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ABSTRACT

This study investigated the enhancement of ultrasonic de-icing performance on plastic radar sensor
covers by varying the operating conditions. Ultrasonic de-icing systems can achieve optimal performance
when they are driven at the resonant frequency. However, the resonant frequency can change owing
to various factors. Furthermore, as the ice layer changes during de-icing, the resonant frequency may
shift accordingly. In this study, the change in resonant frequency depending on the presence or

absence of an ice layer on the radar sensor cover was experimentally verified. Subsequently,

ultrasonic de-icing experiments on the radar sensor cover were conducted repeatedly under varying
operating conditions. Each experiment revealed different average driving power and times required to
remove an ice layer. A higher average driving power resulted in shorter de-icing times. By changing
the operating conditions, the de-icing time for a certain target decreased from 160s to 65s. These

findings demonstrate that optimizing the operating conditions can enhance the performance of

ultrasonic de-icing systems for plastic sensor covers.

1.4 2
1.4 @olct MM H#e g MY Jl%
H7 Hey

Apgal Aol gAs dold ANE A &

T  Corresponding Author ; Member, Pohang University of Science and
Technology, Professor
E-mail : wkmoon@postech.ac.kr

Tt Corresponding Author ; Member, Korea Institute of Industrial
Technology, Principal Researcher
E-mail : kjshin@kitech.re.kr

*  Korea Institute of Industrial Technology, Student Researcher &
Pohang University of Science and Technology, Graduate Student

Bl GAE PAste] Aol AFOR S EE 7
&ape snlE 29
SCC) 7152 7Fs sl Bk olel@ dlel Ak A
s Fahgo] e Fehrd A AW nEEnO,
TE A EE AL BRIAE 1S Ao Ay
o) MAT = qlon, ol glal Azt Fagol At

ZAEZ(smart cruise control,

i Recommended by Editor Heonjun Yoon
(© The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 35(6) : 537~544, 2025 | 537


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2025.35.6.537&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Eunsik Noh et al.; Study of the Operating Conditions of an Ultrasonic De-icing System for Plastic Cover Protecting ...

o] AlA oA o Br} whAE 4 glp}(zq). SEE!
AT AEFE Vs o] ofHAEE,
S zHAAME SrF AR A&F o] 755}
glolt] AA B3 Ao EAAQ AW wE
71%0] HLEojof s}
o AN AvE AF A 2

HAG6 A 7] Hkel aom(zm w

SPEEES
N Ja & ok
K E
2.4:
ot
%
i
yu)
=7
OE
w fo
o

ot 2 ofl,
— ox My
o oy
ol

re
OHW_V&

N

oz
ol

1T ok
e >

A 2 AL
A WA A )
AT A

fope X 1

ool ME 2 % o
o o
4
|
o}{ﬂ o
o

o

,
o
=

s &
°
=
Ei
B~
2
fru
r [*]
:oé

ol
und
N

—Hm ol ot & N H0 Ho Y H o o

o=
rlr
T2
)
N
Y
30
4

4L yo N
)

i

&
o
=l
o
)
ol Mot
rlo e

>
N
4 e A
N
P‘l
rlr
ol

rr o

N, O,
ot
i
>
>
o
(]
L e
Fl oo do

-0,
o3l
yur)
Iz,
S
to oY ol mY 2 ot H O Ml zot ofj X

R
(U
o
ot =
=3
>
u
X
T
N
R=A
A
o
S o 1IF
sl
it
tilo
N
)

P BRI 9453 A el
Z29 99 LambIH(Lamb wave)9}t
GO

)
2l
A ckitl(shear horizontal wave, SH wave)E %
=
2

o > —i>

A AgRel e 38 WA

PN 11,14
4= U,
H

olf

o 2
B e

=

T A7 e v ey, 285 A
H

Ag 53 AR o5&

oot T opoh NN
o2 orlo Mrof 2oy 2L

o Of T
N

a2
"

)
]

& ol
)
ik
)
)

[

SEENS ixﬂ«] dlojd Al Aol a3k AN
Ae3 A7 20240 AS BaE A,
ATolM = EFHRU|E-ABS olF SO

538 | Trans. Korean Soc. Noise Vib. Eng., 35(6) : 537~544, 2025

il

SofE aAle] oy AlAM AHel F 7H9
%_‘Tr/ﬂ (Langevin transducer)S 2 $3}o]
U ANE ARGt E#ATA ] 1603
A7kste ek AR, dS5Fol HEHA
glojr] AlA Aol 253 AW e
9}%—% shlstitt. 22a 255 A
FIANF o wA AH] dEo] vl A

3 Alold Al Anl el Al 7]zl

UIO 2 ox

oz
ilm

R
AR

ol o
okb :

