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SCIENCETECHNOLOGY

THIET KE MACH KHUECH DAI CONG SUAT
CHO MODEM THUY AM SO DUNG DIEU CHE FSK

DESIGN AN POWER AMPLIFER SYSTEM FOR A DIGITAL UNDERWATER MODEM USING FSK MODULATION

Tom tat

Bai bdo nay trinh bay thiét ké mot mach khuéch dai cong suat cho modem thiy dm s6 hoat ddng trong
moi trudng nudc bién véi cu ly t6i 500 yards & viing nudc ndng (cid sau t6i 50 yards). Trudc tién, md hinh
modem thidy am dung diéu ché FSK (khoa ddi tan so) dugc gidi thiéu. Tiép theo cac ddc tinh clia kénh
truyén dudi bién st dung song am thanh dugc md ta qua phuong trinh SONAR (dinh vi va do xa diing song
am), dong thai ding dé xac dinh gid tri cong suét phat can thiét cho modem (66W). Sau d6 cc tinh todn
thiét ké mach khuéch dai cong suat va md phdng mach diing phan mém Proteus dugc dua ra. Két qua tinh
toan va mo phang cho thay, tin hiéu ra ctia mach khuéch dai co gia tri cong sudt phu hop véi yéu cau cho
modem, khong bi méo va c6 hiéu sudt cao (71%). V6i két qué dat duoc va trén quan diém thiét ké th thiét
ké nay da thanh cong va c6 thé Ging dung cho cac modem thay am s6.

Tur khéa: Khuéch dai cong suat, dinh vi va do xa diing song am, diéu ché khéa dai tan s6, bd bién nang.

Abstract

In this paper, a power amplifier (PA) design for the digital underwater acoustic (UDA) modem working in
the range up to 500 yards and in narrow water (the water depth is less than 50 yards) is presented. Firstly,
the UDA modem using FSK modulation is introduced. Secondly, the underwater channelis described using
SONAR equation which is also applied for the calculation of the modem power level (66W). The design
analysis and simulation using Proteus software of the PA are provided later. The calculation and simulation
results show that the output of the PA having its power suitable for required modem power level without
distortion, as well as high efficiency (71%). In view of design process and with obtained result, this design
is successful and it can be applied for UDA modems.

Keywords: Power amplifer, SONAR, FSK, transducer.
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Tran Ba Tan, Tran Cao Quyén

DGi vsi modem thiy am thi bé khuéch
dai cong sudt 1a mét thanh phan khéng
thé thi€u, né giap hé thdng khuéch
dai tin hiéu dé c6 thé truyén di xa hon
trong moi trudng bién. Muc tiéu cla
bai bdo nay la nghién ctu va thiét ké
mét mach khuéch dai céng suat phu
hop dé€ modem thly am c6 thé truyén
tin hiéu dén khoadng cach t6i da la 500
yards (trong vung nuéc ndng), sau dé
nhan dugc tin hiéu phan xa ti vat thé.

Noi dung bai bdo gidi thiéu vé
modem thiy am s, trinh bay vé
phuong trinh SONAR, thiét k& mach
khuéch dai cdng sudt va dua ra cac két
qua mo phong, két luan

2. MODEM THUY AM SO DUNG
PIEU CHE FSK

Cau tao ctia m6 hinh modem thuy
am dugc mé ta bai so dé trong hinh 1:

- Amplifier
& =09
Channel
ore. @ */&,
A =
-4 Transducers

1. GIGI THIEU

C6 thé thay rang, ky thuat truyén
thong st dung séng am thanh dudi
nuéc dang déng mét vai trd rat quan
trong trong xa hoéi hién dai [1]. Nghién
cltu va thiét ké cac hé théng phuc vu
cho viéc truyén tin hiéu ciing nhu xac
dinh vat thé trong moi trudng nudc

bién con méi mé va thudc hudng uu
tién vé bién va dao Viét Nam hién nay.

Trong thap ky 80 clia thé ky XX, hai
quan Viét Nam da c6 cac modem thuy
am cuaLién X6 viéntrgdung cong nghé
tuong tu [2]. Modem thy am s6 dung
diéu ché FSK cho phép tang t6c d6 va
do tin cdy hon cdc modem tuong tu [3].

