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Transmissions and couplings:
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Direct transmissions, levers, gears, toothed belts, screw-nut,

kinematic transmissions

Motor

Composition of a machine (robot) axis…..

Couplings Transmission
Stages

Guideways
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• High stiffness

• No play (ideally of course)

• Low moment of inertia

• Low mass

Desired characteristics

for a transmission in a robot:

or large
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Example 1
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Example 2: Rotational Arm
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1- Direct Transmissions 

In the case of a direct transmission, there is no gearbox device between the actuator 
(the motor) and the output.

A coupling is often used to combine (couple) the motion of the motor with the
motion of the output shaft.

We will discuss direct drive actuation

• It is in any case a direct drive if the Motor is linear.

Hollow shaft torque motors.
The output arm is either screwed onto the
rotating part of the motor or via a conical
coupling

Torque motors with external
shafts. The output arm is either
clamped on the motor shaft or
fixed by a conical coupling.
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2- Couplings

2.2 The bellows (flexible coupling)
Allow to couple two shafts
together and to correct the 
misalignment between the two
rotation axes.
Will go up to 3-5Nm

Separation of bending 
weaknesses to correct 
orientations

The bellows with flexible blades
(flexible coupling)
Will go up to 70-100 Nm

2.2 Direct fixation
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2.3 The Oldham system
Named after John Oldham [Ireland 1821].
This coupling is simple but also
inexpensive.
To be absolutely avoided in applications 
requiring precision.
Tolerated for speed control applications.
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Example

Motor 4 Nm

Screw with 25mm pitch

Direct motor-screw
coupling by bellows

Double bearing

Coupling Bellow 8
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2.3 The conical coupling
For the coupling of a hollow arm (or gear
element) with a motor shaft, the conical
coupling is an almost obvious solution when
high torques (tens of NM to hundreds of 
NM)are to be transmitted.

The principle is that by 
pressing the cone against 
the reference part, the 
material deforms and the 
contact is ensured by 
friction. 

Vidéo

Source ETP-Sweden - http://www.etp.se/

Compression coupling of materials
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http://www.directindustry.com/prod/etp/backlash-free-shaft-hub-rigid-couplings-7187-544946.html
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Example of a Delta arm
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Solution by clamping : simple solution for fixing the arm on the motor
shaft:
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Direct coupling, screwing
Coupling of a robot gripper by screwing

Clamp

Clearance to ensure 
contact where it is 
intended

Coupling plate containing: 
- 2 positioning pins (one cooperating 
with an ooblong hole)
- clamping elements

12
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2.3 The linear bellows
Unlike the previous bellows, the linear
bellows is designed to correct angular errors
while being rigid in the direction of the 
linear movement.

Example of a design with flexible blades.

Source RW Couplings.
http://www.rwcouplings.com/ 13
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What should be considered when choosing a coupling?

• Rigidity (we want to avoid that, the addition of this

coupling weakens the system)

• Momement of inertia

• Mass

• Overall dimensions 

• Transmissible torques (forces for linear movements)

• Transmissible speeds
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3- Gearbox et gears

• Planetary
• Toothed belts
• Simple gears
• Left shaft and tangent screw
• Left shaft and tangent screw
• Differential gearing: Harmonic drive 
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3.1- Planetary gearboxes

Planets

Planetary gearboxes built with pinions (planets) rotating
around a sun (pinion in the center) have several levels
to achieve high gearbox ratios
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3.1- The planetary gearboxes
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Example of a 2-stage reductor

Assembly
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GP42 de Maxon
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Planetary Gearboxes Wittenstein
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3.1- The planetary gearboxes
Compensating play

Source Murata springs
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3.2- The Harmonic drive
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Compact
Very high reduction by the gearbox
No play

Limited in torque and speed
Expensive
Beware of rigidity

Advantages – Disadvantages of the Harmonic Drive 
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4- other transmissions

• The belt
• The steel band
• The cable
• The gears and the rack
• The screw nut

27
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4.1- Transmissions with toothed belts

The toothed belt, is one of the cheapest components 
used in motion transmission. 
The belt is used to :
• Transmitting rotation (rotation-rotation) 
• Transmitting translation (rotation-translation)

28
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4.1- Transmissions with toothed belt
Rotation-Rotation

The belt drive allows a simple and inexpensive coupling
between two parallel shafts.
• The alignment of the shafts (input and output) is no 

longer a problem.
• The use of several stages allows for a greater gain.

• Attention must be paid to the belt preload to avoid
backlash.

• The rigidity of the belt is disadvantageous to the rigidity
of the transmission if it is long.

• The gearbox ratio depends on the diameter of the 
pulleys.
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4.1- Transmissions with toothed belts
Example Rotation-Rotation 2 stages of reduction.

