s e 810 5 ¥ ¥ R Vol. 25, No. i
1993 ££ 1 B ACTA MECHANICA SINICA Jan., 1993

SY0BERHATH B SR Mk
wER* K OB

* (MR K FE KA, L5 100083)
= GHEYIEATRE, X 100081)
BE AXHRTEOONEERZ kG0N BE N IMN O R. BST%
BILARE LR W R B I B, Al THEFENT RS R, R THEK
gema BRI ON R REEL N E.

XA WD, RBR, KB, W, itk

-. 51 =

VR, RS HNUFMBNERERSBRAIER TRBES MR R HRBRED
W LIEFBRZEANNRE. REFRZTEHORBRENIELE 11 20, ROLH
HBRMEREPIHR, IR O ML 2 I PR 2R i B X, BmscEk (118, 5
THUERBAFBEERNER, RN SROMRERARNBENSITTEREEN . B
3% b Symonds” ERIFAIMBRALRNNETEARTE BRI FRSEN T, I
H B0 E AN REEh TEHEROR/NRN, REEHARREEE, T ERL
. BRI 5284 M RINR RIS 43 A 0585 , s P SR 43 AT BRIG S M S8 3 0 T B, AR
BEREROWIXHAR, EFNITEEES: 1) UEERS) (pipewhip) X TEY RAYH
BTSRRI S S R ; i) DS ABEERARERIT AT RO & Hy
HEBRZ RGBS MNY; i) BT ERATROREREZE . THKE
Ve BN AT RIBEAT, ERERNERERN MM RXEERIIEN “S8®%
KA R F AR ERE T EEE, RAERMHEATA KRBT aR, Mz
HEER RN 2R,

AT EN TIEBAR T JLAKERGEN, X RS B850 RN A NI Y ik
B &, RYESN DB EBRTERITEEFNREERENER T, LAREROE
W 7 1 % R 5.

AL —RBE Y DN BT RZ i RAE AR B b, TRIESET
“WEER "R ERBEHGE, HEHTETERRESER, RESHRNVERREIE.
EERHNEA XM BERTHEATERS LEERAWBERDTT, XTE—K
A BB IR [4].

*MEEESHY.
AXT 19914 11 7 BBIE—-,T 19924 1 A 17 BEIBRK.



#£14 BEES: SU0RYRHKRER S5 N 49

= % W

ZREBSYONRBER, wE 15UR, RYOAREN o, RUKEN L, REN
mL, BREENENZ =0, BEHRE—MRANERESR G Wik, RWEED
Vo, WRERSGEEBHWBEIINEEN M, WSYOBEN BHH D ETEHN
Mo EHRrAHHEERT, HE o<r <1, KT rERTSEXH 4], H r=1
W, R AEROFE. BEBRREERY, A0 TRABENEBERLT 350 WA 5
£, XMRIBI A E T BRE I N BA, AR A 0 WA, E—H
(0 <7 <), (v RAFLERNMED, ERARWER—EEE O F— Mg
BEREIBITE B (WE 2), OB B0 LK, B4 BEX S 1T4 B #%35h, HIEM
BN RE N E, BITREE, BHE (v > ) BNRSRBHEERMNIME &S,
HEHRHESMEIR, TR XA R R R A R TR 47 535 R % 8.

Notch Vo N ‘
‘/ 0 \_% B i
J | |c X \ 1\ P
~ Jo t. x'
,-——____L__{ h \
A
- Bl 2YnnaER A2 Wik
Fig. 1 Notched cantilever beam Fig. 2 Double-hinge mechanisms

E2—H (<t <7y

B TBIRSFERGAERHEE 2), BEIAFERE, —MEESFRER, EX
EEER0ES, EHARE i s SFRE T RERMOMATEN. B 035k
ROEEASBOEBES, My —EEE, HERENHRTAEE i, ,H 0B —

PASIREE 6, = % SLOHHE). MEEERNZ, BITRBBTRERS 425 I* Wi

7, BARR B £* = ‘ft R 6, = 9% HR T4 B AN T2 Akn RAOSE 2 /4 3
B BREWMER AB BREEA P(r) MR BONEE AT RER)XE r = 0P,
H—Fh U, W* FRP AN THBRRLE i, i B LRSS, FEREE 2L
%R, RIE:

U*(a*,0*) = F* cos0(&,L*)dE

- (0

W*(x*,0*) = L" sin 8(§,%*)dg
LRI 0(:",1%) BRLBHBBHE 1, « LA FRLRRGRA, 34
0G0 = |, K*()de / @

Hep K*(2%) FoR »* @iy,



50 h # ¥ it (1993 ) %25 %

P RS TR .
V=20, X r + 6, X (U*, + W*j) 3)
ME 2, RETEZHEF
r=[(L~11*cos6, + U*cost — W*sinf,]i, + [(L — L*)sin 8,
~+ U*sin 8, + W*cos8,1j, (4)
R ARA G R, HREFAFLRTHE ¢ By B3 P RAOEN IRE Y
V,= —[(6, + 6,)(U*sin 8, + W*cos8,) + (8, + 6,)*(U* cos6, — W *sin 6,)
4+ (L — £*)8,sin 6, + 6,*sin 6, + 62(L — L*) cosb,1i,
+ [, + 6)(U*w0s8, — W*sin8,) + 6,(L — L*)cosb,
— 6L — *)sin 8, + 6,L*cosf, —
— (6, + 0)*(U*sin 6, + W*cos8,) 1j, (5)

am<v=4%%<">=¥§l,Asam@ﬁﬁﬂﬁuﬁmm&%xz

}‘:“"p(x*,f“) o jomdx™* + GVP(O,C*) «jp=0 (6)
AB BT ANBREFLHEITEN
_ f* 2; X Vp(x*,g*)mdx* + M =0 ¢

$rh AP = [U*(*,0%) — U0, T+ W™, 0%) — W0, L) AREH
CEATHAEERASE.

M,
g=G/mL; v =1 oy 2

® =§£—2; x=2x*[L; {=[*/L;
dr

U=U*/L; W =W*/L; K= LK*
# (5) KA (6),(7) RKETLER LA Y
{(0l -+ 30) cosB, — (8, + 6,)sin 6,}1,(L) — [(8, + 6,)sin 6,
+ (6, + 6,)cos 811,(L) + (L + 6,1 — ) cosb,
— 621 — ) sinf, + 6,{cosby] = 0 ®
B, + 6 1,(L) + 6L0,(E) + 6,(1 — DL + (1 — DL + 1 =0 (9

o
1@ = [} U0 + 20,0

L@ = [ W0 + e (0,0

(UAE, L) + W (E,0))dE + glU™(0,0) + w*(0,4)]

14
0

1,(L) = S
¥ ERFER ¢ REBHER (D, () R, LRAERE

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



14 HERS: QUNEE BRI G RN 51

d/
QL g+ — KI

a g ¢ 2(8)

di,

o = K1 (10)
dl,

dz = le(C)

TR 0B, BASHBIXT BAKNHREFLEIENLTENER, A
(1 =)0, =31 —7) , Coan
B—HFEM (2) RRITAEFIIXREA
6, = LK (12)
Bk, (8)—(12) RWR T E— BB WA EAFBA, XM TRARS R
SHER, T — A HBUE R,
X—HEROEGE 0, =0, Xi 4B BEMT BO BB AEREXNE, B

746 B %, OBA Z5RAIMEE.
E-H r>r1,
E—RERLUS, BRENRMUE RN RRR ARG . X— RS S T

R (41 KR, B OB AR 2 Rlie B S HSA0 [ Rt O B 20, EX BRI R By 2 10 B Rl S
R L. RIEERTE, T B RS O E) RS 6, 3

6, = 6, +-Lié (13)
r=r; Y =g
Hb: I =1+20=DL,+0Q =D+
=. FIERANKG
AT RE (8)—12) AL, FIATERELERKR
7 =6, (14
M (14) ARMA:
91=n/C
§ =/t — L\ 15)
6,— (w12 5n)e

