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Abstract

This work deals with proposing a new geometry of an electron beam weld joint in the
inner liner of the combustion chamber of the GE H80 turboprop engine with the aim
to improve its cyclic life properties. These improvements are validated by means of
comparative stress analysis using finite element method. Steady-state thermal analysis
and static structural analysis are employed to study global and local stress distributions
in the part. All propositions are made with regards to manufacturing and economic

constraints. Further possibilities for deeper analysis are also discussed.

Abstrakt

Tato prace se zabyvd ndvrhem geometrie svarového spoje vytvoreného pomoci
technologie elektronového paprsku na wvnitinim plamenci spalovaci komory
turbovrtulového motoru GE HS8O0 s cilem zlepSeni vlastnosti inavové zZivotnosti. Tato
zlepseni jsou ovéfena pomoci komparativni analyzy napétového stavu metodou
kone¢nych prvkii. Pomoci teplotni a strukturalni analyzy je vySetieno globalni a
lokalni rozloZeni napéti v soucasti. Navrh je vytvofen sohledem na vyrobni a

ekonomické okrajové podminky, zaroven jsou diskutovany moznosti dalsi analyzy.

Keywords

Design for cyclic life, Finite element analysis, Structural analysis, Design for
manufacturing

Klic¢ova slova

Konstruovani pro cyklické zatéZzovani, Metoda kone¢nych prvki, Strukturalni
analyza, Konstruovani s ohledem na vyrobitelnost
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Introduction

1 Introduction

This thesis deals with the modification of a weld joint in the inner liner of the
combustion chamber on the GE H series turboprop engine. The purpose of this work
is to propose an improved design of the part and validate its improved properties by
comparison with the current design. The effort is part of a redesign project of the
combustion chamber on the H series engines. The main goal is to propose a new
geometry of the inner liner’s only part manufactured using machining and to
demonstrate its improved life properties. Because of the sensitive nature of the data
provided by GE Aviation Czech necessary for this analysis, the improved properties
of the new design will be evaluated and demonstrated with respect to a benchmark
reference of the current design’s characteristics and actual values normalised. The
outcome is therefore a comparative stress analysis of the two designs.

1.1 Engine description and history

Design of the H series engine is largely based on the legacy design of Walter M601
[1], which is a turboprop engine designed since the 1950s. It was developed by Walter
engines — at that time state-owned company under the name Motorlet — as propulsion
unit intended for L-410M aircraft by LET Kunovice. After nearly two decades of
interrupted development, the engine had been certified for flight in 1975 with 690 hp
and 500 hours time between overhaul (TBO). [2]

Its design is similar to that of Pratt & Whitney’s PT6 turboprop engine [3]. It consists
of two shafts, one delivering torque from the compressor turbine to the compressor,
the other driving the propeller [4]. The air inlet is at the rear of the engine, the
compressor consists of two axial stages and one radial impeller, followed by annular
combustion chamber, single-stage compressor turbine driving the compressor and
single-stage power turbine connected to the propeller through the reduction gearbox

(Fig. 1). [3]

Fig. 1 GE Aviation H series engine cutaway [16]
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After the initial release of Walter M601A, more than 6 other versions including
agricultural and aerobatic application [2] were developed until the company was
acquired by GE Aviation in 2008 and the H series design came into service as modified
M601. [1] Today the H series engine family includes the H75, H80 and H85 engines
ranging from 750 to 850 hp and 3600 hours TBO. [5]

1.2 Assembly description

The part of the engine analysed in this work is the inner liner of the annular combustion
chamber top assembly (Fig. 2). The combustion chamber consists of the inner and
outer liner, which surround the space where fuel dispersed from the rotating dispersing
ring mixes with air coming from the radial impeller through the deflector. The mixture
is ignited there — initially using two torch igniters — and burns leaving the chamber
towards the compressor turbine and further. [6]

The components in this environment are therefore exposed to very high temperatures
from one side while cooled by air flow on the other [6], resulting in high stresses in
cycles repeating with each engine mission.

Fig. 2 Description of the combustion chamber top assembly

The inner liner assembly itself is composed of 5 components and sub-assemblies, most
of which are formed from sheet metal except for the part of interest, which is a forging
and its final geometry is achieved through machining. All components of the inner
liner are made of Nimonic80A, a nickel-based high-temperature low creep superalloy
commonly used in aviation gas turbines. [7] Components are welded together using
electron beam welding. Below, Table 1 describes lists the parts in the assembly
including their identification in Fig. 4.
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Table I Inner liner part list and their colour identification in Fig. 4

Lee . Red _Sheetmetal
Conic sleeve Green Sheet metal
Kt edge (Pt of vt | Ligtbive . Forgng,
Perforatedhat [ Yellow | Sheetmetal
Sleeve .. Dakblue  Sheetmetal
/\\
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Fig. 3 Current Inner Liner geometry with the weld penetration extremes

Fig. 4 Inner Liner assembly - Section view (left) and Isometric view (right)
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1.3 Task description

The motivation behind this work’s effort are cracking issues associated with the
current design in the EB weld between the part of interest and the perforated hat. In
the current design (Fig. 3) the weld joint is in a plane parallel to the part’s axis. As a
result, the joint is forced open due to deformations from thermal expansion. In
addition, the current design had been optimised for lower stress in the joint by
adjusting stiffness. This was achieved using partial weld penetration.

There are however disadvantages associated with this design. Firstly, the weld root
itself can act as crack initiator due to high porosity within [8]. Secondly, the
manufacturing process is likely to create varying depth of penetration around the
joint’s circumference. This inconsistency is likely to serve as stress concentrator too,
possibly decreasing part’s cyclic life.

The task at hand is thus to propose modifications to the inner liner that will lead to
improving its cyclic life and help eliminate cracking issues in the EB weld. The
component of interest is picked for modification because its final geometry is achieved
through machining. Changing its geometry is therefore the easiest from
manufacturability stand point.

The proposed design must therefore fit the following constraints:

1) the design must be compatible with other components in the inner liner
assembly without changing tools for their manufacture (e.g. dies),

2) the fuel disperser ring must fit within the design’s inner diameter with
sufficient margin allowing undisturbed airflow between the ring’s extreme
position and the knife edge,

3) to minimise the cost of the design change, the new design must fit within the
semi-product (forging) envelope of the current design.

The goal is therefore to change the geometry of the component of interest to relocate
the EB welding to ensure decrease of stress in its location.

10
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2 Analysis approach

Firstly, new design is proposed with respect to constraints described in the previous
section. Secondly, finite element analysis using Ansys Workbench 18.2 software is
performed to obtain stress distribution in the current and proposed designs. As
mentioned in the previous chapter, the goal behind this effort is to improve the cyclic
life of the part. Actual calculation of cyclic life, however, is not within the scope of
this work since fatigue material data is not provided. Improved properties of the
proposed design are substantiated by demonstrating that lower stresses critical for the
weld joint’s cyclic life were achieved in the new design.

For the purposes of the finite element method analysis, CAD models of the inner liner
assemblies were used. Nominal design was kindly provided by GE Aviation Czech,
new design was devised within the scope of this work and combined with remaining
parts of the assembly including minor adjustments to the geometry of the perforated
hat as described later. Since provided models were according to validated design
definition, no geometry simplifications were used in the analysis.

The comparative analysis is performed on two geometry definitions of the current
design (vOLong and vOShort) and one definition of the proposed design (v/). The two
current versions reflect extremes in the weld penetration depth allowable per GE
Aviation design and manufacturing definition. These extremes are modelled as two
cases of contact surface width between the component of interest and the perforated
hat. Overview of the weld penetration depth allowance is explained later in Table 3
and visualised in Fig. 3.

Each of the three geometries is subjected to two different load cases corresponding to
conditions at the engine “idle” and “take-off” modes — these modes are defined as
percentage of engine’s generator shaft’s revolutions per minute — “idle” is at 60%,
“take-off” or maximum service power is at 100%.

