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Shock Structural Response of Cylindrical Vessel

with Slow Explosive
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Japan Atomic Energy Research Institute
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(Received August 24, 1990)

‘

Qut-of-pile tests for simulating the experimental fuel rupture

behavior at NSRR have been executed with slow explosive to generate shock

pressure wave. The present model is on an actual scale of an NSRR experi-

mental capsule. The data and fundamental information were obtained to

understand shock structural behavior of the capsule. The main results are

summarized as follows:

(1)

(2)

Pressure wave-propagation characteristics were identified in the
present capsule model, including the reflection wave and the slug
impact. It was confirmed that the capsule model showed elastic
behavior under the pressure source condition of 115 kg/cmz-g peak.
Even in the case of 400 kg/cmz'g peak with a 200 mm cover-gas height,
only the lower part of the capsule model was deformed and the maximum
residual circumferential strain remained within about 1 percent.

It was revealed that the slug-bounding phenomenon between the upper
cover-gas and the lower generated gas caused the secondary pressure

wave in the pressure source after the slug impact.

*
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(3) The slug makes an impact against the plug after passing the maximum
veloéity in the case of 200 mm cover-gas height, and in velocity
history links closely with the cover-gas height. The deformation
degree at the upper part of the capsule depends on the cover-gas
height.

(4) The deformation of the capsule model showed the trend to be mitigated
by the existence of an outer vessel and annulus fluid surrounding

the capsule model.

Keywords: Slow Explosive,rCylindrical Vessel, NSRR, Fuel Rupture
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Table 3.1 Composition of Sk-Explosive

KCRO, 68 %
AL 26 %
CegH; 005 5 %
C 0.5 %

Table 3.2 Characteristics of Sk-Explosive

Total Calorie

8.8 MJ/Kg

Specific Weight

1.63 g/cc

Peak Pressure

I ~5 K bar
(Charge: 35 ~ 280g)

Energy of Pressure
Wave Underwater

0.1 ~ 0.6 MJ/Kg
(Charge: 30 ~ 480g)

Gas Expansion Energy
Underwater

about 3.4 MJ/Kg
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Table 3.3 Specification of Measuring System

Pressure History

Pressure Tran
Model ; PGHM-5
(KYOWA
Range ; 500 k
(Allow

sducer

00 KD

Electrenic Instruments)
g/cm?og
able Over Load ; 150%)

Natural Frequency ; 250 KHz

Strain History

Ultra High Elongation Foil Strain Gage
Type ; KFE-2-Cl
(KYOWA Electric lastruments)

Range ; 8% strain

Gage Length ;

. Cement ; CC-1

Moisture-prooc

Velocity Sensor’

Magnetic Floa
(KURS Science
Range ; 100 m
Maximum Press

Coil Pitch

2 mm
5AS
fing ; AK-22
t-Sensor

& Engineering)
/sec
ure ; 10 kg/cm?-g

5 mm

Flocat Specific Weight ; 0.9 g/cm?® max.

High-Speed
Photographing

High-Speed Camera
Model : PHOTEC IV 16 mm
Fixed Photocgrahping Speed : 3000 FPS

Precise Frame

Film Analyzer

Interval Time ; 350 wus
SANPICO Analyzer 401
& GRADIMATE Digitizer System
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Appearance

of Sk-Explosive (3g

charge)
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4. KSR
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Fig 4. 1105%.
SREEORE L, Test No. A001~A010 REVWTERZFOARSARE, Test No.AOIl~

A022 RBOWTEBAZFE UHRE/ & AKENEEH~L DO KIEFERBREER L.
HEREROMEEL Table 4. 21279,

41 ERSHSEORER

Test No. AOL1~A022 $ TOIBIE (P, ) KB AIEEHEEEROEFE Fig 4.2 KXY,
CALOHEBOHMTR, EEMlEROMEIMEHETHVENEERESEBIERDE

BOPEET S LH SN L,
CDRERICK Y, ?Eéi}%@i%EﬁQ?ﬂiEﬁEKﬁ? AEBFLUTOLDITED

FE A8 o0 i e il Sk # =&
(kg/cm®- g) (g)
130 _ 0.80
180 1.15
210 1.35

1.7 EREKRORGENDEERCIRILEOBRR

A CBTF, T2357] &0 ) oS LM L7 F¥OFME, KELD EHDRF 7 (814
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e
CORMRICEY, FEENER T/ - 2R AFICNTIERR, FATEOLESEICETS

ERoHBIcESIOEY, Th&FA—& L7

4.3 BIEEBAOER

B EBEENTHES - TWAY, FRENCH L TRBEEHRTER T 5700, Kl
TOEECe BUTORXTERSN S,

- g K/r
Ce_A/1+(K/E)-D/t
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2T, K koEEEER (2.07 X 10° kg/m? )
B AERMEORBER (2.1 x 10°° kg/m? )
7 AKOWER (1 x10° kg/m® )
g EHNEE ( 9.8 m/s? )
Zhme, REONE/AER (D /t =72/3156 ) ZH0T

Ce = 1400 (m/s )

LitBEsh 5, .

