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Abstract

In this paper, a new method is suggested to analyze impulsive stresses at loading poing of
concentrated impact load under certain impact conditions determined by impact velocity, stiffness
of plate and mass of impact body, etc. The impulsive stresses are analyzed by using the three
dimensional dynamic theory of elasticity so as to analytically clarify the generation phenomenon
of cone crack at the impact fracture of fragile materials (to be discussed in the second paper).
The Lagrange’s plate theory and Hertz’s law of contact theory are used for the analysis of impact
load, and the approximate equation of impact load is suggested to analyze the impulsive stresses
at the impact point to decide the ranage of impact load factor. When impact load factors are over
and under 0.263, approximate equations are suggested to be F(¢)= Aexp(— B#)sinCt and F($)=A
exp(—Bt) {l—exp(Ct)} respectively. Also, the inverse Laplace transformation is done by
using the F.F.T.(fast fourier transform) algorithm. And in order to clarity the validity of
stress analysis method, experiments on strain fluctuation at impact point are performed on a
supported square glass plate. Finally, these analytical results are shown to be in close agreement
with experimental results.
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Fig. 3 An approximation of nondimensional impact
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714, e=erteyte.T VERE g PR
ST sR M R B o] o)
el HRX (NS 7 89 o3 22
BpERMERAE A o] FEHEEY (AL potential o,
Px, Py P2)E AT
U, =00 0 by

o oy 0z
_0p 3¢z_ 0x
Ur=%y ""ox "oz (8)
Op | Oby s
L L M

R )& B (Do fAFH a3 2
BBHERE ¢ F A+

1 a oe 2 — 1 az¢x
V P= C atz ’ V ‘/Jx'— c 2 atz (9)
peg,= 1 %y P, = 1 3%
Yy 2 at2 s z— T2 atZ

4714, 72=5‘1—z+%+W°M e

AoEE, Cre Auiste AREE2A

211 2:: '& Cr—wl_ol—l—

ot ] “dsold % ®9) W
23 7ol sHAser

F3}e]

ve Zohg],
ze A EUHE] F&
(Fig. 10 =),
@ = AmaCOSANXCOSAnY
¢ = dimaCOSAmX SINARY
Py = damnSINAmXCOSARY
2= AsmnSIin@nx sinany

o] 7] A am=ﬂ(2;"a—1), an=

(10)

7[(2n 1) o) o},

=, SMrEHEde R (8)o EhHI #HE o
Sz AN S ﬁ)\ﬁ}"% a2 o 2o

3 ’ oz
y=ar+2u 58 _%(%ﬁi_%)] an
0:= AV *p+2u [3 ¢+§(%ﬁy %ﬁx)]
rxy=#[ gxg;/ +_@(%¢;' 6¢y)
=

)

e i( ofz a¢y)

T’":ﬂ[zaxaz z 'y oz

3 0Py Fx
+3x ox 3y)]

_ Ey o
o714 A= T 0=20) 1},

X ADE 2 EHERel 7beskAql, X (9)
t EE x, oy, 2 3t B MRS RN

2, ®WA o] HAste] Laplace ##%3tod x, y,

zol BT EWsHFERE d=

1%533 27" (¢ £0)oll = mm&#—s— o3} 7o,
<¢:‘/’x:¢y:¢’z)t=o:0,

o _3x_3by 34y g
at ot ot ot '°"
EEAERX OF X (129 WHKEHoL=

Laplacet#ifaslsl o}-&-3 2o},

rip=

(12)

2 2
— 2 _ 2
Vzd]y:_c%f‘ﬁy’ Vz‘ﬁz:Cp—Tz‘pz (13)
o714, p+ Laplace 3t s}e}n} € o]n]
— bt —p _ «©
¢—f° pe dt, %—fo e *dt

b= [ hemdt, o= [ gt

o] o},

Sz el Ade] Eflfge] X (10)& Laplacesitin
sle] =gt 4lel Laplacef#t#tas®X (13)ol At
o o 2L BEWMOFERST It

2 7
dzz =anzdmny Ld_d'lzﬂ

— 2
=7¥mn Almn

U S2mn __ 2 9 d Asmn
dz? = Ymn dzmn, da?

