Nghién ciru khoa hoc cong nghé

NGHIEN CUU PAC TiNH THUY AM CUA VAT LIEU COMPOSITE
CHE TAO BAU SO NA
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Tém tit: Bai bdo trinh bay két qua nghién ciru do suy hao lan truyén séng am thanh
trong méi truong mede xuyén qua I6p vt liéu composite cé dé day nhat dinh & dai tan (8
+12) kHz. Xdy dung mé hinh todn Iy dé mé ta bai todn va dwa ra cach thire tim 1o gidi.
Mot vai trieong hop riéng dwege phdn tich, tinh todn d@é dp dung cho mé hinh thue té. Tién
hanh thi nghiém do dac ddc tinh thuy dm cua vdt liéu composite ché tao bau sé na. B suy
hao cua tam vt liéu composite diroe do trong dai tan (8 +12) kHz véi cdc diéu kién khdc
nhau. Két qud nghién ciru dwrge tng dung trong tinh todn, thiét ké, ché tao bau sé na.

Tir khoa: Thiy am; Bau s6 na; Do suy hao; Vat liéu composite.
1. MO PAU

Ngay nay, véi tim quan trong ctia khong gian tac chién ngam va sy 16n manh cia Hai quan
céc nudc (trong d6 c6 Hai quan Viét Nam), cac to hop va hé thong s6 na duoc trang bi nhiéu trén
céc tau ngam va tau mat nudc. SO na sir dung anten thiy 4m dé thu tin hiéu thuy 4m nham phat
hién cac muc tiéu dudi nudc dua trén co s& song 4m it bi suy hao khi lan truyén trong méi trudng
nudc so voi cac loai song khéc. Bau s6 na duoc trang bi dé bao vé anten khéi céac tac dong co
hoc cua dong nudc x6 vao, tranh tac dong sinh hoc (ha bam), héa hoc (dn mon nudc bién) va
tranh nhiéu thity dong luc hoc ctia mdi trudng. Lich st tmg dung va phat trién bau s6 na duogc dé
cap trong [1].

Céc yéu cau ddi voi bau s6 na mau thudn véi nhau. Mot mat, vi 1a thanh phan cia than vo tau
nén bau s6 na phai twong d6i bén. N6 phai chiju duogc tai dong luc hoc (bao gdm ca tai va dap)
xuét hién khi tau van dong trong diéu kién téc d6 cao hoac thoi tiét song gio 1on. Mat khac, bau
s6 na phai dam bao do trong sudt am thanh, khong 1am sai 1éch gian dd hudng cua anten, dam
bao d6 suy hao nho nhit khi song 4m xuyén qua bau sé na. Do trong sudt 4m thanh ciia bau s na
khong du sé tao ra d¢ suy hao tin hiéu 16n, anh huéng dén kha nang lam vi€c cua anten sO na.
Céc thanh phan céu trac cia bau s na va cac hién tuong vét 1y lién quan dén chung dugc nghién
cuu trong [2, 3].

Ngay nay, ngudi ta sir dung ba loai vét liéu chinh dé ché tao bau s6 na la: titan, composite
va cao su tong hop. VAt liéu titan c6 do bén cao, khéi luong riéng thap (so véi thep) va do suy
hao thap, nhung gia thanh cao nén thuong dugc ding cho tau ngam va mot sb loai tau chién.
Vit liéu composite c6 vu diém 1a nhe, co d6 suy hao thip va gia thanh khong cao nén thuong
duoc dung cho s6 na céc tau mat nude ¢ nho va vira. Vat liéu cao su thuong chi s dung cho
nhirng anten s na c6 kich thudc rat nho vi né dé bi bién dang khi chiu tic dong cua ap suit
thuy tinh cling nhu khi c6 tdc dong bén ngoai. Trong pham vi bai bao nay chi tép trung nghién
ctru vat licu composite

Ly thuyét lan truyén song am thanh tir mdi trudng nay sang moi truong khac duge nghién ciu
chi tiét trong [4- 6]. Trong [4] chi nghién ctru bai toan truyén 4m giita hai moi trudng. Trong [5-6]
¢6 nghién ctru dén truyén 4m trong ba moi trudng, tuy nhién chi tp trung vao tinh toan hé s6 phan
xa. Bai b4o nay nghién ctru sy lan truyén am thanh trong méi trudng nu6e xuyén qua l6p vat liéu
trung gian, trong d6 tap trung xac dinh do suy hao tin hi€u thity am qua tam vét li¢u composite.

