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How to Improve Efficiency ? steadg

First Step: low hanging fruits

O Improve efficiency by improving operation
and maintenance

Next Steps:

O Audit or ,map“ the plant using off line
modelling tool e.g. Ebsilon

d Online optimization tool PADO

O Online fault detection system using
SPC and Fault trees

O Online life time monitoring SR1 for better
planning of inspections and maintenance



Why to use the PADO tools ? steaq

DCS also has the information needed to do the calculation
of efficiencies & heat rates

But what are the limitations ?

1. DCS does not give the system wise efficiencies so you do not
know where the losses occur

2. Data from 1/O points e.g. Temperature, pressure mass flow could
be wrong because of sensor errors, bad connectors etc. That
makes calculation erroneous.

3. DCS does not give advice on what to do
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PADQ: Online Optimization Sequence

1. All relevant data from DCS which goes into calculation
need to be validated i.e. all implausible values have to
be replaced by plausible values

2. All calculations must be done every 5 minutes so as to
continuously monitor component and heating surface
efficiencies.

3. Results should be presented in user friendly manner:
state of comonents indicated by green, yellow, red and
losses expressed in monetary value per hour



. steaqg
PADO Functions

OFFLINE
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PADO in India steaqg

80 units order for PADO have been placed on SESI
27 units successfully commissioned till date

National Thermal Power Corporation (NTPC)
The largest power generating major of India generating power from Coal

and Gas with an installed capacity of 34,194 MW, has standardised on
Steag PADO for all future units including Super-Ciritical Units.

Bharat Heavy Electricals Limited (BHEL)
The largest supplier of power equipment with 70% of current installed
market of Thermal Power Plants has a Framework Agreement with
SESI for installation of PADO for all future units
including Super-Ciritical Units.




PADO in India (2)

steaq

55 units where PADO is commissioned or under commissioning

O NTPC Simhadri 2xX500 MW

0 NTPC Ramagundam 1x500 MW

O NTPC Rihand 2x500 MW

O NTPC Talcher 4x500 MW

U NTPC Kahalgaon 3x500 MW

O NTPC Sipat 2x500 MW

0 NTPC Vindhyachal 2x500 MW

O NTPC Korba 1x500 MW

0 NTPC Dadri 2x500 MW

0 NTPC Farakka 1x500 MW

U Mahagenco Khaparkheda 1x500 MW
0 Mahagenco Bhusawal 2x500 MW

0 NTPC Simhadri (stage 1) 2xX500 MW
O NTPC Jhajjar 3x500 MW

0 KPCL Bellary (KPCL) 1x500 MW

0 RVUNL Stage 1 and 2 Chhabra 3 x 250 MW
O Shree cement Ltd. RAS

0 DVC Maithan 2x500 MW

O GEB Ukai 2x500 MW

O NTPC Korba Extn 1x500 MW

0 NTPC Bongaigaon 3x250 MW

O TNEB North Chennai 2x600 MW

0 CSEB Marwa 2x500 MW

0 CSEB Korba 1x500 MW

O L&T Rajpura 2x700 MW

O L&T Koradi 3X660 MW

O Sterlite Jh;rsuguda 4X600.MW




Signing of Framework Agreement

L
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Advantages of PADO

e Improving the quality of measurements by
data validation

e Evaluation of boiler, turbines, condenser and other
components

e Optimization of unit operation (sootblowing, setpoints)

e Calculation of what-if scenarios

e Generation of daily and monthly reports

e Enhance the efficiency of the power plant !



Modules of PADO System

Boiler
Setpoint __
Soot _ Statistical
_ Optimizer
Blowing Process

Optimizer Control

Data Data Ebsilon
Visualizer Validation Model

Lifetime

Base Modules Monitoring

Fault Detection Metal
Optimization Temperature

Physical Condition
- Performance Analysis
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SR::x Data Management System

SR::x Is the central data management in the
SR product family

— Competitive server featuring a “state-of-the-art
visualization

— Long-term storage of measured and computed
values in time-oriented archives;

base time class is ‘minute values’

— Automatic aggregation to higher time classes

such
as 5'-, quarterly-, hourly-, daily-, monthly- or yearly- =00 asesasisimeeon

values [ —= =
— Integrated mathematical formula editor 1

—  Excel-Add-In and HTML-List Generator allow
the generation of extensive reporting systems

AR | |
| RUBRE R |G
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SR::x Data Management System

SR::x Is the central data management with “state-of-the-art”
visualization
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Data Validation System steag

Data Validation to replace data errors due
to defective sensor or cable problems:

Incorrect Data — Wrong results ne
No data — No results

Input
= -
signals

Activation
function

Output
Vi

o) —

|

ﬂi:
Threshold

Summing
junction

Validation — A 3 tier Process @
EERT 1) Plausibility Check using Neural =~ sy
“rre L Networks
= 2)Plausibility Check based on range
~ of Values
3) Data validation / reconciliation ..,

based On “FirSt Principle i a1fioapzalk
- Thermodynamic” model ‘
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Data Validation System (1)

based on Neural Network...

m @ g e Air + Flue Gas System Ramagundam 7  4/20/2011 £:15:00 PM-6:20:00 P
Nrpc Slatus Lnit Boiler Measurements
tranzient shate | operating unchecked
o SCaPH Generator el output power grozs 4532 MW
Unit efficiency net ENER
o o TTAE Unit heat rate gross 2329 koal/kwih
AT Boiler Load Index 1409 t/h
a @ Boailer effizienoy 365 %
Station load =5 R
PAH-A PAF-A
[CE7 &= Air Heaters Monetar losses due to
- Overview preszure logs | leakage
[ 3RZ7T] SCAPH |
PiH-4 1424 2 Ra/h| 36 3 Rs'h
2 2 T SdH-4, B22.2 Refh)[ 2236 Rsth
SaH-B 118004 R=/h][ 489.8 Rs/h
E‘ . @ P&H-B 594.3 Re/h)[[ S08.0 Rs/h
SEC AIR TE T FDF-A
FCPo ===
SAH-A SR (P AHE_M_T_PA_OUT_G
Dependencies | Formula
| Fomic
FLUE GAS . PAHB_M_T_PA_OUT3 M- PA TEMP AFT PAH-B - newral flag [0 BIN] ;l
107700 ¢ - PAHB_M_T_PA_OUT3.V . PA TEMP AFT PAH-B - validated value [323 *C]
. = PAHE_M_T_PA_OUT4 G - P4 TEMP AFT PAH-B - checked value [323 °T]
- - PAHE_M_T_PA_OUT4_F - PA TEMP AFT PAH-B - plausible value [323 °C]
| E-PAHE_M_T_P&_0UT4 - PA TEMP AFT PAH-B [ "C)
SAH-B AR ‘. TOHFE40CT108_XA03 - P4 TEMP AFT PaH-8 [** )
FRIM AIR PAHE_M_T_P4_0UT4_M - PA TEMP AFT PAH-E - neural value [323 T)
T30 PAHE_M_T_Pa_0UT4 M- PA TEMP AFT PAH-B - neural flag [1 BIN]
ZI o PAHB_M_T_Pa_OUT4_ Y - P TEMP AFT PAH-B - validated value [323 °C)
= |
2]
B ok | Cancel | ]
77 il —
PAH_B LECa LI = Clbluﬂllupﬂl.rlg | IEII:IIJ[JGL-II.}' |I'E.'UII'C)E\.IL[|II If.
I ut ut ct/Fef ratio
steag = = @ ESP-A (24 o/Nre][ 48 mo/Nre | 19 ma/Nme][ 99.9%
ketek [T m T nz |ESP-B 44 oM 53 mg M| T3 g/ 999 %
[ 828 mmvic] w, w, ESP-C |44 o/Mne|| 5% mo/Nme|| 19 mg/Nme] 9992
| - TEraem] ESP-D [ 44 o/Nr7][ 49 mo/Mre | T8 ma/Mre][ 59.9%




