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UNITED STATES PATENT OFFICE 
2,583,058 

HNTERZONE INTERFERENCE DEVICE 
FOR GUNS 

Earl E. Libman, New York, N.Y., assignor to Con 
trol Instrument Company, Inc., Brooklyn, N.Y., 
a corporation of New York 

Application December 17, 1947, serial No. 792,117 
(C. 89-4) 3 Claims. 

This invention relates to improvements in 
gunnery fire control systems and has particular 
reference to a system for the prevention of dam 
age to guns due to inteference between their 
ZOnes of action. 

Certain conditions exist among secondary bat 
teries aboard naval craft in freedom of train and 
elevation which may cause damage thereto in 
that it is possible for certain combinations of 
train and elevation of different guns to produce 
collision between their barrels, or to cause the 
barrel of one gun to intercept the line of fire of 
another. 
The purpose of this invention is, therefore, to 

prevent the occurrence of Such damage; and to 
do so in such a manner as to cause a minimum of 
interference in the freedom of action of the guns 
so that they remain free to be operated and 
moved in any direction and fired at any time 
except in those directions and at those times 
which will produce damage to the guns. 
The inventive idea herein involved is capable 

of receiving a variety of expressions one of which, 
for the purpose of illustration, is shown in the 
accompanying drawings; it being expressly 
understood, however, that the Said drawings are 
employed merely to facilitate the description of 
the invention as a whole and not to define the 
limits thereof, reference being made to the 
appended claims for that purpose. 

In the drawings: 
Fig. 1 is a schematic representation of the 

device utilized to prevent collision; 
Fig. 2 is an isometric view of one of the Scale 

model barrels utilized in the collision preventing 
device; 

Figs. 3, 3A and 3B are diagrammatic illustra 
tions of the various possible types of collision; 

Fig. 4 is a diagrammatic view of the circuits 
utilized in the collision preventing device; 

Fig. 5 is a diagrammatic representation of the 
line of fire interference prevention device; and 

Fig. 6 is a Schematic representation of the 
circuits employed in the line of fire interference 
prevention device. 
Damage due to collision is ordinarily possible 

only between batteries which are mounted at 
different levels so that depression of one battery 
and elevation of the other might lead to a col 
lision if the batteries were trained in opposite 
directions, or in the same directions at different 
rates. 
To prevent damage due to collision, the inven 

tion utilizes a scale model of the batteries in 

5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

2 
gun turret 6 in Fig. 1, is coupled to a correspond 
ing model 8, and the other battery illustrated by 
turret T is coupled to the model 9. In this way 
the motions of the model guns will duplicate, 
with a precision restricted only by the accuracy 
Of the ServO mechanism coupling, the motions 
of the battery and thus act to prevent damage 
thereto. A 
To eliminate any error due to lag in the servo 

mechanism, it is desirable that any collision 
between the model guns 8a, 8b and 9a, 9b occurs 
before actual contact between the turret guns 6a, 
6b, Ta, 7b so that the control sequence herein 
after described will be set in motion in advance 
of such contact. For this purpose, the model 
guns are made slightly larger than the latter and 
will thus contact each other before actual Col 
lision occurs between said turret guns. 
In the usual practice, the gun orders of train 

and elevation are delivered to a pair of ServO 
motors. Such as 9 and 20 Over a set of conductors 
such as f0, 2, f4, f 6 and 8. The order over 
leads 0, f2 and 4 positions the motor 9 which 
is coupled by means of Shaft 2 to the tilt plate 
of the hydraulic drive 22, which drive furnishes 
the power over shafts 23 and 2 to rotate the 
turret and train the guns and, in the Same Way, 
the order over leads fo, 6 and 8 positions the 
motor 20 which is coupled by means of shaft 
25 to the tilt plate of the hydraulic drive 26, 
which drive furnishes the power over shafts 2 
and 28 to elevate or depress the guns. 
The turret 6 is trained by being coupled to the 

hydraulic drive 22 by means of shaft 23 which 
shaft is also coupled to the control transformer 
29 so that a voltage proportional to the position 
on lead 30, at any instant, is available. 
By means of proper amplifiers and servo 

motors this voltage could be utilized to cause 
the model turret 8 to duplicate identically the 
position of the actual turret 6; however, a turret 
such as 6 has considerable inertia and its motion 
cannot be instantaneously arrested upon a col 
lision of the models so that it is necessary to 
order its motion stopped in anticipation of its 
actual necessity, arr therefore to cause the 
motion of the models to anticipate the motion 
of the corresponding battery. 
The tilt plate of the hydraulic drive 22 deter 

