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B45EFEWAER, BT ANBsI— R ARk, BUEEATT R R4 MmN
WEWE, EREEEEREEE, Mt BRI REMRTEEY A TR, HIRER
B, B—HKERHEEHELD, SEESEREEEEN, &XHEEEMRNK.

BERRAEEESIAN, XNAHUBEREEEET ORISR 1% % M, X2l
BISBREAFEXIMEREEESERMADAERS & HHfg, JEAEHALKBRERES
EHRAX—RENBHRBEE, BN, SIMRREEMRE, FEEEERZNIRATHEGE
R, ASCTE EREREIEEAE L, @ — R R ek R R L B R B ST, AHBE
EEER OSBRI RN AR, FRRESRSSAPSHRITMHET TR,

. BRERERRES TR RN

B1(a) frRh—EXRESERET, W@, OV P, 0)5531% 5 RgErie 75
FIBALE ., KB SOA R X MR 2RI P(r, 0), MEL(a)fEL(b) %4,
SINBA kRS (x), HEXR(2], #4

O,=0,+H (x)P(r, 0) (2.1)
WU, V, WARRSERx, ORISR (E2), 4
W=W(x, r, )+ ;] WO(r, 9) (2.2)
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V=V(x, r, O+ 7 V', 0) (2.3)

Cx*r 0 ; .
U=U(x, 1, 0) =y 55 V0 (rs O+W 2(r, 6) ] (2.4)

2. D~QONPRBBHFSHATIIRIB—HH., RSB (2.4 Z UKD
BN, BAT HoMEEHHBKBR K HFo.=0,
B HRRNE2FRRELTRA TR EEEE, &

03, 4 1 0Tep | OTpr | Teae _
ox tv ag t e T =P, 0
Kar) 1 9oy  0tey | 2Tre _ .
ox Tr oot t, =0 : (2.5)
0Ty, 1 dtyg , do, Or—0y
axtr oo Tt o =0 J

Rfd(x) HDiracwm¥, HEX 215K I[3],
KNE—NBRXARNEZFHEHR ) —NEXRG, H
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o, Ciy Cpy Ciy 0 0 0 Ox
I ] w
(o C]z ng ng 0 0 Q] sll ’T' 69 +‘;
oW
Oy C13 Czs Css 0 0 0 i 70;
= (2.6)
o o n C 0 0 1 0‘VV ﬂ/ 4
Tre oy 4 b of or
ou |, ow
Tes 0O 0 0 O Csf, 0 T?rﬂ'i‘W“
v |, 1 U
\1:',, i o 0 0 0 0 Ce‘e\ Ix +76‘0
. ¢ 7]
i a= o ﬂ=~59—, 0=0;, X=7psy O=1,
(2.5, (2.6)FBADHEXBEREN G, Soflive,, HEER.2)~C DERE, F
T\ 0 0 0 Cs 0 —a \
14 ( 0 1 ¢ 0 C, _p (V
r r
o Csq C _ Gt B G
r rt r r r’
0
xS lrce-Gp - CFC o ca =1 o Sl x
r r r
C,+C . C,pe C
6 T srm ~ap —Cea“-—;zﬁ“ rsﬂ 0 —f —%
. Cs ~ C
[7) L Ca r P frooov 0 r L/
Cx' gVt B OWE WwWovp wb )
(7@,1[5 R e R e
A A
Tl =% ]
C3
e G Yuare
+ C.Cor? c (2.7)
C
S(x)P(r, 0)+ *2%2”:31 BV P +pW ] — —HaﬂV !
C.(C,+C
AR
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E N
C, Ci Ci,C C;
Ci=—413 =C— 12 =Cy — 22872 =Cyy— 42
=T,y =ity GeCemTe s GeCamgl
—_ G o _ _ ! i !
Cs = Css ’ Ca—Cee, C'z = C;’ Cs—?ﬁs_’ CD—C_“
BOH R R BN 1 BT RRE
. C Co (7
/3\ rC‘z(l 73—‘ﬁ —'Cl rs T U
|4
O¢ \ = Csa f‘ —C5 E‘ >
g
C
L :f—ﬁ Cea 0 o J\w )
0
* (c,~ S5 ,
+[ T (C=g v 1
2
_758‘(:18; [ﬂzV(z;_l_ﬂW(n]_l__?e_Vm J