—J, ERE BTG, BEL SESKET TO 200 mmOXEE AV TEROPH
FEHEOTH A 25ARAIE 1300~ 1500 m/s &40, FEMICRE- TS, KR
NEOHEEEDER, REEHHO P AORBERCRAID BXCKET 5, Fig
4.4 ( Test No. A001 ) ICRTEREAOENKOBE, FREMN1350m /s &40, LT
THEEOEREL LTIOEEAAVIEDET B,

44 BEICHITIEENRE

Fig, 4. 41cB 505 L5 1c, BEDER (P, ) RAERL HFERCTE LD, K@ 50
E®ﬁ%&&&ﬁﬁ@£@ﬁ%ﬁ&ﬁénébén%bKﬁ%ﬁézﬁﬁ%%ﬂﬁéoCn5®
ERAHINIENES | DOE NS LTHERE 26, BRTOEDEDOFREFMEN 1 ms
LB,

#1350 m /s AV, HEL D RESNAD ENFEORNEFZNZ 300 us (200mm X2
B/ 1350 m/s ) &40, Fig 4 4 RT@A A 1 BIHOEEHROIERRTH S T L8
Hh b,

4.5 BBREMCHITILIENEE

BERIER (P, ik BE /8, REHY 150 us THN, @& D T~ OEREOIER
TRHSND 70, HEHLBETO2EE B, Fig 4.4DTest No. A001 T, H&fM
3IBIE (P, ) TD 115 kg /em?- g ik L, EET 235 kg/cm® g Th- 70

P, TOE 1 OEHR (Kb E ) ORI, BELD FANECERE S L~ AT
TRE S NBERE OREBMOEL LY, KE LS LREET 2 DELEICK SEEET 25N
4hid, 200 mmx (3—1)E/ 1350m /sic k¥ 300 us L7585, EEEL, RIPIKTT LRI
ICHI 400 us THD, HEDEF LA ADORE L AFEETHEATV B, IZL, )
HOEESATORED FRIBEASKEVLY, SRETOEERIZMELN X O S HITT
x5,

AREWBCEY 202 OFE KR, REH >OBREGERMEL, TOE IR LBEER
WCELE L CREE L, EREEN-» TERAEELETH S, ChoDENKROIRBEBHER
HENCE, Fig 450k HiK785, KNP T, EER IR T, BRI TR, O
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ST, RED FER OIS R QRS BEDRAPAII VBN ETLERLT S,
$i, SHRNEALOLTLTHH 1333 m/s ( 200mm /150 us Y ELTWA,

0 WO HERRLIE, Fig. 4.5 55131040 us
( 200mmx7E/ 1350m /s ) &EBEEN5D,
ERICIIFig 4.4 AT £ 1370 us THY
ZOEIIBusHENERE G- Tb,

HHEETHERITT LI, b LREDORIE
H 2z & » TIBE LT okszEeic 24 (BT, _i_“ww
(%5 FAME &0 ) ShicEHEAD. Rk ael %
500us (A5 R S5mm) TR 7 /oBrES | * -
fEdhiE, EEOS 2 OMORARIRE (D 200
ST 740 us ( 200mmX 58/ 1350m /s )& 7&
BPETH D, ERIZ, HEFHIR 1350usTH -
T, 500 us OBATERT /HERRE T
WEHETEN B,

&m%w%NNMm(zﬁﬁiﬁemm)T,zﬁfﬁ%ﬁﬁét&ﬁnﬁ,%zmﬁwmﬁ
ﬁ%mXafﬁ%ﬁﬁéuw%%&ﬁﬁmaéoLﬁbuﬁé,F@.¢mm3%w%¢;5m
% 2ot T, BEEALELTVAEESS LY, FEURAT IAHETCONATHREET
NWIEWT T B,

52 2 95 (©) O MBI OERAEEE S 2 I LB HEOE T &30, TOHRTOERE 1020
mis £15B. B2 © ORFEEEIAFig 45&D, 780 us (200mmx4[l/ 1020m/s)
LPHEN A, EEICHFig 4 4I0RT LI 40 us THD, KAORDELICLHEORE
ﬁm;é%®&ﬂ%én5o%ZﬁC)®m$@ﬁ£b§%¥®ﬁmfﬁﬁ%@ﬂké<,47
SOLRE LTRE LD, BEOESTNCESERTRE L 2 ROEREER >R, STH
%o

