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Ingenieria Predictiva

Nuestra Mision

% “Transformar la manera en que
’ la industria realiza
mantenimiento a través del
Mantenimiento Basado en

Condicion y Confiabilidad.”
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Ingenieria Predictiva +  Reduccion en Costo de
Mantenimiento
Mejores practicas
J P Incremento en OEE

*Gestion de Salud de Activos » Optimizacion de
*Mantenimiento Predictivo [DVentario
*Monitoreo de Condicion - Reduccion de Huella [
*Mantenimiento de Precision de Carbon

*Gestion de Lubricacion Incremento en
«Planificaciony Programacion Eficiencia Energética
«Ingenieria de Confiabilidad Metas de
Sostenibilidad

Metas Ambientales
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Disenfio

* Crear un plan o un modelo para la
elaboracion de un objeto, sistema o
solucién. Implica la conceptualizacion y
la planificacion de como se vera y
funcionara algo, considerando tanto la
estética como la funcionalidad.

» En general, disefar implica pensar de
manera creativa y analitica para resolver
problemas y satisfacer necesidades
especificas.

» “El disefio no es s6lo como se ve y como
se siente. El disefio es como funciona".
» Steve Jobs

J
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Pensamiento de Diseno
(Design Thinking)

thinking) es un enfoque de

resolucion de problemas que se 7
centra en comprender las ‘
necesidades y experiencias de los
usuarios para desarrollar soluciones
innovadoras.

» El pensamiento de disefio (design X \ / /

» Se caracteriza por una mentalidad
centrada en el ser humano y a
menudo implica una serie de pasos
iterativos.
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Pensamiento de Diseiio (Design Thinking)

Empatizar Definir Idear Prototipar Probar

Obtener una Articular claramente el  Generar una amplia Desarrollar Reunir
comprension profunda problema que se gama de ideas y representaciones  retroalimentacion de
de los usuarios y sus intenta resolver en posible soluciones al tangibles de una 0 mas los usuarios al probar
necesidades a través base a los datos problema definido @  jdeas para explorery los prototipos, lo que
de la observaciony el recopilados durante la  traves de la “Lluvia de  probar su viabilidad. ~puede llevar a nuevas

compromiso. etapa de empatia. ideas” y el iteraciones del disefio.

pensamiento creativo.
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O Catalogo de Activos ﬁ O GO RS
IS0 17359:2018 -

Diagrama de Flujo de
Procedimiento de Monitoreo
de Condicién

* Brinda pautas para los
procedimientos generales
que se deben considerar al
configurar un programa de

Utilizar
mantenimiento

monitoreo de condicién para correctivo,
” . . preventlvo o
maquinas e incluye sl

referencias a los estandares
asociados requeridos en este
proceso. Este documento es
aplicable a todo tipo de

Determine acciones de
enciade mantenimiento. Realice
medicién los mantenimientos

maquinas.
Seleccion de la ubicacion \L
de medici Retroalimente los Revisi6
resultados para el para mejora

registro histérico continua

Establecer o revisar
criterios de alarma ‘
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Mantenimiento Basado en Flujo de Trabajo Proactivo
o (e ] ome
Condicion y Confiabilidad
. . . Predictive &
+ El rpodelo de qulp de trabajo pll"oactlvo _ Precintis —— | MocF
aplicado a la confiabilidad de activos enfatiza i 80% o totalwork
un enfoque preventivo para la gestion del ’_*7
- - - _ye Fallure
mantenimiento y la confiabilidad. /‘ v [
Equipment PM Results of e \
. . . Maintenance Plan Inspections PdM Failure
» Suenfoque es identificar y mitigar Codes
problemas potenciales antes de que *,—‘
provoquen fallas en el equipo o impacte O Poaaies Planning — pe | s |
procesos de produccion. \ Improvements /
il B . Requested Work Na.;‘ Ca:;se =l Wnr‘:(;:der
+ Al utilizar un modelo de flujo de trabajo 20% of Total Work m Anayls
proactivo, las organizaciones pueden mejorar | T FRACAS
- e - . P . 0 lan .
la confiabilidad de la maquinaria, minimizar mprovements Kaizen Loop
el tiempo de inactividad, extender la vida
util del equipo, optimizar los costos de ‘

