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Fundamentals of wind energy engineering
Technology with a future

While traditional windmills have been widely used for Aerodynamics HM 226

. ) , Wind tunnel for visualisation of streamlines
hundreds of years for mechanical drives, generating
electricity by means of large wind power plants is cur- HM 170_
; . Open wind tunnel
rently experiencing a breakthrough.
HM 170.09
The current trend is heading towards large wind power Lift body aerofoil NACA 0015
plants with large rotors. This is mainly down to the fact HM 170.22

that there are high wind speeds at high altitudes. Wind
speed has a huge influence on the rotor's speed of rota-
tion. Nowadays rotors with a diameter of 100m are the

Pressure distribution on an aerofoil NACA 0015

Energy generation from wind power HM 170.70

norm. Wind power plant with rotor blade adjustment
The process of energy recovery through wind power ET 210
includes extensive theoretical principles in addition to Fundamentals of wind power plants
the practical aspects. Therefore, in our didactic concept ET 220
on the field of wind power, we differentiate between the Energy conversion in a wind power plant
subject areas listed on the right. ET 220.01

Wind power plant

ET 22010

Control unit for wind power plant ET 220.01

Application engineering in wind power plants

P A

E 2 E-learning from GUNT offers extensive multi-
« media educational material online for the labo-
learn

Gear technology AT 200
Determination of gear efficiency

E : . Plant control ET 222
ratory experiments and thus supports techni- Wind power drive train
cal training and engineering studies. ET 004

Operating behaviour of wind turbines

Machine monitoring PT 500
Machinery diagnostic system, base unit

PT 50011
Crack detection in rotating shaft kit

PT 50015
Damage to gears kit


http://e-learning.gunt.de/index.php/en/
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Wind Line Basic knowledge

Basic knowledge

Wind power

The success of modern wind power plants would be incon-
ceivable without contributions from a wide variety of sub-dis-
ciplines. Condition Monitoring Systems (CMS) are becoming

Aerodynamics

Aerodynamics is the science of the behaviour of bodies in a
compressible gas (air). Aerodynamics describes the forces that
make a windmill turn or that lift an aeroplane off the ground.

The design of a rotor blade for modern wind power plants has
to take into account both the aerodynamic properties and the
mechanical load-bearing capacity. Blade profiles which have
been optimised in extensive simulations are often used in order
to satisfy the requirements of large-scale wind power plants.

Energy generation from wind power

In order to be able to use wind energy, the kinetic energy of
the wind first has to be converted into rotational energy. The
rotational energy can then be used in a generator to produce
electrical energy. As with all energy conversion processes,
losses have to be monitored in each separate step. Assuming
the maximum usable wind power (the Betz limit), aerodynamic,
mechanical and electrodynamic losses occur.

Gear technology

When transferring power from the rotor axis to the generator,
two principle requirements must be met:

®m good synchronisation properties with as little fluctuation in
the speed and torques as possible

m good adaptation of the speed range between rotor and
generator

increasingly important for economic aspects in the operation
of wind farms.

Although considerable progress has been made in recent years
in the development of frequency converters, established drive
train designs are based on the use of transmission gearing. The
gears make it possible to adjust the speed and/or frequency of
the generator to the requirements of the alternating current
grid.

Plant control

The performance of wind turbines depends on mechanical and
electrical components as well as on efficient plant control. The
influence of the effective parameters under all relevant operat-
ing conditions must be known. For this purpose, the dependence
of the rotor power on wind speed, rotor speed and rotor blade
angle is taken into account in corresponding characteristic
diagrams.

Machine monitoring

The construction and operation of a wind power plant go hand in
hand with high investment costs. Failure of the rotor bearings,
gears or rotor shaft leads to financial losses.

In order to avoid failure, wind power plants are continuously
monitored by vibration analysis. The aim of these analyses is
to detect and replace damaged components early, before the
damage results in failure of the turbine.

Besides the rotor and the
generator, wind power plants
consist of lots of individual
components which together
form a functional and efficient
wind power plant.