B QD APRERTIREEF

U=Y 3. Una(r)cos m;m cos (nf) )

7=3 3 Vaa(r)sin"sin(nf)
0= 3 -Oma(r)sin T cos(nf)
X=3 ZX,,.,.(r)cosLJ;?Lcos(nH)

6=Y T Onn(r)sin "% sin(nf)

W= 3 Wau(r)sin @l—ricos (n6)

8(x) P(r, 0) =(~}+%i cos "% )fp,.(r)cos(no)

12 1> co
x? =_+47f _Cosmm mnx
3 : )
m=1
x=— .y cosmm i
m=1 J

(2.8)

(2.9)

(2.10)

(2.11)
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\

wti(r, )= f W (P (r)cos(nf)

(2.12)

Vibir, )=32V 0 (r)sin(nd)

A=l /

BE.I~CI1DRRANC. DR, Hid l=ma/l, XEXm-ng

G [Ous() Toalr) Omalr) Xoa(r) Oma(r) W)

=D(f‘) [Umn (r an (r) Oms (r) Xomn (r) Omn (f) W an (f) ]T

+Ban(r) (2.13)
v
r 0 0 0 Cs 0 —¢ N
0 L 0 0o C, n
r r
Cs C4 _ C5+1 n C
Ty ¢ " r ¢ Tr 724
D(r)= C,§2+;C;°n2 _£=*T+C_ﬂ§,, C.t __% 0 - Cs £ (2,14)
r
C,+C C C
--3—;"—°—§n Ce§2+7;‘-nz —-ArJLn 0 —% g“ n
~Ci¢ Co C. o o “
- r r
( \
2C lcosmap dV iV (r) n dW D (ry WV (r)
oty | Vs o g D T
2cosma [dV iV (r) _Vii(r) n
mm [ dr o TR (r)]
2 %
Bra()= COSE (= C) IV & () +W {1 (1))
C,Celn*co (2.15)
(m*0) T Patr) = BT IV 0 () W S0 (1))
C
zneosmal Cu(CotCo) ¢ Joar o (r) +m 40 ()]
2¢0 dw (v 1 C.C
s W00, w4

N



138 B OO®K ik T ® #

(g ) e o [ e+ L0 "’]
0
0
Baa() = PalD)  CEIE it (4w 1=
(m=0)! ’
! 0 y
(2.16)

=, BRTE S, BRTEEEEER., T8 C.13) BATRKEFKREZGRE, &
BREODRAGETHRIETE, REAL C. D ~ (2.4 RAF(2.8). C.OFHIXETHE—Y
T1EE,

WAEF B R &N, Blx=0, I, HX)AHEF IR0, ZEEE 2.1 ~ (2.4)
RF(2.8), (2.9)FBRNER: EEZHE (x=0), 0:.=P(r, 0), W=W=0, V=V=0; 7
B (x=1), 0,=8,=0, W=W®(r, 0), V=V"(r, 9), B T HEHBLE 1 Ral

s
U=U=0, Wx=O0R} (2.17)
X =0, W x =i} (2.18)
Teg=0, Yx=Ig} (2.19)

BRI EZRGHREKEEL(rs 0), W H(r, OFV  (r, 0),

E3(a)RHPBEXRUEMBARNEERNER, BEh=a-b, KEEER (=1,
2,5 p), ES(D) RENE—EIMHKE, FIEES R TMNEE, MZEEN N =hi/ky,
BRI LRSI, C2s s CikyRIR,

