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3D Modeling in the Function of Cavitation Damage
Testing at Hydropower Plants

Vujadin Aleksi¢*, Bojana Zecevi¢™, Srdan Bulatovi¢*, Ana Maksimovi¢™, Ljubica Milovi¢™**

“Institute for materials testing, Bulevar vojvode Misi¢a 43, Belgrade, Serbia
** Innovation Centre, Faculty of Technology and Metallurgy, Karnegijeva 4, Belgrade, Serbia
*** University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4, Belgrade, Serbia

Abstract-Very little attention is being paid to conditions of
surface preparation prior to the execution of non-destructive
testing. The quality of the performed test also depends on the
preparation, as well as the quality of the test report, which must
include traceability and repeatability, which is not often the case.
One of the aspects of preparation is making of a sketch, 2D or
axonometric, of the object of examination with a defined
orientation in space and certain benchmarks in order to define the
identified defect and imperfections.

Damage caused by cavitation erosion is a current problem in
parts of hydropower plants which elements are exposed to the
effects of rapid water flow.

Analysis of the cavitation effect and an adequate approach to
solving the problem requires a comprehensive picture of the
places that are most exposed to cavitation, and this is achieved by
controlling and testing parts of hydropower plants by non-
destructive methods.

The paper shows the usage of a parametric drawing and
modeling program, SolidWorks, on the example of testing parts
of large hydropower equipment exposed to cavitation, in order to
prepare for non - destructive testing and report on the performed
test.

Index Terms-Nondestructive testing (NDT), cavitation damage,
3D modeling

1. INTRODUCTION

L iquids have the property to change from liquid to gaseous
state and vice versa under specific conditions. This
phenomenon is a physicochemical process of cavitation, which in
some areas of economy and science is an unwanted process or
phenomenon, and in others it is quite the opposite. Cavitation is
an extremely positive process in cosmetic surgery, while it is
negative in dentistry and hydropower plants.

The process of compression of the cavitation bubble takes place
at high speed and is accompanied by a hydraulic shock. Such
impacts can cause the destruction of metals in microvolumes if
the impact force exceeds the ultimate strength of the metal of
individual microsections [1].

Cavitation occurs as an unwanted process or phenomenon in
turbomachines, and mostly on hydraulic machines such as water
turbines, Fig. 1, pumps or marine propellers.

Damage caused by cavitation erosion is a current problem in
parts of hydropower plants which elements are exposed to the
effects of rapid water flow.

360

1 — Spiral housing; 2 — Steering apparatus blade control mechanism; 3-Stator
blades; 4 — Variable angle impeller blades;
a— cavitation jet; b, c, d, e, f — cavitation damage to parts of the hydro turbine
during high water;
Figure 1. Kaplan hydro turbine with vertical shaft

Cavitation cannot be avoided, but its harmful consequences can
be reduced to a minimum. Scientists, engineers and businessmen
use different techniques, more or less successfully, to detect
cavitation. Cavitation effect analysis and an adequate approach to
problem solving, requires a comprehensive picture of the places
most exposed to cavitation, and this is achieved by controlling
and testing parts of hydropower plants by non-destructive
methods.

II. TESTING OF CAVITATION DAMAGE BY NDT
METHODS

Non-destructive testing methods are a set of different procedures
for determining the homogeneity or presence of defects in the
materials of semi-finished products, finished products, devices,
plants and facilities. Testing is performed directly on the objects of
control, without taking samples and destroying them.

These procedures include testing, inspection and control, which
are similar in that they measure something on the object,
determine some characteristic of the object or determine whether
the object contains irregularities, discontinuities or defects. Parts
of hydro turbines are exposed to cavitation erosion where surface
damage is visible to the naked eye. Such surfaces should be

www.savezenergeticara.org
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examined by NDT methods. Most often, these are methods by
which surface defects can be detected, and these are: visual
dimensional testing (VT), penetrant testing (PT) for non-magnetic
materials and magnetic particle testing (MT) for magnetic
materials.

VISUAL DIMENSIONAL OPTICAL TESTING (VT-D) is used
to detect defects of any nature and cause, but only on the surface
of the test object. It is often used to select critical locations on an
object that will later be tested by other NDT methods. There are
great possibilities for its automation and application and for
inaccessible places to the human eye. It is applied to practically all
types of technical materials. In the case of confirmed cavitation
damage, the VT-D method measures the surface of that damage,
depth and roughness.

LIQUID PENETRANT (PT) TESTING is used to detect surface
defects. Due to the capillary effect, which is the physical basis of
this method, it is necessary to degrease and clean the examined
surface well. In this way, cracks, porosity and notches can be
detected. The advantage of the method is that it is relatively cheap
and simple, and with proper execution, sensitivity to small surface
errors in all types of classic technical materials is obtained. In
cavitation damage of welded joints, turbine blades and other parts
of the hydro turbine, it is used to detect cracks and porosity in non-
magnetic materials (austenitic materials).