mines the velocity of train of the turret 6; that 
is to say, in its neutral position the gun is held 
stationary and upon being tilted or displaced, the 
rate at which the gun will be driven by the 
hydraulic drive 22 is very nearly proportional 

volved, so that one battery, as illustrated by the 55 to the degree of the displacement of the tilt 
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plate. Therefore, a differential control trans 
former 3 may be coupled to the shaft 2 by 
means of shaft 32 and to the output of the corn 
trol transformer 29 by means of lead 30 so that 
the combined output as a voltage on lead 33 is 
a function both of the displacement and of the 
velocity of the gun turret 6. This voltage, in the 
manner usual in the servo mechanism art, is 
compared with the voltage of the control trans 
former 34 which control transformer by means 
of shafts 35, 36 and 37 is positioned by the model 
turret 8. The difference voltage, if any, is then 
amplified in amplifier 38 and utilized to drive the 
servo motor 39 which by means of shafts 36 and 
37 is utilized to train the model turret 8. The 
motion of the turret 8 therefore will be a Com 
posite of the difference of position between the 
turret 6 and turret 8, and of the velocity of tur 
ret 6, so that, when in motion, the model turret 8 
will lead the motion of the gun turret 6 by Sonne 
angle proportional to velocity but when at rest 
will be positioned identically therewith. Since 
the same form of control couples the turret T. 
and the model 9 as indicated by similar controls 
bearing the same number and a distinguishing 
subscript, a collision between the models will 
occur in anticipation of a collision between the 
actual guns 6 and 7 so that their respective drives 
may be interrupted in time to allow them to 
coast to a safe stop within the limit allowed by 
their inertia. 
The voltage output of control transformer 40 

which is coupled to the elevation shaft 28 of 
mount 6 is indicative of the elevation of the guns 
of turret 6 and in the same way as indicated in the 
train servo mechanism, the voltage output there 
of on lead A is modified by the differential Con 
trol transformer 42 which by means of shafts 43 
and 25 is coupled to the tilt plate of the hydraulic 
drive 26 and is then utilized as found on lead 44 
in conjunction with control transformer 45, am 
plifier 46 and control motor 47 and the shafts 48, 
49 and 50 to cause the elevation of the models 
of turret 8 to correspond in position or to antici 
pate the motion of the actual guns of turret 6 in 
elevation. 
The training and elevation order of the guns 

are routed through relay cabinets 5, 5a, whose 
relays, A1, A2, A3, A4, AW, AX, AY, AZ, B1, B2, 
B3, B4, BW, BX, BY and BZ are connected to the 
model guns which Serve to actuate said relays as 
hereinafter described to interrupt the train or ele 
vation mechanism of the guns toward an immi 
nent collision. These Orders are Supplied over the 
leads 0, . , 3, 5 and 7 for mount 6 and over 
Oa, fa, 3a, f 5a and a for mount 7 which leads 

enter the relay cabinets 5 and 5d., and leave 
them as f0, 2, 4, 6 and 8 so that the manipu 
lation of proper relays in any one of the input 
circuits may be opened and the gun order discon 
nected from the gun. Fig. 4 illustrates diagram 
matically how this may be accomplished. Both 
relay cabinets and the manner in which the re 
lays are interconnected between themselves, the 
director and the gun mounts are diagrammati 
cally shown and the Sequence and consequence 
of a collision between the gun models may therein 
be traced. 
As illustrated in Fig. 2, the model gun barrels 

are scale models of the actual gun barrels 8, to a 
Somewhat larger Scale than that of their position 
With reference to each other. Each model con 
prises a barrel formed of a dielectric material to 
which are fastened conducting sectors 53, 54, 55 
and 56 with spaces 57, 58, 59 and 60 therebetween 
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so that the aforesaid sectors do not make electri 
cal contact with each other. In the event of a 
collision between the models, various conducting 
surfaces will thereby be brought into contact and 
the electrical connections so made are utilized to 
effect control of the motion of the guns. 
In Figs. 3, 3A and 3B some of the various possi 