RN BT E—TEBEELIRE)TE B P ENEBR KR, FR caREBERE(2.14)
TR Rr R 25 BB AR B, T8, B (2.13) RAARSHRERE

"'F[Umn(r) Van(r) Omn(r) Xma(r) Oma(r) Waal(r)1T

=D11[U,,.,.(T‘) an(7’> Oma(r) Xmal(r) Oma(r) Wmn(r)]?l
+B;.(r) (3.1)
THROAERIETRE —~ N EENE, EED W& TENT &, BHEK (2.14) 4Hh
r=cy i, FIFEB ()l (2.15) F1 (2.16) RRE, BAW.0 (r)s Vi (r)s Pay(r)
SRR (2.15), (2. 16) R it (r), VP (r)FPa(r),

HBESEBENEE, REUEETHLERBERE 214 PRriRsSEH EEE
BRE, WaERITEROERYMEHE, EEZRABBHEREEFRENIE, HE LK
BT LN R Ak R B EOR BT RS A, ”@ﬁi‘%llﬁﬁ‘]@%%?\’ﬁ*ﬂ% BEENFEBER
B, M R2eTuUs, REMEXRSE, BRHIAN Pulr), Wiy (r), Ve (0
MENERESGR, BE
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(a) (b)
B3 BRAOEHRE

Angs— Angz_

Paojpi(r)=Anp+ -~ d, (r—ay) r€las, 6] (3.22)
Wik (r)=Buj+ ’B"LUEBM? (r—a;)  r€lay, a5] (3.2b)
3
V(l) C Cﬂll—cﬂii c a ] (3 20)
an (N=Cap+--7 *BT**(T—'GM) r€la;1, Gy .

EQEFIAMII’ -Anjz; anla anZ’ anla anzﬁ%ll%Pnjl(r)’ Wnlj)l(r)%u anjl(r)fj_‘:ﬁﬁﬁ}a
RIRBE, BN B R U RER.
FiE .D MR

Rsi(r) =Gy (r—a;)Ryi(as) +Csi(r—aji) r€la,1, aj) (3.3)
A
Ru(r) =[0nn(r) Vaulr) oma(r) Xun(r) Onu(r) Wan(r)1T:
(3.4a)
Rs1(851) =[O mn(a51) Vmn(ay1) Omn(851) Xmnl(8s1) Oma(ay)
W nn(a;) 17 (3.4b)
G,i(r—a; ) =expDy - (r—a;1)] (3.5)
Con(r—am) =] exp[Dy- (r—7)1B,i(r)de (3.6)

%T‘H‘ﬁ%ﬁl&@l%{Gn(f—an)*ﬂcﬂ(T'—Gﬂ), TR EED R EE, %A, A s Aeh
D, s, ERNKEBERERSNAV ., Vi, -, VefR, MaSdRym, BREE—
MEREP, =V Vo o V], REMMEPy , 8D BB AR R, BE

G;i(r—a; ) =exp[D;: (r—aj)]
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explAi(r—a;1)]

0
=P expli:(r—ay)] Pji (3.7)
“ -
0 explie(r—ay1)]
FRE
exp[Ai(r—7)]
0
C;l(r—011)=I;,lP;1- explA:(r—7)] ‘P37 By (7)dr
0 eXplAo(r—7)] "
(3.8)
£ (3.3) A dr=as, BEEIFlap—an=—d,, FRA
Rsi(as2) =6 (—ds)Ryi(as) +Chi(—dy) (3.9)
HWNE S HEHRTELES, TE
Rj2(as5) =62 (—ds) Rz (as2) +Cya(—dy) (3.10)

EEZRABHR1(as) FIR e (as) ABIRE—-NTEENXENE _MHEENE G2 E,
WoHABNMESE, HEL, & 6.9 KRE/A G100 RF, B
R,z(an)=sz(—d,)G_,1(—-d,)R_,l(a_”)+G,z(—d,)C,1(—d_,)

+Cj(—dy)
KRB, RRTIEELNMEERRENERMBE-MEEIEXT IR ER TR R,
Rjki(bj)=Ejk:R11(a:'1)+Ejk1 (3,11)
A
Ejky=GjksGj,ky_1- 642Gy (3.12)
Ejky=Gjk;(Gj,ks-1'-64:Cs1 +6Gj ks 16 ;sCrat - +Cj k, 1) +Cja,
(3.13)
Gss=Gys(—dy), Ci;s=Cys(—d;) (s=1, 2, -, ky) (3.14)
(3.1 AXNE3(a) pE—EER LI, Bi=1, 28, HHF
Rik,(b:) =E1%R1i(a1) +E1k,
} (3.15)