Because the inner liner is loaded dominantly by thermal stresses, two-step analysis
needs be done to obtain the stress distribution for design comparison. An overview of
individual analyses performed is in Table 2. Basic mechanisms of the analyses
performed are explained on a simplified example in the next chapter.

Overall, the analysis approach is a combination of analytical approach with
experimental data inputs to approximate the real conditions the examined assembly is
subjected to in the engine. There is no possibility within the scope of this work to
validate analysis results by comparison to actual engine data such as strain gauge
measurements and therefore the relevance of analyses’ stress values cannot be verified.
Nevertheless, since the geometries vary to a reasonably small degree, keeping uniform
approach to implementing temperature inputs, constraints and meshing will yield
outcomes relevant enough to evaluate potential improvements of the proposed design.

11
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Table 2 Overview of analyses performed to obtain stress values for evaluation

Steady- Steady-

Steady-

Static | Static |

Thermal Structural

Thermal

state . Stfl;i::fral state
! ll Thermal

Static '

' Sl . Structural [ S0 . Structural | — . Structural [
o | Thermal B Thermal B Thermal :
2 | | |
@

c : """"""""""""""""""""" L B T |

s

- i E :
Steady- i Steady- . Static B St(:a:iy— » Static
Structural | SHale

2.1 Steady-state thermal analysis

In each case the first step was to use finite element method for heat transfer using
Ansys’ Steady-state thermal analysis [9] tool to solve a conduction problem to obtain
temperature distribution to be used later as input for the thermal-stress analysis. The
temperature distribution is based on experimental data from the engine for each load
case.

The method uses Fourier’s heat conduction equation to solve the temperature
distribution:

9°T 02T 9°T ¢ pCpaT

02 9y a2 Tk~ k ot

(1)

where

T is temperature as function of (x,y,z), q is heat generated within system per unit
volume, p is solid’s density, k is solid’s thermal conductivity and C,, is solid’s specific
heat capacity. [10]

Because this is a steady-state case with no heat generation, the equation can be
simplified in this case as the heat generated as well as partial derivative of temperature
with respect to time are zero. The necessary equilibrium equation is thus based solely
on Fourier’s law of heat conduction:

T  dT T

=—k|l—i+—j+— 2
4 k(axl+6y1+azk) (2)

12
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where

q 1s local heat flux density, k is thermal conductivity and the term on the right is
temperature gradient. [10]

Assuming a two-dimensional problem with triangular elements and a linear
approximation function, the approximation function for element temperature is
defined as follows:

{T}=[Ni N; Ni] (3)

Sﬂ Qﬂ .:ﬂ

where

T;,Tj, T,y are the element’s nodal temperatures and Ns are linear shape functions
defined as follows:

1
Ni = o7 (@i + Bix +viy) (4)
and analogically for Nj, N;,,, where

a, 5,y correspond to proportional position between nodes and are defined as follows:

Q= XjYm — VjXm X = XmYi — YmXi a=XiYj = ViXj
B =Y~ ¥m B=Ym—Yi B=yi—yj
y:xm—xj Y =Xi = Xm y=xj—xi

(5)-(13)

{g}:laTJ (14)

Temperature gradient matrix and heat flux matrices are related through the thermal
conductivity matrix [D] as follows:

l¢.] =~ D)@ (15)

13
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where the thermal conductivity matrix is defined as follows:
K 0
[D]=| ¥ ] 1 16
0 K, (16)
Combining the approximation function with the temperature gradient matrix yields:

[aNl- oN; aNm]

T,
o _lox ax  ox ||,
{g}_laNi oN, aNmJ 7?] (17)
gy oy oy 1"
which can be rewritten in a compact form as
{g} = [BI{T} (17)
with
= _ L [Bi P ﬁm]
S 1
L5] 2A [Vi Yi Vm (18)

Finally, stiffness matrix is obtained from the potential energy theory as follows:

k1 = ||| B o1EIr: (19)

and the element equation, similarly to structural analysis element equation, is
established as

[Q] = [KI{T} (20)

where [Q] is the “force” matrix representing heat flow at the element’s boundary:

qIIPL 1
— 21
[01="—-|] (21)
where q" is heat flux at element boundary, P is element perimeter and L is element’s
side length. [10]

! Note that for isotropic thermal conductivity values on the diagonal will be the same
2 Term contributing for convection is omitted in this relationship

14
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2.2 Static-structural analysis

Coupled with thermal expansion characterised by the coefficient of thermal expansion
in solids:

-

where V is the solid’s volume, (Z—Z) is the rate of change of the solid’s volume with

temperature and ay, is the volumetric thermal expansion coefficient, for which

aV=3aL (23)

is true in the case of isotropic material, where «; is the linear thermal expansion
coefficient, [11]

temperature distribution is then used as input for static structural analysis. Together
with the structural boundary condition input, the thermal-stress analysis returns a field
of nodal displacement as well as nodal stresses.

The use of structural analysis to solve for displacement and eventually stress
distribution, as well as its integration with the steady-state thermal analysis results, is
associated with several assumptions:

- Structural deformation has negligible effect on temperature distribution itself
[10].

- Linear analysis conditions are met — displacement is infinitesimally small and
resulting stresses are below material’s yield stress, in other words assuming
Hooke’s law of linear elasticity:

_2 24
€=+ (24)
where o is stress, E is Young modulus and
du
= 25

with u being axial displacement in the x direction. [12]

- Material impurities and defects are not considered, material properties are also
assumed to be isotropic.
- Stress-strain material matrix is independent of the stress state. [12]

15
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With known geometry, supports (constraints), necessary material data (namely stress-
strain behaviour) and default body load (input from steady-state thermal analysis), it
is possible to solve for the displacement distribution with the following equilibrium
equation:

[K][A] = [F] (26)
where
[K] is the stiffness matrix, [A] is the displacement matrix and [F] is the force matrix.’

A method for the derivation of the stiffness matrix for a 2D bar elements with linear
interpolation function is outlined for illustration: [12] [10]

Elements are assumed to have a constant cross-section area A, uniform modulus of
elasticity E, and initial length L. The bar is subjected to tensile forces along the local
axis that are applied to its ends. Two coordinate systems apply, local (x") and global
(x). Nodal degrees of freedom are the four local displacements (d;). Strain-
displacement relationship is obtained from Hooke’s law (see above) and

Ao =T (27)
where A is the cross-section area, o normal stress in direction of T tensile force.

Substituting for stress and strain in Hooke’s law:

d AEdu’ =0 28
dx’ dx' ) (28)

Assuming linear displacement along the local x’ axis, displacement function can be
written as

u' = a; + ayx’ (29)
By evaluation u’ at the nodes:
w'(0) = diy = ay (30)
u'(L) =dj, = a,L +dj, (31)
yielding
a, = @ (32)

3 Note similar equilibrium equation to steady-state thermal analysis

16



The displacement function then becomes

d.,, —d!
u' = (—Zx T 1x> x' +diy

in matrix form corresponding to

: d;
u' =[N Nz][d,lx]
2x
with the shape function
N, =1 x
)
N, = x
2T L
With strain displacement being
_du'  dyy—diy
T T L

the stiffness matrix is derived as follows

T = Ao,

dy, —d
T=AE( ZxL 1x)

Nodal forces at node 1 should have negative sign:

fix=-T
, AE
At node 2:
fox =T
AE

f, = 1A !
2 L(de - dlx)

Analysis approach

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)
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Matrix form of nodal forces in x-direction are thus

% - dix
1{;] =4E [—11 11] dzx] (44)

And similarily for the forces in y-direction

flly _ 1 -1 diy
sl -
Reaching thus the desired form of
[f1 = [k][d] (46)

only however in the element’s local coordinate system. To transfer the matrix to global
coordinate system, a transformation matrix is used, eventually obtaining the form

[F] = [K][d] (47)

[10][12].

