ROBONICS
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A robot Is a prc

R
“A robot 1s a re-programmable, multi
designed to move material, parts, tools, o

7 {hrough variable programmed motions fc
a variety of tasks”
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— End effecto
— Drive Mechanis
— Controller

= Custonﬂ“egsures: e.g. sensor
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Motivation
otherwise be pe

o Safety
e Efficiency
e Reliability

e Worker Redeployment
e Cost redaction
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— Arm or Manipulatc
— End effectors

— Drive Mechanism
— Controllsr\

— Custom features: e.g. sensors and
V &
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End Effectors

Device attached to the robot’s wrist to perform a specific
task

Release wire

Grippers

— Mechanical Grippers

— Suction cups or vacuum cups
- Magnetized grippers

- Hooks

— Scoops (to carry fluids)



- Spot Welding gun
— Arc Welding tools
— Spray painting gun

- Drilling Spindle

— Grinders, Wire brushes
— Heating tdrches
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— Tactile senso

— Proximity and ranc
electromagnetic senso

— Miscellaneous sensors (tra
variables such temperature, pre
Sensors)

B
visten systems
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— Machine







Operation range
Speed of response
Calibration

Reliability -
N
Cost and ease of operation
/
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RERGUCSHENMINGIGUY

Link: Arigid pie

Joint: The device whic
links in a robot.

A robot joint is' a mechanism that
CW

permits relative movementbe
parts of a robot arm. The joints ¢
robot are designed to enable the
robot to move its end-effectors along
a path from one position: toe anether

€
Een
Ol a

as desired.



The Roebotic VIeVEMERLS

The basic moeVvemeEntsrrequiiearona

desired motion off moestincUStHaINoPEES
are:

+ Rotational movement: Ihis enablesithE
robot to place its arm in any: dicECEIGN GRia
horizontal plane.

+ Radial movement: This enables the robot

to move its end-effectors radially: te' reach distant
points.

+ Vertical movement: This enables the robot
to take its end-effector to different heights.



They afe called prismatiC. hecause the CreSs SECHORIOIFNIENBIALIS
“Co sideﬁed as a generalized prism. They permitlinksito moeve inrailineai;
relationship.
Revolute joints permit only angular motion: between links: Thelrvanatie:
include:
Rotational joint (R)
Twisting joint (T)

Revolving joint (V)



A rotational joint (R

IS Identified By ItsTmetionretatieRraoUE

an axis perpendictiartortneradjoiningG
links.

A twisting joint ()

IS also a rotational jeint,
where the rotation takes
place about an axis that

Is parallel to both
adjoining links.




A revolving joint ()

IS another retationalNeint  WhErerthENotation

takes place perpendicliarteroneranotneErRal
this kind off jeint. he retation inVeIlVes
revolution of one link about anothers

t 6@1:

(a) (b) N
FIGURE 8.3 Types of joints: (@) linear joint; (b) rotational joint; (¢) twisting joint; (d) re-

volving joint.



Wrist Movement

The Wrist movement is designed to enable the robot to orient the end
effector properly with respect to the task to be performed.

Eg. Human hand

To solve the orientation problem, the wrist is normally provided with upto 3
DOF.

1) Wrist Roll- which involves rotation of the wrist mechanism about the
arm axis. Also called as wrist swivel.

2) Wrist Pitch- If the wrist roll is in its center position , the pitch would
involve the up and down rotation of the wrist. Also called as wrist bend.

3) Wrist Yaw- If the wrist roll is in its center position of its range, wrist yaw
would involve the right or left rotation of the wrist.

Robot arm

Wrist pitch
(bend)

Robotarm - Face plate \
c (to attach ~=% 1>
end effector)
& ‘ (3
/

A
Wrist roll C\/d

(swivel) * wrist yaw




ROBGUICSHERNINGIGHY,

DOF degrees-of-freedom: can be defined as the number
of independent motions a device can make. (Also called
mobility)

five degrees of freedom



Accu
*The
without
eIt IS IMpOS
*Accuracy Is theref
position itself to t
error (usually 25 um).

Repeatability
*The ‘ability of a robot to repeatedly p
asked to'perform a task multiple times
*Accuracy Is an absolute concept, repeate

- sA robot that is repeatable may not be very &
versa.




Accuracy lo
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means of a

Considering the
designate the pa
closest to the base &
connects to the wrist.

Robot configuration SYmibel

@lar configuration  TRL

/ -
| Cylindrical configuration %\/L
Cartesian configuration

Joint arm configuration | TRR, VV/R



N
ROBOT CLLASSIFICATIOIN

3) Fixed or variable s

4) Depending upon ger
PN

5) Servo / nonservo robots
w4
~.6) Point to Point or continuous cac

A= .
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ROBOT CLLASSIFICATIOIN

Classification Based enrRhaysical
Configuration:
1. Cartesian configuration
2..Cylindrical configuration
3. Polar configuration
re \. ) .
4. Joint-arm configuration
5. SCARA



ROBOIII CILASSIFICATNOIN

Cartesian Coniguration:

+ Robots with' Cartesian coniigurations
consists of links connected By lIneal




Cantesian Reneis

A robot with 3 prismatic joints
— the axes consistent with a
Cartesian coordinate system.

