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Articulating robots

have solid linkages
connected by flexible
joints that deliver multi-
axis motion. They’re
becoming increasingly
practical.

By Elisabeth Eitel
rticulate has two meanings —
formulated with clgrity and ef-

ectiveness — or@design with
segments and sockets. Articulating
robots are both =ointed arms used
to precisely express motion tasks by
moving préducts, assembling parts,
and operating-tools.

These robots are most often
moyed 3n“Cartesian arrangements,
becanse' engineers are comfortable
thinking of space in terms of X Y,
and Z coordinates. However, Carte-
sian axes are often carried perpen-
dicularly, which draws more power.
They also maintain less stiffness
than parallel robots. Finally, most ar-
ticulating robots have reduced pay-
load when arms are fully extended,
and can only reach a limited area.

Adept Technology Inc., Pleasan-
ton, Calif. makes intelligent parallel
robots loaded with vision and pack-
aging-management software. Here,
parallel has the same connotation
that it does in circuits: The arms are
not physically parallel, but all link to
a common base and then come to-
gether at another point.

Adept’s parallel robots are the
only units with a four-arm rota-
tional platform. In this design, four
hung arms are free to swing with
the platform and extend in length.

Articulating motion

These motions (usually concurrent)
demand highly coordinated control,
but push speed and acceleration lim-
its: Certain models can sweep along
and then back through a U-shaped
path of 40+700+40 mm in less than
half a second — moving a 6-kg pay-
load as fast as 10 m/sec. (Just for
comparison, one VS-Series articu-
lating unit from DENSO Robotics,
Long Beach, Calif., reaches to 850
mm, with full-circle 25+300+25-mm
cycle times from 0.49 sec and re-
peatability from +0.020 mm.)

“In industry, parallel kinematics is
a general term for multi-axis motion
in which each actuator affects each
axis —in all degrees of freedom,” ex-
plains Stefan Vorndran of PI (Physik
Instrumente) L.P., Auburn, Mass. In
contrast, serial kinematics is more
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& An M-840 Pl hexapod from PI
(Physik Instrumente) is used in an
ultra-precise 6D-measuring system
for optical surfaces.



traditional and simple, in which
axes are independent. “The market
share of parallel robots, such as our
hexapod, is still small, but steadily
growing,” continues Vorndran. An-
other common parallel-kinematic
arrangement is tripods. Camera tri-
pods are one example: Adjusting one

Modern  semicon-
ductor wafers can
hold thousands
of electronic
chips. Measur-
ing about 300
mm in diameter,
these brittle and
fragile wafers are
moved rapidly
around fabrica-
tion facilities with
wafer-handling
robots. These ro-
bots are set up the
way most other ro-
bots are trained —
manually, through
a teach-and-play-
back cycle. Here, a
robot is moved into
a pickup position that
is literally eyeballed by a technician;
when the position looks acceptable
and passes tests, it's saved. The same
process is used to set wafer dropoff
and other positions; then the.fobot’s
controller, motors, and 'encoders move
it to those points during opetation.
The problem with this’ manual ap-
proach is that often, a single wafer
might be worth thousands of dollars —
so any broken wafers are costly ... and
hand-teaching robots is an inexact ap-
proach that leaves wafers vulnerable
to mishandling. For starters, humans
can only discern distances down to
half a millimeter or so. Does this mean
that wafers are moved slowly during
manufacture, to protect them from im-
perfectly programmed handling? Just
the opposite. In fact, here’s where the

leg affects tip, tilt, and height.
Hexapods were first used in com-
mercial flight simulators, because of
their ability to move in all six de-
grees of freedom very precisely and
quickly, while also controlling the
center of rotation — the pivot point
— to any position inside and outside

application gets
really  interesting:
Semiconductor
tools  themselves
are expensive — $5 million or more.
For this reason, manufacturers run
them as quickly as possible, to get the
most from these tools.

“Moog saw that traditional setup
techniques were lacking for wafer han-
dling,” says Paul Sagues, staff design
engineer with Moog Industrial ‘Group,
East Aurora, N.Y. “For this-réason, we
developed a system to allow robots to
calibrate themselves®Moog had ex-
perience in designing controls for the
industry’s chemigeal-mechanical pla-
narization or(CMP tools: One earlier
Moog design controls CMP polishers
with 20.coordinated servo axes to pick
up wafers, polish them
to within. _ayfew atoms
of dlatnéss, and then
féplace-them.

