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ABSTRACT

The noise pattern of a household refrigerator is dependent on the characteristics of its operating

cycle which is repeated with a specific pattern depending on various parameters, such as room tem-

perature and performance of its mechanical parts. Analysis of noise pattern is essential prior to eval-

uation of sound quality of a refrigerator. In this study, 14 units of refrigerator were classified into 4

types according to noise pattern and sort of mechanical part, which helps to analyze characteristics

of refrigerator noise. Sound quality metrics(loudness, sharpness, roughness

, and fluctuation strength)

were calculated to compare noise pattern of the 4 types of refrigerator. The results of this study can

be useful to decide noise performance of refrigerator.

1.4 =
A2 7o) WA Hiel 4B5F] PPl
e e} gsta sk 34 lmm Al

7]

2
QA% Rope A7t kel daEm gk 53
%%ﬂ <

%74101] 15 Ao

ol

'_‘—o X'"“L‘Te 7“%3}'7] ‘?4

82 FARAIN A% U 443

—

sk

Corresponding Author; Member, Uiduk University, Division of
Energy & Electrical Engineering

E-mail:sjahn@uu.ac.kr

Pusan National University, Mechanical Engineering

LG Electronics

1| e
x
mi\e

apoleh. WAael g =71, A
(in-chamber fan), ¥v| A -S(refrigerant noise), A4
Z~3(defrosting noise) 5°] ATk Jo
250 4kHz~5kHz®] 3153 99
9 AR A WAE Est WY A
3tk Jung®e WAL Uiyt AR H=
g AAIRJA W73-S F3lA BPF(blade passing fre-
quency)®] II 2&S At} Choi®E Wn) 2&
of A AAYUSFE P o] Lgel diste] &

==

oﬁ‘lﬂirﬁio*rl‘émﬁﬂoﬁ

o=
H

(1)\:

o b~
tlo dlo
B

e,
lo,

mlo n1o m1

i Recommended by Editor Il Kwon Oh
(©) The Korean Society for Noise and Vibration Engineering

Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016 | 121



e Ve R A

(

Kyung-Soo Kong et al.; Pattern Analysis of Noise Radiated from Household Refrigerator

