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ABSTRACT

An electrical resistunce msthod of measuring velocities imparted to metals by

hi sh explosive (H,E.), reouiring much the snme eguipment as the electrical contuct

nethed desoribed by fromen in LA 182 has been developed. The method consists essentinlly

of driving the metal into a helical coil mede of nichrome wire a Tew thousands of an

inch in diameter,wound with the pitch snfficiently small to keep the shock wave in the

wire from moving faster in the direction of motion of the metal than the metal itself
moves. The ussumption is made that the nichrome penstrates intc the metal surfuce and
does not pile up sbove it.

The zood a;rcement obtmined between this mathod und the

clectrical contact method indicates that this assumption, et least in Ths case of the

metals studied (i. e.s copper and steel), is justified, Photojraphs of thesec spirals

indicate the probubility of & metallic splash when the plates move into them; this raises

some question as to the roliability of the method,
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ELFCTRICAL R7LISTANCE AITE3D OF :34SURIN3 THE VSLOCITY I'APARTED TO JTLLS BY

H1GK ZXPLOSIVES

The three electrical methods originnlly proposed to mensure the velooity
imparted to metsls by hizh explosives (H. C.) are the pinccontacg method, the condenser
microphone method, and the eleactrical resistance method. The e¢lsctrical contact methnod,
deseribed by fromun in LA 182, has proved to be by far the most useful of these methods,
The oondenser mlcfophone techrnigue has been described by D, larshall in Li 299,

Not becsuse any immediate use was visualized for the electrical resigtance
method, but because it was conéidered desirable to develop the technique and have it
available in case & use werc found, the resesrch reported in this paper was undertaken.
The advanteses of such a method are: (1) a continuous record is obtained, snd (2) the
velocity of a very smell area of the metallic surfate can be measured.

Tw6 tochniques have been developed for this method: (1) the vuriable-current
technigue, and (2 the steady-current technique.

I, The Variable-Current Technigue.

A typical shot setup and the pre-smplifier for the varlable-current teche
Rigue are illustrated in Fig, 1.
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..ba.snguz 2% Jdinmeter and coppuer plutes about

~u were used to develop uﬁ.!' ,.y:?nu.cga.e;:. Jsl’.lé nichroae coils were made of
0.003" or 0,005" wire, wound to a pitch of about 1.5 ma, and a diameter of 2.4 um,
The length of the coils varied from 1 to 2 em, At least two ground pins were used.
The coils wns pleced as close as poscible to the plate without making electricul cone
taot. A GACT was used as a cathode foliower to drive the signal line between the firing
pit and the amplifier in the control hu%o *

It will be observed that the helical coil and the point A (Fig. 1) from whioch
the signal is fed through the 10Q/7A3 condenser into the cathode follower are originally
st a potontinl of 75 volts, 1If A is shorted to the plate, a current sturts floﬁiug |
fron the 52'P~; condenser (consisting of & bank of Tobe-Filtermite condenssrs) through
the 3 ohm resistor and the helix, and the potentinl) of A changes %o the IR drop scross
the helix. When the plate reaches the end of the helix the polential at A resches that
of ground. - .

A& typieal record obtained on the osgilloscope when the copper plate is driven

into the nichrome helix is illustirated in Fiz, 2,

Fig, 2

The horizontal tra:e is a timing sweep put on the film before the shot is fired; the

breaks in the line are 1 microsecond apart, The solid trace is the record of the shot
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itself, When point & is reached, the coppor plate mnkes contnct with the coil, The
potentisl of point'A (Fig. 1) suddenly drops from 75 volts to the I R drop across the
coil, If R, is the initial value of the resistence of the coil, the current I, =
75/(Ro + 3), and V = I R, = 75 Rof(R, + 3). About 5 microsesonds later, when point

¢ is reached, A is at ground potential, since the plate has reached the end of the coil,
The velocity of the plate must be obtained froam the snulysis of the record between b
and ¢. I1f one knows the length of the helix, the time between b and ¢ itself gives the
average velooity,

. To determine the time-~distance ourve, first determine the vertical distance of
various points along be from the buse<lins., The horizontal distance of each point from
a sives the time. |

Let V, I, and R be the instantancous values of the voltage current, and resiste
ance associated with the spiral at time t. Then
V=1IR,
Since both I and R are changing with time