mantenimiento y como consecuencia, = Work
Failures

mejorar la eficiencia operativay

’ productividad.
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Asset

Chiller Evaporator Glycol Pump mnﬁﬁlmﬂﬂ%l

T Catalogo digital de componentes _J) LR oo

CHILLER EVAPORATOR GLYCOL PUMP /= ADD COMPONENT

595

1750 Technology

Vertical |

115

4000

Mobil

Mobil DTE Heavy Mediun

Asset Picture coLpiine Vibration A

4802
CHLLER fme Vibration Ar
EVAPORATOR
CLYCOL. PUMP
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i INFO E: MEASUREMENT LOCATION DEFINITIONS i WORK ORDERS €0 HISTORY
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ENCL. TEFC :959

HP 100" VOLTS230/460HP 75 VOLT:

HZ 60 SF1.15RPM 17
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Definicion de Parametros

¢Dispara % Limita ¢Tiene Comentarios. ‘
Unidad ? Unidad Redundancia?
‘B Stcam Power Plant [N
El ® Generatng unk 5
®unit 5 Turbogenerator
8 ®5team Turbie System
© Giand steam Condenser Exfiaust Fan 5-1; VIB-CS-028; Asset Ste ID: NO 1 1 N 1 si F 1
© Gand steam Condenser Exhaust Fan 5-2; VIB-CS-029; Asset Suste ID: NO 1 1 N 1 st F 1
© Condensate water Pump 5-1; VIB-CS-030; Asset Suite ID: NO 1 1 NO 1 St p 1
2] © Condensate Water Pump 5-2; VIB-CS-031; Asset Sute ID: NO 1 1 NO 1 st P 1
& © Condenser Vacuum Pump 5-1; VIB-CS-037; Asset Sute ID: s s 1 NO 3 N " 1
] © Condenser Vacuum Pump 5-1 Seal Water Pump; VIB-CS-038; Asset Sute ID: NO 1 1 NO 3 N 3
] © Condenser Vacuum Pump 5-2; VIB-CS-039; Asset Sute ID: St 5 1 NO 3 NO 2 15
© Condenser Vacuum Pump 5-2 Seal Water Pump; VIB-CS-040; Asset Sutte ID: NO 1 1 NO 3 NO i 3
2] © it 25 Tuming Gear Motor; VIB-CS-041; Asset Sulte ID: N 1 1 NO 3 NO " 3
] © it 5 Turning Gear Lube OI Pump-AC; VIB-CS-043; Asset Sute ID: N0 1 1 NO 3 NO E 3
= Oy Emergency Lube Of Pump-DC; VIB-CS-044; Asset Sulte ID: NO 1 1 NO 3 NO ” 3
] © puxtary Lube OF Pump 5-1; VIB-CS-045; Asset Sute ID: NO 1 1 N0 1 si ' 1
& © ixtary Lube Of Pump 5-2; VIB-CS-046; Asset Suke ID: N 1 1 NO 1 sl E 1
= © it 5 (Kidney System) High Pressure Lube O Pumg; VIB-CS-047; Asset Sutte ID: NO 1 1 NO 3 NO " 3
2} 'High Pressure Lube Of Pump 5-1; VIB-CS-048; Asset Suke ID: St 5 1 NO 1 Sl E 5 DISPARA LA UNIDAD SI SE PIERDEN AMBAS BOMBAS
& © tigh Pressure Lube OF Pump 5-2; VIB-CS-049; Asset Sute ID: sis 1 NO 1 si ' 5 DISPARA LA UNIDAD I SE PIERDEN AMBAS BOMBAS
&8 ©unt 5 Lube Of Tank Vapor Extractor; VIB-CS-050; Assét Suke ID: NO 1 1 N 3 N 3
] Condenser Craulation Water Pump 5-3; VIB-CS-053; Asset Sute ID: NO 1 1 NO 3 No 3 DISPARA LA UNIDAD SI SE PIERDEN AMBAS BOMBAS
&= © Condenser Crautation Water Pump 5-1; VIB-CS-051; Asset Suite ID: NO 1 1 NO 3 NO [ 3 DISPARA LA UNIDAD SI SE PIERDEN AMBAS BOMBAS
© Condenser Crauiation Water Pump 5-2; VIB-CS-052; Asset Sute ID: NO 1 1 N 3 N 3 DISPARA LA UNIDAD SI SE PIERDEN AMBAS BOMBAS
= Ot 5 Turbogenerator; VIB-CS-056; Asset Sute ID: SIN 5 1 NO 3 NO # 15
] Turbine Hgh Press System Unk 5 TANK st s 1 N 3 N 15 DISPARA LA UNIDAD SI SE VACIA
2} © b 01 Tank Bowser Pump 5-1; VIB-CS-140; Asset Suite ID: NO 1 1 NO 3 NO " 3
1 ? © Lube 04 Tank Bowser Pump 5-2; VIB-CS-141; Asset Sute ID: NO 1 1 NO 3 NO 3 3
¢Detiene Produccion? ¢ Limita Produccion (%)? ¢Redundancia? =