A A3t} Hasan

N T RN N T ER ¥ AW N T o N T M o B oo o F I T
A — % _, E o S @ ofF B B N W = K or %o e W
> oo X 2o TE T — Tl x woa i < o o
A 4k " B w5 = & o B e = ot
3 B S i ﬂ B
) oF oF L oF o = ' T n Py X - | e
[ " ny B s wr 7o) z el U )
il =N %o W oz MBI e ol & & o ) TR e
A_lﬁ =8 e e onoro_.z_vlﬂlr Aﬂ_.ulﬂn_..mﬂll] 1ﬂ1_.oﬂAlnMo Eoguﬂo
w S o gp o o S = I W oo = b X0 X o X
N X fﬂzﬂﬁﬂo%oﬁ :;Womm o#uﬂr mﬂ7ﬁﬂﬂquogu I o o ) e
g, 5N B w g ol . BT 5 Uk N E oI o T
6zw 2 _ o o &= ﬁﬂw..mﬂ_ﬂﬂﬂ_ﬂ ﬁﬂﬂ%wwilﬂ Wmﬂ.ﬁﬂﬂaﬂm
Sgy EBThI,y ENSEERW FRT o m T ST
o B W wﬂuvﬂlmmﬂm r%wm\.momﬂueﬂe ﬂuwowno%lﬂﬂﬁuuu ﬁﬂ%%ﬁu )
PR R e T S LT E=E T =T o T o T =5 o B
I ER~hanl EPF_ERws = e AT E A T TR
.?%ﬁe b A ) Sa 2 o7 EC BRI A=Y
3 1_/r = ot oﬁo 0o 0 zT 3] ,o| w Xe % = % OC o#u OE ,DI < ﬂO Eo ) ZT ~ 5 — EE 5 .O_ o
L w = g ESNRPPTD T AFas = o op N8 X = o) B oo
z_l:nﬂﬂ Namw_aﬂﬂruéwwjo Ww,k_mome ,mauﬂwéﬁ o_umwm%uhﬂ %ovﬁom < = mﬁewoﬁ%@i
o 7 R o _ = S _ ° 3 % g o
et T ohbkwbe TPHEIvEe Zad fUPE 2l Ieslmdd
N o~ — / = —_— = 1l 53 —~ ‘7
cT% aET 7%y 530 §e3fs 254TH5T:2% eZ23oF .2
of 5o AN E o AF 9 Q Koo =W OE I o N D P N
R %R ol & 4 Ik N W AR ok B G ™ & w%a &
% BpSe. bhncsed.sEota 5% TFEETLE
2 X0 ~H KO o A o o KO 0° — X oo X X0 _ W TN
—_— o . —_ ol ES ~ O
o pTggs THURETN LT @@ we -
Le PIEIEL gprrUasiacdmy % TEPE D
) [ 0 il — . R - — ~ lo
fg TZfel TSIDRiIZedsEec 5 Rl R
g xo N Ly o T o . =T e _ © A o qw O NE
3 X J 0 ° o5y o0 T < W
g™ ToE<T ogAL  tETaaw_Ow 0 A e o 5T %o &
8 . op = R = H W o ol = 5 0 X I,qu < do 0 Wo
S LT LS W g I M TR ur e o A PO e R
o A+ mawﬁwo %?%%4@%&%%4%@ oI M%W gm;maﬁﬂﬂ%
v O B N ! )
A Tl a0 aofgqen®o o BEgpWr 4 B . 2B malea
T o ﬂwEﬂxxﬁ.AOLU,.ux]ﬂﬂewﬁrﬁm;ToﬁaLﬂ —_— oy g WX o A
Ty PR ALEReugEpp o mésw  H RBAI¥w fogMoy
W wﬂmﬂo%mjﬁoffEvﬂmlrﬂﬂﬂwr%@m%ﬂﬂr. mw q 55 WMMW%M%M
3 Gewmg Hrbgsie,iToer,§ T g5 e Ay
rm X I I T M T = TR
mogariﬂ@%%%dﬁs%%_é%ﬁ@% wE o N mo%ﬂ;fu% 7%4% T o o
N TN DM R AWE TG oW R = g WX HTT
io =5 o ME ogu B HT %o EE . ,mW il ,ﬁ = ) ﬂ _!1_ o8 N o#u . E_H \Ul
D P Rl S s o BT SEFIVE cEEIEARRE
&R o op Mg T N RET L m R B H oo " dpo AP o TERE N %o
Folr™ N R R NIRRT R R B W X B o oo W

Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016

122



; Pattern Analysis of Noise Radiated from Household Refrigerator

Kyung-Soo Kong et al.

~0

)

0

r

|l EA15

N

7R o] Aol A=

KO
ujr

o}
Y

’d2 Table

E

5 Aol 5

}

S
A

&

ERglell o

Alol S Table 13

[ai3
=<

B AAZ W

A}
-

71¢]

=

=

ol b

0

1] 9

[

Al FA]

=
ol

of we} st A=

39 Abole]

719} 714

=

o}
H

(1) Type A:

fite)
_—
"o

oji

72 A Al
(I-fan)> A}

3 9

=
T

gl

71¢F 717
(3) Type C: Type B2 TA%0l

WA ok AR W) &

I-fan

7
b
e]

bt

B EEREES

9

o

pud

k9
p i

Xé'

olt}y. Type B} Al
[}
=

H
7}¢l R-fan

o]

=
T

(4) Type D: Type Boll ¥4 3M(R-fan)

7be
1]

=
T

o

=K

ruze)

R-fan

Components
F-fan

C-fan

Comp.

1

1

according to characteristics of their parts

Ref.