Contemporary FEM solvers commonly use the h refinement method for discretisation
(mesh). [13] This method is based on increasing number of elements within areas
where detailed results are desired or where the gradient in result quantity is high while
using only linear or quadratic elements, i.e. approximation polynomials of the first,
maximum second degree. P method on the other hand is based on locally varying
polynomial degrees to achieve more accurate results. The difference between h-
method and p-method in their strategy to accurately describe the model is evident in
Fig. 5. [14]

H-Method with Coarse Mesh H-Method with Fine Mesh

P-Method with 2nd Order Polynomial P-Method with 3rd Order Polynomial

Fig. 5 H method and P method comparison [18]

18
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3 New design proposal

" il

i ool o I

Fig. 6 Comparison of geometry details: current design (left), proposed design (right)

With the limiting factors described in Task description in mind, the design approach
was to come up with geometry that would allow for the root of the weld to be machined
off to ensure full weld penetration, better inspectability as well as removal of potential
crack initiators in the weld root. The new design as seen in Fig. 6 is the final geometry
after weld root removal by machining the horizontal groove. Removal of the weld root
is preferred as partial penetration is associated with high porosity and therefore worse
mechanical properties as per EN 1011-7 specifying conditions and recommendations
for electron beam welding. [8]

This design also allows for relocation of the weld to a circumferential orientation as
opposed to axial orientation in the current design. Circumferential orientation of the
EB weld is preferred. [8] Finally, the goal is also to relocate the weld to a location with
lower stress load, which can however only be validated through analysis.

Table 3 Electron beam welding penetration limits for concerned weld as per GE Aviation Czech specifications

[ B B |

i Dimension Value (mm)*

Minimum indicated weld penetration (2|
Moximum indicated weld penetration (3.5 |
Indication precision | 05
Actual minimum weld penetration 15
Actual maximum weld penetration | s

_____________________________________________________________________________________

4 Data provided by GE Aviation as part of the input for this thesis.
19
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The new design takes into consideration the available precision of EB welding derived
from the current process, which is outlined in Table 3. From that, the groove diameter
for ensuring weld root removal is established to be 3mm as visualised in Fig. 7.

Furthermore, the proposed geometry had to be compatible with adjacent parts —
connecting to the inner and outer adjacent parts with EB welds. To allow for the
component of interest to fit in the pre-set geometry, some material needed to be
removed from the outer adjacent perforated hat part. The approach here was to change
its geometry only to such extent that its new design can be achieved using simple
machining operation from the original part, complying thus with constraint 1) in Task
description. The amount of removable material was limited by the perforations in the
hat, which had to remain out of the heat affected zone, which is defined as 1.2mm per
GE Aviation Czech’s specification.’

o

Fig. 7 Detail of proposed design with symbolic depiction of constraints.
Hole distance from heat-affected zone, weld penetration tolerance, fuel disperser ring envelope

In overall, the proposed design has following intended benefits:

- Changing geometry to eliminate stress concentrators
- Moving the weld joint to a location with lower crack initiating stress.
- Despite the joint still welded with partial penetration, it will be as full
penetrated weld after final machining, which brings following benefits:
o Weld root will not act as crack initiator
o Weld inspection will be easier both in terms of time and costs
- All mentioned benefits would be deliverable without major changes to the
manufacturing process and thus at minimum cost.

5 Data provided by GE Aviation as part of the input for this thesis.
20
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4 Analysis setup

4.1 Material properties

Besides general assumptions associated with FEM analysis, such as stresses being
below yield stress for given material and therefore assuming Hooke’s law of linear
elasticity as described in previous chapters, it is assumed for the material to be
homogenous as well as perfectly anisotropic. Material data provided by GE Aviation
included following properties:

- Isotropic instantaneous coefficient of thermal expansion (as a function of
temperature)

- Isotropic elasticity (Young modulus as a function of temperature)

- Isotropic thermal conductivity (as a function of temperature)

- Density

4.2 Loading definitions

4.2.1 Steady-state thermal analysis

Input for the steady-state thermal analysis was provided in the form of experimental
temperature measurements on the engine at given regimes.

Two sets of 13 temperature measurements were thus used as inputs, their location is
depicted in Fig. 8. The temperature inputs are assumed axisymmetric and are used
equally across all three geometries. The difference between each geometry is assumed
too negligible to impact the temperature distribution. It is also the only way possible
since no experiment data are available for the proposed design.

A-A s

TC 10

8 TC 11
7 TC 12
6
65 !
TC 4 r

/ T 2

I TC1

3 % : .
=2
<~

Fig. 8 Experimental temperature data provided as input for static thermal analysis
(12 labelled locations and 1 on the far-right flange contact surface)
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4.2.2 Static structural analysis

To investigate the static stresses in the assembly, the temperature distribution input
from the previous analysis is combined with a displacement constraint representing its
mounting in the engine. The displacement constraint (Fig. 9) is defined on one point
per each flange bolt hole. It is specified in a cylindrical coordinate system with the
axial and rotational component fixed at zero, while the radial component is free. This
setup simulates the condition in the engine as the only displacement in the mounting
is allowed by the adjacent flange when it expands in the radial direction due to heat
expansion.

Fig. 9 Displacement constraint points

4.3 Meshing

As mentioned above, ANSYS uses the h-method for mesh refinement, in this analysis
quadratic elements are used, allowing for the elements not to be strictly sharp-edged
and thus better fill the volumetric model consisting largely of round, circular features,
adding a mid-node result in each element as seen in Fig. 10. [13]

To find a compromise between excessive computing time with a very fine mesh, yet
fine enough to be able to capture peaks in local stresses in the weld location that is of
interest, several sizing tools were used to ensure favourable linking between meshing
on individual solids, particularly body, contact and face sizing. That way it was
ensured that node positions would be lined up on corresponding contact faces as seen
in Fig. 11, Fig. 12.

Fig. 10 Quadratic volume types (elements) [13]
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Analysis setup

In addition, a spherical region of finer mesh (Fig. 13, Fig. 14) was introduced to one
location on the weld circumference to capture detailed results. The size of the sphere
was set so that a complete unit of circumferentially repeating patterns on the geometry
would fit inside to eliminate potential effects of asymmetrical zone selection.

Strategy with refined spherical region was chosen as opposed to setting a periodicity
condition to the mesh and solving only for a circular sector, because in the initial phase
of analysis planning, some boundary conditions were assumed not to be strictly
symmetrical, for example shaft-induced vibrations as part of harmonic response
analysis in further steps outside the scope of this work.

Sizing of the mesh in the detailed selection is set according to GE Aviation’s
recommendation of at least three elements per thickness of material (Fig. 11, Fig. 12).
The resulting number of elements per each geometry is summarised in Table 4.

NAY

Sl
Haan

g“ﬂ S Ve, S
\

5.000 (mm)

Fig. 11 Weld mesh detail on vl geometry Fig. 12 Weld mesh detail on vO(Short) geometry

Y

0.00 45.00 90.00 (mm) Z'/L‘ 0.00 50.00 100.00 (mm) ?/I\‘
L B I

2250 67.50 25.00 75.00

Fig. 13 Mesh with spherical refinement on vl Fig. 14 Mesh with spherical refinement on v0(short)
geomeltry geomeltry
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Analysis setup

Table 4 Summary of mesh element count per geometry

e Geometry i Number of elements :
'vOShort 387605
vOLong 486289

vl 1087 105 '

The difference between geometry vO0Long and vOShort is modelled through splitting
the adjacent contact surfaces into three using planes at 1,5mm and 4mm (per Table 3)
from the edge of the original surface. This allows for differentiating the configurations
through setting different contact surfaces in each.

