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Global Challenges Accelerating Robotic Adoption  Estics

Globalisation driving adoption of automation and robots
Negative media headlines on impact

Global pandemic accelerating adoption

Pivoting manufacturing lines to essential products

Worker Distancing in manufacturing, logistics, workplaces

Cleaning and Disinfection in Hospitals, Airports, etc.
Movement of items in labs, hospitals, warehouses

Picking and packing of goods in distribution centres
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Traditional Robot Architecture
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1 set per motor

HV AC motor +
LV Position feedback
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Large cabinet size
Large wiring count
Limited configurability

Sense and control routed
to/from robot controller



5//

ANALOG

Emerging Robot Architecture
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Reduction in robot controller size
Reduced wiring configuration
Adaptable axis count

Requires
= RT communications
= Size optimised drives located in the robot

DC Bus +
RT Communications

Robot Controller
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Robot Communications
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Market Leading Industrial Ethernet Solutions
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DETERMINISTIC

ROBUST

Verified robust for

For precise
the harshest conditions.

system control.

G Physical Layer Transceivers (Phy)
SCALABLE
e Embedded Ethernet Switch's 3 ADI Chronous = o potcountand
SCALABLE ETHERNET TIMED TO PERFECTION bandwidth.
e Platform Solutions with Protocol Stacks

FLEXIBLE

COMPLETE

System-level solutions For simple multiprotocol

customization.

for faster time to market.
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Consumer Gb PHY vs. Industrial Gb PHY

Ambient Temperature

: 0°C to 70°C -40°C to 105°C
Operation
Gb PHY Latency
(RGMII) 400ns 294ns
Gb PHY Power 500mW 330mW

Surge, EFT, ESD,
Radiated Immunity,
Conducted Immunity,
Radiated Emission,

EMC/ESD Robustness Not required

Package Size 48-Lead, 7mm x 7mm  40-Lead, 6mm x 6mm

Product Lifetime Short 20-25 years

©2020 Analog Devices, Inc. All rights reserved.

Conducted Emissions.

Robust Operation in Harsh
Industrial Applications

Reduced Network Cycle Time |

IP66/67 product without fans
or heat sinks.

Reduced product development
and certification time and cost.
Robust product

Smaller form factor products

Long Product Availability
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Why does PHY Latency Matter — Network Cycle Time SIS
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Low PHY Latency / Network Cycle Time

= The network cycle time is the communication time required by the controller to both collect and update the
data of all devices.

= Lower network cycle time allows for higher application performance in time critical communications.

= Alow latency Ethernet PHY helps achieve a minimum network cycle time and allow more devices to be
connected to the network.
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ADI Chronous Motion System Impact
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= Increasing axes per drive
Processor = Shorter Cycle times

Fido 5000 manages congestion via
traffic prioritisation, and time sensitive

ADIN1200/1300 industry leading
latency minimises traffic frame delay

Traffic Traffic

Motion Algorithm
TX New Reference to al%xes

o R

Delay

v Motion Control Cycle l l

Potential Congestion
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Why does PHY Power Matter — Industrial Environment ARG
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Industrial Ethernet Network topologies are typically LINE and RING

LT LT
Device 1 Device 2 Device 3 Device 1 Device 2 Device 3

Reduced thermal conduction capability of sealed IP66/67 enclosures

Ethernet PHY power dissipation becomes more critical in these use cases, as there are two PHYs per
connected device.

A Gb PHY with low power consumption allows more of the available power budget for the
FPGA/Processor and Ethernet Switch in the device.

105C ambient temperature operation is often a requirement.
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ADIN1200 / ADIN1300 Robust, Industrial, Low Latency, Low DEVICES
Power Ethernet PHY

ADIN1300 10/100/1000 Gigabit PHY Temp Range
Robust Temperature Range: -40 to 105C q
Robust EMI / EMC / ESD performance é‘tPPIIL\IYl?.’OO 40 Lead LFCSF -40C 10 105C
with RGMII

= Small Footprint: 6x6mm 40-LFCSP 40 Lead LFCSP -40C to 85C
" Low Power: 330mW ADIN1200 32 Lead LFCSP  -40C to 105C
= Low Latency: 290ns Tx & Rx (RGMII) 100M PHY

32 Lead LFCSP -40C to 85C

ADIN1200 10/100 Fast Ethernet PHY

* Robust Temperature Range: -40 to 105C DEVICES L8RS
Robust EMI / EMC / ESD performance ADIN1300 | "" ADIN1200 ="
Small Footprint: 5x5mm 32-LFCSP
Low Power : 139mW

Low Latency : 300ns Tx & Rx (M)
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Seamless, Edge-to-Cloud Connectivity Solutions DEVICES

Connected Motion
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Today: Real-Time Industrial Ethernet Protocols
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Encoders in the Robot Architecture

Motors drive robot arms via precision
speed reduction gearboxes

. " G
‘é@]@mg o t'
Safety brake holds robot arms in @‘:z\ /‘

position when power is removed

Joint angle measured via precision

motor mounted shaft angle sensor i

and often additional arm mounted ,

sensor /
V4
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Encoder Performance
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Resolution: The number of different positions (n) an encoder can distinguish per revolution.

