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Robotics Today

We live in an interesting world...
We want our workers to perform like robots:
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[llustration by Kallum Best

Yet...

We want our robots to be more human:
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Robotics Today

Intelligent
Independent
Sensible
Mindful
Eco Friendly
Powerful

Flexible
We want our robots to be more huma“ResponsibIe

While also ensuring manufacturing them is:

= Simple & Affordable
)
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Robotics Today

Motion

During this talk
we will cover: & Green Automation

& Safe Collaboration

g Implementation
Elmo
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Robotics in Motion

Motion Challenges in Robotics
Can be resolved with intelligent motion & smart servo control

Intelligent Motion Simple Implementation Green Automation Safe Collaboration

e |
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Intelligent Motion

Intelligent Motion

Motion Challenges in Robotics
Can be resolved with intelligent motion & smart servo control

D O HAHBE X

-
High Bandwidth High sensitively, Cogging Current & Velocity Advanced Kinematic
good resolution Compensation Gain Scheduling Support
"’Z
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Intelligent Motion

Intelligent Motion

*Best results with Any Servo Load *Wide bandwidth >4.5 KHz **fast & accurate Pl Vector Control *Safety Feedback, Advance commutation (>3KHz)
*Smart Phase advancing *High current dynamics 2000:1 *60us current loop *Current Loop Gain Scheduling *60us Velocity loop *Velocity Loop
Gain Scheduling *60us Position loop *Position Loop Gain Scheduling *Selectable 1:1:1 or 1:2:2 Servo control *60us Velocity loop *60us

Position loop *High order filters on different control loop segments *Low Pass filters *High Pass filters *Notch and Anti-Notch filters *Lead
lag filters *Filters on references

*Functional Safety (IEC 61800-5-2, SIL-3): STO, SOS, 5LS, 551, 552, SLT, SBC, SLA, SAR...*FIR *Glitch *LPF *High order general bi
quad filters *Scheduled filters *Unlimited Control Numerical values *Automatic calibration Procedures*Commutation
alignment*Phase sequencing *Current loop *offset adjustment *Current loop gain tuning *Current gain scheduling
*Velocity loop offset adjustment*Velocity gain tuning*Velocity gain scheduling *Position gain tuning * and much
servo capabilities *Any Feedback on the market support *Absolute serial * incrementalQuadrature
*Incremental Quadrature + Halls

*Digital Halls only *Analog Halls (single turn sin- cos) *Serial Single and Multi Turn *Resolver with
wide frequencies support *Analog Sin-Cos Encoder *8192 Internal multiplier *reaching

500,000,000 counts/ revolution *SAFE 1/0 *Encoder Emulation outputs®*PWM (Pulse Width
Modulation)

mulation *Current and velocity PWMEmulation *Wide
reference

, CW/CCW reference, 50/100% P

13849) *Advance RealTime Pro|
dancy *Elmo proprietary progra
rror correction *Output Compar
er *Modulo *Dynamic “electronid
op*MIMO Gantry*Planar Motor *
er* Fast Event Capture Inputs

rence *PL-e, CAT=
nvironment *Full R
nguage *ECAM

Go a°|¥ "l'f ar | Highest
Intejig@asa{Density Drive

*Wide Homing methods *two advanced
independent motion profilers *2
Analog inputs supports current,
velocity, position loop* “By
the Book” standardized
IEC61158 EtherCAT
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Intelligent Motion

Intelligent Motion

Advanced Tuning Tools

Enable robot manufacturers to achieve optimum performance
at any position, with any load
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Gain Scheduling

Scheduling By Speed
IMin Speed [counts/sec] 100

Max Speed [counts/sec] 6200
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Intelligent Motion

Intelligent Motion

Automatic Multi Dimensional Tuning

Intelligently performs automatic 3D tuning and gain scheduling, to achieve
optimal control algorithms for multi axis robots, with a click of a button
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Robotics in Motion

Intelligent motion is about extending the barriers of

a the mechanics, taking robots beyond their limits.
"'2
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Instant Robotics

Everyone’s Game | Robotics no longer just for big name companies
Small to medium size companies are creating innovative Robotics in all sectors

&> MARKET MAP OF 80+ ROBOTICS STARTUPS

INDUSTRIAL

Minimal Time-to-Market with
absolute Implementatlon SlmpI|C|ty IS crucial
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Instant Robotics

Simple Implementation

Dedicated Robotic Motion Tools
Contribute to design, simulation, and commissioning Simplicity

