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iNH TOAN TAI TRONG BONG TRONG CAP NANG VO'T TAU
NGUYEN TRUONG

§1. MO DAU

Ehi thift k& nAng vat lin, cin xét dén lac do6ng clha somg g4y chuy®n dong
g ¢hanh céc tiu cdu hd mang dim co6 dit toi kéo, d€a tdi treng trong cap. Trong
nay, fa coi chuy&n déong cfia thu trén sévg nhw di bigi va Ia kich déng déng koo
voi hé dao dong xét & dwéi. Treng lweng ning va {reng Jam cha thu d&m thu
: do k&t qud do dac theg lim, do vay chi dwge xac dinh gdn ddang.

§ 2. BAT BAI TOAN

t

Mot dim cdng dai Iy c6 kbéi lugng m,; A&t (rén hai ¢61 d& & hai ddu A va B
hivh 1, 2). Hai &i%m_hnély ¢d chuydn dong cho trude z; = z:(1), zo = 2,{t)» Dim c6
; thiét bj ning kéo tai Ay, Bi. Day cap dvec gin viao hai di8m C va D cha tau
161 lwong m2 n¥m trong nwée, va duwee cudn lén vl 16e 4o dai khong ddi v Tinh
"ong cuc dai xudt hién trong cAp trong qud trinh nang vét.

Ta chdp nhin cac gid Lhigt sau:

1. Chuy#n dong dao ddng dung dwa cla cic cap ning 410 v ByD 1a nhd (5 < 1,
2), do d& ta cé thé giéi han & bai toan chuyén dong song phing véi haj bic
).

- D6 chénk doc cita tdu khi nang vot thong thuoug gidi han & tri 88 nhé hon
agl % 20°), vi thé cic chuydn dong dao dong cia tiu coi nhw nhé.

3. Col treng lugng cap nang nhd so véi Lreng luwong cla tiu, trong tinh toin
i cdp khéng c¢6 treng lugng co tinh din héi.
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§3. LAP PHUONG TRINH CHUYEN DONG

Ta st dung hai hé tea dd: He ¢ dinh Gwz, ha d(nw Clx v’z chuvda dong Ynh
v, et géc gdn & Gy — khéi tam cta dim AB. Hai truc Ox vi Gl‘; {ring nhau va
m ygarg bhi 101 chua hoat ¢one. Khi 16 bit d&n heat d6ng I thei didm L= (. V§
clia ddm AB dugc wic dinh béi hai 10a ¢ dich chuyén thing ddng cfa khéi tam

la & va goc guay 61, heic bhai dai legng ll, Zz Ta xhc¢ dinh vi tri cda tdu CD
= e

sng chuy®n déng tuong 601 trong ke Gyx’ y z bang vée to &y = Gy G2 (G2 — khéi tam
a tdu) va goc quay B2 so véi Gyx’. Khi toi chwa hoal d¢ng. toc kbit < 0, EzcosB = 1o
dai ban diu cda cdc cdp nang A1C vi BD, £y ~ dO dai clia véc to Ez, goc B — géce

a véc to Ez véi hwéng Lhang dong di qua Gl» Phwong trinh c‘iuy%n dong clia vat 1

-

&m) c6 dang sau @

my gy =Ty + Ty + myg — (N, + N), {3.1)

301 = — Nyay + Noby + Ty(a — ¢} — 12(py — d) ; (3.2)

day 31 — modmen quin tinh déi voi khéi tam Gl ; Tis T2 — luc cling cia cip rang
o dyng vao A1 va 8y (hinh 3); Ny, N2 — phan lue cha gdi d& & A, B lén dim; cac
ich lhuwoc khac duoce ghi 19 hén hinh. Phwong trinh chuyén dong fwong 461 chaa

2 (lau CD) tmng hs Gl‘iy z’
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mzé;zz Z 1*:: + 1;;. : - , (3.3)

hid — — - .
398, + mare X Wo = M, 5 (3.4}

¥ day, ta ldy ditm
«« = 0G2, Gz — khdi thin cha thu (hinh 2, i), J3 — md men quan tinh cfa tHu ddi veéi

ruc di qua O Lhdng géc voi mit phiing 50z 5 M® — ting mo men cla cac lye déi vai

ewe & O -~ giae di&m cla duong thiing dtng &i qua Gy vel €D,

tryc d6 ; W, — gla tfc didm cuc 0, Fe luc quén tinh de chuyén déng theo:

- —
Fe = — mgal . (.35)

ZFi — tong cdc lue 14c dung lén {du, gém: treng lugag ning P cha tiu dat & Gy
. - —_ ‘
luc ¢dn R cta nute léntdu &5t & F, re = OF ¢

R == kSV? (3.8)
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va bing: ) ;
V= El-ﬂ"r'V'i’AEf .

