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B IRREE B EM 98/9n = (9¢/31)cosyr LRI
cosYr = Np-eg = Rpsin/[(R% + R%g)sin®d + RZP‘¢]I/2,
dF = {Re/[(R% + R¥y)sin’0 + R%,1"*}d0dg.
RAK(4), 18

T12 = p”FXx —gcos)’de = pJJ X. —ERF s1nzﬁcos€dgod0 (5)
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He, o (8)ver() ves(o) AMERBNBHAIM TN L8HR, R AITE, B () iLH
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h19a3é3(t) + hmb3é3(¢) + h21a3é3(t)c3(t), (8)
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Cl(t)ZCZ(t)k5+Cl(l)263(t)k6+61(t)4k7, (10)
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U, =- %”FhKldF, (11)
Her, b BRI gk e s s, B

h = CcosYy = CRu(R%Y + R¥q) "% (12)
K, hi TR mEEshEs EM T iR E, B

Ki=K -K = —(dlva - divNy), (13)

Hr, K ARl P il 38, K R BRI R P R, N DRI E K ROk B, Ny A
W Y B e B, T

Nr = (egRpsinf - eRegsind - e Rp,)/ v/ (R% + Riy)sin’d + Ry, (14)
Ny = (egRy — eRug) /v Ry + Riyg. (15)

f3(14), 75
. N 9
leNp = RF {RF ﬁa(NF'eR) + 2(Np'eR) + @(Np'eg) +
g (Vo) + ﬂago(NF o)} =

RF[(R + Rpg)smzﬁ + R%, 177 sin’0(2RY + 3RiR% - RiRpy) +
sin{ (3Rr - Rpw) R%, + 2RpRp,Rps, - (R% + Rhg) Rpgy} -

cos@sin?@( R% + R%) Ry - 2cost9°RpgR2p¢]. (16)
¥ Re = Ry + L AR (16), ZBEIELMEIN, 7K divV, B ¢ MIEMRMSHIER .
divNp = {Sou(8) + {SIM(G) + CoszM(e) + Caesm(@) + CWS“M(@)}’ (17)

He, Son(0).S1u(8) . Sap(6) . S3y(8) . Say(6) HIEIEFIEKX AT S IR 12].
m(15)715 3
divNy = Ryt (R3 + R) Y2[2RY + 3RyR% -

RiRyg - Ryg( Ry + Rip)cotd],
BVE divNy = Sou(0). HTMA

Ki = %{csme) + 8oSam(0) + L Ssu(0) + Lo San(O) 1,
LA

Uy = - 2] ELES(0) + 5rSau(6) + LuSou(0) +
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Uy == %[ [0 e5(0) + 6S2u(0) + GuSen(0) +
’ 4.J0J0
| {W Sw(@)]Rﬁlsinﬁdﬁdq). (18)
¥ = c(£)0,(8)cosg + ¢3(1)0,(0)cos2¢ + ¢3(2)05(0) , HH,0,(0).0,(0) .6,(0) AERAAR
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Ty = %MXZ, U, = %sz.

BN R G Lagrange BREUN A
L:TM+ Tl|+T12+T[3—Uk—UG—Ua. (19)
FARFBANA L, MAFE L RTF X 0;(2) . 0,(1) K& c;(¢) BRI, B
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Leés(Den(0) + s (1 es(1)] = kX + hyayéy(e) +
h201é1(t)6‘1(l)2 + h3a1é1(t)cl(t)2 + h4b1é1(t)61(t)2 + hsalcl(t)éz(t) +
h6alcz(t)é1(t) + h7azcl(t)é1(t) + hsbléz(t)cl(l) + hgblél(t)cz(t) +

thbZél(t)Cl(t) + hll“ZéZ(t) + hleZéZ(t) + h130101(t)é3(t) +

L=—M+m)X+ X[ 1L ()ey(£)? + Ley(8)e () + Lye(2)ey(t) +

hua e (t)es(t) + hisaze,(t)e () + highie (t)es(2) +

h17b1é1(t)03(t) + hl8b301(t)é1(t) + h19030.3(t) +

hmb3é3(t) + h2|a363(t)é3(t) ~Les() by + ()% ky + c2(8)%ks +

e3(0)2 kg + c1()2ca{t) ks + () e3(t) kg + ¢ (£)*kq] -

[q1c1(2) + g2c3(2) + g3c3()]. (20)
B 0 (1).b;(8) 5 ¢;(¢) ZRERER, BEAHBE L XTF X () REMUFEWREX . (1),
bi(t) 5 ¢;(¢) ZEBXRRTSEM[12]. AiTA

