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Tém tit: Ngdy nay, tau mdt nwée va tau ngam déu dwoc ché tao bang vit liéu
sdt tir, nén ching dé bi doi phwong “nhin thdy” ddu vét tir truong khi hoat dong
trén bién. Do do, viéc nghién ciru cac phirong phap, ky thudt dé phan tich, xdc dinh
va khir dau vét tir truong la mot van dé rat can thiét, cap bach va mang tinh thoi su.
Tuy nhién, viéc xdc dinh ddu vét tir truong cho tau thie té rat phirc tap va yéu cau
khoi lwong tinh todn 1ém. Chinh vi vy, nguoi ta thwong nghién civu trén cdc mé
hinh ¢é cau tric twong dwong véi hinh dang cia vo tau thiee té. Véi muc dich do,
bai bdo sé tdp trung vao tinh todn va mé phong mé hinh vo tau hinh cau va hinh cau
kéo dai, sir dung két hop 3 phuwong phdp: gidi tich, phan tir hitu han va ban gidi
tich, dé dwa ra cdc nhdn xét va danh gid so bo vé ddc diém, xu huong déu vét tir
triweong; danh gid hiéu qua va khd ndng vin dung trong cdc nghién civu vé phat hién
va tang hinh tir truong cho cdc tau mdt nwée va tau ngam.

Tir khéa: Truong dién tir; M6 hinh vo tau sit tir; Ansys Maxwell; Dau vét tir truong; Ban giai tich; Phuong
phap phan tir hitu han

1. PAT VAN PE

Ngay nay, cdc tau mit nudc va tau ngam cé thé dugc phét hién sém bdi cac hé¢ théng
Phat hién tir truong di thuong cua dbi phuong thong qua viéc danh gia su thay dbi tur
truong cyc bd trén mot tir truong nén ban dau khi c6 sy xuét hién cua ching [4, 5, 6]. Tat
ca cac thong tin lién quan dén tir truong bt thudng ciia cac tau mat nudc va tau ngam
duogc goi chung 1a du vét tir truong cua tau. Py chinh 1 nguyén nhan 1am cho tau bj phat
hién & khoang cach xa va 1am cho tau phai ddi dién v6i cac mdi nguy hiém tir dbi phuong.

Khi tac chién trén bién, cac tau quéan sy thuong st dung cac loai thiét bi chuyén dung
c6 tich hop nhiéu hé théng cam bién, trong d6 c6 cam bién tir trudng véi do nhay cao két
hop v6i cac cong nghé dién tir tién tién dé do tim, theo dbi va nhan dang tau quén sy cia
d6i phuong dang hién dién trén bién. Do d6, dé thuc hién tét viéc xac dinh duoc tau cua
dbi phuwong va dam bao an toan, bi mat cho cc tau quin sy ctia minh, can phai thuc hién
cac nghién cuu, khao sat, do dac, phan tich va danh gia dugc cac diu vét tur truong nay, dé
1am co s cho cac nghién ctru, thiét ké va ché tao cac tau quan sy trong nudc véi kha nang
khir tir treong tt nhat c6 thé.

Trong thyc té, viéc do dac, tinh toan va danh gia chinh xac déu vét tir truong ctia mot
tau quan sy bang phuong phap giai tich 1a rat khé thuc hién do céu tric phirc tap va kha
nang tang hinh tir cua tau [3], dong thoi ctng phu thudc nhiéu vio cac nguyén nhan giy ra
cac dau vét nay [1]. Thong thudng, dau vét tir trudng cua tau thuong dugc tinh toan dya
trén cac md hinh vo tau trong duong, nhu mé hinh ty 1& vat 1y, mé hinh s6 hogc mo hinh
giai tich, dé giam chi phi va thoi gian thue hién. Thuc té cho thay, [3] giai doan dau cua
cac nghién ctru vé dau vét tir truong cua tau mat nude hodc tau ngdm thuong dya trén cac
md hinh vé tau hinh cu, hinh cau dai va hinh két hop, béi su twong dong vé hinh dang va
cdu tric ciia vo tau sét tir.