The following aspects play a
key role in education specialist
technicians and engineers in
the field of wind energy engi-
neering: 1

m functional principle and
interaction of the individual
components

m installation and operational
monitoring

Setup of a typical wind power plant

1 rotor, 2 gearing, 3 yaw motor,
4 generator

Global wind energy supply

The graphic shows the average global wind energy supply as
regions marked in colour
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Wind tunnel for ~ . foin ) 5
visualisation of streamlines AT e R SN
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The experimental unit HM 226 is an open wind tunnel, in which ~ The experimental section has a black background and a sight Four interchangeable models are included. The aerofoil’'s angle
streamlines, flow separation and turbulence can be made visible ~ window; additional lighting makes the streamlines clearly visible. of attack is adjustable.
by using fog. The evaporated fog fluid is non-toxic, water soluble
and the precipitate does not affect common materials.
3
4
- %
| Diffuser | llluminated experimental Intake contour Stabilisation chamber with —— :
section with sight window in nozzle design flow straightener | ,;!
= 2
Radial fan 1
Models Setup of the experimental section
1 aerofoil, 2 orifice plate, 3 cylinder, 4 guide vane profile 1 turbulence, 2 model, 3 scale for adjusting the angle of attack,

4 nozzles for injecting fog, B intake contour in nozzle design,
6 illuminated experimental section

About the product:

Detailed view of the experimental section

o I

visualisation of streamlines ® transparent, iluminated viewing area for optimal observa-

Stall as a function of the angle of attack

tion of streamlines

flow around or through differently shaped models

, m low-turbulence flow
flow separation and turbulence o L .
m streamline field is generated by injecting fog from multiple

stall as a function of the angle of attack nozzles

m fog generator is included in the scope of delivery



https://gunt.de/en/products/fluid-mechanics/flow-around-bodies/streamlines-and-flow-fields/wind-tunnel-for-visualisation-of-streamlines/070.22600/hm226/glct-1:pa-148:ca-785:pr-819?sccsf=1
https://youtu.be/yJc4Ew8-FqM
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HM 170 Open wind tunnel

with accessories

Fundamentals of converting wind energy

The effect chain of a wind power plant starts with the rotor.
How much energy is converted into mechanical work essentially
depends on the aerodynamic properties of the rotor blade.

The HM 170 wind tunnel can be used to conduct experiments
with different profile shapes and drag bodies. As a result it is
possible to measure, for example, how the angle of incidence
affects the pressure distribution on the profile. Lift and drag
forces resulting from this determine the conversion of the
kinetic energy of the wind into mechanical energy on the rotor
shaft.

HM 170 is an “Eiffel” type open wind tunnel used to demonstrate
and measure the aerodynamic properties of various models.
For this purpose, air is drawn in from the environment through
a flow straightener and accelerated. The air flows around a

m open wind tunnel for a variety of aero-
dynamic experiments

m homogeneous flow through the flow
straightener and special nozzle contour

® transparent measuring section

E Learning objectives

investigations on flow around
bodies

record pressure distribution
on an aerofoil under surrounding
flow

measure lift and drag force

lift and flow separation as a
function of the angle of incidence
and the flow velocity

HAMBURG

model, such as an aerofoil, in a measuring section. Then the air
is pumped back into the open by the fan.

An extensive range of

acc.esslolr‘les 1S avall.able e LNozzle with flow straightener
for individual experiments . ,
with HM170.
Measuring section
About the product:
e

For a detailed introduction to the aerodynamics
of wind power plants, we recommend experiments
with the following accessories:

e HM170.05
Drag body square plate

HM 170.09
Lift body aerofoil NACA 0015
Force sensor

for 2 components : HM 170.22
L | Pressure distribution on an aerofoil NACA 0015



https://gunt.de/en/products/fluid-mechanics/flow-around-bodies/pressure-and-velocity-profiles/open-wind-tunnel/070.17000/hm170/glct-1:pa-148:ca-786:pr-769?sccsf=1
https://youtu.be/tBvQOIzsGJM 
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HM 170.09 HM 170.22
Lift body aerofoil NACA 0015 Pressure distribution on an aerofoil NACA 0015
The lift force is by definition perpendicular to the inflow direction.  Using HM170.09 you can systematically log the forces acting Measurement of the pressure distribution around an aerofoil HM170.22 demonstrates the pressure distribution on the
At a given wind velocity, the maximum lift force under an angle  on a blade profile. profile under surrounding flow teaches students fundamental = NACA 0015 blade profile.

of incidence characteristic for the blade profile being used can
be observed.

knowledge about the occurrence of lift force.

