
tqp chi C" hc}c t9p XI, 1989 sci 4 (trarig 47 - 52i 
==~--------~--~----~ 

'iNH TOAN TAl TRQNG DONG TRONG CAP NANG V(TT TAU 
NGUYEN TRULrNG 

§l.M& DAU 

Khi thiCt kf! nilng v0t t~u. can xet den tic dQng ella ~6ng gAy cbuy~n dQng 
·g cbilnh d.c tau clru h¢ mang dJim c6 d~t t&i keo, a-en t3.i tr~ng trong d.p• Tt:ong 
nay, ta coi chuytn dQng ella tiJ.U tr~n s6ng nhu da biet va H. kich dQng dQng hQc 
v&i h~ dao d¢ng xet b cilmJi. Tr1png lutiYng nang va tqmg 1am cUa tau_ d3m thu 
: do ket qua do dQ.c thq l~n, do v[j.y chi Cluqc xac d!nh giin dUng. 

§ 2. D~ T BAI TOAN 

MQt dlim Ct'rng dii 11 c6 kh@i lugng m~ d1!it tr&n hai g6I d& a hai diiu A va B 

hinh 1, 2). Hai di'em-n:ly c6 chuy'~n dQng cho truhc z1 = z1(t), z2 = z2(t). DAm c6 
;' thilH bj nlng keo l~'r. Al, Bi· Dmy ca.p dUo/C giln vito hai di~m c va D ella ti.u 
16i luqng mz nam trong m.r&c, va dmj)'c cu¢n lCn v6i 16c dQ lli:lii kh6ng- dOi V• Tinh 
'Qng eve d:;ti xw1l hi¢n trong cap trong qua trinh nl\ng v&t. 

Ta eh:1p nh$_n cae gHi lhitH sau: 

1. Chuyen dQng dao dQng dung dua ella dtc cap nang A1C vi B~D U nhO (~ < 1, 

2), do d6 ta c0 the gi&i h~n a b~i toan chuy~n dQng song pb&ng v&i ha~ b~c 
)• 

2. B¢ ch~nh d(J)c ~Ua tau khi nang v6t thOng thufrng gi&i h~n a tr! s6 nhO bon 
6al ' 20°), vi tht1 cite chuytn dQng dao dQng ella tau eo,i nhu nbO. 

3· Coi trtpng lugng cap n:tmg nhO so v&i tr(j)ng luqng cUa Uiu, trOng tlnh totn 
i cap khOng c6 tr~ng hio/ng co tinh dan Mi. 
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§ 3. L~P PHUO'NG TRiNH CHUY:il:N D(ING 

Ta str d~1ng hai h~ 1!pa d<): H~ c6 d!nh 0-syz, h¢ d(:ng G 1 x':~/z' chu.\'~a tt(>ng t]nh 

n, n) g6c t::lin & Gt- kh6i tam cUa 0.qrn AB. Ha1 h'\lc Ox va G1x' tnlng nlwu vQ.. 
m r.t;a ·" g 1 hi t0 i. chua hufJ.l d(JI1f. Kbi tf.ri bBt d3.u hLf.l.t d¢ng la th&i diem l -= o. Vi 
eli a dUm AB dugc "Xitc djnh biJi hai tQa 0:9: d!ch chuy~n th&ng dlmg ella kh6i ta~ 
lB. ~1' va g6c quay e~, ho~c bai d~i luqng z;, Z2· Ta xac dinh Vi tri ella tau CD 

~-
)llg chuy?m d¢ng luang dOi lrong h¢ G;x'y'z' b3.ng vee ta ~2 = G1G2 (G2- kh6i Um 
a. tau) v:i g6c quay 62 so v6i G1x'. Khi tiri chua hoq.t d¢ng, tU·c kbi t < 0, ~zcosj3. = 10 -

~ 

dai ban diu C!1a cac cap n:ing AtC vi BtD, ~2- d¢ dai ella v&c to ~2, g6c ~ - g6c 

a vee Ia ~2 v&i htr&ng thKng dt'rug di qua Gl• Phuong trinh chuy~n dtjng ella v~t 1 
lm) c6 dQ-ng sau : 

m~ ~~ = T1 + T 2 + m~g - (N1 + N2), 

J, 61 = - N1a1 + Nzb~ + T~(a- c) - 'fz(n1 - d); 