MAGNETIC PARTICLE TESTING (MT) is based on the ejection
of a scattering magnetic flux caused by the presence of a surface
or subsurface fault such as cracks, notches, inclusions and other
sharp planar faults. The advantage of the method is that it requires
moderate costs, and with the correct performance, a very good
sensitivity is achieved for the detection of surface, and with the
correct choice of parameters and subsurface errors. The
disadvantage of this method is limited application only to
ferromagnetic materials as well as the need for demagnetization
after testing. Accordingly, MT is used in cavitation damage of
welded joints, turbine blades and other parts of the hydro turbine
to detect surface and subsurface cracks on magnetic materials.

III. PREPARATION FOR NDT CAVITATION DAMAGE

ON HYDROTURBINES

Very little attention is being paid to conditions of surface
preparation prior to the execution of non-destructive testing. The
quality of the performed test also depends on the preparation [2, 3,
4], as well as the quality of the test report, which must include
traceability and repeatability [5, 6, 7, 8], which is not often the
case. One of the aspects of preparation is making of a sketch, 2D
or axonometric [9], of the object of examination with a defined
orientation in space and certain benchmarks in order to define the
identified defect and imperfections.

Non-destructive testing methods require the preparation of
samples, in accordance with the standard prescribed method of
sample preparation. Preparation consists of studying the drawings
and making appropriate sketches of the test object, preparing the
test surface and checking and calibrating the test equipment. NDT
methods are used for tests without physical-mechanical separation
from the whole, so the test elements are marked on the object itself
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(chalk, kirner, marker). Marking is performed by the Team leader
in consultation with the Ordering party of testing. Samples are
marked on the basis of object data temporarily or permanently
with letters and numbers. Preparation of samples (surfaces) on
which the test is performed, is done if the test method requires it,
in accordance with the standard prescribed method of preparation.
As part of the preparation of the test, before each test, the
examiner checks the equipment on the basis of standards,
regulations and procedures from the equipment manufacturer's
instructions and instructions for use of the equipment.

IV. MAKING A MODEL OF THE TEST FACILITY (TEST
SUBJECT)

Parametric drawing programs [9] are used for machine design and
automation of processes based on parametric modeling of solids.
CAD programs (Computer Aided Designing) use the graphical
environment of personal computers (PC). Using the function of
dragging objects with the mouse, it is very easy to master any
CAD package. The PC graphical user environment allows
mechanical engineers to develop their new ideas and implement
them in the form of virtual prototypes or models of solids, large
assemblies, subassemblies, details and drawings. Numerous CAD
programs that can be found on the market also serve as platform
software for many other programs that help engineers in their daily
work. This means that you can use other compatible programs
within these programs. These programs can also use additional
modules for animation, simulation and calculation. For the
purpose of NDT testing, these programs can assist in NDT testing,
and later use the test results in order to control calculations of test
objects [10, 11, 12, 13].

Figure 2. Impeller blade of rtical Kaplan hydro tubine

CAD programs allow you to turn a basic 2D sketch into a
full-body model using simple but highly efficient modeling
tools, fig. 2 and fig. 3. CAD programs are not limited to 3D
models, but also generate technical drawings of
interconnected elements, parts and assemblies, from fig. 4.-7.

www.savezenergeticara.org
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V. 3D MODEL IN FUNCTION OF NDT CAVITATION

DAMAGE
—— = ‘ CAD programs are very useful for the preparation and
Pl 1P ; e . . o .
s Nmmleeizs # production of reports when using NDT methods. Because it is

/

mainly based on user feedback, this full body modeling tool is
extremely easy to use and enables high productivity. Two-
dimensional technical drawings are easily generated in Drawing
mode. Generalized representations include detail and cross-
sectional representations, orthographic representations, isometric,
auxiliary, and other representations. Any predefined standard
drawing document can be used to generate technical drawings. In
addition to showing the model dimensions in technical drawings,
or adding reference elevations and other markings, parametric
components and bubbles can also be added to technical drawings.
If an element or assembly component is replaced, removed, or a
new component is added, the change will automatically affect the
component placed in the drawing document. Due to the two-way

-

> i

Figure 5. Segment o
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connection of this software, any change made to the model will
be automatically applied to the technical drawings, and after each
change of dimensions on the technical drawings, the model will
be automatically updated. For illustration fig. 8 shows a 3D
model used in the preparation and reporting of NDT cavitation
damage tests on a vertical Kaplan hydro-turbine. Cavitation
damage is examined for the purpose of proposing damage repair
technology or for the purpose of monitoring the progress of
damage. In both cases, the 3D model of the examined object
allows us to precisely define the position and characteristics of
cavitation damage with good input data for the control
calculation of the damaged object for the purpose of making a
decision on repair or monitoring of damage in operation.

VL. CONCLUSION

The use of commercial programs for parametric modelling,
allows rapid creation of 3D model of test object and determine
one or more benchmarks in order to orient the test object and
accurately define the identified imperfections. In the case of this
work, it refers to cavitation damage within the surface with
possible cracks, pores and cavities. The possibility of looking at
the object of examination as well as making a large number of
cross-sections, release us from developing complicated 2D
sketches. In connection with other computer programs for word
processing and images, models made in 3D, enable the
production of a quality test report with a defined required
traceability and repeatability [6, 8].
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Figure 8. Cross-section of the impeller assembly of a vertical Kaplan hydro turbine with marked places of cavitation damage
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