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57 ABSTRACT 
Projectiles utilizing proximity fuzes wherein the wind 
shield structure thereof is capable of withstanding the 
buildup of static electrical charges on the surface 
thereof resulting in the prevention of premature func 
tioning of said fuzes comprising in combination a coni 
cal windshield portion and a cylindrical base portion. 
The conical windshield comprises an electrically con 
ductive surface capable of withstanding and rapidly 
dispersing electrical charges on the surface and having 
a surface resistivity of between about 1.0 and 200 
megohms per square. 

12 Claims, 1 Drawing Figure 
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PROXMITY FUZE IMPROVEMENT 

The invention described herein may be manufac 
tured and used by or for the Government of the United 
States of America for governmental purposes without 
the payment of royalty thereon. 

BACKGROUND OF THE INVENTION 
This invention relates essentially to projectiles utiliz 

ing proximity fuzes and more particularly to projectiles 
wherein the windshields thereof are constructed in 
such a manner so as to prevent misfirings of proximity 
fuzes located therein. 
The use of proximity fuzes in artillery projectiles 

have not been too successful due to significant numbers 
of premature firings. These problems were believed to 
be due to the buildup of static electricity on the surface 
of the windshield and projectile thereby causing the 
misfirings. 
Attempts to overcome these problems have not been 

successful up until this time. Recent laboratory tests in 
dicate that an artillery projectile strikes numerous par 
ticles during flight, e.g., dust particles and ice crystals, 
which comprise some clouds, thereby causing the pro 
jectile to become electrically (i.e., either positively or 
negatively) charged. As the electric potential increases 
to a point on the order of about 100 to 700 kilovolts, 
a corona discharge occurs at the sharpest points on the 
projectile, e.g., points A and B, as illustrated in the ac 
companying drawings (at B if windshield is conductive, 
at A and B if windshield is insulator or semiconductor). 

When a corona discharge occurs at position B, as per 
the attached drawings illustrating a typical artillery pro 
jectile having a metal fuze body 4 and steel projectile 
casing 5, it has been found that arcing results at the var 
ious gaps 1 in the segmented antenna 2. This arcing 
creates high amplitude fast rise time pulses which pass 
into the fuze firing circuit, thereby causing premature 
functioning of the projectile. 
The effects of the buildup of electrical charges on the 

surface of artillery projectiles is entirely different from 
the effects of electrical charge buildup on plastic enclo 
sures or radomes of aircraft. In the latter, radar and 
other directional equipment are usually stored for navi 
gational purposes within the radome of an aircraft. 
When electrical charges build up on the surface of a ra 
dome, this buildup usually results in the emission of sig 
nals tending to have adverse effects on the navigation 
of the aircraft. In order to avoid these problems and 
control the electrical charge buildup on the surface of 
aircraft, and particularly radomes, certain methods 
have been employed for reducing the electrical charges 
in a controlled manner, e.g., by placing discharge wicks 
on the wings, stroke guiding systems, exposed 
grounded metal buttons, stroke diverting rods, diverter 
strips across radome surface (thin metal strips), etc. 
However, these methods have never been adapted to 
preventing or modifying corona discharges on projec 
tiles or missiles containing proximity fuzes because the 
cause of misfirings have never been found to be due to 
the buildup of electrical charges on the surface of nose 
cones, but only recently, to an entirely different phe 
nomena as will be discussed herein. When corona dis 
charges result due to the buildup of electrical charges 
on the surface of the nose cone, various coatings and 
methods conventionally utilized to dissipate the electri 
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2 
cal charges on aircraft radomes cannot be adapted for 
use on projectiles due to the inability of these coatings 
to withstand high temperatures and velocities. In this 
regard, it is noted that coatings on aircraft radomes are 
not satisfactorily resistant to withstand high tempera 
tures on the order of 450–C. and velocities on the order 
of 3,000 feet per second. In fact, the conventional ure 
thane coatings employed on aircraft radomes are not 
sufficiently ablation resistant for use on artillery projec 
tiles and missiles. 
A great need therefore exists for the development of 

artillery projectiles and missiles utilizing proximity 
fuzes that are capable of functioning without prema 
ture functioning of the fuze firing circuit. 

OBJECTS OF THE INVENTION 

Accordingly, it is a significant object of the present 
invention to provide an artillery projectile or missile 
having a proximity fuze therein which is capable of 
being utilized without sufficient electrostatic charge 
buildup on the nose cone thereof, thereby causing the 
premature functioning of the proximity fuzes. 
Consistent with the primary object of this invention, 

it is also a significant object of this invention to provide 
a means for dissipating the electrostatic charge buildup 
on the nose cone of an artillery projectile or missile 
thereby preventing the arcing phenomena from occur 
ring at the various gaps in the segmented antenna sys 
tem due to corona discharges at the front portion of the 
OS COe. 