R2k,(by) =E2£,R1(a21) +E2kz
s EE3(), F—ENEEHE R =a, B _EHEEERe=b, REZ -EERMLBR
MR ES &N, NEF
[Uma(81) Van(01) 0ma(81) X ma(8)) Gmn(b)) Wn(b1) e,
=[Una(821) Vmn(021) Oma(821) Xmn(821) Opn(821) Wan(as1)17s
(3.16)
H(2.2), (2 3)EARA, VEAW (VHEEN, 2HFWEI)HE, BERLEESEEERH,
.ORUABERUHESER, REAETHE, X5 3.16) R,
[Tma(01) +Smn(8) Vrn(8) Omn (1) Xmn(8) Omn(6)) Wonn(b)) 11k
=[Umn(021) +Qmn(621) Vimalaar) Omn(021) Xma(a21) Opa(az)
W ma (621) 171 (3.17)
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RHSma(8)FQmn () FH (2.4) R, CANRBB—RF (2.12) RRE,

{s.,.,,(bl)}1k1=~(‘gi-)1k HCOT (a3 () +W S (B Ttk (mie0)
(3.18a)
(Qmaan) == (g2 ), M (1 (a) P (@) T (m0)
(3.18b)
C !
{Sma(b) = — (¢ ‘-67[nV:'>(bl)+W:'><b1)ml (m=0)  (3.180)
Qua@ta==(g), oo V@) @) T (m=0)
(3.18d)
H(3.1T) X748
(O an(821) Vm.(azl) Omn(021) Xmn(G21) Opa(as) Wmn(a21)]31
=[Tma(61) Vma(8) Oma(d) Xaun(b1) Oma(b)) Weal(by)17 +T:
(3.19)
RnH
Ti=[{Sma(b) }1hs— {Qmn(@2:)}21 0 0 0 0 0 ]7 (3.20)
Pz (3.4) R, B IIRFER
Ry1(as1) =Rygp, (6)) 4T, (3.21)
BERERA 3.15) RF—RX, B
Rzt (6:) =E2:Ryk, (6)) +Eze, 71 +E2s,
BHHE .15 RP—RR/A LR, HEESau=a0, H
Rzka(b:) =E3zkE14,R11(a) +E2k,(E1s,+T1) +Eze, (3.22)
BEXE, BEVIEEIERXENFENE —~BEIRE 588 TREREX,
Rpk,(6) =MRy; (a) +fi (3.23)
R H
N =]1E;, (3.24)
=9
T =Epk, [Ep-1, kpr*E2ks (E1ky+T1) +Ep-1, kyy -+ E3ks (B,
+T.)+ -+ (Ep-1,s b +T,.1)1+Epk, (3.25)

(3.23) R IR ok, (D) FIR (@) HBIR BER W, SRR HFER, Ru(e) HAWIHE,
% (6x6) BrgEE, MHh (6x1) BizikE, SMHEFH (B 3.2) R), AR &k AREN
SHEAFRN, BUEMGREG.23)HRES, 4. 5547, HFEETIOm(8) =X na(8) =Ona(a)
=X mn(b) =Opna(b) =0, 53

mn(G) IIg Iy T\ Oma(b) ﬁs
{V,,.,,(a) }=[174I I, I, ] [{ 0 }— i, D (3.26)
W an(a) Ty gy I 0 T,

BRDREGNBRERE(T, T, T1% 5, B LERFRE [Uas(a) V(@) Waa(a)l®, F
ROBERn(a) BB, FIH 3.3) X}H4i=1, AIREE—EHE—THENIER, 4
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B HERAERA%ERBE, XORAE_NEEVKRE, FTRE-IMEE H ¥ BT
R, BHTH, F—BEHFELLTR, FHE, BIMEEZTHE.
FHTHRERAMABFRLEGR 3.2 AhMEFEEEH, FER (3.26) Xyl II,
I.07, Ak, #% (2.9 RAWEL 4"RLSHRAC7), 2. 18)R, &