Commonly used for:
*pick and.place work
cassembly operations
*handling machine tools
~arc welding
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Cartesian Renets

+ ability ter do’ straight lInEIRSERORASHEONUIFISCES
+ easy computation ana progiaimming:
+ most rigid structure for given lengti:

D/sadvantages
* reqwres\large operating Ve

- exposed guiding surfaces reqguire covering 1]
_corrosive or dusty enwronDPpt :
f

+ can only reach front of itse
+ axes hard to seal



ROBOII CEASSIEICATNOIN

Cylindricall Conligurations

+ Robots with' eylindricalrconiigliration
have one rotary: (( R)joint at therbase
and linear (L) joints sUCCEEHE O
connect the links.




A robot with 2 prismatic joints
and a rotary joint — the axes
consistent with a cylindrical
coordinate system.

Commonlyused for:
*handling at die-casting
NEEINES

*assembly operations
*handling machine tools
*spot welding




N

@V/llnlelflezll 5Rejo)e)is

Advantages:
+ can reach all'areund itsell
rotational axis easy: te;seal
relatively easy programming
rigid enough to’ handlerheavy loads throughiargeworking
space
+ good access into cavitiesiand machine openings
-
Disadvantages:
« can't reach above itself
+ ‘,Imear axes is hard to seal
+ ‘'won't reach around obstacles
+ exposed drives are difficult to cover from: dust and liguids



ROBOII CLASSIFEICAINOIN

+ Polar roboetsrhave
a WOork space of
spherical shape.
Generally, the arm
IS connected to the
base with a
twisting (1) joint
androtatory (R)
and linear (L)
joints follow.




SphEencal/PolaIFRGIGIS

A robot with 1 prismatic joint
and 2 rotary joints — the axes
consistent with a polar
coordinate system.

Commonly'used for:
*handling at die casting or
fettling machines
*handling machine tools
~arc/spot welding




+ two rotary drives are easily Sealed agaiinst
liguids/dust.
T
Disadvaﬁlfges:

Ve . . ,
« complex coordinates more dif ttorvistalize;
.’control, and program.

+ exposed linear drive.
+ low accuracy.




ROBOT CLASSIFEICAINOIN

+ The designation’ off therarmeR ths
configuration canl be TRIESEFAIRRE

+ Robots with' the designation IRIEake
also called spherical robots. [NeSE
with the designation TRRare alse
called 'articulated robots. An
articulated robot more closely
resembles the human arm.
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ROBOT CLASSIFICATION

Joint-arm Configurations

+ The jointed-arm IS ar comBINation ol
cylindrical and-articulated
conﬂguratlons The arm' of thEFePo
S connected to the base with'a
th|S“t|ng joint. The links in the arm

“are connected by rotatory joints
Many commercially  available rok css

have this configuration.



ROBOT CLASSIFEICAINOIN




A robot with at least 3 rota
joints.

Commonly used for:
eassembly operations
welding

weld sealing

-spray painting

*handling at die casting or
fettling machines



Advantages:

+ all rotary joints allews o meaximumsExiity

+ any point in total volume can be reached:

+ all joints can’ be sealed fromthe envirenment:
>N R

Disadvc‘;r?l\‘eges:

+ extremely difficult to visualize, control, and
- program.

+ restricted volume coverage.
+ low accuracy.



SCARA (Selective Cormolizinies
Atrticulated REBEVAFTINRGIOLS

A robot with at least 2 parallel
rotary joints.

Commonly used for:
pick and place work
cassembly operations




N
S GARA (Salaaiive Gomlizinss

Articulated Robo.t ) REIELS
Advantages:

+ high speed.

+ height axis Is rIgic
+ |large work area for floor space
+* modérg\tely easy to program.

7 A
Disadvantages:

+ limited applications.

+ 2 ways to reach point

+ difficult to program off-line
+ highly complex arm



Work Volume

Spatial region within which
the end of the robot’s wrist
can be manipulated

Determined by
— Physical configurations
- Size
— Number of axes
— The robot mounted position (overhead gantry, wall-
mounted, floor mounted, on tracks)
— Limits of arm and joint configurations
- The addition of an end-effector can move or offset the
entire work volume




Spatial Resolution

Smallest increment of motion at the wrist end that can be controlled
by the robot

Depends on the position control system, feedback measurement,
and mechanical accuracy




Accuracy

Capability to position the wrist at a target point in the work volume

e One half of the distance between two adjacent
resolution points

o Affected by mechanical Inaccuracies

e Manufacturers don’t provide the accuracy (hard to  control)




Repeatability
Ability to position back to a point that was previously taught
e Repeatability errors form a random variable.

e Mechanical inaccuracies in arm, wrist components

e Larger robots have less precise repeatability values




e Usual Range 2.5Ib-
e Condition to be satisfiec
Load Capability > Total Wi

effector + Safety range

N
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eAcceleration/decele
eDetermined by
- Weight of the obje

—\:D\i\stance moved
- Precision with which objec
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— 1. Pomt— O-point (PIR) CONtEOINONOE

— 2. Continuous-pathi (CP)Fcontrol robot
b

— 3. Controlled-path robot
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Poiniie Peini Coniiel iRE6!

