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ABSTRACT

Results of studies conducted since 30 April 19953
are presented. Included is a description of a "“fixed target
rejection® system as well as a chart and over-all system
schematic showing all operating modes. AA computer diagrams
for use in determipﬁhg overall weapon effectiveness are

Giscussed. Sketches of single gun arrangements are included.
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SECTION I

INTRODUCTION

This is the fourth in a series of quarterly progress
reports being prepared for the New York Ordnance District by
the Sperry Gyroséope Company on Contract DA-30-069-01D-607,
These reports describe the progress being made on the feasi-
bility of develéping an on-mount fire control system and tur-
reu aesign, similar tc the caliber .60 weapbﬁ known as Stinger,
for use with .a new 37—mm‘gun. The program for this-contract
was outlined in the prcposal (Neg. No. 0.16434-2) dated

January 1952,

Like the Stinger, the new weapon is to be designed
to engage low flying aircraft having speeds up to 80C miles
per hour. The 37-mm gun pro§ides increased range and 1etha1ityu
The new weapon is to be mounted either ih‘a'selffpropelled
vehicle similar to Duster, in a trailer, or in a fixed installa-
tion. Its configuration and size, therefore, will have to
be similar:s to that of the Stinger; It is required that the

turret be self-contained, except for primary power and be

I

12
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37-mm guns with minor changes to the mount.

A major portion of the contract invclves a study of

the prcblems associated with the adoption of an improved system
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to the 37-mn gu: and ammunition. Although thne tactical role
of the new equipment is the same as for the Stinger, the bal-
listics will be changed considerably and the effective firing
range will be increased from 2000 .o 4500 yards. The baliis-
tic changes offect only the computer, whereas the increasecd

‘range will mean 0ew requirements for both the compuiter and the

radar, Increased range for the radar is expected through the

use of improved LF components and improved recesiver techniques.

Emphasis in the fire control will be placed on three
major considerations: target acquisition, accuracy, and re-
liability. Improvement of target acquisition is essential to
rermit the new weapon to acquirezeffectively3 low?flying,

&

A high-speed planes. Discussion of some methods top improving
target acquisition is given in Section III B of this report.
Improved acluracy is required because of the increase in firing

range and higher times of flight. Reliability is influenced

oy many factors including simplicity, component selection,
conservative design, parallel circuits, etec, All of these
factors mus% be considered at this stage in corde» tc avoid a

. o

| ctharge in planning in the event development is started

While consideration will be given to the matter of
minimizing redesign ol some components, director accuracy will

not be coempromised. Many improvements to the computer are

(.
N
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being considered which will not involve any basic change in
theory but will require « complete physical redesign.  The

new guns require hearier structure and larger power controls.
Of the radar subassemblies it is expected that the scanner
will be used as is, but all of the chassis will require com-
plete physical and partial electrical redesign. Thus, several
design studies are involved in this contract, but the number

and scope will be sufficient only to determine feasibility.

CONFIDENTIAL
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SECTION TI
SYSTEM CONSIDERATIONS

A. GENERAL

The proposed 37-mm fire control system is completely
integrated; the radar, power controls (turret), znd computer
forming cne closed servo loop. Within this sysfem are several
small locps. To insure overall system stability a servo
analysis of the system loop has been made which takes into
consideration all of the ‘servos &nd other delays in the systam.
This analysis was presented in Progress Heport No. 3 and

indicated that the system will be stable throughout the re-

quired range of operation. Another important system consid-

eration is the method of providirg additional operating modes
during search and aquisition. Of the three basic operations
search.aﬁd acquisition are the most difficult to modify Qhen
low flying nigh speed aircraft are considered as targets. A

method of utilizing fixed target discrimination to aquire low

flying targets in the presence of ground clutter is discussed

in this section. A method of changing from sector search to

8]
ct

udied. All of the

ct

automati. . yuisition is

rescntly being s

w3

system modes are discussed in the following paragraphs.
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B. SYSTEM OPERATING MODES

BRI T . L TNl e )
"

workhhas been started on mode analysis and system
operational procedurc. A preliminary outline proposing a
system embedying considerable improvements and simplifications
Over that cf Stinger is presented here. Only one axis has
been considered in detail at this time, but ccgnizance has

been taken of the other., 4 complete two axis sSystem will

MU Sl Aoy ST H RS R T AR TRy TN W
) 2 AU P SRR FIATIAE L AR AT IS 4

be presented in the final report,

figures 2-1 and 2-2 present a general outiine of

the 37-mm firs control system during the several modes neces-
sary ror the successful operation of Stinger. It should be
gg. noted that, although many modes are shown, the number of

switching operations reguired of the comprising componenté

P TR TR RO LN - ey T W)

is held to a minimum, iThé gyro and the deflection Servos,
for.exaﬁple,,are cnly reguired to'cperate in three differént
manners for the ten modes shown while the écanner Servos op-
erate in only two different manneré° Further examples are

found in the mode analysis table (fig. 2-1).

The methods of changing from both spiral and sector
B searci to the target acquisition modes haye been considerably
improved and are aimost identical. In both cases the gyro
will be clamped {allowing no precession), and the deflection

servos will be zeroced (allowing no lead angles), at the instant

CONFIDENTIAL
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“the target is acquired. The scanner {(and the optical sight

line) will be positioned in azimuth by positioning the turret
with the handle bars (scanner lead angles will be zero), and

by positioning the gyro elevation servo (GYE). Wide angle
displacement control will thereby be available. The method

of using a fcllow-up synchro,located in the handle bar to siore
targéé position as done in the Stinger,will be retained. (A
clutch is used to clamp this synchro at the proper instant.)

It is expected that most of the hydraulic control features
associated with the target acquisition mode of the Stinger

will be used.
Sector Search

The sector search mode will he exactly the same as
the acquisition mode except that the scanner will be sweeping
thrv a sector. When a target is seen bty the radar its posi-
tion will be stored. The system will then come out of sector
csearch and seek the target'position. The range gate will
sweep,as described in Section III,and automatic radar lock-on

will occur.

it will be noted that the sector search mode has not
been inc"uded in the preliminary mode analysis. It is intended
to present a proposed system, which will be integrated with

the entire 37-mm mode switching system, in the final report.
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practicabiiity or such a

bz contingent upon results

of breadboard testsy; which is beyond the sccre of this study.
Spiral Cearch

Avtomatic elevation search coverage while searching
360 degrees in azimuin Zefines the spiral search mode. Sﬁbera
imposed on the automatic elevaticn search signal will be the
hardle bar displacement sigreal. This wiil allow re-examination
of a previcusly searched spiral sector. During tnis mode the
guns, 1in elevation, and the turret will be inoperative. {Gun
elevation hydraulers are driving tlie scanner in 360 degree

motion and the turret "B" endé is being by-passed.)

e

Target Selector and Parallax Correctcr

In the target selector mode the target selectof main-
tains direct control over the scanner and the optical sigﬁt
line by positioning the turret and the gyro elevation servos
directiy. The external selector mode operating from the L14C

ystem may opsrate in a similar manner or may only position

14

the system accurately enough so that the proper sectior may be

searched.

1
| ,!
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Gun Drive Mode

During the gun drive mode the turret wiil follow

the motion of handle bars and the guns will follow the handle
"bars in elevation. The characteristics of motion will be
aided tracking (rate plus displacement). The gyro elevation
servo (GYE) wili follow the motion of the guns in elevation.
Thus, in this mode the scanner and sight line will also point
along the gun line. The gun drive mode, fherefore,:also
enables the acquisition of targets by radar using the optics

or a ring sight.

In the acquisition mocdes mentioned above no mention

was made of ranging on the targetp. There will be three methods

W’\

of ranging, each of which is described below.
C. METHODS OF RANGING

" 1. Manual Lock-on

After the target appears on the PPI scope, the range.
gate_is clewed over the target. The range
cally locks on the target and the system can be placea
in the automatic tracking mode by throwing the "manual-
autcmatic tragk" switch to "automatic". If the range
gate locks on an unwanted target the operator can again

press the slew button and the rahge gate will slew to

(]
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the next target. This method gives the operator the
perogative of choosing the target he wants when there are
more than one fixed or moving targets. This mode is

called manual locK-on.

2. Auto Lock-on

The second method of fanging automatically causes
the system to lock-on a target. The operator first slesws
the range'gate over the térget° The range gate then
locks on the target which automatically places the sys-
tem in autousiic track. This mode is called automatic

lock-~nn.

&

3. Fixed Target Rejection

The third method of ranging features fixed target
rejection and an automatic range sweep. While the opera-
tor tracks a target with the target selector or ring
sight, the range gate sweeps in and out, automatically
stopping on the first target it comes to. 1t then ex-

amidnrnac
CARE ke 3 ANS &P

o~ °So
d t ; f

sai 2 second and, if it is-
moving {in range), 1t will stey on this target and auto-
matically switch the system to automatic track. If the
target is fixed, outgoing or incoming at a rate less than
about 40 yards per second; the system will reject the

target and mcove on to the next target where the process

O
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is reneated. Thus, the operator is able to track a tar-
get optically (or the target is tracked by the target

selector) through much fixed gicund clutter, and the

i radar will not lock on until it finds an incoming moving

} target.,

The first ranging method described above is re-
ferred tc as "AUTO TRACK" in figure 2-1 and the other two
as "“AUTO LOCK-ON", since in each case a switching signal is

used to cause the system to switch to automatic tracking.
D, Miscellaneous Considerations

Py It should be noted that in all pievious modes the
gyro is clamped and the deflection servos are zeroed. Thus,
no lead angles exist until the system 1s switched to a track

mode. 3 : 5o

During the track modes it is anticipated that the
vertical ballistics (VB) will be added to the predicted gun
rosition by the addition of an equivalent electrical displace-
ment signal to the elevation power control. Lateral ballistics

(LB} will be added by adding 2 bias rate signal, as done in

Stinger.

The stabilizing cross feed signals are transmitted

only during rzdar track since they are not needed at aﬁy other

" i
i
Hiposs

10
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time. A transient eliminator feature will be included to
provide smooth switching from radar tracking to manual track-
ing. Switching from any other mode to manual tracking will
also be accomplished smoothly. A fast settling circuit is
inciuded to decrease the s2ttling time of the systemz The
theoretical basis for this has been shown in the previcus
progréss report, and the practicabllity has been indicated

in the Stinger. This 1s switched out at a predetermined time

so as not to impair the computing procedure.