S — dién tich cdn thing gbc: véi- phwong: chuydn - dc‘)ng (mz), ' noos— h.’mg s6 41 le_:
14y tir thye nghiém [2, trang 142] W lyc cing T, T hu:('mg Ién tren va, dat o C, D"
(binh 5). Luc cing cd hai thanh phi‘m thanh -phin. hang 56 T1 VA '11, VA thﬁnh phﬁn‘-_
do d9 din dai dong tuc AZ;, AZ, ndy sinh do dao déng dau hb a.ciptheo: phucng
dec truc cap: ‘ S

Tj = '11 + SJEAy i .-_1," 2‘_.;_ -_j

& dy & — d¢ din dai twong ddi cha chp. ](J -—,,1.'2') v(‘nE-'

moduyn
lidu cdp, A tidt ditn cép; -

rp = 22y gy o IRETR
oL l‘Tz . : '];. i
! a reP + 1R
T} = ’2(P+R)+.°_I -
2 -2 ]
g = AZi[(ls — vi), i = 1.2
4

PR

Ung voi 8%y, AZ, cic &idm O, G2, F cb cic @6 dlch chuyén tuo-ng ong AE AE‘
Bién thi cic dai.luong nhy qua Afe va B2, ta’ cé e '

A%, = A + 1 0), Afx = Ak~ (o= 1) (2% 8,)
AZI = Af, +. (32 + rc) (62 e ): Az = AEG - (bz . lc) :(B =6,

Chidu phuong trinh (3.3) 18n truc Gy2's .phu-ong tunh (3 4) lén
y aén (3.8), (3.9), (3.10), va cosbz~ L tacos

mgAE‘F —_ (5; 4’ tz)EA - -magp
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Jzé'z = mareBEq — mzrzﬁl‘ + 2ingrel; — EAle;a, —s,ha}; -
Jo —mémen quén tinh d%i v4i khéi tdm G,» Digu kign ban diiu dR iich phan hé
(3.10) 1a: '

AEC(O) = 0) 6{0) = 62(0) = 0, Ang) = - Y. {312)

Tiét dién A cin tinh so bo tr Uéc khi tich phan, ching han theo C@'Hglthffc:
AT ng//{d] ’
[#) -- wng suft cho phép cia vit liéu edp. 5

i
Cin luwn ¥ ring cie dailwyng Py re, T trong (3-9) va m2, Jes re; vi frong {3.11)
12 cdc dai lwogng cla tiu ddm vim dudi nudc siu chi duec bidt gin dung lrong gidi
han nao 46 : .

{2y

NS f) 1)

e Ve < re? mb < mp, < mz
E) 0,0 ) 2 ‘
R = I A [ S A R P R {3.13)

PL13\<\: <: PCZB*

P jamsgidm sy phu thudc cia tinh chét cda 167 gidi vao muc do khéng Xac
dinh cha cde dai Iweng ms, J2, ta chuydn hé (3.11) v& dang khang tht nguyén bing
cac don vi saun * khéi lugng hzs chidu déi D Véz thoi gian Hug véi

= Vi, /my o = Ba/Vm, | (3.14)

Mire d¢ khdong chinh Xac cha mses Jg chi l2m thay &80 don vi ma thoi. De co
che phwong trinh khong thi ngayén, trong cic phuong trinh cb ter nguyén {3.11) ta
chia chiBu dai cho D, lyc eho EA, toc da cho Dwy,, gia tée cho Dmo, dit my, = 1, va
ldy dao him véi thoi gian khéng tht nguyén @.t. Bua hé phuong trinh (3.11) v&i cde
bién khong tho pguyén vé dang Cauchy ta cd -