Dé ché tao bau s6 na, trude hét can ché tao tAm vat liéu miu nhim do do suy hao tin hiéu va
d6 bén co tinh. Trén co s& do s& ché tao bau s6 na miu nham dat duoc cac thong s6 can thiét
theo yéu cau k¥ thuat. Sau d6 ap dung céng nghé mau dé ché tao bau sé na.
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2. BAl TOAN LAN TRUYEN SONG AM THANH TRONG MOI TRUONG NUOC
XUYEN QUA LOP VAT LIEU TRUNG GIAN

Sau ddy, ta xét bai toan lan truyén tia song 4m thanh tir moi truong chét long thir nhat (I)
xuyén qua 16p phén céach (II) c6 chicu day d dén méi truong chat 1ong tiep theo (IIT). M hinh bai
toan duoc thé hién trén hinh 1.

I: P, C,
1I: Py C,
. X
III: P, C, 0
3\ @

Hinh 1. M6 hinh bai todn lan truyén séng ém qua I6p phdn cich méi truong.

Ta ky hiéu pi, ¢i lan luot 14 ty trong va van téc lan truyén song am trong cac moi truong thir i
(i=1, 2, 3). Trong diéu kién thuc té, ta c6 thé coi méi trudng | 12 nude bién bén ngoai bau so na,
moi trudng 11 13 méi trudng vat liéu 1am bau sé na, mdi truong 111 1a méi trudng chit long bén
trong bau s6 na (c6 thé 1a nudc bién, nuéc ngot, dau dic chung,...). Cac méi trudng duge dic
trung boi ty trong p va van tdc am thanh ¢ lan truyén trong méi truong do.

Vi théng thudng tin hiéu muc tiéu tir cy ly & xa nén séng t6i tir méi truong I c6 thé coi 1a
song phang. Ta biéu dién song phang lan truyén doc theo truc X thong qua thé vén téc dao dong
cua cac hat trong mdi truong nhu sau:

jo| =X .
p(x,t) = Ae ) Ae!t ) (1)
trong d6, A - bién do; e - van tdc goc; k - s6 song; t - thoi gian; ¢ - van tdc lan truyén song.

Ap suit am thanh va van tc dao dong duoc tinh theo cong thire sau [4]:

j(wt—kxij
2

p= p@_(p = jopAe’ ™ = mpAe

o )

j wt—kx-v—ﬁj

v :—(i—afzjkAej(“t'kx)zkAej( 2/, ©)

Khi tia song am (¢,) di qua 16p phan cach giita hai méi truong 1 va 1, s& XUat hién tia phan xa
(9,) va tia khic xa (¢,), ndng luong tia t6i s& bang tong nang luong cua tia phan xa va tia khiic
xa. GOc phan xa bang géc téi 61. Tia khiic xa (¢,) trong méi truong 11 di dén mat phan cch giira
hai méi truong 11 va 11, tiép tuc tao ra tia phan xa (p,) va tia khic xa (¢5). Theo dinh luat Snell,
ta co:

X

sing, sing, siné,
1 _ 2 _ 3 (4)
Cl C2 C3
Khong mat tinh tdng quat, ta xét bai toan trong khong gian hai chiéu véi truc toa d6 xOz nhu
trén hinh 1. Tir (1), ta c6 thé bicu dién ham thé van toc dao dong cua tia toi (¢,) nhu sau:
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(1) (X Z t)_ Aej[a}t—klxsinalJrkl(z—d)cosel]
1 1 &y =

Tuong ty nhu vay, ta dugc hé 5 phuong trinh biéu dién 5 loai tia song am:
_ Aej[wt—klxsin€1+k1(z—d)cos€1]

2

?, = ARq,ej["’“k1XSi”‘91‘k1(z‘“)C"”l]

@, = A[Swej[’”t’kzxs‘”92*‘(2(1*")00592] 5)
@, = A|§¢ej["’t"‘ZXS‘”"Z‘kZZ°°Sﬁz]

j[t—ksxsin 6, +kszcos6s ]
@s =AD,e

trong do, k; = 2 1ash song cua tia am thanh trong moi truong th i (i =1, 2, 3). H¢ phuong trinh
C.

(5) c6 bdn tham sb 1a R, Ii(p, D,, f)(p dic trung cho hé sé phan xa (c6 ki hiéu R) va hé sb

truyén qua (c6 ki hiéu D).

