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Mechanics and Motors

Jan Braun

maxon motor
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Agenda

 Part 1: load requirements

 Operating points and profile

 Forces and Torques

 Precision

 Part 2: mechanical drives

 Power transformation

 Example spindle and gear at centralized motion 
controllers

 Part 3: DC  / EC  / Stepper  motors
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Load / mechanical drives

application /

software

motion

controller

servo-

amplifier
motor

drive /

load

sensor
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Part 1: load requirements: goal and purpose

 How do the motion profiles look like?

– Acceleration times

– Velocity and speed

– forces and torques

 How is the requested precision?

 How the mechanical power can be transformed?

 Which are the most important key data of gears?

 Goal: Finding the key parameter for drive selection and of 

gears.
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Working point and motion profile

 (M1,n1) acceleration friction and acceleration

 (M2,n2) const. speed friction only

 (M3,n3) deceleration friction helps during deceleration

 (M4,n4) dwell depending on friction

n

M

t

n

1 2 3 14

1

2

34

extreme 

working point
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Motion profiles

 general parameter

– duration

– max. velocity

– distance

 symmetrical triangular profile

– for fast motions

– minimum acceleration

 3/3 profile

– minimum power 

– thermally advantageous
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Force and torque

 The total force is the important number!

 feeding forces

– for execution of the real task

– e.g. penetration of a membrane, drill feeding force

 constant force / torque

– act always in the same direction

– e.g. gravity

 friction

– act against the direction of motion

– estimation with the help of the friction coefficient
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Determination of  forces / torques

 Simple measurement

– required precision: 5-10%

– e.g. by means of reel and spring balance

 Estimation of friction torques with 
coefficient of friction

– Coefficient of friction R

– e.g. ball bearing

 Acceleration torques

– Mass inertias

 motor for determination of torques

– By means of measuring the current

– Torque constant kM

– under original conditions

IkM
M

Fd5.0M
RR

t

n

30
J

t
JJM

t

v
mamF

a
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Additional load requirements

 Position accuracy

– absolute, relative

– repeatability

– overshoot permitted?

 Speed accuracy

– speed ripple within one 

revolution

– corrected in which time?

t

Pos

c
m

d
t

Vel

c
m

d

c
m

d
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Part 2: Mechanical drives
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Mechanical power transformation

 by means of drive element

 characteristic parameters

– reduction i

– efficiency

– inertias

– Play

 Transformation formula

input: motor

Min, nin

output: load
Mout, nout

Fout, vout

drive

i

M
M out

in

inn
outin

i

F
M out

in

ivn
outin
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 speed

 torque

 torque for acceleration

Screw drives

out

in

F

2

p
M

outin
v

p

60
n

t

n

304

pmm
JJM in

2

2

Sout

Sin,in
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 speed

 torque

 torque for acceleration

Gearhead stage

t

n

30i

JJ
JJM in

G

2

G

2out

1in,in

GG

out

in
i

M
M

Goutin
inn
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maxon gears

 for operation at high torques and low speeds

 2 standard versions:

 material options

– plastic: lower power, lower cost

– ceramic: higher power, higher service life

 Bearing options

– Ball bearing: for bigger planetary gearheads

– Sleeve bearing: for GS and smaller GP

GS: spur gearheads

lower power transfer

GP: planetary gearheads

higher power transfer



1
5
, 
 ©

 b
y
 m

a
x
o
n
 m

o
to

r 
a
g
 2

0
0
8
, 

B
R

J

Motion under Control

Most important gearhead data

 reduction, absolute reduction

 efficiency

– as a function of torque

 gearhead limits

– max. continuous torque (output)

– intermittent torque (short-term = 1s)

– max. input speed

– temperature (lubrication)

 backlash

 load on bearings
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Operating range diagram

output

Speed

n

output 

torque M

continuous

operation

Mcont Mmax

recommended gear input speed 

defines max. output speed

i

n
n

inmax,
outmax,

intermittent

operation

continuous

operation
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Part 3: Motors: goal and purpose

 What is the difference between coreless and conventional  

DC motors?

 Where can the basic differences between DC, EC and 

stepper motors be found?

 When are Graphite or precious metal brushes used?

 What means electronic commutation? And what kind are 

existing?

