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Study on in-situ measurement of aircraft ice thickness based on

ultrasonic pulse wave
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(1. School of Mechanical Engineering, Northwestern Polytechnical University, Xi'an 710072, China;
2. Xi'an Institute of Applied Optics, Xi'an 710065, China;
3. Chinese Flight Test Establishment Testing Institute, Xi'an 710089, China)

Abstract: Aircraft icing detection is crucial for ensuring flight safety. Ice thickness measurement can provide a
quantitative assessment of ice accretion on different key parts of the aircraft. This paper utilizes the principle that
ultrasonic waves generate pulse echoes when propagating across media. By collecting the reflected signals of ultrasonic
pulse echoes, the time of ultrasonic wave transmission in the ice layer is determined to sense the thickness of the ice
layer covering the measured surface. Based on the measurement principle of ultrasonic waves and the actual material of
the aircraft skin, an ultrasonic generation system device and a semiconductor refrigeration icing platform were built.
Through experimental measurements on simulated ice layers with thicknesses ranging from 1 to 17 mm on the aircraft
skin, it was found that the ultrasonic wave measurement results for thicker ice layers (= 2 mm) were accurate, with
the measured values matching the actual simulated ice layer thicknesses, and the precision could reach4 0.5 mm.
However, for thinner ice layers. the measurement accuracy was poor, and in some cases. detection was even
impossible. The research in this paper provides experimental evidence for the engineering application of in-situ ice
thickness measurement based on ultrasonic pulse waves on aircraft and lays the foundation for the further development
of excellent ultrasonic icing detection sensors.
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Fig. 1 Schematic diagram of ultrasonic icing thickness

measurement principle
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Fig. 2 Principle of ultrasonic pulse transmission for

measuring ice thickness

FHIE 2 o150, K2 R R RN T
Coe (L) — 1)

di. = B S— (2)

s d o RTFIMOKIZIREL o J2 B 5 P AE VK2 TP By A 3



X 4= B
W A

G AT A E BRI Ik RALRAZ KB M F AT R

5520 #

3700 m/sse, AR IR S I GRS B MUK)Z A — UK/ =5
ACHVTE F 2x R WE PERNT ) 52, by 3 A6 I o 0 B 52 B
— W/ DR ST BT 2 A 02 A I L A 1]

2 MKERZEESLR

2.1 MXERGHER

& 3 Sy 5 8 7 i ) TRAIL DR A KRR i S IR A Y R 4
EERNEE. BFEEESZRSCRAB S E CTS
8077PR; # 7 #8 3k 4 ULS i 10 MHz % k. /R I 4%
Agilent MSO6064a; K HL5E 7 % 5 XX 2 fi LA 6] 19
7075 BUERHE 2 ARV S ah vk E Ry B

L
AR
g /
B R X A
w7
(IS B
R o

I3 pKJE N 5206 R g s B
Fig.3 Schematic diagram of ice thickness measurement

experimental system
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Fig. 4 Picture of ultrasonic icing thickness detection system
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(b) Measure directly from top to bottom on the ice surface
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