L= %(M +m) X2+ XL () e (0)? + Ley(£) e (2) + Lyey(£)ey(t) +

l4é3(t)c1(t) + l5é1(t)63(t)] - %sz + (mlnlhl + nlhz)él(l)z +

(mynihs + nihg) ¢ (8)%e1(£)* + (mynihs + mynghy +

nihg + n2h1o)61(t)é1(t)é2(t) + (mynyhg + nyhg) e (£)ey(2) +

(manahyy + nahip) (1) + (mynihyy + nihyg +

n3hig + m3n3h1s)01(5)é1(t)é3(t) + (mynihy + "1h17)é1(t)263(t) +

(manshi + nshy) ¢3(1)% + manshacy(1) e3(2)? -

[es(e) kg + ¢ (£)%ky + c2(0)% ks + ¢3(2)% ks + 1(2) cr(t) ks +

c1(£)2es() ke + () hs] - [qiel(e) + gaci(e) + gsc3(0) 1. (21)
BAORGTHE-RE M EHTREWFERERR, A
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R, = %CXZ. (22)

1R(21) (2)RA Lagrange 778 BN T RES2HE

(M +m)X + X +(dimy + dy)nc,(t) + kX = Fy,

(dim + dy)n X + [20myn kg + nyhy) + 2(min ks + nihy) e (t)? +
2(myn kg + nyhg)cy(t) + 2(myn by + n1h17)03(t)]51(t) +
(mynkhs + mynyhy + nyhg + nyhyg)e (£) 6p(t) +
(minihis + nihis + nahig + mynshis) e () &(2) +
2myn ks + niha) € (2)? + 2(min he + niho) e (£)e(t) +
2(mynihi + nihin) e (8) e3(2) + 2kye () + 2kse (£) ep(t) +

) 2kee () cs(t) + 4kqe (£)® + 2¢,¢,(t) = 0, (23)

(mynihs + manghy + nihg + nahyg)er(t) ¢ (1) + 2(mynghy +
nahp) &(t) + (mynihs + mynyhq + nihg + nyhyg — myn he -
niho) ¢;(1)? + 2k3ca(t) + ksey(£)? + 2g2¢5(¢) = 0,

(mynihis + nyhig + nshig + manshys) e (1) ¢ (¢) + [2(manshyg +
nahy) + 2manshyes()1e3(t) + [(mynyhyy + nyhyg + nshy +
mynshis) = (mynihy + nihy) 16 ()% + mynshy e3(2)? +

k[ + 2k4C3(l) + k(,cl(t)z + 2q3C3(l) =0.

2 HEE R

AR, X TR XREE M EMS HRA, @ TR ERE—REAR
IWIRE S EAER, A FREERBRERBC SR %R, ZEREB/SW, TUEIEN
BLmEERAE R, XRAZE S REL R ERERENELTSHABEMN. #H—2P
FRREREEHETR, BRITKR, 3N 8 ER RN B SCEE RS X
MEEE X EHFERMET ESZ R EME S, MEERER T8 8. R mEE
RETESRBBERRAE , A8 4 B TR BE) ™ SCRLE T AE Ak B 4 5 R BT 2 [ v
BIEF R8T RIE RS B2 R RN K BT B RFFAE.

UTEEAURTERGNARSE . EHMRE M = 9800 ke, BIAFE m = 3920 kg, &5
W RE ¢ = 612.5Nes/m, Bo = 10, R r = 1.0 m, MERIE k = 147 610 N/m. 4b
WA Fy = 8500 sin3t, B3R N 0.01 s, REE A i ERER B H92E LI E 2 ~ B S B,

MBEGELERALUEL, RRRERAAARIERMRE. SWEIEEGHENHkK
BA, B o AR B A, SR SR E R T K (CHedE ¢ > 100 s B, U R E—E 2
B, JAEEECH 0 K | B RBIEAE 2 S BE RES ¥ A ENHE
M. ELHRMEXTES, ARERN 0K 1 HRIBESMMRBESHN¥EREHAER
HEREW;E AR RS E LTI RS NE. RESRERY, FEY
Bk RSB BEO R R HESE B E RIS (LE 3.4).
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Nonlinear Coupling Dynamics of Liquid Filled
Spherical Container in Microgravity

YUE Bao-zeng
( Department of Mechanics , School of Science, Beijing Institute of Technology
Beijing 100081, P. R. China)

Abstract: Nonlinear coupled dynamics of liquid-filled spherical container in microgravity is investigat-
ed. The goveming equations of the low-gravity liquid sloshing in a convex axisymmetrical container

subjected to lateral excitation was obtained by variational principle and solved by a modal analysis
method. The variational formulas were transformed into a frequency equation in the form of a stan-
dard eigenvalue problem by the Galerkin method, in which admissible functions for the velocity poten-
tial and the liquid free surface displacement were determined analytically in terms of the Gauss hyper-
geometric series. The coupled dynamic equations of the liquid-filled container were derived using La-
grange’ s method, and are numerically solved. The time histories of the modal solutions were obtained
by numerical simulations.

Key words; microgravity; liquid-filled system; coupling dynamics; liquid sloshing; spacecraft