Mesh on the current and proposed models are shown in (Fig. 13, Fig. 14)

4.3.1 Sample node selection

For the purpose of extracting comparable results, a named selection is created on the
contact surface in each geometry to slice through the weld and map stress throughout
its depth. These selections are made within the refined mesh detail and cover
circumferential distance long enough to represent a period of the assembly’s
circumferential features, particularly holes in the perforated hat, which are expected to
affect local stiffness of the assembly.

For the purposes of evaluation, besides maximum value per row, an average value is
calculated from each axisymmetric row of nodes within the selection to minimise the
effect of localised micro-peaks in single nodes. A series of sections through the weld
can be extracted, each consisting of several dozens of nodes. Number of nodes varies
to some degree as they were selected manually, a summary of node counts within each
geometry’s selection is in Table 5.

Table 5 Summary of node count in sample selection per geometry

____________ Geometry | sample selection

vOShort R 466 :

‘vOLong i 320
Vi 1802
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5 Results

As per agreement® among the author of this work, Czech Technical University in
Prague and GE Aviation Czech regarding collaboration on this thesis, data deemed
sensitive by GE Aviation Czech cannot be directly published in this work, which
includes actual analysis results describing the temperature, deformation and stress in
the current part. To accommodate this requirement, results presented in this work are
scaled using method ensuring results are interpretable for evaluation within the scope
of this work while refraining from mentioning absolute results of the analyses
performed. The scaling method for each quantity studied is explained in the following
section.

5.1 Scaling method

5.1.1 Temperature

Temperature values are related to the engine’s Inter-turbine temperature (ITT), which
is one of the engine’s characteristics and serves as one of the limiting factors of its
operation. Temperature results T* presented in this work represent percentage of the
ITT [°C] per following formula:

T
. 0 7 46
T* = 100 [% ITT] (46)

where T is the absolute temperature value resulting from analyses in [°C].

¢ The Agreement on Collaboration on Elaborating a Thesis (Dohoda o spoluprdci pii vytvareni odborné
prdace) is appended to this thesis.

TITT value was provided to the author of this work by GE Aviation Czech, its value is accessible upon
signature of non-disclosure agreement appended to the Agreement, but is not published in this work nor
is required for interpretation of results within the scope of this work.
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5.1.2 Deformation

Total deformation stated as percentage of the geometry’s extreme outer radius
(envelope radius of the perforated hat) per following formula:

Ax
Ax*=?-100 [% R]8 (47)

where Ax is the actual total deformation resulting from the analyses and R is the
perforated hat’s envelope radius.

5.1.3 Stress

Stress is scaled to the material’s yield stress at room temperature Ry 5 20oc [MPa],
stated as its percentage:

o*=—2—-100[% Rpo,2 20°¢) (48)

Rpo,2 20°C

8 Part dimensions including R was provided to the author of this work by GE Aviation Czech, its value
is accessible upon signature of non-disclosure agreement appended to the Agreement, but is not
published in this work nor is required for interpretation of results within the scope of this work.

? Material data including Rpo,z 20°¢ Was provided to the author of this work by GE Aviation Czech, its

value is accessible upon signature of non-disclosure agreement appended to the Agreement, but is not
published in this work nor is required for interpretation of results within the scope of this work.
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5.2 Steady-state thermal analysis

5.2.1 Results presentation

Temperature

% 171T]

A

0.00 100,00 (rmrn)
———
50.00

Fig. 15 Temperature - vOLong Idle

Temperature
1% 17T]

A

0.00 50.00 100.00 (mm)

2500 75.00

Fig. 17 Temperature - vOShort Idle

Temperature
[% 17TT]

v

0.00 100,00 (mrm)
[ —]
50.00

Fig. 19 Temperature - vI Idle

A

Temperature

[% 1TT]

A

Fig. 16 Temperature - vOLong Take-off’

0.00 100,00 (mrn)
[
50.00

Temperature
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?)\A X
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Fig. 18 Temperature - vOShort Take-off

Temperature
[% 17T]

A

0.00 5000 100.00 (mm)
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Fig. 20 Temperature - vi Take-off
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5.2.2 Discussion of results

Results presentation above show the results of the steady-state thermal analysis. One
of the key points is that the results are ideally axisymmetric, which is a direct result of
the way temperatures were defined as input, but at the same time it demonstrates that
the spherical mesh refinement region did not negatively impact the symmetry of the
results — a sign raising confidence in the modelling approach and the results it yields.

It is evident that the results are equivalent across geometries, differing only in idle
versus take-off modes respectively. This is because the same temperature
measurements were used as input for each geometry — as explained in Steady-state
thermal analysis. 1t is also evident that both minimum and maximum temperatures are
higher in the take-off mode compared to idle regime. Temperature distribution is
nonetheless noticeably different, particularly comparing relative temperature at the
outer diameter of the perforated hat.

Since the assembly is part of the combustion chamber, it is naturally exposed to very
high temperatures, exceeding the engine ITT in the take-off mode — this is however in
accordance with expectations — the inter-turbine temperature is located downstream of
the combustion chamber, temperatures in that region are therefore naturally lower than
peaks within the chamber.

It is worth noting that the high temperatures may have notable effect on the material
properties — despite potential negative impact on static characteristics, cyclic life may
be affected positively due to a degree of relaxation of the material. This will be briefly
discussed in Conclusion, nevertheless despite the weld being located in proximity to
the hottest regions, the impact of high temperatures on material properties itself is not
a subject of this comparative study.
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5.3 Static structural

5.3.1 Deformation

5.3.1.1 Data presentation

Total deformation
[%R]

]

0.00 100.00 (mm)
50.00

Fig. 21 Total deformation - vOLong Idle

Total deformation
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Fig. 23 Total deformation - vOShort Idle

Total deformation
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Fig. 25 Total deformation - v1 Idle

Results
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Fig. 22 Total deformation - vOLong Take-off’
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Fig. 24 Total deformation - vOShort Take-off
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Fig. 26 Total deformation - vl Take-off’
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5.3.1.2 Discussion of results

Total deformation distribution clearly reflects the way the part is constrained — the
further from the bolted flange both radially and axially, the higher the deformations
with peaks near the outer diameter of the perforated hat. In terms of results maximums,
both in case of idle and take-off regimes the new design falls in between the two
original geometry extremes with the take-off deformations being larger than idle
deformations in each geometry. In all cases the weld joint location is subjected to
deformations corresponding to roughly two thirds of the given spectrum.

5.3.2 Global equivalent stress

Following sections present the global equivalent (von Mises) stress results for each
geometry and each load case with isometric view and close-up details of the part of
interest, the weld joint location and global critical locations.

Bar graph at the end of this section offers direct comparison of maximum values.
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5.3.2.1 vOLong Idle

Equivalent stress
[% RpO0,2]
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Fig. 27 Isometric, section, detail and close-up views of vOLong idle Static structural global stress
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5.3.2.2 vOLong Take-off

Equivalent stress
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Fig. 28 Isometric, section, detail and close-up views of vOLong takeoff Static structural global stress
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5.3.2.3 vOShort Idle
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Fig. 29 Isometric, section, detail and close-up views of vOShort idle Static structural global stress
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5.3.2.4 vOShort Take-off
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Fig. 30 Isometric, section, detail and close-up views of vOShort take-off Static structural global stress
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5.3.2.5 vl Idle
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Fig. 31 Isometric, section, detail and close-up views of vl idle Static structural global stress
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5.3.2.6 vl Take-off
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Fig. 32 Isometric, section, detail and close-up views of vI take-off Static structural global stress
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Von Mises stress - global maximum

vl

vO Long

Geometry

VO Short

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
von Mises stress [% Ry 5]

m Takeoff mldle

Fig. 33 Global von Mises stress maximum summary

First noticeable takeaway are higher stress peaks in idle engine regime. Perhaps
counterintuitively the temperature distribution in the idle regime, despite being lower
in comparison, results in higher thermal stresses. Reaching around 40 % for each
geometry, this difference is quite significant.

