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What is an industrial robot!?

e An industrial robot is a robot system used for manufacturing.
e They can be programmed to perform dangerous, dirty and/or
repetitive tasks with high
° speed,
° precision, | A i
> accuracy and. - _
° endurance, | . !

e Typical applications of robots include
o We|ding, F' ,?‘-::v-': i

° painting,

> assembly,

o pick and place for printed circuit boards,
o packaging and labeling,

o palletizing,

o product inspection,

° and testing



Our robot; Staubli TX90XL

e 6 axis articulated robot arm

* High-speed, high-resolution servo motors
with absolute position sensors at each
axis

* Nominal payload: 5 kg

 Repeatability: +0.04 mm

* Weight: 116 kg

* Arm reach: 1.5 m



Our robot: Staubli TX90XL
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Cabinet : The Controller

The CS8C controller is made up of a processor
(5), the intelligent part of the installation.

The processor controls the robot via digital
power amplifiers (1) dedicated to each axis of
the arm.

The electrical power is converted by the PSM (7)

power section, the RPS (2) power supply, and the
ARPS (3).

To disconnect the system from the power supply,
set the master switch (6), located on the front
panel of the controller, to 0. Before doing so, you
must stop the arm operations and switch off arm
power supply.




- Pendant
e The MCP (Manual Control Pendant) can be

used to enable arm power supply and
control its movements.

.Dead Man* (#)




ROBOT CELL

* Robot
system is
always
installed in
a security
cell




OPERATORS SECURITY

Do not enter in the cell if the arm power is on
Robot might move very fast

Robot may make unpredictable move depending or
the program

Robot may damage itself and its surronding.

Robot may cause serious engineering.

Do not work in the cabinet if the
power is on.




Pendant

Digital output
shortcuts

Interface Navigation

Appli

c

- Arm control
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Safety

* Always operate the robot arm at low
speed (%10 speed) at first

* Be ready to stop arm motion:
> Emergency stop (the big red button),

> Arm power off,
> Move/hold key,

o Dead man’s switch.




Safety

* Do not use the robot pendant without
supervision.

* Do not run your program without
supervision.



WORKING MODES
INTRODUCTION

“« AUTOMATIC (production mode )
> The Robot cell is closed, nobody inside. IT'.IE

The robot is under program control. .E E
Motions can be done at very high
speed.

e MANUAL (Trajectory teaching,
Manual motion to the start position)

> This robot is controlled by the
operator with teach Pendant in hands

> The speed is limited to 250 mm/s
maximum

> The operator can be close to the robot




WORKING MODES

AUTOMATIC : MANUAL

Manual slow
+ Joint, Frame , Tool
0 /‘//’a
local
Remote [T~ Test+

: full speed

* No working mode
selection from MCP

e Command by a key outside
the robot cell




ROBOT STARTUP

18x 258 mmss

@ Wait for main menu

An application can be automatically loaded and/or manually
executed.



SYSTEM STOP

16



Manual Mode is

ARM POWER ON (MANU) setee=

@ MCP on park MCP on hands

Cell opened

@ Remove and place it on Release and maintain
if > 15 seconds Dead Man
if > 15 seconds

@ Arm power ON butonu

After pressing power button if the enable button (deadman) has been put into its middle
position in the last 15 seconds or if the MCP has been placed on its holder in the last |5
seconds.



Manual movement

* Joint move: Moves the robot by rotating the
individual joints
o Cannot do linear movement
° |s not subject to singularity

* Frame move: Moves the robot in a specified
coordinate frame
o Can do linear movement
> Subject to singularity

* Tool move: Moves the robot with respect to
the tool coordinate frame
o Can do linear movement
° Subject to singularity



Manual movement with the
joint move

I Requested !
-JT1

-JT2
-JT3
-JT4
| BAE

-JT6
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Manual movement with the frame
move: Coordinate system

#Z

) )

/\ Il Right Hand !!
X y

3 axis perpendicular each other



Manual movement with the
__frame move:Translation

- O™ "™0N3N "™ -
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" Manual movement with the

\_

frame move: Rotation

Screw

RY-

Unscew /

Rotation
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4
Manual movement with the
tool frame: Coordinates

\_

N\

XsoTics mm
1 MAN AND MACHI




/
Manual movement with the
tool frame:

I Requested !