\ 3.1) 

(3.2) 

d~y J~ n:6~ten quo.n tinh d6t V0i kh6i tam Gl; T~, Tz- ll;YC dillg clia cap di.ng 
.c dvng vito A1 v3. 81 (binb 3); t-.r1 , Nz- ph:in luc ella g6r dG 0 A, B I en dfi.m; c:it 
•ch lhu&c kh:lc du<:rc ghi rO b·en hinh. Phtrong trinh chuyEm dQng lua'ng dOi ella 
)12 (tau CD! trong h! G~x'y'z' . 

• 

1 II, ti, q. 

~ j 
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Hinh 3 
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12 

•• - ---'Joo -

J~' 1 62 + m2 reX Wo = M0 ; 

~ ;: 
'[1...---f--r--.....J 0 

p R. 
Hinh 4 

(3.3) 

(3.4) 

)' dAy, ta lay di~m Cl_rc (y 0- giao diem c-Cia duOng th&ng dUng di qua G1 v6'i CD1 - -·c = OG:a, G2 - kh6i Ulm cUa tili.u (hinh 2, 4), J~ - m6 men quin ti11h ella tau, d6i v&i 

.n,tc di qua 0 Lhiing g6c v&i m~ t pb&ng xOz; ~1° - tOng m6 men ella cac l1JC dOi ,~cri - -tn;.c d6; VV0 - gia tOe di'Cm eve 0, Fe h;rc qui-tn tinh do chuy'Cn d<)ng theo: 

(3·5) 

Z:Fi- tOng d.c l1,.rc -Lac <ill}ng len tau, g0m: trcpng lu~n1g 11~mg P ella tau d~J 0· Gz; 

ll;l·c ciin R eli a nuf:-c l&n t ilu d~t 0 F, rt = OF : 

R '"' kSV 2 (3·6) 
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R tin. V - toe d~ djch chuyh cua Un trbng mr.&c (m /sec) .thea phuang thing_ ~\rng 
vil biing; 

v = ~1 - v + .1.~, 

s - di~n tich can thil.ng g6c v6i phuang · cliuy~n d¢ng (in2), k ~ 0,06- Mng so ti Ie 
Uy tir t hvc lighi~m [2, !rang 142] W; lgc c~ng T1o T 2 hu6ng l~n trenva d~t b G, J;> 
(hinh 5). Lvc c~ng c6 hai thimh pMn , thilnh pMn biing s6 T~ vit T~, vil tb.~nh phftn , 
do de) dan dai d¢ng h,c llz;. llz2 nay sinh do dao d¢rg dan 1\bi cua cap theo·phuang 
d~c trvc cap: 

T; = Tt + e;EA, j = 1, 2; (s.s) 

6 dly •; - a(> dan did 'tuong <!6i cua cap j (f = t, 2) v6i E-m0dl1yn i!arl Mi v~t 
lilu cap, A tiet di~n c(tp ; ' 

b2 roP +'rtR 
T~ = ~ (P + R) - · 

/z Ia 
'/ 

" roP +rtR 
T~ = _:_/2 (P + R) + ~'--'-'--'-

2 I, 
(3.9) 

OJ = ll.Z;/(1, - vt), · j = lo 2. 

!. I 'i 

tt, 4 ·J 

A, ~-· Bi ' i 

c .l 
d2 b2 '· 

' ( 
i 

p f' 
0 11 , z F 

OGi= rL O?: 'f 
~· 

{}, -. 
L .- Ay 

4?;, f' 

AZ F I 

[ 
0 

Oz 

Hinb 5 

Ung v6i t.z,, f.Z2 cAc di~m o, G>, F c6 cftc di) djch chuy~n Iuong ung ll~, • .1.~,1, 4~• 
B ieu thj d.c dQ.i luo/ng n~y qua .6~c va 6z, ta, c6: ' 

i 

M, = .1.~, + r.(6~-' 6,), A~, = ll~,- (n- r.) (6,.'!.. 61 ) (3 :to! 
r" •• / \ 

.1.z, = f.~, + (a2 + r.) (62 - 61 ), llZ0 = '.1.~, - (b2 - r,) (62 c. 61), 

Chi~u phuang trlnh (3-3) 14n !rl)c. G1z', phuong trinh (3.4) l&n tn.Ic G1y', c6 hru · 
y d~n (s.s), (3.91, (3.10), va cos 6z "' 1, ta c6 : · ·· ·· \ '· ,.. / .· 

