F=PAEP RIS S LR - A R R R
BN MR HSOR ER AR RO E T2 & May 18-19, 2024

6 R RS RS < W HEAIT 72

A E T A BRAR TR e

(e8] ) R SRR T ER e i e e T AR AR L BE
I A ELEE T BB 8 ) MR TR R
ok i S R R R PO

or R ] YL DR, o B SCRE# , AF EA PP

e

AT TR IR I 2 FLBRABT BHEERE i B AT ), [ E RS 2 BLIR R RE B, BRES T FLIS R/ MEA R 4y
JE AR SR 1 6L AN ST PR AR, AIFZE v ) A B2 [ P A sl B FEE PR VA AR O W 35 (R 0, o SRR, BRI B IR
FE (FLESFR/INBIR) YRIR SRS, YRR 3 MEREME A S BRSOV ARSI, thah, BELAR TR FLASH)Ya iR S Thul:, 1E
Tofs FEE Y YR B E BB B B (100-6300 Hz) Y2 BiLH SE B W 558 7, e RIS R BB 0.58#2 71 F50.71,

VSRS 222 E (09819921 82@gmail.com)



FHETNETEIEM St LR - AR B e R R

Al 2

JEE dn Y BB S B B RE AR 2R, BEEHROME
REIEEER B AL DhRe, M AME, 2 tEfna] S, {4
Wb, BB EHMERETR LR AT ETIRE, A BRI
BHZYmel, LA GZFEEDRerEE, SRS
TEAELERE m A B rTRE SR SRR F, S 2Bk
PREGHAGEER R AT, SRR SRR AT HE
EYThRERA AL (Functionally Graded Materials, FGM
) W PR S i, ThRERE AR (FGM) TE/EE J7h) E &
BAIH bWy ROk A AE b, TR T B AR TR R,
BEST T B —BRLETER S WO, 38 AN A R e
EHERRR TRERIE, A BRAHEEREE SR, BRI
HHRERRR( 1],

19844F, H ARG B IR T EEEED)
REA BT S FARYA 2], S8 AR FrES S Y
FE AR FEIMEREAORTEL, #5G AATEAL BT TRE A RIS
, DAYEBRIL SR S, BEIERIE A RO RERE 5 /H Ak
ok AE s L mise b, SRR B AOE A TR e
TARAS NS A ER AL RE AR VSRR, BRIk ER, %
TR SR TR I o e R X B o R SR (1)
, TR A B R R PR A s b, 5
FEARFZ [ A B EAR S A7AE, (RIM R SR Rl e e
RSB LRI R BR SR, H 3G bR
A EINTESFEERSEEGT - WREEFLE - RS ERYELD
DURFUTREHRS (FRREERTE]) - SRR 2 EEE AR
FEE BT - 20114F » Huang® A\ RIEBISRNSE
72 (melt infiltration method ) B T ffEFLIRAYBEFL
SR > DATTEMNE(EINaCOIE RiEFLA > Bt T
=R EFURAEASS » DU/ IMLIR 2 KA
& & B LS 50.8-2.2 mm) » SPHFLIER K JERE Sy
AT F566% 5220 mm » EESGEREUR » FLRE NI
SUT - SRPHERE S > S SR N AT R AR TP B L
BESEE AP B > MR N E R - 5
FEE LS AERS  E RE RS S LR BB © JE
R1000Hz LT F22000-3800 Hz » AST I Ay AR FLIRHS: »
WSS SRR » TR A24000 Hz 52 1400-2000 Hz -
NS Ry NFLARHRE - IR i © 20144 >
Mosanenzadeh® A [4]7E 858K ZH (particulate
leaching ) FAlTRIERGERREY 572 - R ERVEI LR
(NaCDFE FotdsFLAR > B A EF LR iy EE AL (PLA)
A BIFEAN (200 um) > H (380 pm) ~ K (600
um) -~ MR AT ST FLIER R 55
A& F588% F2 10 mm ° [HPTE EEp4EREUR - 1951L
e P R B PRI R © B EFLIERAIE A
FLECRUARFEEL - B ARG REF IR AV S RE
s By R HEBENN20% > PR EIEHN9% - ¥t
FREEADER » SRR LIS IR R RS > /INA
1900 HzHJBRAT - W 800 5 [ ERRREATY
KA s = RS > KA 1900 Hzesaes - E sl
R E © 20224F > Chuas A[S)LABFFLE & BE(PU)EA
TE RIS > BUERAFLERSSSIORA - BinEdE R sifst

