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1. INTRODUCTION

A large amount of electro~tatic charge collects on aircraft while
the aircraft is in flight.1 9 ’ Aircraft manufacturers expend much
effort to reduce this charge to acceptable levels, but a substantial
charge remains.10’ ~ This charge produces an electric field about the
aircraft, and use of the resultant electric fields has been proposed to
initiate fuzing of antiaircraft projectiles.12’13 Several fuze
proposals have been suggested. Two such systems are an ac electrostatic
system~~ and an induction inversion fuze (h F) system.15’ 16 A related
system is the do capacitance fuze system. 17’ 18

The ac electrostatic system takes advantage of the projectile spin
rate by mounting probes transversely on the projectile to provide an ac
signal. This ac signal reaches a maximum value at the point of closest
approach and requires only a threshold device, set for an adequate
level, to initiate the fuze. The ac system cannot differentiate between
a miss trajectory and a collision trajectory.

The dc capacitance system detects a change in capacitance between
two probes mounted on the fuze as the fuze approaches the target. This
fuze requires either a collision trajectory or a near miss to cause the
fuze to function.

• The IIF system employs a pair of circumferential probes separated
longitudinally along the projectile, resulting in no ac signal due to
projectile spin. Instead, the resulting signal is a quasi—dc voltage,
and the rate of change of the voltage is a function of the relative
velocity between the target and the fuze. For a point source target,
two peaks of opposite polarity occur during a miss trajectory with a
single zero crossing located between them at the point of closest
approach (PCA). During a collision trajectory, the h F  signal only
increases, but never produces a zero crossing. This difference in
signal character permits design of a system which would initiate the
fuze at the (PCA) on miss trajectories and upon impact for a collision
trajectory.

This report describes data obtained in an electrolytic tank for use
in designing an IIF system. Some of the data presented are applicable
to the ac system as well. These data were obtained by using a
scale—model F4—J aircraft. Both equipotential and potential differencet
data were obtained. Data are presented also to show the validity of
electrolytic tank measurements.

*p ~feren~~s in the Literature Cited section (p. 13) reflect the
ccmtputer search for what had been done to validate further
experimentation and to aim its direction .

‘Zn this report , a “potential d if f e rence ” is the vol tage d if f e r e n c e
bet ween two specif ied p o in t s ,  and a “po tential” is a vol tage d if f e r e n c e
between one specif ied  point and i nf i n i t y .
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2 . ELECTROLYTIC TAN K

Electric—field measurements are very difficult to perform on
full—scale aircraft. Valid analog field measurements19 23 are feasible
employing an electrolytic tank and scale-model aircraft. The field

• measurements described here were obtained by using current as the analog
of the full-scale electric field. The current flows between the
metalized surface of the scale-model aircraft and the stainless-steel
wire basket lining the tank (fig. 1). The electrolyte, which acts as a
bulk resistor, is probed to determine the electric-field configuration.

The electrolytic tank, used in acquiring the data described in this
report, was assembled by using a wooden packing crate approximately
2 X 3 X 2 ft (0.61 X 0.91 x 0.61 m). The crate was lined with 1/32—in.
(9.5—mm) aluminum sheets to increase the wall strength and provide
electrical shielding. The crate was reinforced with steel bands to
increase its strength. Two layers of large polyethylene sheeting
(12 x 12 ft--3.66 x 3.66 m) were arranged in the crate to form a
watertight tank. The tank was then filled with ordinary tap water,

• _ . .

.0

‘p

Figure 1. Electrolyt ic  tank assembly.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



which served as the electrolyte. The water was filtered continuously
with an aquarium type of f i l t e r  and pump assembly to remove dirt and
other foreign material.

A stainless-steel basket, constructed of wire cloth on a steel
frame , was placed in the electrolytic tank . This basket was constructed
so the maximum distance between the model under test and the basket was
obtained. The greater the separation between the basket and the model,
the less the disturbance to the electric-field analog currents in the
vicinity of the model.

The accuracy of the electrolytic tank simulation of full—scale
electric fields was checked in two ways. The equipotential line
contours were plotted about a sphere placed in the tank , and the data
were compared to theoretical contours.

3. MEASURING APPARATU S

Simulation of electric fields in an electrolytic tank is best
achieved by using ac measurement techniques. Direct-current
measurements are difficult because of contact potential problems and
because high—stability dc amplifiers are required. The test frequency
of 1040 Hz was chosen, since narrow—band amplifiers were available at
this frequency.