Secondly, in both engine regimes the proposed design maximum equivalent stress is
lower than in the case of vOLong geometry, but higher than vOShort geometry. Short
geometry yielding lower stress peaks is in accordance to current design intent of
introducing partial weld penetration to reduce stiffness and thus reduce stress, as
outlined in 1.3.

Finally, the detailed results show the assembly’s critical location is in the perforated
holes. This is significant because the global critical location lies outside the weld joint
and because its location remains unchanged in the proposed design.

The proposed design therefore does not have any negative effect stress distribution in
the assembly from a global perspective. While the analysis results do suggest that the
partial weld penetration had beneficial effect on peak stresses in the part as intended,
the proposed design shows a decrease in the worst-case scenario equivalent stress peak
in the critical location by 15% in both idle and take-off regimes.

5.3.3 Node results extraction

While previous section offers comparison of the current and proposed design from the
assembly’s global perspective, the node sample selection aims to study stress
distribution directly within the weld joint. It thus offers a highly relevant perspective
for this work’s focus.

Node selection sample for vl take-off configuration is shown in Fig. 34. It validates
the assumption that the node selection is wide enough to capture approximately one
period of the circumferential stress distribution caused by repeating geometry features
as described in Sample node selection. It also shows that the stress distribution is not
axisymmetric due to those geometry features, proving thus that both average and
maximum values per row are of relevance.
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Fig. 34 Example of node sample result - v take-off’

Results

In the sample selection equivalent stress is evaluated as well as normal stress. In case
of current design (v0) normal stress is considered in the radial direction, in case of
proposed design (v1) it is the axial direction. This is because normal stress is perceived
as normal to the plane in which the weld joint is in each geometry.

The following sections show extracted results from node samples, plotting normal
stress (axial for v1, radial for vOLong and vOShort) and equivalent stress (von Mises)
respectively along the weld penetration depth. For each case maximum values as well
as average values per row are shown.

5.3.3.1 Crack initiating (Normal stress):

Normal stress [% Ryo.]

Weld joint cross-section Normal stress - average

~e—v1-IDLE

—e -0 SHORT CONTACT - TAKEOFF
~—e—v0 SHORT CONTACT - IDLE

—e -0 LONG CONTACT - TAKEOFF
—e—v0 LONG CONTACT - IDLE

—e -v1-TAKEOFF

X position (mm]

Fig. 35 Normal stress in weld join - average per row
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Weld joint cross-section Normal stress - maximum
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Fig. 36 Normal stress in weld join - maximum per row
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Fig. 38 von Mises stress in weld join - maximum per row
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5.3.3.3 Discussion of results

The results are shown separately for average and maximum values. This is to capture
stress extremes within the field which is not axisymmetric, as demonstrated in Fig. 34,
while at the same time to show results without potential outliers in each row of nodes.
The fact that the trends are very similar in both cases supports the assumption that the
model is reasonably accurate and that any further calculations based on the maximum
values from this analysis will be well on the conservative side.

Looking at the graphs, both von Mises and normal stress show the same trend of peaks
around the weld roots in the current geometry. This indicates that the partial weld
penetration serves as geometrical stress concentrator. It is also evident, that in
accordance with global results, there are higher stress peaks in the weld location in idle
regime for all three geometries. Finally, it is worth noticing that the normal stress in
proposed geometry behaves like normal stress in a beam subjected to bending.

Most importantly, comparing the geometries, the proposed geometry shows significant
improvements in the weld location. From the perspective of von Mises stress, v1 peaks
are similar or lower than vOShort configuration, while both noticeably lower than v0
configuration. In case of normal stress, the results are even more favourable — v1
configuration has the lowest stress peaks in both regimes, looking at maximum or
average values. Table 6 shows a summary of stress comparison of vl configuration
worst-case versus current geometry worst-case.

Table 6 Summary of decrease in worst-case scenario weld location stress peaks - proposed vs current geometry

average [%] maximum [%)]
von Mises stress -24.7 -45,6
normal stress -56,3 -62,5
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6 Conclusion

6.1 Results evaluation

Based on the results presented, the proposed design satisfies the task criteria of
relocating the EB weld to a region with lower stress load.

This conclusion is supported by several sets of results. Firstly, it was demonstrated that
the global critical location of the part is not affected, instead the global maximum of
equivalent stress in this location is decreased by 15%.

Secondly, while the results do suggest that lowering stiffness by lowering weld
penetration depth might help achieving relative reduction in global stress peaks, this
solution is shown to be unfavourable from the weld joint’s perspective as the root acts
as geometrical stress concentrator on top of local material impurities. The proposed
design seems to reduce worst-case equivalent stress peaks by up to 45% in the weld
location.

This work also pays significant attention to the normal stress in the weld, because it is
assumed the main contributor to crack initiation in the weld joint. Decreasing the
normal stress in the weld location is therefore believed to have key impact on the part’s
cyclic life. In this case the proposed design sees 62,5% decrease in the crack initiating
stress peak in the weld location.

The proposed design offers these improvements while complying with all constraints
set in the Task description, namely introducing this change within the envelope of the
current semi-product, offering thus improvement at minimum cost.

It is worth mentioning that the analysis is assuming purely elastic deformation. In
reality, it is well possible that with the high temperatures the assembly is exposed to,
some degree of plastic deformation would take place, leading to relaxation of the
material accommodating to the deformation load. Due to the nature of the thermal
stress, the part is loaded by constant deformation rather than constant force. As a result,
the amplitude of the cyclic load would slightly degrade over time as the part partially
accommodates to the deformation with each cycle. While this is a mere assumption,
using stress peaks from this analysis for any further cyclic life calculations is likely to
be well on the conservative side.
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6.2 Outline of further analysis

Results obtained in analyses within the scope of this work would serve well for
calculation of low-cycle fatigue life, there are however other steps worth considering
to further investigate the assembly’s failure modes.

Next, it should primarily be investigated what the high-cycle life properties of the
proposed design are. Based on the current analyses, it would be worth performing a
modal analysis to find out the part’s mode frequencies and mode shapes. These could
then be compared with the engine operating frequencies and potential excitators by
plotting in Campbell diagram [15].

Ultimately this could be used to investigate harmonic response of the design to
frequencies found to be of interest. The likely contributors in this case would be shaft
and air excitation from the compressor. Combined with investigating damping
coefficients — by combining with experimental data from a ping test for example — it
could finally be investigated what vibratory stresses the part, and particularly the weld
joint, are exposed to.

HCF analysis as well as LCF life calculation are nevertheless beyond the scope of this
thesis.
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DOHODA O SPOLUPRACI PRI VYTVARENiI ODBORNE PRACE

Zpracovatel Vojtéch Vdvra je studentem Vysoké Skoly a zaméstnancem Spoleénosti. Zpracovatel za podpory
Vysoké 3koly a Spole¢nosti hodla vytvofit odbornou praci:

Nazev Optimalizace svaru ve vnitinim plamenci spalovaci komory
turbovrtulového motoru GE H80

Typ prace bakalaiska

Vedouci z Vysoké skoly prof. Dr. Ing. Tomas Vampola, tomas.vampola@fs.cvut.cz

Konzultant Spole¢nosti Ing. Martin Beran, martin.beran@ge.com

Datum odevzdani k obhajobé  31.07.2019

PROTO SE SMLUVNI STRANY:

Ceské vysoké ugeni technické v Praze, se sidlem: Zikova 1903/4, 166 36 Praha 6, IC: 68407700, DIC:
CZ68407700, pracovisté: Fakulta strojni, zastoupené: prof. Ing. Michaelem Valaskem, DrSc., dékanem fakulty,
bankovni spojeni: Komeréni banka, a.s., € (. 19-5505030267/0100 (,,Vysoka $kola“);

(,,Vysoka $kola“);

Vojtéch Vavra, nar. 28.05.1995, bydlisté Lohniského 870, Praha, 152 00, tel.. 775055285, e-mail:
vojtech.vavra@fs.cvut.cz, studijni program: TZS|, studijni obor: bez oboru, (,Zpracovatel”); a

GE Aviation Czech s.r.0., IC: 27928845, se sidlem: Beranovych 65, 199 02, Praha 9, zapsana v obchodnim
rejstiiku vedeném Méstskym soudem v Praze pod &.: C127155 (,,Spole€nost”)

V OBECNE ROVINE DOHODLY, ZE

1.

