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m Industry needs
m A visual history of industrial automation system evolution

= Industrial application examples

m Summary and outlook

AL ID D
FAIpp



Industry Needs

Throughput

...................... Design limit .. .
Global competition:

= Improve
productivity

m Deliver flexibly,
better, more ...

m ... with less:

Plant upset economically,
and ecologically

m Focus capital
spending,
improve asset

Shut-d i ati

Startup ut-down utilization

Operating
target 77

....... Break Even ...

Partial shut-down

Time
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Intelligent Field Devices

¢°9 x
New technology enables ... e
- - * g e Q\\
« Standard Communications 0(\‘30-’\30,,‘
- The ability to interact with a device and know 2 6‘9\(\
the process better
i3 - Distributed intelligence
» Reduced cost per function
2
= More values
c Multi variable
2 High resolution
cc:t Diagnostic data
S Quality signal
L. Status
De-central Functions
Traditional Distributed Control
Bi-directional
Value Asset Optimization
Device Graphics
Value Parameter
5 o e » Time
S 4-20mA SMART Fieldbus
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- Automation Industry Consolidation
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- IT: Challenge and Opportunity

A Well-proven technology and
‘ £ ‘5-20 years life time
P

Standardized

products

LI

A@ Customized
. solutions

1 - -rf--

= 9 Bl_llﬂfnnfh Microsoft'y

& ] INtal. |

g Build on fast :j!m_ - AL ED D
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- Process trends: increased integration

Process buffers at all levels get trimmed:
supply chain, company, site, plant, unit

[N & =N |
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- Process trends: tightening constraints

Constraints and boundaries tighten,
consequences of violation
become increasingly severe
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Trend: broader scope, more complex models
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Example:

SN Trend: broader scope, more complex models
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Example:
1960s: Production optimization at Gruvon in

m Licentiate thesis by Bengt Pettersson
= Figures courtesy of Karl Johan Astrém

Steam l 1Chemicols lS!nam
BLEACH RE- PAPER Bleached
PLANT FINERS MACHINE paper
White
liquor
JSium
Chips |
WASHING| pyip | o RE- PAPER Unbleached
G FILTERS e FINERS MACHINE paper
Steam
Thin
black
liquor Steam Water Ca0 + Hy0 — CalOle + Na,C0,
No,S0, ] l ) Ca(OHly 2 NoOH + CaC04
RECO-
EVAPO - VERY Melt DIS- Green CLARI- LIME CAUSTI- CLARI-
Steamn | RATORS| Thick BOILER SOLVER| liquor FIER SLAKER CIZER FIER
black
liquor Tuud
Y 0il
Appendix fipgure, T of a 1 t
ar ~ mill
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Example: : :
Pulp ,\Izi" Today: Nonlinear Dynamic Model

Connection of units, pipes

]

3
5
5
5

\ @ @D MQ

Frén Ko

. O =@
25 Production units

38 Buffer tanks
250 Streams
250 Measurements

and measurements

@
- 2500 Variables
< L —
. Anga
Dynamic
mass balance
_/ Lockmannkolonn
-, 9 T A
inletPulp P— ‘
inletSteam —7’ ) outletNCG7‘ >
g—6> 8 outletBL
—» Diffuséren ar inbakad i
inletWL kokaren
Flash 1-spliten &r en
intern loop
outletCondensate
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inletWater \T_l/outletPulp

SQL Server

FC
5421441

\ Measurement
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Example: _ _
Pulp Mill On-line Operatlon

Each cycle approx. 30 minutes

Optimization

Simulation
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State Estimation
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Example:

IEEEETN NMPC: Minimizing Thermal Stress at Boiler Start-up

\Q Configuration of a heat recovery steam
B generation plant

Deaerator Steam Turbine
N4 Pan Control System
) Q (M L1 Level Fy T Temp =\
S D s
\I Split cv ||
s 15 5 = :I
Pan * £z & & Vave :I
|
&= |
Flue gas I
v \ Py o |
- \U// ﬂ b JI’ |
! it
: g gy e Feenomz Superostert__Suparemer2_ |
Thick-walled steam header (cylindric tpe, 6.4 cm t‘lll'ck) y boier Superheater
B subsystems

