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SECRET

ABSTRACT

(S) An experimental sensing-computing system to protect tanks from anti-
tank rounds has been developed. It locates an approaching round within
a few feet from the tank, determines electronically its velocity and
trajectory, and decides whether it is potentially dangerous. If found
not dangerous, it is ignored. If it is found dangerous, the system then
selects, out of a multitude of defending charges arrayed on the tank
periphhry, one which is in the right position, and transmits to the
selected charge a firing pulse at the correctly computed time, so that
the charge fragments intercept and defeat the attacking rounds.

(S) The optical approaoh followed is essentially passive, using sky
light in daytime and invisible infrared light only at nighttime. In
a preliminary system that computed the firing time for the defending

charge as a function of the round velocity alone, with altitude and
angle of attack preset, various types of HEAT and AP rounds were con-
sistently destroyed regardless of their velocities. It is probably the
first time in history that this has been accomplished.

(S) In a simplified version of the complete experimental setup which,
however, contained the full assembly of the electronic computers, a
Microflash unit was employed to simulate the defending charge. The
rounds were "hit", that is, illuminated by the Microflash light pulse
and photographed automatically .in a camera that is sighted along the
fragmentation plane of the hypothetical charge, with the timing of the
Microflash computed in the same way as the timing of the defending
charge firing pulse would have been computed. In field tests made with
velocities from 1200 to 3300 ft/sec, altitudes from 0 to 5 ft, and angles
of attack from 0 to 55 deg off-normal, the photographs showed the rounds
"frozen" in the position in which they would have been impacted by the

defending charge fragments.

(S) In an alternative, active X-band microwave approach, the problems
of locating the approaching round and determining its height of attack
have not yet been solved with sufficient accuracy. For the velocity
determination, the radar-doppler method proved to be able to furnish the
accuracy necessary. The firing-time --omputer has been completed, while
the charge-selection computer has not yet been attacked.
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1, INTRODUCTION

H. W, Straub

(C) With the advent of high-penetration projectiles of the shaped-
charge, kinetic-energy, or high-explosive-plastic type, static armor
as it has been used with increasing refinement throughout the millennia
since the Stone Age has finally lost the race to the attack weapons.
As these rounds are capable of defeating steel armor ten and more in.
in thickness, a tank carrying sufficient armor to withstand them would
no longer be acceptable in terms of weight (air-transportability) and
maneuverability,

(S The purpose of the Project Dash-Dot is to develop a system for
the protection of tanks that defeats the approaching projectiles at
a distance large enough to prevent damage to the vehicle. Credit for
this basic concept is due to Picatinny Arsenal.

(S) "The over-all system consists of:

(;0 A sensing-computing system that locates an approaching round
within a few feet from the tank, computes its trajectory, decides
whether or not it is potentially dangerous (discrimination against
small arm5 firej, and, if the round is found dangerous, selects the
defending charge in the right place and transmits to it a firing pulse
at the right time to defeat the attacking round.

(b) An array of defending charges located on the tank periphery
and so oriented as to be capable of intercepting and defeating an ap-
proaching round, if the right charge is fired at the right time.

(C) Early in 1957 over-all responsibility for the project was offi-
cially assigned to O0AC, with the responsibility for the defending
charges going to P1icatinny Arsenal, the research and development work
on defending charge= to be carried by BRL/APG, and the responsibility
for the sensing-computing system going to DOFL. A test of the feasi-

bility of the system gas scheduled for June 1960.

(U) The history of the project since 1957 as well as a summary of
the achie,,ementE made under it until mid 1959 have been set forth in

a rerort by OTA(.

(S) Howter, prior to the official assignment of responsibilities,
Picatinny Arsenal qad already been doing work on Project Dash-Dot. A
contract concerning development of a sensing-computing system using

* "Summary Report on Project Dash-Dot," by M. Michaelson: Report No.

RRD 3, Ordnance 'rank Automotive Command, Detroit Arsenal, Centerline,
Michigan, September 1959,, SECRET.
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X-band microwaves for sensing had been let to United Shoe Machinery
Company, Beverly, Massachusetts. In April 1956, technical supervision
of the contract was assigned to, and assuihed by, DOFLo Work done
under it is described in section 14 of this report.

(S) Also prior to the official assignment of responsibilities, in
December 1955, Mr. Wilbur S. Hinman, Jr., Technical Director of Diamond
Ordnance Faze Laboratories, suggested another approach which would use
optical, preferably infrared techniques, for detecting an oncoming
round and supplying the information for the computation of its trajec-
tory. Work on an optical-electronic sensing and computing system was
immediately initiated at the Diamond Ordnance Fuze Laboratories and
carried on with DOFL R&D funds until the official assignment of respon-
sibility under OTAC's ccrnizance with OTAC funds.

(S) The work has been subdivided into the following phases:

(a) Detection of the approach of an attacking round,

(b) Computation of the velocity and the trajectory,

(c) Decision on potential danger of the round (rejection of
small-arms fire),

(d) Selection of the defending charge to be fired,

(e) Transmission of a fOring pulse to the selected charge
at the time computed to produce interception of attacking
round by defending charge fragments.

(S) Only horizontal, that is, point-blank attack has been considered
at this stage because this is the expected direction of attack and be-
cause deviations within plus/minus 15 deg of f the horizontal cause
errors that are small compared with the maximum acceptable error of
the over-all system.

(C) It has been assumed that the vehicle to be protected has some
residual armor on it to defeat small-arms fire.

(U) The initial equipment, which used rather crude optics, and the
tests that proved that it is indeed possible to obtain from fast-moving
shells signals of sufficient magnitude as to be usable in a computer,
have been described in previous reports.*

* DOFL Report TR-470, "A Sensing System for Dash-Dot$" (U) by L.
Melamed, H. W. Straub, R. R. Ulrich, 1 September 1957 (SECRIT)

"A Sensing System for Dynamic Armor," (U) by H. W. Straub, Report
of Army Science Conference, United States Military Academy, West Point,
New York, 26-28 June 1957, Volume 4, pp 256-263 (SECRET)
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(U) The experimental equipment designed an constructed to solve the
successive phases of the project and to meet the sp6cifications for
the June 1960 feasibility test, and the results of the laboratory and
field tests made with it, are described in the following sections. The
description is encyclopedic in most places because it is expected that
many of the items developed can be of use elsewhere for gpplications
other than the immediate one.

(U) Noteworthy among them is an electronic dividing computer (section
10.8) in which the dividing process is initiated before the total div-
idend has been entered and in which there is no delay in obtaining the
result.

(S) Anticipating the field test results described in section 13, it
may be pointed out that kinetic energy as well as HEAT rounds have
consistently been defeated. This is probably the first time that shells
have been intercepted and defeated intentionally in flight.

(U) The project was placed on the deferred list in September 1959 be-
fore the optical detection hardware intended for the June 1960 test had
been designed. However, since An experimental prototype of the sensing
system and all the electronic computers had been nearly completed at
the cutoff date, it was decided at DOFL to complete the equipment and,
to make a field test evaluation of the practicability of the basic con-
cept with DOFL R&D funds.
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2,. GENERAL SYSIEMS ANALYSIS

W. Moore, A. Copeland, R. J. Paradis

(C) In order to evaluate various sensing-computer schemes to solve the
Dash-Dot problem, it is advantageous to examine certain phases of the
state of the art and their effect on the type of sensing-computer systems
that may be employed to meet the basic system requirements. Among the
most easily analyzed is the effect of defending charge fragment velocity.

2.1 Limitations Imposed by Fragment Velocity

(S) As stated previously, the defending charge is to be initiated at
some point on the periphery of the tank, such that the fragments inter-
cept and destroy the attacking round, These fragments travel in essen-
tially straight lines to form a jet or sheet of lethal particles travel-
ing at a high rate of speed. Figure 2-1 illustrates these points for
the case where the fragment trajectory and attacking round trajectory
are normal to each other,

(S) If the fragments travel at a speed greatly in excess of that of the
attacking round speed, say, at 100 times that speed, the attacking
round travels only a small distance, h/100 (figure 2-1) in the time re-
quired for the fragments to travel the distance, h. From figure 2-1,
it follows that, if the attacking round passes over the defending charge
at a height, h. which is 5 ft = 60 in., the attacking round can only trav-
el 0.6 in. in the time the fragments travel 60 in. When the two trajec-

tories are inclined to each other, as in figure 2-2, the movement of the
attacking round is greater for a given height of trajectory. If the
angle Pl shown is 30 deg, the fragments must travel the distance h/cos
30 deg, -The time required for the fragments to travel this distance is
h/(100 V cos 30 deg), where V is the speed of the attacking round.m m
Thus, the attacking round will move a distance h/100 cos 30 deg in this
same time. For the case where h equals 60 in., the round will travel
0.693 in. In most cases this movement of the attacking round could be
tolerated,

(S) Thu., when the fragment velocity greatly exceeds that of the attack-
ing round, the sensing beam of the optical-sensing device may coincide,
as nearly as may be practicable (figure 2-3) with the path of the frag-
ments, and no offset between sensing beam and fragment path and no com-
puting equipment is needed to compensate for variations in the speed of
the attacking round and the height and orientation of its trajectory.

(S) In the present state of the art, however, the fragment velocity does
not greatly exceed that of the attacking round, the presently attainable
maximum values being about 12,000 and 5000 fps, respectively. The simple
system described above is, therefore, not practicable. Figure 2-4 illus-
trates this fact for the case of the fragment velocity normal to the
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Figure 2-1. Vertical fragment velocity versus round displacement
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Figure 2-2. Inclined fragment velocity versus round displacement
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round trajectory. When the attacking round speed is one-half the frag-

ment speed, the charge must be initiated when the round is 2.5 ft in
front of the fragment trajectory for a height of 5 ft.

(S) This may be developed for the general case using figure 2-5. The
quantity to be determined is the distance in front of the intercept
point at which the attacking round must bewhen the defending charge is
initiated, in order to accomplish an intercept. The conditions to be
satisfied for normal attack are that the time required for the attack-
ing round to go from E to D is equal to the time for the fragments to
travel from A to D, or

V V
m c

where

V = the attacking round speed, andm

V = the fragment speed.

Then

DR = (V /V ) cu01m .vc) h/cue

where
= angle of fragment trajectory with the vertical.

(S) It is obvious that the maximum value of DE occurs for the max-
imum speed and trajectory height of the attacking round. It will be
noticed that the distance DE is independent of the attack angle of the
round, but the actual spatial position varies as the attack angle
changes. Thus, for a round with a nonnormal attack angle P , figure
2-6, and the same speed, the charge must be initiated when he round
is at point El where DE' DE.

(S) From this, it is apparent that any sensing-computer system used
must be capable of determining the attacking round speed trajectory
height, aind spatial position before the attacking round i within the
distance DE of the fragment trajectory.

2.2 Approaches Considered for the Timing Problem

(S) Two approaches were considered for solving the Dash-Dot problem:
(a) optical and (b) microwave. The microwave approach is discussed
in section 14 of this report.
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(6) The optical approach employs optical techniques to establish a

set of detection areas in space; these areas are so arranged that

the necessary information regarding velocity and trajectory of the
approaching round can be obtained.

(S) The information is derived from the electrical output of photo-
cells associated with the optical elements (section 4). When the
projectile passes through the field of view of an optical detecting
beam, the photocell and associated circuitry produce an electrical output
pulse,

(C) The manner in which the detecting beams are arranged is referred
-to as the geometry of a particular system. There are many geometries
that may be employed to give the same basic information regarding
velocLty and trajectory.

(S) Although many geometries were surveyed for the optical approach,
only two received serious consideration. Each of these two geometries
is based on the following assumptions:

(a) Speed of attacking round is essentially constant.

(b) Trajectories are straight line paths parallel to the ground.,

Figures 2-7 and 2-8 show the basic arrangements of the two geometries.
For purposes of convenience they are referred to as inclined-beam and
vertical-beam geometries.

(S) In various applications the space required for mounting the de-
fending charges and sensing elements is very important. Two quanti-
ties cf primary interest are the distance that the defending charges
and sensing elements extend in front of the protected area (front
overhang) and the distance these elements must extend beyond the cor-
ner of the defended area (end overhang) to provide full protection for
oblique attack. Some of the parameters that influence the overhangs
.9re :

(a) Type of detection pattern employed,

(b> Ratio of maximum attacking round speed to defending charge
fragment speed,

(c). Physical protection for sensing units from defending charge

blast and attacking round blast,

(d) Methods employed for measuring the velocity, and trajectory,

eog.,-microwave Doppler or spaced detection areas for ob-
taining velocity,

(e) Protection for defended area from defending charge blast,

(f) Type of area to be defended (vertical or sloping plate)
and size of defended area,
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(g) Time required for computation and defending charge initiation,

(h) Maximum speed, height, and attack angles to be protected
against.

2.2.1 Front-Overhang in Inclined-Beam Optical Approach

(S) In the geometries considered, the detecting beams are ar-
ranged in three straight fences. All beams in any one fence are parallel
to each other and their spatial. position is known from the design data.
Also, the photocells in the detection elements are individually connected
with the computer.

(S) The inclined-beam geometry has the fences so arranged that
they and the defending charge fragment paths are inclined with respect
to the vertical by angles l, P2, and P3 (figure 2-7). The fences A and
B are parallel and are used to obtain velocity information. Fences B
and C make an angle A - P2 with respect to each other and provide the
means for obtaining height-of-attack information once the velocity is
known.

(S) It can be seen that the front overhang for this geometry
is equal to the distance S plus dl plus the distance D that the defending
charges may be placed in front of the protected area. The distance s is
determined by certain restrictions of physical protection for the optical
elements and the maximum velocities of the defending charge fragments and
the attacking round.

(S) Only after the attacking round has passed all optical fences,
A B, and C, and generated an electric pulse in the photocell of each, is
there sufficient information to determine the time when the defending
charge should be initiated. This places the restriction upon the geometry
that the time required for the attacking round to pass from the fence C
to the fragment trajectory must be greater than the time required for the
fragments to travel to the particular height of the attacking round tra-
jectory. From the geometry this is seen to be:

h S + h (tan P2 - tan P,)

Cos < -it , (2.1)

or

h 1 (tan p2 - tan 1  (2S > Vh,~ Vo IL + I t Vm  (2.2)
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where

h r height of attacking round tralectory above zero level,

V = velocity of d~f ending c-harge fragments,C

V = velocity of attacking round,

Pi = angle between fragment trajectory and vertical,

P2 = angle between C-fenc6 and vertical, and

It = time required to initiate the defending charge.

(8) The angle P depends . great deal upon the type of area to
be protected, i.e., whether it is a vertical plate or slopes back from
the vertical and whether the area to be defended can have an unpro-
tected region for some height h. above the defending charges. It may
also depend upon the allowable distance D that the defending charge may
be placed in front of the protected area and the type of attacking
round. To illustrate this relationship, assume that for a particular
attacking round te 'harge fragments must intercept the round at some
distance Di back of the nose (figure 2-9), Then the distance from the
intercept pont to the defended area must be greater than Di or the
shell will atrike the defended area before the fragments destroy the
attacking round. "his condition may be stated as:

D > D h .an fC + tarn l)  (2.3)

(S) It is known that for some shell D. will be as great at 141
in. The unprotezted height ' defending charge placement., and the angle
Po will probably he epefifted by -the particular application; if so, the
minimum Pl ,-ill be d.termnined.

(S. Thr ditaner-n -"he ftenies A and D is determined on
the baEiE of the minimum d~itanc! required to give accurate velocity
measuremerrst consistenct t.h e 1racti-al mounting of the opLical ele-
mente. If d Is made too small., slight errors in displacement cause
large perenag, errors in the velocity determination. A distance of
one foct for di -as four.d to t.m ompa!itle with the accuracies required.

'.S "ne iral rr -Fvl iE :hat the front overhang for the inclined-
beam geometry :ar, r. foariJ t-1a rt..asroable ar curacy from:

D + S 2 d1 > D h ,sn + tan P +

[ (tan P tan

V -h I - -. ,-IV ma+ dl.L In mSc 
(2.4)
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where the individual conditions to be satisfied are:

(a) D > D. - h m(tan P + tan_ Po)a

(tan P2- tan Pi

max c s V V + I Vmimax, and

(c) dlis great enough to assure accurate velocity determination.

The maximum attacking round speed and height are used in order to meet
the worst conditions to be encountered.

2.2.2 End Overhang in Inclined-Beam Optical Approach

(S) The end overhang for a system may or may not be a real phy-
sical extension beyond the edge of the protected area. For the inclined-
beam geometry, the extension will be real if the sensing elements define
cylindrical detection regions of one form or another. The optical ele-
ments considered for this approach had such cylindrical detection regions.*

(S) The end overhang for this system (figure 2-7) can be expressed
by

Leo = D + S + d 1 + h [tan Po + tan P3 } tan 4 (2.5)

where all parameters are the same as used for the front overhang and P
is the attack angle of the attacking round, When the parameters h, P_0
P and P are fairly large, the end overhang may become intolerable.
For example: let h =5 ft, Po = 45 deg, P3 = 45 deg, and P4 = 60 deg,
then

L = 1.73 (D + s + d ) + 5.0 (1 + 1) 1.73, or

= 1.73 (D + s + d ) + 17.3 ft.

Thus, even if there were no front overhang, the end overhang would be
17.3 ft.

* Sensing elements having flat, fan-shaped detection regions, which
render unnecessary any physical extension, were developed near the con-
clusion of this work. .They could not be incorporated in the system be-
cause of lack of time.
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2.2.3 Front Overhang in Vertical-Beam Optical Approach

(S) The vertical-beam geometry is shown in figure 2-8. Detec-
tion fences A and B are vertical and parallel and are used to obtain
velocity information. Fence C is inclined at an angle P2 and the de-
fending charge fragment path is inclined at an angle Pl.

(S) The front overhang for this geometry is equal to the dis-
tance S plus the distance dI plus H tan P2 plus the distance, D, at
which the defending charges may be placed in front of the protected area.
The distance S is determined by the maximum attacking round speed ex-
pected as well as the minimum height of the round. As in the inclined-
beamgeometry, the vertical geometry restrictions are such that the
fragment time (h/Vc cos pI) must satisfy the relation

h S + h (tan P2 - tan P(
)

-co_ < - it  (2.6)
V Cos P Vcm:

where the parameters are the same as the inclined geometry. The maximum
front overhang can be determined in the same manner as the inclined=beam
geometry.

2.2.4 Eud Overhang in Vertical-Beam Optical Approach

(S) The optical elements used in this approach are again assumed
to define a cylindrical detection region. The end overhang can be ex-
pressed as±

L :(D + S + dI + h tan Po+H tan P2 tan P4 (2.7)

where again the parameters are the same as for the inclined-beam geometry.

(S) A typical example of overhang for full protection of the tank
armor versus a 60-deg attacking round is shown in figure 2-10. It will
be noted that for full protection, an overhang of 25 ft is required. Ex-
amples of. overhang for less than full protection are also shown in
figure 2-10,

2.2.5 Overhang Reduction

(S) It is obvious from the foregoing discussion that someoverhang,
both front and side, will be required for both the inclined and vertical
approaches. Other methods were analyzed in an attempt to reduce front
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overhang. Two such methods are shown in figures 2-11 and 2-12. Each
of these would reduce front overhang and their parameters can be derived
in the same manner as"they were for the inclined-beam geometry.

(S) A method for reducing end overhang is shown in figure 2-13.
In this figure it is assumed that the front and sides of the tank armor
are protected. A 45-deg array is attached to the corner of the tank.
The array is an independent system, that is, it would contain its own
computer and defending charges. It is readily apparent that this method
would reduce the end overhang considerably. Othor methods of reducing
end overhang may be employed; however, lack of time precluded investiga-
tion of this phase of the project.

2.2.6 Effect of Restricting Overhang for Vertical Protected Area

(C) It was stated (oral communication) by OTAC in June 1959
that in any system used on a vehicle, the front overhang should not ex-
ceed 6 in. and that the maximum allowable Epace in the vertical for
mounting the-system would be 1 ft. As a consequence-6f these restric-
tions, the following analysis was made:

(S) Assuming that in some cases a shell must be hit 14 in. back
of its nose, e.g., as in the 106-mm HEAT round, then the intersection of
the minimum height trajectory line (figure 2-14) and the fragment trajec-
tory line must occur at a distance of-14 in. or more from the plate to
be protected (point P in figure 2-14,)

CASE I

(S) If the line charge lies at the intersection of the fragment
trajectory and the plate line, then the unprotected height hu above the
line charge is determined by:

hu = 14 in./tan x, (2.8)

where x is the angle between the fragment trajectory and the plate line.
The distance that the line charge fragments have to travel to the mini-

- mum trajectory line is given by:

L = 14 in./sin x. (2.9)

S) If L is the greatest lethal range of the line charge
fragments, then Me protected height h is seen to be:u
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hp = UCLa - L) cos x, or

(2.10)
hp = (L max-l4/sin x) cos x

= (L mxcos x -14cot x).

To find the maximum (h ) for a given Lx we differentiate (h )with
respect to (x),

dh p L sin x+l14csc 2x,
dx max

For maximum and minimum, equate to zero,

dh p 0 L sin x+l14csc 2x.
dx max

Therefore,

3

sin x 14 /La ,or

sin x ( 14/L ma) 13, for maximum protected height. (2.11)

CASE II

CS) If the line charge can be mounted at some distance (d)
froim the protected plate as shown C(figure 2-15) then the following eon-
ditions hold:

h u=(14 - d)/tan x; or (2.12)

=14/tan x - d/tan x; (2.12a)

L =(14 - d)/sin x; (2.13)

h p= (L mx- L) cos x; or (2.14)

=CL mx- 14/sin x + d/sin x) coo x. (2.14a)
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It is seen from equations (2.12) and (2.14a) that for the same x,
case II differs from case I by decreasing the unprotected height h
by d/tan x, while increasing the protected height by the same amount.

(U) The maximum h , given L I for case II, however, differs
from case I, since h depends upon Woh x and d,P

(U) From inspection of equations (2.12) and (2.14), it can be
seen Vhat h will equal L if d = 14 in. and x is zero. However, tha
restrictionPthat d must bN in. or less prohibits h from equaling L op max

(C) Equation (2.14a) also shows that:for a given x the value of
h increases as the distance d increases from zero toward 6 in. There-
A~re, if d is made 6 in. and then the maximum value of h is determined
as a function of x, the protected height will be as larg8 as possible
under the specified restrictions,

(U) By a process similar to that used in case I, the value of x
needed for this maximum h is shown to be:

p

1/3
sin x = (14 - d)/L max) with d equal to 6.0 in., or

= (S~maxm13
1/3(2.15)

=(/,max )(.5

CASE II with OTAC Requirements

(U) Requirements: d = 6 in. and

h = 12 in. (figure 2-16).U

(U) It can be seen that h in equation (2.14a) will be as great
as possible if d is as large as possible in the range from zero to 14 in, --

6 in. in this case --- and x is as small as possible.