B IT E RS AR SN RO E TAE 2 May 18-19, 2024

BEUR - wy NFUR KRR S RETR e S A%
ML S AR E— RSB AR AR
ERTETERE « HIMBE USSR R brE
o AT EIRF LS INTEANE o AL
IRE T I 2 » 20224F > LomteZE A [6]FRFHE
[ SE S EURE (directional solidification foaming
process ) Ffil > BUEARBRGERIBRYENIBEF LA > B
& F550.8mm > 45BN E BRYELLI T - EEFLgEE
/N AREEETESE NN - AR VAL ERRELEE
T B MTR NEE > AR ES S BRAEEE R A S
s U MEREITEEST o MBI R DI BRGELEAYECE
 TER AR T E IR A ULMERE - BN T 97
CEREH AR R T Ay T B2 B AR BT S ROmRFE ST
)z

A FVaiR e EAIAIE, BUA ST I B A ATEIR
£, BRI, YAIRERIE ) B ERE K R ERE 5 T A
KHWERTE S, 765 BVERE 71, AR TOTRSR, JaIR
SRTEARIRFLBRER T, BB BT Rl FE R i 5 (i
ROTEZAEERE ), (IR LA B v ) B B A e W
TEERVERE T, th B RO RREERE, Mt AP 11]
A ELERE, RS, H AW AR SUSKER R 3 161
TRTRSRA R, [RIAEARBFZE T, FAMLAFLIER
IIMEBBEIE Y8, BUE T RREERI3 16 LIRS, SR A
PHAUE BRI B AR S MR RE, (R, FRAM L ELS A
A3 16 L IRSHIET T L,

PHER 1

1. B FE TR 3161 V0 TR S B i

AWFFEER [ BRSE BRI 2 FLBR AT e pi
Fei | BUFE AR RSN - B2 B UUERDER > AfE
(DIACEAR} ~ QEEREERS ~ Q)AERRHEEZ - (4)EE4ERK
A o BUEEREEMICAT (GERBAIEFE - &
e

EHICRAIOLAFEI A ~ FEAET ~ ZKRIEFLEI
(PREEBEER) - IR E e Ease by - JREBIE TR
I ARGEIRNERBA - B REH BB EN
MiRRERT » BT TR SR o B Tt RS
BRI AR T RS, o fENEZAE
R B PEE R =0 T JRE60C  Fi4Eo6
/NI 0 8OCHRFE12-18/N\IF © [EIBF » By T {HRLE&ERIA]
(REEFEERSE 2SS - BRAEIT RS £55°C /min > Tt
2400 C AR R NG o feik 0 Rl EEsE R e A
B EEEF LN » B REAARELLT » /il —
S ERL R (R M TR £ 1300°C HEf TIEEAS R AY -



ﬁ -
[ 1 At R 7]

2. BREERUI16LYE IR B A 5K

it [ R b 25 LIRS Rl A 7 )
A3 16 LA FE LY AN, FeA™ mis Fa e (L RE R ER kL
1 ué’éw«jc/J\E’%ﬁ%rEﬁa\E@&%o FEREE A B
ﬁ%ﬁ%&ﬁ%ﬂ%ﬁﬁfﬁtb DL i B FLIR R, Rk
FSRRIE 7 AN T, e al A A (] AT R R )N

, DUEHES TH0 R LIS A O BL R B, AHFZERT
ﬁﬂ% AT CREEREER, HOEYRIAE R %41.15  mmFn
4.4 mm, M316L NS AR 260 pm, T
TE20% FLER SR B A0 pk i, HoFHE FLIR 3 448% ; [AlER
, BRTES2% LB R B AR L, HOFHE LR R 260%,
BRI - LR =R i A TR SE R E RO FLBR R, 8 Bk
REHUEE RIS IR AR, e R i mafeh
, HA SR FBE R sE IR, TR NLRR, EEGA
AT FLBR SRR AR T . MEAh, & T Lelebh B LA
FO¥E A FLAS TR U RO, Tt SR T AR RS
FERE) A AUASE R, HALBR R FNIE B 53 Bl 2560% 7130
mm,

AT ATE R P UE EAE 420 mm &40
mm, A5 BIETTHERE3150-6300 HzF1100-4000
HzW 35 AR, [B2(a) 2 EE30 mm, 4520 mm

, FLBRERS2% & BAEEFLISER A, [E12(b) K E2(c) 5y B2
/ﬂfﬂ%r;ui)#ﬂﬁd FUAE T e K AL, ]34 30 mm
, [EA€40 mm, FLERER52%. BhEE LSRN, (B4 K& [ES
ZIEE30 mm, FLIRZR63%, EIEHIA420 mm &40
mm B E LA,

