1982 £ 7 A h. ¥ ¥ W . | ﬂlﬁm

5055 2 S B D o 0 P

BARY I E X

ChEHEREHFERRER) (PERERBELITN

RE REBHSEAMEVEERDNF - ERNUERKEANS B, B8R/
RS2 R R SRENRIT » JATD ) RIBTRR ¥ 225 5 RISIAIR AT LLFE AL B R R AR R A9 FF IR BR
JEF REL IR M, Laplace RABHRABMBEFEAR L BHBRERN. BE,
Riemann RIFHEFRB—RAOER B, 5328 RIRER I ERPEE 7E1E B aRIE B
BREGT,,—RBEFBANR T RHEBOIR FEU. X5, BRERERE—LEN
P/ HS-EB N IR B R R,

=t

—. gl =

BT RR, AREEBEHERNAE: 1) BERLiahE, FREKHESR
BER; 2) EXRBARMPNERESEE, ZMRAAHBROERTE. X8, T &
REABEN BEUHER T ERFTREDHE). ZREAHRERBRIBOBHRE. AR
3T — R AR LR T/ K- B AR IR RIS, AR DL ENSESh 07 83 SRR R
.

=, BHGESEERRE
BB (1], BHl—B R R/ - WA & B BN E R TR

dv Oo &v
p—+— = ——

O Ox O1Ox?

Ov Os

or 01 (21a—c)
Os 1 o

—e . T + R

Ot pc? Ot 4(o5 &)

Hoep, x 9 RABBLRAAR, ¢ XA, e BEE 00 e (BUERL A RER 2524 1E )43l
ERAEE., N ARINE. oc BEBERFR, § RMENAREENN—ZFBAEE. R
(2.12) AR =M SBIAX BB L EWMREZEER. B 9(0, &) HRGEHR
SHERI G, —ME o e KRR, RREEE, MNE 9(0, &) BEHTIFERAMHK
KR BB SR AT AL PR 4T Taylor 0BKRIT,AH THRIK (0, ) (0
.3

AXARBRERKATRIET, T 1981 4 10 Qi F,



312 ya| =] =4 e 1982 #

K(1 + Me?) Z;A,,,,, <0% — 1>". - (g?)"

kS

(NEHEEKEAEE)
K1+ Me?) > B (f;)m(s’)"

(N REFBERS 28)
Hrp K7 == B FSIHIRFER IR, M B BAEMERE, Aa A1 2. BAT
WMERARE. of BREGMERS. X 25CMaSI &M, B (2.40) HEBH—RI, il
BHARSRMAPHUESY, X6, F

q(o, 8) = (2.4a—b)

oo, &) = K(1 + Mef)(f; —1—Het), %|Z|>1+Hl  23)
MEEHTRAENTEATEENL
A S R 3 .
L At a*’ ¢ g} (2.64)
H5|#EENSHK
L P (2.6b)
oc
RN GEA (2.1a—) TRU4:
% 07 _ 5 O
o7 O0x diox?
ov 08
0% + 8 0 (2.7a—c)
6e _ oo _ o

—- = (1 -+ Me?*)(¢ — | — He*?
or o7 o7 ( ) )

XH, 8= ﬂ(%)z, To = —:— ERARFER). BEIBRRTAANHSE © 5 1,

Zth. o BEAAJUE RS As PR B R, 0T B RAORE SRR A, DY RiLE
R.ETEZHD, A EENERRSEEARS. REMH F RAREKE. X R®EQT
a—c), S|HATHRRBRFME:
W=, v=0 i}
o - {?_ PRIV £ (2.8a—c¢)
g BEmMESR
- BARFOTRAREY |, WERTHKEEZBER, DR REN—BERN:

g =0 N: '
' Lol = [al 2ial+a Jo =1 (2.92)
ﬁ x =1 N’

Li[g] = [ﬂl 'aQt" + 8 56; + 6 ] o= f,(¢) (2-9b)



£ 408 BEYS: BehREMRR-REERRES KA 313

Kb L, 1 L, REBUETF, o R 6 G=1,2,3) RN, AR1D8H. %F

r = RIEFEREF.

