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Xt F— BRI, T LI B Voltera B R AW BMCT  EXHBRREARMET HER
DA , TE 3 Be (B AR v P, 3 D O — A A B R T B B, S A AR L T, M B A B
LREAR. 1S E B SCER P, Souchet F FISE 28 Volterra B4 7 12, Xt B A BEHR A = 42
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$(1) = E,D(1) + ZM:EZ,-j;D(r)sinw,-(t _ o)dr, (1)
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wy ﬁ%.
FEIAFBOMNEREE=ZARE MX - RS SHAMREMAERE B, F3FH
AR, X EXEAS D) #T4BREIAFGEE. EHBESERG  WEEEAR, EE
BESHERBESER MTMRERER D) N—PRIFELR.
FERMEBE, MEFB(DFRCSHEBE 6(¢) BB TN Z R, WE
¢(t) = E\D(1) + iEzﬂ)i.[;D(r)coswi(t - r)dr, (2)
RPEBLE-SRRX ¢ RKEW. He =1 =08, HARXMQBELSRE
D(10) = #(10)/Ey, D(tg) = $ (10)/Ey, (3.4)

R D(1g) = (AD(1)/de) 1, M #= (d()/d) 1,.,. TFEGBFFBHEAR, —HR A
S AE 1, 55— R Hormite #E 1.

1 BHEAK—
7£ X fa] [{,’-1 s th L%Fﬁ%'&ﬁ{ﬁ%ﬁ’

D(t) = §(e)D(t;_y) + 7;(¢) D(3)) (j = 1,2,,n), (5)
pavas
£(1) = t-t___‘tL, 7(1) = t- 4 (= 1,2, ,n). (6)
-1 =k - ta
BRGIRAX()E
¢(tj) = ElD(lj) + ZEZiS[AijkD(tk-l) + b,'jkD(tk)] (7)
KT

t
Ay = Lk & (t)sinw;(t; - 7)d7,
k-1

, (k = 1,255 = 1,2:--n). (8)
By = fk 7 (7)sinw; (¢, - 7)dz,
tk—l

B (7), 7783 D(y) RMBEAR

m j-1 m
¢(tj) - zEziE[AijkD(tk_l) + B,'J';.-D(tk)] - D(tj_l)ZJEZiAij/
D(tj) = i=1 k=1 o =1
Ey+ 2, EyBy

i=1

(j=1.2,,n), (9)
RIEKXG)HEE D(20) J7, THK9) KEKKE D(y) (G =1,2,,n).

2 BEEAKLT
TEX A E [tj_latj] ¥ F Hermite — W S = RKIGHE R EL,

D(t) = Hy(e)D(t,y) + Hy; D(y;) +
Hy,(:)D () + Hy; D(y) (j=1,2,,n), (10)
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K D(y) = (dD(e)/de) |, '
( _ iy t
Hoy(t) = (1+2 ,1)(5— )
H1j(t)=(l+2tt’__t )(: )
J J= 7 (ll)
t:
. — - — =
Hy(t) = (¢ -1, 1)( t,-_l) :
o2
H3j(t) = (t - tj)(t———_;-_ll) (] = 1929"'771).
L = 5
BAUORARX (DK (2)#8
(¢(y) = E\D(g) + ZEziZ[Ao.ykD(tk_n) + ApD () +
AzijkD(tk_l) + ABEjI;D(tk)],
j . m j (12)
$ (t;) = E;D(y) + ZEzﬂ)iZ[Bong(tk_l) + ByD(1,) +
BypD(ti_1) + B3yD ()],
RF 8 (1) = (A$(0)/de) 1,.,
Ay = J:k Hy (t)sinw; (1 - 7)dz,
By = Jj‘ Hy ()sinw(3; - 7)dz,
) (1 =0,1,2,3; k = 1,2,,5;j = 1,2,,n). (13)
B (12), 77783 D(¢;) 1 D(y;) BBIEAR
_ fij8n; - fr81 ; _ fzgau! flﬂZl! . 14
D(tj) - ay @ = 012021, D(tj) - a1182; — Q12;@2); (j = 1,2, m), (14)
K
ay; = E, + ZEZEAlijj’ Qp; = ZEziAaiﬂ“v
az; = ZEzﬂiinqj,azzj = E; + ZEzﬂ’iBsij,
fi = $(z;) - ZEZiE[AOijkD(tk-l) + AlijkD(tk) + Azijkb(tk-l) +
) : (15)

RIEXG)F(4)HTEH D(1) *DD(to)F AT g (14) KRR D(2) B D(1)(j = 1,2,

n).

