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Warum Direct Drive Motoren? Torque motors

direct  drive  technology
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Fast and effective
Direct-drive technology in mechanical engineering is 
defined as the use of actuators which transfer their 
power directly to the driven construction part without 
any transmission ratio. Compared with conventional 
motor-gear combinations, the torque motor has signifi-
cantly higher acceleration and speed values. The zero 
backlash and freedom of hysteresis of the direct-drive, 
result from its conception. Design, manufacture and 
assembly of machines equipped with torque motors 
are much easier and cheaper than with conventional 
technology.
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In principle, torque motors are the same as linear 
motors, but with a wound design. They are syn-
chronous machines with high torque for dynamic 
rotational movement. In combination with suitable 
encoders the motors can be positioned accurate-
ly. Today‘s available fast and powerful computing 
systems enable control circuits which meet the 
demands of modern mechanical engineering.

Why Direct Drive Motors?
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Advantages of torque motors
•   enormous acceleration and deceleration values
•   dynamically stable and rigid
•   optimized precision in reaching a defined 
     position
•   highest dynamic and swivelling speed
•   high peak torque
•   high degree of efficiency
•   longer durability and maintenance-free operation
     by means of less parts subject to wear
•   smooth operation
•   big installation diameter
•   effective compact brake
•   trouble-free parallel operation of two motors as
     a unit
•   adaptable to all common control systems
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Linear movement sometimes are facilitated by torque 
motors. An example for this is the lift technology where 
the pull rope is wound around a drum winder. This 
winder can be an outer rotor of a torque motor saving 
a lot of space and effort. 

But not only in classic tool machining applications are 
torque motors used. 
In automotive manufacturing the torque motor is offe-
red as an ideal drive e. g. in connection with fuel cells 
or accumulators.

Where are applications?

As true power packages, torque motors today are 
mostly used as drives for round tables and swivel-
ling axes of machining centres providing competitive 
advantages. In addition applications can be found in 
turning, injection mould and wood-processing machi-
nes as well as robotics.

Automotive
drive

Drive unit for lifts

Industrial robots
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How the torque motor works?

centring

permanent magnets

fixing hole

Rotor

What is remarkable?
The torque motors are designed as outer rotors with 
single wound spools. The installation space is used to 
full capacity in terms of torque. 

The installation can be realized very easily because of 
its rotational symmetry and the possibility to manufac-
ture with turning lathes.

The characteristic design principle facilitates the inte-
gration of powerful efficient brake. As simply shaped 
bushing (provided by the manufacturer), it can be 
installed to the surface of the rotor.

Function principle
The torque motor works like a normal synchronous 
motor. The magnets are fixed on the inner surface of 
a drum which is the driven part. The stator consists of 
a large number of magnetic coils integrated in an iron 
matrix. These coils are star-switched and provided with 
three-phase current. The required speed is dependant 
on the frequency. Because of the large number of 
poles high torque at very low speed is produced. To 
reduce cogging to a minimum the permanent magnets 
inside the rotor are fixed at an angle. No gears are 
needed because the rotor is directly coupled to the 
shaft to be turned. 
This combination is, in connection with the pre-loa-
ded ball bearings, absolutely free of play. Depending 
on the   control system used, the rigidity of the drive 
can be increased dramatically, combined with higher 
power, precision, angular speed and acceleration.
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winding head

stator sheets

O-ring grooves

centring

stator frame

Stator

Brake



-2--7-

Which options are possible?

Stator cooling
is offered in two variants: 
either as a meander 
shaped cooling system or 
as an integrated cooling 
helix

Bearing
The motors are equipped 
with the possibilitiy of 
direct integration of anti 
friction bearings. Normally 
an interface for crossed 
roller bearings is offered. 
For precision applications 
e. g. on NC round tables 
the motors are offered 
with a hole pattern and 
centring for axial and radi-
al bearings.