%1 AR « EXNNARBFFE

PRES « a a 20) oo
BRI R 0 0 1 X0 | () BEREL N
—— 0 . o | om0 | 0N em0 uRRmG, TR
L3, 1% 0o | T fggiﬂi&%wm
P ——— i —p..lt. 1 0 0 | ow BRERSEEFNBEAL,

ATEY BFRFE (2.8a—c) M (2.9a—b) TRME (2.7a—c), BEBAMES .
BEABES EEZUSTRBEN, REAMMHERNMREARAHER /NS E.M%
frEEENKRMRERY, HRUESIHEERY, MAEIIBHEE 0.01—0.1 HENR
L, fust 25CrMnSi §E&W, BRPFFATTERR®, B M = 0.05, H=0.013 &, X
RERNEREFREFOFES. SRBRRITARS) T EKRE LRRIE,

=, =0 B AStikEIEE TG

1. BB

A (2.7a—c) BRE SRR W ¥ L
MFlEKE, AHBIELEERHBE RAOR
&,
v=c=g=1+4 (go— 1)e™*, X4 x=¢ (3.1)
HErh oo = vg =€ = (0, 0) = &(0, 0) = ¢(0,
0) BREMEE r=0, :=0 HAEWA L
A (3.1) KA, ELEEEREMAMHATLTR. 5
ohs W1\ R A (2.8a—c) Rl (2.9a—b) FRAHRM
FMRH, XghEHE, RIOTTLUUAENSER S %
Kig ERIRIE, XHBEIE

0=vuw+ Moy +Hoyp+ ++----

v=ypn+ Moy + Hop + ++c--

E = Ey + M€m+H5m 4+ e

«©
8 =gy — o = Z shMH!

iojmo

.« = i I/,'jMiHi
=0

. = i GiiMiHi

Ny LT T

0]
0

4

i}

1 /M- IR E (5, ») FEPER

= i O';iM'Hi

£, =0

3 (3.2a—d)

éof =0




314 yal =4 e iR 1982 “F

¥ (3.2a—c) RA (2.72—¢), & 8=10, LLB/NEBHMFHWFKR, TEE KT W
| REOSRE. NERRE
Q”_m + 6_000 = (

ot Ox

Ovw | Ot _

Ox + ot 0 (3.3 —¢)
a_e_m —_ @@ ) —1

3t o

HTFOREFHRSEAECBAEEMUH, NHIRERRWE (3.1) f1(2.9a-b), #
TEIRAE (3.33-¢) BIRHFF IR HLIR T
62 620'“3 6(Tw 0 (34 )

8 o8 O
A Laplace ¥, ;i_E (2.92) F1(3.1) FTHIREWRE (3.4) B RE S1#E:
=] 4+ —— Scn-i-in pF, (P) + (a, _— 0‘1)(00— l) 45} e “VPIGEDE . ewdp (3-5)
2ni

fomi® pla; + Gqp — an‘\/ﬁ(? + 1))
Hr

Fi(p) = S: fi(2)e™*d: (3.6)

BRE(35)Y 1 >x>0 WRANKMW, BANRTHEY R SREHE. —B5H
TLRH(G5) REERN, AT ISSMERB TRV HRER.
B, EEBIRBE
mEx 1 ARA owl= =07, &
o =a=0, a=1, F(p)=2ad'/p (3.7)
¥ ERRA (3 5),&dREREE,. "

cgtio e—-s/pa0+x):

e — 1 S o
=147 e?dp.
21; cp—io0 P 4

=1+ (o — D {10 (iJT:E) + —;-S' Io (—;—«/ﬁ)[lo (%\/F:T)
( J:’——;)] } Y I<r<: <! (3.8)

\/t —p
Ei 1, f1 1, 314 FHhFn1 m‘ﬁm§§ Bessel PRI%X.
# 2, EERDRFME
B vplem = o7, HE1LE
) =1, a.,.-'l.-a;'==0 F(p)=0 (3.9)
#ERRA (35), 98 '
_ ( ) cotise —v"@-—)s Y
= ‘W D

=1+ (o= e 1.,(-%2 — ) (3.10)



% 1 3 BEVE: BRECTARBLEUAEEOEE o

KRR A Malvern 4 HIES, SRS R
3. ARG/ M- AT | S ‘ o
mE1FR.H '

a,————l—, o, =1, ay =0
(131
() =0=F(p) =0 : Co3)
RAB5)H

o-m - l + gl + 1/912012 ga-q:_QS‘D'““ - c;v’mf‘i:' C.”d?
" Zgei ™ . Y
" o(p+ = V(o + 1))

[T

] 1 - t— x\V 1 /73— 3 1
Lk 2o = De [(E22) 71 (VA =2) + (L =)
) 2(”?0 e T+ 1 2’\/ x 0 2'\/ > )
) Y pey =1 B (3.12a2)
- Jl + hoe—'ﬂ {lo(‘l_ \/t’— 2 )— _1_ et (_l _ ‘O)S' c-;o(t—:)
2 1€y 2 x
1, —
1 (—\/s’—-x’)