Select Robot Arm
1-MTRS-A

Spatial Vision software for robots
automatically identifies dynamic points
in space and calculates distances with

inexpensive web cams.

ler constantly measures motor torque.
When the robot touches an object, the
torque change must be discerned from
normal friction-induced fluctuations.
Moog first built a demonstration
prototype and presented it to OEMs.
Initially, there was some resistance
to adopt the system. “Semiconduc-
tor engineers are by necessity more
conservative and hesitant to change,
partly because semiconductor pro-
cesses are so exacting, and prone
to errors if methods are changed,
explains Sunil Murthy of Moog. Be-
cause engineers were accustomed to
eyeballing robotic motion setups with
reasonable success, there were also
doubts as to the value of automating
setup. “However, our robot calibration
system can set points to within 50 pm

& b

Calibration Calibration|

Accept
Tentative

w Aligner

35 All
Restore

“For the new chal-

_#um 1 Calibration: Nt Approved
¥ Cartesian Y Z Orientation
{rem) () (mm) (deg)
521.441 2150 20323

10.200
13.240
10200

7110

Tentative Station Position
Tentative Above Water Pos
Calibrated Station Position
Tentative Below Water Pos

§23.757 1.752 20.323

_Cument Cycle: 3ofd

Track
{mm)
NiA

A

lenge, we developed a S R
method and apparatus =
called Autocalibration
Technology, to load

Select Slot

on our higher-end mo-
tion controllers (spe-
cifically, their BX-300)
and a matrix of sen-
sors and touch sens-
ing,” explains Sagues.
Autocalibration  Tech-
nology leverages la-
ser sensors and mappers, commonly
found on semiconductor robots and in
tools. When the robot or wafer moves
past a sensor, the controller immedi-
ately captures encoder position data
as a calibration point. Better control
is required because the software also
uses touch sensing; the robot control-
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in a few minutes — a great increase
in accuracy over the hours-long old
approach,” adds Sagues. “Setup ac-
curacy is most important in vacuum
environments, where eyeballing robot
positions is done at atmospheric pres-
sure, and prone to change when the
tool is pumped down to vacuum.”

& Moog's calibration software is loaded onto their BX-300 eight-axis 64-bit RISC-processor
controller that includes six amplifiers, power supply, 46 fast 1/0 points, emergency circuits,
computer, and Ethernet interface. The controller extracts geometrically defined motion, so it can
connect to any kind of robot. Double-precision floating point ensures precise wafer handling.

Lithography, deposition, and etching require robots to
get wafers in and out of vacuum and isolated-treatment
environments. With the help of controllers and sensors,
Autocalibration Technology software can setup these
robots automatically.




the hexapod structure. “The versa-
tility and ability to produce motion
similar to that of the human hand is
also spreading hexapod use in the
medical field,” notes Vorndran.

Sensors for smarts

No matter the mechanical linkag-
es used, the latest frontier in robot-
ics is upfront programming — often
with teaching by sensors. One such
system gaining momentum is based
on 3D vision. Not just for block-
buster movies, 3D mapping cad
speed installation of robotic work-

T

C Adept's Quattro s650H parallel
robot is the only in the world with
a four-arm rotational platform.

For more information and some
background on various designs,
check out the presentation Using
Modern Robot Systems with Vision
by Adept's Olaf Trimpop-Dietz.

spaces and increase accuracy. How-
ever, some of these systems average
$50,000 per setup, which can be
prohibitively expensive, and require
calibration.

One new 3D software package
allows engineers to use lower-cost
cameras — for example, those sold
for webcams — to make robotics au-
tomatically tailor movements to an
application: Spatial Vision 3D visién
software developed by Uniwersal
Robotics from a machinexlearning
program called NeocorteX, devel-
oped at NASA and Vanderbilt Uni-
versity. “Spatial Vision software will
allow us to set aynew price-perfor-
mance point -says Roger Christian
of Motoma® Ing, Dayton, Ohio.