(14)

= ¥Vmn Asmn



304 RAZSE - TRIE - 288 - HBE - THEH

pZ
+ CLZ s 7mn2= (Zm2+(1n2

o714,

anZ: a’mz+an2

+-Lrelel % (09— e 2o

= — z_ 2 [Xleﬂmnz+Xze—ﬁmnz]cos
X UmXCOSAnY

— x= 2 2: [X3e7’mnz+X4e—7mnz]Cos

X amxsinany
¢y= 2 2: [Xse™ + Xee™ 7"*]sin
X @nXCOSAnY
2= i i:! [X:e™*+ Xse "™ ]sinamxsinany

m

(15)

X 15)elAH X\, Xg oo Xe2 iR ETHEl
A FRGEM oA A= E RERBClIH. o
714, ot PR FhAAtE|clA E#Ese] 03
BTl doln ¢, ¢y, v A7 x, v, z B
e EEmsS Vel SR, TR
o] Bk (R, x=y=0)olM+& ztEH H
#risrol 0017] wifoll (¢:=0) = AT X1, X
< Xe7t A8k FrE s

REFREE AA)Y 9T BRESE 333 2
t}. Fig. 102X e FEHEFR Pr2cx2c)al
FAoll ENHMFEE gof (¢) 7} 2AE3le Aoz

(1) F4RY E@EAA (2=—h/2)

0:=—qof (1) H(C—Ix]) - H(C—Iy]),
Tex=Tay=0

(ii) F4Re TmolA (z=h/2) (16)
02=Tax=Tzy=00°] T},

g714, HE BEfagldgoln X (16)&

Laplaces## 3l o}-2-3 2o,
(i) FRe EmelA
G:=—qof (DYH (C—lx]) - H(C—1y),
Tax= Tzy=0 (17
(i) ZF4Rel el Al
Fe= Tax= Tay=0
4714, F(p)= [ flDre*dtelet.

Sl s HERMERE [P 27| wet
st HEHmEY] EURX 4) 2 (5)F Laplace
izt R (179 F(p)ol KRASH FHEd

w3, EH3 Suzade FAA QD)
Laplace £#3}5, o 7jol @y zalde] —ffFe

X (158 FiRY ETm@EAAM AA=A K
Laplace ﬁ"?ﬁ’%*ﬁ (17)° KA RERE X,
Xo o Xew 4 Sl 6TBLAEAER )
Aol e, Wﬁag_o_; F57 7 TastmE
Gaussa&-7 Wl o3t BfEfirsiel olste] FE
33t

714, AAEAS KX (A7) F G.v BArxH
gholx, A BERAe AAA (11)9

Laplace 8##® F 6.+ ¢9 34o|7] wEd F
71 gterol e}, welAl, cosamx, cosa.yd BERMS
FlAstel Fourier cosinefh#h 2 $##sloich, of4
3 Fol Fo] REfEol AAsEHE X ADE
Laplace ###fe3lz 7 ##4kmo] R (15)& AT
w Laplace #ffafflgol A2 FEHBme Rol &
3} 7ro] s Ak,
— :2121[140{6%":)(1_}_e—ﬁmanZ}
'—czm)'mn{e”""’Xs-Fe"""'sz}]>< PD
3y= 31 3 [Bole X, + Xy}
+a/n7’mn{27"sz3+ 6_7""'ZX4}]>< PD
EZZEIEI[Co{epMZX1+e_ﬂm"ZXz}

— @nYmn {ehrmZXa —e 7man4}
+ amymn{e™ Xs+ e "™ X} X PD (18)

2

01‘7]/(‘1 Ao—_dm2+l ) cz

-2 P’

BO— an + 1_2)/ CLZ
2 v DZ
=Bmn’+1 5 <7

PD=2pcosanxcosany°| o},

# (15)F X (8)9 Laplaces#fazoll LAZIZ
%, v, 22 n]E3lw Laplace#taghsiol A o] £
Epsre R ohga 2o

s_x P 2 0:1[_ amz (eﬂngXl + e—ﬁngXZ)

m=1n
e~ 7man6) ]

8

— &nYmn (ermans_

X COSAmXCOSAnY

=22

+ @n¥Ymn (e""”‘Xs—
X COSAmXCOSAnY

Ez= mz=1 Elﬂmnz (eﬁ"szl + e"”’"‘zXz) + AmYmn

eﬂmanl + e—ﬁmanZ)
e 7ngX4) ]

X (e’ X s— e~ ™% X ) [cosamxcosany
19)



Betertrrel drtgaigel w (1) 305

24 HEEE

A giolAE Laplacesdffigol A o SR EmL
o ® (19)2 #ifELaplaceifissffislo] EHZRE A
o @AS Mmirsialch, v, ZRTEEEE
ol A& Laplacesiftfao] Zabsinz, ohg A4
7o gy Fourier ##f2S & Fourier ###(F.

