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ADRC In U.S.; I\/Illestones

»1997: Prof. Han visited CSU; made the 15! success@
ADRC hardware test on a servo mechanism*

»2001: ADRC papers presented at CDC
»2003: linear, paramerized ADRC, patent app.
»2008: $1M venture capital, grew by $5M in 2012.

»2010: 1stfactory implementation, 10 Parker extrusion lines
(cpk: from 2.3 to >8; avg. energy saving 57% ).

»2011:. Texas Instrument adopts ADRC,; 3 patents granted.

»2013: Texas Instrument New Motion Control Chips
6
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Achieve improved motion and

efficiency for advanced motor control
designs in minutes with TI's new |

InstaSPIN(TM)-MOTION technology |

Optimize motor performance across speeds and simplify commissioning,

HOUSTON, April 18, 2013 /PRNewswire/ -- At long last, system designers have been
liberated from limited operating ranges and time-consuming tuning processes with the
. new InstaSPIN(TM)-MOTION motor control solution from Texas Instruments
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Powered by SpinTAC™ from
LineStream Technologies




| SpinTAC™ |

SpinTAC constitutes a comprehensive motion control software suite that delivers
optimized performance across speeds and loads. Key benefits of SpinTAC include:

- Simplified Tuning
Tune your system for the entire operating range with a single, easy-to-evaluate
parameter.

Intuitive Trajectory Planning
Easily design and execute complex motion sequences.

t ]

Mechanically Sound Movement
| Optimize your transitions between speeds based on your system's mechanical
limitations.

Ideal Control
- Benefit from the most accurate speed and position control on the market, based |
E on LineStream’s patented Active Disturbance Rejection Control. ’
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J.V. Poncelet (%

_| French Mathematu:lah
projective geometry

_I Napoleon Soldier
1813-14, prisoner in Moscow

_IEngineer

S “Introduction to Industrial
S Mechanics”, 1829

_I Analyzed steam engine

_llsochronous Governor:
a BIG idea: measure dist.




- Grigoriy Shipanov (1903-1

LI Soviet Engineer, Professor PO &' &
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LI Problem of automatic control: making output

“invariant” in the presence of disturbance.

1938, dissertation, not understood by the
university committee members: 6 voted
“No,” 4 voted “Yes,” 20 didn’t vote.

The same committee awarded Shipanov the
title of Professor

1938, hired by Kulebyakin, head of the
Institute of Automatics and Telemechanics,
finished his research there

1939, a short publication of his completed
research provoked heated debate on the
ideological basis

1941, publicly accused of creating a
“fantastic” controller by mathematical
speculations instead of meeting demands of
a growing Soviet economy
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Moscow - Beijing

S
1979, Han, Lecture series on Imear‘s.?st;e theory:
Oversaw China’s first massive CAD project'in 1980s

1989, Han, “Control theory: Model or Control?”

1995-1998, Han, Extended State Observer and the
conception of ADRC

1995, Z. Gao, met with Han, first heard of ADRC; David
(Xuejun) Wang, introduce Han'’s research to Gao’s
group at Cleveland State University

1997, Han visited CSU, conducted first successful
ADRC motion control hardware test

2001, Gao, Huang, Han, 1st ADRC paper, CDC
2003, Han visited CSU again; ADRC was greatiy

simplified by Gao via bandwidth parameterization,
making it a viable technology; patent application

2008, Han passed away

FERZEY IE52 /S HaE

Academy of |v|aihematacs & System Sciences,CAS 2008, A venture capital firm invest $1M into the CSU
- spinoff to commercialize ADRC technology
2009, Han’s last paper: IEEE TIE.

2011, Licensing Agreement with Texas Instruments

2012, 2" round venture funding, USVP
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= : X, = X; +U,
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X\ =Y, X =Y,X = f(y,y,w,t) 2
Y=X
Extended State Observer (ESO)
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Obseryver
Laaln

Integratar | Integrator
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e

% = Ax+ B
i = Cx+Du

Disturbance

f, fhat

otate-Space

ADRC wiard arder ESO

Use MATLAE conzale
to set the following
variables:

all, al, bwhere:
v+ aly + aly = hy
Wil = hifsA2+al s+l

wao: abzerver bancdwidth

we: cantraller bandwidth

pl]

Target

Y vhat, target
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Motion Control Test: Accuracy -

X o co =
TR O 1

2\a &
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Impact: Significantly improve quality control,
reducing defective parts per million (DPPM)

(=

5 1
i, l
c |
S o
= -20- LA
%) ) | | HJ
g i |/
'40 — \I Jﬁ: ‘J‘J *****************************************************
oo Hf
60 Y
_8OL | | ; | | | , 1 1 1 | | | |
0 0.5 1 1.5 2 2.5 3 3.0 0.5 1 1.5 2 2.5 3 3.
time (s) time (s)

81%0 Reduction in Position Error




Motion Control Test: Energy Sfylngs
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Implemented in PLC across ten extrusion lines, with
an average of 57% energy savings




~ Extrusion

Feedthroat

Feedpipe
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Breaker
plate
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Disturbances Die uncertainly
J Melttemperature |,
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Temperature
Set-point

ADRC actively rejects disturbance, delivering smooth system control




Power (kW)
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Power Reduction by 58%
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-------------------------------------------

o 58% Reduction in
Power Consumption

PID Average: 20.7 kW ADR Average: 8.6 kW

0 5 1IZI 15 20 25
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The Implementation was simple. | sent them
existing PLC program over email, and a week later
they showed up and Installed the new program
during shift changeover. The results were immediate
— heat zones achieved equilibrium with little to no
temperature fluctuation, and the power meter
readouts “look like they fell off a cliff.”

Scott Burrowbridge
Control Engineer
Parker Hannifin

http://www.polymerohio.org




NSCL at MSU

3 MeV/u re-accelerator (ReA3)
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400 kW, 200 MeV/u SRF
linear accelerator (LINAC)




ReA3 Status at NSCL [1]
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_| Cryomodule 1 and 2 installed, 7 SRF cavities in\ﬁf?)t
Cryomodule 3 (8 SRF cavities) to be installed,;




Source

Transfer Medium

Wacuum pumps

—

Beam tubes

—»

Machinery
(external vibration sources)

Traffic

Ground motion
Ocean waves

—:H Ground, supports

Dnmpre 550rs
Pumps

Helium transfer line,
Heat exchanger

Helium gas
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ADRC Results on ReA3
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Holistic view was lost
- LIAdaptive Control didn’t scale in industry |
PID Tuning

"We should not forget the foundation
because then the tower will tumble”

Accomplishments and Prospects of Control

Karl Johan Astrém

There are many success stories and major achievements in control, something remarkable I
for a field as young as 50 years. In this talk we will sample these accomplishments and L
speculate about the future prospects of control. While there are examples of feedback from

ancient times, extensive use of feedback paralleled industrialization: steam,...

2012 American Control Conference Flenary Lecture - Montréal, Canada, June 2012

Accomplishments and
Prospects of Controls
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