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Optimization Services
Phases

Diagnose - Diagnose

Implement
= Measure process

Sustain
» Detailed scope with defined
objectives

- Forecast performance
= Implement
= Improve performance
= Apply corrective actions
- Sustain
» Maintain performance
« Preventative maintenance

= Monitor machine index
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Optimization Services
Phase 1: Diagnose - Paper Machine Fingerprint

Provides information on:

« Control behavior (disturbance
reduction, responsiveness)

* Grade change recovery

* Sheet break recovery

Diagnose Provides information on:

« Controllable energy

» Mechanical pulsations of vibrations

Sustain * Process disturbances —
» Benchmark of machine stability

Product
Variability

Implement

Stock
Stability

Machine
Response

Profiling
Capability

Actual vs. Cale. Profles for Linch Zones:

Provides information on: Provides information on:

* Stock approach performance ~_ * Potential of CD controls
« Controllable energy and tuning quality * CD disturbances
* Oscillation sources * CD control quality and tuning

» Mapping problems
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Paper Machine Fingerprint
Module 1: VPA (Variance Partition Analysis)

Diagnose = Analysis of reel report data and comparison to empirical targets
Implement P ;
TOT in % vom Mittelwert MDS = 70%
Sustain Flichengewicht < 1.7%
Atro <1,5% > MDL = 10%
Feuchte <10%
Dicke <1% 0
- —
Asche < 4,5% CD = 20%
- Analysis of variance distribution
Reel
Raw Stock | Raw Stock Bone Reel
Sensor Goal Bone Dry Moisture Dry \oisture
MDS <70 78.73 36.03 73.19 38.6
PM 11 | mMDL <10 9.25 9.45 8.59 13.74
cD <20 7.38 46.56 13.62 40.13 .
MDS <70 80.81 70.62 73.11 51.83 2 Sigma [Atro]
PM10 [ mDL <10 9.1 10.58 8.05 6.43 m—orte A B Sorte C B Sorte D
cD <20 7.73 12.74 15.34 31.95 Sorte B
2.0
VP Average [TB Zcrichte:PM 1 Corte XYZ:Atrc)
Ayerage cb MD] S TOT,
10 15
100
&
ea 10
0.5
0.0
TOT
Sorte A ‘ 0.662 0,601 1.500 1.786
Sorte B 0. 785 0842 1.77=2 2.207
J Sorte C 0.757 0.249 1.826 2.215
6’1.’03.200&2.03.200&4.03.200&02.04.2%@@@%@%94.200&1.05.200&1.05.2008 SorteD 0.748 0.776 1.703 2091
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Paper Machine Fingerprint
Module 2: Product Variability

Diagnose
Implement

Sustain

A frequency analysis
(FFT) determines
frequencies
contained in the
signals and localizes
causes of
disturbances.
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= High-frequency data collection in different frequency bands

f
1 kHz

100 Hz Ea

5 Sekunden

J

= Frequency analysis to identify possible root causes
MO11 1k Power Spectrum Comparison Slow Loaps
_ P! P tau»20 sec Fast Loops Vibrations

0075 £ E— tau<20 sec . —_—
~ E Mechanical
3 E o
F 0050 £ Peod __|Freq_|Ampitude | Power | 1ot Pwr | % Sig red. | Lenvcye @ 1743 | Diametet Conditions .
g E 148945 067139 0423139 0089523 3652329 203277 4326868 1377284
500251 135126 074005 0214826 0023075 941402 48233 3025404 124345 fSurges

0000 e 411111y coolh ) 136533 073242 0113487 00084 28272 13223 3966294 126251 Pulsations

0.03 ' ' 074473 134277 0100892 000509 207641  1.0437 2163433 668642 i .
. E 13107201 000763 0034582 0004473 182483 0Q166 380764178 121201002
g o002 067913 147247 Q086161 0006712 151435 07600 1972671 6.27984
= E 027137 3685 0085917 0003631 150573 07558 788332 25093
3 0014 133747 074768 007141 000255 104022 (05215 /a5y 123045 Dilute Stock Circuit R
= oo E o | 011447 §73566 006733 0002311 0342% 04726 332545 105852 >

o —— ; by 39067 002289 0.067173 0002256 092044 04613 126921393 40400334 Headbox / Former

