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MOT VAL VAN DE DONG LUC HOC
CUA ONG DAN NGOAI BIEN

PHAM HUU TU

Ngay nay khéi hrong diu, khi khai thic dwge & céc ving bién thim luc dia nghy mét ting,
sin lwong hing nim chi€m t&i gin 20% .

Phwong tién chinh ding d€ vin chuyén diu, khi vi nhitng sdn phim cia chiing tir noi khai
thic vao dit lien 13 dwong Sng, dwdmg kinh cda ching t¥ 0,3 d&n 1,2 mét, chidu dii ¢6 noi dat téi
hang chuc km v3 dé sin nuéce bién ¢b nhu'ng vang t&i 800 mét.

Trong khi tinh toin va thiét ké du‘o‘ng &ng ngoai bifn vidc nghign ciu ddng lwe hoc cia chung
13 rit quan trong. Nguyén nhin do ng din ngoai bién ludn chin t4c ddng cla hing loat cic yéu
t8 cda mbi trwdng nhu: dong chdy, séng bé mit, séng ndi, bi€n dang v be mit ddy bifn, 4p luc
thdy tinh cia cdt nuwéc. Ddng chiy, sdng giy ra dac déng cla dwdmg &ng vi cdn trd vide djt
duwdrng 8ng vio vi tri thidt k& ban d8u. Tii trong cda séng, dp luc thiy tinh cla ¢t nwée ¢6 anh
hwdng 16n dé€n phin bé ndi lyc trong thanh 6ng & nhirng ving udn ( chd yéu phan treo nim giita
mjt nuéc va ddy bién ).

Khi tinh todn va thigt k& dwdng &ng cin phai bi€t cdc trang théi gidi han cda ching cé ké
d&n dnh huéng cla céc tic d6ng cda moi trwdng nwée bidn. V& vin d& ndy cho téi nay chra ¢
mdt cdng trinh Iy thuyét ndo nghién ctru hoan chinh mic dd timg phin riéng bigt di c6 nhidu
céng trinh dé cip dén. Trong bai ndy tic gil giéi thidu moét két qui nghién ctu twong d8i hoan
chinh v& mit Iy thuy&t déng lwe hoc dng din ngodi bidn, bao gém cdc phan:

- Thiét lip hé phwong trinh téng quit m t4 dong lye hoc c¢la dng din ngodi bidn b ké dén
tic ddng cta dong chiy, séng & mbi trwdmg nwdc bién vi kich déng cda dong chit 1éng chiy trong
ong.

- Thu nhin mét vai trudng hop riéng rdt ra tir hé phuong trinh téng quit nhw déng luc hoc
hé diy neo, dng din mim.

1.Hf PHUONG TRINH DONG LUC HOC TONG QUAT CUA ONG DAN
[N ~
NGOAI BIEN

Trudng hop Sng din ndm trén mit d4t hay trong Iong ddt thwdng c6 dang dwdng thing, céc
phwong trinh dong lwe hoc cia ching da dwge gidi thiéu trong [2], nél chung & diy dwdmg Gng
chi chiu tdc d4ng cia cic luc holc phin b3 deu hojc tip trung va hinh dang cda dwdng cong truc
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&ng 13 nhimg dwéng cong ¢é 46 cong nhéd vi 1i nhimg dwéng cong ph%ng
Trong (5] tic gi4 da xiy dwng hé phwong trinh déng lwc hoc cda dng din nhung chwa ké dén

téc ddng clia nwéce bién. :
Trong phin ndy tdc gid dwa vio ly thuyét co hoc mdi trucng litn tuc va If thuyét thanh

ménh [3,4] xiy dung hé phwong trinh tng quit véi gid thift ring ng din théa méin cic didu kién

cda 1§ thuyét diy minh va ¢4 m3t cit ]a hinh tron.

1.1. Céc biéu thic déng hoc

Ta dwa vao 3 hé toa 46 nhwr sau:

- Hé toa d8 D% céc c8 dinh véi céc véc to don vig, 7, k.