Parallel operation with two or more 
motors

Adaptation to all common
control systems
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Power
Torque
The achievable torque is depending on the on time 
and the cooling system. The torque motors are equip-
ped with a water cooling system and so are suitable 
for highest continuous torques. Depending on the 
design, the cooling is offered in two variants: either as 
a meander shaped cooling system or as an integrated 
cooling helix.
The technical data shows the allowed continuous 
torque with water cooling at 100°C coil temperature.  
Momentary peak torques are available up to the three-
fold of the continuous torque. Peak torque and peak 
current are defined in the technical data as the values 
that are allowed with a pulse time of 2 sec. In case 
of shorter intervals even higher current and torque 
values are possible. The limit of the current is given by 
the danger of an irreversable demagnetisation of the 
permanent magents, where the temperature plays an 
important role. Limit data is available on demand.

Acceleration
The acceleration values achieved by torque motors 
are enormous. Limits arise only from the mechanical 
stability of machine elements and inertia.  

Rotational rigidity
The achievable rigidity of a torque motor is depen-
ding on the amplifier used and the decoder resolu-
tion.  Also the mechanical rigidity of the supporting 
construction must be regarded.

Smooth operation
The torque motors run very smooth. They are not sub-
ject to wear and show no losses or hysteresis. The 
smoothness in operation and dynamic stability is gua-
ranteed for the whole durability.

What are the characteristics?

Installation advise
Environmental conditions
Torque motors can be used for all industrial applica-
tions. However, they must be sealed so that no chips 
of magnetic material can get into the motor. It should 
also be avoided to let the motor get into contact with 
oils, greases and hydrocarbons.

Housing
The supporting construction for the motor must be 
rigid so that a distortion of the motor after mounting 
is avoided. According to the tolerances of the stator 
housing the adaptor end of the motor should have the 
tolerance classification ISO f7.

Frequency converter
The motor is driven with common frequency conver-
ters with position control. 
It must be regarded that the actual value input of 
the controller can interpret the position signal. A list 
of suitable frequency converters can be found on 
www.torquetec.de

Setting up
Before setting up operation of the torque motor the 
control system must be provided with important para-
meters. Advise for parametration can be found on our 
homepage.

Maintenance and wear
TorqueTec torque motors are almost 100% free of 
maintenance and wear. With monitored operation there 
is practically no technical limitation on their durability.
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How to choose a suitable motor?

Case 1: Continuous operation
A motor running in continuous operation must transmit 
its lost heat to the ambience so that the max. coil tem-
perature is not exceeded. In the technical data the cur-
rent values and corresponding torques are shown for 
a max. coil temperature of 100°C, water cooling with a 
cooling temperature of 20°C implied. 
The coil temperature is monitored by temperature 
sensors. For interpretation in the control system a KTY-
sensor and a PTC for each motor phase are available. 
In continuous operation a regular load of all three 
phases and a regular temperature distribution can be 
assumed. Because of comparatively slow temperature 
changing the monitoring of the motor can be achieved 
with the KTY as well as with the three PTC‘s. To increa-
se operational safety we recommend the interpretation 
of both sensor types.

In a standstill phase, it can 
make sense to use the 
brake

First condition for choosing of the suitable motor should be an analysis 
of the estimated load:

Case 2: Interval operation
In interval operation the value of the surface below the 
load graph of the motor is important. 
The effective torque is calculated with the well known 
formula as follows:

For the effective current applies accordingly:

Momentary current and torque may reach twice the 
values of those during continuous operation. The 
effective values calculated with the formulas shown 
above must not exceed the values of the continuous 
current shown in the tables.

Case 3: Peak operation
Round table operation is a typical example for peak 
operation. Here acceleration and deceleration may 
increase up to triple continuous torque because bet-
ween the peaks hardly any power is necessary. Also 
in this case the effective values must not exceed the 
values of the continuous operation.
Depending on motor temperature the permanent mag-
nets come into danger of demagnetisation. Therefore 
similar applications and the choice of the suitable 
motor should be discussed with our engineers. 

