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OPERATIONS EVALUATION GROUP STUDY
No. 264

"ANALYSIS OF T#ST DATA ¥FOR COMPARISON OF
VARIOUS ANTI-AIRCRAFT FIRE CONTROL SYSTEMS

References: (&) TFE9/S71 Serial 015, "CTF69 Test P-5, Tests

of Performance of 5"/38 Control Systens ljark
51 Director (40 mm ballistios), liark 52 Direct-
or, Merk &7, llark €3, ilark 37 Directors.”
25 July '45, Confideantisl. '

(b) ComOpDevFor/s71 Serial 83, "CTF69 Teat P-5
{Rovised)". 23 Jan '46, Confidentlal,

(c) TF69/871/S74 Serial 87, "CTF69 Exercise Z-6,
AA Prectlice "X {Kamlkaze) Rev. A)Y 25 Aug
145, Restrilcted.

Enclosures: . (A) OEG Study #8248, "inthomatlical Background for
gvaluetion of AA PFiring Tests". 2 Jan 146,
Confidential. : :
(B) OEG Study #2062, "Msthod for Testing Reliability
of AA Gunfire Data." 25 PFeb 146, Reatricted,

A, Introduction

1. Thoe teate described in raoforences (a) and (b) were designed
"to compare and evaluate, through shipbocard firing at mansuvere
ing drone targets, exlsting, mecdified or new AA firs control
gystems as to abllity to produce hits, tracking performence,
and suitebility for fleet uze of the operational end main-
tenance cheracteristics incorporated in the system". The
present Study is & report based on the analysls of data ob-
tained during the exscution of these teats.

B, The P-5 Teast lMethod

1. This test is fully descrived in reference (b). Briefly,
it consisted in firing 5"/38 V.T. fuzed non-fragmenting
ammunition, frem tatterlea under control of various Fire Cone
trol systoms, at ecctlively mansuvering TDZC drons targets.

2. Four.gypes of target approach runs were useéd; -

G-at: glider~like runs directed at the firing ship,(the
K-l type of run desmcribed in reference (b));

-1-
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3~ghoad s glider~like runs directed toward en imaglnery
ship 750 to 1000 yards ahead of the firing ship,
{the K-2 runs of referonce (b))

T-at: torpedo-like runs dlrscted at the firing ship,
{v-l runs of refersnce (b)); and

T-gshoand: torpedo-like runs directed toward an Imeginary
8h1p 750 to 1000 yards ahsad of the firing ship, (the
V-2 runs of refsrence (b)).

The four types of runs were used ln the testing of each ﬁypé
of Fire Control System. They were repeated until preliminary
analyals of the data showed soms evidence of adequate sampling.

3., The soveral Fire Control Systems under trial were operated
in eccordance with sstablished doctrine. Except where noted,
tracking was exclusively under full opticeal control. In the
systems which includs raedar equipment, rader was used for range
only. No arbitrary spots wers applied to correct for target
maneuver or orrors In the systems.

4. CObservers wers stabtlicned In varilous parts of the firing
ship to report the resulits of gunfire, The number of premature
burstes of 5"/38 VT fuzed ammunition as well as the number of
presumably targst-triggsred (hit) bursts was recorded. All
shoots were photographed by an Atlentic rleet Camera Party,
using the two or three cemera method, as a check on the
observersg' roports,

5. Reports submitted by ¢he firing ship included the number
and type of run, the type of i'ire Control used, the number of
guns firing, the rate of fire, the lot number and normality of
the ammnition, the number of rounds fired, the present ranges
of open and cease firs, the numbor of seconds spent by the target
in each 500 yard range band (present range), the number of
promatures, the number of nits snd present rangs of each hit,

28 well as much such additional data as wind, state of sea, etec,

C. The Fire Control Systems Testod

1. Seven sygtems were subjected to the tests dlscussed above.

a) Mark 37 - 1 System
DIrector - Nark 37 Mod
Computer - Mark 1

Radar - Mark 12 Mod 2
ark 22 Mod O

—2;-
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b) Mark 37 - 8 System
Director - Nark 37 Mod
Computer - Mark 8
Raday - Mark 12 lMod 2

fark 22 Med ©

¢c) Mark 51 - 5" System
Directer - lark 51 liod 3
Gun Sight - lark 15 Mod 3 (5" ballistics)
Radar -~ none

d) YMark 51 - HUG System
Director - jlark ol ilod 3
Guan Sizht - iark 15 Mod 11 (40 m.m. HMG ballistics)
Radar - none

@) Mark 52 System
Director - Mark 52 ¥od 3
Gun Sight - Mark 15 Mod 3 (5"ballistics)
Computer - Mark 13
Radar - llerk 26 Mod 3

f) Mark 63 System
Director -~ Merk 51 ilod 6
Gun Sizht - Mark 15 Mod 12 (40 mm HMG ballistics)
Rader ~ Mark 28 llod 2

g) Mark 57 System
Dlrector - lark
Computsr - Mark

Mark

57
17
15

Mod 1
Mod 1
Mod 1

Radar - Mark

Mark

Ships Conesrned in the

29

Mod 2 {(untill Dec '45)
34

Mod lO0(Dec '45 on)
Test

D.

l. These tests wore conducted aboard the U.S.S. WYOHMING (AG=-17)’
during the period 27 July 1945 to 8 February 1946, in the waters -
of Casco Bay, Maine, and the of fshore region of the Norfolk to
Caps oy areas. The date obtained by this ship forms the main
bedy of the materlal which will be analyzed in this Study.