- Hé toa 45 ddng gin véi truce 6'ng 7, 7, b.

7 huéng theo phwong tiép tuyén véi truc &ng, 7 phip tuyén cda dwdmg cong truc dng,
b1 (7,7) (Hink 1)

7 MeAM
A
? 7 P+hFP
~ ~a <, 2
F2
( B~ 273
!/ mg
x)
5.
2t _
- 0 A
£
Hink 1

- Hé toa 48 dong vit chit gin véi truc Sng &), 8, €3, €, = 7, 83 V3 B3 ndm trong mit phing
{ #, b ) va néi chung hwémg theo cic truc vit chit chinh cda mit cit ngang.

Phwong trinh dudng cong truc 8ng din dwoc viet & dang sau véi t - bifn thdi glan, s - tham
s& Lagrange (c6 thé 14y 13 46 dai cda phin ti cung truc Sng & trang théi khéng ng suit:

F=R(s,t) = X(s,2)s + Y{s,8)5 + Z(s, )k, | {1.1)

( ¥ véc to ban kinh dwdng cong truc Sng ké tir gdc toa d6)
Vian tdc dich chnyén cda cdc di€m truc Sng

8k

Vin t8c phan td- chit 18ng chiy trong 8ng
V =5+7W, (1.3)
trong 46 W van tdc twong dai cda déng chit léng chdy trong dng va
ds d a W



¢ day gil thit ring dlrcmg ong cé thé co dan theo chigw dii truc Sng vi ky hidu d4 co dan
ds 1a A

OR
A== 4
Os (1 )
Coi 46 co din 13 nhd, nén c6 dign kién
AL (1.5)

Béan kinh d% cong truc dng ky hiéu 13 K v3 d6 xodn x. Bifu thic cda ching cé dang nhu sau
8 ,0R 1 318 ,8R1r3R 8 ,6R
=356 x= e )] s < 75 o)) (16)

1.2. céc phuong trinh ddng lyc hoc

Dira vao 1y thuyét co hoc mdi truwdmg 1idn tuc ta cé thé vi€t cdc phwong trinh cin bing khéi
Twgng va d3ng legmg cda phin ¢ Sng va phin ti chit 1dng chdy trong Sng nhw saw:
a) Phwong trinh cin bng khoi lugng va dong lwong cda phin t& dng

(%)l(plflus) =0, (1.7)

d aF
(a) l(pl Fi0Ads) = 57 45+ @hds + p1f1gAds + PAds. {1.8)

b) Phwong trinh cin bing khéi lrong vi déng lwong cda phin t& chit 1dng chiy trong &ng

i(F’z.fz)\)

at

(i) =0, (1.9)

20 T 3
Trong cic phurong trinh trén
pi, pz - mit dd cla vat liéu thinh 8ng vi chdt 1dng chdy trong dng,
fl, fz - dién tich mit cit thanh &ng va chit 1dng di qua &ng,
G - lirc ngoii do méi truedmg nwéce blen gly ra,
- Iyc do #ng sudt dan hdi & mit it thanh &ng,
- gia tée trong trudng,
E - lwre twong tac gira thanh dng va chit 1dng chdy trong éng,
P - 4p luc do dong chit ldng chdy trong dng giy ra.
D# loai trir thinh phin lwc 3 ta cdng hai v€ cla cdc phwong trinh (1.8) va (1.10) k&t qud thu
dwge: ‘

v, w a"xf] __3(Pf7)

p2fz [( T ds +p2f27 — B (1.10)

v Wav aF 3
P1f1 +P2f2( + "j‘g—) =3, )\33( f2T) + G +73, (1.11)
— d,- g
G = (p1fr+p2£2)F, ("&;)1: a
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¢) Phwong trinh cin bing momen ddng lrong d8i v&i phin ti chat 1dng chiy trong dng.