A3ukD(tk)] - ZEzl[AoﬂD(t e AzwD(tk-l)],

foj = S.i’(t,-) - ZE2lw£Z[BOUkD(tk-I) + BiD(8) + BopD(1;_y) +

B3ukD(tk)] - ZEZI:(DI[BOL_UD(tj 1) + B2wD(th l)]
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R, RITR m = 30 &
w; = {1.427 8, 7.479 2, 14.693 8, 21.969 9, 29.260 5, 36.556 8, 43.855 9,

51.156 6, 58.458 3, 65.760 7, 73.063 5, 80.366 7, 87.670 1, 94.973 7,
102.277 5, 109.581 4, 116.885 4, 124.189 5, 131.493 6, 138.797 8,
146.102 1,153.406 4, 160.710 7, 168.015, 175.319 4, 182.623 8,
189.928 3, 197.232 7, 204.537 2,211.841 7} ;
E, =-0.691 662;
Es; = {0.104 0, 0.606 69, 0.009 364 3, 0.197 33,0.004 426 3, 0.117 959,
0.002 915 96, 0.084 163 6, 0.002 177 6, 0.065 429 9, 0.001 738 5,
0.053 52, 0.001 447 2, 0.045 28, 0.001 239 6, 0.039 24, 0.001 084 2,
0.034 62, 0.000 963 43, 0.030 976, 0.000 866 9, 0.028 025,
0.000 787 96, 0.025 587, 0.000 722 2, 0.023 54, 0.000 666 6,
0.021 796, 0.000 618 94, 0.020 296}.
() WEETESHM Do) BIRBRAR(D, HERBRLHEY, ERARARBHER.
B {5 P 2 3R A % (] BERE A, FE R R AR E AR (B AR RES) P AR - AR
HRMBESRET K.
Bl 1 FiGHE D(¢) = 100.0 + 50.0¢ + 2.0¢° + 0.14°.

F1 K A =01
REBE(BIEARRBS) AR WEART
5 1] b
WEHR AR % FUH SR LEPIRLE < B R LRORTE =
Y 100.0 100.0000 |  0.000 100.000 0.000 100.000 0 0.000
2.0 208.8 193.6295 | ~7.266E-2 | 208.8018 | +8.842E-6 | 208.8000 | —3.136E- 13
4.0 338.4 3229652 | ~4.561E-2 | 338.4019 | +5.681E~6 | 338.4000 |+1.371E-11
6.0 493.6 470.8311 | -4.613E-21 4936021 | +4.328E-6 | 493.6000 |-5.660 E- 12
8.0 679.2 650.1156 | ~4.28JE-2 | 679.2021 | +3.145E-6 | 679.2000 |-2.833E-12
10.0 900.0 862.1855 | -4.202E-2 | 900.0021 | +2.306E-6 | 900.0000 |-1.699E- 10
x2 AL = 0.5
SR B ORI A AR B ) A R~ BHEAAZ
i i) Hida s R
BEER ek £ QP XL B S5 R xR %

0.0 100.0 100.000 0.000 100.000 0.000 100.000 0.000
10.0 900.0 686866 -0.237 900.072 +7.948E-5 | 900.000 | +5.074E-13
20.0 2 700.0 2059.821 -0.237 2700.131 | +4.856E-5 | 2700.000 | +3.149E-12
30.0 E 6 100.0 4612.715 -0.244 6100.163 | +2.674E-5 | 6100.000 | +2.152F-12
40.0 11 700.0 8 857.273 -0.243 11700.231 | +1.978E-5 | 11700.000 | +3.826F - 11
50.0 20 100.0 15 218.591 -0.243 20 100.282 | +1,380E-5 | 20 100.000 | +1.826E- 10
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%3 HE A= 1.0
Wi R R R B (B AR BL) BHEAKX— BHARZ
WL R xR E MR MR E QRS X iR E

0.0 100.0 100.000 0.000 100.000 0.000 100.000 0.000
20.0 2700.0 14 615.512 +4.413 2700.006 | +2.080E-6 | 2700.000 | +2.688E-13
40.0 11 700.0 58 061,822 +3.966 11699.971 | -2.337E-6 | 11700.000 | - 4.970E - 12
60.0 31 900.0 155 896. 112 +3.887 31899.943 | -1.898E-6 | 31900.000 | -3.207E-12
80.0 68 100.0 328 684.832 +3.827 68100.051 | +6.883E~7 | 68100.000 | -3.956E - 11
100.0 125 100.0 604 855,834 +3.835 | 125099.978 | - 1.874E-7 | 125100.000 | +1.611E - 10

Bl2 b D(t) = 100.0 x e %% + 50.0.