2., A number of other ships particlpated in these tests,

but the data collected by them will be used only for purposes
of support and comparison. The following iz a partial list of
these supporting ships:

-3- d
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USS BREMERTON, Ch « 130
USS BUCKIEY, DD - 808
USS TUCKER, DD - 875
USS LEARY, DD - 879
UssS TYEEDY, DE - 532
USS MCDGUGAL, AG ~ 128

Ee Obgervations

1. [urber of Runy -~ Tho WYOHMING conducted 262 firing runs
agalnsy TUZT Drons targsts. Two hundred and thirty-three of
thegse runs (8%%) furaished sufficlantly rellabls statistiocal
data to warrent thseir inclusion in thils analysis. The dis-
tribution of these runs among the verious Fire Control systems
investigated and the correzponcing ammunition expenditures
are ziven in Table I. The larger number of rounds per run
shown for the 37-1 and I7-8 Systems reflects the fact that
most of the firinz with those systems wes dons with four,
rathsr than two, barrels.

Teble I. Distributlion oi Flring nuns Among the various rive
Conbtrol Systows.

ol- ol-
Systsm 37-1 37-8 &2 67 €3 b1 bl- B" HMG Total

Himg 8" +#* #

T-at 10 9 7 7 6 6 8 2 4 69
No. JG-at 15 12 7 6 6 8 5 6 S 68
of T-ah 10 7 7 6 7 6 6 1 2 b2
runs \G-ah 8 6 6 6 5 6 8 5 4 54
Tot. Iz 34 V7 ¥5 P TS BT I I3 I3

Total No.
Rounds 2903 2007 8BS 731 634 4581 523 281 189 8558

Rds/Rua 67.5 59,0 31,8 29,2 26,4 17.3 19.4 20.1 13,0 36,7
% Uslng Wixed Range Jetting of 200U yds.
# Using Filxed Line of Sight (No lead engle)
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2. .Reasons for Discarding Runs -~ 0f the 29 firing runs which
had t6-be discarded only twelve could be classed as due to
equipment casualty: one was & radar fallure associated with
the Mark &2 Fire Control System, two were mount casualtles
and the remaining nine were eliminated because the Mark 378
System was found to have been 15 minutes off in train after
completion of the runs, Eleven runs could not be used be-
ceuse smoke obscursd observaticn of hits or because one or
more items had bsen omltted from the required data. A
surmery of runs dlszcarded is given in Table ITI.

TaGle 1i. ceuges for bliminating Certaln riring
Auns From the Anaslysis

No. of Runs
Causs Director System Discarded
Inadequate data Several 11
Director casualty 37-8 g
Mount ¢azsualty 37-1 2
Radar casualty 62 1l
Poor drone meneuver Several 4
Porsonnel failure 8% 2

3. Record of Runs Mads by Supporting Ships - The record of
runs and ammunition expenditures by supporting ships was kept
only for those instances in which the data was such that 1t
could be used for comparing performance of any given Fire
Control System among the several ships concerned., These
detalls are given 1n Table III. :

Table 11l. Distribution of Firing Runs Among the Various
Supporting Shilps

System

Ship b1 o2 - S7-1 “Total

: Runs 2ds Runs Ros RunS Rds Runs RAS8 Runs RAB
BREMERTON CA-130 1 21 18 525 19 546
BUCKLEY DD~-808 7 147 9 197 11 563 27 907
TUCKER DD=-B875 2 31 14 575 16 606
IEARY - DD=-879 8 398 8 398
TWEEDY DD-532 8 143 8 143
MCDOUGAL AG-126 — e e 9 486 9 486

Total 10 199 8 1435 9 197 80 2547 87 3086

-
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4, Record of Ammnition Normality - All 5"/38 VT fuzed non-
fregmdnting emmunitlion used was subjected to the V.T. Fuze
performance tssis in accordance with Bureau of Ordnance
doctrine. ihsn firing from a speclific lot of ammunition had
to be extendsd over a protracted period of time the performance
tests were repeated. The record of such smmunition used 1n
the runs avellable for statistical analysis 1s given in Table
IV, It should be noted that in general the percentage of
prematures cbserved in practice 13 nearly always less than
the averajze shown in " the tests of a glven lot,

Table 1V. Hscord of Ammunition Performance

Hark & Lot Amount Observed pPrematurss ¢ Prematurss
Med, Number uged Number rercent Scored in Test
55 =~ 2195 558 - 46 8,2 7.0

53 = 2386 740 32 4,3 6.0

53 - 2171 439 24 b.5 12.0

653 ~ 217d 1794 180 - 10,0 24,0

53 - 2283 1707 101 5.9 14.0

£3 - 22556 1582 116 Ted 6.0

E - 6 2283 1822 100 5.5 7.0

53 - 6 2279 1120 81 Tel 6.0

53 - 6 2303 934 62 6.6 0,9

63 - 6 2351 399 56 14,0 20.0
Totals (10) 11095 797 aver. 7.2 aver. ll.1l

These totals do not include emmunition used in tests or in
training firings at sleeve and TDD targets.