S.Y.-—' ar 4 dl
dt IE’E R‘&{

But I = 75/(R +3) (The voltage across the condensers is essentially constant during the

time the plate is driven into the spiral)s

. I=o_.?.§_.—)2 dR

(R *+3 ‘gg °
and dv _j 75 L 75 R dr

et R = Ro =Py s where Ro is the initial value of R, ¢p is the resistance per unit

length of the solenoid, snd y is the distance the plate has moved,
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Integrating this equation gives the result —

V=V°=75(§2_:E_1.. QRQDRI)
J 2

= Rl - py

where V, is the I R drop across the spiral at £ = 0, or when y equals the initial lengzth
of thé helix, 8ince V is proportionnl to the vertical displucment of the record from
the base line, it can be determined from the record and from krnowing V,. Since every-
thing on the right-hand side of the equation is constant except ys y can be caloulated
from this equation. A plot of y as & function of t givea the distance - time ourve
desired, Pig. 5 gives the distance  time cuf%e obtained from the record shown in Pig,

2, OB the same graph, date from one shot fired with the pin-contact method ere included,

11, The Steady»Currenf Technique,

In order to reduce the possibility of inductive effects, to improve the
chances of measurinz the velocity at two or more separate points, and to simplify the

analysis of the record obteined, a steady current technique was developed,

s

A typicul shot sot up end the pra-amplificr are shown in Tilze Be
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The nichrome coil is initiallx..’;.a: c):o:at?.r.:‘c.wi.t.h.tfm metal.plate, so thet point 4, the

variation in potential %&%agtﬁwﬁ%i%_éﬁit ground potential, About 20
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microgeconds before the metal plate starts to move, the shorting switch is closed. This
shorting switch comsists of two brass tubes, one inside the other, separated by cellulos
acetate. The brass tube; are put inside & steel tube. Iinside the inner brass tube
fits smugly & plece of primacord, which is arranged to detonate at one end of the
switch about 20 microseconds before the metal plate startis to move. wWhile the primacord
detonates through the switch the imner and outer bruss tubss are shorted together. This
type of switch was daveloped by Lesom Fisher,

L5 soon o6 the switch g¢loses & ourrent (about 0.8 umps) sterts flowing through
the nichrome coils This raises the potential of point A to about 4.2 volts, zlving

& positive pulse which accurs before the beginning of the zweep.,

Pig, 4

The record remzins parallel to the base line until the metal starts to move into
the ooil, .[This hapﬁens when point b is reached. There is often a sudden drop of 2
nillimster or so in the reoord, becmuse the contact resistance is suddenly reduced,
Then the record slopss down toward the base line until the end of the coil is reached,
Yhen the l-ohm resistor is shortened out by the pin P in ®ig, 3, the trace suddenly
drops to the base llne, since A is axain at ground potentisl,
Since the resistaﬁcé of the nichrome coil is sgnall relative to that of the 500

ohms in series with it, the current is nearly constant during the time the metal moves

into the soil. Thersfore § & oo .E s 0

dv _ dR - e® oo ...d... %o o0 G

s o o..--y*o Yeee o
-a-t-— I L .o .top ‘d’i e :
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whore o is the resistance per unit lenglh of the coil, and -%% is the velocity of the
motal moving into the coil. Since both I and p are constants,

3y = dv

dat jf}f‘ at

The distance the plate has moved is therelore given by

Yo «ay-~=( -Wip
where y, is the initial length of the coil, and V, is the voltaze across it whem the
contact resistance has been effeqtively dropped to zero. Since V is proportional to
the height of the record above the base line, y, = y can be rendily calculated. 'A typioal
time-distance curve obtained from & record such as shown in fig. 4 is plotted in Pig, 6.
A curve obtained by using the seme amount of explosive and the smme type of metal plate
using the pin-contact method is shown on the same graph,

I% often seems to be the cuse that the shorting primacord switeh did not close as
early as it should. & peculier delay as great as 20 microseconds has been observed, For
this reascn it was the practioce to adjust the primacord lengths so that the detonation
wave arrived at the switch at least 20 microseconds before the metal started to move
into the coil,

The veloclty of two difi'crent ports of a metal plate have been successfully
measured in the same shot by putting twno nichrome coils under it, and by using tiwvo sep-
arato electronic units but the same shorting switoh, HNo interaction between the separate
units was observed un the records, ‘

111, General Discussion of the Method .