0.050 + 021243 470734 0067156 0002255 092002 04611 617122 1.954% . R
x F 029789 335633 00BS534 0002217 090463 04533 865373 275457 < >
la) L
g 0.025 — Decade 1 Decade 2 Decade 3 Decade 4 Decade 5 Decade 6
% C 3hrsto20m  20mto2m 2mto10s 10sto1s 15t001s 01st00.01s

0.000 " Ly Ll LU L L L b LY B | 0.0001 0.001 0.01 0.1 10 10.0 100.0
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Paper Machine Fingerprint
Module 3: Machine Response

Diagnose
Implement

Sustain
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Based on bump tests of the QCS
controls in Manual and Auto, time
constants are determined and
compared.

The relation between Manual and Auto
represents an index that indicates the
performance of the control. A Value of
1.5 is the target based on experience.
Results of the machine response
analysis:

Comparison of the responses in
Manual and Auto

Additional findings:

Wrong process model parametersin
the QCS

Improvements with or without feed-
forward controls

Bad control parameters in QCS

Performance of DCS loops
(Level 1)

Bump in Manual

Bump in Auto

Index
(00}

Moisture

Target: <1.5; Actual: 12.7; 6.0; 2.8

Total Head Weight
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Paper Machine Fingerprint
Module 4: Profile Capability

Diagnose = Analysis

Implement .
= The controllable frequencies and

Sustain with that a residual goal plot are
determined from the raw profiles
with Fourier analysis (FFT)

= Findings
- Edge problems
= Mapping problems
= Wrong process models
- Bad control parameters
= Actuator problems

= Influences from wires and felts

= Control behavior after breaks and
shutdowns

Sigma

« Grade-dependent tuning

Current Potential
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Paper Machine Fingerprint
Module 5: Stock Stabillity

Sustain
based on comparison of ML
measured values and
setpotints. It shows the

Diagnose « An a|ysis umm_|\
Implement Be
= An index is calculated Machine Chest -_ ____________

/

quality of the process — ey T O——
Va“able. \y Stock Valve _Fan Pump
- Findings -
" Indlces are Compared to Stamck Niveau Mﬁmenbutte Stoffmenge Kon5|stenz
target values 040 =
o 035
- Improvement potential is q030 &
O C
revealed c025
S0 F
Lo15 + Limit
0.10 =
0.05 ‘E
0.00 - o i
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Paper Machine Fingerprint

Summary
Diagnose = Results of the Paper Product
Implement Machine Fingerprints: Variability

Sustain

- Dalily detailed report of the
accomplished analysis

Stock
Stability

A 4
1

Machine

- Index-based summary of Response

KPI's

= Summary of critical areas

- Implementation plan to
improve the machine
performance

Profiling
Capability

‘Actualvs. Cale. Profles for 1 inch Zones

- Return on investment (ROI)
forecasts
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Phase 2: Implement
Example

Diagnose - Example for proposed improvements for a medium mill:
implement - Target shift: Weight
Sustain

= A 0.1lb shift in basis weight can be made. This results in
savings of $116.500.

- Target shift: Moisture

- A 0.1% moisture target shift (i.e. 8.9 to 9.0) can be made.
If speed limited the savings would be $40.600.

- Sheet break recovery, number of breaks and faster startup

- A5 min improvement after a break and less breaks
represent $264.300 in savings.

- Reduced rejects and customer returns
- Improvement in quality results in savings of $4,180.
- Total benefits

- If the recommendations are followed, the savings as a result of
the project will be $425.580.
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Optimization Services
Phase 3: Sustain

Diagnose
Implement

Sustain
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- Goal: Sustain the reached performance improvements

- Adapt service procedures

- Change operation strategy

Continuous
- Remote monitoring Improvement

Implement/
7

Maintenanc Utilization

Availability
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Optimization Services
Loop Performance Fingerprint

Diagnose
Implement

Sustain
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Evaluates: Loop
Performance - Control
loops are priority sorted
based on issues related
to Control, Process, or
Signal conditioning

issues.