Two different measurement systems were assembled (fig. 2, 3). One
system permits measurement of eqi~ipotential lines, and the other system
permits potential difference plots to be determined. These systems were
set up by using laboratory equipment with probes which were assembled at
the Harry Diamond Laboratories (HDL) specifically for use in the
electrolytic tank.

Each probe consisted of a small—diameter glass tube. Platinum wires
were threaded through the tube , and the glass was sealed around the
wires. For equipotential probes, a single wire was sealed in the tube,
and the wire was melted to a minute—diameter ball. The potential
difference probe consisted of two wires sealed in a small-diameter glass
tube with their ends protruding arid formed to simulate the length of a
1/48—scale, 60—mm shell, divided at the nose-body interface.

These probes were then mounted on an x-y-z carriage which accurately
positioned the probe in the electrolytic tank (fig. 4). The z direction
permitted various probe depths to be preset, and then the probe could be
moved in the x-y directions .
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Figure 4. Electrolytic tank and x-y-z carriage assembly .

For equipotential line plots, the arm which held the probe held also
a stylus on its opposite end, positioned over a sheet of drawing paper .
This setup permitted a one—to-one drawing to be made of the equipotential
lines around the model under test.

4. SCALING EQUATION

Electrolyttc tank measurements are most useful  if the model is
scaled to correctly represent the charged aircraft iii free space. The
proper scaling factor is found by comparing the electric—field
potentials calculated for the aircraft in free space and for the model
in the electrolytic tank.

Conaidar a charg ed aircraft in fr ee space . Tb. total charq ., Q
~’can be calculat ed free th. aircraft ’ a free—spac. capacitanc e , C , and

th. pot ential , V .  of th. electrostatic charg e: a

Q ~~C V  . ( 1)
a a a

9
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At a point distance x from the aircraf t (center of charge ) ,  the• potential , V , can bea determined from the electric-field potential
equation

kQ
v = —

~~~~~
, (2)xa xa

where k — 4itc0. (c0 is the free—space permittivity, 8.85 “ 1o 12 F/m.)
Scaling the aircraft  reduces the capacitance, C , by the ratio of the
scale, S, of the model, where

— model dimensions 
( 3 >S aircraft dimensions

Placing the scaled mod.el in the electrolytic tank again alters the
capacitance. This new value of the model capacitance , C , can be
calculated by fi rs t  f inding an equivalent sphere , 

~~~~~~ 

for the fu l l — s i z e
aircraft. It is calculated by setting the aircraft  capacitance equal to
the capacitance equation for a sphere in free space ,

C = 4nc R , ( 4 )a O s

where R is given in meters. Next , R is scaled to the model size5 5

R = R S . (5)ni S

Placing this scaled sphere in the electrolytic tank changes the
capacitor from a single sphere type to a spherical , two—plate capacitor.

~~ 

The spheri cal capaci tance , the sam e value as C ,  can be calculated by
knowing the basket dimensions. The calculation of C is simplified if
the basket is assumed spherical. ( Appendix A data prove the val idi ty  of
this assumption.) Therefore ,

C = 4r i c ~~~ - , (6)
b ni

where C is in farads , is the “spherical” basket radius in meters ,and R is the scaled sphere radius in meters.m

10
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The electrolytic tank charge , Q , can then be calculated by knowing
the applied voltage , V ,  from the equation

c2 — c v  . (7)
m m m

An equation equivalent to equation ( 2 )  for the electroly t i c  tank
electric—field pote. tial is