Dé giai hé phuong trinh trén ta can thiét 1ap cac diéu kién bién tai cic mat phan cach gitra cac
moi trudng. Tai mit phan cach gitta hai moi truong, dp sudt va thanh phan phap tuyén ciia van
toc dao dong (vudng gbc voi mit phan cach, trong mé hinh nay 1a thanh phan v,) trong hai moi
truong 14 bang nhau. Vi vy, ta ¢6 hé phuong trinh diéu kién bién nhu sau:

| _ i
p z=d - p z=d
1} 1
Y =p
=0 =0
| Z I} Z (6)
\" =V
Z lz=d Z lz=d
] 1]
\" =V
z 1z=0 z z=0

Thay cac phuong trinh (2), (3), (4), (5) vao (6), sau khi rat gon ta dugc hé phuong trinh sau:
o) (1+ R(p) = pz(f)(p + Ii(pe'jy)
R (e'”f)w + Iiw) =p,D,

7
k1C056’1(1—R¢):k2 cos&z(ﬁw_ﬁ(ﬂe*jy) (7

k,cosd, (e D, -R,)=k,cos6,D,
trong do, y = (k2 cos (92)d duoc goi la do day song cia 16p phan cach.

Hé phuong trinh (7) 1a hé 4 phuong trinh ¢6 4 4n sb R, Ii(p , D,, |5¢, . Nguoi ta thuong quan
tim dén hai dai lugng chinh, do 1a h¢ s6 phan xa R, va hé s6 truyén qua D, . Trong [5-6] da dé
cap dén cong thirc cho h¢ ) phan xa R(p . Tuy nhién, dbi v6i bau so na, ta chu yéu quan tdm dén
hé sb truyén qua D, dé tinh d6 suy hao tin hiéu. Giai hé phuong trinh (7) ta duoc:

D — pl 42322 (8)

" p(2,+Z2,)(2,+2))e" +(2,-2,)(Z,-Z,)e”

. C; 1N e s LA e A Y .
trong do, Z, = ,0._:9 - dugc goi la tré khang song &m cua moi truong thir i doi voi tia song cd
COosS
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go6c nghiéng 6, so véi tia phap tuyén ctia mat phan cach.
Trong thuc té, nguoi ta thuong quan tm do dac dai luong ap suét Am thanh. Ti (2) ta co:
Ps
D, p D, 9
Thay (8) vao (9) ta dugc:
D, = 122, _
* (Z2,+2,)(Z,+2,)e" +(Z2,-2,)(Z,-Z,)e"

(10)

Nhu vy, ta da tim dugc 101 gidi cho bai toan dat ra. Tir hé sb truyén qua D, ta c6 thé tinh
dugc d6 suy hao tin hiéu 4m thanh (Insertion Loss) khi truyén qua tAm vét liéu phan cach theo
cong thtc:

IL=-20log|D, |, dB. (11)

Sau day, ta xét mot vai trudng hop dic biét dé ap dung cho cac mé hinh thuc té:

a) Truwong hop 1. d = 0. Nghia 1a khong c6 16p phan cach I, ma chi ¢6 hai moéi truong I va
11 Nhu vay, y =(k,cos6,)d =0; e =1. Tir (10) suy ra:

47,7, 27,
P 22,2,+22,2, Z,+1,

bay la truong hop img dung nhiéu trong thyc té khi tinh toan hé s6 phan xa va truyén qua ctia
tin hiéu song am truyén tir moi trudng nay sang mdi truong khac. Két qua nay phu hop véi két
qua trinh bay trong [4].

(12)

b) Trwong hop 2: tia t6i vuong goc voi mat phan cach, nghia 1a 6,=6,=6,=0. Ta co

y=k,d =% , trong d6, A 1a budc séng. Néu do day d 1a boi clia nira bude séng, nghia la

d= n% , V6i N 14 s6 ty nhién, thi y =nzva ta ciing thu dugc biéu thirc (12) nhu truong hop 1

(nghia 14 khong c6 méi truong IT). Nhu vdy, véi 16p phan cach c6 bé day 1a boi sb cua nira bude
song thi 16p d6 dugc coi la trong su6t am thanh do61 vdi nhimg tia song 4m c6 goc t61 vudng goc
vOi mat phén cach. Day 1a co s6 quan trong dé thiét ké cac bau s6 na nham dat dugc do trong
suot am thanh tot nhat d6i vdi nhitng tan so6 nhat dinh.