Stretching of the material
because of temperature gradients
lead to lifetime reduction
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Example:

ndcuny Exemplary Water-Steam Cycle

DT Kugelstiick (Innen-und Mittelfaser FD-Men
ge FD-Temperatur
N 03RA05T002I und 03RA05T002M) RAO7F901  RAGTTo01
( = "
x J L = DT Hosenstiick (Innen-und Mittelfaser
N 03RA07T003l und 03RA07T003M)
Dampftemp FD-Druck
—t nach UV L Dampftemp nach RAO07P901
U V RA04T004
sl RA01T004
uv '6 RG-Temp v V uv % 6 @ Anordnung ist 4-strangig
= Temp NRO5T010und 20 \_._ Dampftemp nach RV EK 1V/4 _ (4 HDUs, 4 HD-Turbinen-
Dampftemp EK IV/4 NA44T008 RL 445002 RV)
v RVEKIVA EK IV/4 |
EKIVA Dampftemp Dampftemp. vor |
vor EK VA EK IV/4 NA44T004 DT Sammler IV/4 (Innen- und . | HD'Z';‘\'??;YGT::""‘*
aiv %6 oiv %6 Mittelfaser NA44T0101 und NA44T010M) Stellungsbefehl Y ! Generatorleistung
RG-Temp v 01V HDU 1...4 RA0BC000| SP10E927
NR04TO10 und 20— Kombination Strahlung/Konvektion |
Radkammerdruck
Dampftemp vor EK |_
Dampftem
vor I?K |||/g 111/4 NA34T004 DT Sammler lll/4 (Innen-und Mittelfaser SA11P020
om %9 om % 6 NA34T010l und NA34T010M)
— @ RA80  pryckkalte Z0
Dampftemp Dampftemp nach RV EK V4 RC12P007
— —+
nach EKI1 RV EK IIA EK II/4 NA24T008 /RL248002 ?
EKIA EKI4 [4 D ¢ /
Dampftemp Dampftemp vor EK Il/4 —_ —|— — MD-RV R —
vor EK II/1 NA24T004 M DT Sammler 11/4 (Innen-und Mittelfaser | ] Turbin
+— urbine MDU
- — NA24T010l und NA24T010M) | — |
17 ’7®uu l{ l{ 4 zml,l?J?@l
_I_ $ Hauptentwésserungen | |
zu den Abscheidern1-3 Dampftemp vor l[ |
EK 12 NA12T007 — Dampftemp nach | |
Dampftemp n EK /1 Abscheider 4 NA16T005 |
NA11T007 I Abscheider |
RVEK I —+  EKI2 4 jzon LI‘I‘I ®) |
RL11S002 EK I11 _ . I
W 7l
DG DR— o pD Anfahrflasche NB01P003 | '
RVEK 2 ) .
RL125002 e Niveau Anfafrflasche Zwischeniiberhitzer (20) Kondensatpumpe @
8 Verdampfer @ Umwélzmenge @_ . _ rauchgasseitige R_eighenfolge
der Uberhitzer
| Verdampfermenge NBO5F901 |‘
a NA01F001 — Summe Menge ND-
=} T Spei Q /Notablaufe RK10F001 SPW- Vorwarmer
o) emp Speisesewasser vor Eco . A .
= © ECO Speisew .- Behilter
OB Verdampfer NAQ1T001 ~§ MengeRL15F001 SPW-Pumpe A
Q 7
<€ <F $ 'Spei ECO SPW-Dréck vor HD-
© emp Spelsew vor HD-Vorwéarmer Vorwa
(©N RL15T004 n?_%a;%ezr




Example:

Boiler Startup ObjeCt'Oriented modeling

BlockModel _R06 - BlockModel _RO6 - [Diagram]

= File Edit Simulabion Flab  grimation Commands  Window  Help

=10l x|
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|-+ =R EE00x -

Fackages
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nnamed

+|  BlockModsl_ROB |
(]| Preditdax
[JModelica_Flid

B (B el | ®|

Compaonents 3

[

E|RlockMadel_ROG e
WFF
Mg _F_out

Fu
T _Fu

W T_Fu_out
P

HEv

T Fus ;I

Modeling W Simulation

.