Data Validation System (2)

steag

based on “First Principle Thermodynamics”...

m LT ¥ SB STEAM BOILER 1445 th| [alculated) Ramagundam 7 442042011 6:10:00 PM-6:15:00 PM
1469 t/h| [measured] - ;
Nrpc SH S5PRAY 0.0tk TER Status U nit Eigiler i eazurements
B0.3 t/h 480 °C TES ka/ont trangient state operating unchecked
50.2 t/h ; $ M5 Generator el output power gross 475 M
DRUM 1 A CRH it efficiency net KRS
100 kalore Lo 1330;;5? Unit heat rate grozs 2352 keal/ky'h
R - Bailer Load Index 1469 t/h
ST Boiller efficiency TEhx
BLOW DOWN A02°C L4 BT R Station load ==
o 367 t'h| RH SPRAY SO0TBLOWING OPTIMIZATION
— 188 L Efficienci Sootblowing
HRH Heati ICIEnCies
FLUE GAS TEMP f REETD S | | | Levels
i BOIL_M_T_SF SH G
[SHDP]|| [SH
Dependencies | Fnlmulal
+ - BOIL_M_T_SF_SHR_M - SH SPRAY Fw TEMP [R] - neural value [167 °C] ;I otreg.
._._“_._ \Iﬁ ’ BOIL_M_T_SF_SHR_M%- SH SPRAY P’ TEMP [R] - newral flag [0 BIM] ended
| Ll +|E =l B_D|L_M_T_SF_SHL_G - 5H SPRAY Pw TEMP [L] - checked value [171 "C]
E| B_D|L_M_T_5F_SHL_F' - SH SPRAY P TEMP (L) - plausible value [185 "C)
= BlD|L_M_T_5F_5HL - SH S5PRAY Pw TEMP [L) [185 *C] fended
EE gﬁ. - FOLAETSCTI0M 4002 - SH SPRAY P TEMP L) [185 °C)
o] &5 BOIL_M_T_SF_SHL_N - 5H SPRA&Y Py TEMP (L] - newral value [ *C] Erded
444
. _*_ _*_ _*_ _*_ BOIL_M_T_SF_SHL_M% - SH SPRAY P! TEMP [L] - neural flag [ BIN] ended
|:WE| 0 - BOIL_M_T_SF_SHL_Y - SH SPRAY P! TEMP (L) - validated value [171 *C]
I :
* @ ary loss
* _*_ _*_ _*_ _*_ bigeliel & 2Rz'h
_-—"'_\_'__J
K
J
BURMER =0 TOTAL AIR Ok Cancel
n— TILT FURNACE [0] ¢ 1927 h(calcul: |
e EfTh (1554 thlmeasured] oA TFGatEcoouet|  do6 T
S g 076 R Bailer efficiency 865 % 88.1 %
|+ %+ + 4] cont
295 t'h| [measured
[ 323t [calculated)
sSteag 3451 calhg] HHY
ketek IT PA
E7E b
| ifference in air flow calc./meas. => check furnace air ingress!



Data Validation System (3) steag

check the quality of measurements ...

B Ditei [earbfin fogichi [rigen Fanster 3 Ll
] == 1 I Ll el | elule] =2l 2] <= |3a]|[F——— =] [metm s m s =]
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\’ Value by data reconciliation

o Precision
measurement
o .
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Implausible Value - detection

5B STEAM SHPL_M_T_INP_G
SH SPRAY 0.01h
37t \ Dependencies l Formula ]
169°C SR SHPL_M_T_INP_G - avg. walue - 5H PLTH [/L HDR TEM [L] - checked value [473 "C]
+-SHPL_M_T_IMPL_G -5SH PLTH I/L HD'R TEM [L] - checked walue [473 °C]

+- SHPL_M_T_INPR_G - 5H PLTH I/L HD'R TEM [R] - checked value [473 "C]

main steam measurements

left and right
(left not plausible)

] Cancel




Implausible Value - replacement

5B STEAM SHPL_M_T_INP_G
SH SPRAY 0.0V
7th \ Dependencies l Fu:urmula]
163°C SHPL_M_T_INP_G - avag. walue - SH PLTM I/L HDR TEM [L] - checked value [479 °C]
=] SHPL_M_T_IMPL_G - SH PLTH I/L HDR TEM [L] - checked walue [473 *C]

SHPL_M_T_IMPL_% - SH PLTH I/L HD'R TEM [L] - walidated value [473 °C]
= SHPL_M_T_INPL_F - 5H PLTH I/L HD'R TEM [L] - plausible walue [ "C]
SHPL_M_T_INPL_N% - SH PLTH I/L HD'R TEM [L] - newral Hlag [-1 BI
= SHPL_M_T_INFPL - SH PLTM I/L HD'R TEM [L] [ "C] ‘
FOHAHZOCT123 #0103 - SH PLTH 1AL HD'R TEM [L] [ "C] ol
SHPL_M_T_INPL_M - SH PLTH I/L HD'R TEM [L] - neural value [477 °C]

+- SHPL_M_T_INPR_G - SH PLTH I/L HD'R TEM [R] - checked value [47

/ ak. Cancel
/

Neural network generated the value 477 °C for not
available value of tag 70HAH30CT129 XQO03

