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Fig. 1 Geometrical sizes of shallow spherical shell Fig. 2 Isometric transformation
of shallow spherical shell

EPORR I REMELEUTRERS . AMABSANEMRU FHBF HE
BB, b =— 2/R.ks =— 2/R &R, BT LA

U ~Ul = j(kf + B + 20k ky)dS

=Ya +ws, . @

Heb D HHEBRIE, S ¥ hORE | AR MH. ETHRER U,

XE UTHERANRERBREME DREE IO TEE . EXR , SHNE
RERNREERBREATERY., AREAREHENRE, FRFE T

& = u/r,
Kb o yREXBAMNS ., b FHRETFFRA PRI . R TTEERT, NREHER
TEKU K
. Eh U,
U = m”( L yis )

WA U KT REPHAEERNER. X8, Fih v EET RABS XN,
—#5 R ERIE | KAAEII U F—85 R 88 1 K@5hEM5S UL,

HARTN VA BIShER AWM. N FRRFREVH . SERS O EMEIE

kl=a—m=°f 4)

Hob o RRERERMBE. U TS Y =2y =50), FRA—EM
REHEN R k= /ak, BEIS TS T MY



208 ®R % 5 % & B2

UL = m.oL' [ + (%z)2 + 20 %jds (5)
Hp 20 ABREMRE. B TR G)PHB_IE/NMFRKAN AN, TTLABR . BJRA[
Bey. FA
() =—a, &(@=0
U]
U = m',Df WS — 2D 2
RXRERRE SRS ML NN
U = m',Df @S 4+ nr, l—ih—vz-f :—;dS —_ m'll)v%

MFREMAERS TR AR LEERE.BE

Ul = m.of 'S + vy li—h—",f%ds — 40+ Dz + bz (D
BROMRT  BEHSEEBU' N

Ul i Ul +U|
= 2am, ﬁ [P + f].;zs 40+ Hom,D (8)

M ERATA, R§ﬁliﬂﬁﬁﬁ?ﬂ1ﬁﬂ5%1¢£%mﬁﬁ u 1 o, BEAT LA+ M FERT R AETERE.
iE R A BRI A . E R R X R R R E R AMM B M AWM T
FLI ATV LR T FFRFAHEREERNFANTHEEERTUAZRES
. BIRMTARERN 200 RE, RENE FFRF AN PENE =0, ATTH

¥ + oo +lw'==o (9
ATRKB uM 0, BRIIBMTRE 0 M o N ERNFEREE U EREF 9 Z TRE/ME.

EXHURATTH  BERAEREXR—PMIRREN RN, KR EEEKERHERRIE
whH. &

Eh

7= [ e+ 25 5 % %is (10)
W BENELARERFOIZT.RI B‘Jﬂfl\{ﬁ'gl)\ﬂﬁ!mﬁi
- u - @ - S A2
u——rl—az; (D=:; S=m; d"—"l?rf—az‘ (11)
FRE
« _ 27rl2ERS2af . 4(1 + »)amr D
vt = 12241 — :#)J R 1 az
A
J= _L‘. [w? +u]ds, d* = 1—3;7/;7“# (13)

R v, 0 AN R RGN
@(0)=—a, u(0)=0



m3m TRES R F L TR A T O RER 209

W o, u B RFEY
w(0)=—1, u(0)=0, wd@*')=0, a{d*)=0 (14)
EAERME, XEEAGBHRENE v,0o ARFRBR L TERKZ 4. HHTR.
RINBEEZBSURAZE/NB/MOLED, TEELUNNAR Jo=mnin~
115, XH, AR . (OFEEKSEERN

27r}/ 2 ERS/ 20’2 4(1 + v)anr,D | 4D
it = T R tpdt s (15

MFRRE  AMTXR

U=

a~rnr/R, 2f=rl/R

M H S:=2#xRf=~nrt, LB, 2f AATHRAME. BIEER/AKXUS),H

= 2nCE(2F )V % (16)

Hep,c=7/[1241—+)], RUOBBRFERMYNEBAEMRER, HARLHE,
ZitH mind §53 R, BB TRERE 20 80 F2X— &40 2d BER /MY HR
HE.