Graphical flowsheet modeling
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Combine commodity models with proprietary knowledge
Automatic generation of stand-alone executable code
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Example: . - .
Dynamic optimization problem

dt —— min

J = .[ [T(t)_];et] + [p(t)_pset] 4 [Qm(t)_Qm,set]
=0

W2 W2 W2
T p m

S.I.
x() = flx(),q, (t)?YHPB(t)’YAW (1)), x(0)=x

qF,min S qF S QF,max ’ q.F,min S qF S q.F,maX
0<Y,,,()<1

AT

min,i

<SAT()SAT, ., i=1l...n

ax,i’

General startup optimization problem:

>

>

>

>

qr (1),Yppp (1)

Process model

bounds on fuel
bounds on valve positions

thermal stresses

Optimal transition to new operating point (T,p,q,,) subject to control bounds and
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state constraints (esp. thermal stresses).
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Example: .
Solution Approach

Parameterize control
u(t) = u(ur), k=0,1,...,K-1

Convert dynamic optimization
problem to discrete-time optimal
control problem:

K-1
J = fy(x*)+ ) fo(x*,u")—— min
k=0 ro
S.I.

= A uY), k=0,...,K-1

cF(x*u)>0, k=0,....K-1

cf(x*)=0

m Solve as large-scale nonlinear
programming problem with vector
of optimization variables v:

=(
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E le:
B’;ﬂ':rpsiartup Organizing Information With Aspect Objects™

Aspects Aspect Systems
T —
Real Aspect v M AEE
Object Object e
Inventory report ™~ Microsoft
S PN -SSR e Excel
/ - casnnens Product
specification |  ——  Microsoft
— ' . : Word
“| Operational /
| procedure
T SAP, IFS . ..
Production /
“=| schedule
SRR Dynamic
< Optimization
o Transition /
58 ptimization AL ID D
FRIDED
°8&




Example:

ey NMPC Integration with Control System

NMPC with 800xA =225 o ol e

e o e ] A ) e [ P P e R R T
Q- [ErER srea vispay &8 &5

m Seamless integration with Boiler Start-up Optimization
operator station -

m Data serving (Aspect
Server, Basic History)

m Connectivity to process
databases

------

= e o
= = <
]

m———

m Connectivity to major
control systems

= Further synergies,
e-g. alarm handling QN 113 A0r:0-4116:14:59:072 B C S001 I At sdNode

i
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Example:

T cuny Conventional ramp start-up

E&System : BoilerMax System - Workplace : Plant Explorer Workplace -0 =|
|| Q| |FR| [ Ficer = | B A 2
IEE Functional Struckure j Aspects of 'Boiler Startup’ | [Desc,.. | Inherited | Cakegory name | Tvpe name | -
lant. Site [EAlTrend Display Tren... False Trend Display Trend Display

£ —
ook, Domain @Lug Daka Alo... False Log Confiquration  Log Configuration
ample ePlant, Site Sample [Log Templates & lo.. False Log Template Log Template
eltheim, Power Plant EﬂDynamic Opkimization This ... True Cynamic Opkimi... Dvnamic Opkimi. .. hal
[ Block 3, Asset JJ(,‘:I et - | Boiler Startup:Trend Display | a3 a &~

5 () Eailer, Bailer
Eﬂ Boiler Skartup, Dynamic Opkimization Ackivity
----- [l evapaoratar, Evaparizer
i% furnacel, Firing Swskem
fﬁ'_g furnacez, Firing Swskem
----- & HPE, Control Valve
----- [ pipe, Piping
----- ;._1;[ shl, Superheater
----- 0 shz, superheater
----- f=l shz_atk, Attemperator

