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SHRIRAM FERTILISERS & CHEMICALS: KOTA

SAFETY INSTRUMENTED SYSTEM IN FERTILISER PLANT



SIS WOULD BE THE BETTER OPTION!!
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WORLD SAFETY MARKET INCREASING DAY BY DAY
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What is SIS ?

SIS-SAFETY INSTRUMENTED  SYSTEM

A SIS is designed to prevent or mitigate hazardous events by 
taking processes to a safe state when predetermined conditions 
are violated.

WHAT SIS CAN DO?

Emergency Shut Down

Safety Shut Down

Safety Interlocks
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INTERNATIONAL ELECTROTECHNICAL COMMISSION
(IEC)

IEC 61508

PROCESS INDUSTRY SECTOR

IEC 61511

SAFETY RELATED SYSTEM
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STANDARDS



SIS

SIF…n

LOOP COMBINATION

SIL

LOGIC SOLVER SENSOR FINAL ELEMENT

DCM SHRIRAM CONSOLIDATED LTD

6-22



FUNCTIONAL SAFETY
Functional Safety is the safety that control systems provide to an overall 
process or plant. 

CONCEPT FOR FUNCTIONAL SAFETY:
Developed in response to the growing need for improved 
confidence in safety systems. 

REQUIREMENT FOR FUNCTIONAL SAFETY:
• Safety Function Requirements – Hazard Analysis
• Safety Integrity Requirements – Risk Assessment

SIF-SAFETY INSTRUMENTED FUNCTIONS:
Actions taken by a SIS to bring the process & equipment under
control to a Safe state.
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SAFETY INTEGRITY LEVELS

Safety Integrity Level Risk Reduction Factor Probability of Failure 
on Demand ( PFD)

SIL 4 100,000 to 10,000 10-5 to 10-4

SIL 3 10,000 to 1,000 10-5 to 10-4

SIL 2 1,000 to 100 10-5 to 10-4

SIL 1 100 to 10 10-5 to 10-4

The higher the level of safety integrity, lower is the likelihood of dangerous failure. 
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DESIGN GUIDELINES FOR SAFETY INSTRUMENTED SYSTEM (SIS)

• Separation of SIS and DCS

• Identical or Diverse Separation

• Field Sensors

• Final Elements

• Wiring

• Hardware Fault Tolerance

• Physical Separation



PY1

I-144

PI3

I-147

PI2

I-148

PI1

I-149

PSY1

I-145

PSI3

I-150

PS11

I-152

PS11

I-152
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STANDARD ALGORITHM 2 OUT OF 3 VOTING

2 OUT OF 3 2 OUT OF 3

DCS INPUT ESD INPUT

REPEATER
ISOLATOR

FIELD 
TRANSMITTER
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SIS AT AMMONIA PLANT
SYSTEM ARCHITECTURE
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SIS LOGIC MODULE 1(2oo3)
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SIS LOGIC MODULE 2(2oo3)



DELTA – V SIS, ENGINEERING ASPECTS AT SFC, KOTA:

• State of the Art expandable system

• Fault Tolerant & triple redundant system

• Hot swappable capabilities.

• Separate system with common platform for engineering

• Redundant at Output Level

• Redundant Power Supplies

• Redundant Communication

• 2OO3, 2OO2 & 1OO1 logic selection

• First out cause detection (Sequence & Event)

• Faster Scan Rate (50 mS)

• SIL-3 Approval

• Analog I/P & through Barriers

• DI & DO through Interposing Relays (SIL-3)

• Hart Compatibility for analog Inputs Equipped
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DELTA-V SAFETY INSTRUMENT SYSTEM AT SFC KOTA
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• SEQUENCE OF EVENTS

• PROVIDE INTERFACE TO 16 I/O i.e. DI,DO&AI

• UNIQUE REDUNDANCY METHODOLOGY

• EACH LOGIC SOLVER HAS DUAL CPU

• ONLINE ADDITION OF MODULE CAN BE DONE

CAPABILITIES:

16-22

LOGIC SOLVER



Components:
Switches
Q2      Inactivation (used when required only)    

Push Buttons
Q3     Manual Trip
Q5     Trip Reset (common for all inputs)
Q6     Shutdown Group Reset
Q8     Output Reset (used when required only)