(C) From equation (2.12).

tan x = (14 - 6)/h u

Therefore, x will be as small as allowable when h is as large as possi-

ble., i ,e., 12 in., so that

tan x = (14 - 6)/12 = 2/3 or

x = 33.7 deg.

(C) It also follows under these conditions, that since
hp = (Lmax cos x -h),

the protected height will be:
h = 0.832 L ax - 12 in.
.p m
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(S) The next quantity to determine would be the charge initia-
tion line for maximum velocity shell (locus of points where maximum
velocity shell must be when the charge is initiated to accomplish inter-
ception).

(S) The conditions to be satisfied are (figure 2-16) that the
time required for the attacking round to go from E to D is equal to the
time for the charge fragments to travel from A to D, or DE/V = AD/V c .
From the geometry, however,

DE/sin x2 = A D/sin x3 , (2.16)

900 + X 1 + x2 + x 3 =180° 0and

X3 = 90° - (x + x) (2.17)
31. 2

Therefore,

sin x2 /sinx = DE/AD= Vx/y
2 3 max

sin X2/sin (90 0 - x -I x 2)2 V max/Vc,

sin x2/cos (x1 + x2) = Vmax/V c, and

sin x /(cos x1 cos x 2-sin x sin x) = V max/V. (2.18)

If reciprocals are taken and simplified, the result is

cot x cosx - sin x =V/V and
12 c max, :

cot x 2 = (Vc/VmaX + sin xl)/Cos x I .  (2.19)

Using the values,

V 8500 ft/sec, V = 5000 ft/sec, and x1 = 33.70, yieldmax

cot x2 = (8500/5000+ sin 33.7
0 )/cos 33.70 or

= (1o7 + 0.555)/0.832 = 2.7, and

X2 = 20.30.
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CONDITIONS FOR INTERCEPT:

E/ Vmax = 4D/Vc

PLATE SHELL TRAJECTORY LINE

D/ E

I FRAGMENTARY. x3

TRAJECTORY
/7

S(Xj + X2)
CHARGE INITIATION LINE

xi ,"fOFOR MAXIMUM VELOCITY

x!x

FR -I C" MINIMUM HEIGHT TRAJECTORY LINE

, / REGION (R) IN WHICH CHARGES AND OPTICAL DEVICES

MUST LI E.

Figure 2-16. Effect of restricting overhang for case II with

OTAC restrictions
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(S) It can be seen from this that the angle the charge initiation
line makes with the defended plate (x + x 2 ) is equal to 54.0 deg.

(S) Since all sensing beams must lie outside the charge initiation
line., while originating within the specified region (R) of figure 2-16,
the angles between the sensing beams and the protected plate become in-
tolerably large.

2.2.7 Flatness of Detection Fences

(S) It has been found necessary that the rounds be hit at a
particular point, that is, their most vulnerable point; with an accurapy
of ± 1 in. Evidently, the hitting accuracy depends critically on the
accuracy of the determination of the firing time of the defending charge,
which in turn, depends on the accuracy of the flatness of the detecting
fences.

(S) Figure 2-17 illustrates the geometric configuration in its
most simple form. P and P2 are the edges of the ideal plane fences

(solid lines). The otted lines represent the actual edge of any two
particular actual fences. it is assumed that the error zAd is symmetrical
about the ideal plane.

(S) The two ideal planes, P1 and P2 , are separated by distance
dI; d2 is the distance from the ideal plane P2 to a point in the desired
line charge impact plane; d' is the actual distance between the two
actual fences at the points corresponding to interceptions for any par-
ticular shell; d' is the distance from the ideal P plane and the partic-
ular shell's nose positionat the time a firing puise is generated.

(S) The line charge in figure 2-17 has to be initiated a certain
time T after the shell has traversed fence P2 , which for the moment,
is assumed ideal. It can be derived that this time T 2 equals (T 2 -T)
(d2/d ) where T and T are the times of traversal .f fences P and P 2

It thus follows .hat thgltime differential (T 2 - T1 ) is magnified by
the leverage factor di/d, which also appliesPto anylerror in the time
differential. Since his tror is solely due to de,'ations of the fences
P, and P from flatness, the maximum tolerable deviation must be deter-

mined,* 
2

(C) The greatest errors will occur under the two following condi-
tions: (a) Fence P1 triggered at the latest possible time and P2 trig-
gered at the earliest possible time. that is, at points P and P2 or

In the calculation, the characteristics of the other system components,

such as photocells, computers, defending charges, are assumed to have no
errors. A more detailed analysis of the influence of som6 component char-
acteristic errors on the over-all system accuracy follows in sectiow 3.5.-
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(b) fence P1 triggered at the earliest possible time and fence P2 trig-
gered at the latest possible time, that is, at points P1 and P"

(C) It can be seen by referring to figure 2-17 that the true
distance between the two actual screens will be shorter than the ideal
for case a, and longer than the ideal for case b. The time required
for the shell-to pass through this actual distance will be multiplied

by the factor 2 and a firing pulse will be supplied at that time.

(U) By setting up the equations to solvefor a 6d max on a ± 1-
tn. tolerance in a shell position at the firing plaw6, and by assuming
all other errors to be zero, from figure 2-17

d 2
d = R1 a dimensionless ratio and (2.2o)

d = (d 1 2Ly 1 ) for the extremes. (2.21)

From equation (2.20)

d2 = -d; (2.22)

and from figure 2-17

d2 = Rd, + ' d (2.23)

(U) By substituting for d! and imposing the limits on d'

which are

dt < d + 1 in. and (2.24)
2 - 2

d' > d - 1 in. (2.25)
2- 2

from equation (2.23) the two limiting cases are obtained:

d'= d + in. = R(d + 2Ad) + Ad, and (2.26)
2 2 1

d.= d2 - 1 in. = R(d1 -2Ad) - Ad. (2.27)
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liansposinr equation (2,27 results in

d 2 Rd I ' Ld 2R I) 1 I in, (2.28)

Division by d1 gives

d2  Ad. - un___.

R - (2R ± )-+,-'. but
d d *d1

d1
dii R, (eq 2.20), therefore (2.2p)

0 d (2R : 1) 1 dn . or (2.30)
d d1

0 Ld (2R ± 1) + 1 in., and (2.31)

,1 in,
4 d 2R + 1 (eq 2,22) (2.32)

if R 5, as is likely in the present case, equation (2,32) gives

d< -- in. -_ 0 091 in.

(S) It is obvious tha., with a maximum tolerable deviation of
less than 0.09 in, from ideal flatness of the detection fencesp cil>
cular cross-section detection beams making up the fences were not ac-
ceptable, In order to insure the required degree of flatness, the
square cross-sectional detection elements described in section 4 were
developed, When properly aligned side by side with the unavoidable
minimum of spacing beV ,een t hem, their detection patterns form fences
that are flat withln 4tie tolerance limit.

2,3 Considerations of Defending-Charge Arrangement

(S) It has been found necessary by Picatinny Arsenal to arrange the
line charges into two rows at different heights and in a staggered array,
as shown in figure 2-18, and in the two possible alternatives (figures
2-19 and 2-20).

(S) In order to maintain, the best possible firing time accuracy for a
system that includes the aforementioned line-charge array, two separate
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computers are necessary, one for each row of line charges. However, if
the charges can be ronsidered to detonate at a position c that is midway
between the two existing rows of charges, a single computer may be used
provided that the resultirg error can be accepted (section 3.5.5).

(S) The staggered array may assume one of either configuration shown
(a) and (b) of figure 2-19. In both cases, the original firing time

equation still applies, with the line-charge distance being that from
the second optical fence to the hypothetical charge c. The errors that
develop are due to the differences between the location of the hypothet-
ical charge and the actual ones.

(S) The computer will behave as though it is delivering a firing pulse
to a charge in the hypothetical row of line charges c which, if it were
at the position indicated in figure 2-19, would hit the attacking round
at precisely the proper point x However, points x1 or 2 would be
the actual points hit depending upon whether the line charge that would
actually be fired would lie in row 1 or 2. The resulting error for the
configuration (b) of figure (2-19) is

s3
E . ± S±,-S J- "V32.3
r 1 2 V-Vm (2.33)

c

where S V S2, and S are the distances indicated, V is line charge
velocity of 8000 ft/sec., and V is the attacking roud velocity. For
angular approaches, equation (1.33) becomes

S1  S3

S+- +- V. (2.34)
r cos0V mC

For the configuration (a) of figure 2-19 the equation is

Ss3
E -±S + V (2.35)
r 1I m'c

or for angular aprTroaches

S S
E C 0 V V, (2.36)Er CoO V m °

where the values S1, and S3 V , and Vm are as defined for equation (2.33).

(U) h he error equations (2> and (4) are plotted on the graph (figure 2-20)
for the following values of the parameters:
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S1 = 1.625 ft, S3 = 5 ft, Vc = 8000 ft/sec,

and for two values of Q,

@ = 0 (normal attack) and

@ = 60 deg (oblique attack).

(S) It can be seen from the graph that configuration (b) of figure 2-19
(equation (2.36)) produces smaller errors than does configuration (a)
of figure 2-19 (equation (2.34)) and that th error may be zero for some
attacking round velocities. For this reason, the decision was made in
favor of configuration (b) of figure 2-19.

2.4 Optical Versus Microwave Approach

(S) Both systems under investigation, i.e., infrared and microwave sys-
tems, are based upon the establishment of a reference geometry in space
whereby the trajectory and velocity of the attacking rounds can be deter-
mined. The only essential differences between the microwave and infrared
systems are the types of detectors and radiators and the method of meas-
uring the shell velocity. The following table is a comparison of the
two approaches on a very broad basis.

(S) The space requirements of either system depend greatly upon the
over-all requirements for a particular application.

Parameters Microwave System Optical system

Velocity determination Doppler frequency Spaced parallel fences

Height determination 2-divergent fences 2-divergent fences

Charge selection 3-divergent fences Numerous pickets*;
3-divergent pickets*

Type of computer Analog*; digital** Analog*; digital***

Equation to solve Same as optical Same as microwave system
system

Capable of:
Daylight operation Yes Passive; using reflected

daylight

Night operation Yes Active; using artificial
infrared light

Minimum overhang:
Front Depends on over-all

system

End Potentially zero

Note: *Completed; ** Proposed methods no tests made to date;
*** Some work done on velocity computer
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CS) It has been stated erroneously that a microwave sensing system for
Project Dash-Dot would be highly preferable to an optical system because
of its inherently negligible space requirements. The fact is that, since
both systems use the same geometry, their space requirements are also
essentially the same.
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3. OPTICAL APPROACH

L. Melamed

3.1 Specifications for Feasibility Test

(U) The following specifications for the feasibility test, which had
been scheduled for June 1960, were agreed to by the cooperating instal-
lations, OTAC, PA, BRL/APG, and DOFL.

(S) A piece of armorplate 10 ft x 10 ft in size, 2 in.in thickness,
and inclined at 30 deg to the ground, thus presenting a projected area
of 10 ft wide and 5 ft high, was to be defended against HEAT and AP
rounds varying from 37 mm to 106 mm in caliber. The plate would also
be fired at with machine gun bullets, which would have to be ignored by
the system (size discrimination). Attack would be point-blank, includ-
ing oblique firings at azimuth angles from 0 deg to 60 deg off normal
and height of attack between 17 in. and 5 ft. The plate described would

simulate the so-called glacis of a present-day tank.

(S) In order to reduce the number of components in the computer and
save funds, without sacrificing any of the test objectives or obscuring
the system capabilities, it was also agreed that only the right-hand 3-ft
portion of the armorplate, as seen from th6 gun position, would be fired
at, leaving a 7-ft end overhang on the left-hand side. Furthermore,
angle shots would only be fired from the left-hand side.

3.2 System Geometry

(S) Figure 3-1 shows the geometry as actually employed. A double array
of line charges is arranged in staggered brickwork fashion along the
lines x and x4 (plan view), which are set 0.25 ft apart. The separation
in elevation is 1.0 ft. The charge fragments are expelled perpendicular
to the ground along the lines labeled P 3 and P c. Three optical detec-
tion planes (fences) are employed. Their cross section (in elevation view)
is represented by the fences labeled A, B, and C. Fences A and B are par-
allel-to each other and lie perpendicular to the ground. Fence C is in-
clined at an angle = 20 deg to the other two fences and intersects
fence B at a distance of 6.5 ft from ground level. The points 0, 1, and
2 (plan and elevation) represent the intersection points of the missile
path with the three fences. In the plan view, these intersection points
are labeled X, Y0, etc. Each fence in turn consists of a parallel uni-
form spacing of square independent distinguishable detection pickets. The
pickets are spaced 1.43 in. apart, resulting in seven pickets per running
foot, The maximum attack altitude is 5 ft from ground level; the minimum
altitude is 17 in. = 1.42 ft. A target missile approaches along the line
P at an attack angle 9 deg measured from the normal to the line of charges

and at an altitude of (6.5-h) ft. Points 3 and 4 represent the intersection
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of the missile path with lines X3 and X4 . The point X Y is the

intersection of the missile path with an imaginary line lying mioway

between the 2 lines of charge (plan and elevation). This line shall
be referred to as the center-of-gravity (cg) line in the sequel. The

plate to be defended is inclined at 30 deg to the horizontal as stated

in the test specification (section 3.1).

3.2,1 Advantages of Geometry Chosen

(S) A number of other configurations would have been possible
for successfil function, The particular one chosen has several ad-
vantages over all others considered but is not the most economical solu-

tion in regard to system size. Specifically bulk (overhang) was ac-
cepted for simplicity to facilitate demonstration of the Dash-Dot con-

cept. For incorporation in a tank, considerable size reduction should
be possible.

3.2.2 Fence Design

(S) The optical elements were chosen to look upward (rather than

downward),not only to simplify mounting the system, but also to eliminate
ground reflection noise and the disturbing effect of shell shadows on the
ground, Satisfactory performance is possible for either case. This fea-

ture had to be weighed against factors such as the increased IR jamming,
susceptibility to the sun, flares, and gun flashes. This susceptibility

arises merely from an abnormally increased background level that has the
effect of temporarily lowering over-all detector sensitivity; malfunction

as such will not occur because of the requirement of the sequential alert
of fences A, B, and C. Thus an external flare will excite all 3 fences

simultaneously and will automatically be ignored.

(S) A saving in overhang is realized if the velocity-measuring
fences (A and B) are inclined to the vertical and brought closer to the
defended plate. However, the advantages of the configuration of figure

3-1 are:

(a) Charge selection is made independent of the attack

altitude h.

(b) Increased velocity-measuring precision.

(S) Fence C intersects fence B above P (rather than below),
thereby matching the longer fragmentation flighT time required at large
attack altitudes to an earlier computer decision (earlier intercept of

fence C).

(S) Altitude measuring precision increases with increasing angle o

Twenty degrees is a working compromise between a moderate amount of over-

hang and system accuracy. Velocity measuring precision increases with
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increasing a. At a = 1 ft, velocity errors are about 0.8 percent.

Distance e (= 3.75 ft) Is dictated by the firing delay time, the frag-
mentation flight time (at a minimum attack altitude), and a minimum
overhang.

(C) It is necessary to make the velocity measuring fences (A and
B) the first two intercepted fences since

(a) The altitude computation requires previous knowledge of

the velocity,

(b) The charge selection computer functions f-om information
from the velocity-measuring fences only.

3o.,3 Line-Charge Array

(S) The ideal line-charge array would be a single line charge
equal in length to the defended structure. There would then be no need
for a charge selection computer and no potential target could get past
such a wall of fire unscathed. Such a proposal is infeasible for several
fairly obvious reasons. (a) Such a single wall of fragmentation would

require about 100 lb of high explosive (for, say, a tank wall 20 ft long);
the resultant blast and shock wave would destroy the system, the defended-
vehicle personnel, or both, and (b) even if no damage resulted, the tank
would be left completely undefended until another such (unwieldy and heavy)
charge could be repositioned.

(S) Since the maximum anticipated caliber of attacking artillery
is about 4 in., a more workable solution is to construct the line charge
in segments and detonate (per decision of the charge selection computer)

the appropriate segment. The segments chosen are about 10 in. long, have
an effective lateral* coverage of about 12 in. and contain about 6 lb of
high explosive. It should be further noted that with a segmentation de-
sign, the tank is not left completely undefended immediately after system
function, indeed, the tank remains defended except for a small length
representing the recently detonated charge. The likelihood of a second

missile directed to the same vertical strip on the tank within, say, 2

see., is statistically small.

(S) With the choice of a segmented line-charge defense*** two
new problems arise: (a) adjacent line charges must not detonate sym-
pathetically and (b) no holes should exist in the array of line charges

for any angle of attack and any caliber. To satisfy these conflicting
requirements, the staggered brickwork array of charges was adopted

* i.e., along the major axis of the charge.

** Assuming an automatic device reloads the blank station in this arbi-
trary interval.

*** To be simply called line charge in sequel.
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(figure 3-1). Not shown in the figure are steel deflector plates sur-

rounding each charge; these allow closest pa~king of 'the charges without
sufficient blast to cause nearest-neighbor detonation.

(S) From a measurement of the 'transit times of an attacking round be-
tween fence A and fence B and between fence B and fence C, it is appar-
ent that it i's possible to directly measure the normal component.of
velocity and height of attack. From a knowledge of which particular
pickets in fences A and B are triggered, it is possible to measure 0.

It is thus possible to completely specify the threerdimensional tra-
jectory in the horizontal plane of any missile approaching the system.
Provided with this information, a firing time may be computed (for the
appropriate line charge) to effect a collision between any selected
point on the missile axis and the line of charge fragments.

3.3 Firing Time Equations*

(S) Define,

T f3= firing time** for an X3 selected charge,

Tf4=.firing time for an X4 selected charge.

Tf = firing time for an X selected charge,

Tf3 = collision time4 for an X 3 selected charge

T4 = collision time for an X4 selected charge,

T = collision time for an X selected charge,

T c3= fragmenta time f or an X 3 selected charge,

T c4= fragmentation flight time for n X4 selected charge

T = fragmentation flight time for an X selected charge,
c3

V = line charge fragment velocity (8000 fps),

The early work on the geometrical analysis is contained in DOFL
Report TR-433, "Theoretical Analysis of a Dash-Dot Sensing System,"
by Orval R. Cruzan, December 1957, (Secret).

* i.e., time at which the firing pulse is delivered to a charge
lying on X 3.

** i.e., time at which a collision occurs between line charge frag-

ments and missile.

**** i.e;, elapsed time interval (sec) between firing command and missile
intercept.
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V = true missile velocity (fps),

a = fixed distance between fence A and fence B (1 ft),

e = fixed distance from fence B to X3 line (3.75 ft),

= fixed angle between fences B and C (20 deg),

TO = time of missile interception of fence A,

T1 = time of mlzdile interception of fence B,

T2 = time of missile interception of fence C, and

h = distance from P to intersection of fence B with fence C.m

For a collision, there must be

Tf3 + T = T (3.1a)

T M + Tc4 T 4 (3.1b)

Tf + Tc = T (3.1c)

From figure 3-1,

T - 6.5 - h - I.0 5.50-h (3.2a)
c3 8000 8000 (

T 6.5 -h (3.2b)
c4 8000' and

- 6.5 - h - 1.0/2 6.00 - h
Tc 8000 8000 (3.

To express h write

tan - h but
tan ~ h

X2 -X1  Vm cos 0 (T2 -T 1 ); (3.4)

also

a V cos 9. 
(3.5)

T 1 - T m
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By eliminating V cos 9 from equations(3.4) and (3.5), the result is

X2 - X 1 = a 7l " (3.6)

Inserting equation (3.6) in equation(3.4) gives the height

h - tan -T " (3.7)

To determine the collision time T3  for a charge located on the
X3 -line,. 

write

T3 - 1 eT3 T e = constant or
T I-T 0 aT1 TO

T3T +a£(T 1 -T O) 
(3.8)

3 1 a 1 0 38

From equation (3.1a),

f3 T 3 T c3

From combining equations (3.1a), (3.2a), and (3.7) with (3.8), the
firing-time Tf 3 results for a charge located on the X 3-lne:

a11 oT 2 -TI\ 5.50

Tf3 = T + a (TI -T)+ 8000atan TiT 1  j 8000 (3.9)

which is the first firing time equation sought. Inspection of figure

3-1 gives

.25 1.0 (3.10)

f4 f3 + V cos 0 8000
m

From using equations (3.5) and (3.9) to eliminate Vm cos 9 and Tf3
in equation (3.10) the result is

e+.25 ( (TT T+ \ 6.5
ef4 = + a (TT1T) + 8000 tan T, T) 8000 (3.11)

which is the second kind of firing time equation. Finally Tf is
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determined from either of the pair of equations,

T + .125 10/2 and (3.12a)

"'f f3 V cos @ 8000
m

.125 1 20/2 (3.12b)

Tf f4V cos 8000
m

Substituting equations (3,9) and (3.5) into, say, equation (312a)

yields

T 1T+ e + 125 T> a 8

f a 18000 tan l TO) 8000
(3.13)

To simplify equation (3.13) set

T2 - T 1  4T2 ,

I - T 0 AT 1 and

Tf -T = ATf

To get that

ATe + J25 
TT + A6.0 (

a 1 8000 tan9 AT 2 8000

On substituting in equation (3.14) the actually 
used values for e, a, and

9, equation (3,14) becomes

- T2  
(315)

AT 3.89 AT, + 3.43 x 10 -  \ TI1

Lf 1 _T1 . 0 0 .( , 5

Equation (3,15) is the third kind of 
firing time equation that holds

exactly for a hypothetical cg line charge 
that hits the ogive of an

attacking round.

(S) If it is desired that the line charge 
fragments intercept the at-

tacking missile at, say 10 ino (0.83 
ft) back of the ogive, an additional

time delay must be added to ATf in equation (3.15). This additional

time delay will be

0.8333 = 0.833 cos 9 AT1 sec. 
(3.16)

V1
m
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(S) For the special case of 0 = 0, equation (3.16) combines with
equation (3.15) to yield

AT 2

ATf = 4.71 AT 1 + 3.43 x l0 - AT 2 - 7.50 x 10 sec (3.17)
1 AT, 2

It is this firing time equation that has actually been employed in the

working system.

3.4 Charge Selection Equation

(C) Since the two lines of charges are onily 0.25 ft apart, it is
permissible to set up the charge selection equation for X (rather than
separately for the X line and the X4 line). It is therefore re-
quired to determine the point X, Y. The actual charge whose center lies
nearest this point will be selected by the computer. Thus,

y-y X-x
o o e+O.125 + a

YI - Y o  X1 - °  a
Y1 o 1 o

The coordinate Y of the charge to be fired is obtained by solving for Y:

SY (e + 0.125 + a) (Y - y ) Y (3.18)

o a 1 0

(C) The equation given above, which is based on the analytical method,
has not been used for the design of the charge-selecting computer; it
has only been introduced for the sake of completeness, that is, full
utilization of the previous equations, In the experimental system
actually built, a geographic approach has been employed (section 9).

