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Definizione di robotDefinizione di robot

““A reA re--programmable programmable 
multimulti--functional functional 
manipulator designed manipulator designed 
to move material, to move material, 
parts, tools, or parts, tools, or 
specialized devices, specialized devices, 
through variable through variable 
programmed motions programmed motions 
for the performance of for the performance of 
a variety of tasksa variety of tasks””
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ImpieghiImpieghi in in produzioneproduzione
ll Trasformazioni di spazioTrasformazioni di spazio
ll AsservimentoAsservimento MacchineMacchine

utensiliutensili
ll Load/unload cycle is about 5 Load/unload cycle is about 5 

secondsseconds
ll Loading collets and chucksLoading collets and chucks
ll CarroCarro--ponteponte in automotive in automotive 

production facilityproduction facility
ll Heavy lifting capability to Heavy lifting capability to 

eliminate need for large eliminate need for large 
overhead cranesoverhead cranes
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ll Aging workforce Aging workforce 
ll Focus on batch Focus on batch 

production, smaller lot production, smaller lot 
sizes (away from sizes (away from 
TaylorismTaylorism))

ll Lower labor costsLower labor costs
ll Higher quality (at least this Higher quality (at least this 

is the perception) is the perception) 
ll Worker safetyWorker safety

Spinte verso la robotizzazioneSpinte verso la robotizzazione

Fabbrica robotizzata
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Spinte verso la robotizzazioneSpinte verso la robotizzazione

Fabbrica robotizzata

il trend di mercatoil trend di mercato
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ComponentiComponenti
ll PolsoPolso
ll SfericoSferico
ll 3 3 giuntigiunti rotazionalirotazionali (roll, pitch, jaw)(roll, pitch, jaw)
l Limited Rotations
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ComponentiComponenti
ll PolsoPolso
ll Non Non sfericosferico
ll ImpieghiImpieghi particolariparticolari

l 3 intersecting non-
orthogonal Axes

l Continues joint rotations (no 
limits)

l Sets of orientations which 
are impossible to reach

l 2 DOF 
wrist
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ComponentiComponenti
ll AttuatoriAttuatori
ll AlimentazioneAlimentazione e e amplificazioneamplificazione
ll ServomotoreServomotore
ll PneumaticiPneumatici
ll IdrauliciIdraulici
ll elettricielettrici

ll OrganiOrgani didi trasmissionetrasmissione
ll RuoteRuote dentatedentate
ll ViteVite--madrevitemadrevite
ll CinghieCinghie e e catenecatene

Servo Servo 
MotoreMotore
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Robot SensorsRobot Sensors
ll PropriocettiviPropriocettivi
ll PosizionePosizione, , velocitvelocitàà e e coppiacoppia aiai giuntigiunti

ll EsterocettiviEsterocettivi
ll DiDi forzaforza
ll TattiliTattili
ll DiDi prossimitprossimitàà
ll DiDi campocampo
ll DiDi visionevisione
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Gradi di libertGradi di libertàà e mobilite mobilitàà
ll GradiGradi didi mobilitmobilitàà gdmgdm
ll NumeroNumero didi assiassi controllaticontrollati
ll OffertiOfferti daidai giuntigiunti lungolungo la la 

strutturastruttura
ll GradiGradi didi libertlibertàà gdlgdl
ll SonoSono riferitiriferiti allall’’oggettooggetto

movimentatomovimentato
ll Max 6Max 6
ll 3 3 TraslazioniTraslazioni didi

posizionamentoposizionamento
ll 3 3 RotazioniRotazioni didi orientamentoorientamento

ll Redundant robot: Redundant robot: 
gdmgdm > > gdlgdl

ll Deficient robot: Deficient robot: 
gdmgdm = = gdlgdl <6<6
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Gradi di libertGradi di libertàà e mobilite mobilitàà
ll Redundant robotsRedundant robots

7 7 gdmgdm 10 10 gdmgdm
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ConfigurazioniConfigurazioni
ll Catena Catena cinematicacinematica apertaaperta sequanzialesequanziale
ll Cartesian <PPP>Cartesian <PPP>
ll Cartesian (gantry) <PPP>Cartesian (gantry) <PPP>
ll Cylindrical <RPP>Cylindrical <RPP>
ll Spherical <RRP>Spherical <RRP>
ll SCARA <RRP>SCARA <RRP>
ll Articulated <RRR>Articulated <RRR>

ll catena catena cinematicacinematica parallelaparallela
ll tripodetripode
ll esapodeesapode
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ConfigurazioniConfigurazioni
ll Cartesian <PPP>Cartesian <PPP>
ll 3 3 giuntigiunti prismaticiprismatici ortogonaliortogonali + + polsopolso
ll SemplicitSemplicitàà programmazioneprogrammazione specie per specie per 

percorsipercorsi linearilineari
§§ GdlGdl = = gdmgdm in in coordcoordcartescartes..