5., TD2C Drone Performance - While it was not always possible
to obtain the stéme degree of weaving and Jjinking in consecutive
runs, there was a hlgh degree of simllarity in the over-all
relatlive amount of meneuvering of drones among the various
Flre Control systems and among the four types of runs for a
given system,

There was considerabls fluctuation in the speed attained
by the drone both during the epproach run and from run to run.
The average spesd cf the drons 1n glider-like approaches was
150 ¥mots, while the average speed in torpedo~liks runs was

t
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130 knots. This difference 1s considered staetistically
. significant. There wes no significant difference between
runs made at the ship and those made at an imaginary ship
750 to 100C yards shead of the [liring ship, '

6. Rate of Fire - The average rate of fire established by
the WYQUAI{G during 218 observed runs was 16.3 rounds per gun
per minute, This rate varied from 7 to 26 r.p.g.p.m. with a
stendard deviaticn of 3.6 r.p.g.p.me Thie average rate of
fire was slightly more than 17 in the perlod preceding the
last few weeks of firing. A fraquency distribution plot
-31lustrating this fluctuation is presented in Figure 1.

There was no significant difference in average rate of
fire between the varlous Fire Control systemg between torpedo-
like and glicder-likse runs, or between the runs directed toward
and eshead of the flwring ship.

- 7. Observation of V.7. Bursts - There was far better agree-
ment betwéen groups of obsorvers reporting apparent tarset-
triggered V.T. bursts (TTB's) than there was between - the
report of those observers and that established by photoanalysis.
A good many T.T.B'es were mlssed by the photographers because
of smoke interference, vibration asnd shock which throws either
the target or the burst out of the field of one camera, and
other csuses. It is considored that well trained teams of
observers constitute the best available means of scoring
results. Nevertheless, photo-analysls is often extremely
valuable in supporting observer results in questionable cases,

A series of nearly 300 bursts in which the error in range,
a3 determined by photo-triangulation, did not excesd 100 yards
has been examlned, Ths averags radial error of these bursts
1s 87 feet. A histogram showing the frequency distribution
of these redial errors is given in igure 2. A plot of thesse
bursts in a plane through the target perpendicular to the

tra joctory is glven in Figure 3, These data are summarized
in Table V, '

-7-
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Table V. Distributlion of V.1, Dursts whoS6e Range Lrror As
betermined by Photo-~trliangulation Dess Hot Exceed

100 Yards
Redial Error klevetion Lrror Normal Distribution
in feet + - Q Totel > et 30 fest
0 - 20 19 32 8 59 56
20 - 40 62 52 4 118 110
40 - &0 29 35) C 64 77
€60 - 20 13 16 1 S0 30
g0 - 100 . 1 5] 0] 6 7
over 100 2 2 0 _ 4 1
Total 126 142 13 281 281
Percent 4b 51 4 100

It should be notsd that ©8.5% of theae recorded bursts
heve a radlal error of less than &0 feet, More bursts
wers cbizined below the target than above it, this trend
being reversed In one interwval - the interval which contains
the mogt bursts, In the rizht hand column of Table V are
listed the expecied number ol bursis in each 20 ft. interval
1f the bursts wers normelly distributed about the target
with a standard devliation of 30 feet.

In spite of the fact thet phototrianzulation methods
for determining error in range yield values which are sccurate
only to within ¥ £0 yards, s frequency distrlibution of range
errors for these V.T. bursts is given in Figure 4. The mean
absolute error in range is 21,6 ysrds, and 97.2% of the bursts
were within 80 yards of the tarzet.

Tils photoanalysls data therefore strongly supports the
original assumptlion that any V.?. burat with e range error
not exceeding 100 yards and a radlal ervor not exceeding €0
foet would be considered a target-trigserszd burst (T.T.B.).

F. Analysis of WYOLING Date

l. Method - The measure of effectivenesa which is to be used
in thls enalysis for estimating the psrformence of a particular

Fire Control system is besed on the number of hits obtained per
effective round fired at the target. The methods employed

B
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in analyzing the test data are given in detail in enclostires
(A) end (B). The procedure, briefly, involves the following
steps: .

8) Conversion, by graphical means, of present ranges of
" open and cease firs to advanced ranges.

b) Caleulation of the number of effective rounds fired

- into each 500 yard range interval from the data on
open snd ceass fire ranges, normallity of ammunition,
time gpent by the target in each range interval and,
excopt where otherwlse indiceted, a rate of fire
agsumed to be unlform throughout the run. '

c) Sunmation of these $2lculated figures for each Fire
Control System by type of run, and computation of the
number of target-trizgered bursts (T.T.B.'s) per
eiffective round for such 500 yard range interval,

d) Computation of the erpected number of T.T.B.'s in each
500 yard range Intsrval with a standard rate of fire,
speed of target end normallty of ammunition, sco that
various Fire Control systems may be compared.

a) Calculation of probabilities either of obtaining at
least one hit on & TD2C or of splashing a target with
guns undsr a given Fire Control systen.

2, HNumber of Terzetetrigmered Bursts (T.T.B.'s) per Run per
Berrs]l <~ In the 188 standard firIng runs conducted during this
teat an averags of approxzimately one TTB per run per barrel
wag obtalined. This number varled from O to 4 with a consider-
-able smount of scatter for all Fire Control systema. A :
froquency disteibubtion teble illustrating this fluctuation
is glven in Figure 5. There was no significant difference
in the averegse numvor of T.T.B.'s per run per barral obtained
with ths various Fire Control systemxs, or between torpedo=-
like snd glider-1like runs. Thore was, however, a significant
differenss in the everage number of T.T.B.'s scored in runs
made at the shilp and at en imeglnary ship 750 to 1000 yards
ahead of the firing ship, spproximately twice as mang T.T.B.'s
per run psr barrel being scored on "at" as on "ahead" runs. |

S, Number of Target-triggered Bursts (TTB's) psr Effective
‘Round"T'ired 1in Eac% 500 Ya%& nange Interval - The average number
of TIBTs per eifective round fired In each 500 yard range inter-
val for the various fire control systems is given in Table VI,

The results are plotted in Figure after combining data for
similaer systems.