3.5 Error Analysis

(S) The successful defeat of an attacking missile will depend on the
correct computation of two distinct quantities. These are:

(a) Selecting the proper defending charge, and

(b) Computing the required firing time of that charge,

Objective (a) is accomplished by measuring (figure 3-1) Yo etc., and
9; for objective (b) we require to know the velocity V , height h,
time to, etc. The inherent errors in measuring Yo and 9 are due
to the quantized nature of the detection fence. As each fence approaches
the ideal case of a continuum of infinitesimally narrow quasi-parallel pickets
very close together, these errors approach zero. The quantities V, h, and
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t are all subject to a random but small geometrical error that arises
0
from the non-continuum nature of each fence, Representing the worst
ogive by a simple 30-deg cone with rounded point, (figure 3.2), the in-
stant of fence intercept will be different for the case of the line of
attack, P M directed in the space between adjacent pickets and the
case of head-on intercept. The principal ogive shapes likely to occur
are flat (blunt) nose, pointed nose, or spherical. The penetration er-
ror is zero for all of these except the rounded-point 30-deg cone as
shown in figure 3-2. This case is discussed below.

3.5.1 Vm-Error Due to Random Fence Penetration

(C) Vm is measured by the time interval tl - to. An error in
Vm will arise only when fences A and B are penetrated differently. Thus
when both fences are penetrated between centers, say, the error in V
cancels out. The maximum error otherwise in Vm is o x 100 percent m =
1.7 percent for the worst possible case.

3.5.2 h-Error Due to Random Fence Penetration

(C) The argument is identical to the one for Vm except that
fences B and C are employed. The percent error, however, is different
varying in this case from a maximum of 3.4 percent (h = 1.5 ft.) to a
minimum of 0.9 percent (h = 5.08 ft).

3.5.3 TO-Error due to Random Fence Penetration

(C) From figure 3-2 this error in to = A t 0.2/12
0 -- f V sec

0.017 m

V sec (max). The other, more important error under objective (b)

ismself-imposed. This occurs when, in the interest of simplification,
we imagine that the 2 rows of charges, X3 and X4 in figure 3-1, are
replaced by a center-of-gravity line of charges, X in figure 3-1,
and when the firing time is computed on the assumption that the computer-
selected charge lies along X. In the sequel, this will be referred to
as the cg error.

(C) The concept of required firing time needs some additional
discussion. In general, it is insufficient merely to hit an incoming
missile any where along its length. Each potential target will have a
different caliber, length, and area of maximum vulnerability. A suc-
cessful system should be capable of making additional decisions on which
portion of a given target is probably most vulnerable to line-charge at-
tack. A study made of likely antitank missiles suggests that the incom-
ing target be hit at a given (compromised) percentage of its own length
back of the nose. This adds, in addition to the stated detection
parameters, a length and cosine measurement of the attacking object.
This may be readily accomplished by measuring the duration of signal T

in any one fence, as shown in section 9.4.
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(U Thus length = L = Vm 1 ,. In addition to a knowledge of
V, h, and t under objective h, there should, therefore, be added a
kno'vledge of -'

3.54 Error Analysis of Charge Selection

(C) From figure 3-1, it is noted that the error in the appropriate
charge selection may be defined in terms of the additive errors in
either the set Y and 0 or in the set of 7. and Yl. The latter
method is chosen for convenience,

(C), Figure 3-'3 indicafes a short cross section of fence A (or fence B)
as it appears to an approaching missile. Figure 3-4 is an enlarged
section of a missile intercept, with fences A and B. The true and appar-
ent attack raths are, in general, different because of the quantized
nature ef each fence. Figure 3-5 (to a reduced size) indicates the re-
sultant error in charge selection. It is assumed that each square de-

tection picket has uniform sensitivity ever its cross section and zero
sensitivity anywhere else.

le

= Attack angle (angle between attack path and normal to the
fence),

b Pickets center-to-center spacing,

r Effective picket radius,

c = Caliber (diameter) of attacking round,

n -7'he number of alerted pickets in a fence (tangential or
grazing attack is considered a full intercept),

Q 'lotal amniglg ;v in attack artifude ( i.e. ambiguity in I

and ',k given n, b, c, r, 0, 0

bl= b cos Q effective picket spacing at an attack angle 0,

Y correct charge coordinate,

error in charge coordinate.

For an attack angle of 0 Cfigure 3-2), the picket radius DE is

DE E D cos (45° - 0),

cr DE .8351 cos (45 0 - 0) (3.19)

if the pickets were round (dotted circle) in figure 3-3 the attack cross-

section radius z 0.5906 in. always. However, the corners of the squire

pickets are relatively ineffective in producing a missile intercept, The
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Figure 3,3 Typical picket array in a fence
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quantity ?effective picket radius , r, will be defined by

r = 2 .5906 (3.20)

as a working compromise.

(C) 'Me attack attitude shall be defined as the relative dis-
placement of tne attack path along the line joining picket centers in
any one fence., It may be measureq as the distance between Y and
the nearest picket center in fence A, or as the distance betwen Yl and
the nearest picket center in fence B. Considering any particular
picket in f~gure 3-3, the attack tttitude (at @ = 0) ranges from a max-
imum of 4 to a minimum of

b

Hence Q(maL = 2 ( ) b; at any other 9, Q max Ib'. To
determine /Y1 it is first necessary to define the function Q in terms
of n, C, band r. From figure 3-5, it is evident that

tYmax Q/'252.5 - 6 , or AYmax = 4,38 Q (3.21)

Simple 'rigcnometry yields AG in terms of Q, viz,

ILm = arctan R coL@/a = arctan Q cos 2  (3.22)max 6/cos 0 12

Figure 3-4 shows an enlarged portion of figure 3-5 for greater clarity..

3 5.4 1 Special Case of Normal Attack (0 = 00)

(U) Zero pickets alerted is operationally uninteresting
since this implies a caliter less than b-2r. A minimum requirement is,
therefA,

c > (b - 2r) for n > . (3.23)

To determine Q under all operational conditions, it is necessary to fix
n* and examine what conditions must then be imposed on c, b, and r. Upon
examination of figure 3-3, the tabulation given below results.

* i e., a particular subset n out of the entire array of pickets is

chosen, e.g., if n = 3, the 6th, 7th, and 8th pickets might have been
selected. Since the computing system can distinguish, say, picket 4 from
picket 5 (for n = 1) there is no loss in geke-rality in selecting a partic-
ular- subset.
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C
n Applicable Q

mm In. constraint

37 1o46 1 b -2r < C < 2b - 2r (2b - 2r) - C

57 2.24 1 Impossible; since C > 2b-2r

75 2,96 1 Impossible

90 3.54 1 Impossible

105 4.13 1 Impossible

37 1,46 2 b 2r < C < 2b - 2r C - (b- 2r)

57 2.24 2 2b 2r < C < 3b -2r (3b - 2r) - C

75 2.96 2 2b - 2r < C < 3b - 2r (3b - 2r) - C

90 3,54 2 Impossible

105 4,13 2 Impossible

37 1.46 3 Impossible

57 2.24 3 2b - 2r < C < 3b 2r C - (2b - 2r)

75 2.96 3 2b - 2r < C < 3b - 2r C - (2b - 2r)

90 3,54 3 3b 2r < C < 4b -2r (4b - 2r) - C

105 4,13 3 3b - 2r < C < 4b - 2r (4b - 2r) - C

37 1,46 4 Impossible

57 2,24 4 Impossible

75 2,96 4 Impossible

90 3,54 4 3b 2r < C < 4b - 2r C - (3b - 2r)

105 413 4 3b 2r < C < 4b - 2r C - (3b - 2r)

1 46
jhrough 5 Impossible
4,13

11 ~n..)b-2r] < C K [nb - 2 r C- jj(n-l)b-2 (3.24)

n -2r<C< [(~~-2]Ln±l)b-2 r] - C
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From 'he p.,:-,ceding discussion, it is evidat that
for any pre crirkod number of pickets alerted a maximum and a minimum cal-
iter exizt, -o alert . and only 3 pickets requires at least that

12b -2r] < C< [4b21 (3.25)

Although equation (3.25) is a necessary condition, it is not a suff~ciaemt
one since, for this caliber range, it is apparent that a 4-picket iffter-
'ept may o.cur for certain attack attitudes. This arises from the over-
lapping requirements for adjacent values of n which again depend on the
particular values assigned to r and b, i.e., on the quantized nature of
the fence, For any specific value of n chosen there will exist two at-
tack amt-iguity equations (expression for Q) and two corresponding condi-.
tions on the caliber as given by equation (3.24). The tabulation pro-
vides a value for the function Q (ease of 0 =: O) for all enumerable
cases for the 5 typical antitank missile calibers chosen. Applying equa-
tion (3.21) se;*-tion 3.54) yields the final maximum error in charge selec-
+310p LYe'

ae2 Case for 0 1 00

(I) Equation f3.24) is still valid if b is replaced by
1' in the general case. As :increases from 0 deg, the pickets crowd
together more and then cverla;. The results of the detailed calculations
that fc.llov have assumed the -,'crst possible conditions- that is, where
the errors in aitack attitude in fence A and fence B are additive, as
seen in figure 3-4. Table 34 gives numerical values for Y for
the 5 arbitrarly chosen calibers over 10 deg steps in 9 (fromb = 0O to
0 600) and covering all allowable valuex of n, All missing values of
n are physically unrealizale., The data in table 3-1 may be. plotted in
several 7ay: sinc.e the error value Ym, is given as a function of c,
n, and @, In figure 3 t1he greatest vlue of Aimax is plotted versus

9 for various calibers, where for each plotted point that particular
value of n is chosen that yields the largest Yax it must be under-
atood that the Y a, values listed in table 3-1 assume all allowable

value5 of r, n, and 0. ' hus for 37-mm caliber at 0 = Go. a 2-picket
intercept n = 2) yields a larger value (/Ymax = 5,3 in.) than. for a
1-picket intercept (LYfmax -- 0.96 in,). Wigure 3-1 shows what absolute
ma-imum errors may be e ected withou.t regard to statistical probabilityo
The -coMupuJez p, tT_,5 eVery 10 deg) have been ar'bitrarily connected in a
smooth curve. Aizother more useful function to plot is "Ymax, W t'
is defined as the error averaged over all n when both C and 9 are
specified. From table 3-1, at 0 9 30 deg, C = 57 mm (for example) there
are 2 distinct values for L Y. a 2-piicket alert yields Y = 0.31 in.;
a 3-picket alert yields \ y 5.07 in. In the absence of any a priori
knowledge as to whether a 2-picket intercept may be more or less probable
than a 3-pi,.ket intercept set

y= 3 + 5,07 2.69 in. (3.26)
2
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Table 3.1 Computed Maximum Errors in Charge Selection (AY)*

Caliber 9 69 Caliber 9 A9(mm) n deg (max) (max) (mm) n deg (max) (max)
deg in. deg in.

37 1 0 1.05 0.96 75 4 30 2.33 2.84

37 2 0 5.7 5.30 90 4 30 4.41 5.38
57 2 0 4.1 3.76 105 4 30 2.37 2.89
75 2 0 0.67 0.61 105 5 30 2.08 2.54

57 3 0 2.67 2°45
75 3 0 6.08 5.60 37 2 40 1.12 1,75
90 3 0 4.73 4.33 37 3 40 1.93 3.02
105 3 0 1.91 1.75 57 3 40 1.99 3.10
90 4 0 2.10 1.92 57 4 40 1.07 1.66
105 4 0 4,92 4,51 75 4 40 3.06 4.77

90 4 40 1.43 2.23

37 1 10 0.29 0.35 75 5 40 0.29 0.04
37 2 10 1.53 6.04 90 -- 5 40 1.65 2.58
57 2 10 325 3.06 105 5 40 2.83 4.42

57 3 10 3.25 3.06 105 6 40 0.22 0.31
75 3 10 6.40 6.08
90 3 10 3.76 3.54 37 3 50 1.56 3.46

105 3 10 1.02 0.96 57 3 50 0.02 0.04
75 4 10 0.09 0.09 37 4 50 0.26 0.57
90 4 10 2.78 2.62 57 4 50 1.79 3.98
105 4 10 5.50 5.20 75 4 50 0.41 0.92

75 5 50 1.40 3.11
37 2 20 5.16 5.33 90 5 50 1.08 2.41
57 2 20 1.85 1.92 90 6 50 0.73 1.62
37 3 20 0.51 0.53 105 6 50 1.71 3.81
57 3 20 3.8 3.93 105 7 50 0.08 0.18
75 3 20 4.47 4.63

90 3 20 2.02 2.10 37 3 60 -0 0
75 4 20 1.18 1.22 37 4 60 -'0 -0
90 4 20 3.63 3.76 37 5 60 "-'0 -0
105 4 20 5.19 5.38 57 5 60 0.77 2.84

105 5 20 0.46 0.48 57 6 60 0.09 0.31

75 6 60 0.76 2.80
37 2 30 3.05 3.72 90 6 60 0.07 0.26
57 2 30 0.25 0.31 75 7 60 0.09 0,31
37 3 30 1.36 1.66 90 7 60 0.77 2.84
57 3 30 4.16 5.07 105 7 60 0.21 0,79
75 3 30 2.12 2.58 105 8 50 0.63 2132

90 3 30 0.03 0.04

* Assuming, (a) the lethally acceptable calibers are arbitrarily chosen

to be 37, 57, 75, 90, and 105 mml and (b) the attack angle 9 ranges from

0 deg to 50 deg in 10-deg steps. All unlisted combinations of caliber,
9, and n are physically unrealizable,
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(U) Figure 3-7 has been constructed in this manner and yields

the interesting result that AY is independent of caliber; i.e., the family
of curves of figure 3-6 shrinks into a single curve. Another interesting

result is that only 2 different values for n exist for any given C and 9

combination. ,This result was predictable from the double set of equations

(3.24). Inspection of the computed points in figure 3-7 shows that ZY
varies as cos 0. In fact,

AY = 3.12 cos 9 . (3.27)

This is consistent with the requirement that when the pickets move infin-
itely close together (effective picket separation = 0 at 0 = 900), 2Y
approaches zero.

(S) From the data of figure 3-7, it is reasonable to require

that on the average each individual line charge of 10 in. nominal length
should have additional end coverages of about 3 in., making for an effec-

tive length of 16 in. If this additional coverage is achieved by shaping
the fragmentation pattern into a fan-shaped beam (along the direction of
a fence), the effective length of coverage will now be a function of h,

the height of the attack. Hence the only reliable solution would be an
array of 16 in. long line charges with 3 in. overlap and with a parallel

fragmentation pattern. If the requirement is for 100 percent reliability

under the worst possible conditions, it is apparent (from figure 3-6) that

the overlap of adjacent charges should equal 6.1 in. (case of 75-mm cali-

ber at 10 deg).

(S) The significant factor in the foregoing discussion is not

the length of the charge but the overlapping lethal coverage of adjacent
charges. If, however. a physical overlap arrangement is unfeasible (due

to sympathetic detonation) and 100 percent reliability is required, it may

be achieved by directing the system to detonate the computed charge in ad-
dition to its nearest-neighbor charges. In this case it is only necessary

that the length of the individual line charge be at least as great as the
maximum charge coordinate error. In conclusion, if this average error

YL- 3.12 in., each line charge should '3.3 in, in length retaining

the net explosive length of 10 in. Highly important as this considera-

tion is, lack of time and funds has prevented its incorporation in the
experimental systew.

3.5.5 Error Analysis of CG Firing Time Approximation

(C) Equations (3,9), (3.11), and (3.13) of section 3.3 give the
exact required firing times in terms of known constants and computer-meas-
ured time intervals. An analysis is now presented of the expected firing

time errors if only equation (3.13) for Tf is used* without regard as to

*i.e.. one averaged firing-time computer is needed instead of two exact

firing-time computers.
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whether the correctly chosen charge be of the X type or the X4 type.

The resultant array of firing time errors will then be expressed in terms
of an array of impact point errors subject to the parameters of missile
velocity, VM, and attack angle 9 in 10-deg steps from 9 = 0 to 9 = 600.

Define,

K = timing error incurred when an X3 charge is fired

K4 = timing error incurred when an X4 charge is fired,

L3 = missile impact point error associated with K3. and

L4 = missile impact point error associated with K 4

Thus,

K3 = Tf - Tf3 (3.28)

K4 = Tf - Tf4 (3.29)

From equations (12a) (section 3.3)

K + .125 .417 nd (3.30)
V cos @ 8000m

- .125 .417 (3.31)K4 cos @ ' 8000
m

From the definition of L3 and L4V

L3 = 12 K V (in.) = ol- 5.95 x 10-4 V (3.32)
3 3 m Cos 0M.

L =12K V (in.)= + 5.95 x 10 - 4 V (3.33)
4 4 m Cos 0 m

(U) The factor of 12 gives the resultant error in inches. Table
3-2 gives the results of a numerical calculation of K3 ( sec) and L (in.)
for missile velocities (V ) from 200 to 4000 fps in about 500 fps steps
and for 9 from 0 deg to 60mdeg in 10-deg steps. Since K= -K4, L3 = -L4,

only K and L have been computed (for a T f3correct'iring time3. Figure
3-8 is a plot of the numbers in table 3-2. Fu
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Table 3.2. Impact Error B as a Function of Vm and 9

o Vm K3  L 3  9 Vm K3  L3  9 Vm K3  L
deg fps psec in. deg fps pisec in. deg fps pisec in.

o 4000 +18.3 + .9 20 2500 - 4 - .1 40 1000 -113 -1.4

3500 +13.8 + .6 2000 -17 - .4 750 -168 -1.5

3000 + 8 + .3 1500 -39 - .7 500 -277 -1.7

2500 0 0 1000 -83 ;7-1.0 200 -766 -1.8

2000 -13 - .3 750 -128 -1.15 50 4000 + 1 + .05

1500 -34 - .6 500 -217 -1.3 3500 - 6 - .25

1000 -75 - .9 200 -616 -1.5 3000 -1.6 - .55

750 -117 -1.05 30 4000 +13.5 + .65 2500 - 28 - .8

500 -200 -1.2 3500 + 8 + .35 2000 -48 -1.1

200 -575 -1.4 3000 + 2 + .06 1500 -80 -1.4

10 4000 +18 + .9 2500 - 8 - .2 1000 -144 -1.7

3500 +13 + .6 2000 -23 - .5 750 -209 -1.9

3000 +7.5 + .3 1500 -47 - .8 500 -338 -2.0

2500 0 0 1000 -94 -1.1 200 -920 -2.2

2000 -14 - .3 750 -142 -1.3 6 00 -3 -.

1500 -35 - .6 500 -238 -1.4 3500 -22 - .9

1000 -77 - 9 200 -670 -1.6 3000 -34 -1.2

750 -119 -1.1 40 4000 + 9 + .4 2500 -50 -1.5

50-0 -123500 + 3 + .1 2000 -75 -1.8

20-8 -143000 - 5 - .2 1500 -117 -2.1

20 4000 +16 + .8 2500 -16 - .5 1000 -200 -2.4

3500 +11 + .5 2000 -32 - .8 750 -283 -2.6

3000 + 5 + .2 1500 -59 -1.1 500 -450 -2.7

200 -1200 -2.9

SECRET 73
This dooun t-ontalns inforrmatioM affecting the national deftnaeif the UnIted11tates W~th$~.maigo h sing laws, tis,
IS U. S. C., 713l and 794. its traneMlulon or the revelation of Its contents In any manner 11110-unauthorized person Is prohibtd bW law,4



SECRET

4. OPTICAL DETECTION ELEMENTS

H. W. Straub, J. Arthaber

4.1 Design of Reflector

(S) The first experiments that proved that it was indeed possible to
obtain from fast-moving shell signals of sufficient strength to operate

a computer were made with 50-mm diameter parabolic reflectors taken

from commercial flashlights. The distribution of sensitivity across

the beam at a 7-ft range, as measurd by a recording method specially
developed for this purpose, * is shown in figure 4-1. This type reflec-

tor was still used in the first two-fence, velocity-only equipment (sec-

tion 5.1) which was built to test the computer for determining the firing

time of the defending charge as a function of the shell velocity alone

(section 6). It was also used in two identical equipments constructed

for the same purpose and supplied to Feltman Research and Engineering Lab-

oratory, Picatinny Arsenal, and to Ballistics Research Laboratories,

Aberdeen Proving Ground, to serve as timing tools for the defending-charge

work done at these installations.

(U) However, it was realized in the very earliest stages that both defin-

ition and parallelism of beams from flasblight-type reflectors were en-

tirely inadequate for the system accuracy required (section 3.2). In the
process of designing an improved reflector, a novel optical concept has

evolved. It has been termed the quasi-parallel light principle because it

shows a way of producing beams only the boundary lines of which are par-

allel and only out to a given distance.**

(U) Three sets of three reflectors, each set employing a different design

detail, but having the same diameter, 50 mm, as the flashlight reflectors

initially used, and a 7-ft length of the quasi-parallel detection pattern,
were obtained from three contractors ** Laboratory measurements and actual

firings verified the computed sharpness of the pattern. However, it also

turned out that the sensitivity was higher than necessary for daytime use,
meaning that the cross section could be reduced, which, in turn, improved

the sensing accuracy.

(C) Furt1irfield testsand the system analysis (section 2.2.6) resulted

in the additional requirement that, in the detection subfences (section

5.2), the leading, as well as the trailing, edge of the over-all sensi-

tivity pattern should be straight lines rather than portions of circles
and that the individual elements forming a fence should be packed as closely

as possible.

DOFL Report TR-641, "Electronic Focus and Detection Pattern Indicator,"

by J. M. Arthaber, 30 September 1958

** DOFL Report TR754, "The Quasi-Parallel Light Principle; Hollow-Conical,
Flat or Tubular Radiation or Detection Patterns," by H. W. Straub, J. M.

Arthaber, W. J. Moore, 13 January 1960.
***American Optical Co., Bausch & Lomb Optical Co., Eastman Kodak Co.
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Figure 4-1. Distribution of sensi- Figure 4-3. Distribution of sensi-

tivity flash-light reflector tivity reflector of figure 4-2.

Distribution of sensitivity at 7 ft
1 horizontal division = 2.5 cm

Vertical deflections normalized

SPHERICAL ALUMINIZED
REAR SURFACE "-1" --,.. -"

REAR SRFACEPLANE FRONT SURFACE,
" CENTER ALUMINIZED

SQUARE HOLEFOR DETECTOR

BACK VIEW FRONT VIEW

I I i i ... I a ,

Figure 4-2. Solid-glass, square cross-section reflector
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(C) In consequence, a square cross-section reflector* of solid glass with
sides 30 mm in length, employing the folded-beam technique, and maintaining
quasi-parallelism out to a distance of 7 ft, was designed and manufactured.**

Figure 4-2 shows the design. Because of the design parameters, the dimen-
sions of the hole in the mirror surface over which the photodetector was
cemented had to be 0.6 x 0.6 mm.

(U) In figure 4-3 the distribution of sensitivity across the beam at the
7-ft range is shown. The improvement in sharpness over that in figure 4-1
is obvious.***

(U) This type of reflector was intended for use in the hardware that was
to be constructed for the feasibility test. It has been used successfully
in the 3-fence experimental equipment described in section 5.