ll BuonaBuona precisioneprecisione
ll ScarsaScarsa destrezzadestrezza, , tuttatutta del del polsopolso
ll Area Area didi lavorolavoro
§§ parallelepipedoparallelepipedo

ll ApproccioApproccio lateralelaterale
ll Cartesian (Cartesian (portaleportale o gantry) o gantry) 
ll 3 3 giuntigiunti prismaticiprismatici

ortogonaliortogonali + + polsopolso
ll Come Come soprasopra , ma, ma
§§ ApproccioApprocciodalldall’’altoalto
§§ GrandiGrandi dimensionidimensioni
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ConfigurazioniConfigurazioni

ll Cylindrical <RPP>Cylindrical <RPP>
ll Come Come cartesianocartesiano, ma, ma
ll Il Il giuntogiunto didi base base èè rotoidalerotoidale

ll SemplicitSemplicitàà
programmazioneprogrammazione in coordinate in coordinate cilindrichecilindriche
ll GdlGdl = = gdmgdm in in coordcoord cilindrcilindr..

ll BuonaBuona rigidezzarigidezza
ll PrecisionePrecisione decrescedecresce con con sbracciosbraccio
ll AccessibilitAccessibilitàà orizzontaleorizzontale
ll UsatoUsato per per trasportitrasporti, specie , specie pesantipesanti ((grugru))
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ConfigurazioniConfigurazioni

ll Cylindrical <RPP>Cylindrical <RPP>
ll Area Area didi lavorolavoro
ll CilindroCilindro cavocavo
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ConfigurazioniConfigurazioni
ll sfericosferico <RRP><RRP>
ll Come Come cilidricocilidrico, ma, ma
ll Il Il secondosecondo giuntogiunto èè rotoidalerotoidale

ll SemplicitSemplicitàà programmazioneprogrammazione
in coordinate in coordinate sferichesferiche
ll GdlGdl = = gdmgdm in in coordcoord sferichesferiche

ll PiPiùù complessocomplesso e e menomeno rigidorigido
ll PrecisionePrecisione decrescedecresce con con sbracciosbraccio
ll AccessibilitAccessibilitàà orizzontaleorizzontale
ll UsatoUsato per per lavorazionilavorazioni
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ConfigurazioniConfigurazioni
ll sfericosferico <RRP><RRP>
ll Area Area didi lavorolavoro
ll sferasfera cavacava
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ConfigurazioniConfigurazioni
ll SCARA <RRP> SCARA <RRP> 
ll AssiAssi paralleliparalleli tratra loroloro
ll RigidoRigido solo solo verticalmenteverticalmente
ll No No corrispondenzacorrispondenza tratra gdlgdl e e gdmgdm
ll PrecisionePrecisione decrescedecresce con con sbracciosbraccio

daldal primo primo giuntogiunto
ll UsatoUsato per per assemblaggiassemblaggi verticaliverticali
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ConfigurazioniConfigurazioni
ll SCARA <RRP> SCARA <RRP> 
ll Area Area didi lavorolavoro
ll complessacomplessa
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ConfigurazioniConfigurazioni

antropomorfoantropomorfo

ll Articulated <RRR>Articulated <RRR>
ll AsseAsse didi base base ortogonaleortogonale agliagli altrialtri

duedue
ll SomiglianzaSomiglianza con con bracciobraccio umanoumano
ll ElevataElevata destrezzadestrezza
ll RigidezzaRigidezza bassabassa ma ma crescecresce con con 

catena catena chiusachiusa
(Cincinnati Milacron T(Cincinnati Milacron T33))

ll No No corrispondenzacorrispondenza tratra gdlgdl e e gdmgdm
ll PrecisionePrecisione decrescedecresce con con sbracciosbraccio

daldal primo primo giuntogiunto
ll Campo Campo applicazioniapplicazioni moltomolto vastovasto
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ConfigurazioniConfigurazioni

ll Articulated <RRR>Articulated <RRR>
ll Area Area didi lavorolavoro
ll PorzionePorzione didi sferasfera
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ConfigurazioniConfigurazioni
ll ParalleloParallelo
ll giuntigiunti prismaticiprismatici in in paralleloparallelo
ll ProgrammazioneProgrammazione estremamenteestremamente

complessacomplessa
ll No No corrispondenzacorrispondenza tratra gdlgdl e e gdmgdm

