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W on O switch {ERTHR4M 12 L FOERDV
ADOFTHANLAEEBT, counter EHEE ¥ D, =Dk
5 I L TEBRICHT 3BHOE TRM & 4 430~50
BERELE. 2O 7 & Table | Off 2 FicFR
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adhesive cellophane tape

Fig. 1 Device for generating a stop pulse

Table 1 Drop Duration of Hammer

Fall Height | Mean Drop Duration | Standard Deviation |  ;_, .10 t=teals 100
h f s tcals
50mm 0. 10454 sec 0. 00106 sec +0. 00351 sec +3.47%
100 » 0. 14795 » 0.00141 » 0.00508 ~ 3.55»

200 » 0.20510 ~ 0.00102 ~ 0.00405 » 2.00 »

300 ~ 0.25206 » 0.00108 ~ 0.00460 ~ 1.86#»

500 » 0.32410 ~» 0.00063 ~ 0.00463 ~ 1.45 7

750 ~» 0.39602 ~ 0.00042 ~ 0.00475 ~» 1.21~
X 50 # 0.10631 » 0.00118 ~ 0.00528 » 5.23n
* 100 » 0.14811 » 0.00117 » 0.00524 » 3.67~
* 300 # 0.25402 » 0.00153 » 0.00656 ~ 2.65#
¢ cals : Calculated drop duration

* :  In this case, guide rail is supplied with excess turbine oil
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HWLETER LR STHBRTH S,

Table 1 #R.5 &, FEWASHIT LA 2 02
38, ZhoERiiicdd 559RIEEFICT
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HBEE~3%, ElEv-ro—FitfiLo, X
RAIFLOBBHRLET LN, oESix
B bhd, 6o THMEERBCRAD 5850 EA
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. Photo. Experimental arrangement for
recording the pressure variat-
ion during impact.

Do FDT 1/3X1/25k=13psec LLTF niERFIIR&E
ERICIXREHELVS, ZoZ tRBbhiAve
75 KRNI BIEEThEnskv.

iz y 27 » " EEN UKo X T R UNE
BREPSRTIR L L B3 %I Fig
2 ITRT XD AEERGTCH B,

Fig.2 (a) GEMOAT &M CITRLTHLAL
BH ORI ERETRITRETH 325, kol
B> THARMEN~<5 & 0.137msec ThHY,
RO T2 DB T.4ke THoT-. HGiEOHET
BABRUVRESPOBHLBEMO LToREEME, F
ERZoPEBB T 5REMEHET 5L 0.0726msec
THY, EAFAPRXZhoPH 25 TCHS, ISR
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Fig. 2 Oscillograms of the disturbance
in the drop hammer caused by
impact with a hammer
(Sweep speed:500usec/section)

(a) Hit point: Bottom of the drop
hammer

(b) Hit point: Center of the front of
the drop hammer

8 8 MR oRHESO LA IS L, At
BEEMT 58N TS5, Fig. 2 (b) EBoME
PRETELTHLALEET () BoBRlER:
VS, B L VRS C o RN
6.%kc THhoi,
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Fig. 3 Oscillograms for blank hit
(Sweep speed; 500psec/section)

(a) Fall height; 5cm
(b) Fall height; 20ecm

PUEo k5 nBITOHSIENOTRIC X 5 MM
EoBE, EHeE-BlEo v ThY, Zo
BERTRIE L LTEHDAR . #> THBRRO N
OIEEERRHBLCR, —iF Fig. 3 ok 5 %
ORARERX LoTRS L, &¥%8icoT Table 2
ZRT Y5 Al H5. ImEEERLfr G=980gal %
BeTrRt.

" Table 2

Fall height cm %Acceleration unit: 980 gal=G

2 F 68.6
3 J 84.9
5 212.1
10 | 331.9
20 ‘ 435.1
30 _ 45T
40 . 4971
50 . 506.3

Zh# Fig. 4 om{MiigEEE#HoMzL T
BRT 5k, MEASLTS Lz, EEms
EAHTER h Ooxti logh ZEFIFS, LBLZO
TR OIEEE D L0 TRAVZ LI LROE
D THD.

3. 3 FEMERHOTR

Yol. 24, No. 6. 1983

—Acceleration

—Fall Height

Fig. 4 Acceleration against log-height
relation
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TTEDIR, WHEOREY »LESFM tn 2o FT
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I 263 ETCRAELADE I, BERKEADIZS
RTRELEDPTWD, ZOZ L LW 25cm To
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(¢) Tin foil envelope only

Fig. 5 Oscillograms for dummy
samples (Fall height: 25cm)

sweep speed : 500psec/section
( Y-aqu : 86.61G/section )

(b;) Paraffin

16 (322) IRARBEE
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i
Fig, 6 Typical wave form for dummy samples

The superposed high frequency oscillati-
on may refer to frictional compression.