Z[Uﬂm(r)]i=0’ Z(_I)M[an(r)]!":o (3.27)

HERBFAEH (2,19 B, KhH (2.8) AEZTRETHRER, B (2.9), (2.12)
RRARS, 7

fao= S S [ ST Paatr) = % Upa(r) | cos ™

C.Conx?
RIEToN=7 o8

HLIXRAC YR, &

§ (— l)m [#’an (f‘) - ‘:_E Umn(r) ]j+_2‘C*2’j [ﬂV.” (T)

[nV:”(r)+W.“>(r)]+ ?" V.“>(r)}sin(ne)

(], +5 V8 ()]=0 (3.28)

ATEH G.21) M (3.28) RAMXma(r), Una(MF Van(NHEER, BRHEIE
HE—SBANERAMBERT, HE G.1D) RPYESIE, THEBEHE IHE
NFRARIBIRE I FRE TR

Rsa(r) =E;x(r)Ryi(as) +E u(r) (3.29)
A
En(r)=Gu(r—a;z)G;,e_1--G;,6G,, (3.30)
Ese(r) =Gya(r—a;4) (G5,5_1-+6,,C,1+6,,5_1--6,Cyo
Foo G )) FCha(r—ay) (3.31)
G;e=6G,s(—d;), C;s=C,,(~d;) (s=1, 2, ===y k—1) (3.32)
R G.23) AWFER, THEBGSDIERIFREEOBEET.
Rs1(a;51) =N, _1Rui(a) +1,_, (i>1) (3.33)
R
My, 1=Ej-1,k. ,Ej-2,ks - Egt,E1r, (3.34)
ﬁ!-l=Ei—1,kl-1[Ef-2.k1—z"'EZkz(E1k1+Tl) +Ej-2,ks_10--E3ky(Egke
+To) o+ (Ejezbyart Tya) 1+ Ejog by (3.35)
ATREIBHELNMERENZBAOBERT, ¥ (3.33) RRA (3.29) K, B3]
Ryx(r) =N (r)Ru(a) + () (i>1) (3.36)
Ak

Ny (r) =Eu(r)D; 1 Ta(r) =B ()T +Es(r)
(3.37)
Yj=1ht, (3.36)RRH (3.29) %, H4i=1,
ARGHBNZERRTRIEAN, BUEREGR (3.36) hEL, 2, 43247, &
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{U..,.(r) I (r) i (r) I (r) Unn(0)
V mn () = | Iy (r) IIan(r) Hza(r)J an(a)]
X omalr) }ﬂ: VITa(r) Hio(r) I(r)de: Waa(a)
()
+: Hy(r) (3.38)
L ﬁ4(") Jﬂ

BB (3.260 RRA LR, #

{ U s (r) (H“(r) Ma(r) Mie(r)y | Hg Moy Moy { Omn ()
Vma(r) =| IT51(r) Ilss(r) Ils(r) I, 1,, IT, 0
Xma(r) }” {H“(r) o (r) Hie(r) I\ s 1o 1l 0 }

1, o (r) My N=0, 1,2,3,
—_ I-I-‘ = ﬁz(r) (j= 1y 25 35 *ooy P] (3.39)
ﬁs I]—4(r) ik k=], 2, 3, ccty k’

MNFGNm-n, £ (3.39) Nf4d r=0,Mb;, RFELEARAN B.27) f1 (3.28) R, EH
Bl AT RHEEEAnes BandCopnfI3 N ERE, 47=1, 2, -, p k=1, 2, -, k;, Hit
B3 3(hthat-- R +p) MIBUERHERBENFER R, YXEE K REE, MA
(3.26) ARBMKE, WENMBEZTR.

M. BELERSTE

TE4HKEARRMEREE AT ENSIEMENS/7570C +it By Bk h gl LA
IARRE—., BE_HNE=ZBHAENHEELK.
WYl =EH0SFEESR (&S, p=3), x=0 —WEX, x=/ —HKEHED), AK
SRR E R (EY), HE
g=—ypb(cosf—cosp), g
g=0, 0=
yRHBREEE, p=2x/3, E—MEZBEMHENR, ZERFUTHHETH.