Another closely related but yet still significant object 
of this invention is the provision of a nose cone for 
proximity fuzes which is capable of preventing prema 
ture functioning of fuzes due to corona discharges. 
A still further object of this invention is the provision 

of a windshield for proximity fuzes having a coating 
thereon and capable of withstanding high temperatures 
encountered during flight and having sufficient erosion 
resistance to the air during flight. 
An additional object of the invention is the provision 

of a coated windshield for proximity fuzes wherein the 
coating can be applied and cured at low temperatures 
thereby not causing any damage to electrical compo 
nents and/or the proximity fuze located within the nose 
COne. 

The invention will be better understood and objects 
other than those set forth above will become apparent 
after reading the following detailed description of pre 
ferred, yet illustrative, embodiments hereof. 

BRIEF SUMMARY OF THE INVENTION 
It has now been discovered that these and other ob 

jects may be accomplished by employing a windshield 
structure for proximity fuzes capable of rendering 
harmless corona discharges therefrom due to the 
buildup of static electrical charge on the surface 
thereof resulting in the premature functioning of said 
fuzes which comprises, in combination, a conical nose 
portion and a cylindrical base portion. The conical 
windshield comprises an electrically conductive sur 
face capable of withstanding and rapidly dispersing 
electrical charges on said surface and having a surface 
resistivity of generally between 1 and 200 megohms per 
square and usually between about 1 and 40 megohms 
per square. 
The provisions of partially conducting surfaces for 

windshields containing proximity fuzes therein is par 
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ticularly significant because the dissipation of static 
charges on the surface of the nose cone results in the 
corona discharge becoming harmless thereby avoiding 
premature firings of the fuze circuit due to arcing on 
the segmented antenna located within the nose cone. 
DETAILED DESCRIPTION OF THE INVENTION 

The conductive coating applied to the nose cone is a 
resin-based material containing a conductive material, 
e.g., carbon. The resin selected according to this pre 
ferred embodiment of the invention should satisfy the 
following criteria: 

1. Can be dispersed with the conductive material; 
2. Can be rendered slightly electrically conductive; 
3. Can be easily adhered to the surface of the wind 

shield; 
4. Does not degrade over long periods of time, etc. 

The conductive coatings should: 
1. Exhibit a constant resistivity independent of stor 

age time (20 yr) and storage temperature changes 
(-40° to 140°F.); 

2. Experience during flight changes of electrical re 
sistivity only within the allowable range of 1 to 40 meg 
ohms per square; 

3. Be abrasion resistant to air, particularly when sub 
jected to speeds of at least about 2,000 miles per hour 
(3,000 feet per second); 

4. Not be sensitive to changes in pressure over the 
surface of the windshield during flight; 

5. Not peel off the windshield after firing from the 
launcher; 

6. Not soften or vaporize during the first few seconds 
when the windshield will see about 450° C. in flight 
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from the gun barrel. (A heat deflection temperature of 35 
about 150° C. helps withstand this initial high tempera 
ture environment.) 
Although resins having the above properties can be 

readily determined by those skilled in the art, one resin 
which has been found to be particularly useful in the 
practice of this embodiment of the invention includes 
epoxy based resins, e.g., Epon 828 or Epon 1001 (i.e., 
condensation products of epichlorohydrin and bis 
phenol-A). Other resins which are believed to be useful 
in the practice of this invention include (1) phenolic 
based resins, e.g., Electro-Science Labs' phenolic resin 
in RS-150 series (i.e., condensation reaction of a phe 
nol and an aldehyde plus an acid or base catalyst; (2) 
butyl based resins, e.g., butyl rubber or buna-S rubber; 
(3) silicone based resins, e.g., Dow-Cornings 806A 
Resin (i.e., cohydrolyzing mixtures of RxSiCly where R 
is usually methyl, phenyl or vinyl and x + y = 4); and 
(4) polyimide based resins, e.g., DuPont's SP-1 or PI 
-2501 or Monsanto's AF-R-2009 or Skybond 700 
(i.e., reaction between an aromatic dianhydride and an 
aromatic diamine). 