The basic mode diagram {fig 2-2) illustrates a
laterzl gyro system comprised of an FF v
is multirlied by the lateral lead. A magnetic torguer is in-
corporatec in order to inject the fast settling feature and_
to provide a creep adju?tment; however it is possible that a
system simlilar to Stinger will be used instead. This possi-
bility is immaterial as far as the mode analysis is concerned,
however, since in both cases the use of a gyro clamper is

contermplated to accomplish caging because of the desirable

feature obtained,
E. ORIENTATION

The 414C orientation knob is provided in order that
the system may te orientated with the 414C system. The dial

and slip clutch arrangement allow the dial to be adjusted to

Il
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its proper space reference. The indicator orientation knob
allows the operator to orientate the indicator wlth respect
to the directlon of the sweep. Orientaticn of the target

selector is accomplished by positioning its case,
F. CENTERING FOR POWER CONTROCLS

The centering mode is initiated by releasing the
safety switches‘of the handle bar. The azimuth and gun eleva-
tion "B" ends are then blocked which insures no motion of
the guns*, The yokes are centered (preventing a'gun transient
the gyro is clamped, and the

deflection servos a2re zeroed.

*The gun elevation "B" end may be blocked in such a umanner
that the oil is trapped in the "B" end, thus preventing rapid
falling until the equilibrator spring balances the downward
gravity torque.

12
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e SECTION IIIX
RADAR

A. TRANSMITTER~RECEIVER

Space studies of the transmitter-receiver unit have
been completed during the past quarter. Since the heavier
guns of the 37-mm system require a longer elevation power ccn-
trol motor this component occupies mcre space. This requires
that the transmitter-receiver unit be deeper than the existing

~caliber .60 unit. ¥The synchronizer or scanner servo chassis,
therefore, must be broken up inte several small functional sub-
chassis which will be distriputed on either side of the

1 pedestal or relocated below decks. The transmitter-receiver

o)

upit layout (fig.3;l) was drawn using a magic tee mixer and.
cénventional TR-ATR duplexer. Thls mixer-duplexer will pfobf
ably not be the final type used (Stinger Quarterly Progress
Report No.c 3), but it was shown because it:represents the

largest configuration considered,
B. SYNCHRONIZER (FIXED TARGET REJECTICN CIRCUITS)

During the past quarter most emphasis was placed on
the development of the final circultry for the range gate
automatic sweep and lock-on and for the fixed target rejection
circuits. A complete breadboard of the synéhronizer andrfixed

target rejector was built and checked qut satisfactorily.

13- ot
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The operation of this circuit is described in the following

paragraph.

cr optical acgulsition mode, the range gate vill automatically
sweep over preset limits (nominally 1000 to 10,000 yards).

The scanner will te positioned to track the target by means

of either the handlebars or target selector. When a target
appears in the radar beam the range gate will lock on this
target and sanple its range rate for 0.5 seconds. If the
rauge rate is less than 40 yards psr second the range gate
will reject the target and continue sweeping until it locks

on the next targat in the beam, If the targe® range rate is
greater than 40 yards per second, and, if the movement of

the target is towards Stinger, the range gate will stay locked
oh, After the 0.5 second sampling time the eantire system will
switch to autometic track. After approximately 0.5 second of
tracking the reject circuits will automatically be de=-energized
to enable tracking through crossover at which time the range
rates become zero. Additionel circuits have been added to
prevent the range gate from sweeping 1f the target is lost

nmoant o
el UISIARE

o
[ g LY

r41vr Ao tn fadirne
sl S e To aaing.

25 th
tinue to track, in both range and position, the last known

motion of the target. The block diagram of the range sweep

1k
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'& and reject system is shown iix figure 3-2 and circuit cperation

is described in the following paragraph.

initial conditions for the various relays are:
Sl closed, 52 open, and S3 closed. When the range gate locks
on a target a signal will appear at point "A%, This will
cause.the ronge strobe to be turned off and will energize

e

the C,5 seconl and 1 second time delay circuits. The vol-
tage iaput to the differentiating circuits is proportional
to range,wiicn means that the output voltage of the differ-

entiator will be a voltage proportional to range rate, If

the target is a fixed target its range rate will be zero and

relay Sy will remain closed. After C.5 seconds relay S, will
@ ) clcse which allows the reject voltage to be supplied to the
synchronizer range tracking loop thereby causing the range
gate to be driven off the target. When thls happens the sig-
nal at point A will disappear and the range strobe clrcuits
will cause the range gate to continue to sweep. I{ the tar-
get is a moving target 2 voltzge will appear at the cuatput of
the differentiator causing relay S, to open. Therefore, when

<
S~ clese

A

n

{after 0.9 seconds) there is no -300 volts avallable

as a reject voltege., The closing of S, will also fire the
automatic track relays, switching Stinger to the automatic track
mode, After 0.5 seconds of tracking S3 will open. 7%his means
that even if the signal fades, causing no signal to appear at

noint A,the reject voltage and range strobe voltage will not

CONFIDENTIAL
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be supplied to the ranging circuits. However, if no signai
appears at point A for approximately three consecutive seconds,
S3 will reclose allowing the range strobe action to take place.
The ability to discriminate against inceming and outgoing
targets originates in the differentiator which supplies an
cutput of different polarity for incoming and outgoing rates.
The relay ccntrol circuit will only respond to a polarity

resulting from an incoming rate.
C. EXPERIMENTAL CHASSIS

A conplete synchronizer chassis (fig. 3-3) is bheing
built incerporating the new features discussed in the synch-
ronizer section., This chassis can be tried in the caliber
.50 Stinger with a minimum of changes to the existing wiring.

in the Stinger.
D. INDICATCRS

Development of the indicator circuitry has been
started during the past quarter.. Progress cn design of the
or the development of the PPI sweeps lias been tem-
rorarily halted pending delivery of a cathode ray tube from
DuMont and defiection coils from Syntronic Instruments, Inc.
A breadboard of the new intensifier circuit (Quarterly Progress

Report Neo. 3) has been built and is currently undergoing

testing,

16
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SECTION IV
COMPUTER

A. GENERAL

The studies on the computer have been concerned with
effectiveness and accuracy, sensitivity computation, fast
settling, mechanical design of the main computer section (known
as the tracking section), development of a mechanical caging
mechenism, and potenticmeter tests., The status of the com-

puter at this time can be summarized as follows:

1. Mein ccompuler secticn redesigned and materially sim-

plified without sacrificing accuracy.

2. Sensitivity computer (TM ccmputer) designed, bread-

boezrded, and tested; and its feasibility established.

3. New gyro glmbal system designed which is more com-

pact, Tugzed, and accurate.

+, Effectiveness studies are nearing completion and im-

portant accuracy factors have been evaluated.
5. Frrsiiminary optical design 1s nearir
5, Fast settling parameters have been chosen.

7. Wooden mockup of computer 1s nearing completion,

17
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The following naragraphs contain discussions of the
various studies which have been completed or are in advanced

stages,
B. EFFECTIVENESS AND ACCURACY STUDIES

Because of the original nature of these studies, it
has been necessary tec cousider several different analytical
technigues in an attempt to arrive at the most satisfactory
solution to the probiem. This has caused changes to be made
in the original study program. Now, however, as the result
of concentrated study =2nd analysis, a firm study plan has

cvolved, the outline of which is herewith presented:
1. The determination of kill prcbability
2, Target Coupse Data
3. Syster Limitations
y, AA Computer Diagrams
5. Practical Usage and Limitations
6. Optimum Firing Parameters

7. Accuracy Requirements
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1. The Determination of Kill Probability

As shown in Progress Report No. 3, the single shct

X111l probability Pss is given by the following expression:

; {h]z y
Psg = — 5 < e - (4-1)
2r 2r
1+ — 1 & ——
a2 22

where
a = radius of a vulnerable circular target area A
r., = randemr circular probable errcr or scatter

n = bias or svstematic error

A

Acceptable values must now be assigned to a, rg and h.

The target vulneraltle area Ay Is the product of the
appareat area Ap of the azircraft at any instant of time, and
the vulnerability coefficient av of the shell at that time.

The apparent aresa of the aircraft is the area presented by the
aircraft to the zun &t any instant of time and, obviously, is
directly dependeat upor the type of aircraft engaged, the range

at which it is engaged, and the course which it is flying.

It is to be expected that the type of aircraft which

the Stinger will engage most frequently will be single engine
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fighters especially suited for ground interdiction. 1In the
propeller driven class an example of this type of plane would

be the F-4?7; in the jet class the F-84F,

To calculate the apparent area presented to the gun
by this class of aircraft for a1l attitudes on all target
courses would be a staggering task. Thus, il was cecided that
the siwmplc geometric mean of the areas presented by the air-
craft from below, from in front, and from a side of the air-
craft would be computed and theresult would be assumed equas
to the average apparent area of the target for all attitudes
and for all target courses. For the class of aircraft described

rtove 2 valae between 10 and 2C square yards was computed.

The wvulnersbility cocfficient (av) is & function of
the total energy of the projectile at impact. According to an

empirical equation developed by the Sperry Sysnet Group to

In this equation E+ is equal to the sum of the kinetic and
chemical energies of the projectilz at the time of collision

with the target.

Because of the high explosive content of the 37-mm

H.E. Shell T81, the vulnerability coefficient (av}is relatively

o
(@]
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v

independent of the kinetic energy of the projectile at impact.
The maximum and minimum values of av were calculated to be .60
and .36. Since we are not, for all practical purposes, con-
cerned with these extreme cases, the variation in av is ex-
pected to be slight over the courses to te considered, and
1lttle error should be introduced by assuming av to be a

constant.

Frow the data derived above, the average vulnerable
Av is expected to bte between 3.6 and 12 square yards, A of
five () sgueare yards was selected as the average vulnerzble
area {Av) of the targev under analysis in order to present a

-

conservative picture o7 Stinger effectiveness.

P

Thereforsas: AV = 5 Yd52°

The total random circular probable error, or scatter,
is the suvm of the random error ir aimy; or wander, and the
random ervor of the gun, or disgersion. The standard deviation
of wander is equal to ~“he tracking error multiplied by the

syvstem amnlification facter. From trackin

it}

data acanired to
date during the Stinger caliber .00 test program, a standard
deviation value of 2 mnils of tracking error appears reasonable.
This is an average value for toth radar and manual tracking,
over all target courses and at all ranges. The system amplifi-

cation factior, unchanged in the 37-mm Stinger, is 3.5. Thus,

e

[\
[
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r
t the standard deviation of wander is egual to 2 x 3.5 = 7.0
i mils.

x

| . As yet no data 1s available on the firing dispersion

) of the 37-mm guns currently under development. If, however,

‘ 96% of the projectiles are assumed to fall within a circle 2L
mils in diameter 50% of the projectiles will fall within a

circle 8 mils in diameter and the circular probabtle error will

be egqual to 4 miis.