Until_nowyenly open-loop gain
scheduling ‘was reliable enough for
robotic ~ebntrol; earlier adaptive-
conttdl types earned a bad reputa-
tion for inconsistent motion. Spatial
Vision software captures data four

to five times a second, giving robots
the realtime input necessary to react
to physical environments.

The sensor-software design has
up to millimeter accuracy — suitable
for discrete conveyor-based packag-
ing and handing. How does it work?
“Point two cameras at one work-
space, and the software aligns their
images,” explains Hob Wubbena of
Universal Robotics. “First, two pho-
tos are taken of the active work area.
Then, the software reconciles them
for a 3D workspace representation.”
From there, objects can be recog-
nized using common algorithms, or
in the case of the robot, a red diode
is placed on the robot arm to identify
a specific XYZ location for tracking.

Integration approaches

ACS Motion Control, Eden Prai-
rie, Minn., makes fully integrated
machine controls. “Integrated meth-
odology enables true-gantry servo
algorithms, with decoupling of cen-
ter of gravity and yaw — plus Car-
tesian cross-axis compensation and
adaptive multi-axis control,” says Ja-
son Goerges, engineer at ACS.

In comparison, typical network-
based control requires costly intel-
ligence at the controller for motion
programs, profile generation, and

Some DENSO arms include National
Instruments software and hardware to
make setup easier.




For fun and experimentation

Robotics lend themselves to inspiring creativity through
experimentation and prototyping. “For that, we have
intelligently designed robot kits and components,
plus solutions to common problems — and tons
of information on doing hobby robotics,” says Jim
Frye, owner of Lynxmotion Inc., Pekin, lll. One
Lynxmotion product is a $300 robot called the
Bipedal Robotic Articulating Transport; the set
is compatible with the company’s Servo Erector
Set. Connect at lynxmotion.com.

user interfacing ... and at each drive
node for servo loops, commutation,
and additional HMIs. “Plus, network
drive nodes don’t usually have real-
time access to servo information of
one another, so they limit multi-axis
performance,” adds Goerges.

The dedicated ACSPL+ mo-
tion language that runs on the ACS
MC4U controller (which also sup-
ports five IEC-61131-3 languages
on a virtual PLC) has a simple pro-
gramming environment, even for
vector moves, camming, and hexa-
pod, delta, and SCARA robotics.

Network-based solutions with
only a PLC or PLC-like software
environment have limited capa-
bilities for programming multi-axis
motion: “Many motion paths are
very difficult or nearly impossible to
implement using IEC61131-3 func-
tion blocks,” says Cameron Sheiks
holeslami, control engineer at ACS:

Standardization goes global

"To make use of robotics easier for
engineers, some manufacturers are
building to universal standards. The
latest from DENSO Robotics, both
maker and user of small assembly
robots, is a VS-Series six-axis articu-
lated robot. (Maximum moment of
inertia at the last joint is 0.045 kg-m’
— twice as good as other robots, @
allow for flexible end effectorsyThe
arms are also ANSI and €E’com-
pliant for global deploymtént, and
some are UL listed forthe U.S. and
Canada. "Global packaging manu-
facturers are increasingly competi-
tive, which hag'spawned new metric
adherence-in production and pack-
aging enviromments,” confirms John
Dulchinos, president and CEO of
fellow xpbot manufacturer Adept
Jechnslogy Inc.

I another effort to make robot-
ics programming more standard-

ized, DENSO Robotics is

collaborating with National
Instruments Corp., Austin, and

integrating NI software and
hardware into its arms. The new

ImaginglLab  Robotics ~ Library

is from NI Alliance Partner Im-
aginglLab, located in Lodi, Italy. It
communicates directly with DEN-
SO controllers to command and
control their robotic arms through
LabVIEW software.

Says Dylan Jones, principal scien-
tist at Genzyme Corp., Cambridge,
Mass.: “We used LabVIEW to in-
tegrate a VS-6577 robot with spec-
tral analyzers into an automated
analytical test station without hav-
ing to learn a robotics programming
language.” The ImagingLab library
is an off-the-shelf program, and
Genzyme estimates that it will boost
analytical throughput from (now

&.One option for fast robotic design is to combine LabVIEW Robotics 2009 with
off-the-shelf sensors and an NI CompactRIO or embedded Single-Board RIO.