‘




Data Validation Report steag

point in time: 03.03,04 11:25:00

plansile vahie  dafa reconcilahion suecessfull

unplansible vahe data reconcilabion not successfill

‘hhpoilt description raw value h:lwibi.lity checked value reconciliation data point )ﬂlll! from reconcilia
20HACIOCPIOL |plassth. vahe FW PRESS AT ECOIL 193 kgfem® |196.3 kefom? 'EUHACIDCPIDI_‘U 196.3 keforn?
20HACIOCTION  |plaasth. vahe FW TEMP AT ECO IL WIC 2801 IEUHECIWTIDI_‘I 251.1°C
20HADOICPIOL  [plaasth. vahe DRUUM PRESS 190 4 kgforn® (1904 keforn? 20HADOICP101_V 190 4 keforn?
J0HADOICPI02  [pluashh. vahe DRUUM PRESS 1900 kgforn® [190.0 kefera® 20HADOICP102_V 190.0 keforn?
20HADOICPI03 [pluasth. vahe DRUM PRESS 189 7 kefor® [189.7 keforn® 20HADOICPI03_V 189 8 kefor*
AHAH2ICTION  |plassh. vahe SH DESH I/L TEMP (L) 4000°C ‘4[IEI_IJ 'C 20HAH2ICTI0L_V ‘4IJ|12 C
HAH2CTION  |plassih. vahe SH DESH I/L TEMP (R) 011°C  4011°C 20HAH22CTI01 ¥ 401.1°C
HAH2CPI0L  |plaasdh. vahe SH DESH O/L PRESS (L) 184.] kglom® [184.1 kelora® 20HAH23CP101_V 183.9 kefom!




Visualization Aid 1 : steaq
Traffic light coding system

-| -] | EEE-
|

Yellow - Suboptimal

Light Green — Optimal

[I!'

Wl TOTAL AIR
1 [EEI Uk uated)

T 1717 Gh (measwed]

o =HE

| ey g |




Visualization Aid 2 : Data values as tags & steaq
In tables with coded Background colors

— —_— T . . . . - _ .
47 2 t'h ) % M5 Generator el output power gross B0Z KW
B 170°C ¢ =5 CRH Unit efficiency net Bax
S50 T IInit heat rate gross 2363 koal/kWh
Boiler Load [ndex 1567 tih
e Boiler efficiency RS
[ 415 "C] _—
4 h =T Station load 5.0 M/
1¢’_ 281 t/h|  BH SPRAY SOOTBLOWING OPTIMIZATION
| | : Efficiencies Sootblowing
m. IO HRH Heating Level/
* A 538 'L Surtace Aot | Min | 5B Mo,
6315 43 koot FumaceAwhw [ _90.7]_ 80.1|Row 1-5] GB not reg.
II]J -1 SH Divigion Pan. ge.9 a5.0[105110__Comp. 5B
g e 5H Platen 932 850/111-118]_SE notreq.
1]-113 i
55 m Feheater 790 7o.0[19124 Femt SB
105-110 4[] 330°C
- + 54,06 m
Laww Temp. SH 106.2 A5 0]6315 m]| Suspended
W E: B7.35m
ﬂ n.:-;-.- _¢i _¢i _¢i _ﬂ; _¢i e 1535 tfh E conomizer 370 35.0]54.06 m]  Suspended
T EEj mI:z 4345 m|[ 5E not req.
R o]
3 ACT-/REF-COMPARISON
s 2E13 th
| % & & & {0 At Ref Monetary loss
26,988 %| Excess air |02 at Eco outlet| 299 2vol] 316 2Wal|| 0.02 BzH|
i 3,99 Z¥al |02 Burner tilt il T
BURNER H TOTAL AIR FLUE GAS | 5H spray 6.2 t/h 0.0t
TILT FURNACE [0f'5 2291 Uh][calculated) RH spray 2Eivh] 00wk
o 18EE t/h] [measured) GA TFG atEca Dutlet?
36 X g 74 th Boiler efficiency 270 B79%
- Soot Blowing Legend
e e e e ol | | —- —




Interpretation of Background Colors steag

SH SPRAY

497 th
B4t

1639 'L

SB STEAM

‘ 0.0 l:'h‘

White — Measured Value
Grey - Calculated Value

Violet — Replaced value (Originally non
plausible or not available)



Performance Monitoring steag

L Compares the actual values of critical parameters with the best
achievable under current operating conditions.

1 Shows monetary loss against each sub optimal operating
parameter, defining the scope of improvement.

CdTHA
Ramagundam 7 5/23/2008 2 30000 PM-2: 35:00 PM lﬁi:gg Eﬁ TURBINES R IJ ?U _5;23;Tuua g;a_ln;nu Fih;2:35:00 PH
- . nik oiler easurements
Status I " cll'lnI: : I Bmlt'.ar Ihi"eisulremegﬁ Status | steady state | operating [Took plavsibiity
G ; I z eta 'I: i SpeEng = DEaDu;IMI\Ij MS HRH Generator el output power gross B02 kW
eneraton el oulput pawer gross Unit efficiency net [ a3z
Unit efficiency net 35.3 % heat [ate lozees 15583‘88th 14523?58 32§Uk39:"é Unit heat rats gross PEER] kcal.fk\v\u"=
Unit heat rate gross 2363 kcal/kwh resulting fram TE7 kafone 174 hoglont 564 kalon? Boiler Load Index TBE7 12t/
Bailer Load Indes TEET LR ' i S e e Boiler efficiency ]
Boiler efficiency B70% Clatus I it B oiler heasurements Station load 15.0 M
Station load T5.0 MW steady state | operating [ look plausibilibg Generator |  Actual | Reference | oretary
SO0TBLOWING OPTIMIZATION Frequency 43.03 Hz 50.00 Hz
— i Ge.nera.ta.r el. output power gross B02 ks Eficions —me0E|[ w603
Heating Efficiencies Soatbiowing Urit efficiency net EIE Power B0Z M| 601 M7
n | somin Uit b 2363 keal/kiwih e Aol
Surface Act Min | 5B No. n.lt eak rate gross ca Cast difference B
Fumacesww'  [J_907]  S07|Row 1-5] 58 not roq Boiler Load Index B3
SH Divisioh Pan. B84] o5.0[105-110[_Comp. SE Bailer efficiency RS
SH Flaten §52]  e6.0(111-118 [ SE notreg. Station load 15.0 MW :
. T 0 - Tubine | FReference Actual Monetary
Beheater 7390 7300119124 Mest SB main intervention durlng stage | stage efficiency | stage efficiency losses
controllable lozzes operation zhutdawn HP 1307 8613 %] [ BI60E Hs/h|
Pt || A | EENERA| ekl
Low Temp. SH 062 &5.0/63.15 m|[ Suspended 02 at Eco outlet | 0.0 Fs/h| IF a2 [ 9473%|| ®a07 2| SriveRsm|
57.35 m &ir heater leakage [ 20BE.3 Rs/h IP_E1 5270 B9 %] [ F375.9Rs/!
) IF B2 5762 54,07 3| | 125a9.0 Bs]
Ecanamizer 970 85.0 iggg m|  Suspended Steam parameter 11732 Bz'h P 307 A7 5] || 245471 5 R/
L4am[ SB not req. Condenser prassure O.0RBzh | LP_AT || | | 551 32| [ 22330 stq
. —_— 1th 7R T & LPET || A | 3773 % i
ACT-/REF-COMPARISON Final Fw termperature 17.2Rz/h BT Z160°C 147.1°C
" roro T/t || 23 ko 033 ka/or?
Act Ref Monetary loss
02 at Eco outlet] 3599 %vol| 316 24l 0.02 Rs/h i
Burner tilt 117 4
SH spray 2R 00wk #
FH spray 281 th 0.0tk 4 L L B J y
T FG at Eco outlet EXT5  EXT 41 EXT 4.2 EXT3 EXT2 EXT1 COND
Buoiler efficisncy G700 % B70 % (to HPH 54/B) [t dearater) [t TDEFP) (tslPH 3] [tlPH 2] [ LPH 1)




