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19/12 h9/12- robotic (3h) CHANGED!!



STUDENT LIST

Baizid Khelifa
Biso Maurizio
Iqbal Jamshed
Jafari Amir

Naceri Abdeldjallil
Palyart Lamarche Jean-Christophe

Patra Niranjan



SYNCHRONOUS BELTS (TIMING BELTS)
the the the the fastestfastestfastestfastest overviewoverviewoverviewoverview........

Synchronous belts are toothed belts where timing is guaranteed

by the presence of the teeth. Load is transferred both by the 
teeth and the belt core.



Synchronous belts – Shape of teeth

Purpose of tooth

optimization is:

-Decrease of noise
-Increase of maximum 
load
-Increase of life (less 
wear)
-Increase of maximum
speed

Each profile has its
own characteristics



SYNCHRONOUS BELTS – TOOTHED PULLEYS



Synchronous belts – Some formulas



ROTARY TO LINEAR 

Lead screw

Rack and pinion

Slider cranks

Cams



Screw is fixed with its ends free to rotate: as the screw is turned, the nut moves along the 
shaft with the payload attached

Lead screws



A rotary displacement of the input shaft θ1 causes a linear motion of the payload x

X= θ·P   (P pitch of the screw mm/rev)

This equation may be differentiated any number of times in order to obtain the relationship 
among linear velocity, acceleration and jerk and rotational relative quantities

How a load on th output is seen by the input? i.e. Equivalent torque-inertia system

For linear motion of the payload mass the kinetic energy is: Ek = ½ MVL²

The corresponding kinetic energy of a torque-inertia system Ek = ½ Jeqω²

Solving for the inertia, after relating rotary and linear velocity with the pitch

Jeq = M·(P/2π)²

reflected inertia reduced by smaller pitch



linear stage



The pinion is the small gear attached to the actuator and the rack is a linear member with gear
teeth on one side.

The relation between pinion angle and rack translation is

X = 2 π r θ

The reflected inertia, as seen by the input shaft, is  Jeq = Mr²

Rack and pinion



The crank portion is the wheel that rotates about its center and has a rod of fixed lenght
mounted to a point on its circumference; the other end of the connecting rod is attached to a 
linear stage which is constrained to move in only one dimension.

As the disk travels from 0 to 180°  in the counterclockwise direction, the linear stage moves a 
distance equal to 2r: if the disk continues to travle from 180°  back to 0° - still in 
counterclockwise direction, the load will move in the opposite direction over exactly the same
linear distance.

If the input shaft is rotated continuously the motion of the linear stage is reciprocating.

SLIDER CRANKS



Cams

Cams are shape coupling.

Cams can be both uni or be directional

Relation between input rotating shaft and moved output is “in” 
the cam shape

“shape pre-programmed in hardware devices”



Some Cam devices examples



BEARINGS

Bearings are used to support rotating shafts and are 
classified according to the direction of the main load:

Axial bearings are designed to withstand axial thrust

Radial bearings are designed to withstand radial loads

..even more

Linear bearing



Bearings types

A bearing is constituted by an inner and an outer ring. 
Between them a serie of rolling element is found

Sometimes a fourth element (cage) is present to keep
the rolling elements in their position

Rolling elements can be spheres (ball bearing) or 
cylinders (cylindrical roller bearings)



Deep groove ball bearing

- Good capacity to withstand 
radial and axial loads

-May be of sealed type

-Available in a wide range of 
build precision

-Low cost

-Moderate tolerant towards
misalignment



Angular contact ball bearing

- Increased capacity to 
withstand axial loads

-Coupled with another
bearing of the same kind
can withstand high bending
torques



Self aligning ball bearing

- Very good capacity to 
tolerate misalignment

-Can’t withstand axial loads



Cylindrical roller bearings

-High radial load

-low axial loads



Needle roller bearings

Look at this bearing..

Composed bearing



Taper roller bearings

-High radial load

-High axial load in one 
direction

(generally are in paris)



Thrust bearings
(axial)

Needle roller
thrust bearing

Taper roller
thrust bearing

Cylindrical roller
thrust bearing

Thrust ball 
bearing



More..

4 point contact

Crossed roller bearing

Due to the X arrangement of the rolling 
elements, these bearings can support axial 
forces from both directions as well as radial 
forces, tilting moment loads and any 
combination of loads with a single bearing 
position. This allows designs with two bearing 
positions to be reduced to a single bearing 
position. Crossed roller bearings are very rigid, 



linear..

Linear guides
recirculating
balls or rollers

Track rollers

Linear ball 
bushing



Last: friction bearing

Plastig bushing

Linear friction guide



a tracker roller application example



Bearing assembly example



SENSORS

what does it mean?

How many different kind of sensor do you know?



Sensor to sense..
(free order list)

POSITION (LINEAR AND ANGLE)
POSITION (absolute and relative)

FORCE
SPEED

ACCELERATION
SHAPE

DISTANCE

… 



Sensor that sense..
(first approximation list)

light intensity
magnetic field
electric field

electric current
strain

coupled electro magnetic flux
inertial forces

pressure

… 



General industrial classification of 
sensors



A tentative classification
of sensors (according to
the sick products range)







Encoders:





..let’s focus on sensor that will most be
used in robotics..



MEASURING ANGLES:

* ENCODER
* RESOLVER



Absolute encoders..

SINGLE TURN 
OPTICAL

5 bit 32 steps 11.25° per step
8 bit 256 steps 1.4° per step
12 bit 4096 steps 11.25° per step

..an incremental encoder is a single row absolute
encoder..



Absolute encoders..

MULTI TURN 
OPTICAL



Absolute encoders.. SINGLE TURN 
MAGNETIC



in btw..



Some examples



Some examples



RESOLVERS

wired rotor “brushless” rotor



Resolver from real (typical application:brushless field
commutation)



“MULTI SPEED” RESOLVER



“MULTI SPEED” RESOLVER



MEASURING LINEAR:

* “LINEAR” ENCODER
* LVDT







LINEAR DIFFERENTIAL VARIABLE TRANSFORMER (LVDT)



..even more:

LINEAR OPTICAL ENCODER;

INDUCTOSYN;

OPTICAL TRIANGULATION MEASUREMENT SENSOR;

…



MEASURING FORCES



STRAIN GAUGE

typical single and multi axis strain gauges

semi-conductor strain gauge



several “packaged” strain gauges: LOAD CELLS

COMPRESSION

PUSH-PULL

FLEXION

TORSION

TENSION





..more strain gauges coupled..MULTI AXIS LOAD CELL





inertia sensors



..from the “classic” GYROSCOPE



..to MEMS GYRO





FIBER OPTIC GYRO (fog)



Sagnac effect



LASER SCANNER





A SIMPLE tactile sensor made using hall effect sensor



another tactile sensor: quantum tunneling composite (QTC)



(fine ! )