1 Hour

© ABB Group - 26 -
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Icon Object Aspect Property | Log Wame |Current] Ruler ¥|Ruler Ti| Time Of] Filter =~

1| Baoiler Startu|Cynaric Op |\Model,.q_F_i|SEAMLESS 03/07f2| 00:00; | 0,00 —

2 |+ Baoiler Startu|Cynaric Op |Model dT_H|SEAMLESS 03/07f2| 00:00:| 0,00 Ll

] [v] 4] | Ll Y

m Classical start-up: apply ramp on fuel flow rate g_F

m Thermal stress violates constraint (-60 instead of —25)

A 0§
i



Example:

Boiler Startup Optlmlzed Start-up

E&System : BoilerMax System - Workplace : Plant Explorer Workplace - |D|E|
JEL|@|||N-:.FiIter FIE O 2|3
IEE Functional Struckure j Aspects of 'Boiler Startup’ | [Desc,.. | Inherited | Cakegory name | Tvpe name | -
lark, Site [EAlTrend Display Tren... False Trend Display Trend Display |
ook, Dormain @Lug Data A lo.. False Log Configuration  Log Configuration
ample ePlant, Site Sample Lu:ug Templates & La.., False Log Template Log Template
eltheim, Power Plant EﬂDynamic Cpkirmizakion This ... True Dwnamic Opkimi.,.,. Dynamic Spkimi,,, -
g--%‘c;;;eis;?izler JJ = Eﬁ - | Boiler Startup: Trend Display ;I & == @ -

Eﬂ Boiler Skartup, Dynamic Opkimization Ackivity 1 Hour

----- = evaporator, Evaporizer -----------------E-----------------------------4:-------------------------

i% furnacel, Firing Swskem
fﬁ'_g furnacez, Firing Swskem
----- 2 HPE, Contral Yalve

----- i3 pipe, Piping

----- 20 shi, superheater .00
----- EL;[ sh2, Superheater 0.o0
----- i shZ_atk, Attemperator

-------------------------------------------------------------------------------------------

HemEel | :

Icon Object Aspect Property | Log Wame |Current] Ruler ¥|Ruler Ti| Time Of] Filter =~

1|+ [ Baoiler Startu|Cynaric Op |\Model,.q_F_i|SEAMLESS 49,54 |03f07f2| 00:00; | 0,00 —

2|+ | Baoiler Startu|Cynaric Op |Model dT_H|SEAMLESS 0,01 |03/07f2| 00:00; | 0.00 Ll

] [v] 4] | Ll Y

m Result: achieve faster startup and fulfill constraints n DD
m Seamless integration with Trend&Historian subsystem Faa V[ d [
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Example: . . . .
Thickness Control in Cold Rolling Mills

m Conventional control:

© ABB Group - 28 -
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m Single control loops
m Feed forward strategies
m Limited performance

Task and objectives:

= |Improve tolerance over
the whole strip length

= |mprove quality during ramp-
up / ramp-down

m Better disturbance rejection to
allow higher speed

Wass Flow Contrcl

Tier
(i
F 3

Fayoff ree

Roll position

Uncoiler torque

Coiler torque

Tension reel

Input thickness

-

A}

~ 7’
~ -
-

\

PR
*/

Output thickness
>

Uncoiler tension
>

Rolling stand

Coiler tension
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Example:

el New Advanced Thickness Control

Dynamically decoupled Pass schedule, Set-up and adaptation
MIMO ContrOI With Control objectives

m Online estimation of time
varying process parameters

Set point Parameters

Controller On-line Plant
design/adaption Model

Controller
parameter

On-line
Estimation

= Online MIMO controller
parameter adaptation using an
in-built process model [

MIMO Dynamic
Controller |Disturbance FF

Dynamic
Decoupler

PIDs

= Dynamic feed-forward
strategies support disturbance
rejection

m Supervision layer to monitor
and track the control quality

AL ID D
FAIpp
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Example
Comparison: Conventional vs Advanced