Absolute accuracy: The difference between the actual position and the reported position through 1
rotation (Like INL)

Differential accuracy: The difference between the reported distance between two neighbored
positions and the ideal distance between positions (Like DNL)

Repeatability: How consistently the encoder returns to the same commanded position

What is the most important?

Resolution is high in the decision process to select an
encoder but it can be just a number.

Trend is higher resolution, higher accuracy but don’t assume
Speed control applications dependent on differential

accuracy
.. ~a/
Absolute accuracy for positional control

Repeatability for repetitive tasks such as in robotics

With high repeatability, systems can be calibrated for
high absolute accuracy

I
——

-2 -
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What Drives Accuracy and Repeatabllity?

Encoder requirements driven by robot repeatability spec
Encoders on motor and joint

Joints driven by motor using a gearbox
= Typical gearbox ratios, G = 80 to 140

= 9 = tan~! (Re'peatablllty)
Reach

. 0] =0 / n

" 0 =6, XG

= Typical gearbox accuracy is 0.017°, prohibits motor encoder
to achieve robot repeatability spec

Assumed Gear Ratio 100
Repeatability Spec +0.05mm +0.01mm
Reach 1.30m 1.10m
0 0.0022° 0.0005°
Encoder
Repeatability 0;/10 * 0.00022° (~20-bit) 0.00005° (~22-bit)
Spec
Om 0.02° (~14-bit) 0.005° (~16-bit)

* individual encoder must be higher accuracy to achieve overall system accuracy as multiple joints

16
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Optical and Magnetic Encoder Solutions
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Robotics Force Sensing A
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Body Region Specific area Maximum Permissible Force
Quasi-static Transient
contact contact

130 260

Legally collaborative robots require power and

Middle of forehead

force ||m|t|ng (PFL) Skull and forehead e— 130 260
= Force limits outline in ISO/TS 15066 Face Masticatory muscle 65 130
= Limits dependent on Back and shoulders S.houlder jomnt 210 420

Fifth lumber vertebra 210 420

= Contact type, Quasi-static or Transient
= Region on body

At the application level, force sensing increases B\
efficiency, improves quality & control

= Improve process quality |.I
Reduce cycle time

Improves precision |
Increase life of process tools i
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6 Axis Force Torque Sensor AR
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*+)

Strain gauge force and torgue sensor

= 3 stress beams Y
= 4 strain gauges per beam ®
= Typically 4mV/V to 80mV/V sensors

= 6X simultaneous sampling half bridge channels —— sy

Low kHz sampling
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Technologies Fueling Robotics Revolution
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Functional Safety

Grippers and End Effectors Position Sensing

Wired Connectivity

Condition-based Monitoring

Drive/Inverter Control

Sensing for Environmental
Awareness

Wireless Connectivity

Power and Battery Management
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Further Information

Analog.com/robotics
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COMPANY MYANALOG PRODUCTS APPLICATIONS DESIGN CENTER EDUCATION SUPPORT MY HISTORY

#® Applications > Markets > Industrial Automation Technology > Industrial Robotics (@) Print @ myu’\nalﬂg

Industrial Robotics

ndustri Leading the Revolution in Industrial Robotics

Automation

Worldwide consumer and economic trends are applying pressure for high mix, low volume, on-demand manufacturing
Field Instruments requiring enhanced flexibility, productivity, and efficiency. Today’s infelligent robots and cobots are increasingly becoming
more collaborative and productive, smarter, and better positioned to take on these complex tasks. However, the full
promise of Industry 4.0 to transform manufacturing with industrial robotics will not be realized until new cost-effective
advancements in industrial rebot sensing, safety, communications, pewer, and size efficiency are adopted on the factory
floor.

Temperature
Controllers

Analog Devices (ADI) is leading the revolution in industrial rebetics, in areas including motion control, functional
safety, advanced sensing, and system-level design. ADI's sensing, measurement, interpretation, connectivity, and

Motion Control

Analog.com/chronous

2 ADI Chronous

SCALABLE ETHERNET TIMED TO PERFECTION
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Forbes Forbes.com

Robots As Job Creators?
Upskilling, Cobots And AI May
Prove Job Loss Doomsayers
Wrong

Jim Vinoski Contributor @
Manufacturing
I'write about all facets of manufacturing.

Analog.com/analogdialog

B> AnalogDialogue

| ssour  |sovears | archives | stubentzone | racs | res

MAY 2020 VOL 54 (® my\nalog

Timing Challenges in Multiaxis
Robotics and Machine Tool
Applications

by Dara O’Sullivan



Thank You!

an

Strategic Marketing Manager
Connected Motion and
Robotics
Nicola.obyrne@analog.com
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