Status Lamps/Lights
H1     Trip Alarm. Normal OFF. Color RED
H2     Inactivation (used when required only). Normal OFF. Color ORANGE
H3     Manual Trip. Normal OFF. Color RED
H4     Shut down Group Trip. Normal OFF. Color RED
H7     Trip Action (without button). Normal OFF. Color WHITE
H8     Trip Action (with button). Normal OFF. Color WH 
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TYPICAL SHUTDOWN ARRANGEMENT



• FIELD POWER 4A MAX

• INPUT POWER 24VDC 

• EACH CHANNEL IS OPTICALLY ISOLATED FROM SYSTEM

• OPERATING TEMPRATURE -40 TO 70 0C

• SIMPLEX LOGIC SOLVER WIEGHT 0.625 KG

• HEAT DISSIPATION IS 16 WATT

• PROTECTION RATING IP20, NEMA 12
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SPECIFICATIONS



TAG NO. DESCRIPTION
IS-1 PRIMARY REFORMER TRIP
I-201 I. D. FAN STOP
I-202 F. D. FAN STOP
I-203 NG PREHEATER FUEL STOP
SD-201 FSRU PREHEATER TRIP
SD-207 PROCESS AIR
SD-208 SECONDARY REFORMER
SD-209 RAW  SYNTHESIS GAS
SD-301 METHANATOR
SD-302 HPC ABSORBER GAS PURGE
SD-303 HPC ABSORBER S/D
SD-304 SYNTHESIS GAS PURGE
SD-401 START-UP HEATER
SD-402 WASTE HEAT BOILER
PA-007 INSTRUMENT AIR
PWR FL POWER FAIL 

SHUTDOWN SEQUENCES
DCM SHRIRAM CONSOLIDATED LTD
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PSAL 2305
LOW CA 
PRESSURE        
125 mm WC

FSAL 2307
LOW GAS FLOW 
TO REFORMER 
4000 kg/hr

FSAL 2309

LOW STEAM 
FLOW TO 
REFORMER 16000 
kg/h

FFSAL 2310
LOW STEAM TO 
CARBON RATIO 
2.8

PSAL 2401
LOW FUEL GAS 
PRESSURE 0.06 
kg/cm2g

PSAL 2403 HIGH DRAUGHT                     
- 25 mm WC

PSAH 2403 LOW DRAUGHT                  
+3 mm WC

LA 203 LSD & LA 
202 LSD 10 % (2oo2 voting)

I-202 TRIP OF CA 
BLOWER

I-201 TRIP OF FLUE GAS 
BLOWER

I-203

SD 201
TRIP OF FSRU 
PREHEATER 425°
C

PA 007 LSD
INSTRUMENT A IR 
PRESSURE LOW 
2.5 kg/cm2g

POWER FAILURE

TRIP OF NG 
PREHEATER 425 °
C

IN
0-5 SEC

IN0-5 SEC

0-5 SEC

AND

0-5 SEC

0-5 SEC

0-5 SEC

0-5 SEC

0-5 SEC

0-5 SEC

0-5 SEC

0-5 SEC

0-5 SEC

IS-1

MT

USV-2402 STOP NG 
TO NG 
PREHTR

USV-2401 STOP FUEL 
TO 
REFORMER

FUSY-2309
STOP
REFORMER 
STEAM

USV-2307 CLOSE 
USV2307

NG FROM
BL PR 
CONTROL

PV-2403
CLOSED ID    
FAN 
DAMPER

FUSY-2305 STOP GAS 
TO 
REFORMER

I-201 TRIP FUEL 
GAS 
BLOWER

PIC-2306

RB

RL

IN

RL

RB

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

IN

PRIMARY REFORMER SHUTDOWN
DCM SHRIRAM CONSOLIDATED LTD
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BENEFITS

• INCREASED FOCUS ON OVERALL SAFETY

• INTEGRATION WITH CONTROL SYSTEM

• FLEXIBILITY & SCALABILITY

• LESSER HARDWARE & BETTER DIAGNOSTIC

• FASTER RESPONSE TIME

• INCREASED PROCESS AVAILABILITY

• REDUCED LIFE CYCLE COST



DCM SHRIRAM CONSOLIDATED LTD

vivek_gupta@dscl.com
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ISA (D) POWAT 2010

Power Plant Rotating Machines - Vibration 
Analysis Increases Up Time !!