Using motors with 150mNm.
Total gear ratio = 5*7 = 35
Available output torque = 15Nm
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4.1- Toothed belt drives
Example 2 & 3 - Rotation-Rotation

The belt is also used as a coupling element between a drive screw and a 
motor shaft

The advantage of this
arrangement is that it
prevents the need for a
bellows-type coupling
element while rearranging
and saving space

31
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4.1- Toothed belt drives
Belt preloading

Simple method:
Motor on mounting plate 
and oblong holes

Pull the motor to preload the 
beltPull the motor to preload the 

belt

By using a tensioner (e.g. roller) if the belt is 
longer.

32
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4.1- Toothed belt drives
Calculation of the angular stiffness of a belt drive

Angular stiffness considering that the belt is blocked on the 2nd pinion and

neglecting the effect of the wrapped part of the belt.

Pulley of a belt transmission.
The 2 strands are considered as 2 pre-stressed 
springs (pre-tension of the belt)

33
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4.1- Toothed belt drives
Rotation-Translation

This solution is « The cheapest way to
achieve linear motion ».

Advantages:
High speeds possible.
Low cost of transmission.

Disadvantages:
It is almost a direct drive solution. The
transmission ratio Rotation - Translation is
only linked to the diameter of the pulley.
This implies a low position resolution (!
Precision) and a low force available at the
output.

34
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Pay attention to the belt stiffness: it induces a position error due to exerted forces!

35
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The Linear Delta - Horizontal variant
• Belt transmission

36
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Exercice: 
Consider a linear axis of 500 mm stroke made by a direct belt drive 
and using:
• Two 10mm diameter pulleys (one on each side of the axis).
• A motor equipped with an encoder of 1000 holes/turn.

• Maximum speed of the motor is 6500 rpm.
• Nominal torque is 120 mNm.

Questions:
1. What is the max linear speed?
2. What is the linear resolution?
3. What would be the nominal force available at the carriage?
4. Comment on your results compared to an 8mm wide T5 belt from 

Mulco!

37
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Toothed belt drives (Synthesis):

Basic rule:

Work with pulleys of higher diameters, taking care to lighten them as

much as possible (material, hollow); this rule is also valid for any

mechanical transmission.

Advantages:
light weight, no stroke limitation, easy backlash compensation, easy assembly,
adaptation to the required transmission stiffness by varying the belt width and
the ∅ of the pulleys, durable, large selection available;

Disadvantages:
Rather average stiffness, average precision due to gearing, possible hard points 
at tooth entry (especially with high preloading);
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4.2- Steel band transmissions

Advantages:
light weight, stiffness, easy backlash compensation, no stroke limitation if used as a 
belt (sliding possible or perforated belt);

Disadvantages:
manufacturing accuracy problems and gearing accuracy problems if perforated band; 
variable length if wrapped on a drum > 360°; high bending stress:

if thickness e is small delicate band; a band shaped like a sabre blade; this causes 
high stress and lack of stiffness. 

This explains why steel band transmissions are rarely used in robotic drives.

Transmission by flexible element docked on the drums; several turns on each drum allow to avoid limiting

the movement to 180°. A: Docking point.
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4.4- Cable transmission

• More rigidity than a belt
• Must also be docked
• Very good efficiency
• Slippage avoided by capstan effect

40
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4.5- Connecting rod transmissions
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4.5- Gears - Screws - Racks

Ref: zpag.net
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Adjusting the backlash in a gear

These 2 principles are also valid for the rack and pinion assembly.
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Reduction of the play by 
adjusting the distance 
between the wheels (e.g. 
by slotted hole)

Backlash reduction by 
means of preloading 
spring

Use of a spiral spring

Rattrapage de jeu dans un engrenage

46
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A
C

B

K3 –Raideur du ressort de rattrapage de jeux

K1
Raideur entre 
roue A 
et roue B

K2
Raideur entre 
roue C 
et roue B

Exercice –
Consider gear A,B with backlash adjustment (spring K3)-
Gear B is the gear to be meshed-
K1 is the stiffness between gear A and gear B
K2 is the stiffness between gear C and gear B
Considering wheel A as reference-
>> Make the equivalent spring diagram.
What is the equivalent stiffness of the system?

K2 Stiffness 
between 
gear C and 
gear B

K1 Stiffness 
between gear A 
and gear B

K3 Stiffness of the spring for backlash 
adjustment
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The screw-nut transmission

For the implementation of linear motion.
• Can achieve very high output forces (widely used in machine 

tools)
• Reasonable cost.
• The backlash is controlled to have very high precision.
• Good rigidity for lengths < 1.0m
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The Minagle –
Ref. Flexible Hinges realization
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The Rehabilitation device MotionMaker
• Screw driven angular joint

50





Dr M. Bouri - 2025

The screw-nut transmission
Implementation

0,1 à 0,2mm

52



Dr M. Bouri - 2025

Efficiency curves of a helical gear
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The screw-nut transmission
Backlash adjustment

Exemple
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The screw-nut transmission
Backlash adjustment
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Carl Bruno Strandgen
Moved to Epalinges in 1956
Died in 1984
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