T.)o N7 W0edg o] 8-3te] #fE Laplace i

sl o},
Flk A1)= a'Tm I:Z;}iF(a-F indw) e/ N
(20)
E=0,1,2,0ee0eee N-—1
o7 A, i=v/—1,

ol e pol BT » EEolz,

w4 0 AR, o= A

olch. BEEHEmEel WS ETFE N=2°(256) >
2 OBEE HREA +HE wﬂﬁ}z] AAshe,
m, nZ% 9002 FHEch =34 RN (2009 B2

ot Al ez AAT £ Qe FHo
A, Sezas i 4ok AR & RS
o) el M= a———«l W7t AAsgeng o
&g ol &3t ﬁ%o}%lﬂ}

w3, PEHERE FHRKRY mE
9ste} =T giEE EKRTiLAA AAsiAn A4t
Al ke FeldAch BRTME HE Aol
o WREMES HFAL B/ h(L/m), BERES
WATALRES (Co/h) 2 e

W EIRR [P7} 0.2630] 4021 7% HEHE
9 #fX (4)& Laplace k3= Laplace #44%
Re o5 22

70 =G

x {exp(— (p) +B) G+1) (21)

E ¥l

AT EES [P 0.2630] 5
EDR (5)F
g3} ek,

F)= 4

739 HEFME
Laplace ##3f3sl™ Laplace ##f#f4&

[c
(p+B)(»p+B+0O) |

+{—p—B—C+(p+B) e-C}e-W%]

4 (@) 9 @9 Fpe Fe R AN Fp)
gt 2o

3. BMBEE { a%S

& B AR R sy Hste] MM
Bl AehReime] Hkel MERE (LR, HESE
WA A EEEA Y #BENE HRe TR

3.1 HEHREE
sdee] BERBRe dshieltie] MBSy o
Aol WA PPor, EHEFGREEES Fig ll

e AER ZFE HRARKES, (CREHR
Fig. 129} 72

3}
BB HEETN HRETHEES

Fig. 11 A horizontal type impact test apparatus using
air pressure

Fig. 12 Apparatus of low velocity impact test



306 RS - TRIE - 188 - BEE - FEE

Oscilloscope

Active
gauge

Bridge box

Specimen

Digital
memory

L1

Dummy gauge

|
i

X-Y Recorder

Fig. 13 A Schematic diagram of strain measure system

Flastadcl, SEEHFRERHR = & BRA o4
o2 dhe 38 2719 HES 47 Hed ZK
Foll4 dx g&2TrE fdrl =lu Al E (valve
stand)o] A3t —EBNoz AHT 5 BAR
A2 WMEE dofi] o EEMo o3 HEkES B
Al gk, BREHEA 242 Fig 139 2}

32 BEBmHE

EEol ol 438 {2#K-2 2mm, 3mm, Smm, —i%
o] Aol 300mm<l EHFF Zsfeliioln] Hzem
EE 74 Z2jsld & HRedM EEMS ¥ &R
FEBREOT 0.2630]449 72k o3l Az £
ol HREHS PPt SREGREREF L
2R HEEEY WEREH slelzst 2 £ e
3 o] HEE 2 3, HHET HFRER
Broll & $BERE AX 9 wWeol FAAA T A
Aol zekoll ofdl FTFAIHC Felike] XFHE4E
* HEEMXRR sl #FE AEfEe
Fig. 149} Zo] -2l 3 ol HEFRIEH
B 2zdA g A W Fo ATE F
EAA HYEL ASslgded, WYE &, &F
AZzsted F Azl S & 3 F ol AT}
FE3E Aoz o, =8, wEiRe A=3HA
LE TEel faEskEd THel kR =A%
Eo] #ouoz Tl ZAT% HRA7E #He] =
Hagtel AHAAe]l ¢35 Fgouzlh Frstfaii
9] kol AEddARE FHastn B3Rl
o Tmel &Es Jtgdh kEd TEY TR

IMPACT POINT
l =

150 150

3010 \

| N

Fig. 14 The bonded places of strain gages

10 T

e ANALYTICAL RESULT
——- EXPERIMENTAL RESULT

E(strain)

\\
3.0 A

N\
Sy ra
S LN Q) ¥
0.0 N TR GV VoA
U7 J
-t.0
0.00 0.45 0-90 1.35 1.80

2
t{usec) x10

Fig. 15 Comparsion analytical result with experimen-
tal result of strain fluctuation at impact point
(ro=25mm, h=3mm, p=70m/sec, IP=2.
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Fig. 16 Comparsion analytical result with experimen-
tal result of strain fluctuation at impact point
(ro=5mm, h=5mm, v=4.5m/sec, [P=3.210)
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Fig. 17 Comparsion analytical result with experimen-
tal result of strain fluctuation at impact point
(ro=7.5mm, h=3mm, p=45m/sec, IP=0.
1521)
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Fig. 18 Comparsion analytical result with experimen-
tal result of strain fluctuation at impact point
(ro=7.5mm, h=2mm, p=45m/sec, [P=0.
0393)
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