B ()R ( )'=‘?§E). FIA (15) REGBERRBER, HER:  6,=(0) o=
(B)'n/LK, R (8)—(12) Al ds#4 FHIHR:

fm g (L =L 6L — DL+ 682U+ (1=D1) + &

7 7 ( r 7, bl > (16)
(90)’ = b0l /b, (17)
6, = B.oﬂ;/bo (/18)
I;-’g"'"g—lzﬂz/bo (19)

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



52 H 2 2 i d (1993 4E) Fi15 %

Iy = 0%/ b (20)
Iy =21, n
Hrh b6, HHFRAH

bo = '“1— (015295 + a3C2 + zazcﬂéo + (12112)
a9

22)
b — 3(1 —7) (22
—a=
(Zz)itqjﬁ'\j a_()rauaz’ag %)‘(‘@:
4y = (I,cosb, —llzsinﬂo)h — c0s8y(g + 1)
[}
(Iycos6y — I,sin6,)1,(1 — )
a = — — 7
1] .
— [1,sin6, + I,co88, + (1 — {){(g + ) sin6,] (23)
a, = —(I,;sin B, + [,cos9,)
g, = — !)_EJS@Q - Izsinﬁ_o
3 1, )
+ bl(l"") {(C+g)cos(io _ I,(llcoseul-— I,sin C)o) j
3
Wi &RER: ¥ (=0 K, 5H:
2
= ’
4
. 24)
G,=6, =10

I,b=1,=1,=0
H#ih x=—-§~cv5/Mo

Fig(6)—QD) AR L HEERNERS HRE, FAMEFRE QO X, TH
Runge-Kutta B3R, BERMKEBBIHWERESE. dTHRASBENZIEESBIE
HARBTY 8, MY NBENEERO L, TRREREFE, RMNE

—;—GV",-———-‘E,=EO+EB (25)

Hih E,, Eo» Ep HHERBALRNESEER, BERBERNER, MBITRER
paeg., EE 03 XA
) Eo = YM03,
M (25) B H:

E, 76,
E, %
E; 76,

v—l_-—.—-

E, A

(26)

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



LRE HERS: Y0 ET BRIV M TN 53

. BESRATE

B3 E4AHTHREL ¢ =02, A 43%ET 1 M =/2 N, REANEERBRZ
AEAIOEREEM (v A 1 ZEF] 0.5) WERME. v =1 RRLTRENZERERE, H
QD) RAEZHEET 6, =0, XMERBLE Ting [10] B, HT v <1, R
BRRBANERES v BNMREEKR, XBAZHTRYDRORBEE™EHIH
EREREF I OBEARL HHESERWRME » B/, BITEREA M AN E

(distance along the beam)/L (distance along the beam)/L
0
0.2
0.2 g
~ -
S 2
g :g* 0.4
S04 £l
= i 0.6
&
i
=0.2: 4=1 ,\
0.5 £ X X 0.8
4 Yoy
0.4 . 0.8 1.0
H3 RUBRTEER A4 BHRETH
Fig. 3 Final deformed beam Fig. 4 Final deformed beam
4+ ——7 = 0.50 % r = 0,64 + v=0.50 k v = 0.64
O——7r =10.85 X—r =1 O r=20.85 X r=1