.« Sji=5 *+ 85% =5 Si=_1
. No=1 . 50% =3 No=3
. 0% =1

16
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Ranking de Equipos por Criterios Operacionales
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Asset.

Boiler Feedwater Pump 5-1; VIB-CS-04:
Asset.

Boiler Feedwater Pump 6-1; VIB-CS-09:

VIB-CS-.

VIB-CS-12

Cooling Tower Fan 6-2; VIB-CS-124;

Polisher Backwash Pump-B;

&
1)
Q
a
S

VIB-CS-076; Asset. .=

VIB-CS-019; Asset..=
Condenser Vacuum Pump 5-1; VIB-CS-

Forced Draft Fan 6-1; VIB-CS-072; Asset. .=

Induced Draft Fan 6-2;

VIB-CS-002;
Deepwell Pump #10 =

Air Preheater Sump Pump 5-1
Deep Well Pump #13

Gland Steam Condenser Exhaust Fan
Air Preheater Sump Pump 6-1

Condenser Vacuum Pump 5-2 Seal
Instrument Air Compressor 5-1; VIB-CS-.

r Circulation Water Pump 5-1; VIB-..=
Unit 5 Turning Gear Lube Oil Pump-A(

Boiler Circulation Water Pump 5-3; VIB-..=
Condenser Vacuum Pump 6-1 Se:

Unit 5 Turbogenerator; VIB-CS-05!
Unit #6 Turning Gear Motor; VIB-CS-09

Bunker C Service Pump 5-1; VIB-CS-05.
Air Preheater 5-2;
Air Preheater 6-2; VIB-CS-058;
Cooling Tower Fan 5-2;

Flame Scanners Cooling Fan 6-1; VIB-.
Boiler Circulation Water Pump 6-1 Lube.

High Pressure Lube Oil Pump 5-2; VIB:
High Pressure Lube Oil Pump 6-2; VIB-.
Unit 5 (Kidney System) High Pressure.
Lube Oil Tank Bowser Pump 5-2; VI
Lube Oil Tank Bowser Pump 6-2; VIB-.
Bunker C Service Pump 6-2; VIB-CS-11
Condensate Water Pump 5-1; VIB-CS-.
Flame Scanners Cooling Fan 5-1; VIB-.
Boiler Circulation Water Pump 5-1 Lube.
Condensate Water Pump 6-1; VIB-CS-.

Turbine High Press System Unit 6 TANK
Bunker C Service Pump 6-1; VIB-CS-109;. .z
Boiler Circulation Water Pump 5-2 Lube.
Boiler Circulation Water Pump 5-3 Lube.
Deaerator Pump 5-1; VIB-CS-025; Asset.
Boiler Circulation Water Pump 6-2 Lube.
Boiler Circulation Water Pump 6-3 Lube.
Deaerator Pump 6-1; VIB-CS-081; Asset..z
Instrument Air Compressor 5-3; VIB-CS-.
Service Air Compressor 6-2; VIB-CS-116;
Cooling Tower Water Pump 5-2; VIB-CS-.