-9-
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Table Vi. Number of Target-triggered pDursts Per hifective
" Round rFired in Each 500 yard Range Interval,

Renge In Fire Control System
100%8 of , = 5I- b5l- Average

yards 37-1 37-8 52 57 63 BMG 5"

5 - 10 .058 L0850 ,243 ,225 .382 ,274 ,201 218
15 - 20 .088 .148 ,182 ,182 ,187 .068 ,229 «152
20 -« 25 .083 .127 .,0866 L.1l43 .256 ,L150 ,142 «129
25 - 30 066 .054 ,013 ,114 .068 ,085 .039 ,L,063
30 -« 3% .049 ,058 ,000 ,016 .056 ,.,122 ,b161 «066
35 « 40 .010 ,015 ,000 ,0683 ,018 .,400 ,047 .079
40 - 45 030 .05¢ ,0581 ,045 .040° + 000 +036
45 - 50 0010 ‘OOO .OOO 0027 0072 .000 0018
50 - &5 .043 ,000 ,000 ,000 ,0O00 «000 007
55 - 60 0012 0010 OOOO QOOO .000 'OOO 0004
60 - 65 .000 0018 .OOO OOOO .004
65 -« 70 ,000 ,033 ,092 <031
70 - 75 0000 QOOO 0000
75 - 80 .020 ,000 010
80 hnd 85 OOOG COOO .000
85 - 90 .000 .000 «000
90 - 96 « 000 «000

In Spite of the lower performence of the two Mark 37 PFire
Control systems in the range interval 500 - 1000 yards, 1t
can be seen in the above tabls and in Figure 6 that the avers
age number of T.T.B.'s per effective round fired in each range
interval 1in pgeneral decreasss rapidly with increasing range.
Usually, less than one percent of the effective rounds fired
at ranzes beyond 50C0 yerds were trigrered by the maneuvering
TE2C drone, and none were o trizgered at renges in excess

of 8000 yards.

4, Probablility of Scoring at least One Targst-triggered Burat
(TTB) on & meneuvering 1D2C Drons with one EErreI Fire -

This meesure ol efiectiveness nhes been calculated for each
I"ire Control system according to type of target approach
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(at and shead runs) and overall performance (all runs combined).
These calculations were extended to each of the four types of
run mede with euch Fire Control system but since no statistically
significant differences could be establlished with such small
semples the iadividual results are omitted from this Study. .
The results of the other calculations are presented in Figures

7 to 25.

Each of the above figurees shows the curve of accumulated
probability of scoring at least one T.T.B. on an approaching
and actively maneuvering TD2C drone target, with one barrel
firing under the control of a particular Fire Control system
and under the following conditions: . :

Rate of Fire: 17 rds/bbl/min.

Ammunition e
Type s 5"/38 V.T. fuzed
Normality 3 0.75

Target Speed
"p" Runs : 130 knots
"G" Runa ¢ 150 knots

The degres of statisticel reliability for each point on a

‘curve is indicated by a vertical line extending above and.
below the point. The average advanced range of open fire is
given at the beginning of each curve,

Certain similarities and differences between Fire Control
systems and betwesen types of target approaches become evident
in a study of these curves. A few of these are indicated in
the following notes:s . , : o

&) The Mark 37~1 System (Figures 7 and 8) - The curve of
accumilated pro%aB!Iity %zll'runs) rigses at a fairly

, uniform rate to & range of around 1500 yards after
which the rate drops off fairly rapidly. -.hen runa
made at the ship are compsred with runs made ahead
of the firing snlp, the accumulated probadbilities
-show ‘& marked and statistically significant difference
throughout the firin: renge. ‘ S .

b) The ilark 37-8 System (i'izures © and‘lo)A- Thstcurvo
of accumulated probability (all runs) shows a general
resemblance to that of the Mark 37-1 System. There

is no consistently significant difference in the
accumulated probability curves for at and ahead runs.

~11-
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¢)

e)

£)

z)

; Ths HMark 65 Sysitanm

The Murk 57 System (Fizures 11 end 12) - The curve
of accurmlated probablility (all runs) rises at an
almost constant vrate. The chenge in rate at the
shorter range, &3 shown in the liark 37 systems, is
not apperent here. Tho curvea for at and shead runs
are elmoat identical,

{(Piguves 13 & 14) - The curve of
accumulated probability (ell rune) follews very closely
thet of the Marl 87 zystem. There 18 no consistently
slgnificant diffcrenca in the curves for at and ehead
paahiel: N '

The Wark 52 System (Flgures 15 & 16) - The stesp rise
shown here in Lhe curvs of accumulated probability
(211 runs) reflccta the high score in T.T.B's per
ef{ective round obbteined with this system at ranges
leas than 2000 yards comparcd with the very low acore
et ranges greater thsen 2000 yerds. There 1s a
statistically sl=nificsut difference in the at and
gheed run curves cf probabllity, but this should bs
Interpreted with conesldsrable ceution. The low

gcore on ahead runs 12 due entirely to the poor
parformence of thils systsm on "T ehead" runs: a total
of only 4 ©.T.B,'s havirg occurred out of 188 effective
rounds fired In tusse gix runs.