bilities of collision are illustrated. If, for in 
stance, the guns of mount 6 are being depressed 
and the guns of mount 7 are being elevated So 
that a collision between guns 6b and 7a is immi 
nent, the collision would take the form indicated 
in Fig. 3. At the moment that collision is immi 
nent between the guns 6b and 7a, contact takes 
place between strip 55 of model 8b and strip 53 of 
model 9a which are the corresponding models. 
Referring to Fig. 4, a circuit is then established 
allowing current to flow from the 6fB side of the 
power supply line through relay A3, contact strip 
55 of the colliding model gun on mount 8, contact 
strip 53 of the colliding gun on mount 9 and relay 
B and thence back to the Aside of the line. Acti 
vating relay A3 will cause the contacts A3a to 
open, thus interrupting the left train circuit of 
mount 6 and will further cause contacts A3b to 
open, thus interrupting the depression circuit of 
gun mount 6. At the same time and in the same 
way, relay B is activated to open the contacts 
Ba and Bb, thus effectively stopping the right 
train and elevation of the mount 7. Thus further 
motion in the direction of collision is rendered 
impossible, and since only these circuits of train 
and elevation are interrupted, motion away from 
a collision is permitted. 

If mount 6 and mount 7 are both so oriented 
and trained that the depression of both guns 6a 
and a would result in collision if the rate of de 
pression of the guns of mount 6 exceeded that of 
those on mount a collision is possible such that 
the condition of collision will be the same as is 
noted in the preceding case. The same relay Se 
quence will be operated and the Sane disabilities 
will occur in the guns. However, Since both 
mounts were being depressed and the elevation 
circuit of mount 6 is the only circuit of that 
mount which is disabled the result is that the guns 
of mount can continue their motion and be de 
pressed further away from collision with those of 
mount 6, whose motion will have been arrested 
by the operation. 

If, as a second case, the guns of mount 6 were 
being trained to the right and those of mount 7 
were being trained to the left resulting in an in 
minent collision between the barrel 6b and a the 
collision between the model barrels 8b and 9a 
would take the form illustrated in Fig. 3A so that 
Sector 54 of 8b would contact sector 56 of 9d. The 
resulting circuit (Fig. 4) which would be estab 
lished would go from the line 6B to the relay A2 
through Sector 54 on the model 8b to sector 56 on 
9a to relay B4 and thence to side 6A of the line. 
This would in turn open the contacts A2a and A2b 
thus preventing further right train and depres 
Sion of the guns of mount 6, and the contacts B4a 
and B4b thus preventing further left train and 
elevation of the guns of mount 7, any of which 
motions would lead to a collision of the guns. 

In either of the foregoing cases if the guns 
had been trained in the same direction or ele 
wated or depressed simultaneously it is to be 
noted that opposing training circuits and only 
like circuits of elevation and depression would 
have been interrupted. In such a case the over 
taking gun, if a collision becomes imminent, 
would have its control circuit open and thereby 
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be stopped. The remaining gun would not be 
interfered with, unless its direction of motion 
were to be reversed. - 
There are special cases in which casualty can 

be produced only by one motion in only One 
direction. For example, it may be that both guns 
could train simultaneously in opposite directions 
but that a change in elevation would produce a 
casualty or, on the other hand, two guns may 
elevate simultaneously with safety but could not 
train toward each other without a casualty. In 
such cases it would be desirable to restrict the 
motion of the guns only in that One direction 
which might produce a casualty. It may be 
noted that for these special cases the point of 
contact of the barrels would necessarily lie in a 
plane bisecting One of the barrels and including 
its trunnion axis or in a plane at right angles 
thereto including the center line of the barrel. 
In such a case, obviously, at least One of the 
model barrels will make contact with the other 
barrel with two of its contact strips. 
As an example of the control action initiated 

when such a multiple contact occurs, let us con 
sider the case illustrated by the two guns of Fig. 
3B and assume that turret 6 is being elevated or 
depressed simultaneously with but at a different 
rate from turret T. At the instant of contact be 
tween the model barrels 8b, 9a, the contact Sur 
faces 54 and 55 of model gun 8b meet the contact 
surfaces 53 and 36 of model gun 9a. Only left 
train of 8b and right train of 9a need be in 
hibited, and all other motions are permissible. 
As shown in Fig. 4, the relays A2, A3, B and 
B4 will be energized, A2 interrupts the elevation 
and the left train circuits of gun 6, and A3 inter 
rupts left train and depression circuits of gun 6 
so that it may only move in right train; also, Bt 
interrupts right train and elevation and B4 the 
right train and depression of gun 7 So that it 
may move only in left train. 