About the product: About the product:

—
—
—

forceF ——
N
\)\_
ol

a angle of incidence The blade profile has openings 1 for pressure measure-
ment at regular distances on the upper side and the
underside. Hoses 2 connect the blade profile to pressure
Sensors.

Fa lift force
Fw drag force
v wind velocity

- o “Pitch” and “stall” determine the - S
Learning objectives . . . . Learning objectives
operating behaviour of the wind Negative pressure

power plant.

experiments on bodies
immersed in a flow The effective force on the rotor
blade can be adjusted via the angle
of incidence (pitch).

record pressure distribution on
an aerofoil immersed in a flow

» as a function of the angle
of attack

determination of the drag

coefficient (cq4 factor)
Stall is used specifically in smaller

determination of the lift wind power plants to limit the speed
coefficient of the rotor.

together with the force
sensor HM 170.40

In order for lift to occur on a body under surrounding flow, there
must be positive pressure on the underside of the body and neg-
ative pressure on the upper side.

» determination of the
moment coefficient



https://gunt.de/en/products/fluid-mechanics/flow-around-bodies/pressure-and-velocity-profiles/lift-body-aerofoil-naca-0015/070.17009/hm170-09/glct-1:pa-148:ca-786:pr-778?sccsf=1
https://gunt.de/en/products/fluid-mechanics/flow-around-bodies/pressure-and-velocity-profiles/pressure-distribution-on-an-aerofoil-naca-0015/070.17022/hm170-22/glct-1:pa-148:ca-786:pr-783?sccsf=1

GUNT Fundamentals of wind energy engineering

Wind Line Energy generation from wind power

HAMBURG

o el

o - ¢ . "\k

I\ NVislyie BN Wind power plant ,
with rotor blade adjustment /-&-“"*l - = h'tnm“ h
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Components of the wind power plant

HM170.70, together with the HM 170 wind tunnel, allows you
to demonstrate a wind turbine with rotor blade pitching and
variable-speed generator. The axial fan in the wind tunnel has a
variable speed and provides the air flow required for the exper-
iments. The generator is driven directly by a 3-blade rotor. A
servo motor is used to change the angle of the rotor blades.

In order to approach different operating points, the nominal
speed of the generator can be set via a controller. The rotor
speed is precisely measured by Hall sensors built into the gener-
ator. For the investigation of different shapes, rotor blades with
straight and with optimised profile are included in the scope of
delivery.

1 rotor blade, 2 rotor blade pitching,
3 servo motor, 4 generator

About the product:

Features

® wind turbine with variable speed

m rotor blades adjustment angle adjusta-
ble via servo motor

m investigation of own rotor blade shapes
(3D printing) possible

m network capability: observe, acquire,
analyse experiments via customer’s
own network

E Learning objectives

conversion of kinetic energy into

HM170.70 connected to
the open wind tunnel HM 170

electrical energy 3
power adjustment by means of Control and i=1i, & i
» speed adjustment oggrgtc:)io?]n
» rotor blade adjustment LAN/ =
e : B oo WLAN — o
behaviour in the case of oblique us oo | M—

flow - ; o))) ;

determine the power coefficient
tip-speed ratio characteristic ezl

diagram .

B8

oopg

BB

=R

comparison of different rotor
blade shapes

2 A Power coefficient via tip-speed ratio at different rotor blade angles
and constant wind velocity



https://www.gunt.de/en/products/2e-energy/wind-power/fundamentals-of-wind-energy-technology/wind-power-plant-with-rotor-blade-adjustment/070.17070/hm170-70/glct-1:pa-148:ca-673:pr-1677?sccsf=1
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Wind Line

ET 210

Fundamentals

In modern wind power plants, the power output from the wind
is adapted to the changing wind conditions. In the strong wind
range, power output is limited to protect the turbine. The rotor
blade adjustment serves this purpose. By adjusting the angle,
this changes the forces acting on the rotor blade. In the normal
wind range, power consumption is optimised by means of gen-
erator systems with variable speed.