O day st dung céc gid thi€t: lwc cin chinh d6 udn cda dng do wng suit din hdi trong bin
thin vit lidu éng gy ra, bd qua momen tng suit tic dong trong phin t& chat 1dng, mémen lyc
quén tinh do truwdmng van tdc chdt 1éng phan bé khéng d8u trong mit cit phiin xuyén qua cda 8ng,
momen cla lwe tiec ddng twong hd gita ddng chit ldng va thanh dng. Cic gid thift dé thda man
trong cac digu kién sau:

1 Er
E‘?V—;E > 1, P—I; > 1. (1.12)
trong @6 E modul yunga cda vit lidu ong, I;, I, momen qudn tinh mit cdt thanh 8ng va mit cit
cé chit 1dng chiy qua. & iy con bé qua mbmen lwc twong thc gifta Sng din vi méi trudmg nude
bidn. Véi cic gik thift trén, phuong trinh momen déng lwgmg d6i véi phin t¥ chit 1dng chiy
trong 8ng ¢6 dé cong nhd hoin todn thda min (t& phwong trinh (1.10)).
d) Phuong trinh cin bing momen déng hrong d8i v6i phin tir &ng & 1a:

7 OK: _ OM +7xF+m
T = ,
P78t T 2as
(1.13)
K, = [/fxaxfds-?] = 2Lw,,
f1
trong 46 f; dién tich mit cit thanh ng. @ = —%N + bA + Tw, vin t8c géc quay cla mit cit
thanh &ng, va
w, =T, ' (1.14)
7 bén kinh véc to diém vit chit trong mit cit thinh 8ng so véi tam cla mit cit,
N=)%R,
vi
A= AT'RR .. {1.15)

M momen trng suit dan hbi trong mit cit thanh dng.

Trong (1.13) 43 coi tong cc thanh phin theo phuong phép tuyén va bi phip tuyén cda momen
lirc quéan tinh trong mit cit thanh dng py K1 = pi I, (~7N + bA) ¢b ciing bic véi cdc thanh phin
cta mémen hre quin tinh cda phin t& chit 1dng chdy trong ng nén cé thé bd qua. Ta chi giir lai
trong {1.13) phin momen lyc quan tinh gin véi d6 xoay cda 6ng quanh truc cia né, néi chung ta
coi chit 1dng chiy trong &ng khong tham gia vio thanh phin quin tinh xoay cda dng (d4y la mot
x8p xi nhung khéng 1én). Trong (1.13) thye ¢& d3 tinh 4nh hwdng quén tinh riéng cda mit cit
thanh 8ng d&€n dao déng xodn cila nd.

Trong thwe t&€ néi chung truc cda dwdng Sng & trang thii khéng dng suft cé thé khic véi
dwdng thing, ki hidu géc gifra 7 va 25 13 (s, 1)

Ta dwa vio véc to

a
¥ = (x—i— A—;ﬁ-)éi—i—KSin'ﬁz—i—Kcoqum (1L.18)
véc to ¥ xdc dinh tit mdi lién hé
dgy .
ﬁ";zxxe,- (#=1,2,3).
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Mit khac theo [5] ta cé

M= Alx - x5,
A=A €8 + Angerey + Asataes,

Y[()H = xop1€1 + Xoz€z + Xozes.

(1.17)

Xoi cac thainh phin cla vée to ¥ & trang thii khdng dng suit cda dwdng cong truc ng.

¥o = X01€10 + Xo2820 + Xo03€30
Ay =C, C=2pulh, Ayp=Ax=FEIl.

& hé toa d6 déng 7, 7, b cdc véc to trén b dang

) = xoT —RKpsin-y + b Ko cos ¥,
= TTA]_]_ + nnAgg -+ bbAgg.

1.3. Xac dinh gdc quay (s, t)

Prra vdo géc quay cia hé truc gin véi truc ng ¥{s,t) ta cé

8¢ v

+ == hay = fx+—Ads+const.

