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A Research on Elastic-Plastic Waves of a Cylindrical Specimen

Subjected to Longitudinal Impact Loading

Masachika Na1ToH, Masashi DAIMARUYA, Kouhei HAMADA,
and Kaishin Liu

Abstract

In the present paper the elastic-plastic stress of the impact end of a cylindrical specimen subjected to
longitudinal compression impact with a stress bar which remains elastic during the test is investigated
experimentally and theoretically. The measured elastic response of the stress bar showed explicitly the
elevation of dynamic stress and its relaxation at the impact end of the specimen.

The impact end stress of specimen was analyzed by using of the strain-rate dependent theory for
plastic wave propagation, taking into account a rise time of impact and impact conditions. The extreme
elevation of the dynamic stress was predicted in the case of a step impact, but it went down rapidly with
the increasing of the rise time of an impact velocity. Taking these stresses as an incident pulse to the
stress bar, the elastic response of the stress bar based on the Love theory for elastic waves almost agreed
quantitatively with the experimental results as well as qualitatively.

Moreover, the existence of the plateau of uniform strain adjacent to the impact end of the specimen
is confirmed theoretically and experimentally. Its appearance is governed by the strain-rate dependence
of materials and the impact velocity at the impact end.
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EDHRICZ L - C, RRHBICBMER 28 312 o 4 FE MRS
EMZBHETIT 72, EBREEB L URIEROERE %X 9 125
T HEBEKIIHEMT, BRTEEICE > TSHELREHEE T
AEMR EICHEZ 5, RICHARHEZ RAE K 8.2m D& 5 H
%%Té%,@ﬁ%t@@kmiofﬁﬂﬁﬁﬁﬁﬁﬁééTé
F0IT, FREHHBIMEEENICEE S &) ICHEEREZ1TH,
HEHRI TR OMES # HE 8.35 mm, £ X 300 mm o ks R
L2DThHhb, 72, BREOTAZBET 5 2dDIE SRR
I3, EEums 5 150 mm F ¢l 10 mm, 150 mm 2> 5 300 mm F
T2 20mm & L7z, 8, SNHLDERISHMITOREZ ¢ 26
ICENFRC TSI > Th B, —F, KF%EH SGD 41—-D )t ik
IFEE d=20mm, £& [=1,000mm T, ZDHEMEIC L 26
NEBOMELBRITE 5 L) 12, HBEL LEED 1L SEOMBICOTAY— U5 ZFN
THAMT OHMNMICEE SN T2, 2NbIC S > TRIBENZ O FTRWRIE 7Y -~ 2 [,
ERBEESHZRE TP 72 PARVICEERN, Yo 7u2a—7ICELHENS,

Specimen

Bridge
box

N
|
C

Strain gage
/7
=
Pre-
amplifier

{

memory

Stress/ bar
Wave -

Supporter

Synchroscope

9 FEBHKE L HIESR

4.2 RIzEREF

ARHRDOERIIC B 2 E# %2, WHEHOV FAZE L L TRIEL L 2RER 2 X
10~12 127" ¥, B 10 1R L 72 EBNc B W T, F U BIERE %), Ob), (ONDEIZIRGIERR % 50,
20, 10 psec/div & L THIHADEIER T # JEk L Th 2., #t#HI3IE DOV T AHE T, ()~() &
LA —VEFEL Th 5, HERE Vo=12.7 m/sec DFA T, £ & b B ©— 2558 5EAL
E1ld TREINLERT, THoE—L25d TORETH S, REHEDHEEMIGH D 5
B LUK OISR L IR 65, HEOBEY LB L % 10 usec £ TOMIZE

(a) 50 usec/div (b) 20 usec/div (¢) 10 wsec/div
X 10 EEmcHESHOBES (1) Vo=12.7m/sec
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0. 714x10°

20psec

11 EHERIG 28 o) Bl F) X 12 ERmIGIZEB OB ES]

(II) Ve=12.7m/sec (Im) 6=12.7m/sec
BMICEALTEY, T, REHEOHBRS MRS 2T 5 & TiUL, BHORKERES
ARG DBIIRERIG T ICHIET 2 £ B2 LN b, Lcd - T, BAMBEICE L 721549 80 usec i
P TR L T—E IS > T b5, ZoOM%ZE8IRBROBNRR & A 7keE, SRR
12 B8§ % Johnson®, Compbell® & NEEAER L LI1TT—BT 5, 72, VT AWEHTRKICE
LTHLIT—EE %5 F TS, BRI LR RLNLD, ZOREIHEELZT
RISTIENELE L THIEH & 2 KU EDERDEHE— FNICL 2B THL L HETE2,®

1110 &R UEBREHAL VR LNLHNOBERE T, WIBMEK10@ERL 10
psec/div Th b, WEDHAMEIZR 10 DHFADK 1. 4RIELTE Y, WL 10 DBa L
ELRL-oTVE, K12 LFEUEREMGEL VELNHERRETH B, K10, 11 D8
BEELREDPHERL T d, ZNLDBERIZE 2 EICHEASI N HZekiE, >FVIb
EVRMB LU EYBERoMEIZ L 5700
EEZ LN L, ZNERIZ, HREOHS X & 150 -
HEOBB L) HOME L #HEI N5,