=0 =003 ™ -

\ / Rotation

38




Creating applications with VAL3:

* Need:
> VAL3 installed
> A‘cell’ defined (controller, robot, tool)

> Licence (licence flash-disk attached to the
computer)



@\\d' ﬁ 9 _,) .

Home | VA3 | Modeling  Simulation

iﬁ] ;:\ @, Import VAL3 Applications M oy
Lae " :

J Reload Application
New Open . o Check
Applicagge Application .+, Close Application Syntax

‘ New Library - -~ e :
| > | o i L 3 o, 2 QuickFind
L "> 1o o 3 e -
ot . New Type > L = )
Run Run andﬂd_ebug . New N.E"‘f Print P_nrt Upfo_ao Upioad All 2. Quick Replz
Application Application Program Data Preview | Application Applications
Add Print Transfer Search

Application
%" 3D View X
/1, TEMPORARY CELL

yy

Click here for new
application

Error List
IOO Errors| IJSO Wamings| |\j)0 Messages

Messages

Line Column

Name your application:
DeneyGrup(your group
number)



Cell1 - SRS - STAUBLI Robotics Suite

= Comment Selection [ 5} T:i &y, brg) B, nsert Snippet... »ﬂ ab o
promat 3y 4a 2 Uncomment Selection | & (3 L [2 suround With... S & BE
Tabbed Document Bookmarks Intellisense Advanced Outlining
E DeneyGrupl-start™ X ~ Cell Explorer
1 begin — 4 #cam
i Lm!i 4 3 Controllerl [576.1]
 £00x
4 E DeneyGrupl
References
Write your program here &
» Estopﬂ
(T =%

|°0 Errors| |‘_50 Wamingsl |1\I)O Messages

Messages Path DOUbIe CIiCk here

B o (I

Makes the whole scene fit into the view

—

12:51 PM

24-Feb-14



FUNCTIONS

B Deneycrupt-str x [T S

15@

Lol Cad

é“>nmvElipE,tTnnl,mﬂnmﬁpeed]

move] (j5Start, tTool , mNomSpeed)
move] (appro (pl, tribppl) , tTool, mNomSpeed)

movel (p3, tTool , mNomSpe
movel (p4, tTool, mNomSpeed)

movel (pe, tTool , mNomSpeed) VARIABLES

movel (p7, tTool , mNomSpeed)
movel (pg, tTool , mNomSpeed)
movel (p9, tTool, mNomSpeed)
movel (pl0, tTool, mNomSpeed)

movel (pl, tTool , mNomSpeed)

move] (appro (pl, tribppl) , tTool, mNomSpeed)
move] (j5Start, tTool , mNomSpeed)
waltEndMove ()




Applications: Structure

e Variable types:

> pointRx:a point location in cartesian
coordinates (pl, p2, p3,...)

° jointRx: a joint location in joint coordinates
(jStart)

° tool: a tool defined by the user (tTool)
o trsf: a transformation (trAApl)

> mdesc: motion descriptor (MNomSpeed)



Applications: Structure

e Functions:

> movej(joint, tool, mdesc): move to a (point or
joint) coordinate with specified tool and
motion descriptor

> movel(point, tool, mdesc): move linearly a
point coordinate with specified tool and
motion descriptor

o appro(point, trsf): calculate a transformed
point by using a point and a transformation

o waitEndMove: wait for the current movement
to end.