E“X Ads

& trang thai khéng tng suit ludn cé thé coi gée ¥ =y = 0 vi thé vée to

— - a
M =#%M, +bEL(K — K1) +?(G:\~§% + My,)

M, =FILKysiny, HK;=Kgcosy, M, =—Cxo.

Trong truwdng hop & trang thdi khdng #ng suit, truc dwdong ng 13 duwdng thing thi

. LAy

khi truc Sng ¢6 dang dwdng cong phing

oy

N&i liye F bifu difn qua céng thitc
F=T+Q,.

T lwe cing doc truc, @, lwe cit ngang mit cit.

{1.18)

(1.19)

(1.20)

(1.21)

(1.22)

(1.23)

(1.24)

Tir phwong trinh ¢in bing mémen déng lwomg ta thu dwyc cic thinh phin cia lwe cit nhw
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(K - K
Qn - “Eflml Ty XMH,!
Ads (1.25)
Gy = ~EL(K — K\) +/C%+M~)+m oM, -
b= 1 LIX 75 TR i " s
Chida {1.13) 1&n truc theo phuwong tip tuyén 7 ta b
Bw, ¢ 1089 , DM, .
2p1 1 SN il 4 - KM, + 225 1.26
phr =55 (55 T 35 (1.26)
Sau khi bién déi phwong trinh (1.26) ta cé
a2y 8 [ dw,g(t}] ¢ 8 (1 a¢) BM,, )
I A \d: =22 {22 o KM, it 2
2o | Bt/ﬁN T NBs \ngs ) T M (127}

0

L | A ra -~ g N 5 2 o~ Ed I 2 o
Khi kbdng ¢é mdmen xodn ngodi my, = 0 vi cdc mbmen xoln & cdc din cndi ofa Bag thd
a

Al . .
— =G khis=0vh j Ads = L, wyo = 0. T phwong trinh {1.27) ta ¢ thé rit ra che trudmg
; :

5s
hgp rifug nhw sau:

2} Xét trwdng h?p dirng, & trang thai khong éng suit truc Sng 1 dwdmg thing thi v = 0,
M, =0, My, =0, gj

Nhw viy tiép sam dé dwomg éng ¢ khéng bi xodn.

b) Ciing truwdng hop dirng véi trac Sng udn khdng phing, 46 xoin cia Sng néi chung 88 duoc
xéc dinh ¢t phwong trinh

=0

cd, dp, di,,
Ads(Ads)_KM” T ads

(1.25)

¢} Méu xét trodmy hop khdng ddmg, truc dng udn phing hay k€ cd trwdng hop vln phing &
trang thal Gng sudt thl v =0, M, =0, M1, = 0. do ¥ = 0 khi d6 ta ¢d bii todn 48 xdc dink ¢ 12

%y ¢ 8 8:,&:)4

57 T 3T e g

. o
tZQ: P =4, EEZD,
2] S
={: — = 0, =gy, o =0, 1.28)
y ds FEI (1.29)

Sug khong xodn khi ¢t < 0, do vay ¥ =0 (vd My, =0} khit >0

d) Néu xét trudmg hop ubn khong gian khéng dirng, thim chi ngay cd khi truc &ng 13 duémg
thing & trang théi khong émg sudt { M, = 0, M1, = 0 ) va ngay <4 khi v6i ditu kidn cda (1.29)
khit > 0, ng bit diu xofn { ¥ £ 0} vi N # 0. . '
lién hé

T=EBf(A-1). (1.30)
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1.4. Phuong trinh xéac dinh ap lyc:P va van tdc W trong dong chit 1dng chay trong
ong :

Coi chat léng chly trong dng ¢6 d3 nén y&u, bidu thic xdc dinh mét dd cda né dwoc vids nhu
sau

PP,
K

). (1.31)

pz = 920(1 +
_ o
Thinh Sng bién dang chi yéu theo chidu ngang, trong 46 bién dang ngang khong phu thudc
vo bifn dang doc, khi d6 dién tich m¥t cit ngang thanh ng thay dé phu thudc vio dd chénh p
giira trong vi ngodi thanh dng |
- Pg) _ Esy
K& 3 ¢ = 2&0 )

fa= faoll+ (1.32)
ao ban kinh mit cit ngang thinh &ng ¢S chit 1dng chdy qua,

P20 miat d6 chit 1dng twomg wng véi dp sudt cho trwéde Py,

fa0 dién tich mit cit Sng c6 chit Yng di qua khi khdng cé sw chénh 4p,

Py 4p lwe ngoai cha mdi trudng nwée bidn.