C) Truwong hop 3: Z, = Z,, nghia 1a méi truong I va III 1a giéng nhau. Trong thuc té, day la
truong hop trong bau sb na st dung nudc bién thong voi bén ngoai (vi du nhu td hop sb na
MGK-400EM hay may thong tin ngam UT-3000). Tt (10) ta co:

47,7,
(2,+2,) e" ~(2,-2,) e
Ta &p dung céc truong hop nay cho bai thi nghiém trinh bay dudi day.
3. THIi NGHIEM PO PAC PAC TINH THUY AM CUA VAT LIEU COMPOSITE

Trong pham vi bai bao nay chi thuc hien thi nghiem v6i vat lidu composite 1am bau s6 na
trong dai tan (8 + 12)kHz. Tam composite méu duge ché tao bang phuong phap hut chan khong
dé loai bo cac bot khi bén trong nham lam _giam d6 suy hao tin hi¢u khi tmyen xuyén qua ching,
cling nhu tang do ben co tinh cho san pharn So do thi nghiém duge thé hién trén hinh 2. TAm
composite dugc gin vao gia dd co co cau xoay, dit trong bé thir thuy 4m chuyén dung (thanh bé
duogc gin 16p cao su hdp thu 4m thanh) kich thudc 2000 x 940 x 1500 mm. Cc thiét bi do 14 thiét

(13)

p:
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b tiéu chuén cua hiang B&K, Keysight va Oceanpribor. Phia truc va phia sau cta tim vat liéu
lan lugt bd tri dau phat va dau thu thiy 4m. Tin hiéu tir may phat dugc dua dén dau phat. Tin
hiéu tir dau thu di qua bd khuéch dai, sau dé dua 1én may hién song dé phan tich tin hi¢u.

—N\V—

May hién song Tam vit ligu
Keysight DSO-X
3024A

May phit B0 khuéch dai

— . B&K NEXUS |[+—
Keysight 33500B 2692-0I1

110Gl

Co céu xoay

45cm

UWOOST:
+——580mm:

Piu phat
B&K8104

+— 10mm
Tam vit li¢u

2000mm

Hinh 2. So do thi nghiém.

Ta ép dung mo hinh bai toan trinh bay bén trén cho thi nghiém nay. Trong d6, méi truong I
va III giong nhau va la nude ngot (truong hop 3), nghia 1a p, = p, #1000 kg/m?, ¢, =c, ~1500
m/s. TAm composite cd kich thude 450x450x10 mm la méi truong 11 c6 d6 day d = 1 cm,
p, =1908 kg/m?, ¢, =2630 m/s.

Khi khong ¢ tim composite (d = 0), tmg véi truong hop 1 di xét ¢ trén. Vi 1a moi truong
dong nhat (Z, =Z,) gitta dau phat va dau thu, nén tir (12) va (11) ta c6 D, =1; IL = 0. Nghia la
lac nay chi co6 do suy hao duong truyén, chi khong ¢6 d6 suy hao cta vat liu phén cach. Két
qua do dac trong trudong hop nay duge dung dé so sanh vdi truong hop co tdm composite dé tinh
d6 suy hao mirc tin hi¢u thy 4m khi truyén qua tdm composite.

Trong m01 lan do, cac didu kién dugc gilr nguyén (vi tri dau phat, diu thu, mic phat, tan sb
phat, hé s khuéch dai) khi c6 va khong ¢6 tAim composite phan cach glu:a déau phat va dau thu.
Dai tan (8 + 12) kHz dugc lua chon dé do dac thi nghiém vi thuc té nhiéu hé thong s0 na str dung
dai tin nay.

Diéu Kkién bai do nhu sau: dau phat 1a hydrophone BK8104, dau thu 1a chan tir PR2R; dién ap
phat Vpp =10 V; hé s6 khuéch dai thu 10 mV/Pa; d6 sau dau phat va du thu so v&i mat nude
58cm; khoang cach giita ddu phat va dau thu 1a 86 cm. Gi4 trj dién 4p thu dwoc trén may hién
song Keysight DSO-X 3024 duoc ghi lai dé tinh d6 suy hao. Mdi diém do duogc thyuc hién 3 lan
dé kiém tra d6 o6n dinh roi liy két qua trung binh. Dé khir nhiéu trong qué trinh do, ngoai viéc
tiép dia tt cho hé théng, cin phat mot chum xung, rdi do bién d6 xung thich hop thu dugc.
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Trén hinh 3 thé hién két qua do d6 suy hao ctia tim composite tai vi tri tim diém véi cac tan
s6 va goc téi 6, khac nhau (6, 1an luot 1a 0°, 30° va 180°). Tir hinh 3 ta thy, d6 suy hao IL ctia
tam composite khi goc t6i 1a 30° nho hon d6 suy hao khi goc tdi 1a 0° trong ca dai tan nay.