The Mark S1-HUG 3Syztem (Figures 17 & 18) - Ths curve
of accumulated probebliilty (all runs) risss steaply
and with almost no chenge of slope. ihen the curves
for at and ahead runs are compared there is a
scatistlcslly signiflecent difference between them
but only at ranges of less bhen 1500 yerds,

The Mark 51-8" System (Figures 19 & 20) - The curve of
accumalated prabebility (all runs) resembles that of

the MNark 51-HMG system but there is = slight flattening

‘n the slops .at renwes less than 1300 yards gpproximately.
There 1s no statistically significant difference

bstween the curves fer at and ahsad runs.
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h)

i)

Mark 51-E" System Uaing & Pre-set Fixed Ransze of -

exYds - (Irigure ~The curve of accumulated
proEa%iIiEy (all runs) for this specilal datas is
presented in Fizure 21, There were too few target-
triggered bursts on ahead runs to warrant statistica

comparison of at and ahead runs. .

Comparison of Fire Control System Performance - On _
The basls of the above analysis a series of preliminary
econclusions on the comparative performance of the

- yariocus Fire Control Systems can be reached, These

will be discussed in terms of performance on all runs
combined and of performence on runs mede at and ahead
of the firing ship. R

1(1) overall Performance (iigures 22 and 23, all runs

Combined) - There 1s no.oconsistent, statistically
significant difference in the performance of the
Fire Control systoms i‘arks 857, 63, 51-5" and 5l1-ING
in the control of 5"38 V.T. fugzed non-fragmenting
ammunition fire at actively maneuvering TD2C drone
targets other than that of the maximum range at
which target triggered bursts (T.T.B.'s) first occur,
(Figure 22),.
Thore 1s no statistically sigsnificant difference in
- the performance of Ifark 37-1 and Yark 37-8 Syatems
nor in the performance of these two systems when
comparsed with the performance of the systems Marks
67, 63, 51-5" and 51-MiG at ranges of 2000 or more
yards., At shorter ranges than this the two IMark 37
systems show a less efficient performance tian that
of the other systems named and the difference is
statistically signiflicant. The performance of the
llark 52 system st renges greater then 1500 yards is
significantly inferior to that of any other system,
but 1ts capacity to score T.T.B's at shorter ran-ies
is quite high. (Figure 23), :
ithen a fixed ranse of 2000 yards is pre-set into the
tark 51~5" the record of performance of this system
18 reduced to approximately one-half (Figure 22),.
No T.T.B.'s were scored with the Hark 51-HNIG
system in the 13 runs dur which it was operated
with & fixed line of sight (no lead anzle),

-13-
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4{2) Performance on "At" Runs (¥igure 24¢) « There is
no significant diiference betwesen all the Fire
Control systems tested in thelr performance ageinst
a TD2C drone making its approach directly at the
firing ship.

1(3) Performance on "Ahead" Runs (Figure 25} - In their
performance against WDEC drones making their approach
at an imaginary ship 750-1000 yards ahead of the
firing shilp, the Fire Control systems tested fall
into thrsee gensral groups. The highest type of
psrfcrmance occurs with the Marks 51-5",57, 65, and
37-8 systoms, and there 1s no significent difference
betwosan them. The MNark 51-HMG does less well at
ranies under 2000 yards. Performance on these runs
ls least good with the Yark 37-1 end HMark 52 &nd
ths difference betweoen these systems and the others
toated 1is significant at ranges of 2500 yards or
leas.

5. Thé Probebility of Splashing e Typnical Operational Targaet
With One Herrel [Firing -

a) The previous comparison of fires control systems was
based upon the probavblllity of cbtalning st least one T.T.B.
on the mensuvering TDEC drons target with one barral
firing et the rate of 17 rounds per minute, Another
compsriaon is that bassd upon the probability of splash-
i a typleal cperatlonal target with one barrel firing.
Although thoe results cobtained with this method, of com=-
rerison may not differ from the resulta obtsined with

the praovioua method In sense, differences among the

veriocus firas contrcl systeuz should be more apparent.

In order tc convert T.T.B.'s on the drone into lsthal
bursts on an opsrational target, it 1is neceszary to
assumo gcme valus for «, the probability thet & T.T.B.
on the drone willl be a lethal burst on the operational
target. 1In comparing the perfeormances of verious fire
control systems any rezsonsble value of « may be used,
the resulting comparison being velid for the particuler
target vulnorablllity characterized by this value of o,
Since it 1s generally belleved that on the sverage three
or four targst-triggered bursts wers required to splash
a8 typlecal opsrational target in World i/ar II, a valus of
e = 0,25 will be used in msking this comparison.

"14“
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The valud <<= 0,25 checks well with the values of X
derived in Appendix A of enclosure (A) from measured
values of the burst‘area and the lsthal area of the 55 1b,
VP-fuzed projectile azainst an operational target, at
ranges of 3000 yesrds or lsss and for a shooting error of
the magnituds to be expecttsd wlth a meneuvering target.

"Although it is shown in enclosure (A) thatcxX may be

expacted to vary with range, littls error will be intro-
duced by assuming a constant value of o sincs moat of the
T.T.B.'s were scored at 3000 yards or less. Although
more T.T.B.'s are to be oxpscted agelnst an operationeal
target than against the drone target, most of these
additional bursts will occur at large distances from the

targst and hence will contribute little to the lethal

ares.

b) Using o« = 0.25 and target speeds equal to the speeds of
the drone targets used in the tests, the probabllity

that an operational target will be splashed before it
reeches a given range from the firing ship by the gun-~
firs from one barrel firing at & standard rate as con-
trolled by various fire control systems was computed.

The results are presented in Figures 26, 27, and 28.