Cr Ciy Cys
—  =0_2462 —- =0,0831715,—=— =0 _,543103
C11 . 6 693 C11 . ’ C“ .

Cy Cos Cu

— %0 = ; —_—% = 7 —— =0 266 O
C, 0.:15017, Cii 0.530172, Cu . 81
Cos Civ

88
5 = g 88 B R,
Co =0.159514, C:“ 0.262031, (s =5

Ci 1 CUARERE—EMNE_EMBRCE, UC = Cll =CuM, Z=BXB{HE
B, LS ER
hi=hy=0_1h, hy=0 8h, l=s5s=2aR,
RE¥HeE, SHhEREK (He),
K Bas (2. 9) R o-REFERETF,

q=; 2 Omn (b)8iN ’"}”‘

cos (nf)
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Y | SEE W i T p

B4 BEENEATHZR®E

TFRAE
gyb . .
Omn (b)) = — W%nt'i') (cosgsinng —ncosnpsing)
(m=1, 3, by -y n=2, 3, 4, "')
b .
Oma(b) == V- (sing—pcosg)  (n=0)
—_ b _,
Oma(b) =— -~y (2¢—sin2g) (n=1)

BYm=0, 2, 4, B, Oma(b) =0,

BEERNE \~F4, IMHEBIHn=0, 1, 2, =, 95 m=0, 1, 2,--, 99, 7
HERTREIFEEARES, NEBIFR, HEMERTL=1=4, I,=12 fRERKEE
M, REBN, F2~FADTBINHTSAPSBHMER TR, RAKRI161 He4 D=4
s (H/25%) . BRERILET IR, BRFAGBHBRN HHEER AN, BehxEE
BIAR K, £ 4HHEEFSAPSHEN . EREN. NRERAR, BEERR H B E84
#, XERBARRERM,

1 FRASEREH=ZEBEENE N EEE
1‘ _ _ _ ! x=l, 0=0'
) o , x=l/2, 0=0, r—t{ﬁ B reg
CY /CP h/R Ih | I Is iWCﬁ)/(Vbh) 05/(vb) : o./(vb) 1WC§§’/(vbh)
5 1 3 10 3 | 22.35 12502 | —5.6107 i 47.630
5 1 4 10 4 ' 22358 1253 | —s.6082 47630
5 1 4 u 4| 2231 1.2513 | —5.6062 ‘l 47.633
5 1 4 12 4 22.345 ¥.2513 —5.6046 | 47.619
5 1 5 13 5 22.345 1.2521 ~5.6011 \ 47.619

AFRTWBAZ—RAFHARAET W, ANEEEERASHEHT. XRTAHRTA
FEE, B GED LR HEEENSBEAREA R, KaPHSAPSAER XM 5



585 B B B EE N R RS g 145

B ES A, TR FRREr T3 1A BB B R 51, $hSh, R SAPsiR2LE £ 3
ik, XRENZ2MERZHZERGRFIER, B4CH = CY =Cu, K2 ERE,
B AR EEZR , EXMELT, FRTHREEEERE K.

+2 TRAEEHARBRE RN
h/Ro 0.1 0.2 0.4
I,=1s=3, I.=10 I1=1s=3, I:=11 I=1s=4, I.=10
&% | SAPs X SAPs 3 SAPs
W Cu/(vbh) (x=1/2, §=0)
r=a ; 12442 .3 11086.6 2580.7 2521 .51 522.20 j 524.64
r=Ry+h2/2 12442.9 11086.9 2580.9 2521 .62 522.28 524.67
r=Ro— h2/2 12446.7 11088.9 2583.3 2522 .69 523.77 525.55
r=>b 12446 .9 11089.1 2583.6 2522.89 524.09 525.78
W Cu/(ybh) (x=l, 6=0)
r=a 26684.7 23618.1 5531.0 5424.15 1139.7 1143.93
r=Ro+ /2 26654.2 23618.9 5529.0 5424 45 1139.6 1144.06
r=Ro—h2/2 26661 .3 23623.6 5532.6 5427 .02 1141.6 1145 .73
r=b 26678.7 23624.2 5534.3 5427 .38 1142.2 1146.04
UCu/(ybh) (x=l, 0=0) -