(C) It should be kept in mind that the 30-mm square cross section is a
compromise between two conflicting requirements, namely, that of high sensi-

tivity, calling for a large-area reflector, and that of high system accuracy,
calling for as many as possible small reflectors packed as closely as possi-
ble.

4.2 Selection of Photocell Type

(U) Lead sulphide (PbS) photocells suggested themselves as detectors for
application in the detection units of the Dash-Dot system because of the
following properties. They have a responsivity that is high in the near
infrared and fair in the visible region of the optical spectrum. They lend
themselves to manufacture in small sizes, as required in this project, and
their geometrical efficiency (ratio of sensitive area to front surface of
cell assembly) recommends their incorporation into the present optical sys-
tem. Also, they are rugged, nonmicrophonic, insensitive to vibration and
mechanical shock, and can stand temperatures up to 100 deg C.

U) In order to cover the hole for the detector in the reflector shown in
figure 4-2, the dimensions of the PbS cells used were chosen to be 0.8 x 0.8
Mm.

(U) The small time constant of the more expensive lead selenide photocells
did not offer an effective advantage because of their lower responsivityo

Lead tellpride photodetectors were not readily available, Phototubes and
photomultipliers were rejected because of their relatively large size and
their comparatively podr response in the near infrared region,

The necessity of the square cross section was first pointed out byco-auth-
or R. J. Paradis

** Bausch & Lomb Optical Co.
*** The structure of the peak of the trace is attributed to the sensi-
tivity contour of the detector used.
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(U) It was evident that the output impedance of unmodified PbS cells
(figure 4-4) was too high to permit matching it with the input impedance
of the transistor circuitry connected with it. The difficulty was re-
solved by the so-called grid design of the cell electrodes or snake de-
sign of the sensitive area (figure 4-5). The expansion of the two
electrodes into two interleaving comblike patterns results in a snake-
like arrangement of the sensitive area, which, although remaining square
in its over-all shape, now represents a long and narrow strip of photo-
sensitive material with.the electrodes connected to its long sides. In
this manner, a reduction of cell resistance from about 0.8 megohms to
15 k ohms was achieved.

(U) To determine the usability of different photocells, the signal-to-
noise ratio of their response to 20-kc square-wave light pulses from a
neon lamp was measured and their short-circuit signal current computed
(figure 4-6). These average data are given for sensitive areas of 1 x 1

mm, cell power dissipation of 1 mw and total radiation intensity of
I iLw/mm2 .

(U) The effect of changing the voltage across the photocell and load
resistor was investigated. The diagram in figure 4-7 shows the results
ol such a test.

(U) During field testing, the suspicion arose that the steady light in-
put from the backgruund tended to severely increase the photocell noise,
No significant effect of that kind, however, was observed in laboratory
tests in the range between 80 cps and 40 kc. The results for several
samples are represented in the diagram in figure 4-8. The illumination
of the photocells is indicated by the decrease in cell resistance. The
load resistance was equal to the cell dark resistance, In the optical
systems used, this resistance drop remained below 30 percent, depending
upon the illumination.
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Figure 4-8. Change of cell noise with illumination
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5. OPTICAL DETECTION EQUIPMENT

R. R. Ulrich, R. J. Paradis, L. Melamed

5.1 Velocity-Only Detection Unit

(C) Most of the earlier field testing of the computer system was done
with a computer that determined the firing time as a function of velocity
only. In these measurements the height of the projectile and the angle
of approach were preset. Since a great deal of useful data were collected
from these field tests, it is worthwhile to give some attention to the
detecting unit involved, The velocity-only detection unit is shown in
figure 5-1. It consists of two detection regions spaced exactly I ft
apart. Each detection region originates from a series of four parabolic
flashlight reflectors with a PbS cell mounted at the focal point of each
reflector. Two aluminum baffle boxes with a 1-in. wide slot are located
over the reflectors. The baffles prevent sunlight from striking the detec-

tors, and they also sharpen the boundaries of the detection region. The
unit shown is hermetically sealed and pressurized to prevent atmospheric
humidity from affecting the PbS cells and is equipped with safety glass
windows.

(S) Two units of the described type were supplied to Picatinny Arsenal
and Ballistics Research Laboratory, Aberdeen Proving Grounds, as timing
tools for their work on the defending charges, It was with these units
that shells were consistently destroyed in flight.

5.2 Subfence Unit

5.2.1 Description

(C) The ba:iiu optical elem]ent that forus t.: dtacio region
for the investigations described in ,his report ;s the Equare reil~ctor
described in section 4.1 and showvn in figure 4-2 A series of 64 pickets
arranged in a line, each originaTin- in one of these reflectors, forms a
complete detection fence. The construction of dhe fence is greatly sim-
plified by mounting the reflectors in units comptising only 9, small por-
tion of the fence. These subfence unite, %hen placed end to end, form a
complete fence, each subfence unit serving as a building block module
This arrangement has the following advantages:

(a) Defective portions of the fence are easily replaced,

(b) The optical fence structure is transportable,

(c) Closer tolerances can be held in the construction of the

fence,

(d) Alignment procedures are simplified.

SECRET
This document contain Information afoting the national defense W the United Staten wh ghe meanni of the espionage laws, title,OU. S.C., 793 and 794, It transmission or thervelation o It oontents in any mannert *sunauthorzed person Is prohlbited by aw,



f

41

-4

82



CONFIDENTIAL

(C) The design of the subfence units used in the field tests was
based mainly on the following considerations:

(a) Positional accuracy of the detection region,

(b) Ease of replacement of components.

Little or no regard was given to the following:

. (a) Cost of units,

(b) Compactness of units;

(c) Methods for mass-producing units.

Figure 5-2 shows an optical subfence.

5.2.2 Design Specifications

(U) The square reflectors are spaced so that the distance be-
tween the centers of every eighth reflector is 10 in. (254 ram). This
results in a spacing of 36.28 mm from the center of one reflector to
the center of the adjacent one and a separation of 6.28 mm between the
edges of two adjacent detection beams, The subfence unit, wnich is also
10 in. long, holds seven reflectors (figure 5-2 and 5-3 ,

(C) The maximum tolerable deviation in detection picket align-
ment was set at ± 1/8 in. at 7 ft in accordance with the maximum accept-
able time error that can be tolerated in the computer for proper func-
tioning (sectiow 2.2.6).

5.2.3 Special Considerations

(U) The square reflector consists of a folded optics system be-
hind which the detector is located. Figure 5-4 illustrates the reflec-
tor optics and also shows a region in front of the reflector tnrough
which light can directly strike the detector, A baffle plate as &iown in
position A will prevent direct light from striking the detector. However,
light could reflect off the baffle wall and on to the detector, Aatually,
spurious signals were obtained on sunny days as the shadow of a projp-ct.le
fired over the subfence units crossed the baffle walls, This effect could
be greatly reduced and often eliminated by ustng a speuially designed baf-
fle, A cross-sectional view of such a baffle is shown in position 9, and
it can be seen that the only light that could be reflected on to the detec-
tor must come from the baffle edges. Each subfence unit has its owa light
baffle structure between each reflector as shown in figure 5-5.

5.2.4 Cell Mounting

(U) An important but tedious task in the assembly of a subfence
unit is the mounting of the detector on to the reflector. A low impedance
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0.8-mm square, lead sulfide cell (section 4,2) is mounted over the 0.6-mm
square pinhole in the back of the reflector. To insure correct mounting
'of the cells, the picket detection beams were investigated by a method
that displays the detection pattern on an oscilloscope.

5.3 Mounting Structure

5.3.1 System Layout

(C) The optical detection layout for the proposed test consists
of three detection fences spaced as shown in figure 3-l.and described in
section 3.2. Each fence is 10 ft long and consists of 12 subfence units
placed end to end. There are 84 pickets in each fence.

5.3.2 Z-Shaped Structure

(C) A simplified, experimental mounting structure was designed
and constructed specifically for field testing the computers. The struc-
ture consists of a Z-shaped platform secured on a r otatable gun mount as
shown in figure 5-6. The platform supports three subfence units, each
representing a portion of a different detection fence. Subfence units
A and C can be moved to various positions along the arms of the Z. Unit
B is in a fixed position with its center located directly over the center
of rotation of the gun mount. By rotating the gun mount and displacing
units A and C in the appropriate positions on the arms, all angles of ap-
proach of a projectile from 0 deg to 55 deg can be covered.

(S) For a 0 deg approach of a projectile, the three units are
located directly behind each other along the central member of the Z-
frame, and unit C can be located at various positions along this member.

By changing the position of unit C, which is inclined at 20 deg with unit
B, various approach altitudes can be simulated.

(U) To maintain flatness and levelness of the aluminum alloy
mounting surface, elaborate heat treatment and machining procedures were
employed. Three months after final machining, the surface had not shown
any noticeable distortion.

5.4 Alignment Methods

5.4.1 Picket Alignment

(U) The alignment of the individual reflectors in a subfence was
performed to an accuracy of ± 1/8 in. at 7 ft from the reflectors by us-
ing the following method. An extended, radiating area was formed by

* DOFL Report TR-6411lEectronic Focus and Detection Pattern Indicator,'

by Joseph M. Arthaber, 30 September 1958.
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placing it groijic .f !uc~cn* ]Thip- tehind a diiiiu-e glas.s plate cov-
erod tv 'apu:~ japi'r. :The FuMt' nce, %Waa plar~d 7 ft above this
light ifurl..f. Pt-erdtcuiaritv r'f -, -r r, AVtec'tr axe- -with -,'he glass
p~te ?hac.. main tairted. A plunib lirie suspended from the corners of the
Muloft-.ne upi ~ti ':a -Yd Po pojer~ t' t*E .ufn cut] inea on-to the tr-ans-
lucint rper, ard lir._. that wr-re nc4, parallel with the edges of the
square d.f-'te -IoAn p '.terr-F were dramn orn the paper,, ffie straight edge
of a lar'ge pie~ce of opaque black paper was moved first parallel, then
hormal to t±heac- lint ard rhe posi f.I :n marked on -the translucent
O~pier where ttir- ]2 0-cps .ight stignal first appeared in the detector.
In OA i way, a :wquar& dr-e ti -on are~a was markied ouit for each detection

61ein -,he s!ul~fence unit. !he gernexal pattern. of the optinal fence
and ary ndisaligned elemfent. can readily be discovered. A mlialignment
of a detection element, may be due to ei-ther a machin~.ng inaccuracy in
tAe sxitfr-n e nalst or an, inaccuraicy lil 4hc reflcctor itc-elf. A reflec-
tor may t.i. aligned by (a) replacing, (t, rotating, or (C) Ethimming.

_,4,2 Sublence Alignmenl

O~nce the detection elements within a subten-,eare aligned,
!is then necesary to chec:k the alignment of the various subfences

with respeca to arch other on the Z-;i-ructure. In doing this, the
leveltoea aiA unifocnmity of the mounting surface may he CAhecked at the
same t-ime,. iemc-thod cf subfence alignment iei as follows: A
shee*, qi dall 'white tac1bground mate-rial (painted Masonite) suspended at
a kincAor :i above- the mounting platform is maintained parallel with
ihe Z-mcunir~g surface. Tlie image of a line-ar light source modulated
at '0 cpz- is fPien _4'ept a.:rc _s .he, Mamonite in such a Pay that the image
is tar-3.11el iit fMie r-.dgeQ of Vie subfence unit. The image poE-ition at
j.icli 't- in f.ps iignal wa-- first detecte-d by .ach u fn~ was then
mark-"d oD a Ma7-nhtfe, rth detecdon pattern of each fcwnce is thus loca-~
ted aztt~e kr~uwn helih and any deviaaion inr) -,hE alignmt becomes ap-
Parent.

S,,or x.2 al iE-m- of ar-sc.:iated equijsmnrt have teen demeloped in. con-
nol:tion Filh ib- fi-ld tizslnIg of t~ F d4-cticn syvsttem and In the in-

kC) In the field t(-sts, triggring E-creens having a very pre#:.ise ac-
curacy werF. reeded and this reieul t'd in the develcrnmert of the optical
cavily triggering Tu the laboratery, a m6,hod for determin-
ing the sen~itivl.y paern of flhe dette':tion units was needed. This
rEaulted in. the de-welopment' of thie ele':tronir. forus and detection pat.-

ten ndcaor* T2o interpet and monitor the respons e of the

* DOlL _Repnrt -TR-654, An Optical Cavity Triggering Screen by R. R.
Ulric-h, 23 Dc. 1959.

** DOM' ~i 6l"Electronkic WTo-ia ard Deeclion Pattern JIrdicator,"
~y josieph M. ArthaA.r, 30 Stzpvtember 1958.
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optical system in the field, an infrared photometer was developed that

measured the ambient infrared sky radiation.*

DOFL Report TR-759, " A Near Infrared Photometer," by Louis Melamed,

20 November 1959.
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6. PRELIMINARY SYSTEM

A. L. Copeland, R. J. Paradis

6.1 Background

(S) Before starting the design of the experimental system for the June

1960 feasibility test, which is described in sections 8 through 13, a
preliminary system was built that contained only two vertical, parallel

detection fences and a computer* for determining the firing time and sup-
plying a firing pulse as a function of the shell velocity alone. The
normal angle of attack and the height of the shell trajectory were held

constant. Since the velocity is the only variable, it is also called
the velocity-only system.

(U) The purpose of the system was to provide experience in"wedding" the
optical detection system to the following electronic evaluating system.
One difficulty became apparent almost immediately. It was that of ob-
taining sharp trigger pulses from the output of the long time constant
lead sulfide cell in a poorly dafined detection pattern at the. instant
when the shell crossed the fence boundary.**

6.2 Optical Equipment

6.2.1 Detection Unit

(U) The optical detection unit was the one described in section
5.1 and shown in figure 5.1.

(C) The standard flashlight reflectors used in the two 4-reflec-
tor detection fences resulted in too broad a detection pattern (figure 6-1)
and consequently produced a detection fence that departed by an unaccept-
ably wide margin, E, in figure 6-1, from a true plane. Conditions were

considerably improved by the installation in each fence of a baffle 1 ft
in length with a collimating slit 1 in, in width 1 ft above the reflectors.

The leading edge of each slit was set at a position where the detection
sensitivity was adequate along its entire length to produce a-pulse at the
instant when the fence was pierced by a shell.

(U) But even after the baffles had been installed, the pulses
were still too long under conditions of high signal level. They then
appeared as shown in figure 6-2. When a brute-force amplifier was used
to amplify the signal in order to produce a trigger pulse, the pulse occurred

* DOFL Report TM-57-7, "A Simplified Computer for the Dash-Dot System,"(U)

by R. J. Paradis, A. L. Copeland, E. Ramos, 20 March 1958.

**The improved reflectors (section 4.1) were not available at that time.
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somewhere in the shallow portion between points A and B, although the
shell did not cross the slit edge until point B was reached. The dif-

ficulty was overcome by abandoning the brute-force amplifier in favor

of a rate-of-rise amplifier, section 6*3.

(U) The baffle method, although rather crude optically speaking,
served its purpose in the particular application. It could not have
been applied in the full experimental system where the accuracy require-
ments were much higher.

6.2.2 Performance of Pb3 Clls

(C) It was found that the sensitivity of the Eastman Kodak PbS
cells was sufficient under a bright, cloudy sky. It was found insuffi-
cient in the late afternoon under a heavy overcast, and under a clear-
blue sky. The blue sky obviously lacks emission in the infrared region
of the spectrum, while late afternoon overcast sky lacks over-all light
emission. This limitation wouldknot restrict the use of the system
under operational conditions since artificial infrared floodlighting
has been envisioned for use at night time.

(U) In field test practice, the Eastman Kodak PbS cells, when
used in unsealed equipment) had a strong tendency to develop noise levels
high enough to make them useless for the present application. This seemed
to be especially so during prolonged periods of high relative humidity, and
it was concluded that the noise was due to the absorption of moisture by
the cells. The condition was remedied at various times by drying out the
units. It was for this reason that in the last design the detection unit

was hermetically sealed and pressurized, and contained a dessicant.

(U) The detection units also contained two pulse-adding circuits
(figure 6-3), which added the pulse voltages generated in the four PbS

cells of each fence. When more than one cell was observed by the traversing
shell, and fed their sum to the following rate-of-rise amplifier. This
method was chosen because of its advantage over its alternative of simply
paralleling the cell outputs.

6.3 Rate-of-Rise Amplifier

(U) The rate-of-rise amplifier was designed to fulfill the following re-
quirements:

(a) High-impedance PbS cells working into a vacuum tube amplifier.

(b) Minimum output signal required to trigger the computer gates to

be 10 v.

(c) Minimum initial signal rate-of-rise of lead sulfide cell output

to be 50 my in 500 ppec.

(d) Time lag between crossing, of slit edge by shell and delivery of

trigger pulse to be 20 psec.
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(U) The equation for the rate of rise amplifier (figure 6.4), assuming
a ramp input, is

e AQTxe , (6.1)

where

A= gain of the amplifier,

a= rate of rise of the ramp input,

T = R1 C1 = R2 02, and

t
T

The value of T that will supply a 10-v pulse at 20 sec for the smallest
value of a that is practicable must then be found. To do so, the time
at which the peak occurs in equation (6.1) must be determined.

(U) Differentiating equation (6.l) with respect to x gives

de
0o= -AO (-xe-x + e -x

dx*

The right-hand side is now set to zero and solved for x:

-A T(-x-x -x)
-AaT (-xe + e )= 0, therefore,

x = 1 = . (6.2)
T

In order to determine the value of T required for the occurrence of the

peak at 20 .sec, t in equation (6.2) is set to 20 psec:

2 x 10 - 5

T = 1; T = 2 x 0 =20 sec.

(U) Substituting equation (6.2) into equation (6.1) gives

(Co)peak = -AaTe - 1 = -3.68 x 10-1 ACff' (6.3)

(U) Since the computer requires a 10-v pulsey equation (6.3) must be

solved for the amplifier gain A:

A= (e )peak4)
_ (3.8 x 10)

"Pulse & Digital Circuits 'l by McGraw-Hill Book Co., New York,

Toronto, London, 1956, p 40.

98



0

0
'-4

-4
N -4

0
-Q 0

U

0 -4'.4

0

0

'4

0
. 4J
-4

U
5.4

-4

4.)

0
H
U
-4

0~

CD

0

-'-4r~4

5

0

99



SECRET

Substituting the appropriate values for (eo ) peak' a, and T gives

1 x 101 VA = 2-~-

(lxlO v/s)(2x10" ) (3.68xI0 - )

4A = - 1.358 x 10

(U) The amplifier must then have a minimum gain of about 14,000 in
order to properly operate the computer within the requirements listed
atlpve.

(U) The rate-of-rise amplifier, as actually constructed (figure '6-5),
also includes anoife-clipping level as well as an amplifier gain con-
trol in order to improve flexibility and to take advantage of future
improvements in PbS cell noise.

(U) In the experimental system built for the proposed June 1960 feasi-
bility test, the rate-of-rise amplifier, as described, has been super-
seded by the sally amplifier described in section 7.1.3.

6.4 Velocity-Only Firing-Time Computer

(S) In the geometry shown in figure 6-6, AT1 is the interval between the
times TO and T1 when the projectile enters the first and the second
fence, respectively, and AT2 is the time interval between the time T2
when the projectile traverses the second fence and the time TF  when
the defending charge has to be fired.

(U) ffTF in terms of AT and the other parameters in figure 6-6 is

ATF = ATI d2/d - d/V c . (6-5)

The height of attack d 3  is known or preset; V is the known defending-
charge velocity; therefore, d /Vc is the time of flight of the charge
fragments.

(U) These parameters are set in the computer by the operator.

.(U) Electronically, the operation of the computer is as follows (figure
6-7). At To, a Miller sweep is started at a run-down rate of

a20
C -; at the voltage is held and a second Miller sweep is started

1
and its run-down rate is C.
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~L'~ 4d 3

I i

TO T, TF

Figure 6-6. Basic velocity-only layout

d- C vc

w
CDC

0

T0- T, TF

I

"-AT, ----- ATF j

Figure 6-7. Operation of velocity-only computer
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Multiplying both sides of equation (65)by C, gives

CATF = CKI ATi - CK2 , (6.6)

where

d2  d3
K1  -f; KC~V

d1 2 Vc

Notice that the parameters are not completely independent. For example,
if a different point is required to be hit on the oncoming projectile,
d2  is changed and this requires a change of C since the product C2/d I
is a constant of the computer. It is seen, then, that in order to hit
a certain point on the projectile, C is adjusted or, in-other words, the
slope of the second Miller sweep is adjusted. Also the voltage step

C d3/Vc is clearly a function of C. In the rest of the derivation,

C d2/dI and C d3/Vc, will be called CK1  and CK2 respectively.

NoWI since CKI is a fixed constant of the computer, we let CKI = D.

CK2 is a voltage parameter that has to be set in, so we will let CK2 =
AV. Then

DK2  D

AVV=-K 2* 671 1

For ease in setting up and introducing the parameters into the language
of the computer, charts have been prepared (figure 6-8). Notice that
equation (6.7) is an equation for a straight line with slope D/K1 .

(S) Let an assumed case be set up using the dimensions in figure 6-9,
where the missile is to be hit 19 in. behind the nose. Assuming

CAT F = CK1 AT 1  CK 2

S0d2 = 3.34, and

K1  d - 12

2 ft -4
K - _ 2 x 10 sec.K2 -10 4 ft

sec

Defending charge velocity = 10,000 ft/sec and

CK1 = 5.66 x 104 v/sec.
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CK2 can be found from the above information for this one particular

case, but to save arithmetic calculations, curves may be used. Redrawing
figure 6-8 using the assumed parameters results in figure 6-10. Assuming
that the line-charge flight time will be between 100 and 600 Lsec gives,
for point A,

5.66 x 104 4
AV 3.44 x 10-4 = 1.69 v, and

for point B,

5.66 x 104  -4
AV x 6 x 10 - = 10.2 v.

A line is drawn connecting these points, now for any K2 between 100
and 600 tsec, AV can be read off. Once the proper parameters have been
set into the computer, the oncoming projectile, regardless of its velocity,

wi-il--be hit 10 in. back of its nose,

For the present case, the values of K2 = 200 Lsec and LV = 3.4 v were
chosen. This voltage is set in, using a calibration curve. Similar
curves are drawn for 3, 5, 7 9, and 11 in. back-of-the-nose encounters.

(C) Figure 6-11 is the block diagram and figure 6-12 the diagram of the
complete circuitry, including velocity-only computer, firing circuit, and
power supplies. Figure 6-11 is so arranged that, if superimposed on fig-
ure 6-12, every block in figure 6-11 indicates the function of the cir-
cuitry underneath it in figure 6-12.

