
DIRECT DRIVE WIND POWER GENERATION
WIND MEASUREMENT SYSTEM

Direct-drive permanent magnet synchronous wind power systems and

doubly-fed induction wind power systems are two major wind power

technologies. Among them, the direct-drive permanent magnet wind

power system is connected to the grid through the full-power converter,

and the wind turbine's shaft is directly linked to a multi-pole low-speed

permanent a?|

In contrast, direct drive technology does not use a gearbox, offering slow

movement of all the parts of the wind turbine systems and therefore

reduced wear and tear of the system and superior reliability. Direct drive

turbines have been in the wind power market for a long time, but have

gained increasing popularity in recent years due to the 

It can be seen from Fig. 7 that the three-phase fault on power grid could

cause a collapse on the output power of direct-drive wind power

generation system, indicating an inferior low-voltage ride-through

capability of this kind of wind power system. However, in the simulation on

the rest three kinds of power grid fault, the generation system successfully

recovered from a?|

In order to study the oscillation problem of grid-connected permanent

magnet direct drive wind power generation (PMSG) system, a small-signal

model of PMSG system based on PQ (active and reactive 

This paper studied strong coupling and virtual inertia problems of

permanent magnet wind power systems. First, through adopted

backstepping control to solve the strong coupling system and improve the

dynamic performance. The grid side adopts virtual synchronous generator

(VSG) control the storage system of wind power generation systems.

Through the parallel output a?|
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wind system, single-stage gear box wind system, and direct drive wind

system (without gear box) in where the Synchronous Generator (SG)

qualifies the system to have a simpler and more reliable drive train.

However, the lower generator speed, and thus larger torque, requires

more poles, larger diameter, and volume, and hence higher cost.

A wind power system is a typical nonlinear time-varying dynamic system,

and the two common horizontal axis permanent magnet synchronous wind

power systems mainly include a wind turbine, drive shaft system (direct

drive and semidirect drive), permanent magnet synchronous generator,

converter, and grid-connected power system . Semidirect-drive wind a?|

Several papers have studied the converter stand-alone mode operation

and power sharing between the load-side converters using droop control

[6-8], assuming the converter dc-link voltage is constant with active power

balance, without considering the source (wind) characteristics [9-13], the

authors discussed the wind turbine active power control by a?|

Wave energy is a renewable energy with a high density. There are

different types of wave power generation systems (WPGSs), including

Archimedes wave swing (AWS) coupled to a linear permanent magnet

synchronous generator. This study proposes a model predictive control

(MPC) for AWS-based WPGS.

Simple and Robust Direct Drive Wave Power Generation System Using

Dielectric Elastomers 40 economically viable [10-12]. This paper shows

that several practical issues in implementing artificial muscle generators

can be overcome. Specifically, the following issues were examined: (1) the

long-time power generation
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The comparison results have shown that the direct-drive powertrain

systems with SPM-V and the proposed Vernier generators can achieve a

12.3% and 24% lower LCOE compared with the conventional SPM

generators, indicating their significant potential for reducing the overall

cost of energy for offshore wind power. AUTHOR CONTRIBUTIONS

Here, the structure and basic principles of the direct-drive wind power

system was studied, mathematical model of the dq generator and

converter using coordinate transformation was built, and control methods

including the wind turbine pitch angle control, a?|

permanent magnet synchronous wind generation systems are favoured in

recent years [5]. The main components of direct-drive wind power systems

include wind turbines, permanent magnet synchronous generator (PMSG),

dual PWM AC/DC converters, DC bus links, and control systems. The

topological structure of converters in direct-drive wind power 

Offshore wind power systems. (a) Doubly-fed asynchronous wind power

system. (b) PM direct drive and semi-direct drive wind power generation

system.  Modeling and measurement study for wind turbine blade trailing

edge cracking acoustical detection. IEEE Access, 8 (2020), pp.