The steady-ocurrent technique should be superior to the variable-current
technique for & number of reasons: (1) therc are fewer variables, so that the record
is both more reliable and easier to interpret; (2) the current surge is much smaller,

so that there is nmuch less chancd .a?'!ﬂﬁ?oqﬂaiﬁé.fvduotiVe offects; (3) since the ourront

through the OO&l is steady durlnw'uh 'untl"e vm&ceity record, the chance of interaction

L ] ® ® o0 L ] 00 e

of separate units to measure simyftéreousll Sthe 'relocity at diffegrent points on ties ‘ F \ E[
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metsllic surface should be much less. The last two points wers not experimentally veriried,
since no effects attributable to induoctanse could be detected in either technigue, and no
attonpt was made to use twdo or more units simulatnoously in the variable current techunigue.
However, difficulties oncountered im the use of shorting switches decreased the chance of
getling a good record in the stoady current ease., If important applications are found for
the method further vesearch in the use of shorting switches for this purpose should be
carried out,

Two atteapts were made to measure velosities in 1/3-scnle hemispherical ime
plosions. Date were obtained in only one case, and some small oscillations appsured an
this r;cordo The velocity data agreed guite well with similar data obtained by the pin-
contwect method. In ths second attempt, there vwas so much hash on the record that no infore
mation could be obtained. In both attempts the steadyecurrent tochnigque was used.

In 2l) shots in which the electrical-resistance method was uszsdg unshiclded wires
about six feet long counected the shot assembly to theo preamplifier. The method would
undoubtedly be better for lurge shots 1i' the preamplifier were placed very close to the
shot assembly and blown up each time,.

| Attempts to measure the velocity imparted to mayallic plates were made by using
straizht nichrome wires placed ponrallel to the dirsction of moliorn of the plates. Peculiar
results were observed, The shape of the oscilloscope record indicated an increase in the
resistance of the wire during the firat micro-secoud of tho motion of tne plate, This :s
undoubtedly caused by the mechanie:l and temperature efrecis resulting from the shock wave
in the niochrome wire moving ahead of the metal, This makes it impossible to use s straight
wire unless it is inelined at such an orgle that the normal coﬁponent of the shock vslocity
is less than the velocity of the metal, or unless the velocity of thé metallic surface is
greater than the shock velocity in nichromes

A sohemec to measure thes bagpesar tu:r'co:in.o'-;. shook wave passing through a slab of

canvass-bese bakelite 3/8" thick.h&s.tchw@éi.sé ﬂbckel wire, 0,002% in diameter, was placed

ageinst the bakcelite on the s‘dg bubgaxte-- ¢ ewmia so that the shock wmve would reach

NC\A(“H”
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the wnole lenth of the wire et nearly the same time. The nickel wire was connected into
vhe steadyecurrent-technique circuit in place of the richrome coil. It was hoped that
ithe resistance of the heated wire, and thus its tempecvture, could be recorded on the
oscilloscope trace baefore the wire broke, Three good rscords were obtained, and these
indicnted that the wire wos heeted to a temperature of the order of 600°C before it broke,
provided the efizcts of the mechanical delorastion of the wire can be neglected. Pentolite
eylinders of 2 L/Z“ diameter and 3% high weres used, A technique based on these experiments
sight be worked out to measure both the teaperature nnd the velocity simultaneously on
the same shot to see if there is # correlation bestween them., The temperature should be a
function of the pressure in the shock wamve, so that if a corrslation could be obtained
between the variations of tempsrature and velocity, one wmight be sble to conclude that
larze variations in the observed velocity ere produced by irreproducability of the high
enplosives ov to some other real cause rather than to errors in the measuring technique.
No doubt much veluable informztion could be obteined by the elsciriocal resistance
method, Additional dovelopment work should be dome if it is believed that information can
be obtained by it avwd not by other methods, Thus far no important informetion cun be
obtained by the clecirical resistance method that cen uzot be cbtained by the electrical
contact method. The indicatioun of a metnllic splash occuring as the metal arives into
the helical coil, as rovealed in photo _raphs taken by W. Koski's group should also be
farher iuVestigatedi the sgood agreement obtained between pinecontuct and resistance

Gn%a indicate, however, that the mature of this splash is such that it probably produces no