As wes to be expected, the rankings of the various fire
control systems remain unaltered but the relative

dif ferences are larger. As A decrseses, the ratio of

two probabilitles of splashing approaches the corresponding
caotlio of the expected numbars of target«triggered bursts
presented below, 4

¢} The results presented in part 4 above may be inter-
preted as the probabllity of spleshing the target with 4
barrels firing if & = 0,25, |

gxpocted Number of T.T.B.'s with One-Gun Fire.-.

a) The probabilitiea'presented“in parts‘é and 5 above. were
computed from the formule ,

pzl-eh

If H 1is the,expected‘nuﬁber of T,T.B.'a, then P 1is

the probabllity of scoring at least one T.T7.B. 1If H
1s the expected number of lethal bursts, P 1is the

" wlbe
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probabllity of splashing the terget. A comparison of
fire control systems in terms of the exponent H is
of interest and for many purpocses is more informative
than the previous comparisons. For example, if the
expectsd number of T.T.B.'s with one system 1s twice
that with a second system, twice as many barrels must
be controlled by the second system as by the first system
to obtain the same probability of splashing the target.

b) The expected number of T.T.B.'s wlth one barrsl firing
13 plotted in Figures 29 and 30 for the various fire
control systems. As befors, the results are cumulative,
thet 1s, the value shown for a given range 1s the expected
number of T.T.3.'s by the time the target has approached
to that rangs. Although the differences between fire
control systems appear lerger here than In the corres-
ponding probabilities presented in part 4, the remarks
made in part 4 concerning the statistical reliabllity

of the differences still apply.

G. Anelysis of Data Contributed by Supporting Ships

l. Limitatioas - The -informetion submitted by ships other
than the WYOWMING was necessarily leas exact and less complete
than could be provided by the more experienced gunnery and
photography staff of the larger ship. A falr portion of the
shooting was done without photographiec recording and the
number of runa made by each ship for the various fire control
systems was, of course, quite limited. Within the above
limitations the data does furnish some lnteresting comparisons,
but bacause the statisticsl sample 1s small the results .of
enalysls should be treated only as indications, as trends
or as tendencles,

2., Comparatlive Performance of the Mark 37«1 Fire Control
System - Fisure ol shows the curves Of &ccumulated probabilities
of scoring at least one T.T.B. on a maneuvering 7D2C drone for
each supporting ship and for the all-run performence of this
system on the WYOMING. The number of runs made by each ship
is given below the name of that ship. The run-to-run varistion
and the smaller number of runs for any given system makes the
exact placement of the probablility curve far more difficult
than i1s the case with the WYONMING runs., Some of the differesnces
in performance of varlous ships is nevertheless significant.

The BREIERTON's Merk 37-1 performed very well at ranges of
3000 yards or less, while that of the LEARY and the MCDOUZAL
was decidedly inferior to the WYOHING's at very short ranges.
Performance of this system on the BUCKLEY was distinctly poor
throughout its rangé“of operation. The TUCKER, whose data

resented the least amount of run-to-run varia '
37 probability curve most nearly resemblingrthg%ogf %ﬁg %Y%ﬁf%G.

The curve for the WYOMING 1s close to the average for all ships,
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3. Parformance of the Mark 52 Fire Control System on the
TIREDY - The curve of accumulaced probablliity o scoring at
Teggt one T.T.B. with the Uark 52 Fire Control system aboard
the TEZDY is based on only 8 runs sll of the G-at type,
(Figure 32)., This is undoubtedly a very small sampie upon
which to base an estlmate of overall psrformance, but it is
very different from that obtained for ths WYOMING's Mark 52
elther in sll-runs comblined or on G-at runs only. This
tends to support the previous warning about the need for
caution in interpreting the results obtained with the lerk
52 System on the WYOMINGS.

4, Pperformance of the Mark 63 Fire Control System on the
BUCKLZY (rigure 5%) - In contrest to the results showa in
TIgure 82 for the Mark 52 system, the performance of the
Merk 63 system on another ship, the BUCKLEY, 1s decidedly
inferior to that obtained with a similar system on the
WYOMING, A comparison betwsen the pesrformances of the
Mark 52 and iark 37-1 systems aboard the BUCKLEY (Figures
31 and 33) shows no statlistically significent difference
between the two systems. The record of performance of this
equipment on the Buckley, thersfore, seems to invite
comparison not of systems but of installation, of method
or of personnal performance,

5. Performance of the Mark 51 Fire Control System -
Several ships furnished data on the performance of this
system in controlling fire ageinst TDZ2C drones but the
nuwber of runs for any one ship is so smell and the run to
run variation so large that significant comparisons cannct
be made even on pooled dsta.

6. Conclusions ~ The most significant conclusion which

can b@ bessed on this anelysls of Supporting Ship data is
that there 1ls a large amount of varlation in the performsnce -
of a glven type of [lire Control system on different ships.
Therefere, 1f valld comparisons are to be made in the
performence of a glven system on different ships the runs
must be repeated until the results bescome consistent and
homogeneous. It would appear as corollary to this that if
the performance of a new system ls to be determined aboard
any ship it should be compared with the performance of an
established system aboard that ship, and the amount of data
required will depsnd upon the varlation from run to run for
each of the two systems belng tried. A great wealth of very
relisble data has been gathered aboard the WYOMING by constant

17«
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repetition of runa. If the performance of a given system
i1s to be usad as & standard for comparison by other ships it
should likewlse be based on adequate data.

He Analysis of WYOMING Data in Terms of Chenges in Variasbles.