BORM I RIRT, URERAE v <1, HEHRBHIIRSHI—B AT REX

(FH OF %), HAHAXBEXEME v &

TR, EMARKRHSORER 5

ERMLANERARE L2 RmE &

ERAEREEBHEHEARARE. M¥T5EY

O% (r=105), BMNRHERESE S

TH%E, RS RERRN AL

REB M EF,
ROWERESEEENLATHRE

tbe (WES), % v BEREH, i

2R IR B AE S A Shk

HEEETE®O L, Mt HE/ P X

HOEBIIBIRA SN EERTR

b XM S R ERN SR R — B,

HAENEY ¢ -0 b, X Fresrsg

Eo =0 RIEE@AMREER, EXT Fig. 5 The distribution of the dissipated energy

SYHHNRERRE r< 1,85 Eo, >0, in the beam

5 ROPEVREREESA



54 Al # # #® (1993 %) 5B

BINAE 5 RIVEER, M TATRR ¢, v WERESEHEWR N, #ln: B\
g = 0.40, v = 0.85; 0.64; 0.50 AJLIREL Eo/E, =~ 0.43; 0.47; 0.49, X A0 &
EEX BB B SR N, BT ERNRINATERABERIBAEATHOSR, o
REGWBEEREHN. EARMNREHGHE D v ENEHERESREE, Wikl
PARRT—H r ENERESEEZR. NAIRDTERSH, XRTEAGERESHR
BNL G RRPN ERIARORRBITZEIR (41,

A % R

A RPEWOANERERZ A mEENERIH M, BHT “WEHER" K
REFHT. SCRBEA T 558 1 B4 R0 RE—H IR B RE D 5 RWER
B, A HBESER. TEERZRIONRERE MR R LB, i LB &
AR, IOBE, RHOERER R E O M IZ RO RN X ERBR T S5 RN ER
RN, THEERE R, DO REN RO RS R ZWR/, MERL ¢ HFmiR
x. .

2 £ X MR

[1] Woodward R.L. and Baxter B.J. Experiments on the impact bending of continuous and no-
tched steel beams, Ins. J. Impact Engng 1986 4: 57—68 :

{2] Symonds P.S. Survey of Methods of Analysis for Plastic Deformation of Structure under Dyna-
mic Loading, Brown. Univ., Division of Engineering Report, BU/NSRDC/1967 1—67

[3] Reid, S.R, Hua Y.L. (4% %) and Yang J.L. (FEBR)> Development of double hinge mechani-
sms in a bent cantilever subjected to an out-of-plane force Pulse, Int. J. Impact Engng, 1990
9: 485--502 :

[4] BHER&FAF SHAVEBREMGRNFEATORNAEDINEEERERARLERBY BREN, LK
FEE, 1991,27; 576—589

{51 Yang JL. (JE®E)> Yu TX. (£ #)Dynamic Plastic Response and Damage of Clamped Impe-
tfect Beams Subjected to Impact by Taking Account of Shear Bending and Tension Effects, to
be published

[6] Hua YL. (*BZ%), Yu TX. (£&H#%) and Reid, S.R, Double hinge modes in the dynamic re-
sponse of plastic cantilever beam subjected to step loading. Inr, J. Impacs. Engng, 1988 7:

401 -—413
(71 BEE, *RFH-L=E. SoROETRBERRAF(ERTEER WM T, RESrd, 1991(2):
20--29

{8} Yang JL. (4EH), Yu TX. (%[@#%)> Dynamic respo nse of a rigid-plastic simply-supported
imperfect beam subjected to a uniform intense dynamic loading Inz. J. Impact Engng, 1991
11: 211223

[9] #FE#H. BREEHNMEPHOASHINRASFTE. BEISNARGHHEXL. KAFH, TXW

SR MR 1990; 124—131
[10] Ting, TCT. Large deformation of a rigid, ideally plastic cantilever beam, J. Appl. Mech.

1965 32: 295—302



1 HEERS: FYDEBENRERBEH &MY 55

THE LARGE DEFLECTION DYNAMIC PLASTIC RESPONSE OF
: A NOTCHED CANTILEVER BEAM
SUBJECTED TO IMPACT

Yang Jialing

(Solid Mechanics Research Cemire, Beijing University of Aeronautics emd Astronautics, Beijing, 100083, Chinay

Chen Zheng
(Institine of Compmier Application, Beijing, 100081, Ckina)

Abstract The paper examines the complete solution of a rigid-plastic notched can-
tilever beam subjected to impact by a projectile. A group of large deflection governing equa-
tions for the double-hinge mechanisms is derived. Numerical solution for the equations is pre-
sented to calculate the permanent deformation of the beam. Finally, the distribution of the dis-
sipated energy in the beam and the effects of the notch on its plastic deformation are discus-
sed.

Key words Dynamic plastic response; Cantilever beam; Large deflection; Double-hinge

mechanisms; Dissipated energy
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