Tir phwong trinh (1.9) sau khi bién d&i ta thu dwgc phwong trinh dé xdc dinh ap luc P

8P 0P K. 0Py Ko 9\ oW

T S5+ 57 = 1]—1 1.33
at X3s K5 Ads A ‘a8t | 3s (1.33)

) =0, K“Z[?;+E

Lue twong tic @ cb thd bifu difn nhw san  $ = 7y, + by + Tio:,

Pitu ta quan tim 1 thanh phin lrc do ma st thinh dng giy ra «,. '8} déy ta sd dung cdng
shire

. 2w
2r — P—=, ¢ = ¢.(Re), Re:-zﬁ

ds L (1.34)

¢« hé 58 ma sat
Chi€u (1.10) 1én truc 7 ta thu dwgc phwong trinh diung dé xic dinh vin t8c ddng chit 1dng
chdy trong 8ng nhw sau .

av,
at

av,

~AV,,,~NV1,+W(M P

Ads

p2fa [ - KV,«,)} = - ~ o, + G (1.35)

5
trong 46 Ga, 12 hinh chifu cda G, trén truc F.

Nhuv vy céc phwong trinh (1.11), (1.26), (1.33), va (1.35) dd d€ xé4c dink cic 80 X, ¥V, 2, 4,
P, W néu nhv bift dwgc ngoai lue 7.

2. XAC DINH NGOAI LUC

g day gid thiét ring chidt 1dng thudc méi trudmg nwde bidn 13 chdt 1ong 1y twdng, chuyén
Aéng khdng ¢6 xody (trudmg hop cb xody sé gidi thigu sau ). Dwémg kinh cda dng dbn nhd hon
nhign Iin d6 dai cda buéc séng mit nwée bifn nén cé thé st dung cdng thire tinh lyc thiy déng
cda nwéc bién theo Morixon {6]. Biéu thic tinh lirc tong quit dwoc viét nhw sau:
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§= aat +—q-d)

_ oz 822, _
st & [“ Psfsga + psfag(ds — S)Eﬂn,

Ty = Gan?t + Tapb,
(2.1)

Za() ={ Psfs[g: (dii) v ] +Psf3( ;3) "3'0933103[?—51(?—37)}:
fs=Ffi+ fz;

g, =0,

V3 Vin téc cla dong chdy nuwéc bién bao gbm dong do séng gy ra, dong thiy tridu,
ps mit d8 nwée bién, 7,, 4p lwe thiy tinh cda cdt nwde bien .

o diy da ké dén inh huwdng cia 46 cong ban kinh dwong truc ong dén dai lweng dp lwc thiy
tinh ma tir trwée t&1 nay chwa dwoc chi ¥ toi.

Qua tinh todn cu thé thiy ring thinh phin dé cd ink hudng 1én t&i A6 vong clda phin treo
dudmg 8ng trong nuéc bién.

Thanh phin thér nhit trong G, xuit hién trong chuyén déng khéng dirng do ¢4 sy tham gia
cla khdi lvgng nuwée kém. & d4y gi thi€t ring dwdng dng dwéi bién dao ddng b 45 dai 16n gip
nhigu lin dwémg kinh vi bién d6 dao déng cwe dai ciing nhd hon nhitu lin chitu dai cda dwdng
bng.