In order to impart the desired properties to nose 
cones, a preferred embodiment of this invention relates 
to the coatings of the surface of a nose cone. According 
to this preferred embodiment of the invention, compo 
sitions useful for coating the nose cone comprise (1) a 
base resin having the properties set forth above, (2) an 
inert volatile solvent, (3) a curing agent for said resin 
capable of imparting a heat deflection temperature for 
the cured coating of at least about 120° C. and prefera 
bly between about 150° C. and 400°C., and (4) a pow 
dered or fibrous conductive material. 
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4. 
The inert volative diluents or solvents are utilized to 

facilitate the application of smooth and even coatings 
on a substrate by means of conventional coating tech 
niques including painting, spraying, dipping, screening, 
etc. Suitable diluents or solvents include ketones (e.g., 
methyl ethyl ketone and methyl isobutyl ketone), aro 
matics (e.g., benzene, toluene, xylene), alcohols (e.g., 
butanol and isopropanol), esters (e.g., ethyl acetate 
and butyl acetate), saturated hydrocarbons, cyclic hy 
drocarbons and mixtures thereof. These may be used in 
amounts of up to about 33 to 67 percent of the weight 
of the composition, depending on how the coating is to 
be applied and the resin used. (About 50 percent is pre 
ferred). 
The curing agents useful in the preferred epoxy resin 

based compositions of the present invention in order to 
form the desired coatings on nose cones include vari 
ous types with the selection of the particular curing 
agent dependent upon the desired pot life of the resin 
and imparting a suitable heat deflection temperature to 
the cured temperature of at least about 150° C. The 
curing agent selected should also enable cures at low 
temperatures, e.g., cone-surface temperature of 130 
C. for several minutes produced by infrared lamps, 
where necessary, in order to protect any sensitive 
equipment located within the nose cone. Such low tem 
perature cures are particularly important when coat 
ings are being applied to nose cones having proximity 
fuzes located therein and otherwise ready for use. 
When coatings are applied to the windshield prior to 
fuze assemblage, longer curing times are permissible. 
Depending on the resistance of the windshield material 
to continuous heat, higher curing temperatures may be 
permissible. 
Examples of suitable curing agents for epoxy resins 

include diethylenetriamine, 2-ethyl-4-methylimidazole, 
diethylaminopropylamine and other conventionally 
used curing agents for epoxy resins. Cross-linking or 
final polymerization of phenolic resins are produced by 
catalysts or may require heat. Cures of butylbased res 
ins, silicone based resins and polyimide based resins 
can be achieved in accordance with conventional 
methods to produce a resin having the various desired 
properties discussed above. 
When curing agents are employed in the practice of 

this invention, they are essentially conventionally used 
curing agents for the particular resin employed in the 
practice of this invention. The curing agents are em 
ployed in amounts effective for obtaining the desired 
cured resin having a heat deflection temperature of at 
least about 100° C., but preferably higher. The amount 
of curing agent employed is also dependent upon the 
amount of conductive material employed. For exam 
ple, the amount of curing agent will be increased ac 
cording to the amount of carbon employed as the con 
ductive material. Carbon has a high surface area and 
adsorbs the curing agent thereby necessitating the use 
of additional amounts thereof. 
The conductive material employed in the coating 

compositions of this invention for application to the 
surface 3 of the windshield or incorporated directly 
into the surface material of the nose cone without ap 
plication of any coating thereon, includes a highly con 
ductive material in a powdered or fibrous form, e.g., 
carbon black. A particularly useful form of carbon 
black is oil furnace carbon black having a high surface 
area. 
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The amount of carbon employed is generally suffi 
cient to impart a resistivity of from at least about 1.0 
megohm to no more than 40 megohms on the surface 
of the windshield. Generally, from about 1 to about 10 
parts of carbon are used per 100 parts by weight of 5 tion shown and described herein for obvious modifica 
resin and preferably between about 2 and 4 parts of 'tions will occur to persons skilled in the art. 
carbon per 100 parts by weight of resin when an epoxy Accordingly, what is claimed is: 
resin is used in the practice of this invention. 1. A windshield for proximity fuzes capable of with 
When resin coatings are applied to the surfaces of standing the buildup of static electrical charges on the 

windshields, it is usually desired to first clean the wind- 10 surface thereof resulting in the premature functioning 
shield. This can be accomplished by first rubbing the of said fuzes, comprising in combination a conical 
windshield with acetone for degreasing the cone and windshield portion and a cylindrical base portion, said 
thereafter rubbing said windshield with a cheese cloth conical windshield portion comprising an electrically 
soaked with a liquid coating composition in order to in- conductive surface capable of withstanding and rapidly 
sure even wetting and coverage of the windshield sur- 15 dispersing electrical charges on said surface and having 
face. a surface resistivity of between about 1 and 200 meg 

ohms per square. 
EXAMPLES 2. A windshield structure of claim 1 wherein said 

The formulations set forth in the table below are il- conical windshield portion has a surface resistivity of 
lustrative of several preferred epoxy based resin com- 20 about 1.0 to 40 megohms per square and a heat deflec 
positions that can be applied to windshields in order to tion temperature of at least about 120° C. . . . . 
obtain the desired properties discussed hereinabove. 3. The windshield structure of claim 1 wherein the 