Hién nay, nhiéu cong cu chuyén dung duoc dung dé nghién ciru dau vét tir trudng cua tau
nhu: Phian mém phﬁn tur hiru han OPERA v6i g6i phéan tich TOSCA (2], dugc str dung rong
rdi dé nghién ciru ddu vét tir cam tng, cac bién phap d6i phé min cam tng tir; Phin mém

80 T.D. Cuong, ..., P. A. Tuin, “Nghién citu xdc dinh déu vét ... md hinh vé tau sdt tiv.”



Nghién ciru khoa hoc cong nghé

phén t& hitu han FLUX2D&3D dugc ap dung dé nghién ctru diu vét tir coa tau khu truc
16p La Fayette va hé thong cuon day khir tir trong hé thong DATASSIM ciia Phong thi
nghiém tir tinh CETEB, Phap [2]; Phdn mém ODMR trong nghién ciru do dau vét tir va
khur tir trudng cta Dtc [4],..

Trong pham vi nghién ctru nay, bai bao da thuc hién viéc tinh toan, m6 phong va phén
tich, danh gia phan bd tir trudng cia mot sé hinh dang vo tau sat tir bang phuong phap giai
tich, phuong phéap phan tir hitu han va phuong phap ban giai tich.

2. TINH TOAN TU TRUONG CUA MO HINH VO TAU HINH CAU
VA HINH CAU KEO DAI

Tét cac cac 1y thuyét va phuong phap mé hinh héa lién quan tir truong déu bat ngudn tir
hé 4 phuong trinh Maxwell va cac luat trang thai. Theo d6, cac gia tri tir truong thuong

dugc biéu dién thong qua gradient cta thé vo hudng tir ®, B = —UoV® va dugc xac dinh
bang cach gidi phuong trinh Laplace [3] nhu sau:
VP =0 (1)

Dbi voi bai toan mé hinh hoa vo tau st tir, phuong trinh Laplace s& duoc giai trong hé
toa do cau va hé toa do cau kéo dai.
2.1. Tinh to4n v6i mé hinh vé tau hinh ciu

Xét vo tau hinh cau nhu hinh 1, ¢6 ban kinh trong va ngoai 1an luot 14 a va b, duoc 1am
bang vat liéu sat tir c6 do tir tham u (vung II), moéi trudng bén trong (viung I) va bén ngoai
(ving IIT) v6 tau 1a chan khong. Toan bd vo tau hinh cdu duoc dit trong tir trudng déu B_O)
¢6 hudng doc theo truc z.
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Hinh 1. M6 hinh v tau hinh cdu.
V6i hé toa do ciu, [3] phuong trinh Laplace co dang nhu sau:
: P50 + s (10 55) + et g
Vo = r2 or (T or + r2sinf 90 sing + 125in2 0 92 (2)
Giai phuong trinh Laplace va tinh dugc cuong do tir truong theo 3 truc ¢ bén ngoai mé
hinh vo tau hinh cau nhu sau:

3D1xz

Hyr = 5 3)
(x24+y2+2z2)2
3D
Hyp = +yz§ 4)
(x2+y?+z2)2
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Trong d6: D, = b3 —a®)Hyva u'=ul u,
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Thong thudng, khi tinh toan hodc do luong dau vét tir trudng clia tau, tir trudng clia trai
dat thuong duoc coi la tur truong nén, nén thuong duoc bo di khi tinh toan, va luc nay, dau
Vet tur truong cua tau chinh 1a phan di thuong cua tur truong thu dugc. Do dd, trong cong
thure (5) chi c6 s6 hang cudi cia H,y; dai dién cho dau vét tir trudng cia tau theo phuong z.
2.2. Tinh to4n véi mé hinh vé tau hinh ciu kéo dai

Xét vo tau hinh cau kéo dai nhu hinh 2, c¢6 kich thudc mat trong va mat ngoai la & va
&,, ban kinh truc dai la a va ban kinh truc ngan 1a b. V6 tau dwoc lam bang vat lidu sat tir
c6 do tir tham y (vang II), moi trudng bén trong (ving I) va bén ngoai (ving I1T) vo tau 1a
chan khong. Toan bd vo tau hinh ciu dugc dat trong tir trudong déu B, c6 hudng doc theo

truc z.
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Hinh 2. M6 hinh vo tau hinh cau kéo dai.
Vi hé toa d cau kéo dai, [3] phuong trinh Laplace c6 dang nhu sau:
2 — 1 O (rr2 _ 1109, 0 20 §-n*  o%®
Vo= o[ (@2 - D)+ (- D)+ Zsts] ©
Giai phuong trinh Laplace va tinh ducyc cuong dd tur theo 3 truc & bén ngoai moé hinh
vé tau hinh cau kéo dai nhu sau:

Dixn

Hypyp = R (7)
_ __Diyn

HyIII T (§2-1) (8)
_ Di|_ 1y, (54t 4 <%

Hyp = Hp + . l 21 (5 1) + - 9)

Trong d6: r; = \/xz +y2+(z—-0¢)? 1= \/xz +y2+ (z+¢)? c =Va? - b?,

ai, A, as a, duogc tinh theo cac diéu kién bién, cu thé: a, = 511 (ﬂ) -1,

§1-1
52 $2t1 _ Sit1) & — L () &
In (52—1) Las= l (51—1) g 4= zln (52—1) &2-1
D{ — 5152# (as—ay)+az§1—§a4 (u' _ 1)CH0, /1':/1/#0

w'?azéi(az—ag)+u'(§1a4(2a;- fza3) a1a2)+a4(52a1 §1az)
Tuong ty md hinh v6 tau hinh cau, sé hang cudi cta Hyyyp trong cong thue (9) 1a dau
vét tir truong ciia tau theo phuong z ciia md hinh vé tau hinh cau kéo dai.
2.3. Tinh toan véi mé hinh vé tau két hop
Trong thuc té, vo tu c6 nhiéu hinh dang va cAu tric khac nhau, nén s& tao cac dau vét tur
truong khong giong nhau, moi sy khac biét ciia vo tau s€ lam thay doi hinh dang cia dau veét
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tur trudng do dugc. Do do6, [3] viée tinh toan dau vét tir trudng cua mot tau thuc rat phtre tap
va mat thoi gian. D& don gian hon trong tinh toan, ngudi ta thuong dia trén cac két qua
nghién ctru vé cac md hinh vé tau twong dwong 1a mé hinh vé tau hinh cau va mé hinh vo
tau hinh ciu dai [3]. Va bang viéc xép chong hai mé hinh niy, ta thu dugc cac mo hinh vo
tau két hop c6 hinh dang giéng véi mé hinh vo tau thuc té, chi tiét nhu trong hinh 3.

MO HINH KET HOP MO HINH CAU MO HINH CAU KEO DAI PHAN GIAO NHAU CUA 2 MO HINH
(PP ban giai tich) (PP gidi tich) (PP giai tich) (PP phén tir hitu hgn)

A4 + P - ~/

(a)
Trung truc
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(b) ’
Léch truc
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Léch truc
15m

Hinh 3. Tinh todn mé hinh vé tau két hop bang phwong phdp bén gidi tich.

Tuy nhién, dbi v&i cic mo hinh tau kich thude 16n va cau tric phirc tap hon, sir dung
phuong phap ban giai tich hodc phuong phap phan ttr hitu han dé tinh toan va mé phong
thuong ton rat nhiéu thoi gian mo phong va chiém dung nhiéu tai nguyén hé thong mo
phong. Vi vy, dé giam thoi gian va sir dung hiéu qua tai nguyén hé thong, nhém nghién
ctru dé xuit st dung phuong phap ban giai tich cho cac md hinh nay. Phuong phép nay
cling da duoc sur dung trong cac bai toan giai tich noi chung, tuy nhién, vi nhiéu 1y do khac
nhau, phuong phap nay hau nhu khong dugce dé cap dén trong cac tai lidu di cong bd lién
quan dén tinh toan déu vét tir trudng ciia cac loai tau quan sy.

Trong pham vi bai bao nay, dé tinh toan va m6 phong dau vét tir trudng clia cua cac mod
hinh vo tau két hgp nay, nhdm nghién ctru tién hanh theo 2 kich ban sau:

- Kich ban thtr nhét 1a sir dung hoan toan phuong phap phan tr hitu han cho mé hinh
két hop. Pay 1a phuong phap dugc st dung phd bién nhit trong cac nghién ciru vé tir
trudng cua tau.

- Kich ban thtr hai 1a sir dung phuong phap ban giai tich, trong do sir dung két hop ca
phuong phép giai tich va phuong phap phan tir hiru han, cu thé nhu sau:

+ Dung phuong phap giai tich dé tinh toan riéng r& cho mé hinh vo tau hinh cau va mé
hinh vo tau hinh cau kéo dai. Sau d6, dung phuwong phéap phan tir hitu han mo phong phan
giao nhau ctia hai mé6 hinh nay.