About the product:

Features

m compact unit, experiments can
be carried out without additional
accessories

m wind power plant with variable speed

m adjustment of rotor blade and
yaw angle

m network capability: observe, acquire,
analyse experiments via customer’s
own network

E Learning objectives

conversion of kinetic energy into
electrical energy

power adjustment by means of
» speed adjustment
» rotor blade adjustment

behaviour in the case of oblique
flow

determine the power coefficient
tip-speed ratio characteristic
diagram

comparison of different rotor
blade shapes

of wind power plants

ET 210 demonstrates a wind power plant with rotor blade
adjustment and generator with variable speed. The air flow is
generated by an fan. A flow straightener ensures consistent
and low-turbulence flow. A three-blade rotor drives the gen-
erator directly. For the investigation of different shapes, rotor
blades with straight and with optimised profile are included in
the scope of delivery.

1

Control and -
operation LAN/

use B [ WLAN | — 5

H D) =

A

HAMBURG

Variable load on the wind rotor
through electronic generator control

Fan with adjus-
table speed

Inlet contour with
flow straightener

Adjustable
yaw angle

d) &

Software

The software calculates the converted electrical power, the generator torque
and system-specific parameters.

B M e Ly by et
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GUNT software for unit control
and measurement data acquisition via PC

Calculated results for a sequence of segments on a rotor blade.
Change in blade depth and twist as a function of blade radius.


https://gunt.de/en/products/2e-energy/wind-power/fundamentals-of-wind-energy-technology/fundamentals-of-wind-power-plants/061.21000/et210/glct-1:pa-148:ca-673:pr-1676
https://www.youtube.com/watch?v=1rCK2V-YrsI&feature=emb_logo
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ET 220 Energy conversion {, < - o2

. H - T - .

in a wind power plant . - L h
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The ET220 device allows you to teach the individual stages To investigate the operation of a wind power plant under real The ET220 wind tunnel allows experiments under defined con-  system variables regardless of the weather conditions, even
from conversion of wind flow into rotational energy through  weather conditions outdoors, ET 220 can be operated together ditions. As a result, you can systematically study characteristic ~ with shorter experiment times.

to storing the electrical energy in accumulators, in clear and  with ET 220.01.
easy-to-understand steps.

About the product:

i ; i

| g

[~

Charge controller 'f ﬂ_

|
L

Inverter

LINIVERSITY OF LEEDS

Flow straightener

ET 220 is also used at the University

of Leeds, UK, for teaching engineering
students. Extensively documented experi-
ments are available for a variety of
educational situations to cover both the
fundamentals and more advanced areas.

Wind tunnel

Features

m practical experiments in laboratory
scale

Control unit

m network capability: observe, acquire,
analyse experiments via customer’s
own network

Software

With the software, current and voltage are measured at Energy balances are possible for the entire system and for
various points of the stand-alone system. separate components.

E Learning objectives T 0

conversion of kinetic wind energy o T
into electrical energy 1 i [Nt
function and design of a - '
stand-alone system with a LAN/ =
wind power plant USB oo WLAN | — > T S :&v an i
determining the power coefficient — g .)) — | == | J - = SN

function of ti d rati — e | y—l:| e 1 F —’\
as a function of tip speed ratio — - = I peren — . --""“"“* | | .
energy balance in a wind power . 3 - a9 R o« .i N -
plant —— P wihisy  wimsy = 1 10— {1 !
determining the efficiency 'L - = = ‘ e = a S .__._..-_""_’_h
of a wind power plant g -—--[ osey : i 0000 10:00 20:00 3000 400 £0:00

GUNT software for measurement data acquisition via PC Measured time graphs of the electrical powers



https://gunt.de/en/products/2e-energy/wind-power/fundamentals-of-wind-energy-technology/energy-conversion-in-a-wind-power-plant/061.22000/et220/glct-1:pa-148:ca-673:pr-183
https://youtu.be/GmQJWw_5tZM 
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SAEEOLCE  Control unit for wind power plant ET 220. I = :
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ET 220.01 ET 220
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The yield of a wind power plant depends on the prevailing wind
speeds and the usability of the electricity generated. The wind
power plant ET 220.01 is either used together with ET 220 or
together with ET 22010.