105094-105103. Crossref View in Scopus Google Scholar

3. Generator System: In traditional wind turbines, a gearbox connects the

rotor to the generator, but the Permanent Magnet Direct Drive

Synchronous Wind Turbine Generator System eliminates the gearbox,

simplifying the design. Instead, it employs a direct drive generator with

permanent magnet technology. III. Permanent Magnet Direct Drive

Generator
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Wind power generation systems have shorter set-up time and can work

continuously if the wind speed is enough [31a??33].  Direct-drive wind

turbines can start up at a wind speed of 2 m/s. Compared with double-fed

turbines, direct-drive turbines are more costly and larger, where costs

need to be brought down further to realize large-scale 

The topological structure of direct drive PMSG is shown in [19, 20], which

is composed of wind turbine, PMSG, machine side converter (MSC) and

grid side converter (GSC), control system and filter circuit order to simplify

the analysis, the wind turbine, PMSG and MSC are equivalent to the

controlled current source, and only the interaction between GSC and grid

a?|

With elimination of gearbox, direct-drive wind power generation systems

exhibit reduced manufacturing cost and gear-associated noise. Moreover,

required regular maintenance for gearbox is eliminated. The EESM was

first introduced with a power rating of 0.5 MW in direct-drive

variable-speed wind turbines by Enercon of Germany in 1992 .

This type of wind turbine was introduced in 1991, and is known as the

variable speed direct-drive wind turbine. Direct-drive technology is the

basis for direct-drive wind turbines; as Shown in the image below, the

synchronous generator is directly powered by the rotor. A direct-drive wind

turbine's generator speed is equivalent to the rotor 

Direct-Drive Offshore Wind Turbine.  Direct-Drive Yaw System The yaw

motors power the yaw drive, which rotates the nacelle on upwind turbines

to keep them facing the wind when the wind direction changes.  The large

diameter of the a?|
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Wind turbine is the energy source of the generation system. Horizontal

axis and three-blade wind turbines are the most common wind turbine

systems in the current practice [].According to Betz Theorem's limit theory,

the maximum capture coefficient of wind energy under ideal conditions is

about 0.593 [].The actual mechanical output power of the wind turbine P

m:

In manuscript (van de Kaa et al., 2020), the importance of the drive train in

a wind turbine and compared direct drive with the gear box-type wind

turbine is clearly explained. The comparison 

Electric power conversion system (EPCS), which consists of a generator

and power converter, is one of the most important subsystems in a

direct-drive wind turbine (DD-WT). However, this component accounts for

the most failures (approximately 60% of the total number) in the entire

DD-WT system according to statistical data. To improve the reliability of

EPCSs a?|

A demonstration research through power performance and load

measurements was performed for a 750 kW direct-drive wind turbine

generator system (KBP-750D) at the Daegwanryeong Wind Turbine 

The following chapter about direct-drive generator systems for wind

turbine applications deals with the main aspects which determine the

design of such generators, focusing on solutions with permanent-magnet

excitation.  Carsten B., et al. EcoSwing Generator a?? World's first

superconducting wind power generator supplying power to the grid 
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Here, the structure and basic principles of the direct-drive wind power

system was studied, mathematical model of the dq generator and

converter using coordinate transformation was built, and control methods

including the wind turbine pitch angle control, maximum power tracking

control, and generator-side variable flow control were simulated.

The direct-drive permanent magnet synchronous generator (D-PMSG

based wind turbine) is one of the commonly used WTGs in practice. For

the D-PMSG based wind turbine grid-connected system, the wind power is

fed a?|

Electric power conversion system (EPCS), which consists of a generator

and power converter, is one of the most important subsystems in a

direct-drive wind turbine (DD-WT). However, this component accounts for

the most failures (approximately 60% of the total number) in the entire

DD-WT system according to statistical data. To improve the reliability of

EPCSs and reduce a?|

The rapid development of wind energy systems is a direct response to the

growing need for alternative energy sources [1].Data obtained from the

global wind energy council (GWEC) [2] reflect an increase in installed

global wind capacity to about 651 GW at the end of 2019 as shown in Fig.

1.This represents a 10% increase in global wind capacity compared to a?|

The Envision E128 3.6 MW WTs use such a six-phase configuration with

direct-drive PMSG.  A different perspective to comply with the FRT

requirements is to make the wind generator and power converter a?|
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5 Center for Wind Power Drives CWD, RWTH Aachen University,

Campus-Boulevard 61, 52074 Aachen,  15 in this context includes the

entire power conversion system from the main bearing to the electrical

generator and power conver-sion system. The two main drivetrain

congurations and components that characterize them are depicted in

Figure 1 
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