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*EREANFESABTHE,
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_0p 1 3(LLF)
=790 " sin0 69

EMEAE

Vi= —;+ctgl 9 4 o
"~ 80’ 06 s1n20 dp*

Li=(Cy3+Cu)v2.—Cy—~C1—C1+Cys
Ly=Cyvi —2(C11+C1.—C3) +Cuv?

(2.2)

Va=ror

s_. 0 0
Vasr T

Vi=Vit+V.
PARYFIF 53 B R T 5 518
[Civ3 —2(Ciu—Cos) +Coevilyp=0 (2.3)
[V3Vi+2DVi+4L+MVsVi+2(N+L)vi+NivilF=0 (2.4)
e
D= [Cu(cls—clz—cll) —Cas (Cu—cec)]/(cascu)
L= (Cu'—cee) (C11+C12—C13)/(C33Cu)

M=[C1C3;~C15(C13+2C1)1/(Cs:Cus)
N=Cy,/C;,;
¥R (2.1) RANJLARE, BRANSTXERER, TEHARIFEROE hHEER:
09=C1280+2Cgee1+C1152
04=Crr,+2Ceee:+Cise2

(2.5)

0p=2C 1360+ Csses (2.6)
Tre= ‘Cr“[ silne 6(L:3'ZS!F) — 1 =Va) g '6'0

+ = (1-72) agg’F) ]
Top= C;“[ gg#; Vig—2 g() ( silne af?gZF) )]

RH
80=Tl[2L1—Lz]V§F

e=t[( Livi-- LZ)F ‘; (silnog_g)] (2.7)

e =:—[L1V1F+( o Vi LF+ g& ( silnB % )]
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es=-S (LiViF)
TR FE TRFA,

F=r*Y (0, ¢) (2.8)
¥R (2.8) RAR (2.4) 74,
ViviY2S(m)viY+K(n)Y =0 (2.9)

R
2S(n)y=[Mn(n+1)+2(N+L)]/N

K(n)=[n*(n+1)*+2Dn(n4+1)+4L1/N
{E&Y(Gv ¢)=Y'(0! ¢), XEBEH:

V:Yl(oy ¢)+1(1+1)Y1(0, $)=0 (2-11)
BRLHY:1(0, o) RAR(2.9), FIREBHBEERN,

h={-1+N1+45+4 /ST=K, li=—h~1

} (2.10)

ly={—-1+s 14451 ,\/SZ—.K’ L= —1,—1 } (2.12)
Rl BRI
p=r"Y.(0, ¢) (2.13)
¥R (2.18) RAR (2.3) W,
CeoViYi(g, ¢)+[2Ce+(n—1)(n4+2)Cy]Y (0, ¢)=0 (2.14)
HAFER A,
le=[—14+N9+4Mm(n+1) —2]Cis/Cep 1/2, ls= —l5—1 (2.15)

TERNEEENE T RO ER, BTURERSRNF=F.i+F,j+F.k fiEH I

0=a, Tg==Ty T,-a='?’,-a Ta¢='—[’9¢ (2.16)
0=p, ov=0% v=1% Teg=Ths (2.17)
XEJENEABRP=NRRKR, ofn
BRAERKINTARMNTRA, HH —"R*
F BRI,
A RERTOROSEH &4, MO AR
Rl HAERrBl—BiER, H ¥ &AHEN
- W1 SRR EARRE
P+J-:’j:[a,e,+r,,ea+r,¢e¢]rzsinedf)dqb
+I:,J.:[?ree,+&geg+?o¢e¢]rdrdqssina
—I:”J.: [TtOer+U:eO+T:¢e¢]fdrd¢Sin/3=0 (2.18)

M+J‘;“J‘; [Troe‘ﬁ — Tr¢ea] r3sin0d9d¢
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+J.Z” Ir [69ey —Toges] ridrdgsina
0 0

—I:”J.: [ofes—thses]r’drdgsinf=0 (2.19)
A

e,=sinfcos¢i+sinfsingj-+cosfk
ey,=cosfcos¢pi+cosfsingj —sinbk (2.20)
ey= —singi-tcosgj
SHFE$EL=0, RN (2.17) FBHE, TERNEELLEREE, REHEEOHE
FE. RRREPINEREARZINIER.

