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Abstract— Steam Turbine Rotors are one of the key sectorshould be designed in such a way that it shouldaektas

among rotating machinery heavy engineering compisnen
These machines operate at a constant speed atgnagsure
and high thermal gradients at the initial stagesieOof the
main factors concerning the mechanical integrity thése
rotors is the interface between the blade and ttsk.dThe
contact region between the blade and the disk happe be
the most critical zone in the blade rotor. In ordermanage
high stress gradients at the blade root region, tine of the
disk is made heavier. The mass of rim of the Higés$ure
stage collectively makes the design bulky. Apavtnfrthe
design being bulky, the chances of the contacoretgading
to crack initiation due to high thermal gradientchenormous
centrifugal force over a period of time can lead fetigue
creep interactions reducing the life of the diskthe present
work, one small effort is made to integrate thedbland the
disk to form Integrated Blade Rotor commonly knoa@
“BLISK” for the first stage blades. And reduce tMass of
the rotor by scooping the uniform disk.
Keywords— Blisk, Integrated bladed
gradient, Creep, Fatigue.

rotor, Thermal

. INTRODUCTION
Turbo machines are devices that Transfers energm fr
flowing fluid to rotating component. Turbines dhe basic
types of turbo machines. The thermal energy ofsteam is
extracted by steam turbines to do the mechanicsk we. to
rotate the output shaft. The high pressure-highptrature
steam is expanded in the steam turbine to low predsw
temperature. Energy is extracted while this expansi
process. The extraction of energy from flowing dluis
achieved by set of components such as rotors autkdl The
flow of steam through the series of blades turres ristor
continuously. The steam will expand and cools affoivs
over the turbine blades. The sturdy axle runninthatcenter
of the turbine is called rotor transfers mechanaargy to
whatever the turbine is driving. The turbine bladee so
important part of turbine which if not properly dgsed it
may lead to catastrophic failure of the turbine.dAadso it
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much energy as possible. The high pressure-highdesture
superheated steam passes through the turbine bihiie
expanding and rotating the blades. After expangienlow
pressure-low temperature steam exits through thauest.

If we take a closer look at one of the blade, we se that it
is a collection of airfoil cross section from hubtip. These
airfoils are designed in such a way that whiledlyiasses
through airfoil blade it induces low pressure onttdim
surface and high pressure at top surface[7]. Aiterlblade
rotates because of this pressure difference whicludes
resultant upward force, hence converting the fltimv
energy to mechanical work. In most of the axialwflo
Turbomachinery used today blade and disks
manufactured separately [3]. The interface betwherblade
and disk is highly stressed area and the majoreronis the
mechanical integrity of the blade and disk. In naetbally
attached blade and disk the area of interface etvidade
and disk is highly and complexly stressed [3]. Aatt&ntion
needs to be paid at blade root where the highsstexlients
may initiate crack and eventually leads to faildre.manage
this, the disk rim is made heavier. The weight afhe rim
makes the design bulky. But the contact region ti$ s
exposed to high thermal gradient and subjected it h
centrifugal pull which may lead to crack initiatiteading to
fatigue creep interaction over a period of time.

The term “BLISK” is an acronym composed of words
BLADE and DISK. Blisks are also called as IntegdaiBtade
Rotor (IBR) [1]. It means Blade roots and locatsigts are
not required anymore. Blade and disk act as onepoaent.
Elimination of the dead weights of blade root anskdug
leads 30% reduction in weight [11]. In mechanicaltiached
blade and disk the area of interface between adedisk is
highly and complexly stressed [3]. And attentiord®to be
paid at blade root where the high stress gradieaiginitiate
crack and eventually leads to failure. Bladed disk one of
the critical component in a steam turbine. To elaté this
criticality of contact region between disk and ldaBlisk are
introduced. As of now, many works have been danblizk
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for aero engines. The main emphasis of this iss&duate the
blisk adaptation in the steam turbines using FiEkement
Method.

I. LITERATURE SURVEY
If we take a closer look at one of the blade, we sze that it
is a collection of airfoil cross section from hubtip. These
airfoils are designed in such a way that whiledlyasses
through airfoil blade it induces low pressure onttdm
surface and high pressure at top surface[7]. Aiteriblade
rotates because of this pressure difference whicludes
resultant upward force, hence converting the flfimwv
energy to mechanical work. In most of the axialwflo
Turbomachinery used today blade and disks
manufactured separately [3]. The interface betviberblade
and disk is highly stressed area and the majoreronis the
mechanical integrity of the blade and disk.
The term “BLISK” is an acronym composed of words
BLADE and DISK. Blisks are also called as IntegdaBtade
Rotor (IBR) [1]. It means Blade roots and locatsigts are
not required anymore. Blade and disk act as onepoaent.
Elimination of the dead weights of blade root anskdug
leads 30% reduction in weight [11]. In mechanicaltiached
blade and disk the area of interface between adedisk is
highly and complexly stressed [3]. And attentioedeto be
paid at blade root where the high stress gradimatginitiate

are

crack and eventually leads to failure. Bladed disk one of
the critical component in a steam turbine. To elaté this
criticality of contact region between disk and l@aBlisk are
introduced. As of now, many works have been danblisk
for aero engines. The main emphasis of this isy&duate the
blisk adaptation in the steam turbines using Filtement
Method.