1 /57— x {* _, o= 2
Xlo(—-\/:’—x‘)ds— S e -—-—-——d:},‘_-‘;’a pe1 B (3.12b)

2 T x/:’—x’

KA vp REBEFOWME H
1

Vg — 1 — —
},.:.i__%

0
1

1 ——

P1€y

1+ (o,,)?
2[(pier)? — 1]
f& (3.9), (3.10) 1 (3.12a—b) A T R HNSRIEUMRE, XREHBINTRNEENS
KA. S MBS,
2. — R BT
EKUUTHEHOES, TJIEHEN DN —REFDIE oa T oo 5HHERTHIEFRER
ik

o _ Pom _ Bou _ 0 [(g — 1)et] (3.13)
Yo _daw _ %9 _ ) _ 4 (3.14)

MEF VLR RE
Yx=tpf o9 =0¢ =0
Yx=0Ht O = oy = o} (3.15a—b)

WU ] Riemann BREH R LR IEFRGE (3.13) EFRBFKHE (3.15a—b) T



316 p| ¥ 2 # 1982 4F

B E f(x, 1) EXE 0 0<x<r<oo b GEESn]BIRE,NEEFREIR)
B
OFu 0w _0u _ _ 4,-m, x
o o7 o 4e f(x, t) (3.16)
BWRFRLRRE
AL\ TR (3.17a—b)
A= ©w = 2 )
HRE ux, 2) ME—ALED
w(zyt) = e~ S‘i‘ {8(r; ¢, x) — R(7; 2, x)S(73 ¢, x) Ydr (3.18)

He 1o BFEW Bessel B HE
S(T; Zy x)=s' 10(%’\/(7_2_1’)(‘#—’4'1'))7(‘#9 T)dd”

t—x

Sies s 2) = | o (%«/(T—z—_xn) e, r)dd,

Iy (%\/(r — ¢+ x) (r—t-—x))
10(—:12—«/1(1' — -—x))

?(‘#,r)gf(d)-z—rs d>-2|"t') A R(T;t,x)“’

iF: EZr#n
Femy—x, 1,-z+x=>x==—;—(1,—§), z=%(n+5) (3.19a—b)
u(x, t) = ¢ w(&, n) ' (3.20)
RERA (3.16) 1 (3.17a—b) BEK « 2
O*w 1\?
e (7) w(E, n) = 1(E, 1) (3.21)

= (, =0
§ ot } (3.22a—b)

§=1, w=0

FRDEREA ST Riemann RBH EREY GHER),
L(gVGE— D@ =)
Ip (%«/r(r - n))
BEMRA (3.20), T8 (3.18). HE (3.13) 7 (3.14) ERIRIIEF RIURA (3.18) 3t
AREEN N — K EE. BT OHER, £RRKERET LR (3.18) LEK

BROFRAH. FTEELHEEES.
M. % B0 BY, AN
L LARREARNENER

W) = [ 8(riE ) — S(r3 0, 1) pdr (3.23)




B4 e Rl M vl iR ient S Ty ) 3t LS ) A 7 317

B \%y%

1 e
A~

[ 41 :@,%’

=1 v;=0

e

NI
a3=g

@\ ra—cr®

|
l
|
T

B2 ERRAETEFDAER

E(Q27a—c) H, Y g0 i, BIERBEAER. BEHTBHREHR/A-EYT
¥, BER BB, XA ABN. AT REX—&A,£Tie—T Malvern M RGEHR
Ry XBER M =0,

RN, —REE, A 2 Frr. EHRT.MRREEER, REELR LS
—RMBW. BE (2.7a—c) WERTRTREK

=1+ oge

g =1+ goe*tk*o? (4.1a—c¢)

1(kx—wt)
v = ”oei(kx—wt)

Hep R BWe W, o BIRE, a0, &0 M 00 BUE, K (4.1a—c) RA (2.72—¢), RYEBEARE
EETE, U

k= k(@) + ik(w) (4.2)
i
o) - L (@) + Bt + ()1
(4.3a—b)
o) = L La0) + BT — dCa)}
Hip
Aw) = [1 — (1 + H)6")’w’ — fu* + H(1 + H)
[H— (1 + H)pw*]? + 0*(1 — puw?)?
B(w) = 2

[H— (1 + BH)u?]> + &*(1 — fwo?)?