Turbine Performance Monitoring steag

- [TURBINE] = =]
et Process Sheets Documentation  MWindow  Help - a
0| [ o ie] ¥~ 2] <] >] 2] 2] |5 -vaies v| [5723/2008 2:45:00 PM-2:50:00 PM
TUREBINE CYCLE Controllable HR Dev. |Losses expr. | Monetany
HRH Losses hctual | Reference | 1 ook |in estra ful |loss [Rsrh]
Throttle termperature Ban I 537 | 033 01tk -4
TAER Throttle pressure 169 kﬁ.-"u:ErF [170 kg.-"u:rrfa | 2879 0.5 th B34
=50 T Feheat temperature I (T | 4,957 0.5 t/h 11
Reheat pressure drop 4.4 kaore|[ 45 kalonda|| 2672 0.5 th 203
Condenser back pressure || -0.87 ko/one]|[-0.87 kadtore]| B | 0.5 th -
- e a::ljerheater spray flow 30.5 t2h| 0.0t ERED | 1.0th] 1364
4.4 kg/crf| Reheat d !
O sespessesero [Controllable scal | Foteroms | 1P Dev. |Losses expr. | Monetary
°| Losses keal/kiw'h] | inestra fuel |loss [Rah
Ay
M2 | Thiattle temperature | | 537 O 0335 0.7 tH]| 74]

' 15 | Throttle pressure 169 ko/cré||[ 170 kaleneal| 2879 0.5 /]| 534]
@ 16 | Reheat temperature B2a T 537 4 957 0.5 t/h] 1101

Reheat preszure drop 4.4 ko/cre|[ 45 koforda]| 3672 0.5 t/h] 503
—|+|——— |Condenser back pressure|| -0.87 kg/cre]|[ 087 kalone| -2 965 0.5 t/H]

Superheater spray fow 30.5 th] 0.0 t/h]| E.790]] 1.0tH] 1364
Reheat spray fow 32.5 th| 0.0 t/h]| 20.944]| 35 t/h] 4614
Final P ternperature 266 T 254 37T 0.346]| 0.1 th] /B
Blowy dovrn flow 0.0tk 45,4 th]| 0.000]| 0.0th] 0
Auxiliary stearn ow 12.6 t/h| 10.0 th]| g.449| 1.4 t/h] 1861
Freguency 43,38 Hz|[_ S0.00 Hz| 0.042]] 0.0tH] 23

b ak.e-uip flow | 22.2 th| 0.0 t/h]| 43613 74 th][ 9609

TG heat rate grozs, actual 2054 koallkwh] TG heat rate net, actual [ 2117 keal?Kah]
TG heat rate grozs, reference | 2061 keal/k\wh

o L s




Boiler Performance Monitoring

| Boiler thermal performance data |

Ambient air b k *C 28
Fluid temperature [*C] Fouling Load [MW ol3 —HZ;E:E Ei':::m?::t El; = ]
Inlet Outlet factor wﬂh 1536 Flue gaz oxygen at Eco outlet 3.68
25q 73 0.2E M5 temp ['C 42 Flue gas oxygen at AH outlet .23
769 359 T BH temp ['C hd5 Burner it [*] | 11
— Millz in operation [A][ on
359 415 .55 B on
[ 4] 478 .90 ) [C][ off
478 547 0.7% Ll Tt e D] off
_ 545 |:|E||: temperature ['E] ? on
D-Ed Flue gas temperature [*C] [F][ on
————  Section Inlet Outlet TET [G][_on
Coal analysig %unumlfrr 'I?gi égi [ 57T % ';fr:
aterwalls 589 °C ]
E,EH:::IM] | 2481 N ToE T SV (K] _on |
Total moisture [%] 777 anelSH LEE 17
Platen SH 1173 1076
Aszh [X%] a1 Reheater T07E AR Heat balance Act Ref
Yolatile matter [#%] 23C = Boiler efficiency [%] | 8689 87.99]
Fixed carbon [%] hp (A heater 362 138 Losses
. Diy gas [% b.64 4.28
'é"";a“"[x - H20 in fuel [%] 218 221
arbon = H20 from HZ in fuel [%] 4.7 4.7
Hydiogen [Z] ¢ | Leoal mass flow [/h] 325 0 an I T Tk
: = Bottom azh removal rate [¥] 20
Nitrogen [%] 0.£ UBC [%] 0.32 0.32
Dxvaen 1% 3L Duct ash removal rate [¥] a] Radiation [%] .11 01z
Sulphur [% III. 3 AH ash removal rate [% 3]  [Others [%] 0o TN
Total moisture [%] 12'1 [Fly agh remowal rate [ T2 [Total losses [Z] || T3.21]| T2.00]
Ash [Z] 38.1 UBC in azh [*] 0.4 Comected Boiler Efficiency [%]