kQ
V = —

~~~~~~. (8)x xm m

Taking the ratio between equations (8) and ( 2 )  and simplif ying,

Vxm 
= ~(~) 

(~~~~
)‘

where X /X is equivalent to 1/S. The resultant equation is

• 

V
xm 

V (—!!~)(i)
. ( 10)

• Thus, the electric—field potential of any point in the electrolytic tank
can be compared to an equivalent point in the vicinity of a charged
aircraft in free space.

5. VERIFICATION TESTS

• 
• Several tests were performed to verify the performance of both the

electrolytic tank and the measurement apparatus. ~y using the
equipotential setup , a sphere was submerged one half of its diameter
into the electrolyte. The sphere configuration should produce circular
equipotential lines for any given probe depth. These equipotential
plots were perfo rmed for several probe depths at distances up to several
sphere diameters away from the center of the sphere . These plots show
that the nonspherical basket f i rs t  perceptibly distorts the
equipotential contours at a distance halfway between the model and the

• basket. The tank equipotential contours were found to be located at the

11
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theoretically expected distances . Appendix A gives the equipotential
plots obtained for the sphere in the electrolytic tank and theoretical
contours computed by using the smallest basket-to-model dimension.

6. AIRCRAFT POTENTIAL DIFFERENCE AND EQUIPOTENTIAL CONTOURS

The electrolytic-tank measurements are converted to free—space
measurements by use of equati~ n ( 1 0 ) .  The charge on the F4—J a i rcraf t
was assumed to be equal to that of an equivalent-size aircraft, the
F-100. This assumption was necessary due to the unavailability of
either an r-lOO model or an F4—J electrostatic charge information .

• The Roth report 5 tabulates considerable data on the charge levels on
both C-130 and F—l OO a i rcraf t. For the F—l00 , the charge distribution
was negative 86.2 percent of the time and had a median value of -25 tiC.
The capacity of the aircraf t was 600 pF, resulting in a median voltage
of -41,700 V . The minimum charge occurring about 2.7 percent of the
time was 2.5 pC resulting in a minimum of 4170 V. Charges were 2.5 i~C
or greater 97.3 percent of the time. This report and the data within
assume the average charge of 25 ~C.

An arbitrary , but known , potential difference was applied between
the basket and the model aircraft in the electrolytic tank. The
capacitance of the full-scale aircraft in free space is known to be
approximately 600 pF. With the model scale being 1/48, the
electrolytic—tank charge can be computed. By using the above
information and equation (10), the full-scale potential and
potent ia l—difference contours can be obtained from the electrolytic-tank
measurements.

Appendices B and C data have been converted to full-scale values for
the assumed median charge of 25 PC. The minimum values can easily be
determined by taking 1/10 of all labeled values since the potential and

~ 
.~
. potential difference scale directly with charge. The data presented in

appendix C do not include the relative-motion angle required to describe
a moving target. The data correspond to a fixed target and moving
projectile .

The dual-probe assembly used in taking appendix C data had long
probes as opposed to minute points. The simulated probe diameter was
20 nsn, and the simulated probe lengths were for a 60—mm projectile
length.

12
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7 . CONCLUSIONS

• Free—space electrostatic potential contours can be measured by using
an electrolytic tank and a scaled—model a i rc ra f t .  Accurate results are
possible, provided that measurements are confined to a volume around the
model less than one half the distance between the model and t~ie basket.
Future electrolytic-tank measurements should include a probe yaw angle ,
to account for the relative velocity of the target and projectile.
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APPENDIX A

• The adequacy of the electrolytic tank simulation was verified as
follows: A test sphere 8.8 cm in diameter was submerged in the tank ’s
electrolyte to a depth equal to its radius, and a voltage (2 V) was
applied between the sphere and the basket. Equipotential contours were
plotted by using the apparatus described in the main body of the report.
Plots were made for seven different depths. Figures A-l to A-7 are

• plots of the results. The small circles are actual data points, and the
solid lines represent the theoretical contours.

The potential at a poin t x in the tank is given by

Vxm 
= - = V 

- 1

relative to the screen, where

• V = potential of a point located from the basket, in meters,

CURVE ELECTROLYTIC-TANK FREE-SPACE
POT ENTIAL (VI POTENTIAL IVI

A 0.5 0.85
B 0.75 1.10
C 1.0 1.35
0 1.5 1.85
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p.—.

B

/ ~~~~~~~~~~~~~~~~~
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~~~~~~~~~~~~~

•

~~~~~~~~~~
- •
~~ 

.

~~~
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~ / ~~~~~~~~ ~~ ~~~ 
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p.

/ 

p.

1 .‘ ~ . .

• S

1 ! !
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— -

0 1 2 3 4 5 ¶ 0
(ernl

Figure A-i .  Equipotential  plots around test sphere ; probe depth = 0 cm .
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APPENDIX A

Sn = charge on the model, in coulombs,

x = point between the basket and the test sphere (referenced to the
basket location) ,

R
b 

= basket radius in meters,

V
m 

= potential applied to the test sphere, in volts (referenced to
the basket),

R = test sphere radius, in meters.

If the dimensions of the tank are allowed to approach infinity while Q
is held constant, then the potential is simply

Vxm
=;:.

For the equivalent free-space condition (infinite tank), then the
potential at all points is larger than that measured by a constant
amount ,

~V =

Here , v = 2 v, p5 = 29.5 cm, and P. = 4.4 cm, so that ~V = 0.35 V.m m
A

CURVE ELECTROLYTIC TANK FREE-SPACE
POTENTIAL VI POTENTIAL (VI

/ 

L~
C 1•D 1.35 / • .E~ 

b- --..-

O 1.5 1.85 / / —
.• -

~~ ~~
.- .p. \

O 2.0 2.35 i / o
‘ 

~~~~~~~~~~ p.