The hub height of the rotor
is approximately 5m
with the mast erected.

Commissioning ET 220.01

In its transport state 1, the wind power plant

can easily be brought to the experiment site. The generated electrical energy is transferred to the
After the supports have been ET220 control unit and can be used to charge the
assembled 2, the wind power accumulators or for direct consumption.

plant is placed on the swivelling

mast 3.
5 15
i —
2 o / ;
|

= 15 l | 15 s
£ £
o >
[ o
S @

| f

D000 05100 1000y 1500 Rk 500

time in minutes:seconds

As a typical diagram from the ET 220 manual shows,
About the product: power curves (red) caused by the weather are analysed
to calculate the energy vyields (blue).

You can easily swivel the
mast to the desired position
in just a few simple steps.

£

Control unit for wind power plant ET 220.01 design and function of a wind

The electrical energy from the wind power plant ET 220.01 is power plant in stand-alone
fed into the stand-alone system of ET 22010, which is inde- operation
: pendent from the power grid.

energy balance of a wind power
Sensors record the wind velocity and the rotor speed of plant under real wind conditions

-
lzﬂ ET 220.01 as well as the current and voltage of the stand-
- | alone system. The measured values are transmitted directly
to a PC via USB, where they can be analysed using the soft-
- i ware included. In addition, digital displays indicate the wind
: velocity and rotor speed.
T 4

About the product:



https://gunt.de/en/products/2e-energy/wind-power/fundamentals-of-wind-energy-technology/wind-power-plant/061.22001/et220-01/glct-1:pa-148:ca-673:pr-184?sccsf=1
https://www.youtube.com/watch?v=QeCOw0aGhGI&t=1s
https://gunt.de/en/products/fluid-machinery/turbomachines/thermal-turbines/control-unit-for-wind-power-plant-et-220-01/061.22010/et220-10/glct-1:pa-148:ca-755:pr-185?sccsf=1
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AT 200 Determination
of gear efficiency )

Gears play an essential role in energy conversion in wind power  In typical applications the comparatively low speed of the rotor
plants. The purpose of a gear is to transfer the kinetic energy of  has to be adjusted to the much higher speeds on the generator.
the rotor to the generator with as little loss as possible.

About the product:

Spring balance

\V4

Magnetic particle brake
VY

drive torque braking torque

Energy losses in the gear mainly occur due to friction in the bearings and gear wheels. Friction converts kinetic energy
into thermal energy. This energy is removed from the system and is therefore no longer available to produce electricity.

The effect of the magnetic
particle brake can be adjusted 4

at the control unit in order
| Worm gear | to plot the torque character-

Ed istic curve.

o

&

Our AT 200 test system allows you to determine the mechanical
efficiency of gears and thus to teach the concept of energy loss
in the classroom or in the laboratory.

Display and control unit

E Learning objectives

determination of the mechanical efficiency of gears
by comparing the mechanical driving and braking
power for

» spur gear, two-stage

» worm gear

plot the torgue/current characteristic curve for a
magnetic particle brake

drive and control engineering



https://gunt.de/en/products/engineering-mechanics-and-engineering-design/engineering-design/machine-elements-transmission-elements/determination-of-gear-efficiency/031.20000/at200/glct-1:pa-148:ca-31:pr-3?sccsf=1
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Wind Line Plant control

ET 222 Wind power

drive train

Modern wind turbines should be optimally adapted to the wind
available at their location and allow efficient operating condi-
tions. In addition to the wind rotor itself, components of the
drive train such as the transmission and the electric generator
are crucial.

About the product:

Features

m low-speed electric motor simulates
wind rotor

m generator with adjustable electrical
load

m torque measurements on drive and
generator

E Learning objectives

conversion of rotational energy
into electrical energy

influence of torque and speed on
the efficiency of the transmission

influence of torque and speed on
the efficiency of the generator

influence of the typical torque
characteristic of a wind rotor on
the overall efficiency of the drive

train

The ET 222 experimental unit contains a typical wind power
drive train at laboratory scale, which is driven by an electric
motor. The motor enables low speeds with high torque. This
simulates a typical slowly rotating wind rotor. The speed can
be adjusted.