Boiler Mapping

steag

m at oy 5 e BOILER | aft. SHP bef. RH | | aft. BRH bef. LTSH || Bamagundam 7 471/2017 11: 20000 Ak -11:25:00 &b
!: E E zai left right et right Status Uit Bailer Measurements
"Tpc MAPPING Temperature 250 "C 796 C[  Temperature TI2C E7RC steady state operating ubstitute values
Freszume 150 mmw/'C| | -15.0 mmw/C]  Preszue 750 mmwL | [ -22.2 mmwC] | Generaton el output power gross 513 s
| aft. SHOF bef. SHP | 0z B  Calculated temperature B38 ] | Unit efficiency net H0%
[eft right Calculated temperature 1081 °C Urit heat rate gross 2385 kealkhwh
e enshe 508 T EET Boiler Load Index 1594 t/h
Pressune 150 mnt T | -15.0 i/ T Bn:ulgr sfficiency ,EE'? 3
Calculated temperature 1172 °C (o] gloog o 0O o] Station load M/
TIF g |G
) M ¢~| <G| e | aft. LTGH bef. ECO-1 |
Acoustic Pyrometer Measurements | + |¢.F_I left right
Furnace Exit Plane | | | +_| |¢F_ Temperature 521 °C 514 °C
=3 B2 | | | . Pressure -43.2 mrw'C] [ 475 i
I + + |+ + - |eetem Calculated temperature had *C
T1-R1 | | | 113t 1da |_ j ) °
o — | AL
F _JT_ | i [¢” S | aft_ECO-2 bef. ECO-3 |
. . | -
— - - W‘?__ = 4 |eft right
F __ oo -+_ : [ [ Temperature 78°C 169°C
z — 44— —|510em Preszure -49.3 mm'w'C] | -60.3 mmw'C
— VT
TZ-RZ e
o ——a———l1345m
[ ™ F F F F F e == [ aft. ECO-3 bef. AH |
o G | et fight
T1 12 -*— -*— -*— -*— -*— & a Temperature 363 °C 363 °C
Calculated temperature 1327 ] e—— & 8 | -+ —— Er;sxure b2 m;n‘;\-fg 522 mg'\gg
- 44 | 02 367 207
_.—F"_\‘_'_,_,.'—\.._\_ .
| Furnace _ | ¥ e Acoustic Pyrometer Measurements
left right H E E conomizer Outlet Plane
Pressure 108 mmw'C] [ -11.9 mmi'C =
F |2
Prezzure 103 o/ C] [ -21.4 mm'w'C e E R1 R2 R
Preszure _ -1 D.3 i C _ g E MOx Optimization
Calculated adiabatic temp. 1784 °C ilg e ol 11-A2
1
Metal Temperature -*- -*- -*- -*- -*- MO 365 ppm 139 ppm
autzide wall primary air 668 th 314 t/h T2-R1
E28 L gecandary air 1086 t'h 1440 t'h L =]
StEa g BEE °C overfire air T2-R2
) BOG °C damper upper % L]
(=t PR t o o darmper lower 5% T1 12



Soot Blowing Optimization steag

Fouling and Slagging of boiler heating surfaces cause...
- Loss of efficiency due to increased flue gas temperature.
- Loss of efficiency due to increased Reheater spray flow.
- Shutdowns for removing persistent slag.

1 Use of soot blowers...

Causes costs (blowing medium, wear-and-tear...).

Impact on control actions.

Erosion of the heating surfaces.

May be prohibited or not reasonable in some operating states.

el wottw  poILER B
SH SPRAY 0.0 t/h measure:
NTPC | Giidl 501
07 vh
E0.4 t/h b 11 kavenfly g
TE3°C]
DRUM . Taizgh O
(153 kalcr?] -l-lzzE 357 T
BT S 0T
BLOW DOWHN é 01T o0 OB 0—0 442 t/h
TTth 4;1S22t52 RH SPRAY
HRH
FLUE GAS TEMP T 1 TaEE th
[T [T 536 T
[SroP [SHDP] T3 kafon?
T
LT5H + *
= —
[T 552 °C 105-H0 +|E
FEGT 54.06 m
[ECO] 4245 m 1535 th
265 T
795 ka/cie
] - L1 kgsenr =
— 2474 t'h
18.653 %|Excess air
3.25 37al |02
[0 TOTAL AIR
BURNER
e TILT FURNACE [0 STE0 ] [calculated] FALDE E
%%l 1717 t/h| [meazured) A
ENES T TR



Soot Blowing Optimization

SR::EPOS::BCMis the SR product for
optimizing
the soot blowing

e Controlled by costs or other criteria the
optimum points in time for activating the individual
blower levels are calculated

e Closed-Loop application possible if desired
e Application of fuzzy technology

REM - Uberhitzerheizflachen

Thublasazten in h [ o e
Ve MeZe MeZe sse oo - Cco | F W Mg W L5 1 Vi 1 —
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Criteria for Soot Blow Optimization steag

B Fouling/Slagging: Results from thermodynamic model - SR::EPOS

®m Time intervals

- Minimum frequency of soot blowing [:w Only 1 soot blower group may be o

- Minimum_pauses — TilmeMo[.Sroo[hlowing;;]g . Status Sootblower |

-1 1Ime Regular MMax- 1ime current -21gna . ECO _E
131-138 3]

m Configurable priorities for each criterion Bk B

[ 160 H 120.0H 168.0H 107.8 H : |—|129-130 {_

. SOOt-bIOWIng COStS [ 160 H 120,04 16204 1020 H : |—|125-128 LTS5 _D

®m Process-engineering criteria, plant-specific RIS T BT B e o

SHP

- Reheat Spray ﬂOW ST IO IR i g A
- Flue gas temperature before air preheater
- Furnace exit gas temperature
- RH Metal Temperature o

Mills Combination A L
= FURANCE

(20 H 20 H o a3 H :|—|45'BE %:

- Coal mass flow I R N
- NOx-emissions

=
I

SHDP H !

105-110 - - 4]
[ 160 H 120.0H 168.0H 1077 H_ 0 | 502 Forbidden thermal crit

Lir

@ evonik

Onlv 1 soot blower aroup mav be o



Soot Blowing Optimization

NTPC

| n‘.‘:-w fc-.-.l

Time of Sootblowing [h]

Status 5ootblower

Min-Time Begular Mas-Time current SB-Signal 5B Mo.

Performance of heating surface [%]

Only 1 soot blower group may be operated at a time !

Status of heating surface

steag

Ramagundam 7 72017 10:40:00 Ab-10045:00 Ak

[ Uit [ B niler | Measurements
| steadystate | operating  [subshitute values

[ 160 {200 Tea0 s - 0 ]