The scatter r, is egqual to the square root of the

sum ¢of the squars of the wander and the dispersion.

il i:.7;2 t {4)° ~ 3 nmils.
A value for ;; of & mils may appear somewhat large. It does,
however, represent a conservative estimate for the determination
of engagemeat kill probability, and furthermore it is in reason-
able agreement with the av standard deviation of random error

! in feet (s) derived from the 2quation below. .(Tbis ejuation

was provided by the Ballistic HResearcn Labcratories at

Aberdeen, Maryland.)

vi2 {pp 1
s = (,057V;2 (,_ sl L l(—)-‘“—J t [10TF)7°
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L
| wheare
‘ s = Standard deviaticn cf random error in ft -
' TV - Target velocity in ft/sec
)
| DP = Future range in ft
‘ TF = Time of flignt in sec
For a randcm circular probable error r_  of 8§ mils
‘ nd a vulneratble circular target area of 5 square yards, it
| can be shcwn that the target area is generally small compared
to the area covered by scatter under these conditions.
ors? >> a2 and equation 4-1 can be written as followss
‘ n?
i a< 2r ° y
L‘ Pss = e¥xp 8 (4-1lai

‘ or, since a = radius of a vulneratle circular target area

Pss = —— ¢ £ {4-1bi

Systematic errir (h) can only be evaluated in terms
‘ of the effect it has on kill probability. However, because
of the broad nature of this study, i
‘ to make this investigation during the conclding portion of the
program, At that time quantitative evaluaticn of the effects
of systematic error on kill probability will be considered.

Until then systematic errcr wlill be assumed equal to zero.

| 23
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e Thus:
A
¢.V
Psy = = (4-1c)
2nr <
where Av = an area of 5 square yds expressed in mils
and rg = 8 mils total scatter.
It was shown in Progress Repcrt No. 3 that the
probatle accumulated lethal hits N can be expressed as fcllows:
PCTct
N = FR z PCTi (Pss) i (4-2)
PCTof
Substituting equation (4-lc¢) for Pss into equation (4-2) and
factoring
i : R PCTcf ) =
(S =22 5 PCTi((tv)i | (4-24)
400 peror
where FR = Rat=z of fire in rounds/second
?CT; = Present course time at instanty
(Av); = Target vulnerable area in mils at PC‘I‘i
Equation (L4-2A) forms the basis for construction of the A4
Computer Diagrams,
2. Target Course Data
Kill probability, as discussed in Quarterly Progress
Report No. 3, haz been selected as the yardstick with which to
L4
E.

24
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measure the effectiveness of the 37-mm Stinger System. The
target course calculation present data on twenty-five repre-
sentative target courses for which 1t 1s desired to measure
system efrectiveness. The re:zults of the analysis of the
target course data in terms of expectad kill probabilitize

are shown on the computer AA diagrems {(figs, -1, 4-2, 4-3

and L-l),
3. System Limiteations

The expected effective range of the 37-mm gun is

—

LSO ~ A T
rards cwever

4500 ya ¢« ° R certain system limitations occur which

may restrict and.or nzgate the effeciiveness of the 37-mm
Stinger on certain courses. These system limitations are

shown on the Computer AA Diagrams.

The major system limitations are these whicihh delay
opening fire until after the aircraft has #assed within the
maximum effective range of the weapon and those that precipitate
cease fire before the target has passed outside the effective
range of the weapon. Included in the first category are the
limitations arising from maximum redar detection range and
time lost during acquisition and seiiling. Included in the
latter category are limitations imposed by maximum turret rates
and accelerations, waximum values of lead angle, maximum values

of scanner elevatlon, and excessive radar beam shadowing.

1%
A1
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The time before present position cross-over,; when
the prediction problem is solved and effective anti-aircraft
fire can begin, is the time when the target was initially

detected minus the total lost time k, or
PCTpps = PCTrd - k (4-3)

where

PCTpps = Present Course Time when prediction problem
is solved.

PCTrd = Present Course Time when radar detcctz air-

¥ = Time lost 1n acquisition and settling.

From geometry

(TYsPCTrd:2 = RY - RAZ (4-di)
where
TV = Target Velocity
Rd = Fadar detection range
Fe = Slant range at cross-over
or -
[reé- 2
- Re¢
PCTra = —~—T‘V:'——“ {4-~4a)
26
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Substituting equation (4%A) into equation (3) gives

- dnd® - Re?
PCTpps = v T %o {4-3a)

The time interval between the initial detectlon of
a target and opening fire is defined as the time lost (k) and
consists of the time spent in target acquisition and computer
settling time. From experiencs and considered study it has
been estimated that

10 seconds
2 seconds

Acquisition ‘'iime
Computer Scttling Time

i

il
-
N

Total time lost k seconds

Maximum radar detection range is a direct function
of the size and shape of the reflecting surlface. Ther for
different types c¢f aircraft different maximum radar detection
ranges are (o be expected; the larger and less streamlined the
aircraft. the longer the detoction range. But the larger and
iess streamlined the alircraft, the lower the medizan speed that

can be associated with the aircraft. Thus, it does nct seem

inconsistent to

eclion rznge can
be correlated with median aircraft speed. Based on this as-
sumption a table {tabkle 4-1) was constructed relating maximum
rader detection range and average target velocity. Data for

this table was culled from the “Final Report on Stidy of Short

27
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g

I TR R

= Range Anti--Aircraft Pire Control Systems"™ vy Aircraft &Lrmaments,
Ind., and was bssed on experience gained on the caliber «H0
Stinger.
TASLE L3
MAXTMUM RALASX DETSCTION RANGE VE AVERAGE TARGET VELOCITY
[" Average Target Velocity Maximum Redar Detection Rarge
!
; 10C yds/sec 16,000 ycs
t 20C yds/sec 12,000 yds
[ 300 vds/sec 000 yds
| LO0 vds/sec 7200 vds
|
E.iL, A zrapnical solution of equation {4-3A) can be readily

% obtained since, on a graph with present course time PCT as the
abscissa and Re/TV as the ordinate, equation (4-3A} is a semi-

circle of radius RA/TV whose center is located where PCT = k

and Re/TV = C. A typical plot, assuming a target velocity of

|

|

!

F

| LOO verds/second, is presenterd in figure 4-5. Superimposed on
t this graph is a semi-circle showirg the total firing time

: 318 plot is based on a maximum effective range of
| 45200 yds with targets of H00 yds/sec velocity and with slant

|

ranges at cross-over between O and 4500 vds,

e
b e]
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This nlot reweals that using a maximun rad-r datzo-
tion range of 7200 yds and a total lost =ime (k) of 12 serands
eliminatas 70% of the Tiring time availadle to the 37-mm
weapon for targets of 400 yds/sec velociiy. The computer AAd
diagram shows that fcr a similar speed target the loss in

effectiveness is only 20%. This indicates that Tiring time is

cr

nc c¢riterion on which to base the measure of system effective-

ness.,

lal

It appnears saic to assume that 1f the required rats
ar:d/or acceleration of the turret excesds the maximum rave
and/or acceleration c¢f the azimuth power control, the sysien
will los2 track of the target. 1t likewise apvears sale to

assume that if the tracking is interrupted becauss of exces=

O]

ive azimuth rate and/or acceleration, the engagement, for

all practical purposes, will have terminated,

Because of the mechanization of the systerm, required
raetes and/or accelerations of the guns in elevation, in excess
of the maximum rate and/or acceleration of the elevation power
control, will result in errors in the pointing of the guns.
However, this willl not produce an intsrruption in the tracking
of the target. The effect on system performanca of excessive
rates and/or accelerations in elevation is therefore felt to

be of only mincr impeortance, especially in view of the large

rates and accelz2rations available in the elevation power ccntrol.

29
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'rom geometry it can be shown that firing azimuth

rate (FAR) 1s expressed as

T féa— 1+ TER; it
(DPE -~ Y&
where TV = Target velccity
Rc = Slant range at cross-over
Y = Constant target altitude
TER = Time rate of change of time <of flight

DP = Future s.iant range.

Firing azimuth acceleration (FLA) is egual to thg

time rate of chenge of FAR. Performing the required differ-
entiation of equation (4-5), and making use of the eguation
for the analytical trajectory of the 37-mm HE Shell 781 given
in Appendix A, of Quarterly Progress Report No. 3, the firing

azimuth acceleration is exgr2ssed as follows:

i o S
17 RC® - Y2 (7R - DP (1 + TFR; AFVR-TFR |
i |

'DP2 - Y2, |

FAA =

: i4-61
L £CO ([PR - Y2

where APV = average projectile velocity

and TR = time rate of change of TFR

Because oI the obvious conp.ilexity of determining FAA for vari-
ous 1nstances, on different target courses, 1t was found that

equation (4%-6) cculd be closely aporoximated by

|
2
- 27 R = Y% apy3 . pR . 77

500 (DP2 - Y2)2
30

FAA ~ FAA' = (4-~7)
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The extent of the agreement between ejuations (4-6) and (4-7)

i shown on the graph (Course No. 4, fig. 4-6).

In order to limit the scope of this portion of the
study it has been found desirable to reduce all problems to
the slant plane. Obviously turret azimuth rate and accelera-
ticns are not only functions of TV and Rc but of target al-
titude Y as well. Thus, it now beccmes necessary to seiect,
as judiciously as possible, the median value of the slant
plane inclination to the azimuth plane. Based upon a random
target distribution in space, this inclination corresponds to

an angle of thirty degrees.

On the basis of a slant plane inclination of thirty
degrees, a maximum turret azimuth rate of 90 degrees per second,
anl a maximum turret azimuth acceleration of approximately 120
degrees per second per second, it is possible to determine
thé limitations arising from maximum turret azimuth rates and
acceleraticn by using equations -5 and 4-7. This has been
done and these ;imitations have been entered on the computer

AA diagrams.

In the caliber ,60 Stinger it was found advisable to
limit the lead angle in the slant plane to a value of 30°,

This was done bty Zimiting the lateral and vertical components

31
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of the lead angle to thirty degrees individvally, and by
rounding off cam data wherever the total leac angle function

L exceeded thirty degrees. I7 thz required value of lead angle
L exceeds inirty degrees for any weriod of time tracking will

be interrupted when

%

f (PRREQUIRED - PRycrpan) dt exceads the maximun radar signal.
o

Once tracking is interrunted it appears reasonable to assume
that the engagement, for ail practical purposes, will have

terminated. Thus, it benooves us tc investigate the limita-

+49 Ane T artiv
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angies exceed >0°,

From the course data it is possible to determine
for each target course the present positiong if any, at which

0 A~ ] 3 2T e . ‘o3 i 5 =
the required icad angle exceeds thirty degrees., Such inforna-

PRESENT TARGET PCSITICNS WITIH
LEAD ANGLE EXCELDING 30 DEGREES

Course No. TV Ec FCT
ou 300 L.000 -2. 400
13 Lo 1500 +2,8C0
A 400 2000 - 679
15 400 2500 ~2.300
2. &OO 3C00 -3.875
25 400 L000 ~-8.600
32
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Table #-3 lists for each target course the present
position, if any, at which the required lead angle exceeds
thirty-five degrees. This gives an indication of the increase
in system effectiveness resulting from increasing the lead

angle limit from 30 tc 35 degrees.