Table 1 Classification of 4 types from 14 refrigerators
Type A

Al @Al weh e

Type B
Type C
Type D

Table 2 Operation of noise sources in a normal mode

N
Il
T o
H ojn
%o
-
F.m el
E) ojn
% C 4 A
T wr = 5o
~ = KO
N . 30 B
olo S o
H ) X
o}J Lﬂ @ T
Th _
T o 2
T = o
™ I A
wlelglsle| |slele] 2] sy |gl=
S|3|8|5|3| |8|8|8| |8 |S|S] |o|S
[ S —— [
1S IS} S| |&
= =} S 7|
2 S S ol
12
Y - S
j=N =] g g =N =] =R =
5 |8|8|°|58|8 58 § 8|8 &
= = =l =] L
5 S S S
o =1
© = = = |
S S om
[ [ [ [
sle|0|g|s|8| |g|g|S =25 gl
S|3|~|58|S S|o S|o 8
. : . |
A SO |S|IO|R|2|S|IO| ||~ SO | |
“ o o o o
= =3 Sm =3 S
S & e [

123

Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016




el A 7hsd w A=

Kyung-Soo Kong et al.; Pattern Analysis of Noise Radiated from Household Refrigerator

an N

o
!

—_—

0

o
E

T
ﬁO
B

K0
KIr
ojo
4
_ll_

KO
30

Kol
=

SE
L

717}

=

ol
H

2Hg el A

L

.

3

O

=

=1

0] 1.0m Aol Fig. 19149} o] mlolm R
B

A3 Abe| ol

=

I (pilot test)
o0
AT =2

kex
=4

a4

A EAl ]

=

of =4 2o

EREIEEE
AR Aol ARE

3=

FAEE A Abol gl A A

9

]

BAE A
A Aol 2 Aol

N
N

o

aglom,

S

3l A

Aol thdelM Al
XC]—

3

o2 thik o7} YorEE A

SRR

3 4

o4 ASE &8

=

H7E AT o= 7]
A

6(;]:

a

he
A8} 7
F Assh farer

[

O~
e

=
T

skel

o Aol

el M &

=
R

T

B
o

i

H]| 2L

34,

L

L

o

i<

2tz 74

1
.

Type A+ 6Ul, Type B 3u], Type C
Type D

so] Al

S

80 Hz,

Azl w2

sfo] Wie) 257 25 C R UA

<)

7] 9
FAHE  F3(cut-off  frequency:

=
-

HA
background noise level: 17 dBA) WlF-o] AgE

oM 7

0|

T
IH

ojo

Jhel Afolgo] A

0

1
.

ek tha Aol7h goit 28

FejolA] s
2 2EE YAV 1AL BCAmel FAC

v

e
[e]

R == L

3

<0
Al

™
olm

e 2

o °F 30 dBA ©]

A2

Anechoic Chamber

HEd o] A

]

s}

]

g

A A G Alel

Aol &5t @ skl 3dBA
¢

SHAl UERRLT.

ok

A N R CE DR

S Z(sound quality)> el

S o
g

S

}

A
L
o]
el

o]

Microphone
PC

Refrigerator

LMS Test.Lab

Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016

€8s

Fig. 1 Measurement setup and signal recording proc-

124



Kyung-Soo Kong et al.; Pattern Analysis of Noise Radiated from Household Refrigerator

oJEE FAA tid A7l Aol e <&
o}

g8 14tie] QAN EHFE G 4744
of thate] sfite] Abel3 ot EASE Sk

) ox
o P

A

fuj
o >

30

Amp.

20

1000

900

800

700

o
=1
=]

o
=]
=]

Frequency {Hz)

dB(A)

400
200
200

100

-
2000

) Ecn s a— :
0 500 1000 1500
Time(s)

Fig.2 SPL and time-frequency map of l-cycle in a
normal mode of Type A

Amp.

1000

900

200

700

=)
[=1
[=1

om
[=]
=]

Frequency (Hz)

400
300
200

100 | B

|
2000

0 500

1000 1500
Time (s)

Fig.3 SPL and time-frequency map of l-cycle in a

normal mode of Type B

Zl®(sound pressure level, SPL)¥} A|7h-FuleZ
UelllE 5o W(contour map)S YERNSITH
Fig.23= Type A ¥4319] &% 54& Hepin 4
IR B o i R R L 2 S I

o

E

=

1000 s

900 _

500 _ 20
= 700 —
L 4
ol
& 600 _ 15
E : 9 =
g soo0 8 B g
[F8 ! - °

400 _ 10

200 ]

200 ] 5

100 | ]

0 i 1 ] o
0 500 1000 1500 2000
Time (s)

Fig. 4 SPL and time-frequency map of l-cycle in a
normal mode of Type C

Amp.