Hih k= k(o) ERERAK. H3L,E4+AHTY H=0.10 &, RE 8 EHR, £(o)
0 k(w) B o A HE, Miikdmra, RitmBnZmiesk « #a1/2. m
BY =0 H‘:"’ kl *ﬂ kz ﬁE”“/I\*&’)(fE. ﬁiﬁ?{jﬂﬁ(ﬁgks 1(1 Fi| k; H(J“%{E_FB% A
it 2584 U EAA S R) K T4 B89 U0 R 1 o 8 ISR RS (R B, M RO R TE R B
Ad: o



318 yJ] ¥ o i 1982 42
ks
10}~
k
St p=0022
8
7 AN
s " ™~
L f —~
.5 J
Sk
3 ) B=0.25
[ B=0.50
g
1 o B=0.75
=0
~ ) L ) T | 1 Jp ;. !
1 s s 5 g 0 2 4 6 ] o

3 Malvern RAYER S

2. bAic e —1 BB

Bl 4 Malvern BEd, FHiGHSHEBX
Het H=0.10 A,k (= 0.10

AT W5 6 MERIE M, % Bl 2 FrRmAE, RRMEBHE o RERE, BRE

dd%i;bﬁé Yos Jno> o P
Ovw | B _ 4 Oves
O Ox D:0x?

80@

Ox o

aSm _ aO'm

O: or
MERFENEE co M vw, AIBEHEFRGE
La[Gw] = (
Ko L, HEUET

i & (5] ( 3)6’
L= -8 8 (1 +8) 0
g : 4 Ox /80:8z

BIJ] ow WHRHIZF, ¥IEHRAA:

Wor=0, oq=1, g )
. Or

W =0, og=14o0F

Wy o=, u,,,—0==>9"—°°-=-0

X

by £) = 1 + o {1' + -;— - 2 A.(2) - B,.(x)}

P R =0

(4.4a—c)

(4.5)

(4.6a—c)

(4.7)



gl BBTE: WIhBETATH-R Y J A ch 8L 819

# (4.7) RA (45), %‘J}fﬁﬁﬁﬁiﬁ?ﬂi—fﬁ?% 4,(6) M B,(x),

- i+ 2cosv/—mut) 0< A< N*—1
(A= /)
A,(2) = (4.8a—b)
i(l_i-z_:én_._,"_ 2/, = 1 *—) ) N
i 2v/1, 2/,
B.(x) = sinl,x (4.8¢)
Hrh ' ‘
) I3 21 — 3
== (1/2 + ), N, = Aoe o
. ;‘(/+) 4(1 + ga2)
=)
« (1 [3 _ 1
N (\7: g 2)
ERESABRBERES

Y g =0 B, HE (4.7) BLA:

—1/2
)

# oom RA (4.4c), AIREINER

T = l+a’5,"[l-—~‘ Z—;——(—z——sln%t-l- ZCOS%t)sinl,xJ (4.9)

cr N°*—1
tw = o+ | (0w~ 1)de = | + o J(J(x)+,)_i{z( 1+ 3u,

=0\ 1.4/ — m.(n,. i)

2z __ 1))

(e =V e 1) )E}“_ln_g]}

)( cosy/ — . 2
ta(ne +

)
+ {;‘ <—1-+1'_X(‘,(\/‘——.,_ >1_1>+E \/

X sin'\/-n,,t e + (

N\ — L S+ % e
(4.10)
T't-‘[j — 1, x=0
1) {0, x>0
3.8 B0 B, k—XBIREVUHE
KBTF (3.17) 5 (3.18), % £ = 0 A, —RIFDEHR _
Lyloal = (1 — s—aa—;)(l — o) (4.11)

Lylon] = (1 - ﬂ"aa‘;> [;36; (0w — 1)5&1] (4.12)



320 + P a 1% 1982
ow M on FEEEFEESFROGEDRXG
L= 0 dg — aUOI = Jy = ’6'9-‘10‘ = 0
Ot Ot
x=0, oco=uyg =0 (4.132—¢)

9oy _ Boa. =0
Ox Ox

ERTREBFERBLRFE, HEEE+HERG, XBEAY—/MEBIE —R
v, FHR—AVIE, BEEOEE BRI K = —x— 0 MHI. BSRHFIER
FHETERE, % g =0 K, ¥SKHERWSMELT ER. Hitb, R —REZHRE, W%
BT Ly w20 aREERTF, EUFRA Riemann BT, B (4.7) M (4.10)
R (3.22), ERBEMIKR B — & EB) .