160 H 7200} 168.0}

160 H 7200} 1620}

16.0 H 720.0H T68.0H

160 H 7200} 168.0}

160 H 72001 165.0}

20 H 240 { 360 |

70 H 240 H 450

20 H 240 { 450 |

=N

S EVOINK

curent  Target  Minimum  Gradient Generator el. output power gross 512 kW
Unit efficiency net
ECO 84 7 100.0 750 -0.0
9 B H H H H | Bailer efficiency
131-138 Boiler load [ 1075%]
O 0 I o B o B o
129-130 8] “ﬁ_ i
5] [ 0] — [ 50 forced T thieshold [ [CH Seaiilying Shee e
. current SB request
() next 5B request
125128 LTSH @ SE not required
SH 0 —— :
e O - 88.8{100.0- 80.01H 0.0} . SB request ingnored
) 5B suspended
@ GE in operation
113124 : REH i
1207 H 0 ——— 51E delayed: thermal crit 87.7 1 100.0— 80.0 0.0 Heating Surface Status colors
= low degree at fouling
[ medium degree of fouling
111-118 % SHP . )
03] 0] 99000 =1 o0 I high degree of fouling
SHDP [ 952 | {100.0{ 65.0 0.0 |
raddd l—: Only 1 soot blower group may be opera
a7 H 0 22007 forbidden themal ot @—.—.—.—H L"‘"’—"FJ o o St Putem
iy Time Fogular Mase Time cument SB-SignalS8 Ho. w7
1.44 Lewvels 374 mevalmrlmn nragm R T
EE H 0 — %7 H 918 100.0- 82.0 0.0 R L —— L0
FURANCE FU M&X RHMAX RHS AHFG TempaA¥G.M. COAL B
E 125128,
BT 0] 45-B6 S ‘L ‘T th ‘L HEIGHT wh CETHIEn k@
57-58 Limit: [910.0] [ 585 ] [ 40 | [ 145 ] m o ©
T2 Ho—-H & Mess [B337] [564] [ 3] [163] (3084 [328] |0 o oo o s O R 75w

Only 1 soot blower group may be operated at a time !

e e e

[4]

o—-a-a-a-a

(T T - 0y

Lavels 24

[T AT S H Y W Tt Pt}

. Z
S H S e H

K 1]
(o ———{ K3 Meas [T
&)
& evonik Onlv 1 soot blower aroup mav be opera



Boiler Setpoint Optimization steag

Shows the optimal against current setpoints and improvement in heat rate.

Ramagundam 7

[Set point optimization | IMill optimization | 6/16/2010 11:10:00 AM-11:15:00 AM
[Boiler | [ Actvalue | [ Optwalue | [Current Status| [ Opt Status | [Current Load | [ Opt Load |
02 at Eco outlet [ 362 vl | ] 3.22 #ol | MILL K | 1 [ i | ] 5539 ] ] 2200k |
Burnertil | 73° ] | 05° | MILL J | 1 | | 1 | [ B038vh | [ Z800th |
MILLH | i ] | i] ] | 013 t'h ] | 0.00 t/h ]
[Turbine Cycle | MILLG | 0 | I ] | [ ooovs | [_o00th |
MILLF | 1 [ [i] | ] 4367 th ] ] 0.00 t/h ]
ME temperature [ I35 T | | B37 47 T | MILLE | 0 | 0 ] ] 0.04 t/h ] ] 0.00 t/h |
M3 pressure [ Te685bar | [ 17000bar | SRR ; I 1 N seavth _ JNl_J8Eth ]
MILL C 1 1 EEREETT 3838 R
Feheattemperature [ fagar© | [ 63232 °C | | | || || |
| MILL B e I v [ <
Unit Heat Rate gross [ 2368 keal/kwh | [ 2365 keal/liw'h |
MILL A I [ cevh | [ sE0ivh |
[Unit Critical Calculated Qutputs | [Transiont State Status |
[Model zolved |
Superheater Spray |Plant n steady state |
Reheater Spray EEE R
Furnace Exit Flue Gas Temp 1756 T | Top3 Mills Status |
PAPH-A Leackage T [Model solved - Constraints on top 3 mills relaxed | [ 0 |
SAPH-A Leackage 12743 Ewit
CRp e S [Total consumption of pumps | [ 9947 7 KW
e 17.147 Zuit [Total consumption of mills | [ 22649 K¥]
SAPH-B Leackage 16.596 Zwt [Total consumption of fans | [ 70317 W]
Flatten SH Max Metal Temp FEE T [Total consumption of aux. consumers | [ 192443 K¥]
FH kax Metal Temp SRR [Unit load | L_516.9 Mw|
HFEH-54 Drain OfL Flow 130 t/h [FH1 OPT | 30,66 |