]_

o wk
‘o
—10? Ho »

oy o H
N

e pof N3 o AL P ot U

al
X0,
dlo
o
s
¥
vl

0z

1.2 =20 MY 78 =A 79 Le
aEu 7)E Al s F Al
_ﬁ_/\ig T2 AHS AH3

[e) =

4
A 5|2 gk oF 120% o] FHEH E

fm
=

Y
=2,
i)
P B N b o [ Y
NoyE R S & o &g ok Jo |

=

o>

1M
"‘mgrzii
U TR R\ e
o N
o g

o
N

Aol I3 Fakaes 714 2
FA00, A71A B A ZnE A7}
Aotk mEbA AR dske 917
FollM 7P & el
7h fef? webA s Al A
Ash= AW T s T
o Aog FAhH} o= EdA
7k astel A B ASERE
283 Aol AHgHE %A

AAH Rat, 297 A
el g7 Fush dsEs 54
gebd EdnFAY Fe
A B F3heel Mol

7V A" do7t 9t} olg o]
EWxsRA 3 AT 2g0 290, o8
W2FAE deR 75 3 =
oz

e

N

N

i

A r
Moz —
M 02
Mo >
4N ol 2 o

Lz ooft 3o
o

=

Y
ﬁ n
i)
RN
(R

tilo
lo, 1o
o

= |
::m
> A2

o
)

['1

1_,4_

o
o
e

o I
o oo 2 Z ox
>



Eunsik Noh et al.; Study of the Operating Conditions of an Ultrasonic De-icing System for Plastic Cover Protecting ...

2.1 lZH“K{I-QI 3%
(1) 2= A

o] 04?«1 AR
A A Zgﬂr Xﬂ 4
ST, odA= Fig. 16 A€
2]7FH o] E-ABS °]% 5 #lold AlA AHd
he] AN Bl 7E Agheof ik el Al
A= (MUTSTas AR AFFE @
©8 7iHolH, A2 Table 1] A Atk EX

A 3035-4Z(Hangzhou Altrasonic  Technology
Co., Ltd)7} ARE-E %101, 1 AL Table 201 A|A]

. o
2,

>
4,
poty
=)
Y
o
A
2 i i oo g

Fig.1 Radar sensor cover sample assembled with
transducers

(3

wo] Qlth EdMAFAY] ouwE A Fuk SHE
=438t Fig. 201 AAsIR e, T3 Fa¢e
33.7kHzZ F1HATE AA Awjo] EWNAFAY
A% A= Fig. 30 A vle} 2ok AM A F
AogBE 2 - 7+ 80.25 mm, O ERE] 46 mm
Ao, AA AW dHoltrt FHEE d9&

ssl Agsth

i &

Table 1 Material and dimension specification of radar
sensor cover

. Dimension
Part WEGTEL it s e hos (i )
Front face | Polycarbonate | 114 mm x 224 mm X 5.4 mm
Rear face ABS 114 mm x 224 mm X 2 mm

Table 2 Material and dimension specification of Langevin
transducer (3035-47)

. Dimension
Part places (diameter x thickness)
Head mass Aluminium D 30 mm x T 26.4 mm
Tail mass Aluminium D 30mmxT 15 mm
PZT stack PZT-4 D 30mmxT 5mm
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Fig.2 Admittance magnitude and phase frequency

response of Langevin transducer (3035-4Z)

Trans. Korean Soc. Noise Vib. Eng., 35(6) : 537~544, 2025 | 539



Eunsik Noh et al.; Study of the Operating Conditions of an Ultrasonic De-icing System for Plastic Cover Protecting ...

) EH}EHHQ FA FuE Eﬂi@]' _11?:}:]'
AA Aret ERAEAT AsE iAo AR
Aol we g

ool dAE deiek dAHA G2 el 44
A7 olEmd s Fak gRg SAGS o=
nEAE o $H T4 7I(NF FRAS097)E A
sto] Sstglon, iAo 455 vt 2
o PAEAT EAE oF 20°C 2%=9]
FaLell of 303t Bakske] Wz &, wWEa i
olA AW EHel 5E HAoR F 33 & BALS
Atk o] F 1AIRE FoF WEale] ®Wtste] F 143t
45 S T d5SS FAESI

Radar transmission

area
(130 mm x 83 mm)

Transducer position

Fig. 3 Transducer position on radar sensor cover

With ice layer

0.025 f.,=38.7kHz
‘ Without ice layer
I8 3mS
002 = | f.=39kHz
70015 ; S
> 0.01 N
0.005 peee==mo" = ;
o | i
37000 38000 39000 40000
Frequency (Hz)
4
< 2
g
Ny 0
N2
-4 ‘ ‘
37000 38000 39000 40000
Frequency (Hz)
---- Without ice layer =~ —— With ice layer
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response of radar sensor cover and transducer
assembly

540 | Trans. Korean Soc. Noise Vib. Eng., 35(6) : 537~544, 2025

AT el e ojumy s Tl S
7= Fig. 40 YERSITE 33 T3 oj=n
Hu7} s Aol sldst, AW Adejelxle #3715
4= 38.7 kHz, A®o] 98 Alolli= 39 kHzE 2T
At o3t FF Fure] WshE de5e o=
I3l divdAe] 71A4 S5 0] BskeiaS UERiTh