A BoR5ESBILR

AT RA—RBEDRIEE, XBEAET —MUARNES. EX& 91,20 T
T EFROEIERTK (2.7a—) ERMFFFTHE ORI BER, TR T EAE
B ZOREE. ROJRABRUNOES AU EEENIRET ol =2 WEER, H
BENM—REMMRILE, BETRKOTESE, XERMNNALREER. AR
R ER BB P FELIXC-512 fl EATHY, TP M = 0.05, H = 0.013, A
B E=0, SHUT=AARRAME r=0, x=15 0 r=5 b, WEFH AL

= -

= N w e o S oy o &

4 & 12 16 20 24 28 32 36 . [ 4 8 12 :16 20 ‘24 28

BS5 3 0lwe=2 NARGE LRERLLILE B6 2 Oleao =2 HARME EMERLLE
— EHBER — ENBER
— —REHF — —REHE
H=0.013 M=0.05 =0 H=0.013M=0.058=0

B 6 AHEARFRE =0, r=15, r=5 f =10 i, EEHHOLE. &7
BT EARAME R DB, WixEmh, TRE 2Rk b, % < 10 &,
ENEESEHREESN. M 30 >:> 10 B, BHRSENROENEE RET 5%
. TR, MEXR N REMEN, N AMEDRANESRYAN+STF. 4T3
Rl , S REE, RIS TR, SRS RERN, XEREEH.
EEHEY, B TFERBHRE o0 M oo FRKBTHESHEM RH, NFXES
FREHRNE L AERAEENA LRER, BEMNNABEYR. 541, &



% 4 BORTS: Hahkremi ot K B B R R Sy

T
r_-:m {28
3\l
0 5 5 75 10 2515 X0 s 28 x
A7 mmzﬁm%ﬁmmxawﬂmﬁu%wwa
— ESBER
c —REDHR

H=10.013 M =0.05 8 =0

MM ) I F B T MR A R AR S RE FRABREORE. RUOERBET
— g2, BLRAS RN 5 KRR SO/ K- R BRI R — R+ S AR IR,

(1]

[2]
[8]

[4]
(51

[6]
[7]

(8]
[o]
f10}

2 F X R

BxTs, BUEFEBEINHE 25CrMn8i A&y EEESNE, 1980 FEhEMN PR DEHER -
W&,

Malvern, E. L., J. Appl. Mech., 41 (1951), 137.

Gilman, J. J., Dislocation dynamics and the response of materials to impact, 4ppl. Mech. Rev.,
21 (1968), 767.

Greenman, W. T., Vreeland, T. Jr., Dislocation mobility in copper, J. Meoh. Phys. Solids, 22
(1974), 555.

Herrmann, W. et al, Attenuation of Elastic-Plastic Siress waves, after ‘‘Shock Waves and the
Mechanical Properties of Solids’’, ed. by Burke, J. J. and Volker, Weiss (1971). '
Seeger, Phil. Mag., 49 (1955), 194.

Kawata, K. et al, High Velocity Deformation of Solids, IUTAM Symposlom Tokyo /Japan,
ed. by K. Kawata and J. Shioiri.

Clifton, R. C., On the Analysis of Elastic/Visco-Plastic Waves of Finite Uniaxial Strain, ed.
by J. J. Burke et al. (1971).

B, WEE. TER, BHFERT LR NFZEENLR SEIRHT — —40 B R ey &,
J2g R, 10 (1980), 76,

BERS, BEWR Y (BZiR), LERBUMEE (1961),



322 yai L3 2 i 1982 4

ON THE APPLICATION OF PERTURBATION METHOD TO THE
STUDY OF ELASTIC/VISCO-PLASTIC WAVES

Duan Zhuping Wong Lier

(Institute of Mechanics, Academia Sinica) (Insticaute of Mathematics, Acadcinia Sirnica)

Abstrace

The purpose of thiz paper is to develop a regular perturbation method for solving
the problem of one dimensional elastic/visco-plastic wave propagation in materials
of Malvern’s type. Firstly, non-dimensionalized linear multiplication cocfficient, and
damping coefficient of dislocation are introduced as two independent small parameters
into the perturbation expansion of solution. Thus, the problem of solving the non-linear
wave equations is transformed into finding the solution of homogeneous/nonhomoge-
neous telegraph equations., Secondly, an apalytical zeroth order approximate solution
can be obtained by means of Laplace transform or series expansion technique. Then
the first order and higher order approximate solutions are derived from the zeroth
order approximate solution based on the method of finding the Riemann function.

Through the comparison of the first order approximate solution with the nume-
rical solution of the corresponding non-linear governing equations under the boundary .
condition of constant stress o|,—,=const, it is seen that the first order approximate solu-
tion is quite good. Lastly, it appears that, from the results given in this paper, the
perturbation method is quite powerful in the study of elastic/visco-plastic wave pro-
pagation theory. o



