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Aero-engine nacelle acoustic hole detection system integrating
improved semi-supervised segmentation method
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Abstract: To address the need for large-scale drilling of acoustic holes in aero-engine nacelle composite
liners, as well as challenges posed by complex material surfaces and the small size and high density of

holes, a visual detection system was developed for a robotic multi-spindle drilling system. To overcome
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Multi-reliability

The large-scale tiny acoustic holes densely distributed on acoustic liners are essential in aero-engine noise
reduction. Accurate segmentation of those holes is fundamental for a robotic multi-spindle drilling system. This
paper introduces a novel semi-supervised segmentation method for acoustic holes on composite acoustic liners.
This method uses perturbation consistency loss to ensure output consistency while solving the problem of data
volume imbalance. Afterward, a multi-reliability enhancement method and a pseudo-label reliability enhance-

ment module are utilized to enhance the model’s robustness and accuracy. The segmentation experiments show
that our method is superior to UniMatch and FixMatch. When using only 30% of labeled data, our method
achieves an IoU of 96.39%, and the porosity differs only 0.038% from the ground truth, which is better than the
fully-supervised segmentation method using all data. Our method can meet the accuracy and efficiency re-
quirements of aero-engine nacelle production in China with only limited labeled data.

1. Introduction

The aero-engine serves as the primary noise source of modern large
aircraft, and laying acoustic liners in the aero-engine nacelle is an
essential way to control engine noise [1]. Carbon fiber composite
acoustic liners can reduce engine weight while achieving noise control
[2]. The effectiveness of noise reduction in nacelle acoustic liners is
achieved by densely distributed acoustic holes. The large-scale array of
acoustic holes can be regarded as Helmholtz resonators in parallel,
suppressing the engine noise propagation by converting the acoustic
energy into heat energy and dissipating it. In the manufacturing process
of nacelle acoustic liners, hundreds of thousands of tiny acoustic holes
need to be drilled, and the geometric parameters of the acoustic holes
directly affect the noise reduction effect. Due to low cost, good flexi-
bility, high efficiency, and wide application in aviation manufacturing
[3,4], the robotic drilling system has become an ideal choice for drilling
acoustic holes on the acoustic liners of aero-engine nacelles.

Before using a robotic drilling system for acoustic hole machining, it
is necessary to accurately detect the reference holes on the composite
acoustic liners against a complex texture background to correct the hole-
drilling position and ensure the geometric position parameters of the

acoustic holes. Since the effectiveness of noise reduction in nacelle
acoustic liners is closely related to the porosity of the acoustic holes, it is
necessary to detect the porosity of the acoustic holes after drilling.
Among various detection methods, visual detection has been widely
used in industry due to its high efficiency, non-contact nature, and other
characteristics [5-7]. Since the predrilled reference holes are also part of
the final set of acoustic holes, visual detection of both the reference holes
and the porosity of acoustic holes requires accurate segmentation of
acoustic holes in complex texture backgrounds. The visual detection
problem of acoustic holes in complex texture backgrounds can be
attributed to the image segmentation problem in computer vision.

To achieve automatic and accurate segmentation of images, re-
searchers have proposed many methods [8], including traditional
methods as well as deep learning methods. Among traditional methods,
commonly used image segmentation algorithms include threshold seg-
mentation [9], edge detection [10], region growing [11], etc. However,
the acoustic holes on composite acoustic liners have the characteristics
of complex background texture, low contrast, unclear boundaries, and
high noise, making it difficult to segment the acoustic holes accurately
using traditional methods. With the development of computer hardware
and the progress of artificial intelligence theory, deep learning methods

* Corresponding author at: Quanzhou Institute of Equipment Manufacturing, Haixi Institutes, Chinese Academy of Sciences, Quanzhou 362200, China.

E-mail address: biaomeimech@126.com (B. Mei).

https://doi.org/10.1016/j.compositesa.2024.108295

Received 9 April 2024; Received in revised form 22 May 2024; Accepted 29 May 2024

Available online 31 May 2024

1359-835X/© 2024 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.



{SCI-EXPANDED) W55 (JCR) EATISo0 K F. 4 X{H ik

LR (Web of Science) R {Journal Citation Reports (JCR)) ¥IEEE, (Science
Citation Index Expanded (SCI-EXPANDED)) (i X XTI WA 7 7 X in
F. RBEEM: 202448 A5 H)

1% ik

#78: Composite acoustic hole segmentation by semi-supervised leaming for robotic multi-spindle drilling
of aero-engine nacelle acoustic liners

£ :Dong, QY (Dong, Qingyu);Mei, B(Mei, Biao);Fu, Y(Fu, Yun);Yang, YT(Yang, Yongtai);Zhu,
WD(Zhu, Weidong);

i H AR #: COMPOSITES PART A-APPLIED SCIENCE AND MANUFACTURING #:184 3CRR
£:108295 $#RAY i HB:IJUN 2024 DOI: 10.1016/j.compositesa.2024.108295 HIRREF:SEP 2024
A8 W0S:001263700100001

CMRISHY: Article

bk

[Dong, Qingyu; Zhu, Weidong] Zhejiang Univ, Polytech Inst, Hangzhou 310015, Peoples R China.
[Mei, Biao; Yang, Yongtai] Chinese Acad Sci, Quanzhou Inst Equipment Mfg, Haixi Inst, Quanzhou
362200, Peoples R China.

(Fu, Yun] Xizi Spirit Aerosp Ind Zhejiang Ltd, Hangzhou 311222, Peoples R China.

[Zhu, Weidong] Zhejiang Univ, Sch Mech Engn, Hangzhou 310030, Peoples R China.

MRkt

Mei, B (corresponding author), Chinese Acad Sci, Quanzhou Inst Equipment Mfg, Haixi Inst, Quanzhou
362200, Peoples R China.

L FEPEHuhk: biaomeimech@126.com

IDS H:XS6HO

ISSN:1359-835X

eISSN:1878-5840

#37] {COMPOSITES PART A-APPLIED SCIENCE AND MANUFACTURING) 2023 EREWE

FHR8.1, HERKHBETFRS2.
#i7] (COMPOSITES PART A-APPLIED SCIENCE AND MANUFACTURING) 2023 4] JCR 4

X WR:

Fditlon | JCR® 45/ RHBHHS | JCR HT |
SCIE ENGINEERING, MANUFACTURING . 8/68 Q1

AR S e o |

SCIE MATERIALS SCIENCE, COMPOSITES -~ 8I35 | Q1

b )
1. BT F R4 X S i 3038 LA JOR ¥UE BT N \
2. UEMRERRKH CALIS BHES RE. N
3. UERRZRHBESTEARERREZ BTN



3. LRRM

iE 45 5 73779585 ) i
#
*: E Tad
R AR L
& B & F| ik B
& W £ B e kashbUae s el e iR 2 e ik
L F AL N: SRRSO
|

i) Hk: 362100 FERHA R NTH A B EDGEFHE FifiH & s s

£ W A WhRARBREREHKE

£ F 5. ZL 2024 109192547 RS CN 118470117 B |

LR HE H: 20244E07 H1oH IR H: 20244209 H17H

PEHMNEEA: SRR S AR # R

HRHNRIRA: bR kR EE ek ZE

AR&RAERARE T RARLPAEFEEFFTE, RLRTFEMR, AFA2E.

EFRARRAEZARER, EARFHARAEFARAT RS ARE L AL B LR AR,

B rf ¥ zﬁq

B
y
' e
f’f@')d B 1R OE ) L(u‘-%i
(CEER . & ,@‘,