Vysokd 3kola a Spoletnost budou podporovat Zpracovatele pfi vytvafeni odborné prace, jejim:
vysledkem bude autorské dilo (spolu)vytvofené Zpracovatelem pod vedenim a s vyuZitim odborného
zazemi a infrastruktury Vysokeé Skoly a divérnych informaci a konzultaci Spole¢nosti.

Spoleénost bude Zpracovatele takto podporovat aZ do shora uvedeného data odevzdani odborné prace
k obhajobé. Dojde-li k posunu data odevzdéni odborné prace k obhajob&, nebo nastane-li situace,
kterou Spole¢nost nemohla pfedpoklddat (ndhly odchod konzultanta bez moZnosti okamiité nahrady
apod.), smluvni strany se pokusi dohodnout na nadhradnim Feseni tak, aby co nejméné poskodili
Zpracovatele, ktery jednal vdobré vife (prodlouZeni terminu odevzdani odborné prace k obhajobé,
zpracovani nahradniho tématu apod.).

Zpracovateli, ktery jednd v dobré vife a respektuje podminky této dohody, Vysokd $kola a Spole¢nost
poskytnou pfistup k divérnym informacim popsanym v piiloze ¢. 1 této dohody po dobu nezbytné
nutnou, nejdéle do shora uvedeného data odevzdani odborné prace k obhajobé. Zpracovatel mize
davérné informace vyuZit jako podklad ke zpracovani odborné préce, samotné dvérné informace ale
nesmi byt v odborné praci pouZity bez pfedchoziho souhlasu toho, kdo divérné informace poskytl.

Smluvni strany se budou vzdjemné informovat o postupu vytvifeni odborné price, o dusevnim

vlastnictvi, které vzniklo v souvislosti s jejim vytvafenim, a o pfipadném zdméru takovéto dusevni
vlastnictvi komercializovat.
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PRI NAKLADANI S DUVERNYMI INFORMACEMI PLATI, ZE

5.

Vysoka Skola a Spole¢nost maji zdjem na ochrané dugevniho vlastnictvi, davérnych informaci, know-how
a obchodniho tajemstvi (,divérné informace”). Divérnymi informacemi nejsou (i) informace obecné
znamé a pristupné, ani (ii) informace, které smluvni strana méla prokazatelné a oprévnéné k dispozici
jesté pfed tim, neZ ji byly poskytnuty jinou smluvni stranou, ani (iii) informace, které byly smluvni strané
poskytnuty se souhlasem dotéené smluvni strany za Gcelem jejich zpfistupnéni nebo zveiejnéni. Pokud
je po kterékoli smluvni strané oprdavnéné vyiadovano, aby organlim vefejné moci poskytla diivérné
informace jiné smluvni strany, bude o tom dotéenou smluvni stranu v pfedstihu informovat a vynaloZi
veskeré usili k tomu, aby divérné informace byly takto poskytnuty v souladu s pokyny dotéené smluvni
strany.

Smluvni strany o divérnych informacich zachovaji mi¢enlivost, nezneuZiji je, budou je aktivné chranit
s potfebnou peclivosti a vyuZivat pouze v nezbytném rozsahu (,need-to-know”) k vytvoreni odborné
prace. Uvedené povinnosti nejsou dotéeny zanikem této dohody a smluvni strany zajisti, aby byly
dodriovény také osobami, kterym byly divérné informace poskytnuty (odborni konzultanti, oponenti
apod.). Neprodlené po zdniku této dohody nebo i dfive na zakladé jednostranné vyzvy smluvni strany
(zddvodu ukonéeni studia, pochybnosti Spoleénosti o dostateéné bezpecnosti divérnych informaci,
neposkytovani soucinnosti ze strany Zpracovatele apod.) zajisti navraceni vzajemné poskytnutych nosici
dat a jejich kopii obsahujicich divérné informace, pfipadné se souhlasem dotéené smluvni strany
uspokojivé prokazou jejich zniteni.

Spolecnost odbornou préci nezvefejni pied jejim zvefejnénim Vysokou $kolou nebo Zpracovatelem.

VE VZTAHU MEZI VYSOKOU SKOLOU A ZPRACOVATELEM PLATI, ZE

8.

Zpracovatel je vézan pravnimi pfedpisy, touto dohodou a vnitfnimi pfedpisy Vysoké koly, zejména
v oblasti ochrany dudevniho vlastnictvi, divérnych informaci a stfetu zajma.

VE VZTAHU MEZI SPOLECNOSTi A ZPRACOVATELEM PLATI, ZE

S.

10.

11.

Zpracovatel bude sddavérnymi informacemi Spoletnosti naklddat dle pokyni Spole¢nosti, bude
respektovat stanovené terminy konzultaci s konzultanty Spole¢nosti a do odborné prace zapracuje
pfipominky Spolecnosti tykajici se ochrany divérnych informaci Spole&nosti.

Do odborné préce vloZi Zpracovatel nasledujici text: Tato [typ odborné prdce] ,[ndzev odborné prdce]”
byla zpracovdna s pouZitim divérnych informaci a se souhlasem spoleénosti [ndzev Spolecnosti].

Zpracovatel pfedloZi Spolecnosti k odsouhlaseni dokonéenou odbornou praci nejpozdé&ji 1 mésic pred
shora uvedenym datem odevzdédni odborné prace k obhajobé. Spole¢nost vynaloZi pfiméiené usili
k tomu, aby Zpracovateli poskytla pfipominky k zapracovéni do odborné prace co nejdfive nebo ji
schvdlila, nejpozdéji 7 dni pred shora uvedenym datem odevzdani odborné prace k obhajobé.
Zpracovatel maZe odbornou praci odeslat k vytisku, odevzdat k obhajobé& a nasledné publikaci nebo ji
jinak zvefejnit pouze v konecné podobé, kterou Spoleénost pisemné schvalila, resp. po spinéni jinych
pokyni Spolecnosti k nezbytnym Gpravdam odborné price tak, aby byla zaji$téna ochrana divérnych
informaci Spolecnosti (napi. zacernénim, anonymizaci nebo jinym obdobnym zplisobem). Bez spinéni
pokynl Spolecnosti dle pfedchozi véty plati, Ze Spolenost souhlas k odevzdani odborné préce
Zpracovateli neudélila a Zpracovatel tak neni opravnén odbornou praci odevzdat, publikovat,
komercializovat (i jinak zpfistupnit tfetim osobam. Od pokynd Spole€nosti se Zpracovatel méize odchylit
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pouze vrozsahu, ktery se nedotykd ochrany davérnych informaci Spoleénosti (oprava formatovani,
pieklepll apod.).

12.  Zpracovatel souhlasi se zpracovdnim a pouZivanim svych osobnich a kontaktnich udaji sdélenych
Spoleénosti po dobu 5 let od uzavieni této dohody za icelem kontroly plnéni této dohody, zejména
z hlediska nakladani s dvérnymi informacemi Spoleénosti.