4-160 

(3)1) 

n 



J26z = mac6.~; - m2 r~6; + 2m 2rc~~ ~ EA(e~ a. 2 - e:2 bz); 
J 2 - m6men ~uan tinh d:6i v&i kh6i t5.m G2 • Ditu _ki~n ban c1au a:~ tich phan h~ 

(:J.lJ) h : 

A~,(oJ = o, 6(o) = 62(o) = 0, <1~,(ol = - v. (3.12) 

Tii'H di~n A d.n tinh sa bQ· tru&c khi tkTI ph&n, ch:ing hQ.n thea c6ng thlrc: 

A> m2g/[cr] 
[6) ~- Ung sutH chn phep cUa v(1t li~u dp. 1 

C3_n lrru j dmg cac d~i \1uqng P~ n, n trong (3.9) ·yi mz. h, rc, rr tron,~ (3.11) 
h dl.c di;ti luqng cila tau dam 11:lm drr&i nu&c smu chl dm;rc biet giii1 dUng t'i·oilg gi&i 
h~n n2to d6 ; 

(3.13) 

pt.l') < p < p(2)* 

f)~ l3.m,gi<1m sv ph\t thuQc ella tinh chat ella IO·i gi.iii vito m-ITe dQ khOng x~c 
d1nh ella cac d~i luwl)g m1, Jz, ta chuyen h~ (3.11) ve d~ng kh6ng tb.tr nguyen hang 
cite dan vi sau : kh6i luqng m 2 , chii:u d~,i D va thCri gian 1{!.!l0 v&i 

(3.14) 

Mtrc dQ kh6ng chinh xac cU8 m2, h chi l8.m thay dOi dan v~ m:l th6i· Be c6 
die phuang trinh 1<116ng thU nguy~n, tl'ong c:.1c phuang tr1nh c6 thlr nguy~n (3.11) ta 
chia chieu dZti rho D,, lvc cho EA, t8c 0.9 cho Dw~, gia t6c cho DW~, d~t m 2 = l, vZt 
Hiy d~o hilm v&i thCri gian kh6ng thiT nguy~n w"t. Bua h$ phuang trinh (3.11) v&i c:ic 
bi-?n kh6ng thU: _nguy~n ve d~ng Cauchy ta c6 : 

b.·i; = - <•, + •J - ~'' 
ii, = - <1(ao + r,l 1· •o(b2 - r ,l + r X, - r;8,, 

v&i .d.c dii§u ki~n ban d'au : 

va 

A~,CO) = 62(0) "'62(0) = o, ,;',~o(o) = - v, 

,;<,~, + (az + r ,)(62 - B,) 
lo - v1t 

""~' - (bz - r ,)(82 - 61 ) 
e2 = I v2 = v, 

o - v2 t 

~1 ~(biZ!+ ajZz)/1,, 81 = (zl- Zz)/1,. 

(3-15) 

(3·16) 

(3.17) 

can lun }T ,Ja ttlt h~ thlrc (3.15) tr6' di~ cac bien da duwc viet 0· Jey:'g kh6ng thlr nguyen. 
Lvc ca·ng. &. (3 8} nny c6. d0ng : 

T,= ~2 
(P + R)-

reP + rtR + e;i, 
12 ' 2 

• 
T" = ~2 (P + R) + reP + qR (3,18) 

I 2 
+ ez. 

2 

6 (3.18) c6 d~i lnqng R dln luu }'~ Iifu6n CJ R khOng t:nJ. 11LUJ& 1 vfn _S Y3. V d:i 
viet 0 d:f·ng kh6ng thll' ngu}'~n, ta phcli nb:\n. (3.C) Vfi'J (D3fm 1 ). 