Trong trwdmg hop ndy dai lwong khéi lwong nwédc kém d8i véi tredmg hop Sng ciimg chuyén
déng theo phwong phap tuyén cda truc vi dng din dao ddng din hdi c6 cing bin kinh sai khdc
nhau v&i dai hrong kha nhd vi c6 thé bd qua.

Trong truwdmg hop chung dai lwong khéi lwgng nude kém phy thude vio vi tri cda dwdmg &ng
nim trong nwéc bidn so véi ddy bién cling nhw so vé4i mit nwéde, nhung thuwe nghiém di chimg
minh dwge ring khi dwdmg 8ng & cdch mit nude ciing nhir ciAch ddy bidn mde khodng 13 3D va
16m hom thi hé s8 khéi lwong nuwée kém cb gid tri nhw trong trwdng hop & mdi trudmg nwée bién
sdu v8 han.

Binh thuong d6i véi éng tru tron cb thé ldy €, =
Thanh phan thi hai trong ngodc 13 thanh phin hrc cdn, hé 58 Cp 14 hé s8 lwe cdn néi chung

né phu thudc vio nhigu y&u t8: d6 nhdm, tri s8 Re vi dugce xédc dinh tir thwe nghiém, binh thwdmng
co thé lay Cp = 1,2.
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Thanh phin tht ba - do gia t8c riéng cla nwée bién tao ra, gia t8c dé inh hwdng dén phin
b& 4p luc trén m3t 8ng, ddn d&n xudt hién lwc twong ty nhw lyc Acsimet.

Ky higu (%) dwee hiu nhw sau:

3
(D), -§ees
dt/s 8t "

Cin chi ¢ ring & diy do dwdng Sng ¢ kich thwéc theo chidu ngang {dwémg kinh nhé hon
nhiBu [in dé dai bwée séng mit bi€n) nén biéu thic tinh hre thiy déng cda nwéc bidn cé thé tinh
theo cdng thic Morixon {6], v khéng cin phdi tinh d€n 1y thuyét séng phin xa.

KET LUAN

Dua trén co s& co hoc méi truwdng lign tuc, I thuyét thanh manh v co hoc chit 14ng, & day
d3 nhin dwoc hé phuong trinh t8ng quit mé ta ddng luc hoc cla Sng din dong chit ng nim
trong m#i trwdng nwéce bidn, tng dung trong vide vin chuydn diu khi.

Tir hé phwong trinh thu nhin duwoc néu coi 46 cimg cda vit liéu éng din bing 0 ta dwyce hé
phuong trinh mé td ddng lwe hoc cda 8ng mEm va néu céng thém ditu kién thu dwoe hé phrong
trinh mé t4 déng hre hoc cda diy neo trong nwde bidn.

Dia chi : ¢ Nhdn ngay 19/7/1989
Vién Co Vién KHVN
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PE3IOME

HEKOTOPBIE BOIIPOCKHE O AUMHAMHWKE MOPCKOPO TPYBOIIPGBCGIA

B pafoTe,Ha OCHOBE TeCPHY MEXAHUKH CIUIOUIHON Cpefbl H TOHKHX CTEPIKHEH BLITMCAHA
obUlad CACTeMa YpaBHEeHWH NWHAMHKH MOPCKOro Tpybouposols, YUUTHIBAA BO3EHCTBHA IO~
TOKa TeKyHllelt KunxocTH B TpySonposoge B MopckoH cpepri. IlomyyeHBI HEKOTOPEIE HACTHbIE
cay4ya¥ M3 2ToH Teopum. B KauecrTBe KOHKpeTHOro mpusepa B padoTe pacMOTPEHEl 2afaum
ManeixX KoneGaHWl BEPTHUKAIBHOO TPYOONDOBOOA, COAEPMAINET0 TEKYUIYIO KHIKOCTE TOJN
LefCTBHEM MOTOKA MODCKOH CPEABI W MOBEPXHOCTHSIX BOJNH, 33345 DEUlCH& HOTYaHATHTH-
YEeCKHM METOROM.