JNCLACSTFIED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

WA W B AW W T

-

L gds

ol

HHT
x4)
H

(4

5

-

gn1s

LA it

1

Axa

& Sargey

4

it

ik

ight

*r i et 103 7] Iys-
1L .
! :T 3L i )
® (AR ua
T i3 ,-rr
» Py frdasn K]
H : <A ogia g ’ ~ Syuss
- byt 3 R +
Fush i :: i
v - - Fa Ly s
BER ga L\“. ..m 4 &
F 1 e Cy ke
il T Frfd A
= ua g,
ST 7 T
1> pats] e :
Td 3 ~ $oJ
T [
we e ny o
343 +T+H i "
T3t bt L fed] 2
5 3oz 13 i, A
g N p A4 -
b +
X ’ A -
ik Lot |52 saval + it nne
t RS pa: Yoot 3 s b T
wrl ﬁ e 3 Jrafh 3
ikl 3% = ¥ 1 ieke)
T L I prRs s T : ﬁun
b1 y e
Heilin WGl 4 ab BT G
. = g et =
&
N +

]

i

.

F1

3+

r

it
A

THT

£

L

¥

i
1
3

ey

(o

3

g

wasp

3 1]
i
it

J

erei

ey

e

T

&
N

1 Fked

1}‘.4
:‘tj-

=
1T

]

i

¥

bt
oL

Hr

AT

3
HH

o] HF
i

sr

455 3!

N

Z4354

TTLETT

T

1
i

rr,3ie

=

e &

13

1%

it

.
-

1BES
py ¥

il

o
s3T

)
R e

v
e

t2 )

39
14

thalitiielL
ity

h

i

¥t
k&
i 3
ol

T

§

Y
s
HT

hg B8
e

g

[2a
Trye

i

atast
Lo

}
1
£

THT

Hivs
U
e
i

i

-H

i

i

4
% - = fsafs

} Qrnkyd
= ]
s i
o LY
- -
Tl

1 d

r ot

T

ey

@

Samiy 7w YagL Cvamungie
‘OHI CANYSYWOD SHINOUE S3HYHD

B )
YRK




A SHEETS

DAT.

NI 320:M

ncs heavy

CHARLES BRUNING COVPANY, INC,
bl teez, Vueh §

APPROVED FOR PUBLI C RELEASE

[ ) . r
N F >—M M — b
panf T T rwpanss
13T Xz i ! $
i i i
R bt ~HTRT it
aall I £y
i~ h —Hl o
rem i 0y v
[ H - L
O o4 BHA = m,“.
HH AT ; : tr
g = b iy
g “ _1
I g #
S psvgiyang - Fq...
H-H R gEs rat
i H 4 e Ty
b Hd A um ! ot o
By T ETE poa s
1T R - bt 2 He
..m 5 3 : w_: y &.nrr .,mu
1% it i S Ny STl e ¥
...w bﬂﬂ ot LT
E BT E - < s b
et =3 eUs It 5 e hb .
1151z it EH
il P fbsand T
vﬁ., SEvyseEy Umw.r . S
. : AEFE T
PEEERaats e Ry | uw_ro
H TS Iz H
RuANWmp -+ -4 o b
I nd
18 ,m,ur ]
b+ 414 8! o o I ‘l.‘.
33 ; :
1
Iiseysd
SNAsNSA -
Ratekrabia
.Mx T
EHIH
1 e | o |«v
ndfel rw. i
Il.m 1.u: e
HE 3
SR Y
T
i ! T

o
prus
I
-

b
wpay!

44 t+

+
4

I

o

[EPR R g ywuy
Fes

713

T

EEC KAy
T
HEstx et Tl

g oy

™

AL S HITREET

>4
el

ol veda
o

ToLiel

Py
B
i
r.J

h

o1 I

3
[2a

T
i
H

¥4 L

s

by nad

1°

TLIHALY,

o

b
e

2
"y iy
s
5
i

el

+

gl

S

0

I, AN T”‘
:
i
i
. P
1A,
= kit

1ote >
[3ega

=
b4
Ity

e

B34

Hj iy

ng Wby
Ced fae
s & hrd

o o

.ﬁ..-

‘.:-'-‘ 1

T
a2kl
=t

oy

I
]
b &9

3
-

8 o

335 ]]

g

Fofdti By

g

+

PR Spx s

1

1
2

by




URCLASSIFIEY

APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