'Tich phfln h¢ phuung trinh (3·15) vfri dtc di2u kiQ'l bun CVlu (3-16) ta thu 
duejrc ~~~ VB. fJz, cbo V:iO (3.18) ~6 luu )· cten (3·11} t<:) c6. lvc cling trong C~H;! cilp \,fing. 
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§4. T A PHAI TIM TRJ s6 TUY~T D6I CIJC D~I CUA 

T;, (j = 1, 2) (3.18) 

Xet d~i lugng V trong R (3.6). Luu j· (3.10) ta c6: 

Vi dao d<)ng lit nh<l n~n I 82 I~ 1, I 81 I ~ 1. vil vi tM phari them vaq V cua ~huyh 
dQng GfUay cUa con Um trong m~t ph&ng chuyen d¢ng c6:_-~he coi Itt nhO_-kh6ng:_ding-_ 
ke so v6i cite th<lnh ph:ln khitc, do v~y~ tluy vi (4.1),_ ta C6: 

(4.2) 

Viet hib cac h¢ flute tinh Jvc cang T 1 , T2 (3.18), c6 luu j (3.6), (3.7) vir (~.2}, ta co.:·. 

v6i: 

b -· 
Ti1 = -

2 
(P + KSV2l + 

lz 

h =· h(r 
" 

. __ ,,...,_ (4.4) 

P) = -1
1 (r P) 
2 ' 

Nh~n xH rllng cite d~J-i hrgng Ttt va Ttz phlJ thu¢c mQt cilch l~y:en ·t'iTili' Yao -c:ic 
tham sO rc, r1, P v6i c:ic trJ ella clu'tng nilm frong c-_mi_en l@i (3.13).: "r:1 phai :~.h~n 
trong t~p ho/p cac' tri d6 tO bo/p (( xau nhit ))_ Jam C"flC tr! h6a .T11, Tzt· :TheO din~.' It 
quen bie.t cila qui hol}-ch tuyen tinh, C1JC! trj cUa Tjt (j = 1, 2), neu ~6, \chi _c6-'thE;.n_Am 
0 cac dlnh ella hinh hQp ha ch'ieu, t:;~.o cilvng .n€m bOi mi~n :{3.J3f cUa 3._ bien_-.r.(i'i~ '-P 
v6i s6 dinh u. 23 = 8, c6 nghia lft ta Ghi pbiH Iva cbtj)n v6.i _s@ 'p_hua~g_ an. k:hOng 
lim l~m [1]. · . · . 

Ta cO th~ chllng minb r3ng cac Cl!-~ tri cUa.ham U;t\1-Ci,H~u::phi tu~_~n-:]'h (~.5)' 
n~u c6, cling nam & c:ic trj bi8n e:Ua rc,_ p. Mu@n the, t.e. Urn -hai phep bi6n d(H :·a)- di 
chuyen g0c cU. a trl)C rc• va P 'sao cho rc va P'' lu6n_ Ia_ duang, Q) '-sa~ d-6· dOi tTl' c:ic 
bien rc, P sang cite biEn Y2• Y5 b3ng h~ thfrc : 

Y2 = lnr,, Y5 = lnP, Y1 = ln(h) (4.6) · 

'-

Thay vi (4.~), !a c6: 
Y1 = Y2 + Y3 (1.7) . 

v6i 

(4.8) '"""' 

y~il = ln p(iJ, i = 1, 2· 

Ta thay Y1 ph\1-
1 

thuQc tuyen linh vao -y2, y, v6i dtc tr! cUa chltng H·oug mi~n>J~"i, 
(4.8). Cling l,Y lutm_ tuang IV pbu 'treu, cT_r'c tr~ ella Y11 neu c6, thi ci111g- chi _cJ _.c_a~ \. 
dinh cUa hinh chfr nhQ.t @o mien (4.8) t;:.to nGn, v~ vi d.c h3.m y2• Y3 la-.ham_l3.n4:-·4on 
di~u cUa rc, P nen qrc )rf cUa ham h (4,5) cling niim & cac hi€m ci'ia fc. P.- 86- _i_it_-dieu 
ta ph<li Ghlrng ·"minh \-
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§ 5. V AI DitU CAN LUU Y KHI TiCH PHAN 

a:e; PHUO'NG TRINH (3.15) 