B/ NFLEE (1,15 mm) POYRTR L E 7 i 1) BT
BEIRAONLE, AL INREEE SRR 5 1) i S B /)
DA RI M, FefMAm & TR ER T, )]z, & RKIL
£€(4.40 mm) BT IR WA i 7] BT IR O

A

» BEFLASEOR N (A6 7 1) T 2 50 FR ATt/ [N ey
Sl AR,

MMWWMWMHWWWMWM
el sl

() (b) (©
lz(a)?LK%452% JEEE30 mm, [EAE20 mmZ R fL
LR (b) B S/ NFLAS I (1.15 mm) (c) 2 A%t
B R FLAE HI(4.40 mm)

5 i ghwllr“nlu%Hu[nﬂnnmu;|||||u|1|‘|mp%\rmug“muu"\‘
(a) () (©

[E3(a) FLIEZR52%, JEEE30 mm, ELFE40 mmZ BhEEFL
7% ‘EU# (b) BRI/ INLAEIRI(1.15 mm) (c) IR AN

| Hflfl7ll|lh|l|’l|lIi|||||!|||nh|qﬂ'hlﬂflllf|| [
W ) 1 21) 1 2
@ ®) ©

[El4(a) FLER63%, JEHE30 mm, HEAL20 mmZ B fL
AT (b) RS NLEHE(1.15 mm) (o) AN
B R AL HI(4.40 mm)

7 almrul1l1||||||grm||||3l|m||ng=§m|| o
(a) () (©)

[@5(a) FLIRER63%, JEHE30 mm, [EAE40 mmZ B FL
FEFAT(b) B AT/ NS (1.15 mm) (c) B AST
%ﬂc}L «[fi(4.40 mm)
3. EEHPUE &R

FHPTE R FHARIEASTM  E1050[8)/  ISO
10534-2[91 B34, 7 F&Fc S 4 oo RS 5 B (anlEl 6)
o PHPUE BORE I RFECIFERIME . 2 Yeis AL, [FIRF

fifefr e S B = R, LIRS IETE TAEBE SRR N 5%
AEAREL S,
3.1 [HPUERE

ek =g MR (= RS e es N HER AR =g DER KT TIPS
soELZ [FEOFERE, —iki S, TS VEASER, AT
TS AR SR AR AR ; TELASBE )S, PIRIAS AR R
.EU@FJO PP ) T ARSI R LT T =UE
ida.

fi<f </, 0]

Hrf f #7R TAE#3E (operating frequency), f l For L
RS T ER(lowerworking frequency), f #/~ TAEM



3 _F[R(upper working frequency), _L{FAESRA T IRE
FANF

f,>0.05- Q)
Ferpe ﬁrﬁm R (m/s) , s 2528 vl ],
IS ROBRIE TR LIRS FIEEROERA,
%TF/\«HIJEFEE £WEﬁ§z&z/ﬁf%ﬁ%¥ﬁ&
ARSI LR
Q<K% ?)

HHK=0.58,
FHPUE B MR SR, DI R R i 28
N2 TEIAO PERE A BT AR =135,

l—s — x, > 3d 4)
YIS T R TR )RR EEAT B g e I B EREME, (5.

T8 v L IR BREELAZE NP BRI R, ans(5)ET
2

s<<c/2fu (5)

RyEG ARG AR AT L, SR BT 2 v Y e
WZERBA B AE EAE R4, n=X(6)FTR :

x, > 2d (6)

- dividing plane
from signal gmm tor g
and amplifi

.-

= test sample
1l 3 r

'm:w.\nc rigid piston
x

o)

6. ARSI B 10]
3.2 R A B
B TR AR () TR SO (%)

FTRELAR, (B AOREIE p(x) %
p()=p,(x) + p () = Ae "+ Be' %
A BAy iz NI M RO 4R, 2
SOJRA BZ ARSI 4y
p,(x) = Ae_ikx1 + Beikx1 (8)
p,(x) = Ae_ikxZ + BeikxZ 9)

AETEIRA B D, (x) K, () KN SERitk,
P(x,, 0)HLP(x,, m)ZHﬂEﬁbﬁ%?%{

pz(xl,w) _ eiikxz+'reikx2
H p (x w) - e—ikx|+reikx1 (10)
Horpr 23R BOFPREI, k2L
RSB PR B

H 1_ 2 H — —iks i
r=—— =gy
e '-H.e e —H,
R B SER U, A HR0- 12 -
a=1-r (12)
LT
z = pei (13)
it B

