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INTRODUCTION

➢ Turbine blade of aero-engine is an important part of aircraft. To ensure

its surface quality and size accuracy has an irreplaceable role in flight

safety. The most commonly used method, such as coordinate

measuring machine (CMM) may produce scratches and damage the

measuring surface in some cases.

➢ Based on fringe projection profilometry (FPP), high-dynamic range N-

step fringe projection profilometry and projective parallel single-pixel

imaging are introduced in this study.

➢ A six-axis robot and a pneumatic jaw are used to automatically clamp

turbine blades and realize multi-view measurement. All turbine blades

of similar size can be measured after viewpoint generation and path

planning.

METHODS

➢ We propose a composite optical measurement method including

sensors of different resolution to improve efficiency on the basis of

keeping accuracy.

• Local sensor with high accuracy adopting high-dynamic range N-step fringe

projection profilometry.

• Global sensor with large scanning range adopting projective parallel single-

pixel imaging.

➢ We use a pneumatic jaw to clamp turbine blade at the flange of the

six-axis robot. Positions of 3D measurement system and robot in the

world coordinate system are determined through binocular calibration

and hand-eye calibration. We build a simulation environment to realize

function of real-time following.

EXPERIMENTS

➢ We select two perspectives of each sensor to show the

experimental results. Fringe patterns are projected to the target

and solved by high-dynamic range N-step fringe projection

profilometry and projective parallel single-pixel imaging.

➢ The experimental process and results of single field of view are

shown in Fig. 4. The first column is posture of the blade held by

the six-axis robot. The second column is reconstructed area in the

current field of view. The third column is modulated fringe pattern

taken by camera. The fourth column is the measurement result.

CONCLUSION

➢ The proposed method, including local sensor and global sensor,
overcomes problems of overexposure and multiple reflections
in 3D measurement for turbine blades under strong reflection.

➢ We use a six-axis robot and a pneumatic jaw to capture the
blade, and develop a viewpoint generation method based on
simulation environment.

➢ The appropriate scanning strategy is selected to complete the
automatic 3D measurement, and finally a complete 3D point
cloud model of turbine blade is generated.
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➢ The posture of the robot can be tuned coarsely and finely to generate

all candidate viewpoints that meet the measurement accuracy.

Viewpoint generation process based on simulation environment is

shown in Fig. 3.

➢ Each field of view will be automatically aligned after scanning in

turn. The marks on the pneumatic jaw are used to align data

coarsely. We use ICP algorithm for fine aligning and global

optimization. The final reconstructed model is shown in Fig. 5,

which realizes high-precision automatic 3D measurement of

turbine blades.

➢ Turbine blade can be divided into four measurement areas: top,

body, edge and V-plate.

• Top and edge has large curvature, so it is necessary to use local sensor

to obtain sufficient point cloud data.

• Body and V-plate has wide range of surface and small curvature, so we

use global sensor for measurement.

➢ The six-axis robot clamps the blade to change posture for

automatically scanning and data alignment, and finally reconstructs

the complete point cloud model of the target.

Fig. 1. Experimental scene.

Fig. 2. Blade model in simulation environment and real posture of six-axis robot.

Fig. 3. Viewpoint generation process based on simulation environment.

Fig. 4. Experimental process and results of single field of view. 

Fig. 5. The final reconstructed model.