Khi l*p phuang trinh chu~~n dOng, ta ngam cOng nh~n cilc lien kM Ia gift, 
c6 nghia:- lii 

.(5.1) 

Di~u n!y xuO:t- ph.:H tlir yen diu thl!c ti~n ella vi~c nil1~g vc':rt tau, vi t6c d¢ r._ang thu&ng 
nhO de khOi t~o n.&n m6men quay gay ra dQ chenh dt>c i&n ban th cho ph~p Got':, tri1~h 
u~ t cap kboi Hlu, gay tai n~n [3]. Thu&ng ngu&i la l~y d¢ chenh d9C ct0 pbep ]a e.: 

1e,j < e •. e. = 15° ~ 20' (5 2) 

Trong thl!c tien, ngu&i ta thl€t l*p li~n kE!t phltn hOi gifra may do d¢ ch~nh J~ch cUa 
con tin nam trong nuvc, IVc ding trong c:ic cap nang va bQ ph~n dieu khi'en l&i rang 
keo. Qui lu*t dit~u khi~n nhu san ; 

Khi TJ = 0, thl v; phai cho Mng 0 (j = 1 ho~c 2, irng v&i cap 1 va 2). 

Kbi ,e, I = o. thl 

- nfu 6> > O, pbai c6 v2 = 0 (trong ••· irng v6i dp B1 D)' 
, - neu e2 < O, pbai c6 v:1 = 0 (trong <1. uug vlri cap A~ C) 
Ung v&i qui lu~t dieu kbien vlra n~u, trong kh·i l~p chuang trinh tinh to:in tren may 
tinh, ta phai .... c6 nhfrng chO re nhtmh din thi~t tuang frn'g~ 

Can luu y lit khi VI= 0 (i = 1 ho~c 2), h,rc can R l&n con tltu vil di~m d~t ct\a 
nG' cii.ng thay dOi, vl khi d6 con tau (v*t 2) nhu quay (o[uanh C (n~u i = 1), ho~c D 
(n~u ii= 2). B~ tim diem d~t ctia- h.rc R riay, ta :lp dvng con·g thln;_ tim tim ella dtc ll!e 
sOng song, vit htU j djnh lu*t sau ! h!C ciJ.n b c:ic m~t c3.t ngang COD t3.u ti' 1~ y(Jj 
chi~u r(ing con tau a tiel oli~n d6 [2, !rang 119]. 

§ 6. Kt'r LU!,N 

D~ tlnh lrj s5 tuy~t d~i eve d~i cua lye cllng trong dp, ta tich ph~n h~ (3.15) 
va tinh T~ va T~ theo (3.18) v6i t;lm tO hgp kh:lc nhau vii! c:ic tham s6 rc, r 1, !c: 

1) • 1 pi. 2) ,.1 r1 p2. 3) rl, r;, P1 ; 
2 

fc• l':(t ' c' f, ' • 4) r~, rr, P 2 ; 

5) l I pl · 6) r 1, 
I p2. • 1'3 pl. 8) 2 .• 2 rc,rt•' • rt, • 7) I',. (' . r c' It, P . 

Trong chuang trinh tinb toan c6 Juu y d~n quy lu~t di~u khih a ffil)C §5. Cir v&i 
mOi phuang an tO ho/p tham sCS, ghi L;d trj sell tuy~t dC'ii c-gc d~i cila T1, 'f2. So dnh 
c:lc kCt qua ella him phuang an, ta thu dugc ket fJUa c3n .tim. Neu c6 luu & b¢ nbC. 
thai di~m to rrng v6i eve trj lim dugc, khi tinh Jvc dng theo (3-18) ta c6 tM tb~m 
I rQng luqng ella do~n cil.p Ung v&i th&i <tiem dQ. -Th&i kbo:ing tlch phftn lft. t"W' t = 8 
den t = !o/V• 

Tic gi3. bay tO l6i cam an gi:lo su Nguyf'n Xuan HUng ve vi~c de xu·:H bfti toan 
ttlr thl;l'c tien, giRo su VU Tan Khiem v3. Nguyen Xuan' HUng vC nhfrng cuQc trao dbi 
qui him va bO ich. 

fJja chi : 
Vifn KHVN 
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(x~m til p trans 56) 