TABLE L4-3
PRESENT TARGET POSITIONS FOR LEAD ANGLES EXCEEDING 25 DEGREES

Course No. TV Re PCT
15 L.00 2000 +2.050
1y 40C 2500 +0,250
21 400 3000 -1.475
25 400 4000 =5.L450

The data furnished in tables 4-2 and L4-3 is graphicaily pre-

sented on the computer AA diagrams for purposes of analysis,

A minimum TM value of 0.2% seconds will place a
limitation on the extent of the target courses to be ccnsidered.
Unlike the limitations arising from maximum azimuth rates and
accelerations, and a maximum lead zngle value of 30 degrees; how-
ever, a limitation arising from a minimum value of TM will not
manifest itseifl in the form of a tracking interruption. It will
cause & systematic error in the lead input value required to
achieve the desired tracking rate. This is shown as follows:

Given

0.25 seconds

n

™ min

it

RF max 4 secoads—l

33
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o

L max = 30°

sin L max = 0.500

and csince PR max = sin L max RF max (;-8)

We may substitute the above values for sirn L max and

RF max into egquation (%-8) giving:

2 o T -
4

c Jaliianzsys bl .

-

I8

i
i

Since the value of FRmex is in excess of the mexi-

<

g

turret rate end maximum gyro precession rate, it is cbvious
that forcible interruption in tracking will resull frcm the
iimitation imposed by the maxipum turret azimuath rate cof 90

degrees per second, and not from thes inability to introduce

FN&

lead in excess of 30° for a minimum T¥ of 0,25 seconds. Thus,
a minimum value of TM of 0.25 seconids does no% constitute a
system limitation, in that it does not delay opening fire until
after the aircraft has passedlwithin the maximum effective
range of the weapon, nor preciﬁitate cease fire pefore the tar-

get has passed outside the effective range of the gun.

It has been realized that, as in the case of the cali-
ber .60 Stinger, certain target courses would require an
clevation greater than 1600 mils to permit continuous tracking
of the target shertly after 1t proceeds past cross-over. |

The obvious example is that of a target directly overhead.

=

This limitation, which results from a maximum value of

3k

.
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SE of 1600 mils, will not ap»ly to any target course wvhose

slant plane has an inclination of thirty degrees or less., For
that reason no SE limitaticn 1s shown on the computer AA diagrams.
Further, it will be recalled that for the caliber .60 Stinger,
this limitation first occurred at a future azimuth which was
approximately 900 mils beyond cross-over. Stinger is not very
effective in that region as can be seen from the computer AA

diagrams.

Radar shadowing by the Armour gun is expected to be
substantial for certain regions on various target courses. The
effects of shadowing on system performance have not been quan-
titatively evaluated to date; thus it 1s not yet possible to
determine the effect on system effectiveness of radar shadow-
ing by the Armour gun. It is not bzlieved that radar shadow-

ing by the Dixen 3un will be significant.
4, Computer AA Diazrams

The Computer AA Diagram (figs. 4-1, 4%-2, 4-3 and 4-4)
i1s a plan view presentation of probatle accumulated lethal
hits (N) in future pecsition space. This type of presentation
was originally devised bty the Research and Analysis Department
of the Antiaircraft and Guided Missiles Branch of the Artillery

School, Fort Bliss, Texas,; to permi® selection of optimum gun
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positions which weuld maximize anti-aircraft defense. Ve
shall use the Computer AA Diagram to present system effective-
ness in terms of probable accumulated lethal hits, toc evaluate
the system limitations previously discussed, arnd to indicate

cumalative ammunition consumption.

Future position space forms the basis of the Computer

AA Diagram. Thus, the initial step in the construction of
such a diagram is Lo draw a circle wnose radius eguals the
maximum effective range of the 37-mm weapon which 1s considered
to be located at the center. 1f ail target courses are drawn
parallel to the abscissa the ordinate is graduzted in values
of slant range at cross-over, from O to 4500 yds. The dis-

£~ tance along the abscissa, then, is equal to X, the product of
future course time and target velocity. Four Computer AA Dia-

grams have been osrepared for targets with 5 square yds of

vulnerable area and velocities of 100, 200, 300 and 400 yds/sec.

In Quarterly Progress Heport No. 3 it was concluded
that engagement kill probability is the only realistic measure
of the effectiveness cf the 37-mm Stinger System. EBEngagement
kill probability, however, is not cumulative, in that the
engagement kill prohability on one segment of a target ccurse
added to the engagement kill probability on other segments of

the target course does not equal the engagement kill probability

By
£
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over the entire course. For this reascn it was decicded to
use the prcbable accumulated lethal hits (eguation 4-2A) on

the Computer AA Piagram since these are cumuliative.

The curves of probablie accumulated lethal Lhits arve
calculated assumring firing is begun at the maximum effzsctive

range of the wespon. However, because of the cumulative

i
(5]
-+

sure of the probable accumulated lethal hits N, this does

§

r
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at 4500 yards, ‘o measure system effectivensss over any seg-

ment of any target course it i

[f7]

only necessary to determine N,
at open fire and N, at cease fire. No-Ny is then the probable
accumulated lethal hits and lee'(NZ'Nl) is the engagement kill
probability for that segment of that particular course. +c
eliminate the necessity of calculating the engagement kill
probability a graph has been provided on e;ch Computer AA
Dizgram giving the survival ﬁrobability as a function of prob-
able accumulated lethal hits N. Since, by definiticn, one
minus the engagement survival probability is equal to the

engagement kill probability the engagenent kil prchability

cail easily be determined.

Inspection of the Computer AA Diagram reveals that

PR

only a* target velocities of 400 yds/sec do maximum radar de-

tection range, and time lost during acquisition and settling,

37
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appreciably limit system etffectiveness. As previcusly shown,
a maximum radar detection range of 7200 yards and a total lost
time k of 12 seconds eliminates 70 percent of the firing time
available to the 37-mm Stinger for targets of 400 yds/sec
velocity. Figurz 4-~2 shows that a 7200 yd maximum radar de-

tection range and a total lost tims k of 12 seconds causes

45 percent of future

o]

csitien space to be unavailable for gun
firing purposes,' In terms of probable accumulated lethal
hits, however, and hence in terms cf system effectiveness, the
limitation is slight. It is only at longer values of cross-
cver range, where the csystem cffectiveness rapidly attenuates,

that this limitation become very appreciable.

A greater maximum radar detection range might be
desirable for high speed targets. More desirable, however,
would be a decrease in the time lost in acquisition and settl-
ing. It is certainly conceivable that an enemy aircraft coculd,
due to topographical or other obstacles, come within maximum
radar range before detection. Under those conditions a de-
crease in lost time k is to be desired while an increase in

radar range would be of no avail,

As previously discussed settling time was estimated
to be two seconds and acquisition time at ten seconds. While

the former probanly cculd not be much improved, three features

38
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proposed for the 37-mm Stinger are expected to reduce, per-

| ' haps by as much as half, the 10 second acquisition time,

These are:

[l
°

Use of a 5-irnch radar scope.

. The addition of elevation synchro control.

W

The use of a new range gate sweep with automatic

lock-on and reject features,

The four Computer 44 Diagrams indicate that a maxi-
mum lead angle of 30° imposes no limitation on any targets

except those whose sneed is in excess of 300 yds/sec. It can

LY
4

be seen from the diagram that for z target flying at a spzed

( w3 400 yds/sec, no limitation exists within a slant range at
cross-over of 1500 yds. For comparative purpcses, the limita-
tion which would arise from a maximum lead angle value of 35°
has been added to the Computer AA Diagram. Careful analysis

|
1
| of this data reveals the gain in system effectiveness caused
| by increasing the maximum lead angle value from 30 to 35° to
|

be slight.

Figure 4-2 indicates that the limitaticn imposed by

arising from a meximum radar detection range of 7200 yds and a

res

| a maximumn leacC angle value of 30Y combines with the limitations
| total lost time, k, of 12 seccnds, to prohibit fire on any |
l

(] 39
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target flying with a velocity of 400 yds/sec on a course which
exhibits a slant range at cross-over in excess of 30020 yds.
However, the proposed reduction in acquisition time would ex-
tend this cross-over range to beyond 350C yds. In this region

1

the engagement kKill probablility is lecs taan 0.2,

The limitations resulting from maximum turret rates
end accelerations, shown on the Computer AA Diagrams for 2
slant plane inclination of 30°, merit little discussion since
the reduction of overall system effectiveness resulting from
these 1limitations 1s negligible. Howéver, it is expected thet
at hirgher slant plane elevations these limitations will becoms
appreciable, but only on the receding leg of the future posi-

tion target. OSimilarly, at higher elzvation a scanner eleva-

by the Armour gun, may combine to make firing on the receding
leg of the target course almost impossible against high veloc-

ity aireraft,

Different firing rates have been allocated for the

P S e o e o
ClLS ik

- RN o o et
Ywii Wil U

he Computer AA Dlagrams,

(0]
m

cur different targst sp .
This, however, should not be construed as a recommendatlon
that firing rate should be linked to target speed. This is
only an attempt to distribute the consumption of available

ammunition throughout the target courses. Further, it does

40
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not place any restriction on interpretation of the Computer

AA Diagram. Ammunition consumption, like probable accumulated
lethal hits, is cumulative. Doubling the firing rate doubles
ammunition ccmsumption and Gdoubles the number of probable ac-
cunulated Lethal hits. The Computer AA Dlagrams clearly 1il-
lustrate the ammuniticn shortage and the need for a very
thorough study cf the tactical requirements of the 37-mm weapon.
Such a stucy is now in progress as a part of the program en-
titled "Tactical Limitations®, and there is every reason to
believe that satisfactory results will be cbtained. On the
basis of these rvresults, optimum firing parameters will be
determined which will husbénd the available ammunition. A
more intelligant decision can then be reached concerning the
accuracy requirements of the system. This information will

he presented in the final report of the 37-mm Stinger study

project,
C., SENSITIVITY CCMPUTER
l. General Status

The laboratory breadboard of the model A seansitivity

- computer was completed two months ago and is now undergoing

system accuracy tests and component studies. Only one major
change has been made to the solution schematic as a result of

the component study on the TF tachometer and its driving

CONFIDENTIAL
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5.solation amplifier. This change provides VCRF in the ERF

equation

RE = SRF + RCRF - VCRF

through mechanization.