MoE i Skg Stk KT S 13X 1.297em® Th
5. XHEHRAMCOERRORN EE LN, Hndin
BHBO 2HELEST 3, FzEicmb ol ke
7 Pm ix Pa=1/2GnX5kg /1. 297cm® TR b
Bo HRENIHT S tm, Gn R Pn o NI %
Table 3 iz573.

RITFET DI, BEHES Pr RERERGEL,
500 RERBL VI BLL 22T T, kA kL
EB3IE2NT, Pn 28T 380N ta 3KELD
T3, Pn RERIZIS>TRBIRAV, EERETHM
ORELERLY, BREBEHOL VeSS0 ELLS
2, TRIXEEMN 100C THRL T—AFokE LD
TAZERRERY, 140°C TRYICAS KL, W
IchnBAEhT B0y i T3 Y, ESEERTANK
RARKA LR 5 5% HREAL, BozhbiRE
BETH 50T, BMEH Pn bREHAEVLD L
#xbhs,

SERIZID S MBI OB O 2 12k

Table 3 Parameters for compression process for dummy samples
(Fall height; 25cm)

“Sample T ' | _
Paraffin Boric Acid NaCl Rouge Sn foil envelope
Weight, mg
60 90 120 60 90 120 60 90 120 60 90 120 1lid 5 lids
Parameter o N _
Gn, G. 295 286 273 | 229 233 230 334 289 282 269 250 277 372 403
Pp. atm 548 532 508 425 433 427 | 621 537 524 500 540 516 693 750
tm pscc 538 725 875 | 500 625 700 | 325 400 400 | 275 300 325 175 200
W. joul 3.6 4.3 4.8 2.7 3.3 3.6 2.6 2.7 2.7 1.7 2.1 2.2 1.7 2.0
W/ Ex 10025 28.9 35.3 38.8[22.127.029.2{21.122.321.8]14.6 16.8 17.9 13.4 16.2

FILCRIMIZHIML, Chizk > vy THD
NN To ®ICEHIEL, RBSIZEKIEE Gn
T3 LBETH L, EoEEShFL i

z-—_.vo:,,,—ﬁ%‘—"' (1)

TROOGN D, —HERICEO>TRICES h 2 %
WEILJHVGHLPuEﬂ.Vmﬁﬁeﬁﬁ)m

LR EEOT T,
W=—g— Pm L (4'00‘-Gm tm) ( 2 )
S : (O REmEH

EnBe (1), (2) WEMT, REHoiLT, W
ERDARICEROEBH =R ¥~ E LT3 EH
B W/EX100% %kdimbng Table 3 o FFHo

Veol, 24, No. 6. 1963 (823)
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W 2 RBEX ) KRESARB D Lichk 5 k12, Fig
5 heBORTHS ). L LvIhizLTho oz
Bohi Wi—HoALBELSLOME,

3. 4 BROTE

7Y YA, PETN, T.N.T. &%
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Fig. 7 Typical oscillograms for explosives
(misfired) (sweep speed: 500 gsec/
section)

(a) P.E.T.N. S0mg, fall height 25cm,
Y-axis; 86.61G/section

(b) T.N.T. 9mg, fall height 45cm,
Y-axis;433G/section

L L S I LRSS EioHe LRz
FIHMIZH L THEDIREOF e 5T ARELH
%o Fig. 7 ILRTLORZORB/HBEHLTH S,
ZNoDWBIZDOVTYL Gny, T ¥FD Pm, W,
W/E 2545 & Table 4 ic5R LM TH B0
HICROGAB X5z, it bh5EBES Pn
HUREBOBLEDIZORNTAE L AS TV,
HROMBzRIAE~0 5 LRFIMbO XX
—OER W/ERZoBRECRERBECIRERIZLS
BERasatikavR, FEicE 3B kizbE v
bOLBEXATIEEFITHB. :
WIZBERIRRBTD &, T vl AERICRIE
OREBHLIEMEE L7215, Fig. 813 P.E.T.N.
ERELLIBEADOFT e S5 ATHHT, Fig. 8a
1375 25cm TR THoELoRK T, Fig 7
iRl P.ET.N. OMFLEREBEBE b
Tv3, {lio 8b,8c,8d,8e BV IhLBEBLAE
RIERICEEOKR & { MR OF - B R
Bbh, T THRERBBLIEZ LX8bhb.
BROMHE D 56 ZORBEEFOIUED £ TOR
Te 2tb 4 DOPWBITHOVTHIS L& 590pusec,
370psec, 225usec, 210usec TH B, FFiC 8b 1XHL
OTBRPCHROLNLBAFITHO T, EHEERERT

Table 4 Paramcters for compression process for explosives

e

N Sample |

P.E. T.N. (90mg) T.N. T. (S0mg)
*\_Fall height
15¢m 25cm 28cm 35cm 45cm 55¢cm
Parameter " ___ B .
Gr G. [ 212.2 3205 381 | 519.7 585.6 649.6
Pn  atm. 395 591 708 967 1,089 1,208
tm  psec, 375 375 375 438 413 410
W joul 1.48 2.82 3.48 5.2 7.0 8.6
W7 Ex100% 20.1 23.0 25.8 33.5 31.9 31.8