 What do the different motor data mean? How big are their 

tolerances?
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Coreless maxon DC motor (RE 35)

el. connections

self-supporting 

winding

commutator

brushes

permanent magnet

(in the centre)

housing 

(magn. return)

flange

commutator-

plate
shaft

ball bearing

ball bearing

press ring

press ring
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Conventional DC motor

el. connections

housing 

(magn. return)

winding

commutatorbrush system

iron core

permanent magnet

(at the periphery)
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DC: advantage coreless 1/2

 no cogging:

– smooth running even at small speeds

– less vibration and noise

– any rotor position can be controlled in a simple way

– no nonlinear control behaviour

 small inductance
– less brush fire

 higher life expectancy

 less electromagnetic emissions

– but fast reaction of the current

 problems in combination with pulsed supply 
(choke needed)
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DC: advantage coreless 2/2

 no iron – no iron losses

– constant magnetization

– high efficiency, up to above 90%

– low no load current, typical < 50 mA

 compact design

– higher ratio of power to volume

 small rotor mass inertia

– high dynamics; typical acceleration times: 5 – 50 ms
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maxon DC motor families

 RE Program

– Optimised in terms of power

– High-quality DC motor with NdFeB magnet

– High speeds and torques

 A-max Program

– good price performance ratio

– DC motor with AlNiCo magnet

 RE-max Program

– Performance between RE and A-max

 F, A Program

– motors of older design

6 - 75mm

12 - 32mm

13 - 29mm
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DC commutation systems

precious metal
 Ideal for smallest currents and 

voltages

 small contact and brush 

resistance (50m )

 Special lubrication

 CLL for extended service life

Graphite
 Ideal for higher currents

 copper reduces contact and brush resistance 

 graphite acts as lubricant

 Spring preloaded
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DC commutation: pros and cons

graphite

 well suited for high currents and 

current peaks

 well suited for start-stop and 

reversed operation

 bigger motors (from ca. 10W)

 higher friction, higher no-load 

currents

 not well suited for small currents

 more audible noise and 

electromagnetic emission

 Higher cost price

precious metal

 well suited for smallest currents 

and voltages

 well suited for continuous 

operation

 smaller motors

 very low friction and noise

 low electromagnetic emission

 favourable price

 not well suited for high currents 

and current peaks

 not well suited for start-stop 

operation
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EC motor / brushless DC motor

el. connections winding 

and Hall sensors

preloaded 

ball bearings

housing

PCB with 

Hall sensors

3 phase knitted 

maxon winding

control 

magnet

magn. return:

laminated iron stack

rotor 

(permanent magnet)

balancing rings
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Properties of EC motors

 3 phases winding in the stator

– slotless maxon winding: no magnetic detent, low vibrations

– Flat motors with slotted winding

 Rotating permanent magnet of NdFeB 

(sometimes SmCo)

 Preloaded ball bearings

 motor behavior similar to DC motor thanks to 

electronic commutation

 names: EC motor, BLDC motor
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maxon EC motor families

 maxon EC motor
– High speeds and torques

 EC-max
– good price performance ratio

– not power optimised: relatively high torque

– Speeds up to ca. 12‘000 min-1

 EC-powermax
– power optimised: high torque

– Speeds up to ca. 25‘000 min-1

 EC flat motor
– good price performance ratio

– Speeds up to ca. 12‘000 min-1

– relatively high torque
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block sine

hall sensors

comm.-Typ

rotor position 

feedback

external 

electronics

encoder (+ HS)sensorless

DEC family DESDECS

EPOS

 common goal: Applying the current to get the maximum torque

 perpendicular magnetic field orientation of 

- rotor (permanent magnet)

- and stator (winding)

 knowledge of rotor position with respect to winding

Electronic commutations systems
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EC: Example Block commutation

+

_

HS3

HS2

HS1

controller
power stage

(MOSFET)

phase 1

phase 2

phase 3

EC motor 

(magnet, winding, sensor)

rotor position feedback

co
m

m
u
ta

ti
o
n

lo
g
ic

s
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DC and EC motor: comparison

DC motor

 simple operation and control, 

also possible without 

electronics

 No electronic parts in the 

motor

 life expectancy limited due to 

the commutation

 Speeds restricted due to the 

commutation

EC motor

 Highlife expectancy, high speeds

– Preloaded ball bearings

 No arc production

 Iron losses in the magnetic return

 Need of electronics for operation

– more cables

– higher price

 Electronic parts in the motor 

(hall sensors)
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Stepper motors 

3 main types: 

 Permanent magnet (P.M.) motors

– cheap 

– rather big steps 

 Variable reluctance (V.R.) motors

– limited torque 

 Hybrid motors

f

M

Operating range

starting
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Stepper motor: properties

 Robust, simple design

 a "digital" motor for positioning
– Rotation angle proportional to input pulses

– Step failures: 3-5% of one step, not cumulated

– high stall torques

 Open loop control
– no sensor needed for feedback, low price

 Rough operation (radial run-out) at low speeds 
– noise, especially at high speeds; vibrations

– Resonance effects and transient oscillation

 Current consumption independent of the load
– Torque dimensioned in reference to the peak load (load inertia)

– Danger of overheating, high losses at high speeds
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Stepper motor possible, if…

 fulfils speed and torque requirement

 no continuous speed higher than 2000 rpm required

 no constant speed at small speed requested

 no torque control required

 no fast change in torque required

 not necessary to reach the final position very fast 

 no positioning control required

 the application is not noise sensitive
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After the Break …

… motor data