E-mail information can be provided on 
info@torquetec.de.
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Technical data Type RM 166

       RM 166/... 100
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Ø DR (mm) 192

Ø dR (mm) 142,5

Ø dM (mm) 60

Ø DM (mm) 122

Ø DL (mm) 166

L (mm) 157,5
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Peak torque (Nm) 232

Continuous torque/100°C (Nm) 135

Stall torque/100°C (Nm) 95

Peak power dissipation/20°C (W) 5482

Cont. power dissipation/100°C (W) 1333

Motor constant/20°C (Nm/√W) 4,2

electrical time constant (ms) 18

thermal resistance/100°C (K/W) 0,06

Number of poles 30

Rotor inertia (kgm2) 0,060

Motor mass (kg) ca. 22

Maximum speed (rpm) 756
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Torque constants (Nm/Arms) 9,4

Back EMF 
constant

Vrms/1000/min 529

Vp/(rad/s) 7,2

Electrical resistance/100°C (Ohm) 2,7

Electrical resistance/80°C (Ohm) 2,5

Electrical resistance/20°C (Ohm) 2,0

Motor inductance (mH) 51

Peak motor current (A) 42,1

Continuous current/100°C (A) 18,1

Continuous current/80°C (A) 16,2

Max. torque, S1 Max. current, S1

Speed (rpm) Speed (rpm)
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Technical data Type RM 240

       RM 240/... 50 75 100
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Ø DR (mm) 286 286 286

Ø dR (mm) 183 183 183

Ø dM (mm) 133 133 133

Ø DM (mm) 182 182 182

Ø DL (mm) 240 240 240

L (mm) 110 135 160

D
im

en
si

on
 r

el
at

ed
 c

on
st

an
ts

Peak torque (Nm) 311 466 621

Continuous torque/100°C (Nm) 159 238 318

Stall torque/100°C (Nm) 112 168 225

Peak power dissipation/20°C (W) 6816 9187 11557

Cont. power dissipation/100°C (W) 963 1298 1633

Motor constant/20°C (Nm/√W) 5,9 7,6 9,0

electrical time constant (ms) 19,8 22,0 23,3

thermal resistance/100°C (K/W) 0,08 0,06 0,05

Number of poles 50 50 50

Rotor inertia (kgm2) 0,141 0,190 0,236

Motor mass (kg) ca. 23 31 38

Maximum speed (rpm) 464 309 262
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Torque constants (Nm/Arms) 16,0 23,0 30,0

Back EMF 
constant

Vrms/1000/min 863 1294 1525

Vp/(rad/s) 11,6 17,5 20,6

Electrical resistance/100°C (Ohm) 3,4 4,5 5,7

Electrical resistance/80°C (Ohm) 3,2 4,3 5,4

Electrical resistance/20°C (Ohm) 2,6 3,5 4,3

Motor inductance (mH) 46,7 70,0 93,4

Peak motor current (A) 42,1 42,1 42,1

Continuous current/100°C (A) 13,8 13,8 13,8

Continuous current/80°C (A) 12,4 12,4 12,4

Max. torque, S1 Max. current, S1

Speed (rpm) Speed (rpm)
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Technical data Type RM 310

       RM 310/... 50 75 100
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Ø DR (mm) 335 335 335

Ø dR (mm) 173 173 173

Ø dM (mm) 173 173 173

Ø DM (mm) 230,4 230,4 230,4

Ø DL (mm) 307 307 307

L (mm) 101,5 126,5 151,5
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Peak torque (Nm) 443 663 886

Continuous torque/100°C (Nm) 214 323 430

Stall torque/100°C (Nm) 152 228 304

Peak power dissipation/20°C (W) 9760 13022 16285

Cont. power dissipation/100°C (W) 1195 1600 2000

Motor constant/20°C (Nm/√W) 7,1 9,2 11,0

electrical time constant (ms) 21,8 24,5 26,2

thermal resistance/100°C (K/W) 0,07 0,05 0,04

Number of poles 60 60 60

Rotor inertia (kgm2) 0,246 0,313 0,380

Motor mass (kg) ca. 34 46 58

Maximum speed (rpm) 290 187 140
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Torque constants (Nm/Arms) 23,0 34,0 45,0