TABLE 

Formulation IA B IC D I I W V 
umber of 

Components to gun l l l 2 l 

First Component 
Mixture 

Resin type Epon Epon 828 Epon 828 Epon 828 Epon 1001 Epon 001 Epon 1001 Epon 1001 Epon 1001 
828 

Solvent mixture MIBK MIBK MBK- MBK. MBK- MBK- MBK- MBK- MBK. 
/BA IBA 1BA1X |BAIX IBAIX IBAIX IBAIX 

(50/50) (50/50) (35/15/50) (35/15/50) (35/15/50) (35/15/50) (35.115.150) Solvent/100 100 50 pts 00 50 pts 200 pts 200 pts 120 pts 90 pts 115 pts parts resin pts pts 
Carbon/100 4 pts 4 pts 4 pts 4 pts 4 pts 4 pts 3 pts 3 pts 3.3 pts parts resin 
Curing agent/100 EM EM EME EM DETA EM EMI w EMI 
parts resin S ( 10 pts) (10 pts) (10 pts) (5 pts) (10 pts) (10 pts) (10 pts) pts 
Flow agent/100 -ww. m -- 5 pts 5 pts 5 pts 5 pts 5 pts 
parts resin 
De?oamer/100 - o - o 0.3 pts 0.3 pts 0.3 pts 0.3 pts 0.24 pts parts resin 

Second Component 
Mixture 

Solvent/100 - Oro - un- - - -- 75 pts - 
parts resin 
Curing agent/t00 --- m ow- --- EM r 

parts resin (25 pts) 

MBK - methylisobutylketone 
BA - butylaicohol 
X - xylene 
EM - 2,4-ethylmethylimidazole 
DETA - diethylenetriamine 
Carbon - conductive (Vulcan XC-72R) 
Flow Agent - Beetle 26-8 
Defoamer - PC-1344 

When solid resins are employed, as illustrated in For 
mulations II to VI, as set forth in the Table, it should 60 
be noted that certain optional ingredients may be em 
ployed in the practice of the preferred embodiment of 
the invention. For example, a defoaming agent can be 
utilized to prevent foaming during the ball or colloid 
milling or mixing operation which would ordinarily re- 65 
sult in a rough coating due to formation of trapped gas 
bubbles. 
Another optional ingredient that can be employed is 

a flow agent to control the flow of coating over the sur 
face of the nose cone and prevent cratering. 

It should be understood that the invention is not lim 
ited to the exact details of construction and formula 

electrically conductive surface of said conical wind 
shield portion consists essentially of a conductive mate 
rial dispersed throughout the surface of said wind 
shield. 
4. The windshield structure of claim 1 wherein said 

conical windshield portion comprises a coating of a 
temperature resistant, electrical insulating plastic ma 
terial having a conductive material dispersed therein, 
said coating covering at least a portion of the surface 
of said windshield. 
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5. The windshield structure of claim 4 wherein said 
plastic material is selected from the group consisting of 
epoxy, phenolic, butyl, silicone, and polyimide based 
resins. 

6. A composition useful for forming a coating on 5 
windshields for proximity fuzes comprising: (1) a base 
resin which can be easily adhered to the surface of the 
windwhield and does not degrade over long periods of 
time; (2) an inert volatile solvent; and (3) a powdered 
or fibrous conductive material. O 

7. A composition according to claim 6 wherein said 
base resin is an epoxy resin. 

8. A composition according to claim 7 further com 
prising a curing agent for said resin and capable of im 
parting a heat deflection temperature for the cured 15 
coating of at least about 120° C. 

9. A composition according to claim 8 wherein said 
curing agent is selected from the group consisting of di 
ethylenetriamine, 2-ethyl-4-methylimidazole or die 
thylaminopropylamine. 20 

10. A composition according to claim 6 wherein said 
inert volatile solvent is selected from the group consist 
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8 
ing of ketones, aromatics, esters, saturated hydrocar 
bons, cyclic hydrocarbons, alcohols and mixtures ther 
eof. 
1. A composition according to claim 6 wherein said 

conductive material is carbon black. 
12. A composition according to claim 6 comprising: 

1. a solid epoxy resin; 
2. 1 iS parts per 100 parts resin of a solvent mixture 
consisting of about 35 percent methylisobu 
tylketone, 15 percent butyl alcohol and 50 percent 
xylene; 

3. about 3.3 parts carbon black per 100 parts resin; 

4. about 10 parts 2,4-ethylmethylimidazole per 100 
parts resin; 

5. about 5 parts of a flowing agent per 100 parts 
resin; and 

6. about 0.24 parts defoaming agent per 100 parts 
resin. 

sk k k k : 