Electrical load

Measuring amplifier

| Drive motor |

A0

Fli} f T,

10

Simulated torque characteristic of a wind rotor:
x axis: shaft speed in min-!
y axis: torque in Nm

| Spur gear |

\
|_I3rive torque sensor |

The experiments with ET 222 simulate typical operating condi-
tions of a drive train. To do this, the electrical load of the gen-
erator and the speed of the drive motor are varied. This makes
it possible to approximate operating points of a typical torque
characteristic. The calculated characteristic results from the
mechanical power of a wind rotor for a given wind speed.

gumni

HAMBURG

| DC generator |

Generator torque sensor

/

The generator speed and the torques of the drive side and gen-
erator are captured by sensors and displayed digitally on the
measuring amplifier. The measured values are also available as
analogue signals for optional external capture or processing.

NOTTINGHAMY
TRENT UNIVERSITY

ET 222 was developed specifically for wind energy
training at NOTTINGHAM TRENT UNIVERSITY (UK).



https://gunt.de/en/products/2e-energy/wind-power/application-technology-for-wind-power-plants/wind-power-drive-train/061.22200/et222/glct-1:pa-148:ca-674:pr-1673
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Wind Line Plant control

ET 224

The performance of wind power plants depends on mechani-
cal and electrical components, and on an efficient turbine con-
trol system. Therefore, it is essential that the influence of the
effective parameters under all relevant operating conditions be
known.

I HEE'q:'::::::::-_' pusiid .

conversion of kinetic energy into electrical energy
power coefficient and tip-speed ratio

study how torque and speed affect the efficiency of the
gearbox and generator

study how wind speed and rotor blade angle affect the
typical torque characteristic of a wind rotor

power limitation by controlling speed and rotor blade

angle

familiarisation with wind-guided turbine control in
autonomous mode

Operating behaviour
of wind turbines

ET 224 looks at the components of a wind power drive train. To
aid understanding, the main turbine parameters are studied in
experiments with simulated characteristic diagrams. An adjust-
able speed gear motor simulates the typical slowly rotating
wind rotor with high torque. A three-stage spur gear is located
between the slow-rotating drive side and the fast-rotating gen-
erator side. A three-phase synchronous generator with rectifier
converts the mechanical energy into electrical energy. The elec-
trical energy is transferred to an electronic load.

Control and
operation

aad
oo

LAN/WLAN

ooog
B8

m low speed drive unit simulates wind rotor

m GUNT measurement and simulation software with control
function for electronic load

m automated capture of characteristic diagrams as a function
of wind speed, rotor blade angle and rotor speed

m network capability: observe, acquire, analyse experiments
via customer'’s own network

gumni

HAMBURG

“9| Software

The electronic load can be controlled directly or via the simu-  teristic curves and characteristic diagrams, as well as meas-
lation module in the supplied GUNT software. It is possible to  urements in autonomous wind-guided turbine mode.
perform single measurements, automated capture of charac-

[] ET224-v.1611.0 — 0O X ['] ET224-v.1611.0 — O X

Automated measurements in simulation mode Plant control without simulation

About the product:

\J
\J

a5 L ¥, Vo

nin min’

Power coefficient as a function of rotor speed: simulation of typical Power curve for autonomous mode with increasing wind velocity:
characteristic diagrams at different wind velocities and rotor blade power output is limited by the turbine control system by adjusting
angles rotor speed and rotor blade angle



https://gunt.de/en/products/2e-energy/wind-power/application-technology-for-wind-power-plants/operating-behaviour-of-wind-turbines/061.22400/et224/glct-1:pa-148:ca-674:pr-1743?sccsf=1
https://youtu.be/q0bUgkO13GE 
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Basic knowledge

Condition monitoring in wind power pl
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conomic risks, systems for
equipment (CMS, Condition Mon-
are now used in all large-scale wind power

ition to typical data such as wind velocity, speed, electrical
wer and temperature, these systems also detect vibrations at
all relevant points of a turbine. By analysing the vibration data and
comparing it with set values, it is possible to detect and replace
damaged components in good time before the components fail.