. 17 B
.illnﬂz}sﬁ?;......é.‘@....?

petm——— (D

4.6 TEOQOET

%@?ﬁNﬁ;im,ﬁ%ﬁ®mﬁﬁ%ﬁﬁm@m1&Lf%@@ﬁ?m;%%maabngo
Fig 4.6 ( Test No. A002)CiHAH LT, B30 (K © ) MHRL TV E2OTEER
DR HSEE L 15 B, P, BOKEICEBEEE 200mmEREE L TRAERERRLI.
B 3ms TAI/RKTOmm LRLTEY, 7 7HHEBEETORLEPRYEAL DD
B, H30WK C OMBEHEIETR LE. Susic, =7/ 2ESESSERETOLL
b1 A o BRI 2220 s (200mm X 1506/ 1350m /s ) TH5HH, KECHTEOEFZ
Pk 5T 3400us &7 -7

%ﬁxU%ﬁ%ﬁwﬁﬁﬁﬂﬁgmﬁﬁ%ﬁmLt@@%FmA4mﬁfaFgAJ(T%t
No. A 009 ) KB TEARERTSE 2 BUBOBEAEATVELOR, § 1 EOHAESET €
VHREREEAE (HATDD 2 Y FIEIC K S T EMFER SRS L,
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4.7 ENHOEHFAOI

BEAOECTREAMIC 180° BTT, 22o0EHe 42O, EHEREER L. C
DR, Fig. 4.8 ( Test No. A012 ) KRt kHic 2 2OE/EREEBEUL, BHRICES
DR Edbd 5, e, EABERICENSLEAITE, KEMBEODLHLOTNTE
B EHMTE S,

4.8 HEHAEOQOINEE

WHETE (P,) kB3 aFENEREE, PIAIEFig 4.8 IWmd & 2 IiCEm» o DB ORUHKIC
b, BiohitlE QA ~O £43, @ ~ O F TOHEOHBEMERE RRO MR (&
2ms ) IKELL,

Fig. 4. 8CRdT PLOEFIBEAIIAL CFig 49T d, & 1% @b E- CRERIT
Lo THI SN AT TORRTE, RdiciT 910840 usTHD, P, fLBEL D #imE TOMREE
30mm > &£ 1350m /s THIETAREE T 5,

2 ® BFig 4.8 OWRICLARETRT &L O, BAE TR LI ERESHE L THE
LI ThHsb, P, ’C&EM:IE 220kg /cm’ g DRI P; TH 200 kg/cm’ - g &700, Ps (@)
T 100kg/om?- g E¥MCHBEL, P L P OB TEIENALEEST ST E52RET 5,
1R QG HKNBE, B25 DHET B 300 s ( 200mm x 2[E / 1360m /s ) &
1Y, EEZ, Fig 49T LI 316usTh-7, B3O kb, 286 &, &
1 A OHE®, #300us (200mmx 208/ 1350m /s ) THA, HIWLES, BLL
HILHBTHIEYT 5,

4.9 HAN—HXEWHR

Fig.4.7 ( Test No. AG12 ) & Fig. 4.10 ( Test No. A018 ) RE—&RHICT, EL2HFH
DRI D A S EH L BAOREDENBREERT, A A 2AEEHD 196mm Dind, BiE
(P, )»2VHEHERESR(P,) ODENBREIZONSHEACHARZIIELL T, BHL
THHEHA L TCOKEREAROT, EHNEBE~NOEEZ LA AN ZOEBHRIBRTE S
BEIHTE 5,

Fig. 4.10 O Py T/RT L HiC, KEHFPIIRPEH 5 ms LIBICHEAT 5, —F, Pi~PB &
WOESIZ2ms DIBICEHSEBEHELT0E, b, P~ POZHITBNWTEANN-FRDE
FCE - THEE S TIRMGEHERE 7 0 — Fyy 7 SEBHMMIN T 2R - TR ENZ 5,

HoN—H ZAEFHRE, HN- A RAFEPEEI D DL VIGEICEN, FHRKRETENS,

410 KBOZEEEE
RIROHEBELSEEN A SEACTIEL, BIRHUG L7 o— Mo X SEER &I
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Fig 411 ( Test No. A016 ) IKRF, ChoDEpShbhs kI, MERRAMEER>2
KRR E T %o