WIBORBH RS THD TRBL T3, ZofE
SRS Lo L S icg T, Z0if
SICBREN Yo,

—fic PET.N. 3ERLEA, seTaT L
N, BEEET S L3/ Cho%, (FFE528cm
)

8f &I PETN RNFBLELEDLOTD

* PERORMBE VAR AL HXD L, BREWM
D24 23k peak D ELH O HITEREOHM
IVELHTCIL0LELLN D,
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3%, Fig. 8 oo L Ry, Avevra—70
BERELEL Licdh, EEBROEH TRy —
Eh¥, BREGHOINEEENZLOTHS. £Z
TZOAY S FTATIR Te BRIREAGZVE, B8
HiL scale out B3, TORBOMIRDP S, &
Uizl kiREH» BT 5 & 3,500 KELL EDEAH
LT3 Bbhs%

8f 0k 5 BBEFOAIDL ST PA
ZovtiRELebong Fig. 9 ioRkd. ZTIERL
FIBBEKOS L a R b 2o3KHIZILA 22
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(a) Misfired, fall height 25cm (d) Perfect explosion, fall height 35cm
Y-axis: 86. 61G/section Y-axis: 217G/section

(b) Half exploded, fall height 28cm (e) Perfect explosion, fall height 35cm
Y.axis; 86.61G/section Y-axis: 217G/section

(¢) Perfect cxplosion; fall height 28cm (f) Perfect explosion, fall height 35cm
Y-axis; 86.61G/section Y-axis; 433G/section

Fig. 8 Oscillograms for P, E, T.N. (sweep speed: 500usec/section)
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Fig. 9 Oscillograms for picric acid (fired)
(sweep speed: 500usec/sectin)

(a) Perfect explosion
(b) Perfect explosion
(c¢) Partly exploded

N, CRIAN I y0AaTHS, W2HIT IR
L, BERECESTHY, cTY YV BomEEN
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DENDL D 5B, BBICL D EDESRE{LETR
v,
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20 (326)

Fig. 10 Oscillograms for tetryl
(sweep speed: 500,usec/sec)
Y-axis: 433G/section
{a) Half explosion, fall height 30em
(b) Perfect explosion, fall height 30cm
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Yo TR N 4 | R 2 BRI G SRR IS FERE & AT
Ho TOkEORKENRIENOHE ] L TE
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B ko RSRE 7K »s TeK 2 bR
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Fig. 11 Temperature variation of air
initially at 20°C, one atm. by
adiabatic compression
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Initiation of Explosion by Drop Hammer Machine

by M. Kusakabe and N. Ishikawa

Experimental work is performed using our
drop hammer machine which is adopted as a
a standard apparatus for testing the impact
sensitivity of explosives.

Sample is prepared in due size by enveloping
suitable quantity of test material (60mg, 90
mg, 120mg) with two circular sheets of tin
foil. The sample is placed on a steel anvil and
covered with a cylindrical steel striker (cross.
section; 1.297cm®). A 5kg drop hammer
falls on the assembly from a known height.

Drop durations of the hammer for various
fall heights are measured by a 10Mc electronic
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counter, The results (Table 1) show that
the fall speed of the hammer is reproducible
and is not to be a main source of fluctuation
of the sinsitivity values.

A new technique for recording the pressure
variation during the short interval of hitting
is developed. Piezo-electric element is fitted
firmly to the top of the drop hammer and its
out-put is amplified and fed into the Y-axis
of an oscilloscope adjusted in single sweep
manner (Photo.). The over-all weight of the
hammer equipped with the element is adjusted
to Skg.
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Oscillographic records for various dummy
samples (Fig. 5) show the wave form is
characteristic to each sample material and
generally has a peak which corresponds to
the maximum pressure during the compression
of the sample (Fig. 6). The time int_grval
from the onset of the wave to the peak (¢»)
is increased with the sample amount (Table.
3). From the peak we can derive the maximum
pressure Pn (Table 3). The work done to
the sample during this compression process
(W) is also estimated assuming a simple
model (Table 3).

Induction periods to initiation are known
from records for fired P. E. T. N. samples
(Fig. 8), from those the initiation temperatu-

res are estimated to be between ca. 400—450
°C. Initiation pressures are als oobtained
from the records. These data are compared
with the data of the previous publications.

Wave forms for perfectly exploded samples
of picric acid (Fig. 9) are generally separated
into two vibrations (which correspond to
two successive explosions). Partly exploded
sample has, however, a single violent oscillat-
ion in its oscillogram. This peculiar feature
is discussed in relation to the mechanism of
initiation of explosion,

Qacillations of misfired samples are much
less in their amplitudes compared to those of
the fired ones. This fact is useful as a criterion
of explosion.
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