Hinh 1. S @6 khéi clia modem thiy am sG

Hoat dong clia modem thly am sé
c6 thé mé ta ngén gon nhu sau:

O ché a6 phdt:

Pau tién vi diéu khién sé tao ra mot
chudi tin hiéu s6 va ma héa tai bd ma

S 28.2015  Tap chi KHOA HOC& CONGNGHE |15



06 CONG NGHE

Turbo, sau d6 tin hiéu sé dugc chuyén
qua bd diéu ché FSK vai hai tan s6 song
mang 14 va 16 kHz (chung téi chon tan
s6 nay & mién am tan (20Hz-20kHz) theo
xu hudng céc thiét bi thay am ctia My
hién nay) dé chuyén tir dang tin hiéu sé
sang tin hiéu tuong tu. Tin hiéu tuong ty
dugc dua vao bé khuéch dai cong suat
dé khuéch dailén trudc khi truyén di. Tin
hiéu sau khi khuéch dai sé dugc dua vao
transducer (b6 bién ndng) d& chuyén tu
tin hiéu dién sang dao déng co hoc va
truyén ra moi truong.

O ché dé thu:

Sau khi truyén tin hiéu am thanh
ra méi trudng thi hé théng chuyén
sang ché do thu, tai day song phan xa
lai tU vat thé sé tac dong ca hoc lén
transducer, transducer chuyén dao
ddng co sang tin hiéu dién. Tin hiéu
dién nhan dugc c6 cong sudt rat nhé sé
dugc dua vao mét bo tién khuéch dai
dé tang cbng sudt 1én trudc khi xu ly.
Sau d6, bé giai diéu ché FSK sé chuyén
tin hiéu tU dang tuong tu sang tin hiéu
s6 dé vi diéu khién cé thé hiéu va xt ly
duoc. Tin hiéu s8 [a mét chudi bit nhi
phan dugc dua vao bo gidi ma Turbo dé
gidi ma tin hiéu, stra 16i va lay lai tin hiéu
ban dau. Cudi cung bo vi diéu khién sé
xU ly @€ xac dinh xem co vat thé trong
moi trudng khéng va tinh toan dé xac
dinh khoang cach téi chiing.

3.PHUGNG TRINH SONAR BE XAC
DINH MUC CONG SUAT CAN THIET

M6 hinh modem thdy 4m sé hoat
dong giong nhu mot SONAR cha dong,
dau tién hé thong truyén mét tin hiéu
am thanh sau dé lang nghe tin hiéu
phan xa lai tirvat thé dé xac dinh su hién
dién cda vat thé dé trong maéi trudng
va do khodng cach t6i vat thé dé [4]. Vi
vay dé c6 thé xac dinh dugc muc cong
sudt téi thi€u ching ta c6 thé dua vao
phuang trinh SONAR chd déng dé tinh
toan. Phuong trinh SONAR chd ddng
dugc chira nhu sau [4]:

Ls=SL-2TL+Ts-(NL-DL)>DT (1)

Trong dé: Ls la mdc ngudbn nhén

duagc sau khi phan xa tir muc tiéu; SL la
muc nguén truyén di cia modem; TL la
lugng mat mat khi truyén tin hiéu; Ts la
gia tri thé hién kha nang phan xa nang
lugng cla vat thé NL 1a mdc tap am
nén tai vung hoat déng clia modem;
DI la chi sé dinh hudng clia transducer
clla modem; DT la ngudng phat hién
muc tiéu (cing hodc mém).

Day la mét phuong trinh diéu kién
thé hién méi lién hé gilla cic yéu t6
trong mét hé truyén théng dudi bién clia
hé théng SONAR chd ddng cling nhu
modem thiy dm ma chiing tdi thiét ké.

Xac dinh gid tri cta tiing tham s6
trong (1):

A. Mdc ngudn, SL phat ra tir modem
thay am dugc xac dinh nhu sau [4]:

SL = 10log(Pwr) + 171,5dB (2)

Trong d6: la cong suat am thanh
phatra, day chinh la gid tri ma ching ta
can xac dinh dé thiét ké mach khuéch
dai cong suat.

B. Suy hao TL, xdy ra do hay nguyén
nhan chinh sau [4]:

TL,: mat mat do viéc trai phé hinh
hoc. & day chting t6i trai phd theo dang
hinh tru vi song am thanh sau khi truyén
di s& bi gi6i han b&i mat va day bién.