25 7HTI S TEICEET A2 TOR®IZ 195mm T, HEBATIERIRRBEEBA T
B Ly 2l A TRE. B, #/ 9 —FREIH1I5mmDBEE, X7 VBRREZETEHRE
LTV, BAHEBSEDEDOR I VEME 4 v FOHEBRESE LV, ATJELT
DAFY  LANFRBKEETCHMT S, HC, AN FREEBEARORF DR AEEE
BannkoBHATHENE, BEEQOENELMGTHCLNTES, TOXIUA-HAG
SORRILSNOFERESH L3 T0~100mm THAET EBb -1,

F7-, Test No. AOI8~AQ22DP; oid, RITFBHME(LT TR75 - A7 1]
E0S ) L L EOBEHE, D2 5 S BESBNTE S, Cols, BEENE0m/sETS
CEEE N A S THI LR 5 FEEERE S, FEL00m/s i Fig. 4 10 TRLAP,DET]
BRECEOTRKE Ims BO&DE KL, 277 - A7 PEEIEREWK S ~6ms TH
5, SOREEMETLTHAEDETFREND, TTT, R77 -4 %7 RO HEA
RIZB0C0m/s ELTB/ADODENBERIVR S VEERVZAVTICHEL, SEES A 507
— & LEFEH T Table 4. 21ITm T

Table 4.2 £, BEOHEMICH - TR 7 VEENERL, 75 S FTEANDA Y7 FEAMN
%iéC&ﬁb@%oit;x§7'4yw7bﬁﬂmoh(m,%ﬁﬁﬁ%i?ﬂ@bt@&
FEHBEr CEH LU ERLC—BLTYhE,
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Table 4.1 List of Energy Calibration Tests

Explosive Plug of
Test No Charge memo
(g] the Vessel
001 0. 75 Open High Speed Camera
002 1. 1 ditto. ditto,
003 1 3 ditto. ditto.
004 0. 75 Close Magnetic Semsor
0065 1. 1 ditto. ditto.
006 1 3 | ditto. ditto.
007 1. 3 ditta. ditto.
008 1 5 Open for Float Checking
009 1.5 ditto. ditto.
010 1. 8 ditto. ditto.
011 0 T5h ditto. High Speed Camera
012 0. 8 ditto. ditto.
013 0. 9 ditto. ditto.
014 1 05 ditto. ditto.
015 1 15 ditto. ditto.
0186 1. 35 ditto. ditto.
017 0. 75 Close
018 0. 8 ditto.
0189 0. 9 ditto.
020 1 035 ditto.
021 1 15 ditto.
022 1. 35 ditto.
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Fig. 4.1 Pressure Transducer- and Explosive-Location
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Fig. 4.2 Relation between Pressure and Charge
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Fig. 4.3 Relation between Slug Energy and Charge
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5. A oN—H 2R AR

A1 8= F A REHIRBR O RBR LM R O ROMEL Table 5.1 KU b 2IRT, &7z, &
SUABRL L DA Fig. 5.1 KFT, 2EBTOTHREOSE 1 O S #E13 220~240 kg/
cm’c g TRIE—ETH -7, EHROBREEAD T A -7 KIGUTELL T, &H
BB TOENEMEAS Fig. 5.2 ~5.TITRT,

51 ASH A9 pEDH

KEHFEHRB TN ESK, 73S FEPDENBELD AV - A7 N ENEFEHH
WELENTE, ¥/, A5 VO LREFRV 22 VEFPRETES, ThoE2EHERS —RIT
DTEML, Table 5 1 &b 2i10mMeE, X534 -4 VNI FEDRS T EERIANSN—HAEG
EEPOFE 1 HOIEEN TR LU TEHERE 2R/, 277 -4 7 FdPig 5.2 O
@& TR LOiE, BEHOEVCWEAREEREL, ¥ ENCOWTREARINIT/ S5 v 55
BB, foT, E- SENDOEREFEELTRI S - 4 V50 MEOEEABHT LD b4
Yoy VA EAN S TENT A ANHE LSS5, KERERBROIFTR~NILS
i, AV NEDEEREOEELTFAILEWC L ABAD 1 2TH 5,