HPH-58 Drain O/L Flow



Optimized Heat Rate steag

{™~.._| main steam flow = 450.33 kg/s
~~~~~~~~ furnace exit temperature = 1242.7 °C
'''''' ~| mill influence 1 =33.38

........

0.05
e i 0.045
--------------- 0.04

0.035  cycess

0.03

0  0.025

In this case the optimum means to move
= the burner tilt down from the current 9 degree to 4.5 degree and
= the excess O2 from the current 4% to 3.55%.



Metal temperature Module steag

Shows the temperature profile of individual tubes of various
heating surfaces of boiler and identifies the Hot spots.

| SH PLATEN Metal Temperature Calculation REH Metal Tem perature Calcula
Section view at 66.643 (8,000 below roof) i i
Section view at 66.643 (8.000 below roof)
151311 8 7 5 3 A1 10 a ? 5 5 4 3 %
1 measured calculated # z measured calculated
2 [ R40°C] | 537 °C] : a
] . - - [ 408 °C] | 51E °C
1 |
[ | |
—55-0-9-4 ¢ [ 50T [ 5T * 1| 522 °C] | 527 °C]
7 1 12
—— 14 | E23°C] | Bar °C
e 1%
" HOT SPOT w [ BT W45 °C
M
[Flaten SH | [Reheater | B B
13 — 99900000008 09— Floton SH_| eheate 2z | hE4 |:| | AA1 |:|
[SHPL highest temp 524 C] [REH highest temp - |
15 [SHPL highest temp slice 73] [REH highest temp shice » | 5E5 T | BEE °C
I [SHFPL highest temp tube 4] [REH highest temp tube -
L [SHPL highest temp length Om] [REH highest temp length m | 511 °C] | RED °C|
=
" s [ Sar[ Geet
a k- ]
[SH Division Panel | = 534 °C| | REZ °C|
23 : - 40
[SHDP highest temp 522 'C] [LTSH highest temp . -
2% [SHDP highest temp shice 24] [LTSH highest temp slice | 433 °C] | 861 °C]
[GHDP highest temp tube 3] [CTSH highest temp tube : T T

ik 14 19 IN AR R 4 9 [SHDP highest temp length Om| [LTSH highest temp length




Lifetime monitoring module steag

StEag SR1 BHEL Ramagundam 0 442042017 5:00:00 Ph4-5:00:30 PM
ketek IT Allowable Operating Parameters o o

module aims to calculate the
remaining life of thick walled T o sl el ool et bael

1. Drum 1. upper side 70HAD 1 [ Zo00 |@[ 86 | &0 @[ =0 | @ @ 0 1@ 4 |

Components |n bOller 2. Drumn 1, lower side FOHADO1 [2000 @[ 1956 | [ 370 @[ k0] 1@ 0 1@ 48 |

3. HRH1, outled header, tee. upper side 7OLBBO1 520 [ 435 ] [ 540 @[ 548 | 2 1@ 0 1@ 3 ]
4. HRH1. outled header, tee, lower side FOLBBOT [ B0 [ 435 ] [ Em [ &8 ] & @1 @ 3 ]
5. HRH1, outled header, middle, lower side 7OLBEOT [ Fz0 @[ 435 ] [ 640 @[ B ] [ 26 D] 0@ 33 ]
E. HRH1. outled header, left. upper side FOLEBOT [ Bz0 @[ 435 | [ 540 @[ 5 | [ 26 D] 0@ 33 ]
7. HRH1, outled header, left, lower side 7OLBEOT [E0 @[ 45 ] 50 |@[ 58 ] [ 1@ 0 1@ 3 ]
8. M5H1, outled header, tee, upper side FOLBADT 1860 J¢@[ 1677 | [ 540 @[ 540 | 2 1@l 2 @l 3]
9. M5H1. outled header, tee, lower side 70LBADT 1860 J¢@[ 1677 | [ 540 @[ 540 | 2 1@l 2 @l 3]
10. M5H1, outled header, left, upper side FOLEADT [ 1860 |@[ 1677 | [ 540 (@[ 540 | [ 25 1@ 2 @[ 34 ]
11. M5H1. outled header, left, upper side FOLBADT [ 1860 @[ 1677 | [ 540 (@[ 540 | 25 1@l 2 @[ 34 ]
A0 M mnnned [CEn o 835 ] [ E40 @[ 548 & @0 @ 34
[ 1860 @[ 16r7 | [ 540 @[ 540 | 15 1@ 2z @ 27 |
stsag SR1 BHEL Ramagundam 70
442042011 43000 PA-5:30:00 PH
ketek IT Overview Degradation [TeE0 @[ Te77 | [540 |@[ 540 ] & 1@ 2 1@ =]
operating time [h life time consumption [24
Component P 9 [l ) P [l .
monitored down time creep fatigue total increment (24h)
1. Drum 1, upper sids 70HADOT [ semian | [ _7mAsh | [ Gem= | [ Dem= | [ G4m= | [ ommmez |
2 Drum 1, lower side: IHADMT [ somian | [ 7mG6h | [ Gaee® | [ Dom=z | [ Gewm=z | [ ommvez |
3 HRH1. outled header. tee, upper side 7OLBEOT [ FEMER | [ SE53.6h ] [ 1868 % 1 [ 0.000 % ][ 1860 % ] [ OO0O0ES % | -
4, HRH1, auled header, tee, lower side FOLEBOT [ =ewsh ] [_®eeeh | [ zoez | [ oowE | [_eoivE | [ ooooosE ] t e C O n S u I I I e I e O a n
5 HRH. outled header, middle, lower side 7O0LBB01 [ @BE043h | [ SBaEh | [ EoeAm | [ oooox | [ Eowew | [ OOooeEE |
£ HRH1. outled headsr. left, upper side FOLBEOT [ eE0d3h | [ seBeeh | [ @eeex | [ gooox | [ ssmE | [ ooomdiz: | - .
7. HRH1, auled header, left, lower side 7OLBBOT [ eE0d3h | [ seBeeh | [ eosdz | [ gooox | [ esm® | [ ooodmez | e q u I p I I l e nt CO u e I e re nt
8 M5H1, outled header, tee, upper side 7O0LBADT [ 603k ] | | 7546 % ] 239 % ] 0% % | [ ooomozz | f h I .I: h
9 MSH1, autled header, tes, lower side 7ILRAT [ semdzh | [ vveeeh | [ vordm | [ Zwgx | [ oseex | [ oooomez ro I I I t e aCtu a ag e O t e
10. MSH1, outled header, left, upper side 70LBAD [ 356043k | [ 7/e66h | [ 2rzoz% | [ 0937% | [ Z8i@8x% | [ Oo00882% |
11. MSH1, outled header, leit, upper side 70LBAMT [ 356043h | [ 7ve6Bh | [ orAizz | [ 09wz | [_28id8= | [ OoooBEEE | H n .] t
12.¥P 1, FOLEEM [ seman | [_@anh | [ aom= | [ omw= | [ _atme | [ ommiaz | eCIUIp en
13.YP 1, 7OLBADT [ semian | [ 7oAk | [ cew= | [ dmm=z | [ _7eee | [ ommerz |
14 MSH 1. autlet header tee, lower side 70LBATT [ G663k | [ 7oeeRh | [ oMz | [ owd= | [ ngeew | [ DRz |




Lifetime monitoring module steag

t Temperature

Free Capacity for Creep

Operating Pointg Scheduled
5 Plant Life

Pressure




Lifetime monitoring module steag

depends upon how stressful the life of equipment has been so far in terms
of temperature and pressure which effect fatigue and creep.

25 __ 4040000 161

W20 | 4o _| | 150
3615 _| 4030000 _| |_ 120

lf )
ﬂﬂﬂﬂ |
FH:JJ[‘ =1
o H
| 105
Date: 20.04.2011
ssa0 | 4 oosoo0 _| _ e [TY Time: 17:30:00
d085 REEEELLT) - &5
500 ] 25000 | - - - - | ez
Monitoring Creep & Fatigue for Drum 1/top Degradion