Vi vay, su suy hao do trai phé hinh
hoc c6 thé xac dinh nhu sau:

TL, =10log: Y9

I(r) 3)
I(yd) _

2ntH r
) 2n(lyd)H (1yd)
= TL, =10logr =10log500 = 27(dB)

TL,: Su suy hao cua tin hiéu trong
moi trudng nudc bién cé thé dugc tinh
bdng céng thiic tdng quat sau:

TL, =alr x1073)dB (4)

Trong do6: r 1a khodng cach truyén
tin hiéu; a la hé s6 suy hao.

B1. Dau tién la su suy hao bagi do
nhét trong moi trudng bién: hé s6 suy
hao gay ra b&i d6 nhét clia nudce bién la:

a=2,75.10%? (5)

Trong dé: f1a tan s6 cda tin hiéu am
thanh truyén di.

B2. Sy phan ly clia cac ion trong

16 Tap chi KHOA HOC& CONG NGHE « S& 28.2015

moi trudng nudc bién cling &nh hudng
rat I6n déi vai su suy hao cla tin hiéu.
Trong méi trudng nudc bién ching ta
quan tam dén hai yéu t6 sau: su phan ly
va tai hop lai cia cacion MgSO,:
MgSO, +H,0 <>Mg*” + 50,7 +H,0
Va su phan ly clia céc ion boron-
borate:
B(OH), +(OH)™ <> B(OH)",
Véi hai yéu t6é nay ching ta c6 hé s6
suy hao lan luat la:
" __4of
Mo 4100 + 2
_01f

o =
boron-borate 2
1+f

(6)
B3. Su tan xa cla song am thanh khi
lan truyén trong méi trudng nudc bién:
Pay la mét yéu t6 c6 thé coi nhu hdng s6,
khong phu thudce vao tan s6 cla tin hiéu.
Hé s6 suy hao bdi tan xa dugc xac
dinh xap xi nhu sau:
catrng = 0:003lB/kyd
Cudi cung sau khi téng hop (4), (5)
va (6) ta xac dinh dugc hé sé suy hao
téng cong nhu sau:
0,003 + 0,1f? 40f*
o= 1+f°
+2,75.107* 2

Modem cuda chiing t6i st dung cac
tan s6 la 14kHz va 16kHz vi vay dé tinh
lugng suy hao I6n nhat thi ta can xét tai
f = 16kHz, thay vao (7) ta tinh dugc a =
70440dB/kyd

Thay avao (4) ta cé dugc TL,= 35,22dB

Cuéi cung ta cé:

TL=TL, +TL,=62,22(dB)

C. Ts la khd ndng phan xa néng
lugng cla vat thé phu thudc vao hinh
dang, kich thudc va dac tinh cla ting
vat thé. P& don gian, gia thiét vat thé
¢6 hinh cau vaéi ban kinh tir 9m tré 1én.

Modem dung céc tin hiéu séng am
c6 budc song lan luat la:

v 1500

=== ~0,107m;
f 14000
1500

A, =~ =—2""—-0,09375m
f, 16000

2

T 400+ " |dB/kyd (7)
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nén ban kinh cla vat thé I6n hon rat
nhiéu so véi budc song am strdung. Do
dé qgia tri Ts c6 thé tinh tuong déi nhu
sau [4]:

2

a
Ts=10log—
g4 (8)

Trong do a la ban kinh cla vat thé.
Nhu vay, néu modem thiy am cla
chuing t6i chi xac dinh cac muc tiéu co
kich thudc I6n hon hodc bang 9m thi gia
tri Ts sé dugc tinh tuong déi la 13,1(dB).

D. Muc d6 tap dm nén, NL phu
thudc vao rat nhiéu yéu té nhu trang
thai clia bién, t8c do gié va mat do cla
cac phuong tién tau thuy luu thdong
trong vung lan can do.

Chdng t6i chon mét muc do én
trung binh 1a 90dB trong diéu kién
trang thai bién 6n dinh, t6c do gi6
trung binh, mat dé luu thong tau thuy
vUa phai.

E. DI: Do thiét bi thu transducer
trong modem gia thiét c6 buc xa vd
huéng trong méi trudng nudc bién nén
chi s6 dinh huéng sé la 0.