Evaluates: Root Causes
- Process and control loop
interactions. Identifies true
source of process
disturbances.

Provides information on:
* Process and interactions
» Raw material supply

Root Cause Control Signal  Process Loo p
. Conditioning .
Analysis Tuning
Analysis

\!

Process Stability

70
60

sl B37
40 35
. 301
20 |
101

0

357
30 1
259
207
15 1
10 A
5 |

. « Target Grouping

*

* .
. (3 .
* *
*

..

*

*

*

1.5

Provides information on:
* Process upset response
» Bad Valves

* Over filtering

» Quantized signals

* Noisy signals

Evaluates: Loop
Tuning numbers -
Used to benchmark
DCS control tuning
setup.

Provides information on:
* Tuning clusters versus process type.

 Default tuning

* Tuning history
* Frequent changes
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Loop Performance Fingerprint
Module 1: Process Stability

Diagnose Analysis

Control Process Signal Conditioning
Im pI ement . . Manual ‘ og:l:::l“g 0“""‘;"‘;:‘ OF 1 Offset C(:::n, Os‘:'::::g cf{f:,l Deadband| Oscillation | Strange ‘ir"_’e No Signal “"’“‘a‘n‘g’:" Of | Noisy Spikes r,?z:: .
« Assessment of control qu ali ty In U e | e | % monm woeon | 10 oo s | D09 | I —
Sustain H 2 IZIE;DE' LIC60-689 PIC60-668 LIC61-071 1214365;' FIC60-2468E LIC61-070 | LIC61-071 '['Ié?]é}l- PIC60-730 | PIC61-021 | TIC60-687
D C S based an aIyS I S Of d ata I O g S 3 | AIC61-020 |  LIC61-070 PIC60-643 FIC60-667 | TIC61-033 LIC60-689 | LIC60-650 l;gslz{ C2[4(éélg [éﬁi%
(12-24h with 5s) and o | 5 | cmaom | oo |momes | acsoro - oo | Fm:
5 | TIC60-638 | FIC60-2411E LIC61-071 FQ‘A%@% PIC60-655 | FIC60-653 AIC61-010 F;A%ZOE
M M H 6 cIceo- LIC60-622 LIC60-2400 | TIC61-031 FICE0- PIC60-655 PIC60-655 SIC60-
- Calculation of performance indices e we
7 | PIC61-009 | TIC61-033 PIC60-666 2410E A01E LIC60-671 401
for the areas Process, Control and | % = mes
H H H 9| Doy | LT | atcelon ::
Signal Conditioning. S5 e g
| Fceo- N
2449E
. . A % 12| FIC60-653 .
Information about: B | o
Manual 100 14 .
15
H [] Deadband :
" Tunlng prObIemS [ Dscillating Dutput :
[ Slow Control
it Oscltaion svange sadvabe  processouofrange Mo sigma
= Process upset o s
[] Qver Control
res ponse ] Output Qut OF Range ArealGraphic
Dstilating Setpoint 06474255 Mame Rank Loop Desc. Action Comment
Process Severity PPU
PPU Caustic Medium  [LICB4506 P200LF1 MIA Dead signal
- Bad valves [ advae Licssazs _|P200LF2 Tune Valve saturates low
[ NoSignal Deethanizer  |High FIC84041 |reed 0K Respanse is a Ittle slow
O f It . [] Process Out OF Range FIC84073 Reflux Tune Strong oscillations
n PICE4071E |Ovhd. Pressure Tune Offset, prokably P-only confrol, very slow
Ver I erl ng L Stange LICE4054 Bottoms Leve OK Response is a little slow
Oscillation 06476208 FIC84055  |Bottoms Flow Tune 1 minute cycles
. . Signal Conditioning Severily C3 Splitter High FIC34097 Bottoms Flow oK Stays close to SP, bottoms level runs fliooded
. Quantlzed Slgna|S [] Quaniized LICE41534 |Reflux Drum Tune Oscillates, but control is not that tight
FIC34154 Reflux from Drum OK Tracks SP OK, signal noisy
Spikes 9900 FIC84114  |Reflux from Exchgr. |Manual Flow drifts
H H Naisy 8501.176 LIC84150 Condenser Tune Slow, then oscillates 5% at 40 sec cycle
= N Olsy Slg naIS [ Over Filered PlCE4144 Crum Pressure Tune If PICE4177A in manual. column on this pressurs
Arsine Remv.  [High FIC84129 Feed rate OK Follows setpoint change, good sefpoint crossing
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Loop Performance Fingerprint