=, B EATRRE S

3.1 E&oE
BEETER p=2p.R, XE—DHZ R B B, 3+ H FH: tr=13=0, 09, 04, 0s F

cw56R%, To=0. B[ cospdg= [ singdg=o, FIRIR (2.18) A (2.10) HEEA
HREDWBR, EHT FREH,
e/ 201 j [6+C080 — T05in8] sindd9

+IT [TrcOS8a—desinalrdrsina=0 (3.1a)
0
R,
pz/2n+r3-[a [0,c080 —7ro8ind] sinfdd =0 (3.1b)
0

WA (3.12) HHEAL, To=0f1d=0, REBHRELH—RBRT, fHoMreSrKEL,
HEIE: y=0RI K
F=r""[ci’; (cosl)+c,Pi(cosh)] (3.1¢)
h=[—14+~14+8L/N 1/2 (3.1d)
R aflc N B HE. Pa(cos) Jnfh#hitE@mE, AHERR, PIT4At=cosl,
FIHFEXRRER,

i dPs(cosf)  dP.(cosb)
Pi(cosf)=sind 76650 = — 70 (3.1e)
dP;(cost)  d-P.(cosb)
do - do*

=n(nt+1)Ps(cosd) —ctgdP:(cost)
#HR (3.10) fKAR (2.1) F1 (2.6) ATHRNBRN.
dp=r""[x10,P1 (1) F 22051 (F) ]
ap=r"' %01 P11 (1) F x4, PL (1)) (3.11)
=0
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go=r"{[(x1E1+CnE;) P(t) + E.P}1(#) le1+ [ %, E1 4+ %, E 1P (#) ¢}
(7¢=7"2{[(X1E1+C12E2)P11(f) —Enpil(ﬂ]cl'{"[X2E1+X4E4]P1(f)03}
Ur'-:f'_z{ [xl(zclz—‘czz)+C13E2]Pu(f)€1

+[%,(2C 1, —Cy3) +2x,C 151 Pi(t) ¢} (3.1g)
tr= —Cor { (2x:+x1) P} (t) 14 (2x,4x,) P§ (1) C,}
Trg=Typp=10

Rt PY(t) RE—BIMmK &4 8hi #mE,
xi=lL (L + 1) (E+2C), x=2(E+2C,,)

} (3.1h)
Xy3= —‘11(11+1)C44—'2E1, x,=—2C,,—2F,
E\=Cy+C;~Cyy Ey=x1(li+1) } (3. 1i)
E,=(Cy —C11)x30tg9, E,=Cu+Cy, '
HEEEORCGT AR (3.1b) MR &4 O0=ai}, te=0%ME, HEP.
b2/ 2w+ gic1+g203=0 _
} (3.13)

gs€1+g4€;=0
Bi1%019:— g:9:%0, MTRH,
C1=p:94/[27(9:9:—9194) ], C3= — p=9-/[27(g2gs—9194) ] (3.1k)
K g((=1—4) LR (A.2)
3.2, Ehhio MR
Bk EWERE TS p=p.1, BAXR—DEMAM, HH xz LENEIHE, EHik
Ory Oby, O3MATr0S5COSPRRIELL, TMiTesFiTee SSINGRRIELTL, IE%JI:' singcos¢dp=0,

[ sinigdg={ " costpds=n, LR (2.18) B (2.19) HAWAHRAHBE, KTH
NLRRER, H.
b:/n+ er‘: [os8inf/cosd+7,C088/COSP —7,4/Sing] sinddl

+J: [TwSina/cos¢+oscosa/cosp —Tos/singlrdrsina=0 (3.2a)
M
rd I: [vre/CO8¢ —7,4c080/sin¢] sinbdl
+I: [69/CO8¢ —TogcOsa/sing]lridrsina=0 (3.2b)
RN (3.2a) o,
pe/atr’ J: [o,8inf/cos¢+1,6C080/CO8¢ —Trs/Sin]SiNdO=0 (3.20)