Tatsuro Tomoda & Mukesh Vyas
Shinkawa Japan & Forbes Marshall India



Introduction
Forbes Marshall – US$ 120 Million – Instrumentation 
Company having Product Range of Shinkawa TSS & 
VMS , Insitu Gas Analyzers of Codel , SWAS , Flow 
Meters , AAQMS , Control Valves , DCS , Steam traps , 
Boilers……. With 23 Branches across India for Services.

Shinkawa Japan – US$ 330 Million – Japan Based 
Company of On Line VMS & Other Instrumentation 
Packages. Key OEMs – MHI , Toshiba , Hitachi , Fujii , 
Shinippon , Ebara , Atlas Copco….



Forbes Marshall & Indian Power Industry

Shinkawa Vibration Monitoring system – More than 700 Customers and 
Used in 150 Large Power Plants above 250 / 500 / 600 MW…800 MW is 
just coming.

Codel – Insitu Gas Analyzers – Changed the wave ….24 X 7 Working 
Analyzers for Sox , Nox & CO + Opacity Monitoring.

SWAS – It is installed in almost all power plants of India.

Ambient Air Monitoring System ( AAQMS ) – Plug & Play – Air 
pointer…No Need of Shelters !! A Revolution .

Valves , Flow Meters , Level Measurement , Water Quality Analyzers….



Power Plant Rotating Machine Vibration 
Monitoring



Category of VMS by Machine

BOP CTF/ CHP
RWP/ MWP

Maintenance 
Free

Small Motor
Pump

Critical & Secondary 
Critical Machines IDF, FDF, BFP, 

CWP, CEP , Comp

Turbine
Generator

Replacement after brokenReplacement after broken

OnOn--lineline
MonitoringMonitoring

OnOn--lineline
MonitoringMonitoring

OnOn--lineline
MonitoringMonitoring



%%15%15%

10%10%

5%5%

10%10%

15%15%

OilOil

UltrasonicUltrasonic

Steam TrapSteam Trap

Motor CurrentMotor Current

Infrared ThermographyInfrared Thermography

45%45%
Vibration AnalysisVibration Analysis



TYPICAL COAL FIRED POWER PLANT -SCHEMATIC

TSI

VMS

VMSVMS

VMS

VMS

VMS

VMS

VMS

VMS

VMS
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Typical Power Plant Rotating Machines

Critical Machine
Turbine & Generator

Secondary Critical Machines
Boiler Feed Pumps & Motors
CE Pumps & Motors
CW Pumps & Motors
ID / FD / PA Fans & Motors
Mill Motors

Balance of Plant Machines
Coal Handling Plants
Cooling Tower Fan & Motors
Make up Water & Raw Water Pumps
Compressors for Utility





Measuring Parameters for Turbine

Measuring 
Parameters for TSI

Measure the running speed. Speed alarm may be used 
to change the alarm setting value of the vibration 
while start up and shut down.
Measure the shaft bow, which is one of 
important conditions of the start up of the 
turbine. In some cased the alarm is required.

Measure the expansion of the turbine casing 
according to the temperature rise. 

Measure the differential expansion between the casing 
and rotor which will be expanded by the temperature. 
This measurement is necessary to prevent the 
rubbing/contact accident of the casing and rotor.
Measure the vibration of turbine, which may generate 
the alarms to shutdown the turbine.

Measure the position from the bench mark/base 
point of the axial shift.

Measure the opening position of a main steam 
control valve and/or a main stop valve.

Speed

Eccentricity

Casing 
Expansion
Differential 
Expansion

Vibration

Axial Position

Valve Position

Bearing 
Temperature

Measure the temperature of the bearings.