. However, energizing the combination of relays 
A2 and A3 operates their back contacts A3c and 
A2d so that relay AZ is energized from lines 6f A 
and 6B, which in turn operate contacts AZa. 
and AZb, which contacts parallel A2a and A3b 
So that elevation and depression circuits are re 
connected; and in the same Way, the combina 
tion of relays B and B4 energizes relay BW SO 
that contacts BWa and BWb which parallel 
contacts Bid and Béla are operated to keep the 
elevation and depression circuit of gun Con 
nected, leaving only the desired left train of gun 
6 and right train of gun impossible. 
In this way only those circuits essential to 

prevent damage are interrupted, and no others, 
and there is a minimum of interference with the 
gun operation when interruption is required. 
Damage due to a projectile fired from one gun 

and striking the barrel of another is possible be 
tween batteries which are mounted on the same 
or different levels, and to prevent such damage 
the invention utilizes scale models of the bat 
teries involved which are similar in operation to 
those which prevent damage due to collision, but 
of different construction so that, without any 
physical contact between the elements which 
may cause the damage, the imminence of that 
danger may be utilized by them, and thus pre 
vented. 
As shown in Fig. 5 two gun batteries 63 and 

65 are illustrated, so oriented that a projectile 
fired from the barrel 66a would strike the barrel 
64a. The Scale model batteries 84 and 86 utilized 
to prevent such damage are coupled to their re 

spective guns by a servo mechanism similar in 
its nature, with the exception of the motion 
anticipation device, to that utilized in the already 
described servo of the collision preventing de 

5 vice. Thus the Orders of gun train and elevation 
are delivered to a pair of servo motors such as 
74 and 76 over a set of conductors such as 69, TO, 
7, 2. Orders Over leads 69 and 70 position servo 
motor 67 which is coupled by means of shaft 3 
to the tilt plate of the hydraulic drive T4 which 
drive furnishes the power to rotate the turret 63 
and train the guns; and in the same way the 
Orders over leads on 7 and 72 position servo 
motor 68 which is coupled by means of shaft T5 
to the tilt plate of the hydraulic drive 76, which 
drive furnishes the power to elevate or depress 
the guns. On turret 63. 
The turret 63 is trained by being coupled to 

the hydraulic drive 74 by means of shaft 77 which 
is coupled to the control transformer 78 so that 
a voltage proportional to the position of the tur 
ret 63 at any instant is available on lead 79. This 
Voltage in the manner usual in the servo mecha 
nism art is compared with the voltage of the con 
trol transformer 80 which control transformer by 
means of shafts 8t, 82 and 83 is positioned by the 
model turret 84. The difference voltage, if any, 
is then amplified in amplifier 88 and utilized to 
drive the servo motor 89 which by means of shafts 
82 and 83 is utilized to train the model turret 84 
so that at every instant the position of the model 
turret 84 corresponds identically to the position 
of the actual turret 63. 
The voltage output of the control transformer 

90 which is coupled to the elevation shaft 9 of 
the gun mount 63 is indicative of the elevation of 
the guns of turret 63 and in the Same Way as in 
dicated in the servo mechanism for training the 
model 84, the voltage output thereof on lead 92 
is compared With the voltage output. Of control 
transformer 93 which, by means of shafts 94, 95 
and 98, is coupled to the elevation of the model 
guns on the model turret 84. The difference volt 
age, if any, is amplified in amplifier 9 and ulti 
lized to drive the servo motor 98, which servo mo 
tor by means of shafts 95 and 96 is utilized to 
drive the elevation mechanism of the model guns 
85A and Bf. By means of a similar servo mecha 
nisian whose members are numbered with the 
same numbers and a differentiating subscript, the 
position, in train and elevation, of the model guns 
of turret 86 is made to duplicate identically the 
position of the turret 65 and guns 66a and 66b. 
As shown in Fig. 6 the model guns 00 are fab 

ricated of light-conducting material Such as a 
methyl-methacrylate resin 99. In order to off 
set any error due to servo mechanism lag they are 
made slightly larger in diameter than the scale 
of their relative position would indicate, were 

60 they to be true scale models. The barrels of the 
model guns are frosted along their length and 
have an opening 0 along their axis which is 
lined with a tube 02 of some light-impervious 
material such as brass. The opening 0 termi 

65 nates at the trunnion axis of the model in a mir 
ror 03 oriented at 45° to the axis, so as to reflect 
any light traversing the tube out along the trun 
nion axis. Behind the gun model, there is placed 
a high intensity light Source comprising a lamp 

0 06 and mirror 05 so that the entire length of 
the barrel is illuminated uniformly along its 
length. 
Any light traversing the barrel along the open 

ing 03 and reflected from the mirror 05 along 
75 the trunnion axis is collimated by the lens 06 

O 

5 

20 

25 

30 

35 

..) 