x4 H¥ A = 0.1
REHBE(BREALRERS) BEAX— AR

Bt 8] LR S

BHEER MR E WAL R MR E BHEER i puRty ]
0.0 150.000 150.000 0.000 150.000 0.000 150.000 0.000
2.0 117.032 101.913 -1.280E-1 117.033 +1.050E -5 117.032 -6.888E - 11
4.0 94.933 91.641 -3.468 E-2 94.933 +5.867E -6 94.933 -2.454E - 11
6.0 80.119 73.017 -8.865E -2 80.120 +6.471SE-6 80.119 -5.084E - 11
8.0 70.190 71.912 +2.454E -2 70.189 -2.609E-6 70.190 -2.336E- 11
10.0 63.534 63.653 +1.882E-3 63.533 ~-5.344E-6 63.534 - 1.354E - 10

%5 HK AL = 0.5
REFZREBEAXRRD) BEAR— BEARZ

Ht f|]) B R

PEER AR AR xR PHEE R MR A
0.0 150.000 150.000 0.000 150.000 0.000 150.000 0.000
10.0 63.534 53.110 -0.164 63.536 +3.254E-5 63.534 +3.170E~ 9
20.0 51.832 42.306 -0.184 51.845 +2.505E -4 51.832 -6.187E -8
30.0 50.248 31.182 -0.379 50.245 -5.253E-5 50.248 -~ 1.008E ~ 8
40.0 50.036 39.326 -0.214 50.051 +3.500E -4 50.036 -3.299E-~-9
50.0 50.005 37.043 -0.259 50.020 +3.028E -4 50.005 -7.183E-~8

%6 B AL = 1.0

e o REBREEELRXRBL) BEAKX- BRART

iR MR PSR X B PH SR LiEORLE
0.0 150.000 150.000 0.000 150.000 0.000 150.000 0.000
20.0 51.832 -471.051 - 10.088 51.876 +8.591E -4 51.832 +1.251E-6
40.0 50.034 738.552 +13.761 50.006 -5.442E -4 50.034 -1.677E~6
60.0 50.001 1241.023 +23.820 49.929 -1.435E-3 50.001 -8.392E-7
80.0 50.000 1 535.629 +29.713 50.076 +1.512E-3 50.000 +3.662E -6
100.0 50.000 -273.963 -6.479 50.056 +1.137E-3 50.000 -3.128E-~6
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1) M AR BECR A2 BIERE S B a0E AR R X B EHRRE 2% Volterra 1
SHBREIEFRINNG. EEAR—, D) = 100.0x e +50.0, Yot E B KGN At =

0.1,0.5 F1 1.0 B, BB A S50 B0 AR RO A XTR 2 43 B 7E 107 ~ 107°,107° ~ 107* f1 107* ~ 1073
BR .CERARBHIEE,M P(1) = 100.0 +50.0¢ +2.0:2 + 0.1 HABELER. ik
AR, RAMRAME K, HEERSHHBENETREBLRAREEERKN S RER
FErERE—ELEL. A, R Hermite — % S ZKIGEE RS HAORELKXA B EE
CRAEHYRMHEE. M—MPBPHIRORKERE, Y A = 0.1 8, BERSHEHENHE
SRZE 1072 ~ 107, EBELERUETH,ME Ar = 0.5F Ar = 0. 185, KA R E 2R 1%
KERBEFEBENWGE R, LDIRA/DWBESKHETITE . —BORU, X FHERIRHEE, 7]
PATHE () BB, bR (2) ML TIXT FARLE 6( ) & i S0 B8 4005 T 45 6, sk LI
HEH. ZeH R AREAR— i ENEp AL,

2) HEERERY, WTFHA=ZMEK, AABHEAREHE 100 RKEHHEMNREHREK
AEARTA, MEREHEE, XBREXPBEEAREERS KB ITTE S AR E MR RN
=

3) UmERHEEZTAM, REAMA (MR TR, KEFMNTRRITAEE
K.
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New Numerical Method for Volterra Integral Equation
of the Second Kind in Piezoelastic
Dynamic Problems

DING Hao-jiang!, WANG Hui-ming2 ,  CHEN Wei-giu'
(1. Department of Civil Engineering, Zhejiang University,
Hangzhou 310027, P. R. China;

2. Department of Mechanics, Zhegjiang University,
Hangzhou 310027, P.R. China)

Abstract: The elastodynamic problems of piezoelectric hollow cylinders and spheres under radial de-
formation can be transformed into a second kind Volterra integral equation about a function with re-
spect to time, which greatly simplifies the solving procedure for such elastodynamic problems. Mean-
while, it becomes very important to find a way to solve the second kind Volterra integral equation ef-
fectively and quickly. By using an interpolation function to approximate the unknown function, two
new recursive formulae were derived, based on which numerical solution can be obtained step by
step. The present method can provide accurate numerical results efficiently. It is also very stable for
long time calculating .

Key words: piezoelectric; elastodynamic problem; Volterra integral equation; numerical solution; re-

cursive formulae