~ / • - -
~~~~~

-— •- - \ p.

• 
0 / 

//~~ 
- 

‘\ .
• 

‘
p. 

p.

• 
~ ~

Figure A—2. Equipotential . A CTUAL DATA PO INT

p lots  around test  sphere ; — THEORETICAL CONTOUR -

probe d e p t h = 2 c r n . 0 1 2 3 4 5  0
cm l -

u
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CURVE ELECTROLY TIC-TANK FREE.SPACE
POTENTIAL (VI POTENTIAL (VI

• A 0.5 0.85
B 0.75 1.10
C 1 .0 1.35
0 1.5 1.85

A

ACTUAL DATA POINT
— THEORETICAL CONTOUR I t~—t I -t

0 1 2 3 4 5  10
Icm(

Figure A-3 . Equipoteritial plots around test sphere; probe depth = 5 cm.

CURVE ELECTROLYTIC-TANK FREE-SPACE
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A 0.5 0.85
p. 8 075 1.10

L C 1.0 13 5
0 1.25 lBo
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Figure A-4 . Eq-u ipotential plots around test sphere ; probe depth = 6 .2 cm.
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CURVE ELECT ROLYTIC-TANK FREE-SPACE
POTENTIAL WI POTENTIAL IV)
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B 0.75 1.10
C 1.0 1.35

A
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0 1 2 3 4 5  10
(cm)

Figure A-S. Equipotential plots around test sphere ; probe depth = 7.3 cm .
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Figure A-6. Equipotential plots around test sphere ; probe depth = ~~~~~~
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Figure A-7. Equipotential plots around test sphere;

probe depth = 11.9 cr0.
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APPENDIX B

A 1/48 scale model of an F4—J aircraft was metalized by using silver
ribbon and conducting epoxy paint. The model was submerged into the
electrolyte a distance of one half the wing span. Figure B-i describes
the appropriate orientations. A voltage difference of 2 V was applied
between the model and the basket.

Equipotential contour lines were plotted by using the test apparatus
described in the main body of this report. Each contour line, as shown
in figures B-2 to B—9 , has been translated into the free space for a
full—size aircraft, assuming an aircraft potential of 41,700 V and a
capacitance value of 600 pF.

The circles on each equipotential contour plot are data points that
have been transformed from the value measured in the electrolytic tank
to the value measured in free space. A best-fit curve for the data
points is represented by the solid line.

z 

- 1.8 m

I 
— -

_ _ _ _ _ _ _  

_ _  

1.B m
-- - _

Figure B-i .  Equipotential  probe or ienta t ions  with respect to aircraft.
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APPEND IX C

A 1/48 scale model of an F4— J a ircraft  was metalized by using silver
ribbon and conducting epoxy paint . The model was submerged into the
electrolyte a distance of one half the wing span. A voltage difference
of 1 V was applied between the model and the basket. Figure C—l defines
(arrows) the direction of the f lybys . The position with respect to the
reference point also is defined.  The f lyby voltages for
various a and 8 angles and different y positions are plotted ~n
figures C—2 to c—44 .

The data are presented as converted values corresponding to the
equivalent signal for a 60-mm round in the full scale free space, where
an aircraft surface potential of 41,700 V is assumed .

A baseline (zero potential  di f ference)  is indicated for each curve.
The dotted reference line locates the signature with respect to the
aircraft. The physical distance corresponding to the length of the
voltage curves is approximately equal to the length of the aircraft.
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Figure C-2 . Potential—difference plot for a = 90 deg , z = 0 in.
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Figure C— 3.  Potent ia l-d i f ference  plot fo r  a = 90 deg , 0 .9  on .
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Figure C-4 . potential-difference plot for ci = 90 deg, z 1.8 in.
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Figure c-S. Potent ia l—difference plot for ci = 90 deg , z 2.7 on.
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Figure c-6. Potential—difference plot for 8 = 90 deg , z = 0 in.
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~‘igure C-7. potential-difference plot for ~ = 90 deg , z = 0.9 on.
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Figure C-B. Potent ia l—difference plot for 8 = 90 deg , z = 1.8 on.
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Figure c-9. Po tent i a l-d i f fe rence  plot fo’- 8 = 90 ~leg , a = 2 7 m.
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2 y= - s 0 9 m

v = ÷1.8 m
— REFERENCE TO AIRCRAFT

Figure C-b . Potential-difference plot for 8 = 90 deg , z = 3.6 m.
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R EFERENC E TO AI RCRAFT

Figure C-il. Potential-difference plot for 8 = 180 deg , z = 0 on.
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Figure C—12. Potential—difference plot for B = 180 deg , z = 0.9  on .
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Figure C—13. Potential-difference plot for B = 180 deg , z = 1.8 m.
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Figure C— l4 . Potential-difference plot for 8 = 180 deg, z 2.7 in.
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REFERENCE TO AIRCR AFT

Figure C—l5. potential-difference plot for 8 = 180 deg , z = 3.6 on.
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R E F E R E N CE TO AIRCRAFT

Figure C—l6 . Potential-difference plot for ci = 180 deg, z = 0 on .
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y 0 m
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~~~~~~~~~~~

REFERENCE TO A IRCRAFT I

Figure c— 17 . Po ten t ia l—di f fe rence  plot for a = 180 deg , z = 0.9 on.
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F ~~ure c-lB. 
Potential—difference plot for ci = 180 deg , z = 1.8 in.
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Figure C—l9.  Potential—difference plot for ci = 180 deg , z 2.7 on.
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Figure c-20. Potential-difference plot for a = 180 deg, z = 3.6 m.
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Figure C-2l. Potential—difference plot for a = 150 deg , z = 0 m.
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- Figure C-22. Potential—difference plot for a = 150 deg , z = 0.9 m.
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Figure C—23. Potential—difference plot for a = 150 deg , z = 1.8 in.
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Figure C—24. Potential-difference plot for ci = 150 deg, z 2.7 m.
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Figure C—25.  Potential—difference plot for 8 = 60 deg, z = 0 m.
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Figure C—26. Potential-difference plot f o r  B = 60 deg, z = 0.9 in.

H 
~
t
~~~~~~~~~~~~~~~