Pump / Fan / Motors / Mills



Sensors & Monitors



Vibration & Displacement Transducer

FK & VK Series
Vibration Transducer

WK Series 
2 wire Vibration Transmitter

CV & CA Series
Velocity & Acceleration 

Transducer

RD Series
Tacho Driver

MS Series
Magnetic Pickup

LVDT Series
Differential Transformer



VM 7 MONITORING SYSTEM

14



VM 7 Monitoring System – A New Generation Leader
Each Monitor Has got Integrated Analysis ( 4 Ch )
No Need of Separate Monitors in Rack for Analysis.
High Resolution – 24 Bit Processor
Integrated Relay in Each Monitors
Integrated Display in Each Rack ( Option )
True Redundant Power Supply & Communications to DCS.
All Parameter Measurement with 4 Types of Monitors
Completely Field Configurable via Lap Top PC.

Proven Globally with 300 Racks in Field… India –
150 Racks in last 3 Years ( Power & Oil & Gas )



Vibration Analysis / Diagnosis / 
Remote Vib Monitoring



TURBINE FAN

DCS

TIME SYNC. (From GPS or DCS)

MODBUS (Process data)

MODBUS (Redundancy)

H/HH/4~20mA - Each Ch

Data Export (SQL server/OPC server)

PUMP COMP’

DB
server

Portable Measuring Device

Data Import

Web Server

VM-773

Data Export

Client

E-mail

SMS

- Journal Bearing

- Roller Bearing

- Gear

- Impellor

- Motor
SECONDARY MACHINES & BOP



infiSYS View Station 
(Data Collection and Analysis and Diagnostics)

Machine 
Protection
System

Remote View Station 
(Integrated Machine Condition 

Monitoring on demand )

Ethernet

Ethernet

LOCAL

Remote

Net Work Architecture (Typical) for Plant Info.

INTER-NET

Router

Router
Security Server

CCR

B Factory

C Factory

A Factory

#2 Process
#1 Process

#3 Process

DCS SIS

Vibration Live Data will be displayed on 
the Operator’s console of DCS with alarm 
Status via MODBUS/TCP.

* Detail Vibration Live Data can be observed on 
the S-Station. 
* Alarm on-line Status is displayed contiguously.
* Performance of the equipment will be shown
In S-Station by the plant information from DCS 
and/or SIS as an option.

FFT 
Analyzing 
Processor

S-Station



Example of Diagnosis
for Unbalance
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Example of Diagnosis
for Rub

20



Example of Diagnosis
for Oil Whirl
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FUTURE SYSTEMS

WIRELESS SYSTEMS i.e. SENSSORS ( ALL TYPES ) 
AND MONITORS

PROXIMITY SENSORS WITH INTEGRATED DRIVERS for 
API 670

VMS Protection Monitoring System with Less Hardware 
and advanced display.

Remote Monitoring will be essential for upcoming 
projects being limited Experts.

On line Training for Product.



Present Scanario – Power Plant Rotating Machine 
Vibration Monitoring.

New Power Projects : Most of Projects are 250 MW , 300 MW , 500 MW , 660 MW 
& 800 MW
All are buying in different ways , getting diff systems from various OEMs. Some 
time there is duplication and some time multiple vendors in one locations…
Here need to make standard approach to maintain complete plant VMS in long 
term.

Let Turbine Supplier Give Complete Monitoring System for all Machines and 
Sensors will be supplied as per API 670 by Respective machine OEMs.
Plant Owner may buy complete system for all the machines except TG Sets 
and integrate complete system by one VMS Vendor. Need to make sure all 
machine OEMs gives sensor mounting provision.

VMS Selections must be standard and should be equal level.
API 670
Features / Tech Specs

VMS Vendor Evaluation is key – Quality , Pre Inspection , Audit and right vendor 
product qualification test which include product life , support and so on.



Conclusion

In Power Plant it is really required to consolidate and should have right
Specifications , proper planning to avoid many variety of VMS System.

VMS Trainings to new Team Members are key for future.

Vibration Monitoring system is key and each user , consultant and suppliers must
Look into details of specifications to have right solution rather than meeting just specs.

API 670 is key for right product specs

Vibration Analysis is must for Critical and Secondary critical machine to increase
Plant uptime and reduce Inventory cost.



Thanks for giving us valuable 
time .



