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Motor data of DC motors

Jan Braun/ Gerard Scholten / 

Gerrit Stoels

maxon motor
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Motor data

application /

software

motion

controller

servo-

amplifier
motor

drive /

load

sensor
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 Motor behaviour / characteristics

 Operating ranges

 Motor data in the catalogue

 Applies to DC and EC motors

– "EC" = "brushless DC" (BLDC)

IUPel Mn
30

Pmech

Agenda

2
J IRP
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Electromechanical constants

 Torque constant kM

– produced torque is proportional to motor current

– unit: mNm / A

 Speed constant kn

– law of induction: changing flux in a conductor loop

– induced voltage proportional to speed

– mostly used for calculating no-load speeds n0

– unit: min-1 / V

 Relationship

– kM and kn are reciprocal values 

– in catalogue units:

Ukn n0

indn Ukn

IkM
M

V

min

A

mNm000'30
kk

1

nM
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Motor as an electrical circuit

applied motor voltage U: 
+

_

EMF LR

IU

IRUUind

Mn k

M
RU

k

n
EMF: induced voltage Uind

(winding) resistance R

winding inductance L 

• voltage losses over L can be 

neglected in DC motors

indt
I UIREMFIRLU

M
M

n
Ukn

M
k

R000'30
Ukn

n

2
M

n
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Speed-torque line

speed n

torque M

U > UN

U = UN

MH

n0

n

M

Ukn n0

M
M

n
Ukn n

current IIA
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maxon motor data sheet

Characteristics
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Winding resistance

low resistance winding

 thin wire, many turns

 high rated voltage

 low rated and starting 

currents

 low specific speed 

(min-1/ V)

 high specific torque 

(mNm/A)

 thick wire, few turns

 low rated voltage

 high rated and 

starting currents

 high specific speed 

(min-1/ V)

 low specific torque 

(mNm/A)

high resistance winding

resistance increases from left to right
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Characteristic motor data

describe the motor design and general behaviour

 independent of actual voltage or current

 strongly winding dependent values (electromechanical)

– terminal resistance (phase to phase) R

– terminal inductance (phase to phase) L

– torque constant kM

– speed constant kn

 almost independent of winding (mechanical)

– speed-torque gradient n/ M

– mechanical time constant m

– rotor mass inertia JMot
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Winding series

speed-torque gradient

 basically constant for the winding series 

 constant filling factor: a constant amount of copper fills the air gap

n

M

at U constant

thick wire

thin wire

numerous winding variants adjust

 electrical input power (voltage, 

current of power supply) 

mechanical output power 

(speed, torque)
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Speed-torque gradient

speed n

torque MMH

n0

n

M

strong motor:

• flat speed-torque line, small Δn/ΔM

• not sensitive to load changes

• e.g. strong magnet, bigger motor

weak motor: 

• steep speed-torque line, high Δn/ΔM

• sensitive to load changes

• e.g. weak magnet, smaller motor 

by how much is the speed reduced Δn, if the 

output motor torque is enhanced by ΔM?

M1, n1

M2, n2

n
M

M2, n2
M1, n1

R
k

000'30

M

n
2

M



1
2
, 
 ©

 b
y
 m

a
x
o
n
 m

o
to

r 
a
g
 2

0
0
8
, 

B
R

J

Motion under Control

maxon motor data sheet

Values at nominal voltage

Characteristics

Thermal data

Mechanical data (bearing)
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Values at nominal voltage

 at rated voltage UN

 at rated current IN

 2. Motor at stall

– resulting stall torque MH

– resulting starting current IA

 3. Rated working point

– resulting rated speed nN

– resulting rated torque MN

 1. No-load operating point

– resulting no-load speed n0

– resulting no-load current I0

describe the special working points:

n

M
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Thermal motor data

describe the motor heating and thermal limits

 depend strongly on mounting conditions

 standard mounting:

 heating and cooling

– thermal resistance housing-ambient Rth2

– thermal resistance winding-housing Rth1

– thermal time constant of winding tthW

– thermal time constant of motor tthS

 temperature limits

– ambient temperature range

– max. winding temperature Tmax

plastic

plate

horizontal 

mounting

free convection

at 25 °C ambient

temperature
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Mechanical motor data

 max. permissible speed

– limited by bearing (EC)

– limited by relative speed between collector and 

brushes (DC)

 axial and radial play

– suppressed by a preload

 axial and radial bearing load

– dynamic: in operation

– static: at stall

axial press fit force 

(shaft supported)

describe maximum speed and the properties of bearings
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maxon standard tolerances

 winding resistance +/- 7 %

 magnetic properties +/- 8 %

– weaker magnet enhanced n0

– stronger magnet reduced n0

n

M

1.08

1.0

1.00.86 1.16

0.92
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Motor limits: operation ranges

- lower ambient temperature

- good heat dissipation

- higher ambient temperature

- heat accumulation

Speed

n

continuous 

operation
short term 

operation

MN, IN torque M

current I

nmax
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Short-term operation overload 

continuous 

operation permissible 

short term 

operation

load MN 2MN 3MN 4MN

 motor may be overloaded for a short time and repeatedly

– Limit: max. permissible winding temperature

– depends on thermal time constant of winding W and amount 

of overloadoverload 

duration 

5 W

4 W

3 W

2 W

1 W

Thermally 

prohibited 

short term 

operation

torque M
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Working points

 working points are characterized by a load speed nL at a 

given load torque ML

 working points lie on the speed-torque-line: select the 

motor voltage accordingly

deceleration acceleration

speed n

torque M

motor voltage

Speed-torque-line to be high 

enough for reaching all working 

points
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Example: situation analysis for 

Conveyor belt for samples

 pulley diameter 100 mm

 maximum mass on belt 3 kg

 coefficient of friction on 

support ca. 0.3

 friction force (empty belt) ca. 40 N

 feed velocity 0.5 m/s

 supply voltage 24 V
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Example: Conveyor belt for samples

 Which information is missing?