6.5 Field Tests on Preliminary System

(C) The field tests were conducted at the FOFL test area at Blossom Point,
Maryland. A 75-mm and a 20-mm gun were used to shoot projectiles on a flat
trajectory over the 2-fence detection unit. With the 75-mm ammunition, the
velocity could be varied between 1400 and 2400 ft/sec, the 20-mm slugs
moved at 3300 ft/sec. A camera, figure 6-13, was positioned at a point on

the fragmentation plane of the hypothetical defending charge, looking at
a shadow box that consisted of an enclosure faced with a translucent, cali-
brated screen and was backlighted by a Type 1530 General Radio Microflash.
This lamp produced a high-intensity, 2 tsec light pulse that is adequate to
stop the shells on film in the considered velocity range, As an example,
a shell travelling at 4000 ft/sec would move approximately 0o1 in. in the
duration of the flash.

(U) The camera shutter was actuated by a solenoid, which was excited by a
capacitor discharging through it, at the instant a shell shorted the camera

trigger screens. The shutter speed was so set that the shutter would be
open when the shell arrived in the vicinity of the intercepting plane.
Another set of screens was installed a short distance in front of the first
optical fence and was used to trigger the oscilloscopes.
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(S) Figure 6-14 is the block diagram of the electronic test instrumenta-

tion. Two I-Mc electronic timing units were used, one to monitor AT,, the

time interval between the penetration of the first and second optical

fence; the other to monitor TF , the time interval between the penetration
of the second optical fence and the delivery of the firing pulse from the

firing-time computer. The two oscilloscopes recorded and permitted monitor-

ing of the signals out of the PbS cells as the detection fences were tra-
versed by the shells, the two trigger pulses derived from the cells, and

the computer waveforms, It was also possible to record the firing pulse out

of the computer when desired All of the above signals could be taken on the

same time base for direct comparison,

6.6 Test Results and Conclusions

(S) The equipment described previously made it possible for the shells

to be photographed automatically- It turned out, as expected, that photo-
graphs were taken at the instant when the shells were in the fragmentation

plane of the hypothetically assumed defending charges.* It was also possi-

ble to shift the point of impact relative to the shell back and forth by

predetermined distances.

(S) Figure 6-15 resulted from a typical test firing. The two oscillo-

scope traces in figure 6-15a are the two original signals from a 75-mm
shell, coming in from the right-hand side as the shell traverses the two

detection fences.

(C) Figure 6-15b shows the way the computer reacts to the signals. In

the two top traces, a first Miller-sweep run-down (section 6.4) is seen

to start at the time the first shell signal begins. At the beginning of
the second pulse, two things are seen to happen: The first Miller-sweep

run-down is stopped and held at a constant voltage, and a second run-down

is started. The firing pulse in the lower trace of figure 6-15b is seen

to be generated at 'he instant the running-down voltage of the second

sweep equals the held voltage of the first one.

(S) Figure 6-15c is a photograph of the shell in front of the screen of

the shadow box, taken in the light of the Microflash behind it, The

darker vertical line near the center indicates the fragmentation plane

of the hypothetical defending charge. As has been explained, the Micro-

flash is triggered by the firing pulse (lower trace in figure 6-15b).

The shell shadow shows the shell nose coinciding with the darker line;

in other words, this particular hell has been hit on the nose.

(U) It was found that under favorable noise conditions the system would

operate successfully at somewhat lower signal levels making it also pos-

sible to obtain a reliable pulse in less than 20 psec

* In order that the shell picture could be taken as the nose entered the

assumed fragmentation plane, +he parameter D3/Vc in equation (1)(section

6.4) had to be set to zero, thereby simulating an infinitely high fragment

velocity Vc
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(S) As a result of the field tests it was concluded that a system of this
preliminary type could be designed to perform the specified task of sup-
plying a firing pulse to a line of charges at the proper time even while
using inexpensive reflectors. It would not be possible, however, to use
the simple reflectors in a system that would require the measurement of
the approach angle.

(U) In addition, a valuable amount of experience was gained in the use of
PbS cells in an unorthodox manner, for instance, that of generating fast
pulses from them as the signal emerges out of the noise.
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7. EQUIPMENT SUPPLIED TO PICATINNY ARSENAL AND

BALLISTICS RESEARCH LABORATORIES

A. Copeland, J. E. Miller, R. J. Paradis

(S) At the request of Picatinny Arsenal and Ballistics Research Labo-

ratories, this installation designed. built and delivered to each of

these installations a dectector computer system for their use in the

study of defending charges in dynamic firings. The requirements were

that the system be able to detect the oncoming shell, fired at a pre-set

height and in normal attack, determine its velocity, and supply a firing

pulse to the defending charge when the shell reached the fragmentation

plane of the charge.

(U) It appeared that the two-fence detecting units and the preliminary

type "velocity-only" timing computer that was previously field tested

would, with a few mad±fications, fulfill the requirements.

7.1 Improvements over Preliminary System

(U) The modifications considered to be necessary and added to the basic

preliminary test system were the following:

1. A manual control for each of the constants in the velocity-only,

constant-height, firing-time equation

ATf = K1  AT1 - K2  (7.1)

2. A high-voltage firing circuit.

3. A signal simulator and sequential pulse generator.

(C) The manual controlz were necessary to make the computer adaptable to
tests that require that the shell be hit at various positions as measured
from their noses and to allow for use of defending charges having a
range of velocities. The high-voltage firing circuit was necessary in
order to fire the detonators, while the simulator and sequential pulse
generator provided ca.ibrating signals for the computer.

(U) Peculiarities were encountered upon the installation of the equip-
ment at the above named installations which required the addition of
various devices in order to obtain reliable operation. At both installa-
tions, cable lines several hundred feet in length were required to feed
the signal from the optical detection equipment to the computer location
in the respective block houses, and the firing pulses from the block

houses back to the defending charges in the firing locations. Since the
signal level was comparatively low, due to weather conditions, enough
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noise was picked up on the lines to produce undesired firings. In addition,

the energizing of the gun firing solenoid at Picatinny Arsenal caused

power line transients which proved to be troublesome. Naturally, in an

operational system with its short, armor-shielded connecting lines, these
difficulties would not exist.

(U) The signal-to-noise ratio of the computer input was improved by
amplifying the signal from the optical detection equipment by a factor
of 10 at the input to the signal lines and by attenuating it by the

same factor at the signal line output. An anode follower amplifier
(fig 7-1) which retains the phase and maintains the required low im-

pedance output, was connected between the output of the optical equip-
ment and the line. The difficulty due to the power line transient

caused by the energizing of the gun firing solenoid was overcome by

adding a circuit that blocked the computer operation until some time

after the energizing of the solenoid.

(C) The "velocity-only" firing time computer has been described in

section 6.4.

7.2 Firing Circuit

(U) The firing circuit is shown in figure 7-2. Since physical size

was of little concern in this case, a 4C35 thyratron was employed.

7.3 Completed Equipment

(U) Figure 7-3 is a block diagram of the equipment installed at
Picatinzy Arsenal. The equipment installed at Ballistics Research

Laboratories was the same with the exception that no protective cir-

cuitry against firing-solenoid-caused transients was required. Figures

7-4 and 7-5 are front and back vie'us of the computer rack as delivered

to the above installations. In addition to all power supplies, it

also contains some equipment for the adjustment of the computer, such

as a signal simulator, that is not de:cribed in this report.

7.4 Results

(C) Field test results of live dynamic firings are listed in Firing

Record No. Ar-21728 by Development and Proof Services, Aberdeen Proving

Grounds. They show that several typzs of anti-tank ammunition of

various velocities have been consistently defeated regardless of their

velocities, employing the preliminary Dash-Dot system as a timing tool.
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8. FUNCTION OF OVER-ALL ELECTRONIC CIRCUITRY

W. Moore

(S) An outline of the geometry, setting forth the three-detection fence

concept with multiple detection pickets, has been given in section 3.

The three fences are used to provide the firing-time information, while

the individual pickets are employed for the selection of the defending

charge to be fired.

(S) Figure 8-1 shows in block form the interconnections of the elec-

tronic subassemblies to perform the over-all function. The three fences
are designated "Optical Units" in the diagram, each block representing

84 individual detection pickets. The 84 outputs from these units in the

A and B fence are fed to 84 amplifier blocking-oscillator units which con-

tain 84 sally amplifiers (section 9.1.3) and provide easily handled timing

pulses whenever a shell passes through a fence. Thus, the identity of all
pickets in the first two fences is retained through this portion of the

system.

(S) The outputs of the sally amplifiers associated with the A and B
fences are connected to the Charge Selection Computer (section 11) and

are also fed to the OR Gates (section 9.2.1). These OR gates allow any

of the 84 possible sally amplifier pulses to feed a single line. The A-
fence OR-gate output allows the sally amplifier pulse to be fed simultan-

eously to the K-factor generator (section 9.4), the 200 gsec Delay Gate

(section 9.3.2) and to the To input of the Sequential Blocking Gates

(section 9.2.3). Similarly, the B-fence OR-circuitry feeds only one pulse

to the T1 input of the sequential blocking gates, while the C or Height-

Fence OR-circuit (section 9,2.2) feeds only the T2 signal to the sequential

blocking gates and.to an additional pass gate which was introduced as an
added safety measure.

(S) The circuitry, to this point, provides the charge selection computer

(section 11) with 84 individual inputs from the A fence and another 84

from the B fence. It also generates pulses at times T, T1  T when the
0 V 2

missile traverses the A, Bi C fences respectively. These pulses are fed

to the firing-time computer (section 10) through the Sequential Blocking

Gates. These are the primary functions of the system, i.e. timing and

charge selection.

(S) Another function, that of size discrimination, which causes shells

of less than 50-mm diameter to be ignored, is performed by sending the A

fence outputs through a subchannel designated as Peak Determining Amplifiers

in the figure. Here a pulse is generated when the signal reaches its peak,

that is, as pointed out in section 9.1.1, when the tail of the missile

leaves the A fence. The process by which the size discrimination is accom-

plished is described in section 9.3.
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(S) The pulse corresponding to the missile tail leaving the A fence is
also fed to the K-factor generator, This unit provides an added delay
for the firing pulse so that the missile is impacted not at the nose but
at a presettable fraction of its length behind the nose, regardless of
its actual length. The mode of operation of this circuitry is described
in section 9.4.

(S) The various gates shown in figure 8-1, such as the 200 gsec, 100 ms,
pass gate, and gates are part of the size discrimination and protective
circuitry to prevent firing of the defending charges on noise or false
inputs.

(S) Upon the receipt of signals from the A and B fences, the charge-
selection computer opens appropriate gates which direct the low-voltage
firing pulse to the high-voltage firing circuit (section 12) that is re-
quired to detonate the selected defending charge. The low-voltage firing
pulse is supplied by the firing time computer which requires information
from all three fences. In addition,,the signal from the A fence is sup-
plied to the size discrimination circuitry (section 9.3) which opens a
pass gate for the low-voltage firing pulse only if the attacking round
is larger than 50 mm in diameter. If the diameter is less than 50 mm,
the gate does not open and no low-voltage pulse is transmitted to the fir-
ing circuits.
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9. SIGNAL PROCESSING AND SYSTEM LOGIC

A. Copeland, J. E. Miller, W. J. Moore, R. J. Paradis, F. Vrataric

9.1 Analysis and Shaping of Signal Pulses

9.1.1 Analysis of Signal Pulses

(S) As explained in section 4.2, lead sulfide cells are used in

the sensing system in preference to cells of other types. If these

cells had an infinitely fast response, the signal obtained from firing

a shell through one of the detection fences would ideally appear like

the one shown in figure 9-1a. In this case, it would be a simple mat-

ter to correlate the position of the shell, figure 9-2J relative to the

detection fence with the times To (nose contact), T1 (nose fully pene-
trated), Tt (tail emerging), and T2 (tail fully emerged). Unfortun-

ately, however, because of the finite time constant (200 .Lsec in this

case), matters are not so simple. Figure 9-lb shows a typical signal

from a slow shell traversing the fence and figure 9-lc a signal from a
fast shell. It can be seen from figures 9-1c and 9-2 that for a fast

shell , which is the usual case, the peak of the signal occurs at a time

Tt when the tail of the shell is in the fence. There is an added un-

certainty ATt in time (figure 9-1c) due to the combined effects of

the time constant of the cells and the thickness of the detection fences.

This is true even for the specially designed, well collimated detection

units which were described in section 4.1.

(S) In the simplest case, the system would be so designed as to

utilize the peak of the signal. As has just been shown, the consequence

would be that the system would react to the tail of the shell, which is

demonstrated in figure 9-3. This is not desirable. Since the distances

dl and d2 are system design parameters, the distance between tht defend-

ing charge and the last detection fence would have to be greater than in

the nose-reacting system. Also, the uncertainty ATt in time causes a

difficulty. Since the time differential due to the first two fences is

multiplied by a " leverage" factor which contains the term d2 /d 1  in

the firing-time equation (equation in section 9.4), any uncertainty such

as ATt is multiplied by the same factor.* Furthermore, the signatures

of some shells, such as the 90 mm T300E53 HEAT round shown in figure 9-22,

have bimkodftl structures which make it difficult for the system to sense

the actual tail.

(C) Therefore, the alternative, the nose-reacting system, figure

9-4, has been chosen, which avoids the inherent difficulties of the tail-

reacting type. However, it poses another problem. As can be seen from

figure 9-1c, the signal from a fast shell rises relatively slowly from

zero, and, in addition, is "contaminated" by noise.

For a more rigorous treatment of this subject see section 13.6.3.
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Figure 9-1. Signals from different time constant cells
and different velocity shells
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(U) This necessitates an analysis of the signal-to-nose ratio of,
the PbS photocells and the input circuit (section 9.1.2) as well as the
development of a so-called sally amplifier* which generates a sharl1 arti-
ficial pulse with a minimum of delay at the instant when the signal emerges
from the nose (section 9.1.3),

9.1.2 Analysis of Signal-to-Noise Ratio

(C) The output from the detection pickets as a missile passes
through them may be approximated by the ramp function e0 = Ot. The ob-
ject of the sensing system is to determine as quickly and as simply as
possible the time at which the function was initiated. Were the system
ideal, that is, noiseless, the function could be detected easily by a sim-
ple rate-of-rise amplifer, However, in the real system the signal-to-
noise ratio is relatively small, 2 to 3, at the time when the missile must
be detected (approx. 20 psec after initiation of the signal). The greater
the bandwidth of a shaping amplifier, the less the lag in the output sig-
nal will be, but also the greater will be the noise output. This section
presents a theoretical investigation of signal-to-noise ratio in photo
conductive detectors and related amplifiers as applied to the Dash-Dot
project. The objective of the analysis is to provide two things: an ap-
proximation to the bandwidth required for maximum signal-to-noise ratio
at a time T after initiation of the input signal, and a value for the
gain required to amplify the input signal to a sufficient trigger level.

(S) The photocells generate a signal which may be approximated
by

e= a t (volts) (9.1)

Where a is the rate of rise in volts per second and t is time in
seconds. In the Dash-Dot system, the trigger level from the light detec-
tors must be obtained in a maximum time of 20 psec after initiation of
the signal. The following analysis will be based upon figure 9-5. Using
the circuit shown t* 'define the system bandwidth, the transfer function
for an input signal el = a t is found to be:

aTI - e
e °  K- (K-1 - Ke Y+ e- (9.2)

where K = T 2

T RI C1

* Webster's Dictionary: Sally - 1, A rushing or bursting forth;
2, A brief outbreak into activity or

expression.
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T2 22

Y = t/T

(U) The noise in semiconductors may be placed in three major cate-
gories; semiconductor noise which is proportional to I ; thermal noise

which is proportional to and shot noise which is also proportional

t0 FOBI * where f is the frequency and oB the bandwidth expressed

in radians per second, In modern transistors the 1 noise becomes negligi-

ble above 800cpP* so that the total noise e may be expressed as:
n

e (9.3)

where P is a constant. The bandwidth may be expressed as a function
of the two time constants T and T2

e n (k - 1)/T 1  (9.4)n

Where it is assumed that 1 1 K2'

(U) By combining (9,2, and (9,4), the signal-to-noise ratio S/N

is found to be

e
o av 3/2 (1 ,- K

S!N = - '1 3) 3 / 2  K - 1 - Ke¥ + e - K  (9,5)en 'l K 3/

Differentiating *he function with respect to K and setting it equal
to zero will find either a maximum or a minimum,

dSIN = 0--.-K(l-e .1 -e KL1 3 + 2Y (K-1)j + 1 + 2e- T  (9.6)

Assuming that the lower frequency is 800 cps and t = 20 flsec, then Y
is equal to 0.10. As K approaches 19,4 the function (9.6) goes
through zero, as seen in figure 9-6. This states that the signal-to-
noise ratio reaches an optimum value when T2 = T /19 4 or fH = 15,5 kc.

* Lo, Endre, et al,, Iransistor Electronics, Prentice-Hall, Englewood
Cliffs, N. J,, 1955, pagesl23-.124,

*tLo P. Hunter, Handbook of Semiconductor Electronics, McGraw-Hill, N. Y.
1956, page 11-60o
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(U) Figure 9-7 shows a plot of the signal-to-noise ratio normal-
ized to the value of K = 19.4. It is clearly seen that the ratio does

indeed reach a maximum and not a minimum.

(U) The required gain of the amplifier is computed on the basis
that the frequency determining network precedes the amplifier and that
the output of the amplifier must attain a voltage level sufficient to
trigger a pulse generator.

(U) The input signal has been found experimentally to be approx-
imated by e. = 2 x 10 t volts for 0 < t < 500 sec. The rate of rise
is based upon the input signal attaining a level of 10 mv in 500 gisec,

(U) Mae voltage out of the network in figure 9-5 at t = 20 .sec
is

e = .44 e.
o ilt = 20 isec.

If the output of the amplifier must attain a level of 10 v, then the re-
quired gain is e

10

.44 x 20 x 20 x 106

A 57 - 10 3

9.1,3 Design of Sally Amplifier

kU) The amplifier is qhcwn in figure 9-8, Tranaistor QI is an
emitter follower which is needed to reduce crosstalk when the size dis-
crimination uni" (sect 9,3 1 is added. rtansistors Q2 and Q3 are the

bandwidth-limited amplifiers 'hich drive QA. Transistor Q4 is saturated
to provide a threshold level telcw which the signal will be blocked.
This feature is added to reen- spurious noise pulses from triggering
th blocking oscillator, Transiz-tcrs Q. and Q6 are the driver and block-
ing oscillator respec-,iely, ?e pu'se from the blocking oscillator is
11 v in amplitude ind 10 ±sec wide,

(U) In t e 5 uFIng : -ignsl yimulatory the pulse from the ampli-
Sier has been attained 13 sec to 25 giec after initiation, depending
upon ihe amplitude of the inpul signal (figure 9-9 ,

(U) The comple~e amplifier is mounted on a small 1-3/4 in, by
2-5/8 in, printed circul- bcard, o~h sides of the board are shown in

figure 9-10.

(C) tOne ea: a of .hese amplifiers was to be connected to each photo-
cell in the firs* -wo P.elocity) fences and, as pointed out in section 9.2.1,
to 4ach group (subfence, sect 5°2> cf 7 photocells in the third, the height
fence, section 9.2.2. In the layout as originally planned for the June 1960
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feasibility test, this would have amounted to 180 amplifiers. When,
after termination of the project, DOFL went on making the final meas-
urements, employing the Z-shaped structure mentioned in section 5.3,
only 14 amplifiers for the photocells in the first two subfences were
required, and one in the third subfence.

9.2 Logic Gates

9.2.1 Diode "OR" Circuit

(C) As mentioned previously, the full system would contain 84
detection pickets in each fence, The charge-selecting computer is
connected to each individual picket in the first two fences only. The
diode "OR7 circuit, figure 9-11, OR's seven sally amplifier outputs
to a single output while maintaining the identity of the individual
amplifiers. This OR circuit was used in the first two subfences (sec-

tion 5.2) for field test purposes. In a final system, the entire 84
pickets must be OR'd together in each fence.

9.2.2 Height Fence "OR" Circuit

(C) The height fence contains 84 detection pickets, as do the
first two fences, but there are no requirements for individual picket
identity, since the output of this fence is fed to the firing-time com-
puter (section 10). It is therefore possible to OR the individual
pickets and use one sally amplifier (section 9.1.3) for a number of
them, The height fence OR circuit is shown in figure 9-12. Seven PbS
cell load resistors and coupling capacitors are mounted on a small cir-
cuit board, identical to those used in the sally amplifiers. The
transistor, connected in a common base circuit, OR's the seven detec-
tion pickets to a single output Ihis output is connected to the input
of a sally amplifier, the output of which is fed to the firing-time
computer

92.3 Sequential Blocking Gates

(C) The signatures of some types of shell are bimodal and y eld
two output pulses from the sally amplifier, (section 9.1.3). This re-
sults in the improper operation of the Miller sweep circuits which are
used in the firing-time computer. By interposing bistable multivibra-
tors between the outputs of the sally amplifiers and the computer inputs,
it is possible to allow the first pulse for each fence to reach the com-
puter while blocking all subsequent ones. An automatic reset generator
was added to this inhibiting circuitry so as to facilitate the computer
calibration procedure from a repeated series of pulses.

(C) Figure 9-13 is a block diagram and figure 9-14 a schematic of
the inhibiting circuitry. M-1, M-2, M-4, and M-6 are bistable multivibra-
tors which function as trigger generators, M-3 and M-5 are bistable multi-

vibrators functioning as pass gates M-7 is a monostable multivibrator which
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delivers a reset pulse approximately 60 msec after the firing pulse is
delivered; A is an input amplifier for the firing pulse out of the com-
'puter; KF1 and KF are firing pulse output cathode followers to supply
positive and negative pulses to.a microfIash and other equipment which
has been used in the field tests.

(S) The operation of the circuit may be best understood with
reference to the wave shapes shown in figure 9-15. Bistable-muiltvibra-
tor trigger-generators M-1, M-2, and M-4 supply trigger pulses to the
firing-time computer upon receiving the To, T1 and T2 pulses from the
respective detecting fence. M-6 will deliver a firing pulse to the micro-
flash and other test equipment (or the high-voltage firing circuit in the
case of an actual live firing) at the proper time TF as described earlier
in this report. None of the above trigger generators will function on .any
but the first, pulses out of their respective detecting fences until they
are reset.

(C) M-3 and M-5 are also bistable multivibrators but function as
pass gates. M-3 is set by the T1 pulse and is reset by the T2 pulse. 474

being designed to trigger only on the reset of M-3. In order that M-6
deliver a firing pulse, it must first be set by M-5 which is triggered by
T2 . Therefore., no firing pulse will be generated unless the proper se-
quence of pulses are received at TI, T2 , and TF and in that order. This
also acts as a protective measure.

(C) It is possible to eliminate M-3 and M-5 and still obtain the
sequencing effect by interconnecting M-1, M-2, M-4, and 1-6 in a slightly
different way. For the field test application, the added complication was
worth while because it supplied positive indication of the receipt of a
given pulse.

(U) Indicator lamps were added to the bistable multivibrators to
indicate whether the trigger generators and blocking gates are in the re-
quired initial state for proper operation.