-535 mm

From the perspective of operational management, both the
adaptation of suitable maintenance intervals and the early detec-
tion of damage are important. Taking into account CM systems,
downtimes of much less than 10% are now agreed in contracts
between wind power plant manufacturers, operators and insur-
ance companies.

Early detection of system damage

The average size of wind power plants has
steadily increased in recent years. As a result,
many components experience increased loads.

Therefore condition monitoring is becoming
increasingly important. Thanks to accelera-
tion sensors at various points of the system,

damage in the drive train in particular can be

detected early by means of an altered vibration

. System control
behaviour.

©
)
Vibration sensors |
TIITIonant
e o I
T ]
Condition monitoring

[
3
|

Preventing hazards

Faults may occur in sensitive components of a wind power plant,
such as bearings and gear wheels, due to a number of causes. These
include regular wear and tear, extreme environmental conditions,
overloads as well as installation and manufacturing faults. If result-
ing defects remain undiscovered for too long and are not rectified
in good time, this can lead to significant damage up to destruction
of a wind power plant.

Therefore continuous monitoring of the turbine condition is essen-
tial for larger wind power plants in particular, not least because of
risks to the environment.

Expert knowledge ensures reliable
system monitoring

Condition monitoring includes vibration measurements on various
system components in a suitable frequency range. By analysing the
structure-borne sound, it is possible to draw conclusions about
the condition of the components. Other important measured vari-
ables for example are speed and the temperature of the oil and the
bearings.

In many cases, experienced experts are also required to safely dis-
tinguish between measurements caused by the condition of the
component and those simply caused by operation. We are pleased
to present to you important experiments with our equipment in
the field of wind energy in order to teach the necessar%er_t-.

knowledge. o i
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GUNT Application engineering in wind power plants
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Wind Line Machine monitoring

HAMBURG

PT 500 Machinery diagnostic system,
base unit

Using the teaching system PT 500 Machinery diagnostic, you  Professional measurement technology supports the transfer
can simulate, measure and evaluate vibration signals from var-  of experience gained in the day-to-day operation of modern wind References Accessories for PT500 system
ious typical malfunctions and damage. The interpretation of  power plants.

_ ' _ Many customers around the world are already suc- PT 500.01 Laboratory trolley
measurement signals can be practised extensively. _ cessfully working with our PT 500 teaching system. . N
About the product: PT 500.04 Computerised vibration analyser
Below are a few selected references: PT 500.05 Brake & load unit
m Hamburg University of Applied Sciences, PT 50010 Elastic shaft kit
Germany

PT 50011 Crack detection in rotating shaft kit
PT 50012 Roller bearing faults kit
PT 50013 Couplings kit

m Dresden University of Applied Sciences,
Germany

PT 500.04 Computerised
vibration analyser

m Reinhold-Wurth University, Klinzelsau,

Germany PT 50014 Belt drive kit
m Warsaw University, PT 50015 Damage to gears kit
Poland PT 50046 Crank mechanism kit
n IRFF’C Training Center, Bandar Iman, PT 50017 Cavitation in pumps kit
ran
. i o PT 500.18 Vibrations in fans kit
_——__] m INTECAP Instituto Technica de Capacitation i i . i
T-.::,-— 2 y Productividad, PT 50019 Electromechanical vibrations kit
=n Guatemala PT 500.41 Two displacement sensors

|'
j “9| Software |

The PT500 base unit, together with the PC-based PT500.04
vibration analyser, allows a series of experiments on the topic
of machinery diagnostics and machinery monitoring. The GUNT
software offers a variety of analysis options for the evaluation.
These include, for example:

m oscilloscope

m frequency spectrum
m vibration intensity
m envelope analysis

m damage analysis on roller bearings and
gears using envelope spectra

E Learning objectives

introduction to vibration meas-

urement methods on rotating

machinery systems
fundamentals of measurement
of shaft and bearing vibrations
basic variables and parameters
sensors and measuring devices
influences of speed and shaft
layout

influence of transducer
positioning Detailed information about
the PT 500 system

understanding and interpreting
frequency spectra

A complete summary of all
options of the modular
system can be found in

use of a computerised vibration

our PT 500 brochure, The base unit contains a vibration-damped fixing plate, a speed-con- machinery diagnostics can be covered thanks to a wide range of acces-
analyser which is available for trolled drive motor with tachometer, a shaft with two mass discs and sories.
download at www.gunt.de. two bearing units, a coupling and balancing weight. Almost any topic of



https://gunt.de/images/download/PT500_flyer_english.pdf
http://gunt.de/static/s1_1.php
https://gunt.de/en/products/mechatronics/machinery-diagnosis/machinery-diagnostic-system-base-unit/052.50000/pt500/glct-1:pa-148:ca-77:pr-1022?sccsf=1