Back EMF 
constant

Vrms/1000/min 1377 2137 2850

Vp/(rad/s) 18,6 28,9 38,5

Electrical resistance/100°C (Ohm) 4,8 6,4 8,0

Electrical resistance/80°C (Ohm) 4,5 6,0 7,6

Electrical resistance/20°C (Ohm) 3,6 4,9 6,1

Motor inductance (mH) 84,2 126,3 168,4

Peak motor current (A) 42,1 42,1 42,1

Continuous current/100°C (A) 12,9 12,9 12,9

Continuous current/80°C (A) 11,5 11,5 11,5

Max. torque, S1 Max. current, S1

Speed (rpm) Speed (rpm)
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Technical data Type RM 410

       RM 410/... 50 75 100

D
im

en
si

on
s

Ø DR (mm) 442 442 442

Ø dR (mm) 300 300 300

Ø dM (mm) 279 279 279

Ø DM (mm) 333,4 333,4 333,4

Ø DL (mm) 410 410 410

L (mm) 101,5 126,5 151,5
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Peak torque (Nm) 923 1384 1846

Continuous torque/100°C (Nm) 428 641 856

Stall torque/100°C (Nm) 302 454 605

Peak power dissipation/20°C (W) 12595 16945 21296

Cont. power dissipation/100°C (W) 1607 2162 2717

Motor constant/20°C (Nm/√W) 12,2 15,8 18,8

electrical time constant (ms) 22,6 25,1 26,7

thermal resistance/100°C (K/W) 0,05 0,04 0,03

Number of poles 80 80 80

Rotor inertia (kgm2) 0,743 0,923 1,103

Motor mass (kg) ca. 56 70 87

Maximum speed (rpm) 158 103 79
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Torque constants (Nm/Arms) 42,0 63,0 85,0

Back EMF 
constant

Vrms/1000/min 2533 3873 5066

Vp/(rad/s) 34,2 52,3 68,4

Electrical resistance/100°C (Ohm) 6,2 8,4 10,5

Electrical resistance/80°C (Ohm) 5,8 7,9 9,9

Electrical resistance/20°C (Ohm) 4,7 6,4 8,0

Motor inductance (mH) 110,2 165,3 220,4

Peak motor current (A) 42,1 42,1 42,1

Continuous current/100°C (A) 13,1 13,1 13,1

Continuous current/80°C (A) 11,7 11,7 11,7

Max. torque, S1 Max. current, S1

Speed (rpm) Speed (rpm)
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Technical data Type RM 564

       RM 564/... 50 75 100
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Ø DR (mm) 596 596 596

Ø dR (mm) 500 500 500

Ø dM (mm) 430 430 430

Ø DM (mm) 487,4 487,4 487,4

Ø DL (mm) 564 564 564

L (mm) 111 136 161
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Peak torque (Nm) 1813 2827 3772

Continuous torque/100°C (Nm) 875 1287 1717

Stall torque/100°C (Nm) 619 910 1214

Peak power dissipation/20°C (W) 17317 23300 29282

Cont. power dissipation/100°C (W) 2222 2900 3757

Motor constant/20°C (Nm/√W) 21,3 27,0 32,0

electrical time constant (ms) 22,6 25,1 26,7

thermal resistance/100°C (K/W) 0,04 0,03 0,02

Number of poles 110 110 110

Rotor inertia (kgm2) 1,791 2,344 2,798

Motor mass (kg) ca. 69 91 116

Maximum speed (rpm) 84 56 42
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Torque constants (Nm/Arms) 82,0 126,0 170,0