 Acceleration 

 Current 

 Mass (pulley, belt)

 Maximum length / diameter

 Ambient conditions

 …….

 pulley diameter 100 mm

 maximum mass on belt 3 kg

 coefficient of friction on support ca. 0.3

 friction force (empty belt) ca. 40 N

 feed velocity 0.5 m/s

 supply voltage 24 V
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Overview

gearheadload + drive

nL,ML

motor type

nmot,Mmot

Power flow

IUPelMnP 30mech

Step 1 Step 2 Step 3 Step 4

servo-

controller

Umot, Imot

Direction of selection 

winding

kn,kM

supply

U, I
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Step 1: working points

speed nL = 

feed force FL = 

torque ML = 

power PL =

acceleration FLa = 

W25495.0Fv LL

Nm5.249
2

1.0
F

2

d
L

1

2
d
L min100

05.0

5.030v3030

N5.1
1

5.0
3

t

v
m L

N50409401033.0Fgm R
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Key values

Requested is a drive, which can achieve the following:

 max. speed nmax 100 min-1

 average. torque Meff ca. 2.5 Nm

 max. torque Mmax ca. 2.7 Nm

 duration of Mmax 1s

100 min-1

2.5 2.7 Nm

n

M
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2.5Nm

Step 2: gearhead selection
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Step 2: gearhead selection

 planetary gearhead GP 32 A

 continuous torque 4.5 Nm

– at least 3 stages

 input speed 6000 min-1

– Reduction 51:1

– efficiency 70 %

 requirements motor (key values)

– speed

– torque

– max. torque ca. 75 mNm, 1s

1-
Lmot min 510051100 inn

mNm70
7.051

5.2

i

M
M

G

L
mot
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Step 3: selection of the motor type

 Combinations with the 

chosen gearhead 

 Torques

– Continuous torque

– Intermittent torque

 Speed

– Max. permissible speed

 Combinations with needed 

sensor

– Encoder, DC-Tacho, 

Resolver, …

Additional criteria:

 Commutation: Graphite, 

Metal, brushless

– Life expectancy

 Shaft, bearing

– Diameter, length

– Drive element

– Bearing load radial, axial

 Electrical connections

– Pig tail, cable, connector

 Temperatures
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Selection of the motor type

speed

n

torque M

current I

MN

IN

continuous 

operation

short term

operation

rated torque MN > 70 mNm

max. speed > 5100 min-1

motmot M,n
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Selection of the motor type
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according motor type MN suited?
maxon 
modular 
system

Selection of the motor type

A-max 26

< 32 mNmRE 25, RE 26

RE-max 29

RE 30

RE 35

RE 36

A-max 32

EC 32

too weak

< 18 mNm

< 30 mNm

too weak

too weak

ca. 80 mNm

100 mNm

80 mNm

good

strong

good

< 45 mNm

ca. 45 mNm

too weak

too weak
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Step 4: Winding selection

speed n

torque M

speed-torque line high enough 

for the required load speed

motmottheor,0 M
M

n
nn

Mmot

n0,theor

nmot

mot

theor,0
theor,nn

U

n
kk

speed-torque line too 

low for the required 

load speed

motmot M,n
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Winding selection

n

M

1

motmottheor,0 min57007095100M
M

n
nn

69 mNm

5700

5100

V

rpm
270

21

5700

U

n
kk

mot

theor,0
theor,nn

 select motor 310007:

– speed constant kn = 369 min-1/V

 needed current

– with torque constant kM

A8.215.0
9.25

70

I
k

M
I 0

M

max
max
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Example Conveyor belt for samples : 

Solutions with MSP

 List with possible solutions

 Filter

 graphic illustration

 Output documentation
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maxon selection program (MSP)

 Selection of maxon products for applications

– Demonstration of alternative solutions

 For optimising the drive selection 

– Playing with parameter

 for Visualisation of the drive possibilities

 For documentation

 Target group

– maxon sales engineers

– Customer with experience of the maxon product segment 

– Students of Technical Universities
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 Selection of maxon products

– for a given power supply

– for a given drive layout: screws, belts, …

– at a given load

 Calculation of achievable load characteristics

 Gearmotor comparison

– finding a maxon replacement product

 Mass inertia calculator

1

2

3

Basic functions of the MSP

maxon selection program (MSP)



3
6
, 
 ©

 b
y
 m

a
x
o
n
 m

o
to

r 
a
g
 2

0
0
8
, 

B
R

J

Motion under Control

Corner marks of the MSP

 Data base: maxon catalogue products

– Motors (1232), gearheads (685):

– Sensors (57), Controller

– Considering of the "maxon Modular System"

 ca. 80'000 possible Motor gearhead combinations 

 No installation needed

– can be started directly from the maxon CD ROM

– or copy and start it

 Easy to use, self-explaining user interface

– minimum "help"
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Where to find the MSP

Free of charge:

 on the CD with the catalogue

 on www.maxonmotor.nl => service & downloads

or

 on www.maxonmotor.be => service & downloads