GUNT Application engineering in wind power plants

Wind Line Machine monitoring

PT 500.11

Crack detection
in rotating shaft kit

The rotor shaft of a wind power plant transfers the mechan-  Our PT 50011 accessory allows you to conduct vibration anal-
ical energy from the rotor to the gear. By detecting cracks in  yses on faulty shafts. Different shafts are available, with which
the shaft early, the risk of a costly failure and/or the danger of different sized cracks can be simulated.

destruction of the turbine can be minimised.

About the product:

E Learning objectives

change in characteristic Q
vibration behaviour (natural
frequency, resonance speed,
amplitude and phase of vibra-
tions) due to a crack

1Q

no crack

amplitude

crack identification from the A frequency
change in vibration spectrum °
with crack

2Q
T 30
understanding and interpreting >
frequency spectra frequency

detection of cracks in rotating 1Q

shafts at the protruding shaft
end

amplitude

use of a computerised vibration
analyser

The opening and closing of a crack during one revolution of the
damaged shaft leads to additional frequency components. The
second order harmonic in particular increases rapidly compa-
red to the undamaged shaft.

PT 50015 Damage

to gears kit

J
|

gumni

HAMBURG

Ability to swap different
gear wheel sets

b

The PT 50015 accessory set provides you with a variety of
gear wheel sets with damaged teeth. Undamaged wheels are
also included for comparative measurements. PT 50015 enables

E Learning objectives

identification of gear damage
from vibration behavior

influence of gearing type
localisation of damage
influence of lubrication

influence of centre distance and
of backlash

understanding and interpreting
frequency spectra

use of a computerised vibration
analyser

you to conduct targeted experiments on the vibration analysis
of toothing damage and on locating damage in gears.

About the product:

ThaT  ITEW LeuT o |

Ty

Spectrum of a straight-toothed gear at 1800min~" and tooth engage-

ment frequency of 752Hz


https://gunt.de/en/products/mechatronics/machinery-diagnosis/crack-detection-in-rotating-shaft-kit/052.50011/pt500-11/glct-1:pa-148:ca-77:pr-1029?sccsf=1
https://gunt.de/en/products/mechatronics/machinery-diagnosis/damage-to-gears-kit/052.50015/pt500-15/glct-1:pa-148:ca-77:pr-1033?sccsf=1

Equipment for engineering education

The complete GUNT programme
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Engineering mechanics and
engineering design

statics

strength of materials
dynamics

machine dynamics
engineering design
materials testing

Mechatronics

® engineering drawing
cutaway models

dimensional metrology
fasteners and machine parts
manufacturing engineering
assembly projects
maintenance

machinery diagnosis

automation and process control
engineering

Thermal engineering

fundamentals of thermodynamics
heat exchangers

thermal fluid energy machines
internal combustion engines
refrigeration

HVAC

Fluid mechanics

steady flow
transient flow
flow around bodies

components in piping systems and

plant design

turbomachines

positive displacement machines
hydraulic engineering

Contact

G.U.N.T. Gerdatebau GmbH
Hanskampring 15-17
22885 Barsbuettel
Germany

+4940670854-0
sales@gunt.de
www.gunt.de

Planning and consulting - Technical service - Commissioning and training

mechanical process engineering
thermal process engineering
chemical process engineering
biological process engineering
water treatment

SE®

Energy & Environment

Energy Environment

solar energy = water

hydropower and = air
ocean energy = soil

wind power = waste
biomass

geothermal energy

energy systems

energy efficiency in buildings

R
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Visit our website

www.gunt.de



https://gunt.de/en/
mailto:sales%40gunt.de?subject=
https://gunt.de/en/
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