F. Ngudng phat hién tin hiéu, DT
dudc xac dinh béi biéu thic sau [4]:

DT:10Iog§:1OIog
N 2(AHT 9)

Trong d6: d la chi s6 phat hién, 1y
gia tri trung binh la d = 9; Af la bang
thong, gia thiét bang thong ly tudng
la vung tan s& am tan: 20Hz-20kHz; T
la thai gian ldy tich phan (integration
time). Xung dugc phat di dén khoang
cach 5m thi do dac, nén

s_ 5 _ 1
v 1500 300
DT =10log 2 ~—-11,7dB

2(20000 —20).—
300

Sau xac dinh dugc gia tri cia cac
tham sé trong phuong trinh SONAR
ch( ddng ta thay vao (1) va co6 két qua
nhu sau: SL - 2TL + Ts - (NL-DI) >DT

171,5 + 10log(Pwr) - 2.62,22 + 13,1 -
(90-0) >-11,7dB

= Pwr > 65,2(W)

Nhu vay, diéu kién thiét ké dé cho

—>

modem thily am c6 thé phat hién dugc vat
thé trong ban kinh 500 yards (trong viing
nuéc néng) la cong sudt am thanh phat
ra phai I16n hon 65,2(W). D& hé théng tiét
kiém nang lugng khi hoat déng ciing nhu
gidm kich thudc, trong lugng thi chiing t6i
chon cong suat thiét ké 1a 66(W).

4. THIET KE MACH KHECH PAI

CONG SUAT

Mach thiét ké dugc chon 1a mach
khuéch dai cong suat am tan véi so do6
khéi ctia mach bao gém 3 tang (hinh 2)
[51.

So dé mach nguyén ly (hinh 3).

Sc d6 bao gém 7 transistor vdi cac
transitor Q1, Q2, Q3 la cac transistor
céng sudt nhé. Q1, Q2 khuéch dai tin
hiéu dién 4p ngd vao, Q3 lam tang
thuc cho tang xuat am. Q4 va Q5 la cac
transistor bé phu ghép Darlington vdi
Q6, Q7 nham tang céng suat clla mach.
Q6 va Q7 la cadp transistor b8 phu cong
suatlan, cé hé s6 khuéch dai cao va kha
nang chiu nhiét tot.

bién tré tai cla tai transducer la 7,5Q.

Trudc hét chiing ta xac dinh nguén
cung cap cho mach:

Goi Vcc la dp ngudn cdp DC

Bién d6 chia 4p ngudn trén tai la:

Vp=+2PIRI =4/2.66.7,5 ~ 31,46(V)
Chon hé s6 lgi dung dién ap la:

£=0,9 =>Vcc =2(;ﬁ ~69,91(V)

TU d6 ta chon nguén cap phu hop
la: Vcc = 70V.

DE tin hiéu dau ra ¢ a0 ca hai chu ky
va khong bi méo xuyén tam thi ta phan
cuc sao cho cac transistor Q4, Q5, Q6, Q7
hoat dong & ché d6 AB, cac transistor
con lai hoat déng & ché dd A [5]. Ngoai ra
dién ap tai diém gilia ra transducer phai
bdng ntra nguédn. B Igi ctia toan mach
sé dugc xac dinh béi cong thiic sau [6]:

V,, RF+R8
YV, R8s (10)

Véitin hiéuvao cé diénapla0,35(V),
tin hiéu tai dau ra rgi trén tai co dién ap
khoang 22,2(V).

Gid tri clia cac linh kién sau khi tinh
toan dugc trinh bay trong bang 1.

5. CAC KET QUA MO PHONG

Sau khi mé phdng mach khuéch dai
céng suat dung cac gia tri tinh toan &
bang 1 trong méi trudng phan mém
proteus ta dat dugc cac két qua sau:

5.1. Kiém tra dién ap DC tai mét
s6 diém quan trong

Hinh 4 cho thdy rang, khi dién ap

10

Hinh 2. So d6 khoi ciia mach khuéch dai cong sudt

(30

Lk

—

Hinh 3. S¢ @6 nguyén Iy mach khuéch dai cong sudt
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Bang 1. Gia tri clia cac linh kién