WTr=0,Ts=0f1 T =0 RAF N RIMILAY, H—XREPHRENMEL. B2 (3.2b)
h

I: [tre/COSP —7,4c086/8in¢p]SiNddI=0 (3.2¢)
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&%%yfﬁi%#%ﬁi@. Mﬁ (3-20)17.36]"?5” Ory T’,a*ﬂ‘rw%f—zﬁiﬂitb, ﬁﬂml

p=cer ' Pis(t)sing (3.2d)

F=r"'[ciP},(t)+c,Pi(t)]cosgp (3.2€)
RNfe, o fcRRAFR, hER (3.1d) HEUK,

ly={—14+"9-8C,,/Cq 1/2 (3.2f)

¥R (3.2d) fo (3.2e) fRAR (2.1) F1(2.6), FIEBIRLBIR S
gp=r"'[x1c1P'1, (t) +x,¢,P%(#)]cose
tg= —r“[x3E5c1+x4c3P1(t)+P}5 (t)c,/sinf]cosd (3.28)

ug=r""{Es s+ [xaclP,‘1 (#) +x,¢.P} (t)]/sinf}sing

oy=r"{[ (% E1+CnE,+ (1+cos*0) E;/(sinfcosd)) P}, (1)
—ELE Py (1) /%) 1 [(%F %) Ey—%,C15] PL(#) €5
+ (C1,~C1y) Egcs}cosg

os=r"H{[(%1E\+C1.Es+ (14 cos*0) E,/ (sinfcosh) ) P (t)
+EE Pl (1) /%161 [(x+2) Ey = x%:.C 1.1 P () cq
+ (C11—Cy,) Escsleosd (3.2h)
or=r " [x1(2C15~Cys) +C1. EX1 P, (1)1
+ [2C 15 (%24 %4) —%,C 3] P (1) Cy}cosd
Tre= —Cur *{ (x142%:) P - (t)c1/8inf+ (x4 2%,) ¢+ 2Ec5}sing

TrO=C44r-2‘{ (x1+2X3)E551+(X2+2X4)P1(t)cs+2P11s (”%/Sino}coso

t9p=Coor *{25:Erc14[2(14-c0s’0) P (1) /sin*f ~Is(Is4+1) P} (1)
—2ls(Is4+1)ctglPis (1) 1c5}sing
K x(i=1—4) @R (3.1h), Ei(i=1—4) AR (3.11), YK
Eg=1(h+1)P1, (t) —ctgdP},  Eg=li(l+1) Py (1) —ctglP} (1)

E.=[Es—ctgbpP/ (t)1/sind E,= [Ea—ctgGP}s (t)1/sinf }

KR (3. 2h) RAR (3. 20) fib=al}, Tr=0, Tro=0RTMHEC1, C:MCs,
pe/mtfreit fabst fole=0
f4cl+fsca+fecs=0 (3.2})
Fre1t fe€s=0
BER (3.2]) REOFIRFAE, WARE,
cr=—p/alfir—Fofr/fo—~Fa(fefs—Fof1)/fofsl }

cs=—[fa—Ffef1/fslc1/fes 5= —f1c1/fs
R fi(i=1—8) WHE (A.3)

. SRR T R HE

(3.2k)

4.1 HhiE
BEETERETNEM=M,j, XREHDE, =FEIENKE, RITS5oHXE
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F3.2%5, Brast (2.18) A0 (2.19) HAWUKEBZHE, R TW FREAEHE,:

r’ I' [o,8inf/cos¢~+7r0c080/CcO8p —7,4/5ind]sinbd0
0

+I: [Trsina/cosd+escosa/cosp —Tos/Singlrdrsina=0 (4.1a)

M,/n+r L [%+3/COSG —T74COS0/SinG] 8N

+I' [&9/Cc08¢p —Togco8a/sing]r’drsina=0 (4.1b)
Em LR RAE, &
M,/z4r I: [7rs/CO8P —T,4c080/5ingp]8inbd0= 0 (4.1¢)