Degasifier Transfer Pump BL-02A; VIB-.

Cooling Tower Water Pump 6-2;

Forced Draft Fan 5-1; VIB-CS-016; Asset. .z
Induced Draft Fan 5-1;

Condenser Vacuum Pump 6-1; VIB-CS-..=

Gland Steam Condenser Exhaust Fan
Demi Water Secondary Booster Pump-A;.
Raw Water Pump 5-2; VIB-CS-138; Asset.

Travelling Screen Wash Pump 5-1; VI

Ignitor Fan 5-1; VIB-CS-003; Asset Suite |
Ignitor Fan 6-1; VIB-CS-059; Asset Suite |
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Criticidad basada en Valor de Rankin
9

[ vnea | sitema | Eauino Ranking _|_criicidad
Generating Unit 5 Boiler System Boiler Circulation Water Pump 5-1; VIB-CS-007; Asset Suite ID: 75 A
Generating Unit 5 Boiler System Boiler Circulation Water Pump 5-2; VIB-CS-008; Asset Suite ID: 75 A
Generating Unit 5 Boiler System Boiler Circulation Water Pump 5-3; VIB-CS-009; Asset Suite ID: 75 A
Generating Unit 6 Boiler System Boiler Circulation Water Pump 6-1; VIB-CS-063; Asset Suite ID: 75 A
Generating Unit 6 Boiler System Boiler Circulation Water Pump 6-2; VIB-CS-064; Asset Suite ID: 75 A
Generating Unit 6 Boiler System Boiler Circulation Water Pump 6-3; VIB-CS-065; Asset Suite ID: 75 A
Generating Unit 5 Boiler System Forced Draft Fan 5-1; VIB-CS-016; Asset Suite ID: 45 B
Generating Unit 5 Boiler System Forced Draft Fan 5-2; VIB-CS-017; Asset Suite ID: 45 B
Generating Unit 5 Boiler System Induced Draft Fan 5-1; VIB-CS-019; Asset Suite ID: 45 B
Generating Unit 5 Boiler System Induced Draft Fan 5-2; VIB-CS-020; Asset Suite ID: 45 B
Generating Unit 6 Boiler System Forced Draft Fan 6-1; VIB-CS-072; Asset Suite ID: 45 B
Generating Unit 6 Boiler System Forced Draft Fan 6-2; VIB-CS-073; Asset Suite ID: 45 B
Generating Unit 6 Boiler System Induced Draft Fan 6-2; VIB-CS-076; Asset Suite ID: 45 B
Generating Unit 6 Boiler System Induced Draft Fan 6-1; VIB-CS-075; Asset Suite ID: 45 B
Generating Unit 5 Steam Turbine System Condenser Vacuum Pump 5-1; VIB-CS-037; Asset Suite ID: 15 C
Generating Unit 5 Steam Turbine System Condenser Vacuum Pump 5-2; VIB-CS-039; Asset Suite ID: 15 C
Generating Unit 5 Steam Turbine System Unit 5 Turbogenerator; VIB-CS-056; Asset Suite ID: 15 ©
Generating Unit 5 Steam Turbine System Turbine High Press System Unit 5 TANK 15 ©
Generating Unit 5 Boiler System Bunker C Service Pump 5-1; VIB-CS-054; Asset Suite ID: 15 ©
Generating Unit 5 Boiler System Bunker C Service Pump 5-2; VIB-CS-055; Asset Suite ID: 15 ©
Generating Unit 6 Steam Turbine System Condenser Vacuum Pump 6-1; VIB-CS-093; Asset Suite ID: 15 ©

’ Generating Unit 6 Steam Turbine System Condenser Vacuum Pump 6-2; VIB-CS-095; Asset Suite ID: 15 C
Generating Unit 6 Steam Turbine System Turbine High Press System Unit 6 TANK 15 C
Generating Unit 6 Steam Turbine System Lube Oil Tank Bowser Pump 6-1; VIB-CS-142; Asset Suite ID: 15 C
Generating Unit 6 Boiler System Bunker C Service Pump 6-1; VIB-CS-109; Asset Suite ID: 5] (©