1000 25

900

200

700

(=]
(=1
[=1

500

Frequency (Hz)

400

300

200

100

1500 2000

1000
Time (s)

Fig. 5 SPL and time-frequency map of l-cycle in a
normal mode of Type D

Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016 | 125



Kyung-Soo Kong et al.; Pattern Analysis of Noise Radiated from Household Refrigerator

o
—

Ll P
offt offt mlo
_0|L

71, 71AE A3k afigle] A
S HQIth Fig. 39 Type
sQtell SPLO| 7] Wighe=
st aLfiglo] Wste] whe} ok
A ®glshs As & Ak olEe &

2 54 Wste ¢

w
o
e
ot
)

o Flr O_>'|_4
22
N,
N
-

l
=
ol
ol
B9
=

o |
ox,
o

N
k<)

O
e YN 2 oo orff & ooh g e Moo to XN xS H oo v [

0 d
dlo
|

ig. 4= Type C ¥%
o Hlgte] ujel AP 3o
A s A
Asab BEg A3
WK} Type C Wdie= 7]
o] 25dBA oA o® tE W¥uRTh
Fgo] B} Type Co ARRRFIS ARl 9
A5 Type B Al 7 74 A% 9
BolARk F5717F AX S W AW o]
of HAsh=s Aol F7hEol F 37HAY A
How 28 4 vk Fig. 59 Type D
Wl gel 2707F Ui o] Qirh o] WHaE
717} 7HFs A &4 wole 43 2Hom 1
Sl S AR SRRk
AR el e 4288 oF 20dBAY] #HWE
A&

o
"2
o,

L =
do do dy o

Bl lo
Ir
i

}

Of
M o
2oer
o
B o2

B
Hjo

™

QIElA o{H &AM

NSk (Psycho-acoustics) A= Aol &
(quality) T26t7] flste] 4t 52 JH=E Al
Alskelth 4] &4 Qe AE A9 Az A3t
= g &g A71, 7kE7, ARV, M Al
718 A#slsled 27} loudness, sharpness, rough-
ness, fluctuation strength@ UERH Zo|t}, o]k
=4 40 Axe duHEQl APE BHEAOE
o AREEE A zelw, S54g Al digh 54
B7HE S8l TS AEE AAS Fo 483k
Aol nigAsih, 54 44 A3x9 ot
2,

”

Al o
— =

4

, £, \02 0.23
N—O.OS(—TQ) [(0.5+0.5 E) —1] (1)
E Erg

24 Bark
N= / Ndz [sone] 2)
0

126 | Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016

Erg » A7 @A A5
By Lo og A=

24 Bark
N g(z)dz
0
S=0.11 Bk [acum] 3)
/ Ndz
0
glz)= 1 2<16
006617 2> 16 )
z : Bark scale number
24 Bark
0.008 f ALdz )
e 0 [vacil] 5)
(Fnod/ 4 Hz) + (4 Hz/ f 1 00)
24 Bark
R=0.3f 04 ALdz [asper] ©6)

fmod : modulation frequency
AL : masking depth

21 (1) specific loudness®] Al4H2o]™  critical

band®ll g loudnessg T F ATk A (2)E
specific loudnessE critical bandollA] &3}

loudnessE T8} 2|t} 2] (3)2 loudness<} spe-
cific loudnessol 7}54 4 g(2) & wate] A
gk gkl BIZ sharpnessE T3k Alolt) 4 (4)¢]
g(2)+= 16 Bark(2.7 kHz ~ 3.1 kHz) ©]4+e] F3}5=0]
A VSRS T SR AT die] AFaa
Hr} & 7% sharpness’t =obHTh 4 (5), (6)=
Z}Z} fluctuation strength®} roughnessE T-3h 2
ojtt.