Barbara, helps designers
minimize
consumption,
Leveraging MATLAB/Simulink
from The Mathworks,
mechatronic software allows
engineers to embed calculations
in firmware, define coordinate
transformations  to
accuracy based on registration
mark or vision input, and create |
motion and
reduced latency and improved safety. Also included: sample models for
inverse kinematics, gantry systems, and robot configurations.

MechaWare
4.0 software S
from Kollmorgen, Santa

weight, power
and vibration.

the
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speedier) test-station arms tenfold.

National Instruments sells other
robotics control tools: New Lab-
VIEW Robotics 2009 software is
one example. It can import C/C++,
.m files, and VHDL, and commu-
nicate with most sensors and actua-
tors through built-in drivers — so
engineers can focus on their own
intelligence. The $2,000 software
also includes algorithms for motion
functions: Engineers typically load
the programming (plus that from
processing, third-party, and prebuilt
robot platforms) onto embedded
and FPGA hardware.

The software's strength is its uni-
fying environment: “When building
a new robot, one must typically start
from scratch. With no software stan-
dard, there is little opportunity for
code reuse or sharing,” explains Dr.
Dave Barrett, professor at Olin Col-
lege and former V.P. of engineering
atiRobot Corp., Bedford, Mass. “We
need supported industrial software
to build autonomous mobile robots
that can sense, think, and act. I have
spent 15 years trying to come up
with the best robotics programming
language ... LabVIEW accomplishes
that.” Built-in modules provide ob-
stacle avoidance, inverse kinematics;
and search algorithms to help robots
plan optimal paths.

Signal + power transmission
Indeed, it’s easy,enought'to feed
power (electrical and. m€échanical)
through moving machines with
fixed parts. But full 360° rotation
is often used in robot bases — as in
work-cell robots and end-effector
grip mechanisms — and in 360°

cameras for remote robot operation
in hazardous environments. How is
power (and data) supplied through
these dynamic robot linkages? The
answer is slip rings, installed to con-
nect rotating machine segments to
ones that remain stationary.

“Not all robotics use slip rings,”
explains Steve Black, a business de-
velopment manager for Commer-
cial Slip Rings, Moog Components
Group, Blacksburg, Va. “Its true that
many robot applications work in a
limited area, and don't need full ro-
tation; here, robots are programmed
to limit joint rotation. However,
many applications — industrial, ma-
rine, and defense — are faster and
more effective if robots can fully
rotate without restriction. Here, slip
rings provide smoothest operafion
— for more than 100 millien*main-
tenance-free revolutions,”

The other option is’cable wraps.
These can twist ahd tangle, and
require continyah>maintenance. In
addition, cablesCan introduce inter-
ference inté-datay compromising its
integrity. . That;said, there are cases
in whi¢h cables must be used instead
ofsstip rings. The latters higher cost
i§ one'consideration. “Often the in-
crease in performance with slip rings
6ffsets additional cost,” says Black.

For more information

Moog Components Group
(540) 552-3011
wWww.moog.com/about/
components-group

Adept Technology Inc.
(800) 292-3378
www.adept.com

National Instruments
(800) 531-5066
WWW.hi.com

Kollmorgen
(540) 633-3545
www.kollmorgen.com

ACS Motion Control

(763) 559-7669
www.acsmotioncontrol.com
Visit for a free motion simulator.
iRobot Corp.

(877) 855-8593
www.irobot.com

ACS Motion Control MC4U can directly
drive up to eight coordinated axes and
64 network nodes. Integrated amplifiers
drive (in open or closed-loop servo with
sinusoidal commutation) any stepper,
dc, or ac induction motor from 100 W to
5 kW with a standard encoder.

The Moog Components Group
makes slip rings in many configu-
rations. For example, the AC7036
combines two in one unit for multi-
circuit combinations. An outer cap-
sule slip ring has up to 24 power
circuits rated at 15 A, and an inner
slip ring has 2, 5, 10 A, or coax signal
circuits. The AC7036 slip ring is 2.9
to 6.5 in. long with a 3.1 in. diam-
eter, and runs to 150 rpm.

Moog Industrial Group
(716) 652-2000
WWW.moog.com/
precisionpositioning

Pl (Physik Instrumente) L.P.
(508) 832-3456
WWW.pi-usa.us

DENSO Robotics
(888) 476-2689
www.densorobotics.com
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