Manufactures today decrease their time-to-market with:

advanced motion simulation tools

Let’s examine some of these tools

The flexibility to program in any stands language, not needing to handling with code conversions
Automatic network identifications tools
Intuitive visualization creation tools

e |
Elmo
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Instant Robotics

Simple Implementation

i e =)
Software in the Loop (SIL) —
. . [Demoo2 x [exractiits [ mdisMotin |
A huge milestone for robotic manufacturers. :

Genvacity_1 DalaRecDouble &

Why does it matter? . =
(for example) customers can program their own unigue kinematics, not needing drive

manufacturer to pre-embed into the firmware, which may be raveling to their IP

Automatic code conversions | huge time saving | keep your motion IP

FixedStepDiscrete

MATLAB ) E—)
Elmo ‘ @
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Instant Robotics

Simple Implementation

Built in Kinematics
For those with “standard” robot kinematics, the road to
implementation is even shorter.

r r
Delta o SCARA O Cartesian X-Y-Zo Hexapod o

!

G

| S b =)

Built-in to firmware| standard feature | no time wasted on complex equations
Allows manufacturers to focus on their application

e |
Elmo
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Instant Robotics

Simple Implementation

Simplifying Motion

The Motion Interface that does it all

Simple multi axis motion implementations

Advanced tools for machine building, testing and
performance enhancements

Visual 2D/3D tools for simulations and recording of
profiles

Tools to increase machine accuracy and throughput

Saves time in setting up a system, and simulating, and
commissioning a robot/machine

Robotics in Motion |

15



Instant Robotics

Simple Implementation

Enhanced Visualization Tools

Allow manufactures to create fully functioning remote/target HMI
screens simply and intuitively

@y¥isuDemoV¥3.project™ - CODESYS
File Edit ¥iew Project Visualzation Bulld Online Debug Tools Window Help

Operators want to monitor robot and component ETT W IECWEY FIECTT VRS 1L CRSHEEEEE
BN E | SRS S & o BT Ch G T G
operation in a simple and graphic way BT [ 1 strese [ ooe) &) ransreen | S

9 golafol @  Visualization Demo V3:  Robot txolt

Level of unit 2 is over 40 | 18.11.2012 14:53:48

=2 visualizationSereen
+ 1) Alarms
*-[2) Features

Development of high level HMI Screens directly in the @ e

% () Templates

IEC 61131-3 IDE, with direct access to all application Do |

Languages

and motion variables .

q - ﬂ’J
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Target device (HMI) or Remote Visualization (web % oy

2 My TableSruct (STRUCT)
browser HTML5) B g
0,: SpiralData (STRUCT)
=2 FunctionPlot
>0 JFunction =
* % Cosinus (FB) L
. . . B FetAxisPosCorrection (FUN,
Operation is straightforward and easy to use B ko
*-15] FunctionBase (FB)
# (2] sinus (Fe)
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Instant Robotics

Simple Implementation

Profile Simulator

Comprehensive Motion Prediction T
Path Editor &

View Settings: & ﬁ /P- /:\ o, "uu!l'I D:I

GoldMas:192.165.1.139

Manufacturers can plan and simulate motion from a

SimPath1.psx X

. . - Motion Command Parameters —m Path Simulation Table
.NET library interface 4 Move Absolute <BE +ITE|"
zﬁ;:q”;:e :105 ERED MODE: # Ex W T M| StartPositi | Posii Veloc  Accelerati | Decelerati Jer
Direction MC_POSITIVE_DIRECTI~ | | & e 200 1€+ [IE-8 18 1E+ 15
. . . Position 100 2 & v v NIA 200 [1E+5 1E+8 1E+8 1E+
fl . | . f I I : 3 |= v [ |NIA 200 1E+5 1E+8 1E+8 1E+
Profile simulation for single/multi axis ooty s 23 =1 2 S B 2 O T
Deceleration 1E+8 ST~ o e iEss A s A e
Lort 110 ——— T — YT T P e
c . ail | a02 | Axis Collection
Understand in advance where robot mechanics will N | ——— © [ Velocty =01 202 ®
. . . . . reached based on the acceleration and deceleration rates) in % T2 ol A
its/sec.
experience jerks, oscillations, and other mechanical o Coart Sotings JAN A IR
. Add Axis v | B \ /7 \,/ ol
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Robotics in Motion

Simple Implementation of robotics is helping

a manufactures improve their time-to-market, while
increasing overall competitiveness
"'2
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Green Automation

Green Automation

Battery Operating Mobile Robotics

Efficiency of the Servo drive is mandatory and critical
to all types of battery-operated AGVs

Higher efficiency means longer AGV operation
between charges.