[l PROBLEM DEFINITION
The blade and disks are manufactured separatey aftich
they are mechanically attached to form the rotat pathe
turbo machinery. In operating condition, the cohtagion
between the blade and the disk happens to be thet mo
critical zone in the blade rotor. In order to mam&ggh stress
gradients at the blade root region, the rim ofdlsk is made
heavier. The mass of rim of the High Pressure stage
collectively makes the design bulky. Apart from tthesign
being bulky, the chances of the contact region iteado
crack initiation due to high thermal gradient ambmnous
centrifugal force over a period of time can leadfatigue
creep interactions reducing the life of the diskyAlamage
caused during the operating life of the disk provesbe
costly design since the rotor cannot be replacedlfstages.
The blade failures have been a common occurrerazbnig
to catastrophic failure of turbines. In attempetiminate this
risk BLISK is introduced.

25,
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Fig. 3.1: Blade Integration and optimization

Reducing the mass of the rotor is still anothetlehge. After
integrating the disk and blade uniform blisk is goed as
shown in the figure 3.1. For overall stages thisoping will

reduce considerable mass of the rotor.
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V. MATERIAL AND METHODOLOGY
Project started off with the detailed study of firecess and
experiments were carried out and are explained hia t
literature review chapter, sufficient informatiobcat steam
turbines and its types was recorded. The Journald a
technical papers give us insight about the critigalf blade
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and rotor design. As a part of study of IntegraBidded

Rotors (IBR), much work has been done on Blisk émoa
engines while not much about Blisk in Steam Turbind/e

collected the results, conclusions and future samipaork

details and started off with defining the objective

TOOLS USED FOR ANALYSIS:

As a part of this project work, commercial CAD aRk&

analysis tools are used extensively to model aradyae the
structural component. The process for generatin® @#odel

for the component, transferring CAD model into Fialgsis
software, Analysis, Data processing and design drgmnent
is taken up and completed. This has given goodjlimsnto

the design process, meeting the environment an&limgowell

within the constraints.

PRELIMINARY DESIGN CONSIDERATIONS:
Chrome steel is steel mixed with Chromium. The otitmn
plating adds protection against rusting of the mialte

Table 1.1 Preliminary design considerations of gnteed

blade
Material Chrome steel
Mass density 7850 kgfm
Poisson’s ratio 0.3
FOS 1.68
Young's modulus (E) 2.1*T0OMPa
Tangent modulus (ET) 5500 MPa
Yield strength 550 MPa
Ultimate tensile strength 784.8 MPa
Operating speed 12000 rpm

CAD MODELLING:

Figure 1.1 shows the CAD model required for thel\aig is
developed in the Ansys Design Modeler applicatidrictv is
available in Ansys workbench. Cyclic symmetry natus
present in many mechanical structures. By takingathge of
this, cyclic symmetry analysis is the best optiorrdduce the
model size and solution running time. Cyclic synmyet
analysis is widely used in rotating machinery comgus
such as blades, vanes, fans etc. The blisk modeieished
effectively.
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Fig.1.1: Integrated blade

Fig.1.2: I-Section of integrated blade

As cyclic symmetry option is used to carry out draalysis
only a single sector of the full 360 degree modeldnsidered.
This model is considered as baseline model foatiaysis.
The mass of this single sector baseline modelasdle =
0.64507 kg

The rotor is a solid part in actual. But for theasis, a bore
is considered to eliminate the wedge shape whidhfavim at
the bottom of the cyclic sector which will lead toesh
uncertainties and inaccurate results.

FE DESCRIPTION:

Mesh convergence refers to the required numbeteohents
or element density to ensure the analysis resuks rmt
affected further. Overall mesh convergence defimes fine
the meshing should be to obtain accurate resduiits.riiesh is
done using tetra mesh with TET10 elements for théree
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model. The fillet region is fine meshed with mappeeshing

over blade airfoil.

