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ABSTRACT

Wind power plays a vital role as a component of renewable energy, with wind
turbine blades being crucial elements in the process of generating wind power.
However, due to the large size of wind turbine blades, complex surface shapes, and
high viscosity of coating materials, the current method of coating wind turbine blades
relies mainly on manual roller application, and the use of automated equipment is not
yet mature. To tackle this challenge, a design for an automatic roller coating machine
specifically tailored for wind turbine blades has been developed, including the
following main features:

Firstly, based on the research of current coating process requirements for wind
turbine blades, an automatic roller coating machine for wind turbine blades was
designed on the basis of existing products in practical units. The designed product
utilizes a drip method to pour the coating into the roller gap of the drip roller section,
which is composed of a power roller and a coating roller, and uses the roller gap and
coating viscosity to evenly distribute the coating. Then, the coating roller applies the
coating to the surface of the blades. The feasibility of the design was verified through
the analysis of key components in the design structure. Through simulation analysis, it
was found that the coating pressure of the coating roller on the blades during the coating
process should be below 500 N, and the speed should be between 10-60 r/min.

Secondly, for the designed coating distributor and drip roller section, Fluent
module in Ansys software was used to simulate and analyze the flow field. Simulation
analys was conducted on the uniformity of coating flow rates from each hole of the
distributor, the uniformity of coating after passing through the roller gap of a single
hole, and the uniformity of coating after passing through multiple holes and the roller
gap. This verified that the design can achieve uniform distribution of coating on the
coating roller and subsequently on the blade surface.

Thirdly, to ensure stable coating force during the coating process, a hydraulic

servo force closed-loop system was used for control. Key components were modeled



using Simulink module in Matlab software, and simulation analysis was performed
using both PID controllers and MPC controllers to determine the system's ability to
achieve constant force output during the coating process. The MPC controller has a
response time of 0.42 seconds, no overshoot, and offers better control stability.
Finally, the design underwent experimental validation. Due to constraints in
research and development resources, certain modifications were made to the design,
and a prototype was created for testing purposes. Manual coating experiments were
conducted, taking into account coating dilution and coating roller speed, to verify the
design's ability to achieve uniform coating application on the blade surface. In the
experimental scenario, when the coating roller speed is 20 r/min and the paint dilution
is 5%, the coating effect is the best and can meet the coating process requirements.
The designed automatic roller coating machine for wind turbine blades effectively
meets the diverse process requirements of automated roller coating for wind turbine
blades, offering valuable technical support for streamlining the coating process through

automation.

Key words: wind turbine blades; spray; Flow field simulation; Model prediction

control; film thickness
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