Movement with movej

MOVEMENT : MOVEJ Movel (oA 1Grip, mFast

)
pA Movej(pB,tGrip,mFast)
Movej(pC,tGrip,mFast)
Movej(pD,tGrip,mFast)
Movej(pE,tGrip,mFast)

Movej(point,tool,mdesc)

or

Movej(joint,tool,mdesc)

pE

Joint Interpolation : curved movement

Speed and acceleration described by motion descriptor
No problem of singularity crossing

Motion to use if no constraint : Obstacle, insertion, . ..



Movement with movel

MOVEMENT : MOVEL

Movel(pA,tGrip,mFast)
pA Movel(pB,tGrip,mFast)
Movel(pC,tGrip,mFast)

(
(

Movel(point,tool,mdesc) Movel(pD,tGrip,mFast)

Movel(pE,tGrip,mFast)

pB

Not available on JOINT

pC

pE

Cartesian Interpolation : straight line movement

Speed and acceleration described by motion descriptor
Problem of singularity crossing => slow down

Motion to use in case of constraint : obstacle, insertion, process,



Motion descriptor parameters:

blend

BLENDING

Vel : % of nominal speed of joints

..-------'''''""""'.WM'Ir

#Flange

+wor Ld

+jo,—nFacst

=mcl| Speed (X) 100
m
m|BLlend Joint

bo

MU /

=tring

aio

No blending : OFF

Blending activated : JOINT

AR

oo

point

INE



Example program:

15@

mowved (i5tart, tTool, mNomSpeed) Move to the starting location
5 move] (appro (pl, trAfAppl) , tTool, mNomSpeed) Approach to pointl
4; movel (pl, tTool, mNomSpeed) Move to point |
5 movel (p2, tTool, mNomSpeed) Move to point 2
i movel (p3, tTool , mNomSpeed)
TE movel (pd, tTool, mNomSpeed)
E movel (p5, tTool, mNomSpeed) ® Use as many points
9 movel (p6, tTool, mNomSpeed) : as necessary
10 movel (p7,tTool ,, mNomSpeed)
11; movel (pE, tTool , mNomSpeed)
1E§ movel (p29, tTool, mNomSpeed)
13 movel (pl0, tTool, mMomSpesd) Move to point |0
14 movel (pl, tTool, mNomSpeed) Move to point |
15 move] (appro (pl, tribppl) , tTool, mNomSpeed) Approach to pointl
- E move] (J5tart, tlool, mlomSpeed) Move to the starting location
17¢ waitEndMowve () Wait for the movement to end



Adding variable definitions:

EMSg LIl
move] (jStart, tTool, mNomSpeed)
move] (appro(pl, trAfppl) , tTool , nNomSpeed)
movel (pl, tTool, mNomSpeed)
mvel( T +Teml mwilamCeossll

movel | Add k| ", MewData
movel (AR | jeert Snippet. e |
movel | * Mew Data (Ctr+M, [)
movel (p L= Surround With... ble
movel (B 'm  GoTo Definition
movel |
movel (p & Tegole Breakpoint
movel | | | Add Watch
movel | i
move] | £ Cut Ctri+X ol , mNomSpeed)
move] (3| 3] Copy criec 1)
waitEn

end Yy Paste Cirl+V




> |

N

-l begin

| move]j (jStart, tTool, mNomSpeed)
move] (appro(pl, traappl) , tTool, mNom
movel (pl, tTool , mNomSpeed)
movel (p2, tTool , mNomSpeed)
movel (p3, tTool , mNomSpeed)
movel (p4d, tTool , mNomSpeed)
movel (p5, tTool , mNomnSpead)
movel (pe, tTool , mNonSpead)
movel (p7, tTool, mNomSpeed)
movel (pg, tTool , mNomSpeed)
movel (P9, tTool, momSpeed)
movel (pl0, tTool , mlomSpeed)
movel (pl, tTool ,, mNomSpeed)
move] (appro(pl, trAfppl) , tTool , o
move] (j5tart, tTool, mNomSpeed)
waltEndMove ()

—end

Types:

Adding variable definitions:
e e ==

Staubli Types
6 si0

. t,‘FIEII'I'IE.'
ﬂ'ﬁépoimﬂs
éi_"tnol

I bool
I!i.::irrtF{s

% configRs
D joirt P
r. Screen

ﬁ% configFbe

|+ mdesc

@sio

B dig
34 num
Ab string

Container:

Properties

Name:

StrCallection

Access:
Size(s):

p2
[[7] Public

1

Enter the size of each dimensions, separated with a comma (3 or 2.3 or
232




Editing mdesc and trsf

* mdesc: mMNomSpeed

30 View FY DeneyGrupl-start* "5 Exl Data-mMomSpeed X

& Index accel vel decel tvel rvel blend leave reach

0 100 100 100 99999 499949 Joint 10 10

@ 3D View P DeneyGrupl-start®  [RENaRrS et VSO Py Exl-start




Applications: using pendant

10%

=App lication mnanager-
-Val3 applications
-Demo (07 June, 2010 11:54)

Libraries

’////// User Types

; § +Global data
Application name +Prograns

(save date) +Paraneters

Cmd. Exp. Clo. Rld. Open New Save

/ Open another

Export : application
Copy

Close

Reload
Help on menus
(after SRS transfer)



Applications: Teaching with pendant

TOOL SELECTION e

755
=—Jog Interface
{’"“f"_ 75% Tool:(test) flange
® D =—Jog Interface Frame:(test) werld
Tool:flange —Select Toal
Frame:world < ofr -Val2 applications
i tep: -
ram "f’.'_ P test .
o B Jd: e 32z o JE: @
J4: @ J5: 9 JE: 0 -
Tool {" ‘i —Paint Joint
L]
Point » e Hem Save Ese 0Ok
@ = Hew Par, Sel.
5%
. =Jog Interface
., Tool:{test) Flange
. R‘h Frame:{test) world

i _: \%\ —3Select Tool

p— =Val3 applications
@{) .f -tost
¥+

A ri =Flange
\ AGYEER ['c5ripper |

% Edit Ren. Del. Hew Ese 0Ok

1 I



Applications: Teaching with pendant

TOOL EDITION £

Edit Ren. Del. Hew Ese Dk

75U

=Joy Interface

Tool:{test) flange

Frane: —tBripper (nm, deg)—
: ﬁ Rox: 0

—Se | X3 —
=Ual¥: @ Ry: o
-t| 23 @ Rz: ]
Teach locations Dic name: valved
- N Dtime : O
t]mun and speed control Ceime 1 O
metrical adjustments .
s¢ Ok

» Geometrical Definition

 Associated digital output

* Delay to open / close in secs.



Applications: Teaching with pendant

TEACH JOINT

Joant,’
L
-

iz

/r annﬁ,ir
9 - Move to the desired

position
by using the manual
control

b

{ ﬁﬁf:;‘:;( ‘fi \ .i{.;;,
W 5,,5, (' 5 o
U Q’ Robot at

position

MAN AND MASRINF

75%

=Jog Interface
Tool:{test) tGripper
Frane: (test) world
Step:Off

Ji: 0 J2: © J3: ©
J4: 2} J5: 0 J6: 0

—Point Joint

0 pA

0 pB

Here Ins, Del, Save New Par, Sel,
& 1088 1

I—fApplication manager
~-Ual3 applications
~exercise3d (23 June 2884 15:23)
+Libraries
~Globhal data

Teaching jStart
Jiz 33.8? J2: -6.81 J3: -29.45
J4: 54 JS5: 42 J6: -18

+ndesc
bool
—num
nCounter=0
string

I} Esc Ok

]



Applications: Teaching with pendant

TEACH POINT T seeproee

J1: © J2: © J3: 0
Jo:m,' J4: 0 Js: o} JB: 0

'D MAC

—Point Joint

0 E @ jStart

Move to the desired

.. Here Ins, Del, Save New Par, Sel.
position '
by using the manual
control
75%

=Jog Interface
Tool:{test) tGripper
Frane: (test) world

—Teaching pB
Tool "(test) tBripper"