AEG. = — (g9 + g3) — E_d;

-62 = —g{ap + r) ealby, — 1) +_r'£1 - 1*%51, . . . (3.15)
véicac didu kitn ban din: L
AE (0) = B,(0) & By0) = o, AE(8) = — v, (3.18)
) . — AEO + (az + E‘c){ﬁz — 81}
va : gy = 7 it T 1=V
’ o] 1
—~(hy —r B, — 8
gy = et (}!2 L0 v y o Vg =V,
o — Vol
= (biz—-l -+ 3122}!’11’ 61 = (21 - 22)/]1- (3-17)

Cin lun ¥ 13 tir h¢ thire (3.15) tré di, cie bién dd dvoe vigt & davg khong tha nguyén.
Lye cing & {38) nay co dang:

b P+ 1R :
Ty= (P + R) = “7- ey,
2 L ' P+ R
1, = -%3_(13 + R) -+ -J—“-—j——“— + &z (3.18)
2 . 2 .

3.18) ¢6 dai 11 gog B cin luw ¥- Mudn cd R kbdng the nguyéa vel 5 va V 44
t & dang khomg thh nguyén, ta phdl nhin {3.6) vei (D7 mo)
" Tich phan hé phuong irinh (3.15) vai che difn kién ban din (3.18) ta thu

dugc AE va B, cho vao (3 18) ¢6 lwu y dén {317 t5 et lyg cing trong cac cdprang.
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54, TA PHAI TiM TRI 56 TUYET 961 cm: })AI
T, (j= 1 2) (3 18)

Xeét dai lwong V trong B (3 ). Laru ¥ (8. 10} ta cé

v = — v+ A, -v(rt—r)(ﬁfv-""._'_-

. Vi dao déng la ohd nén {6 l{ 1, [61 L€, va vi thé phan them Vao V ‘cla Qhuyén
déng quay cida con tau trong mit phang chuyén déng co’ the (:01 la n]’xo khonﬁ dang.,
k& so véi cde thaph phin khae, do vay, thay vi (4. 1), ta co L R :
V*‘:’V—E:L—V"‘Aic

. USRI E R L S

Vigt hle’l che hé thite tinh lyc cing Ty Ty (8. 18), ¢6 v ¥ (3.6) (_?»-7)3:-\?&1_(4-2}3; ta
Ti—Tn—h,Tz—ﬂTm-Fh_ R,

vél: “

AL, + (ay + r_mez B ESVE

. b - ! "'2‘ _
Tiz = L (P + KSVH + racsh e L8
AE, — (by — roifly — B KSVE

Ty = !z (P.+ stz} +

= b, B) = (R)

Nhan xét ring céc dai lwgng T11 va Tis phu thude mét cach luyen‘tmﬁ- vAQ o
tham sﬁ Tes Ti, P vcn clc t11 cla chung nam Tlong m1é‘n 161 (3 13). ‘Ta phat_" '

quen biét ciia qui hoach luyéu tinh, cye tri cla T]1 (G =1, 2), Béu Cé; Chl Cé '.'l
& cac dinh cla hinh hép ba chidu, tao dyng nén b&i midn (3. 13) Jcfia 3:Dibn Tey '
v4i s6 dinh 1a 22 =8, c6 nghia 12 ta ehi” phal lwa. ch@n vérl ‘56 phucr g an. kh
16n Mm [1}. '

Ta co thd chung minh rang che et tr1 clia ham muc t1éu ph1 ‘
néu cd, cling nim & cdc tri bién ciia re, P- Muén thé, tz lam. hai phép hidn. dBl a
chuyén gée clia true re vad P sao cho re va P luﬁn Ia ducng, by sau as- d?ir tw cé.c
bi€n re, P sang cac bién vg y5 bing hé thu-c R S :