This equation may be approximated by the expression

VCRF = APV. TFR. (KVC.AK) . RD.

e previous laboratory mechanizatiocn metihiod, which
was also used with the caliber .60 Stinger, required that the

Aot eoE e AFivenchy Bhe Bizh seneidd iy GEN
signal and that the KVC, AK, and RD attenuation follow the TF
tachometer 3ifferentiations. Thus,; the TFR booster amplifier
was forced to deliver excessive power to the low ilmpecauce

tacnometer with the resulting signal being attenuated by about
75 percent, Thic arrangement was found to put a strain on the
isolation amplifier and drove 1t into minor osciilation. This
nscillatory effect was then transferred to the other isolation
amplifiers in the system (as electrical pickup through their

common power suprlies) and forced the entirz computer into con-
i

Tris problem was solved by relocating the attenuator
at the input to the TFR booster amplifier rather than at the
tachometer cutput, effectively reducing the power required from
the amplifier by a factor of 16.
L2
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Thus the VCRF term, as provided in the laberatory

mockup through mechanization can be written as

N

VCRF = APV. (KVC.AK).ED.TFR.

This change iummmediately stopped the jitter in the laborstory
mockup, removing a serious obstacle to further testing of the

computer system,
2. ©Static Tests -

Tests have been run cn the laboratory mockup for
static pointz on general flight courses. These static tests
presumed zero values for botk bun aud TFR, and solved for TF

and RF as the inputs DO and cos L were varied statically,

These testis were limited in their mechanized range
because, for nigher values of DO (abcve approximately 4500 yards)
the TF servo drcve into its upper 1limit (TF rax = 10 secs)
vhich vielded an increased error in RF. For very low values
of DO {belcw aprroximately 1000 yards), ervors apneared in
voth TF and RF due to the linearity and resolution of the Do
notentiometers, which supply data to both these servos. How-
ever, th;oughout'the intermediate range of DO, computer ac-
curaciég were good. TF wag accurate to 0.0l secs and RF to
0,002 see"l, maximum errors being considered. This represents
an accuracy {(with respect to the true solution) greater than

0.3 percent in TF and 0.5 peréent in RF. HC Al S

1.')
Fo
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Por the values of Do which drove TF into its limit

RE J e At wno
L lu o W A

3

cause gun firing range is limited (at a DP of 4500 yards) belcw
the TF value of 10 seconds. Laborestory tests indicate that
for values of DO up to 75CC yards (with the TF servo in 1ts
limit) RF accuracy increases to aprroximately five percent

as LCO increases.

At the other extreme, as DC decreases below 1000
vards, RF is increasin:s rapidly due ¢to the DO reciprocation
required by the nathematics, and the linearity resolution effects
ol the DO poteni.ometers are magnified in the RF servo,. In
this region the #F accuracy increases to approximately 1e2
percent with the potentiometers now‘used. Specially construc-
ted Helipots with extremely high linearity and resolution at
the low end have been purchased to increase accuracy for higrer

RI* values.

These static tests are nut indicative of typical
flight courses as computed in the effectiveness and flight
studies, but serve only to indicate the accuracy that might he
expected for dynamic problems. Dynamic tests on the sensitiv-
ity ccmputer have been.begun and vill be discussed in the next

progress report,
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3. Tachometer Studies

&

A component study was made on the Kearfott Mark AAF
Mod 1 a-c tachometer which is used in the sensitivity computer
Lo measure tne DOR and TFR quantities, These studies were
undertaken sc that simple networks could be devised to correct
for the zero-speed null and phase shift error of the tacho-

PR = . " ] : . .
meters, and to investigate the linearity and interchangeability

At +th
Cx

(Y)

unitc. A simple voltage divider anrrecting circuilt

185
was devised which succeeded in reducing the zero-speed null

to avout one yd/sec. and it was found tha+t adding an RC filter
at the tachometer compensated for the inherent six degree phase

shift. The later modification was adopted directly from the

\

I26 computer while the former is a change towards increased

rate accuracies in the TM solution.

Linearity and replaceability tests were run employing
these dual tachometer corrections, Four tachometers were ﬁested
and indicated an individual linearity of 0.5 percent, which
corresponds to an error in the DOR quantity of one yard/sec.

The transfer functions of the four units were found to differ
by mum of on

= - -~ .l.
1T pelucliue

el
£
o
»
[
¢
0

This tachometer study indicates that if each tachometer

were packaged with its zerc-speed null network and its phase

CONFIDENTIAL
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The d-c powar rouuired t- a;élate the laboratory

mockup of the sensitivity ud&putﬂr va: reasured and serve i
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No ..rteraction hetween servos was noticed while

Y

using theo regiiated power suppliss as a voliage source aue

il o™ & TEAE
b

the low sutpat impedance of these components. With the +250

TS e —

' volt loads tied to a common dynamctor no change in computer

peration cc'urred. It can be concluded, therefore, that in-

]

he isclation amplifiers and the computing

cr

teraction be lwean
servos, Jve te an unregulated common +250 vclt supply, will

net effect sys-2m operation.

s elivingee Studies

- The (peration of the DC servo following a constant-

specd dynanic (ourse 2s a preliminary tc its cperation from

synchronizer de.ta must be analyzed to complete the study pro-
' ' gram. Tnis will involve a change in the servo preamplifier
since the rada range data is a d-c srror voltage while during

previous tasts the DO servo has been operated from a-c signals.

A second test will be run eliminating the tachometer
unit test fixture and supplying tne DOR and TFR signals from
the BC ard TF _ervos respectively, rather than from the auxil-

irry mockum,  hitabllity difficulties, in the form of servo

It

o 41
ta

Jriuor, is ant.cipated in ihis clused 1oop test of th -

O

S

- Wty

Lilolty compuier. The minor vibrations of the servo motors,

Y3

whicr .a: been hardly noticeable in our previous tests, will
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7,

ncw appear at the tachometers as priwary data and may cause

slignificant oscillation in both the TF and RF serves,
D. FAST SETTLING FOR USE WITH THE PREICESSION TORQUE MUITLIPLIER

Stinger Quarterly Progress Report No. 3 (Sectioa IV,
F), which covered the fast settling problem, discussed two
metheds of introducing fast settling and developed an equation,

equation 4-9, expressing lezad angle as a function of elapsed

time after lock-cn. In develeopi

o]
&)

this equatioi: 1t was assured
that the alded laying constant, A¥, was rcplaced by tne fast
settling constant, AKFS (=AK-KFS), under 211 conditicns, as
it is when the Stinger type precession mechanism is used. If
1; the precession torque multiplier is used this assumption can-
not be true for the reasons given in Stinger Quarterly Progress

Report No. 3, nanely:

1. The RF servo cannot produce the negative signals re-
gquired unécr certain fast settling conditions.

2. The amount of lead angle rate (KFSI) the magnetic

torquer can introduce is limited by size and ineriia

considerations,

During this quarter, both methods of introducing
fast settling, as limited by practical considerations, were

analyzed. The fcllowing symbols are used in this discussion.

l&)‘

%

L8
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- Stinger Sight Line Elevation
- Lead angle vetween Stinger gunline and Stinger sight-
line

- 1/TM, or the response factor from the TM computer

~ Constent value of RF, analogous to a circular target

course condition where range and range rate are zers
~ Fast seltliing ¢orrecticn to FFCL, in the folliowing
analysis, to SiF.
= Elevation ¢f the line from Stirger to the target

w

- Error bhetweeir B0 and CE at the time of lccik-on

= Brror between EO anéd CE at apny time

- Aided laying constant

- Aided laying constant during fast settling

- FPast settling constant {AKFS=AK-KFS)
- Rate lag constant of the svstem

- Elapsed time from lock-on
NOTE: Dotted quantities are time derivatives.

Fast settling introduction thrrugh ths RF servo.
Referring to Stinger Quarterly Progr:ss Report No, X:

OF = LeSRF + /K.{ - KFS'L = LeSRF + AKTS‘L

and RF, = RF = RFFS = RF = KF3°L/L.

43
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OE = L{SRF-RFFS) + AK-L

If SRF-RF¥S is within the limits
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of :he RPF serveoc the

following equation, developed in Progress Repor*t No. 3, holds:

! 2 ity ST
[ aurs s SR?‘ . { AKPS  [sRPS®  SRP|
il 5 ~ ¢ R s R I e I R
L = Cyel 2KRD J4KRL®  KRL} +Chel  2ERL {4KRL2  KRI
(4-9)
Yhere RFFS Z SRF, SRF-RFFS becomes zeroc
an ( the new equation results:
OE = AK°L
This equation when integrated becomes
A¥
- t  L_SRF 3
L =Cy, + Cye KRE e f4-10

p (0E) = L 'SAF max + AK-°L

50
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This equation when integrated becomes:

»

l AK j]xz SRFmax | \ [ AR j AR?  SRFmax|
. . _ I N - _
! C,e s

: t
KRL  Jggri? = KRD | 28 GKRI2  KRD Jl

uze < Lc

The initial conditions at lock-on are:

t =90 where t = time
L=0 L =. lead angle
L = El/KRL

Under these conditions RFy 1s usually less than zero and equa

ala

]

tion 4-1C must be used until RF, ¢

=
o
(i

i)

wmes within the range of th

H

rretic

(Y
2

RF servo., At that time equation 4-9 is used, with int

e

’_I
)
i3

(i
o

constants determined by the lead and lead rate st the particu-
lar time in question. Wnere the upper limit of the RF servo
is exceeded equation 4-10A is used. The curve must be plotted
step by step, transferring to the applicable equation whenever
the RF servo limits are passed in either direction, until

settling 15 complete.

Fast settling introduction through the RF servo has
been discarded as a practical solution, primarily beca:se the
nature of the fast settling signal (-KFS°£/L) requires a com-
plex electronic reciprocator. Further, it can be seen from.

_}igure_#-7, with reference to figures 4-8 and %-9, that the

- -KFS+L/L correction circuit will go from plus to minus infinity

(or vice-versa) where L goes through zero, causing the RF servo

51
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t6 1 immediately from one limit to the other., Figure 4-iC

9
represenis settling toc a fixed target wherc L/L -2 070 and be-~
comes indetermimats. In preqotice z2d4itiognal circuitry would

be required to ground the fast settling signal when L is in
the +5 mil range. In short, this solution requires excessive
electronics and the ssttling curves are not smooth continuous

functions of time.