ISA (D) POWAT 2010      May 28-29, 2010, Mumbai

RUB PHENOMENA IN ROTATING 
EQUIPMENTS

Amit Sharma- MDS Engineer
GE Energy Services- Optimization & Control,
Bently Nevada Asset Condition Monitoring



GEGEGEGE

GE InfrastructureGE Infrastructure

GE EnergyGE Energy

GE Energy ServicesGE Energy Services

Optimization & ControlOptimization & Control



DETECTION AND 
IDENTIFICATION OF RUBS IN 

ROTATING MACHINES

1X Amplitude & Phase of Vibration, 
an important tool to confirm the Rub 
Phenomena



Definition Of Vibration
VibrationVibration isis thethe oscillatingoscillating,,
oror
backback andand forthforth periodicperiodic motion,motion, ofof anan objectobject duedue toto aa forceforce
actingacting onon itit..



Machine Vibration
Introduction

Rolling Element Bearings Fluid Film Bearings



AbsoluteAbsolute phasephase angleangle isis measuredmeasured forfor filtered,filtered, integerinteger multiplemultiple frequenciesfrequencies ofof runningrunning speedspeed..
SuchSuch asas 11X,X, 22XX etcetc....

AbsoluteAbsolute phasephase angleangle isis measuredmeasured betweenbetween KeyphasorKeyphasor signalsignal (pulse)(pulse) andand FilteredFiltered vibrationvibration
signalsignal..

AbsoluteAbsolute phasephase isis thethe angleangle measuredmeasured inin degreesdegrees betweenbetween KeyphasorKeyphasor pulsepulse (superimposed(superimposed
onon vibrationvibration cyclecycle-- typicallytypically asas blankblank && brightbright spot)spot) toto thethe firstfirst positivepositive peakpeak inin vibrationvibration
signalsignal.. II..ee thethe angleangle betweenbetween blankblank spotspot (start(start ofof KeyphasorKeyphasor event)event) toto firstfirst positivepositive peakpeak
(high(high Point/Point/ maximummaximum vibrationvibration event)event)



00--degreedegree phasephase angleangle isis thethe blankblank spotspot andand isis
representingrepresenting thethe pointpoint onon rotorrotor directlydirectly underunder thethe
referencereference transducertransducer (X(X oror Y)Y) whenwhen KeyphasorKeyphasor
probeprobe isis alignedaligned withwith KeyphasorKeyphasor notchnotch..

ThisThis meansmeans thethe phasephase angleangle isis calculatedcalculated withwith
respectrespect toto transducertransducer andand notnot thethe KeyphasorKeyphasor
notchnotch..

FromFrom 00 degreedegree reference,reference, AbsoluteAbsolute phasephase angleangle isis
measuredmeasured atat aa pointpoint onon rotor,rotor, whichwhich isis closestclosest toto
referencereference transducertransducer oror saysay isis showingshowing maximummaximum
positivepositive peakpeak inin vibrationvibration signalsignal.. ThisThis isis lagginglagging
phasephase angleangle andand isis identifiedidentified inin thethe directiondirection
oppositeopposite toto directiondirection ofof rotationrotation..



Vibration 
Measurement

A
M

PL
IT

U
D

ECOMPLEX 
WAVEFORM

1X
3X

6X
8X



Scenarios with Cyclic 
Amplitudes in Rub Situation

A. Cyclic Amplitude Variations with almost no 
phase shift

B. Cyclic Amplitude Variations with almost 360 
degrees phase shift

C. Cyclic Amplitude Variations with almost 
Resonance effect at running speed



Case- A
Cyclic Amplitude Variations with almost no phase  shift



35 MW STG Machine

HPT - @ ~105
KG/Cm2

Critical speed of

HP Rotor: 3500 RPM

1. Cyclic Vibration observed at Front Bearing ( Brg#1) of Steam Turbine from past few 
months.

2. Machine tripped several times when the spike amplitudes reached  Danger level.

3. Rise & Reduction in amplitudes takes around 15-20 minutes, frequency of spikes is not 
repeatable.

4. Load reduction, Drain opening etc were tried to avoid tripping, but it could work 
sometimes.

5. The frequency of these cyclic vibration has increased from the last few days.



Rise in direct/1X amplitudes can be seen with different amplitude 
levels on both Turbine Front & Rear Bearings



HS GB 
bearing 
does not 
show 
these 
symptoms



Rise & 
Reduction of 
1X 
amplitudes at 
the ~ same 
phase angle 
observed. 3 
complete 
cycles 
occurred at 
different 
phase 
angles. 
Similar 
phenomena 
resent at 
Rear Bearing 
also with 







Conclusion of Observations

ffnessDynamicSti
orceUnbalanceFdmotionresponseusSynchronuo

•Temporary unbalance/bow condition only seems to be the cause  

of rising 1X amplitudes at same phase angle.