Fig. 5.2IMTLICRAT Y - A vy T A ORICHET 2EIZA /72 Mk, T
DBRFNEE L, FEBELIORFLESTOICERLAETHD, ERENSELD, O 4
vARYMELDEEVIEEEENL B, EBTR, EHt 9P id, 77 7k 28mm 4
TWAEHEBEQENE - Ty 7 (23 EHNTLTHIUE, 2E0OHRME ) BAK SIS
LV, FlAE, Fig 5.20@ICRTESRA V7 PTEQR LD B BN B, - T,
Fig 5.3 TxRe (B &, fEnsBHMOEMEDRENSEN £ ¥4 Py fAIciAE Ui &t
T& 3, BEARMT2mm TH 30T HHREEHEIREESE 1350m /s & LES, 55as
(72mm/ 2% 2\ / 1350m /s ) &EEEH, AEKIIMI10kHz &5,

Fig. 5. 3BT, Pe THEELIA v 2 FEQ #Hid, PV TE B & LTHR,
Z DRIDESEIIH 170 us (225mm/ 1350m /s ) Thd, £/, Py DE K P, TR
DOEMEBAEZHE-T G KL LTRATV S,

Fig. 5.31EWT P, THNLA 37 MEE RU © #os Py icBhigwv kicky, 48
ﬁ@ﬁ%ﬁzﬁ%iLcn6®ﬁ®ﬁﬁ%ﬁ%bfméC&ﬁ%ﬂ?%éo

5.2 RIUONI T4 v THR
Fig 5.3, 5.6 RUBLTRRT, ARERP, DENBEIKBN T ~8 TRIEIRLT

ARSFH 4 vy MRICRELTCEY, R IETISFHTY yF oy (ERED ) L,
HEEmMICKED _RiEE LTHNELDTH S, 2/, THOHO_FId Test No. E002,
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E 005~E 006 D — 2R BEN, £FBLTWACERA S —HAGHEHE0, 150mm &&
#E A — 2T T ETH B,

AN—HABEH50mm OH & fre—F 2
( Test No. E005 ) & 150mm @ \ ! i
4 ( Test No. E006 ) Z HE T PV 4 b | 50mm PV
BEKIE DR S 7B (816cc) T 150mm '
WEILTHBIC bbb LT H/ v~ A
RS DDIEBEOHEAT Y (B k) T

Favriek By ( Fig. 5.5
) ) O HBHABEE CHESE, F
BRI L A&V, chid, ERRFR
TEHBER P VEFMEEOTE
Ah&E, A—0Ez b HERITE
LTH S —HZEREODITOTHE
BHREEL, b o rFa v IPRBREVIELODPS,

Fig. 5.5 ( Test No. E 005 JIBWTPe KRT AT - 4 87 N ETHEZIEP, IRY
SNy YT VS OREDNS S OERO% (57 -1.6=41ms ) EHOTANN-FAGE
( 50mm ) 2B LTRSS FDN0 Y7 v 7BEEEZTFRHTRIE, $12m/s &b, TCTHE
B ABRERS CIEAESERT A8 0.26ms ( 345mm / 1350m /s ) REH L7, C
D L EERCEEDORLD, U YT, v S TREOTPESEE TR S & 165kg/cm’ g
(0.0102kg -s*/cm** m* X 12m /sx 1350m/s ) & 785,

%%K@,Fw:55®P4Kﬁ?$ﬁK,M@ﬁﬁﬁﬁﬁl%kgmﬁ“gfﬁb,ﬂw@%
FLTWB, ZOEDP,, Py i RT & HICP, TREL/Y »Fa vy TREE, BRES LS
AMEE LEE LTV . BEEERA VIV RERDS RO,

Test No. E004 (3, E006 &fElf:, #/<—#HRAEEIF 150mmTHBA, Fig 54DP, iC
RF LA, N VF v IREREARNECEETE - (P D) . '

L - HAESIE, S0mmThD, A7/ BEBRBDRI S Test No. E002 & E005
BT DL, N VT v REOTRE BB ES BB L0 5 ( Fig 5.3 @
R Fig 5.5 M2 & LTER), ERIAVFBELTHELEML L, 27 F7RODHL
Test No. E005 OEHEQ02 ICH~R 7 FHEERKE (, HRINC G BOH MHEEEDS <
1A (Sl 7 SERICERRT, HEUEFELTEES ).

T, @) EOTH EASOBBERLE L, COFENKE OBIEES 5. 7, @ EEN
EohBrb b0 aRt. @EO B BEHEBEPECOR, KELFORX T F7EBPRELS
CEAEREAA S { EIERESEV ), AETHOREIA ¥/ + T5HHBRELLL
kB, NU YT, v/ REONEELR, BEHSERERIGE. @) Bosw @ ELD b
By, COBMER, ZOBFRICETLEENSEST ORVID, FHELY.