= RETEAMSREEHENER

HIRE 1 FRK R, ATRA —REY M HBEEE, ENBEEE B/ TR
PR o, IHETM AN REERMBZRP G RER . REEEZRELER v, [T
iEZ3).

AT AR A R BE vo 2[R 8955 & 7] py RE B 45

U+Ti+T.=To an
BE . B .U ARMEILRE T HiBEHEMFIZIEE: T b drd BPiRarE s 3h88, T, b
FABEE.
MFHE 2 FRENETE, BREMHUBGH

2
®= 2(f—2’—R> 0 < r <VZRF)
w=0 (W2Rf <r<a)

RBECBRREHRALE o MFFAFAME « HRYMUBHER, BHREIRE
RAR /M. TREBR SN

v=E=2f 0O <r<V2Rf)
v=10 W2Rf < r<a)
Niw] R E]
T,= M(Z})’/z (18.a)
T,—= mhoR(2f)f (18.b)
To= Muv§/2 (18.¢)

BRUDFARNORARXADFE



210 . ¥ 5 w i L BPE

&".C:Lm(zf)m + -%—M(Zj.’)' + nhpR(Z}')’f = %M"i (19)
O RBES MR H R, ER—WERER WA HE LAY
T[ 3 F§ Runge-Kutta J7 3 ¥R .

EXZIREFRES, EERXOHREAGBAMUE 2f  SMETEHTEE 0o Z
FHER. TXTFREIEBEERTAROHN. X—KAREUDRBN4E 27 =0 B[
ﬁgjo

RY3 M2 3p /3
2f* = 4z/f"z/scn/:?z/shsls @D
REMBKEKErH
r* = \2Rf" (22)

TE¥EHE XS IIHHMERAMEAERERRE: #f1 L R=221. 2mm, KM
¥4 a=160mm, LB’ E=66. 76 X 10°N/mm?, JHIL R ¥ v=0. 3, B p=2.9g/cm*, [l
BEhmR =403, B3HEFRRANGEET ARATREAHBRESKREMXER
B, B1AETRMET. .2 M B9EH. Z2H 0 v EREMXRE.

120}F o
£ | «®e
.E 80L ..
" ol R
—BipH

0 20 40 60 80
vo/(m/s)

H3 royERESERMEMNHE
Fig. 3 Comparison of experiments in references [8,9]with present theory
« Experimental value, —Theoretical value
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Table 1 The values of 21" and r* in different values of v,

2y/(m/s) 5 10 15 20 25 30 35 40 45

2f* /(mm) 1.17{2.93 [ 5.00| 7.30 | 9.80 |12. 47{15. 29| 18. 23| 21. 30

r° /(mm) 15.75(24.92{32. 56| 39. 34| 45. 58|51. 42|56. 93(62. 17 67. 20
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Table 3 The values of 27° and r* in different values of v,

to/(m/s) 5 25 50 75 100 | 125 | 150 | 175 | 200

2f* /(mm) 0.06 |0.49)1.23|2.12]3.09|4.16|5.27 | 6.48(7.73

r*/(mm) 3.57 [10.19]16.15(21. 20| 25. 59(29. 70 33. 11| 37. 06| 40. 48
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SUPERCRITICAL DEFORMATIONS OF SHALLOW SPHERICAL
SHELLS UNDER IMPACT

Ning Jianguo Yang Guitong
(Taigum University of Technology , Taizaan 030024)

ABSTRACT This paper discusses the supercritical deformation of shallow spherical shells under
impact by using the geometrical theory of thin-shell stability proposed by A. V. Pogorelov. This
method is based on the experimental observations,that the large deformation of shell takes a form
resembling one of the forms of its isometric transformation. First of all ,the approximate formulae
of deformation energy of shell are derived. Secondly, two different ways of impact on apex of
shallow spherical shell are considered and the governing equation is derived by using the energy
balance. Finally ,an approximate formulae of maximal hollow radius depending on impact veloci-
ties are derived. The present analysis is shown to agree with some available experimental results.
KEY WORDS impact,isometric deformation,ridge