Mesh check

Nodes 36310

Elements 22801

Aspect 5
Ratio o

Fig.1.3: FE model of integrated blade

Elmah chack
Hiods 13580
Elmemments 15781
At —_—
Raio 13z

Fig.1.4: FE model of modified | section integrated blade

BOUNDARY CONDITIONS:
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Retton Valocay
Tnee b1

[ otutsen
Ratabon 8,0, 124
Voot 0,8.0. i

Rotational velocity Displacement

Rotational Welocity Displacernent
Tifme: L3 ) Tirrie: Los

I:‘ Displacement
Camponents: FreeFree, 0, mm

[ Ratational elocityt L2000 RPI
Retation; 0.1, 12000 RPM
Lecation; 0,0,0, mm

Fig.1.5: Boundary conditions for baseline integtdade
and modified I-section integrated blade

The load is in the form of rotational velocity irpm.
Rotational velocity of 12000 rpm is applied ovee th-Axis
on the blisk. Blisk is allowed to breathe in ancdihe out
radially (X- axis) due to centrifugal force duristart up and
shutdown. The axial displacement (displacement cal@n
axis) of the blisk is arrested. Bilinear analysighvkinematic
hardening is run with cyclic symmetry option witlhoae
boundary conditions and mesh statistics.

Fatigue strain life parameters for chrome steelshotable
1.2.

Table 1.2: Fatigue strain life parameters for chresteel
[17]

Description Value

Strength co-efficient 980 MPa
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Strength exponent -0.12

Ductility co-efficient 0.7985
Ductility exponent -0.6

Cyclic strength co-efficient 1380
Cyclic strain hardening exponent 2

Equivalent Stress

Type: Equivalent (won-Mises) Stress

Unit: bPa
Tirne: 1

497.29 Max
! 442,04
= 38678

— 33L53

EQUATIONS:
From SWT approach
Omax €EqE = (G'f)z (ZNf)Zb + 0'); E} E
(2Np)P¥e i, 1
411.38x0.00079%2.1x16 (9892 (2Np)#*-012 +
980XO.7985X2_]_x]_quNf)—O.lZ—O.G

we find number of life cycles(fatigue life),N; = 133388.25
cycles
From Larson miller parameter approach,
LMP =T [logiet +Clyevvvvereeeeniiininieennn. 2
The Larsen Miller Parameter LMP = 19.3%10
19.3x1d = 808 [logt + 20]
we find creep life of blisk,

Results and discussion for baseline integrated bladand
modified integrated blade:

Equivl
TypeiE
Lz MF

Tire; L

29729 Max
o
B8
9153
628
iR
1577
151
516

00063281 Min
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t=7693.75 hrs.

E 276,28
221,02

16577

nnst
I 55,26
0.0063281 Min

Equivalent Stress

Type: Equivalent (van-hises) Stress Equivalent Stress
Unit: MPa Type: Equivalent (vori-Mises) Stress
Time: 1 Urit: MPa

Time: L

I 37814 Max
EEGRE]

— 20411

I 378.14 Max
36,13
— 29411
— 51

! 21008
168,07

H 2521
210,08
i 168.07
H 12605
— 12605
84,04
404
I 42025 I
42,025
0.010054 Min
0.010054 Min
Fig.1.6: Equivalent stress for Baseline integrabdade and
modified I-section integrated blade

VALIDATION:

"

[ITTLLVEY

S Wy

Pagd 123



International Journal of Advanced Engineering Research and Science (I JAERS)

[Vol-3, I'ssue-8, Aug- 2016]
I SSN: 2349-6495(P) | 2456-1908(0)

LT R

A Wi

Fig.1.7: Radial stresses of plain disk and optirdizeection
disk

Table 1.3: Comparative Results for Uniform Disk &nd

Section Disk
Stress Uniform disk I-section disk
Radial stress(in MPa 116.65 247.67
Mass(kg) 0.601 0.38183
% mass reduction 22217238183 _ 3¢ 46%

V. CONCLUSION
Fatigue evaluation using strain life approach shdveg the
component has 4.5*How cycle fatigue life. Larsen Miller
Parameter is effectively used to find the ruptuoeirh Creep
evaluation shows, when the blisk is operated a0@2pm and
at 808 K temperature, it can be safely operatetbuf693.75
hours from the obtained results. Nonlinear analisisarried
out using commercial FE package for the Structewaluation
of the steam turbine blisk. The stresses are waibvb the
design limits. The sectional stresses in the bisitew the
gross yielding does not occur even in over speedliton
proving the design to be safe.
The design considerations are taken into accouhtCesign
of Experiments is effectively used to study theiglespace
and arrived at optimum | section disk reducing thass by
36.46%.
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