ll AncoraAncora commercialmentecommercialmente pocopoco
maturimaturi

ll PotenzialmentePotenzialmente moltomolto precisiprecisi e e 
rigidirigidi
ll ForzeForze pipiùù elevateelevate

ll BasseBasse inerzieinerzie
ll Area Area didi lavorolavoro e e destrezzadestrezza ridotteridotte
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ConfigurazioniConfigurazioni
ll ParalleloParallelo
ll StrutturaStruttura
ll 3 o 3 o pipiùù braccibracci con con 

giuntigiunti prismaticiprismatici
ll 2 o 2 o pipiùù piattaformepiattaforme
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ConfigurazioniConfigurazioni

ll ParalleloParallelo
ll EsempiEsempi::
ll TripodeTripode
§§ 3 3 giuntigiunti in in paralleloparallelo + + 

polsopolso
ll EsapodeEsapode
§§ 6 6 giuntigiunti in in paralleloparallelo
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ConfigurazioniConfigurazioni

CanCan’’t reach around obstacles, t reach around obstacles, 
short vertical reachshort vertical reach

long horizontal reachlong horizontal reachSpherical Spherical 
coordinatescoordinates

Difficult to program offDifficult to program off--line, line, 
2 or 4 ways to reach a point, 2 or 4 ways to reach a point, 
most complex manipulatormost complex manipulator

can reach above or below can reach above or below 
obstacles, largest work area for obstacles, largest work area for 
least floor spaceleast floor space

ArticulatedArticulated

2 ways to reach point, difficult to 2 ways to reach point, difficult to 
program offprogram off--line, highly complex line, highly complex 
armarm

height axis is rigid, large work area height axis is rigid, large work area 
for floor spacefor floor space

SCARA  SCARA  
coordinatescoordinates

CanCan’’t reach above itself, base t reach above itself, base 
rotation axis as less rigid, linear rotation axis as less rigid, linear 
axes is hard to seal, wonaxes is hard to seal, won’’t reach t reach 
around obstaclesaround obstacles

can reach all around itself, reach can reach all around itself, reach 
and height axes rigid, rotational axis and height axes rigid, rotational axis 
easy to sealeasy to seal

Cylindrical Cylindrical 
coordinatescoordinates

Can only reach front of itself, Can only reach front of itself, 
requires large floor space, axes requires large floor space, axes 
hard to sealhard to seal

easy to visualize, rigid structure, easy to visualize, rigid structure, 
easy to programeasy to program

Cartesian Cartesian 
coordinatescoordinates

DisadvantagesDisadvantagesAdvantagesAdvantagesConfigurationConfiguration
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PrecisionePrecisione

Where: Pt is the target position,
Pa the average achieved position,
R is the repeatability, and
A is the accuracy.

Repeatability: the measurement of how closely a 
robot returns to the same position n number of times.
Accuracy: the measurement of how closely the robot 
moves to a given target coordinate.
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PrecisionePrecisione
ll FattoriFattori cheche la la influenzanoinfluenzano
ll environmental factors environmental factors 
ll temperature, humidity and electrical noisetemperature, humidity and electrical noise

ll kinematickinematic parameters parameters 
ll robot link lengths robot link lengths 

ll dynamic parameters dynamic parameters 
ll structural compliance, frictionstructural compliance, friction

ll measurement factors measurement factors 
ll resolution and nonresolution and non--linearity of encoders and linearity of encoders and resolversresolvers

ll control factors control factors 
ll digital round off, steadydigital round off, steady--state control errors, spatial resolutionstate control errors, spatial resolution
§§ Spatial resolution is the smallest increment of movement into whSpatial resolution is the smallest increment of movement into which ich 

the robot can divide its work volumethe robot can divide its work volume
ll application factors application factors 
ll installation errors and errors in defining workinstallation errors and errors in defining work--piece coordinate piece coordinate 

framesframes
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Accuracy Test CubeAccuracy Test Cube
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Payload (Payload (caricocarico))
payloadpayload isis specifiedspecified asas the the maximummaximumvaluevalue beforebefore

seriousserious performance performance lossloss
ll StaticaStatica
ll Deflessioni per gravitDeflessioni per gravitàà
ll Slittamento di cinghie e organi di trasmissione Slittamento di cinghie e organi di trasmissione 
ll Giochi dei giunti Giochi dei giunti 
ll Effetti termiciEffetti termici

ll DinamicaDinamica
ll accelerationacceleration effectseffects -- inertialinertial forcesforces can can leadlead toto

deflectiondeflection in in structuralstructural membersmembers
ll whenwhen a robot a robot isis movingmovingveryvery fast, or fast, or whenwhen a a continuouscontinuous

pathpath followingfollowing isis essentialessential