Test No. EQ0D Test No. EQ0B
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5.3 hn—HRERDER

2570 FREER, KEEMRBOER,S, BEEEZEOBEELE L, R 1.35gDEa
A= HREEHI50mm A THEEREDZEP S CEMER s ( Fig 4. 1088 ),

Fig. 4.10 D% 3 FyHEEBERENTRT £, A5 - FRAGEESH100mmPEEF TE, HELYE
B—FERRETENTEE, T, HN—HZAFE0mmDEEDAH—H 2 s HHERIC
BUHBZAT TP EE LRSS ENTE, H - T ARENESHEERETH 5,

BAHGRBECEME L 72 Test No. A016 REAHFEOHESEH 200kg /cm®- g TH D, HBHRET
FEHE L Test No. E005 13 240kg/cm® - g Th-1oe TNOH_HERLELT, A —-HFADH
FHREHELTH D,

Fig 4 101RdE 9, Test No. AGIB DAN—HAFHE (0 ) B50mmDKEDR 7 7
FElt 46m /s TH B, —F, Test No. E005 DA ¥ hFEETD R 7 7 EEEE L, 33
m/s THY, AN=HAHE 0 mmDBESOERUNRFRTHS &P 5.

BIEH/S—HAEE 50mmd Test No. EC02 i, 25 7 BMEELNE, EHHO T xv
¥ —ETHEIED LR VEERBLTA LY, MERTHCERTELD, A —HRAHE
P 195 mm OEES — 2 DBE, 50mmOBAICHARTERMFBENNREL, 2, X7 7EE
DA CIET B, B5— H AERR AT S HW T E B,

5.8 hNR—HXEZOHR

Table. 5.1 X0F6.2 2 &ic, EARNES—ERES LR 7 VERS—ERBEGLILHTT
BN HAGBSCHETER 7 VHE, 277 - 2xVvFEDE(EFig 5.8 RUBIKRTA
HLEEHET 2 L EFI—ETHLEb0D, HN—HAGSIKIEL TR FSBEEEIEL, &%
ELTRAS Y - T ALERENTE, 27 /ERAEDBIBATS, TRACRAILIKRF S
FEEATLL (27 7 ERMWNSBAE RS FEERERTS ), 75— FAG SHHETE
A5 - TxAFEENT 5,

Fte, H—HABSHRICES, AN—FARERONSOEBRZ FEERANSOHE, 275
g 2 FNED ( Test No. E002 2 E005, E004 & E006 RUPE001 & E003DIE ),

Fig. 5.8 RU 5. 0ICA N - HRABSXHTEE7 4~y FRERT, BRICE, =57 -
4 vy FENFHFRTRTE, P 2 v HUBSARPLOLITN TS L&, @AMEU LV
NNTTF A TFEICEA 52 P LW EEDEBEIRED, oL 4 v FEHEA
FvENE D,

HN—HRESHNSVIBEICE, FIRO/ Y v 70 vV TIREMSFEEL, D, AN-HR
B EELTVBEIE, FHTHRNE LHCEIOHLAD (MABO ETiLFy F - xv
FARELRIICEDA VSV AEKE (BEDNREPREL 5,

LHEOEB L DEBELNLBAEBERES R 57 - 220F ((Tabl 7.2 88 ) ORFEE Fig 5.
10 1R,
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5.5 hlﬁ—ﬂlb‘ﬁ-& LW EOENERE

Fig 5. TICR$ & 5T, H - HRBEELTOERTE, Fv F- oV FHRICED, £F
RICEHBOBEEESEL 55, COBATS, BHP, NPT NKOEREZBEOETN
DL - THET S, —F, ARLEP, TREOSEELEVD, BREMRESEVLOD
T, BEEERE, TABSHEETAIETEL, &5k, P, TR, ERPOENEFELD
MEESELY BVE (Bh Q) ) #HRT 2,

$h, BEN I IKOEHENRUESRENERSBEL, /4, P, TRREZOFEN FAIT
x5,

AN HABEELTOEETS, kELEHFDRF /3EBERICBLAZN, RF77 -1V
sy M CUEAMRET B, Fig 5.7 CFRT LT, BEEK0.3ms Tt v Y7 L,
A viy FEMIL 420kg /smPog Tho1, TOBE, BEHL VI TEEITOREM 395
mm%5# 1350m /s THRLUAEERE» TV 5,

%712, 75/ TEPs TRELAA o5y PR, BREREOEREOEEICL 281560
EEAEONG, BHRMETAICE3TECETE2EELTH I ms (585mmx 2[H /1200
m/s ) &M B,

SEOEAERED S FHSNE LI, Hi- HANEELENEED ) 72 VOETE, 1
EAEPMETUEBTRAE L, CHUCHE L ENREEECRET 5700, LEART S 4V
2H P EEH - T HIBERBUADNETOER RS OD TSV ERRETZ %,