Y2 = Inre y3 = lnP, y1 = ln(h)
Thay vi (4.5), ta ¢6:
Y1 =32 ¥ y3
v&i : :
Wy, < yfz’ v \‘i 55 < y’“ o

yi = 1n M, - ymkﬂ In P_(”._. = 1 2

Ta thiy yi1 phu thuge tuyén 1111]1 Va0 ¥z V3 vt che tri cha chung mng mle; 1
(4.8). Ciing ly ludn twoung 1wy nbu '{rén, cuc iri cta ¥i, méu cod, thizcang ¢hi & ek c
dinh céa hinh chit nhit do midn (4.8) tao nén, vi vicac ham ¥y yz fa hérn 1#nd-don:
diéu cla rg, P nén cuc tri cda ham h (4 5) cling ndm o cac hlén cua rco ] ¢

ta phal ching minh - ‘ : R
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. §5. VAI PIEU CAN LUU Y KHI TiCH PHAN
HE PHUUNG TRINH (3.15)

"Khi lap’ phuorng trinh chugen d¢ng, ta ngim cOng nhan chc lién két 1a giw,

cd nghia la .
T1> 0, T2>0 . {5.1)

Diu ndy xuft phit tw yéu ciu thuc-tidn ella vide nang vol tiun, vi tde do nfﬁug thuong
nhd d3 khéi tao nén mbémen quay giy ra 4 chénh dée 1én hon tri cho phép 9., tranh
ud t cap khoéi tiu, gy tai man [3]. Thwong nguoi ta 14y &6 chénh doc cko pheép 1a Oy
182] << 04, B = 15° - 0° o (5 2)
Trong thl_rc tién, nguei ta thidt 14p lién k&t phdn hoi gitta méay do do chénh I¢ch cia
con tiu ndm lrong nwée, lyc cing tlong cic cAp nang va bo phin didu khikn toi rang
kéo- Qui ]Juat dign khign nhw sau :
“ Khi Ty= 0, thi vj phdi cho biing 0 (j = 1 hoic 2, tng véi cap 1 va ).
Khi |02} = 8, thi
— néu 62 > 0, phdi c6 v2 =0 (trong €2, ¢ng vo&i chp B; D)
- néu 0, <0, phii c6 vy =0 {lrong &1, tng v&i cap A;C)
Ung vii qui luat digu kbién via ndn, treng khi lap chwong trizh tinh toin trén may
tinh, ta phil c6 nh&ng chd ré nhanh cidn thiét teong tng.

Gin lun ¥ 1a khi vi=0 (i = 1 hosic 2), lyc cdn R lép con thu va didm dat clia
ng' ciing thay d8i, vi khi d6 con tin (vgt 2) nho quay euank C (néu i=1), hoie D
(nén i'=2). P lim didm 43t cda lue R riay, ta ap dung C(mg thie tim tAm elia céc lye
song song, va lun j’ dinh luat sau ! lue ecdn & cdc mit cat ngang con tiu i} 12 voi
chléuiéng con tiu & ti&t dién 46 [2, tlang 118} ,

§6. KET LUAN

DY tinh tri s& tuyst d8i cyc dai cfia lyc cing trong cdp, ta tich phﬁm‘hé {(3.15)
v& tinh Ty va Tz theo (3.18) v6i tém t& hop khac nhau v& cic tham s6 re, ryp It

.
1) rhorp, P 2) 1, r, P%; 3) rl, rh PY; 01, ry, PE

5) f, vl P63 PRy D rg, o PR 8) o2, 0 PR

| N
Trong chuwong trinh tinh toan c¢o luu y d€n quy luat didu khidn & myuc §5. Cu véi
mdi phwong 4n 16 hep tham s8, ghi lai tri sé tuyét d6i cyuc dai etha Ti, Tz. So sdnh
ciec kél qud elia tdm phuong an, ta thn duge két gua cin tim. Néu ¢6 lwu & ho nhé
thei didm te ling voi ewc tri tim dwoe, khi tinh luc cling theo (3.18) ta cé th: thém
irgng lugng ciia doan cép ang véi thei didm do. Thal khoénd tich phin la tk t =8
d&n t = l.fv-

Tac gid bay tb loi cam on gido sw Nguyén Xuén Hung vé& viée d& xuft bai toan
tir thwe ti&n, giho s Via Tdn Ehiém vi Nguyén Xuan Hing v nhu'nff cudc trao dai
qui hau va bd ich.

Dia chi: ' . © . Nhaw ngay 30-9 1987,

Vien KHVN
' (xem tidp trang 56)
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