Possible Causes of Temporary 
Bow/Unbalance

•Oil Coking due to Leaky Oil Seals

•Rub at Gland Seal due to Steam Condensation or uneven 
expansion of casing/bearing jousing



Findings After Machine 
Inspection



Similar Finding in another 
Machine



Case- B
Cyclic Amplitude Variations with almost 360 Degrees phase  
shift



35 MW STG Machine Details :-

•Mfgd. Year: 1997                            Speed: 3000 RPM           

•Inlet Pressure: 86.5 ATA                 Exhaust Pressure: 0.07 ATA

•No. of Stages: 20

•Inlet Temperature: 494 C

Machine tripped several times during operation on high vibration. Initially 
tripped at 800rpm & then tripped at 3MW,5MW, 10MW & 17MW at 
different occasions



Trend Plots ( Turbine Front Bearing)

Fluctuations in 
direct/1X 
amplitudes 
with 
significant 
change in 1X 
phase can be 
seen here



Trend Plots ( Turbine Rear Bearing)

Fluctuations in 
direct/1X 
amplitudes 
with change in 
1X phase can 
be seen here



Trend Plots ( Generator Bearings)

Similar 
symptoms can 
be observed 
in the 
Generator 
bearings also.



1X Polar Plots 



1X Polar Plots ( Turbine Front Bearing) 

Turbine Front 
Bearing clearly 
shows the 360 
degrees phase 
shift in both of 
the probes 
indicating 
towards full 
annular 
lubricated rub 
condition at 
low clearance 
area.



Reason for Changing 1X Amplitude & 
Phase during Full Annular Rubbing



Observations & Conclusion of the 
Case1. During COLD Start Up, heat soaking was not done properly & also 

loaded very fast without thermal stabilization. 

2. Machine tripping at 800 rpm and low load were on account of high 
differential expansion of rotor and/ or thermally bowed rotor leading to 
Rub situation. 

3. Root cause of the rub was uneven expansion of the turbine case 
resulting in to rub during sudden load increments. Whenever load 
increment was gradual, vibrations didn’t increased.



Case- C
Cyclic Amplitude Variations with almost Resonance Effect at 
Running Speed



Machine Details



Problem Statements

1. Cyclic Changes in Vibration Amplitudes were 
happening at High Speed Shaft with Low speed shaft 
showing no such variations.

2. Oil leakage was observed from Turbine Inlet bearing 
housing but the location of leakage was not 
established.



TurbineTurbine InletInlet endend bearingbearing

TurbineTurbine ExhaustExhaust endend bearingbearing

GearboxGearbox TurbineTurbine endend bearingbearing

GeneratorGenerator GBGB endend bearingbearing

GearboxGearbox GeneratorGenerator endend bearingbearing

GeneratorGenerator ExciterExciter endend bearingbearing

Abrupt cyclic vibration changes
were
Present only on High speed shafts
and Low speed Shafts weren’t
showing any Influence by it.



Cyclic vibrations were on account of varying 1X vibrations



Polar Plots- Turbine End Bearing



Reason for Cyclic Resonance 
Effect



Theory Behind Cyclic Vibration



Post Maintenance Plots



TurbineTurbine InletInlet endend bearingbearing

TurbineTurbine ExhaustExhaust endend bearingbearing

TurbineTurbine InletInlet endend bearingbearing

TurbineTurbine ExhaustExhaust endend bearingbearing

GearboxGearbox TurbineTurbine endend bearingbearing

GearboxGearbox generatorgenerator endend bearingbearing

GearboxGearbox TurbineTurbine endend bearingbearing

GearboxGearbox generatorgenerator endend bearingbearing



Full Spectrum Plots Comparison

ConstantConstant
11XX

VaryingVarying
11XX

SeptemberSeptember --
20032003

DecemberDecember --
20032003



Conclusion