Resistor Transistor Capacitor Diode
RO: 80kO) QI:2N1893 CIN: 4,7(4F) DZ: IMI10Z53
2:BC143 DI: IN4148
RI: 12EO) Q: 3 C1:22(4F) D2: IN4148
R2: 560(02) Q3:2N1711 el 106H) D3: IN4148
N Q4 MIE340 D4: IN4148
R3A:270(0Q2) : : C2: 100(4F)
R3B:390(Q) Q5: MIJE350 €3: 10(4F)
Rez2oge) | MM
RS: 470 ) Q7-MI11015 .
©5:22(4F)
R6: 720(2)
)
R7:42(:Q) CC2:106)
R8:2,75 kQ) CC3:70(D)
R9-75(Q) CF: 470(4F)
R10:3(k Q) C6:22(4F)
R11:16( Q) €7:50(4F)
R12:330(0) €0:2200(4F)
R13:330(0) CZ1:0,1(4F)
R14:0,1(Q)
R15:0,1(Q)
R16:7,5(Q)
R17: 100(Q)
R18:22(k Q)
R19:1(Q2)
RF: 160(k Q)
RVR: 6,8()
RL:7,5(02)

nguén cap vao la 70(V) thi dién ap tai
diém gita ra transducer 1a 34,9(V) =
35(V), théa man diéu kién phan cuc;
ngoai ra dién ap DC tai dau ra khi co tu
CO0 la bang 0, diéu nay hoan toan hop ly.

Hinh 4. Dién &p DC

5.2. So sanh dang séng tin hiéu
vao va tin hiéu ra dé kiém tra xem
mach da khuéch dai tin hiéu chua

Ké&t qua moé phong (hinh 5) cho thay,
khi chiing ta ddt tin hiéu vao va tin hiéu
ra & cung mét ty lé thi bién dé cla tin
hiéu ra & kénh B (mau xanh, & dudi) I6n
hon 22,3/0,35 = 63,7 lan so véi bién d6
cla tin hiéu vao & kénh A (mau vang, &
trén). Piéu d6 ching té rang mach da
khuéch dai tin hiéu thanh céng.

5.3. Kiém tra céng suét ra khi cho
tin hiéu vao coé dién ap 0,35(V)

Két qua mo6 phong cho thdy tai dau

Hinh 5. Dang séng tin hiéu vao va tin hiéu ra

o

Hinh 6. Dién dp cda tin hiéu tai dau vao va dau
ra cia mach

Dighal Oscloscope &

Hinh 7. Dang séng tin hiéura
ra cta mach, dién ap roi trén tai cla
transducer la 22,3(V) tuong duong véi
muic cong sudt la 66,3(W). Pay la mét
muc cdng suat cé thé chap nhan dugc
vi théa man yéu cau clia modem.

5.4. Quan sat dang séng cua tin
hiéu tai dau ra cia mach

Pé quan sat tin hiéu tai tan s6
16kHz, chung t6i dung thang do 13,92
us va cé két qua nhu hinh 7.

Két qua cho thay tin hiéu ra co
dang séng hinh sine va khong bi méo,
bién d6 do6i xing trong ca hai chu ky.
Nhu vay, mach khuéch dai da cho tin
hiéu ra c6 chat lugng tét.

5.5. Hiéu suat cia mach khuéch
dai céng suat
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Dong dién trung binh trén tai la:
ith=21p=2YP _ 2 67(a)
T 7 Rl

Cébng suat nguén cdp cho mach
khuéch dai la:

Pcc= E.Itb = 2.2,67 =93,45(W)

2 2
Do d6 hiéu suat ctia mach la:
n _ Pl 1009 =283 1000 ~
Pcc 93,
~71% > 65%(mUic yéu cau)

6. KET LUAN

TU nhimng két qua dat dugc co thé
néi rang, mach khuéch dai cong suét cho
modem thly &m da dugc thiét ké thanh
c6ng. Két qua tinh toan va mé phéng cho
thdy tin hiéu ra ctia mach khuéch dai c6 gid
tri cong suét ra 66,3 W phti hgp véi yéu cau
thiét ké cho modem, khong bi méo va hiéu
suat cila mach dat tuong doi cao la 71%.
V6i két qud dat duoc va trén quan diém
thiét ké thi thiét k& nay da thanh céng va
¢6 thé ding dung cac modem thiy am sé.
Dong thdi, nghién cdu nay da giai quyét
dugc van dé vé viéc xac dinh muc cong
sudt cho modem thiy am s6 dé xuat khi
hoat déng trong méi trudng hudc bién
qua viéc st dung phuong trinh SONAR.

Phan hién khoa hoc: TS. Phan Thanh Hoa
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