of an individual 
sample does not permit any conclusions about the noise or vibration level of a 
future delivery.

2.5  Service life: Service life tests are conducted according to unified, internal cri-
teria as part of the product qualification. The service life of a motor primarily 
depends on the operating modes and ambient conditions. The great diversity 
of applications does not permit us to make a general statement of service life.

2.6  Environmental testing
 Corrosion protection: Our products are tested based on DIN EN 60068-2-30  

during product qualification.
 Coating of the components: The finishing and coating processes are selected 

for best corrosion protection. Such layers are checked during product qualifi-
cation, in accordance with the applicable standard.

3. Parameters that deviate from or supplement the data sheet can be deter-
mined and then become part of the systematically performed  inspection, 
as customer specification. Inspection certificates are supplied, if agreed 
upon in advance.

Standard specification no. 101 
maxon EC motor

1.  Basics
 The standard specification describes tests and inspections that are performed 

on the finished motor and during the manufacturing process. To safeguard our 
high quality standard, we inspect materials, individual parts, assemblies, and 
the finished motor for conformity with specified dimensions and properties. 
The results are recorded statistically and can be viewed by the customer on 
request. Sampling plans in acc. with ISO 2859 and DIN/ISO 3951 are used 
(attribute inspection, follow-up inspection and variable inspection), as well as 
self-monitoring procedures of the manufacturing departments. This standard 
specification applies in all cases where no other specification has been agreed 
upon between the customer and maxon.

2.  Data
2.1  Electrical data apply at temperatures from 22 to 25 °C, using a 1-quadrant con-

troller with block commutation. Data check within one minute of runtime.
 Measuring voltage ±0.5% for voltages > 3 V and
   ±0.015 V for voltages ≤ 3 V
 No-load speed ±10 %
 No-load current ≤ maximum
 Direction of rotation cw = clockwise
 Motor orientation horizontal or vertical
 Additional information: The measuring voltage may deviate from the nominal 

voltage listed in the catalog. The no-load current specified in the catalog is a 
typical value, not the maximum. When connected as per the catalog (or mark-
ing), the shaft rotates clockwise (seen from the face side).

 The terminal resistance is checked by sampling.
 The inductance is determined during product qualification. The measuring 

frequency is 1 kHz. The terminal inductance is frequency-dependent. These 
measurements are sufficient to ensure compliance with electro-mechanical 
specifications.

2.2  Mechanical data as shown in the dimensional drawing: Assembly-dependent 
dimensions are sampled in acc. with the sampling schedule. This does not ap-
ply to form and position tolerances. The process uses standard measurement 
tools (electrical length measurement, micrometers, dial gauges, calipers, plug 
and thread gauges, etc.). The calibration of the measuring instruments follows 
the standards listed below:

 − EN ISO 10012:2003 Measurement management systems − Requirements  
 for measurement processes and measuring equipment

 − EN ISO/IEC 17025 General requirements for the competence of testing  
 and calibration laboratories

 − VDI/VDE/DGQ 2618 Test equipment monitoring
2.3  Imbalance: Rotors for EC motors with air-gap windings are balanced in accor-

dance with our standard during the manufacturing process. For EC motors with 
wound stator teeth, the rotors are mounted in gauges but, as a standard, are 
not balanced. For the finished motor, only a subjective assessment is possible, 
which is done by sampling.

2.4 Following DIN EN 60204-1 and EN 60034-1, the dielectric strength is  
always determined using a high-voltage tester. It is connected between  
motor connection (electrical) and motor housing or shaft. Parts with integrated 
electronics are excepted.

 Test conditions for EC motors ≤ ∅13 mm
 − Test voltage 250 VDC for 2 s (motor at standstill)
 − Ramp time (up and down): 1 s
 − Good / bad output
 − Leakage current < 0.25 mA
 Test conditions for EC motors > ∅13 mm
 − Test voltage 500 VDC for 2 s (motor at standstill)
 − Ramp time (up and down): 1 s
 − Good / bad output
 − Leakage current: < 0.5 mA
2.5  Noise: A subjective test is made for outliers within a batch. The motion inside 

a motor causes noise and vibration depending on speed. The noise and vibra-
tions may vary in their frequency and intensity. The noise level of an individual 
sample does not permit any conclusions about the noise or vibration level of a 
future delivery.

2.6  Service life: Service life tests are conducted according to unified, inter-
nal criteria as part of the product qualification. The service life of an EC  
motor mainly depends on the bearing life. This is determined by the opera-ting 
mode, the bearing load, and ambient conditions. The great diversity of applica-
tions does not permit us to make a general statement of service life.

2.7  Environmental testing
 Corrosion protection: Our products are tested based on DIN EN 60068-2-30 

during product qualification.
 Coating of the components: The finishing and coating processes are selected 

for best corrosion protection. Such layers are checked during product qualifi-
cation, in accordance with the applicable standard.

3. Parameters that deviate from or supplement the data sheet can be deter-
mined and then become part of the systematically performed inspection, 
as customer specification. Inspection certificates are supplied, if agreed 
upon in advance.
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Standard specification no. 102 
maxon gear / maxon screw drive

1.  Basics
 The standard specification describes tests and inspections that are performed 

on the finished gearhead and during the manufacturing process. To safeguard 
our high quality standard, we inspect materials, individual parts, assemblies, 
and the finished gearhead for conformity with specified dimen-sions and prop-
erties. The results are recorded statistically and can be viewed by the customer 
on request. Sampling plans in acc. with ISO 2859 and DIN/ISO 3951 are used 
(attribute inspection, follow-up inspection and variable inspection), as well as 
self-monitoring procedures of the manufacturing departments. This specifica-
tion applies in all cases where no other specification has been agreed upon 
between the customer and maxon.