9.3 Size Discrimination

(S) The Dash-Dot System, as described thus far, reacts to the nose of a
*hell as it penetrates one or more of the detection pickets, without re-
gard to diameter, shape, or length of the shell. In addition to protecting
an armor plate against anti-tank rounds, the system is exep ted to be cap-
able of dtscriminating between disabling and non-disabling rounds and of
disregarding non-disabling ones, especially small-arms fire. The specifi-
pations require the system to ignore all rounds less than 50 mm in diameter.

(S) Several methods of effecting size discrimination have been considered
and discarded as impracticable. The earliest attempt sought to relate the
number of traversed pickets in any fence'to (a) the angle of attack (b)
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the round calibre, and (c) the "attack attitude" (section 3.5.4). By set-
ting up a unique correspondence between the number of pickets actually
traversed and parameters a, b, and c above, a detailed analysis was made
on the ability of such a scheme to unambiguously reject objects of less
than 20 mm diameter while accepting all objects of greater than 57 mm diaip-
-eter. This analysis produced the result that such a geometrical scheme
would work only in the region from 0 to 10 deg angle of attack and again in
the region from 45 to 60 deg, but would be useless in the intermediate-re-
gion from 10 to 45 deg. With these results, further attempts at a purely
geometrical scheme were discarded.

(S) Since shell diameters rise about proportionally to shell lengths,
another contemplated method would have computed the length from the time-it
takes the shell to travel its own length, that is, to traverse a fence, wlich
would have to be measured fo?7 this purpose, and from its velocity which has
to be determined anyway in the firing-time computer. In this method, shells
below a certain length would be ignored.

Fast-scanning methods were also considered, but the simplicity
of the method actually employed and described in the next section dictated
its use over the more sophisticated ones because it does not require any
major system modifications.

9.3.1 Size Discrimination Analysis

(S) The characteristics of various anti-tank rounds were analyzed
and it was found that anti-tank rounds larger than 57 mm in diameter had
a shell transit time greater than 200 4*ec, the transit time being defined
as the time required for a shell to travel its own length, while rounds
having a lesser diameter have transit times less than 200 ILsec. While it
is felt that this analysis may not hold for all of the anti-tank rounds
an enemy may possess, it would certainly be true for a large majority of

them. The analysis of typical U.S. shell is shown in table 9-1. The
size discrimination method is therefore based on accepting all rounds
having a transit time greater than 200 Oec and ignoring all rounds having
a lesser transit time.

(C) The theoretical output signal that could be expected from a
fast response photocell as a shell passed through a detection picket would
be approximately a square wave, the rise of which would correspond to the
nose entering the picket and the fall corresponding to the tail leaving the
picket beim. The PbS cells that are used in this system have a relatively
slow response and therefore the output waveform is distorted (see section
9.1).

(C) The shell signature information obtained from these cells is
fed to the sally amplifiers, the input stage being an emitter follower
used to couple the cells to the amplifiers. The size discrimination cir-
cuit, shown in figure 9-16, OR's seven emitter follower output stages
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Table 9.1. Anti-Tank Rounds and Transit Times

Diameter Shell Shell Use Velocity Length Transit time
(mm) (ft/sec) (in.) (psec)

20 AP-T M95 Armor 2800 3.27 97

37 APC-T M59A Armor, Shot 2050 4.71 191

37 AP-T M30 Armor, Shot 1825 4.24 194

37 APC-T M51 Light Armor 2900 6.36 183

40 AP-T MIAl Armor 2870 6.17 180

57 HE-T M303 Blast and Frag. 2700 10.63 326

57 APC-T M86 jAiti-Tank 2700 11.24 347

57 HEAT M307 Anti-Tank 1200 7.85 544

75 APC-T 161 Armor 2030 .11.17 604

75 HEAT-T M66 Anti-Tank 1000 15.90 1327

76 HEAT-T M62 Anti-Tank 2600 13.78 422

76 HVAP-T M93 Heavy Armor 3400 11.00 269

90 APC-T M82 Heavy Armor 2800 16.19 503

90 AP-T M77 Heavy Armor 2700 10.00 308

90 HVAP-T M304 Very Heavy Armor 3350 13.20 308

105 HEAT-T M67 Anti-Tank 1250 20.05 1340
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while maintaining their individual identities. The signals are amplified
in the first three transistor stages. They are then differentiated, re-
sulting in a positive nose pulse that is not well defined and a negative
tail pulse that is well defined. The pulse is further amplified while the
nose pulse is inhibited by the coupling diode in the last stages. The
nose pulse is more accurately supplied from the sally amplifier (section
9.1.3).

(U) The oscilloscope traces shown in figure 9-17 are typical.
The top trace is the tail pulse, the trace immediately below it is the out-
put of the amplified signatures in tic size discrimination circuit. The
lower two traces arre individu'al sliell stnatures.

(C) If the full experimental system is used which contains 84 detec-
tion pickets in any one fence, the size discrimination circuit would be cap-
able of adding the signals from 14 pickets before cell noise becomes signif-
icant. Therefore, six identical circuits, whose outputs are tied to a com-
mon point, would be used to cover the first fence. In the simplified sys-
tem however, in which only one 7-picket subfence (section 5.1) was used in
each fence, the size discrimination circuitry was connected to the seven
pickets of the first velocity subfence.

9.3.2 Size Discrimination Logic Circuitry

(S) The system is required to ignore all rounds of less than 50 mm.
in diameter, that is, all rounds having a transit time less than 200 I.sec.
Furthermore, it is desired that the firing circuit be de-energized unless
an attacking round is dangerous. The block diagram and the schematic of
the logic circuitry that accomplishes this are shown in figures 9-18 and
9-19.

(C) A nose pulse from the sally amplifiers triggers a 200-gsec

monostable multivibrator, whose output is differentiated and clipped, re-
sulting in a 200-gsec delayed pulse that triggers the first 100 msec pass
gate. This pass gate is alfo a monostable multivibrator, the output of
which is applied to the first AND circuit.

(C) Subsequent to the nose pulse from the pass gate, a tail pulse
is obtained from the size discrimination circuit and applied to the first
AND circuit. The tail pulse will pass through the first AND circuit, if
the first pass gate pulse is also present, If the tail pulse occurs less
than 200 bec after the noise pulse, it cannot pass the first AND circuit.
Therefore, only those pulses representing a shell transit time greater than
200 sec can trigger the second 100 msec pass gate which allows a firing
pulse to pass through the second AND circuit.

(C) The firing circuit is energized only if the following conditions
have been met;
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a) A To pulse must be present;

b) A tail pulse must be present more than 200 Isec
later than the To pulse;

c) A firing pulse must be present after a tail pulse
occurs.

9.4 K Factor

(S) The equation that determines the firing time of the defending charge
has been shown to be (section 3)

AT d2  dl AT2  h
f d V. tan 'I, 2 _T 1 T c (?a T1  T2 -

ATf in this equation determines the time at which a defending charge shall
be fired in order to impact an approaching round when the round has traveled
a constant distance from the second detection fence normal to and beyond the
line charge plane. The computer supplies a firing pulse to the line charge
when the shell is at a distance

it V
V mc

along the trajectory, from the nose position, shown in figure 9-20, where
h is the height of the trajectory; V is the effective fragment velocity
of the defending charge, and V is t~e velocity of the approaching round.
The position of theshell'snose is a variable, being a function of h and
V, but when they are hit they are all in the same plane.

(S) The incompleteness of the firing-time equation becomes more apparent
from figures 9-21 and 9-22. Figure 9-21 is a schematic drawing of a few
projectiles the system must defeat and figure 9-22 is a schematic of repre-
sentation of three shells of different lengths, having an attack angle of
zero and sixty degrees. The distances d and d are constants in the fir-1 2
ing-time equation, the latter being the distance from the second detection
fence to the nose position. If it be decided that the nose position is to
be 12 inches, for example, beyond the defending charge in order to impact
shell A at its most vulnerable point, it can be seen that shell B and C
would not be defeated in the zero-degree approach. In addition, in the
Sixty-degree approach none of the shells would be defeated. It is quite
obvious then that the equation must be modified by a term which will in-
clude the length of the shell as well as the angle of approach. This term
is subsequently referred to as the K factor.
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(S) If it is assumed that all shells must be hit near the center as

shown in figure 9-23, then the distance d2 must be made a function of
the length, L, of the shell and angle 9 of approach. The first term
of the equation for the firing time will then be

d' +8d
2 AT

d I"1

where 8d = kL cos 9, k being a fraction of the shell length L refer-
enced to the nose, and d' being the distance from the second detection
fence to the defending c~arge-line. The complete equation is now:

d + kL cos 0 dI AT2
SLT 1 -AV + (9.7)

Xfd 11 V tan 1lAT1  2V

where the first term can be written as

2 AT + kLcos AT
d 1 d 1 1

The term kL cos AT1  is the K-factor, A voltage proportional to

d2 
d2AT is obtained in the same manner A T  is generated (see-

dI Is d 1  isgnrte1c

tion 10). It is now necessary to generate a voltage proportional to

cos AT1 , the K-factor, where L cos 9 is determined by the
d1 T

pulse from the sally amplifiers circuit and the Tt pulse obtained
from the size discrimination circuit (see section 9.3.2). The time
Tt - To = ATL  is the time interval between the nose and tail pulses;

n L
then V m  --- n %= TL where V is the velocity of the shell and

M. Cos A TL m

V is the normal component of V as shown in figure 9-24. Solving
n
for AT

L

L cos 9
L V

but
d1

V=
n AT 1
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L cose
Therefore, .AT = L AT Now then, multiplying by k and the volt-

L d 1

age scale factor A, that is used in the ATF  equation to translate from
time to voltage (section 10), gives

AkL cos 0AkATL - d TI

If a Miller sweep is started with a slope of Ak at T0  and stopped at
Tt, figure 9-25, a voltage is generated equal to

AkL cos T
d . ATI

This voltage is added into the computer circuit in the same manner as the

AT2
term K = is added (see section 10.5).

2 AT
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10. FIRING-TIME COMPUTER

J. E. Miller

10.1 General Considerations

(S) In the Dash-Dot system it is necessary to know the velocity,
height, and angle of attack of the approaching missile in order to be
able to defeat it. The problem of the angle of attack is one of charge
selection and is covered in section 11.

(C) In the sensing system complex, three pulses are generated at times
T0o, T1 and T (figure 10-1) which, due to their relative time displace-
ments, provige information as to the velocity and height (in relation
to the datum plane) of the attacking missile.

(S) The time Tf. at which the proper defending charge must be detonated
to intercept the attacking missile, is related to the three pulse times
by

AT 4.71 AT + 3.43 x 10-4  AT21 AT1 -AT2

- 7.50 X 10- 4 [sec] (section 3.3) (10.1)

where

AT 1 = T1 - TO

AT 2 = T2 - TI

ATf = Tf - T2

10.2 Transformation of Firing-Time Equation to Voltages

(S) Equation (10.1) is based upon the physical parameters of the system
geometry. Since the computer must operate with voltage, the equation
must be multiplied by a conversion factor "A" [volts/sec] such that:

ATTf + AAT 2 + A X 7.50 X 10 A X 4.71AT1 + A X 3.43 X 10AT2 /AT 1 (10.2)

SECRET 13Ti d oume.. ntn Information 0ff10n" the national defene f the United States wJithqhe meaning of the spiona. .4 It transM I on1 or the revelation of Its ontents in any manner lln -sinautherl ned person Is Prohibited by law.



CONFIDENTIAL

U

4.
Ia

-4

.,Ei

4)

)

U,

Co

F

-4

q.4

F2 ol

04

Q)Q

41J

164 uONFIDNTIA



SECRET

(W) The value of A depends upon two factors; 1) the dynamic range of
the computer, and 2) the accuracy which must be obtained. For example,
let the maximum dynamic voltages be 230 v and AT1 max = 833.3 1sec

and AT2 max = 1666.7 .Lsec, corresponding to a missile in the sensing

system with a velocity of 1200 fps at a height of 17 in. Therefore,

230 v = A .71 AT, max + 3.43 x 10 -  2 m v (10.3)

A = 4.99 x 104 v/sec

The equation for the firing time (equation 10.3) as used in the com-
puter is thus:

4.99 x 104 ATf = 23.5 x 104 AT + 17.1 A T  (10.4)
f 1AT 1

- 4.99 x l04 AT2 - 37.4 [voltq-j

The validity of using this value of A in respect to the required ac-
curacy is discussed in section 10.7.

(U) The terms in equation (10.4) are represented in time as shown in

figure 10-2. The function 23.5 x 104 AT, is a straight line in the

interval AT, and a constant thereafter. Also 4.99 x 104 (AT2 + "Tf)

is a straight line function in the consecutive intervals AT2 and ATf

The constant 37.4 v is a displacement from the base line, which in this
case is considered as the +Ebb bus voltage. The division is performed

by an analog-digital divider which generates a nomber of pulses, the
sum of which is proportional to the ratio AT2 /AT1 . The process will

be more fully explained in section 10.8.

10.9 Computer Operation

(U) The block diagram of the computer isshown in figure 10-3, and a
schematic in figure 10-4. The computer requires various gates which are
actiVated in different intervals of time. The To pulse activates the
(T1 - T) gate which generates a positive gate in the interval. The

1 0
T pulse terminates the (T1 - T ) gate, but at the same time it activates

the (Tf - r1 ) gate which is a positive gate in the (Tf - T1 ) interval.
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The T pulse also activates the (T2 - T,) gate which is also a positive

gate in the interval (T2 - T ). When the T pulse is generated by the

sensing-system complex, it is used to terminate the (T2 - TI) gate.

When the T pules is generated by the computer it is used to terminate
the (Tf - I1 ) gate; however, due to the design of the gate, this

feature is not required to reset the gate. The computer also requires
a gate which runs from T to T thus generating a (Tf - TO ) gate.

This is most easily generated by using an "OR" circuit to pass the
(T1 - TO ) gate or the (Tf - T1 ) gate, whichever is the most positive.

10.4 Divider Operation

(U) The output of the "OR" gate circuit is used to activate the
K0 ffl generator. This generator (K.T 1 ) also requires a (T 1 - TO)
gate which allows the K0 AT1 generator to generate a voltage equal to

K0 ffT. When the (T - T ) gate terminates, the K0 A 1 generator
switces functions from tRat of generation to storage.- The value of
K0 AT I is then stored until the time T . The output of the K0 AT1

generator is fed to a comparator. The (T2 - T1) gate is used to turn

on the triangle generator (see sec 10.8). The output of the triangle
generator is fed to two separate comparators, one to detect the time
at which the output attains the value ofi25O-K ATl volts and the

other to detect the time it attains the value of +250 v. When the

output of the triangle generator approaches the value 250-K AlT , a
pulse is generated by the comparator (V9) which is amplifie anQ shaped
and used to reverse the state of the gate generator multivibratoro

This reversal in state is used to change the slope of the triangle
generator from a negative value to a positive value. As the output
of the triangle generator approaches +250 volts, the comparator V8

generates a pulse which is amplified and shaped and used to reverse
the state of the gate generator multivibrator. The slope of the
triangle then switches from a positive value to a negative value. This

process is continued throughout the period T2 - T The ratio AT2/AT1

is obtained as the number of the pulses obtained from the gate gener-
ator multivibrator0

(U) Since the triangle generator will start to function only with a
negative slope, it must be insured that the gate generator multi-
vibrator is in the proper state. For this reason, the T0 pulse is

fed into one side of the gate generator multivibrator to set the gener-
ator in the proper state.
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10.5 (K I AT1 + K2 AT2 /AT1) Generator

(U) The output of the OR" gate circuit activates the function generator
during the interval Tf - To . The presence of the (T1 - To ) gate in the

interval allows the circuit to generate the function K1 AT1 . When the

(TI - TO ) gate terminates, the circuit switches from the generator to

the storage state. In the interval T2 - T1 , the pulses from the gate

generator multiv~brator are fed to the function generator which then has
the form of a dikital-analog converter due to the circuitry configuration
(see section 8.8). In this way, the functions K1 AT1 + K2 AT2/AT 1 are

generated. The output of this function generator is fed to the Amplified
Direct-toupled Diode Comparator (ADCD.C,.S@c±±~n 10.9).
10.6 (K3 + AT 2 + ATf Function Generator

(C) The output of the (Tf - T1 ) gate is used to initiate the,

(N + AT2 + ATf) function. The constant K is merely a shift int the

starting point of the sweep. The output of the generator is also fed
to the ADCDC, which detects the time at which the two functions,

K3 + AT 2 + ATf and K, AT, + "Tk/AT ,

are equal in magnitude. At this time, which is the desired firing time

Tf., the firing pulse is generated.

10.7 Computer Design

(C) The acci4racy of the system and therefore of the computer is defined
as the maximum tolerable error in the position of the missile when the
firing pulse is generated. With the missiles provided for the -feasi-
bility test, the accuracy of the computer was limited to ± 1/2 in.

This corresponds to a maximum permissible error in time Te of the firing
time Tf and is given by:

T sec (10.5)e V
m

where AD is the maximum displacement error of the missile in feet, and
Vm is the attacking missile velocity in feet per second. For a missile
with a velocity of 5000 fps, the error must be no grbater than ± 8.3 jsec
(see figure 10-5).
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(C) Since the maximum error is limited to ± 8.3 psec for a 5000 fps
missile, the comparator must operate with an error voltage Ve of less

than Ve = 8.3pLsec 4.99 X 10-2 V/ = 0.414 v. The silicon diodese i.sec
used as the main comparators have a region of uncertainty of 0.6 v.
However, since both the reference voltage Er and the input signal ei
are amplified by the differential amplifier, the region of uncertainty
of the diodes is effectively reduced by the gain of the amplifier. A
nominal gain of 20 can be assumed for the amplifier. Therefore, the

region of uncertainty is reduced to ± 0-6/20 = ± .03 v which is well
within the permissible error.

(U) The high degree linearity required for accuracy in the computer
dictates the choice of Miller sweep circuits (figure 10-6) which com-
bine high linearity and simple circuitry. The dynamic output voltage
of a Miller sweep may be expressed as:

e = b t/RC (10.6)

The form of the equation just shown is similar to the form of the com-
puter equation in the active intervals, so that the coefficients may be
equated to determine the physical values of R and C.

10.8 Divider Design

(U) The division, as mentioned previously, is a quantized division
where the number of pulses out of the divider is in proportion to the

ratio hT 2 6T1 . The division is done using a circuit which generates

the waveforms shown in figure 10-7. First, a voltage K0 6T1 is gener-

ated which sets a reference level, than a triangle generator is initi-
ated whose period is a function of K0 AIT . Defining

tan a = AT /K AT
2 o 1 (10.7)

then
n = 1/K tan a . AT /AT2 1 (10.8)

which shows that the number of comparison points at ep E bb and

ep = - KO AT1 + Ebb is a digital indication of the ratio AT 2/AT V

The gate which switches the slope of the triangle generator is also
used to drive an operational step generator* (see figure 10-8). The
operational step generator is used to convert the digital representa-
tion of AT 2/AT to an analog representation.

*J. Millman, H. Taub, Pulse and Digital Circuits, Mc-Graw-Hill Book Co., N.Y.,
1956, page 467.
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(U) A unique feature of the function generator is the method by which
the value of the function is stored (see figure 10-6). The circuit is
a conventional suppressor-gated Miller sweep with the exception of
diodes D1 and D2 . If the suppressor is at -20 v and the cathode of Dl
is at + 5 v, then Dl will be reverse biased, D2 forward biased, and the
grid of the Miller sweep will be in clamp due to the plate current cut-
off. Assume the suppressor of V1 is brought to 0 volts; the plate
voltage will drop according to

bb=+ E (10.9)
p (R + RPD2)C bb

After a time T, a voltage of -10 v is applied to the cathode of Dl.
causing D1 to become forward biased and D2 to become reverse-biased.
Therefore rD _+ oo, causing

2

EbbT (10.10)

p (R + r PD2)C bb

which is a constant after the interval T.

(U) The triangle generator, figure 10-9, as used in the divider, uses
the same principle as the Miller sweep with storage. Assume the sup-
pressor grid of V1 is at -20 v and the slope gate voltage is at + 5 v;
D1 is reverse biased, D2 forward biased, and D4 reverse biased, and the
grid of Vl is in clamp. A positive gate is then applied to the suppres-
sor of V1 causing the plate voltage to drop as

Ebt
e+ bbb (10.11)

p (Rl + rP )C

21

A voltage of -10 v is applied at time T to the slope gate; DI is then
forward biased and D2 is reverse biased, causing rPD2- OD, but at

the same time D4 becomes forward-biased, leading to

E bbT Ebb (t -T)
p (RI +rPD 2 )C + (R2 + rPD4 ) C + Ebb (10.12)

If this process is continued the triangular wave is generated.
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10.9 Comparators

(C) Two types of comparators are used in the firing-time computer,
depending upon the accuracy required. They are the cathode-coupled
difference amplifier, figure 10-10, and an amplified direct coupled
diode comparator (ADCDC), figure 10-11.

(U) In the cathode-coupled difference amplifier comparator, the plate
current cutoff of one tube (V 1) is used to indicate the time at which

the input signal ei approaches E . Two serious drawbacks of such a

comparator are that the grid-to-cathode voltage for plate current cutoff
is a function of plate-to-cathode voltage and also of filament voltage.
Since there is a large fluctuation of plate-to cathode voltage due to
the large dynamic range of Er it is obvious that the accuracy of the
comparison will be affected. A preliminarfanalysis of this comparator
shows that for a shift of E from 250 v to 50 v the shift in the com-

rparison point will be approximately 0.5 v which seriously affects theaccuracy of the computer.

(U) The ADCDC is designed to reduce the errors that are due to the
large dynamic range of E and filament voltage fluctuations. In ther
ADCDC, the above errors are theoretically zero because of the balanced
feature of the comparator. It requires only that when the difference in
grid voltages is zero, the difference in plate voltages must also be zero.
The waveshapes as used in the comparator are illustrated in figure 10-12.
The peak of the triangle of e is the point at which ei = E . By differen-

tiating the triangle the peak can be determined.

10.10 Gates

(U) The gates used in the computer are of the monostable multivibrator
type, figure 10-13. This type is used due to the automatic reset which
allows the computer to be ready to function even as shortly as 10 msec
after a transient in one channel.

10.11 Computer Adjustment

(U) The adjustment of the computer 's accomplished by inserting ac-
curately defined time differentials T and T into the computer and
by adjusting the appropriate trimmers so that he TfIs supplied by the
computer equal those calculated numerically from the firing-time equa-
tion (10.13) in section 3.6. AT 1 andAT 2 are taken from a time differ-
ential generator.
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(U) The following procedure is applied to adjust the divider
(section 10.8).

1. AT 1 is set to 800 gsec andAT2 to 400 .sec.

2. K0 AT 1 is so adjusted that the total sweep voltage

of the KO AT, generator is 195 v.

3. K AT and -K AT are adjusted so that each half-periodX X

of the triangular wave is 20 gac.

