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Applies only to safety-instrument-
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Primarily for system designers,
integrators and safety system us-

Primarily for manufacturers and sup- ers and devices

pliers of safety systems and devices
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FIG.2.Main causes of SIS
failure
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e Radia shaftvibration

e Casingvibration

e Shaftaxial position

o Shaft rotational speed

e Overspeed

e Compressor parameters(suchasfow,
pressureandtemperature)

o Critical machinery temperatures
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FIG.4. Integrated APIGTO architecture for the MPS
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1-trip

2-safety

3-TurboMachinery

4- Over speed

5-Failure

6-Safety Instrumented System
7-TurboMachinery Control System
8-Safety Integrity Level
9-Equipment Under Control
10-Probability of Failureon Demand
11-Risk Reduction Factor
12-Logic Solver
13-FieldInstrument
14-Separation

15-Shutdown

16-Reliability

17-redundancy

18- Availability
19-triplemodul ar redundancy
20-Diagnostic
21-softwareexecutioncycletime
22-Sequence

23-Distributed

24- Integrated
25-VibrationMonitoring
26-Overspeed
27-SurgeDetection
28-Certification

29-availability

30-redundancy

1| AF lnlig e

Silolaz § S5 MPS i SG 612
S s i s S8 S
slallas _alos 3l sal_s a0 45
g1l S el ol 5l

&l sl 6 1S s IECE1508s il
SIL s Al s 35 o Lo 1,
s el 5050 (12145 00,5 Jlasl slio
3 S Sl IS e S 3 5
S o aSeslaul ju g Dl ol Gl
Sl 0ol Casline SIL it ol

(S g bl s S A o
09 (o el odZ ool Hsbay SIL Lo
E550 (o2l |ECB15085 il (23,5 L
Slaea S Jlojlasoa s olilae xis o
3 (Sl i3p 53,5 5 2l
5L L 1 sl i) ogbl5 L Jolas
“-‘"9—.’)“6&’5‘”‘;58' L de%ojm
5 Bl s 93 58 (6l S5 s
W5 oo 7S i 0 Sy o IS sl
ol ogd az g ol ez 3 Slos a2 551
S el alg ge 0li) (S ez ol
5090 Slhhans s (s 0 b S
S 5l 58,5 8 g
»dehate )8 cSen 13 TMC (6 yilogs 58
1) s JS Seslagil gl SIL (gomlans
258l 5 aSCul R s o0 ) S SIL 5illas
ol 00 _gawy 2 piamns JS PFD LT
538 lee E Bl S sLos jli8le
el ailgs o LT YU s 6 ity illand
S el ol sl 500 PFD 50T Sitsomes

CeslgS )3 0l ol S Shas (W5 )|y a3
o aSeolaiwl ggu 5ISIL sloasl Jlasl
MPS u‘)“'ﬁ’“ 9 o ca—d rﬁLoS 5 Qi 6‘)‘?"
S0 Sy i alyldd e b sonys
o b s JS 04z )LSG ptis SO
b s gl Gllas ol SIL ozl
Ol 9 0Lkl ol «andS o lasiiwaw
s Jl gtz (352 T s g game
o 545 A5 (lodgs (6 yi—0le SIS
rlbad adlol o plas 5T b
0098 S oo luslisl pol> o 005>
gaXial (sl gus oS (5l gy Gl s
45 (53,150 0 033940 5 l> Ao s cENtrifugal
Syl g0y (lei s Lid gYL s

W SIS jshailen Yo lge coles SBL
IEC s luib—l slacusgaze Jlaslas o5Ls
ot e i 561508
o110 550 al S5 T s 43 Ly a5
S

s L, ESD sl 5 SIS iy o5 s
Glthaensbla S Jos 5l jguniw dloz | s
Obeebl gz a0 0ol jLi s 50 SIL
JS 6l p LPFD JLTSIL JolS caisllas 5
byiye slo™aclionlss 5 055 Jloel gicns
L, e a5 4 ESD i
g4l SIL Jlows!

bliss Shos g astgi [0
5l MPS adyl Jgol 5| 5o o Shos S5
Sl alincs (plaz LS gl5ome gl 99 52 50
S il ez 5 g canles 0 &dlg 0050 Zule

Machinery continuous
control system:
Anti-surge control Surge detection system: Monitoring system:
Parformance control Alarmy/danger detection Axial and radial vibration
Speed control Power supply Bearing temperature
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Extraction control Processing Processing
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controd system shutdown
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FIG.3. Distnbuted APIGTD architecture for the MPS
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Gas Turbines

opportunitiesin China.
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* Big growth of Gas Turbines market is expected because of new