Trudong hop quy udc 180° nghia 1a khi ta xoay nguogc tim composite 180° tir trudc ra sau
nham muc dich so sanh véi truong hop 0° dé kiém tra tinh ddng nhat cua vat liéu. Tur hinh 3 ta
thdy, d6 suy hao trong hai truong hop 0° va 180° 1a gan nhu tuong ddng. Su khac biét nho thé
hién sy khong dong nhat cua vt liéu doc theo bé day ctia tim composite tai tim diém.

------- -0 dO
—¥%—30d0 |
......................... *... - -%--180 do
""""" o ‘--*—“_‘—#———"“-ﬁ;-* S———— J
* TTTe--mme koo :: ______ *

8.5 9 9.5 10 10.5 1 11.5 12
f, kHz

Hinh 3. D¢ suy hao ciia tam composite & ddi tan (8 +12) kHz.

_____ AT
SPPT S ::_— ....................... e -
---------------------------------------------------------- *_,_m—'i"*
ey *——_,,
___________ oy -—-___,*___._----"'*"""—------.*. - N ==
____________ *___.—-‘ O -
--%--5cm
------- %10 cm .
-——%--15cm
1 1 1 1 | | 1
8.5 9 9.5 10 10.5 1" 11.5 12

f, kHz
Hinh 4. B¢ suy hao ciia tam composite do tai cdc vi tri khdc nhau.

Trén hinh 4 thé hién két qua do do suy hao trong dai tan (8 + 12) kHz ciia tim composite do
tai cac vi tri khac nhau cach tim diém cua tdm composite 1an luot 0, 5, 10, 15 cm (xem hlnh 2).
Do suy hao dao dong tir 0,38 dB dén 0,98 dB, trung binh dat 0,6 dB. Pay la 6 suy hao rat thap
néu so v4i do suy hao ciia mdt s6 loai composite 1én dén trén 5 dB (xem trong [1, 7, 8]). Su khac
biét ctia d¢ suy hao tai cac vi tri khac nhau trén tam composite la két qua ctia qua trinh duc tam
composite. O day su dung cong ngh¢ hat chan khong dé ché tao composite: tai vi tri tAm diém la
dau vao (inlet), con vién ngoai cia khuén 1a dau ra (outlet). Ket qua do dac cho thdy ton tai sy
khong dong déu tuong ddi nho vé vat liéu trong pham vi hep gan diém inlet. Pay 1a yéu t6 can
phai tinh dén khi ché tao bau s6 na bang vét liéu composite sir dung cong nghé hut chan khong.

4. KET LUAN

Két qua chinh cta nghién ciru 14 Iya chon vat liéu composite c¢6 do suy hao am thanh rat thap
trong dai tan (8 + 12) kHz véi d day nhat dinh (khoang 1 cm), dung dé ché tao bau s6 na cho
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ing dung quén sy. Ngoai ra, cong ngh¢ hit chan khéng ciing gitp tao ra vat liéu co do bén co
tinh t6t. Nnom tac gia da ap dung két qua nghién ctru dé ché tao bau s6 na mau va tién hanh thir
nghiém, két qua thu duoc dap ung yéu ciu véi do suy hao dudi 1 dB & tat ca cac goc hudng.
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ABSTRACT

STUDY OF HYDROACOUSTIC PROPERTIES OF COMPOSITE MATERIAL
FOR SONAR DOME

The paper presents the research results of insertion loss of underwater sound waves
through a composite layer with a certain thickness in the (8 = 12) kHz frequency band. A
mathematical-physical model describing the problem was builded and analytical
procedure was developed. A few special cases are analyzed and calculated to apply to the
actual models. The experiments were conducted to measure the hydroacoustic properties
of composite materials for sonar dome. The insertion loss of the composite layers is
measured in the (8 = 12) kHz frequency band for different conductions. The research
results are applied in the calculation, design and manufacture of sonar domes.

Keywords: Hydroacoustics; Sonar dome; The insertion loss; Composite material.
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