50 

55 



2,588,058 
7 

and the iris OT so that only those rays which 
enter the opening Of parallel to each other will 
be permitted to impinge upon the elements of the 
photo tube 08. 

Light striking the photo tube 08 serves to con 
trol the output of amplifier 09 in such a manner 
that the normally closed relay contacts to and 

of relay f2 will thereby be caused to open. 
The firing order to the guns on leads 3 and 
f4 may thus be interrupted by the action of the 

contacts O and , since they are in series in 
lead fa. When these contacts are closed the gun 
fire order impulse is communicated to the pri 
mary f ( 5 of transformer fles and the voltage 
across the secondary if thereof serves to fire the 
gun. However, opening of the contacts 0 and 

would prevent such an impulse from reaching 
transformer 8 thus effectively disabling the 
gln. 

Referring again to Fig. 5, if the gun mounts 
63 and 65 are positioned so that a projectile fired 
from the gun 66a will be directed at the barrel 
64a, then the mounts 84 and 86 and the model 
guns thereon are so oriented that the model gun 
87a is directly in line with the model barrel 85a 
and, therefore, model gun 8Ta's associated photo 
cell is affected by the illuminated barrel there 
of. In the manner hereinbefore described, the 
firing mechanism of gun 87a will therefore be dis 
abled, and no casualty can result while the guns 
remain thus positioned. If either of the mounts 
should be moved so that the gun of One mount 
is no longer in a line of sight with another the 
relay f2 would be deactivated, the normally 
closed contacts 0 and f would be reclosed, 
and the guns once again would be capable of be 
ing fired. 
Only that gun whose direct line of fire is inter 

cepted by another is prevented from firing So that 
a minimum number of guns are deactivated when 
a danger of damage due to a shell from one gun 
striking the barrel of another is imminent, and 
no interference occurs in the mechanism utilized 
to position the gun. 

I claim: 
1. A mechanism to prevent damage due to in 

terference between guns which have control 
means for operating the same, said mechanism 
comprising model means coupled to and operated 
by said control means for simulating the posi 
tions of said guns, said model means each having 
a barrel longitudinally divided into contacting 
surfaces each independent of the other and each 
capable of contact with any other surface of an 
other barrel in various positions of said barrels, 
and neans interposed in said control means and 
selectively operable by the position of contact 
between said contacting Surfaces of Said barrels 
for interrupting only that function of Said con 

trol means whose continued operation would re 
. Sult in damage to the guns. 
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2. A mechanism to prevent damage due to in 
terference between guns which have control 
means for Operating the same, said mechanism 
comprising model means coupled to and oper 
ated by Said control means for simulating the 
positions of said guns, means to regulate the rate 
of change of motion of said model means to ex 
ceed that of the gun it represents during ac 
celeration or deceleration of the latter, said 
model means each having a barrel longitudinally 
divided into electrically conducting surfaces 
each insulated from the other, and relay means 
interposed in Said control means and selectively 
energized by contact between different conduct 
ing Segments of Said barrels for interrupting only 
that function of Said control means whose con 
tinued operation would result in damage to the 

S. 
3. A mechanism to prevent damage due to in 

terference between guns which have control 
means for Operating the same, said mechanism 
comprising model means each having a barrel of 
a light conducting substance with an opaque 
bore extending therethrough, said model means 
being coupled to and operated by said gun control 
means for simulating the positions of Said guns, 
means to so couple said model means with said 
control means, a light source incorporated in each 
of Said model means for illuminating the barrel 
thereof, a light sensitive element incorporated 
in each of said model means to respond to illumi 
nation transmitted along the opaque bore there 
of, and relay means interposed in said control 
means and energized by the response of the light 
Sensitive element aforesaid for interrupting that 
function of said control means whose continued 
Operation would result in damage to the guns. 

EARL E. BMAN. 
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