2009 IGT Global Maintenance Spending (2009-2018)
By Country/Region

30.0
25.0
@ Country, CAGR
3 Bindia, 7.2%
T
? DAlrca, 4.3%
E 15.0 OE Europe/Russia, 8.2%
BLatin America, 2.3%

fiiii

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

®Asia Pacific, 3.5%
aMiddie East. 4.5%
B'Western Europe, 2.1%
®North America, 0.6%

Total CAGR = 3.7%
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Control and Safety Systems for TurboMachinery

All plant workers want to reduce the safety risk associated with turbomachinery operation while avoiding nuisance
trips. The goal is to run machines in an efficient manner. In this context, safety risk refers to catastrophic events, such as
turbine over speeding, which can lead to severe injury or death, not to mention lost revenue and extensive repairs.
Itis crucial to realize that SIL rating is not synonymous with higher levels of availability. Proper use of redundancy,
diagnostic coverage and control algorithms allow non-SIL rated control systems to achieve similar availability levels to
SIL-rated system.

A Study on Variation of Performance of Axial
Copressor in TEEDA Due to Different
Variable Vane Settings

In this study, variation of axial compressor performance of TEEDA due to change of setting of variable inlet guide
vane and the first and second stator vanes is of interest. A drastic change of geometry yields to change of performance
map of the axial compressor and affects the matching of the components and overall performance of the gas turbine.
First, a literature study on the topic is done and the simplified mechanism of the variable vanes is explained. Different
performance maps consisted of multiple constant speed curves in mass flow — pressure ratio plain are produced and
compared afterward. The results are meant to be used in order to produce a correlation for optimum IGV setting in
various ambient condition, loadings and TIT ratings.
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Simulation of Secondary Air System and
Conjugated Heat Transfer within Cavities
and Rotating Disks of TEEDA

Increasing TIT is a common practice and one of the most effective methods of upgrading a gas turbine. An improvement in
material and cooling techniques may be required to maitain the life objective and TBO of the hot section parts.
In the current study,3D simulation of the flow through the shaft, passing the cooling holes and within the cavities
has been done using CFX solver. Conjugate heat transfer of fluid and solid is also included in order to calculate the
temperature distribution inside the disk. Further, various cooling schemes and mass flows are compared and discussed.

Development of TEEDA Performance Simulator

In recent decades, improvement in computation power of the industrial and desktop computers has made the
simulators reliable replacement for expensive tests of rotating systems in design and development process of the product
as well as fault diagnosis. In this study, theories and development steps of TEEDA performance simulator is discussed.
The software has a computing core developed in FORTRAN which is linked to a C# based graphical user interface
as a dynamic-link library. The simulator is capable of calculation of power, fuel consumption, gas generator and free
turbine rotating speeds as well as temperature, mass flow and pressure at the intersection of the main components, being
air compressor, combustor chamber, compressor turbine and power turbine. At this stage the simulator is only capable
of running steady states for different settings of variable geometry setting and various ambient conditions. Future
developments of the software is planned in order to simulating turbo-pump and turbo-compressor packages as well as
real-time transient simulation of performance where a new design of the control system is of concern.

CFD Simulation of Flow through Axial Compressor
and Turbine of TEEDA

In this study simulation of flow through eleven-stage axial compressor and three-stage axial turbine of TEEDA is
performed using 3D steady simulation of flow in ANSYS CFX software. The computational domain consists of single
passage between two blades in each row which means all of the stages are simulated simultaneously. At the interface
of the rotating and stationary rows, the so called “stage” condition is implemented by which an average boundary
condition representing the frame rotation is applied between the rows. The lower and upper boundary conditions are of
periodic type obviously. The results are shown and the flow condition is discussed and compared in number of stages.
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Turboexpander

This article introduces Turboexpanders and their applications in across various indutries such as cryogenic, gas
separation, energy extraction from heat sources and gas pressure let down In a specific case, pressure reduction of
natural gas in transport lines and turboexpander advantages is in such application is investigated. After reviewing
turboexpander main components and design methods and procedures, a basic and preliminary design for an impeller of
a gas pressure reduction turboexpander is presented. Results of this study could be used in 3D and detailed design of
turboexpanders.

Turbine Market in the US 2015-2019 - Market
Landscape, Growth Prospects and Key Vendors

Aturbine is a mechanical device consisting of revolving rotors and blades that transforms rotational energy into usable
energy. The fluid used for the rotation can be steam, gas, or other combustion products such as CO2 and carbon
monoxide. There are three types of turbines namely steam turbines, gas turbines, and CCGT. Steam turbines extract thermal
energy fromsteam and converts it into mechanical energy. Gas turbines are generally used in gas-fired power plants wherein
an internal combustion engine is placed, in which the fuel is mixedwith air and ignited. Because of the growing
awareness about the environmental pollution caused by thermal power plants, most of the newly constructed gas-fired
power plants are CCGT plants. The analysts forecast the turbine market in the US to grow at a CAGR of 0.9% in terms
of installations over the period 2014-2019.
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