4. W PR BT AT

& 75 ) B AU R N IR SRS S SR8 LY
R ISR IBL, R B/ LA 2R T AN RECIERR
B, TEFEFEEE (30 mm) T, FLBRSRES B r W & P RE
(R TEAT A BESR I N FLER SRR CEYRLAR) o [FIER
H, ERERE A B KA R I AS R (AR, FLERER
B AR (BRAR) 2 W B PERE R A FLER =K IR
(EEHR) , SBRERIERENE280P, FLERER &0 F P RE,
fﬁ%uiﬁﬁq] BHERTE250 HzPA T2 W B AR5/ N

FOMEEHEL P T IR TR,

ﬂﬁ'#—@%ﬁ’]?ﬁﬁér P GRERR) , WS PEREZR B
Bl W PR ERE SR =R N i e A, ﬂzkéﬁfﬂﬁ%%&
0.71 HHBIFEAAR6300 Hz, 15 f&: K 250 i s [EHE Fq
PR By iEvaliopi Y IR éﬁ%sz*ﬁ{%x&r&ﬁﬁ%tfc
BEEHEEE, T HARRIFLRR R AR E R (B, &

R NS RFLASE ([8l4(c) K [E5(c)) I%&ﬁ’h}i%@
RS TERERE, Hi K512 85040.65,

0
—@— negative gradient, 52%, 30mm
| | —®@— positive gradient, 52%, 30mm
—@— negative gradient, 63%, 30mm
—@— positive gradient, 63%, 30mm

e
Q

o
o)

Absorption Coefficient

\,{p ) @’\:}Q%{; QQL,QQ i BQ@Q '\'?Q@Qe@%@ \;JQQQB‘) QOQQ
1/3 octave band frequency (Hz)
17 BT VR (B
lil 8 L 13 i FLASE Bk A LA ADTR AR SR (FLBR

H52%) HOWGE AR IR, B FLAE1.15  mmAsRUA (8E
JaER) REEL, A HAT /N FLAY R i AN R (IE B L
, BT, RSS2 =k T A 2 A A RE AR
FE, T AHARIN 2 SRR e T T R 7 L
IR )N, BRI NFLRR, 7 A S,
EKUE PR B MERE SR H . AV, BRI AT/
FLEE1.15 mmABREERA R (431250 Hz L R, W



FREEIEIRP0.2, THBE ST EEER) 2 WS35
EN0.2.2 BB 42500 Hz LA |,

B A AR GROERR) 8L, Bt A
RALAIZR A G RF (BRI, ALERR), B A SR
AR AR, EEORERAE100-3150 HzAOEGRAE,
S B SRR, T A i AE E%4000-6300  HzPRERY,
SR FLAC RIS N R, B [ ) TR B AT 2 1) R
B2, Bl R B A,

05—l 1 0w
—@— positive gradient, 52%, 30mm
=@ 1.15mm, 52%, 30mm
—®&— negative gradient, 52%, 30mm

0.4 1 |..@ 4.40mm, 52%, 30mm

o
w

Absorption Coefficient
e
]

=
=

SPES S @i&“\,ﬁ\@%@%@j S
1/3 octave band frequency (Hz)
(&8 30mm, FLER=ES2% (0 ALAS R LA
TR 2 W SR B,

Tofs JEE FLASE BRLA) =) FLASE O FLBRI SR 63 % Tl TR SHIE
W AR BN B9, [RIGEHN, A A S NFLAY 2% iy
(IEBREE, FLERR), TR L5 B A A L
R (AL AR) 250 B AR B, BB A BA KLY ER
AL AT IRF (RS, BEEAR), Rt A FLIRN A 250
FEEVN, B SRR EHAEZR100-3150 HzE LI
NFLASELRR, W SR A, 1 7 = 48 B2 4000-6300
HzFREN, 52 B LIS N 2288, BiLpLRE 2 AR L
ZIEERES, B S RIS

2275 3Rk

1. EEE, “EatrEglEERIAD, B3R A T,
201504 (50847, pp. 48-54 (2015)

2. PHEAR, “DhEEbh EIREM S ABHIE BT, BB
OREL PR T B B B A ELATF ZE i 1+ ERAL AR ST, 180,

3. Huang Ke, Yang Donghui, He Siyuan and He Deping,
“Acoustic absorption properties of open-cell Al alloy
foams with graded pore size,” Journal of Physics D:
Applied Physics, Vol. 44, (2011).

4. Shahrzad Ghaffari Mosanenzadeh, Hani E. Naguib, Chul
B. Park, Noureddine, “Design and development of novel
bio-based functionally graded foams for enhanced
acoustic capabilities,”Journal of Materials Science, vol.
50 (2014).