A dee] F7 FI 38.7 kHzol A, oj=wHE
2> A7) 183 mSE FAEArh 183 $de 7ot
FollA] Aol gl& Al o EnRIAE 886 mSE, AW
FHIO] OF 48.4 % Frolth. EMATAY T HE
2 oj=wE o HEletER, At ¥s} glo] AR Al
TR FuFEg P dS3ol AAHNE
= % AYo] 484 %= AAES vt}

ol i
A, 2 A 2RE el S ke Wt

Pe

=

[\
oxl

o
>

7

-

e

it

9
o
il

glat] 98l A2 vE T 2ddA 233 Al
W ARS W FEielnh 74 AR A5 F
U3k o g A oH, V& AT E 2,194}
TYs o PAHATNY. deTFol I 4
¥ Fig. 5ol HAE wpe} o], gAY
(AG2062F, OWON)9} H#5%7|(HSA4052, NF
Corporation)¢t AZAste] A=At A7k A2

137 VRMS .2 dAgatA fA=HNeH, 5 & 2
H3Z7)9 AFA BUEE fEsie] A ARt
7Fedt g EA FAEHES et o] B St
TE AEAoR AT AFE dl&) F 43]

T=
o Aol saHNeH, e A2 Aol 13

Function Generator

(OWON AG2062F) Radar sensor cover
+ Transducer
Ultrasonic 000
signal :: : O
— o

Fig. 5 Ultrasonic deicing operating setup



Eunsik Noh et al.;

Study of the Operating Conditions of an Ultrasonic De-icing System for Plastic Cover Protecting ...

=Bk ANZle R P Fue 1F A, 29
78 FHo R E dEFo] BHYE AR st
St 7 AL V1S Ak wdg of 17°ce] e
B304 el 8700 o G FAHAT
2) A% A
Zh AR 78 A weh Y 4~ T
stk 7 4@ Aol WE TE F5 R Y
W5l Fig. 60 YERITE A8 #12 7]& AT
259 AN AY Ao, i Ay w2 ~ e
5 20€ AL Y #13} FAF 2N 5
FE A
AR #1e AW el S4H ojsuEs
T o7 T F3°(38.7 kHz) Bt W& 34 kHzel
A FES A, F5E FAA7Y A8 75
FoE etk 37.5kHzE FSAd WA
Hefo] F7ketalon, o 40%°l 37.5 kHzoll =9}
A Aol Y ol F7FsHA skt o] % HF
e I e e e e
% Aol 48 Iy Tehd 1302904
Aeo] FA3 A, TE FAEE FAA
Experiment #1
400 r4s o
Deiced =
)
§300 160 sec L 40 \5
Pl =
5 200 15}
=
Z 35 8
100 %0
0 30 §
0 50 100 150 200 &
Time (sec)
Experiment #3
400 r4s
«—— Deiced o
70 sec =
40 >
Q
5
=
S35 8
=
g
0 30 &
0 50 100 150 200 OD-
Time (sec)
—e— Power (W) e

L A9 agE 2Aaskqlrh o%F oF 1603 Al
A Al HEE FERlsksith

AE e Y #1139 Y5 34 kHzo A 5
AZskaL SIS A o7 ZIIART FueE
37.5kHz= 45AZ F fFAg Aejella] o] &
7¥ehe Aol BAFJL o]F oF 50%0)A AFo]
THA] sstelet. olw) Fatrg 2a54 248kt A
Hol thA] Z718k3laL, 75% A AoA d&Z9] He
7F g1

A9 #32 35kHzolA TS AlFete], AE #1~
#2¢} VAR Y S dEstHA 37.5kHz
2= A o] F I FIgE FAsl e, of
50% o]F o] AL oF 70x00M dFFe
7 1w Ak

A s AY #1~#37 G 33 FogRt
& 40kHzol A 55 AlAeL, ForE H31E
o SN A4 1 TS PGS, 7
TS 37.6kHzZ HFE 5ok dE o] iy
Ak AFL 253 WE A5et F v ghasigl o,
40%00H FuFE 37.8kHzE 5712 HEo]
) #4827, oF 65204 QeFe) £

Experiment #2
400 Deiced rA4s -
i Deice N
75 sec \E,
- 40 Y
=1
-
- 35 8
on
g
0 30 §
0 50 100 150 200 O‘3~

Time (sec)

Experiment #4
400 45 _
<~— Deiced é
5 =
65sec L 40 =
g
L35 8
3]
on
i=
30 §
100 150 200 8

Time (sec)

Operating frequency (kHz)

Fig. 6 Operating frequency and power over time of each ultrasonic deicing experiment
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Fig. 7 Ice condition over time during ultrasonic deicing experiment #4
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