(U) With the divider adjusted, the main functions may now be adjusted.
There must be three sets of times AT1, AT2 and ATf to uniquely de-

termine constants of the computer, since there are three independent
constants in the equation. The following procedure is followed:

1. AT is set to 200 psec andAT2 100 psec. K3 is adjusted

so that ATf is 264 gsec, as required by the firing-time

equation.

2. AT1 and AT2 are set to 200 psec and 400 psec respectively.

K2 AT2 /AT 1 is so adjusted that ATf is 479 Psec.

3. AT1 and AT2 are both set to 800 psec. The AT2 trimmer so

adjusted that ATf is 2559 .sec.

4. The above operation is repeated until the computer is

adjusted.

10.12 Field Test Results

(S) In field tests conducted at the DOFL Test Area the computer was
tested' with rounds whose velocity ranged from 1400 fps to 2600 fps.

Over this range of velocity the computer exhibited an average error
of -0.20 inches ± 0.35 inches in determining the proper point at which
to initiate the line charge to defeat the attacking missile.

Figures 10-14, 10-15, and 10-16 are front, top, and bottom
views respectively, of the completed computer.
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11. CHAROE-SELECTING COMPUTER

W. Moore

(S) The charge-selecting computer was designed and built under contract
by international Business Machine Corporation, Federal Systems Division,
Kingston, New York. Its purpose was to determine which defending charge
in the array should be fired to intercept the trajectory of the attack-
ing round.

11.1 Approach to Selection Problem

(S) 'For the system geometry used, the problem was reduced to a geomet-
rical determination of the various combinations of pickets in the A fence
and B fence which lie on any straight line which passes through a partic-

ular charge in the array. Figure 11-1 is an illustration of this princi-
ple. Three trajectories are shown as examples. In this case, trajectory

No. 1 passes through picket A-12 and B-10 and also over charge C-2. Tra-
jectory No. 2 passes through picket A-5 and B-5 andfthis combination also
passes over charge C-2. Thus, there are many combinations of pickets
which lie on a line which passes over each particular charge.

(S) For a given geometry of pickets and charges, these combinations may
be tabulated and used to form the basis of a system for selection. The
total number of combinations may be reduced by other restrictions on the
system. e.g., trajectory No. 3 in the figure passes through A-10, B-7 and
charge C-i, but this trajectory will not intercept the defended plate.
Under such conditions this combination need not be included in the system.
This reduces the total number of combinations which must be "stored" or
wired into the circuitry.

(S) The selection is somewhat more complicated than this simple example
may indicate, because of the finite widths of the attacking rounds, de-
tection pickets, defending charges and spacing between such elements.

(S) It can be seen that an attacking round may, due to its diameter,
pass through more than'one picket in each fence. Also, the trajectory
may pass between two defending charges. In such cases, the system must
make a choice between a set of combinations and select one of the two
charges, if it is not desirable to fire both charges simultaneously.

(U) The problem of selecting one of many pickets traversed has been
attacked in this system by choosing that picket which lies closest to the
center of the traversed set, or, when only two are traversed, by selecting
either the right hand or left hand picket each time. Whether it will be
the right or left one, depends upon the particular geometry and angle of
the attacking round.
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(C) When this selection has been made the choise must then be used to

direct or "steer" a pulse from the firing time computer (section 10) to

the proper defending charge, or to the high voltage firing circuitry
associated with this defending charge.

(S) The manner in which this selection computer functions requires indi-

vidual inputs from each of the optical detection units in the A fence and

the B fence. For the feasibility test geometry, there are 84 optical
units in each of these fences, making a total of 168 inputs to the charge

selection computer. The proposed system required 12 defending charges
and, therefore, directed its outputs into any one of 12 positions.

11.2 Input Storage

Figure 11-2 is a block diagram of the fundamental sub-units of the
charge selection computer and their arrangement,, As shown, it comprises
two input sections, one for the A fence and one for the B fence. Each
input section conflists, of 84 magnetic cotes and associated drive circuitry

for storing the information concerning which optical pickets were int'r-

cepted by the projectile.

(U) Each input section A and B has an associated unit for center resolu-
tion. The center resolution circuitry performs the functions necessary to

select the approximate center of all inputs in a given fence and then

clears all information stored in the input cores except that stored in the
selected center input core. The center selection made in both A and B
fences is then fed to the charge selection matrix.

(C) The charge selection matrix takes the A and B information and gives
an output corresponding to the desired charge. This output is then fed
to the output buffer register which stores the information regarding the
proper charge until the firing pulse from the firing-time computer arrives.

The output buffer register has conditioned the proper gate circuitry to
allow the firing pulse to be passed on to the defending charge firing cir-

cuitry.

11.3 Center Resolution

(U) It was stated that under certain conditions the attacking round may
traverse several optical pickets in a given fence and a selection has to
be made to find the center picket. This is done by the selection computer
in the ceiter resolution circuitry. A block diagram of the logic associated
with the center resolution problem is shown in figure 11-3, The number of

pickets which could be traversed is a function of the attacking round size,
and angle of attack. It was found that the maximum number of pickets trav-

ersed by existing ammunition up to 106 mm and 600 angle of attack was

fifteen.

SECRET 191
Thies oumrnt ontains Information affecting the national d fenab the United States w h t he meaning of the espionae l awi, title,
10 U S. C,, ria and 794. Its transmislion or the rev¢,tiol of b contents in any manner thin vnauthorlzsd person It prohibited by law.



CONFIDENTIAL

CL 0 w

0 M 0

C.)~C. 00!j

z % Q~ 0

w 0

W J LL. Z W

IL. 0
I-o w 0 0

0) U)0

'a1 
I.-

o 0. o S3 Z 0
a. 0 a

0 N w
z.

'ae
~ (0

OD0C

(01- U~(0 be

00 Z0 U) )

0~ CLI 2
U 0 0w40

Q'a
w Q L a C.

W -1 Z W

zIdN g0 LU
U) ------- i.Sz zn I

192~~ COFDETA



_____CLEAR ACEG
CLEAR BDFH

1-4

0

50 0

CU CL

u-4
-4

U)aW

> 
CD 

0

0W

WNU FR AO
"B~ FENC

193



(U) In each fence A or B, there are 84 pickets. The information from
the individual pickets traversed in the A fence must be retained until
the information is received from the B fence. This is done by having a
magnetic core for each picket in the fence. When a picket is intercepted
by the attacking round, the state of the core is switched and held. Since
a maximum of 15 pickets can be intercepted in any fence, it is possible to
switch 15 cores in t~le A fence and 15 cores in the B fence. Of the 15
cores set in a given fence, it is desired to select that core which corres-
ponds to the picket which was closest to the center of the group covered,

(U) In figure 11-4 is a sample of how these cores are arranged. As
shown, each of the inputs is associated with one single core, 84 for a
given fence. The readout lines are linked with every ninth core in the
set. If the maximum number of cores set in a fence is 15, then there are
7 readout lines each with 2 cores set and 1 readout line with one core
set. It will be noticed that the readout line with one core set also cor-
responds to the center picket in the group covered. It can be shown that
for any number of cores set, from 1 to 15, the desired core will always be
on a readout line with only one set core.

(U) It is also shown that every ninth input line shares a common load
resistor. Thus. there are a total of eight load resistors. When current
is driven through the input line to set a core, there is a voltage drop
across its load resistor. These eight load resistors establish the eight
lines shown in the logic diagram (figure 11-2) which connect the input
cores to the input gates and thence to eight flip-flops in the center
resolution register. Each line is associated with an individual flip-flop,

(U) Since it is possible to receive or set 15 inputs, all eight flip-
flops in the center resolution register can be set, However, this is not
permitted to happen. From the geometry and available ammunition, it was
determined that the inputs from the adjacent detection pickets traversed
are not received simultaneously, but require intervals of 50 psec or
longer. In general, the picket which corresponds to the center line will
be one of the first traversed. An interval of time approximately 3 to 4
Lsec after the first input is received is usually sufficient to allow a
maximum of three cores to be set. This fact is used to prohibit the
setting of more than three flip-flops in the center-resolution register.
When the initial flip-flop is triggered an outDut is taken off through
the "OR" circuit shown and is used to inhibit any furtlnr inputs from
reaching the flip-flop register. The time required for this action is
about 3 to 4 psec.

(U) The three inputs which are retained in the flip-flop register come
from a set of pickets which are in numerical order, such as A-3, A-4,
A-5 or A-17, A-18, A-19, etc. From the geometry, the middle picket of
this group is in general the one closest to the center line of the tra-
jectory.
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FROM INHIBIT GATES AND DRIVERS

A A B C D E F GB H

w
I~

A- I-- O__ __ _

_•B M

A-3 - __ >_

A-4 _ 0__ _
A-5 E
A-S __F, _ _ _ __ _

A-6 -> __ _ - -_ _ -
A-7 GC w 0

A-8 -. w,
I.-R

A-9 _- Z
U

A-I2 z0
aA-12 _ _ _ _ _ _

A-13 -- --

A-14 _ __

A-15 j
A-16,

A-84-- - --

+9.5 VOLTS

+9.5 VOLTS

Figure 11-4. Arrangement of magnet cores in center-resolution
circuitry

195



(U) In short, even though 15 pickets are covered and 15 input cores
are set, there is a maximum of only three flip-flops set in the center-
resolution register.

(U) The next step is to resolve the center one of the three in the
register and clear all input cores except the one corresponding to the
center picket. This is performed in the center-resolution core matrix

(U) Remembering that every ninth input shares a common load (figure
11-4), there are established groups consisting of eight inputs in a
group. The individual inputs in a group are labeled A, B, C D, E F,
G, and H, with the next group repeating the same series, ioe., A, B,
etc. The flip-flops in the register are also designated in this
manner, corresponding to their associated inputs.

(U) The center-resolution core matrix consists of eight cores, asso-
ciated with and driven from the flip-flop register. A schematic dia-
gram of the manner in which these cores are arranged is shown in figure
11-5.

(U) Since each flip-flop has two states, zero and one, these are used
to indicate whether A, B, C, etc. was or was not intercepted, The two
states of the flip-flop are designated A' and "Not A", written here-
after "A" and "A".

(U) The center-resolution core matrix contains windings from both sides
of the flip-flop; that is, a winding for A and A, B and B, etc. These
windings are not on the same core, but are so arranged that each core
consists of a set of three windings associated with the flip-flops as
tabulated below:

Core No. Windings

HAB

2 ABC

3 BCD

4 CDE

5 DEF

6 EFG

7 FGH

8 GHA

(U) In addition, each core has two additional windings, one for inhibit
or reset, and one to sense the state of the information in the core. The
latter windings are used to clear unwanted information in the flip-flop
register.
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(U) As stated previously, the flip-flops set will be in a sequence,
such as A-3, A-4, A-5, or by the group designation CDE, EFG, or CHA. It
is not necessary that there be three in the sequence, for only one or
two may be set, e.g., DE, GH, AB when two are set.

(U) The center-resolution core windings tabulated are conditioned in
the initial or reset state such that all "Not" windings are energized.
Thus., each core has the equivalent of two units of current drive, where
one unit of current is sufficient to switch the state of the core. The
inhibit windings, when driven, supplies a negative unit of current, i.e.,
in such a direction to oppose the flux established by the flip-flop drive
current.

(U) To illustrate this, assume the initial conditions of core No. 1,
with a square hysteresis loop, to be those shown in figure 11-6. Both
A and B windings are energized and the state of the core is at point
(1). The H winding has no current in the initial state. When flip-flops

A, Bj C are set by the passage of a projectile, the current in windings A
and B is removed. The H winding is unaffected and the state of the core

is moved to point 2 in the figure. When the inhibit winding is driven,
the core switches to point 3. This change of flux in the core produces
a voltage in the sense winding which is used to reset flip-flops A, C, E,
and G. Since flip-flops E and G are already in the reset condition, nothing

happens to these two. Only A and C, which were set by the passage of the
projectile, are reset. This leaves B as the only flip-flop set in the regis-
ter and it is the desired one. The same situation occurs in a different

core when the flip-flops set correspond to the logic established for the
particular core.

(U) Obviously, if only A and B had been set, the decoding would have left
B as the desired selection. When A alone is set there is no decoding done
by the center-resolution core matrix and A remains the flip-flop set in the
register.

11.4 Resetting Input Cores and Readout to Selection Matrix

(U) Approximately 4 microseconds after the decoding has been done by the
center-resolution core matrix, a command is sent by a liming circuit lo
reset or inhibit all of the input cores which are associated with the
reset flip-flops. This takes place when current is sent through the in-

hibit windings of the input cores. The resetting action leaves only one
input core set and one flip-flop set in the center resolution circuitry.

There is only one input core set because the desired core was always in
a group containing one set core, as previously described,

(U) The same action takes place in both the A fence and B fence. The
function is performed in the B fence somewhat later than in the A fence
because of the time required for the projectile to pass from the A fenc&
of optical pickets to the B fence. Thus, the selection made in the A

fence is retained until a choice is made in the B fence,
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(U) The circuitry in A and B is identical except for an additional command
readout initiated by the B center-resolution circuitry. This command is
delayed approximately 15 psec from the initial setting of the first flip-
flop in the B fence center-resolution register. The delay provides suffi-
cient time to make the B selection. The command readout then inhibits or
resets the one remaining input core in both A and B fences simultaneously;
i.e., there is a coincidence readout from the A and B fences into the
charge-selection matrix.

11.5 Charge-Selection Matrix

(U) The charge-selection matrix consists of a number of square hysteresis
loop magnetic cores, each with windings from the A and B input cores cor-
responding to the A and B combinations which resulted from the system geom-
etry, such that A-12 and B-10 gives charge C-2 (figure 11-1). The selec-

tion C-2 is made in the following manner:

On some particular core in the charge selection matrix there are wind-
ings which correspond to A-12 and B-10. The selection matrix core also has
a bias winding and an output sense winding corresponding to charge C-2. The

A-12 and B-10 windings are driven from the coincidence readout of the A and
B input cores.

(U) Figure 11-7 presents the state of the core in the selection matrix.
At the beginning of the operation no current is flowing in the A-12 or B-10
windings, but current is flowing in the bias winding all the time, This
puts the core at point (1) on the diagram. When current flows in the A-12
winding it is only sufficient to produce enough flux in the core to reach
point (2). If the A-12 current is removed, the core will return to point
(1) because of the bias current. This is also true for current flowing in

the B-10 winding alone. When current flows in both A-12 and B-10 windings,
the core switches to point (3) on the diagram. The corresponding change
of flux in the core induces a voltage in the C-2 winding. It will be
noticed that current must appear in A-12 and B-10 at the same time to pro-
duce an output. 'The voltage induced in the C-2 winding is fed to a flip-
flop in the output buffer register.

11.6 Output Buffer Register and Output Gates

(U) The output buffer register consists of 12 flip-flops, each associated
with one of 12 output gates. Each output gate corresponds to one of the
12 defending charges. When drive is supplied to one of the 12 flip-flops,
such as the voltage induced in the C-2 winding mentioned under charge selec-
tion matrix, the flip-flop changes its state and conditions one of the 12
output gates.

(U) The inputs of the output gates are essentially in parallel for the

timing pulse from the firing-time computer. Thus, when the firing pulse
arrives at the inputs to the output gates, it is passed on only by the one

conditioned output gate, which is connected to the desired defending charge
firing circuitry.
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11.7 Indicator Lamps

(S) There are three sets of indicator lamps on the front panelthat per-
mit monitoring the functioning of the computer. Two vertical sets, each
consisting of a row of eight numbered red lamps and a row of eight numbered

yellow ones, are associated with the individual pickets in the A and B
fence (figure 11-1). The red lamps, when lighted, indicate which pickets

have been traversed. The yellow lamps indicate the picket selected as
nearest center. The horizontal set, numbered 1 to 12, indicates which of
the twelve defending charges has been selected by the computer in a fir-

ing.

11.8 Completed Charge-Selection Computer

(U) The completed charge-selection computer was delivered to DOFL by

International Business Machines Corporation by August 1959.

(U) The computer and its 60-cycle power supply are contained within a
chassis 24 in. x 17 in. x 12 in., and weigh approximately 75 pounds. The

power supply accounts for about two-thirds of the total weight. Much of

this could be saved if 400-cycle ac were used. Further savings in weight
and space will be possible if microminiaturization techniques are intro-
duced.

(U) Figure 11-8 is an external view of the complete charge selection

computer.

(U) Figure 11-9 shows the computer with the cover lifted to afford easy
access to the logic circuits.

(U) Figure 11-10 shows the logic circuits removed from the chassis and
illustrates the compact form of the units.

(U) Figure 11-11 is a picture of some of the logic cards removed from

the unit and the spbcial card extractor for removal and replacement of
the cards.

SECRET 201
Th dium tt ln sInformation affecting the national defense of the United States w "IJth~ he meaning of the epionage law, title,
1 U , ari d 4., It tranarm aon or the revelation of it content. in any manner em n na ithorized per on is prohibited by law.



CONFIDENTIAL

cH

Q)

-H

202 CONFIDENTIAL



C)

0

20



~f]

0

V

bfl

0

o

~1)

a

-4
'-4

bD

404



Figure 11-11. Logic cards and card extractor
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12. FIRING CIRCUIT

R. J. Paradis

(S) The system requirements are that only the one defending charge selected
by the charge-selecting computer (section 11) be detonated at any one time,

but that any of the twelve be ready to be fired, if it were selected as the
appropriate one,

(U) The 5-ohm M36AI detonator.,specified for the June 1960 feasibility
test fires at 1-v peak pulse. At low voltages its firing delay is nonrepro-
ducible and is of the order of Milliseconds, which cannot be tolerated; at
2 kiloLolts, corresponding to current peaks of 1000 amperes or greater with
several paralleled detonators, the delay is less than 3 isec. The 2-kilo-
volt, 1000-ampere requirement created a difficult switching problem and a
special firing circuit was developed to solve it.

C) In the feasibility test, twelve of these circuits were to be employed
in connection with the twelve defending charges. Since the thyratrons nor-
mally used for such an application were too large physically, a survey of
available switching devices was initiated. The 1000-ampere peak current re-
quirement exceeded that allowed by the manufacturers' specifications for all
of the switching devices that were considered. However, since the required
repetition rate is very low, several devices were examined regarding their
applicability for the specific purpose. A cold cathode gas switching tube,
which is of the size of a miniature receivin tube, offered the best chance
of success.

(U) The circuit of figure 12-1 performs the required operation. The capac-
itor is discharged through the tube and the resistor R which simulates an
M36A1 detonator. The coil L was added as a safety measure to bypass the
detonator D with 99 percent of, the dc ionization current, its dc resistance
being approximately 0.01 ohms as compared to the 5 ohms of the~detonator.

(U) The circuit was fired several hundred times with each of three sample
tubes used, without failure and with an average delay of 2.6 psec.

(C) Figures 12-2a and b are typical waveforms of the firing pulse pro-
duced by the circuit. In figure 12-2a the coil is not present, while in
figure 12-2b it is present. It is proposed to use only one firing capaci-
tor as sh6wn in figure 12-P, so that its stored energy is channeled to the
selected chaige through the appropriate switching tube.
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13. FIELD TESTS WIMI EXPERTMENTAL PROTOTYPE SYSTEM

A. Copeland, J. E. Miller, W. Moore, R. J. Paradis, F. Vrataric

13J1 Test Objectives

(U) The equipment and procedures were so designed as to permit testing
the complete circuitry built for the June 1960 feasibility test without
resorting to the complex optical hardware which was to be constructed
while these tests were going on.

(S) The test objectives were:

1. To determine the operating parameters of the detection units.

2. To test the charge selection computer.

3. To test the size discrimination and K-factor circuitry.

4. To determine the over-all-system timing accuracy.

5. To establish the influence of the sensing-unit errors upon the
over-all accuracy,

13.2 Firing Range

(U) All field tests preliminary to the feasibility test were conducted
at the DOFL Test Area at Blossom Point, Maryland. In order to lessen
interference from other tests going on in the area, a special firing range
was set up for this project. Photographs of the range layout are shown in
figures 13-1 and 13-2. The guns were maintained in a fixed position and
the shells were fired through the detection station into a bunker. The
signal information was transmitted to the instrumentation trailer through
cables in an underground conduit.

13.3 Tests on Detection Unit Parameters

(S) The c-er-all system accuracy depends primarily upon the accuracy
with which the detection units (section 4.1) can detect the nose of a
shell, in other words, how far the nose has to penetrate before a signal
is generated. Possible variations of shell penetraLion are shown diagram-
matically in figure 13-3. In figure 13-3a it is shown that various nose
shapes will result in different penetrations for the same signal. This is
also true for a shell entering into the null region, that is, the region
between two adjacent detection pickets, as shown in figure 13-3b. Figure
13-3c shows the effect of variations in the alignment of individual pickets
at the maximum detection range, which are within the closely held alignment

tolerances. In order to determine the random error of the system due to
variations in shell penetrations, a series of penetration measurements was
made. The test layout and procedures were as follows:

SECRET 211
This document contains Informatlon affecting the national defense of the United States wtht he meaning of the espionage iawc title,
18 U. S.C., 793 and 794. Its transmislon or the revelation of its contents In any manner th rn nauthorized person as prohibited by law.



SECRET +

cd 4J

1I 42d
0
A

Cd

bo

212 SECRET



C

.I~W 1

C)

,CD. ! -

44

213



CONFIDENTIAL

PICKETS

M318AI
M 344A NOSE
NOSE

PICKETS

NULL
REGION

M318AI
b' NOSE

PICKETS

,FRONT EDGE.

M318AI

NOSE

Figure 13-3. Possible variations in shell penetration

214 CONFIDENTIAL



SECRET

(S) The physical layout is shown in figure 13-4. 7he shell first shorts
the velocity and camera trigger screen, which triggers the properly set
shutters of the two cameras and starts a counter. It then enters into the
optical detection fenoe (sectioa ..2), which triggers the two microflashes.
In this way two pictures are taken of the shell in front of the calibrated
reflecting screen at th instant the sally amplifiers (section 9.1.3) in
the detection fence produces an outpat pulse. The shell finally shorts
the second velocity screen, which stops the counters. The shell velocity
is then computed from the time count and the spacing of the two screens.
The circuitry used to ener,;ize the camera shutter solenoid and to start
and stop the counter is shown in figure 13-11 in section 13.4.2. Figure
13-5 is a typical pair of pictures obtained in this way.

(C) For evaluating the picture, a plotting board, figure 13-6, was made
in the form of a scaled model of the layout. The fixed scale in the upper
portion represents the calibrated reflecting screen. The two transparent
rulers with the dark tracin, lines are hinged at the forward principal
points of the camera lenses. In actuality the tracing lines are quite nar-
row; they were exaggerated to render thein more conspicuous for this photo-
graph. The pro ections of the seven detection units of the subfence, seen
under the two rulers at their intersection. were made rotatable to permit
the evaluation of obliqua firings. The center board is a sliding scale
with which the distance of the shell nose from the leading edge of the sub-
fence is measured.