JAERI—M 90—-159

Table 5.1 Cover-gas Effects at Fixed Explosion Level

’ Test No.
E007 E002 E004 £E072 E0Q1L
[tem
Cover-gas Distznce &
0 50 150 195 250
[mm}
Slug Yolume upper
Explosive 1608 1404 597 814 540
{ecl
Source Pressure 225 230 220 219 220
(kg/em?-g] )
fmpact Pressure 420 500 400 760 430
{kg/em*-g]
Time of Impact
0.32 185 3.51 3.9 415
[msec)
A Yelocity at ! t
verage elocity a mpac_ _ 27 43 50 60
[msec]
Slug E t t
ug inefey at impac - 122 220 243 254
[cal]
Explosion Height
xplosion Heigat 200 200 200 200 200
{mm]
th
aree 1.35 1.35 1.35 1.35 1.35
[g]

Table 5.2 Cover—gas Effects at Constant Slug Volume

Test No.
EODS EQOSB E022 EQ023
Item
¢ - Distance 4
over-gas Di 50 150 195 250
(mm]
g P
ource Pressure 240 220 206 225
[kg/cm?-g] :
[ t P
mpac ressure 1350 420 160 690
(kg/cm?-g]
Time of Impact 148 3.25 3.9 475
[msec]
Average Velocity at Impact 33 45 50 52
[nsec]
t I t
Slug Energy at Impac 108 206 243 263
o (cal]
Slug Volume upper
Explosive §14 B14 §14 214
ec]
Charge 1.35 1. 35 1.35 1. 35
(gl
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6. WAk

HNEERABORR ) % M % Table 6. 112, 1FFEME, KERUHES A Fig 6 1IKRT,
AR EEEE (P, ) &7 7 FHE ( Pe ) d24, BE SMFEEE T I8S08 20 Kt
AL, 372, EEMFEIOEERICE, REIC25m meyFTw—FrI 74 ED,
BEEARIL 7.

HERid, [6— iﬁ%fG@(T%tM}BPM~BPM)fmcﬂ—//ﬁ®£%%%mbfﬁ
=t ( Test No. BP21) %177, BRI, BEOHSME 210kg /cm’ g &F 579, =¥
L%gfﬁﬂtﬁ,ﬁﬁ%mﬁﬁﬁﬁﬁﬁﬁbmﬂqttm,%%%3gmﬁMLh(@ﬁ&
R 400kg /emérg ) o

EHREBTOTHNEE, C—78, SREBNRCEABREELHEL/cbD%ZTableb 210
T4, Table 6.2 DREHNSEL, BEERTHP, ORBED 1/2 253, $7, {EABMTO
FHRUEOEYEES Fig. 6.2 ~6 17TITRY,

¢

6.1 KHHEDOERE

Fig. 6.4~6.7 ( Test No. BP12 )DA) H5 ,
("3 Fig. 6.14~6.17 { Test No. BP21 ) & (B, '
OioRd & Hi, FEERICIEHEPRET 5,
HRCTFET RS EHESY - VS, &S, O EM
%L Fig 6.4 S, KU Fig 6.7TDS,REDILE
FA0BROELY, EHEOCERERD L LFES
WhmENRHL, HEBETIAH S5 5000m/s
[(260—100)mm/(04-—037)ms] &7~
TR POEHEICREE S,

Fig. 6.14 ™8, &S, DWW T EEI AT S &
Fig. 6.18M & 5icii b,
COMMLhH 5L S, SBMEHEOBEC L EARCEY (O, £7 Y VHIKRE -
TR AAICER (B ) T2 HEHEFHSBRETE 5,

254 4 w5 s VB, E L TRARICEY, SAMICEREDS C Lbr S,

—
il
]

o

QOO

S
@0

[y*]

(3%

<
—
[
&

'll— 'Ssz ‘—L

6.2 —BTERINIHABAETROERE
Fig. 6.17TDS, 5SS, KRTLHICERBTERSNE, —RE (PO

b S DIEDETIRIC K » CEBELS EAth, —&H (R E Hii@ﬁﬁiﬂi‘i@ﬁ)b@T@ﬁ%
Wich-TeEnvy -7y 7&05. Fig 617 @S“@B%FE-EJ@EH%}K?‘(L,'CFlg. 6.19 IT/RT,
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REBEOHPRBHEGRE L, FCRE-TE BoFEER O WENTRECT LN
BlE A, Fig 6.9, 6. 11KV 13ICBONTHEREIEMBNA S,