+ Ket qua cua m6 hinh két hgp dugc thyc hién theo phuwong phap xép chdng nghiém:
Lay tong két qua thu duge tir phuong phap giai tich cua mo hinh cau va m6 hinh cau kéo
dai trir di két qua thu dugc tir phuong phap phan tir hitu han cta phan giao nhau cia hai
mo hinh.

Trong pham vi nghién ctru, bai bao s€ thuc hién tinh toan va mé phong ddi voi 3 loai
mb hinh két hop khic nhau theo khoang cach giira truc qua tim cta 2 mé hinh nay (nhur
hinh 3) 1a: tring truc d6i ximg (tring tim) va c6 truc ddi ximg léch nhau (léch tdm) 10m
va 15m mot phia.

3. PIEU KIEN BIEN, PHUONG PHAP VA CAC THONG SO MO PHONG

Diéu kién bién dung trong md phong: tir truong ciia tau 1 tir trudng tinh trong ty nhién,
cac phuong trinh Maxwell khong phu thudc vao thoi gian va bo qua thanh phan dién
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truong cam tng cua tau. Cac diéu kién bién dugc xac dinh trén tung bé mit tiép giap giira
cac vung va tu truong By lién tuc di qua cac bé mat nay.

Gia dinh rang, toan bo khong gian bén trong va bén ngoai mé hinh vo6 tau 1a chan
khong va ¢6 d¢ tir tham u, = 4xx10" H/m; cac md hinh v6 tau dugc dat trong mot tir
truong déu cua khu vuc mién Bac Viét Nam la By = 45.000nT [7] va c6 huéng doc theo
chiéu duong cua tryc z.

Thong s6 mo phong mo hinh vo tau sat tir:

- P tir thim twong dbi cua vat liu sat tir 1a u=80

- P9 day ctia md hinh vo tau sit tir: 0,02m

- M6 hinh v6 tau hinh ciu: ban kinh trong a=4,98m, ban kinh ngoai b=5,0m, duong
kinh ngoai D = 2b =10,0m.

- M0 hinh vé tau hinh cﬁl} kéo dai: ban kinh truc dai la a=20,0m, ban kinh truc ngén la
b=5,0m, duong kinh truc ngan: B = 2b=10,0m.

Phuong phap mé phong: St dung két hop 3 phuong phap: phuong phap giai tich,
phuong phap phan tir hitu han (phan mém Ansy Maxwell) va phuong phap ban giai tich.

Céch thirc m6 phéng:

- Mo hinh v6 tau hinh cau va hinh ciu kéo dai: m6 phong tai 3 vi tri khac nhau nam
trén truc y cach vo tau lan lugt 10m (1D va 1B), 20m (2D va 2B) va 40m (4D va 4B) [4].

- M6 hinh v6 tau két hop: mo phong tai vi tri ndm trén truc y cach vo tau 20m dbi voi 3
truong hop: cung truc doi xing va 1éch truc doi xrng 10m va 15m.

Céu hinh may tinh ding mé phéng: Hp z420 Workstation, gdm: Chip Intel® Xeron®

CPU E5-2643 v2, SSD 240Gh, HDD 2Th, 32Gb DDR3, NVIDIA Quadro K2200 4G
DDR5, Window 7 Ultimate 64bit SP1.

4. KET QUA VA THAO LUAN
4.1. Két qua phén tich diu vét tir trwong ciia mé hinh vé tau hinh ciu
Véi tir truong ngoai dit doc tryc z, thanh phan tir trudng theo truc y s& ¢6 gia tri bang 0
do tinh chat tryc giao ctia hé toa do cau. Cac gia tri tur truong ciia mo hinh vo tau hinh cau

tinh bang phuong phép giai tich va phuong phap phan tir hitu han dugc thé hién trong hinh
4 va hinh 5.
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Hinh 4. Ddu vét tir trieong ciia mé hinh hinh cau tinh bang phwong phap gidi tich.
Tir cac két qua trén co thé thiy rang:
- Khi tién vé 2 bén clia md hinh v6 tau, cc gid tri tir trudng thu dugc c6 sy thay dbi
theo quy luét 1a: Tai goc toa do O, thanh phan By bang 0, thanh phan B, dat cuc dai. Khi
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tién ra 2 bén, B, co xu hudng tang nhanh dén cuc dai, sau do giam dan vé 0, B, c6 xu
hudng ngugc lai, giam dan vé 0.
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Hinh 5. Ddu vét tir trwong ciia mé hinh hinh cau tinh bang phwong phdp s6.