r=a —4252.18 —4036.08 —1000.9 —987.90 —231.41 —231.03
r=Ry+ h2/2 —4201.14 —3998.61 —981.70 —970.29 —223.65 —223.44
r=Ro—hi/2 ‘ —3804.82 —3697 .40 —829.48 —828.12 —161.70 —162.11

r=b X —3754.37 —3659.90 —810.30 --810.47 —153.93 —154.49

V Cu/(vbh) (x=l, §=x/2) -

r=a —22523.7 —22360.2 —5224.7 —5228.1 —1108.7 —1116.1
r=Ro+ h2/2 —22532.6 —~22363.8 —5226.5 —5229.4 —1109.1 —1116.6
r=Ry—h2/2 ~22603.5 -—-22391.8 —5239.7 —5239.6 —~1112.7 —1120.1

r=b —22612.5 —22395.3 —5241.5 —5241.0 —1113.2 —1120.6

%3 TRBER=EEEENGE
h/Ro 0.6 0.8 ) 1.0
Iy=Isy=4, I.=11 I1=1y=4, I.=12 I1=Js=4, I,=12
x3 SAP3 kX SAPS xX ,’ SAPs
WC@/(ybh) (x=l/2, §=0)

r—a 101.24 101.424 45.112 45.2272 22.345 22.342
r=Ro+ h2/2 101.25 101.423 45.119 45.2239 22.349 22.339
r=Ro—h2/2 102.15 102.079 45.809 45.7606 22.888 22.775

r=>b 102.22 102,133 45,882 45.8159 22.954 22.828

WC@/(ybh) (x=I, 6=0)

r=a ’ 221.13 i 221.366 | 97.644 97.7887 47.619 47.545
r=Ro+ h2/2 ] 221.16 i 221.398 ‘ 97.662 97 8070 47.631 47.556
r=Ro—h2/2 J 222,11 | 222.358 98.376 98.5359 48.190 48.120