2. Introduction through Magnetic Torquer:

in Stinges Gucidl:dy Progress Revort Nce 3, the equx-
tion for fast settling,

OE = L-SBF + &4K-L - KFSel = L-SEF + AKFS-L,
vas shown to be composed of the normal'Stinger eguation

OE = L-SRF + AK-L

and the fast settling component, -xXFS°L, whicih must be super-
imposed on the sight line rate. It is sufficiernt that a magne-
tic torquer cause the gyro to precess this additional amount,

since the sight line is mechanically connected to the gyro line,

where

AM = 22 in. 0z sec (i
i sec

52
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Consider a torquer or microsyn, acceptable as to
size and irertia, with a maximum output of 1.5 in.oz. 7The
maximum gyro rate produced by this torquer would be

1.5 in.oz./ 5 5
—==%/mil # 50 mils/sec
.03 in.oz. bepeey
This value would then be eguivalent Lo a mnaximum lead
arigle rate of
L = - 28 =<2 = 180 mils/sec
KFS .27
Thearefore, the normal fast settling equation would apply only

where -180 < L <+180

The normal fast settling equation, as developed in

Stinger Quarterly Progress Report No. 3, is eguation 4-9. The
normal Stinger coquation without fast settling :is
(2 y 3 ——2
AE. AK®  SRF} __M l AK ERF
s T dami2 o) © 2KRL  V4KRIZ  KRL :
L =G et v Gyt + L {4-11;

°
in the case where L exceeds the torquer limits, the
original conditions must be changed, since the torquer now puts

-KF&-L max, instead of tuie variable = XFS'L, as

in 2 constant,

. =TT

shown below. Normally

OE = LeSRF + AKeL - KFS+L = LeSRF + AKF3.L

93
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OE = L°SRF + AK°L - KF5°L max

" b

~

but, where the torguer 1limit 1s oxceeded

This equation whgn integrated becones

[ e e
5 { 2KR1: J seerar O Ry ! - SR 7 J’ e i a8 & wnT b 7
=g et e Chet © akpi?  IRL RES -
2 + L, + —— L max
¢ SRF
(4-12:

which is the same as the normal Stinger trackiag eguation,

except for the KFS/Lr)'+L max factor, which changes the lead

(g
'..-1-

angle to which the system tends to settle, Thercfcre, 1 s
seen that no fast setiling takes place during the time when
i exceads ithe forguer 1imits.

L- To discover how settling times are aflfected by a
limitation in i max, it is necessary to use equationé 49 and
4.12 in the same way equations %-9 and %-10 were used, ir con-
jﬁﬁction with the RF <ervo. Where i exceeds i max, equation
L.12 must be used, the curve being transferred to equaticn 1

when L max > L > - L max.

! Figures %-11 through %-22 show settling curves for

several critical combinations of lead angle and STM, All of
these settling curves are smooth and continuous. In figvres
4-.11 and b4-12 the leac angle curve representing a torquer

limited to an L max of #* 250 mils/sec scttles Taster than the

curve of the unlimited torquer sincc the uniimited torguer

5
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stecper, initially rises to

Figure b.12 graphi-
cally emphasizes the fact that the derivatives cf equatlons
4-12 and 4-13 are egual. In figures 4-13 and 4-14 the data is

the same as in figures 4-11 and 4-12, except for the sign of

L In the case where E; and L, are of the same sign, the

c.
overshoot condition aids the unlimited torgquer curve and it

settles first.

Figures 4-15, L~1€, 4-17 and %-i8 show curves for

Ly = ¢ 451 mils. Here th>2 same conclusions may be drawn as
were for Tigures 4-11 througn 4%-1% except that, in

4-17 and 4-13, the slope of the unlimited torguer curve is

\

r

steep enough to allow it to settle before the * 200 mil/sec
curve, in spite of the initial overshoct. Figures %-19 and
4-20 represent a less critical case in which the curve repre-

senting a torguer limited to * 100 mils/sec settles faster

than the unlimited curvec. Figures 4-21 and 4.-22 is a less
eritical case, similar to figures 4-i3 and B-1lk  in that the
curve limited to # 100 mils/sec settles faster than the un-
limited curve. 1t can be seen that in most normally encountered
the overshect inherent in the unlimited equation
tually causes the settling times to be somewhat longer than
those of the iimited curves, in spite of the rapid exponentilal

decay which is constantly present. Only under the severest

o

¢

b

CONFIDENTIAL

K .



J - Tr—

1640 38

{..

CONMFIDENTIAL
Security Information

0"__/

conditions {high speed and short crossover range) does the un-
limited curve settle first. The gain in settling time, however,
is significant for the limited curves shown. Study of these
and other curves not included in this report establishes the
optimum value for i max to be 200-250 mils/sec. This value

requires a torquer whose output is approximately 2 in.oz.

A microsyn torguer developed by M.1.T. has been cb-
tained and tested satisfactorily up to an output of 4 in.oz.

-~

(Microsyn Torque Generator Assy, SPG 683422, with 500 turn
coils replacing those designated). This torquer operates on
an amplified ac signal from the appropriate LG tachometer and
will require a power amplifier equivalent to that used with a

Kearfott motor. Design studies, now complete, have success-

fully located these micrecsyns in the rotating element.
E. COMPUTER TRACKING SECTION

The hand controi essembly b2s5 been modilied to enable
the azimuth gearing to be absorbed into the main body of the
tracking section (fig. i+-23). Thic change was made to provide
easier access into the cockpit from the tank under the computer.
The manual range vheels will be replaced by & knob on the hand
control assembly. The range wheels were used on the T26 com-
puter-in conjunction vith stadiametric ranging which will not

be used in the 37-mm ccmputer. The range knob on the T37

56
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computer will be used to track manually in range through

e

(S

clutter while in autc-track.

Flectrical connection to the computer frcm the turret

wil1ll h
W dd W

o

by twc cables

o)

W

nd plug boxes under the tracking sec-
tion which provides protection from impacts and the weather.
The problem of tight water seals to the computer and turret is

thereby eliminated.

Redesign of the shock mounts has resulted in a sim-
pler, more rugged unit. The tracking section of computer T26
must be tilted on the shock mounts to enable the installation
and removal of thc radar indicator chassis. Such an arrange-
ment is not needed for the 37-mm tracking section since the

b

né removed. (fig

Changes in the periscope and radar optics are being
studied by Kollsman Instrument Corporation. The new periscope
design will reduce astigmatism, thereby facilitating optical
acquisition of distant. targets. There will be two eyepieces,
orie for thz periscope optics and one for the single 5-inch
radar indicator tube. An lmproved eyeshield design and in-
creased eye relief will give an improved view and lessen op-

erator fatigue,

o
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F. MLCHANICAL CAGE

A device to mechanically c¢ the gyro during ac-
quisition, gun drive, target selector, etc, has been developed
and designed as a part of the rotating element. The device
consists of a solenoid-actuated pin with a tapered end, and a

socket unit consistirg of three miniature ball bearings mounted

120° apart with rims toward the center. The toper 1s designed

to cover the plckeff notion of the gyrce in any direction
(¢ six degrees). The =solennid and pin are located on the ouler

gimbal, which retates in LLG and the vpall bezring socket is
located on tune gyro housing. Actualling the solenoid drives
the pin into the socket, thereby centering the gvro in eleva-
tion and azimuth. The solenoid is located on the outer gim-

bal so that the centering may take place befor2 the lead angle

motors have driven to zero.

Locating the sclenoid on the rotating eleme:ni frame
would require that LLC te driven to zero befors centering
could take place. Not only would such an arraingement require
more time for the caging operation, but sericus damage Lc¢ the
y for some atnormal reason,
start driving btefore the nin had been removed “rom the socket,
With the present arrangement, it

is estimated =hat the time re=

quired for the centering operution only will be approximately

58
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2 one-half second. The lead sngle servos will require approxi-
mately 3/% seccnds to center from either extreme. It may be
assumed that since the solenold must operate against additional
torques while the LLG servo is running to zero, some of the
centering operation will remain after thz lead anglcs are zerc.
Therefore, the caging time will vary from slightly more than
zero to a maximum of 1 to 1-1/8 secs under the wurst conditions

of full pickoff errcr displacement and maximum lead angle.

A l1ife test cn ten turn potentiometers was mentioned
in Stinger Quarterly Progress Report No. 2. Thic test was

performed primarily to compare the durability of the Giannini

~

slide-wire potentiometer with conventional finite resolution
units. The slide-wire potentiometer would probably te a valu-
able improvement to the precession servo and RF servo if sat-
isfactory life characteristics are exhibitedy This 1ife test

has now been completed and the results are being evaluated.

It is too early to report many conclusions regarding
the test results, except that the slide-wire potentiometers
have remained operative after undergoing 345,000 cycles of
oscillation. This probably means that the tests will be carried
further with an increased number of samples. Although final

linearity and backlash measurements are still in progress no
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marked defects are due to wear, except

in the case of the helipct. This compo-

nent has exhibited caused no doubt by
wear of the roiler contact. One sample of *h= tvo =jiide wire

potentiometers has developed a noisy spot which is not ex-
pected to be characteristic of the Gilannini design. There is
also some doubt as tc whether it existed before the resistor

was subjected to wear. Although it 1s too early tc be sure,

thers is some evidence that the Electromath design needs
improvemeni o avoid binding. This judgement is based only

on the reswlte ¢f ocne sample.

The method used to conduct this life test was unigue
as far as can be determined (fig. 4-25), Instead cf revolving
the potentiometers at constant speed throughcut their ten turns
cf travel, they were oscillated sinusoidally through a double
amplitude of cnly 1/8 of ore turn, or 45 degress. This is
considered to be much more typical of servo applications. Two
frequencies of oscillation were provided, 48 com and 240 cpm,
each for 4C hours. These frequencies produced speeds of 20
and 100 rpm respectively, at the center of each cycle. A rest
period of five minutes out of every ten minutes of testing was
provided. The test included linearity measurements of 0.0l%,
running noise tests, and backlash measuremsnts to 0.01%. (Fig=-
ure 4-25) shows the dial arrangement that was used to assure

mechanical reliability of the linearity observations.
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\ SECTICN V

SERVOS

A. GENERAL

During the past quarter work was nearly completed
on the azimuth power control electronic and hydraulic bread-
boards. Test data wes taken using a completely electronic
breadboard, to show the feasibility cof the complete servo
system and to verify certain assumptions made in the theore-

tical design. The azimuth power control breadbeoard was op-

erated with a magnetic d-c amplifier. The test data taken,
although not conclusive, indicates that the use of the mag-

netic amplifier is feasible,

—

Some investigation has been made; into the use of
transistors 2nd cubminiature tuhes in the azimuth turret servo

and in ihe small deflection servos in an effort to miniaturize

and improve reliabilivy.

The status of the servo studies to date can be

|
‘ summarized as follows:

1. System Loop Analysis - The stability study on the com-
‘ plete system loop has been completed and has estab-

lished the feasibility of the system,
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55 2. Deflection Servos - Breadboard tests are complete and
feasibiliiy has been established. (See Quarterly

Progress Report No. 3.)

3. Scanner Servos - No breadbeoards are required. Feasi-
bility has becen established on the basis of Stinger

operation,

4, Small Computer Servos - No breadboards zre required.
Feasibility has been established on the basis of

Stinger overation.

NI

po-~dzimth Peoyes® Contrel)l - Brezlks
has been tested. Ieasibility has been establlshed
L ' using electronic and magnetic amplifiers. (See para=

graph D bhelow.)