Y h1m - I

Ii 5 ~~~~~= O m  ____________
_ _ _ _ _

~~~~ 

I
y . 4 0 .9  m —I

m

REFERENCE TO AIRCRAFT

Figure C—27. potential—difference plot for B = 60 deg , z = 1.8 m .
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Figure C—28 . Potential—difference plot for B = 60 deg , z = 2 . 7  m.
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Figure C—29. Potential-difference plot for a = 30 deg, z = 0 on .
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Figure C—30. potential—difference plot for ~ = 30 deg, z = 0.9 m .
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Figure C— 3l. potential-difference plot for ci = 30 deg , z = 1.8 m .
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Figure C-32. Potential—difference plot for ci = 3C deg, z = 2.7 in.
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Figure c-33 . Potential-difference plot for ci = 60 deg, z = 0 in.
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- Figure C-34. potential differeflce plot for ci = 60 deg . z = 0.9 on.
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REFERENCE TO AIRCR AF T

- Figure C-35. Potential-difference plot for ci = 60 deg , z = 1.8 on.
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REFERENCE TO AIRCRAF T

Figure C—36 . Potential—difference plot for a = 60 deg , z = 2. 7 m.
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Figure C—37. potential—difference plot for a = 120 deg, z = 0 on.
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Figure C— 38. Potential-difference plot for ci = 120 deg, z = 0.9 on.
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Figure C—39 . Potential-difference plot for a = 120 deg , z = 1.8 m.
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REFERENCE T O AIRCRAFT

Figure C-40. Potential-difference plot for a = 120 deg, z = 2.7 on.
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REFERENCE TO AIRCRAFT

Figure C—4 l. pote ntial-di fference plot for B = 30 deg, z = 0 on.
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REFERENCE TO AIRCRAFT

Figure C—42 . Potential—difference plot for B = 30 deg , z = 0.9 En.
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Figure C—43 . Potential—difference plot for B = 30 deg , z = 1.8 on.
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Figure C-44. Potential-difference plot for B = 30 deg, a = 2 .7  m.
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