1000
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TOo4
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» Standard deviation:
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New Advanced Control
 Standard deviation:
*Body 30 = 0,49%
* Total 36 = 0,66%

Conventional control: h0 = 575um, h1 = 400pum, width = 1244mm
hO = 575um, h1 = 400um, width = 1285mm
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Control: Also at the heart of Robotics
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- Economic Process Optimization

m Different control systems, office environment, and enterprise
systems can all talk to each other in real time

m Live external data feeds also easily integrated,
e.g., spot market prices for feedstock, energy, product,
weather information ...

m Can we use this information together with modeling and a
feedback control approach to online optimize whole plants
from an economic perspective?
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- Hybrid: Mixed Logic Dynamic Systems

Continuous

m Framework for handling continuous and discrete dynamics
m Describes both plant constraints and objective function
m Collaboration with ETH ZUrich

dynamucal

svstem

© ABB Group - 33 -
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Grinding Plant Scheduling

a3
To simulate Silad u

from Simulink _SiIDSinﬂ

e _SiIc-SimE

] ==

=2
i3 e

o
=)

Y

—3D.

yvy
[

5

3
»
S

CF

AL EIDED
FA\imw

© ABB Group - 34 -
26-Aug-06



Example: - .
Electrical Energy Management: Benefits

m Power cost down by 2-3%

m Automatic rescheduling in case of unexpected events
m Strict contractual and equipment constraint satisfaction

© ABB Group - 35 -
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Modeling and model re-use

‘ Control, equipment
Plant data design optimization

Operating procedure
optimization

Initial S Fitted
model model Many others

Data Reconciliation Reconciled
Parameter Estimation

Yield
Up-to-date accounting

model Soft sensing

Diagnosis and troubleshooting
Linear

models Linearization — .
[A,B,C,D] / Optimization (ss + dynamic)

Linearized models

I Decision support I

Advanced MPC ‘

AL ID D
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m Life-cycle optimization: The Next Loop?

Sensing & Economic life-cycle
Estimation cost estimate

':r 1_‘.1-’_

Reference Actuatio

' Life-Cycle
P&?rc ? S“ Cost Model

Economic

r’r'i i o CONEX1, €.9. Market price,

weather forecast

AL ID D
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Automating automation:
The engineering data chain

<

Offer Process Design Control Design Installation

- o+

Engineering
m |deally, feed in only process model and objective

= Plant topology from P&ID, economic context from ERP  oe, 2¢
m Hardware and software components from vendor
m Hardware realization/configuration automatic

06

. . . - AL IDED
> = Still a long journey, but economic importance high FREDED
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m Other open frontiers

m Methods

= Bring mathematical assumptions and physical reality closer together
=> extend hybrid optimizers to larger problem sizes
=» guaranteed properties for real-world closed-loop systems?

= Robustness of solvers towards unsupervised closed-loop operation

= Dealing with significantly different time horizons
(asset dynamics tend to be much slower than process dynamics,
e.g., wear, corrosion, crack propagation)

= Problem solving

m Deal with abnormal, unexpected, situations
(e.g., interruption of communication, or alarm bursts etc)

= Deal more readily with changing constraints
and changing configurations

m Exploit distributed problem-solving capabilities
=>» distributed problem solving, e.g., agent approaches?
=>» gain flexibility, but loose predictability? system properties?

AL ID D
FAIpp
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- Summary and Acknowledgments

Summary

m  Control system capability ceases to be the active constraint regarding
computing power, memory, flexibility, and ease of interfacing

= |s the theory-practice gap narrowing?

Acknowledgments
m To customers, colleagues and university partners for sharing their insights
m R. Franke, A. Vollmer, A. Isaksson, E. Gallestey for providing examples
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