PTP):

+ The PTP robot is capableroifmoVingitom
ONE PoInt te errner POIRE

+ The locations are recorded Rrthie control
memory. PIP rebots do net ContrelIrthe
path to get fromi ene point to the next
point..

+ Common applications include:
—-component insertion

= spot welding

— hole drilling
— machine loading and unleading
— assembly operations




Continbeus:Pathr ConihoNReEINIER);

+ [he CP robot IS capable o pEfermMING
movements along the controelled patik VWithNEE
from one control; the robhot canstoprat any;
specified point along the controlled patis

+ All'the points along the pathrmustiberstoned
explicitly in the robot's controlsmeEmoR:
Applications Straight-line motion Isithe simplest
example for this t\épe Of ropot. Seme contintious:
path controlled robots alserhave the capability toe
follow a smooth curve pathi that has beenrdefined
by the programmer. In such Cases the
programmer manually: moves the roboet arm
through the desired path and the controller tunit
stores a large number of individual peint
locations along the path in memory: (teach-in):
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Contintious=Patn ContieliREEIH(CR):

Typical applications;include:
— Spray painting
—finishing
—glu4 d

—arc welding operation:s

7\/
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Controlled=RPati RenoE

+ In control ~c~,),]rn rJJJrJ, HE NGORG] eru]gmen‘t
can generate paths ol differentige mesr\/ SUCHNES
straight lines, Cikcles; andiinteErpolatedrClReES
with a high degree ow dCCUracy. GOOU aCCcURaGY,
can be obtained at any poiRt alongrtherspeciiiea
path.
N
+ Only the start and finish' peints and therpatn
" definition function must be stored ini the robot!s
- control memory. It is important tor mention;that
all controlled-path robots have a servorcapability,
to correct their path. —~



Performance Specifications of
Industrial Robots

e Size of the working envelope eMotion control
— path control

e Precision of movement -
— velocity control

— Control resolution

— Accuracy eTypes of drive motors
- Repeatability - hydraulic
g -l — electric
eLifting capability _ pneumatic

eNumber of robot axes

eSpeed of movement

- maximum speed

— acceleration/deceleration
time



Characteristics Units
No of Axes ) 2

Max speed/cycle
time

(
Load\‘ca\ rrying
capacity (pay load)

Reach & stroke _~
.

Total orientation
Repeatability .
Precision & Accuracy



Robot
(Configu

SCARA Robot

(Selective Compliance
Assembly Robot Arm)

o \/@

preci
() GOOd artice

the horizontz
eWorking envelc ra
ePayload:10-100 |
eSpeed: fast 1000-50

Applications:
ePrecision, high-speed, light a
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(Co

Cylindrical
Robot

o Pg

J eSpeec
o eCost: ine (pensi
» payload

\ \\

Applications:

eSmall robots: precision small assembly tasks
el arge robots: material handling, machine loading/unloading.



(Co
Vertical Artic
Robot

<l N

) V4
*P3
eTool tip

Applications: Welding, painting, sealing, deburring, and material ha



Robot Applications
(Configurations!Characteristics)

» - haracteristics:
Spherical Coordinate Robot
P eRepeatability: poor 0.5-1mm

eNo. of axes: 3 arm-axes (1 linear radial),
1-2 additional wrist-axes.

eWorking envelope: large vertical
envelope relative to the unit size
ePayload: 5-100 kg

eSpeed: low (linear motions are not
smooth and accurate- require coordination
of multiple axes)

Applications: Material handling, spot welding, machine loading



Applications: Precise assembly, arc welding, c




Applications:
Handling very large parts, moving material on long distances,

gluing.




eWalkthrough (Le
Manually move

e Manual teaching
Tﬁ\aﬂ.l:l\ pendant

V4

y &
e Off-line programming

~~— Similar to NC part programming
VAL, RAPT




Harmonic drive

Harmonic Drive is the brand name of strain wave gear trademarked by
the Harmonic Drive company, and invented in 1957 by C.W. Musser.

It is very commonly implemented in robotics today and used

in aerospace as well, for gear reduction but may also be used to increase
rotational speed, or for differential gearing.

Cross section of @ harmonic

gear.
1-input 'shaft

2-wave generator Blue (outer circle): circular spline (fixed)
3-flexspline Red (middle flexible circle): flex spline (attached
4-circular spline to output shaft, which is not shown)

5-output shaft Green (inner oval): wave generator (attached to
6-housing input shaft; inner ball bearing and shaft are not

shown)


https://en.wikipedia.org/wiki/Strain_wave_gearing
https://en.wikipedia.org/wiki/Walton_Musser
https://en.wikipedia.org/wiki/Robotics
https://en.wikipedia.org/wiki/Aerospace
https://en.wikipedia.org/wiki/Differential_(mechanical_device)