Better efficiency also means taking better care of the
battery and prolonging its lifetime

e |
Elmo
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Green Automation

Green Automation

Inefficiencies in Motion Control Systems

Power Supply Servo Drives

Inefficiency Inefficiency Inefficiency

e |
Elmo
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Green Automation

Green Automation

Inefficiencies in Motion Control Systems

___________________ D,

Power Supply

e |
Elmo

Motion Control

Servo Drives

A

\Inefficiency)

Many sources of inefficiencies in
power conversion process,

resulting in various non-green
environmental pollutions
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Green Automation

Green Automation

Trying to resolve these “pollutions” in traditional ways, will lead

to more wasted energy and further inefficiency

Motion Control Robotics in Motion | 22



Green Automation

Green Automation




Green Automation

Green Automation

Green Motion Control
With ultra Efficient Power Conversion

EImo servo drives are 99% efficient in power
conversion | Minimal heat generated| Minimal EMI |

P-Lion Eagle
Motion 650A/80A
Eagle
Controller 550A/100V 430A/80V
_a 360A/100V Eagle

100A/900V
Eagle

150A/900V

Hawk
100A/100V Hornet Bee
i S0A/100V 160A/80V  80A/BOV
140A/100V 70A/100V

g X FPpm
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| d E =S
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Green Automation

Green Automation

Fast and Soft Switching Technology (FASST)
99% efficient in power conversion | Minimal heat generated| Minimal EMI |

Turn Off

N : Turn Off<100ns
50A . —+——*‘ L —m————
RSN g by g AT Pt 4 gov o
! ‘

E / \ Neglnglble Parasmcinductancev

igible “Turn Off' Overshodt ..

/WMMW Fast & Soft Switching /;

i \, S
Y ¥ ¥ bpjpimiduphpiis

 TunOff .
*Heat Dissipation
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Green Automation

What Ultra Efficient Servo Drives look like!

B T

Double Gold Twitter Gold Twitter
160A/80V 80A/80V

Elmo 10,000W 5000W
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Green Automation

Green Automation

What Robots with Ultra Efficient Servo Drives look like!




Green Automation

Green Automation

High Efficiency Means High Currents in Small Packages
Ideal for high power robotic applications, with confined space, and battery operation

650A/80V

100A/900V
150A/100V



Robotics in Motion

Green Automation driven by efficient servo drives

a contributes to minimized robotic design, with high
power, low EMI, and energy savings
"'Z
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Safe Collaboration

Safe Collaboration

Traditional Machine/Robot Safety

A machine/robot that cannot injure humans

Safety guards
Safety cages and fences around industrial robot

Safe mechanical construction
No sharp edges, accessible hazards, etc.
No manual loading/unloading

The traditional way:

4 No access no risk
Elmo
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Safe Collaboration

Safe Collaboration

But production today is more complex, there
is a higher degree of human-machine
interaction. N\

Elmo
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Safe Collaboration

Safe Collaboration

Safety, more than ever is an integral part of today’s
smart factory, W|th Servo Drlves in |ts heart




Safe Collaboration

Safe Collaboration

‘Functional Safety’ shift the safety responsibility,

now relying on the servo drive for critical safety
functions

This shift creates a huge
advantage for manufacturing:

4 N

Less Hardware

Less Price

Less Time to Market

Elm§ ~ =
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Safe Collaboration

Safe Collaboration

Doing all of that,
with this.... And much more

T T AT ¥
=g e N

That, is SMART SAFETY.
/

Less Hardware

Less Price

Less Time to Market

a -
Elmo
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Safe Collaboration

Safe Collaboration

Fast & Simple Safety Implementation
The world's most advanced motion implementations software is now
where you can easily customize your robot’s Functional Safety.

© Drive Expert Tuner  Functon Settings

| & Aus Configuratons | 810
+Functional Safety
~ @ Molor and Feedback

908 SLs

* Motor Settings

® Feadback Settngs
- ®Usar Units
+/Display User Units

|
t
- Limits and Protections
 Current Lmits Syt
» Motion Limits and Moduo ey | :
V/Protections P m——
- Appicaton Seftings
# Sattiing Window
a s ‘l
FR e D s
- oty 1 £3 —_—
© Design iy
n - T

Elmao Application Studia

s_Zero_SOS - SOS Postion Zero Window ((:6564)
n_Zero_SOS - SOS Velocity Zero Wincow (InE66C)

|
SLS (Safely Limited Speed) Implementation

SOS (Safe Operating Stop) Implementation
Robotics in Motion | 40



Robotics in Motion

Safe Collaboration is about truly reliable safety

a orchestrated by servo drives, leading manufacturers
to save on hardware, cost, and development time
"'2
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The role of servo and motion technology within Robotics is
now more important than ever
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Motion Control
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