©

Integrated Fault Entry Report

Costa Sur Steam Power Plant

Period | All Dates 5

Load Center 5-1

19

é)g Matriz de Riesgo para Planificacion de Ordenes de Trabajo O

Criticidad

|

Severidad

20

Matriz Integrada de Reportes de Condicion de Activos O

101
Low

E) View T8 ExportBcel  w Columns

Date Criticality Days Awaiting Rapair Work Request 7 Work Order ¥ Equipment < Component
‘ Index 7 : g :
Air Brehester Sump Pump
10/15/2019 04:45 PM A [ 1441
62
Air Preheater Sump Pump
15/ 5 PM 0 16 42780 Enter WO
10/15/2019 04:46 P A 0 4 i
Unit 5 Emergency Lube Ol
B ] 1990
C 0 4 Polisher Sump Pump
0 419 Load Center §-2
0 350 1445770 Load Center 5-2

Critical
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Condiciones

failure starts

tooccur Early Signal 1

Early Signal 2

e ® ‘
PdM Detects e ®
Problems Early \

s

Equipment Fails Here

» Falla Potencial (P): representa
el punto en el que se puede
detectar o "predecir" una falla
potencial mediante diversas
técnicas de monitoreo de
condicion.

Audible Noise

Hot to Touch

EQUIPMENT CONDITION{

» Falla Funcional (F): punto en
el que el equipo o sistema ya sroken me
no realiza su funcién prevista.

En otras palabras, ha fallado.
Una vez que un sistema llega a
esta etapa, normalmente

o

21

requiere mantenimiento B REPAIR
correctivo para reparar o > :
reemplazar el componente TIME
J defectuoso.
e &5
é])) Gestion de Riesgo Oy s

22

11
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Lubricacion Desalineamiento Instalacion Inapropiada Aislamiento
degradado

Viscosidad

Riesgo de
seguridad

Problema
de Calidad

Holgura
excesiva
@

Desbalance Defectg en
Rodamiento Fuga de gas Calidad
Potencia
Condicién
de FIUJO Cavitacion Falla en
i Circuito
Degradacion
S P“n.to vibgfién Desbalance
Caliente de carga
....
Problema o
Estructural gorpeol de Contaminacién Temperatura
articutas excesiva
* [ ]
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Mapa de Modos de Falla

K-IIOT - Dupont, IN
DemoArea
Pump System
1000
Aeration Blowers
Aeration Blower #1
Digester Blower
Digester Blower #1
Reseration Blowers
Reaeration Blower #2
Templates
Electrical Assets
Mcc
Transformer
Mechanical Assets
Agitator
Air Handling Unit
Beit Conveyor
Centrifugal Pump
Generic Crusher
Reciprocating Compressor
Reciprocating Swashplate Pump.

Screw Conveyor

Image view Assettrends | e Failure mode tree

Assetinfo

E Aeration Blower #1

Blower, Positive Displacement-Direct Coupled

Select component:

Motor: AC Induction 1

Fallure modes

N

Mounted sensars Default FOI

Failure Mode Coverage

™

[ ——
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Predictive Engineering
LoaD ALLEVENTS ‘M)

Data Point . Trend Data Selection: -

Induced Draft Fan 2-1; VIB-AG-065 N . Non-Historical

Motor (IBB: LUB-AG-117; OBB-AG-118) . M
M1H = - = Velocity Overall

lo—e
[ ] | N

M1V - Sub-Synchronous
M1A 1 XRPM
M2H 2XRPM

Mr302004  AprO12024  AprQ22024  Apr05 204 Aor0724  Ar092024  Apett 2024 Aor1izae Aprisams O

4-9 X RPM
Fan (OBB: LUB-AG-119; IBB: LUB-AG-120) ~ Time Wavefo rm VElocity SPectrum 10-40 X RPM

FIH B [xEN  [i.]=] 41-99 X RPM
F1v X 100-300 X RPM
FIA

F2H

Fav

F2A

Semx)nds

CONGRESO DE|
MANTENIMIENTO
Location DORADO > PUMPS & CONFIABILIDAD
: : -~ “C H I L E |EDICION
Asset CHILLED WATER PUMP SP #500 !