MWAT=0 1 Toy=0, REHFR—R, B—RAALHLHNEL. WREEN L Tre=0, R
(4.12) E R

r? I: [o,8In0/cOo8d~+7,0c080/COSP —7,4/8in¢p]8iNbd6 =0 (4.1d)
WARER TP HEAGNEE, AR (4.1¢) TRt Fr *5RIEL, KT

Y=cer 2Py (t)sing (4.1€)

F=r[ciP] (t)+ c;Pj, (t)1coss (4.11)

R ¢y € GCHFERE, LT Hn=—20 AR (2.12) HRE,
BR (4.1e) o (4.1) RAR (2.1) #1 (2.6) HEMBRR I,
sp=r"*[y1c,P) (1) + y.0,Pj, (t)]cos¢
=—y? [(YsDse14yiDocs+c5] cosg (4.18)
ug=r"2[y,Pi, (t)c1/8inb+y,Pis (t)c,/sinf+c.Pi()]1sing
ov=r"{ [(41D01+Cu1Ds+ysD: (1+cos’d) /sin*0) P (1)
—D,D,ctgbPi, (#)1e1+ [(y.D:+4C11D,
+y.D,((1 +cos20)/sin26)P}, (t) —D,D,ctg0Pi, (1)1c;}cosg

a',=r‘3{[(le1+C12D3—ygD2(1~+—cosZ(9)/sin20)P}l (1)
+D,D,ctgdPi, (t)1c1+ [(y. D1+ Ci.D,
—Y.D, (14 cos’) /sin’0) P} (t) +D,D,ctgbPi, (t)]c,}cose (4.1h)
op=r"% [2yl(C13_C33+C13D3]P11, (e
+[2¢,(C15~Cyy) +C13D4]P11, (t)cs}cose
Tre= —Cur™{ (Y14 3y,) P}, (t)c,/sind
+ (Yo + 3.‘/4)P11, (t)co/8Inf+ 3P, (t)cs}sing
Tro=Cor *{ {1+ 3Y2) Dsc1+ (Yo + 3y4) Decy + 3cs}CcOSP

Top = Ceer_s{ 2ysDqe, + 2y4Daca}Sin¢
i,
yi=li(li41) (Cyy+C1,+Ci543Cyy)
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Yo=1(L,+1) (Cri+C1+Ci+3Cy,)

Yy=2Cs =l (Li+1)Cyy —2(C114+C1, —C1) (4.11)

U4=2C33“‘13(13+1)C44'—2(C11+C12—C13)

Dy=Cy+Ci,—2Cy, D,=C,—Cy, Dy=yi(li+1), Di=yd,(l;+1)
s=h(Li+1)P1, (1) "CtggP[ll t)

Dy=15(Is+1) P1s () — ctgOP; (t)
D= [Ds—ctgbl’}, ()]/sind  D,=[D,—ctg0P}, (t)1/sinf

(4.1])
¥R (4.1h) ffAR (4.10) KO=aRt, = 0Flres= 0 RLEGECLC FICs,
hici-hocs4-3c,=0
hsci4hic,=0 (4.1k)
M,/ 74hsci+hoc+hrce=0
BixR (4.1k) WREKTARANE, KTRE:
cr=—M,/nlhs—hshe/hs—he(hy—hshy/hy) /3]

c3= —h.c/hyy cs= — (hi—hshs/hs)c1/3
Aoy h(G=1—"7)WKE (A.4)

} (4.11)

4.2 fkiEE

B TUE AR M, =M.k, XRHEFE, Hor=0,=00=Tr=0, 7rHlres
HoF¥%, R (2.18) A (2.19) WARREZANHE, RE

Mz/2n+r3'[: r,¢sin29d0+j:?o¢r2drsin2a=O (4.2a)
W REI AT,
mER (4.22) Y
M./ 2747 j:r,¢sin26d9= 0 (4.2b)
I ATes=0,
B (4.2b) TR, 705r  WIELE, MW EF =0
Y=cir P () (4.20)
BRU@.20) RF=0RAR (2.1) Fi1 (2.6) BB HIT,
Up=tp=0, ug= —c,;8inf/r’ (4.2d)
Opr=0g=043=Trg=Tgp=10
. } (4.2e)
7= 3C 018100/ r?
mz (4.2b) W#iEq, H)
c1= —M,/[67C,(2/3—cosSa+cos’a/3)] (4.2f)

f,oAw D HE R

MNFEOHERE, HRSMDF A RS, B RIIER T3 1T R4 R B B
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5 (3.1a) TR,
pa/omt rZE[o,cosa —7,,8in0]8infdf