(C) In evaluating a shot, the tracing lines on the two hinged rulers
are made to coincide with the two respective markings on the fixed scale
which represent the markings read off the reflecting screen behind the
shell nose in the two pictures obtained at that shot. The intersection
of the two tracing lines is the position in which the shell was photographed,
and its distance from the leadin; edge of the subfence is now measured with
the sliding ruler; in this way, the penetration of the nose is determined.

(U) The delay of the Microflash, which is of the order of 10 to 40 psec,
was measured by the method described in section 13.4.3 and evaluated numer-
ically in terms of displacement of the shell nose on the trajectory from
the known shell velocity.

(U) The results of the firin;s iiace are recorded in the tables of section
13.5.3, and an analysis of the penetration of various types of shells in
various approaches to the subfence and their bearings on the over-all ac-
curacy is given in section li.G.

13.4 Tests on Over-all Syste,

13.4.1 Test Layout

In order to avoid complications of building the full three-
fence, 252-picket optical sensin; system, also containing 252 sally ampli-
fiers, and to still be able to test the full electronic instrumentation,
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as described i sections 8 through 12, a simplified sensing system was

built. Only three subfence units (section 5.2) were used. They were
mounted on a Z-shaped structure (Z-frame, section 5.3), which itself was
mounted on a rotatable platform, a gunmount obtained from the U.S. Navy.
Figure 13-7 is a diagram of the test layout and figure 13.8 a photograph
of the simplified sensing system in the detection tation.

(C) The platform had to be rotatable to permit various angles
of attack, since the guns were held at a fixed position. It was indexed
in conformance with the angles desired for this test. Tae Z-frame was
also indexed such that the subfence units taking the place of the A and C
fences could be displaced laterally to conform to the same angles. Sub-
fence B remained fixed at the axis of rotation for all angles.

(C) The lateral displacement of the A and C subfence was made in
exact multiples of the picket spacing. In addition, the output connec-
tions of the three subfence units were arranged to allow various input
connections to the charge selection computer, section 11. Each of these
three units could" thus, simulate any of the 12 units of the respective
fences of the complete system without actually building the latter, thus
allowing the charge selection computer to be tested in its selection of
a particular charge.

(C) Tests on shells of various height trajectories could also
be made by merely moving subfence C along the direction of the trajectory.
However, this was, only possible for normal attack, that is, with the Z-
frame in the zero-degree position.

(S) Referring again to figure 13-7, the shell first passed the
camera trigger and velocity screen, proceeded then through the subfences
A, B, and C and on through the fragmentation plane of the hypothetical
defending charge, and finally through the second velocity screen. The
camera was positioned with its optical axis in the fragmentation plane,
to take a picture of the shell in front of the calibrated reflecting
screen at the instant the Microflash was fired. The Microflash monitor
phototube was used to measure the delay of the flash (section 13.4.3).

13.4.2 Electronic Instrumentation and Test Method

(U) An over-all view of the electronic equipment housed in one
of the electronic laboratory trailers is given in figure 13-9, while
figure 13-10 is a block diagram of the circuitry employed in the over-
all test.

(S) The processing of the signals is as follows: As a shell
passes over subfence A, an output pulse is generated in one or more of the

seven sally amplifiers (section 9.1.3). Each of these amplifiers is con-
nected to seven A fence inputs of the charge selection computer (section
11), in addition to being combined in the diode "OR" circuit (section

9.2.1). The output of this latter circuit is fed to the To pulse
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input of the firing time computer (section 10) and also to the start-input

of the AT,-counter. Subfence B also contains seven sally amplifiers which
are also connected to seven B-fence inputs of the charge selection computer
and combined in the second diode "OR" circuit. When the shell passes over
subfence B, the output of the second diode "OR" circuit stops the AT,-coun-

ter, thus indicating the time interval AT , and starts the AT2 -counter
and is also fed to the TI-input of the firing-time computer. The charge-
selection computer has now obtained the necessary information and assigns
a charge to intercept the shell. At this same time, "knowing" AT ; the
firing-time computer has determined the shell velocity. When, at last, the
shell passes over subfence C, its output pulse stops the AT2  counter,
which indicates the time interval AT , and starts the ATf-counter and
is also fed to the T2-input of the fiiing-time computer. From the AT2 /AT,ratio the firing-time computer determines the height of the shell trajectory

and the time at which the intercepting charge is to be fired, and generates

the firing pulse at that time.

(S) The firing pulse is used to do two things. It stops the ATf-
counter, thus permitting reading-off the firing time for checking purposes.
In the complete feasibility test system, the pulse would have been used to
trigger the firing circuitry (section 11) and to detonate the defending
charge selected by the charge-selection computer. In the present experi-
mental system, however, the pulse is used to trigger the Microflash which
imitates a defending-charge firing, but in reality illuminates the shell
and the calibrated reflecting screen, such that a picture of the shell is

taken at the position in which it would be if the defending charge were
used.

(S) In imitating a shaped charge firing by the Microflash, the
fact must also be taken into account that the velocity Vc of the shaped
charge is finite while that of the Microflash light can be considered as
infinite. Therefore the actual position of the shell at the time of im-

pact is in advance of that at which it was photographed by a distance
hV /V . The correction is determined numerically from the measured height
h(r 2 AT1 ratio), the fragment velocity V , which is assumed fixed at
8000 fps, and from the measured shell velocity V

rd

(U) In addition to the velocity measurement obtained from count-
ing the time interval AT1, and independent check was made by measuring
the transit time between two wire-meash screens (figure 13-7) spaced ten
feet apart on the shell trajectory, one before, the other behind the opti-
cal sensing equipment. The circuitry used for that purpose is separately
shown in figure 13-11. which is self explanatory.

13.4.3 Determination of Microflash Delay

(U) A type 1530A General Radio Microflash unit was used in tLe

tests. The lamp produces a high-intensity flash of light lasting two
tsec, and there is an unavoidable, unpredictable delay, ranging from 10
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to 40 ;isec, between the arrival of the firing pulse and the actual occur-
rence of the flash. Because of its unpredictability, the delay had to
be measured and taken in account at every firing.

(U) The following method was employed. A monitoring phototube (figure
3-7) was placed in front of the Microflash lamp and facing it. This
phototube stops the Microflash delay counter (figures 13-10 and 13-11)
which has been started by the firing pulse, and the delay is read off the
counter.

13.5 Test Results

13.5.1 Charge-Selection Computer

(S) Since only one hypothetical defending charge was considered,
the various angles of attack being obtained by rotating the Z-frame, there
was no need to connect the output of the charge selection computer to the
Microflash which imitated the hypothetical defending charge. Instead of
that, the computer output was left unconnected, as shown in figure 13-10,
and the position of the charge that would have been selected at any partic-
ular angle was read off the lighted-up indicator lamp in the horizontal row
at the right bottom of the computer panel, section 11.7. It can be stated
that the position of the charge selected by the computer invariably coin-
cided with the position of the hypothetical charge considered.

13.5.2 Size Discrimination and K-Factor

(U) Tests to evaluate the functioning the size discrimination as
well as the K-factor circuitry, sections 9.3 and 9.4, were made. Although
time limitations prevented accurate evaluation, the results were suffi-
cient to indicate that the methods were indeed feasible.

13.5.3 Over-all Experimental System

(U) A total of 556 rounds were fired during the 1959 calender
year. The types of guns and ammunition used are listed below:

Gaun Round

12 gauge shot gun Rifled Slug

30 Cal. M-1 Rifle 30 Cal. Ball. M-2

50 Cal. Machine Gun,, M-2 50 Cal. Ball. M-2

20 mm Proof test Barrel 20 mm Ball. M56A1 & T283E1

75 mm Tank Gun, M-3 75 mm T165Ell

75 mm Pack Howitzer, M-1 (81 mm bore) 81 mm mortar, T-28

90 mm Anti-Aircraft, M-2 90 mm T.P. M-71

106 mm Recoiless Rifle, M4OAl HEAT, 344 A-1
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(U) All firings made and the results obtained from them are
recorded in table 13-1.

(W) As can be seen from the table) the average error of the
impact point on the shell was of the order of ± 1 in. for velocities
from 1400 to 2400 ft, altitudes from 0 to 5 ft, and off-normal angles
of attack from 0 to 55 deg. The analysis of the results is covered
in the following section.

13.6 Analysis of Results

13.6.1 General Considerations

(C) In this analysis, the effects of errors in the input in-
formation, that is" errors in AT1 and AT2 , on the computation of the
firing time for the defending charge are investigated. These errors
are caused by the following phenomena:

1. Penetrationt A shell must obscure a portion of a
detection picket in order to produce a signal. The amount of penetra-
tion necessary to obtain the same signal amplitude from different type
shells varies with the shape of the nose (see figure 13-3a).

2. Null Region: A shell entering the null region, that
is, the space between two adjacent pickets, requires a deeper penetration
to produce the same signal as one centrally entering a picket (see figure
13-3b).

3. Picket Beam Displacement. Misalignment of the pickets,
resulting in a beam displacement, also influences the penetration neces-
sary to produce a signal (see figure 13-3c).

4. Sally Amplifier Delay: The output pulse from the sally
amplifiers is delayed a few microseconds due to the finite velocity of the
penetrating shell. Additional error-causing delays due to variations in
the time constants of the PbS cells used and the signal amplitude must
also be included. The latter variable depends itself upon variations in
illumination as well as in the sensitivities of the PbS cells. A graph
showing the sally amplifier pulse delay versus input signal amplitude has
been shown in figure 9-9.

13.6.2 Total Error

(C) The sum of the errors caused by the above variations was
determined experimentally by photographing the shells as they passed
through a single optical fence at the instant a pulse was generated by
the sally amplifiers. The test procedure has been described in section
13.3.
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(C) The analysis of 21 pairs of pictures shows that the average
penetration'was 4.7 mm with a standard deviation r of ± 7.02 mm. This
distance is measured from the leading edge of the fence to the position
of the shell nose at the instant a pulse was obtained from the sally ampli-'
fier. The average penetration of 4.7 mm can easily be included by adding
the proper constant to the firing-time equation.

13.6.3 Firing-Time Error

(S) The equation for the firing time, including the K-factor
(section 9.4) is

d'+kL cos @ dI  AT

AT = dl AT + d AT 2'T - J! (13.1)'
f d 1 V tan cT 2 v

For the matter of convenience, ATfV AT1, and AT will be labeled
Tf, TI, T2  respectively. These new notations, owever, should not
be confused with those used in the previous sections. Differentiating
equation (1) partially with respect to T1 anA T2 gives

gd + kL cos 9 T_ Td dJd '
dTf 2 2__ _ 1 2 T+ 1-IdT2

d 1  V tan T 1 T1  dT1 tan -1  2

Writing the terms in the first and second brackets as K1 and K2, respec-
tively, one gets

dTf = K1 dT1 + K2 dT2 (13.2)

(U) Equation (13.2) will be used in either one of two ways, de-
pending on whether or not the penetration is a function of velocity.
Figure 13-3 illustrates the two cases. For case a in figure 13-12, the
product V times dT

VdT = V1 dTi = V2dT" = V dT" = etc,1 1V1 3 1

is a constant distance independent of the velocities Vl, V2, V3 . and
the variation about this constant value has to be considered as an un-
certainty error. Equation (13.2) is multiplied through by the shell
velocity V, giving

V dTf = K1 V dT1 + K2 VdT2 (13.3)
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The error equation for the area of the rms uncertainty of hitting a
projectile is

2 2 2 2Ep = PK E +K P (13.4)
Pt ~' 1  2 p

Where E = total rns positional error,

Epl= rms error associated with the product V dTl, and

Ep2 = rms error associated with V dT2

(U) For case b in figure 13-12, where the penetration is a
function of the velocity, the time dT, is constant and variations
about the value of dT1  would now havt to be considered as an under-
tainty error. The error for the firing time would be

2 E2 E2

T K T + K2  T2 (13.5)
t 1 2

where

E = total error in the firing time,
T t

IT1 = rms time error associated with dTl, and

ET = rmstime error associated with dT2

2

The positional error R then, is

=V
E p= VB T=V K E T2+ K 2 2. (13.6)p T1  2 T2

t1 2

(U) From the scatter diagram, figure 13-l3, for which the
21 firings mentioned in section 13.6.2 were used, it can be seen that

there is no correlation between the penetration, as measured, and the
velocity. Therefore, case A in figure 13-13 and equation(13.4) are
the correct ones, and not case b or equation (13.6).

It may be that, to a slight degree thy penetration Atill is a'func-
tion of the velocity. 'However, other effects predominate, so that no
correlation can be found experimentally.
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(U) Since the time interval T is the result of the pro-
jectile yassing through two fences, the total ns error assoc:Lated with
it is 2 times the error of one or ± 1.41 x 7.02 mm = ± 9.8 mm = 0.39 in.,
where 7.02 mm is the standard deviation of the penetration as arrived at
in section 13.6.2. Similarly, the rms error associated with T2  is
assumed to be also ±0.39 in.

(U) For the numerical computation, the terms K and K2 from
equation (13.2) are introduced in equation (13.4) which gives

________ 1 2 d 2 1(13.7)
+klcos_ Vc tan T d EP1+,FL c tan

K1 and K2 contain the velocity term dl/T1 ; kl has also a height term
T2/T1 . The term (dJ + kL cos )/d I  has a maximum value of 4.7, and I/Vc
tan = 3.44 x 10-4 sec/ft.for the geometry used. When these values and
terms are introduced in equation (13.7), and with EPl = Ep2 , the total

positional error becomes

4 T2 2
E (4.7 -3.44x.44 x 10-4 V - 1) (13.8)

With this error equation, the total positional error has been plotted in
figure 13-15 as a function of the shell velocity V for three values of
T2 /T1, namely, 2, 1, 0.5, which result from the lowest, middle and
greatest height, respectively, of the shell trajectories over the optical
sensing units.

(C) Analysis of shell pictures taken with the firing pulse from
the firing-time computer results in a standard deviation a of ± 0.51 in.
for shell velocities around 1400 fps of ± 1.23 in. for 1800 fps, and
± 1.05 in. for 2000 fps.

(C) As figure 13-14 shows, these experimentally found errors
are smaller than the calculated ones. Actually, they can be expected to
be smaller, since the instrumentation made it necessary to have the
shell trajectories as closely over the centers of the optical fences as
possible, thereby eliminating the variations of the different positions
along the fences as sources of error.

(S) For the matter of clarity, it should be borne in mind,
What the standard deviation of about 1 in. means: It means that 68.3
percent of th: shells havingvelocities between 1400 and 2000 fps could
have been hit at a predetermined point on their axes with an accuracy
of about ± 1in.
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14. MICROWAVE APPROACH

W. Moore

(U) ihe microwave approach to the Dash-Dot problem was carried on
under contracts' DAI-19-020-501-(P)-49 and DA.49-186-502-ORD-586 by
the United.Shoe Machinery Corporation, Beverly, Massachusetts. A

brief summary of the basic approach considered by the contractor will
be outlined here.

(U) Because misunderstandings have arisen in the past regarding the
microwave approach to the problem, it is well to emphasize at this
point that "radar techniques,' in the generally accepted sense, were
not employed.

(C) The greater portion of these investigations was based upon a cw
system and high-resolution antennas, operating in the near-field to
establish detection planes through which the shell passes sequentially.
Thus, the problem essentially reduces to the same form as that encoun-
tered wfth the optical approach, with the exception of the velocity
measurement, and the necessary hardware.

14.1 Velocity Measurement

(U) The velocity measurement is made with the well known Doppler
method. A cw magnetron operating at X-band and capable of about one
watt output was used to feed a horn antenna of relatively low gain.
This may be used both for transmitting and receiving, or a separate re-
ceiving horn may be used. The receiver for the velocity measurement is
essentially a zero I-F type. The Doppler frequency signal of there-
flected return signal is limited and counted to give an output which is
proportional to the approach velocity.

(S) System requirements call for operation against shell speeds from
approximately 200 to 5000 fps. The velocity measuring equipment there-
fore., has to be capable of covering a 25:1 frequency range,

(C) The output from the velocity measurement unit ususlly will have
to be stored for a short period of time until information is obtained
from other parts of the system regarding the position of the attacking
round.

14.2 Methods for Height Determination

(C) Two methods were investigated for determining the height of the
attacking round trajectory. These methods were termed the Multiple Bi-
static gys-Gem and the Three Horn System. Both approaches relied upon
high-resolution antennas, operating in the near field, to establish
sharp detection areas.
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14. 21 Multiple Bistatic System

k.c) This system employs quantized height dete-niinationo It
utilizes two sets of horn antennas. One set is for transmitting; the
second set is fox xeceiving (figure 14-l). The transmitting antennas
are arranged one above the other and face the receiving horns which are
similarly l7stacked". 'The particular transmitting and zeceiving antennas
which are directly opposed form a "bistatic pair", eog antenna 1-T and
I It; 2-T and 2-R, etc. When a projectile passes between a pair, it pro-
duces a change in the received signal and this change i used to trigger
height compensation circuitry,

(C) It i. obvious that the height informatlc -,o obtained is
quantized in height, since the projectile may be anywhere in the region
between the horns of a pair and still activate the circuitry connected
to it. This system, therefore, only gives height information to an ac-
curacy of ± kl/2, where 1/k equals the number of bistatic pairs in the
total height H, if the detection regions are all of the same width ver-
tically and contiguous to one another.

(S) An error in height of this magnitude will manifest itself
in a positional error for intercepting the attacking round of ± kHVm/2Vc
from a chosen position, For instance, for a system where kH 12 in.
Vc = 8000 fps, and the maximum attacking round velocity Vmax  4000 fps,
the error is ± 3 in,

14.2.2 Three-Horn System for Height Determination

(C) The T1hree Horn System'; of height determination is based
upon the same principle as that used in the optical approach. Figure
14-2 shows the main features of this method, It consists of one trans-
mitting and two receiving antennas arranged to form two detection planes
making an angle with respect to each other. As the projectile passes
through the planes, two pulses are generated by the receivers r1 and R2 .
The time interval t2 - t between these pulses is directly proportional
to the height h and inversely prorortional to the shell veIzcity. As
velocity information has already been obtained from the Doppler signal,
it is possible to use this information to extract h from (t2 - tl),

(S) Yrom figure 14-2, the equation for the firing time Tf,
that is, the time the defending charge has to be fired after the shell
has rassed through the second beam, may be obtained, For the dimensions
given in the figure, the equation is

V

If 5 (t2 -tI) 10 (t2 -tl) m
c

where
V a velocity of the attacking projectile,
m

V = fragment speed of the defending charge,
c
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Figure 14-2. Practical three-horn system
(Reproduced from contractor report No. 29)
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(C) The equation is similar to that obtai -ted for the inclined-
beam optical approach, and therefore, the firing-til'e computer may also
be essentially the same.

14.3 FM Ranging Teohniques

(U) In addition to the method outlined in section 14.2.1 and section
14.2.2) a study was made of frequency-modulation ranging techniques.

These are outlined in the contractor's Quarterly Report for the period
1 Oct ,- 31 Dec 1956, Contiact DAIT-9-020-501-ORD-(P)-49, Dash-Dot.

(U) As stated in the above report, the following methods were investi--
gated:

i. Ismail's method whereby both range and speed information are
simultaneously provided,

2. Single-range plus speed measurement where the time when a pro-
jectile is at a preset range and its speed at this time are

independently determined.

3. Two-range system where the speed is determined by the time Ire-
quired for the projectile to move from the first to the second

preset range,

4. Fixed-frequency-constant-delay system where a zero' beat be-
tween the difference frequency, f, and a reference frequency
serves to initiate a fixed delay before triggering,

14.4 Bibliography of Contractor's Reports

(U) In order to avoid encumbering this report with information that
can be obtained elsewhere, the above description of the microwave approach.
has been held to a minimum.

(U) For complete information, reference is made to the reports by United
Shoe Machinery Corporation, Beverly, Massachusetts, copies of which are
available through ASIIA. A bibliography follows:

Ismail, M. A. W.1 'A precise New System of FM Radar,' Proc. IRE, Vol.

44, September 1956
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15, CONCLUSION

H. W, Straub

(S) In June 1959, it became apparent that, contrLry to previous assump-

tions, the Dash-Dot system was expected to be capable of'being mounted
on a present-day tank. The maximum front overhang tolerable was speci-

fied by OTAC* as six inches beyond the fenders and/or one foot below

the turret race. This requirement ca:.not be fulfilled, at the present

state of the art, by the system described in this report.

(S) For instance, the 106 mm M344A1 HEAT round must be hit 14 inches

behind the nose. This necessitates the innermost detection fence to be

at least 14 inches outside the defending charge line if the charges

fire vertically, which is already a multiple of what OTAC can concede,
and this does not take in accoumt the minimum safe distance between the

defending charge line and the tank wall.

(U) Under these circumstances, DOFL made the following recommendations

to OTAC**

"(S) 1. If the words "vehicular application". . . are to be

interpreted as meaning application on a presently available vehicle, or

?(S) 2. If OTAC insists on the require'rent that only 6 inches of

front overhang and/or one foot below the turret race can be tolerated,
and

"(S) 3. If a fragment velocity of the defending charge.very much
higher than 8200 feet per second cannot be expected in the near future,

"(S) then DOFL has to recommend that work on the sensing system of

Dash-Dot be terminated after field tests of Phase III (firing time depend-

ing on velocity plus altitude), Phase IV (line charge selection), and

Phase V (size discrimination) have been completed.

(U) The project was placed on the deferred list in September 1959 before

the above-indicated phases were completed. It was then decided at DOFL,
as has been pointed out in the introdbction, that the last phases would

be completed and a report written even if need be, on DOFL S-R funds.

OtherwiOe much of the funds spent would have been spent with no results,

and much technical knowledge would be irretrievably lost.

Oral communication

* Letter Report "Status of Project Dash-Dot (U)" (Secret Report), dated

27 August 1959, from DOFL to OTAC_
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(V) This report shows that the basic problems, namely, those of deter-
itAing the trajectories of attacking shells at short ranges of a few feet
only, of selecting the one out of a multitude of defending charges that
is in the right position, and of generating a firing pulse at the correctly

computed time for the selected charge to def"L Lhe attacking shell, have

been solved in the optical approach.

(8) - w main shortcoming of the optical sensing system. which is lack of
coAteisi can be remedied as defending charges of fragment velocities
h 46r. *1o fps become available, It was shown in the discussion on
thi ,. it overqag, sections 2,2.l and 2°2.3, that the velocity Vc of
the de6fending charge fragments appears in the denominator of the equations,
meaning that the front overhang can be reduced with increasing fragment
ve!o40ty.

(C) :-t should be noted that improvements in the photocells regarding
higher sensitivity or shorter time constant would have no influence on

the size of the sensing system. If, ideally, low-cost, small-size,
zero time constant, infrared sensitive photocells became available, they
would'permit considerably simpler electronic devices to be built, but the
compactness of the optical sensing system proper would not be9*eted.

(C) Although the approach described does not appear to lend itself to
tank defense, it is felt that, when properly modified, it is well suited

to solve other defense problems.
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