o] dAollMe gollx

oL
o3l
K
1o
[N
N
L
= =
S

Q2
oo
e
(@)
2
i
w
=
2
=
}J‘J
ol
o
Ky
i
oL
B F
2w

YEN= loudness= 47F4] EFYY
ato] thar Apol= 9lont SPLI} At =
IS & 5 Stk SHAIRE sharpnesst WY
o] BRSlF} Hglo] Afe]Fo] AEshs wetel
1 A9 grow vt

A E)elM & 5 %ol

=2

) o

o
B SV
rorm

e (< Y L e ]
=



Kyung-Soo Kong et al.;

Pattern Analysis of Noise Radiated from Household Refrigerator

16 Bark ©o|Ae] Fulrol] 71525 Fo] Fa Y=

Hl8l] WAL 282 Fig. 2 ~Fig 5014 B npel 7
o] 1kHz °JU9] F3}5l 8 A3 roughness= ¢
E70e) 45 WYY 5 YAT e 2899 2
Loudness
2 i JH{J IJI|.?H‘ P eierohes
o : : :
g A oo i o T
« H : H
o i | | i
Sharpness
oM i ______________ I Srreaeeeed S 4
£
3 H
L O SV AT S
0 i I I i
0.2 R‘oughness ‘

asper

vacil

asper

vacil

0 1
0 500

sone

acum

0 500

Fluctuation Strength

| |
1000 1500

Time(s)
(a) Type A

Loudness

1
2000

e

Roughness
T T

Fluctuation Strength

1
1500

i
1000
Time(s)

(c) Type C

1
2000

T BTk

strengthi= 20 Hz ©]3} WX
715 yehle AsEdd, $Ea
& Aol 4F FoArE 2= 4

2 Aol

Loudness

sone

Sharpness
T T

acum

02

0.1+

asper

Fluctuation Strength
T H

vacil

1
1500

|
1000
Time(s)
(b) Type B

Loudness

1
2000

sone
Y

0
Sharpness
£
=1
8
0 | | | |
0.2 Roughness E
:‘% R
1 Fluctuation Strength
T T T

vacil

i
1500

|
1000
Time(s)
(d) Type D

Fig. 6 Sound quality metrics of 1-cycle in a normal mode

1
0 500

Trans. Korean Soc. Noise Vib. Eng., 26(2) :

i
2000

121~129, 2016

127



Kyung-Soo Kong et al.; Pattern Analysis of Noise Radiated from Household Refrigerator

el & Aol e AoZ HA o#g off
% Type B WHalex 2s Fikell SPLo| 5713t
of| = fluctuation strength”} So}A|&= ¥B1S Kol
o™, Type C WALAA 0.5vacilz LG43k

9e nald.

©
rlr

f
oxl
ofo
oS
o
K
=
>
(i3
ox

Ir
B

M 2

oy
Q‘L

o o
=9

M

(1
ot
kd
i
o,
o
)
=
=
=
ol
ol

hu
42y ok

o=

;%m&
K
=
kD

1%
tlo

ful
hinc)
ol
ol
ol
e
Hr £
o3
b, i,
riet,
1o
ofN
lo,
ol Al &

>

o,

uy o

o
S
oby
37
kl
o,
inss

o
i %2

1o |o
Ejlmﬂ

P R oo H 2 ooft F1oxo o oy ox Jm

g
oft —

ol I8 —.;l
o
o2
o

[-‘0

RS
T
O

2 ok o B
S =
- O

ul
ey
e H
il 4
AR
% et -
5 o
N

]

Ry 2 N o Iy do e
SR

:Cui_",

)

¥

o

e,

dlo
o
i)
2
o
A
N
=
il
* =
—lé N
S
2
oft =,
5 > 5o
O, 1o
iy e A

o,
tlo
i)
S
=

o
i)