Module 2: Loop Tuning Evaluation

Diagnose
Implement

Sustain
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Analysis:

= Benchmarking of DCS control loop
tuning through analysis of tuning
parameters

= Cluster analysis: Comparison of
current and expected tuning per
process area

« For like processes, tuning should be
similar

Information about:

« Validity of tuning setup

= Tuning clusters vs. process type

= Default tuning

= Tuning history

= Frequent changes

Flow Control Tuning
120
100 +* >——o
80 X
©
S 60 + Original
E ¢ hd + New
WIS,
* % o .
soe .
20 183
SN . .
0 - \. T T 1
0 1 2 3 4
Proportional
Level Control Tuning
400
350 7y
300 o
TE 250 *
© 200 P + Original
£ 150 * New
b4 *
100 T %%
50 - o o
0 ¥ R 2e ] $ ‘e .o
0 5 10 15
Proportional
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Loop Performance Fingerprint
Module 3: Root Cause Analysis

9 H LIC84042B
Diagnose Analysis e
321

Implement

« Assessment of process and control S
Sustain loop interactions through analysis of | = WWMWWWWW\AWWWW
historical data
- Identifies true source of process
disturbances. e MWWWWWWMWW =

Information about " e
» Process couplings and interactions g::m WW\M/W

Goal

= Define disturbance root cause

= Non-linear theory Benefit

- Phase theory - Isolate problem areas

- Logical clusters - Quickly determine disturbance source
= Group of like cyclic components = Remove disturbance rather than to tune around it
© ABB Group | PASC - = Group like time signal signatures
205;2535}281ServmeSiENiRevC “ I. I.
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Loop Performance Fingerprint
Loop Performance Channel in ServicePort

Diagnose = ServicePortis a service « View (real-time) shows raw data associated with
Implement delivery platform which each control loop '
Sustain customers and ABB experts

can securely acCcess.

= Loop Performance Channel

supports optimization: = Scan (scheduled) presents KPIs generated from
raw data through periodic diagnostic monitoring

Sustain
(Scan/Track)
Service - Manage performance gap %
D A Math 2
~ Maintain to conditions
Function ®
KPI(s)
Implement
(HandsOn) . . .
T = Track (event-triggered) contlnuous_ly m_omtors
plan between Scans and generates notifications based
on predefined KPIs -
Diagnose I
(Fingerprints) Gap= rule= Alarm
- Measure performance Increased Rules
-?oficastm: Performance
= Deliver action plan
Goal Present
© ABB Group | PASC — ‘l I. I.
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ABB Remote Access Platform
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Optimization Services
ABB Remote Access Platform

Diagnose = 1) Trouble-shooting

Implement . .
P = Remote access on demand for fault analysis and trouble-shooting

S o _ -ABB-Service
- 2) Periodic Maintenance

= Periodic analysis and status checks

Datenbankserver
3) Continuous Monitoring _
/
= Continuous real-time monitoring of z \
critical plant parameters S _- - Applikationsserver
x C

’ Serwce Center

«Virtual Q
Tumér
«Support ﬁ \ Kommumkatlonsserver

er ']
E”G'”" % Maximum availability

g \ .Kunde » Reduced maintenance costs
N
g ‘ « Real-time access and support from ABB
>
« Quickly access other ABB expertsd and
% developers
Faster and partly automated exchange of
information
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Power and productivity
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