13. Sohledem na vyznam divérnych informaci poskytnutych Zpracovateli prostfednictvim Spole¢nosti
Zpracovatel souhlasi, 7e za kaidé poruSeni pokynii Spole¢nosti v oblasti nakladdéni s ddvérnymi
informacemi uhradi Spoletnosti smluvni pokutu ve vy$i 100.000,- K& Uplatnéni smluvni pokut(y) je
pravem Spole¢nosti, nikoli povinnosti. Spole¢nost miZe smluvni pokutu uloZit i opakované. Pravo
Spole¢nosti domdhat se ndhrady ajmy (Skody) pfevysujici uplatnéné smluvni pokuty neni vylouéeno.

VE VZTAHU MEZI VYSOKOU SKOLOU A SPOLECNOSTI PLATI, ZE

14. Vysokd 3kola zajisti, aby jeji zaméstnanci i osoby, které s Vysokou $kolou spolupracuji na vytvareni nebo
hodnoceni odborné prace (externi konzultanti, oponenti apod.), kterym budou divérné informace
Spolegnosti zpfistupnény:

a. mély smluvné zajisténou povinnost micenlivosti a ochrany divérnych informaci nejméné ve
stejném rozsahu v jakém jej pfedpoklddd tato dohoda, a odpovida za to, Ze i tyto osoby
budou dodriovat pokyny Spole¢nosti v oblasti naklddani s davérnymi informacemi. Za
porudeni shora uvedené povinnosti Vysoka Skola uhradi Spoleénosti smiuvni pokutu ve vysi
100.000,- K&. Uplatnéni smluvni pokut(y) je prdvem Spoleénosti, nikoli povinnosti. Spole&nost
miZe smiuvni pokutu uloZit i opakované. Prdvo Spoleénosti domahat se nahrady ujmy (Skody)
prevysujici uplatnéné smluvni pokuty neni vylouéeno;

b. poskytly osobni a kontaktni tdaje a souhlas s jejich zpracovanim a pouZivanim Spoleénosti po
dobu 5 let od udéleni souhlasu za tGc¢elem kontroly pInéni této dohody, zejména z hlediska
povinnosti mléenlivosti a ochrany dlvérnych informaci.

15. Spolecnost je srozuména s tim, Ze Vysokd Skola je financovdna z vefejnych prostiedkd a respektuje
pravidla vefejné podpory.

VE VZTAHU K DUSEVNIMU VLASTNICTVI VYTVORENEMU V SOUVISLOSTI S VYTVARENIM ODBORNE PRACE
PLATI, ZE

16. Dusevni vlastnictvi vytvofené v souvislosti s vytvafenim odborné prace vychazi z podpory a divérnych
informaci Spolecnosti a Vysoké $koly. Proto se smluvni strany dohodly, Ze:

a. (spolu)autorstvi ktakto vytvofenému dudevnimu vlastnictvi upravuji pravni predpisy.
Zpracovatel, ktery je v pracovnéprdavnim nebo obdobném vztahu se Spole¢nosti, je vdzén také
smlouvou a vnitinimi pfedpisy Spole¢nosti;

b. Spole¢nost mlze kdykoli (i po zéniku této dohody) poZadovat, aby takto vytvorené dusevni
vlastnictvi, je-li vyznamné pro ¢innost a ochranu zajmid Spoleénosti (,vyznamné dusevni
vlastnictvi“), bylo zachyceno ve vyzkumné zpravé sepsané dotéenymi smiuvnimi stranami
abez souhlasu Spole¢nosti nebylo vrozsahu nezbytném kochrané zajmi Spolecnosti
zvefejnéno v odborné préci, ani zpfistupnéno tfetim osobdm. Smluvni strany se v takovém
pfipadé vdobré vife dohodnou na rozsahu omezeni zvefejnéni vyznamného dusevniho
viastnictvi zpOsobem, ktery bude chranit opravnéné zdjmy Spoleénosti a zdrover zajem
Zpracovatele a Vysoké 3koly na dokonéeni, odevzdani, obhajeni a publikaci odborné prace
(napf. za¢ernénim, anonymizaci nebo jinym obdobnym zpiisobem).
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17.

c. Pokud se smluvni strany nedohodnou jinak, Zpracovatel a Vysokd Skola (i) udéluji touto
dohodou vyluénou, casové, mistné a mnoistevné neomezenou mezinarodni opraviiujici
licenci pro Spolecnost s neomezenym pravem podlicence k jakémukoli vyuZiti vyznamného
dusevniho vlastnictvi, (ii) poskytnou Spole¢nosti souinnost pfi registraci vyznamného
dusevniho vlastnictvi, a (i) poskytnou souéinnost k formalizaci tohoto ujednani, pokud o to
Spole¢nost poZadd. Smluvni strany se vdobré vife a v pfiméfeném case dohodnou na
spravedlivé (trini) odméné za poskytnutou licenci a na zplsobu jejiho vypofadani dle miry
jejich pfFispéni k vytvofeni vyznamného dusevniho vlastnictvi. Pfi stanoveni odmény pro
Zpracovatele, ktery je vpracovnépravnim vztahu se Spole¢nosti, se pravni predpisy
o zaméstnaneckém dile uplatni pfiméfené;

d. pro jiné neZ vyznamné dulevni viastnictvi plati, Ze (i) dotéené smluvni strany udéluji touto
dohodou Spole¢nosti i Vysoké $kole nevyluénou, ¢asové, mistné a mnoistevné neomezenou,
bezplatnou mezindrodni opraviiujici licenci s neomezenym préavem podlicence k jakémukoli
vyuZiti tohoto du$evniho vlastnictvi a (i) poskytnou soudinnost nezbytnou k formalizaci
tohoto ujednani, pokud o to Spole¢nost nebo Vysoka $kola poZada.

Ochrana a zékaz pouZiti divérnych informaci (tj. infomaci ptivodné poskytnutych Spoleénosti a Vysokou
Skolou) bez predchoziho souhlasu dotéené smluvni strany tim neni dotéena.

MEZI SMLUVNIMI STRANAMI DALE PLATI, ZE

18.

19.

20.

21.

22.

23.

Tato dohoda je sjednana na dobu neurditou a nelze ji vypovédét, aviak povinnost Spolecnosti
poskytovat soucinnost dle této dohody trva nejdéle do shora uvedeného data odevzdani odborné prace
k obhajobé.

Kterakoli smluvni strana miZe tuto dohodu ukoncit, pfipadné pozastavit poskytovani soucinnosti, pokud
jind smluvni strana zévainé nebo opakované porudi podminky této dohody. Zanikem této dohody
nejsou dotéeny povinnosti tykajici se ochrany davérnych informaci a ml¢enlivosti, ani prava a povinnosti
smluvnich stran tykajici se dusevniho vlastnictvi a vyznamného dulevniho vlastnictvi vytvofeného
v souvislosti s vytvafenim odborné préce.

Neplatnosti, nelcinnosti nebo nevymahatelnosti kteréhokoli ustanoveni této dohody (i) nebude
dotena platnost, Gcinnost a vymahatelnost jejich ostatnich ustanoveni a (ii) smluvni strany do 30 dnd
od vyzvy kterékoli smluvni strany se v dobré vife dohodnou na nahrazeni takto postizeného ustanoveni
ustanovenim platnym, G¢innym a vymahatelnym, které bude v co nejsirdi mife respektovat plivodni tcel
postiZeného ustanoveni. K odstrariovéni jinych pfipadnych nedostatkii této dohody budou smluvni
strany rovnéi pfistupovat v dobré vife a pfi respektovani jejiho pivodniho Géelu.

Tato dohoda se fidi pravem Ceské republiky. Spory souvisejici s touto dohodou budou fefeny smirnou
cestou, a pfipadné ¢eskym soudem pfislu$nym v misté sidla Spole¢nosti.

Smluvni strany porozumély obsahu, smyslu a Géelu této dohody a na diikaz své svobodné vile nize
pfipojuji své podpisy.