>

1

(E
toby
ol
3t
oL oo oX of [0 Az

=
roughness= $t7]
j_g} A Aol ¢
o Fo Fis WelE

=
=
o] fluctuation strength W3+ J7

offt
B
L2
i
i,
R

fr
t

B>
k1
i)
_o‘g
2
[
_|°4l_'4
ok T HE of

7

~
-

>
4

ol
o

and ON

ot Qe zHow

do do rff B do
[
dlo
K5
,
re
=)
- o
2
2
£
o
iy
_&:Ll
et rr K
o
il

5o b

do,
o o>
U

References

(1) Joo, J. M., Kim, J. R. and Lee, D. H., 2001,
Measurement and Control of Abnormal Sound for
Refrigerator, Proceedings of the KSNVE Annual Spring
Conference, pp. 380~384.

(2) Jung, Y. K, Kim, C. J., Baek, S. J. and Jeon,
W. H., 2002, Study on the Optimal Shape of Low
Noise, New Concept Fan for Refrigerator, Proceedings
of the KSNVE Annual Spring Conference, pp. 645~650.

128 | Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016

(3) Choi, S. W., Hwang, W. G., Sul, S.-Y., Im, H.
E. and Kim, S. S., 2004, A Study on Reduction of
Refrigerant Noise in Household Refrigerator, Proceedings
of the KSNVE Annual Autumn Conference, pp.
1062~1066.

(4) Koruk, H. and Arisoy, A., 2015, Identification of
Crack Noise in Household Refrigerators, Transactions of
Applied Acoustics, Vol. 89, pp. 234~243.

(5) Park, J. G., Cho, Y., Lee, S. W., Hwang, D. S.
and Lee, C. H., 2009, Objective Assessment Model for
Refrigerator Noises, Transactions of the Institute of
Electronics and Information Engineers, Vol. 46, No. 5,
pp- 80~90.

(6) Jeon, J. Y., You, J. and Chang, H. Y., 2007,
Sound Radiation and Sound Quality Characteristics of
Refrigerator Noise in Real Living Environments,
Transactions of Applied Acoustics, Vol. 68, No. 10, pp.
1118~1134.

(7) Hartmann, D. and Melo, C., 2013, Popping Noise
in household refrigerators: Fundamentals and practical
solutions, Transactions of Applied Thermal Engineering,
Vol. 51, No. 1-2, pp. 40~47.

(8) Heo, S. J., Kim, M. S., Han, H. S. and Jeong, E.
B., 2011, Prediction of Two-phase Flow Patterns and
Noise Evaluation for Evaporator Pipe in a Refrigerator,
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 21, No. 10, pp. 916~923.

9) Jeon, J. Y., You, J.,, Chang, H. Y., Lee, C. H.
and Jeong, J. H., 2006, Sound Quality Characteristics of
Real
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 16, No. 8, pp. 797~805.

(10) Zwicker, E. and Fastl, H., 1999, Psychoacoustics
and Modles, 2nd Edition,
Germany, pp. 61~261.

Refrigerator Noise in Living Environments,

Facts Springer-Verlag,

KyungSoo Kong is received B.S.

degrees from Pusan National
University in 2015 and he is stu-
dent of the School of Mechanical
Engineering in Pusan National
University. His research interest is

Psycho-acoustics.



Kyung-Soo Kong et al.; Pattern Analysis of Noise Radiated from Household Refrigerator

Weuibong Jeong received B.S.
and M.S. degrees from Seoul
National University in 1978 and
from KAIST in 1980, respectively.
He then received his Ph.D. degree
from Tokyo Institute of Technology
in 1990. Dr. Jeong is currently a

professor at the department of mechanical engineer-
ing at Pusan National University in Busan, Korea.
His research interests are in the area of the measure-

ment and signal processing, finite/boundary element

analysis of noise and vibration, fluid-structure inter-

actions and acoustic-structure interactions.

Sedin Ahn is received B.S., M.S.
and Ph.D. degrees from Pusan
National  University in 1994,
1996, and 2003, respectively. Dr.
Ahn is currently a professor at
the department of energy & elec-
tricity in Uiduk University. His

research interest is in human vibration.

Trans. Korean Soc. Noise Vib. Eng., 26(2) : 121~129, 2016 | 129