1., Typlcal AA Fire Control System - It 1s of interest to
estimate the elfect to ue ezpacted upon the probabllity of
aplashing & target of chenges In varicus factors, such as
the number of barrels or the tsrget speed, Instead of making
such analyses for each fire ccntrol system, the analyses are
made for a typlcal AA fire control system. The performance
of thils typlical system 1s taken as the average porformance
of ths Merk 87 and llark 63 Systems aboard the WYOMING. The
number of T.T.B.'s per sffective round for this average
system is plotted in Figure 34, end 13 seen to be greater
in general than the corresponding valuss for the sverage of
a1l systems aboard the .YOLING shown in Figure 6.

2, Varlables Consldered - The variables considered are the
following:

a) Cverall .rate of fire,
(1) Number of Varrsls
(11 )rate of fire per barrel

b) Target Characteristics
(1) Speed
(11)Vulnerabllity

The effect of chanpges in the above factors can be estimated
from the theory of enclosure (A)., Another factor which might
be consldered 1s the initial velocity of the projectile.

The effect of a caenge in this quentity is difficult to
estimate and will not be included here; it will be the sub ject
of a later atudy.

3. Overall Rete of Fire. - The effect to be oexpected upon
the probabIlity of splashing a target of a change in the
number of barrsls or in the rate of fire per barrel or both
depends upon the resulting change in the overall rate of
fire. Thus, doubling the number of barrels will have the
same effect upon ths probability of splashing as doubling
the rate of fire per barrel.

wl8-
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The probebility of splashing a maneuvering target
‘travelingpat the avgrage speed of the TD2C drone if the
probability is 0.25 thet & T.T.B. on the drone is a lethal
burst on the target 1s shown in Flgure S5 for varlous numbers
of barrels firing.| It is sssumed thet each barrel ia firing
amminition of 0.75 normality 2t a rate of 17 rounds per minute.

me resulis shown in Flgure 35 heve been computed for a
targe%hvelocity wnich is 1awgcompared with the velocities which
are to be expected in the future or even the velocitles which
are possible now. The probability of spleshing a maneuvering
target, of the sams vulnerabllity as before but flying at
500 knots, 1s shown in Figure 36 for various overall effective
rates of fire. The overall effective rate of fire 1s the
overall rate of fire multiplied by the ammunition normality.
The rates used in Flgure 36 are equivalent to 4, 8, and 12
barrels filring emmunition of 0,75 normelity at & rate of 17

rounds per minute per barrsle The assumption upon which the
computation is based 1s dlscussed below.

4, Targast Veloclity and Vulnerabllity. The results shown in
Figure 56 for a target velocity of 500 knots have been com-
puted upon the assumptlion that the number of T.T.B.'a per
effsctive round is indspendent of target veloclty; that 1s,
1t has been assumed that sn increase in target veloclty
decreases the number of rounds which can bs fired into each
range interval but has no effect upon the sccuracy of fire.
This assumption 13 discussed in. enclosure (A) where it is
pointed out that the assumption is supported by operational
data, If the emocunt of possible evasion is limited by the
‘amount of acceleratlion which the pilot or the esirframe can
withstend, the error dus to evaslon will be independent of
target veloclty, The tracking errors would bes expected to
incrgase wlth an Incrsase in target velocity. However, since
the error due to evasion probably is much larger than any
other srror for a maneuvering target, the probabilities of
splashing obtained from this assumption should be reasonably
corrgct, although somewhat large.

It should be pointed out here that it hes been assumed
elso that the guns can follow the gun orders at all target
velocities, Thls latter azsumption mey not be valid, egpecially
at short and intermediate ranges when the target is flying a
passing course at a high velocity. Thus, the probabilities

presented in Jfigure 36 may be much too large at ranses le
than 3000 yards for a passing course. 8 8 °8

-19-
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Tho eFfsct of target veloclty upon the probability of
splashing also is presented In Flgure 37 along with the
effoct of target vulnerablility. The curves were drawn for a
target velccity of 300 knots and values of & equal to 0.4,
0.2, and 0,1, showlng the efiect ¢f decreasing the target
vulnerabiliity. The top curve, which was drawn for v = 500
¥nots znd A= 0,4, is epproximately the same curve which
would hsve been obtalned for v = 150 knots andot = 0.2,
Similariy, the bobttom curve is approximately correct for v = 600

wioie and N = 0.2, Then, with X = 0.2 the effect of target
velocity ig shown Dy these curves.

5. ILimitations, The meterial presented in this sectlion is
somevEss conjoctural but 33 bazed upon rsasonable assumptions.
However, 1t should be viewed only as an indleation of the
expscted performence of one of the later entl-alrcraft fire
control svatems when opeiated by edequately tralned personnel
using redar ranging and opblcal treckiang under good visibility
conditions.

I. Conciusions.

1. Partial conclusions heve been given st various plecos
throughout the report. These conclusions are summarized
here.

2. The following conclusilons concerning the performances of
various fire control systems in contrclling 5"38 guns firing
V.T. fuzed ammanition agsinst an actlvely mansuvering TD2C
drone targst have been reached:

a) Overall pPerformence - There 1s no consistent,
statlistically signillcant difference in the performence
of the [ire Control 3Systems Horks 57, 63, 51-5" and
61-I1:G other tnan that of Che maximum range at which
T.T.B.'s first occur. There 1s no statisticelly sig-
nificant difference in the performance of lark 37-1 and
Mark 37-8 Systems nor in the performance of these two
syatens wnen compared with the performance of the
aystems larks 57, 63, 51-5" and 51-HMG at ranges of
2000 or mora yards. At shorter rances than this the
two Vark 37 systems show a lesa efficisnt performance
than that of the other systems nsmed and the difference
i1s stetistlically sigsnificant. The performance of the
Mark &2 aystem st ranges greater than 1500 vards is

20w
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significently inferior to that of eny other systenm,
tut 1ts capacity to scors TTB'e at shorter ranges is
quite high. Waen a fixed range of 2000 yards 1s pre-
set into the Merk 51-5" the performence of this system
13 merkedly Iinferior to 1ts performence when operated
with variable range setting,.

b) psrformance on "At" Runs - Thare is no significant
dif7sence betwesn &il uvae [ire control systems tested
in thelir performence against a TD2C drone makling 1its
approach dirsctly at the firinz ship.