3575 _| 3990000 \ \ | | | ! 181 ailure Fatigue Creep Total Rem. Peaks
ar -] o 10, 1 12 13
= i 65.5h 0.238% 5.201% 5.439% 1.331%
——— 70RI_cO01 T Termp comp. 1 - (1w, 11 F60822°C_ (1) ——— TOSRI_CO01_F Press. comp. 1 (e, 151 TET 75 bar (721 TOERT _CO0T_WHot_CRE Crum Thop (11 Creep (dberm) TTOTE %3 |
[curresk: pont of Lrme: 37107200 11130500 Ad-12:30:00 PN Ity v 63.5h —U' 278% —5' 7% 6.204% 0.691%
70.3 | HRH l#t-top 356053 h 8653.6h 0.000% 1.868% 1.868% 0.000%
70.4 | HRH 1ft-bot 356053 h 8653.6h 0.000% 2.017% 2.017% 0.000%
70.5 | HRHE lim-bot 356053 h 8653.6h 0.000% 6.355% 6.355% 0.000%
70.6 | HRH 1i-top 356053 h 8653.6h 0.000% 3.822% 3.822% 0.000%
70.7 | HRHE 1-bot 356053 h 8653.6h 0.000% 6.355% 6.355% 0.000%
70.8 | MSH 1it-top 356053 h 7766.6h 2.345% 2.547% 4.395% 16.718%
70.9 | MSH 1it-bot 356053 h 7766.6h 2.345% 7.974% 10.323% 16.718%
70.10 | MSH Vm-bot 356053 h 7766.6h 0.937% 27.202% 22.139% 4.924%
70.11 | MSH 1-bot 356053 h 7766.6h 0.937% 27.202% 22.139% 4.924%
70.12 | ¥P 1/bb 356053 h 8471.3h 0.032% 3.086% 3.118% 0.064%
70.13 | YP 1fba 356053 h 7766.6h 4.881% 2.634% 7.515% 4.207%
70.14 | MSH 1t-bot 356053 h 7766.6h 2.345% 7.974% 10.323% 16.718%




Statistical Process Control steag

Statistical methods to evaluate partly automatic, early &
reliable detection of changes where deterioration is slow.

(Y1) mbar MW [¥2)
250
200 | | 800

Fi

| 800
100 | MM | 700
50 S ﬁ | 800 '%%‘-HEEH__LW
Alr ingress

I ONF N ==
150) WWLM (L | | | ]
_ false alarms ] -
! |l '
07.09.2006 s ! ' i

03, 04, 05, 06, 07, 0z, 08,
plausible alarm air 07.09.2006
ingress — plausible alarm air ingress

SR4_KOND1_P_IST Drudk Dampf Kondensator Ist 89,5418 mbar Lre
—— 5R4_BLOCK_PEL_GEN Generator Blodkleistung 173.818 MW




Key Performance Indicators

measured calculated

vibration heatrate

bearing temperature Component quality
factor

oil temperature

. efficiency
power consumption

Key measurements in power
plants usually depend on

- load,

- operation mode

- fuel quality

- ambient conditions

- etc.

And are superposed by noise

steag

01 ) mym (Y3) MW

150 _

135

120

105

80 |

75

60 -

45| -

] -

15|

0]

600

- (¥4) Ulmin (¥2)
150 12000

=500 |

SDD_NWWWH : I'!J_135 | 3000
0. 120 |6000
-300 ] “ ‘“"" U rqlﬂmm—"“_ma | 3000
500 | 50 |0

Dez Jan
2007

40LACZOCY021_¥A50 LAG SCHW KSP 20 WERT PPE
40LACZOCY022_¥A50 LAG SCHW KSP 20 HOR PPE
40LACZ0CS003_XA50 S DREHZAHL KSP2
SR4_BLOCK_PEL_GEN Generatorleistung (Summe Wi
Schutzgrenze SCHW KSP 20 HOR & WVERT PPE

157031 mym

12,5438 mym

4731.45 UWimin

431.714 MW
60 -




key performance indicators by Act / steaqg

Ref-comparison (KPI)

O 1) mym (3 KW - ("4} Uimin (2}
150 00 150 12000

KPIs measure the qualitiy of the
process / component.

135 | 300 1135 | 9000

120 ] 0 1120 | 6000

105 | -300

They do not depend on external S
disturbance variables

1105 | 3000
190 [0

73 -500 |75
60 -1200 60

KPI = act-value / ref-value 45| 1500

304 -1800

15 -=2100

0] -2400) »

- “KPI“-limit

40LACZ0CY021_XQs50
———  40LACZ0CY022_XQS50 12 54282 mym
——  40LACZ0CS003_XQ5S0 S 473145 Uimin
———— SR4 BLOCK_PEL_GEN G e W 431.714 MW

Schutzgrenze SCHW KSP &0 -

157031 mym




SPC — Alarm Control Centre

SPC_FLG1_SWL_KPI

STATISTISCHE PROZESSKONTROLLE

04.11.2007 00:00:00 - 12:00:00 Blockstatus: In Betrieb SPC-Status: unbekannt Pelbrutto: 3477 Mwh

Prozessgiiteiiberwachung SPC KPI Shewhart €
SPC_KOND, Kondensatorgute, KPI (SR:EEPOS) 0.95 i 18
AOHLC10CRO0 _xGa0, Druckverlust Luva, luftseitig (TEST) 1.12 i
SPC_LWvWW_HYDR, LUWO Druckverlust, KPI (SR:EFPOS) 0.94 0
40LBBO_CTO01_¥Q&0, Dampftemperatur ZU-Austritt 0,99 i
Zustandsiiberwachung
Kesselspeisepurnpe 1 SPC_SGZ1_SWU - Saugzug 1 - Schwingung Lager unten s ¥

’ . SPC Ergebnisse fiir 20.01.2009 15:45
A0LACT0CYD21_ X250, Lagerschwingung wvertikal 9

. . Al ller KIPT-\4s [ M. Ereigni: in r Shewhart-Karte, Ereignisse in T SUM-K . i n r Shewhart-K .
40LACTOCYD22_XQ50, Lagerschwingung horizantal Bt oy Khfntert 5% Hah. Ereignisse in der Shewhart-Karte. Ereianisse in der Cusum-Karte. Ereianisse i der Shewhart-Karte

A0BBADIEWSE3 _»280, Stramaufnahme Shewhart

Test 1 (Kontroligrenze dberschrithen) war positiv.
Test 5 (2 von 3 Werten liegen im duBeren Kontrollbereich) war positiv.

Kesselspeisepurnpe 2
Mittlerer Referenzwert ist 1.
Standardabwaichung ist 0,25,

40LACZ0CY021_XQ50, Lagerschwingung vertikal Konttrollbereich ist 0,5 bis 1,5,
. . Der auere Kontrollbereich st unter 0,67 bzw. Uber 1,33
A0LACZ0CYD22 X050, Lagerschwingung horizontal
40BBEO3IEVW3B3_X(50, Stromaufnahme SPC_SGZ1_SWU_KPI @ EVONIK
Hame
Reference Mean
pon
SPC Froperties

TagHama

$PC.3G21_5WU_KP1
AvaragengPenicd
10

Maan SamplingPeriod
EHowrs

AP Gaps Allowsd

=

MSP Gaps Allawed
=

UsarSupplisdCL's
True

Runtest: 1,5
Rebarance Mean
1

Ref aDevistion
LEH)

Upper Cantrel Limit
13

Lawet Contrel Limit
0.8

Filslnfarmation.

XML Filename:




Fault Trees steaqg

Models and analyzes faults in the === = = siwrstee

] w 3
b e b s c@ES DA S
pI‘OCGSS. ;_ﬁ_;;q;j am;ﬂl'ﬁnnmfl

Masities 2| InSkm T mplow

Composed of logic diagrams that  ["g" | e e

display the state of the system g e

and the states of the components
Constructed using Drag & Drop
technique

Does not need programming
expertise for building such

H:Tn

@M @:->

B 8 WOLT P
RN
0
R

trees.
;
.
ET

SH_V_L_SF

SH_SF_V_L_DM_PO_OK

DM_POS_V L1 JDMPOS_V_L2

SH_SF_V L1 _POS [SH_SF_V L2 _POS

SH_SF_L_Isovi_oP JlSH SF L W1 _AT

Fa 1
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