6. Elevation Power Control - No breadbcard is required.
Theoretical study 1s not complete but feasibility
appears assured. Complete discussion will be presented

in final report.
E. ELECTRONIC CONTEOL CIRCUITS

" In the theoretical d esign of the turret servo the
electronic system was separated into three compcinents. These
components were: the error channel, the feedback channel, and

the d-c ampliifier. The requirements of these components were

-
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L W indicated in Quarterly rrogress Report No. 3 {fiect. V, Far.
C 2f) and zre repenﬁed below.
. + 4w/, %)
1. NBrror channel KeGe [+) = 300 (2 x fw/ .5
i+ Jw/.15
o LA " o - - ~ a ) A=l nn E S FE 2 ad
2., VYoltage gain = 1U Ifrom ouilpuv OL Uie "B DPLCAIIL
cipu. it
6 5 11#‘
le -7 ~annel BE (+) = = :
3. Feedback ckarnel KpH (+) = 3¢ Sw/1E
4, Voltaze gain = G.131 from vutput of yokec pesitien
symohing
5. D-C Amplirier Ka%a (+) = 0.143 amp/volt
g; The dec amnlifier KaGa value 1s frequency insensitive,
| The 2lectronic system pbuilt for breadboard tests is
shewr in figurs 5-1. This {igure indicates the number of vacuum
tubtes thot would be reguired. The servo system was tested
using these electronic components. The lag network in the
SPrer ghintine). 5 trsc lean whtaonik in the faaloon.: wlicunel
were adjusted tc give the hest compromise tetwscrn syrchroniza-
“ion time and relaretion errors. The acceleraticn error ob-
“ained experimentally after transient had settled ({igs. 5-2a,
7-2b and 5-2c¢) was 12 mils per 100°/sec. The srror predicted
in thz theoretical design was 10 mils per 100°/sec. As a
,!'?
-» 63
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e system was sot to follcow

further fest of servo design 1 %e ghs)

the firing azimuth cam on the Stinger dynamic tester. This
cam represents the future pvosiiion of a target flying at a
velocity of 400 yds/sec with a slant rainge of &70 yds and a
horizontal range of 200 yds. The maximum error recorded was
11.5 mils (fig. 5-5). With the "E" pickoff slug displaced 100
mils the servo synchronized within 1.88 sec. (fig. 5-6). It
should be realized that these data were taken under ideal
laboratory conditions and results may be somewhat less favor-

able in practice,

" an electronic demodulator and 2 transistor demoduvlator in the

e

feedback circuit. The schematic of the tramsistcr demodulator
is shown in figure ¢-7, Some consicderation has been given to
the packaging of this demodulator in a plug-in chassis (fig,

5-8).

£fter completing the test during which electronic
components were used in the servo system,; the system was al-
| tered to ac:tomodate the magnetic d-c amplifier (fig. 5-9).
Of gspecial interest is the elimination of the demodulator out-
put filters, Since these {ilters are no longer required for
the magnetic amplifier the isclation cathode follower vetween

the filter and the lag or lead network is no longer required,

" 5
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This system was tested for an acceleration of llO°/sec2 and
the error recorded was 12 mils (fig. 5-10). This compares
favorably with the error obtained with the fully electronic
system. Work will continue on the magnetic amplifier system

during the next quarter.

In comparing the electronic and magnetic amplifier
systems, servo performance being equal, consideration should
be given to size, number of tubes, power requirements, heat
generated, and reiiatility, The magnetic amplifier system
uses eight tubes as compared with 11 for the all clectronic
system.* The expected improvement in reliability is based

(;_ on the difference in the numbver oif vacuum tubes and associated
components, wires, and connections. Overall system require-

ments may change the tube compliment slightly.
C. HMINIATURIZATION

An important consideration in Stirnger was the packag-

ing problem, With this in mind some thought has been given to

| the use of sub-miniature tubes and to the packaging problem
[ ascociated with them. A d-c power amplifier for the azimuth
turret servo has becn built (fig. 5-11). In addition two
other sub-miniature tube chassis have been built for the

“ ar ar ae w  we ot

3 *If transistor demodulatcrs were used the number of tubes used
with the all electronic system would ve reduced to four.

e
e

; ' 65
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deflection servos. One contains a single d-c power amplifier
(fig. 9-13). The use of sub-miniature tubes would zreatly

reduce the size of the electronic components and thus reduce

The solencid consists of 2z spring loaded armature
(fig. 5-1%) mounted in a magnetic field. The mmf is suppiiec
by current wvhich is proportional. to the error signai. A

quiescent current zlss flows fhrough the coils. The force

exerted on the solenold armature is given by the expression:

| =K AL I N2
wnere f = force
| K = constant of proportionality
Al = diffe tial current
} Iq = quiescent current

N = number of turns in one coil

‘ The solencid armature on which the force acts is centered by a

torsion spring with a constant of 150 ﬁounds per inch,

The pilot valve was designed to yield a volumetric
rate of flow of 1.15 gallons per minute per .007% inches dis-

placement. This yields an acceleration of h00°/secz when the

&
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pilot valve strokes the power piston which has an area of 2

inchcs @ stroke of 2 inches., The diameter of the pilot

It is desired that 20 ma differential current in
coils of 10,000 turns (for the electronic d-c amplifier) pro-
duce a turret acceleration of leOOC/sece° A proper quiescent
current must be found, using equaticn 5-1, to give this result,
Further, due to Bernoculli cffccts, this stroke rate (which
determines the turret acceleration) must be measured and not

~inferred from flow rate and displacement data at the pilot
valve. lhe additionas reyguir3d Quiescieno 1iuX wes oclained

'{‘ by raising the quiescent current in-
to disturb the control coil operating point and the associated

amplifiers.,

When the magnetic amplifier is used 4500 turns are

used in the solenoid ccils. Thnis necessitates a corresponding

change in the required differential ampere turns, and the as-

socizted quiescent current.

T ST BRI VA

j E. ASYNCHRONQUS GUN FIRING

E In Quarterly Progress Report No. 3 it was pointed out

that when both 37-mm guns are firing in synchronism there is

TR SRR

no net tor@ue transmitted tc the azimuth power coatrols. However,

Ba Ll Ak

when the guns are firing 18C degrees out of phase, the torgques

67
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S

g

due to tue first harmonics will double and the average torque

| will cancel). This situation causes a total peak torque of

1530 in. 1b and a total peak pressure of 6260 psi to be pro-

] duced. (Model 915 Vickers aircraft-type hydraulic pump and

> motor is rated at 1088 in. 1t at 4500 psi.) It is obvious;

r therefore, that there is some maximum angle at wnich the guns

| may fire out of phase and still not exceed the peak rating of

{ the power controls., The first assumes the turret stationary

| and the other assumes that the turret will be mcving at a maxi=-
mam acceleration of 120°/sec2. (These represent the twc ex-

| ) treme conditions.)

(; ‘The maximum angle assuming the turret fixed was
found to be 85° 16° {25 milliseconds on the time scale). With

e
39

oo

the turret moving at 120°/sec® the angle is rcduced to 6
or 19 milliseconds. These figures are derived explicitly in.
the following paragraph for the 37-mm Armour guns. This

analysis is based ¢n the rcvised reccil force vs time diagrem

furnished by the Armour Fcundation in January, 1953,

The azimuth hydraulics, which absorb the gun reaction
forces, are a Model 3915 Vickers aircraft-type hydraulic pump
and motor. These units operate at a maximum pressure of 4500
psi. Only the fundamental frequency (computed by a Fourier

Analysis of the force time curve) was used in calculating to
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torque and trensfer functions since all the other harmonics

were attenusted to such & degree as tc be negligible.

Let us first consider the equation

y{t) = o* {5.2)

which is the transfer function of transmission used for pres-

sure studies. In tnis expression y{t), the ycke position, is

O
QO
—~
ot
f

Turret servo cutput times 232 and

3
py

il

e .- Y . E
Gan Teaction Loryae,

-
S s
I

From equaticn 9=1 we may write

ro-
o+
]
)
-3

Now consider the guns firing out of synchronism by an anglsz 4.
Then | |
tle torque due to Ho. 1 gun = T cos wt and

the torque due to Nc. 2 gun = T cos {wt - )

where T is :he input load torgue due to the fundamencal fra-

*Developec in Section V C, Quarterly Progress Report No. 3.
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TT = T {cos wt - cos

3
n

)
1

{w

T {cosa - cos B]

t

CONFIDENTIAL
Security Information

{5-3)

T [-2 sin 1/2 (a + B) sin 1/2 (a ~ B))

Tp = 7 [-2 sin 1/2 {wt + wt = ) sin 1/2 (wt - wt +yj]

3
1
w
%
R

2 sin (wt -

where -2 T sin f = amplituade and
2

. oy
sin (wt - ¥
2

Then:

and

whers K = 1519 (in3/rev) 238,000 {1

) = frequency term.

2n (rady 11 in3

*Refer to figure 10 FOR GRAPHICAL PLOT OF EQUATIONS 5-2 and Y-

AT'TER CONVERSION TO PSL BASES.
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K = 5230 1us/in®/rad.

+3

tH

3% £t ivs for fundamental trequency
G," = .0187 {(rad/ft 1b) for fundamental frequency
(from pressure studies on Vickers aircraft-

type nydraulic pump and motor Model 915.)

Therefore:

500 = 5230 [-2 (3h) <i

Solving for sin

o) €

8l

Pof 3-

= - 4500
5230 [638(.0187)]

—_ T e
b ' %

n

e
»
3

1

42038"

€ e

11

-85°16",

This then is the maximum angle that the two guns may be out of
synchronism, using a type 3915 hydraulic system operating =t

4500 psi,'

This angle is related to the time scale as follows:

85 x .1 sec (ore cycle) = .025 sec or 25 milliseconds (for
360

rate of fire of 10 rounds per second)

For a plot of gun reaction force versus time with the guns
firing under the above conditions see figures 5-15 and 5-16.
73
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The 4500 psi value used in the above calculations
assumes that the entireload on the hydraulics is due to the
gun reaction forces. However, when it becomes necessary to
track and fire at the same time, as will be the case during

sys*em operation, this figure will be reduced as shown below,

The meximum tracking acceleration will be 120°/sec?
2

[ T o Yo T - T S
VE€oWY Tau,Iel ., o

mi .
Then:

T = Jo = 1750 {2.09) (12) = 44,000 in.lb
P = h#EQQO = 190 1% in. at shaft of hydraulic
252
mOLOL e

The pressure at l20°/sec.2 acceleration is then

1088#in. 190
4500 P.S.I. X

fl

X = 789 psi

This figure when subtracted from %500 psi leaves 2

remainder of 3719 psi.