r=b ‘[ 222 .24 222.430 98.480 98.5990 48.277 48.175
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h/Re { 0.6 : 0.8 | 1.0
R [ ! U —~( -—
| Iy=I=4, [,=11 I1=1y=4, [»=12 i Iy=1y=4, [2=12
E &3 SAPs . &% | saPs k%X | SAPs
UCP/(vbh) (x=I, §=0)
r=a | -48.617 | —4g.485 | —22781 | —22.735 —11.600 —11.547
r=Ro+ ho/2 ~46.398 ‘ —46.300 | -21.501 | —21.470 —10.840 —10.798
|
r=R,—~h2/2 —28.838 ' —28.716 ' —11.493 I —11.411 —4.9982 —4.9284
r=b | —26.657 | —26.53 | —10.252 | —10.157 --4.2712 ~4.1903
VCP/(ybh) (r=I, 8=n/2)
r=a | —216.61 | —216.99 | —95.720 | -—9s5.005 | —46.654 | —46.599
r=Roth/2 | —216.73 ~217.11 —95.7¢0 —95.977 | —46.699 | —46.645
r=R—h:/2 | —217.75 —218.12 —~96.553 —96.714 ' —44.334 | —47.243
r=b | —217.92 —218.30 —96.670 —96.831 | —47.420 | —47.328
7] FRABEHN=ZRERZENEH
h/Ry | 0.6 | 0.8 1 1.0
t In=Is=4, Ir=11 ‘\ I1=Is=4, I,=12 In=Jy=4, I:=12
‘ A% | SAPs | Ax | SAPs £x SAPs
oo/(yb) (x=l/2, 68=0)
SNESNETE 3.8251 4.4020 2.0925 2.4340 f 1.2513 1.4720
SERRE 3.7441 . 4.4070 2.0655 2.4550 ’ 1.2387 1.4920
thiZSh&H 0.7187 . 0.8430 0.3920 0.4620 | 0.2327 0.2750
hEAEE 0.9662 |  1.1700 0.6956 0.8370 0.5054 0.6060
KESNEE 5.6390 |  6.1450 4.1895 4.3950 3.1460 3.1750
KEREE 5.5361 1 6.1780 4.2303 4.5800 3.2696 3.4690
oo/(yb) (x=l, §=0)
SMNEIRTE. 4.2846 4.7420 2.3413 2.6190 1.4014 1.5800
SNEREE 4.2316 4.6650 2.3321 2.5740 1.4026 1.5450
BN ETE 0.8463 0.8830 0.4665 |  0.4774 0.2805 0.2812
HENEE 1.0929 1.0750 0.7429 . 0.7328 0.5149 0.5084
HESNEHE 5.4646 5.7160 3.7143 3.9170 2.5747 2.7290
AENEE 5.5328 5.6290 3.9160 3.9980 | 2.8591 2.9240
o./(yb) (x=l/2, 0=0)
HEAETE | —13.389 —12.930 \ —8.6402 | —8.3140 . —5.6046 —5.3720
SNEMEE | —13.408 ~12.750 | -8.5939 | —8.1700 | —5.5608 —5.2670
RSN ER —~2.7034 ~2.5970 | —1.7340 | —1.6700 —1.1231 —1.0810
th R B —1.8063 -1.6930 | —0.8626 ~0.8020  —0.3791 —0.3380
RSk i  —8.4474 —-8.1040 | —3.7983 —3.7550 | —1.4481 ~-1.5140
HERERE ! —8.4887 ~7.9260 | —3.7660 | —3.5980 | —1.4039 —1.3790
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g& 4
1/ Ro 0.6 | 0.8 ' 1.0
S S
i /1= f3=4, Ja=11 . ]1=[!=4, [2=12 ‘} [1=,79=4, Ia=
| F3 SAP5 ' &x  SAPs Ax | SAPs
o./(vb) (x=0, 6=0)
SNESNRIE —170.90 —172.220 —96.791 ~44.650 —58.036 —28.340
SNEREE . —14.644 —60.850 -9.3169 . —35.560 —5.8642 - —21.250
HESNERE | —z.0287 —-12.170 | —1.8634 | —7.1120 —1.1728  —4.2490
HERRE l —-13.717 | —4.6830 ; —8.8209 | —2.8370 | —5.9713 } —1.8850
RESNRE | —68.587 | —23.410  —44.105 | —14.180 | T29.8% | —9.4260
RENEE 77417 | —12.050 | 49.550 —5.1210 | 34.023 | -—2.3140
7../(vb) (x=0, 6=0)
SbESNE®m | 0.0000 | 12.8%0 | 0.0000 7.999 | 0.0000 | 5.1230
SNERRE . 3.2872 | 12,610 19331 7.8230 ; 1.2067 1 4.9880
FESKE o381z 2520 | 1.9331 1.5650 ,  1.2067 |  0.9976
hERKE ! 3.7132 | 2.4660 | 2.6161  1.5930 | 19518 1.0750
AESNEE | 37132 | 12.330 | 2.6161 | 7.9660 1.9518 5.3760
REREE . 0.0000 | 12.330 | 0.0000 | 8.0010 0.0000 5.4400
£ X ®
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The Exact Solution for Thick Laminated Cantilever
Cylindrical Shell

Fan Jia-rang
(Department of Architectural Engineering, Hefei University
of Technology, Hefei)

Ding Ke-wei

(Department of Architectural FEngineering, Anhui Architectural
Industry College, Hefei)

Abstract

Discarding any assumption regarding displacement or stress models, the
state equation for orthotropy is c¢stablished in a cylindrical system. The
exact solution is presented for the statiecs of thick closed laminated cantilever
cylindrical shells, Every equation of elasticity can be satisfied and all the elas-
tic constants are taken into account, Arbitrary precision of a desired order can
be obtained.

Key words orthotropy, thick laminated cantilever cyliundrical shell.
state equation, exact solution