Ooe )

Ep %

4.3 RBUTHOAZE 100 -
AHFFETIE, ARHEL G IRICEHEI T,
Z DERHEIGH 2 RO E 2B THIET 3 .

LB, ARHEORBUTALRELR, X S0 °

B2 2RDEABBENRB O T AORERHER L :.
ZNENnOo, OMTHKIIRLTHL, EEDH ° e
DFDHES CHEEHHNC TR L& 1, B 0 Ilo 210 . 310
WA T AT T b =D 52 Iz 3o Distance X cm
L5, 13 BEOT A5

Strain
L )
ce
®0
oe

88



HUERATE % 21T 2 U0 BRI 83 2 5%

L,

5. &

5.1 MREEBREGHCRETHEEF

REHEDIREIG 1213, BHEOY S ) KR
by b EDRER, O F2REREEEZ KD TH
e K, E8EE Vo ErRECRELC
Wh, M14i27vy 7K (b=0) BIUrT7>
TREEN KL B BRI OW TERIICT
B3 N5 FERHEOEIG I DR S 2R L 72
LOTH B, BENL T v 7THEBICHN, S
b E) RS H 2EAITIIRAIG A L R
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HIRERIIS B BT BERICIZ & A E B 22T
¥, KEHKET 22 0bv 5,

KIS, AWFFRICHH L 728680 K & #ET
72000, 13 IR L 2 HRER L VB LN
SEOBB O T ATHNERER L, 3EHED
Ko § 2 HBmER L 0K EX 152K
. BRI, BhEfosn Ly, Mbs
IR T &) e EBREML LB ONTERTH
%, K=5X10° 10°sec™ DIEiHfEI3 EBR{E &
=KL T2, L2d T, BIEHERR
BI UV T ASHH» HATYH, Malvern BUfRL
REMET 25 ED, EEBRICHWEHEIIOW
Tit, K=5 X10°~10°sec™ L#fEI N3,

X 16 i3 HEBE%CR B L 0T > 7 RIEBL L
EANIC L 2 EBIRIG I OMEE L EAT) B
Ml %=10 usec DHFAHIZO>WTHEL 2L DT
H D, REHE X B EOE KA REIRCK
HHVET 7RI E) HERGEUE NS5
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5.2 MEHEBIRICHICEAT 5 IBRME L RRME DR

X 1713, K10 @ 5d DALE THORERF &, b 10 BB =10 usec DIHBIEIR T b F
DEEZICEL 2HENERUT L OB TH 5, X 1813, M 11 D 5 d DALE THORERR &
SH BN R h=10usec DT > 7R L B HERERE L 2 BENOBEBWEF L OB TH
5, WINLIRET S 2 D TERMICL LI —KLTWBZ bbb,

S L i\
5 " Experimental
N ——— Experimental oy
2 4L & i Theoretical
= . Theoretical g 4 e K = 5x10° sec’
S W, m---— K = 5x10° sec’ S i\ —_— 1
3r AN ——— 10° © o5l WA Ramp -type
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a ot -
n Nomeesooo
1+ 1
1 | L 1 L 1 1 | 1 i | | L | |
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0 “ g 20 160 200 0 40 80 120 160 200
Time t psec Time t usec
17 WEMF (1) EBEH (I 18 WENF (1) &@EE&E&G (1)
DHEERW I & D DEGHIE & D IE
6. ¥ EH

AR TIE, HEMEHEEER % S TR 2 RO BERIRIC N OZE) & BB U T 2507
ICBEY B EBRBIE LT 72, WHERT 2161 & BBRERT 2 AHENHERE T LT,
Malvern H» 0§ 2GR EAK MR Z AW, b EVRHBIUOYL EY B2 EEL ¢, B
TR AT o 72, 72, ZOWREE SO BEME % G BN EERNAAT & LT, Love BaFIC
& o THMERBBT 21TV, BHBROEZFHE L7z, UEL ) RokEEE2,

(1) BBIEERT 5 3l & RIS JHE & OFBRERIC & - CTRIE 2 17 RN BB IRIG T
AL EDERCKRE C ER L, ZRCKW UETEMOBR 2R 72,

(2) Malvern BUERG % F W 72 iRHER O BRI BYRIT DS R, SRR EREIEH O LR 13
L B R, b EORER, MOV FREREKEEOAE I B L OEREEICEL |
HET 5, 2K L TUEHENERIZE S LT K BICEKFT 5,

B) FRHENVO T AGMNT T b —DFFAERHER L 7275, ZOHBLICIZ K fEr k& BT
5, K=10°sec' BET, V3477 F—3HBAL L %5, 0Fa0MmICET 2, K=5X
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