- Khi tién ra xa vo tau theo hudng truc y, cic gia tri tir truong lan luot giam di, suy
giam ro rét khi do tai vi tri 2D, dén vi tri 4D thi tr trudng gan nhu bang 0. Hay noi cach
khéac, cang tién ra xa vo tau theo chiéu cuia tryc y thi dau vét tur truong thu dugce cang nho,
va do d6, giam kha nang phat hién dugc dau vet cua tau.

- Céc két qua ciia phuwong phap giai tich va phwong phap phan tir hiru han d6i véi md
hinh vo tau hinh cau la tuong tu nhau.

4.2. Két qua phan tich diu vét tir treong ciia mo hinh vé tau hinh cau kéo dai

Vi tur truong ngoai dit doc truc z, thanh phé‘m tur treong theo truc y s€ ¢o gia tri béng 0
do tinh chat truc giao ctia h¢ toa do cau kéo dai. Cac gia tri tur truong ciia mo hinh hinh vo
tau cau kéo dai tinh bang phuong phap giai tich va phuong phap phan tir hitu han dugc thé
hién trong hinh 6 va hinh 7.

Ttr hai hinh trén c6 thé thiy rang, cac xu hudng tir truong thu duge cia mé hinh vo tau
hinh cau kéo dai cling twong ty nhu xu hudng tir truong thu duge cuia md hinh vé tau hinh
cau, cu thé nhu sau:
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Hinh 6. Ddu vét tir trieong ciia mé hinh cau kéo dai
tinh bang phwong phdp gidi tich.
- Khi tief:n Vé 2 bén cua truc z, thanh phén B, co Xu hq:c’mg tang ,nhanh dén cuc dai, sau
do, giém dan ve 0, I?Z ¢6 xu hudng nguoc lai, giam dan vé 0. Tai goc toa do O, thanh phan
B, bang 0, thanh phan B, lai dat cuc dai.
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Hinh 7. Ddu vét tir truong ciia mé hinh cau kéo dai
tinh bang phwong phdp phan tir hitu han.

- Khi tién ra xa vo tau theo hudng tryc y, cac gia tri tir trudng giam dan, suy giam 1o rét
tai vi tri 2D, den vi tri 4D thi gan nhu bang 0. Do d0, cang tién ra xa vo tau theo chiéu cua
truc y thi ddu vét tir truong thu duoc cang nhé va giam kha nang phat hién duogc tau.

- Kich thudc cia mé hinh vé tau ting 1én (chiéu dai cta hinh cau dai ting 1én so véi
hinh cau) thi cac gia tri tir truong cuc dai thu dugc cling tang 1€n. Do do, c6 thé noéi rang,
cac vo tau sat tir c6 kich thude 16n dé bi phat hién hon so véi cac vé tau nhé hon khi st
dung cung loai vat li¢u tir.

- Céc két qua cta phuong phap giai tich va phuong phap s6 di véi mo hinh vo tau
hinh cau kéo dai la tuong tu nhau.

4.3. Két qua phan tich diu vét tir truomg ciia mé hinh vé tau két hop

Véi tir truong ngoai dit doc truc z, thanh phan tir truong theo truc y s& ¢6 gia tri bang 0
do tinh chat truc giao cua hé toa d§ cau va cau kéo dai. Cac gia tri tir truong tinh béng
phuong phap ban giai tich va phuong phap phan tir hitu han theo truc x va truc z tai vi tri
20m khi ghép tring truc d6i xtmg va léch truc dbi xtrng 10m, 15m dugc thé hién trong hinh

8vao.
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Hinh 8. Ddu vét tir truong ciia mé hinh vo tau két hop
tink bang phwong phdp ban gidi tich.