Ft, AN—HADEELBOBAEERR S /O LERL S OEME (BEUR 77 - 4 ¥/ 1)
LE-TZREDTFEOE WL - T o THEAT B,

6.3 X3 ARG FEANR—TFIZFT=DHR

Fig. 6.8 md &9, BEBELSOR TV - 4 737 MICFRE LI EBIBEMNTE 5,572,
Fig. 6.10 & 6. 12 &g THIE, A - TREEPRITLFEGOEFRGUNRPHP L 5L, H]
t, A= HREIM2000mmDOBRERAT Y - A 37 hBRELTE, BEOENWEF -7 o 78
HOEETH B, —F, H - HABIH0mmDESE, EH B E I bbb od AAN
ES,, S RIS, TRUABOEREEENL 7,

B H R R R TR Fe £ 51T, A5 — HAGEH 50mm D &I, R 5 7 EE LM
HERELTORVAHEED—FTHD, R 7EBPASVIELE ST, B THOCER N
EL105, RBBROHEBOIEN CEH LABHHEENMIEFig 6.20icmd & Ly, &
THERAR 7 7 - 4 57 IO REHLT 5.

Fig. 6.20#043, A~ —#H2F5&200mm DHESGOEBEREHLTT o P LTHRLL
L, COBERABERTHRLTOERELKE S,

HE3g OEADR T VEERREE, Fig 6.3 1RT A Y/ 7 b BAL0EHRZ TEETS
m/s (200mm/ 2.73ms )} A FHIEN D, Fig 6. 2D Peimd LD, FHR 7 7 HEE 30
m/s (200mm / 6.53ms ) > Test No. BP11 Tit, BFHEROILEL EB)HBETE— 7L
HHHE, D, Fig 6.30 P DX NEAEOEIBIEHE SN THIE,,

6.4 T E B
Fl— Gk TR DTN/ Test No. BP14 & BP 15 & a4, BEEOREHHMT
%%, B6, Fig 6.9@S,, 708 %iKHL, Fig 6.11DS, M0 4B &HEL, EEL

LEDBEESERLTChA T EShr 5,
Fig. 6.20 T, KRBETHOERIC OV TEELOFENRR NS,



JAERI - M 90-159

6.5 EPORLE

HIEHEOHERGHOKRIFIC OVWTELD CE{:::}%)
B, BENCTFT LHITE S,
Y

L THRARTEILLIC, A7 VOEH T

A ILERFS AN HAOEMHE EMAA T B W I & B

;ﬁ)b#iCﬁﬁ‘c“nﬂﬂi, ARG A NG b id] jj- Fj—] D {$ 83

MERAELTHRBAEG THROERE EHT L

D, —F, A7 ISOEEHT R IENRESE r

Fdhd, FNEE THOE T AV FICHRR E K K &£ 3

SN TRDBHREES 5, B & F
z %l% 15
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Table 6.1 List of Uni-Capsule Tests
Test Charge Level c¢f Cover-gas
Body Test No Explosive Height
At (gl {mm] fmm]
P 11 0. & 200 200
P 12 1 35 ditto ditto
P 13 ditto ditto ditto
1
P 14 3. 0 ditto ditto
P IS5 ditte ditto ditto
P 16 ditto ditto 50
2 l P 21 ditto ditto 200
Table 6.2 List of Uni-Capsule Test Results
Peak Pressure Peak Strain
Max imum
Expected Slug Impact Longitudinal Circomferentiat Residuzal
Seurce Circumferential
charge Test No. Pressure P, Py Rising 5. Rising S Rising Strain
(4% P)) Tine Time Time
[g] [kgfem®-g] | [kg/em?«gd | (kgfcm®g] [ms] (%] {ns] (%] {ms] (%) (place)
0. 8 BP 11 115 230 _160 6. 53 - - - - -
np 12 2158 430 T80 4. 07 0. 18!0. 490 0. 18}{0, 37 -
1, 356
BP 13| 220 440 710 4. 17| 0. 10|0. 40| 0. 130, 34 -
BP 14 - - ~ - 0. 2100. 45| 1.0 Jo.40]0.8 (8,0
BP 15 4290 840 - - 0. 200, 40 0. 62| 0. 40| 0. 43 (S,
3. 0
BPp 186 405 810 - - 0. 2010, 40 0. 62!0. 40:0. 43 (5.,))
Virgin 420 840 13202, 73| 6. 18|0C. 45| 1.22|0.40[1. 1 (S.)
3P 21 ' ’ e
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Fig. 6.1 Strain Gage's Location for Uni-Capsule Model
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