Back EMF 
constant

Vrms/1000/min 4787 7183 9577

Vp/(rad/s) 64,7 97,0 129,3

Electrical resistance/100°C (Ohm) 8,5 11,5 14,4

Electrical resistance/80°C (Ohm) 8,0 10,8 13,6

Electrical resistance/20°C (Ohm) 6,5 8,8 11,0

Motor inductance (mH) 140,9 211,4 281,9

Peak motor current (A) 42,1 42,1 42,1

Continuous current/100°C (A) 13,2 13,2 13,2

Continuous current/80°C (A) 11,8 11,8 11,8

Max. torque, S1 Max. current, S1

Speed (rpm) Speed (rpm)
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Glossary

Peak torque:
 Maximal, for a period of two seconds permissible torque.   
 This torque is available for dynamic strain of the motor and refers to the  
 below defined peak motor current and a magnet temperature of 20°C . 

Continuous torque (water cooling, 100°C):
 Continuously available torque with cooling temperature of 20°C. This  
 torque is made available by the motor with a permanent strain on all  
 three phases. This implies that the motor frequency based on a conti- 
 nuous revolution is at least 2 Hz.  For a calculation of the speed, the  
 motor frequency is divided by half the number of the magnetic poles.  

Stall torque (water cooling, 100°C):
 In standstill the motor has a load independant direct current. This is the  
 reason why in standstill only torque is available which is reduced by  
 square root2. In frequent motor operation in standstill or with very  
 low speed, one must consider that the strain of the single phases can be  
 very different and that the temperature can differ significantly from phase  
 to phase.

Peak power dissipation:
 Power dissipation with peak torque and coil temperature of 20°C. 

Continuous power dissipation:
 Power dissipation of the motor with 100°C coil temperature and conti- 
 nuous torque.

Motor constant:
 The motor constant is represented by the relationship of continuous  
 torque with the square root of the power dissipation with the actual  
 torque. This constant is related to a coil temperature of 20°C. 

Electrical time constant:
 Electrical time constant, representing the relationship of inductivity  
 with the coil resistance of a motor phase.

Thermal resistance:
 The thermal resistance indicates the increase of temperature per power  
 dissipation. The indicated value applies for a permanent strain on all 
 phases and a coil temperature of 100°C.

Number of magnetic poles:
 Number of magnetic poles of the rotor. The product of half the pole  
 number and speed indicates the frequency of motor current.

Rotor inertia:
 The moment of inertia refers to the resistance of the moving rotor in rela- 
 tion to a modification of its rotational speed. 

Motor mass:
 Refers to the self-weight of the motor unit.

Maximum speed:
 With maximum speed, the induced countervoltage between two phases  
 reaches an effective value of 400V. This speed is achievable with a  
 frequency converter connected with a 400V mains supply without motor  
 strain. Higher speeds are possible from a technical view, but demand 
 higher motor voltage or a motor operation in the field weakening range.

Torque constant:
 The torque constant is depending on the lay out design of the magne- 
 tic system and the stator windings. As a result of saturation of the motor  
 sheets, it is not a constant in the original meaning but decreases with  
 increasing current. The indicated value applies for motor currents below  
 the half of continuous current at 100°C.

Back EMF constant:
 The back EMF constant enables the calculation of the induced voltage  
 depending on speed. It is indicated in the two most common units.

Electrical resistance (100°, 80°, 20°):
 In the tables the electrical resistances between two motor phases are  
 indicated. They refer to the respectively noted temperatures and a power  
 supply line of 2m length.

Motor inductance:
 Inductance of the stator winding, measured between two motor phases.

Peak motor current:
 The maximum current in the tables creates an increase of temperature  
 of 20°C in each motor with the influence of current of three seconds.  
 The totally reached increase of temperature is depending on the motor  
 strain. With dynamic strain of the motor, care has to be taken (by means  
 of adjustment of control parameters) that the effective motor strain not  
 exceeds the continuous current (water cooling and 100°C coil tempera- 
 ture).

Cont. current (water cooling, 100 and 80°C):
 With these current values, a coil temperature of 100 resp. 80°C is achie- 
 ved (water cooling and cooling temperature of 20°C). Here an even  
 strain of the three motor phases is implied.
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