Location in frame "world"
Xy2z2: 50 50 950
—| RxRyRz: 0 0 0

Change Configuration: ([




Elements of the jog interface

JOG INTERFACE

Points of an application

Symbols in front of points name : VAL3 6.5+

0 : Point not taught, coordinates = 0

@, 5%
=Jog Interface . g -
B oot: (orercise) Coripper @ : Robot at position with current tool (approx 0.01 mm)

Frane:(exerotse) world Step:On/1 ~ : Robot close to position (approx. 1 mm)

JM: e J2: @ 33 0 I : Position not reachable with current tool

J4: @ J5: 0,08 J6: 0
—Point .]l:nnl:.
I pControl
~ pPick jSt.ar-t

0 pPlace
. Here Ins Del. an Hew Par,

\\ Select tool or frame
Insert point New

In an array point Parameters step mode

current
" Save current application (select by the tool)

delete point (check if not used) or array element



Re-teaching an existing point:

POINTS RE-TEACHING
» Possible to verify / re-teach points : POINT mode
‘ movement type = Mode : JOINT

. with/without APPRO : direction selection + distance

0.5%
=Jog Interface
Tool:{exercise) tGripper
Franel(exercise) world
Mode€ JOIND Rppro: OFF

J1: o] J2: 2] J3: 0 "
Ja: o J5: 0,096 O motion Control

—Point- Joint

i pControl | jSafe
* pPick @ jStart
0 pPlace

Here Ins. Del. Save New Par. Mode Sel.

it e
@® N

tool select



Re-teaching an existing point:

POINTS RE-TEACHING
« Possible to verify / re-teach points : POINT mode

. movement type = Mode : LINE

. with/without APPRO : direction selection + distance

0.5
=—Joyg Interface
Tool:(exercise) tGripper

Frames: cise) yorld
Hod prdZOFF

Jiz 1] J2Z 1] J3: o]
J4: 4] J5: 8,08 J&: 0]

motion Control

—Paint Jaint

T econerot ] ISafe
~ pPick @ j5tart
0 pPlace

JOINT=LINE=ALIGN
Here Ins, Del. Sawve Hew Par, Hode Sel. C

:: \ tool select

-




Re-teaching an existing point:

POINTS RE-TEACHING Point g
Verify / re-teach points : APPRO mode 2

79%

==Jog Interface Editable
Tool:{test) tGripper
Frame:{test) world values

—Jog paraneters (mm~deg)
Step node: On
Step value: 1 Shorteuts keys < >

Appro
on X: Rx: ©

on Y¥: 0O Ry: ©

anz Rz: ©

Step App. Esc Ok ~
I -100 \N< -m

motion Control

» Shortcuts : APPRO ON/OFF = F6 + F6



Re-teaching an existing point:

Po.r\!/ '.
RE TEACHING : ALIGN

Possible to verify / re-teach points : POINT mode
. move Type = Mode : ALIGN (related to current frame)

Align Z of the TOOL Z on the closest axis of Current frame.

75%
==Jog Interface
Tool:(test) tGripper
ESt), world
I'Io
X¥y2: 50 S50 950
RxRyRz: 0 0 0
—Point Joint

Hode Sel.

. C JOINT=LINE=2ALIGN _>
n motion Control




Running applications:

Running application

TN
)
g
e W
. V)
et
LR D
Y4 )
)
- |

_~ Enable
Movement

= 8.1+
—Aflpplication manager

—Ual3 applications
Mﬁp—mn application 23) |

-Ual3 applications
exercised

Open Esc Ok

/

/

OK : Validation




Running applications:
Slow running

Cell opened

- C.Joimm-/
‘ f
@ - €

/D} ! .m‘.r‘f/’.

Remove current selected
mode = press button

Motion when

' keep pressed
¥ 4
Speed ad,|.