¢) Performence on "Ahoad" Runs - In theilr performance
ageinst TDEC drones making tholr approach at an
imaglnery ship 750-1000 yards shead of the flring shilp,
the Tire control systeme tested fall into three genersl
groups. The highest type of perflormance occurs with

the Marks 5l-:&", 57, 63, and 37-8 systems, and there is
no significant difference between them. The Tark 51l-HEG
dees less well at ranges under 2000 yards. Performance
on these runs 1s lessat good with the lark 37-1 and

fark 52 snd the difference between these systems and
thelothars tested 1s simiflcant et ranges of 2500 yards
or less,

d) Parformance on Supporting Ships - The data from
supporting shlps was erratic. The amount of variation
of the performancs of a glven type of fire control
~system on different shlps was much greater than the
amount of variation of ths psrformance of the varilous
fire control systems aboard the WYOMING,

3. Other conclusions are as follows:

a) There was no significant dependsnce of the rate of

fire per barrel upon the fire control syastem, the course

of the target, or the type of r»un. However, the run-to-run
variation was large.

b) The use of tralned obsarvers stationed in various
parts of the firing ship, plus the supporting evidence
of photogrephs, is sn accurate means of recording data.
The camoeres sometimoes missed vursts or the target, but
proved valuable in settling gueastionable cases,
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. NAVY DEPARTNEN |
OFFICE OF T?Tf} Cf:IuF' OF by AVI.L QP RATIONS
Op-34llg-vt o | \
CGosms , 1 October 1946

;§Ser1a1~f 0765234
e mssmen

{From-‘}f:f ’ Chief of Naval Operations.

gTo' ?',‘f{g' - INITIAL DISTRIBUTION LIST.
quubJectfé' v fAddendun to- Opﬂrations Kvaluation Group

3.Study Yo. 264 - Forwarding of .

anfersnce:; (a) OEG Study Ho. 264, Analvsis of Test
Fooli oo o Data for Comparison of Verious Anti-

- Alreraft Fire Control Systeqs, Confidential,
.. Qated 2 April 1946,

Enclosure: . (A) Addendum to OEG Study No. 264,
1552%;fT'f;:'7. "Effectiveness of Diroctor Mark 52 in
~controlling 5"/58 Artiaircrazt Fire.

l. . anlosure (A), prapa*ed by the Operations
?Vvaluatxon Group as an Addendum to 0iG Study lNo. 264
~(reference {a)), 1s forwarded for your. infowmation and
'retention.-

,g 2. 132 f  When no lonrer requirod, this publication
5131ou1d ‘be destroyed by burnino.A lio report of destruction
@jneed by - suhmitted.

o - JURAULD WRISIT,
T By direction.
ﬂfAuﬁhant;cated by: T ‘

38



LR

Addendum To ONG Study No.26l

Subject: LEffoctivensss of Director lark 52 in Controlling
5% /38 Antlaircraft Five,

Reference:(a)0nG Study Te. 26, "Analysis of Teat
Comparlson of Varsious Antlzlircraft FPlre C
Systeme", Confidentlel, deted 2 Anril 1
(v) ConlpTovitor Confidentisl File ST7T1-%
0251, "Effectiveness of Divoaobor llavk
Controlling 5" /30 Antlalrcralt Filrs®,
July 1ShL5.

rJ

N2,
B @ ONG

v

1. In rmoforoncs {a) the Dircetcr ilark 52 wes
reported to be the lsaot ¢ffective syotom of the varlous
systems tested by Ophevior controlling 5"/38 fira, Theo
difforsnces betwoen the effectivensss of tho Diroctor llark
52 and that of the Dircctors llark 51 and liazk (3 wvare dife
flcult to explain. Aftor referonce {a) had bhosn icsuved
tho reason for the poor porformance of the Dirsetor lark
52 was found and reported In peforcnce {b).

2« Alniost two~thirds of the runs with ths Director
Mark 52 were made with the Gunslght linrl: 15 Iiod. 3 Serial
993 aftor a casualty te the Gunsight lark 15 llod., 15 Serial
5290, All Gunsights llari 15 liods. 2 and 3 woerce doflsctilvs
and are to be corrected by ORDALTS 2260 and 2359, Howsver,
nelthor of these ordalts had bsen applisd to the sight used
in the tests before tho tests ware conducted. Vnon theo tent
data are separatsd eccordlng to the sipght usesd, thz performe
ance of the Director liariz 52 with the Ned. 15 sizht 1s betia
than that with trhe Mod. 3 sight by a factor of av lzast two.

3. The resulis repcrbed in refercnce (a) for the
Director Mark 52 should be disregerdsd. Tho rceults of
further tests with this director using funsipht Hark 15
Mod. 15 willl be issued by ComOpDsvPor in the thi»d and suce
cossive partial reports on Projcet Op/$60/5713,

Je . DOERIN,
Cpsrations Bvaluation Group.
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