Component  MOTOR

Analyzed 07-MAR-2024
Technology  VIBRATION ANALYSIS
Analyst SAMUEL ANDINO

Part BEARING | ROLLING ELEMENT
Severity HIGH

Failure Mode WEAR

COMMENT

Vibration data revealed a bearing defects patters. Vibration spectrums are showing a series of non-synchronous
peaks reelevated to bearing defects (BPFO, BPFI, BSP, FTF). The true acceleration time waveform shows a busy patter
with an acceleration peak over 7.00 G's of forces taking place inside the component. Vibration data revealed a
mechanical imbalance condition.

B Schedule unit for motor bearings replacement and housings inspection. Inspect the housings for excessive
clearances between the bearings, shaft and the housing itself. If clearances are excessive. machine shop rectification
procedures will be required. Inspect the Bearings element components. Repair or replace any defective components
as required. Once corrective actions are completed, proceed with a new vibration baseline test to know the new
mechanical condition status and verify proper lubrication procedure. (Change or flushing oil or grease bearings
using UE technology). Verify parameters for proper operation. Perform a vibration analysis on the uncoupled motor
to determine its steady state.
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Ciclo de retroalimentacion para eliminacion de defectos

-

Locations

Manufacturing Plant A Utilities Area >> Pump#2 >> Motor

No Defect Present O Data Has Alarm Defect Present () Lack of Time

No Client Escort Data Collected (O Not Running ':) No Equipment Access

Bad Data / Sensor
Fault Entry

Severity* Part* 1 Exception® -

Severe Bearing | Rolli... » Fatigue More Informatio «

Excessive
Analysis comment* Repair recommendations
Preload or

Overload

- Imbalance
Misalignment

Multiple assessments Spalling

.
CONGRESO DE
MANTENIMIENTO
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Failures By Part Failures By Mode
50 00.00% 30 . 00.00%
25.00% 700.00% 2 Go.00%
0.48%
. N 20.00%
40 88.75% 90.00% 5
80.95%
20.00%
20.00% 20
20 30.00% 59,845
70.00%
71.25% 15
52.73%
20 70.00% 50.00%
10 . B 50.00%
: . s || || — — 0
[ | [ wesr water - Imblance mproper
o 50.00% Surveillance Temparature s
Bearing Lubrication, Oil Impeller Rotor (Bars)  Breaker Trip Unit  coupling flexible (Hot)
Failures By Equipment Type Route Adherence
35 00.00% 0%
2 90.00%
5%
80.00%
25
70.00%
503
20
50.00%
15 -
50.00% 3%
10 § 40.00%
[ | v
s c 03/2021 04/2021 05/2021 06/2021 07/2021 08/2021 09/2021 10/2021 11/202
5 0005 72024 2021 04/2021 05/2021 06/2021 07/2021 08/2021 09/2021 10/2021 11/2021
Pump: Unspecified  Fan: Cent Tank .
Centrifugal B Route Adherence

32
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O 5°
O IBRA —
Asset Health @  Open Faults @@ Risk Index @@  Asset Health Trend (last 12 months) l0] 7 10}
100% New Faults
66 December, 2023
Cra isk 0%
D—o—o_w-c am
0% a2
ays|
69.8% . e
High Risk ) [Y0)
Componenis 20% 74.3%
% Program Compliance
- T November, 2023
@ wiaiting For Repair &7 & & & & & & o
. 5 R S AR A
= Green 132 @ Scheduling Quality Check 3 . [Y0)
Yellow 0 @ Waiting Quality Check a camponents == Green Percent Yellow Percent == Red Percent N/A
) Red 57 Sensor Health
Faults - New and Implemented (Last 12 months) @0  Top Bad Actors by Asset Type A Days Awaiting Repair ao
40 0

20 Unknown - 20

10 . 5
Pump, Centrifugal-Direct Coupled .

10

Unspecified I
5
N [
L R v A A Tank. Storage-Atmosheric-Unisulated |

33
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35

iGracias!

iQue nada nos detenga!

Jesus Manuel Laboy te
jesus.laboy@vibra-inc.com
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