,
+j [TacO8a—dgSina]rsinadr
0

—J"r*:ecosﬁ—ogsinﬁ]rsinﬁdr=o
0
mER (5.1) HEF
bo/2m+ r? I:[a,coso—r,gsine]sin9d0=0

MA4Ts=0, Tw=0, of=0frTe=0, REFZANEIMLH,
Bll, TRFERNT,
F=r>'[c\P1, (1) +c.Pi(t) +¢.Qu, (1) +¢,Q1(#)]

(5.3)

R Qu() NEZ LB L ERE, c:(i=1—4)ARSEL, BENTHR (5.2) MEf%

14:9=a, gy= Tf9=0&0=ﬁ’ Tee=0,

HUEKF3. oW E e, R (3.2a) f1 (3.2b) &,
-D’/”‘I"ZJ: [o,8in0/coS¢ =+ 1rC080/COSP —1r4/8iN¢] SINOIO

+jr [T.esina/cos¢+ocosa/cosg —Teg/8in¢]rdrsina
0

—Jrrtosinﬁ/cos¢+o;cosﬁ/cos¢ —t¥4/8ing]lrdrsinfi=0

ré f: [vr0/COSP —T,4c086/sin¢g]sinddf
+I' [69/CcOSp —TggeCc0Sa/SinglrdrSina
0

_I' [0%/cos¢—1%sc08p/sing]rdrsinf= 0

MRAR (5.4) FF

p,/n+r2J: [0,8inf/co8¢+1,C080/CO8p —7,4/Sing]8inbdf=0

;3]'5./46‘9=0, Ty=0, To4=0, 0:=0’ T?o=0&13¢=0, Rﬁﬁﬁ‘%ﬁi%.

M, R (6.5) T,
r3J-; [tre/COSP —T,gc080/8iNP]8INOd0=10

ERTHXERER, R (3.2d) f1 (3.2¢) K.
Y=r""[csP (t)+ceQy, (t)]sing

F=r"'[c.P] (#)+c.Pi(t)+,Q] (1)+cQi()]cosd

(5.4)

(5.5)

(5.8)

(5.7)

(5.8)

(5.9)

RHQs (O NEHEnNIJE T YL RE, o(i=1—6)REIHE, ThR (5.6) Kb=a

H’\j'0'3=‘t',o= 0, T94= 0fn0= ‘HHTJ‘T”;: Teg= Oﬂéﬁﬁ%_
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RN TF4. 2 PROBHEEE, R (4.13) 1 (4.1b) TR
r2j:[a,sin()/cos¢>+r,gcosf)/cosd)—r,,/sin¢>]sin9d0

+j: [TreSina/cos¢+acosa/cosp —Tog/singlrdrsina
— J: [t}ssinB/cos¢+ofjcosf/cosp —v3s/singlrdrsinf=0 (5.10)
M,/ n4r® J': [tr0/COS¢ —T,4c080/8in¢g]5infdl

+I' [59/cOSp —TogCcOSa/sing]lr’drsina
0

_J' [o¥/cosp —1%ec088/singlridrsinf=0 (5.11)
Bk (5.11) F1F
M,/n+r J: [tr0/COS¢ —7,4C080/8in¢p]sinfddd=0 (5.12)

W2, G9=0,Toy=0F15s=0, of=0RF=ARMILK,
R (4.1e) f1 (4.1f) THRBERTR:
Pp=r"[c;P} () +c,Q} (t)]sing (5.13)
F=r?[aP] 1)+ P}, (1) +6:Q) (1)+c.Qj, (#)1coss (5.14)
KRB EEe (1= 1—6)FHR (5.12) RO=affoe="10p=0,7.0= 0F10= SR} 194=0,7,=
0-
BElH, HNTHFEEEE.:

M./2m+r® J’ﬂ r,¢sin29de+j'f,,ﬂdrsinza
0

~I;T§¢r2drsinzﬁ= 0 (5.15)
mER (5.15) FiF
M./2m4r j:r,¢sin29d0=0 (5.16)
Bt Tos=0Mhs=0RF— MR, 9TERTRH
p=r [P (t) ¢, Qi (1)] (5.17)

NHe, GHER (5.18) fif=alfr,=0EKMHE.
Fit b3
C,,,,,=S: P, (cos8)P,(cosd)sinfdd b

_ sin?a[Pn( cosa)P cosa)—P,(cosa)ﬁm(cosa)]
- n(n+1)~m(m-+1) T

Chm

I

g: P: (cos@)P! (cosf)sinfdé

sin?a[ Py, (cosa)Fi(cosa)— Pi(cosa)P}(cosa)]
n(n41)—m(m<+1)




f1]

[z]

[3]

[4]

TR 450 [r T 8 L TR 2 T B ) B ) 2 965
C! =S: P! (cosf)dd=—P,(cosa)+ P, (1) (A1)
C§"=Sa P} (cosf)cosfdf=— P, (cosa)cost+ P (1)~C,,
0
C&,,:YP}, (cosf)cos?fdf= — P (cosa)cos?a+ P,(1)—2C,,
0

= dP(cosf)

Pi(cosl) = “d(cosd)

pr = dPi(cosh)

7 d(cosf) °

g1=[%1(2C13—Ca)+ C13x311(11+1)]C111+C“(2x3+x1)C1llﬂ

g:=[%,(2C13—~C33)+2x,C13](1 —cos3a )34+ Cyy 2%+ %1)(1 /3 — cose -+ cos’a/3) A
.2)

g:4=(23‘3+9€1)P;1 (cosa),

g4=(2.'X4+xz)Sina.

f1=[%1(2C13—Cs3)+ Craxal (11 +1)] C}ll+Cu(x1+2x3)[11(11+1)CI,1— C;,l]

+C“(x1+2,)C,‘l )
f2=[2C(x;+%,)—%,C3](2/3—cosa+ cos®a/3)+ Cyy(x,4+2x,)(1—cosa)
+ Cyy(x,42x,)(1—cosa),

fs= 2CuCly, +2Cqllstls+1) Clyo— CYy ]

f4=(x1+2x3)[11(11+1)P11 (COSQ)—CtgaP“ (COS(I)] (A3)

fs=(x,+2x,)cost

f6=2P115 (cosa)/sina

fr=2x3[1,(}3+1)Pl; (cose)— 2ctgP;‘ (cos@) i/sina

fe=[2(1+ cos?a)/sinta—Is(1s+ 1)]1;’}s (cosa)—2ls(Is+1)ctgaPl; (cosa)

hy=(y1+3ys)[1i(11+1) Py (cosa)—ctgaP} (cosa)],

ho=(y,+3u)[ls(I3+1)Piy (cosa)— CtgaP;’ (cosa)],

hs=2y;[1;(1;+1) Pl (cosa)— thgP}1 (cosa)]/sine (A 4)

h4=2y4[l3(13+1)P1, (cosa)— 2ctgP11! (cosa)]/sina
hs=Cy(y1+3y3)11(114+1)Clyy,
he=Cu(y,+3y)]s(13+1)Cly,
h;=C(4—3cosa—cos3)
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Elasticity Solutions of Spherically Isotropic Cones under
Concentrated Loads at Apex

Ding Haojiang Zou Daogin Ren Yongjian

(Deparitment of Mechanics, Zhejiang University, Hangzhou 310027)

Abstract

Based on the Ref, [9], the displacement and stress distributions in a spheri-
cally isotropic cone subjecied to concentrated loads at apex are studied, The
displacement and stresses are given explicitly for the cone in compression, tor-
sion and bending cases, respectively, based on the situation of the concentrated

forces and moments, Finally, the hollow cone problems are discussed,

Key words elasticity solutions, spherically isotropic cone, compression torsion,

bending