08—t o
—@— positive gradient, 63%, 30mm
0.7 1 @+ 1.15mm, 63%, 30mm
—@— negative gradient, 63%, 30mm
--@+ 4.4mm, 63%, 30mm
< 0.6
15}
2
= 0.5 ;
R P I >
3
= 0.4
g
=
£03
2
=)
<02
0.1

NGRS IR ST NSNS NN TN
S ESL0 S SAL S ARSI S ASSES
\x\wwguab%@Q@@@@@@@

1/3 octave band frequency (Hz)
B9/ FE30mm, FLBRZE63 %o b B FLAS LS A FLAE T
TR W SR B L,

ARIFGER A RS L 22 LR A b aat pl A By
WD S 1 L R IR ER, ST R FLASFnds) A FLAE
ARSI & A B M RE, BT B s SR B FLIE Y
VRS 2 W B M RERS 1A ) FLAS ROYRTAR SR 2 12, LIS
A NEF I 5 100325 IR R (IERREE) , FLBR=R63%A1E
FhRE R 2 e R 512 850.71, HERFESEZR6300 Hz,
M FALL1S  mmAOTE IR, BAEAEE W 5 (R %L
B, B RS R 040,58, B4k, 1ERAEEFLASHIR A
o, FLBREROE, W ERER . A NS IERAE (4L
FEH/NER) R, W MEREE NS AR E (FLASH K
N B, B, W PERER S & BB RS RUT, A&
FLERE63%,

5. Jun Wei Chua,Xinwei Li,Tao Li,Beng Wah Chua,Xiang
Yuc,and Wei Zhai, “Customisable sound absorption
properties of functionally graded metallic foams,”
Journal of Materials Science & Technology, Vol. 108,
pp.196-207 (2022).

6. Amulya Lomte, Bhisham Sharma, Mary Drouin, Denver
Schaffarzick, “Sound absorption and transmission loss
properties of open-celled aluminum foams with stepwise
relative density gradients,” Applied Acoustics, Vol. 193,
(2022).

7. Rabiei, A., Karimpour, K., Basu, D., & Janssens, M.
(2020). Steel-steel composite metal foam in simulated
pool fire testing. International Journal of Thermal
Sciences, 153, 106336.

8. SRIMHE, “FRZENLIRIA =BT A RHTRYERE S BT
, BB R EL R T B e Le 85 R TARAIFJEFITRE - A7 i
X, 85H,



10.

I1.

ASTM E1050-12. 2012. Standard Test Method for
Impedance and Absorption of Acoustical Materials
Using A Tube, Two- Microphone and A Digital
Frequency Analysis System, ASTM International, West
Conshohocken, PA.

ISO 10534-2, 1998, Acoustic — Determination of sound
absorption coefficient and impedance in impedance tubes
— Part 2: Transfer-function method.

Durig, R., and E. Labagova. "The design of an impedance
tube and testing of sound absorption coefficient of

12.

selected materials." IOP Conference Series: Materials
Science and Engineering. Vol. 1050. No. 1. IOP
Publishing, (2021).

Rabiei, A., Karimpour, K., Basu, D., & Janssens, M.
(2020). Steel-steel composite metal foam in simulated
pool fire testing. International Journal of Thermal
Sciences, 153, 106336.



SNAME 2024, May 18-19. 2024. Kaohsiung., Taiwan (R.0.C)

Study on the Sound Absorption Performance of Gradient-Structured
Steel Foam

A.Z. Li*" K.Y. Chen** Y. C. Tzeng** C. Y. Chen *** W, J. Lin***

* Master Program of Naval Architecture and Ocean Engineering, CCIT, National Defense University
** Department of Power Vehicle and Systems Engineering, CCIT, National Defense University
*** Naval Shipbuilding Development Center
Keywords: steel foam, gradient structure, impedance tube

ABSTRACT

This study developed gradient foam steel using 316L stainless steel powder, employing pore size as the gradient
layering method while fixing the porosity and thickness. Acoustic impedance tubes were utilized to measure the
sound absorption coefficient of the gradient foam steel. The results indicated that the sound absorption performance
of the foam steel was superior when sound waves were incident on the positive gradient (from small to large pore
sizes) compared to the negative gradient foam steel. Additionally, compared with foam steel of the same pore size,
positive gradient foam steel exhibited superior sound absorption capabilities across the entire frequency range
(100-6300 Hz), with the maximum absorption coefficient increasing from 0.58 to 0.71. Furthermore, electron
microscopy was employed to observe the impact of pore microstructure variations on acoustic performance.