Tato dohoda mize byt uzaviena v listinné nebo elektronické podobé. Dodatky této dohody musi mit
pisemnou formu.
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PRILOHA &. 1 DOHODY O SPOLUPRACI PRI VYTVARENI ODBORNE PRACE

A.  Duavérné informace poskytnuté ze strany Spole¢nosti vymezené obecné

- Vykresova dokumentace plamence spalovaci komory
- 3D model plamence spalovaci komory

- Teplotni pole spalovaci komory

- Materidlova data

- Popis mise motoru

B.

Divérné informace poskytnuté ze strany Vysoké $koly vymezené obecné

Zadné

C. Pokyny Spolecnosti v oblasti naklddani s divérnymi informacemi

Nad rdmec povinnosti uvedenych v této dohodé dale plati, Ze:

- Spole€nost neni povinna zpfistupnit Zpracovateli ani Vysoké $kole diivérné informace vysoce citlivé
povahy (,highly confidential information”), divérné informace Spoleénost zpfistupni Zpracovateli pouze
v nezbytném rozsahu (,need to know”) potiebném ke zpracovani odborné prace;

- ZpUsob zpfistupnéni divérnych informaci Spole¢nosti zéleZi na rozhodnuti Spoleénosti (nékteré divérné
informace mohou byt zpfistupnény pouze formou nahlédnuti v prostorach Spole¢nosti apod.);

- Zpracovatel nebude pfi zpracovani odborné prace divérné informace ani ¢asti odborné prace tyto
divérné informace obsahujici konzultovat nebo je jinak sdilet s osobami, které nejsou ve vztahu ke
Spoleénosti a Vysoké Skole vazani povinnosti miéenlivosti

- Davérné infomace mohou byt sdileny pouze v nezbytném rozsahu (,need to know") potifebném ke
zpracovani nebo hodnoceni odborné préce;

- Kdokoli naklada s diivérnymi informacemi Spole¢nosti, vedle zachovani potfebné peclivosti, dale

o

o

bude postupovat nejméné s obezietnou péci a bude respektovat jakékoli dodateéné pisemné pokyny
zastupce Spole¢nosti;

zachova oznaceni dat a dokument a jejich kopii jako ,,dGvérnych informaci Spoleénosti®;

nebude vytvaiet fyzické kopie dat a dokument;

ddvérné informace, nebo odbornou praci obsahujici divérné informace pfed schvalenim jeji koneéné
podoby ze strany Spolecnosti bude skladovat a pouZivat pouze na disledné zabezpeéeném hardware
chranéném silnym pfistupovym heslem, firewallem a antivirovym programem. Zakazuje se prace na
vefejné sdilenych zafizenich (internetové kavarny apod.);

nesmi dGvérné informace, nebo odbornou préci obsahujici divérné informace pted schvédlenim jeji
konecné podoby ze strany Spolecnosti rozsifovat e-mailem, ani prostfednictvi cloud-sharingovych
sluZeb (DropBox, Google Drive apod.), je moZné vyuZit kontrolovaného predani na chranéném flash
disku;

bezodkladné na vyZadani poda Spolecnosti informace o tom, jakym zplGsobem je sdivérnymi
informacemi nakladano, kde se nachazi a které dalsi osoby k nim maji pfistup;

v pfipadé narudeni bezpenosti nebo podezieni znarudeni bezpe&nosti divérnych informaci
Spole¢nosti bezodkladné oznami veskeré okolnosti a poskytne soucinnost k proetieni udalosti;
bezodkladné po spinéni svych povinnosti, pfipadné i dfive na zadkladé vyzvy Spoleénosti, zajisti
navrdceni poskytnutych nosi¢l dat a jejich kopii obsahujicich diivérné informace, pfipadné se
souhlasem Spoleénosti uspokojivé prokaze jejich zniéeni.
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VZOROVE PROHLASENI OSOBY, KTERE MAJI BYT DUVERNE INFORMACE ZPRISTUPNENY (odborni konzultanti,
oponenti apod.).

[Jméno, pfijmeni, titull, nar. [dd.mm.yyyy], bydIidté [trvalé bydli$té], tel.: [***], e-mail: [***] se podilim jako
[externi konzultant na zpracovani / oponent na hodnoceni] odborné préce

Nazev Optimalizace svaru ve vnitfnim plamenci spalovaci komory
turbovrtulového motoru GE H80

Typ prace bakalafska

Vysokd $kola, fakulta Fakulta strojni CVUT

Zpracovatel [Jméno, piijmeni, titul, kontaktni idaje]

Datum odevzdani k obhajobé  31.07.2019

Jsem srozumén s tim, Ze v této souvislosti mi mohou byt poskytnuty divérné informace (dusevni viastnictvi,
know-how a obchodniho tajemstvi) spoleénosti [Spole€nost], se sidlem: [***], IC: [***], DIC: [***], zapsand
v obchodnim rejstriku vedeném [***] pod &.: [***] (,Spoleénost”)".

O téchto divérnych informacich zachovdm micenlivost, nezneufiji je, budu je aktivné chranit s potiebnou
peclivosti a vyuZivat je pouze v nezbytném rozsahu (,need-to-know") ke spinéni svych povinnosti. Davérné
informace nebudu ddle ani &asti odborné prace tyto diivérné informace obsahujici nebudu konzultovat nebo
je jinak sdilet s osobami, které nejsou ve vztahu ke Spoleénosti a Vysoké $kole vazani povinnosti ml¢enlivosti.

Pfi naklidddni s davérnymi informacemi Spoleénosti, vedle zachovani potfebné peclivosti:

o

o]

budu postupovat nejméné sobezfetnou péci a respektovat jakékoli dodateéné pisemné pokyny
zastupce Spole¢nosti;

zachovam oznaceni dat a dokumentii a jejich kopii jako , dGvérnych informaci Spoleénosti®;

nebudu vytvaret fyzické kopie dat a dokument;

divérné informace, nebo odbornou praci obsahujici divérné informace pred schvélenim jeji koneéné
podoby ze strany Spolecnosti budu skladovat a pouZivat pouze na disledné zabezpeceném hardware
chranéném silnym pfistupovym heslem, firewallem a antivirovym programem. Zakazuje se prace na
verejné sdilenych zafizenich (internetové kavarny apod.);

ddvérné informace, nebo odbornou praci obsahujici ddvérné informace pred schvalenim jeji kone¢né
podoby ze strany Spolecnosti nebudu rozsifovat e-mailem, ani prostfednictvi cloud-sharingovych
sluZzeb (DropBox, Google Drive apod.), je moZné vyuZit kontrolovaného predani na chran&ném flash
disku;

bezodkladné na vyZddani poddm Spoleénosti informace o tom, jakym zplsobem je s davérnymi
informacemi nakladdno, kde se nachdzi a které dal3i osoby k nim maji pfistup;

v pfipadé narueni bezpecnosti nebo podezieni znarudeni bezpeénosti divérnych informaci
Spole¢nosti bezodkladné oznami veskeré okolnosti a poskytnu souéinnost k prosetieni udélosti;
bezodkladné po spinéni svych povinnosti, pfipadné i dfive na zékladé vyzvy Spoletnosti, zajistim
navraceni poskytnutych nosi¢i dat a jejich kopii obsahujicich divérné informace, pfipadné se
souhlasem Spoleénosti uspokojivé prokézi jejich zniceni.

Souhlasim se zpracovédnim a pouzivanim svych shora sdélenych osobnich a kontaktnich Gdajii ze strany
Spoleénosti po dobu 5 let od podpisu tohoto prohladeni za icelem kontroly plnéni zde uvedenych povinnosti,
zejména z hlediska povinnosti miéenlivosti a ochrany divérnych informaci.

Podpis

Jméno, pfijmeni, titul

Datum
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