Then:
Sin ¥ = 3715
2 5230 (68 [.01871 )
Sin ¥ = .562
B
nflr
A
72
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- 68.6°,

<
1

This would be the maximum angle that the guns could
be cut of synchronism if the turret is tracking at an accelera-

&

Fal AN -
0L e

c>
o

tion of 120°/sec® while the guns are firing. ©

o
(41}

gun cycle corresponds te .0l9 sec on the time scal

73
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SECTION VI

'UHRET

A. INTRODUCTION

I

During ine past quarter engineering and design work
on the turret was concerned with: the development of a method
for providing gun elevation data inside the torgue tube, de.
termination of the effective rigidity of the gun mount using
the Dixon Gun T37E2, the computation of the moment of incitiz
for this same gun, Lhe develcpment of a gun elevaﬁion gear
hox eauipped with spur gears, the turret azimuth drive mechan-
1sms, the feasibility ol a ball lype LOrgue limiting cluteh

for the azimuth hand crank drive, study of anp hydraulic ammuni-

€3

tion booster, and the shadcwing of the radar beam by the Armour

gun,
B. FE POSITION MECHANISM

Conversations with gun engineers at Armour Research

Foundation concerning a gun arrangement which would be sultable
i for use with Glinger, ied to the sugges
T gun components might be mounted inside the Stinger torque tube,
‘ which space wouid otherwise be unused. Efuch an arrangement

would provide the reduced recoil force associated with the scft

meunted gun and would also permit the two guns to be syncnroni-

zed to a degree necessary for good turret azimuth power control

.

'

A
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performance. Soft mounted guns can not ordinarily be syn-
chronized. The arrangement proposed provides the additional
advantage of reducing tine mciment of inertia of the gun and
the shadowing of the radar beam. ©Gun engineers of the Armour
| Foundation stated that such gun component relocation might

be feasittle if scme means of indicating FE were available in-

side thes turret torque tube. A laycul has been prepared

(fig. 6-1) showing cne means of providing tnis indication,
C. MOUNTING OF DIXCN GUN

An aluminum quarter scale model of the cast steel

~ns _. S~
2

R - ~ . [ - . e o) (4 =
Cladle plroposca LOL MOowiilng wne 91X0I1 guwl wds biaue (lig. U=

and tested under static loads which simulated direct recoil

o

lcads as well as transverse loads., The object of this program
was to dctermine the effective rigidity of the m untihguA'By
combining the expected rigidity of the cradle (as determined
from the model tests) with the computed rigidities of the tore-
cue tube and the gun (T37E2),an estimate of the lowesti natural
frequency of the mount could be made. These frequencies are

+ad S +aTia L9
VO il LAWALT UTde

w

lis ince conversations with representati
of the Dixon Ccrnipany and the Armour Foundation had indicated
there was some interest in the use of a muzzle brake, additional
computations were made showing the effect of a 10-pound muzzle
brake on the patural frequency of the mounting. The static de-

flection curves used for this analysis are shéwn in figure 6-3.

L}

g
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TABLE 6-1
ESTIMATE OF LOWEST NATURAL
FREQUENCY OF DIXON GUN MOUNTING
CONDITION LOWEST NATURAL
FREQUENCY
*Gun Only 23.4
*Gun with Muzzle Brake 19,2
Gun and Cradle - Elevation Sense 21.3
Gun; Cradle, ard Torque Tube -
Elevation Sense 19.1
Gun, Cradlie, and Torque Tube -
Azimuth Sense 19.8
Gon, Cradlie, Teorque Tubha, and Muzsle
Brake - Elevation Sense in.6

D. DIXON GUN INERTIA STUDY

The weight, cg, and moment of inertia of tne Dixon
Gun T37E2 (17 in. round) was estimated. The weight of one gun
and the cast steel cradle required to mount it was estimated
to be 895 pounds. The cg was estimated to be 21.4% inches for-
ward of the FE egxis and the moment of inertia to be 248 slug

feet®, These estimates were used in the natural frequency

comnputations descrihed above,

T em em e = ee o=s

*Receiver assumed fixed to rigid base.
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Further consideration of the gun elevation drive has

indicated that the worm type drive previously considered would
probably rot be feasitle due to the [fact that decelerating
“ioads reflected tc the power controls would te aporeciably

different from accelerating loads due to the locking charac-

teristics of the worm. A spur typedrive

173
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. TURRET AZIMUTH DRIVE

In the lower structure of the turret were arranged
the gear becx, electric motor, hydraulic motor, and pump nec-

essary for control of the turret (figs. 6-

1
i vaiwar R ok o
AAL T MAAA VW MO Y AV MWL

(Sl
¢

- ~ o P
units 2re I e verr Y riTary
dde W wa v alia s waalaAs

will provide the required turret azimuth accelerations if the

guns are synchrenized within a rezszcnable

gun fires, or if the guns fail to synchronize, the pressure in

the hydraulic lines will cause the relief

During hand crank operation, however, no such safety feature
is mvalillabvle. %3 avoid excessive sear loads under these cons-
ditions a torque limiting clutch has been proposed.

6-8 shows the location of the clutch in the gezar train,

AT

6 and 6-7). These
T A T M 8 S ML oo
J MAVPUEMe AiaTy

was laid out, there-

1n ~e e +1 Tvwm
[

-~ Pl = o)
MT wupucd

degree. If only one

valves to blow.

Figure

CONFIDENTIAL




| 21640 38

CONFIDENT!AL
Security Information

A ball type clutch was considered the most dependable
type for use as a torque 1limiting device since its torgque

would be relatively unaffected by the extremes of temporature

| (fig. 6-9). The value of torque which actuates the clutch is
such that a load of 3000 pounds must be shared among the
clutch balls., With this type of clutch, in an appliceaticn
where 1little backlash can be tolerated, the edges of the clutch
seats would be made sharp and the balls would seat themselves
at the fifst few apulications of break-away torque., Subse-
quent applications of torque would not increase the degree of

KT IS By
2 1733

= e 1~
V1.9 L A K I ¥ § 1

Cii

ct
LN
[s}]

~e - ~ e
“CTa O e N A

£ 1 1 N . -
seating. 4 muchup O

[t

ball, was nade to determine permissible ball Joads and the .

a4

¢

probable degree or load sharing among the balls. A cross sec-

tion of the mockup is shown in figure 6-10.

Tests were made using ball bearing grade chrome
steel balls against clutch faces of various materials and the
results are summarized in table 6-2. It should be noted that
the peak vall forces given are based on a pitch srror between
adjacent balls of .00l inch. The chamfer dimension listed 1s

P T ~aed X~
e maXimuin Wil ()4

-
»

sharp edged ball seat bty a bhall lecad of 3000 pounds. The tests
indicate that a ball clutch with snitable hardened seats would

be feasible.
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' ékf TABLE 6-2
RESULTS OF RBALL SEAT TESTS
Max Lxpected Chamfer for 3000
k Rall Seat Material Bali lLoad-1bs 1b Ball Load-In.
Cold Drawn Steel (SAE 1020) 620 062
Stainless Steel (AISI 416) 585 .055
Chrome Moly Steel (3AX 41hO) 650 Mol
*Hardened Tool iteel 800 .010
:
‘7. *0.65 ~ 0.5/ C, 0.25 - 0.45% mn, C.90 - 1.15% cr, 1.6 - 1.8% Ni,
f hardened to R, 58
f
E G. AMMUNITION RQUSTER : i
_ e

The ammunition bonasters nrevionsly studied were:

1, Direct d-c¢ mc*hor drive.

WY PRSI
-

2. Direet g=c-'me jor @rives:

ﬁ 2, Motor driven flywheel coupled to sprocket by
|
: hyiraulic pump motor combination {constant volume
system),

During the past guarter a booster was studied which was similar

A R P

in arrangement to 2 above except that it has what is basically

a constant pressure hydraulic system. In this system an elec-

tric motor drives a flywheel which is coupled to an hydraul.c

pump. A combination three-way conirol and relief valve is

C 79
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interposed hetween the hydraulic pump and a hydraulic motor
providing conirol of booster cperation. The hydraulic motor

is geared to the booster sprocket (fig. 6-11). Such a booster,
equipped with a 3/% hersepower 1C,00C rpm electric motor and
with its reliief valve set at 1100 psi; could accelerate the
ammunition t=21t to 916 rounds per minute within 0.15 seconds.

The same booster equipped with a 7200 rpm, 1/2 horsepower

motor and with its relief valve set at 850 psi, could accelerate

(‘?‘
m

he belt to h52 rounds per minute in 0.2 seconds. The time
required to accelerate the flywheel to operating spesed would
be about 12 seconds in the first case and 8 seconds in the

SeCOit

&y

hd [l 53020 o Wall w o = - ™ T
H. OSHADCWING CF RADAL PEAM BY ARMCUR GUN

Quarterliy Progress neport Nc. 3 indicated the extent
g p

- LY 31
UL v

adar hear shadeowing problem. During this quarter

{43
bt

further analysis has been made using values ¢ FE, SE, and LL

computer for six typical target courses. The extent of bean

P T N e——

shadowing by the Armour Gun as a function of course time for

FiianY
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MODE ANALY S!S FOR T-37
SPIRAL SEARCH | SPiRAL ACQ: SECTOR SEARCH| SECTOR AC Q. | TARGET SEL. GuN DRIVE | AuTo TRACK | MANUAL TRACK PAR. COR.414C
Se SPA Ss SA - G AT (RADA[&@FANGING) P
VERT. LAT. | VERT. | LAT. | VERT. | LAT. | VERT | LAT |VERT. LAT. | VERT.| LAT. | VERT. | LAT VERT | LAT. VERT | LAT.
GYRO CLAMPED| CLAMPED|CLAMPED|C1 AMPED|CLAMFPEDICLAMPEDICLAMPED |[CLAMPED|CLAMPED | CLAMPED |[CLAMPEDICLAMPED| PREC. | PREC. | PREC, | PREC. CLAMIPED CLAMPEH
DEFLECTION
SEF:VO ZEROED|ZERQED | ZEROED|ZEROED |ZERCED |ZEROED|ZERQED |ZEROCED|ZEROED |ZEROED | ZEROED |ZEROED | FOL.RAD|FOL.RAD.| FOL.HB |FOL . H8B 2EROED | 2EROED
o, | £ot | FoL | For | FoL | For. | FoL. | FoL. | Foi. | FoL | FoL. | FoL. | FoL. FQL | Fod.
cCANNCR Fos | o SOLSFOLER SE o sWeEp| S Le | se LL | SE LL | se LL | SE Ll svncHros| SWEEP
SERVO ~ s <8 S5 [AwDauTo-| SIG. [SYNCHROS |SYNCHROS|SYNCHROS|S YNCHROS| SYNCHROSIS YNCHRGS|S TWCHRSTISYMCHRocc YwoNRAS IS YN CHROS AND AuTo| SIG,
|SYNCHRQS|S YNCHROS|S YNCHROS]SY NCHROS|SEARCH s Sail)
SIG. SI1G
CROSSFEEDS our ouT ouT ouT ouT ouT ouT ouT ourT our ouT ourT IN IN ouTrt ouT cuT ourT
FAST
- [ER ouT out | our | our | our ouT | ouT our ouT | outr | our | outT | IN IN IN IN our | our
DC bl NS
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