Tir cac két qua trén co thé thiy rang:

- Xu hudng tir trudng cua md hinh vo tau két hop ciing tuong tu nhu xu huéng tur truong
ciia md hinh vo tau hinh céu va hinh céu kéo dai. Do tinh khéng dong nhat va khong doi
xung, tir truong cua mo hinh k&t hop bi 1&€ch dan vé phia c6 khoi cau bén trén, gia tri I1éch
tang dan khi khoang cach Iéch tam tang Ién.
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Hinh 9. Ddu vét tir truong ciia mé hinh vo tau két hop
tinh bang phwong phdp phan tir hitu han.
- Phuong phap ban giai tich va phuong phap phan tir hiru han cho két qua tinh toan va
md phong co ban twong tu nhau va cho thy c6 su phu hop t6t gitra cac phuong phap tinh,

sai sO gilta 2 phuong phap nay vao khoang 15%, sai s6 nay ¢ murc c6 thé chap nhan dugc
khi mé phong va danh gia nhanh mot s6 nghién ctru ban dau vé dau vét tir truong cua tau.

- Khi str dung phuong phap ban giai tich, thoi gian chay m6 phong ctiia m6 hinh vo tau
két hop da giam rat nhiéu so voi chay hoan toan bang phuong phap phan t hitu han, cy
thé 1a tir 7 gio 30 phut gio xuong con 1 gid 10 phut d6i véi mo hinh két hop trung truc dbi
xung va tir 7 gio 20 phut gio xudng con 1 gid 05 phat ddi voi md hinh két hop 1éch truc
dbi xtmg.

5. KET LUAN

Tir cac két qua tinh toan va md phong dau vét tir truong ciia mot sé mé hinh vo tau st
tir cho thay:

- Trong khuon khé bai bao nay, phuong phap phan tur hiru han, giai tich va ban giai tich
dugc dung dé danh gia dau vét tir trudng ctia mot s6 mo hinh vé tau sat tir. Cac dau vét tir
truong thu dugc chinh la gia tri tur truong di thuong khi da loai bo thanh phan tir truong
trai dét, cac gia tri, xu huéng cua tir trudng ndy co thé dugc dung lam co s¢ cho cac
nghién ctru chuyén sau khac vé dau vét tir truong cta tdu mit nude va tau ngam.

-Phuong phap phan tu hitu han cho két qua twong tu voi phuong phap giai tich truyén
thdng, véi sai s6 rat nho va cac sb lidu cé tin cdy cao. Do dd, hoan toan ¢ thé van dung
qua lai 1An nhau giira 2 phuong phap cho céc nghién ctru vé dau vét tir truong néi chung.

- P6i voi mo hinh v6 tau két hop, phuong phap ban giai tich cho két qua chinh xac vé
hinh dang dau vét tir truong va cac so liéu xu huong theo tung truc cua mo hinh, co ban
giéng nhu thyc hién bang phuong phap phan tir hiru han, vdi sai s6 c6 thé chap nhan dugc
va ¢ thé giam dang ké thoi gian tinh toan va mé phong so voi phuong phap phan tir hiru
han. Do d6, c6 thé sir dung phuong phap ban giai tich dé tinh toan va mé phong nhanh céc
mb hinh vo tau c¢6 cu trac phirc tap hon trong thuc t&, ma van cho cac két qua c6 do tin
cay cao.

Lrb'i cdam on: Cong trinh nay dwoc thuc hién voi sy tai tro' cua Pé tai nghién cuu cdp nha nwoc
Mad sé6 DTPL.CN - 02/17.
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ABSTRACT
MAGNETIC SIGNATURE MODEL OF SOME IRON-HULLED VESSELS

Today, surface ships and submarines are made of ferromagnetic material, so
they are easily being "seen" by the enemy while operating on the sea. Therefore, the
study of methods and techniques for analyzing, identifying and eliminating magnetic
traces is a top urgent mission. The determination of the magnetic traces for ships is
actually a complicated task and consumes large computational resource.
Consequently, equivalent models with structures reflecting to the shape of the actual
hull are studied. For that purpose, the paper will focus on spherical hull models
using combination of three methods: analytic, finite element and semi-analytic
calculus. The obtained results give preliminary assessments on magnetic
characteristics and trends; evaluate effectiveness and applicability in magnetic
detection and magnetic silencing studies for surface ships and submarines.

Keywords: Electromagnetic field; Vessel Models; Ansys Maxwell; Magnetic Signature; Semi Analytical.
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