2.  Data
2.1  Mechanical data as shown in the dimensional drawing: Assembly-dependent 

dimensions are sampled in acc. with the sampling schedule. This does not ap-
ply to form and position tolerances. The process uses standard measurement 
tools (electrical length measurement, micrometers, dial gauges, calipers, plug 
and thread gauges, etc.). The calibration of the measuring instruments follows 
the standards listed below:

 − EN ISO 10012:2003 Measurement management systems − Requirements  
 for measurement processes and measuring equipment

 − EN ISO/IEC 17025 General requirements for the competence of testing  
 and calibration laboratories

 − VDI/VDE/DGQ 2618 Test equipment monitoring
2.2  Noise
 A subjective test is made for outliers within a batch. The motion inside a gear-

head causes noise and vibration depending on speed. The noise and vibra-
tions may vary in their frequency and intensity. The noise levels of an individual 
sample do not permit any conclusions about the noise or vibration level of a 
future delivery.

2.3  Service life
 Service life tests are conducted according to unified, internal criteria as part of 

the product qualification. The service life of a gearhead primarily depends on 
the operating modes and ambient conditions. The great diversity of applica-
tions does not permit us to make a general statement of service life. The mini-
mum expected service life for the relevant maxon gearheads is in reference to 
standard conditions.

 − 25°C
 − Normal room conditions
 − Horizontal orientation of unit
 − No axial or radial load on the output shaft
2.4  Environmental testing
 Corrosion protection: Our products are tested based on DIN EN 60068-2-30  

during product qualification.
 Coating of the components: The finishing and coating processes are  

selected for best corrosion protection. Such layers are checked during product 
qualification, in accordance with the applicable standard.

3. Parameters that deviate from or supplement the data sheet can be deter-
mined and then become part of the systematically performed inspection, 
as customer specification. Inspection certificates are supplied, if agreed 
upon in advance.

Standard specification no. 103 
maxon sensor

1.  Basics
 The standard specification describes tests and inspections that are performed 

on the finished combination of sensor and motor (in some cases also with 
gearhead), as well as during the manufacturing process. To safeguard our high 
quality standard, we inspect materials, individual parts, assemblies and the 
finished combination for conformity with the specified dimensions and proper-
ties. For sensor testing, it is necessary to keep in mind that the measuring sig-
nal inevitably contains the speed fluctuations of the motor and in some cases 
those of the gearhead.

 The results are recorded statistically. Sampling plans in acc. with ISO 2859 and 
DIN / ISO 3951 are used (attribute inspection, follow-up inspection and vari-
able inspection), as well as self-monitoring procedures of the manufacturing 
departments. This standard specification applies in all cases where no other 
specification has been agreed upon between the customer and maxon.

2.  Data
2.1  Electrical data apply at temperatures between 22 and 25 °C. Data check within 

one minute of runtime or a minimum of three measuring revolutions.
 The conditions during the sensor measurement are:
 Operating voltage Set value ±50 mV
 Direction of rotation cw = clockwise
 Motor orientation Horizontal
 Operation No load
 Measuring speed Set value ±40%
 Every incremental encoder is tested while installed:
 Current draw Minimum/maximum value
 Signal level For encoders without a line driver 
   (“single-ended output”): “Low” level: maximum 
   value; “High” level: minimum value
   For encoders with a line driver (“differential output”):
   Controlling an RS422-compatible line receiver.
 Signal integrity Signals present
   Counts per turn (3-channel encoder)
   Single unique index pulse
   (if applicable)
 Angle information For the angle information, one or several of the fol- 

  lowing characteristics are tested, depending on the  
  technology: Phasing A to B, duty cycles of the incre- 
  mental signals, cycle length, INL, DNL, minimum/ 
  maximum state length, jitter

 Additional information: maxon testing devices have built-in glitch filters.  
Glitches on individual encoder signals are not recognized and are permissible.

 Every absolute encoder is tested while installed:
 Current draw Minimum/maximum value
 Signal integrity CLK signals, data present
   Protocol in acc. with the specification
   (SSI, BiSS, coding)
   Counting direction of angle values: as listed in catalog
2.2  Mechanical data as shown in the dimensional drawing: Assembly-dependent 

dimensions are sampled in acc. with the sampling schedule. This does not ap-
ply to form and position tolerances. The process uses standard measurement 
tools (electrical length measurement, micrometers, dial gauges, calipers, plug 
and thread gauges, etc.). The calibration of the measuring instruments follows 
the standards listed below:

 − EN ISO 10012:2003 Measurement management systems − Requirements  
 for measurement processes and measuring equipment

 − EN ISO/IEC 17025 General requirements for the competence of testing  
 and calibration laboratories

 − VDI/VDE/DGQ 2618 Test equipment monitoring
2.3  Imbalance
 The solid measure of the sensor (target, pole wheel) is mounted on the shaft 

and can cause additional imbalance.
2.4  Service life
 The service life of sensors is usually not limited by wear but by the ambient 

conditions. These are highly diverse, so that no general statement regarding 
the service life can be made.

2.5  Environmental testing
 Humidity: Sensors consist of electronic and, in some cases, optical compo-

nents. Condensation has to be prevented or removed prior to startup, even 
when this is not explicitly stated. In the case of optical encoders, condensation 
and humidity can cause stains and thus lead to signal errors.

3. Parameters that deviate from or supplement the data sheet can be deter-
mined and then become part of the systematically performed inspection, 
as customer specification. Inspection certificates are supplied, if agreed 
upon in advance.
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